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i Saction2 Useful Techniques and Specialized Systems

[Shaclelut] Shaskel. ason, “lnsepolasing, Quacernions.” Game Mugrumming Go,
‘Charles Wiver Meis, 2000.

[Ware92] Waw, Alar; Wte, Mk, Adosnsed dnimasion wnd Rendering Technigues,
ACHM Press, 1992,
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A un example of 4 careles choive of reprsseuaion, considet the case ehare che
ehasiar el an AT driver an g acereack s sepreseams 252 sequence of sering actions,
ptimizing this represeméarion dirrly can Jead 1o the AT shieviog 4 good, but ot
optimal ime, brcause i deive dhe Luter bl uf the truck purtsularly wall. Gfore-
el any changes to che sesring actions on che Srst haE of the track disrupes i
drive an the Tarrer haf becanse of the sequencial depeodence in the epresentation,
eesling in 3 worse me. The AL s chua discoveced  locally optzual siategy chac
sy optimizarion algorichons il ul 10 Lmprost upon, and which i 3 el uf che
chicof tepressntation tacher than intinsi 10 the problen being sulved,

Mintmiza Depandancios
I some instances, there might be several diflerent, aspects of an agent’ behavior thae
o b adipied. Fox caample, & but in an PP mighe usc ane leseniog, Alpocichm o
deci which wsapar is mose ffecive, and anoche e ety sreas it a level whe e
has fraquencly kiled che player. 1F dhese learniog algorithins are eun simuhancously,
0 would be ol it dhe b could nos @lsbly idenify chese “ilt horspars” url
after i had docided which veeapon wrs ot eFecrive

Uis s because che tw apparetly indepeuden: learnug agoriconis ngeract: s
Ohe bor's weapon preirence changes, ir inescably vises different paccs of o level i
order o callor diffinens weapars. While in chese locations, due Lot il encouncer
and kil dhe player, cusing 4 dependenve betwocu weapon chaios and kil locs-
ton that preveats the Kill hotspar Learning, algovithm From stabilizing before the
sapan chaics algoriehm. Dependencies sach as his s comimon and oceut hot just
within adapive gens bt dso beoween thean, Theic lfic i ssually Jus 10 redhes
e ovetallrte ol adaprarion of every sgenr I the syseem and s only very rarely mure.
srivus, Wenrifing ceoly indzpendens, nominterscring bebaviors is usefl, becatse
they can ol b alspted smsliansously widsous oy lss ol elicincy

Avors Overeiting
"Oveelitsing is the mame gixen e the candirion where an agenc bas adapted it

behavior 3 wery specifc set of states of the game vorld, aod pesfouns poorly in
other states. e can have & vacety of causes, inclisding:

e periol ever whick an ageats belaviar i valued is not epresenraies of
how e agean il expericnc the gams n the long rerm. Try exending the tene
fiven o cvluatiog the pecorensnce ofeach ageat,and (alogh upuall ot o
bl e evaluate el il U ontexcof & epresaracs suple.of (e
s, mape. and omvamnc,

+ “The parameserization use o sl behaior i tus-sprcilc st b docs noc
smralise et st For xaanple, i i possiblefor AL s in 2 acing gamme
v paricar trac by caening » sequnce ofsoering actcns. Such an AL
il il when placed e rack e th Snorumation i Lcano was spe-
i o th track it was i s i o words, specific 0 pariculr gorme
S, Se g1 for 3 mce derald disenion oftis e
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24 Reallstic Character Bahavior with Priorhizad, Catogortzed Animatl

the current rorasion, the keleton s an areay of quaceroions, The array doss ot
e 10 be very big— cache of htee oe five bone rotatiows shovld suifce

Uhe skeletan éno use the cache to gradually wansition into sny new asimaton.
When 2 v amimation sTarts, dhe curten heme cacheinden i ncremenced, This saves
e hlezam with & snapsht of all of i previous bome rocions, withou ever having
10 copy any data, The s nimon can then refe ¢ e cached snapsbot dusing its
Fet e fratncs 5 ¢ gradually blends n 2 deceeasiog amount of e cached toasions.
“The code m apply an awimarion with & canselon might ook something like

ustornion g5
Tare howy - 07 4 < onaneCounti 414 )
h

use sperionl Tinear dntirpulatsan <o rotate tne bone
Sine amount bataasn frome: and Franez, dsoencing on
11 e elepsad Tine
A slovpl rrmal_bones{=], frane?_benas(il, “Tine )i

Ghark % x snapshat was cached 5o transation

Flon Tha flrangation:ino docracsss as re

"t trans tion complutes

§ Leranst doncashalnder 1= 1-yaljdematachoInaex)
endes 15 carcarnelndex)

Snaar interpolation batumin
i votation ant tho naw rotation

i gmnala].GutRon ( transizsantacheTndcr )
& *ramsitiontine

l

BBonoli] SetHotT 4, curCscluIIdex 1
'

Fot are information abuut quateznions and spherial fnear interpofation, sec

IShankeloo].

Opsning the Deor to Realtstic Benavior
A ptioririned, cuegorined sndmation sysea opens the door o ereatiog ralisi char-
‘et hehsios, Characies can now Asidly move fom 00 accivity 0 mocher and pec-
form mubigl actions at once. This removes rany ohstacls tha vandd othervise
i dhe AL syseas. Artsck animatiors can bs yered over snimation for standing,
walking, ninning, of jatuping, Facial expressions can be layered over any ther ani-
i [Landes$9]. Anisnssions it 1ncciog Lo damage can be ryered ove che appro-
prateparts of e body: Each byer brings the characet bebavior o scp elosr © the
infnitely layered bebasior o an acaual, Tiving being.

Roferences

Fande39] Lamlon J, e T Pl Aimarion Moscls,” Game Deveer g
“ine, Volume 6, Number 7, 1999
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This idea forns the basis of a fact of reifbresmens learaing called (-iarning
‘desuribed i dersil i Jangh7] and [Ballard97]). Although renforcemnent learming;
hus been sucemssfully appied to 8 wide vaciecy of complex probletus {ranging from.
crearing Al players of Ol (Jang37] and backgarmn [836a1d97, o bulancia o
ol om & cuoving ca [ Ballard97]). i can be diffcul 1o usc, hece

o A decision ks t he made a3 Lo schat information o the gams world il be
placed in che sratus vectus, Omiring importat information fura the staws vec-
cor will prevent the agent from g cifsceive belwvioss, whils choosing an
excessivly bang,state vecror will tednce the rate a0 which the sgears hehrvior
improves.

+ Reinforcement. Learning gererslly aapts orly very odowly, and hence often
recies ety e e . ens or hundreds of thousands) of parformance
vbuarions. ‘[bis problem i ren wverivnc by cerhiating agents aginst sl
ather—a strategy that can only be employed in games when: there i 40 exact
symametsy becwon the coles uf he AT and the playe

Loarn by twsitation
In same cuses, i might he desieabls fur an ALagent cw learn from a pliges-_eidier
ey (for cxarmple,  the Al s acting s che player’s assistanr and st be ained 10
petlorm usehul sasks or corertly (For example, imbaring the comgasirion of  players
forcein an KTS gamel. I the Fortaer cass, leaming can accue:

& By process of wmariring che players actions whilk 3 learaing fla prosaded by
the playeris sot—sienply 4 o oF macro recording,

- By allowing the playes o provide the perfoumans asessments 1 an agent ssing
o disct adsgtation mechanism.

The sanplese gncrs] sy of coverly learning, o smiate @ player is to record seare-
action pairs chat dosarbe the plagers bohvior, d use  eehnique sud a5 3 neoral et
ok 10 reproduce i plars acrons given e seace information. This sppruach is
esribed in [ManskorsO1, i i ehis book [V, and sess used to reare
che arcude e A rally drivers in Codomistens Cofn MoRoe 201se¢ [Hamnan0 1]

Avolet Lacatly Optimal Behaviors
Locally sptinasl behaviors are ehose thar, whilk ru. e best posible, annor be
impruved apon by making siall changss. They wic problematic becausc mowr api
misaion algorithns e guaraneed vl co flod local optiuz, and hence agents thar
adapt by spdmizacion might discovet only 1 locally optimal behaviur. Aldwugh some.
ptinizacion algarichus: {such as genesc algorithms, smulared annealing. nd Fibe
ey e cobust. 10 thc prescrce o local optima, eaee should b aken whea cvosing,
« paramecerization of an agent beliavior and a performance mesure 1o ensue that
local oprima ars nox imucaduced. Thar is, ey o choose he pararmstciizaion and pet
Iocemanee measuce so that the latrer changes smoothly and mancronicaly with the
former.
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etudency 1o apprehond nevl simiacions by enmparing,them co the mose similar
simacions ane b experienced in the pist.

Fiaite-stave tachines ae sraple, nl based systems in which o inte eenber of
“Neaes” ane comnected in # disceted graph by “tcansiions” beowesn states. The
Sniaestate machine occupies exctly bie e ALy Inomel,

Prodisction sestemss are comprised of a darabasc of ruks, Kach rul: consives
o an arbirrrily complex canditional sscement, plas some auober of actiues
chat should be pedformed if the couditionl stacsuvnt is satisfed. Praducrion
eule systemns are essearially lscs of “H-chen” statcmionts, it varios candic res-
oliion mochanisms avalshle in the evenc that more chan one rul is sasfied
EE—

Decision trees ae sinlat to camglex conditinnals in “if then” serremencs. D15
ks decisian hased on 1 sec of inpucs by sarsing at che moot of e tre s,
euuh wode, seleaiog 3 clikd rode bised s he walue of one input, Algorichms
sucl s D3 and G4 can sutamatically canscrace decision rrees From saenple
dra

Search methonds an concesued il dicuvering 1 sequence of scrlans of sutes
it geaph that satly some goal—sithar reachiog, 2 specified “goal sace” oc
enply onaimising some vabue basec un the.

Planeing systems s scheduling syseems arc an cxrension of scarch methods
that cphash the sybprobleen of Anding rhe best fsimples) sequence of actions
chat one can perfcen  achieve  parivuli resull ovr txne, itel s

of the wurld and a precse defbnrion of che consequences of ach possil:
First-ander Ingie csrends proposirional logic wirh several addional feaeuces o
alloy i ceasan abus an Al ugent withia an emironuzot, The workl consists
of "objects” with individual idenddes and "properics” chat diseingrish them
Fram osher abjecs, and vations “eelacions” thar hold bereen those objeces sod
propertien

Thw situation calelus caploys Arstordee lagic o calenlace haw an Al sgene
should act in 4 given sication. The sitaation caleulus ases sutomated sy
o deterasine e course uf ution hat will produce dhe most desicable chaogss o
the world s,

Multi-agent systems approschs Focus on hor inclligent beluavior ca nausally
arie 15 emengent propecey ofthe intecaction between multple compering and
<aoperatng gencs.

Artificial e (or A-LIR) refers 20 mulicagene systems dhat aeteipt 10 spply
some of che universal properties of iving systeessco A agents n virual worlds
Flocking i 4 subearcgory of A-Lifs thar fncuses on rechiques for coordinated
movement such that Al agents manever e emarksbly Ik Leods aud locks.
Robotics deds ich the problens of allowing machins 10 funcrion ivteractvcly in
he eal word. Roboics i ame af he oldes, best-knosen, and enost succsefl felds
af arfcal inellgence, and b recenly bepun o undergo s euissanse because of

euchable states,
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asscsements of it performance s die game sorld, Becanss diret adaptation selss ks
o prinr knoelodge provided by the Al desighecs, i is nconsrrained by thelr precon-
coptious, but also less clicent, and mare dificule o control e key 1 sucecsefully

adding adptation 1 2 gam ics s dentfying o very smal et o well-defined bchav.
fors whee adapration will e most abvious o e player

{BallcdS7] B, D, o bodocsios o o Computaion, MIT Prs, 1997

kw21 s, Richard, \aroicsof Lewaings: AL G Prgraaing Vs
Chicls ive Mods, 2007

Human| Vantan, . “Genercons Toceriew widh Jeff Honnan” avible
onlins at wsgenerarions g Matenhil. 2001

Jsog7] a1 8. Ky S, C. . Wi, o Netoo Fucen and Sefe Compusig,
Srendco FLl 1997

Larnées, Laramée, Foangsh Deaainic, sing, N Gran Saisical Mokl co P
dice Plager Behavio” A1 G Pognammapg Wisdom, s R Meda.
S0z

LatamésDh] Kavane, Fangois Loeninic, “Gntie Algorichms: Evolving the Per
Tl Gt o W, st s ot 30057

Maaluwd1] Rlscskow, Joh, Ui » Mgl ook Io 2 Game: A Concrete
Erople.” G Prugpaniing G2, Chales Roet Mecba, 2001

[Manlow2] Moy Jobn, “Puliting Raadors Vi i Fubvior Using a
Neural Nerwork” A1 Garie Frgramoing Wi, Chicles River Medis, 2003,

Mommersess2] Mommeress, 1, “Pagson leogpison with Sequenti Fric-
on.” Al Gome Prgammiv Wisiom, Chales et Medis. 2007
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Designing a GUI Tool to Aid in
the Development of Finite-
State Machines

Phil Carlisle—Team17 Software Ltd.
pe@teami.com

ipicdly. when 7 desigack wants t exphin che workiug of an objects Al in 1

e, che fes i he dres i esch e 3 pon and paper and draws  lowehaee or
stte diagramm. For designers will s programeming knowlede, it can be diffcalt 10
xphin 10 programmers exucly the intent ol the Al desig.

“This arricle propeses a method of suzamlinig the AT design and devclopment
process shewugl the irmplementation of 1 GL1-based roal. The toul iorodce he use
‘o . mudeling comespe Lisuch Tike UML) thar i sable by designers, but can 3l be
ranshred incos woslig G-+ code fo linal implementation by prograoamars

“This asicl vovcrs rhe concepts and implemencation of s graphicl tool fur dia-
g, finic-state machins (PN specifcaly for gatncs It woeks thaough che
ol design of the GUI componsans and how they wiatch the data stsuceures in the
game. e chen describes the warkflose thac che 10l oeill enble, Fisly, i deserdocs
the code generation proncss (an impasuan it of che ool that wranslates e diagraems
10 asoflshelecos code) and huw the final output could he incocparared into e AT
and game aschitcrmis.

asic Components. )
When represnting the AL ol an pheet based un fimive-siate i, thes s e
luses ol ghisrs tht need e graphically modeld. Hicw s amin s main s
cypes and b ey connocted et withthe ol

Machine
The "muachins” clas s the containee for al parcs of a pactclar s machine. Lhis s
essonrially the wrappr chat intefaces berween the program sl the sare machine.
el Lo we il s lacr, i¢ Llps o have 4 containes ot the st macline), The
machios lass keeps the cutrons suse variabls, he defal suacs information, holds s

"
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Exptore and Explolt

When learning by optimirarion ax ceinfocsement, a direcdy adaprive AT continually
faces the cuplonason-exploitatim fernmne, Should i caploin whic it hax abready
Tearned by reprochicing the bes Lihavior that it hasdiscovered fu the simation i cur-
semly faccs, o should it explore alsernative behaviors in the. hope of discoveting,

sumahing bectes, bu ac the rik of petforming worse? Finding e tight rade-off
berween explaradion and exploitation exn be diffiule in practice, because i depeuds
n the s of hehavioes belng adapted, s can change dusinig adaprarion.

Unfareunately it ' o important becuse to lide exploratian ca s the AL
o improve slowor chaa is pusible ar hecome stuck in 1 locally optimal behurior,
il o ranch can foroe the AL o waste e searching £t improvements in behae-
for thac mighe oot cvise. In addition, anfess explocation is carefully constined. some
of the teal behaviors migh b extremely pour, particularly when wing glabal opti-
‘mization algoridbras e gencric algarsuns, An idisecly adaptive spent is o ficed
it the exploratisi-ceplnitacion difemns, hecause it changes in Lelavior are pre-
scribed a prior by the Al deigae

tional Requirements

s geeral e, che mose effcent techniques o adaptatian are udircrly adaptive,
imply because the dilfculc problem of deviding hase the agends hohavior should
e in responise & infarmarion lzatned abot the gan warld s soved a prior by
the 41 desigare, and sehat eemalns {essencially collecing swtistios our the world) s
wsoally wivial, Indinect adaparion can therelore casily be applied in real fme.

Dicer adaptation <an corainly b posformed. usiog 2 gamed development,
e leusnia algorithons can be Lot runnieg coninuously for days or weeks. ln
e, divoct acapration is mas effecive whn esricted 10 vy fimited nd spacifc

s and it seasch for efecdve behaviors i guided by good hucistcs. fn some
ces. et 15 when caing 7 nearal network 1o perfoeas  lcarning. colagt-
tational reqinements ace tuch higate, and diry can be collcred in-pme and che
Dk of the computation performed "offin’for exanuple, during die nacural breaks
i gamephay that ocenr a de uxds of ovels.

This rcicle providod an aerview of the fssies involsed in adding adaprarion and
Veaming 10 games. The sinsplest form of adaprarion is indivect adapeaton, where
agents are hard-codd co exrace certa nforemacion from the game world, which they.
e in  predtertnived way 1o snadify ther bebavior, Tndirect adapiation i efective
becuse s exteneive use of prior knowledge makes the leuraing, mechanism staple,
highly cficient, sl e o <ontrol, st and valicte.

Mare comuples is diret sdaprarion, which selies on optimisation algprithess
o reioforcsmens lesrmiag 1o 3d<pe an agencs behavior direudy on the bads of
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Blanded Transitions with Bene Caching

e is important Lo blend berwean animarions as ey Lraicion fiom ans to the et
Blending loeps che characrer mrtians smouch and nacural iostead of choppy and
toboric. Tt righe seem difeal 1o smonshly lend hetween animations when any
enamber of wninations can be playieg, no individual pars of the hods: The key is ©
cache the bone raarions a the fime & trauscion neds to st

Toonc caching is s simpl cevlnique (hat roquires very idle modificaion co exit-
ing data structucc fo 2 skelgron, Racher than storog 4 stgle quacernian per bone for
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“The e of these iscues cam b illstated by comsdeing e problem o adapeing
abutin un FPS. Two possble measures of che performance of  boc arsths nomber of
i il he plays i hestof- 10 doah mach,and the avecape time betveen the
s making il Both ofthese measuces ol e e Lot o develop bebas
s thaeallo i o kil the playes, bt only the formarcyplicity encourages e bot
sy alive, The hacr nigh ssa do es mpliciny, prvided that bocscspaen with
anty bsic waaporr armar, hsleh . o forh.

Newal networks can aiso be problenstic, pariculaly hen il agoncs el 0 he
very g orvery o For cample,in a diving game, it it be desrable fux Al
riversra lone ap mprove et timen o e tracle. The tina requied 10 complere
 track g e chsen s « prcoctiance usssur i chis cse, e sl ol o dis-
crminate borwecn paranerers thir descibe divers thr achiere the same ime within
the ezolurion of the dimer,or fil i comple th tracl at ll. Newtral netyotks can
e el by adlio euisic o pforance mease o e hehaviors that
are consicered kel to b bereee”

T che. preceding exaraple,sine strsightsr paths snd o be shorte, an be tar-
el a igherspeed. s e worrepuo o et deive timcs, the neotral nesworks
<an be rematod by adding a e 10 the performance measoe that fuvors st
parhe. Such heisics can b wshl in giding leatoing to an. appropriace soluton,
al are surprisingly cononon. Finding st devrs in s driving game i 1 eurisic for
making 1 un s0d challnging gamc. Making a fom and ehaleaging gore i  beutis
tic for making  game ehat el wel and hence, s otsof money

Losn by Optimization
Oneethe bhavir of n A sgene hsbeen presmeterivdaod a prforane muasuee
developed, it can b improved b wsio o ptiarzaion slgorith to sarch for s of
parimerecs thar mak die agetperform welln-game. Almoseany oprimiration g~
ithn ca e scd for chisparpese, lthough i need o be deriative e, 19DUST to
o i e peoranance ssosaneits, wud, idedly. «buss 1 the presence of Iocil
oprima. A good survcy of optimiation algorichms can b found n [fang97].

Gionic aprisms Gppled o Ospels in Urog97., and. creating Al wolls in
Lm0, cvolusion g, sl pmpion-baedinemesat fearner el el
sulted o his tpe of optimizaion becanse they st ll o he aforementionsd it
i, and can optimize arbitary cambinatios of coninus and discrece parancrce
Genasic programming upplied 1 Pac-Man i Bellaed97) can 3l b vsed when the
s contollng AT sgeats are hemslves being adapred. hut ends o be o el
ficent and diffce o contrl.

Loam by Retatorcement
A alvernativs 7o adapring an agent by searchiog dicectly fur successil behaviors
wsing an optimizsion sfguridm, i o st ke rebionship becseeen an accion raken
by the agent n a particular state of the game otk and the performance of the agent.
Oncs chis has hosn donc, the hest acrion (i, shat which yields the best average per
formanie; can be selected in any state.






index-54_1.png
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Saction2_Usetul Techniques and Spocislized Systema
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i

Noto_Soacd |
Stagentn | n_azsmordvslk 13

Slea i1 ( m_curdmapenTyes
0

)

Wap_ 50w )

SHayanin | n azsmale )

“The core s saple soough o cead and undecsand, bar a the mumber of weapon
arpes incrincs, 5o will the code. Similar code il be requied fur each animared
action, causing farther bloat, Wich the additivns of (s such s randamizacian of
animation, the cads will becomne acadlcssly complex and unmaincainable. Furtber-
mote, oxcty Liac an atit sancs 10 add & new weapon type of sedon, he of sho will
need the help of v programmer. Programners can bocome boctlenceks 1 ceacvie. 1
aniss e emmporweted with the abilly o cxpriment, the game s e o Jaak and phy
beues,

n, Data-Driven Solution

A
‘Fhe Action Table pats allofche decision-mling i the dara,leaving the code dean
and maingainable. Ol the foaleup mecbanisen s in coe. Tl (ll code Uscgs for &
hasic.and oprimized version o Uhe Action Table can be found on ths CL> tha accor-
‘punienthis baok, The G 11 clss o the Action Tahle has ans fanction and une meat-
ber vasiable, Other than auilory fumecions liks Roady and Urite(1, che only
member famcsion is Cataningtions). which ukes 1o query parameers, cnums fox
the wonditivn and the action, and rerurns an anienation Alename.

fanet cnar Lotaningtion| InmANICENEIOn SANLACORd,
umetion sAction 11

Ay time the character sanes tn selct an animation approprzc for is curtent
weapon and action. it calls jus. e I of code, For cvample, i a charactee widh 3
tvahanded sword wants o amack, e all:

Playanin § n ActicnTabLe-sGetAninstion| KAGund Teollangedsword
R rcack 11}

Tn the case af'a faneasy R, the condicions ace the ypes of weapans 2 chareer
can carry, and dhe weions are (bings a chasacer can do. These sourm Jists can gruw
v e <outse ofthe game's develapmene. The enaros might look lie this:

e £-uman:agandition {
anond --iadid - -1,
Kacona_feraut - 0.
Kaand_0-abandscsantd,
KaSand oot sndecsmora,
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Ce

A* Explores

T Fxpiter 152 Windos peogeam thac iz CASiar sod s he uer o el
many aspicts of the A" lgorishm. For exampl, i you would like 1o Look st o &
solves the sitple map given s the besieing of his chapees in iguce 3.1.1,dn 5t

Lolonsing;
Cay 1. Rum A Fxplorer ol uf che bok's CD.
e 2. Select "Hile, Open,” and find sery. simpleie in A Esglarer’s dicect

3, Use che Srep function (¥10} uo s1cp throwgh sach irecacion of . Look
the Open and Closed s, 53 ll a5 the A~ e el

Alrernatively, i you would [k (o scs have relatve coting (@ described in e
et section) allecs A" final pach, open relave ot ase and v che A algocithn
(9. Now, sclocr “Relarive Gasting” within che “Pasbing” ey and run &
Rotice hov the pach chages.

" Exploces s 3 Bge mymbe of feusuars trat we dant have room co cove bt
50 ke« ook at the online belp for « complste broskds uf e Fatuces, includiog
breakpoint and conditions. tusp drawing, and undescandiogs e A” 1.

The A slporichm i greae bocanes i 5 ighly extousble i) ofen bl wosnd
your probiau casly. The key t getcing 2* 1o work uptimally fes wibin che st
and huricic Fanctions. e fucticns can lso vield eoee ealisic ehavior faed
ropecty. As a smple example. 2 node’s ahitude detenmines the costof s pusion
the vust fuacsion conld frvor traversing childsen of squal altirode feducve costng &
appascd to minimizing the st (Figute 341,21

®
FIGURE 3.0.2 4) Fash gemeraia By nopmal cosing. ane B) elasve svsing
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Generic A* Pathfinding

Dan Hiagins—Stainless Steel Studios, Inc.
wabmaster@programming.org

fsr dedicatlug months, or yeass, & vpdsnicing 2 pachfinding engite, wouldrt

i e grcat o s his Fast code: i ather plaoss bosides paldiading? A gocd path-
finding cogine can be used Tor cuang mare purposes dhan just moving unis acuund
the world. Tn dhe reabtime strarcgy gume Ewpire Barth, e used che paihfinding
e for tasks such a5 rerrin anslsis, choke-poinr desection. Al millrry route
planing, weather creatioufmovement, Al wall buikding, animal migrstion toutr,
and of coute, unle pachfinding,

&% Machine Do?

ypically. pathlinding s nsod o find 2 navigativn route from 2 st poie © a:
ending point. This rouse is geareally a small subsee of dhe woeld that was sexrched
dring the pathfadiog process Instead of st “Gadiag: parh,” an AY machine can be
wsed o find e ncgacive o a prch. It soud seange, bu sappose you wauc all cls
excepe the parh found, ur in dhe casc of 8 flood Bl fmy Eavoritc e of the A
waching), you simply want o the nedes hat were searchod.

‘A st example, imagine chat given  toc, ws wanr co gather all he trcs that o
comnccrod o it sa we can foron @ forsr, This moeans mot jusc adjacene rese, bus l
s adacenc to each other chat ar samehosy connected to this one res. To do this
it an iomaginacy unic on ths cee, and ke a sule thar chis unic can only walk m
L, 0 1o get o s destinatios i can only move an ks wit rees. Now, just e
dangliog, 3 carra i Tt of 2 donkey t gec i moving, give the wnit an inpossbe
ol st ey st pachfinding, They wil ty Bard o e here, and io doing a0
‘il A the orest ta G the parh, This means. they will ouch every comoected e
efone declsing st (he pach s impasible o achiruc,

‘Alier the pach, your Ope it should be empry and yous Closed lscwill have ll
the nodes searched, 1 you only allow valid nodes 1 enter yout A*lss, then the ntie
Chuse L i e oot 1 you aloss invalid modes on your Fist, hen you'l need o
ravesse your Closed e and determine which nods bave tees on then, W zozom-
i s you do ot add nvalic nodes e your A~ lists. s they serve o ol incsse
scacch time. o ruors iformariam on why this i iaportan snd hove 0 cache dostd
boundary nodks, s amicke 3.4, “Hons 1o Achieve Lightmiag-fase A* [Higgins02,
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Inteltigence Is Context-Dependent

Section 1_Qenoral Wisdom

o change it u beusee name mighe be “rgeot desipn’” o “belbuvioral modeling” The
svord faselligenar i w0 Teaught vrich ambiguiry chac i smighe be bertet 1o avoid it
compleely:

The mivpptebension of utcligencs has causcd innumerable probiems dhrarigh-
ot ch evolotion f game Al Oue feld soquires o w design spents thar produe
appnoprincs hehaviors 0 4 given conex, hue the adaprabilicy of Lumaniike “ncelli-
genes is not alwags nesessary o produce the appropriae bebariors, nox s it shway
desinable,

e et 102" st che problem beaeifully, The huenan besi i an extrsordi-
saey, mawively incerconneszd uetwark of botl specalied and general-pucpose cog-
it 1ol cuolved aver billions of yeaes © adbance s himan specks in a v
nunaber of differens ad challenging eavivonments. To slap a single rmimber on
gtaud and sublime ariface of svolution can uely Lind ms i s acrual characte,

Uhe cotion of (€] i celly similr 1o the pocalias Westotn nerion of the “Cireae
Chain of Being” [Descates! (1], Ralut than wiewing i a5 1 wonnplex snd mulli-
Lucered evolutionaty phylogeny in which diffrcent prganisms evole within diffrcnt
emcirotments Rovarin diffronr selective pressures, e *Grear Chaio of Reing’ col
Tapses all chis o a lingar ranking, Al Yving otganlsmms are sored into 2 univecsal
pecking order acuoiding, e theie degree of "pertection.” wids God! ar che end of the
chain,

“An ariel on I  secent inaus of Pycholig Today [FI01] cavght my eyes

1 1956, collague nd T publiched a sty of men who feguensad s
einacts daily, Some o ccellns hundcppest, whil obers e s
What diingished experis from nanospers wns vbe i of a complox
el algerisbon s comrted ncing dazaseken from the raing pro-
groms sold as the k. The we of the algorchon s wnrelaed 0 the
e, Qs booever Some expesweredckwurkers wich 10s i be
Lo 805, b s rasonad for e opplecty s sbe iack tha all o=
experts——even e wish 1Qs inthe upper 1245,

it expers were g bersy i esoing complesly thar none-
prts,regandivs of hei I scoes. Hat e same xperts o codd o
o sl as s drach we afen abgimal s essonivg muide she rark—
bty shir reivemens pesions o their sacial relasonbips.

This quote gives s good perspeccive on what game AT s al shauc, What we
need s o » generaliced “inteligence,” buc conters-deperdns expertie.

Game AL « vasr panorama of specialized subpreblems, including paiindin,
ocring, Sacking, umic deplogmens, ctical analysis, sategic planning, resouree alle-
caronn, wesgan handling, wrges seecton. group woedieation, ssmulated pevception.
ation by, spatil ressiming, and concezt deperidont aniaion, to na 4 v
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Character Behavior with Prioritieed, Catagartzed Animation &5

For priovitie. choose cuandardizod ranges that maks scnse for 3 panisular game.
For cxample, st e prioriey for all idle aimarions to 0, wall 10 5, aracks 1o 10,
e to 20. and dearhs e 100, This ensiess cha characirs il behave consisecory.

Use bi-Mags for the category amm s that speeifc parts of che body (a0 be com-
bined ino mere getcral rginns af the indy. For cxample, » lower-bady animadon
includes animasion for bty s aud a tail. The enum might bock ik thi

snun Coumsnintacugo-y |

st macid - 10Uy,

wacal Ler-ieg P

Pt P

prany <l

Fabat LogsrEooy - kAca”_Latlen | Kasar Taghiia

| keat Tail,

W o =017 ),

Kodatsaghtem - (1 <81

Kagat Lestarn < 41 o2 -0l

Kaat_iad Thin

KeSat_Jpouroy - KACRE_Torso | <AGEt_Iigthrn
WaSat Laftarn | <acat nead,

MG fusibady = OxFTOTAT

3

The exported aiiatian datnshowld cormsspond 1o the cagory IFon snimation s
caegriced a5 upper by, the expancd animacion should only eanesin bone animation
date o hans from the wais up. Alismativsly. I3 bone seigheing sysis in plce, ol
bones cam be exported, b s belo the waseshesld hase a welght of ecc.

mation Contraller Class

The animarion controlir chass s o imporrane member variahls, and one care
Sancion o requestin co play an animation. The vatiale i an STL 1ap of aniona-
on instamees.sosced by carsgory. An anisatian instance i suace thas suares  eeer
enee  an animacon resource e, and ang speciBe instance dara sach us the currene
fane,

sarLatianeiua ] 5
Unssaned lomg  nerio-ity:
Entpwnin e

1

struct anintnatancestracs {
AGFLLSBLTIGES  SannF 1651 it

»‘

Iyt std: apeunsionen Lony, AnigTnstan
o grerterear eignnl “ongs » AUIV_IHSTANGE WA
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_Section 3 _Patninding with &

+ GetTaLscast: Tl i the other impoetant e in any pathfinding engine. &
setarns a ot for walking on chis dle.

+ Shousdneevatuatevoda: This s used for pathfinding smoobing. [Fyau re-proses
nodes during your pach, this determines i patl smnarbing an this node shorld
be done,

The M
The usa s che sarch space fot 4°. Tr ol be the map of yonr warld, or i could bean
artay. This s handy o tousing your A% 1o landle any 213 aray of vabics. For xamgle
1o decect choke prints, an array can be filed with choke poinc fags. Then, the X
machine can run dhectagh them and enllect cherm i  group of prins. Onie you have
enllecred these poins, h. poshilces are endlss, For example, you oould use thse
points to make o hull, ur Lo creats arcas Foe 2 hgh leel pathfinding systeco.

In order e make L A” machinc vse & genesic map companeat, we need o wrzp
che acray, map, orany other search space we wil b using i chiss Ut soppores 3o
standand meshods

Map srapper s woeibods;

+ cermLe0x, ¥1: This gocs 1 e map and ass for the vahue w4 ghven X, Y.
eveTites, GotmsurTatss: Thine arc scd for ssing dhings fnsidc on rorsge

The Engine
The A" cagine postol Is prery simple, and is he bearc of the A” process
An A" engine’s heart wanuld Joul something Ik Listag 3.2.3

Listing 3.2.1 Exeerpt from AStarMachine<Taos1,

(T intirits Liop, The gl will 1911 U3 #men v sra doce.
“ortzi)
[

11 usl for Line-slising
hinorhayeLucions;

1 got 1ne veat ohoic sc “a-
Shideomarranhods - thas->hanmeChaspesOpenicds )

Sest - trua, o

51 goat ang we na

% (Shis ->nGost 6o
Brears

its 1ukely that we are ot at the
e 10088 to search Hhrough
Arathtirishel this Smeur-enthsday

11 for 411 8 ne.gwo- tiles, exanine then by chusking
17 thedr [ilsbomm s1atus, and putting €hem on the
1 Sopeopriata s Lists. (Gere ot snown)
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A* Machine

Crating an A" machine is souch like coseom building » conuguces. The computer
<o with a paver aupply, motherhaacd, and case, but aimong otber gy i miss-
fagthe CPU, mcuory, and graphics vard. Like an cpry computer the A* machine
comes it dhe care A” lgoritlau code, b needs a storage class o hefd al i date, 3
ol clss oo cell e wht. o do anel where 1 . 2 & 1 o supply e il sotncthing,
Ay

ho Bterage.

The A machine s i css o bold s A oo vl daa. and Lo che
ol opes i coso A s, fcan lso reutn th cheupes. uode on oy of he
it The sors comioer it sou shoass ll make the fargest performance diffr:
i in your A¥ procesing. o crample, duriog wream anslysis n Empir Ears, ws
s vty it bt Diomory expensive, sirage continer becase when ¢ are done
it cerin syl ha oy I e coche operatug syscem. 1§ we didi,
i s the stanclard, mesuany-<fFiciens A% e e analyts wold ke in-
s o ot st with the s storage convaine [Higginsb2l, i onl takes 3
e scconds o groessche e mop maliple Smes.

Anmihes varaon o the sorage e we uscd in rercain anlyss s o0

ahvays etues che ap Open st node widsoue scarching for the cheapesc node
eroces ncwr, This s ideal for (lod £l tsks sach as forsc detoston, sinee tle cons
il mean nathiag, snd de A” engine acts osly a5 a hghty opimizzd oud-Lil ol

The aonl
The goal lass desermines whit nclly happens in the 4% cugins, The goal contaivs
dotssuch s he unit,the source, the destinatiuo, the discance methads, und the esson-
il TidoTeOpen and e Tidstest metbods, The seonderfl past abouc a generic goal
s i hat i holds whacever s appuapriar for he curment A sk, For cxample. the
res-procesing gl cortans  farest 1D caunte, e prisnary fype of ee found in
e fores, aoed s i camcinene. Uhis cneans that 3 oniek pathBinding goal s quice
oot from che fores gond putaide of hving a s boilesplavs mrhads chat allgoal
s ae forced  raplement.
Bequived methock:

Saodostursge: Thismethod tlls the goal bout che storage cuntiiner
Swoatcpmuse: This metlud will renrn true if 6 denc @ pauss che A engine,
This would be used I pou ars using time-liced pachfinding.

bistanco ot - The distance funciion used in A°

Gotispatnsintsha: Lhis will e tre vhen we have rached ot sl i e
pathfinding prrfortrance cap, or ran aute of ndss o process.

"izotstps-s O of he rwo main ingredicnts in any pathluding engine. This
suros e fths e is pasable
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What Would Edgar Chicl
Remember

+ Quick path: Do hs 0 get the umic moving, Use 2 waall.
high-speed parhtinder with 2o zuly bul-our cevulutions
cap. The distance of the guick path sbanld bz prapoe-
ciomad s havw busy che path ranaer’s queue s
Full pach: When ch insantansous quick path is eom-
plece,parh o s end of e quick pavh 1o the real ds-
tination by sphsing it over tisae and puting the pach on
the path sanages’s quene.
Peiority path: I a unic fnishes valking ics quick path
befors the full pach i faished. lesare the pach revolucons lighely for the full
b, and fnih it o bl o, T, cemore i ram she parhfinding que since
yonire s close s you axe going 10 gL
Splice pac Once che quick pa: and full pah are ommpleted, do anotber it
cancoos, bigh-speed.garh fom the unics curreor pasion same point. fucher
o the complete ot fquick pat + full parh). This will smuoch ot any trors
L quick pth made by remuing the unies need Lor hacaracing o0 it
Mk chesplce pat look b equl 10 or fathcr han h quick pah disance.
Uhis il male sure v dou have Lo backtrack hecause of o shore a splie path.
Path manager pesfoemiance tuaing: Use revolotions 1 balinee perormanc.
This mees the gaune pecforuasnce canssrent, tegiedleas of hoss snany unis are
pahfoding,
Miax sevolutions pee fick: Use a progiessive-resolurian or v scheme for
managing which parhs gt ptocessed cach game tick

a5 s tane the owanbers for yoursplice pach ad quick gath, i you

i youte often doing,prioricy pachs, e your spice pus aeentlong wgh.
1y buclrack a lor, your sl patks probably et long enough. a you nel
5040 & higheeevel path schome (s, such s hierarchicl pashiinding [Rabin0]

Regadlcs of how fat your A” eugine i, you an probably bonefe oy miog
o good, home-conked, tims:diced padlinding wchniqus In your pubfindivg
chicecrute.

st to Richard Wootford for che e of Fdgar Chicken. (No chickens were
arened i the et of this acicle)

T B .o g e g
fog
s, i . “H e A Lo o A7 4 Gome
il o






index-126_1.png
_ Sections Pathfinding whth A°

It ouite really focereeed in diffeent tsmo dicing schemes, we cecomauend pi
ing,up am aperriag, systens bock, such a5 Openesing Sprems Conegpis, b tion,

[Silberschaad1].
An example of the pach manager's updats cllows

£1 Neta: using Ruvs ax sha°t far Asvelutions
i1 10 conserve sade space hero
§ Wieio v have patne. ta process and haven'|
1 axcasdon our patntinsing revelutics-pe -tice CEp
i3 {this- - Pathidueua. sis20) 85

neasvscangLatad - MxRoarerGenaT

f
1 Gut the first patnrinder

£1 npl nota: cRaaQuee 1 an STL dequs
epar < his-sapathiducuo. (1oL

£ fun, A, S
mersth-uAStar (1

11 Fu cany revalutions o far?
Shoestonbieia o Mapsth. aethevsThisRu")

11 1% ae aran ¢ stild perking, then we ara donal
$5 (b napain-ogectaati-Warking )|

1 post procossing
s SProtsaF iSSP P

41 15 1t Less thin the wex revoL 1 lons & loved?
SF(anepat. sbatiovsharRun ) < WaReesPETAU]

0
15 Set its reuntution oo ¥ nors
17 sich tiue 40 Ine nore sften it moves
11 Trrough hs quas, <he rere 1t

processes sach Tina

Shorsparhan - ThePath--cethe
et -SEatReSPEr LI LreReass

+

15 1eke i off the Front or the queue
15 ana put 3t on ha “sar of e queve
i3 omPaL 150U push_B30<{ENCPAZN)

B

14 aemosn 1t from tra frone,
ris >apatisQele. pop £-om{)
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How to Achieve
Lightning-Fast A*

Dan Higgins—Stainless Steel Studios, Inc.
webmaster@programming.org

[ o lihtions o 4 e [Higgins02e] chae cannor find.
ehe achicvable path soluicn, when vue is aralable, is  beokeo pachfindes Cen-
ecally, omce ws 0¥ hoyand the bugs o (o A* engine, we quickly hi che el prob.
e of parhfnding: pesformsnce, Implementing an A* engine thiz cun gencrace 2
surcesshl pah under tealworld time conseralr is 2 beast in sl che vaming of
‘ohich roguires creariviry, developaue e, and, most ofall, opmization.

“This arcicl decxils sorue uschil A* optimizadon wicks and highlights some of
he succssfl straegics discavered when implementing the palbfinding engine for
Empire Bart, ¢ dossr forus on the all-imparcant bigh-level optimincion wicks
Instead, e ar going i Uhe deprhs of he pathfinle to soc what makes it ick, and
o speed it up. Befoceseading frther, you should have  solid undesstanding of the A*
gorithan Mathesss02, Rabin00].

Mo *Assembly” Required

“Kaoue who ha purchssed g el or evn 2 sk eom Il affice-supply sore.
Ko the pa of wseanbly. Nowe of he apsiiazions Teed 3 this arils equine
avermbly progiatiraing, In fact, oo sactbly cnde was wed oe Empie Earehs it
i cgine, and we wete it happy wieh che peoumance el TLats nt
527 it aserbly svouldic have hefped, but by the end of the games devclopment,
pahfinding st ca the wp 20 prefarmance spiks of e g

Optanizaion wals are vicl or parhiinding develapment. Widhort them, i difficule
0 guge the improverusit made. by aparticulus vprimiration. Tadeed, €s 1ot uncon-
mon for 2m optsnization to sield pponiie esules, and inseead slow the parbfindiag.
Theteaec many 10cts o the matkec for profling code and performance. In Erpire
Barsh i cac el Ve lang wich in-so s fo opmize parhlnding.
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050D Batel, Amic . i’ €. Programening Infousasion,” valble onlne
s costudents sunford s ganopn g bl 200
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TRGbieD] Rabi, Seee, 5 Speed Opiastons,” Gne frgamning Gons
Charles Kiver Mo, 2000
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Saction 3 Pathinding with &'

“Tindt” o sy Yo n-cod s vt wichont shei deawbchs, They e
e provessig slightlys and can be someshat incurste, mosly hecanse of il
hreadivie, Wil thar <. we Found timers o be the number-ane cuol 1o gauge e
pachtincing, perfarmance. L e Eori, e nsed about B0 peccent in-zode timers
with an esseatisl 20 pescenc VTune feedback o speed up the code.

Basially, chers i no ine tool s going o be che bese for optising, Tho
imers. showed s pesformance uidor eal-sorld conditions, but didac show us
brancls predictinn showrknens, common cache aissis, and cepensive soucce lines
VTune did an excelent job ol sbising, us rhese ssacs, a5 well a5 pauglng, aveall
parhfning petfortuance proptcss throughout the &nepire Earsh projct. In the b
wig and excn che middle of our pafinding oprimiations, VTune reported
pacfinding spks hic towsred vy sl peher pesformance spikes i e g T che
conchusion afdhe uptmizitions, 1o had co dig deep insile dhe VTine da
find e pafining, performance. It was also a grear cool for helping us evelop 3
rosdmap of where e shuuld focus vul ow-leve opfimizacion tiae

Timees ure gtest for sccing approximately bow locsg youe pachs ane going; 10 take
They ace o ol chat can be displayed on che sereen, n you can cherde peslornance
ar any e, While tly a1 st 10D percene aceurate because other thrsads might e
doiag 4 loc oF senrk and slowsing the palliindig dread, s il 3 realisic measure-
menr af imarvernerns. We would 1 the same poth expeausly whilc oprimising and
waching the tiane G Wi pach compcarian ol

1 vialchar you nse pecfocmance tools, and usc swharever gers the job duge. You
should use o cuitiva, iad then donbls-chack yoursel with products such 3s nrel
¥ June, and Numogs's Thos Time. Many developrs run at the menion of sing inta-
iion when opfimizing, bt it s good placc o sart. Make sure you danfl Just tely on
o incuition o optimias, Teen Fyom were  pischic, i would be by misake ©
ot doubl <hiock your resules with & pesfotiuasce measring program.

o orerco

This e s mainly b oo, low- el C - optimimrians o A, ut i wauld
b silly e moe mentian two of the bigges optimizacions chat arent 1+ yelated. You
should o sead che. oeher A aticles in dhia buls o great ideas om otber A* opti
mizacions beyond o+

Pathting Less
“This sounds obrious, bwr rshiing the ousalber of paths, and eroce smporcanty, the
namber af A* revolotions dome during the gams, <in be one of Ui greacest opcieniza-
s, 16 urucial e paublinging nee refy an los-evel opuiadzations alanc. Wherher
you do a hightorel pachfinding scheme, teleline your search space. bouod the
amannt of A” node focing, or petotm group parhfinding, the “reduce the vsrge”
schrique s & e ovcsall wey 19 do some highlevel optisizarion.
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oan be aeed in eny game [SarLJEACKO1 ), In chis suther’ opision, such arcmpus
are unlikely o be succesiul. Ax nared cacles  game’s Al s exquisicel deprandent on
e desiga of the yams it inbabits, and 10 gloss urer the contes of the apecific gace s
0 heonw the haby wu with the badh water* Ang AT emgine hioad enough o e used
im any gatoe will noc b specifi emanigh tr sobe the diflult AL challonges of 2 paric-
e grme.

Tnscead, ehis auibor believes e game AL will evobve sccording w gone,
Althongh the term "gente” mighr scom uverly namors 4 tmes. i docs a god b of
distinguishing the separar. cxolutionary pathuesys an sehich gamne AL has cvulved aad
ill ety conrinne w evolve in che fatare. The AL of hockes garcs seal-time strac
ey games, oc-porson. shooters, hackedell games, . bused straregy gaimes, and
frs-person “sucabers” each face unique Al chlleges. These dramatic diffeaces
make it remarkably diffiult 0 share AT technolagics betseeen gamcs i dilferene gon
sesim any welid wag:

Teseems fikely thae the mose successul productsin chese genres vl bl o e
st suczeses, continuiog and! cvolving their AT syscens 2 che ganve designs thom
sces grow evee enore soplisiciced.

s e e seen, che ek and cologfl 6ol of ncadusuic arcifcial intelligence hay
an enommious waunt < offee game AT Orer tme, game Al and scademic AL
sill inevitshly deaw closer. oweves, due plechora of AL schnalogies avalable—ond
the dificully of applying dhem crnecdy—has made it difflr fu game Al 10
take advanrage of wha che research bas 1o offee. As Marvia Miosky [Minsky92]

v students ke w0 sk, °5 it brse 1o represn hnoedge wish
Gl e, Toggal Deduction, Sensantic Networls, Fuamss, Sript,
Rule-Based Sy or Narad Language?” Hy aching weahod is 10 7y
05 them 10 ks diffrens ind of ueseion, st decide whis B of
statoing might be bes for cach diffrn Kind of problem—ane e
Find ok whichs combimaion of wpricnsasions might otk well in cuck

£y opinion i shat we s ok sesasite AL mchines only by
g ol diErens s of vpresnanians i e can ysem! s i
Becase o single mebod worksswellfor al poobloms each s good .
i sasks, bt no for e, Abo, diffrens ks of probmns el A
e i of ainming

45 the gare AT feld evotves, e will undohredly gai o r docper undersand-
g of how bt o select nd apply the cornueopia of acadeimic AL rechniques a uur
disprsal eo the mlitude of game AT subproblens we face. Howeve, given the
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seasched these rifes. That nicans il path was cusdy o0 compuce because the Lk in
the middle of e map blocks the path and causes slmost half of the map 1 b
searched ot A can s 1 way acound the bk,

Mormalky. chis would meas Urat eandom maps o0l noed 1 change su dhu the
namber of wlsracles ik chis rould be mirimiaed. B never  gaod day when 4 pio-
grammer has © telldesigners char shey need to lout Wi creatiity because of the
iechrology

One of ous woals or the parhfinding engine was s nat et pachfinding linrche
desgners” map. Desides dealing with map size in eltion o ey conserats, v
wasned desigaers oo make the most enjoyalle random maps they could seth L
ing w0 worty about Uhe pachfinding Ficndlincss of them. This s ome of the many
reasans optinvizacion s so imporcant for parhfinding. We'e luppy o suy that putc
inding never became an ssue with raudor map generarion,

Ct+ Jo Mightiar than the Sword

“Th s poormance balenock dat we noed o condue for A° 0 he s e
s arage syseem,

The astamwad class houses the pabililing information for a il thac i used by
the A" engine, Wikle mose f the. ime STL s the right choice fr data smactures,ehs
i sination whe the sprcialized A* Node lise can benctit o e wsing S1L and
s mansge ics own linked L straceares. will be vieal since aesome point, you
enighe sanc e wpton e o ticks wih the Liked. Lt nodes, and every microseeond
o can shave ofFin parh i i benefcil

15 star ote
struct adtarioce
i
anline aStertiodstlom dnk = 0, Tong Int - )
X)W (1) R CaRt (9), MERSEOMEdS (01,
aCostiabzatunel (n(o) apercnt (L) Hort(huel ),
mCtararanl N0 ]
A6-artiadar miarant. 16 i dpenad r7
Acarnader mwert 71 o i my 1t
Astamoder mlistrarent; /¢ oy A-at arent
1ong WTotalGost; oy
Long noese0focs; e
Tong mConcTanestination: /!  (sstinate)
1omg ;.

3cng av;
B
e fist thing; 0 o s 0 el all those A* s, Tinkss ouee under very sghe
memory cansrains, why wate precious CPL fershing temry whet yuu'e guing o
e i s dueing the st pach?
An overll suraegy fuc baws much o pool could be diffunll w come up wich,
since it nceds m b % gane speaiiic. One of the memary-pooting sstivatiun tedl
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Flood Insurance.

Wch fo the looding, The A® algorithm loods 11ea of the map while rying 0 gt
10 the desird goal, o is importan t measure the amount of Rooding the algorithm
isdoing. Coneroling the A* flood is bandled by uning the 1a0ost and Dastance
fncions o achieve the ight blance of looks, performance, and loding, ke the
memory versus CPU” struggle we progeammers commonly face, prbfinding
fces 2 looks versus performance” stugele. There have been times where one
would be staved off in sl path, but icwould riple the amount of CPU procesing
w0 pull it of. I  ricky problem, nd one that requits carful consideration. £ you
‘wanttha pth o look just el bit eate,is it worch doubling the performance cost?

“The ay to crack flooding (besides showing the number of revolutions) is to draw
the sarchroutines on the map. Being able to watch the progeess and final outcome of
your pachfindingis a muse-have debugging wol. I i ssenial that your graphics eain
el suppor e ype of onscreen viual support. Otherise, i€ dffclc o under
sand che pathfnder’s behavior from numbers alor

“An example of flood tracking is show in Figure 3.4.1. Notie the dark area on
the map. When che patbfinder finshes a pach, it loops thiough all the Open and
Closed lst nodes, and temporarly darkens the map ties by changing ther terin.
From this picure, you can see how half of the world i darker because che pachfinder

FIGURE 3.8.1 A complee path it the vk areas o she map indicasing she nodes our
A% e xamined during the pach,
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J5 1% we have s modk, f1-ish the path right suay!
irimeRstn 1o wit
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I Boge Bart e found thac he muority f prricy pachs Fappen shen  unit
5 an 3 il that is a5 close a i < ger 10 an unseachahle destinarion. Lhis mesos the
morment ic pachs, e quick path ecd right wway since it a cloce s it cun e, and we
e acod th s imseciace oty paih

the Paths
s chat e ks the process of conseruetin 1 complce patl by combiniog s
s, we el o i he pruccs of b e pathe e naanaged, T de this, e
should try o hid the decails of pachfinding by masking them wichin 3 path manager
‘There ace many iroporcant chiogs thaethe path manager will need 1o be respons
bl o srme o whicls e octhes ke 3 LurstyPath, Fingp!icepasn, india ok
Patn, and Posteatnancoess, In addiian, s a grere place fo bokd cremory pauls uf
pathfindets,suats sbuut e puckfiodio of he gume, o, of course, our path ques.
When yra ma
plaver unis could wal chemsstves in, or ge stack frever crving 1 path somevhere
and drag; down syseen perforcuance. In wpive Earsh, e kept trak of all computer
player voins pachfinding. 1 compurer plaper uni risd a pach from the same saurce
e ot o destinations ke wore dh 10 s i the spao of 30 secouuds, we
would il i wnit, This seemed  work wuit well, el whie I seakens dae con:
puter player apponens, ' all abour plaper perceprion—ic doesn matee b good
youe aapusee player i i Lhe gane rum o1 o Fames e second. Fortunsaely, by the
und of Eonpie Bt evelopucat, we Souned st st saedy evce
great insoranc,

game with campucer players, it scary that these campuor

s but ity
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L« v axDestination

# Potah

FIOURE 8.3.4. This i the fal path the i il sake v i desivasion. The o shorld
appear o thewer 1o b o complcepach imsead of e,

Sinve s splios pach conk  shortcut, we have 1o prunc sway all duese path poince
bat ae no Longer needed sa at L cunchision of he three-step path proccssand puine
pruving, e have o nice atteactive parh s shows ia Kigure 334, The players shoukl
o gve you g stils and clap their hands, but chey won. Jus b bappy diat they
ot menion pachfinding. 1f hey dorit mendian ie e much. it means you did an
outssanding b | supposs ths s why pachfinding i considered bigh are, since i ll
aboot he playec’s impressians f e

Pty Pate
Whac happens i unit e o che end o€ quic pch befors ihe Rl pach i ished
compuing? Gienealy, this s net  hppy ime, becaus it moansthat ther e quick.
v o o, encwgh e e Ellpul complets s computation,or that thers
ae s of it i he et e currely pahéinding, s gvin o CPU time
o exch pach.

Whatoet ch soson i, we neel o ke the it “Fll pack” i, I order 10
s this happen without dagglug the system dowm  good echnque s doa pr-
ar padh. The piorty pach cakes che it ot of the pacfinding qucue, et s 1zx
vevoluions cap o e biehigher e what it correnly i, nd chen s che path.

“The method bsérsoritypath fiom 3 parh mamsee s would look someching
ke chi:

4thianger: DorronityPathnits inuntt)

¢ find the pathfinder for tnis unit.
Printicdere Sabath < this SFAnGPATHTinder{inknit)
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The ceal heart of the parh rsnager s the parh quewe. 16 where pachs go when
thy e it "Rl parh” stage s thar vhey bave e poeneiat o et proessed svery
gusus ek, This pathfiuding queve is the key 10 nsaring preictable performance
b parbfindiog wuics.

Fyons e o rune your pathlinding fand we Loy will, you msed some sy
e ol measnremens. The ke ingreient 10 4 pauh quning recipe i path revolutions
1fyou messur the auaber of revalucons s A* sngine has processed, you suu cun

o) hunw much. flooding the A7 sgorithm does. how it maves through your pich
qovus, and many more things. Tach revobulos, s 2 single icecaivn through the typi
<Al A% nap, vl oonsiss peamasily of

1. Gt the cheapest node.
2 Tk ar e neighbots generally vigl
3 b e o on rhe closed list.

Ny o usc i 10 messuze puoformance? Time sould be great i s was 3
singe-playee gome, but 2 mokriplayer sitation, (s Fraught wid> o
porentiol. A path might rake fir Jes CPU time on playet onc' brand mew XRugal-
Ry SO than o player s ZX Sloshowered 100, 1F yon messure periormance
o pathfinding revelutions, you are guarantcd thae while player o0z might conipute
the pach faser an player v, chey will both finsh on the sams gacns il thus ot
erusing Lhe 5201 0 g0 outofspc

Tha path Manager Update
Fach updus of the parh mansger consias of performia X number of uvstal revohu-
ows pet game cick, € nseds co sz soms type of fime-sfcing tecliique o splic the
comber up wnou he parhfrdezs in the quieie. A few ways to divide the s rvo-
Vi per sk amang the pablinders are:

+ Exqual tione Divids the resolorions by the owaber of paths in W quewe. This

il casore chat all pabinding engines ge. an eusl amount of procesing i
cach tick. The dasneite is hint a5 wich all equalslice sohemnss, sometimcs the
patblinds thar realy nesd e ime du ge i
Progresive: Start rachs parhfinder sl @ fow mimber of rua revohicoms per
tick. Each v chrmugh rhe yueue, ths number shuuld ger frger, 50 L longer
e pith sozms 1 b caldon, thes mose cims we spend in the e computing iL
Miake sire o s I 5 i doese sarve out e ather pachtindsrs. This scheme
was e Gox Evgpis arth, and it produced e bes sesurs.
Binsed: Tn erder o ge. quick parhs for the uses, o ean bias e 10 ger more
time compared s other creamures that s a rieeal. Depeading on yaur gatue,
vou could clasify different fuctions ar s ar even 452 s s versos
Cutnpter plaver® omenlip & 3 means of getrng diferenc proportons of pat-
Sning rime.
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Optimize stoage. Uss iffrent erpes ofsotsgo s o Lade cuemory fo pec-
formance, Cusomoe seorage o i e spoific .

Customine gosl classes. Use difcent e o ol claes. The god clises
showld b externcly specific o he eursent sk,

Vse dierent maps. Lot be alaid t wse dificrent maps with the A° sogine
The A cngine can palnd sceoss aravs. or other maplike tractares. You can
cven expand yoos A+ lgorihr co e “aljcen nodes” 5 o » graph Insteed of
s s, An A+ groph maubias el doserves a ull ik s, bt s 2 veey
powerfl concept

Modify and couquer. Modfier gods will make s simplz. Oncs he A cogine
iwritten, o cam do mus of ot work rom. modilr goals. hing mdifier
ol allos o € casly imglemene 3 memory pool of remphied patbéi
while sl ke, the pacbfndes geric. ¢ can almost be seen 55 muntime
metiod modificrien.

Explit A", Cnce you hav an A* engine wren, youlbe able 1o uicdy sad
cnsly handle saan complicansd cale. B cxcarive st it s push it ch fim-
o of easooable e, Yol prabbi b bappy thae you dd.

o Dl . o 20 Achicve Lighthingclase A% 1 G Pro-

omming Widom, 2002

M| My, S, Effveien STL: 50 Specific Was 5o Imprave Your U of the
Sundard Tesplace Library, Addzon- Wesly Fablsh . Jume 2001

a0 R, s e gt nicmarion”

avilble e a s sodatsstanford e -aspigameprog b, 2001

Helbinin] Tabi, S 4 Spead Opplaisaions” s Prgrnig Gom.
Chares v Mesla, 2000,

Suoustop7" Sormup. Bur, The G Poopansming Language, AddionVider
Dabilidicg Ca., Tl 1997
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« Uit This s the preson, ciesrurs, enrit, e anyulng ol thac one would wish to
prchind fromw wisc point o snorher.

+ Node, Thie rofers s che 4™ ods, which encomasses the following infarmatiols
posicion, st ot ool cose to the destinaton, ad so frch.

+ Pathfinding revolution: This i 4 single ieracon threugh the A” euging’s main
Toup. To shart, ies 2 single push txough the follimwing:srab dhe cheapiat node.
cxaming ll sight nsighbors, and put che nude on the closed lsc loop [Hig-
ginsl2a]

+ Ousofgyme: When s netseorked game goes oucof spu, it means tha the game.
ceaces o b the sane o Bath raachines This vould moan tha & uaic dis un one.
machiu whilksurviving o anodbet 2 major problem for would plager games.

The Road to Cross

The frse of man hordles 1 caos s o prevene che arae liom froceing vy e we
pirh sore it scsoss the scroen. This “garme freeze” can b comsidered the piagine of
patbfindes. 16 & game iller, and is o of the most significant problemns e il nesd
casolv il we ol luve § wilhsre compuces witl gagles of memory:

e makes ses i e s 1o the avher side of the world, and che
* dgrichis ds up sarching (wough shoosands of audes o find a ucceseful ptl,
h game v ceae <o funcrion il chis peucess hapgoncd. A rechnigu that ha
e this probles s o 3plit the paths up over dane, This will sususs tha 1o marter
Dow ity waics i che game sz patbilndling,ehe frame e wost be srinpld

Timesslced potbfinding sounds like i wouhd valy work or a satic may, but this
st che s it otk el o boch seai: sl dyinanvic maps. o the eeal e srat-
oy e Epie Farts, e et siced prhéineliog v pah sstass gianr maps that
s camstantly changing and soppoetl thausuads of upics.

You night think thac o dynamic ap wenld chanpe s much 1o maks dens-
dliced parhncing a viablesalution., Dynamic maps gl have gates o doors dhat are
suddenty ol buling collapsing inco s iday, or crafic ms blocking a choke
poiot. By the s che parh was completed, che map could Jave changed, and s
ould bace 10 start al e s, 1lovwever, theeis o e s worey since che s
mechanisms dhat detest acxd handse eolisions will wark for fme.sficed puiindine.

s all e and biscits, ougls t docs ke 2 lighdly mor: comlee archite
e o suppar fime-slced pathlinding. bpire Eawsh was ahle T we smslivad
patbfinding by i, 4 thiestep paths arcliteerure thac ennsisted ol a quick pack, 1
Al path, and finally, 2 splice s

Tha Quick Path

Quick paths ave designed 1o 86t e movinyg, Whet @ phyer gives & uai sa order,
e expcts the wit (@ reapand quickly ruduee than it and think for a while. Quick
patks use 2 high sped. sort-disuance pachfrcer (Higgiea2b] 1 move the unic iy
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Cvsions: Why il che hicken cvse the oa?
dner: Because the pach s sevible.

() ot e el i yous e
s gning, o think. Reprdles: of how gaod your
pathfinding is, pecpl ace abwags gaing ro complain sbout
0,50 e way 1o slecp soundly at nighe s o suske your
ptbfinding shmest peréecr.

Unfortunately, great paibiluding can b cough o do
withuat using mostof the CPU. Bven ifyou have 1 st A*
o pathfinding sngine, hers axe sl barsers youl need ra
crossin ander o msintais a good Frame e and find geest
patk,

T ehis article e descrlbe somac of the rhmiques used i B B co cusre
it Ll L 00t could simmleanecuely patbfind aczoss the warld without bog.
ging dow the syem.
iens and srill keep the user ko that the pachs re computed instuataneously. o
‘while you o ] the aneir ra, "Wy did the chicken uross e cosd” i this
e, perbaps afict adimg this, s wil e cluses o saving the question of*How did
e chicken crons he road

echniques oo primatil o hore o spli patbs ua ore.

Uhis chaper sswutaes (hat you heve 3 solid uoderscandiog of &7 [RabinDol, [Parelt]

and a0 o pathFinding engine [ lpginsO2a]. s not Impotcant that o A vugine

b fac o sovs since the echuriqurs i this chagres shondd help any type of A” cngins
Here i quick eerence caed. Some serms youlll need are:

& cachine: Thi s the generic A* engine descibed in aicle 3.2, “Generic °
Tabinding” [Tggins02s.
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wherefrom 3 10 15 tls, The maia objectiv of this pa i o buy s tme 1o compure
the real path in th background

For example, les suppose Edgar Chicken wants 6> path around his body of
water (Figare 3.3.1). When his path rques s generated, we immediatly do a quice
path. Unr e lefs sy har we sant 0 s after 10 sesaburianssince that could ea
sunably produce o pah of i tles in length, When the pacbfinder hiss it 10
revolution limiv, i picks the closese i to the destinatun 25 s ending o,

We s tha fverile pch i gemerared Gench ile isindicared by darh in Figore
35,1} and Edgae Chicken begies muving down the path wwand the destoation. 1t
Smporssne & nore thar nor al quice parhs re saight fincs:they are imply paths hic
ail ot early ad gt close o thedescinarion as pasible. e juse s happen thr this
partisa srghe linc, e the pach is genceated, e quick pah can reire o 2 e of
Loy and shif he respansivlicy o the e stage of he parhfinding,proces, e ful
pa

e Full Path
e “fll pack” s th sl denl. Thi i the pac that gts procesed ovee tine and
could sasch thowsands,ar even millans, of A~ nodes o find thecorrct path. Ifs the
workharse af the patbiinding ongiac e sl chucos sy i oue patbfndiag
ques imore o har lce), il the unit moves tovard the goalalong s qick path.

Life will bsmuch sasise i you ol ane rule inyour A* engine implementation:
Qncea il s dotermitied o b opuave bl i vill ke that s for L duraion

Flsiination

FIURE 3.3:1 The guic poths v hart bt pch s gis the ik oving i che
gensnaldivecsion of he detinsion,
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Fach gome isicsown. unique “evolticusaty contexr,” o e speak. and a game’s AL
st be evobsed within that contest, Th most soccessful game A)s have acbeu when
the developers clearly idemiified the speciic subpeoblems rhey needed o salve and
crened saluions exgisitly well mined to solse those problems it spocific game.

Lhis s ot o €0y ha penealived, humanlike cogitve il are animpoteant, but
e sast avoid the tempaoss  grab for amswees belore s folly ndersaned the qoes-
ons. Srop and. sk yousicl, What hehavions docs che 2 aceaaly reed 12 echibic in bis
gomesad undes what irensmancesdoc ¢ ied 2 procce shose bebaviors? Wi game
Play mechavics ill male au cstomer happy, aul how dacs mur Al e 10 supore
them? Onee weve decided whar we wane our Als o do and whes e want chem 10 do
i e can ety dosctmine swhat AT ools e el cequire o apprcach thas probleans.

L onder co arain “cancesc-dependent expsrise,” e st fest become expecss
ourscves. N developer Gan creste 3 compecent game AT uoless he s competeuc
enough t play the gume himself and judge anodher players skill Once you bive
evcloped yonr osem skill s, you can
anistos behind youc wwa play ryle and ehe wtual decision-maldag processcs that you
s when Tuced wich a gven sitaaiion . che e,

I we can reverse-englacee our owm cogaitive lgorithms—il we can dlearly
desribe e v “rucerrack algocichim™—eo i beenmes eelatkely simple e crete
an A& tlat intceces our o docision-tnaking processes and plays the game a we do.

attept o gure o che cogoitive enech-

The dile o thix aricle—"The Brolurion of Gasue 87— i used i re0 ways. irs i
doseribes the evolarion of Al in gauss a5 & whole sinee e bireh of the video g,
Secuad, and moms importantly, It describes the evoludon of the Al wilkin a given
game aver th

The Al develops now, increaringly suphistiared bebaviors. and i techologis con-
stantly evolse 1o becter i the gannc chat it inbabits

Every game is diffren, a0 every AL digends o the game design. T very easy
Forgame desigacts 0 make seemingly minor decisucs that can dramatically ilicethe
way the Al nesds fo operate,

This is why there is o "magic bullew” There is no subsuduce tor fally under.
scnding che problen a hand. We cannor dowlap great gane Al sithou ddrcssing
al of the probems that sack Al sgeat faces withio the game. We must always core
‘morc bt the quality of our AT than the technalogies under th hood. The chal
lemge s to develop s thar are expents a challenging,and entctcining dic player in 3
spefic game.

Context-Deper

coarse of s development. Weck afice woek, milestone alicr milesiane,

Sovwhere o go o b How il gu AL groand e ino che
Some devclopors have cukies 4 o from ths sacen of lensed “gume engloes”
el a5 Quake and U b rrempred o creaes goneralizd AL “engines” st
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experimea it This gic ombe s 2.common ceample o he “looks ersus pe
e ine thac parindees consanily bate ich,

ki cunicg chis mumbes, keep in mind bt dhe Gather song che pat. you
decidc o intecept. e suore ey it s thar any ereors il b, cortsd, Natus
pachfinding our Frthr ol puatuce [un i dhe sun, since the frcher o one
s, e sore CPU will be e The gaod nes st 4 Ly babance b
game performance and playr ssperienss i sl achicvable—it juse takes vk a
Bndic

The outcume of the splic parh crcts a path cha appeas w e player o hes
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of the pach, This caching of tle openshlocked watws serves twn purpuses. Fsst, o
pachfinding will L noxe CPU friendly sisice wo will do fever putendally oxpeosive
el cu detsrming iFa il is blocked. Seoond, e keeps the pallodar from gensrating
coufused o7 hroken paths. More informacion on b (0 cache these nutks can be
found i [Higgios02L].

o decide noc o cache the rauls,be asear that you will bave  few problems
bl such as potential dead i parhs (A i chans wich invalid endiag nodes
ora pachfndee i spins cs wheels because jus as e ahowc o ioish the path i fnds
tha it s o tcehink i. Cache yout todes you'l be happy you did

To hegin the full pa, aud to gasantee & Fully connccsed pach. we need o start
che full pth o the dhsinstion of the quick pach. We then pu the fullpach an the
pathfinding queus mare an this lacer) and et ic vock When the fullpath i
e el of che et patl {uick pach + Fall park) willlook like Figure 3.3.2.

The Splios Path
Now that v have a complees pack st was goneraced mainly i the background and
gos from anr souree to our destination suceesafull, we arc wady 1o call i« nighr
n o home. W mince, though, the path n Figure 3.2  preuy ugly. On unit
il buve co vl backward o 4 pah, and sl ok fke & 100k a s urn. Mose
‘playorswill find chis Kindl ofpah unaceepable, and will complain. Sor ules you ave
planning o create anline pachfinding support roups T confort unhappy gumers,
o had berter Eix vhs hianus b,

estingiion
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Sccotul, use temiplatss o snsore Rincrion names. Dut b afrad 10 call mthods
am youe remplae pieces. For exsunple. i the A" maching. che reap remshue pice
eedsa G 116051 wetlod on e, This moans thac 1 use an axray .4 g it el

b wrappee in 4 class thar supplics thoss merhods. Thos. by calling mehods oo
ceonplat pieces, it orces these terplat piece o cutuply sifh corin expeccations s
by che template clas.

Thie A% schi: s tvade up of sevoral pieces, aod in fact. drives from some of o
ceenplate argumnts. ' undecsuand Low e picces Bt wgerher, ers examine st
forest processor A macbine, An etample of the A clas ierarely wsed for 3 ot
procussor s shown i Figura 3.2.1

Storage Goals
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Temphacs ar ssential t maling che A7 mackine remable and facr, Certsinly, you
can i recsbliy by using b classes . vietual foncrions, bue s axchicectute
acieves rusabilsy snd gt speed Ly using remplates. Since viswal fonctions ace
most sl when you call 8 method chrangh a base s poinrer, we can skip that
avecheud s with templates, we can specily 3 spocifc clurs oame 25 2 canplace

ssgumaens and bind divecely e e wost derived classes.

A gone example of dhis i the distiner Funcrion., We could make our ditauce
funcon vzl L for @ Manhaceon diseance function {a0a (ingaurce¥ - inDest-
nasiont) + b3 snSrgse-inJsstination?) 1, why 3dd due asenably verhesd of 3
vl Famcion when it cas b uack generc and inlined by using templates?

The Dark 5ida of Templates

A5 uaoing as tomplares are, chey do Luve soms dewensides. While many compiles are
modemizng, temphte performance can vary widel depending on your cumpler tn
addion, emmplaes ufcn wake you wrce code complitcly in a header fle, which ean.
ke s and cominue code” imponiblc, and 2 smple change 10 the header might
couse a ull rebuld of yur code, Tenaplares can abo cause sownc code blnat, ddwough
this depeads on a suiubes of fceors. Qvsral, in many archicectures including the A
b, the positivss oureigh the negatives,

“There are o cricks that help shen aechiveting with cemplares i, s emplic-
e base clases t0 ik sing these teanplace clgses casy fo coutain. For cxample,
suppose youre going co have 3 patblinding qneue of 4 mckines. A pchfinding s
o would use s queie o dermine which of the many pach searches snd food-
Blls ic chould otk oo e, Unless all the A machines wse the same cemplaie
argumenss, youll e an A* buse chs, The fofloweing i an exasmple of some methods
chat mighe b Found in an A” base clase
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s sl asthey sem, modifie gosls can male 1 much easir For evample,
when sitng  weater stort e, e A cugine was used wich a simple mod
fcr ol bt concolled the shape and si af she stomn pamern. Tn 5 very shart

amount oftime, we

ot it 4 Lot of cude, or seconypling  feader e

What Would Edgar Chicken Do?

Remer

+ Reuse that A", Inscad of iciog  pachfinding, engine,

generic A engine. This way ic can he wed for

el e dhan just i, T would be 2shame o
o ke advanage:of the months ot s of aptimiration
work.

- Templatie your engine, Use templats o ger speed and
sl D be inrimided by templates. they are
amasing eouls. Check your compilee & see how i well it
deals with renplacs,

ble 0 modify the pachfider ta do something unique with-

» Leam from STL (Standard Template Library). STL i pare of the Cor ANST
Standard, and is sell designsd. s, casy o we, and promoes seusabiliy, There
azc some gt baoks avilak (hat will belp yous tn undrstand and appreciare
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“H prwerful comoepe char we wsed in Zmpite Farth s moifies guals, & modlife ol
s a sl cass thar supports 1@ musthads, et a1sgost and Tias1sopen. During
pathfinding, F 2 parbfiues had 7 pointer co & modifier goal cls nside i, Ir would
check the modifie’s morhods rther Ui the normal T1-aTs0pen avd et 1alebsst
werhads,

“This cam sous odd. becass narmally i anlor co jost decive from 3 pathfinder
andoverload he calsm Get 1 16cs: aud T2 ets00en. The s problam arises wheu
youant o have many unique pachfindees. bue you also wane ¢ huve your pach-
inders memry poaled, It can be expeasise o poo! all the unique parhfinders, since
they all will Le wuiqus declaearions of the class.

You ekl ware acvund this Ly making che storage cls a poiner insiead of part
ofchs inheriranc clai. You would also wanc 1 seplace some of the ulins remplate
lass metbiods culs wih virmual Suncaion call, bue thac wauld theow vy some of e
spe inckersesnd mot b sosaccbing,we generally wan, On che bright side, modifier
ol hrde this gap by giving ws the seusabifty power, withuut saabing s sarifice
e o of having memay-posled pachfinders.

“Th cads imside che pathfinding goal chat wcvvssos the modifier als looks lke
the flloncing, Note: J20posT T is  tepltized 20 poict lus.

Lo GeLH1eCost] UEDDnETong+S nFram, JEDpoi-telongss Ta |
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Uhis opuonization pight scem obrivus, but many impleensatasions of A° use a
imple forenuta 1o generate al succcssons f 1 pareicular aode sather than just che
nblocked omo. An enatuple weuld be a grid shere v s, the cighe sarcounding
e and sely o i ascesal ot Funcian to asslgn bigh coses co Bhucked nudes 50
bt they arc o seected by che sesuora] fncrion of the Open st To @ scarch space
‘shste many nodes can be blocked, dhis merhid results i many blocked modss b
aded co the Opea Fise, Depending o the bplemenarion of the Opea [, a atgs
st el cus e seork, ad s s cvera fme €0 be spea b otber he inverdion

ar the suhesquent semoral from che st

ultaneoy
i oftn overlooked sspect of pachs is hows they are used by che game can be used 1o
cometain bors A* Looks for thenm. Jor many s, the cost metic is e 1ol lengrh
W dre path, and A* sescches for dhe dhortese path. 1 che game cannor maks e of
parhs Longer than X steps (duc to memory or samaion limicacions), dhen A* o
ignore sy wode N swhass Tacal Cort which is CostBromtan + ConToGoal) sxcords
X, o the heuristic extmsce Cos(ToGioalis shwzys 10 wulercstimacs {1 guaraatee.
‘il path), any pach tade wich ode N b guaranreed 10 be longer anX s
Iherefore, A7 can abandan examining this nads, and add ic o che Closed ise

‘Alrernacively, A% cun aveid generacing chese high-cost audes altogerhes. When
gererating successor modes, AT bnows che cos of e parent node and can sinugl wer
ensrate any sccoseorschat have exceedid e soquied east. s method avoids hav-
ing 10 3dd nocs o the Clused lis,

Additionlly, 1 co0n a5 the e poppel ude rom the Open list b 3 ToalCase
b sacsedd X, A* can stop seacchiag, immediarely and cewsn fallae. Since the
‘pappod node s puscenteed o have the fowvest TorlCost of any node yet evamine, A™
koo i game et use any of e pachs containion Lodes an ire Opea
L. In efoct, A* has closed ofl ety tepnsining, path that can be formed fram aodes
i s Ofpen T withaut having t0 cvamine any of duen.

s optimization works well with other cost metrie, besides path Jength. Far
examplk, the cose meeric gl be some form of terrain b action cost i which the
agent must spend some of his actian puisis t mae thrnugh that errio cips. Tach
i might have  fixed nusmbet of action paines 1o spend o cach rar (or per svo-
ond), and dhe e can pass in che agents asarimum availzble 2ction points 1o A"
When ToralCost xceeds this maximum, the nade can be addod 1 the Closed lit
Moseaver, when the seat pogped nede fom the Open fise xceed lis maximm, A”
can ediarely eeruen Gilure

Roturning Partial Paths

T3 Fuils t0 fad & pat co che desimaion, eilhe becauss none xists r because
raches s ivaposed i i o usaly 1t  paril pah, This partal pach can be
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Clasing Blocks

Soctlond Fathfeuing with 4

FIGURE 3.8.2 A rosm with anlyane davr ins i, ancd setera] ponple sy 0 ense,

for A*1, By using ieerasive deeprnig, the blocked agenes sl make eall t A% i
smalllenirig valoes that do ot consome much search v, Before those limis can
L dncreased (00 much in subsequens call, che patls will sgain became. clear and
another agont ean e the coom dhroughs ke door

eracie deepeaing i ok abesys usehul. When no pach s passble, erative decp
enitsg will actually frreaie the sroomae of fme spea ot
il in any gome in which lngiug, teaain condidons can cause paths 10 brcotor
bl or ublocku over rime. Thase changieg, candisions eould be mobile block
ing objoccs such as crencures thas temporarly bluck parhs 25 they enose. Fhey coud
b b imimoils abjects that change thelr blocking sexcus, such as & forve fiod
Hickers v el ol allwing, agens €0 pass through sporadicall. I these cascs, s
tive decpening helps A* mvnid spending wo swvels processing fime loaking for patks
hac s semporaily blacked.

For woce indotioation an irerrivs deepening and its advantages and dissdvao-
cages 35 2 gemoral search mtbad. see [Nilsoo¥),

ding Vlowever it s help

"Nohen remaving,che esse-cosc nude fbom e open fist and examininy is succasor,
o of e cild odesuight be impassable. Por example, the child could be b
‘aode and 1o movement s pessible shrawgh i Wlktever the reason, you can add the
child s ro che Closed list immedistely. Tl upeation sl pevent high (uctusly,
infinite cot odes rom belng appendsd 1 the Ope s ln addson, depending m
how dac Open liee s stors, his peririon cauld spead up subscquens removals Fum
che Open lis by keeping the Open s suallee,
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possbly ccurn  partisl o b usedl. This meiod will reduce gome pauses dut 10
long senrches, but aight provene long; paths from ver being discovered, especially on
s auachines.

“Altcroacivly,the time spent for cach cnmplered sean can be wraled, and when
this cooa exceech vl 1 mare earches ars allowed for @ se peried of s, This
‘mechadalons Long s 10 be Uiscavered, bu might delay thee agence from moviog,
undl scanches are s allowed, Again, on slower sasbines, agents will be delayod
more oficn. Lepetding on rhe natare of yous gune, one or bath of thesc fesuictions
might be neoessary to achicwe pood petlormanc.

T of these restricuons are usehil in single-player gaenes or in maldplayer
games in whicls the server gonerates the patn, Howeser, in multk player games in
hich each clien can generare padl, esciceng time can cause the various clients 10
Lo sur-af-syne with each other. Tnsroad. the algoridie shald Timit e woral
evimbr ofteruuns of the concral A° loop. See [Higgins02] for mote dells

Oftering Waypoints to PlayerGontrolled Agents

s an very good at sccing paths, 333 human player can asst a0y parhing algo-
st by seloring ntermeliate point, or waypoints, along 2 porcntil e, Instead
of finding ame g . 4° use find several shorcer parhs that conent 10 form 1
lemg pach. Giveis the atars of he A” algorithm, the suen of several shortst path cal-
calutions s useally smaller than the looger parh calculation.

T addirian, using wagpoints can make dhe anue ficl more cespomsive. Sice rhe
shorter path seganencs ok less ime foe A° 1 discover, the player contralled agent
un begin moving o she Gt sagpoine almast immediaely, While hat agen is mov.
ing. the pachs to the sobscquen waypuints can be calculared and sed. Dne cavent,
howeser: iy change 1o & blocking conditian on shese scored saypoine pachs will
sequie thar pach to b recaloulate

‘Alvars b the bk fo sicusrons in which you should o mmediucly use A°. A
‘suggered i [Rabin01, e use a chesper s algorithms, such s sing the wraight-
Ve pul, o scc i simplepash i avallble, Such simple patks ate frauendly avaible,
ond uring rhe chesger agoidhm avnids the oveshead nvolved in o up 4.

A way 16 avoid frequendl clling, A* or computer-controled agens s
s up cocir waypeints @ e advantage of sccight i parhing G face. you wap
conl ol e his requicsment on presec wagpoins], For exuple.the lef agent
i Figare 3.5.3 neads 1o use A° €0 wall 10 his e waypoiots, but the right agent in
Figare 3.5.3 can vse » sraiphe Line pach agorithra.

“Anarhec optian i t 1 fird 2 path ar all. If neithes the seare no Uhe destlaacion
int is vbible o che human playes, you can alsiays move 2 cotpuer-conmmolled
g diecrly ror the destntion poine withane phe bt player bing ware of your
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the patl wid the sualest TocaCost, ot gatls wit the minimum CoseToCGosl s

mate on issfinal node. The
w0 che. desrinacion, whileche acer pach getsthe apen as close b s desintion 5 s
bl withoat acwaly geting duce,

The game can use these partal paths. along with ieraive decpenieg, to make i
campuier-conteled agenes mare respansive. Each agene can call A with a sl
parumersic ity ad i a partal pat is revusnel, Uhe agent ai begln 10 move aong.
his pach Bunsediaicly. Fe can move along ehe porh il reaching s end 2od thea
call A% agsin, o be an cnotinue o call A afer each step witl 2 sliglely Lsger pac
mecic vahue, The sgent evsotually il sither ind 8 pach to the destinarion ot come
o 105t st xation dose € ch destinaian. Tn ichee case the agent will sppeat 0 be
daing something, nscend of just scanding chere and slowing the gamme with repeatadly
Siling calls o &

Facis e can svens prside the semblance of buman ke thinking fo computer
contralled sgens. “They might hegin 1o run o vy, dhen appear 10 “uhage thels
minds” and head off in & aew ditection, Inctead of appearing co bave 1 godiks
Knawladg of their sureoondings, they will sxplare their enviconmene, even f dhat
nears going donwn blind alleys s backiracking. In e gaonss, s bebaricn might
be dnicable

et parh is a Fragment of che erimared shurcest

e o it lon A i sebin 4 ph berveen o o
he no s rh . T chin il mn-inion i, repced s
X o o nanecemary . This st s xpeidly Ll n i
hic s campoe cisoled ssatis"suck s bing psated e o A g1
o i o i Afr s sl s il s e b pefoun.

£ mobie abjca o bk i dr L e cache b be ced
s o objectchange s karon, Wil his g e reseici,
iy scions in whic gama - ld b most el s o g
oo, st gsnes o o hangé oo sty i sl 0 e
iy charg e blcking coniio i an e shou cas the cch 0
b b, loweres in s e, esping <o cuct sl & 3 00 thing, s
s b chckod bl cac cll o & Th banc o s cache sl b o
ok s v e  ham 0 sl peoe an - e

anotherenshod w provene sl P —
iome A" ca spea seaching or pachs. One way o o hisis o korp wrack of capsed
visme during,coch reation of an A serch n other words, ¢ ach pop offthe e
Vs he e isabortl s oral i encsls & prsse vlue (bus the seaich s
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ceassgession, This “opisuization” s complely unnoticeablc when empleyed on dis-
canr agens where the player svonld norses them moving along uny part of theis

Conclusion

Parhfinding,in garmes isaften an inclcient process, and using A* cun be 4 computa:
ol dams sink. By eseicting bow sad b A" s sech o paths, and by making,
good s of pardal pahs,  game can aften eednce he rme speat pathfinding by a g
rificant aman.
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A e o Sidar gne consoles and PCs has ieaprovod, artifical
intelligence i games has alvanced feaps and bounds over the primitve elfuris
caen in catly games such 45 Diginder, or Auaris Adeenrie, Tclay's e auachinss
v CPU power tha s 1 shacue gveny many wniversiy secups ol 10 ar 15 years
sge, 3nd AL sulcns ave apily ising o the level cnabled by s tochmalugy. AL the
cacne s, the rise o ganiog on limited cunpueing devices, such as haod Leld arge-
aiucts and cell phone, and the continuing populacey of knw-poseed hand-held.
gaming 5 the Gaine Ty Color and Game By Advance) means thar
The demand fr light-weight, aicky Al continucs

There are sevecal cass in whick using n ligheseiphe Al mediod is Jpproprise.
i, r might e che only st you can s, especially i youte coding for s right
confines f 2 ¢l phone or Game Boy, Secand, =vee v sore: rabust Laedueare, light
&Y schermes can be appliod ta muny (ot in the case of our scherne, hundreds of) dil-
Herene creauates ar objeces sisnultancondy. Fiwly, we've probably all been guilry of
sgincering 2 solution 10 2 roblecs, Somerimen i becwr o start wich ehe it
et possible soluion, and then bulkl g fam there, racher than sucting with sooic-
Uhing moce complicated. Ch scheme, hich siaulaces a four sensorod ar whickersd
eubus, s sbont a5 sieple s ¢ gerd i, compurstonally, incrodibty chap. yer gener
s snrpriingly Witk reselts, W L wsed i suecesstully i« oumber of publald
games for che Game: Boy Celor (inchuding MFJ. i, Disie’s Tarsan. und dice in
Wt sl i sl in-devclopment woeks for mobile dorices

“This techiique fur pathtinding and movement eles on weighted nudes. We sarround
ach abjece wich an artay of snwsors thys check for clemenss of cpuion and atac-
o, u s simplest,we otk wirh a v iode abject v in the cener, aod ane in
cach of the condial dicccions. LLe saslogne i 1 a (Cheonecical? antmal wids fows
Tang,sehiskees extuading heseand ts bod, u o e that b four sensars extending
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i cach of the candinal dicecins, and a singl, wagie, annidieeetional deivc whel
o a the cupter. Even with syl fve-node object, the oaovernzs genersted e
sasprisingly arural. Wich the apprepciae spriceigaphic, his bbuvior can be vy
camvincing usiny, oaly a seall amouat of code.

T way th syseen works is sssialy domied 0 th eay whiskees wok i 3
. Bach whisker—or sesne—on the “eubo,” when it senses anything b
onpry spaos. icseasss s vale. The bighor the vaus. e enore i pushes the bat. For
gl hen the “east” scmor has 3 v Wgher than che “wose” sensor,the bor

bgins o ove westsar

Cobining the boc i warion aursceors and replsors—eidaer an iluons st
o o dinection (comstanty decieasing dhe westbias on the bot, or fncomee) o @
Tocation Grall or suobile object (oeher bot, playee charactr, ste —we find dht che
bor quickly develaps comsiucing heharior

O of e reasons s hehaviot s convincing.is at i is unicipaory: As the Lot
noves closer o 2 sepulsor object {er a zepulor objoct muvcs elnser o the bot) and.
he gt on the node increases, the bor paturlly begias 10 move avy: b sovsts
e 8 s of descction, and the snsors emselves a7 ocared am arbiutary disianc:
Gorm the cepter sde, This ssicrrially gises the bot the apparceecapabilit of v
compishendion: sacher than bumpng off un okiscr, e bor appears s t, and
ooty oty . fut, and hem move quickl 3 rhe sreight an the “whisker"
o

This i a precty common-sense systeem for pragrammers, but it s surly wel.
Many games employ avcerators thar ar applicd o the X- or Yearis of & charste:
The proban st his techaique is that Jt s oftes ery ey 10 sneak up on & bor
o ove diagonlhy rowasd che center mode. Wirh ou scheme, itls very lied 10 o
Tl Amathr advantuge o “whiskcrs” 3 thar a by will £l 1o an e scace whet all
Somorsass off. I man et chos, bars ar awoys ruriting e e avy feors 3 1
it o the, progtam s chee disance berszen the b and I carge and coir
o ifle state sehen nuL of 2 certain range This works, bu it soquires onore code
‘aritly nucessary—a s facror when rying o cram cads: and art ases ot 3
4MB care or 4 ~100K cell-phane program!

Routine
e llovci test and cod efers 10 che saauple prograan and code inchuded om e
cormpani CI. Tacs oo e vesion can detec cllivn wickin  creo e
e, For chis dsmanseradion, che pes. picl detcetion is averkill.since chia g7pe of
Semsor il mus, likcly ey 0 2 highor-level coliion echaniso, Regacdless, e sl
norks md deenonitrate, aven srich aveckil, hose Tk procesin,is necessary for he
bebavios. The defuitian of sraatus i the pirelsensificy ofthe sensor, wheres ate
oo fs harw far from the venver puitl of the object he sensors ae placed. The vaue
venet 5 the amotne of piwh the senson cehibit when triggered, while nots is the
prinles of bots o s in the ciample.
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g s spocd e detecon of almos.seaigh patks sae improves performance in
enviranmenss wheze atbct agonts can terparasily block parhs.

Teratve depening can b eusly wlded o A* by sdding an wxta parmeter that
uets o & it for shat call. This paeamric imie can b the number af ierusions of
the enral & loop u allow, o the maximim armouRt of memary s se, Of the ma-
mum path lengeh 0 allow: 1 he il call 1 A* fif o find a s, thon bsequent
Gl can ncrens this limie by a small arneun. By suaning wich a small i, ireatb:.
despeniag forces A" 40 s oos mermary o e e s calls i i seee of e cals.
‘meanings chac e will ench ilure condicion mors quickly in vach of thase alls

T sruacions in which an amost sraight-line path exiss, such s 1 path with one
e o the sy (Figace 351, 2 all e A% it a small limit il sl find che pach
‘e search algorichn just has s vy 2 e locarions on either side ofthe mee bifor it

s the carrect pach, By keeping the Timie small, A will 2void using fand herefor:
iniriaiing) s arge semory space of node.

v s perwer of v optiszation comes from the abssrvation that he subse-
e calls w0 A™ do s neer i be made immediasely. 1€ che mitial cld b @ snall
ity can be added before a subecquen call is made. This delay providos arher game
fodions & chanee far procesing tme, and smoorbes che gue's apparen petior
‘mance, The exts cime s allows ny mobile blocking objecrea chunce  clar out of
the ey ik I @ omman cause for puthing,Fibire in pames,

For aamples imagine that sevetal sgents etemp o eter 3 oom shranugh asiagle
door, As soom s che G g seeps into che duvevesy (Figue 1.5.2), he blocks this
ach for the wir agencs, and chey villpend ageere deal of e fuldestly searchiog
ot gachs tharde noe exist (which, a3 sared peeiously, i the worst-case scetan

FIBURE 8.5.1 A gath it one e 3 the oy,
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Breaking throuph the Lisis Barriar

Vet relly hurts i an &° ivplemnencation s searching chrovgh rhe s of s, e
can bl thovagh chc lss e, wel b wel o o vy e warp-speed parbfinding.

ruaking the Open and Glased Lists
& goud cchpiqe 1o increase the lic performancs is © ake the Open and Closed
Tt hash tables. Deprading an haw you tune your bash fincrion, you can end up
with a table of équally balanced balitabls buckers, chus timaiays dovin the sescch
liss co somerhing much crore managesble. This cedanique makes Jonygdistunce
pachfinding such cascr on rhe CBUL

Hlere is an crampl: methund bt wses the bash table. Uhis mechod addla nods w0
i Closcd lsr bash bl amd st 1t closed staus B, 1 ealod from che A* engine
whenevee we cluse  node.

S tarSrorage: e ebLogziLis i AS arvcdes inbods]
{

11 enzrats 3 nase code.

S6ng tranaah = this-sHasniintece-ome, inkods *nY1;

£ Drop it 4nta that List, and selup List poanters
i4this-nGlosedLisLs| (nefsah] 1= HUL)
his.oaClozsdiista] thoRasn] omLis=Parsnt = intode:

11 the curent bucket heas is now our resl nade.
Lot = his “pElossaLists [chebesi

51 This is now the head of this huokera List
this >AClosedLists Enenaen = iniote:
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2 mew fand caper) cose o i, then we ol do e check o see it it was cheaper
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i the sorted Lnseion cione more prediciahl

“This "chea Tit” migh sound rarher serange. bu it workd remakably well. The,
SenaveLosstCovttons TamsnLast spilz was oblncraced without waking che mezhul
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limics on your pois a handlc ypicad sivsacons, s secucing the pornial dat
sl Logging memoey chac ron' be used.

» Donic wse §T1. for your s strucwures. While ST, is amazing, pathlinding v
rans 3 band-weiten linked- e L tsble syster,

Make 2 Rags tcay 1o ndicate the stare o srch node, I e tmsy is 1 Lyceparcl,

s wel woeeh the memary for the icredible loakup speed and. oprinizadon

icks I can enable.

Ieyon can affond the muenory o dedicase 0 a flags aray,cry using 4 liding i

o syscan and use a5 mch memary 3 you can ot

« Tansibem dhusse Open and Clsed liss o Bash ables, and make sure 0 phy
with the hash function. and stz of the rable o ger the best disrbuion and

it —

Use 2 cheap list w clmiaace the soreseinseresplke, o the "search for the chevg-

st ode om the Open lisc” spike.

* Wrie afist suorage las thar has n arvzy of polsters o sodes for utea-ox nods
searches. This is morc sacanory intemsive, 50 anke have ons unless you e ol
it memory.

* Long-discance parhiindecs could use an STL cuap, set, haly_emap. hash_ser
sore all nodes for fasc lokups. Kspeciment with his ir may o way oot b abene
1o your pushfinder.

* Beas memset e diet rectangle scheme. This applies 19 pooled pathfinders,
and always do 2 comploe it e st times yom s he pachfindes,

* Think "how can. pachfind fes,” or bcer et v can | celisbly pachfind acroe
his giant space by doiog shuort puhit”

A the end of aur pachfinding optimizations, we seee rally bagpy with Zmpire
Prsh patblining performancs. W voukl ks Lundreds of units from one side of
the world 5 ch olce withoue beinging the user crperiete donvu. and WEve st (o
see.acase i ehich thay didut pa successully 1o cheir desinauion il wa seachsblr,
All o chese are che cesult of optimizarions; die Tasterche patbfinder,che Farrher e caa
Parh o, which meas » ighee success e fot paks.

Finlly, our lasc o pices ol advie are obvivus. Firr, read everyrhing you can
froen poople who have parhfinding ssprisnce, You might leaen what. 1 do, and, 12
impartanly, what aof s do. The scond is o ook ta your reammiates o lulp. T
otk at Suduless Seel Srudios was 2 major fator in incresing perormancs of path
finding, and we coubdt Luve dane it sithou e, Bravo o theen!

“Thanks o Richard Woolford for dhe use of lidgar Chicken, (No clickens were
s i the weitng,ofchis aricl.)

e g, DA ¥ i b B Al Gome L
o, i iver M, 2002, ®
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1.1__The Evolution of Game Al 13

remacksble suceess o gaine Al in eecent years, e showldi be at al surprised to fnd
that the acadomis commuity s much to learn oo us a< well

Thowever, for g AL o mally evabve, e noed o broaden ou perspeceive of
geme Albesond the AL Reld. Although [ hase 1 Camputer Scoce degres (L9942 the
i spe direting and acring I se7ge plays bas beet more nsefl for g Al work

ban anyrhing learmed for my degree, Sevetal escarchers, must nozably Laurel33.,
have also seplored the application of dramaric techniquzs o inceracive enerin-

“The feld of eveluionary prycholigy i paicicnlar has an enormous amount w.
ffer gamme AL Gams Al developunen is sl an expecioent e evlutianary pspchol-
gy—i s lserally evolsing the peychology of e encires

Every gamer Lius exporionced. the iuidsl thill snd svestual drodgery of Leiag
actacked by howdes of mindless upponsas incapable of fundamental tactics such a6
cetcatig, dodging, hidis, finting, making thrcar displays, negotiaing with dhe
cncm, cooperatig wich o amather, or evts taking caer.

hac} disappoinring abaut this sad st of alfdes s car simply chat we doriv
iitate carore—chat was ever the poin. afer all. Whar's unfaruuste i thac we so
often chase aly the dullesecolars o the beiliant palecue of nacunl bebaviors to
deaw from beaviarschat can ey make oue g merc eotertaining. Even the
st simple-minda of maire crsatures will avald combat f pusible. Real anials
soe 1 an oppoten, rersar whets sy, or make 2 pradioss display of size or
smengh i e bape of canvincing che eneemy 10 busk dowp or pick a ks rarge
Suimals sneak up on ther prey, artempe wo discacs chem from che sy of the herd,
‘an employ complex group catics o sabush er mslead s lics. We have mauch 1o
earn leos The Discvery Chanac,

‘Nan of AT’ mos impoanc canvibucions o gemnes ae ikely © asse rom thi syon-
biasi bermeen gt desgn aned AL L axder o this syzobiosis o accur, we nevd 10
ensase st we, 3¢ Al develupers, condinually g i our ndersandiag of the roch-
iques and principlesof game design. We s weod to work relentlsely o cehes
feam—and ous ganuc designens in pasticular —abeue dhe dieucodous pacensil ol
to improve our gamss, Betee, rick, docpar A cuntinualy opens up oee game
design possbiftes, ud Lhese design fmpeosereats in i Open up oW apporten-
ties o AL Guane AL <an and should be considseed a satural extension of guns
doign,

Far 41 1o reach s full potenitial, gune design must evole beyand its all-too
comman obseion with desipner-cantrolled marricive aud Fincar gamepley, s oz
aavat che secry, it abouat the gancplay: Al-cenesi ganes sich a3 The Sim, Black &
Whit, and Thicf The Diark Prgsc poiat U way to 2 ucue in which the inmersciion
of human and arifical minds hecumes & primary threal i a sichly woven Lapesry of
fame mechanics.
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Practical Optimizations for A*
Path Generation

Timothy Cain—Troika Games
cain@lroikagames.com

i it bty o iy d o algerithm i s, bt i
soffers from chalc fims-space limiciions, In i pure fotm, A* can wse a grest
deal of metuory and cake a loag tane o erocune. Jo et 6 worst-<ae senario ogeurs
“whn Inaking for s padh when none ace avaiable, which is quite comauon in many
gpmes. Mast ardeles on A desl with inupraring the estmac heuriric or with sioing.
aud siaccbing the Open and Closod lises more effciendy. Insesd, s ucicle cxam
ncs mechods of rstsccig A* o make it st aned mare responsive (0 changing map
aonditions.

Suh A* mstrictions calce the form of artilcially consuicting die searh space
wsing pardal solutions, o1 shorm=ciecuiciog the algorichm slemgether. For cach reuic-
o, the situations in which these optimipaions il prowe wnost wcful ae discussd,
These eprimimions alloved the cfcien use of A" in Ao, 4 ral-time eole-
playing game with 4 lirge mumbet oF player-contralled and computer-conaulled
g,

When weferriog w inwmal workings of che A° algoridies, the tsims fam
Se0ut00] will b écd. Tor examle,the lis of unexamised nodes will be callad the
Opesls, ane che heaistic cos, cstime il be eferted o s o uGoal. This arti-
e ammmes an fadice koowledge of die busic A° pachfinding algorichm. wud
[Marthess0Z in this bocik i an excellenc inrroduction.

& sl apeimizatin to apply to A i erstive decpening, whidl is a merhod of
impsing an artfcial Hinic on the seazcs algorichen. This lrut can be anything that
reduces the ot scarch space of che lgarichm. Jecative decponing for A% means 1o
call e algorithm repestedly scarting with asaall it on the cencel Loop iteraions.
i pach lengih, o cnaximam memory used. 1Fa call 1 A* als o ind a pat,
rerative depening graduslly celuces de timit in subsequea call ansil thescarch suc

ceeds o the fimit eaches s marimom vahue, Tl mechod uses less aetnory for mose
call hecause the ariticial Fimie causes et nodes o be exarnined. Trearive deepen
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* Blncked: This node is blocked for A% If this s s, we know
chis mode aleeady and we do s bave the “Tasable” sare.

= Open: This node is o che Open lstandis o om e Closed ls.
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Keloar - oxon, rempty, unsxamins

KPasaiblo = 0x31, | rewtised, nocke -4 not blacksd
Kiloocas = xoe, {rasamirad, mide s blocksa
Kapen = dxon, mode 1s on the Geon 115t
KClowed = 000 jmode 15 on tha closed Tist

Using bit wive ANDHOR opcaions an oue fags arcay, e can quickly s if e
bive yet. 10 visica nade, ot i a nade i hlucked, open. dlose, o passafe

Methads on rhe &% starage class that use hese flags inchde

1 ey the Tlag fear e sray
irine AStarNoooEtatust Lage- GLCIa0;Long <X, lomy 4+
{iaad your oum AGSERT shack 1u_ smeure Ao Arey averruns

Lifura’ his wa1ags | (10K © thissrArvagtion - i;

o1 returns trus 57 the aocs s closed
intine soet GerTan oaralASTaogsSTatUSFLaS" 0IAD) Gonst
{vatur 1 (rinFlg 8 koinsea; 1- kCla

7 oteans tho “passsbls status’ fian
§miing enid Fleanrasseblarlag AStarlodeStatusFlags 1 1ag)
(P g -KPassate; 1

1 seta te oper status' fly
LNLTe 191 SSTDpanr 1ag ASEa odeSt:
("nfrsa = kapen: 1

usFlagse inriag)

Vo e Dugs i crcative weays will go 2 Jomg say in uvaking, the A* cngice n
well, A gosd s of the. cpeniclosed scatus i thit whengver you need 1o retmese 4
mode, yus can check e llag o s0c shich lie 1o <sarch sa dhat you doull ncet ©
sesrch bath liss for the node, Thercfore, i you bave u FiauousTadorm ist metbod,
s e thing s i i s o check dhe s army o s the node i even i e
Open list, sl thus wstsants seasching fo. f yeuire sweating the initializaton of tis
armay,dott panies I solved in dhe Beasing Memsessection haer i chs sl

“Tgadr
For a console o sl thte s 4 solurion. ¥ou dorft bave w Bt the cucec map int
your seasch space, Instead, yon can e » slidiog swindow syseeny simila o Figue
5422, Comsider that the max search space you ca ffoed eo search i 62.500 lles
‘one cime. Make yous wisy 250 % 250, and ceoter yaur unic o star posiion in the
emtes ot awea, Yo will have 10 cnnvert all game XY oaordinarss inre chis slidieg

o exclrim? Nt enough ousasoty far yons maps2 Unless you'e weiting
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aiques we used was 10 Figare out wht the sscrage “bad case” scenario s for the.
game, ot dorit want e wiste cuennory wish lors of nodes that never gec wied, bt on
i cher hand, ou dort want o make 3¢50 small that 30 percent of the e, you'rs
Jeaching oot your memory peol

A goad place o sact is t ke 2 temphire memory puol clacs and have i becp
stiscic. Acthe shucdonsn of esery game. i would dump memary ponl tatstics fiom
all ver the e, A cample ourpue b

‘MenotyBaol chss SomeClass »; Sucs arc:

Requests; 37555

Delerions: 97553

Teak us: 890

NomalNews: 0

Nomaldelee: 0

This mutpat cels o thac we bie his poal batd and offen. since there wese pvre
57,000 regisicons of memory. [t o 16l s thax the peak wage st shat high, 50
L ol e have o be s big, O somerbing thac s e chis often, it prokbly
a gond idea o have it argor chan she mormal “peak usage” o that we don have a dip
it the “normal now and dele” area ety often.

Unlos yo e wting for  platform with very linitod msrmory, ioplecaenting 3
momary paolul sstutods st-uezurss and sncaory ponling a et of pucsfindrs il
save alotof e thar weonld ocherwise be wisred in memory management. Explore
‘wha possibiltes you bsve i terms of memory pooling, Tfpan are vorking i a small
and fired memary environment, thers aight not he mach you cac do with proling,

Start Your Rngines!
Tho e performasce ssue t esalve is hat of caching, Ofton, we need wo know the
st f an & e, such a5 which Jis ch un, ot §F s hoen matked 252 blocking cle.
I crucial hac informarinn ke this b easiy and gquickly scxcsible. T we doric corn
i wich  fsr ook systeen e ngecad rly on linea seaeehzs, we shauld ust sel off
the wers exera CPU because appareatly we dondt oe il

A cay selution co his tht rally pays of is e bave o aray of |-byte flas it
etoe s informasion aad can be rariesed by a simple areay lookp. Eacl g i the.
arrey should e 1 byce por it and he airay should he the sie of the masimm,
search spac. (o map)

Wil there are tany things one could put into the flags aray. you only ncsd fve

+ Clear; This ok i umeraroined and could e blockin o1 noc blocking, and is
guarancod o rot be on any of aur A* lss

« Passable: This node is passable for 4~ [ s is set, e knows we v cuamined.
this ke sleady and s do ot Lave the "blncked” st
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dugh Difotrss algoriths found e camplte parh o only nsporeaat pre o 556
¢ shevery s tep romasd he dsinaton. Also notice fom the pscudo-code thacit
< nath s vt crivebetureen dh e s, then e vahus of the enry s anigned -1

Omee s sobution table i crevesd, as shown in Figue 4.23, inding the shurees
e oo any o s s senplo. e e are b sae nocs nd the ol
et demimation modes. Lach vains i the eable s the wod to vl w avsw. Kor
unple, 1o ind 2 pach froun node 2 w aod B, Dol these steps:

1. Find the value at con 2 and coham 8 The sabne is 4. Thereforc, he pach
ares ac e 2 and xeaels fret o node .

2. Find e salue a¢ ow 4 and colugen 8. The vaue is 6. Theorefor the pah
continues rom nodc 4t aode 6

3. Find th vl at s 6 sid columan 8. The value is node 8, Therefors, the
tl commpletesthe oavigarian loon node 60 mads. . which i the desinee
Fon, The shorest pach from the suatc node w the destiparinn node is (210
e 10 ). Vi this by Looking back at Figure 1.2.1

A mmcime e ppicaion s all o th da e e s s cdg and pats
Toated i phioion i s fhe ko dnc o perfocas patlnding, Thisscton
senees th conts incured darin s

Momary and GPU Tima Consumption

Ve solirion o intut some runtirae costs o the handseare. L mose obvieus s
swesmors coste. The applicusion has w load up information on al he nodes. such av
Tneatiun, an olr relevan rondne inforacion. I thers s inficadon sboue she
adgs sich ¢ infommuation affcting how an apeat travetses an s then he applica
Vo loads that infucemarion also. Pl the application has to Joad the necessary
olucion tables. For A mamber of todes and M. number of edges. there are an
o of et in €ach salutien table, The size of the data loaded for the pte
procassed s s QM-
P tviesand s, The oy iffereuc berween the uorime o the prepccssed sohu
i i rhe Loaling of the solation exbles.

e vicns cust for mevigarion is saual. 1T bigges, cose eomes o finding the
closest o i che nevwnrk fru 8 i locarion o che world. AT che vecy ot
‘ich agent s vy e o ind th anc e and agam fu che end vode. For
s of ageats,the G <emplesicy for his procss is OGPV, Specilied dara
et can hlp v the nuaber of beuricc s v onthe aodss. For cxame
e ing geids 10 o1 the mdes can provide  guick way o find th e s a0

S any oo posttons o dae termin, Tnsesd of restng svery node in the
era, nding dhs endpuis requis sy 1 quick st @ s wlich grid coond-
s comiain the locaions. and a o Lests o fiud the closest nores T sl foczton

). Ruptime solurions also Yave to luad data fox

sied
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FIGURE 4.2.3 Sofations fable cretod from e comnestiviy data in Higare £.2.2.

imass checklng, che niv cuszsant e’ 11 of adsceac modes, When the algorithm
encountrs the desination nod, e saps and revurus e st wich he pac solution.
Uhe lgorithua [ox generring rhe solution bl is as llows

vuias Greatasolutianisblal void b

far( sach start acon )
h

fa-( saon and nas

SF2 start - ena
Slution(siart1ene] = oncs
i
List = Dijketest stare, ot );
foytey
U1 dond path
First - FinabirsthoeTnpaing 13t 35
Salikzan(srar|enal = First

)
O not rescratla
Lolumiontatart {end]

f

f

From Jouking ac the sclacian tble and in the pseudo-cods, onrie that wwhen 4
g s found, only che fies aljscont nade io che soluton path i recarded. Even
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Section 3 Rathfining and Movemert

cach node anly contuius 1 few conneesions wirh orher nodes €0 forin the adjuccy
L. The smallr the rumnber of adjscency isesFor each e nueans gavaer repeciion
acrass che res. Nods 9 For invtance, must awags raserse through node 10 o 0
any orher node n dhe yeaphs

Runlengeh eneoding of e row s 3 reasomable weclnique 0d will compress 13,
18,10, 10, 0, 1, 10, 10,9, 10] o [$,10,1,9,1,101 by listing repeating values, Since
s do ot crus aver dillscns s, i€ 1 ol e o0 enenpress ach o individ-
wally, Tlowover, you shold be aware that s compresal bl wil sl rhe lookep of
valise, since ducs st be dsompresced on-the-th There ace many odhet congpiss-
s tecniques avallbl: but as compressin raios increase, decompression cme il
gencraly i

Preprocssing navipaton b = ool sl w5 RAVATIng open e when erin
conditons e unchanged theoughont the ruosime secions of the gane, and
b ualipl cascs of agents see shle o s soluion tabcs, Tocheiques used
aprinise runtie sesaches such 1 A can lso b sd o aptimice the preprocessed
solution, For the Formes, th applicvion gins proceing s ur ke lacer i gins
mcanors. The: seucion bl elloves e Jookps of lowese cosc pachs beewee
e pirs, e bas il ipacton peocesing Time. s appased .2 i sarclh
"t metlind gives instane garh solcrians berween every moz delucl i (0 sarch
space. For gams i which the maviguion s sl 10 ill-defined pars, and plat-
form roquinementsae it thisssctdifven ceheigue 2 olid pearanet
Howeset, o cns elorian i useulalch e, Navigatig oen certin oques
2 i of diffzns wschoiques. Use lval colfiion. svidance rechniques fo nearby
aess s 0 avold maving abjoces nor lken ines account by e soluion sfas. Use
picprocssed daor for longer dismancs:. Use ruizme patbiinding where necesary
Using maliple wechriques L cosuplement cach arher
o tehqe lane.

s hecter rsules than sy

14haB Ko, Alfed V. Hoperol, o 3 Ullan, Jofcy 1., Pata Srsciares and.

o, Adlson- Vs P
e R e g
Chaes R
0] Sl Giv,“Snpitcd 30 Movernens and bl Using Novig

ool Meher. ione Poavenivg Gom, s Rivs Mod i, 2000
(K] Sout, Bryan, “The Baics oF A~ o P Pasaiag,” Game Programming
G, Chas v M, 3000

- Sompany, 1983
& Speed Opeimisarians,” Ciame Programming Gert
o0,






index-164_1.png
42 Proprocessed Solution for Open Torraln Navigation 160

The soring of the nodes can rechuce th scarch forthe el nodes to conseant e and
e the prsvions complexiy 0 /7).

When there i ot enongh memory, e spplication can compres che salution
abls, Hameres, ths i o made-off. Tl applcarion reduces the sizs of the sulution
bl i arder co gein buck sune tnemry. buc uses dac consrant lonkup i for parh
soliions. Compressig the table o recduce memory consumptiva, il most kel
incur increased Lo complexiy in sesivving values Fumm the table. The complexiry
can vary depending on the Lype of compresion wed.

The ruae isan ivabved widh prprocesiog, padtinding s the umoun of mermary
consum by the solution data. here sxe many aprienizaton cchniqucs st
el redace raiory ansumption, Techniquss ha rduce the complesiy of U par-
cidon daa o applisable oot tancime ad preproccsed pachinding. These reche
niques ok on o general probleen of e parccomiag; They inditcely ffsc the
i ofche sobution data. Orhee techniques, such a compressin, disctly seduce the
el thesohion dats. Thite e mary optiizaton techmiue, Lut b re a fe.

The ft optimicacon tachnigque s L0 teduce che acecal uanber of nodss epee-
ening sk e, Particoniag th tesin oely . e asea Wt is beng e a o
e b  good frtssp. Theat s o need 10 creae @ graph for he entze cspanss of
e nvirnment i orly & sl pertion of the temin i used fn any given mision
level. Using the sane ammoune of nodes in 2 smaller ara 0 (ncease che el of decit
¢ beter han spreading o the o over a e ara hat might noc b il
used

Using irarhice pabfinding [Rabindd] s sho valuabl e seduving the s of
e soution. A conne petition ¢an vepesec a avorl view of the tcain. The ares
ithin cach pactition o then represet 2 distings regios with s o pariion uad
Sotutcn dats, For crampl, in Figuss 4.2, the edges connoctesch node awound the
oain, fres. carl,snd gull,Esch e ca rcprscora regn ths i divided by
e train. Each mode ca hav o more detaled pareition dut and sousion asaxitod
ich it Pdlfinding within  regiun only ses the data asocircd st e ava, and
g becren diferent gions wschebigher el dataalou with che o
{ovel dar esocited wids cac o e s tegions. Ceavio  hiearchy of grapls pior
doces e o s et 1kcs up les memory than ueing thesame number
Ul ovor ane praph. For ample,« ragh wich 1000 modes produess 1 soluivn
ablewith 1,000,000 i, e 1000 nocks were raken dow nn 10 geoaps of
100 o, here would be 10 tables wirh 10,000 enc, making 100,000 corriss
and icloding the connecion berwosn. the 10 difuent groups, i finsl ronl s
100,100 snires, whic s use ahove 10 s ofthe ecigioal dasgn s

“Amodhet optmization fechmicue & o compres e sution able. In Figune
42,5, ho row for mod 9 glcs 3 gool exampl of Low compresion canld reduce
grcal the amouat ol memary consumption by he slaian bl For the must prt,
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{Smouk00] traucesthe canesprof s mvigasion mesh sl somsandad ech-
niques for NavMesh enoverncat uad. paficding, This aricle s on techaiques
for construring oo mavigation mesh In e s place, ith  emphsis v caat-
g avigation tursbes s e Wghly il snd el i sy o e pblncing
sstent 1 find good poths quickly

“The navipation meshes we creae 3¢ sultable for newly any ype of 3D gane
coviromnein, 4 oog 45 the game ek docsn' change wo damaticaly during the
conrse of gameplay. W will s conside sovcal el optimizcion techniques fr
speeding up the NavMich gecertion procss.

o e prosesd,besein mind e navigation mesh, Lk aay ocher yps af e
compured parhfindiog daca steuctuce, docset handle namic obscio—tbat
obstales thal. cum v dutiog the course ofche game, such a craes and auher A1
characters, The NaeMesh only kncoes shue the st parsof e pan orl, om0
il nesd  sparare lyer of pathfdi o del wichdynamic otoces. A vsulize
ion oF this i sown in Colos Plate &

This il desebes slgoithms that vl smomaticlly buld & Navsh tha 1
lose e oprimal a posable Forons purposcs, aprimaliy” means:

+ Completencss. The navigatian mesh should cover every surfacs thar ay A in
our game could reasonably be sxpecied t walk om.

« Simpliciey. The NavMsh conscruerion cods should auemp @ eover the sur.
Faccs of the game workd with sametbing tessonably closs 1 che fewese pusible
euumber of polygons,

« Consistency. Navigation mesh conseruction should wot use any random num
bers. Tt shoul give s exccrly dhe susue ouipu for owo idenical levels.

+ Excellent cuntime pecfotmance, W sock 3 clean, simple dace stiucrure thar can
e very quickly queried by che pachfinding sysem. This dact stucrure should
provide much fuscr potbfinding tuen would be possble by quersing dhe s
ganmey.

« Full aatomation, The
Rnscod. A designer should be uble 1 load 3 levl and pres @ bucton, and wut sde
<l natomatielly generate 2 NavMcsh from che raw geometey, Some zeaders
wight b ncosesed in praviding eools Fo designes gk navigasion meshes &
heir liking, This i » reasonable and achicsable goal, but 3 ouside e scope of
his i,

+ Reasouable build-cime pesfarmance, Since designers will ebuld che Nusesh
o 3 ragalar hasis 35 they develop s lovels, constrcring the navigation mesh
shoukd iake o snore 1 a fow mingces for chelaegest pssible gaonc worl

+ Robust handling of degenerasy. The NarMesh faust be shle o deal with
degenerace input data. I Lis s ingut polygons with Fwer than thros ver-
Lices: polygots ol § circumference, polygos wids one siguilcant ed of size 0,

Mesh constzucsion process s b camplersly auto-






index-166_1.png
4.3

Building a Near-Optimal
Navigation Mesh

Paul Tozour—ion Storm Austin
gehn29@yahao.com

IS s dor o pbln amd yoire kel co gee 30 carfil
ahone & “4.5ar". The A" agorithon s the unquestionse chumiou of game
Al packfinding, and several unticles i this valume aud the Giae Progonming Gions
Bosks St [Rabin01) deserih weluniques for gecing i oosr it of A

Hawever. the core pachfinding algortbm e anly « small iece o coe il and
6 acully nor the most fuponanr. The trick i o the ey vou we th algorihrm. A
s alicady so good thatyouid have e specding i up by optiing e much L
e, kv b ardresed o o bter alorithm, ince 4 s provably opriml.

[T stoske bese vy 10 fuprove the performance of your A seah—ond the
qulity of the paths dual your search generates—is by optiin, the underlyiug
ceonch e

1 any game environonene, AL chacactees 10 e an undrclog, date struc.
e spa reptcsentasion—tu plan 1 arh o an given descinacon. Finding
he o, sppropriace dhcsstrucus v epresene the search spac: for yout s wrkl
isabsaloncly cires| m achiesing realisti-Jouking, masement aadacecpeabl pathfind
g porforemance. 4 stplee eateh space will mean that A" s s wark to da, and
Lose sk will allow the slgorcbyn o an e

I teprsenration of th seach space e, cosely masc e goomatry of the
watne world, your movement and pathbuling syvems will bave 1o Jump dhough
Roops to el the mevement look nrelligent and gtaral. 1 yoor epressicacion
overly complo, il impose an omcessaty potformance batret hat no oz,
of pachfindes opuiuization il be able w overeoms.

The Navigation Mesh

O of the most poreerfl echniques for AL prohfindios in A worlds s dhe mvviga-
Siom mash {akd, “NavMesh) approach. & NavMesh is 2 5ot of conves. polygons that
desribe che “wnlkable” sufice of a 3 envizonmen. It i a sitple, highly inuuitive
floor plar” that AT charserers cus use for nmvigarion and parhfinding in the gime
word.

n
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ocarby; the lacdcsis csencilly usclss. T has no way of knowing where the wals are
s incapable of resiing that there'  hig,pilla sanding i the midle of thce pah
odss ol in « iangle. And the momean you eucouaer 3 dyuaniic obstado—
such 5 & cratc or anorher Al chatactce  your path s bocomes uscloss, and you
onuse qery the game world direerly.

T o mication of doe pach lacee spproach s dha i frequendy geoerais
lovs-qualicy movemen paths, Two Als running from A ta B will rpically follow che
exacesam parh. exding o perception th the AL s “n cxils.” 1 the designer places
eyl s in e wevog way. or i e Al ewd up naing in a way that the
designer dice ancicipae, his e lead o sbrarmal movemens, such as charactes
dggaging” for o sppaceon eon,

“The parh laice appoach also suffrs from serious probloms with combinacorial
xplesion. Recase rhe preprocasor mu eec every path node againse every odher
pach nude in the yame world 1o determine which pats liaes ure viable, i s a0 N2
problem. In othes words, i you have 1000 pach nodes in your lvel, the system will
meed 10 est 999 1000 - 999,00 pacs.

Clearly this can Jead 1 very s level build s with La kve, The prablem
is cracorbared by the rctchat you usually nced coinscre more pach modes v make the
Al mavemene ook beter, and i puss path qualiy 2t rds wich peformans,

G Smooks orginal axicle on navigation meches [Sauol00] covummends buildiog
{he naigaion sl fuses atgles, This It sictly pecessay. Any ope of conver.
polygons will wosk quire nicly. As 'l sc, quadrilateras, and receangls i particu-
L. will frequealy offer s more compact and convenient representation,
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o prlygoms dhat appear adjacene buc shos venicss do nar actudly quire march
.

Robuseness in the face of alditional inteesecting geometry. We must be able
1o denl vich the preice of addivionl geowury char arbitrarly intescets one
cxising geommetsy. Fot sxacnple, we might have a foar composed of 2 single ec-
gl polygen chat is fntersocred by 2 complex, biph-polygon, muuvable
objecr scanding in the middlc ofthe roura, The Navhesh willnerd 10 b able 1o
handle e existencs of chis object and auromacically “wbirace” it fiom the rec-
cangul floor plygon.

Coloe Plates 4 and 5 shows 1w cxamples of I levebs with an aptimised
Nahesh superimposed o it Each comesx polygot (wich an X' in the center) it 3
Aode of the navigation msh.

Therds amodkes popular spprosch o pachfinding in 313 ensironmonts. e will e
o i ehique a he path o o poiss of sy sppronch.(ehe ruborics ikl
\cfrs o chise 35 s ) Moyl U0 T bl decribe it b w bt s
ot e bt of e nvigaion mesh.

A pch ltice pproschs begins with a mumbee of poins sescrered chrougho the
game morld. These are ch il “pa s, Usally theseare maaoually plced in
he leve by o el designer bimsell. The game sorld edivor will dn cee che s
Leewecs ll ofthepaths e g n 1 v level & dotcrmine whehes 15 possib
ok im 2 scaight fnc from soy pal node £y otber. or ay “anblovked ines
e s, 1 e s e b thase nodes, The game’s pahfinde cas
s s sslin ootk to i & pch fom any o  any othes (ssuming sich
 path e,

Figute 4.1 lluscsses b bl spprosches sould handloa Tislaped oo,
“The frt ennge s e it sicaly place prh nodes. e evun hovrsa
Nev s with e nodes coverin he walkablo surfae o he ot

T pcricnthe path e spyoch has some sevee Hiniions

Fist i the probles ofpahnade lacmsnt, Moot path ice e sy o lvel
designess o plac pach e the misons and el they srate. Wi large el
Wi can ceeate an enormous sauat f addiconsl work for che lovel dsign e,
adding sigifesot pruductvry coerhsad for very nc lve a desigovs acate. T sso
fotmoduces 4 sigaificanr povencil s, of cners, since she Al movement syl
(s now depond o the el desgners in orde  abicre baic compeene,

‘Soms games s syscans char noncacclly ploce pach mudes s o e
v, these e s ae sedom bl o achic che realts hat 2 human son abive
by plcing the arh novls manualy.

Second is the problein of dmited rprscnation. The path laaice aly contsine
data indicadn, which Toctions n dhe gaene world are dicey onoceted o which
et ocadans. Once you witopt 10 move 103 Lo ha docss e 3 pac uodo
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It s very ey o convert any conve polygon i wiangles if nevessary. One
exsyway € d dhis I 0 simphy ind the pulygons csneer point by averaging the X, Y.
and Z commponens of the vertices, and. then drrw 2 line from the conter 10 cach,

You mighe be wonding why ics necssary for che polygons 1o be opnver. Con-
vty st ol way e can guarsotes thas an Al can move i a single straight line
ot any peint i the polygon co any arher. A naigaion mish pach consit of a st
of adjacent modkes w travel an. Canvenity alfoss s o guaranter that with & valid
uth, 0 AT agenr can simply walk i & seigh e frum eacl e 0 the next one on,

T problem of fndicg tho simplas st of conves palygons to cover 3 ghvon arca
i reftced 50 in compuratinl grometry a5 the ptimal conses i problen.
T bt Ko slgorthm to sole ehis problem is O log ) Keil5). whics our
et co-progeaiuing pockee dictionac ransltes 5 ey, very lov”

“The agoricin presented bere i du o Ucriel and Mlhor (scc [ Rourke) )
Allough dhe Tesel-Mebhocnsgorithm docseacante thaew end up wil the
soluc micirun cussbe of pokygons coveri the floor sueice, s guaranteed ra

give s nw more than fnur cimes the tlalmum namber, whidh shonld be good
Cnough, 1 b very o wih the appeaprisre dacastructures, it can be pecfortiod in
linear tme.

The Herted Mehfhorn algorithm can be summarized s oflos:

1. Begin with a riangulation of he Hoor surfce,
2. Remewvea nanessential edge beowsen a paic of convex polygons.
3. Reprat udl we <an o longer perform sicp 2.

W hegin the proces by Toaking ac dh naw geamerry of the gune world. We can
query the gatud’s cigine For the polygons that make up all uf the sarfces oFa level—
Tuots. wall, cellings and 30 o, Typicalhy, ohis data vl Ue a huge list of riangles,
alhough i s camsex polygons, thars u e aded bonus and saves s same wark.

Now we ticed e selcr the “ellable” surfaces. Assueniog that oue Al charsctets
casi walk an walls o ilings, we can simply iesrace ovee Al of the polygons n che
Tevel nd derecine shich oncs i upwrand. Each polygon in the levl shoud include
a mormd salus har i, 8 veror that points in a directon perpendicalar 1o che poly
gon. W only wane polyguon whase formals puint emore of st upsracdss that is, -
Fices that are more or less flar, We can measure the angle hetween a galygonss normal
and a vertical line, and i<he angle i preate than 2 ceresin “masimom angl” threl
old, the surfaceis £o0 step o walk on.

Ac e add che levels polygons t the navigarion mesh, if 4 good idca 1 sor:
exch polygor's novmal as well. Wl e 10 keep ehis data around 1o aprimize the
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1.2

Scope

Hallmarks of 8 Human Player

e

The

lusion of Intelligence

Bob Scott—Stainiess Steel Studios
bob@stainlesssteelstudios.com

Qs cmohed s o 1 e el o of 4
v depeh and playabilicy The vase msforty of people st do por play online
agrinscocher humns. | hus, o provide an incercsing experience co chese plases, we.
ar e develpets cause rearo worthy. homanlike competiaes. Oue suscess at chis
et can geearly iuenca rhe populacity and sales o a gaoc,
Acthis puint in tin

can do is o create che “lsion of inelligence.” This aeicle gives you a oumber of
ideas an e ro i shis shile asoidiog che “ilusvas of supidicy.”

e il create sl innllgence in our pames: e best we

This arcicle i mesnt to caver the high-level decisions that govern how s compuer
player vill play the gecue, Fos cxamapl,  real-rime seacegy (RTS; player migh decids
ol g that s an cambat with archers snd sege weapans. & fre-person
shacter (FPS) glayer oight decile 1 concentiare on sing 3 rockeckuneluer 1
improve bis kil wich that weapon,

There arc mote complicared befavion » well—he aucherisicge weapan K13
plager has e decide hov o lpletent tha sertegy,perhaps by creating walls wouad
e towa,dvaiciug theough the cpachs quicky. or making aliunces with ncighbr-
g olaycrs. As AL develapers, e actempt 1o i dicse behaviors. ndeed, for many
games, we are doing nothing short of ancmping fo ercace che llusion of 2 Lunian
phayer

inow i compute plyer i siswad a  replacetnent Lo bucian phyor, s eamine
e the expecaron i when playing it and aganst v Fnrmans.

Predictabilty and Unpradictabifity

Husan playees ar knenen for deiog, unprsdicesble thinga. In an RTS, shis might
man actackingn moch sesomper force Lor the pugooes of distacrian. n 2 sports i
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* Nedify Bt pasition witn Sensor data *;
3atPosslc = SotPomale)” (. mestic| - stst(e])
RotPosylci = Botrasy [53-fa_norcr (21-5 soulhlel};

L kecp our Buws rom minning in fearforever, s decclerate the weight, croding
the sausleraeor.

® eastic] = w_eastic] £.0; 1+ Sensar hias crcoion - decelerate af
wusst ol = w wGstc] 4.0
wonerthe) = u na-thic +a;
wanIniel = Wsounio] -0}

Once that is done, we apply the bias valuss.

CLUSTIE] = wesLic]westhisa: e Trsck sevsar vith A hiss ¥
eantlo] - xsast |z emaltias;
Can I = 5 harthl o) oo tibias;
WSouth.ol = & SoUh( T outhbies:

v

Tha's i o foce, che ystent i s simple andl casy thae we'e found chat ven afier
explainiog it 0 cowarken, thoy sometimes sverenmplicars i, because i seems that ic
“Gan'c be dhat ey R ic -

Sampta Programs
Tnclocod on the €1 are e very busc cpl progeanas that dsmanstrate spocts of
s the conmol schem, T e R, examplee, e wre o lage munber of bos. They
52 are el by dhe caror, cach oeher,and the wals, {1 ks example,choyte ey
# sepeled by rophing at s che backgeound coloc) Yon can dree wlls with the o
mouse button and eras thea with che righ nouse buteon iy coraling the sample

sctos he ikl deawing ncw obsacles,und srsing the cureeot ones.

Inche scond exarmple proggam, e, sach b has b given a West bigs,
which fotes the box East. Ty erasing he curcent background and ieplacog  with o
mors ralsic ‘obscacle coare.”

The sarple prograes comrain tons twell, 32) of hots i » smll, panserlling
space. Thi & m demonstzae the ahusecs of e system. You might wan to owes
the rmmber of bos and recormpil {ote: the samplo progracs require the fecwaee
Al graphice iaris) so oo an pay closer stzencion fo oo 1 6w botsac Fme.
You can s e ¢he adius of deteation, and the sehwors disance from the ceer
rad.Finally i chese samples, v b shuw eepalsas . Adding saracons for
05w e  hinke of e, negative cpulbon) i vl

Advantages

e e svers advansages s his sher, oes mone wadiicnal oe ouspliced
appronches. 4 noted entie. € gonrate ery ik e Mase tha har, 5 vty
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cantenler (wmchasicx.com. The BASIC: Sramp | can only hold 75 commands bt
it poibles o ereate 4 roboL with i that b vry imuersting behavioes. Becawe of the
nced to keep hobbyst obor kit clheap, hey are very undesporeeted

Cnce yom experiment and gee gaad resules fom 2 habbyise abar ki, youlpro
bl i Lrat you ave Jearme many mew eschoiues dhat ean be applied e game AL
Parallex clls o good its, and mors can b fouad feom Lynsmorion (wwewlyoamo.
tiam.com) or Mande-Tronies s eobastore.com). Thece are numerons rahor im-
alatos (ke dhe v s I rossun sncelongeeimde ) availsble ouline 5
el

Further Reading

[Hoend7] Hon, el 1 Smart Apples. 7hiny-(me Arifiel Jclfgrns Fpei-
et o 5 gl 7, M FED Pl Bk Grop. 197 Good e
pimet ot sl Al spps o sl machins

[Wesson1| Wesson. Richard, “Path Finding Via ne Racos ia flood-fl algortm.”
2001, Aralible at: o gamesi comfanracs sl

[tabrists3. Zobris, 4. L, A model of visnal arganizarion for the game of 0
AHFS, Conl. Froc, 1969, 34, 103 112 Demanstraces a relly simple approact
o looking a4 map
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Exploring Small Al

ffciens, Each sods i not only a sensar, b aln 4 pusliag device. lo one routine,
ach node boch senses 4 repulsor and responds, ratlue than sensiog; and then relying.
o anather routine t acwally act on input.

Aftee sctup <ach bor scsotally requizes only four i-chen scacments e (rane
update, Given the puwec even In 3 ow-nd syscemu sucl a che Sony MaStation One,
chi makes the bot abject-avoidance belusior essontally computatianslly fes! Fur.
ches e ot very limived sytemms ik s orginal black-and white Ciams Buy, with

ts 4-Mho. 8-hic £80-The pivcessor, mansgin; 20n bots pe frame fat 60 FPS) s s
withant txing the systen

There ace mumerous eviensions paseible using this scheene. Not demonscrared in the
sample progu, b vbwious.ace adding arracor uc xegulsor values to plaver dar-
ctoes or NP, Magbe de casiost mue extension 1o the concep s simply addiog,
o "whishets” Gaing with five o six el whiskers acds greatet complesicy w e
behasior with anly 1 very slight compueacional increas, Alcering the collsion deree-
o en be polygornal,suther than per-pixel, i anothet Igical step.

While the scheane sus designe ok 2D vse, adding up auel down sensors makes i€
uo effeeive 30 solion for some problems. One experimcnil use we L consid-
cted s puting sensues ok ey pones of a 31 humanoid figare. This would enabls 4
compucaconally cheap way Forthe figute 10 sy, dck s head out of the way ifa rock.
ot ¢ it ithouat moving the shole buds, ue even arn s shonldet 10 avoid
anarher fgue walking, dowrn 3 bal. W think rha this type of ground-up
solarion, combined wich a smare 1K wodel, could lend isell 10 soms surrisingly eal

agpiteations.
s mentinned sadies, weve used this towine snceessfully on Game Boy a diive
recything lroin aning backs and tackles in 2 foobull game (VAL Blie or the
‘Guone Ty o smast chane soutine in platformers e in Winderkend and Dimeyt
Taraar). Maybe e s obrions spplicaion o games on mare powerful pltforms
i use his routing co control bundreds of charactens simulkanomsly,cither htds of
eneaics, ar incidental NECs,

Aldbough using mors rabuse AL schemds i essential a gancs mevs forward, e
el thers will abuays e soora for cheap, tricky solutons -and not jus for Fivired
<omputing devices. Ut 4 scheens simila 1 the on ueined here could add abun-
dane " o & gamne, and greacly enhance th cxperizace for e cud e

Probably the best thing anyrine interssted in small Al vao o s buikd  obor usiag
BASIC Scump microcnsolle from Paraltas, Inc. (wwwparallrs.com). o & BASICX






index-157_1.png
Analysts of Reguirements

‘Saction 4_Pethfinding and Movamont

hostapplcation. Pruviding rhe beat pussibl parh solutiop ental i the search dg
ichm e appopriare heoristic and cose test, 1 must provide solutions fot useersl
Fram ay Location w any ocher lcation o the snviconzye. Th renldo path soke
ot sausc b craveasabl by he agen o which the search is insended. Tcing comple-
mentary ur e hose appliction mcans thas dhe algorishm mmust not sxesed mesmory o
by the applicacion.

DL s o

Prapracossed Navigation

Runrime seaches e dermanding on syseem essurers. A partionod e can e
sl space vich b or thouscads of noles. Esch node represeots 3 locaion
i the warld A raim algorithin dhecks many of hese e cach e e mihesa
Sarch. Uhe application allcats mcmory o stor andes ht v been checked and
s hat havs e beeschiche for each scarch. and e might be many ssrches
otz at the sine cime. Ui progrmmens particion e o crne s o
e s possble. They optisie dars sracucs and memery managemen o speed
e accssing of dats and ch recing of coses and heuriscs. They sl s mocime
earches judiciousl,and s e Gs-consumi navigatonsl sotods wher sach
isamecsssary [Rabim0o].

"Th e hehied a preprocesed uavigaion s o cecare 3 able of ol vhe posslle
pach solaians wcded for naigadon, The purpose for e such a table s o
e e o process dhelcared  seseching, €reatng a sl able e
he ordeyof complea fosdoing  scuch fo th Jowestcos path berwsen any v
‘e 1o O3, Th agpiicarion s abe w sped s me on uvigacion and abe 0
v muze e o do other (g

Gamne devsopess alicads ko they o cese pavigarional daa o et that
hey can foad and s ¢ runtse wighoe funl processng. The prcicion data of
o, connsaivity iforsiaion. and game du embedded inco dh paitinn data
e all pat o e naviguionsl dua tha can be prcpmeesed. They con s prc-
prosessseasches forpath solucirs e well Lk prchlem fo erearlga sluton o the
st ot path herween xcry o i the scarch spave s called an ol shorcst
b probles Aol

The dl pcs shortss s s # cormun lgocitm pecblens, and e sobuton is
e bt of
appics che bl o sobing dis probler 0 ideo games. T folloming sctions
e e isues imvolved s cecaing che 2l pair shortes. pah soluian Lable, hove co
e the ohle 2t e, and som by optinizacos odnce th tuenory Ftprind
o storng e slution fabl.

evelopmen of 4 preprosissed navigadinnal solution. This anide

" donlapes needs o have acea under
v requiceancats and datacericios of

1o ordr 0 preprocess pach solutions o
sanding o the celsionship berween Uhe o
b ovironment. An analyis of e erain ghves eluss  the partitoning approach and
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Preprocessed Solution for
Open Terrain Navigation

$mith Surasmith—Angel Studios
ssurasmith@angelstudios.com

O el s comnen AL prubleau asociased with modzn vidsa
aames, Games in enes stieh a4 eal- e seravegy, drivig. and combat sl
s bave hurman playets and agenes cumpeing,in open cerfan levels. Agens s
anancver avound obstacles and e berseeen Bocadiins without gecting lose. huop

ng o g, or geting stuck.

Many game prograrmming books discuss arious solutans for opeo trrsin nasi-
sation. The solutions chey priide,such as A% are usually runtime solufions. Becaisc
Sideo game applicrrians ace deavanding on compumdunnd barrce. a gane ofcn
preprocesses an mach s it can i ardse s sednce che suorime foad v the CPU. This
anice disensss e fsucs invelved <ith preprocessing the pucifinding portiun of
pavigation. and gravidzs 2 cthod for s implemenrariva.

Thers aee hres pares n puciag, together 1 pavigational solucion. The lrstis o part-
Lo e reeain i onder 1 reare data cha i searchable. There ae sy parcicoring,
schomen, such as el grid, guadone, ot pobguns, poins of sisibibiy, aod
gencratzed sl S 00", Al ofthess echniques sedu the contiguous space of
e exsain 10 2 diserts space that seaech rourines va incorpres. A scacch space con
tins 2 nuber of nodzs and dgs. ach nude sopresenos 4 seccion of the soviron-
ment, audcach o ceprescns 3 pach betaween a paie of s

“The second par s o create hatiric an cost testsfor zach e raversel con
tion. Heusistic ests evauate hew well s march nasigarional gosh. Cost
valate the penaly of the parhs o Whace goale. Dillene search algorichms might
canploy ane oc botl pes af wsts. The porpose of conducding 4 search is © fad ho
s ha besc matches che avigarional godl and ¢ plan the path wich lowese osr of
ratensl o chat node. Characrrintics uf the coreain sl the raversl acods of each
et comsribute 10 the diferent bruisic and cost test condiivn.

The lax. parc is o sonploy the appeopriac scarch algorichn in order Lo provide
ch bese possible pach solutioms for nasigation white etaining complacnrary t its

161
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129

J\ Mountalns
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FIOURE 4.2.0 The pobus of visibiliygraph sowes wade vl e of the partisionad.

e spplicsion, Thetefore, minimising e size nd mombes o ables ae imparant
abjectives i implementing a preprocessel suluon

A sesrch st wses cost funcrions  decrmine the pal solions berween
nols. Therfore, using, diflrsnr <ot functions might produce difrent eables
fparh soluions,In order  miniis (L cuanbit ofsourion cable, e sumbet of
st fancrios shuld e sll, Caee must b faken e reate cos fnccons chas
many sgess . v, and co et 1id of ot uncrions tha producs soluion tables
it the e parh sclations

ey vt e uf ks, sachsolion bl provles only i pa, and
he pixh i guscanrod co have ch s cont. 1 game tqire agenes o e iffee-
e patbs berween any given pude of locatons,chey muse e o diffent meciod
Unesine s pach, This mighe mean csacog « differet bl sing diffrent cose
edulacons,or some other methed dst o discussed in his sl

When navipaing aver the tetin, agents 1 el-serkd posiocs, These pos-
Lo s ol pissncd by ehe nemwerk grap. In vl o el 2 pach berwen o
postious in the vor, sgencs need 1 diteruine hich nodes march the st aud
destnarion posiions. They do his by testing che nodes for thrie liewscis. For
crauple, o fiud 3 e ceset o thedesinaion location n e rorld oe h nade,
a divtanes res berween e e axd the lcation e the heurisie for that node.
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i amanne of data required, An anaipis o dee ganme gives decals @ W buw many.
unique solutions 51 the parne will need, and deresmines what the heursic and cust
Funtions a, The devlaper s s information to mal docisions shous the rade
Gt burcen dacn complexiny wsoure efiiency, nd complecensss of dhe slutions.

Torrain Analysis
A apprapiare partirianing schsze b the fitt seop i crealing an accumte represeh
tion of the terrrin. Because roprssonting svery cuondinans of the open tesrain In
graph i ot pussible, Uhe parricion scherne taust eprsene che terrait in only the fea-
are that mates T navigarion, By teprcsencing as e of e ctrain s necesacy, the
patiion data can emain stall, The sizs of che sulution ahis depeads on the nurobor
of nodes in che partitian dace. More aodss and cdges provide pyeatee decill, but sbo
increusethe size of the solucion eponeniial.

thovsgh there sce muny eays of pariianing e tereain, ths ar
partitioning sl kewnwn 3¢ “poias of visbilly” as an exarople [Rabin00.. [his
parcitioning scheme i akin & evadmap. Cach poat i ke a coy: The road connece
g v ncarhy cicies ceprssenrs the vishiliy betseen the oo cices. Citiss are can-
et to ot aeatby ciies ves the et ugp ra foeen a usge nerwotk. A traveler
v From onc avea ma wrathet by frs fnding the closst cices 10 the sart and des
Ainatian areas, then by Lollowiog the roads connecting chem. The uetwark graph i
the data structure sspivsonting chis partitivelag, scheme. Aodes represent key prints
i the terain fuse s e o ot 4 uap, Fdgesaee che couds Gonneeting paies of wodks,
An sgenr is ssumed 1o b sble o eraverse berween any own nodes slong the cartidor
defned by an wdge. Whon ceaversing fros e poin o anothes, th sart and deti-
o tdcs e cnled ol wode, and the seris of s char conmect che i calld
the puch ofurion

A preprocessc souion can only Lake inra aceounedhe terrals scric grogaphi
u featnes, The pactition raph mighr consin pats around obscscls i do noc
change ver the cuurse of he game ae ruatime, such s lrge impasses ke mourtain
ranges hdies o waces, clifF, cifs, ox scallr obsracles like nordesroctible achitec
ure, The graph cannr: ake into account abseacls Usa soight move or change duting,
runtime. Agencs can e the solurion for che pariilon graph anky ts navigare around
sacic featares oF the tormain. 1 hey st use addivional meuds to avoid moving
chwtalcs, o co ke sdvancuge of changing landscape. Figare 4.2 shows a dirsrional.
graph that is crested around serie eeaia featuns.

e will use the

Game Anatyots
Along wih aalyting rhe cerain tsironicor, an analyss o che game is nccessa
onder o fosmlate cost ] Lurisic fanetions that the appicarion il use o g
ars the pach solutlans o the game. Cune requitcenents can create ceds for diffr
seasches and sohtions. Because each solaion esble can e p 2 lot of memory.
iple soluion tables bvs th porential o take up mats memory than s avalable for
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The norle whoss disance s staalest fram the destinasion s the node that mutches the
ecaton. & solation table dos nut provide che heuristie costs for nodess i¢ only pr
<30 path slucions based. on the cost of caversal becwozn e cod nodes. eubtic
ot are part ofthe Funrime calculion o deverinine. the e nods, The enif nodes
detesine the encry fox laoking, up  path from the solution table.

g the
(e cresion of o selution e fo allpids sharees paths allows the game fo puols

{he nadeearching parrion of pathfindiag from runime w preproecssing. Once che

Solution Table

o oFgame it ane meade,conszustion of h soluon able can begin.
"The proces o comsrucring tie selution rable siquires che ntegration of fout
compnens, T firs compucn i he paricon information. The pusciion infor-
oo conrains e dra serucrors delioing che wades and odgos. This e used to cee-
e cose fameions, and wil aso be vsed during runtiie for heuriic wsing. The
Sccom companent i the comncerivie infoumation. This comgansat s crsated from
e paniton infsmation. I uses 4 cost o o asign the cost value for odgss.
Thom, chis tocaarion i wed fur parhfinding betseecn al pain of nodes in oxdet
ctonn the solurio tabl, b third is & search algosithm o process ch aths becwesn
s v of nodes, The final compuncot s the dacs steuctnrs 1 sore all the packs
making up the solucion e

The Connoctivity Information
e wble in Figure 4.2.2 repressots vhe conucsiviy ropresented by dhe graph
ot n Figae 4.2.1. Tl vable showes the cost heowecn djacent nads sepresenied

)
i
;

i)
;
5
" B

FIBURE 4.2:2 153 o bl repreenss she graph i Figre £.2.).
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The Search Atgorithm
The all-pars sharrest parhs search depends iy on ealuatiog e cue of e parh
berween tach node paie. Heuistic cost excimas a o applicable becase we know
cuscly whee the nodzs e and can caleuhes the cost beoween chemn. T comue
slgorighm wscd 10 solve this type of prublemn ses Difksteds algoritam and Flosd's
dgoritim.

