


3IJ IT.' ei?ndi;LJn51IJ.r~s~rsoJ 

rnulul Jnsldslanaabs::nau6auinn dFiudaou onaiinua~uinuiudo 
~ a ~ ~ u a ~ u u ~ u ~ ~ n a u d m  (single silicon chip) a i ~ ~ ~ ~ d i l i ~ ~ ~ ~ ~ u n d i ] a d i ~ % r i i ~ i i i d  
Vila 7 (functional block) ~ 4 ~ ~ ~ ~ ~ ~ 4 h ~ d ~ ~ ~ 8 1 ~ ~ n 6 ~ 1 4 1 ~ ~ ~ n ' ~ C n 1 ~ ~ ~ d ~ " ~ ~ 4 6  

I ad a l i i a ~ d a  7 ndaa amuuea64 idu ALU (Arithmetic-Logic Unit). LLanGaia LR A B ~  (ac- 
t dn 

cumulator). ~d3tLIl384 (program). 'l~lfi (counter), W Ma3 'SIdHld (pointer register) 

irn:~$n~Cnaidi~~u?'~1qdsada6n"a q I d  
w d  w  o i i l u a d ~ i ~ u ~ n s ~ d s ~ a ~ ~ a a s ' ~ ~ u ~ d n s ~ ~ s ~ n d ~ ~ d s ~ d ~ u u ~ u i n ~ m  1 Jnslds- 

~¶a~ao%iicnGidassnh 7 ld  lk~ri uau, an, uan. kkfi-dn4nqad-oa ~d~~firnn'u 
w  d A  msuan ~n~18 iu  2 i$aaa3~6ou+io~ n iinaauinau 7 uinuiu aTuil&ii~Gii L M ~ I ~  

w d v  wiauriu ~ ~ V i s u 4 i ~ ~ a ~ ~ i n ~ a o ~ a i u ~ 3 a ~ . j  

3~tI6184 (instruction code) Mj~1fid61Lfi~nl~ (operation code : opcode) lfh4~flti 
&a% ~Ganni~~il~7u~~rilu'Inslds~¶fi~¶oi 





I 

I 

~dacqinniwii ~~uniwiic 7 ssn~rrii~fIu616i~ &dl ~fIu&add%daaifiaiuii 
rmuiiqmnL~ r & r ~ ~ ~ ~ d u t ~ i i ~ ~ ~ a c s ~ ' ~ ~ i  ~aunif ii6ufin~dt%mil11.n~nfsl p 
r n i u d i ~ n ~ u ~ d c ~ i ~ d u ~ i ~ ~ c ~ u ~ a ~ n ~ i u  2 4Iilil~ni~siicauni3ci 7 vnr riiu 
C "j nIn&rSwwRSiud &#wlrlnfldf~g~~~a% c'L#~r)~~~flu%~cmaimiuii ~a iiuau 
a a ~ ~ ~ ~ a i G i 4 i ~ ~ n i ~ t ~ ~ ~ ~ ~ u u m i u c i u d ' L ~ c a i ~ i ~ n ~ ~ 1 ~ ~ o l " ~ t c o i  2-3~n~fl4(1m~#iu$a 

a c ~ f m m d i c  7 Iumub~c1d~~~at~0idiac~nk'LM"1&~j~ll~r(faun'u ( S ~ ~ C ~ I X F  

nized) ~f!a'Lfl?ii ci~j7un'~~11~d1d?u fiaa dl4 ~dupr Ltlunif w'mo"iTJiflsiic~un1~~~n'LM" 
A '4 r i i~ icumfad i tndcr i0~6~: :~~ i~4 ia~~~n~a4  L W O N J ~ # ~ $ ~ ( ~ ~ W ~ ~ N ~ ' U L L ~ ' ~ Q ~ ~ M N ~  

Iflamr au I J n ~ l d 5 r s t i r a a ~ ~ ~ a ~ z d n n ' a f i ~ . ~ ~ r ~ m ~ 1 d u ~ d ~ ~ R u ~ ~ ~ ~ ~  (diatb 
aac o an: 1) lfl~~riacw ~ ~ i ~ d ~ a c f i & a a r  I UR: i MHZ a~~'~~%cn#anaiq 
aymu'IuluTn~l115~s~na (du 808s) aio~5uiiilo8nunriumn (cdu 8080) 

