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DECLARATION | SL REG , |2
REe , A, B, 5
FLPLF , C

EL, SINGLE B'T FULL ADDER

FIG-24. DECLARATION STATEMENT FOR [2BIT FULL ADDER

C<—-O,‘I'<"1j S<«<—0 T=)

S(1) = (.NoT. A(12) .AND. (-NOT. B (12)) -AND.G)
.OR. ("NOT- A(12) . AND. B(12) -AND. (NoT-¢))
-0R- (A(12). AND.(NOT BO2))-AND(NoTQ)) | T 2
L 0R- (A(Z)- AND. B(12) AND: @ )
c= (A (12). AND. €. 0r- (A(120.AND. B(12))

«0R(B(12) . AND.C)
IF(I-EQ12) Ta—4q

A <— SYA; B=-5B;5<5rS T
[<—TI+1; Te—2 =3
HALT | T=4

FIG 2'5. RTL: FLOW ChART FOR FULL ADDER
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IP(Ae 26 C)Dulel
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CALL AID (D,5,Ei1)
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in tho dicitnd oyotom copvoroion £ron ono rodin To othor

7 populny oporotion. Por complo ecnvornion fvon Deelnnl o
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C wwmn  QOIVITICION [TOPER
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D e s
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L{IX) o »THUD
IF (DeB240) €3 TO 40
40 IF(JL103 0 0 25
GAdd ST0ET (LyH)
15 REAURD
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CALL TCCTT (Lyfl)
1 NLEUSD)
i
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Dalind Por coemio $o o obAIS poplobor etator the voduo of

ol2 countor 40 chifgod clrcular 3000/rAS Gopending on fho uo of
couitore Tho Notate pight ywam tives o olrouday pototicn of
;zmwn For ouorada weglotor & 4o of4bit volue oo ohown in

SApure 2efm Tho mﬁa o ostored $u sopiotor D

Tho LaTebs o8aZICAS A0 .

Wy Jorirun couivalont

SUBROUFIRE BI(AMT)
Gom  ODOISTIR A 20 COSACHD RIGKR DY
# OND DIy U o [UIRSN OF DETS

LOCID ek AQH) BT E
D2,
M0 50 Led
CAsL SR(A,DT)
B{1)=L
CALL T (DA 1)
i OOIRELD
VR
E81H ]
Cindlarly for otlor REL slotcnanto oubreuidnoe oro
dovolopod ond tomted oo glven &n Appondissis Toblo 82 pbaro
6 606 02 BTL atotononts and thodp TURSRAIL countor pnrdos




41
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ADD INSTRUCTION

WRITH(6,77)0C 5 4
@ 90 § |

AW

A )i
WRITB(6,77 )P0 N 44
™5

JMP INSTRUCTION

S AN » .

WAITE(6,77)PC MA A
GO s A

CLR INSTRUCYION

Aul B
WRITE(E,77)PC MA A

G0 s

CON TRITR.

fyry
WRITE(G,T7 PG M 4A
o 10 % |
APG INSTRUCTION

IF(a.LT00.) G0 10 18
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(3) Doeoporoticn coucao tho curpent ofou
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READ(S ,3)00(8)
CALL PILITTI(I14Lgl)
URISE(G,160)

URINT(R0YE, PIIITIALY)

CALE MITETTH( k)
CALL FPOLO:{rgnh)
T
CALL TALUI(TI40)
{1( 6 e TS
PLECH CYCLE

CALL 5R{PC S1 L10)
CALL 1OUM{TLIN D okell)

CALL ED(Im,aR0) -
CALL SADD(FE 7 400 4Dyl1Th)

| CALL OUSi(I0,ERC,N)

. awmwcxm:a;;mm&mmmm@xm@;} of 54 &
IPCIOCCA) o500 115 )40010.80(0) ) ©F 9 €1
I0(En{a) A IRG(o) MW STC(6)) o o 62

I00INE(1) D IRC(2)RADEUC(3)) OF ¥ 20

IFPLIRC(D ) AUDIR(E)RAIDLING(S)) oFf W 20
AF(IN(L) AT IRC(R)WALD,IRC(5)) OF W 20
IF(IR(LYLATDINC(R) 4 EDHN(3)) CF 5 40
IP(IR(1) AT IR(R) o AT EHC(R) ) OF S0 504

. UIGTRUCTILH PESGIED CARICT Dis DICUDID.G T¥ NCX DROGRAN

@ ¥ 2

DECODTIC OPITATRG! OF FLSGT
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Coex  PROCDATI QD 20 TGS POSIIOL 0 SOLVE
PRnNE 260
W 2
¢ wen [RECUTICE CYCLE DOR TIL DOOODED INSTRUCTI0NG

wovsmmente ADD TUSTRUCTIGI LRTCUEIGE
| ED mee CBLL BUUAL (TD45,32,0 B30}
Cokl LORACR M S0, 5,01
Chkl AR {(A41ID40 D45
BUIIT BP0 00 N0
Wy
€ wuremwmsem STC IDORDCTICN
CALL EAML (i o ed210349)
CALL Bi(A 0B 8) |
CALL PALSClng1)
CALL. LOIHITD 01,00 o1y 0}
PIOATD 076 PC I8
ef 4o
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JUP XISTRUCTION |
CALL £ UAL(MB48512,00,1,9)
PRINT 870 ,7C 11 oA '
ROR INCTRUCTICH
CALL FR(n 408}

| CALL COI(R,R,6)

CALL ADD{IID I 6)

 CALL Ea(rngm,8)

IE (I(A) AL MB(2) sAHDAID( 3« ARDAIT(4) « HDATT(S) 4D
S e

PIINT 070,11 4

APO IOUSRUCTION
IRAQ) I W 0

© CALL TADD(PC,PyPCyD01)
- DRIUT 870,PC 40,0 |

of if 8
ALY TCTRICTICH
PRITIT 870,PCMA

PRINT 871

CALL Wm@w,ﬁ}
of o 2 |
CLR INDTIBCvIch
CALL FAROE(A A 1)
PRIET G700 00,100
o™y |
HUP IHGDRUCTIuN

