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3
BASIC PROGRAMMING
TECHNIQUES

INTRODUCTION

“The purpose of this chuprer Js 20 preseit 1ne basc techniques ngces-
sary it Grder Lo write 3 proarzn sy the Z40. This chapter will miro-
duse new concepts such a5 tegister managemeat, loops, and sb-
sautins. It will octs o DropEAmING TechNI:iss nsinz only the unter:
nat Z8O resougess. fe., the ograms will to de-
weloped, sue as atldmetic programs. hese programs will serv to il
tustrate the vanious concets preseated 0 far and will use actual m-
steuctions. Thus, 2wl be seen 7ow matraciions may be used 1o
menpulace the worciauon besween ihe memory and the MPU, as well
a5 ta manipulate information witin tlie MPU (self, Tl usxt chapter
il shen discuss n vovipiele cetait the wstinatoas available on the 230,
Copter 5 wil preseut Audiessong Tecanques, and Chapler 6 wil pre-
seni the techn:ques avaliable for maniputating information Audside (e
230 the tnpul/ Ouipal. Teenainues

In s chaprer, w will ssseniially learn by “doing.” By examinng
orograms f lnereasive compizy:ty, we wil iearn the role of e various
IRSITUCHONS, GF the repisters, and e wil 2Pty the concepts developed
56 far. However, one impurtut concapt will not be preseated heres it is
Lhe concept of addressing seuliiques. Besiause of it appareut cunplex-
1, 1 will be preseuted sepasately o Cliapt

2 s e Tately A7 it soue progans T e
Siart Wl arithactie programs. Fic " Sroprammer's medel
segisters is shown i Figure 3.0.

sems. Actual

0, W il
ofthe 230

94
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DATA STRUCTURES

Deledng,

T ocder 19 e e clomnent from the dst, the eleoments [oliowing it
i the st at ghe: addeesses are merely moved up by anc clomeat posi-
toc. The kengeh of the is: 5 decramented. Thns 1 llusteated on Fizute
9.44.

The corresnonding progrum is straightforward and appears m Fig-
use 9.16. [ 15 calied “DELETE", and rcsices at memory addresses
GI5F 10 0187. The fowchart 15 s10%n in Figure 2.15.

Memory lozation TEMPTR i dsed us & temporary po:nter parting
10 he ciement ta bz moved

Darog the rausslier, POINTR alays points (0 the “hot" w ihe s,
Le.. the destaalion of e st bludk ‘ransfer.

The Z fleg o used to 1rdicats 2 successful delecion: wpon sxit

Hote 0w the * DIR :nstruction is used Zor effiient autcaneted block
\ransfer (oter to adress DI 78 . Figare 9,165,

D As RLOCK COUN 2R
NEWBLOC LD BC,(ENTLEN) BLOCK LENGTH
EDIR
DEC A

I Nz, NEWBLOC

olelH

\
o)

Tk ene]

woe

Fig.9.14: Deley

g a0 Entey (Simple List)

s63
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eeuted e HALT instrucion, I this state, the Z80 waits for an exter-
nal intersupl anc keeps sazvutio NOs to continuatly cefresn memry.

RESET is the s:g0al which usually iitializes the MPU, It sets the
program cavrter, register * an R Lo 0", & disables che imterrupc
cnabic flip-tlo and sefs the intestpt s lo 0™, it is narmaily ased
er gover fs apped to fhe board

Vemory wnd L0 Conizol

Sis memory and 10 control signals are wenerated by he 280, They erc:
MREQs the memary request sigoat. Lt indicates thal Uke address pres.
et on the addrcss bus is valid. A resd or wrice operation san then be
perfarmen ca the memory.

M is masiune cyelc 1. his cyele corresponds to the [e:eh cycle of an
iastruction.

TORQ :5 the inpus/ourpht seques:. Tt indicalss znat the L0 acdress
presen o bids 07 of tha address bus is valia. An 1/0 read or v
‘aperztion can cier: be carsied ou(, TORQ i aiso genarated togoths with
T wher tae ZE0 scknovledges as interrape, This infarmatron may be
ised 2y exteraal chips to place (e nterrat response vector an the daia
aus. (Narmal 1/0) oparatiors never oceut dusiag she M1 state. The
combmetien TORQ plas MI indizates an intertupl-scknowleage Situ-
tion.)

RD is the read signal.* it indicates the 280 is raady 10 reud toe con-
tents of the data bus into an internal register. I can be used by iy ex-
ternal i, whether memary or 1/0, (o deposit Gata onto the data bus.

WR s Hie write signal. It indicates that the date. bus holds valid
data. ready to be writien Into the specified device,

RFSH s the sefresh signal. When RFSH i active, the Jower seven
uts F the address bus coutasn  refresh address for cynae memorics.
‘The MRTQ signal is then used (u purform the refiesh by reading the
‘memory.

LARDWARE SUMMARY

This completes our description of the inernal arganizauon of tie
280, The exact hucdvweacs details of the 780 are not imporiait e,
Howmaver, the role of 2act of the rogisters v tmportant and shoud e
fully undersczod before proccediag o the next chaprcrs. The acluaf -
struciians availabie 07 the Z80 wil now be mtroduzcd, and basic ro-
sramung techniques for the Z80 will be preseted.

*ascd in conjunction with MREQ or IOREQ,
9
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PROGRAMMING TIIC 260

The searca procesds in the obwidus ‘ay, and the corresponcing Tuw-
cnartis skowa un Figure 9,12 The progam appears ou Figers 3.16
at ths end of this section (urogian “SEARCH ™. A satple run of ce
pragramis showtt in kigure 0,17

Tnserting

When faserting 8 new elemnt, he first available memory block of
CENTLEN) butes 41 the end of the list is osed (see Figare 9.11).

“The progean: fizst checks that LB new entey 1s not afready 1 the isc
Gl Iabely are assumed to be distnct 10 thes exampie). 1t aot, it imorc-
ments the ‘st engih TARLIN, and moves the OBIECT 1o the su of
the lst. The corresponding flowehart is shown : Figure 9.3,

“The prageanm fs shown in Figure .16, 1015 called “NEW" and re
at memory locaticns 0135 1o 01SE.

The :ndes registar 1Y polats W the soutce. HL and DE ate dusting-
tion pointers,

(- ‘i“r"""
Fem e}

o

Fig. 0.13: Table Insertion lowcharl

52






index-95_1.png
PROSRAMN NG THE 760

mewony

- on sl craRanol

=D

L m

AcORESES LA

Fig. 3.1: Wight-Bit Addition RES = OPL+ OP2

This s our Srst progeam, The mstructions are isted o the fefl and
commens apypear on the right. Lek us 0w semine the program. Iisa
Sour-instruction progean, Gach line is callea an struction aid is #x-
pressed fere in symbalic Form, Bach such instractiun wil 0¢ transla‘ed
by the assembier program 10ta o6e, Lo, three or four binary bytes. We
il net curcers aurselves here with the transiation and vill aaly fonk at
the symbuiic representation.

“The fiust Line specifics oading the covtents of ADRI into the accu:
awlator A. Referrrg (o Figure 3.1, the contents of ADR are the first
opersudt. "0, Thit flrsL MSEraciion tacrefore Fesults in irans erming
OP1 from the memory ince the accumulator. This is shown in Figure
3.2, “ADRI" 1 a symbolic reproscntation for the actual 16:bit wddress
n the mamary. Somewherc cisc ia the program, the ADRI syrbol will
e defined. 1t could, for exaruple, be defined a¢ beng qual 1o the ade
dress 100"

“This ot nacrustive will sesuit in a ad oporation from address 10
(see Figure 3.2), the contenis of whics wil be fransferred alang the ata.

"





index-554_1.png
DATA STRUCTURES

Fig. 9.16: Simple List~The Programs
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ARITHMETIC PROGRAMS

Anihmetc programs irclude addit,on, scbiracticn. mwoplication,
and division. ‘The progeams presented here will upccals on iniegers,
Tiiese integess miay S pascive hinary ntcgers ar iy be expresecd 1
1w0's complentent nolalion, in ich cass the Teft-most b i the sign
bit e Cliapier | for a deseriplion of the twa's complement nolaiion).

SRt Adaition

We wil acd Lwo $-bic operands cafied OP1 and OF2, ros
stoed ar memory addeess ADRL, &nd ADR2. The sum will
KIS and will be stored at wissmory address ADR3, This is iLus:
Figure 3.1 The pragram which will vesTorm Lhis zadftion 1 e follow.
ing:

Instructions Sacuneots

LD AJADRD LOAD OPLINTO &4

LD HL(ADR2  LOAD ADDRESS OF OF2 INTO HL
ADD AL (HL) ADD 02 TO OPI

LD (ADR3hA SAVE RESULT RPS AT ADK3

9%
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{ pecREMENT Jems NG

exr

ENTRES RHRANING
ASTR THE GHE SHFTED

Y

9.15: Table Dalesion Floweliart

En
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the 750 signafs in arcer Lo be able 1o progtam it, The reader who i not
tnaerested in che detals of hardware taay therefore skip this section.
The pinout of the 789 appears on Fig. 2.13. On the right sids of the
lustration, llie adiess bus anc 1ne daia b perform thor usuel fole.
s wssa e at the beginning of s cnepter. We wil describe bere the
Lunction of the signals om ¢ cons0; bus. They are showa of tne lett af
Figure2.3)
e con:zol stgnals have been purtizoned w four groups. They will
be deseribed, poine from :he top of Elgwre 2,33 wowards she bortom.

The clock input 15, The Z80 ncorrocates the closk escilltor mitkin
the micraprogessor dnp. Ouly 2 30.olis pull-up wesisior 18 necessary
externally. [Lis conmzet=d 1o the 0 1eput a1d fo % volts. |lowever, at &
MHz, 41 xternal elack driver 1sregqured

Tite twor bus-contrl signals, NUSRQ and BUSAK, are used to dis-
couners the Z80 Sam 11s busses. They are mainky uscd by the DMA. but
could zlsa be uszd by another processac ia ¢ system. BUSRQ 15 the
bris--oaud sagnal. ¢ is sued to the Z80, In sespanse. the Z¥0 will pli
s uddress bus, daca 35, and ristale uulpug coneral siznals ia the high
litpedance o, a: the end of the curvenN macame cycle. BUSAK s ths
acknawiedge signal issued by the Z80 oncs the busscs avs beea plasee
intac high mpedance state.

Six 20 coatol signals are relsted o its int
quenzing:

TNT and Nt ave the two iiterrupt signgis. INT is the usual interrupt
request. tnterrugts Wk be descsibed w Chaster 6. A number of i-
put/output sevices may be connected 1o the INT mterrupt line. When-
cver s interrupl vequest i present 0 s fine, anc: when the internal
nterrapt enable fip-tlop (EF) is cnabled, the Z80 wil accept the intes-
runt (provided the BUSKQ 15 not active). It will cien generate an
acknowledgs signal IORQ (1ssued suring the M1 state). The rest of the
scquence of cvants is daseribed Jn Chapier 6.

NMI is the non-masiable incerrapt. 1t is always accepted by the Z80.
and if forces the 789 1o jump to location 1066 hexsaecimis, I 100 is
descritec in Chapier 6. (I slsw assaaes izt BUSKO is ol avlive.)

WAIT 15 a signal ussd o synchronize (e Z83 with siow memory or
iupul/output devices. When actie, tlus sigmal sodicatss (it e
memory or the Zevice is nat yet ready for the data transfer, The Z80
CPU il then eater & special wal: state wnil the WAIT signal becomes
imactive. 1wl then resLime noviaal seyuec.g.

HLALT 15 the ack nowledgs signal supplicd by the 230 after i has o

cnal stalus o W s e

2
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A SIMPLE LIST

“Fhe sumpls lstis organized as a table of n clements. The cleaents arc
ROt sorted (see Figute 9.11). Whee searehing, one must sean traugh
e st il s cotry 1 fownd or the znd of the table 1 reached. When
nsarting, new eatries ate apyetidad o Lhe existing ones. Whei do sty
15 deiterd, e entrics 1n higher metory Jozations, if aay, wifl be shifted
p 1o keep the tabie contimuous.

Sean

A seria; search tecnuque 15 wsed. Bach entey’s fbet field 15 sompared
1 0T 10 the OBJECT's lael, letter by ietter
The runaing powter POINTR & ianiatiess 16 the vidse of TABASE.

[2

Fig. 9.12: Table Search Flowchurt

ss1
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The tastruetion Execution Cycle

et us cefer now fa Figure 2.6, The microprocessor vk appears on
the eft, and the memory apoears 07 the night. The memary chip méy be
3 ROM or 2 RAM, or any other chip which huppens 10 costain
memory. The mcmory is used (0 store ingtruez.curs aui data. Here, wo
will feteh one insteuction from toe tramary la Mustrate the rofe of the
program couster. We assbme thet the program sounter Has valid von-
terts, 1t mow hoids & 16 bit address which Is the address of the cext -
stevetion to fetch 14 the memoty, Evey processor proceeds in thes
eyeles:

STt e next mstruction
2—desote the instruction
3-wesecute the situct:on

Fetch

Lot us naw follow the sequence, [ ke first cycle, che contents of e
program cantes arc deposited on Uz address bus and gated 10 the
memosy (o he address bus). Simucancuusly, a read Sigral moy be
ssued on the conimol bus of che systen, 12 required. The memory will
secaive the addsess. This adde=ss Js csed to specify one location willic
e memary. Lpon cecesving tre 5ead signal. <he memary will decods
the addiess ol has recervea, through inzernal docoders, and wil sclcct
the sacation speilied Sy the addvess. A Zew hundred sanosccands fater,
the memosy will deposiz the cighi-bil daca corresponding to the
specifiod address on 145 data bus. Thys eighl-bit word 15 the instruction
that we went to etch. [o our Musiratica, this mszuction wil be
depositcd the dara bs on fop of the MPU bux,

Let us briofy summarize the sequeaciog: the cunlers of the program
ounter are output on the adiress bus. A cead signul is penerated, The
memory cyeles. and perhass 00 fannscconds ater, the nstruction &t
42 specified address is depasited on the data tus (assuming a sirsle
byiz instrucrion). The mizroprovessor then seads the data bus ard
degosits 1 contents into a specialized micrnial regisier, te TR rezister
The IR is the instruction regisier: i s eignt=3its wide and 13 used Lz can-
tan the instruction just felched. from the memory. The feich cycle is
now completed. The § bits o] the instrucuon are 20w physically in the
specenl infe:nal register of th: MPU, the IR regisier. Tac IR azpears on
the left of Figure 2.7, It is tot aceeasibic Lo t
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Understanding, this potnt & srucial o the understanding of efticient ex-
<eulion of instractions wiLhin the microprozessor.

Question: (For the wiert and wnformed reader only. What happsis
1o e cuse of an incerrups at the end of M3? (If insiruction exceution is
suspendad at this point, tae progsasm counter points fo the instruction
follawiig tic jump, and the Jumz ad:ress, contsdned in W and Z, wil
belast)

“The answer i left a5 nt interesting exercrse or the alert. reader.

Tee decaifed escriptions we huve prescated for he exesution of
typical inslructivas should ctarify the role of the segisiers and of
the internal bues. A second reading of the preceding section may
fieip i, gaining a detailed understandiog of the internal operation
of tac ZRD.

wor B ] ol
| wew M scomss
s ] e s
CONTRD.. 0 = teS s
=l \
(= 0
o \
e (w -
focrg 1) o7 s
Conrect f "
Fig, 2.33: 280 MPL Pinout
The 780 Chip

For comploteness, the signals of the Z80 micraprocessar chup il be
xemnmed hera. 1t is mot indispensasie to wderstand e functions af

el
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Second Machune Cyete b2: As usaal, the frst 2 ststes, T1 and T2, are
used 10 fetch the contenss of memory focution PC. Durun, T2, the pro-
‘aram counter, PC, is incrercented. Somcuunie 5y the end of T2, data be-
comes aval.able frm s memo:y, and appears on -he ¢ata ous. By the
and of T3, lhe w07y wiuch has besn fetehed from memory add=oss PC
(B2, second byte ol the wscrucsion is available on the date sus 11 must
o be stored 17 3 temporary rogkster. A is deposicd wneo 7: B2 2 7.
{see bigars 2.37)

[T

2T

] seoress necoae

E—r R

Fig. 2.32; Second Byte of Instruction Goesiato Z

#Azchine Cocie MS: Again, I'C 15 depowted on the addeass buss, nere-
fhented, and finaily cre third by'e, B3, s read [20rn the memory an de-
posited into regisier W of the miccoprocessor. At this poiot, i.2.. by the
#nd of srate T3 of M3, resisters W and Z inside (e microprocassar con
fan B aad B3, e, the worupleie 16-bil adiress ol was originally
contained i3 the (wa words Fallowing the st cetion i Lhe memory.
Exceution car. now be compleced. W and Z contacn aa addiess, Thas -
ress will have 1o be sent fo fhe memary, m order 1o extsact the data.
Ths 55 done 1 the next memary zycle:

Mechine Cycle M4: This tine, W and £ arc ouspuc on the addsess tus
Tha 5.0 addvess 3 sent Lo the memory, &nd by the cad of state 12,
dasa coresconding o 1he coments of the specifizd memory lozatior:
becomes avaitalz. 10 is finally decosited in A at the end of wate T3,
Thhs Lerminiaes execution o this instruction,

s
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. thaxt

el
T ey vy i
ETTELT RIELTAE R MOCEHTIN] @
& e it

3
TR VENORY

Fig. 2.30: Befote Exerution of L2 A

e

[TTNNKEY]
[TEIIXIT]

w i rine ]

PNy

[ETITSEn

AN

weNORY

RemisRS

2.31: After Execution of LD A

Fhe effect of 1 WISFUGEON 5 ShoWL 10 Figures 230 and 2,31 above.
it within <he 280
27 el are shown

‘Two special registers are available 1o the control
(b 101 (@ the programeme. They ure “ W wnd

in Figure 2.28.
&
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1600 acdress, 10 which the Jump will be made. Conceasally, the of-
fect of fs Fstructon 15 o replace the contents of the prograc couater
with the 16 its following e “FUMP™ opcade. 6 Srac .  somne-
whi dif oren: uppruach will b napewented, for reasens of efficienzy.

s b, tie i, e siztes of M1 correspund 10 Ihe sastraction.
eteh, During stete T4 the Instruction 1 decoclest 4nd 0 ofher event is
recorded (X}, The next twn machns cycles are used 10 fcicn bytcs B2
a0l B of Ihe wnsiruction. During M2, 8255 “ctched and deposiicd o
eternat sogister Z. The next wo steps will be implemented by Use ro-
cessor dulng the next iscruction.fetch, s was the case already with the
addition. Trey will be exevuted inslcad of e ssval steps for T4 and T2
of the et instruction. Let us look ac shem.

Trc reat 1o sizps will be: WL OLT and (WZ) 1 | » PC. i other
words. the cantents a2 WZ will te used tstead of zhe contents of PC
during the nax instraction-(eteh, The contsol unit will huve reco:dzd
the fact that a yump was beung executed and will exeoue the bogianig
of the agxt fastruction differents

Tho efTeet of these two extea siats is the Tolowniy

‘The address placed on the addiess bus uf e sysiem Wil 6 the ade
ess cantained in W and Z. In otber words, the next instruction will e
fetched o the addzess that was contained in W and Z, Ths s cifec-
tively s . In addition, she conteats of WZ wil b icrtmented by |
i depasited 1 the Fragrar counier, s¢ that the next nstrucon will
e feteaed correctly by using PC as dstal, The effect 15 sherefore wor-
rect.

Question: iy have we rot ioaded the cuments of PC diecdy? Wiy
use the intermadisie W and 7 regsiers?

Answer: 1t is not passible to use PC. 11 we fiad foaded the iower parc
SUPC (PCLI with B2, 1nstead of using Z, we would have deslroyec PCE
K would tien liave becorse toupussible 1o feleh B3,

Question: Would i be passibie to use just Z. inseead of W and 22

Answer: Ves, bu: It wouid be slowe:. We soukd have fouded Z with
B2, then fetched B3, and dzposiied st wita e bish urder bl o7 PC
(PCH). blowever, i would then have become recessary 16 transfer Z -
1o PCL. before using Lhe conicals of PC. This woukt slow down G
process. o tas reason, both W and Z shouid be sed. Fucther, and ir
order to sase time, W anz £ are not transferres in:e MC. They arc
itcelly gatcd ' (rc sddress bus in o-der 1o felah the pext mstracon,

2
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This ilastcates the use of an arnediats wnsiruction, This mstraction:
sEquircd three hytes 1 arder 1o store & rwo-byte cxpfiet wddress. This
instruction also requircd four memosy cycles, as 1 nesded to g0 fo the
memary tree times  order 10 excract the dhre hylss of this three-
word insteuetion, piis un: mote mamary access in orde: to fetch the
data specified by the address. 1t 15 long Inscruction. However, 115 ais0
abasic one for loadiag the accumalator with specified conteats residing
at @ huoven, merory ocation, Tt can be noted thai this instraction re-
quires the use of W and Z reatsters,

Question: Coidd this instruction have used ather registers than . 2
within the system?

Answeei No. If this instruction had used otber regiters, for ctample
the H and L regisless, 2 would liave moiified cheir coprents. After o
ecution of this instructios, the contents of H and L would have been
lost. 1t is always assumed in a program (hat an fnstraction Wil nat
oy auy segisters oter ran s i s explicily using. An instruc-
1on 1oatng the accunuato, should B0t desteoy Lie conleals of ay
other resistes. Yor this reasen, It becomes necessaty <0 supply the extra
two segistets. W and Z. for the ternal use of the control unit.

Question: ould it be possible fo use I'C fnsteart of Wand 22

osisvely fot. This would be suicidal, “The readsr shouic ana-

Iyze this.

now: a Sranch or jwmp
the scquence fn which mstrichons arc
within the DEograta, 5o “er, we ave assumed that snsfruc?inns
executed sequentially. Insiructioas exis: which allow the pra-
sesmmer L juma ot of sequence o anolher nstruttion, within the
Brogran, or iu pracicei (e, to jomp -9 another area of (he mamary
containng the pog a1 or 1o xuothes sddsess. One sach Tusercsion i

3

“This matraction appears on 1 inc 18 of Figure 2,07 as “IMP addr."
lts axecstion will be deseribod by following the harzondal fine
of the Tadle, This is again & thres-ware instruction. The first word
s the opcode, and conajos 11000011, The next twa wards cantn the

w®





index-83_1.png
PROGRAMMING THE 780

Question: Would it be passile 10 go further unng this scheme, and
10 ulsy wse state 13 of 1A2 if we have 1o execute o onger nstruction?

1n arder 10 ofarify the tnternal sequencing meckanism, it i suggested
that you cacmine Figure 2.27, winch shuws the detaited msiruction
exceution for the 8080, Tre 280 includos all 3080 mstructions, ang
were. The information prestnted in Fignre 2.27 is not asailanls for the
Z80. T 15 shown Aere [or 15 edueational value in understanding (ke -
ternal operation of this mizroprocessor. The equivalence Setwcen Z80 and
HOHD imstructions is shown in Appendices T and G

A more complex instruction will now be examized:

ADD A, (HL)

“The upeod for (hs instruction is 100001 0. This msiruztion reans
“ac o the scvunubazor the contents of memory Josation (HL).? The
memary location is specificd thrmigt. & rather s'raage system. It is the
meemory Jacation whess atress 1s cnntained in registers H ang L. Vs
mstrmchon assumes that these two spectal registers (HL} have beer
f0aded with cantenss p107 50 exesuting the instraction. Toc 16-bil cos-
tents of thase registars will naw specify the address fn the memory
This daco will be added 10 the aecamultor, and the
cesult will be [ef in tae zecumnulaor,

‘This mstruction 7 a history. 1 has been auprlied m order to pro-
vide comeatibility berwses Lhe sarty S0U8, and ils sucessor, L 5080,
The carty 8008 was not cquipped with a dirselmercory ddeessing
capatility2 The procedure rzsed 10 acesss the contents f the memary
was €0 load the two regisiers # and L., and then exccuts at. mstruction
refaroncing H and L. ADD &. (HL 5 just such an ostructios. [ st
be ststssed “hat the 8080 und the Z80 are nat limited in the same way as
the 8008 in memory-azdressing capabily. They do have ditest-amenocy
addressing. ‘The fasiliy for ts:ng the H aa L registers azcomes an
added advantuge. ol a dravback, 25 was the cass with the S0DS,

Let us now ollow the execation of this irstroction (52 is called
ADD M for the RORD and 1 the |6th ins:=uition an Figare 2275 States
TLL 12, and T3 of ML wil qe used. a5 usual, 1o fesek the snsfeues.on.
During stare T4, the contens of the azcumulator are transferred to s
buffer remster, ACT. and the jeft inpu: of the ALL s conditioned,

Memors must be accessed in orger 10 provide the second byte of dzta
il be added to ke accurmnfator, The address of tis byte of

a4
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Fig. 2.27° Intel Instruction Formats (continued
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AQuestion: What s the apparent execution time 1o the programmer) for
thus mstruction? Usimg @ 2.5 Mhz clock, 151t 3.6 us? 2.8 us?

Anather mare camplex instruction will now be exafuned Which 15 @
dircsmemory addrcssing instrucuon using Two nvsible W and Z
cegitere

LD A un)

‘The opzade is 091110(0. The 8080 cquvaient 1s LDA addr. As usual,
states T1, T2. T3 of M will be used to feich the mstruction fram the
memary. T4 1 used, but no sisible resuif can 9¢ descrined. During stale
Ta, 1he mstruchion s 1 fac: descded, The control un:t then finds aic:
that 1t has to feth the next twa tytes af tais instructior in order {0 0b-
s the adarcss Srom, which the sccumulator il be loaded. The ef2ocx
 this instruction is 1 oad e accumulasor from the memory contents
whose adecess s specicied 10 bytes 2 and 2 of the iasirco0E. Noi: thac
state T4 Is necessary to decode the instrcetion. 1t cooid be considered a
wasic of time aince oaly part of the state is necessary o do the
devoding. I . Howover, s is the piilosophy of cluck-synchonuis
fogee. Because merostructions sre used wcrualiy w perlorm the
ecoding and executor., i 15 Cre peaaity that as 1o be pais 1w reiur
for the zdvantages of microprogranuming. The structuve of his mstyut-
tian appeas in Figure 2.25,

woR e e

@ e

3 cootess—|

w2 @ fanrss

Fig. 2.2

LD A, (ADDRFESS) Is 2 3-Wori Instru

The acxt o0 bytes of astruetiun will now te fetcned, They will
speciiy an address (see Figure 2.30).

£
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data is contaned in 61 20d L. The comierts of H and L, i thereore
nsve v b transferred onto the address bus, where they will be gases to

the memory. Let usdo t,

= |

I % — 1 [F] 0 nepwr

= =

Fig. 2.28: Transfer Conteuts of HE (o Address Bus

Luring machine cyele M, e read: 111, OLI . H znd L are depasized an
the address bus, in the same way PC ased 10 be dezasited there in
previows mstructions, AS a remark, it aas alrcady been wndicated
that during state T siaris s QupUE on the data bus, Ut no use of

will be made here. From « simplified standpoint. it will require tvu
states: one Gor the seawony b read 5 data, ad as for 2 dat o
becoms available and transforred onto the right fptt of the ALU.
™P.

Tioth inpits af the ATIT are navw candisianad. The sitvation is znalo-
503 ta cac one e were i with the zroviovs instruction ADDA, £ bath
inputs of the ALL are corditioned. We simply 1ave to ADO as before,
A Setch/exesute overlap tachnique will b used, and, instea of cxe-
cuting the addition within state T4 of M2, final executicn i postponed
il state T2 of M3, [t cas be scea in Figurc 2.27 thet during T2 we in-
doet hiave: ACT + TMP-—A, Tae addition & finally purfarmned, the
vontents of ACT ace sl to TMP, and the result dsposiced into tie
accumuiator A,
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Flg. 227 tatel Esteuciion Formats (continued)
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Answer: This is 4 standard design “1r.ct” used in mast CPL'S. 1t 5
alied “lotch /exectue overlap. The basic dvas the faliowing: laniang.
back at Figure 2.23 it cun be seen tha: the actual execwion of the addi.
tion will only requie s use of 112 AL and of the dca bus. In warer
suler, it will not access <e tegisier RAM fregister dfocks. We (ar the
SORif01 unit) know 1hat 1he next the e states which wil bs exceused after
ormgletian af any wstrictior. wit. be T4, T2, T3 of masture arcle VI
S (h2 nos nsizuctian. Looking back «( the exesuior of these (hies
states, t can b seen that 1hevr sxceucion will oy fecus access Lo the
Erogram: couner (PC) and use of the address bus. Az ( e pro-
gram counter will requims ascess to the regster RAM. (This capluing
why the same frick coald ot be bsed 1 he msicustion LD vyt L is
thercfore pussible to use simultacously the shaded area i Figare 2,17
and cae shaded area 1 Figuze 2,24,

The Catie bus s used during state T af M) to carcy siatus imforma-
tion G, [Lsannce be used far dhe addition that we with o perform
For tha reason, it becoones aevessary 1 il cnel state T2 before the
addition can be efrctely canied cut. This Is what cccurred in the
shast: the addition & complered during stuie 12 of M2, The mecianism
s 0w een caplained. The adsantage of this approach should cow be
slear, Let 0 assume thel we had mplemenied 4 Staghtforwerd
seheine, znd performed the addition during siate 5 of machine cycle

SHCH

=tz

R

SRR -

Fig. 2.25: FETCH-EXECUTE Overlap during T1.T2

ML The dusatior: of the ADD tistruction wonld hase besn 5 x 509 =
00 1. With :he overtep appreach which has haen implemenied, oncs
state T4 fias been execuied, the oex: instruction is Misated. 174 mancer

B
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transfer from 1 to TMP nses the imesna: aata bus, Tne fransfe: from
ACT us3 a shore intommal path independont of this gata s Tn ordr to
salt G, both transfers arc done smaltencorsty. At this poiot, both
e eft and the rght inpa of the ALU are sorscetly conditicacd. The

input of he AL Is now condicioned by the scoumuiator contess,
and the rghtinpi of the AL b condifloncd by the conteats of sisicr
. We are reads to periorm the addision. We would normally cxpect 1o
o the sddiion cake piace durins scats TS of M. However, s site 3
sunply o used. The addition s nat performed! We will ener machiae
cycle M2. During tatz T, nothing happens! It only instate T2GE M2
tha the addivion ickes place (refer 1o ADD T Figare 2 27

T2of 0

(ACTY + (TvP) - &

The conteats of ACT are addes to the tontents of TMP. und the
eesuil s finally depusited m (he accumulitor. See Figure 224, The
oeration  naw complete

it

Fig. 224 Bod of ADD ©

Question: Wy was the compietion of the addition deferred until
State T2 of machine cycle M2, rather tha ‘aking place durg stzie 15
2/ M?2 (This 15 a difficull question, which requires an understandng of
CPU design. Hawever, the lechrique involved is fundamentai lo c.ock-
syckronous CPU design. Try o see what aapnens.)

7
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Fig. 227; Lntel rstruetion Formats
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that i invisibie 10 this next instrucrion, The Pcleves’ contrai umt wil
use state T2 0 carry ot the cad of the addition. On the chart T2 is
shown as pert of M2. Canceptually, VE2 will be the secand machine cy-
elc of th addition. (n Zect, this M2 wil ne averiapped, i.e., be ideaticat
0 machine cycic M1 f the ne insteuction. For the Fragrammer. the
detay inszoduced by ADI will be oaly four states, i &., 4 X 500 = 3000
as, instead of 2500 15 using the "siraighforward™ apcreach. The
speed improveraent s 500 ns, or 20%!

“The overlap techniqus s illustrated on Figure 225, It is vsed whea-
possible o increese e apparent execution speed of he miczopro-
wessor, Nacically, it 2 not possibiz 10 cverlap m all cases. Requiced
‘uses or Eacilities must be available without conflict. The zontrol unit

“hauws” wlhcther ait uverlap is possible.

W

Fig. 2.26: Intel Abbreviations

L]
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i2.2.22: “The Conteats of TMP are Deposltcd inio D

Exseation of the nstrucon is now enowplate. ‘the ccatents ¢
spister C have becn trar sferrerl o the specificd destinalion register
1. Fhis ermicates esecution af the sastruction, Tae othar machne
cucles M2, M3. M4, anz M3 il a0l be necsssary and exezuton siops
with M1

1is possitie (o compuce the durcticn of this wstruction exsily. The
duration of every scate for the standard 2801 ile Zuratou of the ciock.
500 1. The duration of this matruciicr is the Suratiun of G states, 1

5 500 = 2500 ns = 2.5 s, With 3 400 ns ciock, 5 x 400 = 21007
~ 20w
Question: Wity dnes sius wstencaian requwee o sioies, T4 and 75,

i arder (0 transfer the contenss C wito . raiher than just one? it
raisfers the somsais of € inte TMP. und then v cortenss of TMP -
10D, Wouid'r u b2 simpler 10 7Gnsfar the conaents of < i D airect.

s Wi @ s sterz?

Answer. Thus 15 not possiske becuuse of the implementation sh
For the internal reavrs, Al Ure inberal e81slezs ke, Ju (el part of &

u
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Duriag T5: (TMP} » DDD,

‘The contents of TM are depasiced 1to P, This s shown ia Figure 222,

o

IEYAER] TRITTEEY.
(T3

TEiEi008 0111007

CE)

Tesnsferring C into B

or

Fig. 2.21: The Contents of € Are Depasited inio TMP

i
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other spcialized reguaters, More complex examples of such waplic: in-
structions ace, for exanle, Uhe PUSH und POP operatians. wiich wil
transfer mforeneian botwesn the top of (e stack and the accumulator.
and wil at the same e updace the stack, po:er (3P), decrementing it
o incrementiog it. They inpficily manipuiate Hhe SP register.

Tho zaccution of e ADDD A, ¥ insimction witl fow b erauLmss iu
dexail. This instruction will reqprre fwa mackane cyetes, M1 and M2, As
usual. durang the ficat three states of M1, 1he imstruetior s tetched frem
the memory and éaposited in the IR register, AL the beginning of T4, 1
is devodog and can be execured. b wil 3¢ assamed here that register K15
wides: 10 the accumutaror. The sode for iz nstruction vil then e
1009000 e code for reuice B is 0 0 0. The 8080 cquivalsnt s
ADD 1.

Ta:ES S B TMP. (A) 3 ACT

e

Figg 228 Two Transfers Decur Nimulianeausly

T transias will be exccuted sicnuhtancously. First, the contents of
the specifier scurce register (sere ) are tranaferred into IMP, i.c.. to
the cight seput of the ALU (e Fig. 2.23). At the same fme. e con.
sents of the acsumulator are wansfersd  Lie Lemporary azcomufator
{ACT). By inspecting Fig. 2.23, you will ascertein thas those ransfcrs
ven oczur m perelel. They use icrent paths within the system, The

%
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Esercise 1.9: Could we moee tie DAA msiruciion i i
e fnstrucrion LD (ADR), A7

ogram ajter

BCL s

fraction

BCD sublractior. 15, 1 AppeaTarce. SOMRIcy. 1 CFEer [0 Derlorm: 3
BCD subiractson, one must ad 112 fen ‘s comlemese Of e number.
v a5 oz 1 the 1 complement of & aumber 10 perTorm < binary
fantraci. Th ten's complement is obiR:Ned by COMpULTE the comple
ment 104, hen adding "1 Tn:s requires typicaliy three 15 four opers:
Lieas on a ssandard microprogessor. However, e Z80 1 aquipped i1
a powertul DAA nsiracuion which simplisies she progran.

The DAA nstruetior, auomatically adjusts e vl o7 the el 11
e accurmilator, depending o the vaiie of the C, H 2rd i flags Eefore
DiAA, 10 the cotrest value, (See lhe next enaptes tor more cerils o
DAA

L6-RiL BED Addition

16ebot addira, s peformed yust as sinesy 25 in the binary cxsc. The
pragra or sucn an 2ddion appzars aci

10 AADRI LOAD (0PI L INTO A
L0 HL/ADRI)  LOAD ADRIINTO HL

ADD A, (HL 01 + OPZ LOW

DAA DECIMAL ADILST

LB (ADR3LA STORE (RESULT) LOW

LD AGADRI - 1) LD(OPIHINTO A

Ne FOINT TO ADRZ +

ADC AL O8I £ QB2 HIGE + CARKY

baA DECIMAL ADIGST
LD ADRI 1 1A  STORE(RESULT) HIGH

Poehed BCO Subtraet

ety BCD sddivon 2. subtacion have been deseribed
However, u astuzl practce, BCD auerbers anctude any number of
bytes. AL & sunplified examle of @ peckad BCD subtract. we wil
assume £1at the two nunbers Ni asi N2 iaclnce the same mner of
RED hytes. The Fimhar o1 btes 1 called COUNT. The register wad

m
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singtz KA. @ read/wwsic memory nie-ual 1o the microprocessor chip.
Only on ward may be addsessed or selected a: a ime within @ RAM
tsinglo-post?, For Ihas reuson, it is 10t possible Lo both read ard wiie
in16, or Trm, an R AR a1 swa i lerent Jocatons. Two RAM <ycles are
“oquied. : aucomzs necessars (51 10 fead the 6a1a u¢ of e register
RAM, and store [t i & 1cmpo7asy repisiar, TP, then, 10 write it back
inlo the Tnal destinauar. register, vere . This is a design iaadzquicy.

Hovever, fhis fiousation is common (o virdally 4l aonclilic
miccoprecessors. & dual-porl RAM would be required 10 sotve the
proble. his itatn is not intrinsic to micrcproecssors and it normaliy
Goes ot exist 1 the case of bil-sice devices, 1115 & sl Of the constan
seareh for logic consity an hz chip and iy b eliminated in the future.

Umpartant Exercise:

A this point, it i bighly recotmeaded that the user reiew by bt
self he sequeciag u7 Lis snpfe it uctian before we proceed to more
zomplox oncs. Far this puspase, go back fo Figare 2. 16. Awenitiea few
sinell-sizee Hsymhals” sich as metchcs, paparclips. ete, Then move the
syrehals on Figure 2,14 1o smuiate the flow of duta from the registars
12 she bitses. For cxampic, deposit & syribol into PC. T1 wil move
the symant cantained :n PC out o the address by ‘owards ke
memory. Contiruc simulated exeeution in (s Lushiun usbl you feel
comtortable with the transfers alonk the buses and betweer. the
regisiers. At s point, You should b ready <o srocee

‘Progressively mare campla st uctions will gaw be shidied:

ADD &, ¢

“This instractior, means: * Ad: the coniants of segisiar T {specified by
a binary code S § ) 10 the aceumulatar (4), 2ad deposit the result in
Lhe accuasudaror,” Phis s an impficst nsiucton, 1 i allsd implicee as
it doss not explicitly reference  sesond register. The instruction expli-
cily refers anly to Tegiseer 1. It i plies that the oikce sesier nvedved
1n the operation 1 the ceumulator. The acuusulato:, when uscd in
Suck: an impliil instsuciian, 1 referenced botls as source end deshna-
Gon, Data vl be deposited (1 the accumlator 8 3 result of this add
tian. The advantge of such an mplicit nsteucon 1 that ts zompiels
opaade 1s ouly eght bis in long:k. 1 reguires only a threa-bil cepster
eld o the specification of ¢, This 5.2 Fast way <o perform an addition
operstion

Other implicic instractians exist in tae sysiem which wil reforenve
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]

T |

Fig. 3.10: Storing BCD Digits
Tis program is anatagous 16 the S-bit binzry addition, but uses 2

new instruction: “DAA™. 1 el s s

willfirst add 11"

=a0e 1t rale i &n cxample. We
and 22 0 MED

00DLO01 {111
| Dmoo0te (22

= 000001 (33

E
The vasul i correct, using the rules of buiary acéion
Let us now i 22" i 39, by using the rutes af inary addi-
fow D000 (22
+ 011001 (35)
BoLiot

“I0LE" 15w ilfegai BCD code. “This is because BCD uses only the

firse K0 biwary couss. and “skips over” Lhe next 6. We must do the
seme, Le. add 6 10 the res

W11 ainary resull)
- o @
= 01100001 (1)

This s the correct BCD

109
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memory allocation 15 skown n Figu
Below:

BCDPAK LD ¥, COUNY

11, The pragram appeass

D DE.N2
L HLINE
AND A CLEAR CARRY
MINUS LD ALDE} N2 BYTE
SHC AL (HLY N2 - NI
DAA
LD iHLLA STORE RESULT
NG DE
INC HE
DINZ MINUS DEC B, LOOP UNIILE = 0

lmum

¥ig. 3.11; Pucked BCD Subtrac: Ni-e—N2- Nt

the BCD numbes ot siared.
1 HL

NI and N2 represens 1he 2ddresses wher
These addresses wil be Ioaded 1 rester pairs D

BCDPAK LD B, COUNT
D DE N2
D HLNL

m
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Hexadzcrmzi Conversion Table

APPENDIN B
ASCH Conversion Tuble

APPENDIX C
Felatise Branch Tobles

APPENDIX D
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APPENDIXF.
280 Instrucuon Cones

APPINDIX F
20 10 8080 Fguivalence
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Flg. 219 The instraction Arrives from fhe Memory iuto IR

1 shoiskd e nared 1t sate T4 of M: willubwiss b required. Onoe.
the imstruction has been depnsiied irtc IR duing T3, 1 1 necessary o
decode and.execite it. TFis wil requaire at foast one wactine slac, T4,

A fex nstructions tequire 2 exiza state of M1 [sfale TS). It will be
skipped by the arocessor far mast Instrrctions, Wherver the executivn
of ui wsiructicn Tequirs: more than M1, i 2., M1, MZ or more cyclcs,
the zansican will be directly Zom state T4 of MU o sizlc 1 <f M2
Let us svonnice an exampre. The doteled intercal seqencing for cach
xauphe i s it the tbles of Figare 2.77. A5 hese tables 2avc ot been
refeased for Lhe Z50, che 2080 tables ane wsed instead. They providc an ine
dopth anderscanding of izstraction excxution.

o,
This corzasponds 10 MOV 1l 2 for the S080. Refer 13 line (o Fg, 227
8y comuidenc, the dastration regster in ths examplc happens to ba

< D The transfer i Uistrated i Figure 2,20,

This wsiruchion has Secn described in the previns section. It

“aansfers the conrents of segistor C, denared by “C", into regisier D.
T first three siates of cycde M1 az used fo felch the instraction

from lhe memory. AL the end of T3, 2 instruction it 1 R. the in-

strtetion Register, from which porl { can be decoded (see Figarc 2.19),

During T4: (385) b TMP

‘The coments of Care depasited Inta TMP (Sec Figue2.21)

7
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heve usod LD, winch suas the aecwmuiator [rom the memary Address,
o stores s comeats o the specified addross. ThIs 1 & deig sransier -
straior.

Nexe, we have used Grimede sGuUCRS, Tueh a5 ADD, SUB,
A and SIC. They perloem addition and suzwaciion operaons.
Mare ALL structians 1 be muroduced suan ai this shager.

Sl ather types 0F msteucuions zre svailable wilhun e micropro-
cnsor whacl we have ao wsed vet, They ae 1 pertiatsr “juin’ in-
Siruetions, which will ooy L orde- t which the progyam 1s be
executcss, This aew sypae o instrues ion will e 1-oduced t our nest ex-
uipie, Nete :hat Jump mstructions 2rz ofter. called *braash™ for con
ditsomal s.ications, i, mainaca: where Lhore i A Togieal choice m the
sengram. ‘Ths “branc” derives 15 mamc Isom the analagy 10 3 frex,
and iranlics a fork 11 (9e reprasenation of he pronram.

MULTIPLICATION

Ler us noew cxaminc & mose complen ahimens problams he ouwl-
siication of banary numers. ln order to in-roduce the algeritam for
hnary mulgplication, let s S(ar: by exarmimay & wuzl deciml moii-
wiication: We will multiply 12 by 23,

2 @uuliplicand)
x 33 (Muluiplien)

36 (Pariat Praduct)
w3

276 (Finsl Result)

Phe mulupficatica is performed by muliply-ng the right-most digit of
the metiipiier by the MUEUDACANG, 12, “3" % 127 The pardal prod-
et 35 357 Then on: muluplies tne nest digic of the multipher, 1.,
129, iy 4127 24" & <han added o the partas prodaci

Pl there 15 one more opecation: 1415 ffset 10 tie feft by on -
tian. We willsuy 1hat 24 1 shifted a7 by one position. Equevalntly, we
could heve sexd that the partial product (36) had been shiffed ove pasi-
fi6u 10 the rigit befocs adding,

The (v mumbers, correetly skifted, arc then avded and the sem
2%6. This is simple. The binary mult:plicahon 15 performed 1 exeetty
tae sume way,

8
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Then, n amicipaon of the flest Sablracuon, the carry bit must be
cleared. 1L hos been pointed ouw dtal the cacry bit wn be cleared 1
umser of eguivalont ways. Here, for cxatnple. we we:

AND A
The firs: byte of N215 loaded 1010 the accumulator, ten e firsi byie
f N1 is sublrastes from it The DAA instruciion s the used, (o obtain
e cortect BOD vaiue:

MINGS LD A (DB

SBC A, (HL)
DAN

The resut is then stored 1i1o NI
LD (HL A

Vanaly, the somrers to the eurrent byte are increcaen:ed:
INC DE
NG HL

“The counter 5 dacremented and the suntaciion ooz is executed uril &
tne valoe 0

DINZ MINUS

The BINZ wsrnecien s specisl Z80 instruction whish e erients
fepsar B and Jmzs 1t 15 101 7exo, w & Sirgle msirLeton

tixercise 3,10:
binary asidition. W

Cumpire thie progeam ahove i ihe e for the fowint
& the sifierence?

versise 1.11: Can you exchange the rales of DE and HL2 (1Wior: He
careful with SBC.J

Evercise 1.12; Wewte she subaction program for @ 15 BOD.

BCD Flags

1n BCD mode, the carry flag set os the resuit of an addition indicates
the fact that the vesult is larger dran 98, This i ot like the twa’s com.
‘ploment situation, since BCD digis are represented in c:ue binasy, Cou-
versely, the presence of the carry fag after  subtraction indicates a
borrow.

Instruction Tynes

We hiave nuw used txo tynes of msc-oprovessor insiraceiors. We

e
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asgn MPE a3d RES (0 a regiter s, [dealy, they should be siified
together o « single operation. Untoctunale’y, the Z80 shifts only 8-bit
TeEIErs Al & Um. Liks most ozhes febit mcroprazessors, it has na m-
struction. that allows shilfung 16 bus 2! 3 time.

However, another trick can be used. The Z80 (hke the 3040} 15
Squippesi with special 16 bic add insteuctions thal we have already used
Proside that s muliplics and the resuit aze stcred n the regsiar palr
Hand L, we can uge e Bustruct:on:

ADD HL, HL

which adds the contents of H and L to wsell, Adding  number 1
itsel 15 couhling . Dounling & umber in the binary system 1y equvic
iont 10 a left ShE, We Lav just obizined & 16-biz Shit in a single 11—
struct:on. Uofertanately, the shift oceurs ta the (et when v would like
i 10 oecur ic fac nght. s 5 no a problem

Conseptually. tre MPK cun 3¢ shifted cither ielt or night. We have
ssed 3 rixht shife afgor:thm because ihis 15 the one which 15 wsed n or-
cinary additon, However, it does not pecessarily need 1o be so. The
additicn operation s commutaive, and the orcer can 3¢ teversed: Shif
g the MPR €0 the feft 15 just 45 alid.

Inonder to take advantage of s simulaied 16- ., e will have
0 5i7] e MER 10 the teft. ThesToce, the MPR will reside in register
H and the resuil in tcgisier L. The resultng remster configuratun 1
shown i Figure 322

s[_counier

Fig. 3.25: Registers for kutoved Multiply

8
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For 1. specifics 2 displacement, and o can only punp within tae range
Af — 126t + 129. Hawever, e must here Jump to @ location which i
only a fow bytes away, and this improvement i legmate. The
resulting progea s shown in Figare 3.24 belows

MPY$3R LD DE, (MEDAD]
LD BC, (MPRAD)
b B3 BIT COUNTER
1D HL.O
MULT SRL  ©
JR_ NC.NOADD
ADD L, DE
NOADD SLA  E
R @

oNZ MULT
1D (RESAD HL
RET

Fig. 3.24; (mproved Multiply, Step 1
Step 2

[n order to umprove this multplicaton progan fuuiker, we wilk
obserye that cares diffecen shift operations are wsed in the ol pro-
3 ol Figue 3. (3. The auliplier s saified right. ten the meLaplic
cand MPD is shifted Jet, (n 0 cpesatiow, by firs skiflig regsier £
0, then rotatmg regser D1 the left, This s Gme-constning. A s:an-
dard programomg “Irick’” wsed an 1he wse of Tskipiication is based
on e forlowing abservacion: every brie thai the multiplier s shifted by
on: bt position, arother bu position becomes avatlable in the -
plter register. For example, assuming Lt the mutiplier shifts rignt Gn
Lhe previous example), 4 bit posuion ecoines svalable cn ihe loh.
Simultanzously, it ca b coverved thal the fist partial product (or
Sresult™) will wse, atsos:, § bits. [f a sinale cegiser b been allovatzn
10 1he result 1. the beginning of the progta, we could tien use the bit
position that tias been vasated by the mulsiplier to store the ninth bit of
the exsuit

Aftor 0 naxs SRIFT a7 the MPR, the size o the partial prochuct will b
nsrezsed hy just ane hut agam. I oifier wards, & Smgle regisler cn b
resecved ratially for the partial preduct. and the it positions which a2
baing frecd by the muluiplicr cen then bz used as the MER is cog
shifted. [n Order 10 miprove the program, we are there(ore p0itg 10

2y
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‘anticed that, in order 1o Joed MPD im0 E from the memory, we iad 60
103d both registers D and B 4L the same ims from 2 memory adiress.
This s because, unless Uhe 5edsess is contaimes in regstess H anc L.
there i o way to fotch u sinale byke direculy and loal ot into =sgoster E.
This is u feature carriec over from Lhe early 308, whauh hid 0o direct
addressug mude. The Teatuse was carciod Forward into the 8080, wath
Soue improvenents, and auproved still further i the 7X0, where it is
passible to fetch L6 biss dirceddy from  gaven memory address (but ol
B buts - except toward register A)

Nov, avimg solvad (his cossible mystery, ket us exccute a more
cumpler thiplication

A6 X16 Viviiplication
I order to put our pew.y acquired siills Lo & test, we ¥ill muLIpy
twe (6-0it numbzes. However, we will assme thal te result requires
ony i6 25, 50 that it cen b Soatemed in R Of (e register pairs.
T result, a¢ it our first mulaplication examole, is contained in
seaisters H and L (see Figure 3.27), Tae multiplicand MPD is contained
1w regsters D a1d E.

et

o
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The vest of the sogran s essenvally sdentical 10 the previous one.
e resuiting eogram appsars helo:

MULSC LD 111 (MPRAD-I)

b Lo
LD DE (MPDADY
w  po
L Bs COUNTER
MULT  ADD  HL.HL SHIFT LEFT
IR NC,NDADD

ADD ML DE
NOADD DINZ  MLLT
LD @esADL 0

Fig. 3.26: Improved Multiply, Step 2

Whe: compasing this progrom (0 the Sreviols 0N, 3 e be seen thal
thie length of che mullipication loon (e amber of lustrictins 2o-
tween MULT sd the ;ump) bis been ceducad. This piouran has Seen
it in Tewer mstrosioms wid (s will osualy resolt 1n fasier esecu-
wion. Th:s shews the advantage of selecig e CUrree, fegtaters 1o ton-
a0 e 1o, ursto,

A srughtforward design il ganerally result . a propary that
works. 1t will not cesall 1 2 progran that 15 e, T s theretoce
ApOTLant 10 understand 7 use the avallable Fegisers ans A UEANS
an i best possinte way. These examples fltustrate 4 raucaal approac
0 reaister selecuion and instzuxkion selection for mMEAMLM fceney

Esureise 3.20: Compure the speea of & wulizlication operaivon usig
s st wrograsm. Assanie it @ Brarel il v SO% o e cases
Louk p the tmber o eveles reatired by Svery msiuean i tite W
section. Assune o clock rate of 2 MH: fone e = 2ush

Fxercive 3.21

s o
contarn she multglicand. Hve wonia the above progeas be changed i}
e b wsed fle segster pur 8 end C vistead? ‘Hout: fins weld -
e a woalfication ui 1he vid.y

thot tiere we have et e seuster ran D i E o0

Exereise 3,22 Wiy did we have 10 bother
loading MPD viro E?

Finglly, to1 us sddress a detail which may ook sreziatng (@ the pro
Dler Who is 208 yet Tarniliat valt the 280, Fne resder wil e

oty egrster 1) whew

i





index-130_1.png
BASIC PROSRAMMING TECHNIGUES

L o b rempling to deposst 3 multiplier witc raxster B and C.
However, wanl 1o take advanlage of (e DINZ wsteaction.
regser B must be allocaied 10 the counter. As a resalt, hall of g
mult:plier will se in tegister C, and the ather half in regrster A e
Figure 3.27. The inuluphication pengram apgars selor

MULIS LD A MPIAD + 1) MPR, HIGH

b ca
LD A MPRAD) MPR, LOW
D Bl COUNTER
LD DE.(MPDAD)  MPD
[TETI
MULT SRL C RIGHT SHIFT MP&,
HIGH
RRA ROTATE RIGHT MPR,
tow
IR NG, NOARD FEST CARRY
ADD  HL,DE ADD MPD 1O RESULT
NOADD X DE, L
ADDHL L BOUBLE - SHIKT MPD
LeFr
LX  DE.HEL
DINZ MULT
e

3.28: 16 X 16 Maltiplication Program

The prosram = anaiogous to those we rave deveiaped befose. Tue
st sux imstructeons feom label MUL16 ta labet MULT) pecform the
niratization of repisiers wit the approprizc sontents. One complc
tion s tmircduced fere by the fact that ihe ma helves of MPR must be
Ibaded in separate oparauons, It 1s zssumed :hkar MPRAD poisis 16 1he
tow part of the MPR in che wienocy, follawed n the new: ssquential
memory location &y the high part (Note thal the reverse sonvention
n be used.) Onc the bagh part of MPR his bien read into A, It must
be transferred into C:

LD A (MPRAD = I}
[

mally, the low part of NP can be read directly “nia the ace

D A MPRADY

alor

11
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s book Fas toen designed as 2 complete self-contained fext for
fzarning programming, wsing he Z80. It can be used by a gerson wh
has never programured hetore, it should also bo of value to angone
using the Z80.

FoX the person wha bas already progeammed, thrs Gook 2l teach
specific programming techiques using (ar working around) Lre sp:
fic characterisics of the Z80. This text covers the elemsntacs 10 intet-
sediste clniGuos resuires 10 start programing effectively.

Tl ext s 4L prov level of competence (0 the peson
it wishies L0 prograon i this ricroprocessar. Nawrally, 10 300k
wil cffctively t2ach how (0 progeam, unless one actually practices.
Howevar, it is hoped Lat shis bonk will take *he reader 1o the poiat
where he fecls that he can start programming by horaseif end can soive
simple cx even modorately complex prohiems g a maLrocGmpICr,

“This book is based on the suthor's exper.cnce i teacning mare fhan
1000 pizs0ms how 1 program icrocCIMpUIess. As @ resuk, it 1 strongly
sirueiuzed. Chuzters normally go from e simple to the semplax. For
seadess who lave sltoudy iouraed elemeatary programming, (be intre-
ductory cliaptes rauy be skippad. For others who hiave never progarm-
med, the nat sections of soue diptzss may requive 2 second reading.
Uhc 600K has besn cesiga=d (o take the readar systematically througi
2l the basiz concopts aad techniques raqred (o cuikd increesingly,
comzlex progais. I s, thercfore, strongly suggested that t1 orzering
of the chapeers be followed. In addicion, for effective resnls, i 1
ATpOTIEnL tht the reader QIETIPE 10 S0lve 8 many cxcreisds as possile,
The difficulty within the exetcises 725 been carcfully pradusted. Tney
e dessgned o verify (hat the material which has been presentzd i
veally Guderstoud. Wilbout doing the programming exersises, it will
not be passibe 1o realize the Tull vatue of this book 4 a3 educations]
mediom. Several of the exercises iy require e, such 2 the mulu-
plicetion cxercise. Howeves, by dulng Liers, you will aetually program
aad feam by doana. [hs s indispensable.

For those wha have acquired a taste Far pengramming when reacaing
the end of this volume, & compamor: vofume is planred: e Z80 Ap-
pilcattons Buok.

13
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fixoreise 324 Reforneng i ihe onginel J6-bit mulngication progeem
of Figure 3,28, ean you propuse t v (0 skift the MPD, zontintd i
regusiors D and . without tansferrong 1 mio registers H and L2

fixercise 3.25 Weite @ 16-y-15 nsiplication proram wieh terecs
e act cha the result has more than 16 buts. TIGs s  xouple improve-
men op our basic progea.

Evercise 3.26: Waite u 16-05-56 mualtplication progrons with @ 33-0nt
result, The susgested regiseer olivcuion cppeas o Figare 3.29
iRemnesnber sher (e witial resuls fter the fiess addiion o che Jaup wilf
reqinure only 16 s, aud tat e siukipiier witl free ane int jr v
subsequerit

Fig. 3.20: 16 X 16 Multiply with 32-Bit Result
Lot us now cxamine the lss: usual aritkmeise operalion, the diviaan,

BINARY DIVISION

T algorithin for snary division 1s anxlasous <o te one which bas
been used for the multiplication. The divisor issuccessively subiracted
from the high order biss of the dividend. After cach subteacian, the
resull s sed rsicad of the mitia] dividend. The velue of Ihe quorient
simuleaneonsty 1nereased by | every lime. Tveriually, 1he resull of fhe
subleahion 15 negative, This 1s calied an averdraw. One muse e
testare tne partial tesuld by aading the divisar back to it. Nacaraby, ine
quanient rust be smulancously desremcnted by t. Crianiert and (1.
end are then 3ifted by ane bt 15,107 (0 ¢ Iett and the 2lgarieh
repexied. Th flow-chastis stown in Figure 3.10.

The metod just described 5 safied the sertiod, A vaEon
o this eaethod which y1ekcs an improved spees of execunion It catled 102
ton-restormg nrsthod.

133
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The rest of the segisers, B, D, B, K, aad L arc inuiafiesd as usual

D 816
LD DE, (MPDAD)
L HLO

A 16:bit shift must bo peefiemed on the mLlpher. §i requires cwo
sepssis 5 of sotice opecations on repisters ¢ and Al

MULT  SRL C
RRA

Adter thc 16-hit shiTC he rghe-most bit af the MPR, 1.c., the LSB, is
contatned 1 the carry bit C where & can be tesied:

IR NC NOADD

s wsual, tre muttplicant is oo wdis
0, und 15 suded 10 the esult il zhe carry bt is

ADD  HL, DE

o the cesull JF 1ne carry b is

Next, the auultiziicand MPDD muse be shifted by one pasition Lo the left
Viawaver. the Z80 does mot have an Jmstructicn waich witl hift the
aonicats of regisier D and E simulianeausly (o the lef by one bit posi-
lion, snd st can alsa nat add the soncents of D and E L il The con-
tente of D and B will trereors Crsc be transferred nto 11 aad L, thea
oubled, and transfereed back t© D ard T, This s accomplishod by the
Gex: ihee instruztions
NOADD EX  DE,HL
ADD L BL

BX  DE HL

Finaily, the counter B15 acremenced and a fump oueacs (o the Ligin-
ning of she loop s “wigas tdces ot decczment 1o 10"

DINZ MULT

As usual, it is possible (o cansider ataer register silocations which may
tor may nav scsuk in stiorter codss:

Exercise 1.23: Load the miplier e regisiess B and C. Place the
counter 1 A, Wiite the comusponding waliglication proans v
divcis e advaniages or disadvannages of this regster aiiocation

132
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LABEL \Nsmdcmn“ 5

4
wryes | 108C @200) m‘
L

o8 o
! LDDE (02023 | 08
1bD, 00 o8
WH.ow | 08

i

22 Mltiplication: After Five Instructions

The SRL sastruction will serform a logical shift right, and the right-
mest bit of MPR wil fall it Ifc carty bit. You car see in Figure 3.23
fha the conteats of MPR after the shiftis “00000001”". The carry bu( €
s now set ta 11", The other registers pre unchanged by this aperation,
Please contine to I out the chart by yoursalr.

A second itecacion is shown at the znd of this chapter n Fig. 3.41

T T T
LABEL JINSTRUCTION] 3 | € | € | D | E 1 H ¢

I
e [oscoamy o | o0 | -

weoa L o] - |-
woez02rf 68 |02 ] - |0 | 05}
wo.oo  fosfosf - |w|os
e | 2 | 0a 0| o
v | sec oo |wle
sucane [0 |0 | 1 | oo os
ApoALOE |08 |0t {0 | oo ‘ os
NoADD | stae o] o] o
®D ool o|ow|o
clmle

pazow | @ | o)

¥ig. 3.23: One Puss Through The Loop.
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being execntzd, On 1k mght of the instruction, fill wn th conlents of
cach regiser after exerution of the tstruciion. Whenever fhe cosients
af & register are ool known findefinite). vou may wse dashes (o
sent 15 contents. Let s stast Fllg wn Lns sl Logether. You wil than
have 10 Filtt st by yrurseIf wnsl the znd. The Fist fine appeats below:

ves fnsreucion] s L c Jc o e [nL

i
I

weves | woec o200) o3 - f) -

8

Fig. 3.20: Multiplication: After One Instraction.

We will assume here ihal we ate multilying 3 {MFR) hy "5%
MPD)

The first instruction to be execuced is “LD BC, (MPRAD". The
contents of memary Jocation MPR AD is inaded g ragisters B and C.
1t a5 been assumad that MPR 15 ennal :03, ve... “0000001 1, Adter ex.
scuuon of this iostruclion, the s of repster C have bres 52t 1o
3" Note that this wstruction will also sesulf 1 faading regiscer B with
whatever followed MPR i the memory. However, the next fnstructca
in the pro:ant will take care of ths by Izading register B wih “§. as
S0 in Figuie 3.21. Note that, at this poiat, the cantents of D and £
and H and L are stifl wndefined, and s 1s 1idicated by dashes, The LD
instrue=-on doss not condizson the carey bie, 55 that 1ha contents of the
a1y bt € are anceflved. Tias fs ulso indicazed by a dush

0| -
owloi -

MPYes | L0ac o20c
08,0

v o] 5 | [ [o [ < 2]t
i
‘

Sl

Fig. 3.21: Muldiplicatian: After Two nstructions

The situation afler the exscution of the firat five Insirictions of the
Pragram {just bafore the MULT) is shown 1 Figure 3,22,

24
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5 complete lisiing showing the conents of ali the Z80 registers and
the flags i shown i Pl 3.39 a the end of this chspter for the complete
ultiplicalion. A liex o7 devimal sty is stows i Fin, 3.40,

Programming Allernatives

“Fhe o that ws e Just developed sould e been wiittea.in
many othet ways. As a general cule, 2very progranen can sscally “iod
ways to modify, and often improve, a progra. For example, we have
shifizd thz muls-plicand jeft before adding. It wind have been mathe-
mabeally eopivalest 1 <917 the rosull arie pasIoN (0 the night Bercre
adding it to the multiplicand. As 2 matter of fact, this & 30 imteresting
exercise!

Exercive 1.19: Write an & X 8 multiplicasion program using the same
algorrtion, but shifting the resuil one position: fo fhe right instead of
shifitng the mudtiplicand by one position ia tire left, Compare if 16 fhe
previous program, and Geterimine whether this differant approdch
would be Jaster or slower then ths preceding one. The speads of the 780
Instruciions are giver in the next chapter,

Smpsaved Multiplicatian Progean

‘The program chat we bave just developes 55 & straightforward trais-
Jation of the aluericia w cuie. Huwever, offective prosrammtg re-
quires clase aftention o deial, and the [2ngtn of the prog.am van atien
e radeed or s exseniion speed can be mpraved. Weare now goine to
stady a:tornatives designed fo imtnve This kast crogrm

Step 1

A tits: passible improvement lies in the betier wiilizatian of the Z80
wstcuction set. The second-o-1ast instructian as well &5 the preveding
ome cau b replucsd by o sngle Jastrucuon:

DINZLOOP

This is  speasal Z80 “etomated jump” whteh dexrermentsihe 1 register
and bratiches 15 a specified Jocation f I 1 10t ~0" "Ta be absohely
coriect, the instruction & 101 completely identicat (o tha previous par
nEC B
1P NZ, MULT

16
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LD DF, (MPDAD)

Referting Fac 10 the Mowetart of Figure 3,12, the Gext siep 15 1y test
the leas sigficant bisishe Hght-most balof the v tipkier MPR. 1F thes
bic s 4 1, then the value of BPD rust be added o the partal resull,
tbersise it il not be added, This s aceomplishzd by Lhe naxt ihre -
MULT SR2 €
IR NC. NOADD
ADD HL. DE

The forst problem we caust solve s low 10 Lest the iast significant bt of
the multipfcr. conramed in register C. We couid here use e BIT in-
STaguor of the Z80, which allows 1=iimg any Lot a2y register, How-
ever, 1 this case, we would like to constru a program as simle 25
possible, using a loap. I1 we were varg the BIT instruction kerc, we
wouis firs s it O, caen later tast but 1, anc G o until we reached bit
7. This would requlre a differen iasiruzsion every tme, and « swazle
foop conld not be used. In vrdzr to chorien the iength of the pregrar..
e must use a different instcueion, Here e are using & shif nsteme.
ton,

Mote: Thore it a way ‘o use the BIT iuslruction and a loop, but this
would requlce the program to modify itsel,  practice we Wil svoid.

s
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RL is sill ancilir type af o1 uperattan. T stards ror “rota it
i @ roraiion 2eratian, a5 9pposed 16 a shil operation, s bit comir
4040 the segister 35 the coBIoAs Of the c3eTe bit C (see Flgu-e 3,17, This
s exactly vhat wa want. T corteats of the carry bit C are loaded inio
the nght-mosc past of D, and we have effectively transicrred the left-
most bit of T2

Tus sequence of wo icsiractians i illustrated wn Figare 3,08, 1t can
e seen that the bil marked by an X in the mast sgrificant past:ion ol E
wiltfest Se transferred inio the carey bt “hen into the feast s:gnificant
pusitian of D, El%etrvaly, It will nave hoers shiftedt from 1 1nio .

