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Epyaotipro 12:
Awkriodnoels, Eppeoeg llpoosneracers (Pointers),
kot wepi Tayvtnreg ko Katavaroong Evépyerog tov Kuvkhopartov CMOS

9 - 13 Tavovapiov 2006 (Exdoon 2, g 19/12/2005)

12.1 Emavektéleon Evroldv: Avukhaddoeis, Alpota Instr. Memory:
Ié g evtodég mpa&emv Kol eopTmonc/amobnkevong mov gidape oy §11.3 .. g? ilndp 18
EMOUEVT] TOVG TTPOG EKTEAEGT] EVIOAT MTOAV QTN OV Elval YPARUEVT] TNV AUECOG E 22:[add 12
"amd kate" Oéom pvAung (§11.4). Av Mrov étor Oheg ov evioAéc evog 8 | 23| st | 19

NV TPOTN UEYPL TNV TEAEVTOIM, KOl TO TTpOYypappe Bo teleimve ToAy ypryopa.
Onwg EEpovpe, OUMG, Ol VTOAOYIGTEG OVTAOVY TN dUVAUN Kot TV gveMEio TOVg

TPOYPAUUOTOC, Ol EVIOAEG AVTEG Bl eKTEAOVVTO aKPIB®G piot popd 1 Kobepud, omd = { 24:] Id 18

A . , . . , ; 27:|bne; 21 +
amod TN OVVOTOTNTA TOVG VO ETAVEKTEAODY TOANOTAEG (QOpég TNV idw Gelpd 28:[1d ' 19
EVIOA®V (TnV 10100 dovAELd - ToV 1010 adydpiBuo) v c€ SPopPETIKA KAOE popd 29:| st | 1A
dedopéva, 00T®MG OOTE TEMKA VO EMTLYXAVOUV HOKPEC KOl TOADTAOKES 2A:|jmp: 20
emelepyacieg mnpogopudv. Tn dvvatdto oVTH TNV OTOKTOOV UE TIG EVTOAEG
dexrhadmong (branch) 1 dipatog (jump). Onwg eidape ommv §11.9, n eviolq Data Memory:
GApatog Kavel MGTE 1 ETOLUEVN EVTIOAN TOL Ba exTEAECTEL VAL €lval 1] EVIOAN OV
Bpioketon oe opiouévn Béom (dievbuven) diapopetixy amd v "omd Kate" Béon. 01: 1
Mid evtoA] StokAGdmong kdavel to 1010, 0AAG V6 cLVORKN, ONAad HepKég 18 —.8.’;/6
@opég M emdpeVn evTodn givar ) "GAAN", kau pepicég Popéc Ba eivan n "amd KaTo", 19- 2; 08F
avaAoya av 1oybeL N Oyt pid Soouévn cuvOnkr kdbe opda. 1A: S

210 oyfuo PAETOLUE Eva TOPASELY IO TPOYPAUUATOS TTOL VITOAOYILEL TO GBpoloUa
n+(n-1)+(n-2)+...4+34+2+1 xon to ypdopet otn Béon 1A g pviung dedopévav. Tov apBuod n tov dwfaler n
Tp®TN €VTOAN (d1€v0. 20) 0md T0 TANKTPOAOYLO: input 18  GTO YN VILOTIOETAL OTL O aPlBUOG AVTOC Elvan
8. O vmohoylo oG yiveton XpnoHOTOIMVTOG Kuping Ti¢ Bécelg 18 kat 19 g pviung dedopévev (kdto népog
GYNUOTOG), Ol omoieg €xovv apywkn T to "n" kot to 0 (petafint "s") aviictorya. Ot Tpeig apyikég
eVIOAEG Tov "Bpoyov”, otic Béoeig 21, 22, kot 23, dapdlovv v TpEYoVca TN TNG UETAPANTAG S, TNG
TPOcHETOLY TNV TPEYovca T TG HETAPANTAG N, KoL YPAPOLY TO OMOTEAEGUN TIo® otV S (s=s+n). 10
TOPASELY LD, TNV TPOTN POPE TOV EKTEAOVVIOL OVTEG Ol EVIOAEG, avEdvouv to s and 0 oe 8. Ot tpeig
emopeveg eviodég (Béoelg 24, 25, kot 26) eAdtt@voLy TN PETAfANTA n Katd 1+ 010 mapdderypa, TV TpOT
(opa mov ekteAOLVTAL, OAAGLOVVY TO n oo 8 oE 7.