Floyels algorichm solvs the ll-pais shoreesr pachs problem direely,while Dife
e algorithen, normaly wed 3 3 solution foe ringt s cborta paths problem,
can b made o s iz ey i o ades. 1 case in shich the ombersof
edges e much s than the squire ofthe modes, Djksrds algorkhen perforaus boter
Ahe3]. This aricle will wse ijeee's syt o illusiate the main poinr, Dijk-
s lgorithen i v o itupleiuva, aod thrs 3 many mouress explaning, che
dgorichm | Ahoti1.

The Salution Table

The solusion tble holds the preprocessed navigaton data. Fandmenrally, the al-
s shovest pachs problem is YV time complesty. If the sice were lso OFY
complexiry the soaian bl eonld require o much memory: For 2 graph with
ouember of nods, thers are A'< N paies of s, If ach pair oguies  parh throogh
Al ok, each path will be of Lingth A, The firal rabe will hen reeies - ey
of ntric. For as few 5 100 nods, the resulsng tble wilzequiee 1,000,000 enuics.

Foruamately, e solution UL ealy coquies, o the s, 7 uanbet of entrie
This is cus because cach aods priv only neecs o conain one valus, Eauls value eprc.
sents the nee node in the soluton patk keading co the destination nnds, Therefore,
e st bl iplicily distsibuces all che pach sahwians aver che iz table
The A% solution wabl s harwn in Figare 4.2.3

Genorating the Solution Table
Ihe algorithen wsed o create (e sulion bl invebves very o seps It goes
thiough evey aode par and usss Difstas algoriche o setch forthe pach scluion.
With sach s, buldthe solution sbl, The paexd-code that Fallows shows
u sesihtforard inpleotuion. Mose clcint implomenrarions are posible

i algoritun fnds the lowsst cose ich becwzea ewo nodes by eepeaedy
panmin, slong the ajacent modes it the v curamed cost ncll he cesinaion
e s ound. Lt et st he saet e e o node ith 7 terlcostof
20, 10 ks the cutrent mode a waverod, Then, from the cureene node, i iss
ofthe adjacont ncdes thar have noe e raversed. ach node o the It conals the
sam of the st i dhe stz ok, 4l the pecvious node along the pach. {rom
e s, i chooses he node ith the lowesr o, s e s the cument cods,ad ot
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Marco Pinter—Badass Games
marco@badass.com

i i perbaps the mose criie core companeos of game AL systeus, e

while g volumes have been witen, & remaios 2 sigifcant challenge with
e new game prosued: O of b gratcs hallengs is achieing ealiicuoking
crween waypoins. i a Fsbion thatis efficent to calelte wud Femain 10
0 game physis. In his ariele, we present 2 mechod of quickly calenlving  goomer-
icaly ot patlsfiomt ot wagpoin e the ness, and dliscus a variey of methods
for simuring or achicving comsisteney sih game physc.

Noe many veurs a7, st games sere cxeaed s dat the game agenes fehicls
churactes, et} Gllowe el conged A" porh preise THis meane that at ech
seaypoin, he characcer sennld abipry e 103 e direion i an endeely wnral-
isic and visually unseceling vy (Figure 4.4.1), Reconly, most garmes bree. incarpo-
et sophistcated approsches to addicss chis problem. A enomon, uick i
apply a plene across afl ths waspoias i 2 pa [Rabin00. Although the splne soh-
iom smocthes exicing wayprint i dots 0 K o Az amy o he o
ey, physics,orecher ameibutc, ke iroing radfu,ehatcan be cruial for pasielar
agens.

® ®

FIBURE 4.4.1 Tiaueling beween waypoinss, ntight i and crved,
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FIURE 4.4.5 Geames i wlaconships of samning cir.

One important cavear: The techuiques here asumme chac ou have aleady imple-
enenved some frm af Tine-of-sighr smaerhing, o temave unecesary inrermedisse
waypuinis along sraighs lines. Many of dhe referomces provide siraple sactbods of
doing s,

. 4.1 demanrcs how o lermin the pcamerrs fche out. e
Unee e o e Lisi 4.1 shoald e ealled ovice, bt wil 5T e==trww and
it STurnRiant -~ foLos. Afterward, the roral ours eagcbs CourveLengtr + ) should
be compared, and ehe shorter ome (cither b:_rnigit o 161urmssghe chosea. Note
Ui e comprtation i basot o« pure Carusan vovudinass system, where y val-
s increse n am opsvard directian, 2 opposed w fhe screzn mystem, where y vluss
inereas i downwsnd directon. This will not haange e resuls, bu it doss mean
chac whon DTurnzar is uc, it wil eccsally appear ta be tuming Ief on dhe sreen.
Finally, shile o implemenead i the code samples here, all computations baced on
gl should e transbte o radisus s o 0 0 27 vange of vlues.

Listing 4.4.1 Dotermining the fastest route
between two wmypolnts: _ __ _

Gitost rout boveeen Iva saypoits
cstare, bTurRight. radivs
nath, 4, snglsttars, arientFinal

Galsuiate Tocation ot P aistance T ron origin, ang
Cantar of tha turning sirsle)

{rurnang right fron the arigin msans that P is located
90 geg-ces clockutse -on-the nitial srasntation;
Turnsng 1874 reans the reverse.)

i TuriRart)
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Eor fast abjecs ke car, trucks,or planes, and for slowes agonts studied dloscly,
physical el i a prioriy. ln order o acdress s, we usc @ geomeri.approach
hac takes a0 agent's furaing radivs eve account (Figure 4.4.16).

Tucning eodius s 4 il strvighrforward concepe i s sisoply the radies uf tho
smallet circe that can b e i the agens mms a» “and” as it can. Aayons who has
heen cusghe behind an 14-whee! eack ar 3 seoplight knoses dhat lasgor vehiclos tend
o hase mach ider turniang i theo scaller vehiles. (Gamc agencs that v nov
have a e tning radius are addressod Tter in the arcicl)

Fan spens with a i rurning 1adias scaces at @ pastoular pasition and oriencarian,
and s  ger 3 desaaton,there are unly one or o optaal 1omrs. Eicher ()
the agent s right, driving n 3 clockwis cirele umeil directly icing the destinarion,
o (1) s e drving in 3 cauner-<lockwise eele il direcly faciog the descina-
G, and then proceds stcaight from there (Flgurs 4.4.2). In casain cases, () and (1)
can b the same discance in ehich s, <iher choice will do.

Inital
e

. Origin

Shortgst Foute.
ortast .

Destinallon

FIBURE 4.4.2 Tivw shonss aptins or geising 0 she dssinsion with  fed carning
sndivs,

There ane o siinple goametic wlacionships that euak it possible to caleulre
these routes (Flgurs 4.4.).

‘Note chat the sgens descs around a vicesal cicle sy che nddal, curved por-
o of the route. The agent cnay drive alipesr halfay arvund she circle. of only
e degeees, depeinding am the il orientarian versus the angle o s destinrioe.
Nte thac ot P s ch cetcer of chat ciscle, pulat Q i the pointar which the agent
eparts from th circle (and smarts going srnighe). and dis dhc kength ofthe seaigh-
line s,
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£ Cutous pacanstens: oc-eslation, curens
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aist = speed + elapsaa;
3718 che agunt 16 SEH1 in he curved portion
£f st < survsLingthy

h

6o covared in the path 5o fir

11 7iva the ence on the are ners the sgent 15
thoa - angiestart
W urmRiant 2.0 ¢ 103+ qist ¢ ragusy

7 Dstarnina ta curent sosition and risntatio®
Guras x - Px © rasl.s * caniinstays

BueRus y - By - rading * Sinith

Urisntation = STurmRignt 1 theta - P

'
5130 <he agent i3 un the Tintar paction
it
«
15 P the d:alancs we've naved aleng Lhe s:rag"t Line
St = < sl - Gl ength;
15 Find e Cusrant position and orisntation
GurFas.x = 0. + disthor  gaaiariamcFinal){
Gurtas.y - 0.y 1 ciathne ~ Sinia-ianiFin]}
l

whan

sing this solusion caupled with ot smobiugsafuons, dhere et
e carving of 20 agends pach causes it o parly overlap 2 will o blocker igur:
1), To most games,this i 4 el unmoricesble e 1o the end et and it
i saffcent 10 ignore the issie. Orher oltions inwele forcing 2 id runing,
vl o e s, o 3 dhe agen i capable of backing up, eBcing 4 hese.
poin .

!’ | b

FIGURE 4.0.4 The blocker-averlp probier.

Ancther muochod of seduciag s problem, usig che genenl rechnique
descibe bere. i 1o use same basic prodiceive analyss o leave the ageat 1 # more
eafivic. orientation at each waypoia. e basic notion  t give the gont some
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it incelligemes 5o that, rrher than bludly heading foc each wappoint and then
oo seard. e llowing ane, it knaws which way i will have 1 wm a1 ie
appraaches 4 waypoing, and st the rm in adance, [Plotor L] deseribes a genmec-
i wthod of waypoint oute calculation Uia allows you c speviy bt an il and
iral esentation.

Pluld Turning Radlus

‘Nt all relicles have 3 fixed g radins, and: of coucsc, not all game agenes ravel
i vcbickes. So, hewr do we define @ i radius for a vebiel: ke @ ank, which cun
e place,or i pecpls and animish, which can also make tight comers or i in
Ploce Tt tuns out thae ol ngests with 2 fuid eoraing radins have ane thing.in com-
mun. chey can mose ome s o whesls a legs st than she other,aud even mave one
sec backwand wile che ncher moves furard. (You can 1y chs at harue. To
Counter-clockisc in placs, yns well penssicaly scep back with yous kfe ot and.
Tocwand wich yau sight fook uncil you are Eaced the commest way)

“Ihe prblean fo the sgeat i duat wrning in such a fashion aver s ighier radios
equires sowing,deven. We assue the agent will choose 1o ravela s oprinal peed
whenever posibl, aad only when requiced o cm in 4 tghter tadius wil L slove
Aowm 1 ahieve chas, This i actualy  very effective way of dealing with dhe blacker-
averlap problem discussed in che previems ection. Nows wheneser an agenes nered
eoute sould ke it o ar ovsr 3 hlncked tle it i insread recaleulat che roate with
 righter tusning radivs. In gemeral, dhere is 2 linear seltionship benseen speed and
tonaiug adivs, o i€ il mpl 0 deceronice the amonnt of develoraton cequired.
10 make a tura. The, afer che run is complers, we assame the agen vl seclerare
again o s aptimal speed.

Tinplemencing,the preceding algorithen i the mplese fsbion cansriflLeave a v
ibl rablem. 1o will somerimes resul i agens performing inscintansaus accelra-
s o decelcrations, whidl is aut physically posibl. The casest way 1o addros i
is 10 slighly “fudze” che plysics, and allow the agene 1o decelerae over o shorter
peiod af rime durlug cae stare of its Gght ture. Uhis sl be wnmoricedlle (o the
player. but mighe nor be aceprable f procise: physics ace equired. Au ltcanate sofu-
it abrays pl o coute ahead, and IF the T route cogultes a slower specl,
perform a decelecaion dusimg the eud of the current suuce, I you ae impleniencing
the predicive analyss discussed I the previvus secion, the o code scgmanes an be
cormbined.

T this article, e provided a method for hieving more calisty a0d acrate tunig,
o craveling oo one waypoint 1 the nest in « predetermined path. W alsa pre-
sented 2 varicy af echaiaqucs o diafing with peoblems ssch as blocker-overlap, il
Curming radius, and scalistic decelerstion, It should be clear thac chen deciding hovs
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ol o s 6T These problems lead us o the e

FIGURE A.5.1 T s s pdoten viow f e cdly haped mom wich  sigle
pilla Gindisatd by he shased are} it  wodmap eonsiseing of o mades Gindicuied
by el cree o ks, Node e i it dovonine she bosndlarie of
e Gk besoees e e (i by chim ). Nod i con provide ¢
sompussianally s data-sfficient aecns o representing e fve spce i e,

Unless amootated oerwise, ventical clearanee appropeats far any charscre is
implied  nodes are cylinders, nar spheres. Represcnting e sy

AT lner how Fr iecan stray from che il avs, or whether i has aleady sayed. T
senpl Lo et et poiat Pis i e ok by feding the cesese poien
on the link axis Qand compaving the discance nd the local link widh t Q.

The parh planning graph an e automatically generatsd a5 in sundard path
planning techaiques, such 25 Voronod Lisgraus and visiblt graphs 1 acombed!], o
ic can be manualy gencrared, Regardlcss o b the map i iniclly generaed i s
iemportane it i can be edied [or cach 3D envirounen. By scpacetng path plan-
ning ok 2 et ackcommponct ls n algorthm companear casber han sl

o slone, i is ossibl co f some troublsome pachfindin ocations by chauging

i this way s an
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Navigating Doors, Elevators,
Ledges, and Other Obstacles
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ood navigation i il in creasing ncolligene, believabls game characcuts

Mistakes can shatres ehe llusion of inrelligence thac gome progianuners and
desigaems suive 1 reate, On i ather band, serscile navigation evidonced by an AT
dharscrer running 10 A dlevatar to get away fam the player can inceeuse characrer
belsvabiltysignificantly. . cun L cnvermaining o vl

s acciele: discsses b 10 make youe sarne characeers geactae and e
paths thar include ubatacks such s dors, clevars, swiches, jomes, au ledge
bangs. W focus o1 coreeczness, ease vF nse, and effcency, Sine mandme analysis of
31 gt world is expensive, the kay ro venaille navigarion s 10 srare addicional
Informacon n the Kivigarian erap.

st scep i creating @ pats planning syeee s geawsaring the map dara for the
pch seanch, & g representation is ofien used when character amovemne i lmitel
o s cssentilly owo-unensionsl suchuce, Hower: in a 30 game in which chatacrers
e 1o mave bt o the ground and verricall.  graph approach is more appropri-
acesime i s eneraly more flcienein mermory and CPU wsg. Generaring a geaph
eequires editianal code and/or manual Libor.

A gruphs cousions of nadks defining locations in the word and inks berween,
mearly s, The encice graph of ncs<and inks s maslmap. & pach i just  sucics
of comtigaeas ik i the nodemap, L (his definiton. links are unidirectional sines
Some chugactee acsins (ke junups) tight anly be requirad in on discerian. Thus.
here e gencrally o inks betworn adacent modss, one i cach diseerion.

Same graph-based path planaen do aer oxplicidy repisent the smuunt of fee
space arousnd odes or links. 1his can oad o ome of o problemms. If harncrers e
foreed ta move exactly o ch infinitely attces links in che graph, chey wil spear
wniasural or robaric, ©n the iliee hand, i chaeasters ac allovied ta stzay from che

192
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mesh propely. Our Navbesh parbfinding sysem right nccd to use the notmmdls o
the game a5 sell P cxample, aur gue might Sacurs jagged rerain, and srosing e
ocoals would allow one gams AL agonts o now hich surfes e 100 stocp for
chemn to climb.

i igation o 1w smtsd,we ol s his dinely i
e, s chanees ae: we wane w compace e NavMiesh Farcht 1o
et var memory equicennes and sp3ed up the NavMish pachiodiag process

A 444%

FIGURE 4.8.2 Merging poly

s o  single conses pulgon.

Now we apply the Horcel-Melihorn algorichm, which sy rels os 1o merge
paits of aljacent convex polygans inwo singl, lacger comvex polygons. Fignn: 442
‘ gites an el oF oy e cab merge i nodes ine 3 single mode b repeated merg.
‘ ing. By cuntinuousy sepearing wlis procsss unil dhere arc o o nodes Il o

e, 7 can deamatically cedace the auanbse of polygons in enr wesh,

Merging works s fllows.

1. Finel  pair of sdiaccint modes 5.5, two nades chae share an edge beeween
em) whas ocamals are aealy idemtical (Le., thei susfuces face the sue
direction)

2. Cherk o see if hoch podss shate the same rwo points alang their shared
. F the o cadpoincs of those edges arer the saie, we canft metge
ehese nudes.

3. Amemp 1y liminste th ke and merge e emainig vereices inw 4 s
gl comvex polygo. F yon cant make # coes polygon, the nodes can be
merged. I yon can, delete borh of e existing nodes and rsplace them with
e new node.

6 3 recquires 1 bit mare explaation. n o1k 1 merge owo polygons 4 and B
o form polygon C. we bogin by paining ue the clockwise-mas shured verree in e
s vertenliseIn ol words, we luuk ar ehe oo vercices dhared bereon A aad B nd
fiud the farche verter in clockowe e in A
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3 = 2 merging s a dificule proces, but s wel wouth the elfor, The algotitn
wotks 3 ollows, None that weshoukl vl seemp e 3 —» 2 merge roces fer v
have alicady compleial the basic adjacsonpolygun merge process previonly
described

1. 1denify o adfacent nodes thar share ity one verex berween tha,

Wl call these s 2 B, s areequivaler nthe harrom o quads

i vhe frs image in Figure 3.3, The fact dhas these ke sll exse o epae

e polygons sher the basic energe srep proves chac they cannor be merged

coperher an theis o, because, otherwise. the merge sep would bave

merged them aleady:

denciy a single node adiacent 10 both o hose orginal nodes, IFone s

This would be the lage wop nod o the fes iy in Fiuee 3.3, Wel

all this nove C.

3. Determine if A sod B hoth have one sdge char s parllel o an odge on
€, and casuse tha che edpoiins of ese parellel s share v poins in
carmmon s shar they ccnld he merged o a single lme. IF cither node
doestshare  paralel adjaceot edse, i¢ means dhar his see of odes s nors
candidae for 3 3 = 2 merge. This is et 0 the vertcal eges o,
e sides of the fre image in Figare 4.3.2

4. We begio the actusl menge proces by it discovsring 2 poine tha s shared
by A and Band is on an odge in C (Figues 4.5,

s

30

FIGURE 4.3.5 Example for 3~ 2 meging.

T avoid confusion with the ames of the polygans, we'l sz mumbes o efr o
vertics, and el cal s point 1.
Note that node il not actualy conea poin 1; the poin mercly T aong
one of C el
5. We o v hich of A and B holds the verex we wich t us for
spliving—chs s vertee 2 in Fgute 43,5, We hote that A ad B esc i
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W then adel all f s varices to C vertes Lisr. We naw ook ar the Lt setiex
added 1o s i hould be the other verier shared betseen A and B. e locac this
verrex in 5% v listnd add sl of B versices Legning with this verter.

Now we sianplify the renuainiag, polygn by eiminating uny uancceswry verices
A et is deemed utioscessary e redundan e the veros s eneical o the ver-
e immecisuely bfore v ar e i the veres s, ot i €5 unnecessaty 0 maintsin
rhe slape of the polygon fi., 1 e ook 3¢ e Line hecween the previons verie und
e nese verte and the curront vere les somsehere o that e’

3 2 Merging

‘Hwever,chere’s il pleney of raam foc improvemene. Tae afoak at Figue 4.3.3. 1f
o inspece your Navbiesh closely. yonil notice dhat ther ave: couple of laces i e
N that shace his paccem, where o polygons adjois  third polyyon uad the
s o polygons cach share ore uf e sides with the dird.

FIGURE 4.8.3 Cracerting thr connes palgos o o conves popgens.

An algofithn we refer o s "3 — 2 merging” will allow v 0 mecgs these three
s opglier iner i much scnples pelygons. 2 show in Use cightmos image.

Note thar chiv techinique domst ol swork widh foursided polygons. Figure
483 uses quadeilatcals anly foe the sake of simplicity. Figare 4.3.6 shuws a riangle
and o quadeilarcral merged it e riangle and o quad. The image on dhe i
s the origial gevenetrys the lmage on dbe right i afer ucgery

FIGURE 4.9.8 Merging of e hier.
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9. W cun use the sarne merge procsdure to merge wode AB with C 1o fim
ABC. We havs now reduced. the threc nudes 3, B, ad C 1o rn nodes,
ABCand B,

Now thae the prucess i fnished, we can perforan anorher Heceel-Mehlharo
merge step o e Navidcsh as 3 whole. The aode paiss chat remain af che 3 -3 2
meege (asin Figures-4.3.3 and 4.5.1) mighe noss be atndidatcsfor merging it thes
Rhwts whers thoy vere preciousty unzble tn mrgc.

A chis poio, our NavMesh s preey clse 1o opemal.

Howerer, we can still ke it bit urcher. 1 you ook closcly a your nasigacion
encst, poull marics Urat there ave many oy rods <l remaining in dhe saesh thae s
much fow siall o be asefil. Seatl s they ae,they sl requiee as mvich merory s
Tatger node, because we sl nced several byres o suuse the cooninacs of each verct
i ch node’s vermex s, phus che nades noctml

e cull wat chese viny nodes, v will wot anly waady edace the memory
eeuicanenss of o Navesh, 1l b impros sencime performance, since out
parbfinder will o lnger have  inctode these weles il nudes n 20 A* scar

Oncieyoue NavMest s bosn generared, yau can iy ctace theough all of he
NavMesh modes and determine he sufuce area of each. “Then, deretimine 2 good
cbreshold (ot the minitoum sucfsce ares, s th i any nodc ate i bl that tuech-
oldh you camsider it tan sl o be enefol and resmoe it feom te NavMesh.

Handling Superimpased Geometry

Now comes he rugh part.

T iy cases, eufl bave exeea geomseety o deal seith, For example, imagin that
alevel designer pluces a large, inmobile rcesue clee n che middle of a . Th
s siugle high-polygon abject. The fluor, honeeve,i pact of & binary-scarch partiion
{BSP) duatruceurs, a0 it reoain & single eviangls desite e treasure chost n the
middie.

This meansshar e need 10 i ch ek ourselves—ue need o mangaly suburact
the reasure chest from the flour surface far the Navdssh 10 be valid.

“The problom s difficale ac . bor thescs a simple selicion, We can we.
recursioe sutelviion 6o divide sny NavMesh neds iner sl modes. 1 e took the
sublivision 10 infiity (hich we wor, weid cveatually end up wit an infinie
number of nfinitely simall subrocles, and eveey subnode would be.cidher wrally cor.
ered by the object {che eeasae chst i anr example ar totally watside the abjec,

Recursice subliviion simply means splicrng (L palygn inco sorae numbr of
snuller plygons. Theee will he exactly s many neay ubpolygms o5 chere aze vertiezs
nthe arigital polyyon. Note that che esuleing subpolygons wil dhrays be four-sided.
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ertces e e away o vertes 1 Hlowever, incach case, e of thise v
Tems s ich C. We ke d e emaining vereices (vertons 2 and 3 in
ut example), and whichevsr iscosest o sorcex 1 s be the sight cne—in
b e, vestos 2. g, mote hat vestex 2 b ner actally 2 veetes n B ¢
merely i alang ane of s sdges.

6. Nowe e consider tracing i fiom 2 5. 1 onlarto do this howeer we
o v igarc out stacty whers polot 5 i We begin by noving that Uiets
re v vrtices one edge avay from veree 2 | and 4. Sinse it arft be 3. i
et be 4. W7 ches extone the line feom 10 2 i inna fininy o dic direc-
Lo of verex 2. We atterp o deceemine wher it interects anoher edgs
of B s wheto i intenects 1 aong,any line bus the line bevseen 1 and 3}

A there’s o intersecie, then these nadss amn 2 Gandidare for a3 =5 2 e,
and o should ey g b anorhes s of e, TP o finds  poin. e callthis
poine 5 snd proceed
7, W o sl B it i separnee ks by dviding L alon e line rom . ‘
205, Wl call dhese subiodes B and B, where B. isthe p node (s node
thae contains veress 1) To peaform this splc. e inevate ovee the s of B
vercices aod fenert cach ol pincs 3 and 2 into the vercex it i n th ap-
‘eopriare position n the L. We can chen sorch chrangh this fist s spicit
ity v s

sl ceample vl demonstraie how o perform s split 1w call B ovig
ol vemios V.o Vi, Vi atd Vs, amd we call che new verices X and ¥, then we can
et he mew serrices 15 s . che sceond row of Table 43,1 Once we'ws added. ]
hestscics, we can e chtough the st o foum the s submorde’ vectex, An dne
e b X, st skip aver ol verges i beeween unil we it he sccand ¥ ot sip ovar |
T socomd X i we encounter o ¥ it W then vapy thise vertices t che verrex Jist
for r st submde and detc them from he orginal st Whaoewer vetiicss emuin ‘
i the it il form the second subnode. ‘

8. Wi mow tnergz By with node & using the merge praccdie described i the
previoun section. Wl cal chis cw node AB.

Tablo 4:2:1 Transtorming ¥y Vo ¥ ¥ ke BV Vs, 1) and ¥, X, Yo V).

O VeV, [ v
i S S A S A
Veneabar S Y T

Ve T 2 [/ 2
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7 0 700 SuEdiide a1d caLL 158 “unction ~scursively
5 For eah new ncte

Credts 1w SUb-p3IygaNs fra7 p (e oLy per vertex)
S0 sacn 0 potpuon

{8805 e the wub-polygan, o) }

[

Fe:Merging After Subdi

ot the conl part. After we'e done subdiviling, yonl modse tat chercs a loc of
peomaric siwduse lefr avound. The subdivision process lerves  con of ide polygoms
ing around. How do we clamn up die mess?

The answer is siouple: we Juse nse the sdjacent-polygon metging azorthm we
demonsuiated earlier n the anticle. Another quick sweep mith the polgon-mergieg.
cude sill munge the Nawech bark  a nsar-nprimal e,

This s che mrasan we used she slgorith fuc subdividing based un 2 node'scenter
sather vhan subdividing onc line a a e, 3¢ is asually dune. The polygon- merging
step will sk parcularly well wit Ui samaller rndes generated from chis process

For cxample, imagin st e subdivided the syaare shovwn in Figare 4.3.6 1nd

fonad chax che v subisquas on the eight side of dae uriginal square were i orly.
ones e imersccred.the ahsacle, The auergiog step wil o recambine che o
siacss s the ef i sl el reccnngl,
Bermer e, if the suhsquares on the right wese ualy partly imtrsccring e el
chen the.shllessubsquares of dhose sqares eighesel b arvund, and they might
bl 0 esge hack: it this recrangle aftor we do 3 b mae twscging,on them,
Figure 437 shows this ltcl misace of narure i sction, The firc rwo ivages show
o steps of suhdisision. afer which the tightmost nodcs are eliminated. The sest
five images show ane way chat e s remaining nodes can be ve-merged into 2 single
ade.

FIBURE 4.0.7 Suidviding ane re merging a gudiserel.

Momory Optimizations _

At rhe: begiuning ofchis arciele, e emphaszad s you shold scor: every NavMcsh
e mormal vector. Hemwevee, it usually requires at Jea. 12 hytes ehree 4-byte
floating:paint values) (o score 2 mormal. I we end 1p with 20,000 nodes in vue
NovMesh it an nreasonable mumber—it will cost. s araund 240K just o store
the mocanls
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The llowing algorithan demonstestes huw 0 subdivide 2 polygon wsi
echmique. Figure 1.3.8 demamitsuse sublisisino for asquare and a triangle

the cencer of e polygan by averaging the X, Y, ind Z compo-
nens ofthe polygolds vertczs.

2. Find the midgoinc of cach of the polygor's elge.

5. 4 wew polygans by using the ceorer and o0 midpoings aloug with zach
of the node’s original verdices, Frs. add the cemeer veriex (o the new poly:
gows veree list, then the fot midpoin, then dae otiginal palygon werter,

and then, the secnnd midpoin

Norw chat we katow b o subdivids @ NavMesh nods, lecs shovw hovs 10 nse this
e Lo subigact an obstae o the Navesh.
‘egin by subividing ssch NavMesh node that uarscar the object. For cach
subriode genetated fram that original node, swe either keep che submode around (f it
dotsat nersect the obstact au 1], thrawr ie out GEics eoeally ioside the asacle o
i ic again (recurscely) i e's purtly inside and pardy oucside the obstacl,

Once we reach i pelygon 7, e will caros: auc dae subnode iostead
of subdividing it further. This scops s from subdividing infiitely, and aso gives wsa
direshald valne chat we can e 1o descrmine how dosc the Navdsls should
approach a given absracle

‘e following prsudo cod shows how this algorithm worke.

. Decermi

unstion Subg“vide(ealygan p, ORataole o)
¢
ans reurn 3

¥

i 0 is totally znside o ¢
i p % LolILy outside o { retur

£ ws oo snow p is partly i-sifc % partly Dutside o
Lt ¥he surtaca arua of o 15 salow  Finin.n thrasold
T aaleto p sea retum 3
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every e we wane 0 add @ e verte o nd aur i he verex s anique, his wil
o o il proces drarsatcall.

‘The s, i usoal i 0 5 b e, Hshing al ofth veices i the pucl
will llcn 110 ok up ay iven vertex daost istancl. U pouie na leady B
Sarwith hich L, commult your axarst da irueeures and algorics bool

One cavear: th el o ofen contios degepecae vories, Thae i, the
geomerry of e level ill ofien conain b vertics tht appese <o be i the s
Jocation, but e i i # sight dicance fram ons anuhr, s out hashing fancsion
will eat them s difornt vrticss, & oo auluton 1 sor che nicial vertices s
ing by each vrtecs o Y coondinae, et thrngh this st Lt 1 dlscover vr-
i tha e sl o togeeher, and. s he acanby seriees nco  single

nor Control

“Thie avecl mphasve » flly sutctaated 3pproach co Nav b genseaon. Flow-
v, chere are s cass where e icessry 1o gve dsiguers  igher el f el
ovet the NavMesh generaran. L pciculas, dsigaceswill afren vane  remove et
oin pare of the game world oo the NavMoshso Als cane vl o o

Thecesrecwo tain ways t approsch hisproblesn. One s co flag specific ouree
polygons, toxarcs, or materials o chey neve become pareofshe Nasiesh, The oc-
ond s 1o llne deigaen  placs ksl ~olames” st specy ares . shouid ot
be integraed nto the e,

T genersl, hough, chis Fnctonality is s mperane than one would di.
Sucfaces such 48wzl Sl and il il eypeally b small coough tha che
sl e alingprocess will avormaically lminats e from che NasMok Sus
fFcos sach 1 Kitchen couners il be parc ofthe NavMesh, buc a gond pashinder
“biuld matorally v 00t 10 5 hem o avigae sros e Krchon

“The techniques prescoed here are 3 o seit, bu saaty s of game emviranmeots
presenc special pathfinding challges that che Naviash cant handle without addi-
anal feasases, A game world mighe feseuce laddees or ouer sucace shar need o be
lmbed, rivers anl ather bodies of watsr that oquire ATs 0 swim across Uech, 92ps
and chams dhat dhe Als st be ahle T jump over and muving goomerry uch as
dlevators,

The key to tackling such challenges i 10 add the coneept of “li” berween
NavMesh modes A Lik is & connection berwesn e Navesh nodes. All of the links
we b diecussed s fr ave aaens links: thay s, inks btovecn nodes ehat are ieneme.
dintely adjacent and shase o dge i common, ¥ can excend the conep of links by
‘addion spevtl types of ks such as jump v, &duer ik, 0 50 0n.
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There are two soud ways 10 opeimice his. One s [or each novds m sore a painter
s moensal it ofche mocsual eslf. This poiacer shanld be NULL i the normal
s petfeedly verrial. Assatning thae we'e deaing with hman arclitucrure rrber than
cusgee crrain, 99 pereent of our nodss will have narmals s point wpwad, 50 we'l
eedce aue oty requirements o around 4 bytes pot node

Tl orher opfion s to seore ll af the nosals e 2l of e odes in the NavMesh
ina buffer, and allow cach nod e store a 2-byre inden o s nogmal vector. This s an
oy way 10 have almast 200K ofFche 20,000-nudk mesh in aue previous sxacrple:

Anocher gaod way 1 redace oty requirerens s by poaling venies.
Many of oar NavMosh nodes will shate verices. so rather than soriay, vereices
disecdy, we can store all o the vericesin che entivs s in 2 single vereex peol. Oue
Nibhish nedes zan ehen keep traek of he indice of heir veticss in the vertes ol
achor than storing the vrcices thermaelves, This il save us the oo of 4 verex (12
byesh in any sinuaron in wlich o podes share u sugle verte:

Huwever, be wasned that chs i unlikely ro give s sigaificans meenocy wvings
anles chere ure enough shacsd vertcey In the mesh to save us the cont of ll f the
additional 2 or &byt inlices chae 3 node caus. o s

tone

Yo uighe noice that we' uising a few oportant praical detal. Some uf thy
steps in pur NawMesl conseruction prowcss, such 2 the adjuosunode merging stp
and che 3 > 2 merge roquire 4 to figar: out which nodss sce adjacent m ane
wnatler,

Clearl, we e @ geod dana steueture o alfove us €0 yaiekly decormine adjacener:
e have 10 scarch every node n the NavMesh agaiost cvery othes Lo discarer paits
offadjacem nodes, de U et consicact A NaeMesh will s way oat of band

A go0d way 10 5ol this poblemn s o nse an augoioncod verian of the Yerrei-
prvling weclniquesdascribed i the previens seion. 1 o o the woree el
‘e ced 1o o s score s, of invers v ll U Naehesh nodes thavinclude this ver
on i their vcces st Every rime we ald 3 ncss vertex o e sertox poal, we also stere
2 peiatee w the node that added the verter.

e 15 €0 ald  secrnd vertex chacs intienl v vertes already in he pusl, we
inseend add e  che aevoul bodk 1o she ariginal vrtex' lse. This issimilar 0
cefermce comnring, except ko eack every single nae that s © a given vertcs

‘Afier e crvate the fniciok nasigstion tesh, we cao quicly scan chrough che ver-
rox pos o fiad adiacent nodes. By defuiran, auy vestew with owo or wotc nads in
o i I sharod by o e more NsvMesh nodes, and rhe poinuens el s which nodss
they e

Nowe e s
up asanipularing che verue prct by acding and lemoving lats o vertces dui che
MNavMerh canseraction process L e e 0o a inear saseb through che vertey e

3t necessally ks rhings bettes, Afier all, were going 10 end
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alaon, g e calling ey thr sl make sense in couen, ke 3 pass
play fiom the e yanl L in fonchall.

Convesels, many homan plapes s predicible i cerain ways, F2S players
eigh v prefrced coute thrangh ther avorice map. RIS players might have 3
sipred ildup plase th you an couia. on. Tooeball sanufacia players (uod some.
veal s W o eheos e hll

Note theabrious conflic bieen these—uan plaers can be b precictable
nd umprediciable T Some e, 4 ca happen withis th sme game. In ocher
Cases 4 buntasplayer ipht be unptedicahle aruss mobipl gome swians, e pre
Qicuble within  ine s When plying e KTS. you migh i co plan  cetin
Srrnes at the begloning o e s has 3l of your disions on cht For czam-
Pl you lghr i that o1 wane > bse l ofyous artcks om iplanes, 5o vy
thing ou o will be iveced oward thae swaregy. I your opponent can Rgute vt
i acic, you can b hearen.

Devcloping an Al co mii chis is diffcul, Thore needs 1 b envgh randos
s i th el sl s reply i teesting, b chee alio pecds 1 be eoigh
predicahiicy hat i b playet can igore out ht sitonegy some of s ime and
ot . Tn sclicon, you ased to be 2bl to dererming what the huonan playecs
ctmogy s foefecinly counter i and provide  challengiog cxperines.

aupport
e, « buman plyse might sclece  ropucer plyer 1o act a sa ally. cirher agaiest
buman pppemenis of orber computee apponints. Most support datis are not har
hand o handle  definding pour alis tovns asswell s your aven. aking parc in g
sl scacks, 2ud sn Fort

A an aside tlee o izl aspect of he suppast roe s communication with
he braman payer, sing sivaple commands activatl by hutcon clicks will minimize
U camplevicy in comaunicncon.

Burpriae

Cnce ll ol these ave i place, e Linal eing o the calic i surprise. You shonld swrve
10 provide a5 mamy sueprises 5 o can. Playess will norice an AL hat performs an
admirable b of playing,the game, but they wil af abous a0 Al that surprisis hern.
Sorprises coru i many forams 16 are specific t dilfrcar genees. [ an RTS game,
Leaviars sieh s pincer atcacks, misinforouation, haassment, and ambushes providy
sorprise. T s FDS, sniprices might inclide ambushes, suppressva i, anking,
msncuses, and ream support.

Finall,there isa e of sieprivss that I vory hand w emulac, sometimes sfeuted
1o a0 “belicwable rupidin” On the face of things, thess actians look bad, bur are
somerling thar » busar plager might xy @ du, Tn @ ale-playing gaane (RPG), ths
mighe inclade wse of a ules povectul spel thae nadveraently hres the spell caser
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youdre lacky, you'l fave & dedicaeed AL eearm that you can count on o be able 10 ds
the work. Tn mose cecs, o sl scare s with ane person seirh the. pramise £ add
people lcer—male sore. chis happensl OF cnies, the requirements alldepend an the
Lype of game yodce developing. Sume might unly sequine une AL pecson; otlers by
gt by with chece (pize Rareh, or cxampl]

T b thisng b vemtivn i chis secron s ehat you waat 0 do dhs s euy in the
project a5 sou can, Tuning un AX requicss ply tssing, and this requites lots oftime,
On EE. we stared che AT neacly o years befare relese, and e wers faning i righe
upto the end.

) Campor

Ones youve delined vt your AL will do, e et step is o sl suple sofvare
mgincering, cancepts o hrsak the wiork into manageable picess. Ofrem,chere might
be's "maturdl” arganizacion chat i speciic 0 your game ype. For example, 3 syl
based game nauually breale down i kaders, suads, and squad mentbess, 4 tol-
Playing game (RPC) mighe consist af friends, focs, and neuceal playees. An RIS
would contain milicay leaders and economic leadees. A 4X game {eXplass, eXpand,
eXploi, and Xrerminane] seuld add a escarch aro

Apply this cancept secursiely o ach secrion ancil you et 3 sense cha the pieces
are of suficently small st that they can b sly develaped. e i pecfctly ressondble
o leave hrge seccions aloa st late, 3 Jong.as the intetlaces bericen therm are well
definel. Vhe only requicermen a chis eve s chat you provide enough peces and con-
nectlons o catey wut the plas you developed In the previous secton, Repearedly go
e dhes ideas and see ifthey fi yonr pisces—if they dan'e add pioess or com
o unil e o,

“This i an imporsant ctep it can be very dificulc o 3dd companens once the
incerfaces are st and devellpment s wel adanced. Spend a ftle nore i eirh the
Aldeiga duument you carme up with, and make sure 45 musch of that documeat s
covered by you componants. This can b ccamglished with itk more than pen and
papes,or  simple diagramming tool such as Vo

ing 1
‘The connections (incerfics) berween your componznes will decide haw easy it s 1o
g1 things donc, As an cxamplo—st have 3 companent I Erpiee Farth that is
cesponsible o petring niew aniss rsined. There s 2 method thar allows the callr
specty dat & wit shuuld be teabiel s chose a5 powible 1w & speeill lovatlus, That
merhad is resposible for cnsuring chat chere e suffcien tesourecs T Tain the unit
and buildiog <he training brildings if so raquired. ¢ might even misd 0 signal otber
components to advance duugh fiw epocks i ot o reseh e poing ehere tbe
unic can be rzined. s grearly simplifics the development of the enileary compe-
e, 2 € could st request uales 30d not warey shout che detals
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Bob Scott—Stainless Steel Studios
bob@stainlesssteelstudios.com

L st of s aticl s 0 give e Aedgling AT develnper o head scace o shat

will il be a long, difficule job. Lrvelaping an Al for a e it 2 msjor under-
aking, und saany nese develapers aue samewhat stunncd by the sheer amont of
wotk that goss inco it. We hope his il serve s coadmap and.a sardg point from
which e expand. el ond o be fidy pencral, in anlec o cover a€ many differane
genes as pussble. The iricacies of sporific genees ate discussed withia his booke .
more dewll.

Thinril phave of deiging a gome A1 i o decide what your Al shoulddo and what
it should o . This Tt poine 3 vy Imporeset—yout want @ avoid aaything rhae
makes e A seem. wel, o insefigene. n devcloping the A1 o Empire Farch, v
L some defimice ideas of the rypes of behasior thae didad work in previous RTS
.

“This phase invalves o codng, deally. you sk doven it che dedopruent team
and brainseorm,. 16s svco bettes i you can Inchude tpieal playees of yous e of
Epme. B avace diac chis phase otk quie 3 long . On Fmpire Earsh, we speot
4 ool suunth or 5o developing oo fise, whicls eeencualty became  20-c0-30 page
documen of hulke i, D skimp oo this—include cvonshig yous cun ik of.
Fen nclude the things that you know
technologies might hecomne avalable,ox suue detclapers might Luve « hrcakthrough).
Pt itallin, and then prineitze it very gencrally—biogs chat s b in, Wiings char
hrd e i, and things that you can lve wichouu sl fst e’

“When v say include cverything, we iean It F o'z devcloping 2 fist person
Shaosee {F1'S) aid y ish e chacactass conl incact wich the playes, puc that n
Tfyons wane cho characters i yous golf simulativa o vecasianslly get angry and chiow
i chubs it the neatcst by of satee, put chat in. Realy—go crary during dis
periudl

“This s 2 good e o bralnstorm ideas for deselopmenc as well. Von can
abmu scripting, clisatiog, rechnalagies  whatever comes © mind. The basic ides s
o getas uch inforenation. s you can eary on. Stafing can alo e discassod here. F

3¢ pusible. (g never know whar e

208
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Droviding these Lighlevel methods: and iniculices herveen componcnts akio
cnables zmergent behavier o necus, Coupled seth vartaons in rimirg. unususl
events s oceur shac sece non plaoned .

OF comrs, igh-Jevel intectacss are ot ewough, and pecasionlly very speeifc
incerfuces are requited. These are ofien added afer inicial devclopmen.

Development:

1y ae Vessed wivh mliple devclupers sorking on AL ic s natural 1 lsve peaple
specialize. T chis cuse, conmunication beewea the developens uficu wimics the
Srveefaces in e desigh B 5515 €0 o over o eomponents sud Hdenrify dependen
cies betwesas chem, Fov example. i KTS game wsually consses of u wopencnr
respungible for raining unis s compone: should prohahly be dos Ll sean.
since most odes componenrs il el on

e o Ui aslse s o ume st AL s by prviding e abiliy fov soensane ot
i i dersoper (ike an expere playe) 1o adius, valucs hae affc e Lnbasion of
the Al T e expraitcs the e expse playets s it i Lualog,the i, Use
oF s daabuss o at st s Ble by rycil bere, Whic you choose depends 02
vl ot havs databane peapl aronnl ur e esbcing 1ot e paser

“These bebavio vabic can be bard velus that speciy exact quanii. o can be
s cha o gonsl wlue Do e AL fo work with, The more hard nubersaro
el the mar predicel the AT hcames, o e prce wing binw s wiuch 1 posi-
ble. s o allose e AL o et e €03 val wichoat requii it 0 mach the
s Gomeching tht might e hsd o s o o) This as bzt « drawbock
Lo some.garmes— e AL s g stk ying € et th reuinementy of & hard -
bora the detcanent of oxher aspecs of the AT

N i cwen some hard numbers can provide some nnpredicabili. Oue of
e vl we ould vwesk ko Fpie P s th devsic of e This s  hard
vl chat speciled b e st towes v requieed o be, Lut chere werenit any
s that pocied sy e they shoudd b pur. Thos, while e could come
on them ot wveruppiag, ton much, we conld never know seawdy whers theyd be
laced. This contibare gl 1ot unpredietabile of e AT Nore thae s don
56 uber e heste chic than s hard muibet such 3 “Ches ks v dh e
concer"—tbat wauld v made the AL mors predicrable

Wi alluded co the act that yon cnighe eane people s than drselopes ting
e mbers. n s, i  gincment in any large Al projct. Wichout providing
s valuc fo o 10 sse e s, we seuld et bave een abl (0 inich Fwore
developrment on che. A teara. Addiional s baxd 10 B 2 brond range of playet
caporcnas amang che mesubats of the AL develapmcnt feam, Foruuiely here were

sy of ather people inhovse it diffsene ceperience leels,






index-274_1.png
Soctian 5 _Tactcal ksuos and Intellgont Group Movement

sl arifacs asche Fater it ut o s moion. s,  capped adaptv speed
an be wsd tn o up slower unic and low dawa str ol 104 cetin e,
when i i desasnined chat ey ae ot of formaria. IFll e fis, th ki wri
an vop and vt e che raling i o casch up.

Raacting to Obstactes and Combat

il i s desisble Far anits it oving formarions (o sy ogesher, chote might e
anasidsbl sitvations in which Rarmation integeiry cannoc be maintained. A oot
mon cuse i hat of the choke poine. A chake palat i a boation an e game feld thar
i narmovwsr dhan the formationis widdh. I this case. some o che anies e bk o
mation ~ehilk other wnits pas through the thoke poinc, Whe e ormation bredks,
the ity out of formaoas have a few choices they caun vt i place undl the frd
wanies i rhe forunution pass cheough the choke pain, ur they can seck an Alstuatie
. Wairing in place ofen helps prsetves proximicy invegriey,since at east thep are
waicing together.

Choosing an aliermice poth i als  considerarion when an unexpesrod cbscade
blocks u formaions pach. Tn this case it s useful to hrsak rhe oravation into subfor-
mcions and route them acoun eithe sde of the obstscl. fehe formation is aready
onyunized ints ks, it cam b spi oo frun e back along the sank borders. i i
a i formarion. i desizble e plit ch Socemacion in such 4 vy that the rehive
distibucion of unit typos is he same. IF ane af the slcraice paths i longe han the
othe, it might ol sense <o splir che Torusation hased oa e speed s shar bot
subformations amive arthe dsstination acche same rme,

‘Sportig an enicny unit 0 atack o eeacting o an ambush migh slso necessite
abrealcin forenarion, Formatian unies mvight spread out o woid area daaage,nreon.
verge. o clase duwn an enciny wnit IF he formation bt fram the side of rear, he
formation migh s 10 wheel around e face the anack. If the formarin is o1 o
scoudog patrol, he bt reacion ighr he Jus o continne mavennent s before. Yt
g might bave use-sslocribl unit stanes {agasessve or cuatians, o cxatmple) hat
diceswe which tsspotie i appropriae. Tnplementing a scae (lug o the formiation
£roup w indicare why the formatian s beoksscan be sl when nisking deciions
whether an individual nae shou sty n ormarian o1 16z  combat,

‘After the obstacle has been circamvenued. dhe chale poiot squsezed through. and
rhe enmbat csulved, the formatian most he egrouped. We can s the saune mchod
at his poinr as we uned o assmible the formarion originaly. Desiions concerii
the group inregrcy, il lormarion locaclo, and movement cousideratans ane sim-
ilar 0 betore. 1 unive weens ost s combar,che Lotzation will nesd co rcssign pusi-
ions to accauat for ke amall number of members, For auny sicuarians, sinply
sl e posiious wsing Factors desribed il and téns shinking the formarion
il be adequase. 1F key pasirions aee cequired of canpy slaty e proferrod, chen the
Fornationposa: e steucuce can be sxtended t contain importance weighrings o
skip Alags s needed.
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Gertars Formaton Ralling

FIGURE 5.6.6 Comered ancl leing-edge formarion ralying

s o e unies, Some of the patling complaciy might be reduced i the patbing,
engine can male wse of e 3toup and formatiae informarion. Since the units wil he
waecling rpesber, i i aficn passble for thens ta share a path to the destnstian. 1€
formrion inteygicy s desied, the resuling parh amse be wide coongh 1 allow the
e ofthe Farmation to s cheough. In the previous sxamples, u patli could be.
calenlaced for the Leul uni (the ane closes ta the descinativ, and thon the ocher
units cauld apply cher formation uliers e har pach < deteumins chei individusl
b, (Soc [Partinger¥9al and [Poteingerdb] for sume excetlencsuggescions far con-
ol of group moseemcar

Alcernavely the ailing wnies could comploy a locking behavior t guide their
swoscment. Ty integeasing thc formation pusition offsers and spaciag discances inm
the standant flockiug guidonce funcrions, the uaits should mave behind the lsad unit
in roughly the inrended formusion, (Sec Woodzoc[01] for enors information o
Docking meement implemneatation )

When e s arc moving a3 groug, watiations i unit movement and catu
o speeds can breal che frmaion intsgrit. On suluion st have ll units woss ot
Uhe sperd of the slowest woic. While this il tend ¢ ke the formaton wogecher
Jarted togecher and e fing he same disecion], it might el in

(s dhey
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Formauions axe & gieat defitien o vy game dhat wses coonlaced it meemens. A
sionpl callction of afser poviions s br exended with facing diseccions, scalug;
Facrons, ranks, and positon rescictons 0 handle s vide anpe of fraation ps and
wuriations, Depending o the desird pamepl asoms can
be assigned thranigh sweighting unit sacbues, relacve facings, and destisadion is-
cance calculasions. Loose foiastion incegiry dhing merveroent s the Koy t0 516005
ful roug ovement fom the inifial maveraent uede duvugh reactians 1 obstacks,
chk paines, and combat. Wit the information providsd. you shuald Luve s Lead
srare om implementing a foramation spsecm and invegeating it inko the paching ongine
and plysics snulacion syscers of your game.
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For performanc: wasous, saowt pathing engines do et ficuat i 4 walt direcion
whets computing a parh (s Pinte62] or 2 dicetianal paching implemnencarion, I
your gan ttecnpes e model realisic physics vty varyis angulas aod linear wlod
the seraght-ling distauce is aun necessarly che hesr measure of the v i wil
b 1 reacls a descinagon. IF ot is tofd 1o caove o & lvacion juse behind i cur-
cenc posicion, and the wics physies only llosy it o move forsand, the it might ke
& goad while For the unic t wrm acound und eeach thac poier, then rucn ol gsin
ane e the way esareed. Often, che fseest dosintion position for a anic i one hut
is i the direeion i is cureenily faciog, (o some croclens solutiun  formarion
movesent with relisic ehicular movement mesteicrions. < VaVer 0]

Vich moltiple units il rying co do the sune ching, the fikebhond of croxiod
paths and the esulcand eollsion resolusion can sigaiicantly dely geutog it forma-
o, Ifa geoup of units is moving a long diseunce 10 ther formacian, che i s advac.
cagoaus  chooce formation positians thar rednce e e of crosed parhs. e
sortche anits along a ecro froan e ceacer of their srarring. positions Lo the et of
the desciuation foraation, we can cscablish pucalld paths dhat can help rchuce anic
collsans (Tigurs 5.6.5) I nevssary, we can sorc again on the shorte pecpendicalar

Gantter of Destination Pasitons

5

FIBURE 8.6.5 Civis psiions sored by diranse o mosemsens v
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Moving Out

Sections Tacticel laaues and Intol

carlce s ot spocific cnongh. and restrictions mus be placed o which wnies can il
‘o, 1f o wnie aiches those escctions, che sl ovight be skippeds Leaviog an i
ool hole in the rmation.

The ccnmple vt bave sxplosed o i hase ook (e formnions. This might bo
acceptable fo setting up 1 defense whon waito for the enemy. Howeret, whea
‘utacking or musiug, actoss the game field, addicionsl sucs ned to be addrosed. Ty
e ollwing secsion. we sxplors when o iy in foemacion, pachig fnregracion, and
Formtion Integric

Whon Do the Units Fall-in ta Formatin?

T the previons soction, we examined s ach of the distination furmarion pesicions
might b chosen for the elected upis, Figuee 5.6.5 shows unies prching coward the
Tosaacion destinacion. buc Liow Far Forwasd should thac pach be? I i s deviable for
the unies o be in formation dusing s entiee couse of muvesnent, thea the unics
should grher o formarion ss quickly as posiblc ac che crntss of heir staring i
tions. T these, the units wiald shen path to the destiation foruuation. Deprod-
ing an the injtinl focations of the wit, chis statiag formation might delay che
movetment o cause coms s Lo backrrack a5 thy head towand the sarting formi-
o pasron: (Figuse 5661

‘A aucenative vndld bo 10 cresc Uhe iniral fnarion jusc ahead of the uoic nca-
et the destination, This would redacs hack pathing e e formaricn. Undormunately.
he kad wie vith 2 short. pach gkt huve o waita copsiderable e il e ther
it reach the formation, This uigh give the fugyission to the player it nothing
i happening Regadlcs,cis gl b the best choice of allying lacations fora coor
dinared stk along dhe movement ditection.

"A Lhind choice ivolves nnits pubing directly 1 their ina destinaion forration.
This has the ahvanrages af fesce mimvement and o delays. As the s g clase to
che desination, theie posiions inczcaingly resemble the intended formaivn, Alnng
e veey, hewwever, i bincfis of tho formation arc o a ellirive, 25 e spaciny
berwn due s mighe be s preatee than che other opcions—althaugh, dhis
might bé the hest chuiae fo 1 quick scar

"S¥hich ralling oprinn you choose dspeods on the eype of game yon aec dovelip-
ing and the desird bebusion. Tt might be rasonable o givs the player some cuncol
v whicl type of Fortuarion more L oe she pecforias, Allnsing the player 1o quote
‘maliiple linked formation mavemiencs can peovide the Rexibility nesded 1o handle

@roup Patning and Movement

Otice  formation s specifed (o  group, the s pesitins ae chae, and phe des-
o Locations ar spesifiod, the gund's pathing engine must. vampte h exacr
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voctar to establish poitioning o waiteanke. This can also ulp avoid the lapfiosging
f units from the hack ranks to the front ranks.

Areteal Timo
The tochnique in Figure 5.6.5 aseumes a tobrisely clar pach from the ovigin © the
descination. I abscacles lock de walrs, ey might eacs have 1 ke a ciris roore
 reach dhe desrinarion. The cesolt enuld be unlt reaching che formation in the wrong:
ord orat an indetetrninace posicion. s s case, a seul straregy would be o ave all
of the unicspath t© the center of the formation. The st uni t0 arive at he destina-
s would inically occupy the conter formation posirion. Wlen the secand uait
atsves, i could eidhec pus the fest unic 1o anrher open posiion or fake an open
psition for isell. The choice of how the posifons see dynamicaly illed depands, of
Gourse, o the formarian 1 qeestion and the mobilcy of the unins ar the destination.

‘Spacing Distance
The Phalan formacion wes hisweically poverful due o the cight spacing of the
infantty 1o provide a defensive wall of shields. This vizs lso s weaktes, inee the
tigh spacing ceduc the foemacons miseuscrabibi Spacing varavians,<ilie fixod
or e scalable, can provid adiional gamephy contrel T unirs vary in sce. the off-
sec pusictons would meed ¢ L sealed accordingly so chac horh large and small units
can ctcate Farmatiois with dhe desired spuving, Wirh 8 mied grou of unis, che pac
ing can be scaed 10 the sin of the Largest unie, oc betaatvely, the unis could be plit
nts cais of siilcly s uis with each rank scaled acevedingly.

Rankes
A line fnemation swould mot eypially strecch oo forever as more unics were addod v
the formmation. At some breaking point. @ second line would be fottued behind the
i, Extonding our Foret-on stmacaure, we can st up an offet for the e rak,
When all f the original “armationPuss. on structures ave boen flled, 3 e sanke
can e rcated at he spesified ullve from the carrent one.

struss Zormstion
i

120z mRameorfatss

Float wRankal 13t

Tectortormat icnposstion spus:tiosn

)

Playbook
Some formasins sight call forspecife unics n speilc posicions. The ulfeive fine
in Ametican Foorball i 3 formatian vih asigae pusitins f che cencer, quaree

bach, and orher players. The scating seup I the game of ches s has assignd pos
o for cach of the uniqus picces. I these cases, e mased unit vadering described
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Flvat Diraction; i the fasicg angls
)
struct Farmstaur
i

vasmorspormEtionpesLtio®s mPosLtions;
[

e some siuations, it might be mare approprire for the paslrons and fcing
discctions o be selariv 10 the previnus postion cacher than the center or lead. Qne
exampl el be 3 dyaunic cohuns n sehicls eack unit Gl ntward ef or ght
misvaring hore the unicin Frane of him s acing,

2

S, you kuow shere you wane he formation t he and which direetion the formation
should ez, The net challenge s determining which unizs will go to which farm.
ion position. I che unirsarealnady tn osmarion, thasthe oo gt be s siaple
askecping the s tsesame formation sloe. O, the uoits willbe scacrered abontor
the mix and mber of unles will bave hanged 1o such an exisnl that s choices
il have o be made o eassign farmarian pasirions.

4 Unit Type Ordering
Tt s comman 14 creatc  formatins s, of hecesogencous mix of unics with vasying.
abilces. Soms of the wnirs aight he ahle o fite Ing range. Ocheis might be suomger
o fisce. Sotue of dre waits gt b infurs) e othersise incapacitacd. By consider-
img thesc antibuccs,  fomaion can be onlered i sch & way a5 10 masimize I cor
b effetiveness. Lypically, weaker and longer-tange unir arc positioncd in the back
of & line Formation or 3 dhe center of 3 box formation {Figare 5.6.3). Faster univ
mighe be placed o the fhunks of the Ebrmarion sa that they bave incressed ficedum of
nveensac when engaging the ensiy.

Clasont Position

Othersinuations cal fora formation o forn quickly withuut ceshufling. 1€a line for-
s uing Grecion s revesed,should i mvec, of should the wnis jus change
formation slots and Luen s (Figue 5,642 1Fthe uics an slow ox canar s
araund each ather sash then cuning arouad and soviag 1o the donest formacion
posicion woukl be dhe bese choice. This s especily applicable iF the unit mix is
homogenaus and he i wnit type ordsing diseribed enliee is e imporcar.

Calabing the sbsoluie bess wauchs of wnits o pusicons, besed un shorees s
e, can be compucionslly espensive. The v implermantation is OFVS: The
saiion s to use & chiaper spproxianate leuluion, Fisse,sort the wits bused on
e minimom disancs o th clascse posiion. Then, fzrte trough the sored [t
of anits and asign sach unic che closest anued positon
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FIGURE 5.8 Commar: rmarions.

“The direction vac member s scing in a formation can be wrtical i 2 i can nly
eact in thar direrion. This tnight be duc r 2 limiced Bine-nfsight or movermene
ceeictions thar preveist the unie o quickly tucalog svprnd. Lu same formations
such a3 he Line and Columas all mombers of the formation usuafly face i the same.
direcion, “The T and. Circle Formarions igh have ueits all fucing oucward (for
efennc) v imvard (fr auacking). Lhe Wodge. Ve, and Flank formarians gaie ruch
of chein osefulues From che oviclappiog Selds of it of each member. Even he
formation can be modified i 2 saggeted line o preven friendly frc and project
e ficpaer i e icing dieection {Figare 5.6.2)

= a1
ALAAL [ 4
IYYYYYRRS » «
(s s’
Staggered Line | | Ounverd Facing| | imeard Facing

FIGURE 5.8.2 Lizof fire and s fuing considrations.

Ihe preceding examplescan be represented a5 vesaor of ndividual rtion

oeiien stmenines oiganied it s cancining, Fortin: sracure. The offts
i armaron postions e be ey che cenes ofth frsmation o he st (o)
posiion u dae lormarion.

“tuel Farmatimpsiticn
i
Flost mortasti i1 narital orfsst
loat mrplaes i vareicas vefssl
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mycholagy, comics, soiology. epidsauiology and o Wirght011, A anwfnad of
bonles, selessed euedorly feom the nofciiow seetion of 1 local fnrary, oughe  yield
e a e pneresim copics o sty Whesher i i chairs, arlitoerrs. mocoeey-
cls, ot modiesl ivge machinezy, ol 1 has o b is seieshing and reqiee dhougheful
o, You el knenw you arc o che right rack whes your thinking kads you to
ponder, How did hey .. . * ane “How w1 2" and “Lhe’s g 0 be a bet-

Crastivity Noods Practice

Oucalethe-ho chinling and creatviey are elosely 1elred. Adlctes rain mor oficn
han chey curnpets, el theis waining actvi

im eampeiton. Finding the bercer solution reliss heavily on ciativs shilies dac
might noe he heaily cxsreised during codiog. That i nof 10 s thr ending equires
2o creivicy,but har sl ad discipline e ¢ the farefron for she lung coriog phase
aFa ot

are ofsn differonr from shr they do

T dincsne mate iy are ot good” ae & creativ acivi. You do ot bavs o he
“gond" a¢ puslups before ey srengrhen your . You do have to do thos o gl
chem w strcngthen yot atms, and o it is wirh eceatiy acrivicies: yout have t do dhem
o exercse chose pasts aFyonr brain, Thase ereadve aceivitis thateasly imtegeace with
il life e bese besause, s eirh aebletc caercive progeams, chose Wlat inerade v 2
by sebcl are ot ey 10 g done,

Gince the aiiviy yom aee “etoss-mini” (o is problera sclving, the st crative
accivirien e thase rhat pressar some uhiflenges where ercatviry s enuployed to over-
come dhn, 1 rhe actvity you select posss no hallenges, o poses challenges hat you
can ncver evescume, irill probalbly be lest elléceive 2 giving sone creadviey 1 gaoed
odesu, I you hold o D, i the scea o yom selected crescive accviy. e ight nar
e saueh challenge asrymare. 17l of pous Lefovers e covered wirh gresn and blu:
iz groels, the challenge of cring 2 pleasanr meal o chem is probably w0
difficalt 10 avercame.

Just s shere ar sy otber “boxes” ok i 10 practice vut-of-the. box think-
ing, chere i at, tfinice mumbt o ereacive things you can do. Photogeaphy, paning,
draing, making rousi. 1aking un iute)cring new wcal ot of he Jefeowees i yoor
fsigetaion, chain-sasing, your fizcwood inlo totcon pole (igaws, wing @ cheap
propine corch and spool uf i slder w0 convert she mstal objecs it your el
bin e sculprare, o dashing off a yuick birof baiku postry are all creacive aivces
. can get you i ch habic of being,creative, There ace probably people with cre-
i insevess use ike yoam o o the b Google.com gave 6690 hies on “wecly
<aulpu ar,” 325,000 bits on “hadku,” and 2760 v *chaimaw sculprure” so there
el is someahing cremive dha (s o ot there.

Caacivity

Su sy ephemen

Yerso ceitical
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FIGURE 5.6.4 Zathing and collion comsiderations.
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Order e firet ot ic mailabIsBatLin (tra Captain: fo cever the
uits “ron 1ot Saongonn

s with dh ouelanking mancaver, che rime it cakes o e soldicss o ger 10
che 19001 i imporc: and comidering chis when planning fhe cuaenver migh be
beucdiil,

‘Tl numbor of ruoms hat s be searched migh sl b aken o consider-
oo Ifche oppone i being tuapped in hall f che nuap, then it might be unvrse 1
send i team e such 1 g aeer 1o scch o b,

T8 tsan represents  own locadon whers e opponsn eeds o teach This
ught e dhe exi 0 dhe level, o an acen whees bosroges e being held. for exsle,
Fhere might also e more than one Grger mun i a kvel, In which cas, he
RoamettatCrass functivn sl have 10 be adifid o take inra comsiderarion v
oral varger vours,

Maneuver Organiastion
Organiziu the covering exics maneavr i unvightforward. hu the processes used arc
4 ltle more: compl,

1- Fid b many sakdicss are nesdod o cover xi, On soldiee might b dle
o cover severd exics if laced in che ighe prsicion; huviever, o or mote
might bo wecesary I therae no enaugh sabliers o cover the i and se-
saul the oo, ren ehe Captain muse report thl che mancuser s ot po-
sible. Idealy. cheee would he o or mote saldiers o search the s,
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s coch ol naches his asigoed door, he will reutn an ot mcsIEe
1o the captaia. Ac <ach message, the caprsin should tall the 15 1esnlnPosztion fone-
o, I ceam s i pusition, then s atvauk arder can be giveu a0d fhe maneuver
will be complete

ing Bxits Maneuve

“This sxample describos & rmplen sscuser requisag e use of many decision sop-
portsoutias, and contaias the sk of b, sboried by the cuptain.

1 an apport s ke 9 be in 3 oo, then the comemander might comide it
aciclly wselul to guard allehe exis fom che room and aner ocher soldics i che
area. e there might be seveta] vrps out of  soom. & mumber of exirs might nesd.
Lo b warcheel Hinveves ssning chis is possible, i i  good way of hlding the uppe
et in 2 small arct unth hackup arles, When backups dass arive, the captain il
order e tcam o seanch e oty one by one aall he oppancn i found, whileotber
mcmbers ofthe s ey cheir guard o allth prssible exits (Fgee 554

e o T

! p

-

¥

H {;mt e |
Fooms

Kot s i s,

FIOURE .54 G

ering it mancuer.

Strategic Decision Process
The strasegic decivion procese will sy Lo descrmine whetber che mancuvee i prsshle
and aantagoous hy checking sherher the opponent st cross 4 spocified roorn
(sugpestentzaon) in oedet 0 get from theic coom (Rogusean 10 4 g, T2 3eRcon.
The Suggest=dnon will sl he the v o where dhe opponent s acen
Drovided the npmnent must ctoss the ruun, and there are enough sldicrs to
cuser the sxits and seaed the coems, the suldiers il be omguoized o 3 ream sad
captain allocated. The caprain will dn be ordered to organiac the marieuser.
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ankind leasned catly s chat Fighting a & geoup can b ruch mare effctve

b ighting. alone. It waset o elite early wolpack bunting suayics
svavedt inta arganized formations of sar thar could fwrn e ide of barde. “Tody
Formations aee sxpectcd for any eype of cobesive group ovemenr. Frorm squad-based
it prson shootcrs o sport sims s real-ne sraregy games, soydme Lt 4 group s
meing, ar waking tgedher it is cxpecrod ta do s0 i sh onlerls, inteligen sshion.
n this axticle, we will explore sorms of the imporvut fctots 1 cansider when imple.
menting formations in yome game.

‘Moving,armios areund in formation i Cun 1 o a0d great w wasch, When the sot-
diors thercafrer referned 1 23 "nlts") march in ime and lin up perfcel, the plyer
experiznces a grcat scnsc.f commrol and onde, Eloweves shen the baee heats up, the
seal qesrinn hecmer, “Ase these fonaatians going (o pay off. or ate they merely 1
tvolous parade?” I you ate deslgning a parade simulator s might be aa casy dec
sion. bu ics likly dhat yont need the formations to conubuce t the gemepliy and
iave soms impact on the ouscome uf the bacte. Tn the following sections, w wil ook
at haow types of formations, discedional facing. and fonmation movemens can sffect
‘gumeplay sad bulp dotermine the bes implementation.

Souns of the most <ommaly seen fonuadans an: shown in Figure 5.61. Maoy of
these have. historical sigaificance and are weed in modesu nulicary operations
[Army01] Aviation cxpands on these basic formations with 3D) farmatians such a5
the Echelon, in which varying slctade cau alss come ineo pl. While the exauaples in
ehis sction will adhece ¢ 2 20 lomplemntarion. it should be susightorvard
extend inaw 50 f yired
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Srvernl doots and s oachbl i s toom
et e sodrs o e b e o of e B o

When al the soldicrs ars i positin, @ searh order should b sene. The sokdiers
willsarch che frs raom and sepurt back 2oy findiogs. If the opponsnt s not found,
then 3 search comntsid should be givea far the e o This would contintie uneil
the opponent bus boen found ar all the rooms have been searcled.

tenclusion

Ui 4 cornnand Rirarchy s smple and cfcetive solucion 1 coordinating s i
real i Using o message bused systomt recces the procesing overhead by alowing
the sharing af daia nd only processing options when new nforaston has beea
g,

Tareligenr tearns make very pasefol alies und enemves. This raises o issues
of gameply: A player will bocnme quickly bored fhis allcsare o aocomplished and
coukd s che game naidee. Sisilaly, if the eppositon i s efocrive thas the
shayer staods no chince of winning, thin fseration will soon sec in. Bulauciag
the playabilcy 50 e bous arc Hed enough Lo pive the player a chance while sl
seeming natual will ceeninly be o hullenge.

The poseitlces presented by cffecive rsamworl ate fnired anly by the imagi-
tion. “This arice only presens o simple teati-based syseer. Creating ambushes,
Taying suppressing fre, ar flashing vt che oppaision are s some of che possibili
i, Fenerver, hichever stcutegis are implamenced, teanvwork will cersialy provide
an terseting uvist. v the acrion geoses.

[Cibsoa01] Gibson, Clark, and OBricn, John, “The Basics of Team AL™ Game i
D e B o )
AR MG

& g lse of sefitences on che use of AY in milcary scrategy can be found online zc
srwelesvarmpilinseivarsimireason/liaksiindes bom.
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soldier and ehe dowt. I i would rake sgaifiuly Longer for e soldier to reach the
oo, uen pechaps dic mancuver should not be considsrsd.
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on somesbing compleely difersa. Torunarel, this implomentatin aflers he pro-
i the opparcunity o og the mesages berieen th levels of conmand. Th
B be umed to provide quite 3 naural diakogu becwucn evels of cornmand oudlining
X the inloemation and decisions dhar havc been enade. This can be imvaluabl when
rucing where theesva informarion ks come iom ve hich decison was 2 fu

 gutflanking Maneuver

T el xplain the implemeotation, icis elpful o Jck 3t conple of ovamples The
Dot i asimpls omDankiog maneuser {Figure 5.5.3)

110 appoaens s susgected o b i room dhar bas saoe hat one doaray, b
e commandicr could e o order 1o uellagk the oppoment. This wonld involre
e s sending, 2 roup of sodicrs co et does and, whan exesyone s i
ace, iving i order o arcak. Thiswill presu he oppeneast with @ smifiaons

thaear and i therefore ey elfetive.
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FIGURE .53 Oxuflnbing i

| I——

‘Strategte Dosision Process
e o af th strtceic deon process st checl e che maneunsr s boch pos
Dl and appropriae tn s preuda-cad exarmpls,thre sust be a et o sialible
eobliets ] at st o aceessible doors for this manewter co b achievable. While ch
outine s checkin e bt of doors dhat are uccssble th dor IDsase stored 10
resens duplication of s of s proessing when orgurin; e ey

I the soucin dosams the maneurer achierable, then the avalable sollets are
odored to oin 2 e and 2 caprai s chosen.

Routeen = Room aliors oypanens “a3 besr sean
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i1 Tathenra; Roamszen ) < 2 )
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Adding a candom clemens 1o the choice of suategy can educe prodictablity a
e player becontes e Gl ith the game. " his s good if the player isplyig
against the caam of bots, as i will prevea the player fiom entcipating the sty
ehot ill be aeloprzd. s, i the pyer s 3 membar af dhe ccam, prodicabily
vy el be benefcal, s e wean woald e belesing as the player woukd expec

Randomiring the choice of sracegy will o impac the game’s leve of diffiely,
a5 the most effctive sraregy willnor abwags b e, This s provide some v
A (0 the challange preseated i sl caon-based atcach.

Message paseing
e wse of message pasing s ery cfoceve vhen Implemencing ceam-based AL Using
cnsages o communicate bten the dfercnt ayer ofthe hisrarchy e 5 vry -
ra sy o pasing cnders and nfosnuaton, 1o s he e advantage of beag
sery processor endly:che igher lesels oy need to proess daa when some e
{aformaion is scsived, ad ou e s o ol i supercrs or subuclinates o
porber nfornution

4 i of che onder meage can b foundl i Tibles 553, 5.5.4, and 5.5.5. The
formsion msegs s by che cuptin s oo i bl 5.5.6,wnd the informasion
menagr seme by the soldicr st in Tablo .57
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b, By fctoring out the sl thar are comsaon 14 group of belaviors, we can,
il o hierarchical rule tres. This e llvws s 10 fec che conuaun iles only ance,
and “early-out” of an cntire hranch of behaviors f a rle does nox fire.

Parallel Bahavtor Layers
T can froak ane bebaviors Into pasalel lyers dhac can fice and apetace indepen-
dent of cach o, we can Furcher prune ous unnecessary sule evaluarions. A layer can
b awigid s v evahuation [requsncy. We mighe have a movemens layes that necds
o veocive  decisian tick 10 s per second wile we hive a combat Jayar that only.
e tn be evaluati ance cxery second. This allows us to put offchecking all of the
arous cormbat rules while we coninue 1 checlc a much smallr st of movemene
eules a0 bigher frequency.

Loarning the Rules.
Fuizy Yogic allows us 0 query exgerts and have theen express how a systeas works in
matea languags terms. We can chen build membership sers and rles from all f thae
informuasion. L bis migh wror el wheu dealing with deviog; 1 rcecar ar shootiag &
jump shot, Lut heredo see il 4 deugon ¢ el s when to brcaehe fice o pary of
ek advenrurer? ¢ curms ot AT the Inpue-Lo-output mapping; natue of farry sy
tems make hem very well suited 0 machine larning. We can sugincor out systm i
such 4 way that e can record (e Inpuce o the systern as 2 hman phays the game,
and then map therm L e action chat e player choses o cxzcute uader these can-
dicions [Mlexander2]. T ke this uselul for mose gumes. this doss mean dhat we
il bave o build the pame in such 4 way that a human waines cen play al of the
e actore, inclding the encenies, ke the previously mentioned dragon.

Gombs Method
A rechoique Laowt a< the Combs Mechued comeerts uza-logie vl from an exponen.
il growth imen a linear growth simacion. While this merhod. docssi allos you w
canvere an, cxstig system of i then rles ¢ 2 linear system, it can belp control
namber of ks <xarmined when inplmented from the ground up wing this toch-
nique. n addiciom. i should be nored that che Combs Method will give you sfghly
difface revals cha waditionsl fuzzy Logie, but thacs the weade off. For more infor-
maticn, plesse look s¢ Zacodinskit1] and [(ombi99.

Gonclusion

Ty gt prevides 1 useful apptoach for isplerncning game systeaus, inchiding,
decisian-makingand belaviar scleerion. To mect che grawiog detuand for more cune
ple and believable compuser-conteclid haracrer, it will prove 1o be o preat asec
the gatue programemes toulbon.
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For differenc duties, ks ar ciecumstances o soldicr. & sldier will s with
priacty of zero and will el de priocty value from che table acrding 1o s cir-
cumstances. These vahues alo soldiers o he chosen by heir current stas, aod
or sodiers of a sertan, fank o heskh m b wuitud Unles cheir seatus i of
Lowet prioalty.

" dechlon suppore romtins are the buiing ok o e AL implommenracion. W
can o Lok ar o e blokscan b el @ el s, s in shich pro-
ring ime can be kepe 1 1 mimimum, o echriquss fr makiag ndividont <ol

diess e convincingly, aod some tps un debngging.

Choosing a Stategy

The commander wil Lave a namber of optious whenever new inforation b gie-
senced. Figuse 3.5.2 ehiows how decisions ate made for 2 smple s of suaregis. The
urategis acc chosen according e cfciveness. he mosc i seraegy (o the
sutont sitmation will be considered s, and, i ot suirabl, drop dowa o Lss offoc-
five maneuvers. Tho example in Figuse 3.5.2 conled he implecnetued using a rule-based.
pnei, This way, nore mamue o b added by expading the 5ot of rules

FIGURE 3.8.2 Seoregic devion-aking
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FIBURE 7.4.3  firing of comba behavior uls

singlo stats Output
Ouesimpl faray systces albeady conrains an apeimizatian over 3 scandaed frzy e
tem. The ounpuc of our docision syseen s eseicted 0 be a single ponfuszy bebavior
W i or nesd o spend processing tias caloulating hows hard o b an oppanent
widh 4 mrler suike o how fax s need o flee from a predator. Such caleulations
come nacurally 1 furmy syscems, but they swe overkill for mas of woday's g
dosigns. Typically, all our decision engine nceds 1o do is decermiae the proper behas-
ot tesmsiion e acior’s cate maching . Uuuse gacnesight push pass chis i
Lation and sequis docision sysrems that drive o comples garme and animation and
systones ith emaliple fzzy ousputs.

oo an the number of behaviors chac e neod co consider for he cur
cycle, we can avold 31 of the mle svluarions wsociued with cach
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engine for Quake £ [ALash96. 1 e alsu mencioned thay the actal cading v of har
fiml selution s approximately ons monthls swoedh of fiore. They did nor sop unil
ey found the right seludion 0 the prublrca at hand. While s ight serve as a1
upper bound v i hard co Joak fur altermarve salutions, it should o provide
el emcoutagoimene: sty leadees do this. Abrash omphasized this more expliciy
e e, 5o why even bochier menfianing Uss? Parcly o show that nat every ner-

oting ica pas outs 1 1nd 10 discss s hat 1an ou, and ies inscruccixe 0 poine
aut that muany ideas doriL, That dnosst mean you shruldnit try. promising idear,
g, First, some do. and youl never Laont hich unless o cr: Second, a idea
char doven work ot i ane case can scll be Aled away [oe annher cae... The mors
approachzs 70u tr. the knger you toolkic and e beoader youc undersaning will b
when o rackle you tcat peojece” [Abeash?,

Muliple solations can he thouglu of 2 insurance polcis agaient urecsighr, but
often thosc mariple: solutions ate sohitions w the sarme proble. The habit of com
g up with rhem operationalies the ides tha there i ahvays mors chan one sy 10
salven proble, I s close but nu quite the same 2 comitg np with mliple dffer-
e problans ta salve.

Thinkiag Out-of-the-Box

Garing to the beicor probler wsually roqirs ehicking outside the otiual solerion
spaces. What would e who dossot have a cie do? Wht do the chifdren
ik Yo children, whon asked  solve  problem that s besond sheic abily, will
il accemp 1, wsually by some raber of
oo revisions tn zality. [n 3 sailer maoer, an s prrson wbed about problems
ot in his Feld vill ofica pu rogether ot quirs-passible soltians hecause L dacs
s e ules o lmiss Ui is when you wand your thought space 0 be in the.
cadly atges, Since we ane wrting coertainmmson pradnees, and ot 4 rafic contzul
oo Forch Fedetal viation Admisistsstion. we ight be allowed tw bead ety
s tha the oflthc-walh, notgite-in-chis-nnivesse suluns accaally work.

You enight nor abwaye have aceess o e cight peaple autside yoar field againse
o 10 hounce ideas. One sy £ help g co chink ousside of yous box is o barge
in on some othee baes. Far < while, 1 east, your thinking wil tend to ignore the
conventional levics hecucse yan do nve kiuow what chey are or have nat come 1o
accepe them. ik up thesrudy af other Wbings threiavolse crcative probleza soving.
There is & welldnonn phenousenon in pradoatc programs [Brands?” Srodents
i o e av seduaced by inceresing; prublems in anothr. and rhey bring sill
and abilities Gand 3 lack of knowlelge of what 5 kaown o be impossible} from
ather disciplines o bear o the problems and they sometimes solve them. While
yous e caploning stber penpl’s boxes, pay coss aceation 1 thei out-of-dicbax
solusons.
here aec a inficite vsiery of athee dings avaiable o stuly. In “Devign fluos
Wl Whighe suggests,“ach tecrure, i dosign. Japaese gardevs, biolugs, oys.

the-wll solution semecinues elying an &

d
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e AT has come 4 Long way in the pist fow yean. Eveo s, many Als fewtsin

cither hard-conled cr seriped, and contain e ue 10 planning and adaprabiliny
The resul i chat mansy gamen (2 chey exn quiekly “solee” a0 AL This lowers theie
satsfcasan with the games in genera, and veduces the gamed Jongevin: Many o
et are unsasy with commiteing Lo supporeing planaing in their Al Lecaue they
helieve that they cannat ol he addironal time snvcsement and complorin: While
i is 3 i e o v siris, ur ceperience hus been angely the oppasine:
W e found. st 2 soled plaanig architectose prevents haviny w it separace
code for each variaian i L AT called for by e design, and resuls in @ higher qual
ity inished producs, The planeing, cchitecture cescmibed uext i essy s implerocne
and can be spplied co 3 i speuteuns of games.

A dingram o i planning acchitecture is shosen in Figuee 7.5.1. T abjective s 1o
ki the warld seae fus il AT perceives 10, analys it seweearc  fst of needs and
opportumitis. use iosc 10 form goals, and rhen fnally e plans of sxion cha wil]
sesule in the AL inpacting the wotkd in same fsbian.

“The programemes Las a advantage in approachiog; AT n this fashion. 1s iy
Close . the ~vay hounans apprscls problems, and is thersfore an inicive way €
architec i . We als beleve that this wype of approach results in Al rhae feels
ore human. One of e pain retsoms i AT are not convINCing as OpoBens i
bocamse they do o scom ra hase oblocrives, bul it act from mament 1>
momeat. This cppe of arhitecture makes i fa easice 0 crafc an AT thar has mediuze
and long-rangs o,

This might cound like o wotk, bt really t s uorea mataes uf eFing op the
o i smal, ensly masaged teps s a5 10 ede she coruplesicy of the ovecll
roble. F it seans cat decaled pluciag wou'd be o such of s procesar i, bear

ats
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Tablo 5.5.7 selalars’ Information

Homsion Farmates

o it [p——
Sarch ol N pursars
Ewmy Tl ey e,
By Lo Tor et vl

Sl Do

Data Sharing
Conders should concain ss mucls d s will be useful foc subordinate levels 10 carry
ot i tosks efectively. Tables 5.5.3, 5.3, ad 5.5.5 st che onders given by the
commander, ceptaia, nd scrgeant, sespeccicly, along; wich che parameters chat pro-
Vide the informarion useful 5 s subordinate levels, The data concained in the par
mets showld prevert ang duplicate pracessiog fiom having o be cartiod ont.

Cermin data, such a5 che fst posisions where the opponent was secn, il be of
nterest 10 every level. This can be shared using wlobally accrssible daa 1o avoid
Tenguhy moscages being sent to mukiple soldiers. Flowever, gobl dara can lead
probloms whin debugging and should be used wirh care. Global data shonkd wot be.
s 0 feplace messagss. e soldie should sl epoet e change in data, even if the
daiais in 5 glohally sccessble plaes, jose e keep th procesing advantges of he
message-based sysenn.
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o b A becoming s sesingly ey sling po o first-and i
persan action pames. Ofien, chi is lauited oo sripted sequences or simpls "L
e backe” wquests, Howerer. by using a hirarchy of ccsion-makiag, i i pov
ble e credte svms: vy comvinciog,taus chat mal decisans in seal time.

‘The impicance of the bot—hat is, 2 comaputer-contolled nonplayer character
(NPCy—has incteasel since the fotroderion, of malr-player guning, Playing wih,
‘o agast, human opporins cn really showe the shortlls f th computer lasia,

Many activn games ate qo using teams 26 » furdasnznanl parc of Uheir game
esipn, Obers have m-hased elements o e muli-playee games such as capeure
e ftag o1 coaperativ: deach-macch gacass. Providig th payer with sesmenats wd
‘opponenrs wha ace compatible w himans s @ cough challemge.  lowerer approach
ing; e sk a5 homan ceam woukd is s gond e,

Hierarchy of Command

very clfectve ream nceds a gaod corauand hictarchy: Uecisins mert be made e
top level ndl caried out elfecively by dae Joer levels. Each level will have responsl
bilites, wirh lowee levels heiog subordinate 1o the ighes levels. The level of com-
mand mustalso hace effecive Conumunierrion, sdth orders g made in sulliceat
el and inforcnation passad up che ierarchy so chat decisons can be mads {1
response 1o changing clrcurscaees.

i e to clarify s concepe, 3 mecsphor-based on milicaty racks cn be usel.
T commander akes 1 op-eve,soaugie decisions and s onders o exch egp-
s, Bach exptain urganioes s eaen o catly ous the commander’s ondees. This
might involye breaking (i ceam down ursher, i which cae che engear vould ook
afcr the spacifcs o the subteam. Finaly, chere it wbdir. The soldie carres cut.
the ordess while Looking one ot informscion (Figur 5.5.11

The sodier is what e wold tecogaize as 3 bot, smaving,arnaud the fevcd and fie-
ing, The ocher anl e putly cunceprial und e not sen dieerl, Homwever,a morc
seniot sankc could b wwached oo 4 bot, provided it sl takes om che eole o suldie





index-363_1.png
Loup for this architectut,
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Earey Ingic o btanch of mathematics thar dals wich vagoe o gray conceps thar can
be sald 10 be tuc tn mater ol deproe racher than beiug, limited o having a binary
<alie af rme or fabe. Fuzey logic has b gromwing in use in the likds o science and
cngincering oves the e Fer decades i it s st intzodunced o limived fanfate in
1965. There a any areas of gama development hat can benefit frow (uzzy logie.
inclnding decision-makng, The romainder o chs amicls assures 2 basi nndentand-
ing o the working oF ray lagic. For s complere inttoducdion 1o fuy lagic, phase
consale e mssurcs preseoted af the end of this arud.

To laswate huve a fory decision. making procoss warks, we will define a viry

sienple e scenaio, An autonomuwus acor, 126 the uul, onters @ dungeon and

his ald foe Wally the Mighny. 1 playet-conmalled actor Lin eceives an
eveat informing him st Wally hae snceced his simal rage. Lan searches his meraory
and Finds a refrence co Villy: "LLis memory coptains 2 “Hat™ score an the range
Frm 0 > 10, Tan valses bien with 3 hate of 0.77. Tan als calculates Lis disrance to
Wally with 2 value of .75, These valirs surve s che inpuis 0 our fuzzy syste.
Tibles 7.4, and 74,2 define he possible inpur o,

Table 7.4.1 "Distance” Input Rangos
e Ve

A s

Vap e D10 635

T

P i —
VT

Table 74.2 Hato" Input Ranges.
. s

Hort 00,020
Somuna B

i

Ty B

These input ranges atc mapped e to form fuzzy muctubership see {Figuty
74.2). Nots tlat som of the ses oveslap cach ovher. These mucmbership secs serve 1o
“Farify” the inpucs  chat e can deal wich conceps that vary by degeee.
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24_Squad Tactics: Planned Manauvers 209

hen you stae developise mancuvers o you squal, abas stast with simple
nes, and ke chem arpund, The squsd AT wil need tiem to il back on, if complex

Ciame AT squach e able 1 aatanomansdy selecc and execute "special lorces” sele
maneiaves, v in the preseice of tomples 3D wercaia. Ti build such a sgond. you
e slilled membes iclividust AL hat s eagee s0d rliable i caccning;orders and
m conmnicating with ies syuad anel squad mezabers.

Teaho tshes 3 londer: squad e AL tat s able 0 zead the siruation, 1 sclece the
mancuver sppropriate or the ssuation, and ro disece the squad tmembers. Logiber,
s member AL and sqd-beeel AT should produce 2 courdinared single cifor 0
achisve the syuad ebjectives

Howover, s in realicy, huibding such  squad also ks foc of rsining— poad
desdlopment efort aud exprriuentation time fiom you. This aicle, ogethor with
the previuus e, <hould il yen e’ your A squads eFiciently Lefore they ship
o fgh chcir bacrls,

Tn contrase witl th. previous arecle. e squad AY rescurod here i canralized
fone Al thinking for all of the teant). Centrlied solations are good or synchroniza
o and coordmacin, b bave coubly handling varatan. Lar example, in the poll-
bl maneuver prescnted. n aearian is e 10 the squad members individual
cagabilie: would = saiper be abls praside smpprewion fire? Slioald we give tho
machincgn 1 specifc posiion

0 conaae, hesc cnses can be dalt wil, but 3 exceptions, thereby iaracucing
compesdty and oypcally 4 gord amount of e

blcase note that squad AL 3 3 much hger issac chan discussed in his articke
Hess, e ignoeed Garmatiams,sxacegic AL, srtpes ssing ditecrioms o e squads, and
Jote e shings. Lualy.this aricl s am idse aricls disensing cse ober isus.

(a1 Carmans, Tich. e L, Dot e, Addion ey, £003

[Chhaom01] Gineon. Clal s € Bcicn Johe, 11 Masics of Tean AL, Provedings
Game Derelopers Condecenee, 2001

(Reecabd] Rz, Do 2 il Movermeon Planniag fo Individusl Cornbt
ot Drseating of he 5 Comfrcnice on Compier Geserts Fores e Behas-
il Reprienio ala avislble anfia ;o seonids orglay-LuiSeh. 2000

o] Tosont, T “nfnence Mupging.” Gme Prgramisg G 2, Chales
Rivie e, 2001

Aliseof ublicacions on cacical AL with wateria oiginating trom he yame induscy,
elense indusey, ot academis, s mierained at wwncgl i com.
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Saction 7 Decialon-Making Architeoturs

1.The actor perceives changes in the anviranment as averts.
2Thess svers changa the actor’s memory of he enviranment,
Independenty, tha acior pertorms  decision process stheduied by a Her
4.The decision process acoesses the actors memory.

.The decision procass determines what achion  wants to perform,

6.The aciion provess causes changes inthe enviranment

FIGURE 7.4 Astonsmous ceor docion-making e,

o o canas an diveut acton o b cecuted by the setar his s 4 depatture
tpical ovear-based syscts. This passive even handling schemne ke the soan 1
avoid haviagg un decide what i eeds t dcoeey irnc s acror eceives an event, s
high event siunlario where the actors mced w be awate of creryebing guing o1
arund diem, his is 2 ceiiel improvemen.

Todependent of the con bandliog g, the acte perfor  docision-makvg
grocesscheled by a timer. O the utvaomns actorsschechld tue he cul pon
His decitosprocess t evaluse what acrion e shotld perfora. This decisan proges
s tespunsible fr chousing 2 wemory and detcemining the apprupristc bebardor o
perforn on e scaor et ¢he memory represens. This memory cosld be of the
deciding actor hiteself, s s the cane with nany belaviors that are considened 1 he
saagetles. The innce warlings of this decison procos car e implemnened mich v
sous A tehniguzs. W will smploy an approach deried fom iy logie,

ho decision system tccumns 2 bekssior and a fatgee acrer o perfoLtn that behar-
ot ot This behavin is mapped o the spproprisze niethod dhat impkiaents tt
behnios, We vl e o these behavior msshods as Actinn Code. This Action.Core
is tesponsible for all of the processing cequited 10 inplement de behavior 1 wel
roadeast all evenrs associacod with th behavior. Fur pur syster, s involves tanst,
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NatrodOete Tusninsa e iz ot e speciled o
e 2ssicon’ S he e i sk sy o o 4T

a0l Roanskus=trasstin: ifor, int Ty, inl *piocalisti;

Fills he arrey poisued o by punaor st sith a fist o roovs char 3 saldir s
crveel dhrough when meving from 190 rrom t 5001 170. 1f « covn ean he
hypassed, i not inclulal in s Tt | e Fauction rororns dhe aumber oF v
i the . Vhis s used o detemine wheeher the apposienc e travel theough 1
room in w0 reach 2 et

it PerTaiehaor (L LFram, a0t iTa, i piocerListi;
Bills the array poiutad o by piboerLis= wich 1 Ti of doors cheough which a
salidks wigh travel when suuing from courm i ror e tpom L10. The functun

Letarns the mumbet of tooms in che st This is nsed w decrming vhich duoes
s be coaed e prevent the uppanent from enteting a oo,

it inghvailabluBoLs{ins “pIBaTList. Tn. (Ihreshcids;

odifies e Yt pinoU it whick inidally conains a lis of scidiers w be
sidered. o inclids anly thov scldiers thar ace cusrcotly dving somsthiog less
iraporcant than the value st by 1Tnrshold. Fot cxample. attackiug the opes:
v has a bigher sau than patcoling. Table 5.5.2 Lists sn examle s of vahus

Table 5.8.2 Seldier Prioty
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Optimizations to Our Fuzzy System

set IFthe value flls wichia the ser, dhem the ol i said 1 Fire. When all of the rules
i role see fre, then chc assariasd belavior Bics 10 some degeee aud is 3 candicate
riomse s e belinr selection process, Table 745 shuvs the rule s assoited
with ch combat hehaviors that ficc for our example i Figun: 742

/0 T:64_Combat Rula Matriz

o veChwe TryFar ey
SotedSume New  Newe  Newe  Nem
Sk el der Vel Cuoskow Mo tan:
Huod ok Stk Grobev  Gusbow  Tahal
S Selee e Ciobor Frkal__ibal

L igane 5 sty Fo ANDD L1 T Fired THEN s b bobavine
TF Bktsac 13 ey Tor ATl I Ve Trod TP, e P bt

W calculace the degee (har 2 behavior s Ly calcolaring the centroid of the
associaed imput valuss, This yiekds the fuzy weighted average o the behavior, We
e this aveage a ascare o evaluue (his hehovior agaioat iy nther candidate bebar.
o 1 chaass the finl winner Noce thae more complev iy yseerns could allow For
winning Lidsrions thac fie i paralel, such 7 moving and anacking ot

For eur example, tw contbar e sen feed vielding 0 candide Lebiviors.
Crossbane and Firebal, Figure 7.4.3 shows el that aee friog for oue cample. We
choose Fiteball since i ha a highee (1z2y veigheed average. L trens of the gum, this
Al translases o Lan hting Wally so much hat e uses a Firehall attuck cogardless of
posiblespluss duenage o himself

o smple fazy syt has oy s s it o
et o 30 s e et ety et e T b oF
rules i a system grows expancnrilly wich the auaber af inpurs and pupurs. A game
e wich obly cight inpors conld hase scveral buadeed dousand niles to evaluate.
For cel-time applicacions sucl us gamcs, ehis o force cvaluatian of ll e uls it
o of the question, W need o Aind ways w vpcimize avay many ol these cvaha-
oo, Here ate spine: sthods that have proven themselves in the trenches of gaauc
develupmmen,
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FIRURE 5.8.1 Command bieraniy:

Fmeret,chis would aflos s chain of command g0 be hroken ifthe seaior bor was
Lo b Fillod. lenving the subordinaee ot witkionr rders waiLa sldicr eparcs the loss
of ths capta, Tho commander would thon asign a new capian.

"To provide am example scxnirin, @ saldies sses an oppenen in som $ and noti-
s che higher levels. The commander drades 1o allocat six soldicrs e perform an.
outflanking uaticuver wing the tva daars lading € cout 5. The caprai organines
e six sokdicrs nco owo ceutus, e o esch door, of e sadiers each. A secgeant s
allocated 1o each subteatn 1 ke sure they et 10 their assigned doors safly. Eacl
sergeant comumands his three soldicss 1 o carefully, overing theic ear o they g0

“The soldicrs mave srouad ubstacles toward il destinarion, laking ovc for -
ing of incsce o ceport 3« they o All the soldiers are Locping the formation
assigaed 1o them by the sengeant, When all the soldiess ars in positiou, at their
asigned donrs, the capusin givs the command t accick toom 5. fudicaring which
dircerion o take when they sncec. AlL six soldiers coter the 10om fooking for he
enemy and procesd around che couts in dheir specified direcrion. Once the attack i
complevod, the caperin nforms ths commandee that the maneuver s complete.

A geod er f decision saplport tutines s n essentil clsment for readag convinciays
AT i sappost s nosded at eveey kvel, A1l levels of command need to know 3
grest deal abos che enviramment hre the soldiees and thcir opponents uc. Some of
Ui more comple functious are describd next, Othr, simples roucings are cutlined
o Tabe 5.5.1.

Lol CanbszenLthouthoontinl isucad, Lt iFTam, 10T 116

Cana selider ravel feom oo im0 zovie €76 virhoue pusing dvaigh toom
ivase? This is used 10 decsrenine which scldicrs con ceach the destinarian widle
‘avaiding the eoons shre the vppunen s suspected Lo b
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FIBURET.4.2 Mormbership st for (4) Dicance anl B Vase

Tan el o sl « hehavior from bis avalsble beliuvior ser, Tablo 743 showes 3
simpe ssr of behavians that aur accor can choose from, Mele is close-range atck,
Coombow and Fieeball arc long-range aracks. Firchal is  asere paverful atack tac
s dhe parencial of hurcing che actor widk splsl daisge i taeccod close (0 bim.

Toblo 7.4.3 Simple Hohaiar Sat

Gt Baraviors

o
i

Tk

Fusbal

“To choose the bese bebavior, Lan wests e inputs against the cartesponding rale
st Dot the belsavior A tule see dofings the ules or candlicons undsr whicl a belunior
shonld be used. Table 744 maps allof the meenbeesbiy sets 10 comubine the possible
ol for our syscem. Kach rule compases a1 fupu valus galast & furny memhership
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Praprocessing

Same preprocesing must accu to caculate which areas ar ooms and how thy e
comecra. Vaw s proess swrks i dpendent e the map data and sn il norhe
el bere. Howeever, this socie dun might proenc some. prableos i
deforble seenery I the roor s door daa tan L caleulaed yickly cnough, e
his could be cone whenever some scaner s deernyed and a new entrance .2 room
is openied up. Haweve,if e map dars does mot allows such (o provesin, the e
dsigner st b e of e AL fplicaions uf secocty defoumation

Sergeant. and Soldler-Lovel Al
“The importance o the AT ar dhe individal b the soldier i the meespbor should
o be underetimated This cends beyond sesberically plesing patfding oo
ines and on L convincing the plyer thar the sldier has some comaon seose
e hecn v crmbar schon. T i AT tesan i eotking el he plyer il b vry
it ifthe soldies s i i 4 unconsiacing vy oe making soine dubivis
loxe levl docisions, Some baso tcrics ae otnlincd ncxr that mishe belp providea
‘mons camvincing sldier and vary rhe garneplay a e

Soldien suppurtag such other during moverent—be i i e form of bumy
hopping, coreing the e, o ost nioving n formaron—ill povide  grarer ot
toche opponen and give & convincingfel o the ream. This behavioe should be urge
i by the g,

‘Soldicts,should oL more s opes docay thout checking it o same
esaee. 1 sadiers anscemsin he room ey 3 pasing; s fe.then thy can justpus.
They ouiga o just give . lace F they ace i Lty ot ae Gatgued. Howevss, i
e stuation i case, the solics migh be core caucons, This i ssn e for -
ing around a orner. Thereane taccical ays g0 cound a cormer,and these stoukd be
implementl 1sconvincingly a possible

“Th ase ofcorc alo canrbtcs 1 the sispension o dishlil This s nor vl
o mplemven. piedary i there s more than one appoocac. Howeves soldicrs e
e oftheie surorndings, they et cansider et options such a ambushes,

Suldices shatld paol (he coomsdhey have bsen dllacod o 2 Iogial ander This
mighe b ahicred wing asimple algoritho based on che nescst oorm n che ¢l
e e i which i s vt 1 hismighd be mocified to provide some vasiance 1o
ehe pacol e ichon havio rhe sl
et oo, i o avoids the problem of playes memorizing the pateol route

Whenseveralsoldlers e sttty attacking  roon Qtongh a sngle dacs
eherears rarical methadsof enrr. Tmplemening some of thse rechaiqes will e
v calim, challng the opponent, and povide same s o the wck,

canseanty crosing, the map o ger  the

Dobugging
i alvesy bard w trac: wh §s happening when a sokder dus something supid By
che tin it has happened, several fames have goni by and the Al rowincs are wotking
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An Optimized Fuzzy
Logic Architecture for
Decision-Making

Thor Alexander—Hard Coded Qames
thor@hardcodedgames.com

his arcice prosenss an archisecure  Faliore communiation and decision-

‘i betvieen autonomous actors via a pasive et hundling ssccm. The
core ddsian process is implementzd with rechaiques based on fuzey logic. Fuacy
Logie has many pinparcies that maks e wll suied for use i gome developmeat hore-
o, i sl sutfes Erows some pecformance isses thae will be addresed with seveeal
proven uprienization mcthads.

o Architecture
Tefore we can i int e Uncernabs uf deciso-mabing, s need. o define wi archi-
tectare that alows e cas of autunomeus chararters Lo perceive their eniwnenzot
and deterains what actions they wane o cile co inuerace with it By environment,we
nean the simulation space of the paras, including,che oler actons and items con-
inod in that space. At acror s deflned o be 2 game:based object chacis capable of
nceraccing wih che enimmment, it has an iwvermal siemory sxucrars (it s
rack other actors, whicks clianggs & i perceives the caxironment. An AEROMOUE
o o this sysccm fillsch ole of-an Al eneay o o player asacsse (NPC) o
i eypisl g Figure 7.0,k s 1 highleve]soagehot of aur aueanomous it
decision-makiay, sstem.

Tt ase che ransaceonal objects of s sysvem. When us actor iotetacts wih
he raviesnsnene by performing actians, e results of these awions are broadcis ©
ache actors that cap pesceut ir 5 evutts. An even abject contains s eveat Y,
ouscs . nd g actor. The soror tha poeeives the cvenr checks bis evenc han
Her roble for an entey o handle ap cvent of s ype. T an sveat bandler’s found, the
‘o acrempts Lo toengniae i sounce acrar and carget actor by finding 2 eferoce to
Uern in bis invernal mensary: The specific even handlo is esponsible fur updating
the incernal memory of he soues and targes acuos whth espect o chis (e of vl
Nos hat che perception of the evea anly cuuscs a change 1o the aorars memary; it

s07
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Section 7_Decision-Making Architecture

e
fioum accual game data is 1ot 3 the proverbial evercise 10 the equally provetbial
reader
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Ous squad. will Luve 2 reperanive of manemvers, and cxoaute only one ai 3 ime.
Although the manauveis vary sigaiuaatly (rsgrouping;  team, orlasing in ambush i
uite diffeeot froe pulling back, they intessct wit dhe s chrough a few geners
inteetace. Theesfore, e smaneuver is best implemencod 15 a ssparate clas, socurdiag
10 the OO design patiun “Steaegy” [Gaunma94], U his design s nsreared in Tigure
546, Ve Manewvee clas will bave acest to mast of the syaad st

qvenis antpasses commrads

]
st ot
Mong ey | o
Conang] _cmans ' ctns
o
3
Avvnce Pemy Pultzeic Squsdarser

FIGURE 5.4.8. The redations beocon squad, maneusers, and commands (o ¢ UML el disgrans).

A lrrared i Figure 5.4.4, 30 che pullback mineurer esch Squadienber goss
thevugh & sumbes of seates that are specifc for thar manctver, That sy St
wenter prabably will g theough diffenen stats shen clearing  room, o saviog 3
helicopter.

Ratler daan eying; o combine all rhese seates o 4 sigle Suwsotlanbor s
machic, ve will gec 4 deanee snd enser-ro-mansge design i the taneuver felf
acks dhe squaavester and is s withln de Honsuver.

ing the Maneuver
8 waneuver is execured in seversl stages: fse the maneuner s prepured, which
includes plauning and issning che imrial commands 1> the squad members, For the
pullback: mancuver that insulves construceing; the path, derermining che ardering of
e sqad meenbers, and sending them o thelr Gest pasiiuns.

Then, during the main smge. che progress of che maneuer s smondeored, Fard
Squagiena- chat wtives w fs posidion informs the Squse. The ¥ansuve then pro-
vides e Squaationuzr vich o e Gomnand (st 35 *hold position unll Squuchnzar
« passes by
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72, ARule-Based Architocturo Using the Dampsir-Shaer Theary

asa

Thas, suppsing; thit, of the 10 mis receu pithes, w0 were sloukod st 96 maph.
chree e closlood ar §9 mph, and five were becaking bals, the radar gun vould pro-
dace a body of ssidence compesed of the Followiog hisus

{OK] wirh belief mass 0.2

Tied | Secvaus) i i s 03
{tined [ Narvous. O} i Ll s 0.3

Pitch Count Esi
Sty is Ry ceslient pitcher, ho che manager His ¢ limir s statters o ahanie
100 pitches to reduce the risk of am iujusics, Terwever, by itsell; the number of
pitches et dassrc cell snything abour shecher che pichi i fine or nervous.

IF pitch counr < 90
TUEN sdd befict mass 10 ok OR nervous”

10 pitch o berwoen 90 aod 110
THEN acd beliel s (110 pircheound) / 20 10 "ok OR necvaus”
AN add belief auass {piccheouni—90) ; 20 10 “Tired”

1 pitcl cout = 110
THEN add belief s LD co Yired

Game tato Evidence
The resslts of Saomy’spicchs ars aather good indiccion vf bisconuicio. I s
bl 10 3ssutne chae  pitcs diat was ol 3 ball by the wmpin: o vas dsven or &
s hic by the aposing batter sz pao o, Hiswever, if thees ae runiees o b,
a bl right b sigchar e piche s bothred by thfe presence-and noc iced. (%
will gnare pitchonrs)

FOR cach b che s L pitches

IF pivch was a bl AXD there were rumens on bise
LHEN add belief mass 0.1 1 “necvous OR died”

IE pitch w2 ball AND tlrc worr o unners on basc
THEN add Lelief s .1 €0 e

0 pich was sk OR pitel cesulted 1o an ot
TTIEN add helefmass 01 1o “ok"

TF pitch rewilusd i 8 base it
THEN ald belief mass 0.1 10 elecd”

Catehor Evidonce
Finall, s will ask the caclie 1 provids his input concerning che pitcher's s,
Afcr all, an urapie might make an iutsect call once in 4 while 5o four halls in 2
o aight 1ot b 2 cuse fot worry 3 che ptches s hic che csncher Lt ey
i, O the athes b, If the earcher sk for 1 changenp Iow and autside and the
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Squsd Tactics: Plannod Maneuvers

Bounding Overwatch Pullback
Teis i 10 explain how the squad exceutes a mancuver if we use an example: 3
bounding overvatch pullback maneuvee In his manewve, the member farthest rom
the desination mos toward the descnation, bypassing al is teammates, while is
cammate ay down suppresson fie o delay the pursing cncrmy: Afer being passed
i che mext Farchet teammaes urn o pull back. He then lys down cover fire

o o seconds and moves o the fron of the formation (Figure 5.4.4).

o

s rtt
WE S The il g member’ bhavior when voving back and he coresponding FSM.

The pash used 10 pull back should be a good combination and compromise of
shorswave ciene, cover,concealment from pursuing cneries, and suffcent space o
mancuver (lapfrog beyond a tanumate).

Searching for such a pach is not cheap (CPU-vwise), not s ic guasanteed that a
good enough path exiss. These constraints make this maneuver  squadlerd ssue
he squad member AT, with or without interaccion, would not be sble o effcendy
et and exceute such 3 maneuvee (Figire 3.1.5).

(68,45 A pullback path, cove e criosand o baunding s i progres.
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Sestlon 7 Docision-Making Architecture

{Snomys gt o 350-pound furmmer NFY. nosc tackle stamds t mk a hefey bonus if
Lis hient ivches i the World Series)

Luckily.the manager is never more chan s swupk of ot asay from his ensty [y
cop rumning e “Basskall Mansger 1.0° AT appdication

The Situstion
Whatthe enanagee st docide is whether Snore s

wall
hing conch should sule him dven,

= Jus fincs e Flie birers o Lucky:
+ Aliute nervous; a short visic by the.
* Outof gus fima 1o ga 1o tae bllpen,
The st of possibl s is thus of sire 5, W will represonc cach event 252 Tag,
and aperare op setsof evenes nsing « bitfeld represencacion and logica operativas,

died- 4%

enum ok = 1,
ncsed = ok | ervous:
ineintctsection = srl & suc

10 make s decivion, the AL will el o epotts rom four difforsat witaesses:the
ceanis enrcher, the tadas pun, the g stae. and the pitch cuunr. Fach of hecn will
s 2 naiaber of different ules co build a body of evidence b on Smovy's
revene pitches. Wheo s rule flcs, & adds 3 vabue o s belif mas o & erta event
this belief mas i the umber on sehicts Demparersruls will be appled, and should
noc be canled with credibilty, plrusibliy o the belief fancdon we ds
diein

e frnm

Fiadar Gun Evidence

Snowy is knowem 1o bi 93 t0 95 mph o bis fstbat] regalacly, bt his oty gues
dowrn whea i dred and wle he's wrping to be wn fancy by trying o paint the cur.
ners o the plate, The rules nse by the radr gon eperator o evlune Svowy's condl-

cion, baselan his 10 most recen pitcs, could therefore Jook like tise

1 pitch s isball AN spesal > 92 mph
THTN add beief mass 0.1 1 "ok”

¢ Misdiocr: aschalls ke migh h tied or being fancy

IF pich s fuschall AND speed beowen 8 aad 92 mph
TN add belief mass 0.1  “tred OR nervour”

51 Loy funhalls: his arm is definicly vising,

I pitch s fushall AND speed belenw 87 ph
TN add belief ez 0.1 10 tired”

i Cat deducs anyaing from the speod of s carveball

11 pirch s e Gaschall
THEN add beief mass 0.1 10 "ok OR sircd OR aervons”
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How Do You Find the Bettar Problem?

Coming up with the butce probler requices st you an elling o ouk for muliple
caive praces, sihoe € feguires going beyoud the nerma sobu
o space. Al afthis improves widh pracrcs. Some of 1 ks dmne as wel,

solutions. 1 isaio 3

Start Early I the Procoss, but Contlaue Looking

Staring early will nct, i and ef tsel, gasranuot chac you will find bt puablems to
Solve, but scarting late st certalnfy sl prevent v, The prvios mavaree i riss
Spocificall,che umouut of i you have o shinl abar ienpleemscing yout solucion
e st wesk. An even more precious esonree isthe ammoun of ime v have
o think abovst whae you taighe {mplement smtesd. I is worh noring it “ldea
Time" is ome of the 16 mucess wied i the Sitationd Duslook Quesionnaie (00}
and its predeccssor, the Creative Clivice Quesionnaire {CCQ, bith of which are
cd o effsscively discesn limaces thae either encuucige or discourage ceraivity and
dhe abiliey to initte hange” [iakien99]

Even aier the design phe, laoking, for ahecoative problems rhac sabe the
sl proilms aebaad can bear e Praceicing sech the “smallstull” s yom
more el s be able o have the “Ahal” expesience with the “big stuif” [Kinhy1].

et tha Hooks in Early

A coonnan theme from the GDC Al round tbles was thar M programmers wals often
hindered frons supleansncing an aptimal AL becase ths ook’ required by the AL
e were ot presentin the e s, 1Fehe Al code canpoc access cenain infor
ot bocauss o architzceural Limiraions, chem doves ate lose 10 parcicalar soltices.
The Al progruset noxds m encus thit aceess y nformatian il b considersd in the
cady phoscs of game design, ancliectuee, and sofware design, Coming up wich the b
r problem to solve s seks IF i cammo e solsed widi the game e

Muliple Slutions 1o Evory Problem
O daa poise does not shorw el and ie is hard 10 do "gond, betee, est,” wich
oy 4 singl: solusian available, Carming up with 2 sccand way  sulsc a problem.
chould be casier s the Frst, asurmin; you have fime o do Unt mach chinking.
Wil e solarion parencially o (e bag, che pressuee w wotue up sith anather sola
\ion i mare manageable. Thete s sill peessare, which is imparcan ot poople who
canmo thiak without i Thar pressure & char i Yo do ot come up wirh alczenative
dess, you vill he forced 1 implement yaur fiest onc. and that idea might be 3 lor
a1t o theee
soems 10 oster an

enoe viork chun you cazc o do. Rven i all pou 2ver come p wi
Solations cach e, dhe habie e imporians, "The ned 10 be oflic
environoncnt chat esunh creatiiey by limiting explocarinn” Tdwacdst1]
Michael Abrash, a b 1996 CGIYC 1k, poinned ot that i ok the id Sofware
team & yeat ol wying, things hefore they serted an cher final approach o he praplics
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365

Based Architesture Using the Dempster Shater Theory _
Making Dacsions
(nce e hare a final body af evidence, we can us i 0 auake decisions. For this por-
posey you might e compuce credibliy 30d plansibilie bl for all s,
wing d following forulac:
+ Cuodibility ofvhe evene set X s equal 1 som of the beliel masses of all events
thar ace subsets o X
Lauiblcy of the cvent see X i e
hase intessserion with X i non-oull
For crampl,in he proceding case, i credibilny of the event *ok of nervous” is
equal 1o dhe i of the beliel maves for “l, "mecvous”, nd “ok ox om0’ in
other wonds, 076 1 0.09 D85,
Them you define your awo beief funcrion a8 ineus combinacian of uedibiliy
and phusbllc, and define rulsof decision accardingly, For cxampls

TE belif; rired ) » .70 ANID a selever s warming up in de ullpess
THEN go tn che bullpen
(F cradibilic! tized OR mzrsnis) > 0.75
AN s visis o che ruound yee s oring.
THEN sond dhe pirching coach 1 the mound
IF credibiliy ried OR nervous) » 075
“AND pirching woich b visiced the mound
THEN go to (i bullpens he bt calmd dows
TF plausbifigted 3 > 0.80
THEN aka telies o wacen up n the bullpen

sl s che s of the belof masscsof all v

andsoan.

Th vy you defne belic and the dhecsholds at whicls soue rles fire will defioe
e AL peevonality. 4 spiriscic AL il Lok arshe gl of posiive evencs
it the caedibilcy of megacive oncs, while a pesstnist will do the oppesiie and 3
‘epic sl e very high helie befare it does anyhing at ll,

e Dompsto Shaf theory provile s ramenwork for miking decisiony on the besie
of incemaplts and atubiguous inforation. 3l 2 the contadictions betszen
sonrces e pot averweheleniog. 1 offen sasie
ity dhmary because i doss mou tequite prior computation f
ies o shaky assumptions o lodspeadanc.

Y books CP-HOM cantains companian source cods for his aricl. Theee,
yorw will fnd an mplemntation of Deropseses rul, dong il G clisses )
Vearing bines and sources of evidence, and « simple progran demonsnzciag their
rage, All o the eidencs co be ansyzed is spovufed to the progcam; suseiog i

o warl with than aditionid proba
 cundirinnsl probabili-
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34 Sausd Tootics: Planned Mansuvers

At any te, the executon of this pullback maneuver aght rum ino prolems:
for cxatuple. i ane of b squad el folls From 3 edge and can oy reachs the.
dstinarian via a completely ne path, the squad 2 & whole mighe docide v pul back
g that new parh. In such  case, the squad gocs through mancuver preparation
spais efore concioulo {Figire 5.1

s s Exeaue Finelize

e forcomulion e Tambors

B L
& g ol sd ot

e

FBURE 5.4.7 Th oariows stager s porforsming & mameuer (3 UM e churs.

When execation of die aunever fils, or when che sauagstcuztion call for
<ame other daneuver, e Haresser should be aborted. IUnight be neocssary w isue
“ibort” commands G same SquscHotbers © stop them fron contiing with actvi-
e e o e Waneuvar belug aborted.

Steilul, i the arawser is completed. special onders ight be necessary  ready
e Sauasteasers for subsequent dancuers.

the Pullback Maneuver
To prepare e bounding ovecwatch pllback mancier. e squad ncd  good and
caf destition, and an appropriate paths ot the squad 1 pull hack long. The squad
uigh Iocacs that sal destinarion, ot cxample. o an influcuce map.

‘ot how does the squad crcate 2 pach dha i suiable fur our pulback maneures
tand loaks ik che ame in Figure 5.4.53 Sush 1 path provides cover and cancealment
o pursting dhreats, Thar path alio provides sulicions space fo 3 squadianbe® 10
e past s el Snuadilnicrs coward bis noxt posiion.

1T palk being lostzated i ks o of the quickes ways 10 e o the destination:
e do norwaat e enermy 1o et e hofore e souan docy Finally, vhe path should
prefesably cunsise of posiaus char allow for desent fighting posisons agalost any
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Soctlon 7 Daisian-Making Architacturs

pitcher fies a fsthall aver dhe eldle of Lue phe, sumethicg s ariv even iFche picch
is raunded into a dauble play.
FOR exch of the lase 10 pivches:
IF pitch b hie che catcher) taqpet
TN add belif nass 0.1 o "uk”
ELSE add belief mass .1 t0 ried OR nervous”

@ Seurcos of Evidence

Sincs Dempirer’s rule s assocladve and commuative, we can combine the
soucees i any order Let s sappose that v hrve the o folksting bodics of idence
o take care oft

Soweetl __ Sowees2 B
Tl .12 0K with g .5 Hing 21: "ok with mars 06
Bl 1.2: ired” with ass 5 Flint 2 ol or nersows ortird wid a0

Hil 1.3 ok o nireens” with riass 0.2

The sumeracor of Dempseees role compures 1 mareis of ntersecion aul e
elief mases conttibuted by each. For exaauple, in this casex

D 1 ingerseets with Hist 2.1 for event “ul, wich belef mass 0.5°0.
Hiot 1. Lincerssces wih | fine 2.2 for <vent ol il belel mass 0.5
ot 1.2 does ot intersect with Hine 2.1; noll event with helief axass 018,

Vit 1.2 ingersns wil i 2.2 o evene Sired" wich helef mass 0.12.

Etine 1.3 imtersecs wih [linr 2.1 for even k" ety belied s 0,12,

Hline 1.3 inceeseets wich Hint.2.2 for cosnt "ol o pervous” with beliel s 0,08,

Thus, v e the following belisf masses for the comblned evidence:

"ol it imass 0.3 + 0.2+ 0.12 = 062
“ired”with mass .12

“ukor mesvous” with mass 0.05

e null event with mass 015

The anases for the on-mull evenes must then be dividod by the denominator of
Deenpaters ule, cqual © T mins the mass of e mall evenc, o vield 2 énal hody of
cvidence:

Ok with s 0627 082 = 036

o “rirod® with cuase 0,12/ 082 - 0.15
+ ok or nervous” vich tuass 0.08 £ 052 - 9,09
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1S Tactical lssues and Intelligant Group Movament

r 43 sone defense in foodball. This i becaus of the complex and sometimss even
dyounic sttala, de varying feam sizss due o casualies. and e Lasge vatiations in
mctnber capabiliis wirh respect t movemen, observatlon, weapons, and armor

Nevertheless, there wre several Louls svalliblc 13 biild 2 nachl picsare of the
squads siiaton. For cxampls, influencs maps provide e AL with 4 picturs of the
lacarions oceupicd and threstenid (influctced) by Friendly and hasrile forces

Influence mips ace 2 goad teprssontarian of the correns and nearby ucare s
i iFdhe game hosts many units, F unitscun easly Gee b any diecsrion, el i he
combat model i sarcion Lsed, [Cullavacs mas e discossed in ardele 3.5, “Recop
nising Staregic Dispositins: Engaging the Enermy,” and in {iourd1]) I the game
Farures fe i, it fskds of five, and single-shar ki, influsnce maps might
ot b oo eough spprosiuusdun, I that casc, gou might want to manually pick
e ingcedients tha skerch 2 good piceure of he scuation. This i lustaced in Figure
542

any gy LY

FIGURE 5.8.2 Sisuasion (1), and cxsaced favares use w sl approprion: awvver vigh)

A sl s of v i aring the ot and spots  namber o hoseles. Jvo of
e Fiend]
Honcoffire 1 il hres. Onty o o he hoseles has & et i of e s ot o
b ofche ey rqasd.

1his staion can be cxprssed i a nomber ofsbarce et whid o
o b s o el e ot appropriate maneure. 1 his ltuation ca be Interpreed
ol Ggoori e duca that s noc been spored v

“The hosee o has e cerer neat the midle e, el spead 1 asseen
o the friendlysquad), and, o aerage s moving asay rom the squad. The el

squad mezabers s jus) throe hastiles {of the four present). and bave 2
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hased on Bagcsian infereaos, Somerimes, i i approprisce, When it i, e 6on-
clusions derved by the AT might be wiong or unjusfied. Given de fut that the.
anmber of coudiianal probiligs berween variables that muss e computed grovws
expanenially wirh che size of the world being modeled, Baycrian nseworks tond
bical e at @ surpaisingly v level of complesity

Tha Altemative: Boltaf Theory
To sl s probler, we il inrrodusce e elyed bu Les resicave concepr of
bele,

‘Consider e problern of sstimating wheshes the Siberian lux Cubes will win
today’s basebil] game. You Livn thar theic scasn record so e 1 60 wion and 40
Lossn ate chae rhey Lave won 17 of 20 games whea i ace piuclee “Snony”
Eronensky has sacted. 1lmwsver, you do not knowe wherher et schoduled to start
roday ot aor. You might wan to base your estimare on ane of more of the (olloving
convups fiom beliel dony:

- Crediility meautes howw mch Wl evidence explisly sapports a wsserion. To
o cas, givee ths csami cecurd, the ccedibillty nfa win i 60%

+ Plasibility mensares Lo rouch che evidence fl v discrit the assention,
e daric know [t s chat Smorwy ' pieching, we eight hepe that b is, and
given che ceunts rosord wha s on the maauad,the plausibiliy ofa win coday Is
s,

el beliefis & subjestive measure Ineated somewhre beoween credibiiry and
plausibily, Pessimistic estimarss il e eloser o credibifty; oprimistc vas,
thoserco plausiblis For simliciey’s ke, e il wsaally define belief 1o be equal
ety i his el

Mors Formal and ighthy differnt) definicions uf these conzepus an s found i
[Kohlns33]

Dempoer’s Rele llows walipls sourees of cvidence w be combined so e they
can supgere decisiors making. A hini, vt prace of uidenes, describes Leli n 2 Gpuss
bly furzy) assrtions for exacupl, “we believs
o, with redibilics 70" A soure, or fody of evidence, togroups & wamber of
selated hints prosided by the sume witnesa(s) o oher cahsrens process.

v che pische B <ither ived or ncs-

Ballots and Uncartality

At Bt glance, helef Yool e probability and quacks like: probabilicy. Indecd, it
5 comonly represeacd by seal numbes herseen 0 and 1, and it is estimarad in
imilar i, Hovkever, the usioms grverning bl arc wesber than these of prob
abilty, sl therefore wasier o doal wich. For example, while e sam of the prubbif-
s of an event uad i negucion s, be 1, the sua of the helieh in an evene and
its negative tight be s thaa 1, i there is insulficient svidence t support elther
contdusion.
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i will Bave serious pecblerns with « loely enemy snipee ac his rear. Dealing with
har aniper conllits ith his ondess, bur at the Squad level, the saipe i jus o casly
overtokead detall. The sg.2: tught now send & curumand to dial with the saipee.

Goashing Command Style
Another extreiue syl is che Squad acting s coach for the squattbers. The squad
s s tasks e the Squadnbere. The Sl rlcs an the SquITHERRAr L0 xecUe
e s e s abilscs, wheen e Squaghemnar sees [, The Sauzalenbr informs
the squsd whe it is not capiblo oF cxseuting che cask. " This Gedback cnables e
Saust Lo reassign chat vk 10 anocher membet.

‘Obsirsly, ch:Sausatener confronted with dh diletm of 2 snipes at b ear
andta Frane o defend vill simply cogage the asgest threar ofche 10, inform e
Saat of bis wmperary incapabiic o defead the frnot, or of the sniper present in
e tear. Eloweves, wich # groap of individually apecating Squaatsetars. ic will he
tongh for the 89,40 50 exscute any maneusee witl spord and momentum: Squscon
bers ace casily dhstracted by deails hasiay e o do ssith dac Squaa's misson, such
s picking up s betur seapin ying nearby:

King tha Best Command Styte
While thore is ne sach dhiag, a5 che optisal comenand stk you will o 4 o vy
addecsing your syuad naquivemenis by 3 seare o of the rwn styles diseussed here.
Behance the anchariarian style wish ael feedback from the Sauaaertar when it s
ot capable f executing; the command. Annorce each vonmand with the valus of e
cxccuron 1o get more arcention a5 easch. Esplcdy cnmmuniate the rules-ol-
mgagement for cach squad mcmber, based on the siruative, For cesmple. you can
Leave o of iiciative o individual when rgrupiog the squad, buc you will eed
immedinte wnd guaranmeed complianes swhen. executing a doot brcaching rourn-
cleasing il

Tha squact-levl viewe of the simuation srsbles the AL w slect and plan the st course
of action for the squad a2 whols. This “squad situadion” also serves to monicor aud
valaate the cxecnrion of he curzent course of actian. Likie any view of inerpraation,
il b incamplete o Incarrect a e,

Uhe squad icuarian i aot jusethe cembination of the situativns soported by the:
squad ruenbers. T has  difeenr ime horizon:squad maneusets ypically e longer
it th sode AL plas and actons: consequenely the squad scuncion sbuuld include
mare “prediveed finare.”

‘The ingucdionts epresencng che s siwarion largely depnd an the conres of
accon avalable i squad, and the porenrial hrvass and riks.

I el siaations in squidleve] battles e noe 3¢ clear cut ¢ I sports s
Positions aee mar s prediceable and ey Lo tecopnize a5 3.5-2 formacion fla soceer)
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7.3

Foundations of the Dempster-Shafer Theory

A Rule-Based Architecture
Using the Dempster-
Shafer Theory

Frangols Dominic Laramée
francoislaramee@videotran.ca

[ ol el in o], v oty dhesry 0 ke
lociion: bised on anceulu infoeemcion. This artice descibes an ahernarive
o of reasoning, che Lempser Shadse theory af beliel A0S 1, which can be wd
i sicuions shere rhe i, equiremants of robabiliny choocy canmnor b et whet
ignorance st be medeled explcily. or when csidence points o 4 ey et o
posible evens nsiead ofa

“To desnunstratc how DS can be pit o e in gamcs, e il develop 2 shple
applzarion in which s bascbal s muse dcide wbesher b <l rephce i
staning prcher wid  relever based oo sl st of conllcing videne,

The Limits of Bayeslan Inferance.

(Noe: Readers unfumilar with Bayesian petseorks taight win 0 skip 1 the e
subecetion.)

In e life siuarians. i is often difcule £ Hlil) ke reqivements of Bayes’ rule
ofinference. (Russll9 stacs thar saurves o evidence can be combined using ¢ an
ageabl forua of Buyesian upduing anly in sitsations in which (e suukces are cithar
“conditionally indspedent” ar linked by knawn. corxlitional probabilicies. Unforti-
nely, proving,indupendeace i afien Lopussible, cspecially in rstems ke garaes
where s Taig: number oF vaiable (.., eits, ae, weather, playes dopuc, cte ) nfly
e each peher in unpredictuble ways. Computiag ceasunable esimatss of condi-
tional probabilircs is hurdly easicr: 2 wediea) escarch specialist. might be able w
access che e istarics of thowsands of patis o calculacs 1 s that 2 cerain
e of mol might tansforrm inu sk cancer v i i, but game developess eaeey
I such 1 enasive ke ofprior dara i which o work,

5 result, developers e forced i make assunsptions and appeowdiations, nsi-
ally Lased on hands.on experinnontacion with theit gatns, whin ey desigo syvtems
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5 Tactical lnsues an Intelligent Group Mavemert

Chese oy ules e @ handy ensans co defie mansuser soeerion crosria bavase
ey cloely rasmble e condlicom andl rules-of thauub e we usc aunels Thet
done resemblance makes ir sy to come up with news and beter rules fur employig
‘ maniser, and (aclinces caning and debugging

o by is ¢ mecessary for che squa w hecp rack of permisible maneuess
(s sepads viws of t irations i corret and complic, the bighssr-scorg mans
et wotld s b the ane o pick. Hoswever, th squad viw i ypically no conet
ind completes the maneurer Leing csecutal steongly afeees the way e sqid
obssrves s smeroundiogs. and consequendy affcts the squad vies:

Imagine dhat our ouLsumhered syuad decides co pull back  a sfe ositon 15
swoonds awey. The sgquad hopefilly breaks contact with the eneeny i the fin fve s
o, sl sponds th next 10 secancls comapleving U maveuvee and reaching che st
osicon, e to bresking sontace, th: squad willJose woach itk the enemy And
oo, e squad i ke o e a sicusion with . 3 enecacs

e now i pussble for che sqad to teassess e sinuation, ceeonsously prefcsicg
otber maneavers aver coplesing (e prllbark maneuer, The squad migh <
Horide o asm and attack the Lust o emnics that ic s not ver orgotten gbat. 1o
har case i probbly sould hosse 1 pull back ugalosam. Obiousdly, we dan' waux
ur squad to asillte betsecp maneavere

X ooy o prescor mast o these ascillcions s et tanidons bewsea
maneutcrs by rcans of astas machine, For exatople, che sutc machine flasrated
Figare 543 would prevent our suad from stacking befoes It caroplerd i pulbsck
manuser, Alernativel, you could have e squad AT cheat and provide it with pe-
fet lnformacion.

] [

FIGURE 5.8.5 A siatc machine defiing the sald saquences of manessers o prevens siiltion.

Alusgh notillstaced hee,th spasds abiecives, sk, and ulesof engagemesat
st up i e hicracchy) play an iporean role in selecting the best maneaver
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13 ARuls-Basod Architectura sing the Dempstar-Shaer Theory 381

3, st

)

where Xis  hin from e fsst hody of evidencr, ¥s 2 hine rom the second body of
exidence, and S,(A }isthe mass of befiel sociared wich event 4 in soree .

Derups’s e Inoks ae e evidenoe previded by the sousces and conbines it in
& way seminiscent of mausix mulciplicsian:

Combined(N) = 7an

 Bor cach pai of incs o Laken fram each sourel, s+ i hy botl supgarr same
cveat 4. Lo du thi, find the incessction &V berseen the secs of cvoms X wad ¥
asociaced swich horh ines. 1TV i conpey,the two hiuts conmradict euch othce.

+ Mulriply th bebies asoedared with the owo hinrs, and add dhe proder o the
combinsd belif diserbrrinn for event N.

+ Lo notualire che dismibution, divids by a factor eyual @ | minas che produces of
he belicf masses ssuciacod with congadictory hints.

If you sxamine the detiominasar careflly, you seill nerice hat it bugoms e i
il of he evidence povidod by the fise s poings vard events shat have nothisg
im oo vich dhose supported by the sseand saurce. Divisian by zero being licgal,
Dempstcrs e fals in chis cas. el s makcs sense: how can you draw
meaningéal conclusions when all of your evidencs is cnntradiciory? Sl you shoudd
eveccie cauion when dealing sith wildly incompatible bedics of evidense, becaure
e esuits bcome wnstable when she demonioaor s con small.

Dermpster’s ule s associarve an cotmanurative which means that it can be used
1o combine any mumber o sauses in any arder. {his i 3 very desiable propercs, fr
obvious rasans. Our cae study, for cxample, il featars fou diflerent sources of
exidence

Fop of the sighds taing.  tran o e, obody one, and the game berween the
Siesan e Cbos and the Fetawav Black Hics it at 2. Smowy Frosey has
i 3 heaney 0, b e shomied same igas f frgne in the eventh Inmiog.
g » coue o baers and crredeing o RIY dohie o he Fli horesp, &
g £5-pound layet with 2211 caser baring average. The Cubs’ manager hs it
z confidence i his idlc rlcvs, Sty Limpfagrs Je, b this i e Lt game of
. e year and el drcide who sins e praca.

‘ e g sernehes s bead. Gunner MeLines (e Bl shgging s baxe
e, i o dech. The Cubes’owner,Shaky LimpTguts St s bisboy c0 play;
M ines dives Seos nost pitch inta e packin o, the svaagor i g, w be
et Thes sgain, 1F he pulls Snowy, he might o ec our of the sadiunt alive
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Plcking the Appropriate Maneuver

Now that oz sqird AL b cuied observiioo, hisare da, sl sperience oo & ]
piture ofche sicastion it oo o desermingche bese e o that it To 3

e ek o e s e b b e R
T s o

T, el i e e s i il s s sy |
e el g e e

e o e s i iy s o ‘
Siacion inwhich the maneaver is applicable. Eor cxample, i the pullback mancuves 1
et 2 vl e o bty o 8
e o e e s o . s

titesa(pullback) - i
fmkon Forae ratich . weaker Lino of ive “stiul E
. yeakar pos-tion auslity; + soualorvorseiclase-in tite;
Vrasumar-artori rargs)

A ot mighe be applicabls n ouldh simacions. T that case, thate viould
e aliconal ules o ehat maeuver, The maneusers (tncss hea i thy highes fit
s returned by the maneuser’ s
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ction 7_Decislon-Making Architecture

For cxample, lec s suppose that Pauls ar evashes into rvid in a parking Lot
and dhatchere ate 10 wimnesscs 10 the acciduat, dhree of whom say tha Peul is el
aicely 1o blame, white the other soves have o opinion. 4 probabilisric ssun wying
o decerming wha shonld pay for the damage wauld b forcod to split the 70% uf
inernclusive evidence accarding to some algoridias sa, 50-50

03,6507 065
0507 -035

B P is v bl 3
P Masid s 60 blame)

Flavmeyer ischis justfied? Mavhe some of e wiehersss who expressed na opinian
loieve char bl drvers nuade reckless maeuvers. Maybe s el ra think dhet
David sade 3 il inove. b dhey ace ot s emough co say so. O, pethaps snme of
them disdke Laul anl while sonvineed shar David i o hlame, would nve suy a0
because their boyalies e with David.
theoty,no sach sssumptions e uuade. Ignorce and uncecusingy
e expliciely by wsigning belie 1 Ay vents when ncedd. indecd, where
<hasic probabilly thenry reasuns an disccte evens, hele ysrems dealwich thepaer
setofall pssible cvenes. When uying t docide etwoen mutaally exclusive ecors &,
B.and C, abelie sysroan woule b able to aceep cvidence paindiug co A o7 I,
atall”or “any of tem witiout preforcnee” juse ss essly s @ Bapesian mermvork wuld
dealwith PIAL or [(8)

n chis cave, the evidence provided by witaeses only jusifies the fellowing,

Evidenced Paul i 0 blame | = 0.3
Fidencel Paul OR David is o blame |

THEREFORE:

Caediblit Pasd s o blanic = 0.3
Plaasibiliey Pan s 10 blame ) 1)

Ceeditiliy! Dusid s 12 blame ) = 0.0
Plausibiley{ Dasid s 1o blaac

Thes shows phat thee i insutficier evidene to blams anpone without & sason-
able donibe. Where the peobabilistc approach jumps 1o conclusions, IIST walt or
more compellog ressons o act.

Dompsters Rule
Compuiing beliefs from one source of evidace s 1l well wnd good. buc samctins
e discropanicy bervn credibility s plansibilly is e bange co supporr meeningfol
conchusions. To make hele! theory cruly useful, e teed 3 way o ok advantags of
the fct dhat multiple sources of informarian can confirm (or coneradict cach ather,
This ool clled Dompser's Rule, and i is represeated by the following equation
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§4_Sauad Tactics: Planned Meneuvers

or change the A7 algorithmn t stop ailes secedieg, a contain cose fimit. Sucl a cost
Fiemi, however i nar that sy <o define.

I s sicable pah can be Fonad, the Fanouvs- shauld be aburted and the squad
should chaose s aternacive maneuser, Peshaps the squad should pull back in atotier
way tusing an censrgent Gre-and move maneuser, s disanssed in the provisns chap-
v o sy and deford ics carrent position.

TFehe pullback parh s good envugh Jor the squads purposcs, i s rime o pick che
positiom whers the squad Iembers ae to hal. wen, and provide suppicssion fire. A
simple heurisie will do the job erste over che path s the destination, aud

b oo ot b b i gt Ul e ot
i e i .
T s st v o membes s
s o i |

The tactcal justifcatian of Uis heuistc & siemple. I yu are being pursud and
o aced 10 Fis a your pucses, che best spot s where you fust aewd v curn the eor-
e co bave caver sul b closer o pout destinacion.

“Fhese spots alons mighe not seslt i bounds of cunparatie lzngeh. 1 aight he
ecessaey o mark 2 e sdditlonad bypassable ghuing, positions. and 1o remore same

5, th black vinles mark the spocs where the squad men

selected spors. In Figuee 5.

b are co ke dcls biieF stand.

The Squad, the ut2bsck mineuser object. 20d the squeamamsars ducerace 3 hus-
eraed i Fignes 5.4 oo esecuns the maneaver.
The squed hasseloceat the 1 Lbsok maneuver e preparcs it resling i inieisl
ardersfoe it 84, adhenve-z. e nancuver does nut ducrly nreract with the 3a.8d-
Wombor bt asses the comanands tin the Squad. This lloes the Suva¢ m implemeat
command passig i sy way it chooses: biioly delay che command, uss an cxplicit
Jeader making the appropriate sounds and geseures, 20 o orch |
It mameuver runs according o pla, the bulk of the work has already bexn i
done during the pivpararion. During das narmal peciadic Ececuta1., it suffiess e
checls { the maneuver conclades s, or i any exceprions oceur
“Tho Hneuver disects ¢ Snaavonte- by responding whes they complete s sk
L such  case, the Squatanber infurcns the Squed, who W cuen informs UueHancuser
“The Hanousr chan lanks up the Squaaienoer's ok, exporced ate,and e e, and. ;

issaes 3 carrssponding command.

T Scuaonbar il 10 comply wich 2 nmmend and infarms the Suiad, the
saneuver it respand similaty by isving anoher command) or by ahorsing or |
cestacting the maneuer,
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[Rallingsbl, Cheat wich precnmputed. parkfinding bias. Pt che snres in the
world. Create variey chrough dava. Teeae chese ups arl chis buok a5 your peesunal
tean ol consnlanes. and s cxiscng selutlons where possble. Spond sour newronnd
e time wicking et agenrs that eaen, congerate il oder agens. il s e
rims comvincingly [EvansU], Mke a game tlat sinds ot and rakes Al to e nexe
lesel,
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section s Tecticaltesusa and Intollient Qraup Movemant

efosessn thesas neatby coven, lidoma of raoveruene, aod absene of b
such as laddecs, doacs, and dosp warer.

el e prablem bl ebis simpl calls for e i Acoy Kol of
vl oA cal handles soms Gt fancions hat e e comple 1
fur discasice or ravel e [Reeee00].

To enemce 4 ph, acourding €0 oor pallbcl giements. die mancuses G
e 2.t Fanetion o exahiste the nexc node on the path, such 55

g Cowtabortisioicae neUs next, CONSE VUCLaTIIORTE REEGegneI
i
ficat travelt

s, Vnoepecaverconti, MobyASSLUSLS, USKTOTIRES:

Tavitinecosts S imetsathasgaenc ok, ! |

e NomberOfhmdasaoLoTo=iratkodplgatloznant , norts

e L L arrassationaTobodedgothsugnant SAgk (1, 091

nAtacosts oaLLypaaros tion(-eat1;

s ratom |+ Csyelzamecaals - Koover  Jaodofcuuercosls
e aoaca + mobyastovats | 1 KSofe f umsafsccsis:

b cost uneson iffes froc astandord A cost Fanctian i he penbics foddr
ional ) for:

+ N cha can b eed ot fiom pecceding modes fchich would be beafeiary
any pusniag hreats

e oo sofceny space to bypass inaualy e peaaley applis o
U e aod. when oo tomard e mese node, besause oy her
maveanen. direstion known’

« Nodes fhatare  bad pusition fraa which ro g

Ve otal cos v acing s “meas” o s che s i 4 eigheed s of the
el time and thess proslies

Shhgh s e enhune the A cost fncion with a pumibr of pendics e
ygially o iy e same i he &° hvsisic st bcthe the ran?ting
o hepath il sl sover o will ackpace o s ¢ syd bt ok o
B tend vl have 1 make d ith « it A+ heuris Gl 3¢ he
Ctovel e fot the ineae distance o

e presence ofsional penafie, suc bt Ity opliniic, A3
el i s piobbty enplores o nocks s pacbs hai  nidiiondlshur-
it e, Mot s tha th cost st cbecl fox gl fie, wlich docs
e <o i ot n gan epinen, This, comsruetiog such 8 pah b bese et
T e wad, eather ian o by sach individua uad omcmbet

o A provides s ith 4 ottt pach might noc be gand cnough: s lory
e the deiarion s rschable, A+ vl hcagsreurn a path s tht descioasen, even
2 pemao sppl. Tareot, e AV e o check iehr th prh s grd oo
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Whethr ar mor i listiacions of smoataniciry will affce yomr AT depends on
e spoeifc architectu of your system, Al sysserms i games are unlikely to be com:
plox emongh 10 be seicuudy alletcd by this imiation. [Peark7] provides moee detal
an the difforences between monotonic e nonmonotonic. teasoning, partiulary
with regends ta L Dempecer-Shaler Thear:

ces and Additional Reading

T amencat] Laramée. Erais Dot A Rule-based Architecuns Using Oeenpcr-
Shter oy AL Gae oo s, EA. Stove Rabi, Charles Rivee
M, 2002

Py Ve, T, Probabilsic Rutoning in Bueligens Sysoms: Newworks of P
il nforon, Mosgan Kanman, 1987

P l0L] P, Jodes, By, Cambride Uskecricy ros, 2001

[ronrdi, Tosoun, Pul. Sreaegie Ascisment. Techoiques” Gaoms Progmming
G 3, Tl Mk Dl ours, Charles Rivr M, 2001
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o resols thesc contlcs  prosiy syeeen an be wse [Gibsand1]. The squad
merber priricy derermines who,of e o o auore) sl mermbes will have o
v way o pick anouber descioston. Such 1 prioicy can be based i the i o ds
Fnarin (shore tine 10 destinaon el i hgher priovs). th gy of he
squad member,orth strcnge o bis g,

Tncame i ondions. s merahers igh 5110 cloc 1 with e sy
ur cxample. i ther is 2 canal beoween the squad and the anery; squad monber
g ] o ¢ acrosche ol The range i il s mesmbees i
or now posiiuns gl b sl than he widh o he canal, 50 the squad merabers
il 10 ek spovs across the . I addiion,the squad menbers will o o pick
e spotin e canal sl hacaus hese. e non g posiiows o sitac from o o

Vhis problem can s oveeconue by v the squad rembers occasianalty o 3
Hucg cange o pik poitions fom. The use of  ager range, g compatation
il mors csponsive, s the addd adantsge of incrssing the <hances of 4 wusd
member acemapring o flank the cncany. Radoral ssaeching in 3 e ronge dsn
Ieads o o vaied bl

fanethce pecblem s ily caovetnents: menements thar o notevkc
bat, bt simply resilt rom the AT ncwd o pesiodically move around (i this lgo-
itk Especally when a large squad s oporring in close quaners with insafficient
movement spacs fa the whol squad. hisenighe happer.

in, cach squal member AT sl cu s f then corlicons. andl vedcs e
o0cd t0 e, Aleroativly incrohiing an cxplict squd leadsoy A1 vl 8 o
spanding rcricw of U situaion may b 4 bezer apprach. You'l find more o
s evel AL sricle 5.4, Squad Tcrcs: Plaaned Mseuvers”

Ambush: Pros and Gong. _
The pros and cons of this coucrgent squad AT sl b llstared using anorhr oxam-
e (o eacher, 2 cuumeer-exaenple, since i peinvaily bighlihs e cors:. Our squad it
10 pertorm an T.shapl sabush rom a positon near the odge of he woads, To exe

cute s ambush, cme s mcds 10 be able o1

» Wit uncil the enemy maves iora the kill sane, fies which dhe s s 0 agges-
stely aeeck the soetny

= Ll back to a prdefined rally poiit shontly afer engaging the thrcacs.