11.2 ~d?unnud1ro~~u~fl~1df ~watwf 
Microprocessor Momory 
nli?unaiu~iil~di~+i~ ~i fu~a~ndcoi~~~nu6id \ j~~ .ntnf ,  iiuau, usc6u , 

A 4 
(vonage) q~nqi i  M ~ D ~ ( ~ Y ~ O J L ~ J N ~  L ~ U  UDWIDJ. 5mb a i h  (valve) .niahmuqu' 
(control) 

nri?u~~iui i76c6nw~o~ndn~iun6ac~niiSld~u'd~~~d~n*usm~~i (#arjn) 
#anm~unhlr ~fiuiai~~(r(mu d o ~ r c l i ~ m ~ u i e ~ ~ a c n i ~ ~ a ~ f f i ~ ~ ~ ' ~ ~ ~ ~ a ~ n i a  (box 

number) ~ ~ ~ ~ D U D D I ~  (address) ~ h l l h ~ 1 n ~ l ~ 8 u T  iwn1~Z$miwiiB4nn~afind 
mdiacnifuam~mfR~duh d ~ a ~ ~ u ~ ~ n ~ ~ i w  2 mm\~LLamm.rac{on~U4iaY nAdiaonif 
aan~innci?unaiuii iiiari?urmui? rfluailm A'ilr ~iiiuu (write) Uy nr6\Jl&&au ~sl 

firnuimlil~~ana.ra~6a~!uu~1il~uA&c (location) C(L~mrluvuaunaiuiil6 m 
A U U l  u k~niTi8nisuir a d i ~  ~ ~ a ~ ~ ~ i ~ ~ l y n ~ m a d ' L u ~ ~ a u n a i u i i ' L ~ ~  B~mvi i 'Lu I~~~~~nr  LLRZ 

a~Zufiaiu%Eimauaabf~~nfu u a i  (programmer) 4 ~ ( l ~ u u ~ d f ~ ~ n f u i u  



* v  Y 
~ l ~ q ~ Y o d a ? % o ~ ~ a ~ ~ ~ n ' u 0 ~ 1 ~ 6 ~ i l 4 ~ ~ 3 ~ f i 9 1 ~ 1  (memory word size) dJ 

d &  a doiiu~uiind~usin:npl~~nul& us)asfiwvl7::'I#<aCyn~~unei7~~in ku~~nfiauimrii 
ao~cnri~un~iuiis:~lluu I .  4 M%I 8 iin 

~ 1 ~ ~ 7 U f i 7 1 ~ ~ l d 3 : n ~ ~ B i ? ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ 1 ~ ~  9:: r r(Gud~oudin%udn:On 
u a : u ~ a : A k a o ~ f i ~ i u ~ i ~ ~ ~ ~ ~ ~ ~ ~ a ~ v ~ i n ~ v i i f i ~ ~ n ' I u ~ ~ i n : : ~ i  +1uau~6u~aou 
~dcnunh~hunaiuGi~~lifiuiiuau~#~~o~miu4i ~nrhia~iu~ufiniofii (auim 

r l  t: ao~tii) kn,@.jrdw n ? i u ~ ~ ~ r ~ u ~ & & ~ o u n ~ ~ ~ a ~ ~ m i u i i  256 A& fl#&~tom m a  
. \ 



~ti3un~iar~iaa~'i:uu~uln5ld'i~~~~~ai~~niu~~uu~~n:~ni~auim lds~~nsu 
k d ~ ~ M i ~ W n R l d U P ~ ~ k l ~ ~ ~ l f i L f i ~ l ~  ROM (read-only-memory) lmtl~~~i:ldnqlds~~d~qa% 

i u '  v i i ~ i u ~ w i : m : ~ ~ a ~ ~ ~ ~ ~ ~ ~ l ~ i  q ~~n:~~filLI~~~n.rui~~uIuni~I~.r:uuIu~n~T~s~~~~~a~ 
Idamsuuuuiq:d $%%86a~u]du~daJu'u 4 ~Td6ad jini.i~!uu~%fiduld~~~n3u 
daldli.rLLn.ru dudtki~d~u ROM fi~:~ddiOd~~u~hanls~~~iuaa~~ds~~nsu da ~fim 
Id416u iud~~~nnsuun:~sy1tii3nsi~~n~n*u~3"~tbn~iu.;jidi~~u ~ I U L ~ U  (read-write 

