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3.2

What Can a Generic A* Machine Do?

Generic A* Pathfinding

Dan Higgins—Stainless Steel Studios, Inc.
‘webmaster@programming.org
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17 i == tris, then its likely that e are ot &t the
o8l and e v no nora. madas Ko Soaren (hraugn

1155 muoal uatiepathenished his. mouree o)
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feners shesed s perfarmancs. inder seabsrorld conditions, bue didc shaw v
braneh predicion sowelowty, common vache misses, and espensivs source Line,
Vlime did an excelln job of shoving us these issuss, as well as guugiog overd:
pnblinding preloconaney progres thsoughous 1 Bmpire Ean project. T e begine
ving and even the middle o our parhfinding aprinsracions, Vlune reportad
phlinding spikes that owersd avsr ll aer perfonusance sples L che gatte, By
conclisian nfthe oprimizacinns, we had m dig deep inside he VTane dac in arder
find e panb i pecforsance. 1 wss s s prest wol o helping w duvelop 3
eoadmap of whore v shanld focus e lows-lovel aptienimrion tms.

Titaers uce grear Sor sesity approsinnately b lang o paiks see g Lo 5k
‘Phey are alo cnals thar can . displayed an che sceszn, s you can check performince
a0y titue, Whik they see ot 100-perces aceuraie bucause olee thicads migh he
doing  fo f work and showing the parhfinding dhread, i el a reafstic messote-
et o upovement. We would sun dh same park sepearcdly while opdimizing and
svaeching the time o che path compussian fal

6 vial daa you s peafommucc ook, sl use sl gets e o o, Yo
should use yoar incuiton, and chen doublc-check yoself wich prodctssach as el
VTune, nd Nuumoiss Trve Titue, Many developers un at che menion of sing Loy
ision when aptimizing, bt it » gond plac 10 stare. Make sure you do jus sy on
your incusson  opuiaias, Toci 1 poe wece 3 pegeli, it el be o big mistake o
ot duble-check yenr resules with a pecformance.messasing program.

This arile s il abt et el G optimiarions for &% buc ir would
e silly 1o nor memrion e ofthe biggss opeimizaions that e Co rebted. You
stould alo read cho orher A* aricles in chis bock for great doas on arher A” opt-
misations beyond Crr.

‘Pathiing Loss
s sounds ubvious, but reducing the numbe of patbs. a0d more Imporcanis, the
mmber of A" evolurions done dirivg the gams, < be one of the greatse apcimizs-

el optanizution doa, Whithee
you da 3 high-lvel prchfinding, scheme, rdofine gour ssach space, hoand the
‘amout of A" nade g, or pecform group patbfinding, the “reduce dhe wiage”
rechniqus 1 grear overall sy o o some high-level oprimbarion.

Lo, 1 crusial hat pathding et zey un low
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can be wsed in any gam: [So9001|[ACTAL,. [ chis sothe’s opiion, sk atciops
are unlkel 1 b successul. A5 aoted catlie, 2 pume's AT exquisicely dependent on
the design ofthe game i inbhits, and ra glassawer the conteat of the specilic guiac s
0 oy the haby o wich che buch watee” Ay AT engiue browd ncugh o be wed
2y garme will ot bespecific enmugh o solse the diffcult A1 challenges af a parric-
ular garae

fontead, chis audhor beleves thor game Al will evlve accarding, 1o gonre.
Although the recm “genre” mighe scem averly martaw a s, i doss a good job of
distioubling the sepueate evolusionasy pathvrays on which game Al has evofved and
il ikely comcinae w0 exalie in che famuee. The ATs of hockey pames, ealttnc sum
cay games, Fist-person shootes, baskeball gaones, varn bus] strategy gaones, and
Hitepurson ke’ each Face unige A challonges, These dramaric diffrences
malks. i remarkably diftculs o share AL technsologie between games in diffcent g
esin any sl vy

Tescemns el thatehe snose suocsssl procs s s geones will boikd o their
past succusacs, cotionio suid evolviag theic AL syseems as che gome designs thero-
selves g ever more sophisticaed.

A Broader Perspactive

s e hase soca, e red and coloufal 5d of scalemie arificial oreligence has
an s asouns t ofie game AL Over time, game AL and seademic AT
il inesitably e closc, Thoreeves the phechots of AT wehmulugis avadable —and
e tiualty of applying dhem comecdly—hs made it difficnl o game AL 0
e advanmage of what dhe. rescanc) s 1o e, As Marvio Miosky [Minsky921

My sudnts ke o0 ac, "Te it buter 0 veprsen ol it
Newnd Nets, Logiosl Dectarion, Somntic Notworks, Srames, Scrip,
Rue-Bosad e or Nasural guges” My sching mnbad s 0 oy
n gt hore - liffient e of guestion. it decide bz incl of
seanisg mighe b bes or cach diffen Sind of problem—and o
ind ous which cambiosio: ofrprescniations magh work well n ench

£ My i st e can ke seraile Al ihine anly by
sing el et Bids o spresonsions im she ame el This i
ccause o ciglemeshod wiorks el (el bt s s good o -
i s, b ot for oshers, Al iffren Sl of problvs meed
Jrems s of vedsmning:

5 che garme AT Beld cvobves, wo el ndoubtedly gain s s dospes unierstund:
g of P best 10 seect and apply che cormacopia of saddemic AT rechniqus 3¢ o
disposa ta the mulriade of game Al subpuvblis we Fce. Howerer, given the
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seachod thoss clen That meansthe path sas coly o compure because the ke n
the idlle of the zony locls the pal 10d cases lmast balfof the map to he
searchod uaril A*can find a way sround the oke

Moanally, this ould e hat andom s woold oced to o so i he
o of abstacks Tk s would be minimiae, 165 never 3 good day when o
prammet s o 1l desiges that ey e s i Ui creasity because of che
rechnalogy.

‘One of war oal o the pathfining engine v to not let pachfining lir che
g map. Besicls dealing widh map size i rlation 0 memury consteins, e
wanted dosgnees ket st oyl Kandun asaps ey could ichou b
ing o worry abaut th psbfindio, frendliness o them “This i o of the mary
o optimition i so nporta for purbBinding. We'e bappy 1o sy chsc pach-
inling v hecame o o wich random map generaton

i

the Sward

“The nugin porfocmance barelenack char e nosd e conqer far A° T be fost s inside
s snucage spem.

The asta-tioge class howses the pathfinding infocmation for ucle that is sed by
L A" engine. Wil most of e cae STL i the eght chuice fo1 daa s, e
i sitgarion where e specafized A% Nedk lise can henehir from nos sing STL., and
instead mansge s own ol st strctuces 1 will be vilsce a some pofa, you
might eanr the aprion 0 do tricksith the inkeefist nades, nd every miceosecond.
o cam shave off o pacfiding i bensficil

» star ot
Zot Fatartode

anLans Astsrrideilong inX - 5, Long iny - v)
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astarniods® ararant
Bitarhade- mi e ia my List
£ amtages W stiarens; 17w it parant
1om WTotaisost; i

100 pecstomore: o
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Long r; "

who openad me?

5

The st ticg o d b 6 pol all ose A o Unloss e under vry tight
memory copstran,why s pecious CPG Ftching memory when you' g
nosd i sgain durin,the e gark?

e averal sty o b mich o ol could be diffculs to co up with
since e nceds to be 50 gams specific One of the memory-pooling eximadon ech.
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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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J11° we nave s mode, 11°sn the path rignt syt
irimeRstn 1o it
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ge-pher- it

4 Process <hs complated path,
Chan:Simacassh snisheatare (Enabathy 5

o = puet
asing i frca our cuss

v
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L B Bt e found thae he mioricy of priorey packs happen whena unit
5 an il that is as close s i can e 0 an unreachable destinarion. This meaas the
morment ic pachs, che quick path eoids right way since it close as it cun yet, and s
st facsd et an irsmediace priotity paih

Managing the Paths
N hat we ke th proces of consocacting & comples pach by combiniog three
pachs, we el o exaniosthe povise of b these paths are managed. To da thi, e
bl e o i th e of parFnieg oy ki, them it 1 pch manger
Ihee ace many iraporcunt dhingssha the path manager will nesd o be sspo
e o, same o whic e toetbuds e 302+ 1oreyPaen. FineSpLizoRacn, Findiusek
et and Postpa hrocess, In addiran, s & rr plce o bold mamary pool of
b, stats st b it of he e, 0, of coune, our palh yocue,
Wty ke 1 g it compuse plyes, s sty tha e otnpues
plyer unisconld wll thems
aul dra dowe ysem pecfucanc, I Empie Bar,we kept tack of all compuree
plagarunis pachinding, T campuce playet unitod o path fum che e saurss
il 10 e sume destinacvn s o than 10 imes in ehe span of 30 seconds, v
would Kl unit This sseed e work s sell, 1 hile I weakens i coon
o player agponcn, it all about Dl poresprion—ic e roatcer horw gond
oo compucr laysr i fth gaene e a o ramcs pr o, Forunate by
ad of impire Earbi developenent, v found dhis sitsstion ruely evee rises. bt i

ses in. or gt stack forever trving o poth somewhere |
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FIBURE $.3.4.This i e fnal pach she unir il sake ro it cesinarion. The pach showld
appear tothe wier o be e complee uth s of vt

Since e splice pach ok 2 shostcut, we have to prune avay ol thase path poiors
ehstaze s Yo el s st conclusions of e dhree-seep pach proeessand point
graning, we Lve 3 aice antacrive pach 35 shaws i tigure 3.3.4. e players should
‘o give ou a big smile e clap cheie bands, but they worl,Just b bappy thr they
dosic mestion publindiug, If ey dor weion it 100 emeh, i means you did an
oustanding job 1 suppose this is hy pachfinding i coosidsred high an, since ics alf
about dhe players imprescions af it

Priority Paths.
What happens i uni et t he end of s quick path before tho full parh s finished
compuating? Generall, this s ot happy i, bocase i means that cicher e quick
ach was ot g eneugh to lex the fallparh complee Is computaton, of thar there
areorsof uai i the gaane thatsee ety padfinding, s gving s CPU time
wesch put,

Whatever the reasan i, we s to ke de un’s Tl path” fnih, T ardec 10
ke s Lsppen without dragging the sseem daxen,  good techmigue is o do. prt
evicy . The priociy pach aks dhe uni out of the pahfiaing, g, <t s max
sevalucions csp a il it bghee than what e currently is 10d then nishes the parh.

“The mechod DorrdratyPeet for 4 path manager clas would look something
e ths:

PalMianagen: s BoprianteiPatn (Lot tnuntt)

14 find the psheinoer for this i
Patntingare ShePsth = this SFincPathriner innity;
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ol Uiy cuanager e che parh queme. € wheee pachs go when
they anein che. "l pach” s o that chey have the potential g procissed ey
gpme ick. "This pudiodling qusuc & de Koy 13 ensuring predicrable perfarmance.
when patllading i

1 yors want e e your patkildis and e bogs v wil, you need some sy
e of tcasoreancne. The key ingredient 103 pasbe tumia recipe i paths evolutioos
1Fsou measace vhe suaber of sevoluions e A chgis has procsssed, yortcan can-
ol hase mnuch finoding the A* algorichm doss, Lumw it tnoves rough your parh
queues. und sy aote diings. Each sevolucion is singls rersriem through the cypi-
<6 A" oo, which consiss peimavily of:

1. G the chuapest nod,
2, Toak at s neighboes (generally eighel
3. Dt e wode o the dlsed ls

hy nat uss rime o mensuce perforounce? Tine wold b, preas F his s 2
singlespluyer gune, bu I & soult-player scvasion, 15 franghe eirh ouc-of s
povential. & parh mighe take far less CPL doms o plages ons Uraud nov XRagal
“Rupee SO0 than o player s ZXSloshPaseeeed 100, 1F ou messure perfoctoauce
in parbiinding revolusions. yon are goaranseed diad while plyer cne righe e
e patb e dhae playee v, thy il heh Rnish e che seme game ick, dus not

caing the gamn 1o 20 out-ofsyne.

THe Path Managor Update
Kach updare ofthe path mansgee consss of perfrming X rumber of overall revchu-
tians per game vick. Is meeds w we some type of one-slicag techuinus w splc the
b up sonoug, th pathacder i the quane. A few ways o divide dae mas rev
“acions per rick aman the parhfinders are:

« Baual times Divide dhe cevoluions by die munaber of parhs in the queue. This
will cesune thar 2 parbinding cngines g an equal amount of processing e
esch rick, The dowrside is tha s with 2l equal slics schemes. somaimes the
pathlinders cha rally noed the exea ieme dun et .

Progaessive: St each pachlindr seil 1 low simhes of max resolirions per
tick. Fach time theough the quene. this namber should get Laeger, 0 dae Jouger
st e o b Lo, Lhe mote e we spend in the quats computing 3t
ke s o cap it sn i doeseit snarve aut che oiler palfidess. This schome.
s wed Yo Sinpive Eero, and i prodoes che best eyl

Biased: T undor 10 ot quick pah for the user, s can bias e 0 g6t more
imecompared to ocher rsatures th asaf s exitcal Degending o e,
o coud cacsy differen fagrans or unics or even use 3 woits "l s
cumpuser playee” owaesship 3 & s of gting difcone praporrions of path-
Lindig i
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Optimize stotsge. o diflorot types of sworage s 10 tade memry or per-
onance, Cusromire scorage o it rhe speciic k.

Custotaize gosl classes. Dse diffrent typss of sl classs, The goal clases
shauld be extremely speeific o ths enreent ask,

Use ciffeat maps. Dot be afsid o we diferent mips wih the A” eugi.
The A* engine can patblind sctoss atays, or othes maphiks secccrues. You can
even expand yoor A sigorithm 10 use “adjacent nodes” a5 o0 a geaph imstead of
fusr ks, An A graph aachine reslly dessrves a il arice i isel, b s 2 very
pownalil concepe

Modify aad conquer. Modiicrgaats will make I simpler. Once the A* engine
i wren, you can do most o your work feom smodifer gouls. Ubing modifer
goals allows you to easly imploment 3 meniory-pool of emplared parhfinders,
while sl keepinys the pathfindecs peneric. 1t can slmosc be seen 4z runlime
‘mathod modification.

Esploit A", Ouce you have 3a A" engine writen, youl be sble e quicky and
casly handle many complicarod tasks, i craties with i, and push i ¢ the fnn-
teofressamsbl. e, Youil peobbly be happy that you did.
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ifigins] Figgins, Dasiel . How t Ackievs Lightning-Fast A% Al Garre Po-
“raming W, 2002

NG| Myers S B STL: 30 Speic s i Fpron T Ui of e
Seindird lemplae L by, Addison. Wesley Pullishing Co. Jupe 2101,

o] el il A Come Froranmog Iformain.”

valble g ar -cs e s o o amigpigamcprog brr, 2001

Rabla} Rubin, S, 4 Speed Opisions Gums: Fgmmming Con,
Chles River Melia, 2000,

7] S, W, e o Hogeming Langge, Ao Woley
Tublishing Co, July 1997.
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+ Ui This i the pecsan, e, i o anyibing e st one wuld wish 10
patbfiod e o oo w amotlr

+ Node: Thisofrs cnthe A nede, which encompases he folling information
pusiion,cut of he mode, st 1o the detination, and 5o foreh.

+ Patfinding sevolnsion: This is 1 single reraion chrongh the A st e
o, I shor, i sl push bicughs e ollowing: 15b 1 chiapest o
cenmine Al sight neghbors, and pur the mads on the closed. fie nop [Hig.
il

+ Oucafayme When s nesworked guone goes ooy, i mms i the saone
s b s i bote e, This could mcan hara e s on o
machine shile iving om ntber— sor problemfor mli-player ames

The Ruad ta Croas

“The it of many hardl
il some s acsoss e sacan, This e tcaae” can b concilored the

o cnoss i 1 prevent the gume from reesing svery Lisoe e
o

prehfinders. 16 2 game Killr, and isane afthe mos sigmificane probleras we will need.
to s il we ) Lave 5. ilihenz comapuers with googhs of rmory

e ks smge that 2 unic needs 6 mave 10 the o side of the vueld,and the
A slgoridin nds up scaccing hiough thosands nf nods e find & ssccexsl parh,
thegame wanld cons to unction while ehis process happened. & schaique that lun
e this prubleam it splt the paths wp over time, This wil casute thar no maress
b maniy i in the game e pachinding, dh frame racs ot b erippled.

Tine-sivel pauldluding s e it would waly otk for 3 seacc map, e rhis
is nor the ace i ok well For bach sari andl dymamic maps. Ln th ceal ime e

e Enpine Kanth, we use tme: sl pabfilic 10 pal s giane naps ehat
wars canerantly changing and supparcsd thiusuads of s

o gl i, thi s dysenic map vl change 1 much 10 make i
dhced nachfinding a wisble salution. Dynamic enaps might hase gaes or doucs that
suddraly Loked, Duildings callpning Laco 4 ey, ot telic fams blockivg 3 chol
pein. By che rims the parh v complred, she map anld have chinged, and yon
ol e o st ol vver s, Fonsever e s 0 need oty since the same:
mechanisms thar dorece and handcolisians ill work for rime-sficed patbfinding,

oot ol s nd biscie, honghs I does ol 8 slightly sors mph sschicsc
o suppert mesliod pathfinding, pie Farsh was abic to use time.slced

puilinding Ly usig & tLess step ks ccbiteeeuse thar consisred o 2 quick parh, &
ol pah, and finaly  splce parh

The Quick Path

Quick patbs e designad 1o gec & unit moving, When a playee pives 2 nic an orlec,
i enpecrs the it o tespoi quickly tuee ran it 3nd hink L 3 sl Quick
pihnse & high spesd, shar-diseanca parhfinder 1 liggies2b] e move the unie ay-
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Pathfinding Design
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Quesion: Thy 4 she bicken orvs she oadi
e Bocas e pash it toribl,

(o s e e e g ot e
e gaing, o ik Regardless of haw gond your
parbfindin i, prople are shvays uiny o coupl shout
@30 o iy 10 sl soundly ar night is o make your
pichfinding, abmase perfec.

Unbecsusatcly, great patifinding cun be tough o b
ithanr sing most ofthe CPLI Evon iFyou have 3 1 4
ue pthiinding engine,there te sl baeies you'l need 10
ceoss i orer o maingrin  god fome race and find grest.
paks.

T shis il e deserbe some of the techiques used i Lo £ o
ha b of it okl simatuancously pachind aceass th. world wichou hog-
ging dotn vhe syscem. These sechniqucs focws pienarit on b o sl paths up ovr
time 2 il Leep the wer believing thae e paths e conmpued instantanceusly. S
il o warr find the answver e, "Wy did th chicken erossche rond?” n chisai
. perhaps ate rading chis, you will be close 1o solvin che quostion of “How dt
he chickon cross the road?”

This chapter sssrnes st s Lioe w sl undersiauding of A" [Rohing0), | Barelol]

a4 A" o parhFinding, engine [Eiggins02a.. 1 mor inporesot chat your A* engine

e fuscar s, s che techuiques i i laptcr should Lielp any e of A* ongine
Here s 3 quick wlrcnce caed. Some terms youl nesd an:

* A" machine: This s the generic A* engine descibed in aricle 3.2, *Ceneric
Pabilnding” [ iggins024]
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whese fom 3 10 13 dles, The mmain abjective of this pal i o bua s ime Lo compure
the rel parh in the background.

For exumple, Le(s suppose Edgsr Chicken wants @ path asound this body of
vrace (Figare 3.3.1). When his path reques i generated, we tmmediatly do a quic
Path. Cor e lees sy thar we sant 1o e aficr 10 rescburians since that could ex
sunably produce a path of five dles in length. When the pacbiinder hiss is 10-
sovoluion limit, i pcks the closest pon to the destinatiun 25 us ending poin,

W see that o fiverile pach s generacad (each rie is ndicared by 1 dach in Figore
3.1 and Edgst Clicken begion moving dovwn the path el the dstination. It
Smporcant & mocs thar notall quick parhs ae steaght lincs; dhcy ate siophy packs that
bl out early and e asclose e the desination ss passble. I just 50 happens tha this
path e  sught i, Qe the path is genweated,the quick path can setice to 3 s of
By dif s rsponsLLy o th g of e pudlcing proe, the il
o

T Ful Pat
The ol pac” is e rcal doal. This i .y tha ets peocessd ovee e s
coutd scaxch shousands, o even millions, of A~ s o find the comee path. ¢ he
workborse of the pathlinding engine and slenely chucos sy in ous pathfndiog
Qe fmore a shat lcel, while he unic moves oward thegeal aong s quick pi,

Life il b maach e i you follow e e your AY Snine implemention:
Onceaileisdetermined  be opsa e bl it vill ke that s or L o

-k

FIBURE 3.3:1 The quick path o shars burst pash har grsthe wnie ovig s che
general divcsin of he dtinason.
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Fach game i s own wnique “svelutionaey conest, s 1o speak, and a game's A
st b ceobved witha that cpnreat, The mase suceesfol gaame Als heve arien vhen
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e solutions exquisirely wel uncd o solss chose problems n that spcifc game.
“Fhis i ot 0 sa tht peveralized, humaniie coguitivesklls a: unimportine, b
v st i U Leingtaios 0 g o e btore. e uly indecsand the e
vions. Stop el ask semreel. Wt éehavion dus the Al acally e 10 cxibit n s
e, s bas cinsnscics s e e 0 o e bebavins Wit game-
phy mechanice will make ou custome Lsppy, and huw dos our AT noxd to suppars
Uiera? Ot ' i whiat e wan ot Al 2 e and when e wantthem 1 do
it e cn then detereine whae AL ook we tely e o 2ppecach chose probles.
L orde 10 i onteer-dependen sxperise.” we most it become experts
Vo develaper e creste 2 competent sanue AL unless he is competom
g 1o ply the e Limclf and judge anocher plases kil Onee you have
devdaped yorr oen sl e, o can then seeempt t fguse out ehe cogaitve moch-
anisens behiod st own play 1yl and th scroa decison making processs hac vt
use when faced with agiven sicuaion in the garoe
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Afrer g spexelaiun, e disncerod that his spike could he crushod by g
diny ectaugle scheme. Since enes of (b A” nchiassase memany. pooled, wad tere
is only onc Fustcorage based patfudes there s ma nsed 1o dear the sotie
lags/Nodus atay each fime we park, Ltead, dusing prebfinding, v expand a rec-
cangl 10 encompass che a1 of the myp we have sc
with ez,

d, 0 cest only that ass
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+ Pacl, pacl, poot rhac memary. Fyou acs nat severly limited un memory v,
voulte thaoving CLU ot the windaw I you donit dv some s of poreg, U
Vimies on yous poals o handle typical sicuations, thus reucing the pocendl g
youl e horgion meanory dist wot b eed.

* Don' use STI.for your Gt srucnwes. Whils STL is amasing, prehfinding s
cants  bund wrlete likedlst an hash table yscem

+ biake a fags areay o indicace the sate of cach mude. I the armay i 1 byt pe e,
s well worth U memoty for s incradible lookup speed and oprimiaion

ks e can enble.

+ IFyoo cantafford the momory te dodicate o a ags aras, ry wsing 3 siding wi
o syt and s 5 msch maemory o can alford,

+ Teafort thaze Open and Claied e ingo hash ables, 1t make sure 1o ey
sith the hash fmcrion and size of the fable o pec che best disribuion s0é
performance

+ ke cheap i e climinare ehe sorzcinsee pike, o the “seares fur the g
et uode on e Open it spike,

= Wice  fasr stoeape class thar has a0 armay of puioters 0 modes for i s nade
oo, Thi b 0t amcor oty 0 anly s one les you cam aford
the memary

* Long distance pubdinders could use an STL mag, ser, hsh_enap, hash_se o
eoreall e for Fae lonkups. Lxperiment wic ehs it may or iy not b b
it 0 you pablindes,

« Beat memsec with a dimy reeragl scheme. Thisapplies o puoled palfndr,
and alvays do s wraplete clar she Lo tinae yu use che parhnder

« Think “homs ean  pachfin les.”or bt yer, “hov can L eelibly pucbfad acaus

in gt space by doing shore pal?

i the e ofone pchinding oprimizaians. e were el happy il Kmpine
Eur: putllalig pecforaacce. We sould pats buocreds of wois fom one i of
+h ot to the e vishon binging the e expericnce dow. and wee vt o
s 0 case i which they didriepath succeslly o i detacion 1 was reachabl
Allofthcos ate th zosult of optimizaions; e ster th pachfinger, e e e can
s out, which meue  Ligher succes e or s,

Fill, war e v pises of advie e avious. T, ead everyiing sou an
o people who bive pubfinding expericce. You might ksen what_ 0, and, 15
ieporeanly, e o . The axend is ol s your csmmaee for hlp. Team.
‘o ae Ssinlss Stel Sl vt « ot o in increasing performance o pah
inding, and e coldt havs dove i e them. Bravo o chen!

Thanks w0 Richued Woulrd fr che e of Elgur Chicke, (Yo ebickens weee
Harnal i the writng of tis aicle)

inding” Al Ciame Pregrammig
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eemarkable succes of gaene Al in secent years, we shouldo't be arall snepriscd m find
s vh academic cornmicy has much o fearn from us s ell.

Elowerer, for gaue Al o redly evalv, we hoal o broaden our priepecive of
e ALbeyond the AL ckd, Althangh T hase 2 Compucer Scienes degree (1994, he
i ot diecing aud i s s lays s e more usol far game AL work
han anyehing Jearned for my dagree, Severs researchers, most noeally [Lowel93],
have also scplored che application of draviai uehniques 0 Ineracivs onteriin-

Tl field of evolationsy peyubelogy i pueicaar has s amonn
offrgams AL Game AT develapment is el an experiment i evuluconey paychol
ofy—iv s luerally evolsing the peychelogy of game catrcs

Evcry gamr has ceperiencad the iniiol ehe] and evenuual drudgery of being
ataced by Dondes of misdloss opponcas ncapable of findamenra factics such s
cemating dadging. hicing, finring, making theac displays, oxgoriaing with (s
enermy,coapstating with o anoher, ot even taking 0%,

Whats dsappointing shou chis sad sars of i i ot simply Uia, we doutc
mitace mature—tlat wa never the i, alle al. Wha's unforrunae it e sa
i chposs only ebe dulls colars fram the brillane palete of nautal behayiors o
dha from—behaviors chat can wruly make our games motc cotecining, Even the
st simple-minded of nature’ erescures will avoid combas i b, Real animals
i p 2 apprnet st when sy, or ke a randiose dispey of e or
scngeh inthe hape of canvincing che enmy 1o back dusen ur pick & weaker arger
Auih soesk up o helt prg, e o s shem from che est of the erd,
and caplay conple: youp taics e smbuh, o mislead e oss, We v wacl o
fearn from e Liscorer Charel,

Maay of Al
biesis heowoen gaane dksign and AL Tn order for chis symbiosis © occut se eed 10
ensure dhat e, 23 AL developers, coduually geos s our vadorsranding of she woch-
hiquies and principle of game lsign. We sl need 0 work relenlesly w eduvate vor
teams—and our pame desigues in paricalar- sbuot the temends pocenial of AL
o improve ou garncs, B, sicha, decper Al concinually apens up mure sume
design possiblities. and thive drsigh Emprovesments kn L apan mp new oppeoraies-
G Tor AL Game AT can and should he considered 2 natural exeension of gume
design.

Bar A1 o each s ull pocensial, game design mus evolve beyoud f all oo
common obsesion with destgaer-contnlled et and Jineac gamepay. I's nes
b che scarysics shour he gameplay. Alencic games such as The Siom, Mk &
Wit and Thief The Dack Frojice poiat the way 103 fucure n which the ieverscsion
of buman and arcificial minds beoomes a prvary chrcad ima richly wovens tapesty of
game mechasics,

s enast impotat contelbutions s guoncs s el o arks from e syrm-

e S —
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Practical Optimizations for A*
Path Generation

Timothy Cain—Troika Games
cain@troikagames.com

e A* afgorichm is roably che mostidely wsed path algorichia i g, but

sollts forn clusic tue-spans limicuions, I s pure form, A can s 3 geest
deal of meenary and take along fime w exccute. In fct, ts worst case scenario oceuts
ht Lookia, For a path when nanc ave svailble, which 3 e common io many
ames. Mo aricls an A* deal wih ivupruring the it heuriic ot el scrieg
and searching,the Opan and Cloxod lises e cficienrly. inscead, this arice exai.
nes methods of estriting A° Lo make i ez and uore resonsioe o changing map
condicions.

Sach A® cesrictions caks the fotm of seriicially constining the scarch spacs,
wsing, panil solutions,of shovt-ciculting che algorichm alcogerher. For cach restic.
o, it s which these vptitadentions wil pros mst usefil ave discussed.
Thess aprimizatians allowsd the efficiens e of A” in Areamim, 3 seab time role.
Playing gune wilh 3 brge number of player conriolted and eompmeec-conceolled

When seftreing o incernal warkings of the A* dlgurichen, che terms from
[Semuc00] will be wsed For sxample, the s of unecamined nod:s will e called the
Open Lir. and che heuristic cosc cstimace willbe refcred e 2 CostloCoal. This aeic
dl sssumes an fntimate knowledye of die bavic A% pathiinding algorichon, and
IMihesst2] in s book is an ceeelent introducrion.

X genwerkul nprimizarion o apply  A* s feerarive deepening, which is « meehod of
imposing an arcificial limic oz the search algorithon, This lins can b anyebiag, thac
sedinces che comal search space of the lgorithm. Ferative devpening for A* mealis W
callch lgoridhun cepeatedly, stasting with 1 sall il o the central oop oracians,

enasimuma pach lengeh, or maimum momary nsed. 1Fa call to &% s co find u pac,
tecaive despering geaduaaly elaxes the i i subscqucar el ) thesearch suc.
cecds ar the Fimic reaches it masimnm vahe. This merhod uses s memory for most.
calls bcause the anifctl e causes ewer nodes 1o be cramined. Teeraciv deepen.
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* Dlncled: This nade i blocked for A% I his i sr, 7 know we bave ecamined
chis ol aleady s we d nothave the “ussabl” state.

 Open: This nodi s an the Open List and i nat on che Clased lise.

* Closed: This node is o the Clased list and s nor oo the Opes ls,

SqpesT uns g char ARLEIIESUSLL Lage;

|
Koloar - oG, ijompty, unsxaninod
Kisactble  0io', | iaxaninas, neda -a not blscked
Kolackes - 0wz, isaminad, nada -a blackas
pen - GdA, 1nads 1 tn Tne spen Tial
Kelasst = GaaB rinace i on the olosed List

»

Using bit sosc AND/OR operarions an on flagsartay, ws can quickly se e
have e co v nods, or 2 aode i lucked. open, closed, or pussable
Metods on the A sorage las that s these fags lachide:

Gots tha Fisg from o s-ray

1ihe AStamesestatust Loge+ GatrisgUlons 1K, lom nv

(17509 your cam ASSEAT nbck T ansur Na arrsy overruns.
Tamn Thia.SWE1R o MK ¢ pin omerragane i 5

¢ turns trus i the nods i clusid
19117 ool GetIaCiosed;AStarmoses TaUsH Lagst inleg) bust

atoem ((*anFlag 3 Keioses) 1 KCiearh; |

1 elears 10 ‘passabo stalus® Flog
e e CLourkassibLoflag ASTarNo0sS LA usF1anss nEIng)
© Panrlag te -kiasssbls; 1

¢ ssts the “apen staus: 1sg
1170 V013 SeLonaF110;ASTaHAIRS1a7USFLaga 1nPLg)
P [ apani +

i the flags i creaive ways wil go 3 ong way in making,the A snine o
well. & poo wse of the openjeloved seatus i that whenever you nocd @ rciow 2
mod, you can check s Hag to sce which lie 0 search <o thar you don' nesd 1+
seesch horh liss For he node. " herefor, if you heve 4 FindodanboenList b,
ehe st thing 1 de s i ta ek e ags ey v sos e node i cven o the
‘Open e, and thus warrans seacbing or I yoniee sweaing the nicialization of tis
array. don't panic s soved i e Aeaping Hemse ecton b in chisarice

“Tgad” you exclaim Not enough memory for yous mups? Unles poes i
for s consule ar staller. e s st Yan den' have 10 it the coivs map into
your search space. Testcad, you can use 1 lding winclw sysem sl 10 Figure
3.4.2, it har the e seach space you et A Lo scarch i 2,500 s ar
e irme. hiake pour areay 230 x 250, and cener yaur unie or seaee pusicion in the
outter of the anc. You will b w comer, ll e XY coundivases inus s sicing
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e e used vt 1 e ot e the average “bad caxe” scenarlo s for the
$5me.You donewantw vt mmory it Jors of nodes dhat never g wsel, bt on
e ot e, o do waot e it 0 sl hac 30 percent o he i, youse
rsiching poxide e ey o

A oo plce tw star i 1o make & templce metnory pool dast and have I kiep
s, A theshucdos of sy game, s wold dump memory pool st o
et e, A sangle oueput i

MemoryPanis caes SomeClars . Setsar

Requests 97555
Dikrlons: 97555
Pesle wage: 590
NosmualNerss )
Normalldeze: &

“This wuspuc tells pou ta we Lithis o) hoed and ofien,since thers e ovee
97,000 requisitions of memosy: e als clls us hat che peal: sage sttt bigh, 5o
e ool doret e o Le chat. b, O samebing that is i this aften, iy probatly
 grod icen o have it larger than che normal “peal usags” s that we doni Lave o dip
i the “normal new and delete” arca very offen,

Unlassyou uee weting for 3 plafarm with very limised memory, insplementing

oty ool of At eyt sod metnory pacling st of pachfinders il
ove b of ime chat would cherwise be wisred in memory mansgement. Hxplore
whit possibiltcs you base in et of matosy pooling. I You are vorking in a small
and fied memory envisnnment, chere emight noc be mch you cuo da wids pooling.

Start Your Enginast
Th fest pesfotmance fvue ta realve s that of aching, Offen, we need 10 knowy he
sencof a1 A* nad, such 2 which lice s an, ar Fits hesn marked as 3 blucking e
s cruial cha information Lis this b essly and quickly sceesibl. I v dunit coms:
wpwith st Jookup s s nsesad sy an Tincag srehs, v shauld st sel off
the e’ etea CPU becase sppareacly we dord,aeed it

A easy salution 10 ¥ phat rosly pags fF i o have an arvay o 1-bye fogs har
oo stare information and ca be etrered by asimple aray lookup. Ksch flug i the
anay shuuld b 1 byee per i, and the army shankd be the <72 of the ravimnm
seasl space {or map).

While therears any things on could e nca the flags aray, ous anly need five

* Clear This node is upevained and could be blocking ar nor blacking, and s
puarantesd co not be on any of our A* s,

+ Passabler This e s passble for A%, I s I sc, we Ko we B samined
this nnde lrcady and s do st bave the “Blocked” sate.
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Runtime Application

Pathfinding and Movement

hagh Diltessaguridn Gund checomples pash.cheaaly porian par o ave
i the very s cep v the distination, Alsn netice rom the pieudo-<ode tha
a pad docs o exissberwse he noe i hen e valus of the cotry s sigacd -1

Once she solution tabke b csaxed, 3 shosen i Ugure 4.2.3, finding the shartsc
path betsceen any owo acdes i simpl, The 1o ae the star s and he ephumac
ars he. desrnation nodes. Hach vahe in the table Is he node o ravel o neat, For
exunple, <o it pach from node 2 10 nodke 8, follow these s

L. Find e vlue at o 2 and cafume 8. The value i 4. Theackr, the pach
sares a nocls 2 and teaelsDst Lo o 4.

2. Find e vahie ar 10w 4 and coburan 8. The soloe is 6. Therefore, che pat
contioues for ade 416 nod

3. Find the vale st row 6 and coliaun 8, The vabus s node 8. Thesefoe, the
b strnpletes the navigaton from nade 6 0 nods B, which is the desinu
o, The shrest parh from the stare nade Lo ths detienrion node i 2 o
506 0 8). Yeaiy this by ooking back a Figare 4.2,

"t suncime, he application o il of che data it nols sbove s edge, and pars
ol The spplication can vse che loadee dara o prriora pachfinding, This section
discusesthe coss incureed duciog ronime:

Momory and CPU Time Consumption
The olucins doss incae some untime cons a the hardmaee. The most obsious I
oty eucts. The applicarion has o lad up infotation oo al the nodes, such a5
locuson ar othes mass courime informacion. If dhere i fufoomarion shou the
g, sach as information affction Lunt an agene waverses 20 edge, the the applica-
i loads that informarion . ol che spplisrion has o foad e aecessuty
soltion bles Fat A nuepber of nades aod M ousabee of cdges, ther are an 1%
muamher of enteies in each sulution 5ble. The sie of che dats loaded for che pr-
prncessed solurion i OFR+8188. Santiue solucions also have o load dasa Lot
iodes e cdges. Thecnly diffesencsbecwsen the euntae and che prsprocessed b
o isthe loading of e slution b1,

“The i cost £or navigation it small. The bigges cost curnes (o Guding the
Slossr aade in the nerwork From a uolque Loearion 1n the sorld. Ac the vecy worst,
cauh st s ey nod. 0 Pind e stace ol s agan for he endl e, For
P umher oF sysas,ch s conpleir r ehis process is O(PYY). Specialized ches
stmcntc can help rduscethe ramber o eurisi 51 madks on the nodes. For exam.
ple wsion gl 10 sort e s can provide 3 quick way 10 find che end modes w-
ciated wieh say two pusitions un ehe terrin. buswcad of sting eveey nods in che
graph, inding the endpoine requites anly res quick feses t see which gid ooedi-
ates canain che ocations, and s o wat  find b closes modes 0 each location.
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s checking the aew cucrent nodet s of adjucenc nodes, When the algoridims
encounters the deinacion 1ods, r ¢tops and v che lise itk th parh salusion.
It agoishtsfor gnsratiag Uhe sluvivn sble s » ollows:
4013 ersetasoruTtantanle( vatd

b
reng each stset noe )

ar( s wd nots )
s stare = ama
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Frat - FanFsrstiscatnbatny 1ist )
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s

U4 ot reacnabs
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)

B

From Looking at the solurion rable and in the predo-code, murice that when #
i Jound, ouly the s adjacent node i e soludon path s recondnd. Fsen
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<acly mode only contins a few camecdions with ocher nodas w0 fore th adjcengy
Ve The smoalloe vhe mmbee o adfaceacy st fo cach o cnsass s cepeliion
across e cows. Node 9 for instance, vt by ravers cheough node 10 70 ger o
auy ot node In che praph.

Ru-lemgoh encuding af the xowt 3 n reasemable teehniqus and il eamprest 10
10,10, 10, 10, 10, 10. 14, 9. 10] o 8, 10,1,9,1.10] by Tt seprating values Sice
patterns d nox coss rer different rows, ¢ i anly ke 0 comprs cach ro indiid
ually. Flosreser, you shotld be awate thir a comptessed table wil slow the Jookup of
values, since s st be decompressed an-she-fly. There ace many other comprs-
e techniques atalable, b 3 cotapresson ks neseass, ducomprasion e wil
ensealy sise

Conclustor

Preprocessing navigarin is  good soucion s nagig apen e whes et
cwnditions emiie unchangsd throughou the runrime sections of the ame. nd
when ke csses of sgencs e able o sz sobuton ik, Techbiques wsed 0
optiize i seches such v A" can slso be s 10 opeimis the prepmoccied
sohcion. Far th Former,the application gins proces i speed: ur Uhe e, i galos
toemory. The sulucon table sllows ranciene lookups of kvese ot paths berveen
o, airs. atd s el inpact v prosssio ot s opposcd 0 % st sea
e el gives nucao path soaions becwesn evry node dstincd in the scrch
sprce. For games in which the mavigaion lads sl o wll el pals, il pla
Soem et s it chis asse-rven techniqoc i ol parormes
Themesar, 0 ane sl s el al e e, Naviguiog open erin squices
i of difewnt eechniques. Use el colliion avidance secheiquee for ncarby
areas and 0 avid maring,abiocts not raken Inco acoun by ohe sluticn . Lse
preprucesed data fo longer disances. Use ruime parhfinding wheee necery
Using mnliple cochmigocs thar conoplctuent el ocber ek bitee sesuls s ay
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e saring of the nodes can secnce thesearch foe the end nodes cw consiac e and
e che previous complesity 1o O(F%

When these i ot cntgh memory. the applicasion can compres the solution
ables. Tlowevsr, chis s 3 trade-off, The spplicuion reduecs the soe of che soludion
bl i urder  gain back some memoxy, bur foses the consuane lookuptsue o patb
solurons. Comprescing, the tble Lo reducy memory consumpion will mest ikely
{acur inceeased teme compleaity in tevicing values from the rable. The complodty
can vary dspending em e type ol compresson use

Optimizatians and Extensions

The mai ssac involved with peeproceving paiding i the amount of memmory
consame by the salution dats. There te saany aprimizacion eechigues that cao i
el et dnemosy comenmprinn, Tochniques hat edase the canplssty ofthe pr- .
i daaar applcabl o bot e and preprocsicd pchéindin; e e i
niguns vk o che grs problem of i patiionig. They ndiroy s the i
i of the solton it Otles techides, Sch 3¢ compresion, diredy ot dhe
iz of o soutin, data. Thr e mny optimizstion echalques, but hrsare e }
The brae optimission cechaique i 10 tsduce th scrue murabes f mides Kpre. i
senting e erin. Parciioning che ceesie anly i s tha i being d ar -
Time is good st sep. There b o sl 10 it graph v the e expaie of
e vovdodaant i only a sl prtion of he teran s wsed in any given mision
vl Uhing he s s of ot 1 & sller ara 1o ncrese che e of et
s ewer i spreading e rhe s ves  brge ases that seight not be covrly
ed
Using hicarchical peshfinding i Rabing) i s vlusbl i sedncin,che e of
h slution, A vusse ptitiosca seprecnt 1 cverfl view of the cerin. The ara
ik each parcion can then epresent » disinct seion with s o pisciton nd
et data. Forexsple, in Figoe 1,21 the odges connee cach e wound the
mountaing, forsn,casl,and gulf. Esch made ca represeat  egion thats divded by
the serrin. ach odi it have s nore dealled gartian dsc and soluion ssciae]
it . Padfnding e rgion iy i the dare wsuciaed wich he ara, a0
parhfinding bermeen difsens esions wses the Ligher-lerel dice slong itk e lower. f
Tevel datewsocired ith soch f s e e, Cating  Liurch ofgraphegro-
e e of slaton tbles it ke up s oy sham sng ehe s cuber
T s cves one gragh. Tar cxample  craph with 1000 nodes produces 1 solotion
‘ablewith 1,000,000 e T the 1000 s ece broken dow o 10 goups of
100 nodes, chcs s be 10 bl wich 10,000 i, ki 100000 envrics,
and including, the cmnection between the 10 different groups, the final total is
100,100 casir, which s o e 10 pecesne ofth uigind disige s
“Anarher optmizuion seckaiqur b (@ compres the solorion 1abl. 1o Figuee
423, the e ¢ 00k 9 gives a good example o b compresion swuld reducs
gty she amenio of memory consampton by the soloion sble. For e s p, :
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ISk introduces the concept of & nasignion e and s standacd cch
i for Navrsh moscrncnt and parhfinding. This amicle focuses on techmies
for construring n good bavigarion mh i the i place, with an ermphash on s
g mavigation st are gy saoplifed s e ¢ casy Joe che athlnding
ayseem 1o find good parhs quickly.

“The navigaion meshes we crea arc sitable for ncatly any type of 3D) gans
emvionmene, a long 2 the game world docsee change o dramacically ducing the
couts of ganeplay. We will s considec sveral useful opcinizarion techniques for
spesding up the NavMdssh genracion process

A e proteed, ear i il .« avigaton mcsh, ke sy otber tpe of pr-
compuned pathfinding dacs swmerare, docsic handle dymaic abacle—thac is,
obstackes chat can move durin the eoune of che game, such s crates and oiler A1
hatsctets. The MasMiosh ouly kaows abo e seai ps o th ganme el sz ys
il need  sepavarelager of pathfinding co al with dynarmic ohstacls. A visudlize
tion of this s shon in Color Flate

i s derbes algortbams duat will sotormially bk « NasMash cha s 5
clos to ptonal as posie. Foc pur purpascs, “optimaliy” means:

+ Complteness. The navigution mesh shokd covcr svery surfscs rhar amy AT in
anr game cauld rexsonhly be expeced o wlk oo,

+ Simplicity. The NavMesh constrution code siould ancenps o cover dho sur-
s of the game world with something tessonably close e the fewese possble
nurmber of polygons:

+ Consistency. Navigaron mesh canseruction shemld noe
bers. e shonld give os xacty the same output for o idendcal e

+ Excellent runtisme performance. s seck a clean, simple daa soructuce hat cam
be very quickly queried by the puchfnding syseen, This das secuccure shoud
provide muel fster pubfinding can wotdld be possble by querying the o

+ ol auomtion. The N consition procs st b complely -
mred, A dasigner shankd e sble 0 lond a tevel and press a bucton, e our cole
will auromatically peneries 3 NasMesh from e raw geoutey. Same. readors
might be inrsnsted n providing cools for dignecs o cwesk navigation meshes t
ehee lking, Uhis s  teaonsble and achievable goal, bur it s outsico th scape of
i arace

+ Reasonable build-dme performance. St dsigaers will ebuikd e NavMeth
o3 el busis 8 they develap thlr e, consrucing rhe masigacion
shald rake i more than a ew mintes o the Lagest posibl pame workl,

* Rabust handling of degeneracy. The NarMosh rmicc be able o desl virh
degenerace inpue dara. This inclsdss iopue polyguns with fever dhan thre vee
i, polygons of O ticumsrence, polysons wids vos sigmlcant odgs af i .

iy candon oume
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4.3

Building a Near-Optimal
Navigation Mesh

Paul Tozour—ion Storm Austin
gehn29@yahaa.com

A g AL s o pabliling. o iy e s,
sbor A% “A-Sear”). The A" algarithm i the unquesroned champion of game
AT parhfinding, and several arules s this sl and the Gons Progronsing Gons
bocks ([Surued, (Rahiof ) descibe echriques for pesing the most u of A"
ithm s anly sl pece of he ls, and

Floweser, the cors pachinding,
i sy ot the ot hmpurean,
s alveads 0 good thar yud have ahard ime specding e up by apeiméing i mich fr-
e, an youdbe s presed o i a e sgociun, snce A* i provably optinial,

The single bese way ro improve che performancs of yaue A* search—and the
qualty of e paths i your seutch genscute—i by optimizing the wadesyioy
eanch space.

To sy game embontscne, AL cluractcss necd 1o use an undelying das sedc-
ot seareh space cepresenation—aw plin 4 pch s any given destination. Finding:
e mest apprapiace dars stucte & € thesearch space for your game world
i absolutely citcal 1 ackeving rediec- ol meverment and scceptable puthfind
erfarmance. A simple scarch <pac il mean thar A% has lesc work 10 do, and

e el it way you e the aguridun, 4

ing

toss ol wil llowsdhe algarichin b run s

I she represcavarion of he seaech space doeei clasely match the geomerry of the
e world, your movenent and patbiinding sysiems sl have o fump disoagh
boops to make the maemeat laok inclligent and aacoral I your represencatnn &
overly coruples, chis il impose an nnessssary pustbemaanee batisr (hat no armannt
of sushfndec optimization will b sble o overcorme,

One o the most pawerkl ochniques for A1 pathfinding in 13 venelds is the maviga-
don mesh fuka, “NarMusd?) approacl. A NisMel i 2 se of couves gelygans dae
describe the “walkahle” sufice of a 31 environmenr. e is a sémple, highly incuicive
“foar plan’” chac AT characters can e o1 navigaron nd parbfindiog, n the game
wacld,

an
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FIGURE 4.0 1) i verss & NrMlh.

by e i s conailly wselos T s o way of kaowing where the wals ae
s inespable of eairing chat ther’s  big pilla stinding i the middle of thce pith
nodes conmeced in  riangle. And the momene you encounter 3 dynarmic obstack—
such 2 2 e on anorher AT ciseace—jpous path lvice becomes uselss, and you
st qusry the game world dicey

he main lestaian of the pach lrice approach is hat e frequencly generates
owyualiy saoveracn s, Too AL runaivg from A to B will pically fllae che
xacesame parh, exding o perception thac the Al s ‘o cxils.” I che designer places
el s e wevog, wag, or i e A ewd up nuoving in a way dhat the
designer dide ancicipare, dhis can lead ta shnarmal movemenr, snch as characers
sigzagging” for o appacent reason

Tl path bt appeach el sulles [rom seous probleens wich combinatorial
explsion. Because the gisproccsor must cst cwery path mesd sgainse caery arher
pich node in the pame warld o dtermine which pach lines are viable, it is a0 42
problen. T oes words, i you ave 1000 pach s i yous Jvel, e ystem il
nced to 1 999 1600 - 599,000 pchs.

Clearly ths can ead o very lom leve build times with lage levels. Uhe problem
is exavedbaed by the it hat you usaally need coinseat more pach ades t ke e
AT mavement lonk htrer, and his prsparh sty ¢ odds wich performince.

ting a Navigation Mesh

Gireg ook original aricl on ravigaion mahes [Snack0)] recororends bldios
e gt mesh frm euogles. This s ot sty necessary A e of oo
polysons will wotk quit nicey As el sc, quadrieral, and rectangls in paricu-
far will rquenty offe  mre compact and comveaient sprecataion





index-168_1.png
2 Hear-Optimal Navigation Mesh
o polygams dhar appear adjncene b whose verrices d o seeuly qui march
up.

Robustness in the facs of additional inteescting grometey. e must bs sble

o deal il the preence of aldicionl geomey hat wbirarly neests vuc

ising goometey. Far crample, we might have 1 floor campsed of 1 single ec-

Langulie plgou thet is imeneced by 3 cougles, bigh polygon. immorable

obiectsranding i the middle o the raom. Ths Nivhiesh will nacd  be able 10

bl the exienos of his objeet anl automacaly “subase” i Gon he 1ec-

anglar foor plygan

Color Places 4 and 5 shose rwo sxampls of 313 levele ith an aprimirsd
NavMech superimposed on it Each coues polygon it X' fa the cearee is 8
node of th nacigarion mesh.

s of Visibility Approsch

Thare anather papsr approach r pathinding in 3 swsiranmens, We willef

o i echigue 4 U uch fatice o pois o vy poreact (e eoboics field

el o thes 35 sl mape) [Mrphy 001, 1 risty desribe it here tn hrtee il

trate the benelts of che navigaion mesh

A pih latice approsch begins with o aumber of points scattred hronghout the
e workd, These ar he iniial “pack mnde,” Usslly,these sec manlly placed in
the level by the eve designer bimself, The game word dicor il ehen rst the lines
beeween all of th path nodes placed i iven level e determine whetb i possele
1ol n 2 sersighr linc feom any pach nod. o any ocher. Mo any “unblocked” lines
etween nudes, i ereates an “de” between those nodes, The ganes paddiades can
s his tenling, nersrt to find 2 pch from any node m sy oeher assuming such
a paths v,

Tigure 4.3.1 llseares o hoch approsches wonld bandle « Texa-shaped oo
The Gt image shows e with abitsarly placed pat s, The socund shws 3
Navhash it nin nodes coverin the wallable surfce of the room

I pracrice,the pah e spproach has som seves lioniarios

s s the prablem of ash e placemns. Mose path aeicesyees el on leel
designers o place pah modes i the misions and lesels they rcate, Wich hrge el
tis can exesce an enomous amovnr of addironal work for the level design team,
adlingsignificant pocuivity ovethea for every uuw lond a desigocr cacaten. It dlsa
inmodaces » significanr potential source of crrors, since the Al movement syem
st now depend an che lvel designts In et o achive b compeiencs.

Some games eanare syseems cha auroetically place path nodes i a level. How-
ever, these are rae anl are el bl achiewe dhe esuls thay b can achicve
by placing the parh nodes maoualy

Sccormd it pueblem of bnsied prensseon. TH o aics ool <ooins
i indicaing which Incations in the gaene world are divectly connzered w which
orher locations, Oncs you acemp to mov t & locaton that dossithave 2 path nods
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T alan very easy o convert any conves polygon o aogls i nucessary, One
canp way o do e s Lo situply find ch plygans coner poiine by averaging the X, Y,
and 7. companenrs of the vertices, aod. then deaw  line from the center 1 each

You auight be wondering why it pecessry fur the pulygoms w be souves. Con-
vesty b th sy way we Sun guraee that an AL i movc in a ingle sraight ine
fiom any painr in the pofygon to any other. A navigarion mesh path consiss o a st
of adiscen nodes 1o eravl on, Convesiry allows us o guarantee thot widh 3 valid
pach,an AT agene can simply walk n aseaighe i rom ach nocle o the bt one on
the B,

Finding Convex Patygons

The problem of fiding the simplesc et of cumves polygons 1o cover 3 e area
s seetted o it compuraticsl geomeny a3 che gpsimal consex pasteion problec.
The best knan algarichm tn sole chis peoblem is O log ) [KeDBS), whiks vt
madiemnatic 1o progeucning pocket dictvmary cranshtes 15 ery, very s

“Thealgorithm presented here s due 0 Hertel nd Mellhuro fsee [ORousked 10,
Auough tle Heriel Meblhorn slgerithm doesrir guaransae chac we end up vich the
ahsolore minimam rumbet af polygnas cuvering dbe flooe sufive,ics guacaoteed (@
e o o more chan four Uiocs the minloon ousber, which should he good
enough-10saln very s wich the appropristedaa srucuzes, i can b performed in
lineas te,

The Hemel-Mehiharn algorichen can be summasized us follows

1. Bein wirh a ecangplation of e floor vucice
2. Remava nonsssenial ¢dg horscen 2 paie o comvex polygoms.
3. Repeas until v can o longer pforc step 2

W g the process by looking a the raw geouurry of e game world. We can
sty the games cogins o th. polygons that make apall of the srfuces of a level
Honm, wlls, ceings, and 5o on. Typicaly, this data wil be a huge lis of wiangle.
altnugh iFics comee polygons, thars i dded hors and save ws sorne swork.

o e e 2 sl dhe “walkable” surfcs. Sssuniong that our AT charocrers
il on walls or iiogs, we can simply ferte owee a1l of the polygons in the
evel and detzemine which ones fcs upward, Eael polygon in he fvel shoutd inclde
 narmid vl than I, 3 vector shar e i @ dieection peeperdicula to he poly-
g, Wi anly wane polygons whose normals poind morc o fss upwards; shat i, sur-
ks thataue more o ess . We can messure the angle beween  polygons norenal
and  verical fine, and i the angle s geeaer than 2 cerain “maximun angle” chsh-
old, the suraoe is too szcp 0 walk an

s we add the kel polgons o the naigacion mcsh, i @ good iea 10 sore
cuch palygon's ol 35 wel, Wel need 10 kecp ehis d around m opeimize the
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1.2

Halimarks of a Human

The lllusion of Intelligence

Bobh Scott—Stalnioss Steel Studios
bab@stainlesssteelstudios.com

o prror-cantrolled chaeaceers s o give the Single-player aspect of  pome

more deprh and playability. The vase majoriy of people ull do pot play online
aguns orher huonas, Thus, 1 provick an nteresting cspericnce fa these players, we
31 game developers most erence warchy, huenanlike compecioos. Our success at i
et can greatdy inlluenoe the pupularity ind sales of 2 game,

Axthis poine in time, we cancreate acsusl imelligence in o gaans the best we
can ko b 10 cvsate e “lusion of fuelligence.” Thiy accle gives you 2 number of
idaas on howe 10 o this hils aoiding she illasion of srapidity.

Thi atiee is st 1o Ginet he bighcke] decisons (ha gosere how 3 camporer
playerill phy he gams. Cor sxample,sesl-eiee saaegy (K13 plyee wight dcide
s ply a g e Focuaes o votmb with snchcts s weapons. & sperson
shooxer (FPS) player might decids o concenere oo s+ ket lumeher 10
iempruve i all i da g,

Thre sec mare compliated behaviars o5 well—the avcherfiege wespon KIS
player bas o decide o to fnplomen: tha eategy,pcbaps by cecring walls vound
the cow, advancing hrough e cpachs quicly o making alliness it ucihot
iog playen, As AL dvelopes,we acempt o o (e belasions. Indeod, for many.
gaes,  are coing noshing shore of acraping o ceers he llsion of 3 b
Phyer

Sinco tho compar lay s viewsd ot 4 eglaceacntFo human plasers, les cumice
‘what the expectation i whes playing widh sl agaie ohes huss,

Prodictanility and Unpredictal

U playess aze ks o i, unpredictable chings. Ln an RTS, (his might
e atacking & nuch srenger furce Lot e purposes of ditraction. 1. sparts im-
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£+ Moniry oL gasition wilh Sutsar dats 7s
Bateus [} BUtFOsAlci-fa swstlc: n_ozuelel}
Botousy ] = BotPasy 6i-fa_10rhlé 1 s souile 1)

T koep aur Borsfram anning in foa Fasowss, we doceleracs the wghes. erading,
e acesleator

12 - o_aaseicl ©.9; (- Sonear buse smoaion - Sesslerats o
wnest,o) - wwestic] *.8)

Aonartnio) ¥ aartnie] <193

hannied - w snnicl <5

O s dons. we apply the bias valuss,

B_eeatia] - i wesi o) testhass I+ Trick sesor WiLR A Buss <t
W SASHE] - 0 QST reastasa;
AR = Bnaih elanorNgiast
AohIC] = weauth{cl4so. tinas;
l

Thars i T fac,the sycem is s simpie and casy shat v found thae even afiee
exphining it to cowosken, chey sometimes ovescumplicute i, becaue ¢ sests thac
eanit e that eaxy” Bhcic i<

Samplo Programa
Includec on the 5 are e very basic sample programs rhar demnserses aspects of
. the conunl scheme, Ln ch firs, exarpl s, ther st 2 lage number of bow, They
6 e repubed by the cursr,ench oeher, and the s In his examgle, ey acally
S ropeled by auything that et the backgronnd color) You can desw lls ich che et
s bucton and exase chem i e right mouse bucton, ey conaling the sample

actoss th bridge, drwing, new oksraccs, and crsing phe enrene oncs

T e second example progean, webia e, cach ot has b given a West bias,
il ovoss the har Easr. Try crasing the curtent background and eglacing irith 1
e el “sacls course”

The sample. programs conaio tons (el, 32) of bors in 3 smafl. naseroling
space, Thisis t demonstrste the rubunetss of the system. You might want 10 kover
ehe murher af bors and resmpile nones the sample programs require th freevare
Allegeo graphic ibaris) 50 you can pey closee ateution  on or two bors ara e,
You can ats alee the adius of deteceion, and ehe sensor’distance feom the center
e, Fimlly, o chess semples, e bave shova epulors ol Addiag, ateacrors for
s ke o think of e, negaive o) s il

Advantages

There ars several adsanrages 10 this scheme, evar more tradivianal ar complicaced
approaches. As noted carle, i genecates very itk cesuls, More than thay, icis very
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Further Reading

Section 4 Pathfinding and Movement

comroter (rvmchasicscam. The BASIC: Sramp | can only hold 75 commands,bit
5 osible s et bt with i b vy meesing belavios Because ulthe
ncod tokecp hobbyist obor ki cheapy they are very underporsees

Oonee yem sxperiment and ge good sl Fom  hobbyie abar i, o0l ot
bl G that o e Jeane mmy me cechoiques thatcon b spplie o game AL
Pursllan sl o g i, o be S e Lyaootion G oo
tiom.com) or Mandl-Tronics s soborstors om). Thete ac mumerocs tobor -
altors ke the one at hcpfrossum soureeforge efindecheml) avalable online
el

o) oy Do TS o - il e g
s A i HE Trutsional Bk Group, 1987 Good bade
P ot Al spps o vl oAb

o | s, Richand. o Fining Vs Race (s oo il oo
Rkl ey M

FLabeiy b, . L o o S organiion o ch game o GO
A ool e, S T B B RS
o looking s .
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eficient, Each sk not only 2 sensos, bt ako a pushing dvice. 1o one routine,
cach node bath senses a repulsor and cesponds, rathes than sensing and chem relying
on anather routine o acaally act o Lo,

Al serup, cach ho ssentially requives only fout Ethen suremens pet frame:
apdae, Given the power even i  low.end sy such as the Sony PlayScation Oe,
s snakes e ot objesc-avpidance hehasior essencilly computationally frect Fur-
ther even o very lmited systeens Wik the original back and-whise Game By, wich
sts .Mz 8-bit Z80-Lie pracessor, managing 20 bats pee feame ta¢ 60 FDS} is casy
withont raving the syte.

sample prograns, bt abvions, are acing attscrur o repulior salucs to player char-
acuers o NPC:. Mapbe the eisot Lruc cascusion 1o the cmeepe is simply addi
e “whishses.” Gaing with e o s radial whiskees adds greaee complesity o he.
hehasiar with only a very slght compuiativnal incrcase. Alteving the collsion desec-
iun o be plygousl, cthr than per-pixel, s mother logical sep.

“Whileche schems was devigned for 2D use, adding up and dewen sensors makes i
s effecive 31 sulution for some problerms. One experimental wse we have consid-
exed s putting scnsors on key poiots of 2 310 humanoid gure. This would enable 1
campucatianlby chssp wy for the Bgure o, Sy, duckis head outrof she way ifa roce
wize thsow a I without moving; the whole bods. o even wro it shoulder 1 avoid
itting another fgure walking down  ball. W think thar ehis rype of round-up
sulucon, conmbined with o sart TS model, could lend icself o some susprisingly rea-

pphcations
s mecioned corlie, wive used this outine succsfully v Gasie Boy 10 drive
eveyehiog, fom suaning bucks ad tukles L 3 foorball gamne (VI 8l for he
Game Boy) to s chae rorine i plafoemers (Al s Wancldad an Dy’
Tavsani, Mryhe the mast abrions spplication or games on mare-poveerfal paforms
s use i oo o oozl hindreds of characers simlaneouslyeche herds of
encae,or incidencal NEC.

“Algh i more b Al e s csentialas pames move forward, o
ol thors vl e be soom for cheap, icky solutons el o jst for Bmited
commputing device. Using  chame sinlar o the. one orlined heee could add abuo
Ut i o« gatn, nd grcrly enhanc the xperence for the cod usc.

ing Small Al

Prahly the hest thin amyone kteced i snall AT can e is bl bt wing 2
BASIC Suanp mieroconceller fiom Dacall,Inc. (e parala.cons, or 2 BASICX
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s, appliction. Irovidiag the bese pusible pith sfutinn encai that ch serch sl
vichmn vs: appropire heuriic and coe tets. It must provide salurons for rravers!
Eroun sy Lovatiun @ sny odber Loration in the snvironmeat. The wultng pach ol
iam e b esversable by ha agene for which che sarch i reaelad. Being enmple
amensry s he s application s that th algorith ot ot exceed temary ot
P e allrved by che applicarion.

Proprosessod Navigation
Runtione scaschs ar decnanding un systan sesnrees, A pascitioned srrin an et
nearch space vich buuodrecs a chowsnds of nodes Each node cepresenc 4 lcation
i the world. & runcie algotivn checks many af these nodes each e ¢ makes 3
seateh. The applicatian afocacss memory o seore nodes tht have heen checked snd
those thar ha nor been chodlsd For cach scatch, and cherc enight be many serches
oxcutiing at e sins e, Gatne progrusumers purtivs terkis t soeate w fow
nedes s powsible. They aprimize data stnucrues and momory management 10 spoed
the sceessing of daa and W sstng of coste ad Wnisis. They s vse e
searlues juliciousty, and use les ime-consoming aasgational mechods when 1 search
s anccesary [Rabingo)

The dea bulind  prepossed buvigation s o create s e o ) the possbe
path solutions nseded for mavigation. ‘The purpnse for creating such a able is 1
edsce the vuntions provess dedicaed Lo searching, Crearg & solation table roduces
the onder of complesicy or doing a search fo the Jowese e path becwsen any too
nedes 0 041, The application s able  spond les rime on navigarion and able to
bave muoeetme o do ocbet things.

Ciaene deselopers aleadsy know chey ean creacs navigational dac a3 assers thar
ehey can laad and s ¢ raniaas wishout el procassing, The pasicion dic ef the
et couneiviy inforruation, and gaeue dats embedded inew dhe pusticion daa
axs all part of ehe navigarional dacs that can be prepracessed. They can naw pre-
provess eatee fo pathsoltions o wel e probien for creating s slutivn for the
onweer e pach herwecn cvtay nodi in th scarch space is calld s al-paine e
et problon: Abot3),

‘The al-prrs sharsest pat s 3 comenan slgarithm problem, and iee slution i st
rhe hearr of rhe devwlopment of a prepecessa nasigarianal saltion. This amicle
apples the slgorithin fur sulsiog this problem o video ganss. The folkoing sectons
discus che issuss nvolved n creaing the all-pairs sharres pach sohurion able, baw o
e the table ar e, and somse ey opuietzarions  reduc the memary foougring
fot scurn ch solution table.

Analyels of Requirements
Lo s preproces pac soions vy a e needs  havea s unde
tanding,of he tshrianship berieen the gams roquierens and. characerdcs of
b oot i sl of the i gves s ta e purctioniag approach sl





index-156_1.png
Overview of Navigational Approaches

Preprocessed Solution for
Open Terrain Navigation

Smith Surasmith—Angel Studios
ssurasmith@angelstudios.com

pen teesin navigatan i a comman Al problenn asocisesd wich modeen vidso

games. Games in genees such as ol i sernegs, diving, and combar simula-
s bave humin players and agenes compeding in open terrain Levels, Agents it
‘mancuer araund aharcles and o berwesn locatians withewr prcing s, bump-
g e dhings, o1 going stuek,

any grme rogramiming hoks discons vatious salucions fo apsa testin aacl
gatioe. The solmians they provide, such as A%, ate sy ryeims sahuians. Becanse
Ve guene spplications are esmaning vn colpuistivnd b, « gine olien
prepracssse as much 35 i can i apder (@ rednes. rhe runtime nad oa rhe CPU. This
anile diccussen the isvucs wuvolvod with presiowcssiog s publindiog, porcion of
aasiguton. and provides » mechod for s implemsncacion

Thie e dhres parts in putting tgether a navigational slocon, The Grst b o gund

o e e i e o creal st scsechabl There a7 many pasicioning
scherae, such a3 csangulr g, quadee, unves pabgom, puins of vy, and
omnaicd ctndirs St Ml of these techniques redoce the contiguous space of
e cerain 4 e spacs ch seaeh rowines s iterpres, A search sacs v

ing & number of nodes and sdges. Each noe represeats @ section o the covizon-
ment,and cach edge eeprescnes 2 pat e pai of nods,

Uhe second par st creae heucitc and cost st or ach utique traversal coue
difen. eurisic ress evluate hovw el oodes match navigaionsl goals. Cos. e
evaluaee dhe penaly of the parhs t0 thoso geals, Difksent search algoriehms mishe
employ an o barh s aF teses. The purpose of comdocing, search i 0 fid e
e thatbest matchs che aigational el and o lan che. pach wih It ot of
maveral o that node. Charcterisis of the terain and th traversal needs of racy
sgent coneibute i o dillceen hewrbsric pd ost s candivions.

The b pare i 0 employ the appropeise seach dlgorism i order 0 provide.
e bt possbl parh soleinas for pavigation whif remaiing compleraenrary o s

01
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Soction a_Pathinding and Movement
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the application. Lherefore, miniatizing the s and number of s ate iporssnt
obictives in Implomanring 3 preprocesied sulucion,

A scurch algorithm wses oot functions t derermvine the pach solutions berwern
nodes. Therefore, using difrenc cnse funcrions might produce difforent cables
of path soluticns, Tnexder o minimize the b of soluion Tables, the nurbe of
cost fanccions shauld eemnio sl Cace most be raken co create cost Futions dhac
many apencs can s, and to get 1id of cost functions thee produce safucinn tables
il ¢ same path solutions.

Berween any given pais of cks, cach solurian exble provides only one path, nd
the pach is pussanteed to bave e lowest cos. 2 gume zeguitesagencs o use difec-
i paths bemsoen any given pair of ocations, they muisc e  diferead metlud
deceemine 3 new ks, Thissnight moan erearing » differen table using diferent oot
calculations, ot soae other method that s not dicussed i this aricls

NWhen navigating aver the tecrin, 3gents uso al-sworld pesicions. Theos posi
cioms ace noe eepresend by dhe actvark graph. Tn ocder t find 3 parh borween twn
posiiens n the world, sggnts need 10 determine which wodes march the sart and
descinarion positems. They do. lis by t@s(ng, the nodes for cheie heuriius, For
example, o find 1 adechusst o the dstinacion location in the wotkd, for cach nads,
a discanee vse herwec che node and the locaion yickl the heurisric for chat nade.
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the armarne of dats reired. An snayss of che ganc ghvs detul a5 To hovw many
unique soluion sis the game il nced, and dvermines whit e hevristic and cost
Funcuons or. The deselopesr needs his informaion t mak decisions sbour the crads-
ofic hermeen data complexiy, resounce ffcency, and complcensss ofthe solations

Tarrain Anaiysie
A approprire paciioning schire s dhe (st sep 0 reating an accirare epresenia-
tiom of i tessin. Borause eprescoring every canvdinane of the open et in 3
gr1ph is o passible,the pareicon scheme mest reprusas e treain in anly he fea-
s that atce o Lasigation. By rpecsenting a ile o he reein a» evetsay,the
pattion darscan remsin small. The sire of the sourion teb depends on the nmber
of nadss in the patition dsta. More sudes l lges pide greter deal, hut ao
st s of the olution xparesialy

Although there axe many ways of paitioning the turain, his an
pustitoniug schece ko 15 “oints of visbilicg’ a5 an example IRabial] This
pavririanig scheme is sk a oadmap. Each poiat i ik a ciey. The rand cormest-
g, cwo arby ciie Lopreacts the visibilny bervcen the o e, Cties are con
nected o hee ncatby cires v the zotire map o orm a atge nervork. A cler
moves o ane uea t s by i Snding th ese ciia: o he s and des
iaton s, then by fallawing che roads conectio ehem, The neevot graph s
e dat sxuctare reptesentiag this partoniag schcme. s rpresc ey pinis
i the tecrain just &5 st o 2 uap. ides e e eaads conmectiog pais of nodks.
An agent is astimed o be able o mavers beewoen any o nodes along the carridor
defined by an ede. hen rraversing trm on point e anorher, th st and desc
it nodes s clled end e, and the seie uf roads that connoce them i called
e s sl

“A pusprocsed solurion can only exke i accun th teraie seac grographi-
cl estucer. The parion geaph ight contal prchs aronnd obscacles it do cok
change over the comtse of the game ac o, st s hrge iopasses ke mounain
g, hadies of water, clf,rifz, or smallr obscalcs ke nondesrciblesvchivee-
are, The graph cannot ake inro account obsrscleschue mighe smove ur clange duting
nadione. Agents can wss th solutin for the pardtion graph anly to navigste around
staic s of the terzan, They qusc v addiional meshuns e avoid moving
abstactes.or ta ke advantage of hanging ndscape. Figure 42,1 shows a dirccional
ceaph that i created around st tcsan aturss

o il use e

Qaemo An

Along wich analyzing the rerrin enviconment, an analyss of the gams is ecewary i
nder to Dotmulate o aisd heutiad neeions chas che applicacion il we to gener
anedhe parh schuions forthe game, Garms requirements cat creacs hoeds for dffrent
searches and solutions, Becaus cach sokrion table can take up 3 ot o roesuurs, sl
1ipls olution tablcs have the potential to tac p mmoxe memmory chan is wikble for
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The nads whose discance is smallestFrom the desinasion i the o that mtches e
lacavion, A salntion rable dns o provide the heuririccosesfor nads i ool pro-
vides path solucons besed e the cont of ravensl beweetsthe end wndes. Eleuricic
isc e part of the runtime calculacion to determine the end modes. The e siades
detctmvine he ontry for lnaking np » paeh fiom the salrian 1able.

Constructing the Solution Table

The cavaion of thesolation bl fo l-pis shoreet s llows the gome o push
s nodc-searching portion af pachéinding, flom rustime o preproceasing. Once the
analyses o garms roquiremants e made, GonSTtion af th solorion wble can begin.

The gracess for comstructing the suloxion 1l cequizes e atsgiacion of
campaneats. The fiee companent s the pariron information. The partidon ifor-
arian comalas the dars suctote defining the nodes and edges. This is used s cre-
ste cont Fuctions, aud vill sl be wssd dusing wmtizee o bearisic esing, The
“ocand component is the cannecriviey nformasion. his companso i createdl o
s parition informarian. I uses  cose firncrion 0 asign the cost vahues for edges
Then, s infocnsation s wed fot pathlindivg bruvecu all pas o nods in ander o
crete che ulution tbl, ‘The i i sesrch slgaritbim e processche patl betwesa,
aach pair of nades. The Rl componcas is the drma snacture o sore all he packs
making up s solution table,

Tha Connactivity information

The table i Figare 4.2.2 mpreseni the connzcciety sepresecned by the praph
shonwn i Figare 4.2.1. The abls. thowrs che cose berween sljucsae nodes seprescated.

o[ i ibed 1o [

FIBURE 8.2:2 Tis o soble mpresrsthe graph in Figre 62,1
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i th graph. Vabies have & eniecmum boond of e, il i he lesecos 0 rael
et the e des. The (o5 fo ravers o & e o elFis o

The Sourch Atgorithm
“The all-pain sharsr pahs search depsnds cly on evaluatiog the cust of the path
berween sach mode paix Heuistic cos ecmsce e ot spplcabl because we know
el wheee the nodze e and can caleulcs the cost beoween chemn. T comue
“Agoridhms wcd o sobve this type of problemn ace Lifkseds agorithn and Floyds
dgoridi,

Flopds sgorihm sclves the all-pirs shores s problem ey, while Dl
i algorvhe, movmally ed 4 2 olation fo single snree sberkt uth problem,
o b et s Uurough ey i of s 1 cuse in hich the rumbers of
e s o s U i o o he s, Dl lgorchm perfcssbeer
1821, This amiclewill we Difsess lgoriths  lstrate the s poios. Dif-
st alorichm o cay to mplement, and thee ase maxy tsource cxphiing the
dortn (A3l

The Salution Table

The soluion wible holds che preprocened nasigaion dara. Fundamentaly, che k-
iz shoriest paths problan s OV e compleriy 1 he sive mere lso OOV
complesic, the solarian sble wonld require o much memory. For 2 graph with
euenber of o, there are A'x A paies of nodss, I each pair equires a path chrovgh
ll woden,waeh pal will b of gl . The fingl bl il hen requie ¥ nambes
of enrics, For asfew s 100 modes, he esulin; table willrequiee 1OUD,000 G,

Fortunstely che solution b only cequlies, at che mas, A mumbe af cairc.
This is e because ach aads it only ness o conain cme value. Esch value rep.
s the e ok in the salucon path ading e Use destivation node, Thcfore,
the solution thle implicily diserbutes al the patls solutiuns over che onir table.
The N slution bl s shorwn in Figare 4.2,

Gonorating the Solution Table
The algorithm wsed tn create the solucion table favohes very fow steps. It goss
dhronaglyevety rode pais s uses Difksuss algarichm co seaech for the pach salugn.

Wit cach solution, it bulds the solusion rable. T he preudi-cide it Colows shoms
« steightforward implementatian. bore et ipleancitations ax possble

s sgoritun s the lowest cost pach beeween o oades by repeacediy
spannig along the adjacent nodes with the s smmed cost il e destiation
e s frand. I fire sets the scact mode as the corment ot with 2 taversa cose of
sexo, ks che cusret o 2 aversed, Then, from the carrsny node, it liscs all
of the adfacent i thar have ot bean fraversed. Tach node an he lst contaio the
sam of the case sincs the scuce mule, and he previous o dlong e pach. Fram
the s, e houses the nude wih the lowcse oo, 53 i 4 the currene rads. and con
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Marco Pinter—Badass Games
marco@badass.com

el sl (i os:crtcal core compenent o game AL sysems,ud

whils lings volumes have been witen. i remios 4 sguiiicann challenge with
exch new pame produced. O of the greate challengs is achicying ealiic-luoking
Lt btosce waypoies. a a hion thar s ficien: o caleulsee and remains e0e
o game physis. In his ariele, we present  metluad of quickly calculaing & gonmer-
ically coret path eom ane waypoint to the e, and clscuss  vaiery 1f s
e b o achicving consiteney sih game physic

ok many yeoes ago, s games were erexced -t the game agens fvehicls,
charscaes e ollowedeheiz computed A" pth preisly. This meane tha ar ach
waypoi, the chacacter suld abruptly urn o 3 e direction i an entiely waed-
isic anlvisually umseselin, vy (Fiure 4.4, 1), Recenly, most garnes bav. incarpe-
e sophisccacel spprocie o aiklicss i problem. & eommn, guick fx i co
apply a spliue across al the waypoins in 2 pach [Kabin00!. Alugh dhe splne sl
iom smathes e weypoine parks, i does ot ke fnto accaat sy af he geam-
ety plhysis, ue e autibutes, ks inping radin,charcan be cruial for paicular

=1 =]

®

FIGURE 4.0.1 Treoufing besien aypoinss, ncighs-lin andl curved.
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Section 4 Pathfining and Movemant

@

~. origin
i

‘ oA Ratus TP
/e
/ iniel
Faius risntatin

‘~/
o
FIGURE .4.3 Gearmericreladorsips o rwing radia,

Oneinsportau. ceveas: The techuiques hens asuos dat o hare aieady imple-
manted soms orm of linc-of ight smoorhing, T ramov: unnecesary frermedise
vagpoines along, seaighe lines. hany of the references provide simple methods of
doiog .

Listing 44 demonsases how ro derernying the paramerers af the route. Noge
ehe the o i Lisin; 4.4.1 hould b called cvice, both wih b.r-fighe==trus and
withBTurnRi<=Fase, Aliewan, o otal e loogebs (orvel engi + ) hald
be compared, and the shorer one (sither bz_rnri3nt o Turnmgnt) chosen, Nors
U dhe computaton s based on ¢ pure Carcesian vovedina system, where y vil
s incvase i an pvar dirstion, 2 oppoced ro fhe screan sstem. where y vlues
inereas in 8 dowward divection. Thin will not change he resuls, but it doss mean
chax when DTurnfzart is e, it will ccally appeac to be tuming Lo on che secen.

naly while ot implemencad in fhe code samples here, al) comporarios hased o
angles should b translate w radians i the 0 o 27 rae of valoes.

ing the fastaat route

between two waypoints.
Ustarnine Tha “artast ruute bisesn i eyoints

Rrara: oragn, orisntstart, Elurmraght, redive

11 OutDut saramaLers: B, 3, GuneaLsngin, 4, sngiastart, arasnt inal

Gelouiate Jovstion of P (s
antar of the Turning i
(TG FAgRE from The arigan means that 1 33 locets
50 dea-ens clockn s T I init el srisntezion;

Turning 13t reats the revers.)

o 1 frow arigin, a0

itturtcgre)
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For s objats ke car, teachs, oe lanes, ad fo slowet s sudiod cosely,
physical reslis is 2 proric. L orde co addies this, we usc @ gomearic approl
has rakesam agens ueiny, radiusinco sccound (Fgure 4411

Tucui radios b o iy surighiforseard cancepe: i 1< sply che radis of he
sl el thae can b made i dhe gt s 2 ed” 30 can, Angane who bas
e caght e an 18 swhesl ok  soplghe Koves chat g sekiles el
o e moch wider curnin, it dhan sl vehicls. (Gane agens o nor
bave s g s re adelssod aer i the e

1Fan sgent with 3 ixed ramning radivs stats ¢ 2 parcicular posiion and oreniation.
and wanes 0 ger o 2 desination, there are only one of owo aptimal routes, Eidut )
the sgent Lucnsright, drviog n 1 dockwise chxck unl disectly fcing ohe dessnation,
r ) curns I iving in a counter-clockwse cicle ontil dieecly facing the destna.
o, o then procseds sisight (bom dhere (Fignre-44.2), Tn ceresim cases, ) and (1)
cam e the same dstance; i which case, either chuice will do.

Inita)
& e,

. Origin

Shortest Routs.
.

Destination

FIGURE 0.2 T shortstopeions for gsting 1o o deiination aich 3 ficd surving.
dia

There ar soms simple grometic seuioeabips that sk 1 posible o wlenlacs
e s (Figuee 143,

o thot the agent devessrovd ¢ vieesl e i (e il curved par-
o of e rowte, The sgeat uay v mose halfsny around th cicle, o valy &
e degrecs, depending, .t il vienarion versus the angl o e csinatin,
Note tha poiot 1 the cencr o tha ik, pain s the porm a vhich e agent
departsfrom the circle (and stces g stigt, s e engeh ofth scrighr-
lne pticat.
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Ut his solurion coupled with ther senvothing seltions, chere are ies whea
the curving of s0 sgent’s path causes it o parcially overlap 3 wall or Uocke (Fignre
443 To s games, shis is 3 reltively upnotxabl eoc 10 the end user. and it
is uficient o fguors che ssue, Ocher solutians involve Forcing 2 flid wming
redis [scc st secion). on if the sgent i capable of backing up, effecting 2 dhree
poiint turm,

b

FIGURE 4.4.4 The blocker-serlap probiem.

Anaher muthod of ceduciog, this problen, wsing Use ganeral rochmique
el e s 2 s same basic. prediceive analyss o Jeave che agenc at 2 moce
ealistic arienration st sach waypoinl. Lhe basic notion I o give the agent some





index-184_1.png
44 Rea¥atic Turning betwoon Waypoints. 180

anglaior = o
AELSTOR - arseRtBtanL 1 PLIAL £ 205

skt - P10

o c wrigin radius < csgegnor)
3T onidny o rsaws « sisfaresion

1 Ratoulata dzasince fron b to Nestrmtin
ay - ey v
2 sartiioon e

116 the dstunation 33 ans.de e ol
¢ an Sens ronen it
R

4 Gatoutate tne Lawgtn or 3 bsseu ar the
o1 cre rign: trimnglo, ane thata o4 s 1

- sareirh radieeradiisr;

rats = svosiraius | hi

 Galeulite gl 5% “ron srclomgent rolstisrship
[ttt

Drterni s point 2 ivon posi_an P ard angle
anqisEian - faTureRiget 2 pn “heta : o

G TR racius © enasraleranad)

B3 7 Ply + rastus + siniarglerinaly;

1 Casgusate rined values needra
Total dustanse f cures: ARl Tl riemetion
cralostare = anatalor + PG 2
toralturys = VurnGane 7 dnalestart - anglacinal
Snalerioei - angiastart
GurvuLengt = zotsGuree  ratzus;
T © Surrians ¢ snquerinal - €12
SeFinal - PI 12

Lisiog 442 demanstcstes how o deetmine e et posiion and orentation of
e e ¢ vy i in sime, Note that dhi syt b complesly time-independent:
et s e s sysems equie moving agents 3 dscree fme intertals.
hene we v wpeate witlout any such resteictions.

Listing 4.4.2 Da

mining posktion and orlentation

Caiculitad paln belueen
Faranctos: shas, 3ioFsed, a9, . 0,
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Futd Turning Radius
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plac 1 carrs sl agents with o Buid Eucoing rados bave une thing i com
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down to achicre thar, This i acrvlly  very efecive vy of dealiog wih che block
enealap peoblerm discussed in the previous section, Novs, wheticwer s ageuts carved
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planaing sechoique, such s Voromo disgrams s vt raphs Lacotnbed1 ], ar
i be sy getestel. Regaidis of bow he map is iy generted, i s
ienportane th i an be el fo cach 313 emiromenent, B separsing pul pa
ning oo s ditsbl durscomponet pls an lgotithm componcr tathet han sl
i lons, s pussbl t i same rcmblssome prehfinding locatons by changing
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Navigating Doors, Elevators,
Ledges, and Other Obstacles

John Hancock—LucasArts
Entertainment Co.
Ihancock@lucasarts.com

0d nqvigation i crivcal in creatig, inelligent, bulievable gume chasactes,

[Miakes ean shacer the dhadon of inedligence i guns piograomers and
designirs stive o cceake. O th oter hand, vecscle nsvigation svideniced by wt AL
chactos runeing 10 2 slevater 1o ger away Fram che player can increase characeer
belismbilty grificanrys and cun be enertsining s el

This auicke discossos how 10 sk genc game chasaceers genaran: and execuce
paths chat include obrtacles such as doan, devanors, wwltches, jumps, and ledge.
bangs. We e o correcrnass, e of use, and efciency: Snce runrime analyss of
30 game workd s expensive, the ko co vecsatle navigation is 10 scote addidonal
infarmation in che navigation map.

ing the Path Planning Gragh

The s s in s 3 parh panwing syen is encrating che map data for the
s searcl s g sepresehation s ofte used whet dtacte mosemea i imived
o csentially e dmsnsionsl e Lo, in 31 game e which chiractes
et e ot ot e g s venial, 2 eaph approach s more appropri-
v sine e gancrally more ey in memory and CI) wsage, Genseting 4 geaph
requies additonal ode ancor manl labor

& graph consts of o defiing lcations in the world s v Do
o nodes. The et raph of nodes and Finke i 3 nademap. A ath s s i
of ontiguous lsks i the o, o i delinon, ik s anidiscional s
Soms charete ations (ke mps) rght only be tequied i aoe drcsion, Thus,
hre are genealy o s e iacnt s, one i cacs i

Some graphlased gorh plannsrsdo ok cepliely epresent the amunt of ree
s snoud o o e This ca e o o of v prebiens. I characers are
force 0 mave esacly along th ey arove ks o the raph, ey will ppea
sl ar obaric. On th et band, 1Fchorsres are losed 0 sy o the

193
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mesh propery: Our NavMish parhfinding syscem might it 10 wse the normalin

the game 4 well. For sxample, oas game sighe farurs fagged teain, and saring the
el ol allow s game AT sgenes o leaow which surfacss ar 100 steep for
dhoen o clint.

i sl wichous
opriming ir farther, bt chances are we want tu comapact the Navosh further o
Sower o ey 1sqiremens and $peod up vhe Navhesh pachfinding proves.

vy

FIGURE 4.3.2 Morgng polgons iy  single comes ol

Now we apply the Hereel Mebfharn slgorithm, which simply cells 1 o merge
paiss of adjacent convex palygons inro single, irger cousc izt Fgute 432
gives an example o e can g s s o single e Ly cepratel mery-
ng, iy contnuowly cepeating this pencess antil thers am na more nodes el 1o
menge, e can dramsticaly rodhce the nombee of polygans i our sl

Mergiog sworke a fllos.

L. Find a paie of atjocent nodes fi., o nades thar shate an edge brten
chem) whose normis e ealy idenicd (e, theis srfaces fucs ehe same
disection).

2. Cheek o see i both nodes shaue dhe saiue v poisns g e shared
sl 7 e of e el

3. atempr. . climinate fhe o ad g e remminig vesice intu 3 sn-
sle cumees pulygon, K you sl mike a convex polygon, the nodes carr he
wmesgal. I you can. delew both of the isting nodes aud eeplace e with
the new nade.

it she samme, v cane merge

Step 3 requires a bit more sxplamatian, In audr to morg: ov pelygons A und §
o form palygon €, e begin by pointing s the clockwise-most shared verees in the
Ao i 1 oxuee words, we laok a the e veticesshared heren A and B, and
find the fucthest eroen. i clockeie order in A
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5 — 2 gl is  difficuls prooes, but it well wosh the effre, The algorithes
ek s follows. Noce thar we shoutd only atcempr the 3 — 2 raerge process afice v
live slready completed e busic wliceni-polygon merge process previously
described.

1. Werwify ono adincent nocdes cha shars cxactly one vertex betwevn e,
Wl call thesc ol e B, These e sqisalent r she bottom e quads
i the fis irmage in Figre 4.3.3. The fcr that these nodes sl exit 2 sepa
cate polygons afer the basic mange sep proves chac hey cannot be merged
tagether on cheir owm, becauwse, othervise, the merge step would have
matged then already.

2. Identify  single nade adjacent ¢ hoth of those osginal sk, iFone et
‘This woukd L the Linge wp node i e fot iage in Figucs 4.3.3. Wl
el his node C.

3. Deceromine if A and 5 bork have one edge dhat ruos purdlel 1o 2n odge on
C. e emsur cha the sodpoinrs of hase paralll edges share one poiac
comenon so that they cauld be merged into  ingle b, If cither node
domaa st a paralel lfacent e, ¢ means ehae his s of nodes i nora
candidate fora 3 » 2 menge. s i cquivalen. 1o th sercical edges aong
i sids ofthe fst nvsge i Figuee 4

4. W begin the acsuah mesge process by firat discovering  poiot that s shared
by A and B and is on an edge in C (Figurs 1.5.5%

s

FIGURE 418 Eaaple for 3 —> 2 menging.

L avoid condusion wih the nssoes of the polygons, vl use wonibrs 1 1oforto
sertics, and we'l call cis peing 1.

ate that nads C2will ot actualy cuncsin poine 15 the point merely lies dosg
e af Ch edges,

5. We aow dercaming which of A and R holds ehe vertex v sih w we for
splinting —this i v 2 in Figure 4.3.5. W aote it A aod B vach has ovo
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Wi dhcn add al af A versices to Ci sertes list, We nos look a the Jast vertex
a0 A thi should be the ather voviee shaced hetseen A and B, We locare chis
vertex s s veste st and addall of Bsvecices beginnivig wich his verees.

Nowe we implify e setsiong polgor. vy eliinacing, aoy unnecessary veLces
A vurten i deetual unncerseary i redandant fl., the vertox s oncical o he ver.
sox mndiscly before it ar afer i n the veres s, o i unoecessay 1o 1ainain
e shape of the polygon .., i e ook ue che lne Levsen the previous servex and
the e vertes anil dhe cusret verios les snmehese on that L)

ing
Fowevet, dhorcs sl pleney of sovm Lot supravesueor. Take a look ae Figure 43,9, 10
‘st yous NasMesk cosel. your | noricsthat chere ae a couple uf placs i che
MasMush thar shavchis pareen, e o glygons adjoin a sbind polygon and tbe
et polygons cacl share i uf heis sides i she thied.

FIURE 4.3.3 Clmoereingshreecamat pobgons nto o comvc polygons.

o algarichi v tefe €0 35 3 —> 2 acaging” il lloe s 10 merge these cheee
odes wgtber into T auuch simpler polyguns, a» shown i the eghanost mage.

MNote that this cevhaisyue doestit wnly wotk wirh fouesided.polygoms. Figuce
4.3.3 uses qusdrilucral oy Jor the ok of simplicis. Kigure 4.3.1 sbers a riangl
aid v quadlrsrals mergee it ane ersogl sd one quad. The image on dhe Il
s the ariginal prometeys U g on e right i afeersurgery.

FIRURE 4.3.4 frging of miced e
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9. e can s the stme metge procedte w tsrge nod AB with C o form

ABC. We have now reduced che rhree nods A, B, and C o 4o ks
ABC and B,

Now that the process i Finihed, W e prtfor auocber Herel-Mehlhom
mecg s on the NavMesh s 1 whole. The aue paicsshar renain aftr the 5 — 2
mecge fas o Figures 3.3 and 4,341 mighe now b candicuesfs nengiug wich e
neighhars where they were proviotsly wnable o merge.

At ehis poioe, our NuvMush s pretty lose 10 opeiml

Thowever, we can sl rake 3  bit furcher. T you look closely at sous navigaion
s, youd ¥ notjes that there are nuan dhny modes el emining i he crech thar
much 0o small v be usefol. Small a ey e, they sill requie a mach metmory 33
Targee node, becaus: we stll need severs Lytey Lo sare the coordinares of each vier
in dic s verex Lt pls che nad's narmal

1 we calt ous ch

ey nades, e il not auly vasly educe the memory
requitemeats uf vur Navhsesh, well abo ieprave rancime pecformanc, ince out
e will o lorgee have 19 tncluds dhese useless e nudes in an A seach,

e youn Navblel b beee generated, you can simply eerare chrough afl ofthe
NavMesh sodes uod determing the aurtics a1ca of cach. Then, determine 2 pood
chreshold for it sueface ara, 5o hat f any mode's aeca i bl har hresh
old, you ensider ie oo small 1 be useful and o i froia the Nesbesh,

Handling Superimposed Qeometry

Now cumes he osgh parr.

I vy caes, ol v extos geomery o daalwirh, Vo sxample, magin char
level desigaer placss g, immobile rsasuse chest i the midele f a o, This
s single Ligh-polygons ubject T oo, bowever, i part of a binary-earch parrian,
{BSE) dutascruceore, a0 it resains sl secargle dspite the e chestinthe
middle

s means chae we need e o the work sursetecs—ve nced o sy btz
the sezsine chese From the flaat suriser For e Narbonh e be-wlid.

Tl problemm sesrms diffical at it he chere’s 2 simple solurion. We can use
rcussie subdlision 10 diide any NavMosh node inco sualler undes. I we ook che
subdirision to iy fwbich we wont), weil eventaally end up wirh an infivic
omber of nfiitely small ubnodes, and cvery suboode would be ciche tocaly v

by the objce (e treasure et im oz exompl) ur cally ursic he nbjecr
Recunsive subdivison siemply meaus splccng the polsgon i somae mumber of
smaller palygons, There will L exacly as nany new subpolygans s here ae verers
i the original polyon. Note tharche esniring,sobpalygons will shrays e four-sided,
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awrsices one dgs s o seec 1 Fowever, in cach cass, ane o chse ver-
rcesisshared wich C. Weteke e cwu cetmaing vt (vetices 23nd 3 in
andwhicherer s chossst o vercee | smast be e sight ane - i

Vortox 2, Agaln, none thar v 2 i nar actaly a vereex i B it
merelyles g onc o B odges

Nose we comsidr cueing s line oo 2 o 5. L ardet o do i, however, e
e ta figare cur xacrly where poinr 3 . W begin by notiog tha therc
e v vertces ome edpe ey fram vereex 3 | and 4. Since it cait be 1, i
s e 4. W then extend chline o 4 102 ofFinen infinicy in the diec-
o ul vertes 2, W sempl t determin whete  intereeess norher e
f B ., whese e incersects B alomg any lin bur the ine hericen 1 and 31

I e’ v ftsdon, then hese nodss arenta candidstefor 3 3 — 2 merge,

e sboukd sy g with anotbcrset of s, 1052 do Find a peine, we el this
poia 5 and proceed.

6

3. W o splic B e e separate nodes by dividing it sl e e o 2
o5, Wl call hese bnodes B, and By, where B, isthe t0p node ihe nude
b ot ey 11, To peutotm chisspls we irate e the st of B
vertices and isere sach of points 3 and 2 ato dhe vertes st i in cheap-
prpriate peition i the lis. We can then seurch throngh s It and sple
o o nevp vortee fss,

A simple eanmple will demuateute o o peaforn hissplic. Ifsee all B origi-
sl verties V., Vs, Vs, and Va, and we cal the new vestices X and ¥, then v
fowerethe nevw vertice asshown i the second row of Table £3.1, One wee added
ehe varice, e can frran: hrenigh rhe s o form che Arst subnodels veren. Ang Gine
b X, we skl e ol v n et o e bis the second ¥ (or skip over o
the sevorad X e eoconter 3 ¥ s, We then copy shese <ertis s the verex lise
o firsr snbrode and elte chem from the arginal lst, Whateear vertces s
o dhe sy sl rm che second subnode.

rocedune descibed in the

5. W now merge B wish ande A weingthe aver
s secton, Well vl this mew sde AB.

Ol verexlin v, veov
Wb oo ¥, X V.
Vaarad LV X
Vet F
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Greate noa Sub-povyqu"s from & {ona poly par vortut
For wseh sab-polyaon

{ Sbdzvida(the 6ub-pelygon o) -

»

Re-Merging

Fiees the cook e Afer e done subdiiding, youl nice cha chees a L of
geomarric swschie i round, Th subdlvsion process eaves  con o il polygons
Hying aruund. How do e cean p the et

s answer is simple e use e the adjacent-plygon merging algorihm e
detavmcsted euliee n the e, Another quick sweep it the pulgon-merging
o sl g the NvMEsh bk t a e ppunal s,

o s et e s dhe lgortha o subividi b o & o’ cater
ather than subdivding one linc sca i, 4 s wually done. The polsgon-merging
e will ok pasticulaly el it e ol ol genszted frou i plocess

¥or sample, imagine that v shdividd the squars s in Figuee 4.6 and
found hac the oy subsquases o the tght ide. of the erigiaa) quare e the anly
s it imersected the obcacle. The mecging step will nenw recombine che tn
res o s ft s angl ol soctangle.

Hetter e, ifthe subquace on the gt were anly pardy

imbrsecia, the obsc:

e, then tho sallr subsquars of e squares nght b around, and they mighe
Yt bk o crge bk it this rcvtngle e we o Bide more meging o tern.
i 4.3 shows tislle mircl of s i acion, The fse cwn i shoy
v st of subdision, aies which the rightnuon ks ame dimiated. The oew.
vt images shosecm way that the s eengiming moder can be e-merged ino 4 single
node.

AT b et o his acle,se cruphisiad dhae yououldstore evry Navilsh
odels mommal vector. However, it usually requices 7c leasr 12 hyres (dhree 4-hyee
foncingepoiut valucs] 1 stors s s, 1 we end op with 20000 eds i our
MNashosh—nto 30 unsessonabl number—is wil cost os sround 240K st store

the norenals,
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FIGURE 4.8.6 Sabiiding irangies und qadriazeat

ithim, demonserates bow o subdivid 3 polygan usiog e
6 desmonsuares sbdRision for 2 square and a erisogle.

The following sl
echalque, Figure

1. Determine rhe ceacer of the polygon by aversgiog e X, ; and 7 campo-
et of e pulygonds vesices

2. Tind the midpaine o cach of the polygots eles

3. Add new palygous by using (e center and 1550 midpoines along vith esch
‘o the nodels oriinal vertce. Hint, wdd e ceutee veitsy 6 the 1w poly-
s vt lis, e Uhe it midpaine, then rhe ariginal polygon verce,
and then the seconnd midgial

MNose thar e know how o subdivide a NavMesh na
racess co subtract un obsacle ruzn the NavMosh,

W begin by aubdividing cach NayMosh node thatincersectsthe objec, For cuch
subnde generad froon st urigieal made, we cicher keap the subnode around (i ic
docsntintorse the obstact ot all), throw i vt G ies Loty nside the abstacl), or
subdivide ic again (recussvely) I s pardy Insce and pardy e che obeacle.

Once we reach o minimum polygon siz, e will oy ut dhe sibnods fosresd
of ulatividig i Tocches, TLis scops o fror subdviding infinrely, and abio gives us
threshold valne that we can we 1o deceumite how lose die NasMsh shanild
approacls 3 given obstacle

The following prela-cod shaws how this lgorithm warks.

s s o o wse s

foncrion subande(rolygon p, bstaclo 2)
¢
§1p i tolaly irside o [ deet
5 3t Eatainy culande o € reln

sna return |

y

n vow ko p 15 arLly ioside and oarlsy Gutsios o
Surfacs orv o7 p is beloe  mininun 1hreshola
o'p am retum |
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very e we a1 sdd  pew vt co find ou i che veres isunique. this il
low v bl process dewetically

“Th ansc, 2 sual. s o use & hash e, Flsbing ll ofche v in the ool
ill e e 2o ok op any gisen eree amose nsandy: 1f youd noe lcady fuil
Jar it hash cbles,consul your nearcstdata srucutes and algoreoms ok

One cavear: the el workd often eontins degenerse seeoss. 1 b, e saw
avommetty o out Ieel wil ol contai e Sertices Lhat ppea 13 bs in The same
Tocarion, bt ar in face a slight distance frm one enother, s our huching Function
il et dhom s difecn serrice. 2 good slurion i o sore the il vertices e
i by ch vemos X o ¥ coondinace, e hroogh thissoned s 1o dcover v
s that ac sulioudy o 1ogerhes and g rhe ncaby vertices i 2 single

“This arrcl enphassés 2 fully sutamased approsch 1o NavMesh genetarion. 1em-
v, there aee some ez e ics mecessay o give dusigasre a bigher evel of comeul
over the Navsh generarot.Tn particulas, deigners il ofen wanr o remors cer-
ain pares of the game world fiorm the NavNiesh s Al caie wall on thern,

Thete arc cwa main ways 1 approach this problem. One i o flrg specific sauree
polgons, cexcuees, o materials s they mever become par of the Navhes, The sece
oo s allow designes o plce invisble “solumes”chaesposfy arcas chac should nor
be inesgrated imen the Navhiesh

In'sencrl. chough, cis funciomalicy s ks important chan one wold think:
Suricss such a5 window sll and ralings il typically be smal enovgh dha e
soull-nods cullng process will amriclly liminace hem from the Navbesh. Sur-
facen such ax kinchen coanter will be pare of the Navhesh, but 2 goor pathfinder
shorld narurrly know not o usc thom o navigare acoss the kischn.

whes!

Tt eshriques preseaced Lereare & oo start, bt cuany s ol garas environveats
present specil pathfinding challonges chas the NavMcsh cant handle widsout addic
ol eusones, A guans word snight Sevare buddres or ol susfaces har need o be
climbed, rivers nd ovher adics of wate that cequize Als w swim acoss s, aps
uxd chaseus st the AT must by sble o jump ovel, and mosing geomerry such 1
levasors.

The ey w tackling stk challenges is 1o add the conospe of "links” herween
Nauhdesh nodes. A link i a conneccion berseeen com Novhesh s, ALLof h lnks
e v discused so T ae oot s hat i, ks et wodks Shae re rame-
fincely adiacent and share an el in camman. We can extend the concept of ks by
dding special ypes of ks sach us jamp inks, dder s, and 50 00,
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ey

There e o gl s o uptonze e Qs o ach o -t a pier
tois ol it of e ocenal sl This poer shonld be NULL i she orms
i precly vericl. Asurag that wee deiog wid bt sechitecuce 3ot i
cagged s, 9 gercet of ot nadex ill v noxmals th poine .o el
redue our memory segirements o acound 4 bytes pec ol

“Th acher apio s ol o ehe nrmale or sl of he nodes i he Navbsh
i 4 b, and allow e nod 0 seee byt s t s ol vocto. This s,
a1 shave lrose 200K offche 20,000-node s i e preious exaopls

Auollut goud a1 eduss out Ioehuory eV s by pooling erics.
Many of oue Naeheb podes will s serices, =0 rber tha soriag vtices
el wo v o all of (h exicc b i s . single e ponl.
Nt o ca s etk of e ndices uf el veetivss e e e ol
ot sing e veriecs hslves, This will ave s she coseof 3 erres (12
bytes) iy stusion i which v s shate sl verce,

et b warmed rhar his i« wnlikely o v e sgniiane memry siogs
weles thete s enough shazed vertce i the sl o save s the cast of 1l of ho
sddiiona| 3-ar by ndice thae 3 node must oo store

e tha v mising 3 o mpovta pracricl . S of the
i n ous Nav i comsocion roses, ich us e i node erging e
2 a3 > 2 merg. i, s 1o T ant which nndes e adincens a e

Snther

Cleaty, s neod 2 oo daraseccrae i allos us o quickly determioe affaceucy.
ST 45 Lave o search ovocy node In 1he Navbesh agatnse very ache co discover pairs
of adjacenc nndes th tiens reqaized o cunscruce a Navblesh will gt way vt ol Land,

A oo vy o ol (s problza s o U an augmented versinn of the vereei
pooling kg diseribid i che previous seton. Ln addicons e erte el all
e e 40 st st o poioncs 0 1l the Naghfesh nodes thar inchide his ver-
i hei verte s, very i we wdid s verte o he vettes pol, we v ot
 poiter a the o s added the verrce.

Lfwe oy o add  secumd vertes thar identical 9 & vestex alteady b the pool, we
insread add 3 paincer o the second nade m the orginal verrexs st | bis i sinilar oo
refercnos counting, except e v teack overy single nads that rofers o  given v

‘Adver we create the inieal navigation mesh we cae quickly scan dhough the ver-
e ol o sl ajucit s, Ty delition, s S with i, or moke nades in
s i i shared by v more Navbeshs e, nd e goinces 6l s whicls nodes
ey e

7 o o s dure sl make ings e Al ll. e i 0 cad
up mpiprlting the w1ex ol by dding and temaving lors of vecices during the.
Navbsh canstauccion process JEwe bave o do a inear searad hrough tho vertey st
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laion. i cnght meu calling 2 phay thac dossa’ make semse in contexc. ks a pass
pla fran e 5-yard line i Gl

Convcrssly, many human players are prodicenble in ceccin ways, FES players
wighe have  preferred rouce through thei fuvorits map. KIS players migh have
supred budup phase thar you con eouor.an. Foocbal simalation playes (and some
ool teaens) bl 10 thravw e all.