PLINT 870 40C 00 45
6o 50§
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"%« The logical rotato operation is also descrided heres

be The contents of progrom counter fyum bit 1t bit 9
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and procooood o dotormine 40 4% 4o opsociotod with
tho dosired information

(112) A1l acsocioted dnformation in tho epecified section
con bo votrdoved 4 Le0s, 4% 10 o oultiveluo output
Protiond.

hyoo podad oFf oporovions

He24d Dead=lirdto node, 4e2e3 Rood oode
Le2s3 Scaveh nodo (or Hoteh ode)




67

fyaBad RLADIHILLONE
in the road-urato oodo o WY ean bo wrdtten dnto o
locotions ovorwriting ony rmmmm&y storod data or can bo
rend oot fyvo 0 aclocted locotlons Do rood aotion tmy Do
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Goto eankin

{3) In tho pootlon W06 f20 Neele olotes 3 %0 3 chovd
Sho Loteh cyodo for tho glvon entlon Ly ol
nexory 0GARess Pesioten S Sndtlalfced 0% onos
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(@) Sho Pomnt TS« 40 pivon fop {ho loeptlcn of L uhich
phiown $hot 5 ool hove oy looation oul of &
locnticl 0F DOnbTrYe

{9, In tho LA00h ocotdan Cho phyodond o of G
progios 40 sondipncde |

“ho obovo proporticn of tho opfshnotic codold cunt bo

corroetdy intosproted fop Aoitad pinulotiion of oot (Aedly)
XG produtco o vory bolpful ond conedod oirulation progos

Tho ofoudotion of oa nocuelatdye nooeyy oyoton of LINC



74

computos ¢on e &ne by the Jogicod nodod approotie Bitebyw
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(6) 3% niiovs by o BAG-by=bAG opoRaticns oro porfurned

"*hn hmv&mm mm%&m aﬁ mmmnwa nomory &0
cteocpidohed fran the ReFyle ChovCrophe Piguso 43 chiovo o
ooaeedotive meooly olpey
LINC oomnutor. %:3 only chnnzo botwoen hio efreudt ong LHIC
cooanuter éfteuit do that o comparntor ong o woplotor € 80 oddod
to Cho cotusk cooputor. Tho rogfotor € otores the contonto of
the conory lpeaticn X, ond mmm%w Indfenton o potehing vord
in tho DooTye

“ho ocnory oddrose reglotar, M, gives the current
logotion dn tho poovys Sho doth oen Do trongforted (Poo CODORY
oddrcas roplotor into nocory Budfer poplotor, D

fho diegron cﬁmm Shpure 43, ohewo ol capontial -
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Getosdn, dndienting tiothos o mot o dordred pattors 4o
otored &0 tho oooonye Ghore 4o f0 doubt obout the wofwlneon
0f opd AeolenbDA2AQY of poceefative nomerioss And no Cochnionl
atecioultics fn busddin theos |

| Hovover, dicpornseing Chodt oot Chode proporidon
ooko them vory ottRotive OF GoAcTol puIposa uoos Lony
tochnicod dotoaddo can bo polved only Ap connogtlon vAth
savto vihideh motics aoosecfollve
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m«':mmmma nm & o » ,
Thoylouer tho cont ond inereasco tho mm&mw of clectronie
cqulpnente Togethor with tho neery ond other perdpheral
circultyry, nleroprocoosor ¢hip form o completo nicroconputors

The INTEL 8080 io ¢olicn oo o opecinl problen for the
sinulation purponos Thiv cderocproocioor o vory coomenly upod
nov o doyss The simulation of thoe ndcroprotossor 1o irportsnd
vhore &t 10 not avollablos

The cinultotion of £0LD con Do dono by tho follewing
wro Sochniquogs

(3} Ardtimotic ledol Approoch

{2) Logical Lodod Approochs

The EOE0 microprecoscer 36 o 40 pin, oinglo chip, [=iDS
(PUwcontodng 4nptruction docoding ond Imedunre oa $he oono
¢hips Tho €080 hop & bonic vord onnth of O bits ond o dirocd
oddreopability wpto 65 K bytoos Sl E080 tronoforo dato snd
intormal ototo informotion vio on D-bSt Didirceticnal B-stato
dotn bus (D %}u It haos sim=control cutputs, foup pover inputo,
four conlrol ipputs ond two clioeh inputos

The architecturo of INTEL E060 4o plven in fipuro Sei cnd
i diccusnoed bylefly.
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Thie aﬁt;ﬁy o2 mﬁmm o¥ m&mswanm i vory
‘usofuls Tho oppropricto oppiicotien of microprocescor ip
'z;bvcm by Sho mmﬁtncmtm Fipuro Gl tiven the blioeh
Mmm of inlot GOBD picroproconsor {Csels)e 1t conplots
‘of four nasn mﬁmm Smc are

3.} ncgmtc“ arroy ond nddrobs loslc,
S4) apdtinntic and logic undty

432) Inotruction yopiotor cud contyol ocetion
iv) ma:s.mmmz, Bpiate dato bun Buffore

2ho droortant pord of the CFU Ao vho reglotor peellons A
16-bis ntntic MM arroy mo o lloxing orpontootionod gestionss

(3) Sire=8 Bit gonercl purpooe supiotors ooy bo addresocd 4
© poidro nonod oo ByC,y0,0 ond mn provides pinglic or
du.ble precision (36 bAC) oporotorne
(48) Progron comtor (PC)
{244) Stach pointer (9P)
(iv) & tcoporosy vopletor poly collod U,2e

Sho progron coumtor 4o o 6 Bit regloter uncd Lo the
indication of tho trachk of thoe cwrraal inotruotion wmid Aneroe
nento upon overy mﬁtmam Zovehe She emmw rordotes
sm.é V= 4o ao‘::‘pmm a@mmaﬁm ond Ao uoed only Lot intoranl