rl 
memory) L%?l~l RAM (random-access memory) ~Jd5:n0~67~df i~dniJ~Mnlu~m 3:uU 
~ d n d d s ~ ~ d a a i d ~ ~ ~ ~ u ~ ~ 6 a ~ n 1 ~ n ~ i u ~ a a ~ ~ ~ a n i u i u 1 n  rn?\#ml)ttd~~fin 
(magnetic tape) J ~ w L L ~ L M ~ ~  (magnetic disc) L L U Y ~ R B U ~  (floppy disc) LLRYCI~IU~!I 

&A 7 AiiauimI~t-&iu uhlusnu ddnsTd3~qd~"11ai~fln q IdkPQn~iu?aaanqiuii 
a 

91u1mu 

dz: mnaa~nqiuiiuuu ~ i \ w i : ~ ~ ~ # i a d u ~ d n s ~ d s ~ ~ d n s ~ h ~ i u  ~ii Jin~n.ru 
PROM (Programmable ROM) LLIZ EPROM (Erasable and Programmable ROM) 4J$!f 

muim~dduuudn~ldzonsuldi anudss ~ ~ J d s u n s u d i ~ ~ ~ ~ d ~ i n l s ~ ~ i u w  8mau' i~  
& d U l  

ROM EPROM uu~~u im~~rnand ( q ~ a n z )  dn q (chip) ~ M G M L L ~ J ~ R ~ T I -  
Wa~Sol (ultraviolet) naiu~Sir~~iiu~~ildnud~.Ctuss~a~Iun3i~ii l6 GviilCaiuim 
r ~ n " t q ~ d ~ u w r l ~ n ~ l d s ~ ~ n ~ ~ 1 1 ~  EPROM 16 

1 1.3 ~ ~ 1 ~ 6 1 %  ~ ~ ~ ~ A ' ~ ~ ~ ' ~ I P I I R L " I I o ~  
Microprocessor Word Size 

q . r ~ s m . r m ~ ~ t ~ d s ~ 1 ~ i l ~ u ~ ~ i ~ l 6  i i ~ h i i a ~ n ~ u ~ w ~ ~ ~ ~ u ~ n ~ ~ ~ ~  2 il'u A LLI: 

B adinufi i 1.4 ~~n:fi iqiu~~aIf i&61ma~1~~in'~n I ~ ~ ~ U ~ ~ ~ P I S H U ~ P I  1 0n 61 
IQqq.~sol'Jndia 4 a~q>1t;ivii~iu~u~mi ~4uan"u A~n<i  tflua4m.rsn~1~701 4 iin 

I dnbs~ad~so i  MC 1 4 5 ~ 1  B r o t  Motomla ~fl~qf4rn I fin &\flunisrnuqu 
qmHiMnssa 



11.4 I R ~ ~ ~ ~ I ~ ' u o J U ~ (  mrtr'~G~w$d tlarann 3 amus 
Bus Structure, Multipleximg, aad Tri-State Logic 

r ~ n ~ d n s ~ d s r a ~ r a a ~ ~ ' i ~ i ~ ~ ~ ~ w ~ d b ~ i n n i i  I On odn:bn~a~ndia~n~s& 
oaau'ura~ ad ids i imu~~dd~d4i~~n6~~~1~~n:ra i r iv jns:~#~~ r~uqriu 4~ns:vli 
lmunisCnukdrrrlnd~a+~uuY"~4ayn 2 md 

dims Jnsldsear~airrt l~1 a Sn Y"abayar~uuCa8adn4ds:nau&3unau- 
&I r%ai (conductors) a $u ui~a~v"~~~1s~dsraaaairhrrw d~8qjqjimddnisds:au 

A Ir ~ u t ? ~ m n w ~ u a i u d a ~ d u " ~ ~ t l ~ u ~ 1 ~ i ~ i ~ n ~ u u i ] n ~ ~ n :  w+a~!aaauuan (peripheral 

equipment) L L D ~ H S ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ Q I I I ' I ~ ~ E F J  k u ~ r ~ ~ i ~ t t a ~ 8 ~ ~ i ~ ~ a ~ u 1 n s ~ d s r a a r ~ ~ ~  
.I r d  r#ua a ~ i ~ ~ s : n u  r~w1:aa.r o rraa 1. G L ? I M ~ ~ L L ~ ~  L m 5 ~ ~ n m 4 ) l ~ ~ J : % ~ ~ i l d ~ $ i l ~ n  



(II) C h i t  functions. 