Note e bsious canflc berwocn thozo—haman players can be botl predicablc
and umprsdicesble, In sume e, this van Luppen wichin the same pame. o achsr
ases, i, phyer mighr be wnpredicrabl eruss mulipl e sesions, but prc-
dicasble within  single gam. Wleu plaing an KTS, ot mighefond o plan  cerain
sirncgy ac che beginming of  game and buse ol o yuue deciions o tha. For cxam-
pl, o mighcdidle that you ot 1 base 2l of your atcacks o airplanes. 5o vecy-
Uing s do il be divecead coward chac strategy 1 youe oppoaea ca ligurs our
chac tactic, you case be beaun

Descloping an A1 1o minvi chs is diffcult. There el 10 be snough randam-
s in the uveral goal so i replay s incecscing, bue chere also neds o be cangh
prediccabilic v
counter i, In addition. you need to be able to dercrmine what che buman player’s
sy is co cfiocmvely counte ieand provide 1 challenging experionie.

che hman player can Bigare ol that stegy sorus of e Ums and

Support
Oftsn, & human player migh select a computer playet e act 3 o0 af. cicher aginse
b appoents o obher comporer oppanents. Mot support dutes ace o it
e s i die—defencling youc allis wvns a sl s yout vn, aking,par i barge-
sels atacks, o s Lot

¢ an avids. the mt difcull spret uf e support el s communicarinn wich
i B glager. Using simple commands acevared by buton clicks will inisatec
the camplesicy fn communiciciva,

Surpeine
o sl thesesee i placs, Uhe el iing i ehe ca is sopriss. You shoud seive
o provice ¢ cnany surprises as you can. Plagers ill norce a1 AL that pestorous an
admisable job of playin che gun, bu they will sk abost an AL hac sucprises e,
Sutpties come In many formms and are specific o different geores. T au RTS game,
bebaviors such 3 pincer acacke, Wisuloruion, hacescmonr, and ambushes pravide
surprise, Tn an TPS, sneprises migh inchude ambushes, suppresson. tec, fanking
maneuvers, and warm suppot,

Tinall,chere i  class of sarpries hat s very haed L ezt sometimes reforeed
o "belevable stupidiy” O th Fce of thing, these actions ook had. buc ane
samething thac 1 buman playec might oy to do. I 4 role-playng game (RPCE, chis
might inchade e of an ults poerful pell that inavercendly bre,dhe apel caser,
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youre ks ol bave s dicaesl AL ceam tar o e count o 0 be i 0 do
he otk In most caecs, you il e oue wich one person i the promise o add
peopie acer—male sor chis hapnens OFenncse, the soquiremeots all depend an he
ope of game yovice developing. Some might anly requine one Al peesns; ol by
et by i dhce Ui Hert, fo cranmpl

‘e hieg o menci i his secsion 5 ehat o wat o o i ey n e
projet s you can. T an A1 sequice play st and Ui sequite ot of G
3 EE. we srane the AT ek o s befors reeacs, anl e were i i righe
up 1o the end.

Compor
One you've defined what your AL il do, the nex sep s 0 spply simple softae
angincering, canceprs to heck fhe vork inta ansnageable picrss. Ofren, there. might
be s “narural” arganizaeion dhat s specific o your game ype. For examle, u el
based game nauurally breecs dowa into leaders, squieds, nd squad members, 4 role
Dlaying game {RPCG) mighr consist of riends, focs, and. neneral plagrs. An RTS
would contain miliae eadem anl ecomoeic eaders A 4X game {eXplors, eXpand,
Xplois, and eXrerminae] would add a resarch aron.

Anpiy his cancept recursvehy  each secrian onil o gee 1 e hat th picces
e of suffcenely sl sz that they can b sasly develapedl. e s pecfecly ressonable
0 leare lrge sections alome il Late, 2 Jong 2 the oueulaces beceen them e iell
defined. The only equiremene a his evel s phat you provide enongh pieces and con-
nections o carry out the plan you developed i the previous setion. Repeatelly go
over those idcas and sce i thoy fc your picces i they don add picss or connee-
ions unilchey do

“This i s portat step—i cea b very dilficol w add componcnes once dhe
imerfaces ar sec o devlopmenc s well advanced. Spend  lnle more i with the
ALdssipn document you exme up with, and make sure s much of that docomem is
conered by yout compuncas, T cau be acomplileed with e more da o and
paper, o a simpl.diagramming rool such as Viso

The coneetions fincerfucss) beoween your components will decide b ey s 10
551 dhings done, 45 an example e have 4 component In Buire Earh that &
responsibl for geing o onie rotined. There s 1 merheu et allows the caler
sl dhat a it should b e s close 3 possle o  spcific locaton. That
mothod i responsible Lor ensusing tha dhee ae sullicient esousces Lo i the it
and buildin die rining hodings 1 50 yired. e mighe cxcn nsed o signil crbcr
wormporients v abvance dhzough sew epochs in ordsr o reach the poiat where the
it can be cined. This greaty simplifics the devclopnient of the milcry ompe-
oent,a i could us reques ek el nor warry o che el
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Architecting a Game Al

Bob Scott—Stainfess Steel Studlos
bob@stainlasssteslstudios.com

L e of s il i o give the Hedgling A1 develuper a head starc on what

il il b g, difcale fob. Developing a0 Al For o game i 2 major uoder.
king, and many ness decelopers ore somewhat stunmed by the sheer amoun of
ek dhar e into ie. e hupr s will erv s 4 sadmap nd a caeing poios from.
whivh 1 expand, Wl nd v b ey general, i arder to pover 2 many difetcnr
s s ol U i o el e e A i o ok e

The iniristphe of dsipning  gute AL (0 decide what yoae AT shoudd do and what
irshowld. ot . This st poiat i very imporisat—yon want to a<cid gapehing that
maks yorae AL seea, wel, ot uceligen, Tn developing the &1 o Empire Ereh, we
had somne dfinice ideas af the ppes of heharior that didn work i prcvions RTS
gamss.

“This phase invokes no coding Ideall

o si down with the deselopment ceam
and braiascvrzn. 16s even bette if gou st include rypical playens of yuue type of
ame. Be wars dhar this phase can ek quice a o time, On £ Farsh s spent
 good manch or s developlng ur Lis, which cveerually becams 1 20-10-30 page
dacunent o bl peincs. Dor' ki o this—include ceryebing you an tink of
Even dnchude the ings that you ko arant possble o nevee know what oere
tochnakigis might hecame wvalable, or your developess nlght have s beakshrough].

Pu o all i, and then priridas e very generlly—shings chat st be in, doings that
hodd by, anl g thac you can Live o il o iteia),

Wheas we say fucludk vreryibing, v man it 1 yenfre developing a isc person
Shaorer (FPS) and youswish your chasacrers ol intsrset with the playes,puc thac n.
Iyon wao the daticte
hels clobs intosthe earese body of water, put st i, Really—go erary during chis
prriol

This s & good time o brainsturen ideas for devclopment as el Yo cao talk
abour sedpeing, chearing, rechnologiei—whatever cornes © mind. The basic i is
et ¢ mueh informmarion s you ¢ early o, Salling,can also be discnssod hers (F

our gl simulaion 1o occssionaly get sngey and dion
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Behavior Modification

287

Providing these bigh-level meckods and. interfuces between sompoents aiso
ensbles emetgens behavior to ocoor. Coupled vidh variacions in iming, umsial
events can ot thac were o planned for.

O couse, bigh evel incefices are nor enovgh, and occisionally vary specifc
{acesfuces ase required. These ars ofis added afes niial development,

f ou ae blssed wivh ranliple developers working, oo AL i i nataral 1o bave peaple
specilice. In Wis case, communication beieeen e developins ofice winiks the
inreetices in the design. i surs 1o go et your eampoments and idenifr dependen
cies bewwosa thesa, Bor exaule, an TS gane ususlly consists of 4 ompoocnt
sespancble o rraining,cinire—shis comparscar should probably e done Fily soon,
since most oter componeons il el v .

One of the casest ways o tune an A s by providing the abilty for someone otber
dhan the devwloper {like an cxpere phyer) To adjusr values thac afsee th bebavior of
ehe Al L our esperience, the more expert players who s i i, the bitaes Use
oF & datahass o 4L Jas s 91 e is crucial here, Which you chacse depends an
whether yus have databuse pecple seund or an et text e prse,

These behavior vrlucs can be hard valnes thae specify exace quancicies. or can be
it that provide s enera vlue for e Al o work with, The muore bued usbirs
wsed, the more predictable he 4T becomes, sa e pr
bl Thse b sllow e AL 1o et <lose 10 v wthout rogoitog, i 16 msch che
sabus (samething rhat caight be hard or imposable 1o do). This has hezn o drawback
o some games- the Al can getstucl: ing o e the requiemens of s bard num
her o che detsiment of orher aspecs of the AL

Note dhat evea somue hiaal aubees cun provide some spredictbliy, o of

using binc 2 much s pussi-

e v s could e Erypine oo che deeicy o sowers, This was  bard
et specfed Joo ot s wers requiced o b, bt here et any
nmbershar spifed exncly hersthy sl be put. Thus, while we coobd coune
on chem not aveapping 100 mach, < could nevee knaw cracly vhere e he
placed. ki contrbursd pready 0 che unpredictabfiy of the AL Note that ks den
iy e s bt cheics an  band bt sueh s “hrsciles Fiom e 1w
cente"—chae would haxe onde he A mare predicbl,

We alldd e the Fact thatyon enght e pecple e than devslopers runing
s mumiber. I it ¢ 3 reiement i amy g Al poje. Witbou providing
hese taluce for arbers o et and e, e would nat have boen able o finish s
devcopmeo on e AL ta, Addionally, ics biad 10 B broad range of phser
cxpeicnes g the mbers o ehe AT cevskopnsenr . Moy, there wers
plcty of other peaple iohouse it diffcent spetiencelevel,
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wieusl avdtcs as the et it un sl univn. I, vapped alaptivespeed
can b wsed w speed up skower unies and show down fueer unies 10 2 certin e,
schen s dercrenined that they arc wut of Poration. 161l el s, the ladiag sl
cunstop and e For the taiing units o casch up.

Reacting to Obstacios and Combat
Wi i desiable for it i vl formasions o sty wgether there might be
unavoidable siearions in which formation integiey cannot be naintincd. A com-
mon aas st uf the choke point. A duoks puiet i lotation on the game ikl e
i oarmower dhan the Formacionts widsh o chs e, same of the units mus bk o
mation while b s pass g the choke point, When the Eoion ek,
the unis our of frmation have 3 few chaicer: they e it i place il ehe e
it e s fmarion pass haough fhs ke point,or hey can sck an shcaatve
parh, W in plce often helps preserves provimity inceiy, since ac st chey
waiting togecher

Choosing an sleenate puth is sho 4 consideniion when an woexpectad obicace
blacks a formasion' pach. I rhi cae. 5 wseful 0 bt he foematian i sublor-
‘maions and route deim around ether s of the obstale, 1 the formation i leady
onganizeinco ks, it can be sphit fromn Frome n back slang the rank borders i s
a mee formarion, it s dsirable 10 split e formation in such 2 way tha the elative
disusbution uf unie cypes i the same. 1 one of the alemare parhs i« fongee than the
other, i migh make scose to splic the formarion based an uni speed so chat borh
sublotmatis v a. the demiasion atthe ssme e

Spoting a0 ey unie 1o acsck o rsacing 0 31 arbush mighe o necesions
 brcak i Cotmasion, Formaion s g spread ot eo avilarea dvmage, vr con
senge e chae ovn n enemy woit I the formation is hie fam the i o rer, che
formarion night ucod s whiel around 1o [ace she anack, 1t format
sevuting o, the best rescrion ight b just o continue movemsne as before. Your
game might have user-slectable uni e aggesin 1 cautious, fot cxample tha
dictae which response is sppropesce, tmplemzning a sare g an the farmatinn
7o o inlicne shy vh araian was boken an b uscil when bysking deciions
hther an individual uni should say in foroation ur et to combat.

fet the ohstace has becn circuntvenred, the chole point sacezed phiough. nd
the combar sesolved, the foemation mus be regrouped, e can use the same maechod
at dhis it 2 ve e 10 axsemble: the formarion originally. Decisions cunceeniny
the growp integrn. il formation location, and mavement considerarions a s
il 10 before. 1€ s were lose i combas,the formation wil nesd 1o tessign posi-
s  accaunt for the smaller mumber of members, For euany sitacions, sioply
relilimg e positons wio Fceors desehed catie and thus shrinking che formarion
will be adequae, 1 key posisons A reqird o cmpry slors arc prefered, chen the
Facuarionpus o, secaun: can be extendd o consin bmpurcanes weighings ot
ki flags s e,
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Certered Formatien Rlljng

FIGURE 506 Contora e elg-edge frmation valing.

pahs for the unies, Some uf the parbing comsplexity might be seduced if dhe parbing
can ke wse of the pmonp and formarian informatino. Since the uois will be
g ettt s wftens possible Tor thern o s 3 path w e dusiution, 1
Sormation integricy i desird, the rensling poth must he vide caongh 10 allov che
rcaditsof the formatian w0 pas dheougl- o the previous csaunples, « path could be
calculated foe che lead wnie (e one closese w the descination), and then the ther
s could apply it focenarion offscs v thar path 1o e thelt individual
paths, (See Dortinger9¥a] and [Porsingect9b] foe some excellnt suggenions for con-
ol of g movemanc

Altemnacively. the waling anits could emplay « Docking h:luvwr L guide their
mevement. By integraring the farmarion pesifion offers and 5p ances invo
s ki i ot e s ok the e i
i roughly che nemded formarion. (Sos Waodcockl01| for more information an a
Aucking weveanens snplesncitation.)

When mived anies re moving 1 3 o, vaistions in unt mavement and muen-
i specds can bresk the Foutnaron ie1cgsiny, On saluciv s w bave all s muoveat
e speed of the slowest unis. While thit wil tend 1o keep che formtian twgether
(asuring they sraned ragsrbes and wose acing che same dircrion), Tt night resuls i
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5 Formations

Forenatons ar s great sbfition o ans gatus hat uscs covedinacd wnt manmenr. A
simple callecion of afficr pastions cn be exrended with fcing, directions. scding
fucuue, cunks, ane position resicians o basedls & wide caoge of o g and
Saditines. Deending an the desirod gameplay, unis posirions ithin formasions can
b asigned thsuugh weighting unit sutibuee, sluive Giiogs, wid dostinaie dis
e celelatons, Lose Eorenaton Incegrey duing, mosenens s che key o saccess-
#ul group movemane fram the il mavemen arder curough eactions G vbstacles,
choke polues, and cosb, Wult e inforenatius prosided, you shenld have » head
st an implemenring, farmarian syrem and integraring e nco che paching engine

a4 physics stnulation sysems of yous gz,

Va1 . Unieed Sraces, id Macwal
Squad,” T15. Aowy tnfneey Schal, 2001, ssoeaded armymilic
Tk e

(a2 iamer, M, “Realisric Turning, beeween Waypoines,” Al Gevie Pragrens
‘ing Wisiom, Charles Rivor Media, 2002

[Portinger0d] lorsinger, Lhave (., “Condinated Uit Mowanens,” Gioe Devciger
uagavine, Jamuar, 1999, v garmasues. eoenfessures | 99501 2 mvemet
01w

[Pominger0L] Focinger, Dave ., “lroplenenting Coonlinad T Maveoon,”
i Peselpar magorine, Fehruy, 1999, 3o valable omfine 1w gonaoutra
omiatansi 199991 2 implemneing 01 he

VanVerl00] Vi Ve Jin, “Formuation: Tasel Pathinding with Real S
ces” Game Devclapers Canferencs Procecdings, 2000,

[WondeockD 1" Waadeack, Seven, “Flocking wih Teeth: Fredstorsand Peey” Giame
Frograniming Gems 2, Chales R Media, 2001,

& Infantry Rifle Muioun und
bindardl i

el

|
E
|
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For pestormance wasons, s packing cngines do et factor in 2 s diection
whe computing u pach {ove Pintec[02] o1 3 dicevtiona] pathing inplecnentadioy.
e game atcemps o model rslisrc physis wich varying angplar aed lioeor elci-
s, e seraighe line clistance is ot nvessail the best mesuce of the Ui it wil
eake 7o reach a destinarion. T a unit i told o most 10 8 lncatian jr behind i e
sent pusiton, s (e woit’s physics aly wlow i w move forwaud, then ¢ nglt ke
2 good hilefor tha uni o rurn around and reach shat poier, chen i atound sgin
and fuce dhe wey it seried, Ofen, the usent descation position for  unlt s e that
is i the diretion it is currencly fcing, (For some encelent solurians tw formarien
movemen wit sealisic vebicular rxovemeat sessiecos,see [VanVerch0].)

inh, mgbipls i+l rying 1 do she s hing, the fikeihood of cined
s and the sesultan cullsan cesulucion can sigaificandly delay geteng ioto forma
tion. 2 group of units i moving 4 long distnc to cher formarion, then e advan-
s o shoose fomstion posidons Liat sedure Uhe muber of crosed gt 10w
sorrthe wnire slow, v fom the conrer of theis sraming pasifan ra the center of
the destination formation, we can esablish paralle] pachs thut can belp reduce uait
collsins Tiguce 5.6.5). 1F neccsary, vie can sorc agaio on the sharer pecpendicula

Cenler of Destination Fosiions

5

FIGURE §.6.5 Ui poisons ored by dieance o mowomens o





index-272_1.png
7 SectionS Tactical Issuas and

carlic i oot specfic snough, and restrictions st be placed on which les can AL a
o, I a0 it cuatchés thoss reseicions, che sor might be skipped,Jeavyg an iton
tioual hale i the forenatian.

out
Tis crampls e have esplored o for hve Looked i ied formations. This eighebe
acueptable for setting up « defiosc whin wairing for the eneeny. Howerer, shen
armaching ar moving scress the guns Ged. adidonal issues need 10 he addressed.
e followitg sevivn, we caglors s e rally in Farmasion, pathing integeation, and
formacio integrin:

Whon Do the Uvits FallIn to Formation?
1o che previous ection, we eiamined how cach of he deseiaion facmation posiians
enight he chosen for the selevted units. Figure 5.6.5 shows urits parhing coward che
fonmaion destinarion, buc haw e forsrard should cha pal be? € i¢ s sl o
che uniescu be in formation darbug the s <ourse of movemenr, then the uries
should gatbes ino formacion as quiekly a possible at the center of thelrscaeing loca-

§ o From dhete, e wsias would then pach 0 the decinarion focesation. Depend
ing o ths inical locations of the unice, chs staring [ormation right dely che
i moveanent o cusse soune wrlts 10 backetack 3s they head tveard the seacog fornas

ion prscions Tignre 5,66
i e ould be o crsae he il formation e sbesd of e wni e
ot dhe destination. Thia would zeduce Lack patlin 0 the ormution. Unfoccunately.
e Jead unit i s shore prh gt bae i  conilable G ) he e
: it resch sh formation. This cxgh i te inpsesion € che plager tha ahing
s happening. Regardlss. this ighe b the bes huice ol llying locutions o coer-
dinatel aack g e rooseancon iz,

. chird choicn ot i pachig el o theie el desttion frpsion.
‘Chis s the eantige o it macrmcon 4n ne deys. Asthe s g coser o
e destination, shei povicions increaingly resnble the ntended formtion. Along
e wap, bt th beshts of the foemarian arc not a5 eRectiv, 4 the spuiog
e the uniesmigh be much greate than the atber optians—ahbough, (s
ighe b thebese chee for 5 quick e

hich ralying upton you chaose depends on th type of game o ae develp-
ing and the. desre bchavior. T mighe b easpable o e e glyur some contiol
ver eich type of formicion move b o s posorrs, Kllwing the plyer 0 queue

maliple. inked Farmation movements can provide (e Nexililiy oeeded to bandle
many sicaation.

@roup Pathing and Mavement
Ones a frmarion i specfied for a group. the unic positions aee hosen, and the des-
inution locatons aze specifid, the gamds pathing sngios st campue the eaact
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vestor o ceablis posiionia in unit ranks, This can also help aveid the kapfrogging
of units fn the hack ranks t dhe frot raoks

Areivnt Time
ke technique i Figuse 5.6.5 asumes a relatively elear yarh from the origi 0 the.
destinarion. ¥ aberaces black che unics, they emight cach bave o ke a ecuitous route
o seats due distination. The esult condd be units ccaching ehe Sormarian i she erong,
arder ar at an indetzrminate posicion. In this case, @ usehl sstegy would be o bave all
of e unit pats 10 e cener of the formation, The first, unic to g ae the dessina-
o would inicially occupy the wenver formation pusicon, When the second wnic
satives, i could it push e G0 upic 10 anocher open Rasition or take an open
posiion forinelf The choice of how dhe positions ae dynamicaly flled depons, of
coues, an the founarion in qucstion nd the mabiliy ofthe uncs aeche destnacion.

Spacing Distance
The Phalans formasion was historically porwecful duc to the Light spacing of (he
infuntey o provide » defeusive will of shicds, This was als s weakness, since the
ight spacing reduced the Formadoris manewvesdhilion. Spuing variiions, elthr Led
ox ser selable, can puavide addicional grancpley coneol, IFuniesvaey n iz, he off-
sec pasitians would necd to be scaled sconlingly s that botl arge and snall unirs
can czcateGotmaons ith ch deired spacing, Wtk a e geoup of unics, the spac-
st can e cale] ot iz of he bayent i, o alteruatively e unis could be split
10 s of similarly ivedl unis with esch rank scaled accordingly

Fanka
Aline formation would not espilly etch un [orever as e okt wete added 0
e Toemation. AL some bicaking poine, & sceond line wemld be formed hehind the
Fir. Extending our Fomation struceare, we can st up an olliet Jo the nest sank
Wheayall of th: original “oriwat sonbassian seicruces have been fled, 3 new rakk
b st the sprclied offet rom e current one:

struot Fornation

Toar mRankor-setr;
e

B

Playtook
Some farmarions might cal for speciic unrs in specific pasiians. Uhe offkasive line
i American foatbal s 1 foruntion with asigued posirians for che cenres, quarcer-
back, andl crher players. The serciog secu in the garae of chess alo s asigaed posi-
o for euch of the unlque pieccs. Tn these cases, he med it ordring described

i
i






index-268_1.png
Soction 5 TastioalIssues and Intelllgent Aroup Mavemen

Flvat Diraction; i the fasicy angls
)
struct Farmstuor
i

vamorskormRTIonpea i mPosTtions;
[

In some simarions, it might be mare approprie for the pasrions and fcing
disccrions o be seative 10 the previnus position cacher than 1he centr or lead. Qne
exampl:seenld be 3 dyaunic cohuns b shicls ack unit G outward ef or gt
smisroring hose the unic in Frane of him s fxcing.

Who's an First?

S, you knows where you wan the farmuatian to he-and swhich dircetion the Cuation
sbond s, The ne whidlens  determiing which unics will go w0 which farma.
cion posicion. I che unicsate ey tn fosmation, the the choioe gt be s simple
a5 keepiag them in thesame Formation shax. Ofen, che nirs willbe satcored aboutor
the miv and aumber of units will Lave whsnged to such an extent that rome choices
il havz o be mad to eassgn formarion pasitians.

Unit Type Ordoring
Its commen 10 create & foranation wus ofu heserogensnus mix of unics with vaying
abiles. Soms of the unirs ight be able Lo e Lot sunge, Ocless suight be srones
ot fsce. Sume of e units might b infured oe otherwise incapaciraod. By considar

ing these atcibuces,  foumaion can be nlesed i sach a way s f0 i i com-
b effevtiveness. Typically, weaker and longer-tangs unis are positoned in the back
of 4 U forimation or in the czncer of 1 by rmarian {Tigare: 3.6.3. Paster unirs
enighe be placed an the [l of e loruation o dhat they have incesus reedorm of
inuermen shen engaging the cncmy.

Clasant Position

horsicuacions cal fora ormaton o form quickly without eshaflin, 163 line for
matias faring direcion s msrsed,should it invect, o shotdd (he units s chtge
Formaton ot aud v arvund (Figure 5,642 1Fthe unics ar sose e cannar move
around cach ather casly, then tuing around and mving,  the closest formarion
pusicion wouldbe the hese chaice. This s cspecilly applicable i the e mia s
hoogeno und the mised anie yps ordering described saicr is s imporcan.

Calaacing the absolute bese match of uniss o posicions, hased on shorrest dis-
tance, can be compucacionaly expensive, The naie implonscacadon is GGV The
salucon i us use 4 cheaper approximate eleulaon. Iire, sort the unins bised on
their minimom distance co the closet pusiion. Then. ieerts through the sortd it
of units and asign each umie ch closest s positian,
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FIGYRE 8.6.1 G formarinns

I Faoing Important?

“The dircrion sreh mémbor s ring i 8 formation can be il €. unie c only
ace i chi digeion This unght be do. 1 2 limird fne-ofsighe or muvement
wesuicrios har prevene the unie fiorm quickly sorniog around, In some formatians
such us e Lie ud Colum,a mmbers of he foemarion wsally fa o e sane
dinccinn. The Ros and Cirele formations mighe ave units all facing owrard (for
o) ot nwacd {for aucacling). The Wodge, Voe, nd Flnk formacions gain much
of thet useolness from the ovelapping fcds offix of cach member, Even the L
Frauacion can he moditid inmo 3 sspzsred line o prevene (eicndiy fe aud projeny
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o i e sh intenls of dciion cuaking, we e 10 define an i
(ectane .l vt 5 oF aoromemones charsees  peceie (i enstonment
s desrmine whit acrons ey want 0 Gk 0 inceracs b . By oot e
can ch simolaion space of the guene, inclding the orher acors and tems o
e i Ut space, Ax 3o Is deind o b gt bl abjct thr is capable of
Srtsesrio with the enciomuent, 1 s aa el memory sceucue it i uss 0
Guck ot actots, whih changes a i pexeivs the cavianmens. An sutonomUS
s his yters 0t sl of an A encny o non-player charactce INPC foum
'3 typicl game. Figuee .11 shews  igh vl mapsho of nus atonemous accor
deciion-naldng e,

entsaxe the ettt obeces of s sysem, When 4o e nsracs wih
i oviminment by performing tnions, e seules of thise acions are brodeast 0
oche sors th cas peele f 45 vents. Au eve oo conrins rhe svene e,
sourcs acor,and e acco. L aror st peeceivs e v checls bis even han-
dle bl foran eneyca bandiean v of i . TEan cveot handlee s found,
S e o e sh sounc acror an cage, atoe Ly g a efrence ta
“herm in hi nceonl sy, The spucfc svens s i sponsble o updating.
s cenal memary ofthe source and g et it Tespece o type of veat.
Note tha the petcepion of the v ool causes & chage © dho or's memor: it
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o actual gie dava is 1ot 2 che proverbial evercise 1o the equally provetbial
seader,

References

onCEoC O s e o - e st
T oo s oo S o
iR W AR AR
i

O] Kl 1. s, 04 el Thrs of v, S
e

(R0 Rl .3 0 i, B, i B 4 o s,
ey

(oo o s B U A1
P St






index-248_1.png
254 Soction’s_Tastical Iseuss nd Intoligont Group Movarnant

Manauver Classos

Our squad will have a repertaice of mancuvers, and exeeute only one ac @ rime.
Alkhough the maneusess vaty significantly (regeouping 2 tcam, ot aping In aenbush i
i diffecene rorm pulling back, ey interace it the sqoad chiough a fw genril
imerfaces, Theelore, che munennver is best Haplensented a3 sepsue dlass, uccording
o he OO design patseen “Steategy” [Cammadd|. This desgn 3 ilusrared in Figoe
5.4.6. The Masseuver clss will ave acos o most of (he sqasd’ st

queris g passes commnanss

o s capatie o
Wanen St
Compana] _antes 5 erevies
o
=
s
v b P Swaonicnver

FIGURE 546 The rlerions bessee squad,muenesver, el consouindy (s 2 UML el i)

o et i B 366 el e eac S s
gh o b o S it e e o . e T s e
W ooty il g g At e whos s o o e
g

e chun g o combin all s st v 3 sl s s
g vl g 4 e nd cr o e it o Wreor 1
e e e ond s e o e e

Performing the Maneu

N mancuer is exscurod in sroral sages frae the mancuve Is prepsred, which
incldes ploio 1nd tuing theincal commands @ e squad merbes. Fur e
pullback roaneues dt ivles constzuin e pat, deceioig e orieing of
he squad members, ed serling them ra heir fire posions

Then, durio e snsin stage, Lo progees of dhe maeaver i muoned, Each
Squaatener. than e a s posirin nfonms he 3qusa. The tasmncer the, pr-
i he Sqashabur with s Gomnand uch 3 bkl posion unelSqeneer
epasss
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13 A Rule-Baved ArchRecture Using

Rule-Base ' DarmpetorShator Theory_ e
Thu supposing that, o the 10 st recen pitchss, b et locked o 96 gl
i ool a 89 mph, v v bicaking hll, he radse guo wauld pr
e by of evidencs s ofthe flloing ot
(0K with b s 0.2
[Tieed | Nerooe}with el mass 0.3
(Tl | Nervous OKY with belef mass 0.5

Piteh Count Evi

Souoy i 4 Ly seiizne pitche, L the smssger Hhes o inic s seacers 0 sbane
100 pitchs o roduce the risk of arm injuries. |lawever, by ieself, che oumber of
piaches hown dosit tell anhing about wheset the pitches I Fac oe nesvous

T pitch caur <50
HEN add belief mas 10 0 “uk DI nervous

IF pitch counx becreen 90 and L1
"THEN add el smass (110 — picheounu) § 20 "ok OR crvons’
AND i belit mase {piecheoianr — 901 /20 10 *Tied”

11 pitch ot » 110
TEEN add belief mass (.o "ired”

Qamme State Svidence
“The results of Snawy's piehs e anvaher good indicaion of his candian. i cea-
somble o assume dst s picl i was il bl by Uhe umpire or wrs deven for 3
e it by the oppasing haer ias 3 poor one. | ever, i thee are usners on base,
bl mighe b sign that the pither s bothered by e preschscand o red. (%o
sl gaane pitchours)

FOR each of che st 10 ptches:

IF pied s bll AND thrs e s e
THIEN add belief mass 0.1t “oervous QR tirsd”

TF pich s Ball AN thene were ner ranners on hase
THEN add beli mass 0.1 o "ied”

IF pisch wis s e OF pltch rsulied oy an out
THEN add belic mass 0.0 “ok”

TF pich resulted s base it
THIEN add belif mass 0.1 10 “ied”

Gatehar Evidence
Vil we will s the catcher e provide his nput couseraing the piiclers staus,
Al all, 0 nanpies ught ke #n incorrec el once in 2 wehile, so fous balls io 3
o ight mur be 4 canse for wormy iF the piccher has hit the catcher's wgger vwery
isae, On dhe other hand, Ifthe carcher asks for 3 changeup low and ousside and che
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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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Sy agent, 350 pound foemer NET acse ke, sewnds o make 3 e honus i
biaclisnt pitches in e World Seree)

Tkl e ensnages i nccer movs han 2 cawpls offcr aveny from his custy kp-
cop cumning the “Bochall Muuger 10" Al upplication

The Situation
What the sanagee cuuse decids 1 shathor Snawy e

+ Juse ines che Fles hiters gor lucky, that all.
+ Ak v shore vise by the ptching onach shouid el i daven.
+ Ouzaf gus me 10 o to the bullpen,
Thi set ol possibe cvents i chos alsire 3. W will epresent sach vene 25 3 g,
and apsrate on ets o events using » bitied espreseutation sad logiaal opeeadans.

I

anum [ok = 1, nervous = 7, rired
it sl - ok | nervous;
Fcwrd;

o ke s decivion, due AT will ey on repots froms foue diffcent witness: e
dar gun, she game state, and che pitch caunt. Each of them s
use 4 tiomber of diffrent rales o bld 2 hady of idence based o Saowys masc
cecent piches. When  rule Bres. i add & vaue o che delel s o 4 oxttsin e
ehis Bl mase is the muraber on swhich Dereprec’s rle wal be applied. 30d should
e e confused widh <redibilic, placibifiy, ar the belief fanerin e deriv fram
thean,

Radar Gun Evidence
Snowy is knowo @ ki 93 @ 95 mpl oo b utball regululy, but bis velcity poss
doom when he's rired nd when he's tying, o be zan fancy by g o pio che cor.
ot oFthe pharc. The ks used by the radar pun opcracor o svahuare Snowy's cond
o, based o bis 10 v secent piches. could therefore ok ke this

1¥ pitchisfuthall AND spesd » 92 mph
THEN add belif nass 0.1 10 "ok

1 Mediocre fotball: he might b dired or being fancy

I pitch is fschall AND) spoad berwsen 87 and 92 mph
"THEN whd bele s 0. 0 ized OR ervons”

i Lousy fathalls his arm s dshnincly iring

TF pitcl s fscball AN sprce Lelow 87 mpl
"CHEN add bolief mas 0. o e’

# Cant:dednes amyehing rom the speed of 3 curvsball

IF pitch s ot fusdall.
THEN add belef mase 0.1 co ok OR cired (I nervons”
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Section 1 Ganerst Wisdom

Caming up ith the berter problem requires that o ac willing ta look for maltipls
solutions, I is ko 3 crariva procce, sines t equlzs poing bevond che naymal sola-
o spuce. All of his impruves with practice. Sorne of i takes e us el

‘Start Earty in tho Procoss, but Cantinua Losking

Starting easlywill no, in and of el guarances thar you will fnd betcee peoblers 0
solve, buc srrting lace almost certainly will pevent . The pecios e i sime;
sprifically, the amount ol time you have o chink about implenentiay; you sclution
b staeing sark. An vt o prcciaus resnrce is the amanne of e yon hase
v ok dbout what you might Imelesaene snsead, T is worch noding whax “Idea
Tirse? is o o the {1 messars nsed i che Sisatianal Osstonk Quattionisive SO
and i, predecessor, she Creasive Climate Quesriommaire {CCQ), botl of whuch arc
ed “tr fscively discern climacoscharcithor ncaurage or dicenrage creaiviy and
e bty o it chauge” [ckaen?)

Tiven after the design phase, Iowking for aicernacive problems thar solve the
sonaller problems s hand can bras fet, Practiio sl the “acal I sk you
e likely e be abl fo have the “Abat” xperience wich the “big scui” (Kirby1].

ot tha Hooks

Earty
A cammon cheme from the GTIC: Al round tabls ras that AL proprammers wer nfen
hincred from implementing an aprimal Al bocause the “bocks” roquised by the AL
code were morpreset i che game sngine.  the AL code canmon acees cercin iformae
tion becaus: o anhitetaial onitatons, thesdones s chsed 1o pasiclar solecions
The Al programmer et enrurs that acees  informarion il be conidered n the
ey phases of game design, architocuur, and softwate dsign, Coming up withchebec-
e problam e sl s usles i cannoe be soled widiothe g engiue

Muttglo Salutions to Every Problem
Qe data point s s shiw e, sl i b 16 s "o, berte, best,” et
anly a6
should be easir than the firs, wsuming; you have tme @ do that much dinking.
Wi e skt ptendaly n i bag, the presse e come p it anochee sl
o i more managsabls, There i sl prese, hice s inporan ot pecgle she
cannos il sitheue ir Thar presne i cha f yon do nar come up wich altersative
deas, you willbe Tunesd w ienplement your st o, and at sl night be a lor
enoxe ek than you cace 2 do. Een i all you e core ap wich ase s t e
solutions sach i, the buie i imporsany, “The ned e e ffcient seoms ca fowecr an
emvironment tha reards crearisiy by limitig, xploration “edwards03,

Michael Abrash, at bis 1996 CGLIC rals,polnted o e it ook he i Soffveare
toaen 3 year of eying chings before they sersod on their final appeoach us the graphics

Je selarion avsilsble. Coming up with 3 secand way e solve a problem
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Gonclusion

Making Declsions
Dace e have s il by of seidence, we can e i 1o male decisians. For chis pur-
ons, o tnght want o compune coedibliny and plausibilicy bles o all evens.
uing the fllowing forenulae

- Chedibiliy of the eveut s X i cqual cothe sum. of the el passcsof al events
e subicts of X.

o Placsiblin o the cvenc 1 X is qual o the sam aFche beief mastes of all evenrs
e ltsecsion with X is non-mll

Eoe xample,in the precodiog e, the rodibiliy of he evens "ok o ervous” s
qual 1 the €um of the hefief mases for “ok, “purvous’, and "ol o mexvvus’ i
echer words, 5,76 4 009 = .85

Then.you define youc owhs bolit fincrion ae a inear condbitation o credibility
and plavibilng and deting rules of deviion accordingly.For caamle

IF belel i 1 » 9.7 AND 2 efiever is warmivg i the bullpen

THEN go w e bullpen
IF credihiliy tired QR nsrvas ) = 0.75
AND 1 vislts o the mound yes this ining.

THEN send the prching conch ra the mouid
TF eredibiliey cced OR necvuus] > 075
AN pisching, coach has visitel e nound

THEN g 10 che bulpen: he hasnt calnoce dovwn
¥ plaasibly red ) > 050

TIEN s o ceievesto s i the hullpea,

and s 0m

The sy you defia beiel g Uhs hiesholds e which your rles Five villdefine
Ui ATs persneafity An aptimistic AL wil ok ac the plaasibiliy of pesiive cucars
anc at the ceudibiliy of negative ones, while 4 pessiniss will do che oppoite, word
ckoptic will e vry hgh heliofhefore i does i ac L.

The Docmpter-Shatee chewey proviles « famework fo taking decsions o the hasis
of incurtplete and ambignons information, w kg 25 the conteadictvos broween
sourcesare not uverwhelaog. 1 is ften easer cu work with than tadirional prube
il chenry hecanse it coes not i prior comprcation uf eondidonal prabahil-
ticsur shaky osamprians o independence.

Ths baok’s CD-ROM somgins companian sourcs code fr this acl, Lece
you il fiod an implementatian of Diempster's ule, along, with Cr clases repre.
<oncing hinrs and soncess of evidence, and 2 simple program detonstianing their
wsage, AL of the evidence to he analyed i spuan-ed 0 The progran; extracung
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At soy e, the excetion of his pullback maneaver mighe run into problesns
o sxample, f ane af che squud members s feom 2 Iedge and can only reach che
destiaton via s compleesly e par, the sase 2 3 whole might decide co pull buck
slang ehat e path. [n such 4 case, the squad goss through maneuser preparation
again bofors continuing (Tigare 5.4.7)

[—

s s
oo

o el

po— soort
pivied
emshatortr
e oo

FIBURE 5.4.1 e o g i profirming a visnenwer a8 UML e char

When exscution of che mancuver fils, or whea the Squadsitustion valls for
<ome ather Yareuvar, the tarsuvar should be sborted, ¢ enight be nozrsory 1o ssue
“sbort” comumnds 1o same Sauadkencrs e stop them from continung wich atie
e unique  the tanuve- ey b,

Sindhel, i he Hinsuver is complted, special oders might be necessacy 10 ready
the Squadtenbars or subsequeis zauoers,

Preparing the Pullback Maneuv

“To grepce the buondiog overvarch pullhack maneiver, the squad nes 3 gous 2.
ol desrinacon, and an ppropeiate pach for e squiad o )bk alang. The squad
might locate that safe detnzcion, for example, using an inflacnce mup.

B bonw does th sqund create 3 puch that i suiable o out pulback mancuver
{arud ook e the one in Figure 54,572 Such a pach prosides cover and concealment
from pursring;chrears. Lat path abio provides sullicient space for 3 Sauedenoar 1o
Isapfog pasc bisfellose Saientes coward bis nese psicion.

‘e path being illusteac s sho an of the guicker ags 1 gec o the descination
e do nat ant the enemy gt dhese before wut Squad duvs. Fasll,che parh shenid
prefcsbly consit uf posiinns (hac alow for docenr igheing pasitions aganst 2ny
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Saction 7 Dacision-Misking Archltecture

pincher fies a eachal v the middle of e plae,sonetling s b evess i he i
s grounded int 3 doubl play.

FOR ench of che las 10 picches:
T pitch bas it the carcher's Larget

THEN add bekef mase .1 10 "ok”
ELSE ald beliel s 0.1 1o " OR nervors’

Combining Sources of Evidence

Siace Detagaters el is asotive a0 comnuataeve, we can comhine the
sanrces in any arder, Ler s suppove tharse have che o follovwing bodies of evidence
ok e of

with e 0.5 Hine 2127 sith s 06
ot L2 ined with mass 0 Hlin. 2.2 i o aervousor e widh s 01
Thing L3 ok or pervous”sith mass 0

e wamnscasor of Dronpaesd cule computes 3 matrix of iaverssctions nd ths
belif masas canceibud by each, For cxample, i thi case:

* ine 1 imersocts with Hine 2.1 for evene "ok”, with helief mass 0.5°0. = 0.3
« Hlinr 1. tntersects with Hiot 2.2 or event "ok, it bellef nass 0.3°0.4 -
Tiinr 1.2 dacs mo inforseet sith Fine 2.1; noll excn sith helef mags .18
Hint 1.2 itersecs il Hi 2.2 for evet “feed” ity belef s .12
Tt .3 mressccts with Llioe 2.1 for evens "ok weich belof mass 012,

Hint 13 ineerseces with Hine .2 fr evenc "ok ur nervous” with belief mass .35

Thous, we e the Eollovwieg belef e o dae combind weidenes
kit 03+ 020 012 0.62

o ined with mase .12

- okt hervous” wish tuiss D08

o the mull evenr vich ruaes 0,15

The s for he munenull evencs s chen b divided by che denomizator of
Detapscer ule, equal to 1 s the s of the awll evnr, o iekd a il body of
evidence:

- ok il s 062/ 0422076

o i with mass 012082 = .15

+ "ok o nervons” wich s 0,081 0.2 = .09
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on's Tactical esues and Intelligant Group

v 43 some defense in fooballl Thi i becauss o the complex and sometimes even
dynemic tetzala, dhe varylng feam sizss e o casleies. and e Lsge vatitions in
ucenbee capabilitis wirh rospect o movement, observatlon, wcapons, and armor

Neverthelsa, there are sevezal Louls wvalliblc 13 biild 2 nseul picoaee of the
squads situaton. For cxampls, infloence maps provide the AL with « picwurs of the
Tacarians accupied and threaceped (inflaenced) by frendly and host

Influence mign wre  gued tcpisssprion oF the carrens and nearby fucare s
tiow iF the gaume hosts marny wnits, & units cun sy Giee b any diecion, arel i the
cambat model i mericon s, (Culluvace maps ae discassad i arcicl 3.5, “Recog-
siing Stategic Dispositions: Fagaging the Fnems,” and in {lomaue011.) I the game
Farures fe v, limiced sk of five, and single-shot kil influsnce maps might
ot b gad emougl spprosusdiun, 1 that cas, you might wont to manually pick
e ingrelients i sketch a good piceae of he sievarion. This i ilustraed in Figure

oy Y

foleYeder

FIGURE 5.0.2 Siwarion (1), and cvrmaced farures used o selc appropri manowser )

sl squad of fve s marming the corner,and spocs 2 e i hosilcs. Too of
the friendly squad members see us) thres hastilcs {of the four prosenth, and b
sl o all dose, Onfy one of he hesriles has 2 direct lime-of ie 10 10 o
bers ofehe fiendi squad

I sitution can by spressed i auabet of abstrace fapares, which in tura
can b i s sl the mase ppropriare manewer. I s sivuation can be intecpreted
s follovs tigoriog; che dheat that s ot buva spotted y20):

“The hosile force o Iescontet near the eidle threa. i wel spread ot (as seees
o rhe fricndly squach, andl, om aversge is moving away from the squad, The teascl
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baed i Bagusian infecence, Sometimes, thi i appropriate- When i s nor,
clusions desived Ly the AT vighe be wenng or unjustified. Givea the fact tat the
numher of conitianal probuliiesbetweens vaciables Ut must b camputed grovis
cxpnciuizlly wich che sz of the orld heing modeled, Bayesian nevworks i o
breal e st sucprisingly Lovs Level of counplosy

The Attermative:

lof Theory
T sidestep his grablen, e wil inuiodnge the reored hue les rsticive sunvep !
debi

Casider the pioblenn of csrimating wheeher the Siberian e Cubes vl win
codays haschall game. You Lncnw that i scason scvord so i 60 vins and 40
Loses, and thae ey haes won 17 of 20 games when theic ace pitcher *Suowy’
Frosznsy has starred. Horweres, pou do st Fuows wherher he's schaduled o seat
today ar or. You might want o base your stanate un ou or ore ofrh following,
comcepts from beli heory

+ Credibility tuesites hov much the cvidence expliciny susgors n aseeion. Tn
o s, given the s securd. Uhe redibiley o win i 60%.

+ Plausbility measurs hos much the cvidence s i e asrion. ince.
e dort know for suce that Saumy e plrchios, we might hope that b i,
e the veamsrecord sehen he's on e movnd, b plsbiliy of3 win rodsy is
85t

« Actual belief is 3 subjective measue lovatod somewhere berseen cedibilin and
elausiblit, Pusimistc <simarss wil be closee ta cradibility; opcionisic ancs,
closer co plasibily. o sisopliciy’s s, we il usually define belie? o be squal
o cnibilly i s el

Mo arml (vad slighly diffeens) defiidions of thest concopis 36 he found in
“Kohas95),

Dampiter’s Raie sllows mshiple sousces of vl 1o b sambined sn that they
can support. docision-king. A it or pece of vidinse, deseribes beie i 2 tpossi-
bl fureyt asertons for exaumgle, "we Lo Thar ehe pircher i cither rired ue ner
ous, with cradibility YD." A soune, or budy of soilee, tegroups 2 mamber of
elatd s providd by the sane waws{os) o oeher coherens process

Batiora and Unaertainty
At R ghance, belif looks ke probabiliry and quacks like prbabilly: Tndeed, ir
is commonly representzd by real numbers betwecn ) and 1, and i is oximared in
similar Fishion, Hossover, the xoms goscrmiog belil are weaken tha chse. o prob-
abilcy, and therefore easie o dead will For cxample. whils he som ofthe probabile
ies of an even and it negation ot be 1, e s of (he 1elihs n an, cven and.
o negtion wight L. Lse thao 1. i thece it ingfcionr evidence e support ithut
ennclugion,
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ling vl bave serious peublecns with 2 lonely enesmy sodpes at s tcar. Deling with
s swfpey canflics with bis onders, b a ehe s level, he sniper i ust an easly
avertooked detail. The Souad might nosseod 4 commaa Lo deal with Ll snipct

Cosohing Command ryla
Anodior exteme sy i th s i, 5 coach fo the g eameners. The squad
e e ks e Spmeondors. Tl Squas s 0 the S 0koans 10 o
L ek s bese s, when th squscusntr scs . The Ssussuenter infoees
che squms wheo i i s capable of esecing the sk Tbis acback onable the
Sansd o e cha s v anocher member

Obionuly the Squadiente- confionted with he dicmma of 1 saiper ac s oar
and s frone s deend il simply engage th gt threa of the ove, and inform e
Saua o his temporaey incapabley to defend che ront, or o the suiper prsent in
e sear. Hlowsver, wich @ group of indiidualy operatiag Sqzadsenbars, i will be
ugh for the Soad o CEECUK any evancir with peed and momeeu: Squadon-
s e caly diseaced by deta bavio it  do il e Squad i, such
4 icking.up  Letee wsapon ying et

Picking tho Bost Cammand Stylo
While there i o such ching o the optimal commmand s6le, you will o 3 long way
addresing o sqiad requirements by a smart mi of the oo sryles discussed bere
Eahance the authoricaisn stsle wich early Toedbauk frusn Lhe Sauwoscmper when It
at capabl of vccuting she cormand. Annotuc each commnd wih dae viue of s
exvvation w gee oaore ateetion ax cutch, Explicidy communiote the nlesof.
cngagement fr cach squad momber bused on the sivation, For sxsonple. you can
v s ot of initiacve 13 ilividuats v roguospiag, the squad. e vnr vl need
immedisce and guaranieed compliance when eweung o door breachingroom
dearing dell,

The squad-level view offhe iaion enables the Al o select o plan the bese course
of stion fr the sqasd 13 a whole, This quad situazion” lso serves to manisot and.
cunhuare she cxccnrion af the cusrent coness f arian. Lie any view of incecpeetation,
i will be incomplte ur incorrect a Limes,

“The squad iraarian s no juse che cornbination of the itustans reorted by e
syuad members. « b 2 different e harizon: squad mansuvers pically ke longer
chan the sole Al plans and actions; comequendly dh squad ituation should include
anore “predicted fuur,

The ingredienc ceprssenting the squse ituacon lacgely deprand oa the cuttses
actvn sealibl 1o he squad, and che poscntial threacs and rik.

In general, siturions in squad-level batles e ot 2 clar it 3 in spores games,
Pasiinns ars ot 4 rediceable and eagy 1 ecngnine a3 2 3-5-2 formation fin soceer)
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A Rule-Based Architecture
Using the Dempster-
Shafer Theory
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s detarks, 8 deseibed i [Touowt2]. use probabilty dieory w imdhe

deciions based an uncertain information. This amicle describes an alrarmatiss
mehod of eysoning, (e Deanpetst-Stdir theaty of beliel (DS, whicl can e ured
i sitations where thes1ic requirements of prahahilcy theory cannat be met. when
gnorance st ha madeled expliciy, o when exidenic puinis sowacls s e et o
posible cvents e of a cless-cat answer,

s demarnserare hos T can be e o s in games, s vl develop  shuple
applcation i whith a basebll canager muse decide whetber be showld replace bis
warting piteher vwith s eelicvee based on mulple sourezs of conflicring cvidencs,

Foundations of the Dempster-Shater Thanry

a8

Tho Limita of Bayealan Inforence

(Note: Rsadrs undamiliar with Baycsian nerseorks might st co ip o the ncxt
awhsection)

I eal lif siacions, i s ofen dificul ro Rl the coquitements o Tayes e
ofinference. Rssll95] sxcs tha swotaws o widkce van b ombind uso 4 s
aseable form of Bupesian updaring only in sinassians in which the scurces are cicher

condirianally indepencene” o linked by knovn confitous probalilies, Unlocte

el proving independence i afien impassible, especialy in sysrems fike games
whece 1 e mumber of vriahles {2, s, e, wearhes, payer inpur, e il
st cachs e i amprediccsble wags. Computing coasanable estimices of condi
ol probabiliis is hardly casior: 8 modical eescateh specialse mighe be able to
ceass e e bistoris of Uousunds of patiencs 1o calvulace the odds that s cerin
ype of mol mighe rransform into skin cancar te i 8. but game develapers ek
have st st D of o dits wil vhich Lo work-

s sesul, developees e Force Lo make assumprions and approvienarions. e
all Bosed on hands-an cxpericasniation with dhei gaancs, when ey design sptecn
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These fumy cules s a handy pucans ro define emanese selogelon crira becuse

ey closely resembls che comlitons and eales-of thuemb thac we wse ousslves, Thae

[ <lose resemblunce makes i eany o e wp with e asd beeer ules foe emplogiog
g asaancver, and Feliares cuniog and debuggivg.

S why s It neressry For the squad (o ke track of permisible maneuvess IE
the squad’sview ofche sitition ¥ camecs and complete the highest-scoring, manc
vt would aeags b the o to pick, Hweres, the squadsviow i ypically 0ot concs
and complews the mancuver being, sxecued stongly alects che way the squid
abssrves i surmonundings, sd comequcnrly afocs rhe squad' view

Ionagine thar our oursambered syosd decides co pull Pack co 2 sfe pusiion 15
cecondds wxag. | e squad Bopolly brsaks contace with che enctuy 0 the frs et
orads. and spends the nexe 10 smouds commplering the maneuver and reachiug e e
porition. Dt 10 brealing contace, the squad will lse tauch with che encmy. And
ooy anr squad i kel t0 "scs”  scuarion wih few, iFany, nenies.

T is posshle fo che sguaad 1o ceascs the nation, erranevusly preferig
etbee munewvers urer complering the pullback maneuves. The squad might e
dccids o wum and tusck the as fer encenicschae it has cot et forgouen abou. b
that cas, i probably woukd choase co pull back sgiin soon, Obviously. we dostant
v sqad 6 encllate becwsct mancuvers.

A good sy o prsver: most of ise asclatans is o restrice ransiions botson

maneuvees by sucans ol asare machioe. Lor example. dhe e machine llostruted in
Tign .43 would prevea s s from, artacking hefore i compleed is pullback
maneuwt, Altermativly, you el have the squad AL cheae and provide it wil pec
ct infotmation.

4 1 [ " s

S E‘ﬂ"{”’"”w - press—

e || e
oo [ o ostion | iy | |25

FIGURE 5.3 A st achine deining the walidsquences of mancsves so prevens ocillsan.

Ahough nor lustssted e, e sqiad's objcties asks, and rules-ol engagoment
{asse¢ up i che hiarchy) play an imporvat zol in elcting che hest maneuser
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svidence, nd (A ) is the s of belief asociated with cvent A in souree .
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+ Foreach pair of b (onc calien from cach soures) e F thay huth support st
vene . To do this, find the intencction A beowesn (e sets o events Xand ¥
‘anocisted il both hiots. Vi sanpey, s e hints conrradicr cach oxher

» Malriply the belifs asocisced with the e hiots. and add the product © the
combined befiel distribuion o creat .

i normalze the diseribution, divide by & Factor equal o ¥ sudnus e prous of
e e v assriatod with coutsadicwory hins.

If you cxaming dhe denominacor carcfully, you will nocice chat it becones sero il
ll ofthe evidence provided by the et soures pots towaed cvas has have narhing,
s corumens it cse sapported by he scand s, Division by e briog, legal,
Derpetees rale o this e, oy, his s scnse: how can you draw
‘meaningful conclugions when all of your evidescs is coneradiceory? Sil, you should
i cauton whea S with ildly Inconpuee bodic ofevidence, hecaose
ch sl bicme unsrable whe he denariaatar i o srmall,

Derpters ol s ssocstiv and comsmutatve, chich e vhr It can be used
@ combine any number o senres i s ader. This 5 very desishe propeaty o1
abviews sessoms. Cur s sy, For exampl, il estuss our it soures of

idea

Top of the ighth ianiag, « ran ou fint, nobiody out, and the game heveen e
Siherian loe Cobes and. th Pergwars Black s 5 i 20 2. Snowy Frvuershy s
pirched a bauy s fa, bt b vl e sigs of g i e svench inning,
alkig ke o battes and suascndecing n RED donble so the Hles”shorscnp, 1
1d5-pound playee wich a 21 crese Dt avetage. The Cubes manager Das il
confideace n bis lddle el Stoky Timgringrs Jo, b ki . the s poms of
s year and it il decde wh wins the peoaa

The tans scrauches b had, Ginor MeLiner, he Fles”slagying fs buse-
v s o e The Cobes ovnes, Shaky Limpfngees St wante b, by 0 plys ¥
BcTines dives Suanay's e pich inms th parking o the manaer i going 0 be
frad. Then agsin, i be pull Soowy, he might ot get ouL of the sadhum 2l
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tims fromm the rquad v che hostle positons squals shat of the reverse wip (which
e o besche case i the enemy wer in & bund-o-each kigh spe fiom which it
contd jamp dovn)

T of the Lustils s 4 weak posiian, being muc i the open with L cover
neachy. The thicd hosele, it building, does have 2 erong, posicion. One ufthe twor
squd metnbers with & lns-of-sight 1o the hoscles s b i & week pritivns whorens
he ocher has some cover neasby

s seen by the saquad, the force raio s 5 10 3, witlaline of Zrc gt af 2 1 .
The fierlly positiows are b 45 good 45 these of che cnemy: I addican. i takes
e squiad 22 mnh im e clos in irh the enemy 8 i eould take dhe sucony o close
inwich the squad. The fange of tho engagecnr is s

N chis mare generslcseriprin of che sicuation, in teems o forc s, line-
of fie oo, and 50 forch swe can define 1l i scocting the approprate maneuer
sscovena in he nex. secrion.

Fosrever in yous gaue, you vill need more ingredients o coostruct a useidl
squaclevel vica of the: e, Ifother ceams are e wu avallble o help, thir
onesence needs co b takes into soouunt. Hstorie daa such s a teat heing aposed
o tove 10 cerain building same 10 sevonds g cun be aced, Even experiencs, such
asthe endlency of e enety Lo defet & exrain posiian i strenygh ducing provious
stncs, might b incldo

‘o that out spuad AL s curned ohssrsacions, biseoric data. and. expecicie ot o
gicrure ofthe situstion, it nesds to detecmine th bese maneve for that sicuion. T
o 50, the squud AT kocps reak of the manzavees permissble, evaluacesthe ficness o
ench of these snaneusens for che stuation, wad picks the mancuver with che bighest

Tirt we I ac cxabuting the maneaver’s Suness. T chen will ecome cear shy
e g sl s o eep erack of pesmvisible maneuvers

€nc vy o cvnlate dhe Fenssof 1 saaneer b i [ur7y eoles that sxpres che
sicuaton in which the nsaver is applicabl. For example. i the pullbacl: mancuver
s best sclcced when vur squud is the weaker force, s relorively fo s of fee,
ovcsplen e poirion, and the eneray i closs by. his voul be expeossed 15
Fitnassisullbac<) -

wecke (fare rEtioi - veako"LLine-oF Fire -atio;

~ Veaker(pesition WALILY) ~ CerOrTe(s e an t1oe;

+ hedtunorsnorter (rangs)

& ancuver might be spplicabl in mullpls deuarions. I that case, dhere would
e addiionsl nules for thae manecver The msueuver's fuess then is the bighest r-
nessrecurned by the roaneuser’s s,
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Far cxanipl; ot s suppose dhac Paul's car crashs v Dovid e a parkiag bt
and that dhere e 10 witneses to che accidens, thrce of whom say that Dual i def.
el ra bawne, while dac other sven bave 00 opinion. A piobabiisnc systen wring
o detcemine who shauld pa for the damage would be forexd < splic the 70% of
ocondusive evdence scoarding o same algoritbia say, S0-50:

i Baulis 1 blaane ) = 03 + 0,507 = 065
¢ Davi s 7o blomae - 0.5°0.7 - 135

Howerss, is this fustified? Maybe s oF e wtnisess who espressel s opioian
believe that harh drives mude seckdes saaneusers. Maybe some cend 1o chink rhat
D maro  als wowe, bt dhey are not sure enaugh  say s0. O, perhaps scine o
e disike Paul. and, while convinced thac David I co blae, would never sy
because cher Iopaltics e with Darid.

Wids belie ueuey, o such asumprians are mads. Tgnarance and wiertsay e
iupresened explicity by assigning helef o fuay evetu when nesdel. ladesd, where
lssi probabilcy theosy easons on discree events, helic suemsceal it b prer
et of ul possble evencs. When reying ra decide betwecrs il exclusive eveons 3,
8,and .o helicf ey would L ablsto aceept evidimncs pointing o " o B, “nane
anall” o "ay of cheen wishons profersnce” just o caslly a5 Bayesian metwock wold
deal with P(A o PIF.

T this case, dhe evidence providsd by wienesses only fostfcs the o

Tideneel

ulis o blue ) = 0.3

Evidences Paul OR Drvad is o Blame 1 0.7
TIEREFORE

Conlibiliel Pl 0 blaenc’ - 13
0

Plausbilie{ Pt s 0 bl )
Creibilit{ v o hlame
Plawsibifs| Dacid i o bae - .

This shuws s these s iosuffciene videnos v Blane anyoie withou s sessos
able doubt. Wheee ¢he probabilstic approach jusmps to conchurians. DST wais for
mare conspulio rssons w sct.

BRI e

Compucing belels from one source of evidence i all well i goud, bt soetiones
he discrepancy bereen cxedibilicy and plausibly s oo linge t support meaningful
conclosions. To taks blef eury trly sl we e 2 way 0 vake advanage of
e fier chae muldple sousces of nfarmarion can confifu for contradict] each urher,
This toot i calted Dempster’ Ruk, ud i  ipreseoted by the Eollowing exuation:
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o clange tle A laprithm 1o srap afer cuceeding @ caresi cose i Such 3 cnst
Vimi, hesever, i o dhat sy <o defie,

1 e stsble parh can b Fannd, the wnsusar should be shorred and ehe squad
should chacse an alcecnative snaneuver. Perhags the squad should pudl ik s sunbe
ey (using an eracrgent fre-and-mave maneuve, 3 discussed in che previous chap-
terh o sty and defend i et psilon.

sk pallback pach s zood snongh fur he squads pucposes, i s fime to pick e
position whers e squad mcabets < o ik, wun, ad provids suppressian fire
simple beurisic wil do the job: ierace over the path toward dhe destinativn, s
ot

+ Each posicion fusr hefors 2 hend in the parh thar blocks the lin.fifse fom
many preceding pasitlons on the pach. prosided chat
—This posiion fetrutes suffcient o for squsd meenhees  bypass i
— T pusicion b  goud posiion o which 1o s

“The racteal jusifcarion o ehis heniic is senple. 1 yan are being purssed and
ot need e 4 s s, She s spoe s v o e ned 1o che -
e o have cover and be losee 10 your desrinacion.
‘Fhesesputs ot might not sultin bounds of omparsble kengeh. T right b
nocessary e mark  few adcitianal bypanble ighcing positions, and e emove soene
i selecee pors. I Figare 5,45, the black cicles mark cbe pors et sguad merm-
b hers are w make rheir brief scind.

“The auas, dhe rul_baoe manever object 2o e squatonbors intecact 3 ilos
el In Figate 5,18 o eaceue the mancayes

“The Squsd Jas selcted dhe vaLienck maneuser sid proparss I, sesuhing n Indial
nders o its Swauestns. The maneusce doss nor dircly intemer with che Souad
comunand assing i ang way ic choass: brcfly delay che command, e n expliit
Tl kit sppropiate sourids i gestuce, and s forch.

T¥dse maneaver runs accarding o plan, the bl of the work b alrealy b
dane durlg the prepasatcn, During the narmal periodic Frecutei, it sufice
check i the masenver cancludss, i, or i any excsptions occar

“The Mameuvir direers s auaeraners by respomding hen chey complete a sl
i sch 1 case, the Souastamber informs the Sauao. who ia Lusa il e v
Theansuvor then looles 1p the Sounaismnar’s ol expacted sece, and nexestte, and
svuss 2 carresponding command.

17 . acHoanen fils 70 comply with 2 command and informs the sq.29, due
Mansuser might sespond seulcly (by boing aother commandy, « by sherring or
rescaring rhe maneurer,

- bt passes the comunas via e Sousct, This llows the Squad o iraplemens
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ot squad, rarhes chan donc by each individa squad mesaber,
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nigh il to ke 1 acuns e canl. The range i which the squad metabers s
{or e positions sight b sl ki th wideh o he canal, 0 ch sqad et
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e s ambrsl, o sqad ceds 0 be s
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0 simply suldply che intal s togecher Lo detning the inal prababiling

Elat sy g T e et har deserbe e way @ layets o
deveio ne cochnologies s autlin
Figure 725 il pat of whie 3 picl gametstech e migh Lok ke

sequiteats 1 aNain ang new tachneln

FIGURE 725 A sample sech e
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nce 1 i caealausd, i i teivial o subsitne (e vaue ol i 1 original
cquaions:

L Quei@, wad Ta0sr., .42

Far the casc of a I rurn, the nes ste i o caleulace the distance between e
comment Jocation and he el rosl buoudsry This s calle the Wi, The Widsh s
ealeulaccd by aking, the doc product vwich the X arentacion veccur and e vector
definedt becween the cucrent position i the st el by poine, Since the.
vales ol (b Wik usd HoffTheta ae knn, using simple geomeery,the radius of
che are is calelaced with che following Sormul adiso = Wi 1 si(Hid Theta),
here s cleulated by vaking 25 sl sbrractng, the angle of e turn. 15l hesa is
Jusc the wahic of Thers diided by v beve, the curn seeback is calculated based un.
the geometsy wiangle forwols carbhens;  Opposite ! Ilpuicas. the wom conter poier
of e aic is callied by simpl veczar sddiion. Finally, the sear and end dieecional
vecrars are cluulaced by et calculating e st and end poins, and e calulacing
s vector defined by SarePt TermConorPeand TndPe — TirnCenserts, especiivly

The nest cask of the Enmacutos ) fanccion is 1 dteraine i the AT cotity s
currently travening s hitp et i 4 o scgmene. This fimaion performs cwa dot
roducrs for each of the upenming ncessecrons in orde to caleulte e distance
from the stant and end dieeecion vevtors, These vaciables ae defined a5 SrerX and
Fd in Fignre 8,41,

1 bl of chese vlles e pusisive, them Ui positon s vonsidered ra be sthin
e rurn. A quick distance squared rest s oo par of the funccion. Uhis i wsed 20
eliminate puints shar are technically withio e e, but 4 distance oo Ea awy @
L considerod stk .

Based o the reruence value of the InsharpTu-- fancive, it s ow pusible @ cal-
culate i axger point. For shacp Lucts, the loigth o che v arc 3 dieided imen sog-
menrs of L0 meters. The srgar potne is s o the next upeoming verte in the tura
. As oo 1 the tam are g inco the nest v et e i complered and
en,anon10s) s called gain i necessary. s nor . shorp fara, chen we must be
o 2 roud segunent. e Frst suep i calculating L 10ad e poin s w defng dhe
Ief andl right iew agles. The Kuncrion Tni 1 ializsnosieunng:es | perkaceos chese

2

clculacoms.

3 seen in ke sxmple i Figuee 9:4.5, the cas needs ra dezermine
of it cartent incesocrian. e, the cumens rasd verce is initilised 1o i, ud
e view anygles are caleulaced Ly valculaing a vctot fou vach boundacy veree ta che.
correnn position. Next,  dat prodiie i calotated sing che coad segment’ orirots-
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Howeer, this reacevit s nor proide gaad resus n the sbrene uf haeres, bn
such  iuariun,che e should oxsupy sound ecrca locations hat in pencral pro-
vl a good Bighting posiion sgainsrany thcar. The squad s o o by avoiding any
spr rhat imiss che abili e atack. sach 2 ladders, deep viater, or levaors, More
sophisticaesd approachessee sk passble see acice 5.1 by Lass Lidén, “Strategc and.
Tucica Reasoning with Warpoinus,” and frandeeSeerrendl].

Addicinnalty, he squad membet can try e maogin i posidon in the squal’s
formation (and pay a penaley fo spots way from cha posion)

Parsonaltzing the Sauad Member
Diffrene squad members ave ditfrenr preirences for 2 position ta move o These
difernces ace du 10 the squad metbers capabilte, e starc of the squad member
and his quipment, and rhe cireumscances.

Kiftemen behave ilferent from machin gunncrs and snipers: riflemen move
qick ane often, and axe expected w close i with e enemy:. Machin geers, oo
thearher hand,wilbe dovned by their nad, and profe deliveing suppore ire frvm 2
athee st posiion. Machine puners will ot move vory ofic, aod conssquenty
eed 1 psrin providing sufcient concealment and.covee 4 snipee will not close i
b eugage e emeamy T & dbvanee, Having adose view an
an o he snipee.

Tt synd b stae ks ullacones the posiin prefércnces: over is mare
refrre e che sgad merabe is wouuled, o Las w eload,

Tho pusscnos of thrcacs and fendly forces influcnces how the quad emerber
mves & Jage nuunber of fiendly forces and few threas case agaussive and avce-
s mws, wheregs he revere simarian tons in mor cautious pesisn choice.

‘L algorihu in Lising 53,2 s the menber characorisics and e o selet
et pasirion. For cxample, 2 sniper il bave a el tendeny o close in vith the
enctay faucibuts u_HacFur1os ngtn) and a scrong ponaly for blocking soad lnes-
offirs{ barge negarive value forn_shockdrgronsley).

e cover s impar-

Probiloms and Workarounds
& fiow probleuns e lucking bl e surface o s fire anct e procodrs
Tspecialyinan absracl ich covironment, i is possible fo squed menbes 4 checse
noves s pas . condlic,

Far example, o squd meraber mighe bluck the only gath 03 & descimation of
snothor syl mcanbe, or Lo sguad members might bump ineo exch other, borh
ey 0 g ch o dlixction va the sswe s

By taking invo accounc the chimeel parh posirins in the evaluation finesion
(Listing 5.3.2). 0 s psible o peevea these contlcs w some e 2 sqoad men-
erwill o elecr  pasiion an a path esmperarly daimed by snedier squad meunbe,
Then sgus, o conba, things do g0 wiang, s rhe AT sborid be prepared 10 desl
wich sczprions.
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Saction7 Decislan-Making Archftacturo

st oum o o el et 0 oo, Tn s gl e
e bt pegoed e o scsmens o ot e sl 0%,
o and s capetnty. T i come o ehr e nc rened
L oo, o gl i et ot - iy
s

X represemts the suen oF ous porsesior beliefs thar emanate fromn this node. Ln this
o i e o s o o o o e g o
e g o b e 0

BEL eprsncs our sl blfin exh ofshe s e This s compurcdty
gt e b o et 1 v
g o0 1 S e v 7305 - 26,681
B w054 01 B W i ot 05 i
525 sl e el iy g of o el b s b

b e o e i 5010715 < L85 061 6715«

D.085: 0.054 / 0.715 = 0.076).

Probabiliy prapagation praceceds by passing che ) vector of each nude forwanl ta
ompucs e % seesor ol sach of the 0ds lildrvn, sa pasig e % vestor af
de ackward to comp the . veceor of each of the pod pareors. The rricky pe
s dealing with the need o propugare from a ivgle nede to mulripl parcnes os mul
ple childen, che sofusens <o which acs outide the howods of his anicle.

A sutite readsr will ke Thow d we avoid cicculur propgaiont” In echer
wards. mce we introcce s oev ahssreacion, what kesps the resaling messages from
propagating endlesly throtigh the nevwork’

“he anper i thaeeach e

reion inerducel t che syseem i racke it
2 unigue dendfie, s dhae sbdhough the cilats of wach e chbsetvation aic prope
gared thronghon the i nerwork, i exe cnsur ehat wave of propagation forany
e pbservation will vy pass ol ach geaph ot sy e, [ve ineodce
an cbservrion at the cenesr of 3 nerwork, for example, the eening probabilty
austunents will propasacs eoughuo uhe netork and ecaiaats i the sndpains.

To llstrane by this males sene, tmagins thae you spread 1 rumor by Bol
ehicngh your necsorke of Fiends. Latet, o0 hent h same esmar abane B from
Mary: 1€ youfnd rhat Maryh rumor came fom anindependenr souee, your beliefim
e o shonld increase, T, on e otber hand, you discover tha Mary heand he
cumor from somebedy who hesel it from. you: your bekif in the runar should
oniin wichanged.

The 1D-hrsd tracking schme s ala useful f allowing s € rsck exacdly hows
che neror hasececicd i conclsions, When uscd properl,such 2 syem can allow
s 0 setrace our cucinates and wsecnhle deealed explanations for cusrnly held
[

o e ook s b e can s shse schue i gumcs,
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FIGURE 908 Caleutasing sh surm nsersesion pon.

1fche am is e e el then the e mmer bourdacy is used, and when the surn
e s, ch right nner bouncsy s used. £ s pains £ in Figuare 942, anel P isthe
wector defied by C-D Q0 i defined by point A, and (1 3 the vector defined by 5-
A The inrersecion point s caalatod by sering tbe e vectoes squal o cach oher
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19 tho Bigit Problem _

Tsten  whar rhe rerrsin i rellng che, L stcuutivensss o the abjecs that e
the curreot e of 1 S cass ehe Sim 1n mave roward shem For exatuple, a il
ctatar mighr broadas th fuce dha e can sstis the "htngar” need. £ Sia s geting
Lungsy s0d wallis ithin the influence of the refigerator, the Sim aigh. docie 1
il is bunger ned with that object,

The sl anewet b that s v ring 10 enteraia somsme who s abenc 15 $50 or
les s sore of ompuitg devioe. Thersfre, when fiesd with 4 dificale AL
poublcn o s, e an A the proble ure 2, "Ca Lo ilene pob-
fem and. gt @ seule g i ey o mon: atseNng? 1o the cxample o speech
gt the el problom sofed s, “Cam we mae the e mors ensaging?” They
avrided th specch ol Ly o an the probles i wassposed 10 e
el 3 dfrene v [ he Sims xacmpe, e el peoblen o baviag wsits

v intlipencly e ot sulsed by making the aies marte, e by making dhe

In logic emus, thick of Lviug 10 corertaining Al in rhe garme s problom 4.
Prublen i usually ot & vy nactow problem. Su, we (hick of & aarnrvce problem.
which e can call prublem £ which solvas problem A. Then viesobve piobletn A The
dowaall with shis perfecly sorkable o is st dhete might b 3 problem € (or
D, ur £ tha e solves problea A and s nesee shovght of

- e sl preblom
o {anorher problen thac i easier o chink sbout)

Bk (Baolucs A; many cevelops sop bere)

¢ e andver problem dha i casice o chink sbout chan )

¢ va (Casosinsdl

Game Al Developers Have Been Doing
This All Along

The fuct thae "ieating” by the AL s cren an apeion cleacly demonseracesthat game AT
dewlopers b shways hosn changing, the probleem they e wyiag o salve. I & lc-
ture at the 1996 Compuer Game Desclopers Conference (CCDC), Steve Mereudy
g an cuample fram an sdsenture grine Masetalg96], These wees wwo chess o,
oppusise ends o e g world. One held he ke ro he ocher. I a causal world, the
convents nF the chests wonld b deserainistic, ad Ll of the i the playee wuld
ot the weong cheat et b che ore eprertaiing world of the gatoe,the st chest
the player came o v lays s ome it e ey, It might szem like 3 hack, bu it
was betor b sclvig Uhe etercainment problem than 2 more *erlisie” solution,
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a4

Tikely 10 e able ra sremme an Archery Range, and. might vesy vl bive vae
alceady

e cam s bownds o the sime reguird 0 ach ¢ givr ependoncy, T e cerain
hat an opposing playes haset rexched the Medieval Age and has no Aschery
Rages. we cun i te ubsclute misdinum ongs reqired  arcin each of these
oo dependencios and assere that e sl be ac eas shat long before he can build
Anben.

Wi can i which dipendincis & plaper i s kel 0 v apesimd s
i ar s consraints, T1a player can either reach the Medieval Age ot
bl Buracks i e fcst e s of the gaane, bt not horh, then noric-
ing a Baeacks wirhin this im frsme 1ll us tha that playe is ok werking on
e Medievsh S, Thusefose, we okl pcgars or attaces rom Crveenen in che
mear futare and ot worsy ot attcks by Sprastncn, Pikcmea, Aschrs, or
Grossbovemen from thr player in the immedisse fotare

nather simgle exampla is 2 "Ht-peraon sneskesr” ype of game, This i sisila 10 4
Brsepenan showess, exeept that che playes st sse stcalh, cunning, and the ocea-
ana bl instramen  che back oF the head to avoid being killd o captural by
e guads,

Our game designers have decided chac i @ guard buotoes suspiious, sud the
playet then leaues hir aone for 2 whil ¢ enal down. e gard should eveotaall
stop syt about i, and should sy somenbic ke b, wel .. | s i was st

It case, the ] iaosel b prtonding 0 perform Bagesian inference—he s
quie literlly “erpfsining avay” the evidzoce the playor gave himt

The pusblosis that guise ofien, the plager 5 present she guaeds with simals
Lhat e incomisten with che st hypotbssis, 1 e plazer pels the guard with
e, thros 2 bos gaint the side of s bead, ol diops Lhe coepse of ane nfBis
Kinsmea o the Tove besic i, diets e i T gess ir s rars” obviousty wn'e

Figute 7.2.6 chows 3 sample Bares’ ncr that can el sulve s probleso. The
s om the Jefe represent same the vasioan sypes of smuli char the player can
prosenr, and the mode an the righe represents the possible vunsions u can
el o those stcmli, AR chat i hosdod i @ e of vy the pussible combin-
tions f cach of the fonr difcreor rpes of posible sumuli will affit dhe guaids
wondusion,

I his case, ane need oy snsure hal any et I the mavey that imvolve non-
el stml,such as “Thead Bad™ and “14t iy Ao Aceuwr,” will tally discouon

Ba o 4 visble Sonnioa,
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FIGURE 906 Calkulasing the o targe poine

i iararion of the fimarian, the posiian is changed m the pusison af the argec
poine caleulater in the previous el to et t4sc).

Avoiding Obstacton
lice exch ot sgmone is clelses, th nese s s 10 check for any otsuacls i
e . Figuce 946 Duatrtes ch case e an b, ik is o Llocking he
. vt sogmont

The 16" argets-ceked; function pecforms (s check, Thi fuction ks by
ecsing over all ofch abaccl bckec from ch cument posiio o the e poiat,
and then checking sacl obsacs i the busket o see i the obstace i bocking rhe
e toute g, T o he check by ercring 2 vector beseen e poiion
and the crger e, and dhee o a do produce it cachscoraet o the ehstace,
1 any orter of s obotad b vt 3 disanos of s shan che AU wehices balf






index-239_1.png
PRURE 53,7 Exccusing an Loshiped ambis waving or e sy o omio e il z0me.

Conelugions

Second, chis AL is ssily enusnisd 0 nchodk a strong, prcfrence for heing neot
Iy poins. As & wesule, e squad membens fu. least, thoss who sursive) wll e
and muanewrer woward. the rlly poins, To enable this behavior, he levl designer
shootd he given aceoss o such i apriva, editsble wquad mesnbet properey”

By implocacuriog a squad memher aggression level that depends un the nusmber
of ncacby ceum members. s vo the bes of heeats e i engaging, s can et che
s 0 el <igage the enermy: and foll ack whea raking casualtes.

Howeves, vur drcentealioed spprcach b rsubl dealing with the orhes ambush
requitcracus. Mot imparcans, @ squad. orgaciracion based v cooperation ruler
than un explict leudet il bave seious reouble reaching a cecision and execoring it
ananimansly: Yor ous ansbush. chis mes chat ous squad b st asganioed o collec-
tively Lold tce il che chweats reach the il rome. We would bave w ioutorhu +
e e, el waki p ths s eiter wln eccivi bostle . r shen hoseile
Forces actvace 2 wigger posiconed arthe kil ons.

Addiconally, d squed licks kot Whoreas che squad decs consist of
auronmonns members, nabody bas bovn asked 0 Link fot the squed. I the enemy.
maves tovvar che il e, but dscides 1 pull Yk helore enching i, nohody in the
squad il bacher 1o assoule. Dus o the same lack of autsnomy. the squad would
ever initiae the L shae atabush il

Teisup 1o level desigaen to iven the sl and pasion the sqund

Squad hehaviar might alredy emerge when squad members share chety individaal
ebscevutions and utencoos, and base rheis decisions an cheie ndividual sate amd the
perceived staes o nearb squad emembets.

“The syaad sustober AY presencod here is a simple extension of siaudard individ:
sl A, bt roules i squad behavior s s sesctve, vasied, and robuse: quad meen-
ber parricipare in squad manewvers from theie individud staation, o, and
strengehs
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In this cxamnple, the “Peasand” technolugy can iy
o esict, A techusoligy uch a5 “Archery Range” requives horh the “Medieval Age™
techmology and 1 “Pesant” in arder o be consteacted

Thiete axc 8 autubee ol wlvannsges we can gain beusedinily by raking advantage
of the graphical matae of thi ducs smicture. Imsgine we'e developing « stanegy
gavee: AL and nur AT playee ks rack of s cutsent knowled of cveey players e
e, ncluding ane éor iceelf [Tosaurd 1. We sl refert0 0 ¢ech e wsed in this fsh-
fon s s doprandeney geuph

« The dependency raph allows ws to bl oward sl The roph ives vs
aumomatic foundason for develuping compl phuns. e want 1 uild Archers,
s can simply seaich backard oo ek to deverming that v st it
reach the ledieval A and then have e Pessanes buill an Archery Ratge

* W con enimare e acewracy of anr survedlasse of @ goen plger and determine
which agaaring players reqive mare mreeillance,  dependeney raply wils
ke o, Fariclaly 2 anecsors of nndss wich know valucs, ncieses
ehar e knoswldge of chat player s incomplete. e seen an enemy'’s Cran
omen b noc his Archery Range, this cells s that e missing some pare of
bis aopice and we need e increase o scuucing o surveilanee ofthae playee.

W sy o s i hecpponing pler deperady raph and ey
ntefre aih gar enemie blding plars. 16 e ok thae an oppesiog playe par.
suses nly « bandiil of Praseens, e nighi 15wl Kll e Feasanes befure e
s o s Barraeos and Archery Ranig 3 that b cano rebusld theen.

Blimeres, i sill dovset g s s mch inforaton s wed ke, Fot  given
gaen sinsaren, weid [k o be 3ble r plag,in aur carren knawledgs of very player
ind Ogure vut what assamprions we should make sbou ll of the technologies it
‘could parentially sesin, F w know tha the coemy bas 2 Pikcanan, 2 Grand Magi-
clan, 0 Keogoth, ta wha dgre shoald we belisve chac be o possesss 3 Eldro-
ponic Farm
O epiingly ugh, e can s st f tch e e bl ek
with slmost 7oro efbre, All we nced 1o do is assums thar cach node in the rech ree
aepresens ou belil . e player i quetion bas ained that spreiic: echalogy
his alloss s o inscansite aur arront knaslcdge abane ach playe 13 elietsin
e rurork. W can thea propagte thes beliefs thoagh the neswark o detexmine
reasanable degrecs of belio for al] af che ather tochmologics in che coch e,

© We cun infir she exivence o nonesience of some sechmlagie by she presence 2
e ofotbem: 1 we sec o ey [ikernas, dhat enemy st s veached the
Mediewal Age and bk ac last anc Bareacks—and the Barracks probably sl
exists s e was ecently drsezoyed.

* W curwse cousalinfecence to detecming which dapendencice o apposing player
el o saioe 1 s player s Pessans and s reacled the Medicwa Age, be s





index-457_1.png
é
]
]
‘

457

St
Diedin

b
[
I
{
!

FIGURE 8.8 Dasemining fshe AL vebile s it she s,

Lion veccoss Tinaly the angl s caleulared by che et umgent of the previons rwo dot
products, These angls represant the caszeat sl road view

‘Nt e defiube g b sr. The dfiof 0 e s sraigh road. The defaule
ot chershors point a the e of the road wich the sae leleight discance s the
vebicle curecne [eifight disance. The letfright disnee is based off the ruals cen
verine. T the cos i o tright, he TetermiTes InsendafAvacTsy sinta) function
will deteci, and detcrmine che funhest visible posiion availible  twuh e

i derermmine which disction the raad hends, the sicw angle of cuch succesive
boundary verrex e, 1 che calulued vigse gl s s thau dhe i viese
angle.chén the avininsam view angle is modified 1 the new view angle. The et
ercessishle i dececmind whea it the ef iew aagle s more than the righe view
s o whet the right view angle s lss han he L view sngle. P the caruple,
when the boundary verics for vertex one und b are rewed, bach view aouls
ars ghenod up. O verte thres, ool s Tefeview angle i ighrencd up. Finally, on
veree Tt e view angles becames more chan the righ view angle. The L i
bl verce on che sigheside s verees o andl i becams e argot point for e
roue seganso. 16 the disrance hetween the whick and the targes poine is les than
the rote plancitig disuance, theo #n additonal all  EnurButes ) i maquired. On
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_ Sections Tactical lsaue and Intelligent Grovp Movement

+ T inchude addivianl catica informarion sbout the other squied mermbers snd
hei pasisions, cagahiliis, and acions,
W sl noed 10 pracessthis st informaation, which s dane using:

A uest pusiion 10 smove wo” algorithe, picking the tetielly most st
destinarion

+ Stpaad meober subelues lade,siflean, ouelive gunsies, and sulper defning
the parametensfor theic specifc behavior

The Squad Momisor's Montal Picturo

L smove and emge sccording 0 the wctcal sequieanents. 3 syoad merber kol

ensintai ths Flencing iruation (s ths Gantats.L, st :on clss

+ Yo cach sqund merher:
—Cortens pacirion and activiy of squad member,
~Cliimed destination pesition (and vpeonally, e o i desizion’,
—Tinc-ofies {ofien 3 cone. arigimasing,a the squad member posiion, and.
il s sl ditennined b N aisnlog aud the weapan's charsetersic!
+ Forcach appoen: :
~Last ko positen, ] tac
—Estimatel cuseene pusiion(s).
— Squad metalbers cneagiong, this oppncis
—Squad membersable 0 bsecve this apponent.
—Tinc-ofie.
« bor iber and and theas fres. ncorming band grenades, et
—Knommiestimased posion.
Damage radivs,

Communication among Squad Members: the Wessages
The mcssages cxchanged beryoan the squad mermhors ennsey rhe imenrions and
ubssevation of these squad mescbers. The messuges shoukl conain all che ioforae
ion e by che receiing squad member t updace hix mental icaure. The mes-
cages listel i Table 331 sre ypically vl

Tabla 5.3.1 Seuad Hambor Meassges to Commuriceta Obsaralinso and Tntantions

rition peams
Moingope | Pah I e

Auhedinpes " _ Dostdion Tendovs | Thewpos
Foug oot om: T dezinire Thrst maving Tt old oo
Frpgig et Tt gor b T den b sare
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12 Wrodustion to

yostan Natworks and Reasoning Under Unzertainty s

* Cansal infereance {alca. “sbiucton’ or “prediction”); Given hat 4 iraplics B,
and we e the vabie of A, e can samare the probatiliy of B

* Dingnostic inference (k.. “induction’s: Given tay & plies B, and e hnow
the vane aF B, vt can compue the probabilsy of A,

* Inteccansal infecence fi., “explaivg avay): Given that 2 and B boths mgly
€, and s knor C, we can compute how 3 change in the prubabilts of A wil
alls che probibly of B, excn though A sud B weze ociginally indpendsnr
carisble. The

lwing section explains this in more detl,

“Explaining Away”
¢ of whars sa conneerinnsiivs shanr peobsbilisic reasoning i that it depends
highly ou e e s whicl you dscancs certain thinge.

Sppose e hav: o independent variahles A and B, Either of these can el in
€ beig 1. When s knows thar C s 1, Sinling eicher A or 8 10 he teue makes
ther L fikely. A and B were iniially ndependent varible, bue s indepen.
dence s sevpked on accoune of hel elacionshipy wich C. This seams coumeerincuicive
aefiee, bt 0 esily demomteared with a imple exaraple.

Tacs 152 the warwn exompls e meadioned ealier Ouc proposicins a:
yousprinkler was on this muning, R - it raned sz nighe, and W - saur v i

Assame rhar there’s a1 in 3 chance of each of § aad R being true. We can as
wizne S and I are independent of one snothee,sinse via dossue #ct the sprinkle,

o a ook o Figre 7.7.2 il ther’s 2 330 chance ofcach of § and R che

) duance tha W s e (e T

spriokler or the i) bring teue, and 25 9
)

UL dicover st e b i i o, vt v <o o ssor, (hat v 33 i 5
160%) chance of cach af S and R heing rne. Sos Cigue 7.2 2 10 see why this eoust b
e case.

The ins squarcs reprosent the sl actual stzes of the syseem, and. finding,
s the Law i et comviaes s chat s g scre of he spscem cannr accupy rhe.
o clcar csls i the upper lef, s ches cellswould mean the lawa ws diy tbecause it
A a2 the sprnklr wns aff). Thercioee, the syscem must accupy ooe of the

lls ahang the right s o che bt of the geid the cel In the bouont right
cormr epresens the conjuncrion af hach possibilcies—i .. i rained and you sprin-

Klee wac e

Suddenly yom ger an c-mail froen a frisnd. He rlls you ie rained yesrdy. Dis-
covsring the actal value of I stomacally changes che value of S, Finding tha it
sined makee it ancs again 339% liely chac che spriokler was o, e wetsess of dhe
Lo s b “esplaid ssy” by che ain, The pusbbilicss neve oceupy anky the
sghemost coluran of Figure 7.2.2. Sioilarly. i yvar el had ol you i i v,
ar would raake the spriokler hypetbesis 10035 probable, since noching ofse could
exphsia che ves Lo,
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i of t0ad cenroline vertces, and sraus the atea berwsen the lef and cight outer
eoad houndasies. Abdionlly, cach incerseesion in che cicy s deined 25 an obstrck:
bucke, s s ot forther subdivided 4 staced previouwly, susight reads are defined.
oy 15 of i vericas. ‘oo of the vertioes are locaned av sach end of the road ey
ment. Ve other o vesices ie et back 10 metersfrom each Inwesecdon. and pro-
vide & quick way 10 access the ambiens wafic sbstacles Uhad arc opically wairing o
avsse the inrersection due to 2 scop sign or 2 walfc lighr.

Libeary Intertace
e tavigariun object conrrals the varions AL Racees. [hese ane e primary imer-
Face functions to this ibeary: ngiste-fa.ts and brivonoute. Rouces are definsd s s
i o imersection L, each separatod by 4 sinle cannecring raad segment. From the
inerseusion L, explice lsc of conneceing rouds is derived.

Tl R 1arnoute fancrion registes the st of ntersoctinns vith the musigaion
sysrem, and then initiaies Lhe vatlales nccessiy w0 maincain the navigativn of the
s, This funetlan i caled ance ¢ regisrer the rote witl e navigacon syscem. I
i oute. shangs Far any ressan, then che Rogistorfouse Rinerion muse be called
agai co enter the pew route with the avigarion sysem.

‘L Divceuso fincrion i alled ance per eante w valeulare che stcering, throc-
e, ane hrake Sssingz. A seae maclie coutoels he warons saces of the AT Eod
The v states are drisiug Lorvward, backing up. callicbag, und swoppivg,

Backig up Is eccssary whenever the A emity gets scucl bobind am bscacle thac
it canor cutvs around. ki eypivally ocenrs when the huma player collides wit e
Al player and sends it fying ofl course, In chi case, the vppunent, i visible, mse
back up ul sccer around che obstacle. When the entity is aor wsible, che whicle is
manually teposiionsd o the road surlice sy fiom obsracls. The €olliding sate
is acive when the vehicle s collding with anather enriy in e woeld. Dutng, this
e, e vlicle s complely under che control of the plyscs cngine. Ones the vehi
e stces dasm feom the colliion, e stae s setchsd back to deiving forwacd. The
5 sence primaly contsols e whise shen i reaches the eod of s route

Navigating the City

The i scep i navigating che road metsvork i sclve the problem of sheee che AL
cariryis coreently locaced.

Finding Your Currant Locatian
e his entity knows what road ar inresocrion it locaud an, then ic also knoss
s e Incario i the prienary souss, Usiag s, It then plans an iramediate route
0 mavigare the upcomming obatacles. The lmmediore roate lengeh b deteruunod by the
immecdisue rouce plaucisg ditance varisble

The cie i broken up inco mooms, whieh: (i dimensians of each room are el
 the same dimensians s the phyeical geomerry of the road or imerseion. The
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ot e extea ella che hortom ofshe “probabilicy” colama, wldh
516" b s derived by adding sogerhes all vlues of AL above o
deermine che final probabilly of the bt going off an say iven day (0,25

“The cighunost soluson shuws the sormatized prohabilics: tat s, he P(AY slus
aljusced s tha chey add up m 1. The 07 yaubol i e expresion UPGE) i the nox-
malizgion conscanc i this ase. 0002516 fe.. 0000938 .002546 = D372814).

i tells s that i ch slarm wene ff, and we daurt kuow f sze ws  busghury
ar an carthquale, there’s 3 579 cluuce L was cased by a burglaey, 2 239 chance it
w2 cansed by an earthquake. a 399 chance irwanr of for no good reson, and «
0.0793% chance i s st off by 4 wacky sicnultacous sarthquake-and-burglary
cpieade.

Suppase v now discover thatshers s i 1ot 4t caliqske s e e, e
cam e sebscicice 1 fu PIE) bein v ad U for V1E) bein fle. Nore hovw che
cible hanges drsmatedly, s cefleczed in Toble 7.2,

72800 the Probabilty ofa Burslary mhen PYA) and PE] Aro Kiaum

TR WEA PR o
Zosl 7 Tonmgs ooty
R it i —
T
T o
ok~

7.2 ks s tha theres o 99.6795 chance that che aarm s st off by
e sarehquake, and anly 2 0338 chanes (hat s burglcy occutred a the same cime,
Wherever there i causa Rk of e s “A implies B i cur nerwork, me nest
10 spocify & evaus chac s dae probabiley o amy given cffoct (any given vale of
B) given al passhle canscs (acy possible valur of &, 1he “Burglary ! Earchauake /
Alaee” charcin Toble 721 s jua s smste.In hiscase, ench of ot chrse pro
sirians B, , s 4, can holdjusc ane of rwa passible valucs,sichee e ot flse.
Lere e hees basic s of infisee we can pecform wsing befif nenwarks:
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FIGURE 9.00 1 ypicelrosd igmens.

i of fous veltices are used o define  secaight coad, Thie is necessory e for-
ther subdivid the coud iato buckets o sbsacle avoidance. For vases whecs 1 >ide-
alk is proser she inner and outee vertives we ¢o-fiocor. Cursed raads ane chose
coads with more than foue veies, T a cured rod, the road egonens berween the
verrices ace anglec arbicarl, andl are separased by & distance of at e L0 wetecs
Each 0 has e inmrecrians. Since the soads e cotopuised oflises of sectices,
e intepvertion easst. o e (st verco s ealed the deporsar tenseciva. Likewic,
e inverection camecred g the Lt vertex s called the dsinasion ncesseccion. 106
: the toud o deparue Pnrrsection 1o

ot 3 equiremens that e AT vehicl erav
dercintion intesction,

The Obssacle Map.
“Thes obscach map is a e system for ongasiving obstacles an rhe road. he ster,
brecs die soad up it il smaller susections, Kseey obstacl in che warid is
located in o buckes sormswlere, This bl grouping,penvides aptimized cullng of
bsacles dhat azc oblously nox i the vay. An abstasle bucker exirs bemeen cach
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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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FIBURE 7.0.3  Propagecing inflvence hyvsgh a sompl By et

eopagat: probabilvy Licloeacd st as casily a5 we can propagare foeward, alchangh
wel need to do che catculriors diffecendy i eal case.

Within an individusl nodi—reprcsenring 2 singl propasition in our Lelef

wuckwe bave somserhing thar ook like Figare 7.2.4.

prior prosabiltes
—

T

s
a1
a1

BEL A
o8 a7a
008 06t
oo _ase

posterir probabitis
—

FIOURE 7.2.4  rior and poseien probabilises or  sivgle el ot

Hore chat in this exumple, e aads Lopressn  helis it sbee possble valges
culiee s Lhe two-vale (ruesfalss) proposivions we have basn dealing with so .
Tor example, this node might fepresent our knowledge that acdy une of thize
prisonees i puily of 8 crime and oo cnreenc helid as o which of che thros is the

et lkely colprs

“The inside of  belef node has thros vectors: 7, BEL, wid A
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Thee Enursouces(; function is called sectsisely uaril al of che possible onres
bave becn conmerared ou e desirod raue planning discanoz. Each fime num
Rowtes; ) i called, i crates an immediate route segment.

‘The rouse planniag distanceis he lengch of 1oad chac e AT playee wilfuse when
anumating che various immecisee roies. Longer ronre plannieg distances pravide
betaes choices o the Al player, brcuuse ie allows for 4 smatliesatival rprestation of
potentially blocked routes becase of ambient teafic and osher obsracks. Havieves,
ongr planming distances seqiice mare CPU fime; cherefore, o balance must be

s Based on the roue plansing disunce, severa) rows sogmenss mishe
be required o complely enumerate the route. O che fis call m thisfonccion, th
position paramecer i inieialised o the posirian of the vehicl in conte. Subszquent
el s e calenlred euege poiees entumerated i s functon.

The GatchonTurnst i the Cunction calld s by the rmnscuteat) fonciion.
The fancrian calcufaes e necesary variables for eepresencing sharp tutns. Any cwo
conds it an intensction define s sharp turs whers the gl beuween them is rcater
sn 45 degesc, This umbes i cunable, and car be madifid ra changs the persan-
ity of the AL enciy. s also possible e ge sharp cum within aroud. 1L happess
when 20y twr-tond subcctions have an angle geeueer than 45 degrees, Road b
s aee il s chc pysial ace becwecn any o cenreline rad verices,
and the oure ek and right boundavics. 1 is mprtant fo seafize chan. if the o i
o cnisidered sharp, he vehicle shonld be seerei diseely w die Larget poinc

The ac o cicke deioes the gach thragh shar . A diagram of the main
ariahles is shown in Figure 9.4.2

The incerseion,poine of ehe tun is define 2 the point i s whese the owo
prjected toad segrment ectors AB and DC mocr, The GatoTurninte-sestiant fanc-
i hanlcschese calenlions, s lluscrced in Figare 9:4.3
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Listing 5.3.2 Algorithms for picking a next po:
10 evaluating each position.

Toam &1 and Emergont Maneuvers

Ech cnewage also includes the idenrficacion of the sendsr, Upon scelving the
ssage,the squad meember upduces bls ConbatSiustion accordingl

Depending an the squal woondiiadon sevk, you might need w0 fotroduce ald
donal eucssges for righteesynchraoizarion.

hy we mesages 10 pass squad suenber suce i
iformmarion is also sailabl by ncpecting sauasmente-aL objeets direvtly? Wil pass
g warinformtion via mesaen ol s e a1 e bocanse

formation around, when dhis

* ou can model communication latency by bicfly qusuing the messages.

cisage i che game wing animations o soun

ot messagen  the playes o prevenc ovarloading him.

+ "It squad mernbar will send misagss 1o dead squod memben i asunnes sill @
b v, adding e reslom (rad preventing vt knowedad”s.

* You can we susiped envitie co diect ane or more squad members by hiviog e
sripsod cniics send mexeges 10 these squa meraless,

* You can scoummordare bustan squad moanbars, whose et information b argely
anavailible, tue for shom che AT can emulsts memages wilh ubsereations and

Pleking a Tactically Sound Next Position

Acting cncically rquines being;in che tight spot. For 1 squad member Invald in ane
mancuse, s ight st depeds o biz pasonal capobilres and neecs, on the neds
afbissqud nusembers,ancl on the pasitions ofthe spemy ez Figute 5.5.6 next pagel

In e maneuves, sqed menubers cuptoy bricf moves, aking jusc  fev seconds
Thescfors, i cach squadd member repestedly maves to the “tactically best ncarby posi-
ian” given e pusitions of ll aquad scanbrs aud checaes somne tacrcally sound
mwcuscring i likely t0 conrge.

Fach squad membes uses an evalustion Dunction 1 pick tbe mose auitable spot
Srom ll by spors. This lnerin cvaluates many eactical aspeces of each position,
st an che squad mensher's stace and preferes, known squad clims on posians
snd the threass This s o 1 shown in Tiseing $.3.2

ion
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Wilewise, i yos dan'c knw wherher e mined and you had instend discoverad thar
the sprinklor wasan, this would changs your belefas o whetber It e

W can construce arbicaily Juge and omplex graphs by asembiing individesl
propasiions and derermining the proper cansal relarianships heceen those propasi-
ions, O we have coustructed s raph, e can perform probabilsic infecence
ot wsing the axioms of probabiliey theory, and Bayee Rule i parccular. A graph
s i i asbion i efred o s "Ll network” or a “Bayesien necvork.

Unforeunatel. the cechniques for propagating probahilics though 4 Payesian
nearorlc ate much too cumplex fur the scope of this rcicle, A futuee artice mighe
ilscese these techniques n the docil they descre, T the meantime, the reader s
velerred. o [Peat?) and [Rurl0L. Howeser, dis seeion provides 2 concepul
avervien of belefprapsgation and some demls ofirs aperarion fo intersted readies

Figuee7.2.3 gives an exaraple o s propagation proceeds in « Bayes ne. Imag-
ine hat we have consczueesd a neswork as shosen and we make an observarin aboue
e actual valu of ome proposiion X. Noow we want o fgure out howe the efec of
ehat discnvery infhnences the resc af he vk

Sracing rom the nads labeled X, we can propague b o X parene node and
i child mode. Although we can propagarc anr pmbabiliics agmchronansly. 15
Uhough our nodes v separae compuiers communicating to each otber via the
Intenuer, we kaow dhat the probabilieswil be propaared lang chc ks labeled "t
fir, and dien aong he ke labela 2.

‘Nt that becase Baye Rule sllows us 1o revers she divecrion of 4 prohabilsic
sasemens, che dirccton of th areows does nat Linie bow we can propagate. We can
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SouasgGonyanunt  Euotion bandles tbis rask,and ks che vtz posion 1 e
Siest impue parameer. The ficse eask the Runerion docs is 0 rerre through the Lsc of
oot in the <ity 1> deteeine which room rhe peit s in. To increase the perdar-
mance of this funcrion, rich covia hus a s, of poiaters that conaects the Qurrent
somu with all of s neighberiog racms.

Thefisst sane Une SoLuotiepGonganor ¢ Foncrion is called, s it hranigh
ehe encirefist m find the roum whrece the AT it ocated. however, on subsequenn
calis & oo ID bin s suppicd: hich is usually the Lt ke o locarion fr
the AL The function cheds die biag o0 (i1, 208 then checls e neighbating
s, Since che e ace typially lage, bis aptimizasion works quice well, 1 the
Lucton dotceiaes the ensicy s o in any of these sovas, It fesers 1 ireating aver
il of the roams,

Undating the Aoad Coche
Tl second sep i 1o uptae e Koad cache. The road cache & defined as the curtent
and nexs v cond segments s defioed by ehe primary roure. The cache i bsicaly
 Fist o, Fitst Oue (FIFO) quene. When the carrent road is somplrely raversed,
che nest road is moved into the cuent road slor, the scond roudis moved nio the
e t0ad slr. and the nexe road i dhe coute s inseried nca the cachs a dhe secund
cuad, Thees 0adl scgments an uslizod 1o suppare the desird soute planaing dis-
cance. 1F pous ad segrmencs are vety soual o your planeing distance s long, then
s oads i the cache will be aecessary Eveey tiaue the ache changes,che funceion
Inithcadturns () is called 10 calenlace the variables oevessaey for defining sharp
After  eoliion, he AL emities i e thenmselves 0n a ifferent cosd than the
cusd they ariginally wee v TLi Js duc 1o che vehicl being under physics concrnl
uring he colfsian. In this case, it st upalue i road cxche srich the e cureene
soad, andl then i evuse derermiine the nexe raad it st crvers: 1 et hack o che
wriginl Inersection goal. Mon of the ime, the arginal incerscivn goal i tbs qur-
sene zonds desination nterseccion. bul in rutc cass, fr muse deternine addidoual

rouds,

Enumarstiog Al Passitio Routes
The dhied srep i 10 camerare 2l ofche possble outes wialsble For raversing the
curen zoad segment, Lhis s socornplished through the Enumoutest; fancrion and
s preseacad e in 2 simplfied format

V14 audevagataon: Enumlou:eatPosici
0

Cntchasatarnst

et

0

)
ke

CatesnapTureTargeti
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L ifitary el on e ienporesn clenenc oo achieve ther abjsctives in daget-

s, chaoric, and canfusing ciroumstanoes;leadess and soll-ebearsed procedures.
Wirhanr  lender thinking for the squnad 35 2 whole. dhat squad is waable (o quickly
e s siustion snd decide un the best coun of deion, such 25 @ group cotreat.
Wehaur relying on a small namber of well-knowa prvcsalues, Ui squad will wasre
i exploring uptions ud ssclving confosion,

The sams halds for squad Al vee develupt e vo iz o, he squad mermbers
gt e bl o defes teamsedss, o overschelm a defense in  senple acacl asis
ilhusresc i ehe previous seiels). Hossever, I sk syuad-lees] AT co assess e i
ow Tor dhe squad ax 2 whole, and choass the bt action. When excuting the
mancuver, the squadelsvel A1 will be bl Lo detet problenys, 1nd either rsalie them
urabore the mancsar for anocher one.