AL tais porn, zefernng back 10 the flowehart of Figare 3
puinl to the next bit of MPR and check for & vighth bit. This 5 ac-
<omplished by desrementing the bytc counter. contained m regis-er B
(see Figare 3.14). The coistor 13 decremen;cd by:

DEC B
This 15 & cecramens instructisn. which has the obvious =Tz,

Finalty, we must check whethor the caunter kas cecromented Lo the
value zero, This 15 accomplished by chcckng the vaine of the Z bi. The
reasor will recalf that the 2 (zero) flay indicates whelher the previous
avithmaue uperson (sush as « DEC operanon) bies praduced a zoro
resall. Howeves. 1ot 1t DEC HL, JEC B DE. DEC 1N,
DECSP o nol ifect the 7 ftzg. 17 the countar i nat 0", th
ton is nei Cmshed. and we mist cxceute <hus prgram Jaop agaun, This
s acwomplished by the hext mstrucion

1P N7 MuLT

St e
[iXGi /
|
g
o
tJ
ROIE T

L e r.,T. J

TiRRY

RLE instuztian
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SRL is a new type of operation within the arithemetic and logical
unit. 1 stands for “shift right logical."” A logical shift o the right is
charactcrized by the fact tnat a0’ comes nto bit position 7. This can
e contrasted (0 an arithemtic shift 10 the right, where the bit coming
into position 7 s identical to the previous value of bit 7. The different
types of shift operations will be described in the next chapter. The
effect of the SRL C instruction is illustrated in Figure 3.14 by an arrow
oming out of register C and into the square used to designate the carry
bit also called **C”). At this point, the right-most bt of the MPR will
be n the carry bit C, where it can be tested.

“The next instruction, “JR NC, NOADD”, is a jump operation. It
means ““jump on no carry"” (NC) to the address (the label) NOADD. If
the contents of the carry bit are “0"" (no carry), then the progeam will
jump to the address NOADD. [f the contents of C are ™1 (the carry
bit is se1, then no branch will occur, and e next sequentialinstruction
will be exccuted, i.c., the instruction “ADD HL, DE” will be cxceuted

This instruction specifies that the contens of D and E be added to H
and L, with the result in H and L. Since E contains the multiplicand
MPD (see Figure 3.14), this adds the mulliplicand 10 the partial resc

AU this point, regarcless of whether MPD has been added to the
result or not, the multiplicand must be shifted left (thisis the fourth box
in the Mlowehart of Figure 3.12). This is accomplished by:

NOADD SLA E

SLA stands for “'shift left arithmetic.” It has just been explained above
tha there are two types of shift operations, a logical shift and an arilh-
metic shift. This is the arithmetic one. 17 the case of 2 lef shift, an SLA
specifics thal the bit coming into the right part of (he register (the least
significant bit) be a 0" (ust as in the case of an SRL before).

As an example, let us assume that the inicial contents of registcr
were DO0OI001. Alter the SLA instruction, the contents of E will be
00010010. And the contents of the carry bit will be 0.

However, looking back at Figure 3.14, we really want 0 shift the
most significant bit (called (he MSB) of E diectly into D (ihis i il
lustrated by the arrow on the illustration coming fram £ into D)
Howevar, there is no insiruction which will shift a double register such
5 D and E in one operation. Once the contenss of E have been shified,
the left-mast bil has “fallen into the carry bit. We must collect this bit
from the carry bit and shift il into register D. This is accomplished by
the next instruction:

RL D

1w
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18: Shift

e feom E.into B

T 5 & sump wstrierzon which specifies cha: whenever the Z b is
ot sel (NZ stands for n0n-zero), a jarmp ceurs iofocation MULT. This
is ke prugram iwop, which will 50 uxecuted repeatcdly until B deore-
mets . Lo value 0, Whenover B decremonts (o 1he value 0, the Z bit
witl Le sei, aod the 18 NZ unsceuction will fal, Thus will renult in the
next sequential instructior. being exeaited, namely:

LD (RESAD), HL

This wmstrucsion merely savas the contents of H ang L, ie., ¢ resuit of
she nuluphicalion, at address RESAD, the address spocified for the
resul. Note that tts instcuction wil ransfer the contents of both regis-
tecs H and L inco (v consecutive memory focations, cortesponding to
addresses RESAD and RESAD + 3. 1 suves 16 bits s a time.

Exercise 5.14: Could yai wri tie sowe wiliplication progran: using
the BIT insiruction (described n the vext chapier) nstead of the SRL C

nstruction? What wouid e ihe disudvaniage?

et s naw improve the program, if possible

Lxercise 2.15: Can /8 be subsiituted far Pl the end of the program?
I so. what is the agvansage?

Exerctse 3,14 Con vou use DINZ to shorten e end af the program?

Y
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LABEL [INSTRLCTION, B © WL

Fig. 3.19: Form fur Muitiplleaston Exercise

Vou iy want 10 wite sicacily on Figure 3.19 or make & oy af 1.
You must determite the con:ents of every reicvan rogrster m rhe 230
aler ihe cxeeul1an of each msirIcHon 13 1he progean. Troas heginng
ta end. AL the regsters wied by the progam of Figare 3,13 ave shown
in Figure 2.29. From (ofl 10 rghi, (16x e regstess Band €, Lhe carc
€. ragisters D s B, anc. finally, reaisiers H and L. On the (e part of
his Mlustration. f11 in tha abeL. T aps

able, o then (e st ons

[t5}
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Bxercise 2,17 Examue the two imstractions: LD D. 0 aud L HE, 0l
the begrwang of the program. Can you sulstuie

XOR A
o DA
D HoA
n

1 50, wha is the spacs G e (e op Lyres) and speed?

Note Ut m us: cases, the prograns that we have just developed
will b2 4 subrautine and the final tstrucaon in the sLbrzutine Wil 2c
RET iratpeo). The subroutine mechanssm will be explaiosd Iacer in this
chaper

Importans Sell-Test

This s the frst sgnificant program we heve enoourenod o fur. Hin
Sludes many differea T¥pes  IRSEUCTIoNs, IBCUdin ransler (st c-
tions (L), acwhets operaiions (ADD), logical oseraions (SRL,
S, RLj, and jump operatons (1R, 1P). % als= ‘mplements 3 pro-
aram oo, 1 which ihe lower Sever, 1G5FUSONS, Starna & address
MULT, are exerted repeatecly. In ordes o wnderstand proggon g,
835 essertial to understand the operation of sJch 2 rogtam i con
perr detsil. The prozram 15 much langer Lhan *Fe previous simple aritk-
etic programs we ave developed s far, and 2 shon'd be siwlied ir
detsii. Ar 1mzartant exerciie will now he propased
stcougly urgd Lo de this exercisz complately and co-tertly sefore oro-
weeding. This will e the aaly real proot that the conespt: presented so
Tac have Geen undersiood. |1 2 cortet resull 5 btziad, iL wil mean
1ac you bave r2aly undersicad the mechanisi by wlisch mstruciions
manipulatz information in the misropocessun, L sler 1L betwuen the
memiry and Ihe registers, wad process . 1 vou do not otan <he vor-
rect resiul. o il you <in nin de: s exercse. 1t is Bkl tkat you willex-
perience d: Hieulies later 17 e roprams jousse:s, Learning to pro-
gram renuirss persanal practice. Pleuse pagse aow, fake a prese of
paper. of use the diusc-avinn nf Figare 3.19, and de the Tollowing xer-
cie:

Eercise 3,78 Lvery tme that & program s wetsten, f shouid b verified
oy hanel. 1 order i uscertain tha S resKits Wi e correct, We are 5
gt s s s she 301 o ts ever=ise is o fill o the tabie of Figure
315 complesely wnd acerraselr.

m
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dinmaond-shaped syl repsesents a test haing nerformed. This will b2
& branciang poest a the pragram. TF the s suzcaeds, we will 3zanch (0
a specifies location. 11 1he est G085 nat succeed, w2 wilt bracch W
another lozation. The concent of branching will be cxplained later, in
the program iself. The reader shoukd now cxsrine this Aowchart snd
asvertaue. st L does indewd exasthy repressnt the agerican whict. has
been aresenced. Note that there s au a7eaw comng on of ehe st diae
mond at the bottom of the flowehart, back o ine first diamont an £op.
This ¢ because the sume pertion of the floweharl wi! he execated CEht
tines, once for every bu of the moltipler. Such a situation, whete ex.
cution il restaut at the seme poinc, is caikee a progion ionp For oh-
vious reasons.

Eisercae 3.13: Muuply 47 by 7 bonaey. using the flowetiart, and
Verify that ¥ abtain “28° If you da not, 1ty agew. 1t s only if you
bt the carrecs resudt that you are ready (0 st This jlowchart
o ¢ progran.

Multiphication

Lot s now. translate this ewehar 1o @ program for 1he Z80,
complete prog-am appears m Figure 3. 13, We wie gouig to siudy it n
detail, As you will recall [rom Chapter 1. progranmmg consiss acre of
translating the flusecdiact of Figte 312 1056 the aropeam of Egure
3.3, Each of the boxes n the Howehatt wil be teansiated! by oni ar
mote insiractions.

s assaed it MPR 2ad MPT already have 2 valuc.

MPYSS iD  BC.{MPRAD LOAD MUITIPLILR INYO C

th B8 18 BIT COUNTER
D DE, (MPDADL L0AD MULTIPLICAND INTG E
b D0 CLEAR D
£poam.n SET RESULT T0 0
MULT SRL © SHIFT MULT!PLIER BIT INTO
CARRY
IR NC,NOADD TEST CARRY
ADD HL,DE ADD MED TO RESULT
NOADDSLA B SHIET MPD LEFT
RL D SAVE BIT N D
DEC B DECREMKNT SHIET COUNTER

3P NZMULT DO IT AGAIN IF COUNTER # 0
Lo RESAD) M1 STORE RESULT

Fig. 3.13: 8 % 8 Muliiplicas

an Peogram
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Les us dook at . exampie. We wilk uiuply § % 3:

@ w1 Py
@ %01l (MPR)
0 e
100
o

(s DUl RES)

In ardes 16 perfonm the neltiplivativs, e operate esacciy 33 we did
abave. ‘Lhe tormal represcatation of tais algontlun sppyars in Figurs
3-12. itivz flowehar for the algorithm, out st owchacl. Lel us exe
amine i macs clasaly.

o h

e SO

oo |
T

© e

Fig. 3.12: The Basic Multiplication Afgortnm—Flowehirt

‘This flowchart s a symbalic repcestntation: of Ue algaricam we have
2wt presented, Every roctangle represents an onde: Lo be cartied ov, i
will e wansiatal o one or more Keagram instructions, Every

Y
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Fiaaily. the resulls ol an 3-bu by §-bit sultiplication may require u>
116 buts, This 1y bevause 2 x 27 = 2%, T regrsters m.st therefore
‘: the sesull. They are regrsters H and L, a5 ndseaied o1

Figure 114,
Ihe first step 15 10 ioad regrsters B, €, and L with rne appropriat
nenis, and to i itz the resel ks partin: AEOGU (o ths e
s speeited by the Foweherl of Figure 3,12, This s accomplshed
by the foilowing mstractions;

MPYSS LD BC. (MPRAD)

D B
LD DE. {(MPDAD)
> 0.0

1D HL©

L firsy hree estrietions respecciveiy Toad MPR b0 the regiscer paic
BC, the value " wito register B, aad MPD 10 the f3g.ser cair
Sines VPR and MPD are 8 bil words, fev are, 1 faul, loaded into
regieters C and 6 sospetival. while tne next words in the mernory alle
MPR and MPD ael Joagad 1610 B and D. Th is stowws s» Fig e 3.15
Gnd 3,16, The ness insiruction will zero dhe comunts of D.

I v eulinlexeion progra, the wulplicand will be bied e
befure beiny udsled 10 the resalt (remember that, opionaly, i is pos-
sible (0 shift the resut sight imsi=ad, a5 dicated i the FOGrih 0% of
the Hawchart of Figere 3.12). The mulcpticand 36U will b2 shilfes in-
to repssier P each step. This register D rus: Eerefore be ritialized Lo
the valne “0°" This 13 accompisted by he furtly nscrvesion. Fially,
che fifth instroiciion sets the contents of reisiers H and L1000 3 singie
wstreticn,

Fig. 3.15: LD BC. {(MPRAD)

w
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The first b of the Howehart is an inisializution box. 11 is necessary
0 set 4 number of registers or memary locations (© 0", a5 this pro-
rn will require their ase. The registers which will be used by the
muliplication program uppear in Figure 3,14,

Fig 3.14: 8 x 8 Muliplication—The Registers

‘Three regisicr pairs of the Z80 are used for the multiplication pro-
gram. ‘The 8-bit multiplies is assumed o reside at memory addross
MPRAD. The multiplicand MPD is assumed to reside at memory ad
dress MPDAD. The multiplier and the multiplicand respectively will be
Ioaded into reisters C and & (see Figure 3.14). Register 1 will be used

Registers D and E will hold the multiplicand as it is shifted Icft anc

bitatatime.

Note thar, even though oaly C and F need 10 be loaded initially, & 10-
bt Ioad must be used, 5o tuat B and D will also be loaded from memory,
and will have to be feset respectively (0 “8'" and to 0"

116
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Ihe effcst thai we wanted. Fisire 3.58 shows ciat ai Line 4 the siack 15
agan emply. The mechacism wurks.

“Tae subsotine call meshsisan works up (0 (e maximue dimension
of the stack, This i why early miernzrocessors which had a 4- or
Sercaste stack werr esentialy imites 10 4 or € fovele of subro
ek,

Note ihal, ou Figurcs 1.7 and 337, the subsounines nave beeu
S o the sizhe of the ma. prugram, This is oaly for the elueity of
e diageam. In reality, che suboutines arc typed by the wse as regulas
sk-ctions 1F the progrum. On 2 sheel of paper, whers 2roducing Ike
isting of the tompleie program, the subrowines may be at the bepin-
aing of the fest, m its middle, or u: the ead. This s wky they are pre-
cedez. £y 1 sabroutmte declaration: :hey must be dennticd. The special
asteustion 1l the assembler fli wha foliaws shoutd be ireated as @
subrgatne, Seck assembler irectives wrli be wiscussed 1 Chapter 10,

Fig. 3.37: The Subroutine Cails

o]

Fip. 338: Stuck vs. Time

I
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CALL w encounieced, Lhe meshanisi must nerefome again stove 1l
program coumier Ths itnefics (it e nead aL east 2N memory loca.
ions tor tis meshanism. Acdiviorly, we will aced ta rétuen <rom
SUB2 tirst and SUBI rext. in uther words, we need 1 structure whica
i presere the sheona'agical osdeing in which sedresses have beca
saved

cture Fas a e and has alecedy beea wtoduced % is the
sk Figure 3,53 shows the aclual eontenis of e stack durmg suc-
ceive subroutAe calls. Let 15 ook at the mam program firsl, At ad-
dress KK, the Frst call 5 encounterea: CALL SUBL. We will assume
at, 10 5k macronrocessor, th subrouline call uses 3 hyies (RS 1 an
axeeption). The next sequeauia address 5 nareore aor (01", but
4027 The CALL msiruction uses addreses 100%, 101", “Joz"
Hecauso the contzal uni o the Z80 “kaiuws™ that 11 & 3 oy metea
o, e valuc of Lk progrem conte, whcn the call R been com-
pletety decogod, will be " 102", Tae of%zvt uf the call il bs (o foad e

Fig. 1.36: Newted Cafls

We are now ready (0 demonstrate the ffoct of the RETURN iistrac.
on ard the currece operaion of our stack mechamsm, Exceution: pro-
ereds wethin SUB2 uniit she RETURN msirucuan is encountered ot
lime 3. Uhe etfeut of the RETURN imstractyor 1 simply 10 po the top
o th: sack inio the prograun counter. In other words, e program
caanter s resiored to s value prior to the ensty o the subroutrar,
Thecp of the stack 1 onr example s 203", Sigure 3.3 shows that, af
time 3, value 303" bas neen removed froui 1l stack and aes been pat
biack inlo the program counler. As a résul:, IScuStion exécution pro-
veuds ITom eddress 303”7 A e 4, the RETURN of SUBH is encoun.
tered. The vatus on 16p of the siack is *103™ . 1L is popped nc: is -
stalbed . the prograin counter. Asa resutt, program execution wil pro-
eed from lacauin 103" or: witin the maim pengram. Tais 1, uteed,

145





index-147_1.png
PROGRAMINING THE 260

1 athor words, if bits 3, 4. 5 are "G00, tne jump will cccur 0 foci-
am 030, 11 hose bits are 001", the brancly will occut 10 O8H, elc. up
o LY, wnch wil cause & branch 1= locqror. 38H, The RST isuretion
18 very efficient in tesms of speed sines 1L is 4 siuple-byis mstrgLOn
Fiewever. it car ump to oy sigh loeations, i page 0. Additionally,
s addresses 0 pags 0 are only eignl bytes apare. Thes iastruction is &
carry-ner $rom the 080 ard was exienscely uset for ciarrps, This
il b cissersbed 7 the nterTupL suetion. Howrver. this istruction niay
b usec. far any ouner purpase by the programaer. and should be con-
sidered as a possible srecialized subrouzine call.

Subroutine Examples

Most af the programs (hes we Tave developed aud arc gong 1©
revelor, woulke usuglly se wiitien 25 subraunnes. For example, te
imubiplication prossant is Hcely 10 be used by many arces € e pro-
Zrm, In rder to acilitate and clarify program deseiopmen, 1 15
Therefore cur:euiect 10 define a subtzuting whose uams would b for
sxample, MULT. Af the nd of shis subrouting we weald smoly add
the instr.cion RET.

Esurcise 3,72 1f MULT &5 used a5 @ subroatine, voui 1t **damaze
iy interal flags or registers?

Recursion

Recursion is a word wied Lo ndicate that a subroutine s calling tsetf
If you have woderstaed Lhe smpiemen;ation mediuin, you shanc
the folloing questien:

Bow be asie (0 anss

Kxercise 3,13 s o fevul 10 let @ subrowiane aall iself? fin ather words.
will everyiking work even if @ subroutie cails iiseif?) 1f you are nat
Sure, drr i3e Stack and [ ¢ with the Siccessive el T, fook
at cie pesusiers and masiiory see Exercise 314 and determine i @ oro-
bem exises

Jarersuts will e discussed in the g /ouTa chapter (Chapler 6.
AIL Teturns except returns fram IALGIPIpS ace One-Sytc tnstructions; all
calls ¢ J-byee mstructions (execpt KST).

Eivercise 4.4: Lok af the exectiton 1mes of ihe CALL wd il RET
ImstrienGns i it next chapier. Wiy 15 the return front 3 subrontore so
s faster than the CALL (Fini if the answer is net abvious. faok
agan @@ the siack implementution vf (he subrovtine. wechavis, and
anaiyae the interual operatians that st be pecformed.)

s
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240 Subroutines

The bese: cuncepts relatng (0 sabroutines have now been pressated.
1 has se20 shown thet the stack i requirer 1n oder 1 fmplenicns thic
mestianism. Tae Z80 15 vyupped with a 16-bil stack-suinter register.
The stack can therefore sexide anyhere within the memory and nzy
Hae D L0 63K (1K -+ 1024) bytes, wssuming they ace avante Zor chat
purpasG. in prachce, the start adurexs Kot the stuck, &5 well a5 165 mare
e ditinsion. «ill e defined by the programener befors witing his
PROSTTT. A wemary asce wil' ihen be escrve? for the srack.

The subioucing-catl instruction, 12 the case of the 780, is called
CALL. aad camics 12 ovo versions: he direct - ancondiv anal call,
such as CALL ADDRESS. 1 the one s have afready destribed. I ad.
diticn, the 240 s eympped with a conditiansal caltnseruction which will
cali a subroutine it a condition is met. For cxariple: CALL Nz, SUBL
il result 10 & call 10 sucroutine 1 the Z flag s zoro a1 the time of the
fost. ThiS [s 2 powerful Facility, since many subroutime calls aie
worditoni, 1e.. ocur o'y if some specisic condition 1 mel,

CALL CCLNIN 2 swzanted only if the cordition speciied iy """
15 true, CC s  Set of three hits (bis 3, 4, and § of +he opode) which
mas $pecify ur: 1o eigh: conditions. | hey Sorrespord respectively to the
four Cags 92, C, psv ang either 2670 or o3 zera

Siamitarly, w0 types of resurn ingtrucians ave srovidzd: RET and
RET CC.

RET 35 (96 914t rctirn mstructson, It ceupies orte byte, and casses
1he 169 0w bytcs of the stack to be re-nstalie 1 he program coorfor
& 5 unconditionat

RUT CC has L same sffect exccnt thal 1 is execatod oty if the von-
ditiars spocicied by CC are true. The zondition bics ar2 the same & for
the CALT. insteustion just described.

Additionally, two specialized types of retirn are avaitabi shich are
sed 10 termumats interrpt routines: RETL RETN. ‘They are doscr foed
1w the secuor: en the ZH) Mstructions 25 well as i the section on lnter-

upis.

Finally, one more specializest instruction is provided which 15 analo.
0310 subtoutiae call, but ailtws e srograin o brandh o only ane
o cigat starting Jocaons lozated m pege zero, This is the RST P 1.
struction. This is & vrie-by=e istrucncn whick autovatically preserves
the program counter in the stack, and causes a branch 10 he address
spocified by the tlree-bit P field. The P ficld enrresponds to bits 3, 4
ana 5 of the insreuction, muliiplied by exght.
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Finally, if ncither of the twa solutions s applicable, then an agree-
aent oy be mude with the subroutine that the data vill 3¢ ot some
fixed memory ocation (:ne “mail-box”).

Fixorcise 3152 Which of the three weihads abave i hest {or cecursion’?

Subroutine Library

There 15 2 sironz dvanisge o SUETFINg pOrons of a program infa
identifiable subroutines: ncy can be debugged independently and e
hiave a muemani mame. Provided Cra they will be used in uther are
of the program, they become whirzable, and ane can thus build 3
library of useul subroutings. Howsver, there is no general panccea in
computer programming. Using subrouines systematically for any
£-0up of instructions (hat can be srouped by Function mey alsn result in
poor efficiency, The alert programmer will have 10 weigh the adsan
tases apainst the disadvantages.

SUMMARY

This chapter has presented the way information is manipulated snside
the 280 by instructions. Increasingly somplex algorithms have been in
trodueed nd lrsnslalad into prograrms. The main Lypes of instructions
 been nsec: and explzined.
Impariant sretuses su
been defined.

‘You should nos have acquired & basic understanding of progran
g, and OF e major techigues sed in stzndard application,. 1et
s Nty e instractians axailahle.

2 loops, stacks and subrautings, have
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Subroutine Parameters

When calling & subroutine, one normaly expects Lhe subrousine Lo
wark on some dta, For example, in the casc of multiplicatian, one
wants 10 Lransmil (wo numbers to the subroutine which will perform
the multiplicarion. We saw in the cuse uf the ultiplication 1outine that
tlis subroutine expected to find the maliplier and the mulsplicand in
given memory locacions. This illustrates one method of passing para-
meters: through memory, Two uibier techniquss are used, so (hat we
have three ways of passing parameters.

I—through regiscers

2—ihrauzh memary

3 through the stack

Registers can be used to pass parameters. This is an advantageous
solution, provided that registers are available, tince one does not need
1 use u fixed temory location: the subiouline rencaius meaiony-inde-
pendent, I a fixed memory localion is wsed, any offer user of the sib-
FouIine must be very careful that he uses the same convention and that
the memeny location is indeed available (laok at Exercisc 3.19 abave).
11 13 why, in many casss, a block of memory lozations s rescrved
Simply 10 pass SAFAMELErs AMON Various subroutines

Using memmory has Ihe advanlage of greates flexibility (more dsta),
but results in poorer performasice and also in tying the subroutine to a
given memory area.

Depositing paramesers in ¢he stack has the same advantage as using
registers: it is memary independent. The subroutine simply knows that
it is supposed Lo reeeive, sy, 1o puraneters which are stores on top of
the stack. Naturaly, it has disadvanlages: it clutters the stack with dara.
and, therefore, reduces che number of possible levels of subroutine
calls. 1: also significandy complicates the use of the stack, and may ro
quire multiple stacks.

The choiee is up 1o the programmer. o general, one wishes (o rermsin
independent from actual memnry locarions s Jong 2 possible.

IF registers are nof available, a possible solution is the stack. How-
exer, i€ a large quantity of information should be passed (© a sub-
routinc, this information may have o reside dircctly 1n the memory. An
elegant way around the problem of passing a block of dara i simpl 1o
Iransnil a painter 10 the informatian. & podnter is the address of the
beginning of the block. A pointer can be transmitted in a register, or in
the stack (two-stack lucations can b uset o store u 16-bil address), or
in a given memory location(s)

14
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Xgi00 v-aen =0 =
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. 3.39: Multiplication: A Gorplete Tence
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INTRODUCTION

“Fhis chapter will intraduce the basic concepts and definitions re-
iating to compater programiming. The reader already faniliar with
these concopis may wans to glance quickly at bhe contancs of this
chapler and then move va Lo Chapter 5. [t is suggvsted, kowever,
Eiut v tire experiencen rauder fook 1 Le contents of this inuco-
ductory chapter. Mazy sigaificant concepts arw prevented hure i
cluding, for exanaple. two's compleraent, BOD, and ciier represen-
tatums, Sowe of these concepts mey he new Lo the reader; others
may improve the knavledge and skills of experienced programmors.

WHAT 1§ PROGRA MMING?

Givan a prablom. one must first cevise 3 solution. This solution,
expressed e a step-by-siep procedure, s czlled an aigartthm. An
aguritlun s & siep-by-stem specilication of Lhe sofution to a given
weoblen, §L musl erminate in @ finite oumber ol sleps. This
aigorithm may b expresst i any language or sywbolism. A sim-
pls exampie of an algorithm is:

| —insert key in the keyhole
2 tura key one fuBl Gm to the lo%t
3—seize doorknob

4~ turn doorknob lefc and push vhe deor

5
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ANSWERS TO EXERCISE 3.3 (MULTIPLICATION:

Fig. 3.40: The Multiplication Prograr: (Hes)

s [wsreucron] 8 [c {cTo e [ul
% lwlo|w|mo|w

mpap | 1DeC,(o200)] o0 [ o3 [ o ‘o] o0 [ 00|03
fwses e | 0 o] oofoo]os
Jtozoaon| o6 o3 | o foofos | w]oe
LD, e {o| oo os|oofos
jiHLoo0 |08 |03 | u lwfous ool

MULT | SRLC 8 | ol 1 0o | 05 | 0O oC
srncoria | o8 [0 | 1| oo os | oo oo
taoore fos o | o |oofos|mlos

| nonoo | suat o o | o |wlon o
| ro o for o] oofoa|m]os

! oece o for | ofoofoalm]os

[ enzaros [ o7 Lot | o oo |oa|o]os

W | sec o foo i oo |oa|wlos
i wncoris | o7 foo | 1 oo on | oo os
: laooripe [ or foo | o foo|oalcofor
inomnisne o foal o |m|u|ofr
| RLD @ | ofo|m|wle
| i o [0 [ o oo rlcofor
: Lpnzoar (oo Joo [ o oo e jm]or

Fig. 341

[wo lteratians Throngh the Lonp.
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cewntimg 1, & first advaiag? 1 Inat Lhis approach saves GOTY
space. simce there 5 e Reed 10 cewste (he subrouline zvery i, A so-
Zonc advantage is thed 1he fesgrarmer sar. desiga 3 specitic sabroutine
ol g s then wse  repesedly, This is a agaificant simpiiicalicn
I g destgr

Fovercie 4,312 What w e iai disahantige of o siroutme? (Amwer
Tollouss.s

e disadvan;aze of the subruuriae should he stear Just by cxaruning
1 o of ¢xecution becwee the mase proram and the subroutine. A
Subrgie re5ults 1 & Alovsr QYECin, NDCT ST ISINUENGNS 0!
b wsettted: 1he TALL SUB and 1he RETURN.

implometation of tne Subroutine Mechutism

e will cxamte Bere o the 1w special s wctions, CALL SUS
and RITURN, arc :mplemented irarnally wikin the processor. The
effe s of The CALL SUB InW1Ficl oM 5 W s L n2xt anstraion fo
Befesctied @ new ddress, You will reember for elss read Chapiar
Cagar thar the address ol the rexs nstructinn s e cxeeated it @
Gomputer 15 contanied w 1he program <autier (IC3. Ihis meens 1has
e effect of iz CALL SLIB I Lo s 1hsiituie ness conlents i regastés OC
i< ¥t m 10 103d (he start addeess af the subroue I 1he prograia
o Is that realls sufficent?

o amewer s USSR, let us consides the ot insirustion whiih
10 b smplemented: the RETURN. The RETURN mmust cauae, as irs
e 1ieales, G TeLUTR 10 the suSHTACtiOr Ll s tle CALL SUB,
Thes v possible anly if the addess of this snstouction has been presers:
somewhere. Tl addiess happens to be the viue o} the progmm
Couer Al the e that the CALL SUR was ensousercs, This 1s
Sk e pragram ceuner s auomaiically incremented cvers fime it
‘s use §ad Chapter b agaims. Thes s preciscly (1c address 1 we want

seserve, s tbal we car. ater pec oy ihe RETURM

The next proticm is- where en w2 seve fhis cetura agdress” This ad-
dress must be saved 1 3 lacation shese i guarasteed Ha: if it not

However, lel us now consider the follawng suation. ilustrated by
Tiewie 3,36, 11 s example, subrotiae ( centaics a call 1o SUBZ. Our
meshanis shoald work :r this case s weli, Matarally, thers it even
b 101 U (v s abroutings. sey N “nestes ™ calls, Whsower 4 e
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ing instructivns such as.

XOR A
AND A
OR A
Hese, 2 XOR is used]
DIV XOR A
Ihe subtracuon can then be performed:
SBC  HL, DE

5 i anticipaced rat e s dbtraction will be snceessful, 1., that he re-
‘mainder will be poskive. This s calles he “trial subteact” step {refes to
the Howctarl uf Figure 1.30). The quonient is therefose ncromentec by
oce. IF the subliaction has in fact failed (i, 3f the remaindsr 15
nagative), the quotent sill have 10 he decremanted by osie Jater on:

NG

The result of the subtragtior is then tested:
P P.NOADD

It tre remainder 1 posilive or €70, ihe subletior as een successful,
ard 1t 15 noL necessary o store 1L The pogiam jumgs 1o address
NOADD, Otherwise, the curcent dividend musi be restored 10 115

previous value. by 2ddinp she divisr hack (€ it, ace the quotn must
be dzcrementzd by cae. This 1s performad by (16 Lot iGsiracions:
ADD  HL, DE
DEC HL

Finaliy, the resulanig diderd is shifted lefL in antwipsion ul e
next tiat subtziet operason. Finelly, tbe B sounter s devietented and
Lasket for 15 value 0" As long as B s ot 227, this Io0p 18 executed:

NOADD ADD HL, HL

DINZ DIV
rEr

Fxercise 3.

Verify the aperation of this division program by hand,
by filling cin {7 fable of Figure 3.3, as in Evercise 3,18 for tie mult-
plicaton, Note ot the contenss of D riced ot be entered o the Sorm
of Figure 3,13, strce ihey are never podified.

s
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Non Restoring Division

Fhe tol.cwng. program performs 4 1661 by 13-bit mieger Siswon.
using & son-restannz technigue. 1% points 0 Gic dividend, LY 1o tae

divisor (ot zeco). {see Figare 3.34.)

A[ owHl

Tig, 3.

: Non-Restaring Diviston—The Reglsters

Register B is usect a5 2 counter, nutaily set 10 J6.
‘Aand C contain the dividend.
D and E contain the divisor
Hoaud L contain the resal.
The 16-bit dividend is shifted ieft by

RL €

RLa
The remainder isshifted eft by:

ADC HL HL.
Tne final quoticat s left in B, €, with the remainder in HL. The
program foliows.
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. 3.33: Foren for Divislen Program

it Division

The folowing progeam wses a 7eslonng mctbod, and leaves 4 com.
nlemenied qovent in A It dividzs 8 bus by 8 bits (unsigrad),

15 DIVIDEND.
€15 DIVISOR
418 QUOTIENT
B[S REMAINDER

DIVEE XOR A CLEAR ACCUMLLATOR
w oms LOOP COUNTER

LooPs RL ROTATL CY INTO ACC-

LIVIDEND

RLA CY WILL BE O
suB ¢ TRIAL SUBTRACT DIVISOR
JR_ NCE+3  SUBTRACT OK
4DD A RESTORE ACCUM, SET €Y
DINZ  LOGPSE
b BA PUT REMAINDER IN 8
W oAE GET QUOTIENT
RLA SHIFT [N LAST RESULT BIT
crL COMPLIMENT BITS
RET

Note: she S syaol 1 ahe sixth instruckon represer s £1c value of the
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agrans 10 she following nse, us-

Foxercise 1,25 Conpare the prewous
ing @ restormg tochuique;

DIVIDEND IN AC
DIVISOR iN DE
QUOTIENT IN AC
REMAINDER IN HI.

bwvis LD HLD CLEAR ACCUMULATOR
[E ST SET COUNTER

LOOPIE RL € ROT ACC-RESULT LEFT
nLa
ADC HLHL LEFT SHIFT
SEC  HL,DE TRIAL SUBTRACL DIVISOR
IR ONGS-3 SURWASOUK
ADD L, DE RESTORE ACCLM
<cP CALC RESULT BIT
DINZ LOOPIG COUNTER NOT ZERO
R C SHIFT IN LAST RESULT BT
RLA
RET

Nee: Tie syrbol 8" meuns “catrent locution" erghtt mmstruciion)

LOGICAL OPERATIONS

“Thic other viess of Shs:uetions which can be sxocitea by the AL ia-
side the miccoprocessor is the set of fogical pisirctons. They incude:
AND. OR and exciusive OR (XOR}. In aditinn, one can also include
here the shifl and rotase Gperations wiich have afready Seeo uliliasu.
i the comipamson snstsustion, calied CP for the Z80. The mdividua!
use of AND, OR. XOR. wil be descriced :n Chapter 4 on the instruc-
ot set

Le: us now tevelop a heie? pragram which wi check whether  giver
mema-y facation catied LOC contains the valas “0"" the valse *1, ot
somethicg clsc

“The program will introiee the comparison ingtructian, 2nd perfoer
& series of logical tests, Depending on the "esutt of the comparison. one
<opram sestacn of anotier il be exesuted.
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owvig Ll BOX 1
W Cax
W DY+

L Eon
L AD
oR E {DIVISOR) HICH OR
(DIVISOR) LOW
JR Z.ERROR  CHECK FDR DIV.SOK =
ZBRO
LD AR GEY (DVO) HI
D HLO CLEAR RESULT
. Bis COUNTER
TRIALSERL  C ROTATE RESULT + ACC
LEFT
RLA
ADC HL L TFT SHIET. NEVER SETS
CARRY.
S8C  HL.DE  MINUS DIVISOK
NULE  CCF RESULT BIT
IR NCKGY  ACCUMULATOR
NEGATIVE?
PIY  DINZ TRIALSB  COUNTER ZERQ?
o DONE
RESTOR RI. € ROTATE RESULT + ACC
LEFT
RLA
ADC  HLML  AS ABO
AND A
ADC  HL.DE  RESTORE BY ADDING DVSR
R cPTy RESULT POSITIVE
JR ZNULL  RESULT ZERC
NGY  DAZ RESTOR  COUNTER ZERO?
DONE Rl T SHUFT IN RESULT BIT
RLA
ADD  HL.DE  CORRGCT REMAINDER
[ GUOTIENT IS N B, ©
RET

13
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The program appeass below:

LD 4,(LOC)  READ CHARACTER IN

LoC

cr o uon COMPARE YO ZERQ
P LZTRO ISITAQ
cP o 0iH COMPARE TO ONE.
Pz ONE

NONEFOUND

ZERQ

oNE

The first wstruction: 153 A, {LOCY™ reads the caters a7 memory
towatinn LOC, and foads € 1o th scumulacor. Thus 1s the character
e Wl g st (15 compased Lo the salue 0 by the following mstruc
tar

ce om

This instruesion compa s 1o contents of 1he aseamulator i the ox-
adecimal vlue 007, Le., Lh biz patiern “0003 4000, "his compart.
ST Nstrietion weltset the 2 bic 1o Uz Hags register o the velac 1 if
i succesds. This brt zan en be tested by the next instrci-on

® oz RO

“The juinp instruction sests “he vahie a7 the Z 51, I e comparison suse-
cesda, e Z bit bas becn set 10 0nc, 2nd the jurrp will uzeieg. The pro-
‘ram will then Jum (0 the address ZERO. U the test Faik, therthe next
senvential wistecetion il be crecuzzd:

o om

Sitnilarty. th Fallosang unp insiraction will brancl: 2o ioeation ONE:
I te sompanson succeeds. 11 none of the Lmpanons tacceed. thea
the mstricuor at tocation NONEFOUND wil 56 executed,

7 ONE
NONEFOUND

a1
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Qther books :n thas scrics cover programming far olher popuiar
wicroprocessors,

For those who wish to develap their bardware knowledge, it is sug-
‘ested thas the scference books From Chips 10 Systens: an Inroductian
to Microprocessors (ref. CIOLA) andi Microprocessor Inierfacing
Techniques {cef. C207) be consuited,

The cantents of this book Juve bees checked carcfuily ans are
believed to be rokisble. However, inevitably, some typograpicat or
atne- serors wil b found. The suthor will be gesief fer any commonts
byt s 0 hat Fusare aditions iy fenelic from their axperionse.
Auy uthe: suggestions for (mprovements. suca as atber progrRIS
esired, develozed, or found of valuc by rcadrs, will be appreciated.

u
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¥y 3.35¢ Subroutine Cali

fhe use of a subroutine s illustralcd in 1giee 3,35, Fhe wiara gra-
s apaezrs on e il of the Alustration. ‘The subeniiine is shor
syabulizally on the S Let us 2xmiog the subzouting mecharism
e lives of the maun posrion are oseetned s
struchion “CATL SUST w e, This spectl mmrachion s the
suhruattie call anc resulis w3 trauster 1o che sazrawine, This neans
i s Mest Estriction 16 = exeened alter e CALL SUB 1s e irst
instrusvian withia £1¢ swhzontne, I s Mlusirared by 417w 4 on tha
ilfustrason

Titem. the subiecgram within the sesewling evacutes s ke ary
other prugrum. We will assume thal 1he subroutine dnzs ot comian
an oihe, alts. The las1 “nsi-wsion of this subroulinc is a RETURN
Uiy s spestal sns.uetian which will case 3 retarn 1o the man pro
v, Thg Rentaiser a0 10 b wieetizd aller the RETURN s 1he are
Taliowng 1he CALL SUW wth rain prograan, Tris i flustrated by sr-
rme § o ke dlsivation Piowsm eecusior, cantines than, g i
fustrate by e 4

17 21¢ bady of the wam prgram . secord CALL SUB appears. A
e IFansrer i, ShOw 3y sz 5. 1 s s it e body of the
subrou. e s again exzevled followuig ihe CALL S8 astrction

Wheaever the RETURN wilhia e subrout:ne n encavntered,
et DTS 10 e 1urastion follawsre the CALL SLB I questian
T s ithwsraed by asrow ?. Follswing the seern 1o the mesa pre-
gram. progeam cxesa on procesds normally, s eratee by aros §

e sl of the 2w wpewral st ustions CALL SUB ans RETURN
sboukd now be diza. W 1 the valus of e subioutine mzchan n?

e gssential salee 0 the sutrau s 1 that o v be valies rom any
umber o7 puinis un the mat program, ard used sepeandly i

ssively bl new e
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This progran wes wiradnced 1o demonsireie 1he velue of the com-
parson slrcton foflowed by a junt. This comprmation will o uscd

4 mary of Ihe fallowwrg progsams.

Fisercise 3.29: Refor 16 the defition of the LD A (LOC) mstruetan o
e it chapier. £t (e <t of 1S wSiTiciion on e g, i
. I the second wstruenar of this prograv necessary (CP 00H)?

Fxercwe .30 Write the progrm whch wil read the corizts of
ncisior ot 2™ 05 braich o an address catied S AR there
v 1 4" meemare Kouation 28, T bif panern Jor & > Bimary
et i b e (0 be represenied by ORNGI0"

INSTRUCTION SUMMEARY

W have now sicdied most of the mportart aructiors v the Z8)
oy wsmog 1. We have traasfcrrd values belween the memory and the
sers, We bive porformnad authunelic Ane lagical Cpezations ut such
deta. We have tested e, i depending on the ressls of thes 1evis,
hase execsed vnsous portions of ike program. L partiular, soecial
automated” 280 mstebetions snch as DINZ hawve been used (o shorten
progcams. Other sutomater insiructions: LDDR. CPIR, INR wifl be
ntsoduced throughout tac remainder of hs book.

Fll s has e made of spestal 230 fearures, such s 16-bi: register
wuscenicanons 1 smphTy 1he proprate, &nd 1he reader shold be cacelnl
901 10 250 these Frorarms on a1 SORO ey Iase ben oplimezed o e
280,

We have dsu i eduved @ structure calfed o laap. Anather impor-
inteaciuced n0w: the ssbrownne

want prowrinmg strectre will

SUBROUTINES

in caneent, « subrouuae 5 So1pIy & block ul st ructios which hes
boen aiven a name by Ui progrustae. From 3 practical standpowd, &
subroutme must siert Wil o specal ascusuen called 3 subronitio
deetarition, whneh il it 2y such o1 the assembler, 11 1 abo rer-
e by st speial stricran called a e 12 us stk
st 1 s 0 2 aubrouLing £ & prigaamn 1n o-tler (0 Semansirate fs
vidue, Thea, we will cxamime S 1 -5 cetuafly inplemented

@
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16038 Bivision

As an example, et s Lere eximine 3 16-by-8 divisiod, winch will
vield an -buL quoueu and an 8-bit remainder dividend. The repisier
Allocai;on 15 skewn in Figure 3,31

Uhe seopram appears elow:

DIVISS 1D A (DVSAD) LOAD DIVISOR
oA NTO O
w E
LD HL.(DYDAD) LOAD I68IT DIVIDEND
s DRITIALIZE COUNTER
DV OXOoR A CLEAR C BIT
SBC  HL.DE DIVIDEND - DIVISOR
mNC o HL QUOTIFNT - QUOTIENT + 1
JP PINOADD  TEST LI LLMAINDER
POSITIVE
ADD L, DE RESTORE IF NECESSARY
DEC  HL QUOTIENT = QUOTIENT - i
NOADD ADD  HL.HL SHIFT DIVIDEND |LRFT
DINZ DIV LOOP UNTIL B = 0
RET

Fig. 3.32: 16/8 Division Program

T firse v fnstraciions n Uhe programioad the Sivisor and the divi-
e sespective’y u:io e 2ppropriie roistors. They also iniciaize the
<ounte:, ur: register B, 10 the vaiue 8. Nute agann tha register B i a pre-
ferred ocation far  couter if the suecialized Z80 ssurctaan: DINZ is
10 be nit

DIVIGR LD A, (DVSAD)

DDA
o E0

LD HL.(DVDAD)
B

Nest, the givisor is subtracted from the dividend. Since an SBC -
scuction must be ased {:Fere is 10 16-bit sublracs witkout carryy, the
casry st be st to the valoe 0" bulure subtracting, This can b ac-
complishzd m a number of ways. The sarry can e cleared by perform.
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kit |

|
|

Fiy. 3.30: 8Bit Binacy Division Flowalsare

Fig. 3.31: 16/3 Divislon—The Reglsters
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perormance of a prageam, espeviatly dureng pul/Sutput opsratian,
There use and advancages wil be derionsirated (aroughant this book,
Some autamac biock transfer mstracsians are availabe in the case 0f
ke 280. They use spesific convenlicas

Al Sluck s mstructiviss requice 1he use of thres pairs of
reusters: BC, D, B

4K bytz:
er. [ may
n pointer

BC is used 25 3 $6-bi conncer. This mzans that up 1 2
may be moved actomaticaliy. ML is used as the source pain
puniL anywhere ia he memory. DE is used as the destinac
o gy po wagwlere w1l

Four block transfec nsteuctions ase pravided:
LDD, LDDR, LOL, LBIR

Allof them desrement the cooter zepister BC with each wangfer, Two
of dhens gecr uie ths pones 1egisiers DE ard HL, LDD zd LDDR.
while the oo achess inerewens DE wl HL, LDI uid LDIR. For each
Of these wo groups of instructions, te letwer R at ll ez of the
mAcToNC fadizatss an utOMANC repeat. Lt us sxamime these instrac-
Lo,

LD staras for “foad and increment.” 1 tracsfers onc 2yie from the
wemery fogucon pointed o &y M and L (0 (he distinaion ir. lhe
emary poinred 10 by D and E. It aisa decremnen BC. 1t will sutomati-
calty tnecemenn H and U anl D ad E 50 hutal register paics are pro-
Serly conditioned £ perforun Uhe st byle sraisfer i

LDIR stards for “load incsemen and seprat,” ., secune LDI
cepeatediy nntil 1he caunter registers BC reach th value V0", T1s used
© mavz a cantinuars hinck of dz1a an:omalically fror: ane memory
arca :2 anorher,

LOD ana LDDR opersi= m 1he same way except that the addioss
pountes 15 decresmented tather than iac-ementcd, The trensfer therelors
scer's ar the highest sddrezs 1n Lhe block tmatead of the lowest, The of-
T e feur instractions 1s sumeasized in Figare 4.5,

Sicmilar automated wstructions ere available fur CP (sompare) and.
are swoanzad in Figure 4.6,

Data Processing Instructions
avithimetic

Tuwo main anthine e aperalioas are provided: areition and subrac-
t1an. They have been used extersiveiy I the previous chaptcr. Thereare
two types of addition, with and vithout cerry, ADC end ADD raspec-
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may be wsed to exchangs fha top of he stack with HL, TX. 1Y end slso
10 swap tne conterts of DE and HL and AF and AF' remember that
AF" stonds far the other AF Tegicter pair availabic in ihe Z30).
Finally. a speciat EXY instruction is avaslable o exchange the con-
Leats oT BC, DB, HL wit the curicuts of 1< corresporing,
he second agiste: bunk o the Z30.
The pussible exchanges are summarized i Figue 4.4.

s
B Eramei
arsmation | TS 1 ooy | |
| 50 |00~ Lows Rl
I R i
L LGOS - Lose (DEJ - IHLI

Fig. 4.5: Tck Transter Groop

msfer Insteuctions

Block (ransfer INSITUCUAs are SnSTTutions warch will result 1 the
teansiet of & Slock of data rather than a single or doubie byte. Block
transfer instrustions are more compiex for the manufacturer to impis-
en 1an Most 1nstruclions and are ssually not provided on microRTo-
cessors. They are canvenient for programm:ng, and may prove e
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A I 7\;4\ .
wx o |wlnele]nlw]s =
[NSSSSR iy [ R W D [0 [V R -2 [
N oy B
| VRN [P g R 7 e e
PO P e i
= v B R
o~ g E T
epereir [ o0 o] dwlE %
— P55
o b

Fig. 4.7: Eight-Bit Azithmeric and Logic

o that, in goneral, all arthuneiic opesations mosify some of the
Hlags. Their effect is fuly describec in the instruction deseriptions faser
i this chapter, However, it is important 10 not that the INC and DEC
* testructions which operate on rzgster pais ¢ mot madtfy any of e Megs.
‘This detal is muportant (© kocp in mind. This means that i jou Itcre-
wnt or decrement one of (c Exgistcr Dairs (0 the value “0", toe Z bic
i the Mus register F will 0ot e set. The vabuc of the register mast be
cxplicitly “esteu for lhe value “0" n the program.
Aso, it is imgortant Jo remzmber that the mstreuons ADC and SBC
always affece ail e fags, This dous not mean thar all the Aags wil
ccessarily be different aftes thew eaccution. However. they mighs,
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Fig. 4

Gvely. Similarty, tvo types of subiraetior. ate provided with ang
witiout carry. Tirey aee SBC and SUB.

Addiucaally, three specia’ witiucuons are provias: DAA, CPL,
and NEG. Tae Decimal Adjust Accumulator bistuczion DAA hes seen
wsed Lo implement BCD aperafians. I s aacrsliy vses for cach BCD
ad e subtracr. Ton complementaion Istrictions alsn are availahle.
CPL will compute the ane's complerent of e accumulator, and NEG
il negate the accumslazor inta its complement format{two’s conple-
ment)

All the previons instructions operats o eight-dit data. 16-bit opora-
tons sre more restsieied. ADD, ADC. and SBC are avallsble on
specilic repisters, a5 desuribed in Figere 48,

Fially. Increment and deerement ‘ns-rustions ace available which
operéte on al ¢he repiscers, bolh :n an vightebil sad & 18-l forual.
They ave listed m Figare 4.7 (clgA-bil vperations) and 4.8 (16-6: vz
tias)
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oanpo-0  anp[ o [

0AND] -0
ranpo-o o |0 [0 ] O
I&ND =1 o 1

‘Tke AND operation 15 characterized by the fact (rat the autpu: is
"t ouly if both inpues are 1" 1n other words, i ene of e suputs is
10" it 15 guaratiteea that the result v ", Ths Feature s wsed I zero
bi position in a viord. This i called “masking.

Onc of the mportant uses of the AND insiruction is 1o clear or
“lmask out’” one or mare specified bil positiors 1n & word, Assiue for
examiple Uz we want 10 zero the tight MosC four-bit pasiior:s in 1
word. Ttus will be purformed by the [OIOWig program:

LD A, WORD WORD CONTAINS ‘lotaInin
AND 111500008 1110000 1S MASK.

2t s assune Ukt WORD s 2qual to *(0101010". The ramult of this
srogram: is to teave Ihe value ‘10100006 in the accuriufalur, “B” &
wsed W indicate a binary valuz. N

Exercise 4.1: Wrie a throe-tiae program which il zaro bits 1 and 6 of
WORD.

Bsercise 4.2: What happens with ¢ MASK = 111115:1°7

or

Tins instriction :s e wiclusive OR operatio, 11 s characteried by
the following “ruth tebie

auro
0O0R1 =t
JORO w1
TOR[ =1

The Iogicai OR s huractarized 57 the fact that if one of Ike sperands
15 1", then the result s wiwisys 1" The Obvious use af DR 15 1o sct
any it m 2 word to 17

Lot us et the night-most fou bits of WORD to 1"

LD A, WORD
OR A.0000§L11B

The progrem
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Fig. 3.8: Sixieen-Bit Arithmefic ani Logic

Theee lopreal operations are provided: AND, OR (inclusivel and
XOR (es=hisiva), atus a compenson msicbcsion CP They al. vpe:ate
cxctisswels on cight-bic data, Le: us cxarmune Lheun in torn. (A table Jsc-
ing a1 possibilitics and opecaion codes for thess mstrocinns is pert
oF Figurec.7.1

AvD

Ecch logicd aperauon & charauierzed by & wiih table, which ev-
et tne lopica. walus uf Lhe sesclt Ln fumchon of the mputs. The
T1uth table For AND apprars below:
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che regisiar are shilted (¢ the left or Lo the ight by oac bit position. The

bis which Fails aut of (e regisier g0 o th carry bil C, and the bie
which vomes in is 7er0. This was explaiad in the previous secon,

£

4,92 SniF and Rotate

One exception exstss s the shiftight-anshmene, When perform
an oporations on negative Tumbers ir. Sz Lo’ complenenl formal,
e lefl-mast bit is the sign hit. n Ihe case of negatise wurbers i 15
1", Winea dividing a ncgative purhe- by 72" by shifting i: 10 the
rigat, 1 should reman acgatise, ic.. e leTt-most bt should remain @
1" This is performed automateally by -1 SRA msiricion ar Shift
Right Arhmed. [n s arithmet shifl right, th bie which cames i
2 the left 1y ezl 10 he siga bic_ e 1s “0” if the left mos: it was
07 and *'1" i the lef-mas: bit was « "17, This is ustrated an the
right of Figure 4.0, which sa0ws 2l the 3ossible shif: and rotate opera-
nes

Rotations

A rotatiar, differs fram a shifc by e fact tat the bic comeng im0 the
reggsier 1 the ane which wil fall from either the olfior and of che
reguster or the aarcy but. Two 'ypes of rolat:ons ase supplicd i the case
of e Z0%: an sight-aut rocation andt & ninc-bit razztion.

T ane-bi rotation s illustratcr in Figare 4.1 For example. In the
st of & TGNt Fotaticn, the eight buis of the rogister are shifte: rght by
on bt position. The bi which falls ofT the rghl part of the regiter
g0, 85 Usudi, mto the amy bit. AL this time the bis which comes in o
the left end of the register s the previous valuz of the caty bit (bofor it
s sveramiten with the bit falficg out ) t mathemacies this 15 called &
it zarasion since the cight bis of the reguster plus the BACh bit (the

w
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Let us assume thal WORD diy contain ‘10101010 The Sinal valne of
the secumutator will be 10101111

Exercise 4.3 Wiat wouta happess if we were 19 use the instruction
OR 10101111 87

Exercise d.4: Wiat 15 the effect of ORing witi “FF" hesedecimal?
xux

XOR stans [or “cxcusive OR.” The exclusive OR diffas from the
fnclusive OR. that we aave just described in pue respect: the resut is

7 ondy i ane, and only one, of Uz operands is equal to 1" Jf Soth
aperands are cqual to )7, the normal DR wouid gve a (" rest.
The sxclusive OR gives 2 0" rosc, The trulh table 15:

0x0K0 xorj o | 1
OXoR1w1 o F

1XORD P9 L !
L%OR 1 I

The excausive OR is userl o cowaparisots. 1€ any it 1 diffecsat, the
sxelusive QR T two words will be non-zesn. T agditian, in the casc of
280, the exclisive O may be used to complement 2 word, sivec
nere 31 1o complement instruetion N anyehing but e accumulator.
This Is cone ty performing tae XOR of a word with all oncs. The pro-
aram appars bolow:

LD r, WORD

XOR, 1(111111 B

1Dr A
where e designatzs (e regnier.

Let us ussuine Lt WORD contaised * L0JIIDLI'. The fical vatwe of
the register will 22 ¥ DITLOIOL" . You car verify that Ihis s the compie-
ment of the oniginal value.

XOR can be osed to advantage 85 3 “bit toggle.*

Exereise 4.
adecirial?

t What i the effect of XOR using a register with “00" hex-
Skew Operstions (Shift and Rotate)
Let us Trst differentiate betweer L shild avd che rotate operations,

wiich are Mushated in Figure 4.9, 1n a shift operation, the cantents of

1060
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arey bIn are Ftatea 19 e 1ight by one bit position. Con
Ieft 7oration accompilshes e same resuit in the ppOSIte

2y, he
Siceutica.

Fig. 4.11; Ninc-Thit Ratation

The esght-bil rotatia apcrates in & similar way. Tit 015 sopied snta
hic seven, or c's2 bit seven s copicd into bit 0. depening on he dires-
tian ef the rotatios, In addition, (52 bil coming cat of the seauter 5
alsc copied in Uhe arry bit. Tols 1s Mustrated by Figure 4.12,

m
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Xis true, then take action A, eloe B. Instead of presentinga formul
Gefinition of floweharts at this point, we will intruduce nd discuss
Heweharts fater on in the hook when we present programs.
Flowckarting is a hiznly recommended Intermediate scep be-
bween Lhe aboriLbim spuiiication and the actaal coding of che snfu-
tior. Remarkably, it has bean observed that perbaps 0% of the
programniing popilation can wrize a program shecessTully wi-
o, having to Hlowchrt, Unfortunately. it as also boon observed
that 90% of the popuiaiion believes it belongs 1o this 10%] The
result: 80% of these programs. on the averaze, will fail tha first
time they are run an a computer. (These perceniages ure haturally
1ot mean’ ta be aceurate. La shorl, most aovies programmers sel-
om see Lhe necessily of drawing a Bowehare. This usuzlly resulls
1n “unciean” ur ecronwous plograms. They must then spend @ long
e testing and coreceting their program (s s called the

o

TR e T

ercy e omon o vt s

oo ]« l

TG BAY;

5. 1.1: A Flowehast for Keeping Room Temperature Camss
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THE 780 INSTRUCTION SET

INTRODUCTION

Thes chapter will first anfyze the various stasses of instructions
which should be available o 3 general-purpose computer. It wil then
analyze one by one 4l af e (structions aveiiabiz for the 280, and ex
phatn in detail :heic pucpase and the maaner in which they affect flags
or czn e used n conjunclion with vasious addressing modss. A de-
cussion of addressing Lzchniques will be presenied it Chipier

CLASSES OF INSTRUCTIONS.

tructions may be classified i mumy ways, ard sore Js no stan-

dard. We wili e disunguish five mam categorics of insmicrons:

Ldata transtes
2 duls processing
3—test and cranch
input/outpus
5—coatral

Let e now examine each of Hless classes of instructions 1a rurm,

Data Transfers

Dats transfer instructions wil transfer data between registers, of be-
Lot 4 egster aud mesnony, oF between 3 esgisier and af FIEDL/OBIPUE
devie. Spectalized transter imstryctions may gust for rcgiscers which
play a specific rols. Fur uxample, push and  pop operavons
are provided for efficient stack oparalion. They will move 2 word of

1354
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SHFT LEFT

Fig. 4.1 Shiftand Rofate

Test and Tuny

“The test iastructions wal tes: Sis 2 the spavified regisier for 0" o
"1, o combinaticns. At a micimum, it must b2 possible 3¢ iest ihe
flags repistes. 1 is, Userefurs, desicsble (0 Tave as meny flags &5 pas-
sible n this registar. tn addition, -1 is soovensent Lo be ushe 1o Lest for
cambinanans of such bis with a sagle wsuuticsr, Finally, it 15
desirable 1n he able 15 Lest any Sif postnion i oy eytster, s W Lest
the value of @ reguster compa=cd 1o the value of acy other 1sgster
Ggrater thar. Jess than, equal). Microzrncessor 1ost thstbcLons e
usuly Lrmited 10 Lesting stale bits of the Mags ragiser. 10 Z80, ow-
xer, affers butter faciities than Tiost

The jump instructions el mey b avaitable geneally fall wiw
three calagorics:

$—the Jurop, whuzh specifies 3 2ull 16-bic address

2—th eetative funp, which ullen is resiricted fo an 3-bil displece.
men fiekd

2 call, whicn is used \ath subrouses
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dara between the 10p of the stack anc tac azcumulator in a simgie in-
stcuction, white automtically upGaisNg the sLack-pointcr rogister

Dat Processing
Daca processng incisueuons fal xtio fve seacral aategariss

L—arieamens operations (such as phuss minus)

bic mamipuiaon {set 4nd rtsel)

—izererun. and decement

—tual operauons (such 45 AND, OR, exclusive OR)
e and shifl opeestions (sacn 3 shift, rotare)

1 sttt e e thi, i efticient 2ata processg, © s dearable i
have powctiu, acithmene pstructions, sush as uluply and divids,
Unlortuneiafy, they are nat available an most micraprocessors. It 15
ko desicable o have poweriul SN w1d skew Wwsirielios. suon as
shift n bits, or a nibbie exchange, sbare the righ: NIl &1l Tk lef: balt
o ihe byte are exchanged. Thuse uro also usuaily unavailable on most
[

Befare eraminng the actusl Z80 meiricus, lei s rocali the dif-

terence terween 2 sl and a oranon. The shirt wif iove e zontents
72 regscer o 4 memory Incazion by anc it lacation 20 e kTt or
i right. The bt [afling ot f Ihe ressseer il 20 Into the cai.y Ll
Fhe bit coming m a2 the othar side wil b2 & “0° excep: mhe case of a1
arichunetic shifl right.” where :ne MSE wil he cllicaiad.
I tite case of & roranon, the Bt coming out still 2085 wn e carrs.
Hiowever, the bt comIng in i e Previous vaue which s in the carry
bit. Taus cortespands 1o 4 G-kt raauor.. [t 15 often desirable to have 3
I $-3:1 rotation whese Uhe b comu i o ne s is the cae alling
From the athe” side, This is nol sxasided i mast mieraprocesioss
b s availade un e Z80 (ste Figure 4.1

Finly, when sbifting 2 word 1o the right, 1 3 eonveaicnt (o kave ane
. 13pe of shift, Gallod & sign esiensicn ar an “ammen sk
Wihets doig GPCTONS 01 LHO'S SOMBIETIEN: IMEFS, pari
cutarty when smplemznting [loatn3-DoIc rtincs, - s aflen actessans
1o 3hilt a negativ= tumher 10 the sight, When shifting a (vo's coraple:
ment TuTber 10 Lhe rghe, the bif whie st come 1 6 the et side
shoud be a **1° ithe ssgo should get sencaied as mary
by the suszzsive shiflsl. T :s the arithmetic sift rigat
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THIE 280 INS ERUCTION SET
Intraductiv

The 780 microprocessor was dssigned 10 be a repiacemen far the
8080, ard 1o offer ad:livonal capabliues, As & revll of tis design
philasophy, the Z8D offers ail the mstrcuons 07 U 805D, plcs addi-
tional mtraccians. In view of the imizcd rember of bits avalable in an
i opende, ane ay wonder how the des:gnces af the 741 suczeeded
n mplementing mans additionat ance. ey dic so by wung @ few
unsed SO opcades ana by adding an szcit-ona: byte to e opeode
for sedescil opecations, This 15 why some of the 280 tostrucuions ac-
cepy uz 30 five bytes in the msmory
26 IO (0 femerter |hat ALY PIOGTAT C26 be WITKEn 1. mary
ditferent ways. A thorough knowledge and anderstanzing of the in-
sirieuon set 15 ndisesedle Tur ey IO progrAmag,
Hurweven, slian leas g How o progran, s 091 essenis al 0 wiake op-
trized programs. During a Lirs: reading of 1his chapiar, it 15 (hereicre
mmpartant 1n rerember '] the variaus instructians. § s IMPArER 10
remember the eztegaries of instructicns and to s-udy typteal exerples.
hen, waer witiop progrems. (e teadsy should consult the 280
instrucucn.set descrption, and select the instruchians best suled (o s
needs. The various mstruclions of tbe Z50 wil: hererore be tevieved 1
s section watlh the nten of sunphilving L and grouping them in
Topwat catesunes, Th cezdder aiesssted i explaric the capabilities of
oL 1y T 1y e vt ) deseripUos of L

the verious
irstruetions

we will now exantine e capabililes providec by tke Z80 n terms of
the five af st mctions which hase bren defined at the beginning
of this chaper.

Dats Transfer Iusteuetions

Daia transfer waeuct oms on (e Z80 tray be clussified in four
catcgones: BBl transtors,  16-h teansfers, sack operarcns. aid

blogL trarsfers. Let us sxamine them,
EIght-Bit Dara Fransers

AN gt ciata transfers zic acconplished by isad s,
The forma: is:

LD destnation, saures

156
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3155 convenient ta have (wo- of even teee-1sy jumps. denending, for
cxample, o0 whethar the resufl of a conpatison is u:vater L, “less
“han," ar “cquai.” It & elso coaveniant to have skip aaeratians. which
will Jump forward o7 backwards by & few instruccions. However. a
SRD” 15 equivalent to = “hmp.” Finally, in most loops. there 15
Iskally & decrerient or increment npssation af the end, faflowes by 2
testnnc-fanch. The availability of a singheinstructior. increment/
ment plus testand-branch is, thercfore. a significant advar-
age for efficient loop immplementasion. This is not availzdle it mos:
Mieroprazessors, Only smple branches, combuned wi simplo Lests,are
available. Thes, natwraky, complicates programimiag and reduces s(fi-
siency. In the case of th 28, 2 “decrement and juip” instruction 5
avaituble. Howese:, o wuly tests & spevilic tepaste. (BY fo. sevo

Iaput/Output

Inpus/output instructons are specalized nstructions for the hand-
ting of inzut/catput devizes. fa practice, a majoriy of the 8-bit micro-
processors wse mewnory mapped 1/0: japul/owipus devices are con.
nected (o the aderess bus Just fike memury uuzs, i eddressed 5
such, Thes appeas Lo 20 progsanunes @5 mewors locativss, Al
imeaciy-type operacons normaliy requice 3 bytes and ave, therefore,
slow. For efficiert inpus/output Fandling in such an eavironaieot. L 4
desirable (0 have a shot addressing mechenism avaiiable so shat 1O
cevicos whes: handling speed s seoccat may reside in page 01, However,
i page 0 addressing 15 avallable, 1 1 usualty wused for RAM memary,
which prevents its effcetive use for wsut/ouiput devicas.  The
280, like the §080. 15 equipped with specializes /0 instroctions. Asa
tesuit, 1 the case of the 50, the designer may use ather method: n
puL/ouspat devices may be adressed a3 Hemary devicss, Of else 25 -
but/outpat devicss, asing the /O wnstrus

They will be descrized later (n d

Control nstructions

Coatral msiruztions supply s¥achronization signals ard may suspend
o wrerrust 2 prograq. They can :lsa finction as a brczk o a sma-
lateg micrrupt. (Interruprs will be described w1 Chapter 6 on [n-
pul/Qurput Teshntges. 1
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As a result of this instraction, the immediate opsraud, ur lieral vilue
will be contained in -egster E.