+ Rotwea (i, leave the amhush, and pull back ot tally it when discoversd
fand sngagec) by dhe enemy hefore i reaches che kill nanc. (Bigare 5.4.7.

“This doccntraliued approac o squad A1 desls el with half of these smbush
rogirements. ies. each of the squad members will retuen fre when being arrsched,
withan relving on nsutuctions from a team leador (who might have birume Lhe
Biese casualey). Je il na he casy fin he eoemy 1o ke out the smbush from 1
distance.
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ity and the Chance to Hit

ety simplo cxample s clelatig an AT chance e e kT or o e 3
Vi i <crmbat. T e ufcleueions will e based o a nember f o, ch
30 the diviace @ the oppanent the opputos spied and s, the AL sl sen-
sury abilis.and vhe cnreent vibily inchuding che curren ight e, che smovac
ofog abwcaring e Lget, o thedgreeeo which the carge is e bl various
absale.

W Bave a s ofinpat vaables, sich as 13 = dvtoce, ¥ ~ sisbifity. § = warget
iz, vk s, i Lot il deermic e ian o sithar e the rget o1
i with & weapon, In both aF thee cass, v calelaion depends o ll ot -
o g, e thar i, 11 ca Wit iven y cnmene sisatio) = PUD = vy clos
AP = pecfet isiblit o P = hugs) L1, I sy of hese actons I ero (o
rample, the tatge s o0 for from s, en ot chanc w s or bt the oppnent
should be eve.

hie i sl s o  pobubilty s o in s carthqualel bur-
sl chases arler st aricl) i whic ll of thnputs mese b rve, This e s
o sply molipy he nicial Fcuos ogsthes e decermine e Fnal probabilcy

Nost sregy gomes etare sy s chae descrbe lh way > plyer's empie
develan e techinolugis and ol he equisencas o iy e e ol
Fipar 7225 ilusne  prt ol wlat il games tech e ight ook k.

= P

[ 7] avctery Range

FIGURE 7.2.5 A rampl s e,
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Once 1 is clealated it ks vl 1o subscieate the value of ¢ into the ariginal
equacions

Q. and 1-Quad, (e

For dhe cave of 4kt curm, the next rep is o cabualate the discance beieen the
curtent locarion and the lefe o buwudary, This is called the Wit The Wadeh i
calcuarcd by taking he dox produier th the X aientadon vector and the vector
defined between the carrenr position and the catrcut Lk boundary poioe. Since the
values oF dhc Widsh and Half e re known, using simple yeoroeut, the tadius of
he an.iscolnlaed ith dhe olloeing Formols: Radlss = Wideh 71t/ lif Bes:
Thets is calculated Ly taling, B nd subtraceing the anglo of the com. Halfl s s
just e valuc of Tese divided by two. Next, the com setback is calculated based on
e genmenry crisngl Fosuunds rohets) = Oppesise { Hyporemuse, i curn cencer point.
of theare s caloudated by simple vector addicon. Fnally, the srart and end dirsctionsl
vectors ac clculated by first calculating the sace and end pints, wid then calulating
he vecror defined by StariPs - TarnConterPrand Bl TornConterPs respectively.

The nest task of the Crurfoutzaly funcion J fo derermine i the AL eudey I
casrelly avering, 2 sharp tarn or 2 road scgmen. This funciion perforns o doc
products foc sach of the upcoming ineersections i ordee 1o calculac: the distance
from the start and end disesvion veecors. These variables are defined as SuartX sad
End¥ in Figure 9.4.4

1 bk of these values ase positve, then che positon is considred o be wichin
the tutn. A quick discance squared test  ubu pact of the fonetion. “Ls s usod 10
linace poinc that ace clically wichin the are, bust ac a distance o Bir wway 1o
e convidered wil

Based on the ssturncd valie of the Inghasgtur- fancion, ¢ pove possble o el
e the rrget poin. For shu urs, e lengeh of the turo are i divided imvo s
rcnes of 10 meters. The Latger pola i s che sext upeoming vertes in the tuso
arc. s soou s th s are goes ot the nest road scgment. the furn s curopleted and
Eeunfcutes (1 iscallsd again i ey, e oe o ashasp aa, Lhoo we must be
o rosd segemees. The fse scep in caleulating e wad carger poine is to defiae the
el and cigh view anles. The function Z-3tializeTnevisag:as:) pectormus these
calcolasions.

As seen in the exampls in Figire 9.45, the car needs o desermine & wouie out
o is cuttene inteesecrion. Kot the currcuc road verrex is infdalised 10 zer0, nd
ohe viess angles acecaleuluse Ly caleulring o secens from eac oundary srtex to the
‘ureent position. Nett, a dor producs is calculucel wsing che road segmencs orieacs-
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Mo, his eactiviy ducs not provide good sl n e sbscne of s, n
such  siation,th s should occugy seund racical fcations chat i general pro-
e agood ghing posivon apainst any threa. The squad can do xo by svoidicg ay
por thor it e sl (o sk, soch a laddrs, decp wats,or leviurs. More
opbisicatcd appraachies as lso parible s rice 5.1 by Lars Uidén, “Scaccgic and
Tl Remsorig wich Waypoiets.” aod bandecSictindl

‘ddiionally. che squad ociher can tey w gimain i poskion in ths squads
oot nd pay « peley for sputs sy from dat pesition).

Porssnallaing the Squ: anavior

Diffrent squad members have differonr prefcnces o 3 position o move to. These
iferences atedue 10 the syuad emember capabilities, he stac of he squad membes
an s cquipemet, i the crcumstances

Riflemes behave diffoeat ram machine gunners and suipers: iflemen tooee
quic snd oftcr, and aré exposted to close n seivh the envony: Machine gunnces, on.
e orher hand, will be donwed by chei load, and proer delivering sapport fire feom 1
arher swaic pusition. Mackisic gunaers will ot move very often, and corncquenrly
e 4 pusition providing sufficient concealment and coves A sniper willnot clese i,
b cngage the ey Fam a distance, Having  clas v and suane.cover is impor
e For thesulper.

Ihe squod member's st alsy influsaces the position grefirences: cover s mare
preferred when dic squad member s sonnded. vt has o reload.

The prescce af threats and fiendly forces inflaences how the squul auciher
mts: 2 lage nomber of riendly Torses and few theeats canse sggeesive and auda
clons raaves, whetsas he revens siuirion resultsin more cuatious posirian chviocs

“The algorichm in Uiviag 5.5.2 uses e momber characuristian and sate o selce
st prsirin. Fot example, 2 snipet wil bave 3 wea condency o cluss in with che
ey atcibuts +_Mosafartlaszng1e) and atrong penahy f blocking squad linss-
e {a latge ncgative vals for m Bacchkingpenty)

Probioms and Workaraunds.
A o problems ars lring et che snefoce of ghs fre and maneuver procedute
Tupecillyin an ebseale rich crvirnemeat, it i pessible fo squad membees o choose
munes and pachs that condice

Tor exampe. one squad metabes might block the anly path 0 2 dewination of
anothe squad member, ot 170 squad mensbets might bup into cacl et b
ryig o 0 the ocher ditecsion via e sam spot.

Ty aking ato accoune che cliiimed parh posions in the svaluarion function
(Listing 5.3.2), it s pssible 1o preven thesc conflers  soms cxeenr: 4 wquad mem-
b will ne selece a pision o  path termporasly clizned by another squad meenber.
Then agin. i comhs, things o g weong. and tho Al shuld be prepared 1o deal
with exceptions.
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5 representsthe sunm of s priorbliefs ha lead o chis mode. i this e, the
vector has pegged the prir assevsments of v Uices prisanert gaie 4t S0%.
1096, and 10%. respoctiely. This might come trom otke evidence prescnced in
vhe eourtiuoio, for example, indicatuy Use the fre prisonet is the ikely
calpe

Aroprescons the sum of pur postrio Leleh thac
s, it might seprssent che rsults of  fngerpeinr st feom th gun ound at the
crime sccne, o places the peobabilicy of  aatel 739, 617%, and 5%,
kspevively, fo esch of o e prisune.

BEL reproscnts ue st belefin cach of he priconers” g, This b computed by
nluiplying the 1 and % values topether For cack prissmer, nd renomaliing e
sesuling vector 10 1. Tn this case. we g inicial vabucs o (0,757 0.8 = 0. 061
“ 0.1 = 0015 and .34 * 0.1 - 0030, Ve uld these mgeher s gt 4 value of

715, andl s remoualize by dividing ench of h urignal belif valus by s
bt b compre final belief values {06/ 0715 - 0,845 0.061 /0,715
0.085: 0054/ 0,715 - LO76)

Frobability propagarion proceeds by passing the A vecior ul each mode b o
epmpine e 7 veccor of cach of che nod’s hildeen, and pasing the 1 vecuor ufexch
e hackssard t compute the & vecrar of sach ol s node’s parens. The reicky st
is dling wich che e o propaggars feom 3 single nodc co muldple parens o mult-
ple chikircn. e solutions ¢ sehich auc outside th bounds af this el

An it reades will sk, “bow do we awid virulsr propagarian?” Tu ocher
swands, once we intcoduce 2 new pbservation, what deaps the esullng messages From
propagating andlesy thrugh che nerworl?

The answor i tha cuel new ubservarion introduced o dhe syscem i racked il
2 onique entfir. 50 that altbougl th s of sach nw obseevation are prapa-
e thioughout s e nerrk, e can ensuse thae v o propagation for any
new observarion wil aly ps thraugh sach graph noe exsctly ance. 1w lutcoduce
an sscrvation at the center of a tetork, far camplk, che reslling proahiicy
diustmens willpropagate chromghous th ctwork and tecainars a th <iudpuits

Lo husrare shy this akes semn, magine that jou spread u rumar shoue Bob.
chioragh e uetvock of frends, Later, o hear the some o sbout Bob Fom
My 1 you find that Maty's ramor eame (ol s indspendent source, yous Leliel in
e somor shantd incrcass. 1, on the ocher hand, vou discover thar Mary heard che
rumor tion sorebxly wha heand it [rom you. veur helef i dre somor shoold
pemain unchanged,

e [D-hased rrcking scheome i+ also wsefhl or alloweiy us o crack exactty b
ehe aerwork hs ceached s conclusions. Whe used properly.such  systcim e allows
s reteace ows rationales and assemble dovuiled eaplinations for curssudy Leld
belis

Nowe lecs ok a how we can s these Lechriques in games.

anace o Ui mads. I ehis
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FIGURE 5.4.2 Cidealasing e sharp surs variabls.

o

FIGURE 843 Caleulasing e v inierecion pains

e urm s 0 e
s ight, th sight nner houndary sl P i i
Secor e by C-L. Q0 s deined by i 4, and Q1

o, dh che e innr bondary i used, and whea the rara
« Din Figure 9.42, and P i the
= vector definud by £-

4 The intersection pola i calealared by seaing the o vectors equal o each evber.
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Tatet o swhar the tessain s elling theam, The arraceieness of the abjects that meer
he carment meeds of 3 im cause Lhe Sim o move conad them. For exauple. 2 efig-

eratoe snight broadeastthe Ut chr e can suisy the “hunger” need. fa Sim s gruton
L ane walls wthin the influen: uf tho tofrigerator, he Sim might decide e
Full bis b eed with that objec.

“The veal amwee s chat e ae eyiay ¢ enrerrain sumseone who has sbout US $50 o
less and st sorr of computing device. |herelong, when faced with 1 difeuk AT
proble in our e, i can Hip the prablom aver 2, "Can Tsolve @ diffceu proh-
lem and get 4 cesule tha i squally or mare eotertining?” Tn the xample of spesch
imput, e rcal problem sulved w1, “Can we sk the game more cngagiog?” Ihcy
avoided the sprecls peoblem by concenzating an the problen it nas sppsd 10 afee
and sobvingicin 8 diffrenr sy T e Sims example, the ral prohlemn ol uing units
bebsave inualigontly veas nog subsed by maklag the eirs smartes, buc by making e

In logic terms, think uf having an eotertating AL in the gac a5 prohlem A,
Fesblem A i ussally ot a vy navrons problemm. o, we thiok of 3 marcower problan,
ich e cas callproblen , which salves problem 4. Thn e salve problem &."The
downlll wich rhis erfctly workabls methud i thac chere might b a problem C'lor
D ov E..) ha s sobves problem A aod was ncver chaught of.

» he el problem)

. Ganhr problem s s casir e hiul abou)

B s (ol A sy deselpes p bere,

c et anothor prablerm it is casir 50 hiok abot than 4)

Coa (ko sobes 4)

Game Al Develapers Have Been Doing
This All Along

The foct that “chcating’” by the AT is even an aption uleacky demanscraces thar game 41
developuss vt alays been changing the peublem they are ey 10 solve In a e
ante ar the 1996 Conapicsr Ciame Developers Canference (CGIC), Serve Mererdey
e an exaingle Fom 4 alsentuee game [Meretzky95|. Theee wece 1on cherss i
syt ends ofche g vorld. One hebd the key to the e, Iya cansal world, dhe
contents o e chests wonld be detcrministic. and half of he cime te player wauld
€0 the sromg chest s, T the more entertalbng warld of the ganu, th firsechest.
e pler come o eas by the ame with the key. {t might seem lke 3 back, Lu ie
s beser s solvig, che enteraizun probless than a more ‘eabiic” solution.
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likely o b able o cresic an Archeey Rangs, aond might very well have ouo
alveady.

© W can st Bunds o shesime weguived 0 st give dopeniency. 10w e
char an apposiag playes Lasnr reachd the Medieval Age und has na Arclry
Ramges, i can add the ssolute inimum tines eqiced 10 amain euch of these
10 dependeacics and asseet chac ir il be at bease tha Jang before L can huild
Archers.

W can determine il dopendenies  player e ke o e i dve w
e o resour: canrainis: 1 a player can cicher ceach the Medicual Age or
bl a Baceacks i the (st hee minuics of the gars, st nut besb, then e~
img s Bauracks withis thisvime Grama rells w dhar chat playct s noe working on
he Mediesal Ay, Therefore, we shonld prepare for atcacks from Cavemen in che
ear fatare and mat worty sbout utacks by Speastocn, Vikemen, Arclers, ar
Crombowmen fro that playee in the imuediar fucure.

Amrthr simgle exaspls s 8 “Fstpersem snealer” type of gae, Thi i sivilar m s
Bintperson shootet, cxespe thit the plaser wousr use stedih, cunning, and the occ
Siopal bl instvamen o the hack of ths head ( avoid being lalled or czpored by
the puasds,

e pame dessgacrs have docided cha IF @ grand Losomes suspicions. and the
player e Jeavs him e for 3 while e canl dosen,che guaed should eveutoally
sop watying about ic, and shiuld say sometbing T “Ab, well .. | guess it was eat

I this case, the guard Binsselis prctonding co pestoren Bayesian inferen—he s
i ity “explining away” the ceidence the plryer geve him!

“The problan i chat quite ofcen, the player wall pescn the gussds wirh stlmali
s nconsitent with the “cat” hypathesi. T the playee pelr rhe gad wich
e, dhrewes b against che s of bis head, Al drops the corpse of ane of bis
Vs s dhe loor hesid Lin, then a line ke *f guess ir was rus” obwionsly oo

Figure 7:2.6 shows 2 momple Bages’ e cbar can easly skve this problem. The
s on the el seprescat spine the variovs types of sl duat the player can
present. and. the made o che right rspresens tho pasible conclusions char
el o those st AlLthat I posdad s  marris of how the possible combiua
o of ench of the four dlleren types of posible stiuli will ffer the uands
conchusion.

L this case, oms e el ensae that iy enries it marix hat lowolve oo
facselaesd i, snch s "T¥cad Bocy” at “Tli By As ™ will rally dicont
“Rars” ax  viable conelusian.
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FIURE 9,05 Gidating e ro arge ot

chis ictauon of s futetion, Lhe pusision s thanged e che position of the carper
i caleulved in che previous call to Enunioutost .

Avaiding Qbatacias
e ca rouee segmoe s cleulaed, 1he e sep s o checl fo s oberacks i
e way. Figure 9,15 llsttatesthe case whete a0 ambient ehicle s newe blocking the
firs o segmen.

L o aatskas oo peoms i shec. This i wors by
iccracing evct all of the obsecle buckes fror he curtent pusition o th gzt i,
and shen checking cach obsexcle in the bucker (o s I the obstecly s blockiug the
el ot sggnen. 1 perfoems th chuek by exating avector beeen the posion
and the et poin, and then dofa;  dot product with each corner ofche bsack.
1€ any comer of rhe aheacl is wien  distance af les (e dae A vdicl’s lf
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FGURE 5.0 Bowasingam L-shape embush: waising for the encmy o i the i zove,

Second, i AT i eusly enkianood co inchude 3 srong prefecsace ot being near
the el point. s v, he squad menubees ae least, dhose who survive! il fze
and maneuver oward. the rally point, To enable 1lis behavior. the lowl designer
should be given aceess o such o aptional, edicable squad membet “properey”

By implementiog & squad tembes sgssion el i dependds an the nomber
of nearby team et and o the umber of threats it s engaging, e an et the
squad to Leelly cngage che euvray: and fll back when caking canualis,

Huweser, our decenuralized spprosch s toubledealing with the ot ambish
Lequirements, Mot impartant, a syuad organizetian basad on covpcstian rather
rhan an explicic kader il vt serins trouble suaching » decivion and cxscuing it
o ot atmbush, thi measns thae our squad is not erganiied 10 colec-

sy
tively hold fire wail che threats ceach the il zone, We sl Live 1o introduce
“lesg” sate,and veake wp Une s sicher whichtocciving hosule i, o wheu hestte
ot activre  igger posicionsd at e il e

‘Additionally he squsd lscks suconomy. Wheress the sl does consise o
antomamats mermhers, nubudy has been tssked ¢ think for che sgund. I the sacany
‘vt e ill son, b dicides o pull back before reachingit, sobedy in the
squad wil budbet co assaule. L o the sene lack of ananoony. the squad would
e intiane the L-shape ambush iself.

Trisap oo Level disignes ¢ vt the aenbush and positon the syuad,

Sqund behaviur nught dready cncuge when squad sembers share their indivithal
hsersacions aud intention, and bise their decisions an cheir individual sace and the.
perelved staces of mearby squarl members.

The squad meaber Al presented here s  srmple cacension of standard individ
AL, Tt rsulks i sepiad beviorehat s ceaede, varied and sobust:squad mem-
s participste in squad maneuvers from cheir individual situacion, necds, and
sucngehs.
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I chis exanuple, e *Peasans rechnclogy can siogle-handsdly canse Taviacks
10 exise. A tochnobogy sucl as “Archery Range” rquitce buth the “Medievs! Age
techiuology and a “Teasanr” in order o be constructsd,

There ace  reaabee of advanrages we can galn imimedistely by taking advaniage
oI the graphical marun: of his data steacture. Imagine we'c doveloping a sustegy
eme AL and oue Al player kecps tack of s cureent bnwledge of very player’s
e, inchiding one [oe el [ zousd 1|, W will sfer 10 tech sre wsed in chis e
ion s 2 “dependency graph.”

= The dependency geaph allows ws o buid sounced ¢ goul, The graph gives us an
aucomatic Faundarion for developin complex plans. s want co bulkl Archers
e can simply search backwsrd from “Aucher” t determine that v pust frc
seuch che Merlcval Age and then have ane Peasanes build s Archery Raogs.

* W can carimase he acvarasy of our surveilisnce of a piver plaer and diiermine
which oppasing player roguive move sroeilfne. A dependzncy graph wich maug
unlaaven oos, parcicalarly 2s ancestors of nodes with kasows valuss, indicares
hac ou lanowlede of cha playet s ncomple. 1 weve seen an eneiy's Ceuss
horemn but ot Lo Archer ange,this telsus that we'e rissing same part of
his empire and wt el o inereas r scouriog and sursllace of that plger

* W o intif oeab posc i the gpeing player dependioncy grapth and deiibestely
imsefine wih s eemics'building plas, I vie ot that an appasing player poc-
sesies only a handfol o Peasans. we enghe 2 well kil the Beasant before e pin-
cooe 1 lis Buseacks and Archery Range so Uit he cannat el chomn,

Howcres, this sl dossel g us 35 auach informadon as wed lke, For 4 ghven
gume siustion, wcd like 1o be able 10 plug,in out curtent kaawledy: of ey phyer
and figue out what assumprions we should make abau all of e technolagies it
ol pocentially aeein. U sz know thac Lhe enemsy has 3 Pikeman, & Grand Magi
cian,and 3 Kmgorh, o what degree should we believe diat he b possesecs a Hyclo
ponic Farm

Sorprisngy envugh, we can eranslae i crpe of tech e inco & belil network
wich almosc 7em cffut, Al e e 20 do is ssume hat each nods in the roch tree
ropicsens vue beliefchae ehe playes in questivn has atrained that speciic technology.

Fhis afloes s o inseanians onr cvrrent Knowledge sbout sach player a belsfy
the netmork We can then propagte thaxs blies throtgh the necwar co cerern
reasonable degees of beicf for ol f e other wechnologies in the tch e

W s inf s exisonce 0 moncsience of e sechmoligie by e prsence
abente of o, T we see an encg Pk, har eneony e s itacied che

Mediceal Age nd bull s st one Harvacks - snd the Sarmacks probably sl

sl . was ecenly dosuoged

Wecan use causal inference co deteeming bich dpendencic n opposing phiprs

ikl s . 1  play s Pesanes and s sched the Mediesal Age. n i
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FIGURE 944 Determinirg if e AT sebicl s within she

i verwors. Frll, the gl i caeulated by the arc rngenc of the previeus v dot
rodacts. Ve Anghs repisssn che curtens o road viev

‘Newt, the defuul carget s sc. The defaultcond cype i asraght o, Theedefaule
gt i herefore  pointat the nd ol che road with the séme efirighe disanos s he
eles cuten latsight discance, The lelucight distance is bused off e toac v
‘e, I the mad is not srigh, the ot naL TheencufRostavi sk funicion
Wil dtecr , and derermine she furthese visble position avalable 0 wrn cvitd

To deceunine which diroction che moud binds, the view wtgle of each succenive
oty vertor i eseod. 1 h esleulated view angl i Les thon she swinimurm tiow
aogle dhee che uiginmucn view angle is moclifed o che s visw angl. Vi fomhest
emenvisble s detecemice when cither the Lt view wagle is more thio dhe sight view
ngle, o when the righ view angle i ks chan theIefr view angle. e rhe example
e the houndary wenicss for verter one and oo e wsted, bath view angles
e dghteed up. On vorre e, only the lofview angle is dyheened up. Firlly, o
Seraes Gt the lef vics angle becomes more dhan the syl view angle. The Lust visi-
bl veitor on the ight sidk vios vertex 5o, aud his becomes the Grget puis for e
ot scgment, 1€ the derance beween tho vehicls and che tasger pofac s less
e soutglanming discance, hep o addiconal cal o erumoucea() i rsquized. On
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* To include additional tacical snformarian about W uther squad members o
cheir posrians,spbiltcs, and actons.

W also nced 10 process his vced nfosaustian, which is done wsing:

* A “mexe pasition @ move co® algorithm, picking the taelly mos bl

destiation.

* Sqund iciber subclasss lead
e pasasnerers o Ui spcific ct

ernan, machine gunser. and snipect v

Tho Squad Mambaer's Mantal Ploture

and enguge acconding o il taciesl rqienuents, « squad member shenld
naintain the fflowiug siesation (in the Gartatastust1on clas)

« bor each squad mesaber:
—Currenc posiron and aciviy of squad member,

—Clzimed destnarion posirion fand optionsily, the patk to the descination)

—Line-of-ftc {often a cone, origi natog . the spaad rcanbe posiian, and
il 4 dius derermined by bis aiming and the seapanis chariotcistie):

For each opponens

—Last enowsn position, end srac.

—Fstimated cumens posiens,

—Squad smembes engaging, i upponsor.
Scasd mernhors bl 1o obserse chis opponeat,

—Tinc-olhce.

For acher hagards and threacs fircs,incoming hand grsnads, eic.:
Koowndestimatad position.
—Damage saue,

Gommunicatian among Seuad Membiers: the Moss

The messsges exchanged betseen che quad members convey the intencions and
abservation of chese squad meanbecs. The messages should contain oll du infrma-
tion acedsd by che reveiving sqiad mamber o upeare b il siccure. The mes.
sogos isted i Tohls 5.3.1 axc ypically nosded.

7310 .2.4 Sauad Mombor Messapes 1 Communlcate Obseriaion
It e R _

Mo Fan ] friv

Al g Diower Phis s Tho o

Fog ensdc o T detnsiod Tiva monr Lo d T g
Eopinhoes T oo ol Termnat dvs_“erbercane
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- Caunl inference {alca, “abduncsion” e “predicin’J: Given that 3 implics B,
ant e S che vlus o A, we can eompure the probability of B

+ Diagnostic joference (o, "ioluctien”s: Givea that A impliss B, and we ko
e vl of . e can eompue the probubiliy of A

+ Intercausal inference (.c., "erplaining away: Given oot A and B buck inuply
C, und s ke €, e can sompunre by a chag: i the prebabilly of A will
it che prohability GF B, cven thougl A snd B wees originally independent
varisbles. The flloting section explas this in more detal

ing Away"

Tart o sohats 30 coutrerinaitive dboul probabilc reasoaing i that i depends
Highly o the orte i which o s croia hings

Suppose we have two indepardene varidbles  and B Kidhe of these can esall
€ e e, Wl v kmows € i e, fndin e A r T 10 be Lt ks
dhe s . kel A s B o vl ndependon variabls bt his indepen
denee i ke on acconuc of thee elacomLip with €. [bis seemns counterintuiive
o s, bus s caly domomserael with  Smple canple

Ly us oo ver-hve,exap v mensioned e, Onr propeniions v § =
your prnker eas o s nonning, B = e i s ighe. and W -y b v

“Assur dust thev' 3 1 in 3 chunce of sach oF§ wid R being crue, We can also
e and Rare ndpeode of ane amother, s sin doesse affecs e spriokls

Tl ook o Figare 7.7.2 il cherd a 33% chance of ach of S and R ihe
e osthe i beig e, and 5 i 9 (5516 chance char W i e (e hawa
pisee)

e disoroecha e v s Fict e, e can now assrecha here .5 i 5
(60%) hance f ssch o § s R bing tre. See Figure 7.2:2  see why thi mst be
b cse

Uhe nine square spresens (e s
it e T et o s i e e st af the syt cannor ecupy e
ouneear el apper . ae thss ol eonld mean e T s iy (beuuss e
i, and th sprnkle s ol Therear, the system st wesupy o ofthe
five cells alomg the it g o che hocton uf the g7 fthe cel i the borrom righe
comer represents e ccnjuaneson of both possbilies—i.c, i ained and yous ptin-
e s o).

Sucdely yom gec am vl from a fiend, He clls you ¢ it yoserday Dis
coveting the actudl valus of R susomaticaly changes the value of S, Finding that
‘mimed e s o again 320 Ly ehe e spriaklc s an. The wetnos of the
v s been “explaid away” by the e, Toe probabiiiesow ocenpy anly the
ighrmost colusos of Figors 7.2.2. il i€ oo fiend had cold yon it di i
it would ks th spriskdes yperhesis 100% puabable.since motbing ol conkl
explia e wet v,

acrusl sctes of the syseera, and finding
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e of t0ad ceneeline vertices. and spraus (e aren herwssn che lef and cight outer
eoad houndaries. Addiionaly, cach incerscesne,in che tiy 3 dfined 25 an obstrck:
buchet, s s ot Fareher subdivided. Asseucsd previously, susight rosds are defined
by sets of four

ment. Ve other o vertces ate et back 10 metersfrorm each Iveseciion. and pro-
vid 4 quick way 10 access he ambien trafic wbstaces Ut arc opically waiing o
e the imrersection due 1 scop sign or 2 walfc ligh.

ces. Livo of L veluies e locared ar sach and of the road sege

Libeary Intortace

T Afiaigation objact conral the various AL Rucees. There arc on primary imrer-
Face uncrions ta this By Hegiste-Ravte aid hsorAaute. Rouces ae defined 252
it ofimtersection IDs, each separatod by  single comeccring rad segueent, From the.
inceeseion lise, an explici e of cnaneceing eouds i derived

The Reg=starnauta fancrion reghters the lse of inesrscrinns wich dhe nasiguion
syrem, and then initalizes che vatiables nocessiy o mainain e avigation of the
rouse, This Funcaion is cale amee co vegfsnr the rte with e nasigasion syscem. 1E
the e changes for any rsas, then e RogisorRauce Funcrion must be called
again co enter the new soute with he pavigarion symem.

Thue 0 svocas o fancrinn is called onc per ame o celeulate che stcesing, theor.
e, and hrak serrings. & ate machine congrols che various staces of e Al Eotit,
The required states e drivlug Gorsard, hacking up, enliding, and swopping.

Dacking upis necessary whenever the AL it ga1s scuck bebind an obscacl that
ie cannar drive aronnd. "his typially occus wiien the humn playe collides with the
A player und seads it el o course Tn chis case, che oppuneat, i visible, mwe
Lack wp and sccer acound che obstacle. Whea e cuiey s oar visible, che vebicle s
manilly repeoitaned on the tuad surfice asay from obtacle. | be Ce1iding stae
s aive whea dhe velice i collding eth another entiy in e voeld. During thix
iene, the vbicls is complerly umder che contzol of the physics ngine. Oncs the vehi
el sces danen from the collion, che e I seitchad back to diving (orward. The
s20p state prnasly controls the vehicle schen it reaches te eod of 1 route

Navigating the City

The st step i navigating dhe oud etk 1 0 solve the problem of shere e AT
emiey i curcently locaced.

Finding Your Currant Lacation
Once s cantity knows what raad ar intersction I i locared an, then ir also knows
s relative locscion in the pricuary souc, Using, i, i vhen plans an immediae 1ot
10 navigate the upcoming obstacle. The immediate oute laugch b determined by the
imualate rouce planing distance variable:

The ciy i broken up inko wots, where the dimencions of each oo arc v
0 the sume dimeosions as the physical geomstry of the roud o1 intetsoccion. The.
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Table 7.2.2 Computing tho Actusl Probabilies of 2 Buwglary andor an Earthauaks

PR regE P o
o 7 oswen” aomps
R T

2 o005t -
W iy i

Do -

0 Tible 7.2:2 e the exc el a the oo ofthe “probabilis” cahious, with
vl of 0002516, This i desved by i ogerhs lt valoss of PLA ahove 1 10
ereiedie natprobabily o e sl gois off o any gien cay (0,259,

he rightmosscoluounshovs the o bl st o the P vl
adpoted 30 that Uhe el up © 1. The *6” symbol i she pression GP(A) i he o
maliraton canscan; s cos, 002516 .. 0.000938 { 000231, = 05728131

his ol o har i chealrm sontof,and e s ke i e was . bughy
o au cthquske, s 2 579 chance i was caused by 4 borglary, » 2396 chane &
was cattd by an cardigunke, 3 9% chancs it went o for > god eason, and 3
07955 chance it was se. o by  wacky Smuliancous camhquake-and.busglacy
epis

Sappose e e discoer hat e was i fick ancarchquabe nese oo e, W
can oo substivace { o PE) being tete and 2 0 for DI} bein fali, Nuve how che
able lamgeschamaticaly. sellcted n Toble 7.2

Table 7.2:3 Dctermining the Probabldty of 2 Burgley when PI&) and PYE) Ara Knavm

ve_ PR PAsH PR s
T T e omest | ses
Toor o I o
=D oz awen
Foam IR o
1

“Fable 7.2.3 rells s dhatehen's now 2 99,664 ance hat the alaem was st off by
the carthquahe. and anfy 4 0.53% chanie ther 2 burglary occurrsd . the same e,

Wherever theceisa cansal ol of the s % impliss B i r ncwork, we nocd
 matrix that defines the probabiliy ol any given ctfect fany v valoe of
D given afl pnsible cnoses fany passible value of A). L e “Fnlary § Earthquak /
Alarm” shartin Table 7.2.1 i justsuch  matsi nchiscase, sach of out thee propor
stons B, E, and &, can Lold just ane o e possble sk, <icher trus ar Fils,

There ar e basic types of inferenoe we can pesform wsing helef neeworks:
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FIBURE 9.0.1 A typicl mad scgmone.

miniemu of o vertios aee wwed 10 deflne 3 seeighe rad. TLi i necessaty e for
Chee sabivide dhc road it buskets o obstacle avoidance, For cases where nu sids-
alk i presc, the st and outcs vertives are co-fuar. Curved reads ace thoss
s with rnore i four venics. ln 1 curved coad, the roud segmens bereen the
ertioe ace angled arbircasl, o sce separsted by a dlisance ofae least 10 mecees,

Toch o bt terseccions, Since th roads ae: comprived of s of vorrices,
he inerscetian et che G v s called the dipartae inersectv, vt
he intersecrion vonnoeted 1 the s, verte i called the desinacian lusesecrion. it
1t 1 eequiremen that the AL vebicle rvecse e wad fyom deparaare infecsecrion e
desination inesrsetion.

The Gbstacle Map

The obstacle map is  bucker syse for orgaoiving obstact
breaks he road i into muliple smalle subscerions. Eve
Iocated in 2 buckcr somewhore, s logical yruuping peo
abetaces that anc ohsiously not in the sy, An obstacle bucket exists between sach

an dae soad. The syerem
wbstacle in e warldis
s apicnized culling of
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* NaDerOfL inasOrSigheToTnreass (spot)
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leadertomavato.
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v 00000

FIGURE 5.3.6 Tihe leader evalasing posions and picking one (enten, 3p) 3 move to

“The evaluation funcrion is robust i will revam 2 spot to move o in alltypes of
situatons and teran, s Long 25 suficient maneuver space i avaiabl,

Note that mst o the "best next positon” valuation criteria e reactves chese
citeiaar lasgely determined by che behavior o he thcatand othet squad members.
“This reacivicy typically leads o varid behavior when the brtle s repeated.
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ofe
AD

FIGURE 7.2.3  Fropaguting snflurnce shrongh  sample Bayes v,

propagars grababiliy uckveacd just ss caslly as s can proagace Forvard, adogh
el e e do the calealatons diffrendy in sach s

Wi an indidual nod. —toprosenting a single proposition i our befif net
wotk - hase somedhing char laoks like Figrc 7.2.4.

poorprovabitses | & BEL A | postros prbaties

— 08 osw 0 [—»
01 0085 061
01 0076 05t

FIBURE 7.2 fvior e o probabilies o il bl o

Nate that i s cxample, e node tepresents 3 belcf with tree possible vales
cacr than the twn-value (iruciBla) proposions we have been dealing.wich o fae
For cxample, this ioab: might sepresent our knenvledge dhat cxacely one of thuse
prisones i guilty oF  crime snd ou curreme belief 25 10 which of the throe i the
nost ey culprie.

“The insids of  belcf pod has three vecrars: . BEL, and A
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The Enrdoutesi function is allod recuushely uaril all of the posshe ronres
bave been ennmerared oue 10 the desiced route planning discaoce. Each time Enun
outas i calld. it ereaes i route segruen.

“Th routc olauning ditance i e Leogth of rond chat he A player il ose when
cnmerating, the vaious immedie Toutss. Longer rouce planniog disces provide
betee choices o the AL player, beeause e alows for 2 mathematical represeacarion of
potcatilly blocked utes becausc of ambicne taffc and oxher chsracles. |kerer,
longer planing distinces requice more CPU tme; chercfure,  balaate must be
sl Baed on the roue plancing diteace, severa) roure sopments might
e equied Lo conipltely chueacs the route, On the i call o his fanceion, e
posivion puramerse i niiaized  the position of the vehice in contecl Subsequreot
s wse the caleulae=d eaee poies enumerated i his uction.

“The GacRosaTurs:) is the fncrion called fise by the Enunneuees ) fanetion.
The fanerian enlenbnes the pecessary variables o eepresencing slarp wens. Any v
roads at an onersevtion define a sharp turo where dhe aogle betwoon e s grater
lvan 45 degrozs. This mimiber is imabie, and can be modified o change the peesan-
linyof the ALencity. 15 o powsible e sbarp turs witi o, This happens
whien any v oad subsectons have an augle greacer uen 45 doguecs, Raad -
sections ae delincd 2 che plysical space becween any ro cemterlioe wad verices,
and the euterlefk and right houndsries. 1t is important t realie that if the wra i
ot comiered sharp, che sekicl shoubd b sl direly o the target poine.

The are of acice defncs the parh thraugh ashasp rum. 4 disgram of dhe main
sariahles is show i iguce 942,

Theintesertion o, of o et s defined 1 ch pine i pace where rhe e
projected oad ssgenent vecrors AB and D meet e calevurninte-ssctiont fa-
o handleschese caleulaions, aod s lluerscd in Figare 9.1,
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Each messags also inchdes the ideaificarion of the sendsz. Upon reciving che
mssage,che sqand membee pdates bis ramsacsizuation accordingly

Deending ou te squad enardieston syle, you misht nesd o introduce addi-
ional messuges for tighter syncheoniaation.

Wby o messages to pass squad mensher sexce infosmarion around. when dus
informarin i als avalable by inspecring Sauadsa-t 4T objects diectly? Wel,pass-
mg e loracion vin messages ofien is more atmactve betuuse

« You can moded commanication feacy b brcfly questes the messages.
« You can presens the message n the game it auisations ar sound.

« Yo can Sler ot 1
The sgad maembsr il e nsssgss 0 dead sqund merabers it assumes il &2
e e, adding to sl (and preveneing “perleut hnowlodgs”

You cun wse suripied cnrities ra direct one of mare sepind members Ly having the
seipted enirics send messags o these squad memben.

Yo can accomemace buman squad member, whose s informason i gy
amevaible. bt for wehom che Al can cuulite mossages with observaons and

inges o che playet 1o provent auslaading .

king a Taotloally Saund Noxt Poattion

Acing mcsically sequires bsing in the righe pot. For 2squad membee iuvalved in our
mancuves, hi righe spot depends o Lis pessanal capabilces sod nceds, o ths nesds
ol squad smemhess, o the posiions of the ey (ee Figie 5.3.6 next page.-

I che mausurcs, squad members employ bricf moves, taking just a few sosands.
Theelire, i cach sqaad msamber cpestedly tmoves co the “acicaliy besr nearhy posi
ion,” given the posicions of all sqrad members and hizat, some tuctically sound
maseussring s Loy 1o smerpe.

Each squad member wies s esalirion fumzion 10 pick the mose sitable spot
i ff ey spors. This uncrion evaluates oy tactcal aspects of ack posicion,
sl e sqnd member’s secs and preeeness, knowen squad clains on pasitions,
and the threars. Thisis o s shovin I Usting 5.3.2.

Lating 5.3.2 Algorithms for picking a next position

nd evaluatin

7 SaratennaraL: - PLokiexrsition
Furt SD{-rearyspats. beginl; povitinemnes oyspots. NG (1; 43T ) {
10 TalainocayFelioesauscuanba (<3pot) 1
VElue GathsneuvarValusFarker Poantion (f5potl;
1 vauue ~ nigneatvalus ) {
rosteskaplesiol - *3pot;
RighestvaLues vatie:
'
)
Floae sauaotes

£+ Gatianauyar 421 AT ariextrositon{spot]
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FIURE 782 The i bty o vin (8 il 6,

Likewis, i you doncknow whethe it rained and o hod instcad discovered that
e sprialkler was on. chis would e yone belcfas o whether it rained.

W can conserace aebirarly faige and complex geaphs by asenbling individul
propositians and detezmining che proper causal reaianships berwen tha ptops
o, Once e have constructed such a raph, we can perforen probshilisic inforcnce
o ir using the axioms of probabiliy dieory. and Bayes’ Rule i particuls. A grph
used in this fsbios s efecred 10 25.2“belief necwrork” o1 2 “Tayesian network.”
afornumatel, the techaigues for propagating probbiltes through 2 Bayesian
nework ase much tna comples for e scope of this artile, & e arcicle might
lluscrace chese oelntyues in the dersil they deserve. In the meatini, die reader is
cefemel w [Perli7) and “Teard01]. Hawever, chis section provides 2 concepual
overviow of elef propsgarion and sorae details of s oporaron for neeested eeader.

Figurs 7.0.3 pives w exaenple of hows propagatton proceeds in 4 Bayes et Lnag;
ine dhat we have onnstrucicd a aeowork as shasen and we anske an observacion sbaut
tha acvual value of sums proposicion X. Now we wanc tfigute out howthe effct of
it discorry influences the s of the nctwot.

Statting From rhe node beled X, we can propagate both o X' parenr node and
its child ode. Although we can propuguce vur probabiltes asynchronously, as
though aur nodes were sepacate compuicn cummnicating 1 cach o via che
Tneenet, we know chat he probabilicies will be propagated ko ehe ik abelod "1
irs, aneldhen loag che links leled "2.”

Note that boeause Bayes' Rule allows us 1o zevsesethe dicecsinn of 1 probabilistc
stacnua, the direction of the astows does not imic how we cun propsgate. We can
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Sotvcniaptonpuena () Fanction handles ths ask, and cakes the curtent positon asche
e it parmetes. The fnst 13k the funtion doss 3 0 terste chraugh e list of
cootas i e ity o determing which toam the poinr i in. To inereuse the perfor-
e of s Rancrion, cach raam hss 2 s of pointen thar camnests the cutron:
Lo with all a1 celghboring roams.

Thue fre come the SaLvatapcmparant 1) Faoetion s allds it st ietate hrough
ke entine it 10 fincthe rooin where the AL endiy islocatel, Tlowevet, on subsequant
el 2 rooms T him i supplied, which i usually the lasc know, room locatie for
e AL The anctian checks the hint 1oom Best, and then docks the nclghboring
oo, Since the marms ate ypically irge, chis optimization woeks quise well. If the
Funection determings che enfiy s 10t iy of these 200S, it reverts  terating pvee
ll o che oo

Updating tho Road Cache
The sccand step i o apdate the road cache. The rond cache s defined as the cutrenc
am mext o0 sond acgmenss as defined by the prinuacy rovte. The cache s basically
« ¥iro Ln, First Out (FIFO} quove. When rhe currcot road is completely raversod,
The nexe sasd is moved into the cuctent road dot, the second road is moved iato the
ot s sot, andlthe nes road n ehe s i insered into the cache @ dhe socand.
soud. Thice coat scaments are ulized ¢ suppuet the desired vue plapnin dis-
tance, IE o road seghusnts are very small ot your pluaning distance is longs thea
more roads i the cache will be necessay. Every fime che cache changss, o function
missarmurns( | is aalled o calealute the vasiablos necessary far defining sl

“Adse 3 callison, th AF it ofcen (e theemselves o« iffstent evad shan ehe
saad ey origimaly were on. This is e to the vehicke being, under phycics cuaitoh
doting che collision. I his ease, it mst updae the o cache wih the ness curre
voud, saed chen ic st deteruoiic the aeat road it rause raverse w ged brk w e
ergionl incersectinn goal. Mose of ehe time, the orighnal incrseeton goalis e cur-
ent roads destinarion inrersction, bot in e e, it must determine addiciansl

coads.

Etumerating All Possibio Routes
T diied ctep 3 m emumetate ol of the posble rouces avaisble for wavening the
cucent coud sgmene, This i ccomplished through dhe enmsoutost s Function and
is presented here In a slmplifed formac

vo1a sabavigatian: Faumnaueos Ponition)
f

ntencedTurmsi1s

ST (InsnargTorn (31

calashaemrTarcet
}
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William van der Sterren—CGF-Al
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Y i oo e achicws their oblectives in Langel
s, chastic, and canfisg crcumscances: kadrs and el rchenmsd procedures.
Withou 4 leader thiokiug, for he s 25 2 whole, dhat squad is unable o quickly
sssss i ituation and decide o 1l bese coutse oF acion, such a3 2 grop receat
ichout relying on » small auiber af well-knowe proceduns, che sqasd will wste
ime cxploving apriors e rosabing confusion.

“The sume hlds For squud AL we develop: eft o their o, the squad mesnbers
righe be bl 10 dfind hemnselves, or wveewhelm 1 defeuse o @ simple aack (as 5
Shusated in che previousarticl). Honwever, i takes syuad-Lovel AL o asessthe i
ion for the squaed 3 @ whale, s1d choose the best acripn. Whan sxceuting the
sqad-level AT will bz bl o detece problesns, and eicher resolv them
ot he maneuves e anorher o,

“This artcle discuzses squadlevcl Al and ceusoning s, v lock ac bary squad-
leved A anl individual AX interacr tamd somecimes conflicd. Then, we disotss o 1o
esess the squads situation and pick i couese of acton. Rased on 4o example {pulftg
bk aar squad while laying domen cover and suppression fire sk down the
cnmy), we discs the planaing amd exeoution of such a maneuver. We canclude

& nmber of pros and e of spsad-leve] AL
While far romn 8 complexe wrervievs of squalecee! AL, this anicls aists you in
dentifying the challenges of squad-level AL It proviles 4 number of condbat-proven
sulitions, while huiking on the sncigent squad Al discusscd in e provious chapter
Fa
eheidas apaly el to ol small cormbat formarioas.

Jaricy and bresit. v squad again i s e consist uf infancry soldiers, bue

Squad Al and individual Al

Sl che s AT i 70 pares,sygad-level AL and indivicdusl AL, offer a nu
et aF benefic. e scparares concerns, chereby sig
prablerns i each 7pe of AT has  cape wich.Teallows us 10 change aud speciaine
each kit o Al independenly from noche.

candly ceducung, the amount of
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cvidence ot hund.

“The probabilic rochniques rescnced e right scen vogucy il e fcay Lo
i that ey provide us with & meuns o perforn reasaning using eontinuions variables
im otber wards, they allos us to e Hloating: ot acidesc evtead o Boolean e
However, 2 et [Peal87] poinescr. . o appruaches baw funduocatally dit
foron goals: ey logic s about e degree uf membership in 5o, while probabils
tic avoming is abour Inérences regarding caustion.

Bayesian techniques also share much i conmon wih che DeanpstctShafic The-
ary I araméc02), Bapesian and D5 approaches pecforen ressoning in roughty sinilax
ways.

However the matin miration of borh the Nempsce-Shaker Theory and fusy
fogic rlive. o punbabilc rssoning e that both e buile on adicional mooronic
gis hut 35, che s proposicions thar canuot change when aew information i
acdel 10t system. The lasic example is the *Tveery parador.” “Most bicds (1,”
“Most penguias do vot 1y, and “Teaguins e birds.” Cur friend “Teeey” is boch a
penpin and 1 bid.

Wil sysems buile o monotonic ogie, the fce thac Toveery i a bivd il iake
che esul ofthe calculaton gl depedes. on the proparrian o irds har can .
T you inform soch a ysfonn thar 99.9% of binds can fy, e syseem will aert much
more storgly that ety can accunll . & syseem b on probabilcy heasy will
ot sffor from chs problems, s it will buse s conclusions prievarily om the e “pen-
uinsdo o i
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Scsipting lngusges ke data dufven design s siep furdher, Beyand exposiag vt
ablis, scipring lngusges 2l xpose Sogic. This might sound dangerous, bur a an-
usge can be designsl 1o b sitple enough 1o misimuae s riks, yer seill give
deigners the ahliy tospecily how ta vespand fo garme eveas |1 bucbner7). Scigring,
anguages b estrennly poerfl toos, providing A1 gstems with ininics variety.
Alxogaage can be a douhk-sdped sward, hossseer. Putting 1 ot of sonreol over dhe AL
s he designer? bands cun anpir creatieey, but putdag toe much contl into
sorp can incresne sk of bugs and make secing up Al an overwheluiug task. Refer
o aticle 10,6, “The Porl of AL Sipting.” [Tozous02b] fo somne procmaions on e
pecils of scriprieg languiges.

Accessible to Dasigners

Cueating inferstiog AL and achicving good plsy babineing esquies » geas deal af
expecimentation. Disigness shauld be sble 10 roeak every value while the gasme russ,
o fie-tune the Al Seatinics snd Jorrmntes should b exposed through daa files
andor serpts, racher that embedded in cole. Ul tneosices can be used 1 exereise
conteol aver the lutcracton

‘A user incerfoce for furuolsscan allos: designers o L in-the-hlanks wih appro
pristc vahuss. ¥ven uate machines can e expused, possbly theough a visual dscision-
e ol allaves for incitve zocdeling of hehavi. Designrs see much more
lely o cweale Al by makiog sleerons in drap-lowws boscs shan by edicog texe fls,
The mare the AL is tcaked, the beater i will b

o Al
gemes astibues and abiliies are often defined by scaciies. This s parienlcly true
of cole.pagiag games (RECA} such as Diablo and BaldrS Gute. Decisions in RIGs
anc based om the sets of atacrers. This concept should b tuben ws far s possble
Sene Farmulas should frctar ot every wpuct of an ageots behavior, induding b
Fus it tcls, henw nelligently ¢ navigare. what atacks and efenses i chooses and
Do i s che workl acwund ir

A more: e ax Bactored into e AL the sears of ehe player's charasrer wll seart
0 hold mmore tneaning, Agilty can afcer howe much disatce an agent coven whica it
‘moves, an b st it saaos. Thre an bespells thac dcrease il thus maliog
ancmies more shgeish. Sers for migic ca affce the e ofspelbs dat characrers con
jare. Tl player will easily be abl t0 sec hasw his or het chatacter’s s compare o
ocher shasaceees', skl characrer impeuveneits mors rewacding.

Rouss, Dowt Rsiavent

With these cps in hand, v can eapliog many of e AT progeamminy sumbling,
Uocks, and mave onto soll tors ineresting problens. (nseead of refusenting the
ssheel and eyios o optimizs 313 avigaon, fearn from the expericnc of athers





index-240_1.png
248 Soction 8 Tactioallaa

e squad members use messages o shans ingenians and observatians, Be
of the message based comonenvaion, the squad has lile sroubls acsommodading
serigred ream members

“Vigethes with good placernent,ehis cmcrgent squad AT approach s el suitad
provide challenging syuad belivior n siagle-playes games,

1 yonraquad AT s oxported o sct stunosouay, yus will need to we an explict
squad AL dealing with squadlevel resoning and decisions. Even in that case, the
message-based couperation betsween Eily autvmuaous squsd members i an impar.
rant ingredicne. The next arciclc addecsss s s evel seasoninng in more detal,

Reforances and Other Insplrations

Fowlerdt] Fowlr, Martin, Seoer, Kendl £ DAl A i Gode o the S
drd Ofins doifing Lnguage, 20 el Mddlison ile, 200, fee euarih
el s vearmceligent comoraglamiietorilsbor

GibsonOF. Cibsan. Clak. ©Wrien, John, T B of Teams Al Gatns Developes
Confeionce, atilibe selie froms woegsdeont comisechrvesproceedings 20011
hrien got, 2001

[Remelds8? Remolds, C. 7., Blck, Hewdy sl Schout: A Disribused Seboviral
Mo, Compuee Graphics 21 (SICGRAPH 87 Proceedings) seaed sl
ibleonline ar w037 comicwbaidsl. 1987,

rndriena] oS, S, i Anlys o 30 pcon Grmer?
Pracecings, Came Delopers Condorence 001, pape and presentation avable
Frm kgt o, 2001 prreeanes

[FLiGe 8] Hal ife SIP2.1, abve Sofwace wsleplansecomifinde aspiecian

ilend4591.

INOTFOI] No O Lives Forsver SDK, Mausclith sses:oanlivestorevercom!

davaloads.

For morc inspiracion, hase a ook at the emergent squad Al implernentasions vailable
n the tatemze, a5 pat of game mod developers SDK fdo tead dhe acconpanylug
lceuse st fst):
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FIBURE .46 Planning a roie arnamd s obgace

widh, the obsaacl is retutniod o tnumRautes ) s the blocking obutacle. Next, two.
avid posirians nee calculared: ome Lo e 1 and une 10 the right. The svoid positons
‘ae caleutated by using the vehiclds X orientation voewr. 1L desired pesidon is pro-
joced aloes, the veceo & disrance equal 1o the half widh of che obstacle plis dhe
hall width of the AT eoriry and u tunabie bufler distance. spicaly, a vakus bervcen
o and twas encters workes el For cach avoid positian, Enuafouszes 1 i clled again
‘and the process epeats uilthe desired route planning distance is achicved.

Oonge al the immedioe vt have beee enumcrated, it is e o seext chc bes
rowe oF the bunch. The bstorwi-ssaathoutot ) fanction handle dhis sk, Thers an:
erany citeria foc deceenining the beat omee. Ln our cxperiencs, the hest roue
n delined s the staighese veral rouce, Alesenatc crireria could inchide routes that
arc ot cormplecely biocked, staing off e sidewalk. ar the route will the fewest
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Soctians Tactical Ioaues s Intelligent Grouw Movomant

Addicoually,bs o, ber o comparsions jus onos o the enee squad,
other than fo csel s suczabes, we e be sble o redc the demand an cho
CI (e in this el s a0 ceample].

The relaon betwsen che snusa sed saaavemer is lusecod in Figure 541
“The squad consists of« sunbse of Scusdlembars. The Sauad raictsin a skl
sivuation based. on obserarions teceived from the Geusdunbars, uid Conmands &
ssued 0 che Scuadmrs. The squad-lsel simirion s 3RSt fu (e St
s ndividual druaticn anbarSui-son, i will bcome e i the e secion
You might want 0 compare chis i th cass disgram of he et suad s
ber AiFigure 5.3.2 s the previouschapter).

S P v R

FIGURE $.4:1 The relation esuren Sqaad and SuadMember as o UM, chas diguny)

The 8qusa codinaces the 5q.odienbs- actions into an effective mancuver by
assigoing, gosh and skt these Squacssnoars using Conmands, While essental for
comdinating he Squio, hese Comarts wso cause problems in the design of the A
and i the essultng behavios Some of the Gomnans hwued wil confhce with the
Squacticaors objectives, ae be inappropriate for rhe siruatian (4swberSituation)
hand

Buthoritarian Command styie
The Auloriaran syl has che squsavereer alvays obey and exeete the cummand
thocauso thers is o “T” i team). Uhis s el n rpicly responding naner
bors and dghtly caondinrd mancuncts. 1t dw cnables dhe Susd b saifice G ikl
one Soahomser foe larger” squadleel porpose: reducig, danger 1 the onbes
Sauaatamners, o g « st objective (through s suicide amack),

Howerer,chis syl performs badly when the Suusebonzes station i incomis-
cnrewichthe .0 el view. For eample, sunatemner nded o defend  ron
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PATHFINDING WITH A*
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ane o remcrber tha v of mote nodas i corrspand co the sume pasition 71
the map

The distans fos heusisic s e w dtenie e “abily” of s node g
seplared, We il s ths e e, st this e will peimacily b dealing
with applying A" el cvo-dimensional maps

The gost of + nude i prolably e bt i o defno—a analogy is probay
hese. When taveling lacge distaacs,vinus Fceoe e caken ino scepunt (i
energy. mooey,ue scenery) chacafec wheeher a cerain path i b taken Mo,
blepaths betwest e stan and goal nudes il have scocited cons, and it i e
b o A*f0 minimin chek cts, Nore hat there v e algorichm oe s
o t deermine e distance nd cost of 1 o they e ompley gl
tion dependenc

Tho A* Algorithm
W will now venuce incs the theory surtounding the A" alguritn, 7 eaverses the
nap by crearing s har cosspord s che vacias posiions ir explras. Remember
st e o ar for rardingthe progres of the search. o addiion 1 boldig
che map locarion, cach of these nades haschree matn auibues commonly caled £
o . sametimss wferid 0 3 the s, goal, and i values, respecrively.
ol describes eacs i more derl

« s the cont e gee foom de suring node co this node. Many different path g
om the st nods 1o this map locaion, bur this node repsesens asingle path o

« s the estimarsd con 0 et From this mode o che goel. Lo (s setting, £ sunls
o ferisic and macans dssred gues, since w donft eally knowe cho cor et
why wee looking for a pach

= i s of g  freprusens our o gocss for e wont of s pah g
chmagh ckis node. The lower the value of £ the betee e dhinb che path .

A ehis psine, g might s ehy e 3 meastring soms disrances and gocsing
aroxber dirances. b orposc of £, el s -quanrifs how promising s arh s p
1o this node, Componen g is sumebing we can calulate pecfely. I s the eoxt
eqiced o ger 0 this corren node. Since we cxplored all nodes thar ld o s
e we ko the salus of g exactly. Hiswve, compomene v a compleely dlferan
‘st Since we doudt ko uws sl T it 10 h ol o this ok, woare
forcel v gos. The herer nr gusss, he claser #is w the rue wlue, and the quicke
A finds the goal with liee wased effore

ddicionally, A” nuainuains v lss, an Open s and a Gl lise, The Open
comiss of noces thar ha o been explored, sheras the Closed lis consis f
s that aze heen explored. A node is considered “explored” if the aguithm ba
o at cvety e couneetod w this ane, cakalated dhei £  aod & valus, and
Dlaced chem on the Open ls o be exploeed i the funurs.
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Made Simple

James Matthows—Qeneration5s
jmatthews@generations.org

he A algocithm bas bt che soucce of mnch confiion aud mystery within the

game programming comminisy. While the gools and b cheory of 4° ac e
vl simple o wndesrand, the inplemeneation of the dlgorichm can b nightioaic
o tosie. This aricle will bopefully claify e theary and the implomenteation of the
A= dgoridhm. W will Yok ot a. the bsics of A" 2 they agply to dwo-dimensiosal
‘maps, andl chen sudy n Cr- chas that imploments e algorithm.

an Overviow

T (promonnacd a-sar) lgorichm will find a path b ween two poins b2 map.
bl iy different patling lgarichms v, A~ el fnd che shoreest pc, if one
st and weill do s eatively quickly—which s ehat sexs i apaee tom the arlis.
There are miany Hlavors af A", bue rhey all build acoud the basi algorithr prescnved
here.

A ina diecrd algovicun. saning L docsie bliadly sarch for & parh (ke a rac
i mane, bu inseead asssscs he et dirocton 10 sxplore sumetimes backrracking
oty alesnative means, This i shat makes the A* algorithan 5o fleible.

Torms.
Beurs we delve inco A% patticulars, we should defe a e terms.

N ruap o graph) s i pace that A* s g 10 find s pu b e posicions
“This dsca nocesasly have o be 4 n ch el scone of the messing. The
i o be comprised of squates or bexagon, b 2 dho-dimenions) aes, or
cret spacal spresemiaton of game s, The impotans ching 10 ndertand i
i e i is the st wihin hich A* works.

Nodenase the sruckucs shar reprsen posicons o che map. Hlaweves, the map wil
e in & daew suzuceus indepcadne of the s, The pods sorc informaation
criicl o the A aloricim 5 wel a posiional informatou; chus, s s 5 &
buokdceping device 1o srae the progrs of he pabfinding sarch. i rpor
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The senrer poine i che stasting posision (5}, and the oifec gray poin i the el
positian ), The valuss £ g. and b acesimple 1o sasighfor rhe séaeing poin, Vilucg
i serw since e i no co asociuced with the s node. Value & s caleulard dif
ey for cach applicatin, but for map-based problems, something simple ik te
combined wwst of the horizontal and vertcal diffrences {lled the Manhavan Dir
cance) s sullcin, snce ehis is o essunable gucss fo the remaining cost, Theroe,
oy i the destination poiaw snd ()i he stating poinc:

beldenl s gl

orcur problem, G2 2.2 nd (s s 1.0} w s calclaed a follows
helie2]+]0-2|

PRV

Siace bis 3 and g8, then f which s b cun uf g and 4, equals 3. Geoeruing
lilren i simple s all children are vlid fal cighe adjacent cells can be taveld
and allare e noees 1o b wlded co the Opee lise. Ve g-vabuc fo cach child nodewil
e 1, since g Is the cost o gemring e che paren (0} plus the cost of movig 3 positon
st ma G this cas, o el Th hvaloe il be dificentfor each o, but i
cnsy o see ha (1,75 will have che e sconesimve i the closest o our g nofe.
herefore, 2,171 the hese child node and will b the net ca be sxploeed.

Node (1,1} hos fous vlid chiklccn: 4,03 (4,2) (2, and (3.2 Now s have
detcrmine which wadse ave on the Open or Closed liss, and which are new notks
N (2.2} i un the Clesed lse. e was ous original starring poinc, and all e cildrn
nave becn opened up. Nodes (7,2band (2, are e the Open it sioce their childien
bave e 10 he explored tand aro children of £2.2), and, all {16} is  new nolk,

‘Al wssigning g and rvalues to the nodes, ic s vidert chat 7,09 il e e
bt sanre, and upon dhe et teraion ofthe &° algortln, it s discoveeed that (1)
s the goal node

CAStar—A C++ Class for the A* Algorithm

St s caatuple Gor las that cplerments o A~ lgarithn, i e more
Gomplox than 3 sandard clas,sicee It allows che progesmmer o supply s owa cox
and validit Funcrions, 4 well 2 a variery of cllbask function poiners. We will s
Look st al of che class mecaber unezions; dusicad, we will focus on the node daa
scruceure and o imporca meabor fanctians. These two eucmber funcdon,
Linkehtlo and Updataparests, handle most aspeers o A”.

Flest, lec s ook a the ol data seucrues

alass _ushous |
e
stz dnt);

Tt o

e oyl

it nenshiLire
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Competitive Al Racing under
Open Street Conditions

Joseph C. Adzima—Motocentric Inc.
Joe adzima@yahoo.com

his seicle describes, sith examples, the basic funcsions nevessary for Alcon

crolled vehicls o mavigute & random nevwork of coads and inccrseceions fn a
compesine and highly sediaic looking manes, The code (included an the €D
ROM als llustrases hevw o navigate amays of ranelomly phced obstacles in che city.

his aricl Legins with asectian describing bow 1o creae yous iy 50 the AL will
ok wid it, Nexs, it llstrats the algarithms mvoleed in colealring che seering,
wahies, and shen Aniches with a secrian descrbing the madh invalved i caleulating
the cheoule and bk vales Tl weiing i his acciele sssumes th you alieady have
& ehicl deiving model that raks stxeing, brake, and throre inpus. Additonally it
oquires thae e provide the ciry n which to drve.

Map Components

100

The e eep 0 soving; the navigation problem o reprsen the vy sueets anud
{oneectons w the computer, The map i bioken up into compancnts that epresen
the 1cads and interscctinns of the ciny. Rands.as in teal lfe, represene the physical
spae any v incersections, Hads ane st or s, aod Live 2 widh
defined by the disiance fiom the right oter boundary 10 tho kit outer boundary:
Roads also might inclisde sicwalk wirh an array of chaacles on theen. Incersectiuns
are defined s any are i the cty where Lo e more st mect.

Bosds are epresented 25 ses of 3D ordered veries, 2 shown in Figore 9.4.1
Thie mai scts of vetices defin ach roa:she cenceline, ehe right cond boundary.
and the le# oad baundry.

he road cemerline consises of 2 liseof verticeschat dfine the physical e
afrhe toad. The rght nd I oad bemnelries ae broken up into e seccions cach:
heimner and th e boundatien, The nnee Wundary epresent the lioe becween the
o and e sidewlk, ad e o bourdary eprescas e fing herwresn the. putce
ol of thesidewalk and the building sades. To complee the rod representaton.
arienrarian vector e ealeulaed for cach venex in ke cemerline, The orientation
vevtors comiat of p o down (¥, it Ll (0, and forward and revers (7. A
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Copen and Closed liss are equised because nodes are o unique. For examnpl, i
you sttt at (0,0} and move tc 10,1), i i pecfectly valid o move back ro (0.0). You
s, chercfor, keep ctack of what ool bavs been explorud and creaisd-— b is
s the Opes nd Clased listsare o, As mentioned earlct, nodes simply mark the
ateand progeess of he seacch.

Tn parhing, this distinetion hesames imporcans becaune there can be many dille-
et erys o ravigice o the same puisl, For exaenple, i 2 pachscay branubes into rwa
bt converges again buse, the dlgarichen enust dewcrming shich braach ta toke.

The Algortthm
N et s ook ac A* broken doven inee preads ol

1. Lt - thesarting poin.
2 Aviga fgand b alues o B
5. Add P che Opeu . At chi poie, P the anly wode on he Ope s
€t - the best o from the Open s st bos the lowest sl
a1 e the ol node, chen quit—a path bas boen four
b 1Fthe Opeat It i envpo thea quit— path cannot b fourd.
5. Ve C « 4 vid e conected 0.
a2 Avsin g, and ot 0
. Chek wheber €7 an the Gpen or Clased L
. s, check whetlr the e pash s mose ificien fowes fralc
1. 120, uptae e pach.
i e wld C o the Open o
& Repeatsacp 5 for all vl chikden of 5.
6. Repeae from sepi.

A Simple Exampio

Certain sepe wichin the lgorithm mighe nat sl fonmediste s (neh a5 S,
b fur the maoment,a v Simple seep-chrough showld clati most ofche lgoridhm.
Look at the example map shawo in Figure 3.1.1

0128 4 0123 4

" ®
FIBURE .11 41 Vary siraple vap. B) Psh selutin.
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Cheshesparer - nase;
pemtte

@'+ chaskesn;

Undataparonts enecky
)
i

I e refer hack e oue posudo-code, you will see chac we must fiat check
whecher the node exiats on cicher the Open e Clused s, Shac-List cakes a painter
102 lst heae and 2 nique deotifier o seach o, oI Ainds the identifie, ¢ s
the poinrer ofthe nude with which i astocived.

1fie s foursd un the Open lisr, 57 2dd i o the atray of noge's children. We dea
check wehether the g calculored from the new aodis sialler chan cnecks . Reme-
e chat alchorsgh check and tamp conrespond to the same position on the Inap, e
pachs by which Uey wese rached can be sery differenc.

It che node s found on the Closed i, e add It 10 000e’s children. We do a s
ilarchecle s whether the g-tidues lower, I s, them we bave o ciange oo orly
the cusrnt st poioter, hur also aff connected nodes 10 update thcir 1, 9. vl
and possibly ther parcat pointees, oo, We will ok a¢ the funcrion chat performs this
afer e ish with Li-kChLe

oen [
Tastote neunade - nee _sshodot,y);
Resnode-parcnt = node;
nesnode- 5 = 3;
Rowoe o - Boa(x-n_iDK) 4 abs(y
Ramodo >F - newicde-sg 1 raunad
Renoda-num = CoorerwmE.

a0V

aqsTonpe-inasnose)

noda--childranf nado- nurchiigrent ] = newnodes
)
)

Fially it is acichor on che Open or Clased lis, we create a ngw nods and asign
the *, g, and h values. We then add i 10 the Open lie hefore updaring is parencs
R pu——

CAgtar:Updaty
Updeteparants rakes 8 mode as s single paramster and propugates the necesary
changes up the A e, This Implerence seep 3447 of vur lguritua!

Vo Gastsr paser
l

20 _sstots a0ce)

a0 >mancnildren.

int g = rode-ng

_asboge “Kin - wiLL;
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astods pare-t;
atnots shest
ishods chataenisl;
Shid | sdatapte;

5

The node darn structuse inmplemrted 35 2 miti-class o sid member varisble
iialzaion frce che sowr fles on the C-ROM). Tl member vasisbls sie
lfcxplanstory: g, and nvaluss, x and.y carisbles for posiional Inlormacion, o
Gritaren co rack the wusmber of childsen, and munber. a oniqus idensilier for cach
map posiion

Following, we hasc  poinict 1o the patent of the nods, The poiarer abelel ne<t
s s in the Open and Cloged livs Gaaplemented as linked-lists. We then have an
ey of pineers co e ctldren {parhfinding on a prid enyuites n areay size of eighil.
The final il s 2 void puloter chat the progrmmEHs Gan use to FEsociate ome:
Lo of date with she .

eABtar:LinkChild
Linkoni1a eskes twa pointen o _sstods coniccures. Qe demoxes the parent nog
0. and the arher s 4 teanporary nusle (1eap) hat only has its » and y vaiables -
alied. ik id implesuons stepe 54 aod 5b of the priginal preud-code.
Vold CAStar: LinkGhLLA(_saiss o, _ashore
0
St - e
ant y - zemp-oy;
ot 4 - aaceosg -
s ludCust, “o3s, tanp, 9, n_pCDRLE)
ot nn = Saomezmumi i

it e retreve the coordisats nfarmation from tenp, Notice how we edudaoe
by wsing che purcar' sl s the clling che et-fined cose i wGost.
The s e generates the nique idenddisr fur our node pusition

satacs ~chask = WAL

<f (osak = Creekczstm_sogen, rum {
Aoaarmila. oineda.Znumh 18-ent-] - chacki

it tg < eneskesp) {
Sack spacen = nods:
Sheckoog = ui
Check 1 =3+ oeeckooh

)
wles it (ohack = CneseList(n pilosa, o)t {
‘Nodc ~chsLaran [nonesrumcli] 1=+ i

RECRT TN
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for it smuisejise)
4 = nate-wcha Larenl 31
3t (g1 < ko) {
P
Kinoot - Kidog + kia on3
kit parent - cods;

Puse(esd;
v
)

Ui s e fst half of the slgorithun, uis vy casy w see what th algorithm.
does The question i, by does i do it? Remermber at node's gvahue v updated
beforc the call co UgslzeParenta. Therefore, we check i childeen 10 see whether
¢ an improve on their gvalue us well Since we have & propgare the changes
back, ay apdared mode is placed on a stack 1o be recalled in che Jamer half of the
alorithr.

g sparen:;
e fupstacks (
parant = Sop():
B Baren smumchildrun.
Far (onL 3 G5t ey
Kid = oarent-sanuldronti’;

it sparantogt < kidny (
4ia 5g - parent-g -
aFan (oSt parent, kid, 0, 0_poonaray;
K251 = ki + ki0-5h
¥ig-sparant - Raront;

Fush (ki)

)
l

e s fche lgorihe s baelly the sams s e s hlf, b mscead of i
valuss, e e pupping, nodes ofFthe seack. Again f e update  node, e must
b ancs che sack v comtae b propagaion.

s mentioned, CASar is cxpandsble and can b easly adapted to otbet applicarions.
The it advancage of CASta i chat l programenee supplies the cost and vlidiy
Funceions, This means chu. CAStat & almast ready ¢ o for any 2D map problecs
“The programmer supplis the cose and validity functians, as well us o cprianal
norificaion [unerions by pasiog, anction poiaters ofthe following protorype:

et Ant(_asFurc) askiode ~, _satiads %, nt, void +);
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Sections_ Tactica) ssues and Inteligont Group Movemant

hehavion. And from his iatractin. squed manenvers etneige. This 1pprosch i
aiictivs bocaune it i 2 simgle wsaension of indiviual A1 and bocause it can be cas
il combined vics level specifc scriptng. Horwewcr, chis spprosch i weak at mancs
Vs equicing suconomy o tight coordikiston.

he nest aeicle discisecs o cemtralzed appronch o sqead AL widh & e sad
level AL making mos of the decisians. Thit rquack-kvl AT sucoonmenly plens and
dircers comple ssam maneuers. Howseser, thas squad-Jevel AL hes troble delig
with the stecogebs swnd neacs of indieidual squad mosubees.

This aricl brictl defines the key conneprs of svad Al aod s racics. I dis
s the dcentrslnad drsigi. and iesclomons. Toro examglks uee wed 1o lnsrare
s his desiga ensbles squad wctes:  squad attack, and an ambish. Dased va dhe
numple, s article discosses the sticugdhs and weakneses of che decontalival
design, aud some workarcuds fo the wealsesses,

For cariry and bievicy. che squad hese is amimod 1o consistof infiniey sldies,
e e e presened als apply ra sy uther smatl anmbat foruations (ank i
tooms, rofls, vl vesels, it sobers, and sa forth,

and Leadership Style

Asquad is 3 mull team. consisring o up 10 3 dorsn maembers, wirh cs 0w goals. The
squad s o accomplbd s gosls through coordinased. actions of s mombezs,
ven undet advers: condicions. Casnalics and segroupings cause vactions in the
squadi stmcrue. Moreuver, ey operaiog, Fiendly squads might incrfere wid
the squad’s operatians

Sqnds typtcslly have @ leader. Tn some eases, (s eader i wery visible and s a
iffecnt ol han che otber squad marben. Ln other cases, sucts as in raom-cleariog.
acrions, the leader acr ke aty odber squad memben dhe miceess of e acion i -
warly dae o aioiag, eacher tan die lsder.

The squad sclces and escences cctain saneuvers m acssunplish is goals, Such s
mancuvsr peovidss cach squad saember with a sole and sk, A squad snaneuver can
e sighel o laoncly coordinaeed. T s ighely coordinpted mansue, sy mermbers
ety ou detailed repentedly el
syachronize and adjust their actions. Much of th syucheonization s dote dhroogh
Quick, sanverhl comaunicarian, such 1 predsfined hand signal

n a loosely caordinsied muneuver. squad smembers spnchionize their acvans
Les wtten, ot fust it pare of e sguad. The squad el les an el Kiowen ston-
dand procedures, and needs larger (yebal) communicatons o synchronize the

n designing squd AL,

e il atl comtinuondly cxchsge informarian 1o

 contepes play an Iportant mok.
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el ynics make nuce hat the accions ol

« Coondinuted: Tnsructions om higher-
the lower-level unic seve che overall gal uf winning the .

Sote st o ot o crensibilicy. A gronp of e hrown s vl
Gl b th e n & complely discgaried ey The mreduacon ofa Cor-
e howersi sl mmediacly el n o conrdinatedbelasir. s thr o
et wil n s simply hor 1 she et encey, bt ill b rllowing ision
anders fo sme igher tevl g, whacever sht e .S, noshing o e
o it ing e weits i e, more tellgon apabilis in the ol As
Caplementod, e gase dors no s s sreric nclligance. O the onhec
; i, peshaps & Gienal s o L. s to e the 3eions ofth fams
;, et 3 e saegicllyimformed uay. Thes ebuasconens ance wgelo,

would o require aay clanges o the exisdig wnis

lusions

Tha maaim sonree of he pevver of the Liackboard is dae et that che archirocrure plees
such serict cousarins e inceumponene communicarian. i che demand that KSs
coromunicate anly thruugh the blackbosxd—and that all comumunicarion tale more
o liss the same superfcilform— i resulesin hekavior tha s oppaLuisic, oop-
craive, coordiaated, and extensible

Bluckboaeds are ceraialy noc she asswet 1o cvery peoble, and in many cass.
ey an oy the Legianing of the solucion. After all, the canumical aichirecture
defmed cutlie is so general hat s ystems you have already buile might qualif 2
bluekbords. More thas anyching. the tzebniqne is 2 wseful philesopbical 100l. They
s nox releve yau of the hurden o coming up with a stable comteol srseogy, and
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et
5= Dothroduct (p2ane narmel, start) - plzns.gist;
£ = DCHPrGUGE (bLan naral, and) + plans giots
P
Vearard delta’ s and - seart.
relurn (stent 5 ceata + 15
FIOSE “INDFPOANLO"Line(onst veotorss poiet, conse wentords stare,
veszoraa. ]
¢

vEstors calta - wd - start;
“Lcat Longtn = delta Longin )
av1ta = paint - stare;

103t 1 = Colea Tongehe);

vt (€ dongthr:

l

el the designce uf she tack would be bl 0 race ol candidarslp i ce-
ated, el cater 2 taods thateeplays and recoech thi ep.

Tuning the Car Ha

With cach car having nnique churacerisis, euning each cars handling serup vahics
o become a i comsamusg s even impossibl tsk co undertake marmally, These
satacs e fschude dae under. and averseee values as described i article 9.5, 1 Tome.
srer,th lloig merhod can swork on any t7pe of parsructe chat requirs sach o
ingsfor cxample, braking, distances, Fanclrcar braks bulance, ot infotc, and camber.

Adfusting e
e aim of e car setup & 10 fnd che optinuun prrsuieter values to raimive e
perfrmnce. Usill,the bes lap tme corrlaces o the hes secap, so.4n adicamenn
of & paranter can be consideced 2 improvement If the Jap-tans docresses. A s
Plistic spproach of randomdy slecring vlues fot  pacanicier s  shot n the drk el
£equits purc Luck ro pick the opimum value. This s made evem rose difcult whea
deading with a g set af pacamerces thar ase ioterpendrt,

Gunverging on the Optimum Valuss
A more mcrhudicl proach s o converge an e oprinuum valuss: wsign each para
mcer fich 2 iy il maxizvum value, and then progeesiely ceduce e renge
il the tager value s wached. The sucag eange sbontd be chosen wisely snd
deponds o the type of parameten i shuuld be g enogh o encapulate sl pos
ble values. yer soull enough ro seduce e search ine.
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Squad Tactics: Team Al and
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i ki e et backupt” Bullcxs are biing the low wall thar peovides
bavely eocugh caver For the sokdier. "Na can dio” a nearby syuid member
reples. O e e, the call for “Medic” has become sofeer and infequent. Then,
nal, the saad’s mashine gun sares spiting oul i curtsia ol pratection. "Move:
Tl cover you,”dh machise gomer cal,

When the A1 aperats in squads, i can do a lot ot & ractical combar gamaes che
s bobavior aud conmmunications creare & more realiiic armasphere. Squads
Sying agaiest the player il chalenpe his tacicl capabiliic, e squads ightos
i dhe playcr might offer bim a csuander ol

;
A

s oot o i

s T T

AN 68,0 Pecemsalies spuad orgeniarion veres  cnivaliced e organizasion

It sy o answer sy squad AL shild e pa of 2 cousbac game. Howowe, i s o
0y tw anawer how co add sqpasd AL e chae gamel There axe miny approacks 1o
cedice (pare o) the required s bebayior, but none. o these is complt ar potfet

“This amticle andh the net discuss ewo says ofresliing syuad AF and syaod et
(Figare .3.1). Thisaricle presene  decenalized approach ra squad A1 intesacions
betwcen squad. menmbers, culee than 2 single sy leader, decermine the squad
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spptictons o cal s, Fach o ch soccsshl appliant s chn changs e
rrentusssso- 1o b the mision that they wece just granel, The funcin got Tean
rerurms the oumbee ofthe cea 1 which the unitbelongs (., o blackbaard iswed
o cuc i e simulacion. v _cnesecute promps dhe uni t do whaterce i
Reads 1o complers s mision.

Fart ofan action ecution ight well inolve the cecating o nw psings forthe
Uk, These sions can b e nd poted as llows:

missics [ oreatemsasian(skill_reauired, capacity, [Locaion], prio-ity)
e LLOToBsckboard; dacknosra, skill requiras. missionl

Sinc che blackboard i really use 3 hash el the second lne n dhe presions cods.
is antumaunt to i U mision 3¢ s o e s rahle with skA1) required 2
the key

Tl ¥.1.1 samumarizes the units cascently implemented in BBWar uad cher
capabilre.

Note that the cit hus many skils. While i canno divcrly Rl che soisions
hat <al For hose kil i can peochucs unirschat can Sl them. Thus, the cly s the
Factory o th ceam. Note also s 1 hvuse susons thas It can elf L ‘The ms.
siven are isued exteclly 10 ke adeancags oF nearby unic. 12 Jare mumber of sol
dicesase nocessaey ¢ defend che ciy or ample, it be fulfilted by
rahication of nearby soldiers, soldiers peoduced and caesferred. by neighbocing
ities, sl sodices produced locall. Similar opporaunisic bebavior cesuls whe a
Commander eads a geoup of soldierssags bauile, I oste of e sobdicrs e ose, cher
nurshers can be seplenished Ly neatby soldicrs pesforming less imparcant missioos
ad soldics producad by mearby eiic.

The bebavior hat reules it

e wission

« Opportuniatc: Unic react t neatby enemies and allis,

+ Caoperative: Beer units sk togesher 10 solve subpeoblems as they arise (ot
xampl, th probilem of defending s cty can be solved theough che coopecacion
of numeruus sokliers snd citier.
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Training an Al to Race

Gari Biasillo—Electronic Arts Canada
ghiasillo@ea,com, gbiasillo@shaw.ca

Lis aricle conchudes che raciog AF seies of ariles, and drercforeeelrs 0 axpects

of che fise o articles (acick: 9.1, “Reprusencing a Race Thack for the AL
Rinsllo24i. ard aricle .2, "Racing Al Logic” [Biasllo02h]). Crearing an Al so
rompucn can b redions and sinss consusnlng rask, 3 the putpasc of s arcle s 0
v dessits ofscverl crhonds to eluce s provess 10 & mageable level

the Racing Line,

Drcining the ravig line i < viral e af the racszrack definitian thar can make ot
oreal. s effctiveness ol the AL A £5s¢ provess of aying down the rucog line is 10
o e pach ofa human player's bestlap, This gloes 10 asclient stating puint chae
oudd vty equice minaz Lales e faan ooty imperlectons:

Calculating the Deiving Line Nodas
v desribed e arrcle .1 Tiasllo02a], the vaceack defines the rcion ine 2 4 con-
ection of diving e s sored i the A e n vderco vomgart the best bop
v uvsctack dica, we need o detcinvine at which polnt he car eroses cach inrer-
face, S srored and pdated, he crossing puine can
e deeertmina at the time swhon the cas moves i & ew s

o derermitas ehere the cue icercects the nterface 3 line to-planc incecseution
eI enlulateds rhe var's previos and cuctent pusicon specily the i, and he sart-
fg imerface of the oy aezupied se o defngs the plans. Becauss his cost s auly
peaformed whean the car entor e secor, s can goaranuechar d e szuddlex
the glane.

e e cars castene secror s b

w ly s Gz D= O, wher
f et e,'s = wormal.y, © - naread 2, © - s
P %ot against plenc. rrarsare
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For NLP problems, considee the wordh pived andl plowre. To the slang of the
United Sesce the v wards bave one 55¢of mesnings (agy wnd drind, cspectisly)
o Eaglund. ey v rarherdifrsen meaniogs (s, and an impolic refrence
s, rsposily). Wh people mak e types o s, hey are sty thout
o e funny: Whien comprtrs  cspectally gamer—male them. they ae thought o
b supid.

st b b made in bt s, Speech tcogniion prodces hat s v
P Bave bee allndsbl for 1 foe ears camen products s prics an be forind
caly o0 the Weh ar sivs sach a5 amazor comn [AananD1 . Toxr-hssed adsemmuce
ames and Weh sive such as Aok s shos paod progrss at NLIL Howewes, ke
corbes the bl e ton big, o his persars computer garc. The infema-
onalizaion sucsslone vould have beea: dauatiug Lt arh problams been soleed

Thesfors, the solved 1 diffeceat problem, Thei resarch showel Wt Large
marion gsures e sl acrass homan eulres. o sarmple,th *f don' know”
g i the samc che world over. Smal eatuecs should e weided because they ace
vt el While sorme o the diffrcnces ee small but walortuuatsy oaicoabe,
sach s wlich foger s pesan scre wich o coaat ke s, other small geares
dite shockingly fram culeure 1o cultate. B, while small pestores vac. g
getares an comvbtent. By adding luge rstons o he repertsice of NEC bhaviors
Qe o was made ch mors enpaging—e acud problem th speceh recos
iion s sappeee sl They o tht the problem of doing hrge ot gs-
cures, & eoblem dient o seech inpnr, e th real problens ber

‘anathae Examplo: Tho Sims

Gting sotonnrous unics t beave utcligenily s plrgued many 2 game progran:
e Citeg a uni 10 idencfy of ocane things thac et i eflculy achicve s gonls is
L it o work. The previeus nva seneaces are noc ncical prablems. Neihe is
e second o restaterment of e st I tcrms more specfic t 2 game geuee it just
seeens thit way 10 peapl who have sriteee souh AL Slunost ahvays, chis s ouched in
et of o teal wnins nreract it the real world, The st igure out shat dhey
e ook far,and they ssarcls the warld space (and thei menury) 1o y 10 Jind
them. Where can 1 gessomeshing o eas” Whas i  good s poisd Anwering these
questions sobss rhe probleen a hand.

Will Wight, i The Sim, sbved ch eaf problem inceligenc lliavine} by rarn-
g dhe seconud o (denifying and locaring asound. What he callod “smar termis™
e i v casicr for che: Sims wa get what hey nocdd. Smart rerain s ehe idea that
b o1 e ceresin biaadease sha they offer cu any Sims dual might e passing,
by [Doveibost], The Sims da et idenrify thess objeccs o che ereains chey iomtead
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Introduction to Bayesian
Networks and Reasoning
Under Uncertainty

Paut Tozour—ion Storm Austin
gehn20@yahoo.com

e Al ageats st within vistual sords of vt own desiga, Boranie of s, wo

s the poveer o grant them pesfect Knurelcige of e would if we desre. Tloww=
ever,dhere are many cuses in which we would prefer to liaic an Al sgents knowledge
fche world and focce i v pesforn humanhike sesoning in onde 1o form ¢ les -
fato—but woie intereing—asscssment o s cutrent siasion,

Lmagine 2 ervegy game with 4 “fog of war® feauce, The fog ubscures 2 players
siew i areas i which b has oo influcncs. fmagine chrsa clever buman player rushes
bis computer oppanent repeacedly ith sl proups of anks whil sevrely bildiog,
 avssive sir foree bebind his base

‘What sor. of buhavior should 1 computet apponsnt probuce in ehs situation? T
e only care abrot making our AL as chullenging as possibl. then the computer
plaser shomld prepase (ot an invssion by air Clearly, dhis constivates “wheating”since
the computes plager has never sect the ai force being conmrusted and has o way ™
e tha it .

e, what v ypically wantis an A1 ehat’s o humalike and mare enter
taining. e otapurer player shiould aflow iself  he misied, and should eason char
S il el hseeved waves of tunks 83 7t Can expC 10 S0 even o waves
o ks

The buman pliyer can fow approsch the game o  psyehologiel lewst and
ateempt o curn the computer plyer's sessoning against s, The pychology of our Al
lavet now hecurte 4 crircal compunent af the game mochanics, and by allowing it
o he intentionally misled, we have given che human playee powerful new ool for
ameplay. Tn Tan Scacem Adstin designer ingo, 3t provides the nser with porwerful new
“player verbs

Uhis artile provides an incroduction 1 probabilisie seasoming wethods and.
Bayesian nerworks i pastcnlar. These techniques will law aur Als w perform euro
plox reasaning i 4 mumaclike Lsbion. If nothing clse, the lictscure ([Peae7!

18
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oo 3 parameters Linias convee to wirhin  small range. it is deeroed oprimal
‘s fusthes modificarions should be applied o it e aflparamerersare ptimal,
o car handling sctup s complete and the process can be ferminaced.

Turbo Training
The iems vecgiced for s process can he reduced comsiderably Ly cunniog the game.
s st a5 passible (b sil ar 2 ixe ime-stepl; ot example, calling the game loop
kgl fimes in hetween wrules updates and nor eating for the serical Uauk. A
method of Lucuia s [eatate n and off should be male wvalible sn thar che
designer ean make any mecasary shamges  th sacetsack ot iew & lap i eal e 1o
jidge the curren progeses o the i,

Avory wsful, and indeed vital, st of s ceack crearian process i che abiliy t0 run
the car A1 werd il the wack i eal rme. Uhis allows auy probloans i he rrack
lagous o be quickly moified and rested.

Usar Control Overriding Al
16, o whasever sesons the AT becames srock or cannt navigate 2 crtaln pan of the
excettack, being abls 0 Take cantrol of the car 1 Lelp the AT is invatusble. Anotber
s wold be when o wane L test how e AT handles 2 certain past of the race
eracks casher dhun i for an <acive fap 1o he navigace, the desguet could drive the
carto the desired sartag pasirion (ar have an edtor upton o allow you co place the
carar ang poine on the rack) and fet e AL proceed fiom there.

A ueivial evesrile nechanisn I 1o read the wser ioput aud st his nscead of the

, ATS ot i sty Keypress arfrytick morement s deteecod. A uscfl addition i key
10 toggls che Al o allow the deigast fo discannect the AT where insnos

e L

ion

s gmes becaine sore comgler shileche production dme otnains constan o even

decceascs, h workload o individusls seeds Lo be educed. This arcicl, in che seope

of racing, A1 has hapefully provided sscfal methods of accaicing b goal.
& few inpruvernencs t the meshods described in this articl indlu

+ Using a genctc algarichm 10 rune the car pucsricrs

+ Tisning the cars on & rack-by-ttack basis o get the aprimum perfurance o
cah

+ Burcing the Al to abays oke covrain rauce ypes w 2id debugging
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e spprusch fo uad AL s the decealized approsch, in which die squad mer-
Lens copdims i acions sithout e e foe n AT squad eudes This approach
e ateactive fo various ressous

© e simply is 0 xrension of ths individual AL
« B rabusly handles nuany sicuations

« Tedeals well with  sarity of eapabilces itlia he eeam.

+ lc s sl b combined with seripted squad mem b actions.

This combinatian of propertiss makes e decentralioed approach en atractive
choice o games chat bave the layer co fight chrough levels of enamully positioned
s of opposeius, ZInELif [EALL#R] collected a ot of fme for applying uch
an appraach.

e, [ T ot
- T
S | T

FURE 8.8 The comcept b she decensaicnd s AL (herch and DML clss g

The design of the decencralized approsch s shovon in Fignrs 5.3.2 (a UML class
disgeann (FowlesO1). The sqund cossies of AL menbers who all publish the fllow
ing infocemasions to nearhy squad members:

+ Theic incentions { T aoving (0 poslion <x7>," “Tia firing from <17 in
dicetion <gich, yaws at threae 2t <" T going  reload ),
« Their ohservadns Cthrzat see a6 <37, “gretads taned toviard «xgie=).”

To selece the 1ot appropeiate accion € perloem, cach Al member tales into
acenume e iaation af his tapanares i the theeae know  the seaun, n addiion
o his wwi state. The sequitcd changes o the indisidual ATs periodic hinte metliod
ars Musrared in Lising,5.3.1.

Thher ate 1o radical s roquined o m an individual AL into 3 coxperaring
squad mber AL Of courss, many ol the chaogs ar found under the hod, but this
way of impleneuing squad Al enables you 1 estcnd your individual Al rahee than
having to start from seratch.
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ehey do not eleve o of che edious gamaplsy bulancing shac s necessary to snsize
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around wehich 1o sevetuee und hin about these o
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The pracess of canverging i simple and begins wih inlralizing each parametee
rcasunablc vabues e avera of the parsmeter's minimarm and maxinnn valucs
n ideal choice. The AL is processed to complete a fow lsgs. The bese lup-time
ived becomes ehe sarring henchmark. Afiorche complction of s Lt p, 4 para
eris sindaunly dsosees o saodify and che AL continues o b the ceack,

aiying Paramatar Volues
raple but cfecive modifcntion sehcme i o select  vlue ofse fom the middle
e cutent parametcr aoge: iy, £25% of the range. This mtho s effively 4
ceon slgoithm. & light viiatios ol s e s 0 sandomly chose an ofr
in +25% ofth range. as it gives bertcr rcsles when dealing wich raliple nter
osuted paranetes dut 10 cach patametss having, geeast chanes of having an
e o th final scxap (Figase 93.1).

tLimit Gurrent Value Right Limit
| X o rostrevauet
tuimit Curtent value Right Limit

ﬁ.——“Nm Range “—» I

AE Q.91 Puriomer mudfiction.

aying the Range
¢ e i desermined thar the modication of a patamerer i an Improvement (3
coe i lap Lime) o  dceriorgSon an icress n ap on),th s s redced,
conging,on the optizum viloe
When a parsmerer change causes an mprovement,cither che patamece’s i
s on vl s changed depending o the direcrion ofehe prcvions mod
on. I he patametcr maved wwaid e sfuion, Use masimen et © the
metees presions sl Conversly, the minfau s st 16 the patactucs -
alus i e unesed he i,
When 3 parameree changs causes deterogaton I ap e, stilae wppeouch s
. the paramerer mened towarsthe o, dhe. v 53t e pare-
£ provions value, Comversely. e masimum i s  the preamsee’s previons
 Fir moved cowards che maximu,
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Howevet, hanks to the bluckboard acchieectan, chese additions did not noezss
{uce sy changes o the ather sysers, This b esecialy importait dnce nor all e
rores ot it €4 will s all e sysrems (some cecacures we husid da not hive-a
oocking mesoy,f cxample. n arher cascs, we iight wan systsns o o oofine
o the sreaturs develops (a Sex-Tirive Syscers, Tt gt be presunied, would only be
S acive at ubersy). The blucdboard allows these changes o b muk withoueany
dseupren o the da flow o the poisc of view ofthe ot stens.

' ypleal ineeacton i che one thar fakes place beomeca Lhe Action Sclecti
Nasigaian, and Motor Sgsrems. Action Slecton tncs motot sigash inrended for
he Movor Syscems hiwever, cuose sigaals cun be inmercepted and modifed by che
Novistion System. Action Seloion tght produce  rsques  pertorm a Pisk-up on
The abiect of aseafion. Alihnugh the animuatan represenving the Fick-p aceiva wll
inasely be plaved e by che Moror System, the Navigadian System migh secog-
i that the At of picking up neceitres being near the abjec of niceudion. 1 dhe
Negarion Systom detects that che agent is jndeed scar the object f acention, theny
1 willTeave che o reques. alone, thus alloving the animation (o he performed
when the M Syscem rucs. 1 however,the object of amencion Js e v he Mas-
{eston ill replac the o wic ins o et o Vil wich beining el i
Fhich he is the anghe rovand the objects o stenton. This will cavse the agent o
pproacs the sppropriat objoct. Wik rhe agene veaches the objesche Naigaton
System il ccs ovemidin the moto requax eachsyseem sovies s roquet o the
Mackhoacd cvery Ui srep) b chis puiot, he Pick-up requese will go theough atd
ehe Mutar Syste will perdorm the appropeiate animation.

Wi ikt sefscene cheowo prine at the end of he st ccrian:che Action Selee-
on sysean does nor knows what sysiem i saifiug it mowS TEqUESt poing
{shaugh enemled for the Motus Sytee, i is the Naviguion Sysem that nitslly
s tapan i), and the MororSysicn does noc knone here s iseruccon cotas from.
The Hlacklard archiroctue allows e Navigadon System to bo inserted clsanky
eneen the Acian Selction Systetn and the Motor Spstem ithout any il
ious necsssg 1o eicbet o thea This i, of e, extremely seful Gom the paine o
iow of 2 deeoper, The blackhoard alloves the brain architezuate 0 be flud, such
Thar dilfrens configuzaians of subsystesns can be experimented wilh toew syscams
b, orhers oardered, et swithout distupting any of o oxstiag cructute.

“Alihough ot surely necessay, It an sometimes b wieol for postrs o dhe
blackboard s 1deptify thomsclves. Tn C, tis feawte is med a5 2 debugging toal 10
up tnc i whos wiies o s biackbuued nd when. Lhis cam be wsed 0 peoduce 2
complete log of daaflone i thesyseem, which i useful ot idendlfing bus.

nation

ot the Hackboard can be sl o cuordinace he acsity of maldple systoms

widin  singk brain, ic crn alo b used o cnordinare the acciviy of eultiple ggencs.
az

Tnthe Lo avimation stipting syvem [Velia$6, 2 saople world cvent biackboard
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Soction ©_Racing and Sparts A1

Selccin, workable values or the g actars e bard o pin down and i made
cver caate cillcls by he fcttha chy vary o caru-ca b The s anle n
his e [iaslo2b] less i this problen in decal

Ao che F5M b Bmishd procesing s cuete, s, the AT shonld check e n
danger of i any wlk, and corest the cap i€ nocessary. By preiting where e
at will e the o, an e 3 che car will come nao otact with 2l

The predicted position is clculsted by sl s cas e velociey sale by
the amount of time i the fiue 10 prdice, ey & quarter of  seorl. ulled 10 che
Gutte ar osiion. The seceo tha this poricon e locued wihin s queicd staring,
rm vhe eascuncens scton. i posion i then texed againss th sector's e and
ight edge planes o detcamine which side e is chwew to, al i any corcecion s
Soquised. TFche discane i sithin  certin thesbold, i cortcton amouar is e
lared 703 praportion of 2istunsethrashiza, which el it a value benseen zer0
and ane. Deprading on which side e ca s ging o b s value b cither added 0
or subtrcred Fom fhe scsiog posion and chmps.

13 NULL poiner i e, e e prediced 10 Jeave the wrack, and avwid-
g acton sioukd e ke, Tn this e, e in imeniene o e brakes chould b
applied by seing ¢y 10 ~1 0. To keep the car o sl th swsring s be
e o eight-ahead. Ax the ca cbces £peed, e il come 108 ok where i -
e 1 faide e, and ch wll avoidnce code will e aeay om cho sl
(Fgure 925}

A. Leaving the track.
B. Brushing the wall

FIGURE 8.2.5 edicting fiare problens o svoil

Thase ars seseal sstes that, alchorsph sl s contens, axe an imporeane pase of the
AL
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{newtrl), so a0 coreocrion 10 che car b noeded. Tr cam b seen that the sidevsays veloe-
‘i of cuch wheal point 1oughly i the sane direucions as e wheels do.

Undar-steer

Uodor-saver nccars when the <ar s e make 4 curn bur enniuoes 5 o o 4 for-
v disectiom. ‘This stace can he deterrioed by coufinming chas e fione and rene
ays velociucs have the s igo. 1 chis et pass, rhe car i destucd o be
nder e, €t Dant ideways veloeey isargor than the seas, The luger he dif
fvemen fm <elocites means 2 larger dogree of undeeseeer. This s Mluscaced in the
Lorwe Lo in Eigure 924

Duor-stear

Overasest couses the <ar 1 curm 100 mich, which might lead e i spining ot
Thees are tvs cases st nced 10t sted for o confr i the car is over-teeting
bich are illgsrated I the wp o i Figore 9.2.4.

i it s happeos shen the tear end snaps oui, nd is onfinued by the front
and reas sideways veluetis baving he same sigo. with the reas sdeass velocity
ing, lger than the frant. The Lucger vhe Selocires means a latger
degree ol rersieer

The secand cave accants wheitthe cas i eicher sarting 1o or ke fs i a pim. To
b casrthe signs of the Fron and rear sidescays velnciiesare diffrent, and the lrger
he connbined absolue velociie, the greatecthe aver-srees

Camrseting the Car

e rhe car i dececaningd 1 be in 3 st of nstabliy, a comection must b made to
ol tho cn. ‘T ot of cotrectian i propostional w the amouar of iustabil-
ey s shewn I Table 9:2.2, for each e

Table 9.2:2 Cotrection Amaunts for ratabllty Gases

cae .Sgre Comntar _
Cotoemtersoma__Abs{Frontel © fisarVell  Understsordsngs
G [ Fun oaifrorties - Roarvals | Overtieriuide —
w1~ D bslBearvel] _Abu(Franeial}) i OvorsteuifEngs

b can b sezn Trom Tsble 9:2.2 i che summed veloeiies ace dvided by asange
Srcton. which rednces 1l comection swounr o 3 valus beowsen zero and one.
Uepending on che cas hanlin, the corrstion showld he auped 10 3 sbus esc
o ome fo npraved resalts, 2  prevents over-carteccion i the steuing, The cor-
ocrion valoe shiatld he cithor 2dded 1 ue subresetst From the curten steeing, posi-
on depending om the sign of d. o addidon co dhis, ay should be oduced in
ptoporcion t the amoune f sacring onrrsetion
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et enemny widhin a cetcin range unless ey are ld by & Commander The comc
mandecs, i tun, il arack specifc vy e i nstructed © do so by« Colonal

Each it is given a set of kil th K acsin) thae can be executed on demand.
Each skilt 3 abo anaotaced by 2 proficiency indicaing horw good s urit i at pc-
Forming the skil Bercely how (i skill s peckocmed Is o unspecifizd. Highlevel
ategie unicssch as the Coloncl might wse ploba) flrw- or terain-aualysi o decide
“phat areas uf the apponents rertitory o facus on. L level commandees it
nake deciions on mare local nfeumarien. [n eidher e, the ol of mast srions

e e prsings 1o the bluckboard ar mindiBicaions o exising vaes.

“The blackoard cuncens tae he fura of open misisss. Each ision consiss of
a vequived lill nams, 2 priosity level,  capacicy fhow saany noits doss dhe eission
e and a pce of abitsary dotaca, 1 5 assumed. an appeopriacel skilful onia
ll beable o iterprer 2 che misian paraancrers. While thece is na espliit rucuure
t0 the blackbar pastings, i s assamed that waics fiom differenc levels of the mili-
any bicrarchy w3l pay atiicinn o difecent o7pss of patings. Commanders look for
ATTACC 41 wibaions, whereas soldies might Took for ATTACK 1 96ATIUR missions.

Implementation
e blackbaard inelf i inplosnonsed us @ L tible. This baok 1able maps scing
labels correspomiug Sl names (., ATTAGK, 1114 s fss of open missions that
ol foe chat sKll. Each cimsaiep, sach i sleces s cutsent mission as flloes:

AottorSalact tine, i, Blzosbeard)

il & gersallinni] I

For caut Shemsnt, o of Ligt skile ;
et tin L blackboard.ressiskallslel]
FaL_nisaions b Gongatenatel -+l issia-s, rel-list)

Far sl wicacnt, o, of ral wissions
Falevarass o] + Galdulaterriority onil, ral missions(<];

wden - highsst (ralsvances(l)
7 \relovanciotw naes) » CaLoulalePraceity(untt, curdissiani) |
Sopiyromiseia: fonils “einiseionsle s-ec], relbesncesle dndex.)

The appiyFeriission merhod wiaches a “applization” 1o the mision. Later, in
he A Losa=olyssicn methed tnot s bere), the arbiter will ga theough the lst of )
applicarions and pck the vnel) with the kighes relovance. The unics thar supplicd
Uhe e veinning applications {where he sion' capucity) will be granced he mis-
sion. 1l Galcanaleprardty medied is osed e rate horw imparanc « possile mis-

Galeulatopria-itylunit, nission |
Fracrity

Gl Pagraty vssions -

Gotheot LoLnay unit, skt Reauired(nissxon) | ¢

B0V Sltanearran soguoniL, nission} 13,0}
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feeis comveyed by the fact that the car docs o fllo a igid path and iesubjected
e same difficulics thac a player would face: namely, insabiliy, hirpin cones, and
avoiding wall impaces.
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of each unit o ou forenula fr bonw quicldy shey dzop off. This ryoe ol change wuld
be highly game spocific, bowevers our only suggestians here axc 3.) ro experiment
sk, 10 b} make eveeyiling casly chanygable via an AT scupe if yous g design
supports such a hiag,

The algorichns presenied in the second sstjon are faicly busic and dacit do
mch v make qualicative comparisons begwosn the uuits, nar apply quilinrive
asscssments o what coutse of ction i (inally chosen, Tho develapee sould probably
o co g n chese ot substirure bis o bsed on his gane's necds and rhe
amutauc of CPU he s avalable. A with mose Al probleans, the more compler rhe
dgurichrm, che more CPL resoasces wil have 1o be devored 1o solving the problen.
compacin resuls, anl so furth, Forninately, this is rapicfs bevaing,a ching of the
st (Woodcock01] as s CPU poswer bisomes avalible o the Al u the narural
cousse of haschease evoluien

NMasizniing,or rinimizing conrazt poias bas ot of value. bur must be handled
caccully, Masmizuion o inchude s orher value judgmenrs in dhe docison-
‘naking rocess .., 1 ready gt o caprane sbas square bocause s a ridg). An AT
chat only attempes i masisniat crract poiats insvirably leuds (@ bge long inss of

artayod agains sach ather in & WWL-ryls dugfect, By cnntrn, an wnrcsected
tompt to minionize eanct poies will inevicably ead o dcuatious in which the AT
eroups s it nc defeanive: circles, racher ik the wagon ueain ofshe Ol Wesi—
Jots of avcrlapping fteportsr there, but wot mch defouss of anything besides your
acighthor. Youe AL wans goin many objeceives o prowet abjecives imparane 10 the
player uilse hiir chute us bappense co overlap nne.

What Yau B0 Depends on the Game

The mast imporiant dhing 1 resuember i that what you do depends an che e,
You wart yous s e be Lutelligent and reaet o the othee side’s maves, and yet yow
ot wane them to “theash” nais between e o more tcasnnahle uptions—you
i them s actaally make 2 cboice and rick witl L for a long w i€ i reasonsbl,
Sappini betwoon e ststes s salel st s nd should be avoided 2t afl e
Since it sk even he stmaress stsategie AY Inak very, very dumb.
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1 accrrack has juemps and e things tha cun Guse e car to berame airborae,
his stte b sl o prepare e car or 3 comerlled landing, A5 ap cxample i ehe
s serim 1o she right, ic vl mase el s, ot of sontral upen lunding. 2y sxing
e ecting o saight acad ad the aeclrstion 0 ful, e cae il contis o
g ouward whee i s, Once s s cetes that e carb whech 1c0 Tn contact
it h ground. che FSKLis everted back 10 STA1_paGine,

STATS_OPF_TRACK.

These will b cases ehen che at v bomes accupics 2 sscaor sn the AT eeds s meshod
of fnding ics way back co Lhe racetrack. By kosping Lack of e Jst vald secooe in
kst e et o, the AL merely nccek w tatget e racetzack by siating the
avetsa from this o, & Longes loukeshead istanee should be ned i his case 50
. o s merge oann the race e 2 shallow angle. iving 2 more e look.

tp Logic .
Vo gancs, e th R i, s a9 e, iz e dilfrene pleyiog
il 50 mhun s fu for eme: phayes is usraciogly difcule o wn casy o snother,
o eater s ticse dillerng abliis,ehe A1 must be sble w adapt to th siuatiua.

Making tho Qamo Easier

ke AL i deteemined o be doing o well,” 1 number of medhods can be vied to
i th plyee  sporting, chance, Tieiing the AT op spece i propaiun o how
B in the load i . quick s casy amcchod. A further mechod i fo biabe eulier for
sormces and aceelorsesslower. " This eubele approach works well, s i hides e frerchat
e AL it belping e plyer ot A dhird appruach would be © ke "lung-cuts” o7
meiable crrsi soures. Finaly f weaposs are involved im he game, ibe Al could be
Toreed  cmly tasge exber Al s, and e weapun distebusion caudd give the playee
e seapanss and the oppusirc or the leading AL cars

Making the Gama Harder

orveny, if he plryer i i the lead, mlods are needed 10 give e playes hetes
compecsion. These are simila o th previous slog-dowe, metbods, buc o  diffserr
Comert: incrcasing the Al top speed in peuportion w harw far it is raling, oking
Shorkcats. rargetithe player wil weapeos, and weapon disuibution.

et o s N b b coveral o cratiag an Al thac wpnlscas the
reesion and espors o a o dier The AL placad i the sam siaon 25

e player and bas o cpoputc B 0 st h car 0 pavigte dhe rcctack. & acurd
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et systn serses £ min PUrpeses n a game: it keeps track of s in the
v world thar agonts can respomd to. anl ¢ minlnizes he anoNE o procese

ing agens need to o to sesponsd 1o e crcncs, The bencie of a centealized tigger
eystem i that lggers an bo cutld by prioric and proimity before delvering them
o agens. This way, each individual agent only processs the bighest-prioviy Trigge
within i viciniy.
A trgger can be any scmubs chat  game deiges waucs an agent o 1espond o
Nilson8], |Russell35]. In an accion gasue. uiggees mighe be anyrhing audible or
viible dhat il the behavioe o agenrs, sich s gunifre, explosions, newby envaaics,
or dead bodics. Triggors might lso emanate fvom ianionate ubjects dhat sgents nesd
o knaw shour, such as levers aad cuntrel panes, Teiggers ean be generated from 2
varity of saurces, el gane cod, scripes, consals commands, and aninsation
ey Francs, Agents can spocify hich types of tigges aze of intertst 10 them.

Benefits of Gentralization

a6

“The ahermative o & centale cggee systcn s g o esenrs. There e seveed
diadvuntages o polllg, Pollng toquicssich agene  queey

WPt Fox sampl, an gent s imerestedin cesponding o cncmy gunie, it
nosds 1o ieraes thrugh all of he otbes sbsactas n the arld, and qery chem for
cheir last weapon-Fring innmation. This roqirss cach agen  swre exes bty
e b anyching phr ight interese ochees. Since each sgeat ncods 0 qury vy
o sgent,the et peosa  Of) sarch vt o find out that o e Geel a
e ecenl. I any g gocs imrrive o e he CPU i, thatagene canoot
respand o riggers andwill not even cotice & rucket whiciog ight b him.

Lt ceealiz] spte, e e egiered ehen evenes oceue. Eah e, s
‘st cetes ance hrough i offl gents. For auh e, the yscern wssa sercs
eses o ditermine f the agene i intrested i sy cursly sting riggers. f none
of e s uoe ol et o am g, chat sgen des ot nsed 10 d 4y prucss-

vold 1o el cvens
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Tacties: Taam A and Emergent Maneuvers

Thar sl Al decides 1o move t5cvo_Up) shen it ucks  thres
i has heen ae e same st fex & carin e, The solo AL wil lirc doring the
Frgage_ s stac, unles i sus ane of threacs or v of inue, This behavio i llos-
trassd i fnir state rachine in Figure 3,83

10 engage, o whea

- e |

PRARE 533 FSMs dacribing the bohwinr o asoe AT o) anc spund memsber A1 (ight.

The squad membee A o things 2 lile difereu, Fire tin Squoutiomusrat
Ttk . it snes es impatan intentioos and deciions, s bearhy squad n-
hers can i thar o chels advancage. Secund, ic determines the most approprian:
aeton based on houk i intornl seace 1 the pecveived inrenions and observtions
of his measby squad mernbers, (W il see n rote decail i squad membens coon-
musicat lager n chisanicle)

When engaging o threar. the squad member AT il also decide @ mave ap i ic
i 100 many fallow squad mcmhers beig staric and enyaging thesses. Whon che.
s saenber spe a thicat i knawe Lo be alresds engaged by fellov squad mem-
e, the squad tcaober will o suop 1 cngge .

‘hese changes to che udhvidual AL lsad v the fre-and mancuver belavior sce-
masio decribed in Figuee 5.3 The enecping firs-and-wancuver hehavioe orginaces
om the fncecsetions beecen ou sinple sqnad meanber Als. Thine ineeracrines are
oty randated co sadible commmuications, waking the sqaad behivior become
murs capressivs aod redl.

Turthermuore, this approsch s sobust against squad membees becaming sl
ries. No mactor which squa Bysanbes i el our, nane of the ocher squad members
will coass slernating Tuivg 1nd moving; alchough e Liane-ane {engagiag v heing in
a posiion Lor o long) mighe e, playing a bigger ol

The approach i s sulfciniy feibl 10 deal with squad members having 4
fevent oe speciel cupebiliis: ane squad memher might move slovwes, ot be shle e
clar mines without the orher squd members hasing  knorw or underscand.

Hloncevcs is this all theee is o squsd wactes? Nol Uhis dusencealized upproach 1o
pad AT is s solid Luse rom which (o ek 103 casly cxended widh inceasingly
st tactis, a5l s b the st esanmple,
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Bayes’ Rule

_Sectlon? Docision- Making Architecture

1Peacl0) sakes ascinacing, rerding, and provies ¢ usefl perspective on che wnder
Lying mechanics of hunsa cessoning processcs,

The techniques doscibid bere llow w  cnndel she undodyiag vl i
enseandsilee relationshipe hervien vasioos phenomsna and o deseibe s
aodel i the formn of  grapls. Once we have cansirocted such @ raphs, e can we che
aioons of probahiliey hoery t evisage i [or 4 mumber auscfil game AT caks, sush
as prediciag e lkely vatome of @ specilc sotins, sutempring 10 gness another
plaer' curtent sicuation or [rame o mind, or slecing, u optiuisl bebarior o a piven

The fondation of peobabilisei reasoning, s Bagcs’ Theoceen, which aflwes you 1
cevemse the direcran of aoy probabilisi starsmen, 1575 say yol st  kunow che
chance duat i rined yesteeday i you suddeny find ot thar yonr e is wet, Rages
Thorem aflos s 10 calcalave chis probability from cs isverse: the prabbitry thar
yous lown wonld be wer i i bad swually cained che day befote, Bayes’ Thearem is

POAJB) - L)

PGAIB) tanshtes s “ehe probability of A given thac what {knoreis ' i s
case, “the probabliy that i cined yestercay,gocn c sous v e Ths the
i llows s o repbrase his i ez ofthe peobafilcy of B fven & CPUB|A1") and
che independeat probabilties o A and B 'P(AY and ‘P8 These ransbne inc

P&} P

PO e probabilty chac the b would be wet, if i sceually cninst
yescanday

the probailicy ol ai, ol s iy heing equnl

P e probubifioy of your lawn beiag s, all ulier chings being cqual

A we ol e, the abiley of Tiayes” Rule 0 sevense e disecsion of a probabilisic
statement is crircal o ou abiliy 10 pecform huenanliks reisoning i beliel netwvars

T s can stave some nomber of propuliions snd dearly define che cavsal teladion
chips herween thet i e furm *A couses B), e can artange thase propevitions and
e inerrelacicnships i 2 graph structure. Onee e have cteated duis sph. we can
st prolabilise reasaning o perforon iufeceuce an the graph.

Imagine you ge « call st work Fram & cighbar telling you that your bucglar
e i inging. Toworet, yos bappen o know dhar yoor alsam syscn is e sens-
tive 10 candiquakes. & might have hoc seq ol by s suschquake istead of  burglay.

Figuee 7.2.1 shows a Leliel neuwork hased on dhoss thaee propusitions. demon-
stcadng that "Burglary” and "Euedgualie” cun barh cause "Alarn” b e
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. Keep Agents Aware of the Global State

0. Create Variety through the Dat:
the Gode

e Wor

Beliveabte worlds nd chassorers are what make gomes hmerive. Ageats shonld
semmember wha lus happored s et and b aware of what has happened co orhers
e ches coun of ths grme. They can then clige thei bebavior and dislog aceoed
gl us convince the player chat shey sce ecally living Leiags with dhouglts and
fedings

‘Clobal g and data about che player's progaess might sullic for giving the il
o duac agems sce awate of changn to e serld ssound chom. e miglt be more
imprssive  dhe player witnsses agenes pasing Inlormation tu each ther. (lis
sequines cach agenr o eep some macl ol Use sear of the world. Tn s huol, acicle
86, " Dynamic Kepuation Syscein Busof on Event Knowlodge.” SALG2| decils
howe fo et cht ATt remember evens and Form opinions af ehe pluyct

ven saars impressive s the abilcy of agents 1o o Wrouglh pbrervation, wial,
aad eston, Agenms can sauploy decison-wr earning echalgues to mike sense out of
dhir abservations [EsansL]. {Quinland3].

Not through

A vaier of eneamy bl kesps games uresring, Creating many dillent hehav-
s n ende requires nany Al programmars. and resowss the designers comerol over
game play and play balansing. Insrord. the code should provide onc or a bhandil of
rwsic bebarior rypes chat ans infiitely customzable trough data (Rabiodb],

Amy hehaviot can be progesned, but it salies . Ty nes Ling of ende akls
another potsnial g aad i scases compilation tin. o iuaparrant i e faut chat
e agems bebvior is in che hands of peograrmen, when ultimaedy bebavior is &
product of calldbotarem betwesa (b progeaasacts and the desigas. The ieeraise
prucess ol efining code b on desigrer eedback cun ea up a o of uoautcipared

Fche ALstaans ke date dufvon approsch, and expase s oy of the variables
s pusibl, cvery line of o can ey ofF epetely. Fapuse an agenc’ veloity, aware-
s, domeanin. Reld of vew, aviikbl FSM srates, inveotis and everything el
The development cam et ad hat the AL systems can do thiugs thre were aever
anticipated, Theee i, boweeer, a pateaial downside w0 exposing 30 much t the
signers. Designs iight find teanaehves oveewlod and sonused when pre
senced with # plerhora of faysrerious varisbles, It s importat ca provide good
deults el docurneucatnn for every vatiable. Beuate the designers sbour the sys-
Lo in onder <o find che bakanse beoween risk and Llcsibifiny. Game development
cea e Tl sich ereatve peuple. The more of chem who can eeperiment with the
AL the bemor the gune will e Good g AT i the esule of 2 covperative offort
berwoen progrunmers 3nd desiguess.
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Listing 5.3.1 The differences in Al think “loops”

far solo A and squad member Al

iz S108 < Thiok () Vi ST Tk ¢
GarsaiSituctivr Sif = Geisitutiont; | CombatSizuationt sit = Secsitwtion;
sieomserval); cit-sloaarvet 5

Sl Shrncrme-camiosnesal imisi
For oach avaidable action for sach siailasis actio- |
=41 action. Lsspplicabla (sit) | S+ astia: - 1skprLica
i f
determine value of ast.on in dsLenine acus of action I
sit: sit
if betear thar best sotion, 3 Battar than bes: sotian,
mace bast sotior ke Bosl sot.on
' l
)
nearbySacmerbers-amounazAction
exeauts teat setseni; Zxeoute best petian();
s ¥

Where Is the Squad Behay

e

Tiowever, f the squad member ALs not much diffeecar front the solo AL and if e
approsch dors noc use 3 squad lesder, here then do we ind any squad hehavior, lec
loncequad tacti?

I this docentralized approach. se find che squad bebavioe i the incaracrins
U squa mermbes, sathse chan in cheir individus] actions. Thae is hecause we
oo bebavior

Emeegzat behsvior or slfarganiving bebavioe s fumecionalicy originacing from
e imsraction of element, tther than from theic individual seions. The smergent
bebavio s gencraod ot Lower-orel, simpler Lebvior [Reyuoldst7]

The tactical behavior of anr squrd shavld cencrgs from the inreracrion of the
squad sneubess. More specially, i hiould ity rotm e exclusyeed observatlons
and inreniiors, and hov his information is wscd in planning and ciceiing individ
sl squad membec scrions. e cerabing hehavior should be more than the sum of
the individual squad member behaiors, This emengence of squad belselor Is best
explainel wich the cxample in che nsxe ccrion

Emergent Fire-an avi
e s cht e sl Al et s szl comba hehavir: i icer i sc
e, o soves v e shorest patl 0 i posion o e agin. By oviag,
she AL is able o close n on chrats, and praveats the. htca 0 it @ sable aim. on
i
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Squad Assault: Tactical Enhancements

Tmagine the following situation: A small four-man paicol, consising of & patrol
adet,  sifleman, a machine gunner, and a snipes, rans oo an enemy positon, and
Tnunches an atack (Figure 5.3.5)-

o |

-y QO

i et

FOURE 8.3 Example of  for-mars pasrol ariving in  posile ssasion

e man

ettt

Now, we want our squad to da more than just fire and move: the squad is ©
employ prope tacical bebavior,including:

Stay close 0 corer
Prevent blocking otber team mermbers lines-offre

Take weapon capabiies nto account

Maiaain tcam cohesion; i particula,stay within audible range and prefersbly
oaincain o line-of-sight 10 other squid members (analogous 1 the “Tocking”
ulesfor separation, cohesion, and avoidance)

+ Spresd our, and prevent becoming a buncheckup target.

© Stay awate f enemy positions and movement; thus,ty t keep  linc-ofsighe on
the encmy and his surroundings.

W can desl i thse equirements i asightforward vay if e xtend

* The squad member's mental picture (the Gonbatsituat o class).
+ The messages eachanged becwveen the squad members,
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FIBURE 6.9.4 Segucnce liagram, descibing dhe nteractcon beton three conporating.

sguad sombers,
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FIGURE 7.2.1

W begin by calcnlacng the indspsndend prababiliiss of an eantbquake or a bar-
‘ary occnuring, al ocher hiags being equal. Assaming we Liv n a relacivly safe e
of California, we can gucss at th fllosing prababiliies:

PR - Pttty ol rgay _[IE= Pokatify ol ke

o

an

W then decernine s ondivionsl probabili of e alarm goiog; ol th et
afall possible pmucacions of et and hisgharies—bugglacy only carthquake
o, borh. or neither. Assurne that by t5sfing our alucus systed f Yo ways—or
reviewing historial data—ve arive ¢ the probabilites shoven inLable 7.

Table 7.2.1 Probabilties of an Alerm Going O Givon Certaln Guanta

bugay _ Ewhaeet  Si R _
THE 1RUE 5 . —
ey T N
L TRUL a N
AL RIS i

owe i can tale the e we aived ac for the pror probabilitin for “cuely
quale” and “bucglary” and plug them oo the cble. For each raw in dhe bk, e can
mulply e priar prebaility of each of B and I by the csullng condivional proba-
bl of an aluem dhe “Maun?” cobimn from Table 7.2.1) w0 detecmine the actual
probabiliy of the alarm heing see ull i ach case. T ocher words, i ach e e al-
culaue PAT) * P(F) * PAIB.E)
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O approach to usiag s inforzstion o lp dhe AL ek suategie dcisons
@ identify he eaemy's Frane. Aok, and rear. We can then have our Al atcack n he
eneiny’s weakese areas. T we sere 10 take the job of the AT for the black anis sod
xamite che whiee wbies, we s s o vblons groupiags o o we suight iden:
iy variaus praups.

Algorithunicaly we wight use sonuedhing slony the linesof e ollowsing o ke
these formatian idencificasions

1. Deremine th e o s of o e .., the apprsinace locaeion widh
e bighes value 25 dtsemined by the inflaence map.
2. Tor every eneny unit e can se
2. Sclecr the nniethae bas s gresces gradiene”af infhicoess b rre
e of mass of ur unis and his. W arbimarly call thae che o
“Thesc can be only one front.
b. 1 3 given unir s wirhin o squares of 2 ini belonging o the desg
it o, dd it o e vt el
<. Hfa given unic s fucher than o squaresfrom che fronr and has ¢ gra
dient of influences e han that leding from the center of mass afa:r
ot 10 the fout, it i designated = @ flenk wnis, There can b seveel
fanks
4. [Fa given uni s within oo squsecs of i hlonging o 2 designared
Hlas, a0 e ok 2 el
e [Fehe shorrss parh o a given it from o cenear of mass s high
 squace belomging o adjacent o @ unit delogute 10 the frv, duat unit
s dosignated as pare of the cnemy's v Thete ca be more than one
£ I given it s withio oo squres o a e belorging (0 an area desig-
maved as the rar, 2dd i o ch tcar 3 el
3. Acy umic that st allcared 1o ame of he preceding gronps tronr, fank, or
rea) s e indepemlnty and can be considered an indiviual uic.
There can be any numbes of ndividuals,

Note chat anyeime we classify  given cnemy unic, e shatd movt on o the next
it Typicaly, ons dossn'c asign a uoit o both flank and rear o example

“This approach should lead 1o an allosaion of white uoils cortesoiding 1o Gt
i Figare 5.2.2. The ruls chemsclses are Acsibl: cnough e be ek forthe precise
nceds of e e, uod cun vacy by side o an individual commander’s “pecsonality™
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The initil st of dze FSM should he sr 10 STATE_STARTING_GAID, which simply
it Fot the “green light” indicaring tbe start of the face, Onee the scae has beea
derecred, the FSM transitons Lo STATE_Rag1u6. A small eaction time could be usod.
o give 1 more naturl e,

ase Start Your Engines

The most cuple e of the FSM, a6 yoa could imsgine, s the acing mos
STaTe_pacme

ng the Seotors

For tho ATt makean inforened deciion, i s know where i s ucate i the -
conment. Lo 4 sacing gunc, Ui senld be the position on the raccurack. Lacaring
whichs secear of che acetrack ehe cac i in was descaibed n aeicle 9.1, and, ahtbough
viable, i & hrurs-irce metbod: it wauld require chocking che cark pusiion againsc
every seceor and would ceqls ctocsive pracssing overhead

The wuumber of sctors esed can be reducead w # minimmam wing, coberence: By
Kecping,rsck o the [as seccor in which the car vas ocaeed, we have s staring search
‘oot when the cars soutor bcatian s next queried. 1 he car s no longer sithin the
st secton, we traverse the linked fst of mest snd previons secenrs {scaring feom.
the lase seetor] il che car is o co be nside 8 nesesector. & i possible for che
car o be outside all scrars, & coroffdliseance shoutd be passd o the trversal cades
a3, o chee timos he diance that the car waveled.

IFehe car is mo oo wickin sny of the soctar tested, che AT roust find irs way
back o the sk i sould ser ehe FSM to STATE REcoven_0_Thace, sehich is
Lter explained in el

Sl Dacisions
When the Al encoatee sl whon raersing chesectors,  decrion shenld be
ade 5 10 hich ot s bt 1o sk Dichions should b vsde bsed on the AT
ot s an he choice of e or caaagls Th pah 1y, e e shore
‘on and s frch. The decnionvabing peocess conld icher b cnbedod n he -
el cods o pasod n 552 fanceio, pitar Uit et dh 1o 0 k.

Anticipating the Road Ahead
T onder  cesae 3 more mellige ace, s mst have the abiliy @ look ahend.
Vi llows e AT i aniipsc whae will Rappen. uler dan macting fo vents that
are curecoty occurring. For exumple, knawing tha . are approaching  luep bend
provides enough ine 10 sply s brskes,fhos reachioy 2 essupable corering s
Virgeto e rack shead s achieved by wavenin e setors 2 Geroin distance abeud
o the <ars cavtent poscon, a shows in Figune 9.2,
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Learning and Adaptation

John Mansiow
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st e il don o aning e will be e of he
st imparmane advances ever o be made in game AL Geauinely adapeive Als xill
change the way in which games ae played by foring the player  cantinually seach,
For mew strategies o defear the AL suther than perfecring a singe echuiqu

Lo addicion. e carefl sl considered use of keminy, auakies it possibl 10 pro-
duce smarter and wore eobii Als without the need t pizempt and counter vty
sategy thae & playes might adopr. Tl acle prosents 2 decaed sxaminarian of he.
cclviques avalable for snd Lhe sucs inenlved in. nddiog Learning and sdupeation o
gomes.

Learning, and Why Use It?

Wit a smll oumber f noable secepn, s g v et s o e har
azve contained any lvel of sdaptation, i the et that s well within the capa-
bilcsof curmenc harduace, Thete ase  vasiecy of essons I this, inchuding;

- Unil recendl, che lck of precedent of the sucessell application of lscning in
miimstrean 10p acod game mesns that Uhe tsehrology is unpeosen and hence
pecred as being high cisk.

« Torminy, slgocickans se troquenrly asociated with cochigcs such s el nce
works ase generic algorthms, which e dillicsls 0 apply inganac du o their
sebivly Jow ciciency:

Desple s scaci lescaiog—sue e Fily ofagoricins s an th prinl
s f oarning—can offe e af s gae declopersand plyees b
Vor cxample, soutions  peoblems tha ace catemaly dificult s sulv: “wanlly”
can be discoveed by eaming lgorichns, ofren wich il aman supervision
Codmasters. Clln cktse Raly 2.0 w3 el nccmor e e how w drive o
rally ca, e 4osiding rhe need co handira 2 largs and somples 50 of ks
Faunan01))

Morcover, in-pume lasaig con be esed eo adapt 1o condicions thut saner hs
anticipated piot o enes releass,suct  the parcienla syl ases, and dipo-
‘itions ofindividual players. Forcxuenpl, lthough a level g can provide ints

57
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Recognizing Stratoglc Dispositons: Engaging the Enemy

ing the Enemy

However, for most straregy gamcs (whether rea-ime or ucn-based doesi elly mat-
ety weee more ikely co bave  situarion resembling Figure 5.2, This map shows
Severl unior (black and whice) with overlapping influences. There are seven white
s numbercd 1 through 7 seatstod acros th right side ofche map, whil six black
it mumbered 11 through 66 occupy a sightly dhcr grouping on the upper lefc
Crossharching and the heavy black lnessel indicate the boundary beoween cach sid.
For the parpasesof discusion, we'l isume that the nfhucnce map bas lready alken
i acebunt hingssuch s range, cerain, and o forth, and that every unic has a basic
“irengh of v points. The “center f mass”of the black unies s ndicared by the
revrse crosshatched square n the upper lefi

Growp o)

GroupB o)

Group A 1ark)

AYANNENG

FIURE 8.2.2 A more complicated engagement with several s
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* Wherts sy ulebsed sstons eypcally g compece and. uiform
neuio; of b reigge.conitions and secos inthele ruls, bhckbosr llon
abitary el o b evsccal o borh s pats, Whr one K5 th bl
sulesquivalencs might ace solcly basd o e ot of ehe blackbard, anarher
it e excuion and sl it o e et e any bivariy
comples uperaian. A single KS cold ncupuolae an eniv subaysees s i il
i et section: Blctboards for anegens Comerssion,.

* Whereas chial ruk-ciating sstems sllow aaly forwanl-chrning or anly
backeandchsining, bisckbaad yseres pose o envugh conesine o
one. he ocher, o bt s onee.

*+ Reated o the sbove, blackbusds allow il coneri fnes o s,
Fhers migh be muliple stategis for slving  single problom, ot example,
o gt be vt a h s e, Mdersining these fnes of evening
depends, of oute. o the sophisiarion of he arbiter. Nou dhae i princple
nothing peevens o cumcadiciory asctios from b prosen in e b
o a he sue cimo. s simply ssumed thatch e a the Wackbond
ill venusally esomite he coniradicion s Highe level, pshup by discnding
i st wich e ver radibil

Plackbaards in many recent works have followed the geerl sructure deseribel
previously, lthongh in greadly absteacced form. Mty of he coptzsings of tre ystem
ae been fftl. For cxaouple. man iemes o atbite i used, alloswing any moniber of
KSe 0 be exeare e omcs.

One inpurtant wend i that blackhoands e being s increasingly for congol
et dm fo ecasoning. Althagh e Fine between the o s v s it might
encrally be considrel chat e weight of deision-uaking bas Leen moved our of the
blackboard el aebis aud i che KSs. As seated ey, a single KS mighi cacsp
s au e sobsystens it wsss the blackboard simply a the modium through
which it ssues and recetves insteuccions from et subsgsrenns, The ascetioo o the
blackboard i dis caseare acoally coneml s

Duspite these differences, bwo Fuadamenr asprcs of the blackboard emin:

* A KS neads not lenov {o1 nzeds 01 comemin) when and huw rhe asseions or
conteotsignals i produces il be wed,

* AKS neads nor know (or needs ot beed) the orginaror of the asetinns of con-
ol signals it acts upon,

A5 a0 exampls of e s puinr, i the contel signal cansieotes 3 request for
s sccon s b perfortned (o sora sace 1o e arsinedD, the KS that iwes 1 eeds
ot case Juow ar who sarisfics the request, only that the rsqucst i in he end satisied,
4 an example of the suxund, if che cunteol signal constiutes an instzecion 1o ot K8,
the KS needs o care whre e roquest eommas o, ol hac it s responcible o fl
Hling .
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g e -, can garuncs et the ALlogic il run deorically
o difret placorms regudles o the fame s, To implement ich a el e
1 emisy point wonld tal rhe elapsed e sincs the previous wpdate s an acgunenl,
2 process e M logic clapsd Fimedmi-siep tmes, The caminiag fime sbonld be

weoumulated wich the capred s o the Luext update

g the Car

4 imphe strucre s used g0 ool e s, which contsin L s and sl
onhrl e, Sceein, . is i the ange of - 1010 41,0, represeming Fll LT
o fll ighe. e second merher, a, s rra wses depending o s aluc, shicl lio
o dhe samge L0 o +1.0. Neive vahues resea. the beaking amaunt (o 10
T00%), and positve values peprasa acceleration feero o 100%6)

sxrunt tGarcentit

Flort e f U0 LTSt gl steweing
oWl e Verenany, 9.0 aecelerztion

Simpiitying with 20

Although the reetrc can have an unduluing s, v essenilly 3 2D patsy:
Using s cecration, aany of . caleulrions can be rafuced t 20 by projering
che 31> coondires anto che XZ plane by zesoing the Y elemuent of the 30 vector and
e norolizing, Several of the vectors thatwill b nsed i this mannee e st
Tible9 21

table 8:2.1 Usaful XZ Brojectod Voctors

il Dmsapten_ .

Fomuand i s o i enh Srein,
Drboreand—aiagon wit et dosetn
R Devinuon nelagthvowor erpiio o & DegFasud

Tha Starting Grid
Firn e il he AT vl a the sarceg i, before the race bein.
e ALt miclicod with the sector tha e cat saets i, whicl i 2 smple matcr
uf querying an approprse functon passng iu the suring gid locarion, The
e soceo peinee shanld b stored inteenally s the. cwrens and as-eald seco
e Teeovlid sectos is wsed co hlg the e renuen €0 che cacesrack i i s o longer
within o secenrs ot cxampls, i might have spun off th ack at  shasp curn
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Solving the Right Problem

Neil Kirby—Lucent Technologies
Bell Laborataries
nak@lucent.com

e af the wors fscinaring observations frons che Came Developers Confteoce

{(GDC AL o bl wan tha soving  diffrent problem frm the one themght
o ac hand could ceul in a supevior slutiun. [Kizby001. This uile ives i such
ctamples and thes examinesche proces, 1 looking a this process, cmphivis s placed
o what doveloparscan do 1 et o 8 diferene—and becter—prablem 10 solve.

Some. of the ausuan you an sake might be I af your programming pracice
aheadys they e good programming sechniqes aod ase sl knwm. Howeret, the
tbers usually are it defined a5 progeaenring elacad and might L now. They can
o henght oFas "ccossAraining” for youe brain, and chey cua be learned and praeuved.

Solving a Ditferent Problem Might Ba

Mors Effective

One participant in the AF raundedbles gave as the Following cxample. His cogany
wanted 1o implement messh seceguiion io 36 adschwuee game. IFall of the NPCa
{non-player charscters s ennrralled by the computes) cun alk ra che playes i
rnld only b aacueal for che player o talk 0 the NPCs, The NPUs sould have t
undesstand what the wer said, figare o3t wht e wer meanc, und e raer in 1
way than shomwed the uset chat he was uadersioad, Hlowever, speech reengnition b &
large moantain of & problem to salve, 1t can be done, buc it takes a great deal of
machion ccsourccs and it i diffiulf to du well, Hiding behind e mounrsin of
Sacoch recognition i the snmenvhac bgget mountain of « problem known us mututal
oy siosessing (L. Speeck recngairian can e uough of s aking dictacion
aud canscribing, the text: NLP i mking that vt and making sevac of e Both bave
prablerms.
Forspecch recogeitiun problerns, consider the following cxample selngs

“Liule Red Riding Hood”
“Ladle Rac Rovten Hut

2
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Section @ Racing and Sporta Al

the bairpins e seich 2 special “haipin” g, he secuar mravessal code can decect this
nd cut e search shorr. Ae e search exn stare with 4 curoff g, thes should be a
miniemum soueh distunce ¢o avoid stopping she ca. The sight image in Figure 9.2.2
llustesces these paios more clearl.

Using s mechod, when 2 puked sector Is encountered in the scurch, the AL
il concinue o asgetthe start of che fest sector Oncs the seisimum search distance
s reached. the AT el e aspee he deiviog e ahead by chis distance, This esuls
in the Al targetiag the frsc purked seceor while braldng to 1 seasonably speed, and
dsen allowing the coreer when close envugh.

Driving 1o the Target

Onee the AUhas chosen ts targr, approptisie acrians musc be taken o resalve how 1o
reach . The Al ans 10 maieaic we impor, s i st caleuate th. v disecsion to
cnved and apply the appropriacc seecing,

Float DoarAT:s5tsarTolangel (censt vactords dest)

t
vusters OestRoruacd, up

s orsrd = dast = 1 Pos;
EestForvard.y - 0.0
DostFervar. R e i

51 connuy i sane betuson urrant & sastination.
S = GrossPraguct I Ferua-c, DestFaraard);
#loaz steer - cp.mgnituged) * A Stesdamert;

1 Steor Lott or mant 2
it

retum {etenry;

'

be scalr n_StaarConvert s used 1o compensate for e car’s maximu, stecsing
amgle aud s precalculied 45 30.61 ¢ YaxTurnAngle. To avoid abeupe changes in
sexring, the tetutmed valuc should be ioferpobted beoveen che old and new seering,
angles. Tor cxars ity chis valoe could be squarod, which gives finet contro] for
sl w sediom sicering velues., hut st alows Ell-lock ac e extremes,

aking

€once dhe AL closes in on a0 oppusing e, i wll buve ta ind a way avcund . Rathr
an concocring an elaborare schetne, overtaking cus Le achieved by falloving a0
ovorealdg line instoad of the racing linc. A light modificaton o the rmavetsal rou.
ines 0 b dae e o the alcernase driving ine o Follo, i ol that is mecded.

o improve the Al overtaing ablic, gl avertsking lincs could Le speci-
e for example,  lftand sighe overeaking L. The appropriate line could be cho-
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behavior e all made by the AL deslgnec "The secoud technique, refetred 105 divecs
adptasion, applics eacning, algorithms o the agene’s hehsor self aud requires ain-
imal s decdon beyond eprciling which aspects uf behavior to adspt.

Indirect adaptation
Indirect adptacion occuss when an agent exteacts informarian about the game world
dhar s wsed Ly a “conenrianal” ALlayer o adapr the agents behasior. lar exuanple,
bostin an EDS can kearm where it b che gresesst successof kilfing the playet, Comven-
omal AT can the b usel o changs che agsnts parhfieding o visk chose locacoms
more nfien i dh Eucure, in the bop of achieving; faher suocess. The role of the
learming toechapism isthus sesicted to extracing uformacian from Uie gannc world,
and plays n direce past i chuoging the sgents behavior.

This indivect way of adapting Lehavioe i secommended i chis aricle becaus ie
offers the Kollowing inparesot advancages:

* “The lafotmaden abaus the gune world apao whicl the changes in bebarior nee
s can offen be extsared vory casily aud efibly, resulciog in fost and effective
adapation.

« Since clanges in hehavior aro mads by a consentionsl A1 layes they are well
el and contralled, and hence ey o debg and et

The main disadvaniage oF the techrnique i iat i requires boch che informatives
o be learned and dac changes in bebuior that occur n sesponss f i€ 1o be defined a
priar by e Al dosigner

Despits chis, a side vacieey f alaprive bebaiars can be produced wsing rhis el
i, rangiog from Icamming g Ll sits in an 1125 and Lising pachfinding wward
chem Gus alteady mentioned), leauning haw long 2 player cokes w Luach bis frse
assaule i real-time sraregy (RTS; game ol the AT can decide whether oo expand.
milrarily ar scurstuicalls 0 lesrming swhich fruits in ao agents cvironment a1 poi-
somous and biasing i Food cluice accardingly. In sach of these s, learuing merely
colleces satstics about the gams sorld, and i i che ennventional Al that interprets
thae information aiud adspts behaior i sespanse o it. Other cxamples of udirort
adptation can be foumid in [Evas?! |1 aramée02a], and [Mommerstoeg02

Diroct Adagtation
Leacning algorithims can be i 0 aclapt an agevt's behavior disocely nsually by wst-
ing modiications 0 irin the game world o see i ic can be impraved. In praccics, this
isdonie by parmeserizing de agenes hehavior it same say and wsing an opsimszation
lgorihs o seorccnent lnarnimg o seatch Fo che parameters (and hence, bebaviors)
thac affer e bese porfarmance For ssample, in an FBS. a bot might cuncain a rule
controlling ths range belaw which ir il noc use a ogker unche, it order o avoid
Ulast domage. Tis particalss et of the bocs bebavior 3 thus parametsriasd by the
cang elons which the swich 10 awoubes werpon is mde.
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Recognizimg Seatesic Dispesitons: Engaging the Enerny 228

g the Enemy_
1 By the Book”

The upprosch described previously does « rasansble job of ieniifing whse the
anaty il ehat aeas he conteols versus wha atca ch player coutrol. 1t s pro
ot marting puint For gronpin the enemy ino variows caregories ol threat. und
e 6 s vaious approadu o engging the ar 2 utegic leeh Ot o
kb0, Isinger001 have descibes Lo we might find pachs toviard the enemy
o some scatic lasning [Lozour0 1] sgainst .

O reny of insepncting vt i sracegi smgagesnonts s o e he iod-and e
o denclaped by varions auiesover he centuris. I ve ae desgning s game i
bich Napolconic-era sratgics make scre,we can proxoed feut that o Most o
he s o Europe had 2 basic sty " st sold rach gzoesal cracly hat
o o omee s ememys frme, Uanks, sar, and so otk had ben dontified [Chace
el 1, Morcose, sinee mose nations of the exa bad dffring roles of engrgenen
o samsmatically gec Als that " difece’—am iraporeact gee foc most strnegie
s,

Thetc is 2 anger, baweser, in at using ches approaches ight lead 0. sume-
b proficcallc A i chs humn s fmlar wich whae e aionalicy of he AL i
ipposed t do. o e vadons ways oo this. T of the most popularare
i coch AL sommaner wich Lis on personalt cha oiodifis his behaior
B ahar, and 1> ave the A rmdormly chuse from moe thin ane reasonable scat-
. Combioed, <he player unly ks thas whir is Lppening is resondble but
hopefully} mnexpecred

Making Your Own Ruex

{Fuwetcbuling, sy, Gt i ercegtc (R1S) game. oo g e ek
ot b AL ety ofthe e This od e ot ey apply emich i e
erings e gemenlly st coo dideteme. Whilewe coukd sy e, s, e whice
el atack the meanse coetng hey seg fomabing sseuingly common in many
RS pames, vl 1l Tt put i mose chowght nco i dan chs.

Hienifsng s polas it the emeng's disposiion scens o be 3 narar]
apprsach, Loking s a s simtio o th pespeutveofthe Back unis hces
i hat e ey e frach 25 Wlite 1 im e Iowee s of the
e loweve,tha e it 1 s o xlrively g distance o o bull of o
T o cepese f s idicomd by the lushod sy in the wpper 1), aod
engaging 1 ol scnd e exposs o Nk

sl ight b 1 bulld same 5pe of dzorithen to belp us with s deci
o For Fiise 52,4 fr exatupl, e might bulld an lgorithi that compires (b
Twengih o e stackvn the obexyod srsoth ofthe defndes,ehe nflence P
it b e s, o e disone et then
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1 Tigeing she oad ahead

Since each sectr blds th leugrh ol he drivag, s, the raversal Jgoilhon
ey et to o chrugh e Dt accumlaing she kngehs ol the
el e s seched. A thecar s e il bl anywbee wishin 2
oot Yt sonld b adisrd acdingly by kg o wcoum che
dintances alomg the sectors [RasllonZal.

esing he ok abiad dstanc proporionslw he s cad s vl pos
ive dhomactaics, When asliag slowt culy the locs reon & vicwed, gising

e pesison. Gonveriel, when avelin, quicl it sracibes e pads 10d s
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s sesriog cottction co princ wrwad the Large.

Maivpin Turns

e e et of Looking bead cames int play sheo pegaiaing sharp corucie
o s This ca cue o cat e gurth cner macad of kit
T o by the ok image i Figore 9.2 Ty matking e sccosarmurnd
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Adaptatio

Section 11 Learning

o the Al in  irscpersam shooter (F0S) abuue the ikely cumping locations of playars,
diffne plaes will. i all prababili, bave difrons profirences. Cleark, an Al tha
cin earo such profeences ill not any have o advantage bvee one that canot, b
will appear fur smarter ta the player

Before examining the techoiqurs avalsbl for adding adepration 11 2 g,
soction urges <ot considecaton of wheeher adaprarian is jusifed n rerms
iee benchns, and whirher the illuion of daprtion can be procuced wing more
comveavionl AL

Are Thora Any

nafits to Adaptation?