“Thi asicle scses squaleseh AT and reasaning, Tise we ook ac bow squud-
level AT and individial A erace snl someimes conflcs). The, we dicuss huse 1
wses e squals sicuation and piek a coese of action. Based an an sxanple (pulling
ek e squad. ehile laying down corer aud suppression [ 1o slow dewn the
ey}, we discuss he planaing and execorion of snch 2 maneuner. We wunddude
with b of pros and cons of squad-level AL

Whils fr Fromt 8 camplece avorvies” of squad-levsl AL chs arice asists you
idenrifying che challenges uf squadlevel AL 1 providks a nenber of cambcpe
solutons, il bnilding o he cmerget sqad Al discussal i the previous cluap
For chriy and brevisy, the sl again ' assumacd so consis o infanery sadiers, but
theidens apply wll n orner small comb formatious.

Spliing e squad’s AT n s, seusd-level Al and individual AL offes e

her of benefits. It sepucace conceens, cheeeby significandly reducing the amount of
preblems thac cach e of A6 has o cape with. e allows ws o change and speciilic
cach kise of AL indspendently fror ncther,
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FIGURE 7.2.6 A simple Hayes nee listating o guand poible xpluations fir b
cvidince us hund.

The probatslisic ochiqucs prssenced here might seem vy sinilae s ey Lo
in thar hey provide us with a means t perfoven ressaning g, sontinuaus viables
i othereands,choy allow us v e loating point arichanetic instead of Boolean logic
However, 2s et [Pearl§7) poines out, he owo appruaches bave fundarocutally dif
Ferent goals ey logic is shoue the degree o mermhershi in & et while puobsbls
tie reoning is abou iofusoes regerding cuustion.

Bapesia echniquss b share much in ommon wich the Dempoter. Shar The:
ory [Laraée02]. Bayesian and D-5 approaches pecforen rsasoning,in voughly siilax

Favever,the main Fmiien of both e Dempscer Shafer Theoey and fuczy
fagic rlaive w probabilsc resoning s chat borh ez bl on rradi
agic thy i, they scatc proposicons that cunon clange when new information is
e o the sysem. The cacsic example ische *Tccty purad” “Most binds 1y
“Most peaguis do ot . and “Fenguins sre birds.” One friend “Toecey” is boch 3
pengin and 2 bied,

Wit systems bt an monotanic lngie, the act that Ty i  bind will ke
che sesul of the aleulaton ighly dependent on the proporrion of birds that can .
1o inform sach a systens that 99.9% of binds can fy, ch syseem will asert much
more sccongly that Tozccy can acually . A syscem Bule o probabilc dhevty will
ot s o this prabisan, st will s o comelsions primarily a he rele “pen-
guins do ner i
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Sepring g e it dewen dusign 10 fthr. Beyond exposing vas-
3ble, seripeing g lso cxpose ogi. Lhis migh scund dangesons, buta an
g i be deighed o be simgle cnough 1o minienise the ks, et sl gie
desiges he sbifty o speciy bow c espond w e evnts Fusbiued7]- Sucpring
Lugusges o b caacancly povsil ook, poviding A1 atems e nfnre vaie:
Mangnge can b o douhledged svord, however P Lo of ool vet the Al
ious the designee lands can inspite cratvis, bu putrig 100 uuch conrrol into
cripe can tnrease risks g and ke st up AL vl tok. Refis
o aice 106, “Yhe P ol AT Sclping” Tosoun2b] fr some preccions on the
perls o scripring langugs.

Data Easily Accessil

Caeating Inceresting Al and achieving gaod play balancing requires 1 gezat deal of
xpecimentason. Desigaers shoukd be able o tweal eveey vlo whil the gane runs,
10 finc-tune che AL Sraistics and formulas should be expased chough da files
andior serpe, e s embeddsd i o, U inueices can be sed © esereise
cutzol st he ieraction.

A wserinsecfce for formalas can llow desguers o Gl e blucks with appro-
prisce valus. Bven srne taachins can b expased. passibly thronugh 2 visual decbion-
e edicor dhat alows fo inteitve odeliag of Lelsvier, Desigress e mach more
kel 0 tvesk AT by maling selscrians in drap-desen hoses than by edicog et s
The mare the AL is eaked, e better i will .

le to Designers.

12. Factor Stat Formulas

“agene? atebares and abiliss ace ofven defined by sratsies. This s pusivulaly e
of cole-playing; games RU'Gs) such s Diablo au Beldur' Gae. Decisions in RPCs
ans based o th.scars of characrsr. This cancepe should be aken a: fu as posible
Seat ot should fcrur into every wpect of un agenr’ bofiviar including how
i e eravel, borw inellganely e masigates, whae sctacks and defeses i chwoses, #nd
B i uses e world arvued s

A3 maoe seas e Frcared ine the AL the sars of e player’ character will sat
10 fild moe meaming, Ailcy can sfect b aiuch ditanoe an et corers when ic
mees, and how fase i awimanes. Thee can be spels that decrease agility, s maldong
enemics moceslugich. St fo g s il the s of sl char eharaceas com-
Jute. Tl playee will essly be ahlc s sce hase his o her characeer’s eats compare o
athes characten, maklag charactes isaprovennens Exote esearding,

Pouss, Don't Reinvent
Wit hese cips in b, you can eapliog many of the AT programming, snumbling
blacks, aad movc oneo soleing emans nteresing problems. Instead of cinventing e
whsel and trying ca uprimize 31) auvigusion, lestn from the cxperience of others
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e s members use mesages o
of the message based comonunicaion, the squad has linle xrmuhle accommadaring
sripred ram membes.

“liogethee with good placerent,this cisergent squad AL approch s el suitwl
provide challenging squad behavior n siagle-playes games,

1 yonrsquad AT s oxposted o sct autuncsiouds, yuuswill eed to we an explict
squad AL deating with squadlevel rsasoning and decisions. Even in that case, the
mssage-bascd cooperation betseen ily automamous squsd members i 4n impor.
rane ingredicnr. The next article addesses s sy ovel sessoninng in more detl,

svicns and nbersarians, Becasse
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For more Luspiraion, huve  look a. dhe enecgen syund Al implemenrations swilable
an the tateener, 2 part of game. o devclopers SDEs fdo read dhe secompanyiog
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X Gontte
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FIGURE Q.06 Plening o st anopud ar obsnacle

widh, the obatadl is etuned <o EnaRoutess 2 the blacking obsracle. Nexr, ovo
avid poritions e calculacsd: ome o the et and ome o the cighe, The avoid posiions
atc caloulaced by using cho vohidlss X orienration voctor, The desired positian is pro-
jecued aomg che vector a & distate equal 1o the ball widds o the obstacks plis the
balf widh ofthe AL enicy, and » mansble huffer disaace. Typicaly, @ value between
¢ and o meters wosks well For cach avoid posision, Evunmoutes (: is called again
snd the process epests unal the dsiced coute plunniog distance s chisved.

Once all che tmmediare ustes have hesn enumecared, i s rime to select the best
sote of the bunch, e DstorminabestRauto ) Funcrion handle this sk, There are
many criteia for derermining the bese roure. In our experience, the best route
s defined 35 the suragheest ovutall . Alceoare cricrin could inchnd. roures har
are ot completely blockel, ssying off e sidewalk, o the zoute withs the fewest
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Soctians Tactical Ioaues s Inelligent Grouw Movomant

Addicoually,bs o, mber o comparaions jus oncs o the enite squad,
ather than fo cicl s suctabes, we e be sble o redic the demsand an cho
€U faseein his aticle s a0 crample].

The relaton beowsen the saues snd sepauvenne is flstcucd in Figuse 541
“The suag consits o « uunls of cuadtenbars. Lhe Scuad maioing  squsc vl
svuaion based on obserarions tecived from the Geusdienbars, and. Conmends &
ssucd o che Gcusdimbers. The el simirion s disrcu fom e Syt
ersindivieual iution Munbar i),  will become clar i the nexe setin.
Yo uight vt 10 comparechis i the cassdisgeams of he emstent squad mern.
ber AL (Figare 5,32

) covce (s mow

FIGURE $.4.1 The elstion besuvon Squad and SquadMember ias s UML chae disgrany)

he squacs coordinaces the S s sctions inta an effscrive maneinr by
asgoing goas and tasks w these Squack sioers using Conmands, Wldle ewenial or
coordinacing the Squsa chese coma-ds also canse problems in the design of the AL
a0d in the rswlting behavios. Some of (e Comnande hsusd will conflie with the
Suuactisnbos ubjectives, ae be napprapriatc for the situarion (4oveerSituation) at
hand.

Authorltarian Command Style
“The Authoricuian syl has che SquaabGrtor alvays obey aud exete the command
thecause thre is o T teamd i sepe el in vpidly cespondi, Ecuaior
ers and gl caoninated s I s ensble he Squs ro sarfc fr kI
one Squsdhamser for “lrgsr” squad-oel purposes relucing danger o the other
Sau0tonbers, ot mevting S objeciv (through « wicide aack)

Hloweser, his . prfors bl whes e Squncange's staaion i nconsi-
ot il e 53-8 level viw. For cxample, a Susaticnber orders to defsed a fonc.
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PATHFINDING WITH A*
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cane o emember tha o o nante s ean corrsgrnd o the same:position o
e map.

The distance for heusistich s wed o determine the "witabily” of the node being
explared, W will uss the teum s, sac. ths acicle will primacly b dealing
wich applying A* w tadiconsl cvo-dimensionsl maps.

The cost of e is probbly the bardst em o define—an analgy i probabiy
s, Whon wavclin lacgsdistaoces, vrims Fcroesan caken inco acepun
energy ey, it scenery) thae afeee whecher a cerain path i o he raken. Psi.
bl pts betwesisdhe star amd gl e il have asociated e, ad i s the
job of A® to minimize cheso costs. Noce that thee e mo sce algorchms o caue-
Gons 10 derermine the disance and coxt of 4 rodss they are omplcly upplis
g,

The A* Algerithm
W will nove vemtue incs the theoey surmunding the A” dgorithn, &° eaeees b
map by erating nodes tht cotrespond t the varius posiions i cxplores, Remstib

e for rcording he progaess of he searh. I addicion 10 holding

e g Joatin, s of e o i e st bt comonly called £

and . sometimas refetred 1 3 the frnss,goa,and fewisticvalus, espeetvety The

llowiey describes exch in more detal

that chese o

« is the cost tn gec from the scrcing node e his node. Many differen pahe g
Srun e st e 1o i s lovation, but s o represens 4 sagl pat o

« s the estimaced cast o gt From this node o ch goal. I this settng, & stande
e e aul s et g i v ot ey koo Use cost hucs
hy e Inoking for g pach;

= Fis the sum of gand 4 Frepreseats e best g for the cost of this puth g
ehucnigh this node. The Lower the value oL, the bettet we think the parh s

At i i, you might as wlt e e g some dstaucs and gucsing
avocher disances, The putpose of £, and s o quancfy how promising . ath s
1 chis node. Compane ¢ i something, we can salculte pecfecty. It i the cot
requined 10 gt o chis cunten e, S e eaplored all nodes tha ed to s
e, we knowe the vahue o g xacty. | I, enmponsne f s  complely difecnt
beast. Since we doudt ks huws msch farcher i s 10 the soul o this nodk, we e
force o o, Th herer aur gucss, he claser #is o the rus vl and the qicks:
A fe chegoal it leele wased i

Addiconally, A wainuains two lsts, an Open Lt and a o i, The Open B
consists of nodes that v 1o been explored, whercas the Close Lt consiws of
s that o hesn sxplorel. A noxke is considered “sxplored” f the algoithm ba
Tooked at every node connctsd o his one, calulated dhei £ ¢ and b veos. ad
olacod dhem on de Opon lis o be csplorcd i the furare,
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James Matthews—Generations
jmatihews@generations.org

he A" lgorithn bas beca the sousce of much confision and mystry wichin the

game progeamming cammunivy. While the goal und basc thouty of A” ¢ ela-
vl simple 15 undecstand, the implegncacation of e lgorichm can be 4 ighemaze
o rlie. This areicle wil hopefully clasiy the theoey and ch implemetation of the
A algorithon. We wil ook firse a che. bascs of A" 3 chey spply 10 two-dlacnional
maps, and then stuty & e clast tha Implemeats he algorichen.

n Overview
“The A (ramonund ) ot will A » prh besseen o poies o 2 .
While many-diffrcne patbing algorithms exivt, A willfind the shorcest pach, if ane.
it will 4o o sl quicky—ehich s soha s e apare Frm e ol
“Thecs an: many flavars oF ' b ey ol build arvine the basic slgoritm presented.
poe
i v g, i, it docse blindly seasch for 2 pah ke a
in o mizel, bus instad s the Lestdicction co splore, sometimes backtrscking.
10 tog alcrtive maus. This s what makesthe A" algorithm so flcxible,

Terms.
R we delve ineo 4% pariculas, we shuuld define  fow tes.

A map (o1 graph) i che spacc that A* s using tw find 2 parh berwecn T pasitons.
“This docer scessarly beve to bea map i e lceralseose o che meaning, The
nsp could e comgprised ul squaces b hoxsgors, b a three-dimensionsl aces, oe
even ) sparil representarion af game rees. The imporcant g understand s
st b csp i i rea within Which A" worle.

DNndes ax the stractyres that epresent positons o the rap. Eloweser,the map will
b i data sueun: Judependen. of rhe nedes. The nodes ore information
iccal e he A algorithm s well s positional informarion; thus. nades act a2
bookkeeping, device to sore the progres uf the padhfindiug search. Tt s mpor-

100
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“The centet polo s the staring posiion (81, and the offiec gray poln s he end
position (1. The salues f 1, and b are smpls o wsign for e seacig poior. Vlue
s sexo sinee Uhere i o st asiactated with the fist node, Ve  is cleulzied i
eatty for each application, but for map-based probloms. someshiog, siml e e
coumbited aost ol the horizontal and veeical differonees alled e Maodacan D
eance) issufficen,sinee thi s a casonable guess for the rematning cose. Thereoee i
b he destination poit atud x50 the stating puint

belideis| | dry|
For ourproblem, ) s (2.2) and (i e i (1.0, 0 s erleulted s flloms

Be12]e 0|
hele2=3

Since his 3 and g s, then £ sbich i che sum of gand f, qals 3. Gonersing e
hibdces s ssupl sine all chidea are valid el eight e oxlscan be wavelo
and ll e news s o b adcled e he Open Tt The g-value for ach ehild rade wll
e 1, i the cost ol g o che e 10) plus the costof oo 2 postian
e map i thiscase e ik The Jesnlr will b diffrent o each e, i i
<2y 0 see i (1,1) will have the lowest score sinos i the loses &0 ous goal ode.
herefoce, (. s the bese chitd node and il be the next 10 be explored.

Node £1,2) s foa valid liden: (1,0) (1.2) €2.1) sd (2.3). Now we Lave 0
deermine which nodes are an the Cpen o Glosed lises, and which ars ne nodes |
Mads (2,2} on the Closed st [t was ous ariginal stareng poin. and ol is childen !
have heen apensd up. Nodes {1, 21and (2,1) ar o the Open lis since theic childrn
Dave yek o b explored Gl s chlkeen of (2,29, sn, vl (2,60 b 3 mew ol

Afer assging, £ g, and  values o the nodes, e is videne hat {1, 01 will hase the
best score, aad upon the pext feraion of the A” lgorithm, & discovered chat (10
s the gonl nads.

CAStar—A C++ Class for the A* Algorithm

St s an cxple Gt class ha imploments the A° lgoithan. s afle ms
compli than 2 standaed las, since e slowsshe progammer s supgly bis 0w con
anu salidiny (ccions, as el 25 2 variety of eallback function poinvers, We will ot
ook st all of che class member funceoos: nstead, we will foews on the nods dia
serucrure and o iopartans mewber fucions. These v monber fnsios
Lincni1d and updaterarente, hundle mosc aspeces of A

Fi, et ol at he node daa st

class _ashods
pusiios
Zastozetune, ane);
e,
iy
A aenitanun;
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Competitive Al Racing under
Open Street Conditions

Joseph C. Adzima—Motocentric Inc.
Joe adzima@yahoo.com

his eticle deseribes, wirh cxamples, the basic funcrions necesary for Alcon

erolld vehicls to oavigate 2 zandom nevwark of evads aud insrseotions i 2
compecive and highly redlisc looking maoner, The code Gncluded on the CI>
ROM) s lustrases harw o mavigave araps o raeeomly placed obstacle in che city.

s aricle begins it sction eserbing bow o craace youe sy 50 he AT will
work wits it Hext, it illastetes the algorichms vl in calclaving the seering
sahis, 3t then Fnishes with 7 section describing the math invalved in cleelating
the hroule and brake vale. Tt et is acile sssumes Lhac e aleady have
 vehicle deiving naodel e suceiog, biake, and thorce inpurs. Additionaly, it
toquicstha yon provid the iy n shich o live

Map Gomponents

The Firs sesp 0 salving, the navigation problem i tn represent the ciey steets and
{oterections to the computer, Lhe myay i broken up into cotapoucnts tha copresear
the roads and inverseetions of the. ey Roads, s in teal [, represent the physical
space any v incessecions. Roads are staighe or carved. ad bave 4 widds
defined by the dtanve frons the right water bouradaey 1 the kI suter bovndary:
Roads also might include siccialks wich an array of aberacles on cheen. Tersecriuns
are defined 2 any area in the city shere own or more eoads meet.

Ronds are represected us sets of 3D vedered secties. 2 showa o Figute 941
Three soin s of ertces define cach soad: th centerine, e right road boundary,
and the lee ond boundary:

The coad centerline consists of  ise of veticesthat defin the physical enterline
ol the v, The tight and Lo scad boundarics are braken ap inte cwn seccions cach:
she inner and the ouer boundaries. The innee boundary represeacs el betweens dre
usd and the sidwalk. und the auter bouadary represents the line berween the ouier
edge of the sidewalk and the building Sicades. To enmplere the rosd represcnrarion,

aricaafian vecrors are calenlaed for each vertes in the cenceline. The urie
veccors consist of ap aod dovn (¥), right and ef (), and forwand st revesse (23,2
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Open and Clued i s saisel because nodes azs noc unique. For example. i
you starcar (0,0) and mawe f0 (011 ¢ i perfecely valid 10 maove back 13 (0,01, You
muse, therefure, koep cack o whal cuxles L bosi xplorsd and ereared—chis s
whia U Open ad Closed s avs . Ax nenioned ealier nades iraply mark the
‘e and progees uf the sean b

In paching, s distncsion hesomes iosportant becuuse chere an b oy diflie-
et ays o mavigate t che same o, For exanple, i1 pabscay branches ineo o
but conserges again ate,the algorithm muse detezonoe which biauch 0 al

The Atgoritm
Do e s okt A broken dow o pssudo-coe

1. Lec P che sarcing poia.
2. Asign fig and b alues w P
3, Add P the Open fise. Ac chis poine, £/ the only nods on the Open lisr.
%, Lex - the best nods from the Open it est node has the Loweat fralus)
a. 19 s the goal node, thes quic—u gt s bean o
b. I d Opeas e is cmpry, chen qic—a path cannot be found.
5. Ler €= 2 valid mode conneceed 10 8.
a Asign f2.a0d b votuss o ©2
b Check whecher € s on the Opea ur Closed s,
i ., check whther . nese arh is e eficient twer fralucl,
1.t 30, updace the pach,
i Else, ] € o the Open st
. Repat st 5 for f] valid chikdce of 2.
6. R suip 4.

& Simple Examplo.

Cernsin stcps wichin the algprithm migh no ke imonedis sonse isuch as 5
bt o the uvme,  very iaplesrp Throngh should clasfy mostof e dgorithon
Louk 2 the.cxgemple map skown in Figuse 311

01 z3 4

® ®
FIGURE 3.1.1 4 Very simpte vasp. 55 Bach nbuvion.
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Ghsck-zpare-t = rous;
et T8 chaekem;

Updatsparontsichest ) ;
¥
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I s 16t back o o paondoroode, o il e thar we muse fs check
‘whechee the e exsts o either the Open or Cluse s, CrackL i ks i
02 s L 3nd ¢ e iencifie o sarch for; 33t finds vh idencife, ¥ e
che painer of the node wich which it i avociated,

it s found o the Open s we add it 10 the sray of node’s children. We then
check whethe the g cleulace feom the o mode sl i chocks ¢ Rean
e st adhoughs st s o corrspand 1o che same pacicon on the map, e
poths by ehich the e ssched can b vey difeceor.

1the code i ound on dhe Cloned s, we sdd o o' childrn, We do  sin-
it chock e wherkor the. g s bpwer. Fi 5, then e have o change ot oy
e curene parent poiner bt s al commerted podes  update et , 5, s
and possy hei s pointrs oo, W il et th Fontion thaepeocrs
ater e fnish with LinkGhid

Tastioge newniode ey _asmece 1,10
Fonote-yarent. = node;

ey = g

Rowrode-n = aba(x-n_i0x) + absiy-niOV);
Mev-0ds 1 < navnodTag | newnoda s
ReAnode STumBAr | CoanaIUm(, )

euTorpun(namronc

node-~chttarannods->nunchildranss1
)

l

Fonlly it s neither onthe Open o Clased st wecxate 4 e e s s
the £, 3, s values, W then 4 it 1o the Open s before npdaing s pareats
ild pines o

casia
Upnetparenta ks 2 mode a s single puamersr wnd propagates he necesry
chungs up the A” e, This Implemnentssep i1 ofour lgositbmt

ateParants

Vot castar: psatepasintsd_sstiad o)
r

10t g - rade-sa, @ - node-smmshLZdren

_shode i

wL;
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int uwnor

astac parant;
Eiode e
“aataptr;
I3

The nade da senicrte implemenied ¢ 3 mini-class o i emeubee vacable
tisizaion. fsee the source Ges on dhe CD-ROM). The momber varighlss are
sllcxplanacary: . 3, and n vahies, « and y vaisbles for posiional nfurtuatlon, nun
onsaren o track dhe munbee of childsen, and nsner, » usique identifie for each
ovap pasiion.

Fullwig, w: baws s aines ta the pasent ofthe nodz. The poiner lbeled noxe
s s i the Oen and Closed it Gonplarated 35 Finked i) We chea hase an
ey of poincers o che ebilden {pacbfinding on a gid coquiees an arcay sve of cight)
Th sl vasisbl i void pointsr that b programmers can s m asociae some
Form of doa with the nodke

castan:Linkehs
Liskehile skes two poltess t _sshoge suncroees. Qine dinones she parent nod
(10061, 0l the aher i  temporacy mode (-ong) that uly has s x and y vwibics ini-
led, Lankeh 14 fnplements sicps S nd 5b f the orgios! presd-cnde.
Vol CABKG SLiAKGILAM_astuds ~-ose, _aatieds ~tomp)
ey - oyt
i e el
ibaroquicost, rade. tem, 0, % poEORNA);
n rum 2 Cavreatuatvi;

Firt s sesieve the coardinare infarmation Fotm tonp. Notie by we caloulace
by sing the parent’s grba and et valling thwser-dfined cose fanerion. ezst
The st e genates the nnigu: idemcifir o out hode posiion

4T (ohaoe - cnesiciat (v ponen, i)
AOe-Scii3 Or oo <arame-1 - check;

5110 < check o
ahesk spareat - nose;
Clock->y

4 ohsckoan;

ciListin pote
iLaren noge.~mumchidrens-1

i1 (g < ensckoog) |
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fer stne i ¢
i - o coraLavonli1:
i e {
kit g = get;
¥io-o < cin'sy 4 kioong
Kid-ssarans = nada;

Pushiriay;
)
3

Uhi i che e Palfofthe alguridhm. 1L s iy sy o s sl che gorihm
e T queston . g s It do i Remembsr that nagas gl was updated
o the ol n upaaterarants, Therefore, we chesk al childen 10 scc whsher
< Impore on thelr gfue 3¢ wel. Sinc sue he <o propagae dhe changes
back,any updd node i laced o 2 seack ta be secalled L the e alf of che
g

_sode <oarer
hite in pstach) (
sernt + sep(i
2 arent numenscren;
For fine iooriear 11
K2a = sarent ~enilatentsss

it gparent-ogt < kideog) {
“aing = parert.ag +
uiruto; 0G0, paret, ki, 0, n_ptB0ata)
Kiaesr < kinosg b ki
<id sparent - paront;

Puse (20

)
)

The st ofthe gorithan s busically the st ws thefcs bl but ostead of wing.
e vabics. we 0 pupping 1ades off che sack. Again, i e wpdae 4 node, e roust
s i back oo che sack 1 comdnae the propagation.

Utiizing Castar
s mentioned, CASta s expandable and cu be esaly dspred 1 ocher applications.
The i advatsage o GAStat ischac the programener aupplies che cose and validicy
funcrans. This msans that CAStar i shmost tsady e go ot any 2D map problemns.
The prgranmet supplissthe cost and valdiey famcrions, s vellas o aptional
satifcaron hunctions hy pasing funcion poiaess of (L following protorps

Sypases a1 parine){ AsiDgz , _sahads +, int, void *}3
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bebaviur. And from this inceracton, sqpaad manesvess emergs. This appronch b
axqactive bocmuse i s @ simple excansion of Individual AT, and bocause it can be s
iy combited with leetspecifc secpring, Howeres, his pproach s wek al
s sequiring auranormy o cght cxondinarion.

L st aticle discusses & cenealed approach o cquud AT, with  singlesquad
levet Al making; raost f the decisons. That squa-level Al anconumouy plias
Aiteces complox ceam manaere. Taweesr, hat squileel AT fas ol deling
it the strengths nd neds o individual squad mvcabers,

This arrils hisfy defines the key concepts of squad Al and squd et I i
usses e dicentslied desya, and s ekements, P examples ave wsed e s
o this design cnahls sqad facics: » qund arack. and an armbush, B on the
cxanuple, lis anicle discusses the stugrhs and wenknosscs of the decenmalizd
g, und snme workusound for the wesknesses

Foe claitg and hrcvicy, the squd e f asaumee 1o consia of nfantey sokdes,
bt the idas peesced o spply  swany other small caubal Eormatious {ank ph
wnams. e, e vesels, giaor robo, a0 fort).

and Leadership Style

A squadis 2 small ceam consisting o up o dozens usabers. vl oo gools. The
s ey 10 sesomplhl b gl heowgl <oondinared actions of irs memhses
even undr adverss conditions. Caxualtive and segroupings cuuse vrisdans i the
Squads structare. Moreawsr, nearhy operting fricndly squads mighe imerfee wich
e suads operscions,

Squadts ypically have @ leaer. I some ases, this eadec ey visble and Jus 3
dtfcenc o dhan the ather squad members, In arher cass, such 3 i room-cleaciog
scsams, the leaderscrs L auy ocher squad mermbers e suckess of e ation s pi-
wally due e craining, b han he lox

The s selects atd exeoutes certain maevcrs Lo accomplish s goals. Such 3
manser provides each squad member with a roks 3nd sk 4 sqoad maneuvee cun
Ve gty or lavsely covedianed, T tghely coondinaid mancuver, sqad smembers
ety on detated repercely rehearsed il and comtinuously exchange nformation 1
syrchonizs and adisst chei actions. Misch of the syachranizaton is done theough

o band signals
I a lanicly caardinared maneaver. <quad membese syachruntae thels actions
I ofen, < just with patt of i sqad, The squad rfies less on well-knarm sean-
dard procedurs. snd needs lurger verbal) comauacations 10 syvchronire the

quick, nonsrbal cotumuication, sl 3 prededl

. desgning squuad AL these conecpts lay an ioportat 1l
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il bt the ety in 4 complergly Shrganined sy, The inmroducrion of a Com-
mandes, bawever,will immeciately resalt i more soordsued belsio, since the sal-
iens will mo omget sizaply shoor at che nearess amery; by wllbe followiog mision
onders fo some higher-evel poul, whacevee tha poal s, Siuilly, nothing seaps oz
From instoducing new it with new, more inceligent cupabslities iuto e wosld. 3¢
implemented, the ame does aoc show much straugic ineligonce. O the arher
D, ks & Gemerut uni could be introdnesd e diect che actions of the teuos
Cummandees i 8 ore strnegicaly infuszaed e These enhancemenss, oncs again,
W]t e omy changes 0 the xising, it
Conclusions el _

“The oain coice of the pomcr ofthe blackbaard i che fuct that dhe aechitectuce places
such srice cunseraints o nermpoeat oedRicaion, i the demand thac Kk
communicars only thaangh che blackbrard—and that all commuanicatin Like mor:
or s the same suprefuil Form—tbat cealt i b (har s appormueiic, coop-
ctative, courdieated, and extensibe

Blscldoucds sre cesuicly not dhe siswes 10 every prblem, and in many cass,
dhey are oty che heginning of the solusiun. Afre all, che canonica archicesturs
efined catlct s 50 geeral thar som syseems gou have aleads bule migh qualify 2
blackhnards. Mare chan anything, the cschoique is & uscfol philesaphical ol They
o not selieve you of the burden of coming, up weith a stable contrl sucategy, and
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Tdeslly, the desigaes of che tack would bo able 1 ruce il  candidace fap i -
ated, ad enser 8 mode tha replaysaue scords this ap,

With each car baving umiqus characerstios, ting cach cads handling scrup wlucs
can become a sin-cotsuning and even impossible sk to ndetak manall, These
vahics sengld inelude the under- and over-seses salues s described i artile .2. Howe
eves, the following method can work on any Lype of paramerer rhat oquines such tun-
e for cxample, braking discances, ronsisear beske balance, o¢ nfou, aud catnbes.

The s of the cae serup i 0 ind the opcimu paramiter values o maximize the
peformance. Usnaly he best lapttu corrhtes o e bese serup, 0 an adfestancrt
of a parameter ca be constderad an Impravement i the lg-ime dectruss. A sim-
plistic approach uf andlamdy selecing, valics for & parauarier i a shot in the dark and
cequites puce luck (o pick dhe uptatua value. This is made cven e difficls wheo
ealing wich a Lare se of parumetsssthat re nvexdpradca,

Convarging an the Optimum Valies
A tmore ouetbodical approach is e canverge o Uhe optimams values: ssign each para-
mecer it minime and tuaxisouss value, and hea progeesively tduce the range
uacl the tueget vl i reached. Lhe staeing range should be chusen wiely and
deperudsun the ype of paramencs it showld b acgs egh t encapsulre al poss-
ble saloes,yee smalt enagh o e the search fime
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Squad Tactics: Team Al and
Emergent Maneuvers
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el coonighy coves Jor e soldics, "No can don” a nearby syuad mesmber
s, O the lef, che. call for “Medic” b become sofist and infrequene, Thea,
Baally e squad’ maching pun s spicring aut s cureain of peotecion. "Move:
up! 1 coves o™ he machine et calls

When che AT operices in sqnads, it can do 2 Lot or a vaticl comba gane: the
squad's hehavior and communications crestc 4 more seafisic stmosphere, Squads
Fightng against he. player will challenge bis tactical capabiltes, and squads ighting
with the playes might offer b 1 commandsr role.
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RIRE 6.1 Duceralised squad arganizasion vers & semsabcd spad orgvzasion

I cary o smewer ey squad AL ould be part of s cambac game. Lowerer, i nat
s0 i 10 st o 0 add s AT 0 shar game! Theee are many approachis @
ez (past of) e sgised squad bebvio, but nons of hesefs complece or et

“This arick and rhe next discuss v eays of realsing squad Al and sqund crics
Figare 3.3.1). Thiswtiee prcscuns a decanrsined approach e squad Al interactons
berwesr squaed mombers. rather than 4 single squad lead, derermine che squad
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The second ine of this merhod applics 3 discance penaley, so dhat nisions
of lowwer proriey than neachy anes
A single world upedate i ey sigles

a1 ar v

Naric_upeated i ine
Fur aeh ulaicat, ©, of List uniis
sctionSelect cing. mits (<, BIOSKBOACTSIZEt-gan(untts:n}]
Farach etenent, c, of List blasksarde

locateHishions (vackeosrs(s. )
Far sach alanont, c, of List unizs

Rettonexsoutedmits (21

Asaesatetiizatons examines the blackboard posiogs aud spproves of the rop
spplicauns fur sac wission. Each ofche sucecssfl applicant anis e change their
currentiissin® @ be the mission thar they vers use granced. The funciion gotTosn
etiurns the mumber of the tam Lo which e usit budongs f.c., onc backboard i wed
for vach tearn in the simulacion). kot:onexecute promp the unic 0 o whatevet it
ncods s camplers ifsmisson

Far of an acton execution might well ol s secating of new poseings or e
blackosed These missions can be produosd and pested s llows:

missic® | orestemaston(akil_recusred, capauity, [Lovation], prinil)
TR Tauktws ] Tackhosa, SKi1L csquares, misaiont

Sinc the blackboard i eally use 3 hash rable,the second ine o dhe previous code
i anvarmauer o addin the mision 4 s ¢ the s table with ski11_vequirea as

Table 7.1.1 susmatizes che nairs carrenly implemzned in BBWar sod their
capabilres.

Nate that the wite b ey llls, While it cannoc direetly Rlfl he missons
st call ot s skils, o can proshcs s chat can Rl them. Ths, the cly s the
Sactory For the ceam. Nose alo that i isuss saisious Usat i can usclf . The mis-
sinn ace isued extesnlly Lo Lake adesncage of ncatby upit, 1 a arge mumber of sol-
dices e ncessaey e defend che cing o scample, the mission migh be fulfled by a
cmhication of nessby soldier. soldiers peodluced and cresteried by neighhocing
ities, and sokdiers produced locally. Simihr opporaumistic hebavior rasults when
Comuander eadk 3 geoup of saldiess ineo bacee. I some ofche sokdies are ost, it
ambers can be replenihed Ty neatby soklies performaing loss imporcaen missions
and suldiers produce by neatby <iics.

The bebavior thar cesules i:

* Opportunistic: Unirs tear o nearhy cnemies and alis.
* Couperatives frer units watk wgelhcr o solve suhproblems s rhey arise (for
cxampl, the problem of defending a ciry can be solved theough tre cooperation

of munernus soldiers snd citie).
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Training an Al to Race
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Introduction to Bayesian
Networks and Reasoning
Under Uncertainty
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e A1 sgents existwichin virtrs worlds of our o design, Bocnuse of this, e

rgve the poves g themm perfect knowledge of e soed if e desice, How-
ever, dhete e maany cuses In whicl we would prefr o fimir am A agenes luswledge
af the warld andl fare i to pecform humaolibe reasuriug in ol o 65 aicu-
fae- bt more Inercstng;  assessmen of It current sivuian.

Iragine n strategy game with 1 fog of war” featuse, The [og obscures a players
view i atcas 3n which b has o nflucnce. Tmagin that u clevee husman player rushes
bis computes appuneot epeatedly itk szall geoups of ks while sererly bailding
2 massie ais force behind is base

Wt sort of vl shold 8 computer appanes produce in vhis sieuacion? 1F
e anly cacc sbaus making our Al ss thalleging 15 pussibe, chen the computer
sy should prepe for a invsion by tic, Cleaely, this cansinues “cheating,” sioce
the computer playee has never s the i S ek conszucted and s oy o
Ko i I xiss

Howeser, whac we typisally wat i an AL chsds uore humantike and mre cater
g, The compucr playor shauld afow selfto e miste. and should ceason dat
ce 1 Lvs oy oboerved wares of el s o, I cam expe e st even mare waves
aFranks

The huataa pagee caa now appmach the game on 2 pipchological level amd
artecape o rucn rhe campuse playecs reusoning against i The prychology of our AT
Player ow becotnes 4 creical camponent of the game mechanics, and by allowisig it
o be invenionally miled, v have given die butias player posccel new Tools for
‘gameplay: In on Stoem Austin designer ingon is providesthe usee with pawerful e

Player verhs.”

“This arice peovidss on nccaduceion o probabiltic reassniog rushods nd
Bapusian nevvorks i particufae Thee techniquos wil allss an 1 6 perfotm com-
plex rsaseming in & bumsalik fshion. ([ nutling eke, Qe lrare (Peal87],
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o 3 parameters Linias convee to wirhin  small range. it is deerned optinal
and o et modificarions shauld be applied o it e aflparamerersare nprimal,
o cat haneling sctup is completz and the process can be ferminaced

Turbo Training

The ieme veagaiced o s process ca be reduced considerbly Ly cunniog the game.
s vt 2 pussible (b sl ar 2 ixed cime-seep; for example, caling the game loop.
mulkiple fimes in besween sender wpdates wnd ot waitng, for the vertcal blank, A
merhod of tucning this [eatute on and off should be mule wvalible sn thar che
desgner can make any necsssary changes t the cacettack or view  lap in rel e 1
judge the curren progesss of e wiag.

Reat-Time Track Modification
A very s, and indecd viral, purtof U cack creation peocess is che abilits  ma

the car Al and mudify the wack i ral . This allows any problecns i the 1ck
layuus o be quickdy modified and rested.

Usar Cantro Gverriding Al
T, for sehacever resson. the Al becomes sk or canrr mavigate & eeiae,part of 1he
sucetrsch, bl sble 0 1ake canmol of the car o belp the AT b nvalusble. Another
s would be when o wane o est how e A bhandlcs @ cerrain past of the oo
ks racher than waic for an eatite up 13 be navigared, the desigaer cuuld deive the
car s the disized starta pasition for have an editor vpton L allow yau co place the
ca at auye poine on e erack) and leethe AT proceed from chers

& civial override mechaniot is e fead the wser input and. use this instead of the
ATk output I any keypress arjoyssck movement s detecved. & useful addivion isa bey.
o toggle the AT o allow che desigoer o disconnect the A1 where vinustnos
requine .

Conclusion

A« games become more complex while the producion fime remains eonStanc or cven
deveeases, okl o incividuals neecs to be reducod, This arcel, in the scope
of eacing AT, has hapefully providad weful merhods of aaining, chis goal

 feow improversents o dhe mosheds doscibed i this artcl include:

+ Usinga getetic agorichin 10 wone the car pacamecers

+ T che cars o & mack-by-track busis 1 get che aptimum perfarmance au
cach

+ Farcimg the AL o avags take csrran ree s 0 aid debugging,
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This enmbiacion of properris miles che deceoralzed appruach un atceive
choice for gams thar bave dhe playee tu ight through {ovels of manualy pesitoncd
toams o apponenis. JalF L |Falf Lie98) calleed a ot of fme for applying suc
0 spproach.

u«é Ll

dcemratized s At kesch and UL s disgran.

The designs o the dscentraized appruach s shown i Fgure 3.2 fa UML dlse
disgram (Folert1]). The souad consiss of AL marmhers sho all publish che follow
inginénrmation t neichy squad membess:

+ Tl Suemtons (“Ta sovio v posiian <, " frin feom x5 i
dinsion <pich,yave at it <a e, "o poin 0 rcload).
+ Thor bicavarigns Cebrsa e a . “grenade o comard ez,

To select che mse appropriae action to prrform, vuch Al metobes ks ino
avcount he Suasion of is eamenares and th thecats koo to the eam, i aldition
0 his own sae.The cequined changes Lo the dudividual ATs periodic think mathad
are husrared in Liting 5.3.1

There ace mo radicad chimges regoizd o 4t 0 Indiidual A1 ineo 2 conperstng,
aquad member AT, OF corse, miny of the changes are found wader e hood, e s
way of implemsining squad Al casbles pon 1o setend yoe ndidonl AL racher than
having t stre o seacch,
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The process of converging is simpl d begias with iolalisiog sach paracneter
 easonable values the avecig o the parametee’ miniroum and muzimar valazs
n ideal choice. ‘The Al is processl W complete & fow . The best lypetlne
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Whei 4 patames cange canes decrioriton i ap rime, 3 simitar apprasch is
i s porarcree o towands the s, e g ¢t e paa

e provicus value, Comversly.the iz is e 10 the pueanuesfs picious
e maed s o mgsisam,
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Fuwever, chanks t0 the blackbosed archiseccue, these ions did noc necess-
o any chasges o e other systens. This is sspecially mparcan siuce noc all crea-
tass b weirh €3 il e all che systens e excanues e hadld do o have 2
warking tscnary for crampis}. Tn ahercuse,we migh wan syt to corae ombine.
ax che creatue develops f Sex Delve System, € might b presumed, wauld anly he-
unc aciveat puberry). The blackboard alloms ths changes o be rade withou any.
disruprian ofthe dats B from the poinL ofviws of e ccher ceans.

A typical Inceraction is e ans chas rakes plie betwern the Action Selccian.
avgacion, ad Motor Systenis, Acon Sclecion issyes mowor sigaals intundid for
Ui Moror Syateen beever, thone signal can b intetesprod and modified by the
‘Navigaton Sysom, Action Selectian might ptorhuce & eques o perform 2 Fick-p on
ehe oblect ol scention. Alixusgh rhe aimation epreseacing e Fiksp avion il
limately be played vt by the Mueox Spsiem. the Navigation Systern wight 16cog-
i rhar che act of picking up necesitates Deing nuar the abject of aceasion. I the
Sagaion Systom decocrs shae the agent isindrsd ma the abject of acenrion, chen
e il eave: ehe sotor regacs alun, s allowring, the animation 1o b poriormied
whon the Moror Srsera rus. 1f, however e bt ol ateencion isfar awa, he Nav
igation will 1ephce the sequese wich it oo equest (0 Wilk wish baaring shea. i
i chee ts the angle ossard the abjecrs of acention. This will cause the agene 1o
approsch the sppeoptisi cbje.t. Wohes the sgenr resches the objevt, dus Navigatian
Sysrem wrill coae overrding the motor request (eachsystem rewites s regquese Lo the
Ulackbostd cveng time s A chis poin, che Pick-up sequest wil g chiough and
the Motor Systa willpesforen rhe spprmpriare smimaciun.

W migh sefesence dhe v poiats . the i of the last section: the Acion Set
Lon systom dees noc know what syseem s sarfyng irs mmotor requel pastiog
(dthough incended for the Mo Sysem, it 5 che Navigation System rhat inicially
actsupun it and che Motor Sstem dos noc ke shere s st ructics coencs from.
The blckbonnd architecrure allows (he Navigacon Sysrem ¢ be insereed deanly
Letwocn the Action Selccran Sysuem and the Motur Sgstean withenr any modifica
o oxcessary o eitbcrof dhcon. This iy afcourse,excsemely uselil oo the painc of
view of 4 developes. Lhe blackbsnl allows the beao architecturs 1o be fuid, such
chat diffrenc canfiguracons of subeystems van e experimen widh (e systems
sdded, b venndersd, et ishut discupting ang of the evising sncture

Albough o sl Lcosssary, it can sometimes be wseful fot pastes 1 the
blackboard 10 idenciy dhermselves, Tn C4, s eaeuee is wsed as 2 debugging (0ol ©©
Keup tck of e wries 10 che blackboand and when. This can be wsed o produce s
complete o of duallow s che sysiem, ehich s useul or decrifyio, bugs.

oards for jmor-Agent Coord!

Juse as she. blackbuard can be wed 1o cvsndinae the zcdvicy of muldple systems
‘within . singls bnsin, i can alza be need s covedipve che aciiey of multiple agenus,
Lt impes animation scripeing syster Berlin8], a stauple wauld evens blckboard





index-442_1.png
Wall Avolgance

Soction ©_Racing and Sparts A1

Selecsing workable values or the s Jacars i hard ra pin down sed is made
v e dillcal by the Sict th chey vary on a car-co-car bsis, The Last anice in
s serics [BiasilloN2b] deals sith this peoblera in decal.

“Afcce the FSM has fnished procesing it cotteut sate, the AT showld chock ifc i in
danger of ey any wall, and correct the ca if noccsary. By predicting; where doe
car will by i the fcore,

The.predicre posirion s calcuited by akling die cars curten velocioy scaled by
the amouat of time i Uhe foture 1o puedice, say 7 quarte of a second. added 10 the
current ea position, The scccor tha this pasicion i locaed witliaIs quctiod startng,
framn che.car’ correne sectar, "his poriton s then tesced againse the ector’ lefe and
sight dge phiars o ducrnine which Side i is coxest o, 2nd F any corceeion is
required. 1 che discance s within a corain threohold, e corction amoun is el
lacod ¢ & praportian of distanse. thrazhcL, which rscltsin a value benseen zero
and o, eprouling on which sl e cae i going o hi, his value s cither added
o subacted ftom, the secting pesiion and clamp.

14 NULL poincer i cecurmsd, the caz s predictod o lear the rrack, and aveid-
i acrn shwuld be ke In s ase, @ crash is imenioenc. so tht brakes shocld be
applied by soung, ¢y 10 —1.0. Th keep the car from spinnios, the stezr should be
scr 0 straghy-ahead. As the car e speal, i will cam 1.3 poinr where i s pre-
dicted 1 be foside a sector, and cho vl voidance code wil stee ey roun the wall
(Figure 9.25).

can ese i che car will come into contack wid & wall,

A. Leaving the track
B. Brushing the wall.

There s sovceal sares hat, alchough small o contens, aze an impormnc parc of the
Al
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4. T can bo secn has the sideways veloe !
Anctians asthe wheslsdo. L

neural), 20 n0 corneeion o dhe car s v
e of cach wheel puist soughy in he st

Under-Steer

e oceuss whes the cor Wi 10 sk & Cucts e conrimIs t mose in 4 for-

i
e g
s divcion. This sce can b desemine by conliuin. it o o and v i
Sdevags veloiics have he same sign. 1 chis vt passs, e < e 4 be |

ander.scering It o silewass welocity G arger chan rhe sear. The rger the dil-
P
Toworlet in Jiguse 9.2.4.

e in veorides mesns & liger dogree of under-suct, This is Shpsrared i che

Over-stear
Oversrees causes the var o toxa tao wch, which aight kad ta i spinoing euc
‘There axe o crss shar neod o he teeed o cn confrm i the cae is wierstoeivg,
wbich e ustcate i she o v in Figare 9.2.4.

This s case bsplas whcu the €t e susps aut, i confiemed by the frome
! and eac sideways velocities baving che ame sigo. with the rar sideways velocicy
Leing brger rhan the Fons. The lasger the difference in velociies means 3 hrger
degrec of woessar

The sscond case aceurs when di ear b i staning o o aleeady i n i, In
this case, the signs of the front o seat idewaye veloviies asc difrn, sod the &
e cambined ahsolute selacities.che greater the orer aices

Carvacting the Car
e e rar s dessrmined 0 he i srate of sl conrution s bs onde £
sribilse e car. The amouer of entrection is prapertional o the atmuuut of nscabil

i iy s il 923, oy <o,
| Tabla 522 Comecion Amounts o Ity Cases
. s i
Ut S
Onnial Som
vy

It e ssen Fm bl 9222 chae the sumned velociis sce divided by 2 ange
Sactor, which eiduces b cortseion snoune T 2 value bemveen zeen and one.
Depending on the cars hundliags the coteation hould he chmped 0 3 salue s
cham o o improved renuls, 4 ¢ prevens avct-tousesion inthe scering. The cor-
rstiow valae should be cirher added e or subizsced lrom the ursent sucing, posi-
o, sl o (i sign of de. T addition 0 e, dy should be reduced in
pruportion ta e ol of et oortecion
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aesest enetuy widd & it cangeh unless they ar lad by a Coumandsr, The conv-
weners, in arn, will acac specifc snemmy cies L isteucted 1o do so by a Colel.

Bach unic s given a st f il (e KS's arrsen] tha can be exceuted un deanand.
Tach skl i sl spnorated by 3 proficency indivatiog how good the e i ar per.
Gonming th kil Exacdly howw the skill s pecformed is lefe unspeified. Hightlovel
i uics such s che Colunel ight wse global low- or roia-analyshs o decice
what ares of the. oppnent’ terrrary 10 focs an. Lower-bevel comoundess wight
enak decisions on mare Lo Inforstons. I sab s, the reslrs of st actions
sre e pustisgs 10 the Wackhosrd or modfcacions to exting ones

The blackaacd cinecots Lk the aro af opet sfdons. Fach smission consises of
 sequize skl name, 3 prioriy Iesel, @ capaciy tho muany wits duss the wissian
toquie?)and a pcce ofarieary data e, s ssuuaed. an approprinehe skl uaic
il able ca ntetprec s he yssian paramusers. While there i no explci srucrure
a the blaekbound puscings. i i assame thar snics from difierenc levels o the ol
sy blursschy will pay acnion ro diffeent eypes of posting. Comuoanders back for
11k ot 11 missions, wheseas soldies eight look or ATTAGK. LIGATIN misives.

Implamontation
The blackboaed iwelf is imphaneuted w3 hash table. This hash rsble mape sceing
labels cotesponding o skill mames (e, A11AGK _211+} 10 liss of pen, missons that
el for st shill. s Lestep,euch i selecrs s carrene rssian 2 follows:

Aetdenselest itine, _nit, blacbaird)
STls 8 galskilIiunit]
Forenct clment, &, o1 Laz skil:
Litt ral 1t © Elockosara. reagiskallsiely
Fal_msoions £ Concalenaoirel nissiate, raL-list)

Far asor ciamart, <, cf el vissivas
Felevangns e - GrIMETI IOt it oL #isuioinl+])

e = lighust(retecancest |
57 (elavancostn nee.  Gelzplatsreiamty(ua
SplyFarkies ot (i1, Fo1 mias lons x 1ngex], el

whission
R

The snerties - method sesches an "spplcation” o the ision. Tacer in
he AL1zcatatseion metha (nor o hers,che acbte vl g chrough i s o
applicaions and pick ths anel) with the high elsance. The unie hac spplied
e winning spelcations (vhee s ths i’ capaci) il b gramud e i
sioa. The Salowt stafvion sty mechod i used o e hoss mporcant 3 pessble i

Cascutateprioratycsnit, mission
pricriy 6

gelriority(atssion; *

GRtPrSTiCiahay LT shiLMoquirad (nission ) J
10 + Distantorranangstiunis, mission|10.0)
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feeis comveyed by the Fact that the car docs o fllow a igid path and i subjecred
e same difficulies thac a player would face: namely, insabiliy, hirpin cons, 20d
avoiing sell impaces.
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of sach unic or e Formula fur how quicky ey drap off. This ype af chang
b highly game specific, hawever, o anly suggesions here sce ) 1 perizient
much, and b.) make evecyehion sally changeable ia au AL ipt i€ your game design
snpgorescuch a ching.

The slgorichms presented in the second sation ace il hsic and dant do
much o make qualiacive comparisons becseen 1 wiit, ur apply quiliaive
asmamients o what coutse ol ation b oy chosen. The deseloper would probably
want @ expand on chese o substiote lis own Lased on Lis gam’s nesds and the
o of CPU e s aeailable, &s wih mast Al peoblzms, che more complex che
alorithm, e maze CPU sesuucces will have to bs devared (o solving she problem,
congariug sosuls, nd s Forh. Farcueaely chis is apily becuming  thing o e
ase (Wiadzockd1] as more CIU paver becormes available to che AT in the narural
o of barduars esorian

Masimising or minlmising contact poiats has a lor f valus, bue munsebe handled.
carelly, Maximizacion. st includs some vehee vabus jodgnias 1 dhe dlsion-
mshing process .. L cals ouglt o captuie #hessquase hocamse i a bridge). An AL
har anly ateenpor 10 masize cuncact goias insvitably leals to Bugs long Tines of
it sy g sl aber i Wyl sugivse. By conmase. an uoreseiccad
tcmapt t minimize cootace poinis vl Lnesitably Lead o3 sirions n shich che A1
‘o e unlts s defcusies cirles, b ik the agon craios of che Od Wese-
lits of overlapping frepower thsce, bust ok couels delense of amyshing hesides vour
neighber, Youe AT e gain many objecrives or prorece abjectives impoctnt 1o the
‘phayer untess heie luseers jusc bappeaed o oveelap one:

Wnat You Do Depends on the Game
The sasst mprant thing 1 remember i« thar whar you do depends v the goue,
Yo wrane your Als o be intelligent and rsact s the other sde’ movcs, and yec s
ot eant thean o “thuash uairs hersoen. oma ar more ceasonable apiuns—you
e dhem e actuslly moke u chaice auud stk widh i o a5 long s € i reasamable.
Sappiag berween s scres i alld sare thrshig and should be avoided tll s,
e it makes even the smanese suategic Al Lok v very duh.
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s wsed 12 diseribun informarian shout acrar sates and acrians. T onc actor tlls 3
joke, 2 entdajoke aoen might b placed om she blackboard for the sczors o cact .
Soms anight faugh, oices might soll s cpes i disappreal, depeadiog on their
persanalicies and their aticude soward the joleteller

Inchuded on the €10 s the s somre code for BBV  simple KISl s o
hich oo computer.onrolled teams baue cach other for ward domication. The

ool forcach e i o desteuy al che iris of the oxher. The game is buileacound e

Blac kb arclitevsate shevsn fu Figure 711

The Specinliss” ptsenzd by che (G bave bozn mken vy lerly: K
vidual selsny units tht e sprci) abilces, For exasuple, Sofirsane the only g
o unirs that can smack orher unies, bt shey wander amond aimlesly (goiog ke the
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1Fthe raceccack I fops 10 avher rhings thar am cawse the car @ becamesirborne,
i sar. i s to prepase et ot a concrnled landing, As an exazupl, f the car
s steeing, 0 he s, e will most el spla ol conrol upon Janding, By serting
the seeing Lo stsghe sbead and che acceleration t full, ho var will cundoe nws-
ing Farward whess i o, Oce i save decocts thae e cars whorls are in cnmtace
with the grouad, che FSM i everted back Lo STATE. AaRits.

STATE_OPF_TRACK
There il b cases when she cas o onger scugies a socrar 0 che Al aeeds u method
of finding its vy back ra the cetrack. By eepic Lsck of che lase valid ector o
il the car was lucate, the Al metely needs 1o cargee he acertacl by sarrng the

i aversal Frorn chis peint. A lusgee look-ahead distance shanld be wsed i i e s0
e e cat scrgs et wack ot shallon angle, givig 8 more esthecic ook

Vi games, s the nasme inplie, e e b Fu. Garers Lave difenc layiog.
i, s whar is Fon far e playes i frussatigly diffcule ac o easy o avavtor
T cater  thess illring abilis,che AL st b sble 10 adapr o che sization.

Making tho Game Easior
1fthe A1 i detered 16 be doiing, "von el 3 susmbee of merbads can b used 1
givethe plyer a sparcing chance, Lt the AT's top speed i proportion ta haw tix
S the L i 0 quick snd cory method. A further method brake calier for
comnersaod ooelerac slasr. This subel approuch works wel. s ¢ hides the fact Lt
the ALis helping the pltyer ot A dhnd approach would be w ke ang-russ” ax
unsiabls errain coutsr, binally i ecapote e vl n the game, e AT ould be
ot v by rasgerocher AL care, and the weagpn disribution could give the player
berter weapuns sl the appasits for the leading AT ares.

; Waking the Game Hardor
: Comersely. i the playe is in the Liad, 1cthods ae el 10 gl the player beteer
onperitinn. Thess a similr o the presios lors-dawrn merbods. but i a difforent
comiext inciuasing, U AT 10p sped in proparion 1o N far i is waling, caking
shastius.casgeting the plaver with wsspans, 2ad weapro dinnhian.

Gonctusion . .
Scwcral areas of & raing AL have besn covered for creating 16 AL thay canilaes the
reacton and tesponscs aFa human deives. The AV is phaced i che same sitaation 26
. player and has o cuunge Low 1o steer the car 0 aavigate he sacccrack. & natoral
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A General-Purpose
Trigger System

Jeff Orkin—Monolith Productions
jorkin@blarg.net

A;gw s sesves v i pukposes in a gamet i keep rack of e in e
e world thar agens can respond to, aml 3¢ miznizes the SoOUNC of Procese
ing agenms o 10 it tespond t these evencs. The banclc of a centealized tigger
system i that eggens e L culld by priaricy and procimiry before deliveriog them.
o agas. This war, ench individual agent only processs the bighescpriori riggers
sithin s sicinicy.

2 trger can b any i cha 2 game deriges wanes an agent o respoad 0
ilsson98], [RussclI95]. In an sccion saner ugyors mighe be anyehing sudible o
bl thae sfecesch bedavior uf agents, such a5 gunfir, explosions, neasby eaeis,
or deul bodis. Toggert might also cmanaes from inaniemate ubjeets duat ot nead
o kow abnor, such as leves aad aaotrol paneh, Teiggers can be genersred from 3
variesy of saurces. ineudicg gane vl scipts, eomsale commands, and asimation.
Ly Fraues, Agents can spocify which rypes of eeiggers ar of tesea 10 tharn.

“Tho atormarie o  centiafned g system & paliog foe venrs,
disanages o pollng. Follng e <ach agonr o qery he world 0 i evees
oFlnete, For eunple. I n 3gom s imensed in rsponding w ezenmy guolic i
noxds o

cheir b wiaporFring infoscation, This cequics cach agone o sne exea sty
ta bt sy tat ight e oxhss. Sincs xch agsnt nosds 0 query cRy
e sge, the agens pecom & 01 el et o fn oot thar mo e faed s
‘wesgen esenly, L sy s goss inacive o tduce che CPU L. dhatagont canoct
Sopod 5 iggers and il ot e norice  racket whizdog dght by b,

' cemtealzed e, e s gt shen cves oz Each el e
‘yste ertes e htough st ofall gents. For erch e, e sy s asres
oltess o derermine ifche sgene s interesoed i any curnely exing iggers 1 none
ot riger ane o nceea s 4 g, Lt e doss ok nosd o o sny proces

hrangh all of the other chsrucies i the wotld, and gy chem for
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Thar solo Al decidertn move (hove_Uph ehen it Jacks a chieat 0 sugags. o whon
i has boen a0 the same spar for 2 cermin fime. The sala AL vill fiee doring the
Engega_~hraat e, umlers . cans i o theats o wut ol tsue. This bebasior i llus-
et 72 ivice e machine i g 533,

[T e

FOIRES.3.3 P decribing the bebaviosof il AL Q) ancl e eiber AT (gt

The squiad meanher AT docs chings  lile difisene. s fin Squacksnbrs
Totnki}). i announces s imporuan inteations il desiows, 31 neary sqad roem-
bers can e diac <o chls advancage. Second, i derermines the oo approprisce
acron hased on boch hisintemmal sate s the pssvsived fuientions and obsereatiant
of s peacky squad merubers. (W will s in o decal huw squad menmbees com
municars Lt in this arice)

When cngaging a thcat, che squal merber AL will s devide tu move i i e
oicestou (el s encmdrs heing srrk and engaging threats, When e
squad mermbes spore @ thresc it knowns 12 be sady engaged by ellow squad mern-
bz, the sqrad icuabes il noe seop o sngage e

These changes 1o the individual Al lesd tu the ie-and-maneaver hehpvior see-
i descebed in Figore 3.2.4, The emerging,ire-and-maneusee bebaior urighuaces
foam the intecaceions berween our simpl squad ncanbr Als, Thess ieraceions aee
caily canlaced T ndible comemeicarions, enaking the sqpuad belavioe brcome.
mare expresive sud rel

Furchernaors, chis apprasch i robuse ugsine squad meeubess becomiug, casual
it No st whicl squad suehlbs ke oue. nane of e orh squad mermbers
ill cease ahternating fsng and moviog, ol the ans-cur ngaging, o being,in
« pusition for Lo loug) aght s playing 2 bigger rol.

“The approach is rlio sufciendy flesble o deal with syuad members having dif
Gren e sprcial copdiliics: o squad member might moe showee, ue be able 10
cloar minss withour the othec squad memmbess hariag e know or WA tond,

Flowwever s hic all thoe fe o squad roceis? No! this decentraliaed spproach
sqund AL s  soid base rom which to work. I casily cxrended with incesaingh
eelisic acies, 2 s il see n the mexe esumple.
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[Peark01 ) makes fscinaring ceading andl provides 2 wseful perspective on the unckr-
iy uschaies of Butnan esscnio processes,

The techniques described hees allos s o madel the underlying causal fic.,
case-and el reladombips beuwsen vasions phenuroens and to durribe chis
medel in the foren afa graph. Once we have oanserucred such 2 graph, we can use the
axions o proabiliy theury 10 everage i for 4 puraber of sell gare Al tsks. such
a5 predicing the ikl ocome of 1 specific setion, semprivg o goess anoLer
players comenc sitastion o frame oF enind, orselecsicg an aprimal behaviorin a givea

“Uhe Tondarion of prbabilia: rssani i Bayes Theorem, hich allows oa u
v ch. diecton of any probabilsic scument, Tets say s want  knew the
chunce that i rained pescerdry i you suddenly find aue hat youe Jawn is e Bayes
“Thoorem aflres s €0 caleulatc this probabiity from s iverse: the probabilcy thar
yone e wonld be wer if it had aceually rrioed rhe dny hefors. Bages Theoren i

DA - PP 19D

PIAIR) ranslacs as e prokabily of A gven chat wha | know is ' —in this
case, “the probabilicy tha e e yesenday,piven tharyour lawn is wee > The theo

rem allow s 10 phrase chis n ccns ofche probabiliey of B given A {PBAI") and
e indeperndean probalilitics of & and B {“P(A1" and "BV, Vhese camlae ino:

UB|A) - e pokublty st s s ol b wet, e sty ol
yoserday

(8) - b bty of i, ol e things being cual

(B - che robabilityof yur e g wet, al erbee things beiog )

s il s, the il of Bayes Rl 10 revrsech diection ofa probibiliic
ezt it to oue sl o pecfora humanlke essoniag o belel nevsors.

1 e can stce sorme namber of prapnsiions and clearly define the eanl
shipe betwects e (i the vt A causes B, we cas arrange dhose propositions aml
chei incerehrionships in 4 praph srueture. Once we have tzare this geaph, we can
st probbilstic ressoniog n pecform infszence on the grsph

Tovagine o1 gor 3 call . wock o @ nelghbor 1llug gou hat sour bugla
acen s rioging, 1 lowever, gou happen ca knaw chae you alarm syscem is aio sens
v 0 varthiudhes. T gl ave Loea st oT by an curdbquale ientcad o & busglacy

Figure 7.2.1 shirws 1 belick network based on those thice propositions, deraan-
statisg that “Busglany” suud “Eanquske” can both cause “Alar” 1o be s
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9, Keep Agents Aware of the Global State
of the World . L

Tlicaabls wards and charsctsre aee whal make games immersive. Agents should
cemsuabet whi s happence o sherm, and b aware of what s ippenn 10 nthees
over the course ofthe game. They can hes g e Uehavios and dinlog accord-
ol o conviace dhe plaset that they arc reslly lving beings with thoughts and
ol

b dugs sl daes bt the player's roges mighe sufice for giviug th il
o chat agents are avare uf chungen to the world stound them. Te ight be mare
fanptesive f che player witncsses agemes pasing information @ exch orler. This
sqires esch sent 0 keep sum ol o Use scate o ehe sorld. n chis ook, aricle
56, " Dynawvic Reputarion Sysrem Based on Bvene Knowkedge.” "AR0Z detals
o et she AL o s wvents and farm opiians of the player

Even s enpressve i she abiliy of agens to leara Leough obsrvacon, wial,
and error. Agenes can employ dcisiun e Lecoing tochniques 1o make senss out of
dhci obssrvations [Evans011, [Quinkang3].

10. Create Variety through the Dats, Not through
the Code

iy of ensany belssios Losps ot g, ¢
ons o s many Al programenecs. sl remones e dsigheed couttol ever
ame play and play blanci. Lt th Lo sl prvic ane ar  bandfl of
basic behantr ypesdhat e il ecormicable gl o 1Rabin,

Ay behavior cam be proggamtusl, bt i ks time. Tory v line of o adds
ansllorgoontial g 0 incrcass cornpilaion e, Mot Ipocn i o e v
e agenes hebariue i o the htods of progeammers, when ulsmately belaon b &
rodus of ellsborarion beorsen the proggamners el e dusgnes. The reraies
proces of i e s o desigher tsebace i et ap ot of unanicipaed

F e Al s ke e diven ppeosch, and empos s v of e varidbes
45 posi verylme of o can pay off pecely. Expost: an sgoat’swloci avare-
e, demsanur, Aekd of vie, avaable FSM sices, inventory, and everythiug ebe.
Ths desenprenr czam mighe i tht he AUsstzi o things thar were neser
aatipued, Thuse i, vt 4 penenril downside o exposing 30 much 10 the
designsrs. Pesigners might find themseles oscewbolmed and. confised when pre-
el it ple o8 nigserions varibles e s imporcany 1o puovile o
et and documentation for eveey vaiable, Bducarc the dsigners ahane e -
e i onde 1o T th il b,k and Asiily, Game development
‘et e il i v peole. The ot of thes sha an experimenr it he
A1, e et the g i b Gond game AL the resl of  coopesaiv offrt
etween progemmers and desigoers
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Listing 5.3.1 The differances in Al think "loops”

for solo Af and squad member Al.

Smia ok (1 O
GoramtSituction sif = Getsituationt; | GambatSiuariont sit = SetSitustion;

Sitsomservaly; Sit-slkasrvet s

£t SProcess-cbLorsationsd

For oach available action © For cnch esilasic actio- |
=41 action. Lsspplicabloisit] | 1] aotzor  xokprLica '
B f

deternine value of astion in astosnine sacus of action i+
ey s
if bettar thar pest sotion, e —
mace hest Acrion ke Eest 2cton
) l
' )
exeans el relionn; Sxncute hast setion();

)

Where Is the Squad Behavior?

Emergent Fire-and-Maneuver Behavior

Tioworet i he sl mctsber ALs ot sch dillecont T e sobs AL s i i
appronch doe mt s 3 squad kader, where thn do v find any squad hehavio, e
done squad ctics?

T thisccenralizod appreach, s find the squad bebalor 1 the incractons o
e sl meembers, rathsr chan in chie individu) ations. Lhat s hoceuse v
amergens btuior.

Fmeegene behviar fo slF-arganising bebavioe is fonccionalcy origistin fm
e imsractons of ehemen. atber han from theic ndividual secioms. [he emergeanc
boavios s generatd G loweeve.simple bbavior [Reyuolds7].

The tacical behaiar of o squsd shauld cocrge Fom the intrsction of ehe
syl sembers, Morespecifically. i should emeegs from the exchanged ob
3nd inrentions, and how tisinformation is et In planing and execating indiid
sl sqiad merober acrons. The resling hehaviar should be mor han e s of
e udividd s b belaiors. 1Lis smergeece o squad bekavior is b
explained vith he cxampl i che s section.

Lo e cha our ol AT eatanes som simole comba behavior: I i s ac
e, 1 moves v she shoctes path o a beser posion e agin. By moving,
T AL i able o e i e dhseis, nd prevets dh et to et 4 b s
Yim
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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.
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FIGURE 7.2.1 4 delcfsesoork
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W hegin by calculacng the independent probabilites of an eurtbquake ur & Lur
slary oveurring, all e ching being cyual. Assuming we T in a whtively safs part
G Califarnia, we can guessac ehe following,prohabiltes:

PR PO ol By P

i e

iy of Sk

e then detenniie e condicionad probabslicy o ur sl gaing,ofFim he event
aFall possible permuragionsof carchqkes and husylries—bueglary vl candaqualsc
anly; both, or neithee, Assurne that by testag ou Al systee n varions seryi—or
weiowsing hisotical ca—we anies a1 he prababilities shown in 13ble 721

Table 7.2.4 Probati

103 6 an Alarm Going O Biven Gertain Events

_ Catquua® _ A

TR a3 _ _
T )
FaLE a7

T

Noww e can tale the mbess e artived a i the prioe probabilicis for “eard-
quaks” and "baglory” and phag thern into the tabl, For each s i e able.we can
mltiply the prior probability of sch of B and E by th ssultng condicional proba-
bilty of an afarm (b “Alarm" colamn fram “Table 7.2.1} 1o deecunine dhe acecal
‘probabily of the slarm bring sce olf in cack case. Ln oxher sords, in soch e, we cal-
aulars PIRI * P(E) * PIARE)
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O approach to wsiag s inforzation o lp dhe AL ek suategie dcisons
o idemtify he enemy's Frane, flaaks, and rear. We can then have our Al atcack in he
eneiny’s weakese areas. 1€ we sere 1o take the job of the Al for the black wnis sod
xamite che whie wbies we s s o vl groupiags ol e we ight iden:
oy aricus graups.

Algorithmicaly we might use something along the lines of the ollowing co make
these farmation idoncificaticns

1. Dercrmine the e of s of our unies ., the approximace loacion ik
the highest valus asdesermined by the inflaence map.
2. Tor every ey unit we can e
4. Scloct tho unic that s thgreaces “radiene” ofinflucnces bersaen e
ceoter of mass o our tmics and his. We arhirardy call thae ch v
Thene can b only ome o
. 13 given unit is within oo squars of it belonging o the et
e eon, s it e oo el
. T gisen uni s fuder thas twe squares from e froms b « g

dienr of influences e han thar leding from the center of massof mir
ol 10 the e, it i devignted 5 flonk wois, There can be severl
thanks,
. [Fa given uni s within o squaes of i hlonging 2 deignired
Mk, 2 0 L ok wel.
. Tiche shortes path o @ given unitfrom o cener of mass s theaogh
asquce belomging,ar adjacent m a unit delogaed 10 the froe, that uni
s designated 2 pare of the enetny> . Theee cau b more Uran v
£ I given unit s withio 60 squaee o a unie belonging o an area desig:
ted a5 the xear, 2dd i o che e 25 el
3. Any onicchat s llosated to ane of the preceding groups oo, ank, or
rea; s teeasd independently and can be considered an individal uic.
There cau b any ssobes offlividah,

Notc shat anycme e classify a gven eneny unic e should move o to he nese
it picaly. ome doese' asign 3 it 10 horh fank and rea. for cxample

“This spproech should lead 1 an allocaicn of white uods corresponding 1 tha
g 5.2.2. The rules chomselses ar flesblk cnough o bo tweakod For the pacise
e of the game, and can vary by side or a individual ormmanders “ersonalry™
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ws _ _ Sacton s _Facing and sports Al
The iniial state of the ESB should besct o STATE_STAATING GIG, which simply
et for the "grcen light” indicning che star of the rae. Once the st s besat
derceced. e FSH ceansivions w STATE 84016, & small reacton time emnld be used
@ give 8 moce marusl ok

Gentlemen, Please Start Your Engines _

The most complen seate of the FSM, us you could inagine, is e 1acing mod:
STaTE_2s0m6,

Traversing the Sectors

Vo the AL 1o make an informed decision, it smust knove whee i located i the -
contaent. T cacing gane, this wonld b the pasirion an the acetrack. Lucating
schich sector afthe ractruck the car s in was descsibed fn anicle .1, nd, although
vible is 2 bruto force mcthod; It would oquirs checking she s psicon against
every secor and wauld requiee xessive proceing overbead

The eanber ufec 0 st can be redioed fo 3 minimum nsing coberence. By
Keeping,erace of phe e secro i shich the car was located, we huve s saeing search
point et dhe cars scetot st s st quoricd. IFth car s onger witbin he
lasr sctor, e raverse che fnked Fise of mexc and previous seccurs G from
e st eetor) o the car i found 10 b il s ocw sector As i possible for the
car o he s all sectors,  coroff discance shonld b pased ino the rzversal eodes
oy o o hres vimes the discance that the car traeled

T che ca s 60 longer i oy of the soceors e, che ALt find s way
ack ontw the cack und sould st the FSM o STATE AFCDNER_To_To4CK, which is
Tuer explatnst i el

St Dactsions
W the AT sacaunters  plicpah when ervecin che s,  dcison should be
e s o which o i st  tke. Decions should L mde b o e AT3
cuntene neads ot choic of ot or example the path 69, e €, shor
cut,and 50 orth, The decisian-making process could eithet bs embedided n the -
el o o pased i a  Fnction et Lt s the st 1o fake

Antiolpating the Hoad Ahoad
L order to crese a more inelligen 1aces, we enus b he abiliy o ook ahee.
“This llowe dhe AT to i ehsewill appe. caher than eating © vees st
arecuttenty ocrriag, Fot sxaple, knoring drat we ae appreaching,a shar bend
provide gl rime ol he brokes, s reaching  ressonsble commerog spel.
Tungeti the rack s i chieved by essemio the estos  crais dianes shead
From th cascurenr psicion, 3 show i Cgare 92,1
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Learning and Adaptation

John Mansiow
john@jmansiowfsnet.co.uk

e ot e dopion o sing o gl b one o he
s mpoctun adamces ever o b nade e AL Geauiney adiptive Als will
change che way in which gamas st played by focing the player 1o consully search
for new serueyies e defes the AL il chas peciiog o sngle teclnique,

T addlitos, the el nd considetod use af Karning makes ir psible tn pro-
duce smurter and e rubuse Als widhout the meed o prestapt und <ot every
arategy thar 2 playes enghe adop. This arricl presears 2 deailed exaenioation of he
techisiques svailable for, snd e sues involved in, wdding learuing sod adaptatin 1o
games,

What s Learning, and Why Use It?

Wi sl et of notabl sapions, Bow s v bost ecased 1 dacs it
have contatned any level of adapearian, despite the fact thar i is vl within the capa-
bilties of custems bardace, L are 2 variesy of sessons [or this. Includivg

= Vel receutly, he lack of preceden afthe successfil applicarion of earning in &
mainscceum cop-ared game means that the cschaology is unprown sad beace
perceed s being Ligh isk.

« Liorning algorichamsare eequenily anaciated widt techoiques suck a5 ot et
ocks 3nd genecic algerithins, which arc diicalr o 3pply in-game de ro cher
relrivly o eficiency.

Despite s scarcty lecning—and che family of dgurithms based on the pnel
plesaflcatming _can offt a b ef benclics o game devatopers and playees alike
For example, solutions 1o problems that e sxssanely dilfcalt o sl “aranulhy
can b discavcred by Karning algorichns, afien s minimal human supervsion:
Codemaseers’ Calor Mctac Rall 20 wed 3 oeasal netwurk v fetrs b v v &
sally <, thus avoiding the nsed o handeraft ¢ lrge and complex et of ruls e
[Hasnan0L];.

Motcarcr, 1n-gans: learmitg, can he used €0 adapr ra candiions rhar cannac be
anicipated prr m the gameh relsase, such ar the particular syles tsice, ] disps
lcions of ndividual players For example, alfhough a evel desigacr can provice hints

7
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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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* Wheceas muny cofebased sysems ypically toqie 3 coupes and asifirm
acoding of boch rigges-candiions sl acions in cher eles, blackboscds lla
arbireary o be o Loe both these pass. Wher e K (the blackhoard
rulequivalew) might actsoley based on e conents of the bl kbuur, aolee
might pause execurion and sfiic input o e wser, or o any swhicarly
camplex aperton, A siogle K could encapeulars an enrie subsyacem 3 Il
it e e setion: Blackboards fr B Agens Covndination)

* Whereas clagsical rol-chaining sesemms allow oaly forward-<hsining ar only
backsard-clsinng, blackboeed ssteens impose fie <nugh coustsines  allaw
e, the other, o both ot o

+ Relted o che shove, blacktwauds allow mubiple concurrene fin of rasoin,
There might b malipl stategiesfo sobing 1 single prohleen, Fo cxample,und
b mighe be inescigaced at h some e, Muiuainig Uhone s of i
epeads, of course. n the sophistiction of the abitee. Note chat in princpls,
nothing prvents ) vonteulictory asseccians fram being prsent i the lack
bousd a the same cime. 23 simply assumed 1t the structuze of che blackbourd
will vencully ccancil the conteadicton ac  bigher level,pechaps by discarding
the sssarion with the lover credibily.

Blackhoards in many recent wnrkes have followed the general serucauce described
previands, fthough i reaty abscaced foera. Many of the conseaints of s sstem
have heen lfed. For cxample, many times i wbites b wed, allowing sn nusaber of
K8 to be execued ar once

One iuportant ed is that blackbosnds are being s incrcsingly For ountral
faler han for scasoring. Althugh che fine bersrocn the tva & olfsa ey, i might
gemerall be considered tharthe veight af oo msking s been moved ot af ehe
blackhaard and arbiter an foco e K. A stred sbeats, s dingle KS might <ncap-
sulute 4n entice subspatem tht wies the blackboard simply as 1he o eoigh
ich it imes and receives iosvnciions frots atbee subsyscems, The wscrinas of he
Hlackhasnd n dis case ase sccunly contrl signa

Despie these dilferences. oo Rundamental 3speccs of the blackbuard emsai

+ AKS peeds nor koo {or s ot e hen an b che asertions
<onuolsiguals i proes il be e

+ A KS nceds o ko (o s nos o) the oigiatos of e sseciuns o con-
ol sl e acrs opon.

A example of the Brst paiae, 5 ehe conmol signal consltutes # requsst ot
some acion i he perarmed (o sanesiae © be atuined),the S cha soues i pesds
it care: e o who s s he request, ol . the request s in che end satfied.
s example of e sevond, f the conteul ignal consrrunes n Inserceios o the KS.
e KS meeds nat care wher the request comes rom, only th t s responsible for -
Elling
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By uving a s cime-step. s can guaramee shat he Al Jogic vill run idenrically
o different pligfs egadlessof e Trame rae. L implesaca such 1 method, the
Al entry poimt would take the slapred dene sice s pevions updats 2 an argenent,
and process the AL logic higsed faneyrime-sep Simes, The zemaining Lime shonld be
accuemulased wit the stapsed e of he next npd

Gontrolling the C:
A simpls rencersis used 1o courol the e, which congain the sesti and sceelr-
rionfbrkig: valcs. Seering; o, i e o of -1 10 +1.0, scpresenciog ll e
e Full ight. The secoud memher,oy. b o uses depending i i satue, which abo
has che vangs —1.0 1o + L. Negarive sabues cepreset. the brking aous 10 1o
1008} and posicve: vlus cepresiat. accleron (rero t 10D%.

strust GoarsoniroL
i
fiost GG L0410 - AT fo it steering
tloar 15 550" rduang, 0.0 Avooleration

+

Simpitying with 20
Although the macemack can buse an nndialating road, i is essentially a 2D parhsy.
Uking dhis observarian, mary af the calcalarions can be reduosd ta 210 by projectiog
the D coandinates bt the X7. plane by seteing che Y chemea ol the 39 veccur and
then talizing, Sevesal of the veerors that will be wed in his masoee e fiseed in
Tohle 9.2.1.

Table 821 Usatul X2 Prolected Vactors

Varthtang _ Cenpen

ittt dvsion,

e T
BerPorrrd Distssion ri-hgh drmon -
BcRight Dt wilogtl sror gl DT

The Starting 0

Tirs e vt Jicalin ehe AT value u (e seaciog geid, befoce che race begins.

The AU nitiaiced wit che sector chat e oo sars o, whiel s 3 simple macier
of quetying an spprnpiste fubction passing in e staring prid Jocaiion. The
ecaroed sector paintcr hould be soted igresally as e s and o val o
The laserald secton s used 10 help the car resurn e the zacerack i€ it s 00 longes
withis st for xample, it might have spuss ol the rack . shacp curn,






index-544_1.png
uuuuuuu

LEARNING





index-21_1.png
1.3

Solving the Right Problem

Neli Kirby—Lucent Technologies
Bell Laoratories
nak@lugent.com

o o the e scinating observatuns o the Giarae Liselopess Confersnce
DG Al tound tables s tharsoling i prablem from the e thought
e e e conld sesule i 4 supezor sofuion [KiebyO0). Thiz e s wow suck
gl st et et s s, T Jbing r s proccss, phasis s plced
onwhat developse s do o gt 1o dilfcn—and et probien g solse
Sam af he acrians e cake might be pareof yout proprmming pracice
ke they e goor pruggsmenia techniqucs and are well o, Howens, he
oshrs sy e o defned a programmio selted and gt e new. They v
b

it of s “ecosstsalang” o your brsis, asd they can b Leansod sndl pracriced

Solving a Different Problem Might Be

An Exampi from the DG 2000 A1 Round Tables
O paricpant i he AT roundisbles g us he Flloing rample. s compay
manced o implemnene speech recognition in it advsotace game. 1 sl of the NPC
‘o plyer charactrs _ hosc contolld by che compucer can al o he plaer, e
would ol be narura)fo e playe 10 1k o the NP5, The NPGs would b ta
indstnd what th scr 1, g ane e the e mesne. and the rexct i 2
vy chae shaved the wser that b s undscuod. Hoteves specch tecogaiion s 3
Vige mauniain o & problem coselv. Te can be done, bor i okes e e of
evchine resoonces and ie iz difficule w do viell. Hiding Velind the moustain, of
pcch ecogriin st someswhae bigger manntsin of 3 problem knowo ae cator!
lingesge procsia INLE, Speecl reogaiion e gl of s akingdicacion
and eamstiing e sx; NU i aking thr e and making scose o Both bave
probles
Forpeech tscagaitian problms,conside he ol ecaople sings

“Livle Red Riding, Hounl”
“Ladle Rar Roreen Hir”
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and Sporta At

th hsipin's apex it special “bairia” g, the secau tsvenal code cun dtest (hs
skt he sach shore. As th search co s i 5 cneofs g, ehere b be 3
minimu seuech distance t avoid sopping the car. The cght image in Figure 9.2
st he poirrs more sl

U his metlnd, when 1 kol secor i encoumieid in the sarch, the AT
will contimis. . rvger e e of the e sctor. Onee e minimu s ditance
i e, the Al il dhen targe e i e e by s dsance. This el
in the AL rargssing the it marked sector while bising €0 3 ceomable spred. anl
e Eulloving e coree s close snough.

s chosen s trget, ppropaiace actions cnustbe akon 1@ resolve how 1o
inpur, o it muse clenae th relativ direction v

reach . The AL aims ta mimic uk
el nd apply e approprice e

Float CBaral stasr 15Tsrger foonst vectords doss
vectara Jestforveee, o

Oriroruerd. = 0075
DestToruerd. normg i1z

i1 Compure the sing betuen crren: 5 desLination.
©p = Grassarodue I Foreard, DeszFormara)
fluac staur = opragnitdes) ¢ b ST0CONIL;

£ Stsen 1ate o cig
31 fealy > 0.00) {staer « -atears)
steerClamp(stser. 1.0, 1.07):
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e—

Tl salar 1St Comvart s s w0 comensate for th vars sussdonazs stestiong
angle and is precslcnlared a3 80,07 1 ¢ SacTarnang1a. To avoid ahrup changes in
seering the ruurned val should be interpolatal et (e uld und uew sz
angln. For extea Hidicy, rhis value canld be squared, which gives finer enneral for
sl e et vabues, bt sl allows ell-lock s che strennes.

Once th Al closes in on an opposing car it will have to find a wey aronad I Rather
than concoctiog an elshorare scheme, overnking can be achizved. by fallowing 20
averraking line nscsad of che racing linc. A sight modificaion o the traversal rou
Lines,co ke the indes of the leeroate drviog e e fallow i lltha i neded.

To iompros: the AT overeiking abills, gl vvestalig s could be speci
B o exarmple, a ek and righe oveceaking, line. Uhe appropriace line could be cho-
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aming and Adaptation
bebuvior ats all mads by vhe Al designer. The secand. eechaique, refermal 1 as direrr
adapestion. applieslesrming lgerithens Lo b sgens belivior sol and requires -
imal buman direcion beyond specifying sehich sprcts ofbelivior @ alapt.

Indirect Adaptation
Indieet adatation aoctes swhon an sgent extracrs information abuue the game world
chae s used by 2 “enmevenrinnal” ALayer to adapt the agent' behavior. For cxampl, a
oo an FPS can learn sheee I hasthe geeacst success of killing the player. Cousvo-
conal Al can then be used co chane the gt patbuding 15 st those Jocsions
o offen i che Fucore, in the hope of achieving furthes success The role of the
Tesrming mechusism is s i 1 exttactng infosmacion fiom the game sorld,
and plys o direct part i changing che agens behavioe

his indlicect way of adapeo belivior i sscoiomended in this ariele because it
offers e ullowig Inportane advancages:

+ The infarmarion abor che garae world upon which the changes in Wharion stc
based can often be caurited vers casily an islishly, esuling in sy aed efective
adapratian.

+ Since e in bebavior are made by 3 conventionsl Al laper, chey ace wel
Acined and coneolled, and hence easy o debug and ot

The ensin disadvaatage of the eechniu is that It tequies boch che infarmarion
o be larnen and ehe changes in behovior tha ocue in sesponise o i 1 be dfiued 4
prior by the Al desgaee.

Despite this.  wid vatity of e belviors can e prochuced wiag his tec-
g, sanging fram Learming gand kil sices i 30 FUS and biasing pachtinding toscard
Uheou fas sheady saencioncd;, (atning, hovw long, @ playee takes o Lauoch bis fint
assal in area-time searegy (LS pune o drat e AL an i whcrber o expand
il vr ceonatically, o leatning ich Fies i an apencs envitonment ae poj
<o and bissing ies food choice accurdingl. I esch of these case, eaening meeely
eolletsseaistics bou rhe game viorld, anl s the conventional AL chat interpicts
that information and adapts behavior in mspone 10 4. Other cramplos of indirece
adaptation van be found i {Evacn021, [Laram¢e02l. and |Mommersteeg02],

Diract Adaptation
Leusniug slgoeithus c10 bo usod <o adapr an agenr's behavior direcly, wsally by st

ing madifications c i i che game wotld 1o see I can be improves. In paceice, this
s done by paramecerizing the apencs behavioe in some way wid wsitg an opcimialion
algoishm o einforcement eamig s sl Lo e s tand henee. hehaviors)
it oll e best purfonanc, For cxansple, o an UPS. 2 bt might contain a eule
conteolfing che range el which it will not wse & rocket launcher, i ordr to svuid
blast damage. This partcular specr of the bovs behavior i thus pacameteried by the
range helow which the swirch co another weapon i iz,
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ey i and whar aeas b comels vl aeus e laye oo o o

vides 3 s, poine o grnuping,the enemy iato vaious cangories of theal, aud
begis o suggest various approschs s cngaging them ar  sntegic kel Other exes
10100k00. LintiogerO0] v descrtbee] Lo e might find pachs rveard the enemy
nddo some strategle plansing | ozout01] gt dhers,

One sy afinstacting unis i secategic sagapements b o wse che ried and e
nehods dowsioped by vavious armics aver he centuris. 1P are derigaing a gune i
whish Nipolootlc ot statcgies ke slse, Gt procsed Giom thar poion. Mose ot
ik urmis o busopehad s bisic irmegy aamud” st 1l rch general ceacrly whar
1o d ance che ememy fromt, fanks, s, and s0 forth had ben idendiied [Clao-
01, Morcers,since mast oarious of the cra bad ditering rules o engagement,
o autocaiesly gee AT than el difforn” —an fmporeane facer for moce srategic
e,

There s dunger, bossever i chat wsing thise approaches evlght ead 102 some-
ha pricrablz AT i che huenan is familse wih what che saionalicy o the AT s
sl 10 do. Thrs o raions wass o s, T of the st pupular are o
pruvide sk A1 ommander il s swn pesorality thar maditis s behavior
omenbar,and to have che Al randomly chonse from tmore tha un Rasonable star-
. Combined, the player anly knaws that what is happening % resoasble b
thopell mmespecred.

Making Your Own falos
Wosie building, sy.a Furursic resb i sersesgic IRTS; game, e g mse ek
ot build AL oy of the e, T old s e cale apply uch asche
sevings e generaly jus o dilferent, While we could saoply dieer, 52, he shie
i they see {somerbing seemsingly comion ih sy
RTS gamer), ecd idesly ik o bit mar hought oo it dun .

Tdsnuifing sk poincs in the <nomy’s disposkion seems e be 4 nasacal
approch, Luokimg g b e siustion (roms e pesspoetive af the black anles, thete
et that aoe sluively obuted euch us Whive 1 30 the lower caprer of the
). Howeve, hat sams unit s alo 2 eltiely lnng dteie o the bulk of aur
Jorkss (e <ot of mase indicad by the hashed squace in the upper Jel, sod
enpsging i would el o espoe o fasle.

One slurion mighe b o build some type of lgoricus fo help s b chis doci-
sion. Par Fgire 5.2.0. for example. we euighe buld an algorithm thet compsres the
rsngih o e amackars, e ohversed srrsegeh of che defiaders, che influence map

e,

it actack the moarese <1

eadien betwosa du e, Uhe distance b






index-328_1.png
(COLER PLATE & it X anaugator Risn -1 CoLon PEAYES A Pt of a favigation mesh
& 00 & fpiuase Faon Comox polygon with  covsig abalcony. Raferencsd n aricés 2.1

a0 "Rt Gl ot of 6 oavigation and 415 Gouiky ol Pk Torodkand o St
el Reiclos 2 anckd 3. HE Austing
o

i,
Courty:
s o

(il Tomouand on S s, 1 %
s 2
= T






index-437_1.png
FIGURE 9.2.1 Lagerig bt e abend.

Sin cach scccor bolds the g of che driving lins, the revversal algorithin
mendy s 10 run gl the lnked-ise accumulating e Longrhs undl the
requiced disanc is reached. s the car a0 g ol be located anysehere witkin
secto,thes secsa lenpths shuuld b sdiusted secordingy by Laking tno sccoan the
distancs along (b sccors [Bistlon2ai

“Adjunting the Jck-thead dimance prupurional @ the cars speed b seiral s
e <haractaristcs, Wi ceavling by, oply the local cegion s viewed, giing
s prcision. Coavecsel, whon aveling, quickly i« saooches the path and ives
cat 10 0 2626t 0 peeming e Smoothing s beeuse a¢the taet. di
e ncrcase, 5o dacs e augle o the cars orwand vector thesetae, he ca requics
s steaing, sarecrian s point toward the orgen.

Halepin Tums
One side efece of laking ahead comes into play when negoraring sharp coruers,
o 8 haipin e, This can cuurc the ca e e the corner stead of taking che
‘coneecebin, s s by e e g I Figure 9:2.2. By maskdug dhe sotors amound.

Drivng Lina
—~ Seacch Oisianca
e Dosination directon

FIOURE 8.2:2 e coy incarscly s che corer (. Mg she secaurs o i
s s she problem (right’.
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Section 11 Learning

o the Ain a irc persom shootes (ES) abuue the likely camping locatons ofplayer,
different plagees will. in 2l prababiliy, bave difcrons profirences. Cleark an Al tha
can earn such prcfrences ill ot anly have:an advantage bver ane that caonoc. b
will appear fur smarter m the player

Befirs examining; the. techniques availsble fur sdding adsptation 1o 2 game, s
section unges wauclul vorsidecaion o wheher adaprarion is jusified in ferms of
its bnefis, and whather the ihsion of daprasion can be produced using rore
cunvencional AL

Aro Thora Any

nafitn to Adoptation?

Clearl, iFche ansseee o char questien i "uo,” adapescion should ot he wsed. When
dapeacion is sxpeeted o bencli sichee the develupet ar the player, e weight of the
benefic nseds ta be considerel ygainst e additionsd connplosiy i an adagrive AT
<an add 10 the gane developmiear and cesng, processes. Margiaal improvements
resling from adaprarian il go unnoriced by the vase majority of playess, <0 I i
naporiat o idewsily spesille spec s ol AL sgenc’s behior where adaprarion wil

Faking It

Lt e pevsible o create che impresson shat an Al sgeot is Lucniog without doy

eatuinag acualy 1aking place, This is mast easly done by degading an Al chat per-
Sonms vy secl hacgh the acdicion of rndam errors. IF the frequency and mugni
ade of the ecors sce seadily reducel widh “exprrience.” e sppssiues of Lagning,
can be produced. This “fked keaming” s 2 number of advantagss

+ The S ol eaning” can b carcilly cuntall and specified proe o el a5
o he behaviosofche A a each sageof s devlupmsnt.

+ “Thestte of the A stany pet i time o Indeprodent of the datall of he ncer-
scton ol e plyet wich dhe gume, sonplifing dcbigaing and resting,

Ablough Gl leacnicg s s autsative way of cecacing the lusinn of adape
don, it can ouly b wsed when the bohasior “being leaned can be specified i
advance, and is bencs limized a probleens that can be sulved wing convenciontl
woulaing e uolugics.

on

e dos_ :
“Thissection descrbs the oo viays in which 1valkarniog and adaporion can occurin
s, The fist, calld indine? adaation,extescs staistics foom the game world that
are used by & conventionl Al lger 10 menlly an agens beluasio, The decision 2 o

what stastics are extzacted and thel ntceprtacon in tems of necosary ehangss in
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Datormining the Current Sector

It fundamental that the Al knaws the curient socwo of cach car. Tesing chat the
<ars posician les on the pasirve side of cach sector’s four “edge boundary” plaes
confirons that it s within . & ssople spred a I o procalculite the 2D X7 i
ligned bounding b of the sector thar can be used for crivil ejctian. Tesing che
<at sgainst many sccrors wenld be 100 costly for a eeal time zpplication, buc vun be
rechiced by vsing evherence [Biasillo02].

Computing the Distanco along a Sectar
There atesovcral mnsehods of camprring fhe dissance alang asector, each wich varying
complexicy [RanckO]. A simple spproach that works eatremnely wel in puactice is
e commpute the traveled disance parallel o the driving line 1s sharwn in the fllowing,
cude snipper.

“lost DissrlangSctortzans: Coactord sectar, vanst vectordd pasi
i
vactors daltz = pos  sootar.eriving! Sresns
deltay = 0.0f;
Float die- - Dotrrosues asctor.anivingLi
et st * Nenalngeats) |

ward, dultais
)

The varisble Jungthscals s uscd 1o sele the disrance to compensate foe the 2D

projoction and s equal t che line’s length divide by it 20 feageh in the X2 plnc;

i i procalculuted for each sector. Adding the distince along,the soctos 0 the sec.
tore ssee distane esuls s the totsl distanos traveled along phe racecrack.

For the Al have 3 berer undrsaring of he envitonment, et iforcaadon
should be srred within esch setor. Wich his informations e AL o iy 1k
decions when it e st vidh  Fw impls omparisons. Asche puspse of
anicle s 1 deine the e, osig his dara s descebl i il 9.2 [Biasilo02],

Path Type
The pth ype definee che type of route s, Usually, this wuld be sex o "norenal”
b othet iypes could be "shorteu,” “lang toucs,” “weapan pick-np rante,” “windiog,

el and “uag svi.” The A uss this infotmaton whenever  split oue i founds
n other words, the seciarh ext puiaters aze bod non NULL For crample, if the Al

‘needs sveapons,ir ill choose the “weapom pick-np Toure" i sach n rte is avadlble,

Torvain Typo

An Al svould usually sane o cae the shortes. patl available, buc i sharceu requines
‘negotiarin « cagged lundscape, only vehicles capable of waversing this cype of errain
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You Nead the Scrlpting Languags to Do What!

oy bl it code shar prsed romnd aninesge e poiase o e game engin:
), and it would be cratel. procese, aed dekeed propedy thenugh the aerrid-
o i T (e g engine. s e, e an oonw add a e dat type inco
¥Werpein uader an hour sl any programemer ab add the ncw da 7 vich na
Knosledge of theinteuals ofthe compilr o he virtua machioe

1fthere s o o st we ca g, i s s b bl and Axbiy: 1€
o angasgs s leible nough., then che issue of extensibility is o so Lsge. You will
rave less e to exend dhe lungaage i the dnignerscanfind ways o bend It t their
o,

This s an srror ehar could ey bave been avoidsed on AGScrpe, Before sare-
ing the language. we cead an amice in the CGDC pracedings [Huchmerd7]. One
thing,chae was srcseod was thar o Aexible lnguae would gee used Log more things
than you plun for. We Fuolishly ignored dis advics and made 2 Yangusge for 1 single
purpose. We will now pare this adice: Fren an inflecbie language il gt wsed For
emore things tin you pln or, You taiglt s well ke o gaser For yourself when you
bave the chance

Haw Did We Extand BGSeriot?
BeiSiviptis desigred fndamentally 2 simpl cormba seriptinn Ltgusge. Bven affer
five years of nusnipulation, a heac b s what i remains odag. Unforcunately, com-
b scripringis essthan 30 percent of sehar BGSeripes accually wsed for. The ot 70
percent of pplications uce el next

Simple, noncembat cresture seriptiog: |his waslts of slaixdly unimportant
actions such s the mandering of prasans via Aandonvakt . e alo comsits of
Playing ambien aoluations o0 cratures ol 15 Mo 3 blacksmith srike an
‘e, While 1his seipring depiauds st exchsively n @ heartheat script, i s
il dasivable for new sicmuli 1 neercupt the exising,seeing ol actions. Combat
scipuiog fat e ne] was doms o seactions o srimul cxchnsvels s
Dearchear hod o he added o cas

Trap and triggee scripting: Most trap scriping is similue co siniplc cornbat
cripting, The rrap cesporuds tu cheseenuli of being acrivased by plaing a isual
effct ol usog e SaBLEORLL) action w cause Injury. Unlforeanacdy,traps ate
ot ceanis, 5o they did noe baws the same stracturs for ALin place, A a s
the seipting lasigasge now simubtancously bad acionn (it anly crearores could
pesfton, and amother Fis thar all abjecrs i perfrm. Unforoanucel, the
angusge had o differetition, and it was not abways sbrious which serions
belonged in wlich lc

“Trigersars polygons an e grovnd chat reac o creatures i wondatnaging
ways. such 15 ceepordg dhe pacey to anotles locatlon or disphying toxt
Trigors are weique in thac they can o several actions shat all mst completc
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107 How Not to Implomanta Basic Seri

For cxstmplk, Jrva changied howw the > operaror sorks for negive sumbers by
prosereiag e siga, and e operutor hac
acrlly >3 i Java. Which implamancarion shanld we choase for W3S Unfor-
eunstely, yonee in 4 no-win sinuion: ane group of uses i going to be sery upsct
when chey discover ths apsraar doss moe work the way they expect it o. I the end.
e wene with dhe fasa mplementation, aud we docunented this i e surpiing
sl under "I gou e 8 C progrmince.”

e woud capect 1 be

My Language Doesn't Need ta Be Extens

U ro inesparience, ke chonght was v o what the Uniniy Engine vt polng (o
e afte Baldrs Gase shipped. s a snl, o extesbiiy wos writce ineo BC:Sere.
i Onee cxcors made by an madequate dssign were discovseed fuch 2 g ot
opecand, or i Capabilty 10 condlrins Together, ey ol nor e rcfied. Fur-
‘hercsaceharing the problecn e th fr that 4GS was el o ot irds ind
hree isson packs i has leady prssd 1 i iy

Rememnbec tha you are going o b wing this seriping langaage [ shile
Exprct nd avevp that e i s is s and designer begin ra use . you il
e stuck widh t ] e end ofdhe projec. B, lile o gt (bl dt o
will b e opporruaiey o i e sprem o sk, This i probsbly o the
case. 1 i highly probible st sour dasignens will want 1o stk vl sy dhcy
Kaow, and the workarouads from the firs i becomne Farues i I e

A conulory i once you bave it youe pucs. i
i (ot (1 ground up, The AGSpt parsr s wrien in ol af neo dgs
sing ome gigantic cass et The prcing code i eany to undestand i you ate
A in b G and Prlog, it laer being, an aneomman <kl ¢ BioWare, You
i chink of his example 3 ob secuity, bo e
e pisc o cads, 1 wold be ics 1o ass o esponshli on m e it

o canc dsign for eveeplieg, Wlat you e do, Lowese, s design the o
o3 o e i of v whings cam be e with 3 i of srss @ che
| amescork sl syntes. Addiny; @ new dica type fnto NWSeript fsuc 3> “vecian”

et with ths foating-pola b curnsd ot 1o e significanly more il
eate can i should hare been ok appraximaely v ey o llow dough sl
ofthe cains it complle e oot ot al of he e cases e arihresic
operations inercted wih vecar,

When it came seound co implemearing ancrher dara ope in NWSeris, e
avoded s roce where we nplemented the dte ype iy o s canpilr an
il machine, Totcad, e dkesloped  geneic syeem hat sl (s 3dl addic
il dar type suppore ntthe language by defioog dhe core operatons (compacs
ot wraro deeran, and ssignmne operadenst i a powe vieral s thae was
cvericden by che game engine. We did nut wanc 10 sclude h ents: daiten of
Use ke type o the vieual tnachine, snos e ntend 1 use KW ocher ke
chne mighe o neqire chese AV apicific s types [ the izt mackine, e

st er b

eses ol it 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)
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r Archi
asettions, wany yRcems impose  eracaure o the assertion space. st s el
on s physical backboa s 2 patil locaion 10 &, mthods c2a be. foued
eugaine dhe assrrions an e viewal blackbostd, s chat exwemil componens
need only xploe specfic: aressof the blackboasd for contents they arc intercsted
in. Some sy, for crample, impose 3 hiecachy t0 he asertons,ileniying

input 1 the sysem) and oxber asecions a5

some serians s s (L in
‘o, wich specified nimber of rteemediae evels. Some ystems aso annocaee
e il < oxedbily ratag, nlicating how kel the ssrricn i
Knoreledge sources (i5s): Tl che blackhoad ar a series of eornpunens
thae are able co operate oo che inornation that the blackboard contans. These
atc che “specilie” that will eflsborac w sl the problem, Like llspecalis,
KCS5 only ive vty aammow segious of experio, and o anly knos whar i do ina
wery martow cr of iccomseances. Useafl, K8 e inaceiv, awairing specifc sets
of preconcitions o become true, & K3 might aiso rmuen 2 illingoess o run.”
on releane, ndicarin it digeee of applicabiley 0 the currnt contents of dhe
blackbuied, When K s Gound o be lovant, they can he cvoned. chec
serians. madifing the cancents of che blackboard. These modifiations might
ke the form of ne logical sserrions, changes co Gisting aserions. or conirol
signals o orher K ignifcamy, KSx e ol allowed wa comumueicate wich o
anuther hrough he Lckbord,

Asbiter: Given 2 single smapshor of the blackbosrd contens, it is pussibl that
any tabre o KSs can indicate a nanzera relevance. e i he fob af the asbirerco
decice which ofch relevant KSs w exccute This i a ceiicl s, and cosiisies
he ey of e cobtzl seracgy or the <ncreiekboard ysteen. n any ofthe
alersysems, e acbicer would pick a siogle “winuing” KS- s wes 8 means
of ensuring that two conmadicrory actions v ot taken in 3 sinle Gmesp
(e KS1 wane o replce anereion X wich asercion Y, by KS2 ot eeplacc
ic it serdon ). A vl stscogs fr picking a snglc wioner iauld simply be
o pick the K wil che higles sell.generate] rleante, B, g nomibr of
stnacgios s pasibl,including anssThat incorporste  focrs of amerion.  moc
vt sat, n eemotional s,  personalty model, and so forh. An advanced
aubier might chaose the K5 based nor only on immediae relevance fwbicl i
whatdhe KS returns] but alo ot expested clovance o s overllgoa, resuling
in chaviosdhat i boeh data-driven nd goatdrinn [Carves92..

On a single update a list of refevant 1G5 i collecte based vt event bnges ©
e blackbosed. This Jit is gassed o che aubicer, which s wharever methods ic
s o chaose a winming K. This €3 i then executed, tmusing [uther chinges ©
che blackboard. For some probloms, e nevw stac s ctaniined for rrménacion condi.
Sons that ould indicate thac the prublrzn s solved (. i the Vlackboard contains
s sofation). I the eruauation condirians are not mer, then che cyele s epestod.

‘Thos familiar with clusical AL technigues might at this point woogae che
blockboard 25 3 form of ule-chaining. There ace  number af impareans charactecis-
cicsthat disinguish 1 cule-based syoerm s 3 blackboard:
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The Beslc Al Framework

s

Raclng Al Loglc

Garl Biasilto—Elsctronic Aris Canada
gbiasillo@es.com, gbiasilio@shaw.ca

i scond i of e ing A1 el o dsrves b ol
menr an AT capable.of racing a ear stound 3 rrack, 1 I Kecommended rat e
reader be fumilss with acticle 9.1, “Hepresenting & Race Teack for the Al
[Biasillon 22,2 refrences wl b mad o i hrouglvor

Althcugh the Al willfllw predefined deving fines, it will notsgidly ollow the
rack ke a e on ral, bar merely use chesslincs a4 gnide. The gl 1o have the
AL praduce an ourput chat eznolates human Input; specifialy joystick andfor key
preses, Using this methuod, che game engine only needs 1o gacher inpu fram the AL
controller instead f a brumon inpue desice

Beore e go inta the denils of th tocing Al Logic, e seed ¢ deftethe basic frame-
swork of d AL,

Finito-tata Machine
To simplify che Al bogi, a finic-scate machine (FSM) is wsed 10 keep rack of the cor-
oo tacing siaion. There 3 o plechora of adcles an this subjecr [Dyheand00L, so
b ederIs sssomerd © have knosedsg of sueh asvscen, For carl, whea a suat i
sefrced o el b presised with "STARE_”, As an exomple, "STATE_STARTING GAIG"
el cepreseat o stae s che: stace of a e

A Fred Tima-Sten
Runniag the AT wich o free-flowiog, me-emp wonld produce dilfrent tesulis
deperadiog on the frams ra, among ocher ficrors. One remedy wud be to time-
scsleaffcleulscions, ot chis saodd s ead 10 varying ercocs, 2 chassic example hing
Fuer integeation. Tn 2 rucing garme, errors can 10cruc when the time-1gp Increases
because the Al wanld make fewer decistons in « iven e spas. This wonid lead
sinarions whese he AT would mis 4 braking poit, teac oo lace to obstacles, ot
becamme out-of syne shen playing nccvorked gonars.
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554 Soction 10_Szripting

somesshore el Whenever the designersays. “It depends,” it ods up in the

sripting langus.

