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Axd s V) A e o gulall 2,0kall 3 361 a5 pile Jlai Ay Lale 585 of grling (W e
oaoall 138 (5aiat A4S daasll A je il pe delaiall ()5S Al G el
daa g alai e S el Lealed ()5S A A5 paall dna il Al (e 3aal 5 (5l Adand 50
53¢ Aol 5 3 pdlie L jaii Sy el Ll e ) eI A3l 5 ATV ARl el
Le~d (Hardware)

sobe h gl ll s el grali ol o2 oo llaall A 1 algall (g (o il Lkl LS
allaall A 5 o 585 Aipma Aana s Aaly 4 5i€a Lot 4 yal) Abalusiall Cllaglail) (1o Ao sana G2
Ob e Ame Aaslaa e Gonill e e B oSl e e Jee ol Lo diag el
ilan) 53 Waldie) ol daslee (51 Haiaa dany sl el ) (5 sing of oy (il slrall (e S0
pmsin by Gl ang o el dany of e 3 D Cpd ) pes Bl ol aY Sl

< <19 2 >




Sl

@Eﬁ\ﬁ\ghﬂ\@ﬂ\&\ﬂ\w;:;yﬁi&@Uﬁé?)ﬁ\dﬂgcw\
L diity pellaall o gy o) sl

Glmu@d\ (Binary Code) 4slilll 3 il g8 zeali jull 45 sSall (L) dadatl) Lol
58I (g Aaglaan Jlian) o Gaady pen Jie e Jae i allaall s W i e g pellaall
Lo bl mllaall aadain Al ) (e Al 2

iy sine ganl lalies 1 (10000000) :35Y) 5 el A8l ol 28l oda Abial (g
Slo ol mllaal) adaing (553 WS A Jad) 8 Aagill jia g oA &SI Jas ae B ol
Gladll e Al sl o capil) madaing o 43 s 8 A0l 5 88 LY il 5 el
Ao e ol Al o 48 s cilS ¢l g

a5y 0285 ags 3 gmaliull 4 sl Clagledll AU (ol g5 ) eyl A3 )
Al yeS ) e A gga Lella ) oy A Slacal) s colaa sl (e 43 5Sa Aad & clladll
leneds Al 35l Aalll a5 <Machine Language “1) 4l aui s callaall Leae Jalaid
Ciadie ] 5 edd Aalafall Al Al aaty ki) Alalall Clas gl G Juaidl Leils g1y o gulall
e e Al o3gy byl (585 el all e JY) Jiadl Cilima p LS 3 AV 4
GomS 1gay By gmasmall (e allaly (21 a1 aallly ieall (e A3 Sall Qa1 e lsha
e ) e (e dalll o2 alind 3 (Jariusal) gllaadl 38 43 120 o Sliad 4nliS
O llaall (S Aalll gy 4 giSall el Ll g Clandell 5 ¢ Aol 40 535031 la g ac il lag Hal
o ray A8LE dlee 3l AU SUAIL Cud ol daa e G Y) lis Alle Ao Ladiy
i s clgianati i) G sl Canss L Ll ol

oy amy Uiy S LY US\AHL@JL;A\GQ)LULLKE AL Y Al 4 g<l =l 1

Aae oY Y Aal A gkl B P ENEN o adnlia o Und (of agd Liga 2
520 20 Lo 5 L Bl oy Al Jlaa) 5 sl gl e z3lai e 85k Al
AEY o3 aadlish e

eyl ey 4 i€l el ) Cadlay e (mall e AV gl dary Y gl ) S5 3
el 4 Jie (Low Level Language) ossiwal) uzmidia cilalll ol gu (s 2Y)
(High Level Language) s siwal 4lle <l ol (Assembly) (laes¥U 45 jadl
e G sl A jaae S il e diaald 5 et s Y (Basic) clud) 451 Jie
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LAhaA

ATV Ay 4 gl el ) A8 LU 8 ld) e S0 (8 eyl &y o) Jgd) (10 4
A Le 8 elha¥ o 2 aiuly o gy of geuall o 13a anall (e 4 C gl g
g oie Gl sl alaie ) 3ok e Q) 2 (ang (Ao il () saa sl Jsla
b Adeld yiSi4a k< (Binary System) Sl el ge Yo (Hexadecimal System)
leie UiV )il 5 gl Ll US4 graa Al (5 e o) Uil Ja 88 (GAIY) AR Jias
Y el s il 23S elana ald i ae daladll ) el (a5 5 AY) G Cuy S5 Le as )
Y oSl ¢oman e 500 o (3A) bl e dlld 5 a1 13 Jrdy 13le e AV ol Jaas
Al NS Gl e e le i aaly W o Eo, WY ad wle jond o Say
8 Jady 13le 38 jee AplSa) riud 5 505 450 4 jee Alla 85 a2 5 (60, 61, 62)
5,58 yoehat o ysaa el Jae clld Al cllyy palall Jalall ) 525a0l V) gma el
G A8 5Sa 5 il el IS eldae) oy Cumy yal g1 (e el S (g0 3 saailall agd Lyl e o
) V) Cag pall (e 5 jeaitie Ciyal) s (5583 Ol Gl SV 8 Gl day i o 330
o U ADD 05Ss pand) el Sliad ¢ a1 2ud e pllaall 4 o 58 Le o L 58 s
7 b Al laia) Jiey ) SUB 0sSs 7okl i 5 ((Addition) ges 4aS] jLaial
-l sY) s aa 1354 5 (Subtraction)
i Ulal ol (Assembly Language) gresdll daly o L & <l jLaia¥l o2 ()
oty cla 83T S Al @l 3 il a3 a5 «(Mnemonics Codes) 4 jall &l el
CulS Al A o el (e Yoy S Algs ) e )i aaind Aad gd ¢ Jae il Axdy Wal
Gladaill a3 5 (MOV, ADD) Al laaaiad Al &l 880 038 (pa g ATY) 45 3 3acine
S S paall ey el Sl 2 jae Leitda s 48 jaa s L ST Jendl (0 b 3 seall o3¢
(Mnemonics) 4 all <l jlaia¥) Je g ging dalay sy 3 oy clallaall ¢ 550 (e g 53 S
GOAY) Gl LAl @ jlaidl) e caliar clallaall datia 4S8 Sl jlaidl ¢ & L Glle
6 siall Amiiie L alll e cpall) Y G AR Al aseaill A1 ()
llxally ddagi o Lgal iy Lail 5 Adpna el Lol oy Y 138 5 «(Low Level Language)
o2a aladinl aakaiin] sllaall il oSay Lale 0585 O e 20 Y Clalll 028 ae Jalaialld 63 5l
gl Je A 8 el po e lid (o i e e IS L) 2 ling A5 apenll 4218 (e LSy 410
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N BT