80

czcontion of inotmuctionss

A otoch $0 an arca of rood/urito menory oot asido by
ol pmgmcz' in vhich doto or addrose of the nomt Q%ﬁi:z .
locothon avoiloblo in ooy aro otored ond rotorived by
' &m’& mmﬁm» Vhon fata 40 *puchod onfo the otoct, tho
otoc pointor Lo acmmma ol taon %ypw* ofZ tho 5P
Ap incrocentofe |

GeRelel fpdismotie mad lorte Undl .
The AU pczrﬁzms wmi'mmm&, lordend and rotato oporp~
Thenn.Tho Allleontadnn the 2olloving roglotoros

(1) An O-bit accwudator (A)s
{54} An O-DAL Cooporary nootrmlotor {(ACT)s
(231) An O-DAT toporory rosiotor (XUP)s mmd

{av) A 5-bi% Llap otor {como cww Girn, Pors ond
MiAliory Cory) ’ + G400y Porily

L E~Di% noouul-Sor £0 o ponoral purptne tordostone
I¢ corves Doth oo powreo ol Geodination sogiotor Zor Oporp=

thoan dnwodving ovnn othor Pordontor, tho AU oF oomorys Tho
' with ,
A Inptruciion, cupdilory covey 4o usod for the decinnl corroct-
23 08 The peculatos.

¥ho mﬁﬁcﬁm mﬁnta“* .&ﬂ ot &*Mﬁ roioters Tho Lirat
bric of m instruction {(containding tho opeoodo) 4o trensferrod
by 4¢ %0 tho doerodor and conCrod peetion Lor decoding tho
Inptruotion. Tho cultput of to decodor cumbindd vith vordoun
tining ocirnalo ond glves control olgaelp o1 tho peJioior areay,
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ALY, ond doto Dulfcr blochoe ’m olpo geacroten olaton ond

Tho dato bun mgmr ia o5 &wm’t, m@mmz, trinwtag
busgers It imima ‘the mtnrm& buo of €ho proconoor fmz Tho
maxml datn bus (D «»ﬂ»,),s ;m:m:. bup contents are

srred by 4% S0 on B-bi% Jadteh during the cutput modo.
The O+~bit lotch deives o dxto Bup cutpud buffors. Thooe buffors
are mritehod of £ Gurdnp input o neatranofor eporations. Datn
fron tho entormnal dotn bus do Srenslorred ¢ the internal bup
in tho inout nodos

Tho mi&mﬁwn of mﬁmmg;memmm coR bo bep Lllustroted
by nierowcomputer (A nicvo digitnl computor)e Instrueticns end

data are stored ia ncmorys Pho control undt Lolchoo &notzuct
iono ono ot o Sime fron Tho meoory, decodes then, aad thon

| cteoute thoas Dota nocfed Zor cmoention are Jotehicd 200 iy,
conbined vith toeporary dnto otored 4n segiotors vithin ALY
mmd pentored o o DODOXY. |

o nMy czfs’ pm cmf&mmt&m of IREL 8080 is wory
inportant frockho applicotion point of viove It pives the
inforpaticas obout tho foroinad commoctions where tho porde
phoral dovices hao 0 bo conmeotiod.And oloe gives the dirocticn
of the flov of nforpotionds

The G080 ip o 40pin dunl in line pachopo (5500 ohip ghovn
in Zipgurce §+2+ Thoe folloving docustion pivos the amelions of
old o2 tho E0E0 drput cutput pinoe

IR ———




Alo O€——

GND. o—

——>0 A1)
0 A4
—>0A13
——>0 AN
—>>0 A5
—>0 A9
>0 AQ

—0 Ay

+—>0 Ag

—>0 A5
L 30 A4
———>0 AZ

0 A2

—>0 A\
30 Ao

——p WALT

fe——O READY

<0 ¢4

>0 HuLDA

FIG.5.2.

B080 CPU PIN CONFIGURATION

——o0 + 12V
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Tho pino 4, o ﬁlﬁ geto oo on oddronn buns Thoege oro
S atate output pins, vialeh pivoo the oddrens o mowory upto G4,
&-i% werd or demooa tho Input-output dovico mmbor for upto
256 tnout ﬂw&ce«* g 256 output dovicoss The lcoot oipndficont
oddronn Me 4n dmotod by A, ond poat oignificent bt by
Dyg TIOAING £ron aft o raCrt ocguaices (9)

{2) Dotn Buo~ The throo stote bidrosticnal 8 pin lnoeo

acts oo o dato bune The function of this bus is <o provide
bidircetionnl cooountoation botwoon tho CFU,; noaory ond Snouté
cutput dovices for Snotruction ond doto Lromofors(9)

Bite It glvos on output odpned €0 indicnto the .s%aﬁ'ﬁ oL

gach nnching eyelos

(6) pAIlle 1% 4o Poforrod oo dato bus 40, CAveo en output
aigml to extomnal efrenits indionting that Gio datn bup 4o in
the faput nodo Jdeos doto Dus oon olcept doto 40 do ooplye

(3) READY=- Thoe rcady cipnol imideatos to ¢ho 080 that wolld
menory or ingut dota is ovedloblo on the BOED dato buns Tho

- pinold io used to pynchronize tho CPU with slovor nemory or

input/output devicess Tho G060 will be in yndd

long ns tho BEADY line 4o lov aftor scriling en addrens outs

(6) YAIZ~ The walt oirmol fo on output siponle It gives the
inforontion that tho CFU 40 in o vodS gtntos

3131 4%a)= Then tho Anfovmations ore to b vritton into
nenory or cutput funciion, o cignol actuates lov (THD)
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phouing that thio porticulor machine cyelo fo IEORY URITE OR
CUT UTAmsticn oyclos Tho data o The doth bus éa ni:uble
wisio U odrmal 80 cetdve dov (U = 0)s