The intiexed addressing mode 15 alsn avilable. for joading register
concents, and will 3¢ fully described 17 the mext chapter on addressmy
rechniques. Other misccliancous possibilities exist for loading specific
vegisicrs, acd a tabie bsting af the possibilitics s shown i Figore 4.2
{ tables supplied by 7dlog, Tac.). Toe grey wrcas show iastructions
common with the $980A.

|
i

Fig. 4.2: Eight-Bit Load Graup- LD

16-Bit Data Transfers

Basically, any of the 16-bit regisier pass, BC. DT, HL, S, £X, §¥
may be Icadsd with & literal 16-bit operare, or rom & specificd
wieanory address (extended adressing), o fsom fhe (O of the sack.
i-8., Irom the aduress containes in $P. Corversely, tke contents of thesc

160
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For example. {re zcoumulaor A
using the instrustuns:

1D AB
Direct transfers may be accomplsned berween any two of die
working registers (ABCDEHL.
1o avder to Jozd any o the waring register
sfarar, fr 4 memory oo tio
o must Frst be o

 be foudead (o tegivier 8 by

excen: fot the aceu-
the adaress of (kis memory face:
lod ity the H-L cegites pair.

For cxumpas, 1 vrder L 1oad regiter C feors memory Jocation 1334,
censen Hand 1. willfiest bave 10 b s will: the value 12387 (4
foud nstruetion operziing on 16 bits will be nsed. This is deseribed in
the Foliowing section.)

Then, the mstruction LI €, (HL) Wl be aszd and wil accomplish
the desrex! res

The zeenmulator is an excepsian. T can he toaded direccly frem aay
specifiea. memory Iocanon. This 15 called the extended addressing
‘mode. For exemple, in order to load the accunularor wica the corrents
of memory locaiian 1234, the follovang iastrvcuon wil) be used:

LD A, (123aH) (Now e

Tae westrucnon will b2 stored 1 The memory 25 olinws:

£ te denote “contents of. ")

address PC 3A {opeodes
BC + 1:34  (low order half of the address]
PC | 212 (high order half of the addresss

Notz <hat the address is stored in “reverse order” in the strucaon

e
[ T iowadar T iy |

Al the working resistars may alsu be Loaded wutt sy speciled egen-bit
value, or “Uleral, ™ vontained iy the second Ute of the instiuction (this
s called mmnedite adddressing). A sxample 15

LDE, 12

which lcads cegisicr E with the veluc 12 hexadeoma,
n the memocy, the mstrietion appears as:

PCIIE  (opcode)
PC+ 112 (lteral operand)

159
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register pairs may b séored 1 1he Same manner f & spocificd memary
address o7 on top of the stack. Additionally, the SP reguter may b
loaded from ML, X, anc 1Y, This facilitates ereating muitple stacks,
The resiscer paic AF may st be pushed on top of the stack,

The wble listing alf the possibilities is shown in Figure 2.3, The siack
push any pop operations e fncladed as parts of the 16-bit daca
biansters. Al stack operations Lransler (e contents of a register pair to
or fram the stack. Note It there e o singie pusts anl pop tstruc-
tions for saving individual eight b registers,

i “
I
| I ¥

Fig. 43¢ 16-Bil Load Group—LD’, ‘PUSTI and ‘FOP*

& doule-byts push or pop is always cxecutec on a register pair: AF,
BC, DE, HL, 1X, IY e the bottom row znd righi-most column i
Figure: 4.3)

‘When operating un AF, BC, DE, HL, a sinale-byte s required for e

instruction, resulting in good efFiciency, For sxample, assume that the®
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AL this point, if the algorithm 15 corrsct for the type of lock m-
volved, the door will apes. ‘fhis tonz.step procedure qualifies &5 an
algorithm for doar opening,

Do @ solution to a problem fas heen exprossed fu the form of
an slgorithm, the algorithm must he exceacd by the compater.
Unfortunately. it is ow a well-establiched fact that computers
canoot undersiand or enecute ordigars spoken Laslish (o any
othez human languagel. The rexsan lies in the syntactic ambtguty
ot all common human languages. Oniy a well-defined subsat of
rataral langusge car. be "anderstood” by the computer. This is
called 2 programming lergusge.

Converting ar. algarithm into » seqrersen of instrucrions in a pro-
eramming lenguage i calied programmay; To he more secific,
the actuai wransiation phace of the algorithm fato the program
ming lavguagois called coding, Programming really refers not just
o the coding bu ¢loo 1o th overall desigy of the progzams and
“data struciures” which will imploment tha algeritim,

Effective programming requires not only undorscaading tne
wossible bnplementation techniques for stundard afgoribhms. bu
a0 the skiilfui use of all the computer hardswaze resources, such as
Interaal cegistes. memory, axd periphers evices, plus a creative
use of wppropnzte data structures. These Lechnigues will be
cavered i the next chapters.

‘Programming also requnres a sirict documentation discupiit, so
that the programs arc understndnble ro othars, as well as o the
author. Documentation must bo both internal ara exterval fo the
prograr.

Anlernal program documentation rafers to the camments pleced
iz the Uy of @ program, which explein :is operation.

External docamentation refers to the dusign documencs which
are scparale from the progeam: written oxpianations. manuals,
and flowchats.

FLOWCHARTING

One intormodiote suep is almost always used belween the
algorithm and the program. Tt is callec a flowchart, A Mowhart is
simpiy « symbolic representation of the algoritam expressed as a
sequence of ceclungles and diamozds containing the steps of tae
algorithm. Rectavgles are usoc f0r cammands. or “executeble
statements.” Diaraoncs are used for tosts such as: If information

1
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siack pamter SP contams < vahue “OIKI, The followng wsiric-
for. i xecred:

PUSH AF

When pushing e canents of ¢ rpister pair o the stack, the stack
poiacer SP i fist dacrementzd. thea the cartants of regisier A ar: de
psitad on 1op of the stack. Thea the SP 1 decremeaied 8pa, 3l the
contects of F are deposiiad an e stack. At the end of the srack trane-
Ter, SP pounts 10 the top element of the stack, which in oc example
3 the value of .

I is waportan; 1o semenbor that, i the case of the Z80, the SP
poinis 1o the (05 of the stuck and the SF 15 decremmonsed whenover o
register pair s pLshed. Ot eunvenuuns are often wsed n olher pro-
wessors, wnd this ey be & soucse of sorlusion.

P CoEREYN I A T
[

fwurer] 3 o

Exchange Instructions

Additioually, s speciaticed aueanone EX has been seserved for ot
change operations. EX is not a smple date. teansfer, bat  duai data
tansZer Tt aotually chanes Ik comrents of fve specilied locatins. [ X

62
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R

Tig. 4.18: Jump Lnstructions

A detailal dissussion of the vatious addressing medes is presealed.
m Chapter s

By cxamining Figure 4.18. it becomes apparent that maay ad-
drssang modes are restricted. For examsle, the absolite jurp tPan
can test four flags. while IR can aaly o5 0o Flags.

WNote an impertant obssrvauon: IR tends 10 e used whenever
possible asit 5 shortes hian JP (oie fss ylet aud factitates program
selozation, However, JR aund IP ave no ingecchacgeable: IR canno
est Uhe parily o7 e siga fags.

182
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t¥pe of branch iastructions used to jump (0 a subreutine and 12 retarn
Fram it (*"call” 2nd “returu™). As a result. of Agy jump mstructioc, the
‘program counfer PCwill e retoadod with a new address, and tae usual
program exczution will resurae from this poird on. Toe full powr of
the verious jump instructions caw be wncerslood anl i the coniext of
the various addressing modes provided by the microprocessor. This
part of Ike discussion will be deferred antil the next chapter, whete the
addressing wodus ace discussed. We will only consider here the other
‘aspests of these instrccion.

Jumps may se uncanditonal (Grancling to a szccified merory ad-
deess) or efse conditionai. Tn “he case ol coaditional jurp, ane of foar
flap bits may be tustad. They ar the Z, €, P/V, and § flags. Each of
them may be tested for e vatue “0" or i

The corresponding abbreviatinas are:

0 cany (€ = 01
oad patly
PL = cven parity
P positive (8
M= minus 5 = 1)

It addition, a spesial combination insiruction 15 available in the 280
bich wili dooremen the B ragister and juran ‘o speciied memory ad-
dress as fong as i s ot zero. This i a powe.ful lurustion used 70 fer-
mitite a foop. aud it bas alteady been used severa thies in the previoms
chapter: it is the DINZ, instruction.

Sinwilarty, ehe CALL and the RET ¢roturn) insiructions may be condi-
tional or unconditianal, They test the same flags 25 fhic branch nstruc.
tion which we fiave altesdy eccribed.

‘The avalability of conitions] Sranches 15 a pawsrTi resource in &
computer and is generally 20t provided on ather wght-bit micropra-
cessors. It improves the efficiency of programs by implementig i a
single RSErUCtion What refires twe Mistiletions ocierwise.

Finally, o special return instructions have been providerl n the case
of interrupt routines. They are REY and RETN. They will e desc
i the seation of Chapter 6 an iéerrupts.

‘The auressing modes end the opeades for the verious braiiches
aveilable ase showa 1n Figure 418,

i
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bese. describe, or wsing speefiz 1PU/OWPUL mstrustions. Usual
memory addresing sizustions use three bytes: Ge byte for e op-
code and two sytes for fa¢ address. As 3 T, 1iey are slow o o
eeute, sinc they reqre hree memory scvesses. The mair surpose oF
epecualizad inpui/ouipuc instrialions s w provide shorter and,
therefore T, instractios. Huwever, mpel/output 19sinichions have
w0 disadvancages.

Firsz, they “waste’" severai of the presious few npendes available
{eince usisaly oaly 8 bils are Jsed to supply sl npeodes necessary for a
ictoprossssorl. Secondly, they require he generation of ane o7 more
sposielized inpnontpat signals. scd therefors waste® one oF cr2 of
the few pes avallac in the icroprocessor. The mumber of pins 1
usually Himited 1o 40, Becanss of these possible disacvntages. specific
ApLL/oUpU irserzrians ace nal provided OB MIOSL DUCEEPOCCSSCLS,
They ae. however. provided an fi origial 08D (che Jitst powerful
eighthil Beneral-purpos Icropsocesscs irroduced) ard un Uhe Z30.
waich we now is corpatible with the 8030.

“The advAnLage 0 INRL/OUEPUL Inst et 0t 1y L e ute Castet by ke~
Quinng, aniy bwo byes, However, @ siiler 1esult can be oblames: 5y
subblying 2 specisl aderessing code ealled “paze U asdlrossng, where
the address 15 limueed o @ field of aight bits. s snifion 1 aften
chessn 1n Alher muctoPrOCESSOTS.

The wo_ basic inputouszut instrachoas are IN ane OUT. They
iransfer cither tnc contents of ¢ 5peciied 140 locations jnlo any of
the workg rogisters 0r 1he ¢ONtencs of the register into the 1/0 devte.
They are naturelly o bytes iong. The firs byle is rescrved for e op-
cace, the seccnd byte of the Jastructivis furns ihe tow pa. of the ad-
dress. The accumatalor is used W supply the upper part of the addess.
5 therefore possible Lo select one of the 64K devices. However, this
requires thal the aceumulator be loaded <¥ith :he aRRTAPMIAE SoTtEmS
evecy urme, a=d this may siow the exeeution.

In the regrsier-inpt mode, whose format is IN €. (C3), the tegister
paic B and C is wsed a3 a pointer to the 1/Q device. The contents of
are piaced on the high-order part of the address bus. The cortonts of
the specified L/O device are then loaded into the Tegister designated by

The same applies to the OUT fusiructiva.

Adgittonally, Lhe Z80 provides a rogister-indiress o, plus four
speciiized block-transier Instructons for 1P a1 Oupul.

Tle fow block-icasle muuchors o oput are (I, INIR
(rezeated LN, INLY and INDK (repeaced IND). Similarly, on output,
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Ome more type of speciuized branol is avaflabie: ths s [k restartor
BST insfruction. It &5 & ous-byle instruction which allows jumping tc
2ny one of cight starting ddscsses t the kw end of the memory. lis
starting addrosscs are. in decymal, 0, 3, 16, 24, 32, 40, 48 and 56, 1( s 3
powarful instructinn because it is impiemented o a single byte. Tt pro-
vides afast branch. and for this resson is sed ssentially 0 Tespond to
imterTupts. However, it 15 2150 aveilable to the programmer for othar
ases. A summary of the opeodes for this isteuction fs shown in Figure
a9,

b et

|
HES net 10
ey .
H AsTEN

Hlndicaton @ hoxidocimal mums

Fig. 4.19: Resturt Group

Inpuis/ Quipu tnstructians

put/outpe: techmizies will be sesecibed in Zetail 1 Chagter 6
Simply, mput/ourput devices may be andressed it fwo ways as
snerury lozations, wsing any one of the instructions that have already
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they are: OUTY, GTLR. OUTD, and OTDR.

In ths automaterd block transfer, the rayser zair M and L is used as
a destination, pasmter. Kegister € fs used as the /0 device selector (ane
6 Of 256 devices). I the case nf ik output instruction, H and L pont
o the source. Register B i5 uscd as a counfer and cau bt incromented
or dusremenied. The vorresponding tnstructions om inpul re IN)
witien inorementing and END when dectementire.

I ic an antomater siroin-ite tcansfor. Rogister € seheats the input
donce. A hyre 1s read Trom e device and is transferrsd to tne memery
address poinied to by Haod L. H and L are then ineresmcnted by 1, and
the couater B 1s decromented by [

INIR i ene sarm instruction, autcmaced. 11 is exesuced sepoatadiy
unl the caunter decrements 1 “0° . Thus, up u 256 bytes may he
transferred automaticaily. Note that (o ackieve a Lola! cransfer of exac.
Iy 256, register B should b set to e value “0” prior (o xecuting this
instructon, .

‘The opeudes for the input aad output instricrians ave sunmrized io
Figures 4.20 and 421

Contsul bnstructions

Confrof imstruceions arc irs:ruclions which tiodify the operatmg
fmode of tae CI'U or manipelate s inwerna sazus saformation, Seven
sush mstracaions are provided.

The NOP instrucnion is @ 70-operation nstsuction which doss
nothing (or an cycle. e i iypically used crher to wtroduce a deliberate
delay (4 séates ~ 2 microsezonds witk a ZMHz lack, or o 1] the saps
ereated in a program curing e dzbueging phase. In ovder 1o facilitate
frogram. debuggug, the opcade for the NOP is traditionally all O's
This 3 becauise, a: zxcution e, te memory is often cleared, 1.¢., all
s, Exernling NOP's 15 guaranieed 1 cas2 no damege end wil ot
siGp the program cxectrion.

The HALT mstruction 15 nted 1c. conjuriction with incermuats or a
tesei. i aatuatly suszends the cpesatian of the CPL. The CPL will then
rewnne opLagion WhenCVer either A0 iAter-upt of 4 resel siznal s re
ccived. In this mode, shie CPU keens excevting NOP's, & halt i of-ea
ptaced at the eud of pragrams daring the detugging phase, as thers 5
usually nothing else o be dene by the mein sragram. The program
st thew be explicidly restarted.

Uwo szecnalised instrustions are used to disable uad crable the oier-
nal micrrup: tiag. They are EL ana DI, Intarrupts wil: b describad in
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SUMMARY

Tha five caegories of istructions availuble on e Z50 have now
been described. The details cn individual wstructions are supplicd in
e fulluwing scction of the 600k Tt 1 nol necessary o understand the
role of each mstruction 12 order Lo start <o program. The knowledge of
 fow essental mstructians of cach type is sulfieent at the beginaing.
Flewever, a% §a1 bgin 10 WELE prOBSAS by YOrselt, Y03 shoukd learn
abow alt the tnst-uetions of the Z80 i you want to write £00d pro-
grams, Nararally, a the aegining, cFiciency is nol mportact, and dis
% why st Istnuctions can be sgtored.

Gae ievpariant aspct b not vet Sexn described. This is the sat of
addressing tezhniques implemented on the 780 (0 fasilitate Whe retcieval
of data withiD the memory space. Thess addcssiiy texbiongues wil be
studied in the next chaper.
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Chapter 6. ¥h2 nterrupr lag is vsed 10 whonzs or not uharize the
inecrruption of a progtam. To prevent mtermpts from occurring during
any specific portion af a program, the interrupt fip-flop (fag} may be
disasled by this instrucion, 1t will b2 used in Chapter 6. These in-
strutions are showa in Figure4.22.

wor

e

e e
STITO0ES | 22 | onaoa o
warn 58| enrt o ocamion uay,
STWTwonEz | B | INDIWEGT SAL UnG HEGIETER
e S| A S ar RO ERRTNG

4.22: Miscellaneous CPE Coutrol

Finally, three mter-pi modes ate prosided  the Z80. (Only ane is
available on the 6080). Interrupt mode 015 the A3 mode, nterrupt | is
e lovation D3§H, and sclcrrupt moge 2 s i indirecs sall which
ses the contents of the szecial register [, 2ius 8 bits provided by the i
terupting devie 2 a pointer (o the memory ocation whose coatents
ace the address of the intercupt routine. These modes will be explained
in Chspter 6.
which will a:x0 be explained in Chiapter 6. They are the IRQ and the
NMEpins.

1w





index-189_1.png
PROGRAMMING THEZ80

APCA,s Add aceumalater and spesifisd operand with
carry.

Functan: A=Ars+C

Formar: 52 may b, (HULUX + ) or (0¥ +d)

Tole o[ ]=

aye 1

byte 2 immediare.
data

(HL) $E
[ T &1 bywl: DR
CLleel [ [T bwez s

byte 3 atTset valus

av+d o T [p]0 byl D

IS, ez s

T e 3wt vae

& may he any o7e oft

A=l E-on
B ow g - 100
< - L - tol
D - 010
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THF. Z80 INSTRUCTIONS

NDIVIDUAL DESCRIPTION

ABEREVIATIONS
0N B oFE
€ arey) H NC (a0 carty)
M (mins)  (pius)
: Zzerc) NZ(non 2eso)
i PE fevem

PO (add)

viranged funclionally according t© operation
Dugis set (0 2670,

I agissstcoane

? flag s et cundomly by operation

X special case, 562 accompanying note on £33t page

bit positions 3 aad 5 are always rendom

I8y
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Spectal Digh Instruortons

“Two special dig:t-rorate instruct:ons arc provided 16 Zacilifate BCD
arithmetic, The result :s 3 Four-tut rolahon belwern fwn digHs con-
HY. registers and ane

e e ey oo poted 0 By 1
e S bl O e o v s Tsaaed 5 Foore
o
e
3 r——
1
. T N I
e f -
{ [ oT—e
—_—

¥ig. 4.

Digit Rotate Instrnctions (Rotate Decimal)

Bit Manipulation

Lt has baen shown above bow the logicat operations may be used 1o
et ot reset bits or groups of bits n specifiz registers. However, iL1s €0u-
venent o sct of resct any bit 1o any repiscer or memory focation with 4
sicgle msteuction. This facility regunees a considerable number of op-
codes und is thercfore usually 6ot FToViEed O TOS: ICFOQROCESSOTS.
However, the 780 is cquipped with extensive bitmampulaion
Gaciices. They are shown t Figure 4,14, This ‘abic slso inclades the
st islructions which will be described only i ihe nex: section,

| Two special Instructions are aiso available o operatiag on the vasey
flhz. They are CCF (Complemert Canry Flag) and SCF (St Cany
Tlag). They are showa [n Figure 4.15.

Test und Jump

Sice testing operations rely Heavily un the use of the flags register,
vic will here describe i decait Uhe cole of each of the flags, The content:
he flags register appesr in Figure 4.16.

w
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Dvart A e oA 27|
_ -
Seqne e, WG e

‘Gamplerzent Cary ¥l *

Fig. 4.15: General-Purpose AF Operations

won 1 T

Fig, 4.16: The Flags Repister

Cas e suary. N is sl or subtzset, B/V 3s pasity of overtlow, H 1 falf
cacry, 216 2076, S 15 sign. Bits 2 and. 3 of the flags cegister are aot used
=", The fwn fisgs Hand N zre used for BCD arithrelic ard cannat
2 tested. The otber [ Tiags (C, PAV, 7, 8) can be lested i canjint-
tior. with zonditonai emp or call mstractians.

“The rolc of caca flag will now b doser'bee.

Carrs (C)

It ke case of nearty all microprocessors, and of the Z80 1 pa
ticular, the varry b assumes 3 dval role, Fist, it 5 wsed to mdicate
wheenes an sadition or subtraction opecalios has resslied in a carry far
borzow). Sacendly. 11 wsed 25 Alntt bt the case T hift and rotate
oneratinns. Us:ag a single bit to periorm both zoles Sacilitates same
opcrasians. such s & muftiplicatior: operats, This saould be slear
from :n¢ splanaticn of the aiiglicarian which Fas bew preseancd in
e previots chapier.

"
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fos e

feovsmes 2 s ailan]

Fig. 4.14: Bif Manipulation Group
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1 2 malfuncan ic the memary device fsuch as a dise or RAM
memary), or during transmssion, then the total umbes of ones in the
seven-bit code will have been changed, By checking ‘e pary bit, the
diserepancy wifl ne detectud, and an ereor il b flazged. In parhciiar,
e flag is sed with fogical and rolate instrnchicns. Also, naturuily,
duriug e input apereticn from an 1/0 deviee, the pariy Mag il 1.
dicate U pariey of the data being read.

For the reacter familiar with e il 808D, note that the parity fiag 1n
the M0 i et exchusively as such, o e case of tha Z80, it is ased for
scveral additionai Functiocs. This g stiould therefore be haadled with
care when going {rom ooe of e i oprozessors ta the ocher.

in the case of the 250, the second evseiral use af thi flag fs 6 an
averflow flag (aot available in 1he BB:0Y. The overflow flag hen beer de-
seribed in Chapter 1. wher the twos complement nctation sz ilro-
duced. l¢ detects the fact toat, during sn adgition or v hiracron, e
sige f the zesait 15**acoidentally''changed duc 1o the cvertlow of e
resul 101 Ui sige bic. {Recalf (hal, wing an cighl-bil -cprescration.
the largest positive numbe. is + 127, and the smallast ncgative numher
s - 128 in cea's romplement.)

Finally. this vt s zlso used, n the vase of the 280, far (10 unrelates
funstious.

During the fieck teansfer nsteucuons (LDD, LDDR, LDI. LDIR),
and during the scarch mstmichons (CED, CPDR, CP1, CPIR, this fag
15 used to derect whather tha counter register B has ataited i vabue
07, Wil decrementing iastructcns, this ag 1< reset to 0" if e
yte counter regisler pair is 0", When incrementing, it is raset i BC —
1= 0t the begmning of the istruction, ., if BC will be decrementedt
£0 "0 by the instruction.

Finaly, when exccuting the two speciad instructzns LD A, and LD
AR, the P/V flag, reflcets the value cf thz interrupl enable fip-flup
(IFE2). This Seaure can b vsed to preserve or test thes value,

e P flag 1 ulfected by: AND s: OR 5: XOR 3 RL m: RLC my R ux
RRC m; SLA m: SRA m; SRL m: RLD: RRD; DAA: INT.(C).

The V lag s affecred v ADD A5t ADC A.5:SUR 5;SBC A.5:CP ;.
NEG: INC DEC m: ADC HL 51 S5C HL,s5.

1t s also ased by: LDIR: LDDR fsec 10 "
CPIR: CFD; CTDR.

LDI: TDD; CPI

The Half-Carry Flag (11)

“The half-cary fiag indicates a possthie carey trom bit 3 into bic  dur-
ng an arithmetic operation. Tn ofher wards. it cpresents the carry fur

11
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‘Whet: learnung 1o Gse the carry bit, it is important to remeriber that
&l srithmetic operazions will eicher set 11 or reset it, deperding on the
resut: of the instructions. Similacly, ail shift and rozation crecations use
the carry 5it and will eicher set it o reset it, depeading on the value of
the bit woich comes out of the register.

In che case of logicai instrustions (AND, OR, XOR), the varzy bil
will always 9¢ zesel. They suwy b used (0 2570 the carsy sapieitly.

Iistruztions which affect Use cany bit are: ADD As: AOC Ay,
SUB'; SBC A,5; CP 5 NEG; AND 5 OR i XOR 5, ADD DD,ss; ADC
HL,ss SBC HE .55 RLA; RLCA; RRA; RRCA; RL s RLL m: Rt m;
RRC m; SLA m; SRA ‘
Subtract (N

“This flag is normaily not used by the prograwmer, and is used by the
280 itsef during BCD cperarions, Tne reader will remembsr froit: He
previous chapter thue, llowing a BCD add or subtract, a DAA
(Decimal Al mularat) strucion is executed to obran the
valid BCD results, However, the “adjostment’” aperatian is diffcrenl
alter wn addition and after 2 subtrachon. The DAA thereforc cxocuts
differeutly depeading on the vaue of tae N flag. The N flag is sel ©
4" atter an addizion and »s sel 10 a 1" after a subtracticn.

Yhe symzal used for ‘s flag, "N, may bs confusing 10 prograr
mers who have wsed other processors, sidce it may be misiaker, for :
s1gn bit. 1t is an pteral ogeration s bit,

Nis set to “0” hy: ADD A ADC A SIANDS:ORs; XORs: INCs:
ADD DDyse; ADC HLds; RLA: RLCA; RRA; RRCA: RL mi: RLC m
KR m; RRC.n; SLA ni; SRA m; SRL m; RLD; RRD: SUF; CCF; INT,
(C): LDI; LDD; LDIR: LDDR: LD A. I LD A, R; BIT b, 5.

Nisset 1o 17 by: SUB 5 SIC A% C 5; NEG; DEC m: SBC HL. 5:
©PL; INE IND; OUTL: OUTP; INIR; INDK; OTIR; OTDR: CPE:
CPIR; CPD; CPDR.

Purity/Overfiow (P/Y)

The perity fovesTiow flag pesforms tro diforent functions, Spacific
Instructions Wit sel o resel zhis fag depending on the parity of il
result; ety s determred 5y counting the total mumber of onies in S1e
Fesult, M ol namser 15 0, the pasity bit will b set 0 0" (odk pari-
10,15 s even, the panty b wil be sel to 1" even patig). Parity s
most frequentl used on blocks of characiers (usualy in cre ASCII for-
ma). The parity bit i 2 addticnal bi which is added (9 the seven-bit
e represencing Ure charaster, w oser to verify the inegnty of data
whieh fis Seen stoned i a memory dovice. For exampe, if ane it in
e code represaating the character s been changed by accident, du

s
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RR mm: RRC m: SLA m; S1A m; SRL m; RLD; RRD; DAA: 1N C);
INE; IND; OUTE OUTD: INIR: INDR; OTIR; OTDR: CPL: CPIR:
CPD; CPDR; LD A, I; LD A, R: BIT b,s; NEGs.

Usual insteuetions wiuch do not affect the Z ot are: ADD DD,ss;
RLA; RLCA; RRA; RRCA; CPL; SCF; CCF; LDL; LDD; LDIR:
LDDK; INC DI DEC DD,

Sign &

“This Rag reffects the vahe of the most siacificact bit of a result o of
 byte beng transter=ed (v sevemy, 15 two's somplemet notation, the
most signifiant bit 1 wsed 0 represent th sian. “0” indicates a pose-
tive number aud & 1" ndicates a negative mambe, As & fesui, bit
sover s called the stgn bi,

In the cast of most mucroprocessors, (7e Sigr B plags an important
svhen commumscating wifl nputoiut devices. Most mieropeo-

e3sors are ot equipped with a B iesteuction for testing the canteats
of any bits m « ragiset or the memry. As @ zesal, the sign bi s usual-
iy the most convenicat bit ta tesl. When cxaning fhe siart of an in-
put/ouspat gevice, reading the statcs registe will sutomatically cond:.
tioa thesign bil, which vl B¢ et (0 the va:ue of bt seven of the status
veggster. i can then be tesed convenientty by the program. This s why
the status Tepiser of mass 1DpUL/OutDAE Cips conected 30 MErGFO-
cessor systems have their most icportant indicaror (usualy seady/nt
ready} in bit pastion scven.

A speciat BIT mstrcction 18 provided in the case of the 280,
However. i order 10 testa memory location {wick may b the address
of an 1/0 staus register), he addess st firs: be caded o egiscers
IX, 1Y or HL. Thoro is 5o bi instruction provided to tast a specifed
memory address diceely (.e.. 0o direct addressing mod for this in
sruction). Tae value of positoning an inpul/output réacy fiag in bit
position seven, thsrefore, rema:ns intace, even it the case of the ZE0.

Finaly, e st g s used by the spacia) mstruction IN, (€) o 10-
dicate the sign of the dats being reac,

Testructions whieh alfect e sign bit 47¢: ADD A,5: SUB 51 SEC A5t
©P < NEG; AND's; OR 5: XOR s: INC ¢ DEC n: ADC HL, 553 SHC
HL, 33 Rl.in: RI.C m: RR m: RRCns SLA 3 SRA s SRL m; LD
RRD; DAA: IN T(C); CPR; CPIR; CPD; CPDR: LD ALLD A
NEG.

i





index-176_1.png
THE 760 INSFRUCTION SET

e low-rder nitble (group af 4 hits) into ke high orde oge. Clearly, 1t

s primariy usec: for BCD opecations. fn purticular, it 5 used mtermally

within the microprocessor by the Decimal Adjust Accumulatcr (DA}
60m 12 Drder to 2diust she sesul Lo 3 Correet valus.

“This flag will be sct during 4 additsan wher. there s a carey Irorm bit
30t 4 and reset when there is no casty. Convarsely. during a subiraet
peraion, it WAl se sl i there 15 2 borcow [rori bt 4 o bil 3, and reset
 there is no barroy

The fag will be continancd by additio., subicsction, incramant,
decrement, comparisons, and togical opecations.

instructions which affect the At s ADD A.¢ | ADD A5 SUB
SBC .5z CP 55 NEG; AND si OR 3 XOR s; INC 5; DEC mi: RLA;
RLCA: RRA; RRCA: AL a; RLC m; RR 1, RRC m: S1A M S 17
SKU m: RLD; RRD: DAA: CPL, SCF; IN 1(C) ¢ LDI: LLD; LOIRS
LDDR; LD A; LD Auc; BIT b

otz that the H bi: is randomly affected Gy the 16-bit add and sub-
tract insiructions, and by black input ang owtput instructions.

zera (2

‘The Z flag 15 used to sndicate whether the vahie of a byle which has
ez corapuied, o is baing iransferred, is zcro. 1 [ afse ied wilk cam-
parison instructions 1o indicate a masch, and for osher miscellanenns
functians,

In the case ol an operation sesuiting i & 2ero et or of a data
transfer. the Z Lit i sst lo *1'* wheaever the byie 5 2er0. Z is reset 2o
07 olhzrwise.

Tn the case of comparisor smuetiors, the Z bit (s st 0
ever the comparisor. succeeds and o "0” otherwise

Adcitianaiiy,inche case of the 78, ¢ & used for nee mare funztions:
L used with the BT instrocsion tn imdicale the valus of a bit bam,

whea

festod. 1 set z0 "L i the spcificd bit i W1 and reser otherwise,
With the snecial “block lnputoutput instructions” (INI, IND,
QUTL OUTD), the Z flag is sex if D — « = 0, and rescr athersise; 10 is

seUif the byce counter wil decrement 1o “0° (INIR. INDR, OTIR,
OTDR).

Finally, with :he special nstcuctions 1N r.C), the Z lag is set 1o "
0 indicate that the input by:c s tha value "0

In sumurary, the Tollowsig nsiructions condiian the value of the Z
hit: ADD A5t ADC A,3:5UB 55 SIC A,5; CP s: NEG; AND 5 OR ¢
XOK 5 INC 5 DRC m: ADC HL, s5; SBC HL s5: RL m; RLC ar;
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Sumiesary of the Yiags

“The flag bis are used (o automatically detect spessal conditions with-
i the ALL of the microprozessor. Thicy can he convenizntfy cested by
specialized msiructions. s that spocific action ean e Tnken in response
o the cordition detected. 1t i 1mportau: to understand the rele of e
various indicaa:s wvailable, siace 1m0zt decisions taken widdin Lbe pro-
aram wil e (ahen in function of tese Mg bits. All jurmes executed
wihin a program will Jump to specili koclions depending on the
stons af these Bags. The culy exception mvolves the intecrupt
mechanssm, shich will be deserined in tht chapter on inpul/outpul und
mzy cnuse Jumping to snecific locations whenever « inrdvare signal is
receved on specialized pits of the £80.

AL his poiat. 3t s niy noccssary to remember the tralu fumstion of
cacn of these bits. When proaramming, the reader can refar (o the de-
seription of the iustruclicn Yater ia £2S chapter 1o varify the offect of
very mstruction of the uaious flags. Most flags can beignored most
the time, an the reader who i ot yet familiar wilk: them should not
feel intimidated Fy their apparent complexity. Their use will become
clearet a5 we examine more application zrograms.

A sumary o7 the six [lags and the way they sre sct or rese: by the
various instractions i showa in Fgure 4.37.

The Juvip Instruciions

A brench Snstcuation 15 an insteucsion which causses & forced bran-
shung 0  specified program addrass. It changes the ot flow of
‘xecation of the program from a scgen:ial made inte oie where & dif-
forent segment of the pogrem s suodenty sxecied. Jarps tiay be
conditional ar :ncanditional. Au unconditional jump is ane m which
2 branetung =ecurs 16 « spectic adress. ragandiess of any oeher cone
dition.

A conditioat yump i one which oceurs io 1 specifie address osly If
ome or more conditions are mer. “Fhus 18 Ike type of wmp instruction
used 19 make decisions based upon azta o computed resalts.

Tn arger to explain the conditionah puma tnsistetions, i & nacessary
40 understand e role of the flags rogisier, sinee A1l arancimg decisions

sed upon eesc Mags. This was the parpnse of the procecius sc
fon. We can 0w exaanine in more detait the Junp mstractiors, pru-
vided 2y the 260,

T matn ypes of juns insteucuons are provided: jump mstructions

within the tnata progrem {tey are velled *Tamps™], and the specias

17
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debugging phase). The disuiplioe of flowsharting is tharetore
bughly recommended in i cases. IF will require « smali amonnt of
acditional time priar to the coding, bt will mmally resil in ciear
program which executes corvectly and quiekly. Onec flowelarting
s well umderatood, a stnsll percentage of programmers will be able
to pardorm this stop mentally swithous having o do is on paper. U
fortunately, in such cases the programs ebat they wrice wil bsual
Iy be fard Lo understand for anybody else without che documenta-
tion provided by Ziowchares, As & rosut, i is universally recom.
mendec that Arwcharting be sed as a strict discipire for any
cignificent, program. Many examples will be provides througkcat
she book

INFORMATION REPRESENTATION

Al computers naipulat saformation 12 the form of numbers or
v the form of characters. Lat us sxamine here the exserwud aud
Irternal representations of information 1n & computer

INTERNAL REPRESENTATION OF INFORMATION

All information in 2 computer is staved as groups of bits. A it
siaids for a iimary digi“0" or "1, Because of the imparions
0 convenuonal eteciruaucs, U wrly precticnt represeration o infor-
Tncion uses evo-state logic (ths Tepresentation of the st 0" and
L The two states of fhe swcorls vsrd in digtal elecunies
ae generwly “on” or “off", and these are reprosentor gl
uily by the symboks “0” o "I, Hecaus these crawts are
wsod to impler=ent “logicel” functions, they are called “binacy
Iogic.” 45 & resals, virtaally all ‘nformatianprocessing Loday is
peclormed in binary format, Ir the case of mieroprocessars in
geueral, wad of the 280 in partieular, these bit are slructured in
groups of sight, A group of sight bits ts called a Gyte. A group of
four bits I called 4 nible

Let us ow examine how snformasion is reprasurled internally in
this binary format. Two entities must. be toprevented imside the
computcr, The firet ane s the program, which s @ sequence uf
nstructions. The second on2 is the data on or%ich the prograns will
gatate, which may includc numbers or atpharumeric rext. We will
iscuss Lufow Lhres represcntations: program, mumhers, an alpha
wumeric:
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representation. 12 order ta introduce (wo's complertent lot us first
inbeoduce sn intermediate ateps one’s complement.

One's Complement

T the on's complemant xepresentation, all positive fntegers are
orasntad in their coirect binary format. For examaple *+3" is
“epressnted as usual 5y O0NION1 1. However,ita complement” - 3
i obtainzd by complementing every bit in the original represenca
tion. ach U 1 transfozmed 1nto 4 1 and cach L is fransfored into
0. Tn our example, the 0ne's complement represeatation of *~3'
will bo 11111100,

Another axample:

1500000010
—2 s 11111101

ot bhat, n this representasion, pomtive numbers stark with a
0" on the Ieff, and negative ones Wit a 1" on the left.

Exercise 1.7: The repressntation of “+6" is “00000110" What i
the reprasentation of "—6" in one's complement?

EERRER
s & tast, let us add s £ and phus 0

%
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OR s Eoyeal or sceumulato: xd operand 5

Function; Aavs

Foensi orliv 1 6

byte 1: 7

ovte 2: mmediate
data

Ly byte 2 g

ax bye 1 BD

byie 2 e

byte 3 offse: valuz

v+ byte 1: D

avie 2: 86

oyte 3: offset vaie

© may be any unc of:

A-m E-on
B - 00 Heo100
< - oot - ot
D - ol
Description: Tac accumlaror and the spevified operand are

logienlly ‘ox'ed, and the result is stored in he i
camulaicr. s is defiaed in the descrgliun of she
similar ADD instenctions

£
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Nor

Funetion

Form:

Hescripuion:

Duta Fiow

Timing:
Addressing Mode:

Flogs

THE £50 INSTRUCTION SET

No operation

Delay.

Nutiing is done for 1 M eyele

=

1M eycies 4 T staies; 2 usee @ 2 MHZ

Implicic

] Noaciion

Jroectien
=

T | twosffecn.

b
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EX (SP),HL Exchance HL wath fop of stack.

Punction:

Formai: -

eserigtian: The contents of the L register zre exchanged with
the curtents of the memory location addressed By
Ihe stack poirtes, The wonterts of the H segister
are exclianged with the conterss of the memory
Tousion intmedia:cly Foinwing the on adds
by Lk stack pointzs,

Data Fiow:

Tinng: M cycles: 10 T atates: 9.5 wiee @ 2 Mz

Addressg Moge:  ndirect.

Flegs: 5 oy e

20

(no effects.
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DINZ e

Function,

Format:

Descriprion:

Data Flow:

THE Z80 INSTRUCTION SET

Decrement T ard jump o relacive oit 1o zéra,

BB -1 fB#0:PCPC <

2

Tl [ oo le] owe

] byte 2: oftser value

The B register 15 desromented. 11 e resielt 15 nor
280, the immediate offser valuc is addod to the
program counter usng twG's complement
aithonesic s w0 enable both forwara and
backward fumps. The of fset vatue 1 sdded te the
vatue of PC = 2 (after the jump). As a result, the
erfective offsct 15 +126 to +129 bytes. The 2
sembler anfomaticaly subtracs frora the source
affset value 1o generate the hex cad.

-~ Tl

p=

== L, ]

T L /

3 4 YA

B - \_,_,_/ : !

« T L
Toving: B0:3 M ekt 13 T sates: .5 usee 9 2 MHz.

Addressimg Modes:

B = 0:2 M cyeless § T etates: 4 aser @ 2 MHz

Innediate.
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LDTR

Funcrion

Forma:

Descrption:

D Fiow:

Repesiing biock 10ad with merzment.

(DE) = (HL;; DE = DE 1 1FL = HL +
BC =BG ~ 1; Repeat until BC = 0

e ] oye

n

TE] mvenm

The cantenis af the memary lacaticn acdressed by
HL aze loaged mio the memary location ad.
dressed by DE. Thea both BE aad HL are -
cremented. BC s decramented. I BC 0 then
the progtam counter i decrementad by 2 and tne
instrucion is re-executed.

S Ty )
o Auikzsfé

Tiunag

Addressang Mo

334

For BC# 0; 5M evees: 28 T states: 305 usee @ 2
SHz
For BC = U: 4 M cycles: 16 1 stutess § usee @ 2
MHz

Indireet
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Example: Lot
Before: Alter
e o o TR
=N

3





index-243_1.png
PROGRAMMNGT

»

Farmai

Deseription:

T

itdressng Mode:

24

He 280

Disable iniernupis.

0

[DnnnInnaE:

The iaterrapt fiip-Flops are resct, Uhes<by disabling
a0l maskable fnterrapls. [§ i reenabled by an EL
instriction.

1M oyols: 4T sates

Tmplica

| iwoefteen.






index-355_1.jpg
PROGRAMMING THE Z60

LD, (HL) Load register r indirect from memory location
(HL)

Funetion: e (HL)

Format.

Deseripion The contents of the memory location addressed by
HL are loaded into the speified register.
may be any onc of:

P Em
)

Addressing Mode: - Indirce:

Byte Codes: A o e M

356
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£l

Funcion:

Form:

Descripnon:

Toming:

Addressing Mode:

Flags

Example:

THE 260 INSTRUCTION SET

Enable nterrupts.

IFF -

Til e

The fnterrupt lip-fiops ate s, thereby enabling
maskabye interrupts after the execulion of the in-
steuction following the EL instruction. In the o
e maskale interripts arc isabled.

1 M cyelz; 4 T etatess 2 usee @ 2 MHz
tmpicit.

o
T froteey

A s sequence as e ecd of an atersupt routine is:
EL

RETI

The masiable interrupt « co-ecab
comgferion of RETE.

following

07
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Fogs.

Fampie:

Betore: After.

246
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Frags.

Exampie:

THE 780 INSTRUCTION SET

Ny

Anter
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EX (SP),IX  Exchanze IX with iop ©

Function: {SP) == [Kggpt (6P 11 Dl

Formar:

Deserition: The sonrents of the law order of the [ register
arc exchangea with Lhe eonienss of the memory
locatinr addressed by th scack potner. The vou-
teats af fac high order of tre IX reaister are ex-
caanged ik the conients of the memory focanan
\mmediately following the onc wddsewsed by the
stack soiier.

Data Fiaw:

T, &M eyeles: 23T seatess

15 wsee @ 2 M1z

Adaressing Mode: tadicool.

Hiags:

] tnoetteen.

ko
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Since anly four bits are nesded o eocote a BCB digic, two BCD digsts
may be zvoded i every byts, This s calied “pucked BCD,

As an example, “000000G0"" will be 00" in BCL. "10011601"
will be 95"
A BCD eode is reed a3 Follaws:

o010 0001

BOD digit 5" ~—
BCD digit 1" =
BCD qumber 21"

Exerelse 1.46: Wiat is vihe BCD represontation for "29"7 “91"?
wrcise L17: L5 “IGI00G00" i vulid BCD representation? Why?

£

As many hytes as necessary wil he usad &0 represent all ACH)
digits. Typically, one or more aibbles Wil be used at the beginuiny
af the representation to indicata the tatal mimber of vibhies, -
taa tatal number o2 BOD digits used. Anatner nibble ar byts vill
be used ta denota tac position of the decimat point, Hawaver, can-
ventions may vary.

Hors i an example of @ represcntation for multibyts BCD in-
sege

i [ = 2 1z [ 1} byt
T ———
ool
aumber § number "221”
of digics ¥

up t0 2651 sign
This roprasents +221

The sign may he represented by 0000 for + and 0001 for —, far
example.]

Exercisy 1.13; Using th sumo convention, represent “—29123"
Show it in BOD format. es abore. then i binary.

Erercise .19 Show the BUD for *222" ard “I11", chen for e re-
sult of 222 X I11. ICompute the resat by hand. than stow it i ths
aboue representation.|

The BOD roprosontatior can casily nceommodate. decimal
nambers.

E1
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Example; EX (SP), KL

Belore, Afier

e I s
et oot — e
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LDI
Funetion, (DE) ~ (HL); DE = DE + i HL = HL +
BC - BC - 1
Formar:
Lo L[] bytet: ep
e [eo e o[c] bwee2 A0
Description ‘The contents of the memory location addressed by
HL axc Ioaded into the memory location addrestcd
by DE. Then boi DE and HL are incremented,
and the register paic BC s decremented,
Duia Flow:
4
o T
B s
Bl s
Timing: 4 M cyeles; 16 T states; 8 usec @@ 2 MHz,

Addressing Mode: - Ladicect

Pags: sz W ewuc
[ol Tx[0]
‘——‘Ruculu, O after

execution, set othervise.

32
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THE Z80 INGTRUCTION ST

Turne: 3
B M e | T swtes @ 2 i,
I ' a7 o2
e 3 " 55
X+ b & z us
O+ @) 13 3 s

Addressinz Stuce:

(K - 0L GY + din
dosed.

By Codes. DEC+ —- Lay

DR}

= :
e oec <

oo aner
~
=

29
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LED Block soad wilh decrment.

Fretion: @) {HLy = DE - itHL =« HL - |
BC = BC - 1

Format,

LT )T e vew

T T

By 3 AR

Lescrption: Tre conicuts af the memory location addresscd by
HL are loaded mto the memory torarton addrews-
d by D Ihen BC. DE. ana HE ae all
decemented.

Taunng: 43 cyeles, 16 T stotes: 8 usce @ 2 MHz

Addrassing Mudes: dses:

Flugs

s

set i BC = 0 af
1o, set otherwis.

8
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The oy [avou 15 showe. wn Figuse 5.9, e progearm 1 straigh ar-
wanl. The nember of eleents to be adicd is loiiec 1o the counnee
registen B, aod she 1o index registers 1X and 1Y arc mitalized o ten
velues BUKL i BLK2:

KABD LD IX, BLKI
Lo 1yl Bk2
D 8 COUNT

The carry bt s then cleared 1n anticization of ‘he fics: 20dition:
XOR A
The firse eiement s fosae:

K0 the accwmiator:
Loor LD A 6K +0)

The carmrsponding element of BLE2 15 the

added 1o 1;
ADC ALQY 01

and fingly saver ingo e slemery of BLK1
o ax), A

The two pouser rexisicrs X and Y are o

DEC 1X
oEC 1Y

s wett

he cantcr regiter
oRc B

As Jons & the courser regstce is net 0, the addito.s oop 1s exceied:

IR NZ, Loop

Lixercise 5.4 Cun you
Hon?

tne abave prograns ia pecfor @

o cudi-

Can you s the above progruin 16 perforns ¢ it -

Excrcise 5.6: Moulify the above progrens 5o that i rssul) 15 stored 10 @
Sepurate biaek siariing a address BLK?,

[ 5.7 Modify ihe abave progeam 10 serfor « subtracion
ruther than o divion,

a7
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DECm Decrement operand m.

fom ey e 0, 0,00
G
o [T »

byte 2: 3

byte 3: offset value

OET ] oyte 1: £

byre2:35

byte 3: offscl value

£ may be any one of;

A-1 E-0Li
B~ 00 M- 100
€001 i - 01
D-0i0
Daseriprton: The contents of the location addressed by the

specific aperand are decrementod and stoted back
at that locatsan.mis defincd in the descrigtion of
the siodlar TNG imstructions.

Data Flow:_____

: — AT
—_ AN v/ Eéﬁ%

o

28
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LD SPIY  Load sieck pounter from 1Y regeter
Funston: P -y
Formor.

O T owe o
CLLTT

V] e E

Descripuon. s of the 1Y remsier are focded 'mo th

e,

< BT
e 2M cycles: 10 T statss; S usce @ 2 MEz
Addressing dioge:  Tovplien.
Tlags. v c
| (o etfect)

Exompre: LD sk 1v

Before: After

,\v;

30





index-455_1.png
PROGRAVAMING THE Z60

Fimaily, . decrements BC. BC beccmes BC 5. The particniarity of
this fnstraction s <hat the P/ flag is cleared if BC decrements to G
an sct otferwise. Thus will be explicity tested by the fast Instrucuion fn
the prozram to determine whetner exit shoula cozur

1P PE, TEST

Adding Twa Blocks

A prosramwil b deveiloped here Lo add elaenl oy-elemo wo
blosks starting, respectively a1 addresses BLKL are BLEZ, and having
exAl nubers of eloments, COUNT. The program is sharwn belnw:

BLKADD L8 X BLKI

LD 1vBLK2
LD B COUNT

XOR A
LoOP LD AQX+ 0
ADC A {IY + 03
LD 1%, A
DEC 11X
PEC 1Y
e n

JLR ATy

Fig. 59: Auding Two Blucks: BLE

BLKT + BLK2
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Does the result hold in four bits?

With exgtt bits, it is therefore passible to rapeesent tiectty the
nombers “00CU0006 0 “L1ELLIL” Lo, "0 w0 "253". Two
obatacies shonld ba visibie immedistely. Fitsr, we sre only
representing positive mumbers. Second., the mognitude of these
numiers is mtcd to 253 I we s only efght bite. Lot us addzess
each of these problems fn burs.

Signed Binary

Tn 2 signed binary representation, the feft-most bit is used to in-
dicate the sign of the mumber, Traditionaily, “0" is used ta denate
a postive nurber while ™1 i¢ uasd Lo denote a negatve rumber.
Now “11113111" wil represent —127, while "0:1111S1" will
vepresent +137. We can now represent positive and negatlve
numbers, but we have reduced the maximum magnitade of theso
nambers ta 127,

Exumple: 0000 001" reprosents +1 Ithe ieading 0" is ",
foltowed. by 000 BUBi " = 31,

10000051 15 —1 (the leading 1" 15"

Exercise 1.6: What is the reprasentation of "—3" m signed binary?
Vo e

Lt s noaw aliress Gie magnatude roblem: 1o order Lo represnt
ex siumbers, it will be necessary to vse o larger number of bits.
For example, if we Use sixteen Dits {two bytesi to reprasent
Aumbers, we will be able s represent numbers from —32K to
+3206 mn signed binary 11K in computer jarkon reprasents 1,024
Bit 15 is used tor the sign, and the rewitag 15 bits bil 14 to bit
0) ace used for the magnitide: 2 2. If this magnibud is still
%09 emall, we will use 3 bytes or more. LEwe wish to reprasent lerge
incagers, iv will be necassery to use & larger sumber of bytes inter.
nally o represers them, Tis s why most aimple BASICE, and
other lauguagus, provids only a limitec proctsfon for integers. Thix
way, hey can use a shorter internal format for the numbers which
they mamipulate. Bater versions ol BASIC, o of these other
languages. provide.a largey mumbe: of significant decimal digits at
e expenze of a large nmber of bytes fos eava numbar,

Now let us solve annther problem, the ane ol spoeq sFiency.
We are going %o attampt perfarming an addition in the signed

d
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LDBR Repeatsng bioek l0ag with decremen!

Functnn: (DB = (HLJ; D — DE - 13 BL .
RBC + 3C - I; Repos: witl BC = 0

: BonCTIR
[ 1,‘,1“ ofsl byt 2 B8
Descrpnon “The concents ot the memory Tocuhor: adiessed by

HI aes Inaazd it

¢ mamory location ddress

ed by D Then DE. Hi, and 5C are el
decremented. If BC # 0, cnen the program couriar
s ducremenied by 2 and ihe nsrucivn e
aseved

Dars Surw

B e |

BC £0: 5 M ayilos; 2 T stutes:
M.
BC = 4 M aysles; 16T ses: Fuses @ 2 Mtlz

isce @ 7

Addressng Mode: - eéicert

Flags

350
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5uis Reverse ike order of the 10 bytes of this table. Store he resut
at adress “REVER"

5,42 Search the sunie sabie for s iargest demen. Store v 54 memory

address "LARGE”,

.32 Add tugeibier s correspovding slemeris of fhree twbles, whose
b e BASELL BASEZ, BASEI. The fergeh of these tubles i storead
a aildress "LENGTH'"

45
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DEC

Funcuon;

Forma:

Description:

Date Frow:

Tuing:
Adaressng Mude

Byte Coses: 70

2

Decrement register pai ir.

The conrents of the specitied register pan e
decremented snd he raswl i stored bk in e
register patic. re may be avy onc of:

BC - 0 HL - 10

DE — 01 se -1

| M cyeles 6 T wates: 3 vsce @ 2 Mz

Iraphicit,
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Exampie: Lon
Before: Aher
o7 B3l v
o

A

owker cout (. -
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Exeraise 5.8: Mudily tlie onginal program above su cher RLKT and
BLR2 arar the sop of sach blcck ratier than 1@ borteim fe Fig.5. 105,

—

SUMMARY

A complote deseriztion of adiress.rg modes hias been prasentad. 1t
has bieen s that the 280 uffers many possivle mechanisms, and te
speaific addressing odes available o i 780 fave been analyzce
Finalty, several applicalion progears bave een prescnied fo demon-
rate the value of the various addressing meciantans. Progian wing
the Z80 efficienty requeres ac undentanding of these mecharisms
Thoy wil e used throughot] the peogias W the remaiader of tlis
boak

FXERCISES

5.9: Wette 4 program (o add the Sist 19 byues of « uble stored at foc-
Tion “BASE™ The resuie wit Fve 16 bus. (This 15 @ ctecksum
putosiom.

5.10: Can you suive the sume prodlem wahout uswig e indextng
nioke?

458
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CPL

Function:

Forra:

Descripnan

Data Fio:

Tienmg:

Addressing Hode:

Fuags:

Examole;

THE 280 INSTRUCTION SET

Complement accuirulutor.

aA=i

InE

The contems of e accumufaior e com-
plementcd, or wveriad, and the tesul is storcd
bk i the aceumulator (0at's complement,

1M e 4 T staes: 2 uses @ 2 MMz

Impicie

25
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D RA Lead Memory Refresh registzi R from the at-
cumutur

Funcuon: R-A

Format OTie Lo 1] twenen
GLEEDTT] ez o

Descripnon: The sontents of the accamator are koaderl mfa
the Memory Relresh regiicr

Duww Fiow:

Fiomng: 2 8 oycless 9 T stetoss 4.5 wsec @ 2 MHz

Addvessing ode: rslici

Flegs:

¢no ettect)

Example: 1D R.A
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The program is sown elow:

LU BC, COUNT INUMEER OF BYTES
LD DE, TO DESTINATION ADDRESS
LD HL. FROM SFAKL ADERISS

LOIR TRANSFER ALL BYTES

Meutory wseil: 11 bytes
Timing: 2 evcles/ovie (rensferred

The fist iustraction is:
LD BC. COUNT

1 faas the aurzber of siements 1w b 1rauslerred (2 16-bis valie) o
the regisier peic BC. Ve nex! Lo instractioe nitialize the sesster paur
DE and the register pa L cospectively

LD DETO
P HL TROM

Finally e (vorth instruction:
LDIR

porforms she comp.ete uzisler

LDIR is a2 anfomated block-transfer fustcction. Tts powee should
e pavos from his examptz. LDIR results w e folluwing sequece:
‘The cantents o the memnry Incatian peinced to by B and L are irans-
Fesred o che memary locaticn pacaicd Le by DE: (59 = (H1 ). Nest
DE 55 sncreeated: DE = DE ¢ 1. Then, HL 3 meremented: 40, =
Hi+ 1. New, BC1s decranented: BC = BC — 1. if B b
mizugmon 1 terminated. Otherwise, the wsiruction Is repeared.

omes ), lhe

: e ! ]
: oy +. %f ////% 77 Frow,

stz coun

Fig. 5.8: A Block Transter-Memory Man

3
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Addressing Mo

Sxampie

THE 260 INSTRUCTION SET

6 M cyeles; 20 T ssaiss; 10 usee @ 2 MHz

Direct.

T tnerien.

CIILL

LD Y. o

35
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20

Thic 1 ar. evample G the zussible uliticamou of index rsgsters. How-
eer, et us compare i o 1he same program whgten for aother micra-
prosessor, the MOS Technolngy 502, wkien i alsc saaipped wilh an
ndex:ng capebiity, but ses differend conventions (... has diffaren:

litations on 2 geeeal-purpase indexing seciicy] {ae arogram apseers
helon,
LOX  ANUMBER
NEXT LDA  FROMN, X
STA 10X
DEX
BNE  NEXT

Without gatng urto the deails f the ahnee program, the szader will
. eiately nlic2 hos much shorter 113 than he previows une, Ths s
because the irdex register X 15 nserd 2 sananle cisplacemers, whrces
FROM and T0 are used a the fixed source ana destinarion adresses.

Lhus cxamzle shoukd posnd cot tha although i theory néenmg,
pinwer i iy, t 2oes nol necessacily icud 1o elfizent coding, due 1o
Lh aderessing Bications unposed on i i i case of eariaus micr-
prosessors, Trely 22n2ral pUrp0s InCex:fy requices K posSIDELy of 2
15-tut divnlaczment or adacess field us well 3 3 (6-01e indes register

Howesr, 11 s00uld te neted Eal ¢k specific probiean s solved,
Che Z80 Uy e preserice of specialized IMSIFRCIONs. A genersi-purpose
bt teansfer il ncw be deseribed whech can ha mplementee 1 just
fou: instructions. However, 10 e fine 10 the 74, ict us sugest addi-
toral excrases for e readdar

Exercase 5,13 Woe the blvolt ravisfer program fa0 e 130 i the siyie
af the above orogrum for (e 6302, 1.¢.. assumeng 1ha the wels Fegister
contaens @ diplacement. Assume hat e sonrce wid she destnanion
oci are locsied in page 0, 1.6., 4 vidresses 9 10 256. Nateraliv, i vil!
b assoncd hai the smunber of clements ki ek biack is smat!
s that they 22 ot overlap.

Exerctse 5.0: g mv ihat the sowece and the destination hioes are
Tocated anvwhere i the meery, e thel they are both vifin the
sume puge. Rewrie the abure progrum i thel case. (55 iheve @ dif-
Jerence, i, dvss puge sero ply aris role for the Z607)

Generalized Block Transier Rutine (Mors Than 256 Flem

the seguster allocaticn aad the wewory 1D aco s30%n in Fiaure 5.8,

as2
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Timing; £ M cycle; 4 T states; 2 wsec @ 2 MHz

Addressing Mode: mplicr.

p— Daa
Bafore: e
= AT E ) AR
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LD SPIX  Les stack poter from iX segsier.
Function: SP—iX
Formai; —

Descrtorion: I he contents of the 1 repister are foaded mio ‘e
siack pointar.

Date Fows

|
T

) — ‘v/ﬁ

Tonung: 2 M eyeless 10 ¥ states; 5 usee @ 2 MHz

Addreising Mode:  {piicil.

| [T ] woetssn

Fiogs: s

Fxompls: 1o se. X

Befare Attt
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o wccation TO, which shatl siop aviomatical’y wheaever an cscape
charactor, “s1ar, 5 found. The PrOgruT. HRPCaTs b.ow

LD BC, COUNT
LD HL.FROM

D DE 10
LD A DELIMITER (ESCAPE CHAR)
TESY P (HL COMPARE WITH MEMORY
CHARACTER
137, IND END IF SUCCESS
[ TRANSFER CHARACTER AND
UPDATE POINTERS AND
COUNT

KEEP TESTING UNLESS DONT
B/V INDICATES WHE [HER BC

“The fiet three ystens:ions of the proguan: pe form i usust itzali-
Zation, secting up the evter registers and the seurce aad cestinziion
pointers:

LE 8C. COUNT
LB HL, FROM
LD DE, 10

The sta. ciwasten s depusied, “as wsual” into “he aecumulaiee, so

thet it ean be compared W ihe character read From 2 memory ocation.
D AN

iy whatis done by llc coxt nstructeon:

TEST P (HL)

Tl suecess or failure of the vomparison 15 determined by isstng the 7.
brt. The Z bit wiil have been set if the comparson has stecezded. Thists
pesTormed by the fext waiustion:

Itz END

Tasisex

The nest instruction is an axiomaiad transfer instnis
LD

Thes msteuction transfers (he character. and wdatss he powniers and
the cowtin a smgle Wstruction. LDI transfers the conténrs posn:ed o
by Haad L into the memory Iacation poinicd 1 5y U and 1i: (DTS —
(KL, [ mesements DE and HL,

DE - DE ~

HL =HL + 1
458
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DAA Deciral aaust acoumilator.

Funciion: See below.

Formar:

ST ] @

Descripuan: The insiruction oonditionally sds 6" to the right
anc/or el aibblz of the accomuator, brsed on rhe
Stati,segister, Sor RCD conversion afte: a
opeations.

o VI R )
wascof | vaiueof | 4awsced | Cafter

N i |mpncibbls B fonnibbie| oA | exesution

o |of o o, o9 | w o ‘
@op. 0| o3 |0l aF 06 o |
apciloy oo || o3 06 o |

RS Go | ar fof e for ]
‘ of sr jol ar & t

: f1y o2 lol o9 0 1

! ooz o] AR Loss o1
(Ll | w1 ‘ .

s o o8 o 99 w | o
isuB, |0 08 1L &F | FA G0
ssc. (10 7F Al wy a0 :

loec. [0 | &F 1} oF 9" !
| s | !
Data Fiow:

b
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¥D SPTE  Load sisek pomier from HL.

Funenon: sp-

Form,

LT e [

The camiects o7 th b, reguster pal a. aded e
to the stack potiter.

Dt o B
=
- i
~ BT
- Mol 6 T st 7 ose @ 2 M

Addressmg Mode: Tuplial,

Prags: W mae
JTT TTTT ] twoettsa
rem— D seHL
Befor: Atter:

345
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The valie g ower of the LDIR snarruction should be apparent &L
thus pint without fucthes comments. Similariy, 0ar scacch for the char-
aoter “starcar. be imaraved by the wse of an anomared insiruction,
CPIR, speciullu e Z8D. The corcesprmding program appears below

DA~
LD BC. COUNT
1.0 KL, STRING
STAR CPIR
IR 7, STAR

NOSTAR

The fiest instraction toads the aseuulator widk the code for tne
Cliaracter star. Next, the gister peis BC 3 intialized te she count of
e nasber of wards 1n he sezrched w.UN the blocs:

1D BC, COUNT

The reister pait H and L s 321 10 the scarcng address of the biock 10
b susrched {STRING). The 2ucomates wsteuceion is then exceuted:

LD HL, STRING

cri
The CPIR isiruction 1 a0 automaled sompare mtract:on. Tie zon-
fents aF the memory focalion specified by the cadrcss coriamed in H
2nd 1. is compared (0 Lhe cantents of the accumulsrar. If the compan-
som succzeds, 1atn Z of G fags registar will be set o 1. Then, the reg-
ster pair H and L is ineremented and Ibe regsier pair BC is
decremeated. The iustruction is repeated uncil eithe the pair AC goes to
0 or clse {he couparison succeeds. Alter the instruction CPIR is ex-
couted, it s therefore necessary 10 test th Z flag 10 deiecrmine whether
the sompanson hs succeeded (the CPIR might have looped throush
64K words without sucecss i Lhe exlreme case). This i the prpose of
the iast insimiction of the progran:

IR Z STAR
Exersise 5.3: Rewrite (e ahave program so thal @ seurch proceeds

Sackwards. (Hint: Use the CPDR nsiruction) Conumue. the bisck
transfer undil =" iz found.

Let s now develap a progrzr combiring Uy
vicus ones. We will implement v1e blusk Lran v from i

Festures o the 1w pre
ion FROM

a5
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DECIX Decrement 1X.

Fumerion

Forman,
ol

Deserptaon: The contents of the X scgister are decremented
and e resal s stored zack in IX.

Peta Fiow:

Timing:

Addressing dodes: Loplion.

Fist e m e
YT LT Geteso.
o DEC X
Bufore: atier

e o

202
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plication will be shown in Chaptar <.

‘This fixed-format represcatation may cavse a loss of precision,
but 1. may be sufficient for usual compuaions or mathematical
operations.

Unfortunately, in the case of aceounting, no loss of precision is
tofurable, For example, if 2 customer rings up a mgo total on a
cash register, it would not bo acceptable to have a five Fgure
amourt to pay, which would be approximated to the rollar,
Another representation must b e wherever precision in the
resuls i essentil, The solution normally ueed s ACD, or
binacycoded decircal.

BCD Representation.

The prircipte used in represanting narmbers 11 BCD io to eacode
ach decimat digit separately, and to use as many bits 65 Rocossary
to represent th complete aumber exactly. In order to cncode eack:
af the digits from 0 tarough 9. four bits are necessery, Three bics
wwould aaly sapply eight combinalions, &nd vai Lierefore ot e
corle the v digils. Four bits allow sixtesn combinations and are
Lherefors sulficient, o encods che digits “0" thzough 9" IF can
also e noed that six of the possibic cades will not be wsedt i the
BCD representation (sec Fig. 14). This sl resuit i onin 2 posentis)
protlem during additions and suhtzactios, which we wilt have to solve.