(Hackers) ¢l of s 131 gy alusll g il 5aY) CadS el yo g cdpandl) ciliplal
Fall) oda pe Jaladll 8 (1 jine ile (5855

bl daa i g somall e OIS AEUEN A8 ae V) dalady Y el G Lag
el Jandl 13gn 2 g 5 A0S ) 2 (53 rali s () A ) Dl A (53 aaaaill 4l o gl
ol Bisaty asly pald mdbi py e ke sy (Assembler) pasall o gala
e sl (Al @l ak) AV Aal mdin ) (Rdoall DAl seadll Al iS4l
Gl G gl el 1l 5 «(Source Program) xeael) zali y aseadll 4aly o g€l als )
adlig ) Jignill 8 48yl 55 5 ((Object Program) <asedl gelisy oams 4Y)
bl 385 ey e i Baal) o2a 5 ATV Aa) ae A jlie Aalll 03g] o gardl aal (e a5 Caagll
el Lo (g sian (Al 4 giSall Cilaglaill de ganal

O 8 Al (Operation Code) s el aw¥) 1 auanill A3l 8 Claalaill 4 o<
W dgiadlae atis G Clglasall 4 c3laledll 5 o(Operands) cslebas b asl s Jalaay & siie
o2 o (g oadhe I Lleall e o LAY gl ) 43 s 521 eV 5 s el pnY)
Aaalal) J peal) (8 Sl 8 gl S5 (el sY)) ilaalaill = 8 iy | lidanal)

Opcode (84<4d1) Operand (s) ( Jataalt)

] 4 sllaall clild) ) i b «Olrall Wl ye g W ey ey Led dilee S
58 & cpglie Wl (Data) <bly Wl Sy ded) Jsmaglly balayl (Sa col daleal)

.(Memory Address)
: Gl Jaaas

MOV Jail) dagla 1 4 g1 daglasl)
(Source Operand) saaall Jalaa (3 33 ga gall Ciladazall Zeudl daddadl) oda Jartind
A5Y) dxpall 33l 5 (Destination Operand) <eagll Jalxs
MOV destination , source
delra () aadll delaa (Geos aiall 85) i pshy b llaall dadedll o2 s
Cuny D dad) (A C dad) Sl gise MOV D, C Aadatl) Zoaii JEall Josw (A8 cbngl)
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lblll

é\.ﬂ‘ GALIJ.J\ e)s.a dlaall MMCM\ g_ab}tadé\s.zu:u D Jdaudl g.w\.a}.xuc_ua.un
el 8 sl dilita Ol ) Ledais o (as € ol (43 55 H el Jea

MOV C,55H ;C Jaall (42 55 H 4aidll puia

MOV D,C :(D=C=55 H) D Jaal (A C Jaal) il gina il
MOV A,D (A=D=55 H) A Jaadl N D Jaal) cily gina gl
MOV B,C :(B=C=55 H) B Jawdll (I C Jawuad) iy gina sl

ADD el dasdat ;450 daylal

Gagll Jalaa 8 sip—asall bl geal el ol Jesio
(Source Operand) _y=adll Jalaa & 3392 gall bl 2« (Destination Operand)
AV dapall 38l 5 Caagl) Jalaa (& 0 3A5 63 (g

ADD destination, source

& Al aiagy cangdly aad) lebae gens asi b bl dadaill oda s
o2 i of WS 34 H 525 H Jie (e pen pldll JE) Josws lad cCargll Jalaa
[ SV Gany aa lpans Lgmand & (e g o) (8 ol

MOV A, 25H A danddl b 25 H dail g
MOV B,34H B Jasddl 8 34 H Aol g
ADD A,B . A=A+B

V) U G Al el sadiaall 2alll 5 LS 485 5 Aadall Lo ple sady Lica jaia) o 2a
AV s jaal) 8 a4l 5kt L s g ellaall Jalo daglatll o 383 S5y (oS Ad yaa
ales 435 g qellaall 403040 L) 3.2

Ay agd o B Y muals gais alec agily copulall (8 age e e Gl gl )
slo i G gulall Al Al G Bl Ui a5 e salall Ll 3l ae 438dle 5 40800
<y L 5l (Central Processing Unit — CPU) &S jall dalleall 3as 5 1ol jal 43306
de il z) a5 J2a¥) 3 3eal s (Memory) e ! sili 3_SIAll 5 callaally T liaia]
(2-2) JS&) 2 ma e WS (Input / Output Devices)
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Address Bus (s gliadl J-8U

AV JAY) Claa g

(Input/Output Devices)

Data Bus il J-3U

dsi ) G gmniad) 1 2Y (5 jlara lada 2-2 JSi
dagl idie gAY JBaYl Glasy egis 5 SIAN (8 (s saall maliall el iy
ZIAYY s Qa5 5 SIA cilas 5 pe ellaall Josly epllaall qa Jsl il 5 ELED 5 egilial)
(Buses) Jil silly o a5 DY) (e de sena e
Y 5 kg Baaas G glie Ganady 3 Sl &1 AY) s JiaY) clasy o allaall Ca ey
s i Ol sialls Gl Asiny rans S dam s 058 O e L Jlead panadall ) iall
by—sall el K&, Gy a s Q5 (A AUAL) o stial) JBU e () sial)
oo 3eaY) e bl mllaall Jality I3 2ay 5 3 pealal) Sleall s (Binary Decoder)
(Sall sl Sleall ) clasbaall Juu b gllaall 4 oSl JHU aaay s il JBG Gk
Cpstially il Jil s 2aaty ((Read/Write) uslis sel jill <l jla) Gayl ce <l
A3 538 5 el )
35k 5 sk allaadl doe Jalai s alac] 2D aan a5t QA alleddl Joe sl (V1
(sl (ssing (ol dl) Lo Ladlae Ll a3 (o s doleall o3a Sy
(A, B, C D) AsY) <l 1
(2" = 64 k) dalial 3 Sl a8l 0 232 G581 (16 Bit) v=m oasbie JiG 2
Alsdl g saas) O @l FFFFH ) 0000 o« oS Asiall s
(63 5« FFFFH+1=10000H
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LAAAA