(0) EOLD» Thio bold sippnl ronuesto tho CPU {0 cafor tho LOLD
ofasce Sho hold ototo ollewn oo ontornal dovice (o padn cutrol
of the GOV oddrens ond dota Dus ob coon co the BOED hep
couplo od 4to use of thone buses for €ho currcat moching oyclo.
I¢ 40 recornioed under the following conciClonng

{1) Tho U S0 in the HALY otobe,

{2) Tho CPV 48 dn the T2 or wait ototo and the recdy simol
40 cotivos As 8 posult of cntodnn the HOLD ptato tho
C3U nddronne Ww(&lﬁ"ﬁ ) ond doto bup (D@f‘"ﬂ Y will bo
in thoir high :I.mp@dma otntos Tho CRbhemovlednes 4to
otato with tho BOLD ACINULIDED pins

1014 fcimededgement) - IO given on culgedng oignnlds
IS¢ opponrs vith tho tmlﬁ pdronle A0 Ohio Sino dota and Addrons
s oro at M{}h impodanco ototes Tho L3S olrnal slortoc af

{1) T3 ptato for ROADY NEORY or IIPUTond

(2) Tho clock porded following ¥3 for LIBTE HITORY OK
GUTPUT oporoticne |

Aol LIE. outnue) « An fatorrupt cublo lino

in Iﬁah octo in wﬂnmn uith Che ﬁg clogl: Co pet tho Intovanl
intorrunt latehs This given cocurancs thot ony intoriupt inotruede

don in progress 1o conplotod befowve tho T ¢on be proccogode

on thin lino ot thoe cad of m current ingiruetion oy wnilo
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lx:m‘:wa I¢ WM OO0 4o fn Ship U wu{m%wu che
antoreuot oanblo m;;»% ig mn@“ 42 wild not honouy
tho roauests

12¢ prrre (aoutls Sho reoot 20 on dnput oignel vhon plven
e ¢ho CFU gs‘s, cloorn (o contoatn of progran countors ALLor
REGER 4 thoe proprom plorts of Jocation coro in neootye Biiin:
ond HLDA £4p-Liopn ave odoo ponol and rest renain unchongeds

15 fw « ko V,, pin octo oo & rround SULePmes pine

M‘Em’ e5g 5% wolto”]

9. Yy = ~55% wiic
3e Vgg = 22 g 5% volt ~ ugcd for tho oroAllater aircult

,7' (}é @ - Theoo are e clool au-_.'& nned W £ 275 o Sm*

a&ams. 4o polotod 0 o wloing odpo of @3 cloohs

‘I‘hﬂ a&m&c‘:‘;&m ﬁ.z; mmm onus :m iﬁm’m z:m'”@z:w

In tho firot scotion REL protuotions oro dovolopod fop
difforent dnotructicnss Zn the cowond coction oritimstic
0odoln ove dovoloped for osch dnotruoticn, oinply piving tho
eporntion perforaod By coch inctructions

Tho tiind ooction deoeribo tho Jophend nedod Lor GAfd
orent Anptructionn coppcopunding ¢o the Eloreductiens, Yhio
part givos Blo~by~bit oporotiono porforood by on Anotiucticns
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“he RYL pro@uctieno, amichooltic models ond loplend
" ogolo for CUED imotrustion 0od 46 (Avea 4n obulor oo
Tho cxcutdon of cn dnntruetics 40 porfornod in tho

(1) Povoh oyelo
(2} Dncoute oyelo :

{0} In o foteh cynlo o (00 provides o oddross of
e fnntruotion in o Dooory locaticn vio $ho nddrons Bugs

(b) Tho oddreso fo doccdod ond tho fantrustion 1o
¢ron meonry dntie the nenory Gots yoglotor of tho Chls
Tho EUSieseroph tho oritiratie ond lopeol nodold
fop o folch ayedo aro given bolewy

FC < DPCo)

viioro ADDD Geaotes oddsooo buo of 36 DAS Jong
DD deavtes Dats Bus of © WG Aong!
£C 40 progesn comter of 16 bS volue
8 80 o 16 Bi¢ roptotor




&wﬂi} “ W

= {ADRD)
IR e E)

PC o PCol

CALL. B {Wr ADDD26)
GALL LODALTI ADDO DB 11
CALL IM{DID,I0,U)
L 7DD (5T,2,5C,0,11)
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The fulloving Rototicns orc wood in the cdoulstions

S 40 SUUREH ROGEOTER
R o DNEa LRLTUYER
Z 40 ST RIOILOO

BL &0 DECIDOER PAXW
B o PITRURGRY REGILTTO
ACT Ao TETRORARY ACCUTULATOR
3 demoton HEORY
T 10 O bt NEGKOTER

¥ Gonotes BIIORY LOCATILH
§ e 0 bito




¥ s 16 vits

D is CARRY BIT
B2 45 BYIE 2
BY %a BYTE 3
RP  denotes REUISTIR PAIR
CC 3s 8 bit REGISTIN

The RTL flow grophs, the Aritimetic sededs ami the
logieal modals for sach instyuetions has besn described
and are given in e tabular foyme
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Sho oioul-Stion of IIWEL 8300 &g best illustroted by
the follouing crrplte

EXALDLE w UGS THE SINGLATION FREEIAN FOR THE ADDITION
oF TUo M6 DECE®-DCD MUEDINS UAED AS HA AND MB.

It do noouned thot the lovationn Loy A and [IB are
knovm ond the run of (A and MB 1o stored in the oomory
locations proviousdy asoipned o e

Tho felloving nlloontions ore oodo for tho ponorys

NEDRY E0mZT 16 A
Z06 20T 1% 50

£-31% Ded B O3
NPCISTIRS M emd L LOCD
UIGILH Ic
HICRm

PROCEION €

Onco ¢ho locotisns of ho ymriodies hove boon
the progron in machine Jngunne ein be virdtten downs

opecisiod,

The Zollpuing acquemce 40 fo bo followed Loy iho
progrom Wrdtien by using 880 instructionse

{3) Lood D ond B 4
ok BAy

macdiotedy with 3.@315; the oddyenn

() Iocd H ong L icsodintely vidh 108y s the oddrvess
of Hﬂzt |
(3) lood © with O«

(4) Cloar tho corry flag by tho emclusive-OR of A with
Fy T
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{3) Load & vith contento of tho oddreon opeedfied

by D ond Ds

{6) lood A with onryy to contento of the addrose
cpeeifiod by 1 ond L.