. 8D | BCD.

| conn svmsoL | cove | svuow

[ e |0 ] o s

[ I s
o 2 I me wnused
wr 5o hu nsed |
e a 100 used  §
oot 5 201 unused
oo s i unused
o 5 i unused

1.4 KCD Table

3
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Flags: s: o w ennc
[ T (nocifec.
— DEC BC
Befure Al

(R T L 77
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6
INFUT/OUTPUT TECHENIQUES

INTROBUCTION

We b ltaracd 56 far how fe exchange informanon seteen e
memary and the various regisiers of the evczsur - W ave e 1o
manage Ik tesIers U 1o 0se 4 s ety of nsULCConS to MampL'ae
L dast, W pgus: a0 ke 10 communicats wirh the exiernal sl
Thus s called amput/outpLL

Jupa tele.s (@ the czptire of cata from vuside perpherals [vey-
board. disk. ar physica sersun, Dutpad seers 10 the sranstet i data
frout the microgrocessa- or the memary fo exieran devices st 24
prinicr, a CRI, a disk, 7 actaal sesors and relays.

Wewllarocee In 140 stens, Flst, we wil learr topesform he inpul/
octput opsrations requircs v vommon deces. Secandly, we il
learn so manage several Fpul A1 devices manlaneoushy. e
schedufe vaers.. This seeund par, wil cuver, in parielat, gollig vs. -
terrupts

INPUT/QUTPUT

T thus ssctian we will lsarn (o sense o7 10 generate smpe signals,
such s pulses. L hert wa wil study tochnizeics for saforsing o7 moasu
\0g eorrect g, Wewil then be ready 10¢ more eoiples types o7 -
patfoupuL, sueh as bigh-speed serial acd parallel uansers.

The Z80 Input/Output Insisuctions

The 230 is scsipped with a speciat s=t of upul d GUPGL St
liens Mos: cightsbiz oucroprocessors ane aal eywpped wilh u specisl
sct of inpat and output iasicuctios, aud use Il gneril BIUCLUD SEC

50
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BEC 1Y Decreren; 1V.
RN

Eormar:

Description:

rrpsier ane secrementeu
back 1 1Y,

Dnre iiow:

T

Addressing Mode:

Flags

Exampe, DEC 1Y

2
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‘The first Zour jnsiructions of this arupram are identical Lo fhe ancs
Used for the 3-bil adition n the previous scction. They result in adding
the feas significant 1atves {bils 07} of OPY and QPZ. The sam, called
“RES" 35 stored at uieuiory focalion ADR3 {sce Figure 3.5).

Avtomecicaly, whenever ua addition is verformed. cry resulting
Sarry Gwlither 0% or 17} 1 saved w1 e carry bis © of the Mags
register (repister F). 1f 1he 0 rumbecs o senerate a cainy, then the €
BIC il be equal to * 11 i sl be setf. 1 the b 8-bil numbers do not
Beneraic wny carry. the vahue of the carry bit wil be 0

‘The nex1 Towr instructions of Iz progeam are ewsenially Tk chose
used in the previous §:bu cddition progeam. VEis tme they add
“ogetier uhe st significant hall or bigh Balf, -.c., bris 8-15) of OP1
and COP2, plus ary cany, wid store e result & address ADRD-!

Aler exccution o1 this S-nsirucuon program, the |
stored a1 memary locasions ADR3 aud ADRI-1, asspecilixd, Note,
however, 1hat there 15 arc diffeiee d haif of i
program. and the fiest ha'f, The "ADD" uisirucirua which bas been
used is o the same as i the first hel?, In the Fisst hair of this progras
ithe 3¢d instouction), we had wsed the ~ADLY” instruetian. This iastruc:
tion ads fhe two wperands, regardless of th cacry. fn the sacond Falf,
we usc the **ADC™ IRstruction, waic adds the (o operands sagelher,
plus sty carry that may bave bean yanerated. This s necessary n orcer
10 abram the corrcs: result. The adc ition auitally performed on the low
opzrands may resuft 1n 4 zarcy. S sch a pussible carry st b2 faken 1o
aceounl in the sceond Wl of the adcition.

“The question which comes namally then is: what if ihe sition of
e g hlf o are 0w pos-
siblites: 1he [iFst one s 1o essuma that ths 15 &7 error. Thus program is
then designed to work for results of onry wp fe 16 bis, but 0oL 17, Tre
othier ane i 10 include aditional nstructions 1o Lss: SxplieLly far ihe
possibiliy of u sarry at the end o7 tais progeanl, Tavs 13 o choice whizh
the jxagaumier st make, e first 0! many choices.

Nozes we have assemed heve that e high parl o the operard is
stored “'on o of*" he lowee pari i.e., 2 the Jower momary address.
This moed not recessarily be the case. 14 faut, addresses are stored by
the Z8710 Lhe reverse mamner: :1e low part is firs: saved 1 the memory,
and he lgh partis savad 1n (e et memary loador. 1n ouder Lo wse
Soution corvention for anth add-tsscs end data, i 1 recoredsl
thas data also be kept with the low pert r fap ad the high pers. This s
illastraied i Fawre 3.5,

s alsn resclis in 3 carey? Ther

108
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ainting o the 1Tigh Ryte

I the programmer, i.¢., you, who must decide how 10 siore 16-bil
numbers .. low parl or high part first) and also whether your address
feferences poini 1o the lower or 19 the higher kall of such nunmbers. This
s another choice which you will learn 1o smake when designing
algornthms or daia structures.

The programs presenied abuve are raditianal programs, using 1
accumlator. We will now fresent 4n alternative progeam for the 16-bit
addition (hat does nal use the accumuliior. bul insicad uses some of
the special 16-bit instiuctions available uit e 780, Operands will be
assumed to he stored as indicated in Figure 3.5. The program is

LD HL(ADRI)  LOAD HL WITH OP1
LD BC/ADR2)  TOAD RC WITITOP2
ADD HL, BC ADD 16 BITS

LD (ADR3LHL  STORE RES INTO ADR3

Note how muc: shorter Ihis program is, compared (o our previous ver
sion. L is more *elegant” 1 a fatired mavner, the Z30 alfovs regisiers
Han 1t be used g @ 16-bit accumlator

103
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| I
P ]

Fig. 3.6: Storing Operands in Roverse Order
When operzting on mualtibyte operand, it s mpORtANt to ke onad
two esseatial conveations:
—the order in which data i stoted an the wremory.
—whers data pounIets are zantiag: (ow byte or hizh byte.
Exercises 3.2and 3.3 ave designed 1o clarily this pomt.

Exercise 3.2: Rewrie the 16 sadiuon prograr above wih wae
wmeasors fovout dicased  Figure 3.6,

Eerciso 1.3: Assume uow tiat ADRI dees not pows to the lower falf
of OPI (us tn Figures 3.5 or 3.6), but points to the higher part of OPI.
This is Hlustrated i Figure 2.7. Again, write the corresponding pro-
gram,

102
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Now that we have learned to perform a binary addition, 1t us turn to
subiraction

Sublracting 16-Bit Numhers

Doing an §-bil subtract would be 100 simple. Let us keep it as an ex
ercise and dlirecily perform a 16-Dit sublract. AS usual, our 16 num-
bers, OPL and OP2, are stored at addresses ADRI and ADR2. The
memory layout will be assuned (0 be that of Figure 3.6, 1n order (o
subleazt, we will use 2 subuact operation (SBC) inseead of an add
operation (ADD)

Exercise 3.5: Now write @ subiraction program.
The program appears helow. Uhe data paths are shown in Figure 3.9.

LD HL,(ADRD)  OPIINTOHL

LD DE,(ADR2)  OP2 INTO DE
AND A CLEAR CARRY
SBC 1L, DI oPl— OP2

LD (ADR3),HL  RES INTO ADR3

The program is essentially like the one devcloped for 16-bit addition.
However, the Z§0 instrustion-sec has Lo types of addilions on double
registers: ADID and ADC, but only onc type of subtraction: SBC.

‘Asa result, two changes can be notd.
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-

esaoRY

¥ig. 5,

luck Transfer: Initallzing the Reglster

fustreted m Figur 5.7, I6tex register TX is sed a5 e soitae pown:er,
and will se increraenied regalary. Index register 1Y i use as the dest:-
cation goiater, and wauid be incremented regularly. Register C is loaa-
2 with the mEmum Auctber of dlelents (o be Imcster-od limited to
256 sinc this is 27 elgic-bit regaster) and will be Secremented regalurly
Wheneve. C decrsmments 1o vero, all clements e been euesferres
The zext two instructions:

NEXT LD AX)
oav,a

i6ad the contents af rae memory tncgern povited 6 by T a5t the ac-
sumiiator, then iransfer 3 et [he: memory incstion potnlert to by reg-
ister LY. In ocrer wards, 1hece two ystrucrions (ransfer an slement f
the Souree block into the destiation block. The tw0 wndes reisters are
then morerrented:

INC X
INC By

And the counter register i decrements
pRe ©

¥iraly, s iong as tke countcr 's not b, the program laaps bacs 10 the
Label NEXT:

IR N7, NEXT

451
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Frercise 3.4: Using the 16-bit instructions which have Just been intro
duced, write an addition program for 12-bit operands, asswming that
operunds are stored as shown in Figure 3.8, (The answer appears
Delow

Answer:

LD HL, (ADRI)
LD BC, (ADR2)

ADD HL, BC
LD (ADRY)

LD HL, (ADRI+2)

LD BC, (ADR2+2)

ADC 1L, BC

LD (ADR3+2)

Fig, 3.8: A 32-Bit Additlon

104
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Te examples Just presented are simple nary addifioas ar subirec-
e, However, anotkor type o anthutelic may be necessary; u is BCD
anthmetic.

BCD ARITHMETIC
8- BCD Addition

The eo.acept uf BUD srizhmeris has been are:ented tn Chapesr 1. ket
us recal s feauses. SIS esseasrally used for business asplications
where It 1s imperstive (o reta every waificant digt. 1n a resal, £ the
BCD notation, a 4t aibble is used 1o swre one Zima. dign ©
chrough 91, As & resulz, cvery B-hit byie may slave twa BOD digis
(This i callsd packed BCDJ. L2t us now std 1w dytes sach contining
two BCD igis.

I ordee 10 1den
fist,

Lot us add “01° anci 402"

the problers, Jzt us try som: nameric cxampies

01" is epreserited by: 00000001
02" is represented by: 00000010

The reswlis 00000011

This 15 the ACI) yepressatation fur 03", {17 you feei wascre of the
BCD cquivalen. reicr 1o the conversion tsble ut the end af she baok.
Everyehing sorkedt very sireply 1 ths ase. et us 22 2y angiher ox-
amgle

08" i rencesenied by 0000 3200
02" i reprasentad by 0000 0911

wercise 3.8: Compuie the s:un of 1ne o wanbers Gbave i the A0
represemaiia. What o you obiain? ‘anser. foliois)

IF you obzain 10300 111", vou have computed tke brraey surn of §
and 3. You have indszs obtasnes 11w buaury. Unlurtunasely. 101"
1 ax. iegal code in BCO. You should obtain U BCD cepresentation of
17, 2., 0001 00011

“The proiers stems from Ihe face that e BCD epresuntztion uses
any the first len combinations of 2 digus us urder Lo eacate Lhe decicnal
syitols 2 though 9. The remaining six passiblz corrzuic.ume of 4
digis are unused, and che llegal “1011”” & onc such combiration. 1n
other words, whenever che sum of two BCD Zigts s grcaicr thar: 5,

w7





index-105_1.png
PROGRAMAING THE 280

i i
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| L

Fig. 3.9: 16-Bit Luad - LD HL, (ADRI}

A First shange s the e of SBC instead of ADD.

Thi otkier change 15 The “AND A" instructiun, used 10 clear the carry
“lag prior (€ the subtsastion. This watrastion docs kot modify the vakie
af A,

This precauiion is aecessany beessse the 780 15 equippcd with twe
moilcs o1 adcition, st and withoc! cairy on the H and 1. register, st
w1k caly vre moe of subteacticn, the SBC wstructtan o “wubiract
itk carrs® whien aperating on s HL regeste: s, Becavase SBC -
mahcally fakes 116 account he satuc of the cant L, 4 aicst be set
Prior Lo starimg the subtsachion. This 1s 1he ol of ‘e “AND A” in-
siructivn,

Reweite the. bt

Ererdise progras wiskout g the

wiecieiized 1%

Exervise 37: Write the subiciet prosram for § bt apears

B must e remesnbered that in the vase of wo's compteane rlie
e, the Final valve 01 the carry THag has do picaing, 12 an cverlow con-
dicion hes aewirreed as @ revult OF the suBuraetior, then 1 orecTlow bi
(b1 V3 of e fiags regster will heve e ser. W can thet b eted
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e e .51 2dd 6 1o the reseic 12 9rder (o skip 9ver the 6 unused
codes.
A2 ke biaary seprasentavon of 6" 10 1211

1011 (Mexal pmary resully
00 (8
The rescl s o1 oo

This s, odeed, 117 in 2ac BCL 301ation! W now have the corrost
cesult

This cxample iustrates anc of tae base difficlties of the BCD
made. Dne muse compensate [0 (ke six missmg codes. A spsviad -
ition, “DAA", called “decymal adjuse,” must be wsed W adjust the.
sesult of the Jmasy 3ddLion. (Add § If tae resull is grester ehan 9.1

The e srablem i Ulustrae by th seie sxample. 0 0.1 eample,
the sarry will be generates o the lower BUD dge (1he

e

-

ot 1o the left-mos one. Tais nternal carry must be 13ke i e
covinl and adited 16 1he second HCD digi. The agditon mstuetion

Lakas care of shus automatizally. [lewever, it 6 ofton comvenient fo
deweet s spiernl carey leam bil § to biz & (he “hall-carry™). The H
fiag b5 provided fo: Ui PuTpose.

s ar evamivie, eTe is 8 prOZFA (0 40 the BCD numbers 11" and
P

W AuH LOAD LITERAL BCD '1t*
ADD A, 226 ADD LITERAL BCD

DAA DECIMAL ADJUST ROSULT
D (ADRLA STORE RESULT

b this 2 ograni, we are using @ mew symiol MH”. The "H'" sign
withir, the aperand field o the 1nstruction specifics that o decd it

Ioliows 15 exnressed i aexadeeial notauon, The hexadectmal cid the
BCD represcniations for digits 0" through 9" are 1dentical. Here we
wish (0 0 1 Jterals {or consizn) *11" and 22 The resul is
Stor20 at the addess ADR., When th opecane is specificd s car of e
mscrietion, 3s it is in the sbove sxample, tns 5 called maneclie ua-
dressing, (The various sddressing wodes wil be sis=ussed 1 detail
Chaprer 5. Stasing the “csult at 2 szocificd zddress, such 4 LTHADK), A
s calied absoiite addressing when ADI tepreseus a 16-bit address.
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Puncrian:

Formar;

Description:

Data biow:

THE 260 INSTRUCTION SET

Bluck compare with deccement.

A— [HL|; HL— HL —
Repestuntil BC = Dor A

[EETRT (60 epeusn

] byezme

‘The contents of the memory Jocation addressed by
the L egister pair are subtracted from the con-
tents of the accumulator and the resul: is discard-
ed. Then both the BC register pair and the HL
register pait arc decremented. 1€ BC # Qand A »
[HL], the program counter i decremented by two
and the insteuction is rc-cresufed.

iz

Tinsing:

Flags:

BC =0or A = [HLJ: 4 M eycles; 16 T statas:
8 usec @ 2 MHz
BC 40 and A # HLY: § M cycles; 21 T stases:

10.5 usee @ 2 MRz

Resetif BC = Dater
o prpsr | ool et rarae
LRI E | M-y

2
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LD 1X, (an)

Funciion:

Descrnons:

Data How:

Addressiag Mode:

8

Load
deessed by an.

ster from memory locaons ad-

igy =tk Dipigh = fon + 1

Ll s [ ] s on
Fo [T (T e ez 28

e e byt 3 address,
=T o orda

L1 yte 4 address,
I igh order

The canteats of the menory locstion «ddiesses by
the memory lacations imediaicly following the
apcode nre Toaded nito the Jow order of the BX
register, The ool of the memory focaton -
medictely fallowrs e o into the 10
ardr use Ioadad irzo the high order of :he 1X
ister. The low order of the no address srmediately
folfows ©1¢ ancae.

%

st 20T sness 10 usee @ 2 MHz

Diree:
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siruclien requires valy seven ™ I eyes.” This i because e
imstruction 1 oc sxecutea i atready pointcd to by the prograi counter.

However, when the Lest succeeds, 1.2, wheaeser thr jamp akes
place, lhas muteueteor requires 12 £-states' < a acw elicctive adaress

st be compurte trd ouds ik the pragram cau
Wliea vompuling the Zuration of he exeentinr 7 2 progam sex
ancL, Sauteon wiust be exereised. Whenever onz i not sute whether or
R0t the jump will sucsead, one must 1ake it consideration <he fact
that some.scies the jump will requie 12 Fotaes, (conditon mei),
someies ? fcondiian nat mes.

Whea designing a Joop, sxecutron will, therolore, bz fastal usuy 2
JA(bumy, Relaov esting a canditinn usuatly uot met, suck a5 a not-
0 condition for the counter.

Whe JR's aze used petsiic of loops, an the condicion under 12x4 s
wnisnown, 27 averaze Liog YAl i ofter used for cac durstian
al Ik,

“This timing. rablem daes not anpiy 10 the ncondlitional amp SR ¢. 1t
ues ot test ey vocdition, and always iasts 12 Tsgates,

Indexed Addressng (£0)

T aldressang made: i i e 1 the BORO, 2nd was wdkdedd 10 1
780 a5 well 5 he 170 IDAEH SEQITEIS1. AS 2 AN, i hacam necossary
10 add ar. extra byte 10 the apeade. masing 1L a 6+br. apecde o the Z50
mstrietion set (LDIR 1 arother example of 4 F-bit npcoriel. The
stru2xus of az andexed WSLEUSTiON 15 Shoa on Figure 5.5

arcont avmez
owscn | e

H ; H
i Vet §re

L mmd

5.5: Indexed Addsessing Has 2byte Opende

&
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Example: crp
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Exompts: LD IX, 8051
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Absalute ar “Exiended” Addressing (50}

By definition. abrollte sddressing requires tare bytss. The fiest byte
1 the wacode atd the rext twa byes ave Lhe 16-0i addross spesiyig
the memry locanr. ile “absoiute address”)

By cnntrast wiza “shert addsessing” (uigih-bit address). this moze 5
alsa sallca “exlended addrezsing.

Toxmples of mstrucsions 418 extendee addressicg are:

LB L, (e and 3P

whete n represents the L&-bit mesmusy aldh s, and (@71 represents the
contenss of the specifiod losative.

Modified Zero-Page Addressing (801

Zero-page sddressing is ror svaitable in the Z80, exsept through the
RS instraction, The special addrossing mode used by this instruelivu
s calied “modified zero-page addresing.”

The RST instruction sontains 2 3-bit feld in bi positior: b, b, b, us-
ed 0 gint w on of & logations m page 0 memory. The cifoctive
aiidres i bsbaln00 and is foaded lnto £C. Since it requires anly @
sl bte, this instruction executes sapidly, and is easily generated 1t
baridware. It was generally uscd to espoad to multipie inserrupts (up to
8 Its disacvantage s either 1o limil (he exeouiion sequence 10 § foca-
Gens, or 10 require 2 famp clhminaung the speed advantage, This is
because each of (0 § branch adsiresses age §-bytes

Relstive Addressing (40}

B definition, relsinve addressing ey es two bytes. "Hhe Tirst onz1s
Ure "juip reli, s opcade, whe.eas the sscand orc specifies e dis-
placernent a0 its sigi.

tn o:dar ce differeniiase this made from i
tion, it Is labeled “IR"

From 2 timing standpenat, this smstraciing xhould he exammed watll
cantion, Whencver a sont Fails, .., wicnevar thers i nc hranch, this in-

sofute g Instruc

46
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Adding the next el
10
+o1

1 Q6 =1 Nocamy

Exerctse 1.4 Compuse 5 10 in inary. Verify that the result & 15.

Same additional cxampies of birary uddition:

oo @ w11
+o00i qt +0001
=01t @ 0100 (6

“This last cxample illusteatos the role of the cary.

Looxing at the rignt-most bits: 1 + 1 = {11 0
A caery of 1 s senvrated, which st by added to the next bits:

091 — columr. 0 bas just been added
+000 —
41 ey

= H10— whars i1y indlicates 2 new
cary meo colurcr. 2.

“Lhe linal resull is: 0100

Anocher example:

i

Ln chis example. & cary 15 again gererated, up to bue Lo
lamn.

Exereite 1.5: Compuse the resuit of
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LU LY, o0

Functon:

Forar;

Daia Fiow

Tanng:

addressing Modi:

30

Lad 1Y rogiter wath Imedtiatc duta 11

e

el e

TS e

JIrT e Y imediate
dara. law order
ayte % mmedizne

ata, Lagn order

The contenns of the memary focations menciate-
Iy Tollowing 1h apende ace logded Lato (e 1Y
Jegsster. The -ow order byte vewls :mmsdiataly
2er the apeod:

4 M i 10 T scates; 7 usec @ 2 Ml

tmmediate.
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USING THE Z8% ADI

SING MODES
Long and Shart Addressing

We tave already wsed refalve Juanp strucTions fn vanos progans
thet we have dovelopes, They sr2 sol” expiarelory. Cne nterestion
Guestion is: What can we du if the sermissible range for Sranching is
fct suffierent for our exdls? O MANY TC-OPrOGESS0TS, the Kation 1y
€0 Lt & 50 catled (ong juonp, This is simply @ Jump 10 4 Jocation which
Sontain an absolne o *long™ jump specification:

JRNC,S v 3 BRANCH O CLRRENT ADDRES;
+31F C CLEAR

P AR OTHERWISE JUMP 10 FAR

{NEX1 INSTRUCTION)

“Fhe twa-Sine prograrm above wdl resut ur branching (o locaticn FAR
whenever the carey i sel, 2 the case af the Z80, 1 1oy
of IR (o test ail conditions and remaves (his probiemn.

Use of Indexing for Sequontial Block Aceessos

[idencng Is primarily wsed 7o addeess siceessive lacstions wlhin o
tantz. The restricln :s hat the meximin feagth mist be less thai 256
50 taat the dispiacenent san reside it an aight-bi srdes rgstcr.

W hiave Iearaed to cuieck for 2 etaracter. Now we wil search a fable
oF 100 eiements for e presence of 2 ' The staraing aderess for rhis
tuble is cafled BASF, Th tabic nas oniy 100 clements, The progran az
pears below: (see (iowchart on Figure 5.6

SEARCH LD IX. BASE

Lo A

LD B COUNT
TesT ceox

R 2 FOUND

NC 0

DEC B

IR NZ, TEST

NOTPND

An smproved program will be prarenied balow it ihe seotion on
Birck Transter, vsiog DI NZ,

a9
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Example: CPDR
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Instractions alowing smdexed addressing are:
LD. ADP. INC, RLC, BIT, SET, CP, and others.

This mode will e used extensively on the ragrams operating o1
Blrks of data, tables or fsts

Indivect Addressing (Z80)

The Z30 provides » kmites indizect addressng capability sallsd
“Repisier ndirest Addrassing.” th this mode, $ach of the §-bic regs
ter pairs BC. DE, HL may be wed 35 1 memory address.

“Whenever they poial (0 16-bi; data, -Fes point ¢ tle fower pirt. Te
mgher parl rosides a1 he next thighee] sequental addd e

Combinations of Modes

Combmations of modes e essentally MOM-eXSter, TAcEpt hat 1n-
S.fuetons refermug Lo Lwo operands may use a different tvpe of ad-
diesnung fo: <ach

Thus. 2 fosd or an arithmetc iestruction may acaess one aperand 1n
the aunediate mode, and 17e oner one throngn an neved access

Also. the bit sddressirg mecharism may access the eighi-fel hyte
through onc of the taree addressing ndes, 75 expiained 10 the follos-
ing pavagmph. The specific adCressing modss availahle for cach in-
struetson axt indicated i the toles of the preceding chaper.

Bit Addressing

Bit sicenving 55 yensrally not considercd an addeessing mode it ad-
Cressicg It defincd a3 acerssing a dyie. Tinwever, whether efincd as &
fade ar 2 group f msirichans, it s a vaicable facility. Siaee it is do-
fiasd 2 an “addressing mode " 1a Zitog nomeacialure, It will be 5C de-
serized here. it 15 specific 1o L Z80 wid was not prowized an the 8330,

Bil addrassiag rofers (0 the access mechanism 10 specifiad bis. The
280 i€ equipped with special iostructions for selling, cesetiing and
Ing specitied bits m 2 memory locatian ur u regisier. The speciZied byt
may be accessed through og of iree addressing WOUES: QIR regis-
rdirect, ad indexed. Three bits are used within the apeade to celzct
e of wigh bits.

adg
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LD HIL, ()

Formai

Description:

Daw Flow:

Tionong:
Addeessin e

Flags:

34

Load HL regiter from miemory lacations addres
sed byt

L= Gonls G+ 1)

Ll Tl

=8

ayte 1324
byte 2 addrss, low
order

byte 3 nddres:
arder

imgn

The conlonts of {he memory Jocation addressea by
e memory lacaons mmediately after the op-
code are laadcd o the & regsster. The contente
& the meniory foczzian afte: the one lueel info
the L repister are loaded o.to e H ragister. The
Jow byle of e aw address decurs immediately
after the opeode

5 M sycles, 16°T sizles: § veee @ T MHz

Direct

| oty
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ey Y inden

[
= i T

T
|

Fig. 5,3; Tndirect Indexed Addressing (Posi-ndexiugh
Fadirect Addressing

We fave already scon Lhat 1o sibreutines sy sish to sxchange 3
ke quanticy of data stored in the “memory. Mowe gencrally, several
EruSTAmS, 0 several SUbraUUNS, may need o accoss & winmon biock
of informatior.. Tc preserve the genzrality a7 ‘e program, it 15 dosira.
ble 701 16 tizep susch & bluck 4t 2 fixed memory focation. 1. particular,
the size of ihis block night grow ar shrink dyramuly, anc af may
have to retude in various areas of the merory, dependic am 15 sie, It
srould, therefore, 2 Mupracues: © try 10 aoess ¢z block sing absa-
0KC addresses. that s withowt rewritiay the program every tire.

Tite s0131:01 (0 Lhis peobteen lcs in depossting the startng address a7
the block ata dixea memory location. This is analogus 10 2 szation in
WIS soveral persuns ncec 10 get min a bause, and crdy one Xey exists
By caneition, the key 10 the house will b hidden under e mat. Esery
wser wil the: knrow where 1o Jook {under e mary €0 fiad the ky 1o the
e (o perliaps, o find te address of the scheduled mecting, to
proqnse a stricter aualegyy. [ndiect addressing, theretore, normally

4
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ments ot a

The -rdex register woLld Lhers be used 1o zzess il th
table successively an an efficent way. (T requires the avaslabihiey of
/decterent instruetians for (e wwex registert. 1 practice,

e register. o

restrictions offen exist which may Limst the sizc of 0
the size of she acdress ot disalacerreal field

orcov: e s

aat

Lig. 5.2: Addressing (Pre-tnoxing)

PreIndestng and Pust-indoring

Two madss of sdening may be distinguislied. Presndrxiag x5 the
ssual ndesang mode in wireh the firal addeess 1 the sum o7 a displace
et o addrss aad f L contents of dhe indx regtster, 1 5 shown o
Figure 5.2, assamiisg an 8:bic displacement fizid ang a J6-bit rdex
remiseer

Pastinder g treats e contets of the displagement fickd lire the
address of the actual displacemen, rather thait the displacur e ieself
Thus i iusteated in Figure 3.3. ia post-indeare, the Misal address 15 the
sur of the contonts of the index remster plus the cuntents e the mem-
ey wad designatea by ihe dispiacement fiekd. Th legzire nilires, ia
fact, & somomaion of ingirzct addressing and cacmdoxg. Tul we
have not defined indirect aucressiag et Let us do thie

an
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cPp Compre with ceramen.
Funcion A (L HL L £ B O
Formt
[T} oyerien
Tl ez s
Jr— conerts ofte memors loction addecsed by
AL relcr s vt ubtracted rom the can.
e of the Aot an he rul  Sree,
Thon hoth e L e s 0 e BC st
par a1 decnmenied
Data o

Timing: M oyoies: (61 stasos: B usec @ 2 MHz

Aetdressing Mode:  indicect.

— Keset i BC — O after exacution; set ochersrize

AT AT

7





index-335_1.png
PROGRAMMING THE 780

LD TX,nn Lot 1X segister wath immegiate data na.
Funcron: X~ mn
Sormat:

byte 1: DD

T byte 3 smmediate

T dar, o osder

7 byiz 4 saediate
data, high order

escription: The canteats o e anemory ocations mediate-
iy following cie apeode arc Inaded tto the (X
register. The low orter byte occuss pmadiately
ier e opeode.

Dot Tiow:

[

Thnong: 43 cyciess (4 T stales; 7w @ 2 Mz

Adaressing Mode: {mmediate,

Fligs s 1w mw

T.] toeren

36
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We have nuw become Faniliar with it csual adcressing modes that
an e pwided 1n a systom. Most micraprogesior systers, becauss f
e Jimtation un th co.plexiy of ar MPL. which must be realized
withit. 2 sangle shep, 60 i arovids al” pussble iwodes bu: only n small
subset of lhese. Yhe 750 provides  wud subset af poesiaites, Let us
exanus them o,

280 ADDRESSING MODES
impiied Aduressing (Z80)

Tmplied aadiessing is esscanally wed by sivgle-byie instrictions
which operate on imtermal regeers, Woeneser mplice. stractions
operate exclusively on in‘ernal registers, they require outy une machine
eyele to exeete.

Examples of mstrusons a0 mmpiicd (or “reatster™ addressiog
a1 LD, ADD A ADC A SUZs SHC A5 AND S O,
XORS: CPs; INC.

Zilog Zutier disimguishes between “remstor addressing™ and i
plied ad<rosyny. Implied addressurs s then fimited, i that nefiniton,
10 iastructions that da ot heve a sywdlic ficd o poinl o an nternal
remister. This ariroduces one mire addressung ode. This s une rezsen
why the numbzr of adaressing moles s InsulTieien -¢ characierize the
wepabilties of a mucropracesso:

Imuvedinte Addressing (Z¥)

Sincs the 280 bas botl single e0th reyssiers (eight hi), and Zouble-
‘ength register paurs {16 bilsl, 1 provides (w0 1ypes 57 i medinte 3d-
aressing. hotk wih Bbic and 6-br, litezas, [nstructicns ar: then
either 1o or thres hytes loce. The socond {and somatmss tha third)
byte aoniauns the opende. followed by the constax, or liersl, o be
fvaded m o register or used for an cperatiau. Exaeptions are LD 1X sad
LD IY, which require §6-hit apuodcs.

Toxamples of istructions using the yamediate addrussing mode are

LD 5.0 wa avtcs)
L2 go,an (ree hyiesi
ad
ADD A (v bytess
When e lterat is ovs by:es ane, he mad s catl
" b case of the Z80.

immediate o

a5
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Data Fio:
L
i —
Tammgs
T 1 i 4 2
it 2 ‘ 7 3.5
oL il EX]
Jirns FR Y 95
av s d 5 19 95

Addvessing Modzs: 1 e

n: immediate: (ML indirect;
(X = d), @Y ~ 9y ndexed

e P on e e A
T oo
Fags o c
0
p—
Aner
-
~—— —
o o] o]
=

A
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uses au opeade folloved by @ 16-bit address. This address is used to
cetpieve a werd from itie memory, Usually, 1€ will b2 2 16-bit word (in
o case, fwio byics) within che mergory since it is an addsess. Thisis I
Tustratod hy Figues 5.4, The two bytes at the specified address AL co-
tain ""A2"", A2 I then iniecpreted as the actual adtress of tne dutu that
one wishes 10 acoess

WSTRUCTION oy
orcone 1
- I
w [ ¢
T T aoveezs a1 T

~ 23

Fig. 5.4 Indireet. Addressing

fnirset addyessing 15 particulisly sseful ac: bene that ool
s Vanous areus of the progearm can Lhed rsfer 10 these poiatars @
acuess & wind 07 2 block af dica conveaionly o0g eleganlly. The finai
address may also be rhtancd by popting within ‘he instraciion . ¢
L6-bi vagister n sebnch 12125 corlauned, This is caiied register indirect.”

Combinations of Mades

The acove addsessing musies oy be combinied. [a particulnr,
should be possible in a tompletsly gencral addrassing schems 1o se
frany levels of indireuteor. The acdress &2 could he iaterprered & an
adtdss agan. and 50 01

oA addrzssig can aiso be combined with ndireet access. This
allows tbe eTiil access (o word 1 of a hinck 9 dara. provided v
Kriows wirere e poiole: 1o the starans address is (see figure £2).

au
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avallalc on the Iess oxpensive sysiems. An aitermative type of rep-
resentation Is then used, and in this chse hexadaciml is the dornt
nant representation. Only in rae cases relating to fine de-bugging
at tke hardware or the software lovel is chG binary representation
used. Hinar dicectly displays Uhe contents of rogisters of nemary
in hinary format.

(Phe utility of a direct binary display on a frani penel has atways
bieen the. anbject of a hoated emotional controversy, whick will not
e dobased here.!

‘We hava seen hiow (0 eoproseat infarmetion nternally and exter-
nslly. We will now examine the actuel mcroprocessor which wili
nnipulate this ‘nformaion.

Adaltions! Exreises

Evercise £.28: What is the advantoge of fwo's complement ouer
other representations used t2 represent signed numbers?
Exercese 1,29: How wosld you reprosent “1024” in direat binary?
Signed binary? Tuc's comploment?

Exorstse 1,30: What is the V-bit? Should tha programmer sest it
after an citition or subtraction?

Exercise 1.3: Compuste the tinc's comploment of “+167, “+17';
IR R L

Exercise £.32: Show vhe hexadecimal reprasentation of the follou-
g toxt, which hos been stored internally in ASCI! format, with
o parity: = "MESSAGE".

&
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Example: cet
Bedors: After:

A 2
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Uhew be wsed. For example, let us examine a 16-bit, “dacble-pre
cision’” orunt:

00060000 0000NNOY s 0"
00000000 OMOOIOL i 1"

QLT L s a2TeT
LTSI st
dim unme

Eixercise £.45: What 18 thy lurest neative ingeger which can be
reprasented in @ tw's complenent trigle-precision format?

Hovever, this method will result in disadvntages. When adding
4w mumbiees, for oxample, we will generally have o add them
e:ght Ints at a time. This sill b2 expiainec.1n Chapter 3 (Basic Pro-
grameming Techgaes:, It results in slower processing. Also, tnis
representation usgs 16 bits for any numbor, even i it could be
Fepreseniec with orly gk bics. I i, therefore, common to uss 16
ar perhaps 32 bits, but seldom more.

Lat us consider the foliowing imporbant points whatever the
Sumber of bils N eliosen lor the Uwo's complenent reprasentation,
it is fixed, 1f uny resull ur intermediate computation shouid
generate & number requiring more than N bits, some bits will be
Sast. The program normally =ctains the N left-moss bits [the mosl.
significants and drops the Jovi-order onss. This is called truncating
the reault

Here is an examplc in the decimal systm, using a six digle
raprosontation

123456
X iz
416012
123456
rEve

The resnt requires 7 digitsd The 2" after the dacsroal pont wilf be.
dropped anci the finat result witl be 146047, [¢ has heen truncated
tsmally, as long a5 the position of the docimal point iz nnt Juat, ch
methad is used to cxtend the range of the operations which may be
perforraed, at the cxpense of precision

The problem is the same in binary. The details of a bisiary ot

3
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cpt Comprrc with nerement,

Function:

[HLE 1.+ HL + 1;BC ~~BC — |

Foema.

[T ensn
T oveza

Description: The cantents of the mermory ocation addressed by
the HL register puir ere subtracted from the con
Iants Of e sccuTulBlor and the result s discarded,
The HL resistor paur is increnwcited and the BC.
registe: palc 15 decremanted,

Date Fow:

Fionng: 4 M eyctes; 16 1 scares: Busee @ 2 Mz

Adtresiing Made:  indireat.

Fuzs
ST T TSTAT — Reser 7 BC = afier exceution st ctherwise
SLIRCTI = 2%

31
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5.6: Churacter Seaseh owehart

A Biock Transfer Ruutine for Fewse Then 256 Elerents

We will call “COUNT” the namber of elements in the bock (o e
maved. "t he numbar 5 assumed 10 b less than 256. FROM is e base
2ddross of Uz blcels. TO fs the base of e memory uiza where it shouls
b moved. The algoridha i quitc Simples we will move.a word at s e,
ceepittg (Fack Of Wit word we 472 WOViAg by Sioring lis posiion 10
the couter C. The p:opcam azpears below:

BLKMOY LD

NEXT Lo GET WORD
NG
e
DEC
I’

Let us examioe it;

SLKMOV LD

D
o

These taree instcuctions tntialize rewstees XY, wd €1 pectivaly, as

40
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D afler execution, set otkerwisz

. Rasetif
Fysetii A = I6L]
Example: coR
Before: Adter:
Weizz
“ o '
[ — —
| e
v e[ P v
g R P
S ser e — [y
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CPIR Block compare with inorement.

Function: A~ HLEHE = HL + 1;BC =—RC —
Repeat until BC = 0or & = [HL]

byte 1:ED

} ove2:m1

Pescription; ‘The contents of the memory lozatiou addrsssed by
the HL register pai are subtrasted from the con-
teots of the accumalator and the resalt i dicacdsd.
Taen the ML register pair s incremented and the
TICregister pair is decremented, I BC 0 ana A
2 [HL}, then tie program counter s deeremented
by 2 and the instruction i Fe-executed.,

Data Figw:

Timing; BC = Gor A = [HLI ; 4 M eycles: 16 T siates:
duso @ 2MHz
BC # Dand & # [HL]
105 usce @ 2 Mz

Mcyeles; 21 T states:

Aduiressing Mode:  Indirect.

29
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LD TV.(mn)  Load resister FY lror memory locations addresses
byan.
Fmon: Wi — (A6 [¥pyga = ina = 11
Formar
o
4

ey oyte 3 addres
——— jow order
= Lyte & address.
ST bigh oder

Deseripion; The cantenss of ll:e memary locativn sldresser by
e rnory lovaticns immedizicly follawing the
oproxte are loaded inio the fow aider of ke °Y
regiser. The cantents of Uhe memory ocalion 1
mediatsly fallowng the ane loaded into e fow
arder are Jouted wio the hegh oder of the 1Y,
cepsrer. The luw order of 10 o address -
mediaiely follos the opede.

D Flow:

2
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CALL ec,pa

Foncnion:

Formar

Description:

THE 230 INSTRUCTION 56T
Cali subrounine an condition.
i o wrae (5P - D = POy (P - D =

PClgy. 52 =57 — 2 PC — B
Tec s PG PG 3

byie |
ble 2: adress,
low arder
byie 3 acaress,
highosser

I che concition 15 mex, ke coneLs of Lie ro-
erars counter are pushed owo e steck as e
seriled for the FUSH susuvetiors. Then, the con

tenis of the weony location imediaely foliow-
np e opeodo are H0gaad iato bz low orcer of the
BT and the contznts of the second memory loce-
tiom alter the the opeade aye lnadzd meo the hug
Grder 9alf af the BC. The next wslrustion ferched
il be fram this new address, (f the cordition 1s
ot met, 1he address pa 1 ignurad 2ad the follow-
g wstruiction is Gxeculed, e asay be any ori of:

£7 - 000 PO 100
7. w0l PE - 10t

NC - D10 P - 100
c-ou M- L

An RET insteuction can 5¢ nsed st the end of the.

subrowiiae reing catled tc xestorc the PC.

w
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Fiags s :n omenc
. LI (o)
Exampie 1 eo0a, 1¢
Betors: Ao
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Date Flow:

Tuming: — e
I M cucles:| T stares: | @ 2 MHz
i t + 2
» 2 i 15
HLY 2 i s
X 4 dy H E 9.5
ay g s 4o 9
Adaresung Modes:  implici; e inuueliaes (HLY: indieet: (X +
A QY + d) mdened
Byte Cods: XoR oAb o
[ e oo ]as]enac

rings: : 4w o
DREECE
Exsmpte: XOR BIH
Before: e
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simplest 2x2mpls 1 ¢ doubly-inkee fisL. his 1 Alustraicd 10 Fiswre
9.8, We cas see thar we have (e usual seucnee of links Irom Ieft (0
s, plis 2nother sequenc of B1Es [0 righ (o I=1L. The gaal  1n
alless easy retricval a7 the dlement -us: befare fh one which 1- being
pracessed, as well &t afier v, This costs aa extra pointer per blosl

o P e

Fig. .8 Douty-Linked List

SEARCHING AND SORTING

Seaalun, and 501ty ety of x fist depends directly v the ype
of straenre which has cecn ased fer the fist. Many seasching afgo-
s hive heen developed for +e most frequenily wsed deta s:ruc-
Lares. We lave already used ndexed addrassing. This is possible when-
evor the clements of @ tabic ar: ordered m function of 2 knawn
creasn, Such clomerce may then 3¢ ratcievid by aeic umbers
eavenriol searciung relevs 10 e intar seanning of an encire black.
s 3 clearly inefficien: 2ut may have 10 be used when 12 beier ech
aiqu is available, for Jack of orderiag of the ements.

Binary. o1 logarithmrc, searchu allempis < [d #h dement o &
sorted Uit by div.ding the search mlecval v aull a1 every step. Assum-
iog that we are searchung an alphabetical Hst. one righ: start, [or exoni-
ple, in the middle of 3 table and determme i the name we are fooking
For s biefors or after this poind. it is after this S0, we i cimmaic
the fizst helf or the tasie and (ock al the middie element of the sacand
bl We compare shis 2niry aauL 10 the ane we are laalang far, and we.
restriel our scasch i one of the two hatves, dnd 50 or. The maxmum
lenglh of & seaced 3 then guarantsed 13 be l0g,r. here 1 fs the sumber
of clements i the table,

My athee search secamguss e,

SECTION SUMMARY

“This section was inteaded a5 only # bricf presentaion ol usus! data
atructures whuch may b2 wse by  programeaes . Aliough most com
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Byte Codes:
ERE DR
Fiags s e svac
[ { L B
Example: BT 4B
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LD (om) {Y  Lowd memory tacencas addressed by nn feom 1Y
Funcuon: A0 = ¥ (00 + 1) = 1Yy
Fornt;

byte € FD>

bytez: 2
byt 3: address,
1o order

byte 4 address,
high order

The sontems of the «ow arder of the 1¥ rugster are
fosde into the memory lacaiion addressed by Ihe
contents af tiie memory locations smmediataly
sailzsnng the opeode, The conterts of he fng
order G the IV regieies are loadez 1t e
memary tocaizon immdiaisly faliowing the coe
londd from the low order. The fow order of the
710 agdress oecars mmesiately affer th opaode.

Dana Faw:

T 5 M eyeles; 20T 5

Addreisan odie: Direc:

m
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XOR 5 Brcusive or accumulor 1 s
e Amavs
Forma: s piay be T (HLI, 0K + di, or (87 +d)
NG
o ex
: Unmediate
e
@ d byic 1: DD
ayte 2 AE
byie 3 wifeet vatue
av g byt FD

2:AE

byed: ofser vaine

£ may be any one o

A= E g
B- H - i)
c- L- ot
D-

Descriprion The accumuiater ant 1he specified operand s are

exclusive "or'ad, and the sesals  stored it Lhe -
camulator. s 1 detinec i the description of Lac
sicilar ADD wtractsons.
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T

T
¢

Fig. 9.6: Rount Robia i Clreulir List

This s Thusicaredd m F1gare 9.7, 1 san b soer, st Smith his two shit-
aren: ¢ son, Roberl, und & daugkles, Jac. Janc, :n lurn, hes three
ehildren: Lz, Tom and PRL. Tom, In tari, s two more elildrea: Max
and Chnis. However. Robers. on the left of the dlusteation, has no 2
secndnts,

This i+ 2 50 uctuned =, We lire, o Facd, sy ensountered an e
ample of 2 simple “ree 1 Figure 8.2, The dirce:ory st-ustuee is a to-
tevel tree, Trees ave uszd to advantige whenzver ciements may be classi-
it nccording ta a fisez ruelire. This Taciitores inseriron and re-
treval. [ additon, ey may establish geoups of infemation 10 2
seruetured way which may he requited for fater processIng, Such s 16 a
sampil ar terpreter design.

e

Genealogical Tree

DoublyLinked Lsts

Acaitions: links may be swiablisted betweer etcanents of a lit, Tae

515
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Decimal to Binary

Converacly. lec us compite the binary equivalent of
decimal;
11-2=5 remman | =1 wse
=22 cemmains § —1
221 remaing 0 —0
120 remains | — 1 5B
The binacy equivalant; is 1011 tread right-most colams from bot-
5Ot 50 Lopl.
‘The binary equivalent of o decimal mymber may be abtained by
dividing suceessively by 2 until a quosient of ( is oburned.
Exercise £.2: What is the birary for 3577 !
+Exarcise 1,3 Convert 19 to binary, then back to decimat.

Opsrating on B

ary Data

‘The artchmetic xules for binory Tumbers are straightforvard,

The rules fur addition arsr

0+

where {1} denotes a “carry” of 1 tnote that "10” 1s the binary
equivalent of “9" docimal). Binsry subtraction will be performed
by “adding the camplorrent™ and wil be explaitied onre we leam
liuw Lo ropresent negative mumbors,

Example:

@ K]
+ +01

Y It

Addition is purformed just Lk
fror right b Lol

in decimal, by adding colunms,

Adding the sight-wnust cohumn:

©
+01

© 4 1= 3. Ko carrys

2
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D AC(DE)  Load the ascurmulaor fouon the memory fcation
indire:rly addrssed 3y the DE regster pair

Funcrton: )
Format )

foonnnnoy
Duscrption:  The contents o the memrs ocauor adressad by

the coenss of Lk DE fegiver pei are loaded 1nio
\he accumulator.

Dute Flea:

Timng: 2 M veles; 77

Addressing Mode:  Indirext.

e Pt LT st
Exante 0 Ak
sefor At

. ~ BT

30
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tion detives 13 ramz from Lhe Szet 1hat it does ot specifically won‘ain
the address o the operand on whie 4 ozeraies. Instead, its uzode
sprcifics o ot more raysters, usually th acenmugzor, or clse zny
other resiscertsi. Since internal registers are usually few it Auriber
(Commer fy exght, s wil requars s small fumacr of hits, As an exae
pic. thres s withn thc instru=ton wil: RoInL -0 onE o1 1 cigat ntee-
L regssters. Such tnstruc:sons cas, Wesefore, ormally e encoded
wathin eigAt bit. Fhis 15 an mposcar, advantaze, since an aighL-bi ol
suciion normelly exceurss faster than sy Lso- of threz byt snstrae-
An exauaple of an mplizi instrixiron is

A s

which Specifics *Lansier the CoIEEL OF B oA {Laad A from B.)

Immediate Addv

Imimediate sddrewsng -s ilhustated i Figure 5,1, The signt-ztt cp.
code e Tuidowed by an 8 ar 16-bit llerui (= constant), This fype of
insts agiaun 15 reeded, for exnple, 1o load a0 eugh-biL vaiue i an
eight-bit register. Sitice the Msroprocessor 13 cquipie: with (G-t reg:
sters, it sy clso be neceseary 1o Joae *h-it Titeraks. Au cxamplz of &
imimedtiate sei-usto: is:

ADD A, OH

7he s20a10 word of Ihns imsiruction vontams e fisral “0, wach 1s
=dded [0 the aceualator

Absolute Addressing

Adsalute sddresamy usuadly sefers to ke way i whieh dat s reesed
rom 21 placedd in wemory, ia which an apeade is followed by a 15-tx
uddress. Absotur aldiessine, sherafore, requies thece byl rstrus
lioms. An cxample of abwkie addrassiag is:

LD 1238k, A

1L shesifies that the sontents ol 1he sccumulatar are 10 b s:o:
memory focaton 1234 hexudsaumal.

T Sisadvantage o2 shsolile addressug 15 W require & Circe byte in-
STUEUDIL. n crcer <6 weprve the efficiziy of the Ticioprecessor,
anztier addresing mod may be mads avaitalie, whecety anly one
word is usal for she address: dircat adaressig,

a9
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PART It — DESIGN EXAMPLES

INTRODUCTION

Actual design examples wifl b presenced here for 1ypica; date struc
tures: sable, sarscd lisr, linkcd st Prasticat surching an insertior. and
delesian wignathrs will e progremmmed for these structares.

“The reader inierested in thes: advanced prograbinying cechminues 1
cocotraged o anatyze in dorail the progeans presemted in this seetur

Hawever, the bemining programmer may skip this seshou inczaly,
anc come bick 0 it wlion I feels ssady for it

A pacd anderstndiins of he concepts iesented 1t 1be tirs: part of
Uy chiaples is necessary to Folto the dosign examples. AlSc, the pro-
geacs will use ail of L addressitg moces of the 780, and inteprate
ey U the coucepts and Lactniques presented i ths previous chapkers.

Three siructures will 10w be introd-ced: & sympis bst, 20 alghabetical
list 2adl & inkea-ist pits dircctory. For cach st ogramms
wil be doveloped: scareh, entcr and delete.

DATA REPRESENTATION FOR THE LIST

Both the simple Yist and the alshabatic st wil use & commor. saprc-
senvalion for esch lst clement:

Sy label Daz
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Data Fiow;

Thnme:

cordition |
e
candition
not true:

Addressing Mode:  Lnuediaie,

Byte Codes; N2 NS mon v w

EET T o

Fiags:

0
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LD A, (BO)

Forner

Duseriprion,

Dt Fiaw

Tiong:
ddressing itode:

Flas:

Erample:

]

usac e

N

THE 780 INSTRUCTION SET

Load azcrmulniar from the menury location in-
dirceily addressed by the BC register par .

A =BG

EOOEYDNTES

The contents af the memory fosation addressed
b the contents of ths BC segstar pa are foaded
into the accurnalaror,

Indireat

E
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ADDRESSING TECHNIQUES

INTRODLCTION

This chapter wifl sresen: the gercral theory of addressing and the
cations testiniques whiel v heer: develaped 7o facifitace the ratreva:
of data. Lo i seecnd section, ihe specifiz addrassing modes availabc
Uie 230 well 8 reviewsed. aloe Wit 0 acsantages and AT,
Py, m ordcr 10 familiarize the reades sith ths various fradz offs
an appiictions sec.jors wil dmonsirals possivle rads-olTs
= the varings addressing teelimaues =y scudying specific apphiza-
tion programs.

Eocaure Lhc Z89 s soveral L6.bil ragsters, 1 addiion i the pra-
gram. catnter, she an b used 10 specily an addrass, L1y w:portunt
Tt the Z8 use. uaderstand the vasio:s adcressirg muzdes, and in pas-
liccls, 1he use ol 1he indcs regters. Complex reirizval mosies
rotied al th heining stage. Ficwevea, all the aucressing iwndes are
imelul - develoning PrOSrams for s miropraccssr. L3t L5 mow
stuay the vAnOEs clematies uvaitable

POSSIBLE ADDRESSING MODES

Addressung veters L Wiz spesificanon, wilhia an istruction, of she
Lacation of L ugecaad an wweh the nstuctor. il oparaee. Tie marn
addrassing welho?s will now be xzmed. The are il illnsirated 13
Figwee 5.1

Emplicit Adduessing for “buplied” or *'Registes™

Losimctions which aperice sxlustyely o regitars normally use ins
ol audressing, ThS & dlushiaies 12 Figure S.1. An implicit 105iru-

a3
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anon dda stractures have been argatazec in lypes and given 3 neme, the
overall organizanion of data w3 eoples sySLEm (ay Use aly comin.
o of them, or require the programmer (@ inver] more app-uprate
steuccrzs. Tae areay of possioiliaes 15 only linilcd by (he raginaton
o the progrmmer. Similarly, a ourabes of well-xnown scrling and
searching echmaes have boen doveloped (0~ copng with the wusl
2ara sruerres. A cemprehensiv descriptior. 15 heyond the scope of
this ook, The con:els of s section were intanded o stress the 1r7-
por:ance of desigaing, apsfopriale sect:on ilurcs for the data tn b
manupalated and tw peovae the basie (ool 1q thal citcet
Actunl programming esampmes wil now be arasented in detail

sa1
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Daia viem

T r

Addrcssing ifode: rs umptien: (HLK andliecel: (X + db, (0¥ + d: o
dexed

Sute Cods SRL

EE

Frug, W @vn
O] #le
Clisset by &1 ofsourze daia
Ecompte: SRLE
Beo.e At

)
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iy, B they could, we wouid probeils usseanble them in a bl m order
1o sort or stractsse <iem. The eoblem now 15 thal we wil 1c wave
them wheee they are od st establish an ordei g amang them such as
ficst. second. 1hird, fou-th, 4 insed lst will be used tc selve thes proh.
e The Gomezpt ol s liaked Bt 1 hustrates = Figare 9.3, On te il
Lustraticn, we see tat 2 lss porater, calied PERS T BLOCK. pouns ta the
baginmmg 0 he fits) bock . A dedicated socation wihur: Black | such
o, peshaps, the first o the best ward in 31, conta a pointer L0 Black
‘caled 1K1, The pracass :5 then repeared for Block 2 wid Bl
Sines Bhck 3 1 the tar: sniey e Hst, PTRY, by ouriventon, either
Contaims  spesic! il vadue, or poiais 0 szl su that :he sl of e
Jist can be de:eeod. ThiS serucruse is ecurommsal, as i fequircs onty &
few poraters fone par Block! and fress e user from houry 10 physs-
cally move the blocs in the merory

= =

A Linked List

5]

g 9.

Lat us axamne, for exampe, how a new block will e serted. Tris
s ifustrates by Figare 9.4, Let us assumc that ta: new biack is at ade
i, NEWBLOCK. a0 15 10 e uise ted betsween Blowk { 00 Biock 2
Pointer PTR! is mply changad to the salue NEWBLOCK, <c that it
o paits 13 Black X. PTRX will contain the formss saius < PTRY
L 1 il sofmt 11 Block 2, he other poiters in e simuciere ace feil
uncianged. We san sce that the msertion of a s black s sumply 1c
auired upsating o painters 5n the siructure. This o clesrly efficicn:

Exeraise .2 Drcar a digran shamg b
Jront s sruciue.

ey~

Bk 3 sl o venaored

Fig. 9.4: Unesting 2 New Block.

s
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e ssewr om a disks or 1t mey be some lozicat ares called scgment) o
the memuwry. L1 such sases, it Ay 101 be casy 10 access  random el
menc of th block.

in arder 1o Fucifiece the retvieval of blucks of mformelicn, directo-
s sre usec

Directories

A dircolers 1t @ lis of tables or ticks, For exams, Le file syscem
will normally ose a dircelary sirscaure. Asa smple exaupie, the masier
directany of e system may welude a is: of the wsers” naries. Ths s i
astrated in Figw e 9.2, The catry for wser John™ samts 1o Jeh's lie
ircciory. The file ety is « Labie which contzans the nqmes of al of
ol ’s [ and the-r iocation. T is, again, 3 @b of poiniees, ta this
case. we have yust desigred 4 two-leval dircctary. A Mosisie divectary
system will alaw the mefuston of a-<inonl iatermediase diccctories, a5
may be founc convement 3y the user.

| .

Fig. 9.2: A Directory St

Linked List

Lz system <kete ae eften biasks o7 irformation whien reproscat
dnce. events, o olher siuceuses whisa sannot be moved azoind es-

sar
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Vst B b of regester ©

byte 1: CB

oy 2

The spceificd bit of the piven register s tesied 8ad
the zer0 fag i set accorcing 1 the cosulls. b and ¢

may be any one of:

b [
3 o0
2- 00
1-om
= A
& 0w
c - ot
D - 050

-0
- 1ol
- o
—it

—on
- 100
~ 100

IR

BIT h.r
Funciion
Fotmat:
Description:
Dato Flaw:

o
Timmg:
Addressing Mode

—

<

2 M eyclas; 8 T sraes: 4 uses @ 2 MHe

tmplicit,

m
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Fags:
T 0 tnestten

g

Evample: LD @2B), 1%

Before: After:

=

3%
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e e b -
M cpcies: | T states: {qp 2 MA:

. T 4 B
o P2 Tl s
L 2 o] o3
@ s 8 i e
@1 5 v foes
[ S ol
Adressing Mode: 1+ rplicit 1 immediate; (HLx indicects (X

@), Y + dy indexed

Byte Codes: SUB
Flogs: l
©
Eramole: sus B
Attes:
E AT

45
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Stuek

Th srack scruecnre has auready been ssdie i detal (roughout she
OOk, I 15 & last-n-731st-out steueturs (LFOY. The 2ast element depos-
e .o is e Tinse oue 1o be removed. A sizck wiay either be L.
lemnente a5 4 50 Led biock, 0 1t ay be mplemeced asa list. Bezause
most stacks 1a MCrapracessors £1c used [0 hghospeer] events, such a5
subrcntones and wlermupls, 2 continanus block is usuatly allocated ta
S0 Stack insieac.of g  finked Hist

Linked List v, Rlock

imifariy, the quoue could be implemented 35 a biosk af resarved
focations. The advantage of using & onitraous block is fast retcieval
and the climinuton of the pointers. The disadvantage is hag i is usu-
ally neccssary o aegicate 2 faxly ‘arge biock w0 accommodae Bz
wurstcase size uf 1he siruoture. AL, i makes it 4Ficuk o impractical
(@ insert o _emove elenieuts 721 vl the bicck, Sinz wemory 1
traditionally e scarce resource, blocks aave usually bean reserved tor
fixca-size stouctutes o structures ceguurng the maxiowrm saced of re-
trsal, such as ke stack.

Circutar List

Round robit:” 1§  comanon aame for u eireular tst. A sireuiar st i
a linked lst in which he iast atcy points back 52 the Jirs ane. Ths 511
hustrated ia Figae 9.6, L the vase ol & corculas st & curmem-ilock
paunter :s niften kept o the casr of svets, ot Jrograms, waiting for
servize. the current-cvent goiuter will 3¢ noved by une Fosition o the
fell or 10 the tight 2veuy Lime. A rourd robin Carally conesponds to 4
strizcture n which all blacks e assumed o have the sarme priorty.
However, a sarcalar list may 2150 be used s 4 sobcuse of ocher stric.
tures simply o faciitate the reisicvas of the liss block after ¢ feat
ons, whes perfarming & search,
s an example of 2 arcular list, « poiling program uaally goes 1 &
sound 10bur ashion, interrogans &l peripherals and then coming
back 15 the first oce.

Teess

Whensver alogicat :elationship exiats ameng all clements of 2 v
ture tthis 18 wsually called 3 syulas), a Lece seouceure may be wsed. A sin-
ple cxample of a frce suuelure is & descendant, or gen

s
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LD (nm), 1X

Punction:

Forut:

Descripton:

Thrng;

Addressing Mode:

THE 280 INSTRUCIVGN SET
£ond marioy (ocations addressed by ou from 1X.

() DKigui (30 + 1)~ U

CTe] i ove o

[ e o) ez

ror e byie 3: cadiess,
n— i PP

1| byt 4: address,
] gk e

The contents of the low orcer of the 1X regster
are foaded into the memory ocstion addressed by
the contents of the nunury lazation immsdiately
foilawing tae opcode. Tl zoaients of the high
erder of Lhe IX regstor are luaded into the
memory location. inuediately follewing thc one
toaded from he iow order. The Tow asder of the
911 address ocours “mmediately after (e op caie,

6 M cyclex; 20 T seai

Direct.
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SUB s tubtract operand s from accumulacor

Function: Aca-s
Format s may be 1., (H7), X + Dor (Y +db
n byee 1: Do
: imzediate
dals
L %
wx o+ d i}
vte 296
avte 3: offset vatue
av - byte 11 FD
byle 2: 96
byte 3: offsel vadue
© may be aay one o
A-1m E o
H - 100
L t01
Descrpion: e cpesand 5 subiractd o e e

43

cumuigtor and the resul: w stored i fhe ac
camulator, Tuz operand s is definad i fic
decerspinor. of the sindla ADD wsuuerons.
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Sevcral types of lists nave been devefozed <o Fasiltate speellic Lypes
of acoess. tserrunms, and deletions 1o as frons the list. Let us examne
sormie of the most {=equendly used tpes of lnked lists

Queae

A uee is Sormally calied a €170, oe firslan-firs oot list. A quee
s iliusirated 10 Figure 9.5. To daily the dicgram, we can assune, for
a0 the bicck 01 the lef: I a service rnt: for an output
such s & princer. The blocks apesrng ua the rght are fhe re-
guest blocks feom various programs or raunes, to print characters.
Urc order v wel ey il be secviced s the order established by the
il e, 1 can be seen that the Tiest event whish will obraio s v-
e is Blac 1, the nesi anc is dlack 2, and th: Follzsng onas Blok 3
n a queue. :he cGnxcaton 15 that any ev cvent armving m the queue
will be imserted at s enl. Here it wil be inscated after PTRY. This
gucantess that the firs: blodk (0 be mserted o ine quaue will be the
Tisst o Lo be serviced. (& 15 quine COMMOR it & comMUtCr sysiem 10
bave quenes Zor 4 aumbe: of evenic whenever they MUSL wats for 2
scasce esounce, suuh as 1be Provessor or some Inpu/oupul dvice.

Fig. 9.5: A Queue

58
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P Compare perand s to scoumuiator.
Fuction: A-s
Format: st may ber. m (HL), (X + d), or (1Y + )

N 23
oyee
cat
L bytel: BE
X+ ar bste §: DD
byie 2: BE
byte 3: offset vatue

ar+d 7

| omet:FD

ovte 2: BE

byte 3; oifset valus

£ may be aty one of:

At E-on
B - 00 H - 100
c -0 L- o
D -0
Description ‘The specified operand is subtractzd from the ac-

crmulavar, and Ihe resul 1 ciscardes, 1 defined
i the Geschptian of the simEar ADT instructions.

5
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Example: 1010 000 in binary is ropresented by

AL i bexedecima

Exarcise 1.
Rr

What is the hexadueimal representation of

Evercise 1.26: Con
hexadecimai?

ersaiy, what is the binary eguivalent uf “FA"

Exercrse .37 What s the octal of "GL0G00L Y

Headecimai offars the advanbags of encoding eight bl mto or:
f5 two digits. This s eusier Lo visvalize or memortze and faster 13
(ype into 2 camputer than its binary equivatant. Theroforc. on
08t news microcomputers, hexadecimel 1» che preforred method of
Tepreseniation for groups of bits.

‘Sutarally, vhenever the information prosent in the memory has
a meaning, 3uch wa represapting Loxt or upIbers, hexadouimal is
Rot convenient for represaRkin she wening of this iuformation
wien i fe brought out for use by humans.

Symbalic Representation

Symbufic represencation refers ta the external representation of
information in actual symblic form. For example, dectraal muni:
ers ave represented as desimal numbers, and rot a9 sequences of
buxadecimal symbals or bits. Shaiiarly. foxt is represented as
such, Natarally, syrabolic ropresenlavion is wwst yiacticai to the
user. b 15 uced Whenever an appropriate display device is
available, such as a CRT display or a pranter. (A CRT display s a
television-2yp2 stroen used Lo displuy Geal or graphies | Gnfuclu-
nately, in smalier syslenis suct a5 one-boald “MiCrOCOMpULETS, i it
umeconomcal bo provide such dispiags, axd the nser 15 resrieted
to hexndeimal camnusnication wih Lhe computer.

Summary o Hxternal Tepresentations

Symbofic represematicn of informasion 15 he most desirable
since & ie the most naturaf for a human user, Howevr, i ceyuires
an expensive interface in tha Zur of an alpmAnumerc keybuad,
plus w printer or a CRT display. For this reason, it may not be

at
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ach eizmcat, or entry”, Lacldes 2 3-bye abel, and an n-byic block
o7 data, with £ 3etween | and 253, Thus, af mest, zach eniry uses ore
e (256 bytes), Within cuch fist, 2l clommeats have 1he same ‘zmgt see
Figure 9.10). The progzisie, operatng o Hhess two sample its use soms
comson variable eowventions

ENTLEN s the fength of an cloment. For example, f eacd ciement
s 0 byzes of data, ENTLEN = 3 + 10 = 13

TABAST i+ che zase of the list oc tebie n the memery

POINTR i running poiate: La tho current elemeat

ORIECT s the cucrent tiuey Lo be locaest inserted or deleted:

TABLEN 1% che number of entries.

Allfabels are assumod to be distinel, Changing Us sonvention would
require & minar caange if the prograns.

Fig, 9.8): Fhe Simple List
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This Gie wn “underflow” has occurred, by adding (wo large
negative numbees, The result woald bo —189, which is £00 Jarge to
reside n cight Lits.

Exeraise 142 Complate the folluwng sdditions. Indicate the
resils, the carry €. the overflom V, and whether the result s vorret
or nat

WL LU0 iy
411000001 () 41l 1y

= - Vi O
T CORRECT LCORRECT 3 BRROK
90010000 {..__1 oL i
01000000 { +00101 [
v ¢ Vi G
Z1CORRECT I RRRON JCORIECT T ERROR

Exareise 1.43: Can you show an exampfe of overflow when adding @
positive and a nogattve nunber? WHy?