@ 11.7 ~n7~nh~odi~iiuaatliri  *l%JJkrtJ RAM Uall 110 ~ ~ ~ ~ ~ ' I u @ L L R ~ J ~ ~ I J P D J Y ' ~ ~  



ihohr~duhIflqIdqrs~~'dai 8085 f i#~mqu 3 Rliun GZd, w T e  LLA: ALE 

(address latch enable) 64@ 1 1.5 Li;0IJn5Id5~~fi~~0r"l11"~~]iM'~n LfluLLam mmdfia+~u 
aarfiayna~anw.m ~airivlrnor ALE 1:~r 44&7rn8u ~ rmunwh $aCyngn 
~ i r a ~ d ~ f l ~ m u \ d n ~ T ~ ~ ~ ~ f l ~ ~ a ~ ~ ~ a ~ ~ ' d r c j i u \ r ] n ~ j ~ r i ~ u m i u r i i m u u a n  tilunququ 
aar X e  ~:ii dahT~~d.~~'~~fl~'~~a%r"aud~zfi#a~ n ~ i n n i u n  fin 89aaih rEid 

u u  1:ph 8q.jryrum~ q&~81~~~Qn41"4~4~ :h~ f  0 ~ f l ~ 6 7 ~ 8 $ . j ~ ~ d I J ' ~ 4 1 0 4 ~ ~ ~  nlLL0WFlf fl 
k~lrnsnunuI~hicl~~~uniw ~ 3 n i ~ r p 1 1  1 .6 (8r~nslrn4a~cl~iuuiiyu~a8~q.jiru~u qu 
iir~~mriird~q.jiru~\1 active IOW ~ r ~ ~ 1 u n ~ i ~ ~ i d n i ~ ~ ~ ~ 8 ~ g i r u ~ : ~ ~ ~ ~ ~ i l : d i ~ ~ ~ ~ ~ a m r  
cliaviilvrfim~~ni~ti~u) 

U n  h~edaaiuirf i~l#Q3aar~~am w~ua:i~yauun~~nn'u.kr~um r ~ f i r s i  
&aar%a a8uynrm: ~ a i r i ~ f i i ~ ~ u n i n n ' u  I Jn~ldsra~soi~uI#nif~ni~wdnd 
cii~aan\d kuuinl3IJ'~iioy nuuu 2 6~1nir un:ukiaiin4fin~ar~~on~~~~ui~;a'uuu 
~d ~~eifi$qttoam~~rnu6ii $%Id14 National SCIMP (8060) I# 16 L~am rflfflijn biud 



3 aoiurGhuiunaiuiicndMumd~ 3 diilaia8uyn 3 bic 3:AIUtYy~iru 
tain'ynnat vmaicn 3 nrnu:-~:Gjmo q4 (1 ) (0) dauld 3 duurhflu 
b.l8da (not connected) aiaq J Q f r f h  \miu~5u?i~uklu~:uu~u~nf~df L¶tIL¶ai 
aIUl&do** rlluccnndnflaa J m 8dit&wa*nad mn ~ h ~ d i p  ~nima J ~ H  rnnh 
fi~:rJnda~#iriuljfilmutYcbj~iruia"a *selectw rarriu 

Inside the Microprocessor 
S~8nn~airndnidu~dn~~dt~~~t~dciou#i~ilai~~au ~nnnaasilfirma~s'iuau 

.i w 
' u i n u i u u a i m a n d n ~ ~ u r ~ u ~ u ~ n f ~ d ~ t ~ d ~ l a ~ i a ~ ~ r ) u n ~ u ~ d u n d a ~ i ~ i  IIJ i 1.9 

ufima~~s~i~d~m!nrnu'Iululnild'~~(afi~gni 8060 dJunufiaundaJ6~n~in ~~dnrndp~ 
1 d- a d~:nauhurnnua:~a~o~'~firmaiiiu~u~in ui~ndatmiia:~T~~a'ISi~~wuniwiiu~u 