211 GUVEYELD EKTEAEITOL 1] EVTOAY bne 21 omd T 0éom 27 1 EVTOAN QVTH CNUAIVEL EAV 0 TVOTWPEVTHS OEV
1000T01 e PUNOEv, diaxiadwaov (mnyaive) atny evtodn 21 (branch if ACC not equal to zero - brach not equal
- bne). Ene1dn exeivn v dpa 0 GLGGMPEVTNG TEPLEXEL TO N=7, OV EIval S1APOPO TOL PUNSEVOS, 1| GLVONKN
g drkAddwong givor oAnong kot 1 dtakAddwon emtvyyavel (Tpaypotomoteitar). ‘Etol, endpeveg evioés
ekTeAOLVTOL OL VTOAEG 21, 22, kou 23, av&dvovtag 1o s and 8 oe F (=15 610 dekadikd), Ko petd o1 24, 25,
Kal 26, peiwvovtog to n amd 7 o€ 6. Metd, Eavaektedeitoan | bne 21° €NEON 0 GLOGCWPEVTNG TEPIEYEL TO 6,
N dkAGdmon emttvyyavel kot TaAt. ‘Etot, ot eviodés 21 g kot 27 Bo EovaeKTEAEGTOVV KAUTOGEG POPES
axopa, avEdvovag dadoyikd To s katd 6, 5, ..., 2, kal 1, kot peidvovtag 1o n dadoyika o€ 5, 4, ..., 1, kot 0.
Tnv tehevtaia gopd, 6t0 cucsompevtn o Exel peivel n=0. Tote, 1| dStaKAAdmoN bne 21 o AmoOTVYEL, O10TL O
GLGGMPELTNG OeV glvar TALOV S1APOPOG TOV UNdeVOS: €101, 1) EmMOUEVT evToAn dev Ba dwefoaotel amod ) Béon
21 omwg mpiv, oAAd arnd tn Béon 28, dnAadh and v "amd KaTe" B<or, OTMG KAVOLV Kol OAEG Ol AALEG
eVTOAEG oL dgv givar drakhadmoets. Tapa, ot eviodég 28 kat 29 Bo avtiypdyovy To TEMKO AmOTEAEGULN
8+7+6+...42+1 and ) Béon 19 (s) omn Béom 1A (S) xar 0 6TOY0G TOL TPOYPAUpETOG B EYEL EMTEVYDEL.

12.2 Yhomoinon otov YoAoyioTi] pog TOV AlUKAGODGEMV V0 XuvOnkn

I va extelécel 0 VTOAOYIOTIG HOG TIS EVTOAES dlakAGdmong (VTd cuvOnKT) Kot GApaTOg (Ympig cuvonKn)
OOLTEITOL EVEPYOTOINGT TV OPOU®Y TOL QOIVOVTOL GTO TOPAKAT® GYNUO: TPOKELTOL AKPPDS il TOVG
idtovg dpduovg mov idape kot oty §11.9 y1d v evtodn dApatoc, jump. O TOAVTAEKTNG TOV TPOPOJOTEL
tov PC déyetan otig dVo €166600¢ TOL TIg d1EVHVVEEIS TV 0V0 VTOYNPIOV ETOUEVOV EVTOADV: TNG "0mo
Kkate" (PC+1, oty gicodo 0) yid Tic amotuynpéveg S10KAAODGELS, KOl TNG VoG mpoopiopov (ADDR,
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omv €icodo 1) y1d tic emruynuéveg doukradmoelg. H devbuven ADDR ¢tdvel oty gicodo 1 Tov
moAvmAéktn omd To BUS, 6mov v Baletl o tpikatdotatog 0dnynmge mov avapel and to onua im rd. To
pévo mov pévet etvan va eheyybel cootd o moAvnAéktng tov PC dote va emiééel v cwotn €160d0 Tov
avAAOYO LE TO OV M EKACTOTE OLUKAAOMON EIVOL EMLTUYNUEVT] 1| OTOTUYNUEVT (OTUEIWTEOV OTL 1| EVIOAN
GApOTOG (JuMp) CUUTEPLPEPETOL GOV pic TAVTO ETTUYNUEVT OLOKAGSWOT)).