Clearl. iFche anssece o chat questan i "no.” adapescion sheuld ot he wsed. When
adspeacion is expected t benchie siche the develupe o the player, e wiiglt of the
benciit el ta be conaidered against he additional compleity chat an sdaprive A1
<an add 10 the game devlopmenr and esing, processes. Marginal improvements
sesuling from adaptation veill o unnoticed by the vas, aigjorty of playsss, <o Tt i
iraparcant o idendfy speciic spects of an AL agens behavior where adapration vill
be ol

Faking 1t
il ol uy createche mpreions Ut s AL agent i earning widour oy

lce. This s ot sty . by degrading.n AL tha per-
el chremgh the acicon of random sceors. 1 the Eequeccy sae argic
e o e exors e ey e widh “ssperienc,” the appearncs of eming
can b prodused. This "Bked Larvng” has  venber of sdvantsgr:

+ The s o earning can be ceflly commolled and cpecifiedpei o eelease. 25
<an the hehavioe of he A) a ech st ofesdeveloprasat

+ “The st of
action of s plyer wichths game, simplifing debugging and wsting.

AL soy pol i i i epradian of the detail ofche ncer-

Although iking learning is an scracrive wy of crcacing the ilhusion of adspea-
fion. it can oy be wied when che bohasior “being learned” can L spesilled in
advance, and is bence limited 1o problecns that cun be sobved nsing convencionsl,
nonleaming rechnologiss

Practice

This seion desrbcsche o ways i which el kearing and sdapition < et
paras. Uhe e, clld fnvect adprasion,extacts st s e o word hat
e o Ly ¢ covenionad Al ayer 1o modity a gencs hehayior. The decision 2 o
har srsies s xtacted o chie imeepretation in verms of necsary i
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Datermining the Current Sector

I s adasmenral hat the AT Kaows the curnt sector of cach cae. Testing chat the
calk psiton Tes o the posiive s of cach sectors ous “edge boundary” plaoes
confirms e i L vidhin e A scaple speed p s 0 precaleulat the 2D X7, axis-
lignad bounding box of the sctor har can be used for wrivial ejcson. Testing dhe
o sganse many sectors wanld be too cosy for el tene spplication, but can be
e by wsing eoberence [Baallo02]

Gomputing the

intanca.

long & Sectar

There e scveral methods of compning phedistance lani  seccor ech widh vasying
compiesicy [Ranckf0]. A simple spproach that works extremely wll in pracice. s
& eompute the uaveled discance parallel o the driving in1sshown in she following
code suippe

“lost uissAlangesctricanss CSactord suctar, consl veClordh pas)
f
Sstors detes = pos  seelar orivingLireses
deltay = 0.0
Float dta- - oterotue: sector.drivinglinorsard, deltsl;
“elur-vdist * dngmiaale);

v

“The variable 1605 eale s s 1o scrle the disancs to compensate foe e 2D
projcrion and i squsl cn the lingslengh divided by ts 2D lengeh i the XZ planc:
thin i precleutited or ch sevtor. Ading the dlscance long he sscror T he sc-
s sack dtance esls i the cors distans traveled lomg the aceack.

rmation to the Al

Fon the Al @ b 3 hetor nndersording of he enviranment, lecant iformadon
bould be ol wthi vach secton, Wil s inrtaaion, the AT o qickly make
deciions whet uavening the sscor wich s o impl comparions. s che purpese o

i o defneh ek, g s o s sl 1 il .2 (i,

Path Type
Tk s ype et type of route ahead. Usnally, this would be sec o “norel.”
b ot s could be "shorteu,” “lang roues.” “seapon pick-up route,” “windiog
soad,” nd g suip.” | e AX uses this imforamation whetser & split e is Funned.
o voeds, Lhe ectofs nest polasers aze boc non-NULL. For exarple, if the AL
needs ssapons, it will chooss the “seapon pick-up route” if sach 2 et is avalable

Terrain Type
n AT would wsually sast 1 ek the shortese pach avalable, b F shorreue equires
‘aegotiaring 4 rugged landscape, only vohicks capable of raversing this eype of ersaa,
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You Need the Seri

Section 10_Seripting
only had co it e that pussed sround an ineger (ehe painnes m the parme engin
elac. andh it would b creaied, processed, and delered properly trough the overrd-
et lisutionn in the game engine. As 2 esul, we can o add 2 nes: daca type into
WStriptin ander an hove and sny prograsue <an add the pew daca ype wid o
encvledge afehe iatetnals of the cantpllr oe he virtoal machine

Do What?

€vbece s o st oy impar. s i el bl and Al 1
yous Language isHoxible enough, then che issoe o czicnsibilic is o so laege. You will
Thave e e o exend ehe language If the designers can find vays  bend 1 cheir
neds.

This was an eror thar could caily buve been avoided on AC3Soript. Befuce seet
ing rhe langusge, we read an acicle n the GGIIC. proccedings [Huebuerd?. One
chimg st was stesscl was char  Aesible lamguage would ge wed for meve rhings
s you plan for, We foalishly ignared dhis adice and made 2 Yangusge for asingle
piepae. W will oy impast this adlve: Even an dnfleible langsage will e used for
e hing than sou phn for. Vor vight as sell male i vases o yourselfwhen you
bave the chancs.

ing Langu

How Did We Extend BGSsript?
B Sorps i designed Fandamnsaally s simpl comba scipting fanguage. Even after
ve yoars of manipulacion, o besrt this s what it remains today. Unforuunately co
b srpig s o 30 pscons fthas B3z sl o The b 70
percen. of spplisaions are desaled neve.

Simple, nuncombat creatue seripting: This cnnsists of rlaively animportsne
wctions such s the wandeing of pessuets vis Rancuka” k). T3l consiss ol
playing ambient sulations o croacares fsuch as making « backsuuth suiks an
amily. While das soipting,depends almost exchussely on 8 heartbeat serip. i is
till desiable for nes stimli e interzupt the sxisting sring of acioas. Comlb
scipring {ue the time) was dune on sgactions co sl exclusivel, s 2
beartbeat Lid 1o bt add 0 each crenre.

Trup sud teigges scripting: Mast mzp serpting i sl @ simple combat
scipring, The crap responds o the sl of bing, actvared by playing a visual
effect an using d GastE08111) acrion 1o cause i s Traps are
nor ercaries, <0 they did not hase e suene struccuns or Al in place. As 4 esul,
ehe sripting languaige o simulcanconsly had acriams thot only creatucs could
eforn, and awsher lise char all hiccos could peefor, Unfoutanarel, the
Tauguagg had no differotiarian, and L was oot alvays absions which actons
hilanged in which i,

Liiggses e polygots an the gaound thac reat 1o eraturs i pondamaging
ways. such 3 1cleporcing che prey 10 anuber location or displaying b
Triggers ace uniqac in thae ey can o sveeal actians thar all must conplece
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10.7__ How Nt to Implement a Basic Scripting Language.

s51

For evample, Java chasged Liws da +5 apersear works or ncgativ numbers by
presrving the sign. wnd the operaror that  C prograiamar sconld sspect to b 22 it
acully »2 o Jaa. Which implemencation shoukd se choase for XT/Serpi? Unfor-
Lutztely, you in & ne-vin siuius: one geoup of wsers  going Ta be very upses
v they divcuer e operatar doss ot waek e way they erpeet it . lu e ol
e went widh dac Java implonentation. and e documeneel this i the scriping

ol undes 1€ o0 are 2 C progeaomen
Dossn't Need to Be Extendiblet
‘et inespericnee, ik chaught s plven to ehat the ity Eugine vas ging
e afcer Rafdur? Gase shipped. s cosuh, no exeemsbility was wiiten into GSivips,

Qs ermors e by an Inadsquare design were et fnch as 4 misiug 1w
. ur-

operand, ve o cipabilcy 10 or conditions together), they cuuld ot e e
her exaceibaring the problem s dhe Jace that B:Sizips was used for o garoes wid
b mission packs—it bas lseady passed i £ bisdday

Reamerabet that gou ave going ¢ be using this scripring laguage o 2 while,
Expect and aceept thac e s s sgnrax is se and desigaen, Legin 10 ose i, xou vill
e stk wich il the ond of the project. Futther, wehi you might hiak ta yor
il e e opporcumicy to rewzite the stem for sequels, chis Is probably not the
case. I i highly probble tha your designers will want  suick wich 2 syotax ey
o and the workatounds fiom rhe frs i bewome Zaquresin luce s

A curallaty s thar once you biave wrien your narser. 3¢ will st never be
cewieen fiom the ground up. The BGSeripe paner was weien in all of two days
wsing,ame gigantic paco scatemenr. The pisbg v Is sy 1o undencand i yoo are
fuent in Uath G and Trolop (dhe Luter buing an nncammon skll a BioWrs. You
gl think of rhis exwaple a3 job socurit, buc afer five ycars of maintaining tlic
same e oFcod, i swould b nics o pas che responsitiley on 1o soluevoe el

Y casioe design for evseytbio, What yon can do. howeser, is drign the sye-
et 0 chac the adicion ol new things esn b dooe wids & minimum of stress o e
famework and sy, Adding 2 new data type into AWNers bucl a “vecron.” 3
siructuce wich chrss Aling-poins nusubs? mirned aut o be siguillanly mare dif
Sicalt chan it showld have been, & ook approsdmately s days ra fllaw hroughs all
of the chains insile the conpiler and accnun foe ol of the new cases shete whhincric
aperasions intetacred with vecrues.

When ir came scound o implomenting snodves data s in MWSerips, e
avoidsd che ovte whert we implemented the data type dirserly it he conpikr and.
virwual machine, Tnstiad, we developed 8 gensric sysem tsat allowed s 10 2ddl sl
oral datn ype support inco the languge by definiug the cors operations coupari-
som, creation. deltion, nd asignmene operations} in a pure viraual cass dhar s
oxestidden by ch game engine, We did not wane to include duc entire definicion of
e daca e i the viewual i, since see intend 10 wse NWSeripsin e tdes
thar migh non sequise these NWApeiic daca types. Tn che virtual sachine, e
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Section 5 _Tactical lssues and Intelligent Group Movement

FIBURE 8.2.1 A basic influeice ap shotwing a basic two-on-one engagemen,

are indicaed with a cosshatch, whie othes are marked wih a dacker orlghtergray
depending on the side that “owns” chern. The "border” beoween he various units is
indicated with a heavy black ne. Any square surrunded enirely by sers (i he
apper right-hand cormer of our example) are clatly “no mars Land and beyond the
control of anybody. Note that the values fip from positive ta negadve as we travel
the encmy unic,indicating a reversal of control, Looking a the map from the
black unics point of view (on the ), the *front” i lerly comprised ofche "0” value
squares plus chose squates in which influence fips From posiive o ncgatve.
¥ this were  on-on-one game of some kind, we might stop rght here, slect the
enemy unit most vulnerable (due to damage ar oher fctors we migh use), and pick
 path co che target. In chis cas, all things being equal, weld probably go after the
white unit on the owerrighs h's loses, f norhing che, and we've aliady ‘pushed”
his zone. of contzol (i, the negacive mumbes) i prery close o him. The overall
“gradicnt” berweea our unicsinfluene and his i lowee (10 to 1 versus 10 t0-3)






index-325_1.png
11 Blsckbaard Archisoctures. 328

st ssrems impose st o the aserion space. Jost 8 iting

a2 physical hlackboard b 2 spacal ocation 1 s, e can b found 10
g che asrzons on the sirmal blackbodcd, 5o the vtemal comgnencs
e ol ssploe specific rca of s backbvard for conaenes hey are incrsted
i, Some st for exnpl. impos 3 hierachy to e asrrions, enciling
ome asecio s dute (e nieal inpos 10 the sytem) and other wonions 35
sl with  pecifod mumbee ol tccmedine Ievchs. Some systes also snocace
sonions it rsdibilty caing indicacing bow ey the asecion i

+ Kowedge soutces (KSe): Hanking the blaskbord are  seie, of cernponents
ht ats able 10 ogerars on the infurantion thar the blackbosrd contans. These
e the “spasialiss” has il olaborste o scle e roblem. Like all specilise,
K aaly have ety nateow regians of exgestive and  only bnow what o do in 2
ey statroe s ofcirenmancs, Ustll, K56 are inaceve. st spsific sets
oF procandivions c becorae rue. & KS gl ubo cewrn a willingness w run,
x eleunie, indicaving s cogree of spplcabiliny o the cuerent contents of the
blackbord, When KSs are found to be elevant, they cun be cxceuned, thic
sctions madifiag the contents o the blackboard. These modificadon ight
ke the oria of new logies aertions, cianges o cvisting asesions, or concol
tgnals 0 b K5 gy, KS e only allowed w communicace wich one
anavher theogh the Llackboard.

+ rblcer: Giren 4 singl snapshoe of he Uackborrd conceots. i is possible: thar
iy tmber o £ can ndicate & panzero elevance. s b joh o he abite 10
cide which of e evane 18 exscute, This i  critinl e, wnd coostiures
e ey of the conol szategy foe Lheenrirs lackbod st Tn vy of he
catlc sysems.the asbtee would pik s sinle “wiuing” KS—cis was  meaon
of cosuting . s coneadictory actions et nar ke in @ singe dinsicp
g KT was o relace wserion X wieh acerion ¥, but K52 wan 0 eplace
i with asction 1. vl statcgy o pickim gl winnct ookl simply b
opick the K i the highes el genezal leance. Howeves any aumber of
scrmagies i possbl, inchudi ons hat ncorperate  foces o acention, a mot:
Vaianal se, n emotioeal ste, 1 pecsonaley murel, a0d s frch. A advaned
aitee mighe choose the KS bused mot only an mmediate relevancs tbich is
‘wha the KS rrarns, b sl on expocted relevance v theoverallgos, resaling
i bebavicr thit is bt dtriven and goaldrien | Carer92],

O single update, L of telovane K% i vulleted s an recenc chiages 10
the Dlackbourd. This list ic pased to the asbiges, which wses shatever methods ic
watts t0 choosc a winoing KS. Tis KS is then erecuted, causing farther changes to
b backbonr. Vo samme problerns, che new stae is examined for termination cout-
i daat would indicacs.chac the problern s sofved i ., that e backboard conrins
the solution). fthe erminatiun condisions ae not e, then the cyel i repeated.

Thase fumitiar with clasdcal Al rechnigques might ar this point recogaice che
Ulackboased us  form of rule-chiiniog, Theee ars & momber of impoccanc charactris
s dhae distngish a b systcm as  blackbaand:
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Racing Al Logic

Garl Blasillo—Electronic Arts Canada
gbiasillo@ea.com, gbiasillo@shaw.ca

s is the socond i sevics of three racing A articles chae describes L 0 imple-
ment an A capable of sacing  car aroun  rack. I s recommended that che
reader b ilisr ith artele 9.1, “Represeeting 4 Race Track for the AI'

Bisilloti2a), a5 eforences will b wuade o i rhesughoue,

Aldough the Al will follory predefined driving lings, i vl moe rigilly follow the
rack ke et on als, buc mesety use chose lnes 55 1 guide, The gosl i to have the
A producs an anrpr that claces human input: specificaly joysdck andjor key
preses. Usicg Uhis methad, the gaene cngine oy noeds o gather inpu frurm the AL
canteuller instead of'a human inpue devie.

an

Befors e goinenthe detaibs of th racing AL logie, we aees o define the basi framae
ek of th 2

Fintte-State Machine.
o simplify che Al logic,a ince-stare machine (FSM) i used vo keep treck of the cut-
teat excing sivaatin. There i a plsshora of aticles on dhis subject [Dybsand00), 5o
the eeaee I stnued w have knowledge o sch 1 syeuem. For claric whon 2 st i
Feced 10, i will be prefixed with “STATE . As an exasuple, “STATE_8TART DI GRID”
would reproscu. the stace 3¢t strt of & ace.

A Fixed Timo-Stap
Ronnitgg the AT il o fice-floating time-sep would produce difrenc resules
depending on the Frame rate, ameng otber fuccors, O remedy wouhd be co cimc-
sale ol calenlacon, but his wonld il lad o vacying tors, « casic xample being
Ealer incegration. (n a sacing game, srcurs can accrue when che wine-step increases
becuus the AT would mak e deciions in a gven i spam. This would Jead 1
sitations where th AL would wiv « hrsking poiat, reace 100 lae (@ obstacles, or
become out-of-sync when playing nctworked games,
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554 Soction 10_Szripting

somesshore el Whenever the designersags. “It depends,” it ods up in the
scipting langse

What Are We Are Trying to Gat Acrass?
You language willbe used for chings for which i wax never designed. Even if you
spenta year an yone design phase and eborght of s doren dieren, wse, he designers
are i o bend U Language 0 the pointof is breakage and beyond, The rick s
ke the language fcvible mgh n che frs pace, s thar the bredhag v inles
quently and foe ressons eha you. hopeully, do non sven e 0 i,

A fal oute un esibiliy: I you donit boicre us abour the need of Aecibil
pleasc e s prge and come hack e i affr yonr game ships.

“We told you s

e s hot e descihod he ae ot nscsnouorable problens given forght
o ploting, Th ke ks wt eyl € crphaie arc

+ Pl your scripting langusge and doscemins wthat you e g o e e For.

« Carfally cansiderwho ol be i the ogasge whetschoosl the stax.

+ Make s cay s possble 0 bl 1w Lenguage st

» Make the ingusge esiblc cnough t b used for evber prpeses han those for
which it s rendec.

There arc many fraps thor anc. call 6l i when smplroentiog a Lasic scripting
langpage. The must important st in avciding these waps is knowing that the rap
existe, We lupe thar pou <an rocngnize these porearisl rauble spocs in your desiga.
and focthem in your implementation.
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e problem solving (°T conldir belp bu notice thac you'e having teouble with thac
Toplorescrics capansian. 1 just bappen 6o b the workls foremost expert un Tulur
serest’)

The canonienl blackbaad architeeture formalies this mecaphor, I s descrihed in
decail in che nexe seceion

The Ganonical

lackboard Architecture

While the defcition of a blackbeard s general enough t lend itelf 1o uumesaus
impleineniatian srarsgies, chere i 4 vaonical archirecrure that most impkmens-
ions fal under. T arclitestue i shown in Figure 7.1.1, a0d consists .

+ Blackbnand: A publioly readfritsible inforraion display. Typicaliy,che blcke
bl concas a Tise of logical asertous upon which otber components opers
Although i is posible o msintsis the hlackboard contenus usa simple jumbleof

Nowerio
Enoinne

Ks [ Blackboard

ks

FIGURE 1.1 The canumical blackiuard arcieiuo. A cetral lackbonrd is
surmounded by Knsoldge Souscs (K59 shascompeefr somporass comol o he
bluckbourd, The artice eides hich seleon KS will b s 1o ez basedom
arbismay conol inpr
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Conclus

‘Roprossnting a Racstrack for the A 4a

mould e to s s T his s, he shoreeu screr would abo be mirked 5 Tugged
oo dwing th Al o eect s path i he ca has ot suspension andioe
Tow eide-height.

watts

Some coutes e ot n a confined are, sl 35 8 narrow carridor or wirh 2 wallan
ove side of the wick, ty spocifng, shat u wall exis on e left andror sigh sector
g, che AL nformed thc . sbonld keop 2 sfe disce from o relevanc e

Hatin Tum

v similas amer to walls,che “hiipin 1efc” and “hairpin sight” fligs ane wed to
e the nside oezs of 2 sharg Luen. A Laérpi s difecenc from 4 wall because the
pecifcd side vill o impecde e cacts path

Brake/Throttls

To sid dhe Al i atea of the crack chat e diffculs @ negoriars, 8 brake- ot
smlue comes in handy. This valuc lies in the —1.0 0 10 rage. sigailying “Full-
brakes” o finl-throtde” zems 16l the AV e off e pas and vons

on
Tetimimg the racetsac i a3 mach el Infosmation o possile bps redce the
compleics of the AL s b addition, sduciu, much ufthe data a4 30 103
2D problem simplifes this Futher

e improvemot o the crivig fines sould be 1o crsate 3 smoothar pal ring
onlineas mtexpolasion. Carmull-Rom splings ur che auuce general cardisal splies,
I\ O ace ot ideal choices since dc cnve can be dieeely dofined by the deiog
oo, which beome dhe coneol poins Lor che spline, These plios o ravel
v cac comsl pon, which i mach more inmiiive for placenent putposes. I
plines sre a alernatie tha, sl g you esen smoher cumvs, bus (s plne il

1o omger el diecely though the anseol paiots,

" Biaclle, Gart “Racing AL logie, A/ Gee Sragramming Wisdom:

‘Chilgs River Modia, 2002

|aracid0;, Mareke, ierbest, “Inespolreed AT Keylrame Animacion” Garae Fro-
“aming G, Chaes River Medi, 2000.

[Raseko0] Fack, Sceven, “Computing e Discace i a Sce” Gave Frogram-
ing G, Chasles River Medis, 2000

I ek, Alan, ~ he Thewry and Praceice of Parsmerie Represenation Tech
i Aind Anssbin el Rendiring Tichigen. Addisan oy, 192
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witho bein nteeraprad. Ln other words, additanal sl shenld noc
veer. he cxisting sction Lst, This requcesthe addicin ofaway ta prevent
s interroption,

Conversation: The sripring of convessaron wly steeches BGSevips o is breking
poinc, Rashorthan 2 scack of ¢ 1 1-en clauses, conversaion in s up 351 (1.
Thie condiionlr are scaccerod e che brancliag poiots, and action liss e
cacked om ko ety Lesponse. Unfortunatcly, the compiled versions of he supes
were et cant  be segrcntod in chis mancer. The rest i that
conversation scriptng s stosed in an uncotupiled formas sod wapiled an-the:
Ay A user can wlorace o small delay whin conersatun s ioied. but
compilng every seriptin s g comversation veew stalled Rutd Gt for more:
an sconnd.

‘Addicilly, scrion lse obesined chrangh consersation are similar 10
erggees. That i, thy must cutaplers and cansot be ncorrupted. Uolik rriggers.
conersarion is run by urcacures that also must have responsive contear sripeig
The ennflce i very difcule f0 reslve, ad i, in act,the souree of same:
outstanding bugs in Infinly Englow games

Togame moies: Io-gucat woics ar scripeed sequences where viaus creanies
porfrm actions in specifizally Gmed and ardered ways. They are waed i place
of prescidered mavies hen animarion sime or space i€ 73 premiuia, In-game
movis roquire unisestupeed acri bt Lk rigeers. Howeve, deir biggese
ehallenz i that chey roquire tisiag berwoen chacaceees and aceoss madtiple

How Did We Extend NWS<ript?
W stard with the kauowlde that we were oing 10 give che sume fancrionalicy that
i already prescar in B3Seript, Honcevss, 35 che projec solved, many motc uses
becanc pparen.

Spells: Fach opell 1n Bbdur’s Giae was otcre i am external et and the dara
could e s v generate the spell, ownever, s i 25 Dungeons & Do ules
0 spels cannot be ueacly casified snd desceibed with a couple oftd s,
For cxample, you atc asked t isnpleonent she “teal” spel, Inscead of usng your
seandand hcal efc, o swould bave sk a special one juse for he spel
Wy The "Heal”spull st haren ondead crcanirs.

‘Rather than have  programpust sic and spend the tzos implemening the

ol s dosp insie che core engine, e luve exposed the meclaaics of he
<pell impact 0 ascipring cvene. The drsigasrs can code al o the ndd bebariors
af thir rle sec wichonr having u 4k progsamenses fuc a seies of smilar effocrs
wich Jued-ccudod exceptions.

Pathfinding srennd dooes, Whar showld u ccauane do when it encounters a door
“shile ic b walldng? Should it sl Lhe door down, or should ir pull &
lockpick se and rry to apea the done? Should i give up cnfirely and go
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Section 6 Tactical

et and Intelligent Groug Movament

ound to minimize s convscts, This vill narurally pull our unis “meny” feom Us
cnsmy and group diem tagecher imes nasrlly densive clasers, from el e
might be able to fount local atacks and delap action in Fucuce s,

‘Noce how we've cne s by snoving unic roeard the "hight points m o ndlu
o md geusrally ey from the influvoce of the white wniss. [his natucally wil
Sncrvase e s lpping defensive vlues and (the next fime we sraluate e ioffo-
nce naap) vl resul i 3 tighucs, more cohesive Formation. This Is che appasite of the
simtion dexcribed in Figure 5.2 4, in whicl we moved che greatese nunlbr of unies
awy frum our conrsr of mase nd “phill” coward she Ml unics ighest ares of
intlocace.

‘gain, exactly what cach unie dos s epends o0 che capabiltis uf cach urie,
moverneis. iniccions, terrain considerations, and so farch. Much of chac will be
aucomarical ¢ up infueace s, o porhaps an indepec.
dent tecain-based Indlucnce map can e cousulied afce the husic uptions e gener-
wwed. Retember chac the example prescaed T grearly simplied, since cvery gme
ill handle umits, movesen, tesain, and so focth diffeculy.

y driven ot Ly 4 properly

Conclusion

Severalways e it prove o he snggeons 4 presened hece

Inmprovernenta and Drawbacks
The dluence map buiks s che fs. s conld sl el v el —cerain
caniderrions, patially dsmaged aniss, and s ol Tesaln. aalyss [Fotingentol
canalso b wned o grar effct i cusjuncion with this, since i willdive out unussal
\errai considrstions (uch s Uidges,cioke poines, e} it cun greary influence
e somstrucion of ech s’ inflocne mapisl, Choke poincs ar brdges will it
ot 4 Lighty concenroaed infloences surcounded by negaive or snemy influcncs;
hose artens can b il agged by the Al 3 ndicaiug Important arss of
che map. e must becueeul ot 0 sk such 3 complex nfuence map thas unel
inforanaton is swampec by minutia, et and thoreare CPU setiedons o con-
Sider 133 pare o map penertion.
he "o macs Ll beoweceeh. s ides s oulined i Figure 5.2 (i v

valed squases s adjcene squices dast sty A from posiise @ ncgarve) s
iy wide Morcnven it might nox b s acearse a el n erms of who contrub
what peces of the ap, Thac maters becans that thin strp i1 quick way w dencly
e keliood of a give side s ool of mporane sbjectives 65 importanc
o gt e right 165 10 be eaniaghl, v inflocnce s pushe out fr fom ous
nics shovws tht e Lt e local supeeorivyof fscpawer. Thers re aty weys
a compute 2 betcor inucnce msp, e abwions way i €0 oveay the map wih
e rid. althouth the donoside 1 hat i of e, reacer GPU ussge 0 et
e inflace miap. Aocrher oprion i o cange Qe vales e asign @ the faflucnczs
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‘CoLom PLATE 9 Recért-patn

. diagrostics Each Al cseps ek
ofthe losatens it s visted
recartly, Up o some fsed:
rainum e of nasi
ocions, Tha ne seqrents

*#ac feom red (rost recento
bl (st recont; Thigues
dosianers an sasy v o fgurs
L7 path that  gverr Al
folnved toges o s umen:
fociior? Referengactn aricle
21, Gotlnesy of Pusk Tazour
Snction StormAustn.

Coton BLATE 10, Pt i This sl
Pt llsiresthe ush of choice ponar tnal
- alouchl o ey seect passitl e i
ol oty b et 5750 s
9940, cicilafpas (1 heloweriokt cor
£ e, ke A orcation i ceribe o -
T dagrses e sl i bohtne.
foval dftor i the garme Y. Reforericed,
At 21, Catriosy of Pl Tarour sndion
S,

 CoLom Piare 11 4 behitor igriostcs
“This, d/snhy “ehaws the Al's corrent “ed:
“inass fhrienetor” s ba atshe ol
e 05 0 Wit i canc s cir-
Tt sisle Stack (asnar e rawsof s
“onty, a0 s Surent s cectusien el
s ok bt -y .1 etont
i ‘wich s Heatng s sty mpeded by
et onG n i i ki
 “ircen i o the Al 13 ey,
. Rofercuoad st 2.1 Oourtesy o Pau
'«»mvmd \cnsﬂwv,(\uhm,

it S R
ooy, 5
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21_Bullding an Al Diagnostic Toolest

om0 Lo, B, “Infucoe Mapging” and “Suargie Awesmmei Tich-
e G oot Go 3. B0, Hok DeLoues, Clarks Rives Media,
5001,

s dee Serrend1] vas der Sromren. William, *Teresin Reasoning for 3D Action
Gamas, e Programmaing Gens 2, B, Mask Delovors, Charles River i,
3001,
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2 Recagnizing Siratoglc Dieposhlons: Engaging tha Enemy _

+ Unirs 2. 33, and 4 Lase thre opedons avaihibl
L pion 1 4o atcack whice Group 1 (a Tk valae 0.087
puion 210 atack i Grou C (his fonts vlue 0.0)
 pen 3t ssach hine Grou A spather Hanks value 0.46)
+ Unit 11 o b e optious aaisbl:
Z Oppion 4 10 1k Gaonp D b 0.07)
Zption 5 stack Grem € aluw=0.13)
—Oppion 0 stack Croup A s 0.0)

1 ane e to apply an alpbivbeta tree |Svarmusky 0Dl o chese oprions, a comhi-
astion of Cpeen £ and Opsion  sonldh il ot Clearl black wnie 11 ought o
engage Group A, while s 22. 33, and 44 ek o enpge Group L.

Wt do e do with tics 55 and 66 After maklog the preeding decisious for
the units 1 shrough 44, we might subsequently decide eo more umies 55 and 66
Lowand Cevup C b in onder t provide beree (lanking und 1 discourage that grouy
Fom insrfering widhelher aeuck, This more Js “uphill” coward the coaer of s of
ot upis, 2 goud e of thumb for reposiioning rescrve units in generdl, Note that
“wte hud o mak oo passcs through the Al 10 asign waits 55 and 66; anc design
delbezaly kepe dhem in resecve el afics el asignod the unlts eloser 1w the
o,

Teshonuhd b sressed again chat s precis option oe wight choose—indesd, chc
exlalacons of he wptions themselses—is selly highly game dependent. Tl algo-
‘i prosacd s very sophisteate] and docsnc ko vaicy of potentilly impor-
T Fctotsfnco accovat I it more 25 an cxample of whas cao be athet chan
s 2m ieonelad saggescion, aldhough it will work For  vacicty of suacegic g apli-

Maximizing Polnts af Contact

Assumio your design allows fox i, anerhes approach might be e wry 1 minizs the
“puins o contact” berseen your unies s the s while idealy) miinizing b
porcorial poss of cancict wich yuar unit. This s bosw sy games are playod acs
Py the playee. iz continualy 1riog w put more of yonr csporrss st the
acony s while minimiing hove much he can put againa you, Thac’ a dlasic sy
o acbieve local supesariys in fact. prelude co any rmber of e musncovers. Tako
ook Fighe 5.2

Hlsce weve taken che situscion aulined eaeler and exarmind the staation o
e peim of sicw of the white s, Wive craployed an sgithen Lac attemps o
compute dhe masimum romber of "contact paine” we niight create by moviag our
s taward th black unies, and came up with th [l vpcians:

+ Opion 1 Group A eugages black wnic 11 fome conmact polo)
+ Gprios 2 Croup € cogages back unit 11 (e conta paincs).
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11,1 Loarning and Adaptation

561

seesand thele associated behavion van be validaed vis e vl testing and validarion
p———
In sumisy,

et adapracion of beavors offors 10 alemtive o indivect ulsg-
cation. which can be e sehen i i belicved chat adapiiog,pariculac sspects of an
agea’s behavin i kely 1o be bencheial, hu. when o licd is known sbout the exace
fotm the adaptation, should rake for it t L puscribed a peiori by the Al dsiger,
Targeting direct adapeacon a vezy specifc and limiced sets ol behaviars i dhe ey 10
makvg ie work in practice, siuce this impraves the cHiiency of che wlaprarian and
maes i eusier o cuinrcl and validate, As exaiople of diceee adapration using genetic
algarichms cou be found in [Lararmée02bl

Incorporate aa Much Priar Knowladgs as Possible
In the s sstiva, it was suggested that & guns conld be prodiaced wich na Al out-of.
the-ho other chan an algorithes such s geneci prograiing, which could evobve
sets of sl r conteoling AT sgents as the game s played. Such u garos wonld
have fat leasd) oo cugjor s in chat the AT agones would do nothing useful
when the gaine is fise played, wnd the tate of improvencot of their petformances
sl b vy sl Both of e are dne e 3 lacleof priar knoceledge i dve AT that
is,the AL desguee has incorparated moing sbon shac i Lacwwn abour he gune i
the AL

“The vace proportion uf swhat an A has s do _such as finding e shoreese path
acrmss 2 level e choosing ch bt wesg i an PS—is kuw priar r 3 game’s
reease and should b ncorporsted and fised ie che AL This allows the i g~
s o focus o whit munt be leamed, resuling 1 subsantal inprovements in
effciency and riabilie. I shiuld be notcd thar che high pesformance of indirect
adaptation is 4 il of s exensive usc of prioc knowledge in the interpretaian of
e information Yeamed about che world.

Design & Good Performance Massure
Diveet adapeacion ofan zends bebavior nsually peoveuls by generating an asua char-
wcterized by a se of paraourter vahies thae define irs bhavior snd sueasnring e per-
formanc: in-garne. Cleaely,chis imlie Lat some measureof the agenc’ perfariauice
1 available, which met,in pracece,be defined by the AL devrlaer. The delsiion of
aw approprians pecfurmance casore i ofen difcule becanse:

- Many slternadive meassios of apparemly equal maric ofien exist, soqiring an
arbiary choice s b mads beoween them,

 The most abvious or logial mcasure of pecfortaance might produce the some
value for wide canges of pasamster values, providing fitde guide as ra how 1o
choose betwecn dheen. Parametes valucs across whivh 4 performance messute i
constans are called newmal vk

+ Canlesdly designed perfotmancs: meawures can encoursge ndesisable hehavior,
o imtradce ocally aprimal bebavions (., thase that e not the bese, but cntor
be inproved by small chanyss in patamecer)
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(Note dht s i jus orthe purposes of llustration, kepesinple for the purposes
of thisaricle. We're not tying,to emulate any particular human behavior)

“This would generacea varity of oprions tht the Al can then choose from based
on s personaliy, random aumbers, and 5o forth. Such an algorithm might give us &
Lt of options loking somehing ke Figute 5.2

n Figute 5.2, we've andlysed the reative suenghs, positions, and movement
costs for black units 11 through 4. We've decided to leave uits 55 and 66 n reserve
for the moment, since they'e in our rear and presumably cxist mostly t© counter
breakehroughs or 0.2dd a decisve exrs blow 10y attack. We now have a ol of ix
options avilable to us:
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8. Do Not Let Agents Interfers with the Cruci
Storytelling E

Use a Hierarchy of States

Section 1 Ganoral Wisdom

Roching looks worse for A1 chan an sgent that repeatedly docs the s i, No
e will notice an agent chat tahss 3 fe when i should have: ke a ighr, bue every-
e will narice an sget that concinue g 1 into 3 wall rorer. Every AL sy
cem shoukd chech for suscess conditions sithin a remouable amaunt of s, I these
conditions are nor e, the AL shoud give up ol somerhing; .
back o inreresting il wnuations chat express the agont'sconfsion
\ I rotugh procesiny porver is wailable, the agenc can reevabuate i it
waton and Formalzz: 2 s plan.

A itesrate uachine (HSM) is 3 comeno snechanism for controfling rhe behaviot of
‘agoncs n a gasne. I saces are desigrad i simpie, peneral putpose, cewsable chion,
ench state b s i vatiry of sinuations. Fuieg staes into 3 hicrarchy facl
s che euse of sipl lowerdevel starss, Higher-evel scaes can deal with big-
plcruve decision- uaking and planing, Laving the speciics to Jowor-levelsuates.

Irnsgine a game with w Fuuna fones syl puale, in which the player must tra
vutss » riled Al matked with 1 rid of symbols. F e player srsps on the winng
ile, the woironnicar pess more dangerous, with fite shooring from cracks in the
flaor aud enermiss becaming maote Ferocious. 46 che player stegy un the enrrece siles,
enemies calm dovwn and the floor cools, The same eneiy creaturss might apyear
lesehes: i the gaune, but they live unique behavior whils. che player is sohving the
il puel.

States for moviag;and aracking cuc be substates of  bighor-evelsete govoining,
e hehaviue of the eneenics while the player s soluiug che ik e, These move.
et and cnmbat statss can be tsed elwbere i the g
parcnt state. T hicrarchy of sttes secares a state machin that i unique o the
bebariot of the cnemics while the player is in the le pursle, and ecps the code far
e Tier-level sates cleat of hranches clecking che play
spesifc pactof e game.

s subseares of a diffxcan

ers curreot progies i any.

ts

Agents should L aore of g events that are npormanr m celig e story. When,
e plapor s nveniog, listening w dislog; or salving a piece of a pusde. agenrs
stanld ke o bacle off and mot et n the s 1 e player needs to fend off ane-
mies while s stary is unfoidiag, b or she sighe miss somshig.

White ane poslility st make soryrclling sequences opineeractive, e game
ill be much more irawersive i th player sill has vouodasche sory i being 1old. A
siemple cuzchiagism such as  Boolcan fag an the player in sigual ageons 10 keep cheir
Uistance when necessaty.
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ki s avercom thse nsablies: 1t shonld b noted it hese st hosd e
canfinsd 10 when the cars wehcls are in contacr witl: he ground.

Detocting the Car's Stability

The suabiliy of he car can by decerine by a e comparsams of the sidoways
S el sideways velciy s alculate by spplsiog he dot
and the univlength sight direccion of

veosiris of sach whesl
produ apecaton to e veloty of e wheel
s wrlencation (Kiguce 9.2.3.

When & mauix s used for orentation,

s right vuerar s defined by ehe fis s
o colume, for 2 row.tjor ar cnlunu-major matsie, respectively.

d

vt Right orientation vetor
v Vilocity vector of whes!
Velosity along I vector

FIGURE 9.2 Caladasing e sideway weloisyof e whecl

Uhe vy of s pint sl o the cver f gavity can be calcuated wich b
fanction Peimtten (. The lingae aud angular veloclries o ehe car along itk 4 point

oo 1o che cac'scemer of pravie, e passed s argaments and thy velociey af his
erail e sworking of chis

porat s secasned. s heyond the scope of dis anice t &
B o s if the reade s unfasulliar with the caloulatins, b s an abundaoce of

“igd by dyoics” papers. We ighly recommend "Baral7|

Jectard PointyeLcinst vestArSA Linsarial, const vEctorst augulur
Ganat vectards point

5 tinearial = Linoar velosity
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acluling

+ e performances of Al gt with diffrene parameers (and hence, hehaviorsi
are alaated empivically by messuring thei efectiventss in-game, 11t s prol
ematic because
— A measurs o an sgens performance mse b developed shat reflcees the el

s oflescning and che ol of the sgen in-game. 1his s discussed i geeauce
decail e,

h agentis performanes e be cvahuseed over  sobstantial period of time
1o minimie the impact of cundom evens un die measueed pelormence
Too many ealuations ae fikely to be rquied for cach ggonts performance.
10 be measured againe a represencarive sample oF buman apporents.

* Adapusion is generaly less well contrlled than in the indinev, case making i
difcul to test and debug 2 direcrly adaptive agent. This incroascs che risk thar
icwill disconcr hehviors tharciplot some limiction ofthe game engine fch a1
iestabily i the physies simelaton). ar n unexprtzed masionun of the pefor.

The bt of these efects can be minfimied by cucelully reieing the scope of
pration 14 small numbr of sspscs o the agncs ehaaar, and g th rnge
of adaprstion within cach. The cxample v carle,of adapting the bebavior
controls whes 10 AL agenein an FUS sviches ey fom  rocket buncher a cose
fangs, s good cxanpls o s The bebayice bing,sdaprod i o pecfic and limied
shat adaprcion is nnfkely 1 hase amy inespecred oo ciwhere in the game,and
s e cary o et and vl

O of the mjor sdvancges of dver adapravion, and indoed, ans thar ofeen
overrides il che didvancags Fsred carlie, s thae discs adaprarion s cupable of
devcupin compleicly e belaviors, Yor xampl, i s in principh, possible o pe-
duce » same wish o in-buih AT whatsocvr, bu sich uses gentc programming (o
some similar cechrique) o diverly velve s for contrllio; Al enes s the game
i plaprd, Such syt ould pesups be e alismate AL e s

= Allthe behavioes developed by the AL ugencs would be lsated from thele expert
oo i the gaone world, and would thercore be unconstraincd by che preconeap-
s ofthe Al designer.

 The evoluton of the Al wauld be open ended i he sense that there would be no
v ot comnplexiry and sophisricacion of th e ses, and hence the hebar-
sor chat could evolse

OF course, such a0 AUs o  peaceical proposition becanse, 2 s leeudy been
descrben, e lack of comstess o e teprs of Lebyiot that can develop makes ic
impossible to guarancos thi the game sould confinac (0 be playahle ance adaptation
it begun. {¢ shenled s noted rhac this objection canaot b aised where direct adap
tation vakes place duso e development of the gune anly, since the resuldag cule
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FIGURE 5.25 Minimizing contacs points.

cass where the individual unies have rehcvely equivalens firpower and have relacively
equivalent infiuences. This motion uphill tends to maximize contact poins over e,
which i what e afte using this approsch.

Minimizing Points of Gontact—On the Defensive.
One strcegic decision our AIS might have o Fce is how to allocate forces while fight-
ingon the defensive. I¢sall well and good to b deciding how o atack the enemy: buc
welvesll scen Alsthat did wel on th offense buc ll apare when on the defense. Wl
‘probably want o figure oucsome reasonsble ways o recreat from a bacde and preserve
our forcesfor a mor favorable cngagement later.

Figure 5.2.5 shows one such approach.

Here we've basically fmplemented the inverse of the method just described.
Rather than trying to maximize our contact it the enerny, we can fip the algotichm
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FIGURE 8.2.4 Maximizing contact poinis,

« Oprion 3+ Group C engages black unies 22, 33, and 44 (nine contact poins).
« Option 4 Group D engages black units 22, 33, and 44 (six contact poins.

Note that e haven' borhered to figure e combat srengrhs and whatnor, which
ough o be  filee appliedat s sage for st games. Assuming all vas cqual (as i che
case i our cxamle), another simple apha-beta tee would probably result in our
choosing 2 combination of options 1.3, and 4, s these combined mke for the largest
number of contact points (16 toal). Geoup B would probably be inscrucid o cicher
mose up closer t the ght forlace llocarion, or (depenin how e out our lgoritha
ooked) might join Group A againt itsobjecive. Furcher,the black units don' have
s in the way of potendil for creaing thir own contact poini n tesponse, ince the
only “unengaged” units he shonld havea n the e, asuming our lansare sl

Nore ton thar webe tended to insiuct the white units o move “uphil.” toward the
greatstareas of influence ofthe black units. Thisis incentonal and i gencrlly seen i
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FIGURE 8.1.2 Finding a sfe plce for an NPC o astack  selcsed enemy.
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i o NI e actac v i o tbing 0 e tho NP o e
R mere soptisicated gy would b t fod  focason fom which the NPC can
S pariculas smeany ha o provecs e Fom imancous acck by o enc-
i, Fortasacly, deermining snch lostions i srghilorsard and. cun be cam-
pored quic

" befre the et of pmil wgpoines e which #pasieular ey, £, cin
e arached s given oy he s of noes that arc bl  wha enemy (Fgurs 512
sp )

Vo< A 513

Bloes that are visible to the NPC5 ocher enanics sce determined by <or>ing
b inclividul vsiilicies (Figars 5.1.2 tcp 21
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sebil the re would artiicially cavse the siat: SATE Rankway o be exirsd grema-
tarely: Elenecyer, bosause of message scaping, the exreaneons queuid teoul i
sugs e fgnored ance the st s 1 onger STtk nander.

Redundant Message Pollcy

havwed bow muldple deaged messages. all basically the s,
cauld accumulare i dhe mesage raucer. Message scoping helped salve th syemptorms,
bt she eal problem is what 1o do with cedundant mesiages

"Lbe amver o edundane mcssages b Lo comne up with 3 stundard rule, Thets are
thros oo i an idencical message isalcady on the quee.

The pervious exampl

1. Ignore the mow s,
2. Replace the old message. sith the e e
3. Store che new message, e redundianr messages accumulace

i pracice, e bust policy is 1  imore & news mssage it alrady cist ua Uhe
queue. The pesvions srave maching pives 4 gowl sewsun for this. f policy 22 s wid,
vedundant oessageskeep ceplacing alder ons and the message might never get el
ered heeanse it keeps peing seplaced. If policy #3 i used, rdundant mcsidges keep
Settng quend ap, which was clarly not bncended. Thos, policy #1 is cosest  the
desivod bchvior

Global Bvent Responses

O o e wors. i ot e nschine e e eddanscode i sgpeses i
muliple s, Tor craapl, if ey sinle sare showld respond 1 the mcssige
455 D, thn 1 mesoge Fespons e be eedundasly put in xch of hose s,
Sincs ettt coe is s secipe For dicser chis langiage provids s wockaround.

Ve solrion is o creace e vonept o glbed vens o, While nommilly
v respomses woly gt riggere for @ panicalac sate, these espomses ar active
regaris of the curent stte. I this iogosge. gl cvent ot s phied st
s p o the sare machin oo sy o the sates. The follving s rachiac
shows a cxauple Lo how ws_Seas o be 3 global vent rspunne, s ble 10 he
riggered ropordls of the cutrent ate,

Bupinstatatschine

ommsg( Wea_poad |
L “essonse - “r_ganred regardless of sats
STATE S0ad 1;

Slste STATE Nands~
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When checking fo 2 possibls antch, dhi NPC checls the subjocr group. verb
abiec group, and ubjec idvidsal. The NP ceks for che fallowing ssaccs. n
ouder

L. The subjce groun, veeh, abjecr group, and abjece indivdkal 102 most ol
mateh

2. The sbject group, verb.and objec group must masch, but th abjectndi-
vidual ID can be anying.

5. 1 st group ofche iy even s ko, che bt proup e be
iy, bt she verb ubjece ronp, nd objeceindividusl LD ot macch
e subjece grop of dhe new evcn s Ko, vhe subjoctgeoup of che
exsing event o be unknovsn, and ch verb, iljece group, and abiect
incividoal (D must arch.

1 e NP inds & poscible match, i€ atetopts 0 upduie che v, Fthe updare
succeeds, shen the anacch aod apdate process o done. 1 he updar s, then the
oateh i a¢ered and. i looks [ rhe oss possble warch. The NEC repears this
e el etk a e isfonnd har aplres socselly, o (e ae 10 mats
o, F1bi et des not successfully match aod updce. it s 3 new event o the
NP s i o s Tomg Torm Mermary

‘e NPC arcermpes e pdate accordion 60 she lloming seven vl

). 1 de magainde of the newe cvead s s than oz equal 10 the magnicude of

e old ewcne, sl che new event has an unknosen subjost group (or the

e bz the sarme subicet gronpl e che ubject individual 13 s th o

eheu the e cven i reddane. Tac NP igaores i

1 the magninad of the acw even s gvacer ehan ehe agrnivade of ho old

cvene, and th nw event has an nnksiawe subjece gianp (ot they Lueh b

the same subcet roup)e s the wbject individual 11 i the satac, hen the

cteor s techioubt bt the musgritide nesds 10 be upduced. The NPC

ipdtcs ehe caistion cvent mapnitds i it Long:Letm Metnory and

applis any reputation ellécs

3. Tt ahe e vt has & known subjece graup, the cxsting cvent bas <

. g, and the obiect indwidua! 103 ensic, she s
et has e imformasion. e NPC cespaves e ssising even, adds the
e sith te peater mapaiud ol che oo cvents, and then applcs oy
reputicion elcor

. 1 eithe o hoth ol che subjoct groups is unkmorsn and he abjs individuat
1D ix diffreat, e this i not a mtch, e NFC adds the new svens and
applic any tepuraton effcrs.

5. 1 he subjo gronaps aze kmows and mateh, and e okd oms bas e mat-
sunm agrituds, the e event s fcelovan, The NPC gtores it

koo sl
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105 The Peris of Al Scripting s45

designers goal o bekaviurs specific o ceraa arts ofthe game, o evens thac
in 2 specifc sivuation. I e make the AL as autonomous as possible, the desigares e
add Als to tle world with il cffarr. We can then allow the deign ream
ssame addicional e over thc ALY behaviors on an as-nesded bosis. from he
basic leve of specilying paraenesers,al the way to handing [ull concol o ths Als over
o the desigcis.

“hisdistincrion e ielps s deas e e i separares e Jvel dusgner's ks
Liom che role ofthe AT doveloper. Toask level designers o progeam che insricsic ALis
Fmdamenally an abdicasion uf esponsibilicy on the part of the projrsauuing wam.

Hueds an csample of how designers mighe be abls 7 minisualy incerser with
the A1

+ Doccermine the inical plocemen uf Use AT eniies in the gane warld

+ Pouwide addiinnal Al pucumetess G example, Douny the puusd is 20% s
apgresive than mosaul, picies e 3 crusbow, and <Al wally accack using «
defoncive ractic)

+ Specify o AT rmovemen parhs i necessary iguards Larry. Mo, und Carly
il continousdy paurol chsckseica n 3 wedge loumarion around the cusl fowerh.

« Specify oy special telacionships brtwecn Als, or beaween ATcand objects i he
e wold irhe entity MoetAlisnd? goards BabpAlicn(2 und Babyliond5)

- Design oceasiana ttggeted cvenes (shen d. player turen the crank, the dray.
bridge Jowers, a srcam is heard and the player voice says, “Sometlings not

sight e

Wich 4 misinabintface sach a5 this, the designess cel e AL sysm only what
it s 1o knoss o et che b done. s then up 0 the inteinsic Al iuself o cahibit ll
of the apprapriate behaviorsin any givel scyacion—selectig appropriste behatiors
o respond w the playr 30d 1 other Als, pecforming, pachfinding, selvig and plry-
g aniimations and.audio [iks, clocting sad exeeuting various ucics b combat, aud

A key advanag ofchir type of cloan intefage i thac i allows s w cpeace devel-
psaent ool that are bighly casransized for spreilc asks.

Take a cinemaics engine. a5 an exaaple, Although nut wally cansidered A v
sty e flustrats i peine icely. A good cinema development sysem s & provide
nteractive cinema development canls £ allow s 0 creats at scenes quickly and s
iy, A gond cinema tool wil alow s designcr 10 speciy saypwine in che world hac
camera ol folls, and will allow him 1o speudiy lads-ns and fade-our and Fnod-
fy che camerss arieotation ot field of view a any point during the sequnce:

Cobously, s type o rask lends irsclf fre better 1 an innerctive ool s 3 et
sesipt. We wan 10 be able uo intcracrively spevy the sequence af evens, and then
gt 2 bag af popenro and warch 3 preview of the cur sespe we crced. Tocause the
Cools fir che probllin preciseh, e ca desige cut scenes enuch more rapidly than v
could wit 4 et scripring Language
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The developer needs o sl Kocp in mind ha playees ol developers e dille-
et delinitions o cheating. 1 the A1 dos sumerhing, dhar is simir w0 wha che
husman does, but the Al s mase piccle, maore efciens o Gstes at i, the plyer might
ik the AL is chencing. “ohile developing npire Bersh we had a sading cudes tht
‘whonever unyotie playiag sguinst che compuer saw something that they considered &
cheae. thay were o reporc it W could] then discuss e isue and peebaps tons it
down, ue elieninace ie w0 improvs the perience.

“The Ly quliies of e e AL should be hat i e nd hllngung

“The fun facrar <an beachicesd by arsbling elnergent bebavior sad providing sus-
rist in  gurme whse the player might mor atherssisc cupoct it Resuermber that yoiste
developlag a geme 103 supposed to be fu

Presiding a challenge must apply 1o 4 bz an sudiee s posible. Gom conne
pleve navices s chose who phy onlins ronrmamens.
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the ¢D-ROM
b exarple cod ou he (-0 ROM demonsarates the Scaue Machine Language with
fll messaging capablics, The codo has che miniml infeasieucnire sequied 1o
Guplement all of he feacures dssaibed i o arile, This infeastrueses includes the
‘e machine base chss,  paanc chjsct datatase, a message souiog system and & e
s o keeping crack of game tim {nceded for routing of deleyed messiges and
scampiay of debug Jge)

‘I the 7t Eansciom, purdally shows in | isdag 6.6.3, yon'l fiod dhat i eares 2
ingl game s, requets @ waique 1D far i, adds it o the gans abjec darsbase,
vt 7t 2 st machia and iniilzes che <ane achine. Onoc in e waio e
oo, sk chr higs are dnes mask of? sime For s ick, el e game abjects
st nschine s updace el send an Eipate evendh and et fhe mesags Touter
deliver delayed messages chae have cepirsl.

6.6.3 Partial liating of the nain function.

Ficrents sane oeo
i % nysanah)zct(_o_datanase SstieanbiactIl )3
o aaRabase. Sroreq mOmObIeC b

ex Reout; SmySanalb st ) )i
Lizs(l;

jroive <hs yere ob
yCaneGhjeet U3t
camsObee: o35

+ Gann Leew
izl

5 Fime NGRS
et oot GArsTateamAnS | cTALe ()

(1 nagrouty.NaLiverE1ays (NoRssgas ()

I purpose of the. code on the CD-ROM is nat co shew off 2 grest deono fio
Sat ic b o dterscimg oty but racke 10 act s mple cxample that you e
tep through i the debugeer ta see boe 6 works. The code demonstres the 5ot
ki aperacis, scncing delryed messages w telf, message swoplg, aud logging.
ofall are machine eveuts and sta tansicions,

nts

T e i e e posible sancemens that ca be mide (0 the Stare Maslioe
€20 Lo B e ol oed o e S chin Langugs cods e
e semmpaming G EOM
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10.7

How Not to Implement a Basic
Scripting Language

Mark Brockington and Mark Darrah—
BioWare Corp.
markb@bloware.com, markd@bloware.com

0, o g s, Ths i o gt oo can s wbiy
e ffin s conple o days. Hoveever, bk embking o you ianplementado
carslly cousider e problenus i  puordy desgned ssipting languags could cause
The fnllowing s  discussion o soms poor decisans chat wers made i the cestivn of
the seriprio lanpaapes wed in BioWaces ole-playing games.

BGSeript: T sctpuio bngusge desigawd for Beldr’ G, and used in every
ocher Infinicy Fngine game (Planascqpe: Tormens, fsewind Dale, Baldar Gise 111,

NWScripe: Fhe sripting langu desipned for Neverointer Nights

Centee: A crmauce I « player clst e 1 ay otbher burman being, animal, or
enarster wichin the garme. They have, Al and specific sofistics in commun wich
euch ather

Object: Aaything tha cat be lseracted wich in the eavisanment. The abjects

125, monster sprvwing poincs, projectles,

vailabic im o games incluk cr
containers, doors, aaps, i s,

Heartbeat: A privdic sriprng,event that s ran every s econds on an object. This
lloms actians e nccur e when f svant incerace swith ths game objecr.

Effect: & sel-conained struceuce dhat can be plced upun any object o implenet
eihe satinic changes {such as sengch modificaion, damage 10 health, or
veduction in movemant specd). o visl Aash (sach 21 s of smole)

o for BGSovipeconsisted of de Folloving: “We need & ety gy loe
the combar.” No devisions ere mmade vo syntax of scusabiln, The st of thiogs that
the banguage swould he ned for, 2side fiom combar, s Roesiscene.

™
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aking It Furthor

Sov e quick way o find cadiduseJocarioms rom which 0t  arisolst
oy o ¢ s s rom o enemies. Whi 1 s s g it a0
T apponcatmighs caplos s ld bo s e ek ocaton b ety
o o e NI, v 10 el ot ch selecod snermy suldenty sl &
ok NTC diseion. ortanatl,this s sz qualfiction 0 440, Teom
Fasnion 5.1.2. the s o ll e e s e by 7. Eathermars, o the made
orh. e ko she comuetety of ach o the candidar sk nodes, nasely G
eueconsnodes i . okl be slminsed

car-o 51

The reining locations have LOS 1o the selecesd cnoms wre prareeted fromn
scher emvacs. and bave ncarby locatiuns 9 take cover fram aflencenies

Flanki

Amathes intercsting corbat behavia s i of flaoking, Flanking talcs boch dre psi-
o sl Tacin; disection of wn sty ingo accoun, the gl bing T suprise w0
enemy by seculng from bebiad. The prucedurs fr inding, porential Tanking acac
Jocations i cisually identicalco that of tising nosmal arcack osations. ™ h ol di
e being hat belore slicninating nocs 1t ar visble w arher enemies (T
tan 5.1.55 the ssc of poteatia atack locadons, ¥, should he cullud m remony
wypeines that the selcted cnemy i fuiag.

e 2 Aanking waypaine has boen selcted, i che patafinding; algorickm s
becn wighted o st safe waypoins,che NPC will look Fo a path that is e ofsight
of the sekeaed snemy. The resaling behavior il be that of the NPC soeaking
wcund behind o uiack its enony:

atess et is ervpleged, €s ikely st an NUC docsn't have pertict keledge
ahane the locagions of sach ofits enctnies, Adkiionally, an NEC wighe waa w phee
el seacegic ocation befoce snernics acive. Canseyuendy in addition o find-
g racrical posians for asecof snemy locasions dusivg, rimes it is oo wselul ©
churasetize cach waypoint's srategic vilne in & satc sovicunniene. Sach cluvaccert

caton can be done i preprocessing step beline the game is played.

At e s, in asifying o location' stxaeglo value, visbiley i pechags che
mose iportan faceos, Eighly visibl locacions are dangerous, 2 they can L aracked
Froms uany pesitions, Ome cai readily idenify snch Incations by looking ac visliliy
bevsen nodes in the mode.giaph. The dangsr of each nnce can be charsceerized by
giing It 2 weight s on the nussbor of arber nodes in the graph tht b vishit
iyt e e (g 5.1.3 step 1. Fthe weighrs are wed 0 s e pahfinding
cost funetion, the NUC vl prefer o el paths dhat ate s kel o he sidble to an
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van overdide or consam the message before it sun be sent to the plobal evenc

responses.
Aswich any gacefol comtruct,

the possble implicaians

Recarding Behavior for Debugging

e e for g cebgging of e machincs b ciied. Wil keeping the sac

machine In st C/Crs cod is 2 huge advmaage, ic dossit help much when o
doven Al entis nstactave  lraction of 4 second and ¢ b s e rcked dow,
The solucion 3 i b able  monicat snd rvurd every eveat thacs bandled sod
schine. Ll the e shovld kecp 2 og of cvents o

every game abjeces sars machine, omplete itk uascang. Then, he gome culd
g nuiple g ubjec logs o be

nor handied by cauh e

dump each of those logs ene o a text file, allo
<ampared i oedet s ot hat sene wrong:

Amazingly eneugh, this Scace Machiue Langusge allows f completly crnspr.
i the micro key.
s chomslves. The resuling macros in Listng 6,62 arenr precty, bar they g the

ent monicorig, The rick i ra embed logging nction cals wi
job donz beautiully.

Listing 6.6.2 Macra keywords with embaddod
logging event functiom

aeting aagins

leMaching | $*[stats < ) (char “tataname8a-
HS1Re Blanad 11 (1)1

Hdetive EndStatansching  ralurn]Irue:a})selissertio): )

returnia encfals
#eeane Stseia; ratumfer 2 1t (a

{ctar statenanaaa - o
#attzne ontsgts TRl a1 folss 4 ZVENT

ovens 18 ey B 5

& dobuglog Logitatelasiinatyen | |
ROane -G 00} g, a1 ¢l
Hueting ontvar(ai rETUIruR) 5150 THa
000b. tlog.LoyStatallshineevent
1GanSroUStIL Y 1ag, statenane )

st ine DoLatato GiEvere( Even Upaate )
oteting Ongetar EaEverTy EVENT_Entor )
Fiating Uit ORIt EVENT Exit ¢

Qe of the neat wicks performed by these ausceos i that the event and mewage
enumerarian nacne are correcly logged in English, nor by number, even though s

Lanslution strings were cver coded. By using Lhe °F” uperator in the maco. 1
st wesmes, ke MSC

meanitgful way, imseesd of ost s incegers

o e w0 exsrcise coucion, ince » bl cvenc
eeaponse hus the powec 1o (ransicion ol of any sty aL uay i, As euch new stre i
added 1o 20 st stace achine. each global evenr respanse enust be considerod fr

Aacked, er dircely codd o the state achie 2
chataces. This allows tho & e princel v o the seeen or dompod 103 il n 2
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A Dymamic Raputation System Based on Evant Knawiodoe g

han Like, the NPC haces che group i efess 1. I Like s igher thao Hare, the NPC
ks the player ar geoup it refen o, I Like and Hare are both Lo, the NPC docan't
Lnow what s think 1F ike ai e ace ot high che NP hasstrom bue amhiva:
ot Feelngs mand the player or roups the NPC will misteust and posibhy fear dhe
Plages or group.

When at NPC comes acesss he player or anathee NPC, it acessos ies tepats
ion table 1o deeide huww (0 reace. Eor cxample, NECy will never attack chararters
ey tike, mighe attack characers dhsy hace, and might be ol near characters

they' umsae of.

lon

Wit che dynamic eventbascd repucaion syseern escribod in cis aricl, you can
enudel 2 farge munalos of complex bnmankike NPCs wile auinimizing CEU qod
memary co. This article deaciibed 3 zelatively simple event syseea, but ance dhe
haic reputation system i In place, yuu can excend it w inchide 3 wide variety of
evecs wich diffscsnd properties such as Aided, GaveCifi o, Tradod Wich, LiedTh.
StclFran, and Destroyed Property: You e ks exsend the object of the cvents to
‘nchude ot only IPCs, bt also builditgs, horses and ocher objects. I you py atten:
Lot to momory usage, i can b s rhis sysenn for multi-playee games. Addicion-
ally, you can et this system T support individual NCs or playsrs belonging w0
multiple uowips, ading more complesic o the word, T chis way, you can quite eas-
Hly and effcienly make an entice werld come 10 . 1t the player bevware,

[Gund98] is & descripeion ol an sctual garme repation sstem, Gisiria Online
M0, [Resnick00)], [Rbicra0 1, and [SabaterO] describe cevet research oo
reputatian sysrer, Thes are mosdy raiking abour putstion sysiems ot c-com-
e, which Lus become a hot oscarch topic. While ot itccty applicable phey
s soae inreresing echiques that tight be sucorporiced inuo games. 3 well 23
gencen deas about seputations and the sociological and ecunomic ipliians.

(e8] G, €. M., a5 Hason, Bob, "Llims Ontine Repuadon Sysens
R s oy, Ot s 198

ML S o A o Collsbocuise Suncoin Apglies
T R Resrmrnion il on g’ Pekdog o o6
i on s s CIGEN D13, ACM Jr 2001

Rt i B om0 s, - sod Koo, K, Repuc
e Eomrenton o ge ACH, Deceioes 2000, 01 43, No. 13

Rk} R T Lapee: T M M. s S, 1. DA Fuzry Ml of
R eVl oSyt oo of 5l Tncina Confence
i s BEENTSDL), AV D, 2001

oy et S, Catles, EGIET, Bsporarion In Greasons
e ieoigs o s Feraronal Conece o Asonomns g
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sa7

« Rl o the coks you chooas o e [ob. remembee that sy harccnclod
“cripts” you develup need to seay flexible. Bven wits wully seripred Al and
ameplay, tcx a5 numbr of ways o e randomminess and design mrellesble
Sipes t make the end wsers expesictcs o less "sripes
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Unfortunatel,in zescice, Al scpting linginges efen arodace infeioe el
Lot yeass, i aurho s énconmtersd mearly a ll-doseu serpting languages, all
of which ulimarely proved 10 be severs mpedimens w che team's productviey and
could be mose charicbly deserbed as “umitgarod dissrer.”

The poi s ot dra scripring lnguoges e v ehongl s wdoubnodly el
Rals. this artick provides a pracrcal pespectve an che usc of scripring languages
for AL Scripeing offns endies pussbilccs, and nocall of them are gand ones. Lhis
anice Mastcates scune of e shortcomings ofsciptin laogaages tat au oficn over-
Looke, and some af the subrle ways that 4 seemingly simple

“Takea mamenr and flin thrugh youe Gavorie bl devl,objocc-oriented langusge and
ook at all the featuses dhe Luggusgy puovides: Funcions, varizbles, basic data 1ypes,
peraors. Joogs, printess, atras, conditionals, comple data steustures, ioheritanes,
aggscaatinn, virtnl fncrians, “Gonse,” emplates, xseprions, and grebage-collection.

There e excelent e Dot sl o thesc anguage feacures. A sripting languge.
will ypicall begin by providing anly 3 handful—sre buse dats types, aperarars,
ooy, condlirinnals, and support fo wser.defined Functions

‘However, Ligusgs design & slippery slaps. A mission desigaen bevune mocs
famllse with the syscem, chey 2150 hocnme muce fuallie widh ks limicaiens. Tro-
gammrs, in their desire 1 heep the designers happy and prodccive ar ol o il
ing 10 3 e Feucures.

+ Desigress aeed tu store liss of identical fcems, o the prorammraen extend the.
g o sogpors arays, linked T, ancior dynamic areays

« Deigrers nied  beer way 1o dsal with comples: data, and now the langage
suppores wrnplex i wpes such s sructs, chsses, and ahsccact iterlaces.

+ Designers continus devaloping chelr dara structutes, but find themseives fre-
quenrly copying and pasting e sctp code for similar daea sceuceuces, and need
a way 0 ceuse dhie s struc s more easily; Now e laoguage necds inhert
L and sggegarion

Sianplicity is s of e bigges marhacions for creating an Al

crpring langve
and considering the sconishin compleia of 4 angusge such 75 Cer, ies clearly
oty goal. Howerer, bnguage deign & 2 sorpengly challonging cok. 05 easy 10
Tonst ot bigh-lvel langvages sch a2, o, ava, ., ychon, Pl Smalalk, and
Lisp hrve dores o ysues of svoftion ke them n v seained vy high el
f macurity. They have beoad user communiis eancinuosly providia, i0pus, 3nd
srelemiona] language desclopers crersesing thie desclopment wh e not hampecd
by b e 0 cevelop a world-ch ideo gaine atthe s rime.

These high lve anguages areready-made slucions o th penacc proganlg
problea. Thte st umerens high-quality deselopmens ol axd ossands of sl
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Ennancing a State Machine Lunguags through Mezsaging

Encototsvachine

The same sate muachine can be buile v sials a reacton time of 0.3 sconds
befors remodg v, o5 follows

Bayinsiatansching

Stata STATE vendar
isgt V3 Arcsnid )
S doels ahasTatal 0.5, NG THIOOUE 13
Onksa( WC_Tereout
Sexstarnl STATE funaway 1

Statey sTAIE Runmuoy |
nitor
Fiun suay

Edseatevon
Sooping Messages

‘Scaping i th cmept chat something i only vaid within  certain conresr. By defin-
ing 1 Scope for messages, we can ensure chat dhey wort be misincecprecad in che

wiong context. Fo ciample, 3 game object scnds 3 mesage o el the e, it
mighe s 1 scpe the facesage s that it by valid within chucatate. T he message
s delvored in e forre a0 dhe game object s in 3 difecent srate chen che mes-
sage.can be thrown away since i€s not valil anymore.

‘Scuping messages becomes important when ceLain generic MCIGE oames g
srused. This eeiably will bappon, and scoplng ersstes 2 smple way 10 prevent
many bugs. Consider the (ollowing code:

Baintaceraching

Statal STATE vanser )
misgl 46 Atteskad +
Sendetayeoinarone; 0.5, 4S0_Tinudul, $50% T0_In
Gaasgs A imeant |
Shistata: STATE_Punavay 1

Stases STATE RLouay )
Onnzer
SandDe 1 ayediag™cHo( 7.6, 56T imeout |
omnegl e, T megut )
Setsrata( STATE ¥andor );

Enstatamashing

The previous st machine akes adviniage of message scoping Ift ddt, mul-
il anack cnesages recevee n STATE Nante- conld quei up fimeut mesages w bs
delivece in che facuse, The fin tnicout message would tigger che srate changs,
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Haw NPCs Learn about Events

Saction 8 FP3, RTS, and APG Al

For xampl, f dhere e ive verhs, 500 peasible objeces.and 10 byres per evencin the
Loug erm Memory, eacls LunysTorm Memoty n 4 single-player gan wil pever
axoscd 30K I the tocal nambe of events i che Mastr Bycat Lt or the oumbor of
NP geomes e, Bt che musmber of vetats o individal NPC might know aboue.
For cxunple. o< the numibes of NI'Cs grows. st the sumber of grans wich which
an NP can share informarion,

NPC can Lesn abouc evenss from event aamouncers a by sharing information wirh
other NPCe. Whanever an NPC learns shout i evens, it sends the covn through
memmors mistch and npace Puosess e decide herhar 1o 4d dhe v evene, updace an
exiring even, or dicard che evene, I necessary, NPUs e updh the Master Evenr
List

Loaraing about Eventa from Event Announcera
At spavi evene anancers, The eveat announce i spaved aeche position of
iz ohecr of the eve. Most actions gencrale an insancancons Crant amuouncer,
swhich anmounces the cvenc ouly once. Some acrions, sul o the killing of an NPC,
contingally aunounce the evens. It a0 NPC. i killed, the cresc aomouncer imeed
aely ancimines the fl event,chem seays by e body to conrimally annouoce a par-
tial cvens, lsing ehe auhjoc ‘e iller) as mknasen

Wihon spawoed, the event announcee fudk allthe NPCs withia  sec sadius and
sends them the Reputation venr, represcnice as an inseance of class ATFvor, Each
INPC that eceives the event uickly checks is Por-NPC Lo Teem Memary co ¢ if
it necds 1@ add the evene. What happens nexc depends an the snesaory march and
upduts process, which we describe afer caplisiay the orber say NPCt van leam
about evets,

¥ an cven i anmounceel and tabods is there to wines it uodbig happens; the
eeputacion evea Is it created

Loaming about Evants by Sharlng Information

Whon weo NICs meet ap, dhey bous perform a ik chock to sez i chey want to
eschangs informatton. T the NPCe dit Like cach acher, they s the noses
atsach other and kecp Ui seeeees o themselvce, Otlerwise, hath NPCs share che
eveers they kasow abaue. Only some eveat aee werth sharing, based un the memory.
aatch snd updte process.

Porfarming the Momory Match and Upiats Procasa

Far cach ovaa an NP lesrns abor,cae NEC perforens  miemosy mtch toses ifth.
evenc might march an existing evene. 1€, i tcempla 3 memery updace





index-533_1.png
Gameplay

Section 10_Seripting

sl amabe a ifeience. Tn many cascs, s is e, Howeser, ies dificolt 1o
Koy a¢ che beginning of a projecr whar rubsgscems o]l nesd co optitnize 1 the
end."The see of ncespreting a seript ipuses s ot of ovcshrad, 5 optimiing
st vass ol take yow 0 £, and vour sript il never be as S as it would be i
i seors campild.

Al cemmemher the uld axiom thac o will expand @ B U apase sallable.™
I you lopuse haodicags un yows A0 perfornsance, you might end ap Jimiring it
Funcrionaliy.

Every gamer has had the experience of playing throagh 4 game aod fuding tha Ly
ean eead the gamplay bke % xripe, “When | uy 10 open the door to Me. Giottis
covtn, oncof the bad gays o the ather s of the door sy, s Max Wayo: Noth-
g can stop thar guy!” And the ocher had gy says, ‘Oh yeu? Wel Low sbou. this?
and shooes 3 missle ar the daor and blows it up. conveniendly alowing me, Max
Wapne, 1 sep dongh.”

“Thi cype o sripeed A1 ofien ends up generaing very nareow ey, I foross
the player down a specife Linear path the desigaer cane up wich,sahes than allcwing
U plhyer snane mcasure o creaiviry n overcoming rhe challenges he o s faces.

Scriprsd A can afs grearly e the guenes eplayabily. T o perveec
ameplay inco> 1 form of memuricacion, 1 i, e rough he dungean, o gor
saughtered. bukiad your s saved game, and pon have che advantage of knowing
exarely whee the cncrnies e and have rhey will tack you

e in oty secped syoxem, dhere e & muanber of ways W ke the game
ks puedivtable. Sinple cezbiiquss such 53 sandoro dscision-making will go 3 long
way v ensking th garneplnyenore bl Ler the paands chooe randoroly whethex
0 g0 lee o tight. or whether 1 patrol the bluck dockwise o countereinekuise IF
noching clsc, 1 & ong (and randormized delay afr a scripted svent i riggered s0
i mor s0 ohvious o the wer thar rossing; an fnviibl line eauses the ogres to
and arack.

ing the Right Interface

The idesl philosopby i manuging the developec designer selarionship i to consider
that ATs should de a6 muich s¢ posible mconamany. & desigaer should be able 10
deop an Al entiry inco che game world a aoy dene, and i will o

a teasonable fishlon, Tlace  storouzooper in che world, and.he will ancomarically
Koy 1 fight the rehed scnm sehen youe launch the pame. with no need for che

igner o 1ell it anything mor.

“This philosoply [ocess us to disinguish the intinsie AT—thar ix the part ofche
AT that Farm che foundagian of the Al endices cogaitie tolkies. nd dhat are ton
srane fram ane parr of the gome r the nest—fram designee iutsntions, which ase che

ey bohaes in
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e Per-NEC Lang Ferm Meory ducs nor necussarily sore the bighest magni-
udoaf ech v Fos cxample, F o NECs witnesed e phyee shaating a bards
b e fFheloge ehe plasee illd the bandic houls would eefer o che same event
e Maser Evne Lie. (Player DidViolenceTh Bandic. Howerar,she NPC that
ol ouhd scotc ths evens vich magnicade ShetAs, and e NI hat sayed would
ore the cwene with magoivude Killed.

o comsecve memoy, buep e Per-MEC rable suall W aleeady alked aba.
e vy 5 dp cha, by havi the cable comsit of tofrences 1o dhe Mnser Esnt List
s s she s Evens deovscves, Anorhes v 1o ke the e NPC tables
el i e . o gzt NP can' et someking chey Live no busingss ko
I v kil sopnenme and moboly wisnescs i, ehes by should kv that you did .

et e o keep the pet: NPC table small s 0 e NBC forgcr cveas, A<
mentione previoudy. sor stiaus, igher magpituds events overdudow s e
onts. NIFC can sl forgee svons afles 2 predercrminied amount e {5t by e
dosigner in the Evene Templare).

el we can keep rhe perNPC tables sl by addivg choli poinis 1 the
gime, e vl boundaries o ochec poies from shic th playe caiczeun and.
il the NIPC cant fullowe Ac sach choke paiot, very Firle information can cics.

Thac ey, the ammeun o informacion ko hy the NUCs ks t each choke pofnt.
cacher e cmnsinualy groving 2 dhe gane progccs

e e annber of coanes n a siogle player gane s linited w (Ve * O
.+ Corpen, e cam capuce the mienum i fo sich NPCs Luog Term Mmory.






index-532_1.png
10.6_ The Porilsof AlScripting L _ s
v bosks avalibl for ll of these languages. 1 what you need is a true progeam-
it Laguags, or §F your sauple progrmemming language will ltimately grow into «
full-rotmed Ianguags anyreay, consides casting our o wih 2 exing, matare peo
gramiming luusgs,

Development Tools

e montioned in e previnas secion, sctipting languages quit ofien evalie inw
scrual programining banguges. However, they lack e prrerful and ful-Fatured.
developnent, debupging, wl profling sols that are csscorial for qualiey sofmare
devclopment

Vhe debugglg tools avaluble I 2 modern developiuent covironmend e & pro-
granuied’s drcam. Breakpuicts los yon stop che progeamn a any line of cods, You ea
st theouigh the ande lin by fine. Yo can step Tneo or over ay given Fanction. &
wrch wimdn showis v the values of ang variables i e syscom, including complex
duestroctuses, Yo can view Uhe entinscallsackdhat od o0 given line af code. Dac
Licalepaines allaw yot o casily fguce ot when 2 variabies valus changes. You can
View the mackine langnage insizuccions the cumpiler erearsd for your vode. Yon
can inspece che vahues of Uue eglsers oe any past of emors:

ot seripeing languages, o the ouber hand, wse atext eltarand have no debug
ging capabiliics, T mamy cavs, i  seipt has a bug, the incerpreter will inply erash
o stup the scrpe. e betwes scripring langusges will ke a geneic etror message st
s pine, ndicsing the 7 o erroe and che lie that caused i

Progeamnes tpically spead bl dici time ding debugging an any given pro-
gram. A nuacors, profemional debugging envisonment drmadically rodorss the
Samoer o ime you speud debugging and Iiberars you o weie cnore code.

uery progsammer koonws what i(s ke co track down  tongh bug dra cogui
cvety eanume he dehugye has 0 offr. Such bugs will imcvirably occur o any project of
gnieame sz and cotuplesiy lmagin cempring @ fx the wichout che debusen

Clearly, this can be very dugeross. Giving designees pogramning povie with-
ot debgging suppart s lke givlog them a st cac wirh no brakes. I you wnt youe
game e be @ professionsl product, you need to maincain e qualiy of your wude
Seript can <asily become a type uf cade, and wichout the support of profesionsl
developinen oo, scripting languages ean s upen the floadates of mediactiey.

Came AL sripring Genguages so0 picily interpeeted. ac mirime. 45 such, chey
impos @ signifcant. perlomance peoalty veee whar the same code would cost in 2
campild langaage such s €. As Al becomes cver more impostans, more AL ode s
requinel, and this bocnmes an suszcasingly Sgnificant s

‘Many scepring languuge devclopers would argue har theit gusuds A it 3 s
ificant performane problem im the fist place, o dambling o wipling is execation
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Infence Mapa

Recognizing Strategic
Dispositions: Engaging the
Enemy

Steven Woodcock—Wyrd Wyrks

ferretman@gameat.com

is aride focuses on 8 probliu cammon tu many strregl war gomes: deicr

g hovw one might engaee the eneluy, While chis might scem suraighténe-
ward sagh co che playee (hey. heyte aver shor, o L just need w anove o and
i, the camputee AL doric bave Lhe advantage ofbilions o yeas of biolugical oo~
lution and have « it harder ticne accompliling chis. Further, the Al rmust appeonch
he enemy inieligensy. v han haphazardly sricklog wnies oward lc opposition
Tas e v all et somae gores )

“This aticl ourlines a vatiecy of appeosshes loosely called simtgic dispostion hat
re imended o belp tho budding tucn busod or cealtime stratei game developer
oudld an AL that il work el st e smategic eved, W discuus a varcry nf analyical
cichnigquss n the contest uf a Sratcgic was game o asess the saong and wiak poines
of the snomy; and duein selecr the best locarian o an acack. Along the way. we'l
once e way to handle defensive maves 25 well isince in the larger cnntent. thars
ardly 3 “usagie move 1o the rear’). Well build v the basic iy map
[Tazourblal approach, and chen add oilce chniques a5 enanceonznus o the basic
ppevich w belp the AY make Letier sirtegic muovement deciiui,

Tourat autines dhe fundamenels of influcnce maps in bis acicl, und many of Uhe
cwnsiderations the develaper will fics in buikliog dhom. A basic, izl 2D influ-
ence map mighs laok raher ike Figare 5.2.1

o his inflaence map, weve pemerdised che influence of ach untacrass he g
iguoring tercain lr the momea). cutiog each unics influcnce by on-haf for each
squane i avoved vy fan the nie. We roundsd down where there weie any frse
s, Squares chat e a vabus f "7 are clearly undet nabanly's dicer control

221
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Blackboard Architectures

Damian Isia and Bruce Blumberg
naimad@media.mit.edu, bruce@media.mit.edu

oy ype of social sycemnwherhee  swarm af bees. @ pack o welves, & spoets

s, or a1 avmy— toquires somue oardination of accion. Individuals need to
b cercain s, and high-level goals mesl 1o be seeved by necasionally nonchvious,
Souovel, couparacive action. This i a8 txue for Eroups of simlated agenes n & com-
poter g s o1 for ot and sovial ssstems. A che mumbe ofagents . 2 syem
{mireases alang with che mumbec of parential rles or individual sgens, conteolling
‘ud coerdinating cher bluariar becomes tocieasingly diffcal

Uhe same rypes of probloms ace Laced by duose hilding vironl braivs, If grand-
b Minsky is o b believed, and rhe dbig;wo call “ariod” 4 3 socicty af indivicu-
ly uninneligent agents [MinskyB3]. et some meaas hos 10 be ound o coondinate
‘2 chuse agorms”divergen actions, Becauss souetnes, sarely, owo brain oonters i
want coprradiccony dhings.

The blackliosrd approach might be ons powibly means of handling; tbis coordic
natiun, Althemgh simpl (praccically el 1o implement, i anchitecuste has prved.
cogan and porsectul cnough o b useflfo problens fanging ot synchedc char-
‘et contol 1o natural lanigusge undesstanding and othee reasonng problems,Jseas,
i Fut, 5 a rochaique o formal tcasnring snd problersaving; chat Dlackbourds
were s canceived iy back n che 9705,

“Fhe blacklioard architecrure is bt arouod a usxaphar: i physial blachbard
e used av schoolwis irelf  prollom-solving conl. We dave all expeticnced cruwd.
g areund a blackbaard idh a group of Tiends or collongass w tackle a paiciarly
nasor peebhen. In heoe cascs, che Lluckboard was usefl becuuse i provided a shared
apace i which the problem could be broken dosen and inctcamenelly sohod.

Peshaps the group broke fnto smaller granps w solw different pare of the proh-
Jon i prae the theortw, e ned to prove benma 1 and lamma 2 fsc’, or w
e, difern igh ove! apprvaches ("Y' going 10 prove It by inducrion” vessus
Tun geing to s 2 proof theough counuer cxampl”). Despite dhis subgrougise (o
bgoaing, 1 5 che werclogy of the hlackbwacd Ferstuce, ach geoup sll bl
disee s s 0 he work of the orher groups, which aidad in eeupniling divut-
g enctics L sy gerting fusder wich the e theough conner esample
than Lo it the imbacrinn, 50 T going  puc i€ aside lor now”) and uppariua’s
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51 Sirategic and Techical Reasoning with Waypoints

Pinch node (X)

Inside node (1)

Outside node (0)

Ambush locations shown in gray
1. Single pinch point

2. Pinch point at end of hall

3. Muliple pinch points (for sgusd)

FIGURE .1.0 Finding places e b an enems

“To find poendal ambush locations for N, we need a waypoint that has LOS t0 O
andl not N, Thisis simply:

A=Vo17 o)

When an enemy enters he region gated by node T, and NPC can s up an mbush st
any of the nodes n the sec A,

Thiogs are sightly more comsplicated when deecdng pinch pojots at the end of
allways. To include such case,th fllowing sccp must be added (Figure 5.1 sep 2

+ 17O neighbor has only one other neighbor in addicon to N:
—MoveN 0 O.
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Fixing the Problem Faster

References and Addi

. Saction 2. Usoful Techniques and Speclaitzed Syatoma

pactculady useful o seempi o idenify il snimarions being,played
back siuslrancously by 3 bissarchical asimation syt [Orkind2', & can sfso
el defg your gans faverse kinemadcs [IK) sstns,

* View player commands: Similauly, in games in which cach playue coners wal-
tiple AL and mans sports gaisess, n AL player will
rvicly communicas with the Al enmities e camttols by suing disctere playor
comsands. 16 Telpful o be ablc 10 viess these cnmamands as they are s 1o
b plaers wirs,

* Show steategic and twctical data seruetuses: Bany gues wil  beavy tactical
andfor scrsegic clement requie AT pagers chas an ptform stoatogic and rctical
seasoning wing di seructunes such as llusnce mape. frnetiomal aset een and
ekpendency yraphs isse [lorousdL]). Providing visusl reproscauations nf (hese
dara stctares s ey 0 your ahili 1o debug,thrcn and obserse e behavios i

T ———"

el ime.
* Show fire arcs considered: A ranged combus Al sgsiein will rpically consider
a0 siamber of points 1o shonr 2L uo ot aeac an cucany anit pussbly the

playerl Twill chen uypiclly e line testiog o determnine wich of these paten.
i targer pois ars sible. A Jow disgnotic lines in Ui game can shovs g
which sarger Iocations th ALis conidering, and which lines ¢ has discovered 1o
be bluckod,

= Shany tracers; When a gaine includes projecile weapas, i€ aficn wefl o be
bl 19 viese che acusal pates the projeceiles followed. This i 2 hig bl whert
debugging Lus-moving projoctiles fsach 45 bullers, and ics wsahiable when
arengtiag o pipaint the difcreaoes hecwoen dhe rctory the AT chovgh the
il woold follow ard the acrual tafeccoty shar the physics system
el produced.

pecing plumber will apen the cubinsts ader e sk

When 2 ik break, any sl
and Joak  the pipes,

Guuse progeasnmers. o the othes hond, puce o staud round and bypocesie
but why i ik nighe have broken, cinker cndledy witl the Facct, and o6
convine themseles chat the sink s hopeles wad nscal « brand new sink.
Dot d st

ing

10ulin2] Ockin, Joll, 4 Data Driven Archirectare fur Aninsaion Scleccion.” A7
G Progransming Wi, Tl S Rabin. Charlss River Modia, 2005,

Lokt Snmok, Creg, “Simplied 313 Movemnent aud Pathrinding L g Naviga-
tion Meshes,” Gamie Prognamming Gen, Tl Mart Delnrs: Chader Riooy
Media, 2008
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Suwttehing State Machines

The unbounded groweh. of staes is wne of the min problems phgving sats
‘machite. Glohal event responses reduced his problem grealy, but the ce sohuan
i e b disciplined aud o et e many setes exise wthin 2 singe stte pachi,
“Tkis cun b achicved by dividing an AT tsks it fndspendt chunks thatcan cich
bicome a state s hine. When an Al nceds v changs tasks, th endire stae cnschine
am e sseappod o with 2 mare appropiats one.

An exarople i sehich swirhing state evashies sskes sesue 3 i an RIS, Since
s in a0 RTS are g diserees ordrs, ench ordet such as Paca) oc Atk can e s
owe scate machine, This application is dscribed in detail n the article “on Archia:
ture for RIS Comenand Queving” i e buok Gome Programming Goms 2
1Rabia1b]

Simutansous State Machinas

Aohes way o deal wich lieniing the size of e wiacknes is 1 wse severl dif-
ecentstace machioes e sume rime. P example, you can imagine an A1 that has s
mascer tate maching 1o maks: global deisions and acher suste machines rhar deal vich
fmosemen, gunnecy, or comversarions. Srruerused coseecly, s is  powerful way to
limiedhe complenisy of inividu sace machines.

State Mach

v iy nevr e the Sate Mchine Lungosge asdseribec, you shonld xks sy
several impuscan stat: machins s that sa ke your s sasee and more
ot 6 o, provide you somshonw incorporss the followiog, i

Srate raachines should be sy 10 e
e machines should be casy

State machines shauld he sasy fo build and procoryp.

Stace machines should lave 5 way o communicare with other game objeces,

State eachinesshan have global event responses to seduce redundanc cods,

State achines should have 3 vweay t ser vene imers,

Scace machines should aflow tcanspparent moritoring and logging of al svenss and

stace waowitons for debuggng,

+ Scaes should allow exccurion of specil code when firse cared,

« Scaces showld allos xcction ofspecil cnde shen exid.

The State Machioe Langusge in tis il is iy smple, ye it bodiss
Some very important sulwace eugineering priniplos th il hccp you projec Hom
seting e ol simplicty, uutaioability, robustnes, and case of debgeing.
There ace Fncier solusons 10 srane machines, sich 38 full blows ndeprodens v
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Section 10 Seriptin

BiSerips implemenced a very simple syotax. Seripts consise of sacked 1%jtnen
blocks, There ar s uescng, Joops, e ethor
thing chat makes ACGSeripe confusing tand 3. concern w aoy AL systen s Invilics
actions) is that some actions ace nor atoenic. Nos atonic actions inchude remenr,
calsal, ot playiug 3 suxis of animations—anyrhing thar drags out over seeral
fames. The implicusion is chat i the script contuins any nun
o imply e al of the actons specified n dhe script. 20 be don wich .
Then sec L appiaaches e pering anaund rhis problem. The fies is w imale.
e vicual machine thar i re<cmeraa. Séhen the acivn comuples, Ui script can
be tripgered again, and execution can continue, The secord is s add thise crions fo
‘an sution stack and execuce them i rcker after che seript has compleud runaing,
“This sosmed to he rhe casir selurian 10 implermen at i e, since his alloed us

splicated steceues in BGScriot. Lhe

o cun 2 script feom hea e Lal, unload i Creucs oy, and deal wich the acrans
e the scripe had eonuplesed, Thus, we chose he larer methed foc SG:Scrir.

Uniorcunacoly, thi is a very difficult concept foe end wers tw grasp, and s
should have realized sacly on diat amythicg the designers bavs problenns inderstand.-
g wauld o confuse end usets, Liscn very carcfuly to whac yous carly adopters sk
quescions shan. Vour eaction sheuld not be, “How can T lix theis problem?” Your
rescsion should e, How cen s the design s that 00 onc lse an make this mis-
ale again”

Coing back 0 our problem in BGierips a sisaplestep o naprove chs wonld b
smple syotax tick. Nather an v the seians as (he sarcmenrs, cansider forcing,
e call o an add fncron, The followving code:

FAACELONToRuS 1Ak {“KORDLD")
iAot ianTobew.y 53610 (KO LALLGCKE", THUE) |

5 mich clearer m most scripes than

(s )
AT KOALIATFapksa”, 1)

The syatan of e Bnguags is oacher msabiliy issus o consider. [F your seelpers
consis cuszely oF ancrained designers.
e learn any sysem (room scratch, I you uave cechnical designers ar progrommers
g sorue of e scptisg, thea you shauld stromely cnnsier  srandard syocex such
a5 C. This vill minimnie the leaing carve o chese people, Anotle whvattage of G
1 that thece scs many books and cousses availble to reach is, This means that yuu.
ot v 0 devots your e ra gecing the dsigners up e speeed.

Flaw:
careflin the ways in which you modily the syatax, While you enight hase yoor pec
scrcs with whatoser lingusge hase you e chaosing, changing i vl vely resul 1
Tmore confusion w0 thase peopk already fomilar with the laguage. Making a tan-
unge that is suitable for two different set of programmers (o Sxampl, Fhoss whe
Tauon: € aad diose whs know Javal it 1 semdeefil way 10 gec ot souble

syntucs mun o Luge isvac—tley sl Dave

o you e guing b0 smae with  stadsed angaage. pou should he very
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Section 5 _Tactical lssues and Inteiligent Group Movemeni

Alchough nodes wich low visibiliy ae safe, they dorit have  grese deal of aack
poteatial. Those with high visbilcy have che advantag thac they can acack many
positions. Ideally, we want @ location that i safe,but has the grearest attack potenil
Such locaions can readily be dtermined frum the node-graph by selecting nedesthat
have bigh visbility whose neighbors have low visbilty (Figure 5.1.3 st 2),

FIGURE 5,19 Stasic wuypoins analys. 1. Noder marked for thei sisibility couns. N
in prosected aeas such s albvaysastomarisalyge Lo weighting, il shose i
expaved aess ge a bigh asing. 2. Swiper lcations (rhed in black) hese hih sponre
and are arached t regionswith low exporure (arked in ),

Pinch Points and Squad Tactics
‘Observation of human players reveals that expericnced FPS players andicipate the

fons of their opponents Laird00. For example i an encmy enters 2 room with s
single exic, ather than follow the encmy ino the room, an experienced player will
wait just round the corner, scting up an ambush at th exitpoine.

One can readily precalculace such tactieal pinch-poinss by analyring the node-
graph (Figure 5,14 seep 1)

For each node, N, in the node-graph with only wo neighbors

= Temporarly liminate node, N, fiom the graph, call is ncighbors as A and B.

* Ifboth A and B are connected o large egions, N i noca pnch pointstry another
N

+ Attempe o find a pah beoween A and B,

* IFpath exises, N is noca inch poinc; try another N.

+ Callthe node connected to the lrger region, O (fo aurside).

+ Call the node connected tw the smallr egion,  (for inside).
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14 12 Tipa from the Trenches. B
sve 1o calcolae che players callions, and the cos s componnded with cach agent
haris alsa checling callisions, oe casing 1275 0 plan 2 3ail

Rt than sesring colsious 35 an sgene moves from one point o subiher. the
agent an e navigatonal hineinformatian Usa i inviibl o che plaser. A ol e
generste the b infrmation autonaically or designees can place s by haal,
Various echniques can be used Lo cate these hings:

+ Dssigness can i floor geoomenry wich colon v tsrmures that sty blocked
ansas, o levels o sovement preference.

« Dusigpess can placs Fine segemsnus 1o be e as preset paths For agonts o fullow
T o gl t0 amoter | Adzima0)

- Desigers cun plac b i such a way (har thrs i ahvays u leas ome b wid
a dsar lin of sight 1o anutliee.

+ Dusigners can creae geomerry 10 define areas I vbich agents cau fiely move
abour withaut checking for callsions wids the world

+ Aol can analyz the evel duss and nss some crieriz 10 decermine which poly-
ons can he wlked un. These polggons can L wed o generacs 4 navigarionl
encsh Lusourt2.

Undubtedly, here are many osher tsbalques o+ wel, but e importane point is
hat e agenc uses comples patblinding nd che physies syscoms s e s possie
Refer 1o artice: 4.5, "Nagating, Doors, Elevators, Tadges, and Ot Ohe

lancocki3] in s book for mote informarion aa nusigadonal hins placal by
Ursiguers.

& World, Not In the Al

1L lonpossble 10 e an AT sgsrcm thar can baodle every ntion, wud die sk

anly grenes duting the deselopment af a game, A beccer slution s 10 ice simple AL i
sysenns ht ec agens chis disizabl destinations, and navigace 10 them. Qs ey

v 8 desrinarion, ubjeces and lacrions i e game vld can give L agene -

e inseractons of what they can or should do. The insiructions taight be given in

the form of messages o sripts.

For cxample. an agent might knone that it s bungey, This agent van scarch for
objecrs in the workd Urar annpiance theiaselves a5 ofible, sndl navigate 1 e cosest
. e che agone areves, the ubject tus o seript hac wlsshe agent whethet
Slay a0 imarion of pickini an appl fram 2 e, opaning s refiigeeaton, be using 1
vending macline, The ageor anpears 1o b sy inreligent, when realy it knows very
e and i simply fllowing nstcuccions.

Anorher big;beaell of pucring che inelligence no the workdis at Tt makes che
Al infniely exceasible, Nevw anim.adols o scriprs can mabe the agent do new uhings
widhoutasy change 1o the code for the nderlioes AT syscems themselves. Ths ech-
s has heen gemeroaly crplted by the game The s, asproven Ly the hundreds.
of hjec avlabl ot download o the Web,
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Representing a Racetrack
for the Al

Gari Biaslio—Electronic Arts Canada
lo@shaw.ca

gbiasillo@ea.com, gbi

i aicl st e i seres of hree acing, A asicks and descatbes u practcal
tepresmaon of » sacetrack for an AJ . Artick 9.2, “Rocing Al Logie”
devails e e A1 ill use th scersuck chat i defned i chis arcicl, and e 9.3,
i an AL to Roce,” tedeasereralsechiques 1 etz the by o the AT

sl s Ao einga hai of s st e

Figoe 011 e b o
e ok v tht s v ol e shd e ot tht ¢ s ol o
b scor i comtruced

vl outside the scctors i the evisonmenn permis i. Eal
Hrorm 4 leding and eslng, edge. which will be etired w as insrfics. This method
eedavcs meraory averhoad. u Leading and traling inteet2crs are shared.

Intorta

Iotesaces are the basic buslding blocks of the aceccack ehat ar e o defios the left
. cightmase boanaris of the touf and the posible driing,lines, aamely, che

Interfaces

FIGURE 8.1.1 Dhaong s pacerack i interfices an ecion

a9
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What'a Wrong with the Syntax?

Wby did this happen ‘Lhe indial design for BGSerips was s bief mainly from
ignovance. The Audurs Gt cam had neser worlied on a game before. The designers
didn't ko what ey nosed, since dhe programemers were sl building che guane
cagine, and the programmens dil aot kno che questions G ask ta derermine whar
e designess needed.

Whucis the rowral oF rhis 12 Spend the Lo o determine what you need, and
over-engineet the sysem heyand sk, Brery “Wouldsl it be nice if You considet
dusing the incial design shuuld be warked inco the design. Fven ifyou do nat ineend
o implemeat soune of dhose thiogs. make sure your design % fleibls cnough 1o
accommudate adding them ae o atr date.

For AW Sirias, we vanied  relarively saf sedpeing envimmmend for end users o
s A b curpt could slovr dorwn che gun bur it was our design goal fo preven
anything passed to the scripting lsnguage from crusbing e server. e could work
widh the Loa seripting Lasguage [ernalimschy6]. which s wiod in MDAD, heavity
madifing the el 10 ghve us the desized behaviar (Lucasdts did this for cape
From Monskey Bland, e sce did ot kow this a the iroeh, or ¢ could “immplenenc
BGSuipt n 1 Ciava syncun” Aer a ragic uoderesttoare on the length of Gme it
‘ol tabe, we chose th farer approucly and che NWSeripr experiaent sarred

Fou mould chink we would have karned e lesson affer che frst scripia Lao-
uage, Onz “Woulda i be e i lise was specil in 2 250-page manual chac sits
on o e evety progacnmer’s desk a. BiuWars [Kernighand]. Thos are still many
Seatures ol C char arextremely diffcull 1 do hased on bow the compilerand vl
machine e set up. For exampl, call-by-reirenc s not passble without a signifi-
cane vewrite of maay of che rsios components of the compiler becaus: we had no
intention of supparcing unctions i he firs version of MW Script

1 you only implesucu 3 smalf ubset uf 1 kuowwn langnage, you wil be bom-
barded seich requscs 1 implomeat exch usersfvorive eature, AS menrioned earles,
the il plan for AWSeripe was 1o loplement 863erpt 62 Cllava syncus. We did
ot iend o suppart snany of the infeeyuenly sed fearares of C fsuck s dofomle
loops, o the conitianal 21: operstar). However, hey were ol added o NWSaripe
e W development cycle

Using b 10d ace [Levingd?] was mun s aption for ANWSeript, becavse e
focused on getdg iic compilr running on many difesent platforns, and the port-
ing s scared us inco writing ot owen parser. Wel be bluats Nover ever write yout
vt parser. 1Fyou e going 10 use » srandand haguage or 1 subset of that Tangnage,
s fre and e o1 4 arian of chem. You will e yoursel more done in leaming 1o
s then than yom wil resquie i dcipheriog the mess you have made of your own
costom parser.

Both BGStvips and MWSerips wore desgsd o L usable by the end user, Howerer,
diffsent choices and difitrent mivtabes] wetc made i this regad.
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&1_Bustegic and Techlcal Roasoning with Waypoints

Thers ate soveral otk s 0 samsidee thae are beyund che soupe o his accl
Flere, i et assmed thre al o nocrins were bidicsrional.  cuany siesacins, con
mections fsuch s jumps) are anidine.tional. The dereemination of pinch goints will
e slightly ifzzone for whidirctional comections, id novemeat i borh diestioms
muscbe checked.

T mamy g, i s poscible o a iy ve an NEC o goin cover by dudkivg
buhind nbetscks. In such cases,  single lncation might v 25 both a cover location
o pston from which Lo attack. Suub locations s be exploied by anarating
e celrant sayprines. 1bis can e done etber samly by # level designee, ur doac
25 par of e prercessing computarians by the computss

ons.

Compuni-cnnrrallnd chamerers sommaaly use waypoints fur avigation of the
rafld. This article demansteacst henw essring veypoias can be 1sed o autamatically
encaes combar fctic Iot computcr-ennerol characets in a fist pecson suoter
o st sevemeuce game. The cochnigoes might be applicable to orher genres, bat
v g o be testod in chese arenas.

“Alevel designer who i familiad wirh he bihavior of NPCs wud theie abiliy co
pesigate, usnaly places enypoins i key locations in an ervironmont. (i el infor-
mation showt bogarions in the nviroment can be cficieudy cafeulaied fom s
fcplicic dua and el by NIPCs, Storing dacs in a bit sing s allo o an
cnamotutcal etk for ealealaing factial infoccaation whise computational cost
seias easomable e e nmbees of nods and cnemies.

Preculeuluce slbiliy information e pride 1 sough approximision of che
danget of parelar ascss i given map and locatians from which an KPC i
ount an mellgene atack, With wavpoine visbilty iuformation, it s relut
cnghclomvard e establish a Toe-of sight w a0 snemy, aotomtcaly gensrate Hank-
ing bcations,saiping lacsians, and co deteet “pincl locaions” where an snsmy can
br stabished.

71001 Lid, Jol, i Kinows W Youte Cuing 10 Do: Adding Aneviparion o
s Okt * Aviciad Ttligense and fserasion, Enepuimens: Bopers Font she
000 AT Sprivg Syrspanio, chuical Report S5-00-02. 150, 2600

Liden0] Lidée L, 1 he Lygrrine of Amonoiicys and Seripeed Behaviar
Dough Lk Mangesncne,” Areficil el and Fevaeize Sterzinanens
Tapers fooms cbe 2008 AAAL Spring Syporium, Tocheical Repor. S5 00-02,
51552000,

1idéndi Lién, Lats, "Using Nodos o Dieselap Suatgies for Combat with Mol
e Enemds. el el and forictin Eteruinsoens Papesfom the
B601 44T Spring mpociim. Tecluical Repore S5-01-02, 2000

R0l Rt 5. R+ peed Opeienizations,” Garse Progrimming Ciers, Charles

Riser Meia, 200,
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iug

B ind b he scre o wich e 0t Y- oedet 10 Epl
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Congave
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@ Disjoint Point
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A Data-Driven Architecture for

Animation Selection

Jeff Orkin—Monolith Productions
Jorkin@blarg.net

1 addiion & navigation and planaing, 5 camenn el or Al spscerns i games is o

[ teeranine which amieatlons 3 characer should play. Navgtion and plaming -
tems carry out theie dueisions hy anieting the characeer. lnaovarions in aniomition
cechnaloggs sach s scleal anisnatons and mosion capure, faclcare shusing anima-
ion actoss sliple caracrers. The time ad scsourees saved by sharing animation
allows o dhe ceation o mich wilee vatiey of animatious. Rachsr than simply play-
ing & “Ru” animssion, 3 chisater might now play a sprcific “RunWithword,”
“TojuscdRin.” or “AngeyRut” anicaation. A he enmbes of anizustions grovws, <o does
he complenty of the covk caneralliog which animativn w play in 2 speif

‘A daacror mighe choone the approriace animation o play undee cor
Lons, The conditions might inclade fistors such as the churucte’s moa, scate of
bealch, o what dhe charactee is cartying [Rosed8]. his ariclc descibes a ecliique
o aniaion selecion in i coneese of 2 fantny rle-plaping gamae {RPGL, In which
chascrers play differs animarions depeiuding on the eype of weapon they are carry
ng. Tl wodique appties eqally well 1o acion, adventure, and ocher gamne genes.
“Aack?” aniensrioms ace st dhe anly ones w vhangs depending on the weapan. A
characrr caeyiog; # vy svord might Lumuber asbe walls, while character cartying.
st aight bse the seaéas 2 walling sick.

“The Action Tabe is a shuple, dara-drivea spptoach ro animation sclcstion thit
koeps the complexiuy ot o the code RabinDO, Wich che e of he Acrian bl the
ende staye lean and mineainbl, wid atists are emoporwered with che abiliy 1o con-
ol the animarion selctions, This amicle desceibes the implementadon of the Action.
Table, and goss ou 10 descibe honw his tcchmique cao be extended m handle ran-
dawisarion and dynamic aniniaion lisr.

Ta Lnsorce spproach of g 1< ssements o svitch saeucas, il soc-
sy st 40 i haed on some sondiian. bt i has & namber of ol
s h cade mighe Ik e i
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Limitations and Advanced lssues

Section 5 Tactical Izsues and Int

More @ o e oth acighbor of he old ©
Repsac until © bas anly one neighbor.

Squad Tactics
Reglous wil mare that one exh can sill quallfy as biaving valid pinch poinesfor
INPCs that arganias Tnte squads, aseach exit Fram a region can be guarded by 4 it
Fereme NPC i the squad. Foe a squal with o meenbes (Figure 5,14 scp 3):

Fot each node, N, in the nadc-geaph with only o neighbors:

Temporsly climinacenode, N, o ehegraph el s neighbors a5 A amd B,
1A and B sre comneced co e egions, N, s ot pioch pin; y b N
Auempt 0 fod s et A anl B,

Whilc seactating th park fa node sith only s neighbors i
Termporarity shminate it and cll e N

—Ausonpt w ind ¢ s et A and B

« IFpath xiss, nor  pinch poie, 1y anocher N

+ Call the s conneeted o the g eogons. Oy and O, for ursidel.

he ambs poios o e oo meambesof e s
A=l g A=ValFs 518
Théscan sl b gl o squads ofany s

Thers are 2 coupe of cavears o che meshacs dicussed bere. Abbough use o a bit
string s o store visblity ad sdulte Litical pusitions Leeps the memory and
campurarional cass down, fot cxccprionally large node-graphs, che sse of bt sings
semld gt prohibirively laegs. Fach node stnres me b for svery ather node in the ner
work,for a total of # ot i stored i oz, Ench -and>and <or.-aperarion
sequitee i of odes § sieef (i | birwisc opcracions. The s of bic scings can be re-
duced by climinaring visiiley and connectiviy dara.for nodss in widely sepacated
segions of worldspace chat huve to chssce of Laving by ar direcs connocrviy.
Rather than reprcssning,the warld a5 o large node-graph, 2 hierarchy uf networks
can e emmployed. Using moe-raph Lierarcbies cather than  siagle lrge node-graph
o s wilcr wnrclaed sntsgss. ocluding fster pacbfinding ‘Rabin®]

& second Frfuaion is that the effectiveneas of precalealaed cticl iforsation
selise o somme dsgree on @ Jevel desigure plaving nodes in peoper pasitions. I, for
example, a level dsigner ncghocts 10 place nodes at & sscand vt 0.1 reon, he pre:
processing sy mighe incorrecly sssume that a pi
hese i second exi e i wsable by Lue playes, Wit cxpetieace, kel designers can
Learm peoper node posicioning. Addicionsl resesech on the aucomasic generation of
node placement by the computec might sliminate the need 1o rely on level designcrs
for selligeat sk placancu,

b piat exists when in cinlity
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[Tozou2, [Brokingron02]

“Take 1 ok a the code provided un e baoks CID and experimen wich e sare
maching cunstroers. The code s dsignod co be very cloan and shanld b wivial 10 3dd
o any game. Wik a e love, hopefully, his Sree Machine Langue €0 becontc
an integal gare of your weat g game

Throdingion02] Brockingena, Mark.snd Darea, Mok, “Horw Noc L Ingloment
Rasic Seriping, | angage.” Al Gam Progamming Wisdom, Clarls Rivee Modis,
2002

Rabin00; Rabin, Steve, "Desiguing & General Robust AL Engire,” Gisme Prognin:
“ming e, Chares Rives Nicdin, 2000,

[Rabhabtal Rabin, Stove,“Scruegies for Opronizing AL" Gane Pragamning Gers 2
Charls River Media, 2001

[RabinD1b] Rabis, Stoe, An Aschicecture for RTS Comuand Queuing,” Game Fro-
g Gims 2, Chigles River Merka, 2001

[Tommort2, Tozour Tacl, “The Perils of A Seriptiog,” A Giams Programmng Wis-
‘o, Charles Rives Modia, 2002.
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sacing and ovevtdsag lines. Driving li nadee are locatod alung the eclg defined by
vhe Lei aud sight honndaries bigore 9.1.2 ilustruces chis wich two types of drvieg,
modes: the raciog line node and overtaking line ods. The sucsesive conneetion of
these nodes fu "insrface” to Nnterfacs” spresencs he driving lie.

© @ () Loneae
o)
ol
9 ®
1 d T OwingLineNode:Facng Line
o () Driving Line Node: Overiaking Line.

FIGURE 8.1.2 Fnefices wih driving e moder,

Sectors

“The cacetrack is setined by a doubly linked list uf wectors thar can be traversed for-
ward and baskwsanl The previous and next poinict of che inked-lis can b defined
> araya, allowing malsipl pachs o be defined. [n the conunon cuse of only having
o1 path, he secand polater would besct co NULL. The keading and railing edges.of
ehe scccor are defined wich 2 puinter o che rospoccve interfrcas. Figure 9.1.3 ilus-
ratesthe consituctivn ofa secror with the driving fins,

Leading Edge

FIGURE 9.1.3 Secor constructon.

|
|
i
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cntranee, Ssasms can abo he fooduced Ly “cxploding” them o an st w5
cantaines i desooyed g, a el aropened feg. s coffin)

Bach agenrs viner should be given an iniial snall ranelom value. This s
that ehen the searm dispers, i il d o graduslly sathes o, o e
Movement

“tho pelte algorithm Lor cach agent can he sumnsaried o follows:

e ageu s oot b i of o soncs depidingon slibes a3 6
* abs (4 i s thaa Swan_mace,

Hthe agene i i the outer sme i, disant rom e tasge), hen sl .
ot spexd ant vt wusts e e agents eparated. 1 she g of e
SBLIELS 100 A from die e (g the phyec. chen it i hrovight back b o

Ot e aget s the iomce zone, s 3peed und heading s 6 by o s
prden lommilac—is heulin s dopendn o e sped. a4 1 specd s depnios
ol e, This ol <0 U sgenes il sround the e oo, s e
et e of the et is dopendett o she parametns used i sh specd s
Beading formulac

O 109 of his basc moveancn sgarichndhc s veeysenple colliion handling,
i ol 0 deal wich lmbing up valls . lling. Clearly, i o e
lh the dgts s s cratures (e e e s of eopebie 1
Collion amines e vey simpt oo we mighs e deaing Wk hondhad
agents. Obsialy i thers ae mot g co be many sgenc, ue proceon e ey
 premiam, then dhss rouciass could be o more complon

Tho Algorlthm

o cah aive e, ot o ke posan, s e s i 7 pon
ing v s e and b (o, i 5 posiion by odis
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FIGURE 10.5.1 The seome crosted by the cinematic equernce owns in Liting 10.5.2.
Ao shown in Color Plae 1.

Although the synas of the Challenge programming language sabiliced firly
carly during development, we continuously excended the functonaliy of the com-
pilr. In onder t keep documentarion up to date, and 1o inform all of the game
designers of he st angasge fetures, we developed an automated documenation
sytem tha created xtensive hyperree documentation from comnens i the com-
pile souree a5 post-build stepeach e the compiler wasbuil.

Camera Control
In practice, iis vy diffcl o create convincing camera movementsin 2 text-based
programming language. Additiorally, making the camera movements relaive t the.
positon of an object can aso lead 1 problems. For example,the *Creatur,” which is
the principallearning Al in Blck & Whis, ierlly grows in sature during the course
of a game. Camera movements that depend on the size of the Cresture might look
diffrent o the playee than they did during developmen.

‘A comprehensive set of tols were created or implementing camera moverment,
and these tools were able 10 resd and write data to and from the Challenge pro-
gramming language scripts, acting as 2 GUL on top of the compile o aid the
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Machine Language

Steve Rabin—Nintendo of America, inc.
steve@aiwisdom.cam, steve_rabin@hotmail.com

[ ol i st n g s s s e sl
paccern. This kind of populasiy doesni happen by sceidens Rather, sass machines
are vwidely used because they possess some usnaciog qualivies. They are sionple to pro-
gram, sy vo comprehend, cary e dohig, and eamplotcly genctal  say probeo.
They might ot always provide e best saluion, but few can deny chat they ger he
job done wich minimal ik To the project,

However, e michines have a darkes side 18 well Many progeanmers ool at
them with distruststce ey el 1 e construceed ad hoe with no consistent seruc-
Luce. Ty aleo send to graw tncancrollaly s the develpaen cpele chuaras on. Lhis
pooe strucue, coupled with unbonunded grosieh, makes many scace maching mple-
mentarions 2 mainsceance nighumare

Wik die carcent sexce of affars, s have this grat coneept of s state onchise,
e i afen i abused and tortured in actval implememarian. Thi aricl prescns a
eubuse way fo sructurs yout scare machines wich o simple language. This Stae
Machine Language will noc only provie srruccure, bu it will nlkash sotae powerfl
cancepts it will ke proprasnming gomes much sasier. The next arcicl, " Brhase:
a2 Seate Maching Languag thioush Messagios,” will expand on his bngusge with
a poweriul communicacion cechaique asing masigss. Kep in nind that cach srice
has Rl st 0ade e e aceompanying CD. Wil ehis technique s builr aeound
Cosasitnilar Cualy version appcars in. RabiudDl.

Developer.Style State

Juse s thar v all on the same page, i emportant 0 uaderstand thar when game
developees spak of sare machines o fi-tae machines. ey sse ouly Lowsely refes-
ring o the wadiconal Computer Scisnc: defintion. (Fyou srant to b seict abour .
traditonal fnice-sare machines are rather cumbsszome. redundant, and mor very
usctul for complicaced systems. Therefore, game devclopess acver sctully wse dicne
i defmicians. Tnstead, ey o bive seaes within seaces, mliple stre vatk

ables, andamness in tatc seansitons, code eascutog every ganme Gk vichin 2 ware,
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e w s an A1 spdate, and preveotssarvacion ofthe lowesr-proriey st

How Pathfinding Is Affocted by Level-0r-Dotall

Many Al actions cun use up CPL ceks. One of the 1most time-consuming actions
char ome can pesform is pachlinding over a coplicnesd rerain. Thus, a puliinding,
algoridun i # Ingicl place 1o srarr emplesnenng a level-ob el algoridiun.

Dased om the e of the AL v decided not  ston che patblinding proges
i the pame world data seeuctae, Inseead, eachcreanare eeps s oven instance of hose
the padbinding alguridui is progressing Horwever, s an A" approacl o this mao-
et k] e entreincly cxpensives we conld hase dozens of ageat attenpring (@ pet~
form pathfinding an the susne a1ca ot the suns time, with ruch parhfioding scarch
eeuiring 4 arge amount of RAM. (a NP, e actuadly used IDA ad other com
e chess eclauiques co save an das rosonces used [Baockingon00l

Ihe werain i camposed of 10-by-10 mesec i, cach ol which has informatian,
‘ndicatiag howe i intes onnects hetwsen osher eils. Wi chis coarse-grained syem
e pashfindingl, ane cun asily generae @ scris of dles thar one must tavel
hresgh 1o teach the final destinacion. W gencrave aue Gl parh by using inro-sile
sattnding over the 3D gremercy o each til specifed by aut nter-tle parh

Ty can onc ke advamtage of chis seructue with the Level of-docail algorichm?
Creaturs it ae o s ate aleays requited 10 do both an inver-le path and an
mttatle parh o make parhs laok suwnth and matugal, Any creacate ar LOD 1
brough 3 in eue hcrarchy implemenrs the full pabfinding slgoridu. Temeeves cs
importatt. 1o nore that the dilfrencs in CPU i allacated 10 creataes st LOD |
sersus axeamurosat LOD 3 i sgnificant, For exarople, 1o our utban areis, sach PC can
sl s sighc ather mon-playes charscees standing, on guard, slling goods, or wan-
ering the seeers. Based ot th ime pescentages given et 3 PC could compies 2
complos path 45 Uiues fiser chan a e near a FC.

What alust LOD) 4 creaturcs? W only burher o cumput their paths via che
nrertile method, and theis spend the tire jumping eachs stesrure from e ro il ar
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versus Online

Offine leasniog ks place before the simulation, in a fishion similac o
precompusstian. 1f tsining b used, chis implizs chataf he uralang sampls aee
il svailabl. The qualcy achiesed by learing algosiths in this cuse i
often supstios. From within the game, peeiormance doss nor suffer due to

dpnamic taining

ine exsining allows the netrork to leam withia the gamc. Technologically
speaking, iLcan be problemsric for an NN to b piesenred with s consanc
srcam of daea. New inpit veusars necd To be leacned whie il assuring that
previous instancss ar ot orgoren. Incremencal taining algorithms dl it
s probletn, There can also be a lss o ity in che reslt,since
ingppraprintc doss might be leaenod, Using a higher level Laroing slgorichm
assres thi cae saluton converges 10 a global maxioum.

Fiybeid scheses scen idesly sted L ganing, combining che bestof the 1w
‘rcvicns approaches. The inidal necwork s e accordiog o eeasonsble
defouleparametees,while sparss online data i lach 10 prevent canfusion.

Uhis method remains the standlard for NN leaning, The entie Bekd has cvalvsd
atound such raining algoridcus, Wich over four decades of research and praceie, e
procedare is extretnely wel dacumencrd. wids [Bishop93| temaining ohe teference.
"his section will nor arrempr ta duplicaze b cffors, buc concenteates on praccical
aprimizarion isues.

Fecluding heavy aumcrical analpsis solutions, there are oo major typs of

algorithuns,

Increcncatal srising algerithoms updace the weights fo cvery waining sampe,
implying chac it cees not converge 0 2 fixed sec ofsalues, Howewer, anline
craning s passible. T otigiaal back-propagation courine loops repeatedly wniil
satisactory esults a5 obenined. o preveut the algoritbm from seiling in a
euboptimal sare, mamentunt is ofien addod to the weight decas, The major
problem wich his appruach s the seocrian of the leatning rare, which can be u
veious, problemn specific process. A solution o ths i< knawn as sochest
approsiation o ammealing the learning racs is slowly decerased @ encouroge
Gainiag, o conserge Lo glabal maciman.
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A Dynamic Reputatlon System
Based on Event Knowledge

Greg Alt—Surreal Software
Kristin King
galt@eskimo.com, kaking@eskimo.com

£ yeate develuping a gume wich lacge numbers of nonplaycr characrees (NPC),

ol frcc dhc Herculean sk of bringiog, che NPC: 10 . & goad repuarion s
tem dymaenically mansges NPCS”opinions of U playes, 3o they seem ceaponsive o
e plaper acions. For exaenple, in Lima Onlfzes eputation systens Gond9Bl,
lallng an NPC changos your kareus aud fase, which influences orher NPCY opin.
ons of you. Howeves ir has a lebul efoet—all alfected NDCs instandy chunge heis
apininn of you, whetler or ot they witnessed the evene. Games in which an action
hasa global efect make i sce as ehough al he NG Liave ESI! No maesr whac yaa
o you cai e yeue repurarinn a hies pous actions,

Thisatiel doscribes s mpuatiun system wsed in o siogle-player arian-adcncure
game chac solves che TSP problens by Lying dhuisge i opinion 1o direct or indiceet
awwedge of Uae aciun, a the sams time minitmizing momorg vsage and CPU ticne,
PC change cheit oplion of & player oaly if they s oe were rald of the cecnr. Tn
s way,ehe sysrem propagaces the Pl Keputiion t viker tnezobers in 3 group
acrass e e world, bu che plaver can influencs cha propagacion by climinatng
wizncsses o sraying, ahiad of his reputution. This resuls in mach mere comples,
immersive gemsplay.

Reputation System Data Structures

az

The main data suttuees are he Even lemplate,che Repuration Exen, the Mstcr
venr L, he Per-NPC Long-Teron Memors, and the Lec-NIC Repuration Table

I repuration system rriggers a Repucasion Foens wheawct e plyer pectoris
an acrion rhac might chaoge the plyers eeputation. cithee pasievely or nsgarivel.
‘I Repumtion Even canciin the bsic information about the setve: who per-
formed the action, what theg dids and who thep did et T als contains sputaion
ffec informarian, bt how NECs o filfrent growpe willthange chei opinians
of the playes. e evearis based o a stacic e Tmpdaro ( vonplase axeausl by the
gme designen, and uses dyoamically penecarsd informatian to il i he gaps,





index-527_1.png
e

38 Soetion 10_Seripting.

£ daon: T nearray onjeot. hsts JusT malicio.s.”
S 10ET_pom TR IR
it L v

Fuit: “eeatts <cnoa tha snsls pointl®
say LOST_BROTFER_LINET
‘it il rasn

55 Sed 1o advisor spirits awsy
sond gacd hene
Zind ST ncms

en inoma

Disloaue

When weiting disogue. i is porianc 10t 10 inundste the plyecs with coo much,
prose, e dhcy s irpertane informarien. Weieng simple. well-defincd dialoguc
har dacs nor belrle he plager rakes cime. When estng, we found chat dilogre-
otenive insmic sspueates voold o [ttt on repered vievings. brabling
the playecs o click ehcough such sequences gives them the abiliy o dita (e pace
arwhich they are presented.

‘Mot ganesare ikely 1o b ckased in e than ane languape. Slack & Wi,
for canipl, s rlesse i 15. i cans that the o of disbogue is o foxed,
e neicher are che mouch movermens of he chagactrs speakang it Racher han makc
g bt venionn of cach cinematic seeence, the presens of condlitions
such aswast onv1 rean in the ¢hallings prograrmmoing hunguage enzbled dialogus
scanes o be synchranized. Dynamic lip-syaching was aubisred vi 2 real-rime fre-
ey sy of e didoguc, oouLesy o programming maven Al sans

Ambienr sannd ffers were rgely sromazed, wids e sounds emited by
Aggotsassipned a howee prioricy wver those cuisted Ly Actors, The majorey af sound.
el such 35 Fotflls, were calculaed automarically dependent on such things 35
animatian and rerin typs. meaning that they did ave need 1o bo convolicd by 3
seipt.

Oebugging

Lnsoducing 2 sccond programming lingusge creaud anuiher soutce of bugs.
Althongh the clean separatinn between YM and game mean that a Ghallznge seipe
ol b bund-presed o crssh the game i, ie dacs bave every chance of creatog
irsgular bohavior such a3 locking an NPC in a pacciculae state o [ocking the game
within a cinematic ssquence, effectively Laltug al player incoracton. 4 single-seep
debuggiug inteace Lo Challengs seiprs was developed, as were cvol 10 allow the
gune designers 1o ririsve informarion from dhe sone. The implemcntition of
the Challengye mechanism in a DLL dlowed o s probleres seith the VA and
eehosd the DLL oIy ciscunuvencing chs need for a tiene-consuming bug-fiog
el
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Fitness Evamation

itnes funcrions see cucial since they indircely determine the hehaviue o the final
el T general dhey e o L s s s possibl, 4 GA scuggle with frauuass
in ftncss space, It i, chorefoe, good pracics o keep i sontimins,

I you knowe hovw your nenwark should perform, an sxplicie approsch cxn be
ke o devise sucl u famvcion, This guides the svulotion by granuing iostanc
e when Tearming o il with 3 rocker lcher, for instancs, rewarding small
ange deviatons From che enemy's positon. Such a conserining approsch can niially
help che GA. bu can it the tigunaly ofthe solaions, Taining should be consic
cred i his e

s implicit spproaches, hased un punishenent and long.tsem zewaed, llow
ot feedunn i e solutons i othse words, eewaids bassd on damage infliced
sing the same rosker faunchar swamplcl. Obvionsly, loopholes i he mior prob-
Jem wih this appraach. alchongh ic can be exteemely amuing t watzh unespected
el

Fimally, o can sl combine Berh of these appioaches inco one firmss fancrion.
This nsolves evels of magoiuude in he corffcients used o sale Funess comporiets,
Practically, the explici reward for senll angle eviaions can be scaled by 0.1, and rhe
impficir e fr g nflited seanld iigh 104, Comeepeualy domin-secific
kol s e o devise 8 smooth ftnsss fanecion. Mot only ducs this gaide e
exoluion in the early sages, but i sl allows more feedom in the later stages,

System Design

“When devcloping NN applicacions, yout noed to st tha this is 8 design phace, and
ot just shoe hacking parametces. ‘This implics thar you swork in incremental
update, duat yuu docuruean clanges, 10 thac you back up any working prowcype.
This ill came in handy doven the ine if somerhing gocs wrang, or if your modsl
neech expanding,

Structure

Thcee i 1o bediate oo for deveniadug whit structurs 3 NN st e, and
since this is troublesoms for cven the bsst Luman sxperts, the chances af on <icient
aritheneric soluson sppering, i the farure are sim. A such. any rule of thumb are
Tikely o fil i g cascs, There ae, Lowesed, some good pacsnet
menciog wich. lior the nuember of fayers. v ssally fieic oucslyes o theee when,
snaimig input, hidden and ortpur). e season for his s that thee layers e envugh
sl 2y patte, amd ke propagation algorithuns worl el ot NN with Tew
layere. Varving, the rmenber of neurans in the hidden layer will have mar. impact,
since i dircely ffces che generalization qualiy. Note that you can rarely compro.
mise betweets scnplicty ol e ook sl quality of e sesuls, due 1o under-and

5 o sare cxperi-
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Pinerget Sebavior s hax shick cannos be prediced thraagh anabyis
at amy lenel simpieethan, shat of e sysiens & whols.._Emergent
Selatiar, by devition, s whuth 1f alier merysbing clie hus boen
cxplsined (Dypon?7t.

W can use cmergent belasior (T8 o give the Diusion of nellgence 1o 1 gaane AL
In fer, im may cascs, aecurrencas of ED can even provide the llusion 1o i desel-
opess dhetnsevesd Ar ane poiut during the testng of Ampine Eurth, one computer
playes aempred 1o expand to.an aces o e oher Sde of an eneeny's . A his i
Trens swere ateunpting, e break chrough, 3 enasive attack force come i aud kepe the
neng busg white the ciizens gor through. | his was mar propeacutied in—che weick
Just happened 10 suincide wich h exgrasion aresmpe due o the adiscenene of iuers
govemming btk bebiors.

Colorunately, it s very bard o prpsely ccate T rather, on neds w crate
aw anchiseetore in which EB cuo wetun, Archiretares that supparr bighlevel com-
andls, goul-based decisons, wad timer-hsed decisions will often el in crerpeot
belivior [Sen02). Scrip based approaches s AT sl geaerally nor eshibic ED
[Termu02]. T genersl, che developer nceds oo easure th decisions tle plce in
somestut random ovders 1 encoutags T

ALl AT develogers will e the question of cicating ac some painr during develop
ant. There ane puriss who imi, the AT should never chear—chey should have
cvacty e sane inpure availible o them 15 husman player. Most gane players would
1y thar they don' want an Al thaz heais, Thase same players alsa say thic they.
wonld fike an AL thac is challenging, Inccrssingly, several games thic suppore wser-
encuted ALl v 2 haisiug, cammunicy of people specifically wiing cheating Al
bl 10 exeend he lf of the guoe.

Many objections to Al cheating come derem i au aigamen chat the Al will have.
s advamuage: ygsinse e homan player T e the computer s ar  severe dis
hvancage since e canot improvise. A1 Lest, 1 campucer phayor can chaase from a5
many stescegies s ch. developens have e fo ceach it Once che hamau plager knows
themm al, h coonputee cesses 1o be @ chilleoge, We mighe evencually b able 1
desclop am AL thac can chink the way humans. do. buc uoi] then, the humau player
il s b his acvatage.

Ieis worh noting it if ashed wheches they seomld prefe 4 brain-clsd A1 or ons
hat cheass, most players monkl prefes e lawer as lomg s dhe cieasing i ok oo
Many ot of cheasng; e i nbious 10 the player aed are ot even considsred.
hating, Performins tisain nalysis o < tandom map befor ics cuplored b 4 lorm
of cheang, bat i that most playets axc iling e forgive i enproves the perfor-
manse of the game.
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A State Machine Language

COur Stace Machine Languge will valy bve sic keysvords i it Asasicgly,che ke
worts will be reated wid che belp of macras s that aur language is complecly
impleoented inside Cre. While an indepsndent usguge is complescy sl
Veping it integeated with he nace pare code provides some higs advacags, such

of debuging a0d nar wasting e writing parsing and suppun

Hersarc the s macro keywords:

usgingLatasichine
Endsestenacning
state

tnenter

onexit

onvpazio

Listing 631 shows an example of what 3 scace machine looks Like when can-
stcucaed wich thess kcyrwords, Nuce chac it vary sl 10 the previous swicch-based
srae machies hovsver, ic conceals a vy povwstful ool low,

Listing 6.5.1 Example structure of the State

Machine Languag:

Boginstatasening
Stat; STATE ande- )
Ontnter
7175 on G- ootk for atel ey
it
£7°Cor oo Gote onweutsd svay 1ok
tnar

1570 6 ovr snde for aiate claan-up

State( SIATE Mtace )
Onenter
+G ur Che aate far scale ey

Enastatetactine

“The cxccution of our stace machie is rvightforsard, When It fin stars up. it
oters the firsescae (STATE_wandard and|crocuces the code unde oot Alter that,
the state cuachine micivcs update messages o caury gune ik and evecues the code
undar nepuata in che currene tate, If e cods riggers @ sate change, the onexis
code i automarically exevuted, che s is changed, and, il the O-Gnter sevtion
of che new stte is excramed

S far, e s e how all #his actually works, bt the suce s nave e 0
ik comiscent, radable, debuaggable, and tobuse stte duschines
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55 Level-GH-Datall Al for a Large Role-Playing Game a5

oo damage g e beginming of csch round based o che ikelicod of cach arck
succeding, At LOD 5. one <ould ampmaricaly resolve combat basad an 3 biasal
ol B imsicad aFspetading the tme fo actually computc which chasacer s sGIgST
The difcrencesin the challenie arings of each ereatare canld be st 10 bias ths o
.

"

T s el we descibec 4 e for mplecuenxing Al n ole-playing gems widh
onsands of sgenta. We sl shuwed a hiscan by fo dlassfyieg objecrs ioto leeleof- ‘
el e b w5 use rhisclssficarion > derecmio ehich algorithm w uso for s
esouesintensive actions, Areasthat o can exploic based an levelof el inchudes 4

- Processing frouency.

+ Palinding decl, specialy If you exuploy bieruschical wacong,
+ Pudfinding chiating.

+ Cambat rules and decall.

The actions and clsscacion (har we peesented focased an dicrre levelsof-
el Howessr, et graphics sessarch fscuses an various methuds of doing contin-
s Sevebofulicad, such as progresive meshes (Happedl. A comple of appronchies
o comrinusous LD weie considercd for MWL We experimented wich varyivg the
e sl deprh of the parhfinding scarch based on a coninuows LOD measutc such
o the discaner 10 che neasest layerh, but e raules were unsariactory in corpa-
<o 10 e discrece LOD systemn described in his aricle, We sl experimenced with 2
omtimuous 1LY sysicm for smoather intespolacion of processing frequency. sod
e 1 provide any additoon beoefic ver and abave whis s s wids oo discrete
LOD sysceam, W hope that your sxperiments are mre suecersul.

o Capeines Wyverm: How Camputst
Camé Developers Canfirence 2000 Pro-

resiigemdo] Brebimgon, Mok, T
e Con kgt oo Padfinig
i py. L9139, 2000

T e erucial Geomeric Modcl for Yisble Suchos Al
b Comminisons e ACH, Yo, 19, No 10, . 547551, 1976,

o e g Tongrosive Mhes Copir Graphi, Vol 30 {516
URATH 56 p O 108, 199,

CabhoDb] Lochle Dovid, D hesis, "View:Depend Sienpification of 4266
sl Bacroments” UNG. Deparmebt of Computce $ience Tchni-
T Report YR58-029, 1998
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of being able o model individual connections and toedback in a compact Fshion
Tree-based wepresentuions a1 eserved for foccfarmard neeworks. These b solu
o have Lhe advantage of being abls e eprestot dae steuccare of the. necserls ine
Sally. However,che mast appropriste cepessentation fs the simplese, hascd on areays
of . All the weighis of (L uctoeork ave sored saquentially in an acesy of genes,
There area v special genes camrspanding fo the sie of eac layer I these genss e
hanged,the doanding ofthe gerotspe will have 1 sl emove exera veights
acedsd

State-of-the-Art Genatic Algorithm
Th vrigieal population of genosyes is crestel andaroly, allowing good inicial cav-
crgge of the search space. bis populaiot s suored an 2 213 grid, which corresponds
0 orie NN per cell. This grid staps arennd in both mension, i« dunulike fish
ion, Each genoeyps is canverted to an NN and put through a rial e chrermine ius
inicil fmess value. The evelutivn process can o star. A el i seleceed ac cundora,
From which two stachasde vialks ors performed. Uhe two fuest individusk foned
alng ch. path willbe llowed to eproduce. The offipring’s ftness s ceahisced. and is
placed avide che cel cluses, Another coll 3 randlomly chosen. and the pross can
continuse undl a saisfcrory solution is found [Gruau93.. Scochastc hill limbing i
pertaemed an the sr af seights o ine.cume e soluuin, s GA ar aften ll-uiced to
s sk

T creae the offiping, wnforn crossaves & used ist, This tovolwes randomsty
copying genes fram hth. parens, with 4 probabilic of 0.6 and 0.4 vespectively
The: mucacion proces then sdds Gaussian nolss to cach gene. with a probaliliy 1
o401,

‘Aftor several genecasions, sorme sllls aght appear more frequently thao olhets,
Via crumes, dhve allles night stan o dominace the entiee populaion. therchy
extingunbiog ocher alcles. This candition is known a5 ensid ars, and can case p
mature comvergenze e 2 puboptinal solutcl, Increasing the musacion eate rates
moe diversiy, aknsing 3 ltesh sestare. Incresing the size o the population 3l
seduces s of an allle aking over

By escricting the selection uf e parsats 10 & ocal neighharhood, genede divee-
sty s maintained by inteoducing ftness ilands. These are s of e population
‘where gencric ende i sinrlr, and therefore close it sacch space. Cenecie drif s
prevemtee since thiss isbands uuly Incrace with athers in close proxisive This s
kown us caization, and allos prsservacion of a good seaeh space corerage.

T8 you need 2 quick evolution. aad doct miad suboptimal solutions,seduce the
e of e populatian. Select parcats randoinly amore, the elic, 1od replacy th easc
fit individuaks. Conseesdly, (ur berter qualiy solutions char ke longer 10 svalhe,
increase che populasion size. Atlawe ll inclividush 1o bucad bt wirh 3 bias for the
fircse, e replace cndvns suices, This malntains diverit, and does nounstans
discsnd unfit pasents that could porentially spoe icacl offpring,
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since sparse srucrures are excemely rare, NN should proferably b flly comnected
{specially che done ). Thiscotelf  amller mermary cverhead and alfows pare-
el proces

I th same pirr, recumrene el should alo be avoided, despic their capa-
bile. Simalation o feedbuck s il feraions,and fme would be betcr
spent simuluting mulipl fecd-forward nerworks. n sddition, ticie dependency on
e algrisscan be an exer eeason v shy wway o s solution.

Incecoul precivion in tl welghts and acrivarion unerin i aso 4 comtzoversial
fssue. Scandard policy is that amyrhing lesschan double precison is saciloge. Under-
anably, omee every aeher sape oFthe desiga is doluucly perfect, 64 bis il pro-
. the mot accunte esuls, However, I pracic, che cnmman siogle pe
fustis ot hun capibl in the conresr of rel-tiome pames, The added bonctt of
being able o simulne the NN at aver e che speed b 0¢ 10 be acglctod.

Final, o scrvatan o, use 3 nonlinga squacion o allow cluslcucion of
cormplex pattetus, Using derivable finerians il floe e back: propagation algo-
titha 1o perform gradicot dsczoe on th input vectos. Sigamoidal irs permis his

Avplications
The potenial ol such neural nerworks is quire encicing, hey ca spproximace any.
function [Sicgelmannd8], and a dhree-lager netvork can b succcssfully chassfy any
el separahle patterns [[aperc69]. These snaple capabiliis o » long weay i
expliielag e comoion mychs aboot NN, R, s ever, theory and pracios diverge
Sgcificandy. [Binm32 has chosen that trsining an NN i un NP ovuples slgorichen
sehich means it compleity increuses xpurentlally i the problem groves lioearl

Allhough conuconison san b applicd t many problems, obstinacy vl dow
o progess. In practice, use NN solutions where ectots e not ricica,where teain-
ing samples are sbundat or sy 10 find, and where paerns in che data can b
expused.

The savisanonenn can be delinad 35 the ploce whese the NN willpafom st
This cancept in o s sventialfor patern secogaion s for rborle comeroles, bue

many techoiques ase cumuon to bath approsehes. The impartnce of 3 correct 2p-
sesontarion night sccm obvious, hue peverdheles. s i e sy tessan for aled
anplcation.

Interface
Tl ntexfuvr defies the erall behavior of he NN by specifing both s upuis and
s outputs. The ingure vocrar can he considzral » eatuee et Fos patern ecogaicion,
the aurputs comespand to the prubability of the Lupus being in that cicsgory. Wich
sobuties conueless, each Ipuc e coressponds 10 asensor, whicls can ctuen dis-
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ot che oumbee 4. Meamwbile, fl of the cssuares i dhe s anes conain the
umber 5, 10 repeesent that hey-areat the lowest level-of decail csification.

Fach of hese level s ey o detece via mechanics cha ar alvedy et up wichin
e gume eagine. For sxample, el creatare ot jus the PG seonpts o do 2 i
bily chusk o il cacaes withion 30 nuctes of il and it s sraightrwad ©
dersrenine if any of those nearby crearurse are s, Each area hasaseipri vt that
s whin # PC v v o s e oo s e area (whedes iLis by con
nccing 1o e game, peifouming an ate2 eansicon, ot discanncciing fram the game).
Thas, deermining and maincaining which areas have PCs a then s ey, Al ead
actioms g ehrough a singie function. This i bencficiel, as it eans theze i only one
spot 0 check i the cicaws s aacking 3 PC and, bines, romating fhe acacking
creatute e the secon highss level of prioc

Lovel-Ot-Detall ¢

icat

There are five bevehof detal (LOD) clasifications thae deteemine update frequency
alaccoe

Which Craaturo Gots the Hoxt Time Slica?

The percived imeligence of a cramars i songly cornlated o i reation ci in
specfc siwatians. Yo cxample, & caeatuee s s 0 o 0 cave sl 3 g
PC docs no scem a5 incalgent a 2 crcacuns thar ey follows the PC a5
sues v s, he ive LOD casierians should i the update oy
ol 0 et e equied level of ety or il

I NV, cach ofthecreacuss i laced on on ofch s . Afer e bave cr-
orized all Al ahiece o 0 one ofthe e s  funcion then determioes who pets
e e . T KT, e Touael that (e e s bl 5.2 work ol
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Implementing s Challenge

Saction 10_eripting
blocls. A seaemens that il e posiion or oientadon of th cuers an vl
i o il canora block, provenring moee than one proess from atcmpting
conral the camer simuluanzously. Prosses bt ful g access @ esource o
madcally block nncil the resoute is feed. Similrl, 1he ¢iazopue block manages
30668 10 speesh cesaees, preventing twa consersazions from overlapping, il che
Sinemn blnck has due combiaed effcr of both ¢ uzaLugus and samers blocks with
e addliconl efec ofniating 4 widesereen disply:

The unti excepien can he nsot withn any block of secemencs inclodig lf of
i Flow cantrol blucks previously disussed 1wl a the wprlevel,sriptoride block.
The buuly of the cxceprion is exscuced whenever is conditions aec satsfied, cusing
crucurion ofthe blcl  emminase. Fuccpuiats e i cay for che game cesignrs 16
bandle unforeseen chcustanes. For exampl, in Listing 19.5.1, an until xccprion
i5 sl 10 prcform an acion shenever the s healeh hecomnes s e r equal €0
7. The game dasigoer ed nos wory abunt Ex o why dhe coe s o healds, o
precisey hen his oocue i the oap. ¢ migh be that the cone s lled in 7 com-
pleely uianticipated sy, Rather thar having e ke nimctous uulely bypothetical
simarions ioto acoount, he pame desgnes noul only focen on faily gencral possibill
iesand deal wirh them scoudingl, with the sl that cnespreted events re har
diod approprialy

Creating » vionatic sequence using 3 gasu engine is not dissimilar 1o cieaing &
short flm. lodcod, modeen computer game tcchnolagy his given ris to Mackinin,
the wreativn of realtime scudered mavies osing gamelikc sugines [Hancock00,
Insicad nf cciuventiog cechmiques used i i, we cun apply mose filon producton
mechods ta games, includig soryharding and scipt sriring

Wit Challenge scripts was urgel  tschaical posircn, cgardlss of the fact
chat s ik 1 chiak st 2 quasi-Finglish prograuning kangusge wonld be accaccive
w wontechoicl game designers, Ouc game designors were sy concesned with cre-
aring the underying Iogie of 3 Cldlenge, chongh thass with expericnee i flen pro-
ducrion did vork o dhe cinemaic soquences. All sripts had o pase qualicy assuraice
o tevms of funcrionaliy befoce being polished by skilld designer

Listig 10.5.2 canrsins o owplete cinemaric sequence fon the La Brotber
Challengs, with oicor i or clariy, Mose cinetnatic sequences wers of his kisgdh
ot shorten, & scroenshot of the final cioemaric sequenos I sction s shewen in Tigore
1051,

Deuslopmont Emviranment
‘The Chsllenge programaing usguge compiler sas incgeaed into the Visual Sl
devclopment eaviconmenr. Game designers could weie sriprs, complete wits syatax
highlighting, and coimpile chem ar the touch ol s butewn. Vil Stadio also high
Tighied the portion af the seript where symtas errors oovued during complarian.
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Learning Overview

U purpose of g s 0 el e il ndom weighes with 3 s optimal

Supernia fourning it NI by providiag 2 desited ougne for each input vector.
This is the casc with back-prapagarion, ane among, ather forms of training. The
beaucy of this approach is b able w rain nevsocks oulin s wellasoffline. Tl
evet, aoquitivg Uhe dara to us: 0 waining Is an imporan process, aod fuc games,
there aic 3 fexe prians.

Integactive traiming perit i i plyer  superice he saraing proces. &
custom nvcficecan all b o comet he anmpue of the NN, theecy
producing the trainin saple dicecl. Altsmatiel; he can confirm the
cortecnes o he rsul, i which cise,the desied nrpot isderermined hy
Incsang vlucs of shermae soloions. Opriansl
perfoen th inpendens supervision of e twais.

Beluvior closiag;allos the NN o minic hormaus, [ this case. cheplayes acts
“withane dicehy soreing hone theaning, Al proces i dhasgod wid
monitoring the buman's actians, wlike sociaiag e wid 2 input e
This s die st delicate process, wich e scloon and reaceon dene being
o of th bigger piclls: whar factors e aken oo acoune,wn when did
they inflaencs the dechion? The ke is w intrudune he Lotion ofsat, aking
s perstent s posible.