~~fi~ol~~L~a:tt811a' (latchca) ~ U H ~ J O  ~ ~ u r ~ ~ m i ~ s ' i n i u ~ u d ~ ~ f l u ~ m a a ~ d 6 ~ -  
~ a a u & a I ~ I n ~ I ~ s ~ a a ~ ¶ o % i ~ i ~  riiqaq~ s finns:mi;auatiitfirh~fiuaf:~~i~i~~(~mai * 

rnu'Iu~in~~m4i~~Gcc~aa~niu'Iu~~n::ni~1an rdur~u~riudrJnrddeurr1Ja~ (modify) 

l m t l  ALU 

uoninin ra ~ m a i  nimiu rn#~wrnaa~#~~nu ufidiaY aniuu~nn"~ r+fi~~~:aan~in'tUlm't- 

ALU (Arithmetic-Logic Unit) 



~ ~ Q I G U ~ ~ I I I ~ I M  (Program Counter) 

10 U I L W  8-811 MIA BUS 

Iktuw - I T ~ t  
R S C I r n S  

TIMINO AND c w m  

- 
w A l K  &R CWIU MSLT T O U r U l M L  

COnTl laU 1)- 8 1 1  
A W l C S S  BUS 

)101L 
L NUWOUS IN WW(MUS GIVI )UM)UI OF ACWL C ~ W C T O R S  IN 8 u s m  
t. M H a W S  I)rOlUIC s l o w  OIWLCrIOll, SOURCE 10 I a n .  - Y U W S  I O I # C T I r n A L  



34  sr o e ~ r t h d l  d 4  (Instruction Decoder) 

I I .s r:uululniidr reanro11ofdmldni!i 
The Complete Microprocscoi &ystenr 

IJnsTdsnnraof rfiau#~~u~w'd~i~diu~~un'ik~ ~~8471 Jns1dsa~raaiil::d 
ROM UR:: RAM a~mu'Lu44ri ~ ~ a d ~ u " t g m u j ' ~ ~  q I~n"~11u n1s\#d~luluTns11~srafi~aai 
d a u k r ~ ~ : ~ d b u n ' ~ n ' u ~ a ~ d ~ ~ u ~ ~ ~ ~ # i ~ ~ ~ n ~ d u 4 7 u a u ~ ~ n ~ ~ u ~ r i ~ u ~ ~ 7 ~ i 7  

r iou~~1! i l  J n s 1 ~ s r a a ~ ~ a i & o ~ n 1 ~ \ f 1 1 n 1 u u a n i 1 ~ ~  I Jns- 
bsraaraaiynaad (second generation) ~ l l ~ ~ ~ ~ & u ~ + 7 & ~ 6 ~ 4 d m u A d ~ 3 ~ f i ~ 1 8 ~ r y i ~  
n~an~fiILnudi.lrSrTn~Tds~~~~aai ~ ~ M ~ ~ Q ~ ~ ~ ~ ' U ~ * L ~ N ~ ' ~ T I & P I D J ~ ~ S Y ~ ? J ~ U K ~ U  6adms 

" 4  x ~ ~ ~ t i ~ i i u ~ n s n ~ l u a r ,  nrar$'I~s]dur@~fi~d ~wuin~s6~nd~~dri~~d~s::~u~~rr~u 
I66auuwumyd 11.p 

K~~~o~~n~1~Iu 'p1aus i7uc1auf i~ i~o i  mnfd dud JnsTdsrga~aa%~ c p u  

(Central Processing Uniq ~dn~ns~h~dn&r~ f iu tu  ROM ~ r ~ ~ ~ ~ d s r r n w d d h d ~ d ~ ~ a  
d~nmmmsm~:liiuIu MM RAM m~$h#%ya~rn:waRiYf x~i~nn1a~adn7s61~3~ 
X?u L L W W ~ ~ U U ' ~  v 0  (input/output) @U RAM B ~ ~ ' u M & L L R ~ D ~ ? Q : z ~ ~ L ~ u L ~ u ~ u  