2 e g2 5 ® B 3 33 |5
& ON| ¢ - I 5 g 8o e
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I'd va E€pet 10 KOKA®UO EAEYYOL av [ EVTOAN] OOKAGO®ONG Elvat EMTLYNUEVN 1 OTOTVYNUEVT] OEV TOL
apkovv povo to 4 bits tov opcode cav €lcodog --ypeldletar €10660V¢ KAl omd TO dedopéVa, KoL
ovyKekpipéva va EEpel TL €idovg aplBpog Ppioketal ovty ™ otyun] 6tov cvsowpevty (ACC): Betkde,
apvnTiKog, undév, kKhm. O vwoloylotg Hag Ba £xel TE00ePELG EVIOAES dakiddwong vad cuvOnkn: (@) bne
(branch not equal): dwaxhaddoov gdv ACC dudpopog tov pndevos: (B) beg (branch equal): droxAaddcov
eav ACC ioog pe 1o undév: (y) bge (branch greater or equal): diakAaddoov edv ACC peyardtepog 1 i00G
oL Pnodevog: kat (6) bit (branch less than): dtakiaddcov edv ACC pikpdTEPOG TOV UNOEVOS €TioNG (€)
€XeL TNV EVTOAN GALOTOC Y®piG cuvONKN, jump, N omola oAAGlel mdvtote Vv emduevn evtodn. d va
EKTEAEGTOVV Ol EVTOAEG SLOKAAS oG TPETEL VO, EEPOVIE TO TPOGTLO TOV GLGOMPEVTH KAOMG Ko oV aVTOG
givon undév 1 oy Avtdg eivor 0 polog TV onpaTmv accSign kot accZero (Tpoono, Undév) mov eaivovtot
oto datapath va yevviobvton amd to block cuvdvaotikig Aoyikng "sign/zero" mov kortdlel To TEPLEYOUEVO
oL cvccwpevtn, ACC.

Onwg eldape oty §6.3, T0 TPOCTHO €VOG APOLOD KMIKOTOUEVOD GE GUUTANPOUN MG TPOG 2 glvat 1O
meplocoTEPO onuoviikd (MS) bit tov (1o apiotepdtepo bit): Otav avtd egivar 1 tote 0 apBudg givan
apvNTIKOG, EVM 0Tav To MS bit givan 0 0 apBpodg givan Betucog 1 undév. H aviyvevon tov edv o apiBudg
glvar pnodév M dupopog Tov Pndevog oamartel pid moAn NOR pe 160eg £16000vG 660 Ta bits Tov aplBpov.
AoV 1 é€odog ag moAng NOR eivar 1 dtav kot povov 0tov 0leg ot gicodol g eivarl undév, cuvosovtog
K@ bit Tov cGuccwpevty| o€ pia £i6od0 TG NOR €yovpe v €006 ™G va avdpet 6tav Kot povov 6tav OAa
ta bits Tov cusocwpevTn gilvan PNdEv, dMnAadn otav o ACC mepigyet tov apBud undév. Ovopdlovpe accSign
to MS bit oo ACC, ovoudlovue accZero v é£odo g mOANg NOR 8 €106d0v, Kol Tapéyovue oTo
KOKA®UO €AEYYOVL avTd To. dVO CNUOTO ooV €160600V¢ Tov. Tdpa, o mivakag aAndelag TOv KUKAMUOTOG
eléyyov mov eidape ot §11.10 mpémer va cvoumAnpwbei 6mmg Tapakdtm. H gvtol jumpx mov @aivetot
aKkpPOG KAT® amd TV jump givon véa kan Bo oulntnOei oty emopevn §12.3