1400H ¢ sall (e Tay o sllaall zald ) (53 gdige .3

21H, 12H, 42H o Laes o slhaall &30 slacY) a8 4
12H dasil) lgne gand o A ol (8 21H Gl o 330 gl a5y 1 YIS ()5S Jasd)
A A dadl N Aad Ju s s () pasil A Jaall (B ) miars 42H daslls
Jsxall <00000100 (04H) & A Jaadl ) dad pea Ji3 54485 10110000 (BOH)
rdenll 138 2,031 ALLEAN 5 50l 5 dagall ol shadll eaa gy U

z o=~ il 5 _y—iild)
A daud) A 21H dall) S 21H BOH
A Jasd) () 42H dadl) gan 42H 04H
A dad) A 12H dall) aen 12H 04H

S sl el (T400H sl (e Texs 3 SIAN & (o5 5aa gabind) O Lasg
;‘;_“,‘ytss)sm\gjcﬁydsgggp

A Olgiadl b giaa | 3_SIA ) sl
A Jaadl ) dagdll J85 5 jic BO 1400
41 gatal) dasdl) 21 1401
A ) e A pan 5,84 04 1402
AdLaall dagdl) 42 1403
A daed) o dad e 3,44 04 1404
Abliaal) dagdl) 12 1405
a8 gil) B 48 F4 1406
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“;‘;ms 68 bl 13g) bl i ol sl Ui

Osie of Lus (FFFFH — 0000 sl & dad ol 3aly of zelindl alaad oSy 1
a0 () il i yall alae 8 dadl) Al 385 oy 1A (1400H 2 el 4l
bl i) T sals el )5S @l a5 el (g Aales J

sSIA Jal 5_aall K& by agiiy cpgiall JIG e olgiall 138 gl ey 2
SN ) el T yuie READ el jall 3l lleall il cpan (A 3 SIA) a8 5 2yany
DSl dsall (5 sine puas aly @y (1A00H & sall (8 2 g sall il Callay
el )l s Ll JiG e BO

Al alad o Clagdaill 5 50d GSia (s 5ald Baclisey BO 3k iy pladll 0y 3
S Y s A el G daniags s cay U adsal) 8 G dla Gl
O e el Uy T400H gdsall 0 21H Aaill cals wie @l Glall el
ol N 21H il Jsas vie iy (A ol lae Al COl Gl gl aen
dlae uly delaill oda 8 e LBV amyy dan A daad) ) 5 jdle cadis
<1402H o) sl JEall d Jiay (52l Wadii Caal ) 40 dalatl) () sie () ali )
Al Aalail) alad o gl JAG e 1402H o) simdl s 2 )

Ll Laglaill 550 S Aol 50 pgiy 5 «1402H ) siadl (e 04H 5,880 ladll sy 4
Sl Ol gl (e Aadl) Qlay ML A Jad) (s 5ine ae dad pen Alee Jiad
ao ey algall @l e 42H deidll s 2y A Jadl ae lezenny 1403H
Iy day llaall Bl 5 cpandl dlae Sl haiall s luadl sas 5 () A dand) (5 sine
dae Jany Ly A dadl (B g (atally lsall 5m 5 Sl j3s (0 el
Bhe Ll ) Aalatll ol gie Jiad ) 1404H Aedll i )

LS8 oy allaall I 3880 sty cpliadl J8U Je 1404H Olsinll pasy 5
A ol ge A ani Wl 5,080 52 5 clgnsdi ALl < ghadlly o gllan LS La i g
J1406H o) sixd) ) il slae Jixgy

Aadaill ) F4 38810 5058 3 odilyy 1406H O siall (s sine allaal) alay 4l 35 .6
AU daglail) e L) g ali ) olae 3oy a8 g bl joas S HALT

lalaill il 5 el ) slae 2 Jiaed bl il HALT Aasledll 25a 5 a2e Alla 4
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Machine and Instruction Cycle 4asdaill g 413 U ) g3 4-2

sa 5 ¢(Clock System) aUaill cudsay et ald 53 gula JS Jah A aa g
G llaall ) 5 shcam il oS st LY Lail g cctad sl 4 pua Lyl y el 5 5
Ui oo gellaadl LS 13 La ey i el 8 aSaill ilimill o3 Cinla g o sl o) 5
«(Pacemaker) Gl il yum aulaii Slea 4 ey sb allaill Ciige Glo G gulal) Slead )
Gl Hl alall a8 o all Al plid 4 llae dadviiall Qb e G a3 Y LS
U lleall S8 calladl 5 L 51sm o U AR Sllell A sllas (CLK) s
el i daldladdy Ul a Sl all L
7o s (3-2) il 5 (pUaill dcanil (Trailing Edge) 44l 4l i «(Leading Edge)
RUCTEVR:

High [+5WV) High(+5W) High{+5W)
Low 10v Lng ( ="
Clock Pulse -—
Leading edge Trailing edge
PRI E.Mag.": SacLoal] &t EJJLL“ 4811

(E34) alhail) Ay 3.2 Jed

O Glasal (il e sSy o cang SIS llaall Gy el (e il Jis

adaal danll 3335 Jay Ledie 38 sia (INstruction) dasdes JS uaul 4y slhaall bl ()53

G e lan] (i sy Alials aae 8 il el jad Aand g et el 3101 138 cdaulic

S e 5 SIAN 5 aelladll i K i ) oSl el 5Ll Jlas ) 3k e Sy S5 o)

Bl gt llrall Ao jun et O (S Y 3 3eaY) abaee Y5 IS8y i e o bl

Abine caws o Janlly a5 4 9 oSad <l i) oY) da gl e ddlisadl o) 3aY) 8 il sl
Uil Aledl) sl Aoy
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il
: l:l‘I ll :