What Are We Are Trying to Gt Acrasa?
Yous g il b used or chings for which ¢ was ncver desiged. Even i you
spenta yearan youe design phose and ehoughe o dozen differ et esignes
ar i o bend the L 0 e point of s breakago and beyond, The ick stn
ks g Newile snaugh ineh s plac, s tha e ke oceors infee
queny andfoe sesons chat ou hopetuly, do o

A Boal cote un Nexibilty: I you dont beievc us about the neod of il
lass ks page and come hack o e aer your game sips

Wl you s

even e o i,

n

e flaws chat we described here are not insummouenabl prebleos gven forssight
‘ad placiing, The key lessons we are eyl o eruphsie ar

+ Pl o s g ad doxceming what yon v i, 0 s i for.

+ Carstlly consider who wil be sing the linguags when chocsing the syotas,

+ Make i s casy a5 posible t0 add new Language conserucs,

» Mke the L bl cnough t b wsed for evber prpeses fhan rhose for
which it was iotendd.

There arc rang traps ehar anc call ll i sshen Smplementiog a basic sriping
angruge. The, mise impoctant step in avoiding these Lips s knowing that the t3p.
exiss, We hope that you ven recopuiss thuss paweatial bl spors n your design
and fx chomn in your implementatian.

References

FhachoeeS7: Fcbnen Kol “Adng L o G Englos” Game Perel
“per ougoeing, Sepvember 195

Deriatgrbyod] Tehaimcly. R, de Figushieds, Lo Uepsiqus, aod i,
Wlderir Celes, 2Lt an erensble cxtenies lmguage: Sovare, Pt
5 o Vi 28, Mo . . 55-G31, 1556 T o 5 o e
o i

Kerhighaas] Keaighan, Dran. and Rirchc, David, 7he  frogramming Langioge
eaomd Ediion), Deaice-Hall, 1958

L3 3] Lavin. Tohn. Masem Tong. and Hrow, Dous. b o s (Scond B
o O Rl 1993,





index-324_1.png
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i problem st 1 couklf el bu noic shar e avin bl il et
Taplr-cricsoxpunon. 1 ust bappes 10 b doe workds v expes on Toor

The eananical biackboaed architeesare foetmalizes his metaphot,Tc s describod in
derallinthe e secion,

While the defiition of 4 blackbised i geoutsl cusugh 0 L iewel tq momerons
implemenration stracegis, chors is 8 canaoical aechiteccure that st caplemmente
oms fl und, This sechitecsuce is shoves i Figuce 7.1.1, and consirs of

* Bluckbourd: A publicy coadfweiteable informarian display. Tepicalfy, che black-
o cotsine i o bgical ssertians upun whics other companeats operue,
Abough icis possble o aaincie the blackboard concents ava simple jumble of

¥ anir i —

Blackboard

ks (5

FIBURE 711 7he canonical blackboard archiecoure A cantrad lackband s
susrounded by Knusoledge Sourict (K33 ehat conpese forremporary conseol of the
Blackloard. ¥ arbive decids which relevant K5 il e allooed 0 rscate hsad o
P T——
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01 RepresentingaRacotracktormeas L 43
vl it o do . I his e, e shottcon ssceot would also b toaskod a5 “ruged
ersin,” allowing the AL o eject his path if the ar s inadequste suspeosion sodfor
o vide-height.

s

Some routes areocated i s cunfied ares, such 8 & narows cortidor ot wich y valtan
o side ol dhe crack. By speifying that  wall exlits ou o el andior tght secror
e, the AY isinformec sh e shvld ez a safe diwance from che relevent edge.
Hatrpia Tum

L' il smanmer e wals, s “ivpin 6" and i, cight” s s csed o
e L i edges o« sharp Lt A haiepi s il frous s wall bovane the
specified sice will nar impede he car's pach,

Brake/Throtts
To aid the AT in sreas of the wack that aee dliffcule ® negoriat. a "brae-theout”
value comee i handy, This vabue les in che -1 T +1.0 range, sgai

D" bl e e el the AT v W ofTthe g and s

Ganclusion

Defining the cacetrck wich s moch useil informaion o pussible elps rduee the
complexity af e Al syseen. I sediion, ceduciog much uf the data fro 4 3D w4
200 groblom simplifcs his Frther

e mproveueat o e driving lipes would be o rsare 3 smoather path uxing
nondinesr inerpolation, Catmull Rein splines, or the more geeal cadinal splines,
[¥are92) v boch ides chaices,sne ehe curvs can be diteely dsfined by e dising
peiss, which becnans the contaol poins for che spline. Thess splines alas tevel
Utongh vach contzel gofat, whih s el muore ncuii 1o placement pusposes, B-
sploes see s ieiative Lhat il give Sow evea senaethee s, bt she splins il
o longer tvel direcly doungh the concl puis.

i, “Tading Al Logi
(Charles River Media. 2002

[Marlasi] Marachg, Hchers, “Iteepolaoed 30) Keylrame Auicuation,” Giee I
g Gomy, Charles River Media, 2000,

[RaACKQ0] Ranek, Sgven, “Compueing che Distance nca a Secuor,” Gavse hograr:
ning G, Chals R fedia, 2000

[0t W, Alam, “The Theoay and Pracsice o Parametrc Represeatation il
i, s Aniosaios and Rendering Techniguer, dlisan. Wesey, 1992

A e brograrmming Wisdom,
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widout being intermupusd. I ot words, ddiionsl srinal should nor
errde the esiscing acsio lisr. This sequires the ddion of awy 10 prevent
thisinrerruption,

Gonversation: The seriptng of conversation eruly sceiches BGiSerps o s Leeakdogg
‘ot Rather than 4 stack of f ¢ then clauses conseIsason i S up 259 e
The corudicionls s santered a« che branching,peints, and acton s are
tacked am e cvecy cosponse. Unforranatsls the cormpled verstons of the sciprs

o scgmonted i this mancer. The rewdt s that
converation scripting s stored in s wnompiled forzaat s cornpiled cin-the-
Iy A user can okeace sl deley when eanversacion i nieated, but
compling svery seript i 3 lage conversation se stlled Baidurs Gae for more
han asecand,

‘Addicoally, seson it obtaiued dizough convezsaton e s 1
iggeas, Tt s, they st voonplese and cannoe b invermupred. Uslile triggers,
consersation is run by crsatures Lsat abo toust Lave csprive combar scrpring,
‘e onllict b very dilliculr s ol and s, in e, the source ofsame
aucstanding bigs i nfiniy Engioe games

In-ganme movies: i gane movis ar seripred sequences where various creatuces
oz action i spscificly Goned and urdeesd ways, They an 00 in place
ol piscctdord mpvics schen animation cime or space is ¢ premium. In-gune
mawiss equire mintermapted acsion s like rggers. Hovwever,chels biggest
challenge iscat hes requine timing becviesn cbaracters and accoss wuliple

How Did Wa Extand NWSeript?
Wi scret with the kol it e e oo  gioe thesae Funccionaliy char
wa aleeady preseat in BGSvipr, Hoseesee, as the peojece evolved, many more wses
became sprarenc

Spell: Fach spell in Baidur’ Giae seas comsredin an exesnal dior, aod the dacs
could be e o generate e spel, Hosecret a fr s Deigoons  Dragons rles
o spells cannar b nearly cacifed and described wich a couple of iy s
For exampl, you e asked to implesnen the “Haal” spell. Tseend of wsimg sour
standasd heal effcer, vou would have to make  special ome jus. for e spel
Why? The "Heal” spel soust Lucn wndcad e,

Rathar chan have a programmer it and spendthe cime enplementing the

dd ul desp Tnside the core engine, we have crpased cho machanics of che
spell impace ro. scipring even. The desgoers s o al of the odd bhaviors
af e e s withou, g Lo sk plagcasumess for  seiesof sinilar efects
with hasd-ondu cxucgtions.

Parhfinding around doors: Wlat shiuld & ersatic do sbn e encanees 3 doo
whl i s walling? Shovid it mash the door duwn, o7 should i pull oat &
laclpick ses nd wy e open dhe duor? Shoukd it give up entisly 3nd go
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Soctions Tactleal

sraund 10 minm cur contacs. This will nacurly pall eur it “say”frm che
enemny and group them tpether imto matuclly defeosive chueers, from which e
migar be able to mount local awacks and delay action i future e,

ke how v done chis by moving; unies toward th "bigh poines o oo infl

<t map o gocally oy iom e influacs ofth whit uais. This nacuraly il

fensive values and (he ners time we evaluae the nfl-
cnce map) il wsule n a tighies. mote cohesive farmation, This is the oppasit of che
sisudtion desuribed in Figare 52 4, i which we taoved the geeast nusnber of wis
sy o ur center of s andt "uphil” womeard che blace uniss highest e of
nfucace.

Agan, exacty what cach unit docs also depends on the capabiliis of cxch unit
movemen limictions, temsin consdscacions, and 5o forth. bucl of dut wil be
auomaeally diiven o by « propely see uy inlucuce map, o porhaps an indepen-
e rersin-based influence map ean be cunsated afer he bsic upcons ae gener
ated., Remensber s the example prescred s grealy simplified, since cvry game
will handle unics, mavemnent, ez, and s0 forth difeently.

incresse thei averlappiog

Sevcral wags o might impro o the suggestions axe presened here

Impravements and Drawhscka
The inlcnca inap bl i ehe fise seeron cand asily inclide more detal—rermin
consideracions, partlly damaged uots, aud 5o forh, lerrain avalyss Toulog00]
cam b b e o grear offoctin conjuncrion with ehis since sl drive e nemsual
errsis vormidetactonn fsods s bridges. loke putats, 1) daat 10 geady iluence
the consrmerian of cach s’ inflacnca maps). Choke poinrs or bridges will stand
out 45 Lighly voncentrated influences succoundel Ly negative o enew inlluaus;
s pattzaas can be idenifed ancl tagged by the AL as indicating important areas of
dhe maup. One st b el o e smake ek 3 comples fnlluee g tha wselol
informacin i samped by evimuriz, hoseses, and thers ave CPL escictions o con-

sider 5 4 it of oap generation,

The "no man's lond” berween the tvio sidks 2 oudined in Tigure $.2.2 tehe
vabusd squares and adjucent square that suddealy Fip o pusitive e negacive Eut
sery wide. Mareover, it ight not he 2 aconrare 2 wed likein rerms of who canerol

what pieces of e map. T hat mautes becsuse that thin s i 4 quick vay 0 ikl
omto of important abjectives—ir's impartant
ko et it ight i i 1o be meaninghul. An influence that’ pushed out far o our
s shewt that e et legar Iocal supeioriy of Frepaswer. Thers ses many ways
o compute o betee inllaencs msp. Oae obsious way is t overlay che wap with &
incr grid, although the dusnside o chat i, f counse, geearss CPL yge 10 generaes
the influence map. Anocber option isto change the vahus we ssign co the influsnoss

the ikeliand of » ivon side s
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[Tozour01: Tosous, Laul, “lofluenss Mapping” and “Storeyic Awesinent Tech
Wiques,” Game Prgrammizg Gevas 2, L. Motk DeLoura, Charles Rrver bedsa,
2001

i der Sterzeat1] ven der Stonen, Willam, “Terrain Reasoniog for 3D Acion
Ciaene,” ame Programming G 2, Bl Mgk Delouea, Charles Rover Media
2001
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12 Becogriaing Strategic

+ Uity 22, 33, and 44 bare thres optionssvaleble
—Opra 10 acack whie Group D (¢ flnk il .08
—Gpda 20 ek whice Croa . hi ;v 0.0;
Option 3 0 atcck whice Geoop & anarber fank vl 0.16)

« Cloit 1 o b shrce aptions il

~Gpein 4 0 atack Group D (vshic 0.07)
—Gpron 5 10 acack Group C s 0431
—Cpran S acack Growp A G 0.0)

IF e wers 10 apply am alphir-hets s UvasonskyD4) o chese options, @ o
carion of Cprios 1 and Cprion & would fall our, Cloaty, black unit 11 ough 1
eagis Geomp A, while unis 22, 37, and 44 reck co engage Group D.

What do e o witl e, 95 and 662 Afer making rbe prceding desisions for
the umits 11 cheough 44, we might subsesuroaly decide 1o move anis 55 sad 65
owand Geou Ca it n e pravide betses flaaking anl Lo discoutage thasgroup
o itelering withs el atack, This mowis “uphill seaed the e of s of
o nits, 3 gaod rule of thumb for cepusitioniag feserve s in genceal Note that
wive o ks o passs thrangh che Al o asiga units 55 and 66; oar design
delberatly kepr e in cuserve el afice s assgned the wnits caser 10 the
oo

1 should be stessed again chac e precise aprion ome might chisose —inducd, the
csudution of the optivns heruselves— is relly Wighly game dependent The g
Fchm providad et very sphisicated and dossi, e vatiery f porsneilly impor-
tantFctors to acconnt, s incended rore g an example of whuat can be atber chan
a5 30 iunelad suggesion, allbogh i will otk o 4 vuiory of serategic gam sppl-

Mataizing Poims of Contact
st your design llows ot i, another approach might be @y o masioize the
painis of contace” Betseen,your wis anl the oty while iealy} micimising fic
potcutal o of cantace ith s i, This i how enany gases ae plaved, aemu
ly—as the playes, yuadze cumisialy oyig v pt wors of your frepomer aganst the
encemy unitswhile micimising hase much be cin put against you. That's a chssic ey
sl Iocal superariy: in 1, prefude 1o amy samber o fituse sancusees. Toke
ook . Figare 5.2.1,

There méve sl the sivusson onlined estlier i exainad vhe sievrsin from
the pain of sise of the whive units, We'e employea an alyorithia ac acenpis 1
comipate the maximan number of “contac poines” e might creace by movia ok
it T th black unis, andl came o with the Followiog oprions

« Oprine I Gnoup A engages black unit 11 fons contase o).
« Opsin 2 Groo € engages black unit 11 {three contact poines).
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sctsand i sssoclated bl ors can be wlidred viashe usud cesrng and validaton
Dracedures

In sememasy, disect adapraceon of behaviors oftes an aliermasive o indireet adzp-
believe chat sdapling pariculac aspects of an
et belavior is kel o b beactical, b shon ton s is knowen sbour the exace
farm the sdapracion should take for o he prescribed a priori by the AL designer.
Tispeting direce sdaptation ac very spectfic and iited sers of behasiors i the key
naking i sk i pracice, since chis improves the efficirncy of the sipration ad
ke . s o vomir) and validate, AD cxampl of direce adaptarion wing,generic
algorichens can he find in [ arsenéef12h).

caiom, which can be wed when it

tnoarporate 28 Muuch Prior KnawSedgo as Possibla
T the e sccrion, it was suggest that g could be produced with no Al owr-of-
el other Luan un sgorin such 35 generic pragramring, which could evolve
ot of les for concrolling AL agens a5 che game 1 plaved. Such & game would
Buse fat Jas) i mufor flaws in that the AF sgence would do nething wetal
b the game is firse played, and che rate of mprovernent of dhie pectormances
wonld be vesy s Botl of tlise aze e -3 ack of pior knenvldge in the AL that
5, the Al dsigner has incomporsted noshing; abuat whal s Lowi sbout the game i
die AL

“The vase proporrian of what an AL has > do—sucs s it dhe shuscest pach
wcross s level, or choosing e best weapan In an FPS—is knawn prior ra 3 game’s
seuase and dioudd b incarporaeed and fied in the AL Uhis allows dae o algo
sithms 1 Focos un what sust be leasied, cesuling in substancial impeoverments in
efficicacy and rcliabily. T should be nored that che bigh performance of indieect
sdapeation is & resalt ol s eatensive wse ol pro knoselelge in the incerpresstian of
the Infarmadian earmed shoone che sorld.

Dasign # Good Pactormance Messurs
Dircer adaprarion of am agene’ behasior usually proceeds by geoerating an agent char

acteiasd by a st of purametec vilues thar defin ics behavior and measuring is per-
formance n-gamn. Cleely, his implies thar some messuse of e sgeats perfoumancs
s vailable, whicks muost, 0 practice b doflucd by the Al developes. The defincion of
an appoprisce peformance measae i afeen diffical becawse:

« Many sheenarivs messures of appacendy equal it often esis, requiving an
arbitasy <hoic 10 be anad bervorn chern.

« “The mast ohvious ur Jogicul messure of perforiance might produce the same
value for wide agss of porameer values, providing it gaide o bow 1o
choose beween them. Parsmer valurs across which 4 perfotminee measare i
constant s called el ook

* Carelesly designed pesformance meaures can encourage uidsicable bobmor,
e incoduoe ocall optiesal bebaviors (.. those hat are mot he best, but caomul
be improved by small changes in parumetes)






index-220_1.jpg
220

Section'5_TacticalIssues and Intaligent Group Movement
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FIGURE 5.2:3 A analysof gpions

Gption Valus - (AStack - Defenss) | (Distance = Gradient)
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Group 8 o)

Grou A )

(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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7, Use a Hierarchy of States

8. Do Not Let Agents Intorfere with the Grucl

g lowks wors for AL than s s tht epearedly does s wrong ching. No
e will xice s agene thae akes o fofe when it should bave taken a right, but sy~
e wil norice 10 agent chat concionss Lrying u rua it vll atsver, Frery AT -
e shoutd checkt for suceess condirians within 2 reasunable amount of e, If hese
condicions are ot me, the Al should give up and s samabing lse. At minimum.

sgent ol bk o incecsring e amimarions char express the agent’ confusion,
stacon. [f encnugh prossssing powes i avalibl, che agenr can eevaluare e sit-
wation and formulate 3 e plao.

A finit stute machin (FSMD & common mozhaniem for controling the belasios o
aenss i o game. (Fscares are devigned is 3 simplk, geocral-pupusc, usable fshinn.
cauh st cabe eused 8 varisr of ituations. Potting seates ineo 2 bierarchy (acl
itars the. wuse of senple omer-evel sttes. Highee levsl sates can deal with bg-
pictae declon-uakig w0d plianing, lexving the specifics o lowec levalstates

Imagine s gamae with an Indiana s stle puzzs, in which the phyer mase ro-
vene s tled floor mrked wadh 3 geid oF sgmbala. IF the plyer steps on de wtong
i, che covironment. gets inore dungrcous, wirl e dhoring from cmcks in the
Flaor and cnemics hecaming mare feracians. A the playee steps on the coece, ules,
encmies calm dawn and the Buur cools "The Ssono coemy creaqures might appear
clsewhte in the game, but chey havs unique hehavior while te player i sobving the
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il e much ore imncsive i he player scill has contral s the sory i bl wld. &
siangle mechaniam ouch 22 Bolean flag on the player an signal sgeors co kesp theie
s whe oecessay,
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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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procees i icher a match i fuund chas apdaces succinfily, or dierc ase o more
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o ane with he greaer magninuds o the in events. a0 e applicsany
sepursion ffces.
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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

0o et o siping g Ths o sghet 00 con v whip
o off in  conplz of . | lowever, hefare embarking o you implementation,
aarslly comsider i problens e  pory desgne scipting language could cause,
The ollosingis 2 discussian of soms pove decsians har wers mads in the cxcrion of
the seripring, langages wed in BioWare’s moke-playing games.

ns
BScripe: e serfpring g designed for Saldurt Gate, and used In eery
oxher Tnfinicy Fgine game (Plasoupe: Tormens, fnwind Dal, Rabdr’s Gt 1
NWSeripe Fhe seripring langunge designed for Neweroingor Nights
Creature: A creauuce s 2 player claracte or any otler husnan Ueing, aniol, ve
‘mousor vichin che game, They have AL and specifc satisics in common widh
exch arher
Object; Ak dhat e b Interacred wich i dhe vizomen, The wbiocts
availablc in our gantes includ crcanuzes, movster spaing poincs, projeriles,
corsiners. doors, raps, 0l aeas
Heartbeat: A periodic sriping event that s rum every e secos o s whices, This
alows actons to acaur cven when o cvent nceracs with the game chjocr
Effect: & <el-convained stenemire that can he placed tpan any objece w implement
e et laoges {such s suregch modilcaion, dange w healh, or
veduction in movement speed). o viscal fash (such a1 puff of smoke)

ts Not Enough Beslg

design for BGSrips consisted of he following: “We nexd a sripting language e
e curmlbae” No decisions were mads on stax of seusubily. The it f things that
e g weld b wsod for side fota comba, was nonexiscons.
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eneny by wtaching o Lebiond T procdure [t laing parenrial Nanking amack
Ications s vircuslly identica c thar of finding nermal tvack locations, The oaly dif
ot Deing i belose g o dha ase wils 10 asher cnemies {Bquia-
tion 5.1.5), the s of potential seack lacations, ¥, shoukd be cullal 1o senuove
waypeunts ha che slscied enrmy i Being,

Once a fanking wagpuiot hus been selecced, I dhe parbfinding algorithm hos
hecn wsightad to usc safe waprints,ehe NPC wll ool for  ptl i i ut of ight
of the sleceal ey, The wsalting boharlor 3l be chae of the NPC snesking
anound behind 1o tcack i enmy

ks chrstin i emploged, i¢s Ity (it an NPC dossie bave pteet keehedge
abaut the locarians of cach af s anereics. Adgirionally. an NI'C might vt o phoe
sl s bocation befuss saecs arrse. Comseanently, in addiron 1o find-
g tactical positons for a et of eneimy lcations uring Lo, 1 e lsn uscful
characrerie cach wiypoines seategic vl in 5 stC eovimament, Sach chacacrrt
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Fving it a weighe bz o the pumber of ochee nudes i the graph tha b sl
ey hat nade (Cigare 5,13 s1cp 1. 1Fthe weights are wsed 10 adjus th: pchfinding
cost uncion, the RC wll pree o take pachs ehac are ess ey o be vible 10 10
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g Bahavior for Debugging

The e fox yond debongein of s cachines is e, While keeping cue sae
machine in naive C3Co— cade is a buge adeantage,  doeset help mch swhen o
doden AL eneiies nteeace avee a fenction of 8 second and. bug muse e wacked dow.
“The soian is tn be abe to monimr and record cvery o dhacs bandled and
ot L by each e achine, 1deally, the pame should kesp o ofesens o
very game abjocts st machine, conpltc wih imestaype, T, the game could
dump exh of those logs out eo 3 texe e, llowing muldiple game objece lugs 10
empared in xder o ind au whar e wong
Amasingly enovugh, chis State Machine Langpuage lloe for comlerely canspar-
ent oo, The tick s o embed logig Tuaction calls within the macto huye
wordsthemseves. The resolring macas in | ising 6.2
fob tose beauclally

Listing 6.6.2 Macro keywords with embedded

event functions. .

ST Beuins Lo oNGEnins  LT15Lat9 < 01 el statonarelsd]s 1
TATE_Clobal' i 1011
e returriinue); peLs(e

RIn——

returr raise) ] returni

ssetine saceias returritrue) i3 olze 21
{onar swatenazafea) =

Sesting onisata) Faturnizrus);jals:

avent 54 nag 3
o dabugiop Logs-atavacninecvent |
R biner- -Gt 104) ,reg,Statensne, .

et FRtumLrun 10li0 Q  evortl{
a_ocbuplon. Logazacokach:nsEvant
1 Ganar Bt My, statenind, 73, 5rus) s

statin onspcats GREveney eV Upascs |

Pieting Unkncar Inbvent: CVENT Ehter ¢

Fserize tnteit ncuant{ EVENT_Ext )

O of dhe st ik performed by chese macros s chat the cvene and message.
emmerarian aames an <aeatly logged in Englals, not by nuonbess, eves hough 2o
\rastation stings were eves coded. By wing the “4” opesacor in the macro, the -
merarian names, fiks MSG_Adacked, g dircetly coded into dae stte machioe 36
lagaceees. Ui allows them 1o be printed aut 10 the sreen or dumped fa 3 file in 3
meaningful way istcad of Jus & e,
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conclusion
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cvenrs with diferens propereies. such as Aided. GaseGil b, TraledWid, LiodTo,
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References.

Groud98l is & descripri: of an acrnd game. pnieation stem, Liims Online.
[0ui01], [Reeick00], “Rubiccru01]. and [Subaterdt] desceibe recenr esearch inca
tepuarion systems. They are masdy talking about reputscion systenns for e cam
e, whid s becoine s o oscasch topie. While noedirecly applicable,they di
cuss same inseestioy cechniques Ll swight b iucorporated into games, 35 well 23
esnaral idas about reputasions and cheissociolugieal wnd econvonic plivarions

(Groni38] Grond, G, M., and Hapson, D, “Ukis Online Beputstion Sy
TR v comicgto. O S, 19

IOTM - Soloo P Ao ol St Applisios
i Restacton, Regmmmendarions Eoed on Regutsion: {rtaings o £
il Congiets o coemnomons Aot AGENTSL, ACIA B 2001,

Resmh0] Rk b 7ecoman o, P, - nd Ko, K. Rt
o Syhiie oo o e ACH, Do 00, b 5. 12

i b 1 Lo A AT i) T B ok of
Reporsin in Wk Ageos Qs g of 6 ot ot
o o g FENTSD ACH 1 2001

I5aberb] S, Jod 25 S, Cols, "REGRET Repustion i Grgacios

 etaings af (5 neratasnal Cofirs i Aurmios Ao
01 AN Pas, 2001

|
1
:
[
|
1






index-536_1.png
10.6_ The Poriis of & Seripting 547

+ Regaedlos of the wols you oo fur dhe fub, semenaber shar any hard-coded
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seriprs o make the end sors experience fel e "erpred.”
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Language Maturlty
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il wwrplex daca, and no the language

Siamplicty is o of the blggest morhations for creating an Al s laoguoge,
and comsdering, the sronishing complexicy of 4 lugaige such 32 Cee. i€ clarly 2
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problemm. LTere ace st igh-qual iy deselopmen ol aod thowan of well-
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For cxample. s the nombar of NPUs groses,esrrier the nnmbs of graups wich which
an NI'C can shaee Inforamacion,
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cepotation Svcul is ot sl
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at cucs et s ke e secaces o thenselves, Otherviss, btk NPCs shiae e
evence thex knewe sbour. Cnly same events are warth sharing, hased an the memory
waech 3nd updus proces.

Portarming the Memory Math and Update Procesa

For cach vent an PG Leens bout, the NPC prrfortu  tactuory match o e i che
evet might mch s e et M .t wetempts  emors wpelt,
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Gameplay

Designing the Right Interface

Section 10_Seripting

e ot ke« dilfsence. In many cascs, W is rue, |lowwer,ies difcult
K ¢ the g, of  prjcr whar subsyems youll need o optimice in the
cnd.The act of ntcpretng aseipt iposes s oo o wscthead, 53 opung
sl cun only take you o 5 2 your scepr il ncver be s fse a5 it would b iF
e campilod

Also, cemermher the ld asiom thae o wil sxpand B U apase vallble”
F pou mpose biandicsps un yoor AL performiance, you might cnd ap liming i
Funcrianaley

Troey gamer has had the experionce of playing throngh o gane aod Fnding dia L
can cead the gameplay bike 4 seripe. “When L ey uw open the doo @ Me. Gintis
coutn, on of the bad guys on che other sice of the door says, ¢ My Wayne! Noth-
ing can scop that guy® And the orher had goy says, 'Oh peah Wl how aboue this?
and shonts 3 missile ar che daor nd blows it up, conveaiendy slloviag e, Max
Wayns, o step drough.”

This ype af scripred AT ofcen ends up generacing very narrow pameplay. It forces
che player donwn a specific Lineas pach the designer cuae vy with, b than allasing,
e player sotne mueasure of crcatviy tn overcoming the challenges he. o she faces.

Scriprod A1 can o grearly rodnce the gaenes replayabilt. It can pervecc
gmeplay incs a form of memurizacion. b Gest i dirough e dungeon, jou ger
slaughtere, by ad your b saved ganae, and you have the advantsgs of knowing;
exacely whete the snemios ace and hove ther il aetack you.

Fen in  rorally sripred srcerm, e are 2 nusaber of ways 1 ke the gane
e preditable, Sisupls wechiiques such s tandany decision-making il go 1 fong,
way towand enalng the gamoplay more Hexble. Lerthe oands chaose randamuly whetlir
0 g0 Lefe ar right, or whether 1o parcol the black cloclwise ot counrerclockise. If
onbig ol ekl & oo, Gl randomiaed dtay after a seripned svenr is iggered 50
it nor s0 obvious 1o the user thar cossing an invisible ine causes e g v s
and atack.

Ve idesd philosophy im mamaging the develuper-denigner relationshi is to consider
i Al should do 2 ek  possble autommanl. 4 desgre should be shi 1o
oy an AT enrieyine che game world 3 any e, and i will immsdiately bebave i
a rewsonule oo, Mace « swxorovpe o the wodd, and he will awcomtically
Kuow 1o gt the rebol scuon when you fanch the game, with no need for che
designer 1o tll it amyrhing more.

“This philosophy foeces usto st he inwinsic AT that s, the parsof che
AL tha St e Tondacon of the AL ntiies cognitv relkic, and chat
3t rom one par of o game to the nesr—fam dsigner ncentions, hich are che
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26 Dynamic Reputation Systorn Based on Event Knouleds
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Tl Per-NPC Tang, Term Memnary does not necescarily sore e highest s
fude o exch cven. For example, i s NP eimessod che plyee shovting  Lasi
Lot ot ol before the plagetkilod the G, boch wonld refer o rhe same event
in vhe Maser Evzns Lt (Flaver DdViolenss T Bundi. Howoses, e NPC that ran
afFwould s the evsne with magnicuds Shoors, and the NPC dha stged sold
st the v wirh mageirnde Kiled

To couservc nsemony, kg e Pee NEG bl saall, Wee sheady talke sbout
e vy o i, by b e bl commit of ceferenots o che Maser Tent Lise
eather dhan dhe Reputation Evenc themselves. Ancthes way o Sac e P NPE bl
sl £ sl sure chat NPCs caie lsan someing chey have o business noing
Jyou Kl samcone nd by winaess i, chen nabordy showld ks that you did ,

Vet s may 10 koep e pes NPC tsble stnll b 1 ev NPCs forpee v 45
metioned previously, moceseious, highsr magtiude cveoes avcsshado s serians
nes. NPC can also forges evencs afer 3 predecemined sunount s (et by the
desipnet i the Evem Tenuphie)

Fially, we cax kecp the porNDC rables sl by adding, choks painc 0 che
ane ke Leved Lonundacie ur oiies piots rom which the plger can' e and vo
sthich che NP care follow. Ac each choke point, veey Tl inforuation can cross,
That way, the amoun.of nfoemarian known by e NPCs peaks at each ok pui,
athet than conciualy pacing,as th garme progesses.

Sinoe the watmber of et s 3 single plapor ame s limiesd w (Vers ¥ O]
+ Carpren. we can compute the taisnaun sie of ¢k NEC Long: Term Memary.
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0.6 Tha Perila of Al Scripting _ L )
it baoks available for ll ol se lungoages, T whar yon need s 2 e prograrm-
ming language. ar if your simple progssmming lenguage wil uldnsately grow iy o
fullfearured Linpuage anywas, considee casting your loc with a0 cxiscing. matre pro-
pramming lanzusge

Development Tools.

s mendioned in the previows seccion, surpting Linguages Quie ofien evalvr into
actual progiammia Rogages, TToweses, they lnck the povwerfl and full fawared
dasslopeent, debugping, and profling Lach that are evcatbl for qualiy soffsre
developenen,

The
s’ dscan, Brsakpolnrs bt you seap che progeam ac ang line of cads. You can
rsp through che. code lin by line. You cun wep Into or ver any gven nction, A
watch window shows yous the salss o any varkabls i chesyseem, inchading comples.
dary srruceures. Vo can viewe the eatie callsack tit fe 4 iven L of ewde. Diara
breakpoints allow i o cally Ggure oue shon a varisbls’ vabue changes. You can
viewr the maching language insructions the compile created for your cads. You
un st the values of the Togsrrs o any pare of memory.

Mot seripring lanusges.on che uthee Lund, usea it ditor and bawe o debwg-
ing capabilies, L s cases, 3 sepe has a g, e incerprecee sl simply ccach
a st the sript. The heter scripting languages willsue 3 generic etor macsage st
s o, indicating dhe gppe of ereor and ehe fine thar cnused .

Programmers ypicall spend hallchei Lime duing debagging ot auy given pro-
gram. A& matue, profesionl dibugelug cnsiranent dramarically reduces.che
monine of e you spend debggiog and becunes you 19 vwrte o code,

Evety progussucnes ks shay 1 The € eack s 2 mough b, dhae requires
vy farure he dehugger has oo off: Sach g will ineviably accue o any proleetof
sgrifican ize and complexie, Imagine amempiing o fix hem wichou the debuger,

Clearly, this can b vy damgerons. Gving designers progeacuming poser with-
ot debugging support is Wk giving i 2 st car with o brakes. [F you want youe
gams ra be a ofwsionsl pronce, you neee e maiotab dhe quality of your <ad.
Script uan casly beoorme a type of oude, and withous che support of profesional
derclopment cools,serpting languages can swing vpen the Roodgas of edive

i couls ailubls i 3 modem develupiuent savivomens a1 3 pro-

Performance

Gune Al scriping lugunges are tgpically ingerpreeed at rumrime. & such, they
inuposs a signiicane performance penalry over swhat the same code would cost in 3
campild lamgung sach as .. - As A1 brcoanes ver s Iugostans, more AY onde s
sequired, and this bocomes o Incrensingly significane s

uny scriping Linguage developers wuuld sege thar o gones Al s 2 sig-
bifiant pucforuance picblem in the i place, o donbling ar cipliag it exscution
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Recognizing Strategi
Dispositions: Engaging the
Enemy
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5 aticle focuses on 4 prohlem comman co many ststegic viar gasoes: dewer

mining bose ame emight cngage che enemy. While (his migh sccn sesightor-
wanl enuugh to the plaser (e, chey'e over shere, s 1 juse need @ move sl aud
i, he compucer Alsdtc have the sdvantugy of billions o s of biokgical cvo-
lutfont an hae 3 bic harder ime accamplishing, this. arther, the Al st appsoach
che nerny meligencty.rsher than haphiszardiy iakling urits toward the apposirian
s e b all scan some games do)

Vb article uuline o ariey ol pproaclcs sy called smategc dispoiions that
are intended o belp the buddiog, wen-bused or red-tsne seategy game deseloper
buikd st AI thue will work well a the suaregic e, We discuss  voeery of anulycical
chnique in che context of @ strscegic wat e w astes the srong and wesk paincs
ol the crsany, and then sclece e hese lcation for an attack. Along the wati well
cover one way to huadle defernive soves s well finoe in the hvgee conrext, that’s
sy "sraccgic move o the vear). Well build on the buic iuffvrce map
{Tozou1ai appeoach, wad thew ald athes techniques as enhancemens w the basic
approach o el e AT make herrer sracsc muvement decisions.

Wfhience Maj

Tuzous olines ch Eindamnals o nflanoe maps i bis seele, and avany of e
comsdsraions the devlopee il face e bl thrm. A bisi, Haalicd 2D nfh-
ence nap might ool e ik Figuee 5.2.1.

T this inflence map, e gemeelized dae Il of ach it acrssthe ap
gporin tecin ot e momend, coting exch uniés e by oo bl o s
s i moed sy e the it We oundd down shers there were any fac-
tions.Squares thor b 3 value of "0 are el wodse by dise contel e
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Blackboard Architectures
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ey ol sovil systcon—whether a swarm of bees, a pack of wokkes.a sports

rzam, o an my—csquites e <aondinator of scdon. Indiduals need 1
tale cxreia ok, and ighlevel goalsnoed  be served by occasionally nomubrious,
lo-leel, cooperatin st This i 2 e for groaps of sicualated ageus i 2 com-
ptee g ¢ i For noturslamd social systems, As the ombee o agencs n wsyste
ineases slon i e b f pocencial rales e individual agents, santrlling
and coocdinaring heir hehnvior hecoraes incteasngly dificult

Ihe sasne tspes of problems are frced by those buildiog vistual brains. T grand-
her Minsey i  be belleved, i the ehing we cal “ind" i 4 soviety of fndlvin-
lly unincllgen sgencs PMinskpA). hem some sacans s o be found to cnardinate
o chase agens” divergent watcins. Beeause sametime, sosel, two bl cantors an
wan conmradicory things.

“he blackbocud spprosch migh e on possible tmeass of haudling chis canrdic
ation. Althangh simple (praticll tivil o inplemens. he architectue has proven
chagant and poven i crogh mn b el for probisus sanglo, fiom symtheric chr
acter cpmrrol i nataral lamgasge undestacling and arher reasoning probloms, s,
i et a5  ceclnique for formal ressoming and problua-salving, har backlbwards
wore e coceived sy back ta e 19705

“The hlackhard anchicsctureis bl s 3 oraphar: the physical blackboard
e all ez school was sl  probifom-sotving tosl. We have all experionced v
ing armnd 1 blackbuand with 3 grou of snds ar collagues to tackl 2 panicalarly
sy probleon, I s s, the blackboard veas el becauss i provided a shard
apac n which rhe problem coukl b broken darm and incrermentally sulved.

Faahaps i gooup broke into smaller sraups 1o solve difsreas paces of e pros
lem e prove che dhean, s oced 10 prove lenrma 1 snd leoon 2 G, or t0
e illenin bighelevs) sppoaches { T going o prove e by induction” vecsus
T gring t0 e s prool thicugh counter-esample"). Despite dis sbgrouging for
sulgilig < use e, cemvinology of he blacdboned liscrarore), cack group sl hud
divec visual s 6 e work of the ather groups, which add i onnciling dive-
gt et (L see youie getisg furher with the proaf through conntcr-ceanple
e L with the fdcrian, 5o 1'm goirg e put it asl ot nero”) and apposcunis

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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partiularly useful et asempring o idenrify mudeiple animatious being, pryed
back sinaltencously by o hiercelical auienation sysuan [Otkiot21. 1 can o
Relp dehug yanr games invevsc-hineanades (K) sysiers

+ View player commands: Smiluty. i gamss in which each plaget caatrols mul-
tiple AL units ruch s stracegy gancs and nany sposts et a1 Al player sl
ypiely communicare ssih the AL eatitie i controh by fsuing discees player
commaods 16 el o be able o view thesc commands 35 they o issurd 1o
e plaer’s uaits.

» Show atrategie wnd cactical duta stractres: Many games irh a hoavy racr

adin sicategi elemens eeqire AL plaxorsshar can peom srarege and tactcal
eeasoning wsing dareseruceuressnch as influcie enape, Tanctionl e s, and
depandency graphs isce (Touiuul1T. Pevviding visusl represenrarions of these
dats seustes s ke w your abilt 1o dehg chem and obserse eheir behrvied n
e ime

+ Shaw fire arcs cansideved: A Linged combat Al sysem will ypicaly consider
sose qeimber of points 1o sheat at an v fal ah sty it oy the
playess. Tl then ypicay wse Jing s o esermine which of these paten-
il e poions e (bl A few disgnasic ines in che game can sho you
whisk g Locations ch A s considecing, and whick ines 7t bas dicansicd
o blockesd,

* Show tracers: When a gane fckides projecile wespons, i often wsefal 1 be
bl 0 viow b aral pachs the projscrfes Rllovsed, This i< 4 big il whet
debuggios fun-mueiog prajocils tnch 1 bndlers, and i6s invalusbls when
projecele would follow aed the acmal tajectory hat the physis syten uli
el produced.

2 co propaint the difieevaces becwsen the aajoctocy the Al though the

Fixing the Prohiemn Faster

References and Additional R

lio sial beeahs, sy sl respecring plamber ol o he bl s the ok
sad ook at che pipss.

Gamae progranuncrs, o the atlicr o, prefer i sand aronnd and hypohesie
about why . siok might have broken, cinker endlessly with che fucet, wnd occ-
sinaly canvince themselves thar e sink s Dopeless e istal  brand mevr ik
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_Section s _Genaral Purose Architectures

Suttehing State Machines

The unbounded growth. of staes s une of the main problems phguing s
‘machines. Global event responses reduced this piobla greatly, but the e sohuian
is e e disciplined aud o et oo many setes exise sihin 2 sinle stte pachine,
“Thiscun b achiceed by dividing an ATs tsks b fndspendr chunks thar can cich
become a sate machine. When an Al nceds to chngs tsks, e enise sate ousci
eam b sseappod i with s more spproprie one.

An exarple i which swirching state enachies susken semue 3 in an RS, Since
s in a0 RTS are g diserees ders, each ordet such as Patol ot Attack can be
v srate machine, This pplication is drseribed in derail in the aricl A Architce:
tuse foc RIS Comenand Queving’ i tie bools Gome Programming Gions 2
IRabiad 101,

Simuansous Stats Machings

Another way to deal vich lcuog e sie o ssee machines s o use seversl i
ot st i a she ssme i, Torexample, o <an e s AL Lt s
mascr sate machine o e lobal e an cher e machinestht dal vih
tausesenc. unaers, or comversrions. Structuzed corectly this is & poverfl e
limic o complsiy oFndividual s mchines.

described, you should cak away
several impuscan sste machins advances tha v ke your gumes sarier and more
robuseco eode, providen yon somehons incorparite th fellwiag idcax

State nuacies should be ey 10 read.
‘tve machines should be asy eo dbur

State machines shanld b casy e Build aud prototype

Stace achivees should hase 2 way o communicrte with ocher game objects,

State emachines shonld have global event sespurnes e veduce redundane cods,
State machins should have 2 seay o s creny
tace machines should aflos canspeeat ncitaring and [ogging ofal vene and
seace csosivins for dsbuggin.

+ Scates choruld allows exccurion of special oo when fast cuered.

+ Seares should allow exccution of specil code sehen exred.

The Suare Machine Tangusge in Wi atile i decsivingly simple, yet i embodics
same very lsportaot soffwace engineoring principles that will keep yout project rom
gerring inro touble: simpliciy, malacinabiity, cobusmsss. and case of dcbugeing,
here ane ancier solusions 1o sate cnachities, s fullloven indspendenc fan-
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Section 10 Seriptin

BiSerips implemenced a very simple syotax. Sctipts consist of stacked 1+jtmen
blocks, Theee ar s escng, hops, oe arher complicared stceures n BGSeri. Lhe
hin, chax makes B Serdpecomfusing tand . camcern e any Al syt st Invelies
actions) is that some accions ace not acoemic. Nup atonic actons include semenr,
cobsal, ot playiug 3 seces of animations  anyrhing rhar drags out over several
siames. The implicarion s chat i the scrpt canpsins amy mi-atomie actons, you e
o imply e al of the acsions specified in dhe seipt. s be don w1

There sue L appicaches o perting around this problem. The fet is © imple-
ment & siccual machine rhar i re-snerant. When tbe action compleces, the seipt can.
be triggered again, and execution cun continus, The secord is s add these crions 1o
n action suack and esecuce chem in ordsr after the seript has compleed runaing,
This sosmed to he rhe casir solutian 10 implement at the time, sines his allowed vs
o e script feom head e L, unload i Croucs suemony, and deal with the acrans
afer the script had connplesed, Thus, we chioss e larer merhed for ACSuripr.

Un‘orcnaroly, this is 3 very difficalt cancepe for end wsers cw grasp, and we
shanld have realized early om cha amythicg, the desighers bave probleais andecctand-
ing wauld sho conluse exl usics, Listen w1 caucily t sehar your early adopters ask
quescions abotw, ¥our eacrion sheuld ot be, “How cun [ B iz peoblen” Your
seactian should be, o can I e the design 5o that 0o onc clsc can make this mis-
ke i

Golng back 10 our problim in BiSeips,  sisaple step  isnprove o would be 2
simple syt tick. Rathesthan haviny the ctions ss e satements, cansider frcing,
e el of ans wdd Gt T Follweing code:

1B T KU
ddorionTateass (S taLossl ("Kebe LIt ucksd” TAU7) 1

5 mich clearar m most scripees than

A task (“HOB0LD")
ol Gt PKGDOLIA Farksa  TRUE)

The syatan o the Linguage is anocher usabiliy issue to considar. (Fyour serlprers
Consist ctsiaely of ncaingd designers,then syntex s noc  huge ssue—hey wil have
€0 learn any syszem from scratch. I you v cechid designers < pragrammers
doog sorme of the seipting, then you should strongl consider a srandard syneus sch
5 C. This will minimin e leaning carve fo chese peaple. Anothr adantage of C
¢ thar thers: ars many books and couns avalible ta teach it This meuns that you
dan e o devote your e Lo geuing e designers mp e specd

Elowercs,  you at¢ g0ing 10 srar with 2 standand langage, you shoukd b vety
carcfulin the seaye in which you midify the syntax. While you enight have your pec
eevss with whatever bugusge s pou e <hoasing, changing i wil pnly resule in
‘mote contision to thase people alrcady familisr with the language. Makiug » L
guage thar s snicabl for o dfferen sets of programmers (fr example, those who.
o € an dhose who kaowe Juss? is 1 worsdeelul way 1o got iera bl
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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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geustate e bine ialormarion amramaricatly, or designes can plae Liots by Luad.
Naris echniguass can be used t creste dhese biats

+ Usigner can pain Qoor geomety it ooluss o coxtres hat gy hiocked
e, ue Lol uf e peferance.

! + Disigoerscan place line segments w b s s resed paths ot gents n fllws
S e, place 0 anechs [Adimanl

+ Disignarecan place bass in such e 1t th s sy ar s ame o sidh

el of sgh 0 ot
+ Disigners e cresce promecey o define arss i hich agors can frsly move
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gbiasillo@ea.com, gbiasillo@shaw.ca
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jorkin@blarg.net
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a4 PC. A LOD 3 or below, 4 PC is not peivy 1o the rols made dhing s combac. 1F
dhere an things chat are ton camplicated ca compute in a resonable amoe of e,
ome doss oot need o compute theca at this et oe b, Hanen 10D 3 eroanures
st be seen (o be performing whar looks ike che acrual rles

ArLOD 4 ar 5, o does not even el wse he roles mw one can see e Ggh
50 che ol Uhing that wsttes is il end cssult s selacively clse o what would
bappes in practicr, Rules caus b saopliflod b analyeing, che camage capabilcis of
cach crearar, muiplying rhis by che munber of artacks, sod then randorly spplying
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cinemacography and choseography uf he scene. A oance v cmers cantrol wal
ensbled the WYSIXYC: excarn o smoarh cameen paths that could hen Ly inte
guacad o e scrpt. The mixeure of absoluce game sworld coordinates, predefined
comera parbs, and ehcive object cooeinaces appasent in Listing 10,52 resaleed from
the we of thee coals

Listing 10.8.2 A complete cinematlc sequence
Introducing the “Lost Brother= Chalienge.
vegin Tiecia
17 Greas o nondy storm
Start. nieks 00Dy PEAD
Sorm - 6-ote WEATHER DRIZZLE at (Brocher)

51 Wove the sastar out wazn 3 new welking animation
Seve statan e tion to (Soapeon)
52t Sistr sm CESPAIR ALK

! et e camera 1o aynamically Fatlov thy sixta
Se1camera faus 101" on Siscer
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15 Vait Ltz sha's said her ins and stapped praying
weit unti- resa and Sicter plaves
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 Satar focus <o (Sionaed]
Saarer play PONTING 1009 1
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Inas . cecons Los1.x

4 Hove conera bohina <ho sistor, wait untiz dans pointing
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‘BotesLeaening proceses he et raiag s bfore the wlghs arc updared. !
Vodersndsbly, s e he rnming t b offine. ThisLes o
adhancugen,inludio e absence of leaiag racs, which allow he lgorithm
e sutomatally converge o a solution. The best,and also on of the simplest,
lsivhan o his s Ry Risdindles93. This combieatin should be choscn
whenerer posibl. ]

[ ———

aris when yan sionplify es rspresencion. Specifcally, the same inpu vector might

v dilfreme corerspouling outpu seceors. For waning ducs, s can be 3 problenn

singe i rewcals Unceeeaiy bour he resuls equired: this can serieusly e pener-

alinaton. e addition of dissmbiguaing inpucs cut resobve most ofchese ases, i
Surprisiagly, adding il Jier co samples in seall rining secs an preven

overfitiog and. snhance generafiation | tolmitsim2:. Keep dhe nobe raodo 1o

wvoid Liarciag s disibution, [ gusctice, avold nohe an Tovlean s, 8l

consider maise o the Inpur vectoes 2 wel as outpuc vector. Finally, with regaed 1o

cobotis sensors, wse ooise i e paranetees af the seusuts a5 el as the valogs

wrened

i dcamvically patect, conuadicory trinieg, dary might

Unsupervised Evolution

Goneri aorihm GAY el un s concepe of survivl of the st w prodone

near oprial salutons. An encec popwlaior; of caitis is creared, all mpresonced s a

sequenee of genes: the gemoye. This foren the structuce ofehe g code, aud e

sificnstates o gencs {called ) ax requized o model theindividuals, Given chis

genprype riok are perarmed o sssign 2 fimes value 10 exch sy Informalt, doe

Sitnses s the likeloud of them being allwed 10 mace, n practice, 3 letion chrmie

can pck o parcors hased o chis valus, & proces called cmcuter then combines

ensric ende, Vinall, mucion is perrmed on the childs penoryse, It is then

rensercd inuo the gene pool by a replaecment schone, which G b, incremental

(repaciog, e parencs. or 2 randem encity] or complee (spawning 0 entiecly new

popultion cach gencracion). Excluca s s1oppad whens sascory zoits sec

abrined. P 3 hroader and muore in-deps Iook a¢ GA, zonsal 3 good inteoductory

sk 10 che fekd fsuch o [Vichell98].

A s ceerly been applid e KN sith grar sicccs. Thisara s fiely ness

ek, and selavely undocumene. Hoserer,cheee s been «sgnileant arow of
escanch, o which e el MDY o ch best tehpiqes.

Neural Network Representation

Hefor s apriminaion slgorian s e applied  cnvenient epresntaon oE N
ol 0 be ssblished 3]

Cramunas-basol eprescutations have the advaomage
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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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Implementing a State

Machine Language

Steve Rabin—Nintendo of America, inc.
steve@aiwisdom.com, steve rabin@hotmail.com

ey o ot e o s e et sl
e, This o of poptatiy doss'e hagpen by aceidene. Racher, st machines
arc widely sod becane they posses same amria st They are scuple o po-
geam, casy 0 comprebend, casy o deburg, and complotely general w0 any prohie
They might nox dheays pravide the bese selution, bu few 4 ey hat they ges he
ol doe wits izl ik 1o e projec,

Hemese,sure machines have » daker sice s well. Many progrmones fouk a
them with ditrest since chy e @ b vorstzuted wd b with o camsisren -
e, They lso tend o groe umennrnlbly 2 the developrueat ycle chunms vn. This
o stecture, couplad il uelousaded geoval, mkes many e machine ime-
ancnvations 3 mainssnancs nighemare

With the curcent sate o aliss, we v s st conezpe ofa s machios,
bue it ofn is abueed and eorcured in aceal implemsncaion, This sntice presents a
sobust vy Lo sovctute your stas achings wirh 3 simple languags. Thic St
Miachine Language sl nor only pride seruceure, bt e will unleash sonse pwentil
concepes that will il programming gaes much cavier. The e aricle, Tnbaoe:
ing.aSrne Mschine Language through Messaging.”will e oty s b wich
' pumsefl commnicutions tchiqe sing bssges. Keep in mind thar cach arsle
s il s e on ehe accompanying, €13, While this techaique s bl aevund
Coe. asinilar C-only venion appeass o [Robin00).

Tt so st we're all oo e same page, % imparcan 1o ndeescand chat whea gune
developers speak of ise macbines o fi-sse machines,they see oy laasely reer-
sing o the uraditional Computer Sciznoc deinttion. T you wane ro b sric ahwut it
radiconal fnitescace machines ar: cuther cumbenoine, teduadiat. and ot vy
skl T xunplicacod systems, Therefos, game developers never scraally e thuse
i defnirions. [nstad, they might bave scaces within stas, wuliple saue var-
ables. andomnest i stats uansrions, eods cxecrring svery game tiek within n s,
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When an LOD list s allowed tu exceate, Lhe st crearuss waitng on tha is's AT
aicne s procsssed. Cach creanure from that st is processed one ac 4 e watll cho
it ciene slce runs o, Each lis is not allowod ro stel time from the processing of
the lewer-prieriy lse. " his paarancees chat at Least ome veeatuee [roms cach st Js
ol o s s AL s, and pusess starvarion of che lowest-prieriy e

How Patifinding s Attected by Lavel-Of-Dotail

Many AT serions. can use up CPU cyeks. One of the most -consumlng stions
dhat e can peefoce s pnlsfioding over 4 conuplicaed weeain, Thus. 2 parbfinding,
lgorichn is 3 logical placs o sace implomenting a velof.decal lgoricha,

Bused ot the seacture o the AL, v dscided no 10 score he pashfinding progeess
o the gme el dats struceues. Insead, each creacuee keeps s owa fostance of how
e pubfsding dlorithin i progressing. TTowssor, using an A” approach in chis man-
e wanld be cxtremely expensives el e dusens of agens amempring o
Socan pubfinding on the st ara a1 the same time, 53th each pachfindiag srarch
cequiriag o rge smount uf RAM. lo N2V, we actually 15 TDA” and arher comn-
s €hs ralniques o ave on the resourees wed [Beockingronto]

The crzsin s composed of 10-by. 10 mueize cle, cach of which has nformation
indicating, her i intesconnects herween otber wiles. Wich s coane. grained sy
Uit e parkieting), one can casly pencate 3 series of cilss chag on roust trel
thicmgh o ronch rhe final destnirian. W generate ous fll pah Ly wiag, st
pashfining over the 3D geometsy en each vl specifed hy our ineer-tile pal.

Howr can one cake advantage of this strurtuce with e levcl-olderall agarichin?
Creatures that s on sotoen are always 5qaised 10 do both 30 intee-ule path and an
invracile purh co make paths look simuoll and nasd, Any < ar 10D |
thnagh 3 in st Uisraechy fsglementsche full pathfnding algorithm. Howeer.itis
imporcan o note dha the diffetsnce fo CPU it allocsred e ercamnes 2 LOD |
vetsus hean 1 10D 3 i signifcant. Tor example. o out arban ares, each 1'C can
wally e ight e sonlayer characrees sanding on guard, selfing goods, o wan-
dsing rhe sreers. Tased an the cime percentages piven eulie, a C could oompute 3
cotuples it 18 tues e than a crearure ncar 3 PC.

Whae shout LOD 4 crescurest We wuly bother 1o compuce chls paths via the
inte- e method, and then spend the cime jenping, each crearaze From el 1o tle
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i, his st be leamod before the game searc, since cnnsiderable
varistions i e resuls ca be soticed. Despi the sovelry and contrenersy
associred it this approach,dhe porentil is hord fo ignare.

Offline vorsus Online

Ofine learning ks plce bfons she simubrion, . fsbion sl 10
precurpuition. 1 trining s e, i anplics i all he rning samples e
Ve avalible. The qoliny e by earing gorichon in his case s
oo superior. From wicin the e, prformtoe dors ot i o 1o

Oniin siing s e ceserk s i e g Tkl
spedkig, it can e peobleuatic for s NN 1o b prescted with 2 consmane
St of drs. New inpr vecrar need 10 be larned hile el ausing tha
previnosances ae o forgonen. Inrementl rising alguritns el wich
thi probii. Thes can sl b b of quali n e e, since
nappropriace dute mightbe eacec, Usio  bighee levlketning algoridhm
s at (b soltion comesges 1 glabal maienm

Hiybrid schemes scem dealy st g, combining the bt of (he o,
previous approaches. The nicial nerwark i rined secerding 0 resenable
ekl parametes, while pars anlne dsa i e 1o prevens oofision

aunund sach trsining slgorichms. Wich ovet Foue decades of research and practie, the
procadue is excremely wll documented, wich [Bishap9S] remaining the reference.
This socrion will o ateempe tn daplicate his eforts, hut concentrates on practical
optimization s,

incramental versus Baten

Excludiog heavy momerical anslpis sulucioms, iz ace Uro oaor ypes of

algoritlans

Ianctemental training algotithns updato che weights or cvry rraluing sample,
implying thar i dos nox comorge 4 e sec ofvilues. Hwees, online
i is psible. The original back propagation routing loaps repescedly umil
saiscrory sosls e abraincd, To prevent the algorichen fram seediag in 2
ahaprimal state, momsntum i ofien added to the weight deltus. The ragjoe
problemn with ks spproach i the selorion of the earning rc, which cam be a
tediems, problem-specifc process. A soutian o this i kst s ochissc
appravimation ot annsaling: the learning eai i skovly decreased 1o cncourage
aining t converg 0 & gobal maismum.
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Reputation System Data Structures

az8

A Dynamic Reputation System
Based on Event Knowledge

Greg Alt—Surreal Software
Kristin King
galt@eskima.com, kaking@eskimo.com

£ yuire developing a game with large mumbers of rom-player chatsceees {NPCs),

o fce e Hezclean vask of bringing the NTCs 1o life. A so0d repuration sy
e dyoamielly manages NPCE opinians nf the playe, o they seem respamive to
ehe slagers actions. Fos exapl, in Ulima Onlind repuation syscem Grond9s],
Kelling 0 NPC: changes your karma and fame. which infiuences ocher NG’ apin.
s of you. Howevet it s plobel elfeci—all alliced NICs nstancly age e
oginion of you, wherher or nar they wimesse e sven. Ciames i which an aetion
s ol et ek it seem s though all the NPC nave BSI: No bscer what you
oyt cart U gour eputaion or hide o acrions.

Ihis arice descibesa epution sye wsed i 4 single-playee acion.advenare
game char solves tho ESF problem by rying changes in apinion to dirce o indlioct
Kaowledye o the action. t e same time eviimiing memry usage and CPU time.
NPCs change thcir opinion of « playct only i they saw or wee told of che cvenr In
s way, e system propagares he players repuration e other mecalers in @ group
acrss e e ward, b che playee can inluence cha propagaiion by dlimioating
wicnesses or saping ahead of his eputarion. ‘Chis czsuls in much more comples,
intnctsive gomsply,

Tl main dusa stuctuses are the Event Limplce, the Reputucion Bveat, e Marter
Tvenc Lis, e Por-NPE Long Term Memory, s the Por NPC Repiarion Tahl

Tl veputacion ssrem tiggers & Repurarien fuens wheneer the playes pecforms
an scuion dhat aight change dhe plyer’s puation, cithet pasiisely ar acgariely
The Repucacon Event cantains the basic infarmation abous the sction: who per
fotmaod the action, vkt they did, and who they did it o, ¢ also cancains tepuration.
effct informtion, abous how NDCe fom diffrent groups il hange theie opinions
of the player, The svent is based o1  scde Evens Toriple {3 templace created by the
s desgner, and s dynanyically generaesd Inforensrian o Al in the gaps.
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When weiting dislogue, i is iuariaad 1ot t@ inuedare she physes with oo much.
prose, e they miss lmportane informarin. Wriing simple. well-efined dialogue
shar dass nor halimle the plager takes time. When testing, we fouod that dislogrie-
intensive cinemacic neuenices woald prove fustradng on tepeassd viewings. Unabling
e playees o olck thuowsh uch sequences givss he che shiliy e dicste the pace.
arwhich they are presened.

‘Mot games are el to be released In more than one language. Blck o Wi
Lot cxamgle, was released in 15 This means thar the timiog of dislogue is noc foed,
and neicher areche mouth mavements of e clscsctes spedang it Rachr than make-
ing, linpuage-specific vervions of cach cinemaic sequance, the presenc of condiions
sudy s wast 11 voad in rhe Chillongs programming language enabled o
scencs to b synchranised. Dymanic lip-syncbing was ahieved via & real cien fre-
quiensy analyss o the dislogu, courtesy ul progracnining maven Alek sans.

Ambien sound efteces ware ugely auomazed, wich dhe sovads cnited by
Agenis assignod a lwer prinscy avee those emiteel by 4crors, The majoricy af saund.
effets,surh s Gonfull, were caleulsted aatematically, dependear on such things a5
animation and tzsin (7. mexning dhat chey did noc need o Le conrolled by 2
gt

Dehuaging
Totraduciog » secun] progeamming, linguage creaved anather souree of bugs,
Alllugh th <lsan separatian beresen M and parme meant that 2 Challonge seripe
swould b bard-pressed to crash b game Ll it dacs have excry chance of creating
isegular behavior such a3 locking an NPC in a paccicalae stawe o ocking s yamnc
wirhin 2 cinematic sequence, effectvely haldng all plaver inceracton. A single-sep
debruggiag intefice for Chllengs stipts was devlopad, as sere cools 10 allow the
ame designers 1o sewtire informarion from the game. The inplemenation of
the Challonge mochanism in 3 DL allowed us w fx probless with the VM and
ol the DLL om-<he-y, ircuasvenog e need fora tme-consuming bag:fiiog
erele
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Vitss funcions ac crucal sine thy indirecly dezrmine the heheiur ofthe il
el To e they s o e s s poble, o GA secuggle with acures
o funcs spase, 1, thafue, geod pracice o e it continious,

6 you knos hove your nerwark shorld perform, an sxplicie spproach cso be
sk o devise suclh  fanion. This e the svlation by gracting istant
ewands: ehen Teaming 1o K| il » ocker auaches, o intince, ewarding small

angle deviations fram che ssemy’s position. Sach a consessining approsch can iniilly

Dl the GA. but can limit the osiginaliy of the solauions. Teshning should be eonsic
ered in his cae.
Aes implici appvaches, hased uo pucishment and. Long.cecm revaed. allow

mote fredum in the soluton: in other words, eewards based on damage inflced
sing the same rocler fauncher <xample). Obvionsl, Ioophles i he mior prob-
Jem wih this apprasch. alehonigh ir can be recmely amusing o warch nespeceed
resl!

Finally,you can also combinc bath of thesc spproaches inco one fimess function.
This imvokes eveh of magirude in the ocffcients used t scle ftness comporens,
Practically, the esplicit rewand for senall gl deviativns ca b seled Ly 0.1, 2o the
impticic rsvardfor damage ioflictd wonld wcigh 104, Conceproaly domin-pecific
encaeledge s twsed o devise 2 smath imess fneion. Mot anly s this pide the
evoluion in e early sages, but i el s more Fselon u the aer tages

‘When developing NN applicasions, yu ed to adrut th this s & design phase, and
. juse shoe hacking, paramerces. This ienpliss thar you work in increments!

updns, that you dacumen clunges, xod thit you back up ey workiog prowcype.
This will o sy dowor s L f somtbing gocs wiang, or if your ol
needs sxpanding.

structurs
‘hete i no immediste formula for devermining what structurs & NN must have, and
since this i troublesome for even the best buman experts, the chances af n <ficionr
arihen

Ll s 5l i g s, There are, Luweeer, sorme good paramstens o sart expu
‘mencing wich, Tor the number of Jasass. ve nsually Limie ouselves o thics when
srinig impt,hidden and evrpur). The seasan for chis s chat thee layers ace enough
o clusify any puttern, and back-propagation dgorithms work well b N will fow
Iy, Virying the aumber af neutons in the bidden layer wil Lwe more impast,
since his dirceehy o

e itween singliciy of the network und qualiy of the redi. dur to wnder- wnd

i salrion sppearing in the fatare a sim. & such, any mles of thurb are

ccsche geoeslivaion qualiey. Nate that you e rarely compro-
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Gohavio, by dfision, & whith e afer cuernbing che hos be
plained Dpon97

W can s cacrgone bohavior (FB) 6o give the llusion of intlligence 1o 5 game AL
It i oty cane, vustrcences ol BB o even provide s flsion o the devel-
apers shemsclvest Ac ane paine during che wsting oF Zpiv Eerth, one compucer
playerauempred 1o expaod o an aa o che athar sids of an enimy’ ram. As Kis cie-
rens were acempting o break chrovigh, @ massive asach force canne i and kept the
ancrny busy whil che citrens go¢ through, This was nac programrmed in—the artack
o lappenee o coincide wih the expansion ateupt due o e adiusincus ofusrs
gaserning karh hehsior.

Unfurtumsuely, it it vety baxd s purpuosely e B sath, ane nosds 1 creare
an archisseturc in shich T can ocanw. Archireceures that suppost highlevel comn-
ands, goal e decisions, snd tmer-based decisans wil fion esul in emergerr
behavior [Scatt021. Sevipt-based approaches co AL will geoerally nut exhibic &8
Tomunt2i. n generl, he deseloper nceds ra enanrs bt decisions eake plce i
somenhat sandum ordees ¢ encourage £,

AL AL developers will fae the yoesivn of cheating a some poia durig dowlop-
aent, Thaw e parit who insist the AT hanld ncver chear—rhey- shanld hive
ekl the s putsavafable 0 e s s player, Most gau players waukd
ay that ehey dont wane an AT dhar chears. Thaxe same players o say shat they
skl ke s AU i i chaflenging, Tuterescingly.sevcal games thar smpport -
creseed AL fls v a thrivieg comemupy of people speciically weiing cheati Al
oscnsibly o cxtend the % of e game,

Many objevtons 1 Al cheating tume dovin 10 en argamen thas e Al will bave
an unfir advancage agsinr the human playe, Tn e, the computr s a 1 severs dis-
g snce it canno oprovise, Ar bsst, @ conpunee player cao oo from a5
ity stteges 7 th detelopers have i 0 each 1. Oncethe buman plyee knows
dhe al, e computer viases w be a challeuge. W wight cvenuually b able ta
develop an AL that can rhink the eay humans d, huc uneil the the buman player
will avays e i advancage.

I worch aoring chee i asked whether they would prefee 2 brain-dead AL oe one
chcars, me plagers e pser he lavte as i s he heasing i nos b

th
Aany furais of cheating are ncn obvious to the player and ase ave even considirsd

chearing. Terfrming carain anlgsis an 2 andam map befie ies xplored s » forim
uf eting, but one that mos. playess are willo o orgive i npevves e peslor
mance of the game.
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Tistog 6:5.1 sows a cxauple of wht n stats wschie Jooks ke v con
steucted wih thise kewords. Note that i very similr  the previous swisch-bused
state maching horeevet it conceals a vy pessrful comeol fowr

Listing 6.5.1 Exampls structure of the State
Machine Languags.

Boginstacivacning
Stoteq STATE Wander |
5176 er ors coce for stae entry
ounin
76 er Gre coce sxavutad ey tick
onxit
T ar o one for sxare slear-up

Stots SIATC Attack )
© ar G cose for state ertey

[e——

The sxscuion of ane stors machine i srsighcfaroard. When it fre starts up,ic
caners dae fes scae (STATE o) and exeuuesdhe v wder rtar, Afice
the seste machine ceceves apdate mestages an every pame tick and executs the code
s onptate . dhe cucent stae, e eude wigaers 2 state aange, the Onéss
code is auwmatically exeeuced, che sate s changed, and, frally,the Uncto- section
afthe now sote b cxecued.

So fur, i e clear how all i setually works, but che structuce oo here
make congisrone, readable, dabuggable, and tohuse sare machincs,






index-417_1.png
Conelusion

Referancea

eh amack

it g a she beginaing of each rannd based on due kel of
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‘e differoncesin the challemge rtings ol erch creacune cvnld be used 10 bias the cain
fip.

I rhis article,w descibed  ssten for inplemencing AT in 1 rolc-playing e vith
ousands of sgeats. W sl showed a heraichy for chsifying objets ncn loveleof-
etait o e s his clssfcasons o deeetnine wehieh algorithm 1o we 1 swne
Resrce-mtensive actions Ascas thar o cun explodt based on Jeel of-dewslincludes

+ Pracessng lioquency:
+ Tachfinding el specialy ¥ yos employ biszarchical cachivg,
+ Pushfinding, cheating

+ Clomhat rles and dotail

The actions and elasificacion ehac we prescared focuseel un isrete Jewels of.
deall, Huweser, st praphics esesrch focuses un vaious mcthids of daing cont
s Vevel-of-decal, such s progyesshe meshes [Eloppedtl. A couple of agpraaches
for contons T.OD visre cansidsred or MWV, We cxporimenced with varying rhe
ine snd depih of e patblindicg, scach based o 2 continuous T O messre fsuch
a5 the disance co ehe neaest playe). bt o resules wese wsaisaccory in compar-
son 10 i disrets LOD spstem cescribed in chisseicle, We alen expecienenced with &
continuous LOL sstem for simonther nrorpolarion of procsiag [reqnenes and
fuled 10 provid any addicional emsfit e abigee shat we savr wich e dhcrets
L sgerm, We hupe that gour experimens are e successl
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of being able o model individual connections and foedback in a compact Fshion
Trehased wepresentuions ate eserved for foed-farward nerworks. These two solu-
o have Lhe advantage of being ahko epresent the siruccare of the nenworl: in

Sally. However,che mas appropriate cepessentasion s L simplese, boscd on areays
of flsae. All he weighia of e wetwork ate sosed soquenrially in an aceay of genes.
‘There are e spcial goncs conrospanding fo the sie of each Layer. I dhese goncs e
changed, the docoding ofthe gerotype will have o il emove exera veghts

needsd,
State-of-the-art Gonatic Algorithm
Th uriginal popubrion of genorymes is creseed randsaly, dlowiog gore incial cov-

ergge of the search space. | bis popultion is suored o 1 203 grid, shich corsesponds
0 o NN per el Thi grid wiaps araund in bath dimensions, in + dunulie fish
o, Each genocype s canveried 1o 2n NN. and pu thevugh a wial o derermine ics
fncil s wine. The cvolution process can now sarr, A gl i selocesd ac undora,
from which twy stecluse walks ars performed. The o fiest individuals found
alon che parh willbe allowed to reproduce. e offspugs ftness s ceahuseed. and is
placed insice che cell chusen, Anothee cell i randomly chosen. and the process wan
continue wndl  saisfacteny solion is found [Graaud3.. Scoukiatic hil cimbing is
pettitiucd on the scraf serights o ine-tune Uae suluion, as GA e ofven ilsuiced w
s sk

U ersate e wilspring, wniform crossover is wsed st "L Urvolvcs randarry
copying goaws fiom borh parcnrs, with & probalbilice of 0.6 and 0.4, respectively
The mucasion process chen wlds Gusis olse 0 crch gone. with 2 probabiliy ol
001

Aler ssel generacions, some slleles migh sppeas mare frequendly thin ethers.
Via crasnes, dhese dlles gt sttt (o daninare the encice population. tencly
extinguishing ochet alcles, This candlirian is knawn as goneai v, nd can cause
matis convirgenss e a subomrimal solution. Lucerasug the mutatian eate generares

more diversity, ofkowing 4 lreeh bestan. Tncensing, the size of the populadon alsu
recduces chances of an alele aking over

Ty resriccing rhe selection of he puceots o 4 locl actghborhaod, generic diver.
sty is maincained by inusodusing (iness &finds. These are areas of e populaian
ek et ode s smilan, el tserefore close in the search space, Ganecic drif s
prvened since these islands only ntecart widh athers in eloce provieic: his s
knomm s ozt and llows prsiervation of 1 good search space comerage.

I you aced 2 quick evnlarian, and dan't mind suboptimal solscions, i
e of the popularian. Select purents randuuoly anuwrg The elir, 1nd replace e leasc
fir indivicuaks. Conversely, for bettsr qualiry solutiems char ke louger 10 svalye,
increane e populacion size. Miene all inclidusds to bired bt wich 2 bis for the
fiest, and replace random entites. (s rountains diveesiry. and does nat fustauly

he

discard unfi parents that could povencially spon mitacl offspeing.
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inon spare stccurss are exccemely tase, NN should profeably bo fully comneceed
{specially che demne unes). Thisentelf a smller mermary cverheae aedalfows paral-
e procesing

L the s s, rocorent ek sbould o b avwided, despie dher apa-
i, Simlation of feedbuc roguies olple ctaions,and fims would be betcr
spentsemuluing sl v nepworcs. In addtion, eheic dependency on
e o can b an exea eason sy away o s slton.

Incernal precision in the weighis and actvation fumcren s alio 4 controvercil
s, Seandind policy s cha anyrhin lesthan bl precision s secleg, Undor-
standably, onco cvry axher sage o the design s dbsuluel perfer, 64 i wil pro-
vide the mst accarse cesuhs. Howeve, in practice, the common single pe
ot is more s capubk i the conress of esbrme pames. The added bencl of
e sble o simuh the N ar ver e thespesd v o be nsgleced

Finall,fr atvaiar unctions, o 4 olincar squation 0 sllow sfcaion of
complex pattetis. Uso decivable unctions vl alow the back-propagaion algo-
il s oy grndint dsscant on the input vecr, Sigenoidal unis permi chis

Avpioations
L porential of suck cucd eworks is i enccing, ey can spproiua
fucton ISiegelmana?S . and 2 threeaer ek can s succssfully sy oy
aanbincarkysoparshl partees |Papece9]. L e siaple cpailiicsgo » long, ey n
nplieing e comouns dupts about NN, Du, s avr,thcory and pracice diverg:
gy, (B2 has shows st rining am N s am NP oseoplece alorichn
‘which mean it compleiey ncresss expentlly a5 (Lo problem arews lnerl.

Aoyl conecionison can be applicd T many problems. sbstinaty will dow
Jour piogeess. T praccce,use NN sahutions whee ecors az not rical, whers rain-
ing samples are abundanc or easy 1 G, and whte pacems in che cara can be
expored

The emizaamean s bo el 3 the. plocs where che NN will perors s sk,
This concept is ot 4 cosnvialforpartern recogaiton s fur rbote conttoles, but
many echniues e common to both spproachs. The impartance oF s enrrect e
st g se oo, bue neverchsles, s i ch primaryreason for el
spplcaions

Intortace
U iotesfuce defies the overdll bubivior o the NN by specifving borh i inputs and
5 quupuns. The npuc voctar cat b considirod a femuee e For patiert recogaition,
he anepurs cormspand 1o the probabilcy of the inpuc being i thac cavgory: Wich
suburics cuntzolless, e Input fetuse conesponds 1o sensos, which can return dis
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FIGURE B.5.3 e fie closificasionsof lvelof sl in W

contin the rumber 4. Meamwhile, sl of the cencures n the second arc concsi the
b 3,0 seprssn i ey e a e lovest Lol ool coslication.

Fach af thee vl casy o deteee via mechanicsshat ar aleady st . wirhin
the game engine. For xample, each reatare (ot fuse the P attecnpt e o 4 i
by cheel to o) creaares withins 30 metes of sl and it is sersghetorsard to
4
s wheo 3 P maves out ofan area and/ur i snulher acea (nbebe i is by coo-
nectng to b ganme, pelouming a ate cansicon,or disconnectig from tho gams).
“Ths, dereamiving i maincrining shich ancas have s in heen s ca. Al arsck
actons g chaongh a single function. Lhis i beefcal, s it s thee i ol ome
spot o check i the creare s aacking 3 PC and, bence, promating the atacking
crsamine o the second highaw vl ofpriviy:

minc f any af those nearby creanuissare PCa. Cach aren has seripeng,cvent that

Uhere are five lowe
of s creatuse

Which Craature Gats the Hoxt Tima

The perccived incllignee of  erarus i sravly somelted ro s reaction cime in
specific snuarians. Tor cxample, a cresoe thaecakes 100 long o chise aier  Hecing
EC s o scem 2 intellgen. 55 @ cacaane that sl ollows the PC as i
s g Thas,the i OV chssifcarians shovl dercrmine the pclare feeqency
in onder o maiotain the requived kevel of inversctivey o foellgence,

To NN, cach of e cueaes s placed on e of he five s, Aftt v bave car-
cgorined al AT ahjeces o 10 cn. o th v fss,  fancrion shen derermines weho gets
e next cime lice. In WA, we found i the pecentages in abls 6.5.2 work well.
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blocks, Ang storemans that sodifsthe posiion a oriencasion ofthe cumsra ca enly
e sl ik zanaa block, preventing cnore i ome process rom aucopiug 1o
canral he camena simolrncoust: Procesesdhat o gain acces . s awra-
maically block wni] the resoasce i reed, Simlaly, the diatogus block manages
acces 10 pcech resoursss, prcventing i copycretions from oxcdappin, whil the
cinens bock L the combined sffce of borh ehe dislogas snd canmrs Houks wid
theacdicionsl ey ofincatiog 1 widksereen display

The unei L exeeprion sau be veed wihiu sy blol of satemeus, ncluding all of
e flo: conmrol hincks previniey disnsd a5 well s rhe sop-lvel, seripraide block.
The body of the exception i execuied whenever is condiions are suisied. casiog
xceution afthe bk o rrmninae. Fxceptions make.ir oy forthe gime cesigners o
bl loresen vincuseances, For exatuple, in Lising 15,1, ueil exceprion
i« wed co peeform an acrian whecer the cas heslh hecomes e han or qual
2¢r0. The game designer neel notwarry abut how o ey the cow has o healh, o
precisly when ehis oceurs i the Ioop. 1t might b tha the sos getsilld i 2 com-
lewly unancvipated ey Rather than having v cake numersus el hyporleica
siewarons into accotan, the game designer need only focus on Firl gental possili-
ties and deal with theon accordingly, wich e sl chat unespeeted evemns e han
died appropriaely:

Creating, 2 cinsavaric scquence neing 3 game engine is noe lisiuilar o crsaring &
shor film. Indeed, mordern computer g echnolyy has given rive w Mackinims,
the crcarion of el time sendorat movies wing gunelike engincs HancockUD),
Taseead of eiventiog cchoiques wsed in Glm, we can apply most Hom production
mechods ra games, inchiding soryhoading and seripr wriing

Wit Challenge scipos was lapely  technical position. regardlen of e fact
harse ke a hink eht 3 quasi-Pnghch programming angusgs swonld b araccive
o momerdnical gume designens, Our guene designen were oy coeroed wil cre-
aing che underkying logc nf s Challongs, leeatgh those cith ceperinc in il pro-
duetion did worl o the cinematicsequentes, Ml serprs had 1 pass aliy asuranee
m cerms of funstionalcy bfore being polished by silcd designers,

Liviag 10.5.2 contains ane eomplece cinematic sequencs from ehe Lost Srochee
Chalenge. with minaedie or clrity. Mast cincrmati seqnences wers af this engh
e shoese,  scteensho of the [l cnematic sequence in acton i shown in Yogure
1051

Davalapment Enviranmant
b Clallenge proramaming laoguags compiler was integrated inco the Viual Studie
development envitonent, Game disigness ould ot scipts, complete sith sy,
highlighting, a0d compile them 3¢ the touch of » huan. Visual Seudio also high-
Vighted the porcion of the scipt shere symas erturs accurced duving comuplation,
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Uhe purpose o eacoing s 10 replce he il sadom weightswith 2 nar optimal

Saperized losring tries NN by providiag a dested ourgue for each input vector.
This is the casc with back-propagarion, ane among, ather farms of training. Lhe
beaucy of this approach s beig able w Lrain mevsocks ouline 3¢ wllasoifine. Tl
ever, acquiring Lhe data to e (0 eaining Is an imporean process, and fur games,
there src 2 e pprians.

Intetustive traiming periuit e unan playet © supervse the lsarning process. A
o e an allsehim o conce he cwrput of he NY, heteby
producing he mining sample ditecdly, Alsenatiel, b can conlis b
cortenens of the rsul, i which case,the deied amput i derermined hy
Incsasug sl of lcrare oloians, Oprianal, an suemated heea o
perfoten che independzns superviion ofche i

Beleviot cloning alls the NN <o minic homaus. Tn his cas, che playe ncs
withaue dircy soreying shovethe aning, Anche proce i changel wil
monitoring th hman' scrans, while asociating e widh an input ocror
This i he mos delicte proces, it e sloction and raceion cimes being
o of the bigest pical whar facors wersfaken o accoune, and when did
vhey inflocncs the dcison? The ey is o inoduce the norion of st making
s pemitend s penibl.

Hiard-coden companentscan sl be reproduced i onder o provide il ol
o an adapive NN, orto corabine naliple Fanctons. In tis case,formal rlcs
are el o sl he i space amang the varos comporencs. I the
g st he e inpu pace: nesds 1o be epresce, o vely oo
gime sarions. Random seection o e o sengls piovdes 3
sifcteny distibtion.

Unsupervised Loarning
Wit sssperud Farning, o dice eelback i o o e N e v, s i
g examples ae o sequited. I the cass ws e imsrested in, s is aukicved by
i, NN apare ofa igher Jeve leacing chetns

Reinforceraent Jeueniag attsmgts o car che aprimal mapping fom scate &
acon. An N an s chis apping v a eprescntation of o s 4 a0
input vestor and the probalbilicy of each actlon s a output veccor, The online
approsc i prefetued, ince o lipt eestians s . See [Ballard9?] for
more decil.

Genctic slgorithens s oeher thirl-paty vptnscation lgotdhans can b sl
e NN b e the optinnl sceof weighes,and alo porenily he sxuctore.
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Foaturon of the Chationigo Programming Language
Oneof the great advantages of giving te e designers 3 proguamening langusge of
Ui o i that e enabld thom it expressions ha ace evaliated a¢ runrinc,
poentilly spptadiuadiog the fontionaliry of andcipreed bur currendy aniniple.
e gaane funcrions. In adelican, the Chiallenge progrucusig lugaige L a o
imrenting festares hat evolued out of 3 dosive 10 e the game designess e pawe
a deslwirh umanticpated circurstances ia an clgia iy

Scaipts e the cenbodimuent of g single VM prasess. Bveey cioue 4 setpt s called
From anorher script, che VA spiwns & e process Lo e 1. Scrps can acespe
argoments when Uy ace called. and by defanl, the parent praces blocls untl the
il process cesminaues. As ek suiges budave Meutically ca Hinecions i enber pro-
ravuning Langusges. Hensoses, sripts can oprionally be called in pardlel #idh the
parens pracess, skl i possible 1 rrests Chillengss thar ascoctae 3 process with
ey ohjece used in the Challenge. mith the paren. proces adicisdscrig dhom il

putt froms e usual gl sev, and Boalean rypes, che Challenge prograre.
ming langusge sl features 2 special coordinase ype. spreiied via s b sy,
whereby {1,2.9) represens a posicion b che gaene sorld, and xcniLtas} represents
the position of he Actills objecs and nor dse abjsct il Coordinates e v sed
in expressicns, such s the paradosical amve dehislas o ({onalles}eITor
totsepi iz

Aldsough cxpuessons ave ol peetormed sith vaciabls. game designess asualy
wranc theis el o Uave some angible el n the garne werld. The Challenge pes-
gravmning lnguage evpesed the pranerris of game abjece someding s casy by
e faut that ey weresosed i a0 exesnl specadshe e he accesed o che g
cark, This fearuesallowred the game designers o treat suautlies sl a5 ¥EW 11 o7
oo identically o variables.

The Challengs prograsring langage featuses the Ganliar 17, 1oon, 10t w2
How twnl bocks, L sdditon, i¢ Feares spacial saner, o:alogus, and sincs
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tence ofa funcrion that msps e inputs e output, aad thar che parceras can be
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‘Geuing ofTon the cight S vl slectlog Ingnis hatav as rlesan as pssi-
bl The nianal pragsnmmers approach i & personal Svasise, what fatures woull
o i mse by JF s Gocrion s Lied-voded? A eoal liseof hese variables
shauld be macks, and arered by importance. st experiments with the NN would
e nsolee dose dise ste sbsoturely essencl, 1 chis minimalie pproach fils, oc if
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Keep i v tharthe rsining wil becooe « oughe process o You add P inpie,

Bata Proproceasing
Vhe aim of the Lsaming preses & tu allos e NN 1o perform well for all cases,
wherher enconniered ding rraining or . Pareof chis s done by e eowralization
iorinse co lescoing, and part i the responsbilcy of the designer Tadked, ane of che
higgesr sk when applying N imvalves wing problem-specic konwledg 0 1sssc
e learning, This is done pary by scprocesing the dom during tainiog aud
simulatian:

Simple fesrures can be combined invw compound featares that ate e rlevan.
‘Connculy ted 5chnigies il macheearical eqparions fet., comparing
waluses using theis rtiv) and cormphes slgorithans (e, estracting the average
culor of 1 nage)

Symanetsy removal aliws you 10 reduce the wumbser of stuations thae the NN
s Bl This is dane by mapping nndesired pars of e search space voto
ather peferted seccions. Simele s Lefore che simulacion can dercrmine ifche
canditions ane mee If noc.the appropriate valass can be acguced, Hippe, ot
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Strategic and Tactical
Reasoning with Waypoints

Lars Lidén—Vaive Software
lars@valvesoftware.com
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Enhancing a State Machine
Language through Messaging

Steve Rabin—Nintendo of America, Inc.
steve@aiwisdom.com, steve_rabin@hotmsil.com
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Example Code_

Listing 4.6.1 Swarm update
i pormission of Core Dusign 14d)

seid Undstasgents )
i

a1 oagene:
Tong T, 1, araie, ov, g, oz, s, aldy, sldz;

agort = sagercfol;

far i1
i

]

srtor sca- agent, cheos to s
it (agent-raemet)
f

i it's setive

ramanber -te currant position
oLz = agont-xposs
B13y - aqant supnst
oLz - agunt ~pos;

fiupanta x sn3 @ pos depenaing on y-UTTICN e Spood
et sxp0s - ageni-vshee * SN ogent -ryror)
st o2y 4= Sentoapesd ~ TS agen Spratl

Coopnte  aeosnaing or falis
mnt-sypon - aqeni->1aLizpaca;

o

fiupdate fallepsad by sdting gravity
At < fablipaed +- GAAFIY,

calo.Late tie diffecnce bothser tre seemt’s
iposidicn and the ta-ge: positio-

2" rargar sapes Sapos;

dy = targo: wypos  agen ~ypos:

= rargeroaiges - 200w Aupesi

Norie out ths “resativer angle o= tra tanget o the st
SF 5t ¢ sane for Ehe agent 1o Tire, revarsa tro ang.c
1613 s good idva to initialics agerts with the | uar
Vst ta 3 mell random vaLia. hst wuy, the sadrr. ai%)
0,14y Maperse mier tore.
LT gt i < TAGHT_: TFETINE = MGEN1 Lt I1¥EH)
angls - AR 42, Oxl - sgrE.Syrots
nle = agenl-ayeol - ATANLAR, 13

L1 wsar < gone More, bt one susd iuFlusnce
il Saarm depanding on £re way <he player is facing.
{0 U0 2150 extrapnate plkyar movenent 0 5ot up the
Fiplaye™"s “ikaly faturs posilion g Une lorget

A1 e piayer 17 within range
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a5 docamentation of hun the ssstem works, nd zeview and ugslate them as the -
e chnges, Dasigners ean refercce (e sketchss  learn 1 s> tha AL systeen more
Herively

pute Navigation
Witing,code co enable 40 4genc 10 navigate arwund a 30 snvironment is  difficalt
problem for academics. The problu it much easer to solve for yame developes,
ecause we are alower o cheae Whil i i stheniatially gesible 0 caenlare parks
arcund the suironnding gromere, s an be compuesranally evpensive. nstead, 52
precomputed pashfindia dats thae i invislle 1o tbe pliyes. e allies sgones 1o
chosply uvigate wherever chey need o go.

¢ Lo level, phsion syseans calease collions by checkiag (o nncuscerions
hetseeen a s Lo, or sphis wich the st of Uhe ooy ol ths wold. Ir s expen-
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Tormination

W i el char plagers sl b bl 10 shan individual sgeats in the swasis Apat
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heing, represenced, there sce miny other siuulons fn which You might wanr 1o
desctay the cxcouass by aking i inactive or cause ic o flee by secing s tiner 1020
approprisce value, Pur inseac. st of b mghs b destiaped iFic comes wirhia
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ness NG o the eveen, The Master Buens 145 cancaics l iruportant ackions thae
e been witnessed by MICa. swred as a st of Repuration et

Fach NPC has a Long-Lirm Meviory, which s 4l of ol is reerences o any
vents 1 the Mascr Fven List rhar che NPC diseely wittesed ot indiveerly heard
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Tach NPC: sares it opinion of the plapes i a Rapraion Teble The Repuation.
Table b s 0 roups, nclading a ronp foe che player, and the NPC’s curencopin-
om of b of vucl proup. Whenower an NPC becornes mware of 3 Repucaion
Iven, che rspuration effct of the event i 1pplied  che NPCs Reputaon Tible,
pdainp, o currene apinion of che plyes. The upinians an NPE: has of acher NPC
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I addition to thee data stuctuses, e syswm requires 2 mens or desigares @
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“Ihe Challenge VM was desgd o satify the sequitcnent dise Challons eighe e
iniciacd aud comploced st the player’s oun pacs. This gave the player the feedom 1o
begin a Challengs, only 10 become discraced. by some other wsk. Widh the playrs
Creatute wunderhg arund the garns sard, behrving awonamonsly. this Recbilie
conld cent in undesirable conssquences.

For urasupe, in thc Lust Beoter Challge, i the Creatare came apon the il
brcther and decided to eac him while dhe playes s pralormiag soiue sk in o far-
sy segion oF e game e, i would b wnreasansble for 1 Challenge scipt 1o
ke control and inirice a0 spproprite Lus, Brother cincouati soquence. Wo dealt
il this problemn by triggeing cincmatic ssquences anly s 1 cansequence nf e
player’sdicect imeraction. revuling i insresaed plsyel eifuyrsa and les Fusacion
Tl ssnomeus beluvion of Actors was deliberarely kepr en 2 minicmucn, 25w the
nroracion herween gents and Accors, meaning dhar che Ceranaee siply will not
nteract with abjeces under che control of & seipt unlss instrucued w o 30 by he
player

Oudser situations 1 evcas Mone problomanc. Imagine shar e plager usleashed 3
devasating fireball wward e dying brothet a the very choment tha the cinsmatic
scquience shown in Lising 10.5.1 bezins, The brother s vial playee in thesequenc.
and the factchat the forset around him i sblsze shonld b Ieslovant, W6 deal with
his it Ly tuaking ll Acvtsindestruceibls i canems blacks. feasing e brother
o bumm 1o death immediatly afer the sequence concludes. Lhe fict tha sinemacic
salleiaced the demands on che gome desigmes.

sequences gaasanios entsin cond

Gonclusion

Itinpossible  add a orlie 10 ¢ atne that s ihcready unpredicrabl. I awr ease
s choe ra imploment 2 costom pragramming langusge 1o enble e developncat
o say-relaced cripts. alchouigh you gt s 10 Cansider the benies of uing an
extablishod angaage such as Java. s used in Vempire: Vhe Masguorade— fedems
Aldhunagh raplica seript thoriag 10l ae seracrive o game desigace, weenzour-
252 your £ bl these rools e v of 2 strong foundstion. Lesigning yuut scriptig
sestem from the grovand o snight be anduous, but i will ol e i che end.

Using any e of programming langunge o rcar: cinemats sgcnies and
snceractive Challenges demuds « substanial quaiey of logic pingramimin. Design-
ing your s b otrhes 0 eping el s il

ceom inlegrares various componsas of 4 guos Logahes, aod cao che
benchi in unenvering hugs i the game cods. For this seassn. we reomwend ihe
nnplemcatasion of  siptiog engine caly in he do Loosely coup-
Ving rhe: scripeing engine vich the game, perhaps via ao absmacted APL resulis i 2
solation that L sobuwt 1o 4 contantly changing pame englne, and indspendent af it
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ever-icing. When sclcting the neuran counr, the size of the searh space i only &
secondary facwor, since prior knuwladge can be invsraalized by the nevwark, A pood
plac: to arr for the nmber of neurons n the hidden [y s s the oumber of
inpus.

Far soofusion of eoborics controlers,chings are diffrent. Sin the fimcs wishs
process many et case, generalization is somevhat less of o immedize oal. The
NN il be e o less capable of generdliing, 2 long a3 he scluton is converged ro
wichin the searc space. n this cae, we do ot i uesles v thrce layes: wing 3
gteacer namber of suuller epees has « beaofcid inlluence on the evulorion, Aler
many discussions with leading academics, it seems chat properties of the covarianes
i such survcaune allows e to compuie wore comples Tnctions, Pracicll, we
sully sar seinh fou layers, each wich dowble he emmber of ngars. W ny
avoid input counes shove v, ince evlurion Smes quickly become incogyeniene for
derclopment,

Fesdback
Feedbacl s an innoske property uf secazsat NN, Fos tubutic conttoller, (his can be
2 highly desirsble propercy, since it provides the nerwork wih o semse of ste. This
lones e setwork 1w paform s on @ pured sesctive basis, & more butnanlike
behavior can therchy be medcle by penalizing sbrupr movemen. Feed-forward NN
cun achieve chis by uring the oxspu ofth previossimulation 35 6, a3ditional i,

Moduiarity
Modularicy i a good idea for NN developmen as with any orher compucer science.
problern. In purciculis, mbiple spill seactsces il otomeigh ane big one due to
che reduscion of the saarch space size. Cambining them remains the anfy problem.

Thiero s been il seseach ot diis probleam, netably o solve wtades- ad oves-
fring |Sharkey931. Tn such companens-based systems, i is ofien hest 1o combine
NN with other hard-codd compantats. For exumple, given o deliberacive pathfind-
ing,algoricun rhat sccuens the desited heading and a1 NN wsed foi eeactive obstacle
awidancs, the twn anglo can be combined using a soannd nervork. l would decide
e inal o giveshighleved fucon suuh s Lportasce and usgescy

Autometed Design
Theee have becn 2 few gonuine aticmpts @ stomse e design process, bul soost
ave been based o GA, [CruandS] ises cellwlr encoding o ropresenr the NN 25 2
proceducal encit. which provides modulariy. L-Systeens have abso been applied o
exeate mee-based nemwork eptiseutarios [Boets92]. Seatch space smootbicss is e
mjos problen here, 15 any type of stracraral muraion will cause sadden chnges in
e T, The G b theteby nur placed under ideal wocking conditions. Howerer
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Conclusion
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e segutoens ~VENT Enter, Then, every game tick he Process fuoction is caled
with the argumen EVENT_pdate.

T rigger a sere change i this kimguage, the Fumction Setstace in Lising 6.5.3
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The sl cande sondd ey one e s would imolve support funccivas o
raviminy cesing, iessing angle clenlacions, sud line-of sight esing, 45 you can e,
e coud ey lose st of che big piccuee. the behavior, when gecting down w the
nirey-griry of the AT cade fox jusr ane of the NPG funclons, One.of the purgoses
of che cule i co hide the details of what s going on in the Al suppore systems, and.
allvethe developer o cocenucate o the verall ebavior b fat, the viteceden and
action pctions of 2 ule can be Funcrions

M seetommyl) then > chargelnonyi;
oo cauheEuy) Do B pundiEnemyl)
[ then % pollomel}
Foon menalyWowdel)  ten 2 di)

where 3 weuld be 2 NPC und the ftnctons could Le wuetbunds of dat NPCs clas,
The code could be in an updae Fanction calld for cvery game updare, IF the
anecedent. funcsivn cetuened true, then che oo fanerin would he called and
the action would be performed for thar upclate. The code could ook Lke:

veid WEG: updatt)

1 asesEneny() ) chargerneay();
$1 ¢ oatcnestiemdl  punclnmy |1
€ eirean 1 o)

= Churel) ) goncre )
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Whae se havin the previons ende ars rulesehag hids the complosiy of the sub-
systens. the lowelovel ystemns that handle sound, morion, animation, and 5o forth,
Roles of this rppe are ok, buc s imglenucutstion beings o light some problems
vith rules, O of the problecns fs ordering, Which rule i dhe mose important?
Which s the lese? Yen could searrangs them i ovdse of imporiance aued put e15¢
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16 e Ve Find it o an i o, ciat il i s et This s a5
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hs ylinder.

fro the

Regardlsns hor e decide to selct a sio point, and regardles of whether we decide
0 i o s, i mporsan  es e peojeet ajecory before e pol s g
T the chaas ol bcte the line-uf-fire il guie often be blicked—by the eeeain, by 3
wall, by an iamimace abject, by another cremy; ot by onc of our alics,

ery game engine pravides some sare of ray-resting Fancrion that alloes yoo 10
Usco. ray dorough the wurld. Yeu input a workd. space cowedinate for the uigin plus
 vector m indicate he dirction 10 rsce fom . g, and the fancion il give
o2 pinter w the fise objec the ray ineerscts, or NULL if it dovsn inverset
aeyrhing.

1 2 oo idea o ieratively ese some namber of potentil i poins using dhis
a-ceting fnrion. Kocp testng up to perhaps a blf-dzan poins ar random wncl
you find e dhat warke. Thiswas, che Al will il be able o hi s tager cven if s
parcy hidden belind an obstack. 1 also important  cxeend the kengeh of the 12y 5
faras . projecil il accually eavel o cnvore thatgan AL ean aceurrely ssocssthe
el

I panicaludy boportan w woid frieadly Gise incidens. Even b oy modens
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them dowen ac nesded. I an case, i have yee £ boat any somper game characee
verbadly aekoredige the foc that be just knicked off bis comrade with 1 12-gauge
hazun.

Ravtesting vaiutasions can abo greatly ssist AL maneuvering and wactics in com-
e When an AT iscesegs i ane ol e reempred lines-of e aerseets 3 stionare
rieadly woir a2 wall, hor's 1 gond indication chac ics n a bed spor and shauld pick
s ot o Tuose 10 145 ot alevady moviog sorewtere. Aluanatisely, i might
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Section 10 Seripting

Lo begin wich, and then rexeitrn in compiled farm i i is derermined they ace toa
show: This tchnicque leases many functions exposel for nuvices to leam rumm, espe
cill in che early stages of develupineat when the tuvicss nod 3 many sxamplox 5
chey can ger, Larer in development,as mase library funceions are oprimized, users will
have cade of theie amm co drav on for examples.

Documentation
s meuivtund e, docunoentaion is dways gaod, hu can he o mived Blesing
Towe do you organine @ ecfrence. daeniment s that movies enn easly find the nfor-
maion they need? Wht information s sctadly Lelpfu?

In the previous secion, Fundanentab it was sced tha asing fomcions inead
of langunge syncre feaes ks  seripring Tangnage easer to pick up. This acgu:
ment works for documencaion s vell.

‘When 2 user is searching or 2 Linguago fearars, documentaion that consiesof 3
targe mumbes of furcrins eads mch fike 1 dierianary. I simply becomes a L of
words an definicioms, Most usees can ravigate i ype of sefeeence casily

Language feanues char ae nor funcion names, such a5 symbts har epresene
cerain apsrrions, ae mmich moee diffclt 10 document, and abu much more dif
el foe the er 1o ok u. Teke, fo exaunple,a Language feave chat uses the *5°
g o st apecations, Wich this e, 1 user eaers 1o fid e hore 0 copy
i string, he mustdo e search forsering” and “copy” 1 iswill help bim fd the
tight seceion that describes how to e the *3° [eature corretly to copy suings. On
e e b, f (b s i cading some undocumantsd code that e the *§° fa-
o, inding o wh this codk i doing by lonking in the referenes document b 2
much moe difficale sk, Whae doesthe s search for? Where does b look? He has
0 scan tho enite. 5" soction o find 4 sxample thar rsembles the cnde he's readin,
an then work backoward o indenscand what is bappeniag, 1« G
insiead (5. suvpyC, the wer would snugly e 10 fouk G the fonciian rame in
the dacumenetion

Once ths docomented informaion i ey 10 iod, i wust be elevant. Code
examples are the best way 10 mske somabiug tekevaot w a novics, a5 they shews
ey o syncas and a common usc of the Fncrion {or emure being lnoked ap. ln
adiron, sxamples koep the user fram necding toloak p aoyching ele, because he
cxample wsally ot enough informsaion or the usue s the fincrian.

o e used

Sampla Codo
Along with g documentation. well-commened nanuple code can g f 0 utap
suare novice progamsmen. Linplemmenters eed o Lo the sripting hnguags 0 snsore
thac I s teady for the designers to bgin celng, This i besc dane by acaually im-
lmenting somcthing skl in he game. sch 3 3 Sy o, o 3
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b poaced oo i single . It fods une, e, i no, it il march toward che
e sl on the e

“The trlfs gemorype wil notain bises ., weighis) ackaicd with cach goal. ‘
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able armoue of dimes worse ye, tells Jighe 3¢ 3 disinee disadvantage while
capurred,

+ Shecp: Cuce, elpes: prey that fuse wander abont aitalesdy uncl they detees 3
ol carbys st which poid. ey run sy

+ Kaight: Noo wac, ol helplossadvenoners noking o add e rll’s scalp 1
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index-405_1.png
Whenevee 1n Al atemmpes o e s aege. e needs o slectu speeile poia i space
o s . I o oo 10 simply pull e crigger an lc rhe rockee fy, a5 aur
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algoed wich the line-uf-ire would also be unnecesary. vince huora plays in the
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the cheat angle of he resulrin, shoe would be preucer than this e,
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hicraschy of oicaned horuding beses, e Al can simply raverse this hicrchy co ai-
culate 1 good point 0 am at, Jick a sindom sl velume somenhers deap o the
bisraschy, and sim ar the ceener of thar voliume. I games chae suppere different eypes
of damags for different hody parts. s s a2 good way to lacate & spevlic body
pan

10 Shoot and

Thiming i cacs missng withou loking supid s hard. When we wanc o miss we
ced w locate 4 coardinacssoiemhe outside e argut body. such dlat hiving chat
pointis ety unlikely t B che sget. T other words, the pine needs e be auside
s arges froms dhe sovter’s pspecios, T s, we beed 10 b sure Uhat ehe painc
is an he right dicance Shom the mrgec. 1w ol che poine ran close. we run the sk
of biten the tager v eying o miss. Make i 10 e away, and che Al loois likean
idiot,

When shaoting o s, iy asally bes 10 plic dhe ot summeschere ingide thea
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which sy th rarger s facing, and biasthe selecgan of che aim poimt i that diesvion.

jane wjects themoelees conerin
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veey dilculrco i the information nseded o docutcatarian, 50 s argaaization
i important, Regardles of the qualley of the documentation, wses will wanusally
migeae 1 ko eference sl prograinming ad i “onpyfpaste” programming
s e aenoua of cads hey have creaed inceesses.

One on One
Diespice che previous generalicaons, o s of oducrred gesing can dlinsatcly
predict hows your uses ill program. It is wsefal for e B lesenter o pend some
fime: ome an o with ek user o s hose he prograens. By doing this, the user can
st cemsin simpla rechriques co improve Lis programniiog sy, and 3t he same
time, the implementet can talor the scipring languag toward e peopl sha arc

wing it

Tho mosr ffcse way o ke 2 sriping gy cair o we s L creae g
‘welldocusneated bt of el uncrionthr covees e gk,

Libvaries
The Lbtares can be serped ar wrivsn in che game’s cumpiled boguage wud then

expened o the seipting kguage,
Seripted Jirarcs created by the implemence ace wsel for sseral reasons:

+ They force the pleanester o use the scripring language, cheesfore wseio feu-
orss and finding out i the scripting system meets i gouls,

* Thy provide code caanples Far 153 1o earn from, althongh seripted lbrasies
il st kely be moce diheul 1o ollow:since ey ke cae of rasks normally
hidden o uscrs,

« Lhey incoease the base of dua diven clesuons i (hy gam, maling s imple-
mancarian mor flid and eader o madify dows the mad.

The dowside o el Hurariss s hat in cner o heve them. the loguage
wastinclude sdvanced coding featares sach 2s module inclusion. Tn addicion,scripes
are oy shower lan campied ade.  ehe Thries idd anarher layer of o vxle
o che e
brarics writen in the garaes natse cade are much moee eflcient and help
xpuse the el fetions wnd data 0 che sripeing enviranmet. We recommend a
mintare of scipred lbraries and compile ibrace. Librasy Bructions can be <eipred
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* Cresse 7% of the new generstion by maag,individuals fram che cap thisd of
he pasent geasrarious fnings. Highet sanked individul vill sepsudace naore
often

+ Genvrate the remaiting 109 ol the pupulstion st suodora, This i ellccvely
equisalent to applying 3 100% murarian e an o few trfls, and will help us
aid du o backs of sl populaion size,

The Jeracore suggescs thar populron sizs n che hundreds or thousands of indi-
vidud should be wsel whenevir posible. We will spriment with populaton sizes
canging fram 100 w0 230 cralls While thi ic on rhe low ond o he recnmmended
speetrum, i sufficient given the smple nature of our demo.