(7) Dociced adjunt oecumaleters

(8) Store A in the locavion addresced by D ond L.
(9) Inoreomme o pddreos stored In H ond Ls
{10} zmmm{: i:m: oddronn mw in D ovd Bs

(31) Doevenent

(12} Jump to otop § 4f zeyo flag 4o not oot by otop 1k

Lt the progran S5 otored in ROM with tho sterdtng
dneation 50050 then tho RO wAll contadn tho binory dnfornations

smqag Enesondc qr’mﬁa&m Code|{Lo0at= |

- Inotruetion

Operation

L NOP 0000001

20 LXAD 0000001

LW 00200003

w IVIC 00001110

- -

30101113,
00013010

3 NRA A
B LoaX D

fa  ADC 51 10001210

500

501
502

503
504

505

506
507

500
509

g0A |

Hosoperotion

L <p2>

D& BY

Lood
inoediato
H= {82
H« <p3)

Ce @2

hah o i
A« [0}

A« I‘x-@ﬂﬂ)

(L)1
caryy

Clanr countor
Resot tio
nyston

L+ D

Dae )

L

108

He-0l

losd countor
Car OB

Corry Floge O
A RD}{E)E

Ae Ao [IBNLY )
corey
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- DA 0160 00 ﬁwmm Wm 9&&!&2‘}1 Adjust
B+ DAL 131 50 el a;g;m

9« STAX D 00020010 50C C5O10020 ﬁ,{a}{ﬁm«a L)) Jea
10+ INX B 00100011 50D 0O200DAL HolweH el Hylef, Lol
1ls X B 000ACOLY 500 0OOIO0LY Dy BeDyBol  Dyleil,Esl
12, DURC 0000103 FOP 00CO1I0L  Ce-Cwd Ce— Cwl

13s JUZ 23000010 510 PTG

3.90 bl " 333 ‘ COOODIOL P - S

fiintoon nevery locotdons are rojulred ﬁ‘w tho progane Tho
docation of coch fnotruction must bo cotalogucd in ordor to
fmplenont tho JUP inotructlons Tho byto B2 end BS ot Jocotion 510,
for auntplo, rofor o tho oddpons ¢F o provious fnotructions

Tho logieol ofrmintion progyan fop tho obove mochine lanruoy
progron 4o pivon belows

¢ SOWIATION PROCEAMER FOR THD ADDISION OF
00 SIXTER DRGIT WUMBLAS

B = NOy OF DITSAORD, 15150, OF BLIS/DISTRUCTION
TOSWARD IR HEXADECIVAL CODEg XUPUT IN BINMRY

B2 o DYIR SU0§ BY o BYTE THRER

CIle COULITERg H L ARE TI0 B<BIT ROGISTERS

D,E ARE B0 O~BET REIESTER,; H o REGISTER
PAIR OF M6-BI%g D o RECIOTER PAIR OF 16-BYT
Pes SEP REGISTEN 0&“‘ 16017

Te TEPRLGISTEN OF 6eBIT

GO0 G G & G GG



CALL BQ(WZ,DE,16)

PRINT 60 ,PCyé 0B

o 7O 30

XL H

LOAD REGISTER PAIR HL IMMEDIATELY
CALL BOUAL(B2,0,16,2,1,8)
'CALL TADD(RC,P,PC,D81)
CALL BOUAL(BS,17 42K, ,1,0)
CALL EWAL (V,1,8,42,1,8)
CALL BOUAL(Z,1,8,1%,5,16)
CALL Ba{VZ HL16)

PRINT 60,0C,A JHL

GO 10 %0

MOVE IMMEDIATE COUNTER
CALL ERUAL{B2,9416,008 41,8)
CALL EUAL{DDH,1,8,DRe148)
PRIRT 704PC0,4C

e 90 50

XRA A

EXCLUSIVE OR WITH A

CALL EO{A ACTN)

CALL Bo{sR,Tvp 0}

CALL EXOR{ACT ,TMP A N}
PRIRT 75, m,&

G0 70 80 o

LDAX D

110
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O« DAL O0200121 90D

Deoetonl Adjust

9« STAX D 00010010 50¢  €0020020 [(o)(EJ«r [(p)(E)J*a

10, N I 00I0C03L 50D ODNCOOML Hle-H,led  HyleH, Lol
il IX D 00010011 9OB OU02003) DyReD,Bol  D,0eD,Esl

12+ DIRC  0C001I0L 5OF
131006020 510

13s JUIZ

e
15 ™

511

fiintoon memoyy loontiony aro roguirad ﬁar tho peogans Tho

irplencnt the JBP tactrustions Tho by

o B2 gnd BS ot Zoention 510,

for otuploy vofer to tho addvens 6f o provions inclructions

Fho Joglesl oftmlostion progy

progron 4o gdven bolows

GO0 G G O 0O GG

c

SIMULATION PROCEANMER FOR TE ADDISION OF
RO SIXTEE DIGIT NUMBERS

B o 10 OF DITSAORD, $3750. OF BITS/HISTAUCTION
NOSARE It HUXADECEMAL CODEy INPUT IN BUIRY

B2 o BYTRE 0§ BY o DYPE THREE

CI= COUNTERs HoL ARE W0 £-BIT RIGISTERS

D,B ARE T30 £~BIT REGISTER, H o RUGISTER
PALR OF 10wBI%§ D o REQISTUR PAIR OF 16eBIT
Pe TGP RUGISTER OF 16-D37

To FERRIGISTIR OF G-BIT
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TTTEGLR A 5
LOGICALsL A(B) ,ACT(D) ,D(8) 45(8) (8) JL{8) ,DE(36) 2(8),
HL(16) (ADDB(16) [PCLA6) JP{16) ,T5P(8) ,DD3(B)