IamciI~lnsTds rafi raa3 usia rii.jlsi5enuM'uff~~~1nsi1~~in RAM du q Iunmu r i~ i id&d 
lanmuuon%aaai vo o7~sikusluriirqdnSni5~~dum~c~.jn7~T~1u LED (LED 

displays), gduaim (keyboards), ~ioqdndn?uqud~m%?l& N R : N ~ L P ~ ~  



c rcniuaa.skd, 716, uaaaj un:r¶u~¶a~ (senm : temperature. pressure. ctc.) UOLmD7 

q~ilnmiariln ~ionifr~n0n7id7iun'uwnn'~a'91a~nlf~1m~R0~ 
A r  

f l 7 a d 1 4 c u u ~ n ~ u ~ U 4 ~ ~ ~ ~ ~ ~ l ~ ~ ~ w '  CRT (cathode-ray tube) d4d~l¶n@66 
did 7 aa~66oinri1M~finniwflryKn'1r)duu~a Idn~ld.m~r¶aim~~mn.j~aiM'yn 

d 4 "  v # d #  aat6duainadi.rsior6a fluwnuunm~aaurrminqnnn $us:L3u~innXa2~u 2 , 

& r ~ u ~ u ~ ~ i  $ ~ ~ u " l Q I ~ ~ n : d ~ ~ n i f  subroutine 4 ~ul:flud4fii~si~fin6nmd~ndiod 

t : d "  r Carhuin lioun~.muuunmdisa~~~~ii~nif~1r)~aa1jani~::pIa~8uyn Idnslds- 
~¶a~¶oid?~l~r jdhdi~u~1di~r '~1 ' I1~78i~t i f  OJ~' IU~~?JE]&~V b4~1~iuf#n~urnas'a 
(interrupt anse terminals) ~~ui . l ' t~~~ndd~~¶~r¶0 ia iu i fn~ iaumiu~d~~~n~u~$,d~6uiu  

A 4  nnu~riidI~ild~~~n~u~lundi6~ndilM"aJ'u~i 8 q ~ ~ i ~ u u ~ ~ w ~ n a i i l ~  uon\ulnsld.r- 
i Y r ~ a r ~ a i i i l ~ s r r n ~ d d ~ i ~ i u n ~ i ~ ~ i n a u ~ ~ 6 a ~ ~ 6 ~ n i ~ ~ ~ ' ~ n i ~ ~ ~ ~ ~ u  ~~sauldn~nsu 

d d i ~ f i o u n i ~ i c ~ n r i ~ ~ ~ ~ ~ ~ r d i n n ?  o d i d ~ s n u ~ d n s ~ r l ~ ~ ~ ~ ~ ' 1 1 a i i i I 6 . i i ~ u a ~  
4ln L L A : $ ~ ~ ~ J ~ u ~ u ~ ~ ~ u L R ~ Q # u ~ . J  aJ'uuiis:n~uI~~l~sun~uR~~fiu~in:vi7oiaqin 
lndaJ'~nruiviaId 

~c%nmihadiqdo\di ~ u ~ n ~ 1 d ~ r ~ a r ~ a h r ~ ~ r i i 6 ~ ~ n ~ f l ~ m u ~ ~ s ~ u u ~ ~ ~ i ~  
i b u r r a : n i ~ i u o i m ~ l u 8 n ~ & ~ ~ d ~  I Jn~l~~r¶acsbidi7~8u~kdoi~~nlIFtivli~ 
xuuuannq (alarm system) d~doubu~n~qlm 7 (LXLL~~ RTU, q n l ~ ~ i i q . ~ ,  nirr+iiui 



11.7 diislonn~uri?t~b$ 
Digital Computer 



i 1.8 rruumsu6~mef 
Computer Sptern 

pl i i .3 L L H ~ J ~ U ~ E I N ~  ~~afn?~iun'uIun~j.dfifi &01~0hiuhudnnau 
ui.s~uT~1u&nrllh64d 

Video Terminal ~ ~ u h ~ a ~ i i d u ~ ~ m m ~ i s ~ f l ~ 0 4 ~ u w '  M Z I D M W  ~ ~ L L I I @ ~ P ( ~  

slwnuo~6'lXwn CPU b J n n ~ u u w  (CRT) 
6- t w  # A d  

Line Printer L ~ U Q  Jnmww (n L R ~ L L ~ : : ~ Q ~ ' ~ Y C U ~ U ~ ~ ~ U J % ~ ~  & Q M ~  h rui 
nsmmrrcla~1dlnm.r~ urasby n&a ma 

BUIIC Storage r ~ u q d n 4 h n f i  ri%~Giimaiu~uinnii RAM 

i 1.9 n1r~1~rc6nruwarrsd u d  
Programming and Software 

~ u ~ n 3 ~ d s r ~ a ~ ~ n f  unda46~6sarda.sriu. L L ~ u ~ J P ~ ~ u ~ '  (printed circuit board). 