Pized Format Representazion

Mov we know Low to represeal signed intexers. Howevar, we
flave nor yet sesolved the probiem of magnitade, 1t we want to
reproscnt farger integers, we will need severat byles, Ln order to
perform arishmetic operations efficiently, it is necessary &0 use a
fixed number of byica rather than a veriable one. Therefare, ance
the aumber of bytos is chosen, the muximum ragnitude of the
undser which can be ropresented 3 fixed.

Exercise 1.14:  What ave the largest and the smaliest numbers
wiich may be represented in 0 Byies usmg (wa's complement?

The Mugustude Problem.

When adding numbers e hove restricted ourselves 1o eight bits
because the processor e wil use operstes interueily on eigh bits
at a tie, Howover, this restricts us to the numhers in the range
—128t0 +127. Cloarly, bhis is not suffiient for meny appications.

Maltiple precision will be uced to increase toc namber of digita
which can be representod. & lwo-, Liree, or N-byte format may

»
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Divect Addressing (or “Shust," or *Relative™)

s this atressing made, the opzode s Inliowed by ua wght-bi: ad-
ress. “This 3 also iLustiaied i brzwre 5.1, Tac advanags of s 2p-
proach s (o sequre only 1o byles insiead of three for wbsuluie 3d-
diessmg, The U sedvantage s 10 i alé zdressing witkn thus mode 0
addrevses 0 £ 255 ox clse ~128 10 +127. Whet 95 0 10 255 {"page
72007, this 15 aise alfed short agdressing. ar O-puge adcrass g, When.

er short addressing is availatic, abiolaie addeessing 15 ofte called -

ecl adedressun oy contrasl. Tho ranse (28 to 1127 & wsed vl
braneh wstructions. s s zalled relativ addressing

Relptive Addressing

MNora.al junp or bransh instruetions sequire eughi tits fo the upe
care, plus the J5-bit address 10 whizh Flie program kas 10 jurcp. Just 45
n Ik preceding =xaupic, this made b the disadvintage of requirg
thice words, i.c.. thie: memory eieles, To provids mosc o it
brancaing, reluive adsvessing uses ouly & two-word forat, The fies
word 1 the braneh spac:izatinn, usualts ahuug with the tes: 1 is smple-
meniine. ‘Tz second word is 4 cisplacemen:. Sinec tke displaccment
st be posiizve o cgative, 2 refatiee branchiug sEsToston dlows 3
>ranch Sorward 1o 127 locelices (seven-Gits) 5. brauich backwalds 1o
128 ‘ocations (usually ~129 ar - 126, s.nee FC wil bicee been snere.
erementcd by 2. Rezause most louts tend to be Shor, relative hosaga.
11g can b2 used mast of e s aus resuls in signifoy improved
performarce for such short rourines. As an exnsle, we Fve aiready
ased the wstruencn TR NC, whish specifies & ~junig if na cairy™ Lo 2
focation wizkin 127 words € the hrarch instraction {oiore prescly
412950 -126),

The wo sdvaniages of re:atevs addresstag are -mproverd performa.e
{Fomes bytes used) and program relosaahiliy (indiependence o b~
soiute addesses).

Indexed Addressing

Indexed addiessing is @ techiuique used (¢ aocess the emers of a
lock o of & table sucossstvely. Thes will be iflustratad by vemples
210 10 this chapler. Te attple of indexed addressing 1s 1hat the in-
struciza specilies bots af sieer regster and an addross. The cantets
of th regivicr are adcd (0 the xddevss Lo provide 2 finad addrass. tn
15 way, the address cnuld be the begnusing of 2 tabie 1 the memory.

aa
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AND s Logical AND accumulatos with operand s.

Function: AAAs
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. 8.6: Hubble-Sort Example: Phases 13 10 21

The cormest sofuion s to usc a femaurary variable or Jocation 10 pre-
scrve the vaiue of A

TEMP « A
4 ==
B Temp

Tt wocks (iry ot on an exawple). Vs is called a circuler permutatian,
“This fs the way all pragrams iraplement the txchange. This lechrique
 iltustzazed o il flowenact of Figure
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By wamising the bimary representation o numbers, you will
underscand why bits are nimberad from 0 to 7, going from right to
Iefi. Bit 0 is “b;” and corresponds to 2% Bit 1 is b, and ror-
responds ta 2, and 50 on.

e | iy | Dol By
0] 00606000 a2 | 00100060
1) Gooooor 5 { antoooot
2 nooneatn !
31 tootoms :
#1 coooeton :
& | Gooooron i |oonn
HE 6 | osoton
7 oooooiit 65 | azo00001
e i |
& | coootooy : !
10 | 00001010 ¢ 197 {OL11111
a1 | nooo1on1 128 | 10000000 |
1| aoonton 15 | Sanoonat
13 | Gooor1on
12 | Goooiin .
15 | oanori1s
16 | 00030000 -
37| Gootooor .
: 254 | 111110
i | 28 |

ig. 1.2: Decimal-Binary Tuble

“Phe hinery equivatents of the nEmbers from 0 Lo 255 are shown
in Fig. 112

What is the decimal value of (11111002

u
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NOSWITCHINC 1X NEXT ENTRY
DINZ NEXT DEC B, CONTINUE UNTIE
7rR0
HIV BAG.H EXCHANGED - 17
JR Nz, AGAIN  RESTART IF FLAG
RET
SUMMARY

‘Common tlity routiuss lise been prosentod wm Ibis chiprer which

s5e combiaations ol the techbigues we have described i the previors

chapters. They should ailus you o stast desigoing you own programs

0. Many of thess roLues have used  special datn siructurs, i

Cable. Oiher pussibilites exist 2ar structuring dala, and will now be re-
e,

T
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ExHNGENGT

count

Bubble-Sort

The regivcer and memory assigoments 25¢ shown ar. Figere 8.9, and
the progrart 15:

BUBBLE LD (TEMPL HL  TEMP - (HL)

AGAIN LD IX{TEMP  IX = (HL}
RES FLAG. K EXCHANGED FLAG -0
D BC
DIc B

NEXT WA @
oo A D=CURRENT ENTRY
LD @Xen E=NEXT ENTRY
P E COMPARE

TR NC, NOSWILCH GO TG NOSWITCH 1¢
CLRRENT »NEXT

NCHANGE LD (X}, E SIORE NEX I INTO
CURRENT
LD {iX-1,D STORE CURKENT INTQ)
NEXT
SET FLAG.H EXCHANGED FLAG =

sa1
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This s @ powarful feature of the 83 il sumplifies programming.
MNote that the vomFarsson structian executes dircctly on th con
tens of memary, m ineted mode

PV
Whza compring the two numbers, the most mgaificaol byte i cor-
pared sl e Jaast ssgoificant ore second

Rote the extasive use of the indexing Mechaasm in this program,
wvch resulis ue =Iierzn code.

BUBBLESORT

Bucble-sort 1 a sorling fechaique used 1o arrange e clsments of @
able in ascencing vr descending order. M hubbie-sort lechique de-
rives i25 name tror the fact tha Lhe smailes element “bbbies up” (o
e 10p of Lhe table. Every ame 12 *collides' with 2 “heavier” cloment,
 Juonps wver 1.

A practical cxample ol bubbic-tort s sn0wn on Figure 5.5 The list
o b sarted cantaing; {10, 5.0, 2. 100), and must be sorled ' deseend-
1hg order ("0 on 1ap1 The aigoutbu 1s simpe, and the fowekart 1s
shown on Eigure .7

“The 10p o ar clse hatf twojelements are cempared, If the lower
one s less (" ligier™) than the top ane: hey are excliunzed. Oherwise
nut. For practical purpcses, e exchirge, ¥ aceurs, will b2 sen -
Uaredh 1 flag called “EXCHANGED” “he prasess s then fepeated
Or. lte next Zair of slements, ec.. antl all clomen:s bave bren com-
pared twa b 1w,

s Hirst pass 15 SHustiates Sy steps 4,2, 3, 4,5, 6 on Figura 8.5, ga-
15 from <ihe hestam 3. (Eqaivatently so couls go frora the Lop dovwr:

IF o cements hawe been cxsharged, tie sort 15 complerc. 1f an ex-
chanige qas ogcurres, we san £l over

Looking al Figare 4.6, 1t cau be szen that [our cuses are necessary in
\his exampte,

The wrocess 1s simple. 2nd Is widrly used.

e adiditional complication resides :n the eerual mechansm of the

exchange,
Whan exciianymg A and B, ore may not wale
A=B
B-a

as his would resu't 2 e $oss of the pievious vane of A iy it on an
example),
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some type of data ar ar stmuctured information. e have alzeady en-
countered  ypical poinie=: the stack pater. which points 1o the 1on
of the stack tor iualy st ovar the (ap of che sack). We will see tha:
the siack 1 2 common data siruure. czlled an LIFO structure.

55 another example, when using indirect wedressug, 2ae indisect ad-
dress is always 8 potRter 1o he dt izl 90 sishes (0 retnieve.

Kercise 9.t Exaimne Fig. 9.4, At aidress (5 m the wemozy, there s 4
povnter 10 Tabie T. Tuble T siaris ai sddeess S0, Wiat ore he actial
cantenss of the powster ia 17

Fig. 9.

An ladirection Pointer
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ardsred i tunetion o @ specific cx-arion, such 35 alphabetieal ordonng
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asing, for example, 1ncesed addressing, as wo kv dore. 4 block nor-
mally refers (o & group of daa whick s defiane lpmics 3t witcne con-
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1 (disrogard)

Negative Negative

L0 (-2
# 1111100 (-1

SERTA0 (OB VO G (disrogard)
CORRECT!
Negatvs-Negative with Overtlaw

10000001 {~2271

~ 1100001 62t
Wil e VA Gl
{ERHOR}

E
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BIT b,(HL)  Test bit b cf indirectly addressed memory loeation
(HLy
Functron 7 - TR
Formai
by i CB
oyt 2
Duscrigsion The specified bit of the memory Inzation addeass-

ed by the contents of the HL, reguier par s cested
and the 7 fiag s sef according to ¢ rcsult, b may

e any one of
o o 4- 10
L - o0 5 -0
20 6 1o
3-om 7w

Data Fiow
wation

Tuming: 3 M cycles; 12 T srates;  wsee @ 2 Milz
Addressing Mode: Todirect.

Fies: W enn e

2
O

m
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SRA s Shift nght ancmelic 5

Funcunn:

Formas:

=4
5: olfsel valu

B

offsct vlue

byte 42 28

 may be any one o

A- B0l
B - 00 W oy
< —ont L-w
D - o
Deseriion: Fhe voncents of 1k location detecminud by the

speciiic operard arc arithmencally shilied 1ght.
Ths cortents of bi 0 572 moves 1o (e carty Tlag
and the zontencs of 5il 7 cemain unchanged. The
finei resel is stored e the original fovation. s i5
defined in e deserspiion of the similar RLC -
strachons.

an
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9
DATA STRUCTURES
PARY | — THEORY

INTRODUCTION

Tk desien of @ 200d program invalves 1w 1asis: algortine design
and diiu structires desigri In mOSt SIple Progeams, ng Sgriticant
12 Sractu-es are nealved, 5o e mam oRyECtivE in LCALivg Lrograms
annz s desigaing algarithns crd coding fhem officienily m & grven
maching ianguage. This 15 waat st have accomphished hece, However,
desizning rore campla programs also requres an underslandiog of
Ut Straures. T Sa1a SIFUCATES aave aiready been wsed (Arough-
ot Lhe book: ¢ tuble and € ok, The pursase af s chapter is
present olher, morc general, daia Stclures Wiat you may waau
1o usc. This charder 15 rompiccely sndeperdett u? Lhe i Uprovessor,
or cver the computes, selested. 1 i heaetical ard invalves tle logies]
arganization of date w the systerr. Spee-alized boaks st o the L2,
oF Gata structurcs, just as spezialzed HOKS exs o the subjeet of
efiicienc mulplicatian, division 5 other wsial slgorishms. This
cuptar. merefozs, will bo limites to essentiaks only. I dogs nat claim
10 be complete. Th mosr cortamort dai stractures Wit now be revieved.

POINTERS

A Doimter i & numes which 1 used (0 sesignate the Kocation of the
actuat data. Every potier s an add-ess. However, every address 5 not
necessarily caled & poiLer. An 2ddress 1 2 poer only if it points &t

s3
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Addressing Mode:  indexcd,

By Codes: w0 1

Flegs:

Exumple: BT 60X 1 0)

Hotore: Atters

-l g
P I aan )
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Format:

Description:

Datz P

Tining.

Adaressing bode:

THE 280 ISR JCTIGN SET

Loaz the sewcry losations addressed by 23 from
[t

- Lia 4 D e H

Sleli] swe i
: o, by 2
- * low arder
7 myee 3: addeoss,
T g order

The covtents of the L repster are Ioaded irts the.
wory .ocation addrassed by tae memary Ince-
tions muiedciy folicwre he opsods. The con-
eats of the F yeunicr are Joaded 1hto the memary
ociion immediately fuilowing the focation
toaded f-om the 1 reunsier. Te low orde: of the
on adiaress occurs nmedialels wlier -he opoade.

€ M cyles; 16 T stwces: 8 vaee & 2 M1z

Dircct,

a3
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SRE s
Function:
(HLy
X5
@

Descrpison.

an

Logeat sHif? right s

) oot B

oy

byte 15 C8
byie 32 5E.

byte 1: DO
ape 2: CB
ayte 3: affse watue
byte 41 35
byie 1: FD
byte z: CB

byte 2 oifsel value
byie di 3E

= emay b2 any oue o

A £ - ol
B - 000 H - 100
< - ooi Lo
b - ol

he zonlents of the iocation detcrmined by Lhe
specilTz operand are logucally shifled right. A 2650
15 mover! irta 1 7 and the onlents oF bil @ ase
moved inlo Lhe carry flag. The Zival rzsuics stored
back in she onana. location.
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t0p o the stack (twa 1 the sase of te 780y, The pufl operenion consists
of removing one slement from the swck. In the case of a
eroprazcssor, it i the accupiuacor ihat wil be deposited on op of
the stack, The pop will result in g traosfer Gf 1o top eement of 1he
stack mio <o eccuswecator. Other speciatized HsirIcnons may exs: o
transfer the top of the stack be:ween other specalized registers, such 25
che s.atus register. The 280 15 mare veesatile than most in Lins respest

The availabiiity of 4 siack 15 required 10 iTploaRcil -z progran
sning Saciliies wthin 1h computer €yetem: subroutings. interrupis, znd
temporary data slorage, The rele of the stack duumg subroutmes will be
explemed in Chupter 3 {Buslc Programunu Techniques). The rolc of
the steck during interriats will be explamed a» Crapter £ {Input/Out-
gt Techmigues). Fiauty, the role of the stack in saving data at bigh
snesd will be exiained U ing specilic application programs.

We wlil iy sssuric a this point that the stack is 8 required facility
in every comsater systn. A stack may fe ipleneried i (w0 ways:

1. A fixed nunibes of registers may b provided wihln the micro-
rocessor iLseli, This is & “harcwarc stack.” 1t has he advancags of
Igh speed. However, it has “he disadvantage cf & lmited aunber of
registers

2. Mast gencral-purpose scroprocassurs chaose another approzeh,
tha saftware stask, 1 order ot 1 tesscut the stack to a very smail
oumbss 0f regisiers. This is the spproach chosen in the 740, 1t the s0fi-
wart. approach, & eicated register wighin the microprocessor, hare
Segster SP, stores lle stack porater, 1. the adiress of the 1op element
3F the stack (or, sansetimes, Ihe 2ddsess of the top eleraen: of the stack
pius une), The stack 1 then ‘mplemacated g an ares of memary. The
stack pointer will Inerefors requice 16 bits Lo por anywhere
wemary,

mczorDcEsIOn, o o

e |

sk
Bast

Fig. 2.55 The Two-Sinck Manipulation lusirctions
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BIT b, (IX + d) Test bit b of indosed adeiressed memory location

@ dy
Function z —ux'¥
Formai:
byte 1: DB
oyte 2: CB
byte 3; offser value
byed
Descriptton: The specificd bil of th: memory Jacation address-

ed by the conteats of e [X reglster plus Gle gven
Offaet vaiue is tested and the Z flag < Sec According
0 the resalt, b may be any onc of:

0. o to1
I oot a- 60
2- 010 7111
3-on
4 -0

s
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Tanng:

1 cyefes; 20 T states; 1D wses @ 2 Wit

Addressung Made:  Direct

fyte Codes:

Flegs:

Evample:

wlals

.
Ll

T ] tnoeticett

LD {peom;, BC

Before:

o[ |

m






index-430_1.png
THE Z0EINSTRUCT.ON SET

Date taw: v

T 1
|
i
ey B Bl |
wha | Lo n
wia| 5o

Adressing o mplcits UHLY indirects (X + ), OV + 0 e

Bye Codes: SRA ¢

)
<=

Flugs:

Exanple: SRA A

@l
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; ]
Y
s | i v |
s ity
| T
s

e

P s

!

Fix, 218 Typical nsteuction Formats

such as the accunatator o
special cprode.

After cxecution, of the abave 1vsiruction, the sonteats of ¢ wili be
cqual ta the conrenis of r', The contents ot = will naf bave heen
modified by the read apesatinn

Fuery snacrichon, most e represented internatly in a hinary format,
The asave sepresearation LD 5.6 15 symbaiit o smacmone. 1 15
callez the assembly-fangige Fepreserntaon of an isiuction. 3t iy
simply meant a5 a convenient symbolic representation of the actual
binary encoding for thal instruccior. The binary code wiuch willrepre-
sl v zsLrushion 1side L mestory is: 0 DD DS S5 (bils 0w 7).

This representation & st parually syxxbolie. Eseh of the leteers §
and D scands for a binary bic. The three D's, “'D D D", represeat the
thic bu:s pointing 1o the desterstion regisier. Three tyts allow selecrinn
of ane aut of eight possible registers. The codes for thase regl
bear in Figure 2.16. For cxample, the cods for register B s 000", the
cade for register C is “0 0 1", and 50 on.

Simitarly, '8 § §” represents e thres bits pomtiag 10 the source
regster, The cotvention here 15 thal register r' I the source, and that
register 1 is the destnatior., The placerment of she bits in the binary
rapresentation of an Juslruclion 1s nof aeant fox e canvenience of the
Frugrammier, bt for e wonven.ence of the conrol section of the
nicruprogessor, which nius: decade and excoute ths ‘nstruction, The
ussernbly-lorguige tep-esentation, Sowever, 3 meant for the tonve-
aience of the programmer, £ could bz a-gued that LD x,r* should really
amean: *"Teznsfer contents of - into *,” However, the canvention has

er spesial-ourpose cegistess, may have 2

&
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ADD A n Add accumuiator with inmediale data .
Puncion: A ase
Purma
B0 To- e 1:C6
o e 2 e
s
Desorprions The canteats of the seumulator are 3dded 10 the
coments of the mewory loation wmedisrely
Tllowin the up cole. The s2slt & sored i dhe
wonmataor
Data Fiywr
- —
: /
v [E e
\_J i
Tiouns 7Y steoss 35 usee @ 2 Mitz

Addressang Mode

Flogs:

pr——

w0
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Byte Codes: razcoo

Fias: s 1w
T [ T moefteen.
Exaimple: LD AV + 21
Before At

308
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Flags: Bon c

Example: rRD

Before. Afier
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eft nibble:
OFH ZERO LEFT NIBBLE (opuonal)
A 0K ascu

A 2AH CORRECTION NECESSaRY"
M. OUT

Al CORRVCFIGN FOX A TO F

s Canvert HEX t6 ASUL, assunting & pactaa jormes (e

Exererse 3.1
hex digus in 4.

FNDING THE LARGEST i

(EMENT OF A TAWLE

The begmmng address of e tohe 5 contamed at mamory address
BASLL. the first antry of the table is tng mumber of bytes it contains.
“Fhis prograre. wil seareh 707 the fargest cieweut of the fabie. 1L valic
will be eft in A, and (6 pasidon wifl b stored in memary location IN-
DEX.

This prosram uses registers A, E. B, H and L, aod will use indiccct
addressing, 50 that 1t can search a table anywhece In the memory (se<
Figure 3.1).

MAX LU I BASE TABLE ADDRESS
LD BiHL NIBR OF BYTES IN TABLE
LD A0 CLEAR MAXIMUM VALUE
NG HL INFTIALIZE (NDEX
LD (NDEX) HL  NEXT CNTRY

Loop cr ML COMPARE LINTRY
SR NC, NOSWITCH JUMP IF LTSS THAN MAX
LD A (HL) LOAD NEW MAX VALUE
LD (INDEX, HL ~ LGAD NEW MAX VALUE

NOSWITCH INC HE POINT TO NEXT ENTRY
DGR DECREMENT COUNTEX
JRNZ,L0OF KEEP GOLNG IF ¥OT ZERO
RET

5 the st entrs first, 1Fitis greater than . che erilry
The (a1t e

This program
ot n A 2nd its lozatio 15 remembarci o INDE
fry s hen tested, el

“This progenin e Far positive uiiegers.

Exerctre 8.11: Mol ihe progea sa that 1 works wisn for negaiive
v i wo's complen

Exerctse ¥.02: Will s progrant oisn work for ASCH characiers?
Foxerctse B.13: Witte @ prozram which will o7t u saunbors in ascerding

=26
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INSTRUCTION PORMATS

e 70 instructions are lisied o Chapter 4. Z80 mstructions may
e formaied 1 0ac. (o, thrve or four byles. Ap instruction specitics
ibe opzravon to be periormied by dNie micrcprocessor. From &
simplified smndpoinr. every Mruction may he sepresented a5 an ap-
ode fofluwed by an ctional fteral or address fiekt comprising one o
Lo words. T vacods fid sresifiss the operation 1o be carmied out,
I stiet computst ermmolugy, th optode Tepresents oaly those s
i specity the operation 10 be pesforoed, exclusive of th segister
FOICCTS zhat Ii2nt bs necessary. Tu the microprocessor world, it 1 coa-
vecnl Lo ca’l opeade “he operation coce wsell, as weil as any segi
‘Founters whuch 1 migh iacorporale. {his ~generalzed apeade™ Tt
ide 1n an eight-but word for cfficicnzy this is the simiting Facrar on
e number of nstructions avaifable it 4 mizraproszssari
The 2080 uses instructions which ay oe arie, 1wo, thrce, bytes fong
{ome Figure 2151, Howeser, cre Z801s cquinped witn addioioral indexed
iastructions, which requite onc more byte. tn k2 case of the 250, og-
codies are, 11 geweral, Oue byte fong, exeept s specrl instructons
which reqise = two-byle o3eaze,
Sermc instructions require tha: one by'e of data foilgw the opcade. i
such A suse, the msiruction Wil e a two-byte mstrucucn, the secord
Byte of which 15 daa (except (o uidesing, which adds an oxtra by,

n ocher ceses. the MSITUCKiOR Might requice Lo specificason of 2
‘add-ess. An adress requires 16 bits and, therefore, twa byies. In thae
s, the instruction wil be a dhcee-byte o 2 four-byte mitruclion.

For each =yte of the inst etica, th vautrof w2nt will have 1o perform
 memory felch, which wil require Soar o3k cyeies, The shwster le
imstruction, “3e faster th esecuron.

A Qne-Word Fnstruction

One-word instructions arc, in principle. fasiest and are Fasored by
e pregsammer. A typical such instruction for the Z30 3t

Lor e

“This st activn means: *[ransfer the contents of regites ¢ inlo 1.7
This s rypical “register-to-eursies™ oparaGion. Every Micrazrocessar
misc i caquipred with suzh mstruct.ons, hich allows the prugrammer
€ warsfer information from any of the machine's seiters inlo
anather one. Instrictions rerarencing special Legisters uf the machine,

3
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LU« (Y + &)

Funcnon:

Format.

Daa Flow:

THE Z80 NSTRUCTION SET

Lowd cegistan 1 undireut [row adexed memory
location (Y + &)

c—av+a

Ll LTl e o
=D JJM
- byte 3: offset value

“Thie contents of the memory ccanon addressed by
Lk 1Y ingix rogistor shus 1bo given ufsal value,
are lowded wio Uhe specified register. r iy be any
one o1

A= L
B ow g
C - on L0l
D - ow

Timing:

Addrasting Mode:

53 cycies, 19 T states: 9.5 usee @ 2 Mz

indexed.

£l
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RRD Hoiste nght decimel

T L e

Fonr,

The 4 hugi urde s of the memoxy lacaticn at-
dressed by he consants of the 11 ezister pair are
nuvesd 50 the law arder 4 bits of that lowatior.. The
Sl arder bits are moved Lo Uhe 4 low order bis
of the azsunnalator. The ow cer hits of the ac-
cumudatar ase movad to she 4 fegh ovZar bit post-
tins of the memary lacation originadly snceified.
AP oF the atove arcrain, oceus smlluncously.

neserprion;

Dt Fiow:

Timns. 5 M gscies, 18 T stares; 9 usec @ 2 MHy.

Addressig Stode: it

a15
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APPLICAT ON EXANPLES

putpose af the fourth sirustion:
ok 41

Ficaly, the resuining

e is s i mesnory locuttan £.0C,

Exercuve 8.6: The abrove peotlens was 0o sunple to solve, s he in-
temai pariy aciection eucuscry. As an oxereise. ou ore requested o
S0lve e Ssmie problens WIHOL WS (i curcur. SK the cunsenis
o the accumulator. ondt sount the mamber of 1% order to determine
witch Bt showle e writien usts che pariiy posuion,

Exercise 8.7 Using (e Sbove progrom s an exmnple, verifs tie pariey
O @ ward. Yo prast compite the correct parity. then compo t o tie
one expecied.

CODE CONVERSION: ASCT] TO BCD

Converting ASCII to BCD s wery simple. We wili atserve that the
Sesaseciinal ceprescntation of ASCIL characiers 0 3 95 2010 39 ar )
10 B9, depending on paricy. The BCD represccation is simply obraincd.
hy dropping the “3" or i ... maxkmg off dhe Lol aibbic {4
bt

ASCECH CALL 3RACK CHECK THAT CHAR IS0 TQ 9
JENZILLREGAL BXITIF ILLTGAL CHAR
AND  OFH MASK HIGH NIBBLE

LD (BCDCHAR), A STORE RESULL
Etercise 8.8: Wrtre a progeant (o converi D 5 ASCHL.

Eercive 8.9: Wrnte « progra to canvert BCD to buars (mowe dif-
i
RN NI, N, m BCDIS (6N, > 30) + Ny X 16 + N0 X 10 + Nom
binary

¥0 Duluply by 10, use 2 fef shift (= x2), anatker kot shifc (~ x5,
an ADC {= x5}, anothet left 5537 (= x 101

0l R notaticr.. Lhe £irs) wosd may concain the coant uf BCD
digis, the e nibble contair. |he sizn, and every sticcessive aubile con-
tain & BCT) digit (we assue wo decimal pasnis, The kst mible o7 (o
block mey be umssed.

CONVERT HEX T0) ASCI

"N coniacns ane Gsxadeamal digit. We sumply nesd 10 ad a ¥ fur s

EY
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LD (X + 4), FF

Fvample:
Refore: After:
[ — =

— — ~

T woo[ %
= ]

310
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word of*he struction are said to bea iteral,” They are vatu wid sre
treared! as cight bits ithout any pacteviar sgnificance. They could
kappen ta he a character or numerical data. Thi i irrelevant 1o the
operation. The code or s arstraction is

£1000 110 followed by ke tesit hyte *

“This 13 an imtnesiote operation. *lmmsediate,” 0 most programming
angages, means that the nest word, or words, within che ins:ruction
contains & piece of daa which shouid not ge inerpreted (the way er op-
Sode is. Tt aieans that (e nal o oF Lo WOTaS dFé 10 e treated a5 2
Htera,

“he conr=nl mit 15 programmed to “know” how many words each
instruction bas. b will, therefars, ahways ferch and execute the sight
number of wards for each mstrircuon, However, the longer the possible
‘Aumber of wards fat the Instriction, the mare camplex it is For e cor-
rol unit t0 decode.

A Fhree-Word Instruction
LD A, o,

The mstruction: requuss three words. ki means: “Lozd (he ac-
unaiator from the memory addeess specified 1n e nex: twe bytes of

the shscatctian,” Since addresses ate 164t luig, they require two

words. 10 hinary, ihis ssiruction fs represented by

oToiE] 8 s o the opeode
Lovafires | 8 bis for the iower part of the addiess
High cddrew: | 8 bits Zor the upper ert of the addiess

EXECUTION OF INSTRUCTIONS WITHIN THE 280

Wie_have scen fhat all nscrustions are executed i duee phasest
FETCH, DECODE, EXECUTE. We now ncd to (atroduce some
definitions. Bach of these phases wil require several slock oyelcs. The
280 executes each phase in ope or more logical cycles, called &
“mactine aycle.’” The shortest machine cycle lasts three cfock ovcles.

Accessing the memory requires three cycles for any operands, four
clock eycles for the nstial feica. Since euch inscruction must be fetohed
Fiest fvom the themory, the fastest instruction will require Four clock
sycles. Most instractions will cequite wors.

Bach snaclinie cyele is libeizd as M1, M2, ete,, and will require three
o sore clock cycles, o “states,” fabeied T1, T2, et

o
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g 3 M el 1T states: 5.5 usee @ 2 MITz

Addressag Mode: Indirczt

Byt Cucies r

s
faaefrecy,

Fwanpie RST 380

a1
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(1X+0,0 CLEAR RESULT LOW
X+0,0 AND HIGH
ADLOOP A, ¢l GET TABL . ENTRY
ALK A0 COMIUTE PARTIAL SUM
(=2, A STORE [T AWAY
NC. NOCARRY CHECK FOR CARRY
@ ADD CARRY TO HIGH BYTT:
NOCARRY INC HE POINT TO NEXT ENTRY
8 DECREMENT YT COUNT

N7. ADLOOP  KEEP ADDING TILL END

] |

i |sast

v ¢

W 5

1y
!
|

o |
L sung
e

Fig. 8.2 Sum of N Elemeuts

“fins program 1 straizhelarwerd and should be ssif-expranatory.

Exorcise 8.15: Modify this program 1v:
a—compnte @ 3 sumt

b—ccmpute o 32-bi sunt

< —detect any overfto.

A CHECKSUM COMPUTATION

A checksur s a digit o set of digits compitted from & atock of sue-
cessive characters. “The checksum is compuled 21 the ume e data 15

28
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The powers of 2 are:

R L L LT P L)

The binary representation 1 eanlogous to the decimal representa-
tion of numbers, where 128" represents:

1% 100 = 100
“2x 0=

-3x 1= 3

=12

Nota that 100 = 10% 10 = 104 1 = 10¢

I thus “positionzl notation,” each digit reprosenta o pover of 10,
I e hinary system, each binary digit o "bit” represents a pawar
of 2, instend of a power of 10 in the decitial system.

Example; “00601001"” 1n birry reproscns:

)
29
2
2
24
@
@
ox128=0 (21
in darimal: )

Les us cxamine some more exarapies:
20000001 represents

n deciunl;

+1000001" represents, therefore, the dzcumal numser 129,

m
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been crosen in order to mainiam compacbility with the i
representation in this ezse. t & maturally arbiirary

Exwrcise 2.8; Wots bslow the birars code witich wil fransfer the corr

tents of register C mto register B. Consule . 2,16 for the codes cor-
responding to € and! 5.

Anorier simple example of 4 anewasd instsuctivn i
ADD A,

This instruc3on will result i adding ke conas of a speciiicd
newsicr (11 2 the ascumulaicr (A). Symbolicelly, this operacion s e
tepreseated by: A = A + 1. 1t can e verified in Chapter 4 that the
binary representation of s nstruction s

10500853
whero $ S 5 specifies he cagistet 10 be cdded Lo the zeeumulator. Agai,
the register vorics appear in Figure 2.16.

Exercise 2.2: What 15 e Linary code of he uistruction which Wil add
the contents of register D 1o the accumdaior?

{ i
T ‘
e !

EEES |

- o)

‘Mu’n

Fig. 2,16 The Register Codes

A Twa.Wosd Instruction
ADD A o

‘This simpc two-wors insteuetion, il add thie conlents of the second
byie of the instruction t the acewiulatvr. The contents of the second

@
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LD (IX + N Load wmdexed addsessed memory lovion (X

Funcnon:

Format:

Peseription:

Daia Fiow:

Addyessng Mode: - Incencd/immediate,

Flogs

A vl medinge dara

X + @ =n

byt )i BD
clbne2

e - ot vave

] oyte 4 nediato
data

e coniens of the memory 'ocaion immediatcly
following the offset are transferred ingg the
memory focation addsessed by the conteuts o7 T
index regisior plus (he given offset valas.

M cyetes: 18 T statss:

e @2 ML

-

inaeffect)

3y
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Rostart a p.

Funcsion 5P - 1)~ PCgni (57 - 21 = BCloui SP =S
= 20 PCypgh — 5 PCoy = B

Facmar

Deserprion: The sontenss of the progien counter wre prished
oo the stack as described - the PUSH mstruce
vgus. The speificd value for p1s then bded inta
fhe PC and the nes: wstructicn = feiched from
Liis vow address. p may be uny one of

0H - 103 01 - o
usH - 008 285 - e
H 0K - 110
184 - o e - 0

“This insteucrion performs @ jumip W aw o sighi
sarting agdresses (n low memory wond seires only
a single Eyte, (¢ may e coed us i fast ) espuLse 1o
anmiertipt.

Daia Fiow: P—

a8
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FoRITG | Mok
e e

3
ey Py
s e
.
| S
" ntarsnG
AovressEs

order.

Exorctse 8.14: Wrue @ program whacds il s07%  namies €3 charucters
wuch) i aiphabetie order.

SUM OF N ELEMENIS

“This program will compute the 16-bit sum of N positive encrics of &
énble, The sarting address of the tble 15 contained ot meriory address
BASE. The first entry of the table contains the mumber of elements N,
‘Thie 16-bit sum will be Left in mesnoy tocations SUMLO and SUMHL 5
the sum should requirc more than 16 Sits, oniy the fower 18 will be
(The bigh orde bits are said o be tuncate,)

s progeam will modity registers A, . B, H, L, IX. [t assumes 256
clements maxiawm (sse Figure 5.2)

SUMN LD HL.BASE  POINT TO TABLE BASE

LD BL READ LENGTH INTO
COUNTER
SUMIG NG HL POINT TO FIRST ENTRY

LD EX.SUMLO  POINT TO RESULT, LOW

527
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s bssn desigrac boih as an oducatonalfex & ¢ a el ontaned raerance book As uct, |
AT be e 55 COMPICE FFO0UEIOy 509K an PIOGIATITAG. 1ANGnG i the B comoucte
dvanced cata siuckce manpuiaions

ole0 conains o comprenenste descrcton ofal o Z80 nsuctons s wel s s e sl
operato, vl Shold HOce = orTprEhanea eference o he 16408 WG i 16 o
i e prircies of prograrmming bl wihis 1o earm ns 280

i Uk 1 fesll o xionsie axperianc by 1N Auhor i the 1ol cf e sion e
procraining As such 1 has been dasianod fo a cear and asy 1 /6ad. Al Soncan's
ntined I simole vel prcies erms. bulcing progisssvaly owarde mors compiey echicuss |
Tl feador il Gait ot 'y an Undessianding of rograrving in he ngucu f (15 280 - Bl
a detalec uncerstardng o 11 way & mCTopiccaseor such a 1o 280 A5k aly 6n6 Aot
Insructing. The reader wil oow b flow ofexcculr bebwesn e vafcus giters and acng
e buses. This s indispensibofor ffeciv precramiming al macnine vl I 1o w1 o
IETGBOCSSS0rS Bocaust Grograrining i3 oL UG 10 Skl of o 41 SgSIT 110's
programiing enguege but a0 1o a1 dsigig approprale data suctree on ceensive

for 51 Gata STUCIIGS 1 D1OSGnIOR. Whien b irocutss e orcepts snd act i
Srograme. Tne “eacer wil frd here s, tasies. bivary e, s e agar .

Aer reading i book,te roarir shauld ave 35ured 41100 basc e roqat 910
orogram -ot just ath clomentary el bl i s pracica sasee

ABOUT THE AUTHOR

O, Rotinay Zaks has boen voved il e ncustral use of MicopI02e5rs sincs hy st
3pree i 1S 1 ! of 4 Lavber of bt sa 40 bocks an il SEpACS of AT 015
HFas tavght mcroprocassor co.rsee 1o mora ha: &,000 asonl (et aionaly. aning -om e
Intoductorylovel o i i rootograrTming fochiaues: He Mol & .0, n Compute
Sclonce 1 the Unversy of GalfrTia at Boreoiy, and s memoe of AGM end ILEL

b
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THE Z80 INSTRUCTION 51

RRCA Rotats accumutarer 11 il bracls carry

Funerion,

Fortna

Descripiion: The ennleans of the aceusufotor wre rotuted righ
o bt pesition. The cowents uf tu 0 are moved
1 the eacry Tlag as wel' s 1o bt 7

Data Flow:

Tining:

Addressing Mace:

Flags: sz s

Cietbypi0of A

Exampie RRCA

Berors; Aters

ats
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6 the metrictior 13 greuset thar the vacus contained {6 the uecumu-
laor. 14 will b reser ¢ 0V}l fess thian or capial.

“The ast instruction, CP A, forees 2 1" into the Z flag, The Z g it
used to indicate 10 the calling routine that the character in CHAR was
inlcod in the faterval (0, 9). Other conventions can be uscd, such &
fosding a digtt in the seeamutator in oxder to indicate e cesuiz of 2ie
ey

Exercise 8.4 I5 the foliowing progran cqiivatent fo the ore Gbovel:

LD A (CHARY

s a0m
™M OUT
stz 10
JF_ P,OUT
DD 10

rercise £.5: Derermin if an ASCHI character contavied ws the accuis
laior i ¢ lextr of tie alptabet
When using an ASCIL table. you sl notice that guriLy 5 offen usc:.

For example. the ASC 207 "0 15 5110000 a 7-bit cod. Horever,
if we use oud parity, for canple, we guaranise thal the otal number
of ones in 4 word s 6d: then th cade becvaes: “ISLION”. A BxlTA
1 s wddez to the loft, This & B0 in exadecumal. Ll us therefore
develap a program Lo generate Darity.

PARITY GENERATION

Tais orugiam will gencrate ag evea palty witle bit Fasiion 71

PARITY LD A, (CHAR) ~ GET CHARACTER
AND TEH CLEAR PARTLY BT
¥ PE.OUT  CHECK IFPARITY

ALREADY EVEN
OR  80H SET PARITY BIT
oUT LD (LDC,A  STORERESULY

The prograun uses the incernal paricy detection are it avadlahle in the
z80.

The thire instruction: P PE. QUT chesks whether parity of the
word in the accumulator is already even, This instruction wilt suceeed if
fhe parity is cven, “PE". and will exit.

1f the arity 15 not eves, «2.. i L fump instrection failed, dien the
parity 15 odd, and @ 1" wus: be wrirren in buc position 7, Ths is the

EN
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The R cegiste is the memary-refrash regesier, 1 i provided 1o refrest
dynamic memorias automatically. Suzh a reister has raditionatly been
Tocaied outside the micreproceiscr. siace it i associacd with the
dynamic memory. It s & convamcnt feelure which minimizes the
aimoun of extemal Jardwese for some ypes of dyoermic memarics, 1t will
not be ased ere for any programming purposes, as i is essentially
harducre feaure (see reforcnce C207 “Micropracssar taterfacing
Teshaigucs' for a decaiied description of memary -efresH echnizues).
However, it 1s possible 10 se it a3 3 software Slock. for exampe.

Let us iuove now (& the far eft of the ilustration. There the canirol
section of the misrepsucessur is loratzd. From 103 10 bottom. we find
st the mstvuzion regusier IR, whicl will zonkion 1he instriuclica (o be
xerated, the LI reglater s totally distnet frecm the *), R register paur
described above, 1h instruction is raseived fron 1he temary vie the
dua bus, s lrensmittec along 1he -nle-nal data bus and s finaily
depositec nto (1€ instruction reyister. Belave he iestrustion register ap-
pears the decoder which wilf send signals 10 Ih: con:zolior-scauencer
i ceuse the execution of the instruction within fhe Micropracesso:
and outsude it, Thie contrui sectivn gencrates and manages e sontrol
b which upzcars at the botom par of e ilustration.

“The three buszs raraed of generated by tme system, Le., the dute
buis, the acdress bus, aud Uie conirol bus, pronseate owside the
microprocessor wiruugh ts pins. The externsl conmestions are shown
an e nght-mest part al the iltustearion. The biset ase isolated from
the cutsde through ullers shown n Figure 2,14,

A the logical e.emenis of the Z80 have now besn described. 1613 ot
essential ta understand the detuil:d cperztion of the Z80 in urder
sare weiting progrems. However, fos the progeaucner wio wihes
weite efficient codes, Hhe speed 07 4 program aad its sue wil depend
upo e correct chowce of registers a5 well as the corrsct chorce of
techmiyues. To make a comest choice, i 5 negessery to understant how
mstructioas are executad within the micraprocsssor, We wil therefors
examine herz the sacsution of “ypical instractions mside e 240 to
demonstrate the role and ase of the Interna, registers and buses,

6





index-522_1.png
ICATION EXaE

s them  varions ways,

TESTING A CHARACTER

Let us determire ¥ the chatacter at memory location LOCs cqual o
0.10r2

20T LD AQOCD)  GETCUARACTER
< IS IT A ZERQ?
P2, 7ERO JMP 10 ROUTINE
e m A ONE?
P 7, 0NE
o0 ATWO?
oz
P MUIEND FAILURE

W2 simey read Lhe cheracier, e, use e CP irserustion o cheok its
vaue
Let us 1un u dhferem test an.

BRACKET FESTING

Let us detorrine if the ASCIL chara
digit betsvoon 0 and 9

axmemory location LOCisa

BRACK LD A[LOD)  GET CHARACTER
aNDTHT MASK OUT PARITY BIF
[ AsCir

R CoouT CHAR TOD LOW?
[ ASCIS
JRONC,OUT  CLAR TOO HIGHT
P4 FOKCE 7FRO FLAG

OUT  RET EXIT

ASCIL ™0 15 reprosentea. in hexadecimal by 30 or by “BO™,
deperiding upon whether the pasity bit is used or o, Siriarly, ASCH
9" is represented in hexadecimal Ly <39 or by B9,

The nurpase 7 e second smstrucion of the prog-an i 1o delere bit
the parity 3. n easc it was sed, <o thal the progeam t3 applicanie to
both eases, Thie valuc f e chara ter 15 Lhen compgred ta the ASCIL
valucs for 07 wad "9, When usiog a corrpanison tnsteucton, the Z
laz 5 set if the comparisan suceseds, The cazry bit s set in the “asc of
Lonuw, and reser ouierwise. 10 GE1er ward, whei osieg the CP in-
struction, the carsy bit will be sol  the valus of the lite.al U appzacs

513
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s s i 4 wvwc
i T olef
His ser by carry out of bit 1.
Cisset by carry fom bit 15.

Example: ADD DX, 5P

Before: Ater:

O R 275

ES T Tl £z
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LDAY + &), 5

Fianciton

Formar:

Description:

Duru Ftow

Tuming:
Adderssimy, Moo

Bie Caddes

THE Z30 INSTRUCTION SET

Laad indeed addressrd memors iosation (Y +
@ Trom: segister
av -

byie 11 ¥

byte 2

byie 3¢ offset vaie

The caatenss of e spesified romster ate foadd
lo the memory lazatsar. aderessed by the con-
tenls of the indax repister pivs ihe green offset

<aite. ¢ may be any onc ol
A-an E ou
B - 000 R
< o Lo
b - o

5 M s 19 T staless 9.5 e @ 2 MHL
Indexed

e
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ADDIX, 7

Funchian:

Format:

Descrition:

Data Fiow:

Tinung:

20 INSTRUCTION SET

Add X wth regmes i e

o 1x
T el e[ t]ese i: DD
(ool e 2

The contens of the £X register are added to the
contents of the spesificd registar pair and the
e s stored back st IX, e mzy be anyons cf:

BC - 00 - 50
OB - 01 SP - it
/—ﬁ“——\

]
)

‘E

\ $C“
,s?

4 M cyeles; 35 1 siatoss 7.2 wsec @ 2 MHz

Addressing Mode: \mplcal.

Pyte Coues:

o 1x
vo- gz

5
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Addrassing Mode:  tndexsc.

Bote Uades:

Flags:

Fsampie

(no affect.

LD X +11,C

Betorc: Afier:

=

34
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Flogs: s W ed
lojo[ T-[Te[ fe;
His set i horro o bi 12.
Cisserif borrow:

Example: sBC HL,DE

Before: After

]
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Add 1Y and cegister pair .

Function;

Formai;

Daseription The coptens of the 1Y register are uldeu 1 le

contents of the specified regiswer paic wad the
sesultis stored back w EY. 1 may e any one of:

BC - 00 -
DE - a1 FUSSH

Dulg Flow:

Timung: 3 cyeles. 15 T states: 7.5 uses @ 2 MH

Addvessing Mode: Tapier.

e

07
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DAY + @), 1 Loud indexed adaressed memory location (1Y +
) with immediate data

Funcrion ar e
Format:
ST Tl o[ 1] e D
T o byte 2: 36

Byle 3: offset valuc

byte 4: imediate
data

Descrition The comtents of the memory location immediately
following,the affsct are transferred into the ie-
ey location addressed by the cantznts of the
index register plus the given offset value.

Data How:

Tming: 5 M cycles; 19 T states; 9.5 usec @ 2 MHZ

Addressing Mode: - Indexed/immediate.

Hags: sz w

[

£
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binary | oclul

o
‘\
z
5
i
06
10 ¢ 6
wi o

big. 1.7: Qetat Symbuls

For example, "00 100 100" Uousy is reproseused by:

Y v v
0 4 4
or “DAR" in octal
Another exampte: 13 111 1LLis;
[
a 77

or “377" in oetal,
Gonverseiy, ths vctui 211" vapresaiits
o1 001 001

o “A000100L” binacy.

tckat bas traditionaliy been used an older compuiers which were
employirg varioua aumbers of biss ranging fram  ¢o porhaps 64
More recently, wich the dominarce of sight:bic microprocoss
the cight.bit format has dacame the suentard, und anosker fure
practical copresenlation bs usedl. This is hwxedeeisnal

To the hex il representation, a group of four bits is ex-
coded 95 one hesadecimal digir. Hexadecimal dighs ars
repruser.ued by the symoofs from G to . and by the letters A, B, C,
D.E.F For mxamale, "0000" is reptesented by "0", "0001" is
reraseted hy "1 and “1111" i representect by e lstter E”
(sex i, L),

a
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RLOCK TRANSFER

et us pick up every churd eniry in the suurce bk at address FROM,
and store s into a slock w aceiss TO

FER: 1D  Hi FROM

LD DEIO ST UP POINTERS
LU G SUZE

Loor Lol AUTOMATED TRANSFER
NG HL
MC AL SKIP 2 ENTRIES
P PE LOOP

BCD BLOCK TRANSFER

e il 2sh wp BCD digrs 1o the memory, 1o, bift -t atihies
(secFigurc §.3). Tne program avpears brlow:

7 )
ot

[ !
g

 — coune
¥ig. 8.3 BCD Block Translor-The Memory
DMOV [D B, COLNT
LD HL, BLOCK
OB A A-o
100P XD
DEC HL POINT TO NIXT BYTH
DINZ 100F DEC COUNT LOOP LINTIL 7ERO





index-30_1.png
BASIC CONCEPTS.

Overtlow wilk oceus in four situslions:

I—adding large positive mumbers
adding tazge negative rimbers
biracting a larga paritive mmber from o lirge nsgative

aumber

A—subtracting & arge negative mumber from a large po:
mumber.

Let us now improve our definition of the ovartlow:

Technically, 3t overflos indicator, a special it rasarved for this
purpose, and'talled a “flag, " will be set -vhen tere is & carry from
bi2 6 nto bit 7 ard no excernal carry, or elee when there is 5o carry
Erom bit § into bit 7 but thero is an cxtermal carry. This indicates
that, bit 7, £, ke sign of the zosuli, has boer occidentally
changad. For the teckmieally-minded rescler, the overilow fleg is
s by Exclusive ORing the carry-iv and caery-out of biL 7 (the sina
bith Practically every micropracessor is supplied with a special
avetiow: flag to automatically detect tus condiion, which e
quires corrachive action

Overflon indicates Hn. the vesl
requires mare bits than are ava
registor used o contain Uho resil

Pan addition ar 4 subracsian
ble in the standard sight-bit

The Carry and the Doerfioes

The carry and L overflow bils sre called " lays. " They ure pro-
vided I evesy microprocsssor, und in the nest chupter we will
tesen L use Uhem Luor efleclive progeanuming, These (o indicators
are Jocatad in 2 special register called the fags ar “stabus
register, This regiater 6lao enniaina widitional inivators whnse
function will be clarifiod s Chapter 4.

Examplos

Loy us now illustrate the operction of the carry and the cverflow
i sclual examples. 1 cuch example, the symbol V denotes e
overfiow, und C the cerry.

If thete has bezn no overflow. ¥ = 0. If taste kas besn an
overflow, V = 1 fsame for the carry C). Remember that the rules of
two's complement specify that the carry be igmored. (The
muthematics] proof 15 nor supplied here.s
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‘The FETCH Phase

The FETCH phase of aa istruction s implemented curing ‘he first
e stares of maciune cyele M1; they are callet T1, 12, and €3, These
three stases arc comman fa &l instruchons Of 1he mieropraeessar, as all
iostroctions must be fetched priof fo exscunon. The FETCH
mechansm 1s e folloving:

€15 PCOUT

The st step 15 10 prescot the address of the next instruction (G e
memory. This adress s containud i the prograra countes (PC). As lhe-
first step of any 1astrustion Feich, the contents o7 the PC are placed on
she addrzss us (see Figurs 2,17), Al this pomt. an address 15 prescnied.
10 the memory, and the menory address decadlers will ecorle fhus ad-
deess m arder 10 select the appraprale facw:om wikin 1 memory.
Neverat hundred ns (a nanosecond is 107 sceord) wil clapse fhefar the
conicnts of the sclezted memory Location become evailabls on the oul-

s 1 T
i s
_ .

= ——

- 207 Instraction Fetch—(PC) ks Seut w the Memory

£
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ADDA,r Add accunsuator with register 1,
Hanction A-acr
Format:

Deseripiion: The contents of he accuroulasor are added with
the comtets uf the specifed register. The sesult 1s
‘accumilator. 1 may e any one of:

aA-m E-al
B - 000 H - 100
c ool L-wo
D - 0w

Dure Flow:

Timeng: U oycie; 4 T states: 2usce @ 2 MHL.
Addressing Mode: mpicis.

Byte Codes: 1 A B T

SRR

Flugs.






index-419_1.png
PROGRANMISG THE 750

SBCA,s Scbiract with borrus secuiulaior aad specified

operenc:

Funerion,

Forma:

byie 1: DE

byte 2: myedaic
dara

bite 119E

(HL)

ax+d By 1 BD

9E

by 3t ollset value

ay @ byte 121D

byle 2: 97

Gy 3t offset value

- way be any ane of

A - E - or
B - oo - 00
[ L
D - o

Deserrgnim, The specified operzrd s, sunmed with the con-

tents v e sty ag, § subteacied from e zon
tonts of the scewevltor, and the resul 1 plaed
n the aceumuiatar. s s defined 1n the deszrintiou

of the sixilar ADID ics:ructions.

a2
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stored and put at the sud, T urdior 10 verify the Integrity of tae data, e
el 35 Trad, then the uhiecksum is recomputed and wompared agamst
the storod value. A dise:spaicy mdicaues n error or a failire.

Several aiporithms are used. Hae, e wEl exclusve-OR ali bytes
fable 07 N cioments, and leae the result s the accunulutor, A3 usual,
the buse of Lhe tabic is scored a: address BASE. The first entry of (e
able is its rumber of cloments N, The program modifies A, F, B.H, L.
N must be ess than 256

CHKSUM LD HL.BASE  LOAD ADDRESS OFTARIE
INTO HL
D B, iy GEF N = LENGTH
XOR & CLEAR CHECKSUM
NG 18t POINT TO FIRST ELEMENT
CHLOOP  XOR (1L COMPUTE CHECKSUM
INC HL POINT TO NEXT ELEMENT
DEC B DECREMINT COUNTER

IR NZ, CHLOGP DO IT AGAIN IT NOT END
LD {CHECKSUM,A PRESERVE CHECKSUM
RET

COUNT THE ZEROES

£ program vl coaat the 221 oF gerues in cur usual table, and
leaws it locacion TOTAL. It modifies A. B. €, H, L. F.

ZEROS LD Hi,BASE POINTTO TABLE

LD RHL  KEAD LENGII INTO COUNTER
1 Co ZERO TOTAL

INC HL POINT TG FIRST ENTRY

LD A(ML)  GET ELEMENT

OR 0 SET ZERD FLAG

JRNZ NOTZ 15T A ZERO?

weC IE SO, INCREMENT ZERO COUNT
NOTZ INC HL PGINT TO NEXT ENTRY
LEC B DECREMPENT LENGTH COUNTER
RONZZLOOP
LD AC

LG (TOTAL, A SAVEIT

Exercise §.16: Mctfy this progean, i cuimi
a—tite wimber of stars {rhe cheractcr “*")
—tite rumber of letrers af vhe alphanet
—tite runber of diguts hervser 0" and 9"

e
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Ecample APD HL.HL
Before Afeer:

C— W[ i T

[E—

204





index-312_1.png
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IR AX + ALy Load iadexcd addrswsea memory locativn {IX +

Funeton:

Format

Pescripton:

Data £

Timing:

from segister 1

(X + dler

ol by np

byte 2

=
" byte 3 offsct velue

The conicats of specified register ace ‘oaded inta

the memary tocat-on addressed by Inc canteats of
theindex reg:star plus the given oftse valie,  may
beany onc of:

A-La E- o

B - 000 H - 100

c -t L- 10

D~

B -
[ —

5 M cycles: 19 staves: 8.5 usce @ 2 MHe

a3





index-421_1.png
PROGRAMAING THE 260

SBC HL,§  Subiact with boreow HIL and regnien pair 5%

Funnoo HL=HL - 35— €

Fovar:

Pesceiion: “The ccniets of the specfied cegste paet alhs the
wontems cf the sy lag are subrzacted from the
cangents uf the B register pair and the result is
sored sack o HL. 55 may b any one of:

BC - HL - 10
PR 0l sb -1

Deta Fioy

Timng: &M eyeio 15T statess 7.3 use

MHz
Addressing diode: - Tnplia:

Ayie Codes oo w

3
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APPLICAIION XAMPLES

“The prugeam 353 the RLD instrtetion, huch we havs rof wsed yet.
KLD rotates a BCD digit feft betweea A uid (LY, {HL or M designate
ths contents of the memery focavor. poned Lo by H aud L.

1 LOW goes tmio M HIGH

11 HIGH goes 1ota A LOW

A LOW goes ino M LOW

Here, “low'" wnd “high” celer (0 a 4 bit aibbe.

n order ta sz the poworful DINZ yictroction, resicier B is ased 55
the dign councer. HL o ael t poin to <he begnaing 2 the blosk

A s st o sore the s dip | isplaced by each rotzilon betwveen
o snecesave accesses fo the block.

By sonvension, “0" will be eni

a the botiom of the blavk,
COVPARE TWO SIGNED #6.BIT NUMBERS

IX 20ints to che fist mumber N1
IY poinis 1o N2 (see Figure 8.4,
“The prograci sets Uie carry e (fNI N2, nd the Z bif if N = N2,
COMP LD  3.UX+l  GET SIGN OF NI
b AB
AND  80H TEST SIGN, CLBAR CY
IR NZ NEGMI NIISNEG
BT 7 @ven

REL N/ 2 1S NEG
L AB
P aveh SIGNS ARE BOII POS
RET  NZ
LD AN
e av
RE:
NEGMI XOR Y +1)
RLA SIGN 1T INTO CY
RET C SIGNS DIFFERENT
D AEB
P uven BOTH SIGNS NEG
RET NZ
LD A (%)
P an
RET

The progin st tests the signs of N1 and 82, 50 NI 5 negs

tve, a
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10 few crocptional mucroprocessors, such as the tw-chip FS, there 13
o PC or. the micropracessor, 1his does not mean that the sysiem dees
ot have a program couner. The #C happens to be implentsnied direct-
Iy on the memory chip, for Tensons of etfictency.

Stuck Pointer (SP)

‘The stack fas ! brer ‘ntroduced vet and will b doscréhed in cie
next section. In most powesful, general-parpose microprocessars, 1he
stack 15 implomented i “software, |¢., vithin the memmory. 1o order
10 keep frack of the top of this stack. wilkin the memory, a 16t
register i dedicatsd to the stuck pointer o SP. The SP cantafhs the ac-
ress of the top of the stack vathin the memory. L. will be show that
the stack is indispensabic For iaterrupts nd for subsoutices.

Index Regivter (%)

Bidexing s a memory-addressing tacilty which i ol always pro-
vided in microproczssors. The various memary-addressing techniques
will be described in Chapter S. Tndexing i a %acility for accessuig locks
af aata i e mesnory with a single instruction. An fndex register witl
typically contain @ displacemssat which will be autamaricaly 2dded to 4
base or it might contain a base which would be added ta a displace.
et} In short. inaexing is used Ly scosss any word within & black of
dats.

The Stack

A stack Is formally called 20 1IFO structuce Gastin, first-out). &
stack i a set of registers. of memory lacations, ailucuted 1o his data
siructure. The essenural charactetistic of s stractuce is that 1 is
chronological structuve. The first element intraduced into the stack s
245 at the portom of the stack. The element most recently depashed
in the stack 5 on the top of the stack. The azalogg can bo drawn with 2
stack of places an a restzurant vounter. Thare i 2 fole in the conter
wath = spring in the botiom. Plaies are pilec’ up in the ofe. With this
orgaszation, it i guaranteed thal the plate which bas been put first in
the siack (che oldent} s aweys at the bottow, The one 14t has been
placed most recensly on the stack 1 (he oz which is on top of it. This
exauiple also flusirates anather characreristic of the stzck. I normat
use, 2 siack s only accessible vl two instractions: *“push” and *'pop”
{or "pull™). The push uperation resils in depositing one clement on
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T2PCuBC + 1

‘Wheile te memory is seading, the conten:s of the PC are incremened.

by 1 (e Floure 219 Al e end of state 72, the comieris of wic
memory are avaldble and o be wrandered il the wio-
processor:

T3 INST into 1R

Fig 2.15: PC s Increneated

‘Tve DECODE and EXECUTE Phases

During state T3, sne insiruction which has been read owt of the
fmemory 15 deposines 0n the dara bus and transferred into the Insoruc-
tion regiscer of the 280, from which oint it is descded.
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compatiblc with the standerd tnodei we have Jescribed. The ectuak
punouL 15 shom in Figure 7.6, 334 block diagra is sown in Figars
X2

Each PIO port hax six registers: an 8-t input ecgister, an &bit out-
it rister, 4 2-bk modc-controf regisier, wn B-bi¢ musk cegisicr. 30
5-bit input/upus select (direction register). and a 2-bit mask-controt
register, The fost three cegisters are nsed only wh the port is progeaz:-
med to opesate in the bit mods.

Each port may operate in one of four mades, a5 selecied by the con-
senis of the mode-control registers (2 bits). They are: syte outpu, byt
iuput, byis bidirectional bus, and bit mode,

“The 0 bis of the mask cantrol rsgiter are loadset by the progeam-
ster, and specify e bigh or iow state of a peripheral device which is 1o
‘e manitored, wid corditions for whick an fnicrupt can be generated,
sonorated. E

The B-bit input/cutpul select register alaws any 7in to b cither an
At or an ouput when operating in the bil iode.
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BASIC PROGRAMS FOR SCIENTISTS AND ENGINEERS
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Mictosall BASEC and can 1an an the TRS.8, ATTLE I snd PET/CBM.
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‘Financia Rano Ansiyes, PortZolia Management, acd much more,

BASIC FOR BUSINESS

by Dauglas Hergert 50 np. 13l R
A Igaally organzed, nomanseme irodtcuon (5 BASIC progamming for
Dustiss aoploaizus. Incaudes sany Toly explained accowsing pograts,
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YOUR FIRST COMPUTER

by Ratnay Zaks %0 pp. 130 i, Re” CA00A

The mot popular ntecduction Lo smal computers and thex peripherals: wAal
hey e et Fony .

DON'T (o¢ Huw v Care fur Your Computer)

v Ransy £aks 220 pp, 100 it Re”, C300

Thc et way o hardland eare o il cleanentsaf s mpuce sysicn mciing
har 0 do When SoRICTIN CocSHt WOk,

INTRODUCTION TO WORD PROCESSING

by Tl Glataes 300, T, Ret. W01

Explains n plai larguage what 2word precesso caa do, haw t1mproves preus-
ity hge 0 Use  Word rogsssor and b 6 DLy an SGY.
INTRODUCTION TO WORDSTAR

oy Artr Nudoran g, 3045, Rel, W10

Maes 2y 10 5250 Do (052 WORSGr, 3 pOWertll ward BrOSESHIR F10gran
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FROM CHIPS TO SYSTEMS: AN INTRODUCTION TO
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Iz, 7.5: Using  PIO. Read INPUT
Programming a P10

A typical seguence, when using a
sutzing au inpuy:

PIOichannet, i the Followig (as

Load she control ragster

“Thus 13 accompiished by a programmed transler betwesn a Z80 re-
‘aster (usaally the accunalatos) and the BIO control registes. This so:s
2¢ aptions ard operating mode of the PO {see Froure 7,2), 1t fs no-
nally dorc only once at the beginning of a program.

Loud the direciion regiszer

‘This specifies cae sirection in which zne 1/ ines will be used. (See
Figure 735

Read the status
The siapus registes incizates whether & valid byte 1s svailable or. in-
put. (e Figare 741

Read the port
The byt o inkor i 780, (Sec Figare 7.5
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An mternal carry has been geaerated from bi 6 o bit 7. This 15
called tn overflow.
The result 15 nusw negative. by accidert.” This situation tust
be dotacsed, 50 that it con be corrected.
Lt us exumine auolber silusuios:
LML (=1
T -

L 1110 =(-2
v

carry

Tt Ui cuse, an anternal carey bas beer, genersied from bit § into
it 7, ard afso from bit 7 o bit 8 (the lormal “Carry'” € we Have
exanvined 1w the preceding secuoal. The Tules of ciwo’s coplement
nrighmetic specify that Uhus earry shauld be ignoved. The resuli is
thea corrael.

This 15 because Lhe carry from bit f inko hit. 7 did a0t change the
sgn bit.

This <5 nor an overflow condicior, Whev opercling on regative.
nbers, the overflow 16 ol simoly a carry from bif 6 inta bit 7.
Let us oxaming one mare szamplo.

11000005 {— 64t
HID1ILI] i-65

=y ouuiln erizn

catey

“This time. thete has bewss o iniecaal carry from bit 6 into bit7, but.
there has beer. an extenal vurry. The cesult is incorrect, 4 bli 7
has aeen changed. Ar overfiow condition shoula be indicated.
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Prugrammulag the Zilog PLO.

A typical szquence for usmg 2 PIO, 5ay 1 bil 10de, woud be U
“orlowing:
Lnad he mode conerol register :0 peciFs e it mode.
Load tne fupur/outpu sclect tevier of port A to snecify that
imes 0-5 are Inputs and fiacs § and T are Outputs,
Then a word would be reus by reading the conients of the pAC
e,
aditionally, the mask reg
<undiicos.
For n detaild dsscruption of the operation of the P10, the resier is
coferrsd 1 the compznion volume in thisserics, e 280 Applicutions
ook,

¢ conkl b wserl @ specily the stares

The 28010

The SIOSerial tpl/ QPG 1 2 duzichanet prpheral chip de-
sigsed to fazlicate asynchronous communications i eial form. It m
ciudst 3 UART, i2., a utiversai 2synchiono)s eeeiver--ransmitter.
5 essectiat function i ser ab-to-pavallcl and paralll-ro-serial conver-
siou, Hawaver, s 2bip 15 ecuipped with sophistienred canablities,
like aatomatic handling of compicx byte-ostented protceols, such 85
IBM bisyn: as well as HDLC and SDLC. two his-aricuted protocols.

‘dditianaly, It can nzcracs in synchronovs mode like e USRT, and
‘gencrate and check CRC codes. T offees a choize of solling, ntersupt,
nd blocktransfer modes, The complete descaption of this device is
beyoad the scope of this intredustory book and appears in the 249 Ap-
plleations Baok.