Why Use Genetic Algorithms?

P A i oA T
Jarge tumbrcs of vasiables whoss intexactions are bard w predict. (A parme AL the:
oot

Whan Do Thoy Wark®

4 generic pproach i umnecessary i

+ *fhe problem can be solved anslytically. “Evulviug” s solucon for the problecn
of tnding che value ob  that masimis 2 polynormizl i 2 waces o time, hocanse

F the folloing camdicions can be msr:

an exace solution can be found by enmpuring che polynomials dervative

+ The problea is entirely Jineat, 1 e problieu <ae by represcated by a neork
of inear eguations,any monlee of clsic opliscizston echniquss (. . the sz
Tl enerhad) il sl .

« Ltis knwown that u single oprimal vabse exists aad that the disteibucion is un-
madal (. there e
sitham will do the tsick.

« Candidate solutions can be ensemencied in 3 reasonable smount af e, tn
i case, you e beter off eying dheon ol

@ Iocal maxinaa). Tn s cse, 3 senple billcimbing algo-

When Dowt They Work?
Rorning 2 e algorichon ypically requies a siguificans. tine fuvestwent, ven
our simplisi all simulaian requirss about 22 minuces of campuring Time on an
SOOMH: Pentium UL Thus, i is unli
passable chess-plaging proaram, cven with a workd-spanning computer sach a5 As-
movs Maltivae t theic dipondl

Morconsr, inee 1he sumber of possibl ehyamosomes graws cxponcnrially wich
the naumbs of genes i the modsl, designing a minimalise architeewe for your tndi
viduals ey be crucial

I dhst sy will cves b able 1 veolse o
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12 Tips from the Trenches

Jeff Orkin—Monolith Productions
jorkin@blarg.net

e flowing i e thing that e Al programences have leqened from crperi-

ence, Seasanied gaune A1 programmers might Aind must of thes ds o he ok
ous, b hoss e o the fld can e this st 25 3 head srar and learn from our
mistakes. Alehough some of these tips apply T sofiwre developruent in genwcl, ey
are cpecially portinent 1o developing A1 rysueton, whitl are oten delicae syscems
chatevolve sgrificantly over the coure of  gane’s development.

1. 0o Your Homework

T I o s thing 294 e e all A ystem. Difens eshuiges sec appro-
prire o diffeent sisoncons. L e sight solation depcnds on @ numbes of Fctors:

+ e emphasis of the Al in tbe ganae: 1 smonch pathfinding o priodis oc Is
Lo 0 cspressing emerions mars iopurisat?

+ The schedule and budget for eagineeriag the A
power v avalable for AT developmen?

+ The team make-up: How many progrunmers and designers are on she team?
Whit are s capericce Iovels ofthe ream members?

Tom much cirm and man-

1o opotane o docorminedhe mosd of yous e, ad s capabilies of s
developent eam. Use chese o ailelnes to chanse shere o fos the A1 develup-
e ot Duc 3 fous hos been dorermined. rscarch what Js s, done e
Chanse pprsches hae mihe work fo you iwatios, nd desclop new cods wheee
accesary as cheschdule allowe, Good s o esench inclle this bock, G
Derelpey maggsine,ehe G rgramming Gens bk scks, e Game el
Cifarence. and acidsmic soisties s She Asscerion for Computig Machi-
ey 1ACM

2. Keep It Stmple

Ciame AL programimersshoukd ve by e KLLS.S. plan, nd Keep I Simple Supic
AL systems typically bave many parameners and many code brauches. Ther can

2
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ne ey of pemerang & Hodeanap is o bave 3 player ar che lond dosigne rmn o
it et the woeld with the game eugine aucomacically generatiog 3 padz 11
che charavess oation whensvar the chasacter is more than 3 given disuance (o any
ocher ol fnse to efght merers seoeks wall deprauding un the envizonment). Using
i merhod, the exgine shuld genstat links aueamasically o ncatky visblz nodes
i Hine-of-ight resting, and set node i w that inks do noc inenccl woukd
geometry. Sume Wik crcased In o maner roight s e sveriable and must be
temaved by the level dcige.

“Th nodermap odior showld o dhow the desgaer o oveeide the oode cadiscal-
culated by the.engine. Whils this dosy o, geaerste apimal maps i tecos of il
iy wepreseuting space, is doss give the bevel designer b ability t control parl
appearance lomg msjor svulss. A mose elick or Leppress oan be used g0 fore che
crcaion of 2 node where the characer i snding to mark 2a important Luagon

ing the Nodemap

The neszsep in versaelc wlgation It annorote the noduruag, Both nades sod lioks
hould he lahelod vich information selesst to navigaion. Ui dac el aid che:
s plasnicrand evecucor can imprave both the eficiency anu seadbibity of the code.
Funcime geomerey derceron and analyss i expesive i complicaed 3D worlds
Labes sllow goueey detceron 10 he used only when nevdod. soch as when & charac
i voquire 10 jurnp e Lodge. The extrs map date o allowsspecia code o
e wien tor parh exccution n diffremt types of ks, a0d o apply difere s for
detemining sucas ot Ll in pich cxecurion, To keep the memory fuotpri 35
s possble, many of e abelscan be scared i sestes o bicheld g,

MNodss e named fo use us desasions o seeipted events, labelod a8 sware-
e locu
e case ufehevator lucations. the floor rumbes st abe b scared oy wich a baue
dle 10 the chvaror. Nowds abo suse nfostmagion about the stateof the charscter when
e node s reated. Fo sxample, ome it in the g bitield represencs whesher the
chagacter vas banging fram 1 fedge when Uhe mode s creaeed. Another Dag rrpee-
senss hether the chatactr had to cramch

Rinks are abeled itk inforumation selevane co eraversing ta link, F 2 swisch-
wetvated daor e prescn, he name o s hasdls to if mast e seored. Doors diat open
suromaticaly for charsctes do t nced 10 b habeled. Links where it would be cspe
ally hazardous co travel ausid of e ink boundaies isuch a¢ thos: running aloug
 lilf ot alvo g More g it sed f aveasing the link requies  chasacter
wjutap.

it sniping or amibushio the playes or 2 witch o elevator ucations To
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discance, sword ighiing widy sn i uder. I0we know thac Bouny can move aca max
imum wlociry of one-half mecer per second and our asrove will ke ewo seconds o
ey e imrunder, we can exaggerats By collion oylindes by one metet 1 e
Jinc-of e o any aim poinc e seket intcrsccts thar g colision cvlindr, we can
aert thar there's 3 possibift the arrow could end up biing Beny e of e
e epod sooundrel with whow hes fncing. The despr the line pencrare inside s
colfiian eylindsr,cbe higher th probbily tha i il s intersect wich B

“This type of etiog s very useil o area elect weapons. When we ross 2
ercuade. o cramplo, s vory imparcanc o coethe sphericl aca chas the grsnad vl
ity incinerae s the exaggerted bounaling vohvaes uf th various i
i the atea o cnsuse thar che AL is unlikely o blove ap any of bis comeades when be
s che grenade. Ve use the time i il ke o the gresade 1o explode o dece.
e o uch o exaggerte th entires bounding sohinss

o g pracice <o recsive moifications from the projeele s ndicuing whi
ctandybi. Albongh  good AT vl delly vnid gl or inaniomate cbiects,the
gams workd s abays changing, th plavr s taly predicabl, and our caleuluions
et vy corzec. Wheneve  rojcle s hunched, 1 should o 2 ointe o he
abiect chatlaunched i, and notly ch abjcc hence it enlides with an objce Thix
coricuinn il then bulble sp e the ubjects Al ontrele (U b ) s ha e AL
can dispay an approptiats respons, such 1 norshoociog p che ofs any more.

I« dymamic workl, it very diffcale o emsue @ hit o s vihout eating
Bucjectle cllbin orfiations can o dlow s 1 ok aur to-hic alclacions
more sccurarly hy compeosating for <rtors, For example f we atcempe to s the
e nat e bt i fmsted, we s compensie T s naturl enor by
changing the e sho desgnated a5 2 Bl 10 "

Weapon Trgjectortes _ -

Weapons that fire in 1 curve Lajectony, such a5 armows, can be sueprisiogly ricky v
handl. Any physis cacbook willgive s th folloving cqustions for aprojecie’ ra-
fectary in che sbence of iction:

- @in

yo e lige ®in

I these equations, =, and y,seprzsent the projectles vl posiion, tespecivelys
5,2 3, arc horonral and veries components of the projecls it veluries s
e i sl g i ke gewionional aceletation canstne- ypicilly 9.8mis’ on
carch, akhough your game workd might usea diffrenr constane

These equations give s an sy way 1 adapt o ay-esing Lechniques b e
fect's ac of Hight o hlp make surc 5 worfcend up fng into  chandslcr We
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Section 10_Serpting

.t
Ot b Lty s, cames up when thdesigh aF s eriping g i
cuch chat he 17" blocks, “avs1e” loops, and “ro~" Loops all end with ‘o, Offc,
hegh copypasts exto, e 00 many “end”statsments show ups and th scr a3
o ntenally o *51-..an” and “onse .o blocks fo find ot whers the exra
“ane” isocated. s uch. the en of a bince or 3 g sbould by ndicece what i
is ending—mith “17.. =" or "1t onsit”. Usually 4 scnle clange, wig the
it amtit” constoucts, sl the seripts considaszbly.

Anather apran into e culy bescker, ik in C, m desigats code Hocks. The
advaneage of arly brackers i s soany code sliing parkasts sl 1 Vsl C or
Visual Skt e abl 0 mmrch brackers 13 you type o ith pecial kestrokes. For
cummple. in Visal £, i o hae the cusor et  a corly bracke an pres“Cul”
a0} dhe same e, i will move Wb oo  dae tchin ety bracker, This
makesthe job of maching brackee  brecze

Debugging
Flow anach debugug suppon I cucnght Obyinasly, the more sappot, he herer
Asthe aholone mininunm, o cripring langua: el o suppo the “prine” e
Siom. The next sep i debuging sophsticaton i being abe o break he code exe-
o, e harigh Insuctions, and sch esiabls. This i probably o sdequate
amoun of dchgging supporefo mastscripein hmgasges

Toitall, he smplsmentee of the scipting hgasge will mos Ukely lave w s
e 0 e e and do & good del of debugging,for hin, Dsbogging i a ineerme-
it programmin, kil thy raquives the programmer o snderand how t olte
probleans through syhcematic coublshuotng. Mut aovics siuply do ot kncse
‘whee  stan, 2 youe belp is ecessary o shose the s o isoles bugs

Another wihul addition o the seipeing Hbrsey would b eccoechecking fuc
ons uch a aszort . I aug, e e ca sl nooepota cesesafey checs o
cnaue the code s unming comeey. I  goad bt e e msime: v checking,
andthe cvlice & s gers incs he habit of dding in assare (3 al, e e

gusge e o b progrnmmed, bt the mplemcntion necds o bewelldecye
Thr, e implemence neod o b vl o hlp designer and atts exn
scripe and evenally do what they o es—create L e

B miimizing confising lanzuage foares, sing Funcrins a5 much a5 sl
craring well doumsenced Sacics, and wricog, aod sumple progeazs, the progea.
mer tasked it cresing and s ot 4 o’ sipting systens can 50 r o help
g up e wsers o picnced 1 competcnt and comforcabl programmer.
The seiping langaage’s power =il hen e fully e s a ey inspirationsl
game can b erade.
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83 Section 11 Lesrning

+ Shoming linle insince e self.preservation. Not une of the op 15 individusls
s sarived for moee dhan 30 of e soulation's 300 schedolad s,

+ Haviog large apperites. Despie their limived life expscuancy, the wop 10 per-
Sumers ofgencmrian 50 all managed w gobble ap beuveen 13 and 18 shecp oven
in the spanely populacel scaic: s thee ace only 2 shecp o begin with).

+ Cunsing fighters. The wtols quickly lear thae they dor' have 1 wasi: prscions
hocp-hnring time chasin, knighes axoursl o g fnco fisticufls, since their
appomsats will cucue ookl o thean, Indesd, of he 1op 25 perfarme, none
L a gen fo knight-chasing vith 2 weight higher an 0,018, and 14 have irval-
o s¢ . And yer, six o the top 10 trolls anaed 10 kil five o scven knights
apice in beuween all o e s

+ Not teceibly interested in healing ar cxplacatinm, e boous for cach tun
spon alive seems e he ourseighed by the penaly incunrad for suscaining dhm-
age. w0 b lls are ot eusouraged to beal okd wounds, jus o susmin v
nore. (Th fuess fanction ean b adored o chanpe this behavioe i needed )

+ Quire talented ac evading traps. Of he top 25 fndividuals, anly fonr sponc even
asingle e in capeivty; 2 e sy imprsoncd fr more than chee s
This i casily cxgliocd:since 13ps ook ik safe havens, s who dontego ook
ing,fnr havens {o bealin) un il cisk ofbeiug caprused.

+ Very fic on sverage. At generaton 1, nox 2 single ndividal achicved 4 seare
Lighethan 200, nd che meclan evaluacion was 3 medoces 134.8; a prceaton
50, 18 inchvichals rapped rhe 201 reark (including an impressivo 2433, while
the median value rose 0 195.5

Purfarmance did nat suprove sighlticantly when population sae was ocreased 1o
250 suxd the simaltion essallowed ¢ run e 10 gemerations, The relariely small
e of the reoll genorypes probably explaas is phopomcnons vish 2 handful of
genes,the seach space s senal eaough e allosy fase eomvzrgenes.

Conelusion_

Geneie gt soe 1 pinecfl optinarion ool for problems feseuring large
‘unibees of varisbles and chaorc nterserions. Hy mimicking e natral process of
rvivalofthe ftcse and evalucion,thy tan s wesialconmbinacionsaf re-
et ca e 1o ntresting CORPURE appanents fo Yot games.

Rofsrenc
[Dakinsd3 Towiins, R., River Ous (f don—d Drarmisn View Of L, Tiaaper-
Callos, 1995
[Kora2] Ko, TR, Cienetic Prpamming—On she Progrenming of Gompurs by
“Msosof Natuol Sccsion, MIT Prss, (952
Lewy92. Lovy, . Arifiial Lifi—d Retars from the Frumtier wheoe Compcers Mect
kg, Randor e 1992
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Winnlng, Lesing,

b Belsaiots cas provide camic reic in » game. As these beuaiors ae vary hard
o gt ight, and can sarly be ovendone, they should be kept 1o a minisuun

nd Losing Well

An importsal thing v reoaber is st dhe hman pame plager s layieg the g
T the ficnuy c develap 2 gams. chis facr <an be caly overlooksd. Think for
nument about what your phis 66 sehen you s down 10 play  gane. I Tkely dhar
ou wane tn e enteraines. 5 o el s you ez wsing the game & rule-ply
st il of ciaractes thar pou cani b in read e, (1 games where “sinning’” is pos-
bl it kel st yon e 0w,

T ok ar that a il choer, W could separsre our game audieace int o
roups. Firs i the piy<r whe ust sanes vo i easily. The second grenp i the olayer
whascants  vrio e o s oss Bl the e, They usually went dee bt o
appear nearly hopess aneil th end sben they Lurs the ride of acrle and pruve their

awperioriy.

Ao A thar i for oses) most of che i
vty e b and qualicy o apponeats to et the des ed ond. Tn an RS
o cxanuple, anmy size snd ruck.paper sessors adjusenents can s e dirence:
hsisen sicrory and defea. In an DS or sports similrion, aceuracy and speed of
opponenss can e sdjusted. The res iscue i these caes Is he belcvabiley of che
appancot. 1 huge acmies el n the gumne in an RTS aes rat possible sidhont ohkons

ity cany 0 develop, Must s

hating. Masive wavcs of ensmies in aa PS5 i ro poin 0 2 fack of stention
wAlL

s we came o the middle grond again, we reali that the reqaed effe can
b e Ly asel uning the oppanents”behavios. Vasvs ths quabityof respanss
erdhe coume oF the bule tan be-s gpod vy o nfluence the dose victory o che
Lty layer, a lang s the variations s belizsabl. Tn an BTS, pourer targ
tun conmbined wite sk reoad simes i one e way w vaoy dilficulry. The key is
close manicoring of the busles sl wveeall game s e keep carsputer plapses o
e ovel wih she hvaman plyers. Ensueing equivalent fores srengeh can seabilive
che bilance of power.

The ciffley serring is wsasly usel 10 detsrmine wheeher che 41 abways Joses v
steampe o give the human player a challenge, In some types of games, the computer
players can change theic respose basel oo dhe nomber af ins o foses, Llies ganucs

s

Stive. 6 alwnys provide the middie graued, Lus usually asseshao the extremes.

Whichever sespunte you chaoie, make suse that the adiuscens yon make o
ehe compures player 1 beliexable, Tlu beliceilicy s defined by the pacamercrs
of dhe game. Tn 4n RTS game, inteligens targst scostion is expocrcd. 1n aa FS,
inbuman sccurscy and the abiity o predice where a busan plager il be i nor
expuctcd. T 4 Faorbafl simaltion, 100-yasd tauchdosen pasaseshould be complecely
svoided,
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scaucots in ot of the. (s This would wark, b ehac € you et to sdd a ule
where when the N ' sees o ey while wounded. he rums awsy? Then, ordering is
ot so slear; we necd some sor of ule conext. Cod wanld luave o be added fr ths
case, maybe ruls wichin cule. Making exicplions s vode is ok, Bur then eor
el seat 16 Yok less ke roles and mors like regular code. Over e, this is kel 1o
ger woree s mre s are sdded and mure special cases iced 10 be cadod ro hardl
e problemus of contsre, There s a beetr sy

G e v natural concept for NEC bebavior and provide 4 conroet for rles zod an.
intuitive sehicl fo accions. Canider che fellowing goals and rules o 4 ca clasiay
dog.

GOAL (Wandes; 7 (SeesCor) GOTO (ChaseCa)
COAL(ChusCy  TF CaGeshwayl  GOTO (Wander}

Even vithont pe knuing bow dhe goak and ol ane implemenred, yne can sl
e what the hebavior of cur dog,is. He wanders around ol he sees « at, anl e
e chises i, I he ca gets away hen s simply 2ocs back co wandering aruod

Gouls can b thorght of as stas, ke chose found. i @ fte-stae machine

FSM [Dybsadbil, Jbind0], o Ko, (e inrence cngine decribed inthis rcice
b actolly n TS i disgnse, s yom might preer o s s nseead o g for our
mplmentasion, Gual a i sed in thi St i mean 0 eprasent che pucpose of
e NPC for @ given moment of e, in which the NPC ey o may not aaualty
st sctual e ol i e s, T i, 5 yon il s er. he cole
supporting g afeen contsissrateswichin the s, e of the erm goul helps die.
reciace the higher lovel sate nd it subsans,

il i shis ystem are dircely tied  acions, In (e preceling caampl, the
actionsses e ) Chasacat, Qi v goal s roccsied ar 3 ime; consequency
valy onc action is poroemod ar 2 ime. Moreover, ioly the rles that belong o the
curendly pricered gorl are tsted, thus providing cotor. Rules 1z grocessod in
10 keywond sigoifics e cunfe conuep

Ao imporeaen ot 1 ke a i peine i thar o doft entely sl i prob-
lem of rule onderie they uoly peovids a o for stsof rules. The ules i 3 goul
arc processed in oxder of appearance n che rule Lt More work can b duns o
enbuce o el odting, sl i veights 1 mplemenring iz s as men.
Liotd i the secton Pt Soiping and o Carsrecsion T the end of
s e

Thens is e mare imporcane feaure pue goals an bave and dhat is 0 b bl 0
proces s ki gosl, This ature dlows us o e oneexs sthin coneonts: i
adher meds, subgeal, Consider the following:

i e irce e chas has issconditon e tcaanfies couteol 3 wow gl The
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et reques 1 che AT blcking i ine-of G, and the o vkl uss an aebireary
pricriny scheme to cnake thels nrgouscines ud dercrmine which of the two should
sep aside.

Table 4.1 gves 3 exasmple of s Kasapabls espanses o the feedback we
v from the engine's ay-tesiog fomcton, The s represcny shat e cring o
do—either it or miss sl the calumms reprcsent she Four categoris of edback v
can receive o the smgine.

8.4.1 Fosponsas to Fesdback troo a Ray Tart

Hiahiting i el lewa, So0ct Hisan £y

e R Ry o wsiag e chr R covidr | Fi
o bt g g
s B T bon ot e e e conidel

RN cupo b, ey g Rty

1 this sl . suffcent o koop your Als frum Il e anadber, yon can
by enke the easy ruce snd suodily s sizgulacion o thar Al characters never
accept damage from arhs friendly Als.

L many case, thottgh, @ ca s 6n cnough co gee a goed sease of what migh hap-
pen when pur projectls i, Paticalaly when you combine slow-muning; projeciles
factows, racketst swich Fist-moving and highly maneuverable caditics in the gme
ord, you mule it pussible Lor he pliyer and ocher game encices @ dadge the pro-
jeutles A Lhis point, coon the most accurace clculations can' guarangee chac youll
it or i g itended. i you catt fuly prodicr whae 3 uman plae will do.
Howurer, heve are mang
sacy The st s w siuapl estnarom rechnique knwn as dead reckomsr, Mulciply an
Sniings wlaginy veccor by the fime you mpect ic 0 ks Lor che projecie o reach the
objecs cutrvo pesitian, and you'l gee 3 good gues 2o o enciy’s uare pasivan.
For cxamnpl, imapine 3 targe i 150 metes away fiom yon and yon A 1 buller
i uvss 30 5 mters per secand. The raegee is moving uordhcas ar one meres per
secand. Ir il nke e bulle U secorads b o 150 merer. U shat rime, el hase
Dled dres e s, 35 showld aim a his mess o iscad ofthe rrges -
ren locarion. Note tht this ssutie t the picjecile by ercel significandy fser
b . tagers iFthis i ot che case,chisfors of s sckoniag, e be accuraze

dciionil measures w cun Gake 10 Iisprove ot aceu-

Radius Testing

Riodesgood w0 make e ganply o cuions 0 e craggerarsd bounding
Spheres ar cylindees. Liagine that ouc Fiond Rency. a goard, is standing i the
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108 Greating Scripting Languages for Nonprogrammors _

sa7

lchonaph the dovumcaatiol might contain sampl wses of the Fanctions imple
enced in dhe sripeing symen. sample e goes fther by shovsing hows all th code
can work together w civaws & propet program. Te sho stares he wser out wich 4 olid
examplc of programaning ta bltanly copy a0d pase il he s ramping ap s col-
o il Jus. b sbsclucely sun that the exaeaple code i fee fosm exeors and shows
ond styl, ar el it will be s scwuse dhat inds i say Tnco svery sipe. seting an.
exaonpl for uomths ur e 0 come.

m the Trene

Lo Tollnaig te s v kep i e when implemoig  scping hngrioge

Case Sansisitey
Thors are peohably no gond ressons o creaee 3 case-sensiies scripeing laoguage.
‘Speling und capitafzaiot nisakos ar by i the mest curomon s, an] 26 S
i difcul e esck donwm. especilly wich 2 laoguage that dynamically ceatss vari-
ables i¢ s ot s Lefie, The. prosous commenes might be s good wgament
waking a scipfing Inogunge stougly e, bue the adbantages (ith respect 1o
Lovice pregrammers) of a case-imensicve, weakd Lypd Lnugs fir anmoeish the
advantages of 4 cuse semsicie, soisgly ped lngange.

Efficionoy Cheoks i
Ineiicint code s dhe bane of game programinioy; Niace novice users lck the cxperi-

once o e efcient code, the seripts they will can accasianally become sery

proceswol utensie. O, userswillcreae Loops thas omtsin redudan <alpitions

or other el comecrable inefficienics, I is sery useful <o huld efficiency choels

ot he scripring sysem chat wares the usce ipus e 3 ermin time or pevces:

sor use Limitasions, Tse chocks sl quickly idencie porensially wasteful code so

dhey can b deatr with caly in the developiaciu prooss:

‘Shoet Kaywords.
T the section Fundamental, i is axgaed Wt using, Fincrions 1o implement fanguage
fexcues s the becr way ma make rhe langrage sy 0 Jarn, No ol aes hard and fast.
homever, There are certia situaions where small keyords (e.g. 167 “anize.” and
“aa” ane keywords) can make w bsigasge saler 10 read

Fot cxaapl, intcad of gtcing randarm mumbers by calling "2 = rancor 1, 17" '
ading s fanguage Future that docs the same by wyping "z = % <o 3° b aceepuable,
sinc caodom-umber genersron s very comumon in seripring (cspecially AL seript
ingl, This i just an wxamaple- 35 che eremor of the serpriog Lugguage, yon have
judge i Fotare s mportsn snough o 4de & new kepword, a5 Aunctfons tend 1o be
v w add w 2 secipring engine thon keywords.
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11.8_Gonetlc Agorithra: Evolving the Perfect Troll

o ol 2 dnel o phe death nsnes. Knighes never reteeat, nevee saceender, 3nd
[ ——

* Watch towers: Indestrucrible scrcrves fiom wehich archors fse 2 ol from #
distance

I el o axoid avecspecializing o sl each il be tesusd o (e scomarios

hocp-ich, knight-sick, 10d spacsely
age of irspevfarmances in all chees.

popiated and cvlvated according 1o the aver-

Evalustion and Fitness Punctions
W wanr o el v b comeidired sggresive muisances by dhe prasuars of vuc G
ey woelds, o e will give il scores Lo Incividuals cha sgal a ot ofshoep and kill
Lot of kaghts. We sl o v cealschae ey humans for aloog e and avoid
imjury and capeure:

doukLs ol etEvaLUations
i

deubLe szors = 8.0+ StasckpightsKiilos
10
T+ Siaiaiananantive
2150 © StatinanageTaser:
3

The choice of evalusdion function is wrucil, beease & daagemines ths probler
that she generic algorishm will b crving €5 sale. CGive con much weighe €0 4 eetal
component, s the repuls ll sarprise you, An el cxperiien irh the rol see-
aio, for cxample, put aa much emphasis an Tong-ferm survival. As 2 cesul, dhe
penede lgoritun happily evelved a population of cowands: e entive top 10 w21
e of el who did ot caprue a singls sheep or il  single kngh, bt managed
co survive all 500 turns o the sitlacion by fccing all che s

Since vt simulation iavolves sorne tandout elemenss fi.., the ls stacing
psiton and ho Long, it it sy imprisoned one ie falls into a ceapl. the actual
scones wbtained by individuls bave ess msaning s theis relaive vankings. Thus,
o all Individush s populnion have heen resrod, we il prodace  new
oo, Uhis new generacian will e gencrated Ly cloniag Ure op 20 individuals Gt in
cace ey he best puasiLIS, matlng che cop seven ndividhnals by pais, masin cu-
o pains of individuls slecced from che 1op 35. and ceraing 1 Jandful of hiand-
new arganisons,

Rosults
With  population s of 100 individuals and an eveluLlanary peeiod of 50 gencr
ioms, the smularion takes  liede under four it o n o an BADMH Peruiutn
MW processor. The resuling pognlacion can be characterized s
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A Jew publily vl soripring languages s pointers 25 2 mechod o access
iaformadion outside of the scripring languuges suce (e sccessiag vatiables in U
gume sogine Inell). These same languages, however, provide merhods for making
e poiaters ek 10d ser csacely ke nomal variables i the scrpring state. Luts
useedaca and cag mathocds are 4 goud example of this type of fmplecsentaon. These
feutures are extsemely useful. ey allow an embedded seipring language fo Tmain
35 close 10 black b 35 poceible, o sl reach doep ince che game engine eo expose
imporcut gume varisle, srcrres, and abiects. When o poistes e lis way, i

i e ivmplementers ob L exsre it vty scriptiog, vatable thacs n fac 2 poincer
10 0 game variabls shonld appear exacly 5 any- acher scripting vasable. The poincer
should be »cransparent enplementatian inyisble o che sss,

Novice Program:

ng Techniques

Al programmens, whether jus sartieg vt o esperizncal, Luse & dillsent Jearning
sty and their o programming yle, Howeve,ther ax a fow gonerl cochmiqoss,
mang of which advanced programmerssill s, thr are common senen, aavics,

Copy and Paste
Copy and pastug code I by far che most comman wey <o progeam. Advanced pro-
grammers froquenly capy large parrions o their cade, pas i nto 2 new module,
and cuake: the small changes neded o ke this oew nodule usique, Advanced
programuers do whis because it makes sensc 10 modfy an cxiscing and proven
Acsign, rachor than starr from the gronind p. Novice progsammers, on the other
band, cend o copyfpaste because dhey know dhe code they ace copyinagshinpl rourks
They want w0 aveid stacing again from serareh, becaus chey fear spending 2 long,
time agoniving,avee cveey deail af the syncax, logic, and cotent of even 3 small b
ol cods.

Triat pnd Error
Tisors sell rgtently make arbirary changes e partsof chir cods they da not under
seand just w s what happens. ‘This prograniming “echaique.” soetames called
acking, i nocmally used when peogramumers e fced with an cror masage they do
i undorrand and haws na idea hoss ra salv. Lack of documentasas, or even ©0

e documentation, o e lessoians  proges extcenely dilicul, Mot pople
ey o overcome ds diffculty wich 3 heslchy dosc of xperiuennarion.

Referonce Soarch

Users Tucky navigh to havs docuineatation o draw from tend to program with thar
docusmentaion immediacely nessby (aways open on theit conmputers dustop ur oa
chei lap). Brogranuming fosthese orvices invelves weitng a small amenn of cads fol-
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Soction 11 Leaming
s Dkely wo be split, Obviousy, this doesn’ srork i the onder of the geoes is
iraporcant n your appliation; for example. i you store e awotype s an anay
and define gene names s intsger canstants Lo use a8 ndices, For insersinn ra be
mesningful, you will need st aldiionsl level of indirocrian: for example, 4 able
associacing cach gene wth its locacion in the data sccuee

« Divuptian {ar seaifirm cozsver): Whea creating ofpeing, fip @ oi va docide
Trom whick parenc s gives gene Wil he raken. This is efeerively equivalent o
varisble-order erossover: same individuds may v up doning one parenc, while
athers may crossover s every sisgle e, Thi tochaique does wanders for diver.
sty sl s sffetive ven wich sery small papulation sives.

Our tull e ow s, 5 the differences herveen crossover techaiques would
ot be very ceidens, For demanseracion purposes. we will use distuption.

Mutation
I s penec: algorith, ot ol s ool

+ Reiatzuduce extint ullees: Some good allles might be wiped out Fom e
popultion If they happen o ha fnnd anly in sy osganisns. Muradon may
eintroduce chem and give them 4 second chatioe 1o prove themselves.

+ Deevent prematuce comvesgence: If the coris population i made up of stluc
orgatisias, e algorichm might converge on locally optimal bebavior Instead of
the bose pasible. Small musations seflue solotions, wbilé [ge ones inrmoduce
inividual very diferent from e norm, shich helps anlg: che populuion sway
D Jocal mavima sehen crassaver bas insuffcient diversity wil which @ wark,

I borh cases,the role af mucarion s fur more inportant e deling v small
opulacions, becanse both alls extinfon aud promators convergence are more
kel 0 e, Nevecthels, e probabifrycha amy given ene will mate bewoct,
suustaions should b kepe sall in bissriog representations, foe exampl, cach bit
typically fips with probabiliy 0.001, In e, sona implomentations of generic algo-
vithms dor ot e mtation a all, chough this scern caher ez

o nsing i, ety i n et s s show, o ol

o mutation in naturl evolution b probably been avsrred. W
tianary heory suggsted cha smcaron s s ey cement i e provess, L is bowe
helceed shar cxoseover accountsfoe wel e 90 pescest ol exclutionary pragies by
rimging g “pubioic genes” thac enforcsGach others eccheres.

Generations
W will apply the following slgorithn o prochice new generations:

+ Kecp the rap 20% of crganisms from che previaus geaeration and clone them
anchanged. Afier ll ic is possble that we Luve shady fouad some of the hest
ponible cenlidates
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11.0_ Oenetlc Algorithre: Evolving the Perfect Trall &
O the evaluations are complete, s fimes fontion must be applisd o che esulrs
o derermrine shich organismms will gec a chance o beget the nexs pencracion, and in

sshar propostions. Several diffrent trategies can be applied here:

+ Stochastic sumpling: Exch organim is avigned a probabilly of Keproducion
qual o s s divided by e teral icncs ofthe poplion.

+ Reonainde sevchastc sampling Whitey: Divide cacl organiats s by
e svrage fencs o e poputrian. [fhe el s geene cha Y, dhe ngamism,
reproduces  mumbse ot equal  the iteger pact of th quoriens, Fl in
e st of he papnlation a vandomm. wsing th temaindersof the quorieacs 2
probstilcs

« Ranking: Tndividunl closer o the rop of the irness bl automacialy repro-
o more tanesthan othees do

W il be using 4 nedbod based on easking, bicause i forces quicker canver-
! gence. Mier sovers] penzcarions, chysecs of onganisms with simlar evabuations vill
enud 1o forzn e L top of dhe saslings, Stachavtc sampling methacs srould end
up picking amanng shem essenfally withous preerence, whereus we wan W [avur e
best individuals cven i Uhei advantsge aver the romperirion is ainore. | lowever
nnfic indivichals chat might heger amueriog pring, i given dae vhance, will be
eull fm the e pool before they have & chancs 0 do 0 -2 sk that raay or may
nor b accsprable in your applicacon.

Grossaver
Naww rha e ke which individuale will reproduce, we cun rte duen by s a0d
pply the cressee operarar o i thele gnerc marcrial

Again, there are many wiys ta implement crosuver Gnepuint or wiary)
cruswrer is dhe simaplsts i & genotype contains N gens, pick 2 number a¢ random
\ bersscen ¢ and A and swap everything herween that puint and the ead of the geno-
| type. For exasuple. i we spply onepoier crosiower to AAAAA and BRBBB searing
wirh gee 43, we will gec AABBE and BBAAL

Flowerer, i we Suok at he precediog exampls, we might nocioe thar anc-poin
ervssaver has 2 porenrilly annaying property: ic ahvays separates the st and Lat
s, I general, dhe g the “distance” beroen 60 gencs in che genope, the
bigher che prahabifiey dhat they will he separazed by one- i crossaser, This tlght
ot seca L, such  bi,deal, bt what i€ b reason chis individual is so successfl i
the face that s fse s genes svork especially well sogecher? Afier all, this rpe of
‘nanlinear intetaction Is e of the teasons we botber with G ac ol

Severn refinements can help prevens chis problen:

+ Twa-point (oc binary) crossover: Lusead of selcting 3 singl splicing point ac
£andorm, selec £ of them and exehang anly the maceril loceted hetwsen thenw.
+ Luveesion: Once i whil. change the ordet of the penes,s0 tha pairs of collab-
oraring genes locaced far away fram each ocher mighe end up closee and therelore
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characrees o o ecovaskable g, I cu ls rapreve your code readabiliy ad <
e i short, 1  good way €0 chest, e Lupe sun il find ways co cheat with it
hat e ever considkeod,
Cioal-hased ayproaches and rocmiom ane very powectul tonls, and rhe queuc-
based aysten s it vl s eranage those gosls. Goals are also 2 narualfir writh
enehical pathfinding techniqucs. Given the tigh basc poals, 1wk very Tirle
addirianatcnd o add che sbifit Lo st doces and dsarors. Once you wld thes wals
o youe AT elb, e donbt yon il ive e Up,

Raferences

W stombet 1] Lasumbre. o Claale, Robor oo Planning. Klwer Scadesic Pub-
Thers, 1951

[Meyorsd Meyers, Scuts, dore v Co, Mison-Wesley Publiking Compans,
Tose.
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Creating sl 8 wol s ot s difculc s i gl souned, Tnteofuces sce By vae
o bl with ol such 15 MEC ar Visual Basic. The anly ric s 10 came up sith
 schene fur snoling re data so Ut Uhe custoe understands what Ure ool b
eared

A scheme for sepresening daca for use by TE2koe objects could be very useful, For
crampl, say you bad a gonl exce caled aetotosstion, T he exec needs co knose wht
Jocation, This could be seprescatl by & dara srucuaee tha coutiond voordones of
e locaton and any orhe inforemarian che logic necded. Thee, what is necdod 3
method for ataching the daca o the exee and 4 runtirae (ype mechanizm s the 510
<an make sute hat che dacais the ight type.

Enhancement: Multiple Antecedonts

“Kitoeodeus wn < f porcion of s Ml atewrdoncs cold b very wcfuland
would nar s rao difcult 10 add rn the sscemn. For example. ske the cule:

TF SaosEnery 607G GraseEnany

Dizpending on the cnrras goal arthe time, yom might wane el e

I GovsEnsny 0 Healihy 493 207

sned GOTD Craserneny

Enhancement: Fuzzy Rules

Rules vkl o e ey component & thera far efornation un sy g, scc
McCoskeyl). Role socs could teri 1 fumy enlue insead of eroe ar fabe; e
linosttrue or nearly e his conld sork wih mulipart s i which each f por
ton of the rlc could hase e fuzzy valuesadded vogerber For crample, ek the e

I8 SeesFncany. ANID Onilert THEN ChaseBremy.

1 an NDC only sorcaf s an enemy, ke s shadens or mvemen wut of the wor
e of bis ye. then seeséneny might rum 4 D.4. [Fonatert rxurmed s D0, then the
eule would ot igger. Howsever, i onalsre was any highes. ke f an alan was going
o, shen it would push the 1ol vlue wer 1.5 and telgger rhe rule, Alrernacivly, o
che estaf che rulecold be tsced co e which had che highest fuzzy vlue, and hic
e wld b wiggernd,

Canciusion

Xt sy s dscribed i chis e s cumpenlly sy sod s porenislly
prrrful. Tt gies o the il 10 undrsand and manipubs behaviors a a high
bittatin Jeve, Ut of goals,snd s natuclto o we s thiok of e chir
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Leval-Of-Detail Clossi

for 2 Large Role-Playing ame. a2

o doss i translts 0 sl inllgene? ITwe viess atficia inseligeose
a5 cesatng the lhusion of ncelfgence, the gnal of the game Al word by to ke the
bjecs bt the player o plaers) au so exhibir swart behasiors. e wat 1o per
foom more paecise Al sgorihius and trcbnigues un due to cahancs the illusian of

{omegence.
The vovverse i alsn true. 1€ objoee i off serecn, o i s distant that b T

cult e snalyze i bebavior, dogs i really toauee wheder the objes is doing some.
Cloyer AT; We cruld sove CPL cime by ting approimations of suart hehaviors 0n
bjects that no playes can sce

Voo can e sharer s Tt SV, s plger sharctor ) i concared i rhe i
dle o the scueen. The camerd e be freely noated around e €. To canrenl he.
mamber of objeets on sxsen, s Timised the picch af he camees so that o could s
acmaose 5 meters asoused the chatacer aL ay oo o,

“There ase secandary factors ro consider when classlying objects, Yus host slgo-
ithausshould g 0o comeoling, player charaers. ince chey ars dbways on serest. I
playes do mutice inteligens belavior on oUcr ctotcs, the playecs vill he ooking,
o e e clsely an creatares that see interaciag with duis PC fither in contbat ot
i wucrsaion. Finaly, i€ crearre is inan aren in wbich there s s playee 10 35 it
« furthoe rebaation of the AL s pssibl,

I AW, there are ive diffeen s
shown In Tuble 8.5 going,from bighest o lowet priorty.

cacions for an obiec’ level-of decal a5

‘Table 8.1 L0 Levels In Heverwintor Nighta

D _ Casstiore
1 o Ohar (2 G o
s Sghizg 7 o T
g eihis Sp o afe 1T
PR

i

o Figate §.5.3, we sec 2 number of objees within e ssparac aseas. Each lrge
squacs in Higuse §.5.3 eprescaes 2 difisreny aea. There are e playees i the game,
cach comtrlling s singfe . P are sepressiced by 3 sl cicle, with 2 g cinde.
indicacing the asen thar can b scen by dhe player, Creatuo are represcnved wirh 2
sl syuare, Both PCs and cxearre symibols contao heis curmct LOD.

s are sy LOD L, 50 cacd small ik contsins a 1. Creawes fgheitg or
intracring with T contain the number 2. Creautis in che prasiroiny of PCs con-
i the number 3, Creautes shat o noe sibin a SU-meter sadius of any player
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exhaustive search 10 3 conszant cime, or Of7) operstion tn derermine that ca paih

Alllonagh s s standand algosidom. the posibiliy of vne-say fnks and i
cnr characres abilies ads some complicarians (ase "TtraceRegions.cpp’ inchudod
on the CD}. The defiuicion of “oounseced ueeds 1 dhange. T some charaucss can
g, bt ot oers it & el 6 koo seberbes a given chasacter with kauen s
s can reach node A from nads . wirhoue 3 search. T sclv the prablem, we
e dhe baske connceted component extscton gorihn [Laorbed1] ol
itnes with 4 diffrent definiton of “conoezad” cach time. so that sach node geo
Tabelod i rmliple component aumbers, une for cach verson of “cotmecdoes
e vate sbuost, We run one sersion Usat uses any cunaection, 2 second tha bieds
connscrions a¢ jamps, & thitd that breaks conmections at cesacors, and & fourth that
breaks conaeton a daors,

The compunent nushsz bassd an connectians broken 3¢ danrs can be wsd in
che Goat Gormrasgnosce o detcrmine which switch t use o aperats the door. The
AT clioeses te swiscsthat b e s componsent aurmber s the node o it ide of
{he doot. There suc v imiations in this method. The fin occurs i che comect
switch i sepacreed from the door by yet another door, In which e o siches vl
e decrned aceessble, The secornd e i here s way around the door thae would
cesule i Lot sies of e docr being in the same connecred compiman, in shich
s the ayseem canot decide betweea it hes oa sihes s of che door. The gume
dosigner anust. decide whetber chese imitations are sccepable. [F unacceprable, che
litattons could be oseccome by addicional nedemap annovarian.

‘Component murshets e ot alosrod  cross e iy ks sine i node A has
the same component numbe as ode B, it sags A i seachable rom B, sod vice vers
& e way lik violues elis redpeociy. tnseead, whenaver a one s liok It encoua:
terci daring che connection companct sxsactol, i suved 1o e Lhe lst is the
s o genccate a maie of Bonkan values thir sags which regions as wachable o
‘one anocher. N dhat here isa lobal conniction mate and a region type per node

for cach defnition. of connsctedniss (v Pathtiods;
Linkcpp” o0 the € for an ctauuple of honw o pu i all mgsher.
Constusion

The keys o the inceligent navigation approsch preseared in his aic aee cho o+
o nademap and goal-baed patk execurion. The modifled comnevted companen
nracion agorithun allows the sstem o effciendy decermine whethcr  path s
for any given characier betwen v modes,

The nodeonap provides 3 very flevible oot o sljsting chasacter behavior on &
per-ninle or prc-link basis. Por the approach w sork, hoveevar you ped g editng
molsand peaple who ke the worl seivusty. F che ipot s soppy, the sesults il b
w00, When consusuced cazefuly, heverve, the sussotted nodermap can allow your AL
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infernc cogine o oot care it s o indids TeExes objeces, b only cares that
Uhese abjecis supply irwith che nacessary fanceions o use chem e process ol and 1

cales

Al Tegxee derivod classes s equived 9 supply an znat, vpduts, gwior, and 4
gethane method ‘The stare, fanis, and reset: mechads are aptions. The most
iaportant methed of rhis class i uoaate. Bath goal aecions and rule condidonats call
g, f upte=s cetuems tru for 4 rule conditonsl, dien tha ruls i wiggened. & goal
serion cals upaate co process che bebavior for hic goal

The intt mechod is wed 1o establbl che awmct aF the ovec abjecr. Only sxecsof
e same TEGa-er ypecam e wsee s camscruer rules For dhas v, This s nportanc
when covsiderog how e will s Bovs 1 wark i 3n 1etumen, and what spe-
i dac s avalable 0 chem. To mrake 155 more useful. it s 1 god idea 0 g
eraline the rypes of 1€0erars they work wid, Fot the sxamals on the CD-ROM, there
s i 1E0aro- decvod class called craras tor chas providss an fntelice for 3l the sub-
syseem supportfor all chasuetens s the samgle game. Thorsfore any 1£exeo that b 1
Sharauter 25 an asvner can access chess Fanerions and asociated daa.

“Th smetluvls stsr i Finian ateused noly by goal secionts exces. s mentionsd
Vi, gl acrion e mesd i prepare isel For e wpdtes o felkos. The atart
merhnd will be called repeatedly wniil I reuns s, The upaata mechod for the
‘oalaexon wall not e salld, and the rules will ot b evalused wenl 52061 (7 e
e, indicating that the gl i oo inilizd. The rinisn mechod s sisifer
Whet caurol is transhared aseay fom a goal by 2 rule wigger, fanis- 5 alld cvery
updste ol I et fulse, Conzol is ot actoally cransferred unul his oreues. This
gfves gonl 1 chance 10 clean up.” o b it a st that males scnse hefose ranclering,
control Toke dhe ccaple ol s uan Juraping vt

GO (fumpDich

diech:

IF Secsburaut COTO Ruzisyt

1f ur massaw the saonster I mid-fump, we seoald nut seant him 1o stat v
ning,in id-tis in the apposite dizsction. L 13251 suthed gives the durpodien
s s way o sl sne et ands on che grovnd before any uther ol can tlee

Ciaale and rler conld sasily be expassd 10 4 sctpling intetfies. The obvions advan-

e s that the basic bekaior for Al conld csily be cearranged widoa wode changes

‘ A alcernative o » sriping tecface s o build 2 spacialied ol for camseruce
g o and 1, The sdancge. o wich 3 ool is tha, ike 2 seipting loteelce, it
s Forsnsy modfications t behavlor, 1 also has the advanrage of reducing ercor
a5 the ool wanld ey allow you o selsce rul snd goal abjecrs i b b egie-
reced with the e
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Sactiona_FPS, RIS, and RPQ Al

eash abject can be renderod swith an appropriate level-of el Thvas, this lvel o
derait algovichm can aoncrol and adjuse the auebe of tisgles drawa cach Frame
i sl managing o dra sy objos

Ificwarks i geaphics, why ne For ot arifiis inelligene needs? We are going
o Unstare che level-of decal Al sycem that we stapletucnied in Neverwinier Night.
e star by ecanslting the level.of deval concept o AL Then, e describe how one
ca clusilf sgens by 1he lewshordtail shey roquire. Finally, vie show bow acions
vt high esonres usage can he limiced.

Level-Of-Detall from the Al Perspoctive_

Th advancages of storing, 13 abjects o diffeen ssolutons of loels-ofdcel v
e discunsed 25 yesrs g [CLrk761. S0 object thae s anscrean and clese o che cam-
cra mighe scquire handrods or thansands of polygms ta be rendered a1 sulicient
qualicy amiever, i the objc s diseunt rom Use catuets, you might only need a -
plifid vemion of he el with ondy 3 handful of polygons to give an spprozimate
view of wha e object Jucks ke, Figre £.5.1 showes an examole [Lacble8] of hose
3D araphics mighe simpliy 3 10.000-polygon Luap incw summethion bardy ressmhiing
2 lamp with 48 polygors. In Figure 3.2, we scs an cxample of bonw o use chise
Lowee-pelygon suodls o render b bamps, nsing S polygons than i e only bad
e singls high-palygon lamp.

\’
4 ‘& '%
NI 4 Lvon fiog laie sdomean s 5
A Rt

FIGURE 8.5.2  Lavpsof varyig ivel-of et icved s diffrent diances. (© 2002,
Daid Luetbe, Reprooies wnh poemision.)
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the fime. Oncs i longer recgived by rhe Challenge mechanism, hese objsces should
st s el e st back o e e world

A hlrurehical vbjedd usnagement sysiem was implomanted 10 allows the Chal-
Tengs mechanism to creare, aceess, conerl, und delece gorme ohjects. This syseeen Lept
erack of the mamber of ceferences made to each object, ensbling gacbage collerion,
Aeuss conctol was reudened aedudaon, 2 the objeer mavagoment systom cnsuied
char an objecr wauld eeruen 10 the corvece stace and behasior as referumess 10 i were
delered.

Tl o che ohjeet uanagement system an che concopns of Actors and dgons.
©bjocts ander the cantnd of a proccss runoing am th VM ace Acirs, while objects
Gomeroning suanomouly i e gone sord e Ageus, The gucue precules Autor
objecrs fom most processing, includiog AL, which helps o teducs the effece of
anforcsoen ahjoct hehaiare. Cnce a pracess cerminates, he ahiecs mansgement oy
e secalulstes ofesentes o ol e wbjects i knows sbous, poceutilly rtusniog,
some Actars o their previous toles.

Wianiprlating,individual chjocrs sithin the game world is povierful, hot afien it
s wnefil o musipulite s group of objevts wigeler v i they weze 3 single. oty
Objece contalns, such as ocks and rowns, wars implemented within the game and
exposed m the game designess vin the objecr manapement system. This meant that 3
gace desigie okl v <anly decsease the healch o ah entie flock of sheeg, of cvn
cmevand all o the villagere e 5 cavn 1 damce

The Chailengo Programming Language
e aone b a Challenge mechanism e was poweefl, e aud iz, I pro-
ided a pic, penetal fniaton o op of which s could build poseril Challnge
elapmen s The ame e o e o e some Crlenpe i desd
using sl grogramiog b of Ui v desiga. Our Eailaiy with the
G campilor acatin wols Fleand B ngpied s o formaizs the syorms of

sn implement a cmpilc foe & that produced VA oz,

o e e progeainiug Luguoge s showe in Lisc
g 10.5.1. Objece dlarsions appcas 4 the top ofche serpr it 3 block of sace
ments fllowing, e e ceses  cowar che posiion o the plyers hand, seves
the com 2 it vl cnvard the tarer, s causes the i adsior 0 heur & cuning
commentasy. I el whets tho dow dicsar hen 1 eaches s goal.

Listing 10.5.1 A simple script written In the

Challenge programming language. _

begin Seript SickaowiTe
Starl
ke £vil sparit peirt to Gor
Say ~This unhealihy seast is on fes Lest Zegs:®
wove Goo <o (Taraet)

)

W a1 passticn of hana
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must he caleulated For esch agent for vucksof it ear clgbbars. Again, hosause hese
intluences ai recipraeal, seoring incermedliate rasuescan v the puabis ol

There s sl the sene of howr the fack s o nsersce s the covirorment, Al-
ol wurliphe chatacles an be et np and denh i usi the avoidince rule, s
incrochices che avocisted problzm chat an increase i the s of shstacles leads to
a capnocniial incucase in the mambr of calearions. 1 3 clas it flockiug is «
compuationly itensive ok in whf lacgs nombers of agencs ace insolved. I can
o b cifficul 0 arganize. global comtrol aver x Rock, especitly o ane Is 1o s1ick 10
he wrigiual spei ol Reyusohds’ lgoritun

e sworming, algorithm presemed in his aceile is iended Jor inarians in which
thece e e or buodieds ol agents nvolyed in chewarms in ather ioeds, sieuations
in shich floking calcolarions would normaly pove probibicie. I provides a com-
pracanlly efficenr meshod for maving farge numbees of sgeni i 4 e sha
gives the swarm s “urgonic” e, ol alows for an ey global conteal syscem. £ Low.
e iris nee nsened for sivarians in whichie s a key part ol the game thar she cea-
cuter should bebave ecautly Tike G ar birds. The algorithm anakes 50 ateonp au
avwiding colliian or sven nterpenetration becwees swatm meres. ¢ is ntended
Lot vy g mumbens o senall. e moving ageers such 2 s, spilecs, ot cock:
sosches. The algoricha given in the exumple code in Listing 4.6.1 i intendsd for
Tand s creacncs har cam el wall, b e sy Lo adapt the fgocichun foc -
g or swisnning coesutes such s b, %asps, o picaobas.

1t i sssumed checughoue thit the cargee of ehe swarm i the player-uancsalled
chasacet, but here s, o course, m resson why this st be the vac, For baukroued
svurms, he usget o sl be 4 puiat o throgh the emvonaneoe. L aoutd s
b pare of the ganeplay chat che playes has to ertiser the svatm 10 anather vaget
s conld be 3 metluod o semmove s oo imrassable enemny and the swatm
)

Inttalization

i agens s gy 0 b
The swarming agocihm will produce vsttons n ading and psirion. hue 3 ot
problemaic . gvedhe sgenns some. randomoess o begin i

o, £ T o s 4 v o gt he swatm off-camors. Thete ae

The s o them fnto edstence o cunees

vy s i hich the nrrochucrion of the st s be wade into @ deamaric. ser-

piece, Dnopplag cotatutes from the ceiling oned the layee, sprasing chem o s bolk
in the wll, or having o cascade uf erescurs avcs the lip of 2 it (refirbly e occu-
pled by e playe) 2te Al wags in which you can ouake the st of the swarm’s
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Simple Swarms as an
Alternative to Floc

Tom Scutt—Gatehouse Games Lid.
1tom@gatehousegames.com

Q0 Ry g sy b b vl documctsdand s gy
successéal a prodacing yrorslacking movcmcol in gtoups of sgelis. Hov.
et lgaiduns can b computsshonally expenive, sspecialy shers there e 3
Lge mumber af agenrs or 2 complex cnsiranmant w detec sgaiest, For this o,
hep are ot ks slted o rel time applications nuch 2 viden gamer

This aricle decail 2 mcly simpler algorichm o pradocing aaursl-losking
movemen in lucge swatms of ereatutes invulving tens or hundreds of agens
Aldaongh chis lporthm cannr guamnces separxion of crescies within rhe suaem,
the avesal mprcssion of lgusic snoverneat i very convincing,

The flacking slgorichs descrbed by oy Feynalds [Reynobdsf]. "Woudcockdd]
desceibe baow  group of agents can be mads 1o mave in  narrliric shion wsing,
che simple ering behaviors al seperaon, ukgnynens, sk cobusion. Sepsracion mukes
it aget sseer oo aveid gecing can clese o i near neighbors, alignmeat mals the
apentser o as v march is heading 13 the average headieg o s ness neighbors, 1nd
cobesion makes che agent seer coward the average posiion of e near ncighbars. The
emergenc behavior of s group of agens using these ules i ¢ s s fasion s
lar w ilock ol binh or ashoal of fish. With the addition ofa fouech rule Casnidance,
which sakes the agene e aseay from 2 oearby nonflock object). agens can soer
arotn absmcls i the vovinimiaat and sove 3 s 10 aveid snemiss,
Flocking algorithms are perfeet or simutating, the nacuralicic behasiar ol sunll
0 redinm mmbers of oreatie, espreilly i gasars 1 whicks the bebsvior of those
creawres is 2 major facns of the gameplry (e, Nimendo CaneCubss Piboinl,
Howerar, a5 the nombee of werutes inctesses, conseational Dovldog dgorichons
beconne increasingly expensive. Useey agene i a flack has 0 check againgt very other
sep
ave distanee calcuations fproviding incermedise cesules are stored in an inceracrion
aeras) fr  ock af a2 2. Then, the offees of sspararion, aligament, and cobesion

agen.in ehe flock 10 s IFir i case @uongh Lo inlluence il tesling i Y6
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acters behaving. The syseem also foeces is archiceces) to design each suboomponent
n. standud and Dexible wa, via che “Feasg ineerace.

Vageflly, chis arricle has given yom some insight 15 0 bovw essn siraple mado-
scearn Al cancepts can make yole syem mote empaveered, and can be aspringboard
it learning msch mre,

On the €D-ROM
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The Dark Art of Neural
Networks
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Intelligence Depot
alex@ai-depot.com
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Real Character Behavior
with Priol ed,
Categorized Animation
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jorkin@blarg.net

a1 o o o s e
characeees by playiog mliple, e seaaions sinaltanoanly. ich corenr
kleal nimaran schoalegy, here s o 1< n e chicsceersto ol plying
Fill-body, lnwee-bdy, o upper by aisustions, Tody's dharacers can mave amy
part ot by independency e ke a v pera or nimal & daraceeshould
e ahl 0 fre e g wich el il g, 3 s Tutons i beows g1 e
st et b s v i ehe wind! Th.chlenge, hewever, sy 0 mnisse
ther indpndent lyees of simasion.

Lo sepurtsanietion conntollee for ach par o he body will quickly leal o
vy comple coe,and a camfosi of merdependeaies A bt soluion s
e, prartzed sniacon syt hic tho yes e crcgored by he regions o
e bad that sy afce, This el dseribe the implementaton o such sy,
whics anisations e stocal i sertod s of 3 sngl animacio coneole.

Prioritization and Categorization

sy of prorze, caregocined seimasions centralise ol o stating ) s0p-
piog ammations. This centrlized systems diniontss o o for doing any chcks
efo plying 1 new animaran. The anation cuntroler wss the sategoy of the
animacon to dtermin the soing veder, and use ho oy o deremine when o
s prvious amimavions,

“The it stcp o mack cach animacion, ih s prioriy and caregory. Uhen,
storech priort s 0 tsger sring e forthe et prioris e @
 hosen upper i Lhe catsgory o b 1 bilg <o, describing, the rsgian oF
he bacy chae the anioricn e, ekl an amimacor should et e peioeiy and
category . she time she animicies s expartsd Joon the suboiog sciovae, 1 his s
o s, the it can be wiappd n 3 dae Fle hae specfes th priociey
and caegoy, and eevcnces th sl anomaton dat.






index-194_1.png
e we have scared exscusog Goal_itSniteh and is subgoal Bis) Sutufods, v
complers tocursiv ol qued el be:

[
w31 SeTarosanioce( beorLink )
Sssl_wizsuaron( Uooreiton )
Bail Gotonode( astoeitobiocatzo-{ oarduat § 1
Gont.“oltosLink
fna TurnTonards( onarsten |
Geal_GEARMMIEE DOoIT-Ley ) 1inel yet. expancias
Bond_Fordom ki DusrLink
e Lo ik
e Lowink

Sudentation cepresncs the nesting leve of the goals. Nore shar Goel_Satanode
Usovtetryihas not yer been expanded, according 1o vur bzy evauation rule aboue
s sazcution. Ly evalomrion improvs efficiency, sinc it i possible the charuuter
il die oc ill have o seplan befare i bgins exceution of tha gonl.

Gonl ReThrnuanBar can be wsed o navigate senila bstacks as wel, neludig
force ields and sesscrable bridges. A furec ield s an o and elosed saes juse e
door. while a crractble hridge snighe he treatel aoaloguusly 1 2 door  which e
e state s the saane s U o e e, (he et stae s he same 35
the daor closed stase.

Eleatons for il traspen mochanisins such 2 esin) are handied simiarly,
with the exception dhar Ganer atacoasr ronpesh | ollapsss alple contiguous inks
song the sune <devuar o singls Gos? wadsCieustor fsee cods on the CLY.
221 e avator divides it wrk Ineo four sks:

[emep—

503l HEASUHEC GRLISALTON | £111= the call sasch
o1 G0N EnlryWade | | 1ia tn nedn nnide el
ol raLlamankl Irtry o ) fentue g eTavason
FushuTeont TnternalSaiter | §fpush 4he buttn Lane veic

Like e dos example, i need to ind the carcect svitch 0 call the shvaros To
B i, we cnake use of e vonnscted components informarian discnsed i the peer

Sonmsoted Campanent Extraction

For &7, the mast cepensive <ech s for che path thar dnsn evise. When no puth,
e, A" il perfoem 30 exhauseive seaul. Lo avi thes neliciea seasches, 13 4
g0 iden m mn 2 connecred componet exracrion dgoritlun v W gph 3
aroup, The algorichm el creey node wlth  campanens msher. f 150 nodes






index-302_1.png
nap spectic dra for oy of the subsysiems such & keping o yawbing sejratian.
Qo Nop i oz, 0 sy b wed by rhe nféccnce g dhanogh ths
Wrink thod

St L of tnarw gives gl che oy o perfar one o1 e s 0
e for the i setives it goals beavior by ealiog ch start mechod. Usual
anl ome call o scar i ncded o prepare s god o procssig, hue i by cvs o
stant on subsequent e . 1t L, Cnes st cturs e,
Tt is e sipnal hat i b ccseded and procensing ofth poal . procod. Tn the
e of the Nap gral. ste-t hgos a animarion fo the wner ithe dog) w e dov
b s up ar ol st  LieDonm fo e e ofthe Nap uposte

Sucp 2 i the complement o step L. When contral s e tnderred 4 s
sl chen ke previous goal has the appormaniny o “clan up® through che T1nisn
rcrho. For cxampls. sy ot dog it st st s e s o bis g, b potel
st 10 cunteol tcamsfered 0 @ chie gool. W wanld nor veane i o incanty

L alipl alls i multiple updaces, e inference engine vill conrinu caling
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loups}into the nterprecee’s b priuiss.

feterances

Tahob6) Ao, Alfid Vi, Sehi, Rev, and Ui, Jeliey D, Complers: Primipls
Tichmigue, nd ok, Addison-Niesle; 1986,

(ScorchD] Scon, Micuel L. Prograrmoning Language Pragrstis, Margan Kfinana
Bublishers. Ioc. 2000
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s et I sl nly el ey smple orms of adom variion. Tvspie s,
ehey ars surprisingly seful, eas e understand. and requics very lice computation 15
[

Some ralworld ewnesthat cun be accurately dseribed by ucoudiional dsei
wtians el i utcome uf (ipping  cai, che <sule of choosing  card from a full
decle, and. e rivally, the parcof he goal that a particulac sucver playet sivns o dus-
g 8 penaley ick. Uncondiional discriburion madels nuld s be used 1o simulace
the random chacaceer af all these evencs.

T prodie s« model of he unconditionsl disuibrrion of  sandom warisble 2l
hat i soquired i a eprsenraive e of smples of the varisble, Repreeatin cneans
that the varable takes on th same valucs n che sampls i the same proprsions as
vould be expected in 1 ypical game; exceprionsl vaue i che e shondd L e
ool in i sccof saunphs

sl simig amors e produced o s ks g by liog manal
conmal aF he AT cank. T each sho, the diferencs beeween the coresce e foe he
cunks barrel,as caleulsoed by che meural network, and U angle s by the playor was
Logge o sk, Alice u couple of g play, this prodsresd  le contining seound
5000 crarmple errors,

S nconditonal iserlbution odel wat then produced b dviding,the range of
the crrors into severa) mon-overlipping segmennts called dins, and wsigaiug vk &
puokibli cqual o the propuhon of che samples dhar lcs thin . Tor csaople, if
e excore sucgged beween O and 1, wnd we wete w use 10 bios, the Hra bin s
cover the iroryal 0.0 10 0.1, the secand 0.1 ta 8.2, and 5o on.

Sienilaly, if 5000 samuple e collzced, aul 263 Lay within b Fist bin=-char
1s,in the range 0.0 1o 0.1—ho irsebin wiald he asigacel a probabiliy of 233/5000,
which i rvughly 0.057. Once all probubilces have beeo computed, s roodel an b
used 00 genrate new samplos with the sams elisribision as the original. Each new

e i o stages:

1. Raradomlyselct ue ol che ins s accordancs wic rhe b probabifiies Cor
example, since che. R bin hus probability 0.057, the slection process
should chowse 1 ovghly 5.7 percen of che rime,

2. Genersee n cundom aursber o the saage coverrd by e selecied bin, For
eratuple, i e Fs Lin s chasen n step 1, 3 random nnmber herween
0.0 and 0.1 woukd he genected asthe ssmple.

Iihe single mont impurtans problem in cteato 2 distelbucion model i fo prop-
sty match irscomplexiry—hat i, che nombee ane sin of it bins—so e nummber of

exsrmples thue are e 0 coeae . see Bhhop93]:. Using wo o bis cun sk in
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Multtasking
W sl sk e dosaabl, hey il ot ahways be muttatly exclusive. Becase
af chic. e can perfare smadtple sks simulcancousls, ar mrelzest. e s iy
which e ca & given rask are allocated for but vt Consuoned by che casksthese are
che impuc that are poveaial svadblocks 1o muliiasking. For exanple, i wast RTS
games, 2 Ruiling can anly pesirm ome cak . it therefors, i 2 nonconsum-
bl esource, snl any e chae requie 3 e Bulldags as e npuc cangar b -
foroned simultancly—unless maddple nscaices of hat Building are avtlabe,

1 AN Togeth

N that e b all o he concept, bore do they it bt

1. Mol » gosh or st of goal, These axe deaifed exteenal e moel
probbly by the desgnss, Eamphes of gaols include "15 Scisaie,” 10 Sis
sors snd 5 Rocks," and "5 sach of Rocks, Papes aud Scicors.

2. Lderily the subgoal. Widkin e sconomic domain. these ace enerstsd
o ch tech tree and il rpresen vach of the possble osks thar can be
chaited oghér o farm 4 ask-sequence i subles 4 goal o subgoal

3, Generane 3 tuskaequence it o s cach goal. 1f ur oal i °13 Scie
<ot chon we wnld genereee 15 cuk s that ach link o goal uf
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execurion. This insteurion s the irse instniccion of the inerprored Kuncdon hat i
being calld.

The compiler nutst generat o gt abk ontaiuibg the locucions of exch of
che funcrions in the instryetion arsam. The binding cods consules chis cable o detr.
mine dhe proper jump offe in

' Coda far Extems Functions

Just lie intotpreted funccions, DindGen generates & wiapper funccion for calling
estemal funcrions. This wrappar Fanecion akes th srgamntsthaethe nterpistt has
pushed oot sack. ane assigas thean o varibles hat can then be pissed ineo the
eremal fomerion.

“The Ioterprerer clls this wrapper fometion ancomarially. To do this, TindGen
st assign 2 unique deniler o eadl exernat Guoction. BindGien aho auto-
enrates 1 headen e comriiing 3 protorype of the external funcion fot the seript
Ths header e slso conains the wnique idearifer asignod by Rindtien.

The compile genrass the proper insecuctions for elling  fomecion. e com-
piler can devees s e i caling,an cxcenal fsncion based on the funcion deii
e that BindGen has generated in che header file. When an xcmal fincrion is
caled, the compile peneratse the "allexterual Fun ot steccion.

The compiler provides.the. uniqus idenriicr thar BindGen wsigned 1o lis
nsruction. The idencifer is pased ines 3n auro-genersted swicch sicement (ako
rtoy of Bind Gen), This switch scaement mags the unique ideneifie t the wrzp-
per function discassed previously.

Al spectof sy imegrarion i he avnr Faneton, & e funcron s any
fonccion e o cus s The fcion in the snimion ystem that plays 10
animusion s ame such funcon. Since plying an animation canao block the i
program,  syncon of callacos 5 sl iemplemenred e inéoven th caller ben ehe
animarion hascampleted,

There i o ceseon ehar. his rstricion should apply o 2 scrpt & el Skcuplee
crpts can oien b weiseen i the Jarent fomerions eonld scrully block, F thess
fancrions did block, then gt « nonster sy sumethiog; vl avee 0.2 doar,
oper s dor, sl chen sk hrough could be tmpleatented in ¢ single function
Walktng il opesing the oo sre et uncions chat wsld ok mar] he ol <
compleed.

Yoty Tl s requied by she vesprres 10 snppart aceo Hancions, Sinoe it
e s o el etonn o be Litent, Binden can help with the derais o
Lcene funcsion cression. The nteeprtee cdls the enctial fancion srapper a5
desaibed preiously s s e ould it any exernl funcion,

Normlly. e intrpreter condiouss sxecution when the enernl funcrion has
finisheck b, s s not deied for ltene unetions, Insead, the exteral func-
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indicac tht the ol s ot e g o Lo gl o pck ot (s ube
et i the excrplar data—patially s alicady s oy b,

T« condicional diribion modsl fals co captare the subelcis of the way in
‘ehich 1 distebutions should ot e srsponss  estead ioffuences, e MLE that
aleulas he bin probabilics might have toa fese hiddn neurons o Lt how co
change the models shape. Aheenacvely,che modelsinpass mighe ot nclude al the
varkblesth acurll hase  substuntl e i he sliape of e el disctibuton.

This atile.examinead the widely ncglecied probloon of modeling and imivaco an
dom vsiatan. his s acheved by building 2 mods] of the distihution thar dscribes
the variation fiom 2 eollvsion of samples af he vaiable of interest, Once s monlel s
hosn cansen
samples frum i

‘Although ths aeticls and he accompinying demonstration program (which can
e found an dhe (D) focts an tepradincing humaalike random variagisn, he tesh-
hiques sl e can be appled e model any random vaciaton, regacdless of s
canse, For crample, i wauld be auite possble o imitate changes in weathet or ycles
of sunspor scivicy—provided hr 2 iabls e af examples conld be obeained

The imtereed reader i simangly eneanraged o experiment with the esample pri-
prac l aompunies i ancl. More informaion abou the appliation of neural
metwwores in gumes can be found in [Manskowd1, Trans02, and {Champandardd21,
o disribuian modeling in general in [Bishap9S], and shaue modeling and imi.
ating tandon sequeaes e (Laraéet2]

red. the oviginal random vatiacion

o be nitated by draviog randon

Bishop95] ishop, Chris. Nemral Nemeorts for Pasen Ruogaivin, Macenillan Cale
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‘Charls Kiver Mo, 2002

W arainG2] Lataie. Francois Dommiaic, “Usig N-Gramn Statisical Mok o Pre-
Uice Dlayer Behavins” o Game Prgpanming Widom, Charles River Madia,
200

[Matsluwt1] Maslov, Jobns, “Using « Neursl Rewwork in a Gurmer A Concrete
sample” Game Phogramming Goms 2, Chaees River Medin, 2001

ol Newrorks,” A1
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distribute the processing of an individusd <ty action Dawsan0l|. A common
ramapleis pathfinding. Far complex 313 erironmeots, we could perhaps solt the
snace requited for » patbfinding sequest oer & nusaber of ames,

When AL i disteibued like this, v con spend mor: tims processiog uilir el
meots of e gurme, Tt sequices e vl eflot o eofi an appicach like his, buc ies
wasnably simple o do and mighs readily be implemenmed in seages. Diseibion o
pracessor uad and uptimization in generd & offen a problcin tia should be rackled
an. high lvel s, T ofven the case thae koeelevel uprimization might ot eves be
asvussary i sufficisat s aee e at o hghee ovel |Abrash91), [Rahin01 1

" b Rhrash, Nichasl, The Zon G o Cpsimisasion, The Corols Croup,

1994
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whers Ris the mimbr of Rocks praduced, Pic the rmbes of Pagers produood, ad
Sis the subee of Scissoes produced.

A prodhccian passibiliccs cure for AP seth 3 fxil dmc ingea i ittt
g because ll of hese icems hase che same time cost. Orda they?

Cast of Guals versus Gast uf Tazks

1F e comider sach i (Scssors, for sxample) a5 goal, o e can sce char checs
e gl s ot just e contof the bst ek sequired o achieve Lo ol bt the
o all asks i che rack-soquence sed 1 achicve the goal. Figire 3.3 shoses such
vkesegucace for e ol *1 Scinon,” ssurning 3 Money callection te of § Maney
per Time.

Figure §.3.3 demonstraes ht the actual cnsrof  Scisors i dependent upon the
svace ofthe game at the ions the plat b implituested. T hone ol e slogoals are st~
fed at that time, then che Moy cost, G of rhe Scisors pal s the sam of the
Moncy costs of cach ofis subgoals

>m “-;}
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FIGURE 883 A cad-sguenee or he gonl I Seiors " No udbgost are cuvy e, B
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A conversion pruces is nesded for callig exernal funcrions. The most diret
way 6 handle this sonversan i to wite uilty Ce 1 Fanutlons foc the uanlasinns.
Thise ity functions bandle 3l the dscails hae bind Cer and. due incerpreter
ogeche, Bach of thes wrley umecions will b xespordble o 4 single eanslcion. For
exatmple. I the suipt newds 1o call the Cr+ Aanction d1splayi-aget, tben a udlicy
functionis siren for che calling seamlation of this sngl Ciucion,

Unique bizding functions ac tequired, sinee cach fancsion ight Lave iflecent
anguenens and migh el differsat Funtion Lo ru G el o nferpreted func
o, Havin co crsare all of his bindig code manually cun b vesy e prome and

fime consming,

inding Code

Totead of the deveopc cxaing ol ofthese hindling Fanccions maually,  program
i writen  cresse his binding cul sutunadcally, Ty creacing this rogram, Hind
Gen, developres < prowcype the Fincrion defintions in 4 conbguration fls.
BindGen will use chese prototypes to generais all afthe roguired Ces codk.

Creation of BindGon

Creaciong a progracn it aute
This prograsn, heneever, generates Crs code eacher thar enachine cods. Making Bind-
G i veey il o, bl simploe b, ensking she comapilee for  sceiping lungusgs.
This tonf only nees 10 undzretand che hores uf 2 funcrion procarype. e does mot
e o undersand the sophisticared aspoces of a fanguage such s class nheritanos
and viraal fuecrion calliog

The Fit st in maing MindCien, is 0 creste a passe that is capble of dealing,
ith the configurscion Blss waicen by the devslapers. BindGen reads Uiese vonligu
saian s and seanslates e et - code, Thisprocess warks jus e a compiler
15 desiled in atile 10,1, “Scepring; Qvrvicw and Code Ceneration.”

BindGon resds the cnnfguraton file into 4 pase tss. a0d pascs his pace e
o code geneeaeor, The code generacor anderseands the proper Crs cod associaed
ith cach sode in che parie toee, and wnes Uiy informuation 10 gonerate che prope
Slo. I BiodGen' ase, thess e 70 15ps i nades i che parse e ot for cxernal
Funceons and the other for inzesprstad Tuncians,

13165 Cr - codke i sinslar w creating a cotnpik,

Toe Intarprotod Funotions
Vo imerprecad functins, BiodGen genctaes a finceion that s 2 wrsppec aroiod the
seipcod fancriom, This wrapper functio Lakes Lhe sanae arguments char rhe seripred
Funcrion sokd take, The sutu-genceaes code rakos phes arguments aod pushes th
valugs opto the incerpreters stk fllowiag the inteepreer defined caling, convention.

Plasiog the scasnd all i he intenpreser equies sore help o the compilr
The binding e needs o ko ae what poln,in the Insmierion seam 10 seart it
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ol e ocurdd 5 et e dova cllecion process does et have o e sepeaeed
ocauce somerhing imporsane s wised.

Whes i comes o cacaiog the <onditoual dieibuion model, 2 smal sex
s (ypicaly, sroond Four ar ) should he denified hat accouse o mosof
ke changes in the dissibution’sshape. Thesc are found through & ure of canj-
core,and sl ertr- i i, by bulding nodel it diffrene et of npusand.
secing which pecform bse. By Ellowing i process, i vas o tat tho -
iaw ofshvig carors was st srorgly octcd by he reor made o the preceling
o,

The cxample da tequieed for the condiianal dissburion medel ws collected
i slmose sxacly the cme vy 25 fo the nncondional one: T plyer was s
concrul ol e A vk, an e g et o ach st as s, leng ih the
crtct e on the precaing shoe. Afce  conple of day’s ply. 5000 evamples bt
been collwed

T cancras with the uncondicona! dsrbucion, the. veining, procedure fo che
condional disribution is compucisonlly intensive. The model incluled on the CD
‘oqired aad 16 hncs of g bsing, pssmnbaricn seach (e [Mansiow01T)
o & 300MH Jorel Celeron PC. Fortumately, samples ca be abtaacd from the
aines dstibution sty ellcicarhy, makia 1 SUGblc o ussin-gme

Since mining an concine indefnisey s imporuane  pesodically st 4 copy
fche model e s being et in-gane, This llows the progres o cining fo be
monilarcd, and taining eminated once the models performance resches 2 saif:
cor level. 1 sisaetory pcfucenaac o schievd within 4 casonable peecd, che
el should e Ispected £ siges of aerfiting and underficig,

Overiting s wsally evident in feequen sl apparendy tandon: vasiaions
cteca the prebabilis of sdjacent bins. This caoses sequences of sampls crawy
o the diiburion o echibie o ke vsiston,or s cosely rsccble sequces in
st exaanpl dta, s with uncondltinal distibuians, axcrficing in conditinal di-
b i slminated by edcing rheie effctive complexi:

The simples way w0 e 2 conditonal ditrhbution modf's complexiy is e
o the momber o bin 1t conrras, a 0 ehicsthe camber nf hdden oeurons i
che MLE dhat caeulatesdhe bin probabilics, Collcting adlions] exaoples bulps
constin the o, el owcing o complsiy an.reducing he ik of vec.
futog even further

Rnothercomman souice of th crecsive complesty e csespverfeing i the
incluson of oo, rlevane, o rarginal inpus, ha i, o thatconca bls
elevaat Inforznaton, New modcls ca b comsteucesd without ingoesehose nclsion
cannoehe ey s 0 e Fchse cxchsion helps  limioae, ot least reduce,
e seeriy o the overfiiag,

‘s wich e uncandianal dsibirion, underiing can accur in @ ondicional
disribution model becase i conains 00 e bin t0 epresen che shape of che -
rituion thae acally underis rhe crample daes. Mo simpiy, howeser, e might
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The Example

Imitating Random Variations i
Behavlor Using a Neural
Network

John Mansiow

iohn@jmanslow.fsnet.co.uk

A il bl s e iy ophicicceh s b po
ible o criate compoter-aancrolled sents dhat dirplay cemackably bumanliks
beavior Oue of e few indications tat s gt is nonarganic, hawer
quendly clinical nacure of theie actions, 30 effet exacerbared by the ofien «dl hoo
mechanicins uscd o infroduce random vrission.

In nstuce, such randommsss usslly b @ specifc seuceure thar can be difcolt
identy and even mass challonging co siemulate and repronduce. Ui aricle preseuis
o el ochniaes chat can b s o leacn che uaderlying scuctue of appascory.
cundlom varitioon in bebavior wd o sepeoduce similas variations an demand with
minimal computacianal cfore.

ische fee

To demonsteacs the techniques ncroduced in this areel. 3 simple wnk game it
included om the CID. I the pame, tw tanks are posicioned on & tandornly goneraced.
sideview andseape, il e flost ank cancrolled e he player and the sghtmost
cank by the campucet. The ranks eake rurms fring, and the Fiest one 10 score 2 bt s
declared che winner

The tas sita by st the nclimarion of heir harels o adjuse o che distance
berscen thom and rha effcrs f wind an the Alight of the sell. By g a beural nce
vork tn s the inclination o the AL sulds srel, i s possibls e achiews  hit rate of
ovet 8 pesvencon che fire shoc, which isor in excess of the bese human perforneas:
ofaround 15 percenr

Unforcunarely lthonugh neusal netwoks v be Laught o imicace b players
ol e e, they ase able o seproduce only ch dessrminisric aspeces of theis beha-
ior and vt its andam wririon. This aricle describes the two techniques that aec
s i the saokes game on the CL @ ite the aetial andomn sarkarions in aiming,
made by buman plagers of the canks game
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The implementason of the single-value prudictor can b exeaed @ implonua
s o 2D and 3D vetars. o e, these mulridimensiona) prodiceos re prese
ot eacking point in space that aze expensive 1o cakelate (e projecletargec
inmececrons i)

Limitations and Varlations
“Thore can be problems when e jamps oczar in » singl updste yel. This s cspe-
cally problemaic ifthe cycle i ange gl This v be eiigaced thaough he wne
afvaluc camping,

Uhere aee v main types of vl clamping. Hise, we can specly ma tange val-
s for the prodicr o snsne that allvlues renurned by the predicion funcvion will
e withio tolerance. Secund, we can provide an otion dhat allows ws o lamp the
predicearen a specifc vals, Tn the senind case, his s dane by scting v and a 0 2ero.

Oe special exse should alsn be otk special consideration muse be made the
Vs i rhe vale i ser, For sxample, i you nicialize the value e 72ro at scarup,
e the i tme i s scealy se, 5t might gee s o some e value, The o and ¢
csimates sl enose lely st i cven fager grodierons. This can be e even for
st e mervds. The best sbution i w e sure that dhe fse e the vale is

e 1 and v srill maingained ar 7

Forstnglicty: e preslous vt describecd (e sk scluodule a 3 im-ordered finkse-
s, T pracrice, chis has proen 1o be 2 hig hir on performance, since taks mae be
et inco dhe cight spot n the ks, aling Oy time.

4 good aleernarive 3 0 break che schedule into smaller cims Luckets. The size o
e ekt lonld byt Leas 4l a e e for cach Rane ., one-sicicth af 2
secnnd). Chese huckets are hen allocared ina ing buffe that i arge enough (o han.
et Frthest e dela bereeen any schedoled cask and the e fiama time. Mo
sxample, say a buckec cepresenes @ tme chunk of one-sixtieth of a second. IF the
lacgest anteipatod deley beoween the tine of schoduling and time of srocurion were
10 soconuds, he aeray would ned 00 ve 600 buckers.

Schuling it cuoged Lo s Ofn) inscian %t 1> 4 cansean rime neson.
This i because we axe cwecaring entire buckers ar 3 time, s0 1o Gme soring
equited within the busk,

Deschicduling sl requiees an Ofm; seazch and delee, b is the nusiber of
tasks withie e bkt sutber than s number of al funcrians in rhe schedale It

e —
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The Basics of Ranged
Weapon Combat

Paut Tozour—ion Storm Austin
gehn29@yahoo.com

ut sty waingaies che dubious dirincricn of heing che aoly populat enter-
d popae e
e the John

esinmsac modium chat uses it audience ot cugr praceice, Gaee
Tl of ncrtsinmene medin

Neverthuless, i you sbsaluicly mul s6cinps manslaughtcr sgaine your own cos-
comers—and heaven Forbid e should ey b sl you [rom such un endlsely fs
cluating gasnephy paradignd then vou might as well make suce your bostliy lewves
your-vicims suiubly enterained.

“Fhi acicl. ntroduace » few i concepos with ranged weapon AL These copics
acnic overwheliogly callcngiugs bus they merit soms 1y of intenduccion in Fight
oF the buge omber of pams hat featare gam aul ke tangol weapots.

Obiauuiys we don': want aus Al spponen to be perfecdly aceurare For the sake of
beliuabliey game hilancing, nd charscrer didfers
e Al to e Lo-tha-pfece aicn, This 3 easily done with 3 o b roft. We erleu-
late 3 ol 1 reprsent our chancs it end generace random smber. 1 he nan.
ber isabove tle to-bit value, we exectte e coe parh rhar makes the Al try t mise
o cppunce. Ouberoise, che AL attesnpts Lo b
The wick i dererining shich fctorsshould he tken into account when calen

ot the co-hi el Soume ¢ppicl Fvore il

AT kil This s  sotkabk ehar reproscrs che AL ey’ innace kil with ranged
weapos. This b typically very low ot st Als at ths hegloning of the gare,
and graws gesdualy highr a8 the guone progevuse

+ Range: A luuger ditrcs 10 ch sy sheald s an AT chance 1 it

e L oppanencs are asiee e it ad sl ppncnts ans more il
tohi

+ Relacive target velocity: I a1 bl el i, e 3 bard 0 hiea st
ramary rarger when youre moving 1f you subteact Uhe ATS vaduity voctor o
S cacs velociy, ¥u et 4 oy thar represencs rhe relacive velociey o the o

iacon. we slmost abvaps want

a
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peduced by pasing dhe wreng daa pes in parametee liss. Stroug cyping 3l
Sacotatags sces 0 be sware of theis artablor—sha they are, shere they ace valid,
and where chey . Unfirmnrely. steongly typed lausuges add a lve of complex
ity chat goes ageinet the el of Smpliity deseeibed presiousky, because cher add
more cules g he Langacge. Mo oficp than nee. strongly typed luuges prodnce
excors that sy csers tber than help— for oxpl, pofnring out an llgal e
comersion From an inreger a4 ceal umber. When «lupusge fere soch 3 sosg.
erping forces  user o wotk atound ic o0 @ reguar bas, € works sgalist navices. as
b Fetn.canseisuces @ sesvs of hicken "Tules” thar the nser roust learn chs hard
way.

Weakdy cypod langeviges, on the other band, are Lo stfe bur ouch mote wer
iendl. The best Luplenacaration of weak: eyping is the “dynamic opes” of iy
bl vl sciing Lgasges. Wirh dynsmic eypes, vaiable brerally sk care
o el by bring ereated b ey e B wscd in the progra, dud canverr-
g thesusdves  diffsrent cypes 2 ewded. A good dpvamicaly ryped Laoguage wil
e incenal cules for the auramari comversion uF every basic dta e che lanpge
suppocs, phs will suppor vy crcasians so thae custom types can b isuted b che.
pmaer

Ty domenside of dynamic typrs is tat ey wak senple reurs sk asspeliag
mivtakes cvure difcul <o finl. When che Lugosge Gnds & mispelled variable, 10
chinks the variale s nev and create  nevevasiable rthed than producing an eror &
smongly yped binguuge sold stop cxecutan far compiladon) and prodc an errar
A addiiomal domemsids of wesk ur dyoatuic (e ie 2hae for Bbiary funcrions  be
ronble e, ey rvsr vk it sceanot che Gt they mighe gt mvald ypes 35
parametess. This i ot that wuch of 2 problem, huwever, it bibnary fanctions are
the jobs of the exprcisc proggansner who can easly add propes yps vilidution
o the Wbrary funcrions

T gencel srrang rypes are better suited G prolisionsl progeamming languages,
and ek, types ate beer for wser Fiendly scipting taogroges acalu L. Gae
seripting syseins should e dynamic rypes e miaimdac leaing fime for dacic
scrigees.

Pointers
Mos: profesions! game programmers spend a brge o of time dialing with
painers, since C 4l Ceo ¢ b e the mose comunon progeaowing, langages used
o crere games. I is o s o these povpls (hat poincens aze 6 advancs langups
Foars, andl v i a feature many valoy using, Most other progrunuaing languages
avoid poinces, and almast all newly created baaguspes proudly daim now o neat
putateas (Java b s of the best sxampls of leuce, pointclos coding). Despice the
efsloess af abstraing vartable and objeet Iocaduns usiug polocers, chey simply do
o el in scripting langusges, Fromn the nsers point of viev, 4 scipt varitle
shoubd bave or way o access i, and that is direely eheough che variabl name
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‘One s g of his schedling stem i che abiley e profle. By growring
tasks o geoups of seilr fanction, it s easer o tack down e of ehe Al that
ik hadiy a i s annch e, The ellawing s sl nformation t gt
ndtone

+ s exscution ciene of task execarions wichin the group.
* ot number of ok exsurions within dae geoup

« Mavimim sk cxcation dme in the gronp

+ "Uhe total xecuring dme of the grup in the kst frame.

* The numbes of ks enccuted (oo he group e st e

Masimu ool geoup oo Llramo

i genctal, bt groups ane rasks can b cransien,bat for profifng, it s bes hac
schedulin, proups are staic. Othersise, the dars nesded for profiling al pars of the
systom will ot e avaifble o porcns.

Predictors

Trsk pdatcs can b cxceuted ceon lss e chiough the s of & sl g
Valur predices use mrbers gencrated in the part o stmate, o predict, numbers
i the uturs. O Luge time spans, these predictons cen b acle. Horwever, foc
shor tme incrval berwae cale eecuians,wlus clcuhted i those o3k il s
lly hige vry T Using valoe preictars, we can simulte ks e ey
e, v g weane sl s them o e ey

Basic Valus Prodictor

the hase predicios works by storing the cmestamp of the last cime the valus w3
updated. o addition, firt-order (Equation 6.3.1) and second.-order [Equation 6.3.2)
derivatives e etonted axd stored,

d_x-x

s

b v
@

Using these parametees, vahuss i becwssn the updas are adeaquately predicred
For more comlicated sinuscions, e might be disirable co add the sorage of e Usind-
onder dervative s wll.

Using Tauarion 6.3.3, we ean ssrimate the farure vahne. Akhough the prediction
will e inceuracs che fanlr out in Gme we seiate, 6 3 garms, Gas betweel tusk
cxccurions ae small For valucschat dorie vary dramatically in such sruall oncframes,
the value prediceor can he forly accnrace
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Conclusion _

Wher, moddling a gameplrying agene, we wan  ramework dhat provides eflent
solutions o the problems preseated by s unpredictable game wnivars. By mapping
an Economic domain onen cr gime waiverse, e can wilae 1 Urlity Moel 1o pru
wide 3 robns, resctive, and eficient framework for malig choices.

Reterances = .
Al A o & oo B4 e 1, 1956
ko) e, Erise, 0d Kaghe. Kew, Al oayens, Snond iin
St 1o
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be simple. bus many things can work against che goal of simplichy, Fecty lngiage
foarmre ads anothersiep o the laeuing process, it i onder 1o sk  scipting ut-
sge elvetve o 1 acne, i should include cuscom features chae make the lngaage o
powertul ol for comtrlling ot gamc,

T the sume way.the fobiliy uf  lasypaage works sgaiost s siemplicig. 1 L
suage s maltile ways of i the same action, a beginner can gec confuscd. Tor
cxample,in C fhere are many ways to ucremeat 4 varisble by one (47 +-x; % += 1;

- 13 Although dhe shorccurs insch as the “+=" aperaron) ae wsefal, they have
bl diffeccs bebavior R whas secms ke che same operation. Ksgpng a hngiiage
sienple means oiding dis ind o overlappio, fuartivnilicy [Ghezzif2]

One way o lexp a langusge sicnpl i 0 add new feaeurosthiugh fanerian ek,
and avoid cuscorm apeeneres ar synas. Lookig 3 Lanuic 1n an inde of function
calls s sowels cuicr e paging dheough 4 lugusge seerence o find out wha, for
xanuple, Lhe s operacur dovs.

Constatancy

Mot imprutant than shaplicity. Lowee, is e comsisency {or orthogunaliy) of a
sctiptiog fanguage. As ofien 1s parblz, the basic uilding blocks i languags should
e incerchangeahle. Far cxample. if che oqual sigo asvpns & vl 1o 3 vatlable, it
should do so Jor esery data trpe sl i he ungage, Likevise, i fancrions pass
variables 35 valucs cheough chesr paramerer lsc. en cvely Type ol vatlable should
s by s thrangh paramecer i, Eacl tine s laguuge Teature or Fmitacion is
added Wt s ot cossten (e, speeial operatons w give aluss to srring sarichles,
wpecial rules or wht cun be paseed in a paramcte ls), the languge broomes less
v and bader 1o .

Again, witg libracy fanction cath as musch as prdble for cusram angusge foa-
s el mimioniz s sk o sdeling inconsisem feauues 1 dhe bsnguge. As boug
i yncrions act i & consiient way, function call ae 3 grert ey for namprograi-
s 10 absiract any astion, becacse e themn 2 Ainceion call “dos somerhiog, Lo the
varibles n che pacsevces i Since a encton call s e rule o s inguage, varying
fanction helavions (o matter how difitent they are) ahways follaw the ules of
J——"

Waak versus Steeng Typing
A stongly ped language is a ngaage in which comvecsions beowecn data (e is
oot s, cype casting st he explicily wscd, Weakl ped bnguigss, o the
ther hand. camvere saiables foun o dta e w wotbet tansparentl without a0
<rtar ar somedines without 2 wasning. Both mechods of dealing wich data ypes have
e seengbs and eakneres.

Wirh raspect o qutice prograsmess, sconly tped Jangsges give rhe wer o
measate o secusiey agonse miscrkes that mighe be dificalr o debug, such as chose
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ek belaviordl patscns in the roll ppulaion at arge very diffcul o prdic, and.
m ¥ Pop 2

Ukl diive e pleyer i

Gonotypes.

More ofsa thas nol, somputes 0rgaaism genorypes are represenced a5 1 single "o
aosome,” Inglemenrians vary wih needs. and includ:

+ Bit serings: This is che “cananical” epresenation, i which exch gone is ssoci-
ared with o scing of bits and treated s 3 nambes This i quire effective wheo the
e can be inteiprersd as numbers anging berveen e sorme power of 2. Far
xample, these murbers work well wheo they represent coelfcienss in an equa-
i, weiphts associaezd widhs sta Lraosliows i 2 fite-stace machine ar 3 neural
vl or indices In # cable of valucs,

+ Dacision teces: The gemocype 3 a whole implements 2 bsearchical sysrem of f-
then rules.

+ Source code: ALife cxparimnents ‘Levy92] ypically represen organisms as
sequences of bytecodes. |Kna92] wies LISP source oode instead, a practice ehat
Teads to the sublied of gomeic pragrammaing. Using.source cade as geoetic mater
il alkows, reendons Ioves of nmwacion, s every rutation effetively creates
e program withaur programmer incervenion. Howosss; most of these mata-
s wil el “nosense oegansins” dhat ight nar evsn compile, 30d o s
et typivally coquires cnarmans papulation sies and compuation time 1o
cavverze on  meaningfal solution

W will implement aue genocype 35 an arty of flating:poias mumbers, each of
whith represents dhe ol iss towatd on of i possible gonls. exeould be relaively
easy t cxend aur genatic material o inclade. for exsrpl, the addsesses of the fanc-
s calld 1o implermeat euch goal or @ seuall umber of Integer parmeters pusel
0 these Fuucions: sey [OunmanekI99] or 2 scenario in ehich shis is done,

Tha &

Popuiation
Wi baginthe proces of evfution by crsatag  susbet of random organins. [ our
cae, each gene s 2 ouniber chat can be picke a random aver the ncervl (011, I
yout 81 sepmsen hancrin addreses o similaly strucuured dutt, o Wil hase 1o
make suee har youe rando olsiduah sake sensc; otherise, you might have
o work it vl bigh popeirian sres o deive meaoingel sl

Evatuation, Pitnoss, and Repeodustion
Cone e have ahsined a popeltion, we ¢t esanat o Ainess by applying am cusl
i i o el nganism, a0 sloct th frest organisns or reprlsio.

Since G work wich lrge.popolarion sz e sveral seneratons, .
ion Function must b s ft 2 powbl. 1 out s, cach candidar ol will b cval
e by messuring i success i  smulion of the game environn.
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Rt snd o s 1705l s
purer ysuss. Howere, at docsnt mean they have oulived i usefncs in
sue AL O cantar. uch o sorem ca pie yous game Al some porlcapa-
bl and yet be very emy coimplemant. This antils cuplios  simpe approuch 1o
e represencaion and how 0 implemen an inéernce engine 10 yrocess behaviarsn
bighlowed of bscaction, The purpoce of s  ysen i o ks bohaviors nder-
standable snd sy m manipulate

The s we will be wsitag v of the i€ thon variesy sioilr t0 what ¥ programmers
see svery daye [Fsome crpression, shon dut same code. L st cam A1, thase types uf
suls ot ofren e in dsducrion sysecns in vhich che if patcern & knowa a5 dhe
amuscecent, a0d he then paucan is 3 conssquent, a conelusion tat i deduced from
the ifpanen [ Winscond2|

I akuows how oo seire ode
thay  xien programms

Miuc has hozm ritten abowt i type ot and the any /e of
e been creted o desl with e, sven enie anguages sl s Pl Tlowees,
s st o e F ruls e th ratem i this sl deal egh. This sy o
with 3 i e of rule ko as & rsction ke

Reacrio uls, il e sll Smply efr s acsir sl e e for geing
youe AL dacics o behsve. That i< ot o sa dhat consequeat il an not szl
fuse haechey see e he Fcus of s il

Acton rules i gute gh look lie the fllowing

¥ swewmeneny then o chargs the nemmy
I carches theenemy den  dx punchde encany
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shanld sl e nored thar deschcdling i s i st caes, e sk il b eored
o she buckes when che sk i exceued. Since e bnicker wocuicn code. s
alcs the tasls i e bucket, o e i remaved by puping it fam the frone o
the bucksrs ta T

Qo oer adsantage of this technique i he abliy o profile cxpocte ik sons
for Ruraro franes. This oight llow s hif sl daven the bk ring o allsine
spiking.

Fanlly, we described 3 maimum sirne groug, in which we areemp 1 ron &1
many Tsks in the rop as we can unel we have used up & maxiemnen time vibe
Using rhe gronp schoduling yseen descalbd s dhe aetice, we ae fored o Ly 10
i he fime for cach tak shenirexecunes. lmweser, i e handlc the rumaing o
these vk at e wop lvel, we e able e scnsally rime phe fonerins s the are .
coted,and e would be much fes kel o spike,

Trmagine 2 syrem in which all asks in AT aec siuply s0d sunonsmally executed
Uurough  load-balancing sscem. Such 3 sytem foress the progeamner 1 approach
evcry solution with load belncing in i, The progesmamer marte o thicl i terme
of how rasks can b hraken up and spacad vt Thr kol b syt st o

formance, bur ons that will be impk-

only can L smuch more sasly reomed for
mented mote effcienty in the Gt plce.

noes o
eipoldin] Leapeid, Claadia, ™ Conrdination Model” Paselie and Disrited
Compusing, Toh Wiley & S, 2001
[ilkinson98] Wilkinson, Bare, and Allen, Michazl, “Laad Takncing and Tecerioa-
en Diexcction,” Panlit Prograstsing, e Hal, 1995,
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conbatans, We cun sho leern s Lo from the an of this evuor elaie 1o he

dineceion the AT is ing, Tarcral fsd-ta-sd) mrion ks ir more diffiole

i chan ithe characterssre maviag orward ue backowanl elatise oo ot

ity and coverage: A gt pary Gbscured by fogcr hlf il bchind 3

acel should be more difficuls o bt than  target hats ully visible.

+ Targe state: Many gaiuessupport playee sctions such asceouching and iompirg.
Abehavior such ax croching, for ecxmpl, is ypically adefensive messue, anda
crouching targe shoukd e enore diffcul. o i

« AT mate; Some games madsl Al iniia sareled reactons andl their incresing
Fo over e Ly indtlly penalisiug eis e o it and geadully climinat
i chis penaley over tinc, This has some nice s efces i cha it give the
player  cerain smoun of tine w elinimate each awacke before thac oppneat
hecomes ey dngsraus, and this quickens the pace of the gameplay by encour.
aging the playee v Gnish o bis cuenics more quicky,

By of these Gctors can b teansacel s  foting i vl beoweon and 1
A vain of D indicanes thar the modifcr makes it complerely impessble for he A1 1
it s opponene—far exarmpl, che carget i oo fa ey o bit. A vlue of 1 indicaes
cha the madifer docs not Lo the AT chance 1o hie—ar crample, he rgse i
ey i Frone ofthe A1 chat s tempring eo fin . Auy value s bewoen epre.
chance 10 i tor rarmple, 0.3 when the sargo s a certan discance

To copute the o-hit ol e begin wik 3 vafus o 1, indicaring . [0-pescens
chanes o it W miply s by the menlfrs e caleofa orthe aors preioly
i, T e e e 10 e nupliction b, hecaase i 0 ctor is O
that fator shaold make i imposdble to e and i any actor i very small, it should
ket take the Final chance to it vsy sonal. Ao, e tht L computaton ca
asaur i aoy order.

e el g e i iy i sl e
the calelaton, sinc che fnal ssule muse alzo b 7or. Ths s 3 scfol ptmizrion
hat can seve o o worl e lclationn e campustion
il sxpenve, Far i s, el ks s 1o ot e ulepiers that s
more kel e seco e cothe bgining o the computatiun, s i we ncresse
the chanos that el bl o et the calclatons a an i po.

Sume readers might norie thr this exleuluion has some ineeing picllels
with probblity e
we model this caleulrion s » simyle heli nererk [Tosaneb2]. n e o, we
cun decribe cac of s previoely lised s a2 “caus” o our el in whther
e houkd i, In other words, all o th Fctars paine e 3 ingl Shunld bi” bkt
e thr it e degeee o whics e ALshould beleve that i snpposed o
sucecssally i the cagee. e can chen use rhis umber dieerly o deceenine the
sliold fo e tohit ol h icput matis For th “aosul i ook ndicats
har e should ol i i alof the sccors s 1

Funy ol our Lo

I, we conld eud wp witl sy e sane caleslaion if
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he (icld of game arificial nceligencs (AL has wxisted eince the davin af video

ames i e 19705, It cugins were humble, and che public pereeption of garue
AT i desply cotorsd. by the simplistic guaes uf e 19705 and 19805, Fen ey,
game ALis haced by dhe ghosts o Fac-Mns bnk; Pinky, Binl and Clyde. Uniil
very ecendy, che vidso game industey il bus done all 100 liude o change ihis
perispion.

T, revohirion bas heen beoring, The pase o peaes hac wiencssed game
s vasdy ricer and more eauertsioiug than dhe siemplisic Als of the pas. As 3D ren
dering, bandware improves snd the skyvocketlag quality of gome graphics capidly
apprusches dho i of dinyinishing secuens, Al has increasingly bevame one of e it
calesors in  ganaes socces,deciling, which gasnus bevome bestcllocsand dermio-
g the Fce of more han o gama srudios. I recenc years, gasue AL L Leen quiely
aransformed from th redheaded sepelild of ganing o the shiing o ofthe industry:

“The garme Al sevelution i at bud,

Bit of History B B

i the daws of gueaiag, Als wore designed primarily for coin-uperatad arcade ganncs,
and wers carefully designed to easuse Usat e phyer kepe fiding quartrs ina the
machine, Semisal games ssch as Fong, Pic-Alan, Space s, Londey Ko and
st s bandeulof very simple sules and scrpied soqucaces of actions combined
with sorme tandom declsion-making to maks thet hehuvior s predictabl,

Chess haslong been a tnainstay of wssdenic Al Lescaeeh, o its no surpriss that
chess games such iy Chessatiar 2000 [SofTaelf] Eanared vecy impressive ALoppo.
s, These pproaches wete invatiably based on game tes seach [Sasovsky00]

Strstgy gares sere among he carlet pisneers i game AL This biftsurprhing,
ansrsnegy games can gt very fu un graphics Ao and Joquie gaod A1 10 2ven be
plagsble, Sutategs ganae AL particvlarly challeogiog, a1t cequires sophisticatd unic-
Tevel AT s well s xcranedinarily cormplex catical and seategic computer plaser AL &
e of uro-based stacegy gammes, mose nocably MicroPruses Ciriion [Micto-
Prased1| and. Ciilizaion 2, come ¢ mind as cacly scandours, despire theic use of
cheating to wsist s coopuer playee ac higher dificulry senings.
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would otherise be too oost. Motscwer, by reaking up even well eliaved ks, e
ol fro p CPU ime o order o implemnent AL Usat v arherise nor be posible.

Far exumple, e hat conols the driving,of a car in 2 race does oL vl 0
svaduacs ¢ scuarion 60 rimes o second. Inscead, f that bebavior only did i ceahua-
o 10 times 1 secoud, dhe plger wmould probably not mutice, Howeve, wy wonkd
bave incresod the performance of hat bebavioe by 600 percenel Thac' grear,but we.
iave s problson, 10 we just tun e driving hehasiors eveey i fames, we would have.
e diving behvior CPU usage for (v s, b then the AL would sikeon dhesinh
Game.

T arder for his o work, e need 10 spsead e ik ot I s prsvions exam-
ple, chis coukd be done by looking a cach car’ driving updae 25 4 segaratc k.
Then, insread o spiking ua the sixch [ram, we wse hearly the same amoune of CLC
for all i rames. This i hey i boad balancing, There aze many was © spread sk
depending on the nsture of the cask, dhe game, and the coneexe. Theesfore. in aldi-
o 1o looking at an oweral load-balanced archicectare, we will s Inole ar four
axamples of some andand vk spreadiog;

Atk i defied i periodic nuinternancs Ramcrion chat handles e update f a part
of dhc syseem. This incindes chings such a bebaviors, heuristic arlenfcions, and
baakkeepiag, Although some algorithrs are more dificule & beeek wp. 3 ok sched
ling sysrem using, perindic maintesince Kunctions is simple and Tobwse—s, its
warth che effor,

Bane Task Object
The hase sk obfece i cormprised of & callvack fsnerian 1o pracss the rask and 2
time: of ezcoucion valuc, The callback Function will be clled ar the approprise cme,
based on dhe time-of-exceation vale.