Fiardecoded companentscan b be reproduced i ondet w prvide iniial waioing
of a adapive N, or b cotabiar aualphs (unctons, Tn his case,Forml rles
are needed o spi he input space smong she various componeaws L
raining e, he efies iput space needs o be epresented. ot oely comman
game siruations. Randomn selction o e el sutges proides 3
Satisfactory disibation.

sutoonated Uicead can

Unsupervised Learning
With gt Gruing, o divct fodback is nocdod o che NI o lear, s tain-
ing cxamplcs axc ot requieed. [n 1he cases we are interested in, s s aleve by
ing;che NN a5 past of 3 highee lvel earing scheme,

Reinfascemenc earning aprs 1 Jsm the opira) mappins e s o
acrion. An NI cam learn chis mspping, given  Spheseniaon of che stace a5
imputvectoewad e probabily of soch actios as an owrpnc secor. The online
appucach i prefered,sine mulipl orations s requied. S [Bllad] for
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U learning, ‘Lhio b done pantly by prepacessing the data during mainiag and
simlaion:

Shuple facures can be annhined it compound features that are more relevant
Commeondy used cechmigucs inchude mathemarical eguations [e.g. comparing,
<abus wing rheie racio} and comylen algovichras feg, extracting the averngs
ol af an mage)

‘Syrmetry removal allows sou o fednce the auenbr o sicuations chat e NN
‘s Ll This i donc by mupping undesired parts of the seatch space oo

imple st befors Lhe sizomlacivn can dercrmine if the
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quickly peecomples wud vt of ool Tdsally, AT gsees should alovs designers and
proguanimers to do complo chings with simple panss pans thit e casy to compre.
heind, e, dshug, and maiotain, Smple pates have 3 berr chance of survivi the
insitable code chages e 15 the game design evalves. Furthermore, simple
s will be wore enaininabie by ochee peuple i i od shenld changs hands, or
Tive o 1o arher projecrs.

Lmagine you s Lsked witlexcaring » finire-srate roachine for agens i an action:
am. Tho ageus arcin a pasive sate when che playet s nat n sgh, and in  com-
Baive state ance the playee curnes close cnough. The previous scatement coukd be.
transdued it o Gieealy nve n 14l seace snd an Actack sace, It agencs rs o
have any varicry o thei behavior, these sutes will quickly et bloased with complex.
cade. A better approsch would be o creatc ot af simple. general-pucpose, eeusable
states. Far exampl, Instead of Arcack chere could be scaes for Chase, FircWeapan,
Recteas, and CallRcinforsements, Soie of dbese small scares migh be zeasable ie

are liuple cnough e diagnase shonld 3 problenn atic

Al could use the Chas stace o fllow the Playes in a cosperative siuation. Chase

ould b seplaced with a rmare penessl GoTo aate that lnply vilks or runs an agemt

10 <oms specified position. Tip #6 goss inco more dessl on suce re dirongh
arcbies,

ather sicuscions. Al of e

Step Ui to come up et the nest grear Al sysrem. Seep 2 i not inplesncanacion! On
papes, it 2 outline of the code, a rugh drall of soone saple daca file, a0 some.
Skcches o scemarior an syt ight encounter (prograramer ar will sufie) Prscat
chis draft o o denfgness wh il be crearing enntent with the new Al ystem. Once.
e syscen dosign has made it cheagh L sevicw pincess, many of the aversights
il e resobved ere any core i weltten. This willalkow for 4 semoutler baplemen
Ltiun, and will provide 3 mare s ysteen. Keep thest soenatlo skerches fr wse
as documcnation of how che systson works, d revies: and update them e sys-
cem changes. Desigoess can zelerance the skerches o lear o e the AT sysem more
slleuindy.

mpute Nav
Weitng code o soabls an agent 1@ navigars around a 31 envirorment i€ Gificuls
problean Jor acidemirs, The problem is much cair to sobv for game develupers,
becanse we are llowed ta cheat! While i s marhemarically passible o caculace paths
aroand the sutruunding peomieuy. i can be computationally eapensive. Inseead, use
precotapuiod packfinding dara that i insisble 1o the playes, and allows agenis ©
cheaply navigare whezsver does aeed U

At a Jow level. physics sysans calelase enllisis by cluelng o incetsections
betsscet s, o, o sphere vieh che rest of the geosactry of the warld. It is capen
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Taner zone: Clange the ageats y roratinn depeding on its sprei, and change its
specl depending om it angte. The exact macane of the formulac fo thise chunges
etauings rhe Look of s swaress uvement seound i taiger. A< an xample:

if (agont sspesd & 0x11

g yrat - SALAL_AHG.E;

agantosyry, © SEINL_AGLE;
oyt ~apend < 88 - (gbatanale] >2 101

This cancludes the basic swam srering code, However, it vill also he necematy
10 caery o simple collson dercerion witk the cavironmen and gor the ageots 1>
buance offor climb walls, and 10 llif ey drop from a high place. The deails of this
will depend a greac deal an che wey in which the e would s represcied, bt 20
cample s given in the core at tho end of chis chaprer (Listing 4631

et unlikely cha playes wil be bl to shoot Individual agenes in the s, Apare
o the lenggh o tione this wild tke fand the unlcsibiiy of che sk, i is lely
to wreak v, with the tasgisg,algarithen 1@ bave to check Lundreds of potencial
targees, T the sersinn of Lhe algorithen given here, agents are mack inastive when
Ui {ime- reaches 4 predotermined value or ¥ they aee lling tow fus. {1his stops
agents deogpiu, Thinugh” o Jev). envever, depending an e crcanes dhae arc
being represented, dhete arc many ocher starions o which yon mighe vanr w
st he eresaane (b making it mivel  cause i 10 ll by st 15 tiner 1o 2
approprste vau, o nstaner, 4 swarm of bees might he destsoped i t comes wihin
e of a Aaming rorehs hold by the playes or the swara ighr fle if e player
becomes complescly submerged in wac.

‘Ao sare earles alehough Reyrolds” Rocking algoriduns are peclsct for smll nuon-
bers of creatuiss. sozring behaviare cm becooue vory capemise whon the lock s Lrge
o the cmyironmen i camples. This articl dsailed a pracien alceraative for sieus-
s in hich hurreds of sgrans need 10 be conuefled. Swatms can be wed in 2
vasiy ol ways: for background effeces. fur nalsanos value ve 3 par af u pusel, or
simply a5 deadly eneny. For puse dranaric efect, there are fow ings to compare
with the appearance of o swan of hundeeds of separate entites bohavin; i a0
argusic and ery threatening mannc
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FIURE 8.6.1 V1 NPC hares th player baras be found st she player ¥illed amosher
andi e i s ey Reprsasion Fvenss 92 aved 13,

Figare .61 shows how: the NPCs o the Reputation Event.

Whetsche Reperarion Event i creareds the tepucacon syrem add i compact
cented wcond, called the Master Excr List, and a0 event anuouncer modfics all wit-
e DG of the evews. The Mastor Evene Lis contains all impartant actious thrt
v been sicnesed by NI'Cs, scored 222 it of Reptatian et

Euch ('C b » Long-Torm Memrz, which i a lis o all e eeferences co any
cvents m i Maseee Excnr List that the NPC disecly witncssed o ndicsdl heard
shon.

"Each NUC susees s opinion of the player in a Repuatin Tabie. [ Reputation
Tublo e i af groupe. inclading a group forche player, aad (he INPCs curzet pin-
{on of mcmbers of cach group- Wheuceer an NI bevomes avars of a Repricion
Bvent, the seputarion effocs of e cvent is applisd 10 she NPCY Reputarion ‘Tl
upding s urrens apivion of the playe. The opivians an NPC has of otker NI
et scc sl sored in dhe Reputation [3ble, bt i s implemertation, hey do
st changs.

T addicion tisdcse data surocrutes, che systei requircs 2 medns for disigasts to
pecfy tomplhtes for diffren Repuuation Events d associate ther wil the NPCe
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Conclusion

Antickpating Undefined Gircumetances
The Challonge VI was designed fo satify e quivemne chat Challenges night he
imiciated and compled atthe player’ own pace."His gave the player the freedom 16
hegin  Challonge, anly to becutue diseracead by sorue other rsk. With the phyees
Ceruats wanderin arouad the game sorld, Lebsving autonomously. this lesibiey
could resul i uesiabls consequences.

For sxampl, in the Lout Brudher Challenge. i e Cocaone came upon the il
Lot and decided e eat him while the playet was performing soro tak in 3 fa
amay region of e game. word. it would be unveasonable for & Challene sipt 10
ake conal and inieiace 40 sppicgice Lose Brother cincmari ssquence, We daale
with this problem by tiggcsing cinemutic sequences only s 2 cusaquence of che
playeds diret Interacrion, resuleng i lnuscased player eajuyement and ke frustsation.
“The autonomous hehavior of Acars s deliheraely hepe 0 a muinimi, &5 nas the
tutctaction herween Agens i Accoes, meaning. that she Creature sinply will not
interaer with lbjeccs under the cuntaal ol a scripe vnless instruceed 10 do s by the
player

Ooher sivunions ars vven mors problemale, Inagiec s che plager unleashed «
devasucing (rcball roward che yians other a the very soain rhat the cinemiatic
e shown in Lisiog 10.5.1 bogins. he brotlet is 1 vial player s s soqoence.
and the frct that e forest avand him s sbhze should he ieclevant, We deale il
his itaation by making ol Actaze indestruceible in oi-oma bscks, (aving, the brother
o0 s o deach immedistely afcr the sequenee concludes. The face st cinemacic
sequences guacantee certan condicons alleviaced the domands on the game desguers.

ey uaprudiciabl. (n our case.
e chie o inplement a custots programming laugutgs co enable the dulopment
of oy 1ched rcipts, athvnigh you ighe an o consider the benelis af sing an
established Yangige such s Java, s wed in Vompir: 1he Masquoradi—Hedmtion.
Althoagh geaphical scripe aurhoring ook e aesceve to gams degnees e enca
e you bl these wols on cop af 2 strong lowndation. Dsigning your seripri
e from the grown up might be arduous, but i will yield L n che end.

Uking aus vpe of progesmning lingosge fo e cinemaric sequences &nd
nceraceve Challenyes densands 2 subsesotial quanticy o logic prograsausing. Desipn:
ng yrun gare o be symnpatheric to sexipting san lleviate s burfen. A scriptng 35-
inegraces varions componcas of a game esgethier, and can cherefors be of great
Lenehic in uncovering bugs in the.
impleentation of 2 crpring, engiaé carly in the developtment ayele. Luusely covp-
Jimg the sexipting sngice widk tle gane, perhaps via aw bstacred APL sesuls i 3
suliton thaeis obust 1o & onstacrly changig game engine, and independent uf s
implementation.

Tr e bl co add & stotgline 0 4 s thac i in

e code, Fr this reasom, we scammend the
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over-fitting, W selecting the neuron count, he sie of the search space is onfy 2
secnndary factor, sins prior knuwledge can be intormalised by the necwork. A good
place Lo art for the nmmber of neucons in the bidden layst is owice che ausmber ol
inpucs.

For eunlsion of obotics conetollers, hings an: dificc, Sice the Btnest erials
process many west cases, pencealicauion s somewhat lss of an immediate godl, The
iV sell be o or s capable of gencralzing, s o a the solution iscanmveigod 1o
widhin the rearch spacc, I his case, we do o i aurschscs w trve Layers using
e munber of snallr lagoes bas  beneficial influcnce on the croludon, Afer
man discussions wih leading academics, i scems hat propertiss of the cvariaas
in sach strocrires allows thein 1o compuce enore complex Functions, Practically, we.
wstaly suase with four Lapes, each wits dushle the nomber of npucs, We ty to
void input cots ahove fve,sinc <volution Lianes quicly become incomscnion for
develapment.

Foadback
Focdhack s au itsinsic peoperty of seutrent NN. For reboric contrflrs, s can be
a highy desiable propety,since it provides the actwork with & semse of saee, This
llows, the nework o perform ks on & purely resctive basis, A more hurilike
behavior can thesehy be modeld by penalizing abrupt movemear. Teod-forvatd NN
can achicve s by using the awipus o e previncs svpelation s 3 sddivional inpic

Wodutarity
Modularity i a gaod idea for NN developunenc as wirh any orher compuner seence
problom, Tn parccular, muldiple sl sttctuzes will outweigh ane big ans duc 1
e reduction of the scarch space sice. Combining chem remais the unly problem.

There lus e mauch resenech ineo s problens, onably o sl wnder- and over.

firing [Sharkey99". Tn such componenc-based systes, it 3 often best o combine.
NN with ocher han-coded curmponens. For example, given a deliberaive parhfind-
i algoritlin tha et the desired heading and an NN osod for scactve obstscle
avoidance, the cwo angles can b combinod st 3 secund netwark. It would decide
the Final hending given high-level fuccues sach a5 mprtince and urgency.

Autamated Destgn
Ihers have besn u few genuine ariompts 1o sutwmnate the desgn process, bt most
have heen based i GA. [Gruas9S] uses cellulr encoding o repeesent the NN 25 3
provedurad entity, which provides tuululariy. L-Syxeems have also been applied
ereans troe-based necwork representacions [Boees92]. Search space smanthncss s the
majar problcrn here, as any type of mructural mutation will case sudden changes in
the Tuckss. "The GiA i thorcby nae placed under el working conditions. Howeves,
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Cmee you have v robo stte maling pout e abjecrs can ntaotia it sl
rusics logic. Lo dlician, chere is norhing thar rechudes n AT ey from owning ser-
ot dilfeent st ousclines st ime, o swapping ther in and vt asneces change

You'l find the fully implomenred Satc Machine Language o the CD-EOM,
Thee e much code. s0 run e in the debmgger and sep thrangh ra cxaming how
everyhing vorks. Rt you s of s ey o bl you g oo i simple s
machine, consider the mors complicated fore of the Stacs Machins Languisge, 1 pr-
sented In th nest aricle. Youa will find boh vecsions on the accnmpanying C-ROM.

Conclusian

Saui poph il cide s ouff when asing macro fr 3 pugase such as hi, b
thebenefir o e a deign hovs 1 be considetd, ThisSete Machins Luogusge oo
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+ el bl
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e devclopment wams afion create scriping Lingus
[Thcrs are b o ractientions or ths.

for developing AL

- Parallel developient, Game desigares nced away co desigu the various compo:
encs o e s without hasing o depend on projrammers o impleane cvery
e design feaeure. Scriping l1ngnges can allow designers co Jmplemen new
feaec and emake changes indeperalealy of the programoning wim.

+ Ease of use, tiame dedghers i mose stadios we not parcicalady wchically
adept. I¢s ot reasonable 6 sk your ceams desfgners o do wha thcy necd 1 do
oy wriing cude, parccolarly when wwast. of them ko Lk or neching sbour
progranuning, Scripting lunguags sl acempt 10 provide a simpler, mor
rotectod dovelupment cuwiranmaca than s profesionl propramiing linguage.

- Thata-driven design, 165 wsnaly consleted bad form 1o wse o 10 develop logis
specifc w # parmindar Level i the pame. This males e code lss renableand
cenlead e code blaat Many programmens el tar anything speciic o th. igic
o' cerrain part ol Uhe game should be dats, nox cude. As sripring languages a
wualy nterprored,chey cau b tgared as data dhat s separare from coe codobare.

+ Rapid desclopmet. I thcory: since & wripting language i sisuplor and givss s
s e opportuniy Far erors, e can allo s sers L L cnore procuctive dan
ey could be with a gensral-puspose programiaios nguag:.

- Sy, Masr garme scipting nguages ace tesgrered, s chey can be executed in
« provected envisoncne. This allows the game evecuible w provent fual ercors
in e cbing e A v he uilinding serip will simply be:
bl

+ Bxoensibility, Thores ofeen 3 newl Lo allose your game's user sommaniy
extend the Al, The vasivun “bors” rbar fave become popular il & aumber of
Listeperson shoocess a1c a gond exaraple of his. Howevss, the. broader “mod
conmanity” sl o fack e hand v programeniogs sils of the g idusery
clite, and you messd o pruvide your oty with raols o eatend the game
witbour damping yous susire game’s curebaic an them. 4 perlect ample s
Cnpealsrips, provided as part of Epic Games' Coreal nging to allow exicisive
spport ot cusromizarion, iucluding customizable AL
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Figo {rougllyy towards it
T Tabadz) 4 apadn) > SHAPINGE
0
incresse speed to tae maxiaun 107 this sreatire
Dies eueh cresturs & suigntly different ruxitun
i{a0ma nara by & tne indsi aitn xIf}

1 ggens-espend < 24+ 14 19
Sgont Sapenars

54 1a0sangla) = AGENT_LCOK AVGLE)
[
{1vary tne stearicy saen cycle mars organic
eioyra 4 falabal_counte - 4] 7 57

eia it (orpie < 0]
4enc oyrot -~ FGENT_TUR SPEED<<1;
ase

T

AGENT WURN_SPEFT<ct 5

oL
715 the torget is roughly within & short range.
Fiswird arouna 1t

0
i ogant-rspoca 3 0x1)
Syt syrot = AGTH_ RN SPEED:
gent oL - - ULHT_TURY SPEED;
1iplny arn.nd wit- the mmbsrs zn this rext Lite
1770 ot 8 waristy of different bshaviars
oo Sapas - 43 - tabstangle} > 10%
’

Trand of steerang

W = Floorreigh20ant -1 p03,agent-2y_003,336"E-2_FOR1

5 (h ¢ agenr-mypus  AGENT_VAE_STIT I
T1F the agenl 3 nc gOSLEISN aGULI e fuck Higner
{than s Euren: Fositio, baunce 3t off the wall
by, resstrarg its besition and changing its snale

11f tho agent hits & wAll while it's flzain,

HiRsctavats it. This looks fins with swell crcatures
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85 implomanting a Stato Machino Language

newerotatats = o navestate;

1iLst toe nen srace initialize
Statost EVENT Enter, n cunrontsTats b

B
)
soad Statochine: SutState] unsiyied int nesstate )

h
_sttathmga = trus
talata < norstate;

1

Tisting 6:5.3 shorss che sicaplicity of this Stre Macline Tanguage. When the
sace, muckine is firse iitilived in the gavs, it calls the prazass function wilh
the argumont £4<NT_Entar, Then, <very game duk the “rocass fancsion b called
ih the argurmeor FVEN1_updste,

To wisger a srate clinge in chis Lunguags, he Function settzatu in Listing 6.5.3
is called foorm vithin the acrusl stte machine. Sutstal e queues & sure change chat
i dhan handied by rhe while loop insids the Process function. Widiin the while
Toop. EVENT Ex3 is st Lo the curren stcs sa that ie can xccure aay cleanop eode.

Uhem,the carrent state i offcally cLanged and EVENT_Foeris imally sene o the new

“The putpasc.f the while Yoop i to process all succassive stne changes within che
curcent. game ek, I or som eeuson che rste maclne wess designed hodly and Hip-
Hops nfiicely benecen scses, the while oop willcarch s bug and sseut, This i
another fearure of the uiguage chat helps provide rabustncs.

Flavin s the Seae Machisc Langage, you righe be wondsing Low s it cteally
integeatod wirhin u ganuc, The infcustracsare Fo the stare mackine is held wilin the
base class Seatobaonine chat enforses a single wircual Funutlon named States. For
cxample, 10 <reate @ robot stare machine, 2 new dass Rovot cun L derived from
Statauaontna a i e following code:

class Aot ¢ pUDLIC StataMachine
¢
Pt

Rawor void ; [

“hobotg veid ) 02

private:

TiFisl ono: Staleal Ststacninsevent guant, ant state )3
{5 Pul pravate robel spectfic varisbles hers

I stase machine for e robot s then pus inside the §1ates virrual fomerion. 25
i L following cod:
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Reputation Evant

Soctlon & _FRS, RTS, and APG A1

ehat will v thenw, ¢ also toquies hat esch NI'C an the player have an assaciated
groug, and thar cach NIPCin che game has 2 unlque [0 shat can be suoeed conpacdy:

The following sevcions tcscilbe che Fvene Lemplate. Reputation Even, Mastcr
Even Lis, and Long-Toem Memory in more deal

‘e Event Teanplaces avssratic data structures it score informarion shurt eveey pos
bl cven in the game, They stors de ver (For cxample, DidViolenceTo), e mag-
mitude for example, 2 tisgaitade of 75 for 4 Did¥iolenceTo evont means Killed,
whik 10 sight mean PoincedGanae), and the repuation cfeees of the eveat, The
sspusaian effirs inicate Low NPCs i spovifid groups should react 10 the fnforma-
. Fot exasmple, I the player kil a bandit, buulis should take che information
Ladly and e should he overjuge. Th Escan Template does nat scoce the subject
eroup. ohicce gronup.or abject individual, because this information i dynanically se-
ared dusing guocplay.

e 36,1 s the Ropuraion Ev, the b buidin block of the eeputaion

Table 06,4 Bxamplo of 8 Reputation Event
B

o O -
P ETr—T -

[ —

[y T -

Fhee 565, 36 Tt oo

i g e

Tonpli Wl e

Rutinaoe Goumn R y 1 NP
Reputon Ee B bt plye e
Lwmvn ke g o
Furtun Hheplye more

1 he Reputatian Event is an instance of che lass ATEvs-+, The lass Alevent con-

L the ellowieg:

+ A compact event 11 {un iostamce of the lass e 110) hat cvotans the group o
which the subject belongs, the verb, e group w which the objecs belongs, and
am obijec individual 1T for vhe obiect. Each NEC rmse have 1 wnigue ubject
ndivichaa 10 across ll e evel of the garms, 10 prevene NOCs makig incostect
assumprions shout who did what co shom.
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1110 The Dark Artof Neural Networks. a1

[Rimiller93] Ricchmiller, M. and Braun, 11, “4 Diresz Adaprive Mochod fur Faster
Backpropagation Lesrring: The RPROP Alporichr. - Proceudings of the 1CNN,
1993,

[Shukes9 Sharkes, A. ). ., Combjning rtificial Newrsd Net: Bterrble and Hodu-
ar Malsi-Nes Syems Lopdos: Springer, 1999,

Sicgelmann8] Sicgelowumn, H. T, Newrd Networks and dnalog Compuation:
Bepond it Liring Lomit, Toston: Biskhauser, 1995,

I¥act3] Yun. X., “4 Review of Evalusionary Asificisl Neural Nerworks,” Tncess-
comal Tonrnal of Tneligens Syscemns 8, 1993,
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Soction & _Ganers!

oo gashun then % rumbome
Woom o gecemorsll voundel  ten 2 die

s yor can s ehese rules e highly abstracted rom whut i eally going om fn
e sysiein. To see” 4n eneeny, 2 non-player chaserst (NPC) might do sumething
Tk check distance, line of sighe, and viewing angle for encmiss in the vicinics: The
poeudo-code sould ook samahing lke:

For a1 ononiss dn tha visinity
5 <he a-amy within ny S_ant ranger
L5 the enany w1131 oy viseing angls?
§F 2 Lino-of 3igat ray so" ragen tra sneny
rutun falet

The real code sould aceupy emare lines and sculd Invalve sugport fanctions for
prosimicy cesing, vieswing angle celulations, ind line-of-sight resting, As yo can se.
‘ot vould easty Lose sight af the big picue, e bekavior, whee geteing down o che
niery-gritey of the Al Guds for juse ore of the NPC funcrions. One of the pusposes
o dhe rale is o hide the detalls of whatis going on in the Al supporr s, and
allow e developes t coneentrate an che ovcrallboliavior L fct,the ansscedens and.
acrion narrions ofa rule v be functiuns:

¥ setinamO then % chuneEueyl)
Fox cucheTnomyt) Gen ko punchnemyl
5 o den  n poHome)
B momlyWowdd§  ten R de)

where 2 sauld b a NP and the fomeons could be merhads of thar NP chs,
The ude could be in n updsee function eallo for every g pdre. 1F the
antecedont funciton recumsd tmoe, chen rhe action futon would be calld and
the action would be peifimed foe that update. he code aonild e lkc

veid WD supdats )

i
¢ ssnsreeents | cargEnny();
§ otclestrony(s ¢ puncnCremyiy
i tiradt) | FesLiy;
i ey g aehons s

LR AT IM—G i
1

What o e it previows codk e ruls that hide the conupleity of the sl
sy, che loe-level sytces chat s souad, marion, snievrion, nd 5o forh
Rules of s trpe ae ok, hut s implosncacation brings to lighe some problems
with e One o e problsms is orderiog, Which e i the ot ngonant?
Whic s e lsst? You comld searrange thea i o of imparcance and pus 156
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Ray-Testing

Sestiona_FPS, RTS, and RPG &1

wornaalie it muliply i by the sise of e abjects coflsion i, and sutte i 10
degnees o sighe s chat it faces e ither ide ul e tanget objec. a scem From chs
ALY paint of vicw, We can uow deermine the sorld-space values that eepresent the
top and horam of the argets collivon eplinder and ase rhis e cercening th bugin-
eing, and cad ol e ines

i this poin, all we azed wu do i andomly pick a polnt somewhete on eiher of
e e lmes €0 find  candicht fon at s poine that will mis che varge, This s s
simple o ieldong a random height 1alue somewbere between the cup and botram of
the crlindr,

Regrles buny we ecid  slecr an aint pola, and regadless of whecher v dcid.
o it miss, €5 imporeant 1o tes th projecrlet esiocrany belore we pul s tigger.
I che chas of barl, che line-of L will quite ufien e blocked—by the rersin. by &
all, by an inaniste wbiect, by anorher cnemny, o by woe of our alles,

Fiury game engine provies same sort of ay-texcing functivn dhse llows you o
race aray chronigh the sarld, Yo w worldspace coardinate for dhe origin, plus
a vectot 10 indicate he diection 10 e from dhe arigin, and the Fanction el ive
you o poinner oo the fint objece the ray nterseces, ar NULL If 11 dorset imtervct
aupding,

It good idea 10 feraively res some numbet of potendial s poines wsing this
agtesting funerian. Kiup st u o pechaps 3 halelaren paines a1 rudorm unil
you iod on char works. This via the AL vl ull e shls o hir iestrgee cven € ics
panty hidden behind un obsrack. s ab important o cated he lengeh of he rey ax
For a5 the projoseil will acclly eavel to ensure chat goue AL ci scetcacly anessthe
resuls,

s particulary imprytan o asoid ieadly fire incidenrs. Lyon in nuany et
ganes, AL ppancrs an the sae side complecely ignore on anarher i combat,
Many ganrs Luve experienced watching, Als 1 the far of the zoom uniotentionally
ent e eheir buckdis s the o saks,

Granted. in some cass, his rlghe be the behavior you veant, b ies becea Lo
ki the appruach f making AFs toa comprrent o beit wids, wnd che dumbing
them domn as nooded. L ay cuse, e bave et 10 hear any compurer game chasscter
verbally acknowledge: ehe Fac that u just knocked off i comirads wirh 1 12-gauge
shorgun,

Ray-tescing caculacions ca s grealy st Al manenvering and tcrics n cor
bt When an A1 discorerschat one of s taepted ines-of i inersscrs a scrionry
iendly unit o wall. dhats a good indicacion that ies in 4 bed spoc anxd st pick
2 acse poin 0 movE 0 i 16 ot aiready moving somehere, Alittadvel, i aight
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Section 10 Seripting

Lo begin wih, and thon rexeritren in compiled farm i i is derermined they ace toa
show: This technique Leaves many functions exposel for nuvices to leam frumm, espe
cially i che early stages of development when the novicts neod 3 many examplos 5
Chey can g, Tarerin development, a3 mare library incrions are aprimized, userswill
have cade of their om0 draw on for examples.

Documentation
s meuivtuad calics, docunacntaion is s gaod. bu can he o mived Blesing.
ows do you organize a eference docuenzar s hat movices can caly (nd the infor-
maion they need? What information s actually helpl?

T the provions secion, Fundamentat it was sraed hat wsing fimeions insesad
of anguage symere feoraes maks a seripting anguage easer 1 pick up. This agu:
et works for documeneation 2 vell

"When « scr issearching o 1 nguage farors, dcumenition thar consiesof 3
targe mumbee of funcrians reads mnch fke 1 dieranary. I simly becones a ls of
words an definitiom. Mot uses can navigat this type of refeeence casily

Tanguage feaures char are nar Finerion names, snch a5 symbets chr repres
certain aperarions, an: much moee difflt 10 dovument, und ulu ks more il
el foe e wer 10 ok wp. Teke, for cxaunple, a languags foare that uses the °5'
g c0 dostring opctacions. Wih this fearee €9 user waers to fid au hows co upy
2 sring, he mastd 3 eord sarch for serng” a0d “copy”. This will help him find the
igh seion s, destribes how 10 we i °$” fawae couerly to copy sings. On
e orher hand, ifthe wser i eading some undocimentd code that uses che ¥ fa-
e, inding, o wht this code i doin; by lonking in the referencs document s 2
mac mote dilcadt k. Wit docs s et scarch fae Fhere does e leale Tle s
o scan the cntins S sscrion to find 1 xampie tharresemblesthe code hels
2o then work backovard t undecscand what i happeniog, 1  function wers used
s is g suepy, the e would simply have  Ioak fr she Rancrian name in
the documzneion.

Once the documented informaron s sasy 10 fiud, it must be relevans, Code
xamples e the best wy 10 maks someching, wlevant 1 & novies, 15 they show
xacrly the symere and a camenon nse of the netian {or fereure being Toked up, Tn
additon, examles ke the urer from needing e ook up aophing el s che
xample usually contans enough information for e usct 1o use the finction.

Sample Code
Alang wish good documentation, wel-commentsd sample code can g fr t jump-
s v proggannsncss, Inplasnenters 0ced to 5 the sripring bangriage o ensure
Shag it is eady for the designers m begin asing, This s bese done by wewually i
plemening ol i ch g, s 4 s e apgoni o3
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Why Do Thoy Work?
There i 3 marhemarical proaf of the gecetic sgoritis validiry. Soc Whirleyd4] for
the decals,

Cass Study: Evolving Tro!
T lhtrae e gl iy desrbed, we sl o ol 3 ol o
ey oo plaing emrmeent.

Modellng the Troll
O el job it st as oy sheep and Kl as mary beld adventurersus pusiblc
ikt g gusomsly dimembered el Lo o this, we will e the ol fsc
el fom schich  choos atevery e of e sinulaiows &t 3 sheep, il a knight,
e sorces of damage. el a0d enploe che world.

X gl liklinand of being sclsred depends on gume world conditives, For
cusrople. ol is more ey w putse e “ea” goal i I bastt caghe 2 sheep in a
Yo time, whil 0 will prefr o heal i safs v rcher i wiehin g aoge of s
o e Toch g i b s i  siogfe famation ioplescaning a s
bl sty s, i e oll waots o s, i il e ook or e close cnough o
b ponced un i siogle . 1t fods une,grsa: i nos. 5 il march toward the
oses shep on the

“The tolfs genoeype will ot welhs) assockred wich exch gl
Each weight, cepteseted a  foaingepoiat rumber herween 0 and 1. will be
plcd by a goals curene deiahilie:

The Emvironment

O tslls live 6 2 30 30 squate workd; cach squarsan the grid mighi cuniao iy
s oFthess it

+ Safe havens: Safe for wall, thacis. These momter-ridden bogs and dark, Ioce
hoing farsses allrs walls o heal injusies more eflectively. Kalghts pirsoing a
ol astomaivally lose racle of it shensthe roll envers a safe bave.

+ Traps: To a uol, thesc laak exacrly like safe havers, but dhey liuve been booby-
rapped by evil humans. Lesps cuptuse ol huvping dhetn immatile for 1 vari-
bl arnouot of cines worse yec, trols figh av a distince disadvancage wlile
caprured

« Sheep: Cuce, helpless prey drat ust watidse about inlessly uncil they detece 3
tull by at which pois chey run 2wy,

+ Knights: Non-cute, mostly helpless advenearers naking tu add dhe wolfs salp
their collections. Kaights aso wander ot the world ! they dercer @ erol,
and then pursue it trelesly wneil cichor ane of ther is dead or the troll Lus
ertcated 10 afs haven. Whenever kgt fiods uslf sharlng 2 3id square wich
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B4 Tha Basies of Rangod Woaon Combat w13

Selecting an Aim Polnt

Wheruescs an AT rcermpes to i a s anget. e meeds 0 el a speciflc puin i space
@ aim at. 16 nun cuongh e simply pull the igger and let ehe rorker Ay wus
weapne o nccessarly be aimed in quice the right digecdann, and e dowt want che
eapos angle o diczate whee we emust shoat. Forcing the weapan  be perfectly
lignod wirh che line of fiss would also L unnccessaey, snce busman players in the
heat of combat v e the light discrepancies bevseen the angle f the an and
e anle of the shor. & goued poliy is o determine a mcimum “ieat angle” hat 2
pmjectiles rajetoty can dife from s sun barrs] and make sure char s never fce i
the cheat augle of the suling shot would be greater dhan el

When an AL needs 1o Lt it trgee, s eelaivel sionple ¢ caculate an am poine.
1Fch torget wbjects physical colfiion el is 3 bsracebical date ssrcrure, s &3
his
calate  good paint to it at. Pick 2 random colision vehurne somewchere decp in the
Dicearchy, and ait a the cenrof thu voluns, In games tha suppor diffrent typus
f damuge ot iffcrent body pans, this i lso @ puod way o lacate u specific bedy.
Pt

by of wticoed hounding s, the Al can siraply traverse chis bisruscy o al-

46 8hoot and

Thiing i susys wising wichout Jooking stupid i hard. Wlen e wane w asion, we
nced s locatc. conrdinate summesshere saids the argecs bady,such Usa hicing thoc
ol is very nlikely 10 bi chc targes. In ot words, the point nceds 0 e outside
the e from the hacter prspective, In addition, we e 10 bo sure hit he poine
5t the ight distance Fram e tasget. 1 e pull e polon e close, we cum the risk
of it the rarges were trving o mivs. ke i 0 1 sy 3t AT Ik ke an
idior.

When shaoring e miss. i sl hest 0 place a shot somewhere insie the tar-
geCs i o vies st th shot s visbl. Bulfes hat pes right i feonc of he players fce
G obvioualy uiggor 4 visersl sspuns, This, s ofte 2 good idea w fiwe oo
shich way dhe targer s fviog, and bigs the selection of che aim pnict in tha dhreccion.

Tn same games, dhe geamerric meshes of che game wbiects themsclves conuain
chese alm polts, Ariss place invisble bncs or othee spatial markens in dhe ubjecrs
e at che posirions where AL should air whe thy dont want to acually hit the
bjec. This i o vy o g shors hat o right pas the player’ epes

i maay cases, i 1 bad e o usden the arcises it his o o responsbiliny;
e can jst a5 sl dircovsr  solurion ac raneime. T we can assame that (b rgee i
bounded by a verially nricnrod cylindee, v can sasly find de oo vertical Jiws
o che e anc sighe sdges of the cyinder, 2 ceea oo the AT paint of v,

W7 start by calcularlg ehe ol vocror frm the conter of the gyt s the oot
o the Al weapan wehere it il fire he projeceile—just subuast the rew coondi-
ates to obidin the dels vecrvr, W then 7er0 out this veros’s werical commponent.
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Jaee for Nonprogrammers 525

Jowed by  lnng seacch chrugh the documenrion Lovling for thu fancrion they 52
awhile back

Having docurnenadon is ey good, whetber youare juse leuening o you hins
b programviag since the das o puoch cards. Unlottanately, i an somedos be
ery difcul o ind the falormation nceded e docamenttion, 5o it organition
s impuran. Repaadless of the qualiy of the docomentation, wes will natosally
migescs to e “efronce search” prograruming and worc "copyipaste” propramniing
43 the amoanc of cade dacy have crated increases

One on One
Deptc the previous genendizations, no atuone of edusired guessing can ukiny
prcdict how your nsess will pogearm. s ol o the implezncncer 8 spend souue
irne one on o witl sach usee 1o 360 hovw he pragrams. By doing i, the s can
Ve cercin sisapl cechmiques 1 impeuve bis progessnming syle, and ai the same
ini the naplemanter ca Galar the scripting langadge towatd the peopls wha e
asing i

Up the Learning Qurve _

“The st slietive way 10 tnake 1 rripting hnguags casicr m e i o create 2 brge,
elldoctumened Bbracy of usefl funcions that covers mat ks,

Librarios
The fibraies can be scripeal o wrinten i the game’s compiled Janguags and shen
exposcd L4 the scripting laoguage.
Scripred libaries cruate by dye implementer ar el Fo several reasons:
+ They fores th ienplementer co use che scepring laiguage, rhecefons estieg; e
e s finding e i the scrpeing system meets it goale
+ hey grvide code cxamples Tor usors © leara from. alehongh seripted libracies
il rose tikely b more difculeto follows eince they ke care of Gasks mormaly
hidden fror e
+ They fnerease the base of duvidelven dlements in the gatoc, making its Imple-
meneacion ot Anid and et o iy down the rad.

The donside o scripued libraies is e in e hase theem, the laogusge
snuse inclu seheanced cnlig fenuures suich as module inchusion. I addicion, scrpcs
are always sz st compilad code, 50 the brarics add unother ayer of sow cinle
wathe game.

Libeies wriveen i . garme’s native code are much mor effcient and help
expose the gomeh funcrions and dara 0 the seripting enviconment. We rsoammend &
ierane aFscriptod fibaries and compilid Ubraries. Libeasy Functions can be seripead
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« Create 709 of the ncwr generation by st Individvats from the wp inl of
e pucae genvratiars eanlings. Highar-tanked individal will ieprodusce more
offen,

« Cienerate the temudining 10% of the papulation a random. “This is eectivily
quivaloat @ appiying  100% eautation rate an a few oll, and wil befp ws
avoid che drawbacks ol suisll popularian shes.

The freratare suggess a papudtion sizes in the hundeeds or thousands of inds
vidals should L used whenever posible, We sill cxperiment scith population stcs
sanging from 100 10 250 seoll, While this is on he low eod of the cccommended
<pocerum, i is suffcent givet s simple natare of vue demo.

e Genetlo Algorithme? R
Generic lgorshms ate designed ro otk an noslineat opdiminarion problerms with
Tacpe aumbes uf varisbles sehase incecactivas arc hard 10 predit. i gae AT, there-

Lore, seems like a perfect applcationt)

Whan Do They Wark?

A generic spprosch Is uanssessary i ons of e ollowing condians can be ot

+ “The problem can be sabved anaytically. “Evclving”  solution fx he protlm
of findling cbs valuz o » thatcoaasmies  polynoenial i 2 waste of e, hecnine
an ot seluon can b found by compring; e polsoorials decvative

« The problent is entiney Tineas. 1 e problu can b ropeesenced by  necsork
of linear cquarions, uny et of classc apriomation telangues i che i
plex mezhod will oot

« Lcis Kuowen tha  single optimal vk xist and the the disteibuion
modal (., there ace o bocal maima). [ this case, stnpl ill-slimbing s
sithen il do the ik,

+ Candidute solutions can be enmameruted in 2 ressanable ameoust of i, In
Wi s, on re beresof ying chem all

Wian Dor't They Work?
Ranning a geaustc algnrihm ypically cequinss 8 significaet dime invesunca, Bren
our simplisie rol simalation requites about 22 minutes of compuring cieme on at
SOOMI Lz Pentium 1L Thus, it is wnlikely dhat anyonc will evr be able 1o coolve 3
passble chixs-playing progesm, even st & world-spanning cumputee such a5 Asi-
movs Mulivac at thei dixposal

Mo, since the nusbor of posble chromesomss grows ssponsatidly with
vhe mumber of genes ia the model, designing 2 minicnalis archivectute for your indi-
vidual may be cmeia.
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12 Tips from the Trenches

Jeff Orkin—Monolith Productions
jorkin@blarg.net

e lving s s e Al programons have bstued from experi-
. Scasonet game A progranoss mighe find most of dhesc ips 0 be vb
ous, b thase niew Lo the leld can yse chis list 4 hiad e and lenn from our
miviakes. Aldough some. o thsse s spply o soffware developmient in genstal, ey
ane especally poreinent o develupiag AL syseems, which e ofion delicre ysterns
\bac evolve signifcantly over the conrae of 4 ame’s develapment.

1. Do Your Homewark

Cher s st i 3 2 “ome i it " AL syt Diffre s ar appro-
prise ot difrenn svations. L gl slion depeedsan & e o facars:

+ The emphasia of the Al in the game: Is smawth putliindiog a priaricy, or i
Learming aod expressy

+ The schedule and budget for coincering the AL 1o muvh Guac and man-
powed i avatohls for AL developiacan

+ The team make-ups Honw many prograrnsness aod designers are un the tearn?
Whit are thc expericnce levels of the teann memhzrst

anarians moce importat

T isporcan (o decermine the necch of o game, and th capabilces of yaur
devclopment ream. Use dhese s guidines m choose whete oo s che AL develop-
menr effore. O 1. ocus has boen determined, rescarch what has been don firse
Choose apisachss that might woek lor your sirasrian, and evelog nese code where
aessaty 9 the schiule allows, Good sources or reseanh include chis book, Game
Drloper magssnie, i G Progumming Genty book scric, the Guae Devclopers
Confecene, and acadsmic scieties such 3 the Associstiun for Cotapuring Machio:
ey MY

2. Keep It Simple

Game AL progeanes should e by dhe KLS.5. plan, and Keep Te Siuple Sopidh
AL satems ypically have many pusssuetess nd many code brawbss. They can
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Annotating the Nodemap

ators, Lodges, and Othar Obstacios _

a annorcing the local graph racher dan changing (he slgaridhm. An lgorichonic
hange uight solv ane problem. buc caus anether csewhers. 1Le fexibiliy pro-
it by the wodmap can be especilly mpostaor a1 e ond of 8 prject, whea 3
ol lgoitan changs will e the Quality Assance ram 10 e ery ovel of
your g

G e of gemerating a noclemap s co b a play ar the Levl designer run 3
haracter srouind the warkd with rhe guae engios automaiealy generalog a node s
o character locsrian whcnever s chasacer s moss chan a given dsgance fiom any
b nod {fou 10 cighr metess warks vell depending on the envirnomcos. Using
i method, che eugine should gemtce links anmamarically (o pearby visible nod
sing line ofsight tsing, . set ode 1adi 0 thae ks do ot irrcer sorkd
oo Some finks ccared i tis manner rlght ot b rsvrsibl and musk be
Temoved by the fevel designer

e nodeap oditorshonld also allaw the desgnceco weceids he o radi -
colatod hy dhe cngioe. hile this docs Do gencrate optimal saps in cerons ol off-
ety eeptesemeiog space, It does ive the Jvel designse the abilty o contrul parh
S pestante along major sovess 5 mouse click or keypress e be used to fores (he
rmaion of s ods whete the chagacter is sranding e nak an inmportant locrtun.

The oo eyt versatle mavigarin st annocacethe odemnap, Borh e and links
ol b Il ih infoemacion selevanit o nasigatian. Using data abels o aid the.
‘o plaer i secanor eon mprave borh the lficincy and cadabifty of che code
Hansime geometey derecton and analysh i expensive in complicated 3 worlds
Tabel o promery detection 1o he s only whi needed, such s whe a chara
e i roquind o jurmp and b a e, The exica map daca sl allows sgecial code to
e it for ped evecution on dillecnt ypes of ks, and 0 apyly diffeent rlesfor
datermring suzcesson fallre o parh esceuson. To beep rhe monory foorprin 25
mall 2 possble, many nfthe labels cus b stored in 2 srics ofbicield s,

Nokes ca b vanted for wse asdisfinations For scsipted events, abeled as srate-
i locaions for sniping ot srbusbing th playet,ofas switch oz it locaians, T
B ot of levacot ocarions, e flovs burbet muscalao be sotcd alung with «han-
i oo the lesarur, Nodes alsp score informarion about the sats of the charactet wehes
e msde 73 crcared. For exnple, o b in the fiag itield represencs whather the
Charsecer vias bangiu, om « Iodge when che nnde s ereated. Avathor flag prs
scurs whetlc the chacacue b co cronch

Links are Lsbeled weirh information selevant 10 traversiog thar liok. 1F 2 suitch-
actvared oot is prese,the name or  handle 0 ¢ muse b stored. Doars . open
escomaticlly r chavactets do ot noed 10 be labeled. Links whete it would be espe
iy aarous o travel putsde ofche lnk boundaries fnch  those sunning dong
P s el g, More fags arc e raversing the lnk reqres 3 characeer
o jump.
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distance, sword fighting with sn inteudee, [ e, knose har Beny can move a1 ax-
s velociey of ane-balf meter per sscand and o arso will 1k o0 secpocs o
resch the intcude, w can cxaggsrace Benay’s eollivion sylinder hy one metes If the
line-of five co-any s5m poine we select inrsects thar brger eolfisve cylier, we can
assar that there’s a possibificy dhe arsose conld end up biting Benny instead of dhe
ame-tged scoundrel wich shom hesFencing; L e deeper Lo line penerares nside this
collsion eylindes, cb highe the probsabiliy that e il asn interect wids Benoy:

This nype o tesing is very ucful for avea effict weapons. When e coss o
grenades o exauagle, 05 very rmportane o cest dhe sphesteal avca har the prenade will
limately twcineracs ogrinse the exsygerated bounding volumes o dhe various eatiics
i che. ea co enure hc de AL b alikely co blows ap any of his comeadss when he
hrows the greoud, We use the fime ic vl ake [or the groende 1o esplade to deter
it Low muach o xaggerare the endies’ bounding volumes.

s oo pracice T rseive matietions o the prjecls el indicatiog what i
acualy e Alchougha good Al willdenly soid biting e o inanim bjeces e
pame worldis deays i, he player et ttaly pecdicabl, snd e cueulaisns
et alviags cotect. Wheneves gl s unched. e should e  piner 1o the
objec har aunched i, and nocy thax sece wheneves i colldes it an obice. 155
ratcation ill b bbbl np sheohiecc, Al contsfl i ha on o th e AT
an display a0 appropest sspocae, h 3 nor shing, up the sl by o

5 dymaic workd, i€ vory ol co ensure bt at 2 fiss wihout cheuing.
Peajecate collblon nocicrions can abo low us 1 ek oy -t caealaions
nore sccurael by compensari fus exvrs, For svompl, i we atcape ta missthe
Targos bt end up biting I kstead, we c5o compensae for chis nawral exros by

v 353 “hi” 1o ™

chunging e next sho dos

Weapon Trajsctories

eapons dat e in 2 corved ey, such 5 arrows, exe be surprilagly wicky 10
andic. Any physicscexdbuck. will give s the following,equations or a projectl
focrary i e abenoe of ict

- @il

oru-wte gt iz
i chese syuations, 5. and o represent the projectle’ nicial positom, respectvely
2, 0 1, e horizomes| and vertical coruponcnc of ehe projecif’sfnital sclicy: £ix
the time: and g is dhe gravitational seceleratin wuowta— gpicilly —9.5mis on
carth, lehonsgh your game world might wse u differenc constans.
These oquarions gve ws an ey
ctils an of fighe 1 helpovae suge e o' end up frig into 2 chandelier. Ve can

) adagn oo cay-tescing tesbmiuss o the pro-
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Section 10_Serpting

. Enait

Ot ol b ety s cams up when th. design oF 2 eriping bnguage i
such tharthe “1¢" blocks, “ahiLe" loops, and “fo-* loops allend with “and”. Often,
heouh copypase ecrom, une 100 masy “end” setements sheny up, and rhe uscr btz
o ngenally o *51-..an” and “onse.” blocks to i ot whersthe exra
“ene” is focated. As such. the end of a block or 3 loop should abays indicace what it
is ending—with “1f 12" or “if. . anais”. Usualy a sioaple change, uwing the
4ot consteucs. s the sripes conscrably

Anrber optian is 10 use culy brackers, ke in C, o desigate o Uocks, The
dvaniage of cusly brackers s that many code editing packases such 2 Visual C ar
Wisal SlckFadit an: 3ble t maeh brackrs 15 you spe o th special keysrmokes. For
esample.in Visl € i s hase the cursor nest w @ urly braeket and pres *Cut”
and "} ar the same iene, 0 will move e oo o e ot hiog culy bracker, This
akes the fob of marching hrackers  brecse.

Debugpinn
How much debugging aupgort s cusught Obvinasly, the mere suppor, e herr
e aheoure miminco, our scriping language oeeds 0 upport the it func
iom. L s s i debugging sopleteation i g abe 0 breal he cads cve-
curion, sk dhenugh instuctions, and sach vaisbls. This i probably s adequate
amaune of dehugging suppre for most scripria ungages.

Tuitally, e plemenuee of the sripting hgaage will most Uiy have to st
e 19 s e o+ g del of debugging fo him. Dishogging s an ncerme.-
diacprogramming skl hat reqives the progrsmmer co undserand b Lo e
probleams throuy syt cobloluotog, Met acvices sinply do nor knore
hire o stan,and youe hlp s nocesary o shose th e v ol bugs

“Another useful addition o he scxprng beiry woubl U cecr-<hicku, fuc-
ons uch 2 assor . Haugh, the user ca caslly nooeporat chese safer checs o
st ch e s g corecly. . gond bt o have untime ode checking.
and the caler a e ges o e habid of addg i asore ) el e b
on i
mplementing,  seriping e i 4 alne is b <aty ask. Not ondy docs he ln-
g il o b progganmed, bt he mplemenraven necds o be well dncurnentel
Then, the implemener nees i b avalble o elp devgnes al st Lesen how
script and el do whatthey do best_crvneche gams:

" mininisingconsing limgurge . wing Foncrons as mach s pusible.
creating well documencel Hbiacies, and witiog good saupls progians, th program-
e tasked it cresing snd supponing 1 NS scripring syem can go fr o help
S up the users o nexparienced 1o competent and comfortable programmes
Uhe serpring langaageis power el then be olly sesliznl 2l ey nspiracionsl
et can b s,
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3 Section 11 Learming

+ Shoming linle instince forself.preservation. Not upe of the. op 15 individusls
s saived for moee dhan 30 of thesimlation's 300 schedvled s

+ Haviog large appeiees. Despre their limiced life expscuancy, the wop 10 per-
formcrs of generarian 50 all minaged us obible ap Lewveen 13 and (8 shecp even
in the spanely populaie scenarc {shers the ate only 2 hecp 10 g i)

+ Cunaing fighters. The rrols quickly lear thae they don' have 1 was: rscions
hecp-hnring time chising g sroursl w e dnco fisticufls, sice their
apponsats will cuue Lockitg oe thean, Indesd, of he 10p 25 perfarmes, none
hssa gon fo knight-chasiog vith @ weight higher an 0018, and 14 bave irval-
od ¢ . And ye. six o the top 10 tsolls managed to kil five o soven knights
apicer in beuween all o e s

+ Not teccibly interested in healing or exploeation. TLe buous for cach im

el seems o be aueweighed by the penaly incurrod for saswining dam-
age, s dhat el are ot cusoutaged o bl okd semnds, st o susain v
more. (T ftnessfanction exn he adjusted o chame his eburioe if needed )

+ Quite taented at evading traps, Of he 1ep 25 individul, only fon spent even
single ure i caivity. 4nd hoae stayed imprisoned for more chan dhree s,
This i casily ceplaiocd:sinee exps ok ke safe hasens, ls who dontcgo look-
ing,far havens {o bealin) un e eisk o being caprused.

+ Vety fic on average. Al generacion 1, nor  single individual achieved « score
highetthan 200, and she meclisn evaluacion s s 133.8; a gonsraton
50, 18 indivichuals wapped the 200 mark (includisg wn impressive 2433, while
e e vl rse o 195.5,

Pecfosmance dd st gnovsigoicandy when popularion e wasfcreased o
250 he imlrion s 3llowed o run o 100 yeneraons, Th rlaiely small
i of the ol fenorypes probibly ssplains this phepomenons with 2 handll uf
e, e st apace s sl coaugh o allose fse convecence

Conelusion

Geutie ayorthas e 4 poverto optmimacion wol for probles g arge
ambecs o vaciables and chaotic iterscions. By mimicking the it procoses oF
secival ofthe fces and voluios, ey cats disooer ueval combinacions of srte

iesthat can lead to intercsting computer apponents for you e
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_ oL . _sectiont_Generslwisdom
hess bobaviers can provide comic relefin & gume. A« ches behavives e very hatd
o ger ight, and cun usily he venlone, shey should be eps o & mipimum.

, Lasing, and Losing Well

A iempotta rhing; (0 temeraber is that thy hman gaane player s playing e gome
I che fionay e develop @ game. this fact can be sasily ovurlooked Think fur a
monent abiot what souc plans aze when yousit dase o play & gue. 165 kel thar
o s he ensectaingd. 16 alsn likely thar you s wsing b gams 1o tole-play
L ome kind of dacaceer chat s arit be 1 sl e, To games whers “winsing” 3 pos
sble e iy

Lo ook at that 2 e closer. W could sepatae our gams andicuce o e
stoups, Fir s he plae who e waous o i asi e seennd geoup i the player
o ease 6 win hulfch i st s Ball the ime. They vsally yrnt the barle cw
eyt ncary bopeloss umel the end whien hey g che cide o bl and proce e
suprrhorin:

Ao AL thar wios (ot eses st of che e s Fiely casy 10 develop. Most games
‘e and qualiy of opponencs o affoce the desind end. In an RTS,
for cxaemple, azmy size and rock-pgsr-sciscurs adius ments can mean the diffnes
betweea vierary and defeat. L an 115 w1 spores suultion. aoeuracy aud speed of
apponenss san be adjuted, The real Fsue in these <ases b che beliszbiliy of the
oppenent, Hoge scares cary n dhe game in an RTS e ot possible vithout uivious
heatig, Masve waues o encmics i an TP teml o point 10 8 bk of eczoton
AL

‘s e cam: o e midle grvind sgain, we realise dhat e peirad vl can
e acLieved by clusely raning the appunens”bebavior. Varying e qually o vespouss
v the course of the bauds can be s gaod way 10 influeucs the lose viccory Lor the
menan plager, 4 long as che vacscons see bfievable. L o RFS, poore Luger el
s cormbined with sower luad dies is nne sk way w vary eiffculry, he key is
Close monitoring of the banles o cverall garn stata €0 kozp comipcer playets v
o evea lvehwith the bman plyers. Enzuring equivalene force srengeh can sabilics
e balance of .

The dittculy seting is ually used to dersrine whther dic AT shways loses o
arvemps o give che human player a challunge. 1nsam (ypes of games. e somputet
phaycrs can chungs heic reaporse based on she mutibse ol wins orlosses, These gamer
e always provide che eniddlc ground, bt asually overshoos the sxcrezues

‘hichever respanse you choose, ke sute diac the adjustments you maks
i enmpter player arc believable, That helievabilty is dofined by the pasamsrers
of she game. In aw RTS gu, imeligent rorgec sekerion is expocted. o an 1S
Sabuanan aceuraey and the ability w prediee where a butnan player will be is nor
axpeete. T football siemolaian. J00-yard touchdonn passes should be compleeely
avided.

. g 98 50 i,
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84 ASimple Inforance Engine for 3 Rule-Based Architocture._

sonemeots s frons of the is. This would wark, buc whar fyou woniel 1 add a le
whers ehen the NPC sces an cnemy while vounded, hs runs away? Thun, andering is
o s elear we ed s sort of cale context. Cade would bave t0 be added for Uis
o agbe 1ules wickin sules, Malking exceptions in code is okiay, but then our
euls torr ¢ ook ess ke ruks and more ke tegular code. Over tzac, s i ikely o
e worse a ot fules s added und maore sperial cuses beed 10 be onded o il
e prablemns of cancext. 1Leee is 3 herer way.

Gl st 2 el concept ot NPC hehavion sl provids & consext o euks and an
e sehice or eons. Corsides the fllwin, gl and cels for 3 co<hsing
dog,

GOAL (Wander) IF iSeasCae) GOTO (ChaneCa)
GOAL@hueCa) 1F (CaGestoay] GOTO (Wander)

Evon without yet ksorwitg hove the ol and rulesaee implesnented, you can il
soc bt the bebavior of o dog . He waaders aronnd unul he sccs a cat, and then
e chuses i, I the car gers vy chens b simply goes bk v sandering around.

Gaale can he chougft of as seares, L chose Fund in ¢ foite stte machine
(FSM) Topbsand0gl, |Rabind0). n fuc,das infrence engine deseelbed in this artcle
isaccaally s FM in disgase, a you might prefer e wse st instead of gl o yenr
enplemotatian. Gorl s i s s i chis aystems Is meant 0 eprsen the purpose of
the NPC.for a giec tpomens uf i, in hich the NPC wuay or may nat aceally
erach the actal e implied f che paree T addiion, as you will see uat the code
suppartng goals ofien concsing stateswithia the goale. Use of the term goaf helps i
ferentiate the bigher el srate o i subscaces.

Gl i this sysem are dirsely ried ¢ actious. In che precsding example, che
actions e Nandor wnd Shaseeat. Only one ol I prcessed at 2 s conseuently,
anly ane action i performed 1 4 time, Morcover, baly e rules thar helong 1 1he
cumently processed goal s testd, dhus. providing coneese. Rules are procesed in
oxder, anl the it ot thac has s comidion tact tansers conteol 0 a ncw goal. The
010 ksyswond significsthe ansfer concep.

At imporran note o ks a1 chis point is that goals dori cvirely solvethe prob-
Lo of ral:orderug; ey only provide 4 ot forsecs of eles, The: ol n a goal
are procesed i o of appessuice In the rule ot Mote work can be done
banos the ule ondering, suuh 35 g seights of mplementing fusey tules 35 men-
Lenod in the section Ehanceriens: Seripting aral inal Comeruction Toolat the end of
hic arcick,

There i ame more inuportapt foacure us gl cas have andl chat s 0 be sble o
proces gaals widhia goals. This fesure allones s To have conets eirhin contexts:
acher wotlh, subgonls. Consider the ollowing:
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24 The Basics of Ranged Weapon Gombat

sond s cequest o che AL Uocking i ine-of-fire, wud ehe o could use a0 arbirrary
priotity scheme 1o ake theis avgoririons and deccimine which of the twa should
acp aside.

Table 84,1 gives an example afsome reasanable esponses o e foedhack we can
et from the cugio’s ay-tesing Fincrian. Tl tews reptesent what were (Ving fo
o ~cicher hit ur mise—and the columns ceptesent che fous categaciesof fodhack we
can receive liom the engios.

1 Responses to Feedbock from a Ray Test

g i 3ty s anEnsy
S b Ry, comdor i b b Rery il Fre

A ot el pee de e g

e E e b s a s For ey comdee

s s e vy woing sy

1T s 56 e sfficient o ke your Als from kiling one anarhes, you can
oy snke de casy oute and modify the smulagon b char AL dhatacters nevee
acrept dunage from ot frondly At

‘I sy cascs, thnugh, .1 fost L enangh co g & g sese of what mighc bap-
e when e projecies hit. Baticularly shen you combiue slow-moisg projecciles
farow. rackers) wirh fst-moving ad highly maneuvcrable enites in the gatue
el you mabe ic possble forche plager and otur game entites © dodge the pro-
jeiles, At his poin, cven che st aceurars calealadons can' guasantes thac yaull 1
it or s s intandods sinee yon enct fully predict what 2 humn plager vl d.

However, here are tany additional measares we can cake Lo fmprave ot -
sscy The s s simple estimation tochigue Knowsn ax dad eckonig. Muliply an
entinys velaciy veetor by the done you expece ¥ to ahe fr the projectie to reach che
‘abices current positits, and you]gee gl urss s 0 the eutiny' future positan.

For cuameple, fnuigioe a wrget s |5 meters qway from you and o fi a bullee
hac moves a1 50 merer pet seoond. The Larger is muoving norheist at one et ger
socomd. 1L vill ke ch L hree ssconds o move 150 s, char ime, Ll have
fled thtoe metees nouchcas, 0 v sl i a s e poi nsrad of U crgets cus-
e Yocasicn, Nocethat this assums . the projecele always tavels ignificandy Fuster
ham e argee i his b 20r che case, Ui form of dead eskoniag wont b accuate

Radlug To:

“Arother g way t0 make o gonplay more cautios st use craggerated baunding
phesss o¢ yliukrs. Imagine dhac one ftend Benwy « guid, is standing in the
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104_Greating Seripting Langueges tor Nonprogrammers_

Althonsgh e documentadion migh colugin saenple usus oFthe Fancrions imple
menesd i dhcsevipeing systcnn, sample code goes furtber by showciu hovw ll che ode.
<an vtk tagether s crcare a proper progeaen. T alo sarts the user ot widh  salid
xample of progranming to blatanly copy and paste whil o is ramping up his cod
ng kil Jusebe absotutely s ths the crample vode s fece frms creors and shocs
ot syl o cle it will be & scouge that finds It way into evary seipl, secing w0
Gartple for months or years 10 com.

m the Tranches.

The fllowitg e ips o ke i mind when implementing a scipting hngge.

Case Senitivity
These are probably 10 good reasons o ereas 2 rase-ensioc scripting lavguage.
Spellng e caplalizcion misckes are by s the et soicion eceors, and are some
‘immes diffcule to rack dowen, ssprcialy with a langaage char dyoamicaly ereass art
ables it has o seen before. ‘e previous ormawens might b 2 gond argumene for
naking » surlping, anguage stongly eyped, ue tle advaniages (with respect 10
aovice programmens of & case-nsensiive, wealdy ped langusge fr wucweigh the
wbaneages of s casrsonsicve. sueongly cyped linguge.

Efrolency Chocks.
Incfhcient code is the Lae of game progsamming, Since naviuz usessfack the experi-
ener o crcare effcienc code, tle scipts they weise can wasionally beooms very
pxoccsson mteaseve. Ofkem, usueswill reate loops thae ot redundan cslclacions
o ather casly earrectable incfhcienciv, 1 i very usclul to build sfciency checks
ks theseriping ystom that wasns the usee i sriprs exceed a ertain e or proces
for e iniations. Vhese chocks will quickty idenly porentialy waseeful code 30
chey can b el will earl in the develapmen process.

Short Keyworda
I the section Fendamentabs. i is argued it using functians 1o implument lnguage
Foneures i che bt way o ake the anguage easy w learn. No ruks re hard aa Fse
R, There ate ceain sicutions where stoal keywards (cg, “t” “wnie.” and
0" ase keywand) can maks 2 banguage xsier w el

For cxample, iustead of tcing randam numbers by euling "z - randoniz, 3"
dding 2 language Faruce that dacs the sanns by oping "¢ = % £o " 18 scscplable.
e cudom-namber gepsrtion i very commun n scriping (especially Al scripe-
g, This i s, 2 crample—as che eresc of the seripuig logusge, you have o
e i Feaue ¢ important cnotgh o ad 1 new keywwar, s funcrons fend @ b
casee & ad 0.3 scipting engine than ey
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119 Qenetic Aigoritivns: Evolving the Perfect Troll sar

a rrll, a disl o the death caes. Knighos never setteat, nevsr surrender, and
[

 Watch towers: Indestructble stsurtues from which archees Bee a wells fiom 2
disrance.

I rento sveid sl s ol ssch il b eted o tres seenios
chezp-rich. kaight sich,and sparcy populasels sl esaluated conding 6 i aur-
age ol s perfrmances i all e

Evalustion and Fltneas Fune

s vt wolls o e consideted aggressive mubsaus by che peasints of our o
cas ek, o v il givs: high scores to Indlviduals thac senl 1 ot of sheep a0 kil
alocof knighes, e
injury and caprus

il ko vt ol ha anncy humans for along e and avoid

dsutas Tro:

couble score

15 < SeanaTivecaptive
20 + siaLstarageak.
et score;

)

Ihe choice of calvaron foncrion is cescal, bocause it detmines the problera
hat s geneic sloritham il L yng e s
componznt, s the el il sorprise yous. A asly expesimens it the ol sz
i, Lo eaople, pc o ruch smphasi on oo teem sureival. A 2 esil, the
soners slgorithm bgply veubod 2 papolrion of cowards: (L cntis rap 10 was
made oftrol. i did o e il ey o kill 2 icgl bnight bt ousd
o surivoll 00 s oF he sionlation by Necing ol th cnel

Since onr semalation izushes some randorm lemencs (.. (b ol sning
posion. a0d b g 1 il sty impricmed e i 1l foro 8 1ap) the atual
Scomes obtsne by incividals bave ls g than rheie relaive anldngs. Thus,
ool individuals in s populution bave been reced, we will procuc 2 new gencra-
tion. Uhis new genecation wil be gencened by clonin e op 20 individouls Gust in
o theye th bese posible). marc h wp ssven individuals by paiss, mating ran-
dom gaics of imiividusls seleted fiom the op 33, and cxating & handfol of brand

e t00 mucks wiight 1 2 cerain

new orguniss,

Roauta
Wik a popularion sizs of 100 individuals and an evolutonaey period ol 5 genera-
rions.the simlaton takes  liele undsr foor minutes o run on an B0MHs Pentiuan,
LU provesson, The resulfng pogulacion can be clasaccrized as:
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A Jew publily vl soripring languages s peinters a5 2 mechod o access
oformadion outide of the scripriog lguage’s st (eg, sccessay vatiables in e
e songse loell)., These same Languages, howerer, provide mothods for anaking
the poiaters ek 0d ser csacrly ke normal variabies i the scrping state. Lutk
usecdaca and cag; methocls are 1 goud example of this (pe of mplecuentaion. These
fatures are extsemely useful, They allow an embedded scripting language to romain
35 close 10 black ha 35 pobl, yor sl reach docp inco che game engine e expose
imporcunt gume variables, scsctures, and objects. When ooy poisters s lis way,
i heraplemener’ ob to enstie thac every scrpring,variable thac s in face a princer
108 game variahls shanld appear cxacly 2 any- achee scripting,vasable. ‘The poincer
should be s unspacent nsplermrtation iuvisible w e s

Programming Tochniques _
Al progearamrs, whethr Jus sarteg oot o esperienced, have  difen keamning
sl and theit o progrumming soyle. Tovicves,thers ar 1 e ganerl cschmiuss,
many of which advanced programmerssill ue.cht a cammon seneu avices.

Copy an Paste

opy and paiivg oo I by Fa the most comman way i progeam. Advaneed pro-
grameners frequendly copy large portions of their cade, pase it nes & e mudale,
anl make: the small changes nseded w male this new module unique, Advanced
proguatucts do this bacause it makes senss 1o modify an exiseing, and proven
sign, eacher than sare from che ground up. Novie programmers, on the ot
band, teod to copy/part becatse they knuw the cnde they a copying simply works.
They eacr o avwid starting,again From serarch, because rhey fear spending 2 lon;
eime agonizing v every dtail of the syntes,logi, and evonen of even & el bt
of eode

el and Error
Userswill equenly make ey changesco pars of shee o they do s ks
scaed st e soe what bappers. This programmiag “technique,” sometimes caled
hucking, i nocally used when progrsamars e rced it an eror messge thy do
i understand and v o ides how e sobe. Lack of dorumentaton, o e 00
o, s ke e 1 progeem el difent Mot people
e <o omecone dis ilfiuly wich  haich dos of priencratin,

Reference Saarch

Users uclgy eaanagh 1o have docnmentation to draw o el 1 program with that
dacumentation iiamediately neaeby abways open an theie computcrs deskzop ot on
cheir ). Peogramming forchese notices invulves weitng 2 small amanat of s fol-
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Soction 11 Leaming
s Dkely wo be split, Obvivusy, his doesn' srork i the onder of the geoes is
imporeanc in yoar applicatian: for example, f you sore L gnotype as an anay
and define gene names av integer constaas Lo use 3 bndices, Tor inversinn wa be
mesningful, you will need st aldiional love of indirocrian: fr example, 4 uble
asociacing cach gene it its locaion in the data sccuer

« Diouptian {ar seaifirm cozver). Whea creating offpring, £ @ i wa decide
Trom whick parenc 8 givcs gone Wil he aken. This is efeerively equivalent 1o
vatiable-order crossover: some individuds miay vd up coniog ane parene, while
athers may crossover st every sligle gene. This rchunique does wanders for diver.
sty sl s efftive small pepularion sres.

Our ol have few gencs, sa he differences herveen crossover teliniques would
o be very cxidenr. For demanseracion purposes, we sill e disruption,

Mutation
I e agorithia, Louwation's ole is ofold:

+ Reimzodure extinet allees: Some gord allles might be wiped out from he
‘popilacion If they happen o he found only in lousy wegisns. Murarion may
eintraduce chem and give them a second chance to prove themsclocs.

* Direvent preematuce covergenes: I the enri popularion i made up of similae
organisuns, che algorichsn might converge on locally wptisual Lebavior incread of
the hese pasible. Small mutations seflne solurions, whils large anes inmoduce
{oividusl vty difen from che narm, which belps nul che populuiion away
from Jocal maxima sehen crassavee bas insullcient diversity with whieh o work

b s, the e af enuration i fr e ionpurtant hea dealing vieh seall
popelations, becunze Lotk dllle estincrion and premature conveggence ars more
el 1 acca. Nevorcbelos, he prohahilit dhat any yiven gene will mutace berwosa
genvtarians should he kepe small: in bissing representatobs, for cxample, sxch bt
rypicall N with prolabilicy 0001, In fct, some Lnpleensnacions of geaeic algo-
st o ot s ot at all, alchough his seems caher exreme.

‘s an interesting avie, early work o et dgorithans bas shosen thar che ol
a mutsion i tatural evoltion has probably been aversrared. Whilk clasic evolu-
sty thooty suggested ehat mncarian sras the key element in the process, it is nowe
elived that ceossover scsonis for well ver 90 percene of cvahurionary progress by
bringng togecher “symbori gencs” thas reinforcs cach othir’s efftivenes

Qonarations
Wil apply the following afgorthm to peoduce new gencraions:

+ Kecg the rep 209 of anganisen from e previous genecation and clone them
anchanged. After ll i possible that we have alveady fnind soens of the best
posible candicres.
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Once che evalations arc camplese, a fiouss fuciion s be zpplied 10 the esals
to determine which organiss will et 2 chance o bepet che vest pencration, and in
what propotians. Several differens saregics e be upplied hetc:

- Stochasic ssmplig: Eud organism is ssgned 4 prbablicy of eeproducdion
cqal s anss divided by che ol fcs af e popivion.

« Remainde stachastic sampling “Whilci94]: Divide cach organisns frmss by
e svorage fness of e populaion. Fhe sl s gecater ehan L he ongaisi,
reproduces # musnber of tmes equal o the Intger pare of the quotens. Tl in
e s of the population at sudam, ucing the emataders of the quoticnts &
probikilies

+ Ranking: Ludividuats clser o the t0p of the froes able aucouiadically spro-
duce more tims chan echers o

We will b using » method bised o ranking, becawe it orccs quicker conver-
gence. Afie seversd generations, chisers of onganisnus wih simnilar evalaations will
tend 1 facm nsar the 1op of the standings. Siochasic ampling metluods would end.
ap picking amang cheen esentially wichous preference, wheteas e viaat o favos
best individusls even i e advanrage over e compecicon is minute, Hovoyer,
anfi individuls dhat might beger auuing offpting, if given the chance, will be
ulled Trou che gene pocl before iy e a chance co do so. -a risk chatcuay ot may
ot be acesprabie in your applicacon.

Crossover

Now that we kinow which individuds vill wprodie, we s nite sherm by picswnd
apply the croscone operato o i hei penetc maccrial

Again, thers a0 many wags Lo duglemenr crossovse. Oni-poins (or onis)
crosoro i ch simlest: i ¢ genorype contais ¥ geues. pick a carmber a candon
bereen 1 and 1 sad swap cverabing beawee s pointand b end of ho geno-
ype. Tos ample, t o npply ome-pois. crossovet o ARAAA aud DITIE strting,
‘et g 3, e sl et AABBS anc BBAAL

Howeven if we look i the preceding example, we might noce tha oncoint
crossove ha  porcacally anaaying property: i abways separaes th it aod st
e, T genens th larges e “disiance” bermesn e gencsin che genonspe, the
Higher th prlabilty hatthey will be sepatl by one-pein cissover, This might
ot sccm s sch a big ded, bt what i he reson his indiidoal i 50 successul
e o thar s Fre and o e ol specalywellogeeber? Afer all s e of
elines ezt i o f the ewuns v borber wich s atall

Severlselcncnts an help prevene s problem:

+ "Twopoiat (o binary) crussover: Lnscend of selacting  single splicing point at
sacdom, slect o of them and cschsnge only e mateial locaed betweeu e
+ baversion: Ouce in 4 vk, change the order of the geaes, o dua pais of callab-
rating gencs located fur sway fom each other might eod up claser and thetelote
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oating Doors, Elevators, Ladgos, and Other

201

churactens e d remackabl cings. T an gl pruve your oode cadabilry aud ofi
oy Tt s  god vy T che. e hope son will i weys o cheae il i€
thas e mever consideaed.

ot el approsches and socarsion are very powerful couls, and che quene
s o ey i ol 0 tanage shos g, Gl are s vl i widh
e thtinding,techuiquss. Civen the sighe boxic gl it ock sy e
e anal ke add he abifty o se doars and evicors. Once you udd thee ools
o your AL soolbus, we onbe you vl g them up.

Tatomrbed1 | Latarbe, Joan- Cluue, Rabor Mision ¥

lihers, 1995

(MooarS3e) ayaes, Scom More Effive G dson Wy Publshing Comgary,
1996,

anning, Kluer fcademic Pub-






index-304_1.png
Ceeaiog soch ool 5 o as difcul s i i sound. loterfaces se iy sy
o huild wih (ool sch as MFC: or Vinal Basc: The anly tick s t corme up i
a scheme o enceding the data o s the runtime wndescands whar th toclbas
aaated

A scheme li tepreseaing dues o s hy 10T xee nbjects oould be sery wsefl. For
example, say you bid 2 o exee called B5teLaostian. The exec nseds o knoss what
Lovacion. “Uhis could.he represented by a dara sructue thit contsined coordinarss of
he Incacion and uny vdher infurmation the logic ncedsd, Then, what s nocded 3
methad for acaching che data o the exec and 2 eaneime-ype mechanism 5o the cxie
can male s thse the data i the right ype.

nhancement: Mul

Antocedents

Antceedents ae ke f portion of rule. Mliple antodents couldbe vty efulsnd
wonld mox be o difcalt 10 dd e e, o el ks the ks

TF Socatnany 66TC Crasecneny
Depeading om che currens goalae the tsne, you tight waot a rle bl

esTasmy AND MLty o0 R

o 070 Chasesneny.

Enhancement: Fuzzy Rules

Ruls could sl have a fiezar componenc o tueen (for informarion on sy logic s
[McCuskeyou]). Rule enecs e ecmirn  frzy value Instead of teus or fbes sy,
almmos o e sty false. This could work with mulipar eales. in shich cach i por.
tion ofthe rule ould hws its Sseey values wldsd gesber. For cxample, ks the il

1E Seesknery AND OnAlere THEN ChaseEnermy

1£40 NDC ey sore-of s an enetup, e 3 sfiadow or mavemens ot of the cor-
e aF s o, theu Seastrn might securn 0.4, IFonizor tocutned 0.0, e the
eule arld mar tigges. Howeses I onaart was any higher, ks fan alarm was going.
off, then it wonld rush the tetal valus aver 0.5 il riggss the role. Albernatively, all
the s af the rales could be esce o see hich had che bighese fuszy value, aud tha
ome wonld be riggened,

& eledused e 3 desribed i e aice b ontepraaly eay nd ¢ potenrially
st I ives you the il oo undersand and manipulue beivior a4 high
becarion e, tha oF g, s i sl to hovs e hamaes chin of game char
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it Al for a Large Role-Playing Game

o doss his traushare o arificial ncelligenec? 1 e view avfickl inceligence
asceening the lusion of inteligenee, the godl of the game AL wond be to make he
e cha e player (or playen) can see <alibit smart hebasiors We wone t per-
Sorm mare pizcise A slgorthins and echniques o them to snhance the iusion of
metigeace

The commetse i aio true. i a0 object -
cult <o andlyze i bebvior, doss i really mateer whetber the objec
lver AL W could save CPU fime by vsing approxiarions of smart bekaiors o

ohjeets that o player can sce.

o scrcen, ar issa distans v it is Q-
doing some

Level-Ot-Dotall Classifications ~
Wit v cach playes sec In SV, she player chracter (PO s cemtere i the e |
o of the serse. The amers cam be fechy rouare aroand ths PC. Ty worrol the
O ety o sceon v e e pirch o o cmera 30t ome ol sec [

o 0 e artan, e catace e
e e seanda aors o considn el abjecs. Yo b
bt g oo s e, since s ar ey o sz 6
e e tvligen bl o cretures, b e il be oking |
B il an crts ot s s thee Pt ot of |
i

i comerstioa. Finaly i 1 crestrc s i aea i which there is ma player o e e,

lutrher relasarian of the AL possible
o FWA, thevs are five diffscenc classfcations for an nbjects levebof-decai, 2t

shown in Tble 8.5.1 guing from highst o lowest priarity.

U7 P Gt 08 o _
T Comm lghingor macting w2 7

i i 3 P

In Figore .5.3, e sce « mamber of objes et oo sepagac aras, Ench Lirge |
quane i Tigace £.5.3 rpicsents« diferenc ar. Thers ace e playuts i che game,
ok contruling » sngle PC. PCs e eepresented by a small ciele, with 3 lrge declo
dicating the sees that cai be seen by the playes. Cicaruces s repressneed with 2
onl square. Boch PCs and ercaare symbolscontalythes carrens LOD.

Bk acw alwags LOD 1, s0 cach aall cisle contains o 1, Cieatures ighting ar 4
versrng it PCs contain ehe nuumher 2, Creauutcs inthe prosimicy of PC <an-
i e rober 3. Ceeatares st ave st srchin 2 S0-mscer eadivs af aoy player
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Section 4_Pathfinding and Movemant

have e same companent nuber, dhen 3 parh exbts between e, This changs an
haustive search €0 3 cumstanc dime, or OF2) operwion to desermine it mo path

Altbomgh cais i a standacd algorivhen, ehe possibility of one-way Links and difi
ene charactee shilfics adds some eomplications (s “BxtructReginns.cpy” included
on the (D). The definirion of *wanscred” nesls 1 change. I some charactees can
Jimp: bt not orhecs, s usefl o laowe wherher 3 given chaescce wil kawn abi
ey can reacl nods A from node B, wiout 3 search, To salve e problem, we
run che hasic counected compoueot exrraction lgurichm [Lacombed || mulple
times with 4 diferent delisition of "connecesd” <ach vz, w0 that cach note gy
Libeled with muuduiple companent murbers, uue for sach version of *sonnectednes”
c care abowr. Ve tun one vorsion dat wse any comnection, 8 second rhat brcaks
comnections at jumps,  third chat breale connerions & elevators, and # fourth ot
breaks connecrions ac doors,

The component numher based on connections Lraken ar doors can be used in
the Goa1. CaTroughtor © decermine which switch o ute 10 operate dhe door. The
Al chooses the switcl hat bas the s componsa urmher 25 the mode on e sde o
the door. There ace two fimitadons i this method. The fist ceeurs if the correet
wirch s separaced tromm che daoe by yet another dour,in which cuse o st wil
e devmod accessibl. The second occuis i there i 2 way aronnd the door that wnld
esult i bl sides of the door befng in the same comnecued companent, i which
case the system canno decide herween swiches o either side of i door. The game
dsigmer enst dide wheuhe these limitations are acceptable. 1f tmaceepeable. the
limiatiots could be:svescorne by acliionsl nodeinap semorativn

‘Compancat mamhers ae ot allorred 10 crass onc-way i, since i node A has
the same. cuimponen auinlbzr a< node B, i says A b seschabl. fromm B, and vice vers
A ou-vay ik violsee this reciproci, Iuneud, wheneves n ane-say Link is ancout.
sered daring the conncction camposn exrractiow. i i vod w a s The L is thes
sed 10 generate & atrix of Ruolean vaiesthar says which regions ae £=schable from
ot anather, Nate that there is 2 lobal connection marri and a egion type st ode
for cach definition o connectedncss fsee Petitiodes rataExista s in NodeAnd.
Link cpp” an the €I fur an cxanple of how 10 put i all eoperher)

Cancluslon

“The heys o the eneligt avigaion approach pesar i his il e che -
tated ndemap ad gosl-based pach ccuton. The sodifed camecred companent
straction algorithin allos the sysem n <liieadly derrnin whethe 2 pal, miss
ok auy v charceer btesn o o,

“The codemap provides a veey bl ol for adjusing caracter bebasior an 2
e node o perlink bash. For tho approach o work, Ao,y need gond odiing
saals anl peopls s raks e wark sercusl. 1 doe e s soppy. th e will
1 When consructul carehly, hosweve,the emoxaied nodsnusp ez allow your AL
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&4 & 8imple Inforancs Engine for a Fule-Based Archi

etre an

infercnce engine docs nee care whia gacs on inside 1EEnec objeces. bu uly cans thar
these abjeci sapply it with the acessary functions & 1 them (o process goals 2l
cales.

Al
getann mechod, ‘The atart. finiar, and resst mechads ase optionsi. The most
mpotane mechod of his clss is ustac, Both goal sectons and rale condionls cll
untats. I updmo wiens vz for & e candirianal. dhen thac el i riggered. & goal
action call wpeaxe fo provsss the behasiar for i gonl

The init method isused m establish the armat of he excc nbject. Only v of
o same S=vner o can he wssd o vamserut rles for thac aomes. Tlds i importaot
when considering haw exccs il ko hose Lo ok wich an TECanr. and what spe
ific dats is avalable o hen. T make IEExcos more sselul, icis 3 zood des 1 gon-
cealire the types o TE6mers they wotk ith. Cor the exasmpls on rhe CD-ROM, e
aan 1E0wnie derivod class alled onarastr tlt prevides an intertice for all the s
system suppore for all characrsrs i the saruple gome. Theeefore, any 1eesec that s
Charator asan owicr G access ese imecions and asoriared data

“The suuthods atert and Finien ane el valy by goal action’s cxrs. As mencionsd
catlier,  gosl actin afin nesds  prepate 15l Fa the updates o fullorw. The stz
method <l be called repestely wati i eruros fass, The updzee merhod for e
‘oal action il o be called, and the rules will not be cvaluaced wncil stars {§ etais
ks, indicating . the goal has been lupialied. The <znist merhuad i simil
Wi canerol i wansrrel sseuy leoms  goal by a euls rigger, finis b called every
aptate il ir emens Eabe, Control i o sctually cracafermed unilchis occuss This
pives goals a chance o "clean up.” to b n # eae that males s e tansfering
cantrol Lake the crample af 2 iae jumping wvee & ditch:

COAL (uspDitcht

astaenon, avd

eviv casees ase reqicn 0 supply an it e

et GOTO (Runhvar)

1€t raan e che motsor i midfusnp, <0 seld ot wan him 0 stast sun-
e in miaic i the opposie dissetion. The *:nis metheel gives die Jump:reh

e way o ke e che man Lunds on he ground before any uiher goal cun ke

Bnhancament: Scripting and

Goal Canstructl

on Tool

Gy and vl conld easly b expased 1 @ exipting incface. The obsious advin-
g i chat the busic bchaviar For AL could easily be rearranged witbuu cod chinges

‘A alernice e a scriping, inerfce is Lo build @ speciaized mol for consaucr
g goals and ales The adhaniuge w such  vool is i, ke a seipting nicrfae, ie
allaes for sasy wvifications o bavior. 1¢ aso bas the advantage of redueing erru
s the ool ol omly allow you to elece ule and goal objects tha hve Leen regis
eted weith the siean
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Level-Of-Detall from the Al Perapes

s abjest can be renderod sith an appropriae eveb-of del. Ths,
densil slgrichn can conceol and aeljuse the ourbec of gl deawa cach Fiame
il il mraging o dra vy abjes,

it works i gtaghics, why ne o pur il iveligenes nech? We ae going
o llsrses che levl-of.ccal Al syscem thas we upllncnicd n Neverwiice Nighs
W stan by ceumlata e levehof detal concepe o AL Then, we descibe how one
el agents by the bsshaldetal ey raguive. Fnally we show b acions
with high resemc enage can b lmied,

The avaneages of storing 313 ubjects at il teskatons of kevcls-of dessil was
e discused 25 years o [CLrk761. o object thae i amscreen and close o the can
era mighe soquire hundreds or thausands of polygons to be rewdrd a1 sulfcent
quality: amieer, i the objct s discant rom the carers, you might only need a -
plified vesion of the anudel with oty  handfol of pelygans o give an spprovimate
izt of what che objectJaoks le, Figure 8.5.1 shows an evamsle [Lueblc8] of e
3 graphies mighe simply 3 10.000-polygon Luap into somerhing barcly ressmbiing
4 lamp itk 48 polyos. In Figare 85,2, we ses an cxamyle of bow co use chise
Lowee polygon modelsro render four lamps. using feer pulygons than i we only had
ehe single high-palyzan lamp.

FIGURE 8.8.1  Lumps of arying lvel-ofdesed, sewed from e samse disance. (5
2002, David Fuebbe. Reprinsed wish permision.)

FIGURE 6.8.2 L of sarpig evel-f-desal. viewed as diffres disemes, (5 2002,
Dasid Tnsbiee. Reprinted wich permion)
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Section 10_Scripti

the ime. Once na longer veqirad by the Chillenge mechanism, these objeces should
st s ey e igraed bk imo (e s word.

A hicrarchics) object management syscem s mplemented 1 allovs e Chol-
enge mechanism 0 creae,acces, e, and delre e ohiect. This sysecen Lepe
aralc o the mamber o eeferences msade o ccl ubject, enbling yarbage oollction.
A comceol was readned sedussdeon, as (ho objeat mavsgoment sstom <nsusod
har an object would tsrurn to the coect stace anl beavior a references o i were
deleed.

Toucpeal 6 s ojoct managemen syscem ar the canceps of Acorr and Agons.
Objectstmder the control of a proces runoing an the M aee Acrs, while objeces
fomeriuoing suanomouwly o the gams world axe Apents, Tho game prechudes Actor
shicers fiom most pracessing. including, AT, wehich helps 10 tednee the e of
amborescen abject hehavins. Onee  proces serninates,the objeet magenient sy
ten recaleulates eeférences w all the objects ic kuows abou, pocenrialy reruming
sume Actat o thet peviaus ols.

anipularng individua ohiocts within the game wold is poweefl. bt offea i
s uselul 10 manipulate « group of abjerts wgether 25 if chey were a singl ot
O canerinas, such as fincks and v, wers implemented within the game and
exponel m he gams deigmees via the object mnigement spuen. Th
e designe coukd vur casly dectane e bealdh of wn e flock-af sheeg, or even
command al of th villagrs in 1 o to dnce.

‘The Challenge Programming Langusge.
W nonw bad  Challengs mechaniim that wes puverful.elicient, and abstract, I pro-
vided ice, gencral xandatian s o af which s canld bl poeetl Challe
develapment cools. The gams dssigners bad begun ¢ sucipt some Challenges n deall
wsing 3 peenda prugraming language ol thelr own design Our Bamiliasey with the
N cnrmpiler ersarian wools e and Bimn inepired us o formalize the synta of
their kingumge ard implement a crpile for i that produced VAR oz,

A samnple scipt writen i che Challenge programiming lunguage i shown i Tise-
ing 10.5.1. Objece declrarians appear a che cop ofche seripe wich 3 lock f seace-
menes fllosing, The seripr et u caw i che puvicion of the players and, s
v s it walks tomeard te targes, and cases the evil s Lo bue 3 cunning,
commencary, I ormitates swhen the cow es ar srben it eaches s oal.

Listing 10.5.1 A simple script written in the

Challenge programming language.

[ ]
Cou' areate ADIAL 500 at posaticn of hand
ko cvil sparit poitt to oor
Say “This unhsaliny seast is on it Last Zays:®
rave Cow € {TangeT
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st b calealned for euch agene o cach of s neat ncighbioss. A, because these
inflacnuss are reciprocil, seorng itermadiat ecsulss o bl the pumber of calcul

There i aio the isswe of hoor the ack is o foresact with the emwiromme. Al
chough sulrple obstaclss can I sec up and deale irh uaig the avoidancs rule, tis
ntroduos the sociaced problean the an fncrease e e number o vhstackes Leak 0
i cxponsotial increase 1 the numb of calealaions. It s dleae rhae orling is o
computaionally inteusivs el i wrbich lacge rumbrs of agents ace invobved. I cat
1o be difficul Lo arganize gobal control over a ok, cspecially i ane s e suck ra
i arginab splet of Renolds algoridum.

e swaraning o, preseated in chis il is iotended for siuations in which
here are e ae bodreds o agens ivolicd i the swaron:in e words, siuaions
i which flodking, caleulacons weuld narmally pave prokibitve. 1t provides a com
stionally eficia mechod for iaving latge numbers of gt i 3 maoner char
v che scarm an “mrganic” o, and allos for an easy lobl conteel sy e
bre, it ot incended Tor stuntions in which i ey pat of the g hat che e
eures should bebave esnely like [ e birds, The algorichen makes o aterupt ac
woiding callson or cven iuterpenetsation berweea swarm metzbars. 45 lucendsd
ot very L mambers of smal, fast moving agencs such us ats, spides. ar cocke
roaches, The alyurichm given i th. exaraple cade in Lising 4.6.1 s intended for
Lud-bared creatuos chas ans i el bt s asy o adap the algoridun for Hy-
g oc b ming creatuics such s bacs, emps. o pirankes.

Te 1 amomed chroughuut thar rhe casger of the swarm i e plyer-couutalled
characes,but there s, of course, mo essen by lis 0w be the ase. For backgrous
‘arms, e atget coukdsimplybe & pit moved through th cnviraneneu. T envld s
e part of rhe pamaeplay that he pyec b tq transler the svarun (0 anodher targer
s could be 4 merhod 1 tomove i otherwise dugassable cumy and the s
el

i snsiese v €0 i edce agonts i simgly ro beng Uhem into exiseenee ol camers
The swarming algorithua will produce varisions i heading and positon, but it is ot
problematc 10 give Lhe agenes soms randoraness to hegit with

‘Hemever, i is in some ways  sste 1o eigger the swarm ofFcamera. Thete ace
Saany ways in which che introduczivn of the swatta can be nade into « dramatic st
piece. Dropping crestuss from th celing, omto th player spayiog e from e
1 the el baving a cascade of cxewares v e L ofa it tprcfeably on occo-
picd by the playen) e )l s in which yuu can ke (he most of the swacais
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Issues with Flocking

Simple Swarms as an
ARlternative to Flocking

Tom Scutt-—Gatehouse Games Lid.
tom@gatehausegames.com

Qi o Mk st b b el dunied snd s iy
successul s provucing natueal-tooking mortnsnt in gronps of sgstus. Ho
v, the algonitans cun be compucattomally epsnsive. especially whers thess ae o
lacgs number of agems or a compler e to detces agatis, Far this easan,
theyare o sbways suted 1o tal tne appfications suclsus viden games

Thin arricle decals 2 much sinupler lgorichm for producing nacuret-looking
movement in Lgs swatun of erearutss invalving tene or huodseds of agent,
Althongh this algorithm cannot gesotee sparation of crearares within d swarm,
e overall imprcssion o orgamic mavwnat i very convinclug

The HocLis algorthms described by Ciaig Reynabds Temoldss7L. [Wodcocki0l
describe. how 4 gup ofanens can e made 1o move b 3 sl ko wing
s simpl srecing bebvios of sepatios alizmens, e cofsin. Spararion malt
the age s o v0id gecdog s clese £ s sar neghbors; Aligome. maes the
e st 302 10 mach e heading 1 e erge bl of s near nlghbors and
coleson malbes the agesteer foward the avecus osicion of it nea neighbors, The
emergent. bbavio o  grouy ufageors e e ules s 1o move i o s
Gz 10 Aock of bieds o1 3 shoa o (s Wit th addirion of a Gourch rl (asoidee.
which mules the sgont seer away from 1 aeaby nucflock objet, aens <an
acound oftaces in the crviontaet and mos 50 3% to v nemics

Flucking slgoichs are perfect for simulucin, ch raturalisic bebavior of smll
10 midiom Ramhersof s, especilly i gaars i which the belasior of thore
exeores s 4 aujor focs of the panephy (e, Ninsnda GameCabs Pibmin)
Towesen a5 tho nunbes of ersarires increases, convonconal fockim, algordoms
become feasingly eepsive Esry agent i  lack b chock agan, ey ather
syt in the ol o see i i e esough o nflocnos i, comuling in 7305 sepe.
it distance cledarions (peoviding incormedice reslrsan sored i a inceracrion
aray)for . Hock of sz . The, dhe effces of spusation. lgament, and cobion
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actes behaving. " e system also fosces s archisect) o dosign euch subcompanent.
i standard und Qe way, via he TEEseo interfice
Flopelully, s aricl bus given yoru sucne Lsight s 1© ow even siraple i

ceams AT oncepscen ake yous systen ove empawered, anel can be a springboard
o learning smucls more.

" sumple ok st il o o (KO comios he ompletc e
9 angies o o he ke o dog and i i 2D worldand it cuch
o o The dime s b progran, that printsoutmcsags o wha he NPCs
e doimg wnd b the s ey A o ation an 2D ot syt e

e ensrae o secs i et i bt

Srone Vlachiie Clas.” Game Programming
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G, Charles River Mo, 2000

[McCirckey00] M Cuskey, Masun, "Fury Logi for Viden Game
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+ Switch playor control. Allons the uset to 1ake control of another playee. Fou
example,this would llow hs uset 0 assme control of 40 opposing eam in a
sports gams of ks aver an AL uni in 10 aution

+ Spawn objects. I€s often ueful o be abls fo dynamicslly spusn e fstus,
cither o une Uhean o the game e o gies Als an oppureunity (o we themn,

This st provisoe shar s of disgrosic tock that 4t be wsd fo view ehe intr-
ral sce ofyour Alsand the spreilc picecs oF knowledgs e cher disposal
Mty ll o thes dingnosces are nceedibly ssuple o aplemenr, nd che e

Chey save in testing, ewenking, snd debugging will make np o theie developineat
m: soveral cmes aves, Tl suain ool equired o buld these diagaostis acv 2 sim-

ple 30 line drasing prinsties and a way 10 dra sabitecy text onsercen,

105 ensralty a gaod icea co make all of i Sollowing disgrnasrics cnmpletely inde.
pondenc of ans anotber, You can store a lisc of which dagnastics are cuteently
enabled, perhaps 3 a linked list of integer 105 a4 et of bic Hlags char can be set
within 2 single incsger, and wse i o deteriine which diagnostis are curceady
rarned un

“Also, s that ke che A1 commands Listd i che previous section. diaguustic
tack tend co be highly welul witn the gameis editing ool as well 5 within the
gnme iself, A e il ususlly shars  arge amoune of vk i votman with s edi-
s angaeay. s ir makes sense hat wherever pasible, we shanld make our diagneic
ool snilable wichin both vonesis.

« Unit identification: Display rhe text same andlor musneric objst 100 of cach
seevtonl Al caly

« Unie staritics: Disgocntis can Ubplay the ype o speciesof each slecte entiry
s carent i polas and armar Jevel. the entty curecad vorld-space cooreli-
s, and he vl oF any additional properrics assacared vih the sty such
a5 the crotens of is insencory, what weapons ic posseses. it vurcent Sl se-
g, andso on.

+ Dinic AT sesee: Dingnestics can easly display tho sars of amy ghver Al subsgstecn. I
‘yoores developing un A1 bsed oo  lnie-sre machine,for cxample, 16, Lelplul
isplay the cuen sacsof an A1 ac any given oo, 1 youle using  uary-sate
machine, you can disply the numeric weight of ach s in real e (assumiog
vour fuy-stue snachine b svall cnonigh to fit on the sereen). I you: wsing 3
decision-tre koaming algorichen, diplay dhe cutnens of the currenr dechion e

« View scarch spacs: Any une st Leaeunss A1 parhfindliog, wil ypically hase
same preconputed daa sTUCRUTSS) €0 represeat the sracch space wiin the
gt wiskl. For sxample, many 3D games we 2 navigation mesh o cepeesen
the comnectiviy of the wallble suckioss in e warld (s [Souul0I}. s
ally rpotaoe s be able o view these daet steuctures withia i game.
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anly face the goad posiron and vilk rowacd . € ch lek wens labele usrunning lores
2l Gus FesLowtink uses contml algoridhs designed  alvags koep the chasavter
within che ik houadaries. a the costof appearing core soburic

Apathee Ll . requices the characeee 10 Juiop over a chisna, In this cres ot
e pdate cycle, che AL perfarms » fine check against e world geomerry w st
e grannd in front of i, The line cleck pesforrs collision dotection an & spocifisl
ine segment, When che ine check il v bit auythiog, e signifes tat the A1 s ncae
Ui chlF dge, and the AL begine is s, For 3 Jamp up o over 3 wall. he AT per-
foumsa line cheelc to deroer the wall i ron of it and begin s amp when ir i e
enough. A Link thar conaccs v lofge grab nodes instruts e charserer w move.
ight o ok along the Lnlge while hangay fiom

Tiorh Gas, Fol1om 1k and Gos:_SoLanode are designed ro detec fuilares. 1 the
character i stk for el piod or has deviacod significauly rom e desied.
coute anch as i che whatacaer has e pushed From a edge, dhe goal can repott a il
e o ies paceot, ot eeplan. b is sl passible for goal falnre or saccen © adjust the
cost o ik o mee in the odmap o that 1 mighe be avoided ot rvored o fuuie
path plans. This abilits can be importunt in dgnamic envisonments in wlich 3 moved
Shioce mighe bock a presiously valid link.

Doors and Elovators
Some nodemap links pas chrangh doors r deragors. ansratogaa” sror i s st
Liundle rhese lnks diffrenely, e they might requin: deviations feom che parh
order e oprats the swirches that will acevate the door or elevaur. Wrking back-
‘e from che end of the parh providd by the &° seatch, 2 Goa1 2 alleain is re-
acc o each ordinary lik o e parh sl inseru a che ot f 1 gool quese, As
oo s doar ar clevace ik i cncountersd, the approprisye G021 GCThro. gilus or
9n]_Rigsr tavator b cucaced, and the remaining links i the gath (dhase i oo of
he doar oz elevator) see thrown out,

Uhe s cxceutian godls w'vs defined so far make wsing doars and elorstars
el sirnple. tna?_GuThrougnace hanlus cveryzhing mevessaty o get o the apposte
s o a do by using some of ur cxsting gals (oode pravided on the comparien.
€00, The goal A queries the door o fnd 1 switch that s seachahlz from the AT
st Iocarion. A door can bave w swisch on either sde of i, 0 we have 1 be sure
v choore th oorvece ane. This invniws wing the tosnhs o a conneseed coropr
nent exttaction described Lier, Once dhat stch i decermined, che goal an bogin i
sk, Given che siarion st in Tigure 4.5.2, Gua_sihro.ghao- divides s
wark amug duic subgeals

eu_xThwoughzzars. Do0rt 1 )

oal_BAtSKLEENL oarSuiton § 1 REE seltah Lo cpen door
el Sorohooa: Dearknty | | 1790 o nodo in trons cf duor
SooL FaLleaLink{ BoaarLink 1 jipsas through dsor
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Section @ Gensral Pumose Architactures

GOAL fdl
IF Refieshed) GOSUB (Wasder)
IF (Tired) COSUB iNap)
GOAL 1Wander)
F (SeescCar) GOTO (ChaseCa

GOAL (ChaseCar)
TF (Catiotsvay)  GUTO (Waader!
GOAL ()

W have acdod a v goal named 209, 1L concain a o resnod and a Tiee e
Noice ths new GO heyviord. When s 6058 eule i triggerd. the infeeence engite
transfers control a the refecenced goal bur keepe procescing the ochr ules in the
cascent gl all xcep for the nule thar wiggesed th crafer. What s mems fo our
g s thar whes conol sansfers 3 the ha-aer o, che o rle sl gt o
adliton, when contzol ransiss  the Vas gal.ch et raanea el il e s,

The Inference Engine
o is @ goud rime: to stop and Luuk at how gk see processed by the fufireuce
cugine. Basically. che anine neods 10 be bl o esecut che currenr goal ction aid
loop theusgh cach of the cutent goals rules e sco if any of dhem criggess w5
s goal. I a rofe s, then enarol s stched 1o 2 ncw gonl. Thure i a bit more
the enpine than diar, b icwill b cxplained as we go slong

Tl Gt thing e e o dois o ke sare o (leence cngine can uoderscand
what goals and euls e, Ther an: several ways w1 do chis, rom pioviding aseiplisg
inteace t0 custom role-bulding cools o simply maing funcioas calls i cude. For
the sak of dlriry. s article implemets che roarion uf goals anu raks in coce.
However, we will use macros e repeesent chem, The use of acro gives you the abil.
ie7 0 s “behavio at a glace.” since there 3 none of chat ey codk s the .
Mlacme can be hand 1o debug, s0 ther i 3 trade-ofl; However, oo the tadcros sie
sold, chey cau sccaally make rule construction less evror e,

Qae mors thing hofore laoking a the macros: « cllerion of mites aod goals
<snicd by an teounes objecr il be refereod 1o 55 "brsin” i s el for cao of

“The nscros developed for ths arile ae:

IE_START (wame) - Scarcs goal constucrion fo the inferenee engin and gves
the brain & name,

GOAL Gaction)  Specifics 3 gl and . action object,

F fcond) Specifies the L gare of a ule and it conditianal abece.

GOTO (guat) Spesiies 1 il to ransfer oval control v,

GOSUB (goal)  Spewifis 2 gl 0 mansiercanteol co, bus korps the ruls
f ths curcent goal iur proccssing by pusking the goals
eules om 3 cuscke
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Scripting for
Undefined Circumstances

Jonty Bamnes—Lionhead $tudios, and
Jason Hutchens—Amristar

jbarnes@lionhead.com and
hutch@amristar.com.au

(G picmening e i cmenn of 2 computs st e
i  stoeylis:foes e plasers of it goats ad prosides & o o thlr
acions. Prederermined cinsengicsoquencss can be used to present his seorvline with
et effct, 25 aemply illastraed by virkes s as Zells 64 andl Mol Gear ol

Games. (cawiing dynenmic physical simulain and arifical incligence (A1)
imtroduce the possblic aF undefined ciemstances accarring, and can oford the
playe,rather than the game designers, the freedom o s the agenda s i¢ possible 1
add a sorplne. o such upean-ended g worlds withous joopardising th player’s
‘arpemsion af dishelich Whit 2 cencia cincmatc sequence depends on the harmiess
Tl villager thaethe player uachinkingly theew in the ocean st che begioning o the
gamet Fcn s whar i3 nonplayer chacacter (NPC) under he contiol of 1 lare
oy A1 sanem imerles i 3 cinermatic sequence and higins €0 wesk hivoc?

T this anil, e discuss the feacoes tha e eoplemente i she gaone Bk &
Wit allow the gam designers o creae sorvline adbancing "Challenges” wishout
compromising the unprodicrable nature of the gams "ionhead 1]

.

My theoragh e developunent of Sk o Wi, we decided tha the tine L
come to eie creryehing together vith 8 cohesiv scorgling. Dus o the open-coded
nscure of the pame, we chose 1 present;the scorslne theough a sequence of Chal-
enges,sotor ol e served o alvate e stotylin some of which gave tbe players
an opporsurity o pracric their skl nd some of shich cxiseed prrely for sncer-
cxinmenc purposes.

O of se st Challetyges wricia s e “Lont Brothe,” This Challenge begins
seirh 2 voman cmerging fom her hause in peayer or the safiey ofbor il brorher who
bas become lost i the woods. Informee of her pligh, che playensses frce o do what
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Neural Networks for Games

0

The Dark Art of Neural
Networks

Alex J. Champandard—Artificial

Intelligence Depot
alex@ai-depot.com

e s wants ot use s eoorts o yout . prsfucton. and having

been told dharthey a2 it solion, you chought voud gvethem a e You
g0 book anrafthelocal lbrary and found hat therc’saccally ki seally Fi.
cullinvalved. A feo houes it you b sanpl ok perfaroing an XOR k.
Hloweser, srtiction & quickly teplced by frstration. s yon semir that this i nix
quice whar e s had in mied. hen reckling e problems.you relce s
youe aucl etk dos ot pecorn o xpretationn, Luckl, futber esearch evess
it fse peapl b cacklod a sl splicarion, and yor 1 0 mimic heie mad-
e Things ars laoking nps chisparticula challenge s eslved, but pae of ths deci
sion procens all e espired by lack osgic.

“Thus s rargts 0 s wirh intesmediae kcnvldge of s el
esns thencrforth, NI). You il aeed 2 be Fumila with the ooy a0d
e s pracical expecience, Assuming (his,the aim of cese nxe o pages is
s yout undersanding toth s v, aflwing o 10 acke g peobleres with
N and silllly opsimizechem."Chi i dae by ackpovledging e nced or i
etk design. socogniie cummonly wed. techniques 1 el a5 some personal
s, and Uying t pur them aldow an paper

Neml oo provide af he banct of machine leaming, while sl g
cheirsnuplicny. This makes cher ideally st to gtmes specilly i the conees of
b —y

The Theory
These are 1o of the mest active tisds of connccrionlsm, and argubly the o
innersting.
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o _ . _ . sestiona Pathfindingand Movement

I syscems memory i igh, ¢ is nox 2 ool idea o allovae: merory for bl
ypres for ] s sod links. sinee only 2 stallfracrion of mndes and lioks receive
Libel, T this ase, labels exn be st sapararely in o hash table, o a abel steucaute
an e allocaned dynamically oaly for dhose nodermap el that

sed Path
ray
g sy sz mkingyour programming esice. Leating path evucon s o st
isarionprovides s nanral objectorented et o the problem. Using g s the
D foryourpaths cacvution will ke Youe ks i o read, e, maiotio. and
debug, Fot pposs of this ik, parh exseutive gouls ave s Gllowiog bus

nning and Execuf

il execation is 4 corapheatcd prablem. A liee organircion can o4

« Goals ans sponsible fr detcrmining,rheis v sucees o feluee.

« Coals provids 30 Updatar) uncion tha s calld cach timestp when the gl is
eing execuced.

« Grals cam erenestheir v sbgosh, whiclare scored 2 quen.

bl e reated ol whes the pascon gl s s ewcred, ner e crested,
fallowing principles of sy colaation. Lary evshuseion techusiesdeler compu-
ction ] the czslsare e (Meyers06],

= Subgods s execued one ata time, n order

« Vol any subgpals arsprssenr, th parent poalsends o contol nput & s s
object.

= When a subgal sucoseds, it s removed from the quere

« WWhen a subgasl rpores a e, the parene gzl can replan ot report fallor o s
paren

The Lighest-level goul 1 path planningis G991 Gotopossson where che pusitin
cau be o or aff the nadamap. When Goa1_untorosition executes, if the desdnaton
i for enaugh away, i genecaces 1 subigoal Gos1_Sototews il the ode. lesest m he
deuination 3 s urpusnen,

Goa1_batonone requests 3 sareh (e A* or eur it algoridu) o lud a gaty
onsisting of  seris of neemsp Links it coneet e saniog, posiion e is desri-
stion . A Kanetlon Goneral escanseranparn) rakes thar path snd ereates pah
exccurinm goals har are added o she gl queue, Foe stople pal n due abscncs of
path scnocrling, the fanction Generace 3 Goat Fon<e 1k for cach Fink in the path.
Gea1_Fovia ok handles the ravarsal of singlelink.

Path, smathing uring line-of-sight cesing; cun Leplace several conigaans
cz)_FalonLinke with 4 sl Goal_GotaNodo thar parforms no planaing (a con-
steuchor aption 10 Gor1_Ge e can force 2 direce parh). Ol links that have o,
anmoczions are remaved cheough pach smootbing,

Goul_FulieLink cun handle tmuipls ypes of finks, includiog jumps ver
chasms, jumps aver walk, and links alang <. Depending vn he labels applicd o
ehe adermap ic will sscute different. e, For ardinary links, charcrers need
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e i segments o eeptescnt the curve with a ssmonable degge of accunuy. e ac
il eppiclly be v emough, W cam abrainche endpointsof the ims scgments by
elugging in vasios values fue a1 variaus lactioms of he way chevugh che fevecton:

Honseees, the relly ricky qusetlon & how 1o shar che projectile s0 it will lond
whie e want i o, Given 3 desied ¥ and. . che graviationsl aceeleraion constant
A che scalat magrivude f the mszdy volocicy (3, we want w find the bes. angle
o e the prajectie.

e,

Hiing the Right Spot e
Moot A matens approach the targecing, prublean ieratvely;thaci.they soive for the
case im whicks the farget i at the seme hight 2 the dbonter (= 0, and then itra-
el gusss ae diffeeu angls o] they ind a angle thas setus mese kel (@ it he
Latgetar i actual heighe

Ltoweves, there are solurioms thu doxit eequies pou 10 ierace, Fapuation 8:4.3
ot [NicholI11]) shrs hom s dicermine the angl to Lt a destinacion point (31
siven o3, and g

0=t |t

1che cunuicwitbin the squace ot iy Equerion 84,335 negative. there 5o soh-
on, and the projctil camnot it e arger. (F ek e, there (s exacty ome slutian. 1€
e puitive,chere are i prossble solutins. lloreing the *€” symbol o the cqatio.
Tn his cae, et given exaes el so har,for xataple, 2 grenadict could select che
bigher aafectory i che ko wisctory happened o i blocked by an obsaace

Technicafly, uf s, hissolucion i st ineeaeve, becase aking th square oot
s fcracive process, but s cquation at [ease hides the uratious winhin the cqua-
am inell 5y code ned o eyt any f-loops

I some casen, such s with 8 how and arcow, v Lave canteel over che fadtil
slociry as wel a5 the angle, Tauaion 8.4.4 (aso from {Nicioll0L) allows vs T
decsmin, the inisal velocit sayuisd o hit 1y given 6 and . 1t ehen becomes trv-
o hexanely tes same muales of candidate angles wil s quation and pick the
eloccy thac cknest 0 3 desieed velociey:

« T %
s | e 5] 044
w8y fxand - 5} )

o he case of weapronscht stosaicaly ik i e, Such a bea secking i
e e kit dercrminatiun becomes vl The A lising the weapon ygically
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(e Do Hhcbart 1 s Michasl | Tipping, Frograming Livgusgs
oot and Si, PVFS Pibhing Compaiy 1935
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|uwaanskiog Oumans, A, “Obcr-rienced Appronc o Genedc Pogam-
ming.” Conconlia Uniyersiy thess, 1997

(XA 11 Wiy Dy A Genetic Alorihon Tooral,” Saics and Computing,
ey 65k, 1331, Al avalable ot the Wb ae v cs clustans el -gen-
it bl
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2.4

Realistic Character Behavior
with Prioritized,
Categorized Animation

Jeff Orkin—Monolith Productions
@blarg.net

leleat animtion systenne allow A programmens s eseate realltc behaviar for
clusavsces by playing mubile, ayered amiions sinuulianooydy. With correat
xal aimarion rchnolog, dhere L o ceason o fimi chacaceers 1o anly playing

Fullbod, Jowerbisly, or upper-body amimarians. Todar's chasaccers can move amy
et ol theis b independendy, ust ke a ive psan o animl A characte should
bl o firc her g witl e bnd while runting 2 she furzows L bruws, g1ts her
e, and Lets e b blow i the wind! The challenge, bowever, is wying 10 manigs
Uiese independ layets of snimation.

Using a separnte acimation conuzale for cach pore ofthe body will yoickd foad 0
vy camples ol aud 3 cunfusion of nserdependnties, 4 beter slution is a -
2od aniaion syseem in which e Ly ar caregorined by the egions of
e ey chae they affect. This aticle describesthe implementation of such a sstem, in
which simacions a s1oced i 2 sorced lscofa single aulmation controfer.

n and Categorization

A system of prioritaed. cacegorinel animations emualies vt for soring and sop-
g, animarions. This centralized sysem charinates che need for duing any chocks
before playing 3 ne wituation, The animation contruller uees the carcgry of the
animition o decermi the sorting oeder, s wses dhe priotiny o decermine wht lo
swop previons animarians

e it sep s 13 mark cach animarian with ics priotty and caregory. Then.
store dic priariy 2 an ieger saring a zeco o1 e losese prioriy.and imceeameit 0
3 chasen uppee limic. The category <an be 2 bir-fog enum, descrlbing che regian of
the bdy bt Lhe animarion affecs. ldsally, 2n anioator should et che priariy and
Categoey ¢ the time cheanisnszion is expotted from the aurharing sofoware. I s i
o prsible, che animiciva can b wiapged in 2 dacs file shat specifes the prioiry
and category, sl efesences dhe accoal animation data






index-194_1.png
45 Wavigating Doors, Elavators, Ledgas, and Other Qhstacks _

e we have srared exscuring Gos:._Hitgi 1 and ies subgoal 6aa-_Gatotiace, onr
complets ecusive goal e wauld b
Gusl_setatoss
Gz onTia_ghbeor { Joorl 1k
oa_ Hilewten Doordeilen |
‘a2 geohodn | Getviton.ocacior| DaorSeilsn ) )
‘a1 Follow ik
Goai ez loair
Gea)_Tr-Texards( Doorsun
onl, GotoHee{ Do tmy | /nar vt wxpa-ded
GorT “olowLinki Deortiok )
Gl Ful ol ok
sl follon ik
Gon: ranleativk

Ludencarion represets the nesing; Levl of che gaak. Note dhar Goal_Sctutice:
Dou-ratry has net yet besn cxpundod. according w our |37y cuahuation rulc abora.

gool execution, Lary cvaluation improses eficiency,since i s pussible the chasacter
il die o vl have to seplan hfor i begins cxerution of that goal

ont e hrougBoor can be used to navigae sinalac obstacles as wal, ncloding
e fieds atd reractable brids, A e Reld bas an open and wiosed smte st like
«duot, il rerraciable bridge mighe b ecarod analhgously 10 a o in which che
catendod e s the satas a8 che door apen state, anl e eecrscred acte s the same x5
the door dused siae

‘levarars {er srilac tanspare mechiasms such as erans) ans handled similaly,
i the excepion it Gans-steonlsfronearn () collapscs muldple conigoans links
along e sue clevatos fnuw 3 single Gazl_RideF1vstar (ser cods on the CD)
oul_pianr suatar disidcs e work inus four Tasks:

| RideE1geator

Ger1 HitSwiteht Galiseatoh ) +/hid the cell sailsh
Gl Gotomona( tnsryllte | | 1ige %3 “0an utside clouatar
el Foliont 1nef EriryLine ) fiertar the etevator
PrarBettoni IniArmaLEW1e | [ip.an the buion fsnc vaiti

v

Like che door exuople, we nesd eo find thi carret swiceh 10 Gl che elevatar: To
find i, e make use of h conmsed componencs nformarion discussed in the next

For A", the most expensive scach i for the patl thar doese exist. When mo path
exiots, 4 il pecucn 29 cxbsrive seuach, To avoid thes: incfhicient searchcs, 2
grod idea (o ran 1 connecied camponzan sxwacdon algoritlan on the graplh
rertup, The algorithm Lubels evscy nue sclh 2 component number. (1 1o nodes
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Section @ Ganeral Purpose Architectures

30 speeifc duta o any of the subsystcius surks a5 4 sesping or yasemiog, animadion
Onee Nap s iniilizel. it is ready 10 b ased by the Intessace engine rhrangh the
“hisk merhod,

Step L of think pives goal the apportasity o perform ane o7 more Jases 0 p
e for the main acon i he goal’s behaviar by clling the start mechod. Usanl,
oty ome call a sear s nccded o prepare a ol fo processing, bae the ability cists 0
suppoec eualipl all in enuleiple nptes, The inferenes engine vwillconrin callng
start on sabsoguent upelaes as lomg s sear rerurne filse, Onee sart ceturns a e,
it i the signal thar ic s suscveded and processing of the gosl can procced. Io the
cascof e Nap goal, s-are hegins an animatlon fo dhe awner {the dog) o ic down,
It sos up 2 Ineroal st 10 UieOrmwn forthe scare of the Nap ugdte.

Step 2 is the complenot of siep 1. When conmol has been translened 1 3 nsw
ol theu e previous goal has che opportuiy n “desn up” through the 71w ar
mechod. For cxampl, sy oue dog was st sereing e e dime Lo bis s, b sporeed
& cut, and conrol sransfored 10 & s goal. We would not wont bin 1o insanly
snap bu of the Ling-dwwn animarion and sace chasiag the car; we would want
Hhim o srand sp st The rinish method for Nap conld do this,Lufore aloving con-
ol teansfer e chas, by requning e watl e dog v standing up. Oince fin
o resuens teve, o e nferencs sngluc knows it can wontinae the trans

Theshird scp is the update ofche main goal scrion dhrough is TEExec for Nap
“TLis upelace conenims he bl o e iiavior Sor the goal. For Nap, s i che vacious
subsrice chasges o Iving deven, yawniug, slooping, geuting up. yavving agein. and
swstching Fach substaue contains code for making the subspston calls for sound,
nution, woimation, and o forth, For lis aricle, the substatc changos arc made
chrough a switch scaemmer. bue could easily 05 state amachine. You could even e
goals and ruls o the widdic Lyer. bore will be explained ahane 16=ecu s ellow-
o sction.

Tl Lase step praceses the eols for ol goals o e sl scucs,igmoring amy s
that have been nigyerod. Peocessing 4 rule means calling the el exech upista
method. I dhe update resuns tuc, chen the rule is criggered” and conial e G-
ferred <0 chc goal I efees co. 1Fthe rule i 3 5O5UR ype, i the cusezat goal i
e scack s i s il i w e procsseed. his allwes goal nesting, whicl can
e avery woell featurefor sabgoal rpe of Seatues. T che rule s 610 cype, them the
cartenr goalis popped offthe seack 50 s s a1c a0 longer wosidered.

about Execs,

he tegues chas is che doteeface foe objecrs that can <xceute goal acions or rule can-
i, 1nall fimess, most ofthe “seal” AL wark i done indid clascs deatved from
10T xve. They form che middle laer ofchs systen i which call aze made m kow-Jeval
support systems fot souod, wotion. effees, animarion, and o fotch, For “EEres
bjects dhat are wasd o smpport goal actions, such as Nap. che
ains all o e substate managemen for manipulaisg breuvioe for that goal. The

e merho con
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Level-Of-Detail Al for a Large
Role-Playlng Game

Mark Brockington—BioWare Corp.
markb@blowere.com

e el design documens for BioWarcs rmuldplaee cide, Newerwinies Nighs

(VWA calld Lo advencuresdat spremed wseries of arassonllat in i w tho.
i previvus single-player cole playing, games iche Baldr? Gateseries). Eacl area
wichin s avantire is  oncigious region of space chat i linked 1o oebet arcas via
aren wamsicuns. The inverior of 1 housc, a patch of foret, oc a level of 2 dmgeon
sronld exch be represented s 4 singl area.

W found thre e b o fimit the nuanber of resourcss ke up by the gam and.
AT byl the <ngine w0 voe e area grwip in Heldur Gate, 4, s s
greup s a subsct fall o the arcas wihin i adenrare. & qsice 1 poup s~
Ly consistd of an extetior ama and all of the inerioes of the bilding wiehin tha
neion aren, When 2 player chuacter (P03 ceached an ares urassicon chat wikl
ranser i 10 4 diffcent muster aen group, all wicrs heard “You nuae gorher your paty
bl vencuring focch.” This was.a major hiadache duriug a multi-player gaaos anless
you wen: aperating o 4 welbelisved parry chat vl a5 a proup. I reglarly
ppeans om ouc message bourds as ane of ous st hared Festure,

"A toajor design goal o NV v Lhat it mase b fun mal-playes rok-playing;
game. Thes, it was evident that estcring playees mosement by the auorhodh we tned.
i Bl Gte wald be inpossible. Afiee & brif discussion or o, we devided thar
e woald bave al o the ans vithin @ vea adventure accvs and in muemory acall
{imes, and ceducs chesie of ou adeeneures so that they eere a bit sealler n scope.

Howescs, o posed a problem for the Al programmee. Dependling on die sam-
ber ulaecas, and the nutnbe o automous agenrs (o reanoes) vickin each area, we
wotld have thosands of agents operating within e game workl. Bach of thee crea
cures conbd make high (U deinands an the Al cagine (such as mexement uc som-
b acthe some time, Everyching in duc world could com ta a grinding bt s he AJ
marked s way digh thowsands of requests.

‘Gruphics engines Face s similar problemn vebon shey st render a Lasge aumher of
bt o ohi seresi, S vy grsgolis i his s 0 he sumber of trionglee
har e can render ach Fame, e sohusion 10 diaw the same sucaber of hieets, buc
wih s oF diom contaiaies oser erangles. Deprrling o the scsoe complexicy

4
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105 _Serpting for Undefined

oy chooss. They can ignore the prayens af the woman conuplsrel. ey can reumice
the ekl siblings. Ty ean find. aad il th losc beoshe, und tauer the griving,
swotssn by holding his ifless hudy juse ouc o bt rach. They can cake the worman so
e focese sebre her brother Lays, wric unl che paic is happily sallig back o che
<womasis house, and then kil them butls maliciousdy and without warnir.

“The possiblites avalable 1o the plyee socm endles, and yer our Challonge
ncchamism siested 10 make i asy for our game desiguess 1 support them all. We
focused on rearing an sstcasible ecLclogy that provided botb h abiliey to seipr
Ciocrmie sequences #nd the flexibiicy e knplement inceractive Challenges thac are
tobustin the faco of nadefiud ciraumstances

The ch
We decidod thac the Chalkemge ol be exceuot on a virtual mackine (YM) run-
bing in 2 dymasnically inked Hbtary (DLL), with an spplicaion-profzazuming inter
Fuce (APD) enabling evrmmuicaring betwecn the game and the VM. This approach
b suanicrons advancags:

e Virtual Macnine

L tdpemlnt ofhedts s s oo s i the
o in o 4ot o o exermen ot i
b oot g e

g A com it e i sy e, s
e sl sy e o oy of s s s

o oo ol he DL s b T 0 Ao e of che
A ald v v o spion b s ol g s
T s i s .1 iy i

il o s bt ot DAL amd sk  compate AL,
e s bovcned g Wi b e b s prsa

W implemented a stack basod ¥ M st o capable of mnning many protesscs
o pardlll, it for of uletsking being wsed  swirch between them,. This was
auhicwed by forciug, processer o block whenever they encortered 1 branch apende,
and woreal well in practice, as branch opeedes usuall signify an ierative rank ur 2
by wait, Wi imapioed cha each process sould be sespansible for managing a par-
eutar object, eveut, ar Challenge i the game world

Vhe AL berseen dhe VM and che gaane aloweed e game t seare, suspend: aud.
VM processes.and alliwed he V3 o call gasae fnccions indincedly. A seack based
M maakes this progss tiviah, i che fecbilcy of thi approach made it possible 1
expose e gane. fmetisco ch e designers with cas, a5 they bocame avallble

The Otjact Managomant System
Cur Challonge mechanism needed 10 be able © saamlesly aceess and courol sy
ebject n he game woeld, focluding NICs,eegardles of what hey e be doing at
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£1 The shave is wquisatent o this.
T igyer Iags - ATria_Evplomian | <iriy_Fovmshear;

The group's pasiion cat be handled i 3 shalla fashion. The positian o ke
e is s w0 the averago of the powitions of all members of the
e one st variahle fo is rudius, which isset 0 cncompass all ul the pos-
o of group mermbers. The g syseees disvance check can be modificd 1o check
 radius around an ageat ar grnin of agents againse dhe cudius aroied the wiggoe
Whe the s Inserse, vand-aTr-yt) is called

Ihe igger systemts Lpdatoi) functian can be modified 0k« painter 10 it
of agonts, rathe s using ehe global isc of agents. Updites s frst called to checkea
Jise o geoups of agents. Fandlarriai o the geoup can then call Undateq 1 again,
s n the geoups s o agones. Repest thispincess o secusse fiom the group level
cathe individu agence.

eoup. The group

Qe  baie riges pste is n place.the possbiltes for the games AL ane sudkss.
Tiggers can be wcd 10 alert agents of gnfise and esplosans. An gent wirh losr
Bealds can 1 7 dynormically preitioned rlgger v igaal the need o help w allcs
gents can even desscr what the plycr s inreracted widh via miggers attached
ineractive abjcts i rhe game world, such as doors.

‘Tuuagine chis scemarior e pler fres bis gun to opi a Jocked doot: The gt sc3-
s  nigger fo the gunfre sourd. which wiggers 1 acarby agent. Yhe agenr walks
o the bocniun al the soand, and noteos th player. The plaee s visbl o the znemy
thaagh 2 dymamically posicioned tegger [oc the characteds visibilin: “Lhe agent
chasos the playes by Eolawing the posiian of the dynasaic igger. The player’ilsthe
agent, who vgisors  pertmnent rigger for his body's visibiliy: Asohee agent walle:
by and responds 1o ds by’ criggen. Ho becomes suspicous and rarns on (ags to
chock for addicional rigeses incluing Foarprints. Suie cnangh. che playea has 6 2
el of uiggss registeced a L posiians uf his bloody footpriat. A the agent bl

Sowsche plaver’s Footptints, b sames accos 2n alscen bution, The abinn suanacss
permanear wigget, togitered when cho alarm was createl. This trigger cavses che
agent o walk aver o the button and saund the alarm. miggering, odher sgenus 1o
seaech for the plave

Uhis s only 4 sampling; of how the mrigger wstetn can be used 10 vruaes exciring
paneplay, The posibiliic are oty imited by the designer’s iagioarion.

Raterences.

[bfumerd ]| Vimser, antd Ry D, Caller ) Sxint Al STE. Tatorialand &efr-
e Guitles Crs Programneing with the Sendind Tovplate Lirary 2o &,
ddison-Weslty Publiehing Co., 2001
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Sectiana_Pathfinding and Movement

Door

Q) oot

DaorEntry

je)

DoorSwitoh Goal

FIBURE 8.5.2 Toge hrongh  doo s s opened i e vich (oorswixah), the
chancer s fs isthe i, shen move 10 theSournt= e, and vk el
b e ik thar s thasgh th oo 0 the boore wode. Gl ndicte made
locations. & dosdfue baveen s i tha s s e she modes, s
it path ould consis oy bk

Daortsn i the link dhat passcs hrcigh che doar and connects the nodes sbeled.
aeortrtey and DourEs i, Nove thas we canmo seplace h st own subgonls with 1 in
plegoil Goa Bototeon Daorcxiz 1, because this would cruse infnite revusion since
it wanld simply generate anothee Gox_GoThrougnosor goul.

e subgeal Gr21_1i 5wkt exm iselfbe beoke o thiee sk

Gua: Mitsateh( Seitch )
0
Gonl_gntohade; Getsaltchlocation| Switeh | b
GoalTurnTouards{ Sktten |
Fushutia-¢ Swten )
v
RerssronLosation} kiaks up the nods location uf the swtch in an sssaciarive
scea, such a5 an STL map, crenced when che deemap is loadod. Pus-utzon() isjust
& Fonccian call (nor « oal tha sendy a uessage o the switch to activate It
Let s wsume th dhere re o links berween, the st position and.the door
swtch, and chree berwcen che boarii node and the goal Afee 2 Few updats cycks,
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Ge

RETURN Siggalschat processing should recurs 1 the previous goal.
IE_END Indicates the e of the goals and el the infereuce
cugioe 1o fink al e gosh and oles.

e macras work togerhe o 6uild a et o goals and oles, sefeceed 10 0.1 b
for any clss desivel from TFouner finfereuc: engine owaed). The IF_STARY aud
TT_ENL maceos sncapsulare 4 et called nakas-ad- 1. IF_START aho crates &
comcained T inference engiuc) wbjece. The other macins make sarious calfs o the 1
objece tn comatrus guals and rules. Ses e seowncth il on the souree 1.

very action, condiron, and poal seerencad by he sactos are actually wannes of
classes deivod from a class calld TTrxee findecence enging exccntor). Do you remerm-
ber in carlcr examples ha the fchen pasts of the rules contalued fancrions? The
Teexes clas is wsed fosrad. The class gives us  cvemanon inerface for all die Lehav-
foral subcomponen. You could el nse functions, buc we find the cuss more wsefl
bcate i com prvide more chan just upelaes o accions aud wouditions: i abo pro-
sides nicalizadion, start and finih macchods, and provides the fnfereace cugine aceess
o e owmr of the tetxes object.

Once che macros v croared 2 b, then i i ready o b puc sk inside the
gome apdn Lo, This ie dane by callingan 160smsr 5 <nirk method. The 1-ink
method peréotons an update on she hein created by the macrs. This upelte can be
bioken up into the Following seeps:

(Fsearinga goal, then call he cutcnr gl sart metbod.
A7 urshing » goal chen process the cureeat woal rintsh () und i rerurns
B, Then. make the next gosk being cransferned  the carsac goal aod
puuh it oo ehe goal stack.
3. Forall goak on the stacl
. Tarall cule i his goal that have noc bocn teigeered:
. Call the paste ) for e rule.
010 st recurms e, then.
1. S the oal i poins 025 L st gl and s the current goul a5
Gnished,
2. TFthe rae i 2 G070 rypes ther pop ehe carrens ol off th stack.
3. 1€t ule s 2 908UB type, chon mark s rule 35 riggered s it
ot e riggsced sgaln whil the corrent gl is on the suack,
4. Rerurn and process na mare eules.
4. Gallthe carren goal's pastas

To cxplhin these sieps, ks ks o dogg NDC and tse a Nap goal 25 a0 vample.
Nap swauld be derived from 1txs and suppores the methods 1711, szart. updale
and finih. When the Nup goal is Fse added 10 che nforence engios, via the 0AL
snacto, an Tegoal i created thar concain the sxed ishorchand for a0 Tzves instue)
an the Nays anit mechoe is calle, The 1= method ses a painter to the awer
nar} of dhe swscs in chis case, our dog. Oiler wasks 1ntt might do s iniialie
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needs only o cese  srsight-lie path beresen ieself and i tasget w snenre chat it
e fre i ot camaplessly blacke. ke ca al divable o mpair che missl’s tack-
fmg t0 orce a s F e ro-hit ol denertancs chat the shot should s the rarger

ol ] il A, ey Dutcilaaion.” G Pogen
s Gt 2 T, Mok DeLourn, Chs Rver M. 300
o2 Toautr, Pl Topoduto o Baysan Nirwor nd Rewing Ut
Ciwerbins? 41 Gome Tguming Wador, £, Sve Rabin, Chats e

Stedia, 2002
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1,10 The Dark Art of Noural Networks

Pastera cecogaiciun can b wsed an a logical level, providing th ability o leaas 1o
sl inpuc vctors, and provids fuszy pencraliacions Bihop9S], This process
e similr t deciivn making, which s well sufed o bighelevel A1 componecs.

Robotics controllers Lascd on NN have heeo suceessilly descloped st the belp
ol genweic lgorichms [Gehloc92]. Lhe dea i m evolee the necworks 1o contral

ehe physica behaviar of mechanical doviee, wing; 2 uetliod known a e,
Uhis theory i il i games, as i s spplicable o D) noiey environmens.

Dven though the el sarking of the neural metworks remains che sams whety
applied 1 diffcent problems, <anceptaally you you iy bencfic fom Wiaking, of
o o dilfvsns waye. sing. georneric Licerprerarion of pattec ecoguicion, ciases
in sample space as sepusated by 3 docision surface. Fur sobotius conriallers, the input
varishles are combined ino invermasinry resultsuving nonlingar unctions, sl 164
i Furoaod quition.

! Conceprusl comprebensivn of NN i ssencial dusi applicacions,since ressng
the problem s & black box wil ffen flaw yur design. Flowover, nndersLanding spe-
il iustannces rakes rime shat would be betice spent opimizing the problem.

i
]

Ghoicos

H structur
A a renindes, inside 0 NN, onulizle asurons see ioked via welghced canmeszions.
There aec many difTereat pologlas or o fxed neuron coutt. bt most stuctures
cirher obsalete or acicaly solss. Tor aur applications, hesever. some ypes excel

puc e

Feod forsvan netvorks, whete the infrmarion flaws directly trom o
ontputs ae dhe bose Enown. hey coroe in oo varicies: flly connectod and
sparse, the frst heing « specal cae of the Laees where ll pusible commecions
are priset. Evelunios ard training irh back. propagation arc hath pussiblicies
[Phseed6]

‘Recnieren nerworks hase no connection reseicdonst infouatian can flere
backowand, llowitsg edback, This prosides a small sense of sate due w e
foternal variablcs nonded for the sianulatinn, Tk feod-forsward NN, fully
counred and sparse versions exist, Hoveever, the raloig, pUocess omains more
Conplex, despite recen advances in che fied [Pedursiat |, Peolucinn semuains a
cobust aliernathe solurion.

Gas-nets an 2 recen breaktrugh atcempring e minde] exuta plastciy due 1o gus
beharing a & peaorransnrimer [Husbantb98], ntsmal varisbles a wiggered by
intensc ncuron servity Loarning cao only be aehieved by evalution duc 10 he
complesicy of the schenns. Also,sincs those NI are tic dependeat, puteru
necogririan cas be problematic, In cuntrast, sabotic contaller clish the sanse

of state prosided.

Implementatian

Leis & well-Rowe fice that groe ogic s asipned a veey smalllce o the comprration.
ianc. This reqpicee s w s a5 mch cime 3 possible on the simlarion. A such,
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Bt ang ol your oter picces. An opporrunity cost i incrred shinexed an acton is
orocentd hat anoe be performer n parlcl wi e acionss hencs, appor-
ity costs ar finked 10 choce.

Prouction Possibi
o vy to caaine the awalsble choices is <o creaie 3 prudcson pusiiilis curve
Tegin b fxingoneaf e npuns: the elationship anong e  choics based o that
ised inps can be graphed a5 an -divsencional cure of e

Tipute 832 shows th prodction, eibiiiessusce for £-P-S whon youbave &
eed o of 1500 Mot Ay point un thassuthce repsenes ot consumprion,
af the 3300 Mo, snd any point belowe che sutface epresents a surplus of Moncy
o s of which an be camputed by determining the poincs ditins o the sur-

e adosan i s sepreseated by he eqaion, SIrLAP-155-1500,
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€5t g ar vyl b ot iy s oo b pefomed
eificcnly in an inicpreted eniummen, For example, pach-planning agorituns
an be 100 processor inensive, and the performance smpact of ericing rhem in 3
soript might be too prear.

Bacase of chis, the sceipiog langage must be abls @ excaune code wiceen in
Co— {un scces che parh-planning dlgoridhnus, for exampld). Likewiss, the sptems
it it G- 1 need 4 way w execnte seript eode. For cratmple, s colision sye-
tem witeen in Cr+ 1iceds 2 way o inforan @ seriped ohjecr chat samerhing has col
lided with i

This el deseribes honw t0 creats 1 progear ehac uses siauglé Tt proto-
typs o auso-generace all o e owle aecesary s bind a serping ytem and C1 1
opsthe. Iy wsing chis ool  scipted Lugnge < be integeacsd with a e nmber
of Coe st sisaply.

9 the Gap betwsan C++ and Script

Tt aften required v 4 seripting inguage o aceess  foction wisten i G These
e wight b dime criscal, o che strlpung bngpiage mighe simply aeed o inter-
Tuce with  syscem already witeen. The revess: is s true: €2+ code o s 0
al Kunctions weritcn in sri. By calling seript funcrotis, Cr ca inform rhe scrpt
of esents Uiat bave happened, Thx previows wliion crampl applies.

sezrnal functjons are ang
preced funczions ar sccipued funccions thae Cos <an call, Togecher, thoss o fanc.
s calle bridge e gup bewsen C1 1 and scrips

e Functious dat the seripe an call; ikise, inter-

Calling . sripod tunton i much she suné 55 calling 2 Cs Fancrion. Bl doe
interptete for the cripring baguage nd s - have 3 deflned calling convention, This
convention defines bow the functions are 1o he enlled and whee srguments and
cecurn vabues ac scorel
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condliton kenon 2 sderfstg, in which same decails of the disribution ar Lost
preticnlarly small Fatures like sharp peaks.

1100 many bins ste e, uerfring can result, and che mndl stares v reprsne
Teutares e e specilic 0 the exeenplar er and no shared by the distibution from.
which they were sampleel. n extremme cues of vecfiua, secion of the example data
can be comsisently regurgitacsd in 4 way diat proseats an iplausible rozanseracson
of e randoua varition cha i being modeled

Coverfscing i spparent whes diere wne seeludigly Landom varlaions bersssn the
probsbilies of sdjscera sk, aud s b clintinaeed cicher by reding the number of
bins (and hencs incrassing dhcir width) or by collecing addicionsl data. Unluetiuing,
gt cause the ariation in the generated ssmple Lo bé (00 01 n approimation
ot s Uhe urginal, e e b diminaned by incrsacing the rurahes of s

“The nuumber of santples squire o prodrce  good model varies roro owe appli
cation t0 anacher hecouss of differznces i the complesities of the distibuions being,
modlod. Asa generad el s wih  sall namber of sansples e 5, 100) aod bin
8. 3. and osp colccring dowa and adding b uai asaisfucuory ol L., e
that neither undechies nar averies) s produced,

Aldhough the uocondiocal diribution wodel discossd in che preceding section,
llows euany fors of sandom vatiatiam 0 he sepraducre, i i Tumid by it fsed
Shape Tha shapes of the distibucions that dseribe mostzeal worhd candomn variation
areinfluenced by, and change vt seveeal exeemal actors. To reproduce these g
of vaaton, a condisonal divrihecion modl i seqeived.
Cdiconal dismibution molds dlow  wide casge of sophisteard and comple
socltic phenomenn to be fecresced. In a ricing, gome, e example, modeling the
Variatin i the distibuion of steving ecors enade by playees 2 2 function of the dis-
tance 10 the car immedisely bebiae themn, auskes it posible oo simolare he deteria-
saiun in performance that some pessonaliics xhibi when under presure
Siaulaily, n sfiernoon spenr messuring the serors made whe biting 2 cuo bl
ar differn positions on & pocl bl llows « el o the way in which rhe halls
pusidon alfets the aocuray of 2 playces shor. Such & madel would even include
quite sbrls cffocs hae cosuh fom the individual players seacion to dac balfs dis-
tanee e the cusbion and vuing dits o,
The conditiansl ditibucion model use in the example v the CD  identical 1
GE, rhe uncondiionsl one, excepe tha the probabilies assciaced with s bins an: cal-
S lted by 2 oulelaer peusptron (MLP) neural noveork, This means chat che MLE—
which scrs a5 @ scandard clasifie (e [Rishop95)—eikes e of working o how
he prebbiiieschange with the diseibution’ nput.
“Ihe probln of decidivg bt the discbucions inpucs shovld b s secmed i
slegion, and i discussed ar lengsh in [ManslomO1.. Since collcsing example data is
wslly fime consuming, anythio dhat mighe aflée e shape of che. disribution
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oot s spon, o the el e, Becase of i th it i
Gotrstiping g conbe casty mplemenizd and dbgeed

i D s ol e o 2 s ingrpree The sunple. code ko con

i iy mor e veion o e ompil e ol 0. Yo il

S5 o oot compler 1 mvic enmpl tha e mesprces . This i ofen cho

[ case, sinoe rhe compler s sesponsible for tramslaing, comples surucaures (such a5 fr

‘ T i e sesprtr’s b .
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i sexeion dscribes @ sochaique drat can be used 5 model dhe mcondisnal i
Gution of  ranlom vaisbl. A uncondiviona diibutan has o fxed shap aod s
it bl i modeling valy el scnple Fotnns of random saracon. Despit this
ey e surpisingy uscul, ey o wndestand, and equise very i comgsaton to
cxeatc and mainesin

Some cabwerbd s hac can be szl described by unconclidonal diib-
wrions toclude th owkcorme of lipplg  ain, che st of cvosing a cand from a full
ek and, s vl the part of he gl s o pacicule sacsr ploer s dur-
ing a penaly Lick Linandirinal dicibutios miadels could thas be used 0 simalate
the random chatacer of all e esens,

T e » mode of (e oncandiconsl disebucion of s undocs vriabl, ll
chat s eI » sepresoacive st of susupls of the variable. epreensaive miin
chat the vaiabl ke o the s valucs 3 the samples I the sme propoceous 5
ol b especred n  ypial ame; xcspeionl sahucs i he game should b cxeep-
ol in the et of seapls

gl aiming erons were prochced fom e ks gar by taking aousl
ancre o the Al k. Fo cachshor. he dilfrencs berseem he cotece agle for che
ok ame o calculaed by che neural ek, anl che angls se by che player was
el 1o disk. M a cple of days play, his produced o
5000 crample eror,

Am unconditanal dierbtion el s hen prodaced by dividing he raoge of
e s, > vl mu-ovelapping segmencs elld 6, and. asigaiug cach &
probabilis qual to s praporcion of the suuples tha s wichin . For cxample, i
the crtons rangod besmeen 0 and 1, i e e e use 10 ki, the Ase bin would
conet tho nmerea 0.0 o 0.1, e sccond .1 2 0.2, and s0 on.

Similary £ 5000 samples ere culleted, and 283 ay it he A hin—dat
i the Fango 00 1 0.1 it bin weould he assigaed prcbabify of 283/5000,
“which s oughly .057. O ol prckshiiesbave een ompoted, the model can bs
sed 0 generace e sl vich che s disribnrion i che orgiaals. Fach new

¢ contsining arotnd

sample s gractated in e mages

1. Randouly seece e of the bins in aceordance with thebin probbilces. For
cxample, sincs the firse bin bas peobability 0.057, the selection process
hioubd b it raughly 5.7 percens of rhe time.

Genore a random b in the raoge coricod by che selected bin, For
cxample, i the it bin was chisen i stp 1, 2 random nutaber between
00 and 0.1 wuld be pemeraued s the same.

The sngle most Imporennt probleus in creatng a disteibusion model is ® prop.
ey matl it complesity—tha i, L ramber and sise o s bins—sn the uuber of
examples that ae wsed w cceats i (e [Bishopy]). Using 100 fews bins can esal in
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2. dentify che subgoals, Witlia the econvoic domaln, rhese ase penerstcd
ot the tech tree and will rpreent sach of e possble acks that can be
hained cogether o fom a malkescqence hac sisfiesa goal o subgoal

3. Gearare 1 ask sequence thag can savhly cach ol I ane goal s “15 Sus
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execurion. This insteerion i the firce instmiccion of the iverprered Hanction that i
being calld.

“The compler nutst gencri o gt abk ontaiuiug the locacions of exch of
che funcrians i the instryction stsam. The binding cod consules chs cable o detr.
i die propet junp ofie i

Binding Coda far Exterms! Functions
st ke insexprered Runceians, BindGea genctes & wiappet fuswtion for caling
external functions. his wrappse fanceion takes the arguenents thas the inerprorr has
pushed oao che seack, and assgns ther 1o satables that can shen be pussed inco the
exermal funcrion,

Thae ioterpreter calls this weagpee functinn ancomarizally. ‘o do this, RindGen
st asign 4 unique ideilier o eacl extennad Tuoction, BindGen dha auto-
generates 3 header e conaining a proraype of the sxtarmal fincton fo the st
Thie el e sl coniains the unique ideerifier asigned by RindtGen.

“The couopile sencrats the propes imructions Lor clling 1 fanerion, 1he com-
piler can decece hn i i calling an excerpal foncion based o the Kuncion defini
on that BindGen has geocrated in the header file. When an external funcrion is
called, the compiler gonerares the “call cxterol funtion” luscution.

The comples provides dhe unique. idenrifer thac BindGen aslgned 1o this
instructon, The identillr is passed inty an auta-gensrated switch seacement (3l
coutesy of BindCGen). This swirch starsanont mape the wnigue leuifer o the srap-
pee ution discussed previously

‘Anothce aspect of syseen mtegetion i he latent Fancrion. & laven fancrion i any
fancrion whers rime can pss. The unction in e sinsaion sy (it plgs 10
iaon isame such funcrion $ince plsying i amimation cannoblock th runuing.
program, 4 sy of cellcks s uslly emplmeoted  inforn dhe calle when ehe
Snimation has complerel

“There s cewon thar this rsrcsion should pply o 3 serpe 2 well, Siuple
sripes can ofich be wrten if e latens fancrons could scaunlly black, IF hese
fanceives did lock,then scipring ¢ monster  say suctliogs, vl avee 0.4 doar,
apen e dor, and chen ek hrough <ondd be implemented in 4 single i,
Wilking anl apening the dov ue et Fuctionschat would Block unti the work i
completed.