Other 1/0 Caips

‘Because the Z80 15 somonly vsed as a replasement for she §030, i
hes been deszgned 5o i iy vk e wsswcialed witb alont any of the
usual 8080 fnput/output ehips, 25 well as the specific 10 chizs maau-
Fastaved by Zitog. AL the 030 inpit/ouipt chps smay be considered
fon use in < 280 syster
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Program Representation

Al inslructions are ruprasented internally #5 single or multiple
bytes. A so-calied “short instruchion” is reprasened by = aingle
byte. A longer instrretion will he represonted by two or moe
bytes. Bezause the 230 15 & sieht bil microprocessor, it feichas
bytes successively from its momory. Thorefore, a singiebyte
Instruction always Aas a poteatial for executirg faster than a tro
or three byte insoruction, Tt will be soen later bhat this is an impor-
tant featura of the inslruclion sel, ul sy microprocassar ana in
paricular the Z80, where 1 specul effore has boen winde 1o pra-
vide by wasy single-byte mstrictions as possible 12 arder t i
prove the cificiency of the program execution. Hovever, che limita-
tion to & bats in length has resulted ' important resteictions wiich
Al he outlinert. This 3 a elossic exarple of the compromise be-
twaen spocd and flexibility in programining, The binary code used
to roprasesl snstructions is dictated by the manafacturer. Fhe
280, ke any other myicraprocessor, omes quipped witn @ fixed
inssruction set. These instructions are dedined by Une masufac
tarer 2nd ara listed at the end of Ufus book, wita their codo. Auy
Jrogram will be expressed a5 o Serpience of these binary mstruc:
tions. The Z8D instruct.ons are presented 10 Crapler 4,

Reprosonting Numeric Data

Representing numbers is zat quite strasghtforwerd, and scvcral
cases roust be distinguished. We st rst, zepeesent intagers, then.
signed aumbers, Lo, positive and negative vembers, and finelly we
most. be able t3 reprosent, doctmal numbers. Lat us sow address
thesa requiraments sad possible solutiors,

Represcrring integers may be performed by using a diret
binary represzatation. Ta direct binary ropresenlation s iply
the ropresentation of the decimas value ui u supiber in the binary
wystein, Tn the binary sysleon, the rightmost bil represerts 2 to
the powor 0. Thie nest one o the lef, reprasents 2 to the power 1,
the nest represants 2 to the powe: 2, and the leiimost bt
sepresents 2 to the Sower 7= 128
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ADD 8, (IX + d)  Add accunulator with indexcd adaressed
memury location (X + d)

Funcion: A=A X 1D

Format:

217 by 150

7] ez

Descriptior: The wontents of il accumulator are added (o the
contents of the smemory facarinn addressed 3y thz
contenes of the EX regisier pls th imamediae oft

alue, The resull s c0ed in (e ReeumUALOr.
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Deseriptior:

THE Z80 INSTRUCTION SET

Rorate right wih brsmch sacey o,

svte 1

byte 2: 0B
byte 1: DD
byte 2: CB
byt 3: offset vaiue
byte 4z 0F
byte 1: FD
hyic.2. CB

byte 3: ofsel value

S
EnoogHanl
¥ may be any e of:

ALy E- o1

B - o0 0
ool [
oo

Tae contects of the lazatiou Jelcrmined by the
spucified ope-and are ~otafed rgul und the resull
is stored back in the aniginal Jocation. The on-
teats of bit 0 are moved 10 the carry Hag as wall zy
f0 bIt 7. s is defined in e deseripron of the
simitar RLE instrections.
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TRST IN A (STATUSU READ IO STATUSI
BIT %A TEST “READY™ BII 811
1P Nz, FOUNDY IUMP TO HANDLER :
IN AL (STATUSZ SAME FOR DEVICE 2
BT 7. A
I Nz, FOUND2
N A, (STATUSH) SAME FOR DEVICE 3

JF NZ FOUND3

MASK will coniain, far exmple, **10000000" if ws rest it pusi-
ton 7. As & resal of the BIT mstructicn, the 7 hic of the siatus flags
vl b set to 1 if "MASK AND STATUS” is zero, i2.. if the vor~
responging bis of §TATUS matches 1be one in MASK, The JB NZ -
struction uenp IF pon-oque 1o zero) will then result in a braneh (o the
approprizte FOUND routine.

GETIING CHARACTERS IN

Assurne we ave st found a1 & character s ready al b keyboard.
Lel us cccumulate Eharacters it & memaryarea called BUFFER unti) we
encounter a special enaruster called SPC, whose code has oocn previ-
ousty defines.

The suarcutio: GETCHAR will feizh ons characier from the key
nard (sqe Chapter § for more Setails) and lsave it in LA accumriator.
We assusne thi: 255 charseters o-avimum il by fetcned befors wa SPC
eharacter 1 found

STRING 1) ML, BUFFER POINT TO SUFFER

NTXT CALL GETCHAR  GET A CHARACTER
€P SPC CHECX FOR SPECIAL CLIAR
&7, 0uT FOUND 172
LD @A STORE CHAR IN BUFFTR
NCHL NEXT BUFITR LOCATION
JRONEXT GRT NRXT CHAR

ouT  RET

Exercise B.4: Le w3 miprave ihis busic conie;
a—Echo the rharacter hack (o th device (for & Teleiype, for exuinple).
b—Citeck ihat the gt trirg 15 10 lovger than 255 characters.

We new aave 8 521m2 oF charucters i & semory buffec. Let ns proc.

£
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ADDA,{Y + & Add aceumnizcor with nidered addressed

Funcron,

Format,

Description:

Data Flog:.

memary location (1Y + d)

ACALIY L)

T [e byts 15 FD.

TR wsezes

S| ke 3: offset vaiue

The conients of the seaumalator aze added 1 lb
contents of the memory 'ocation addressec by the
contencs of tha LY register phus Ure geven olfsel
value. The result is storsd m the accumalator

AL

Toumng:
addressivg Mode:

Figsi
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BASIC CONCEPTS

We nave sxamined tac usal reprosentations for hath program
and cata inide the compuser, Lot us nov examine the possihie cx:
terral representations,

X1

RNAL REFRESENTATION OF INFORMATION

‘The external representation refecs to the way information is pre
sente & the user, L¢. generally Lo the programmer. Infarmazinn
ey be presenteq exteenally in essentially tiree formats: binary.
octal or hesacecina] ard srmalic.

I

inary

Th b heen seen that informmation s stored wtscnally 1n bytes,
which are sequences of eight bits (0's or 1'sl. 1t is sometimes
desirable to display chis ‘teraal information directly in its binary
format ard this s called gunary representation. One simple exza
Fle is providea by Light Emitting Diocics {LED) which are essen-
eially miuiature lights, un Uss frnt panel of the icracomputor, tn
the case of an eight-bit wicroprocessor, & ront pazel wil typically
be. pquupped with eight LEDs to display Jhe conlents of any inter-
nal regaster. (A register 15 used to hold sl bits uf srloreaton
and will e describec m Chapter 2i. A lightes LED iudicatus a oy,
A zera is indicated hy an LED whish 1s mot Hghted. Such  binary
represcntation may be used for the fine debugging of a complox
program, especially if it involves inputioutph, bt is naturally
impractical at. tie b level. This Is because in most eases, one
likes 1o look at ix“ormaticn m symboiie lorm, Thas "8 is rouch
essier o undersiaad or remember than *1001", More convenient
representations have been devised, which “upruve U person-
maching inteface.

2 Uetat crd Hexadecimal

~Octal” aud “hexadeciinal ~ tacode respectevely thrae and four
binary bits into o unique symbol, In the ousal sysiem, any
combination of thres binary bits »s tepresented by a nuoher be
tween 0 and 7

*Octal is 4 or:iat wsinig Lres bils, waere sacn corbination of
three bits [ reprsented by o symbul betwern 0 znd 72

a
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APPLICATION EXAMPLES

INTRODUCTION

Ting chopter s dasignad L el your new programuming skils by pre-
senting & collection of usiLiy prog: sms. These programs o *'routines'
arc (requently encounterad 1 <pplications, and azc generally cailed
Sl rousines,” They il sequire 4 synthrsrs af tne kncwledge and
leahmaaes presented 50 %1

We ars gog e fetch shacacters from an /0 desice and proctss
e v s ways. B iz, Jt us claar &n erea of the ireuncry (this
Iy 0t e necessary-—cach of thase programs is oaly pieseaied a5 &
Drcgrapming xampicy

CLEARING A SECTION Uk MEMORY

W wani o clear igera) tne contens of th nemory from address
BASH 0 addross BASE & LENGTH, where LENGTH s less than 236.

LD 2 LENGTH LOAD B WITH LENGTH

LD A0 CLEAR A

1D HL BASE  POINT TO BASE
CLEAR LD (HLuA CLEAK A LOCATION

[N PORNT TO NEXT

BEC B DECREMENT COUNTER

K NZ CLEAR END OF SELTION?
RET

In the abase program, (he langh of the se-tion of memory i< as-
qumad Lo be cqal 15 LENGTH, Th repister pur Hi. i used s pavnt-
e 1o the carrent ward whicis wifl be sicared. Register B is wused, 25

520
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ADC HL,ss  Add wirh carry 11L and register pair 5.

Function: HL<HL = s+ €

Formar:

T e TR e

NbBanD byt
Deserpron: The wosttents of the HE. segistes pair are adacd (0

L conteLts of the specified segistar peir. and then
U contents of the carry flng are added. The finat
sesalt s stared cack in HL. 55 may be any ane of:

v oo Ml - 0
DE - 01 P - 11

tata Fiow:

[ —————t
/\

/

Tinn: 4 epeles; 5 T stazes: 75 vsee @ 2 MHz

Addressing Modk: Tmplicit.

Bye Codes: 55
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RR s

Function:

Format:

@L

ax +

[}

Deseripivan;

an

Rofate right 5 terangh zarry.

InEnnD brae 1: CB
I AN byte 2
CU DL e
(o sl [ bmes
[l [ [e[o[! bmer:op
e 22
e 3
byte a2
byte 11 ¥
i s [T] byezce
] e ofer vl
el L [e] ewesn
" ey b g on ol
A £ on
¥ - w0 o
< - 0ot L-a
D - oo

The conents of the fucation delermined 2y (e
specific operand are shitted sight, The vontents of
the eay flag are maved bl 7 and k2 contemis
I bit D arz raoved to the <ary flag. The finai
sesuil1s stored back in the origdnal Jocaven, s is
definer 1 the. descption of <he simitar RLC 11
struczons.
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SUMMARY

i: order fo make effecsvc we ul mp/actpn componens 1 i
BecErEarY (0 wnders:and 1 et the function of every bt - group of Lits,
sathir. the vurious ctorrel regisers. Thess comples new chips sulomate o
i of procadures thei bad 0 be varmed cut by sollware or spacial
Togic beflore. Wn partiular, s god cealof the hawdshiking stocse s arc
ot A components wick ax e SIO. Ao, mier-ir Lancling
2t detection iy be nteraal. With the infimacen tie: has bea s,
sentedd w the precediag cister, sh: readr sk e
what he fareaons of e base wgnals und reenters are. Newrally, will
P snmponEnts sk ging s be i rnbused whih Wit of e o hardwere
Implerrena07 of sill Tese conples algoris,
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‘Compleie discussion of comteants, ecniques snd sstes for sevece enron
mentel spplicaions, 1chucing Hushes, Reytheos, Acuon and othes milsized
systemn, {6 honrs)

SBS—BIT-SLICE.

Learn Dow 10 3 a complet syrem wich bt slices. Al exanies we.ovatve
anplicatians af e sico teshriques, (6 howrs!

SHO—INDUSTRIAL MICROPROCFSSOR SYSTEMS
Seminaresaines scauad mutnal v sl Lehinques, OMIDOTENTS,
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the addiess of the sext insuuction 1 be excouted,

“The stack painter poiuts o che top of the siack 10 the memary. In Bhe
casc of the Z80, the siack pmAler poants 10 the fast actal eniry in the
stack, (i other micrapracessors, the seack pointer paints just above the
1ast antcy. b AlSo, the stack gTows “downwards,  Le. tawards the lawer
adrresses

Thas means thet ihe scack peinier must be decsemented any Lme a
new word s pushed n the stack, Conversely, whenever a word &
remaved (popped) from the stack, the stack pomte: wast b
cremented by one. in e case of the Z80. ths “pusk” and “pop'
always invofte /o words at the same time, 50 (kat the contents of the
stzck porater will bs decremented or wcremanted by two.

Lonking at the semanimg 1o registers of s group of four regsiers,
e ficd a new type ol regrscer which has nol been dscribed ye: twa
index-registers, Tavelsd 1X (Index. Register X0 and 1Y (Index Regiscer
¥). These o registors arc cquipped with a snecial adder shown s o
miniature V-shuped ALU o e nght of these wegisters io Figace 2.14.
A byte browgat along the inteenal daia bus may be added o the core
tents of I ar TY. This byte i called v1c lispiacernns, when Jsidg an io
dexed mstruction., Special Itstructions sz powwded which wili
automatically add 1715 dispracement 10 the contents of LX or 1Y an
aenerate an address. This s salled pidexng, 1t allows coovenicat access
> ny ssuential hiass of data. This importaat fasility will ec dos-
ribed m Chapier 3 on addrcssing tecaiquss.

Finally, &special bos labelec = 7 appears betow and tothecit of the
block of rezsters. This 1 an increment/decroment. The contents 0 a0y
o the segiste” nairs SP, PC, BC. DE, HL (the * pure address” registers)
‘maybe automatieally Weremented o decremented every time they deaus-
i.an address on the terual acdress bus. This i an essential il es
srAplementing automated pragram foops whict: wil be desuribeu v the
nent sostior. Using (his featarz & il 2 possible to access successive
imemory lozations convenieally.

Let us mave naw ta the et of the Hlstration. One regisier pair s
shoan, solated o7 the [oft: T and R, The & regiser s ket the anterrapt-
page adaress regisier, s role it he described in the section on nfer-
rupis of Chaprer & Unpuc/Outpul Toshmiguess. 1t 15 used onty in @
specind mvte shere an indirect call Lo a memars 10241104 1< generated in
cespanse to an interrupt. The 1 regisies 1 used 1o store Loz highorde:
part af the indirect address. The lower part of he address i supphisd by
the device which generaiid the nterrupt

)
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LD (BE), ¢ Lused wdireetly addressed memory Josauan (HL)
troun register &

Punciion ML -1

Format:

Desenpuon:

comieats o7 the spacisled regsier are lvuded
Ty the netnory focation addsessed. by the 1L,
Jepister pa.  may be any dne af:

A E-ou
B - om - 100
ool L-
D - o

Data Flow: .

Timmog: 2 M epuies: 7T siates: 3.5 uses @ 7 M

Addressing Mode:  Ingirect.

Bpie Codes; ¢ A M L & Wy
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RRA

Funcuon,

Fornas:

Descriprica

Dat Frow:

Tining:

Adgressing Mode:

Flags.

Rozate sccumulator sight through carsy.

The woitents of the aceumatgeor ace shifted right.
unz b poslin. The conteats of the carry Nag
aw aioved ta Lit 7 anc the cottents of Su 0 arc
woved to the carry ag (9-bic rotation),

LM eyete: 4 T stores: 2 nses @ MHz

Implicee.

11 loi
Csset by uit 0ol &
Ri
Before At

[ N W LY 47777 7

Note: This instruction s abriost identical to RR. A Tt
s provided for 5080 compatibitty.
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asuar, 26 3 counter

The acumaiator A 1 loaged onty ance with the value 0 falf zeros),
then coped inlo the suveessive memory locatio:s

Ina mewnce s, Lest program, for exampie, this 11y routine could be
6t (G zer the comients of & block. Then the méamory test program
seould wsally verify tha its zontenis retmince 0.

The athave was a straigii fosward implementation of  slearing 1ou-
tire. Lel us imprave an it,

The mproved program apmeats below,

ZBROM LD

LD L HL. BASE
LOOP D HLL D

NG HL
DINZ (OO
RET

“Thie o i seoviuests were obtaned by elimmeting the 1.0 A, 0 i
siructon and inading s *zerc™ directly into the lncaiion painted (0 fy H
and L, anci aiso by using the spac-al 780 rs::sction DINZ.

This miprovement exanrple shouk democsirate that every fime @
Progra is wntten, <ven ihawgh it inay Ve orrect, i cun wsually be int-
roved by examining it carefully. Fawiiarity with the complete instrac.
ton sct s esseutiad for bringthg about such improvements. These ifm.
pravements are not just cosmetic. They improv: the exceution time of
the progsam. cequive fewer insinuctions and tnerefore less memory
space. and also geaciully fmprove e readabiliy of the program and.
therefore. its chances of being correct.

Exercise 8.1: Woite o mewory test program which zaruss a 255
ik siven verifies the each focution 15 0. Then, w will wrige aff 15 andd
verify ite contenss of the biock. Then s witl wrtte IGI9I01 and verify
che contens. Finalls, i il write 10101010 wnd verify the contents.

Exercase 8.2: Moy the ssove prorum o et 1 it il e memary
setzon with atternating 9 and 15 ‘ot 0, then oll 1),

Let s uow pol 0ur /O devices fo fimd which one seis servics

POLLING 70 DEVICES

We will assume hai thoss /O deviess arc conaestzd 10 o sy
fom. “Their status sepisiers aro Jocated @ addrasses STA1UST,
STATUS2, STATUS3. The program is:
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Thie only way 1 Inad the contents of these 16-bit registers is via the
date s, Twa transfers wil be fevessa.y along the data bus in order o
transfe 16 bits. In ovder to differndate between the Jower Ealf and the
higher half of each register, lhey are usually lakelied s L dowi 7 H
(hig), denoting bits O browga 7, and 8 Ihrougn 15 respectively. This
e is wsed wirepsver 1 is necessary °0 ditferentiate the natves of these
registers. Al leant Lwo address registors afe present Wil oSt
aioprocesors. “MULX" in Fig. 24 stnds for mulupiexer

paTA s )

hix

e )
|

| e msrens

IR
CORrA CS
T

¥ig. 2

The 16-bit Adaress Registers Create (he At

Program Counter (PCH

The prograr: counter mus. bz present in any wrocessor. It cortams
the address of the neX! Encerueaior. to be exected, The presence of the
Program contee i indispensable ans fundamentl to progr exec-
tion. T taeel:anisn of PTOZFAM ceCHIOr nc (he AUIDMIAHC SEqUENE:
ing irmpleanented wich the pragram counter will ¢ deseribed 7 (he next
ssotn. Briedly, cxecution of a program s normally s:quentiai. In
rder to access the nexl tBstruction, i i Recessary to pring ¥ tram the
memory nia the misropraccsser. Tne conteats of the PC will be
dopesiteet an the 2ddress 2us. 89d FASTIGES towards he wencay
Tite memary vl then read the contents specified by lus address anc.
send back the corvespanding wors (¢ the MPU. Ths is the instruciyan

52
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ADDA, (HL) A accumnlzior with ndirecily addressed
wemary lozaion (HL).

tunction: A A - i

Forma _
LR

Lescrpion: Toe contents of the assumwitor ase 24dcd (0 the

Sontencs of e eercry Iozaton addressed by the
HL regsian palc e resuil 1 stored i the ac-
sumulator

Pata Fiow. -

Tinunz: 2 M peles: 7T states: 3.8 e @ 2 MH2

Addressing Mode: it

Flugs:
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RLA Rotate aecurnalator ie% thiougt surry Rag.

Function: ——
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MUK 3 e s Lie?
2—Hows do we resalve ie problem of an atersupl occurring whiic
anorher mrerrapt i ieing servnzed?

Multiple Deviees Comccted 10 2 Single Lnterrupt Line

Whenever an icteccupt owcus, the processo branclics (@ & spusified
‘address. BeTare 1 ¢an do any effective aracesaina, e snizrupt han.
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mettiod and a hardware metho:
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BOLINI AN A, (STATUSH READ STATLS
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When 12 tecminates (witk en RETI), tic conteats of the stack are
sucouatizally sopped back (uiv tte Z80, 4ot this is Dhustrated aC Lt
botiom of Figue 6.33, Thus, aviomatically i1 cesunes exccution, Un-
fartanately, at tme T4, ax inter-upt £3 of higher priority ocsucs again.
We can sce at the Eortom af the illusiralion that Again the regisers fo:
T4 are pushed into the seack. Iniarrunt |3 axecutes from T4 to TS and

- A plé

fermmates a TS. Al 1hai time, ihe confents of the stack are poaped into
780, and twiarrupt 3 rasumes exscition, This Gms it ra0s 16 comzle-
tion and terminates ot T6. ALT6, the remaining registers that hav becn
saved i the stack. are popped iato Z80, srd progam P may resme k-
scuticn, The teader will vesify that the stick is smpty at ths point. [n
fact, she rumber of dushed lines indicaring program suspension in-
dicatos at the same Ll bow wany iovels Lhere e in the stazk.

Fuxercise 6.29: Assune shat the ares qvailabie e stack fs tisied 3
00 tacations on o specific rogrn. Assunse thet olf the FepiStENs s
s e sved s hal he GrOSGIIED QIGWS INferri 10 D¢ pesi-
e, s i micrrupt cach offer. Which 1s tie s miiter of
Suntvloneous eSS et vun Ge andledt? Wit ang osher fuctor con:
it 0 il reduce frther the waxintn Rursher of Stsitarees -

It st e shevsed. buwerer, B, i practice, METOPFOSGESOF Sy
texms are A0rmaly cenmetied Lo s sl ALmber o7 deVICes USuig inior
s, T s <hercfore, unilkely that 4 bgh rumber of fulticoas 1n
eerusts will oceur n suck 3 sysiem.

We Fave now solved ali the problems nsualy assoctated with iatur-
fupts, Thor use is. i faut. sumple and they should be emzloyed (0 ad-
vantage even sy the novice prugrammes
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Tor be more prccise. when operating in mode , the peripheral evics
conitoller will supply a ons-byt RS or a thres-byie CALT. o1 the daia
‘aus in respone 1o the Interrupt acknowledge, thus automatirg the 'n-
rapt vectoring, and minitizing the overhead.

Note that a subrovitre 3 IR FCHON I reuired as the £80 docs ot
seve 1lie PC when oporaing in made 0.

I most cases, the spead of TeazloR 16 K. J0teSTUP: 15 A0 crucial, and
 polling approscn i used. If tespanse e 1 3 prmary consideraton,
 bar e pproact st 6 st

Simaltanenus Faterrupts

“The nest problers: wacl: ay 53¢ur s (haL s Eaw nfasrLp can e (13-
wered dung ¢ eecution of an fnlerrups-handiing rovune. Let us
sxamine waat happens a0 how the stack % used to soive Lhe problem.
We have ingicaled 1n Chapter 2 thal this was another &3ser.ial roke of
the stac<. and the time has come aa to dercnstrate (55 use. We wil
cofer to Figur2 6,33 o shusiraic multipts inter-upts. Lime slapscs from
lefl 1o nght n the lustration. Che contents of the stack are shown al
the bo:tonn of 1he Mestracian, Looking a. 1he o1 tire T0. progrn
P s in exeeytion. Moving (o the right =1 time 1, ioterrup: U occucs
We will sssume tha: she snterrupt muzsk was enbled, aushorizing 11
Peugraan P wilk be suszended. This i shovwar al dhe bt o o tre s
tratizn, The stack wil contain the progran eounter and the Status se:
ister of program P at keast, plis any optonas registers (hat might be
sexed 3y the inierrupt handler er L it

o
Jseseaci]

o=

Fig. 6.3% Several Decices May Use the Same Inferrup Line

A time TL ntessint £ stazts execurzng uatl time T2 A: tme T2, i
Tesrups 12 acouss, We vill assime that solerupt 12 Fesa highst peiority
than imterupt 14, 4F it g  oiwer prioisy, 1L would be igaored unil U
had been completed. AL UM T2, the ~esisiers for H are sacked. and
his 3ppears 4f (e BotaaL of the Slnsiraon. Again, the canteais uf the
piowan counter 1nd AF are pushed o the stack. In adziton, the
loutice far i2 might deside 1o save an additonal fow cegisicrs. 12 will
now executs 56 completion 2« sime T3
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SUMMARY

In this chater we have presentec the rangs af lechrgues vsed 10
communtcate with the uisice world. Fr0nI clementary mpat/oiput
routines -0 mors comsler progranis for communieation with zetnl
periphzrals, we nave learned -0 develcp alt the i) prodrams ard have
cven exarsined the fficieacy of benchimark Pragrams m the case 57 2
paallel sl id a paralielo-serist curversion. Eirlly, we have
Jeanmzd to sehedute the Gpe:auon of oulpls perigherst by s pul-
icg anc interrupts. Neturally, many ather esobi wpul/owput devices
might be conaccted 10 a system. With the array of technigues wiich
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als invalved. 17 should bz possible (o solive most comimor. probloms.
In the next chapeer, we Wi examine the ceva: chargeterisues of (e
rput/onput inieciace chips usully zonnscizd to 2 Z80. Then, we wit
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fotal deiay wnersed, exchtsrve of the festructions requtred 0 vyplomes

the unterrup proceswing proper.

Bxercise .31 A Tsexment LED dispiay ean uiso disphy digns other
s the hex alphavet, Compute tic codes for: H. 1. J. L. 0. B. 5. U,
Vou i oo gon .

Evarcise 6.12: The flowchert for mierrpt monagenient apprrs i Fa-
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ot i dowe by hardware, what 15 done by sofiware?
Wi 15 the use of the niasic?
—How many regiciers should be preserved?
G—How i he mieeruptung device womified?
- Wt docs the RET] wsicucuon dn? Few gues i differ from a
suhroutins retiira?
F—Suggest o vy 10 hunilie a stack pverflow situaton.
R What 1c the overheid {“tust i.ow” introduced by the seript
mechsusn?
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cquigped wierngily with o sl of regstes: A | F, and A’ 1 F-
However, only ane et of these rezisters may be wsed : any one tme. A
specialinstruction s provided to exchenge the contes of A and ¥ with
A'und ' In order o simpliy the cxpianatons, onfy A and F will be
Showu o mest of the dicgeaws shish follow. The radar should
vemesnben Uiat e las 1 wptica ol swilchun .0 The fiecncle Tepister
sel &% and 17 i dsiret

“Th roie.of eacl: A, i the Tas regsle- will ke deseribed m Crapter
3 (Basic Programming Tezhaugics.

A Jeree slotk o registers is shawn at the center of the ilusicalton. Or:
10 of tae block of resters, two identics! grouns can be reccamzec.
Each one inciudes s reeisters [ebeted B, C, D, E, K, L. These ars (ne
tieralsuryose sighi-i regsters of the 280, There oz two peeutinei:
ic5 of the Z80 with rasject ot stor.dard microprocessar which has
besn described ar dhe beginning of this clapicr,

First the Z80 s equipped with £wa Uauks of 18Iters, 1.0, (v iden-
el gronps of § registers, Orly sis cagisters may be eved 40 sy onc
tme. Hawerer, speaal sircions are provided (o switch betwest the
twa banks of rogsters. Une bank, thertore,
memory, while the other one behaves a a workimg scl of incznal
regisiars. The gossible uses of this ssecial facibty will e described
the nest chypr

Conceptaaly, it wi Se assumcd, for the time bemg, ial there
only six woskaig rewscers, 3, C. D. E. H. and L. and the sceoad
cegistar hark w1l rearporarily be ignores. in orde o avord confusion.

The MUX ssmsal which appeats above the mencory Lk is at ab-
breviatido for mdtiafexer. The dara coramg Srom the .ntewuas duts bas
il bs gatcd tirough the muliplexer L0 the seected regstar . However,
oniy one of thess registers can be connieeted 10 he fatcrna: date s 4t
any one time.

A sesonl! charactersstc of these s regisiers, 1n acdilian o berng
el puspss eghL-bI resisters, s that they are equipged wiih a con
nection <0 Le ddress dus. This 15wy they have been grouped m
e For exampe, the zontents of B an C van be gate: amulareqs
19 0n10 the L6-bit address bus wh:ch appes a e boum ofthe flestra-
o, 45 a cosuli, this grorn af § registers may b used 19 stora sither
CIEA3 data ot 2 [Gubrt painers for memory address g

The Wi groun o reaiers, “ich upprars Selow the e axevicus
wags in the middle of Clgare 2,14, cotarts four “"zure' address
sepistsrs. As i any muctoproeessor, we find the progrm counzer (PC)

he stavk soincer (SP). Recall thel the pregran: <ouier contams

aves a5 au smieenal

52
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RLC (HL) Rotale lo% wiil branch ey smenory location
(HL).

Funcion.

Format:
Uste : CB
< 175 bnezos

Descriprion: ‘T contents of the memors location adressed by

the contents of the H Tegster pai are toratee Jelt
one 5iL position and the resuls is stored back at
Inal focatior, The cuotezs of bi: 7 are aoved 1
e carey flag as woll as Lo bic 0

Thming: &M cysles: 15 T staes: 7.5 usee @ 2 MHz
Aadressing Mode: ndirest
: o ewvwc

s3] [c, [2[0@}
C e by bie 7 of tte

Fiags:

remory focation.

a2
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INPUT/GUTPUT BEVICES

INTRODUCHION

Vee have ieanes how t progrm the Z80 Misraprocesar i most
wsual luatiors. However, we s0ukS Iake @ special mention of e
iupul/uctput <hips notmally connected (@ the macropraces:or. Be-
cause of e progeass ix LT imerasion, new chups have buen fntro-
duced wiach did nol st b3fore, As  resul, progranianing a system
veguires. naturally, Frst €0 Srogrars a is.oprotesso: isell. uns thea
L0 Drogram the it ouipid chips, In fzet, 1t i ften are dificul
€0 cemember hiow 1o program the vaao:s control epions of an ipLt/
QuIEuL chp than to pregram the miczopraeessas 1sell” This 15 Bot be-
cause she prograsmng 1 scl? s more difficult, bt hecanse rach of
these cevices bas 15 0wt diosytcrasics. W are going 10 extr e here
st the most zenesat input/autpu device, <he programmabie inpu/
ulput €ip (fn short @ "PIO™, sen soxe Zilog 1/O devices.

The *Stambard PIO'

Ihere i 0" stavaard PO, However, cach PIOdevices essentially
anatogoms m function to all simlar PIO's progucad by wiher
manufactacess for the same purpose. The purpose of 2 PIO is 1o
provide.a multipest connestir. for mpuc/output devices. (A *'puic” s
Smpiy 2 set of B input/antput lines } Tach PIO provides at least
o sets of §.bit lines for 1/ devices. Fach O device needs & disia
buffer in order to scabilize the contents of the daiz bix, e cuit 2t
least. Our PIO will, thurefore, e equ:ppedt at 3 minimum with 2
ourTer for each port.

£ addition, we iave established thal the mcrocomputer il use
a handshuiing procedure, or st inferrpts Lo communicate with the

ET
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Seuting Flags

Mins! of the instructiogs excoated By the processor will madity somc
or all a7 zhe flags. It is imporzant (o always refer to the chart provided
oy the manutactarer Hsting which bizs wll be modified by
tlons. This is essential s uaderstanding the way a program is being ex-
cuied. Such a chart for (e 280 i shawt. 1 Figure 4-17.

Tre Registers

Lat us 100k new at Figure 2.2. Ou te Joft of the Wisstration, the reg-
aters of the micrenacessor appear. Conseptually, oue can distiaguish
e general purpose rogisters and (he address registers.

‘The Geaeral-Purpose Ry

Gereral-purpose registers must be provided in ordur for the ALL to
anaipulue data at bigh spesd. Bscause of restrictions o the aum ber of
bits which i i reasonable to provide within an imsc-uction, e mumber
o ieiectly addressable) registers is asually Himitod to fewer than eight,
Eech of ihese registers is 4 set of eight flip-Aops, connected to the
bidircctional mrernal data Gus. These eight bis ¢an be transferred
smultancously to or feom the dua bus, The implemeniabon of thess
registers i MOS Wip-flops provides the fastest level ol memory
available. ani ther conleots can be accesed within tens of

Jaternal vegisters are usually labelted from 0 to . The rele of these
renisters st dofined m advance: they arc said fo be “gensral
Purposc.” They uray contain avy data used by the sropran

‘These general-purpose registecs will normalky be used 10 stere eigh.
bt data. O some mcroprocessors, facifdies exist (0 marpuare fwa of
hese registurs at a time. They are “heu aaled “'register pairs.” | his ar-
rangement faclliates the storage of 16-bil quantites, whether dats or
addresscs.

The Address Registers

Address wessicrs are 16-BIC registers wntsnded for 10 storage of ad-
dresses. They are lso often calied ot connters or poinsers. They arc
double ogisiers, ie. two eghlbit regsicrs Ther sssonual
characteristc iv (o be connected Lo the addross bus. The addrese
regesters create the sddres bus, The eddress bus appears on the et und
the bottom par: of the illustration v Figare 2.4,

st
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1.0 dd, nn Lioad reeister paic g6 valh immediais date w,
Fucior: 44—
Forma -

ST TR ) e

gy byte 2 rmmediae
T T e, o

Byee 3: immediaie
daa, ugh order

-

Descripitons: The contents of the two memary focrons -
mediately following the opcads are lozden ata the.
spesifiod cegister patr, The loser arder byte of the
data vecers imeeaiately after e opeode. dd may
b any o of:

BC - 03 HL - 10
oF - 0f -1
Da Flow:
Timing. 3 M cyles; 10 T states; 3 asee @ 2 MHz

Addressig Mode:  tmmediote,

Bpe Codes: <36 % 11

[o] =

RIS

' i P (oo effecty

Flags:

P
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Flazs F
o[C[®;
i sox by bit 7 of source register.
Exantgle: wc B

Berore: At
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Fhe Hos Request

“The bus request is (7 highest priorily iaLerru3t mechaism on the
250, The interrupt secuence far the Z81 is 10D in Figure 6,24, A 3
Fewsra cute, no muerrpt will bo seased by the Z80 until the currer:
macame cyale 1s cempleted. The NML and INT aterrupts wil: aot be
Saen into aount until the Lurreal uestruciic 5 foshed. Huwever,
The FHSRQ will be handied 4l the <nd of the arren machine scle,
withaut necessariky watting i he end of Ihe nstrichcn. 8 15 weel Far

i 6.24: toverrupt Sequence

o1
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From this pomt on, all signed mizgers will implicity be reprasenied
ioternaly i pwo's compiement notatiox. See Fig. L3 Zor a table of
s Lumplagenl urbecs.

Exerctse 110:  What ore the smallest und the lurgest numbers
whick ne may represent i 1wo's complement notation, using uniy
one byto? g5 .e123

Excrvise 1,13: - Compuse the bwo's complement of 20, Thes come
uiv the two's complement, of your resulz. Do vou find 20 again?

T faliowing exampies will Serve 1o demonsirate the rulss of o’
complement, In pacticular, C denotes 4 passible carry lor borrow)
condition. (Tt is bz 5 of the result.)

¥ denotesa two's complement avertiow, Le.. when the sign of Lbe
resuls fa changed “accidentally” bacause tae tumbers are too
Iarge. 16 i3 an easentially intermal oarry from bit 8 mto bit T (Lhe
sign bith. Thia will be clarified helow.

Lat us now demonstrate the roie of the cerry "G and tae overflow
et

The Carry C
Ware is en example of a cary

Lz 10000000
129 0000001

1257~ 111 00000001
wheze (1) indicates a carty.

The rosult raguires a itk
07, T is the carry bit.

1 we assume thet the varry is the ninth it of the resut, we
vecoguize Lhs result as being 100000003 = 257,

However, the carry muet. be recognized sad haadled with care,
tnside the microprucssor, Lhe registers used to hold information
are peneraily onty eight-bit wide Wheu storiug the rosul, anly bits 0 1o
will be preserved.

A carry, cherefore, always requiras syecial action: It must be
detected by spocial instructions, then procsssad, Procsssing the
wary means either storing it samewhers. (with a specisl instruc.
vieal, ot ignoring it. or deciding bhat it »s an error (if Lhe lurgest
authorized rusult 's “11111112°%.

(vit "8, since the right-mast bit 13

»
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RET cc

Format:

Descrprion:

Data Flow:

Timing:

Adkdressing Mo

30

Hewru from subroniine on condilion.

If etz PClgu = (P PChigh — (5B = 1
NPt 42

I the condition 15 met, the eonterts of the pro-
v, counter are popped off the stack as desceibed
for the POP “nstractions, The oext lnsirustion is
fotched Fromm -c addsess tn PC, 1f die condition is
nat mel, insriceior eresurion waunues

scquenc

PO -

0

PE - 301
P10
Mo

Conditioa mer: 3 M eycless 12 T states; 6.5 usec @
2 MK
Condirion noe me:: 1 M eyotes 5 T iaies; 2.5 usec
@2 e

Indirect
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Fig. 6

(41 Forces Autamatic Vectoring

Taen, NMI cases an automatic restart at Jocaon 0056H. The com-
plete sequcnce af events 1 the follovir;

P —— smacK G o cauterh

W —e T Qeaserve ¥y

i — W ki

e oL [rmet——

Atso, %te st uf il ups-nzask.- it (ip-7lop (EF1) a the time thar
ML s seveived s preserved automarically nto (EF2. Then. LR is to-
st urder (o pnevens any further interrupls, This feature & imporiant o
preveal the oss o lowersgricrity IV’ and simplifies the external harc
ware: the stattis of a penaing INT s preacrved ivernaily in the Z60.

The NMI interrupt is narmelly 1sed for big priorily eveits such a a
real-time clock or a power failure.

‘he renum from an NMI is accomplished by & special mstructios.
“52tuim from Ron-maskable Intermupt. ” The conieats of [FFT
from UFF2, and Lhe conients of the progrum cowuts: PC are testored from.

exr location in Ghe scack. Since IRF1 bad beei ceset curing exeaution
he NML no extertal INT's could be acsepied ducing the NMI
(urless the programmer uses a1 El insisuctior: willin the NV routine):
there has bean no foss of infonmanon.
Lo lerwination of the fntcrrapt handler, the sequence

IR e retors 1761

SEACK ———> PC restoesprogrn suterh
Note that, onze 1K is restorcd, maskable interrupt enable status is
reviared.

am
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a direal momory aczess (DVLA), acd will cause L 280 10 go 1to DMA.
mode (see ref. C20] for an eaplanation of the DMA mieshansm, 17 he
end of a instruction hes been reached. and Jf any NMT oF INT were
pending, they would be memcrized internally in the Z30 by setting sre-
ciabize2 Tip-fTozs: tho NML fip-flop, asd the INT ffip-flop. In DMA -
mode, the Z80 suspraids upration and releases ils data-bus sud
address-bus in the High-tmpedance stace. This mode is moeroalty used by
2 DMA controfler to parform transters hetween 2 high-spesd inpu-
output device and the memory, using the MICToprocessor data-is and
acdress-bus. The end of a DMA nperatin is indicated ta the 780 by
BUSKQ changing loveis. AT s pormt, the 780 will resime normal
operation. In particular. it will first cneck whether its nternai NMT ar
INT flip flaps had baen set 2d. If <a, eeznle the cnrresponding nter-
rups.
“The DMA shouid mormlty not be of concer to the programmer, ag-
fess g i nportan, 17 4 DA cor.roiler is present in the syslern,
the pregranmer nwst waderstand Ual the DMA vy delay e
responsz to an NN o an INT.

The Now-askabie tnterrape ;

This iy 0 faterropt cammo: be mbtrted Sy the srogrammer. 1 1y
therefore said to be on-mastable, herce its namme. 1t il afviays be e
cepied by the Z80 wpon sompledion of the curzent rstruction. assuziing
130 203 request was reccived. (IF an NMI is rovuved during 3 BUSRQ,
st will s the stcrrial NV Fi-Tlcp, wnd will be processed at tre erd of
the instruction Following the end of the BUSRQ.)

‘The NMI il caise n antorati= posh of the progran coulter iete
e stack ang Beanch 10 eddross OUHATI: the two bytes represetioys L
‘address 0GG6H will b instalied i the pragrem counter, They represent
s star address of he haacling routine for the NMI {ace figie 6.25),

“This incerragt machanisim has deen designd for spcd, as it 1 sed 1n
case of emergancies"". Thorefore.  duos mot offer e exibiicy of e
smaskabic iterrapt mode, described betws.

ote aisn that an interrupt routias must have been loaded a¢ addecss
06SH pror 10 using th NMI

BOMUWI first cause:

5P ~—5P i i
(SP) +—PCH "

Sp . _spop| PEPC
(sp) +—pcL, !

a8
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P ax Jamp 12 X
Function: BC - IX
Farmei:

byse 1: DD

L.
ST ez

Deserption: Tae wornents of the X register are foeded mto the
Progrars courter. TEe next wstruclion 15 eiched
from ais new address.

Fate Fow:
[ a—

Iy — %

Tining:

siddressing Mode: Tmglicn

Fiegs: u <
j o ety
gl P oo
Beiore: ™
[ P —
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Intorrups Mode |

This waterrupt mace s set by executimg e IM] ingzroction. It s an
atumated terrupt nandler which canses an dutomatc branci 10 Joca-
tion DU3SH. T s dherelore sssentially analogous to the NMI ierrupt
mechanisim except that it may oc wasked. The 780 aviomaically pre
serves the contects cf 2 10t0 the stack (se¢ Fourc 6.28).

b

1acsmion or

[

ig-6.28: Made 1 Inmterrupt

This automated interru sesponse, which “vectons™ sll lercapts o
memary (ocation 38H, stoms frem the early SUBC’ requirement to
‘minimize the amount o external acdwicd nsecssary for vsing fnter-
rpts. Tis possiafe disadvantage i to cause a branch 10 a strgle Memory
Iocation. in ease several devices are connected o the INT ine, the pro-
aram starting at focation 38H wil e responsibie for deiermiring which
dsvize cequested service. This problem will te zddressed below,

‘One precaution must be taken wiih fespect o the ming of this miar-
rup: when performing pregrammed cnput/atput ransZers. the 240
willigaore any data tha may be present in the data tus durin the cveie
winei Tuliows Lhe interupt {the mier-upt ackaowledge cyclel

503
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P (L) Jump 1o HE
Funciion, PC - L
Forwa
2]
Descenon: The soncents of the HL rogis:ar pa are loaded in-

10 the program coumer, The next sician is
fatckd Tuom this new address,

P

T |8 cyeles § T staien: 2 usee @ 2 MHz

Addressing Mode: 1mfict

Fiags: H

(o effest.

gl 3L
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RETN Return From aug-maskable oot

Function: PClgy = (SPK PChign (5P + ISP —SP +
2 1FF1 + TFF2

Format: i

Description: he progract sounler is popped uff the stack as
deseribed for the POP instroctions. Then the cone
tents of tke IFF2 [storage Jip-Nlop) is capicd back
fnco the IFF 10 restore the stare of the interrupt
flag, bofore the RoR-maskable TierMpL.

Dsta Fiow: -

P !
Tining: 4 M ycles; 14 T suatess T usce @ 2 MHz

Adaroscing Mode:  Indivedt.

Y
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tion, it will fail. Far sxcanple, wssuros Usst rsgsters A, B, C, D, E,
H anc L will be caed vathun the wnter-upt handier, shey will have 1o be
sased fsne Figare 6.27).

i
[
s .
W
A orezsIG
- AnorESscs

Gk
Fi. 6.27: Saving the Registers

‘The corsesnonding program s
SAVREG BUSH AF
PUSH 3C
PUSH DE
PUSH AL
Upoa comptetion uf e wterupl-kanding rouine, these cegisters must
e restored. The incecruct Irandler will Lorminate with che Following se
aquence of instruccions:

vor .
POP  DE
POP  BC
POP  AF
B funless B was used caclier in

the routine:

Addirconally, F registers, £X i 1Y are tsed by the rottine they mast
a1so ke preserved, ther. restarcd,

s02
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IR e

Funenon:

Format:

Dasenption:

Dute Flaw;

Tivumg:

288

Jurp ¢ selative on condition.
i oo e, PC = BC + ¢

LT o] o

byte 2: altset walue

IF the specified coudion is met, the given offsel
value s akded €0 tic proBESTR cOuLer USing 10'S
complement arthmetic 53 1 to enable boih for-
wnurd wnd backwacd jumps. The offset value is
acided to the value u? PC + 2 (alter the jump). As
aresuls, ke effeetve offset ie 126 10 +129 ytes,
The assembler sutvatitically sublracts 2 frow) woe
saurce offse( value to generate che hex cod. If tie
<ondition s not met, the llset valu fs ienored
0d BEIGOD SACCUTiOR Confines in sequence,
e may sny one of:

Mz - 00 NC - 10

s
@2 MHa|

=
[ candition

o1
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Cis et by oit 7 of sourca,
Exomgte AL E
- Before; After:
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RT. s R

& foft snroogh sy operand .

Punctions

Format

ML ][50

216

oD
cB

: oftset value

: 16

woeal w
2en
<ottt vtee

A e
A on
hed Eo
olm
v Tos ontms of the lssicn of i s

operand srs stufted ‘eft ooe bil pluce. The con-
teats of the carry g ure wused 1 Jit 0 a0€ the.
comtents 02 bil 7 are moved 10 <he carry flag. Fhe
i, sesuft s stored back sb (he original Jocatian. 5
is defined i the deserptior: of the simitis RLC in
sttuctions.
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Interrups Mode 3 (Vectored Interrupts)

This mode 3 et by exceuting a7 (M3 insiroction. 1 is a powecfu
mode which allows swiomate vectonne of nterrunis. The intercupt
veetor 15w addvess spplied by the puripheral desice which gacrat
Uhe iotesupt, and sed = 2 memory sotnter (o the start address of the
itertupt-handiing 1outine. The addresssing mechamsm providen by
the 280 in moze 2 is indirer. rerber then dires. Fach pespiaeral sip-
plies a seven-tnt branzhung address winch 15 aphendad to the Hobil ad-
« convatned in tre spectal | regsstcr in the 280, Tac righi-most bil of
i sl 16-bit addesss £ 0-s sef ko 077 This rest.lng address points
%2 an entry n  table anywhore in the memrs. This fable mzy coPQIA
up 10 128 deuble-word entrics. Each of these double words is the ad-
dress of the intecrupt handler for the corcespanding device. This & I
fustrated in Figares 6,29 and 6.30.

j:x e

HANDIER
oz

Fix. 6.29: Mate 2 interrupt

The fntecrap table uiay ave up 1o 128 double-word entrics.

I thix mode, the 285 abho su:omatically pushes the ccnterts of the
Program counter i rhe sack. Ths & abviow wevessary.
witl e seloaded with the conrents of the intertupt Lable niry corre-
sponding 1o the vector prov.ded o the device.

tnterript Ovecheat

For 2 graphn: com>arisan of the 20lag pracess vs. the mferrupt
rocess, refer 1o Figuce 6.13, whero the polling process is llustrated on
the top, and the in:ecrupt provess undermearn, f can be seen that un the
poiling zchmque the prozra wasiz ¢ lot of time waiting.
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Tue AL performs arithmetic ang Jogic operations. A spueial
seister aquigs ane of the inpuls of the ALU, ihe left mpat bere, It is
called fhe: secnmulator, (Sevesah accumuialors way be provided. ) The
accumlazor may be referenced buih as wput aad output (saurce and
destinasion) wishin the sams fuslcaction

Tha ALL must also provide stiff and rofare futililies.

A shift operation consists ol xoving the consents of a tyte by me ot
more pasicions to the felt or 1o th rigat, This Is ilustrated in Figure
2.3, Each bt has by uroved £c the lef by ans position. The deteils of
ts ang rovations will bo Fresenicd w the noxt chapter.

sarren

G

e

—

RO T

L] \ /*\(T\ J

s do st ndde o Cary.

Note Soae il ol Resa

Fig. 2.3: Shift and Rotate

£he shifier may e on the ALU ousput, 3 ilusteated in Figure 2.2, ar
may be on the ascumulalor put.

To ehe fefl of the ALU. the flugs of staius register appear. Their role
i to sture sxceprional conditions within the meroprocessor. The co
tents of he Nags registcr may oe testad by specialized instructions. ur
muy e read on the iternsl data bus. & condinomal insiruciion vi
Gause e exceution of  new pragrarm, depanding on the value of i

The role of the stalus bits in the 280 will be exammed tater in this
chapter,

£
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AP cc,pg

Function

Forniar

Deserprion:

Junp on zonditian to foration 2.

i e true: PC -

byte 1

byse 2: wadress,
low arder
byte 3 address,
lugh arcer

17 the specified condition s true, the two cyte ad
dress wanediately llowng the opcode will be
10aded 110 he program counter with Cre fzst byle
fallowing the oacode being lowdel 1o e Lo
arder of the PC. 1T the zousiton 15 not we, the
address s fgnored. ey be sy oue of:

NZ - 000 o e
z - oo w0

NC - 010 00 sarty
< - oit <arry

PO - 100 purily odd
PE - 100 pary even
b s
Mo s

m
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Evnpte: RET NC
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BASIC CONCEPTS.

Exerciss 1.21: How many docimal digits can the manfssa repre-
2 28 bizs?

sent wich

“Thls is ouly one exanle of a lloeLing peint reprasentation. It is
passible 1o use orly thrae bytes, or # is possible to usa moie. Tha
four-syte represen’ztion pepased above is Just  common one
which répressnts 2 reasonabis compromise in terms of accuracy.
magnitude of numess, storage Utllization, and cfficiency in
ar:thmatic aperation.

e have auw expiored the problems associated with the rep-
vesetation of iutmlyers sl we know how (o represant. them in in-
ceger foria, with 4 sign, or in devimal form. Lel s now examing
10w 5o “epresent afphanumaric data i:terually.

Representing Alphunusneric Data

P representation of alphanumeric data, je. charactzrs, s com-
pletely straightforvurc: all chartctérs are encoded in an cight-bit
code. Only two codas a7e in generad use i1 the computer warld, tho
ASCL Code. and the EBCDIC Corde. ASCIL sauds for " American
Scandurd Colle for Lnlurmation Interchange,” acd is universally
usad in the world of wicrcprovessors., BBCOIC is & variation of
ASCIT used by 1B, and e efore ot used ta the nucrocomputer
warid unless one irterfeces co an 14N formina

Let us briedly éxamne the ASCIT sncoding. We must. cucode 26
Jecters of tac alphabst for both upper und lower rase, pius 10
mmaric syrabols, phus perhaps 20 eddicional speciei symbols. This
Gan be ecsily accompiished with 7 bits, which allow 128 possible
codes. (e Fig, 16} All charuelers are Uherelure ervoted fn 7 bits,
The eigath bit, when it :s used, is the parity bit, Parily is & ek
ique lor verityinyg that the conterts af a Lyte have ret beeu uc-
cicentally shanged, The mumber of 1's in the byte is counoed and
ke eighth bt is s 16 one.If ihe connt was oddl, tus making the
tatal even. This iz eailed rven pavicy. One can alao e odd prity,
i weiting the eighth bit fthe lefc mast) so that the tofal mamer of
T's in tho byie is odd.

Exarole: 'ebus couwpute the paricy bii for 0010011 using even
pacily. The nuiaber of 1's w 3. The panty it st Lherefors be 1
50 Lhut the total autber of bivs is 4, ue. even, The resull s
10510011, where the leading 1 s the potity bit and 6010011 idea
t:fies the charactar.

3
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Iterrupr

The ordinary. maskeole.ntsrrupt INT may operate in sne of three
modss, They are specific to the Z80, a5 the 8080 15 uipped with oaly a
singe interiuzt mode, The orfitary imterrua INT mey alsc be maskad
sclectivedy by che pecacicner. Settng e nleccupt Rip-7lops [P and
1FF2 10 a “0** will authorize interroptions. Seting them 1 a “0"
{maskang ficr) wil prevent detection of INT. The BY istracaor 15
used to set them, and the DI instcustion » uses: 4 reset chem. IFE: and
ST are sv! o sose: smulta evusly, Duriig exceution of the Elznd DI
mnstenctions, (N1s are disabled n order o provent any loss of Inforua-
won,

et us now examine the thres inernizt odss:

Intarrpt Mede 8

This mode i idemical o the 3080 wterrupl mode. Fhe 280 wil
aperate in micerupt mode O either swren inally started (tn the KE-
SET sveral has becn appled) or efse when an IMO insiruction hass been
excouted. Oce wavac B s boen sel, &7 incerrupt Wil be recognized i€
the mterruat eneble fip-fiop LFF1 15 e v 1, provided o bus-request
or non-maskafle mierzapt ozcurs at the same . Tie iaterrupl il
b detestest only a1 “he end of an uscruction, Esserially, ine Z80 il
Tespond 1o the interrapt by genceating an TORQ (and ai: MI sigaali,
and then do niothing, except wait

1t s the responsinitiy of an extenal destce to resognize the 10RQ
and M1 {thi is cellec an merrupt acinnwieqge or INTA) 2nd 10 plece
an instrucion on the data-bus. Tc 24 axaects an insi-uction 1 be
placed on it Gata bus by the external devies within the next cycie. Typi-
eaily, an RST ur 2 CALL instruction i placed on the bus. Both of these
instructios avtemaueally preserve the prugram-counter in the stck,
andt canse oranching (0 2 speific adiress. The advantage of the RST in-
stmuction 1s that  zesides within 2 swgle byle, i.c.. it exezutes rapidly.
s disadvantage 15 (o branch <o aly vue u; cight zossible focations 1n
paze zero (acdrcsscs O through 75%). T3¢ advaatage of the CALL fn-
Surizotion is that i s 2 general-purposs brarch instruction which s
fies & full §6-bit eddress. However, it reqrss three bytes and therefore
execures less rapidly.

Notc chat once the faterzupt processiy stavts, et FIriber mierrupss
are disabled. EFF1 and (PF3 atc auomagically setto "0". £ s 1ben 2he
sospochility of the prograning: Lo fnsert an EL mstriction (Enabic In-
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Fig. 2.13: Two Butiers Are Required (Temp Registers}

W

INTERNAL ORGANIZATION OF THE 250

“The tertss necessary in order 10 understand the internal elements of
the cucroprocessor have been defined. We wil now cxmniue an piove
decail the 80 Hself, and describe its capabiites, The waterna; organiza-
Hion af the 7K1 5 shawn n Figure 2.16. This diagram presents a togical
dessription of the device. Additional intarconneations may cxist but arc
a0t shown. Let v3 examine the diagram from cight 10 left.

On the rieht part of the dlusuration. the arithresic-logical unit (the
ALU} may be recognized by its characteristic V"' snape, The accurit-
Intor cegister, which has feen eserihed tn the previows section, s iden.
tificd 55 A o the rignt input path of the ALL. It nas beer, snown in tae
Previous sestion (it the accumatatar shouid be equipped with a bifer
ragister, This 25 thie rapster fabeted ACT (wmporiny acsomelator).
Hare, the left put of the ALU i also squipped with a temporary
repister, calted TMP. The aperation of the ALL will become ciear n the
next sectian, where we will Saseribe the cxceution of actualinstructions.

The jiags regusterscallod™ EV inthe Z80.and is shown 0 the nght o the
accumulztor regisier. The contents of th flags regisicr are essentially
conditionad by the ALU, bist it will be shown that some of its bits may
aiso be conditioned by othes modules or events.

‘The avzumutator 2nd the lags registers are shown as doube registers
ianslled respectively A, A" and F, F'. Tais i because the Z30 is

51
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3P pq
Tunciion.

Formar

Deseryion:

Duts Alow:

T

Addressing, Mave:

Fings:

Exwaple

Tien 10 location po.

T bye 13 19
[——
e

vt —re—— TR0

e contents uf the gaemory location immediatciy
“ailowing e opeode are loaded to the low arcer
halif of the pragram countes aud the Goulents of
the sacond mamary location wisnediasely follow-
1ng the apcade arz kodvd G Uhe biwh orde: of
\he program couner, The wext lustruccon wil be
Zacked how dhis new address.

T e

of
s e
N

30 syches; 10 T scatas; 3 wsec @ 2 MHz
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tesrupis) el the apprapriate focattan wiinin his srogras if be wistes to
enablc fnterrunts. AR, in aay sase, before teluraiag from th intecrupr

the delaled sequence correspanding 1 the mode O interrapt s
saown in Figure 6.26.

e

e

The return from she saverrapt is accoplished by 1 RETI instric-
lion. Le: s remins (e pregaunes al i pow: tat fieshe is usaally
responsibie for cxpiaitly dlearing tae mterrapl which has Acen scrviced
n the 1/0 device, wrd aiways for restoring ine iorerrupt disable fug -
sl lve Z80. However, the arrpheral can‘rolier may use the INTA sig.
22l -2 clear she INT reques!. 1hns freemng te programiier of s chore.

10 4cdition, shoud tac mtesrupt-nandiing roaine mod:fy e con-
-ents of any of fhe 1nteal regis-ers, L programcier i specifically
spansinle for prescriang these registers :n the seack prior Lo usccuting
ths intcrrupl-handling routine. Olberwise, the contents 7 lese regis-
will be destroyed. and whn (e interrupled progsivi 1estimes Sxc-
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RET1
Function:

Format:

Deserption:

Timong:

Retina from iatermipt

(5P - ISP 5P+ 2

PCi = (5P% Mg

BhE

deseribed for the POP &
iom i recognized by Zilog senpheral devices 25
the exd of a penpherai service routine 50 s Lo
allow proper contrel of acsced priorily ilrapis
an il ingt-tation st b2 execuied prior to RETL
in order (0 re amasle Interrupss.

AM cyuien: 147 statess 7 usec @ 2 Mz

Addrassig Modss: Indirses.

Fags:

n

[TI15 netecn.
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RET

Function

Fornat:

Description:

Dato Flow:

Timimg:

Retum (o subrouine

DPClany = (SP): PChign (5P + 15 SP «'SF = 2

The grogram sounier 15 popped off the stack a5
aescribed for e PO fnstructigns. The next in-
Steuction feleied is from the losaion zoiated o
by IC

e
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with e hane:ic 27d lagicat operauions. The assembler will eveluate the
expressions in 2 eft(c-Ight manner, bsing (ke prionties specified by
= cab. i Figure 10.5. Pacenhesos mty be asedlic enforee a specific
order =F evalution. Kewaver, the wwiesaost parentheses will denote
that iac conrents are 1o be tealed s an address

Assomdes Dire

Divecuves ax speutal arders gven hy the programIGr k0 the assem.
blec. whic result 2ithes tn siorni values inio syImbe.S o info e -
ory. o7 in centeolling the crecution o PrNG MoZes Of e asseonblet
The st of cammards wie: specitically camtrals the prntng wodes of
the assermbler 1 asa called cammands™ and w desaaibez in  separale
sectian.

To arovide a saecilic exampie, T us seness bore the 12 assembler
divectives availasie on the Zilog deve.opmunt sesten

ORG N
“Thue diresuve wil se the sssembiee address connier 10 the valae m. Lo
othir words, e fis executable mstracion encouatored afice ts
direcresz Wil
segments af 2 program at different memary Jocations,

AW e

This drective 1s vsed to assig % vale 10 a lazel.
DEFL m

“This directive alse assigns « vafue 13 10 a label, but may be repeated
witkin the prograun wilh diferent vatus for (he samme tanel, whercas
BQU may be used only unce.

DEFE 'S

Tiis directive a3pes erght bil conteats 192 byte
raference councer.

DEFB '$'
assigns the ASCI! value of "
DTFW an

ding 4t the cunent

& tne byte,

Tous asstgns the value o to the twe-dyte wosd residing 3t tae currant
seference counter ard the foilowing fosation.
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a0 program shoulz be exammed swth allenlicn. The fogic is quile
suple, The neas fore i hat wheriever a DI s reqd from e Teletyoe (6L
aldross TTYBID), it is echoed cack o the Tetstype. This fs a sardard
fisure of che Teletype. Whenever a uier presses & bey, the informatian
s transmiied 10 the processor and saen 12ck (0 e Ernving meshanism
of tie Teletype, Thus serifics thar the transeusssan Jincs are working
2R that the racessor s operating when & charaetet i, ieed, prin.ing
correedy on the paper

S ST

—_—

)
RS

¥
SEI; 3100
Y

[

Fig. 636 Tetelype Dutput

Exercise 6,25: Write ihe defiy rontie whtch restdis v tie 9,03 mitisee.
ond delay. (DELAY subriine)

Exereise 6.26: Using the exvomole of the progran developed abere,
wrute w PRINTC progran ey will pros on the Teletoge the contents
meamary iocanion CHAR fsee Fig, 6,151,

The answer appears below

PRINTC 1D B0 COUNTTR - 11 TS
LD ALCHARY  OFT CHARACTRR
[N CLEAR CARRY = START BIT
RiA CARRY INTO A

a9
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Assembler Commands

Compmonds are useet v modiTy the focmaz of the lisiag 10 control the
inting modzs of the assemblr. All cbmuinds Start with 2 st in ol
amn Sne. Seven commards are providzd by the Z80 assembler. Typical
examples are

[

‘which sauses ‘he listing 10 move 0 the fup of the seal page; and
LIST OFF

which causes “he printing 10 be suspended. cffecrrve wih Ifs com-
sz, The olbess weex ““HEADING S”, “*LIST ON”, “*MACLIST
ON'',MMACLIST OFF ", ' "INCLUDE FILENAME.

Mucros
A macen s smpiy a anme asignis 19 @ groap of lattuctons. It is n
consemsence ta the programimer. 1f 4 raup of AIStruCLDIS 15 used e
i 1w -1 # praaarain, we cuuld Ueing 2 5n0 10 1€ presen thew, io-
st o s Javiog 1 wrie Uis wroup of st cions
s an example, we zould Wi
SAVREG MACRQ
FUSH AT
PUSH BC
PUSH DE
PUSE HL
ENDM

the. wuaply wole Ui neme “SAVREG” mstead of the abeve imstrie-
s, Ay Lane rat we write SAVREG, Whe five corresparding incs
will 621 substtuted sicnd o (RG name. A asserbler cquippee with a
rnero facilty is called & masso-assem e - Whes the macre assemater
eacaunters 3 SAVREC. L perfornis 3 ners physeel substicutian o
cquivaleat tioes.

Muzro or Subroutine?

ALLLIS pUL & mRACre may seent (0 perale in 8 Wy AROEOLS [0
sub.outiie. Tl s not the case. When he ussembler s uted -0 produce
the obyzet ods, any hme that @ mac.o uawe s ercocntered, i will e
replaced y 12 aczual mstructions that it srauds for. At exusation time,
ac group of insinuctioas wil appean & crans limes as the aams of the
nacro did.

98
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We must then wait for the firer data bit. The neeessary delay is zqual to
5,09 milliseconzs and 5 impicaunied by 8 subroutme:

CALL  DELAYS
Regisicr B is wsed as 3 ccunter and s ioaced vath the vacne 3 n order 1o
cupture tae § cata bits:

LD B owH

Nert, eacl data bt will he 7zad n LEm (a1 he accumuiator, 1l
cchoed. 1 1 assumed fo uemive 1 bt pasilion 5 of th aceumalator, The
dara i witlthen be preserved 1ot repister €, sehere  will be shified in
The rrster from A 10 C «§ parferned thrangh the carry bits
NEXT IN A (7B

OUT  TTYEIT), A

SR A

R C

Ths e is Mustraced s Figeirs .15

r A)X‘
_%: ‘ .
s ™ b
Fi .15 Taoms o
Nt

sust & wilisecond defay 15 urplen
semeaied, and the loop is cr
a3t 3ec0 captared:

. th b counter s dec-
3 aparn as fong e < sl bits have

DELAYS
B

IR NZNEXT
Finully, Ure STOP bit 1 captured, ard cenced 1815 asually sufficiznl o
send w single STOP b, hawever hoca 20Ul ¢
amore isiructiors

B A TVEM
OUT  (TTYBITI. &
CALL DFLAYS
RET

1 back using (w0

a8
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Fig, 10.5: Operator Proeedence
DS a0

reserves a block of memory size L byes. Sarig at the cure
a7 the reference counter.

DEMM 5

Stores ir10 memory the stemy *S” starting a the current refersnce cona-
ter, 1 mest be fess than 63 i Iength

MACRO PO BB

1+ wsed 10 define a lzbel 5 a macro, and to definz i formal parameter
ist. Macres are defined i anaiher section belov,

END

Indicates the ead of e progrash. Any osher stazements following L will
b2 sggored.

ENDM

5 used 15 mark the eus oF 2 saero definton.
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CHAPTER 11

CONCLUSIO

W have now coverad ell inwpostant aspects cf rogramming, from
definitions arid busi, <oJCEpts 10 the Interna’ manipuletion of the Z30
cegsices. 10 the wanagemient of mpbt/nuipu: devicss, as well as e
characteristcs of soflware development aids. What 15 the next sten?
Towo views can be oflered, the st one Ssfating (0 the deveiopment of
teehoiusy, the secand one relating 1o ine developirent of your own
Knowlzdge ans KIL Let us ariress thece w0 pats.

TECHNOLOGICAL DEVELOPMEN T

The prograss of integration in MOS technology mates it pussible to
implemnt mose and riore complex chips. Th wust of ivisleunening the
pracessor funelien itself is oonstantly decressung, Te resolt is that
iy of the iapu:/outpac chips 31 the pesipheral-controller chips uscd
na systs
LSI chips in the system are hecoring programmable. An mieresiing
conceptus: dilema 1s now deseioping. In order Lo surplify the soft-
ware design task, % well a5 to reducc the comparient cour, the new
170 chips now incarporaic sophisticaled pregrammable capabilities:
mary programmed algontims are now Puegrcred within the chip.
Hovierer, & u rescl, ihe development of prograsms 1s compicated oy
the fact that al Shese irnut/amet chins are racically different and
need ta be studied m detail by the programmer! Frograming (he
vsicm s na longer prograniming che iicroprocessor wions, but also
progrenmy atl the viher chups wiwhed 1w, The \sarming tme for
every chip eai be significant.