Thisis 2 bass cask obiece that can be subelused 1 fucluds more specifc tak
eelared informacan, A subdlased rask neoded for uue of vur wanple schichling
eroups s described newe

Tiod Task for Maximum Timo Group.
The e task i 2 spocialned subelass of the Luse Lush, wlih implomsens basi tm.
ing and profiling sssistics. The vaistls on profiling are fr greace dhah o b cov
el bere, s el focus on the st basic functioualiy: This osk sibcluss calculates
am cstimae f th time e ank will ke £ cxecnr o i neet can. Whe slieduling
sk Lo the o
Suncriams o il the maxitauss Lims valuc,

Qi way of detcamimion this i s 0 scounuubes 2 nianing, average of the cxe-
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Creating Scripting Languages
for Nonprogrammers

Falko Poiker—Relic Entertainment
falko 3@hotmail.com

iping linguages are vory usefl gams dovelopment cools. They lend chemselves

g e oo, g
ate the euority of tudey’s sucosssul games, The usesof scripting langusgcs in games
v frum simple configaration Fles e entirly serpdeiven game engines.

One common use of sripring in gumes s treaivg events and vpponcau ALin the
single.player portion of th game, Serprs can cll the stors of th game, i therc s,
anfcarol the plaars enemie. In mose cases,the people implementing ehese sries
ar enemies ure designens. o proratimers. As sl sy secpts ate witten by peo-
ple itk veey Lk progesmuning uxperioc, Hors i we design 8 seipeing nguage.
o give these nonprogrammers & much parwer o possile, sithanc bindering chem.
wieh & steep leaning curve?

This seide ssemps o aomwer Lt qusston by (e doscrbing Findamensl
designs o scriptiog,anguages mean for desigacrs, then by explosing nonproggarm-
men programmingtechaiques and how o take adsantage of these techiques t belp
dsignes oatt mare quickls. A Fow tips an weorking wirh nanpregrammers are aha
provided, This amicl s ineneld For the programmzr changed i mpleracotog the
scipeing syseem of ¢ game—be it by embedding a publcy availble seipring lan-
g 010 3 ganne sngine, o by Building th scipring, ssrcen fram rhe ground up.

Lymignens s o e only el wh s 2 geras s syt duing dosclog-
e, artists 3 el s programmersvill it srlps, Afce the game s shipped, mod
gronpe st habbyies il s write scripr  she sceipting s bas been exposed lo
che peblic. Euam mow o, e will e e e s o Uhe sson eho Wik eriprs
and for shons the sripting language s irencld, n his e, s s e with
fie ro o prvious peogramming esperiencs, although the petson s nurmally
expeicnced profesions) i e e ovwn e (s o 2. The e smplrnter
s 0 he prograsuce who I wetiag ot corbedding thescripring hngnage inre the
game.
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wnespreed. For wample, chovmosine AAAAA Inight suddonly hecor
AMCA, T the cautasion occurs in # cell dhat sl e produce sperm or ava, the
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6.3

An Architecture Based on
Load Balancing

Bob Alexander
balexand@earthiink.net
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eim Ut can b w2 th cors sk s of 3 Al achiseccur. This s ue une
che sytemn mose esiy when e Al st o pusl e cavelape afthe CPL rime budger.

Background

I an el o otanced s, the AL wad ahsys e the same amoune of

| ime cach, Fame, Pocsing unly & small parion of every sk et G woukd
ol his b facs,exch porcon ol be sall nangh o hat o ol A1 e
is ctely i st OF s, el i o el evey ime, b . (.

‘ T AL chagh, w11 ucky, s thec e ey e thiogs i AT shat mod 0 b
evhired ety G, Gy it could e asgued hae e is novhing AL cht s
0 he vt vy e, This Fat can b cxplied t o s 0 pecloc, ks thae

28





index-508_1.png
103 Seripting: System Intogration R .1} {
i wsappos evins £ che nrerpisra some intorrupted smumeraton. This e el
he interprecee o immedinely sop exevuion.

The crrenr srace of the interprster is saved, snd 3 wil stay wnused uncil ehe
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ey

onclusion

1L artile dimanod Low o bidge the pap berwsz . adl a urping ingosge. e
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Genetic Algorithms: Evolving
the Perfect Troll

Frangols Dominle Laramée
francoislaramee@videotron.ca
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o gouls in he ccanomic madel,

For exaple, suppose hat your combat goal & tv defeat che player’s army of
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that cumpare favorably to Papers i vombat {Scison woukd luve s bigher ility

than those that campase paarly (Rocke). To scbieve your goal mosc eicienly. you
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cat o sohicsed, iowest, ualess pou e Schsors aealable bat yeu can, in o,
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Suggostion #1: Dasignar-Friandly Intortace
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hehaviar o the agenr thiigh simpl dacs eney. T facliacs thispracess, implement
el sicnple intenfce that presensts che ducs o humasamerscandble gusds s
ofan ascane group o muaabors. I adicion, allewe the gane co dymanricaly accessthis
dat s runcame <0 hat external goal can h twesked oc-the-y, Doing this well nd
ealy in the production cyele will encousage the designer € use the system mor,
and can allows the cevigaer 1 derect nd corrsct fawe i che balance of the gaane

Suggestion #2: Automated Gameplay

Allaw an sgenr v play against another agent withaut & huma player in the game,
Gombined with a desigaer frendly nretfice, thi fsarure seally purs che designer on
the fu track co srem-teeiog bis desigm {20 your implementation).

Suggastion 23:

Chaose an implemeatarion o your tech e that works diescrly with the Uiy
Hodel. I dhe MU updates ca b prfortued divcty on he toch e e, el save
2locaf tims and memny:

lity-Friondly Tach Tros

lty-Friondly Pathfinding
When implemanting your puchfinding system, allow for your node weighting
acosp 3 dymamic ity heurisic thar wotks in oanjnceion with yonr cox heuric
Such a sysem can allow you v chaim parhfnding subgosls s that, for example, you
can e Full santage of s o ez dosiebily, you sae sage axtacks Hom
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Iein s mefif vo define th fosm seiprig langge. Ju his icle,when we sel
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e 1 el s game engine feom e s (i, wirh daas, 1bese langongss
range fram simpl: coaliguration scripns 0 ull-blowe rusinse intespreced langusges.
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aul Pl Berroulian(1].
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nany poople chink icf the only way ro progeam. Th object syentd parsdigm i a
ety i wag 10 dasign cerein rpes of spplicariane: pardcabay o, thar sim
e resloworld eowlzonteals or these intended. for Windoner-based media. For
sipring spcems, homweren, obiect uriatian adds anusher aper of complicrion to
i sk of proganuming, The complication conues ot anly Fom the weel 1 Uink
oFche dta and conteol L o & program in erms of ubjecs, bt als from che added
sy nesded to support objecs,

To 4 user, i i snough o thik of cnerc vargbles as symbolic objects somchanw
idden 4 computee. Concepes such as dua hidjug and Inheriran
oice, and simply coscitui ote gampup rime i teaching the newe programmer
o Lepteso ableers with textsymbels

Progpamming in s abicu-olicured language tequires mare design sork up front
{han incrian-based progeammia ducs, Noviess uslly do oot have th aiving, e
aperience, ot the. discplive. 0 do 2 tharongh devign befoce saring o progear.
Hlnwever, funcsvn-bised programming i rmich more foigiing ta 2 weak technical
esign. 0 v sl the wser w kst and dsigo while pin.

Because of these many teasons, fnctonbased anguuages are vuch smote salle
Sorovice usetschan obfect-oriznre lngungesate, s, a0 abjecr-orienned sripuin
Ianguage beigheens che user’slaenng curve considerably [aunbsOL

e osc W 4

simpiciy

A proggamaning language’ simplicity i defiac by hoss caste 2 progrmunce van leain
the ncue langasge, Obvioeny, 2 lasguape designed foc norics programmers shoukl
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Soction 2 Usotul Technlques and Specialized Systoms
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“The sriggsre are sorted by priaity, 50 the ageat il 1espandl 1o th highese-prioriy
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riger putsthe agenc e s st of Bt stre machine. This sace goverms b
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the higheseprioriy eriggen,the sgeon s bebariog in che most appropriase manzex
siven the cuseencsiastion. s diffscn sstcm i n placs for the sgsac. and s e
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peioriy wlggers afte handling the highes proriy

Processing a Grousing Hierarchy of Agents

Agents can be grooped o nsinize e Lot of he teigger syseer’s calling T e
s usge nuunbr of ageos in the world, ie might b imefficient w clcek cach individ
ua agen agrine the fi of exiting iggers Inscead, riggers can be cheeked against
roups of agens. Ehe g sstens <an be adapeed o bandle praups, wich 4 few
wior modifiadons,

Agenes <an be grauped by a vasiety of crieria, including their world positian.
e sute, e, e it The rigges ystem ean rest chese proups recursively 1 e
systenn descrmines char  gremp i nverested in o existing igaer, i can chen o5t cach
emember ofehe grop. The meeubees of 2 g can 3l he groups. ceating 3 mulet
Level bisrarchy. Fou insrance, agents tight be grouped by eace. and e subgroupod
by sarld posicion. Gronping allows many agents e ignore # igger through a single
e, Agents cun eficiendy dgnore wiggess o the arher side of the world. Neute
agents who ignote mostciggsts can Fninimins thel procesing:

T corms of mplemencation, che class for « group of sgents can be desived from
ehe el Fur sn individusl agese, As sgents are 3ddod 10 the group, the proup’ mem-
ber variables e sct o refleer the combined antihuces of all smetabess of the group.
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oo is 3 o of raks slong ich sarme lgortm thar diees when ach ak
hould bo processed.

£ase Group Functionality
Three ypesate explaned: the gread grong, e o s, and che masimurn e
o

Spread arowm

The sprsd gron i  groug of casks thae will be spucad out cver  specifid ime
period. Eal sk n th grvp will v o e that fme piod. e vur ibvivg
AT desribe previously. da gtoup sonld camsis ol ch diving Als, and th spci-
i rime period would be onc-centh of a second.

To mplomen  spr group schedules, v malatain @ uning Ui vluc. This
e s used s ch schedulig e For the ne e sl Each ime ch group
schedulig Cupction i tun, it e increrents e uning time vl to make s it
e gavaer tha tha current e e, Then, for cach anseheduled Lok cbc 0.
he curnens schedule W s st the sk and i s insered inco the schcale. Afes
scledliog sach 2k, ehe. schedule time i inctesncnted by the vabus dt . The df
val i the desire cime delay bt exeeucions of a ingle sk, and e # value i
he pumbee of s o ho gooup {Figne 3.1

Count Group
The counc proup simply runs » comiant anuaber of taks ench frame. Since th gioup
schechler runs esch frame, th syscen wil e ram e thaa che specifed number of
sk i sach ol those rames

“This group isideal for tasks ha are gruaranreed 1o take @ canseant e © . TF
ehe tasks vary taa much, the AL might spike. For example, he gatue might requ
cuk dhat periodicall chse th discance an abjest has uoved and flags ir when i has
maved ourside an ares. Vhis i 1 sieuplk constant time fneron, 20d would be well
caired for chis group.
Mazimur Yime Group
The smaimurn time geoup only schedules cuvogh tasks far vhe pese frame suc thac
hir rora| expucted exscusion imme docs not sxcsod @ masimun value. To do his, it
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The Combat Domai
The cambat domain can be modslod by & Uity Model hat s o 1o e v
rumic Uelicy Modsl. The ousuts of the cennamic model- unin—become the

1 Sesears,” Dopending un b implementasion, v mighe be mar opamal
o geetan 4 single sl secquence thaelnke co ach of the 15 Scisson o
Kleuify the wiliy ofeach gl and sbgol, Ll cconnmic s, chiscan
acbieary valoe thae is usel s 4 celtive seme, Begin by giving cach god
and sabgeal die same wtilty vloes i 2 g valuc  stare i,
Feopagarc ehe iy of each goal backwaid (hraugh it vk sequence by
senming e wilioy values. Bt our *1 Scisors” wscnple, che el of
Forge would become 2 1 for the weiliy of he goal “1 Scisas” gl 1 ur
the uriliny of the Forge tsel. An it willy: hecfose, i proportana
e nutre of gous tht ¢ can help sty
Notimalise the iy of each subgl, We will be Inoking ar ll of the sb.
ol 0 derermin whics vaes we wan 10 exoete s e oced t be abl to
compane o o each ochee; sormaliarion fclisces s comparison. The
ancaualizng Facea should he 1he curteat cose of che subgpal. Otvioasly,
i will change a5 ask-saquctees are exeeued and the cost f their
ant subgouds bcoiaes .

Ldenuify dhe subgost wich che highast wortnalied wriliy: Far s chaase the
subgoal wich rhe soaflst e cos, 5 chae amy Inpiestod wp Ly the sk
soqueare il b cleased saonee

. Descramine i€ har smbgoal’s msk-soqucace can be scheduled. IF ir equirs

the we of an inpar that s ot avalldble —for exampl, you dout iave the
requited Moncy, or dhe requied Building 1 aleady schduled for s

thing see.then fla ehis task-eoquence as unavadable For this ruend of pro-
cesing, otherviss schoduls i,

Repestsups 7 and ¥ i all of e avalabls subonls e shedulid, o il
s €30 w0 loeger schedule any sabgoals due w the unavaibbily of inpris
lor ol che procssing cime Alocared 10 dhis module expirss. B e 10
markall o che subgrats it agun before pous ncxt tound of processing
s changss i e gurae waiverss e detcered, envie nevw gosls thic ract
Thos: hages, and imtzodnge the osls irao che plunaing, system. The it

ivenras of your swaciviry s disecdly dependent upan haw vou chuuse t
creace these nes goals A explosation of options for Use iplenentation i
bcxond e suupe of this acicle: bowever, 4 sevondsey Uiy bodel for
eeessing these goals gt e sl Ly i gams <cares a8 you liputs
ol goale. 15 o mupcs,

A taskscqunces complecs, prane thlr rsultat sl 3nd subgals o
U planing teos. B 515 0 propugase the sesaltant chaoges it asd
money cnst, ax el s the changes in normalized MU,
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: e will b able o bide i the s whe the Big Ead Wolf comes long, thrshy
alowing it w sursive il pring. The revers
arganicnih chanee t swvive in s ovicomment g, sadly, ozt rautrions doj will
el to disappac iy a i caics i Lebore b o, chanes  reprodce
“Thin is whar Darin defined s “susival of the Bruse” and i s e crucial
nsight undeing genetc i

is sl v, matarians thar redusce an

A Computational Model of Genetics

In & rshll  gonesic algarichen works like this:

1. Crsacs firse-gensration popalation of randorn orginisns
2. st thein on the problen we e tiying o solve, and rank therm acerdiog
o finess. [F e st arganisms hase ceached our pesformance gual, top.

3. "Take the best puofortuers and mate them by spplying generic operstor such
a croswaver and murion. 4dd a e hraod-new random orgunisms 1o the
Pl o s i ity s el s s s

4 Loop wen 2.

What Wa ara Evaving

In manars, ceahicion works r theleve o the species. T matees lcde whotber « weiaio
ndividual survives {except, ebviously, o i individual In quesion], as lang 25 the
avcsall perfarmance (or o) of he species wth cegard o s emvironnent incrcascs
i the long run.

In e comuges however, e might want evolurion 5 work 2¢ several different
Tevels

b ndividusd: We ety bk« sogle pefec specimen. and then clone
sy Gmes ag < e

+ The papulstion: e might want o ctate an cutie populaton that rrviies
bl thooughpot whan workin in collsbarstion. Tor exapl,aband of Merey
Men of varen et anchers, mordsmen, « acpeaterfo the Shorwond Forest
villge, o Eise Tuck to ste sl would prakably rob more of King Johes
s han 30 clones of il Joha,even though b might be tho bstGghrorof
e bnch.

+ The ecayatemn A-1if cxparimants aften "o svolve”sesealspeccs dhat colloh-
orate and compete with cac other, This sl Dappens in narore: prours
mprove ot soipotann when o owm prey o predatos) mprove 35
el S Levy92] o mr nformation o ths opi.

Our crols e soltary individusds, 50 we sll use ehe fiee approsch. OF coune,
norhing prevents us ftom raking rhe rap ¥ pecfureners sulvea by vut simulation and
wing,allof cheen in the sctusl game. This would give each trol an indivichal favor
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“This fisr s hngely goseenod by the gaoue's genee and requiremens, but thece
shoud e ergh o lvtrate che principles. Ous previons cods willchunge sgain o
W1 Vnghs-sPROCessed < W SharsParrrare )
L pprasantt ~GunbsEclududFroUats ) § §
haracror-sPesndstoRr-CiAl ()1

Srase-tCluracter = n_pSrssantonarictar et Oy L1

A Final i i thac i cvauacan Enevion will requicecermin daen o b made ik
able In our example, in onder 1o deide if the characue is wo fa way from the
player, wel need o caleatace cemain information in the concans epdare ioceion
Uhis is importeant s, oxhervis, @ characer could walk oue of ange, b excluled
Ty procesing, end nevee rewam sinee deeie ditance would nover be recvahed,
which is clearly wnderiesble. This would acear because we had miscakenly included
funeivoiy s decide wheelee he chaactee shold be processed
san sev. We caic maks 2 docison i peocondion basic boco decided:

L il ehe crse (hat under ceriin spevnl vieuamances, we anight ill ave
0 do the updauw evcn if the characer sadisties some of th crcerin for cxclus
i ressm, he ondering afshe e thatdierae exhusian i very mportan, We ca
‘ot simply exclude a characer i it is far away whon ic has been marked as hong
neiradhy disign o gamsply-ciieal. This decison.making process should be i
Canbiecc Lussdf-cal pdats () Fancion. A very simple examle [ollows

n. Far

B cenanacten : enget xcLudedomuptate ] vaia |
¢

S50 TRUE == o UCantisve-RaExcluted ) {
Fatun raCE]

'
£ tsvesar) 1 ¢
fotrn Tais;

3
ZF1 m DistoncaToslayer » CUTOFF_THRESHOLD 1 {
Faturn THik;

This dscusion gves sorne i of how to spproncts dieibucing the Al worklond on
iches an exising, AL loop, ar s 10 smicure che csign aF 1 planned ane. Many

15 < b e, Th s, ooelous bnprovermcrt is that we cun g0
deeper and mor anly diseribore the load of procassing for al game encicics, bos okio

o mprosean
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eraes the byracode weream. Ader the cxbe geneeator complete, the incerprercr can
et s genecatol biecods sueeam, The flow of ransforming 2 seipt ot 1 bye-
oode sgeam s iusrated in Figare 10.5.1

Lhe copic of compiles s 2 vll-researched fic
compilers, 1ad [ Ak and [Scom00].

For mors ndeptl cunerge of

Compiler

s |1 %

o
Ganeratar

| s ]

FIGURE 10.1.1. oo ofa commpiler:

“The pusser s reqpancble for creatng 3 purs e fur the codo gencraror Bom dbe
soutee code. This e represents the doesloper’s entire program i oot that the
compiler an undecsand. Since mose progrsauming ngisges are very scoceueed,
chey cam b cvpresetced by 3 aseike senerne,

Tach nods i che ers has an wssocited ype that doscribes what e of Bnguage
constract this mode describes for exampl, an Fstutemen,  Tuncrion call, an 2dd
expresian). The codeis children e dac vpxcands (har the language comseruct
e,

For cxample,the cepreséan 1.4 5 wauldbe transuied o a parse v node where
~irthe oot node,and 4 and & arethe Leaf nods. A fumscion by would Le represeved
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i Creseure behavior by providing examples of desied behavior and ssuing rowsards

(perbigs  seatch o the bell) and punishments (perhaps 1 whck scross che fac).
W therctore colloquialy efer o this appronch v “slap and eiekle” AL

The design of the Crearare AL allows plasers to ran heir Ceeaurs e perform ‘

e warecosary W e wolokding storglinc, ih enreraining consequences

Evansb2l. This flxibilny was deliberaily invended 0 grane ch player aboluse (s
dom o experment with the gameplay mechanics, inunenig v vomplecly in the

virtual woild of Black ¢ Wi,

Learning Is the Essence of Intellig

Al st by iy g o b eh b of A Over 5 ars o Ting s
‘crugglng winh the definion aFinceligence sl and e 1950 s work sl in 1.
Tndmark paper hat ssblished 1 bekavdurd st for machine incligene Torings?|,
The Tusing Tt s bisud on the presumgtion shar i 3 compurer behaes indiin
suisiably fom the ay % buran being vould have bhavedimsiolae cireustances,
then the computer catbe i 10 be ntelligen.

“The T Tt cancecns i eith nanurl langsge comersaion, but Tusings
msightspplis cqlly sell 1 osher evpe ofbehavior Let useonside 2 bypochotcal
cumpote e i whicls e layer cliscs s oppanet around a s, arempring
oot i with 2 seapon. TLows sould the opponent have n bebave 10 pas 2 modifed
Turicg Tos hat facrsd on ropming:ronnd-ases-ithe-gun behavior! Corainly, it
shonld be able o navigate the nuse, runcrbering ucs it hod viied hefore 0d
exploring new areas. It should taks vashe acion when under atack. I should hide
Fem eh. player, sl him, Ly rrape foe i, 204 surptise im. To remln unpre-
dictable, 0 should adspt o 1l ganucply satcgg cehibied by he plaver—in ssence,
the opponear sould cam.

Uenening s incimacely itereined wich the ac of preicivn, W cseact elevane
detals feo out s experieace in unde o precir forues svenr, llowEng s
belaee m audieiparion. The fodback we g fom the evironment ale ek
gives e chance o sahure she qualcy of our predieions, amd s e ose,
process ctinues, Dclligent syteens muse o belaee i siays thar ar difeal for
v obacee of e b 1o pric i s il when the bsecver appens o
b prodacory). The ability of a ytem o bebave waprediccdbly wildn the b of
secanableness givs 2 very szon naprcssion o inceligenee.

& Bohavioral View of Addiction

Dwring the devclopment of Black & Wi, e found that i€ the players Creaue,
the principul Al-driven NPC in che guine, behaved  sucprising yet selesant vays.
et layer teadod  spend mor. dme playing the game. Plagers are driven o
<arinue pling in ancicipation of seeing an NP do sometbiog new, incctesting,
and crentiv,
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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

A 200 Game Dovloper Confacs (GDC), s anded i of e
cial inveligenc (A1) raund-ahie s, Apart oo drviog home de fat that
most developmenr hauses rill ear Al 2 somcthiog that demands the work of a sl
programmer and 1 elacvel small s of ehe CPLY, we were dimayed w find thst
ol which we coreide 10 b dhe very ssenc o nccligence-—is almost
compleely ignored. The gencrl belef scomed 0 be thar qualicy asurance vuld
prove isnpussibl ¢ nun-playee chaeaccers (NECs) sarted bebavivg i unprediccable,
surprising and cominualy cvlviog ways,
Inspired by the G Al round-12b

“tudy of the computer game sk o i, pxocrly henw n sceing deparement can
o e  ighqualiy prodct that featuces s wopredicabl Leacoog A1

cicns, i antiler s Lo s i 4 ca52

Black < White i 1 dhe mos busi kel 2 god game ionheadi | Perer Molymerss.
iector of Liambead studios. incoduced che gears wich Popudousin 1989. Apart rou.
sstying « sandbax woild widh 8 stcryline thar grans she plager freodom, Rlack &
Whise ncrodaced a revolutionary Learming AL known as o Cresture.” '3 cencel
[

i plac o Blcle 8¢ Wi e ailiy t seec a croatuve and
e e g, ssligens bing bich could g, operre nclepen
ety ekt o biding e pon b, sy ot s, ol -
quinean arsfcial nteligenee sructure unle any coe witien

—Peces Molgmens, Diractor, Linahead Stadios.

16 aehance che scoryline, dhe player cains his C
Dl Tesiing is achicved via slaoricanen kating

e v pecfonm tasks o Lis
abling tho player ca shape

o156
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s duskied o in abou 30 socoads, wichin rhe classically
‘while the ik i your brash is sill vt 1eis ot pelect
st 3 s of the year, athaugh “sphemeal,” has mild

The proceding haike
approptiace peci of L
s ir docs nat exsl
comnetaduns oF atuuns and filling lexves Tebas che tighe nuember of syllables (5,7,
and 5, espectively) for each lims. We micaion the (e it ok anly o ilstracechat
st hecric of peridss they need noc be

cxeatvs tiviie v b it o vcn
snd prodcrion to e eflective, I fac, f e sce senple cnaugh co be <o
et T ey L. there i 2 moch grcceschanee that ey il b praiced
sgolarly.

“The Wi Dl v o foncrianally mmpeec, bt i grovides » beter
axmple hecuuse it . The output uf rour sicuise actirs need nos huve gt
s v, o many ponples i eriee i ehy do oo, My of e s
monioncd preiously e seleted becsuse e putputs e cphemeral. rewood
totem g bin sghey e han the barkcuversd s o which rhey weie
e Metad sculptures from e secyllg bin sl ecyele. The memery sick in
i diid cunce, Gll ol i enpeiec s, 1. i b proses avay
oo being canpty sady for the et challenge, The Sxquise meal mads from It
ks eioers s b n inspiing veory. e o hand i, sy’ o
will be averwiten by ey bl ks Qs 10 llscands afee the disk cura-
s e . S i s b has e s e, o ca ke an g o can hiek
of—die jouraey s are Lnpotant (b the dsinaion.

o ol do sreive. acrvieskoep ynur eessve bl o o Shap fa i
il time ache begimning o your et profsc, ey can keep yo from gaing crcy
g th haedsog ofyour carezn one. There ot 1o e sid o g of i
ing,sarcascic ks sbout e stpilics ol k (o omande anes for your sigoif
o i, Al cven sse b o v will whies ou e « Tghied
vorch n hasd—sumething pout code nught ot o

on

Par of coming up it birer problan (o solve i che sinpl dliciplin of usiog good
ptogeumniog and project management i, T foclule ooking ot alcemrie
ol snd rakin che e o give e il phases of design proper thoushr
Sy Uhat i the iteioual pctice of nonprogramming st “coss s’
‘o brin, Findiag ot che b obutios & .36l that < be lssened and can be
praccel. Cenporste America b deenanded it of o f, and thus of e cincss
fnd comsuleanes [Epeind6]. Y b b rue of puscly i ariiios. They can e
lesrned and praricsd, . T e o v o them. I, U cwl s o hese”chem
o ame et proble o ol

Soruhg6) Abrash, Kiichasl *Le Quake Graphins Figine,” in loctues. Computer
‘G Pewclopers Confesence, 1596,
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Bob Scoti—Stainless Steel Studios
bob@stainlesssteelstudios.com

his aticle diffrs from artcle 6.1, “rchieciog a Game AL” [Scort2a] in chat ic

specifclly discuses architecoure fo ceal- S secategy (RIS ganes. KIS ganes
a1c o0 of the mote thorny gemres s i s Al is concemed, and a gnod acchicectuc 3
ecessoy to ensure suctes. Mort rxamples presentd beee e shets [rom the work
donc on Empire Farh (cforred o as EF).

“The componenrs thar ks up an RES game arehkecuurs consisr of whar some cab
“managers.” These managers ae each resporuible for 2 specifc scea in the manage:

e of 3 compier layer

Gullization
The avi
e compute playes eeotona. 1 sespousile ot couedinacion benceen dhe budd,
i, e, and escatch mansges. s el 2 seing speding s e o handles
comptuse player xgapsio, upcading o buiklingsand unis, and cpsh adancemen.

i masogst i che highese el manager responsble for development of

Buin
The build manager is respansible fac placemenr of the seruceuees and sowes. It
eeives requests from the unit euanger for caining bulldings 1nd fom the civiliza
i manager for suppost haildings All ice valuacion occas hre. Most buldiogs
v regiserats s whese chey can and cusnal be slaced, In Bryie Barth, v have
hac an knovrn 2¢ are ffee buiklings—which provide a benefit o unit wickin
i raoge of influctce, Theae e eo e plased whe the st s e Bhol 0
congregare—arouod resaurces. Milary huildings nced  be neacby, bt shuuld ot
fotefese with e s el bidings, 3 by g g awsside the immedine ara
ala sesource. Some buiklings require more s (frus, itgots), sod soue requice
sory spocialnd placompent (sl dacks, el Téyou have 2 rahuse rermain anabysis
eogine, use i Konowledge o o routies (lace e e cloke poiuts. aroid bl
g ncat cnenmic, erc.

w97
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‘Once i conpiler s creced he pise e i s dieedly sl i Lyt
stream. The cnds peneraco wlls secusaely o the 1z 1o process ch node &1
tarn. Each parse ce nods e he ode generacor what e sl s o

i cbiccroxcnted cods genenvor coukl hae & s, Goisen, o thescal
code genertion. The cus Runction Ca0s6un: oen would b wherd nde genceaion
basin by caing the pare s e v 0 angomen.

ot soan s the ude’s tpe and cals the corrsponding byscode
tcam generaton fanron (o ecampe. e i oo ssn wold Beclled
o auy i prsc k). ceamgen: oo el th sporopiae mode handle:
This sercaures che byl stam generaion oge nco mulipl fntions.

The o handier foncrans ecrsively el Codece a1 o0 any <hilda ks
that che node conties. 1hi i necesary because e nodes migh requize
heir hildien nodes e roconsd i diffesent maonees

o cxmple, a selicon peratoesequiss tocursing into both operands Lefore e
e genrare e add msrcion. A funcion node equise sauey am e s
cound the serul function bods (th childsn of the funcion nodel. Butl of Ulese
andlers rcurse o theie childze, bus ey do 0 s st mosee.

Seripting anguages ca b seey prwesltouls. Ty o b use o i sy of
commos detals s acis 4 cational programming ngusge. They can alo give
the developer control over bt the hinginge dasih 30 oxecurian of the ands
Uhsough the caretl ormpilaion ita 2 hyteende sreaen

“There compiless trustice « senuce e ingo execurahle inseructions. The parser
and the code goneranoe v wp ke pares in gemecating, the requirel esecutable, The
pumer uikds wp 5 dusw sieonsure thar describes the develapers source code, and
The code generatar trandaces this daca seruccuce i che resubing exveuable,

Cunde generution i ner ety complicared, and the imrerpreer, chac will evecuc dhe
hyrecode smeam. defines most of the ende pemeration detlls, Rugardless of what
e iesprete sequines I rhe Byrosad srsam, che crnal crestion afths tream s the
samis  recuesive-descent dorwn the compler creed pars Lce.

TThe €I contins sample sode for s very basic compilec This compiler Luulles
the hases of cade peneration. s codk-bsc b b inceptiomally kepe as small as
possible w Mlusurms cods generarion. Onee you fel comfortable with this cormpile,
ookt the surnple vul for anicle 10,2, “Scdpting: The Incerpreces ingine.” e com-
Toms & campiler tha sapporos » s more soplisdited Luguage Rauires fsnch as
Toe-loops).

Article 10:2 explins the detals ufan incerpeete. aad L 10 Icegeac the scipe
ing language i e o,
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‘The Teating Department
1 Linshesd Studios, ot olganic approach o development means chat esing begias
ots 4 picject Teom the mement it hecames playible. Anart fom finding;bugs, the eolc
of anr testing deparcmenc, unlike chat of Lralitioual stng, depaetmenes thar only
conme i a e o ol projec, avolves idcncfying design fssuss and proposing sohu-
o 0 themn,

Wb prur dovelopes ke chree ane .kl e, e vies of e
ganc cam b o o, Which i why fh ces e mlaable or fed-
e hronghons Tu offen veed o analzesheplyer a wells he g
o ndostand s e

—Andly Bahaan, Head of Q4. Livnluead Studlios.

To do dhis succsstly  good resting deparmen should complement dhe skill
ofa oo experionced esee it eglar flow of fzt time plays, Aparefrom reveal-
i bugs i e e el st might e been ovelooked, he demand or
addiional fuarures from Frerime player can help shape the o dosign il
Another advaneage of this approach i that i focuscs o experimental piyer chavior

The Test Plan

L senial that. (e escing depatmont maierain 2 tes plan dhroughuuc e devel-
opment pricess. A gand tesplan <l dacmen che approach ken to test cach and
every slement of the yune. A e culy stages of dovelopment, the definiion of the
puce Dl is constandy in flus. bor maintzining a fist of features, whedber they e
Smplemenred or ot helps o chart the gammels projzess and serves 28 a checkis for
busg mting, A test. pla s vty 1ch 20 alseays-live dacument.

No matter hows mnch o yous put inco develaping a game.dhe nuanbes one 1ca
<o fo doing <o i 1o make money: Ubis mesos that yuu teed © et o 3 large an
adicncs 4 owible, 1 onder 10 2aianizesles, Forthis easam, s ssencial 0 con-

sull consumce opinion shen excating #tsr phan. Having inhose wers i
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crcares an addiconal pars troc ol thar h ko children: he operands fo ehe adic
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s o ol witho haging,ta conrimunlly aak up arcane cansole soramands i e
docomentetion,

Alsofa specific 1y
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Socton @ Ganaral Purpo

This can he ane of the mast ime-consureing,arcas of Al develapment. Mose develop-
s spend neacly as euch time observing; the Al behavior s they do scuually coding.
Ting,able 10 adjit the speal ol s 540 2 pit cuhigls compurer players g
ench arher,wih th develop able 0 dhscrve, i he hosr way of ding e

Tl form s esing will ke, s well as who il s i, deprands langely oo
hirher the AT i dotcrinistic A scripted Al can casily be cesod o scc i i fllows
eheserpr by nearly amyone—na speciaized knowedge s required. A nondsterminis
i AL i arer 10 testad i ofcn vormes downs 1o bow the AL ek, whish requres
ajodgment cll by somoonc who hs played it o againse an Al before. This might
e 1 develaper or 2 gond plsyers i fac. both should be cmployed, ince there s quiee
a range of e out e, and one player’s land Alis aothers pushover,

Dcbugging,sids arc crucial during wsting. O Bwpire Eari, we combine -
ased axerlay papes thac annves sexeusimforostion feoen al of the componens ofche
AL s well 15 it ovelays s el s wha individua) unis ae doig, The abily
switeh caencrahip of glayers s uscfl a5 well—you ca emparrily ke ol of ans
f the computer players and make a change 1 see howw i€ resee. T, che obscrver
Decumnes » craial pare o the s, Pl Toconr’saniel in this boolsgives somse good
idess an adding debugging info o your AT Traurd-1,

atior

Although the smoune of CUU availble for A bas been cunsistently ncresing, aten
Lion must. be given 1 pecormance. Except far e simplest tchniques, many meth-
ad ceqire ot of CPU ime. Somerimes, here s noway o solve 2 problem withoue
e e (and therefoee tene-cansuning) approach.

T ehis case,th bt appraach s o crace an enviranmen in which a rask erains
sate berwesn avrlable updsce, nd s each update v perform sl uf the prob-
e, These sices can b momicoeed and susprended wlen the avalable time ruos o

I games wich multiple A plavers, upclres ca b rotaced aman chem. A long
a5 the amonint of ime becween updares i shore cnongh, ther should be no negative
impac on che sfietivencs of the AT Tn games with mulipls eomponants, the com-
punents thermclves can be updated s ceresin tme intervals. Vhese intervls can be
adjusted o fic che eequire responsivenessof e component, For examle, 4 rsonue-
gathering component of an RTS Al can he et ta updte ieself very 30 seconds a5
Tong et i AT sues cae of deas,

Tuning of the updatc froqueneics s & ofious, uraive proces. Yo ncod o make
the freyuency shore enovsgh to be cfective, bu ong envuigh t aveid impacting the
‘CPU. You also nee to make sure you pick fiequencies tht donic overlap each other
10 aveid sacking, updates that bogthe game dowm visbly Prime numbers help kot
in this case, Mote ideas for ncreasing the performance in your Al can be found fn
arher secrions of rhis haok, and in the exeellenr Game Prgnamming Gems baoks
[Rabint 1], [Damsont],
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e belavion se exprc e e, Tl prograamming tesm can we che observarianal evi-
detce provided by the testing deparrment 1o rack doven ugs i vicher their cod or
chei wechnical desiga.

Using the Right Tools
Teming, like most spects of game deselopment, benefits rom good cools Navigatian
lgoridhias, for xanple, while canstunty being teinvensed or refined for specific
gaeming iruacians, are scativly suslghiforseand to st s ol cuabes the caleuls
o ey ke o b visuslised In vl s

n Black o Whize, we excare 3 comprehensive walict, lncludiog s GULbussd
agone sor and s s ron, i sefleted sk cequirements of our tesc plan
Amang other chings,chese ol enablo the caers o e 4 Cicatuie o pfoia oy
behavior on any applicabls vbjec, lter 2 Ceearuee's physical and menel areibures,
and manipalres 8 Creamre’s sace of knawwldge.

In additon o sliowing the tesing depattmens to direcdly influence che incernot
st ofdhe Crearure, oue sools kepe  bisory af sratises abour the AT e for fmute
analysis, 6 hearlly sndorse Luis approach, s & bter undertanding of the develop:
et of the ALcuo be gleaned from this cype of das, failittiog fine-cuning and bal
ancing of i behaviar

Leatniang ALt seplication of nicial cunditions an almast impessihle sk, et
the csring deparrmen colcs o dhe abilty 10 replica s partiulac situation exaetly.
‘This probier can be addresced by saving the complee stacs. of the game ssld auto-
macially and ac iequenr incoryal. To ease the esting peocess, we stogly wvocate
plementation of s feavure 2t the carlise apporcunic:

Reirforcement Learning
Reinforcement Jeatning i che “sap and ickle” apprasch fo AL i wsed for the
Creatare Al in Black & White Wich fcs oot in bebaioral psychology: eaortent
Learuiug conceusaces on modeling remasd-based lesening in animals. The learning AT
i eeated a6 2 lack bor, and rc hohavior is haped v the s
Forcet i the o of s punishiment or  revard Surton93),

Reinforcement learming,is anly cfsctive when the trainer snd the Al befng
raincd sgrcs un whichs belavlor is b reiuforced. This cansensas i challengiog co
ceach, s many posibiliis can exis, parcicularly hon the learming, Al i able o
ehcarve several srimol, 3 s bdsewsd v diak omce in & sesosble window of
ime prior Lo eceiving ceinfurcement.

n Black 6 Whie, 0 e his probien, and o ke seocement eucniag 3
o conteulled process, we creiced mimicking mechanisms tha allosicd the woring
deparement ra free anare co perdocen s gastcular bebavio, sinforsing the
Geeatue avcondingly: Expliie feedback: was provided o emphasize exactly sehat had
bec learacd s & sl of the ecorcament, Tening the Creatunes ntespretation of
& given sicuation proved 1 be 4 very diliculs procedure. The problem was cesalved by
4 caceful i of the Creature using the tols we implemented for that puzpase,

o of s v
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Spatctionlase = GAHNITIOBtrUGE. SeActionDese;
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11 Mo auination <53 fuuna Far the specilisd sn_rcons and
11 chction, o sus 1 3 Uefaul risetion oxis:

o1 aninCond - wGond_Dafa-2t }

0

~sturn Gassninariont Katond L
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ratu

‘Arimation is he seans o exprescing wht 8 characcer s thinking. Lo order o cxeate
comvining beluvior in ekl beugs, eversing that 3 charsucer anitngrs shaold
expres s curtent frame of mind. Whather a charscte i walking, cimbing, iding, or
autaling, he anisuarion o che setinn should telet che haracer’s emorions, state of
heskh, and physical inceraccions wich objeces in the world. The Acdon Table s 4
sneclanisen s simoplfes e sask of custoniig Ankations Lo tratch & characters
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ords, v shautd uss ol of che avalable e with amy spase capaciy b seeh
ol opporusicy.

Wiée going (o be loakiag 2t bigh el approsch 1o achieving our gail. Th basic
Frmemoricshould give us n AL architecrure e quick, eficent, od hes suffcient
scope and power o relfz che nccsesary bebaviors required by modern—<cay, urting-
edge games. The appraach is noe dgerichemic o dependent o vontried date st
warcs, Rachs it 52 way of restuccuting ohe ypical AT Ioop found in many ea-time
games.s0 e are wing i cne and ersaures avslable o vur beo abange, Theeo
e thec i s 1 the approach

+ Separadon. Wewill split our individual Al comporsas ot o sttt
e b considersd parode (aquir: processing eveey o fen). and thuse tha:
e s reqie proessiog ey [ranci. This conprnanr s aend ar pro-
g the ATtk it a g of ungency that i appropris w ach k.

+ Distibution. W noed 10 dstelbute ot wotklnd aves fenss and hare the foad
o any given frame apomicly dused, ooy, 0 ot hac ve soughly
e b st v of acessor e cach fama. This companeor i smed a¢
disribueing,the peridic asks. hus acecmpring 0 process (b leas. aemou of
e pet Ram. il sl eatsng sccepable el Nots thae ndividual ks
areatomic and ace ot disrbused et multiple fames yex

+ Exclasion.Fisll e nd 10 lok i how muc ofoue AL work s acally e
e For cac e, Ol s e <o Wit ay aspoecs ' game’s A darie
e proceving ar al for  paceculc frame. This can be fL il it and s
el copleucaod o U prsvious cwo componentsar in plce-

tion

T adr 16 litane the pprcch el o the. saraple of & world chat b a arge
aumber of charscrees maeing about 3 complex covironment. hese entities car s,
b, 3 vl each urhee, The detats and canen of the necessary indlvids) fanc.
s arsrc going to be discussed here—juse the methods uf mkiog the bisc usc of
these lncions. A snple fniial A loop might fook something Ik che Following;

P

¢

Stnaractar +pien = Getrinstcharactoni);
wnilat pinar |

spragessai )
o wGa ket (1

oon
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a5 psibl. Then, nateow eren ch s  ch s tha il e (e ot impacton
che effctiveness of the AL Nexe,nareos down th ls e he ones swhose dzvelopment
can e iumotialy eondsionce, Folly, if you Lve ore dran a bl of things
change based on difficlry level, naresy them dow same mare. The o varihls
ou bave at chis poit, the harder it will b o test churags. Testing dilficulry level
changes is o erative pces thie requires ot of e,

ou il s have Lo visi e s of heatng e way w alles ey L
el Chereing, can be on o the asicr way ¢ ceal with difSeuly Lovels,bus i s
pically ubios o the playee

oy T e e RS AT e o delorns
AR R
e i i e gt o o
B

Random Maps.
Perhas s muse trensbing of . sicky apors s denfing with randarm maps. This one
gaune. feate alarn su ouch of the AL that i, am] e pioblems it cieacs, cas
accouny foc as much as half o the desclopment fime. The une rechnique that il
vl s nuost bl i i e s o terais sy eogine,

Wall Bullding
Sucusasil wal bl i 8 e that supports wal, i dilleull el you sk youe-
ety vell Eilding s . Tn almst al ases. el i bl o koep encmics meay
o pous economic cencee. Given this basic e, ¢ 00 longer becomes necesaty
il sqrars vl atonaud yous e s ey nccesany <o b walls bavesen your
covns and the ncrnics. Cambine chis ides it 3 robst parhfinding engine and 3
gaod termin anslysi engine, and you <an find the right placsmons for oar woll.

Istand Mopping
Island maps in KIS games present anuther diflcaly 1o tho Al developer, Cleal,
saying on rhe compunct players home Iaand is nat 4 viable stracegy f esouee Lo
ons et o neutrd s, The key to 4 bty ter band game i o sxploie thse
neursal isleds This means rransporing miliary and civilian unirs 1o those lands in

 cimely Bshon. One meuhor that made his possible in £ e wan the abilly
o quic i goale

AILRTS games requite snsangoenct of some cype of resomrees. Tn mast cass, the
computee player's il populatian muse physically gacher the ressurces. Uesource
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Scripting: The Interpreter
Engine
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P10, g O s Code Gerion” ol b s com
il generones 4 hyvecore sream, or @ steat of insteuetians,fiom 2 sourcs fle
In arder o any scrpting langage 10 be uschd, cbis byecods streatn 21use be -
cured. Formunarel, mose sripri Laguages o o xquit ch complxity of modern
onmputsts. Often, only the mast basic focm afa camputer s nesded 0 rears 3 very
pomerfal seipting Lingsge. i
This aricl discussss hows <o implemment  vistual machine for cxsencing 3
compiler-pemerated bytunde sucam. I covers che basic orkings of 4 viniwl
machioe. s rzacian of rno basic comstructs rquized by alf programaring lan-
unges: condicion! branbiag aud unciion caling.

The Stack Machine

“any scipring lanirasge equies n engine 1 cxceute theseript that 1 devloger teer
This cngine i calld an e, and s cesponsile for all aspects of exocuting a

sript, Geneally,  scipting languags has enmplcurad consccucts (such as funcrians .
and while Inape), and » compite s wricten o L serpting language e aosoce these |
conseucs into more basic istracions. This makes the sk of the foteprerce et i

Sine the inmerprete exccutes & et of imutuctions char are ot nacive assewbly
eode,ic is ko called 3 virtaal machine or VM. It s sespousible I executing the
compler-gencenred tecade seam. Les: Uytecade streams contain opeuds, ur
instrucrons, that the YM mus perform.

“The stack machiae i a very baskc vommputer foren ofren ased for 2 scipting Luv
gusge’s virwoal machins. The opends ofaseack wachine ubiain cher dars by popping :
nirie fom sk, and pusbig Usci ansers oneo the same stac (o exanuplc sim- i
lar 1o 2 Hewleer-Packard calculacos). This process o pushing and papiag dace [om :
the top af he stk coniurs o) the nivs hyeeende stream has been provissed. |

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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Eveu e nprevive s the gualt of many sece e e suategy gae A
Wi Dl Fatored e afthe e bighly compereor and encecsivog
“RTS" Als. a0 Age of Bpies 2 The Age of Ko [Enserahls Feaes the st
challnging RTS Al apporents o dare. Such excllns RIS Al s parialaty
st in ghr of e Aol el v peormance equisemenrs char n TS A1
ces, s s he need 1o pesfoc pchfinding fo porencaly handreds of it at 3

o the e shouter e, Vabe Sofirce's Haif Life [Vaoe9¥, b sccived
high prssefo s exclln rarical AL The hars o Gpic Gsves Cieal deonaers
{pict] are wel known for shei by and il ecelce. Looking Glas
Swadics Thicf 7he Dark e LGS, ch seminal re-person sneser” st
ot for s cateul odeling of ALY setsory capablvies nd It se f grackored slore
Lol cogve the. fager imporrane eehick ot he inteenal tte of e AL, Sctra
Stadics SWAT 3: Clse Quaies Bl Sicez¥) lid 3 omarabl jb of demon-
scctin hamanlie seimation 1 interseion. and wok et advanusse of raudu
ined AL beavio patamctcrs o e that the game i diffeens sach i you ply .

“Si” s el the el S it M), e e s o pove
porental of rcical e (4415 spprosches. The Somy [MasisQ0) is pically
wortl notog (ot the deprd of petsocality of s AL sgeaus, This specicululy poguiar
e bsuiflly Lemozacs (e ptencial of ey sate muckines (uSho and A
Lie rechnalogin

Anocher arly couteads i the A LIS ctegory e the Gresiars st i
ingwith Cieanursr n 199 [Cybeelif96 . Creatues soeh o great engeh 0 simulats
e paychology and phsiology of che "Korns” thar papnlsce he game, including

“Digral DXA” thac s uniqus 10 cach creaure

“Gal gies” such et sl its P (BulfrogR and Dusen Kicper
[Bullogg?] combingd aspece of sim games and ALt spproaches with reltime
sancgy clancuts. T evolaton i sppacen in he wlemate pod game. Lionhead
St e, Black e Whie [Lionhead|. Back & Whie Earuts whar i andoue
iy ane arehe ot impcrsise atne Als o date —soims ol which isdeaebed i this
ol Al € ceninly ot the e game e machine g technologcs,
s ndonbredly e most sl s of AL ks approchespet e & com
purer e,

s Empoceant o ot shax Mk 6 Whie was vy concully deigoed in « way
har alls die ATt shiue—doe e i uizely bl aroond the conespt of teaching
and wsming youe “cresevze” Thiscor pacdig ety o de layr’s st
i o the AT developuent i vy datseopsble i ot o,

huti

A ey o i th aucks of et e AL bas b e simple ot hat develapers
are Gnally ki e iy Faecao ofen, A1 hs heen a asrtoinae s job nple-
meated i the final o ot e months of developraent by mvescaffsinsced progeam-
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An Efficient Al Architecture
Using Prioritized Task
Categories

Alex W. McLean—Pivotal Games
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JRuL s vt n o ot once the e o s s
e frmnc-ond aod caronsd the ain gaonc loop, i will cun thavugh this loop.
sepestecly until same exi condicon ariscs. In ordsr tharche geme runs ar # ame race
it sonsidsand scptable, e ueel o enure drat one pass gl dhis Joop L
pens as quickly 1 possble. The clemens of the Ioop il contain many diverse sub-
sections; rendering, AL, cullion detecrion, player input, and audio are Jus 2 few.
Each of these tasks has 2 inite amount o dene in sehich 1o pxecur, each i rving o
s qildy s posible, sl all of e st work together o gve s ich, detaled
gaming varld.

Tl discussion concemteates on th A1 componenc and, speviiclly, bow 10 dis-
it i over ciene and] make i fase for real-sime gamcs, WeTe going, e duscribe 3
et of steuccasing the Al so that it can exeuce quickly and elficizndy. 1o beae-
il be el by doiog ehis—he gasm wil e moce siaoorhly, and el b able
e bringabuut enore advances Al

I ang ell-desigma game, + ocisions shold be s shout how much dme vill
e avallable T the AL sy Soune e, pticalay hose et e tarn-based
oxchos i seich the rame ac o

i rrlevane, have foy ime restricrions placed
upon the AL 3 simply doesit. e bow uog it cakes w et For real time
games, a mare alitic scenarin istha the devslopers will cequirs he game to 1un 272
sprcifie frame rute, and that sore postion of the Frame ime will b made availible
o cho AL

e newd o s thar we's wsag no encre chan ehis allacation, because f we do,
il adersaly atoc che [kume ate, This can be especilly luporcant o console plac
Gorms where s st and constant frame race i ofeen an essential coquirement. [t might
ever b pocessary Ft the plarlormi's sl weuirementscheebls (TRO). Equalhy s
i our imezest 5 beve che Al expand ro maks s of avrilable resources. In other
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maiagee i the raining ilding e cu be bulle, The Fictshac his merhod was e
ace befote Kl conbal mansger rearly-srmpliied that componen development

Keep in miad thu sy of tse bigh Tovs] messages cannot b completed imme-
aly, T the <ase oF TesioUni, the unis) might not be rrained instandly, ve dhe
rinicy b euust b bull ot rsouces parhersd befure dhe st zan be hun-
e Tn this case. i s nessvsany o provide & mechanism for the requester o detcr-
i whe the it has complered. This can be sccomplishad by reating fin ths
case) saiming andor. Thess aining egdes 2 sirple chases that consain inéarmacion
bt che equsst and s meebud o cal Lo sue i1 compleze. Anothes possible way 1
andle thi s v 8 calhack fnceian in che requesciag companene. This tends to be
harder  da in Ce, iving thy nod 13 the farmer solucion.

Ty dhe cime you've faished developrment, mast of h components will end up
commusicaing ids st of e orhar components. [heres woching wrong with
his—chere will sbaps b s problenis thae requine new solutions, The dificuley
il e i making anre s the aee additus doni have i adverse effect on e et
of e sy, The g umber of ferconeerions cuo almust ke an a e of heir
aven. and you will e e sl chages can have profound elics on the AT
For ssaml, in Brgine Farah, the simple Gt of ane apponent ending an aack
againit ane computer playes unit S s it motion changes whon can afc rhe
spending decisions made, which will ffct how well exparsion tihes place, vhich
might alTcr contace wirh neor amponeats. iackio down these chains of cause a0d
effcr. becounes the fouas of e doselopment resciog,

y Levels,

Mose computer gimes sppeal (o playess wirh & hroad sange of experine. Since you
aus aply develaping one game, there musk be 2 way 10 tior the game o O e lvel
of competcac uf ke plaver. Vil the inchtry gates ous how 1o cecae an AL chat
can leaen o che plare a i goes long, wo bave 10 be conteot with diffculy levels
har are er hy rhe playecs hemselves.

O Enpire Eargh, e seaned s avoid che siaaion i which very expert playees
would be sequiced o ply sgainst gl compurer playess o be challonged, This i
mer wrk for e player and the CPU—i ales time 10 update thuse exces c01pucce
playens. We decided shat anr goal wauld b o develops an AT thas s gond cnaugh o
give challeng e an expert player . 1-10-1 masch. We would Lhet anethe ATdon
o pruvide s challenge o incermediate aod beginning plavers. We even went so it
a5 bice expest plapors  bukp s o his alancing, W6 had o lack of begining and
oermediane plaers

e srtangly snggest Taking this approscd: coaee 4 hard Al st and reduce s
iteligense for kower lecels. Going,th: arher way is s o cxperiencs, much maze
difcul 0 achieve

“The st stcp J o cid what modifications o make co diffeeatisie e 0l
bty Teveh. We sugges « laistontuug sssion in shich you gonerace 35 many idsos
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dodge sxand & cormer und bides, the A1 shonldn antomasically know: the playecs
locarian.

eptual Mods

Th e s s o riak dome che perecprion ot dilfsene subsysens. Difrent
eypes of prrssption work diferenty, so w1l need m model oue chracer’s visul,
adicory and facele subsems sepacatcly

The sl subsysen should saks inca acconne such fctors 3 the distancs 10 2
ven visual srimcabus. the angle of the stimus relatie o (s ATs field of view, and
e cucreat <sbiln e a¢ the ocarion of che scmulus fsuch as che curme lihting
and fog levels and ~hether the AL ine ol sght s Lioked. A gond way e combine
s Grnus s 0 ruen vhenm incn probabilcy vaues hetwien & e © and ol
therm fsee Fliout 2],

In order o sasare that the A can actully ser the obiect, 6 3l <ssonril
say-cuming, e A sbould quuey th undoly g gome ongin o e ha heres
unblocked line benweeon dhe AL eyes and the siulus s sempeing 1 nrice.

“Th auditory subspscss i resporsible Jor heariag sounds in ehe world Io urde
for shis to wrock properk, it game engiue veds w elsuee thar any givan Al recsives
sound notiications rose o s 35 the nser would if he were in the AL’ dhows, Auy
imea sonand s played,che engie ureds 1 s char ol game enriries wichin earsbon,
ol he sound, wehaches human o Al, are narified accondiagly.

Each soniad slso newds to be tagged with some sore of dawa indicating fs upor.
ance, This willallw Als 10 veact difeceoly wo irmporvaat. sounds soh as explasians
and screaen, and ighore nelevant sortods such s birds chirping and wind Liowing,

This sysrem ako aflowes s 0 epreseat A7 s oo bar s the way hat
hackground noise and other unimportant sounds will inecfere with a AT peecep.
ian. Far examsle, an AL it stunding besile 4 uoisy rachin when che player iproes
‘st bim, "I AT would narmally be able @ heae the player, but s e of the
mackine makss it more difficle ur e AT o hear him. One way 1o appruach s s
Lo cakealat a sl ncclusin saloe for an AL at any gisen momeut diac eprssencs the
degre o whivhisecleva, cfes impair his hearing.

The rhisd and final scsvsory subsystern s the facre subsystom. This system i
respansible fur aaytbing the AT (ks This inclocls camage nutiicadons (whenevet
Uhe AT i woundod) s well s collson notficaions fwhenswe the Al bumps inu
someching, o1 sotue aer objees bumps e ).

Conelusglon

Every game b unlque, and every garnc vequives 2 unigae AL diats Lighly sustomized
ot

e mechanics afits pariuli s, Howerer, th echniques presected in dis
i shonld pronid th s 56h 2 olid forndation o any (st person shoacer
o snesker game AL
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s we are inferinga churactsrlevs] oiodel i bases s precicrin solely am che.
enost socemt characicr In the soquence, e cannor expect za much from it perfor
mance. Exen sa, ws helieve that ic provides s guod exmple o hiw cisly 2 langinge
learning sytern can be implemmenred and wsed € produce seemingly veeacive yera-
ions. Mare smhicious implementations, intended o simulats ntcligene parurat -
g utcerances, will use wods insisad of chaeaerers a5 heie hasic huilding blocls,
and il sc  mors: sophisticated datastracture, such 2 4 e [Kauth9R], © conrain
Uie model,

In Exvenple 11.6.2, v give a biefsippot of s chisi Manty Pychan skerch. The
Mk tuodel implemented t the cxample prngram s inferred from this corpus,
aned o of dhe eesdting generstons s shown i Example 11.6.3,

1 cnip coun tiss, 1 st Ay Jmen, T go e Lee Savetary. on
Necnzsdeys 13> shoppim, and hase buttered suones for st

XANPLE 11.6.2 A miall coru comtuing o mipgesof« Mossy Pyhos .

L thopzno, bumgorecdorvs g, shesm bunctaye s, tun g, 1%
Ry sshancaan Haday 1 cory. 1 fo- 5, 08 1aach, Ays Resataat

EXAmpLE 1
Bxumple 11,62,

A semple gverain o ¢ e e fom e copus of

Althuugh this exaaple genesarion i obvionsly noching ¢ ol ke the lanpage
genstacons hat v ae advecaring, i does share sounc faturcs of ot complex enod-
. Firt, che il s comipletly data-driven, Pyeryrhing i knows shout langosge i
derived fiom abservacions it has sade about the world (i his case,che cancens of
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Architecture i
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his arcicls deseribes 4 geeric AL rchitecrure for a cypical s, person shooter

CEPS') garms such s way ol e cles associaced with che Quake, Gl o Half.
Lif engines

Evuty gaunc Is i, anl evry game roquises 1 nniqe Al implementtion 1o
support i spevilic game mhasics, However, thees 315 50 many cammon Eanares
shared beowocn diforens PPS gomes thae it ceasmable fo us 0 ety the ovajor AT
conpuneots it neacly ary such gaine will sturs, and csceibe the majer efinn.
ships bezween those componens

N has the torm "scpereon shanldri be caben o lieall, The techaiguss
rsczibed bece work equally well Lor & thixd-pessan gams [in ehich vou cau see youe
chacactesin the game rather than sesisg the workd theougl: ks ot e yesl.

T arile also descebes sume of the sddiional subsysserns equired o add ele-
ovents of & Frt-persom sneaker” game such 15 Looking Glass Stadios Thigk Toe
Dark Projoc.

AT i BPS games end ro ok individually, racher than working in teas or being,
contrlled by asingh "plae,” This stac uf allsis i gradually changiog. 0d FIS Al
aee ncaesingly becoming capable of complex acics Invilving muldple wnirs snch 75
ot waudd find i 8 gy game, Hiwever, his acile is ntemed anly 10 Ly the
froundwork for o FS AL 5 e will fxus skl o0 che aehitserare or an individ-
ual AT opponens and ignose the qesions of tsamneork and emul-uait conedivgion.

Ihis anicle oeganises the geasale FUS Al archicecrure inco foue major compa-
nne: behasion, mosemens, animacin, s ot

The Four Components

Vhe eonement layer s ool fr gur
he game . The mavemenr Al i what makes the duraster wvid obstads,
Fllow o charucter, and fied pths chough <omple environmants o reach

‘ot ot the ehacacir shoukd move

387
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The quadracic equition has cheee diffeeent cuegories of sohutlons: o sl raots,
ane sl rout. and o mal ots. The cacegory of solucion is derecenined. by the.
expresion in the radical ¢ —bac. it is negacive, the solution has o cedl ewots. It
i e the adical afle (e
22t0, che soluian hs twa real roots. Bt whe daes this mean? Fis, lets transburrn
the exprrssion i e radical v & o nforouativs form for subscquent analysi

it 0 4nd xuls i 2 single 3l . [Fgrescer than

Bosae—{ev] dvev-spen)
=ipavf -4fvev-sfeer)
Jrer)

v evrer) a6

“fpevo(vey

=(pe vy’

Na Rest Raota

Fche sadicand ftbe quanvicy withi the radical) s negacie, hen there ar m ceal
ook, the ball cansuoe be interceped. T dhis e, e quintiy (€ - V' V) sansc
e negarive, s e<[V], Only<when the hall caees ar 1 speed greares than che masiraum
speed af the playes vl this case occur. TLis agress widh wue inwition it the plascs
s 10 e alle 6 o e thaa the ball i i cver hopes 0 ntereepr it path.

One Reat Rost
This s cepusts  basdr s beowess whethor o nartheplyer can ey
e ball. The incrcepian i o el tht here s caly one poine i time tha the
bill o otercepted. For th qadric cquarion co el in  singe oor, he adic
cand st be ssr0 Examining Equation 9.8.6, 1 the iniil posieons ol the
adicl i e, bresuse botl s bve alliounds i v dor prodicrs
iavoling P, euing in eros. Cquorion 955 reduces o
ey} -
20 gfvev-+] ¢

o Fully understand che single sl root cai, Equacion 9.8.7 s be considered
i gt o che Fact that the radicand is zecu. eom Eguation 9.8 6
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O way that the problein of gencrating 1 reevant e c be selied is by
onalisg the genctation sasitis 13 2 kspword fi . rarancecing thas the generaion
contins o word cetermingd @ priord), el hen making the kepvord hself coneezein]
o the types of thigs we would ik the urrerance 1o bear same relevance o. By doing
chi, e ar2 reducing the subject ofthe uterance to & single word contalcd sibin i
Thie funous Blea chatcerbot crupls a sievilaly eaive Feyword-based eschnique for
slocting 1 prsceiprereply o an urtesance made Ly ohe wees: Nitee echnigues ofen
ot i priccs

The technique used m calulse the keywond will il be stochst in tasone
Thia s, b il pive s s cspouse A prababiliy diseibution aver al poseible woeds.
a0 the mose prahsble word can b seected s the beyword 1 use, Ahbough, e want
of spaces e will il oo decgly ineo this aspect of Smplementing « syseses chat
can learn and e angiuage, we sugges that Bayesian Beliel Newworks might provide
et way of leuning the wwrrelaion berwsen thngs happering in the game weeld and
the subjece of the. generated utcerance, and expressing chis kuowlodgy probubifis
el T s is discusod I Ui bk Tasour

“This approach sabes o chird prablem that we bisvs o fu faled o mencion: shen
shuuld an NPC spral, and when shonld fr remain silenc The solucion issienply w ask
che NPC. at replar interval, to calelte 3 kegword to base i waerane on, 1Fie s
o el  kepword s all, st @ happly kosp iss menrh shur

Gonerating a Relavant Urteranoe.

Lev o wormidee that an NEC has, ane iy o anarher selected 3 kegviord to buse it
wtazsance on. The problsm nose is ame of generating 20 wuerance i b guarantond
 contan that keyward, Due o the random-walk narure of Mackuvian generations.
ehis process is oot e

W suggst e allowiag, algarichn, which unfrmunacely requires o scochstic
fangange models efecrively doubling the necessacy storage roquitoments. o
Murkor model should be Infereed a5 usual, workiog, lefto-right acros the dac.
6 can exeily sk this model e generate an uceerance that begios at our kipword of
choice imply by siding b canioet uscd by the modl 1o contain that kepword)
and thac onds 17 the end o the artesance.

“This il leave s with an hucomplere nererance chae begins sith aur desre k-
o T compl
uferred i 4 2ght oLl Fshion acrass the sume dasa 2 the firse. We can sk this
erare an utrance that g a e keyeond and thee heads hack caward
e biginag of the unstance. Boch parrial necrances cam then be glued togeaie co
i 8 complose urrncs thae i guacateed to contala e kepword,

For example, consder s uiterance based saonnd the kepword on. One Markoy
model will b ased o gonerace an incomple ucteruice Uhat begios with che keyword,
such s om she mar. The otlce Mtk cuodel il he ted o generace an incomplete
reranee, in  righe-o-1o fashian, chae ends with ch keywor, suchas The it 3 .

he ureecance, e reiommend wsbig  second Mirkor mode,
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FIGURE 0.8.2 Faifure o intevaps he bal given she simple sobson of chuosing ohe s
o o he bl s

Unforcuratel, Vi is che vasiable 1o be sobved, The soltion sequies thac rhs
‘problen e vieweed T 3 il vaneage, Fthe posicians of the playee and bll arc
L same, che distance. muse he 0. The distance benwesa the players nicl position
and the ball a e

[CESAR] 953

T garion 9.8.2,che vacarcanbe cansidre o be onnposal of 9 clomenrs
h il position of the bl sefnin 1 h plager ch par i she parenchesc, and
L cotion af the bl s co i ey ecto. 1 the laye can move a disnc:
cquialnt 10 haw diant hebal . che player i ncree he alla e =

[ - R+ vir =5 BT}

Siace the il posiions never change, to stopliy forther discussion, he s
cutian P = Py — B, sl be made from e point forth, T i, subscriprs il be
dropped since dhere will be 5o aaublgyiry in the rex. Solving for ¢ resals in the
imes) ac which the player can successfully incercepe the ball:

bivi=s

o v -
(P - ve)o (P ve) = (af

BeP+2PsViaVavi = ds

(vev-rp -frevke(esri=a o

Mo the equation is & sscond-vrle potymonial cf £ Plug the polynomial eslars
na the quiddratic quation,
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Section 11_Lesming
the corpus. Sevund, i Cunctions vell i the consusints impesed an ir 1lre we
bve limited the mode co uss chataceees and v base it predicsion on che mostcecent
charscter anly. Tinally, the daca i gemerates is pesfecrly valid widhin 2 window of o
adincent characues. This short-range validy, whih s 16lative 13 the particrir con-
strainus imposed on che model, s 3 Faruee common o all such midels, snd belps 1
end rheir generrions an cerie, lwgnsge-tke quality. In the exarmpls showa, (Lis
roperty renuls in sl quasi-words b (desost) pronounceable.

O uf 1 geeat adeantages oF che daca-driven appeoach we have shown here is
tharit emes sbeolutely no language-specific assamptions. & model that can leara 10d
generate quai-Englioh can equaly well leaen and gencrate quasi-Gertnao, qasi-
Freuuch, and qussiwbacess lse yot sane o cheose ar . Adeicionaly, e model is
cagable of leaming (by having i staistcs updated) and. bebaving (by grueraing
quusi-langusge urterances) in taodsmm, and uor e Ly, giriog it the possbilry of earn-
g fron st sk 0 .

Determining the Subjoct
Ciemersting quasi-lngouge terances s fun and reandiug . fot sbout e miors.
Alhough the generations tnckves might sshilic raciiy, smprediceabiley and
e abiliy of the mode o eam, andl enight prove t b genuinely amusing, (e fct
thar they lck relevancy aceds o be addeesed,

W e shown huw @ lunguage learniog systan can be used co genrace nare-
dicrble andl thecfore surprising) neerances, lfling ehe it of the v desisable
s of sy thar exn mimie ncsligene behavior. Lo complte oue wotk, we
et extend dhe spten s onlor Lo ke it bebavioe sensble. Tha i, the wrer-
anes produce by the sysem shonld anske sems. 1 2 degree, wiekin sone conteat, T
the case of computer entersinment sofoare. such things nigltinclude

+ Things sid recently o the NP by the player character

+ Lhings ssid receatly in e neasby <astioutnent by orher phager and non-player
characears,

+ The immediate requirements of the stary, i these is o, a iposed by some ope.
of sory serpt

+ The cursenc s of the NPC, snch as i lewel of hunger. s opinion nf the playee
chatnceer, and 50 an,

+ Resent events in the gaone wotld, such 35 2 ncauby cxplosion, the fcx chac che
player characee bas gisen the INPE: an object, and o an.

Gntng a Markey mode] of any order o enerace 2 parcicula eype of wterane, as
eequirad for thar urterance to be semitve to contentssuch 3 those we bave use ouc-
e, i extremnely difficule to do, & Markovsan geuceation is ki o random walk:
ou begin at che srare o the meranc, but you have no dea wheee you wll end up.
e therfiare cannat afford to be oo sophisticated, bu uk of sophisticarion is not
accessaily 4 bul thisg,
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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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“The unly major dumebac e s procomputed datshass s vt ir can samtimes
ol pucrly i eniconments wich a e anber of dynamic obstackes, For xample
he player can pust  harel inco 3 erein pare of oam and bide behind i, he .
vieal database on, automaticaly understand that the playeeoe zny Al can ke cover
behind the barel. Or ifche bare s divecely i fcane of 2. (igh baikvay.fo cxample,
then dhe partof the raccical dnabase that speciffs that s posible o shoo From the
oo o the hallway, and vice versa, i now giving; s bad e,

Combat Tactics.

Assuniog we have genseuzed a tacical database, we novs nced 10 et oue Al 1 use it
A combat AT will tptclly draw foam & libuaay of s, in which sach taic s
responsible Lor executing » specifc bebavior in combat, Each weric st commonic
cacs wich the movemenr and anievarian subsgsreans co ensore chat i cehibics the
appoprise behaviors,

Far crampie, + “riele-safe” taetc wonld eoncimuonly cirle arannd rhe AT
cuteent anget while Bring at it It would sttempt 1o remain between some talnicas
and mavirom discance From ts cargee a ll s,

“The folloring examples demonserare some of the diffeent ypes of combat tc-
ties thac wigh appear n a pical FUS.

« Camgp. The Al sits o u Lidden oustion s walls fot a0 apprnent.  appent —
chesp, bur efectve. The main dissdvantags i that this tactic can fen sppsar
“scipued.”

« Jomst The Al rushes i npporen while fring and sstetnpts to rush pist it Onice
i¢s gasse Bevand s carger  can swing arounel and hope o ariack Fom hohied.

Cirele of death. "The Al circls io: opponeat, frng comrinuously. 1 wtecpts

7o remain wirhin & dested range hereen  given minimuen and maximum

disuance

« Aeabach. The Al dhucks hehind cver, pops oue and fire, and then ducks back
uncer caver s o sholar o (e “cumg” Lt excp it e AT Lis @ sese of
wheze s apponenti must b coming from ued actvely emergys from s caiup-
g locion ar che appropriat G,

* Flee and ambush. The Al ruos from s opponen, hide behiond a coter, sl
prepases an abush o s oppnent,

Anather citca problem s the cacic seecsion pralem. Given an sebitrary situs-
don in combar, se need to pck rhe bast aclc o amack our opporense. This deciion
will depend un three enajos factors che nacure of the tctic under considecation, e
eelacve tarie! significunce of ol of the combacanee’ various ocations (1 deteemined
oy the actical darbase descrbed previouslys, snd the cusrent Gaieal sivuation (e
A agenes health, weapon, amea, and locacion, phus all of the values of those chrec.
st o all of s sies sl oroncicd)
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wnd Oyiag, with appropriate paramenrs m derermine the AL ageats aceleration,
mcwentent range, tm tars, aciunacions, and et Inovenmet, chasactestis.

bat Control
Whea un AT enters cotubat, i aases comteo! Furthe mojorir ofis hebaviors .2 comi-
st eonprllr. The comhar conteeler i respamsible foe all coosla selated wshs, such
s seecring an opponea, seecring 2 Weapon, maneuvering, ring. and scarchiog for
addliansl weapons and amrmo.

“The tost Aificule past of s cobar problem s decarmining heve co ineelli
ety asses che cureent siruaton, and. select and execute an pproOprRIC TaCtc in
reponse

The challangs comss fram che extraardiney diffaey of etiing an AT eucicy 10
anderstand the significance of the spacial confignrarion of smy g 1ce. Any hutan
can lance at his corment suceoundings aad. imaedistely foun 3 ascssmenc of the
space. Phay a e gascs ol Counier-Siibe an & nes . ind you quicldy learn where
the caver poiors ae, shere e prirme “camping” locations ac, and all of the diffrons
ulueralities of estialn socas relarie (o one anarher.

“The sasc with ebich we pecfuzm chis Lok bidks ics e dlfeal. Evabrian has
endowed the b sl with s vy pares ik €onls Forsparial ressoning that this
sk, like v and tlking, scems semarkibly ey obly beeause we are o gaod ac i

One af he maor prublerms for Als astempting o perform spacial ecasoning ischac the
e geomnerry o the level relfic esraondinarily diffcal e parse, Susamping 1 e
form ressoning wick the F peosnety s fuoime would be prohibiriely expensive,
Becass the geomeyy afien anntains so maoy exteaneous and rrelevant detal. 4 brick
woll.furexsrmple. migh e composed of 10,000 polygans far che bundreds of brcks
in the wall. hereas the A1 only cares thac ics a wll

A with the glabal paibfinding problom, the salarian i to b o custom data
base. We can consrruct » very simple, sexewalined datsbase of spatil acical dars ha
cuntin ol e key infornuasion the cambar Al will requie o uoderstand he taci
<alsignificance of vatious parts o aJevel

S mucnbee of FPS gaunes cexins che evel designans o design ehis cacial daabuse
y hand. Afer bikding cher evels,the level desig teans vt conbed specifc“hineé
i theis evels by placing duenmay objocs n e warld, indicaring that cecaie aeeus are
Scquer poins,”“chake paints.”or *utaerable aceas.”

Vhis s nllicient 20d olien czror-prane merhad. 3nd ic males i much more
coscy for desigers 0 chang cheis level aler chey b placed Ucse hines. [ean der
Sterrent1] dscribes how the procese can b auermoned. Customized tools ca aute
macally analyze  piven lvels geuretry. deteraaing th racical sgnifcance of ifee-
e soees, sod suomatially genesar 3 dersilod merial database
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so2 Soction @ Racing and Sports Al

At time ¢ reaser chan the right-hand side, e bl an be caught, In mang st
s, g, s B i the plager's height and reach for acecprable resule.

Cinea che aimde sindaw has heen decceenined. use the time valoe 10 165 derwar
che sanpe recaroed by the plane check. Another munleling nove che teraction o Lall
and backboand sesuls i many cuotion discoarinuicic. The proper mechod of han-
dling chis s o pororm ane chack fo cach regian of confinuous ciene.

Concluston R
This acicle presents a icnple and cancise msthod co desesmine if one abjece can be
intercepred Ly anather, The chel cunsits of e more than threc dor products to
deerening the cocfiiants of 2 quadniic.oquacian. The value of the expressinn ueder
the radical in che qudracc cquation discrimintes beoven the shree majur cues
{oterception i impossble, 2 singte peint n vne to incecepr, and a windarr of ppor-
funity For intrcaprion. IF 4 sindens of apparminiy is o, Farcher amalys derer-
mines the b choice in the winde:

Ihe alorichm opscaes o sk view of the g e, The s~
pltied model incesases the ot of the chock: o, th oror an be edoeed -
vy by dividing s che probler space and ruoning sach parameerization chtough
e o, The modod wlicitey wwles (L advantage 0t it can be. i
irequenty
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e _ _Bectiontl Leaming

The fct thor MegaH AL s based oo a Markos model . makes s Luogus-
sprcifc ssamptians meuns that i cu lear and tespand In any fanguage wharsocrer.
Dvics prinuc, o ol MogaLAL s tlking nansemse in dosens of linguages, 2 the
cxtrace showen in Fample 11.6.8 ilhsracss.

Ussrs T paries fraceazs?

MocaHa_; T GUEES SO FARLEZ YOUS FAMIGAIZ?
anaur st ue pussion i,

Hegart s Lo LAMGIDICE L1 URE JE111E JELMAE FILLE

EXRMPLE 11,6.8  Magal AT can e nontensical i any humar: longraage

Many uszo meporied ool eesponses w MegalIAL. Thoy often found che
g i 4t thuzn susing, cspecilly when i reply neorparred bis and peces
of things they had 53 co it carlier perhaps even days ue ek urlie), Oceasionll
chey would ] offended o imsuled. such 15 when 2 usee named Forres told Megt-
HAL Lis s ondy 1o be debuged with guoces from the. mosic. Pyt G some-
ehing. perhaps, which he had sndued too much of atschoul, O fevorite cxuagle s
charof a serongly efigious persun wha spent houss ting to goc MegaHAL. t respone!
oicely w sstemners har comtined the keyword “Tesus” inseend of perfarming ward
avsciarian to generate hlasphemeus urterinces

Surprisingly e averhelavio number of peupl s 10 ik dar Mogal AT
s oser a *wrae” AT han s actally the cas, concuding through their inferaction
with he program thar avs e, ir anld soo esceed heman totelgence. Json sl
eeives emilsfrom wsees complaoio tra ey ae unab 0 cach Megal AT some-
hing, or hat i Fils to undeesaod somerhing clc, presumably in the bel that e
Tack of “tros” inteligence s thie Enl. e is emackable chat pevple ate prepared to
look fo other interpretations of ety ieligen behavior than the ohwions.

MagaHaL In Black & Whita

A unfortanatly unfinishod fetrur of the carmpurer game Black o Wi was e
abiliy for uses o enter a peusseent online wurld, bl ther 1o have wnrctsee
o i wier players and parivipare in special mult-player facurss of the game.
Fot s werson of Black ¢ Wi, e inrendec t 15 nguage Jearing echnoloy t
enhance NPCs mithin the gaming world. We partally inplernented a uguage aogni-
sion and gencraton device in the bain of the Creaure, che primary lesming Al in
he game, basng rhe iemplemenation om an improved version of the MepaHAL dgo
cichm. Figure 16,1 shosws the sevea i sction.

“ILe playecs Creauare world keas on-chc Ay rom the thingsthe payer rped 2
inpur in s or he cren mative lgiage, and, ehen l¢f alone, wordd exhibi comvse-
savional hehusiarsimilar i the playe i had leaensd feom, The subjec of the ucer
ance mde by the Creaure would be poreatally ronclacd wich 2 number of possble
esents (ch 2 damage being donc t the Ceeaure,faod being consumed, » misale
occuring, ar annther Creazure saying; something. lmagine entsring 4 tight with
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very s, since the movement, anémarion, and curbar subsyater lready do cst
of ehe work and provide 4 ich paletse of basic bebavioss for th Lelsviorsl laye 10
Luid o,

Scripting Languages and Trigger Systems

Love designues wil
cin paree of youe game. They need 2 way s tale some degese of comol vvee che AL
o rigered pameplay sequencen. cu soees, o othee “riggerod” o “sripeed” cvems
Gt should appen dosiag, the game wnder cerain cirenmsranees. In order 10 make
s happen, i neczsary to cesign w0 intefus for communieaton bewesn e g
srstripting system and che ol AL el

T cammnicatan sel rypically ake o forms. v, th riggred evencr aa
s ) paraemeren. For example,an evee mighi enabie or dvable ercin sates of the
ehavior controllees nice sate machine, ot oty various agacesivencs paramecers
o change the way the vatious combar acics ot

“The more comman form of cammsmication consises of sending comnds
o dhe varivs parts of the systesfeon  wiggest v, For cxample. 2 rigget
ystens can el an ALto 1ove 1 4 giten poine o 1o Al from is curet g by -
i comemand o i hehavior controler. This command changes the cusrent stare of
e FSM 10 ome that will excce e appropriane behaviars

novitably oo same ey o spevify heir desgn incenions n cr-

ith Elements .

A “fise person sneakier” game s simlar 1o an PPS, cecapt that th cenphasis is on
saleh arhes chan combar. You dorie wart: o el che guard—you wan Lo soesk past
i, disrser i, o musgbe whack b ovet e Lead with a blu objece and drsg bis
uscouscivs body ol and dusap b o closet

Despite ourseard appearaness, fimst-persan sneakes 41 hus a lot i comomun wits
S gume Al e has ol the respunsibilities of sn EPS AL sinve the Al need to be ble
o cagage i cotalat, bt iU busdened seichthe adirional responsibilty of suppor.
ing steslth-ariznted gameplay.

Lookiag Glas Studios’ Thigf? The Dark Project ed graduaeed "sloe ko™
provide the phayer with Fodback. As yon walked rovward 2 guard. the gurrd would
become increasingly snspicins, and wanld g Fram 5 *not suspiciows” aert level ©

‘somechas suspicious,” then o “very suspiions,” aad Geally to "puancid,” When-

ver s gl changed o 3 new aler evel, hewould norify the player with an audio cus
such s “Tley! Whar was har” (incremed sspicion) ve *T puess i was bodbing
decrvased suspicion;

I order 1o amodel this alort level properly, s evsenrial e aceuraely mudel che
AN percepral capahilities. & playee wants co be able o snik up on an Al character
whea it buck in turned, st the AL shouldiie automaically knoe the plager is
there ic should Lave o cither scc che playor or hiar him. Similacl, f the player
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8ection 10_Scripting

Anatomy of a Scripting Language

S soiping lngusgs oncealy consiss of e pares che ongasge und theeogie, The
langrsge. e ke any other programming langusge, and i defines the special syncax
cha che scripusriler i cequiced <o use. Theis tguge is ranslaeed, or compiled, nto 2
Jomwat thatthe scrlpeing cogine can process. The scipting saging, ue serpreie, e+
e the compiled seripe

The compiled verson of e suript i salld 3 Bpieade ream, and i conrains
eveepLhing (e Inerperar equiees T crecute the serip. Fcheseripeing ioguage s sul
Ficioney complicated ixs it woald b with most structured programialng linguages
sk C ar G} e sk of cozapiling the scrlpe can b very evpensive. Since che
scripes saurce code sl nar change 2 the game i heing, played, coropiling dhe scipt
i 2 byrecods srearn can ssve a ot of averead, This dha sonplifics the inroaprerer.
e the byteconde sceean contalns simpler insuactons o Greeuns (similac o the if-
Lo butsecen ascmbly and Cee)

Whils it i rechicaly passible for 3 sripting lauguagés compiles o gener
ative assemmbly code, this is oflsn not requited ot desitable. One advanmage hat
surpiug lunguage b i dirce control over she sxecution of  seipt. Foe example,
a Frame-rare driven game, dhe seripring eugine coul] wutouaatically sispend cxecnsion
Fs scipt L s taking 100 uch tine, The sceips would laer esame xccation when
nare cxecution te becomes aeriable

Complier Overview

X compier s resprcsiblef sranlti  devloper’s soare (s oo 3 form rharthe
conputer can exccute, A tcaditowl campile et an Srocuble tha the com-
ot can e diccl, hue  sripting languise’s compler geoerates « byccode
onder o executs the scrpl

A compilcs dos thi tanslcion i 8 sres o phses. The leser handics che e
phiase and ie seads the source code 1l becaks it o i ndamenral picees caled
okens. A token defbnes 12y single consuct i theseripring mginge. n Cr-
lowing are cxamplcs of ks 1, . 1f, votd, and *gfurction. 1L lees s only

This byecods stoeam contains svetyibig th loterprrer magires in

e -

resporible for finding che rokens in the sourss cods, 1 is not cespousible for derer-
amininy; what e the Lugosge allows Usese kets o be spesificd. Far example, the
Fellowving s comphtcly vald scsam of rokens: 1 { veid ; 1-17. Obviously, s
i mor a valid (- pragram.

“The ks the loxer ceadh s given 1 the pomer. The pareee s respasible for
deflning the stroceure ofche langaage. e veefies tha dhescrip i vlid progam, and
il responsible fortranslcing the sripts souree cade o sty thar the eom-
piler ca underscatd. This daca steascanc, callod a parie e, describes the entie sript
ehat che devaloper has creared

T passe sz s passd into che ese phase o the csnpilc. e o generator. The.
ol et cosetts dhe pacse sk Uhat s cecarad from the source cnde aod gen-
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The Behavior Controller

A rlac probleen is che oppanent telection problem. Given a numbee of poten-
s oppancis,the combar AT neods r select one 2 the casee target” Although it
s mo necesarly ignors all of s e adtersaies. v need e desigaace 2 Marget”
10 teprsent che fact thacche AL will focus on 3 single enceay o7 2 i

Ui i usuall 3 v problem as mose KPS games simply pit dhe usc againse

af e A oppunents. L mors vomplex staclons, its unsaly sasy to ind  good ar
epicking heoristc by considering the celaive ctical stuation of the AT againse
vy poencial bppomeis. - at I, ich curinys healb, weapon, ammo. and location.
A A shuld generally sworry shout defending sl G, and averpr o demcy
hsther any panicelar eqponcnt s chresesniag ic o, i can idenuiy the st el
nerahle canet meaeat o ielf A sianple rauking lanetion can easly make this deter.

‘Afier an AL Lus selected s ccger and begun m fghe. it showld consider dangig
irscager whenevr it taeial sinuation changes signlfiamdly. Obsewsdy, i che Al ur
o gt i, ar% 1 g rime co recomsidee che cutrent gt

Finall, theres the sespons Ling problern, Most FPS vieapas are high-velscly
ranget weapons, s the ey problera s decsrminiog whst.co e See [Toxmue02b, for
an inteoduction w tie snacssekucd 1o g and fring ranged weapons.

&t the top of the Al sysien . an ovecareling controllc called che bobrior somsoler
This controle i resporsible for determining the AT aganes corone sece and. high:
level gouls. I dexcrmines che ATs averal hebavior—Lun i slaaccs, whae audi files
i plags, where it moves, 1o when and Bose it cnters cnmbat.

“There e any number of s o mudel 3 beharios contteller, deponding on veme
pme’s desiga onuicements, Mast FPS games use a Anice-vate tnachie (FSVE for
s pactof the AL 5oz [Dysbardd] for an Inteoduierion 1o finite-ace muchines.

The st below crmmacraces same ypical staces in ch FSM ot a typlcal FPS,

+ Fdle The AL seanding suard, sooklug a cgarsie, ox.

+ Pateolling, The AL is Sollowing 2 designer-speciled pateel pa.

 Combas. The Al is engiged in cambae and has pased most of e eespousibily
for

+ Flesing, Tl ALis attempring o fle it apponen or any petceived theat

+ Scasching. The AL i looking Jot an oppanear ta Agh or searching fo s opp-
i who ld duving eombur.

« Sumemoning ussistance, The Al s scarching for addiconal Alsto help i figt or
o procsct it fam o ehrcas.

haracue commol over to che curnba conttolle.

These Libsavios sl each be represenved by an objece that s responsilc for
communicaring with che movement, anixition, and corbac subsystems in urdes 0
cipresen. its bobaviors appepeately. Deseloping these bebavion, will Gpicilly bs
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10.1

Scripting: Overview and Code
Generation

Lee Berger—Turbine
Entertalnment Software
Iberger@roy.org

P e i i g it € 5 ol vy
onuples sk for a paciculat program. Becarse of this, chey tend o be very tak
Tored  the progeatn. e sanps af  sripting inguage can vary greadly depcnding on
e pealblems i is suppesed 10 sobve ¢ might define simple convenation rees or 4
chasscter in 3 cule-pliying grme. or i might be 3 complicmad objcer-ariencad lan-
pusge tu contuols wsads Al spoces o gamaply.

“his aile gives an averviz o scriping usguages, and shar chey are copable of
This anicle focvses o the mios
oz an averview of how 1o ceate sach 8 luggaage. This arcle also decails howr &
seipting langage saurce oode can be ransformed 1ot insteactions dhat 3 coungues

complicared version of s seripting lunguage, giviay,

Crening  ully enpale saiping amgunge o nits 4 sl ot i . ev-
e, e pows o cut b v o & seipin.angusgs ca ofen gy
g th o of mplomentyion, As muncione pieiouly, iy scripdog lan-
une i mcans s smplily i st o s o rogea. They e be dsigned <o
Tide mamy complcred s of  ame. 4 At peion oot g i o 4
crping g o rasly ceae o toroicts AL A re-playig game migh e
stging g o defins how spels ancion o he it wekdngsof g
T v s conples eovommces, sich 3¢ thoss found vich any i

il glayer anfine games. 3 scrping eguage can be 4 ey powsiul ool The
el of debing wih tniph et i 1t o con b completely biddn in
the language, Sending, network cvenes @ 4 oade simple and painiess
e seipin bagage could o bl iing an objer' e senomaciely:






index-602_1.png
Section 11 Learning
Tanguags i samething with which we ae llinicnately Familia, and an NPC capable
of larning and usiog Lungange socially ives 8 very convincing impressian of incelli-
gence and encouragss the player to spend more ime in comversation.

There it 2 huge, uncapped porential for Langusge learting witkin computes
games,from the simplistof enueralning usip systems 10 agend-driven agenes whose
sinn i 1o reveal it stcky cloments when intereogated correcdly. For Leyboard
diiven axchitoerures such 4 thase used by che mussively muliplayer ganing commu-
ey the pocential fr a gurming advencute sees cndless, Whether or not ths signals
b setuen of (he (et adventue in  nese goiss is dehatzble—aldhuugh it would be.
sice 1o think .

es

stz e, o amd Fihor, Tson, Tevin, Undefined Nehrviorar
el o vt 41 Game Fraring Wt Chaes e Mod, 2000

Compheli) Campiol ey Coaial et formacion. s, Lorgudse
T L, s Book 585,

Fischuastd) Fowtens, Tsomy Trrndciog, MegatiaL” SetdLatICaNEL Wi
oo H G Conveaion, ssockon o Compraonsl gt
o 595

i) K, Do, The o of Comptr Progammin: Serting and S,
e 3. e o, i ey ATShing oo, 1%

IShannaniy| Shanron. Gl s Vs Woreen, = e Theoty of
Commenicaion - Uniensy o Ui Frew, 1319

o] Toot Pt oo By Netvors ad Rt Under
et Al G frograing Wigom, Chtos R Mt 3003

Titngs3 o o, Cormptng Kiuioney ol Tl Gt Wk
T, T Mechariond ilons, Fheser Scance Febloben, 1993
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030 FTriggerSyster: Aamoverriqgen( unsigned lng nTriggert |

RIS M < tarator Lt = _4pTriggeriap.beginl);
onile] 1t 1= _ngp -iggethap.ondl > {
S1( 1t sseogna-niriggerid = nTriggerd 1 {
celetel 1L =secana);

1

Updating the Trager System

Il Lasc o e igger st s che ipaate () famcgin. Updaze emores explee
gers efeshes dynamic posidoning wiggees and motifes et of iggers thar are 151
evant o dherm,

v0La ETriggersysten: Update(s
l
Ghgent> osgant =
“Luat foistanco = b.

Triggernscardstructe g
TRIGHR Haz eralon 1}
unsianed 1600 RCuTine  tneGeITinal}

i1 Delate supired trigger rasords. Fur records Lhat are nat
1 meoared, uptate position f the cynanis F1ag -4 set

i1 0 nepiviggernan. baging)

unilar 3t 1= RvaaTriggenuen enat1 )

¢

pnscord = it-sessnds
ST Tanac sntaparatio-ting 1= 0] 6
(e MExpira-iomina < nCurTin) »

as1oteteosy;
it = n_napTringeriog orsset1t);

b etse ¢
51 Uptale pos 1f eynerio Tlag is sat. Rosot tife stam
§7( phed >ppnansston-cersa == trus |

uptataros e ovrcs)
ploc-SmumaSTaT: = NELrTure;
'

i

Teiggee Agents
ol imigoed long i1 iu_wcegents: ++1 |

pagent = ¢_pigentList(:=];

11 naskc 1f 15'a time for agart ta updts
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dinarian. he mosemeor subsyer mevee deenins whcic s e oy b
do s Lty teceves commands rom orher componentseling e where o e,
and s espancbls o akin s th chcactee moves  that poiy ) an sproze-
ane o,

“The ssiration lyer i esponsibe for conrolig the chacacsr body,Ts s
veli slecing, parameceireg, and playing chatacte snimatio sequencs. I s dso
rspuesible for gensraing avknatios (L ool be plyed from canned amarion
seqences, such 23 g & guand’s head 10 e he phye, poirring down a o,
ar hending eer and sxccodin his arm 1o pick up s bock o e table, Sawc e cant
el in svance exacly where e ool will b o precscly what direetion the guasd
ell e o i, e e s e degree of conteol e he animaion
o ensarethar th charscer amimaces corel

The cumiat ayee i cesponaibl Lot socsing the charastors nrant tacical s
ian, selsting tactics in cormbat, siving, and fin,a opponcas, deciding wbea ©
pick up new s, and o Since corbit i e core gesaeplay dynamic i mest
EIS pames. dhe perfocmace of (his subsystam sl b crucial to th playees percep-
tion ot AL

The babasio oy i th overarcing sy that deceemines the chararces car-
rene gl and commuicates widh th ol syacaus v atcmpe o each i1 ol t s
i et Leet AT subsyste and s s top o all ofthe axhee subsyscs.

ation Gontroller

The animadan Al gstom i respansible fos she charactsh bodss This layer s oy
respansble for playing pregensrated avimation sugoenecs har hase icher hoen hand:
caled by profesional animacor o genervad fom morion caprc tmo-cup) dats.

Mot animacions <ill ke conerol of 3 chacaceees eotie bods: A "dying’ anitna-
o i 3 good example of this. AL pars of e asucter’s body aee anienseed 1o make
 conviacing death sequense, [ sams games. hawerer,there is 1 need fue ahoations
har play anly on cerain parcs o a chacsctees body. bur exaople, e ac-waing ani-
‘matiom wilfwaly fnfluenie s cractsts cght ate and rso, 3 head-surming apiracion
aly e e ead and nsek, and 1 el expression only influences the fae,

“The animarion contraller needs 1o be awace of whick parts of the bady eeriain
animacions soncrol 50 this it oun sesalve conllics becwecn diferent animation.
When e anionaton AL wants to play 2 nevw animrion, ic needs co detecmine which,
bods parcsche apimation noeds e use, and if there are wituations alteady cuncralling
Fhose bods parts. it needs o stop Lhem o chat the now animarion can take over
FOin0Zi, The syster weauld el b abl o knos shat it can play the arm waia;
and facil-cxpression animarion at the same troe, bt s svor 25 the characer i shor
the death animation will sppropriae: cootral Sl of these

In additon, thass isoftcn 1 nesd for he amimacion syscera o take geeatet conuenl
of the characters body o perform actions that are mote 3ppropriate 1 the Gontest
than canned smimations. This odhades
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MeguHAL uses 2 caupledy s fac technique of deceeminiug, 2 ke ta
e isceply un. ncead of ing Bayssian ielief Networles, s saggented i i arl
b, MegaBIAL s 4 hand-wived. Tngfly specifc hurcric, Tn Fample £1.6.5,
for inseance, he ceply s based o the keyword s, Eren dhough the e
niguc emplosed qualfcs as an inclcganc back, th impression ons s from a ran-
domly gemeracsd uesrance chae s same elevancs o what s i cun be guite
convincng,

User: ohe i the srart

- person on the vo-la?
S 5Tib b GeLERY WOEN 1S Ay

EXAMPLE 11

A stnsnge et e s 0 a divct s,

The almse schizaphrenic s of the peesious cxamples piees & racher e
Smpresson of MegatAL, At is best 1 can seem astonishingly Lucid and Incelligenr,
Example 11.6.5, for insance, llsteaces whe is pssble when che correct keywords
are selected and gaod urtcrancesbased on these keywonds a generaced. T chis cxam-
ple,we ahio see MepaHAL ability 1o lesn uncthefly, u is answer v Uhe qursion
askod by the s 5 acgugltation of e nser's previous stacemeet.

user: noantgan saacovered the x--ays
HogaWAL: THE 0SkL PALLT D1 i
Sar: 1m0 digcovercd e X-rags
URGRHALL ROFUTEEN FSCUERFD The X RAS.

EXAMPLE 1.6.6 MegaAL i fequenly s, and loarn fom is experionce

I v s von B HGENIGE.

Example 1167 gives an v beter crample of MegaHALS capabilfes. Even
gl eply s vl ver bused om sl keyword extsacted fom e oo secom.
hing e user id,oxcaianally 3 oo scems ol and Megal 1AL rplcs
sy be ased o soune Vighee Lol wderstoding of whit is briog tlked sbour,
T e s e pgea disciing he snbjcer o karing aver sverladcentrer-
ance, Th use wcnschaly belps MegaHAL 1 iy unctopic by providio elecant
Keymonds when repying ta et i 5y

HogaHAL: N KE BESTN To
THIS WY GORES

Usors Mt 1a tho muarzng of your List asvertiont
HisqaHaL: HAvE YOU LEARNED SIWGE € LG SPORET

Usar: T've Laared 1 nt sxverisnced a-ough 0 neculice vau- hrsi®
syiten

WeRARAL: VEUSUE STHALLY CORFISED

User: T've Lugrasd othita

g+ RAVE YU FARUED, AVYTHTIG AROUT THSANTTY?

Lsars ars you stopist

HogaHAL: T AV HOT STUPIDI REALY

SOLYE SOKE GF 1Y THLHBS, SONCTI NG WITKED

EXBMPLE 1187 MegaAL can b ducd wver severaleschanges wish che e,
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Building an Al
Diagnostic Toolset ;

Paul Tozour—ion Storm Austin
gehn29@yahoo.com

o e viit the ifficesof lan Stwm Anstin ften carsfolly and you saigh hear
n e chungping noisc o the windoses. Tsestigare mors elosly and youcl notics
 colarfel b bird wandlering back and forch slong the ldge. H slans his beak nto
b veinduy R sevursl s hefone moving farher dosm che ledge o toreare the

} unfortunsee sl i the next ofce
Ciame. Al characrers areall o siwilar. Covsoessciones when develupiog AL poss
il Bind youesel sttt at he scesen, shabing your head, wondering b on exth

your charscterendsc . doiny; the inssnely seapid chimg it just did - oe why & faled
o do what it knew It vas suppased 10 do

At ienes, che Al seems all o much like s beuses ol i e alilicy 10 wrmoc
and confound it rcares, and AT devslopment can seem mone ke a dispec-evel par-
enting cuk than anything erenbling dlan. professond sofiware devopunc, Oue
mbirons for  “Wfelke" A are fulfilld in she scors possible way.

I e cese ol e b, there' v bttt the T blue gy secs his s eflec-
o and shiaks s a compering alphi male. He never qusivus for  xus b
bis e can sk cight back at hitn with such perfice tining,

This s e wfortunste rsvull uf combiniag 1 eningly (s ow cchnl-
agrlectivs wildesso—th & spocics whass csoltion filed 1o prepare i fac the
il chdlengs of sl mvogicion

Gracking Open the Cranlum

Whenrssyou dor't undesstand e s o ot Al behavio, b necd sy 0
erack apsn the cranium and fige ot the problem quickly and easly. Behwviveil
Dawsscednevicabe, d mots ofea it o, h difeicacs hopsesn ccessand fil-
ure omes from being ables o disgnose and corsece thane Qs as quiedy and easly 55
posible.

s progrmmmers, we have the powres 0 build imonsely powetlul dagocsti,
s thac il gie 1l canerol ever the syscems e develop. Ve ight set of ools
il make tinkering; and puswor omevessasy. This anicl drseribes ecknigues ot

a0
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98 Intorcopting aBay

foov] = (- veviren)

(o] = [7 vevieer) 858

Siace the ek side most be positive (s 10 thesquare,she right i s be neg:
scivescharefor, che inteceptur is ster than che ball. Exernising Equation 9.8 with
that knowlodee, e divisor myust be acgaive in chi cass. Our analyeis of che single
el v s s subcases P

- (4V) 0 The bll o i oughly envind e ncrcpuos, s i b
ceped s it i e Fatur, 11 st besonies gt e of ;
o g sign, 5 th oquarin b »posve resuh S she il nones st !
b the et it an oly L et o o v, A i,
el b sl to quicHy o b renchagin. ‘Ui gk o the scond b .
o gbbing i dife 1 oot by e ac, b s e ismme-

Bt viiniy, bt hel pses v chancs o crc i m e i,

+ (P20, Thell ety b ot tovand b e n ey cncvbe sy
S hon s s she . rr? Wirh the dividend e he vl 5 s
e, b, o itceion occted i e st Sne i only s foard, i
<hi el ndicates crshe rel s be il

Two Rual Rosts
The vl coe i the most icteestag. L case duss ot rguis s spuee ol he i
plyer o b grcarcr. At the ball can move ignificanrly ser han e playe, i
b plyer i sl L avay funs the bl il posion, bu, poar e lne o
posite 7 the hll can b ncrceprsd:

e s el rots eprsc s bourics of @ ol of ppporaniey: -
et shei nterpresadian bl o thes cacepores, depending on the sign of e oo
ot st e, 070 0B 10015, and o0 pasiie and an negrve ot

+ T posieve raou: The ot define 2 indovs of opportniy i which e Ll
can b scesully insecepted. Any v beteen e (0 1907 2 vl i ¢
i he bl cun b inveceprd. T ehis sceari, the bl is moving st dhan
e playes, bt e plae i, ebative o the i ofspeed and disanes close 1o ehe
T o motion snd rhus s make ¢ chers i fme

= Tuo megative soots The s o def > winds: of apporuniey beewsen the
oo i o bl o b e, s ot ety of 0l {
ncving faser than th plaers hower, o bl s mosimg caviely avay rom e
player. s, dae i i enteely i megative o, 0 s el s 1 b din-
cuxdd a5 a0 ipssibc inercepion

+ e posirie e one negarive oot Th suluion b s opeu-soda windowss
ofopperttsy ian esschan o o co thenegative ro,and i gt han
o equal s e cuot s wich ll ke sl o sl he g windovs
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Nt thar in che secnd case, the s ez will be generated before the word ezt and
0 om, o incomplete uictances can thin be onncarsered o form dhe cumplete
wterance The ce at on she mas.

MegaHAL _

Joron Hatclieni, on of the surhars of chis arice, w4 comsersadon siuator
nomed “NegaHAL wing oy of dhe wulologiss we have mensansd [{Hucch-
I8 Ln 1995, Juson put s progtam onfine. callceting hundreds o pages of ean.
seipes of conversiton berwoen i and bsees o the loternet Stndalon vsions of
Megal 141 vz availsble foe donenoad o wovimegabal nc,

The fut i, MegaAL oould comsere with does of people smuleaneously
ncan chae it quickly Ingerred a langnsge model thar covered many dilleent Jan-
grsges, including, Englich, French. German, Lutin, and an Ausualian sberigiml
it As VAL gecrasc Lucid and sccringly reaies nerances pesbaps about
10 percent of the tme, it cncourages wsers 1o coninue ralking o i n the bele chac
ie il sy something eoof saon.

The rfuforceinent s use teceves feom  locid neranee is imermiteent, 2 huid
wtserances are diffcl e preic, et ezt enouh w preven: them from geing
oted. This ecules i wsees expesiencion  on of adicton Tarnes02]. The desire tn
wry s voe enare e i he hope ofobscrving a lucid unecance ean be overwhelmios;

Amusing WMogaHAL xampio.

The Megat AT, cxpricncs says a lox more, we thick, bout how the buman brain
ks chan i dots ubout how Lo create "se” AL THiman beings e apimals when
paing up at clouds fourng, overhend, and they see imteligence and ceatviy in che
wcerances o Megal 1AL, Capiafsin on the hman cendety ofteading maning nin
o, MeHAL estels a generaring ilusons of inclfigense asing languuge.