Very lice s requed by the imsrpreres 0 supparr e fncrions. Sincs it
smalessensefor extornl unctons o b Lueut, BiadGen can bl with che details of
L fansion creaion. “Uhe neerprrer calls the coctnal Kancton appet as
desctibed preiously st s it would with sy exeenal Furction.

Normally, the intepicis <onticuss sxecuton when the extemal funcdon has
(i boseve. i s ot desired for e funeions. Tnscead, the el -
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indicats that the el s ot buca s o oo s 0 pick ot e suls
deties i che exemplar data—particalrly v alveady has many s

Ifs condicional dinributian mods] fails co coptare the subelecie of dhe ey in
sehich 4 disribution should g in response w exterad iofluenes, e ML that
calculses the bin probatiliies might have oo fes hidden neurons (o Learn hows o
hange the model shape, Alternssvely, che model inpors ighe not include ol the
ariables hat sctually have s subsiauad et o the slspe of the el discibution,

This arscl cxarnined the vwidehy neglered problom of modsling and imiacig tan
dom vaiatun. This s achieved by building 2 modsl of the distihution thar describes
ehe variation fiou 2 ollovion ofsamples of he vaiable of interest, Once  monlel s
heen canstrucrad. the onginal vandom varacon can be miared by drawing fandom
samples Frum i

Although i atile and die accompanying demooiration progran (uhick can
e found an che CI3) focos an eprochucing humanlie random ariaion, che toch-
hiques sl e can be applied e model any random vacistion, regacdlessof s
canse. For cxample, it wauld be quite posible o imiate chaoges n weathet or el
of sunspor activiey—provided thar 2 sisble s of cxmpls conld b beaincd

The imterested realse i strongly encoucaged  expeciment with the example pro-
etam chat accompaniesthis arccl. More infoumation about the applicaion of neurd!
nerwole in games can be fon o (MansloeH . Transh2l, and {Champandsedd2),
b dstsibuaion modeing in genseal in BishopdS], and sbaue modeling and imic
ating random soquencos in [Laraméco2l.

Reterences

Bilupd5] bishop, Chrs, Neural Neewurks for tsern Reconisin, Macmillan Col-
Iege Pibliching Gompaey, 1995,

Chumpundandi2] Chaenpandard, Alex, *The Dl Are of Keurel Nerwors” Al
Giame Propmmring Wicho, Chacks Rivee e, 2002,

{Evana02] Evan, Richard, “Varieies of Leaviags,” A7 Giome Progravming Widom.
‘Charls River Medi, 2002

1 arminée021 Lagamds, Francois Dominic, *Using K- Gram Saristcal Models to Pre
Uiy Thayer Belavior” A1 Game Papamming Wisdorm, Charles River Malia,
2002

|Manslow01] Manslow, John, “Using « Neusal Newwork i a Game: A Conctere
Ksatople,” Game Lrogpamming Gems 2, Charles River Meaa, 2001






index-289_1.png
Task Categories

disuibute che processing of an individul eatty’s action [Daveou01]. A commen
evampl is pulinding. Tor complex 3D casimnmenss, we could perhaps splil e
ok required for » pathfindiag roquess aver a rumber of ratics

Wher Al is distelbuted ke ths, e cun spend mors fime processing other ele-
mems of e gane, ¢ roquires e and efort o errofitan approach ke this. bu iy
ressonably simpl co do vl uight eadily he implemenied in stagss. Disribuion of
processor load and optimization in general i ulien 3 problem that shuld be rekled
ac high lewl s, 75 ofren the case Ui Jow-level opcimization mighe not svea be
i e made 1 a higher lsel [Abrish4], [Rabio0 1],

foferancas

fivieicl g vt 4
i

(Benley$2) Bl o | s, Wiing Elfivions P, Ve hl, 1982

Damson] o B, Mt Ehiads T G Ohjece AL G Prgram
o Gon 3 G v i 1007

Rl Kable: Scke - Scmagies for Optiing, A1” e g Gems 2
‘Charlcs River Media, 2001 « > N - K

ReI5" et Rol.and Scheien Chrtia, Undemiznding Bligone, MI1 P
153

Of ke Gpiomiz

i, The Catiolis Ciroups

?





index-398_1.png
FISURE 8.3.3 sk sequence for ehe gaal "1 Scion,”.
Sbgoul " B it 50 s cos i edced .0, e

Soction 8 FPS, ATS, an APGA)

whers Rl the number of Rocks pradisced, 2 s the mumber of Pags prouced, and
i che nombe of Scisurs procuced.

A produsian posibiles wueve for #-418 seith 2 fscd cime nput is uninters-
ing, bocauseall ofthese kcens e Lhe s iane cort. Or do hey?

Cost of Goats vorsus Cost of Tasks
16w consder cach ite (Seisors, for example) asa gaal, thes we cu e tht che cose
e ol s ot st the cast o theLast vk reqired e achicws e o, bt the sum
af all asks . 1he waksequence nsod o acleve the goal Figure £.3,3 shows such &
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A comversion prosess i needd for valling extemmal linerinns. *[he ost direce
wayr o handle this camvericn b 10 wrie utilty Cor funcrions for the manslations
These ulliy funcrions handle all the duzals thas bind Cv+ and the imerpicter
cogether. Each of hese urlcy funcsivns will be esponsible for a single ansharion. Foe
cxample, 3 the scripe nesds 1 call che Co— fometion DispLeytidgut, then 2 uelicy
Sanccion i wicten fo the eling tanslaciun of his ingle fluetion.

Unique binding fuacdons ae reived, sines each function might have different
gumencs and might call  difecent funcion © xuo the exsernl or nwcrprered fune
o, v 10 crenee sl of this binding, code manally a be very exror pronc and
ime consumiag.

the Binding Code

Tnstend of the devclopers cratiog all of chese biading funcrions anvlly a program
s wituen to cree his binding eode automarically. By ereaing this progeara, Tind-
Gen, developers <ass protatype the funccion defiuitions in 3 configneasion Al
DindCen will e thess protoeypes co generaceal o the requiced Crs cade.

Craation of BinaGan

Creating a program chat auco-generuses o+ cods is sicudlar o cressing a compile
This program, buwess, generates Ci 1 code rather than machine code. Visking Bind
Cem i vety similar£0, but singler than, ealdng che compile for a seripeing Luguage.
This wool only nesds o undorscand dae basics of 2 funciion procotype. I does ot
nend 1o understand h sophisticated aspoets of a Janguage such as lass inherigane
and virtad funceon ealing

Th frs sep in making BindGen, s @ create @ passe thar is capable of deslng
it the cunfigucatian s witten by the develupers, BindGen roads these conflg
eaion fles and ranslates therw ne> G cule, This peocess works just ke compiler
as detald i acicle 10,1, Seripting Overview and Cude

BindCien ads the configuration fles ingo a parse tree, ad pascs vhis passe et
18 code gencparar. e code genesator undssscinds dhe proper Cs coe associued.
il <ach node in the parse tree, and uses this informatian 1 genscats the proper
s, [n BindCentscase, chere are o cypes of modes i the parse est one for external
Funceions and the ather ot laterpreced Funcions.

Binding Cods for Intarproted Functions
For interpreted. Gaudons, BindGen gencrves a fanedon thar s wrapper arund e
eripeed funccion, This wruppet fumcson ki the same asguncars hat the scrped
Funcion would ke The auco-generata cork takes dhese argaments and pushes cheic
s pnre the iterprereg’s sack fullowiag the inteepreicr-defined clling covention.

Placing e actual coll i th inverpreces equires some Lilp from the eonpilcr
he bieling code neecd 1o kaawe at wht paia in che insurucdon stra 1o sTar it
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When i¢ comes 10 crcating, the conditional diswbution model, a sl st
of inputs (ipicall,around four o fve) should be idenifed that accoun for mose of
o change i the diselbucion' shape, These e nand through a miruce of coniec-
cure and sl excor—that i, by huiling el with different e o inpus and
st which perform bese. iy Fillowing his poces, i was foumd s the disiba-
Gan of siming errors s mose strongly afeced by the etor mad o the precedig
shor.

The cxamplo data reqred fo the condicional diseibucon wode] was cnllcied
i almst exacely the sae way a3 for the nnconditional onc: The player was givet
cortzolofthe Al tank, and che aieniny seroe o ach shat sas eeconded, along wich the
ccroc muade on the preceding shoe. Alier 2 coupls of day's play. 50D sramplas had
been enllcusd

In conutast wich the uncondicional ditebution, the rrining procedaie ot the
worndiional disrimrion s computationally ntemsive. The ol includsd on the C13
Fequiced aruund 10 hous of nining using & pertusbation scarch see [Maanlo11)
on 4 S00MHz Incel Celeton PC. Furuunately, samples can be obunod fiom the
ainod distibrion very cficienty, making i iable for ws ok gac

Since cuining i concinue indefiniely, i s inportant o perodically s 3 opy
of the mads that i being simel in-gaune. This allows the proggess of i, 0 be
oniorod, and maning weminated once the models performance teaches @ satisac-
tory svel. IFsuistutory performanece is mor achieved within 2 easomable prtiod, che
modelshould be inspoctd for signs of uvelicing and andecBiting

Gerkcing s wsaally evidcat i frequenr and. apparendy Tandom variadoms
bermen the peobabilitics of adjacene bins. This causes sesocnces of sursples dravm
Srom dhe dstrburiom ma xhibit o e variaion, i  closely racuble seqences ia
the cxampl data. As with uacondicional disibutions, overfcing in conditional s
wibatinen o elcninaned by reducing dhee eectve complexiy.

The siniplst way 1o reduce » condiconal diswribution morefs complexie is 1
seduce che mumber of bins i conrain, a o reduce the numbe of hidden neurons i
the ML that calelatesthe bin probabfties, Collcting addirionl scamples elps
constniathe model. cectively lomering it complexicy an ceducing dhctisk of e
ficiog even furcher.

Another common smuce of the excemive comploxiy hat cuanes averiting s che
inclusion of redundans, irzeleran, or marginal npuus tat i, chose char contain e
efevant informacio. New madcls can be consteucted widunatinpats howe nclsion
cantotbe lcrly juscifod o see if heieesclusion holps o climinate. o ks educe,
e scvering o rhe overicing.

‘s with the uncoudiional disrbuion, underfiug ean aecur in 2 condiional
dieiburion modet becnuse e cosins o e bins o epresent e s aFthe dis-
ribrion thac actually undrelics the cxmple dara. More simply hovwever . might
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A i ienc o e gy s s bme o
sible  create compater-contruled agents at splay comackably homanlike
ehavior Qe uf e Few indicarions that an agent is nomarganc, bweres, i he e
quendy dlinical nacure of rheie actons. an elfect exacerbated by the ofien ad hoc
enechanisns e w introduce random vaision,

T osture,such fandomness wually b specific structure thar e be el o
identiy and cven mare chalenging ta simulate and reprodace. i artile prescs
e imple scheiquzsehat an be used 1 laen e wuderlying strucrure of pparenry
candomm variaions in bebavior and to reproduoe similasvaritions m demand wis
evinimal compurarianal ciar:

Game
T demansteare he techmiuen imeduced in s anicl, 2 simgle cank game is
incudesd o the CD. o e e, v taoks s posicianad e  randomly gencrsted
s v landscage, with rhe lefrmase ank camerlled by the playe and the rightiost
e by s compute. The tanks ek s iy, ane e s one 10 scors 2 it s
declared che inmer

“The tanls aina by s, ch inclination of cheir bareels co adjuse for e dstacs

ece afwind an the fligh of the chll. By usng,a noural nee-

work o st e inclinaion of e AL 1nks bars, s posible o achicv 2 it ate of
vt 98 percatton che frs shor, which i far i excsss of ehe bt L performaance
of round 15 percene

Unforuunately. gl ncural scmorks can be ugh o e haman players
of the gaune,thep are able o teproduucs ey the dersermiistie aspecs o thelr bebay
i, andl o irs vandom varicion. "[his artiele deseribes the ovo techniques chat are
s i the ks ganur ot doe CID s he acual random varirians o sming
mads by human payers afthe ranks gome.

betssen therm and t
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20 and 3D Predictars

The implemeusatian of the single-valuo prediceac can be sstendad m implemca-
tatons of 2D and 303 sectors, I free, these muludimensions! predictors atc grene
foe wacking polots i spacs that are expemise o crlculaee (e g, projostileirasget
intemectious points

Limitations and varlations

Thece can be problecns whet Jorge jomps vccr i 4 single update esele. This s cspe-
cilly problematic ifche cyck i lrye euwugh. This can be mitigatod thrangh the use
of valu claping,

There aee e i ypes of valae elamping. Bist, we can sprcy max range val-
s for the predicos 10 e thae all values reened by dhe predicion fancrion will
e witkin colerance. Secand, we tao proside so apeion that allesss us w dump the
preciccor 0. specific value, i the second case, this is dome by seccing v und « 0 770

Cne special case should sl be noted: special cuosideration s be made the
Fet it the valuc is se. For exaanple, f you initalze che vatus 7210 a1 starap,
e the s time: e i sctually sc, ¢ enight. et et © seme lrge value, The »nd &
esvimartes vill st Tikely rosl n even Larger preicrinns. This can be true eveu for
hort e incerval. e Lesc salurion s ra malc sure that che firs time the value s

it and aare sl sagingzined ar revo.

For simpliciy,che provious war described he task schedle as a Liene-ordored inked-
it In practice,chis bas proves o e @ big, hi o pecforance, since tasks must be
mserced e che right spt s the sy, tking O tone,

‘A gond sloerativ i t bronk the schule Ineo smallr time buckees, The sias of
he bucket sionld be ae e sanal s the time fu each irae [c.g., one-istedh of 3
sxcondh. These buckets are then llocaced in 2 ing buer hat s Lrge eiough co han-
dlc the farthest e deca herwezn any sehedulkd rack and the curten frame: i Fur
crample. say 4 bucker represents a e chunk of vncsixticth of 2 second. I the
lasgest antiipated delsy betusen the fime of scheduling and time of esecution were
10 socamds, th aray would need ta have 60D buckrs

“Schedaliag is changed from an Of insercon sost © & Constant time function
This is becanse we are weeuaing, eotive buckeds ar a tme, s nu e sarding i
sequived within e bucker,

Deschualling, sill requires an Gfp) semrch and delee, buc m i the ousber of
{asks vichin the buchsc sahcr chan che muraber of all inctians i the schedulk. 1t
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Willes Booth of entesaiomeer medis

INeserehslss, f vou sheokutely must attetape manslaughter agains. your own cus
comers—acud Leaven forbid e shoukd iy o discuade you fom such an endlisely fas-
cinaring gameplay patadignt—then you rright a vcl make sue your hoslity laves
yotur vicrims suiably eneresiucd.

Vhis aticle ntroduces  Fow i concspes wi: ranged wespon AT. These Lopics
areit overhelmingly chalkengiag, Lut chey mesis some type ol ineroduacton in light
o the huge auanbor of games char eacure guns and athee ranged weapons,

The To-Hit Roll

Obviotly, we s san ot M pomenss 1o be periectly accucu, Far the sake of
helisyalilit, game balancing, and chatacrer diffecsiation, we almest abvays want
s Als o brve bes-than-perfict, . Vhis s casily e with # o-hit ull, We cafew
Jace aveue o segresene o clanc 1o bt and genseate a sandom mualer. ¥ be oun-
ber s above the bt valn, e execucs the cou pach that ks the AL ey 1 miss
s opponene. CHherwise che A1 acempe w it

Ve ek is devermicag which factons should be ken inco accoune when ellon-
Iocing the co-hit all.Some wypical Fauns include:

+ AL il Thisis a vaiahlscha septcsenes the &1 cncieys nate sl wih anged
wcapons. Tl s cypically very I for most Als at che beginoing of the game.
nd grows geadualy higher as the game proggesses

+ Runge: A Inagee dictance co the cnomy should loseer an ATs chnee e il

« Sine: aayst appanents aw casier m hit, und senaler opponens are mare difficult

o i

+ Relativ target veocity: s e 10 bica moving range, o i hard to bt 2 o
Lansey tasgec ven yos moving, 1 you sbrract the Al velociy veceor fron:
fes s velocity, you gt @ vestor Lhak represeots the elative slociry of the w50

an
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e e constitutes a seics of hidden “uls” thot the user mast lraey che Bard
way.

Weady typed anguagen on the orhee hand, uc Jes s b soch more wer
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poblicly seable sripng lgoages Wi dyamic ypes,vasables erlly o ace
B hemeelves by being created whea they are s sed n she. progeain, and comaet
g el 10 dffrent tgpes 15 neoded. A good dymamiclly cped lngoags il
e ¢ totetnal rales for the aueusatc coaversion of cvery barie dara ype the Huguage
mppots lis ill suppet e cxeusions so hat o t5poscun b crsted by the
anplermence.

s o iide of dymamic tspes i tha they male. smele crrs such s spcfling
mitakes raore dificolt co i, When the Janpuage. finds a misspeled variable, it
Tiies dhe varible s nes: and creates o e vasidble rarbe than produsing an ertor. &
Scongly rped Lnguage would stop execution (o couapilncion) and provies b cron
e itonal demaside of weak of dynamic rypes is that fot libray fanciians o be
Tonible e, hey st ke fnto aocoume the fack cha thcy migh gex invalid ypes 3

o fbrary fumetions are

paramueors. his i oL chot much of 1 probiess, o,
e o of the exprience prageaminer who <an csly add proper type validadlon
o che Hosary aucrions.

T gemend, st typs s et s o prfssonal progranoniog anguos,
2k vk eypar ae beaer For sner-rendly scripting, lnguages Jacobsli| Gane
Seining sytems should e dynamic 157 10 miniine Seaming tme: B iz
serpuars.

Fonters

Nos profssianal same prograemosrs spend a Large aroouns of o deling with
poterton since € and s are by B e inost common prograriing anguages nesd
o corae ames, o g ezt 0 phoe prople hae poiarees acc an adaneed hnguige
erures s 1 is 4 featate ymaay enjay usiog, Most oxher progamming languages
il i, and luaose all ey cxead anguages proudly dint oot 1 nesd
oo (v s ome o he bese scampls of g, poinlescoding). Desptc e
D hinas of nbstsactin variahl and abjece ocatians using puinters, ey simply du
vt bk in soipio aoggasgs. From che users paint of viow, 3 erpe waisble
“hould b one way to aceess i, aad that i dircetly through the variahle oame.
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‘O i sdvamage of this scheduling v 1 ch abiliy o prole. By growging
ks i eoaps of il faton, i s e 1o sk down s of the AL it
ik hady o cesine s ennch e, The ellwing s sl nformation t gt
ndtone

+ Yt exscution ciens of task srecarions wichin ¢he group.

* ol number of ok cruions within dac geoup.

« Mavimam sk cxecuion ims in the group

* The total sxecuting dme of the grup in the last frame.

* The numbr of ks caconted (oo e groug s dhe bt e

« Maximam total group cxceurion tme pet frame

I pencral, barh gaap and casks can he cransionc, bo for profling, i i bese thae

seeduling groups e stcic. Otherwise, che da nesd for profling al pass of the
systom ill nor be available for reporting.

Tk npdars can be cxccuted ceon lss ofen through he e of & safe prdicr
Valus predicrcs use murbers penersted in the past o ctmate,or predict, umbers
i the fiure, Over arge tine >pas,these prelictions can be wnelew, Horerer, ox
short sime inervals berroa cask socations, s clculted i thoss ks il -
lly hage vy L. sing valoe preicton, we can simula ks ronsing evry
e, cvan g we are scesally i then 2 ke Hequncy.

Basic Valus Predictor

The huse predictor works by soring the dmestamp af the lsst ime the value wis
wplated. b addivon, Bes-order (Equaaion 6.3:1) nd secord-ondes (Equation 63.2)
drisatives ate crlmared and seored,

b _zox [N

64

Using thene parameters, vahues in becwssn the updates ste adqastely predicied
For mars <omplivaed iuscons. i might e disirable o add e sarage of he dhizd-
onder dorvative as el

Using Equasion 6.3.3, we can scimate the farucs vaue. Although the prediction
sl b dviectracs e Sl ot i o e cothnate. in 4 gamne, ames benwesn 1ask
exccutians aes srall.For vahyeschat daic vary desmarically in such senall imefiames,
e vlue prediceor can b faely accucuce.
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cxmple, i thcase manmyways o oczementavissbls by ane -5 . x 1+ 14
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ienpl s avniding s ied of ovelupping Funciondiey [Cherait2),

One e o keep 2 language simple is 1 add mew Faures theoagh funcron
i void csom opscasas e syoas. Looking uj« scue 1 an fade o fanccon
cll i wnuch caic i paging chrough « nguisge efetence t find ouc what, ot
example he *5” upetatr docs

) are wsefl, ey hiave

Conststeney

Mo inmpurennt than simpliciy, howsver, i the consistency for orthogonaity) of a
sipring oguage. A often as posibl, the bsic buiding block of a linguge shonld
be ianerdungenbls. For example, if the squal siga asigns o value w 3 variable, &
should do so for evry daca type available n s ungiage. Likewine, f anctans pass
varables 35 vl threnagh che paramter lses, then ovcty type of varibie slaould
s by value through parmiter liss, bach rime # Luggusge feacuse or limirarion is
ke hat is non consisteu e, spacil uperators 1o gve values fo s sariables,
special s ot what can be pussed in 4 parumerer lise), the Langusgs bocons le
inesicie and harder  we.

Agein, sy bcary Fuction coll a2 e s pssble for cosrom haguage
farss helps minimie e sisk of adding inconsitcu features co the Lamgusge, As o
o fanctions actin 1 eonsistens s, Rition calls e a greae wny for nonpragram.
cts ta shatract any acion, besause w them 3 funcian cal “doss somertau o che
atisblc in the patatieter ls.” Since 2 fmntion call i une mle in 4 angaage, varying
fancdion behaviors (na. watter hows dilliren chey ate} abays follow the ruks of
onhogonlie.

Wouk versus Strong Typing

A steongly typed linguag is » language in which cousensions bitseen dacn rypcs &
mstecteds phus, e casting s be explichly wed. Weakly typed languages, on the
oches hand, conver vatiables From one data type w amarher s pasends widkoud
srror or someties ithouta warning. Both methods of deling wich data types have
theie strengehs s wealeneses,

Wil xespect 10 nuvice progeusumers, srougly typed lnguages give the wsee a
newsore of sevuriny against mistakes that enight be dillicult o debug, such 15 chose
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More ofisa thau 5ol somputer arganicm genarypes are epresenced a5 1 single "o
euosome,” Implementarians vary with needs. and iuclude:

+ i aerings: Thi i che “cananical” epresentation, i which cach gone is asoci-
ated it seing f bits and weated s 3 number, This i quiee effective when the
et can be intciprersd as numbers anging berween 0 some porwer of 2. For
Srarnple, these mumbers wosk well when they repescat coctfcienes in an equa-
i, weights associaed wids state eansigons i a fvie-sace machine or a neute
etk or indices In # cable of valucs

erces T gemonype us 3 whole snplencits 3 hicearchical syscem of F-

+ Source codes A-Lifc cxperienenes (Lesy92] sypically seprssen. organismis 25
soquences of bytecodes. [Kua92] uses LISP soucce code insiead, o pracsice that
Teads to the subfield of gensic pragrammaing. Using.snre code s geveric mates
fal allens cremsendos evels af inmovacion, s every sonuation etfoctively creates 1
e pragram withaus proracaret lucervendon. Hlosver, most of these muta-
s wil el “wonsease oegansins” that might nar even compile, a0d o his
mechod typicaly cequires enarmans papulation sies and compunation tme 1o
eanerge o @ mesningfl solution,

We willimplement uur genuuype s sty of flating: point mumbees. each of
‘whivts sepresents the tell’s bias cowad one o five posible gous. L would b elatively
casy o extend anir goneric material o inclds, for exatapl, the addreses ofthe o
s called to implermrat vach gosh, o1 4 sl neber of integer parametees passed
o hese funcedons: see [Qumanski9) for scenario in shich s i done,

The tnit

Population
We hegin the process of evlution by creating 4 number of andom orgaeises. L wur
case, wach g s 4 ounber thar can be picked at candom over the incereal [0,11
you genss represent fanction sddresses or siadkaly structused dac, you will hase to
make sure that your random lndividuals make scmse; thervine, you wight e
o otk with inardlinarely bigh papolarian sizes o derive meaninglul esuls

Evaluation, Fimess, and Reproduction
Once ws bave abisined 4 poplation, e can cssimare for frness by applying an e
arion fintio o cach onganisin, 3nd seloc the st onganisios of reproduction

Since CiAs work wich large apulation sles over several enertions, the el
tion function mont be s st s essble. T cnr cace, cach candidace ol il be eval
uated by mesuting it suceess in & simolhrian of the gune eusironment.
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combasants, We can sl leacts it from vhe angle of this vecror relaive © dhc
disectionsthe AT b acing; Loteral fside-corside) maodon sl ic mare difficulen
e chan Fehe characers are maviog orsaed or backward eadive to one wnodies.

+ Vasbitity and coverage: A tage parly obscnred b fog o half bidden behind a
bascel should be tore dificule o bit than 2 targe thads fully visible

© Target atate: Many games support player actians such as cronching nd jucnping,
Abehasiar sush 3 crouching, For cxampls, is cppically a defensive saeauic, anda
crouching carget should be moce difcult o i

& AT seates Some pames model AIS inlcial searled roacrioms and heir iocreaiig

Focus over tie Ly buically penalizing wheir chance co bic and pradully diminat:
ing chis penalry over sime. “This his swene e side elfocts in thac it gives the
player a cersin smovnt of ime Lo elisinste cach accacker hefore that opponent
hecones teuly angerous, and chis quickens the pace of he gameplay by encan-

aping che playsr o finish offhis i care quicky

Each of thosc factorscan be s it S it il berseen 0nd 1
A vl of 0 indicates chit te wodiliee makes it complcely enpossble fr the AL 1o
it oppuneai—for exasnple. the rarget i oo far asay to it A value of 1 inlicaces
that the modifcs das not lower che AL’ chance 1o hitfo cxampl, e cagee s
dizcely in Frme ofche Al tha b auemping 1 At ar i Any vahuc in becween repre
sencs u specilc chave o bit {or sxampls, 0.5 shen che carget s 2 cerrain divtance
feom us)

Tor compute che torhie ull, we begin with a value of 1. indicatng » 100-percenc
chance s bit, Wi sl this by che modifers we caleulate or dhe Ltots pevinusly
listed. Ic makes inruivive scose t0 use muliplicaton here, becavse i any e 3 0,
hac frcror should make i¢ impossibl to bi, and if any faror i L i chould
ke mk the Tl chance co hir vy snvall. Ak note chat dhis corupugation can
occut bn amy oo

s i bencfi, i oy uFthe ol vafuss is , e can immediately cerninace
the cdulstion, sice the final reult st also be sero. This i 2 wsefl opeimizstion
thac can save a ot of sork i any of vur -Lit moditler calcolations are computation-
ally expensive. ko chis ressom, i oficn s sonse Fo cvahuace the evaliplers that ars
o ikely 1 e 260 bearcr ta the begining, of the computation, s hat w increase
e chance thac el be ahl co cerminate che calcularions ar an carlsr poine.

Some readers might mucice it this calolarion has some ineresting pacalels
ith prabability dheory. Ln fct, e could onl wp with sy e same cacularion i
we muodeld s calculation a5 2 simple belef networle Togoni07). n chis case, we
can describe cuch of ce previcusly Lisd fcrors 4 2 eause” of oat belief in whetbxe
e shauld bit I other words, all of the faccaes point 1 » siugle "shouid hic” helef
odc chat indicatcs che degree o which the AL should beficrs tha i i supposed
succemully kit che asget, We car then e chis mumber disecly e deterniue the
ehusohold fur the co hit oll. The inpuc marr for the “uccesiul hic’ node indicasss
st we shanld only hie 3.l af the factors ae 1
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The Evolution of Game Al

Paul Tozour—ion Storm Austin
gehn29@yahoo.com

b Fild of gasne ardfcial imieligence (A1) bas existd sincs che duwn of vidsa

ames i the 1970s. s orlging wers humble,andl the public petcegtion of garas
A deeply colured Ly the simplistic games of the 1470s and 1950s. kveo uday
game A1 is heuted by the ghosts of Pac-Man Inky, Pk, Tinkey. and Clyde, Uneil
very recenly, the vidon e industry ieelf Lus done all wo Lk 1w change dhis
peaception.

Flnmever, « revolucion has beens biowing. The past i yoars have witaessod gome
Als vasly rilcr and more entertining than the simpliscic Al of e pase. A5 3L zeo
deing, hardwsass inaproves and the skynockecing, qualicy of game graphics rapidhy
appraaches th poiic of diminisbig tenarns, Al hassuuseasingly become one ofthe cri-
Sealfutors 0 2 games saccess, dociding whils games becoms bestsllrs nd dleterri-
i the fte of more than a v garme o, T eccent years. gae. Al has been quicrly
eansformen from the rheaded sepelld of aming o he shining star uf he iy

The gans AT evelution is acband.

St the dewn of g, Al e desighud primasily for coln-operaced ascade gimes,
nd wers carefully desgned o ensare that the plager kepr feeding quareees inta e
maclin. Seeninal gammes such o Pung, Pec-Man, Space Invnsden. Donkey Ko, aod
Jous used a bl of vy sicnpl: s and seripted sequences of ucivos combined.
“with some random docision-aking co take Leis behasiar los predicrable

Chcss has bnng been « ainsesy of academic AL researcl 50 irs e sucprie dat
ches games uch as Chesmasrr 3000 [SofTool86] fearured wery impressive Al oppo-
nents. These appronches were ivarably based on gan ree search [Seasovsky0)

Straegy games were g the eaist ploncars in g AL This snt susprising,
a5 ey games cas gt very fur an geaphics alome and coquive good AL w zven b
playable. Sutegy gome AL s parciculaly chalienging, 2 it cequices sophisicated unit
evel AL g well as extravedinarily camplex racrical and stategic compuser playcr A1 A
mreher of turu-basee srategy aacs, mse ntably MictoProse’s Chiiearion | Miero-
Prow1} and Golizaron 2, come to mind s ealy scandouss, duspite rheir we of
Cleseing co asis che compuer player at highee dificulty seings.
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Tasks.

would otherwise be wo castly. Mareaver Ly bicaking vp even well behaved fask, we
nld free up CPU time in onder s lasplment Al hat woukd ehersese oc e possble

For crample, cade diat courols the driving of 3 car in 2 cace dues nor need
evaluar ie siruacion 60 ncs @ second. futcad, i thac hehavior anly did irs evalua
Fian 10 times a socancl che player would probably ot earice. 1lawever, we would
have increasd the performance of thac behasiot by 600 percenc Thas srexe, but we
e a problem, I we ust vam the driviag Lebasiors evey six fams, we would have
o dving belsaior CPL wage forfrs rames, but duen he ATvould spike on thesiseh
[

T arder o this 10 work, we need to spread rhe exses out. I che previous exam
ple, this skl be dane by Taukdng at cach cars diving apdte 3 & sepaare sk
[l insccad of spiking ous e shich Frame, we ws: nearly rhe same amount of CPG
Sowall i frames. This i ey in Ioad Ualascing, Theee are cnam ways 10 speeal Lisks
depending on the narure oF dae task, the game. and he contese. Thererc, in addi-
s 1 laoking ac an ovesal load-bakunced anhitocre, we wil also laak al. four
examples af some standard sk sprealing,

A vl is defined asa perodic. maincenance funcrion thae handles che apdate of 4 pust
of the ysnem. This inchuces thing. such s hehmiors, heucstc clalacons, and
hookkesping, Although same algorithms are muce dilfiule (0 bresk up. sk sched
ling sytem using psonlic maimenance Guncrians is simple and robun—so, its
ot the et

Base Task abject
The base task sbiocr is wenpeised of a callback funcirm o process the rask and &
iseof evocurion vabus, The callback function il be called st the apprapriuce e,
basod am che tune-of-crocaion valur,

Ihis i & base rank object chat can be subekssed o includs more specific sk
edated information. A subrlaved 1ok needed for ane of our sxample scduting,
gromps i desuribed newt

fimed Task for Maximum Time Group
Uhe timned csk i a specialized subclas of e bas ok, which implkamenrs hasic ion
g and profling seacises, The varistions on profling ae Fu rearer than G L cov=
eted here, s el focus o the mos asic Gunceianali, This ask rubulass calculaces
an escmate of the fime the Lask will ke © executc on s nexe . When scheduling
Lk for che mene e, this sime valae is e 1o aceropt o oy schedule cnogh
Funcians w Gl che masimum due vahie.

Qi way of decesmining i e s sccunalare 3 punning average of che e
ution cime of the asks, Tovever,the sk will mose kel vary in cs st ime.
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Creating Scripting Languages
for Nonprogrammers

Falko Poiker—Relic Entertainment
falko_3@hotmail.com

cirine g o il g dvopren s Uy e e
irecly o xrly protoryping and espil cvoentcreation, echaiques chachelp e
et ooy of dey's sucocoful ganues, The uses of scripring langaages in games
vary from simple configararion fls o enrirely sripe-drven game engines.
©ne common use of sriptiog in gemes s creaing evenns and opponcar ALin the
siaglo-plaper porcon of he game. Serprs can el th sary ofthe game, i there i one,
el comrolthe playsr enemise. In mose exses.the people implementiog Uiese suries

o enemies ure designers, ol progeacazes A ucl, oy Cepts a5 WGen by peo-
ple it vecy e prcgramming expeience. e con e dasign « s ogae
o g these. narogrammers a5 mch paver . posie, b bindering e
itk steep lsening cucvs

“Thie article awempes o answer chac qusstion by firs descrbing Fundomenal
g of scipring Tanguages mesnt for desigoers, then by exploring nonprogear.
men progruniag techiiques and how o ke adaniage of thesctechniges 0 help,
decgaces leatn mare quickl. A fw cips on working wich pomprogeammers e 1o
provided. This arice s insocdd For the programme charged with implertentiog the
i sy of  gui—b ic by canbeddlvg 3 publicy svailabl scripring lan-
guage o 3 gan cngine, o by building the seiping e fom the ground up

Designer use s o el poople el v 2 ane's scriprng syscem; during develop-
snear, astist as el 35 programenses il srive seripes. Afer the game is sipped, mod
grovps and hahbyisss willalso wite seripts i e secpting sysuee b b exgosod 1o
e public, v o o, we will se the cerm sier for the person wh wites seripes
and for swhom the scripring language it ncended. In ths arccle,  user i pecsua,with,
lite o o previous programming esperence, gl the pecson b woronally an
exparienced professionalin s o het v feld (design or art. The serm jmplemener
tefts 0 the programercr seha is witing or embedding the seriping langraaye i the
game.
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e lvig cl, vk DNA mseule s ncased in s pronsiive conting ro forem a cire-
suome. The namher of chromasomes varies by species humian cells normualy bav:
6, exesp spert sl ove, which andy conie ball as mang. The sam of an individ-
wls et mateial i known 33 e genotpr,

ach cheomnsoens harhars  enumber of s & gens is « DNA fraggnen von
s e e o consacion of singeprten. The coosof yout 7, your
blood trpe. sod vwctebing clss dbout youis inflcncad by 1 gene, or more sl
a ruenber of interacting, genes. Praceically speaking, gencs ar dhe atons of peniics:
ey ate wewced 25 indivisble components, no martr how big the wndetying s
mear DA,

A alie s 8 ariant oe mucational form of 2 gene, f here i & e for “blood
type.” theee are allees for “iype A, “ype O, and so forth, Where gencs dofin che
stnacrae of an rganisnis IRA, alcles defi i Havar and variey.

Transm

jon of Ganotic Matorial
Douring reprodirion, each parent ccansrits alf of chefr geneic material o the hild.
In humans, dhe chromosocnse e arganized inco 23 pairs when sporen and ova axe
cecared,the pairs asc split, ancl sy e chromasame from each pair s asgned 00 an
individual

Howeves, the pracess is nat quie 4 simple 35 aking 2 chrmmasome from cach
parcac and copging ic vorbatim, Nature has developed several process 1 sie che
gene poal and inmoduce increared varition between individuash, For ous purposes,
the mose mporian ar

+ Grossover: Belore they ste assgned to seproductive cell, he e membere of 3
pair of ehramasomes ean exchange gemes hersen theen. Fo example, i Daddy's
ehrumusormes contain the gene sequences AASAA s BBBBE, Juslor' anight
<ontain AAADB o1 BDAAD instead,

+ Motacion: Somarin, a gene spontanenusly changes form: « piece of DNA s
nsected, delted, ar ceplaced, and che gens becomes somethiug toclly ew 20d
wresperied. For cxampk, chuomosome AAMAA mighr suddenly becor
AAACA. T che muacion acenes in  cell that il laer produce sperm or ova, the
€ mutaion vill b cramsmited o offpring,

Evolution
O e, arganisms tha socceed 0 atase end o sprodice more than arhers .
“Success” can mean angthing from acnally sorviving unel prbry, o baviog 2
sbinier cost of i that is aractive o pucental partaees,  being st cnough to
ot the olfpring o aceually has unil Lhey ae abl co fend for themselves,
Consoquearly. che allcles present in succesfl mdhsidunls cend o spread et
widee inco a population atthe expense of their corpetiuors, For exueaple, i mute-
ion i the gene controllng agray rbbitsfurcolor alows it o ar white durimg i
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Unfuccunately, many game debugyios, sseeens are lnited co sinple cext enury
ool v shortcu key cumbinians speciied in iidabzacion Sles. L this case, you
il esd s provide dacamenraian om al e sailible nmimands o the team 1o use
your Altwols o, becrer yec.builda mena spsem yuuncll

‘Many garme development sstcens lso provide 2 way 1o lag test o anrpue les or
dcbugger outpu wiadows. This functioualiy can be wseful al g, b i is fauda
ememtally nonnccracive: andl s ufien e hetres than suepping threugh yoor vode in
U debgger. This astick fuctses e incecaceive ools and couls that specifially Jend
ehemselves t graghical tpresencations

W can divide our Al tacl ineo e broad categories: cammand that change the st
of the syvtetu, and dfagnastics bt dlow us 1o view any past of the system witbour
modifyig i

“This secion vuggests & mmber of comunauuls thic migh b wsel or appraprisce
Foryour pasticular game andlyous il A archiceceuce. Th s is invended only a5
u stardug poier—natusally. yotr game might ceyulre sposial diagnoscic ools urique
o the poreiculas i o che specific AL arcitecrur you's developing,

+ Desoy. Dostrops some b of Al-conceolled units,
+ Tnvulncrable. Makes some numbsr of units invulncrable. In many cascs, ifs aio
seful o e sl 10 ks the player invulnerslc as wel.

Scop moremont. hakesseketed AT unis unable to wov.

Frecse. Completely halcs the soected units” A1

Blind. Dissbles al visalinput for selctcd Al

Deaf. Disables ll sy iyt for seleceed Al

Tasensate. Makes sclocied Als ampleely oblivions s all sensory inpris

Doplicate. Clanes the selectel Al eniies

Forget. Makes Als furge! chel cnrrent eangel aud lose al knowledge ey posses.

Reset. Complecel rosers th. sl s and ceruens theo  Urci srarting sate.

Bolify Sate. Madifis dae intcunal stae of the selected Als—for exatnpl, by

Forcug the AL it exsette 2 specific bebaviue uf combat racic, ue by sseing the

sarvens “seacs” of sn AT’ finte-sace machine,

o Sex Tasger, Seran ATs carrsae cunibat carger o 2 specilc game cnciy

¢ Change Game Speed. Allows the we tospesa up, slows o, ur e the. g

+ Teleport to Location. Maves the uscr viewport t iy locacion in che oo
.

« Tebeport to AL, Sillar w celeporc, Swltches ehe wser’s perspevtie h thar of any
of the AL sgencs in the garme. A dsop-down memu alal the Als currendy prssent
i the game an ala e quite usehil ¥ che game et hae oo many AL nits.

& Follow akes the uscrs viewpors cantinucusly follaw and suonior 2 specific AL
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An Architecture Based on
Load Balancing

Bob Alexander
balexand@earthlink.net

i ring s for ame, e conivnaly g e P butge e ch caot i
ligauce nco our nonplayer huesecers (NP'Cs), We st e 10 be challenging
and Fun, Hovwever, smart AT requites processicg pewer, We need T e to e
avse s i che s and do hoorisic malysh. e oed 1o peciorm incofsght
L) cliecks, We need 10 do patinding, The lsegocs on and on, and e e 1o
theen in g smal purvsntage of the frarae i, Too e work duae in 4 freme, snd
the rame rate sares 0 suffer, which is ounpleccly unaceepiabe
e o o we o all of e work and o violae our CPU budger Cerains, we
‘o proflle wus snde, and rcwrice ceitcal oo 1 never, haus dhar tlldues nox
e s withit, ouc buidgt, what do we do then? W ld balsnce ot AL We fid the
sk i e syt that aue pesking o mach per fran, und it shera 30 smalles
Pactsofthe s can be run i several Fames, When we d har, e spread dhe CPL-
burden wver smuliple feames, Usual, we do thi when che AL CPU bodgse b
alteady been excocded, and we are louking to ways af geecing back an wzack, Thiy
Jindd oFseck anl destroy s dowe unef v can ran at & consiseent e sace
A5 an lretnarive o the precodicg cenasio chis aticl saggeats ehat usiend of ook
g 10 Ird balanciug s an uptimization tas, ws approach evecy vk in che Al v
o adancig i mind. This aile il descib 4 sl threuded sk schedcg v
tem rhat cun be sed 2 e care sk pracessa of an AL achitacaute, This e o o
Thespatem pior sl e i AL o s the encelpe o he CEU eime budge

L an idually Ioad-blanced systom, the AT would sl take the saens suoane of
siens each frane. Processing only  susll portion of crery sk per frane mancld
ccamplishthis I fre. cach portivn wuld be sevall sporigh so thar the otal AT tane
s aedy within budgee. OF coue we can' hi e ideal every e, b e <an try.
I AL though. e e ucky, since rhure are vty fws chings in AT e meed o b
vabuated every frame. T fut, i uld be argued chae e s oting in A ot necds
€0 be saluated vty frame. This foce can b exploited 9 allow s 0 prrfarm caiks ot
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dng: Systom Integration.

Lo wrappe otarns b the ncespreess some dnterrupred euumeration, This vabue s
the intepicrer to immediaely stop exscution.
Tl cuseeat soee of e nerpetet is sased, and ic will sry unused wncl he
Lucnt function has Frihed. When the Ce syscem has linshed is sk, i placcs 2
enllack. e rhe interprerer. This cllbuuk signifiesthac the interprcrer shuuld resume
exccution. s e serip, che el function bas blocked aad it bas now comleted
s k.
Gonclusion
This ariels sl o rido he gap berviesn C and o suripring lauguags. It
ahunwed borw a al covld be crcarsd to teduce the dexcloper’s warkload for dh script
g bangrape.

“Thts ool has several ochee incecaring uses, T cuukd b extendud to handlo the
pecal cases chat Incwitably come up tusiog seripting language develupmien. Lor
wratuple, ¥ ll iagets noed to he comverted t S before che imecptecct can uso
e, hea chis ol ol handle the canveislon in l the places where vadgsts e
handled.

Dechaps st impostaul rhe cude genseatoe alovss the nverpretet o geows whil

‘ e il being e, For cample, i the calling comvention o scipt nceds co chiange,
hen ouy thi cool neods o be modified to nnderstond the aew change, I auTomait
ally updace o of che Linding, code the nexe dane i is exccuce

For another sxanple of hov 0 bind Ces el 10 script, sce |00, His
sppeasch. s asconbly o acvally hive rhe merprorer el che pruper Ranceion.
Thile this approach will L lighty tare siicen in callng functions, BindCea caa.
provids more Aecbliy with thc binding intefrce (uch 3 convcring Vidgets to

cops,

References
Tilast] Bilas Seott, "4 Giemesie Fancrion. Binding, intetface” Game Progrming
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A Crash Course In Gonet

Genetic Algorithms: Evolving
the Perfect Troll

Francois Dominic Laramée
francoislaramee@videotran.ca

D A evionis o cy k. Sk e o g bk h e
it of anmhing cha oves? Showld ie b sncaky? Comadly? Or shonld it
it sl o these v, and s whess sould sach ik i

On soluriv woulkd be o eode sveral stnegies by Land s s chem i gaeplay
il o e someshi,thac Tessight.” Unfermorare, i poedone s he kol
being bod e comsumin,(for ceamelk, i i good comes o o th fcs 100
attemps) and sl if e programmar avcooks s e ormbination.

Comiderthe goncicalgoitbuc. napired by th roccs ol watard seecion,the
gonlc algorn (GA) enmics nacatl cvolution o produce near-oprinal solutiven
0 complex nonlioearproblemns, ke rating a civer AL enermy: Using a mall mymbes
oflemncary srregies s budng bloks, » G el e e pogulations of an-
didocc slucons, see hove el ehey pertia a. sobing che problem, and radually
evolve more sficive caulidates aver severs genettions, ol a sy el of
pertotmince s acbicued

This artick il desed
e proces oo programug. bloreshowing a GA it wrk evalving . heep-sisling
woll ot 4 famtasy ole-plying, e, e CL-ROM accampangin s Look
camains e soueee culefoe che amls el fve o e o i s yo end €he Sl

how cxolhcion wors i mawee and hoos 50 translacc

Before we can discuss geneticalporithens, we must desuibe Lunw genstic information
is st in iving arganisms. Obrionaly. this disussion will merely skeich an
aurline of the provess; realens whao ars ofended by gsoss genendiations and aurright
oxolssions might e to ead [Dawkins3).

Gonan and Benotypas

ANl encnen livogs beings, excep cestin cheses of vituses, stuse genetic marerial in
nolecales of DNA (deoxpribonucleic wid). DNA malocules are among the lagest
and most complex molecules n nanre, oficn cunining millions of avoms. Within
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FIBURE B.3.1 Tac fre-bace el

s he etimated exceurion clme a¢ descibed previously in the sactian Timed Fask
ot T Group

‘Any task that can vazy widely in i exeeution teme s & good candidace for i
ype of graup. Bor exaniple, 1Y chocks end 1o be iteratve algorichms widl uapre-
dictable ceminarian canditians. ©hereloic, by using a maximum e groap, wE can
put off somiz LOS checks fot 3 rame, when ane spikes zoough 1 feopardise our

e,
date

The come of the 100t dpdae is our ek scheduling sgsrcm. schich consits of o
sages. Fist, s exccte all o hat esplec b che ceme of the cucrcat frame; chen.
o5 ol group sebeduling ncchock o allow rescheduling of wsks. These two stages
cumprie the enciec AT update and can be srapped i a single function.

A vasks exocnrs.they vl e other sks chat will be egistorod wirh schecul
o, gronps. Whe e o ron sheir tescheduling funcion, chen these ks will
[

Exocuting Tasks

L syscen awainesing a fime-ordered quee (3 linked lise of ca abjeets conrin-
ng chcir desied rundenss). Tl (rone of the queue 1 eweeuted until s runtime s
et thas e e e, sk e popped fin The frane of che queue atd s
ool This confinues unilthe cakat s fromt s sehednlal fo the s frame,
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Suggestions.

mputs 10 dhe cotubar mexdl. By pensruing combac goals and rask-sequences that vill
saisty those gals, you crvute o for inpurs. The need for thoss ipots can gener-
atc gl n the economic modl

ar exanple, suppese that your corabat goal s o defeat i player’s atmy of
Dapers, The ey uf combat ebcts fani; seould b tied w theie combarsats;unies
that compare favarably o Papers in combat iSeissots) would have 3 higher wlicy
than dhose diat compars poorly (Rocks). To achiove yeme soal most efficienry, you
would 1y o schedule vaskesmyuenoes shar invalve Scissors. These Sciscors subgoals
can'e be achieved, hovwever, unloss you have Suisors avallale; bur you ca, i win,
generate hih-Jovel goals within yous ecotomic domain o create the Seisors yan
tneed Forcomhar. I this way, vt scononiic domoain becomzs 3 actory that generates
he productsfor yuu combat domain 1o consarae.

Tho lloing e ddldoual suggeseions chat wil el you pliand e he Ui
ity el your g

Suggestion #1: Desligner-Friandly tnterface
The Uity Model sty driesn. As soch, 5t allows designors ro saly anadily the
behasior of he agent chrongh simphe data sy, To facilicae this process, implerent
aclean, simple imerface chat presents the daen 2 human-undetscandable goals insad
of a arcane group of Jundbers. n addivion, allow the guan o cpnarmically uccesschs
data a¢ i £0 char cxrernal goal can be ostaked on-che-fly. Doing this well and
catly in the production cycle ill cacoursge the desiuer (@ usc the spem more,
and can allow he desgner to decoce and coreeet faws i the balance of the garue.

Suggastion 23: Automated Gamepiay
Allow at agen 1o play againse another sgenc withowe 1 buoan player in the game.
Cornbined wich « drsigaer-eiondly inrerfice, this feauuee wcally pars the esigier an
che s ek o seese casing b design (aud yous implsmenction).

‘Supgestion #3: Utilty-Friendly Tech Troo
Clioose an implementation for your e rroe thar wadks diceuly with the Uelity
Model. IFehe MU updates can b perfirmed diceuly o the sech rresiself i willave
aloc of time and memory

‘Suggestion #4: Utllkty-Friendly Pathfinding
When implementing yout padifinding system, allow for yane nod weiphuin
accept v dynaonic urlicy heucistic thic woks n conjinerion sith youe coxt beurirc
Such i systcan can allow you o chain patbfinding subgous s that, o example, you
can ok full advantige of chuges in ferrain desirabiliy, you can stge attacks front
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It isalo swefsl s define che term scripring lunguage. In s ricle, ihen we refer
o seripung, o 2 scpring language. we mean a fouch goeeraton langusge fht is
eed 10 coneeel the game cingine From the outsde e, with e Uhese lingusges
ange From scnple canliguraron srips o full-blown msine iterpretsd lioguages
Sotse peampls of publicly wvalable sudpring Lugnages e Pychon, Lua, Rubys Vel
nd Dk [Bersoulox01].

‘Thare sre sy baeko 0d papers hovt esigning programining langusges. How do
\echmicl Langusge derlgn s relaze o criping hingiages msaat of nonpuogram
men This secton il el the implementer chonse cither m exising languigs o the
g fundamencal designs o propriccary solucon.

Function-Based versus Objeot-Orionted
An bjuotoriened programnin fagoage s 2 anguge dsigoal 1 sapport popan-
‘aiog heoragh bt bjees. Thess objevs and thei nceraston defit. how b gre-
pam s, By cootas,« uncion- basd langusge cancsnateson i progiam o
B Fatevion-buced progean nuns s aseris of actons delinid it code by untion call
Over e s decade. wbject-orined lnguages have bocom s pogular thae
nany poaple shik i is the only way co progran. The obect-orinted pacadigm s 4
ey et way o design st pes of applicarions purtculaly thove tha sim-
U redlworld ensianments o those invended for Windmu-based media. or
Soipring syseern, however, obiectoricotation adds ancther laye of somglicrion
e tuse of progeamentng, The complication comes 1ot nely from e uced a1 hink
ot ctaand contr flow of  progra i s afobjeccs, bt b fromm s added
sy nosdesl 0 support obioes.

T a aaet, it i erough to think of mucre variables as symbolic objoces sinchow
bicklen i a compucr. Coceprs such 35 data hiding and inberitance acs Jost w &
it and simply conaiturs more Amp-up U i erching th nevs progruIET
Lo v st obfects wirh et symbols

Proggamming i an obfect-nriened language toquices mre desgn curk up Frout
han ugrion-based progiamming dags. Novices wscally do mot bave the tainints,dhe
uperince, ot the discplne  da 2 orough deign before smrag €0 progm.
Homeves, Tanceion-based programimiag i much more focgiving 1 a wesk sochnical
desiga o it llows che wser to earn nd design while typing:

et ofthese many reasons,funian-based langusges e rrach more sitable
o movice tners dian objevt-oriented languages ate, Usiog an abject-ariented seriptisg.
language heightcns he ser's learoing curv consideably [lucobstl)

pllctty
A prograreming hanguage’ssimplicity I defind by b exsily 4 programier can ezt
o encice Lugguage. Obviouly. « language dedgned for novice programen: shuld
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0 o i dhe gt ol o 2espond o s g, The apent cecurns e ur
Tl o lecUogato) Know iF s gaing 1 spond o he g A ageot can only
vespon  one igger s any a5 i che e s, il s checking
ol rigees. [ e sget teruns e, loop continyes 10 allor the agenc 10
sespond 1o ocher aiggers. The agone ecerd e tigrer' inevaup Lo ensurs that i
andle cach trigge anly ance, and unly bndle aiggets aie scccnr than che f.
“The sriggsr ace ortel by priutt, 50 the agent vl cspand 1o he highes-prioiy
g iy nstaor.

“There s an asamption bebind the devisios o spond t0 enly ane triggee: the
rigger putsthe agenc e some s of it stve schine. T i st govers L
s agon ill spond £ e gane vent reprseaced by th cigget. B tesponding o
the highescpriorey wiggen, the s is elsving in che o approprisce mamner
v the coceene sustion. 1 dierens sycem 1 plac for he e and s e
eyt spand  molriple rigecs st che sume istant, the agenr e ferm e in
e o cantinue o t kwerprictity iggers. T any cave, s should have
2 duraton ooger dhan one cyee. This way, am agentcan chacse 1o espd 0 ot
proviy wiggors afer handliog he highes prioriy:

Processing s Grouping Mierarchy of Agants
A o b groxiped co mashnizs dhe benstits of he rigger systemt culling Tf e
s aage bumbr ofagents in the world, it might b imefficient @ chek cach indivi
al agen agins the fs uf existiog iggers Lnstead, riggers an e checked ayainst
oups of agents, The trigger system can be adapred w bandle groups, wids « [ow
wior modificasions

Agents can be grouped by  vatity ol clicria, inelnding rheis world postion,
update e, ace,oe fcrian, The rigger ystem ean ret chese proups recursively 1 che
st dererenins that a proup is inserested in an exldng rigge, i can chen fst each
member of dae gronp, The meanbers af' granp can al be groups. creating 2 muld-
Level bicraschy: For insrance, agens might be grouped by cace, and chen subgrouped
by eorld pasicon.
st Ageats cun ellliendy fgnoss wigests on he arhes side of che sworld. Neuteal
sgencs who fgnoee moss ciggers can eninimize thel procewing,

n verms of mplemencation, e dlus foe & group of agents can b derived fom
the clse for an Individual agenc, As agenrs orc added t0 the group, the prough oucnu-
ber variables are s tn reflect the combined ateibutes of all membess of the grovi.
For exumple the groups lags Lot ciggers of ineress ars s o che combination o lags
from all gnes i the group. (Fa geoup hus two memmbers—one whe i inmecscod in
explosions, and ancrher who is interested In the focaton of the encemy—the flugs for
e group would be set ke ehis:

irouping allows many ageuts © ignore a wigger thiongh s single

iroup.

riggsrFlagei phgantd->Got”caagerFlagst |
Pagent 1 -Gat"riggrFlagst) i
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icvares dramatically; you might end up with spikes . the cazeucion. herefore, e
could aha storc che larget excaution Liae, of malnTain 3 sepwrate FuANing aveitge
v the lnse Fes cuns. Thea, we could reruen 3 weigheed-average of hese sahiss to
prosce a beer estimate.

‘O ather slutian soald be ta implement the running of e ancrons in the
acvual rooc updace, (See U scution Trprovements)

Seheluling grougn s 4 comvimiens vyt think sbowt schadufing 4 scheduling
geoup i a group, of sk o wih sotus algoritm char dicaces whes cach sk
i b proceseed

B30 Group Functionality
hiee typu e cxphined: the spread group. e count goosp, and. the muscimm iy
s,

Spread Groun

The spread gran 3 3 group of casks that will be sprcad our qver a specified time
petiod. Each task im the gronup will uts usec ducing rhac time peciod. [ our diiving
A1 deseribel previonaly. dhe geonp svould consise of allche driving Als, and the speci-
S time period wauld b ane-centh ofa secand.

To implement a sprsad gruup suhedules, we maintain a ruoaing Lime valuc. This
e s e s e scheduling ime For the e el 0 shidle. Pach time he group
scheduling funcrian i o, it B, increanedts the rupning e value 1o puake sure i
is greaver thin the cassent guce Usnc, Then, for each ansebeduled cask in the group,
the vumeat scheduls time i sor an the tak and i dscried ineo the schedule. Alier
scheduling cach ask, che schedule G s Incaemened by dhe value de 5. The dt
yalis i e desire time delay beowean cxoaurions of » single sk, and the » vahue s
the tunber uf Laks i the granp (Tigure 6.3.1).

Count Group
The conne rarp simply run s constane anmber of tasks euch feaaue, Sine the group.
cheddlsr runs eues iz, thesyseem will o can emore than che specified number of
s cach of hose frames.

This g inidealfor ks hat atc garanteed 10 ke coustant e o ean. 1F
che tasks vasy Lo much, the AT might spike. Bor exarmple, the gams might requice &
sk ha periodicall checle the disance an ubjuet has mioved and flags e when ic has
oo onmside an area, This I 4 scaple consiant eime fancdon, and would be ell
it for ehis geovp,

Mt Fime Group
The maxinmuen time geoup oaly schedules enough rasks o the next faone such thar
heic otal expecred excetcion i doss nor exceed u maiznuns valoe, To da this, i
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1w

Ths Combat Domain

The combar doman

Sections_FP5,

"1 Seiscors.” Depending on the implemenation, i ghe b maoe apisi
o geuete sy ek s that ks £ cach o ehe 13 oo gosh,
Lencify the uciiy of nch. goal and shgool, Like soonomic wilic,tis i an
hlttny value that s sl in 3 eldive sene, Begis b givios exch gl
aod sibgoalthe same il valus §is & gord vl 10 st wirh
Propsgore e wilty of el gonl baclovad chrongh s resepicace by
smnaing che dlicy valuss, I oor "1 Scissors” example, che utiliey of 3
Eorge would become 2 1for she il of he goul *) Scissore” plus | for
e wilt of the Forge islf. An iceuns il chevetore, 5 propartiosl
the number of goals it i caa befp s

Mormalize dhe uelty o sach sohgoal. We will he looking ac all of U -
ol 0 dotcrmine which ones e st 10 cueeote, 50 we nccd to be bl 1
compase thea 1o ench other, normaliraion facltes s comparion, The
poralizing fscor shauld b tho vurrent cus of i subgoal. Obioady
#his 3ell change s takiesoquences v execited and the et of thei resl.
o subyasls becormes O

Fdeotify he subgual with d bighess normalied wile: T tes, choose the
bgoal s o sl i cost, s ehar any impu ied up by the ek
sequence il be celoased soonce,

Dermine i chac subgaly sk sequencc can be schedled. ¢ requins
€he s of i input Uiac is not available—for example, yon don' e the
sequited Mones, or the cequired Buildiny is lreacy scledalod for some.
gl then g dhis lesequence as unavalsble For tis onnd f e
ot otherwise, schedul i

Repeat sieps 2 and 8 wnil ol of s avalable sbgods e sheduled, e umal
7eu enn o longet shedale 1ng subgoalsdu o the unmalabiliy of ipurs
for and] the pracsssing rime located o chis module expirs). S sone
sk all of the subgonls avlsbl ain beforsvour e round of procesing
As changes in the game universe e decacri, creace ew goals that rect oy
thoss liangos, and inteaduns dhe goals e the plannig ssec, The che.
iveness of xone reactivity i divectly dependent wpon baw rou choose t
e ches ew goah. An cxplomaion of aption for his mplementation s
beyand the scope of s acices however, a secandry Lilty Modd for
eieraring thess gols mighe be eusbl Ly using gume swtesas your i
and goalsas your aupurs

A taskesequcnces ntaplete, prane theie osulient goals and subgasls from
the plansing v, Be suie © propsgave the resuluant changss i time and
ey coxcs, uswell asthe anges i normalized MU,

be modeled by o l'muy‘

{0 hat i chined e e

womic il Model. The ouipuss of the cconomic smodel —anits. become. e
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1.9 Qenetic Algorithms: Evalving the Parfact Troll a1

e, iewill be bl 1o hide in the snw whea the Big Bad Wolf cumes along, thercy
allowiog it o srvive wnti spri. The toverse is als cae: mutauons thit tedhiee an
organiants chance: w survive in It cavironmeat fas, sadly, owosr anatarions do) wll
tend 0 disppes quickdy 3 chei cariersdie before having 1 chance 10 teprduce.

T is what Darwin defined a5 “urvival of the Seesc” and It is the crucial
insighe underlying genetic algoriths,

A Computational Model of Genetics

T a murshel, s e sgorithms warks ike s

1. Creste a st gencration popaasion of andom organisms.
2. Tisc e n the prahlemm we ate r7ing en solve, and rank them accarding
10 fitse. Fthe Lest uegaoisms have seached vue purformance goals. stop.

3. ke the bestpettormers and mave thew by applying genetic operaatssuch
s crossover and enusacion. Add u few brand new randomm organisens o the
‘populizion ta iatraduce nes wariee; and Lelp cusue againsr convergenoe
uea el maimom.

4 Tanprosep2.

What Wo Are Evolving

In namee, cvolutian werks ac dhe lvel ofthe e, 1 s e wehethier  ccaain
individual survires {cveepr, obviousy, w he individaal in question), as lang a5 the
avesall performance (o s ol cas species with cegard o s covironment increases
in rhe long run.

In the <onugres howeer, we might wan evolucion 0 work at scwral difecsot
Loves:

iduats We ate cryo co bl sing pertect spacimen, and Uhen clons
it cnany s 3¢ . vl

+ "The population: We might vt 1 etcare an encie: populaion thar masimivex
ghobal thecughpuc whea working in calboracion. Fot cxunple. a band of Merry
R of vaious Lalents aschers. swordsanen. a carpenter for the Sherwood Forest
village, and riar Tack t i cuarale) would probably rob 1oors af King,Jobeis

s chor 30 clones uf Litrle John, evza though b might be the besc lgher of

e buach,

« The cconystom: AcLife sxperimencs often *co-evobve” several spocies chat collib-
orare and competc with cach arhes. This also Lappens s macure: precsute
Smprure i far morc importane whe your awn prey (or preduoes) imprve 75
well. S 11v792) for mare infoemarion an this topic.

Our wolls o salisry indliviluals, s we vill wse the Gest apprasch. OF caurse,

norhing prevents s from taking e rap V perforuess cvolved by var sisoulaton and
ing all of thei in che acoual garme. 1his vl giv cach eroll o iodividusl favor,
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This lise s gely governed by the gurme’s genee and cequirements. buc these
should be ensugh e ilustate the principles. Ot previas code vill change agsin

“hilai BunghasProsessed « m charazser-ans )

'
S FALST - n_pRrasortoranactar > anBiE o Ludedromupdatei ) {
A 0PremntCiractor--Prosssseriod:ant |
s o
)
n_prrassniChanacler = _pPrasentihsractar-QethextCyliot);
)
Rastrictions

A fnal point isthat this cvaluation et will cequire certin dyen o b mads asil-
able. T our exaple, in weder o dscide if the chavacer I oo fur away from the
playes, el nood 1o calvwlate serisi information in the aaens npcre Fancrian.
his i imporcant since, rharise, & charactsr could walk uut o range, be excluded
fiam procesiig, wad mever ceeuen sines cheir distance srould nover be reevaluated,
‘whish s clearly undesirgble. This would occur because we hed mistakenly inchided
fuoctionaliey used ro decide whesher the chatacee shuld b procssed in 3 nuncur
scan sce W i s  decision i 2 precondiion hasn' bocn decidedt

15 ale the <ase that under oerian special cicumitances, we mighe till have
0 do the update even i rhe charserer satisfics some. o e esveia for wadsion. For
thisteason, dhs onderig of the ules chac dicate sxclusian & very imporrans, We can
ot simply exchads o characrar I ¢ s € away wheu I bas been marked w5 being,
sequited by desiyn o garaeplay-criical. This decision-making provcss shiould be i
Combiexc.utear romptato ) functon. A very simple example ol

BIDL CCvaractar: sCangar kol utsArrontpaet i void )

TR == pGuntsvsriatscludsd )

Eo( sveany; 3 1
o TaUE

)
S m Drstarcstorleyar » SLTOFT_TURFSUOI ) ¢

Uhis discusson givcs soms dea of b cw apprvach distburing the Al worklead on
sither an sxivting AL loop, ar haw ra srcrure the design of « phinsed une. Many
moce improemencs can be nuade. Tl sost obvious improvemant is hat we cah g0
decpar and ot oy disibore the load of processing for ll pume entites, bur absa
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The Parss Tree

Overview and Godo Generation 507

crates e hyecende stzeatn, Afkr che snde geeiaror compleces, the iaterpretet can

exccune the geaeraied byrocnde smeam, Th flow of racalosming a seipt uto 4 hyre-
code stream s illstested i Figure 10.1.1.
T topic of complrs s 2 well-researcied fiekd, For mre iu-deprh anverage of

complers, reul [Akxo86] and [Scou00].

Compiler

Sourcs
Gorlo

Bytecod
Sreern

Goda
Ganerator

V4

1
\SZTS‘SEJ

FIGURE 19.1.1, . of 2 compli

The passer is responablie o1 cearing 3 parse s for the eode gencrasor from e
surce cnde. This e tepressnts the devloper’s sotie program in s maner thar e
compier cats undersaand. Since mose programiming lingunges are very sacrured,
dhey can be represeated by » refike srucuate,

Fach mode in et s assciated epe dhat discribes ehar cppe of langage
comsaeuct this node decibes (b cample, an i sutement, « function <l 30 add
cxpressionl. “The mdés chidren sse i operands chat the languoge wasicncr
reqires.

For example, he prssion 4 - & wonld be tcanshted it pacse e node where
i the oot o and 4 ad 5 e th Ieafodes, A Foncrion budy would be represeted.
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i Creseunes behavior by providing exauples of desied behavior and suing rosards
(perbags wscatch o the befl) and punishments (perhaps 1 whack aceoss che face.
We therfore colloguily rfer o ohis appronch 35 “lap and eied” AL
The design of he Crearare AL allows playees to e heir Cecaturs o perform
e warecosary W e wnlokding storgling, wih enreraining consequences
Tvansb2l. This flcxibilty was deliberarly inznded to gran che player abnolue [
dom o experiment with the gameplay mechanics, inumersing them complecly i the
virtual woild of Black ¢ Wi

Learning Is the Easond
‘lan Turing Is wide

5 regarded 1o b the Fthr of AL Over 50 years ago lucing was
seruggling with the defiirion o incelligence tel, and i 1930 his work resulced i 2
Lunmask puper dsat seisblihed s beluseloral 15 fo aching incelligence Turingd2 |,
The Turing Test is basod on the presumptian thar if 2 compurer bebavs indin
guishably fiom the eay 2 buman being would have behaved in similue vircuostancss,
e e computer e be sald o be inteligent.

The Turing Test cancerns isclf with masural langraage cmversation, Lut Turings
insighe applies equally well @ ocber crpes of behavior Lec us consider a hiporhscical
curaputer e i which the plager chiscs an opponcn around & mae, aempting e
<howt I with  scaon. Tlows el he oppanenr have t bebave to pass 2 modified
Turing Tesrchat fcused on ruaningy-assund-mizes-witk--gun belavion? Caruainly, i
slukd e able o mavigate the maze. eamembering a1eas 1 had visied hefore and
cxploting new arcas. Teshould rake evasie aceion when under atcack. T should hide
#rom the player, stalk him, lay traps foc him, and supebc bim. To tomain uapre-
dictable, i should adapr co the gameplay sxaregy sehibiced by the player—in esence,
vhe opponcar shanld [eamn.

Leaenio isincimacely intercwised wil the a1 o prodiccion. We esaeace selevant
dewalls frotn our pasc cxperience In onder o prelicr fomee sveats, allowing ws v
belhaes in anciciprion. The foadback we ger from the emvironment e Lekaving
iver s @ chance to evaluite e yuslty of sur predictions, and thus the learing
‘process connues. Luceligene sstcens mse also behau in wrys that are diffcult for
n obscrver of theie bebavior 1o predice (chis is essental when the observer Luppets 0
e preduciey). Uhe ability ofa sy 10 bebare unprediccably wichin the bounds of
sessousblauss ives 2 very scrong mpressian of nreligence.

& Banavioral View of Adl

Dascing; the development of Black o White, we Touud thac i the players Creanare,
the principal AL driven NPC in the gasme, behaved In surgrising yec relevanc ways,
then the plagar tended o end more ime playing the game. Ulayers are driven to
cantinus plasing in andcipaion of seeing s NPC dis someibing ness intersring,
and creative,
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Testing Undefined Behavior as
a Result of Learning

Jonty Barnes—Lionhead Studios, and
Jason Hutchens—Amristar

ibarnes@lionhead.com, and
hutch@amristar.com.au

201 G Do Confos (G0 v axcended a seies of ani
falkncellgnce €AT) ouncltsble sessons, Apae Fram deiviog horme the face that
‘most deselgmenc bouses sill wzar Al as sometbing st desoands the ek of 3 soe
programmes and a setvely small dlice of the CPC. w2 wers dismayed 1o find thar
Teseoing—daac which we comider o b the wry ssence of inelligence-—is almast
conplorely ignared. The peneral belict scomsd t be Usat qualiey semrance would
prove impossibl i won-playee characres {NIC) staetd behaving in uaprsdicable,
curpesing und continuly evolving s

Tnepisd by the GDC Al zound-<able sessions, s arile aims 0 show via a cae
seudy of the comgnier gme Black & White, exacly how a restin depurtnaenc can
worl ta cnsure o bigh-quality prodct thar eacures an unprecdictablc kearning A1

A& $hort Intraduction to Black & White

Btk ¢ Wit i1 the s basc e, a g gme [Losbieadl . Peer Mobymess,
director of Liaohesd sudios, inrracuced the goze il Paplows in 1989, Apart eon
mateying & sandbos workd with  atoryline dhar grants the player frecdom, s &
$White ineroduced 2 revulucionary karing Al, knowit s 2 "Creaure.” 35 a centel
character,

Lt place i lack & hie the ity oot cearr .
i g, el eing i ould e, apevte ipen
o oy idding e e . e e s oo e
e i il inoligene sy ke ang e oriin.

—Prcer Molyasus, Ditecror, ianhead Studios.

ine, rhe. player esins bis Cesonure 1o perfirm tasks on bis
ehulf, Trainiug s achicved vi seinforcsoustt leavaing, enabliag the player 10 shape
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The preceding ik v dished off n abour 30 seconds, within che ufssially
appraprine petiod of ime, “whili the ink in your brush i sill wew” I¢is ot perfect
ince it ducs o <asily suggest a season of e gear, alchough “ephemer.” s mild
conaotations of suuiaa and Falling leaves, T bas dhe sight pumbes of syllibles (5.7,
v 5. respectively) for each e, WG mencion dhe e i took uply 10 llserate that
neaing sctvitics can be ft inws cven the wmosc hegtc of periods; rhey aced not b
eand productions v L Aiceive, Ln v, if they are siemple cnoingh to be casily nce-
grared inco eveepday i, thee is 3 mch preatee chance that they will be praciiced
wegululy.

“The fluscradve haike s o ientionally impectece, b it provides a beteer
swample becausc it . he autput of your vatiec activiries neod mor have preat
e valoe, and for sy penple, it s bty  chey do wor, Many of he aaviries
fmcmianed presiously wsre selected Locause sheie ougputs ars ephametal. Tirevood
eotem fgurcs b lighly bescer chan the Lshecovere limbs frows which they wete
catved. Mesa sculptures fiom the recyeling bin sl rsyele. The memory stk in
yout digial canee, full of valisn, i itperfece efarts, Is i hutton press ey
rom being cnuary, rendy for the noet challenge, The exquisive meal macde from Lust
weck eforers s bt a1 nspiring memors: Our an yene hard drive, yescenday’ hafl
il s aeewitcen by roday’ baiha, ks chan 10 sailiscconds afet the dik com-
‘manls e fsuod. Since no o clc has (0 6¢ . yau can try auything you can think
of the journey is e imparane chau dhe dhstinacion.

o aaly do ercarive ativiis keep youe eeeaive ailtcs o good shay
crtcal a1 the beginning of o st prujec, they can keep you fiom going ctary
during che hacd sl of your cumen. v, There i 3 lot 10 be s for dushing off bie-
ing, sarcastic baiks abane the stupiditcs of woek {or smmantic vnes for your ignif-
ean ot hirhday). And even meel bends o youe wil when you have a liiod
corch in hand—cunueching,youe code night nox do.

ar the

Tt o coming up th 1 hster probletn to salve i the simple disciplie o using good
rogeatnning and pevjess asgsment habits, Thess incliad Jooking for alesrustive
colutions nd ki the cime o give dus iniciak phases of design propet thoughe
Reyond thac i duc ltentianal practice of nomprogganining activiies o “ceoserrin’
your b, Finding - uf-the-bas soluzions is skl thae can be Jeamned aod cun be
prastiond. Corporate Amica has etuiaded ic of it sl and shus of heir wainers
e consulunes [Epesin9] This s al erue of purely creative actividics. They e be
Terned ane practicd, oo, ¢ 1 0 yora 1o o them. I, “che et Js o there,” then
s e berter problens o sobve

b6 Rbrash, Richad], “The (G
ame Developen Canference, 1996,

Cruplics Frgine.” in lectue. Crenpunee
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ATS Game Camponents

Architecting an RTS Al

Bob Scott—Stainiess Steel Studios
bob@stainlesssteelstudios.com

bis il differs From a6, |, “Archilecting a Gasme AL [Seart)24 i thar it

specifcally discomes architecaure o 1cab-rime sategy (RTS} gunues. RTS games
anc ame of the o thoray peues 4 i 33 AL voucormad, and s guod architecture s
necesaty o ensare success, M cxamples prescnted here are taen fram the wark
done on Empire Farth (ceketed o s KE).

‘i campanents dha. snake. up an KTS game architseure cnnsist of what some cdlf
“manngems.” Thise managens e cach responsible o a specific atea i the tuanage-
ment ol 4 ompuer playes

e
T civlracon wacager i the bighestlevel matage rspomible or developrment of
the computer playees acuonay Tr i< respunsibl for coardination benween the build,
i, resoree, and fesearch managers, s well s secting spending s I also handlles
compurr playes sapansion, upggading of uildings and unis,and epoch adhanceme.

iiaation

Bulla
The build managee is cesponsible fur placeman of d stuctares and. rowns. I
receives requests Groo che unit mnager for raining buildings und G he cvlica
flom manages for support buikdings. Al site evahuacnn acuars hors, Mot bukdings
hase ceqoizements.an where they can au canparbe placed. In Fnpise Earth. e have
wha 210 keown as aca lfect buldings—sehich provide » benelic 1o umics withia
their eange of influence. These pces o be plaved whre the most unis are fkely 1o
comgregate—aronind resources, Miliery buldings nead 1o be nearby, bat shewld na
Snterore with the aica cFice huildiags, s hey g In a ting outside the immediate rea
of 2 resocce, Some buildings rauire murs s (s, airpores), and e teqir
very specialned placernent (wall,cecks, ovwers). 1 you Lave 2 rabust tetain analyeis
<aginc, s s keuoelode in these routins (place s i choke poines, avoid build-
ing neat enemiles, ecc).

£
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Gnce the compler bas creared the e oo, i s diseedy ceanslted fnto & byrecade
srmearm. L o gensracor seaks eccarsively theough th rece o prowcss each node
o Bach parse ree el nsteuers ehe eote gencracor what acuusl executable st e
Lo o generare

‘An abject-otionted ende gensrarar sonld Trave 4 class, cogsbon, 10 do the auzual
code seneration. The cls Tancrion Sadssan e vould be where code penesation
begios by taking the passe trec's . aode 2 an argumet,

Codoten: e cenmines the node’s pe and calls the curcesponding bytezude
et gencracion function (r cesmple he funrion Codsgsn: 1Go1ana wand be called
Tox any addition pacsc s modes). Sudkten: en calls he approprisce wuile handler.
This structures the hyecod: s genaracivn logc intn mulipl (uncrions

It nod: bandler fucrions recusively sall cone: iy children odes
it the node cotaion, This i necessary because different nodes might sequire thar
cheir children nados be recuned in diferene masners,

For exaenple, anaditon, operator equics rocnrsin it b aperands before it
can gonerane the ad inscruction. A fsncrion node requices cnery and it code ro wr-
roond e actual functin beody {the childzen of the fnceion nodo). Bach of these
handles cecurse om cheis childron, bu ey do <0 in diffscad manners

o o

Seripting Janguages can b very powesfl caols. They can be used w hide wiany of the
commen detals st aiss in @ raditianal programuia langusge. They can aln tive
the developer <ontrol over bath the lnguage doraile and exccurion of ehe code
thrcuigh che corefl complarion inco 2 bytczode smesm.

“Fhese sotnpllers mandus 3 source ik oo sxveucable insteuctions. The pre
andthe o gemerator are s ke parts h geocraring the eaguirod excucible, The
patscr builds up a dhta Scruzeuse dat doseribes che developer’s soutce code, and
the code genetator ransdates s dar ssructae o she resuling exceutable

Cunde generation i not vty camplicated, and the incegprete,thac will xvucs the
byecod. mrm, dellags mast of Wi cods generation decnils. Reualess of wha
che imterpreter require in e bytecod stream. e accual creatiun of this srenm isthe
sames a ecursive-descent durwn the compiler.created paree v

“The €0 contains sample code o 4 very basic evsopilor. This compiler bandles
rhe basic of o generatiun, [z code-base Lius becn intentioually kept 3¢ senall as
psible o illusrate el gensraian. Onee you foel comlorable with this wotopiler
Look a che sample code Jor aticle 10.2, "Scripeimg; The Tnrerpreses Engin.” e -
cins & compiler thae supports  fose mare sophisdcaced langusy foanures ouch 25
focloopsi.

Article 10,3 explains the el ol s ncespreces and hows 1o integrac the seripe-
ing langusge il the game

j;
|
]
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‘The Teating Department
At Liowhead Studios out oiganic appraach ra deselopment means chat esing begias
on 4 picjec ftom the mament i hecames playble. Apart Gora Tuding bugs, the olc
of anr testing deparamenc, unlike chat of Lralitioual stng, depaetmenes thar only
cunne i a U s ol projec, nvolves idonifing design fssuss and proposing sohu-
ons o them,

Whenspour decelopmens rekes hree ael bl s,y view of he
qamecan be oa focused, Which s iy frah e e ispatable fr ferd.
bk tronghost. Yo offst need s analyze sh playe as el s e g
o wnderstand what i requived,

—Andy Rohsan, Head of Q4. Livnlead S,

T do this succsstlly, 2 good tescing deparrment shauld complement the skill
of  few experienced esces with 1 segalar Lo of st players. Apare from reveal-
ing bue i the game mechanios chat might bave becn aveclooked, the demund for
addicional arures from Rrsstime playens can help shepe the game deslgn ik,
Another advanuage of s spproach Is it focuses on cxperimenral player behasior

The Test Plan

L senial that (s eseing, deparrmen mainain a tese plan dhroughout the devcl
opmen process. & good test plan il dacument e spprisc taken 6 15t coch and
every clemsat of the yame. AL the culy stages of development, che definiion of e
g Dl is conanly in flus, hut maintsining o fise of fraturs, whetber they arc
Smplemenced or aat, helps to chart. the g’ progasss and serves 25 2 checklis for
busg hunting, 4 cest plan s very much an asays-live dncumene

o mareor e minch lave you put into developing 3 gacne, the Rumber-one ra-
som for doing o i to make money. This tucacn that you s 10 carer 0 2 large an
‘audience 4 posible, i order o muaienizssales, For this easam. it i ssenial © o
sull camsumer opinian shen ezsating et plan. Having iokunse wsers miniizes the
dismance beween che development e, sul the audience [Neck95), and is 3 remen-
dous assec when upearing the continuonsly cyabing document thac is e st pla.

The

ek Box Viewp:

t
€qualiey sonurance of complex learnians Al such s s Crcature i Black 6 Whise takes
plioe an severad diflesens Jevls, To begin i, the echnical design of ehe larni
s t0 b veeiied Tn same way, and rhis can oceur before a line of code s wrten,
The code isel can then be uni€ ssud <o mak suse i coniplics it che cochnicsl
deign. Finafly,che in-game behasior of the sstem nocds o be veriied.

Tuvating the lcarning A1 a5 f i were 2 human being can Gaclliace the wsing
procsss. W gemerally do noe aeed o cuncers autseles with hovy the syseeen is imple-
mented; we need only ear it a5  black b, testng the hehaviar we obecve st
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‘with a node tlagged a5 “fincrion,” and i Jat nodes wauld be the lis of operations
i che funcrion i supposed o perform. ‘The arder a the children i importan!

The dilferenc types of patse tree s deprod ocely ons e progosanming ur-
guage. In general, the node types should ol nacuraly from e fanguzge and s
e, Figuce 10.1.2 shows some ccample parse reee.

445
@
" @
—®
@
5

FIGURE 1012 Saonpe parse e

Greating a Farse Tres
GNU Bisou i a fvely distribused ol ansuonly wsel in ceasing & compils’s parsee
s [Bcon95] fox mare informarion sbout his ool). Bison parss the soce cade
secursively making the exeation of parse e a sraighriorr ek

A programming Linguuge i expressed in 4 series of ruls for Bison. These el
detins che structun:of the anguage. Once Bison matches une of chese rules wich the
source ende, the aociated code i cxecoted. The parser s this s code o ercare
e propes passs e e,

his newy cratod node i etammed from the wle, Because of the recurive natare
of Bison, the node i availble  the parent rul. Lach rule mecde o ereaee 3 e parse
wos node o dustribe dhe vorrent Lo construct, The chidren [or 2 uode are
che other parse ece nodes fecumod from ci nedcs ubrulc,

The example sspressin s + 5 s parsed by o cifarenteules:an integer annseant
e o adliton rule, Because the insegers 1 e 3 are opecands c the - operatar.
whe ircger conswan vl s procssod frs. This ol creancs & parse tree node contain
i the peopee incsger.For this example,this e i called rvice reeuening oo modes:
ane conaioing ¢, and o containig 2

N har the aperands f th adtin rolsar avalable, it s cxscaned, This ule
cxeates an adicomal parse eeee noe that s o childre che aperands fo che addic
tion. The sl includes the nw todes s Lhe mew o' o of e,

Bisan cancimcs o prse the sowre e and cal e appropriac sulks vl the
entire il has ben pariec. This lexves the compiler with 4 sing parse e node,
oot e, which can be passn  che codsgeneraae.
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The field of sientifc Lutsviorism conesotrates on obscrvshle: bebavioe and the
effeces of sl and reinforcens o chis beluesior [Skinner6]. Studics show thac an
{otermaiutent schoduls of pitive ceeforcentent tends o stenglien behaviar far more
elficieely thin cegular wiufoicemenr. Cor example, human beings ace much
o likely 10 contiau inscring coins mtw gabling machines afer aling o reseive
2 payuut that they are co inssct additional coins inco deink vending machings afier
falling o roceive & can o cula, Drink vending machings behise predictsbly, whercss
the unprediciable belivior of gambli cnschines foscers addicion.

Elow fucrunate, then, thal NPCe blessed sith e abilicy 10 leamn sutomatially
behave im unpredictable wags, providing the player with imemsiteent feinfurcemont
e ke care o consides which propetties of our game axe liely 11 be reinforcing
t0 the plagcr, and carefully exploic hcse rapssies o ensuse chat they debiver rei
foscement on an intscaitenc schedne, then e can design our game 1o be more
ampelling.

Quality Assurance of Learning Software

“here s wany henefcs afwiito, Al sofware chae has the capabiliy o feam From s

enpionce. Leaming AL can perform well o woandiipared Sruations. und can pro-

vide an entertaining, oror-changing experieace co the wer. Unlorunadly, he indus
eryseeius o be elucean 1o implemcat such sofresre, and b taight he largely de
the scionent expressed I the following, quotation:

Traiing ke plcs ¢ g afth gvne develogmes cle e i she
o sigs,
el Kby, Al Roundiable Modesseor’s Repurt [Kitby01.

Nething could be Earther feom b wuth, A1l inroracive compute <
produsts cach and every one, Teatussat o one earning system—the player. Giviug
a livunan being the appotunicy w direcely influence e behavior of an in-game char-
scterwil auvays ceal in wndefined cirouosiances arsing as dhey expeionent within
e o word, exploring i boundasies o discover what s and shat s not possiblr,

W bave all expsrienced the chsll of sioply "aucking around” in a compurer
g cavicontuens, The fn of sxploring and experimenting widh a gatse can greacly
Guweigh the njoyment esperisticed by the playiog the gaoie "praperl” picticularly
wrhen the game cters o tuch behasior. e can all ecem amecdotes of bizuee player
behavior duat noe v the best testing department could v aniicipacod

Up until nows, the player bas been che only unknowable factor a tesc ot when
develaping computet encereinment sofiase, OF course, mule-playee s e -
her compleaity arsing euc ofthe ineractions berween many diffetent playor. How-
evet, i conclusion is the sames Tecae fearing; agemts 2 i they were human players
and you il fine i yom alrcady possess i ool and rhe knorsledge reite  tese
e bbsvior
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+ Ganstant AL This is processing for which an update st b cxocursd eve
frame. Obvious cxampls ace tovement npdhte, Jaraccet animaciuo, ol track-
g 2 carger. Ofen. it s the case that the cunstanr AY Carpunent st it wing
informadion from the perindic AL se, and will condinue w usc thar infarmation
wntl i s "eficshed” 3¢ ehe next pedodic uplats. An crample will drify this
‘Consider again the clscace thac i tgering an eneeny. o int he gun. the .
acter st valeulate an apprpeate weapon orientation bascd o relcive pusi
o, Fo an npdte thas gives smaorh pun mution, we need these clealarions to
be included o this consca updace set, The procssiey;that decids which soe
s can be sech if anyh can be lef as perindic, and will b npdated evecy 55
often. o the plyer, ic is wablkely chac hese disinctions will be uoriced and ax
previonsly metioued, we somemes et sde effcts chat ead o satsfacnary, o
even dssiable, behavior

oistritution
The secomd cormponca of this Framewark s to disribute sur work over frunes. We
ave e o separatesets and s mad the disdoction of whacciunn 4l i exch.
W mast row being abuni the wupdace provess thar makes the discinction for o of
sxecuion. Vhe simplesc wny ta do i, in erens of diselbucin, i o process & carin
mumber uf characcers per fran, with the exact aumber being vasiable according to
dersand e som other rsquiseenencis). Note la cn any given Irame, 3l charnces il
e sheic unstan ¢ processed. while only sare will v periodic upduts.

WL ot soms data that heeps rrack of e cutrene AL chirucl, AL its simplis
s can fuse be » paiter <0 & chacucier clas {n prreser Churucters. Fach time we
process & character e mave on Lo the nest ane. We stop when we luve procased all
o the chatacrers. o more ialy, when v have procesead  cercat amount. When wi
Jave renched the sad of e st and setucted ta the st chractes w5 can look ac s
Torg ¢ ha beca e e st viste this charmeve, TLis gives s the i intersalchat
cuts begwosn the pesiodic ugelaces of any given chanacesr

“The impostant g <o not i thut ln paosc applicacions using a periodic ST,
e only going, 0 be prcesing arie of the charsstess cach frare, o all ot theen. I
the calenlared imteeva s islficient fnc oz s, hen we mustincrease hi narobet
of charnecers chat e process per frous for periodie AL updaucs. More iotereiogly. i
e time s under our requited o intenal, e have two chves. We can
it prcss Fewer uaracers pot frame, oe we can do moe i the upeare for an i
idal chaeaces,leading 1o icher, o more advanced AL Either oy, we e whar anr
originalspecifcasion cequined and the garms has benefirod

‘Now that e have o ks splie it e et e are abl 10 loak 21 nevie ver
sian of aur main Al Yo Tofore we do cis, s need Lo wonsider 2 farther g
men. Widve docided that the st ery o being abouta periodlic updat is o prucess
Fewes charncters per frattc, We cun do this by scering out witl 2 bt guess of how
many charactens we want oo process per fame, and cevord the interval dar pacies
beuwores the updaee of an indidual chasactes
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An Economic Approach to
Goal-Directed Reasoning
in an RTS

Vernon Harmon—LucasArts
Entertainment
vharmon@lucasarts.com

« legandary grme designee Sid Meier b poiaued out, 3 game i @ serics of

et cholcss. Choosig hat 0 do, ind whn, where, and haw o dh i
s e 0 3 plyers e, e is herfor erel o 3 pare 4gents sucses &5
<.

I i i we dicuss one proach to crating n agent fora Res-Time Sea-
cay (RTS) gane,using,the. ity Madel. This approach s Eewporic eoresad
comeepo regunling comsamar v, and wsale  AppIng OALO OUT SAMS EENCS
dechion space. W explai ecovau AL ceminology (gsel-Anwred sedoming,rscise
o, plansing, barivic Sneions snd Ecamore erminology {usily. rsgined
il s, prodcsios i), o ustodue 3 Seuplisi RTS cample 10 pro-
vide 4 framsoc.for e cotps

Nare tha mose KTSs cneompass e docnsins: cconomy and comba, Unioru
el covering borh domios i beyond dhe sope of Ui arile, I the et of
el saplniig du cuncps behind s appmach, his sricke focses solely on che
cconormic domsin, The rlrionship becucen the econvmic and colac dossos s
moted, bt 3 Ell xplorstion ofth combat dorain il hav o it for a e aecicle

Finully. v pruvide 2 G suggestions—hiass  shink abane before you begin
applying thes conzepesthac ighe ke youe e 2 oc s

irected Reasoning

Rensoning in 2 s space is conlucred sither forwand from o iital sate,or bk
ward fom % goal. Forsand reasuniu geostates possble succssor stres by applying
cach applicable e, . in game erm, by rcempring each pessble move, When re
soniog i a gaans—parciculaly i an 1 —che sheee momber of possbl v flom
o sta s probibite, o o or g i sessoning 1< e 3 o prodos-
e choice
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“The stack machine thea cters 2 facsver laap tha exiss ench isuticrion in
rurn. Lhe opende at e iscruction poloter i feched, and the instruction poiatet s
{acteamented. L fitched apcods i used as an index inthe opoods bandlee artay to
o th:propes handles Fanction, and it called o el with che curreat oponde. The
loop cuntinies il e enrire byeecde stecam by been cwscored.

"The apeode kundlore perfacs all derals uf stack manipulation. Far example, the
it apende bandler pashes it paro the suack, and the pap opcode bandles emes
The cprest operand frorn the sk, A 4dd opeods wiald pap the op s scacl
apeands, add deei wngerhes, snd then s the teale onso the sack.

‘Most apeodes pop thei operands foums the stack: however 1 fir apeodes obain
theis agoments o, the brvecode sutcam irself. Tk cnendes sead their duts flom
i instruction poiarer and the tncrcment the polaer Lok xampls, the push opeode
ncods to ko ebar sl o push an dhe stack.

Al angusges eoquinedechion anaking corucr, anl th visciad machiae s soqired
aluate thoredecisons, These conczucts an be condidonal starenetes, loopr, and fanc-
oo eal. The prograrnmer s thise consteucts v ol che o Flow of che V.
Conlitional stasemeins and Loops oy squice e VM s implevuca relive aod
condidional jumpn, A iclative funp Lesers the instruction poiotes forsand ur back-
wacd. A conditivnl Jump resets dh intruion poiater based on  fest f the copmose
seck opeeand
Funcior
s Funssion section.

s eqaice more sophisicaced support fron the VM s descibed im

1 Statemonts

A saple ffsrccrmea wich only  tus statement block perforans dhe following actjons.
Fisa, it vabuats the brdly f Uhe condirional and pushes e osulr ofthe conditionl
o che seack, Then,icperforans 2 “forop if 2010” opeode,

“The "jamp i s’ npeac pops the tapmast operand from the stack. 1€ s value
s e for flse), the operad: jutags co the offct given it i the apeode saeam. dn
chis e, che wllscr paincs o the it scassment sfee dae ifrarement. hesehy ship-
ingthe trac staseanens block. e expression i crae, hen rhe VM exccutes the con-
et af he true sateauene block.

“An ifstatemenr with teu and e stacement blacks i only lighly wars compli
cated, The affet io e candicianal jump epeode poins 0 the e stremeat fn the
alse aremen Uock. The compile also gemeraes a selacive jomp s che st stacemen.
i ehe e satcment block to skip v the fls tternent block:
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Making unpreclicrable bebavicr the goal of e AT spsoms il pass this added
vl anesdhe consat,

lisespective of our cvamgsie o Tsarning <1, e for undelioo cireun-
sancs s challnging, and presents 1 diffcly sk Loy cstng depariment. -
ever e st ceerabe it the sdvancage is owrs; we defin the earig AL ol
s cornta it wichin th game worlds we ecase. Wih a comprehnsive s of s
‘ud & song tesing deparment, e probles of o he nsined hehavior dha.
esuls Ko st should o sere s  seapegon fo il o luameneearing.
AT duogetber, Ao Al haman playecs ar nw Les anpredieable and s have beer
successully et or dhem st o of gaming
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This cods mighe accomplish the gaal but ics far from optimal. By rking, this
xarnple and applyiug each of the previeualy mencioned steps, wel ke thi luoz
s lessprocessar cims while sull uhisviog the same g

Separation
Thers are sy pares 0.3 game AL, and notallof e sse b called every frame,
However, some parts must. aod we need 10 splie all of ot AL o twa sets The et
Uhat ae Al acsion bl into 41l diceate hovs fsyaently i will be colld. T it or
periodi, s of actions fue 2 fven characcer will b allod relaively infrsquenty. while
e second. or concunt,se will e culled every feene. We il novs clci the disine:
ion betmeens die vt e,

* Periodic AL his & processing in whick i ot necessasy o call am e overy
single frame. ot ision and heasing in the previous exeniple wight reudily il
ot s category for mang ames. We can often conaider mpcateng whiat o L
acrer can e of hear eveey sa offen s appased L cvery rame. There i also  side
effct t thissochoique. whicl for many garmes might ven be consdered sppral-
ing, T sicuply, we ocessionally don wart. the AL @ respond immediarly 1 af]
ingucs."The delay that resuls e ften he viowsd as  peavion time,

L ook ar our sxample world agaie. e mighe be aceeprable for 4 Jiscucier
10 ks 4 rscton of 4 second ro naice a newe lstsctes when it walks into vicw:
“Uhis will happon automadially wieh 1 periodic update. The actual cime that o
aracter akes o nosce anothe chacacter il ali vary. §
il scc the orle elaracter ienmedirely i it cany o vie st before e npare,
Sometimes,  charactsr il ale Lo, with the mvinuein delay cccureing when
the aew clarscee became sisible in e rame immedinely following thevicwer's
wpdane. Comvotsly, it tales the same e o iverval o sl that she character’s
ey has st hehing an obstadl,

An vt of dhis appronch is chat the chatactecs continue ro fire cheik
weapon o look at an eneroy for a short cims afct (cy dissppea behind some-
thing, Homsever, this leads o scalistic behavior; the asilanr <prays bullews dowar
ehe wall of e buiding thac it cnamy has fust s behind., and ic rakes 1 shore
while 0 see.an cucony that just ppped our fram bohind the seetery. Ubvioasy,
for many chacacter accions, this trpe o Lusaey might nor be desitable 40d e
deisian of whicl se. e actfon Falk o mus he Dl on  cae-by-case bass

omimes, 3 chuscter
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requirenueats are imposed by the taining of new units, dhe huikdiag of beildings,
ceearching rechnologic, and et miscolanecnus cost, T the case of mliple resource
games, cviliaus st he alloced to diffevent esamrces in sorac intelligen way:

statiing

A probilenn dhac svery RTS A1 hasca dusl wich is hat i known as sding This occuss
dut o the semetines-abyrinthine diceracBons busscen buildings, wnits, o esources
hae can cause the computer player o g stuck waitsg, Jor one chiag or another,
renulng in 3 computer player chat anor advance. One of the biggest sourees ol
aling in an KL game is i he a1 of rexouccs,

Overalt Strates

s smasing whatsont can accunplie with goal iectedbehaviar. Civen s archicee-
cute a described bere aod doveloped fox Empive Ereh, i s proible 1o gec the comt-
e player to advaiic 0 4 selecerd cpoch by simply asking o s 2 it from ar
cpoch. 1. as s tpical n a bisworical RTS, che goal is 10 build a wonder. s mighr abo
be accomplished by askin to build unc. Tn bah cases, the undeclying archieesue
s e of pllig the sompter playor n she reguired direction, gerhaps advancing
soveral epischs, gathoring requicd resorcss, building, eequiied huildings, and 56
Forth, Siselrly,  Targ-sel arack g be plannad in th samz wayssiuply by o
e artack onder reguing, nits of 2 paricular pe. I chose waits ve moe avallable n
the current epoch, adancenuen weill be plannod.

Fece is where oo planning and caseful aehiceetu, pay o Sincs the derals are
sk care o, due devcloper cuming up with the avoral seruegy can hiokk i wems of
hat stategy widiout woscylo aben the detals

Conclusions _

deraking b development of an LS Al rakes gats. (s ane of the bvdest penses
1o develop Al or aud il cese yaur alifies co the Tine. We huge seve shown that
canfol deipn can ke pou job sasir chun you might thiok.
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Executing the Stack Machine

Section 10 Seripting

Becanss of the hasic nanure o 1 rack machine, the anky ca tha ir eqiees o
Funeion i dhe svack and a insteucsion puinusr Tl ismerion poinsr ayveys poiass
o the next instruction in he byreeode stzcam that is suppascd 0 be croguncd.

Implementation of a Stack Machine
A dicect way 1o iroplement & seack machine s 10 creac a single classthae conains the
stack date. de usteucrion poianse, wid e Logic G opeode ) o e cacls of
che apcades. Since the stack maching i the e of the simal maching, the class s
clled

Avthe core of the sack nuachine are the opcode bandlers, These opcade Landlers
are responible for handling rhe work hat i roquired by each apeade. Since sach of
these opede handlens s 3 unique cluss funcion, the w dlass can cll che propes
opcade handler through a able of anccion pointers

Tocanse the stack machine lfines the opeade waluas, it can requirs that che val-
s for che opeudes be comsecutive ieveges searcing at 7ero. This allows che opeade
values 10 be used s 4 inden nto the table o functiun pointers. For example

om TlandieFush; Gocore 0.

ypSIET beol ¢ e supeodsinc.er )¢ Upocas |
UpacseHanaLer m o ani1e a(Hm 0paone]

)

Tach opoode handle csutnsa Bouluse o idenify whederor oot e upeade was
succesfully handled. 1Fan opande fis, then the VM should seop excenming the byre-
o stesan and perforn expo recovery and cleanup.

Fach of the apensd handles, zs delued Ly the Spcucebimater yputel, sakes an
Cpcane a5 an argomeot. By prsing the opcode af ehe currene instucrion imto the han-
e, asinl bandler can be used for many difiseent opcodes. This i handy for opes.
e such a add snd subrizerthat anc oy idnical.

‘The v ahio contsn a data moher for the sl of opend aperands.‘The
STL container vec- i ell e fr e el o provides content e inserion and
elcion ae he ced af the darsstrure, and sl provides conscan time randeam acesss
s membrrs ek s ofuen nesse fo suppore varghlest. Fhe sire of cach lement af
chewector depends un whatever o sz i ncedd by the scrpeing lengage.

The chss also <onrains e inscrucrian poierer. The inseruerian pointer aseys

points o the neat mtruction thit i geing to be sxecaed, and i reprisented o an
koo poin into & bytecode stearn.

Befoce he seack nachine can execute, s e has 1 b ully bitilized. The st
vion pointer is st o the bogining af the byteenda sreams, and the scack is cleared,
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Sectlon 11 Loaming

wer
The flxibiliry afforded e0 che plyer by kauning AL e pecaty beait guoncplay, I0
he player chusass  eeach an NPC thar racks ar che bese foad for fr, chen rocks it
s o e, evens i i snaes the NPC violenely sice. Behavior like this, while uncan-
ventional, can generare much entercinment and amusernent,

Waer of Sk 5 Wi B pens comils et siing chei Crares o
peaforan e st wnnecesary sk, 3 fir 3 the scoryline of che game i conezroed,
pusely auc ofche entereaiament value of sosing their Grearize do somerhing amusing,
O player, for exampl, cased a Creature chat cars only lesping mle vilagers aver
the 350 0f 50, Ko pame developer i s or ber righ soind would ever consider spead-
img cme and effoe incorporacing sich a dublous featurs o a product, but the fact
chat a fexible learning Al ensbled the plaper ra pesus bis goal of raising,a Creatre:
vith & disocting e sesulie i e suisiction <nd pride on bis bebilf

Use mnate Benavior to Constratn Leaming
e criricism of learning, AT is har i i anly as gaod 48 iee aincs, [suilliog NECs
with certln e bebuvions thar canot be undane by leasning, sofeguacds agaiost
rhern failing o perform necessary scorpline advancing bebaviors a5 4 tesub ol pour

i,

T Bl Wi e wolerlyng rles comsusin and conerl he Creseoes, nd
imight oscreids lusenid bebavior wheu ecesary. Foe exumple, oue of the lesons
Testoed during devlapment s harth. layr neer s i b dieheyed. A Crea
e o L Jeapnel Tk e dhe prosiiny of e player and am nnplessane
went should o su away (ot U playes, eves chough dis e belavior dat the
earning AL would selce.Creaturss, herefore, have an innace andency o bo obodicar
e hei muster

The computoe sacrainnnt sty s the potesial @ be responsibe or 3 ese-
Tation i the field o appliod AL The ochnolagy uscd by che ndusay. alchogh -
i o an academic i oFview, achisvsseveryrhing she 3t e dsigned for and
e surpasss in pforoanee g offced by dhe ceseareh comumuniy. Tl vab-
idates the “luring Tem—na. marar how sophisticared our AL s, It s s reuling
behasior Uit s imporot

The enrrrsining sspect of th uadeined beavlor i sesuls fvon lesening i
bvics feom  quic e f Blck & Wi fa sics, Playcesrepore on he progies
of thei Creature Hke proud paceets, aod are willin, o ntegpre coincideotal or ran-
dom behavior mecmingful At the GDC xousu bl seslons, e Faughed o with
AN programmers s thy relred hoss dving developmenr, ic sstems had misbe
v i uedefed e entetsining ways. Unforunsely these ve
mers vemoree the souce of the o amuseanens by g “bu

y same progeam-

o thelr cuds.
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This s because we et now loop back o ch first game: churactr, ather than just
stomping at che end of che it

o an ilhusracion, puchaps we bavs 2 world i which there are 100 gamn charac-
s, T procen s peodic aczion such as vision for al thise chatacrers eviey framo
mmald s a gorel deal ol svalable processin poser. I s procss 2 smaller mumbee

e leame, peshapsjust 10, shen weid be doing fu Less work and, assaraing even 2 el
ety conservatise frame e of 20 Frames @ second, w2 il pdace any given indi
vidaal lracer esic a sevond. sl prubbilis,chis woukdt e be noticeable o
e player, and seve alcady it ur sision wark dovwn 19 10 perceut of shar it was
e, Thésis a substancial savig and clenly llusutars hos 4 simple echniue can
result i g rehueton i worklond.  should b clear dhat ccshniqazs such asthese
axeeveey bt assalid us he Iomevel sppeoach of optimizing 3 specific lgorithm dezp
wihin an AT luop.

Exclusion i
e now splic e ALsen up foro pesiodic and constanc sets, We've diswibuted our
wotklnad aver time, aod have made chs disrrbudon adapeve. Ws nose? W'
Iecneed the e o wark we': doing bu dhe lnal stage is 1 consider all e work i
hars eequivcd and sce i some of e can be skipped completly
A sinple cxample i axchuding the procesing of characters thit i von for awey
Lo the playen. I theyne s fr vy o s, hen should e even eorry ot e at {
all o dae perioic updats? Thiscan he  consideeable sasiag and s aheays worch con-
iering a5 30 optiniarion. OF couns, somerimes, charrcrers might nor be excludd;
perhaps e iant acharacier o walk to e ocation from afr s ok 10 seeve 2 gam
Plashlsign prrpose. 11is s i and e be solved hy rarkiog tha chagaceusas ans thar h
cannat b cachaded by this paticls aptimizagion. It docs ot prolubit us feom apply-
ing chis improvemns & il charseses i which no such reiction s nevasary.
Diseancs s e o cetericm by wblah 5 can malee the decision o disrgard
haractor for provessing, The sceuad mechanise dhat makes the decision will e vty
game specific, and in all probabiliy, quics complex. Remembt thae we can afford w
be il <elccive here in dciding what to cxelude, singe for all but the simplest
games,this dechion-aking process eill ] be miaccdly lss worl than the whole A1
oo for any given charactet, Wo therefuce eed 2 fanecion that will exaluate a - i
vidual character, aad docids whethe i shanld he indludsd in the pradic npdate |
Many eriri fur creision are pusible:

« “The character s (o0 fue 2wy
 The characeer has e heen rendeced, o is ot presenly n creen.

+ The character haant been cenderod recently

* e character i dealtacher obvious, bu nfien forgotien!

The characcer i o dsignared “atcs” or nupessental lement of the game world,
and slould only be preseat when chere i exors procesig capabifiy

!
»
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(MU} describes the addicional sacifacrion gained lion: e convuraptinn of ane
addivional irem. Tn ondor 10 masiemise el s, a consumer will conpare the
MU of cach irem availabi 0 be conmuned. However, because the ooz of sach item
migh be difleens, 2 comparison can anly b uselul If each MU b soruliced by
dividing it by the cost of the item. In ather mords, a cansamer docast puschise an
icem based pusty on hos much he o she will snoy e icem, but based on bow

i per ol spems, his s by cost s a it factor in eco

much enjoyument ther
namic chaice.

e Yihcory of Diminishing Macginal Uiy states thit as & consurmer consumes
‘mltiple instances of « produer, the eomsomer's MU for that product dectesss. For
cxample, iFyou ar hungey, yous MU for .lice ofpirza migh he very high. v,
e you have eaten  dice, yonr hanger s patially swisced wnd yonr desce for 3 e
OF pizza s e it wa hefore yen aez  slice, and aficr chree ar four lics, your
dsire for a lice might be alwost. zero. Similark, youe MU for pirza wil decrese
you et someehing els inscsad. The impartant conept o Wis theory istha the
MU of  item can chaoge 1o accommadace changs in the o this b huw oue
model vill he reacrie.

An Bxarmple RTS: Fook-Paper-eissors
Mo RTS ganes e the sume basc huilding blocks: maoney, buikdings, uni, snd
chnalogs. The rlarionships anien ll of these bulding ks sec known collc-
sl a the gamessch e Figee 5.1 shaws el e o  ctional KIS game
allod Rock-Paper Sciors. £ ncentiomaly smplisc o chat i can lady s
3t the coneeprs et Uiy Model you ol expect & mnich moescomns
e se i any 1S s program.

Jom ot e Quary [l ook

Qurry  Buing 150 5

Ml Buidng 150 MU Peer
Fogo  Buidng 150 5
Rk k51 Foge [ Sosors
Paper Uit w0 1

sossors  unt 18 1 Builing Uit

FIGORE B.3:1 ook s for Rock- Paper-Scissors,





index-286_1.png
_ Sectiona_Goneral Purnoso Architactures

vaid
0

sacrar;
Dt
usigued it DrareProcssasd 5

pohar -

erirstonaractori1:

- consrn -
hiZal penar |
i
Dihar->ProcessConszantaL ()
Phar = plhar--pertenti 1

o BERTOOIG
Wiilo; C-ors resasaen < m_SnsesporFran: §
i
] ancasen ko tar-SProcessrerLogzanT ()
CharsPracessutes
n_pPsasmnaracier - n_pPesenChir ictar s0sHERECy

)

'
Gohavactar: brocesatons amATE vaid 1
¢
TracKTaracti s
Undatcdovament
l
SMaraster: sarecesseorictionl ( voia )
i
Processyision(y;
rocsssearingi);
f

W ca ke the ime inrerval becwoen upelues o a charsctr by raising or lower-
ing m_charspecE-ane. If e sec n_Charsperrrane to the nuabe of charscien in the
warkl, then we can cven evert 10 the origasd, baxi Al loop. By exrcflle managing.
e i idervd hatorcursbecween the wpdace o behavior for sy given charscter, we
can ensie we achicyo e i oal of custing, daven the worl requited pee frasne sad
caliig nuersting, realiscic hohavioe 165 Iipartan e sote that case mastbe caken in
managing this incerval since it will dierly afces how the characters will bebave i che
world Chiracrers chac are peoeessed more ofen willracr mote quickdy, an s will
place vomsteaints on cheallowable domain uf s el since e will afece el
T hings should L observed in the cods. Fist, additional code i sequired e
ensure that e don' end up Looping indefitely or procersing 2 characret e i
ance, with the later vuse being, Gkely when we have ewer chssacten in our word
ian m_Sharsrererane. Sccond, uowe bt che oazkext () fincrion ia the orgind
examplz hs been replaced with Gethextyction fur e periodic updace soeion,
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5. n Economlc Apgroach to Goal-Directed Reasoning i an KTS.

When applo gordircte sacanin,yos star i a lven goslan i il
ofthe moes tr cnnld generus th sl sare. Theo,you peat he proces or eal
f e scves thae ks those eneves vl
il one of the sacs genersid I che il st o che curcent st

Sometioncs a goal 15 100 <omplicaed o addres divstly—ihe gasl “win e
ur s poed sl —sod i nocesory o decompos che goal e sl -
ot e, el osies 0 stem. e s smost wschl when the wnivo of hese
b commpleely dectibes she gl but th s an walily cae in many games,
s of el

Vins continc generatiog, predecessot S

Unpredictabiity
The validity of a goal i subiect co dhe prsdicaabiity of the game universe. An RTS
e univere i bighly unpredictallc, due co thelarge numbes of possible movcs and
the narure of human compeition. & syscern that avercoriss and adapes © chis vopre-
diceabili i called a eeve syt

By decompusiug our geal (usually “win the ganne”) inro sllersubgode, e give
ourslves an oppotanity to adapt 1o che gane universe. The key i to genceace sl
ool that v befieve will e s o i, il hecplag, e subuals simple cnuugh
that the mrves required 9 achieve them can be intelorved with moves that have hoen
gencrotedsescavelys A process known s planing

e we plan, e peniracs s o s sequences that b se of npus aud 2
setof purputs, Ul we will dsin these sk togeher s that th putputs fiom om.
cabesequsnct hecome the inpucs for anathes taskosequencr, (This s,  some extent,
b the coonomic wid combac dowains ieveckace, 23 s will see ) Howover,
because o the unpreclicrbifcy of s game s i s necessary  break these chains
o rime w> e we might e 10 imsere an sediconl cak-sequence, or we might
e 1o crcae an emtiely ne chaie s hrow auta i it was previously valid.

Ecommantists bave long, bosn sualylng consemer behavios, trin o undersiand che
oo Lebind consame Ui, 1 we vies owr g agom 3 & cansumer, and
the resouces and moves vallable witlia the game unisse as goods and seviees. then
e vt 2 el mapping from rel world Beonoic concepts w our gaene ualvers.
In Feomomios, the ferm sl refrs 10 the ameunt of saricfaction thar 2 con:
cumer eceises rom a product, or how desrable the prodace s 1o AL o beurisc fune-
i sscimares whelia & given scute s o the pah o the goal Ly approvimacng che
desirabiliy of the ate. Usiog « neasuremeat of wilir 35 our heuristic ot evaluating
wiity Model

nd choosing goals i the ey concept Lekind

Marginal Btiity
A conmumer aniempts 1 wiadimizs his or b corl ity —the satbfacion derid
feom . comsumpeion of all gocds wnd serviees. The concept of marginal iy
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Loop Statements

Loup srtciuenssare e comples version of the i satemen. They mis using
conditioualfumpe sl jump instrucsions in poforming ticir work. & Carsle
or loop would gencrate he fallowiag prcudo-sssembly:

Perform zre 1oop mrorossiar
A Parform o sonaitonal expeassion
ump tu Tabe: B it top-stack sievent is ze-0
Perurm 10 body a1 tupen
Perforn locy ncreusieal axprossion
B it statanent afser uhe for-con

Asyau can see in the pieado asembly, even the most complicaed loog satement
can b disclled ino 2 scies of jump sestenaens. ‘e virtaal machine iteef hay 0
undcrscanding of adoop seatement; i sieaply knews huw e o

Funccions oyuize more supparc from the VM, Ons a funsrion has oishod vt
ing it et co the e pat tharcalled . The VM mocds o track he sace aF .
tion alts 50 i can upclre che iostrucrion poiter when a fenerion rerures, This cm
beocomplised by kesping a seack oFimsriction paintet ldresscs, When a Fuction.
s called, he carent inseruction poitee i pushod i tap af e sack, and e inscruc.
o poiiter s then sc o che fest. imrriacion of the funcion,

e fsnction evahiates exeryiiag it ncads, and when it i donc, the inserucion
poiotet is rel L the topimost clement o che fancrion sck. Cxecution is nov
eeaurned e che anecions cllor,

Functions ahn requice argimeuns in order or them to perform useful rasks, and
st alsa be able w e« valoe. Thiscan be accomplished wing the cancept of
scack fiames, A sack frume i used by the VM to descibe 3 funetion <oll 4 sock
franue concepaually contaias the Hunctioo's totura value, its argaments, and ics loval
sariables. A paioiee calle e Fame poinser ahiays poirs 1 the Frst ocal vurikc
‘The ¥M can use chis frame poier ¢ index ineo any argament o loeal variabie,

Stsck framues are sored in the.udl tack, This i 1 s of stack fanues cht are cuc-
renely active in e VA, The call stack coneaing cach seack fiaae's frame poiner gad
tseruerion poinccr,

Concluglon

‘This aricle discassed anplemcataion of an interprotes for o scrpting langusye.
Phese interpree ase ofen very simple machings, and i be ey represented by
stack machive. Scack machings do mor have to provide moch Ruactonaliy to support
the most complicared luguage construers,
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22 AGeneral-Purposo Trigger Systom =

SF( nCurTore > pAgent SBetHextTriguerUpdetec) |
«
abgunt >Salfext rigger psateinG.r ne);

5¢ Losa thru sxising rriggar records.
Ferd T - m nenTriggeriap. bsgi ()
it 1= 1 mapTraggarkap sna(]; +rit )

LR ——

17 Ducs Agant_rospond to trigger?
¢ PR oSTriggarType & pagen -uatTrionerFegall) )

4 15 souroe the gent itseir
Lt (- ridkource o= 1)

21 thack raatus
Iosatarca = DIST(pReo->¥0s. pAgert-"GotPasitaundtii
§7( Tistance > pRec->Medius)

continu;

1 HangLeTrigge: retuns trua iF e
+ Agent respondsd to tho triggar.
11 pagan stianaleTrin(pRec |
t
71 1 isten o highost priority g at any anstant,
resk;
)

)

Fies. upsate 3 fctates chrough the exislng ciggers. IF 1 cigger’ expiration tme.
has passed, e trigoe i deleced. Otherwise, F the reiggee has  dpnarmic soutce posi-
s posicon and timstarap ac resr, esseatially making 8 nev Uigger
Noxt,Updntet  iscates hrovsgh ] of e agencs i che sorld and narifes chen of

eelovan wiggers. This Lo carsises of 8 uenbr of i streonens, providing carly outs
hefore more expensive cheeks, The fift crly vot i based on an agent's update tme.
Each agonc has an updace rtc, which prevents i from updating every frame. A rea
sonable update rae tight be |5 imee per soennd. Update times should be staggered
among agents, so i g with the saeme ate o not all updsce o the same cyeles.

Far agemes chat are oy to update during the carren. cicl, Updata ) iterates
chrongh fhe existing miggers: uch tigger’s eype i chevke against che sgents lags for
igyer types of inverese, The sgent vl anly do Fsther checks on wiggers of interest.

Tfthe agent i icerescod in  cigger, and the source of the wigger s oot the agent
il the foad ud most cxpeive chick, The distance cleck, s made,

1 riggee pasees all of dhe csesfor am agent, Uhe agends wanclofraa () Fancrion is
called to handle the wigger, HaraeTrig) uight do addisional caloulations snd tesee
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Dexedoping AL fo a modern gasme 2 diffiult and fime consuming. Mayets demand
intelligencs in theic gatncs, and will complain endlessly if it dorstt exicr. Playees
deenand computes glayers that avaid “neifcal suupidicy.” Vligers depend on cam-
pter playess o hone theic kil befre i on ather bruman players

I st plan sl and use commons senss, you can eeduce this large sk imun cany
smaller casks chat can be don s 4 fnite amount of time. I the end. youll have:n
asine, sl taned, imelligen, neacly buuaan player that might cam the prse of

o players.

.

Dinesan[] Dagson, Rruce. “Micto-Threads for G
g Gems 2, Clialos River Menlia 2001

[Rabintit] Rabin, Steve, “Straegics for Opsalzing AL Gume Programming iems 2,
‘Charles River Modia, 2001

[Tonoast2] Tosense, Paul. “Busbding 10 AX Diagroscic Toolsct,” AT Gume P
“ming Wsdow, Carles Riser Mislia, 2002.

e Objece AT, " Giame Program-
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e e manage is responsble for raining wnis. I kospe feack af wehat wnits 1t i
aining ac vatious buildiags, rmositors the compuces playees populacion e, and
prioricizs anit training requsss, I mighe also be requied o communicae wih the
build anage i  taiaing buildiog 3 noc correncly avrilable. Ons orher responsibil-
ey o the unit Ianaget s o atlerugn, o msiaisin & unit count similar o the buman
playens in the game, "This goes 1 ong say toward balancing che game us fu as
culty level i concerned, and iver the h

and cannor do. By nat allowisy the AL i s ta gt too bigh, we aso Jssen the
€I Toad of the pome.

am players a btcer el for whar the Al an

Resourco
The wsoune g s esponsble for tusking citizens o gucher resonres in
sespamse 0 equesc rom hath the uoit aod build e, T o bl gl
g, duses and governs the exprrsinn of the compucae playee o newly cxplozed

Rexsarch

“The resonrch manager s espausible or the directed research ofthe compute player
Technolagies are examined and selecred based an chetr scflness and cost

‘The comibar manager is esporsibls fo direcing, military unies e the baceefild. e
reess s b aind ia the unit banager e dephos e n whatever offee
sive or defemive psicion is mose bensfcial. ncernally, the combat manager kecps
wack of st va 2 perovunel manager. . handles offesive and defeasive duris via
sinuilarly named managers. The sondbat mangee peionically updates dre stas,
moveent, and acions of vasiows atack groups, whilethese avock groups hive sub-
roups thac compise L unis,

Each manager cammanicates with tho ochers i same way dewcemined by e
fanguage being tned. In Crv, with the manag
ods can b used e the Gommunigations meiuan, Both low- aod bighlevel methuds
should be emplayed. s discussed in anice .1, high-Jovel mthods provide casir
derelopment Tor the components callng them, while 2 he same cime localrin. the
ok s thar hangs a sasc

For cuample, the “TiainUnit meshad fin FFs Unic Manags) is esponsible for
bringing ew Uit into the workd. Parametees ncluds the type of the o, the -
ber desird and,eprionall,an indicarion of wheo i the warkd the unit s requice
That i al sas s equired of o crhee camponens 0 specifi TroinUnic wilded vith
che incicacis of nsuring there aresulficent resonree (via eommunication with che
Resaurce Mange) and popuation beadiomn, and wil cormnusicate with the buld

implemented asclasis, public mech-
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and a dorsiled cotuparison betwesn the Creanuees behuriar in 3 given sitantion and
our expectatian of what the Ceeatute shauld hase peresived and leazned.

Goneralization

o Black c Wi, ehe player rakes che vols o (i deasming ALs trgingr, and cherefore
has a rather swong fliat wu the 1ypes of ride che Al forme betwsen objocts and
behaviues. Even with 3 comprelicusive loobet 1 analyze he resuls of seluforcemnsat,
o can e e sure o havecesed il possibiiiest

Surprisingly. dhe exact idencicy of the game-warld abiust. tha the learming Al has
Zoemmed u rul for is nar ganersly tcewal s fac s tsting is cancerned. Despits the
learming ATs abilit o diffrenciags berwocn diffesens abjecs, it s . proerrics of
these abjecre chac ane puost impatane when i is kaing to associte a bebavior wich
ancbjee.

The abilly of the system 1o gencralize what it hus learmed allviscs rhe vesiag
department from the arduous task of evahicing cvcry ndividual possibilty. For
fusanoe, objeces such 15 sheep, gesln, and cocks ll share 1 common property Usat
describes cher nuitonal value. Uring st dhse dhree objecs, the abiliey of the sgent
 anderstand matetian can be duroughly wesed. Cenerlizarion s that sacces-
il sty can e pecfrmed o a particulae ulect property by demastraring a work
img systern on 2 suboet. of abjeces that posscs that property, saving having to st al

Turing Test

Whnewcr we incrodues sining, AL ni 3 comprr cmircinmens product our
incention is o convince players tha chere s scnrching alive inside their machings, Tn
ndes t achicve this ther are seveeal chiogs thar we neod to et i i,

Manage the Expestations of the Player

Torcligence s o e eye of che beholder. Obssrved hehrvior is judged diffecatly
acoording 1o dhe expecaaions of the observer. These cxpreations are ofien derived
from ather feavutcs of che eavitonment. Foe example, it would be unressonble to
conclude that  newbom bahy is wninvclligent srely because i canno hokd a von-

L Hlsck & White, we dosided 1 nuske the Crearurs lnok like anials n order 0
ensnage the expectations of the player. Peogle more seadlly accept behaviar as -
ciently infelligenc when i i pesformed. by someching geaphicall represented a5 2
by co ather than somerhing that loks ke human being.

‘Visual appeacunces aside, e must alsa by caslul 1o make sure tha NPCs hohare:
in ways that an: unpredicuble yee reasonable. Aldhough It I tetnpiag w provide
NPCs wit information abou the gae sorld that would nar have becn available to
a human playcr undee che same eircumsrances, dola s fuight eesut in behaviar thar
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_ Section2 Usaful Tochnlques and Specialized Systems

huslding;  pureelid and fll-fimmred A1 diagnusa coles, The oofor pls
Lo ¥ shis hoalk provids addiosl cxaaples of soms of e Al disgnos
descebed in dhis il

AL diaguasic tools arent @ sabricuce fr  debuigger and 3 debuggee cun mever
coplace oo dingnostics, A good debugges s indispensable, but even the best dcbag-
ger i sffcen o 1sst and cebup game AL A debuggee gives you depeh b no
Breadta—it L you vies the cncive sare of the sysiem at 20y momenc. but its e
very gorndan shorvingyou bow saecifc vrldblos change ovee ime. You need 1 be bl
0 il the o and ekl détcenting how different combiaions of simnli affzct
che el bebsints. Many A daa ssactuses also have 4 natoral visal eepreseots.
e, and its fa sasie to provid this copresentarion in ies narusal fomat chan 10
ascempr o interpret the data from stack dutaps and vaskls wacch windnws in the
debugger, Many f the vismalizarions refersnced in chis paper can b seen i Color
Places # hrough 11

Wl iccal ta eep i mind thac mmy peaple et than yowselwill he dal-
mg i ot A 1 a day-to-ay basis. Quice lfen, asany of these individuali—par
cularly che esters and level desigaess lack rhe degree of wechnical sophisticarion
it e undsrstand and rovbleshot che Al syhtens without addirional aniscancs

I you provic.prwssl, custmized ol w tdcate schar's goiog on ioside your
IS hends, you can ko pout teitn 1 eaen abewe the AL on s own, Yanr ding-
nostics peovids yout teans wich valuahle insighes abou hor e AU works “unet the
Liool.” The level aF nnlersanding dat Uscoraes poscibls wich yoar touls will belp
roneccam develop s ared AT vacabulary, and this can deanaically clevacs the level
P ths dislogue betwcct ths AT deselopers and the design tcam.

gnostics

Most ol the wulcics doscribed i chis s operatc on specifc sis of AL entiies, 50
s el o have a g 0 specily on which AMs the eliies will sperate, For example,
the user could specily hat subseuent commands will apply o al Als in the game. all
Alsolaspecifc pe or lignment, r Als dia b bosn spacialy agged in e gacuc’s
it For acrion games and uther single-avrrar gams, the wns tght be abl  spec-
iy the nearest Al dhe plager, or the Al the user i curreal siming at, s the ecipt
et of the corumand. For strategy gumes sud alher games in which you can select
specific nic. he aser could specify chat che command applies o e set of currendly
seketed Als

Thae bess user interface for this ype of A1 toolsst s 1 exteosible in-gannc meny
spsenm. s very useful o b able 6 pride deseripeive smeou i cextchas describes
bt ot a spesific mons apriom il o whet you click on i Thi s partic-
ularly helpéal for designens and ot wea msanbers wwho wauld prefer o b able
s your ools without biving Lo cancienally look up arcane console command i the
docamenaion.
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Ihis can he ane of the mast fime-consurving,arens of Al develapmen. Mose develop-
erssprend neicly as much cime abverving the AL bebavior a they do actually coding
Ticing able 10 adjustthe specad ol s guane aned pit aohipls camputer players agains
exch other, with the developer able to observe, i the best way of duing chs.

The formm hat wstng will ake, a8 well as who wil s i, depends largely o
sherher the AT is d
the sripe by neary amyone—ou speciatized knowledge i required. A nondsvermisis
tic ALis hasder 0 test and quit ofien coraes dowe to bow the AL ks, which requuncs
« ndgmenr el by somcnne who has played wieh ar againse an AT before. This might

erimiscc. A seripied AT can easily he eesod ra see i i fllows

I 1 developer or a good plagers i fae. both shoukl be employed, since here i guie
vange of e out e, and one player’s and Al is anoer’s pushorer,

Tichugging, s re crucial chrng, vsring. On Fonpive Farth, we enmbine vt
s ey pages that ey s inforanatian feom sl of he componeats of i
AL 23 well 15 it ovlays el s wh idividua] unie ae doing, The abily w
switch omnership of player s uscfulassell—you am temparsriy ke cantrol ofone
f the computer plyers and male a change 1 see hon ¢ reace, Thus, che obscrer
becumnes & crucil paut ol e s, Paul Tocour’ andcl n this book givs some gond
idess on acling debugging ifo o yous Al [Toraur021,

Altough the wonoun,of CHU aailble for A b been comsitently incecasog, aen
on musc be given 10 performance. Escape for the simplest techniques, many meth-
ods tequire Lot oF U ime. Somerimes, here is o way o solv 2 problem without
 bruteoree: faud hereloes tenc-oonsuning) appicach,

I vhiscas, the bese approach i to e nviranment in which @tk rcsins
sate besween aealable upder, and e cach update tw perform 2 i of the prob
Temn Thesesices can be mnenicoced and suspendd hen e silabl cme s .

I games wich reniriple AT players, npdares can be rotaeed s ehem. As lang
e armoun of e brcween upeltes i shore angh, there should be o negative
impacs on the effsctiveness f the AL [n gamnes with muliple companents, the com-
ponens teelves can be wpdated ot ertn e fnterds, These fntervls can be
adjustd t e che requiod responsivenc f he camporent. For example  escnree-
gathering component of an 1L AL can be sec oo updace icself every 30 sccomds 25
Tong a5 e it Al takes cae of derais

“Tuing o the update frequencies s 1 cedious,rerive process. You need to ke
e requency shory emough o b ffctive, but lomg caongh 1 awid ipatting the
CPU. Yo 5l ncct o make s you pick Frequencics thr doris averlap cach ather
10 aveid sacking o
i his case. More iders for incresing the performance in your A1 can he found in
other sections of Uis haok, and in the excelleny Game Frogromraing Gems bsks
[Rabind11, [Dawsont1],

st that bog the game down visbly, Lirae mumbees help 3 ot
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the bekiariar we xpect u sse. The progtarmming ream can wse the obscrvadival e
dence provided by che st deparrment to track down bugs i cither their cods o
heie rechnica design.

Uaing the Right Teols
Testng, like mosr aspects of game development, henafis [romn good conls. Novigation
algorithous, for example, whils conseantly being seiavenced ar cefined for specific
gaunio; simaiou, are slavvely suaiglulorward To test i u ool enables e caleaba
riome ey snake 10 bo siudized in real e

In Alack ¢ Wit we created 2 comprchanive awobse, includusg o GUbased
agens edion and s anabis too, \hat refleced the sequiremnents of our wse plan.
Amoog ueher things,disse wialscnabled the esters o fois  Creature et any
behavior an any applicable vbject aler 2 Crsauuie’s physical and mental ateeburcs,
and manipula a Creatare’ssece of kowleds.

In wdlition 10 allowies, che rering dsputmenr e discedy influence the e
ate ofche Creatute. our onls ket biscory af tatsice bour the AT seae for urure:
analysis, Ve hearely cadorse chis approach,  a beter warderssanding o the develop-
e dre AL can be gleaned from his tyye of das, facliaron (e <aning and bal-
ancing of s bebavior.

Lesening AT akesceplicaton o iitial condicons a almst impassble sk, et
the resting departmon relies on ehe abilty w replicarc 1 pasicular seuation cxscly
‘This problos can be addiossal by saviog the complete stace of he game warld anto
ovatcally and ac fisquent interals, To case the teting process, we srrongly advucace
implomentatian of this Feaure 3t e carfco opportany,

=menc learuing (i, che sl and fiekle” approach 10 ATl is wsed for the
Creatute Al in Bk & Whise. With it routsin behsvioral pychology; cinforcement
learming coticenteaces on monleling, rard-based leening, i il |he baning Al
s Lecated 25 2 black he. and s bebavior i shaped via she adminiseation of a rein-
forcet in the s of s punishment or & reward [Suctongg].

Reinforcemenr lcarning is only clective when the asioer and the Al beitgg
tained agrec on which bohavis i being einfrced. This conssnsas is chllenging 10
reach, s many passibilites can exise, particlarly shen the kearning Al b bl t0
brerve several scimu, and has hehaved o duin once in 4 teonable window of
e peor 10 tcelving reinforcert

e Black & Wise, 1 addeusschis problemn. and 15 ks rinforcement kearaing 2
more cantiolled process, we creared mimicking mechaaisme chat llowed che resting
deparcment 13 forcs the Creaturs o prefarm a pauicular hehavior, refnforcing the
Creature accordingly, Explicic fesdbadk was provided w curphasie exaccly what had
been learned s « esale of che reinforccenent. Testing che Creatuie’s inferprefarion of
agiven sicuation proved 10 e 2 ety diffculeprocedte, The problem wa esolved by
a carclul aaalyss of che Ceeawure using rhe tools we implomented for that purguse,
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Fmunec tionbossraptar pesctionDoic | ‘
wnsianed Loy kay

REATE <eY( eanintond, wkstion |

00N 0N ACTION s tarator cs_dt
G2 17 - n_condautiomap. Final key )i

11 6Bt 10t oF actions far this animsticn sandition.

S( 03 1t 1< n_codAseirvap.enet) |
0
ActiosAnimInfaStricl Y pAMATIFoSTrCE = NULL:
11 Get numsor of aninations Lialed for thix action.
oy Oount = _cendretiontap, count ke )7
¢ Piok rendmy from a List of anuest ims
fer this action
Ling mindex = sandl ncount )5
“ort larg 120; ianwex; +-i, +-ca 1€ );
PARLNTAFoBtr ot - 81 ea, -t->second );
S#( penstiondoss 1= WAL )
f
“psdctiondess  pwniTAfoStrupt-seAvianess:
)
Faun e iInfoStruzt->snant LLatane;
j

i e aninarion was Zoumd for the spanified eaniacond s
S ehctinn, so sus 4f 3 Gefauic aniation ohiets
ir( cAnaGnd 1= kecors_gatanit )
f
retu Gethninot iont kaGend_Vsfault, anctsen,
paratimoess 1

f

Aiation i the means of cxpressing wlat & character i chinking, [n order o create
convincing bebaviur in astificial heings, crcryLing that 3 charactee animares shld
expres itscarrenc frane of sl Whether acharacer i salling, diaubin idlng, or
aricking, the animation for che acion should reflectche charmcter’scrnatluts, stte of
health, and physica inseractions with objocts in the world. The Acrion Table is 4
mechanism thar simplifics the cask of cuseoenbring anitnacons to nasich u character's
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s, we should s afl of e avaiable ime with any space capaciry being seea 25

offering appoccumiry.

ach _
idee oing, 0 he looking at 4 gl approach w achicving ous g The basic
famesvork dhuld give s am AL aschitocne that’s quick, offcizot, and bas suff

wcope and powcr 10 reliue he noeessary bebaviors required by modern-day curting-
el s, The appruscl i nor: lgorithunic or dependent on conurved dira strac
. Rather, i s 4 way of rstructaning,he ypical A forp found in oy el

gaenes, so e e wing e e and resourees avilzble to out bese advantage, There

axe three main acs s e approach

« Separatian. We will splic out iudividual A1 componcnts inco b sces: thase (bt
migh b consiered perodic (roquine prucessing vy so oftcn), and dhose that
e consme {requivs piocsssing ey fzsme). This component s alned a¢ pro-
cossing the AL asks with « degroe of igency sa s appropriate 1 cach k.

+ Distribution, W need to dispibwee n worllosd o tames nd bave e lnad
fur any given e aucamatically ijuseod, on-she-Aly,  ensare that e roughly
st the same amount of processar sime each [esre. This component s aitned at
distibuing the perindic 1k, thus stcupring © process the least wnonat of
herm per Frame sehile sillceliziog scospeable sesuls, Nre duu indlvidual tsks
are atommic and e not dincibuted ovee moliiple frames—yel!

+ Exdlusion. Finally we wod 0 ookt hows mvich of our AL work s autually mec-
sty foreach (anc. Often, i i the case that many aspects of a game's Al don'c
coquire procesing a al fr 2 paricalu irae. This can b Iofr uneil lasc and is
iy implemencsd e he previoas T camponents e e plare

T ander v lsteate she approach, well e the examply of a world thar has o lage
awher of characiers moving shou a complex euvivonment. Thise cnriries ca €z,
e, and attack cach acher. The derals snd contcnr of the necosary individual furc-
Gons e going o be discussed here- ust che metkods of makng rhe bise use of
these ancions. & sinple initil Al laop mig louk sometbing lice the following:

Soume: Upnatenti)
t

- wgcnar = GatFigicharsctart
Faar

phar saraseesal 115
Fohar - uonar- tkont();

v
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us possble. Then. narrovy dwn the fise o the anes st will v he oot rapact on
the siteciveness uf e AL Next uasron duwo e s o the anes whose developmen:
can be immandincely onvisioned. Finaly, i you have more then a handlfl o things
Clange buse an difficuly Jevl, narioms them dersn sosae muore, T more varsbls
you haee ar rhis poiat, i bande i will be t eese changes. Tesing dificuly Lowd
clanges s an ieracive process dhat toqultes 4 ot o time.
ou will abio have 10 visit the issue of chesting as i way 1o alees difculy e

s, Chiating can be ou of e eaier wiays to deal with difialry lewls, bur it also
wpiclly ohvious e the phyer.

ges
Theee aee iy challenges fcing the RTS AL developee  stes whose development
i ot immediarcly abvious. Vlese senerally requir cither adsanced fochniques or
e eays of applving ald idcas o he proble. Thiskin “out of the bo is ofen
sequired 1 selve these,

Random Maps
Perbaps che enose raubling of the siicky spots s dealing with rndom maps. This ons
game feasae affecs so mach of the AT that 1, a th problenns it crrates. can
accounc for as nauch 25 hall of he develapmene cirn. The o techique that il
he most belp n chis arca I 4 goud Lersaia s eagine.

Sl vall b, . g e sopprs sl is el ] o sk o
elfaehy ol huding s osede. ol o e, wall s bt ke ensmics sy
frorn your ecanomic centers Given shis basc fic, i 10 Jonges b ecesoy 1o
uild square wll arovas yor e i i anly neeesary v bk il becen your
oems and the ensmics. Combine this bded with 4 robuse patfinding eogine anl o
o i anlyis engine, and you ean find th.tight piosnca o yot vl

Istand Hopping

Lland maps in RTS ganmes proseat snother illically 1o the Al developer. Cleay,
suasiug o e compucer plyar's hame kland s ot a vable strategy i rsouree oca.
vions cxist op neutal ilans. The key o3 Jong:term ikand game is o exploit those
eral islanels. This means tatsporiog uliary and civilian unics o those slnds in
il fahion. One mesbod chas enade this possibl in Bwpie Bareh was the il
 qucus uuh goals.

Resource Management

AILRTS gammes sequire management of some type of tcsouters, T cuvst. cases, the
compuier players il populacion must physically gacher rhe resoirees. Rexurze
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P 0 g i and Gode Gesoration,” sudinod here a co
il genecaces  yeecode stzcan, ar astrea of inscuctions, from a svurc Sl
In order for avy scrpiog language w0 be usclol, this bycecode streatm b be exe-
cuced. Porrunately oo s iprn languages do wot require the comploriy of madern
‘computens Ofien, anly the st basic foen of 2 camy

powestul seripring laogaige.

“This artcle discussss henw to implement 4 vitcual mackine for eveeudng @
comgilr-peusrated. bysecode staeam. (o covers che huiy workings of & viral
‘machie, and the creations of rwn hasis onscencrs requizod by all programming lan-
g conditiunal biaaching and fnccion clling.

i
:

The Stack Machine

Ay scripring Lasguage reqires i cngine 1o exeeuts the script that a developer esares
This engia s caled an nergrers, und is esponsible for 2l aspeces of esccaring v
s, Generally, a stipting lnngasge lss complicated consaructs {guch as funeions
“and wihile Loops, and ncompile i prieen fur e scipring language to ranslat these
onsentcs s e basic inscuctiony. This makes che ek of che ncerpretes simplee.

Since the interpretcr crccutes @ et of instruetions chat are ot parive amermbly
e, it i« sk called a il machine, or VM. I i responsible for cxevuting the
compilr-geturacod. dptecods s, hese byteeode scceams cantain apeardss. %
nscructions,thac the VM must peroria.

The stack machine i a very basic computer form oficn wed for a seiptiog n-
gusge’s vinual machine. The upcodes of  scack machine obtein chei data by papping
cotris from 2 stack, and pushing e ansers woso the sume sack (for example, it~
{lar ta 2 Hewleaw Peckiaed calulicor). This proess of pushiag sod popping data from ‘
the tap uf the stack continucs onil the emtie bytecode sueant has been procesced.

s
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scems sange o the playes, unaware a thy are oftheaddiional iformadon. Apply-
i bumanistic imitaions to our NPCs and restrictng them o reac to evens that
e absious o the player esules in more convincing bebavior

Mirror the Internal State of the NPC.
Even the most blocing-cdge AT techniques will be for naught if the NPC 1o which
they arc appled remains ingnimate. Convincing visual and auditory fecdback pro
vides as much an impresson of inteligence s the leaning Al itself.In combination,
the effect can be drasic

Animation and sound can be used to cure effect but, if prediciable, vill soon
become boring and even annaying to the player. Usingit o reflct che internal state of
a lcarning AL, on the other hand, erves the dual purposcs of giving the player imme-
diate feedback abour the sate of the NPC, and providing an <ver-changing game
experience. In Bsck ¢ White, the “unhappy” animaton was cvocarive cnough t
reultin some observers complsining sbout players being cruel o their Cresture!

“To enhance the visual Feedback provided to the player in Black & Wi, we made
sure tha the physical appearance of each Creaeure reflected its upbringing, ts hiscory
of experiace, and its behavior. Players did notjuse dirctly influence ther Creaturcs
bebavio, but were also espansibl for ts appearance. The beneft of chis approach
are cwofold: players developed an attachment to theif Creatur’s unigue personalty
and sppearance, while at the same time being sble o make asumptions sbout s
unknown Creatue’s furure behavior merely by looking,ac i For cxample, th fict
hat the Creature shown o Figure 11.7.1 is a happy young cow wih.a big appetite
and a hisory of velent confrontation cannot be denied.

FIGURE 11.7.1 A Creature from Black & White with a coloil past. Al shown in
Color Plte 2.
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Evet uoce impressie is the qualiy of nusny et ral-rime steacegy gaeme Als,
Wit 17 Bliccard5) fescurd v of he s bighly cugpstenr and cicercaoiog,
“RTS" Als. and Age of Empives 2. The Age of Kinge Tosanble] feazures the most
challnging RTS A1 opponents tw dare. Such rucellenr RTS Als aze partcularty
apresive n light of he difienlr scsl-tsne pecforiance requirements that an KIS AL
taces, such s the noed w perform pachtindias for poccnially Lundreds of units a1«

In the fistpcason shoar Fld, Ve Softwaecs Ml Zif [Vahu] s reveived
Nigh prse fo is xcelleut werical AL, The bots of Epic Gas’ Ginveal: Fouramiens
[ERico91 are sell knowen for sbeie scalabilny and tueical excelcnce. Looking s
Suadios” Thisf’ The Liark Projce (LGSYS], the scminal “Hrst-person sneskes” sands
o Gt s carefal modeling of Als sensory capabilites and it use of gradunted alert
Jevels to e the player imgortand feedback about dhe nternal sece of the Als. Sierr
Studion' SWAT 5: Clse Guarsos Basle [Sierra99) did 2 rematkabl o of deaon-
strating burnanfiks aoimation and invsraction, and ok great adsantage of randorn.
ed AT bluaior paramerers v s chac the game is different cach cone you play e

“Sian" games, suuh s the venceable SinsCiy [Masisi9], were che fise 10 prove the
potential of arcificial [ #A-Lik) apprcaclus. Zhe Sims [MaisO0] s pariculaly
woeth noting (ot e dzpeh of personalics o rs AT agenws. This spoccacularl popalar
game beauifully demonstates he povcnal of Rarry-stare nucines (4aSM9 and A-
Life technologies

Anocher ealy coutendse in the A Lis cucsgory wis the Creursres s1ic origioat-
g with Cretures n 1996 [ CyberLife98!, Crestares goes 1 groat Leagths 1 simulate
e percbology and physiology of (e “Noms™ that pupulste che game, incloding
“Difisl DNA” that is unique o each crearue,

“Gonl games” sl s the seminal bies Popadoss [Bullieog9] and Dungeon Keeper
Ballfog97| combinod aspeces of sim gucues and A-il approaches
straegy cloments, Lhei cxcludun s appasent i the wlfimace gl game, Linsliead
Scuios recene Black o Whise || ioohead01]. Boh ¢ Whise Feares what s undoubt
el an of the more imprcsive gams ATs o dute—some af which is described in this
book. Althenigh s cerainly not the fee gana to use machin leurniog, echnolugies,
ics undoubledly he ot aussessiul use of Al karning spproaches yec exa in 2 com-
uces gam,

I importa o nore that Bick 6 White was very carclully designod in 4 way
char allows e Al 0 shine—the gaue is entisly buil arnand the concep of teaching
and rining your “cearues.” This core paraigm effocively focuses che players areen-
tion om che AT development I 2 way that’s imposstble in mosc otber gaencs,

it ceal-rime.

Sactarin the sucees of ecent g AL hos st e simplo fact thar developes
are fnaly gt ey Far 100 often, A1 has hecn a st minute rls b, eape

et i ehe Ll e or three enandhs of develapment by oxercaffinated prugeam-
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cal o s wark i the ssomprin that oncs e ol has assed diugh

e frantcad sl cucered e e gae loop, 1 w3l ron chovgh ths lop
peatally unslsome ext condiion avies. I et that he g ruos t s frame e
chacs considerd acceprable v ned o enen cha o pus thvogh s oo hap
pens s quickly a5 pasibl The clemens ofthe loop will convain many diers s
saions: ecleting, Al calision dercrian, plsyer duput, an audio ace just a fow
Tach of these ok s G amant of i in which 1 cuccne,each is yiog 10
s quickly 5 passbl. a1d al of thes st ok topther o give vich, deraed
sacui word.