AV 3 )50 et llnall Ly agly AU ol 3o 8 ddae (oY 48 jainsall dgia ) saall )
Clalaall ol Clel jaY) (e AdalSiall Alulull g8 jains Al 4 3l 3240 T (Machine Cycle)
3530 dxiall 3adl o285 ¢(Instruction Cycle) dadeill 3500 anid dima daglai dil
omed 5823l 5 Al B 50 (o Le gl s Aaglaill g g8 oy 5aT g8 Alal] A0 il A lal)
s ued I JBYI 8 SO G Le )5 Al 5550 IS5 cladlaal) Gy A @l 0
el (e Bas) g A g Sl dani & Ao bl 3505 (T) = L Dens delull

Instruction Cycle 4aail) 5 )3 5-2
M\&Mum)&)}dwﬁgu\@&@wu\;MJM\'&J}JMN
Lt ((4-2)
.(Fetch Instruction Cycle) daaill ala 5 550 1

.(Execution Instruction Cycle) dadsill 34556 550 2

alad) 5599 Adiil) 550

daglatl) 350 ) ghad 4-2 (84
o5 «(Phase) skl cend Lgie 35ha IS @lshall ge Tase 3,50 JS Geualiy
o) al lia G V) culia saiy cilanladl) Sl Jlad) e ()l 65 S5 i) G o a2 )
Cilas s Lgiay @il Jleds) 5 il o J pnall mllaall Ly Joay 8 suidal) 3 i)
et Lay Qlas gl oda Jiay Allai) xied (Input /Output Modules) z! Y s Jiaay)
(5-2) S8 4 eday LS (Interrupt) daklial) dls o (a5 dadadll 390 (8 3aian s pe
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el 8 cilaghail) L

aladl 349 L8t 349 dataliall 5 g

Jalans

dalalial)
s JL..&.N\
Al LY i R ‘7"‘%‘ > i WA kY .\..33.15 sdzdaldal)

Juadi Axdalial)
dalaliall
i 3

Aadalial) § 59 pa Aalail 5 )98 52 S

Fetch Cycle ladl 5,94 1-5-2
Aty ) shal B (e 5y 5all oda (sSE 5 Aadatll s 5y 5 Lhaiall 5 plagdl Bas g o 58
T
:(Address Phase) ¢l siadl jsb .1
o il dhae (gsian ) dalall Gl 590 Ay Sy skl 138 (T o g
Memory 5_SIAll ()l sie Jasse (8 Ol sindl 138 auda g i (L 2dii 3 jall datlaill () 5ic
(6-2) Jsi 48 WS <Address Register - MAR

MAR <- [PC]

e i 201 | LOAD 206
202 | ADD 2205
B 201 203 | STORE 205
MEBR 204 | HALT
205 | 203
IR -
206 | 1
ACC

(M) Aagdail) s 5598 B (0 gial) sk 6-2 S
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2 Jadl llaall B cilagbail) Lds

:(Increment Phase) 83u3) Jsh .2
el dise Wnal ()5Sl canl g il dlae 30l ) &y sl b Ay Ty o o
U e MAR dase (b sl (sl pums pllaall aghys il dagadl)
JAU e o) siall Gl (g gine Ja5 Gl day o3 e sllaall 3 )SIAN a8 o dpaat S (0 sliall
a5t ¢ (MBR — Memory Buffer Register) 41l 3 SIAl Jase ) ikl
el Jdy WD e el Cpad 5 SN Ge Lgads o3 (Al daglail) 3 00 (0 A0
(7-2) 83 LS (IR) Al (o

MBR <- [Memoryl,..c csame=; PC <- [PC]+1

= . 1 T

S - ZO1 LoAD 206 |
: - ZOZ ADD #£2Z05 |
MLAR 201 203 STORE 205 |

MEBR LOoAD ZO6 el Al
: 205 Z03 |
IR |
206 1 |

.Y ol o

(EU30) a5 553 b a3 sk 742 JSd

(Memory Phase) 3,831 jshk .3
dwé\ (MBR) 4l 5l 3 SIA JMALS)SMJN?;!))H\ AV L“,,J:} Ty =28 g
o 5 43 5ad i lld by aid ((8-2) S L LS (R) darkeil

IR =- [MBR]

PC -~ 201 | LOAD 206
202 | ADD #205
MAR 201 203 | STORE 205
MEBR LOBD: ZOG 204 HALT
" 205 | 203
LOAD 206 o6 | 1
ACC

(£2UaB) Aasdail) il 5599 & 5_SIA ) sh 8-2 JSi
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jf » % alladl) b cilaladl) 35
LAAAA

T

Execution Cycle 14l 393 2-5-2

o2 (5 sina o UL 5 lasuall Ban 5 o 585 ALy asall CMaall ) Aleil) Jrand o3 ) 22y
] Calial) el ja ¥y cladani Camy A dagdeil) & 5 sl Lgdalay 3 5_asl) ol g dadal
IS Ay (2l Gl giall g a2 o gllaall Aalail) (o Al 3 25N (e JS e daiay daglal
L el a3 UL

& Jaasal) CVES) aind (T, Ty, Ts) = Cooas Jl skl &36 e 2wl 550 5 5iad
bl Aalaill 038 LDA 21H JUall i lad claddis ol jall Aagledl) e il 353 5Ll
ADD A, B dadzill (allati Lalia dalis, cailan)

ADD :AsY) dadadll e (5 siny (IR) Aatledl) Javs IS (il 5550 Blgs 8 (2a yi)
003 dlae ) Al Jass (5 gine cndy Ty 2l 3,550 e J5¥) skl L8 38 AB
sile 5 B Jad) (5 sine alay oSl 5an g zrans T SN sdall g cagledl) Julai] dalatll
e Ghaiall s lual) as g o585 T Gl shall L8 iy ¢y shall 13 Caiatia ol ell a4y
A S el Al (03) deead ol skl Caaliie By A S pall s B dadl (s 5
i Las daglaill 590 ool ol & dgs )1 5 SIA 5 aellaall (G Lo AB3Mall (9-2) JSE peaa sy s