opcode: accZero: Agttoupyla: alu md acc2bus dm wr pc_md
accSign: dm rd acc_1d io in im rd
0000 (add) x x ACC:=ACC+DM[A] 1 000 1 0 0 0 0 0
0001 (sub) x x ACC:=ACC-DM[A] 1 001 1 0 0 0 0 0
0010 (and) x x ACC:=ACCandDM[A] 1 010 1 0 0 0 0 0
0011 (nor) X X ACC:=ACCnorDMI[A] 1 011 1 0 0 0 0 0
0100 (inp x x DM[A]:=I0 BUS 0 XXX 0 0 1 1 0 0
0101 (1d) X x ACC:=DMI[A] 1 1xx 1 0 0 0 0 0
0110 (st) X X DM[A]:=ACC 0 XXX 0 1 0 1 0 0
0111 (jmp) X X PC := A 0 XXX 0 0 0 0 1 1
1111 (jmpx) x x PC := DMI[A] 1 XXX 0 0 0 0 0 1
1000 (beq) 0 x PC := PC+1 0 XXX 0 0 0 0 X 0
1000 1 x PC :=A 0 XXX 0 0 0 0 1 1
1001 (bne) 0 x PC :=A 0 XXX 0 0 0 0 1 1
1001 1 x PC := PC+1l 0 XXX 0 0 0 0 X 0
1010 (blt) x 0 PC := PC+1 0 XXX 0 0 0 0 X 0
1010 x 1 PC :=A 0 XXX 0 0 0 0 1 1
1011 (bge) x 0 PC := A 0 XXX 0 0 0 0 1 1
1011 x 1 PC := PC+1l 0 XXX 0 0 0 0 X 0
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Havta yL& OAeC AUTEC TLGC €VIOAEQ:
pc 1d =1 ; zero2bus = 0 ; addr md = 0 ; tmp 1d = 0 ; io out = 0 ;

I'd tig eviolég mov mpovmnpyov, TEPIAAPPOVOLEVNS KOl TG jump, TO CHUOTA EAEYXOV dev e&apTdvTal amd
TIG VEeG €10000VG, accZero Kol accSign, OT®MG VTOSEIKVOOVY 10 "X" GTIG aVTIOTOXES YPOUUEG KOl GTAES.
Ié 11ic evroAdéc SokAadmong, Opwe, To onfua pc_md mov eléyyel to mowd O eivar M €mOUEVN €VTOAN
kaBopiletor amd tov TOMO TG SKAASmoNGg Kot amd Tig £16000v¢ accZero kar accSign. Tlapatnpnote 6tL
yu T1g beg/bne (opcode = 100x), o pc_md eivar To amokAeiotiko-H (XOR) tov accZero pe to LS bit tov
opcode- y14 tig blt/bge (opcode = 101x), To pc_md eivar o XOR tov accSign pe to LS bit tov opcode. 'd
TIG amoTuyNUéveS dakiadmaoelg (opcode = 10xx kol pc_md = 0), to im_rd pmopel va givan gite 0 gite 1,
ded0oUEVOD OTL 0 TOATAEKTNG Oyvoel 0OT®g 1| GAAwG Vv Ty Tov BUS: av emiéEovpe 0, tote im_rd =
pc_md, eve av emiéovpe 1, 1ote amiomoteiton o ydptnc Karnaugh tov im_rd.