Soe exumplessuight hlp the reader o0 approciate e can e schieved wsing 2
selacvely sanple algorith and 3 soutcs of dacs o infer i rom. Allof the following
sxamples are taken from the ueline vesion of MegeHAL, Nore chas the noline vec-
sion converted all uf s input 1o uppecse chcacters, ending, the examples a pec
baps amwelcome appearancs.

o Example 6.6, we shor 2 quotation made by MegaFTAL san afer ic was
pt onle, Ta e the all rolling, Mg 1AL s infered from « small eotpus of «
few bndrd senvenes, ke from Moty Pyeho seripts and They Might Be Giants
fyvic. Keaders fumifar wih Mancy Pyuon ated They Mighe e Gianesigh be able
w idsuif bis and precesof the bizae urerance showm,

PagabALs T GOLLD CHACE KY TIRY TI3" AND SHEAR 1 WASH'T SROG, BUT
a1 S (W SENSe N ARGUING YAEN YOU"RE WLGH TOD SLSY RETURNING 10

EXAMPLE 11,64 They Might B G mees Monsy [yshon.
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ers with ok civles e ehefe ey an thrasnds of b Kighopriorty ks to
complt

e cansrins have lo besn 5 big oadblock e game A1, Graphics en
deriag hes adiionally been s b CPL g, eaing il . or memory for che
AT Some AL problers, such a5 parbfinding. caet be sokved withou signficanc
praceseor sesounes. omsole gumes i patculae v had & iFcul, cime with AL
iven the plafuly tght nemory and pecformanc oquicenencs of ool Larlhne
‘unl et yeus

A s f the carly o and insdquaces of game Al s o frm a1
insofficient spprecacon of the ture of game Al on the part of the developmsac
e fsci—sha s somcimes rfered o as & “magie bllr” awide, Thisusualy
maifets el i the form ol an undespprciation of he challenges of A devslap-
et just s sciping angusgt’—ar o nadequare andersandiog of how
w0 spply AT g o e s a band. el just s 2 big newral neevorke™

Recenc yars have wimessd the cie of the dadicaed Al programucs, sokly
devoed t AL From Day One of dhe proect, This s, by and Lgs, besn g smashing
ncess.In many e, cven prograrmets wirh o previos Al experiece bave et
bl e prouce highualiv e AL AL development does necesaily requice 3
Jor o arcine Knowlodge or bl insighe no the naeue of human ogiton. Quicc
ofen, alicakes i doms - €ath arude; a et cxcati,and emoogh sime ro s
e ob ighe

"The Beld of scadnic arilcal inveligence consists of 6 enormuns varety of diff.
ene felds and subdisciplines, aay of them sty ideologically opposed 1o ane
aavtber, To avid any of the parcialy acgrive connecrions char some readers
mighe socite it the term “acdermic,” we will efe 10 this ield a einsoeam AL

W canno lipe: o undrstand game Al without abo undecstinding soneiog
of the much beosder fiee of acficial ieligec, A ceaspable Wiswory o ehe cvohi-
o of dhe ALk is vutside the scope of ehis ariele neverchelese, this pare of the
ool cnurmeraes  bundhl of saicstsatn AL techuiques—specifcl hose hac e
oonside nuost elvane o preent and fuie game AL Ses [A195) for an nssuduction
o mearly all ofdhse exchmigues

« Export systems autempt 10 caplue and exploit the knowtode of  human experc
wirhin 2 given damin. An cxpert sstem reprecents the expeet expertiss widhin
2 kol bise, aml peulocens autumated rasoning an the knowledye base i
espanse o & query. Sch & syacem can praduce simila snswes to thos: chas he
husnan expect sonld have provided

+ Case-hased reasoming techniques attemnpt 1o analyzs a1 f inputs by comprr-
ing thez o 1 dutabase of ko, gessibly hiscorical srs of inputs and the mose

suepus i chose scuations. The approuct was inspird Ly rhe buman
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Aoy attempt o addressche dynamic abvescle vaidancs problem needs o be il
o0 comnunieation betweens the plysics system and dee local patbfinding system,
Since dymamic ahseacls can be maved a6y i the A necds ta cantinuslly query

Ui plysas syt foc e presence of dymamic obstales i any are i vends 10
s cheough, Becauss s sy will oy aecu Jn it ares e dhe ALin
quescion, wel vfe o this < rcl pavhfinding s,

Alucal bl doss o replace 3 globl pachéinders each i opcimied o &
ifrcnrparc f e problem, Insead,ch local pabiindiog system should be bl on
top oftheslobal parhinder Whee an AL eads e from poine Ao B, s mase-
et AT e uerie e globl pathfndiog system. o if € successfl, e glbal
parhfincer sl et sn ondered s of pins har onseiute  path fom A o B, The
AlLcan then use tharglabal pach 2 n goidelins, and use he local pachfinding cem
o pat 0 exclt v svpoa i that gl pa, voiding 1oy obsacls
e mighe bapan o disrer slang the .

Fundamentlly.a local pathfinder needs 0 be based o an A° search within 3 -
o e oot e o e s e [MathewsZ, Seowdd, [FabioW, foe
cxcallent modcrion to 4°). An A®sarc il s chat the opeirnal pary s found
such & pth exises. A god way 10 o this i o perform samplin,f.. qerying the
physcssystom for e prse: of obstale) i  fxsdaice i eneotel wvacd e
desgnasan painc losseser, ke in mind thacsampling can b compucrionally crpen:
sive it prformad. o ofien, s i vecy impovsant o take szps t eiiive the
amemne af smpling that th syt ted o o iy v ol el

The Movement Controller

The mvement AT cts 1 the et of al the e pars of he AL i i, iLis s
syseem thre perfotens aebtrary rasks asignz e i by higher-vel componanes. These
vasks e e in e fornuf dicress osemens cmmands, such 2 “move ey pint
DXY.2)." "move 10 objoct O *move n Fotmarion F relaive o game abjes O, ez
0 e poine (X,Y.2,” ar “stop mosing

“The mosetmean AL will be exevuing exactly une of s mosement commands i
amygiven mamcn, W il deting a moverer eonirolr a5 the objoce that ‘o the
current moreemen comind.

Once e have done this we can desgn he appropriate cogoiive sl o exetuce
e movement commands incs che individal movement. command objects them
seves. A command such a5 “marve m (X Y,2),” for example, will he eesponsible fr ‘
sing che bl and local pulinding systemns 1o e and ezt pu w (X.3.2),
and maling the appropriatecngine als 1o ensure thr the characte mors along the
specified pach. [ o pach is availble, o when che AL oty ceaches the end of ies
parh,the movemenr canmand reports bick o thetuovement controler o that i e
be grbagecollted,

“This techique i lso sefil for handliog diffrent ypes uf movement. Diffxent
tpes of mavement commanes can handic cuks such 3 walking, runing, swiouning,
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The solution for < in Eaqustion 9.8.9 s then be plugged back ioto the qua
drtic wqation o give the. renlting e of inteecepcion that van then be wsed o
compute the Jocation uf utensection,

Ralated Problems

Now thae the esvendal nuodeh hus boce Fully canseroceed and anlyzed, lets beicly
1. The plager has Jang arms thr the sl should consder. The arms can be
moeled fletively a5 3 nan inisal position. I the player’s s are {

lomg, Lquirion %83 brcomes:

LA PR, a1

“The nevw sofurions can he derved asabove ot this new eqarion
Anuther consideration thar mighe eqais madsling coukl b z delaped tesc
i by th. player. Some developen? prefcrene i 10 alt une such cme a5
che player cus sove ot he ball o make che decisons hawever, your nexds
gt vequire 3 predececmiaicion, AS suck, I e phger has 2 delag of
daration, Eugation 9.8.3 hecames:

-]+

s e v o bl s i saglecenc by mesly
e h o o530 o 5 e
e

o811}

the I

To tehonding, cos 3 player' abiliy 1o ipreccrpr 2 ball. As o
enced 1ot begineioy of e atls, Osc model thus far only handles the elaionship
hermaen she hall ad player in the gmouad planc, I sebounding and simlar sima-
o, 4 secorud e widhow J compted. [n genral, the inteescsion o o parsbo-
las hae Enur sobutions; howevsr, the sigamuan of the parsbobs remls in 2 siogle
intercction, witl the czccption of the case where che ball and playee colucids. The,

anar check—iF che alfuude ul

Fasmuularian af the equatiun i seruiniscent uf
o plagse i gremer thap the bal,he can incercepe it

Pt

PR R

ke e
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Dynamic Anlmation Lists

Ofen, games rard layes o comnaed gameply by nlovking specilcuplillies
st gune progrees. The Action Table cau be eadly madifisd e allose the anira-
iom lst 10 grane avr the corie o the gume. Rathee chan randoraly seecung un ani
marion out of the enris lst of animations shar corcspand o an Action, chers can be
avariable cancraling dhe masimum number t randomize becwess, Gataninationc)
can v e st ganaccr o (he masvimun random oureher

ot abars Gataninstion E-ushiiuGo Eiun oAnsutond,
EnmACtL0-Dssorpzors oskotiondest,
10m0 mencie )

The rfantes sarible can theu be uored o the uadowized index selecrion.
“This saviabic conld he an ndex, o 2 percenenge ofehe acimasion it In the code pre-
senced hice, i s an ind:

17 et rumser ot anumatzans Listad “or tais wtio

Lang NEAMT | PAGKAT AP rHAR caunt L SAGELan 1§
Tea M - NGOl TRaRCUA 1

17 Pick o ravdon indes
16ng nlrdex = Hna( wax 35

A the gam.
ncceae. In an RPC, aJinges nbazabte coukd be pased into Gespnination  t unlock
aracks tha soquite mar skl as che characeses aglicy ncreases. Accack animations in
e dsta would then mred w sorsed, s ehe fowest, kil sl atacks st

rogrisss, the nagagkax wariable prssed into the funcrion can

ization

“Am opienizarion can he made chae siminaves the nesd forche second § I sosp. Sice
thereprobubly ste o cvoughs Avtions or Conditions o ill 1w Lytzs, the Action and
Condiion can be combined iato a single 4-hyee key for 3 multimap of animations

SsTinn CREATE KFVIcardidon, action) fconasticn << 18) | setion

et st wltinupeunsinsd Ly,
aEsantninIn-oftructs CONGI- 10N SCTIoH "

GRRSTE_KEY crcares an unsigned long mulimap key from the Candition nd.
Actian enum. The final venion of Getanina=ant  wing a single sultcnap Lok like

sz
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81_Fiat-Persan Shooter Al Architecture.

* Pasameterizing existing aninsatians. For comple, the animarian Al speeds ap
o skows o a clacter’s “walk” eele, o ity the animation 1 male rhe
character sl irh a limp sfr v has hosn shoc in he leg.

+ Taking control of specific bouy pasts. For example, the characrer poions g
ballegy and sy, 1l e chac ixy?”

+ Haadling invesse kinemstics (T, For crample, a charrctor necek 10 rach iver
and grah a g Iying on 3 tabl. s is smilar o2 cobue st control problens
wbores,

I importan ta nacs, hovweeer, dhat you e avoid 2 umber of world necaciion
problesns L staudacdising che characredgics of the game'sae asers. For example,all
daarknobe e always these et off dhe grouud, all bles f the game have the e
hfght, 2 che guns e sbsags kepr a che same place an every bl

Qlobal and Lacal Pathfinding

s b o the vement Al syte s 3 ey componcor. This syt s
responsble for nding % pth frum <y courdinate s the game vord o any ochar
e 3 saring poinr and 1 dsinacion, 1wl find  series of poines hat e
comprise  pith o the destnaton. 1 ome ez, ¥ vl part thac o parh can be
ound—you canfnd « path 10 coe e of 20l wall

A gatne Al pacfindee sty aliays 53 some sortofprecomputed duca eacture
e moveent e o2l S g wards el 1o b ey sari. 5o 1
nakes s to pregencim a daibse shacs bigbly opimianl fo pecforning st
phfinding;in  paticlar ecton of e g vodd. AL Tuties ¥ vy sy 0 050
This pachnding drsbse o perform an & e from 4y yar of the el 10 any
oduee. The peearmnance of his scaac will deend bighty on b el she parhfining
databarc s opimied.

Cirmnat, gl it s bl pibfinding s, T e f gl
a3 et g K o o o . ol e e
in the couare o gamepls o xample, imgin s hav & guand ho ooy
e bad -t g song. 5 by b disaned o o e
the e s i o, e s s ey b i h il o
e o a0 s o, Th o i v bl i i sl b
Ve i dymami e and s o i o ocinding e

Nias g il zere i poblen and pay o e sy obs
s, A Al wll s iy ight on wallng whencs i encomn s dymie o,
g hat s phyis s il sl o s sl ol
o o 3 et kv i g okl st FES et s
vy o Ay obtace. Tn heasly populd swinonments, e, thiscan
oty g s o sk 0 b o
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Choasing the Timo to M

is o be dicarded, T chs oo
U can seach ot any time afer 3 centain minienam needed w catch it

o, che player is cnoving sk than tho ball, and

t

Ones the raar or oats are known, 3 valid time e e plugged back ineo the. Firy
equarion in Equarian 9.8, cesulcing in the point at which e carge can be inter-
csped, OF e Uheee ot atcgories, unly the o el o cuse allonds the A1 discrs-
o in choosing ac which tiene the player sould like o incercepe the ball. I che no

el cots e e bl cannon be incercepred, and ek 3 sngl seal e, chere s 3
anique tiose a1 wehich rhe inrercprion could accor.

Tl two seal rooes e, in conerat, defnes ao inteeel of ime in which the bl
<an be incercepeed. What it the bst rime o chaose? Thi ahvious anssie i 4 toot
el Alhousgh the only amswer fo thesingls real mor case it probably ot che bese
eheics in the twortuon <ase, To iustsate, fgine vne pusson pasing the Lal to
anerher. The passee chrows the hall jusc beyond che roceiver reach. The receiver
okl ket defssely sty pespendicalar o the path uf the ball and gral it s
vantischasen, he sl e s s 2 he can t carch whe bal, rning masely in 2 diec-
oo paralel o the snocivn of the ball.

Thus, for 3 mar realsic docison, 2 time somawher n he middlc of incecval
shoskd be chosen, Tty  find the "y poinc—rhe solucun cequiring che lest
amaunt of el o sl ccars 4o tetcsplion ovicome. How v the Ly poia be
deseeminecd? We knoms v aspocrsof he solurian: 1) he speed of inerception shansld
s small s s, yet il o an itenceptions b occs, nd 2) at the e
allawe ievereeptian speed, here i anly rne pocsble paine in ime s intercepr,
there st be aaly ons zea roor. For one sl root, che expression unde dhe radical
e he s, Sobe i

(pov) 2 -veviper)

(P (veviper)-o

S(pe)=(veviper)- (pov]

(veviper) (pevy’
T e

(v eveetj—(eavf
reTeensieedt o,
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Deriving the Solutton

in the grouwnd plane are luogonal to the litide ais, heir motions can be consid
cred i islarion [Resoiok91. The hulk ofchisarricle cxplains the campuration of the
sround plane incerceprion. [be end af the aticle sddreses alding abiude conider
ations ot uodel,

Ie sesond simlificaion s that the inercepting ohjsc has no narming radiu,
linice celerasion, and can cavel indefcitely 4¢ s coasbmn velocity. This s defi
eirely the mars diffcult of the fn sspexts €0 cxphin, becauss it will inrrahuce the
st excor. Fias, ereor sn' necessarly 3 bud dim 3 el persur will have difficaley
iinging osrmin simiaions, Socand, hers arc oches Jucthods thae can be used e conne
peonate for beading changes, some of which sppear Latex. In wldiion, the intscplay
bermsa hianges of dinction and aceckacion is s vwaples chat 1 shoplficarion 1o
some degee muet occor

Givea s fotsnarion, the cuoet b Fous isrlepsadent vasiables e oo of
the ball, the velociry of the ball, the posiron of the incezcepeor, and che maximans
spesed the incerceptar can travel, A graphical cepresentation of the problem is shuwe
in Figare 95,1, Please wote that jn ol iguses, dows epresend the ljects, said ines
epessens vlocities, and dashed lines sepresent changes in pasitun.

=0 ||

Etaining Figure 95,1, ehe peoblim might sppear  be he poin on line s
poine ot rom Grephis Geno [Glasner). The chcek dosemines the losst
pointon th ey fine. I appers  hea o ot I some e th i
choice s cloo o this poipe; howsve, Figuce 9,5.2 deary llsteres  cse in
ehe poinelinc es ety and consinengly il 1 e ehe cormece ol

Wt i the proper mathemaical mulel? Fot an incroepcion to occu, he posi
ion af e e il and e plyer e s the.same ar s ime . This, 1Y, wan
Kenen @ prior,the Iotercept scatemene ould appese s sach

Rt Vo B Ve 081
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Vickding Al nefortnasely, i where the house of cards cumble foe ot baseball (et

timens U behavioes ace slightly roore vonplicaed, even thoigh theee are approsi-
Ity the same momber 35 hascrning, Asignmens for fekding behavior: happen.
ff s main rriggeri—n Aal His evene and a Ball Fielded event. W get oo more
el with these batee

When the ball i bit. every e vl assuns ame of fou basc hehavior—
Betuvior Fioid Bell, Rehaior Cover Bae, Behasioy Cesrf, or Behasior Back Lp, The
ehusior et vignod eandoly,of courss ey e basod speciically om whersehe
bl i hit and the velociy wirh which it s the bar. Well ger mare fne how 10
asign these behaviors laer, afeer wee done with oue behavior enumeraton,

“Atsome poinc i e L celeof evety plas a e ik up th ball. When rhis
ocens.somo behaviors narurally mansition o oehers. Tor insans, Ahacir Ficld Ball
foc am acton eho is o the fielder Relding, the bl wamsitions w Befurior Wk (oue
mulipurpore idle bebaviorl, Behusior Bact Up alko wansicons o Bhasior Waseh,
becanse a tis poia e the plag, vur prieary gos! has boen accomplihed. Ko the
wicky part i o figre ot ehat n do it che ball

After the bll ek, every playee sithou the ballwill ssum Befvior Wah.
The accor with the ball ecamres v prirmary focns. Thae actor wil ansiton o one
of several behaviors—Behsgior o B, Hehasior Rom Wb Bl ox Behavior Ruts
25 Dugoue, Figare 9.7.2 b  basic auline of a iclder bebavior progression

Bal Hit Event.
‘Cover Basa Field Bal Back Up Cutolt
un win RunTo.
oy Throw Ball Watch T

FIGURE B.1.2 Fasible mansisions and i fr feder behaviors
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* Thresholding. Only inchult N-gran entsice [ot seqususes whose probabilcy is
s ctaiy thsholkd, and sssume tharal orhers can be haodled by a default
“Tare vent” entry Fa example, you might wane o treat a0yehing that shows up
i the eaining corpus rice or los 23 a1 squally probable raes cvenc. Since care
sequincss tend g e far more nomerous dhan fresuzas s, the ecuronry can be
sigulicu,

* Using a lower-order N-gram. & biggam i often more than enough 1 provide
avceprable reults,

& Averaging over several N-grums. o reduce th ianpact of heslolding o proe-
s, o IS want o <63t igenm, o bigram, and a arigram (which simely
caunts movessithans cnncec informaion) for che sume problem. By dufsidon.
 bigram s more coarse-grained than  rigrae, and Fow of s eneres wit Gl
el . chreshalds a eigheed average of the probabiliies eetucoed by all thes:
mnodels ight be st secuiate tan any of thesa taken indivicully:

Basio Traininn
Eiling the N.gram with seful dara s disarmingly sieapl. All o hawe 1 d s rcond
a murmbes of games played by humos, coune th sequeces f moves o gy har
appear, and transfor the couns o grohabilivics

or example, I suppese that we a triniog  rgeaon for & gatne witl L setof
moves T4, 8,€, D} The s revorded geone indicaus thac e player has cered the
sequance of moves ARBCDICAAB. W therfore incremen che entie fr sequences
A48, ABC. BCD, CDC, DCA, CAA, and AT sgain, Then, t abeve pobabilites.
S divide cich entry in he eigraen by he nmber of sequeness connted fevea i tlus
case. Simple, right®

A cqick ip in pasing: Tn e eecugriion, dhe probibiliy of auy given
sequence of M warls Lappesiog i the b 5 aleys verp smll, becase of the
cacrmans nomber of wards i thedictonary T prevenc underflow probles, pecch
Neprams ofen store te logarituos of dhe probabluis campuce bere instad of che
probabilics themsstuss, Th sme wick can be usefil in games with  large number
oflega mores.

For  game, what sally iveres o in mase cass i the probabilty it the st
move will be Z, piven, that the Lt two were X and ¥, For cample, in the case
describ provionny,
S, b hoth cuses, e et sove i B, Thocefor, our igtam shonld score 2 proba-
bilicy of 1 for the scquenc SAB, and 0 for AAA, AAC, and AAD,

epeared over 3 b emongh “corpus” of gancs played by 3 nober of difrene
$layurs, dis csining, merkod il yisld 1 reasonsble approrimation of the average
gamepay partems i he player populacion. How big i big enough Th squarion

Cokea nsn

= haye secn anly owo instanes i shich  sequence bgins with
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Bastion 11 Learming

Motivation for N.Grama in Gamas.

“Ihe behavior of game players and characrers alo ofien posesses the local stuc
are propry. Sourees af locl seructure i gumeplay inclurk

- Game world canstraines. In same gunes, eetal s are fegal (or posible)
oy in specific circurnstuaces, An dbous case 4 haskesbal player cart deible
e Ll i e o o€ hold i, s obvimus oe: @ cossbowsma i3 sebtime
untsgy gams is unable o fire or 3 speciic period of e vk be eloads his
wespon,

+ Player styles. In fight sims and fighting gamss, players develop signaru tech
niques and move seqences.

+ Boouses, Chasasters souuelisues 16ceive bamisas for performing “combus” of
e in sequense,

- Game cantrals. Burton canfigurations make cert
pertorm.

v sequences sasir

A properly tsined N-geaan ca eacs o sl thes smiroral ehements ave tir,
s teach 3 congures opponent how 1> precic the human plaer belvioe. This il
giveche AT signifcant edpe in planning an eficive defenso ar councrareack
A an wdiled b or e dovelapers, Nograms are fise and usaally reice
it memoey: 12 characret n g ighting game has 20 gl raaves, ¢ wigtam contain
ng che protabiliis of all possible move seguznces can be ioplunented as & chree-
dimensional arcay widh $UDO eutries I 32 bit words are used 10 sore probabilides in
Fd-poie fronat. e catis: suruceare willficinro 32K
g tha N-Gram

Au gtaph representarion can b used for N-graros.

Data Structure

An A dimensional arrxy s che simples. and usually sacsfactory e ir cn b waseeful
o memory i

“ You need 4 bigher-order N-geamm, The amanar of memary requiced by 30
gason Js QA5 an amay represencacion i probsbly ioipractcal for 4-grams
and s unliss 47 (the uueubes ol egal maoves in che applicacion) is very sl

« “The nueaber of legal maves i lavge, and the N-gram 35 sparse. This s acraaly
dhe case i spech rocogicion. whene most word sequciect nF a given lenggh ace

1 the mumber of el v i Luge and the N-grant is e sparse, che cost of 3
Full Nepram eeptesenation s prohibitive, Techniques wsed v raduce meiaoty con
slptiet. 3 the cose aFsame procision, includes
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‘he preding example was very simpl, but i s possible t da much mors with
chis appioach. You can use t o create an AL that fvoss one mecbad of arcack over
anothes, or profers subilecy ro avers acion, or atrerapes o gaad orber plaers ines
wascking is targee of chice, all with the sucne code.

Plan Formation and Evalustion

The AT now knows wha geds it wanis & actively pursue, Nove it nevds plans for
exacly hoe i il achieye chose goats. Fach plan sl consis a e of specific e
i nd haviors thar e ncesary i ordes 1 satfy th gl i quesion

For exanmple, bot it is seling cover would probably have & pla vonsb g of
o clements: 1} Mase 10 Locatian X.¥, and 2 Cronch. Locarion X, waold be
dersrnined by analying the are che bt s in and finding; a spor that < provide
oncealuenn frons Lo cusosics nor iy spproaches. This cloulacion would
e made once ¢ the ime che plan i forme.

Plan evluation i even easer chan gl svlaatian, fo the mase pare. Wheoeser

i 4 plan i varrid out, i should b rvahed a5 comapleed, O all o che

piecssofa plan bavc been complead,i s no longer nesdd, Depending on the ype of
game, i might alu b necesary e check remainiog esms 0 see whether they ac el
Leasible. You vill e cade o o s anyway whea (amiing.a Ust of aprions 1 con-
sderhen frming new plans

I genera,the et way o handle plan formation is e mintin a st of aons
thar can be clcn in the game and Al bekaviors you have wrinn, and maap them 10
the arious goal eypes. P cxaenple, th acrim uld AA G wonld be rared as heimg
very o o sacsying the efind Agaivat A Auacks goul Ancer way o taprove
ar defensc might be 10 exceure che Assign Fighte to Delenst acion.

1Fthere is morsthan one way to sehieve 2 goal and in most gaad games, his il
be ), then plan sleeion shoutd wark veey mucs e wy ol selsetion does Teher
cach method of saisying the goal and assign ica corc, This s would be based on
crors such

- Resources at han: Asigo Fighter 1o Defense would geta s bigher conc il
chorc wore Fightcs asilabl tha arc nosalecady comminted 0 anocher task:

= Gose A s might be much cheaper o build than nev Rghrers re

- Persomality: An aggressive general migh preer 1o bald new Gghien Lecae
they can late be usod offensivel.

Cance a score has been derermined for each oprian, the highese rared apion (afer
o persalvy aod 2 bl radomoessGor oo sacasune; wold be e o he
plan. Nots thar am option mishr cepliciy requic muhipls swps. or might prove
‘upon farther evahution o require muliple sepe. In the Air Defense example, if
ghversare choses & the means of defbuse, i night b nezessary w build svore, This,
and ather possble pustoquisiss, would b checkod and addd cothe rant o rhe plan
¥ necesary:
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Aot Cooporation In F3M far Beackl_ I

Ball Flelded Event

This st scon st of v s pevos. One dh bl i bocn ickdd, v
ilde’s oblgaion fcept for v hll carri) s 1 e e e bsesae corered.
Thas the cay an. The e ha et Tougl i osiding what 0.4 wich el s
e e B . It 2 chis o eheee e bl e ofte bk dos i 4
sl aceeprbls showing -1ty and peseat hat e

Throw Detormination
The busic deviion e i what co da with s ekded geound bl s e inleld, e cun
e sl s b he aunters swere iy, how e shey e rom cheir s
stion buses, and the gune sicastion—to datcondos hire and bow g6 trow the
balt. Too many games are gl af miving: the gome sinaston portion of this check,
Thenes abmolutely o cesson w ry for 2 dillcul fore play a sscond whew yousve gor
am ey jog e co it o che hicd oue. L key 10 amy ood AL for 2 sporcs s
u wse vty piecs GF mDoemaaran. 1 therc’ somarbing thar scems s e should infla-
ence o decision. yoriee probably right—adjuse your rle set.

Ty bl ar casy—8S percan of pur dhoows icher g0 0 second ar bome, Either
g, ot st oy beter ol st cssing e bal 15 the e esam and docding
chit o do it it chen, e cuch esie o evauas runners o thi puln athet Zhan
e the cunild, shen a thro i geing o k. sooamds co resch s drination.

Ruockenns present a0 ileresing dilemas, We bave <nough infoumaiion
throws o 3 wser-comrolled eumaer 100 percens of che time. Basehall conches will
el you st evety oo shonld cid lfes v ceom: TF you've ovse warched
nsjor lsagae basehal.youll s thar’s not often dhe case The solation s i o vary
o throer swindese - e ir up some. Whac youl sec ae diffenr usr Rsponss,
longer runduwas, snd pensraly amore fun as asees wil cetnsanbes e ol gancs of
“Pickle” hey used ro play when chy were dids

Conclusl

A o spores e dininly e aares e shuld sppensc lghtly. I pouc otk
it et (and soationcs v whan i i, here il aiays be somehady
o dorsof ke . Your mision, o you chowse 10 ccspt i, st Ll s o
G aprcaraios o s sporL and sl i he. s i o cnjabl xperience
The eeceiques weve vidaed heee it el <unraon, belasior-busod
fnce-sace machines. and ceansicon able with eneage queues i) gpely acss 3
rusd Fange G sponts, What ourc et Bess i one pracical applicaion of the ys-
sm, D e afid 10 s o o pecple b achld (e pacbles e [Rabietl)
o nak 1 veserences fr e informarion (e [Morgand0]

“Vhere's a wn of thisgs e didetcove,such a5 mavages A, bos scor handlng
arigitcher 1 caw foctuion, . hst ofothr chings. Dorlcbe inimidtel






index-592_1.png
Almost everyone is intimately Familia with Linguage, Yery ealy form of cooupoer
entctginment emplored natural language interfaces, bur ths advea of sophisticated
eompter graphics has resated in chem hecoming less anl lss commonplace. Oser
the puse decade, che foeus has been on creudng visually cnvinciog gae workds.
Floweves, tmes ace changing, The recent availabiliy of percrful graphics bardsaie
s aferdd s the by of concantraing oue efforts on arcas such as AL nararal
Junguage learnicg. and dyenic plysical simulavion. These cechuologies wil o
the ncw difercaciators, now tha the praphics problem has lasgely beem sofvod,

Mulicplayer compner games have lwags allowed players w communicacs via
some sort uf hat sy, O benef of communicecing in e longuage is it
Slayees gor @ strong impression o being involved in a vorld populed by imli-
fent beings. & goad sxample o his i {lima Onding, whers the gameply i the per-
e, woeld beneis from converstions held besweeo layen,

“The wosity ofsigle-player s, boweres, do non ol the pleyee b oppr-
comiey o comverse with NPCs in narural ingunge, even thorigh ir wpuld seem rea-
somsble t do . Thece are several resons for ehis. T begin with, exsting language
undarstanding tochinologicsaecfa cop b, and ars pically based an pr-scipted
charterhors such 1 £, Furthermars, ehe requiremene threthe chins the NPCs say
nced o advance the seoryine resuls in ineeraeions that become predictale and
oring, desceoying e suspeusion of disbeliel necessary w sasain the pereeprion of
imeligence

e alnec he implmestaionof ol rcoad il e e plaes
aed dhe NPCs in computer entersiomen softwase, 2 opposed 10 the more usual
ask-oricered (.., scorline advancing} dilogne. Technology enrently cxises e sllow
Language lsaening o be ahieved in 3 way that makes ol wnversation possible, sl
solvs the peoblem of managiag the Lol of seprisc cxporicncod by the playcr.

The recent advances in dynamic. physical smularion have granted players the
ability e pend hones simply “mucking araund” i dhe garms workd. Smilrly, NICs
that have the ability o learo and use naural anguage will encourage players o spend
ot chirting sy ra e

Stochastic Language Modeling

Stare-ofthe-are data compressan and spcech recnpiion systemns employ sochasi
Tangusge modeds. These o can alsu by wsed gencrativly o produce langusge-
fike wterances. [n csscnc, # stochastic nguage madcl earns fram pase obseracions
of dat, a epresenred by  sequence of symbols (kneren 5. corps. This experience
llows it o ke prediction sbo e syonbol el w vonue et i e ot o ¢
probabilcy diswribusion over the set of all symbals tknom a5 the alphabed. Using
these predicions genzrarively is 2 simple cise of aupurting 3 symbod at random
acconing o e preliced probalbilie disibution. Depeanting on dhe application.
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+ ivoid culling the lst "Ly ot 10 vty e e number of gaaks porentially
laced an e N Tor eeasons that will be exphined il nextsection., i is b
e o et the prioriizaion cod i the st i€ necessary

&4 the end of this phase of procesing, you mill bave s of all of e chings thac
ose AL comiders worchy of s atention, The pext step is o decide which unes
Lequive ha sioit acrenrion.

Qoat Priortzation
i ol proitzution phase s where the AT wil decide. “Whar da L want o acieve
o T i acicveschose ends vill be dealt with Ltee This s eally the heart o e
decitiou tuking cnde. The specific plans har et formed afeerwand v . et
mercly implemencatian detl,

L simpl form, gonl priosrisation could be merely oxlering the gouls on he
s of the score asignsd o i e th previous secrion. This is 2 perfectly valid
spproach, and the only orhcr thing char might be requited Is w have 2 maximom
umber of dynamic godls i s alloveed 13 emaits an che ls

A tmone oxering posibiliy e, however, which is to we the goal priozeizcian
code vt a tmesns uliecting presonaliy ot your AL Why s e that twe people placel
i el siarion might aceveey differeny2 Well I is posible lat ey might
perive e suatian diffcencly from one anoeher (s fac moce likely, Lough, 4t
They cach weigh the relevane fazzors in Uhesiation dillrenly and havs diirent pri-
arites o which dacir decsions e based.

Using tis architscnue, o sommetblug sl o f, ¢ i casy o allow AL ageots
bve varations n their presitesthat will dramatvally ffect e sy they sox n che
game world, All that i necsasury b o give cas AT ct af seafing facrors thav map
e Aot poud 5. T there ars feve emough goal types,this cas be 3 one-to-onc
mpping atherwise, it ight e hecessaty fo peoup theen o caregories. Apply these
seilg rctars o che goal scares bofore sarcing chem, and the esul will b Ahas w70
agencs T the s siuation might dos very dievean hings. [hisis abo 4 good plact
e chenmein il randommnes, a most. pecpl ace o 10D ecun cansiseent in chie
cospanses t 2 ghven suacion.

o example, in a wac game, a ey sggrosiv AL genesal oold haee  high seal-
g fuctor ussocited with offensive goals and a low ons with defemsive goals. The.
resule wanld be chat ic would pucsue any chiok in its apponcers’ armor, b would,
ok piy sk attenian 1o it defonses onlss overly threatened. Conversel, an
actck-oriented goal wouk] nut imove w the Lop al the qaeue far a defensive genecal
s ic v clearly 3 golden opparraniy and the general’ defeoses wece i veey good
unler Both of these Ale are using exacely the same decision-makiog,cxle. yec theic
acrians in the game will be so diffent thas it will sppac thal you Lave wicen oo
distect AL,
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Section @ Racing an Sports a1

havior Asslnments—Runners
e s o bassronanrs ted o e ar ess campliesced than chos of heir felding
bretaren they wanr 1 advance sty sround dhe bases and score u ran, Gives s
cxrvemely basic ez of objecives, we can ative a1 the conclusion thar che behavior
asigormennt il be el suaightorward,

“The runncrs will use the same informarion for their hehaviar wsipninens s e
icdevs—hie ype and . Uhe it e grownd bl ur example, will cause sunners
g0 into o sl o belsvions—eicher Behavior Go or Behavior Go Bask, Any ranmee
whs fotcu will nacucally sssume Achuoior Go. A ruamer on second whes noe foreed
il sl asseme Hehavior Go on any ball bit 10 e righe side (Zones +7). Similar
s pply to e e i types  che i e fy bl il cither couse Bebavior G
Hffinty ot Babaior Tig Up to b axigned. The hie e ine dive i an suomatic
anignment of Beheior Freece fot every rumsr, Tl bl wil cihr bie che gromind
or be cuught, both of shich will wiger reactions fiom Behavinr Frerees “rasos
fncion.

Haserimner conperarion s bit more eomplcated dian the leldess. Any tme 3
comer his an aree approsimately 20 foct i fronc of cvery base, be'l go hrongh
A behviar evainarias. They' cvluae the sinsaion exacly the way bumans do, The
rumner’sracase fomction wil check e prosissity o the clusestfelde o tho bal, or
i el b e ekl s i, which b ch bll s being chrese . The
sesulesofall shess checks il prompe 3 rangirio o ane of the e raer Lk
iovs: i e Go. Tio aed Lok, or Slite

Animations

s e o walie, ol of these behasior aignmanes will have sameching done in the
iy functians. Tn simost escey hehuvior, chi consiss of aimation assigaments.
LehaviorFild, orexampl, dus several ings. Fil,  dtcmings he point achich
he feder can s intecept ch bal, Aer tht,the behavios e Fwill ccualy e
theongh 2 process t enske sure the animatians are sequenced properiy. Behavior
Caver e s et ol cudy e ko2 poin the 3o 1 o 0 e
. That only eaves che animations o b put ogecher.

Rmners v dighly differenc, but busicaly the seme. Bekavior G is a5 basicas it
gets—the runner i puinual n a dieccion and put o cun. Aebuiar T and Lok
s ser ofanimarionsonly: Even though it might sem 1 r3d excersive 0 havea bl
for for somechin, this bsic, i€ iomportan thar fiedsrs and Laseruses aways ol
—as loug 45 theye ating acconding co 2 behavior, you can control

ia 4 beh
thean!
The exa function is eypically where you'l put your wnostion tansitans, Far
s, that’s 2 furly busic conoept. piven th finie number of srxss and possible mansi-
tions, The Iagirical probilem of fguring ane how o rransition from Bohisior Go ©
Belapipn Rus 10 Drgons s  ily seesightforward o, and wme we'll leave up 10 you.
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11.6_Practicsl Natural Language Loarning 03

oo paicat g hase Aesing glimpses ofsoenrhing il maving bancarh the
‘ehork of e tasbet

The sendenc of the human bt rincespre ondomness con be ke
adantageof, ctbling us t crcate e illsion of muelligent behavior sia iy simple
‘echmiques. Experience bas shown thar he core frute af any syeem thie ppears 1o
Lehare il i o bily o earn arst2]

2 in comptergarmes can ssem inellg untl pat-

¢ hehavic, sbic we o hiough i expecieuos with th gonu, il
dhem o b s mee s seipted s Like Al Susing, we condude
imlligenc e in e sy of e heholder And, nspised by Tnfosmaron Theors, e
suggeat tha the key o inntalnis the sbjewive inpreson o inteligence expec
ot byt e ¢ s careolly manage e el of srprs

The Elament of Surp
The abilty 0 supriss is couplad wirh the ahli ra lesm.  the player can lear ca
preicr s NPC aetions, and vat secnd s weryihing hat Uhe MPC doss, chen
the NI con seasomably be said a be roninteligent. On the other hand, i he NIC,
behavior is 5o eracic and random cha ic never seems m o anyehing sensble, hen
e can b conclude that it nomiseeligene, even thonggh i is uteely unpredictable
The qualic of anr prediction of shar is shour ro happen s imversely relaced o the.
curprise we esperieacs whe we ind ot wht acually did happen. Tl percepicn uf
iotellizence, chercfor, seems  be ditacly tcled to the abssrvation of behaviar that
i sunprising yut seoble,

Surprise s imparcanc, because mildly surpising evems tend co be the most inter-
ot To umletssand (s, It bl co (hink i st of sticipation, I 4l of the
things yon anticipared acually did happen, life wauld becoms very horing ndeed.
The firuie wald beld n surprisc. I sould b no diffrsnc from 2 memory of e
s, I, on the ot hand. the things you lest anticipated vevurred with alarmsing
regulaciy, you wanld be forever canfused and disorened

n the commpuser encerrinment indusery; e have the task of keeping our audi
nca eneresced, Tn 2 veny genersl sense, we €an achicw: his by managing ther sxpec-
tations. e e to snsure hit che levl of srprise hey expericnc stays wichis che
‘ol detined zane of ngerese, Too low and chey will bezoms bored. Too high snd
sy il fod e game dilicult o g o, T the leve ol sasprise i ke

Incerestingly, e, the ome thing that v us 3 srong pesception of oteligence
5 st e tiog ha ks s Incrssicd in whit we do. Lnpleancnting learing
s i our ganes will allow s t0 "kl ewo bisds with oo stone” By ceeating
emcsaianen solbware fat cousiandy adapi o the payess, we can sinialn their
expostarions and rusein shei iteresefo langer periods offime than mare craditional
Sors of compter encescaionueat. The wnpredicebilior of the ceslting game wil
give out audiencs a strong, impresion of plying in 2 woed ichahited by intlligent
e
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7 Dacision-Maidng Architocturs

+ Adsprability. No matie swhat the game scae is, the AL willform goals thut
aactopt 0 addrs . You vl ind ehat on cude afin baudks situatons yor
it thics o surprisingly well

© AL foels mors Tueman, The fiet thas yonr AL scually dues bave 4 plan sil
absolumdy come through o the player. whe will he more likely o moe chink ofhe
compursr oppecats 3 nilndles sutaniscons.

« Basc of debugging, T s afien dificule o dehuig A cnde hocause thre i oot 3
vivual represeination of what is happeaing bebind the svenes. With i sppruh,
fhougl, it s sy co rake 2 laok 20 what the AListhinking at cach scago of the
procecs

W el cha e ks of the approsch e

* Tuning of gane analysis functions, Evcey drcision your AT makes will ioge on
the abstraction of the gaeme scace creaced by these uncrians. tou il need o
Sovas o g them vl

* Muse be plamned for from the aneset. Thisis nor enich of 2 seakness, 25 307
ol AL aause be thoughe ot choroughly n sdvanc. 1f o have four weeks fur
AT ar the end of th peofee, though, and youie aleadsy busat ou. his i nor ehe
approsch fur you.

Conclusion

Planming is & posertill ol hat sn AL progeamme can use 1o gracly incres he
quality of 2 gme and o 2d e th lwsion of celiy che pame is rying ko presene
Use ola planing arcieccute fn yout gatue an ecslt i an AL st s very comperenc
nd adsprable. [F the AT is non ity “olved. che reply valoc af the game will be
Digher. Aswe e see, i pssible o e this arhiteue o imbue A1 gents il
humaniee persanairy s inboni wriring, hrge amotnes of new code. Furher
e, the game-specic cole i confined o components of the sysem, alloing
o 6 reuse quie # bitof code n sabseqent ganes.

his axchivscuse s very sealable, as the narher of neellopporcunity caegorie
3o choose w cansder and the mumist a goal ypes that you define deteimines the.
Tevel of complexiy. I addicion, i ends el ell 1 salving,problemms that e nor-
mlly veey dillcul i Al progeamuniag, such s evel ol illculy. S dillcly of Easy
can he achicred by allowing the A1 to focus on goals chac wonld atheris b of ks
privrit, and a igh diffcalty seting might ave the Al ovus exchsively on dhe o
prosing concerns wich ks rogar for pecsonalic varkrions.

i spproach bas been used in muleipl tiles, and. i adaprs well e meet the
noods of cach game. You'l Find that unce yu san using planag in Your AL you
worie ever want to switch back. Finsl, if youre interesid in reading more sboat
planoing aul it sl wses i e, we tvunend saning with [Scou98) and
takdinRakoskyS7 .
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Intercepting a Ball

Noah Stein
nosh@acm.org

Jin Sy he NI i o e o sy 40 individual
rhronghous is carees —ors dian 2,800 (as o 2001. 1l bas more than L, He.
s il Ueneeve, bis il is ot merely confined n 1z mechanical act of stelie
e ball. As imnporcane  the mation nself. be s kil i detsraing, when he cen
srealche i, Withou s wheo, he would never have the chanee  wse dhe bow:

Tn ¢pores games, many siusarions seie tha roquies decermining whedher 3 player
can fovercept che il 1 second baseanau wanta o catcl a line diive, 2 bockey wig
s 10 1) s, @ soceer gaalie noeds to block bt e  Lckerball center vishes
1o sehound the b, T these case, the Al neech  decide  the actlon can e success-
fully exscuted, ot whedlce st sheamive conms of arion should L ke,

“The algocithen dsctibed besein is 2l applcahle aumide che gence of spors
gams:the Shao-Lin mascee eghe el 10 decid whechee 0 grah an smow g at
b o just v i g ont of the v Can the Patco s intercepeand descroy
the Seud? A scree sarvice agens necds fa knaww i he can dive s rontof e Pesidenr
and ok the bullet in 1.

The Basic Problem

“The previons examples can be disled dows o essntilly rhe same problems one
ebjocth
(V) sncche obect a0 < e
might nu e iscer than 3 specils spoed 9. Feom this infucaadun, the pukel
sl o che socand object velociy o inercrpe (), Semn mighe objct o the i
plicity of the mindd however, cvery model st sake srwplicacions. ind chose
e Lot s probien e s Eunerional solrion. leae note that n che discussion
i folloms, e Galf s the objoct that i craseling along o path £ s o be incr-
cepted, and che pler s the wbject s s 0 inrrcepe che ball

The fise simpliicarion isdhat che bl veloriry is cansrane and s wajectory i
e 3 taaipt e, A baskerbal coming off he el follows a parsboic tsjc-
torp—not even eenctely close 1 stvight fine. How can 4 suaight i morl che
morian cfecavel? " This model can be bruken dosm inmo v independent by
bt it of e bal. and che macion i the grovind plane. Becanse dhe owo 2

ctcoin posician Py and maveling in 2 stript Ine o€ 3 consrane velociey
sitan 11, wans to iotetoept The e bue i

ass.
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Section 11 Learning

e 4 s the alphabec o all Known spbols fhen using the model un che word
Teel his alphaber il il b diciansey of all prviously chserved werdsl
] demoes the s o the lphabet, nd u x, 7 nd z sce posicve blending weighes
hat st one, eosuriag that  valid probbility disribution cess,

Pofefud e + <Pl + y5; + ] 1162

For die data shown in Example 1161, assuming that the pericd characier con
stinues  sepasaee symbol, Peatlr et = 0, Plealhes = 0. 5, Picas) = 0.07 0l 4] =
. T e sl of e Llemdin, weights e el sach o 20 25 we
et Pl the) 0119 The probubiles asgned 10 obscaved da aes neiced,
seuling in Pafmarion hel = 0,24, Fven syntacically weied, nonsenscal date s
avigned a ounzsno probability of occurrence. for instance, /yfoas

Selcting good bunding weights s s votine ar of s unto iell, Uldamaly i
entails sriking & balance bemeen cxploicarion of observod dats and cxploraian of
nobrerved dara,something that ensbles creative peneratve hehsvior.

Tl stochsts g g el e ot scessary 1 e e iotersted i wsing
hem Sor g generarian anly This i bocans e i guaranced hat he eomeet e
o goerstion wil have besn obnerve 2 eas onee i dae pase, puscly because s very
istence implics chat the model ha genesaced i, and dratcould only have been done i
he madel had observed it hefore. 1 leese, ning 3 blande siochasic Lingange model
will sult i e exeave amgpaage behavior, and mighe cheefoce be the bese choice

An Example Impementation
W will naw give an cxrremely il cxampls of inforring an unblendod character
Jevel Uorder hiaricey model, s calld becase the caneste contains a single symbol,
and subsequendy o e onelel s generas o sew data The aure ol g,
af the cxample, Wit in € (e porcbily and seplcabli, is soasen in Tising
1061, In the e, note tha the staticaly allocaesd < sy s ased boch t concain
counts of ubservations made and 10 maintin the total count for sach comese, The
spocial symibolsith vlu 257 i wo a 2 wikdcard, while the synibol wid value 256
5 used o celimie the dara. Afier nrapling the progeam. ran it with @ single com-
mantline argument tha specifes the e concaining the eorpus that the ko
el i o be intered fom

isting 11.6.1 € saurce of a character-level 1s1-
order Markov modsl.

Finalats ~staliinlis

Fincdlds <time.

5 nzncinr arge chares
an: Gr28s1 12081 centons, throsh
FLE fils;
foriioa: Liasa; o)
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15 & Flexible Goal Based Planning Architectura a1

Ine: poineto comsidsr i pla Dorasaton s it i nov necessary here 1o con-
skt whit s achicvsbls in one mrmisecondiupdate cyele. 13 OK if there is more
Planred for dhars Lhe AT can sckaally sooomnplish i the shoee erm. Thar's one of the
Ixasos o sthered 10 prioicz he grak.

Gonvarting Plans Into Actions and Bohaviors
Finally, your Al bhas s mastr plan fo corsqueriag die world. Nevw, ic i cime ro cary
vt I reeptbing lus gotse well 10 chis poior, then choosing what the AL will e
ally ot amy gheen et s che wusiest past of the cntie procss. There should be
praciclly no decislons e 0 mske.

Al thit s necessacy me it step though e plaus n goal priority order, and
actemp o cl the rhings shat e plarmed. e plans wsociuted] il lower-prioriy
o will ot kel ot be handled a3 quickly as chose wich igher prioriis. For
same, i 0 war game you might have plaas that sequice the canstrceion of SO
puicu’ worth of sk, but asly bave che capocity o praduce 30 poimts of wnis 1
e, T thar cas,the units nscessasy for e ot iupoecaon goals will he bl firse

The shouter bt chat cods 10 Fnd cover but has  cleas shot st an wiswpecting
encns-willdo whicheer e ended up wids he bigher priiey, unless it s passible o
move e i choson hiding place and rak the sk at the sae ien,

‘Thiscode s the secion of yount AL e will min msr ofren, but asyou can see, it
s far and avap chs leas complex und timue-consuiiug pottian of the aichicocrre. All
of e gl deussons and salultions are handled a1 infeequent interval,leavay the
pare o che AT code ehat runs in ach update cyele with very Ticels work ca do. This i
vy good g

Coantrast chis with the emuse ikl aenatve, which i 1o reanabime st o th
cusanoncn it cach npebre, and chen choase an accon appropriate w e corrent
icustion that may or may ot buve anyrhing o do with what the agene bas dome
before e el do i

General Implementatian Notas

Thero are same isaes that sl e w0 b touched ups lad balaneing, and the
cenguhs and wealgss of his appreach.

e should b clear by now dhat ehis appro, while socy powail, cankd b an
arclooms procssso it i noe e sl s e i th uvervi, s desi
bl o archicet e syscem such U lasiog updoes Fr gonr ageers are spresd
out v one ancber, s % & g idecosr s up o that vt e i
phases of plansiag s be s Jiffsset fsguencis. ¢ s worth sponding come time
“justing this e co 2 b infequently varows pats of the code can be i
e the echian ol digrude, O ntemion s noe o feghten yous off: e feh
st ofdhe exchaiqus we oL mesivned e fporans fr any AL bue thy aes

conuialy applible 1ol of nchiec
W view the primary seengdus ofa plano, aschiceure o e
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by dhe shoer quanley of AL n 3 sporcs game. | he larges part is dhe accors aud how
they reace. Cie chis Tgh, and ic s easy 1o Loggive fust about cvcryhing che chath
sweang,

Sports gasa AL, and baschall in parsine, is filed vih wial and crror. The
biggeer hing co remermbee is ehat nutling i et s sconc. IFyous nesd anerher hit ype.
o hehavior fee free o wdd i, You ate che only person wh's i & undensad your
syster o o o bottom, but the mare arganized ie 3, the raore likely you can
erplain i o somsnne chi. e beat adrice we can ive I (0 tead 25 muach 15 you can,
sratch as much as you can, and never be affaid 1 quesrinn what you se. Good lack!

e, Robert K, The Phicr o Bebal, Harpe T 1994,

RabinS8] Rbin, Stve, Lo U Phy: Toam Compirrin o Micsosolt Baslall
30" o Podings, €omputer Game Developors Conforence, 1995
“Morgan00] Morgan. Joe and Laliy, Richard, Hasehall fir Dummics IDG Books

Forkbids, ne. 2010
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e syembuls used by the stachotic e urodel wight sorspand o weaids, char
acters. o somme o kind of quantifisble nformarion.

Claucke Shaomo,widely considered e be the Gaher of lofortuation Thevty, was
enerating quas-angage uicrauncs using probabiisic technigues as sxly a¢ 1948
Ths clsic paper, in which cxamples of sach genetacions st ivet. s rcomended
ceuiag e suporie wher b ntarcstod in these echniques [Shanand9).

Probabiltty Eati

T order > ke goad precicrians, any leaming system nesds o be able 0 rcogoer
ehne evens oceur with ffering (eqencics, and that these ficquencics are conce-
dogendent. One of the simplese smchisci Lnguage movels that capuanes buh of
chese constraint, which are crident in 4l womplex sysems, including languoes
Guapbel3sl, i the simple 2-order Varkor madel, kniwn 38 trigean model in
the speech recognition comrmusit, which infrs 2 probabilsy disihution dhat i con-
el on the masr ecenr o ymbols in  sequencs. Shangon wed such el o
e his quasclanguase geneeations, and, 3 yeass e, we will inreodue.the
eiqu of sochisis language mocsling ring the same model

‘I sy type o sothuscic vl probabilies can be csrimaeed va the i
fikeihand pprimmrion shawn in Equaricn £1.6.1. where Clfoi i 4 court o
mumber of imes the symbol sequente e s een ubscrved in the past, and *is 2
specil ildcard syembel thar reprasens any symbul e e slphubet. This equarion
simplycaleuteschefrequeny with wlhich thesymbol s ahserved i the canee 2.5
by normalizing, e caun of the nombe of rimes the sequente g be has L
observed

) ~ b 1161)

For sxample, considor 271 -ordee Markos modelthat opeates on the word ol
ehati.the sytabols i ses cortespond 1o words), and i infomd from the datashosen
Example 11.6.1. The model il estimacs Pomari she) = 03 due 10 the fact that
Clon she mas) = 1 and Clon she ) - 2. Whien used geacacisely, chis model wil nuc-
ot the wond ant aficr he word sequene am theahmut half of he tie.

HE CAT SAY O THE AT, ThE AT SAT ON THE AT

ERAMPLE 11,61 4 il s fgmons ok for e inirence fia 2
pra—

Mot seochastic language model are used in applicatiots whirs  nanzosa proba-
ity nesds 1o be usigned to al possibiftes, che majority of which bave tever been
abserved, T che previos cxample, for inscance, Pleden thes 0. Rlsnding the prob-
bl atimsece given by sevsral difaent models, including the naive model dsat
gnares all evidencs and sssurmes hat eesything isequally ksl 3 commanly vsed to
safve this problem. One possible blending sraegy is shosen in Equation 116.2,
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22 A Ganaral-Purpose Triggor Syctom -

T tiggee v e i an STL mltiap [Msc01], sored by proriy

44peos® ST ALt MaIUNSITNGA SHETE, TriggerTacOr ATt
Sl yrcal wreia g Sharl> o TRIGGER 1

Rarker shan wsing the defaule Lacaunaignsd shurts wgasison lanction,
e prestar<unsiged siorts companson unalan i specified so thar ehe bighese-
prorit riggecs wilbe e . A bt s used Lo allove duplicate keys, cean-
o triggees with thesame iy,

Reglstering a Trigger e -
Tgeers e 1dded 10 the wger ysem by callng 300K rTesgger 1 RegisteTrazen()
creure s e triger and ses it paramerses o the speciled vabuss, Baths lan pass
inall of the s as paracncees, predfined srigge cypes could be saced in esauese
Fles, and 3 refe

e 0 & struerure could be pasved instead,

_natgnes Jang CTrsggersystan: heg:steririzgert
FrunTigqerTyne £ riggerTyre, insagned -cng
Lo Long a0 ran, cans] Sestars _uwos
loat fOurTion, hood  EDunr LoSourceraa |

nersorsty,
cat _fadivs,

£ Grsats o trigger pesws, we F11 it s
TriggarfanordStrices eTripRsAGRrd
ron " FiggerGErISIU( 91 rigner”ypu, _UBourcs, s,
ivs, ruurition, b
icBourcaborl:

oy

! Toigger reconde are sartec by oraanaty,
n ORTE ey ingerL L TRTGOI KA alds_typa (_nPrlo-ity
Priggernccard) 1;

Bucurs the wious iduatifer for his trigger
Futurn OTeigsr RS0 SATFaaGOrID;
'
“The fumerion csturns  uaique trigger 1D 1o che callr This 11 can be sored. and
sed o e back 1o his g Lastanoe, L pautinlas che T an be used 1o e
the crigger

Removing a Triggor
At e gt b necesaey o dsiable o oo an esting crgger fom the
world, £ the souceeof  trige dise, che wigge might have 5o meaning, Some g
g mighe he roggfed acrive and inacave. A v that has becr pulled might po
g b ofany use to sgeuts. A charscer migh b 2blo o clsguise himsclf o em-
porarly s smanatingthe ey Neae g afl o thine cases, he it g
5t can b s from e st by llio e ).
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& Prioritzation

FIRURE 7.5.1  The plenning anhiteture

i it placsing i ot samrhisg tha s o be dane every faeme. epending
o che gan, » given AL agent probably only aeeds o updte e planning once pi
and, i dhae offen, 1f chere e many sgenes i rhe world that need to make pla, theic
individual procesing can be scaggpred 1o seduce e ivmpact 4 s D0 poine in G
Fitall, within Uhe prcessig, for 3 singls agont, the code can be architecred such that
achtip chrugh the decisioaeesking oy s sprend o oves mleple updares.

Fefote we move on ¢ 3 valkehrough of he decision-making process, lecs st
Vish defnitons for e terms i Figur

L and ground thetw i el game samplos.

ndl Opportunitios
esds e pportasicies ace (e aseas the Al dsiss 1 ke accon on. For example, 2
b in 2 sheatee nght decide that it i con fr out i the apen and there are enermics
about, Convessely. an snemy might be ncatby who is unaware of the bot’s presence,
‘which canstcures an apparrunity r g a quick kil. Generaing e s of catgoriss
that your AL will cunsider st (st st b cteatag, « planning archireeture.

cous
‘Gaale e the spcific oectives the A e  achiess, iven he nees od oppor.
i i has identificd. The bor in the previus example might e oo gl
1) scek covs, and 2 atrack th unsuspocring enemy
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i o e have s th N-gran o prdict the bearor of s opponcics, Wt
e th same enechaism <o have che compoter mimic the behaviur of e player.

"To do ehis, e vl again s Negran ceaiied o0 2 corpus of buman played
gaanes, lowesdt,we will i che rahls an che A7 mose recene enoves instead ofche
Emenan players, and then selec 1 move (using the deterministc or nondeterministc
choiques aurlined preiotsly)chae the human plar might have made i tha sicu-
aion. Lmagine s (ke bot based on an N-gram taued s corpus of Thvehgames:
o woukl hass pou cwo viemal Thesh ar por Fngerrips!

Refinements

‘T N-grams dicused i s sk s i  plape’s s an b exgminee in
lan, I they depeu ey pon ehe apponenr« move, his should be eken
i aceunt i she defmitions of the muve sequences 1 be escked,

For egample. suppnse rhae e ABCD game s orn-bsed, with player ot
ingmoves. I 4 tigrass model, whereche AL s g pralie Playr 1 st mow,
it o nd b Playss s s more, hiethe second ides should b Hayer
24 I garae whire e v of both phiye can come a any order, the ABCD
e el bocomes an ighr-more:game,wieh lgal more s { AL, 2, K1 |

Conclusion

I svustions shre Jucad stsctase i present but haud e speciy explicdly, Nograms
can provide an cacy sy co predlice or duplicie bman playee behavior. They can
therefure add reaism  youe AL play at a il ot in xecution e,

Flowgesar, ince -grams concentrate i lal reluco hips etweenn s, dhey
ace vy par predictans ol long-term plans, and wil provide meaninglessdata i na
behaviaral paeccrns smorge From rhe rraining corpus. Jinally. n Noygram s is wox
tuned tw a sprific player’s atyle cun al Gl ucrsbly, 1 that players hehayior says
fora the norm fas defined by the training, corps)

bor mux inforasation o b 0 wse Negraans i muacline lasning, of linguage
aad in automared rexr generarion, e [ lutchensn2] elsewhere in this bauk.

Reforencos

Tiurcheasi] Hatchens, | ad Barocs, 1 “Broctical Nataral Lunguage Leacaing,” A7
‘me Lrogramsning Wicdom, Charks Rivee Nodia, 1002

urafley00] urafly 3 and Martia, ). ., "N s, Speech ot Lunguage Pocs-
ng Pratice Thil. 2000,

[uiend1) Wiken, | HL and Bl T C., “The seec-requency probler: scmaring
e probubilicies o nuve] evens i aprive e cotpresion,” TRAT. Tansarions
ot Fnfrmarion Theory, 37 (4. pp. (0851094, 1991
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97_Agornt Cooparation In FEms tor Baseball a0

Clars Structure
We sud previcusdy chat che Lehartors youll creste will function cxboly as ey do.
This raquires he same basic infiascucture o esch of these classes. What you'l end
up widh i system wich which ot pople aes follar, and van probably pick up.
wighout much cxplanation neccssary

Tl v exungle For the clas sasscaataviur shows what pour Lelasiors should
do. There should ahways be sameking 10 do oo your entey—suare an animation,
mal some cultions, chock gaiuc situations, e <o forth. Yone process and evic
fanerions mighe nar do amyshing, and dhac’ ine, e ke hece i 00 understand that
while i the guerea befavior yon Pracass foncrion vill he called for very icerrion
af che player’s AL ik,

i
void EnryiCpLayorty;
vaid Exicioplagartis
Yoid Provasticlerse” |

, -

Somethiog else s mportant Lo ot here cach detved betavior sl have s
e i abl, . scruceure chas oo messages, corsesponding anctious, uod
resalact Lehavions. The following corle ilustsatessone ypical uansilon siblesperies
fiom Behavior Fild Ball.

(KESSAGE _TWNTUG_FNDID, W1 BEIAVIOR ASVTODUGAT);
(4ES5AGE FIELDER_GALLS, BALL SLuwooun s, SEIWVIR AATCE

Bebaviors o seent forced o seansiion o ocher tates s because they've
reeived and processed a mossag, The resulanc ra can be the sams a the currenc
st he FSM jusc wont process the Entry and Eni oions.

‘Chsscsshould operats it 2 buic mesge queue, handling messages a ther
acive, This ensbles us v serl emesases fom anywlee we wan (Uhe ganc flowe
FSMs, orbet playes, v the balls FSMD. and bavethe agenc behatviar processchese
messages s che prope under, We cudt uesscnongh how inporian s that o bave
3 vahuse mesaging yscem. Celaoking s pare af youe ALwillcome back t baant
o e, bt it good enough, . can ofie e up e somethag, o forgomen
o acenunt or.

ks imposeane 1 als ote hat the behaviars v only bl e for cach $M.
The behaviors et indeperdently of player daca. full ot et Fucsusn or the
bebabiorsacespr  painge o the carrene player asan argument. This enbles us o do
anying we need o for che actr’s movemene
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Using the N-Gram

Section 11_Laaming

whers s comssant beren 10and 25, 47 i ths mumher of sl moves and ¥ s che
nder o the Negram, provides s essonable rule of b,

Tuning Toward Specilic Pleyers
The teaining method descebed I the provious sccron viltyidld # deccns opponer,
capable of providing 2 challonge 0 st plyers  owever, 1 expleie he N-grem
e et i shoul e ed o i iduad phyers et purciase

Tuning an N-geam o an indivicua s casy ll yo have 0 do i rum che taining
lgorichm agai, on 2 corprs sgensnted wich a mamber f the playes games.

Deallng with Smalt Training Seta
Witk any e waining corpus, ther is 4 chanve that  valid sequence of N moves
will nat be sccn. Such  scquince will b ssigned probabiliry rce in the Nogram, 25
i€t were illgal, whike che sequinces chae do appear in the corpus il eceve scores
arger thun they should

A mamber of smonwhing slgoithias havs hecn descloped o daal wirh his prob-
Tem. O of them,described in [Wirend 1] and [urabky i, invobves computig e
probability hat dhe et sequen ebseesed, i e wainig cocpus wee luser, would
b one proviously unsoen. This saluc isthen divided by che mimber of legal seqsnces
hat de ot appear in the corpus. and the quotient s assigned o ench of them. The
probabiles of sequences it appeas o the o cogpus e e disonsntod by &
related facror 10 bring th roral probabiliy mass back co 1.

A rrained Negram can be used in determinisic o prababiliric fsbion, depending on
ioe yau wish e implementin yuue garne. L boil cases, your AT will

e type of Leh
acod 1o sndex the crigram on the bt -2 moves recordod, and loap aver chs cotzies
forthe nexe possible mae, 7 in e Follsring pcrde-<adls aipper:

For{ st = 05 & < rumLspaoves; it )

0
Tookat( Trigranl evotovesago S[ Tast¥eve 11 113

For 2 deerministc N gram, you should search fo che eniry vich the highst
probhilcyand ascame har s mae is caming. For  prahahilisic N-gram, you will
emrane  random rumber and pick 1 andidaes according 10 he probabiliy disib-
on, To make dhis csict, you shoukd store 1 cumulative probabilty distebudion
instead of ever probabiliice pr sc. For crample, instead of scoing .3, 0.6, d 0.1
for hree e, st 0.3, 0.9, and 1.0, This vy th st enry for which the comula-
e probabiley s sl o you random murnber is e move you shold predics,
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rjcr,there il be sreas ha sillrequirs wsaking laver ance the enrie archecnuse
5 tucuing. The guoed news i that this ische woughes par of the whole procas—it
gers easir From hercan ot

‘Some paints o beat n enind when creating your game andyais methods inchads:

+ Consistent seler Ty 1o ke sure that each funcrionis ouLput uses the ratng
scal i he sae shion. I parceula, e 1 i tha s5ch ane wses the cnies
Lange 7 e wost el you eve s T 4 v ccegory s 50 out of 100 ity
fime o ebalinesth Fncion

+ Absulute sesule: Two agents o an idencical sittion shonld yied che sme
sl e sgene i supgicd o plsy s detosiely than aoerher for xam-
ple. that should ot be relected Bere, Those wucs vl be bandied by dhe g
priidarion cods.

Qoal Formation and Bvaluation

“The nest step in planning is to ake the abstraction of the game world dhat sou c-
ated in the game analyss phass, and nse i o cnluate the valdiry ofthe goals hat the
ALalrcady has, o form new goals f necesaey:

The evshution of exising, goals i srsghtiarward. Far each ane. simply check
aganst e st of wesdfopporuuity values e see whethet i s il s, For exa:
ple, 3 hor vhae has 2 goal of seking cover can consickr thegoal o be srisid i it
Cunren Cover ratng i selfcisndy g, One of the decisons you will need 1 mike
iswhat the o valus ane hor conseinte sueces fr your ol

I general a ol thae s been suisfedcan be remored frum the s, Lueyou il
probably find it uscal for chcre w be st of e gols that atz slwrys prvso i
cach AL, wirh other being acled dyamicall as necsiay. In @ sectegy game, for
insanc, your Al would likely maintrin 2 peemancnr goal or cach win condidion.
TTe agene mighe noe be plaaning e ace on each condition atall s, but i should
Vocp all of the in mind i i phanning, I o pressiog, s comie Up, ¢ v then
atcmpe w0 mike progress mward winning the game even i che siation a chat
moment s eutbly conducios o i so.

T et see it se the needopporeunicy sl w creae new poals. I doiny;
s, koo the ollnei, poins i

« Mlsiple values: Gols might b basal on more han one nccdioppuruty
v, Tor cxample, the goal of Atack Player A might come sbout usa reul af
having both a high Offnsive Potenrial saing and a ow Playee & Defeose rting.
Lo de ericria e shordbe olled i a gl sore tha i b e i the
goal el Lo e

+ Scnsible cotoff: As with gos eluarian, o will probably nesd cucof¥ buzs
eprocoting . i o oo or bad  vdus s 0 b et the AT will
conide vaking action.
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FIBUNE .18 Zone dterminasion for siciel Bl elciy st

s Base nsead of Bebcuior Fied Buf) and the pichor (Besior Back Up insead
o Bebuvior Cover Buse,

Ecavior usigomenss on foul balls area' cexibly compl, bux with anly two.
o, e bit Lype bevons much mae mpuceane Fiet, whle bis sgpe gronder in
Zowes -1 aud—2, we douTave ny hehavinr asignmeos besides Bcatior Uiih.For
bt s o, ic's goiag o be your corner nficldee (Al bavene) and youe
catcher who. et Sebaviar Lokl Bal. For b e e dve or b pe fs b, s
your corner mucfeders fffigh Hildets aud yonr corner infedecs dhacll e Bebas-
o Tl Balt

A s o, shat s have is 3 Gicly complex ilo-based systeen il ec
erntyboly movia in the sight direction with 4 coromon goal. Tien though every
e acts indepradsadly of the arhsrs, when viewed togetie, hey bave an obsious
cummon gl - and thar’s 2 big seep rowards nveligence.
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Practical Natural
Language Learning

Jason Hutchens—Amristar, and
Jonty Barnes—Lionhead Studios

hutch@amristar.com.au snd
ibarnes@li

tan Tt die Gk of alcd ioseligense (D), teoduced the Taring Tetia
1950 a3 means of ndicatiog the presence of machine imteligence via o
sonal evaluation [ lucingd32] The “Holy Gradl” of Al has subsecquently been consid
cred by many to be the constraction ol 4 compuner plogean: that can pais the Turing
o

Dacural langsge intecfaces were common fescures of compuree entertainment
softwace pior s e advent of saphisdiated conputer geaplics. Mull user dungeans
{MUDs) feararod saphisticared rak-hazed nacurl langinge processing shile tex
‘dvenure games such 13 Crother und Woods original Adventuve und Infocomls Zork
solss sepicsenc clasecs ofthel gence. Todap an undergeound bnceracivefiction co
enunicy contimies o develap the are farm.

We would ke 10 cale dhis oppostunity 1o iestrae how a language Feaming sa-
em, when used convetsacionall,can grearly contribute coward the subjective impes-
o of incelligenaz expstiencad by the playsr. Our hops i m enconrage develapers o
sesionnly comsider sding matural Eamgage incerfices co their gumes.

502

‘e buman brain s parsiculaly adep at pateen secogaiton. I s capable of ecogniz-
ing the facas of frends and fuily.of distinguishing a quietspoken word against louder
ambien neis. of detering, and acting wpon cause-cAtcr rehrianships in the ensiran-
‘e, and of erceiving and understanding lingasge, both spolken and wictzo,

On occasion,the huma brais aver-xtends lself, decting tneaning shere none
cxises. This sruacion might be Similiar to those wha have found themsalves bodrid-
den with v baddose of iflaena, and who have stared, i delcious state of mind, at
the gra of a wooden wardzobe, The brala i consanty Looldng for patierns, and the
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Wheo ruudomiing avisiations, L oight be uscfl 10 b 3ble o decermine which ani-
maon seas candomly slecezd. For example, depending v which atuck animation
s choen, chene might be 4 dillsreas sound cffe ot Aifiren amouer of damge
liccd. An sddiional emio for the Action Descripaor can provide the aceled
informadon.

e Frumacszansscristar
Kipusionn = 1
Wiego Saing,

I3

The acrron_swtt 1o can be mudilied 10 wse 4 stroct 2 the valae fpsread of 2
lwractes sering, The st contals che charactes sing flenams. and ascompanyiog
Action Desceipeor

struct aczicorinlntosteet
i
Shar szAninFiLatlans A PATH]
Snumastdonbsscripor sAstiondsse;

i
Eypudet st st ig-Eaunetan,
e tionAnin-feEtructs FETION AHTE unp;

Finally, Gotini
0 Action escriptor

ca0n() can be madified 1o cake 3 thind pacamter 2 poiater 0

oonst char® GetAnination| EnUNANINGORd! Fion eanttone.
Enumstion saction, EnumdcrionDuscriptort postianDesc)

i wwhen oecanurat iont is ealed,the caller can passin an Enundctiondescr1ptor.
o be flled in shet Qernination: randomly sclecs an animation. The caller can
then decermine i the Arack acrion was speciically 4 swing o 3 fub. Puccl It
all rogeter, the e randonizaion code ook lke o

£1 st -umer or anirattons listsd for this wrion
Yong nGount - pAcELonanimhan-scountt sAstiom 11

11 Pick a randor. ndox.
Ao nllsx = fandt G0t ;

Bait = past-ansmap- STl shetiot |
Tt tong 3n; teninamn; 3, <saa it ]i
PARSATARGSITUGE ~ &0 83 15->3econc )

£( penotiontese 1= WL |
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Walkthrough of Daclsion-Making

A plan . seris ofsteps your AL will casey vt i vedee 0 achieve 2 ol. Many cimes,
a plan il ot s v el bat by allowing fo cass in which muliple steps
a1 necessary. e i kep our code seanilined and simple.

aotionar
This i where ehe eubber murets the road. Acions sod bohaviors are ll of che rhinge
Ut pour A san do in, the gams. Tn an RIS, fne exaenple, che it of game awtions
swould imclud b such 5 Bulld Serucuue X, Build Unir ¥, Add Urie ¥ 10 Cron
7, and s o T goneral, cheee should be 2 ane-co-ane correspondence berseen the
L of utious for e Al st the dncerace eammands available w che player. Bebar.
o, o the othec hand, ae generally things you imveu. n a shooter, ou might e
belaiars such 35 Lk for Caver, Pcrol Area X, and Defead Locacion ¥

I his scion, e il e through sch phase o th deciios sl prosss, show
ing how the pisces Lt cogecie. Please noce char here sall nor be any code samples
ers, s ehs vl e somewhat impraccical and hot 4 good wse ol .

Garme Anatysis
The fise, and perhape mase diffcul, phase i the planning procese i th garme amaly-
sis phase. e you will have 2 collcrion of fancions dua analyas the woed satc
ftom the perspective of  given AT agent, [n general,chore il b3 one-co-ome ot
spondence henvezn these mechiods and fteras on pour Newds!Oppttaniticssr. The
abje uf this phase Is 1o cike che myrad piocs of data i che gume world and con-
dsnse them into 3 snapshot chat i ealy digested by the docision-tmskiag, code. For
here o ou, o willrefes o this inforemarion s he neve/fopportuniy valus.

So, whas should these fametions do, exaals? Por sach caegory of inceres, chare
Slotld be a Fanction chat ks the informaation knovrn ¢ the A1 and expreses 363
swnnber on & sale uf gt choosiog, The sway the scale i sec up and how different
g snes map 10 values o i s entiely up 1o you. You might want everyding in
e range of 1t 100, and bave 3 situation ehat i cwice 2 good yield a muenber i
as high. Alcenatively: o cruld sec up 3 yscem n which posiivs numbers are good,
Begace outabers an b, dhe range i /- 10,000, and che propession i expor
e chat the better o worss a iaion is. the more it wil domitiace caleularons fther
ania the procss,

Icis definitly wardh yonr whil 1o spnd  ocd deal of e on the game analy-
sisfmerions. The decisions your AL enskes wil anly be 35 pod 5 the Infoumaion
availble o i, nd dhese sl eeste the inpi e ehe decision-maling ende. Jur
chermre, i is likely that yau seill have o tus dhese fanctions us the preject pro-
e, No wmattee b good yous umlersuading,of the game sarid is eals in 3
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<poren e entiely event drfven, Thers noc much s e foe coruplen
pathfinding, momcants of insightful wisdom, or the ahiliey e communicats with
NBC. The cvent thae gets he hall rollimg ipun interdod in baschalls case is whar
sl call the Bal it evect. Al sports have somcthing, comparablo—foorbill s 2
caap, bickey s e dropplog of the prck, and baskecballpeefer dhe usap ball s
where we ga fiam hore thae eakos ching, ntenesing.

Initial Bohavior Asslmmments—Fielders
Il BallHir vt provides ws wish caough informacion o asign propet bebavios o
evesy metmber o cicher cearn, Whar it eaves up 1 us s thy foformarion gorhering
and proccssing, The hallsinicisl velocity vevior 9l pravide s with al aF our hasic
infarmation. Ve cun take i iniiah clocicy and frerare the ball theough s entie:
path, evens including sadinm collvion. Assuming your physics eugine is robust iscc
Adgirgall, rhe. halfs fligh s 100-prruent predecczined liom the mormene of
impact,ax st until L ol shete i€s 3eted opers by your ilders.

We can store the balls gasirion for every icsrativs of ouc physice modc—well
chis acer, We can also determins e bit e ated it 20 bosed on the ball ini
cinlvshociy t b cotset, The type and zane aes ey 1o caleulace—be zone cliulse
o is suaight igrnomary, while the rype caleulation is more an applicatian of a
Tule ser. o these rules thar will venually dkacrming hoss “smare” your Reldecs
app. Vigare 9.7.3 shus honw e divide the field up ines 1 somes for beasior
algpraius,

Norc hat the o negative zomes see bl i Gl cerrinory: This sill ke e es-
i o pos-catch cafeulations and socouding e in e hox scare ater,

T it s deveeminarions are 2 bt more complicued. Thase a0 many dif-
fort senys  basehal ca teavel i, thore ate cerlly hundreds of diffecea bit pes,
For vur purpsss, duovgh, well simplify it s mach 15 possible. The busic hie pes
sz b tspe ground ball, bie e fy ball, and bie sype i bive. it <an easly derive
these basic b types by applying  very small scc of ruls 1o the flight path and using
the bl maisnunn bight, (he time i cakes o rhe bl co bt the geound, and che
magnlaude of s Iniial velociy. Same acher, lesse e Li types ae 4 type ibbler,
i yp s it e docp lrive, it ype o grownder, and i yp zocs eagser,

Given a zoie ad 3 it type, e can casily derive a prope see of behaviors for tbe
Belders, For ceample. on it type ground Lall i Zoue 7, we can soe thar the frst
haseman and che righe Beder should Ll L givn, Behavisr Fied Rall Uhe third buse
o (e base), shorcseop (socond basel, cancher (homms plac), aud pitchr (st
asc) vl given Rohavior Caver e, The second bazeman wil assume sicher Bebar-
ior CatofFo Behaviar Fild Bl dupraaling on che iniial velociy of the bl T e
fielder sl ceoter elder will oth be n Aehasior Beck Up. Looking [oe ielders andior
bases s back ap. Compare chis e a ball Kt with wpe 41t e 5 ball o the e
sane—all che behavioss re exacly U s cacepr foe the firsr Faseman (Bebasior
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Basorunning Bohaviors
Basrunaing, while s otege it of the pame, s ot nearly s omple s she ekt
ingporcio. Ar ang given time, coners e asseming only ooe of i exesoely busic
hehesiors—they are either ruaning ot they et runing, Any lie leagacr can rol
vou the difftcncs berween these o things, but chey wot b sble e el you why:

The primasy Lehavior s one wel call ebior G This ebavior i self-explansanr,
el e muany ol yonr behavior nams should be. 1 you find yoursel wonderi
what 1 hehaviar duss, there’s a ool hance s« combinacion ofbehevios, The com-
plomenc o Befarior Go is Bebavion G Back. Runnees vl be anigned this blasioe i
spunse w events such 15 e iupu o1 a bl Leing caugh.

“The bascrumnes fnitescne machine aso has es o verson of an idle—avior
Wateh. There i lso an *avon?” vesion ol Busior Wisch, wich is Sebavior ferse.
Balasios G Talfioy s acrually 3
and Bchaviar e} e reason it deseres uniquutes is ch fat hat his s aughe
behavior, When a runnr docsnic assmme Beharior fag U om  ly bl Ll usadly
assume this behrior.

Several hehavinrs are wsed ar decisian checkpoias for the rumnees. These behav
fors e tmporeant becuuse some seuually it dhe bebaviors of ochor mnncs. Behrs-
for St 5 1 behavor sheplurely sssacanee witb 2 et of aimations. There aee many
wap o slde o any paicul bass, 30 i i 8 necsesi, Nare here o well thac
Pebaunor Siide s sncompsser 1 ranner loving o 2 base—sfid i # e term
iroplying tha the runse i vopping vt bus, Bebarior ey and Ga aod Bebavior
Tiom and ook see hebavious aho tied mngezhee wit st o anitions, but hesc
away From any play at che e, Figuse 7.1 oulines he Flow of tspical baseranner
belsiors

mbination of two odber bebaviors (Bohusior Go

FIGURE 0.2 Pl pfinns and fos o bsrsmner bobavion,
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Agent Cooperation in FSMs for
Baseball

P. J. Snavely—Accialm Studlos Austin
psnavely@acelsi

.com

e o o i e s i s dc. Ths i
of the mect gemeration of comole s beough with i e neod for o o el
et sporss sanulaion one that vl leave 3 dstince impresion uo he wer. T
el coveesthe applicrion F nly one of hese sports. bt take heaet n te ko
e thatthe Fundunenal principles oliucd Bee 4pply 0 any sporcs game.

Spouts, In gencrl provide us ith clasic cxampls of nbjec-orented achiec
. Think abarc o es mose hsic el the game i el up of s b of
players and « bal, These playrs creas tears, which comprse  wortd thc hehaves
i 3 . of sl Plyess e prsdesanined bebaviors, which operate
incescne machine V0. s bebaviers bave disinct st ding poiors,
wich chr transitions i ucher Uebavirs,

Buacball i s cxcaflnt sty in et imellgence e s sporebased o s
b, percenages, sk, and expected hehaviar OF al the o spovs, bastall has a
ol hat s e ikl 0 be abl to poine ot any s in the il nell-
eaie, Hoptlly,with th help o his arice, ol be e o keep all oo bses v
Srod—pn neended.

Behaviors

prey

The fre 1k in digmin . spoees game ALs to smusncras yout behavioss—define
what sour scton will be domg, For our pusposcs, wel be efering w bebaviors
casetly 35 € they e staes i finie-stare enschine. Realisically. char's wha they
are—behaviors have a beginning, 4 rocess, and an exl, Those bevaiors illfarm the.
asis o your AL, and game staces il provide the backbone for your game’ flow, e
e sress howe mparrant ris char Al and game o for sports games ae based off
Bnicesrue machines!

For bascball, we can divide the game up i arvers disriner ares: felding,
basetunning, and harerpiccher.For the purposes of this artiele, el uly be sckling
ne e sl bseruaivn aces o Lhe game, a3 che batcerfpircher flow is merely an
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Using N-Gram Statisticat Models to Pradict Payer Banavlo

* Node N-f has muicgaing odges eading o nodes ceprssenriog all evems that can,
possibly Folluw the sequence 1Y 1

* The edgeteading from node -1 0 node o sach path i tgged with dae prob-
bl dhat N will Follow 1L

A tigram s 4 5 gesen with N exual o 2, which reduces to & Mackov chain. &
srgram i on with N cqal 1 2
To i gatuedeveloger Englis, (his saeans et the i way t mplemenr an
gy i am Alimensionat e where dimensions L to N are iodeed on  playec’s
o vt 71 e, ol i, Y bl of bt sed o prelic e
mext e, fdhe mumber of legal maes is . the N-gean will comcun ¥ euie,
carnt int malcqaipues < 20

gt Gk g 1 nunLegaTiones 1 auit s toves |
et 31 the proveibilicy that A follovs BA is Figh toug
8 Tregran( 5 11 8 11 & | » sone thresheld 1

5 sameching;

1177 TanG the st prabaELe noxt mave given That 4e know s the
1 piayer s s
wmeurs

i
Trigrant sligntlyolderiere 11 mosthacerthove 1 11 » Twscore

615 wsgaeves; § )

“uscors L SMPRLOMeoNe 11 mosRsSeRISE 1 L 1
Probatlsnsstiovs = i1

'
'

H-Grins in Spoach Rocogttian

Irggams an: curnmonly wsed o modes inguage in sprscl secogaiivn, Cousider the
prablent of diffeicnriring hewsen homanyms snch 75 “tiens” and “thyme” Lo a
spocch recogaier,chey irerally sound che mme; however, the phrase " e ke an.
arzoue” ol {some) sense, white "hyme flics Lo an arrow™ docs nat, Given th hor-
byingly complo srucrure of ryman laoguage,  perfec decision aboridhon o aoes
e il o evet b abhs o s sl e, 960 1 omplers and noambiga
s Tnglish grammar exsred,

Observation of wrilien teat, however, shorws thae he sequancs of words “you are

happens more Frequencly than the sequence “vuu are ou dayone.” Languae
s, aenoon ot proertics, diat oF ol strctre: svards v noe sringed copesher in
randam arder, and words splken close together tsnd ta influzhoe each others mean
fag tnare san wods spoler G apart, Building an N-gram represenring the proba-
ilias o wrd soquences in Tnglih, cherefore, bas great vilue in speech tecogaitlns:
i analyss of the moming acoustic sigal for 3 ward kaves the revognizer confised

berween "fims® and “thyme.” knewing shat the pesceding words were “you are on'
solvesthe prollem,
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the rute, tndex variable of che ruzzysatissa crss. These vahues ae added togechet 0
et the Al atay indes.

For cxamp, in 2 333 systeen (thos inpu sariahles, exch with theee sets! dhate
sconld be 27 toral rules. e rule_index values would be:

Variabl 0 Vattble 1 Variable
set0:0 ser0: ser0:0
see 1:9 sl s lil
218 wr2G w22

To gt the rule indoe carrssponding m ratesi2] 1111, the ofiet for the disd
element i e set accay for Yariable 0 & found, which s 13, This procsss coocinucs
ot cach dimension in the a1y, adding, each value 1o end up wich the equrions 18 +
3+ 1= 22 which s the 220d clemene in the one dimensional culs aeay. This
s hat oaly (K1) additous a1 sequinad cvery rime che rute indsr for an &
dimensional amay i caculare,

Detuzeiication
o slisninace exura calcuacions, PFLL does not caleulate the defusfied oucpu vilue
il i cequesed, For cxatupl, s snodel B fout npor vacables and ehe oonpe
value s cleulaed ovee ime a nput sl changed, e uncsessey output ol
vions sould occur

“The Centcr of Grasiy definzification method maks heasy us of loakup bl
while the e of Maximurm methd simply soresa single value per oupu st Sec
COafuzzVar0bi and HOHDafuzeva-0bj, caspretivels orcach nexodts detais

1fCRIId Ratationshin
One or more *objeces” can use  FLL ol a the sam tiac, These “obices” are
\eliod t0 2 childcen of ehe FELT model. Far cample, » eacing, game might e une
mode), and esch Al controlled cae would be a child of e model. Ay chid spocil
nfonaton, ok s Qe and uigue value, ae pae of e child. The APLencaps
v i infoemarion 10 e coding;

MuNithread Suppart
Sinceal he chsiss in PELL hald information (such s he cales that s shared among
hildien, uad each chid msintats it oo gt s, ach child can saelybe ina
sepasare thread. Noce that e che cime of this princing. che chifdren hemselves ac o0c
threadscl.

Unicads Eupport

A ings i che FELL by s the wide characer dta type o, This provides
e abiliy 0 use FFLL indonile byte Baguages, and avoic using Microsfi-pecific
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of proceding slements, the permences mus be raversal from rcent pevutrenees
s recent omes

Acthis paia, e have found 3 vy  campue the mach sizesfor alloccutzences
f B, by sing the match scs of the accucrences of A. 1 we add another lces g0 the
sequience, we can use che macch sizes of B again (o computs the new masches,
The algorichm is seffmstaining once imicilied. [F we saee wit an enmpy sequence,
e niealzation s trvi

The solurion presented hare has & runoing fime of O, Eaclt dene a new ol
‘meat in 1dded o che seqaence. the algorithi anly needs to Inspect llacereences of
s element.

Impromantation
Al thar Iefl o i 0 g ofcient dactscrucurs hat spportsehe algorih,
Wi e e is aedd, we waon e qickly ook up sll s cecurees n the
seqance, it thi resson, e ince an ety th sz of ue slphabec, Wil cal
his atray e hiegrer. uden i the bisogram convain 2 s of all occursences of
dernene § in the sequence. ‘he occurtzoces are urdeesd a5 chey appost in the
sequence, Each oceuttenos conns  pointc to s ey n th seqence. Wheo an
clemens s added o the sequence, s et s aded tothe bisopram.

e b want o store the uach sz rogrh eith the cloments n he euence.
This, an 31y I th sequence 3 eard conmining the speciic demen and s
mach ine, We il e mvacian, that the matchsize s alid o ll necuerences cqual
1 the s lcraent of thesequence, For al erher occurrences, the match e can b
ninicilized. sine e . never going 0 mspect hem disetly.

"The fellowing <o unlines th slgoichm, For laricy it e dirctindesing W
fin s in eh acsureances i, hu you should ferate dheough this s This s
possible snce all entis ave indesed sequenrily

stogeaninixtELonent];

St VakateRS7e - O, tawialoTonition:

ot L0 5+ Deouwronges Bot17e0) 41 | - 03 koj {
Entry ThisErtry = betboguoncobniry (Beosrences (111
Encry Neighbour - et sfeaghbour  TRLSEEr )

i+ cotoruing mien size
£F Thaighhuur Exagent == Fommont asteleneat)
Thiskntry. datonsice = 1 - Noifhbour 4a1cosize
paset
Tistriey Katsnsias = 1

'

4 racord Langeh & sosition of Lwrgost susering
AT (Imasentry to-chSize » Melatchsizel |
Gl aTiaze - Thace ry Mtohs-2e;
VariateIositiun - T-ighairy. Posil ion;

'
)
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FIGURE 2.2 Some of the compl 5-Caeves pssible i FF1.

In Soareh of Spasd
FLL was desigoed o b st thetefhre, lookap tables are s whesever powibl, sac-
iiing same memory o che suke of speed.

Eacl et tnetabership nceion aancsins 2 laokup tabl wsa 1o spece e Fursifi-
caron” procsss. This Inokup table s the values amag i the Horburrunciiase s,
Which conrtins Suzeyuarsatieszse:c_rray_count damencs. Fach amay clement
olds  DXOM vabze tha I berscen 2970 o 1 22y¥arasoXisersdon_aray_ows._is.
e of 190 or 200 for x_srray court provid gond eesils the larges the vl of
. array_zount, e fatger the cacuory Ioatprine of che model,

The vacableh X-sis valuss mut be tgpped £o the satuse amay. Lhe value of
¢ srray_count dececius Lo any Yoasis salues are sepresecied hy sach cloment
it che veauee aray. Foe exaiple, 8 variables X-axi had 2 range of 0 to 50 fas i
Figue 2.8.1ha1d » ey oo w100, sach index i the 91002 amay siould eep-
ceent 0.5 e values (3071003 L ueres_saunt is changed w30, each “cp?” would he
L vl 56/50). Think of the walus of x_sray_count & the “suenple frequency” of
e membedip Lunicrion;che more samples, che smonther the curv

T detcemine the DKM of  vaigbls - vabne, i i convarted o an indes fneo the
values sy by Pz yiariantebass: scanvare valus_to_idx() unction. Fach ser
iy varible has e reLuss aresy chocked at that iadex oo ot the sech DOM.

Fgute 2,81 sbaws 2 warinble with for sets and an Juput vlue of 16.08, which
b 8 DOM f 014 Forche Sidangle st and § DOM 070 84 for the Trpecwrd s, The
e secs i chrs variable ave a value of e o W indes, in the 1azzs array.

Ono-Dimonsional Rules Array
L stores nles in 4 o diansional auvay. This voids the compleides o dy

el allocaring, 2 mobi-dimensional arsy in C/Ces whers he amber of imensions
5 ot knowen beforehand.

To speed access 10 the armay elemens and avuid poreeuilly ey mulsiplications
pical deing armay acoesso, th offrs o che array ase procileulaed and stored in
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21 ot seput variables
511 5ot _valuenadel. Shile, 3US HEALIN, ous hesleh
L1 Set VatuemodeL] cniic] ENERY <EALTH, a7emy eaitn);

15 ot ard display the ostors valo
e output = FF1Lgat_oucp._value (modsl, shiZd);

swrtenautputt

1
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and insezad e che standand focking rules proposed by Ciug Reynolds, yor Hocks
ol ity i gental direcrion unel they are oo lomges visibl.

Primary and Secondary Animale
Primary and secondary animals are much mors fus. Hoseser ey equife geater
el and programsming el 1o sk then appar [Tk, The followang bebavior
el o g sl h s ok n i e P s

« They cond 1 follow  schedule throughou the dy:

- They frequent afxed number of placs.

« They have more than nne acive seosiag meclabm, same mate ko han
aders,

« Theic semes e affecesd by facon fn e envionment (sans of small s limived
when eining, e,

o They eppieally aveid humas comiact, bu ca be dangorous shen comered

» They ypically have preicebls reacions 10 situatons, but can act contsey 10
those on i ouciions, such 25 dect raing athe. piayer and knocking bira
over when surpised.

Uhese animuls slaould Live s ull ucay of susing, moshaoisms that inclick heac-
ing, senefl, and sight. Simple proximity seeving il make these s appcar shal-
o and wnsesl puaing o Lhe type of aoimal, cicr the sense o smel o heating,
is mare acute. Meast animal af this type have poor vhiua, They sl seactun arher ani
ks e ity Usat arv believig abuosrmaly, o v areas f the environuent chat
have hacn recenrly ahered. They wso bive e abiliy to shum aus aniook ihin 2
cunais distance.

Prugrsmuing hese awimuls is best sebieved using <ure machines. Arhongh
finie-state machines [Dybsand0] can he adequate For creaing them, weng fuzry.
Logic IMeCuseeyO oz Gzn-state machines can ke chemn more ifelke. in add
ion, che cmvironmeat shanld he vchly embedded wich staw inormation thac a0 by
hanged s semed by 3l partcipanes fanimk and playees) in the gure. This dudl
rarcand sense mechanism uakes for very xedl aniadh.

A siuple tick used o o1 3 inis-stase machine ineo 3 frzy machine i o delloe
«spacial srare dhat s el Funzy. When eoterng dhs s, . anfoal asess h cur-
e siuatian and then chases the appropriate finie stat, based on Lhe sstssnten,
This trick can help creae & fuczy tate kit (hat wold work with the sinplicicy
of erae machine, and could also generate debug infurmuation ha eying o e
cune i behavior of the sninl.

‘An impostane dhing o emembe for ot ll A s “ou-of sght” opinizrions.
“This applics vory wel 1 anial ALys well When the animal 3 nnc in sight and is out
of g of the player, ou should decsease s wse of proccssing time 10 3 minimum,
s savin cyels Eordaing addifanal work om the apirals chatare within range.
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Checking this
sequence s just sering 1, sving-marching prediction is someims inable o Find
any tatchiag, subsurag, 2 al, a0 reuuro 0 for e size, 1 his happecs, you should
nncinspect the predicred elomane, hut insead il upon @ secandaey heutieic, such s
andoon prudition,

clocmence indicator Lis an selitionl sdvantage. When the

Brediotor Swttohing.
Tn some cass, i is possible o gencrae amilipe soquences, and you do ot keow
befureliand which seyaecce wil exhibit a egecicive paseen, 1t s s pussibl thas ome
soquence or anofher exhibis & epetitier purtctn, b they eannor cxbibita epritive
pacen e suene e,

Wich the performance indicator, gen i @ ral 1o aucssure howr well  cercain
predictor I working, You van monluor il sequence, ol wse e predccot thac
ields the hese prodiceion.

Improing the Prodiction
L the uriginal algoridhm. v sienply cook i suceesor of the longest marching sub-
steing as she predicted dlemens o th sequenes, T is pasitle 1 improve the prodictor
Uy ok all atciag substingsinto wecouni—aot ust the Dongee e—and use 3
robabitiy disribarion  derermine the <lemane thi has the best chances 10 be the
et demewt i the ssquence, Siuve tbe saiog-nuaching dgorithm sleady yields
hese sohirrings, his praemant i inexpensiv fa imploment.

e e Uhe follovsg consleerauns e and ooy sabsiog i ey 1o yield o
betces pedicrion than 2 shore ana thar occurred fiaherin he pase. For each suhsrring
St macchs che al, e can compute the follorning qusnty

Pradicsontihe = Long §§/ Dsanee AT 5

Thiew, for each elemaent i the alphaber, we can compte che surn of prediceion
walhes of all sobstrings proceding,thar elemene. The lemenr with the highese peedic

o value s dhe best predicton for dhe sequence. We can use the predictan value a5
the new perfarmancs indicaror of aue predicror

Conclusion

sential prodiction i oxcellet or makig your AL awasc of aticros that e casily
recoguized by luamars. When yous AL Lus o chovse broween a fow tbiogs thac are
equally possible, simple sacisrics worre el ot mke  decisans s, sequen-
vl prediction sscels i s arca, Al o e i 8 way b0 caprare e esseodal veats
intos das sequence,

Altiough yor gl be eipral, i s ufien bt not 1 use sguentl predicion
al he cime. Anficipation %l a matrer of taking, chances, and if the predicrion is
Seran this conld Lave cansequences. You saould use maliple ttaeges, snd sl






index-97_1.png
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28.6) and conrin singleran anepus secs. Silecons acs usod with she Mean of Mas-
i deuzifcation o to outpuc adiscrers valas that can ey be inverpretad
by tho calling peogram (1ising, 2.0.2).

g et vansablespcifd i e FCL e in Lsing 28,1

Listing, 2825 a program that Vs e ECL padel showen in Listng 241,
accepts inpt frurn e e, andl displays ehe sysceads utput valve, The program can
b found o the (1.

WaEtas GUHEALT, 0 16 o headth 16 1€ vy
Vasting ERERY_AGALIN 1 17 e hag1n 5 20d

smt nsuntint arge, on

+ et}

#10% qur aeaith,
e option;

oy _hwalth; 1 vatuss Toc input vardaviss.
sar Tor selection of what er wants fo 90

cout sutifina:: Tineas
Gt proctuan e £ only dopiay 2 davinal plases

11 oruaxs and tuad the node1
it mdss = #111non motele)

St ret_yal = F111_Lod_vol Filotmodel, .. jindutseun. 1)

it tret_val < o)
t
St ce Ervor apantng scwisdon o175
Fetrn 03
j

i1 erante o nidg Tor ine msaL.
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sportsal

* ey will eventually sevann o che same arca.
+ They will y to st o fram arhers, and protect foud dhey found from others,

These animsls peed a fle more progeamming clirt. & smple sate machine.
works el well fur ther, State infatsation can be stored foe nteracrion with the
players chaacte ad s wth others o cheir v ype. Simple locomotion code for
moving on the gronnd andfor ienpl Aight is sl ecessaty. For some basic. rinci-
plos, s [Reyroldsd9], and for a sprciic erample ofthis havi, s [Reynalds 0]

e

A Mok of birds i 1 wellseudiod probiem. and you can find 4 lot of infoumacion
ahout ic e the Web. Same sxcellent buse work for emmergenc flock bohniar is found
i (eymolds 99] and [Woodeocky', Allowiag a feck 1o form i dhis way maes for
very selicic flocks, much ke the hundreds of scrlogs you ca sec swaraniog aciass
the sk in rhe spring.

Fonwever, matkis 1 llock of isds bave 3 s of parpase and directon reqiees 2
Ll leaderchip. This is achicvod by allowing one bied {dhe leadeq) co inlluence the
Aack mare than the cee. Here are some additonal idcas for naal Ioaking flacks:

+ Keep rthem cogerher (headiog awand at average diestion of che flock)
+ Keep e sparate doct let them clump up).

+ 1¥a bisdis shead of the eader, sl ic down i an atermpe et ekind.

+ 1 bird fals behind. speed i up to kosp up,

+ Give o of dhe binds (b kad) gecarer anchoricy in deciding, che disecton for
he lock.

Change rhe leader ance in 2 while,

ke sume iads Licak away From the flock ance in 2 il

Donitkr thess rebels g con ar avmy.

Let the flock ignoce che aebels a1 s aud bedrasen to them a ocher times.

Programming x Mok of beds dues not sequire aLoc o derailed sae informaiion.
e bisd. Flock vl infoutatian—whe i che leader, who ace the rebls, whete arc we.
going, atc e awracted 1o tebels—is mors uscful. The cude tusola is move in the.
el of locomtion,

‘Schools of Flah
Sclaools f fsh arevsey sienilar co Hocks o hids, except ey tend t change direcion,
a5 2 whall, mos often. "1his cun be swromplished by having dosens of gaal locations
i yous savlzoruaent, wids gour A mildly acrzcred s ame goal at 3 . T you gn-
dotoly swich the goal every two w L0 sevonds, you vl gox 2 ice schaling effce
where every fish seerns to tutn shasply a¢ the same e,

Elavio random gosls or gour Aecksschoals is a good techoique fo kecping your
bisds and Fish consrsined w0 3 particulue ates. I you dotf faccor in 3 goallocation.
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Lake che sams caceflly plannod st so chathey Az back sty che fems respaen
“They pick up the amma when ies ol Gesh, eaving you wich emipry s

Froum e st poin efviw it gt vty v t be prdiershl in choosing
your sy, ou could mun ioto an ambnh, o yow could pec tcked. A Lot tha
‘conld happen t you I the AL bts viere capabl ofnoriciog pateros,

Supypse tha e paticn the mp o rooms, and we ssign sach room 4 woique
mber. Whenevse  plyee caters s om, we tshe e o i ber ¢ e neve ce-
men o sisnce. 1 h plyee i making oo, this esl . cepettive pat
e that e can drtect wso sequenrial peedicon.

e depends on saur crhical pot of view whethe o o jou o your bos
e i equnce nfovznation. S s uokikly at bocs can gopsnre his infosen-
tian chyngh e obscrvation, i i syl conidered chesting

Howerss even dhough I ighe ot be enirl i, L can chancs the gameplay:
For crmpl, it s preiced e che gamer il go o 3 corsin coom a an vy
ot bappens 1o b i that oo aleads. it coubl ke as aabush positon. Ao, i3
Dot bt the gaoncr huongh saoe s n then loses sighr. i could “predict” he
ot that the player har caen. "Lhis vill makie plans mors cautions in choosing
e way, which adds 10 che acrcl aemesphers

Yhe smacr e s unelul iyt it w et pacans i e v of e
“aeles” To spply he pcte, s acod 5 “map”tha an b dvided into “rooms”

Tips and Tricks

G Lave seen bows 10 Tl « simple Locen of sequenial predician, and we sas
same of ics pracrical nses i games. By oss o prabably have 3 good idea of che it
waions in which sqentil prediction is weful, aad how 1o gencials 8 seque

Onoe s hae obrained 1 soquencs, the application of sequential prediction is
sy Howee, you gt sl experiencs some dilliculies st 3 proger implemecs-
. Tn thi sction, v presear same tips that will elp wich euning yous impluasne
taion of seing-muhing prediccion,

Portormancs Indloator
Whenzves the ssquence does oot contiin 4 tepettive putece, the prodicrion will b
e ar fessasbitrary. AS 2 sesuls, your game behaves randomly wheneve the
does so. In toany situzdvus this 3 fine, but sowcummes you would ik 1o know
wheth the prodiccion is grad o bad. For cxaenple,in a teomis game, i is peferable
o mteeus o e et insesad of ot randomdy avey the play field when the pre-
dicrin s bad

Lo yuu emecmber e implementation o ssig tsatching prvdirion? The algo-
Sthim zetued (5o s aod position of cveey substring ehae masched the il aod e
e rhis s ke predictivn. Sines o sulneing generally gives us @ bette pre-
dicrios than a shorc oue, e can s ch she of the longess marching substring as 4
perormance indicator fo ur lgorith.
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aresnpts at machine Yearning cesulled in atplayble ganncs o ATechat larned pearly,
fatall, Forall s prtcadial honiics, arming, particulaly when spplied inspproprt
il ca b v disster There aresevéra reasans or s

Mo s (ML) syt s o che g eseuns. IEebe 4 larns From
he hman playses play sl 2n incompetsat playse can easly miseduca che
AL

« M1 rechnique an be diffcl o tune and uwesk w achies the dosred e
Learmiog systes it s fungtion” 0 jodge theie suecess and el them
on el hey hase lexed. Cretio 3 chllengiog and comperaax computss
player s ne (g bt hev do yot pragrom 1 Bt onction fo “un?”

« Same. machine laming_thnologier—aeurd nevsrks in. gartuli—are
bimouly dilfeul o . st or debu

+ Finlly. thore e mang penes where ingame earin fuse dossic makc much
e T nea ot ames and bk e ssh ele-plying gmes, e AL upp-
cents seldom v ong encugh n ok ou i the e, much kv o anychiy

Besides these fssues, s faie o say that  laego parc of che problem has sprung
Lrony the ndustrys own e 10 apphy leamiog approaches corsetly. Dewlopes
v ofen stterpted o wse Lesenion co develop 4n AT o 4 basi lvel of campecence
b it could e antgined more quickly and casily with ceadiional tules based AL
approsches. This s coureeproductve, Machine lsatbing approaches are mase useful

] nd appropriacein sirparians where che AL entites accually newd w leaes sotucthing.

Licent: games such s Biack o White prove beyand any donbe thar learniog
appioaches ate uscfl and entorerining and can adel sinificane vlue 1  game’s AL
Lescning spproaches ace puwerful ok s o shin when tsed i she eght cnacere
The key, s ek & Whit aply demonsteates, i o wse Jeaenioy as o careflly cou
sidered compoment within % mlidiyered sysean that s 3 nombe of orher eoch-
niques For the many AL subeasks that dorst henefi Fom machius bacoing,

Pursult of Fun

\ Parsultof Fun___
| Nt of he dipasy besmeen g AL and nsceam ALt roma e
| godls. Academic. A1 pursies extraoedinacity difficult problems such as iudiation
uman cogniin and undestardiog catwal Lgiege, Bt gave AL i oot

"Ac ol th das s s  bsines: Yo have s et who pid $40
o your gume, aml e o s expects i bserined. T many g g —scrion
: e i pariulr i onpingly <oy 0 develop an ALt will cortenly
| ounce e plpes it ek « s Thi s “veligent” from thor Al per-
: spectise, but s o whar cnr ensmers hough the g G, Dz Blue beac Kas.
[ pura i chess. but it oevet tied o eeraln 6 oppanens —an asersion Kaspacay

bimselfcan suily condiem.
I sene, it shame that gune 1 s calked "AL” a¢ al. The tarm doos as nnch
o abscure che nacure of aur codeasors as it dows to lluminate i, i weretd o lce
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7 Goe Progumming.
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Gons, Charkes River Mz, 2000

[hcCuskéy00] MeCuskey, Mrson, “Fury [ ogie for Vi
ming e, Charles Rvot Media, 2000,

Reynolds9] ey, Crai, “Scssz Bebaviars for Autonomous Charscr
Prccedingsof e G Develpers Canforence, Miler Frceman, 1999,

[Reymolds00] Reymelds, Ci, laerection wieh Grous of Auanomoss Charee:
Tets” Prcesdingsof e G Deselopes Confire, Miller Ereema, 2000

[Woadsock0] Wondcork, Seven, “Tlocking: A Simple lechaigue for Simuladag
oo Bohunios G Prgyiming G Chasts River Madio 2000

o iames.” Game Pragron:
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Using N-Gram Statistical
Models to Predict Player
Behavior

Frangois Dominic Laramée
francoislaramee@videotron.ca

Yo ke oo moming iy sl i o a g
getting, pummeled by Stone Cold Steve Ausin. How can you get out of rhis
predicanent alive and hepefllywichout any unfurilia joias n any of sour lhst

Well, ust scsnding dhers Lookig Lelpless os walking, aeound in ciscles woutl do
che wick. And i all ikelihood, charging foll-weam ahead wsuil you drop will only get
you discabnseled qicker. Agrins an oppaneat uf tis caliber, deftnse is e least 2
imparcne s offene.