{00 60 0O 60 6

B3 B

D,Z{4)
READ(S 520 )Lyl Tyl 42

o UETR(6,31)

50

CALL PRLUEIH,Lyl)

CALL PREVII(TI,h,11)

CALL CON(IRIREAT)

CALL FALAB(P,P Y1)

P(I51) ebs TRUB»

CALL FALSE(T,T,H)

R{B)e TRUR

CALL E2{PC,AD1,30)

CALL LODA(H,ADDB,IR,L% 1)

CALL TADD(EC,P ,PC,D,I31)

DECODING PAHT OF PETCHED IISTRUCTION
DECODE ALL TYPES OF INO¥UCTIONS
BIT-BY~BIT DECUDING IG INDESHO. CIVEN HIRE,
EXECUTION OF DECODID INSTRUCTIONS
LOAD REOIGTER PAIR D AND © LZEDIAE
CALL EQUAL(BRy9416,24340)

CALL TADDLPE P ,PC,Dgi21)

CALL TOUALUBS, X7 o244 4148)

- CALL E;mﬂa(ﬂglgﬁﬁﬁzgzyﬂ}



CALL ¥Q{WZ,DE,16)

PRINT €0,PC 44 DB

60 T0 90

L o

LOAD REGISTER PAIR HL TMMEDIAT
CALL BOUAL{DZ2,0,16,2,1,8)
'CALL TADD(PC,P,PC,D,MM)
CALL BIUAL(BS,17 20 4¥,1,8)
CALL EWAL (W,1,8,42,1,8)
CALL BOUAL(Z,1,8,M2,5,16)
CALL Ba{wZ HL,16)

PRINT 60,PC,A AL

0 %0

v -

MOVE IMMEDIATE COUNTER
CALL BaUAL{BZ,9416,00B ;1:8)
PRINT 704PCyh4C

¢ 0 50

XRA A

EXCLUSIVE OR WITH A

CALL BO(A,ACT,N)

CALL BQ(SR,TVP M)

CALL EXOR(ACT,TMP (A NN}
PRINT 7%, \z’c,},,

80 T0 50

LDAX D

110



11!

LOAD ACCUFILATOR UYSH FHE RECISTLR
PAIR DIRECTLY
CALL D0 {DE,RP,I51)
CALL E(RP JADD3 S21)
CALL LODA(H,ADDB A L5 1)
PRINT 75, PC,A
W 70 50 |
ABC B
ADD FIEORY UITH CARRY
CALL Bu{HL ADUB 551
CALL LODA{N,ADDE ;BT L% )
CALL BR(AACT)
CALL TADD(TR, Ty TP yDH)
PRINT B04PC HLA
G0 0 50
2120
DECIFAL ADJUST ACOUMUILATOR
I7(Ss0Te9) GO 70 5

5 60 70 55

g CALL TADD(Z,S484D,4)

55 PRINT 80 ,PC,HL,8
o0 20 50
$TAK D
STORE ACCUMUHATOR IN REGISTER PAIR D DIRECELY
CALL BI(RP (ADDD 31



CALL LODU(A f1,0000,4% 11)
CALL PRTIEI(H,LEN)

GO 50 90

X 8

HICREASE REGISTER PAIR II
CALL Ba(HL P I51)

CALL TADD(RE (@ ,RP D471
PRINT 60 ,PC oh 41k
W5

X D |

IUCREASE REGIOSER PAIR D
CALL EQ(DE,RP,I71)

CALL TADD{RP 39 P D JI7)
PRINT €0,PC,A D8

o 0 50

DER ©

REMENT COUNTER ¢ BY (IIB
CALL EO{IR /TP ,0)

CALL COM(T,T)

CALL TADD(TIP ¢ 4h (01)
CALL TE{A R H)

PRINT 70,8C4A,C

o TC 50

Nz

SUIP 1P TOT 2RO

I0( 1074 (ZERD) )CO TG 10

| ELGE G0 70 50

CALL IUAL(DB2,9,16,4D00,1,8)

112
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10 CALLLODA (H1,ADDD,2Z.L7.11)
CALL DMUAL{DS,17 ¢24,ADDB,9,16)
CALL 2004 (3,APDDY LR 20)
CALLE BRUAL {11,3,8,2,9316)
CALL EOUAL{Z, 1,802,310}
CAlL B{UZ,PC,16)
PRIRT 6O ,PC A HL
PRINT 110
BIoP
PORVAT( B14)
FORMAT(IOR "Le *,24,30K %iZle *,14,108%a *,34)
 PORIAT(10K'PCo ¥416L2,208, She *,6L2,20X1DEs *,16L2)
70 FORIAT(ION 'PC o ', 16L2, 9N *,8L2,5%'Ca *,6L2)
75  FORIAT(ION "POoY, 16LZ, JOX'A- *,802)
80  FORIAT{1ON *PCw ¥,26L2,100% Hie !,16L2,5%,% *,002)
10 PORAT(I0X PPINAL HINORY CONTINTS')
BID
Froo the obove simulation progron, 4t 4o olear that in the
gbumcar of the oleroproccosor ong ¢as got tho teotod dosired oput
0f his dooignoed dipgitel pyoton o on aristing dipltal conputor
bofore 4t hnxduare impleacntntions '

&k 8

The adwaatopo of coftvore 4s <hat 4% lo o nonrecurying cost
Yoo
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In thds dioocrtotion o thcoreticol ptudy has bocn nodo
o pioulato o dightod oyotonp on an edoting corrutors BeTele
lonmunge 40 dovoloped to porod® doserdption of the fatcmol
oporntion of AAgAtal oyotcoe ReSele ic 08413 en inforual
rothod that S0 in tho fommtive stogons but Lo vory ucoful in
tho dovolopaont of camplon digitol aystonss The ReTel. nodulon
rofloct tho horgvoro of he aysten in o mcquentinl monnorve