$ pnwia. ninrmwa (display) L L R ~ ~ ~ ~ U E I ~ W  Lismi mihrrqi 6xKuao~rii8~~iolrl~~nsu 
&viiIfiaifnuaJrli~iueil~ 7 n~m dsnii aad~rai sov(ua+mud~ lonrn~.ranw 
h u m i  ~ s u ~ ~ 8 u ~ u ~ r i ~ ~ d ~ 1 n s u ~ ~ h u ~ u n i f ' L 1 a u  rhmiu LGII unrnin~dsuldsw 
(modification) 



Nir.14 f i ~ t i i d d l ~ n ~ ~  

~ulnbs~¶aao~~~u~d'zunsu~"sd 7 ~ Q u ~ m a o ~ n i ~ ~ i i ~ d u n i ~ ~ i ~ a a ~ i u  2 k u  
Jn6iin?iu~idauim s On ~~arfiuo@u~ri?uc1aiu.51 ~ d n ~ n ? u ~ 1 u i m a d l ~ u u n m  
lu~~~u~dI~ul3uinni-;IM"~n~o~!flmuas4 h a  Lila L ~ U  blsunsuek 7 dunuiIM"~ 
l&I-Jhbfl~w 1 1.14 &fltC2~@JQdLRIIPU 2 d~%d'Ufll~ LR& (maddne language) 

b~i lu~aunbro~~dmmsudi~%~uTn~IJ"~~¶a~¶a National HU60 (SCIMP) c u l d f ~ ~  
I A  w& d &  6~ yanndbaa .maiu i i~ i \~ i r5~~d~ u # ~ l u ~ r c i u & ~ ~  ~h ~~hliiurnnlnulunwd - 

n'uGinuhya&~4u 

0000-0 0110 = 6 1100 = C 
0001 = 1 0111 = 7 1101 = D 
0010 = 2 l W = 8  1110 = E 
0011 = 3 lo01 = 9 11 1 1  = F 
010 = 4 1010 = A 
0101 = 5 \ 1011 = B 

& b u n i ~ n ~ g ~ i u  16 (hcxad&$msl coding) ~~a%!i(oLiidnhdmid'Iu'91od11~frrnad~u~ns- 
b s w ~ ~ a o J  ~ ~ u ~ ~ ~ ~ ~ ~ L L ~ ~ u ~ ~ ' ~ ~ u ~ ~ Q ~ ~ L ~ ~ u ! H ~ ~ u ~ ~ o J ~ ~ ~ ~  16 6diJd 



Address Opcode (Hexadecimal) 
0015 C 1 
0016 00 
0017 E4 
0018 FF 
0019 ( 3 ,  
tM,l A 01 
OM1 8 9A 
001C t)O 

s ~ ~ d ~ n ~ ~ m r f l u n i ~ i  m)JJ r~~ ic i ima iu 2 isgnduhldkf i rnu 

tdolf lumsnng r6ad~u~IIs~~n~u  WE^ 5 r i u n i i s h ~ i a n i ~ i  mnemonic onu 
Ai:buus~~hr~unisTr~s~~n~u~ai'~::~~uun~u'p1a.~6n~sB.~~ontM"tnSo~n'iiu rdu 
8~oli ibmnsu#i~uu~~uu~fl~im mnemonic ~rn::diuoan~8u.~ldi&~6 

LD "load" 
00 
XR1 "exclusive-or immediate" 
FF 
ST "store" 
01 
JZ "jump if zero" 
cn) 

usnihd 2.4. unr 6 ~ l d ~ i d d ~ ~ d ~ f l u ~ o ~ ~ l d ~ f l ~ n i s r i i ~ u m ~ ~ a a ~ m s f i d ~ ~ ~  load. 