Howwerer, efiient defeun requitcs 2 ressonahle estimate of what 10 expeet from.
e opponat. Tn 4 vpical wacstling match, your oppnieuc will lly chrose punches
nore ofcen chan he wilperform corkscrew moonsauls. loweever, shat if e happets
o e ssnding ua s op canubuckle, ficing, asay From che cing? All of 3 sudden, the
probabiliy of 8 moonsauls bas climbed dramatically, What do yoi do nenw?

When designing computer opponents for & game, this class of problein, n which
event prolbilies grow or shrink acenrding tm local context and scucrues, can b
solved ting  staistical model called an N-grara.

For cxaniple Lecs sy that yuu a5 ping t predice which lerrer will come st i
the sequence ABABABABB, So far, 1 has hoen followed by A e s, a0d by T8
once. Based on obscrvarion af it sequence, we can conelude thac thz probshiliy of
sesing an & e is 75, shileche peobabili of a B s 759 This is exactly whit a0
N-graam does it observes g sequences of eyents, ideotfes sub-seyuenees dhas arm
segelar patteras. 0 ties o predice upenming eveats based on fs cxpericnce

g the N-Gram

Technically, an
peogries

o 1+ 4 robabili. diemied ayelic graph wieh the flloiog

+ Each complete pach ehrouigh L pruph containg exacrly ¥ nodes.
+ Ins given path, nodes 1 t N-1 cortespand 1o evencs i the pist.
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Aggressivemess: R Aviay!
Ot Healeh: 75

Encmy's Health: 25
Aggrevsiveneas: All-Out Aruscd

Conelusion

Yuray ogic can be & poweil 3ol i AF programmers asenal I an add depch
and unpredicsahili t your pue AL -k 1o the dismay of che Q4 depactacot.
FFLT provides a sofid base of codz that you are s 1o cahance. extend, and
improvs. Wheber sl lor rapid prororyping or 3 2 componsut In an AL sngine,
FELL cam save sigaifcan tions and mons.
Finaly,please consider conteburing any mudillcatinns yan make 0 FPLL 1o e
projoce s i can evalve and oches vau bencfi from yout conteibutions.
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Sorue of e bkl blcks that are oscfol ra ende up in  generic fskion for us by
creanurs nclide:

+ Finitesrate machines
+ Vurry.seuce machines

+ Fast randor namber genctacor

+ Simpls patkfinding

* Waypoines nd the sbilit 10 ek out che locarion

+ Sight wich tnable discancs and ensirunmen] efeut

+ Smellwih runable discance and emvisonsuenal flect

+ Hesring with ueble distance and enviconmenel efece
+ Avvidancs ol trger area

+ Avoidance of a subjece

+ Hlight from u subjeut

+ Emctgeney light (eun no and think latee) and recovery
+ Seckding a subjece

imlting rel animal bekavia 1 ¢ somaplcx problcm, bor when dune righ, o
w0 drpthyaud el 0 3 gare'senvirommen. Fhe compeition fr s Tl ofpeo-
gramming nanus el is very skl and eperisoced. Keen obseracion and a sense
o e pesesptions of the et sulizce e duportan for scces in chis endeaor.

s used s pance Sl e chrce brond caregoris: smbien. auitls, s
ndary aimats, and primary anicnal. Animals in garas should not e up being a
disracrion or muisunce, anl uced 1 b vely carely mads o blend with che e
sonme, This can beachicvd by dlsly imlati rel anial belisio. Asimls n
games appear e et when ey ot oy iterace ih the player, bar ol vith
other animals in e eoviesus

‘Most anbloae aninals can be programmed it sople st foormation and
cancdommurmber genecators. Vlcks of b are ey  suake, bt i is hard ro moke
hem ook . Socne o the s precenced in ths aril weee wsed t0 create
vy sl Do ofbids i the disance in 7inks 2801, Primary and scondary an
i nood mors comple dira seuctures sach s st dachings. Primary animals
hould be given a full atsy of sensing capabilitiss  tha they do not appear o
Qisaconioual sid ol They s s inersce it the emvieonoen i which they
s, i e ie mandacue . e it i rich it s informac,
hatthe animals cus s, Fieall cser sing and unahls paramizenswillallos o2 1
S he ams 10 perfcrion.
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betsseen ke, Oy ancicpate on a smore whear e performuance iudicator I collig
ou char the preicrian nnuse b righr—rhacs hows hmans doir

s ofsn the case wich machine Learning techmiques that are st up for e gea-
<ral e, the dillcult et wich sequntial prodiceion is oor rally impleenting the.
exchnique. bur makig, rhe cechnique uschul In this arcile, we aried 1 focus on
e practcal spec s, and e the evhtique as szople 2 posible. Hopefully, you kv
leamed whan pareern wecogriien and sequentiat predicrian are nsefal. Perhaps you
ven huve some ideas mow of hevs o e Uhem i yous e games, Good uck!
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Section2 Useful Technlques and Speci

tzed Systoms

The igger T is 2 nique i e the
wrigger i ugiersd. This 1D allows 1 ugger 1 b el
e i this el i egard e ccmaving 1 igger.

Uhe sueee 1 s the 11 of the gume ubjec. (hat rcuel s wigger, The saurce
vight b3 clasarter thar firad 4 wapon, o 3 lncine thar explnded. The agenc that
respancs t a rigger mighe need t knuw sho generaeed i 0 that i 40 equen fr,
o run dsely away from the souece of an cxphsion.

“ach rigger s 1 puvicion and rads i the workl, 4o ageun will il 1eact 0 8
eigger it within e geer’sradius, Many wiggers a saric, bt some might -
‘imue 20 move through che workd. I the boynanisourca-os g is et 0 wue, chis
suenifis that be tcpger ¢ moving and nosds i posron 10 be reer every el
his i, o moving tanger 10 repimer ome i, imstead ol Kgosring  wow
wrig ery e o tuores, Au exsopls Wght he an FnamyNear rrigger, which is
nnended o alere an agent chae an enemy is in s proximity. i trigger’s position
s o rack the pusicon of s source,

Tigaerscant for same speciicd amenine o tms. Fach riger s stemped with the
ime it way cresed. 2nd the e it should be delted fom the world, T the o pro-
vidud, vime s sz n milscconds remned by che Windows mulcimedis tiener's
e inn ) fncrion. An espiracion tene o zevo meaus har the wgace st for
v, or ol i s emoved framthe sysem by somerhing, oeher s timing out, For
esample, i agenes axesupposed w pull  ever when ey come near , e leves can
regiser # nigger thar never cxpives. When the lsver is pulled. the stmulas cun be
emived fea the spseem.

 axigmed by the rppes e st
e, hich s s

The Triggar System

The eipger syscemsisef i 3 class thar storesrecords Fosexisog Liguzs sl provides
enctll T regirering, removiag, el upding rriggos.
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FFLL AP

s hls amice s ot ncended 1 be che PELL documencasin,onll the AT Runcions
hat ane used i che sumple progran (Listng 2.8.2) aee Lsted with a beic dacaipion
af cach. For fall dacumentation. sce the FPIL hamepage LAPIO1 |

Why an API?
Vors et he vonderiny, “shy bocher with s APLto FELL when proggammers cn
sucess c lass divectly— why add wore oo 1y BFTLE" The. AP is for develapers
b vt o e e precommpiled DLL ssulfor do ot want 10 haport dhe lusses o
ek application, Iyou ass vsing a compiler vher than the one. LI veas buil widh,
et enight b sverd confusiog iepn o dupoue die Rbraty corcrl,

Unleode Support
Ay Sanction tha et st 35 pacatetees vl Bave boh an ASCIT and wide-
characre wewion. 1 sitoo is debmed when you compile yout application, e
wido<harsotee werson is caled; chervise, the ASCIT versio s caled

AP Functions
Toble 2.5.1 s che FFLL AP funceons e i Lising 2,82, For he ull APl dovc
meuason,sc e FELT Lomepage 1AFIC|

Teble 204 Seversl FRLL AP1 Functions Used in Lising 2.8.2
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nc The inde oF e mock loaded ¥ sucess or— TFror
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Tengeh of e envive sxuence). bt for suing:marching predicson, eis valus s nevee
needed. Fheccfore. Lzble 1141 indicates i e do o car bt

“The firse o sdditions o the sequence ar self explnatoy. sines the letes e
amique in the sequenee. However,things seare o get interestg at N, We aid an 4
10 che sequencs and e find an accurrence .4 o1 index 0. S t s ot preceded by
e former bve clemenr {ecuce 5 that i s N2, weset s ach sae 10 1.

AN, we add 1.5 o the ssquence. We find 3  at inde 1, preceded by an A a¢
e 0, which happens (o be e fotnicr L, clemune. Therelor, the march s of
i Bis 1 plusthe march s af his 4, fra raralof 2

A -5, we add anorher B o the sequence. We ad two oruerences af 5, ar
indee 1 a0l 3, bie none oF therm ar preceded by the formet ase element. Hence, we
st the vz sies ol chese postmences o 1

B i, you probably nnlrstand shat happens 4 V=6 and =7, You van st
e doe ratchy sizs define exacly the substrings that macch the 1l For swing-
suseching prediction, we jusr take he langese substing chat tuathescae 2l and ake
i suceending clemen 25 che predited sucosssor of the sequenos.

“To e preyives seions, s gined the ocinique hehind sieg-atching predic-
o Yo s s cht iy vt 10 sppl segoentl predicion. s e st
sumcliom procuce % squcoce. In 3, indiug a ay €0 generace 1his sequence is che
oy difficnlr partchat emai, since the rest can besulved using standard techniguss.

I thi secion, sec will aat some pracrical czamples rhar wll be presented io 3
comstracrive mannes. Frst, we try e identify som reperitve behavior, Next, we satk
2way o g his hehavior ooro & soquence of lernencs. At his point, our game i
capable of generading the sequeace. Ve will discuss how soqueoril prodiction wil
afce the gameplay. inally, e will pencraline chs repetive beliarior incw a cluss o
problemns that can be solved using e saus techaique,

Posltioning Pattern
In a dassicd tonuis game, chers e e rennis players. Suppose che AL contzols une
playen and the otber playet s coteoled by buman iput, To avoid confision, the AL
phayer s allod hue feom now on, and the Fuman playec is called gomer.
ur s s to el the bebaviot of the bot afte che el tenmis pros, We are pas-

iculady interested in how the cennin pros chouee chrir posidon, Then: are two wll-
o Leusislos: dae B b 1o etz o (e centes ofrhe Feld afeer cvery veruns, and
= socendis w move the position whete the balt s expeuted 1 go

Suppase it e bt is s, o one side o the e ied.Tris advanrageonus
flrthe gamer to play the ballco che ppnite side, because tha urakes i lard or the
bo o et the ball, I e boe succods i scrurniog rhe ball nonceheless, i s stand-
g o 2 side af the el again, and Lhe sum resoning can be repesced. Ths i the

ot bebaior e will e
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s snch a5 Tosn vhac producs dicrer code dependeae vo the vahies defined
dwing vornplation [MSDONDA]

Loading a Mol
FFLL can o flks i the Fuzey Gonrol Languuge (ECL) a¢ dfined in dhe [EC
SLI1.? Lntervationsl Standard for Fuzsy Control Programening. See Lising 25.1
o am example ofu FCL G

Viewng  Matiel
Craring and debgging & fuzay toodel s  diffcalt sk Al you can sisnalie what the
Fuy varables and et look ke, Whike FF1.L does nor peovide any buili-in siewing
cxpabtis che FCL format is supperted by Luuder Than & Bomblk Spark! furzy
g editor A fce verson of his progtanm. caled Spack! Viese, is vaiable an he
€D and o the Web [Landerbt

Exportod Symbol
FELL can be wid a « lus Hbsary andior through an API. For clys library e, die
<FUU_APE wmacro denrmines hue casees e expomed (il v is compiled a5 4
DL s the "standard” programming method of condiionil curnpilion

vitdst _gTTIC T
Vaatina tHLL_opT

iy

Viaer e ens

soe-ine FHLL_APL _decIsnenal espart)
iy

VasTine SHUSPL _uoelspeniail iort)
pen i nst _STATIC T2

e percers is defsed,cnest of the classes will be apueted, llowing develo:
e o sccens the dases dirccry and bypis the APY functions. Thosy clascs are
exports wring _dacLapec (allegort1, a mezhod of sxporting chac is ot suppoticd
by all compllrslnlers. 1F s define_STSTIG L1, mo imporeing ar cxpartng uf
clases s prformed.

“The FLL APY fanetions see expottod ssing exzorn 6° and a def e, This i the
pcst generic method and svoids any ne nanghingldecoration. The def ffe alsa
lows saplicily assigriog crdina) vabes o Funcions, which asuids versiou conflices
s s APY fanctions are wlded to FFLT

Lisking; to 3 DLL can be diffcat i yors using » corupdler ocher than the ooe
the DLL was buill whh, Check your carapiler’s documensation and/or the TFIL
iomepage o rips o linking with e FET L. ibracy.
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Simulating Real Animal
Behavlor

Sandeep V. Kharkar—Microsoft
eltoro_the_deep@hotmail.com

1 animals or resl-Lfe catides huve been principall used i il theonedaal AT

vorkl 0 prove cancepts, e idess, an sgorithms. Reoenaly, the concept bus
sy crzpe into guoes o well, They can e seen i games in the vy basic form
through ying birls, Austsring hurerfis. nd an oocasional pgeon o chicken. They
sppeatin 4 slghtly ot danead fore instacegy games,and iy 2o acennare nd
tealisic orm  prey n varivus hiuning simulations. Most examples of ese animalk
are ot sery Ltk i dheir hehaviar, nd tend to be s distaction tacher chao helpiog,
o farher the suspension uf disbelief

This anics discuscs che lescons leamed while adding sach endcies tn spoces
andt hunting games. We clk sbou the difereer s of aaimals that have mojor and
i xlcs i varcs genres. W lio prescit oo steacegies for iving these auinuls
a lfelke feel, progrumsnig suueus thae are icable, and some basic building
blocks for svery tye of bebavior

Thie it ching,am engincer s do whes (eing o roreane amimuls i gaone b @
study the competiion, This dacsnc mean uche gasnes i Vv imir cremures—
e rendcormperirian o ebis fied s ctch smarter and more veperiented: waes !
Yoo st telize thar you e trying o imilate atuce i your gaine 2 recrests the
expericnc the player hos had with real s,

S, go aheae, Taak our e v 3t ehe flocks of binds fying, around, go
o gacden and obssrve e bugs and dhs Fummingbinds. Go ona hiking ot hunting
i with youe buddy and experience it ot yousscl.

‘Newt, seseanch e prcceptions o the penple who inceeac with thes crearurss i
he ral vrosd. Read books, go to Web it abovz ourdoor actvities. of watch latod
meria coversge, L s ust a8 important o et a feel for your targe audicnse’s percep-
ons of the snimals anl reated] actviis. Tven i your game s scientfcally utcost in
portraiog; n aniaals Bhavior, F the target sudivaecs perceptian s diferent, you
il e Faled.

a0
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Section 11 Learning

Updatassquenca HextELssent ) ;

Updatenstogranuextele

Formeriastelenen:  NextELements
ke 4 07 atioticn

anvatongaze - 0) {

Pracistion - Sequence NakaTcaroRLEion + 1] Elsnent:

l

Instead of monioring dhe < soquenos—hich could grow infnitcly lasge—
i is prefersble n we  siding, window t monitor the mos rcent par of the
sequence, ey, the last N s,

This approach has o advancages. Fior, i allews s 0 s 8 Fxedsae axcay,
which is more coneniene t implement. Second, the peedinior will adapt more
quickly when the Lehavior of the sequence changes. A disadvancgs is shat e can oo
o dences patcins gt han th siz of our indeny. |ence, e mast choose &
careflly. Check oot che source code an the L fu the details uf the implemencarion.

The Algorithm at Work
s ime for 4 exaraple ofth seng:matching algorithn. W il canside th hinacy
saquence *A 1.4 B 714 5 which is eneraed incrementally: we scurt with e cnpry
sequence, nd graduslly add levers, The resules are shown n Table 1041 £
denotes dia we donit carc bt 2 vlue).

Detore o adel  new e, fise compuce the match izs o ol esusrenes of
this leter i the sequence. Afer that, we acall add the leter, We do this o provont
aving w compue the mtc iz fo dhe Lt clment in cheseqence. Accordiog ©
e defniion of ravch iz, e should sce the mareh size ufthe as leamenc 10 N (e

Tablo 14.4.1 The String-Matching Aigorithm st Work
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T Nesr_saath 3= 10, 01 10, 1) (83, 9)
TERM Good - 14, 01 {59, 1) (83, 0) 5
TERY Excotont % (50, 0] (100, 1) 1100, 1) ;

e Lz TFY

FUzaLFY Enemy oaien
\Enw asar_daan - 10, 0] {0, 1) (0, 9 §
OB G 2= (14, 01 169, 11 (83, 1)

TERW Ercellert (2 (50, 91 (190, 1) 119, 0) ;

e FizIE

Hazirs sguressivensss
TERH Bun awy = |
Yem #2gF% Datansival
[y e

eno Fuzzrr

SEFRZIFY v
1400,
e DeRUZzIFY

AULEBI 66X 1inar

s
sccomi;
RILE 0 IF Good 4D Goun THPK Figns perens valy;
RULE 11 L Gucd AKD Exculiant THEN Fighe bure~aively;
RLE 2: 1F Good ANC Near_Daath THEN ALL But_Attack;
TULE 3. IF Evcelient A Cood TPEN ALL Dut Attack:
2 TF Ecellant i Exceliatt THER Faghe Datensivaly;
51 IF EuceLlent 4D Ner beatn THN ALL Gut Attack;
G IF Noar.Dealh AND Gond THEN .1 Away:
75 2F ear Dot D Excat et R Fun sy

RULE 61 It Hearbweth AMD hea:
e RALSBLOK

Dekth THEN Figne Deranssvey

0PI 10w 31000

his emudels vwo iupra vaebles [ Ocr Hosdsh and Fey_Hoaleh)ave graphically
shawn in Figue 2.8.5. The eunpur variabl for chis model is Agpasioencs (Figre

e N,

FIBURE 283 Eeahsariabes pcifi o she FCL e Liing 2:8.1 with an inps
oabe of 20,10,
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Buge

In an vurdoons sectng, bugs are inoviahle. When used subtly, they add chacaseer 10

the exviramomcnr. A bulterl or Links 2007 was cresned thar ses 2 loe of fn and veey
Fhots e same observaciaos ahous bueries

They never lyin a seraight ine.

They doni dbwas thy their wings.

When they-flap their wings, they dorit v 4 full boar ¢ bids do.
They ace atsated towad cartin ahjecrs.

They rry o wid any moviag enciies,

Vhey usaally sey s Hidiod acs.

AL sy cules helpud 13 ereace 1 il random nurmber based busiatly entay
hac s vory [l and deeddepe o bantiil but e s golfeouries. The
buterfly kept simple st fnforiuation and decided an it next couse af axion by
e oll of che dice

imilar observations made sl odber Ltk ersatores can help penerate simgle
sulisets Whess combingd i 2 random nambe genecator,dhese rules can make far
inmeressing bus.

Sotitary Animate
Seliary animals can b used i both onshaor and wrban sevings.

flying eaghes on siilar isds can Juss he circing cereain aseas of your oni-
Lemiuent and 3dd same e ra e

+ These bisds Hap their wings very raucy

+ “Uhey o lrom e ac o cthor anfy ra carch upreasd deafs of wind.

« They irck the ara sy glding duwnard,

* They can be muale 1o huerset vich ground-devl ereatares such 3 s or chip
ks

Those sniries dont really need mach programming, cffor unlss they need w
faceract widh other ambiens crearuses, They need ta bave senple stae uformarion
and locomocion:rlatee] ol 1 they e G fotersct st ather craarues, theo chey
avust have gresterakill that allow for huning, and survival

‘e orhor sering in which sicry snimals o b wsed i uhan smvirnments
These animals can e pipeons, chiskens. chipmunks, 75, or other seminlomsicaied
solnals.

These animals rend f0 seay i Fmited aren,
Much ofcheir el are disected caward Essding.
They ene o be ey comnfortble with human presees a0d ate o casily screrd

+ They will mainsuin a sale dituae and only depare an area iF putsued.
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W can particon e play tcld of our bot ino imsginary blocks, and asign cach
Elock e unique numbsr. The mapping fncian shar v e m genere he squenes -
enenis s soples e e bl s s  block, the e o his bl i s as
the ot clmunt of e sucoce T casy 10 s tha the reslimg sequence sbibits &
eetiive pareer i the hll s epeaely playel fom i side o the cher side.

Fows il s e A1 alfec gimeplay?  he bor reacrs s simple partrms,some
intusesting itsations avbe. For example, i i bot s in block 4 and expectsche bll e
50 €0 block D, ynu conld scc the bot tumning from A t B, sven bloie the ganact
retarns the ball. Since the patcerns thie the Al rerers npon e ofien simple, the
gamer can usnally recagnie this end uonpeusas by Leconio e prediceable

b pusioning parirn an b s in many aths sivacions s wel I generdl, e
s applicable fur predicing the pusicion where some “obiece” willhit 3 “rface " This
e nccurs in many Ll s, For sxapl, i 4 bssbll gane, you cookd e &
o predic pitch choices, and in a saceer game, che kocper oould use it o predict the
o o jump co duiny;penaley shooring,

Anticipation Patiarn
In s fighting game, yon b acions such as “Kie,” punch” *bock” and s forth.
Gamen: eend e base frvorte moves, which thy e more fequonty. Bors could anici
pate che move withs sl predicton nd respudwich ehe proper coumterenoves

T mamy Gghring games, bots block a the rime the gamer presses an action but
on. [t wold be much e fun f the Al sucessstullyprodices ehe plyers e enove
and veauss fore the actions buton is presed. OF cours, sometimes the praicton
il b crroncius, e thac sorrespurads w Gaulty awticipaiin, which makss dhe AL
appear more realicc.

T sou can predicedhe ot player action wing patiem recogaitinn, you can aba
prever ganis fom kicking i bots uncutscious it us sngle ype of atach,
You eun foree dhe gamer o e all smack movss, which makss your game mare
ivesse, and adds o sense of chullenge, since the gamer exnnot simply defeat your hors
ith » fingle mave,

o apply sequencial pesdicriem in this siuatian, v rumber all passbl p;
accons. Whenever die gemer pecforms a esrain accion, we ke e number 25 the
nese cement of che sequense, The, predicta dhe nest acion o the guner Lok
o o predicing the nest clemene of hs squenee.

Tl aicparion piern i wselulin *close combat” game sicuations, where you
e o predict 2 “neat acton” 5o that your AT can perfoem 2 “coumeraction.” Cluse
combe can include sword fights and even mage ights, when: “counteracrioes” conld
e wken o be comteespelh,

Tracker Pattarn

1 youve ovor played @ muli-plaset listpesson shoviss, you probably kaow poople
who have 2 syscern o picking up all the ammo, medikies, and sa foreh. They sheays





index-57_1.png
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v AL

i Acdon bl s dmibed 5 pueully vell saced 1 suoion scres han
Mo parcal-hody animarians. Parialbordy anisaarions allow s charscter o pecforan
malliple awtoni t wnce, For exanpls, 4 chavacter v contirme sealing st e knwer
iy il i upper body anienares an sk or eacior.

here ace vasivus ways the Sction Tible could b adapned o suis an animasion
sptem chat oy alovss ull-body animations. 10 a Al body anisadon sysua, e
mighe sed o be snother level of runclieg, o sl actons o be animated dpend-
g, the charncte’s mavernent or posture, For example,dheze might b seputare i~
mations for atcaking while walkitg, aud acacking whie sending il

o appraach could be ww pack twy emwos tuw e key far dhe sccend map.
Rt keyiag o by the Camacn a-, the st 16 bics conld be the Enumsction,
wad e sevund 16 bits ol L L Eeur 50521 o Anarher apgroach cantd he e key
off3 cuscom st helding,several emums for action, posuts, moverment, aod ay-
ching: e, 1L mape allow usess 1o upply theis own Sustom Qamparisan fanerians
forsmique dacy rypes ke tha see deceribed previauly.

: Randomigation

Randonsiarion is 2 comman tequiremen of an imarion yseee for 4 game. Chte
wates typically Luve several s, ks, aud resors, 30 e Inak more lifelike and
less reboric as chey animare. The Actian Ltble cao casly handle eundorizadon by
halging Lhe ACTION AN K37 Hrom an STL. puap ta 2 mlrimap.

Far the mase pare. ST malimips ses deotical o maps. The diffceoe b dae
aulciantps allow fo duplicae eys. This means thac th dars can contain sveal it
Grsne animatinns for the same sirion wnd coudition, The lulinap providss 2
ot fuction o Gad i Low ey vaies sbass ey amd 3 1101 Eunceion dhat
et the st eseor corresponding w the spreiied key, Fers s an csample of
<auning e arany anienarians march an roumasi on, and rndorly chuusiog onc
R

4 Gat mumber 3f sninataans Listos Sor this sciiys
PActionarimiap-»oo.nt Az 1

Long nlulex - Rl ibount |
it = setiacsnoan- Findl sAction 1
Bt 10y o i ban i
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Tl use o suimils in guemes fills it ehree wmsjor canegorie: fise, aembicn anioaals
nsod o cnbance dhc cnvironment afthe garne and give It more live” feel. Next e
ondary animal, ke thass in sracegy games dhar bave sams player inceraction BUf arc
st e i o o the e, Finaly, primaey animals like hose in hunring simo-
fagians that ac e priuaey focus of dre gocae, This secton of e article discases
some of the amienls that you can usc i cach of these 10l

Ambient Aniensts
Ambicnt aniosals ace sed w eshaoce ch cavironment ofch e s ive it more
el el These aivals e noe relevane doring gamsplay: Hosvevs,chi presnce
s the eovironroene sl mor alive and ich, and rhersfor: mo: belicvsbl. s

onpoving s overall inntocnive nature of e ame. Lepending on the environmene
of seur game, you can use solary or locks of bieds, ying insecs, small anjovls such
 squirehs o rars, o fish in auedonr ar indaor sertings. Ading chese arbicnr ani-
s will e o garoe o elievable o 1l & cersin richnes o the eovieon-
mene. Making hem insract with ons anorhr can add a whole new dimension to
your game.

Secondary animals have 2 linitod amount of inceraeion with the player They play a
parc in gameplays but ae nor the primary focus of the game. Thi earcgary includes
il chat a0 2 3 resouree in 4 edlme sty game, o i @ ecene dnd more
innovatise game dosign, the aninuals in a z00 simulacion. These animals need 1 be
icelipene but alo limited, so thae the nscessry interaction it ham doss nat
ek [ ey [ the i e play. T ypes of anivals that can be s fox
his earegory are limited only by the game design.

Priemary Anlals
Prisey snimils e the o of the garms and bave @ diect etion o che prmary
objscivss of & gams. The choices to this chs of aninuls e apta depeodea un the
gome design, b che ot forcraring & nly il xpericnos s phenomncnsl
Thie sl e ypiclly s i hunviog umulstions dhe have ety been wildly
populac in certn demogaphics.

How They Behave

This sction presenrs some ahwcsarians ot rsnt il fam dipped dles,
g i e s foreclancements. Ao presented resome programming ide
ussd 6 ousen s observtives inso . pane i,
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95_Gomare o for Roplays

+ Special cameras such a¢ the enswe, sl rame. and chase and Fll o shinld he
ined gpuciagly
+ Special cameras should never be used ome afee the orher,
+ Follow camutas shold b sed 2 lor and serve 3 beearhers berween viker
+ Neverswilch frun une llow camers wariarian £ another juse djucene w i
& Tsc pan or ok back cameras t showr the subject in elation (o other actors when
e oppartunivy ariss.
+ Every comera shuld know wli cunsrs w swilch S0 in case ir boss sigh of the
. ahjocr.
* Some cameras luck good i qucnos for casmple, a right il 1o cirle o e .
+ Scquencss thatare appeopriate for e purticular e 1ype sbauld be found and
wed.

Tosls for Debugging and Tuning Replays
A1 progsamensns have fust secemtly sarced paying, acrendan ta tools. The realisation
e good cools make grear 41 has helped improve the quality of both (ool and AT
Given that the ceeaon of seplys L S0t of a art tha a science, che programnel
e provide ol for an artis ar drsigaer 1o play with, Hoee is @ lisc of addicioral
ool that out can add o e arsenal 9 ke it sicmpl 1o put cgeer a geeat reptay.
engine:

e bl ol st s g and 0 o e s wis e

Tkt il o lch the ik of sy .

Uiy o s she s ad el et o s core s sy
e o ot o AR, A B e o s pper Y o
Olsen [Olsen00}.

= Tty o chngs s v ch el pasamt f e s e 31

+ Thnaiioyto sl e sy of he s whil g h e ofh s
o oo

+ Thxaiy o srcashors of o et e Usakcg il il v you
e

T S 0 s hic camers o e, cae s g o wrch

TS Koy st s wichsered

Canglusion

Repiags i 2 e o apporatity  doecse 7 graghics nd acrion by seelly
g  scics oo vews nd aniions. They b allow playens @ e party of
The game g tha they cod ot duing el ganacplar dding o he e o e
gane.
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Sostion 11_ Learning

same, except fix e tall We ey 10 <xploir chis consideracion o obeain 2 better
sahrion.

For chis ason, e take a closer ook 4L whic bappons cxaely whn we add a new
dlement 1 a sequence. Suppase that out eriginal squsnce ends with the leuer 4, and
char e add he lecer B Tigare 14,11

match size =X

wld sequence clB] fals A

newsequence | C| B] | A B A

i 1

mawchsize=1  maich s

=X+l

FIBURE 11.4.1_ Congasing new mtchs hted on prsioss masche

Mo lee's consler all substsigs that march the el of the old sequence. Ohserve
Uit Uhese sabstrings st end with the lscor A Morsover, sach substrings exise or
every ocaurmsnce of A in the squence. W difine the masch sie of acuctence 4.2 the
leageh of che logess subscring ending with accurcence A and macching the il of
U seqence,

Suppose that e knews the march sizs afll occurmences ol A o due old sequence.
Canwe use chis information o compute Ui st sz o ll occurrences of Bin the
aew sequence? Yes, we can! Trke a look ax Piguee 1141 again. We discinguish two

+ An occurrence of s o preceled by an occusence of A
+ A occorrence of B preceded by an sccarence of A,

The ot e i et 1Coe i a cxcaeonce of B chat i noe proceded by a0
ocruwrence of 4, it march sz s b 1 1€ o don' inderstand whis just compare
s s i th il

Can cxcurence of Bis presedd by s occaszence of A, things besome  hie more
complcasd, Honscnr singe st arc seumed o ks the macch ses ofall ceu
rencc o A, s ot hat diffcul. Remember thatthe minah s wl 4 s (hclngeh of
i tha matches e 1l of he old sequencc. We can cxend ths subiring
‘with the Ltss 7 10 abesi  sbsring it meche the new wail. Hence,che mach
i of Bis E phsthe march e of 4

You mighe be wondeting whether e same rles apply €0 7 i add incead of
B T s b 3, but then he dinceion i which the occarrencesof A are ta

i impoream. Since s rowmie march sbes e smeinis iz utc s
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Section2 Useful Techniques and Socialized Systams.

FFLL Foatures

Wil thee s no subste for uking theough e cods,disseccion Bighlights e
aFthe feaeures of T

lass Hierarchy
The Following chare shows dhe chss Biscacchy of FFLL:

- FrliBec - bl
ZumyModetiase DetumiOt
FuyVrtablebse ~COtDeR b
Doy Ouvidbe —MOMDefarOly
oyt Dnsa0h]
LofrarzyOursee XDefurSer 7
MeaberFuncBuse MOMDduiSOh)
FMembofanesGrse Ruliay
Chtembatuncsingle
MebeFuncTiap

—hdemberTuncTri

Membarship Funotions
Fucsyvariablesconain seos, and sach set has o membership fancrion sssacire sith i

Tl ractabersbip Fouvtios delies the et shape and i wsed 0 Gszily” e vl o
ehe variabl by ascociaring 2 DOM with aa  value. Whilk the most commot mera

bexship function wsed in furzy syscems i a rfangle (Kl Yaan0]. TELL providss sop-

port fox Tiangles, Trpesas, 5-Curos, axl Songlom s oo i Figae 281,

FIGURE 2.0.1 4 variable showi the fou memborship funcron types woailable in
FRLL

I i worch notiag that the § Cerre memmbership function i not imited 1 bell
shaped curves, and can epeeseot ey complcs curecs as show in Fgusc 282,
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The Mtatrix~ Camora

This i an sential casners 7pe populacied by che movie The Mab: The camera
s same ar all of the actnn. pr slowes ic down while ic Srles azvorad the subject.
Uhis camera gites a vty dramaric ffect and shonld be ueed when the.subject is doing
someching specescular. Try  use i sparingly, maybe fust once ductg the et replay.
Gircta Camero

“This waera t7pe sowly crcles the subject while aaking at him. Te s deal fr 3 s
sexens porrion of he replay,or w slow thingy dowe ater an action-packsd seguct,
Tecan sl b sed 3 3 ansiion <amer o g fiom o side of ha layer o snother.
Iftto tighe or front 10 back.

Stilt Prams Camvera
This camsen 67 sl been popused by movisand i sther virion of the
seaic paning cmers. Ao the bt pses by, e camera pauses the aceion 4GB
farintesvals simalaring 2 squence of phocograph being takcn. Visal et such a5
black-and.whice framssor comses shucer sounds can emhance the effect of this ca
e, This cumers shoald be e o onjunssion it nonplage acors i rhe cene,
ke photoggaphers a the sidelnes o sporcsevet,

Gamera Placament

Camera placemens rales apply w eeplays rhac are based on a Fised seage where e
ackors ae v o b s et cunlie, Racg an e ricks e dcal i such
placemant. Camersscan be placsd saegically atIocaions that re kel o see partof
the sction, such as s 2 eactzack or ol posts on a spurts ied, When he s
e comes s he eange ofthe camera, the eamers ol be actvaeed
whichthe player cat g smywhiens bave  wuaghe job of plciog fised cameras,
Canscas shonld accasianally be placed where more than une actor i visble in
. whike adlding 2

dditon to the subjec 1bis give 3 seose of prespentive Lo 3 5o

pice, cinemaric ouch.

Gomera Switching

This secrion includes some geneal rulks for camera swisching in racing ar indi-
idualspors it thac have b lesrmed Fram experience.

+ A camet sgacnce should ot be shoreee dhan Lo scunds,

+ A camaer sequence should nar b longar than nén sceands.

+ 2 camers witch shonld never cut o the apposite side of a player, becuuse this s
very disecicnting,

* U subject should abvags L visibl in 1 sequense, ot these should be dhe sncci
‘sation tharthe subject is bt 10 appeat:

+ Anticipucory times should not exceed two secunds:

+ Traonitions frons v cankess to ausdier should bo scaaos. eicher insranty or
hrenigh § proper mansivion @ svoid visual ‘pops” i che replay
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15.4_ Pattern Rocognition with Sequential Pradiction 87

Not ol patters ae sepreiive, us you nulgh cxpeet. Tlewes, most pacrems are
Fepecicivs in macure, and can be mapped onra a ceprritive counterpart, For eampl,
ehe seaence 1 2 9 47 van be oapped o "1 117 by aking the diffrcncs beeean
cach o successve clements. The lrce sequince contans the sepeccve patieen
‘herefoce, it Uhe scape of s 4ntle o Rptitive patretns docs nar mean shat
s are cinable o seengaize arher ypes of pacrern.

Baslc Idea
I general, thote acc via ways 10 e soquenril predicsion. You could ceate 2
stariical model hased on che sequence and e this modsl t praict 3 successoc, ot
you could wse 3 techinique <alled aringmatching predichon. ich seingmachiog
prediction, you simply search for the longesc subsering satching the il of the
seqacncs, Onee you have found this subscis, you fake is accossor asthe prediceed.
successor of the soquence. For cample, enndider the following sequence over the
binacy alpheaber 0, 1f

$00161 0100001000110

Toprodicr the smecssar of this sequence with sting; marching prediction, e
ool for ehe longest substring that matchie the all. We do this by raversiog the
soquencs from dghe 0 e, and once we find a sring that macches 1, we ik 1Tt
s smstches loger puts of e il Bhe "0 %, %1 0 1,1 1 0 1% and s forch. The.
Ionger string thac e can find in thiseay 120 1 1 1 1, a string of e 5. The suc.
cesrar of thi vubstring s, herefore, st matching prodicron vould tot s thor
-7 & 3 weasanable sacressor for the sequienes.

Note that e substcing ol by sctng-suatehias prodiction can inclide molri-
ple accercnees of  reperitivs partern. Sequenial prodiccion does poc feqalre tha we
Lo te esact Forna of the pattern,

There exivc poverful sisial prediceurs, et ey ax oféen conyples s roqulie
Bt geasp of probabiliy caleds. Tu che lucraeare, suatisica guedictors ars afren
called wiersal prediceors, bocause ey ace designed for acbiceury sequenes. W you
skl ke o knows o <o thess, cf s [Morlzards)

Tor our purpass, the rocogirion of repericive patcers, sring-marshing predic
un suffces. It exsy o sew that this lechnique works welf ith ped parterns. Ta
che e seceom, e will s h w0 implement string-matuhing predictio,

& Botter lden
The sring macchio algorshm discusscd in e previous sectian can be implemenced.
ax s, bt that solution has & running dune of O It pesfornus porly when che
sequinice contalus it pasters, Sincs our goal o derort snch patrerns.this s
o saisfarary.

Howsver, we can rake adeanage of the face that e sequence i gemerated incre-
mentally. When 1 neve lement is sdde to the ssyuence, Uhe sequance raains the
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Saction'® Racing and Sports &1

Plyerscan o merst i 3 replay duc o cthe fustration of boedosn. All
s playets o contior cousellg the gome dusing the cuplay goes kg way reard
viding frustraton. Peventing horedors, on the atbe hand) sequite 3 lot of vt
work, Creang st paced vt eplays s tat the feaue vl be
e ften, and isual e e he eplaywill el 1o kecp he plyers meres

Vi where a buge asenal of cuneta types and varatons, coupled wich  solid
Iulebased sy for awichiog Weawcen e, storks cally el This arick pre-
sented many camra trpes and soe povsible vaisionsfo them, long wich deas fo
how o cuh s dhetn, 4 5t of et pugose 01 ot swiching berwcen camerss
e sl provided.

Creuitg exiting replys i an st ncavot, o g 2 gooed 1 oF ol thar
il o an i o designer fine-tone the replays i e, Some of e vl th
you could Fod wesfl i creatin aml - o el wese s prosvoned in his
i

Fially, dosc be sfeid to expecmen it ideas from muvies, music videcs, ue
sports coscags. Thes e ctesed by poople who spend thleentis (s dedicred ta
lmmalin, and brondcas cplays. ¢ pays o scudy their wark and lsen o

yimg 0 resent i youesl Afcr al,youe replay cmerawork il b
g dirccy agince profional work, o you need l of e insighe nd ecpertne
youcan g

renc

Devondt” Uiwion, e, “Carns it Reciniig and Phylac
anming Comt 5 Chals Rser Mioha, 2001

M8 M, oph V. The Fiv C of i
Fiming Techmigic Sbnanclames P, 1598

C0endDl D, John, S R Tome S s Tn-Came Dhugging.” Gime
i G Chaes Bies ol 3000

00T Fal i, e Nector Cameea Gome Pgpurining Gons, Chicls
Rivs N 2001

Miegiat0l Teia IL. Dane, “Camers Contol Techiques” o Pegravming
s e Kives Vind, 2000

opaphy: Motion Bicte
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“The deetiog concept behind the mavo s vy busic. e eaenlormation i s
il ot of oL sround the i sach har i ends i the deal ecror (043
degee tage, indicared by che shadad arc in Vigurs 27.1)

in,)

EE]

FIBURE 2.7.1  deal secrar and ransformatins

Each ol (e cight secusrs possesss o nique combinacion of thee binary Gsics
Uhe relatianship s dscribed s 297 £~ umber o getos To 2D, this squatests
25 - 8 and dis amiclewill not g heyond 2D The rais are descbed by the ol
ing comditionsl: e > 0,y > 0, ds > oy Ouly I he ideal socton, 2l chree are wue
L diutates char f an aperation is performed e ay belonging Lo forcigi socror,
such charshe aperation il mutate the ray’s three loreigi sovtor (s T macch chose
't il secton, e say will slocats 10 the el secvr. Performios; che same e
aperacions in everss teres the sy co e exact osginal stace within the oeginal or
cign sector. & 3] Boolean st 1ollas chese s, To infialize che roaris, chess
thrce s ane sroned. IF the chied it is ruz, the Bt tno mautx elemes e
swapped. The intemnal mautx scacruseJooks fke this

Mase Iniializatio: i < 0. (< 0) (ABS(b) < ABSUSST

Givenarap from {1, 1) e (-2, 2), inializaion of i suatis. requies el
veceor ‘U seltive veccor fur uoss two poluteis € 1, 3), Referring ro the shres eais
nd the rlarive vectar th niialized marrix fooks ke his:

S fee foruel





index-88_1.png
2.8

An Open-Source Fuzzy
Logic Library

Michael Zarozinski—Louder Than
A Bomh! Software
MichaelZ@LouderThanABomb.com

oy o s ke pume AL bl comples... lighreing fac a1 rundne”

[(¥éien96] and cpable AL o perforen soms scmarkably huon fautoring”
Morrs?9,. I one For or annthar, Az Togic makes s way Lo most gacnes. How.
eves it ofen dogs ot 0 hesond smplex i hen e sstercats because of the com-
pleiries involved in emarig s uay e sstems o scratels

“The Fr Fu g Libeses (FELLY is an opsa-soucee fuzzy Logic cys brary
AP tha s opiiiaed G spe-ceifel pplications, such as vidoo games, This acicle
b overiew of TELL andl some ot e 1t s shva 0 garms developsr.

s am opsn-surae praject, FE L anight cvolse sapidly. TLi fact combine with
the space considerations o (b ok rguires s this rtice focus o FFLL tis
s erhr than 8o i iz hogi theory o the decils of he <o and AP

The e cade fox FELL can be forznd an che D and on she FTLL holucpige
IFFLLOL,. At dre e of s privag, FFLL does nar havesippose for he e s
teric wpect of uszy s chaory such 3 alpha-cits nd Lo Knuwh compositivn and
infevence merhads. Check the FELE hanupige o sce whiel wow Esturessce addd.

TELL s gublished e e BSEY opeessunice lcense. This llows for the froe e
and odictibucion of inasies sndos sousce code. nchudiog, the wsc o he souroe e
o propricuary products. While this een does nor segedne hat yos oanribut: iy
wodilivations, enhancemens., bug s, and 2 forh hack ta the project, o are
suvmly enconmged 10 do so, helping 10 ke FFLL  beter Hbrasy, The ull cxr of
chic licanse can i Sond o the D and 1t i/ ll e neelcense 1.

IEE Fuzzy Control Programming Standard

Wik el knosts, e et psiond Hetrosehnicl Commision
Tl saabardfo By Comte Peagrarming (T 611317,

a0
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Frustrasion
The Frsr major saue with eeplays s Gunttsivn, Mang things can cause e player 10
become Frutraced wich the replay ane of which isfack of wcvrac: I che sctors o 2
seplay bebave in & mannee tha i obviousfy diféren fram buw they did during rh.
g, de player will Yose confdence in the ceplay. This can be zemeied by wiog
he recording schemes diat bst match your noedds and easueing th validcy o date.

Auaches resson fo frustracion i pour prefoimance during ehe replay crused by
adoguate bandideh for scroaming data or luck of adquatc memory on the taeget
spsteen. Peope drsigu s aptinization af elaced code can sy thess s,

Exen shovigh the plyer doey oL intesaet b the game dusiug e roplay, i s
npartent cha the plaper feel n control of the g at all Ames. B the eplay sares
up aad the ndy wption s 10 top i, ie makes for 4 poor experiance. The game musc
llon h. player to controldhe ey, 1 b ot she isbes

Fassibl replay cancels:

- Resare
« Busgiuagavse

* Inuceneideutease phyback peod

+ Jump focwardtckward by 3 fted sverval
+ Mamally change 1o 1 different cuners
Togge heads-up display

+ i eplay

oredom
Another major issae with cplays is oredorm: haeves his s ety subjectve. A gaar-
anteed ety o avid bondors i s bave i st paced and intecestng rephay, Think of
this us makiog a nausic video, Many of the cicks Fmmakers use can be adopued in
replaps o prevent boredom, Hosrever, unlks the lm suudios, pou dor' have the L
iy of recovding ondles of content and eding it e Kisuse i 1 studic o have 10 do
ivin el e

Ui is whea: sz ek-based A sysrem can help. The prablent s e well.
udlied rom the oint of view of Slsaking, and 1 basic sec f ol o camerzwork
is csuablishod. Matcover, hecanse you have s good dea ahour your stage, aver, ad
o they belavs, i problean s very sell uicod or 2 pule-bascd AT

A mentioned provionsly.  wajor theeat o the.reph
boredom,

Making 3 fuspaced and intetcating replay vill goasantee that the players will
ook Tocward s eanching che rephy. Varyiug the vimal experience is one vy W kee
che playesntecest, This can b achicved by bavig a buge arscoal of ncerescing com:
cta angle and st and by switching bevwosn them using specilial ol

by Foacuce of youe fame i
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FIGURE 13.3.6 LML sequce diagrem of bebavior evataion,
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iz with your code will undsrstand it more clarly, and maimin ic ore dleaoly
il st unexpecaed bensft e opmised, stscalined cod becomes mane su-
bl Fo ayering on complax belnviorswith minimal increase in coersie. Wt ancs
v o cisky and time coosuming is mow @ vl 3 peseical sofutoa.

FascLOS naght not b a raquicement fr ymue projest, bu wlil 4 slows LOS i
e ocher features that ey on it fust ome apes up new paseibiliis for those foa
s, Combiutng the discussed cechniques will lad to ightoing fast LOS. Lhese
cechaues 1 by b ncans liitod 1 ladieaps. Combining objece ABE: with the
landscaps AR sonp . s, clean approck ¢ a all-purpose LOS spsten.

There e o DLLs 15 link or SDKS e surrender . Any projec, during aoy stage
of developmen, can benefic, e simplisic, legant, unltmusive naeuee of he ideas
and algorithms discussod here s the real gom.
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Definition of Terms_

a2

GCamera Al for Replays

Sandeep V. Kharkar—Microsoft
eltoro_the_deep@hotmall.com

Rz s sl e o o s g, ad e e e
othar genres. Surprisingl. eeplays ar an altrthouglut in miany of thes rics
When dane dghe, replys accentuate the gamcply and mak the pa evens ook
cven tone cavicing. This is whons g have 2 chanee m showease your praphics aud
acrion by carcfully crafiing dhe camernwark of the replay. Widh 2 e insght from
Slamaking [Msceli94], causic videos, and el nstane rephys, you e create
ceplas eaute hat realy “wenes” yor adience.

This paper is written wich s aci o fdividust sports game (ke snowbastding)
i s, but some tolinigues deseribd can aiohe appled m arher pences. While
his paper will cover camera Al Forreplays,the eehical el of recorlio and play-
i hack the eplay are not discussed. Foe an excellen explanation of ingr rcarding
an playback,sc2 Bruce Dawsonss aric, "CGame Inpur Recarding, and Magback.” in
G Programming G 2 [Drwson0F

These ar same commen camsraveork ceems chat will by us etk sbout cpliys

* Replay: The plapback ol pas. sven, sumetines in sk motion orviewed from

ahenaise comea gl
- Player: The human phaying the game.
« Actor: Game chacacrersthat might sppeas in 4 rphay

Subject: The garue charucret that he canmcra s cureently rracking,
Stage: The aavironmanc of the game share the action of the replay s plave.

Issuss In Replay Playback
‘The sy iemportant part of e pleybck i the visualprssnarin. Tosanse the player
i nor inreracrng,with che game during 3 replay, i s very importanedhat b or sl s
continuonsly enveresined. Failure to underseand dis Loy issue will resulc in toplays
i nobody warches. 0 the layer’s aacition is lose dos co fustetion or boredom,
dhis featurof ch game will nover be-visied agn.
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113 GuGap: Gama Obsorvation Capture 5

b added 1o thewieiaced behavior. I the ater cac; the programenes oould be ot
e this rule. provides o value,since t fies comscanly anil hould be semoved.

] e ] [

FIGURE 1.3 UML sequenr diagram for saining  bebion

16 murmber of ules to b sndyzed i arge, heo ehs step ight be best performed
a5 sandbone procsss,

A Fully Trained Al Is Ready for Battlo

‘low that we hace a flky esined behavior set, e can detach our human eaincr and
‘wap e conrob sane s suttiomous, Whon the sctor eceives s noxc accion tick, i
call am es decision prceos and nerely erained rules o determine s camese of setlon
“Thve rules cat 0w cesc che evshuation vlues sgias che esining, markeryin Use clos-
et ap. 174 rule erabaas to o value thar flls inro 2 celdthat bus encugh markees 1o
axcesd the threshold, thet thac ule ires. gere 1134 shows che squence diagran
delfng the behavior rle cvaluacion process,
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Soction 1_Ganaral Wisdom

Unoruuachy the compleiis of maadksn vidoo game crironments and gome
mechanics mke it mpossble e s the e force game tee spproach sed by syvtes
such ss Deep Blus. Orher seaech techiiqes are conamtonly wsed for game A1 nasgarion
it bowores, The A sarch alorichm in parienlr deseres spcial men-
e reigaing king of Al parhfinding in every gume genee fsve [Sowdh,
[Rebin00] forsn excllent nseouction & A7 25 wel s [Macchewa2] i tis book)

Gacue AL als shares an enormHOUs pnount in cammon with roherics. The sigi-
it ehallemges thar rohars fac i atempring o pereive and compecbend the ‘sl
world” s dramatically diffeen from the eusly acvsssibfe virual woslds it geme Als
inhabi, s the snsony side of roborics s nor rribly applicable o game Al 1mwever,
the eonmma-side rechniques ae very useful for gme Al apents thae neel 1o intell
serly maneuer arond e eovironment and metact wil the playes, the game
world, and other Al agems. Gamc Al sgen pachfinding and niigavion sharean cnor-
‘mons amanit in comenon sich the navigaion problems faced by mobit sobats.

Arsfical lfe technigues, muli-agen systens approaches, and llocking have all
found  weloome home in garue Al Gemes uch as The Sims and SimCiy v indis-
mesbly proven the nseulness and snvecctinment vahue of A-Life techniques, and a
b of succenl s use luckio ubmies o some o ches muvement AL

Thning ehniques have alo et with some success The planming systems
develaped in moinsseeum Al are designed for fae more compls plancing problems
than the situarions that game AL agens: foe, bun this will undoubtedly chngs a3
uodern gams desgas eontionc t ciol 1o et igher levcsof sophisticaion.

uzey logic has proven a popular cechniqas in many gume AL circls, Hivee,
foemal frs-oxdee logic and the stsation calculus Lave yet to ind wid acospance in
gaascs. This is st kel duc 10 the dificuly of using th. simarion calealus in che
pertormance-constrained enviramments of resl-ciens games nd che alleoges ol .
quately represening 1 game world in e laguage ofogiuel oecalsms,

Belif nerrots ac bt v commonly usedin gamcs.loweres, hey ae pasicu-
larly wel suicsd e 2 surprising nember of game AT subproblems Tozou02],

A ield sormedimes svtns to bave 3 bic ot an infeiaricy comples, Nowhere is this more
o than with vogard ¢ machin leaening techeiques.

1 beginming o sl ik o el fom v e b e g
game deoelpers s GDC 2001 devibes e g Al s 0s b i e
e princ as acudemic secmobogies h as vl menworks and ge
et aguricim:. Game dewlopes contis e v simple rulee-used i-
i and sy e mchines ormearl il ein A s WodenckO1.

There e very good rassans for this spparene incransence. Machine Leuriog
approsches have had . decdrdly mixed history in game AL Many of he culy
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Look Baok Camera
“This carnsca ype i the teverse view of  folowe camera, The camers kodb the aubjece
Ly a certain dieance and matches his speed and dixeccive of snotou, sty show-
e th subece and the scene behind him. Varissions e be created by allowing the
caees o mowe a 8 diffeent speed than the subject thus allowing the Ganners o ge
futher sway ot et closer 10 the subjoc, Moreaver. 3 very i cinematic effc i e
are by mving Uhe cumers wichin & (sl g duving par of his shor. Thawever, i
the subjec i chaning dirccrion rapidly.chis camners view cun catie motion sickncss,
o ir s, e uned for short Gane poriods [0 e foue seconds), or ased whea the
player s mosing i a aiely comstant disetion.

i ar Sicte Camors.
Thiscamera eype eracksche subjec whil staying o the side, mimicking bis specd and
diveeton, g, allwsing the camera o eneve a1 2 diferent speed [rom the subject
can create ngerssting vciaons. This would silee o camern passing by the player,
or the plyer prssing by a maving camera, botb of which ase great cinematic efecs.
Ihis cuer cype provides s ieresng view 1 che playor thar as aoe sisble during
gmeplay Tey o limie this camera  three & (e ssconds a 4 L.

Pan or Drop Camera
This camera pe seays in a fed Iocacion, peaniog; furning) % che subjec passcs by
simalacug o spoctsuoeoffsr I e b forced t switch whes the subjece et  cer

in distance avay, 1o wvoid watching,  moving speck in the disrance. Variations of
s camra ol move wp and dovn in various ways 2 che subject pas by. Thisis
called e B, i s ypicl casners tschnique e for pavads on LV, 11 cam.

era type provides  seeme-to-subject interacton a1 diffsent lovatlans an rhe rsge

‘mabiag e inteecstin covgh o use ofen. Ty muse be switched snce the plaver
s not vistle or oo fur.

Drop and Follow Camera
This s variont of the static drup camec har allowsthe subjec 1 gec 3 ceccio dis-
ancs shead of i, and then picks isel op and tars ineu 2 follow camera, This pro-
viles 3 grest Lransicion ek can wm @ saic or sl sceae fnto an action-pucked
sequencs,

rase ana Fosiow Camera
This camees type s senilnc o chsnteo cumeta, except the subjec s naw op the more:
The cancra stans s diseance back andl speeds up faser thas the subje autempt-
o 0 catcs wp with bis. AL  ftod dstancs, it curns o llow csmers: v
chiscamera car b disnricnting shen switche so. 10 avoid dis. the player should
keptin viewsur beough e vicw quickly. The discance and speed should be adjusted
0 that he seqence does ot st for cuute than v o four seconds.
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11.4

Pattern Recognition with
Sequentlal Prediction

Fri Mommersteeg—Eindhoven
Universily of Techinology
frimommersteeg@home.nl

e g s s g o2 sl e
i laty e chings har  comporer can ean. A neehod e ecoguiine -
s, which s simple fren of easin, b descaibed s e acil. Afeeexcsblishing
4 geneal echmique, e il el severa osher lesening problems by rasoesing

shem nr s recognicion pecblees.

WRecoiving psons i just e st step. What e el s o o i fo wse pat-
e v s ¢ oo s o shac el hapgn in he foore. A rechrique that doss
st his is cllod sl prcdiction.

Sequeatial predition dors ot identlfy piaeeos in thls race e, bt nseead
ekl predicion i b good whente h otssred sequenes ecmsios a e 1
o A s his podicion. & will e gz patee,

Sequential prediceon i e used to messureineligencs in 1 s Fyon have
exet e s s, you rohably e hore sequensial predicion works. As aput
o o given e of numbers,and you e o el what 300 ne. [ you can
pesceive & patcen i the e, s posible ke & rdicion

Pradiction
Sequentiel predictivn i the problen of finding  reasonable auccessor for 4 given
scquence. This sequenee nvuse be generated by youe game, i such 4 way thac it
exhibits  pattsen we B 1 ecogoize, Note that e aflow the sequsnce o exhibi o
patteen 4 all ¥ hisis the s e expoct the predicrian 1o be mare ar s acbirar:

The sequence conran, of elecnsats, which sre oficu iutsgess, The ser of al poss
ble lements duat cax appear i the sequence s called the afpbaber A resmunalile sc-
cussor of & sequence & an lemene thar has a high probabilcy of being; dhe wext
dlement in the sequenc.

‘Fhe pacceros thit we will consider b ase called sepsiio patierns. A repeticive
atern I & patern thar e repeacedly in  sequence. The mumber of elmens o 2
Teperitive. pattern is s
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standsid s ot ey sl s be parchased (e v e ch or s ans gl
Howsees,the Draf 1.0 version from 1917 b availablo,and the ducint appeas 1o be auy
sgpificant. dillirnes bevween dhe dfc and th fnal vemion 1ECS7,

The IFL: 61131-7 snlard specifies Fuzzy Conrrf Tanguage (FCL) dat cun
e wed o describe ey logic models. FFLL is able v load Fles thac adhre o s
stendanl

Terminology

“The lsioon n forsy lugic i ofen cwoflsing, despirs she exsence of Ui IEC scaoe
. he folloing i 4 s of rerms wod in this axicle aloog with soms of eher
isis used in <cher Fsry logic rercuns

+ Vasiables & firzy variohe is 2 concept suul 2 “omperare,” <lance” ox
heskh.” Ao e 1045 Fczy ngiscic Varih]

Sets I tcadiianal Lo, e are “erisps i you belong, 100 percese . st o
you do nor. & se ol people might consi of sl peapls uve s ol
one les than six fece s short” (or more appropriacly, “nor vall’). Fuazy logic
alles sets 0 be “Fuzzy” s angane aver sie fect tall might Leve 100-percenr
menburship in che 1 sr, bue mighe also hasc 20-percenc membetsbip in e
“rodiam beigh” st Al referod 1 cexm o ey wiboet.
Rales: These ae che fchen components of che urzy sywem. Also refered o col
lectvelyas ey Assciative Marrix (FAM).
BAIN: The Minimum operation is he sume as the logical "AND" operation; it
ks the lesser of o o more vlues.
MAX: The Maioum opersrion i dhe samue s che logical “OR” operatons i
ke the et of owo o1 e vahes.
PROD: The Prduce ppetation mulsplics ny ve more values ogber
Degree of Membesship (DOM): 4 velue becween zevo {no enemberhip) and
one (il membeobip! that epreset 1 crsp vuhe’s membership i 3 ucey e
Al cefirred € 13 et o suppor, acivarion, o degres o et
Tuference: The pracess of evlusting which niles are active, corabining che
M of the i s that sk wp the rle, amd producon  single DOM for
e curpuesee acivace by thr e, Typical inferenoe metbods are MIN, MAX.
20d PROD. Ao referead 1 1 agaregarion
Comnpsition: The proces of combinin, nuliple DOMs {fmm the inference
) for4n output se i ouc IOM. Typical composiion mochods are MIN.
MAX, and PROD, Also eferel 10 5 v
Cricp Values A precise nomericalvlus uch as 2, 3, or 7.34.
‘Membership Fanesion: A funceon tha exprosss 1o which degree n chmant of
aserbelongs t  given ey st
Fuszificasion: The conetsion of 3 suaserical ieisph alu ineo DOVE sl or
eheses i 1 varable,
Peforaification: The process of comsexting a st (o1 sei) o crisp vl
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Vhis secion will present  seri. af cumsrs cypes and cheir varisciom, 2 well
sone sules for deis e, Keep in i drat these augles should b teiggered Ly your

als cngine, wing the diming and znsirion rles described in cach vpe. For same
information shan basic camera matbematie, plexs refer o (PullO]

Intro Camera
This cumers ntroduces yous sage snd dhe actors. [ ctans at  disance, and elcr
vecandors o or quicly approsches he subfec, shoming ofF yur g i gt
chre. ARer approchig he subject, it can iecle around show o the detals of e
subjec before taking posiion where the nest camera will be. This caunce should nox
bt fo s shan dhrec. o v scctnds. I chold complce i ol aed wizh
e aveid boredom. This camera type sl b imiced 0 (e e of U reply
it st i cuoary, and et used afce s,

First-Parson Camera
“This camera prsscncsche. scage from the snbjcc’s paint of vise i vy usefl in ne-
ing gomes where i gives e fel of aceally bein in che car with the driver. I is oo
useful i sporis games where 2 cubjec s interactng with oher accors i che scene
Variatians f his canra presenr he scene rom a pesition on e very close o the suh-
jeets weata:for example, the frunt wheel of the car, e sowbuanlers bourd vip, or
the oocball playees helmet It s inpostant o bave a poiut of tfotance on the subiocr,
viile i this amerr' iz arherwiss, i am become very disoriencing. s camera
can e el v b shauldbe swieci it two @ o secornls o avid oo
sickness,

Follow Camera
“This camera e i also el €0 a5 chird-pecson crmera. This cameca ypically
shows pact of the scene and dhe subjset (rom Lebiai, and simulues Looking over che
subjecc: shoulder, Vauiatons of this camera ean present the subjocr from varions dis-
tances, heighes, and veith variaus fieds of view. The varirions should be different
enough so that s it Lo anoter varstion does o ool ke  visuad anoly,

‘Another inresssting varirion of this camaa is creared sshen the camern i ot
always ar 2 fived distance, buc arached 10 the subject by an iovisble spring, Lhis
o e playee w saove wway il deayea resetion ronu the cacneta, Howevet,
springs can Sause Lo of raulls wheu feme ttes ars o consrant. Tn addicon, they
must he used with care e avaid the camra from singing around wildly during che
seplay. & useful core sippee fur puttng 1 camers un 4 spring s given by Dante
Troghs in Game Prognanuing Coms Trglia00.

i camera can b used for up 10 50 peccent of the replay ens wih other et
esing saoners theows i between, The sequences can be anywhore berween thoo and
nin sscnds. They can alco he st s a calming scction afrer an action-packed cam-
ern swinch sequence.
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Enhancements

This el eulings a bsie sructue for g by sbeervtion. e i by no ouss
optimal i tecs of pformance e memory uelizaton. Here ace  ew cnhancements:

+ The s of oo comman chuter map pec actor will aerve emory. Sich & map
coult have  secandary ey fo he belavior D tht i contains rues fo.

+ Abal Faetlon s 2 sl s for implementing e petforming cluscer

M comple i eveing, ot och o Teo Kobarens Lasning
Nuoror Quartizer (Y4, are oo candidaces 1o eplac the simple chustee map
vith [Kalhunen?).

Mk eaming.is an cmrging fechmology tha will seady pect the vy goncs
are made. Yrom 3 production standpuist, machite easping, will bypass the need for
dhousaads o lings of il scripred A1 logic shat are wsed in today’s garaes, Tiaining,
a compurer-contrallad chasaster by observivg  Luman ecpert player il bring, geeat
‘advancesis s ovel ufinesligenoe char can b displayed. Came desigrers will beable
el iy rhe personafites of a wide srruy of chasacters hac can he imparred inco.
theis pames. insteud of coqlting sarce hours of programming, cme.

Motlon Capmre sevolurioned the Seld of soimation and yiddod nuch mare
Auid and nasural-fooking movements, Maching Jeanting reehniques such a5 GoCap
Live e potcntial o do the same or A

Resources

o Tinfid Hindelng Language Uier Guide. Addison.

i 1
o3 ebapen, e, Sl i s St Vet 9.
[ ey g < Pt
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g atall L o, e syt s uppostsaicies 6 ot g by Wiger e
and procinie.

Culitg bt spoily v swhen combinod wieh guping, 3¢ dlisss o
vhe snd o this arice. Csing trigses ars soned by priaiy, so that sgents
scspod o the s imgrctaae i, vy s, T . nrng i canding i fore
s agene, e agene really does o care abous fooesep sounds e the distance, The
Sonulinal s s e gencnl, ensale. an seensbl han polfing: becae
e e ype can b addd 1o he syt withut weting any speciic cods 1
handle che oew e

Datining 2 Trigger

A crgper s defime by o bt g v for s type, and et o vatables deseibing s
pmamarecs. This Tiggsriscerasi - et defines an insrance ofa rger.

st TriggeRacardsirict
¢
EnualrigesrTyan  CTrignarTyos
wikigued dong 0T igyarD;
inses ang s
unstgneq icng  nlineStans:
unaigiea lorg  nepeariciioa;
B Eagnaricsoursarss;

1

The riggee types are snumernssd as bic-gs. Each agen b & ruember warible
tha defines wiggers of nreees by combining, hillags for rripger cypes incu one
unsigned long, Tigger ypes for an etion gune might Lok ke this

snum e-uniriggriyoe
[
g tane -5,
CigEalesis (w0
Vg temear - (150 1)
et - e,

Coenhining bie-fags alorss an agene o specify what i pay ateution 10, aod whi
o ignore, A ageta g roggle g on and off dusing the cauree ofche game o com-
porsily g ar focus on cerain tigger ypes. A blind s, ot only s 1
sewnd o s his erigger flags ra the birwhe-O of audio trigges, and omic any-
g s, ke i

awr-aggsrrLage - Kirsg_Explogaon | K'rig_durfare,
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soluion, The wal soution s (1, 1) indliated by e soid ations. 8 v Ususforna-
ian algerithn i required for thi.

Passing che appacent vicual ol of (1, 0) inta the new anslormason fncrion
should recurn the acrual eal ofet of i1, 1) Lok closely ar che lisc o cight macric
conligorations vl ollet inputs e et wupus in Table 2.7, The highlighucd
o indicatcs the canfigararin 45 s in Figare 2.7.2. Adding rhe aneput offet of
01,1) fram crue vireual posne uf 1, 0) eesuls in the ral “bottorn I oo in viwal
space

Table 2.71 Gonverting Offsete Booad on Matrx Gonfigurstion

gt b oup.s
x Y a0l o dobl X v
[ R — T
o) 0 )
T T
i T T
v [ [
T T E [
' : o

The standaed ccanstrm Fincrion witl ner wark hecruse the offie vecear is not
an absolste point selaive o the 2’ orientation, but rather an offet elaive to the
ceneer of 2 ransformed clement. Inscead. che offir can be chough of a5 2 rwo-
dinscsisnal binaty valus, The operations penersce e oot Lrasform: s XOF
o binary i i ach axs, and posencialy 3 swap. Norice the resemblance ta he fiest
wransformation function. The new fransform funcuion Jooks like this

veie Iraraform0fract ioteslSusos x, 3)

ot chat sve cscablichod how to eficiencly navigare back aod forth beoween
el and irtual space, fecs apply this sechnique o 3 ceal-wosld st

‘Many ourdaos 4D engincs cxploi soma drivarion of 2 gid-based landscape. Forsca-
demic purposes, 4 sngl seceungtar id s wsed in the Telloving example. Hweser,
ehis rechiniqus cleanly extonds 10 suppart 3 complex hierarchy of intesecding height
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FIGURE 14.8.1 7ML cequence disgrm of deiion-making.
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Given che procceling macrix_and subsoquent ranstvanacion fcrion, the
i coordisanes (1, ~1) and (2, 2, tansiors 10 virmal covedisates of (L, 1y and
(2,24 The rebrie vecrar of the virmual conrdinares has an idkal stope af (3, 1) The
trnsformatian funetion is surprisiogly simle:

vaa Transtaratausr

aursspace(s, vi

it (ratrixta)y i e oy
s £
o 1w <0
 mareixi 11 16 d
v

i

Transforming back o veal pace involves the saine thve opszations, bu i reverse
onder. This cransfosmation s timie ¢ sbsoluce cnardintes. Ie wreks equally with
 rolatve vecron, beenus  telative vector i cscentally an absolate poia relacive o (1,
0} Transformiog (0, ) s uonecessary because i belangs 0 allsectors and rherefare is
umafiecnd by che cransform,

Oftset Transformation

O picc of the il emaios. Leeos s tha the dscape store s sich s
iy snd Fictio o eech ket o s of o polygon triangls,surtouned by
Fous adiscen erices(indicaed by ho doded sures i Figne 27,21

o e this dar sezucue,we st e intoan ey wsing she couedinates of
e boctom et cormerofche . ey, “bertom 67 n visual spac s ot
equivadeon o "botorn el i el spuce

Lecs examine a eliic scmari. An algoichm s scppic loog ch geid and at
s poit detects  clsion Sidicacat by « bk dot i Figace 2.1 4nd 2.7.2)
Tocebe the ollion,elementpecificinformation s required. The offir fom he
hortom-ft comnr (i cement o th verc tha b Algorchn i ouchiog Apprars
10 (1,0 indicazed by 1 doted oo, n 7l spac. his s not comect Because
he clement index el efsence a aeay i el pace, e i ned rhe e pace

J A

B v ans pece 22 e g spene
FIGURE 2:02 e traformation,
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Section 11 _Laarni

Tis artcle assams warking, koawlsdge ol the Unified Madcling Language
(UML) and presents several figures o the form of (ML sequence diageatns, For 2
camplote ntroducrion to UML please consule the respurces presenced ac the andl ef
this wticle Boach9s,

An Architecture for Training,

The implementatian of GoCap preseaad Lere s based an 2 fily simple machine
Jaoing techoique. It equics 3 siuplasion archiseeoue chat leds sel w waining,
W need o define seme ke concepes of such an srchiceuturs

An actor i 2 simulivn obect i capabls of Intstacring, wich the game v+
conment. Hach actoe Lias 3 evaiel swars thar dsfine i the actor s currenly under
plaser control, auconomans concrol,ac i in the (raning suate. The conaol stace zan
i wapped an-the-fly t0 ceamsition the setor beswoen one ofthesesates. Whenin the
riming seus,che player vonttels biz acor 35 he wenld in the player.controlled sace,
wids e compures s0aping in on his sctor and recurding s auuons,

‘Actian ae the typical game simelatian opcratians such 35 dapping an apponent
e peninga o, These setions are mapped fo 2 fichavior thac decals e conditions
under which a compucer-conmalled actor will enupt 1o execuce thatserian. Behay-
s define: these conditions i the Gorna of 1ules, When an acrr in the 2utonumous
control saue ges s i © 26, it uses thess behasiar ruls 1o devide what acton 10
petfocs, Rules sk a ravget acrov as an input and valust i aganst o methd specific
o each rule. 1 all of the rules assocasd wics & behaviar fire, then chat hehaviue s 3
it o ue. I muliple behsviorsfr al of chfr cles, i e well call a game-
spific beuiscic o chrase the best one. Vigure LL3.1 shows 4 soquence disgram
depiceing chisdecision-making prosess.

Tralning by Ohservation
Before we can drop an aulonomats actor intd the game wirld, we niee 10 wain b
bluasior culs, We da his by spavenio, thar acwo in che eainiug conund s with o
buman plaser in the drivers seal Whei the playee tagets other actors and perforas
actions on cheen, che trainiang ot i informned of these accions.

Now we tted o determaine the cireumseanses ndee which e playe chase s
taegee and acrion. The actor finds the belavior that cottespands ea h action dhe
Player invoked, and Lusks up the s of rules csociared with thar behavior. W foed
he player’s carger v che cvaluation mebod uf each of dhuse suls. These cvahiacion
ol are small gamesspecifc rutines that e 3 eparinuens sahue benveen 00
and 1.0, Here i 1 psedoood csample of mich 2 rule evaluation meduod:

Flsat Furtustsbonestasnd actar target |
¢
comaizicn - tanget.currenthcalts  sa-get mavleattn
Felirn condtion
'





index-86_1.png
FIGRE 2.7.4 XY profle of mgrid collvion i Fignre 273,

Optimizations

4 applicurion i 4 simple, practical us of he Gausformacion mari. Tna
cealword scemart, 3 collsion system can be futher simplified by implenencog
higher.Jevel, inore vl ecictions, For example, the hndscape could be broken v
it seversl smalle chnnks, each with i1 oo prcomputed world-digned boudiog
box (ABE). "the lgorichm will colfde wich these ABBs, cict the aninteresting
4B chunks, and sar e pterccring anes by distnce lang ray w intencuton poi
‘with ABB. font w back. Luye segcats of landseape will pocencially be easd
withau cven colliding with the polygonal genmerey if the ray duesaf imcesct
ABB chank

T lght pams, the chunk rejeccon yields 3 memenduus ncreae in spost,
e an sirphae gensedl pealorens o very sesical TOS, where @ majorey of e
ey Tis Far sbove landicape geomerrs “Uhe more expensive LOS collsion with he
setual eometry i minimal because of the frons-back sore Th collison will st
with one of th fese e ABB. and dus o dhe Fut-back sor, e rest can sy be
ignored. Lo frther optmise, ot approach is bsaking up ehe cllsion ey s
sovral hunkes, Thisrppe of optimisian is 1o specifc o use in genceal, and shorld
e line-camed w s evizouenen,

Conclusion

Aoty dling i e e s geometsy il hencfe remcadously e
e i) grid o, Simplivin,parhvinding nde, orcxaople, eads o
obvicus benchus ax wll 3 sume ot 30 ubiicus ous, The tre ovious benchs
nclude s code,which cquates o more opimal ende genereed bt Ly bunian 2o
compile. Fewse bugs 25 ely w Tl theough the craks, and a cleaner debmgging
cnviroanien s vl fo hose g thar do G g A projramenes ot o)
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Conclusion

Refarences

Once che target velocicy i caleulited, e are b o caleutate the amann o hesk-
i fotce 0 apply o the vebicle, snd when o apply f. The fisc thing we must do is
coleulte e saount of dowe before che vehicle sages ravenng the eucn. Uss this for-
e

Tice s the R thelurn 1) = Disance o the Tom

Spord ofthe Velicke  1946]

To caliulce e ditance o the mgn. ke he dor produceof e forsard aienca-
on vctor, o the vecaor defied by che vebick's conent posion and che ntcrsce-
o ot a0 che e the s seback, Fally, s the llesing equarion 1
cleulae the braing fores

Busking Foree = Corene e~ Tiege SposdiT * 4 * ) w47)
white 1 seprsct i valae. o the feicion beswen e ground and rhe vehicles
heels nd g i he vl o s, e vali of vy oned s ity he el
vl o 5 4. i ypically dsfined by el am etor, A ypic! sale i cvie the -
imal i of vy Wh the baking force ocs abuve e ik hrchold, the ek
iog Dt s applied e the beles.

The Al cutty sects by colelsting a saget it €0 tcer toward. Qe ll dhe
pocenil imimediie ot s ume e, the arget i i 5110 ch it pornof
s

The code firs calealatcs rhe angie between the forsard dieecian of he vebicke
and the victos defined beswcen che eargee poine and the sohicles current Jocron.
The stsering i« then set 62 e valu of the angle. For small angles, those belo .05
rudisns -3 degrees, ch vehicl i cutsted o naieh (he rager vecear. & runable salat
5 spplicd o the gl to apprasch he targ vecsar sithes et ar slower

L concliion, e cade prosrted s and o the CD-ROM, pruvides the Fatoc-
snark necesary Lor Al-vonrellod vehicls o navigate 3 riadorm arcaved etk of
toads and interscions i sulngetiive a6 relitic-lookiag way 1f you ae ine

e in leaming o about the Al eschuigoes involsed wich apen city ensiton-

s check out [Addenali.

TLT00] Adeim. Joseph, . * sing Al vo Dring Open Ciey Racing t Lif” Gare
“Deoelper wsgacins, Ml Freemze nc., Deceriber 2000,
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K rule basachueer map asaciarod with e A cuset s - dinsnsiond
sparial pactiionng dta st 1 sruceure b paeiemed neo et of
cels thar pride arage appoprins o the donmsia of che asociaeed rul, T covr
ursampls ule domain of 0010 1.0, v will se 2 10 cell cluste taap, I e requiced
smator precision, we could inerease the mumhr of el A simple. 10-cll lustas vy
0 be implemntad a  spas aay leced by s incoger ey vl beaween 0
9. e can perform an index clculion on the Hoaing polo vahue setacned by the
cruacion mediod o wansixen e it an inceger reprsentseion. This g 15
the sceay index thar carrespnds a0 the evdotion value,

Now we ld a taiming marker 10 the cll in the losor map ac hat fndec. 1bis
ket indicas that e player activated this bebavoe ol wichehis vahuion
I chuer map serves o round ofFor quantie e vale 0 s he e el A
e player fedsenere inpue ine he craniog stens, v will gt more vlues that all
o s coll. By true we g  hi i the cll, s ingremens che macks count uoel
it reachos soms taining Ereshold Uha we e s, For the pucpose of this aricl. e
i) et tha thesheld a1 shrs. W 3 this desbod 4 sckona or o o eeror i
ch inpu. . s pratis, you migh neel o incrose s hreshold sigailcanly
yoormining daa i pron 10 s or o, Figare 1.3.2 depicts a custr map

smpty oluster
[y wned s

L] e gel®® eoloe ®

I; partialy trained cluster

FIGURE 11.3.2 A cluter map with aining weighs

A s poiac of g, o cster map il anly cmin o ssiing vkcrs
it s taining goeson. mare dsca (o o de syte el moe el e e
Frcawally, e will e 1 esch a poine of equiibriom whers v bave auned 4l of
ehecoles shar match the input action chokes. W can decec hisequlbrum by com-
paring the plase’s inpur agains the scricn and targe tha the drcivion ez would
pick sell. W hey el o a contioning bas, we can sgnalthe playe o stop
raining. Figore 11.4.3shows a sequence disgeum of the iniog procss.

One usefl side henefi ofshis clustee map approuch b hat it cun belp ey
when e conditons spciia. in i hehaviorare e, T¢ g b discovered hat
afes analping the.clustc nugy e of the cel have vales.or cha chey ol do. I the
et vase, e AL programmer could be norfied tat additonal ruls it e o
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Tl specilcs of the Irglemeatasion can b easlly changed if necessary. Racher
than @ suing Rlenarve. the second map could sors somne csher kind of lcotife for
the snimarian resanroe. Any soreod lst daca stmerute could be substitured for ST Tt
s nosble, thogh,that STT. maps ae particularly eficent, with 16 Lyuss ol ovahead
e clsncont ad Dl 3) ssseh Sancs through a red-hlack e {scnsos89)

Sarme lsts might seem averly comglex, when & simple ewo-dimensionil array
would suffice. A0 aray with conditions vo an xis, and actions on the orhr would
allone mmenediate laokups.  enever, sored Fists ave pesfecablefor o sl s,
Fics, the Antivn Table does ot s « shaeaceer @ have 2 spocific aniraion for
every actiom under cxery condivion. A character might fall back t0 4 defaoh scdon
aimacivn I s speeic e Is ner provided. Tor inseance, 3 character mighe play he
“ame Ty aimarion i he i carying aoythiog oer s st The second res
o chat each charaeter e s it vwn ction Toble shich might have only 3 sub-
365 0f che cacis ise of possible condicions or sctions. An snveeny Laubrarian, might have
aoations for “lle” “Walk” “Run,” “Aucack” and "Rene.” shile an ambienc pig
vight anly have“Tdle.” “Walk,” and “Reace” F every charactec’s Ackion Tible was at.
aeray coverng all possbilies, spase aeays sould wiste space, [n addivon, ST maps
sl ey implemect shaeneus @ e
Action Table, descibed e n ehis arics,

The Action Tibles member vafisble I & CONOITZON_ACTION, w3, When
Getaamstio ( s called, i A call 14704 1 n the CONIITION 311 i o ind he
reion muzs i haecornesponds o the characrer’s swespl L.

Next, It alls Finie: on the ACTION_ARTM_MAP 1o find the animation
resource that corresponds e the chugacieds
Uit s wtable o ind 3 evaichieg scrion, i eis m fll hack 2 7 defanl anienacon for
the specified acton,

. s seturns dhe sesounce lenarc.

sanse anart Chatiom ablot Gatén:rationi ErumAnirGunCiL iy
Chmincand, Enimbetion shotion |
f
CUDLTION ACTION e s taratar ca 1t
SRTION AT U ka7 16 38 S8
CaLit = n_comokctiomtp.Tindt eAniacona 1

et 1oat ot
1Rt 1
0

ions “or £ smination vomition
somep.ond] 1

JCTION MY s pastionsnamiap = 30
IR e e

e —

phctunsaionap ><ind( sration 15
Fillane = oa._it -ssccond;

Lion a5 “aica far the specities swsong
©7 i shction, v 3w 17 3 deranL anlialicn exista
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wbstacles. The Dearntnssastaoutat funcrion itecaes over euch mmediate roue
calculited, and then compaces each o all of the ochers based on the celtera thr i et
ap for the decision

Gatcutating tho Throtile aws Beako Vakuea
Most of the e, the AL vebicle isdivin the oute s 512 possbls. However, when
vvesingsharp arms the s might b0 shap S he bicl pins ot md loss
concrol, The ster way o dvethrough 1 charp tar s o st Lhe masiont speed
through rho tarn withonr fsing ficton. The Ge1cspecos 1 funcion calelares the
s pssible spee o drive a sharp tura without Losing fiction, nd o dete.
ine whet © st appling the baking foce

Tigre 9,47 shaves th cwo verical forees acting o the ca. s weihe 1V, and i
Rotmal faree . Since chosefurces must add vecorially 0 210, we havs the formls:
= W= mg The magainule of he cenrriper scclearan s given by /1, where
e the velaciy and i the radius, Sinoe orce i equal G dhe mas times the acecer
e, then the foece vuse b equal o

IR 943)

e force i 0 be provided by Frciun, then the reqied eisianun coelicens
of iion (2 I

- BN - (mnfR)jmg = VigR. 048

Therers,the marimnuen velncit the vehicle ean ga before losin fricrion i

v ek 045
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Simple and Efficient Line-of-Sight
for 3D Landscapes

Tom Vykruta—Surreal Software
pharcyde0fi0@hotmail.com

reentianal algorithms desfing with prd-besed 31 landicapss cat iy prow

o unmansgesble cunglomerations that ae dilficalt o dobog. Farmnaely o
e, allpupose ey for s very ituscon s, A wrapper diss s cole
i on the C1) alloves an it (0 ke ey assamprions abonr th ray and
grid confignnrion. Eigh logic paths simpliy into ane. Forthermore, the wrappee
s work on sach an absteact vl tha Logi i the algoricm dogk noe meed
change.

Lecs e the st basic ceample, stizng 3,20 line, Wight disingt scenarios
s chae o som abscrvet level mst b handled separately. Thive el cases can be
il s subses of e tat Ell o th. cgh seceors 3 cirle. A efcint lgo-
it mus b e of chree disine i

* lethe X or Youds ingor?
+ Js e poicie ox negarivel
+ ledy posicie or negaive?

The asiee o the eight scccors o seoek i, orthe ideat sope les beeween  and 45
degres. 16 yon fimie yoncsel e i scenario, you can ke twa key assumprions
when sidlng your lgorich:

+ X sl ahvays increase by posiive one.
¥ vll ahesys ncrease by some preconpucd posiive aumbec

A spocial ransformarion marr cikes amy ashireary sy and “eramsforms” (€ into 4
virual geid. In the viewsal grid, the cay bas a0 ideal dope whees che aforemencioned
ol e abways v, Al ulentions e perinrened i his virvual grid space, and the
ouput st hsough 3 trsforna lnction wha pield ehe sl space mreacsfoemned)
<oaudinares, Tes 3 hreze ro wire and debug algorithms when you ar limited w the
o cas, and anather benefc i that the CPU averlead of usiag the mare i mini-
), Handling,all igh cases impliciely coes valunble cme i writing and debuggo;
anu the gorichn il be fr e uptiond,
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Conelusion

Warm, Guddly Fa
There s snarher resson for incroducing some cenpatheric undersanding it oue
agesswe wane the playee o fel eutionally atcached to bis agene. However, emp.
thotic auachmen i inunsicaly ecipeocal: th weasan why it Js chidish o focl cmo-
viamlly aeached o yor oy bear is because your ey i ner going o recipevcate
Conelusion: if you want che playce w pec arached t his excaruce, you must fis.
casre the creauue s smpathedcaly auached w his player

gene in mosr camprcr games ar a hese ke severely ufisic peaple: rpable of
pereeiving and predicting the behavior ofabjes in the world, bu incapable ofseeiog
other pocple @ peope  incapable of building 2 mode] of another agen’s mind thar
canld he used, o grear ffcr o predice his serions aron Cahend7]

We bave deseribed an archirecaure thae enables agencs  lsen a vaiety ofsill i
varieey of ways. These agens dont just learn [ues about the sworld, they aio learn
b 1 hehaeo—what som af persanslic o adape. This archicerure wses difereor
egpes o componenes o necomplish these diferen e asko—it horeuws shatne-
el from buu e ysmbolic and conmeetiveis uadicons,

Uy "desp” 2 compurs game ggenr s prceisd <o be s partly  funceon of the
depeh ofearming wihin the apene.  ewever, i s als  anerion ofthe vareey of ways
i il we inteics with he ageon, Typicaly, guns bvolving leannog agens havs
rescicted playor-agen Ieractons to the Carrot and Stck approach. Hece, v have
described a porwerkl ness mechanism ehat enriches the learmiog, process—empithete
Unlentaubing of e player.
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Tise madel he right side of he cueve towaed ch.fr
shas il s be o froe of he plapes raher han behied. This way, the player ser
lbof the missed shors and che acien ficls e caiting.

o ofthe playe, the mised

Improvements

O variation on the curve desuribed here s o car e namvals (st urder deive
tives o addicon o the edge vahnes. This would albow o snctee curves with e
data Howwever, wehirher chis s an actnal Linprovemment depends on i o ar tyiog t0
sovs enenuoey ox CPL, s intepolation wendd cost more CPL. O the orher hand,
satisuctory seslls can be acbieved y sienply incicsing the grasulatiy of e
simple.

& vary st ool in generating ant mainsining samples is 3 spreadshece o
gram suly as Microsoft Excel. Actud. ey progeam wich an sy way of graphing he
duca I wsel. Tl el beauey of nsing  spreadsheet progrus i e bily o e ur-
mulss. Thesc can make iniial cuve generation very ey, Some programs, aich &
Excel, even allow editing of de samples by i pulating poinesin he graph by drag-
ging ther araund sirh the s This makes working with Response Ciies 1
ol sk,

Genclusion

‘Onee chis is implemenced a5 paceaf the A1 progrsmmers ook, it wil find sy
it limost orey aspe of the AL Mans problesms bavang 10 do with fses setcun
saruction we simplfid. Bxceprion cuss simply hecome extemvions of s condinuous
function implemented ina Response Crve. The pocsibilses ars endes.

o Faly Synem Dndiook, Acad-

iMeudsd0D] Mendel, Jerry, “Metmbersbip Funciions and Uncesting” Ui
Rl Bad oty Lagic Sreans, Prentice Hi, 2000,
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How “Garrat and SHk” Gets Stuck Tn

Loaming Traps.

Suppose you wanc w neach your agent some fine-greined disdactiun csing the Cateot
and Suick medhd ke, ot A ra 1each you agen 10 prefr heing fiendly (0 apes
sather than o wolvs. F he becomes friendly wich 3 wolf, you punsls hir. Scciden
all, your pucisl i sl o o Geshaps because you were over-<agerwith the
comtrol, o bacause you do nor fully undecscand che intecface, sod completsly sup-
press his dosiee co be Frendly with any creavues whatsocsee. Now once you b
suppecsssd bis cesice, chece is 0 way o teach him e fne-prained dtiaution you
seanted 1o each bim, bucauss e occasion will ncvee aeise shen he sl be frindly ra
am ape, because you hav totally suppresed his desie 1o be friendly 0 any ceeaturet

“hat this means, morc generally, s ot i learing anly occurs trough the Car-
ot and Stk method, and suur sgenc leazns by penecaliving from exauples, s ndecd
e shudd, chets et will b etz esions be can baen har, onee earned, 5l make
it impssible to learn sy more lessons. These lessons are teaps that, once entered,
it e Jsrming,

T gec s chi, we need some way of evialiving che suppresed bebasdon. Ot
anteal way 1 do ths s 10 ke the agenes dosires changs depending n shar be
chinks his teacher's desiresare. This is empathy.

Esmpathec learning involves notiing;what accion the sacher s doing, and gues-
g shat desie could bave motisarsd the teacher e perform dhuc aciom. The agent
Usca lessns from s pisodo—bie Katas that  parcicnlar dese i 3 gond desre o scx
o cm char sore of abjec. in thar soce of sivusion. Similarly, 3 the ceacher compands
e sgen 10 do somebing: he should Leam fom this wsing cmpachy: Again, he should

s what desre conkd have motaced the esiche to wat i acion pecforud. and
st i s saould be st on Ut o1t cfobjct n ehat g of simarion

Tmpasheric leatning involves some way of computing an stimae desie from
. This o b o ik sl Kokup s, a0 cvanpls of whic i shaven
i Table (1,24

Coupini:

This s racheesiemple implemnemation of mpathy—only the devies of e playet
e tuadeled, ot s belifs, {These is much ngeresting work i ths area )
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GoCap: Game Observation
Capture

Thor Alexander—Hard Coded Games
thor@hardeodedgames.com

G e s e v il L, D 0 o borh
cckusology and production, the arificial imslligence found in computer snd
widen games has ofren fllen shors of the plasers expectuon. AT programming,
eeqiss che progammmcrs v soticipate 2l of the combinarians of scavs that an A1
characrer can find isel n during, any. gamme-play session. On cop of thar, program-
necs must sl adsp il baeline AL codk o produce raulipte [ovels of difficulty o
ehalca the players 2 Fhey hegie ra master the game

Wirh the emergence of the Loternel and soubi-plases games where players can
cotuprce ucad Lo head wids athar Rugmian players, the sharccamings of gare Al are all
the mars apparent. Who would sanc o play sgost 3 muchiu dha is offen pre-
dictable snd sl explited whe Use opinn of playing against @ clever and sponia-
acais el persan s hecorming so ubiqpitons’

Lot be s fus 1w ol e bell or the AL-canrrollod charserers. While ol
plapee ganving experiences are quite exciting and challsnging, they can no serally
replace AL There are several criicl aucas of gaming where we will ahways newl
computct-canrolled choracters. Lo are jus a e

+ Spating parcncesfor deach march and fghting pames with ofline pracios modes,
« Shopheepers to buy and sél gouds in ol phaying games.
+ Digicl acrors for singlo-player spiessuch as Hall L and Do, .

T has bien speculaned that thess chanaers could b sl played by buman acors
comnscted o che e word sthaulaion via omsore overner conecrions. Howeres. ive
accorsavs ot fnancially viable o il these soles due w the selared labor and manage.
‘e cost. Rexent el ctions have s raied the ssociared coss of soluneer ibor

“Thi loads us back m AL with 3l of s shoccomiags. Howesee, what I we crnkd
combine the bese of bodh worbdst Wht I e could rsin 2 compurer-conrled char-
ctee oy absersiug the play sescions ofa e player, and dhen endoww it with e abilcy
0 malk the sane decisns sehen preseated with siila conditions [Kesko93[2 This
srtele pressas G suethad t iy Al characrers by observarion. Lhiok of it 25
Morian Capeure for AL

19
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Section 2 Useful Tochniquos and Sps

Hoursetla Campanonts.
Foc exampls, e mighe wan t dezermine 1o shar sxvens an infanry saldier belongs
0 the ser of s bt st o stack snober enerny unit. | his mermbenbip amount
can then be wsed 1o either 11 2 thicshold deision poia 1 arcick the it o st
nutease e tendency o bead coward ue e in thae dicecrion. These are ofen refered
02 henwistic functions,

s is ulien che cuse in 2 hearicic function. weighing orher suheampansnre -
sether ofen durises the dugoue o nuesabrssi i e oveell Leusistc st Sanple weght
values could be applied ca sach subenmpanenr. oevcr, whon exceprion cndiians
ars, they nced 0 be it 1o e function o Ll thern. These types of escep
tion conditions can fead ¢ le<s Mhidiny fand adaprahilt in the degice crluluion
Ty usig i Response Curve, we can et arunad the problem.

For cxampls, o of the things we mighe watt to conides I the prvceding ek
heusisic e che healdh of che unit and the distaace from the eneeny to soms defend-
ahlc pasirion, For the tost par, see would vwant the it o avid attacking when ks
healh ishows thac i, unil che enemy gers taa elose. To simplify hings, vl e
the ourput Leariue range is .11, Lhe o corves could chen be represented 2
shown i Fignre 2.6.2.

o0

s

o5

078

100

FIGURE 2.6.2 Dot avd heleh curves

Athanigh, with soue effors, 2 suadhesnatical expiession coukd be [l i
mace the curvesshoven i igure 2.2, thar cxpression would bave o b rsrlclad
o sy change 0 the curve, Mocsuver,we aight find that there i oo insprasive way
0 sdequrcly ecimare s Fancrian. Terd, i we s Response Cuees, nar oy can
we il e exceprion, b veaking i simple and isvery cheap w el

pplicarian of thesc enrves i juse ¢ imple. i, ke ehe ey disence om
e target and divide i by some masimum engagemenc disance. Plog that valueiata
the frs cuve @ gor ¢ value in the tange [0,2]. Thea. ke the woits heald sod
diside e by ies masimm heoleh. Phg thae valoe inco he sccond enrve 1 gee nocher
walue in the range -1.0], Adding e e vlues ogether gives @ numbee i the
range |-0.75,21, where a 50 and belaw e deinirely da nor want 10 ansch. and
o ot e, e defhitely do vt 1o atack.
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Section 11 Leaming

clean vix
0

wor

int wesitn;
“ne eneay!

»

Thersfore, we need nother way of defining abjects, onc that makes it casy ot us
oo ncrace cheotigh the atcibucss

Cluss Attris.te

{

pubiic
Vit int
Vit snt Gr
Virtial ohar® Cathans |

1
&lass healte © oublic Avtribure
l

1
class Ewryy  pablic Areribite
T

Eloas bjact
¢
protoctoe:
Attidouters  Artrin
i
Virtual int etoateributas)-0;

o
Slass Vallagor + owlie Ouject
i

inl Gotonas

bvsst)
1
Nowricis casy o Ierate theough the azsbute:

Voe Onjest: THerateTRAOUGRAL IDUtES (v0id (*1ur
i

ittt ibute:

“oriine i=0; issrwmAtErButes i 1ort

FunGraaniALIetheles i1
)
v

There ace complications when bnilding  tree, 2 new noe has 1 be creared. T
s chis practical ther s b ooy diffeecat vahuesfor esch taibuzs, o there
would be an explosion in che muroher ofchild nodes. Therefare, whets deallg with aa
aucibute thac has 8 vas cange of different values ks ane char is implamenced g5 &
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The chape of e curveis defined by the sameles, This slape can b as oot os
a5 rough a disied by suply varying che number of samplas across he inpuc range
Since anly one capy of a given carve needs o exist in ey, che dilferice betwoc
sample count s purely 4 ati o vhat produoes the best eures o the context n
hich i s wsed. Memory shold ot be a contern,

Implamentation

The implmentaion o the Respanse Curve consiss of an atcay of bude edges
nluss, @ sange minienuin, % bucket size, wd 1 bucke count, The miimun range
i defns the inpor vae s comespands o he sdge vlue of the o buckee
e hucher e [ s the magoile oF e nput vl sprea actoss to bk, ok
thebucksecount i sy on e thi the sample coune (Equacion 2.6.1).
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e categuey, Ientions, o eepresent desizcs that che agont has commited himself (0.
See Brarmans7) and,for  carlyimplemenarion, [Ra GeorgeP11) Note tha we
Fave rlded an extra seructure, Opinions, explained in @ subsequent scction. Figure
11.2.1 s L Belic, Desics, and piians genceace an Tention, which s then
efined inra 2 specfc plan and sceion fs.

Desiras
{Percepirons)

Opinions
(Decision Trees)

Belets
{Atributs Lists)

—

Primitive
Action List

D s s

o,
Vi towars Fouss,
Tovow sione ot rouse

Intention:
Overall Plan
(Goal, Main Object)

Specific Plan
(Goal, Object List)

o atons at s

FIGURE 11.2.1 Belisf Desve-bronsion anhicture, angmened wish Upinios.
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of inpurs, aucpurs, cnndirions, and staes, and provides interfece Fanctions [or we tn
wondicions at sess daus excernal 13 the stae machine,

stata
The mexe class eequired s the sate. In our too, e represet 2 state s @ recuange
box with slghtly eounded comszs Tn order 10 supgare bicrarchical FSh, we
incarpoeaes sbsee b, which arc basicall smalle st boses entirely enclosed by
anher stce bus. Any sece box tha contains substace borcs s caled a rper sate b

Transition
The et class of ubjevts we epresent s b Lraasicon o ane staee © anocher, e
reptesent this 1 3 lins i centor circl (representing the condirion) that connecss
v ar mote sate boxes. As part of the process of making the tool easer T usc, 56
st Bucorpeorate lgic at will awomaically sogarste and prevenc fines from crss-
ing cach cther where possibl.

Lramitons e s el of bfecs ot drive the systen, They oontrol the flew of
xccurion by sctring the "rurrene acive state” of the state machine then
conditinal, Transitions can be one-to-smany: n arhes soxds, you can have ong see
catnocted ra the inpor side af'a transiion, and many staces coonected to the ouput
sl of a runsition Bused on the type of condition used n the transiion,

e ofa

condition

Conditions are o model of he wranstion from one state t snwcher, Lypically, e ot

i s it ortnaly @ vasiable o fanctiony, hac, when tne, signals he change

from ane “ayersnt active ere® o anather. It also has one ar mre outpus, corte

aponicr v the tew stats Lo be ransitioned 1o whea the candition i mer. Condi-

e ara requised inarder for  teanicion o b valid. he defaul transiton line with

0 condicion cirele would ot geneate 4 valid transiivn a1 e geration tanc,
Typial canditions are

+ Bonlean
+ Equlity

« Bange

+ Cireater Thn
* Lo Than

+ Clontsing

wput and Evant
Impurs are exacly char, i of dac into ch state machine. Typically.inputscan be
tought of a variables that can be mudifind ether futcrnally o the statc maching or
sctnally by s pplication. Inprs sl 1he state maching fa eact o changes in s
envirommeat. ‘ypical inpugs re simple cypes such 2 incegers, fuating:poict valus,
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Varieties of Learning

Richard Evans—Lionhead Studios
revans@lionhead.com

he creaares in Black o Wit lstn in a vasisey of diffeca ways. This arile

describes bow 10 exeae such flesible ageers. The averll spprach we have cho-
sen, whily we call Represnsaionad Promioiy, s based on e idea that e i o
single representatianal method thar can b used to build 2 complare agenr. [nstcad,
we e w incueporate 2 varesy of diferent representarional schemes—some sy
i, and sume conneccionist.

Ceaming covers  ricry of ery different sl

+ Lestning Fce g, st that (e s« i sy wid plety ol ouc),

+ Leaming which desires should be dominan, and hov seostive o be o difernc
e e . eaoing How Low yov enerzy st be eforeyou should sece e
gy, feataing whetle yo snkd L i vt sy, aad wheo you shoudd be
ey

+ Leaming opinions shout which sors of abjces are s for saifing ifrenc
dosseswhich tpes o abit. o shouldsa, hish ypes o ubject o ol
ot e learming e ack big ceamcs).

“This aricl deseibes s arebitcctui i cusbles sl e of Lhese vy dillezent
skill,
In adicion, leuing can be iniciated in & number of very different ways:

+ Learning can occur aficr playce feodback. punishing or revarding che agent.

+ Letning; can nccur from observing, athers, infrring,eheir geaks, and arning
st sctions.

* Leaming can accur afor being given a command: whe the agent i old o do
acton o an obiect, the agent should learn chat it & gnd to do thar scrion an
harabjeas i that soc of staatin.

T i i, e bt ehae llonss al shese diffrene ypes oo
fog, a0d dilsen oxcsions i pro Leaming, @ corst in one bappy bundle

Finally, e aguc chat ageats who ok Learn theough eodback aftr he e, arc
doommed o et seack i lexming traps. and tha sorn st of enpatheic sndemtansing.
ofhe e b nevled s e W descbe 4 smple implemencation oF empathy

ser
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Opiniana
‘Aggs usc Desives, Bliels, and Opiiows o constructue overall pla: i etk 1o
act_ Each desire has an Opinion aseociarad eith it has expresses what rypes aFobjects
e bes suited o saisying; his des

for b Compassion desice, 2 showo In Figure 11232,

Allagiance: Friendly, Allsgiance: Enerny

For exampl, consider che following Opinian

09 -0z

FIGURE 11.2:38 Opinion (deion ) for Compusion e

Uhis apinion scres char it is vory goodl o be compassionare tosard Fisndly
bjeis, it uuch les gl 10 he camasionate towrd enemy objeces

‘Summary: Roprosantational

iversity

When deciding hene o represens helich, dusitcs, intenions, and epinions, the under-
Iying puelodology is o> avoid imposio 2 unifore scructar: an the represeotations
used in the architecture, and instead use & variet of diffesent types of epresenttion,
50 thar e ean pick the masc suirable. epresentacion fur each of the very dlfeent
sk, iSee [SmhOU amd “Minsky2]) Therefors, helick abenr individhal objeces are
teptescaied srabokicdly s Jist of tssibute-vabus paies; opinions abous types of
bfeces are represented 2t decsion woes; desite are sepuesented s pescepons; and
intenions ae seprcssoted s plans. hers i someshing inmitively nacural ahonr this
division of epresentauions: bulcls aud intenvivns are hard symbolic suuccares,
whereas desice aee ey and soff,

or ach s thae is el acive, he spene looks through il
5 ook for the belif s e L the bt oplaon oot Thecsfoe
e rma. plan fr cich goal. Tlethen comnparestho plos, caleling (hls wily:
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HEALTHY.

HeALTH]

eaLTH|

l URHEALTHY
~

FIGURE 2.5.2 A sumpl catins hebasior el

“This sute machine i cuncerned with the creausne’s sate of healch. The defaul
st s o be healthy: During,execuion af the pragram, ehe “TIFALTI I variable
‘ould drop below 2 given sakas o exaemple. an updace casie ehe crsaurs s inuue
daoage, causing the “LOW HEALUH® condiion to beoome walid, This. in cum,
causes the wansicinn fran the dekaul healhy sete 1o che nhesbthy sore. n this crea-
s mortl, th ey it regaios heshh i by ating Food. The acton af saing food
performed while the mods] s i the unlealy stae,and s represented i the diagram
by che Al In the ushealdhy stacs be. In 2 mors complox model, s migh be
emtended o lecping or driking a heslh parion. Note the condirion seeached to de
beadlyto-unbeally wasion.

Each s machin (cfersd 1o i his arcicl as o el hegins in he GULasa
blank pape with 2 single “defualy” . This is simply 4o empey mudel that dots
o, T onder 0 cxud e el it sontebing sl th designee sonld sim-
ply phee components from a toolbor o the cormpanent ypes nva the blank poge.
and connect them e he arher componenes with mransiton ines. In Figure 2.5.2. e
efuult st for e wreature is 0 be healy. I e ey state, che creanue docs
nathiog, We then add amouber state @ the medel in Figare 2.5.2, which we
“unhealthy,” and a tramsicon. The condition aeched o the teansiton chks for
eheeshold ralie in the “health input in onder for the ansicion co cccar, v whih
poine e scre having, 2 model for the. creaee that accually does something; in this
ease, cumsiion from healthy 10 unhsaleh:

Mormally, n a kel cach scate would have an action o listof acions thac arc
performed swhen the sesec machine i in hay srare. A8 3 eample, in Mgnrs 25,2, the
el stane might have 1 seri that cass che ereseure to st » happy sounl
effee. The unheahty stse might have an acton that cavscs che creawe 10 cmit 3
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Batiots
Biels ace data trurtuces sworig Iformation about indisidual objects I s impoe-
cane that beli espece che condition of Lpiaenc Vrisimilinets—i o sgeon. bas &
el bt an obece, than belel eust b rotndu in bis percepion of cha object
Aganescannos gain information fram an cbject unless i agent s curently petcep
ually conmevted o tha abect, Beles e serssented 3¢ linked e of aeibucs.

Dasires

Desissare ol that th agead atmpts co s, Desr have difent muerites .
difsene rimes, dspending on the apeats siration. Eack dece bas & numbr o -
e desre e these iy conuibon c ehe nrrent intesity ofthe e, ¥oc
cxample, ehere arthace. possble explamatons of chy a creature covild be hungey: his
emergy could be Lo, b cocld e s soaserhing rhat e knrs s casy, o he cold
b s The desiresonices ae he inpues o the pereeptaon, 4 showi in Bigure 11.2.2
By changing che weighesof these e s, ol €as ke 1 varery of difecene
persamliis: cretuces who only car wheo hey are strviog, sesstnts who are greedy
even creatanes wh bige-cac whon they are epresse:

Low Energy

Soso =02
Waigho
s = Smrce wight - 010

Tasty Food
- N ¥ Thiashold
ey

i = Sur LR

it - 008

Unheppiness

Welgho2
Vol = S 614

FIBURE 11.2,2 The ITunger desor s celcd .« prespers,