Naturally, this 1 eniy an apprent diemera. IF these chips were nat
available. the complexdy of the oferiace Ia be realizez, as weil as oF the
carresponding prograrts, wauld he Sl grearer, The acw complesity
chae s mtrodueed ¢ the nced o program more than jast  procesear,

1 now incarparsie 1 sirle Seocessor. ‘This means that most

602
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Buanple; PUSH 1Y

Before: After:

384





index-492_1.png
UL OLTEUT TECHNIGIES

Examp.e:  patling loop for devices £, 2. 3, 4 (see Fie. 6.19%
POLLAIN  A(STATUS1)  GET STATUS OF DEVICE |

BT 7. A SERVICE REQUEST™
CALL NZ ONE BIT = 17

DN A STATUS2  DEVICE2

ar nA

CALL NZ, TWO
SN ASTATUSY  DEVICE
WT %A

CALL NZ. THREE

IN A STATUST  DEVICE
LN

CALL NZ, FOUR

IR POLL4 NO REQUEST, TRY AGAIN

it 7 f the stanss cegisier for cach device 55 1" whon 1€ sants serv-
s, Whea  reqeest is sensed, 1his pregeam brerhs 1o the doviee
Biandler. ut address ONE for devace 5, TWO for dovtce

A fine poict 15 worth notic bere. For eact: (struton, 1t 15 BNpor
i 1 vartTy cacefulty the way i which it affects the voncition odes
1L stiould be noted that the IN A nstructfon does not chunge the flug
TFan N v isteustion has bees used iustead of e IN A Listeuotion, Uit
of the fnpat swould autoroatically be seflovted s e SIGN BiC in the
flzgs Tegister. The spedial instruction “BIT 7.4'" would become un-
necessary. Haweves. besause the IN A nstruction docs not change the
flegs, this extra fes musr e inchued in tre program.

In some hasdware implementations. irput/otzst may b:
treated 25 memory devices for putposes of addreswnz. This 15 carled
memary mapped imput/output. [n s Zase. e N wnstruciion would
e ceziaced by an LD instriction a3d Lhe rost of the progran would be
as abave, sine LD dox not affeet the flags.

The advantazes of puling dre ObMOLS: 1 G S0Ipie, 9065 W01 Feyure
g biedware assistaie. and Keeps al i0201/01BUCSYIRTOICUS it
the progiem opeauoL. (L disadventage sy just a» bt wiost of the
prozesor's Lane s wasted Iooking at devices that do not eed service.
In addition, 7y wasting so much tme, the processor tght give scrvice
o devic 1o D,

Ancther meshaniea (s, tharefare, desiea:te 1 ordar 10 garnies toar
the procescor’s tine e be used (0 pErfOr uselul coMPUEIONS rathes
than poliiag devices necdlesaly al Uhe tame, However. let us stress that
‘polling is used cxtensively wlenever & FIGOBrOSIOr i H0KINE b

5
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uate 19 2 e valve, Ui assemzly of a1 subsequent statements wifl e
disaziss up o e GNDC mstcustion.

ENDC 35 usad (0 resmrinan 4 COND, 50 that the asseaibly of subce-
quent scaterments 55 re-cnabled The COND pseLdo-OPs watriai be
wed,

I thewey, more powerll condisienal assmbly farifities couts e,
sl SIE end “ELSE" spceifivation. They may baewme available w
Teture vesions of the assaublo,

SUMMARY

Tous chaper has prosonted the techn. ques and he Fardware ad socte
ware ools veguised - dse.ap 2 propeam, along with the various ude-
alTs and alicrnatives.

These range a3 1he Tardware Lavel Lot the s.gle-bord macrozom-
e 10 1he Tl evelnpmen sysiem: 2t the softusa leved, from b-rary
€oging 1C higa- evel programmig,

¥ will have 10 sciest 1hean o the basis af yaur 5als 2nd ceuources,

ey
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Joutiae saull macify any micrcal ragsiors, e joternal regiiers
ald also be preserved on the sizek (soe Figures 6,22 and 6.23),

P ] P

STH

Fig. 6.22: £%0 Stack After Intesruption

Fi, 6.23: Saving Some Warking Registers

After ail these regisicrs have bean preserved, ane 2an Sxanéh 10 the
#nproprice.: interropt-nandling acdress. AU the end of this toutine, alt
the reasters should be restored, and a spaciat irterrunt resira should be
exceuted 50 72t the maim program will reseme exccation, Lo us esam
1oe a rure datail the interrunt ins of the Z30.

280 nterrapts

A fuISTTIPL i« signal sert 1o the MICIONKOGEsSOT, Which may re-
qaest scrvice at auy e il s asyochrOTONS 0 e progran. When
er 4 program hranches 19 4 subroutine, suca ranchus 15 syncron-
us 10 pragram esezuiior, v, scheculed by the progcam. An

“upl, however, may deeur at ang rme, and wil generally suspend the
“xscation of tae curren: progeant Guathou he program kaow:ng 1),
Because is ay hiappen &l any time relative (o program sxcuticn, i€ &
called agpncironons.

Three inlcrruption mechatsms are provided on e Z80r the Sus 1o
uest (BUSRQ), the nar-maskavle 1terrupt (NN} and e usual ivter-
sust (INT)

s examine thcse thiee cypes.

405
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Descrpiion: “Thie specificd bic of the location determire=d by 3 is
resct « is deffned in ik deseription of Il suailac
TIT instruciions.

T e
@ 2 MI
7
25
i1
B |
Adttrsssiz Modss 1 g (HL): ndersss X -, QY + i
aed
etodes  RES b L
S T B
RES b ML
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T

Lig. 6.21: Prnting on 2 Puncs

e Printer

o710 de. a3 keeps the overall organizacian symble. Lt s caainioe the
asseniial aleraUve o polling: Birrups.

Interupts

Tite conept ol ntesapts 1 lust e Figure 6,18, & sprcia lurd-
wace Lz, the fotereups ine, :s connesteel 16 a specialized pin af Lo mi-
croprocessor. Maltiple input/cutput divi
picrrupt line. Whe any ane of them
Sulse oa this Hinz. An mtcrrupt sigaal s
2ut/oulput dence Lo tae provessor. Lot ts sxamne Lhe response of the
Zracessor 1o this UETUTL,

iR case, dhe procussor somalelss <3¢ Jostruction thal i was zur-
iy wxseuting; otherwise, Uus woull creais ciss inside e awicro-
epeessur. Nest, the miTuprocessuc sould bramch o seierupt-han:
aling routinc wiich will process tae iatesrupt. Branching Lo such a 330-
Sl iz st e congents G the pricasam couler must e el
o she stack. At inferrupd must, (herefore, s the auicalE oreser-
i o the prozIaM cowter o ihe siork, th additinn. fe g resis-
2o F shoulz 62 alse preserved auromaticaly, 2 s conteots will he
altered by ans subsecuer instruction. Finailv, i ke micrrapt-hacdling

203 may be camected £ thes

serve. it sonds afevel v

ervice roquest Fror an n
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CONCLUSION

amiftalearn the various featuses of the dif eren hips in a systect, How-
ver, 1 s hoped that the Lechmigues 26d concewes prasented in chis book
wiit make Uhis @ ceasananly easy fask.

THE NEXT STEP

You e 20w earted tiie basic tochniaues cequired 12 progsat sum
ple applications oc. peper. That was the gosi of this hak. The next siep
15 actual practie for which there s 1o sabstitute. It 3 impassible to fearn
Prograowmic comploteiy o payer; eaperience is required. You shautd
0w be 10 4 position €0 start Writine your own programs. Il is haped
tha this joursey wiil be a plézsant one.

3
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ticutar. the buses usulty need 1o be Sugfered. Also, decading fogic may
5e used foc the memory RAM chips, and. finaily, same signls may
aeed e be anplificd by drvers, These auxiliary cireuts wil o be
describo feie as they 4% No reievant 10 programming, Th roader in-
teresitd in secitic assembly and uer Fcong wecaniaues is refer-ed ta
baok C207 “Mictoprceassor taterfacing Techiuues. ™

TNSITH: A MICROPROCESSOR

The lirge maonity of ali microprotessor ching an the maket today
maplenent the samie srchitectare, This “standard” arendesniee will be
descailed here. T 15 shown i Figare 2.2, The modaes of s stardard

micropracessor will now be detailed, from rght 10 Jste,

[Eren—
oL 8

ey o

Fig. 2.2: "Standard” Microprocessor Architecture

The cumiron box on the right seprescals the ennrray umit whiels syae
chraizss the entire system. 1ts role will be carifies within the ce
meiade: of ths chaper.

%
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PUSH iX Pusl: 1X o stuck

Function,

Formu:

Beseripuon: The stack pumnter s decremented, znd 1be contents
oF e bigh arger of the I regese: are loaded inic
the mertory location addressed hy Ibx sack
pomter. The stack paintes is again decremented
and then 1he conicnts of th low rder of the X
reguster are loaded inta the memary location ad-
et by the stack poiier

i Fiow

R ///M%Z%—‘

Tinang AN svdess 15 T stasess 7.5 usee @ 2 ML

Addressing Mode. todivect

LT st

o

£
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directive wilf expand 1010 whatever numzer of insi-uons were used. A
macra wil, therelore, rua iiore Hovdy “ian 2ny sngle mstuction. Be-
cause of its comvnence lor e developmen of any long Feograit, a
macrs facilLy 1s lnghly desuzble for such applicaions.

Additional Macro Facifites

Meny orher directives and synactic faciitis aray be cdded t0 2 s
ple mazra Tacility: macras may be Aesfed 1c., & mierd call may appear
within a macra dafition. Using this fasiit, & muceo ey mosily is-
self with = nested. clofimilion! A [is¢ cail wil: zroduce one esparsion,
whereas scbstpuent calls il: produse a modificd cxprusion uf the sams
eracra. ‘Phis is allowed by the Z80 assembler, buc nested defiritions a2
cou lfowed.

CONDITIONAL ASSEMRLY

Coucitionsl asseuily 15 anater facility provided n fhe 7.0 asson-
bly. With a conditional assembly fecili'y. “he programmer 2aa devise
rragrars for a varicly of crscs. and ther. condiuonally assemole the
scgments of codes required 3y 3 specitic application, As an oxampie, an
induslrish user might desian prograrms 1 e sase of any mumber of
“zalfiz s at an ufersection, for 2 venery of contrch alaoritbms. He
B tinen regav the specifications feoin (e lucut allic sugaeet, wia
specifies bow many Lra7fi: ligbis there should be and which akgorithms
shauld be used. The pregeammer will theo surply <o pacusnelars i bis
rugram wod sssemble wopditionally. The conditional assenbly wi
Sesuitin 3 “estomized™ progran which il celaw uaty UL ose rousies
which 21¢ uessssary for tne solution a the probler:

Concitional gsscmbly i, therefare, aF speeific valus 16 irdusirial
Brogram gereralion i tn SNWIrONMERL where meay OpLIORS exis: a0d
where the proprameer wises <o assembie gortions of programs quick:
iy 2nd ausamatically in cesponse to extermal parumetsrs.

Only two conditionsl pseudw-OPs ar: prowided Lt stasuird
micro-assemblor versiun supolizd by Zilu, They ace respectively

COND NN 4nd BXDC

‘shere NN represeats an expression, The pseuda-0P "“COND NN will
casult in the cvaluation a the cxpressior NN As far, as the rxpressian
ealuates 10 4 sk vz (nnzero), th statemen fallovang the COND
il be asscmbled. Howerer, if Uhe expression should he Faisc, ie.. eval-

a0
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Tt can be ceadily seen thot a normalived mumbst 15 caaracterized
by @ maatiosa less than 1 and greaer o equa’ to 1 in al ceses
whers the numbar it nok zero. In utbec wurds, shis e be r2pre-
sented mathomatically y:

15 M<lori0" € M 10

Similarly, in the binary representation:
2SN or SEMLL)

Where M ia the absofute value of the mantissa (disregarding the
g

Por example:

111,01 is nuroized as: 11101 3
The niantissa fs 10101,
“Phe exponent is 5.

Now thal, we fuve aefined the pinciple of the representainn,
et us wxwimine the aczual format. A typical foating.poi: repzesen:
tation appears bolor.

3 n e 8 ]
T T T

w (s moaow T s
[ L .

Fig. 1.5: Typical ftoating-Point Representation

In the roproseatation used in this example, four bLes ure used
far a total of 33 bils. The fiest byto on the left of he llustration is
used Lo represent. the exponent, Both the expanent and the man-
st wil be 1epresented in fwa's compiement. 43 a reaull, the
masimie: expanen will he — 128 ' in Fig. (.5 doncics the sign
bit.

‘Threz hytes are tiser o represent tae maxtiesa. Since tho first
bit ir the Lwo's complement roproseasation indieares to sign, <his
Leavea 23 bits for tho reprosentation of the magnitude of the man-

El
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NEXT OUT {UTYBITL A OUTPLT

CALL DELAY
RRA NEXT BIT

SCE CARRY = 1 (STOP BIT)
LEC B BIT Count

R NZ.NEXE

RET

Register 145 used a5 a bit sounter for the teensission. The contents
O bic © of A will b sent <0 15 | cletype line [(“TTYBIT". Note haw
hecarey 15 sad 19 provide a sl bir (the START Bit. Also, bue hiat
e carry i cleared by:

orR A
Al the end ot ihe program, e carrs 15 se( 1c one by
SCF

1t arder 10 generaie a 510p bil

Evercise 6,27 Modify the program 5o that o wans for a START bt -
siend uf & STATUS b

Printing a String of Charneters

We wil assine that the PRINTC routine (see Zxercise 6.26) takes
are o prenting a character an our prien, o display,or any oulpul de-
vice. We will herc printthe contents ol memory localions (START) to

(START + 2.
The program 1 straighitorward (s Figure8. 14
FSTRING ED B, NBR LENGTH OF STRING
(0 HL.START  BASE ADDRESS
NEXT LD A (HD GEF CHARACTER
CALL PRINTC BRINT 1T
NG HL NEXT ELEMENT
PEC B
IR ONZNEXT  DCITAGAIN
REL

9






index-598_1.png
PHOGRAY DFVELOPVENT

By vomrast, 4 subrout e 1s dellund oniy once, and Wen W can b
uscd repeatediy; the program will jume to the subroutine address. A
macro s called an assembly-tine Eaciity. A subroutine is an execurion-
e Taciity, There apezanon ss quils difforen:

Mucra Parameters

Eaci ersero oy be cqumpped with a aumbe: of perameters. As an
exanrsle, bt us consider e Colowing ma

SWAP MACRO M, N, 9T

L A, M INTO &
w A FAINTOT (=)
LD A NINTO A

ip A PAINTO M (=N1
Lo AT STEVIOA

D N, A AINTO N (-T)
EXD M

Tows macro will result In swapping exchanging) the cantents af mem-
ary Sosanons M and N. A swap belween two rezisters, or two memory
10cations, 1 an aperaion wch % nct prusided ng the 730, A maceo
may he cised i malement i<, "1 in this instane s simpiy the name
fara temporary sicrage lncannn reqaired by th program. AS an exam-
ple. et us sway the =ontants of memory locatians ALPHA a1d BETA.
The ins:ruction which docs 1his uppears eiow:

SWAP (ALPHA}, {BETA), (TEMP)

o this instrction, TEMP 15 the rame of some letonury starage
lacation, which we know 1o be avalludle and which can be used by Lz
@acro. The sesalting sxpansion of the cracto apsezrs below:

LA (ALPI Y
LU (rEMP), A

LD A, (BEIAI

LD (ALPHAL A

LD A (TEMP)

LD (BEFAL A

The vafie of & iaacta saould how be ZPACEA: it comvenent for the
PrusrnmeT W se paedo-nrucULas, winel Lave be: defined with
, che ap2acen: nsi-ustion set of the 260 cas be ex.
panded at wifl. Unfortunately, one mes: bear i mund that each maero

anzovos. L this wa

509
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i 08t 30 b a0 5upply Complts and accure b uieon, HOWEwer,
Syt cssmes o responblty 2o 7 0 o any AR 0F BETs 0 e
et of i aere i wEnld e, N lne rased by 13 ocpraen: mact
Fitures undse ay pelen o anent 5. MaRulaeuers Fstess G £ight 10 Change
ey . ans e kol e

I sl echnesl chardctersris and orics ce et 9 g lnge. Cour
Fanione end ealustions e preseled for s sducatonal 1alue 4nd [0 stice
Ermaptes. T ree 8 refered o the manalaciers 6.1 Xt spes caions.

‘Capsnght 1550, SYBEX s Worldnghs serced Mo il pabicatias sy
s 8 1tV YL e o eprogeced o amy way, me g b 20k
Vimited o, hXGE0pS. Lo, oF TRt OR3GO, ELROLL e pRGE vt
cermssion of e vl

Libeary of Congess Card Narmber: 10.5468
AN 0N
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D Fir
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Addsessing Moie:
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P DY e (S8
S spe

ke suick somcer 35 coennsated 17 the contens
of the iy order o1 76 1Y remsser arc londez. into
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wnd e omion1s o1 Ure dow order of he £ reser
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Polling

Conzepually, pollir s the simples: method ar wisiag. it mtinpie
nipherals. With this strategy, the processos iigriogases the feviess
Fonnerted to The {uses i (e, 1 a dvice requesls service. he ervice
« graatd, 1 1t Cocs nOL feguGsL servze. Ghe next periceai s cx
., Polling ' used vox ust for the devices, bui fo any device srvice
ousine,

"As an examale, i the syscem i cquipzed wil 8 Teletyps, 4 tane re-
corder, ad « CRT dispia, 1he poing roviire would iierregace ihe
Telctype: “0o you have a character 19 lransmit ' 1 wols hucrrogacs
e Teleiype owrprt roune, asking: Do you hiare @ shrasier lo
send?” Then, assaninz Laal the apswers are aegatise 50 far, 1 would
nteszogats the tape recorde: Toutincs, and flaaily the CRY display. 1T
nty ane davize s COrnected ¢  syst, polling il be used 13 wl ©
dercemiae whether ¢ needs sesvice. As an exemple, the Mlowchasts for
ceeding # paper-tepe eader AU 9T DU oR & prAGE apps U: g
ures 6,20 2rd 6.21.

@

oess s

NTESRUP?

=

Fig. 6.18: Fhree Methodss of /0 Conteul

a0
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The Critieal Race Problem

The simplc organization showR in Fizure 2.8 will Kot fusetion cor-
sectly.

Quest

Wit is the tinme problem?

Aniswer: e probler is that the resuit which will te propagated out
4 the AL will be deposited back 07 the single bus. It vall ot 5ro-
pagate Jis:inthe diccction of RO, nul alang al of tae ous. 1n partiular,
it i vecondiion the right mput of <he AL, changing the resl coring
onb of it 2 f2w nanoseennds taser. I his i & critvcal race. The output of
the ALG must be wsolated [rom: ifs IFFUE_(see Figure 2.12).

Severat sofenns ace passible wkick il solat Che iapu of U ALU
from the outpat. A buer regisier must be used. Th bufler regster
could be plazed on the oLtput of the AL, ur v s input. T 15 Jsvall
placed o b icput of e ALY, Here i woud be placsd ot is tight
k. The bufTerug of the systemn 5 noe sufficient for a correct ope
iom. 10 will be shows ler 1 chapter ©aL i the Jeft reguster which
appears in tis flustration is 22 te used as a7 AcCURAIOT (permiltng
e usc of anc-bytc Jomg nsiructions), Lhen <1¢ accumulasor wil require
4 butfer 100, &5 shown 11 Figuse 2.13.

s, v B

2.12: ‘he Critleal Raee Froblem

50
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Examgie: BUSH 1X

Before: Afer
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Fig. 6.07: Printing 4 Memary Block

PERTPHERAL SUMMARY

W liave now desericed (he basic programeng teeniques wad (o
commumncace with ispival npuisou;sul devices. fm 2ddition to the data
ramsfes. 1t wil be necessary 19 condition ane o mare antrof registers
itk caca /0 device ia ot (0 condition .ae trarsfer seeds, the
terupl mecnanism, and the v2rious coher antions correctly. The man-
ual [0: cach device shouie be sonsslLed, {For mare deieils cn the spe.

elgontis. far sxchargbn saformalion wich wl e usua: perinne-
als, the reader is referred to ous beok, C207. icraprocessnr dmterfic.
ng, Tectumgies.)

We have Low leanisd to manage swele devives. Howeser, 1n a real
syste.n, i peripitera’s are conngcied o the nses., a3d iy reques;
service mulianeacsty. How ae we gomg @ schedule the provessor's
ame?

INPUT/OUTFUT SCHEDULING

Siacz b/ oulpt ssquests may oecor sanultanessiv, u schedufing
mezhrism avist 3¢ impicmerler!in every systean (o determure . which
rder service witl 3¢ grented. Three basic Input autpu teching its are
ased. wizlt can be combines wick each other. They arc: paling, ritcr
T, DMA, Polling and wniecruzis will he descrbed hers, DMA 15
puscly a hatdware wechnique, end cs such will 30t be described here, (11
is coveved tn e rerererce books €21 wnd CZ07.)

91
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PUSH qq

Funetions

Formai:

Descrpici:

Dosa Fiow:

Tunaun

THE 780 ISTRUCTION SET

Push vester pavr e stack.

(P - 1) =Ugbigh (SP - 21 —SAiow
SP-SP -2

ST
AR

The stack poiniea 1s decreveni=d £nd the conleats
of the bugn ceder of the saecified regster pair are
then Joased into the mersory focallun addrescd
by he stack pointer. The siack po.rler s apan
deeremeniey aud i conieats bf she low arder o7
he regisian vai. aic luaded ‘o the memory foca
1 “neceniky addressed 3y the stach power, 49
nay be ar une of

BC U
o

dirassing tove:  Indiren

e Codes:

s 5w g

(o]
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ee ¢ PRESERVE IT INIT ¢
CALL DELAYS ~ NEXT PULSE (9 MS)
DEC B DECREMENT BT COUNT

JR Nz, NEXT
XA (TTYBIT) READ STOP BIT
QUT 1TV, A ECHOIT

CALL DFLAY?  SKII'SECOND STOP
RET

Fig. 6.14: Teletype Frogeam

Lot as cxwmine the progrart +n derail. Pirs, the status of the Taleiype
mast be tosted o defernnine oF & sharactor 1 vailable:

TiviN N A(STATLS
mroo1a
K ZTT¥IN
The “BIT" Insteuction 15 2 sseful 280 fasility which 2llews testing,
any bitin any data rewascer. 1t does not modify the conients af tne e
fer under test. Tl Z Gy 3 s if e specied bl: is O, and reset other-
wse
This preram Wi, hewlore, 1oop umtil the stacs finlly becomes
7,35 5 stasse polling laoy,
Note ako that, since the STATUS doss b swed 10 be preserved. we
could advantageausly use

AND 100000025
tnstead of
B TA
However, using the AND instruction destroy
rcceptatie nere).
Wher. opiimizing @ prog-a, remember that each acw instruction
may wiroduce side-effocis,

ex:, 24,5 ms deiay 5 mplemeated in oedes o semso the start bi:
the middic of the pulsz,

CALL DELAY)

e contenls of A

where DELAYI & the aefay subroulire :mplementng the required
delay. Ihe tirs i 10 come 16 the stant 6, J¢ should be echoed 19 ihe
Teletype, bus otherwase fgnored. ‘This s done 9y he nsxl ingctons

TIVING I A CCTYRIT
OUT  (TTYBIT), A

i
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NUL/OUIPUT TECHIQES

P ot divres,
Lot s nows iflusirate his procodure vl 7 siersle sl

Sonding & Chavacter To The Printer

‘The character wil be assumed 10 be eotain:d in memary facaion

CHAR. The pregrans 1 priot 1w appedrs be.ow:
WAIT N A sraTUS)
3 7 A T IF READY

B L wam OTHERWISE WaAIT
" A CHAD  GLT CHARACTER
OUT  (PRNTDL A PRINTIT
R wAIT GO FORNEXT
“The prm progrer s suraaforwued wid uses dhe fandstiakng pro-

wesiure winch has baen described abave, The datz paths are shoen in
Fignee 6.5

st

:
= ,\T ofy\;f:

R 20

Fiy, 6.9 Printer—Data Putns

The Cawsacter featled DATAD 15 localzd a: mereiry focation CHAR,
Fits e status of the prister o checkes. Whensver 21 7 of e status

a
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Tiolby-Type Micracomputers

T obby-iype reracompute hardwase b oancals exactly analo-
5045 (0 2Nt of & develupriiat system. T mrin ditforenc les 1n the
fact that 1 1 aarmalsy 70l tqu-pped will the sophishes 1= sotevware
deselopment ks wiuch are availazic on ar MALSINAL deve:opaD! 335
e, A¢ an examplc, My lablsy-typ ECTocmpusters alfet only clcs
meniary assemblers, nnal editors, mumma’ Fle systcms, 2 facllies
tc autach 3 PROM srogrammer, 10 in-citcus. conakaon, 1o sowerful
desuggar. ey represent. Wherefoso, an iiemediare step betwedn Ui
single-noarc, microzamaater and Uie Al McropOCEssor dessIoprmant
System. For & user 10 ishes L0 develo programs uf kiadsst coriples.
1y, they ure probably the Sest cuapeonre, since they cTer 12e advane
tage of low sost and a reasomuale i ay of softwate devetnimen! togls.
even theugh they are quite wi.ed a (o Lhzir corsenie .

Time-Shaing System

1135 possible 10 rent sarminits (oM severas compunes which will con-
et 1o timc-shanne etworks. These entinals share e i of he
farge: cammter and panafit 7o a0 che advantases of arge msialla-
Vs, Ceass asenbiers are available for ¢l KcrosomnIers uu -
fually il commercial Ge-sRaTNZ SYSICS, A brivs assensbles i simply
a0 assembler for. 535 & Z80 Whi resudes, For exantpde, i 1BVAT
Formally, a cros assenblen . sisembler for micrmivessor X
whizh resies un ecessar Y. The netrre of lhe comguter being wsed 15
Freevant. The user st | writes a progeam n 280 ussemnbly-lovel Jar
e, and the crose asserhler 1masiazes M Lhe GOproR-Ate bIDATY
Pattern. The diftcsence, however, 15 thal the prozrasn SAARAI bz ex-
seried af (nis poirs. 1 s be executed by 3 simuated prosessar, < one
s avaslable, Sroviied 11 G6es BOL UsC 4y APUL/DUIPUE TEsaurezs. Fhis
solutisn & used, Sherefore, oaly n dustrial environmen:.

In-House Compater

Whe wver 4 larpe inchouse commuter 15 available, cross ssscmbl
e alvas b2 avallable to f2illate 2-ogram develars
ptes offers e shared sevice, (hIs apGar 1 essensially analogaus i
the one abave. 1 i¢ offers aniy hatch acre. this i probebly ons of the

o

st iaconverent meitds af progrem developmant, since sabw
prnprarms m fatel. mode at the asscrbly jeves for 4
s n a verv long developrien ue2.

£
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HARDWARE AUIERNAIIVES
single-fosrd Microcomputes

The single-board mucrocomputar oflers the loswest tos: #pproa:
prowram development. it 1s Kormaliy equipped walh a hexedecimat ke
board, plus some fanction evs, plus § LED's which can displny at-
azess and data, Since it s squizped with a small amoni of memary, an
assembier s wot usaally available. Ai best, it 75 a small moniter and
virsvally no edifing o: dabugaing faciilies, cxcept for a very few com.
mands. Al progrems must, therefore, be enlerud in exadecimal Form.
Thcy will 2150 be disprayed in aexadecinial form on the LED'S, A sii-
gle-board microcompiter has, in thoary, the sae hardware power s
any ollier somputer. Simply hecausc of ifs restricted memary €ize and
keyboatd, 1t does not support alf the wsaad Eaciitss of « farser sysizw
and makes progran develapment mush lorger. Boeasse 1 15 sedinus 1o
develop programs in hexadecimal ‘ormal, a single hrard microcor-
jutes 1s bess suitzd for edicaiion and training where programs of Y-
ted length have 1o be Sevelupead i 1 iy shor” engt s net a7 obstacie
 progrartming. Singie-boards ate pic by the cheapast way -2 learin
programming by downg. Howsve:, they zanaat se used for comples
program. dovclanmen: wvess addittonal memosy boards ure attached
aRd e usuel software 2ids are made available.

The Developmeat Systen

A develooment systeon 3 micracoRpeIe sysiem 2quizped with &
siznificant aztount cT RAM memory (32K, 48K\ as wel s Lhe recnires
input/cutput Seviees, such as a CRT display, & printer. disks, and, s
afly, 3 PROM programmer, as well as, perhats, an h-c lator
4 sevelopment system 15 specifically designed to fasliete progrun:
develomment in o mdustriat covironment. it nosmally offecs ull, or
most, o the softwa. e fauilies il we uve mentiored in che preceding
ctien. ir. orinciple, it i the dwai xofwaze development fool.

The lirutatian of a microcomputes devalopient systents 1t il may
20t be capabie of supportiog 2 zompiler or an [terpeier. This 1 be-
ceuse a compiler (ypically réquires 2 very lazee ameunt of semicny,
ofzzn more taan 15 mvwilkzic on the system. Howewer, for developing
programs n assembly-level language, it offe-s ail the sequirad aciices
Bt bscause development systerms scll in relatze.y smaid numeers com-
pared 10 hobby computers. their cost & sigsificanly higher.
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POP IX

Fuviction.

escrpnan:

Data Flow:

Thmung

Addressing

et

THE Z80 INSTRUCTION SET

PO 1X zegter from stack.

1N = P Xy, H5F - DiSP 5812

o i

T T o v oo

OOl T lol | oz

Flne somtents of the memory focaion addressed by

e stack puaner are laaded 10 tha low ardce of
the IX regaier and the strck puinter ¢ e
exznented, The contesns ! the memary k
now ad:
16 the aigh o-ter of the 1X sepsist, aud the stack
PoIECr I wgain crmeicd

@2

B





index-483_1.png
MINLED
NZ. OUF
BC, (MAXLED)

our

1 3¢ assmed here thel e ahove program as been wrieer: s 4 sulb-
roting, and the Jast instriciion is then RET: return from subroutinz

Evercise 6,20: 15 usually neccssar 10 e off the segiment drivers fior
the LER ot o displaring e 413 Modify the upove program by
adding the nccessury tastructions foutput "G5 us e character code
rior 16 ouipiiting the elaracier).

cxercise 6,247 Whet vould fiapgen (o the display If the DELAY latel
were miowed up i ore iine pusition? Wonld s change the umnz?
Hould this chutise the apgearunce of the displey?

Ksercise 6.23: Yo will noiive fhat the first Jour msruciions of
gt are, 10 jaci, perfarming @ (6-bre indexed memory uccess. How-
ever, i sty sy, wHhour NSING e dexing aechanisar. Assire
that the SECGHAS address 15 knoien i addvnce, Calf SEGBSI thie
high-ordar pare of iins adaress, avd SEGBSL the iow part of s ul-
dress, Store SEGHSH i the tgh Grder art of e IX register, Now

st i above fropram, usitg tie Z80 tnddex-aidessing mecheis,
anel usmg SEGBSL un tie disolacement fiehd of the wmstrveivus. What
are fle odvemages and disudveiiages of s approach?

Exeretse 5.23: dssuming ikar the TpOve progrant s @ SuvrOwtine, 7

a1 s regusters B, D, £, Haud £ iniernatly, and modi-
Jies therr comients. 1Y the subcowtine may frecly use she memary ares
estgenated by ddress T1, T2, T3, 79, T3, Coulu vou cod mssescaaons o
the bugmntng and of the 2rc of this praga v Wit gusransee that,
o e sbrontens resiens, the canients of regisiers A, D, B, H anl i
will b the st s vihen (h Subrotding wus entered?

Exoreise 6,54 Sette exercise as above, bt assunc (at the memiory
araa T1, e, 18 nor aveilable 10 the subrawine. (FHins: remenver thit

shere s bt in mechanisni in CVer;? COMDiter for wreseryng infirmna-
o i ¢ hromological order.)

W liavs now solved sommon put/owipel 37ablems. Let us con.
sicer the case ol u voumue peripherals the Teletepe,
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Assigning o Vaie @0 o Symbol

Lubels e spectal syanbols shose values 0 oi need 10 be definzg by
the prograrimer. The vaive will automatically b dzfined by Lhe assom:
bler program whenever it finds that tabei. The favel vahue thus ulo-
maieally corrssponds to ae address of the insiruction gemerated at the
line woese st apgears. Spreial pssudorinsiructions are zvailable 1o force
starting vaiu for buzs, ur 1o assign them 3 specific vatue,

Fig. th.4: Assembler Quiput. -An Essmple
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JR NZ.DELAY  KKEP LODPING
o ac € 15 PORT NUMBER
ore ¢

€P MINLED DONE FOK 1 AST LED?
RNz OUT

LD BC(MAXLED) IF SO, RESET C G TOP LED
OUT  RET

“The program assames it cegister C contains fhe address of the LED
to be lluminated next, and rut the accumulator A contains the dig o
be displyed

“The Brogeam first (onis up the sevel-segment code cor:espanding to
the lcradecimal valuc conramed m the avcamaiator, Rogisters D aod
a3 used us 2 disgaacement fieic. and reaistors M snd L are vsed as a
16 todex segister. The hexedecimal digit s added to the base addrass
of the tabie:

LEDS 1D Ea -

D0
LD WL, SEGEAS
ADD i DE

EGMENT CONE

A delay Ioop 15 then implononied, 5o tha e cede obtaaes from f
table is displaved “or an appropeule durtio, Hers the <anstant "50°
uenaechnal 3as been artilzacily chosen:

L a0 READ CODE FROM TABLI
w8 sH DELAY VALU

The delay s accomplished usng a classic delay loop. The 2
lion

rst wstrae-

DELAY OUT (@), A

outpurs the cantonts of the accustulator 21 the 170 port porctad to by
segisler C. (the LED rumbers. The next lo mstzuctions tmpiement the
delay ivop:

oEC B

JR N7 DELAY

Ortce the delay has bees implemented, se mus: smply dererent e

LED parnter, and meke sure Lhat we foop around <0 “he bighest LED
addres if the smeilesi LED address has been reacaed:

b Ac
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Tobles

Wihea tne zssembls
reproseniation, it per:

ranstatos (e symbolic progeant inty s biwacy
s (wo ossential fasks:

11U tplates e soenoe sl uctions e thelr binary vo-
coding.
It teansintes the symhals s for constas and addresses inta

therr hinary representatian.

1 order 10 Taeiftate program debugging, <he ossembler snows at the
ena af cae lisu2 the equivalence becween the symbal used and s hexi-
decimal valuz. This is called the symbul Lable.

Sorme symzok tbles will nol ualy list e syrwbut s s vatue, but
wiso the fine wimbers whare the sybol dcuts, iereby providic g an
additioral Facilt.

Errar Messiges

Daring the assembly process, the assombict willdercet syntax errors
and nelude them as part of the Final listing. Typical dignnsties
clud: undefinsd symbols, label already definzd. lgat opeads, ificga!
uddress, tesut addressing mode, Many more detailed diagrostics e
nawally desirable acd are usuly provided. They vary with exch 2
sembler.

The Asembly Lasgusge

Openies havs already been delined. We wil hece define (b syebas,
sonstacis and operalots which may b wsed 25 par: of he essembler
syneax.

Symbols

Symbols e used i represent nummericai valuzs, cilber cata or ad-
deessen. Syeabals iay 13ciEde TP 1o six cheracizrs, and misl stan with
an alphavetical character. The characlers are resincted (0 letters of the
atphabet ang numbers. Alsa, the sser may nol shoue famss Wentical
to the opeodes utilzed by the 280, Lhe names of cogsters suca as A5,
CDEHL. BC, DE. AL, AF. BC. DE, IX, 1Y, 5P, as well s the
Verious shor: names used 5 picuda-operatots by the assembler. The
names af these assembler directiven” are Hsled below in the sorre-
saanding seccions. Alsv, e abiuesiasons used to designate the Nags
saould a0t be used as symbols: C.7N.LENCP.PONZ M.

£






index-376_1.png
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Funcnon:

Form:

Deseraprion

Date Flow

Tomung:

Addressing M

g

THE 2B INSTRUCTION SET

BOP 1Y register tzam srack

Y ™ PR 1Y = (80 = iSP 5P 2

byic 2 11

St corienrs o the memory locauu acidresad by
he stacs poite arc laaded 11s the law arder of
the LY zegister. aad 1hen the stack part:iee s mor
manted, The conteats af e emery lowsiza v
addressed y the stuck poiter are loaded (o the
Ingh order oF the 3Y -ugister, and -hu: ek poine:
s agaln incremened,

4 M excles; 14 T states: 2 wsee @ 2 MHz

tndirect

an
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Nate Ihat wn the Zitoz conseiion, prertheses denots an addzess
For esampe:

oA g

specifies thal ke
lozabior 10 (dac:malh

unndatar < boaded from the com-ests of iy

Operators

In ordsr 30 further fucilitaze the wiiting of sycaulic programs, as-
semblors allow e use aF operaiors, At a mirimuL, ey souid aflow
ofus and minus s tha ane can <pecify, for erarmple:

LD A, (ADDRESS|
LD A, (ADDRESS +1)

s {mportan: (o understand (hut Lhe espressian ADDRFSS - 1 will
be cuputed by the assembler i Grder (0 determine the actual meniory
‘azreon wl ch s b inseried as the birary equrvalenl. 1t wifl be cani-
INICG af aisernbly e, U 4L PTOGTATI-EXECUION e,

I addstion, more operstars may bs availasie, suh s v uply aid
diide. 3 convenienca waen aczessing iables 13 memory. More spiecisl-
1264 operutors may be also avaslanie, such s grezrer than und dons
thas, waich feuncae a twa-byte velue respectveely wate s hizh i fos
bute

Macarally, an expression s Pvanase 10 2 positve velue, Negative
DLmbers may normally not be used and shanld be cpresscd i i hesie
decimat forma.

Finally, a special symbol 1 tcaditionally Wsed 12 represen the cucrent
velu of the adress of the line: S Thus syrabal stiould be iterpr
sz lowtion™ (satue of PO,

Fxereise 10.2: What is the difference berween e Jollowing fostruc-

LD A, 000158
£D A (010101031

Exereise 10.3: Wiat is the effect of the oltawng wctryction?
IR NC.E -

Expressions

Th ZR0 asserbler specifizanans allaw a wide i
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INPUT/QLITPU TECHNIQUES.

Teletype Input-Outpuc

“Fhe Teleiype ssa serat cev
formalicn 13 & senai formal, Each characiar 15 cnsoded  an B-bic
ASCIL farmat (:he ASCH 5ble appears at zhe.snd of this book n ad-
diran, cvery Stiautzr is preceded by  "start” i and fermumate by
two “stop’” bits. in the su-velied 20-mikiamp surren: (0o ratert
which s mos Trequandy Lsed, tbe stare of the ine is cormaliy 4 1
Thhs 15 esed ta indicars 10 the p.ozessor thas the line s ol been eat, A
@t 0 07 ranseing. L divases Lu 1ne receiv. g cevice the!

daca bus follow. The standar: Tefetype 1s 4 1D-chaacters-ser-sacond
dovive. We ave fust cotablished thal caen characier soquires |{ s
This means thar he Teletype il Iransmuit 110 bars e scrand. T o sad
10 be 4 [15-buud device. We wil sesign & prog-am tn serialize bits ot
1 the Teletype 2t the correat speed.

Ay
T,
° i *

+ seond wnplies that bus are separatcd
onds. This will have 0 be the deratin of e 3elcy Jaop
0 be implemeried between suteessrve futs. The format of « Telclype
ward appuars ir. Figure 6.12. Tre flowehar: for Sit 1 pot appiars in
Figuie 6.13. Tae pragram foltows:

TIYIN IN A (STATUS)
BT 1A DATA REALY"
IR TIYIN  OTHERWISE WALl
AYL CENTER OF PULSE
IN A CTTVBIT) START 5IT
OUT (YOI, A ECHOIT
CALL DELAYY  NEXT PULSE (3 MSH
Lo BofH BT COLNT
NEXT N A, (TTYEI)  RPAD DATA BUT
OUT (TTVBIT, & ECHO I
SRL A SAVE IT IN CARRY

a8s
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However, otrer symbofs used for constanls or mamory addresses
must be defined by the prosrammer priov ko therr .

A speaia. zssembler direciive may be e 1o essign 2 Ve 0 a7y
syinbol. A dircenye s essentiafly an Mstroc:ion to the asserbier which
will 301 be translated wlu 4 exezutibie sialement. Far cxampls,
constant LOG wll be detined s

L0G DFW 3002

This 2ssigns the value 3002 hexadecnal 1o the variable LOG, The
assembler ciraclivrs will be exanuied 12 detail 1o & it soction.

Coustants or Litecals

‘Gonstants mey tradiionally b
dscumel, ic oeral. o in binary, or as aiphanurmenc strings. In arder fo
differentiae between tho base used Lo represent the muiner, 1 symbol
st e used. Fo foad 0" into the aceurmulatos, we vl simply siite:

W AG

ptionally 7 13 may be :sad acthe end of the onstat
A hexagzcimal oumber will he terminated by the symbal "t To
load the veluc “FE> into the ascumutaior, we ik writc

LD A, OFFH

An octal syiibol i Lerminared by the symbol
symbal s terminated vy “B"

For examiple. s oruer 1o load the valve ¥ 111111117 i the aceumus
lator, we wilt wei

>0 Q. A binary

o A, Ltinms

Literal ASCI cliarueters may also be used in the Froral fisd, The
ASCH symbol mast be euciosed in single quotes.

For cxampie. in order to foad L symbol """ into fhe sceucrulao
e will write:

oA

Exercise 10.1: Will the following ivvo isstructions foud the same vwaiue
o the accusmulutor: LD A, 'S". and LD /1, SH?
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mal o the system. The erystal and the clock appear on the fef of che
MPU box in Figuire 2.1

Let us now furm our alention to the otk clements of (he sysom.
Gioing from left o cight on the lustraifon, we distinguis

The ROM i the reca-only menrory and vonsains the progrars far the
systam. Th edvantage of the ROM iemory s hal s conicois are per-
manent and uo uot disappesr wheneier the syscem is tursed off. The
ROM, therefure, aiways sontams 2 booisirap Of & moniler Program
heic Tunczion wilt 5e explained later) to perrait nita! system opera-
tion. Tn & prosess-controf enviranment. nearly all the prograuns will
resice i1 ROM. s they vill probaby never o changed. In such & case.
e icchustriat ser has to protect the system st power faihures; pro-
grams must not be volatile, They must b i1 ROM,

Howevsr. in o hobbyisk envirammi. of iR & program-cavelopment
caizonmant (when she prograime tests fus progeam), moet of the
ograms willreside in RAM so that they can be easily changed. Later,
thay raay remain in RAM, or be transferved fnia ROM. Jf desired.
RAM, huwever, is volatile. Its cantonts re iast when pows is turned
off.

The RAM (randoriaccess meniory) 1s the readwiite memary fur le
systean, In hc case of 2 control syscem, the smount of RAM will
(yprcally be small (far deta oaty). On ths other DanG, in 2 prugtan-
devetopent emviranment. the amouat of RAM will b farge, as & will
contan pragrams plus developmant sofiwere. All RAM comicnls must
be ioaded prio to use from an exis:ual device

Finally the system will coniain one o more wtertace chips 30 that It
may communicate with (e sternal worid. The most froquely csed
nberluce chip is the PIO or parallel inpu/ouiput chip. 1 1 the on
shown o L illusteation. Ters PIO), ks wll ulher ehips 1 the syster,
vomeets 1o all three buscs and pravides at least two B-bit ports for
commuunication with the outside world. For more details o 10w an ac-
tual PIO warks, ceer ta book C204 or, for pecifics ofthe 230 system.
Tefer 1o Chapter 7 (apu1/Outpts Devices).

Al h chips are connected to al these bises. uicluding 57 control
bus.

The functional modules wiich have been doscribed need ot
secessily reside on a singte 31 chip. In fact, we coWld se combuc
o s, which mey inclucie hath PACand a limdted amown: of ROM
ar RAM

Stll more comporents wifl be required to bulid & teas sysiem, In par-
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g

THE 230 INSTRUCTION SET

Cratgar s fnc-zment

CHeELER =B LHL =ML+ L

by 1 ED

brte 2: A3

Fhe conteuts of the iesory ducasor
the 1L tegister paue are output 1o the ps
device acdressed by the C register. The 1) cegister
1s cecremented and the HL register peit is mere-
C supplies bits AD 10 A7 of the address bus,

 fafter decrementations supplics bis A8 to A13

Cf

N celen; 6 T scates: § user @ 2 MHz

Eternai

N r Se1i B - 0 alter execution,

sesel alberwise
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THE ASSEMBLER

We have wsed assem iy level lavpbzge treoughaut dhis bok withou:
presenting the formal syntax or cefiniian of asscmbly-lovel langusze.
1he same has came (6 present this defiamion. AR asserbler is designed
Lo cllow e convzaical symba.ic reprIsen:alian of the LS Zropram.
aad et 16 ke it simpls o7 the assemiblor progm 1 conve these
IAKEONES G HElr DALY Kepresenianon

Assembler Ficids

Wen Lypug i programs lor the assembler, we have soen thit lekis
are ascd. They are:

The tabe el ostonz., which o3
the snstrenion shat follows

The wstewction fefd. whist 1ncludss ihe vmcode end w3y apesands.
{A separa:c 0pesand field fay be disunguished. |

Trie conisneni fleld, far 10 the vish, whicl s tpnonal und 15 m-eaded
o clarify the veogr

ntain @ symbolc addross for

Viese Hislds are shown an she programmnag iom n Figure 0.3,

Once the program has been red <o the asserrtler. the ascem Llec will
produce a s of 1. Wher. gencrating 2 fisine, the assendler will
Provide three additional lie ds, ssually cn e el of the Dage. An zx-
ample appears on Fieure 1.4 On dhe s et s the line surhe.. Each
ine shich hus been typed by the programanar v naswgrert & symbolic e
aeber,

The ne retd ta the
lexaductmal the valae of the program coun
st uctivn,

5 shaws

e the nesval sikdress fick2. wh
whech will paint 10 thet

rihar (o e tigh, we nd the hesacecimal fepresnti-
<ac Instrucuon.

Ui shows wne a7 he possible wses of ar. assembler. Evcn if ws are
desiriog progrns lor A stagk-boad wisuesTpaET whch accepis
Gl hevadeziaial, we s0uld still write the Erogram i aesembipdeel
langnage, providing we have wcvess t a svstern squipped wek an a5
SEGE. Ve car ther run the prograns o the sy, using the wssons-
bler. The asiembler witlaciama:ieali seasrae the eorreet hesadeamal
e U our SESICn, T e 40w, 11 & sl oxamnle, Che vaue ¢ -
divorad software resorces.

o0
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For ssucuple, +2.21 smay be reprosented by:
dig3  dighi  dighe

3 Z T & 1 ¢ s
I [ ——
¥ v P

salghs " isonths -
lefu of digit 2

The advanue of BCD is that it yields absolutely correet
results. Lts disadvantage is Lat it usos 2 iarge amount of memory
and vesults n siow asithuetic vyerations. This is secaptable only
in am accounting environment and 1 normally not nsad in ather

Exereise 1.20:  How many wits are required to encade "9969" in
BCDY And in tuwo's complernent?

W have now solved the problems assaciated with the represan-
tation of integers, signed intogors anc oven large integers. We
v even already preventsd one possible metiod of representing

ecitmal numbers, wich BCD representation, Lot 55 0w examing
the problem of represencing devunal numaers in a fixad length for-

Hlouting-Poini Representation

The basic principlc i that decimal aurhers st be represented
with  fixed format. In order not to waste bits, th rapresentaction
will rormalize all the mumbers,

For exainple, “0.000123" wastes thres zeros on the (eft of the
number, which have no toeuning except to indicate the position of
the cecimal point. Norulisiny (s number rascltan 123 X 107
423" 1o called 3 normaiized mantisse, “~3" s called (he cxpo-
inent. We have cormalized ths wumbes by almicating 21 the Fesnig-
s 7e10s on the loft of it aud ad jusic he exponen:,

Lot us consider anatner example:
22.. 1snormulizad as 221 « 100
or M. X 10¢ where M is the mantisca, znd E ie the exporent.

n
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rester becomes 1, i scdicates that the printer ready for izt fe.. its
inzut buller 1+ available. At Cs pomt, the character is ioaded o
the accumkuor, U

Bag s the s PIC cemais O, (e progsam will rexaim m a loor,
alled WATT in she pressam,

W stapue b the penter, vis the accamalzior, As

Fercise 6.14: How muny instryciions would be saved in the above pro-
‘gram by foading data directly o register C as well as O:puTing the core
tents of regiser C directly?

Exsreise 6.1 1When usorg an oxsua! prover, 1 1 usually necessary
Senc 1 stert urder vefnie using e devics. S04y 1S prOgran 10 3¢
e i an arder, wsaitng that (e start comiprasd 15 oOamed by
weriong i a0 e positzon G of tie STATUS register, which 15 sssimect
10 b pufirecnianal,

Exvrefse 6,14 (1 the BIT pisieucivon sere not vailable, conld you sise
anotier insiruciion instead, m tine 2 of the programs’ {f 5o, expiein the
advantuge of wsmg the BIT instructior. f ony.

vuruise 6.17: My the progean whove 1o pesi a strig of » charac-
e 2 it b ssursed 19 e Jess than 253,

Eiveectse .75 ANouify e Ghave BrogAan: 6 BrInG 4 Siring of Raraeiers
wntl @ cormege-retur* code is encannicred,

et us row complicare the GuIDLL procadurc by g
version and bv oulputling 19 severai devices & € time:

e vade core

& vrad.sional seven-segmer ! lighi-coutting diode (LED) may disqlay
e digizs *0" tarough 5", i even 0 1hrough “E" hesadecimal by
ighiing combms::nn, OF15 7 SCEmELS, A seven-Segmen: LED s show
12 bipure 6,45, The ehasaciers Ik may ¢ yenerated wich dhis LE
apnest 12 Figure 6,56
“The seamerts of an LED are Jabeled " through " 1 Figure 6.10.
For example, 0" il be displaya by lightig :he segents abede?
L5t s s, 20, tha bt 0™ UF 0 uipas putt s
e T, hae
ot sed. The
el e,

nncered 20 scx-
s eannected 10 segment "b”, aud 50 un Bit T1s
s Gt eyutied 16 gl up fedibu (o dispiay "0
QLI In hesudeamal thes i "3 Do 1e follows

s
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Front Panel ur No Front Pael?

The front pacel 15 a hardware aczessory often used t facilitate pro-
eram debuzging. 12 has teaditionzlly bace 2 tood far sonveronty dis-
playing the binary centents of a regster o of memory. Howoves, & the
functions of the concol punct may be eccompiisbed from & Larmunal,
a0 11 dominance aT CRT displavs now o fers a serviee 31most eGurva-
el 10 The conirof pand by displaying t7c dunary valie o bis. The 20-
divonzl advantage of usmg 1ne CRT dispiay is that one can swatch at
wil from bicars reprasentation 12 hexadecimal, (o syrbolic, to desiia!
2 the approprials conversion roulioes are availazle, narallyy, The
disadvantage of the CRT 15 *Fat ane st 5 several Kess Lo obiaia she
appropristc :splay rather than furn a knch. 1 lowsver. since the ess: af
aeoviding a coatrol panci i quiic suSsLantial, MOSL cecent iCTOUOT
ntere have ahandoned this debugging 1o0l. The vahue of Lhe corira
Sanel is ofter, considercad MmO on 112 B35 Of SRICT:ON4: AFBLAEIS 1
Tlaenced Dy one’s Owa past exectence thaa by the use of reacon, 1015
a0t indispensabie.

Swimwiary of Hardware Resanress

Thiee oz vases may bs distnguisher. if you have anly a mial
cudpet and iF you wish to leara ha o prozram. buy & sinelr-board
microcompeir. Lsirgif, s will 20 able In develop ull the smple pra-
srams 1 this beok and many mors, Evencually, howsver. when you
wart (o devetop programs o more 19an a few hund-od instrustions,
vou will el the limitations of this spprodch.

IF 0 s an 0dustaiad user, you will eed a [l developrmeat syatem
Any sulution short of sie ful developuen sysicon ll cause a sigrifi-
iy fower Cevelopment doie. Tae ade-off I cizar: nardware te-
souries vs, protamubINg L, Maturly. i the progeams 10 be devel-
peid 21 quits $iapie, & less 2xpensive approac ray be ses. How-
Zver. i coumpies Srapians are to be devcaped. 1t is diEZicull 1o Justity
a0y hardware scvings when busing @ desclopment sysicm, since the
programming costs will be by far the dontnat 205t of tre progect

For a personal compuierist, & habby-1ype microsamute: will typi
aally ofrer sufficiert, although minmal, faciliies. Gavd developracit
software 5 33L: o come for maoy of the hobby computess. The uscc will
haee 10 evaluate bis system in vizw o the communts areseried 1 L1
chaster.

Lot us nose wralye 2 wmoce detail he most indispensable resocree:
the asseriioter,

Y
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Fuenciion:

Descripuaon:

a Faow:

Tinng:

Addressing Soge: o

Bye Cudes:

THE ZHC INSTRUCT.ON SE7

Pup register par aq from sk

o 4EL) Wpige= (SP — 1 S0+ 3P - 2

I

Tre cartents af the mermory lacation adzressed by
the stack pornier ere loaded o te Jow ordec of
the specified sogisier paie ard then the stack
pointer is meremcntcd. The cameats of e
meolory locauen now addressed by the stack
pointer ace Joaded o Lhe ugh ordes o te
rogiven pasr, and the stack pointer  Again -
sremented. ugmey be any one

BC - 00 L0

DE - 01 AF- 1

M sy

NEEt
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Esereise 6.19: Comptte the sevan.segment equvalent for e hevudeci
ot digis 0" thowgh . Fill ot the lable deio.
[ Tje L0 zode] Hlex/ CED codeHex( LED code [{ex|LED code.
0l IF 4 8 o
1 5 H bl |
= e A IS
| 3 7. B P i

Let s o cisphy nexadzeimal values on several 1GEs.

riving Muluiple LED's

At LED has no mamary. 1t will display the dca ool us fong as ifs
Semment tines are ackive, 0 o er 4o keep 1he cose of wi LED display
fou. the micropracessar will display information on edch of the 1.EL'S
i tur. Che roiation betscen the 1EDY's must be fust znough <o that
theve is o appareat blinking. ‘T itsolies Laat dhe tim spet from ofie

13 to the next & Jess (hen 100 miiseconds. Let us asiga 2 program
b il sccorarish this. Register C wil Le used 0 point ta 1be LED
o0 which we want o display  digit. The accumntzlor 15 assumed ©
ontsin the Fexadecial vaiue 10 be displayed on the LED. Ous frst
oncert 1y -0 conver: th haxadecimal value into il Sover-Segmant £Ep-
Fesentation. n the preceding section, e Eave bulll the equivience
table, Since we zxc acoessing a cable, w72 wil use the indsxed addrosing
Tmode, sehere the displaceiaest index will be provided by the havac
i vatie, Tis muans thet the soven-segrens code for hexadosimal
it "3 i obtaned by looking up the third cleneac of the table after
Ihe base. The addeess of the base vill be called SEGHAS, Tha progeat
appears below

LEDS 1D A A CONYAINS HEX DIGIT
Do USE “DE” AS DISPLACEMENT
Lp  HL, SEGBAS USF “HL' ASINDEX
ADD  HLDE TABLI. ADDRESS
LD A HL READ CODE FROM TABLE
Lo B3eH LELAY VALUE = ANY

LARGE NBR

DELAY OLT  (Ch & GUTPUT FOR SET DURALION

DEC R DELAY COUNTER

a2
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We wili 20w execute an instruction withis the MPU (sce Figure 2.8),
A tysical mstructicn will be, for exaciple: RO = RO + R This means:
SADD the contens of RO i R1. unc store the fesulzs it RO Ta per-
farm 1 opecazion, the coutents ul RO will b rcad from register R,
cercied via the singlc bus to the lelt wput of 1he ALU. aud stored in the
buser cegister there. R1 will Ihan be scloeted and ats contenis w1l b
sead vito the hus, men teaesfersed 1o the 1l viput of the ALU, This
sequence 5 ilustratod o Figires 29 and 2.00. AU this paini,
Ac right mput of the ALL s condinoned by KI. aud e Joft
input of the AL 15 condiuonod by the uf:e rawster, contamng the
pevious valuc of RO. The oparation cun be perfarmad. The additian 15
perfamed Ly the ALU, and the resuls appear an the AL catput, n
the lowes vigit-tand corer of Fig. 2.11. The results will be depes:ted
on the singie bus, and will be propugitod buck to RO, This means, in
prectice. that the input laiel cT RO wil b caublod, s that daca can b
wniten 1m0 11, Excoution of the msliucaon 15 now complate. The
resuhs 0 Ihe addilicn are in R, B should be ot
RS Rave ot besn modificd by this operation. Thie w
ciple; the coreats of a egislor, or of any r=A/WNIE mEmory, Arc o
modified by = reud cneraiion.

‘The buffer cagistor or che Jefc mpu: of te ALL wes cecssary m
aréer <o neuwreze e cortents of RO, 5o that 1he singie 2us 2auid he
ased agars [ znother Irarsler. Hewever. 3 prablem resi

e st 105

e

3

g e Rt

Fig. 245 Reswlt 1 G

S
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Fig. 6.11; Hexagect
it Seve






index-477_1.png
Fig. 6.8: Handshaking Ouputh

asynclironous deviecs, Le., betsesn iy (o desies which are 101 tvo-
Famzed, e example, if we wend o send a werd <o & peradlel prinler,
we must first make sure e the imput bulfe- of s priater s seadlute.
e vilh, erefore, sk (he peanter: Are you 1eady? The pesien wit: sas

e, T s sesy e will want. 13 ey, e wil sanid
e Ul e Fig. 651

Converscly, beforc rezcing ata from an inzut deviee, we wil vericy
whsthor 132 Q21 g valid, We w: sk s dati veid?™ And .ne goviee
il 2t s yas™ o *mo.” The “yes or no' may 5e ndicated by stass
bits, 07 by cther maas (e Fig 6.82).

A5 i snaiogy, WhEReer Yon WS to cxSaAnEE mEoTmENion with
soneunc who 15 1adspendent and might be doing seimeting else a1 the
e, gou sl asceram thas he i 122y (@ commumeHe Wit You
e Lsuat sz of courtesy 15 20 SEake his hand. Daza cxchange may [hen
Foilos. Lhis 18 the procedure normally used i comaTAnIcatng ic in-

a
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genzaul. it mray e zosibing

Esercase 6.10: 463 e program adove, sxsumig tha tie vers firss
i 10 come 5 vl ditit (901 10 e sficarcd), wns wan e 0 or
1 s s ceiner st Sl work sazesiie, if you sl

e Lave bued sivng e wssembled wosd 1n the sizek 1 pain
e W vkl satuadly sive 311 2 specilid memery arin

Fixeredie 1 Mol e prorn, e, avd suve ths avieablect word

St

stz meamare drea starisr, at ;

reise 6. £3: iy thi e
[ ——

it s chat the seatnpen witl siop
s deiecied w 2he g sirom

The Hurdware Altern

As esuad 101 RSt Satlared =51 0wt st atgar s, i 1S passinie o
iriplemesd - cesccdure by ha The chip 1s called 2, UAR? 11
will dtomaety accmglzie the hics.
e e COMPARCE L1 15 Dot €7 3 vanalion of it il be
s stz

er, when one wshes 1o

Exereise 5. 13 Mocific 1 prisgres essatnag st s avaitobie i i
pasition O of Incation INPUT, while ihe siatas infrmation is avieleble
i ot passicin 1 of acidross INPU

BASIC £70) SUMMARY

W I s Arnes 0 perfren e aniary  put/oual cpsra-
w55 wel. 4310 Manas 1 s of parslle. da.g ar seriaf bis, We are
Bom “Eadt 10 S0 Car wall R, QUL OULDAE d2V1ees,

COMMUNICATING WITH INPUT/OUTBR.T DEVICES

In ordes to Aara woh 1mpu:éoupu
13 10 e waciher zata 16 i, if e s o red 16 or
e 1 denie s ready w accen: data, il we wan 16 sl €. Two
fracciures. may he wsed: handshakio, soudy
landskiamg fizsc

Paarshaking

Hangsheang 15 penecally sed 1o coTmumene becsean aay w0

am
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ereat velue, since when an erros s [0wnd i s usaally (00 fate, The in-
stractinn, 1 ths data, which cansed the errer ‘s oceurted prior 10 the
derecton. The uvallabilite of 2 trzce allows the we o find which seg-
ment of the gragram caused the error o oucar: 3T the t-ace 1s not long,
casugt, we Will Amay set an earlier breakpaiat

Fig. 10.2: A Typicat Memory Map

ihis completes cur descizuon of the usual seauece of ev
veivad ir.deveriping
utrves availate or d

Deagram. Let s now reviee i
loping. pragrars.

86
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S ROCSEAKCIT for dita ey

Ty

-

e e T Atdeeoad ey o nbhe

Fig. 9.30; Linkesl Bist— A Sample Run (6ot

SUMMARY

eginming prograwmer erd noi concern himself et witk (ke
cetails of duta struciares implementatior and management, Hawever,
efficient programeay v .on-Crvial algocitns requires a good wnder-
standing of deta stucaves. The actnal esamples preseoted 1 this
chapter should help “he roadsr achveve sech an understading and solve
a1z common prozlems ncoustered with teaconzble data structures

5%
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L= R

-to-Pacaliet: The Regisicrs

The effect af this anstraciaun s 10 wead the cac-y bie o the zizhtmost
bit pusilion of . Al the s s, Uhe Jelnast b of € Zells ato the
custy bil, (17 you liave iy duoubts sbou: :he fotation dpersiian, roier 1a
Chapeer 41)

1tis Important to zemember thar & Ftation with carsy opecation wli
both save fha carry hit, here 1nto che right-most bit position, and also
secondilicil the carcy bit with the valae of bit 7 (or bit 0).

Here, a "7 will alt i the carry. Tae neXt wsircl O

IR NC.LOOP
st the carry and branches back to sddress L Q0P as Josg 45 the carry

4
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AR atitor s the prazram designes to Txlitue the entry and she od:
ficaricn af tex! o progams.  allows the aser to enicr characiers can-
VenHGatly, Eppend thiam, znscrt them. add s, remave lines. sea. for
chRsac:ars or sirirzs. |1 is an ioportant cescrce for cusvemeat and ef-
fectize ext cairy

A debugger is a fasility oecossary for debging prozrans. Whe
Bropiéi. doss ot work correcly, Hhiere may ypicaily he no mdicarion
shatsoever of (e wcsse. The prograsimer, thererare, whes to inset
breakpouls 1 ki program i3 Orcer 3 suspend the veeiron nf chc
rog.ain at spvificd adresses, and (0 be ablo 1o examne fhe conleots
OF registzs o1 nancry at chis pont. Ths 1 1 primery Manction of a
debugger. bz debusee: sliows %o the possibiliz of suspeading a pro-
&réan, rosiming exceution, examming, diselayim and crcdifying Lhe
womients of regiters or memory. A good defgse: Wl be cupned
with & asmber of addional facillics, such as ik aniiry to crante
a2 in svmbolic [oram. hex, Eimary. or oihr usua: represeataIONs, 45
well s 0 enier data 2 ks format,

A latder, or finkurs: ioacder, w3l place varios biocis S object code
a1 specificd positions in the pzory and adjust < wspective sy
belic oiuters s tat Liey can refzrence cuch othar. I is used 1o relacuic
prousams or blo:ks in variows neory axeds. A S0t oF an em.
atar pengram s wsed 19 ssulaie the upstalion of a devce, usialy the
ieroprocessar, m s absence. when developiiy 4 Progeam on a il
tated procesior pror 10 plavins 3t =0 the actual board. Using this -
preach, i: bécomes possibls Lo suspend e prog-am, modify it, and
keup iLin RAM memosy, Thc disadvartages of a s-mlator are ha

1—tc nesally smulates only the procesar sself, not inpatonip
deviczs

2—The excaution spead is slow. and oo eperztes in mlated by
115 acre oz nu: possible (0 165! realinae deviees, and synshrontzauon
Seuhlems may stk oecur even tBough 2 Jogic of the prugrant miy by
aund corre

An cimtator s essentally a sidecor ia real e, 11 uses anc procen-
sar 20 slate anolher one, ana smiclates i i comzlets detall

Lty roniines ara esseabially sit<he voutines winch are nezossacy in
most applications and ikal the Lscr wishes the man fachrer had pro-
vided?