store 113:. jump dnriik JZ u i d ~  lulnsIdsa~~aoiirmni~aucii~i?~'utu~~anfi~- 
f i  ta ~ m a i  61 $u o i u i : m d m m l I I ~ ~ ~ ~ o m ~ ~ d ~ ~ ~ ~ ~ m i u d ~ l ~ d 0 . ~ ~ 1 o . ~ e ~ ~ 4 ~  ka:h 
(?d.i~fluo) uic~:lrinraudotiiA r~~rimi1d78dmiudi611~~u~~i~'3~i~wsl'o~1~ fii& 
nuud~fludid~dnauriq we36~unimon ~didiuittnuim~mflulil& 

b~nddsrm~airdn~r:m3%fi~w1 LR& uazl'n mnemonic ~ ~ m n t % ~ i i "  
A r a  fi$uni.rudnnn mnemonic I d  ~ Q ~ B l l f l 3 C l ~ ~ d  ~du~~u~uni.m"duu~du~~i~~diu 7 

6udviiliiriudlBi:uuluT~sT1~s~¶fi aai~no'u~Cw4.~iibs~~nsu rawirua.ru'ulunis 
uda mufintindhmi -Her % t u n ~ f h  mnemonic axihdi~~ assembly 

~dnlmu L N ~ i l ~ l f i f l  mnemonic a~luA6u0%1 4 4  assernMer w R P Y ' ~ ~  ? h ~ i ~  16 M?OPU 2 

f!~omnKo~n'u 

mnemonic Elm fiuni1 source code Ltfl~dflnlB1 L f l $ ~ d  f Unl7 object code 



b s u n s u u r o i o i ~ d u & . r u n ~ ~ ~ f l ~ 1 1 1 ~ i ~ ~ 6 ~ ~ ~ ~ ~  ~ d u  <BASIC. ALGOL, 

FORTRAN, etc. m ~ i  t v d ~ ~ 6 ~ i l ~ n & f i ~ n ~ ~ ? o ' d n ~ ~ ~ s m ~ 1 1 w n ~ ~ u ' i j . b l n i ~ m ~ ~ 1 c l ~ ~ ~ 1 i  
udiiudazrnlri~~zilng mrurlt~wiraodGu ~m~o~mou~~~olo~f l~ isn~tdnniwi  twdi6 
I%lfh object code LLUUJIU 16 VI%JlN 2 !6 1 statement ~ o ~ n 7 ~ 1 ~ ~ 6 u q d d a t ~ d n ~ ~ u  

U "  
object code M ? u ~ F I ~ ~ ~ ~ ; D D ~ u ~ L ~ u M ~ ~ ~ ~ ~ ~ * u B I E ] u  



r~u~dslnm.rud~~nqj RAM Eh~h~iil l6aqawhrnsu#anma h u  PROM L L ~ :  

EPROM ~flum~aunai~ii&~mfliui~n~dd~~~~da.jld~~~n~~l& 

~hs~~sraflraa~d~~tiiuido4~aun'~~riauna~u4i rrns8uwroiddupa (inter- 
Y &  

face module) anarsumi l a l n m a u f l ~ r a d  

u d ~  ~dnbsraflraahii~uin~rlta~u~ud~::x~~nw.nnni.j (central Processing Unit : 

CPU) Iu~%Yu~~DN~~'Y L B I S ~  (Ldu ~ $ @ @ R ~ ~ O U % L R ~ I {  lUhl.lFltl~fi'Y L Q I D ~ )  

~ ~ ~ ~ ~ ~ ~ ~ A ~ L ~ ~ ~ ~ ~ M U ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ : : ~ ~ D Y D ~ ~ ~ U ~ U ~ W ~ ~ ~ S ~ U Q % L ~ ~ U ~ D ; % % Q ~  

LSI dljunji " M ~ S ~ O U ~ ~ ~ L ~ D I  I BW (onechip microcomputer) 



Y A 
11.9 i 1 4 i l ~ ~ 1 ~ ~ \ 3 1 ~ ~ ~ 1 ~ 9 1 ~ 4 ~ i l d i l ~ d ~  5fld mnemonic, assembler, sM'dJllI91 1~5il4 