Thisdiscussion concemtates v e AL eomporine and, specficaly, baw co i
b i over rime and mak it e for e time games. Wece gpieg o dserbe o
mechad of tructuring the AL s th e ca enccure guicy and lfccanl. T bene.
s il b resind by o hio—ile e will o e smoorhly, anc el bs b
bt o more advoced AL

i any ell-disgued game. < decisan showld be mad abou bore mul o il
L available for the A1 systems. Some ganes, particulaly those that are rurn-basod
o those in which the frame rre i aegoly irckesant v ot essicions placsd
upan the AF—it suuply dursail atter how long, it kes to seecue. For el e
st the developees il require the gams o run at
specifed lratue rate, and thur some parrion of che frune time il b made avallsble
0 the AT
We need oo ensure har et sing,no smore s dhis llocstion, because i we o,
vl adesely afece e frame rate. ‘This can b speclally Imporsan on conscle plat.
focens sehere 8 e and consian fame cae b ofte 2n esietial rquiremeer. I right
cven o necessary o the platforms il vgventenss checklt (TR, Exslly s
n aur inserest o huve e AT expand e make wse of avalsble rosouices. In other

g, a more eafisic scena
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Snanages i he saiing buslding nids o be i, The Fact thar his mechod ws cre-
ated before EE’s cambat manager gevarly simplificd dhat componet'sdeelopront

Keepin mind that many of these high-losl messages ot be corpleed imune-
diaedy In the case of TrsinCi, he unicis) migh na be uined instandy, o rhe
rsining bsding must b il ur escmeces gadiered befose the qust can b hore
. o ths cas, s mecesaty €0 provide a mechanism for the requeser fo et
mine whien che requese as cosaplesed. This can Le sccomlished by crering fi cbis
Cuse) waining e, Ve raiciag ordecs ae simple s that convain information.
o he reques and 2 methurd w all o s F s coonplace, Anovhe possble vy 10
‘handle s s vis 4 cllback fuscion in the requesting componene. This feods 10 be
haunier o do in Gt givlg che ot ehe former solution.

By the e pouire Anshed dovelopuenr, most of the componens wil end up
communicacing with most ol the ather cnmponents. Thers pothing mrong with
s there il ahwaes be nexs problems dhat requice aew sobuions. The diffculty
il e i ki e that the s addiions donf have an adverse elfect on dhe st
oFthe syatem. e Lsge nutaber of insrconnestions can almasy take on a e of their
vt amdh s will find thar quite sl changes can have profoud efects ot the AL
For momple, in Empie £arth, the simple face of ove apponiene oding a0 atack
Sgpinst one conputsy plaes i will s ioto moion changes that can afet the
pending decisions made, whith will afecs Lo wel exparsion akes place, whick
ight afect conct eivh nese upponens. Trackay, down thcs chains of e and
effst bucomes the focus ol ace development cesing,

M congrrer s apped. 10 playees with a broad range of expericnas. Siace o
see il develuping noe gane, there must be 3 way o lor the game to i dhs level
ol campetence of e plaver. Until the industry figutes out bos o create an Al e
o e from e playee as it goes alun, we bave o be concene with dificuly lovls
Shat a sce by the players themselves

Com Enmpie ar, e wanted e avuid the iuation in which veey capere players
ol b requized o play againse muliple compuicr plasers o be challenged. This s
mosc work o the playes and she CBU—ic ks time v o thowe exi cormputer
lagers. e docided hac oue sl weuld b o develop an AL hat wes o snosgh o
ive chlenge o gt payer i 1.0+ match, We would the s the A1 dowrn
%o provil e challenge Lo inceemeiave and biginaig players. W cven wene s Gt
o e et players o help u d dhis baancin, We ol lack of beginning and
inreranediacs payers.

"W sevogly saggent crking s approachs creus 8 hacd AL fre and roduce i3
veligence fo Sower Yevels. Going the ather way i, in n expesencs, much wore
difficulr o achie,

T mext s fs o decide what modlficatons 1o 0k to dillerenate your dl
cully evels, Wi suggest o hrinsorming sesion in which you generats as many ideas
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Person Shooter Al Architocture. £
dodgen armund. @ cormzr and hides, e ALshuldrit automatically ke e plager's
lncion.

“he fhse step is to bicak dov e perecprion into diffsens subsystens. Diferent
eypes of perception work diflerenl, 50 w1l aced 0 model our chameter’s vial.
andicory.sad taeile subsystcns scparsely

Thie sinal sabspsem dhnld take inta acavuot such factam the disrance © &
siven vioml stieaulus, the anple of the stemulus slarive 1 the ATs field of view, and
the cusrea visbilic Jevel u. U Inatian a the semuls (sush 2s the coszane lghting.
a0 fog lovls and whether the Al i-of sight is blocke). & sod vay o corbine
dhcse faceoes i o uth chem dnto probabiliy walues heween § and | and multiply
thern fee [Toaour02])

I onder o suvare chat the AL can actoally see e abjec, ek also sssemial o
1ay-castng. L Al should quesy the undsrlying game enioe o csure hat theres an
ehlicked ling berween the ATS e and (he stmulus i3 atcenpeing o orice

[l aeditory sl i sesposibl for beasag, sannds i the world. n veder
o this o work. piopety, out gamo cngine needs 0 cnsure i any given Al secives
soumd sotiications more of s a che wsct wanld 3F be sere i the AL shoes. Any
e 4 s fs played, chc engime needs to ensure i all garne entiris wirhin casshor
of the senind. shther b or AL are notified socordingly

Each sound alo needs t0 be tagged with some sore o dia indicating i irgor-
e, This will allow s o et differently o fiapareant soods such as explasion
and sereaem, and ignare ceelevant sentods sach a birds icping and wid Liowing.

"This system 2l allows us to cepruscie A1 wudio ocelusiom Uia is, the way (bt
bachgeound moise and ocher unimporrane sourds will inecfere wirh an Al's pescep-
o, For exaruple, an Al s standing heside 2 nofey machiue when the pliyer fiproes
ot bim, The Al would sotmally be bl o bear i player, but the noiee of the
tachine makes i s difficul I the A1 o Leac him. One sy 10 approach this s
o cnleulate a trab cchusion vahe for a A ac any iven niomene dhat wprsents e
degres o which irelevany nses g his hearing.

dic mesie subsysrem. “This syseem is

“The thid sud final sensuey subsgstem i
cespamsible o anyehing o AT Fh. This inclodes damags noefcaions {henever
the ALs scounded) a5 well 2 collion nofificatious fhanever dhe AT buraps fato
sonitbing, orsolae arhor object bumps inta i,

Bvery gome s nique, and eeary game sequises 1 umique AT chrs bighly custarmizad
€0 i the mechanicsof s pariclar ame, 1oweves, s presenced in chis
ticle should provide . eader with a solid fsundatinn for s frst-pesson shooger
o snaslker game AL
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s ane e chararer-Jvel el sy base s predicions sy on the
ot recen: charuct e the sequncs, we sannot expecs s chuch o its pefor-
rance. Even so, e belice: chat  provids # ool exampls ol how easly  langoige.
earning s an be implencnred and wed w produce semingly eeuie genc
ons. More abidos fpleencerations,iutcnded o smnlace intellipens parara b
e utierances, will s words tead of chneacees 4 s bsic uslding b
Sad il s more sophisicatoddits ructur,such as 3 e [Knath], 1o conain
the model.

o Example 1.6:2, e ive s britsnppet ofscas Mancy Phon st The
Mackon mdel implemuenicd in the exaple progeam was infasted fum i corpus,
and e of the estling geoerrians i sw in Prample 11.6.5.

= o0 dun 4-ees, * eat my lunch, 140 T t-a avatory, On
Wetngatays | g shanoing, and havt buttared sconss far

EXAMBLE 11.6.2 A onllcorpe coniining @ smippes of i Momsy Eyshon sk

T choppeng, tungaraaarss g, shesno buncnays , tun g, 1 <
pechostincoun ey 1 fory. T for 5. 0n lenct, ays Noeatea.
EXAMPLE 11.6.3 A saniple grnerasion of & mael infrnd fom e corpn of
Faample 1162,

Aldvaugh this exasuple ensearion s obviouly nuthing ac all ke the language
gonecations that we e advocaring, i o share same Featurss of oce complex ol
. Fies, the tnod s completely duty-drivon. Brerything it knows abanuc language i
detived from obvervatiows it hes made ahoue te world fin this case, the contents of
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his anicle describes o generic AT architecuure for a ypical freperson showtet

CEPS'Y g such asamy of th.rites associated with che Quake, Luread or Helf
Liftengines.

ety game s uniqus, and every game requires 3 unigue AT implemenarivn 1
euppor s spesilc game mekics. Howerer, chere ate 50 msay common Fatusts
baved beween differend FPS games that ¢ reasunabls for s o idenify e mjor AL
compourts thas neady any such game wil featwe, and describe che major Tohiol:
ships berwsen those onmpones.

‘Nt tat che term “Erse-persou” shoulde't be wken mo licerally. The techoiques
donibed ere sork cqually wel for a thicdpesson game fn which you ca see your
atacrer o the game rather than sesing i warld through his o her syes)

This anicle aln describes some: of the additional snbsysteans resire 10 add se-
mens of 4 “irsepessan sneaker” gime sach @ Loaking Glass Stadiof Thict The
Durk Projecr

"4 i KD ganes rend 1o work individually cacher han working in ceams o beiag
comtmoled by a single "player” This sare ofsfiles i gracually chanigion, and 1S AL
o ncreasingly becoming capable af coumplex eaceicsnyolving muleple enits such as
you would ind in 2 sty game. Howwever, s aricl i intcadod only o Iy che
roumdork fr o EPS Al 50 e il focussocly on e achirecase or an individ
AT oppoca and ignor dhe questions of ramswork and mult unie cpocdination.

This aniele organises the generlc FPS A1 architecrore into Fanr mafot compi-
nents: hohitivr, mcemens, axmnion, and combas.

Components ~ -
“Tho momemsens Ly 1 cesponsiblc for Sgating out how the character should suove in
the gamme world, The movemsne AL is whar ke the disacrer avoid obstales,

Follow othet characters, and find paths sheough complex cavionments o tsach iis

as7
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T quadrasic squrion has chree differeat categoris of salutions: no rel vours,
anc mal raar, and i eal s, The carsgory of solucion is devermined by the
expresson in the radicl: &, It i nogarive. he solutian has no ral o, 1 ¢
sz, the radical sy she "£" s 70 and esuls e 3 singhe sl ront. T greser than
ocvo, the sofuron s v zel zoots, Bu whar docs this meant Bt s traustorm
the expresion in the sadical ot & mar informative Focen fo subsequent analysis

£ twe= 2o V) —afv e v -sYrar)
—4fpe vy -dvev-sfper)
SV (Vv Sfpen)
={Pev] +{t-vevlear) 936

e Real Roots

1fche sadicund (e ey wichin e radical s negacive, dhew e are 00 real
coots, and the ball cannoc be intercepeel. In this case, e quantty (57~ V » ¥) must
e ncgarive, 0 selV. Only when the bll Lraels ac  speed grearer than the masisauen.
specd of the player will this case oceur. This agress with our ntulidon la the player
s o be able o move fascr chan the bl ifLs evee Lopes o incsecspt it pach

One Real Root
Uhis case cepresents s border ase berwoen whather ar nos the playee can icerocpe
e ball. The intszosprion s 3o difcule thaechere i valy one poin in rime. char the
bl b incercepecd. o the quadsatic squation o kel n a single: o, the radic
cand must be aero. Examining Equition 986, i che infial positions cotuide, the
sadical i sero, because borh addends. have muliplicands dhat have dor produccs
invhing P, resulring in recos. Equation 0.8 reduces 10
—pav)
= 247
W qvev-4| )
T Fuly undersnd the sigle eal o case, Bquarion 9.8.7 rouse be cunsidurod.
i ligh of the [uct that the radicand is ere. From Exuation 9.8.6:
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Ome way that che problem of genesaung, @ elevant uceeanos can he sokved s by
making dic ganeraion sensitive 0 2 kepyord (Le. guatancesing chat e genracion
contalss a ward desermsed ¢ prive, 20d then tuaking the Yepword islf contexusal
o the s of hiags we would like the utierance co bear sume selevance co. By doiag
chis, we ane cuducing e subiect of the wrrance v a single word contained within e
The fanous Flisa chatterbut eenploys a sirilaly calve keyord-bused wchmiue for
seeting a prescipied repl o an ueerate mads by the usee Nl echniques ofien
wark well L pracrice

Thi cochnique wed 1o cilulate the keywond willidcally b stochasric in naeure
Thac i, i will give a is response & probabilly distbuion over all possible words,
and die ost prable word s b selccod a5 e keysord @ use. Aldhwgh, o e
of space, we sl not drill e dosply inco s aspce of implementios a system that
an leam and e Lasgange, we suggest hat Bayesian Heliel Newworks might provide
‘ane vy ol earning the correlaion beoseen things huppening in the guone world and
e subluct of the penessted utrerance, and expeessing rhis knowlede probbilise-
cally This sabjecy i diseussed i his bal: [Togour2].

This approach solves a hied problem thac we have sv i Filed oo mention: when
Shouklan NPC spesk, ud when should it renain silene? The solution i simply fo slc
the NPC, ¢ gl ntervals, t caleulate  keywond o b I uaerance on. 11 tlls
o calulae a keyword at ll, hes e can happily ke s mourh bt

Generating a Relsvant Utterance.

Lut us condder that an NIPC has, ome way ar another, slected a Lysenrd 1o buse its
atterance on. The piak
o concain thar keyswerd. D 0 the random-walk barare of Madkovian gencrations.
bt process i not eiial,

W szt the following algorit, which unforunaely reqires ovo stochastie
Tanguage medels, <ffectively doubling che nevessary worsge sequitcmenrs. One
sk model should b infecred 22 wsual, working lef-to-tight scroes the dace.
W cam sl ask chis moded o gencra an ecerance dhat begins at aur keyword of
choice (saply by soading the contert used by Uhe model o concains i kepword)
and chat cnds st the eaul of the neesranee.

“This willleav s wich an incomplete uorerance that begios wich o desized ey
word. To complete che uuerance, s recorunuend wsing 3 second Markow model,
inferrod 0 2 right-t0 eft ashion aczos e same dara 2 the fist. We an ask this
modsl o genetatc o wtterancs it begins 3 che keyword and that heads back tovard
L Lginning of the ueerancc. Ttk partial uteeranoss c chen b glued together <o
produce » complete wierancs that i gusraateed 0 cansain the kegraoed.

Vo exumple, consider an uitesance based around the Keywond . One Markoy:
el il be e 6 genscate an incomplete ucteranas chat hsins with the keyword,
such a5 0n she mat, The ocacr Markor model sl be used w gencrate an incuplets
merance. ina cight-so-ofrfarhion, hat cnd ith the kegwond, such as £ ca it on.

mows is o of generacing a6 arterance that s Fuaradiesd
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FIBURE 8.8.2 Bl toincrcept she bl givere v smple sobicon of bansing sbe st
point an the bl ctory
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Since e il pesitons never changs, o simpliy furchor discusion. th substi-
wution P = Py P, will Le wade rom this puian foreh, T addicion, subscpts will be
dinpped since chere vl be no webiguity in the text. Solving for ¢ realts in the
ime(s) a¢ whicl the player cun sucecssfully infeccepe e ball

s vij=s
o+ Ve =
(o4 vej (2] = )

Pel42PeVerVave

(vev-g)iriapev+(par) 084

Norw the oquativn is # ssoand-arder polycoal of & Phug the polynomial sdlus
into the quadeatic equarion.
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the corpus. Sevun, it unctions well witin the consugion impose an i lere we
hae limited the model o uss characees i o base s preclicion on ehe most ezt
eharacer anly. Final. the daca it generaws is perfecly valid within a windows of oo
adiacens characers This shonrage validity, which i clauive 1 che partcula can-
s imposed ot modk, s 3 eaure common toal such models, and lelps 1>
Tend ther gensrarions n esri, lingnage ke qualty. In the exaraple shown, this
property resules in all quisicwunds being (deuost) pronovneeable

‘O of the gtcat advancages of she daur-driven approach we have shown here s
tharir enskes absolurely o linguage-specific ssumptions. & model that can leaen and
gemnente s Bl cun ally swell leaen and generare quass German, quasi-
French, and quasiwhatcvr el you wane co thrcse ar 3. Addicialy, the rmodel i
capabl of leaming, by having, s sratisic updated) and bebaving by seocraing
quashimpuage aennes) o todson, wnd vo- e Ly, giviog i the possbiliy of earn-
g from what s s2d 10 i

Dotennining the Subject
Gieneraing quasi-damguage tterancss s fus adseandi . o1 3bout e minnres.
Aithough the genertions themlves might cehibit creaiy, wopredicaabilicy. and
e shillry F he mode o lam. and might prove t b genuinly amusing, (o fact
that hey lack relevancy oceds o be adlssed.

W e shown how 4 anguage eaning syt can be wsed o gencrace wnpre-
dicubl (ind thrcfor: sorprisng) nrernees, lfling, he s of the o desisable
featuces of a1y
e 0 extend the sstem i onder to make i bebavior sensble. Thar s, th e
mcespredncsd by ehessrem ol vl sene, e & deee,widi soenecomten, T
he e of cmpussrenteriaicnt ofowase.such (hisgs aigh includs

that van mimic susligent ebvior, To complere aur swork, we

* Uhingy said zecemtly o the NEC by the plaee chatacir,

+ Things sald revenrly in the ncarby cavironment by orher player and noo-player
chasacters.

+ Ve immediate requisements of the story, U thees is o, a posed by sam e
alsory selpt

+ The carrene rate of the NIPC, snch as it level of hanger.is opinion uf the player
chasuceer, and o un,

+ Recent cvenss in che game vorld, such a5 @ nearby cxplosion, the et dhuc e
plager characrer bas given the PG object, ani 50 on.

Giring » Makor o] ofans order o enerse  panoula e of wraoce, 2
ceqied foe thar wrteranc o be sensiive ta sontex uch s thos e have Jue -
il cutanly diffale e do. A Miarkosian gencraion is ki o randor wall
o fegin arehe e of th rcrance. bt yot bave mo i whers you will nd up,
W dhscefore canqo afoxd ta e t00 sophisicated, but lack o saphistication i not
wecesatly b thing,
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Conclusion

FIGURE 11.6.1 A plaer Creature in Black & White consersing with a nonpliyer
Creasure

another Cresture and. having your Creature immediarely sart buding your own
unicie form of abuse st the other playert

Unfortunatcly, time constaints during development forced us 1o shelve this
potentially cxcting picce of work to make time for other, more necessary aspect of
the game. Ic s our hope that we will e to implemening anguage larning i 3
futare version of Black ¢ Whit,or ke project, as we believe that it has antasic
porcncial.

Tn his artclswe cvangelized sbout our pilosophy concerning leaning, incligence,
and creaciviy, We genuinely blieve tha the ke 0 providing playrs wich saisying
‘ameply esperincs,paricularly in the open-ended sandbos game worlds that are
Becoming incressngly common, is o crete leaming systems that have the never-
ending potentil o surprise.

A5 our games become mote and more visually convinciog, playes of our games
expect more and more of them. Dynarically modeling thephysic o  gune world i
one way 10 give the player che impresion of being immensed in 2 virual eali.
Another way is by populatin the world vith NCs that are capable of lesening
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a2 Soction8_FPS, ATS, and RPAA!
The only major deswhack 10 3 precomputed datshase is bt s can somecimes
work poorly n crvironnuis with s large ember of dynsmic ahsrackss, Fot exumple
#ehc player cun push 3 bael into 4 ceraio par of  room and hids behind i, he ac
ical dabase voci auwwenatiall undrsrand that the player o aiy Al can take orer
ehind die bareel. O if the el isdirecly in fron of s tighe halwag,for sxamples
then che parc of che tactical dabase sa specifes that e possible tn shoo from che
covtn inca ths bllway, and vice vers, is now giving s bad advice,

Gombat Tactics.

Assuing we have goncrated u ccxical darshase, we o need o0 gk our AlS o e i,
A eombat AL will typically diaw Teuen o library of sacic, in which cach tacic s
sespomsible fo exccuting a specific behaslor in combar. Tach tacic must commani-
cate wid the crosement and animation subsysienss 1o ense thar i cxbibits che
approprisce beluvior

For cmample, a “ciece-seafe” tactic woukd concimiously cecle acound the AT
curreut argec il fring a . e vould anempe 4o resin berwren some minimum
and maxinnun distince from s tagee ae 2l times.

The fofloiag; examples demonstate suone of he diffirn ypes of crbac ac-
s L mighe sppea in 4 ypleal FPS.

= Carmp. The Al sts in 1« bidden lacarion and wais o sn oppanent co appear—
eheap, but elctive. The main disalvancage i thae this tacec can nffen spesr

“sripred.”

Joust. The Al rshes s upponent whilefrng nd atexapts to rush pasc . Onee

s passd beyomd i et can swing wonnd and hope o atack from bebind.

el of desh. The Al cieks ts oppoenc, ring continsil, 1 stempts

0 retmain within 4 dosired range herween 3 given minimum and e

distanc,

= Ambush. Tho AT docks hehind coset, pups out and e, and dhen docks back
it cuvee. Chis s simita o the “camp rctc, except that the AT has 2 scnse of
sehere iesoppovent(s) must be coming from and actively caecges rom s camp-
g locarion at the ppropeise i

* Fles and ambush. The AL e from ics oppocn, hides behind 2 coroc, and
Prcpares an andbvsh for s pponen,

Anoher critcl problem i the tacde seleceion problem, Given an acbiteary s
on in combat, we azed o pick the bt acti  aetale nue opponens, Tl decision
will depend o three enajor Fcton: die pature of the tavd: under consideration, the
selative actcal significance ofal o the corubtants' various locations es deteerined
by the catical database descibed previousl), and the cucent acrical sicion ihe
Al agones healch, weapan, amno, aud Jocation, phis ll o e values of chose charac
eeistics for all o s ales 3nd opponizacs
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&1 Firs-Peraon Bhooter Al Architesture. B

and fying, it approprisce purausrers o dereroinc the A1 ageats accclrarion.
moveent fangs. curn ca, anitarrions, and other movsmen harieriies

mbat Cantroller

“Whem an AT nters combat, # passcs control fue the majoricy afis bebaviors o com-
bar coutallr. The combat canofle i cspuonsible for all corbaterlated tasks, such
2 selocing an opponsci, sslecting a weapon, manzuvering, fiting. and searcding for
addiciomal weapans and smeno.

"l cnosr cffcule pare of the combat problean i deterniaing hov o intell
genty assess the cussent siation, and scloce and exeute an apprUpias Lactc 1
rsponse,

“The challenge comes fiom th extraondinary dificulty of geing an AL entity 1o
ndersrand the igaificance ofthe spats) conPguration of any given avea. Any bnenan,
can glance a his carent suceoundings aod imomediarly farm an ascssmen of the
spuce Play 1 Few games o Cosnser-Serbe v a ncse map. and yuu qickly Jeam wheie
{he caver points e, where the prime “camging” locasions are and sl f te differene
vulnerabiftes o 70 ane anoilc,

The sase with whi we perform this sk hids i teue diffienly: Evolation has
endoed he hasuan i vith sa ey powerfl ool for sparial reaning thar this
sk, ke walki an alking, seemms omackably easy iy because ve s 5o gaod a

ertai aeas e

nge of Spat

O ofthe jur problems Ene Al snpting e pecforn spatial reasoning is thar the
s peometry of the Tevel el is exeraardinarly dllculs o pacs. Susimpting o per
urnt seasoning with the s genmetry at runtine would be probibiively expensivs,
becnise he gromesy ofn cuptains o tany extraneuus i irclevant detais.  brick
wall foc exaiople, tight be compased o 10,008 polygons for die Lundreds of bricks
in el whexeas the AT anly cares th i 2 wall

s with he global parhfindin, problem, the solution i £ build a custom dce-
hase. W cat camseruct a very stupls, sreambined database of spatial acrical data diat
conios ol the ey ifiormasion the combr AL will require o undeonuad the acr
el signifiance of saious pars ol a loel.

S wonber of TS game requirsthe evel designess to desig this acricaldatabias
by band. Afre buildiag dici fevels, the levl design ceam munt embed speciic “hines”
i their levels Ly placing duummy objeets in the word, indicaring tht cenain arcas are
“eaer poiits,” "chale point.” or “vofnecable arexs”

“This i inelliciene and oftzn exro-prone ensshol. aad it males € much moes
casty for desighses m change thelr evel afer duey have placed thes binrs. [van der
Stereei01] deseribes honw i process can L automared. Cuscornizod rals can st
waically analyae & given Jevel geomrzy, derormine che ctcal gnificunce of dffr-
et aceas, and sstcmaticaly penetage 8 detaild tactical database
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At time ¢ reaser chan the right-hand side, e bl can be caught, In mang st
s, g, s B in the plagor's Boight and reach for acecprable resuls.

Ones che aimde sindow ha been desceenined, use the time valoe 10 ek dovar
che sanpe recaroed by e plane check. Another muxdeling note che eraction of ball
and backbaad esults 1o many motion diseoarinuirics. The proper mechod of han-
dling chis s o perform ane check for cach regio of contingaus cene

Concluston _ . _
This il preens  mple 30 concie meshod 0 e f o . ca b
et by ke The ek oo o T Tore (e o prios o
devamine the coeRiients o e con. The sl o the cxpresion o

the radical in che quidracc equation divriminates beoven the shree o cues
{otesception i inpsible, 2 single point n vnse to Lncerceps, and 2 windorw of oppor-
Cunity for intrcaprion. 1F o wndens of apparminiy is . Farcher amalysi derer-
mines the besc choice in the winders:

The ayurici opeuss vn & o saplilied view of the gane modcl The slm-
lified mendelincreases che o of ha check: homever, theerrar can be reduced effc.
ively by dividing up che problem space and rusming such prcsmrsrizuion deough
the algorithen, The methods efficiency contits th advanmage thar ¥t con be rio
Frqueny.
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e _ _Bectiontl Leaming

The fact dhar. MegaHAL i based on a Markos mode] e mikes o Loguss-
spreife: assarupious et Usat i cu karn and eespond It any fanguage whassoer.
Dviesprinuc, do vl MogaLAL s talking nansense in davens of languager,a the
cxtraceshowen in Fxample 11.6.8 ilhsracss.

Ussrs 1 paries rraceazar

Mocab: T GUEES SO FARLEZ OUS FAMIGAIS?
Canaur st ure passion wneine,

egarts ;L. LAWBIDICE EST LKE ZETITE JELWHE FILLE

EXRMPLE 11,6.8  egal AL can e nonsensical i any bumar: lanpusge

My sz regrted cuotional csponses w Megal AT, They aften fonnd che
bings T 54d to chern arsing, cspecilly when ic eply incocporac:d bis and peczs
of things they had said o it carlier (perhaps even days ue ks earlie), Occasionall
ey would el ofembed ot imsuled. suh 25 when a uscs aamed Farsr old Moge-
HAL bis mame ondy 10 be defuged with quoces from the mowic Foet Ciamp some-
hing. perhaps, which he had endured too much of t schoul, O avorte example s
st o tzngly tliious o who spent e Yying o g Mgl 1AL o respond.
vicely 0 srnemcersthat comrined the keyword “Tesus” sl of perfaroing word
associarian to generate basphemous urterances

Surprhingly  averlclag number of people scmod o thisk har Mol 1AL
s s 10 “tras” AL dhan i aclly the casc, cancloding rhraugh their interaction
with the propra thar, aver time, it would soon exceed heman fotelgence, Joon aill
eceives et (oo usees cotoplaoiog tha they are unable o teach Mcgal AL some-
hing, r that it s o undccstiod sommerhing clse. presumably i the belic that
lack of “true” inteligence s theie Fule. e is emmarable diat puople v prepared
look fo other inerprerations of secmingfy intcligent behavior han the obviows.

MogaHaL in Black & White

an nnformanardy wnfnished fervure of the computer gume Black & Whise was s
bty fu users o eeter 3 prrsistent ouling word, ensbling them o have comverer
tioos i other players and parccipare n spocial mulei-player fasores of the gume.
Tordhis vorson of Black & Wit we nmended co use hanguage sarning techuclogy 1o
eolace NPCa itk the gunian vorld, We pastially implemeared  nguags acqni-
sicion and geacrarion devics in the brain of he Creaturs, che primary lesminy, Al in
che game, b the ienpfementation o an impruved vszsiun of the MopHAL slgo-
icun. Figure 1161 shows the sytst n actlon,

The plaer's Creacune would earn an-she-fy frons the things the plasee typed 2
imput in his ar her owm nacive language, aod, when Ief alune, would exl
ational hebuvioe rimdlu 1 the Slayee & ha learned feom. The subjece of the ucer-
ancs narde Ly th Ceatrs would be pocenally corelaed with 2 mumber of possibls
venrs (such a5 damage being dan to che Creacure, food being consumed, a suracls
octutring, or wnather Creire saying something. Imagine carcring 3 ight <eirh
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Sorlpting Languages and Trigger Systems

_ . _ _ sections FeS,RTS,and RPGA
very s, since che movement, anémacion, and crobat subsysteros lseady do cust
of ehe work and provide 4 ich paletse of basic bebaviors fo the belviordl Layer
Luild o,

Leve designoes il
cin pares of youe game. They need 2 way t tale some degeee of contol vvee che AL
o g guneplay sequenes cutscenes. o other “wgggrod” or seriped” venrs
chat should happen during,the game under cercin cirenemrances. In arder 10 ke
i happen, it necerary to design 40 intecéaus for communicaton beowecn i g
sristripiug system and che il AL el

T cammnicatin sl rypicallytake s forms. v, the iggred evencr aa
see AL paramecen. For example, an evene might enable or diabls urcin satcs of the
ehavior contrlles fnice srae machin, ot modify various aggresiveness pacamecers
e changg he wag the earons camhor acics cvozie

Uhe more common form of commanication cousies of sculivg comanands
any f che varivus pars of the system from a tiggerod cvonr. For cxample. 3 trigger
system can el an AT ta mave 3 given poine or 1o flee feom s curceot aggee by s
i comemand g i behavior controller, This vomand uanges the cussont s of
the FSM 1o one thatwill execure the appropriatc bhasiars

incvirably noed same sy o sporify pher design incentions in co-

A ist-porson sncaker” gams i similer o an TPS, oxonpr chat the emphasis s on
esalch rather than combat. You dorit vt 0 el che guord—you san 10 soeak past
bim, distract i, o maybe whick hin over che head with a bhunt objece and drag his
noonsciots bady aff and dip i inro 3 closer.

Despite usard appearsnces, frst-persan sorsber AT L u lot i comonon vith
$8 gume AL o s ol the sesporsibiiis ol EPS AL sinoe the AT need o be bl
o cngage in cambor, bur ies Fudened wih the addicinal cesponsibilty of support
ing sesltheariented gameplay.

Lookiu Glos Studios’ Thi? The Pack Prgect vsed g
provide the player seirh foodback. As yon walked tward a guad. he gused would
become increatingly suspicins. and would go from & “not susplcious” akrt level o
ol suspiious,” theu W iy susgicions,” and frally to “paranoid.* When-
ever a gaand changed co ancw alre v, he would oy the player with an audio cus
such s *ley? What was that® (increased sspicion) ve *T puess ic was nocbing
eervaed suspicios.

m order to mod this aler leve peoperly, s essentia co awvurately model che
AL prrueptual cupabilites. A playee wants o be able 2 sncak up o an AT charmster
when its back is tined, and the AT shanld meomaricall ko the player is
there—ic should haw ra cither s che plager ar hear him. Sinlacly, i dae glayee

osed "lert levels” o
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Section 10_Scripting

Anatomy of a Serigting Language

i camsisesof v pares: che langosge snd the engine, The
i hugusge, and I defines the special syncax
s lngioge is ransaced, or compiled, nto &

i, ue inerreser e

A sripting hnguage gee
Ianigange ik any other progracnm
chas che scripusriter i rquioed o usc
Tt thatthe scspeing engine can process. The scipting
e the comiled seripe.

The compiled verson of e suript i salld 3 Bpoeade ream, and i conrains
vecyLhing (e INCUpICGr 1quies 10 crecute the scripe. [ che scrlping Lugue i sul-
Rciondly complicated (s it would be with most structured programming languoges
sty 3 C o Cra) e sk of cveapilng,the seripe can b very epemsive. Since the
sctipes saurce cade il nar change a the game s being plaved, corapiling du scipt
it 2 byrecods srsarn can save a lot of averead. This sa simplificsthe infosprerer.
s the bytecud scecan conalns simpler insrocians o eenrs similac o the di
Forenees becsween asambly and Ces)

Wil ie i rechically passible fo 2 scipiing languages compiler t gener
astive asenubly vode, s s vlias Lot 1quised ar desirable. One sdbantage that 4
scrpring linguage bas i diroe control cwer she sxecuion uf a seipt. Foe exatuple, 1
aframe.

-ra: driven game, e seriping engine could swtoamically suspend cxocnson
i akilg s rach i, The serpe wauld aree resume sxecution when
are crocutin e becomes werible

r Overview

A compiler s resprrsle fur ruslaia s develuper's souice fks inta 2 form ehor the
cumputes can execue, A wadirional compler genceams an erecnble chat the o
prrer can exoace dirscly. hac a scipting; oguage's compiler sgencrates o bytcicade
s inscsad. This bytecod sLrain contalus verything the loterprszer requizes in
onlir o v the et

& compiler does chis ranslcion i s seres of phases, The feser bandls che e
e, and i reuds the source code and breaks i luto s fundamenral pices called
‘okens, 4 ohen dllucs any single canseruct n the scripfing langage. In Ci— the ol
lovring e examples of tokens: +, +=, 1f, void, sl UFurction. The lexer is anly.
resporible for finding the tokeos in the sourse code. It is ot respanible for decer-
ity what el e Bgeage s ehese okens o be specified. For exurapl. the
fallowsing s comepletely vl scsam of okens: hile § vedd ; 1-17. Obvioudy, b
s not 2 valid o+ progeam.

Th okens the koxer eeads argiven 10 the parer. The pacse i zespunsible for
defning thestruceure i che language. 1 veelies tha dhe sculpc s valid progeam, and
i b responsible for tenslating the scripts sonree cade in a seructare hat the o
pilecan inderscand. This daca serocrue, collad e e, describes e watire stipt
vhac chedeveloper hus ereeel.

T parse e 3 passed it e e s ofthe cempiler, he cod gonenaror. The
e peneraton converts the parse e chae 53 creaced from the source code and gen-
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The Behavior Cont

on Shaoter Al Architecure

A s grablemn s he wppanctselesian problemn. Given a nunber of poten-
Ll oppements, the combat AL ek o sloc an as the caren "arger.” Alihough it
does mo nccessaly igans all of s ather adversarics, we oeed o designare 2 taiged
e cxprasonr the fuct thar the AT will focus ua a single ey ac 1 e,

This o ustally a rvial problecn as moss KIS gatocs simply pt the wr againscall
oFthe AL apponents, L mare curploe sivuacions, its wualy casy o find a good ar-
‘tepicking heuristic by comsidsiing she eelaive Tactical staaron of the Al sgainst
rery pocemial oppenent. tha s each encicy'’s bealb, wespun, amme, and locrion.
81 shoold generlly worry abut defeodiog it firt, and asteng 10 idenify
whetbiee an partialas onponenc s threeoing i, 1ot ic can ideaty the rost vul-
crable caget nearest 8 il A simple sanking funcrion cau casily make dhs deter

A an Al asselected « targer and begun o igh s shoakd consider dianging
o ongt lencrer s o it changes sgaificanly Dhviod i he &1 of
i rangt s, hacs  goce i  roconskle Uhc correht rger

Foaly theres the meapon frng rollen, Most. EPS wespus aec igh-velociy
ingod wespons,sothe kiy problem s detcrmiving e o e See {lbuur02H] for
i ascolurton 5 he ssue relted co iming and fring ranged weapaus.

e

(e o of the A sysrem is an overarehin contralee calle ehe Lesior conoler
This conteolles I respunsibl for deteruaining, the Al agent's currene state and highs
ovel goal, Tt eermmines the ALs overall hehavor—how i animaees, what sudio files
it plays, where i moves, and when and how it cncess vorbar.

There aze ay nmbes of ways tw el a bebavior camuculler dependiog an your
gameb design requienncies. blont EPS games s 2 fnite-atate maching (D foc
i parc o the AL See [Dysband0] for a0 increduciivn 1o Finitesarc machines,

The it below emraeracss same typicl states i che TSM fora rypicad FPS.

- Ldlo. The AT i sssndisg, guard, ssncfing  cigarene, et
+ Varrolling, The Al is nluwing » desigaee specified pactol pak.
+ Combat. The AT is e in consbat and has pasied mast. of the responsivilicy
For characecr contral over e che combat conwolle.
« Ficeing, The AL is atcemplig to fle s appancnt of any perceived dhreat
« Searching, The A1 isloiing for an opponenc w fight orsearching for an oppa-
ent who fled durio combt
+ Sumemoning assistance. e A1 s searcling for addiconal A1 o help e fighe ot
o procset i from 2 theat
These hehaviars should each he sepresenced by an ahject. thar s responsible for
<ommuicating with (L movemeat, amimatioo, and combu subrystems in ordet to
Cepresent s bebuasions appropristly:. Developing e bibavion il sypically be






index-494_1.png
-

10.1

Scripting: Overview and Code
Generation

Lee Berger—Turbine
Entertainment Software
Iberger@roy.org

i g i Lungnge chac s ceeated o Simplify any
mples task for & paricular progr, Tiecanse of chis, dacy tond 10 be very i
lored o the progtam, The scope ufa srpring anguage can vacy geeady depanding.on
che pobloms e is suppuseel (6 s It might define smple consersacian fres foc 4
dharacror in # role-playing game, o 3L mighr bs a complicated objoct-otisnted fan-
gunge dhat runutal nearly all aspeets of gameplay

“This arick gives kn overvicw of scripting gt and what they are cxpable of.
This articl focases on che mars caraplicaced version of 2 scipring languge, g
vou an oversient of heww 10 crvals such 2 laoguage, This aricle aho derals how 2
weipting languag: svurce ode can be eransforiucd inro insiructons har 1 computer

Ing Language Overview

Crenting  Fuly capable sripriog Lungrage. is neihee a simple mor a quick tas, Nev-
ertheles, che power that can be gained rom a scriping language can nften gready
utieigh she coses of mplemsnatinn. As mencianed previously, any scripting lane
uage s meant w siouplity some st of sk for  peugrata, They can b designed 1o
Fide many corplcated aspscts of a garne. A ist-person shooter gun ight e 4
scipting langusge co vusly oxcare 2 monsteds AL  role-playing game might use
« seripting Inguage to dofine banwspells [uncrian o che inuieace workings of a quest.

In even o complex envizanments, su as thoss found will any masively
snal player online atncs, 4 scripeing language can be 3 very powerful tool. The
ol of dealing with muliple ervets i  server faemn can b completely hidden in
he Lunguage. Scnding necwork cvenes o a disnt can be made simple and painles
The scripting languge could even handle saving,an objectssute auramaticaly

508
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Section 11 Learning
Tanguags i samerhing with which we ae llinticnately familiar, and an NPC capable
of learning and s Lungsge sacially ives & vary comvincing impressian of incelli
gence and encourages the player o spend more ime in comversadion.

Thcre s 2 huge, uncapped porenial for language lzaraing wichin compuer
games,from the simplest of ensrlalning slp systoms 10 agend-driven agenes whose
sira s 10 reveal crivcal sory cloments when nserrogated correcly. For Laybond
driven achirocrures such 4s thase used by che massively muliplaycr gaing comm-
aicy, the potential or a gansing advencine secms sndiess. Wherher or not this signals
the remen of the faic adventurs in 3 nesw guise i dehatable—aldugh i would be
nice 10 think s,
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The Animation Control

Sections_FP3, FTS,

dinarian. he mosemeor subspter mevee deenins whcic s movs anly b
s sl Lecenves commncsFom orher componcns el e where  move,
andi s espansiblsfr maki surethe e oves 1 tha ol in a progt
ane o,

“The ainaion lyst i esponsibe for conrolieg the chacacsr body,Tswor
vels i slicing, parameceiseg, and plying chatacte snimatio sequencs. It s dso
respuesible fo gensraie aointios (L venool be plyed from canned amation
seqenes such 53 g a guands had 1o e he playse,poicsiag down 3L,
rbending e and sxcending is rm 10 pick up & book o the abl, Since e can
el in svance exsctly where the Dok will b or procisely whas direrion the guasd
ill ned to i, e need 10 sy geser g o contel aver he aination
o cnsur thar the characte amimatescorct:

‘The comfatbayer b rsponsible G a5
o, sclecing facics in combar, aiming, and ficn; a1 cppoieats, deciding shen o
Dick up new mespams, and o on. Since combu i e core nncplay dynaen
FIS games. e pesfornustice o this subsyscem ill he ernial o the playec’s percep-
o of e AL

The bekavinr layse s the ovesarchiag syston thal descmines the charseteds o
rent ol sl cumonualcares it the ather sstots 0 accemape o reach it goal L
s Nighssi-leeed AT sibsysrem and ses o top af all of the uthee subystens,

csing the charscrer corrent tacical i

r

“The animarion AL ystem is respunsible fo the charactces by, This lager is mosey
resparaible for g progensratsd animation soquences thar have eicher been hanl
wificd Ly profissiansl animarors or generated from morion capease (mo cap) daa.

Miose amimacions will nke concrol uf & haraciers et bodye A "dying? aniema-
o i 3 good example of this, AUl parc of he chatacrar’s body ree anienaced to muler
a coviacing death sequence. Tn same garnee. hawever,there e ased fu olmarions
thac play anly on certain parcs o a chacuctees Loy, Fot exaple, 0 arm-wving ani-
mation il uely inlluence a characrers ight arm and torso, a head.-carming upiroagn
anly miens the head and neck, and 3 focial expression only influences e G,

The animation votrellr aeeds 1o be awace of which pars of vhe bedy certan
animitions contol so thac it can sesolve confices berwoen diffecent animations.
When the animirion Al wanrs  play & new animacuo i needs  deteenin wbich
oy paresche aeimation nseds i use, sl i these e aninaasions alseady concrallog,
thuse body pares. it needs Lo stop U 51 char fh new animatian can take over
1OEING21. The syscerm el chs be able a Low that it van play il armu-waving,
and facal-expression aniaton . the saiue tne, BUC 2 590 2 che characrer is shot,
L deatb o will appicpriace control Fram al of these.

T additan, there is often 3 need for the smimuion s to ke gesater conreol
of the chasacters body o petform actions that A RO appropriTes 7o the cuntext
e camsed sitativen, This ivchudes:
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MegaHAT. uses 3 complecely ad boc eclique of determiniay « keyword b
base s reply on. Lscad of ing Hayesian Beiof Nerwarks. 2 suggesred in tis atii-
cle; MegaHAL wes a hardowised. Engligh-specific Lisic, Tn Gramale 116.5.
for instauce, the reply i based on the key €. Tven thuugh the roch:
nique cruplayed qualifis 35 an inelegant hack, the impression one gors from 3 rar-
domly penerated ustance thit beaes some relesance Lo what sas sad cun be quite

convinciug,

Lser: #ha 3¢ the swariost persen in to acria?
HopehAL: & ERSON WITH A STIGK A CEL-HY UNDER HIS Aavt

EXRMPLE 11,66 A stuonge et selentnt e 30 o divee guession.

e alinasr schisaphenic. aauure of the previous cxamples Lives 4 racher e
improssin af MgeELAL. At is hexs, it an scee astemishingly locid and intsligen.
Fxample 1166, for inctance, llsteates s is possible when the comec kepwards
are el and pood uesrances based e chese keywords ar: generaced. n this esam-
e, e 2l e VegalLALS ablity o leuces on-she-Aly, 25 s aaswer o the guestion
asked by the user is 2 regargitation of e s

preious stasmen.

Ussr: Roentgen caseovarad 1he X-raye.
Hegerat THE NORT. PRLCL FOR PHYSICE T 1906 VS 700 Y ROEUTGEN.
Usge: o aacovurud h0 X-raye?

HapabaLs ROCATGHY, DISCOVERED THE X-HYS.

EXAMPLE 11.6.6 Mgl IAL i frqueraly Iuad, anc leamis from i xperienss

Example 11.6.7 gives an cven heter exatapls of MegutALs capabiltes. Even
chough s reply s onl ot
ehing the usce said. occasionaly 4 eonversacion secs (@ flow, and MegdHAL replies
sectn ta be based on sorne bigher-level underscandiog of shatis being mlled abuut.
Flore e see the program discussiog L sobject o earning over several ajaenc urter-
ances. The uscr unconicionsly Lelps Megal 1AL 10 sy on-capic by providing rlzvac.
Keywands when replying o what it say.

ver hased on 4 shngle ksyeord exceaccod from the anostrece

HegaHAL: YN W BEGLY 1G
53 UAY CONES
Uscrs e is. ths weaning af yaur Last assermacn?

AL TWE YD LEARNED SIWCT e AST SPOKFT
Unars Tivs Taavmea 1°p nat orparisnced enculh 10 WSdeLaza you brain
syaran

P vourve FINALLY Gooruses .

I've ar-ned -thing

FAIE 10U LEARNED ANCTHCHG ATOLT TNSANETYE
5 yo_ stupid
Nlpeal < 1 T STLPIDE AraLLY

S5OLYE SOE 07 Y TS, SOVETHINS WIGeTn

EXAMPLE 1.6.7 Magal1AL can b bl ower severl exchrngr ih the wer
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Paul Tozour—ion Storm Austin
gehn29@yahoo.com

Fyou sver i che affices of Ton Seorm Ausein, Tisren carefully and you rjgh hese

o ot thumping; noisc o rhe indows, Tnvescigae anors cosely and you'l natiee
 clorful Blue bird wandering buck and forch loug (e ge. He slanis bis bk o
The windos ot several mivuies befars movig furher doven the lodge 10 toruuee the
unttunass sl i due next ofic.
me AT chatactors ace ol e i, Goantlss imes whea developing AL sou
il i yourocl sacig at chc e, shaking your head, wondering how un sarth
ot characesr soded up cing the insanchy ceupid hing i e did— ov wehy i Euled
€ dowhat it ke i was supposed 10 do.

At inas, che AL seeans l] con mnch like 2 byman chid in icsahiley 10 wormen:
and confonmd s crearor, and AL develogment can seem mor ke a diaper-leve pas-
‘nring task than, anyhing reseaubling clexe, profissianal safta deseiopment, Our
arobitons foe  “lelike” AL ane folflled i chc worse psible way

T the cve of the bi, theres s b thac the ik hue gy sceshis own rele
ion and thitds its & competing alpha male. He never quesions for 1 msment how
s g can peck sight back ar him with such perfct Liwiog.

This i che unforaumace cesuld of combining: scemingly inmweuous ne el

py—releine winderms—ith & spocies whose cvolution fuled e prepane it fo the.
il chllenge of sl recagnicion

[

Whcaceer o dor undersrand the easons fr youe Al behavior, you aced 1 vy
crack open e craninen and Ggass aut the problom quickly and sasiy. Bebuariveal
flawsaet incittable, une s en chan ol the difference becwcen success and il
i cames from being abl o disgguose and corceet those flos s yuickly and ey o5
possble

A5 progiammen, we v the powel 1o build imiactsly puwerlul disgnoseic
ool chae il give us ull cateol v the systemns we.evelap. 1L tight ser of coels
il mal tering and sk uemecessacy. This aricle describes rechoiques fr

s
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Since e lf s muse b posiies (e o e sqanr, ehe igh side st b e
aise; therefore,the inuereepeor s fistee than the ball. Bxawiing Fquation 9.8.7 with
that ke, e divisor snuse b sgarive in his case, Our analysis of the single
rea ot i s b

 (B4V)0: The ball velosiy is ronghly comard the inereepeue. thus it s be ter
copeod a some poit in the futuse, The anmerator bevoras negative because of
the megaive sig, <0 th equation bas 2 pedtive eesult, Since dae ball e faster
chan the increepton s s il be interceptel at e pont i L, A it e,
itwifl b crveling 00 quickly t b seachied again. 11is s akin o the second base-
man gabbiug  line drive: 3t sloots by n armsseach, be can b i n hisimane-
diace vicinicy, but hellpever have a chance 1o catch it in che ouifeld.

- (BeV}aA: e balls elocinyis o toward the iotercepior in any conceisabll way
S how b it har chere is & rout? Wirh che dividend nognive. e sesul i nege-
tive. Thus, the miereeption ocenreed i . pse. Since dme only maves forward,
ehis resule mdicaes thr the resultshould be discanled.

Two Reat Roats
The ol case is che most imtcisseing. This case docs nar require the speed of the
player b greacer. Alough the ball can wwowe sgrificamtly Gster than the player, if
The plapec s suliciencly fr away from the halls inital posiion, buc neat the line in
positve , the ball can be buemepred

Thc v rel coots teproscn rhe bonandatis of a window of apporeanity: how-
eves dheieineerprerarion fulls s hice eseegaries, depending on e sig ofthe roots:
o posliic mats, o negatlve (0055, and one positive and ane acgaTve L

« "Two pasisine roats: 1L 1ts define a window of oppucLunity in which the bull
can e snecesfully ivtrcepred. Any e beneen dhe o roats s salid tme
hich dhe ball can s imtercepled, In this seenasio. ths hall is moving,fsrer eha
i plager, b che playee b, sclrive o the st of speee s distancs, cose o the
line of morian sl thus can make i e i rime.

+ Twa megative roots: The tuuts also define 4 wiiudne of oppacuity bereen the
o valtes i hich che ball can e inteecepted. T b s L property of the bl
miving Frster thss the players howerer, he ball i musviog enfirly away fram che
layes. Thi, che winclow i corirly in neative tinc, 5o his rsult is to be dis
carded as an impassbly incereeprion

 One posisive and one negative cout: The solorion ks twp npen-ended windows
of appotits:fime fes han ar oquil co the agarive tone. and ttus graer chan
o eqgal v he positiv svor, A with sl e results o s ik, the negarive: winduw

i
i
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Nions thar in che secnnd case, the sard e il be generared before the word car and.
0 om, ok incomplete wictances can thin be onncarsered to form dhe cumpleie
wterance The ca at on she s,

Introducing MegaHAL

Jurou Hucaens, one af the authors of ¢his aricle, wote a conversation simulhcor
named “MegeHAL" uring many of dhe echologlcs e have menioned.[EHucch-
ns98. In 1995, Jason put his program online. collecting bundzeds of pages of 12
scrpis of canvercarion bervieen it and users on the losernet. Standalone versions of
MegmHAL ace avadfble for dwalosd ot v mogabal nee.

“The fuct that MegiHAL conld anverse. with dasens of peaple sismuluaneously
Icanc eha it qickly inéerd  langnage model that covered many dilltent Jan-
guoges, including English, Foench, Germuan, Lin, and an Answalian sboriginal
dislect, s MgaHAL genetaces hucid and scemingly crative nrerances pesbags doout
1D percent ofthe rime, ir encourages asers 10 concinue talking o i i e blief chac
e vl sy samething eool o,

The reiuforcesnent  ust tocsiies fom o lusid reranee is ingermitcent, 2 ucid
rtsrances ave dificul o precict, yet frequen nonugh 0 proseat (e from gering,
o, i cesules i wses expetienclo, a outs of ddiction Barnes01]. The desice s
st e cnore e the hope of observing,a cid uteecance can be avervbelmiog

Amusing MegaHAL Exampios
The Mogat AL experiencs says a loc more, e Wiok, bout bise che homan brsin
svorks chan i does sbovst how to rcate "erog” AL | himan beings see wnimals wlien
g ap at couds Honring, overhead, and they see nceligence and cecaisny fn che
tcerances of MiggsHAL Capitaizing oo the Luusn teodency of reading encaning into
cundomnes, MegaHAL exzels ac sencraring ilhians ofinrligence usity lauguage.

Same examples might help the resdec (0 appeeciate shat van be achicved asing &
slacvely simple algorithm amd o source af dus a0 e 1 fom, All of the ollowing,
examples are taken from e volin sctsion of McgalTAT. Note thac the noline vee
sion canveuted all of s input into upperease chaeactes, endivg the examples 2 por-
baps umslcoms. appearanc:.

In Exumple 1164, wy shu 3 quotacion made by Megat (AL soon afer ic was
patt online. To ger the ball roling, hegaHAL was infereed Gro & siall covgus of a
o hundrod sentencen, aken from Monty Python scripes and They Might Be Cisors
fyice. Readen Eenabiar wic Moty Pyehon and They Might Be Gianes ight be able
o identify bics and picces of the hizrre utecrance shown.

VeGeHA 1 T GOLID SHACE VY TINY FI3" AND SHEAR 1 ASH'T OIS, AUT
VHAT'S THE SENSE N ARGULNG YHEK YOU-RC MLGI 10D SLSY REIUIRCNG 10
The Lavato

EXAMPLE 11,84 They Mighs b Gian mees Moy Pothon,
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mees with dask cincls under dheir epes and thensands of other highrprioriey cuks 10
complre

Usrdvease conscraints have sl boet & big zoadblock w0 gune AL Graphics ren-
deriag s uadirianally been o buge CPL bog, esving linde dinc of memary for the
AL Some Al problenus. such as parhfinding, cac be solved withuut significant
Drocessar ressurces. Consle games in particulr bave bad + diffull time. with AL,
iven e painilly ight memory ad pocfoemnance requisements of consol: hardwice
il xeconr yeaes.

A numbes of dx caty Frilures and inadequacics of geme Al abo arose from an
imvullident appreciaian of the s of game AL on the par, of the devclopment
e iselfwhat i somecimes sefered to 4 4 "magic hulle” stitude, This usoally
manifests icel 1 the form of an undeapprecarion of the elllenges of Al develop-
menc—"well use use a scripting langiage’—or an inadeate understanding of how
10 apply Al cechniques o the sk ar hand—*we'l just uss  big neurd sork.”

Recea years Lave wirnessed che sise of the dedicated AL programmer, sully
devoted 19 Al from Day One of the prejocr. This bas, Ly and large, hoen a smashing.
Sucess. Tn many: cases, even programmen with 00 prcvious Al experinie haws bean
ahle o produce high qualcy game AL Al development doeset necessaily roquire
lot o atcane knovwlge ar bzl insights nco che natucs of human cognicion. Quite
ofton, al it tokes s dorwar - carth acitude, a il creacivity, and snough time 10 c
the job ight.

he icld of acadeic artifical inteligence consises of an euorinous variers of diffr-
e fiekde and subdisciplies, many of them starkly ideologically oppased 10 one
amocher. To avaid aay of the potentilly negative cannorations Uat some readers
gt wsociatc wich the rerm “scadecnie,” e will eeer 1 s ield a5 st AL

"W cannor hope o usderstand game Al without aso understanding somerhing
of the much broader feld of arifical imeelligence. & reasonable lisiory of the evolu
ion of i AT e is cutside the scope af this adele; nevertheless, his part of the
book cnumerates a batudlul of mainstrear Al techuiques—specifcally. those that we
consider most rbevanc co present aad folase game A1 See AL3] o an introduccion
o sy ol of thess recheiques.

+ Bepere sysvems atcerpt u captise and exploi the laowlodge of a human experc
it 2 given dommain An Sxpere syscen represens the Sxpert’s cxpurts: wichin,
2 knowedge base, and performs aitomatod teasoniog on Lhe knowledge huse o
response ta  query. Sucl 2 system con prodace siuilac anseers o those Lt the
haman expece would have provided.

+ Case-based reasoning techniques atempr to analyze 2 sec of ngurs by compar
g them 0.1 datbne of Inosen, paseibly bistorial, 55 of inpucs and e mose
adviahle cugputs i thoss sisuarians. The appeoach wa inspised by the human
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Aoy atempt wr addres che dynaic sl awidancs problem nceds b bl
on communication beoeen the phgsics sysem 10 the loci pakfoding e
Since dymreie abreiclescan be v 1€ any v, he AL s a cantinlly quy
i plyies sy foe e presence of dymamic obstales in any st i inends
mass theough, Becauss cs s will enly ocur in 2 liiced area neae the A1 it
queston, well rfe 10 this 1. ocalpathfinding e

Aloeal il duss o eplace 3 globad puchfoder; ach i pemized for &
difsrnt par f che problem. Insad, che local pachndiog system should be bl ot
opoftheglobal pahinder hee an AL eads  maxc fom point A 10 T, s mase-
et AT e ueries e globl pathfudiog sytem, o if s succesfl, e bl
parhfinder sl et sn ordered s of pois thar onstiute  path liom A o B, The
AT an e, s tht. bl pach 3 1 gideline, and e ehe ol achfinging, e
oo pat 1 cact s woypon b pllalpa, veiding 1oy obscls
st mighe bappee m discover slang che way.

Furndatuetlly.  local pathfinder s o be based o s &°seeh within 3 -
i e acounc the o of e search se [MathenstZ, 50w, [RbioW, fo
excellen mmodcrion o 4°). An A scarch will e ha he opicalph s o ¥
sy pule i, & sl way 1o s s o pecform samplin (i quersing the
physcssyrem for the proecs of bstale) sin  fxa e grid orented wward the
sinaian pine omever, keepin min hat sampling an s compionlycpen-
e it peaford o oliss, 0 i very impurtant o Lk seps to e the
amoune of sampling thathe sy oeeds o pfoc 6 any gven local ech,

The Movement Controll

The mosement Al acts 25 the clieatof 2l th.orher s of the AT that i, I i b
e tha perforens seitrary tasks assignes i by bigherlovel comporenes. These
asks src issaed i the form of discrts masemens commands, ssch a5 “move oo puine
(XY,7)." “mava ra cbjoct O, *move in foemarion F et to game abjoct 0. ‘i
1o T poin, OCXZ1.” or “stop moving”
“The movement AL will be xecuing exactly one of these movement commands at.
any given maoene. We il cafine 3 mascmens concraler s the bieer hat “omens” the
curien monpend comorand.
‘Once v have donc this we can design the appropriate ogitive sl o execuce
e movement commands ineo the individusl movement command objocts them-
sclves A comanal such a5 “move o (XL2).” fo example, will be eesponsible for ‘
wsing che lobl and local pachinding sysems to find and excoute a path wo (Y73,
ol ki the appropriste engine el to ensurethar he charcter marics slang the
specifid pach. [ s pach is availdble, o when che AT ewsity reaches the eod of s
path, the movement comemnd reparts back o the maremenr canroler o rhac e can
bo garbage colleted.
“This techmique. i ls el for hancling diffecnt ypes of movermen. Different
s of morement commands can handle ek such s walking, rumring, swimming,
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The sahuson for » in Fauation 9.8.9 muse then be plugged back ias the qua
deatic cquation <o give the rsuldng rime of inerocprinn chat can then be wed 1
enmpute e ocarion of ntersocion.

Related Problems
N e the esetsial model has been Ry consteucied and anslyued, lor' briely
1. The player has long soms that the model suould consider. The aems can be
anled effactively 45 2 nomrera indial position. I the player's ario ane £
long, Equation D53 beenmes:

lie.-p} v

e 10

The new soluton can be derived a3 bove fiou this new equaiion.

2. Amoshes considerstion Uiat might requite modlfing could be delayed eeac-
o by the playes Somc developees pueforence s  waic unil such time a¢
Uhe player can uove o he ballta make che dcision; howevet, rour needs
might requite @ predecerminarion. As such, if the player hss @ delay of &
duration, Fepuacion 9.8 becomes:

i sk =) DaIm
Uhese o arisos can L wed ragechet in  single sateanent by merely

ceplacing thc #Fictor i Equation 9.8.10 with the (-} fctor sen in Equa
Gou9E I

Rebounding the Ball

I sebanuncling, the balls e s a playecs abilly o incercepe a ball. 45 i
carcd an the begianing o the artile, the model s v only hod!s che relationship.
et the ball and playet in the ground plone. In rebounding and sionlar sima-
s, aseennd time window s cotupted. To penel, the inersection of v pursbe
s has four swlaticns, however, th alignoneuc of the parsbulas raules in 4 siogle
temcctian, with the sscspeinn of the case where the bal and player coincide, The
furmulation of the equasion is rerainiscen of the planar check—if the alrinule of
e playeri geator shan the b, be can inteccepe

PR - Y

[EXae)
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Enhancement: Dynan

Animation

Do, games ewatd ghayersfor cantinued gameplay by unlocking special capabiluies
0 the game progrosses. T e Aiva Tahle can he easly sundified 10 allow the anima-
o ls o e aver che conse of the game. Rather chan andowly selering an 2ok
mrion ot of e eni i of anmatiuns chat corespond 1 an Acrion, there can bs
2 variable conrroling the mas um b to runlomine hetween. Getsnzeat )
cat s e more parasnete for he maximun random numbeis

aanat share BerAnLaationl SuBANINGNd:tion shnsecond,
whctioa excrion
ErunsotionDescrinl o oehecionsse,

Lorg mRenakx i

The “Raraes varisble can dien he factored ioto the randomized index sclotion.
This wrid
sented bese, it s an index:

nld b an indcr, v prrssptage of the aciroatiou i Tn the code pre

Gel munbir of aringions Laated for 1o.5 setion.
T n5ont pActionAniakisp-scount  shetion i
Tong mix - i ¢ ncoun, PRaNTE |

1 2ick o ranaon <dex
Long g = saral s 15

o the game progresses, the npandisy vasiable pussed fnco the Fuacrion can
tcasc T an RPG s Laget ramates could e pased into OstAniit on ) o unlock
atcacksehat iz e skill 2 the characer’ agiliy fncreases. Atack snimations in
he data would chen nced o surte,Tisring che lowes, skillevel arcschs fise

e optiarion tn be mads tat siinates th eed forche second STL i Since
{hereprobohly are st iough Aerons or Condliors o Al bwo Lytes,te Aol
Condicioncan be combined int s sisgle by key or & mulimap of anmaons,

dsTice GAEATE_KEVEconti Lon, stion) {oaeilen << 161 | action

typocet Ut multinspansignsy Lo,
e tanani T o1 e SODTTON_AG™ Lo

Acsan enusn, The Hoal
i

£ crsaes an unsigned luog mulrimap bey (ot the Condivion and
fon of Setan a1 Lon() i  shigle mlimap ook like
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Movemant: Global and Local

+ Parumeteriring existing awimations, For csampfe, the animarian ALspocss np.
o sl down « characeer’s “walk” cgel. or adjuses che animation to make che
charscterwalk it v afc it s beens shor n che ey,

+ “Taking control of specific hody pasts. For example, the charncees puilis long.a
hallny and s, "LLs went that way!

+ Handling inverse kincematics (1K). For example,  charwicr necds o meach et
and g gon lia on 2 table. Vi s sienilar 2 cobot arm contzol problem i
robcics.

Itsimprcanc o 1o, howeves tharyen can avoid 2 numbes of warld-inezzasaion
problms by scandrdizin the charceristicsof the game ac asses. For esanple, all.
Haorkucbs are always thtce ot off e geound, all bl in the game have vhe same
heght, nd the s v abags Lept a the same plac an cvery wble

thfinding

At che b o the maverment AT syrem i gutfnding componcr. This system is
respomsibe for finding 2 pach from any <oordinate in the game workd 1o any other,
iven 4 srreig poiut Aol @ descinaion, sl B a scrics of poias thae togelier
emprise & path @ the desiaation, In some vasc, ir will repore thar mo path can be
Found—you cans ind & il o th fcside of  slid wll

A game Al patlinder neady shyay s 15 some sort nf presuraputed data s e
for moveement (e Trsouct2al) TPS gurne warlds tend 10 b, whatively static, 0 it
ks sense o pregencrice @ datsbase thars highly optimized for perrming fast
pahfiding in 4 partculassections of the gams woeld. A rundame, icsvery sy 10 U
s pathiiadiug, dicabase to perform an & search from uay part of the Lvel @ any
b, The perfocmanice of this seuech will depend Ligbly an hovs sell the parbfinding
dirabase is opriaized.

Qbstacies
Unforrunatly, heecs o problem ich this global pachfindics pstem. This ype of global
ochiudingis incapable of desling with dymami il ha s obsacles ha i mows
during the coure of gameplas. For exampl, imagin e have a guard who costandy
taces 3 backeaud-frth pach aong 2 hallway uncll be's diseactod by somellisg. When
he uacd has bis back wucned,  clever slayer pushes  heavybarrlinta e el of
‘putre] garh and runs off. The pusd will be amable 10 handle thi vbaske becase the
barrelisa st ahstace e accoued o in the pulifding dasalas

‘Many gaemes smply igaore this problem and pay v acetian  dymamic bt~
s, An AL il justcep righs un salfing whenever r encouotts adynamic obstck
hoping iat the game's physics syseem will ke it lide around the wbstacle nnll i€
e, This s an accsprabls hehaviorin enany game worlds, s most FPS gomass earure
vory few dynatuic alvarcls, In hemsily populared sovironmenrs. howevee, s cac
cxily give playersJos of onks o hreal che game.
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i o be discarded. In s sceusciu, the playr is moving, fscer thaa the ball, aud
i can seach a aay cin aftr 3 =

oy minimumn ceded o cach i

Choosing the Time to Meet

O e . o oo s eerm, 2 3. e can b pluggod back i che it
equason it Lquaion 9.8.4, st in the puitt a which the arge can be Inter.
copred. OFth theee coot cutegries, nly the o real rots s allonds he A1 dscr-
o i g st which time he plyer would i o ntercpr he ball. In he na
sl oors e, the bl camnoe b inercepted, and with a single real roon. chere s 3
unique e ot which the interceprion cauld aceuc

“The w5l ot crse, i contrset defines a interal of tme in which rhe bll
can b ntorcapred. What s the best e v chonse? Th obviows answet s 4 ot
il Alchough the xly ansve ot th single el ot e, i pobably nos the bese
clice i the twartont e, To illsrae, i
anothen, The passr throws dhe baljust beyond the toceivers reach. The rveive
contd ke e esuely sips peapendiclas e he parh of the Ll and b . 2
Caou s chvssa, e il o 3 e 5 hscan 3 cath e bl g ey n 3 dire-
tion palic 10 the oo of e bl

Thos, for 3 ot sl dossian.  iene omewhere in e middls of ncercal
siould b chosen. Tiy o find the “Luy” poii—d slution requiing che leust
scnoune of cfor co sl croste s inteception outcome. Honw can the Loy poinc be
determined2 We i o pects o eh solorions ) the speed o inttcepron shenlk]
e s sl s posible,ye el allns an ot occu, and 2 the micimum,
lloed intereeprian pecd, there s only one possble pint i e (o interept, 0
e e b culy ot sl oo, For . 1l oot the expresion uader the radical
st be et Sobve for

e gersan passing the ball to

(Pov) i {# vevjeer)

(Pef +2(per}-(vavipen

o

Sper)=(veviper)-(rav]

VipeP)-{pev,
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Bk Rakodk7] Taldin, Matk, and_ Rakorky, Robert, “Trojsct AL" sownr
gamodeeneriefesencelaticlstamicl 315, 1997.

1Sco38] Stout, Bryan. Acding Planning Capabiliis 0 Your Game AL” Game
Desstoper magaziuc, Miller Treems, Volme 5, Nundbeel. Jamuacy 1393,
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Soction 9 Racing and Sports Al

i the ground planc ars orthagonal t the ki ack, their mvions can be cansid-
ered in fsolcion [Wesnick91]. The bulk of chis arrele plains the computatian of the
mousd plau uszouption, The end of the areicle addreses adding alule consider-
ations 10 the model,

The secand simplification i that the inceroepring abjeer has na mrning; radius,
{alinice sceeeracon, and can craw] indefinicely ar s maximorm velociy. Tl i dofl
nitely the more diffculs of the v aspicts 10 explain. because it will inodus the
st exmr. Firs, erar st cecessarly & b thig; 4 rel person sl have diffculty
jndging ceesin stuations, Secand, dicre ars ther meebods chat can be sl 1o com-
prase n heading changes, some of shich appear Laee, In addision, che incerplay
berveen changes of disecton and scceletatlon i 50 eomples that 2 simplification 10
e deges st ocens,

Givea this informarion, the model har four ndependent varablo: the pesirion of
che ball, che velaciey of the ball, i position of the ietercepror, and the marirucn
speed che interoepiar can travel A raphical represcatation of e problen i shorwn
in Bigurc 9.3.1, Please mote chat i all igures, dows cepresent the objects, s linos
cicies, and dushed ines eprcscot hanges e posirion.

represen

FIGURE 0.8.1 The ntcrapt bl probiom.

Deriving the Solution

Tiamining Tigare 9.1 the problem might. 1ppear t b the poier an line doses
‘oot algorichm from Grapics Geros [Ghssnerd0|. The check determies the clossc
i on the erajectory ine. fcappearsto he  gurnd s, some cases,chc oprimal
choc i e o this point: bowever, Fgute 9.5.2 doarly ihyseracs 2 eave n whidl,
the pointline st leatly 1nd comincingby il o delver the correct resull.

What is the roper mathsmatical model? For an intesception to acewr, the posi-
v of beth the ball and dhe playee st Ly dhe same a¢ some time £ Thus, iV, was
Kenowen  riord, e Ttssoepe scatcanens woukl appear s suck:

- Vo B Ve o0
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Viekling AL wofortanately, iswhere he house of eards cumbles o ot bl (st
timen. The bekaviors aze lightly mare complicated, cven thotigh thre e approci-
ey th same o 35 basernoning, Acsgneencs for Aisling bebavions happce.
off o i riggers—a Sl it exent snd a BllFikded eve. 51 ge o e
el with these e

When che bl i b, every fldsr il sssme ane of foue basic hehavion—
ebasioy ieid all, ehavivs Cover Bae, Hehasior Cuoyson Hehavior Back Up. The
behusiors et aignod eandonly,of courss ey e basod specifically om whers ehe
Kl i hir and s vlociy with which i Jeve the ba. Well e more incs b 1o
avign these behavian e, afir e dove withs oue belaior shumeratin,

At some poinc i e L el of svety plas  Reder ks up theball. When rhis
occas,some behaviors musaly ransiton w otbes. or nseioe, Bebaior i Bull
o am actor who i o th Felder Fldos e bll easidons o Beuvior Wach foue
g idle bebasio), Beusnr Tack U lso trnsicinns w Bebasior W,
because an s poine i the play, our prmary goal s been accomplbed. Nov, the
weicky part i o igare out whit n do wich che ball

Allcsthe bl b ickdd, ety phyer b the bl il acame Beaor Wasch
“The sceo with the bllbecoms our pricacy fous. hue et will o o ot
ofseveal bebaviori—Cehisior 1o e, Behavior Ruen Wi B, ot Behavioe Fn
7o Disgou. Figte 7.2 is  basic aucine f  filder bebvior progresion.

Bal Hit Event.

Cover Base Field Bal Back Up Cutott

Fun win RunTo
Throw Ball Watch

Ball Dugout

FIGURE 9.7.2 Tasible sransisons and flow fo feider Sehavios,
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14,6 Uaing N-Gram Statistical Mosiela o Prodict Player Benavior, s

+ Theesholding, Ouly inchude: N-gov earics for sequences whose prahabiliy is
abose  ostrin rheshold. and assusne thar all orbes o be hanelsd by a defuult
“tate cvent” emery. For cxampe, yom might w16 trcat amyrhingthat shovis up
i the trsining; corpus wics or lew  an squally probable rare evuau. Since rare
sequetsces tend to b far more eamcros than frequent unes, the esanomy cau b
sigaificane.

« Using  lower-order N-gram. & bigeaon Is oftcn mare than cuoagh 10 pravide
wreptble e

- Averaging ovee seveeal N-grams. o ceae e Impace ofchreshulding on preci-
o, you might wan co tore @ triggann, & bigram, and & wniggam (which simply

145 moves winhout conuea. iformation; for che same problom. Hy definitun.

a bigram is more cuscse prained than g, avd Finwer of i satris will il

el a chresbiold; 4 weighted aversge of the probabiliie cetutned by il three

models migh be eore aceurate thin ny of theen alen individualy

Fiing the N-gram widh uscful doo i daraiontysitopl. All you have t do i cord
« nurmberofgats played by bunas, count the sequznces of moves g 3
appes,aud cransform the cuts e probiblies.

Tor cxample, s suppose chat e dce iing  tgram Fo 4 g ich he seof
maves { A, €, D . The s seconded gam indicaes thae the play has entezed e
Sequence of oves AABCDCAAB, W therefore inuremcns he enmies fu Sequanics
AR, ABC, BUD, CDC, DCA, CAA, and AAB sgain. Then, w ubuin probahilies
e divide vach sty s eigeam by i b ofsequencss councod (e in s
case). Simple ighet

(A quick p i pasing: In spesch cecopaition, the probabllcy of amy giea
Sepacuce of N vords happeniag i he iogoage s alays very smal, becuune of the
caoranous nmber o wards n the dictionacy. 1o preseac undacdlow probls, s
Noggams often ston. e Iogaridhms of the probabfines compated berc Insesd of the
rababilies hesnstves. e sane ick can be nsehul n gaines it 3 aee msber
oflegl noves

Tor  game wht sl mtereses s i st ases i the probabilin hat he .
mave il be Z, given o the it wn were X 30d ¥ For caample, in the casc
bt prsionsy,we e s only s s In hich 3 sequencebegins wirh
M. I both cases, e e e s . Theeofors e igram should s a b
il f 1 for e soquence AAB, and 0 for AR, SAC. aud AAD.

Repenro v 4 b sough “corp” of paes played by a ol of difisent
player, dhis g, meshod vl yied « xasonoble pproxicirion of the avvcuge
entmeplay pacies i the layer populacion, e big s big enowgh? The cquation

[T a1
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Motivation for N.Grama in Gamas.

Thie behavior of game phyees and characeees o ofien possesses the ogal st
ars propry. Sources af locl seructure i gumeplay include:

- Gaone world canstrsines. In some gunss, st s are legal for posible)
anly in specific ciscurnstancse, An obvious caser 1 haskechall player can'. duibble
e Lall i e o o hold . s obvimus oe: @ cossbowsman i 3 seabrim
scatcgy game: is unable o fire for 4 speciic period of e il b reloads his

swespon,

+ Player styles. In fight sims and fighting gamse, playens devulop signacors rech-
niques and move seqences.

+ Boouses. Chassetens sorutisues 15¢67ve bamses for performing; “combos” of
s in sequence:

+ Game cantral. Turrn confizurations mabe cerain mave sequences sasies @
perform.

A progery tesoed N-gran un eam o ey hess srueeul elements v o,
kd e 3 oMQUISs opporinr hov 10 et the human playes bbavioe. Ths il
i the A 2 significant e il el defenvsar comneerack.

o an wlled bonas Jor game developers, N-grame are e and ovadly reqice
R ot & chanere i 2 Fighing game has 20 egal soves, 4 igtam o
g e prababiftes oF all possble e sequctcs can be mplomented o5  chee-
imensional sty wich 8900 encic; f 32-bit wards s e 1o o prubal
s poincFrmat, th enrv sruccore il o 32

g the N-Gram

Ay g1aph reprscnraion can b s o N

Bata Struoture

An N-dimensionl aceay i e shuphst, and usually saisaccory, b e can be wasteful
ol wennory i

* You nood a bigher-ondes N-gram. The amaunt of mermory requiod by an
gxan Js Of47). 50 an aema eprssecaion b probsbly impractcat for & raens
and sbove ueles 3 e number oflogal s in he apph

= The nuber aFlegal maves i L, the Ngeam s sparse, This
che cane i e ecoaion, whete st vord sqaenes of 3 iven lengch e

1 the mumber of legal movss s aige and the N-gram is s spass, dhe cust of 3
il N-gram repecseaarion s probibirive. Techniques wsed 10 eeduce memory on-
samprian, ar the caseof some precision, include:
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‘he preding example was very simpl, but i is possible t da muc mors with
chis appraach. Vou can use it t creae an AT thar Favors one methad of arcack qvr
anather, or preers smbalery o avers action, or atrerapes @ gaad osher plagers nes
wescking is targes of chvice, all with the sune code.

Plan Formation and Evaluation

The AT now knows what gods it wanis & actvely putsue, Now it needs pans for
cxacly hoe i will ahieye chose goals. Tach plan sl consis aFa iseof specific gme
i order t0 satfy che ol i quesion.
For example,a bot that i seedng coves would probably have & plan conciting of
o csmentes 1} Mate 10 Location XY, and 2 Crouch. Lacarion X,Y would be
desrmnined by analyzing the ares che but s in and fnding 2 spot that can provide
onccalment fror known cncmics andor likely approaches. This calculacion wauld
he made ones at rhe fime the plan s formed.

Dlas evaluation i even easer chan gl svaaton, fo the most pas. Wheoever
anitem in a plan s caricd o, it should be mavked a5 compleced, Cnce llof he
Diecesofa plan bave been complerad, i s no longer needd. Depending on the ype of
o, ight alo e necessary w check rnmsiving s 1 see whetler tley ae cll
Rasibl. You vl ncod cade co do ths anpway whea Forming.a st of aprions 1 con-
sider shen forming; new plns

T genetal, e casiet way o bl plas ot s s a s of atons
thar can be eaken in the gaare and Ak behaviors yon have wrirten. and map them 1o
the arious goal ypes. Eoeexample, ch action Busld A Gun would be s as being
very o o satsying the Defen] Agaiuat & Suiacks ol Another vay to impiove
i dcFanse might b 1o cxceas che Assign Fighta ro Defense acrion.

1there is mor than one way o achievs @ goal anc in most oo games, his will
be ), thet plan seleeion should wark veey much the way goal slecion does, Take
cach mothod of sisying the gal and assig ir 3 score. This sare would be based an
fuvars such 1

scrons and behaviors thataxe necessory

+ Resources at hand: Assigo Fightet 10 Defense would ger 2 such higher score if
thete e Rghress svailabl chat ae noe 3

+ Cost: A guns might be much chepee to build thin e Gghtees e

+ Personality: An aggressive general might prefer 1o buld new fghters bocause
they can latr b vsod offensvely

7 commircd tn another task

Once: sonce has e detzrmined fo each option, the highsst rsted apeon fafier
applying personaliy and a liule raodornuess or gond meastre] would be dec o he
plan. Nar thar an aption might cxplicitly requine moleiple. sreps, or might prove
upon further exalusdion to sequine muliple steps. In the Air Deleme cxample, if
fighters are hosen a5 the means of This,
and othor psible prescquisits, would b checked i adda o che ot o he plas
 necesay.

ir gt he:rosesaary e il <o
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dod Event

This I the e part of aur testep process. Ones che ballbs bee fekded,
ficder ablgation {except for our hall caciee i ro mak: sure the bases are coverd.
Thats s case pace. Th parr shat gets toigh s deciding whac o do with the ball ooy
et b . 165 ac s poin sehere ot buscball games often break down afer 3
mastly sceepuable shorsing—welf ey und prevent chat e,

Throw Deteemination

Ve basic decision e s whas 22 with 2 ielded ground il o ehefnfield. e can.
ce il how Fu they are From cheir -
o dersrmine where and luw o chro the

e we ooy —whees Lhe wanaers
cinacon buses, and the gane siaatior
ball. Too many gues ae guilty of ssing che g sioncion pottion of this cherk:
Thore's holately no easam oty or 2 iffculy force play st scond when you'e gor
am sy o ovor <o fese for ch thind ot The ke o ay good Al for & sparrs game is
e vy pice of nfommarion. 1 dene’s somechiug thar ssems e it shouldl infl
ance your decision, panre bl ight—edjust yous ule et

Fly s acc cag—93 uecent of yous dieows cieher go  scond o1 home. il
wayouine s abeays bettee olljust shrorwiog th bl che cutof man s decidiog
i1 do ity & then. e i mach Gasier t evalute ruomess iom his poine adher than
oon the o, whece o is goiag o ok 10 seconds o rech s destination.

Rundowns presenc an interescng dilemma. We have cnough information 1o
lhtow out 3 uset-conrrolled ruasr 190 peecent of dhe wie. Taschall waches will
wach you thar rvry rundown should cnd afer one chuos: [F youve crer watched
o Leagne baseball, youl s s nox ofeen s cas. The solution heee i 10 vary
vour theons window —mix it up some. What youl see ure different wse
Tomper sundowms, and genctally more fan s wsers will remember the ofd games of
i they sl w phay whea they sare i,

csponses,

AL forsgoresgaonss defimicly st an aeea ane should apprwach lighels. 1 your work
o lectne prafect (and somerims cven when ie i, dhete will always be somebundy
o dossat ke 3. Yo avission, should gou chinss 1o secepe i 1 create an accu-
rat eepeesentation of the spoet aac sl pravid e user with an cnoysble experion
The rechmigacs we've wudinod hure widh behasior zoumerating, bebavior-bsed
Fnit-state machines, and tramsition cables wil sessags queues wil apply actos o
broad rangs of sports. What you'vsseen bese is on practcal appficaton of the -
tem. L b afaid 0 see b aher peogle bave tackl the problenn o [Rabinds
arlodls 0 refeserces Lor more ofucation (see [Morgan00])

“There'  tuts of hing we die enver, such as manager AL ho scone hanling
baerpieder AT, eroned feaiacinm,sad a host of othir things. orit b infimidated.
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Stochastic Language Modeling _

Almost everyone i intimately Familiae wich Linuage. Yy ealy forms of computer
enertginmenc cmploged naurl langnage interices, e the sdvent of sophisicared
eomputer graphics has eestel in chem becoeniog lss and Jss commonplace. Ovex
the pase decade, the foeus has been on ereating visually cunvincing game worlds.
Flavtever, vmes e changing, The recent availabiliy of peseerl geaphics havdare
s afordad i che by of concantraing our effors on areas such ax AL, rarursl
Junguage learnic, and dyeic physical simulavion. These cechuologies wil o
the ncw difercaciacors, now hat the praphics problem has lasesly bee sofved,

Mulicplayer compiner games have lwags llawed players o communicas via
some sort of chat spuem. e benel of communicecing in yaurs) Longuage is it
Slayots gor 2 steons imprssion of being involved in @ vorld populrsd by il
fent beings. & goad sxample ofhis i i Ondine, whers the gameplay in che per-
sisteny woeld benefs from converstions held beeween playen,

“The majority ofsingle-player games, howerer, do mor offr the player the oppor-
eomiey e camerse wich NPCs in nanural lnguage. even thorgh ir would seem rea-
sonble 10 o so. There axe several reasos for s To begis wich, cebiug bunguage
understanding technalogies st oo brils, and are cpically bsed an pre-sripred
charterhors such 1 £z, Vurthermars, the requirement thae the thins the NEC: say
e 1w advance the seoryline sesuls i aceraeivns drac besome pralicible and
horing, desteoying the suspension of disbelicf noos=ary  sasin the perceprion of
imeligence.

W oot the implemetarion of cialy orieced dislogue beeen e payee
and the NPCs in compuce enccrinment softae, a5 opposed to the more neval
cskeorienn=d (.. srorline advncing} disloge. zchnology urrsntly xises e allow
L leaening b be achieved i« way that ks il eoversation possible, ad
salves b probilen of managing,he level of suprise xpericnzed by ehe player

The recent advances i dynamic physiesl simularion have granced players the
ability e pend howes simply “mucking araund" i the game world, Similarly, KPCs
chas have the ability 10 leara and usc natasal angags will noourage playors w spenct
ot charting away to them.

‘Sute-of th-set data compressun and spesch cecogition sytecas enuploy stoshastic
Iangusg. models. These modsls can sl be wsed goncratndy o prodce lngisge-
e ttcrances. n e,  scharic langage et leas from pos obserions
ol dats, s eeprsenee by & sequence of symbols nonn 22 cois). This experience
Sl 0 male 2 predicion sboat rhe symbol ey to come next in th form of
probabily disebucion cver the e of il symhols dewn s the aphabed. Uing
e predictions geocrativly i u siple case of outpucting a symbel 4 rendors
acconding 1o the prodicted probabiliy diuiberion. Depending, on the appliciion,
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- Avoid colling the list, iy nt o wrerky limie dhe number of gols porencially
placed on e fst. For reasons thar il be explained in the neat soetion. it s ber

e o Lecche priortizstian eods trim the lise f nscevaty.
A duc end of chis phase of procsssias, you sl have a s ol of the chings thae
sour A1 considees waithy af s ention. The aect scp i @ deeide which ones

Lequis che mort axrtian

Goal Prioritization
The goal privedzacion phase is wherc the AL willdecic, “What do 1 wane w achiess
e Hove i achieves those rdswill be dualt wirh laves. This s really the earcof the
decisian-making cde. The specfic plns chat pet formed aferwand are, in effeet
‘merely implemnanction decals,

L ts simplese orm goal priocciation canld be merely ordering the goats an che
Vasis of he score asignad o chern in che previous section. 1his & & porfeedly valid
approach, aid thc only odher thing, chat might be required i o have 2 maimom.
aamber of dynaenic gods chacare allawed (o revnin on the L

" mare exciing possibility exist, howerer, which s 0 use the goalpriocicizaivn
<o a5 means of injecting petsonalry into yorur AT Why i I that o people placed
i a i siruacons vight ac very difleserly? Well, i is poesible that they mighe
pecrive the sicastion differently o ane anoches, 103 far more likely, though, drac
They sach g che relevai faccors i the situation diffcently, and have diletent pr-
utites on which cher decisians ae hased.

Vsing this chicocnice, or srmething similar o it i ey 10 allow Al ageots 10
e sariations in their priociis chat will dramaciclly affect the vy they act in the
e warld. A hat is hoocssary i to give cach Al 3 set of scaling factors thar map o
the different goal yps, [F cheee e s <nough goal pcs. fhis can be a one-to-onc
mappings otherwise, T might be ns g them into ategories. Apply chese
sl accors o the goal v before sorring thero, and the result wil b thre o
agonms in dhe same sitoation uight de veey diffecant thing. Thisis also 2 good place
antheow i el rancloiutcs, % must prople s noc 100-petcent consistent in cheir
respanscs 10 given stuarion.

Tt example, in a war gunie, 4 very aggmssiv AT general would hve g scal
ing fuctur sssocived with offcncive: g and 3 low one with dofensive gals. The
comle would be dhat ¢ womld pursoe any chink i s opponents armo, bur would
ot pry much accencion @ s defenses unless overrly threatencd. Camvensely, an
acrackoricured goal woukd nor move b the top of the et for a defensive general
nles i was lealy 4 glden apportuarty and dhe geneeafs defenses e i vy ool
arder. Bath of thess Als are using,exacdly (b same decision aling code, yec choir
actions in the game wil b s different tha i will ppear that you have waitren o
distinc Al
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Initial Behavior Asaknmenta—Runners
e gl o baseronunes td b G less campliaced than chose of heis ficlding
bieduren  they vianr to advance saely sround the bases and score a ron. Givet his
xtremely basic < of objectives, we can active a the conclusion thar che behavior
wsigoment vl be Gy sisaightorvand,

“The sunscrs vill usc the same informacion fre the behasior ssignuaents 2 the
fcldets—hie ype and zone. he s e o bal, o example, will cause runners
g0 o cus of o besglans—cisot Bebasior Go o Beassar G Hack. Ay anmee
‘wha forcod wil nameally assume Behasior Gio. A runmer on second shuss ot furoed
il sl ssume Kebivior Go an any ball bt to the righe sde (Zoncs 4-). Similar
cules appl to das ot bit types—rhe i eype i ball will eiher couse Bebavior Go
Hafuay o Bebasior Tag p o be assigned. The bis 5pe e difve s an auomatic
ssigment of Behavior Frecze for every rumee. Tha bll wil cicher bie che gromnd
o e cught, ot of shich vl cigger eacrions from Hehaviar Fecee’s *rocass
function,

Baszrunner conpecativn s 2 bit more complicated tian the eldess. Any cime
caner bits an arex approsimately 20 fose in fron of cvery base, he'l go through.
lchaviar alarian. They'] esaluate the sétoarion exacly the iay bumans do, The
cunners Pracese fumction will check die prosisuity of e closest Aclder to the ball, or
it ball b been ficldod ant theown, which bas che bal is being dhrown to. The
resles o il these cheeks sll promp 3 ransirion inta one of the alier runner behav-
fows: Lo aad oy Fiom sl Luok, os S,

Bnimations

s e s carlie,all of these behasior asignmenes will have somecbing doe i the
entry functions. To simose svecy behaviar, chs consiss of aniaarion dsgaments

Bebavior Fild, o1 xample,does seversl vhings. T, r deterrines the point ac which
he ficder can frs intercep ehe hal. Afer thar, the behavior el will aualy erate
Shrongh 3 process o ks sure the saisnations are sequencad propory. Avhavior
Cover B doessomeshing sinila, oy e ko he point the acor i goimg 0 rus.
o That anly kv rhe animations to be pr ogecher.

Bunerssee lighly differnc, bue buscaly due sae, Bebavior G is 2 basic 55 it
eti—the vanner is poied in a diecsion and puc inco tun. Bebarior Tinn and Look
is  seraf animatians only: Tsen though ir might seem  cad ecessve o have 2 behav.
for for somecing this bsic, ic> imporcant that feldsrs and bascrtmncrs ahwags main-
cain & behavior 35 loag 4 they acrng according €0 a hehavios, you eun conieol
heent

Ihe e funetion is ypiclly where you'l pu yout znimation rnsifons. Vor
s, thar's a gy basic concpr given the inite numer of e and pobe L
cians. The logisrical problem of fguring aut how e ransiion frota Behurior Go 10
Bebaior K 1o Ergons s 2 iy ssightfocsead e, and one we'l Icase np 1o v
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poor paricat might have Hecring glimgues of somsrhing izl oving beneath the
schos of e tsaber

The cendiney of dhe bumwan hrrin o misiolurpict randomaess can be taken
wleancrge of, enabliag us 0 creae che dllusion of incligent beluasio via ily simple
rechmiques. Exptionce has showes at the cone fecur: of any system that appars
helrave anclligently s the abilty o earn Barnes02).

Non-player characters (PCSYin comaputer gams can seen tclligene el pat
perns o e behavior, which we kst through eur expericnc wich the s, ccveal
Shetn 6 be narhing more than scrpred agents. Like Alan Taring, we conchide dhat
{orlligence e in the ey of the heholdet, And, inspired Ly Informarian Lheors we
uggest daa the ey o maintsiuing the subjeceive impression of imielligence cxperi-
enced by the user s o carelifly tapoge chei level o surprie

Tha Etament of Surprise

The abifty 8 surptie is eompled with Lhe abiiy ro Teaea. I he player can leas o
redict an NPCs acrinns, an can seconegracs everyibing ehar the NEC doss, then
1 NPC. con eensomably be it be noisteligent. On the oduer hand, iFche NPC's
behavior i so crraic nd randomm diat it never seems w do anything sensible, then
e s s conclude dhat it i poninrelipenc, eveu daagh i s ucetly unprofictable.
Thi quality o aur predicton of what is sbaut to happen i daverscly efated 1 the
surpise e pirieics when we i ot shat actoally did happen, e peception of
imteligence,dasrefore,seems  be disserly relate o the abservation ofbehaviar thi
s surpriing yer sensble,

Sucpioe is ingartane, hecause aillly surprising eveots tead o b dhe rost inter-
evting. To understand dhiv, 1 helps o sbiak in i of andcipation. 1 all of the
hings you snticipated accoally did happen, Lfs would become very boring indscd.
Ve Future would hold i suxprises, I siould be o diffceent o o ety of the
s, I ot the arher band, the things you leas auicipared occuseed with slieming
fegulatie, o veoud i e canfused and disorinced

Tn che compucer encertinment indusry, we have e vask of keeping: our audi-
ence intercsied. Tn 3 very geoenal seose, we an achieve chis by managiog their expes-
‘ations, We need o emsare thar the fevel uf suepuie they experience suys wiin the
oty defined sonc of inteest. Yo Jow and chey will ecoone hored. Tou high and
they will i the game difficuleco gor into. luning the Jevel of surprise i key.

Lorsrestingl,thet. the ome ching Wit pises ns & smon; peeeeption af imellience
i also the ot ding, thar keep s incrested i what we do. (mplemsaing leaming
systeus i cunr games il allone us 10 “Kill v birds wich wue stone.” By exesting
enerainmeat sofusats thar canscantly wpis to the players, we can maindain thels
expectations and sustin their iterestfos onger pesiods of ime than mare rultional
s of coenparer eneraioiucar, The unpredicubilcy of the sesulding game will
give our mudicnce 4 swong, ipresion of playiog in 2 world inhabited by nicligent
X
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- Adaptabiliey. No matcer sehat the gam stae i, the Al vill farm geols thc
artempr o addeuss it You villFnd thae your code aften haudles situstions s
dide bink of surprisingly wll

+ AL feels saore human. The frer thas poue Al sctually doss bave 3 plan wil
ahsolutely conue hrough o e playee, oha will be e likely to ot ik of the
spuces oppanencs s tindless unomasuor,

* Ease of debugging. It is ofen diffculs o dcbug Al cod because there is nora
il epressauatiou of what i happening behind the scenss, With this spprusch
though, ie s easy o take a look at what the AU thinking ar onch suge of e
provess.

We feel that the wenknesses of the appronch arc:

+ Tuniog of game analysis functions. Cxery decision your Al makes will hingeon
the abtraction of the gae sume creared by these funcrions. You will aeed 10
focus an faning them well,

* Must be plannesd for feomm the aueset. This s not nich of a weaknsss, a any.
oo Al muse be thought vt doroughly in advanes, TFpou have four weeks for
ALt the nd of rhe projor, choigh, and youire already burme o, ehis s e the
approach e you.

Planning is a powerfl toul that 30 A1 prageammer <an t5¢ o grealy inceesse the
qualty of a gaene andl 10 add o the lusion of eeiy the goms ie trying o presene,
s of a plaig arcbiteccare i your game can resul i aw AT it s very competenr
and adaprable, T the AL is ot casily “sabved." the replay saluc of the e will be
Ligher. As we have soen, i is possble o use s achitecrure to imbue Al agenrs wid
homanike personaliy aits withous wtiting large amourus of new code. Vurther-
man,the gamespecifc cude i cunfined 1o fwn compancits af the systeus, i
ou 10 rewse quite  bir of code in subesuen gatues,

‘This archieutute i very seslabl, as the numbce of need/opportanicy categories
‘you chonsc e considue auud e mumbes of goal cypes chae you define dercamings due
Hevel of complxity. [n sddiran, i lends tsel well o soliag prablemns dhae are nor.
mually very dillculc i AT peogramming, such as lovel of dificelly: A difficuly of Eary
can be achicwad by allowing; the Al o Tocus on goal thar would sthervise be of Lo
ploricy. and a high difcaley sertng might have the A focus sxcasively an the mose
pressing concens with les cegard for perapnality vastadis,

“This anpicach bas b wed in mulipls dles, and i adapes well o meet. e
et of each game. You'l find that once you Lt wsiug plucning in your AT, yon
wort ey want 1o swich back Finally. if yon'e interesied i esding moce sbout
plasming; 30d i passiblc uscs i e, e eezommend srarcng with [ScoutS8] and
IRaldwin/Rabnk7].
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Intercepting a Ball

Noah Stein
noah@acm.org

i S ol the T allsime tecard for the most steds by an individual
ot bisceet -more than 2.800 (uxof 2001).Tle bas mors than Lok, e
i il Lowerer, b 54l i ot mercly confined o the mmechanieal acr of scaling
e ol s mportant s . motion el he bas Sl n detcomisiog vhen he can
el e all Wichome e ehem. b srculd mever bave e chane o s the b

o sports games. oany siuacions arisetha sequicederemiaing wharher & leyes
can nseeps he ball 2 second baseman waiss a carch a liw: drive,  budkey witig
e sl a s, soceer goals needs bl  shoty or o busketball crer wighzs
o wcbound the ball. T chese cases. Lhe Al needs o decide f tho actiun ¢an be success
fully ensctcd or hecher an aleecoative course ol scion shonld be cken.

‘o atgorichn deseribcd herein i ab applicablie auside the geace of sports
gaencs: e Shao-Lim s ighe s 10 i whsther to grsb v i ¢
i arfus. mwe his eg oue of s ey Can the Pastiot msle interept and desroy
he el & st ervice agemt ncads o knaw £k can divein Lroat of e President,
and takc che bullet i ime.

blom _

The previons cramples s be dvilld downy o essonally rhe s prublen: vne
obi v 4t certin prsiion (2, and trarelng i a srsighe i o 8 conaiant welcity
(V2 anather objec a 2 cilron posiam (2,) wanis o increspe (he s, buc it
ighr o e e o 8 i speed Gl Erom s nformation, the mode)
ot for the secoud abies vlueicy o ntereept {Vy. Some might abjevt @ the sim-
Py of she model, however, every model st make simplfcaions, and those
fisde for s rollun rendet  fancrional slorion. Pleae oot cha n che diseision
bt follows, the #all s the objece chat is caveling along a . that I 0 he ucer
copted, and the plasr isthe et that wants 0 nsroepe che bafl.

e e smplifcacon i that the bl vlociey is cupstant and itstsjocacs is
heefure 3 wmigh lne. & brserball coming olf the i follis & pusbobe tajec-
oyt even remorely clse 1o 2 suaight ine. How can 4 scighc ine tnodel h
o ellervely? This model i be broken dawa nto o fndependea submod-
e e aitode of the bal, and. the mosion I the ground plane. Bocause the two 25

45
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where 4 is the alphabec of all known spembels fehen using the model on the word
level, chis slphaber will csentially b dictianary of ll prsvionsly ohseryed wards,
] demotes dhe s of the alphabet, and i, , 7 2 = ace psicive Mending weighes
chacsum e one, ensuring that a valid probabifiy disuibucion results.

Pl whtifa) <Pl + yPei + 5] (1162)

For dic dava showen in Esamiple 1161, assuming that the pericd characier con
stinues  sepasaee symbol, Peatlr she) = 0. Plealths = 0. 5. Picas) = 0.07 0l 4] =
8T ke all of e Llealing weighs b equad, such i w0 25, we
et eatln she - 0.19, The probabilics asigned ro obscrved dava are recuced,
seslting, i Pyfmarion el = L nonsensical dare i
aigned s nongseo probability of veeurrence. For iowancs. £yfoaar mas) = 0.05
Scleing good blonding weights is an entire areaof ecscarch unto icelf: Ulimatey it
entails swiking a hilance berween ssplairrion of sbisevad dara and exploation of

24, tiven syntactically

nobnerved data,somneing that enablesereative peneraive helevior.
Tlendod stochaste g ool e ot scwssay 1 we e ot i wingg
cher S langpsa generarion only This i becmse e i guranieed that the comest wed
ot genetaion wil have Lesa obnerved . east ot i e pav, purcy because isvery
s implics ha the model has gencrard i, and dhat could oaly have becn done
the el had observed it hefore. Horwever, wsing 3 blended sochseic linguage el
will sl i e exeative angasgs behavior,and mighe theefore b the bt chics.

An Exampla Implamontation
W will naw give an exsremely rrivial ampls of infering an unblendsd charscrcr-
Tevel 1%.ondee harkoy model, 5o called becanse the conteac contaos a single symbel,
and subscquency using e modeleo generacesome e dara, The souree cod listng
of the cxamnple, writcen in C for poreabilry and explcabiln, is shown i Lising.
TLGL Tt code, aote duat the ststically allocaued ¢ arcay s sed it s comtaia
<ot of obsetvatloos ade sl 1o siutain i ot coune for cach comtex, The
special symbel seith valnc 257 is wsod s 2 wildard, while th ymbel wich valu 256
i usead (o delimiv the dara. Afier compiling the progeum, ran i with 4 single com.
mandliny angunct i speeifies e Gy ounaision e evrpus tat e Mickor
‘model it o be inferred “rom,

Listing 11.8.1 C source of a charactarlevel 1st-
order Markov model.

includs <svta
Fineasas <sia1ib
Fincluds stine
i nzintint srge,charas
un Case) 2581 contex:
FLEr F1
fortisu Less; -0

2 ¢
tnvesn, o-25
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e poinr to considet n plan formation is that e is aot negsssay here 1o cen-
st wha in achiessble in ome turasecandfupdate eydle. Trs OK if thore is moxe
slanned for diun che AL can seasally accamplish i che short tesia, Thars ane of he
Teasons you bothered s pioririze the goab.

Gonworting Plans Into Actions and Bahaviors

Finall, your AL s is master plo o canauing; che world. Navi i s time o casry
it o, Ifeveeything has gone well 1 this poiu, dhen choasiog what che Al will acia
iy at any given, mnuenenc i the essist.pare of the endee process. Thers sbould be
pracrically no deciions lf co make,

Al that s nocessary cwnw I 10 5tsp theough dhe plans i al prinriry cder. and
atcenpe e do the things chat are planed. The plus sssociared with lower-priariey
‘goats vl mos Lkely not be Lcullod a5 quickly as chose with bigher prorites Fot
Eeample, ia a wae game: you might have plios that requize e canstcuction of 50
peine? worth of wtis, b oy heve Lhe capaeiy s peoduce 30 poics of wnirs in 2
. I i case, s s sy for che most imparmane sl will e busl fn,

e sluotcr ho chat needs £ find coree bue has 3 dear shotar an unsispeering
enemy will do shidhevst anc snded up sith the igher peiotcy, unless s possble e
e o s husen biding place aud take the shux at e same e,

s o i he sectian of yonr AL Uratwill fom most oficu. i a you can e, it
s fur ant mway dhe Lisc somplex and tim-convumios porton of the archirecrure. Al
o the cough decisions and wlvlations see hundlet at infrequent inervals. ey
part ol the Al code chat runs e cach update e with very lids work to do, This s
avery good thing,

‘Conteas, s with the st likely aloemmativs, which i 10 teanalyae mos of the
cavisatencn wirh cach upcace, and chen choase 3 action uppropiace e curene
Siuation that may or may oot buve anyehing eo da with whc the agenc hae done
befare a will do ader

Ganeral Implomentatian Notos
Thero are sorme iwues thar sl nzed o b eouched wpon: Toad bolaucing. and dhe
ctrongths and weakcses of hie approach.

I shunld e clear iy v chas chis approach, while veey powerful, could be an
sweloome processor ic F g wed wisy, A mencioned in che overvies, it desic-
able 1o acchisect yout spssem such that planning upsdaces for yous sgonte e spread
ot from one anather, Lt  alw a good idea €0 et hings up s Lhat ceen che dillscn
s of planniog ca be run ac dffeews, feauencies. s worch spending some rime
adusing these values to see b Infroquendy various pares of i code e be run
efore dh docision-making degrades. Our inszation is o to righten you o vie focl
it all of the techiiquos we jat mensioned ane imporiane for any AL bur they e
corcinly spplcabl 1o his ype of archicorure.

We view the primary scengehs of 2 planiog architectare 10 be
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by dhe sheer quanlry of AL n 3 spoes game. L Lnges part i che accars and how
chey reace. Ciee chis right, and it s cas to forgive jusc abour cveryrhing ehe thacs
wweong,

Sporcs game AL, and baschall in particube, is filed wih wial and.ciror. The
biggrst thing co rmermbee is ehat nutbing s et n scons. I o need amarher hit ype.
o bebavion feel e o wld i, You ateche ooy person wha's i o undensad your
syste from ap to botrom, bur the mare prganized i b, the 1acre likely you can
esglain i o omsnne chi, Lhe beat adsice we can give I 10 tead as muach a5 you can,
sty as much s you e, and never be affaid to quesion what you se. Good luck!

Robere K T Phicr o e, HrpeTead 1994,
RabinB1 i, Steve, “Viakiug doe Pay: Toam Cooperaren i Miceosot: Baseball
30" Congirene Pricandinge Compulst Gae Developers Confetence, 1998
‘Mongu0] Morgan, Joe and Tall, Richard, Sasebali for Diemomivs. I0G Dooks

Workdds, ne. 2010
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the spmbols used by Use stochasric language madel might correspond ca words, clsr
acrsrs, or e ather kind of quandfiable informacion.

‘Chaude Shannon, widely considerad to be e facher of Information Theory, was
gencrving quasi-languags wterances using probabiliic echulques as ey 3 1448,
Fis clasic paper, in vhich wxamples of uch peneeations are given, s recommended
ceadiog Toe amgrme who is inercstcd in these welilgues |Shannond]

Probablity Eatimation
n ondt co make gond predictions, any leaming systcao needs o be sble to tecogni:
bt cvons eccur vt diffving fequencies, and chat these erquencis are conees
dependent. O of the simplest seochistic language moeels char capmures s of
these constraine, which we exident in all cunplex sysems, inchadiog langonge,
[CatopbelSa], i the smple 2%-andsr Markoy model, kenin a3 wigtarn modl i
e speech recogaition communicy whichs nfes  prokabiliy disceburion chat iscon
cestaal o tsc st recens o syibols in 2 sequenice. Shannon wsed such a e 10
e his quasi-langsage gencrations, and. S0 yeats laer, we vall lauoduce the tech-
g of stacusdc language modelivg using che same model

Lo aty e of stochsse model, probabilities an be estirnsted via dc maximuen-
likcelihood approsisoation shown in Equation 11.6.1, where i dhc! i 2 count of ths
narmher of tmes the symbal sequence i bas been obsersed in the past. nd “is 3
special vildcard symhal that seprcsenss amy syenbol fron da alphabet. This agution
imply calculatesthe requcy wich mhich the syl ¢ s ohseeved i the sancrct b
Ty narmaliving the conne of che wuraber of times che squanc 5. has bocn
ohserveil.

Pllabt - CixbiClad) [

Fur cxample, consider a 27 -nrsr Mckoy eaodel that apeaues un the ord Jevel
hac s, the symbob 1t wses correspond Lo weuds), el e inferte o the da v
i Fxaraple 11.6.1. The model willssckmate Plmaslon he) = 0.5 dus xa e it thar
Cfom s ) = 1 and Clom the 5 - 2. When wsed gencratively, i cnodel il aue-
put the word mat afer the sord sequence s e abon halfof e e

TH CAT SAT b TAE KAT. THE CAT GAT M 14E RAT
EXBMPLE 11.6.1 A ol o fagnons s fr e
Murkos pioel.

feense of a 2 onder

Most scodsic lnguage model are used in applicacions where a nouzeco picta-
biliy needs (0 be assigned o all pssibilites, che majorry of which Luve never been,
ubsetved. In che previous example, for sascance. Peearln zbe) = 0. Blondieg che prub
ahilicy estimates glvcn by scveral diffesnt model, incluling ths natve mold chat
igoare all vidence and assumes ua cveryrhiny s eqaly lkcly, s canntueny used to
solve s problera. Oue possible blendias suaregy is showa in Fquation 11.6.2.
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Fising triggets e seored in an STL tuleimap [Musserd |, sorted Uy prieriry.

ypost ste miCtorapensianed soort, TrisgerHeCOrdBIUC”
0. Tarsntareunsianed orores - RIS MAF;

Rucher than nsing the deluult 1pss-unssgned srarts comparison fanctiun,
the grostor-<unalg-ed short comparison fuaction i specfied 5o that the Lighust-
pttorty sriggers will belsted st A mulimap is wsed 1 allow dhuplicate eys. mean-
ing cripgecs vidh the sme oty

Ragistering a Trigger

igges e ackdect e gt sstom by calling Fegieter r=gger 3. RegtstarTragor (s
creaes & new rigee and sces s passeters £ vhe spesilied valuts. Rather than pass-
gl of he valus s parameters, prodine rigger types could be stored in resonuee
sl teferoncs 3 susucean canld be passed inscead.

inviged long CTeigoersysten: Rogistertraggurt
rirrrigge-1vpe 4" r-ager-ype, wnsioned Long _aP!
Gnerame g 0. rce, sanst et Lors veos, floal
Float fourazizn, baoL  MynanicSourtaPos |

i £ triager recerd, wnd 1
o erRacardSTr T DTPAgBETReca s —
o TriggorAeeorastrue( _eTriggerType, s
eRacius, Turation

Dynaniiourcercs)

17 Trigger reonras are soried & priv
o napTFihor g - {nssrr( TAIGGER, KAP: svelus_tiped neris-ity,
Brigpsraecardy 11

£1 oturn I undqe Sdens it er far <his trigger.
R N

v

The fncéion retusos  unique migger [D 10 che calle Tis T can be stoted, and.
used to refer back to thiscigger insance, In particufa, the 11 can b used  remove
che tiggse,

Removing & Trigaer

Ar times, it mighe b necessacy ur desirable co gemove. an existag tigger from the
wotld. 1 the somree of  igger dies, the wigger enighc bave no meaning. Some fig-
gors might be togeled acive and aacrive. A lever thac has heen pullod mighe no
Tomger be of any use o sgets, A character slghe b able o iguise bimself 1o tem-
porarily scnp emaating the CnerayNesr tiggee. Ln ll of hese cuses,dhe existing eig-
e an b emoved fromm che syatcan hy ealing RenoveTriggar .
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FIGURE 7.5.1 The planning archiceur,

i min char planing is o sumeching hac nesde £ he done every fame, D
on the game, agiven AT agant probbly oaly s o upilce it planmiog ance per
and, i dhat ofien. I here axe many agens in the wasld that need o ke pluos, thir
individual proscssing can be stagered s mkace the impacr at any one point In tme
Finally, withio che pracesing for 1 siagl s, the txle can be archicecesd such char
sach tip chrough the deciion.-making, cple s spread ot over mulgle updates.
Before we mone an 0 2 wallueongh of che decisfon-making process, ecs ctsb
Vish defivicions fo Lhe rerm e Figur 5.1 and groand thern in el game example.

N
Nesdsamd opporcuniics src the aseas the AL desies 0 take aciom on. For cxample, «
ot & shooces mighe decide thar i s e fur ot i e open and there ace enemies
ahaue. Conversely, an ssny mighe L nacby eha s unawaie of the bt prasence,
which comstitates an oppoTIIIT £ get 4 quick il Genersting th Fist of crrgorics
thar your Al will consider i the Firse wep in creatag,« plautia architectue.

and Opportunies

Qnls
Goalsace he specfic ahjecives the AL wass to aukieve, given che needs 3ad oppor-
funicics it has ideauiied. Ve bor i che previous cxumple wight crease wa gsk:
13 seeks cover, ind 21 acack the amsuspecting eneeny:
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11.6_ Using N-Gram Statistical Modela to Prodlct Player Befavior 01

Hfe Opponents

So o, s have wed the Negram 1o preice e behavior of buman opponene. We can
e echanism 10 have e comupurer miric the Liavior of human players
o this, e wil agei usc an N-gran trained o1 2 corpus of buucianplayed
games, Howsever, we will ind the table un e ATk enose eecent moves instcad of che
uaman plagees, and then selct 1 muve fusing the deveerainitic of mandeterministic
techuiques curingd previously) hat the baman player might have male i tha sini-
arion. Imagine a Quacbe bot based an an N-gew traincd on a corpus of Theck grmes.
you woukd e o ovwn vireual Thesh ac your fingerin!

The N-graoms discuesed i this anicl assume thae 3 plapee’s moves can be exsiined in.
isolation, I they depend beavily upon the oppoutots maes, chiv should be taken
e acenune in the efinitivns o the move sequences o bie acked.

Foe cxample. sappose that due ABCD game s carn based, vich plagers aliernac
ing rwncs, In 1 rigram model, whers the AL s teving to predice Mlager 1 nosc m
s it inde shoudd b Pl 1 st waove, il rhe sevond iodes shoutd be Flayer
e whers the maves of borh players cun comc 6 any order, die ABCD.
‘garue llicissly hecames an eighc-move game, wid: Jogal move see { AL A2, B, . §

2ulns

Lo stuacions where ol strugeure i presen bu Lued o specify esplicd, N-gramms
can previde an casy way o predie or duplicare human player behavior. They cia
therefore ad ralism o youe ALs play 757 minimal cost i, exesution e,

‘Horwerer, sace N-graims conanceace on kical rclarionships betwecn mas, chey
are sery poot prediceors of ngetecs plans, and vl pruvidl. mcaningless dta if 1o
behusiora pattetns smerge froat e wtaining, corpus. Finaly, an N-gean thar is nor
1aned to  specifc players style can also fal miscably,if chat player’ bebatioe sty
trom the norm s defined by the traloing corgus)

For more infarmarion on how <o e N-grams in achine learning f anguage
aod in auomace rext genararlon, s [Hutcheon02] dlsewhere in dis book,

Titorchents2” e, T e s 1. Pracival N Langonge Lo,
s Pigmig o Ches ives M, 2002
]V, . and M. . 1. NG Sprch and Lamguse Proses-
g Preice Eal, 2000
[Win1] Wigon: [ (1 and Bell. T. €, “The serfequeny problems: cimaring
ot probabiLsaf nove] s 6 Lpe s comgremin 177 i
rason ey, 37 (4, pp. 1085-109%, 1991

A
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Clasa Structure

We s previonsdy e the behaviors youll cvere will Funedon csacly as staces do.
This requires e satme basic infeastruceare for each of thosc classes. Wit you'l end
ap with i a syscem wich which most people ac: fumifiar, and can probably pick up.
it mach esphanation nszessacy

“The code exammple forthe clas Bas:canavacr shows whar your beliaviors shonld
do. There shauld alwsys be somerhing co do o yaur eotry—starc an animatiot,
sk snme caleulations, cicck gnme situatlons. and su fortl. Your process and it
Funcrions smight nor do anything, andl thac' fine. The key here s t0 underscaed that
il e the carrent belasiol, ¥ane Fracse fuuction sl be called for cvery ireration
of he player' ALtk

Class Basionensar

ieia exit(Oplayee)
“o.a Pravssa(Cplayer=1;

f

‘Samething el thac importan (o Lote here: each derivud hehavior will e sy
e st b, strucsure that concains suessage, coreespandiag functions. and
el behavinvs. The Fllowing code husratcs some eypical uansidon table entiics
Trom Rhviar Field Ball

(FESSIGE_INNIVG_ENDED, NUI 1, BEWAVIOR FUNTOTUROU! ) ;
HASSoGE FIELDRS GALLS BALL) Fiowscun(), BEHFTIR AIGN

Hehwviors alio arsn'e forced 10 ransivinn to other swres just becanse they'e
eecciek sl processed a message. The resulcant stare can be due sane a5 the curtent
e the SN just o' process the Entry and prat funceions,

Clusses oudd operaze with 1 basic message queus, handling messsges a6 they
arsve. This enabls us to send messages oo anywhere we wat {the game flow
ESMs, ather playens, v che balls FSAE, and have the agends behavior prowsss these
messages i the proper order. We ' stess sncugh Low important it is hat you have
2 ol messaging sytemm, Qccloaking e pareof your ALwill e hack @ haunt
you late, hut i is g snowgh, i cas o make up for somthing you've Frgomen
o sccount ot

1L s mmpartane co aso soc. chat the bebaviors aee anly built once foc cach FSM,
The behaviors act iadependentdy of player dira. You'll notice chat fanctions for che
hehasiors accepr a painter  the custso player as a0 argument. This enables s fo do
sy, e nezd o for e actor's mavermen.






index-588_1.png
800

Using the N-Gram

Section 11_Laaming

whers s comssant beren 10and 25, 41 is ths mumher of el moves and ¥ s che
onder o the N-gram, provides s eeasonable rule of b,

Tuning Taward Spacilic Playera
The taining method descibed I he provious action illyild 2 decens opponer,
capoble of providing a challongs 0 et players  lowever 1 expleie the Nofram
e Fullest, i shoul b ed o idividuad plyess et purciee

Tuning 1 N-geam t an Indivichuat s casy ll vou have 0 do i o che traiving
lgorichm agsin, on 2 corprs sgensnted wich a mamber of the playes games.

Dealing with Smalt Tralning Seta
Witk any et aiving, corpus, there is 4 chanve that  vali soquence. of N moves
ill at be scen. Such 1 scquience will b assignzd probability 7er in the Nogram, a5
i€t were illgal, while che sequences chae do appear in the corpus wil eceve scores
Larger thun they should.

& mumber of smonthing,lgorithrus hs heen developed e dsal with this prob-
Jem. O of hem, described in [ Wit 1] and [Juralsky0t], imvohses computing e
probabilcy that the newt sequence obscrved, i h training corpus et uger, soukd
hecne previonsly nscan, This e isthen divided by che oumber of egal sequences
that du ot appear in the corpus, and she quotient » wsigned to each of dhemn, The
probabilces of sequences that appeas in the waining corpus are then disoountod by o
relred factar 1o bing the rorl probabiliey mase back o |

A cesinad N-grercan be used n deerminsic o probabilnic v, depenling on
e type of bebaior yuu wish t implement i yout game, I both cases, your ALl
nced 0 Tndox e cigran an the st -1 mowes recandcd, nd Toap ower ehe carics
e e e pble mve, a i gh Following prdr-<ods smippet:

o st L= 0§ < Legaihves; o+ )

Lookat { Trieranl tonteuessga ([ Jssuwess 1L 15

For 3 descmiistic N-gram, sou shauld search for rhe eney wich she highesr
probabilic and sssame hat ehis move i caming, For a probabilistic Negesm. you vill
enstate a randorm urmber and pick  candidite according o the probabiliy diserbi
ion. To maks chis casicr, you shauld stans 3 cummolative probabilicy disribrion.
insead of event: probobilties per se, P cxamle, insead of sencing 0.3. 0.6, and 0.1
Forthree events, stoce 0.3, 0.9, s 1.0, This waysche st entry for which the comula
ive probabilic i smalos than yous random aucaber is the mave you shotld prodict.
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projoce,there will b aeas dhat will sequire caking Lacr once e enive archicectuee
s v, Tl good aews I char this is the soughest pasc of che whle prucess—ic
gets casier ram hers on v

Some points e bear n mind whir cacating your game analysi mechods include:

+ Cumsistent seales Tey o make sue chat vach funcrion’s mutpus s the raing
sl in the same fshion. In pamicilar see @ it it sach one uses chc onts
range. 1Fthe warse resule you ever see o & givcns catcgory is 50 ot of 11 s
time © bl o anciion.

+ Absolute resultn Ton agents in an idenical suativn should yild the same
e, Fane ngent i suppesed e play more defenshcly chan anather, for am-
ple, s should ot be ceflected here. Thase isues will be bandied by che godl
priostzason code.

Goal Formation and Evaluation

The mexe step i plunning is 0 18ke che absrracion of he pare vord drat you -
ackin the game analysis phase. andl use et evaluaes the slidi of the goal chat the
A1 aircady has, and form new goals i neceasary.

Tl svalusion of existing godls I sralghtiorsncd. For each une, siuply check
et the lse oF ncediopparcniy values o see wheche 1 i scll an issuc, For cxam-
ple, o b that has 1 ol of sekiig vover can consider rhe goal o be satisied i it
Cucrent Cuves ating s snFicienrly high. O of the decisions you will need 10 make.
s ehat che caraffsalos ace hic conGute sueses for you gols

n general,  goal i L b satsflod can be remeved from the s, but you will
probably find i uscful for thee o he 2 s of fxed goals drst ate sboays picsent in
cach AL wich atheos being aldsd dyainicaly s aecessay. In 2 srvegy game, for
instance, your AT would lkely mainrin 3 permansnt gl for each win condi
“Th st might noe b planning e ace on each condiion av ll e, bur i sberld
keep ol of them in mind in its plaseing 1 o pressing vzds come up, i can thea
atcempt to make progtess toward winaing the game even i e sicuation a¢ dhat
moment isn teribly condocive o doing s

"The next st i o use dhe cdfapportuniey values 1o create nevs poals. 1n duicg,
o, keep che fllowing poinrs n mind:

+ Multiple values: Goals night he hased e more than une nesdiopporcanicy
valus Tr example. che goal of Actack Player & gt oome abauc 2 a result of
hving both « gl Oflasive Pocentil racing and a lw Plyee A Lefense aci,
Allofthe crieria sod sheld b rolled i gl scues hat can be storod in che
gl el o we lacer.

+ Seonible cutofli: A with goal evauaion, you will probably need cutoff aluss
represcaring ac a minimom hurw el or bad 4 vabus has 0 b bofoee e ALwill
consider takim acion.
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ent Cooperation in F3M for Baseball _

FIBURE 0.7:3 Zone determinarion for inicial bl selaciy nctor

Cove e nscad of Bobacior Fikd Baly sl the picher (Bebanio Bk Up nesd
of Bcaor Cover B

bstor ignmeuts on ol balls e wrrbly comple, bor wich ol owo
o e e e o s mote g P, s i ppe gsnd in
e ek o dont b any behavios asgoments besides eevior Wach For
e a5 o, o b o corut nfclde (rind busrea) and gous
e kvt Fikd Bull, Fox s e e e o bi e o ball 6%
e comes ol g G ous cnrass il harl gt ke
or ik Roll.

e e oo, whot e have i Gy comples relew based gyam drat il ¢
vy ot m dh vight direcion wirh 8 common geal. B thouglh stery
o independenly o e obers. vhen viewe i, ey bave m bl
o gouh o thacs & bi scep tovands incligeoce.
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11.6

Practical Natural
Language Learning

Jason Hutchens—Amristar, and
Janty Barnes—Lionhead Studios

lan Turing,dhe facher of acfcial intclligence (AD, inveoduccd the Turing Tostin

1950 & meansaF indictiog the presence of machine inellgence via comveria-
ol svaluarion [Tuciug92], The "Holy Geail of Al Lias subsequenly been s
eret by many 1o be the constraction of  compute progtam thar can pass the Turing
Taxe

N language innecfaces were comomon fewures of compusee entersinent
snftware pror o th adven of sophisdcated comguer seaphics. Muli-usce dungeons
{8MUDS) fearured sophisticared. rale-hssed maural lingusge processng. while text
advensue s sy 23 Croter and Woods siginal Adensoe wod Tnfoconss Zork
v reprsen clasics uf thee genre. Tods an underground incetaceve it com-
ity continues o develop the ar form.

W mould ke o tac this cpparcuity 1o llutrate how 2 anguage leaming s
rem, when s conversaianal can grcatly contibuse foward he subiociv imprcs-
sion oFinelligence experienced by the plyer. Our hope i encourage developers 1o
serously consider adding navural Fenguage inerficss o theis gumes

T st by s acabily adept s ecogrtion L s copsble of gl
ing e focs of friends and Family, of distinguishing a quit spokn ord against louder
ambienc noise, of derecting, and setin,upon cause.<ffect elarinships n the eiton-
ment, and of peeceviag and undestanding g, both spoken and weie

On occasion, the hman brain over-cetends el decering meaning where nons
esises. Tk siuacion might be miliar e those who have fonnd thenuelves bedrd-
e it b dose ofinllens,and who liave saeed, i deliiows st uf il
he grin of a wooden viatdtobs. T b is consanly ooking fr paceeas, and the
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Enhancement: Action Descriptor

Section 2 Useful Technlques and Speolallzed Systoms

g —
“Etar sehninilevane

“When randaoiaiugsanimarions. e might be uscful o be able o deteesing which ani-
natios was randomly selecrsd. For cxample, dependiog ou which acck animation
was chosen, e might be a diffbeent saund el of diffrent amount of damige
inflictsd. An additiond) cmuen for the Action Diseriprvr e proside the needsd
infuraarion,

amun En.nhczacndesoripzer {
Kadase ovaiio -1
Kaves fone = 0,
Kanca Sning,
Kavase_Jab,

I3
The Acrion_any wup cus be modified o use 4 steuct 2 the vahue inseeud of 3
eharacter sring, The scuct omrains he chatacter sring Rlename, 10d accompanying
Action Deseriptar.
Ry
t

Sher soanan:lelana[KAX_PATIO
SnindctionTescriptor s4EtiOATESC

I3
Eypedel a1zl tivapeEnmotion,
oAt tracts ACT-ONAHTH_vaP;

Fimall, Gotaninalson(; can be madifiod co take a chind paramersr; a pointer W
an Action Descripeor.

cenat char+ GatAnination (TmuRsnsCo-dition oAniacond,
Frumhstion sAction, Ensthel ionlasoripter’ SoACE:AnDesc)

N, when 0staninationt i called, the calle can pas in an Enumbstioaneseriptar
o be il iy aftr Gevsanznstion) zandmy selecrs an animation. The caller can
dhon derermine i the Adack acrion was specifically 3 swing or  jab. Putting it
all togsther, the aese andamiation code looks like dhis:

1 Get -umber of wrinations Sisted for this act10n
Long neaunt = photacnaniadan scounc( edction 1;

Fick 4 randon index
i¢ng nincax = Rand( noount )

it ~ pastionsnimiap-~Find] sAcrion )}
Far( 2ang Index; 04, a3t )
paninlncuStrait = AL 99 1t-ts00md );

S asdctiondese - WL )
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. plan i seris of sp yuar AT sll cary vut in arder 0 schicve 3 goal. My imes,
 pls il contain ooy o clemen, Lut by aoveng or cass in which muliple steps
‘e nscesary, we can koep our ol streambined and Smple.

Actions/Behaviors
This i where the cubbue inosts che ruad, Actions and belsavines ave all o the things
bt your AL can do i the gaene, In an RIS, for example, the Lt of game actions
ol inchuds thivgs such o Build Srruceure X. Ruild Unic Y, 4dd Unit ¥ w Geonp.
2. and 50 on, Tn genecal, there shauld be 2 ane-m-one coewespandence berwesn the
L of acions for sc AT and the intesface commssuds availshle to dic player. Behav
o, om e ather band, axe geirally things yuu invere. To 2 shoorer, you uight have
bebviors sich as Look for Coven Patcul Area X, and Deiend Uacation Y.

T ehissecion, we <l s theotgh sach phase of che decision: miaking pricess, show-
g b the picces it wogether, Please ot chat chere will nr b any cods simples
bece, a5 this woukl b samewchat imptactical snd not  good we of space

Game Anaiyals
The fist, and perhaps nuosc difficle, plisse n the planniog prewess s the game analy-
s phase. e you will have a cullecrion of functivas that analyus the world state
from the perspctive o a given Al sgent. Jo general,chere will be 1 one-co-oms corro-
spondence becvssen thess mothods an itens o your NecdstOpportunitics lic the
bect af this phase s o cake the meriad pioces of data in the garme warld and con
dense them Tuto @ snapshos at s casily digesed by the decision making code. For
here on wat, we will sfer 10 chis informuacon asthe neediopparaunity valucs,

So, whac should thess funcrivns da. oxsedy? For cach category of incerese, these
Should b 1 fncrion that takes the infarmatiolt knawn o che AT and expresses it a5 2
et on 2 sale of your choasing. The vy the scale is st up and how different
gainc stes map 1o falues on it s carinly up o you. Vou might wiser everyehin fo
the range of 1 t0 100, and liuve a simacion . s twice s good yield 1 oumber owice
s ligh, Alternatiely. you ccd ser up: & yscem in which positive muanbers e good,
‘ncgacive mrabers e b, che rangy s +/~ 10,000, and the progession is scponeutial
<o chat the becte ar e u uution is e mote i villdomisat caleoleoms furcher
un i the process.

Itis definiely worch your whilk o spend. 2 good deal of it un the game aals-
sis unctions, The decisions your Al makes will anly be as good as th information
bl e, and s methods create the inpu © the decision-naking ende. Fur
hermore, i i licly thaz you wll v fo tae thess Functions as the projevt pro-
gresss. M mater b good your undeestanding of the gine workd is carly in
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The Ball Hit Event

Sactions _Rasing and Sports Al

el For e sparosare el event drsen, Thine's 1ok rnch vse bere foe cortples
puthfading, ot of isghtfl wisdom, or the ahiliy e commnicats wich
NPC. The cvene shae gete the hall rollmg fpun oteedod I baschals case is what
el call the Bl Hit eveon. Al spots Lave somethng. comparoble—foodbal s 2
asp backey b the deopplog ofth e, nd bskezbll pecesthe fump bl I s
whetc i go om horsthi nskes ching imtersing.

Initial Behavior Asalmments—Fieldera

Il Ball i event. providet s wich crongh informacion  ssign propee beavios o
excty member on cirher cean., What it leases up 00 us i the informarion gotheriog,
and processing, “Uhe bullsiniial velociy vector will provide us sieh sl af our basic
infarmation. We can take this tniial velocity and ernte the ball theough s entirc
patl, eves including scadinm caliion. Assurmiag your physivs cigine s robust {sec
AdsirdaD. the halls lighe s 10-perueut prodecezrined from the mmuoent of
impact,atJast until L ol she €3 aeted opers by your ilders.

W can store the balls gasicion for every iszativs of ouc physics madel—we'l
sl chis lrer We can s detetnine Use 84 fype and 4 zne based wo e bl
il vslosivy b cotzer, The type and sane are ey 1o caleulate—tbe zone clcula-
ion s seaigh rigonomstry, whilk the ype calculution Is worc an appficaian of 3
rale. ser. 12 chese rules thur will eventually derarming hosy “smarc” yous Gelders

apprac. Figare 9.7.3 sluows o we divide the feld up inco 10 sones for bebavior
assignments,

Note tha the o negarve sones see bath i fnl cariory. s il ek i s
e o posccatch et nd rcording ones i the bos score e,

“The bi e detceminaions acea bit sors omlcaed. Theve are o many dif-
et vy basebal can taveldhat hers 2z lcrally hundreds of difreat it ypes,
For ot prapass, dngh, wel implify it as mach a possble. The bsic hie pes
ar bt e g ball. eyl 5, o i ype B dive. Vors cm sy desse
e basic bt types Ly applyitg 4 vety il s f e 1 the lghe pach and using
e bl i, beighr, th e  cakes fo e ball b b geound, and e
sgninuds afits iniial velocity. Suone e, e used bt ypes re i spe dibbir.
Histyp popap,bis ype dees doive, it e rounder, and b peses e

Givel  sone ad b ype, we com sy drive s ropee s ol bohavions for the
Fitder. For cxamiple, on & hie type gruusd bllin Zone 7, e can see that the Gt
e nd e gt Gl .00 bor b given Ao ild Bl e hid b
saan dhind bash, horoseop isocnnd base), catcher (e plte, and pircher (Frse
) areall given Hehavior Coser Bt The second bascran wil asome siher Schar
iar Cutos Betuvior ild Bl dcpeoding,on the i velocie of e Ll The o
ieldesand cesnr cdr il bov b s i Hack U ooking o felders andior
s 10 hack op. Campare chi co & bll bic ith ope s e fy bl co the sucne
el e bebviar s el the . cscspr o the ft s chinior
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Baserunning Bohaviora

Buscrunning, while an itcgial pare of the gatne, I not niacly ws complex s the Geld-
g prion, Auauy given e, uancts ac assuming only one of v extrenly basic
bebavion by are cicher running or shey arec rupning, Any licle Lo

ot the difference betwra these o things, buc chey ot be able 1o ell you wly.

“The prirsary bebavior s ems wel call Bghasio G Lhis bulavior i self-explanacory
‘much lik maay of your bekbador pames shookd Le. I you find yoursif wondericg,
whata behavior dos, theics & grod chance I a combinariuo o bebaviors. T com
lermene  Bobscior Go's Bebaviar Go Tt Runnecs vill L assigned this belavior in
cesponsc 1 erents sich as usee Laput or 2 ballbeing caugh.

“The bascumres Toic-sraes onachin ao bas i e secsion of an dls—diferior
Wach, Ve is also an “acton” venslon of Bebavior Watch, which is chavior Frerce
Eehavior Go TTaffuay i sccually 3 comhieation of o ather belviors (Behavior Go
and Bebastor Foeez. The rcason icdissoves wiqueness is the fact that chis i Laughe
behmior, When a rupnce doesri wsucac Bebavior Zig Up v a fy ball kel usually
assure this bchvior.

Sevcel hehaviurs are s at decsion clickpiers fac the ranoers. Thess belav
s e important bcane some actually limic the bebasis of other cunnen. Befor-
o St 5. hehavioe absuluiely assaciated with a st of smimations. Thets are many
rags o slide inco ang paricular base, so Wb & 2 necssis Note here as well thar
Hehavior Side sy ocampassss 4 eunner slowing W a base—dlide is @ genstic werm
iniplying thar the runmsr i stopping.ac the buse. Rebasior T wnd Go and Seherior
Trn ased Look axe bebaviars ko tisd uogther ith 3 set of suiaracions, but e are
vy From any pha at the base. bigare 57,1 oulines the How of typical Lo
beluiors

can el

FIOURE 8.7 Jbssibde msisions and oo for bsesunner beaoions.
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9.7

Agent Cooperation in FSMs for
Baseball

P. J. Snavely—Accialm Studlos Austin
psnavely@acclaim.cam

Qs b o gl b s p el The intodccion
of the met generaton of cansoles has becughr wich it the nesd for  move ateli-
et spous sonlaion—anc thar il save a distinee impression uo the user. This
aricls covers the applicacion of only e of drese sports. but ks heart in che kel
edge that the fuduanentl principles ouclined here apply 10 amy sporcs game.

Sprs, in general, provide: s with clasic examples of object oriented acchilce
rare, hink abon it at s mose has:Level, U pame i nade up of  set number of
playes and a Lall, This: playess creais tcams, which comprise 2 world thac hehaves
wichin a < of rules. Plaers have prederecmined bebaviors, which oprrac: widhin 3
Anicesrare machine (KA. These bebaiors bave distine scarting and cnding paiors,
wich cheas Lransitons o et bebaviors,

Dsoball s an cacellons seudy- i artficil imselligence. e is aspoet based uat -
hers. percencrges,risks, and expecsed hehuviur, OF all the major spors, bascball has 2
Dollowsiag dhat s o kel s be able o poine cne any Aaws in the areifical incells
‘gence. LIopefully with the help of chis aricle youlllbe sure o Leepall your bases cov-
ered—pun intended.

‘Fhe st sk s deigaing sy sport gane AL s onumersce your bebaviors—define
what your actots will bo doing, For aut purposes, well he refering w bebavions
cesely 35 i hey werestates in 3 feesate macbine. Realisical, chats what they
are—biavion bave beginaig,  proces. and an end, These hehaviorswillfam the
st foryone AL and game staceswill provide the backbone For your g ow: We
can sres by imparean i chat AL and game law o spocts gatic ae b off
e saie mochiest

For bascbal, e can divide the game up ine several diiu ases: ickdig,
secunning.and bartrfpicher.For the purposes of i anties,we'l anly b acking,
he feding and basecunniog aras of the game, g the batccfpichee v i el aa.

pre





index-585_1.png
1.5 Using N-Oram Statistical Motels to Prosict Playor Bofavior

& Nods -0 has ougoing, odgss eading 10 odes teprasenting ol events thar can,
ponibly Tolow the soquence 14/-1

The odge leading from nuxle M-/ co mode N on each path i cagged with the prob-
ahilrg thas M vl follow 1,41

& bigaam s a0 Nogeaa wich ¥ equal 0 2, which redinees 1o » backow chain. A
rignen i vme with N oqual 10 2

Lu i, gaens-developer oglid

s mans chat the sasicst ay ro implenen an
N-gram is an Aedimosianal ey ehere dimeasions 10 N-J are indesed on aplayees

ot e, - e, el i, s bl of probablis w10 predic he
et e, e e of gl s is ¢, che Negram will comein A2 e,

sanst ins unLegavoves < 20
I Trigrenl unsageLiores 1L mniegslloves 11 muml agritaves 1
T At af the pravawatdlity thal & foLloes B 45 hZgn snough

S( Trsgranl 0 1 & LA | > sonc thresncaa 1
a0 sonething;

1175 Foon ha mast rotakle nexs move gvew Tt e ko wnat the
1 Phapa 1o fone saventiy. -

tepoara = 4106 THENITY;

T 1005 1% kegaesy 100 L

0

55 Triqranl s1ghely01dbriors 11 mastiecenthoe 10
f

Coore Trageamy suigymoerions 1{ sestincentunie 11 14
Srebanlaexthose -

)
B

1> vopsaors
)

N-Grams In Spanch Recognition

Trigrams ace comeuvnly used 10 model anguage in specch recouition. Consider the
problemn of diffrcrriating bevwezas homonyms such 23 ‘ime” and “thyme” To a
sprch recognizer, chey lrerally sound thesame; bowsees, he phense i fis ke n
vt makes {some) etse, while“thyome lies ke an armow” s oc. Given the or-
gy comphes srverars o busnn Yangnage, 3 perfec decishon agorithm for cases

e s soul e be bl 1o sum b el e, even i complese and womanbig
ous English gramonar vded

Obseracion of written cect, Luwever, shaws chat the sequence of words ot are
o e happens moe [requently than the sequence *you ore on duyic.” Langusge
has, among othes ptopeties, hat of ol tructure: sords ace not sringed wngesher
randuen ordes and words apukes lose togerher cend w iollucnce cach other’s mean-
g sore rhan wenrds spoken fsr apare. Buikling an N-graem repressoting the probe-
bilviesof word sexaencss in Tnglish, chereore, s greae vabus i speech cognitian:
§ analysis of the incoming scousc sl for 8 ward leaves the recognizer wonfused

Levweetn "iens” and chyme,” kowoseing thas he proceding words were “yott ae o’
solves rhe probleon
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che ruse_inden varabl o the Fupzysecsese el hese salucsare added rogehes i
et the ual sy ndes.

Foc crample, in 35353 st (Gt inpr sarizbls, cach with theee s o
would be 27 coral ule. The rute. 4nces vahues woud b

Vaiable 0 Variable 1 Vanble 2
52000 500 00
st 1:9 w13 1
1218 sw2:6 s

To get dhe rle fndex soresspemding 10 vulasf 2111111, the affsc or the dind
oo n shese aray foe Vaiable O s o, which i LA This process coninuss
o cach dimemion o the era adcling sach volue 0 end up il e cquacion: 13-
301222 wbich b he 23nd cloment in the one-dimensional ol aray. This
cans shor only (N1 addicons sce il cvery fime. the rfe ind for an 7
imensionil oy i clulted.

Defuzzicotion
To climinate exrea calcalatians, FELL does not caleulac the defueuified uutpu valus
il ic i requeted. For cxampk, i 8 madel has four inpuc variabls aod the ourmur
value s dleulated every tme.am input value chaogel, dee unnccsssary output cleu-
tjons wauld accur.

T Center of Geasity definzificarion mechod males heaey use of lookup tabes,
while the Mean of Masimum merhoe siroply soes 4 single valuc per outpuc st See
gt u7iard; and Novmefusavardt:  respectively, or each et decals.

ModelChild Relotionabip
O or wate objects”can use a FELL model a the sane i These “ohijss” are
sefeed o as children ofche FFLL madel, For cxample,  racny game gl use onc
model, and ench AL cousellod car wonld e 2 child of che emodel. Any ehid-specific
information, sich 15 inpuc and aucputalues, are st of the chikd. The ALY encapsu-
Lines s informarion to case coding.

Muhithread Support
Sinceall e clsees In FELL hold infocenasion fsucl: as e rulesh that is shared amony.
children, and each child maiotaits its awn inpuc values, each chill can sably bein 2
separate thread. Note dat a L time of chis printing the dhildeen themselves ae oot
dhreud sl

Unicods Support

Al stings imthe FFLL Kbraey use the wids character data type estar_t. This proxides
he ability o avc FFLL in dnble-byre langusges, and avoids using Microsafe specibe
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of picceding, comenc, the occazencos must b cesversed o g oczartencs
lec recent anes

A ot i Bave e 3 vty o comparsehe maceh sizes o all ascrtoncss
of £,y using the rmcch szes ofthe occumeness of A 1 we add anoches lver (0 the
Scquene, we can wne dhe uarch 47 of 5 again (0 compre the new st
The soricim s selfsustiniog onee iz, 1 we et wich a sanpty soguence.
e inithlzacion s rivil

“The sohiion presatd hre has  runieg e of O@¥). Fach fme a new cle-
men s scded 10 the sequence, e lgoridun oy Reods 10 nspect ol secumences of
i deanen.

Implomentation
A shats el o is o design an cfiient ata strworues har sappores the dlgorichm.
When 4 vew Lt is added, we want o quickly look up all i sccureences in che
sequens, For this reasan, we introduce an armay the size of ou alphaber. W will cll
chis array the biogram, Indsx J i the bistograi cuncins 2 st of all occarases of
clement § i the squence. The eccutenoss are ordkred = they appear in he
sequcnce. Tach occusrence conains 2 poincer o iesentey i the sequence. When an
clnent i added ta the sequence, s securtencsis aded 10 the hiscogran

W also viane t seore he march sies ogerher with the eleioens i 1he sequence.
Thus, a0 carry in ehe sequence s 3 rocord containing the specific cement and its
match sire. We will eep insariane shas the watchsize is vald for all occusrunces el
0 the Lt liamene ofche seqaence. For ld ucher oceurrences, e muaeh i73 can be
unisirialied. since we axe nevec golag 10 inspect them diseutly.

The following code oarlines che algoidwu, For clatie, 3t wses dixec indeing o
Bind cntes in the acsurrencas list, but you should rersee theough tis . This is
possible sinceall enisies are indescd squenrially

List oueuronces - Histogran{NextELamsnt] 5

inr vasitchdize = 0, MoviaterTosition

For {ine L - Goau-renoss,GeLsI7er) 1: 1 2= 03 i1 [
Enry ThisEntry - DstésquanciEdteyincour-enses(il)
Erntry Nadgnbou - Gt #TrHsighbo.r {THISEN LIy

i+ detorwins mcer size
55" Heagrbour. = anent == rormerListELOnent) |
Thiskntry., ikchize - 1 + Noighoour datens:ze;

3 else {
Thisniry Kashsize

)

11 cecara Le-gth & pasition ¢ Teegest Aubstring
S5 Trhistal vy dstehgize > Nahetongizay
Vatenize - TRiSTriry NatohSizy:

\tchPasition = Thiskmry. Mositis

'
)
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PGURE 2.8:2 St of st comple S-Curves pusable iy FILL.

i Soarch of Spead

FELT o designed o be fast thessfore, Lovkup ablesase sed wherever possble.sao-
fidiag some mernoey for the ke o spocd.

h sccs smeushership function cantaios looku able used 0 speed che “Huraif
ian” prossss, This lookup bl i e vates. array 31 the Nerberru-cess class,
which conains Fizzytar isnlsgascix srray_voun! demenis, Fach aresy cloment
okds 8 TIOM value that i bewcon 767 and F.77par L oBas sz _acrag nax_ii,
Sl of 100 or 200 for »_ar-ay cauns provide good rsalr: he larger rhe value of
« avey_count, the Lger che nemory Foerpriod of the model

“The sariables Xearis saluss et be mapped to the vad.es amey The vabus of
« arrey_ount determines how enany X.ais vahues are epresented by each dement
im0 (b veiues agay. For example, I varkablss Xoaxis had a sane of 0 o 50 (s in
Fipare 28.1) and « 3rray_count wrs 100, ach index in the vasues atey would -
et 05 talnes (SO7100). 1 x_wrvay_eunt isclangeed w 5B, cach “srp” woulg be
L vl (30730), Think of che valuc of x_array court s the. "sample livquensy” of
U memheslip funccions the more sumpis, he smocthet che curve.

T detctrmin che DOM ofa vsiablgs x value, it s comverted 1 an imde inco she
vatucs sxeny b the Furzyvariablonass: convo t valus_to_iae() funcion. Fach vt
i varable b is vaLus aray ehecked acchat index o gor the secs DOM:

Figuue 2.1 shuws a varisble with four sets and an inpuc value of 16,08, which
s a DOM of .14 for the Hianghe st 10« DOM of 0.4 for the Yinpezaid set. Ibe
orher et i that sarable have  vabue of eeo for dhat ind i the sarues aceay.