Thes nusy inelade mulizlication, dinsion and sther arithm
atians, biuck wkove soulings, cheracler Sests, inpin/ouipat device han-
dless (o1 *“durvers™, and more.
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NPT/ T TECHNIQUES
USH B SAVE WORD IN STACK

D Cum RESE ' MARKLR BIT

OFC B DECAEMENT NYTF COUNTER

IR NZLOOP  ASSEMBELE NEXT WORD

Thus program has tesn destgnes. or officencs ard wd ase nesw tec
raqucs which we will expliin (e Fig. 6.7

Th conventions aie 1l fulivwine: memors lowsiion COUNT 15 s
swrerl 10 contain 3 court of Lhe numbar of words 1o
Register € will be used 10 assen bk ve bit, Goming i,
Adaress INPLIT rofers 10 s st regstcr. 1t fs assumed that b1 pori
10n 7 of this regisier 15 3 status Mg, or s elack o, When s 9", data
> o valic, When st <5 1" the daua s valid, The 2ata izsell will be s
suied 0 azpeas at bt posiion U ol s same add=sss. I nsany 10
stances, 16¢ stalus it ‘ormation will sopear on a uilTsren: -cgistes than
the daca remister. ¥ shooid be 3 simple Lusk. then, to iy s pre-
sraan acuordinly. 3 additron, we Wil gasume thel ia¢ firs bl of data
10 be wecevad &y cl progran s gaaeaniees 1o be s 17 [t indicares
tha 1hs reat .z follows. I this were not th case. v wil iter sze an
abvious mndiivaiicn 10 Lake va.= of 1. T program coresponds ex
a0ty 19 lhe Slowshart a7 Fig. 6.6. The first fovr Yines af the program im-
plemen a weiting icop wivch e whather b s reacy. To dete-mine
hiethor a bit 1s read. 2 102 the 10pu; regssivr, dhen tes: the 7ero il
(71, As .omg as ihas bitis 0", the smstrcetion IR vl sucseed, snd we
wifl bravch back to the loep. Whenever Lie stalls (or clocks bit
beeoees true (17, ther, JR willfalf 6ad the next insirachon will Ge
exeauted

T smital sequencs uf JISLSUONS COTFGSPORES 10 -rony - in ki
61

AL I3 oI e mcumy‘ator coitans & 47 n b pesition 7 anr
e aelbel data bit 1o i1 posiion &. The fiest dacs B (© creive 15 gomng
f0bea "I, However, the foflnsang it iy be eicaer 0" ur 177, We
vow w6 presaeve the dala B which |25 been collected i posiica
Fhie snstrus:ion:

KL A

transfurrei

shilla -l contenes of the ascamaletor £:ght zy one sasison. This ceases
the righi-nuwst bit of A, wkich is our datn bt Lo fal: te the car-y bt
W will now pressve Liis Zata b, o ragister C (dhis process s flas.
treted by ar-os 2 aad 3 au Fig, 6.7):

RLC

s
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SOFTWARE SUPPORT

W will ceview here the mann sofiears facilties wluch 2re for shuuld
ber ewaisable i s Somzlels system fo comcalent sorwice develop-
mert. Some of e sefimians ave giready beer murodu.ed. They il
summiarised hore and 1 rest af the important prograns if b de-
finod belore we pared.

Thue assembier v the progrum whidh ¢-ansk.cs Use Eancmoms repre:
sentativ: ol instructians into heir birary cquivalent.  normally 12175-
fates A symbo‘ic MSITUCLON 1ALD 07 bitiary Mstruci-ony (W1 Ty
wpy 1,7 nr 3 bytect, The resulting b code 1s calied abject cGae.
i 15 dicecily excoulubie by Ihe wicrocompuse: . As a sile slfeet, tho
axsemblzr wil i Sroduce  complete symbic lisng of tne program,
2 ) as the agumaleice tables te be el 2y the Drogrammer ans Ve
pmabal st rence s i the prograr. Examples wil be presented later
o this chapiet
tn additzon, the nssrablor will st syatax errors such 2 stz uctions
swspulled of llega. hranching erars. duplicate [ebels o missing
Iabets,

1t wilh bt zclete fogucal errors (s is your problm

A camguler 15 fhe proiam which ‘ransiates hish-ievel langangs 0
structions wto Lheir binars fora

‘Ao tfcepreter is 4 progeam swhiia 10 3 compitec, which wiso wazs.
Jates high sions .12 thetr bisars form bl dogs not keuy
Inte-meiate represeutation znd executcs I edfacely. 10 fact,
fzen Soes not cven geerace any sateemedielc code, but rether XS
the igh-levet nstruction s directly

A monro v the basr: progeam wai
hardvare wesotreas of tis system. f
dewices Far innit and MRANSLS (he rest e dovices. Asat cxampl. &
Tapimal momitor for  s:nglo-boa- wcrocampria, cquipped I 1
keyboard and with LE's, must esncinuo:sly sizn the koybocrd 57
user mput and display e speeilied comiets on the ghi-emiting
Jiodes. in addion, 1 must be apadie of wnderstanding & rumber of
lisniced. cormands from <he keybaard, swel 35 START, STOF. CON-
TINUE, LOAD MEMORY, EXAMINE MEMORY. On  large v
Lew, e momir s oftcn qualified as e exeenare progsan, when
comples Fle management or task scheduling w 2lso provided . The over-
allset of Fncilcs ¢ cailed & operating system, 1 ey e 1o ng 02 2
disk, the operaing sysiem 15 aualified us the disk operating sysien.
bOS

s wsdlspensati for usiag e
pBLOUs:y MOMIEES e Wit

sz
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Einercive 0.5z Coupuute i aasentm sgeesd ot wiels s progeann i
L alie 1o coan sertl bucs. 100K 1 ihe naber of cvdies required by

very nstevcinn i ¥z Ta5le uf the oudl o s Dot venpie the
s witch il efspe durinyg xechsion of this progeun. To conynite
the fength of tine whici il he used ey the
totai dureian of s o, exgressed i prervsesonss. by e sonber
o invies 1 il b exectted, Alses, when eomputing the st

snsine that @ data bu ol b eiady vy e it the gt fozaion 15
sensecd.

oo, sty

This prograin s e dilfieult 10 understang than the previons on.
et s ook 3 1 sigara (13T 10 Fi. §.81 1 mote g, sxanining scme
trade-offs
A bit o dala comes 100 b.L pasiion @ of “INPUT™ trom sione 10
e, There ighi he. for exarpe, thres (5 n suceessivn. We sty
therefore, difjereatiaie hetween e Stecessive fuis somig . This is
uncticn of (e
he chock for STATUSH 5061 1ells s Liat S iapLLbicis now valid
Berore -eading a bit, we will
Srans is 07, we st wal |
W assume here 1rat Ehe stacws s
weuT

ot Tirst rest <3 states bt 1L e

i then the ata bii s zood
ad 15 cnmmecred 10 s 7 of ragister

itis

Fousratse 6.7 Can yon exprns shy e 7 15 useed for status. an
s Daes ¢ water

nce we save captared 3 data bit, we wan 1 priserve 1L N & sale
tosatien, 1er ST (€N, 50 that we e gu 1k peal b
Urartunately, -1e acesmulior 15 wsed o read and tes: Tot 23t
0 1811 ¥ L3 program. I e were 1o accunadale data i e acc
maiator. bul posatio T would be erased by ae stans b,
Exurcise #.d: Cun
Culd v wse the aresamisior i a:cndie (e SWCRSSIVE Bits comig
17 Clan you ipeove spead by using av “awomated

¢ bt 0o

NAEREST 0 W (0 SESI SIOTNS WIthor erastag the

e el s eteoun 17 b e b chone,

Esercise 6.9 Rewnie fhe progrom, sing the accnmnletor 10 siore ihe
bits camng . Covpere it i ihe preons ane t eras of Speed und
neaier of wstriciions

Let us address o more passibie vartations.
We havc asstmsd 931, 100U parcaliT example, tbe very first bu 1o
come i wanld be s sprcal sl crareed i he 17, However. 1

7%
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sunply scenier the cditor and modily the requeal Binss, then so
Uhroug L araceding sequence agam. In some systems, -he mamo-y
aviilable may no: be Jaree evougis. <0 Mal 1t 1 ecossary to fhush oul
lic symbolic represerLation of the program oo & disk ot cassstie prior
‘o execunng (e abject code. Natumily, in sueh a case, one wouid hcve
0 reload 1 symboliz represcataon of the wroma om s suppor.
g prior 10 entzsing 1he editar a8,
iz above procedure will he eepeated s long <8 acsessary watl e
sesults of Ihe SrOgEact are earteet. el s siress 1hai preveriico1s mica
more afaciive AR e, A corree cesigr. witl Lpical’y resul: i a pre-
2tam whizh runs eaercerly very suon aflar the usual i¥ping misiakes or
‘Gbuious vading eccors have been remaved, Hewevr, sloppy devgn may
result i programs wwhich w2l take 2n 2xtremely lone e 1 3¢ de-
tugged. Tles debugigng L 55 genorally cormdercd 10 b2 pueh langsr
Fan the actual desige tae. 1. slurt, 1 s ahways worth imvestimg mare
ime i sac design i order 10 shonten il Uebugng phase

Hmwovcr. using Uhis appraaei, s s possible (o et the ovaral organt
7aicn af the rngram, 01 N0 10 lest i 1 real L2 Wit sapat /ol
devices. 1§ RpUL/oupBL cevices are to be texisd, the irect soluior, con-
sists of transterrng the program antn | FROV and nscalling t or the
20ard G then srutehing, who.der it warks

Thare 15 berter soleti0s, 11 s 1he tsc of an ur-circst; amsiator. A
nctrcuil emalator uses the 780 microprazesor for amy oiker onz) Lo
il a ZBE 1 falnust) real G, 1t emulaes Lhe 280 physically. The

wator i equiped wilh » <3’z errainased by 2 4. commector, o
acily identical 20 the pin-out of a 2. ‘Fais conestr can the be r1-
sercad o the real applizatior. boar= 1aat are 3 dovclopiag. Tl sagnals
‘zonerated by she emuletur wil be exacty those of ¢ Z30, only serhaps
Btk skower. The essencial sdvaniaze i tha: the Drograr und:
will il i i the RAM memory of the development system. it wit
gererale Ui roal sigoals which will comgiunIcale with zhe real in-
S output dovices -hat one wishes 1u wse. As & zesult, i becomes possr
e 16 keep devctoping the prorasy g ull the resources oF e devel-
apment syste. e Litcr, Uebugec, symbolic facilts. rlie syscent while
\estmg puL/Sutput 9 Leal tne

0 2ddiban. = goan emulatar il provide specual favilies, auch as
o A 1ace is @ reconding of the s wnsfTuctions ar status of vai:ous
i Susses In the sySIom PrOT {0 & DIEGSAIN. 17 shor, ¢ 1raes pro-
vides the rilan of the eveits (rai oceurred prior 1o Ik broakpaint o he
malfusstion. 1t a2y even rgger a scope a1 a specilied addres or upon
U orcurrence of a spaciiied combunatior. of . Such a faciit is of

oy

st
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5 0™ TheS 15 Our aUtomArsbit counier. |- can readily e s it 252
result of e firal RL, C wifl son:ain “00000021" Eigat hilis er, the
17wl Finall fall o $7e carey 3K are siap hes beaaching. This s an
ibgenous wat (0 nnplement an AWOTL 10op courer witho! having,
10 WASEE AN mSHTUCHG.s i deeremen |l conteris of ar mdes register.
s teshinne 15 Lsed u: arder (0 sharten e program and mprove s
perlomance.

When SR NC finaily faifs, 8 bis wil. havs been assesstled into £
i value shoule be prese-ved n the memore., This s accomplished by
1 mext wstsenon {aod on P, 6.7

PUSH A

e aie here svis e conivats of 1 and 1 e stack. Savngania
the stack 5 possite o'y if thare s cnough 100 10 the stack. Provided
i tbrs zomclicion s et 115 wsually che Eusiest vy 10 preserv: a wonl
0 1he MR, , even thogh e Save un unBzEeSSArY repisier (1. The
steck nounle is updaied awsmancally. 1 we wers of kg 8 word
0 ne staci, s xould have W uss ONE iwce UKo (0 update &
erory pormter. We could squrvalurly porforun an incexed addeessing
aperaton, but gt woukd 2lso Avole dec-ementiag ur incrumenting
e rdes, ssing catra i,

After the fst word of dats s |, there s 20 louger any
earantoe that she fivst da bit :0.c0rac 1 willbe o 1 1L can b avg-
1hing W aune, thecefore, raset the consents 1n “00UKE001" <o that we
€am kD usag 1€t bit 20012, This i eeormmed by the o nst-uc.

ot
Finaily. we will ecremert the word counte.. sine u word has been
sserbled, and test whsther we heve rearhes e end of e Leansfer,
This 15 acampiishes by (e next e st ams;

LEC B

SR NZ. LOOP

Five qbove pregeaun fias baen Zesigaed Tor speed. 50 thel nc may
apiiere 2 fast np ats:rean o daca brs. On the program termimalcs.
@15 nawaly dvsabls o mmediately read away from the stack the
words tiat liave heen saved et and transter chem slscuwhere inic the
memary. W ave already learned 1o perfon, wuch 4 bock transfer 11
Chapler 2.






index-583_1.png
FROGRAMNNG THE Z50

THE PROGRAM DEVELOPMENT SEQUENCE

We will now ymane £ typical sequence for developing s ety
Jevel prograr, We will assgme thal 2l the usital software Fucilities arc
avaitable 1n arder Lo demonsirate Uhew vaiue. f Uiey shouid rol be
avaitable 1 @ paclieuiar sysiom, i will sl be possibie ta develap pro-
rams. et the coavenience wil be decteascd and, thorefore, Lf
ameunl of fime necessary 10 debug duc progant i fikely o be in-
eeased,

Tne n0rmat approach 1 o fist desige a scgarith: and defne the
daa siructures Fo e probienn to be sulved. Rev:, 2 comprefiehaive set
of Tawcharts {s develoyzd wlich represents the progrem fow. Firal'y,
the Howelyarts are tranclaued nto the asscmbly-level languags %or the
nicroprucessart this & he codng phase.

Next, the prograr has 0 be enlered or the computer. We will exame
e i P st seeton te Rardware opiians o be ussd ut his phase,

The srozram is crlared ir. RAM memory of the syswn ander the
conrear of the ditor. Once @ soxii0n Gf the prow, sueh 25 onT or
nore sub-oulings, 2; been anered, 1 will b tosted

First, the acsembler will ve wwec. 1F the assemrier did pot already
reside in L system., il wuud be toaded fram an exterrial memery, such
25 3 dick. Thes, G program will b sssemblec, 1.0., (ranslated 1m0 &
Zode. Tiue <sales an the ubyect program, redy (0 be execuled
expest 4 program o work correcdy the first
tie. To verity 45 correat OpEration, & uzber o breekpoints wil not-
et at uciel locations wWhare <15 sy (0 Less wheiner (e iz
mediats: cstts arc corzect. Tae Gebuggr will be usec for s purpise.
reakpoznts il b specificd M selac-ad logatiuns. A "Ga™ zomand
will then be s 50 thal program exzeusion 1s started, The program
wilt automseicaily sop al cach ¢l the spcaified hreakpomis. The pro-
Sranaer con then verify, by exaurniog c con:ents of #he regisiars, of
memeary, tiat the data 59 fer s coriect. &7 t1s correct. we proceed untit
i et breakpauni . Whenever we find incoreect data, 4t erce it the
program has bren deteccz. AL Uns point. the Sregramue: sormally
cefers o his program fisting and secifizs whethe his cudiug lias becn
corre. 1F na error can ¢ [0un 10 the progratmg, <he crror gl
bz a Togseal anz and anc alit zefer 10 1he Mowetart. We will ssume
here that the flosehars kave been cleckec by hand and are asnoicd o
b ceasonably sarrect, The error is likely Lo corne [rurs Tae cading. ¢
will therefore, be pecessany to medify a seeion of the progeam. 11
symbolic representadion. ol i m ok.aim is siil n the memory, we vl

ED
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charge of scquencing (i system. b operericn will b cxplunes in ts

chaprer.

Fig. 2.1 Standard 780 System

‘The MPU urcate theee buses: an 8-bf, Sidireauonal doia bus, which
Appears at cae op of te ilusteanon, « 16-bit unidirechonal address
bus, and a control bus, which appeacs a: the bullom oF the iLustration.
Let us dessribe the funstion of each of e b

The daia buy carries he deta oeng cchangsd by the various
ments of the sysuin. Typicall. it wiil carry data fram the meciory lo
the MPL or trom the MPU 10 (¢ memory or f-om the MPU (0 2. nv-
put/autpi chip. (A1 ingut/outpul ehip is & comzanent 1 charge of
commenicatg with 2n external device.)

‘The addrecs bus caeies an adérews genersed by the MPU, viich vits
select one internel registzr withun ane of Wi Ships attashed to the
systern. This address specifies (e soaree. o fhe desturation,
which will rasil along the data bis

‘The control $us cartics ine variows synchromzatior signals rsquired
by the sysce

Havirg deseribed the purpose of buses let us now canect the addic
tional components squired far & complete systecs

Every MPL rcquires a precise Umiag reference, which is sipplicd b
2 clockand s erpstnl. 1n most *oldec” suicroprozeisoss. the ciock-dscil-
Jator £ external to the ML and requises wn cxira chip. fn most recert
mizraptocessors, the clock-aszlater 1 usually incorporated witkin the
MPU. The quartz crystal, hewaver, becasss of s bulk, 1 hways exter-

4
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Lo short, whcrover the resouries af the user aré limiled and oo assem-
i s aeaifaslo, he will have 1 anslale the pragra by hand intn hex
decimaat. Thns can reasonzsly be dans for a smal pumber of st
Home, snick: 4, perhisgs, 10 10 101, For lacges prograns, this preccss 15
Leckou and efror.mone. 56 a1 Lerds oot 10 be med. However, naa
I all single-boerd microcamLIers reguye Lhe sy Of pTOZEAmS Db
Texndocinval e They a7 not 2quipsed with ao assmi.er wad a full
atphanumeric keyboas, it rder o i thew cos

ot summisy, aosadsimal codiy § 01 4 dIrable Wy G v 3
prusam in 3 compaser. § 1 stnply an zennomical onc. The s of ar
fssemblec and the equired alphanamere key3oaid is naded-of!
st inceeased Tabor ramCEd 1o BCeT the progzan 16 the wwEmory
Fowsuer, this dots 01 changs e way rhe prograr ts2lf s writer.
T gresgra s 518 1ritent i o5sonbli-level [GNEUIRE 50 N 1L ian o
examingd by the human programmer and be meanizgiul.

Asserably Lonigage Progeamm

swerbly-level programmisg covcrs hoth programs (ke may be
cotered i hexadecimel wad thoss Mat may be exerec in syabofic
Asscmbly-evel [0 in (he s/S(EM. § et 45 O SXERME (e Loy of &
rogzom direeity i its assembly LUEUEEC TEpRESCRIANAN . Al nerTler
program must be sveilube. [he asscmbler will read cach of L mo-
Miomic nisciustians of the progrzm nd tansats i nte ene required bt
Taticrn using 110 5 bytes. us epecified by Ile encodng <1 the instrve-
toms. 11 add:an, & 200 gssemblar il <l or a nuber of sdditional
facalics for writinz the prograr. Fhese il be seviewed in (e sEciicn
i e assermbler belowe, L panicular, aireciives are avaiiabie which
il modivy the ye.ue af ymbols. Symbotic zcdrossang iy be wicd wi.d
e brandh Lo a symboic locetio tay he specifics. During e dzbuzgay
e, ehin A e iy 10 o add structioas, 10wl awl be nzres-
sary W eswrite the eanire program if wi extra nsieiclion 15 inseréed be-
Cwvean & branch aiid e porn <2 whack 1C branclies, a5 fong as symantic
lubuis ant uscd. The asserahler wil ke e2re of suromatcally adjosting
1 e Tabe s Auring the Iranslaiton Zrocsss, 1o eddinos, an assmbler
alows the vser to debug Mis program o symbolic farm. A disnsserbler
g be weed (G exmirane the vontents w2 nizut>-y Incation wnd 1606
et the asscmbly-level iagiruction 1hat & represcats. The varogs wuft-
ate rescinees pornally aviiiubic o7 & system will be reviewed ko,
Lot us now examne the hrd zlternave,
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e mext three fnsizuctions of e program -sad the sintus oforma-
sior ant ccuse a Joop (0 occur as long 25 bir seven of the status rewster

5507 (535 the sign bil, e 20 N3
™ A, (STATUS)
BIT 78 1\ DOES NOT SET THE FLAGS.
=’ 2, warcH
When P fails, data 15 valid and we can resc I
™ A GNPUTY

e word nas mow been read from adsress INPUT where it was, and

st be saved, Awumicg thal  sufficient scace area 1s available, we
can use
PUSH  AF

whici sives A Gand F1in the stack. 11 the stack is Tull, or the aiber ef
words to be transferred is Large, we could mol pisn them. o e siack
and we woikd have to lransfer them 10 8 desiznated Moy arce. us-
ing, Fo- example, an indexes instruction. Hawerer, this would requre
an exire mstruction 1o ncromert or decremen; the index regiter
PUSH s faster (anty 11 clock eyclest.

The word of data hes aaw been 76 ad saved. We wiltsumply decrs
ment the word counter and tcs: wiiether we are fimshed:

DEC B
® NZWATCH

This nine-instruction proaram can be valled a henchmar A benchmark

‘program fs & saefally opiimiaed prowrais designed fo test the capabilitios
OF & piven processor is 4 specific situation. Parallet transfers ate one suck
typical situaliozr. This program bas heen designos for maxmum speed ang
elfiercy. LeL s now compute tae maximus Lratsfer meed of s pro-
gram. We wil assime tha COUN'T is comiained ia memory. Tlie duration
of svery instrustion is determined by snspesting the tubles in Chapter Foar
and is found to be the followin

PARAL LD A COUNT} 13

W BA 4
WATCH IN A (STATUS) 11
BIE 7 A &

W L WATCH Tz

aw
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INTROBUCTION

AU the progrums we hav: stied and developed s far have been
evcloped by fuand without the &l a7 aty softwase or hardsasc 7.
S0, ¥ omiy SMprovement over steaght binars ccdius has boen
use of macmonve symbals, those 9 the assembly 1anguage. For e
ve software devefopmen:, i is Tecussars 1o undersiand the runge of
tdware and softviare developien: s, 1115 the pupose al <his clap-
1 (0 present ard evauate these aid,

BASIC PROGRAMMING CHOICES

Thues busic aftenatvos st wring 2 progrant iu binary or hee
desimal, wiiting 1 in assembly-lovet fangdage, o1 writing 1L » high.
tevel iarguage. Lat us zoview shese ahernatives.

Vexadeciua Coding

The progam will wormally ¢ wiitten using assrmbly fungusge mios.
monics, However, most Tow-cast, ane-board campcler sysieats 6 a0t
provide ac. casembizy. The assenible: is <ne program wicr, will ot
ahsally Cansiate the maemones wed for (e progea o e ro.
quited binary voder. When no assemble s avaflable. <l transin:on
frcin nincmonics o binary urist be peclormes by aan?, Binary 5
unpleasant 12 use wad aArar-prare, so thal hisvadeznnal 1 ormely
used. It has beor shown in Chapter i Ut o3 hexedectmal dig:t will
eeprasen: fous buary bits. Two hexedecimal digus will, thercfors, be
1850 10 sepresent the conten:s of cvecy hyte. As un sxample, the table
shawing the rexadccimal equisalent of the Z80 nstructions Acpers 1
e Appenti.

5m
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Kngwn 16 advance. Olierwise, e Tgat, tos cxampe, have 10 watch
fur & seciad braak chargcter, anc. stop Ihe bii-seral transier at this
orat, We have iearied Lo do that, Uie flowerast for tis prograr ap-

pears . Figure 6.6, Tl program appears helow
SEXIAL LD C.D CLEAR INI'UT WORD
1D AL (COUNTY LOAD B WITH BYTE COUNY
LD B A
LOOP  IN_ A, (INPUTI HEAD POXT
T %A BIT 75 STATUS, BIT DS DATA
JR L LOOT  WAITFORA ™
SRL A SHIFT DATA BIT INTO CARRY
R C SAVE INPUT B INTO

IR NC.LOOP  CORTINUE UNTW & BISIN
FCLLING OR SERVICE REQuEST

READ WOR: CONT

sroar st
NCREVENT COLIIER

510% WorD
2551 61 CONTER
CECHEMENT WORD COLNT

—Flawehart

an
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0

Fig. 10.1: Programming Levels

)
5

High-Level Langusge

A pragram may be wzien in & high-level Junguage such as BASIC.
APL, PASCAL, o olhets. lechniques for pragramicing in these vari-
00s Lagiegas are covered by specific hnoks and will wut be reviewed
here. We will, Lherefore, oly brefiy review this mode of program-
ming. & igl-devel language offers powerfal imstcuct.ons wiich make
programLning niusl: easier and faster. Thase wmstructions fust tlien be
ransaied by @ cumiplex progiam mio the final binsry spresentation
“hat @ misrccomputer can execute, Typically, each high-leve: fnse
om wil be translaced Lnfc  sarge number of individual bioacy insirus-
tons. The pragram which pee forms this au-omatic Lranslasion is callcd
o compiler or en untespreter. A compiler wil trenslare 4 the instric-
ion of & program in sequence into obiect cude, In 3 sepacitc phase.,
the “estiting couc willthen se cxecated. By cantrast, an Mterpreter will
Intespest n simgle snistution, then sxecate . then *teansiae” the nest
one. et erecite i1, A teraretc: offers the advantage ul inleractve
sespanse, Eul results m o elficicney compared to & conysler. These
topies wilk nor Le st further here, Lot us fever: t: 1he programming
of an actual miceopiosesser in the assembly tevel languegs.

EY
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succsssive Byies of an ingtruction as well a5 (6 fotel sucsessie Mstruc-
tions themseives. The progru couiter, ogether with 115 increreater,
frovides a7 JUIOIFNC TMECRATIST] for POIGIIDE 1o successive Mamory
focutions.

cL s e

o
(s

& H
[HEEY i

oL
B

wr

.
]

reGsTErs

Fig. 2.10: Addition—Second Kegsster R1 into ALY
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IN A QNPUT) T
PUSH AT I
DEC B 4
JRONZ,WATCH 7012
The mincum executius ume 15 abiaried by assummg that data x5
availanle evary time thal s saimple STATUS, In ather words, the Irst
1P Wil be assumes 10 7ail evesy ime, Timang, s then:

B4 44 U1+ 8+ T+ 10+ 4+ 12) » COUNT

Neglectiss the firsi 17 eyelas acesssary 1o wnstalize ihe cownier r2g.ie

fer, the tme used to transfer ove word is 64 clock cyeles or 32

anicrosezonds with & 2 MHz clock.
Thc s daia ansfer raic i,

refore

A1 K bytes per secoud

o

divercuse .42 Assione thai e sumtber of words 1w by trunsferead i€
wrRater thin 236, Moy the progeans arcordingly cou devernve tie
it o she maxinen, dute tvarisier st

Eixercive 6.5 Mdife this prOSIR I8 OFFIE 10 i2Y o SHprore s st
1=t JR mstesd uf 1P
2ewusuy DINZ
i- usng IN{ or IND

Was the above program: seats oprumal?

W have 0w learnee Lo perfam high
worsser a mare complos case.

 pasatlel rarsfors. Ll s

BIT SERIAL IRANSFER

A sermadmput s one . whoch Lhe bits oF G rration s ar 151 come
n sucsessively on a line. Fhese buts iy come 0 ar regular mtervals,
“This 15 narmally ualec. synclicosions wansmission. G, es ey somme
2 bursts 0F datn 3t andcan v creais. Thass called aspchssnas trans,
mussion. We witl develop & program whien can work in both cases. The
principle of the eaptue 07 scquentia! Cata s sumples we il wateh an
g line. which il be ssimed 1o be linz 0. Whea & bit cf data is de-
ected o 1 lins, we wil read he Srtan. a0d shilt 1 e 3 hoding reg-
tster, Whenever aght bils hove been assembled, we will Zrsserve the
byie af dara v the memary ana asicmble the nex: ane. I order to
samplify, we will assune tha the ausmber of buies to be rewerved is

an
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T ok

sig. 6.

The Cowehart appears an bigars 6.4, 1 1s quite stratehtfarvard. Wo
Lest the tatas informarsan v it beoores 1, imdicatng thal a word
< ready. When fhe ward 15 2ady, we read iLand SVe I &L.a0 ApErOprI-
atc memary locatior.. Ws then decremert 1 counter and lest wiether

1 s decremented 10 “0". 1F 50, we ace fnisked: i nol, we read the .
ext word., A sitable progeam which iplsments this atgorithin appsnrs
Selow:
PARAL LD A, (COUNT) READ COURY INTOA

D BA B 1§ COUNTER
WATCH N A. {STATUSI LOGK FOR 'DATA READY'

TRUF
BF %A BIT T 1S #1° IF DATA READY
SR WAICIL DATA VALID?

IN_ A.UNPUTY READ DATA
PUSH AF SAVE DATA INTO STACK

68
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T 9.30: Luked List - A Sample Kun
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Mouiturisy the Dutatlon

Ma3itonng th= duration of ihe pulse may be uczomplished i the
SAmC way a5 compatn2 the durdtion of at: autpy: pulse. Either ¢ kard.
ware 97 @ software toeimqus oz be ussd. When suimtoring a puise Sy
sottware, a caumset is scgulacly weremented by &, dien the presence of
the poise 1 veriied. f the pulst i stitlpreset, the prozrun foops upon
fizclf. Whenewer the pulss disuapears, the rount concaied in the
sounler regier 15 uses! 1o compute the affective duratior of i pukke.
The pragram appeass belar:

DURIN LD B0 CLEAR COUNTIR
AGAIN  IN A UNPUT}  READ INPUT
W0 A MONITOR BIT 0
JR/AGAIN  WAIT FOR A 1"
LONGER  INC B INCREMENT COUNTER
IN© A UNPUD  CHECK BIT ¢
BT 0.4

SR NZ.LONUER WAIT 70K A “0"

Nataralty, we assuan fhat ke mamum duration of the puise will
cot cawse register B to overliow, 1F this were the zase. the program
wouid fave 16 be changed (o taiethiat mta uccaunt for sise- would be 2
srograming wrroct)

Since we 0w know how 20 sense and seaeraie pulses, let us Captare
v transfer farger wnounts of o, Fwa cases will e distinguished:
seural dati aad parellel data, Then we Wil iply s kaowlksge 15 ac
cual iupu/ozput dences,

PARALLEL WORD TRANSFER

T sssumed hese that wughe bits of transfor data are avaiable 10 pac-
allel a2 adazess MUNEUI™ (see Fig, G.4). The ainaoprovassor must 1ead
the datz word at this location whenver a status word dicates that it 15
valid. Thastaas fa ormation 12 he assumsd to be coainad i bil 7 of
azdress “STATUS". Wo will Bere write o peaprem which will st snd
autcmaiicaliy sive each word of data ax 1 comes sn. 1o sipily, we
will assane thit che oumber of wards Lo be reid 15 known in advance
aad is contawed fn Jocaion “COUNT™ 1f this infarmation vere not
available, we would isst for 2 so-called break chardcrer, such e 3
rubout, or pechips the chacacter 1+, We have fearnad 16 do this al
rendy,

467
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DEC B DECREMEN COUNT
IR NZ, WATCH DC IT UNTIL 4R

115 assumed chat the “dta Teady” 7ag is automatesly cleared whan

STATUS 1 read.
Fhe Hirst two nsteuctions tcalize the sourcer ragister B:
PARAL LD A, (COUNTH

e

Nute s there s 15 easy way 20 loag B only Stom memory. One nust
alier Ioad A, then tunsfer 55 contents to B, o load B and ©
smubanzously,

"OUING OF SRvIcE e s

st
WD

T

Fig. 6.5 Paralled Word Tronfer: Flowehart
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COUNTER—VALUE

DXREMENT COUNTER

sy
T

our

Basic Defay Flowehurt

The dfey Soap whick hus been descr’bod 15 used bY mOst input/outul
programs. It sheitd b2 welt rdessiood. Trv 1o do the follawnng eercies:

xeretse 6.1z Wit are (i stcatiminy ane ohe st G2EYS vhich

can b smplementend wth these hiee wsircons?
Exercise 6.2: Modifs s detay o abuiat 190
seconds.

ea-

the pragran 14 obic

15 one wishes to implumet u longer delay, a siple solution 35 ta acd
“tera wsractions in the prugteun, cetore DEC. Ihe simplest way to do
4035 to acd NOP mstzuation. (1be NOP aoes nociimg tos four cylee.)

Longer Detays
Generatisg longes delays by software can be achiever thramgh g

2 widsr countes. A rester pair can b uses to hokd @ §6-bif counl. Tu

N
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Fig. 9.26: Linded List—A Search

fnsertiog

The iasertion is essonually  searca followed by an i3sertion oot
SNIL! has beeu found.

A block of slorage for the new airy is allocated pest the EOT
markr hy 'ookicg for 2 uscupuney marker cé: at “avallabe

The program is called "NEW' o Finarz 9,29 and resides at ade
aresses 0156 10 A7, An exarcple s showa i Figars 5.27,

== -
B =
L] =
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Delay Generation and Measarement

4 drlay may be generztad by solwaaz wn by Lardware metbiods. We
il e studs the way 2 perform t by program, and fater skow howit
€28 at30 be accomplished with & hacdwarc couder. called a prog
mable interval e (FITh.

Programmed detays ire achicved by coUTME. A COLDKCT egta I
toaded wica a vaine, then 15 Hecremented. The program ‘aops on i:sell
nd keeps decremeating undi the counler reaches the valac “0" The
1012l ienath of tme used by this process wil smplement 1he requiced
defay. As an exaumple, st us gencrate a delay nf 82 cicek cyeles:

DELAY LD A5 A 15 COUNTER

NEXT DEC A DECREMENT

SR NZNEXT  NEXT  TEST

This program loads A wtk e value 5. The nex: mstmiction decre-
mcats A and Lae foliow:ng instruction wil zause 2 hranea 1o NEXT ta
ezur as long as A does not docement 10 "0 Whea & finelly
nents 10 2670, the program il et from IKis icop and caecutc what-
eur instzocizon follows. The Jogic of the progre.ct 5 simgs-e and appeare
e Msaliart of Figure 6.2

Le: 15 now compute the sficctive deiay wiuch il be implemented by
ths progeam. in Chapter ¢ of the book, e will loak up the numacr of
yeles reguired by cach of these instructions;

LD in the inuresdiate mode requires seven dlock wyeles. DEC will use
fowr ey, Finelly, TR will use 12 cyeles except during rae last ftera-
G wiere it will bse 7 cycles. Wher looking ap the mumber of cycles
for IR in the table, verify il tw possibiliies exist i e branch docs
Rat oceur, IR wil anly reqaire seven eycies. I he bisauch dues susesed,
winch wil ssually o the casc during the oo, then 12 2ycles are =
quired.

‘The iming 5. Lhescfore, seven eycics for the firs: insiruction, pius 11
cyedes for the neat fwo, meltiplicd by the numser of Smes the Joop il
b cxceuted, minos am cxira fve-cycle delay for the iast onsiesessénl TR:

Defay = 7 « 36 x 5 = 5 - §escles,

Assiang .3 microsseond cycle, this programming delay wil be 41
werosers.
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of catnes sath an iceatical Frst etter e heis labels actually forms aep-
arats list wathin tne whols struviure. This feature facilitztes scarching
ane ¢ analogons Lo un address boois, Moz tlal uo Gata are moved dur-
mg en 1362t or dekews, Oufs poiaters are chaged. e m every well-
betraved fnted s structarc,

1 1 entry starting with a specil detir is fouad or if there 1 o en-
y wiphubetuwally fullowing, an cRisting ane, theve pouniess wil Soiat '3
e aeginning of the tb= {— “NIL™). Af (e dattam of the Lqle. by
cutvention a vafue is stored suck that fhe absalae valus of the dif
ence bewoen it ard “7 15 greater thar: ne difforence bewser, A"
snd 22", This zepresents an End OF Tabie (EOT) marker. Tac EOT
valac is assames herz to DcRupy Lie same ML of memory as a nce
‘mal galey Bl cuws 5e just one dyte If desiced. The eutsrs are assumed
10 be aphabenc lettes in ASCI! ode. Clhamaues Lis woaId 1o
e changung the consLaat in the PRETAB routiee,

The ond-af-table markes s se: 0 due value of de brzwuag of the
Lble (“NIL™)

By comvention, th “NIL pomters”, fonnd ¢ the cuts of 4 siring, o=
iR & dirtetory lovation wlich does w0l puINL Ly A SLEUE, Ar¢ el o
the value of the table base o provide 1 umoue idencificasion. Another
coneention tcuid b sed. In patzular, 4 dilferent marker for COT
Fa5uIS 10 soanc pace savimgs, as o NIL eolries aced e kept ot non-
g s,

Tnsertion and deietion are performed 10 the wsuat way (see Part L of
is_cnapter by merely modiiying the requwed nomses. The
INDEXED flag i used to ‘ndicate if she painter (o the absaet s in the
reference table of agoiher sLring diemen:

Searehing

The SEARCH program resides at memory locations 0100 ta 0155
4 ases subrownne PRETAB At uddress 01D2.
b seaceh pr.nciple s siglforwa g

§—Get e direxsory entry corsusponding to the lester of the aphaber
i the fust posiion of the OBIEC s label,

2—Gel the poinlur. Avcess the elemenl. 1f NIL. the antey docs not
et

21 a0t NiL, mareh the sievwend sgavnst s OBJECT. 1 a maich is
fouad, the search has susteedsd. i1 nok, gt the painier (0 the next entry

e the s

4—Goackto2.
A examiyz is showe, in Figure 9,26,
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The difforcnce is that the uner wifl sutomatcally decremens the
centatcr pesicdicalls. The pesvad car. asually be adjusted or selecied by
e programmar, Whenever 11 tmer nas decseentzd 10 “07, 1t Wik
Jormialy send ar mrerrapt ©o the aukrodroessar. 1 may also el 3
Sizus bit which san be scnsed periodical' by she computer. Thie use of
ereupls wi'l be explamed letor i this chapier

Othe: timer operating modvs sy include startng from 0" wil
countung the dsiton of the signd, 5., ountung tc auiaber OF Pl
Focerved. When fncliomng as s inteval timer, e taer s sad o
oparate i & one-slaf mode. When CouALINg ISCS, i it afd to Operate
in A prse counting mode. Some puer devices Tay cven instuds al-
e rogio:ers and 3 wunber of oztiona! Faclitics whi:ch the prograrmer
n seicel.

Sen

g Pulses

The prablen witk scusing sulses » fhe reverss of L0 of peavratig,
puisec, and mctudes o wore AilTieulty: whereas o OWPL puise 15
Generated ader progrem coniesl, inzut pulies oscu. aspachrrosty
Srith the progren, 18 arder 10 detael « pulse, Lo methods sy b nscd:
paliig and snrerupss Tenersaps wii be discussed later o this chapier,

‘Lut s now comsider the palting Leekmaue, Using his techngue, M
Drogear sesds the value of A S1v3i LIoUL FEREIEr ORI, 1E5Mg 3
bit posnion, periraps it 0. 11 will be assumes hat it 0 v rigmaliy
i Waeaeer o pulse s recerved, <hs bil will ek the value ™17 The
1 Otar ceAtINIO Sty MSOrs bis 6 unli it akes the value 17, When
5w found, e vulse has been deteuted The program appears
Below:

POLL  IN A NPUTH READ INPUT REGISTER
on BT 0A [EST FORO
R ZFOLL KEEY POLLING 1F0

Comversely. ez us asuanc thel the snpu: Hne ts murmally (" and that
e wis 0 detest # 4" This 15 tha ustial cesc for detecting o START
bi., when moniarng & fine connecies 10 a Teletype. Lh progrem ap-

prars toiow:

POLL  IN A UNPUTY READ INPUT REGISTER
BIT U A SETZFLAG
W™ NZOLL TEST i$ REVERSED

START

e
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Fig 9.29: Linket List—The Programs
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simplify, lot us assume th the lower count 3 0", Tae lowcr byte
will be fonded with "0, the masimum count. hen go through @
deeremantztion loop. Since the fist decrementztion results in (4-vFF
and oo 50t afect 1hc £ Hay whensver it is decrcmented 10 0", tho
PP by of the counter il b decremented by 1, Whenever the L
pe- byte s decrEmentes o (e valve 07, the program termunates, (F
mOre precisiont s Sequited in te dclay gereration, the lower zourt can
have a sl value. In eis case, se would write the program just as
explaincd and add al th end che ticee-line delay geeratzon program,
which s been dcseribed above,

A T6bit dolay =engram appsare below:

DEI24 LD B, COUNIH  COUNTER HIGH @ br1y)

DELIE LD  DE -1

LUCPA LD ML COUNTL  COUNTER LOW

TOOIS ADD HIDE OECREMENT IT
IR CLOCPE  GUONUNTIL NULL
DINZ LOOPA DECREMENT 8 AND {UMP.

Nate Urat DU 35 Ioadew itk * 1%, 20 wsez 1 decssnent the (6-gic
coter HL.

Nazraily. still ©Dger delays coulé e gencred by g mace than
thies words. Taes 15 anakogeas 1o e wey a1 odormeter works o1 4
Whe. Uie righi-masi wacel goss fram 9" 2 “0", the e whel to
el is werementea 5y L This 1 the geveral Sociple When cauncng
Wit multpls giserete un s,

Haower, the marn disadvanssge of <his ireiod 5 trat hen one is
€t delays, Hhe mic-opracessor will be {eing nathin el for bt
drads aF milsscuds or even seconss. It the compule frss nork:mg e
10 Co, s 1= Jerfeutiy secepiable. However, i gecerat she microcom
Fufer shord he availuste for orher ta3ks, 50 thal fonger defays are nar
mally not implerienad by ssftware. i fact, cver sort delays may b
ubgectianable m & systeu if 12 15 10 provide some goaranteed raspons
e m gaven tuations. Hasdwaire delays must hen be used, [n zddi
won, i iglerrunts are Lsed, G secaracy may be kst it the countig,
lous can be imeripres

Exercise 6,07 Write a program (¢ impienen « 16 12 defay fypneat of «
Teletype).

Tardware Delnys.

Hiicdwate delays are Epleme ned by using 3 prograimmabie iferkot
e ur M in shart. a, saster of the trmer 15 loaded wich 3 vatce,
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Defeting

The elemsent i celeted by seltg its oseupancy merker (o “availabl
and adjusting the poiotcr (0 11 from the directory ur else the previnus
etewient

T pregram is called ¥ DELETE”, and reaides 22 addressts 0144 10
o1,

A exaumpre of & celetion s sy in Tignre 9.2,

b )

[z

Fig.9.28: Dxample of Deletion (Lisked List
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Z80 HARDWARE ORGANIZATION

INTRODUCTION

In arder t0 progeam & an elementary leved, it 15 nol uecessay to
understacd in detait the intemal suruzxure of G processor at one is
usicg. However, bt order ta do cFficeent peogramming, such ar
nderstatiding 5 required, The purpase o s ciapter i 0 prcsont the
basic liardware cancepts neccssary for understarding the aneration of
the Z8D system, The complete micracomputer sysicen ineludes not onty
the mieroprocessor unit (hore ths ZE0), 2ut also odrer componeats.
This chapter prescnts the 280 proper, while the other devices (mainly
nput/ontputy wil be presented i 2 szpasate chapter (Chiapiar 7).

We will review hete the basic aschitzciure of the misrocompalzy
system, Shien study more closely the nternel oraization of Uie ZED.
We will examine, -0 parcicutar, Ik virious ragistes. We will then study
the pragram execation and sequeniig mechanist.. FTOM o hardware
standpoint, this chaptec 3 oty a simziitied prescntation. Th reader i
tesested in gaming detal.cd understanding is refécred ¢ 9ur Aok <ef.
€201 ¢ Microprosessors.” By (he s2ibe authon).

Tho 2880 wes designed a5 4 replacement For the Intei $080, and 12 of-
for sadiional capabiliozs, A number of reforences will be Gads in 22y
ehanter 10 the BO0 design.

SYSTEM ARCHITECTURE

“The architectare of the microcomputer system AFpeArs in Figaes 2.1
The micraprocessor umt (MPL), which will he 1 780 bece, apnears o
the ieft of the dlasiraton. It imp.emenis the fncrions of a central-
processing urt (CP'U) within ane chip: it includes an anthmetic-logical
e (ALU), plus s unternal regmters, and 2 comrol unit (CU in

a6





index-569_1.png
£

piierited

. i ot bt o e
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‘Shans tht et oon s

Fig, 0.24: Alphabetie List—A Sample Rua (cont.)
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Fig. 5.24: Alghubuse Lisi—A Sample Run
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o any ot b witnin (his rozistec. We sili assuane that 15 possibe o

rend anc. wrets the Coments af (his ragister, Ot whp-oved pregrsin o

becomes:

TURNGN IN A, (OUTH  READ CONTENTS OF OUTL
O CEOPIDIE  PORCE BT "07TO 1IN A
OUT {GUTIL A

The progeam Brst rrads the cortents of loegsion OUTH, e per-

forms an nchisive OR on its conzeats. This oniy changes bil nos.uca 3

to 1", and leaves € rest of 1he regiser iwet, (Fur e dails or

thz OR operatian, refer 1o Chiapter 4.1 This i illusteated by Fieure 6.1

Fig.5.1: Tnrmingon a Reloy

Pubes

Generating a puse 13 aceomplishad exatby s ut the case of the fevel
bove. A oW bi Is first Lerned 03, “aew fater cusuzd off. Ths re-
sulis i 2 pu.se. Thes s llusteatsd 1o Figote 6.2, 1 time, however, an
additioral poblen musst be soféed: 076 must genersie tha pulse for the
correct length oF Lime. et us, therafoe. s11dy tie generatioe of 4 con-
pureel ey,

Fig. 6.2: A Programmed Palse

a2
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o —L T
| 0 m

Fig, 9.25: Finked List Structure

A appication for this daw struiuze would be a computerizad aa
dress hoak, whese cach person 15 sepreseled by a tnique threc-fellor
code (peraaps rhe wsuad imitiais) and che dala ficid zontains. a sifified
iaddress, plus the refephorc cumber (up o 750 charecters). Lot us exar.-
e the siructure in motc detail, The entry format is:

T
LIRS

——

uniqae fahol dora (1 t0 250 bylesi  pointer 10
[reen T e

As st al the coveniions arc;

ENTLEN: total etement isngeh (in hytes)
TABASE: address of base ol list

“The address of e OBJEC is always ussume to resice in the 1Y regster
prior to catering the srugram. Here, REFBASE points to the base ad-
dress of e direccry, or “relerence cable, ”

Fack two-byte adress within this directory paints to the first aceer-
rente of he fetter 1o which it coreespotds in the list, Thus, each group

571
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excles required by each insi-uction. Sinee various clock ralcs may bz
useal, spoec of exeoution is normally expressed in BuLe Of Gycles
cather than ie. number of aanosccands.

o IR e s )
s

ik
LI

s
Ul

w

L g
=
Fig. 2. Sngle-Bus Aretecture

] W
itz

Fetching the Newt Instruction

‘W have deseribed now. using the program counter, an struction
an be Fetched from Ui memory, Durag the execution of 4 progran,
nsizuctions age frtched i sequence From. she memory, A7 autemmatic
mechausem must thetefore be provided o feich instruclicns i se
‘quence. Tis task is performed by  suople incrementer attached to the
rogram counter. This s filustrated 1n Figure 2.7. Every time thet the
conients of the progratn couates (4! the botior. of rhe Hlastratiou) ere
placed on the address b, it contents will be increarentzd ant watten
buck iz1u the progre) counter. As en cxample. iF IEe p-ograin vounter
cuniained Lhe vafue 0", the vafie: 0" wanid 1e cuiput cathe address
us. Then the contents of Lhe progeam counter would be inciesicuted
2nd the value "1 would be written back Cric the progra coenler. fn
s way, the rext tinie Uhat the prograin couater is wsed, s the in-
struction af addves | tha- will be fetehec. We kave just implenertcd an
automans mechunsin for sequencig instructions,

I must be stecsscd trat e abave cescriptons are smplified. In reafi-
17, somz instructians may be cwe- or evea threo-by:es long, 50 that suc-
c2ssive byes will be felched in this manner from the meatory. However,
the mechanism 5 denicel. ¥he program counter s used (o fexch

5
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n inpt/outpur devices. The Z80. ke the 8080, is cquippes with basic
input and outsne wnsteucrions. However. the Z80 is also cyuipped with
‘add:tional 170 instrucians, These wil be described i roce doladl icre
n order to facilitaie understarding of the programs that wil be pre.
sented throughont this section.

‘Thie basic input 20d Gatpul structions arc respecuveiy: TN A, (n)
and OUT (A These two instructions arc wher:zed from the 5040,
‘They will respecavaly 7ead or write ore byt between the selccted port
and the accunaulaios. The actual adéressing process s uch that the 10
device address *n” is gated os lines A0 thiough A7 f the sddress bus,
whill the contents of the acumalaror appear on address Knas AS theovsgn
ALS. When only 256 devices are addressed, it may be acvessary (0 2010
the cortents of the accumulator explicstly if any cf the add:ess hies AS
througa ALS may b docoded by an 10 fevice. In the simple exuzles
that foliow, we will assume that Fewer than 756 devicas ate present aod
el Usey are not conneeted 10 addresses AS thravigh AL, 30 that It wilt
ot be necassary 1o 2610 the sontents of e acoun lator cxphicily, for
exaanple arior 1o using the £ instruction,

A spectal snput imstruction: TN r. (C), allows using the contenis af
register C as the 1/0 device:address, When usio 1his nstruction. te
contents 0 register B automatically provide the 1op part of the addrsss
(AB through A15). The specified reuister ¢ s foaded from the ssecified

edddress. 7 raay ue any o7 U usual seven general-pUrpase registurs.

Generate 5 Signal

In the stmplest ezse, an output device will b turnzd off (or an) rom
the computer. i 0:ler (o shuage the sLate of the QulpLt deviec, ke pro-
grammer will merely ciange u level from a logical 0" 10 a iogiaad “1°
o from "1 to "0" Let us asowiie Ut an extarnal refay is connected
0 hit S0 of a register called “OUT1™. In orde: 12 . t an. we will
stply wmie & 17 1010 the appropriate bit posision of he rogister. We
assume here thi: OU T ceprascns the addvess of llus vulpat register
within Gur sysiemn. & program which will tarn the refay on 15:

TURNON LD A, 000030018 1.OAD PATTERN INTO A
OUT (OUTY, A OQUTPUT It TO DEVICE

whte OUT 1 the ouzut instruction.

W tiave sssumed that e state of tne other seven bifs of the Tegister
OLTI is inelevai, However, this is often 2ot the case. These bits
ight be connezted (o otler refaye, Lot s, aerefore. fmp:ove this s
e srogram. We want to turn the teiay on, witaout chanzing the s

451





index-566_1.png
DATA STRLCTURES

Fig. .23: Wi

sy Seareh Progemn teont.f

67





index-565_1.png
568

Fig. 9.23: Binary Seaseh Program





index-567_1.png
Fig. 9.23: Rinary Seasch Program {cont

LINKED LIST

The liaked list -5 essamed €0 contn, a5 usus, e thres siphanu-
meic sha-acters for 1he 2bel, (ullowec by ane to 350 bytes of dats, fol-
towed by & Fwa-bye puitcer which coRUIS the SArling atiress u; ihe
et entry, 2nd sty followed hy a one-byze macker. Whene this
ne-byte marke: & set o )7, it will prevent the fusert-roius from
Suastizaung s 2w ety in the place of the existiag ote,

Further, & direesony contas a pomicr 5o the Fist wriry or sach ist-
@ f the alphase, in order 1o fagilitate retticeal. 1t s assemed i the
rogram hat tha Lebels are ASCit atphabelse characters. AU peintezs 2t
the end of s list arc set fo.2 NIL value w4 beea chosen here o
b erpual 70 <7c table base, o€ £us value should mover Ny within e
tinked list

e mscrtion and the delction programs perfurmi Lhe obvious pointer
manipuiaions. “They use b flag INDEXED 1o indicatc if a poyuter
peinting to ar obiecL same feom & previos enley in the fist or from the
directors (abie. The carrespunding prog:ams are shownin Figie 9.29.

The deta seragiuse 1§ Shown 1 Figure .23,
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AlS0 1Ot (A whien Uhe carry was 'L e ruaing pauntes wil point

10 dhe entry below the OBJECT.

Element Insertion

1~ order ta imsert a new cloment, a binery seasch is conducted. 1€ sl
clement 15 found in Ihe Iazie, 1t dues not reed 1o be scrted. (We.
assure here that all slements are distinet). 1 the elemsnt was o ound
in tae table. it mus: be inserted immediatesy before or immediatey aftes
U Fost elernens to whicty 1 s cogpaced. The value of the COMPRES
flag afier the scarch indices whettos it should be iaseried ircmzdiately
baluse or immudiadcly afiervards. Al the demon foliowng te new
vation wleve Lis gy (¢ be placl e asoved down by ons blosk
postian. and the new elemen: 15 inserced.

BegRe ez
nease—s]  Aw s
] e
B [T —v)
gt
w1 Bar
P R
i a0
. e wOuE o

Fig. 9.20: Insert: “BAC™
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‘mation: COMPRES and CLOSE. The COMPRES flug 3 used 10 preserve
e fact hat the carry was euher 0’ or 17 25%or the wost recent com-
Parisan. This detertues if the elevicnc under test was terger or smaller
than the anz with whitis it was compared. The C indicates the retation.
Whenever e carcy € was 17, and th element was smallcr than the
jocs COMPRES i sot fo 37, Whenever che carry C was *0", indi-
<t that he element was greater than the object, COMPRES will be
setto 15

Thes,

nd flag vsed 3y Uhe program 15 CLOSE, This fiag 1s set equal
1o COMPRESS wheat Ll seavel. increment INCMNT becomes equal 10
17 Tt il deteet e fact thet dhe clemenr has ool heen found it

COMPRES is ot equal 10 CLOSE tae aext ome arotnd.
Othor varisbles used by the progran

LOGPOS  whieh indicates the luwies) posiion 11 the table
(element mumber)

INGMNT  whicls szpresents f1e valne b which the running
painter will be incremented or decremenicd if
The next comparsan fails

TABLEN  represents as usue! dhe torel longth of the tist.

LOGPOS acd INCVIN I wilt be contpared io TAHLEN in order (0
‘assuro tnar the Linnits of thefisL are riot exceeded.

The progean: called “SEARCH" s stuwis un Fisune 9.23. ¢ resides
2t memory ‘ocations G100 (o DICF, aod teses ves 10 be stutied with care,
5L 15 meh Gcee eomplex tan i the ease of a liaeer search

An adeftiona) complizasiu is due Lo L fact that the search mrerva
may &t gmes be eilher e or 0dd, When it i odc, a corection must
b fniroduced. (i cannat, for fstance, powul 1o the widdle cicmen of
Sour-element. ist.} When 1t 1s 0dd, & Strick” s used 10 point 1 the
niddie element; the division by 2 1 accomplished by  rigat shift. The
e “faliag G177 1o the catry after the SRL iasleuction will bz "3 if
che insarval was ol s murely edded o the ponter.

The OBJECT 1 then matched agaics che eniry in the middie of the
e seareh tnrervel. 12 the zompurisun succesds, the program exits
Otherwise {*NOGOOD™), the carry 1s set  “07 it the OBIECT s less
than ihe entry, Whenuver ths INCNINT becomes "1, the CLOST: flug
Cwhich hiad been Initafized 10 407 s then chockes to soe i it wasset. I
s o, i gats et 1Fif wes set, & check i ran fo determine phether we
sassod the lacation sEere the OBIECT stiould hove been but s not.

£
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Fig. 9.22: Deletion Flow duart (Alphabeic List)
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Fhe insertion process & Dlustrated m Fisuie 9.20, and the cores
syt progam anpeas Ut Figare 823

The progran: i ealled NIW, anc: Starts at memory localion 0100,
Notz tha the automated Z40 instructions LDDR 2nd LDIR are used for
efficicnt block Iransfers

Elermen( Deletion

Smilarly, A binery search s conductsd 1o find the object. 17 the
search Z2ils, L dacs not necd 10 be detexed. IF the search succeeds, the
element 1 deleted, anc all the folloving elements are moved U by one
block postion. A carresponding esamyle Is shown 1n Fpure 921, ang.

he program appears in Pigare 9.23. The flowchars is shown in Fig
922

The progesm is calicd “DELETE' and resides at address 0221

A sarnpie run of e above prograis i shown i Fig. .24

—

9.24: Delete "BAC"
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Q12 will e stored ut ADR2 wnd ADR2-5. The resal. s 2 b deponted
&l cnemory adaresses ADRS st ADRI-1. This s ilustraiarl un |
5.5, H dicaten e gl hall bus 8 -aueh 19, while | andicates e
Tow naif (i 0 throus

Fig.

16-BiC Addition—The Operands

The lopic of the pragram s cxactly like the previous oue. Firsi, the
lower hal? of the o operands wh be added, since e sicioprozessor
ens only add on & bi a1 @ e, Auy carry generated iy the addition of
these law arder byces will auomatically be stored in the wternal cares
bit ("C™), Then, che high order Ll o the L opetands wilt be added
opether along witt wiy sy, a0 the fost Wil be saicd 1 te
anetaary. Tae program 2ppears zefow:

LD A, (ADRI) LOAD LOW J1Al F OF 0Pt
LD HL, ADK2 ADDRESS OF LOW HALF CF OP2
ADD A, HI), ADD OPL AND 072 LOW

LD {ADR3, A STORE RESULT, LOW.

LD AADRLL  LOAD HIGH HALF OF OPI

DEC HL ADDRESS OF HIGH BALF OF 0F2
ADC A, (HL (OP: + OP) HIGH + CARRY

LD (ADR3-)A  STORE RESULT, HIGH

w0
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The atte: gy problem wat st be deat: with 18 the possiziity ot
running off on end of tle Lable waen 3dding or subtraceng he incre-
mene vahue. Ths is solezd by performing a test “add” or *sablract
wain the fogice! poincer and leralh vatue which record the actual um-
baraf entres, not the physical pesiions i meanory ased by the physical
pointers,

T summary, two fiage are used by the program to memorize iafar-

iz A c
S|L A
anc o
woGoa
] n " [
o o ]
PNUNPPNPN|

Fig. 2.49: & Binary Scarch
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ey RowRen

Decading and Fxecution

Qnce the instructica 1 conteined IR, the control unit of the
microprocessur wiil decode thr. contents and wil be abie 1o geacrle the
catrect sequence of intemel and external sigaals for the exceution of the
Specificd instraction, ‘Lhers 1s. thesefore, a chost cecodin deluy fol-
lowed by an evseulion phase. Lhe engéh of which depeuds on the naiure
of the instruct:on specified. Some nstructions wil usvie sntire’y
swithin the MPU, Other mseractios will feich ot deposit data frem or
nte the memory. T 15 WAy the various instractions of the MU'L re-
quice various (engths of tims o eaceuse. This durann s expressed as o
Qumber of (elozk) syeles. Relio do Cliaptes 4 for the awmher of

s
s Jr—

7 Automatie Sequencing

5





index-97_1.png
PROGRANWING THE 780

Big. 3.3 ADD A, (HLH

The sum wilt be depasited . the accurmblaicr. Tac reades il
~cmember that. i the case Of e Z80, the resalls of the arithmetc opor-
ation rc depasited back 1lo the aceamalatos. (n oller prosesars. i
may e passiblc 1o deposl wiese resuits in other owsteas, or back fnto
he memory.

The sum of OP1 and B2 15 s contained i Ihe accimulator. Lo
complete our progrun. s sunply Aave (o ranslor he contents of the
Zecumuiator inlo merrory focation ADK3, in arder (0 siore the resulls
21 the specizied locetion, 1us s pesformed by ihe fourdh ingimiction af
st program

LD (ADR), A

This iostruetion loads the contents of A 104 L sy
ADR3. The effect ¢f this final instrvcuon  illustrasea

Fig. 3.4 10 (ADI3), A (Save Accumuintor ia Memoss)
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b5+ Memory location "TABLEN' - shows trusfengeh of bl
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Fig. 3.2:LD &, (ADR1): OP1is T oaded from Memory

buss and deposited inside the aceunmalaior, You will vl from tke pre-
vious chapter that arichmstic and lageal aporanons operat 01 (he
accimulator as onc of the souxe aporands. (Refer to (ke pevious
enaptr for moe deceils. Siace we il 10 a4 the twn values O1 and
OP2 sagether, we wus: i) foas OP] 1120 106 weomutator. Ten, we
will b abie 20 add the contents ol 11c azcumulzror, i ., edd OP| to
P2, T're right-masi field of this instrucion is celied & compmernt tiekd
1 is ignored by the asscembler program 41 (ranslaiion Uure, bui 3 pro-
vited for pragran readebility. fn order 10 understznd wha the pro-
ane docs, 1 is of paramouli impoTtance e yoad commer.s. This
1s calied wiocamenting 3 prosran.

Fiere thie comment (5 sell-csplanators: she vatuc of QI whieh is
iocated at address ADRL, is (0aded 1110 the acewmulacor A

The resutt of this Grst instroction is iustrated by Figure 2.2, The
second instruction of aur progran is:

LD HL, (ADR2)

1 specifies: “Load from (ADRE) into registess H and L." In order
tovcad the seeonu operand, OP2, from Lhe memory, e must first place
its address it « ceuisier paic of the Z80, suca as H and L. Than, we
an add ¢k contents of the memory locatian whose aderess 1s In H and
L 10 the serumudacor.

ADD 4, (HL)

Referring to Figuss 3.1, It contents of memory locution ADRZ re
P2, our second operand. The coniunis of the ACAMISar ace aow
P, our First operand. As 2 esufl uf i execution of this instrustion,
172 will e Teached from the mewory wnd added to OP1, This 5 il
iustraiod wn Figare 33

9
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ity Mmary

g, 9,861 Simple List— The Programs (cont.)

[Ps—

Ehaco 30 STV 10 1300H (potater n ORFECT)

Fuse 2enes Ram

INSERT

e 30 ST 10 51088 frcst OBILCT)

e o Ran INSERT'

\ors asetions

Fi. 9.17: $imple List—A Semple Run
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9.18: Bingry Search Flowchart
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NIQUES

Hefore exeeuion of the ADD operation. {he acecmulnior contained
P fsce Figure 3.3). Altes e wditior, a new resclt has hier written
nto tfc accamulaiar, [tis “OP + OP2”, Rezall that the cari
any regwsler within £ he miccopsaessor, o5 well & any memory -cestion,

fn the sate afier a ~zad opeauw S been perfermed or this
ter. I other words. reading the consents af  fegs:ec of ermory
fosation doss nat chinge i ontenrs. I 1 aly, and excluwivels,
nesatior: 1l this esgister location that will change 1 corlzots.
exemple. dio conters of memory (ocal:ons ADR aad ADR? remsin
unchanged throughout the program. Howcrer. after lle ADD istiuc-
., the conteats of the acew:ulator wilk Kavz beer. modified,
the Gutpor of the ALU has seen writken ir1a the sccurmula‘r, The
praviots contents nf A ase then Jos.,

Aciuc] remenicel addresses may be used isteut of ADRL, ADRZ.
and ADR3. In avder 10 kecp symboiic addvesses. it will be necessary o
ise s0-3allod “pseudonsiructions'” which specily the value of hese
symbolic addresses, so thr the assambly program may, dunig tranla-
1, substitute Cre sl nhysical add-esses. Such pseddo-tmstructions
coud b, fot exampic

ADRI = w9

ADR2 = 12001
ADR3 = 2601

Exéreise 3,13 Now clase thus 5wk, Refer only 10 the it of wstrictioms
a ihe and of the book. Wit a progras: vt will uad (e ntorhers
stored at memory locatons LUC! avd LOC2. Depusic the resuts af
signory location LOC3, Then, compare your prosrum (o the on
b,

16-BH Addition

AT bt acition will ealy wlow the additian of 8-bit numbers. e
AuIThess herveer U aad 253, if absoiure bIacy 15 tsed, For most prec.
il upplizations it is necessery to add wiinbers having 16 bits or more,
.. 10 s initigle precsion. We will bers present examples of arth-
et on 6.1t numbzrs. They can be readity extended to 2, 32 bits or
more (always muitizles of § bits). We wil: assume that the first operand
is stored a! memory tocations ADR1 ad ADRi-1. Siuce OPL 15 16-bil
mamber Wis time. i€ will tequire two B-hil memory icxations. Similarty.

9%





index-557_1.png
PROGRANVANG THE 280

ALPHABETIC LIST

Toe iphabetic lisc, or “able. ” unlike e previon: one, keeps al
s exemenis sored o alphabezic order. Tl ellows the use of [ast-
er scarch teeamuqucs (hars tae ear one. A binery search iy vsed hese

Seurching

The szasch algonthm 15 a classic binary search. Let as recail that
e iennigus is esseabally avalognus o the one used to find u nue in
4 tetephone bosk. One nsualy Starts somewacre :n the middle of dhe
o0k, and then, depending on th entries found there, goes sither back-
wards or forwaed to find 1be desired entry. This method & Sst and
ccasanably simpte 10 Anpiement.

“The hinary ssach Havichart & shown i Fig. 9.18. and the program is
show in Fig, 9.23.

Thes lise koeps the entris £n alphabatical order wiud etieves them by
asing 2 binary or “logarionmic” search. Au exasuple is shown 1n Tigare
9.19. The searcl is somevhat complizated by the secd to keop track of
several condisions. The mejer proble W be aveided s scarchung Far an
nject that is nat there, De such a sase. the ccries ith mmediately
igher and lowsr siphabetic valaes coudd b alternaseiy festad forever.
To avoid this, % llag 15 mainiaincd in the pragean 1o preserve Lk valuz
oFta.carry Mag after an unsuocsssfu: comperison, When tie INCMNT
valt, waich: s by how much 1he porrtes wil nest be fncremented
feaches a value ol U, another fiaz called “'CLOSENOW" , which vie
Will anbreviate to “CLOSE”, fs sct 10 the vatue of the COMPRES
flag Thhes, s alt fariner increments will be **1°, i tha pointer foes
past the point where the ebject siould b2, COMPRES will n lunger
“quii CLOSE aad the search wil termimate. This fatuse also cnables
thz NEW touti (o determine where the louicai wid physwal poiiees
are loveied, cetalive o where the ubjecl wit go.

Thus, i Ibe ORJECT sen-ched for &= ot n thatasie, and tae running.
pomtes 1 ncremerted by one, the CLOSE flag wil be set. O the next
Pags of the 70utine, cae restt o the comparizan will be appostie 10 the
previcus ane, The -wo flags will 03 longer watci, wid the pregrasm. will
ext indicating "ot feond ™.
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