_B‘)}.ﬂ\a.ﬂh ;Lﬁ\@w)a\#w@

(2) 3skaad (3) Bskadl)
f\jiuigm\'é)ﬁcﬂé ol gY) Ld
(1) 55 Ty (4) sk
1) 3 ghad oo 4) 5 shad
- ALU kil R 658
Ca Aaalatl) B SI B
58Il

daglacil] 399 oL (B A 1) 3 8IAN 9 gellaall Gy Le ABMa) Q-2 S
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EENE BT

OS5 o amy cmemal) gl el 5 clededll ges of e dal e
Aaliiia dgia ) 220 ol (& Cogulall o) al aea ) aSad 5 jlasll Bas g (e da il il LAY
dae () irg Lae 22all 038 (paia g dwds Gl 8 QT O cangy 0l LEYT o328 e el aYl
A allall e clian gl e dagdadll <l ghd el 3 13 el Fie Jee sa glladll
i 5all 423 (e ST ) 2000 ol a5 shad S B
adlaall s jau (5 5 i0al) Jal gal) 6-2
) e Jalail) vie lanally 3355 ) dagall H5a¥) (e o algal) 2 A de ) &
daleie We 588 il jludin) Jlb (aadd Csula ol dllgiudl o) b die ia sl gl
5,53 sl o sl Al s Aail) 48 jaiud (3 Ga il GulE Ao ud) 028 5 cllaall de
olali Al a1 2 el 138 o Gy aellaall 8 53 ga sall il s 3l A Jals ALlS
s G G 13 400 MHZ @il &) O Ladied ¢ 35alagally de jull Gl coelladll
D el &) (ol Al 3 A (g sile 400 () Jeat Sl i 35 (B el ) il
Ao o Gl ) Elirall Ao ju il LS ULy g Al 8 (Slagl) dadlad O see 400 245 e
Asel 5 caalall
D0 A aa gl Jalall (A Cand laall e pus () () Al o B Y anis )l
Aaliy g gulall 8 ddlisall o) 3aY) cp bl 38 ja de s Wyl agall s e salall de
AT e (e gl 50 Lo Tallae Jaad 3 Jal all aal b le g caellaad) )5 00
3y (S o a5 bl JAks d3ise 538 45 :(Instruction Set) cledai) ds gaza -1
allaall Jals dyise g8 Cilaglaill A ganay oSaill e 5 0l mllaal) Jestoss llay Y cailial
gualy sai Jis allaall ddalal)l Al ae Gladlsill de sanay ((Update) Lefiasd 4Say Y g
il aelleall Lgd) Zling Al clianll s @) sall aae oS aad Adalall s calleall o) b
Ll S s e (e 3l ST o claeil) e sana pany DAL inas Abma daglad
saiaall Clagledll Ao gema 438 A 980 )l AlS ia mledl aeal A saaiedl
sda Gaualiy «(CISC)w |)baisl 44y 2all (Complex Instruction Set Computer)
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oAl clly Jl) A (Say 5 LAY o3¢ allidind die alladll cellly o pual lladll
NS4 5l jagads
Aakiliall 43, b 2-5-3
33eaY) ) Al cady ¥V Askliall gk oo da Al 5l das Ll b
L bl &) ds oY o 2add ) Sleall zling da Sl Leilasd Lgale (i pad Lels 3ok
Calia) 10 Ll ¥ i) e 6S Losole 5 Gane el 205 3 Y sidie sale (S
Aaaal) o 2t alleall asi Aeddl) die allayy 4xblly 48 il (e dedd 15 3eaY)
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il (e ol als ) daul GJLM:\ Sym Aarall 038 sl 2a g cedalidl leall
Aablsd)
A Al Al et glids ollia 1Y) QB Assiasi (Sar asedall 1
o Jilall Cuad afialae QIS adady Allall oda  cCpme (a0 20 5e o i Legalaldy
Aadaliall vie o3ty pllaall oty A el O (sl Alpaa Caling LlaY) 2y &5 ks
Andaliall daod el ju (cann
il ol b pllaall daklia aplaing dadaliall 3 3ea ) G 43 Hhall 038 < j1ae (e
& Aabaliall cuaiy ciaa 13y e sata¥) Ak Jie b e Sl o ) WS Ll Gl
e Jariusall (ga 4l a3 iy o5l oy Lgaaiy llaall (8 Jlea o ST (e 4 i )
ey Ja Aigme dakilic dadd iy 0 8 pellaall Jlail (L1 & (Sl 45 jlall Lo oS0
Laxd ol amy e zalisll 8 ands S 1) el ga oS faabliy of AT Slea
WU Ui 50 3 Lgtila) 48 e e W e 5 A1nY) 038 $halalidl)
4dl jhal aaf e el ) adaliall Slead) Ll y 3 L) 31k oo sale dxkaliall () S
Gl g Aaaliall dadd ali yy 285 o iy 438 5 LAY 028 gllaall S Ladic 5 (el duaiadll
s el ol 25 & Jeaall U e Ll g Aadalial) Cal phal aes Bel i o iy el Y sy
Aadaliall L Jaind 3 A (g L e
Gl Juyiy gllaall adali o) ey ailaall dagly dagdall Jie doa Al 53eaY) %
Leliind ol il sbea
Aakala 44y Hhay 28y eals ) 138 (S 13) 0285 Ay grali g of daalia i ol 8 Sy K
(5l sk ddaal (51 (8 4adalii ()] pellaal) Al 5o L)y oy Al Dpelinall clleall Ky K
Aucliall dileall Guaas
oAy ae el a0 U Gy clalladl e mllae Y dabliall 3 L) elae) die
AT e ) allae (e Bl CEMEAY)
el Alassl gy 22085 JWS) &5 sl Y11
oSl oA (el dlae il ging) il sl ade @A LY Glse 2
) Sl sine A0 LS dabaliall Ladk (e elgBY) e 4] sasal) (Sar s stack
eomll ok e @lld g daklial) Aaos o] 4l sine yuad (e (B4 o
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iadl dalaliall Ladd zali My o 050 (e leie @ods O Al ¥ ddla 8 Jan gllad)
gl iy dadaliall daad gali s Ay 8 Uima 150) g O e saall Slo Gany il sl 13
L Jan Al A0 daad) (e ey of ) dadalie (ol deds (g