N.Tule 207 chorto relicvos the donionor of mony tedious
doi~1l0 ond sopotivive oporoaticns of end oldndnnte lopleal
incenoictencion, tining confiieto and Aogiend orroros Booving
RyTeLe £1ov chort ono caon provoed ¢ chthor simulote the oystem
on o Qipitel compulor w o tho hnrdore Lepleaantotion gide
of the oyoteos Tho oiouletion of o dipital oyoten 4o corpicd
out odthor by Arithondic modol opprooch or by Logic oodel
opproachs

Yhe Arithootic pedol approosh 4o oclonlo and vory eacloos
It taboo deos jt:&m 0 pun o pregrove I8 doon not give tho
dotadls of tho oyoicns therever the dotoils orc wes ok uuch
iopertancs thds approoch Lo vory ucofile

~ Tho Logle model approosh 4o net conedgo ond 4% takes
nore ino 2o sun B prograne Thare 4o one to ono éomzawwm@
botweon the RTL flow chart and loploal modol of o piven cystods
The logicol modol givon bAt Dy it dovoils of tho oystoms
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proeeccors aro not ovoiloblo 0o o physicol conponcnte Hovorw
tholeoos ¢no fo intoxcoted dn atudyinpn tho applicotion of
pdcropstacooors in Aigforemt Liolds of proccos controlled
oyoten, in cuch o c00¢ enco o machine lopruago preseen

no Boen doveloped ﬁ'aﬁ' a partioulos opplicntions, this noching
loamunce eonrotmo con Bo foatad, 22 o nleroproceoooer ol
vintion progron 30 avoddoblo,des oVen in tho absonco of oven
in tho aoo of noteavailobility of tho companonto fop tonte
ing prototypos on biead boord pesonreh con progress in o Zinld
of agpl&caﬁam 0F DICPOProLOLNOTDs

W wacsul vhen ndorow

Darthor a&wncm“ in pesodble dn slowlation podelo
ond dovolonnent of nub*ﬁﬂlﬁiﬁﬁﬁa Tho wo ooproothes, thoe
Ardtimntic veded gpprooch end the Lozdc noded opprosch con
bo conbinod togothar to produco o tidrd b UYBRID cpproochs
Lo con colld then ARITITATICO-LOGIC [IUD3L, Thio ooded con
oo caro 0£L ond this oodel chall o cdvomasos of both
CYOLCa0e nabmmm hen eon by dovolopod ¢o oult thin
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le DREULR, IMRVIN{eds), *Digitol Lyuton Doolipgn Autonations
annces, Sinulotion ond Doto bapo! JWoodlond Hillo,
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SUBROUTINE FILMEN (Ml oNeQ)
Covr Flul FIRST L LOCATIONS IN MEMIRYsMs FROM DATA CARDS
C 5 OCTAL NUMBERS/CARDe FUORMAT 110
C NaD1YS /JYORD
COIMPLICIT INTEGERIO)
LOGICAL®L M(LaN)
HRITE{G+89)
00 20 J=l,l
20 PRINT 93sJs{Midpllslnlel)
HRITE(G6+05)
RETURR
:3:1 FORMAT (Q00/000) ‘ .
89 FORMAT ¢ 20X o QMEMQORY CONTENTSG/ 20X 9 Qwwsersviteammtemimmans (7 )
93 ZgﬂMATILQKtlsaﬂokZ!
D ,
SUBROUTINRE LOTO(LsOsN}
Cootr Lo, OGICALS OBOC?ALo NeBRTS/L
INTEGER ©
LOGICALTL L (N}
C ACCOUNT FOR S1GN
Joel A
IF (eNOTelt{1)) GO TO B
CALL TCOM (L 0)
Jual
C CONVERSION PROPER
5 0=
DO 2 T=loNe2 e
0=0810 _
IFELL 14¢2))0=0+1
IF(LILI+i}) 020+
2 IFELE1)) O=0es
IF{JoEQsl) On=0
KRETURN
END
SUBROQUTINE TESTZE)A!QiNﬂ
ceoe  IF N BIY NUMBER As0s SINGLE BIT Bols
LOGICALR] A!Nl'B
Bue TRUE o
DO 10 I=1sN
10 IFLATI)) BooFALSE.
RETURN
END
SUBROUTINE TADD(XeYs5eCaN} ‘
LOGICAL®Y CoClopSINIpXINIgYI{N)oPoGol
C.“v?ﬁL&Ee
DO ) J=loN
faNatwd
PeOTedil)
QuoeNOTe¥(]}
DrsNOTe G
ccaxxlxumo.m,oauxuumo.wnuomwcn..mo.m
S{1)1o(PoARD 0 Qo ANDoC) o ORtP AND oYL 1 ) o AND D) sOR o { XL 1) s ARD s Qo AND o D)
Seﬂﬂa(ﬂ(I3eANﬁo?(l®oﬁN0¢C1
1 CeCC
RETURN
END




Canp

Conw

10

Cooy

in
Coun
io

Lo

CUIRSUTEIE ADBIEsYeSali®

ChEB COMPe ALD

LOGEICAL 1L KAN e (i) oSt haCC 12140
Cand TARIDIR s Yoliplotid

Cank FALSECCT Y

CCifiteC

CALL TARRIG Lo Cxll)

BEYYON

Eng

SUBROUTENRE EQUAL JOsLelishpdat
ECUATE BULBCRIPY TERAS
ALJTHEY KRIal(L THRU B} RESPECTIVELY
GEQUIREG e ity ‘
LOGICALS®L A(RIsDIRY)

flafi=l ¢} :

§0 10 J=ielt

Jioi=ie]

Lisieled o

4431003y

RETURN

(i .