One-Dimenalonal Rules Amay

'EFLL scores sules in # ne-diomensiomal ary. This avoids the complesitis of dyoate
{ealy allocating a molti-disnensional aresy In /s when che ounber of imansions
5t ke beforehand,

"To speed acoes ra he array cleeenes d avoid potenialy sty auuliplications
ypicl duing ey accesss, h ofets into the aceay ace precadalared and storod in
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and instead s che scandued flocking rules propesed by Craig Reymolds. yous llcles
wll Ay indefitely i & general direvtion uori chey ase o longer visble

Primary and Socondary Aniemala

Primary s socondary anioudls aec miach mate fin, Howsver, they require greatct
detail and programonicg elfors o make e appear lieike. The followig bebavior
parcerns apph o large mammals, the tpe thst o woulkd s in st bt sms-
lation.

+ They cad 0 ollne a seodlechrovaghon dhe dy.

- They frequenta fised emmber of paces.

* They Lue more than one sctve sensiog mechaviom, some nors been s
otkes,

« Thei senses e allete by Factors i the emvirononen fense of sl i imiced
hen sling, <rc

+ U tpically avoid by comeacr, bt can b donpesous whe nmerei

* Thoy typically Luve procicrabe ceavions e suacions. bt can st wntiary sa
hove o atc cessons,aushs 3¢ & e o the Playet and ki bizn
vt when sarprved.

These animals should Lave a full rcay of sensing mevhanismns hat include hear-
g, smell, and sigh, Simpls. proimitg scnsing, will make hese animals appear shal-
low und wiseal, Pepending on dc
i more acurc. Vioss anduals ofchi type L poorviion. They als esctco otber an
s i the viciaity Uiac e hehaving abnomelly.or 1o aeas af the envisunment that
have heeu cseenly aered, Ty s have the dbiley t alarm any animals widkiss 2
cert distance.

Programuioss these animals s bese achieved using stare maclings. Although
Anice-siae machines [DybsandD0] can be aloguate for creating chem. using fuzry
ogic IMcCuskexD0] or furrs-stae machines can make il more lifelike. In addh-
ion, she emvirotucnt shonld be tichly erhede with st information thae exn be
changed and sensed by ol participants (scizoals and playees) in che game. This dusl
st a0d sense mechanism pakes foe vey tcal anienals.,

A impl tick uscd 0 rucn & itc-seace machine into &y marhine i o define
o special stce that i ol fuzs, When entecing this s
et simomian and e chanss the appropase fiits sate, hased on dhe wscssment.
This sick ca help create a fusy-see enachine that swould wark with the simplicicy
‘st machine, ad could also generatc dcbog informauion when rying 10 fine-
an the bebavive ol die animal

‘am fgortan thing co rsciuber fr almost all ATis “nt-oF Sight” opemizations
This applics very well 1 aninal Al 2 well, When e animulis no i sight and is one
of range of the phayet, you shanld decrease is wse of processing cime w3 minimum,
s i cxcles for doing arliional wark on s animals that wre

e anienal,cither the seuse of sl or hracitg

an il asesses Ll cur-
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Conclusion

Checking dhis pefotmanc indicacor bis an additional lvansge. When e
sequence i just ststing up, sl matching preiction i somerinues uable to find
any matching, substring at all, nd recarus O Forche sie. F this happs, you shuald
narinspc the predicred eleuent, bue instead sey upon a seconubary hearsic,such
ruodom predietion,

Fredlotar Sustching
i sotue case, . i psible n generate altiple soquences, and you do ot kno
befrshand wichrequcncewill it  <puisepartern. 7 abo bl chac e
sequene or anotbe exhibirs 3 rpetidve e, but they ot cxbbi « reperiie
" With the performance indicatar, i ave a tool fo moasute how well a oercainy
predictr i sworking. You cin monicse mulipl squences. 1nd s e predicen char
ik e best prodicton.

atthe same tin,

ImBroxing the Prediotion
o the ariginal algorichm, v sisaply sk che suceessor of he Jougest matching sub-
suing s che predictud elemea ofche sequence. Tt i passibl ta improve che predictor
by raking ull natching substings inva accoun—nor josr e Jougest wne—and dse 4
probubilic distibucion to detcriviae the clemen Wat has the best chances o be the
et element in the sequence. Since the sring-matching dgarichen alwady yields
these substsiogs, this improvernent < incspeasive m implenieat.

W e dae following cansiceratian: @ tecent asd long nutriing i kely o yicld 2
better predicrinn than  shorr on that occured b in the pase. For cacl substring
 that anatche the il we can compic e following quaniy:

Prionlee = Lonih{ 1 Disanse ToTalE S )

“Then, for each clocnca in the slphabat, we can compute the sam of profiction
value of il substsings preceding that lemar, The element wich the highest predic
o value i the best prediceion for the segusnce. We cun use the prodiction slue a1
the e pesformance indicator of aur predictor.

Sequential prdictian Is excelleor for maing yoour Al aware of patieras thar ate casily
recogaieed by huenans, When vour AL bas to ehiose between « fee things that are
oually possible, simpl sadstics wou' bely o 0 enake  dicision: hoseoves, seaquen-
sl previction sxcels i dhis aea. All you necd is & way €0 capeuee dre exvencia crents
e darn soquence.

Alwugh you it be remprod, s ufien hest ot t0 use sequertial prediction
ll the cime. Aaticipation i aio s matter of taling charwes, aud if he predicton i
weong, ehis could have canscquences. Yoo shond use rnileipk scacegies, and swicch
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Listing 2.6.2 Demo

Source Fuezy Logic Library

2.4 s concans singlton ontput s, Singletonsare used with he Mian of Max-
i defeficamon et outpu s discece vl L ca easly be interpreced
iy the callng progeue (Lissing 236.2).

N
)
L UNCEE
U 306 g e bl it e FCL fl e o 281

gt

Listing 2.82 s o program chat lads the FCL model shown in Lisng 281,
acceptsimpon fom the s, and displays che st ousgui valoe. Tle proggam can
e found on the CD.

LL prog

inosca *RATL R 7 TTLL AP
Hirclue <cactroan.nei for 110 furciicns

our meastn s 13¢ varisnte

Faeting DR HEATH 0 1
| nomy enih 36 Pon variabie

Soctine ENEHNY IEALIE 1

- radntant arye, snart argull)

values for dnput varaables
Mt e et 0 4o

ast our_nerth, snom_h
char cotiurs 11 var for 5

ot sete (1os: Haxen
vt praciionc2) ¢

only tisgtay 2 ascamsl

Ji coenre ond Luod the model
imweded | FOI_ave nodelLt)s

4o ret_val = 1111_Load Tol_falognosel, ©..\iaieiston.r21'hi

1t irst_uet -

Saur <« "Error Gpaang siwisacn. oL’
Fatuen 03
j

11 oreate u onida Tor the o
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sportsal

* ey will ventually secann o che same arca.
+ They will ry o el food fram others, and protect food they found fram cnhers.

These animals need  lisle more progearmming ellort. A sanple state rachine
works ceslly wel for them, Sute Iufurzaation can be sored for inreraction with the
Players churaceer and also waty orhars of chair awn ype. Simple lacomnuion cod for
moving an rhe gromnd anda sicnple fighe i o oecessasy, For same basic princi-
ples s [Reynclds9], and for a spevife example o this bebavior.sce [ReynoklsOUL

e

A Dok of birds i » ellseudiod probfemn. and you can find 2 lot of informacion
shout i on the Web. Some cxusllent buse wark tur omargent flock hehesiar & found.
i [Reynolds 91 and [Woodzock00.. Allowing a flack o form in dhis way s o1
vory selicic ocks, much ke the hundreds of scrlogs you can see swartmiog acvass
che sky i che spriog,

Fenweves, maldig a ok of birds have a samse of prpase amd direction requless 3
Ll eadorship. This is achisvod by llowing one bied {dhe leadeq) o inllucnce the
Fack mare thun the e, Here ars sorue adclional idcasfor parural looking flocks:

+ Kiep dhem cogerher (heading ol vstage diverion ofthe flock)
+ Keep them sparate doric et hom clump ).

+ It i s shead o he lsder, e i down i 4 aternpe o g bebind

+ 1 b flls bebied, speed € up o Kosp up

+ e une af e binds (the ladss) gearer aucharie in decdig he disetion for
b flack,

Change the lealer onc i il

Mk some bieds brck way From s flock once in & whil,

Don'lrthese schels g con ar vy

Lot e Rock gnore e bl at s and hedrasm cothen a ovher s,

Programming 1 ock ofbirds docs nar roquire a loc of detiled sate oformacion
pet bisd. Flock-wide informarian—who i che leader, who ace the rebls, whese are i
going, arc e atracted o cebels—is e uselul, The code involved is more in the.
cestn of Locumotion.

Schoais of Fish
Schoolsof it ar very similo o flocks of binl,except dacy tond to change direcion,
s a whole, mors ofcn. This can be accomplished by baving duaens of g locadons
ot caviromment, wih yon ich mildly arscted o one goal at e, IFzou Fan-
dorely it the ol ever bwo o 1 scconds, you will gr 2 nice schavling ez
‘whece every ih seems 10 utn shatphe 1 the cume rme

Flaving anciom gouls foryour fcischools i  good technique or keeping yur
irds and b consruined w « purticalar aces, T you don' rcor i goal locaton,
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m Racognition with Samuential Prediction

ke the sun carcfully planned route, <o thar they are back whien the iroms respavin.
They pick up the ammi> when s st esh, lezving you wath empry i,

From the srstegic poin of vew it i mut seey clever 1o he prelictable in chrasing
your way. You cokd run into an ambush, ar you eould et ceacked. Ac least, chal
ould happen 0 you i che Al bots were capahle of nodcing partrr.

‘Supore that we parciion the map ineo cowrus, and we asign cach roon 3 uniqn
murber. Whecwst 4 player enters  coots, e ke the soom susubet as che next els-
menc for our ssquence. 1 the plaper i« making counds, lis esalcs n 3 repetitive par
corn chat e can detect using sequential prdictian.

L dpends on your ethical point o view swherhee oe mot you allow your bots ¢
s chisscquince infurtmation, Since 1% unlikely that bocs can generate chis nforma-
i through disect abservacion, ic i wlly vonsidered cheacing.

Howeces, sven thanigh it might ot b entircly G, i can eahance the gimeplay.
For example, Firis prodictes 1ha che gamer will go w a crain mam and an enceny
i happens o b in it coom aheady, it could ki an ambush position. Al i 2
boe humts e gaster through some cowrus snd then s sighe, it could “prodict” he
coute chat the player b taken, This will make playees tare caotious in clowsing
eheir way, which adds 0 ch raerical aemosphete

Vhe s pastern i wsefal i you wan 10 derece patteens i the ot of ceraio
“uravlors™ T apply the patesn, yon ned a “map’” that can he divided into "1a0ms.”

Tips and Tricks
We have scen baw <o impletucar 3 simple form of sequantal prdictinn, <ad e s
sormeaf os praciical uses it gamss. By o, you prabably bave 2 good i of the it
arions is which seueatial prediction & usefl, and. huw w genrate a sequence.

‘Ones you have obuained # suquence, the application of seqneadal predicion is
cay. Homere, you might stll expetiente sume dificaleizs widh s proper enplement:
o, T thi setian, we peesent sorn clps har willlelp wich eaning your implunen-
ation ofstring marcking predicrian.

Pertonmance Indicator

Whenever the soquence dnos nor wontain 2 repertive pattern. e predicrion il be
e o lass arhitrarg. As 4 ceull, your game bebaves randomly wheniver the gamer
docs s0. I sy siwadons this i fine, Lot somerimes you swoddd i o ke
whether e prodicrinn i gaod o bad. For example, in a tenols game, i is preferalle
Lo textcar to che centet swad of mving randomly over the play fekd whien s pre-
diction is bad.

‘D you nanermher the implsmentacion of sring-mauching prediction? e algo-
dthan rocurned the sie sl pasiion of every subsring that marched the il and we
s his o make a predicsion. Snce  lovsge subatring gnerally gives usa berter pre-
diccion than # shore ane, we an use e size of che langeat matching substring 2 3
pertormance indicator [or our algorithm.
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aucemprs ar machits Leaning resubed in unplayable games ot ATs hat feamed poutly,
i3t all. Foe al rs potential benefits, Lesiog, partculadt when applied intpprope-
can b a disuster. There are several ceasas Jor this:

« Machine leroing (ML) yscems an latn th wrong s, I he A1 sscos foun
he hurmas laer’s pla sl an incomptene player can crily miseducate the
a

- MI. cochniques cun be difcul o tuns and cwcs 10 ahievs the dsired rvlis
Teaming, e sequine o "fcaes [unction” t judge chor vzess and il them
b sl they ave leamed, Crering 4 eallenging and competca computee
pla s ane thing, b hove do ot program a fimess Cuncion for “fan”

+ Same machine Jarnimg axhaologis—neucl ecworks . paticlar-—ar
beiously el o modif, e, or deu

« Final, heve e ausey gecves e in-game sarniog st docn's make winch
semse.Tn st acion games und ackand.lash role-playing games,che A1 opgo-
‘s scldom lee o gl 0 ook s i the s, much ks eam angchin;

Besides thesc isues, i3 o say chat 2 laqge pare of the problom has spruny
Lo the indlusey’s ows [ 10 spply Learning spproaches conary. Dexelopurs
e ofen atenpeed o use leammig 1o develop an A1 0 a basic el of comporence.
that ic contd ave aained more quickly and casily with eraditional rules-hased AL
approaches. This s counterproduscive. Machine learning approaches are most usciul
and approptiase in sivatians shery che AT entites aerually need m lara somicching.

Revent games such a5 Black ¢ White prove hepond any doube chat learning
approaches are useluf and cnrertining and can add sigrificsnc vabue o 2 o' AT
Y earmiog appeoachcs are poswerfl ol and can shine when used in the right contert
The by, as Alack 2 Whie el demonsteates, i 0 us easning s on cefully con
sidesed compunen vithin & muliayered system rhat wses 2 number of other tech-
miques fot the many AL sublasks thas derc berefic o wachine lesceing.

Nioch o die dipariey bereen e AL and maimscests AL stoms oo diflsnc in
. Acadeniic Al pussues carprdinaely diffcule problems such a Smiating
Busman oogition and underscinding natural nguage. But gatne A s 1l sbous fo:
‘it el of h day, e sce sl 3 bsines. You b 2 cusmmes who paid $40
i you game, and b or s st 1 b entertaed. Tn many s geavce—astion
gt in pacialas it sorprisingly sy to develop s AT that will cansisteorly
ounce i lager ichut breklog o svear. Ui s “vclgent” from i AT per-
specive, bt it ot whi ot custornses buugh the game for. Deep T et K
pivew in ches, buc It bever e o sanegcln s oppontran assrtion Kiphcor

Bimaellca srcly confirm.
2 seme, s hams chat game AL called "AL” a af. The term dos 55 much
o obscre the natare of our ndenvors 3 I docs 1o lluminate e, ¥ it eren' o luc
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11.5

Using N-Gram Statistical
Models to Predict Player
Behavior

Frangois Dominic Laramée
francoislaramee@videotron.ca

Yok one momiagand ety ol i sl
eting suinuncled by S Cold Sreve Ausin. Ho can you gt o of s
predicanca alve o hopsfully wichou any unenilia oinrs in ny of sour b2

el use seacding there ooking helpes or welking sevund i daces ot do
e cich. A o ll o, charging ull s s sl ou deop will nly g1
you discmboreeld qicker. Agsinst 4 oppun of his calibe, defense i ac s 25
imporane s offense

Floweres, el definss requirs 1 ressonable scmase of wht 0 cxpest from
e oppoacar. Ina ypien eesling match, your upponent ill lkely chrow punches
nons o tha be wall peform coskoutew eansasls. owever, what e happens
e g o the to arnbuckl, cing away fom e rg? All o sndden,the
prsbalality of 8 moorinl bascionbed deamatically. What do y0 do bow?

Whea deigning computcs opponches o 3 game, s lss o problem, n which
vt probubildesgrow or shink aceording e loca coment and seacmre, can be
salvod using 3 saisica modelclledan N.-gram.

Von exampl. ek g that you 1 wping o predicewhich e will o ot in
he sequence ABABABABR. $o far, b bs been Bllowed by A thuce timcs, and by 1
e Basod on ahscrtion aF thi squence, we can conclude chas he probahilicy of
Sing an & nese s 75%, il da robabiliy aF B is 259, his is exsely what an
N-grurm does: 1 abserecs g soqosncesof event,doifes suls-sequences h form
gl paresns, and s 0 predice upeoanig eveets bsed on s expericnce.

Defining the N-Gram

Tochoiely, am Mg i 5 probadlii. dicected, scwlic graph wth the el
propere:

+ Kach complee pal theough the raph contains exacly A s

+ Ln e i pach, nodcs 1 6 N-" coreespomi 0 exets i (he past,
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o unpredicabllic to your geme 41—l 0 e dismy of o QA deparement
FPLL provices  slid buse aF code hac you are fe 1 enhance, extend, and
iprove, Whether usel fot tapid procaryping vf a5 2 componeant in an AL engiee,
FELL can save sigoificant time and maney:
Finally, plase consider conuburing any modiliacions yon mabe o PHLL to the
prcct o i velse and atherscan benefi rom yous confribudors.
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crearures inchude:

+ Vinitssrate machines
* Vusry.seuce machines

+ Fast rondann namber gencracor

+ Simpls patbfinding

+ Waypoines and the abiity o seck out chir locarin

+ Sight wich tnable discancs and enviruomenal effut

« Smellwith runsble discance and enirantaennal stfoct

+ Hearing with sl distance and environmenesl efece
+ Avoidance of a targec aren

+ Avoidance of a subject

+ Hlight oo o sabjeut

+ Emrgency flight (ran now and think later and reconery
+ Seeking a subject

imulatiog rea aalis] belivior s 4 complox probiem, bor when dune sight, it can
2d depth and eealism ro 3 garnes cmvironmee. The copeidon [os s ieldof pro-
gravmming, namrs icel, s very akilled and enperivoced. Kean shecrvacion nd a semse

o the pesceptions of e asget audience are raportant for suceess in ehis endearor
Animals used. I gamcs fll inen theee beoad caegcies: anubient aimals, sec-
ndary animals, snd prieary animals. Auculs i ganncs should not ond up beiny; 3
distractivn or nuisue, and seed o be very carcfilly made w blend wil e v
Lonmat, This can be achieved by clasely simolasing real animual bebavior, Auimals in
bralsa with

gans appear more st whie daey ot waly incrace wirh the piay
ather animal in Uhe eavitonmen.

‘Mose ambiene aninal can be programmed ik sinple stare Information and
ronddamnumber genecators. Focks of L sre casy to make, bur e is haed e make
thean ook nataral, Some of the Ideas prosenrod in chi areicle were wwed 10 ceae 3
oty vealisic fock of hindsin ehe discance in Liuks 2001, Prinuary and sccondary ank-
mals ncud more complex dica sractuies sush 35 srte machines. Prienary animals
ahusakd be given a Full artay of scnsing capabilifes s that they du not appea onc
dimensional and onreal. They must als ioteract with e eaniconoens i which they-
s, his mukes i maodstary that the envizonment is rich with state informmation
hat the anianalscan vse. Fally s essing and runahle pacsonetess will allow you
fine.ame the game 1o perfection.
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Letwont chern. Only ansicpate on 3 o when the performance
you thas che prdivcion aaust be sight—shat' how humans do .

v fen e sase wich machine learning techniques that o s up for the gen.
e cast, the diffcule pare wich sequzaial puedicrian is nor really implemeating the
techniqoe, hue making e chaique wschul. Ln chis ariele, we wied f0 facus on
vhe pracical usprees, s of the ochnique assimple 25 possible, Hapefully, you biave
leuened hac pacectns recognition and sequcntal predicrion are wsefol. Perliaps yon
e havs e ideas movs of o ta s shem in your owen raaes. Goad k!

ot is lfng
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rigger every ciens it moves. An cxunple might he an TeemeNear tigger, which Is
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FFLL AP1
s i artils is ot ingended o be che FFLL documentaton, ualy the AP! fanerons

e wwed in the sample progeum {1 fting 2.8.2) e lsted wirh 4 Lef descriprion
of cach, Fos fll documentatiou, sce the 'L hocpage [APIOL

Why an A7
You gt he sandcring, “why bother wids ant AP to TF1, mhens programmers cn
acccss the Usses diretly— why add paore cods 1o FELLE” The AP i for duredupens
who eane o us the peccompiled DILL ssulfor do not st to iupor the chsses into
s application. I you ar using a compikr ader tan the.m a DLL was buile with,
chers righe be seversl confusing stegs co importthe libtary correely:

Unicods Support
Any funstion that soquires secings a< paeawees will hass both an ASCH and wie-
ehataotus veasin. IF UNLGOTE is defined swhen you comnpile youc applicaton, che
widecharactce version isclled; ulcewise, the ASCIT verston s called,

AP1 Functions

“Toblo 2.8.1 i che FFLT. APH functons used In Lisig 2.3.1. T e ull 401 oo
menmsrion, se¢ the B LI homcpage (AFIAT] ‘

Toblo 2.6.1 Savaral FFLL AP4 Fatetions Yoed t Listing 28.2

g el

Parpoee. v 2 okl et s o he iy g el
Pacamaten: o,

Retuma: o The ind5of e modHl ceised_or =T Faror.

A S
Parpases Crentesa e smud om 4 e i ehe IEC 811317 Fazy Conual Lamgnge
(FCL) fonar
Parameterst _tnodel_idr—nder of 5 ot o Toad Il ini
arh—pai e nare of e Fle 1 oal
Reirwr o The index of vhe modelloled i sueee, o if e

Coaes chid for b o, -
morde s —index of the modHl o i e I o
It The indes ofthe dld Frverew,or- Ireror
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lengeh of i cntirs sequence), but o sring - maching predictin, s vaue is mever
needed, Thercfore, Table 11.4.1 indicates tha s do not cate abou i

“The fist s additioms o the sequencs ar self explanrory, since dac lorrers are
micque in the soquence. Howeves, things srast 10 gec inteesting at N3, We add an A
e the sequence amd we Lind an occurrence ol A ndex 0. Sincs ¢« not. preceded by i
e Rormer las lesen flcrer 5 that s so0 N<3), we s ifs macch sce w 1.

At Med. we add 2 Bt the sequsnce. We find 2 B at indes . preoeded by an A
indese b, which happetns €0 be the former Lt clemene. LTieefors, the match size of
his 71 plus the march e of this A, for  tonal vl 2.

&t -5, wc add another B 0 the sequence, We find owo occurronces of B, s
i 1 and 3, bt mone of chem ae preverled by the former Last clement. Hencs, s
secthe match sies ol thse eccurrences o 1

By muwe you probably ualererand what bappuns at M= and N-7. You cun see
dhat i march sies deline craetly che subscings tha saatch che tal. Yo suing-
‘matching prediction, s jusrtake ehe longesr subserng;thac msuches cae ail, and ke
it sncceeding elemen as e preicted successur of the soqpuence.

T e s sectinon, we cxplained the techeique bebind suing-matching prodic-
on, You have seea that iPyous want to apply seanential predicrin, yous game muse
somehony prodce a sequence. I fcr, Hinding a way 1o generate chis squenee i che
ol diffcult e chat rermit,since che rest can b solved s standaad cechmiyus.

I shis section, we il rcat sora prascical exameles thar will he presented in @
conseractive mancr, Frt, we 1y 10 idenify some eepecicive hehavior. Nowt, we sesk
vy o onap e hehavior obic 8 seqaence of clements. At s poin, oar gae i
capable of genecatu, the soquence, Wi wil discuss how scauenial prediction will
affee the gumephy, Finaly we will gonsralise s seperirive belavior into 2 clax of
problean thac an be sobved using rhe same techmicg.

Fositioning Pattem
In a clasical s game, chere ace oy renmis plagets, Suppose che AT controk one
lager, and e ocher play is sonrrolle by b input. To avoid confusion. the Al-
playce s called dor from now on, and the buonan playes i caled gamer

us a0 el the bebavlor of he botaer the resl senois pros. We are par-
eularly interestd i how the cenmis pros dlwosse thelr position. There 1cs 1o vl
Konown heuristcs:the st i1 retsea o che ceoter of th field aferevery setarn, o
the secund is s v <0 the pusitinn where the ball s cxpected o 50,

Suppase thac au bor s standing o une side ofche cennts 6ld. T s adsancigeous
o the gomer o play the ball o che opposits side, bevause rhar makes i hacd for the
boe o return the bal. 1 che bu suceceds in securning e ball nonetheless, it s scand-
ing on a sde of the Ald agal, and the sans scasoning can be repemed. This is the
cepet

bebavior we wil e
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Loading » Model

FFLL can fosd il in the Pazay Contral Language (FCL) as delined in the 1EC
11317 Inetuaciona] Standad for Fuszy Conttol Srogramriog, Sce Lising 2.8.1
foran exumple of a FCL fle

Wning & Model

Cresing and debupging a iy model s ifful o i you cstc visaliss shat ho
Sumy vaviabls and secs ook like. While FFLE does ao pravids any builvin icwing
capaliis, the FCT. fosmat is supported by Louder Than A Bonbls Spark’ ey
o edivo. A free vesion of this program, called Spack! Viswe, s avalible on the
€D and on the Web [Louder01

Exporied symiols

FELL can be sl as 2 clas Hibrasy andior through an AP, For dlass libraty wse. the
Crut g macr detcrmines howr chsscs aee orported Gf the code i compiled 2+ 3
DL} using the “ssandn” programming rcthed of cnadional compiluion:

Fovtans PRI _APL
“alse

Tatart Fru__gxeoms
baating

folse

infinn “FLL ap1 _teclspec(nilinat)

i

TfpeL_rpors s defued, mose of the cases il be expurtod, allowing develo-
ets o acoes the claces ditcoly ] hypss the APT funceioms. These chasss see
eponted wing._gectspoctdLizcpnre), 2 mothod of erting da is L suppuricd
by ol compllerlinkes. F pan defi_STATIC_L26. 00 importiog, b cxpasing of
chses b perforncd,

"The FRLL AP! functions a csported using extern '€ and a def e, This s e
st genecic medhud and avoids any name niangling/decoraion. 1o def fle oo
o sxplicily asigaiag, el valies o fanciions, which awids versio condics
25w AP functians arc aded 0 FELL.

Vinking w a DL can be diffcalr  yoisc wing a conpile ot than the one
he DL s bl i, Cheel yonr wompilecs documenarino andfor the FELL
hoacpage Fo tips an linking with che FE1L Hbrasy.
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1 amiamals ot teaHlif sncivies have been principally used in the theoretical AT

wcld 1 preve worepts, new ideas, and algordhms. Recendy, ehe concope has
lowy crepr into ganes 4 well. They eam e suep in games in the veey bsic form
nough Ay bieds, Aurerin buterlies. and an occaskonalpigeon of hicken. They
aprear i dightly motc drancer Form in statesy games, al i & more accarat and
selsic fovm as ey in various hunring, simelations. Most examples of chose amimals
o very Ll i thei behaviar axd tend fo e 4 discaction rathr than ilping
e fanher che susposion of disbeliel

This astcle liscusses the lessons Lsared sehle adding such cutties o sporis
and huniag games. We talk bour e diffron types of animals it have major aod
mimr oles in vasius genes. We o present some s or giving; thesc animals
« Lidlke feel, programming stroctares dhac are suirable, and s basic building.
blocks for evary rype of behavior.

Stuy the Competition

“The et hing an eaginest nesds o do when teying o recrsate animols in 4 game 0
sy the compedtion. This doesirc mean othor games duat fave simias creaures—
the el conmperivion in chis Bl is mseh smmarcr and more expecivond: natare et
ou must relise bt you are oy
enpurioncs the player has had wih real ol

o o ahcad, lnak out yovar s ac the flocks of irds ying, sraund, go <0
your ganden and observe the bugs und che humainghids. Go on & hiking of hunting
i wirh yonr buddy snd experionce it for soursels

Next,sesearch che perceprions of the penple who ipteract with these exeatuess in
che eal iorld. Read bootks, go <o Web it sbuu oudoor actvivics,a watch relusd.
modia coverage, T i fust a knportant o ger 3 feel o your caget audiences percep-
ioms of the animals and selared activiies, Fen i your game i scencifealy couie in
purtaying am anital’s hehavior, If the carget audiences perceprinn i diffrents you
will e Fuled.

o imicate watre in your gamne anl e the,

410





index-578_1.png
Section 11 Leanning

Uptataseguance (HexcELSROI )
Updatanistogran(uextElans-t)
Formarianleienen: - RextELements
ko 4 orodiosicn
o Markseoiiza > 0) {
Precistion  SequenceiaatchPosition + 1] Elsnant.

l

Instead of monitosing dhe < soquence—which could geow infiniely lrge—
i is prefesble  we a siding, window to monitor the most recens parc of the
sequence, ey, el N e,

This approach has o advaneages. lire, i allows s 0 we a fxecsir areay,
which is more conveniene w implement. Second, the preditor will adspt morc
quickly whea the behanior of e xucacs changes. A disidvancage s char e an oo
fonger derect pactems kgt han th s of o windony. Hece, we mast chuose
carchll. Check oot che source code an the L fur the deailsof the implemencarion

The Algorithm at Work
165 tae o a0 examapl of th sting-maching algorichm. We will cansider the Linaey
saquence A B A B2 A B which is geneewed incremmentally: we sar with the ernpey
sequence, and gradually sl s, The resuls e shown in Teble [L4.1 (="
denotesdhat we don' care bow a valus).

Tifora e aded 2 new lerer, e ree compuce the match izs for all vccusrences of
ehis lecue i the sequence. Afer Usat, v scusally add e lexer. We d his o prevent
iaving o compute the march size for e st clement in the sequence. According 10
ot dofiniion of match sie, s shovld seethe march sz uf he Lastelement 10 N {che

Tablo 14.4.1 Tha String-Hatohing Abgortthm ot Work
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£ Rear Death 5= (0, 01 (0, 1) (4, 0) ;
TEEK Goud iz (14, 0) {50, 1) (23, 01
TERY Excallent 0 (50, 01 (100, 1) (100, 03 ;

END_FLzLEY

FUZZIFY agprossivanssa
TER Sun ey - 1
TEm

e FUzZIFY

wTIon: Wk
D_DEFURZIFY

AuLesLoo rirat

I

G

AULE 8¢ 1F :

AL 1 Llent TIEN :gnt Dofensively:

BULE 2: IF Good M0 vear_neath THEN ALL fur_sttace;

RULE 3: 1F Scerient AW Good THEN ALL Dt Attak:
5 T Excollant A ExceLlant T4 Fignt Defensivoly
51 % Excollant D Nearnectr THEN ALL fus artacw:
6 ir Near_Deat #h0 o0d THEN Run Avmy;

Hear_beath #HO Excallent 14ER R kvays
Har bsath 2D \ear. 025%h THEN Fioht,

e AULEALOCS

entivaly;

ERO_FUNCTION Lo

This models v inpme varisblos (Ous_Haleb and Enensy_1 i) ae graplically
shawe in Figuce 2.4.3. The ourpus variable o this anudsl s Aggracvenes: Figare

8 gl B i I

FIGURE 2.8.3  Healsh coriables specifcd s the FCL file in Licing 28,1 wish i it
value of 20,10,
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Buge.

I an oudoots sexing, bugs ars inevitsble. When wsed subil chey adl dharscter 0
che wnironmene. & busterly or Liks 2001 was vrcaced chat s 3 lot of un and veey.
salisrc.

Here are saine abervatians about butteefies:

They aevse il in  stoight ine.
They dorie ahwags lup s wings.

Wi chey O the wings, they dou v Fll bt as binds do.
They are accacted toward euain abjecrs.

Ther cay o svoid any naoving cnstics

They wually say It e area

Al dhese s hlped 10 create  sauple andom nusber based buesly eatiy
shat was very lislie, and ueded dep 0 beaasifl bt raher less olf couscs. The:
Guuteatly kepe Smple state inormarion and dwided on it nest cows of acrin by
the ol ofthe dice.

Sienilac obscrvations miude abub otber lil ceeatwees can help penerate simple
rule scts, When combined with a random numbee gencrator, these rles can make for
[

Solttary Animat

Selitaty animals can e used In barh outdoor sl wban serings.
Tiighflying cages oc sinilar birds can st be cirelimg certal arcas of your euxi-

ramment aid add som I za i,

© “Vhese Lids Hap their wings very rarl:

+ Thiy go from one ans o anasher only 10 catcs upard drafes of wind.

+ They circle the azca slowly phding dusearvard.

+ “Dhicy can be made w interact wich groundlevel crearures such ws foh or chip-
naunks.

These enicies dusft sy oo mach programing effor uales shy nesd
inceract it o arbicnr crescures. They nevd 1o have sioaple st inforniation
and focomorion-telared code. I they are o incecact with arher creucures. tin they.
ot have grsacer sl diat o for huncing and surival

“The ather sicing in which solcary animals can be ws is i environmens.
These animk e be gigzons, ehickans, chipmunl, ks, ar ather seni-lomeicrted
anlanals.

+ These avimale tend o stay in 2 imited aea
« Much of Lhen offoressee dicscted sovard fcding.

- They tond co e iy cuunfortablesith hurman prscec nd are o aslyscarred.
+ They will maincain 4 safe discance andl ouly doparean acea if pussued
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Sectlon 11 Loaming

W i patidon the ply ticd of our bot into imaginary blacks, and usign sach
bk & upique mumbsr. The mapping fncrin that e e 1 genere he scqerns k-
e i seupls whenevee e bl Eall o block, e murmber of s o e
the e slement of th sequeace. It s ey o s that the resuling sequence abbis
cepestve pacem fhe hall s el e from ans side o the orher s,

Flows vill s i AL affct gimepla? I the bt coace e srople pattens.some:
intereting siaions aic. For example. e but i lock A sl expectscheball o
50 € block D, sou conld sec the bor rumning From A 0 1, swsn bt the gancr
e the ball, Sioce e patcscan s che Al rscts upon e ofen simple, he
gamercan sl ecogni this nd cotupeuste by Do e predictable,

Tt posirionng perir can b s i many s sicacions 2wl I g
s applicabe for predicto the pusison where some “hieee” will e a “Srface.” This
e accure in many Lall g, For exaple, i  baslll e, sou coukd e it
o predict pitch choice, nd 1 2 soccer game, e kosper could cse it to pedictthe
cormer  jump to dusing penaly shooting,

Anticipation Patisrn
I 2 fighting game, yan haes acrions such as “Kick,” unch.” *bock” and s 11
Gaaners el 0 e Bavoriesmoves, which they use more feequeney. Bors could ancici-
pare chese moves with seqential prediction and espud widh the proper coumtermoves

I mamy Rghring gams, bt block a th time.dhe gamer preses an acton but
o, T wauld b el more Fun Fshe A sucessfully predices ehe players e enove
and weacss defor the o buuon is prssed. OF couss, sometimes the prediction
will be errancons, yer hat cartesponds t fauly avticpation, which aules the AT
appeas wore rediic

T sou can puediot e ot player ation wing pateen secogiivn, you can dsa
prevent gomers from Kicking your bots unconscious wih jusea single 7pe of arack.
You can foree dhe gamer t e all amack moves, which makes yonr game mare
livess, and addsa sens of e, sisce (e game conousmply defat your bots
with a ingls mave,

“To apply sequential predicrion in this siuarion. we murmber all possble player
accians, Wheneser dhe ganc peeors 3 cenain ation, we Lk s numbee 2 the
next clamer.of ths soquence. Then, prodicring the nest acion of the gaet boil
w0 predicing the next clement of ths sequence.

The. anicpusion s i welul i "dose cobat” g situatons, where you
e o it 2 “ne aerion? o thar your Al an periorm a "counteaction.” Close
conubec cen include sword ighes and even mage fight, where “counseractions” could
be taken ro b comneer spells,

Tracker Pattern

I yousve cusr played a multi-player fise-persan shanter, Yau probbly ks poople
whas L syt o picking wp ll e smemo,. medikics, and so forch, They shways
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23_AData-Driven Architecture for Animation Gelection _ s

Adapting the Action Table

S0 wtemnona 1- Kaon_wTast )
h

raturn Gotnsmetaong KGO DefsuLE, SAction 1

Peturn ML
)

The Action Table s descebed Js partcalaely vl snied fo animacion ystemns that
o pariaody anisaions. Parisl-body awimations allow 3 charactet w perform
muliple actfons atonce, Vor example, 2 characer can oongimne alking with s bower
oy wlile s npper honly animates an aaack or eserion.

There are various wage the Action Table conld be udlapeed 0 it an aimation
sy chat only allows full-bury acimaiens. To a Sll body animation sgstem, there
mighe el 0 be-anathee level of branching, 1 allow actians o L animared depend.
o the character’s snoveims e or pocture, For example, dretc night be sepaatc ani-
v for atcacking while walkiu, nd accacking wlile sanding, il

Ou: approach could be 1o pack twu s into the bey i the second wap.
Rather than kit ol anly the Snumict: o, che isc 16 bits could be the Enuactan,
and the second 16 bits could e s mumecscurs. Anochee spproach enuld he o key
ofT  custom sruce holdiug scwcral enarms Los action.
hing else. 1L roaps allow wsers o supply heir own custom cmpurison fancrions.
o umique data ypes ke e suuce described provinus

entuie, mevernem, and any-

ncement: Randomniz:

Rindomizacion is & caminons Loqirement of an animasion system for 1 gaene., Clar-
acters tepiely have sevcralides, acacks, and reaces, b ey Inok wmore Ll and
Tess oboric as they animae, The Action Lable can eaity handle rudamization by
clauging the ACTICH_AIH_4e from an STL map o a muldiaap,

Far the mos pact, ST miltsuage are dentical 10 nuaps. The differcnce s ehas
malimaps alow (ot dopicate keys. Ths means chat the data can vontain several il
Seean atmations for the same acion and condicion. The muliimap provides o
cowt 1) Fincrion to iud our howe may valuos shase  key, and  tnd() Suncrion that
seruros the fies itertar cortesponding 1o the spesitiod key. Here is an xample of
consnting bow many aimarions matzh un Enmnotaa-. and randomly chuosing one
af them

i et un
1319 nco.

o anien. icns listor for Ihas aotsan
 PACTLANLINGE 0.t cartiar )

Ssck & raniornoex.
Long rTa0ex - Fardi 5

3.2k = pan) onanlnksp. SFin{ sacicn )
e A
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AFFLL Example

hi it npomible o build an i fuzz i ol s FULES exporsd casss
o piacice i s bist o ceat gy ogic models s che FCL Lguage

ol ool of the T s ot pravtcal i his il de 0 spac md
oy eotons The o seudee can fd Gt om FCL om b Wb
[IECS?] and in the FELL vode.

Tiing 21 s an ICL il that st ey model o e he e
e e enoled charures based an s hei an it covmy's beald, e
B i o npa vcislc. One_Health and By, Foal,sed ome vty var
e matsonen ot tht. th s tht compris L condirian pu of i rlex
et e 1 o sciv’an ANDed gt n h et hat e vt
ablc they bedong o are declared imche FCL ik
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Tl use of suimils in gumnes fills it chree wmsjor cansgories: fise, ambien amioaals
nsod o cnbance the caviranment ofche garne and give It more Yve” fel. Next, s
ondary aniemal. ke thass in strategy games chat bave sams player inceraction BU arc
ot e s focos of e game. Finaly, peimary animals like chose in hunding sima-
fations thar ac che primary facus of the gacme, This secton of Lhe arricle discuses
some of the amienal thar ot can s in cach of these ol

Ambiont Animala

mbicnt aiaals ace sed  eohsce che cavinonament, of e e o v i o
e el Thes aimals ar o slevane doring, gamsplay: Hosvews, chie presnce
s the eovironanea sl more alive and ich, and thersfo more believsble, thus
ienproving che overall immezive natue of the game. Dependin ot che shitonec
s g,y can e sy ar locks ofnd, Aing inseces, sl snioals such
a5 squiels or s, or B i nedor or ndoor setiogs. Adding these bicor -
e il make yout game me beliessble o add  certin ticheen t the caviton
mene. Making them et with ome seather can 1dd 4 whole ew dimenson 1

Sovondary Animals
Secamdary animals a3 liritcd amoune of neracrion wichthe player, They ply a
it i pameplay. bt ae ot the primacy focus of the game. [bis caregary includes
animals char act a5 a tesouree in 2 eal tone sratey e, o o # eceu ud more
innevarie gams desigr, 1 animal in 700 simulacon, Thcse animal need o be
nelligent but o limited, o chae the nscesary interacton with thm doss nat
ke focas vy o the maia gane phy. The cypes of animas that can b wsed for
his cisgory are lired oy by the game dign.

Brimary Animalo
Prinvary antmals e the focun of e gutue ol buvs s et eelation 1o the prisusty
objectives of 2 game. The chaiocs fo chis chss of animals arc again dependent on the
game design, buc che poential for crearing a rmuly el experiencs it phenomenal
These animuals aee typlealy e s b siouulatons i Lave recenly beeu vildly
pomular in cortain domegraphics

How They Bohave -

This section presents some ahssrvations shout different animals from shipped cicles

along wich sotme Ideas ot eoliancentents, Alsy presented e somue progruning ees

used o eomvert these abservarions into in-game eniics.
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Tools for Dabugging and Tuning Res

'+ Special cameras sucl as the masix, sl rame, aod chasc and. follow should he
used sparingly.

+ Specil camorasshould ever be used woe atter che other

+ Follons cameras should be used 4 [ox and serve 35 breathers between other

= Never stch foom ine Sullow camera. vaiation to anotbet juse adfacenc w i

+ Use pas o lnok hack casncras 0 show the subject n reation 0 ather actors wheo
the apportuaity ariss.

+ Exery connera shonld knows whar cameca Lo steh o i case it loses st of the
subject.

- Some camera Jock good in squence: for exatuple, 2 right il o ircl o Tl rll

+ Seueisces that ae appropriae fo the particular gare ype sbauld be ound and

wol

‘AL programemens lave st recently satced paying auenion to couls, The reaizacion
thar goond couls s greak AL Lis hekped improve the qualiy of both tools and AL
Civen it the ereatium of replays is mare of an art st «sciencr, the programmer
st provide tools for an acise or designer 10 play with, Here i a lis of addtioual
conls that you can add 0 your asenal ro make i simple to put ogether 4 geac eplsy
engins

+ The abiliy  hal the simvlacion st aoy point and 10 roam the stae with the cur-

& “The abiliy o switch the subiort of any camera

+ The abiliv to see the namse and selevat parameters of the curreut camera a: any
ime (o ot juscin e debugger!). & goud sfersnce for his i 2 paper by Joho
Obens Olsent0].

- "The abiity 10 change and store th elevane pacamuorrs of the curment cameea at

any cime.

+ Ty abiliy o selectivdy st any uf the subjects whileleelog che resc of the im-
wlation concioue.

+ The bility o t3ke screenshots of he cusrent view {masketing folkes il Love yan
forit.

+ The ability to see vehich camers the carrenc caers is gning 10 owitch to, and
change it

+ The abili to knsw why che most ecenl amera swiel necured.

Gonclusion

el give 2 game the opparmurily to shosease it graphiss and action by corefuly
crating o seres o camera views ud transitons, They alsa allow plagers rosce patis of
the game stage chat they could ot during regular gameplay, adding v the valuc ofthe
game,

i
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same, except fix e tall We ey 10 <xploir chis consideracion o obeain 2 better
sabrion.

For chis rason, e take a closer ook 4L whic bappo
“lemeat 102 sequence, Suppase that out eriginal ssquence ends with the leuer 4, and
char o add he locer B Tigare 11.4.1).

axcrly when we add a new

match size =X

ld sequence cls

Al s A
A

|
vewssquenee [ B8] | Al W] 1~

i 1

matchsize= 1 matchsi

X+l

FIGURE 11,4,1 Compacing new matches hased o precions masche

Mo et o ll sbstsogs dhat poateh che £l ofthe.old sequence. Obseeve
i these subsrings st nl with the leper A Morae, soch b eis or
ey oecumence of 4 inthe sequence. We definethe e so o occuerence s th.
letg uf the ooget bt suding with accurtence A and mavching che el oF
e sequence

‘Supposethatwe knowe she atch s of l occurmenues o A i i ok sequencs.
o we e i oot Lo compite the acch sacs or sl ocgurrences of B che
e soquenc? Yo, i conl Tk ol e Figuee | LA.1 i, W disinguish o

+ An nccurrence of 8 nor preceded by an occuence of A
+ Au seurrensr of B preceded by an nccarronce of 4

The Sz case Is easist, I we find an accarencs of & that i nor preceded by an
oxccurtence of A.its match size must he 1 (Fyou dons underscand shy jusc compare
chis icuation with che sl

If4n oceursence of Bis pecceded by an occurence of A, things become  hic ase
complicansd. Tloweser, sinee we are assumed t kaow the maich sizes oF all occur
rences of A, i6h ot that diieule, Resmeruber Usat the macch sbe of A i the length of
a subsering thar marches the tail of the old soquence. We can sxeend chis subsctug
irh rhe lssrr 7 o abrain & subsing that macches che new cail. Hence, the nusich
s of Bis 1 phusche mch stz of A

You mighe b wondsring et the same rules pply fan A is alded nviead o
B The anser isyos, buc then rhe direcrion in which the occussences of A are
verssd i impacoun. Since s rewite vl szes and somerines Kequire tasch sis
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Section2 Useful Techniques and Socialized Systams.

While chote is o subsituss or ouldng theoughs the vode, diseccion
ofthe fexres o PTLL

Ctass Hierarchy
Thue Following care shows th chss bisracchy of FELL:

- IR - b
Fumy Modeltiss et
FuyVarkdlebsse ZCaGDREYO
L FuzayOuiarisble MOMDeliuz¥acObj
Juyebse DefuSelObj
U Py Oussec OO eRurSecif
ManberFuncBis MOMDeluaSOk
[ WembertumeSCares Ry

femberFuncSingle
—hemberFuncTrap
—bfembertund'i

Mombership Funotions
Fucsy variablescontain secs, and sach set has 3 membeship fanction wsaciated with i
‘The menbessbip fancrion definesthe secsshape and i wsed 1 "fcaly” the » valurs o
ehe variable hy assaciring a DOM sith an 2 valye. Whik che emosr comman mea
benlip fanction wied in fuzey syscemms i a iange [KGleYiaan). PELL provide sup-
porefor Thanghs, Piapeauids, 5-Carns, and Singlvons s shown in Figuse 2.8.1,

FIGURE 2.1 A varible shing
FFLL

four mensberibip fumction s avaiiable

It s worch noring thar the §-Girwe memabership Euncron i not iemited 10 bell
shiped curves, snd can represent iy cornplex curves s shenen in Tigare 2.2,
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Sectiona Racing and Sports A1
The “Watrtx” Camera

Thicis 0 esential <amera type papulaccod by the movie Zhe Mati Ve cumers
e some o all of the action, e slows ¥ dowm while I circes around h subjes,
“Thiscameragives a very i e and should e used when e subfec s g
Someshiog pectsculr. Tyt st I spatogls anagb jus e i he etz reply.
Circta Camara

Thiscamerseype ol circles the subjeet whilaking a i, Tt s e ot 4 s,
svenc portion of e tephy, o 1 sow kg down s 3 acsion-packed sequence
T ao he wse s ransiem camera co go fom one side ofth player t wnothee.
Kft o isht o o 0 back.

St Frame Camers
This camens e has alc buve popndciod by smovie and i smothes varisdon of the
statc punaing camers. s th subjectpasss by. he camera pauses (he ation . e
far oxarals sulain  sequenee of phorograph heing,raken. Visusl ot sl
lacendwhite frames o s shuser sounch o nbance dhe eiece of thiscarn
era L camera should b wed in <anjuncrion with nonplayel acuos i the s,
ik photographers 2t the sdeles of a sports evene.

Camera Placomant

Camera placeement rules apply 1 replays char are based on & xed stage shere e
actors ae foreee 1 e iide certin comfines. Racing nd arema e ae ideal fos s
placement. Cameras ean be plced] srategically at locacions that are lkely o see par of
the acion, ruch as ums on 4 meeveack ar gaal posts on & spasts ied. Whenn e sub-
ot comes inshde che eacge of e camers, the camera shenld he activaced, Games in
which the playee can g shywhicre v « wugher job of placing fced camerss

Cameras should occasianally be placed where mote than une actor is vslle in
addicion (o the subject. This gives a sense of perspective t a scene, while adding 3
nice, cinematic couch,

Gamera Swhching
This seion ineludes some general ules for camera swicching in racing ot indé
ieualspoes i that Lave been Iearned from experioce.

+ A camera sequence should st be shotier than twa secands,

& cameca sequence shonld o be longer chan e seconds.

* A Ganera swieh shoold mever cue o the oppesice sids of a phayee, becanse rhis it
sery disncienting,

= The subject should shrays he vsible n  sequence, or these shovld be the e
pation that the subject i abost 10 appeae.

+ Soricipacory rimss should not axozed two seconds.

= Transitions fom ome camera t0 anocher should be scamlss. idet imtsuly or
theonigh & propes sansiion o avuid visual ‘pops”in the repl:
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Noe all ptietas ate repeciiv, a5 you cnight. capect, [owiever, most patcens
cepeciive i natare, and can be mapped nnta  repetitive counteupars. For scample.
Ui sequence™t 2 & 4 can be mapped onte 1 1 17 by aking the difference becwuun
cach o saccessve lemens. The lactr sequency wontains the repestive paeen "1
Therefore. Liting che snpe af his unicle to repsitive pasteets doss nat mean that
we e wnabls: o recopnize v types of patterns.

Basle l4sa

In poncral, there are ows ways € perform sequential predicton. Yon could crearc
ctristizal mudel based on the sequence and use s model m predic. 3 successar, o
o could uss a rechuique cafled sring-marheng prdicsivn, W suring matchicy
prediction, yonu sioiply seaich For che longesc subsring matching the il of the
sequence. Unce you have found this suhsiing you Take it successor a the predicred
sucessor of tbe seqence. Fur wxnple, consider the following saquense over e
binary alphaber i, 1}

106 1A11011 100001000110

To predice the muccessur of this sequence with scting-ratching predicton. we
ook for the kongest substring char macches e sail. We da this by ttsing the
sequence Jrum cight 7 lef, and once we find a scting that matclies "1, we check it
s maschs Jonger pasesof e il ke ™ 1%, 0 17,1+ ¢ 1", and sa forth. The
ngest sring that we can ind In thisway %0 11 0 1%, a string ofsae 5. Th
cessor of tis substing,is ™1 Therefore, string marching predivtion would el ws that
“1"is a sessonable successor for the sequene.

ote thac the subsctng foud hy frin
ple vecatcuces 1l a reptiive pateer, Sequential prediction duvs not roquin: that we
Enow the cxace focen of e pactern

There ecit powerfilsecisical pricions. et chey are aféen coroplen and require
« v grasp o probiley caleulus, I the lceraeue, seadvtical predictors are fice
called anivenal precictors, b they are designl for adbirrry sequences. 1f you
sronld ikt know wore ahout chem. refc to “MerhavOg|.

For uur purposs, the recogaition of iepeeiive pareerns, suring tacching predic
o sutfice, I sy t e that his technigue woeks wll with repeaned ez, In
ehe nest sectom, we will sec how  implement steingemarching prediction.

saiching prediction can iuchuds malri-

A Botter Men
e sesngs atching algerichm divcussed i e previous section can b enplemenced
as s, b thac schurion his 4 runalag time of O I pesloems poorly when the
soquence crotsins repettiv: patterns. Since our goal i 1o decect such patats, chis i
ot satisfuctory
However, we can take advastage of the fier thae ous sequence is generated e
menelly. When 3 new slecnent is added 10 the sequence, the scquence eonains the.
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Plagers can Jse intrst i  replay e o il fuszaion or bordom. Allow.
g plagar e conconie contelliag che garue dusin the eply goes  ong way Loward
eciding Fruscation, Teeveoting boredom, on che ochee hund, requirs 2 ot of smare
work. Crraing fat-pacod and mreesing replays puaantees tha e fevure sl be
e afren. o visu vareey i e xplay will bl o ke the layers e

“This i here  huge sesenal of camsra (pes and variations, cougle with 2 <olid
cale b sy ot swisching hereen the, ks relly el T aricle pre
ot many camers types aod s bl vaiaions o che, along with ideas or
e o can e them, 4 s of gencral-puepase colks o swisching beeseen cameras
is o providd

‘rving exciing ceplys s s s cndenver, < bving » o s o sl that
il o 30 . designce s e ch vplays s sl Some o the ool hac
you could lnd weflen cresing and e canimg eeplys e shi presenced n ths
anick.

Tinlly,dorl be ftid o caperimer wich dess e ovin, music videos, oc
sports covitge Thesesec creaned by pesple whe speaul daciencire. s dedicaed 1o
inaking and hrosdeas ceplays. T pays 10 sudsy theie woek and e fiom chn,
rather han g to seavea it yourself Afrr all. your replay camerwork will be
ulged disecly ngsince profesonal work, s yu s ol ofthe nsgh and experise
soueon ger
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e ndertying consopt ehind he i s vy b The fansformaton s e
iy rcaron ofa pointssouae s cvigin sich chat i ends in e il secror {045
e rangs, indicated by che shaded oea i Figure 27,1

FIGUAE 2.7.1 Fdewdsactor and smansformarion.

Each of the sight secucs pussesses  unique cambination of three binary e
The elaciomship i described as 267

272 8, and s anicke will ot o beyond 2D, The rsits are descrsbe b the follon-
ing, conlicionale > 0, dy > 0 i . Ol i che ideal secwor,all dhce are o
Togic dictates that il n operaion is performed un 4 ray belonging to focsign secur,
sach it i aperacion ill mutace che sy Litee frcign soetor trais w sauch those
of e ideal sseor.the cay will selocate o he ideal sector. Pecformig e same heee
operarians in reverse sewurns the ay o s i origlal sate sithin the orignal or-
cign secaor, A a1 Toolean macrix reflevs these cras. To initialine che matrix, these
thiee taie ars snorel 1T e died 1 Is tre, tbe Brst w0 sasuic clomants ar
swapped. The internal marri serocrure havks ke e

Mt Fsiataaon: e < 0 £ {dy < 0F (ABS(abs = ABStei

by of iy 1n 20, his equaces

G 4 ray oo {1,213 0 (-2, 20, nicislfzation of ho matri equires s elatve
vestun, Th relcive vecuar for those e poionts 1 (-1, 2). Refersio 0 the three i
and che eclacive: voctar,he didalized matri looks like s
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An Open-Source Fuzzy
Logic Library

Michael Zarozinski—Louder Than |
A Bomb! Software
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Pz o co ke gome A1 b comelo... i, o e vumine
Yrisnte) and sasble Al "o pertoan some romatkably pumon hctorng”
{Mort). i e form ox s ey logic mskos s s o e, Hec
eret, I fton docs moe s beyond coinple f shen e saonents becanns of she s
plesitics involcd n cxcaing 3 oy logic sy Foms scsen,
The s Frey Logic Loy (FLE) i n openantc frsy e s by and
APt s optieird o spaedcicl applicstions, soc a5 vide gusn This sy
e v of FLL ad s f s e shae e s o g devtope,
A5 an opemsouree projct, FFLL mighe cvolve sapicly. This feg bt aih
the spuce cansdlratians o his bk reuites cha chis il focen on R 1s
g e tha g into oy ogic thecry orthedorls ofth cnls and AP]
D sotice e for FELL ca b foued o the €1 and s the 1L bormepage
TFELLULL. Arthe tini of chispenting, FELL does noc e suppor o e g
Siia s wec of oy et thry s splacunsand e ko oo ol
T infssace methods. Cleck the ETLL amspage 1o s shen s fostaes e s

FPLL Open-Source License

FLL L it et 1his s fr th e e
s rediteburion of binsis andor s e nchvdingsh e o o
in (e prodcs. Wil s Lisnsc docs o g b you enne
liuion. cabancaents, g s, 1 0 o bck 5 e o
Sk srondy encoumgsd 0 do s, i 0 ke TR @bty ey e i
" i lscose o be found on che 1 d at gL sourceforge.noulicensa.xt.
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Gamera Al for Repleys -

Camera Angles and Styles

an

Frustratian
The Frse majos s ich replays is ustraron. Many ebings can cause th iyt 1o
‘berome fusated with the seplay one of whichs s lack ol aceneacy. I the uctars in
veplay bebave it pnanme ehac i obviamsly diffrent (rom b they did during the
v e plager sl lose conlidenee i the ceplay. This can be reunelied by using
e secording sehesnes chat best maceh your needs and esueing che calidiv of dorw

nmuthes ceaso for fewsraton is pocr pesfarmance during the replay cmsed by
fadequaes barvbwid e eeaing dats o sck of dequste mamoty on the arge:
spssen. Praper devign and agienization of el code s rmedy dese s,

Evcn though the player does ocr inceraut ieh the gams during dh seplay: it 13
mparand tha che playerfe i control of he gane t al times. 1 he replay sars
up and the. oy opion i  sop i, i makes or 8 puot experience. The gane must
allon che playet o comscol che replay, f be o she wishes.

Toneible 1play woptrals:

- Retant

[————

+ Tnotesseldeccoas playhack specd

- Jump formandbackward by a e ioverval

« Mamally clange o a difereat camens

+ Toggle heads-up disphay

+ Qi toplay
Borotom
Anodicr major isuc with eplags s boredoms hovrevee. this is very subjectiv. A puar-
meed vy o veid bosedom i to have  fac-paced and iarssing eeply: Think of
s ¢ maaking a huusic videa, Many of che ceicks lananakors we can be adoprd tn
ceplys 0 prevent boredoma. Horwever, uplk the Al studios. you dosit ave ehe -
iy o revurding aodlc o content and ediing i a e i 4 s you b 0 do
it i geaf e,

Tt b 1 steong rol-busod AL systom can bulp. The problen bns he well
studied froz she post of view aF Alomaking, and a basic s oF rulesfor cumerawark
s ecablished. Moromeer, Lecause you bave a good idea about your srage, actors, and
o chcy bekav, the problerm i vecy welsuire fu s vol-based AL

" mentianed previousty, 3 masjor shiear fo the oplay Kanore of your gane i
boredon.

‘Making a r-paces and iniersring teplay wil guarsatee thae che playess will
Iuck formard o swatching the rptay. Varying the visurl expericnee s onc way (o kecp
ehe player iteres. Thiscan be achieved by Luving  hugs amsenal of ntecsting cam-
ernangles and syl aand by swincimg bt thes using specilied ule.
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FIGURE 13,56 LML sequence diagram of bebavior evabuacion
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ar with your ende will wacerstand it mote cleary, and maiorain i€ moce cleanly.
Finall, 2 an omespected benefi,de optinized, scearnlinee]cnde beoormes more s
bl for layerim o camplex behaviots with miuimal increase i oode sre. What once
s o il and ime cosuning i nons 2 tevial and pructcal solztion.

Faxe LOS might nor be arequisauent fr you project, bt while a low LOS o
ics ovher Featares it ek on i, a e one apens ap new pusibliies for those
eures. Combiaing che disusscd rechmigues il lead <o lightning fust LOS. These
echuiqoes are by no means imited v landscape. Combining abjece ABBs it the.
laodscape ABR soup i< s, lean approuch 0 an afl-purpuse LOS syseem.

“There e e DLLs b link o DK 1 surrender co. Any project, dusing any seage
of developmeat, can baneft. The simplisic, elegan, uninerusve narure of Uie iders
and algorithuas discnssed bere s e el geen






index-462_1.png
9.5

ar2

Camera Al for Replays

Sandeep V. Kharkar—Microsoft
eltoro_the_deep@hotmall.com

[R5 o2 ool paeof s, and i s s i sy
crher genres. Sarprisingly. ecplays ar an altrthouglut in miany of thes fitks
Wl due sl replays accentaice the gamepiay and make the pas vens ook
even mor: cxcicng. This is where yn have a chane o shiwease your praphics and
scrion by carfully crafing dhe camerawark of the replay. Widh  fiue insight from
Blrumsking [Masesl98], ousic videos, and 1eal instane replays, you can create @
soplay s dhat el “enes” v adience.

This paper s wrtten wich » sacia o individust sports game (ke sowbasrding)
in mind. bu some cachiqucs deseribed can o he applied w orher gences, While
ehi paper will cover camera Al Forreplay,the cebical decail of reording and play-
g bk e gl e ot s, ot an cccllnt cxphanion of npe recarding
and playback.scc Bruce Damsoris aricls, *Ciame Input Reconling and Playback.” in
Game Prograrming G 2 [Dson0F

These sre sume common smerawoth ertus that il bl us valk shr eeplays

« Replay: e playback o a pas even, somerincs i sow mgon ar viewed from
acmarive cameea angles

« Player"The human plying the game.

« Actor: Game chacasers dra mish sppeac 4 ey

= Subject The game dbarsrertha the camers s curcely wrsckin,

+ Stages The smvironmene ofthe game where the wciots ol e reply ks place
aues In Feplay Playback

“The cavst oportstpar o the playback s he visutpresentaricn. Becouss the plyec

is ot interacing with th gaume during a seply, it s very gt that b or he s

cuntinaously entecsined. Falure 10 undectand this ey issc il sl n rephys

it nsbody warchcs, F e players axtnvion i lose o o fusesion ot boredors,

s feseureof e gaenewill neverbe visied agon.
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b added 1o thewiceiaced behavior. Io the ater cac; the programenes could be noi-
fied chac this ol provides mo valur,since It ies conscandy aml should be semoved

[ISTEY | ] [

‘ | P 'a

FIGURE 11.3.3 UME sequerne diagnam for saiming o beavio

1P+he umber of rules to be anlyzad s acge, e s sicp might be best performed
s sl pracess

A Fulty Trained Al Is Ready for Battl

Now thar we have a fully tsind belsalor s, ws can decach our bunan isiner and
v he conrob tate o sutanomovs, When the sevoe eceives s next acion tic, i
calls om s desion pancess and nesely teeined sules 10 derermine s cousse of action.
Tl rules can fow ces che evaluation vllcs 3gainst che tsining sarhes in che che
tor map. If & rule evalates to 2 valne thar ol int el thac has coongh markees 1w
xceed e teahol, chen rha rale ies Figure 11.3.4 shases che sequence diagran
declling the bebsvior rle evaluation process.
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Unoruunch, the compleis of randssn vidoo game cironments and gome
mechanics mke it empossble e s the bt force game tee spproach sed by systes
sl » Deep Blus. Ot ssuech echnies are comntonly ued for same A1 nasigrion
and parhfindivg, howeves. The A” sarch algorichm in parinar deerves pacial men-
o ax the reigning bing of Al pathfinding in every game gene fse [Suouttt),
[Rebind0] forsn excellent nseoduction & A7 a5 wel a5 Macchea2] i this book),

Gaon ALl shates an chorHOUS 00N i cammon with rherics. The signi-
icant hillenges thae obors fac in acempting e pexceive and comprebend the “redl
world” s dramatically differene from the easly acvessible virual woslds that geme Als
nhabit, so the scnsa sid of obetics s nor rerrbly applicable 1 game AL 1 owever,
the controside techniques ae very useful for gume Al agens that el 1 il
seruly maneuser around the eovironment and inetacr wich the playes. the game
world, and ather AT 3gents. Gam AT agen pachfinding and navigarion shaeean coor-
‘mons et in comenon wich the navigusion problens Fuced by e sobors,

Arsifical lfe technigues, muli-agen systens approaches, and locking havc all
Iound s el home i game AL Gemes uch as The St and SimCicy v indis-
mesbly proven the fulness and sntecexinment vahue of A-Lie techuiques, and a
b of succesfl s use ko sehiques e some of heks musemont AT,

Planing techniguss have aso mer with som: succes. The planniog systems
develaped in mainsteenm Al are designed for fae mote comples planoing problems
i e stuations that game AUsgons ios, bun this wil undanteedly change a5
‘modern game desgas contioue el fo cver higher levlsof saphisication.

uzry logic has proven a popular cechniqas in many game AL circes, Hovewer,
ool Gstume ogic 4nd e stuation calctlus have e o ind wid secepeance in
gams. This is mest likely duc to the difculy of wsing the sivacion calculusin che
performance-constrained envirunments of e tione games and che challenges of ad-
quately wprsciing « gune word in the languzge afgical formalsms.

Balif natwarks e ot yer cmmanly e in games. Howerer,they one paric-
larly el suie  # surprising nmber of same AT subprobles Toeauoz],

& undersrandble b che game

I Tight o Ui enortzom body o scadenic tesearch,
1 ied sometinics soems £ have  bicof a0 inferiericy compl. Neswhers s this more
v than wich segard co machins leaeming, echeiques

I bgining to s e o ecord o o e, st e g
omedevespers af GG 2001 desibod e game A1 e e i the
Lome prvince a acadeic echmolgis ch s el et 4 g
et algridhms. Gae developes continge i i imple rhs-besed -
e vyt sehines o eyl hin Al neh {WindeackO1).

There are very good ressans for chiv spparend intransigeuce, Maching leasniog
appruaches bave bul 4 decidedly mixed Listory i gaoe AL Many of the carly
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Look Back Camors

This catuca rype is the revsre view of 2 falluw camera. The camier lads che subjece
by s ermin distance and matches s spesd and direction of mosion, elfively show
ing the subject and the scene behind i, Variaions can b creted by allowing: b
camera e at & diffcront speed chan che subject, thus allowing the cumera o get
b away or gt closer oo dhe bjecs. Moseover, a very bice cinematic cffct s cre
‘e by moving the comera vichin a sl range duciag part of this shor. Howesc, if
he subject s changing direcion napldly, i cusmeta view cun cavse morlon sickness,
50 1t mst be wsee for short e periods {00 to foue seconds), or usod whe the
player is moving in @ ity conscant dixecion.

ot ar Side Gomora

Uhis camera rype wracks the subject shile sayins o che side, nimicking i speed and.
icocson. Again, alloing the camera to mave a1 & dilizent specd from he sebject
‘can ereae insercting vasiations. Uhis would simulte 2 camera passing by the plaser,
o the player passing by a moviay camera, boths of which are grea cinermatc offeces.
Thiscomeratspe provides an ingeesting view o the player that s ot visble ducing
gmeplay. Ty co imit (i camern o thrce o five seoonds 2. e,

Pan or Drop Gamara

“Fhis cuners eype atays in a Bl locarin, punning (cuoing) as the subject prses by,
nsolating the spectatos elTct, It s e e o switch whea the subjecs getsa cr-
i dlisaror sy, w0 avold warcliing 2 moving speck in che disunce. Variatons of
this camera wuehd o up azi down in various sy the subject passes by Uhis i
lled whe o, and is  ypical camers wechnique wsed for parades on TV. This cam
cia wype provides a sese-in-subece Incererion ac diffrent locations an the sage.
‘malding them intercsciog enough 1o e aften. They mus. be switched once the playet
s not visible or too fr

Drop and Foltow Camere

This s  variant of the stacic drop camor that allows the subjecr o et & cerain div-
tane shead of i, and then picks eself wp and carns into a follaw camera. This pro-
Vides 1 grest wansicion that <an men a stcic or slow scoe into an action-packed
sequence,

Ghaso and Follow Camern

"L his camera ype i similr o e o camers,sxcep the subjectis o on the piove-
The camera sarts some discance hack and speeds up Fiser chan th subject atempe-
g 0 carch up widhs . At a i diseance, it o o a follow camnera; havweves,
s camers can be disnsienting when sltched fo. [ avoid chis,the player shondd he
Kepe i view o hrought it view quickd. T ditance and spred should b adjusted
a0t the sequenge docs noe s fo enore than to o faue sceonds.
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11.4

Pattern Recognition with
Sequentlal Prediction

Fri Mommersteeg—Eindhoven
University of Technology
fri. mommerstesg@home.nl

e g Tl et oo ol o ot S e
i lontyofchings har  compurer on e, A e e ecopaing
e, which s 2 simple fren of eacun. b descaibed s s acil. Afeecesblishing
& gecenl tchnique, e will oles seversl ovber esenioy, problems by trnsforning

hem inr patern ecogicion prcblems,

Recogpicing patcerns i us e s scp. Whatw rsly k. co deis 10 e pat-
Lot to e oo s ofwhac il hapge in the foare. 4 thuique tht dovs
just i i colled spuentia predictin.

Sequeotial prediction does ot udeutly paaczos n theie vace frm, bt nseead
yieds  preiccion that s good whenerer che bserved sequemes contaos 4 pacro. I
o A oses shis podicion. 1 will et reeugize paterns.

Sequenil predicton bl sl to mssur imeligenes o 1) s Fyou huve
cxce dome s a 1, you probsbly knose o sequenial predicions wotks, A5 inpur
o aregiven e of numbe, s you hve t predict what comes e IFyen can

pereive a pracees o e seees, i pesible o make.a pradicrion.

Prediction
Sequential predicion i th. problem of finding 3 resonable succeson for 2 given
squince. This sequence must be genseated by yout gaane, in sueh 3 oy tha 3t
eshibits  pacarn e it ecognine. Noco th e aflow he secquence © b o
parcte el ¥ his s case, e e the predicion o be oo ar Lissachitrry:
Uhe e cocnists o et which are often ircges. The se ofall poss
bl s it s appear in the s is called the afphabes A rssopable s
mene that has a bigh probubilty of beiog the nest

coseor af
clement in the resquence

The pntcros et we will eonsider base are called sepesiiee patems. A cepeticive
parern i & pacestn thar ocens repeacedly i  sequente e muiber of e ina
repetitive pateen is s size

squznce ¥ an






index-89_1.png
standard s o fesly avtable s s be purchased fco wwwsis.ch e vwansiorg.
Howsvet, he Draf |0 venon from 1997 s avslabls, andl there doessc apnear o b any.
sigulicane diffrecces Letwoen the drafe and ths ioal venions [TEC97].

“The IEC. 61131-7 standard spucifics # Fuzzy Contal §amquuge (ECL) thae can
be wed to deseribe Fues logic models. FYLL s able 1o load fils char adhere o this
suandud

Terminalogy

“The leicon i urry I s often confusing, desiv the exiieuss of the (EC stan-
. The Tollowing is « s of erms used I thi il long vith soune of rheie
s usd i s iy logie e

+ Varidble: A ey varlble i 3 concept soch as “empetatore” “distance” or
“health." Ao refirod o 25 Fzy Linguisi Ve (FLY).
See lu wadiconal logi,ses are s eter o bl 100 pereent o st on
‘o do . se ofal people might o offl pruple aver s e cals -
i S shs s Foct i short” for mare appropratly, “noc Gl Farey logic
lows ses 1o b “Fuzsy” 30 amyomne uver six es all mlghe have 100-geicenc
“aauherhip i the vl s, but e o bave 20-percent membesship in the
“medianeluight” s, Ao refee a3 e o fuzry e,
Rules: These o o i sben coenponeas of the sy system. M refreed 10 col-
ey 2  Fuay Asociseive Mt (FAM)
MIN: (L Minimam apesadion i the same s the logical "AND” operatioas i
s e eser of o at ot valoes.
MAX: The Masinuam aperation I the sume o Jogical “OI wperarians i
s e geacer of o o s Vs,
TROD: The Perduct aperacion mnltplcs s or mor values ogetbes.
Thegree of Membership (DOM) A value beoween 7ero (o meanbershi) und
e (Tl membersip) tha seprscts  crisp vluels meiabership i a Fuey s
‘i rfored ro a5 degeo of uppurt. actarian, o degges f ruth.
Tnferente: The grocess of exaloating which rules 202 active, combiin, the
XM of the input sets hat ke up it ol and produciag a single DOM for
et e acevaed by thae cle. Typiclinfevnce mashodk ace MIN, MAX,
and PROD. Ao efored o 1 agarcgaion.
Composition: e provest of combiaia wliple DOMs tfom che infrsnce
stcpl for . otpuc st 1 ome DO, Typical cutopesicon medhocs are MIN,
MAX, and PROD. Ao sfered to 58 sccumulation.
CeisVaue: % precis, tumerial vaue such 7 2,3, 0 7,34
Membership Funcsion: A fancion tha cxpreses 10 ehich degreean clemen of
2. biednga o 1 v fuzy
Fuzsifcerion: The converson of « nutierical {eris) vluc Tneo DOM alucs for
che s 3 varible
Defuification: The proccss of cmeting a ¢ {orseis) o acrisp vahie
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i section will present 3 sries oF cumecs ypes and che varicions, o well s
sotme rulesfor their wse. Keep in mind chat chese angkes should be tiggered by your
.

i, wsing the riming, and cransirion. mles described in each rype. For same.

infarmation shant bsic comera mattematies, pls refer 1o (Paull]

Intro Camera
This cumers ioduces you stage and doe acoss. L stans at 3 disance, a0d eicr
vesandors o or quicly approsches the subfec, shoming ofF your ssge i g1
chre. ARer approaching he ubjec, it can el around show o the detals of e
subjec before taking posicon where e best canera will be. This cane should nox
i ctiv for s shan threc. o v scetnds. I shonld complece i1 ol aed i
o 200id boredom. Thi cumera type shoulkd be limiced 0 (he Legianing of Lo teply
e die subjos s saionar nd nver usd alfc hat.

Fiest-parson Camera
Uhis camen presencs the stage fram eh subjeces poinr of view 11 very useful in rac-
i, gacmen where i gives the fel of scrually being in che car it the drivr, 1t i s
wseful i spets gamcs whes % subjoct s incracting sith othee aceors in che scene.
Variations o chis camera prosenr he scens from a pasition on ar very dose 1o the suh-
Jects svatar:for example. the frunt wheel of the car the snowbearders board tp, or
he foochall layer'shel e on the sobjecr,
visble i chis cmeras i atheraise, it can ecome very disoriencing, Ui cuers
can e wsed ufem, Lt shiould be it withins e 0 o second w avid paoion
sicknss.

. Trisimparmane o have 2 it of et

Foltow Camera
Ui cameca ype s sl referced o 552 chirkpecson camera. Lhis camers ypiclly
shuwes pat of s e aod dh subjet o bebind. and simalatesLoking oves the
bjces shalder Varbrons ofthis cers an prcsent he subser om varons dis-
tance, hsights, and vith vacious ekl ofview, Ve variasons should be diffcent
enoigh o that 2 switch o another varition docs hot ook ik a visua anomaly.

Annche intessing sariaion of rhis camers s created when the caenec i ct
abvays at & e distance, bus atcachd o the subject by an vl spriog. T
allos the pher to move awsy with & delayed reaeton from e camera, Harwerer,
pringscan cise 1 loc of rronble swhen frame s v not constanr n adtion they
st b wred with cae v the esemers fonn singiu aronad wikly duting the
k. & wslul vole stippe for pottig « vaucza o  piing i given by Dants
Tregfa i Came Programunig e Tregia0D],

“Thincatnens ca b wed foeug o 50 et of e eplay e withs cther It
stng uanatas thowen i beowssa, The sequences can b anyschers herwoen e and
i sectnds. They can ol be w5 alming sction afer an actonpucked can-
et noich sequence.
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Enhancements _

“This arcice oulines 4 basic srucrare o triuing by osorvacion. T is by no oeans
optimal in terms o performns: ue oy uelizon. Here a  fxe nhancemens:

* Tl use of anc cnenrman cluste up per actor il conserse memory Such a map.
conld have @ secandiry key for the behasior s thac i concins rufes for

+ A hash function is 4 saturs| choice for implementing a faser-perforining,closter
nsp.

+ Morc comples machine learning algorithems, such a5 Teuve Kahonen' Leataing
Nectar Quantizet {TVQY, are grod cundidanes co replace che simple chuster map.
with [Kohonsn9?].

Machie Tearing is an ecnesging technology thar will gready impact che woy guncs
e made. Tram a produciion standpoier, machine eactit, will bypass the need for
husands of s of britle scripeed Al Logic that e used in wday’s gumes, Taining,
s compurer—contrfled charucter by absorving & human eaperc player will bring gt
advances in the level of ineligence shat can b disphiyod. Game designers will be ble
0 role-play the personafiies of 4 wide actay of characters dhat van be imported foco
ici games, nseend of seiring scatce hours of progeamming ime.

Motn Captucs revolucionized the Beld of ssioarion and yiekded rauch o
fuid and nacural-fnoking movenencs. Mackine lexsming cechniuucs such 35 GoCap.
Hauve the pocencial o do che sate for AT

Resources .
Finock8] Boock, Grady, The Lnifed Modtling Lungiage Licr Guide, Addisoo-
Wesly, 1998
{Kubonsa97] Knhonen, Tewwo, Sef Organicing Maps, Springee-Veekg, 1997.
[Kidcod3 Koslo, Hart, Fuey Thinking, Fivperion, 1993,
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A Genersl-Purpose Trigger Systam

ing el addicion.ch saten s omporsuiies o cull out rggers by tigger 19pe
and proaimiry.

Cling con e sspaialy effecive s abioed wich grouping a5 we disess a6
the end o chis arcick. Exising, rriggens ase soreed by prioris; sa that agenrs cn
e 0 the most impormanr ching, . any insent, 1 cnemy i standing im front
of an agene, e agene eally dues wat sare ahout Foosstep sounds o the distance, The
centralized syetem il ot gensral. evsable, and extensible chan plliog, becanse
e rigger type can be addsd o Lhe system widhout wirin any spocific code Lo
handie dh wew e

Defining 2 Trigger
med by & bit-flng en Jor s ype, s s aFvariables drscribing ics:
parameters. This Toigge-dazordst 1 defines an Instance of a igger

st Toiggerkecortstruct
i
“TrigaorTyee  STriugerTyps:
imigned o miriuerDd;
Unesgned Lo e
ey ipos:
Float TRigis:
Ursigued Tons  nTmBtn;
Unsignad lomp  nexpiratzunTics
bl oyfamssa

The rigsr tspes an coumerated 5 bit-fags, Each agent bas w soember variable
thae defnes triggers of imersst by combinig bic-flags for trigecr rypes > ane
wnsigucel g, Trggee ypes for am action game might Look ike his

enun EnuTeiage1pe

¥rq_one c
KT Taplosion - 13 o 0t
MTrig zoomytear = (122 1

ket o

I3

Conabiving bir-ags allorws an agent o spevify what o pay artonrion to, and shat
L ignote, An agenssay (gl Alags on and ofF duting the conrse of e game o te
porely gmor of Focus on cettain rrigger types.  Wind agent chat ondy rsponds 0
o would ses his tigger flags e the biwie-Or of audin wiggers. and omic 1oy
g visual, ke dhis

Trigpertiaga - KTria Bxotosion TPy Gurfirs
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sobution, The ral sofaron s (1, 1} indicated by the sofid arow, & nwe transforma.
i algarichm i requized [or s

Pusing the sppasent virual it of 1, 0)ine the e rarmlomation fancrion
should reun the astual veal ffer af (1, 1. Lock clsely ac th liss of eighe matix
canfigarations with e inputs and offiet sutprs in Table 7.0, The hghligheed
sow indicate the contiguration 3 seen i Figare 2.7.2. Adding the oucpar offc of
i1, 1 frorm our virual poine of (1,0) esuls i e sel “barmam Ief” poin i viewud

Gt
Wt o by X Y

X YW

i [y I

T T T o

h [ 0 o B
—r ' T 0

L T - 0

T rail) PR I

I [ — :

T e S S 0

e scandnd st funcrion will ner work because the office voctor i not
s absalce poine rlacivs o che oy’ orientation, bul eather an affe rebivs o the
center of a trmsformed element, Inscead, the offier can be chought of w3 two-
dimensional binary value. Thrce operarians geaerate e cortect wansforms an XOR,
o binary i in exch i, and patenially a swap. Noeice the resemblance o che it
erunsformation furctiow, The aew cransforr funcion looks like tlis:

ey

[

Now that witve esablished haw co eficiendy navigate back and foreh berscen
el and vieewal space, Gr's apply shis teckinique -3 real sarld scenario

Ray-Landscape Colllsion

iy oot 30 emginesexplo e decivaion ofa grd-baed Jandhcape, For ace
demic purpones, 4 singk rectagular grid s used in che Following example, Howeser,
s rechaique leanty evtends (0 support a comple Licarchy of nessecting height
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FIGURE 11,3.1 LML euence disgram o decion-msking.
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Given the preveding, macrix and subseqacns franséocmation funcrion, che
at coordinaes ( 1, 1) and (2. 2), uansform o virmuat coondinares of -1, 1) aud
) The lrive vector of the viscual eoordimaces has an ideal slope of £3, 13 The
cransormarion fnction is swprisingly simple:

Vet “ransoraTHTIrtUlGRdpIEE R, Y

$ tmmiesean 1< oy
Sro0te, 13
i trateixion i1 ax <

iF matrx 1) §f gy <0
v

j

Transforming back co real pace involves the same cheve upetatinns, bucin tevecse
orde, This wanfarmatian o lsited 10 ahseluee eoordinaces. Ie works squally with
a elativ vecenr, hecause 4 elaive veoris esenally an ahsolute point rolariv o (0,
- Transforening (, 0 i nnmcessay ecause i belongs o all setors and thereore s
ualfcted by the eransform.

Ottset Transfarmation

One.
vishiliy and fictons fot <ach elemsens, o s of oo polygon lngles. sarroundel by
Fa ajucen verdces indicated by dhe shaded squares in Figure 2.72)

To accosschis data steture, v s indes o an arcay usiag e coordinares of
the hortom-lef coraer oFdhe clement. Howevce,"botsom el in virmal space ot
quivalen to "botcoe LeF in ecl space

Lecs cxamine a relistic sccnario. An dgoslthm i srepping o b grid. and at
some point detees a callision (indicated by @ hollow dot in Figures 2.7.1 and 2.7.2).
To seslve the collson, eleouea. specific informaton i toquired. The ofe from the.
borton-lei corner of the cloment o ehe veries that che agrichen s ouching sppean.
o be (1. 0) indicacod by a dorted aszow). T eal space, his is not correct, Becatse
the slementindor will eerence an astay o cal space, we indend newd the real space

A

. o the pule remains, Lec s assume dhat the landscape stores daws such as

_
E 21U G Spaos 2 1 4 Speco
FIGUNE 2.2 Offies ionsformatin.
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Section 11 _Laarni

This svrice asames warkiag, kiowddge ol the Tnificd Madeling Language
(UML) and presents sevetal figuis i the Form of ML sequence dagrams, For a
canplete ittaducrion to UML plee consule the ceorees prseacd at the and of
dhiswtiele [Boach9S.

An Architecture for Tralning

“The implementatian of GoCap preseate Lure i bascd an 2 fiely simple machine
Jeariog echoius. I tequiscs 3 sisualasion arehiseecure dhat leds el w sioing,
W nced o define same ey conczpe of such an arcbitecrure
An actar i 3 simuluion obct (b I capabls of ncersering with the game vavi
conment. Each actor has 2 conrrol sears char dsfines if the actor s cusealy under
playcr concrol, ancarmmens cancrol, o i n the teaing seie. The contral stace an
e sosppesd - the-fly o raossion Use actor berwsen pne of these stares. When i the
ming sate, che plager conitol bis acnr as he wenld n the player.conuolled seace,
widy (12 compnres snoaping in on his sctor and revording s a.uons,
ctions ace che ypical gaane sintian apecarians snch 21 sappiog an oppoent
o opening door. These serions are mappee fo s fehasior Ut decals the conditions
undee which & campucer-contralled actor will et 0 cxocuce that acrian. Bchas
s define these corduions in e form of ks, When an aceo in the 2otonomous
shasiar tules 1o decide what acsion 1o
pertoren. Rt sk 2 ranget acror as an inpuat and cvuat i agains 2 method specific
oo eeh rule. 17 all of e ules assoclared wich  bohviar fre, thea that belavior s 3
ikt or use, I muliple hehaviors v al of chfr cles,ten we ill call a game-
specitic heuiatc o choose che best one. Figure LLA.1 shovks 1 sequuance diagram
depicting chis decision.maldng proccss

contral saue s s 3¢, it ses h

ing by Observation

Befors we can drap i autanomans ccer ineo the pame wueld, we aeed to tain his
behavior tulss, We do chis hy spawnio that actor i e waining canrof stave with
bnman player in the driver'sseu. When the playee tngees other actars and petiorns
actions on e, i taing, acror is informed of these accions.

Nore v et co dersrmvine the cicumstanses undes which the phayee chase this
targes and acion. The sctor finds the bebaviar that carrespands e dhe action dhe
player insoked, and lacks up the fisr of rales ssociated wit i, Lelaalor. W fecd
the players carget trche exahusdon mechod of each of dhse s, These evahuaivn
mchods are small game. spcifi outines hat retarn 2 continaous value between 0.0
s 10, Here i psedo-code cxample of s 2 ule evalation otk

1ot Evalustecneition( aotar target )
q
aandizicn = faraet,curtantiesi s ; targer mesHeRlth
Ceturn sondition
l
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FIGURE 2.7.4. XY profileof i el i i

Th preceding applicaton s« simple, pracsical use of the transfarmation uiais, Ina
reabwarkd sceiao, 4 coffison aysten can be arhse simaplified by implementiog
higher-loscl, more rrivial rejections, For erample, dhe Jandscaps conld be broken up
inco severnlsmall chusis, cach with ies v precompted world-slined heuding
v (ABE. The algarirhem il colfde with these ABB, esfct dhc nonintencuog
ABE chunks, and sort the ierseccing ones by diseance aloag 2y co intersection poiat
with AB, frane 2 back, Large sgmeots of landscape wil poteadly be rejeced
ithaut v alliding with the pelygonsl geametey i e eay dossnt nverset it
ADD chank.

In flight gumes, che chunk rejectivn yields » remendous inccase in spoet.
becase an sicplane genecaly performos 3 very vertiel LOS, where a majority of e
eay e fr abuve haudscpe gromensy. (e mote cxpersive LOS cullision wich te
actia) gromecty s mainimal becuse of the fonr-back sort The collsion willacc
il ot of the. firse few ABBs, and dus o ehe froncack sar, the et can sallybe
ignored. To further aptialzs, anerhes apptoach i brsaking up the collsion ray inta
several chusks. This epe of optimicativn s oo specific €2 use In gopcral, and should
b Finc-cumod co s ensironmen.

Conclusion

Alporithme dealing with the landseape yrid geomerry il bensfit remendonsly froo
he sirtul g teamsfrm. Simplifying pachfinding code,for exunple. leads w sus
dhricus benefic as well s some fot 5o obvious oncs, The mars absious beneis
inclde e cands, which cquages & more uptimal core generated buth by human and
compils. Fower bugs are Hkely e fll through che cracks, and 2 cleaner dbugitg
enviranensot is svailsbl o those bugs thatdo il chrough. A programie aok il
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Open Strect Conditions

Ot auges weloit s clcularc, weare able o calculate he sauns of isk-
g force 0 apply o the vehicl, and when 10 apply it Uhe frs chin. o2 st do b
cnbeulatedh amune of i befors Lo vehicl sarts traversiog the curn. U this for
enuda:

Time o s Reach e Torn (T) = Distance 1o e T J Spesd of he Vehice 91461

o caleuars the discance o the ruza, ke the doc productof the [orvard oticnra-
o veccor, hen e vector defined by the vehilc curcemt prsiion and th intecses
o i, them subicace he cuen sedback. il s th following oquaion €0

aleulte che brakio force:
Guren Sposd — Targee Spuod (1 " 10" g ©47)

where 1 sepresents the value of the [iction beowesn che ground and dhe vehics
el i ¢ i th vahue of gravits. The valuo of gravity used here i arely che sl
il of g, amd i ypiclly define by el and sxct. A ypial vlue i cic the nor-
vl ofgeaviy, When e raki oree goes ubive the brake tuteshold, e brak
g e i applicd 1o the ks

The Al endey steas by calulaing 3 cagee poin 10 steer ravard. Once all the
porencial immediate Kot ae smumerace, the Lagee poin s st »che s poine o
the bese toue.

The code fine cloulates da angle beoween the frscand dieeesion of che vebicle
and the weeror defne becwen che targer poiat and the vohicl’s cutreot locatiuo,
The stocring s them s 1 the valu. o the angle. For small ngles, those below 05
radians (-3 degrees, b vehicle s rotated 0 mash s rarget veewos. A ranable scale
T applic o rhe angle £ approach e tasge xecor sither e o slowee.

Baaking Fors

cad et and on the CD-ROM. provides the foamc-

In condlusion, the code prss

F05 s ey foe AL sl ahics  csvigars 2 cundom ey et of

W5 ponds and dotersecaions in 2 competiive and selistic-looking wag. If you are inter-
o areing e abane the AY echaiqes volved with o iy nviron-
ments, chedk out [Adeiman0].

Raterences

B0 Ao, ol Uil A o eing Opein

City Raing o L Gare
raclper agasiac, Ml Eeceman . Livemhzr 2000






index-570_1.png
Section 11

Each rule has a chascer map asociarod it ie A clustet mag s 2 onedimesionid
sparil parccining data steuctue, s struceure can b paririoned inco & smber of
el har provide caverngs appraprite to the dossain of the amociated rule, 1o cover
e sample rule domain of 0.0 10 1.0, il vse 3 10.cell clustot aap, I we equized
‘eanee presision, we could incresne the mumhir of cll. A simple 10-cell chuscer map
@ be implemanted as 2 sparse arcay il by an inceper ey valoe heeween  a0d
9. e can pesform an index calculation o, the Hloating paiot valur rewred ly the
cvalustion medhod o transficor i into an inceger epressnescion. This gis 15
the aceay index har carrespands w the ovloaion value.

Now we il traiing marker 10 the cel in the cluster map at that nden. This
macker indicaces that the player activated this bebavine sole wich this evabarion al
Ihe chuser map serves to mund effur quattice e vlue o Gt it te nsarestcel, A
e playee eeds muce input ioto the craining,ssrear, wo il gt mote vlues that Fll
i chis coll. Every irue we gt 4 hit n the esl e incremen che marker enune until
it eaches sorme rrviing dhucshold that we Liuve sec, For he puspose of this atcl, we
il st chas sheshold ar chroe. We add this theshold to socount ot noise ur etor In
the inpuc dats, I practice, you migh need o increase ths threshold significanty
your training,darais prone 1> neiseor eror, Figote 113.2 depicts a chuster mop.

smpty cluster
[y vned ser

I; partilly trained cluster

FIGURE 11.3.2 4 ser map woith maining ueights

Acthis painc of aining, ou clster ensp will ualy contain a few tesining enackers
a0 As aaining goes on, mare dacx s inra the syscem and Rt euls e Learoed,
Eveanually, we will et o seacl « poia of equifibeiom where we bave kamed all of
e olles hat muaceh the inpur acian choloss, We can detget this equilibhurn by com-
pacing the playec’s input againse the action and rargee char the decision spsietn would
pick itself. When they match o 4 omfouien busis, we ean signal the player o sp
e, Figore 11.33 shos a squetios disgrann of b cining proces.

Ot uselul side benefic of this cluster map approach is that it can belp denly
when che conditions spexiiid n « beluior are elevan. Ie gt he discrvcred thar
afe analyeing the chuser map, non of he. cell by vlues, orchat they all do. In the
formor case,the Al progeammer could be nofied this dditional rles might need to
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e spcifics of the implomemation can be csly changed i sy, Rasbee
hn i

i anenacion semrce Ay s s s et could be subsicated o ST). ¢
v oo hongh, that STL maps e ey eficions,widh 16 bycsofovsbesd
o e s Ot 1) search s hcsgh 2 rd-black e Tenseed].

Sumed ls migh reen ovely cmplx. whes « e ro-dimensiona army
ol e A sy il conditions o o i, nd seiom o the e ol
i iemmedints ok, Haweves,srted ot re prectale fo o moin cmons.
e, e Action Tle does ot equie chasctee w bave  spcifc aaion for
ey s, ander sy condition. & characcs igh ol buck 0 3 deuls v
mimaion i 4 specic e st proidod. T nstance, & harseer might lay the
Tame “Druws’ anmacon i b s atying seythisg otber o  saff. T scond -
o tha i hasascs typo s v Acion o which ight e oy s
e of heente s of posible conitans e seions. An iy barbarian igh bavc
mimtio o "l Wall” “Run.” “reack.” il "Reac, while an ambien 1i
it ondy e " "Wl and “Renit.” Wevery characres Action Tl s
iy coveing lt pssbiics pune avsgs o st sgace Tn i, STL s
ekl csimong, ode that ca be s 10 sy mplemene enbancemenrs m the
eion Tale discibe e s i

The oion Tl mesber vriblz is a CONTION ACTIOLMP. When
eranint sont s caled, i el 1370 o he COIT=OU_ACTION AP co i she
ScTion v tccorespond o e hagators epan e

Nece, . calls 7inaCy i the ACTION_ANIM MAP o ind the auipcon
st sorrespandh 1 th characer seion, an rre e pesourcs lename
It bl v (. srching acon, € i 0 ll back 3 defr amimaios o5
e specified acan

e, che second msp coukd srore some other kind of euifce for

censt char* Gitianabk 1GuAeraLLaN( EnumAniACandition
Enintond. Faumaecien eAction |
f

DN TLO ACTION P 1tarto v iL;
FOTION_ANTY P atorator 5a 113
Lt = 1_conongtdonen, il eAntncond |

54 6ol s= af awsicrs for this andiaton smdition
TG Condenionkan- o1 )

1 IOH_AN_ AP pic tionArinkip < 81 <8_ie-ssocond 1
SertonininTn<us-uet pmamLnTOSEIE] - WL

azEninFilotane - sa_it->souen
Fatuues SzhniaFL1swene

o antastion ez founs for the spoci*ase ew"iucund
1 i SAction, 5 sae 1f & defaut srimon mias.
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PRURE 223 Raygid calion.

it s bl e of e, igne 2.7 s  spelom o dal
oy mernng i i

N broe o 205 r el lgoriti, Uindlypforms s of xpe
ey oo crecons. Th ki beind 3 e colton syt i
it mmber o ol i v, aud anly chck e bight o
ey s et coch v e ot berwse v e o),
i i e il 0 i ks 1 s oo e e connpu-
ot ¢ o il b s el ok consies o s com-
e commpa e egh f e s geine he heghe o h o d e that
e e ivion e

i v st pesoring s colision chack & it 5 oo v
g e Nt e 1 clorc sy s on 3 oo i st b
i bt e e e dnin . g  ed back,
oo Pt 5 sl sl ozt n e ey e clement. Besass of e
e mtagrions, s e will s be ko ch segas X.axin. Tho
ot e e, frwad i . e 2.7 s e e

e e o g o 54, e 1 hegh compa 5 oo o
s o sy s s o bl she ot st of s, s sl
o b oot e il s lo: he. 2 ot 7-ceccns
O et g 3 ol e five g, chckin.to beght o
D Vb ot h o o e p o vzcng iion.
o o e o by s o e 273 H e e
b g, pocenicolon s s and Gl blows ol
AN JF that dement is performed. In Figure 2.74,
e -belor ¢ v 6 cherors, i

a imerseesn wids che twn riangles
b s reltive bcight ohanies o
o 5 il be chiocked 3 a potential eolision.
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d Sparts a1

obstucles. The DetormingBostRoute () Finction Hegates over cach immaiare ronce
cubealaied, and dhen compares each o ll uf the others based on the crieri that s e
ap o the dicision.

Goleculating the Throstis and Brake Valuos
Mostof dhe tane, Use AL obicle i dving the rouceas fust 2 possible, Howeer, when
wavesing shasp tarns, the curn mighe be o s cha che vehicle spins ot and loes
conrral. The fussst way to driv throvigh a sharp cwen i atsin the maximuun spicd
thraugh the tura without losing ficrion. ‘The Galodpesat) functon calcnlaces the
‘masdamum possble speed o drive  shisl Lurn idhour losing Ficton, and tw devcr
mine when 1o stast applyiag che braking foree

Figure 9.4.7 shows the o vercical foress actng on the ear s wrighe W, and i
normal force . Since these focces s add vectorially to 7o, we bave he Fotnul
= 7 = mg. The magnitude of the centripstal sceelerarian i gven by #IR, where o
inche velocity and R s th adius, Since force s eqaa to da ass cimes ehe sccelera
i, dhen . force st he equal o

Fem?iR ©43)

T che o i be provided by fieton, then the required minimusn vorllicient
af frction (@)

I = (i ng « W3R ©44)

Ihersfore, e cussizuny vlociey the vehicl cao go befoce lsing ficson i

=R 4S5

Veficle

Radius
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Simple and Efficient Line-of-Sight
for 3D Landscapes

Tom Vykruta—Surreal Software
pharcyde000@hotmail.com

Qs dealing sith grid-based 21> andiscapes can qickly grow
into womanageable comglamesations thar ace diffcull @ debug, Forwanarely &
clean, al- pucpose remeds: fur his very simation exiss. A wrapper lus {souree code
included on the €00 allows an algorichim o ke key assumpuions aboat che ray and
it comfguration. Eight logic paths simplify inte oae. Furchermore, e wrapper
Clas works on <uch an abrct lwel chat logic in the alguciia does ot need to
chasge.

L cabe s v basic exatmple, taserising a 2D fine, Fighe disiniet scenarios
st that. a some shrtzactLevel o be handied scparately: These cigh cases can be
Visatizod s sobsets uf s e Fll ntosde eigh setors of- el An eficient algo-
sichen must be e of hree distnt s

+ lathe X o Vasis msjort
+ T st o negaie?
+ Is dy posiive ot negariv
The casies o the cight sccrors o wask i, o th deatfope, s becwsen U aud 45
dogres. I you fimir yoursell o his seenario, you can make to key asamprions
when stiting youe alguciun:

Xl abrnys increase Ly posite ane.
+ Yill ahvays icseasc by some precomputcl positie number

A specil mansforaacion matex rilis any aebiacy ey and “cansforms” i inco
virtal gid. T e vireual i, s vay has an ideal siop where the aforementioned
cules st s true. Alfcanlivions axe petformed in ehs viewal pid space, and the
outpnt i run tiough A trnsform functian chae yields the eaf space (untzanstormed)
‘cuoudinares. Te i breeze 1 wice and debug lgorichms when you are imited o e
s cas, and. anotber benefit s the the CPU ovethead of using the matrix is mini-
‘mal. Handhing ll cghe cases enplicily coses valuable cime in wrcing and ebuggin,
and he slgorichen il be e lss oprimal

s
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Warm, Guddly Fas
There s snorher resson for incroducing some eenpatheric undersanding ot oue
e e wani the playe e fee) eemotionally acsebed o bis ene, However, empa.
thotic auachmen i inuinscaly ecipeocal: th weasan why it Js chidish o focl cmo-
vemally acached w your cxdy bear is because your tddy i it going w reciprocace
Conelusons if you want the playce @ et arached t his excaruce, you must fsst
<o the ceeauute b canpaeizaly autachod w his playor

‘gens i mose compuer games ae a bese like severely atisic peaple: cupable of
perceiving and predicting che behavior of abjects i the world,but incapable ofseeing
erhar pecgle o ponple—incapabls of building 3 medsl af anorher sgenes mind thar
ol he wsed, o great effer o predice his serions DénroCoheng’7]

Conclusion

W have diserbed an architecaar cha enables g 1 laem a vasiety of sills i
vaiey o waps. These st o jost et s bout the sorld, they s earn
o o behawo—shar sore of persanaliy co adopr. Thisarchitecure e dffre.
epesof componeacs € accomplis these differnt ewening asks—it borzuns e
feslyfrom boch the ymbolic and conneccionist radicons,

Uy “dec”  comprror game. g s pevceived o be s party  funceon ofthe
depth oflesening within e agent. Howseve, i sho 1 function of he varity o ways
i which e dnires i the geor. Typically, games involving lering sgencs hrse
rsrictsd playee.gen iovractian ro the Catrot and Sticke ppronch, Hece w have
describec a powerkul i mechasism it cniches e o procen—sanpubtic
undersanding of the plyer
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ke madel dhe right side of the curve toward the funt o the player, the mised
shoes will aways be L runt of the plryce rucher dhan behind. This way, e playes ses
alt f the missed shots aud tbe actiun feels more excicn,

Improvements

One vasiaron un he curve described her i o smarc ez morenals (firs-ordee deriva
tives) in additon o che odge vabics. This would llow for smoocher vurvss widh lew
data. Heweves, wheibee dhis is s accurl ispron et depends o ifyouae ying s
v amemary or CI, sines intorpolaten wold cnst tuare CPL, O the odhes bond,
satisfictory resuls can e achieved by simply incroasng che geanulariy of the
sammples

A very nseful conl in generaing and maleining sampcs s 2 spreadshees pro
raen s as Micoosofe Pxcel. Actaly, woy program wirh au sy e of grphing the
ot s cful. “The ral ety of wning  spreadsheot progras i he abiliy v o
. Theso cun make Initial curve gencration very e Some programs, wich 2
Escel, even allow editing ol the saples by manipulacing poincs i the graph by drcs.
icg theia around it the mouse, This males workin with Response Curves  vry
vaueal sk

Gonclusion

Onice this is raplemented as pare o the AT progsammed’s wolse, c will find fs
it i cvety aupect of the AL Many probletes biaving o do with lizsy s con.
struction are simplifed. Txccpiion cases sply hecome extensions of 1 contions
lanesian imaplemencod i Response Carve. Te posibiliies ars endless.
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How “Carrot and Stick~ Gets Stuck In
Learning Trape

Suppose you want e each your agent same fin-grainvd distiacton nsing che Careox
and Srick methad alone. Yor want £ each yuue agen o prefer heing fisadly 1o apes
ather dhan o wobws. T he biecomes frieadly wich 2 walf, you panish bim, Accidin-
tally, you purish him mach oo sauch (perhaps because you wisc over-eagec with the
erfres). and. casupleely sup-
oy with uny vesature shacsoevee. Now, onor you hive

conrals, ar beceuse you do nos fully undecscand th
press Lis daite ta be i
suppressd his denie, e s o way 1o teach bim tle nc-grsined disintzion yuu
svanced o ceash i, Lecausc the aceasion will neve atss shen b will e Fiendly to
s ape, because you have cocally suppesscd his desir 10 be feiendly to any crinturet
“What dhis means. mote generaly, is thac i learaiugg only nccurs theough the Cat-
ot and Scick metlo, and pour agent leacns by encraliving from exunuples, a indeed
e shuoudd then chre i be certaia lrssons he can learn chat. i leared, <ill make
i topssibl. 0 learn any mote kssons. hese lesans ate aps thac, once eoteted,

imhibit futare eacoing,

To get out of chs, we el sonue way af resirlizing the suppressed behavios: One
watal veay co do this is 0 ik the agenes desires change depending o what he
chinkes i L’ dosiss are. This is empaty.

Emmpathericfesrming invelvss nuticing what active e weaclr s doing, and guess
g whar desire could bare nothvated the eeachee e perform that action. The sgene
chen lcacs fio i episnce—he lescn Lt paticfr desine s 1 good desis 0 ace
on, on that src af ohjece.in hatsurt of situation, Sumiluly, i the coacher commands
e agene co do someehing, be should leam fom chs using cenpathy. Again. e shauld
guess what dsiee could hve motivated e eachr tn sean that acion performe, and.
Tear i s desie shoudd b acied on that s of bject it hat sort of sinuation

Fenpathetic leusnlag iavalves some way of compting an extirated desire from.
aa b done vith s simpl bockup rable. 20 example ol which isshowa

inTable 112

‘Tabla 11.24 Trying 18 Discemn u Goal rom Observing s Action

ackn el
Thoma g

ik g -
i o

Comred Gy -
e

“This s« xcher siraple implamonrarion nf empathy  only ch.deines uf e player
ate el ot his belof. [Vhere is much inceresting work t do i dis arca
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GoCap: Game Observation
Capture

Thor Alexander—Hard Coded Games
thor@hardcodedgames.com

Gt b tecived to limited Fafite. e o fimitatons In boch
cechmology wnd peoducsinn, the arifical nrcfligenee found in cnmpuser and
yidew gaes s aften fllen shorl of the players expectaions, AT prograoniing,
foquites the prograrmes 10
characees can fud el in during any game-play sesson. Ou cop of hat, progrum
e use lsa adape the busclias AF sads 1o produce mulple evels of diflvuley o
challengs. the playees s ey begin to master the game.

Wich the vinergence of ¢he latenet and man-phyer gaes where players
counpeie hiad 10 head with e lurvan players, the shuetconnings of game AT ate
b mre apparens. Who sould want cu play against a machine dia is ofien pre-
dictabli and wasily cxploined when the option of playing agginst a cever and spont
eous eal person i hecuenig 50 biquiens?

Dot be so fst 1o tol the hell for the AL conuofled charucters. While mols-
player saning, oxpsiencss are quits caciing and challenging, they can nut wally
veplace Al There ars several caiical areas of gaming where e vill dways need
computer-conteolled hasactes. (ere are just 2 fow

jpace all of die cambinarians of staes it an AT

+ Sparing parten lor deach rnasch and fyring games wich offine pracice modss.
+ Shopheepess to huy and sell gaods n role-playing unes.
- Digiralacvorsfo single-playcr pies such as HalfLgf and D5,

I s boen speculated dhat those characers cunld be tole-played by husmias actors
connecred to the e world simulation via emors Tovernec connestions. loweveslive
actots av vox imancialy visble w il thse roles due o the (el labor and manage-
e cascs. Recent egalactons bawe b e tle associaesd costs uf voluatecr labor
“Uhis leads us back ca Al with all of it shortcomings. However, what if we cuuld
combine the beseof hoth sorkls? Whar f e could train # Lompurer-cantrolled char-
actce by abserving,the phy sesions of a e playes, aad then endonw it with the shifry
o makk the sane deciéions when preseaied with similar conditions [Kosko93]? s
articl presens Goliap, a mesbixd 10 train Al charactees by vbservation. Thiok ofc a5

™
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Heurbstic Components

For cxaunple, we cnght sant eo derermrine o what extent an nfaey soldics belongs
0 thesce of thinga har wane o attack acotbe eneny wnle, This membership smouse
an then be used to cither i 4 thteshud decision peing o artack the ni, ot juc
{acseune e Ledency G head toard o gim i that dicection. These arc often refered
123 beustc functions.

s often che case in s Leorbaic Guncron, weighing other subcamoponeats ©
el aflet deves the degc of membership in the overall it . Simple weght
valuss cauld . appied e each subcamponent. Huwever, whien ciceprion comlifans
arise,ehey need s e wrtus o Uhe Funcrion o handle them. | hese gypes of xp-
tions conditions can Lead to ks Auidiy (and adapesbily] i the degres caleularion.
T using rhe. Rassprnse Carve,we can et around the probleen.

For exumple, ey of the Lings we might wne o cnnsider i the precediny
heasisic are the bealch of e unir and che disrance from dhe sermy o soms dofond-
ablc posicion. Far the most pare, we woold want the i 10 av0id acacking when i
ekt i o it i wel] s ety gers con clows. o simplify things, well wsune
e ouipue heuristic range s 0,11, The rwo carves could then be topresconed 35
sheren in Tgre 2.6.2.

o
25
Zosob
075 -

1wt

FIBURE 2.6.2  Dircance and healh curves

Alchongh, <vth some lort, a mathemarical exprssion could be found w e
st the s siows 1 Figues 2.6.2. thar expression would have 10 bo rocalcubnsd
for any change  the curve. Moseoves, we night (nd that there i o inespensive vay
oo adequately escienate the function, Instad, 17 e Response Cuven, it ooly G
we bl the cacoptian, bur rueaking is simple and i sery cheap o calculte

‘Applicatian af these curvesisfust a8 sisple. Firr, ke the ememy discance v
b targee snd divide 1t by some mamum engogament disance, Plug chat value o
e st curse 10 ger 2 valuz in the range (0.2, Theu, take the upics healdh and
divide it by irs masimam beslls, Pl it value o the second curvs ma gt anodker
e in the cunge [ 1.0). Adding e s valies eoerhec pives & oumber in the
Dungge [-0.75.21, whare ar 2o and helo, we definitely do not want o accack, and sc
e or ahere, e definitely do want w atacke
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clean vitiager
0
int wesitn;
it Eneay:

»

Therefore, we need another way of defining abjects, onc that makes it casy ot us
oo crace cheonigh the atcibutes

class Attrin.ce

I

Bubiic
Vitiual int Gty
Virtial snt or
Virtual char® Gethane|

atushangs ()=

b
Sliss healte : oubLiv Avtributa
0

1
class Escrm  ganlic Areribite
i
Gisss ovsect
i
protectec:
Allrioutorr  Artributes;
punic
sirtual Int Gothakteributes()=0;
1

Siass vaTtoger  owLic Ouject

'
punis:
nt Getnnatsributost);

+

Newwi s casy o ictare theough the aisbutes:

voic Object: | 1TaratRTRTOUGRATIFINIES (1o1d (+1-o4ion (REETibUES?) )
i
“or(inl 1=0; LevstmATErsbutss ) it
0
Functiontactributaa 11
»
)

There ate complicadons: when bullding u e, 4 pew munle b o e creaced. To
mals his practies,thers cait bo tow cuaty dillcsst vaburs o each ribute, o there
would be s explosion i he mumher of child nodes. Thrcfors, when dealing with a1
bt chac has 2 vast ange of ditferns values ke ane chat is implemenced 15 2
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24 The Boauty of Rasponss Curves.
The shape of che carve i defined by the samples. This shupe an be as smaoth oe
as o s dasired by simply varyig he mumber of sumples 2coss the input range.
Since auly one copy ofa given cutve needs o exit i taemary,che diffrens berseen,
Sample coune s pucely & miacer of what produces the bese vurve for che context in
which iL s used, Memory shuvld ot be 3 concern.

‘T implemcatation of the Respanss Curve consiss uf an ariay of bucket odges
e, a cange mioimusn, « hucker s, 10d 3 buckes coune. The minium rangs
yalne defnes the inpus vabus thiz coreesponds o the edg value of the first bucket
Fhe bucket size (45 s the magnicud of the inpet value spread acrass the bucket, and
the buckst count is scuply uine essehan the sample counr (Equatian 2.6.1)

4y =i

“The ket ndex ) s found by sing qpaion 262 1 s bkt ndes s
s el by el o et sl L e nd s e o o ot
o b buckes co, e e e st sumple

i= .‘W{ »] 262)

Once e e e bucket index, s el th e disunce 4] scrss
s bucker i Equation 2.6
cofeoloin aes
4
Finally, o calelaes out e vl we e the slrive hucket disance o -
polae acros he backer s Puaion 2.6

T

(1~ £} Sempls, | + (3 - Sampls
One irnportant hing o note i dhu dhe implemenction decbed here lamps
e input valacs prior o ucket calcuftion. s s dha che output vboss sl
vaysbe i the range deflned by he bucketedge values, preventing the oueput froma
encoading e sange ofcxpeceed wluss.

I implancidng furzy systems, e necd o have fancdons thar dorermine the dogree
of membership an object Las in & iven ser.
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8 Graaturs After Soch Attack

Table 11.2:2 Player Foodbaok Given

it e k] Fecohsck for P
ey o e dfi b okl 20
Enemg v i dfn, el ot
Fraely o, seogdee v Noze 10
Ty v, g e e om0
P O e —
Fremy v, L e, b Gtk 0.3
Eaviny wren srong deev, sl Gresk 04
Frerny i, i defne, b B 041
Pl e, werk e, e e o

Allegiancs?

Allagiance: Fiendly

Alagiance: Enemy

-to Dafanse?

Defenss: Nane / DafansedMedium "\ Defenss: Maximum

w04 01 08

FIGURE 11,2.8 Decisions e f Anger bused o te plaper fedbict i Table 11.2.2
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e explosion of bl comuring pover. Robuis i generally divded o sep-

e acks of “ominl syt e and "scpsory sysies”inpc)

enctic lgoithius aod genctic programming e undouhredly soxue of e
s aclnating felds of A (i 195 gecat s 0 bing them up wherwser o
ind yomsel i o asgumen with cetioniats. Thee ecloiques aemps o
et proes of voluion dicely, prfprming seetion and innehreediog with
candormiad cssovss and. urtion operatons on poplatous of progers,
lgorithms o st of parmecers. Geneticalgrithros wul gencdc progeamain,
Tie achiene some croly ekl vl i e yeas (Kora99), beautitlly
diproving che abiquisaus publc misconcepion tas 2 compte “can only da
whar e progeas i 1o 4o

+ Neacal serworks s  clas ol nachi esenig s hased on the achic
eetute of el nescontesjons in anienal brios and neevous sy, Neuel
cwacks spenue by repeseely ajnting rhe inmernal aumerc parmetes (o6
weighs} between incecomniod componencs of ke oxtsr, allaiog th 1o
eas  apciona o .l espre for & id vy of dillrne s of
Leming ks

« Fuzey logic uses selvahued nebers w represent degres of membeoip in 2
b of et opposal 10 the Boolean (. o o) vabues of adiconsl
Sogic. P gl tochviques sl fus e sxpressive seaoning sed e capable
of musch i richness and sublcy tha radidoral logc

+ Belief aerwarks. and e spocific subfield of Bayesian infeeence, provid wols
ot deling the nderlying causd elaronships beweon difent phenomcnt,
and e prsbabily heoey o desl wih ety aod incompleie knowlodgsof
e world. They s providc ralk o makiu inferences sbout the s of e
ol and dstermining the ikely etfcs of

ious pussbe acrians

Came Als s caken acmntage of ncarly ol of hese techniques at une poine ar
anotbes wilh varging degrees of success

Trnnically, t s che siaplese vechniques—linice st machiss,deciion erees, uxl
Produeivn e systems—tha hae st sfen provee their wrth. Faced widh ight
Schedules a0d minimal rxoutees. the game Al vomminiy has cagealy ambraced
rulesbasod sy s the cusicse rype of AL crcac, andegsand, a0d debug.

Fpert syseinsshaue some comizas ground with game AL in che seme i oy
game Als aempe o play the garas 35 an exper, buman player would. Althergh &
e ATs knowlede b is sl not represcared as fomally 3¢ that of an expett
system, the end esult s the same: an imiarion of an et player's ele.

sy bovaed game Al.such a5 chess and baclgamman, have wed gani creseand
game e search wills cormans succes. Backgarman Al o compere at i kel
oFehe hest bauman playrs [Snunsit . Chess AL fmously proved it prowess with the
bicer defeat ofchess grunonaster Garry Kangaror by s massive supeicampres namel.
“Decp Blue” [IBMY7]. Orter games, such as Go, hav not yet roached the evel of
haman masters, but are quiekly nazrowing the gap [Gob11.
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odback and Readjustmet of

Fable 14,2 Five Succossivo Bating Events with Subsoquont

Dexirs Woights
[

_Hunge: Tt Unreopines -
o e wegn Vel wan et Fohody

i ose0 22 Loso

it E ww A am

@ o o g oxw

v “ s s

T 0s%  osm | sam
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Notce haw the feedback is punishing the creqtare for beieg hungry when b is
unhagpy. The weighitiog for Unbsgpiness goes dowa aver time ¢ veflece his. The
salched murmbers acc computed as che pesception leurns: the uiies aes inpu, The
ageat protarms the following cycle:

1. Hrcomputes the acrul desie: vahue from the vabuss and weights.

2. He it b feedback.
3. e s his fondhack ¢ upeace che weighis,

i Repeu,

Differant Situstians Prompting Learning

Consider shree situarions that conkl prosugt i sgea o escn st ling:

+ Player feedback—punishing ot resanding,che sgeat.
* Obnersing athers—infereing their gaals. and leasning, fom thei actians.
+ Mg gircn 3 comnanl,
The fiest method Is what e call the Gerroe and Sick approach t lesening—rhe
player i, sacching what his gene s g, seal et puslics o sowands ler e Lt
here is noching weong, with wsing chis method, buc if Cassor and Stck is the
ol mechanism fo geting he agent 1o learn somedhing, problems arie:

* e i wnesalisti, Povple du o st each wing  oe-dinsasional inpu o
“Ciood" t0 “Bad®—chey aften weach by dhouizg. The only people ho restit
e 10 th Careue a0 Sick merhod, ronically, are Gaiis, who bave o
osher way of ommuoicatiog,

o leis frutrasing for the player, The plyer bas to wai for the ceataee to do the
paiculu thing b s g 0 e on, befove geing his chance i

+ Agents who use it and nothing ele will ge stuck i “learniag traps.™

This prablern fs s important i it dserses eliboruion.
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26 The Bosuty ot Response Curves _

e cun e chat Resprese Chres ars ey indispersably for implementing ice,
Aid heueiscics, Exceptions arc handled smply. Instead of Fghting with the math o1
eprescnting th thaghe process, we can agproach the implecaentation o the heuris
e, well, heuciscially.

Targetng Erors
Acother incoreting applicaion of the Respanse Cusve i the detecmination of a ta-
gting miss by an AT . O prablem wil ust 2 srsight randam offee s it the
‘Sho spread is unnacural. This s <peciall crue i€ the speead is meant 1o simolare the
averng of the gauner’s hand—pcople fust darft waver chae s

Ty ring  Ruspanse Caeve and some usillring Sunction such as 3 Sine wave, we:
can implemicas # smooxbly eandam swisl where we hve direcr control vrer she prol
il ol hirs. In addicion, v can contrel wheee s s and where we bt

of
-

FIRE 263 S ain pers good aim Reporse G

che et curve, che sana is shooting away Fom the cancer of the targer st
oFths e, while n the ssvand graph, tho gumoer will bt the cicget mose of e tanc
W can shape these curves i whiatccer way we wane o get e desitad spread. T free,
one possible shape cn be wod to implement wrgeriug eior sgsinst e player that
2 motc cxrinment in & s or itd-peeson game., Cansider the curves in Figore

fro)
1 10

o T 078 |
il ‘ |
azs’» : 025[ !
200 —  DOD! ol

FINRE 2.8 Had aom ercs g i plager eading Response Crrves
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ot s muse et dvide e eange of vales nco a o band. For sxanypl, iFheald
i lloa vanging, beowren b and 1, we mighe dvide it futo lour bands: 0-.23,
02505, 850750551,

‘An addiional camplicacion s chac dffenent spes o obieces huse dillrenr cypes
o e, and v abjeucs chas have diffecent (ypes of ruebutes cannat be con
parcd dicetly, To solve chis, we need 1o do ro chings: e, make a distincrion
bermeen comuon attibuces (auzbutes eommon 10 al pes) and wbjec-specific
waribuces, We alw sl 6 incroduce & new commun auribuge, Tipe. Now the
decivion-tree builder most B louk at commen aczibutes when f5ing 10 tinimine
enceopy, and i anly alowed o Jook at pecific ausibures ones a o s arcady bese
aasared for Type.

Laarning Dasires: Parcoptron Training

Tach desice i ol s a perception, a eallction of inps catled rsize sonces’
and ' collection of weights. Loaning occas by madifing Lhe weighrs (Eigur:
n.26.

T therear im0 %, 30 1 eights 2, .., 0 chees

tensiy - L5 0,7, 0.5 ao & seheraie

Wi ac changed e ecdback i che sl ey, using e dela
PRE

where
- 0 i e v i

i e specd of i, picaly smaf)

Locs ook at el example. Uhe desise (o eat something J bosed on dhiee desine
soneces: huaget, the tastiness o the abject, and huws unbappy the creatun it Sappose
7, die specd of fearing, s sct 10 0.1, and. all weighrs e initalized o 0.5. Table

11,2.3 shars five uscessi sitaatians whess the agent ate someshing and was given
feedback.

:

w [ i P ek

FIRURE 11.2.6 A Desive s modellod s prvsptoon.
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Integrating the Generated Code

_ Sectlon2 Uaeful Techniquas and Specialized Systams

AdOGuMtion {*Lownasith , CSSTU, lelth, 5015

11 now ags 313 Ine sotious quay bs et
sesiction( 1aZaretion

{ Fiantaotaor
Aseastion(: Fisenotaon’h:

Sy tne 17 statos)

51w atd 311 o
igstscel ca.e,

i wdd w11 the Tranaitiats (s roforenco ctatas
07 and variatian)

¥} Tranattims sty ; <contitior-nanes <start state
o7 send states

aerarsicion(*in fange®,“Tale", Figlt");
dcTransix1an(“Low Koallh. ‘Fighe', Flia

[

i cad uses & numibes of A et funcrions 10 add varions components inta
e state mschine Typicslly, the componaats are referencsd by name for ook -
poscs. Towoves, for eBiiency’s sake,wefersnces 0 orher campaneats st wlded w et
ereaes or pointers via 1n 7aq raember futction of the compomsnt hase class,

‘The cxecution of the gven scare machioe f quie srsightforvard. An upcre membay
o ch nachioedeived inseance i called. This in tuca cals s wplate member on
each ofthe ransicons ic contains.

The updlate member of the uansicion clss chevks any condirians i conrains
s cho condicon I rue i , 2 changs i sace occus by calling e e
vion oFthe machine clss 10 set the new “carcenly sesive” stte. The cuttely active
stac s chets upaed, hich migh causcacions {ethee cule orscipe o be execud,

An imporcant poiat o noge is that there has to be some inttisce between the
aschine conmaincr and s surroundiog coe, since the machine migh b parc of
“player”cass and hence wonld e acess o player” et vaciables,such s hech,
spocd, and 0 foh. The playe rading is aribuccsfrom variabes stoed i the e
wachine would be opcima for this purpese. Howerer, sometimes i s uscl o oot
porae st maching nee an xisting das, i ightaleady contan s o chea
struccur. One way ol sccomplishing this 1 to have a wo-way mapping bevwceen an
esternl variable and a namod ingt i the st machine comioer

For s, assume e are inregtacing 4 state muhice inls an ising cls
called playor and v nce t accss 3 varsble in his chss callod n_catth, which s aa
nteger salue. The following pecudu-code would allove the player elas ro 1dd the
Il viable b che ssce machine instance

FySiaterachivn dachine;
Vauhine. Adgiarion1a) HRaLth" AR INTEGER. in_48a2thi
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Ditferant Learning Mathods.

st

Utilityiaesirs, shiscl)  intensicyidesivel * opinion(saira, cbject)

e fues o che plan with s highese sty 1bis plan is his Incenion

Suppose the creaure has decide u acack 3 ceecin own. Next e sefns his
plan, o having  gonzral gl o using 2 specille accon: for imsLance, he gt
Gecide o fircball o parcicuds bausein ¢hat wwn, Finally. h bieaks thac secion foto &
iuber of simpl subrasks, which are sequeatially exccued

"W e oucliaed how agents Lear ucts, by perceving informacion uad sioring if in
lomg:tetm mcmory s Helieh, Nea, we describe L agents Leatn 10 modfy thete pee
soualing, 1 mold cheix desices and it o suit theis master. Afer an sgea docs
something, he migh riceive fredback {cither from the player ar the world) thre tell
bian ehethr thar wers a gl hing 1 4o in thatsitstion)

Learning Oplnlons: Dynamically Buliding Decislon-
Trous to “Make Sanso of the Feodback

Thow does ar agen learn whiatscrts of ahieces ase good ra car? H lools back a lis
epecitunc of cating; diffren eypes of things and the bk he received in cach
cate, b nic ey ase, andl ries o "k semse” of all chat daca by bulding a deci-
S tree. Suppose the agat b had the expericaces fsted in lable 11.2.1

Table 11.2.1 Bxprlences of Esting Various Dhjscte (Highee Numisars Reprevant
"astier” Oblocts)

ratti s Feedbark—

oot Tames

Abgma o
Aamd oD
A 0%
T B

Y

e might buikd 3 simls e, 45 s i Tigare 11.2.3h, 1o esplaiu this dacs.

& dediston rree i built by Jooking st dhe ascibnees thac best divide the leaming
cpisnden intor groaps with similas fsedback values. [ best decision e is the one
chas minioises entcopy, as epresuaed i Cigare 11.2.4

‘e enrapy is @ reasuce of have sandom the feedbacks ars. TFthe feedbacks are
s 0, there s mo rdomness: entropy s D, IFthe Feibacks are abways 1, sgain there
5 e randonanss an entmopy i b, Hosveer, i€ che feedbacks aremate beaween 0 and 1.
the foalback i random and unpredictable cropy i high. W build a decision e by
choosing saeibutes Usat inimizethe entrogy i ehe feedback (sos [(Quinlanti3]).
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pleading sound effer, indicaing 1o the player dia it rqires food. So. aar mudel
owe acmaly has an ffs i che games e @ creature becoroes unhealt s s
5 sound o indicar i plight.

" saodcling toof such us this i £ fncrease doc pro-

COne o the wain goals for ush
o of rhe Al desigaee I peder o achieve this gonl, a mellud of renderiog the
madcled s uchine oo snde is equired.

In order ot the srve mackine code to be
container el i used, ehich i the machine class deserihed previousl; An object i
ply s e variable o the detived machine class tuscance and imtefaces with

chac metube saisble.

At code gemeraion e, the design for e given machin is converted o b and.
cpp s via a relarivly simple provess. Toially.  chas derived from the base

‘Machine” uJas s doclared s its headbr e created. The base miune class con-
s liss oFsacs, cuenitlons, acriens, and s orch.

“Fhen, che conserucror of the usaching derivad ehuss s weitcn 0 che cpp file. The:
constructar inseaoriaes all o the coprained model doments. Each iten fsdded using
an add membes of th. parenr object, For insrance, supee sates and ramitions arc

dded o the maching cancsiner Lecatse theg hase o paronr. Substaces st added ro
it paren erave, and sctons are added o whaevr obiect w which they ane
attached. Any couponens dhat ceqises seicencss o polRLeR 1 MTheT CaONENS To
‘aperate, in urler (0 i ciscular references, is istanciared lasc and wldd o che
mackie canminer clus aier the orher components 5o shar any refercncss e ochet
objoct invtancen ae vald. A typical exsunpls woild he a “arget stare” peinter sequired
by the tanition elass 5o tha it can ser the “euceanly accive” sace i the machine
s

Actions are special cae sbiecs, i thar shey actually epresen sude, so chcy o
st g cimversin. Actlons aro eypicaly eitber sriptar Cr+ code, depending; o
e natare of che project, Typically, the surpt cnerad in 25 acdon object would
imply be writen ovc tp @ scripl G, which could den L efcrenced when inrogrt-

ully invegraned into another objoct.a

o the okl inr the applvation, Actions are ypicallyjost sored a3 reference
e conraining comporuet, sy a stk ot 3 s, ia a seeipt nams o utker
dnrifir

Here s an examnple comsuctoe for the model prescnred in Figuce 2.5.1

Cresturaachine: EramturskaUanc(1

£1 0 aaL variablos 10 tre varisbly “ist
o 1t ‘Health V4R INTEGEN, i Haltn)
eyt L bLet TnemyLosatian JAR_POST1L0N, 6. E-omy;

1 pox a0 sandicions (noy retars”ce vaeiables)

N acnd -Range* LESSTI AN, - nenyLazation” 17015
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Background_

Y

The Beauty of
Response Curves

Bob Alexander
balexand@earthlink.net

ey cnee in 2 whilo S 1 ross acbiqacs hat uen out e b e S

‘semy Kaifeof pogamming, A claic example s the dot prociuce, The dot pod-
et is a beaudll matematical coonunuet, T iuleueotaton is sanple, but it has
surprising mumber of s,

his anile diseses anoer of these incredibly sl wols: the fiponse Carse,
Tho Response Ciuve cansists of an ausay of bucket edge values, These edge valucs aue
‘e 10 ma s inceming value 1o ot by inling the edge-bornd buckee hit
outns L ncoming value, and incecpolaiag acruss e backet e o peuce o
outpur sl

The Respone Ci
s e progeamonse w onap an incoming sl 10 4 output beursiclly mthee
chan marhemavically. This is because he sampls n che curve can be any imagiosbls
ome-ta-ane mapping, We il e some sxamples o rhis ner in che arice.

5 sl i it implementarion. hu is uses ane infinie. It

The Response Cueve consists of @ sese of sdgs vaues. Thse edge salues boml
buckers nd ars stood s 2 simpk anay, as hosen in Fguee 2.6.1. The number of
incers i s s s shan the b of o,

20
15
0
05

o

FIGURE 2.8 Fa: Reghonse Cir,
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Animate o Inarimate?

Animate Inarimate

w08

FIGURE 19286 Deciion e fir hunger

Enuopy

o Ratio of Fewards to Total Feadback

FIGURE 11.2.6 Enompy

T Gake a simplifed example, if 1 creatucs was givea the feedback in Tble 11.2.2
aftee awacking emy towms, dhen the erzarune would buikd a deciion e for Anger
a5 shown in Figure 1.2,

“The algoriehen used to dynsmically consteut decision tres to minimivs entropy
is based on Quinlan's D3 sysuem: a¢ cach atage of tree consiruction. choose the
autibute thar mininsees eomopy. For Ui t watk, we need somic way of terring
thinugh all e sccibuncs ol an vbjec. This s lmest impessible i an objece s defined
in the rscicinnal way:
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agan_pox,
Kacand_stai,

5

onun Eunsstion (
el Tnvaizd
ket potat
preatity
sy
pregy
KactAttank
rhot Haact,

Kbt upentas-,

Trogrammers can provide he ariss with 3 large vocabulacy of enums for pussble
conditions and acrions, and uld e upon request, Arss ae fes to modity 3 data
Ble w assign animations to the actions, withous progrmmec avistance. Il they
could ncezaee i e e themagh 2 GUI applicacion that eliminates the risk o syn-
1z o data encey rrass 't da Bl should require ¢ st one defaulc animaciam pec
ey that the character migbt perform. The ardses have the ficedam o add varia
o for diffesent canditons. 1 e data Hlc might look someching lke e

Dttt
Berautt

anetangedsios
i

~veanaadEtor
Tala
sark

How It Works
Ihe Acion Tablis Geta-amaezor {1 query Fusction wotks by looking up the anima-
o in 256t of mested STI. maps. The single member variable of the Action Lible is
map, sarted by the condition. The mapis key i che E-untn iondi.tion, and the valie
s atother ST1. map vted by the ntion. Tl ke o the sesond map s the Enuneetion,
and the value i the sting for che saiatjon flename. The ypedefs for the maps ook
Tk this:
psder sta: smupeEnumhcrLar, chort ACTTON_MIILINP

ZJRa0eT St agnEnuIACaRTLEion, ACTIOW AL UAPS
ONDITION ACTION 347
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“This vuuld addf che adces of the m HosLh acanber vaciable into a keyed fisw o
input vatiables Uhen, 10 llos the state machine o acces the vahie, ic simply rcads
b value of e integer ssrumed by e oonresponding key Jonkup. When aa input
componen. i created with e naims of a Ley i che keyed Jat, auy ler aall 10
addvarian» with the surus ey name would zeplace the pointer 1 the dts tpe
tored in he input componsnt. ffectvel, an npu componcnt cun alic the vahue of
o variable, which is stored i amochee las via: keyeel variable e loakup.

Gonclusion

ool ace an importanc patt of game creation, and having x good usthls wol dedi-
cated v 2 specill puspose can grealy fncrease a game's chance of success. What is
Aecribed hee s o0l chat fimplementod should increase the productivicy of an AL
designee o programmes i uch the same wanncr thae 3 dedicated level-buikding
and design tool can help afevel disigner, The abiliey 10 take 2 model from the design
e i the production stage i mor efcient than separate drsigo and produc
o, Wic th raee patt ofthe process beiag auromaced, it should be Jess prone e
aanors or misincerprecation.

Roforences

i very feseefreaoes o game applications of GUT systems for state
maching design; howeves thete arc many cegarding stae maching design miois GUL
nterfuces for ather industics ach as procss conerul. The basic elements of a rate
machine ediot acs kel 1o be very similar in any GUL ierfaces heace, chese efer-
ences are stll of vahue.

Wals Reteranoss

e Java ool used to cxeate graph edisors such a sace macline editors.
‘e doclaldefgracelabout heel

Acsiv ML o comple of procs coml wing GO sl o
warwalde.com/apportispplication_noves/knoslodgrbaseian0U03_design._eotry
Do

Sracelomws A GUT-baved roul for FSM ereation that inrerscts with Miab.
g “herviciosfaichins anvsisimadabitoolbox(carelaw/ug/af_intro

ol
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Sucloan values, and so forch. However, inpucs can also be function cofl. Evencs are
nputs chr are fed Inco che machine [ram amutue source, the difeence hetween
o npis . evens beio, that inputs are wvalable w che machine all the time,
bl an evec i simply a no8Rcation that 1 vlue has changed. Tnpuesare displayed
o ausdl by & sqare b, Lnputsanendicaed s & racsition by having s connec-
ian becwen the tansicion and the ingur box.

Action

Ao action s simgly 4 block of cod thac s xeruted. At action ¢an accur bicause of
amition or s paet of a custont stst, For exaunple, we aight want 10 ales anotbee
Chjet ths the Tramsiion occureed: for exampl, « gatd aleeting ather Al gacds
when he sos  plhaer. Actians are als hild i ssaes o dofine the oode hat is executed
whileche scate i current. Caly braces enclasiog 2 cpival 3. for example, {4l rep-
o acions (Figars 25,13

T W

{

-

Low ENEMY.
|
%mn ) LOGATION

e
[~ =

FIGURE 2.5.1 A spicel sinple state machios, howing a renge-baed condiion howsing
Sesoee she iniat tate ancd  fiheor-lihe reaction sair. Abo shown ar actons imide
s and ho the enemy ocasion evens i el

Modeling a Simplo Gbject

Lt bk a¢ cmleling a simple stuce machine 4 an exatmple of o 0 wse o sgeciic
comonents. Tn this saample, we have  sace machine for a fesiond crestuc, 22
shar i Fgnre 232
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Belore we cun describ this sarety of eamiog, we need e descrbe an schitec
e tha s ich emmugh o handl .

't Architecture

The bt for our design i the Brlil Desse atention, aachtccue of an <gent,
Fut becurning unthodaay n the sgent programming communioy The Belief Desze.
Tncention arshitocre i bsed o ehe swork aa philosopher, Michiel Brauman, who
argrd dhat eles and Desies sce not suliien 10 make  dod—e neod aspar-
e categoe, ncentions, o eeprcea desec tht the gt has commied himself
(Ses [Brarman8) and,for an ary plementatio, (RauGeocgefP1L) Notstha o
v skl s etz strctae, Opisions, explaiied [n 2 subsequenr scrion. Fguce
11.2.1 shows Lo Beliefs, Desies, and Opinions genceacsan Tention, which 5 e
rfine nre 2 specifc plan and acrion fs,

Desiss
tPerceptrons)
Intention:
Opirions Overall Plan
ecisionTrses) (Goal, Main Object)
— Atk ey foom
Belicfs i

{Atributs Lists)

—

Primitive
Action List

Speaific Plan

o sana. (Goal, Object List)

Fecrun

Pk o e,
S,

oo st st e

AN

FIGURE 11,2,1 Belif-Desive-hemion anchiscsure. assgmenred wish Opiions,

[T —
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of inpus, ootguts, onditions, and smates, and provides fnterface fanccions for use fn
comditiows dat accesscara exceenal 1 the st mashine.

Stata
The next class ceyuised e the. stace. Tn our ool we represcor a scare s 3 v agular
b with slightly zounded corners. . orler 10 support hierarchical FSM, we can
ncorpasarc bscare hases which ace buscally smaller state buses entrely enclosed by
anotherstas bos. Any stae bo thar contains substate boacs i calle  upersatebor.

Transition
‘e nest lase of objects we repesent | the cansivion from ome state @ another. We
epresent this as 3 ine witl & oot cicls represenslag the condicion) chat canueis
o i more tate boxcs, As pare of the process of making the tool exser G ust, W
s, ucorpaee Iogie: thas vill auromaticaly separaee and prevenst ioes fiom cross-
ing cach ochee where pussibl.
Tonovitiom ate the chss o o
cxrcution by sering the “current

it deive the systen. Ty control the flow of

e stace” of the seae ruchiue dhrough vse of
eondicional. lsnsios can be ane-ro-many;in other words, you can have oo scte
connecnd 10 the inpur side of a transitivs, and many srates canncted Lo i QUpAY
sid afa trnition based on ehe type of condirian wed in the ranshion.

conaition
Condiciom are w auodel of the eansiion from onestac w anrher. Typically, dae con-
disia has inpur, noremally a varisble: ot (uscton, thar, when rue, sgals the change
Tiom ane. "aurent: acsive state” 1 snother. It also has one oF morc oucputs, carts:
spondian to the aew st 10 be transitiomnl 1 when the candirion i me. Cond
ious e oquire in rdsr for a transition to bo valid. e defeul cansiion line wih
10 condition cirle would ot gencrate 3 vald eransiion at code gencrarion time.
Typical conditions e

Bockeun
Equilicy
Range
Greueee Thiann
Less Than

Contsing

Input and Bueat
Tnputs as sy shar, inpus of s into the scare machine. Typially, inpucs can e
ght of as varichle ehat can be modifid citber fnternally o the sace machins or
externaliy by the sppliation. Inputs allow the seate maachine to ract o changes 0 s
eavirononenc, Trpical imputs aze simple types such a3 Sneegers, floacing poian valus,
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11.2

Varieties of Learning

Richard Evans—Lionhead Studios
revans@lionhead.com

he creatures in Black e Whice earn in 2 variey of difrent ways. This anicle
dscibes o to create such fleihle sgeets. The averall approsch we hae ch

son, which we call Represntaional Proviscty, s based on che idea that there s o

single represeatarional merhod thar can be csed ra hiild  camplere agenr. Inseerd,

eationsl schermes—sme sym.

we e o ncocporate & variety of difer rep
balic, and sune conncedonis,
Leaming cov:

aaricey of very diffsrent skills

+ Loanning fccs (., lacning that there is 2 o nearby widh plenty o foad),

+ Leaming which deivs shonld be deminant, and hew sensirive to h.to differenc
desines e . eamimg o Low your emergy mst be befare you should seae o feel
humgn: learming wherher you should be aice ot nasty. and when gau should be
)

* Leantig opisions sboue which sores of aljects aee bt for susfing diferene

sircr—which eypes of abiost you should ez, which t7pes of object you should

attack (e earning w never aack big creaes).

s acicle describes an architectore chac enablos all ehree of hese very di
kil
In addicion, L van b nivated i 3 nunnloe of very dillerat ways:

* Leamming can occur afice player feodback, punishing or rewding che sgent.

* Learing e v om obseiny abes. ikt shi o, and ki

+ Lessning can acane afer hing given a commands swhen the agent i old ta do an
‘ot o 4 bject, the et should Jearn chat it s g o do that 3etion o
thar object in thar sorc o scuation,

I s s, we describe a techique ha allows all theve diffecent types of eaene
i anel diffrons occashans dhar prompi leaning, o cosist s e bappy bundle
Finally e segue chat agencs seho onky learn through focdback afr the event, re
doomed o get stk in learnlog taps, and thac some sact of empatbesic sodortancding.
fshe seacher s necded ta caeape. W desctlbe s simple snpletnentation of cingatby

sor
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Opiniona

Agens nsc Disiree, Belics, and piiens o consiet ue overall pla: i Lok 1o
act Each desire s am Opinion associar seith i hag expresscs what types of hiects
e best suited f saisying his desice, For exampl, consider th following Opinian
forthe Campassion desice, s showt n Bigure 11.2

Allagianca: Enemy

Allagance: Frindl,

Xy

08 -0z

FIGURE 11,233 Opiion (leckions ) o Compasion disive

his upinion seirca chat i is wery good r be compassionate toward fiondly
b, it nauch e gonl 0 be compassionate toward enemy objecc.

‘Summary: Aopeosantational Divorsity
When deciding bow o represent befit, desis, ienenions, and apinons, ths under-
g methorology is s avoid imporiog 2 uniform serucure an the represeoracions
s in he anchitocure, and inscad w2 varicey of illtent ypes of epreatetion,
s thae e can pick the mew bl represoncaion or cach of the vary difeent
ke, (S [Smith9Y and “Minsky92]) Therefars, helies shou indiichnl obfeces are
vepresenmd symboicall, 45 a Lt uf suributcrsahue paies: opisions dbout types ol
abjeccs e represented a decisian-troo. desirs e represened as peceprrons; and
oncntions ae represented us plans. Theee is somehing inouiively nacur) ahoue his
divison. of represcnarions: helifs and. intentions are haid syanbolic struceunes,
herees dsies see ey e sofr.

When plaoning, for ach e that s vorredy v, e sgenc ooks (gl ll
suiable belicks, Inoking fo ths belif chac he e the bes opinion abour. Thezcfote,
e s pla o e .| lechen cormpores hese plaos, coleulating thir uriln:
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HEALTHY.

HeALTH] eaLTH|

URHEALTHY.
»

FIGURE 2.8.2 A simple coaanar: hebaviar madl

“This st i b ol with e crcaune’s sace of healch. The. defau
ssce st be bealthy Duwing exccuion of the program, the *HEALTH" vaiable
would drop below & pive vk i example. 0 update cassen ehe crsaure 1 incue
e, causing the “LOW HEALTH" condiion to become walid. This, in rum,
causes the transicnm fram the deful healby sear o th tmhealthy sare. I ehis ere
ures model ths wy it repains healh i by eaing ood. The action of saing fuod
perfouned while the mode s i the ushealey state, and s represenced i ehe iagram
by ehe [A] in the unhealehy o bre. Tn a1 mare complex model. this migh he
ectended o sleeping or driking a hsaleh purion. Note the v awachel 1o
bealdy 10 unhealihy wasicien.

Fach sare mashine rcfersd 1o in ehis acicle a5 1 oced) hegins in the UL 12
blank page with 2 single *deful suae. 1his is siroply an eanpy o that docs
narhing, I arder o cxtend che model into someching wctl, he designer sonld sim-
Pl place companenrs fom a toelhos of rhe coempanent typss i rhe blank page,
and connece chem o che orher compoens with ransiton s, Tn Figure 2,5, (e
defaule state o che ereature is 10 be healrby. I che healrhy statc, ch ercaturs coss
nathing, We chen add anerber st o the model in Figure 2.5.2. which we el
ey, s 3 wansiion, e condition auachel @ de seasition checks for
thrshold aluc i the "heahh Inpar in oxder for the eansicon o occr, o which
poine e sare having, 1 model ar the crearure chat aceualy does someshing; n s
s, Gunsiion from ey 10 unlially

Normaly, n & model, ach st weanld bave an aeren ar i of arions chae are
performed when the sce machins is i thar stre. s an example, n Figurs 2.5.2, i
Ly st g lave a0 ativn that cases che creatare wu cait a happy sound
. The unlcaly stat ight bave an acton that causes che erare To emic 3
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™

Dilichsare duta strucnures sucing Inforensrian about individual abjevt. I is impor-
cam that belicfs respec the condition of Epponic risinilisade if an agent hat 2
bl abo an wbject, that befef must be grounded in Lis perccprion of it bieer.
Agents comno. gl iformason fkou an ohjoct unless that agent in cusrendy pereep-
ually conpcceed o that obfect, Belioh ace sepreseqed s linked-fists of seribuses

Dasires

Desiresare gous dat e agent sscemnpts a sy, Desives have diffrent fotensiries ot
diffrent tsacs, depending o the agent’s sivuation, Fach desice s 3 b of dif
iens doise-imerce, hese fointly contribite (@ the cursent inensiy ofthe dsice, For
cxample, there re thece passible explanations oF why » creatarc cnld e bungry: bis
enersy cold be lov, b conld ave seen somesbiag; hac s koo is sty ar he conld
b sad. The desir-soueces s he inputs € the perceptron. s shuswn in Figure 11.2.2
By changing the weight af these thiee sourees, you can ke a varieqy of differeme
essonaliies crcscures wh voly eat when they arestarving, creatares who aee greedy.
ac when they aee deprosacdl
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FIGURE 11.2.2 The Hwigr deine it mordefied as o peegpirom.