b LS Aadaliall 43y Hlal allenil die gellaall o jla e Adgdadll Jal jal) s280ie (Say g
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¢ cliball Ja A i) 45y 5l dee 01 Gl A )l 53 anl /110
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& A Jaadl

ol ¥

daaial) 1-4

dage Ol A Galasial) 2ol Al QoY) (e Ao ganae (A salall daglaia ()
Canlall alall b Sl Jadis oY) sda g Ancaly ) Jileadl Jag ULl dslles
zel S Systems Programs ekl gzl Jedi il Software <lsadl s <Hardware
z=l ) oda Jand cAssemblers Slea yiall zal » <Operating systems Jadall 4okl
ey sulall 4 jlere (8 Gendll (550 0 sulall jalias CLilSa) (e iy axiiil)
Gulall alas dplSal apda iy Guaitall il Jleainl) dew csulall pllas dza 2 Leie
L9 zal e <Application programs skl zel il 5 AY) Clma iy BeliS,
Aadal)l cllead) (e Alals Ll Aodd ) Aadail) e dimae Jilie dal readiical) ddaud s
Bl Canlall G ) Gl deDlan A Ay jae il e dadail) s e
Gaulal)l o ag clilaall o Cpme Judes (b g ga s dB8A1 Cllaall 35 2 e 45 )%
O cgendll Ax) aladiu) Alaud s o205 elind) Jae a o) Sy alil) Aad 5 ladan
(sulall da ghaie @l Sa (1-4) Ja)

Aclall daglata
Computer system
|
: 1 : |
il P =
Aadall 4galall culipsall
Software
i Hardware
|
[ |
LasY) gabn Adaail) zall)
Systems Programs- Application programs
= |

gulal) allaS 4 jlana 1-4 JS&)
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S gY) il 2.4

Aipe Dlee 248 38 el e ks Binary Code 48U &l jd oo 5l al 5V
Jeend 5F STA Y Jie 58001 b Lime dashes (55 5) ADD e¥) e (i) genS
LDA Y Jie 5 SIAN (pe g da slae
AV 3 ) eally Al Sy ran¥) aenill da 8 (o) daglaill ALl JSN )

Label: Operation Operand(s) ; Comment

Aaladll Jis e Lo AkEs) s o Aaldl 5 ¥ s mes
daladll & 0 COAL Calias samie OV Ll o) 4 LEAYL 2 saddl (Operation Field)
GoAY) Slalaill & Gaias s el Gany 8 2al 58 o) (Say LYY Jsialls el
& «(SPACE) 3_kwd) 5l TAB ) zlise ddand g Jgaall G Jadl) o L) dalall ony
Sl Jaadl s Joa IS o JBY1 8 asd 5 &) 5 el ) S
rJpatilly dalisl Jiall oo diaatin Ll &
:Field Lable &dall i o gind) Jis

sl dama 5 lgie elhelS Y1 g i dlee Gigan Alla 3 Jiad) 18 aadiy
oo ) Jiall e Jysad ol ol puaiall sland (e Gl e g aalipd an) elac)
(hand) aaadll Axd 8 elan1 (5585 da g il aady ol cang Aedladl anl jlisl) o5 5 SIA
VS s
Z I A Gl e an¥l o Sh T
9 ) 0 e QB Y Al a2
3 snnall Hsa M e and) @l 5 Y ang (@ e e’ Jge )l ) ety (3
L e 5 Adliaall el elad Jia apenill 431 3
Y Gl (Jaadl Jaly clilas dsa s 7 samse e s ol 31 ia Jshay Jiall 13 o585 off oSa
Sl Gagpall G GOl A Y el oy Yy caul) Ll 8 V) 7 Caall ey
(oY) Jsaall G o gill ABGY) Giany ) cad 3 piall
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lllll

Gl JS3 aa aaadl) Add B A gda ye pland Al dal 8 A g plan ALl
feadl
cle) i o g sing isra adil isra-adil
ddiaiie 8 () Goall e s sing @.test .@test
A lay 1000$_done $1000_done?

:(Operation Field) ¥ dasias Jas o

O e O o JLaia¥) 13¢] (Sars «OpCode desdl anl (5 e )l JLaid) s
O s cllaall J (g ki sllaall a1 3 88 o Jaall s (g ging g ccijal il s
esias 3 cAssembler geasedl o Lghialleay o i (g3 zali ull 48 5 prall Cilagladll (aa) (o 4S5
& A pa Glalad LS5 MOV 5 ADD CMP Claddail) el JUeS a1 45 ) Lol oy
el S0 DY) ARl Al gy D (Aaglaill 425) Pseudo-Op 1l oS 130 Wl el zali
SR by Cayedl Jesiuy @3 Proc Se case ey Ay Assembler geanll
.Procedure
:(Operand Field) <Salzal) Jaa

e A8 s Al Cal gy ey Ollaw (e OOl e Jiall 1 g giay
Y sl saal s dad ol opiad o (ssing O Jiad) 3¢ S (Sl meall dlee i) Lgle s
Sl e 8 AN AY 5 cJantianall a¥1 g 53 Cann Glli g (MUY o dad ol e g iy

3] Operand(s) Js=l
HLT eI
INC C Cdaudl s g aal g Julase 2a o
ADD text, 5 5 a8l 5 text uaiall et 5 (Slalas 2a g

A (bl e all) Jo¥) dalaall 685 Lagin Alald auia i Clalaall i3 Jgaall Al 8
sl 2af L) 585 «Destination Operand <iaell e s 48 Asgiill (385 S 3
Jalzall Lol (Sl Zagiil) o5y asii ¥ el Y1 Gamy of JaaY) 5 SIAN 8 dase adige Wil
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AAAA

PAIEN] aY) LT day At juad &4 Y 3ae 5 Source Operand Jyadl e (s sisd  SE
Calalrall EOlaall Jis Huad ae (alad) JSGIS Slaaladll (e g il 13 Al JSEN o 6
:\.17943\ bh@.:! JLAAJU ud@\