12.3 Awdwkaoieg: Alporta og Metafintic ArevOuvoelg

‘O)eg o1 gvTolég StakAddmong, KabmG Kot 1 EVTOA amhod dApotog (jump) Tov gidape PEYPL TOPA, EYOVV T
devBvvon Tpoopiopod Tovg KaBopIoUEV HEGH OTNV EVIOAN aUTH kaf'eqvTh --ypappévn HEcH GTN UVAUN
evioA@Vv (o1evbuvon mpoopiopov gival 1 dtevBuvon g "dAANG" emduevng evioing -0yl TG "amd KaTe").
210V VTOAOYIoTN HaG, KGOE TL TOV etvol YPAUUEVO OTI VALY EVTOADV gV Umopel vo aALdEEL TNV dpa TOL
TPEYEL TO TPOYPOLLLO, SIOTL OEV VIAPYOVV EVTOAEG TOL VOL YPAPOVV GtV HvAun eviodmv. To ido cupPaiver
K0l 6TOVG aANB1voUG, EUTOPIKOVG VITOAOYIOTES, Y1G T GUVIPILTIKY TAELOYNPiCt TOL CTUEPIVOD AOYIGUIKOV:
mop' OTL Ol UVIUEG EVIOA®V Kot dedOUEVOV OgV gival Y®PLOTEG, OUMG OEV YPAPOLUE TAV® OTIG EVTIOAEC,
00TMG MOOTE VO ATOPLYOLUE €V PEYAAO COPO omd TEPAGTIONS TOVOKEPAAOLC. 'Etol mpokimtel 0Tl 1
d1evBuven Tpooptopov LGS SokAGS®moNG 1 VOGS amhoD GALATOG dev PTOPEl VoL aAAGEEL TNV DPOL TTOL TPEYEL
T0 mpoOypoppa, oniadn elvor pio kor povadikn, mavio m dw, avty mwov kabopioe ("otoTikd'") o
TPOYPOUUOTIGTAG OTAV EYPAPE TO TPOYPOUA. AVTO ETOPKEL YIQ TOVG TEPLIGGOTEPOVS OAAG O)L YId OAOVG
TOVG GKOTOVG.

IMd va pmopei 0 vrohoyiot)g pag va ekTerel diadikaoies (procedures), TPETEL VO EYOVUE EVAV TPOTO OTOV
TEAELDVEL 1] EKTEAEOT TG OladkaGiog va "mnyaivel" o TPOYPAULO THOW® GE OVTOV TOL TNV KAAEGE, OTO10G
Kt av NTov avtdg. To Bépa eivon Ot v dw dadikacio pmopel va v KoAEGOLHE amd TOAAG Kot
SLOQOPETIKA PéEPT VOGS TPOYPAUOTOS OGS B pmopécel avt) va "emotpéyel” GALOTE 6TO éval Kol GAAOTE
670 GAXo amd avTd, €Gv M TEAELTAiO TNG EVIOAN €ivan €va amhd GALO OV pog ANyaivel mévia oe €va,
otafepd onueio; Puowd, oOmolog koAel T Swdikacio pumopel va ypdper kdmov (dnAadn otn pvAun
SEJOUEV@V, OTTOV KOl LLOVO UITOPOVV VA YPAPOLV TO TPOYPAUUATO TNV MPA TOL TPEXOLV) T dlevduven Tov,
dradn T devbovvon g eviong omov embupel va emotpéyer 1 dadikacio. Opwg to {ntoduevo sivar va
€YOLUE LAV €8IKN €VIOA GAMOTOC T omoio. v umopel v pog oteilel oe petafinTi) dievbvvon
TPOOPIGUOV, SNAUST GE TPOOPICUOVG TOL VO TOIKIALOLY TNV MPA. TOL TPEYEL TO TPOYPAU. AV TNV EYOVUE
aVTNV, TOTE KAOE J1ad1KOGIo LITOPEL VO TEAEIDVEL [E LG TETOLO EVTOAN, 1) omoia Ba Bpickel TNV exdpuev TG
evtoAn dwPalovtag tn dedBuvorn TG TG EMOUEVNG EVIOANG OO TNV €101KN eketvn BEom Tng pvnung
dedopEV@V OOV AVTOG TTOL KAAESE TNV dladikacia Eypaye TNV ekdotote entBount 51evBvVeT ETGTPOPNC.