SUOROUTIRE CODAIRD s ok iR
HElles B LOCATION O 15 LOADED 16 REGISTER A
Legonond REe Hef i 84 WORD
LOGEICALRYE ANRReDINEs HiLglio
ALk LOTD {DyJdenr)

DO 10 Jalets

SCiintlideld

RETuUNL

£E0p

TU0ROUT INE LoD AetteDelatil
REGISTER 4 19 LoADED IN BENey He LOCATION D
LeORO S, BEe Hel 1 TEIHORD
LOGICALD L Affds GHNds DL eRY
CALL LOTD (Bedety)

$9 3G Inlsh

Hidak¥ofil)

RETURD

Enp

SUOROUTENE TESTEGIA«BWCalin

iV acBis SIHGLE DIY C»)
COLai { HB00 e £4500)
LOGICAL®Y ATNIsBINI#CoDel
Catnh COltALDY

CALL COMUIDeCeiid

CALL ALRtDsTIaEen)

Cand. ANBRLAWD obinty)

Calh GRLGoE DR

CALL. CONL WD)

Chnle TEOTREJ0aCutin

RETURK

EnD

118
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SUBROUTINE PRtmeM (M L,N)
CH*> PRINT FIRST L -CCaTion (N MEMORY
LOGICALRY LSOy oM Lel)
REIBEHS TN OLH0)
DEADES# YD) 101 sslmisbld
0D 20 $risb
CALL GTJ&&G%J!#L%&N?
O 20 Inlel
ag &iJdelinlitl)
REYURN
TS FORIBAYLS110)
gro
EUDROUTINE OTOLICO ek ali®
Conte CORQCTALY LeLOORCAL-TF o
< HeQJTL ks 81T1wgl0N
' IRYEGER Oy Ols 00
LOGCILALS] LN}
CauDl
4 LUHECK FUOR MEGaTIVE
Jei
37 (0«08 0) GO YQ 30
- Bewd
Jol
¢ ConviRBION PROPER
10 Lol Fa 58 tLefi)
Ralim3
DO O Ins9Kked
4 CHeO-{ 0L 10020
Qu3 730
IF {0MHGe0) 60 1O ©
GE TO 1200934029409 D0 e OH
LESs =] b ue TRULS
GO TO 1658960600050 e O
Liti=}} neTRUEe
GO TO (Ce0elaTete¥a¥iy O
Leti=li=1) waTRUE,
coarTinug
IR JeliCed) GO Tg 33
AL TEGS theth)
F3$1 agrynn
£
SUBROUTENE SLIADee
Cossa RUGISTER A 15 BMIPYED LEFY 1ﬁi?;&ﬂ$dkt 168 €+
" NeDE¥GeF YO LO040LT lie
LOGICALIYY AtYenili)
HaRel
0D 20 vl
206  OilieAallel}
DiineFALBL o
&grenn
ERD
EHIRGUHEE PRI Mpbovit
Gﬂ#$mwﬁﬁ*§¥~9*é?‘ﬁ"hﬁtﬁfiﬁﬁ**ﬁ*ﬁ%ﬂﬂﬁ*
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Ctide

10

core

aa

Coos

10

o H O
L 9

20
00

SYONDUTING FALBELAWNY
LOGICALY Y At
00 10 k=)l
Al L )eeFALSE S
RETURNK
teir]
SUBROUY {0 COMIasDabit
UehOelmullThe A 18 UNCHANGED
LOGICALY]Y AtNis BN
00 10 1=1en
BilioaiO¥s AL}
REFURD
Enp }
SUBROUTEHE SNYALDebic
REGISTER A 1S SHIFTED RIGHT lﬁ!fn&ﬁ&”&? IN B
HoaDIT8.F TO 160, DITle ~
LOGICALSE Atlidentil) '

. Heafie}

00 20 Joisll
OtlimiellsntN=])
G{lineFALSE

RETUWARN

End

BUDROUTINE EQiDsAskv
AtlteBli) FOR ML le B I5 UHCHANGED
LOGICALS]L A{L)spilll

DG 10 IaieN

At I=DL L)

RETURN

END

SUDRBUTINE FIALDU sk el

Fiol FIROTL LOCATIONS I8 KEMONY#aFPROM DATA CARDS -

SDECIAL KOoFROY EACH CARDSFORMAT 110
HeDiT57CARD

PLICET INTEGERID)
LOGICALGY LI(SO)eRM L)
DIMENSICH Dyace

NEADL Ho00IEDIT s Inkgt)
B0 20 Jols . ,
CAnl. OTOLLOLII oL L ohi)

09 20 loleh
FitJeldotd(1)
FORNATIL110)

QETURR 3

END

120



11

SUBROUTIRE TCUM)AINS
Cone TuwOeS COMPLEMENT2AsA@+le R®BITS
LOGICAL®L A(NIsyt)2)
CaLl. COM (XpAaN)
CALL FALSE (Jsh)
JiN)og TRUE
CALL TADD(A»JsA,Coli}
RETURN
END :
SUBROUTINE LOTOIL 0N _
Coon LaLOGICALy CuDECIMALe NeBIYS/UORD
INTEGER ©
LOCGICAL®]Y LiND
¢ ACCOUNT FOR 816N
0
IF (#NDTaltl}IGO T0O 8
CALL TCOM (LsM)
Jul
c LONVERSION PROPER
5 Q=i
PO & Inlolied
On0eg
IFLLLE+2) ) OwDsld
IFtLilel}) 0wl
2 IFELLIY ) Ondel
IF1JEQel) Oned
RETURN
END
‘ SUBROUTINE OR{B.Colall)
Con  Ceop OR Dv HeBITS
LOGICAL®] A(NI+ptl) LI}
DO 10 iwlel
10  CL1)=Bt2).0RAL])
RETURN
END
SUBROUTINE AKRDIAsBsColN)
Coes A AND B ARE ADDED WiITM RESULY STCGRED IN €
LOGICAL®L AtNI»aiN)CINR)
B0 19 1%1sN
10 CllimAlly LalD, BEY)
RETURN
ExD
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