Label: Operation Destination,Source ; Comment

YY) oo ddla) Claslas e sale Jalaadl (5 sind @l Sl ) Al Ll
:(Comment Field) <Uaadall g cilialadl) Jis

asialasile gy Jall ¥ o cliglat s e juall o Glasdle e Jaal) 138 5 sing
8 oae L 5 gl ) 1y 8 sl (Y Basie () 5S5 38 Adliia) il glaa (sl 5 o) Adls 5 a5
Lelalas Aty dda giiall ALalill 38 day a&i 3 jle (sl 5 ™" Ada siiall ALalally Joad) 138 ey oy cdagd
sl Jexiiy sas Jall 5 o Gl o) Caall sale Jasing ccillaadle Wil e
Wl (A el Y Gans (K1 el Y men (A (gt ) S ) o) Jis sed L mali )
Ay calipdl Shul e slas IS e Gilad pug ol e bale 5 ol ) gling o (rual g e
rnlia pe U Gl Db cnliall Galaill aum g 28K e el 5 e 3_puall i)

(S MOV C.00H : move 0 to C /

LY Gl AU 2y o Q) e S

MOV C, 00 H ; C counts terms, initialized to 0
N~ S

reoentl) Aal (8 Cladadll (e sty Gle g lilia
Instructions el i sal §Y) -1
) Jd) Gl g e Laa¥ A ASY ) el sass Assembler ) e sk Y

Start: MOV C, 5 ‘initialize counter
VvV vV VY \ 4
Y olsie Yl (C H5 &) ) cildasdlal Jia

(A2l L2V Laill A 5 ) maiasy)
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:Assembler-Directives paxall Silga ga -2

oany WLl mentll ke 2y ey 2 (Assembler) gesadl il 8
ey e o Jd zali py Al gig dana juaial 3 SIAN (e 23aa ¢ Ja panadd (i daasall Glleal)
1 ey Al e

(Main asbs &) a)) (oo 8 zali oy ey 2 g3y 5laa¥) 138 3 Main Proc
g Gabaad o ananil) dad A (clagdeill) ol ¥ Ciiual 1-2-4
On galae Baad Al dal 5 ida g il day )l I Gty sty Claladl) (ot

ety yal gY)
B do gad AN clilaadl g clil) dalles cllas o

il el s¥) o3 Jand G (3 5 Jranill (ilaglad) el sl 5 i) Gowt el 5l Jaii
(POP< Push « MOV) _alsl Jia ml 2 ¥ ddle Bl 3,810 g 158 clilad) Jisig
Jfie dilide alaal (e dpal Alule ae Jolaill Lald a5 String deed dlulu el
Cun =l AY) s JAsY) el sls «(Stories o3 <Loads dweaill (Moves Jail) —al f
(OUT ¢IN) ol sl Jia 1 AY) 5 Jaa¥) cililany el oY) 038 a5
:(Arithmetic and Logic Operations) 4slua g Adlaia clles o

Clleally a5 dpluadl el Y6 (ol sy Aal3Y1 s dnlealls dlaiall el oY) Jodil
asti Aahidl ls¥ls (Add,Sub,Mul,Div, Dec,Cmp) Jdie <dlaudl i adll dyluall
:Jie Ol ysall 5 Aal3Y) el s (Not <Xor <Or <And) Jie dshaiall cililaslly
.(Rcr «Rcl <Shr «Shl)
:(Flow Control Operation) syl aua clblas o

L geali gy i Al g il g 8N el ol Jie caabiall (B Jaiil) ) oSail) el o) Jatii
(Ret «Call Jmp) el s¥ o2 o A8 (a5 ey
:(Processor Control) glaal) asad clilas

.(Halt <Interupt) Jie < sill ol dadalialy dals yal sl pllaally Saill ol o) Jaii g
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R ST

L giall gubaal o sl oY) Chiinal 2-2-4
J<s «(Instruction Format) ¥ dapal lasi & siad) Gulad Ao el 3 Cayias &5
583) Opcode s gllaall 8 ki Coslhaall ddasll & 50 ) el Laaaad zoland a1yl
((Jalaall) Operand o ple Clilaall ¢ o) Gl CUlall ) iy AV o(delead)
o Badaie YIS 335 of Jalaall (S g
'a' ¢ 20 ¢<15 Jie ( Expressionse Constants) 4l sl 3 pilue 4y )58 4ad 1
.D B «A Ji« (Register) @lixall <l aaf 2
:Jie (Memory address) olsidl Gk e syasd Qb 5 SN G e Al 3
[300] <[500]
1/0 ports zIoaY)s Jaay) M. 4

(A sl @) G Ciiay g g4 pald aaa ad el JS

Culll s 8 Jalaal 5 dileal) (5 a5 (One-byte instructions) asls culs aasy el gl -
F o sYS Jalaa Ld G U 5l V) Sl (D) v (e Jalad) (1)
(PUT« GET« BRK: HLT)

Jia cJalaall 23 pyte U5 daleall 3025 byte Jsl (Tow-byte oil asss sl 5l) -
¢ NOT «Instructions JUMP lelsl 38l jalsl) cuwsd aaly Jelea Lgd bl
.(LDA DIV<MUL<INC

Ja—) 2byte 5 ulesll saay byte Jsl (Three Byte <l &3 aasy jal4l) -z
ro——lalaa Ld 5ol i Jie 16-Diit ;s Jalaall )5l Glaasy
(OR<AND«CMP SUB « ADD <MQV)

Ol sial 235 laaey 3byte s cdoleall 2asy byte Jsf (Four Byte culs day )i sy el 4f) -
(SHLD ,ADD) &l 3530 Lgl ,—al 5l Jia 24-hit anas Jalaal
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4 Jaill

T
lll.l :

:‘)A\_;\X'\ b‘.l@_‘ :diqi bUJi t;j}

INC A (3 daa) A Jaall aal 5 Caal
MOV A,100 (0lxa) A daudl 8100 o)
Clh o A auyl Jlada ~ )
Sl 355 39 & Dl 7 5
SHLD DA4 (« 4530) D docdl ) A o e o
ADD $3,$2,$4 (L alas 4530) oS yall dallag 4 23D Caucal