Tnv €8k vt €vtodn GApatog v ovopdlovpe jmpx ADDR (jump indexed - dAua pe dgiktn, 1 GAAOTE
jump indirect - éppeco dAua), OTOG VTN POIVOVTIOV GTO TOPATAVE TIVOKO CUECHG KOT® omd TNV OAN
EVTOAN GAUATOG jmp ADDR. LAV OMUOGIO KOl GOV DAOTOINGM, M VEX EVTOAN gival &va KpApo Tov amiol
GApoTog Kot ¢ eviodn goptadpatog (load) Tov cvsompevth. Zav 10 anAd AApO, TO EUUEGO AL YPAPEL
pd véa tiun otov PC, drapopetikn amd PC+1 (ko yid to okond avtd kdvel pc_md=1)- cav tnv gvioin load
opwg, awtd wov eoptavel atov PC (avrti otov ACC) gival T0 DM[ADDR], avTi TOV atAob ADDR (Kot yU' 0wt
avapet to dm_rd avti tov im_rd): n véa Ty tov PC givar 1 (ev duvdpel petafAnty) Tyl DM[{ADDR] TOL
dwpalovpe amd v pviun dedopévov (otn Béom mov pog AEL M €VIOAY, UEG® TOL ADDR), OVTL TNg
oTabepng TIWNAG ADDR 1OV S1oALOVUE Amd TV VAL EVIOADV.

‘Eva AAo mapddetypo xpnong g VEOG EVIOANG £UUECOV GAUATOG EYOVUE OTIG TPMOTEG dVO BECES TNg
LVIAUNG EVIOAMV TOV DTOAOYLOTY HOGC, OGS Tig €idape oty §11.11: o vmoloyiotig pog apyilel mavta va
extelel eviolég amd tn devbuvon 00, 6mov Ppickel cov 6V0 TpmdTEG EvToAég Tig "input 10; jmpx 10" (oto
gpyaomnpro 11.11 ektehlovoate v jmpx cov amin jmp, 0AAd €36 ta mpdaypata aAralovv). H mpd
gvtoAn, input 10, mapaiapPavel évav aplOpd amd TNV TEPLPEPELOKT GUOKELT (TANKTPOAOYIO), KOl TOV
vYpaeel ot Béom 10 g pvnung dedopévov (DM[10]). H devtepn eviodn, jmpx 10, extelel éva (ppeco!)
dApa --Oyt ot devbuvon 10, aAld ot devBvvon mov dePalet amd v mopandve Béon 10 g pwvnqung
dedopévav, DM[10]. 'Etot telikd, cav tpitn €viodn ekteheitan 1 vToAn amd T devfuven mov o ypnotng
£0woe amd 1o TANKIPOAGYl0, dNAadN i evtoAn mov pmopel va aArdler kdbBe @opd mov ekteAgitan TO
mpoypoppa! Xto epyactiplo, otav Bélete va ektelécete to mpoypappa g §12.1, minktporoynote "0020"
(dekae&adkd) 6tav avafel 0 VITOAOYIGTNG: 1| TP®TY evToAr] "input 10" Ba mpokaAésel "DM[10] := 20", ko
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n devtepn eviodn "jmpx 10" Ba tpokarécel "PC := DM[10] = 20")- éto1, cav tpitn evion Oa ektelectel 1
gvtoAn 20, mov elvar M wpmTN €VTOAN| Tov Tpoypdupotog §12.1. Av mdh 0éhete va ekteEAEGETE TO
mpoypoppo g mapokato §12.5, mov apyiler omn doevBuvon 30 (SekaeEadkd) NG UVAUNG EVIOA®V,
minktporoynote "0030" dtav avapel o vroroylotc: 1 "input 10" Ba kaver "DM[10] = 30", kou n "jmpx
10" Ba kéver "PC := DM[10] = 30".

Aoknon (Ileipopa) 12.4 Evrorég Aloxiadmong

Metappdote tov mopandve mivaka aindeiog tng mapaypdeov 12.2 oe (amhomompéveg) eEicmoelg Boole
OV TEPLYPAPOVY KEOe ££000 TOL KLUKAMUOTOG €AEYYXOVL (ONA. Kk@Oe onua eAEyyov) cav cLVApPTNON TOV
€1000mV ToV KUKADLOTOG EAEYYOL, opcode, accZero, kot accSign. [Tapatnprote 6t 10 onfpa pc_md pmopet
va exppootel oav: [(opcode=x111)] OR [(opcode=100x) AND (opcode[0] XOR accZero)] OR
[(opcode=101x) AND (opcode[0] XOR accSign)], 6mov XOR eivon 10 amoxieiotikd-H, opcode[0] eivar T0
LS bit Tov opcode, "opcode=x111" mapiotdvel ™ cvvaptnon KAI tov tpidv LS bits tov opcode 1 tov
CUUTANPOUATOV TOVG oV ovafel émote o opcode teleidvel og 111, "opcode=100x" mopiotdvel TV
ovvaptnon KAI tev tpidv MS bits tov opcode 1 tov copmAnpopdtov tovg mov avafel émote o opcode
apyilet pe 100, ko avtiotoya y1d "opcode=101x" émote awtdc apyilet pe 101.