Addressing 4 gl 3-4
sy sloal e Gk e Wl iguiy 58I aidaii g8 4 gially sl
i gl 55 5 lin g 5,930 5 el ) Juand Jimss s o m UK Ba0ma (i
:Immediate Addressing 4l 4 giall -1
sl Jin o) ol e s 3aS daladl Lo o5t el (8 Zappkl ada slaie] e
gsaoll e 2V A0 Jalaall 4 () 43y Hhall o3 (5 sk (o Sy Al Jalaal) o (g 5y
AUl ALY B LS Jalaall Al juad A ey Ladie B e IS 8 i)

paaail) dx) ilaglss i)
Mov A, 30 H 58 30 Jabaall daiss Jas
A e
Mov A,'a’ Sa¥) e Jalaall ddas Jis
Adaua 1,5
Add 5 aS yall 158 5 Jalaal) diliza)
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Direct Addressing 3 sdbuall 43 gial) -2

ol o) siall (a ) () sinll e el Lesh o ol L1 2 iall 3,0 ST o
edaladd) (380 A 5 SIN adge (lsie o ging Olsiall Jin o) (gl bLdle dadaill
B8al) 4 giall Alla 8 Jalaall e geaanll 3655l (2-4) JS3 cpus

Sl Jaa

I Opcode DIR ADDR 032

b gdmd)

031

032 65
033 \
@ =]

5,13

Bdilaal) A5 gind) Jas 4] 2-4 JS)

O5Sy asbiall Jis LS 1M ¢a gane 45 giaall 5_SIAN x50 230 ) 5 _pilsall A siall (5 sbusa (e
e 51y Bany ASal) o3 i (S5 oo Lad g0 N i ie (S 4ild N Laoae 2005 a8l 50 (e

SJS\JS\ é\yaﬂs.ﬁ\:ﬁ)u&kﬁ:ﬁ‘% B ‘W\e&&mhjwjbﬂ\ds;enﬁdg‘) -1
%})&M\%\jﬂ\&@#\b&M}cw\wﬂﬁﬁ\dé}nwﬂ\u@' -2
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:Indirect Addressing sl & 4giall -3

O gl Al Aas) g3 g ginall 380N ad e (g gina g A3kl sda & adll Gl sl )

G S adse olgie o g sing Radadll & Gl ol siall Adasd s A giaal) 3SI a8 5

Ol s 0 58 U g sl e 2 Y Jalaall e Jpemnllh calaall 4 )5
B8l e A gial) Alla & Jalaall e J gpeaall 365 5k (3-4)

) Saa
58Il

1o gind)
R e

165 543

166

542

Operand = 301
543 301 s s
544

5 pbial) i A giall Jas 41 3.4 JS

:Indexed Addressing 3 &l 4 gial) -4

o ol sl an s ) (il e peanl 65 ) &gl iyl o
(4-4) JS3 cpws dndex Register sl Jas v ald Jan (5 5ine pe dadlail
celedll iall o J gl By
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Opcode | IDXACDR | 32

B skl Jadl ¢ g
2L 341 +32=373|

5 5l i) b ) o sl o el gl 4.4 S0

bl il e el genl e a5 55 5 5 5l sl scie] g5 e (3
5yl il e il Ryl 038 U 3e (e 0505 el sl 5 513 ol T3n
O e (e Yasasl 55 e 5 S N g sa )l oo
:Relative Addressing 4wl 4 sial) -5

2l Lgie Caliag (S0 enl) Bl (30 5yl 5 gl Ryl AL 3,1 30
ol Ol g iy (el il e Jpemall ) o e Y il e
o Usennll ik (5-4) JSH1 (s mdil S i sl olsil e Rl i
Al D giall 3 el ) il

Opcode | REIADDR | 11

[ =

124 124+1 1=135|

L) A gind) B el o)) giadl Jo J guand) 47 5-4 Jid)
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B RA

2 ) Juadl) ALiaf

flan Sl Jis 5 paY) daglail) Jia s il 5 5al) aaf e 11

S0 e 5 yad ) cililaadl g bl dadles clilee juaialy & 5l 120
§3 ) sall 4 gindl 5 5 pilaall 43 giadl (85l aal e 13

¢l ae 3 pdsall D ginll = 580 140

¢ ol ae Al 4 giall = ) 5

T N e B pdlall 2 4 ginll = 58] 16
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) Juadl)
8085 5 8080 (&2l (lalaall

daial) 1-5

Oe oo sill (13 (8085 ilaall 5 8080 zllaall 52 (582 pellaall Lapail) JLa¥l aal (s
o Dl Sl &y g el il LY aals cclallaall Jae agd (B s 5o Legd OIS lallaall
oyl s Joadll 38 3 Y salall Slea (8 60AY) Claa g ol ) cilllad ppen
Cliual sall abl 208 e Slad LegiWleaiul ge e sill (pia (e g 5 IS SN Ladadall e
Lo Jliad ) Al
8080 (381 mllaal) 2.5

o AL 5 Angial s dapanaly (intel) Ji) A58 Cull iy 8 jrae gllae JU
(1-5) &8, JSa (8008 (obodl araraill duc e dawiy ol S5 21974 ol (e Gl

Jil ellae Ll 548 (2-5) o8 4y 3 JSE) Ll 8008 Sk (intel) il gliae ma sy
8008 Ikl Talsial 3ay (3 51kl e ¢S (intel)

8008 84 glaall 1-5 JSi)

)

- caQBOM
| BEE.

8080 (&84 gllaall o i) jelial) 2.5 JSil
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W oo om0 s e

il e omd)l Jesll (63 NMOS g 58 s 3l Jueainly 8080 ok aial o
5V 35es Lila) +12 V allaly (o315
A8y Ll 8080 (sl pellaall 4dll ildial sall (adli (Say g
2y 8 (6d e e 55k
(4 S 2) MHZ o sl s il 2o 55 oal
64 KB 4xu 403023 SI3
b K5 e Tyl 40 ol ALlKia 3 50a (e 3 ke
Gl 8 5d iy Jib5 U 16 53 ol sie Jil 4
(AB,CD,EH & L) a5 lis 8 uld Mo 7 gellaall i
Bl WS Janindt () S Aiad) Sl A Lol iy 8 53 oS 5e 8 A Jad)
(BC,DE,HL) & 16 <3 z1 55 <& e
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