210 €pYOOTNPLO, EAV UEV TPOLUPOAIVETE VO KOTOOKEVAGETE TO KOKA®MA TG §12.7, T10TE TPOGTEPAGTE OWVTO
€0 0 KOKAwa (Tov gival VTOGHVOAD eKEVOV). AAAOLDG, KATAGKEVAGTE TO TAPOUTAV® KOKAMUO ELEYYOL
Kol OOKIAoTE TO PE TO. Tpoypdupoto omd Tig devdoveelg 10 (§11.11) kot 20 (§12.1). TInyaivete oto
TPOYpappo Tov emfupeite va ekteréoete e TNV néBodo mov e&nynoape oto téhog g §12.3.

12.5 Aopég Agdopévmv: Metafintég ArevBiveeric Mviung

Ye O0Agg TG evtoAés mpaewv (load, store, add, sub,...) mwov gidape péxpt Tdpa, ot d1evBHVoELS TV dESOUEVOV
KaBopilovtav opioTIKA KOl OUETAKANTO OO TO TPOYPOLLLO: NTOV YPOUUUEVES HEGO TOV (GTN LV EVIOADV,
omov dev aAAdovv o1 TANpopopieg TNV dpa oV TPEYEL TO TPOYPappa). Mid TETOL0 EVIOAT KAVEL TAVTO TNV
Tpaén g otV 101a petaPfAntn --otnv d1a 0éom (drevbvvon) g uvung dedouévov. Me TEToleg EVTIOAEG
Kot LOVO OgV UTOPOVUE VO ETEEEPYOOTOVUE dOUES dedouévay (Tivakes, MoTec, dEvOpa, KAT): dev UmOpovLLE
va ypawyoupe évo Kopdtt mpoypdupatog péca ' éva Ppoyxo mov kdbe @opd mov Bo emovektedgitor va
TPOCTELOVVEL JLAPOPETIKG. GTOLYELD. TNG OOUNG OEOOUEVAV, GE O0POPETIKEG O1EVOVVGELG TNG UVAUNG
dedopévav kabe popd. T'd vo amokTnoeL 0 VIOAOYIGTNG LG KOL QUTH TN duvatdTNT --TNV TEAELTALN TTOV
pog péVeL Yid vo yivel TpaypaTiKOG vToAoyloThg!l-- ypeldletal dvo-Tpelg EVIOAEG axopa, Ommg Ba
AVOADGOVLE APECHG EOM.

=input(); i=0;
210 mapdderypo Oe&ud, vmapyel €vag mivokag (array) amod \r,1Vh|Ir|19p l(J i(<)n I){ Data Memory:
appove, Ag, Ail, Az, Asz,.. omoOnkevpévog oTIg Ali]=2*Ali} 00: 0
dievboveelg  pvaung  (dedopéveov) 80, 81, 82, 83,... } P=i+1; 01: 1
[apatnpriote 611 T0 ctoyyeio 4; Ppioketor otn devbuvon 30:| i : i .« ..
(80+i). O oapbpog A = 80 Aéyetan dievBvvon Paons Tov 3 31: |dp} 00 1C: n
mivaka. Ag moope o1t B€hovpe vo SmAAGIAGOVLLE TO 1 TPATO w082 st | 1D LD i=0¥2
otoyeio 0wTo0 0V TEIVOKA, A, ..., An-1, OmOV 7 givar évag 32 Id : 1D |= 11E A=80
ap1dudg mov Sideton cav £i60d0g. Avtd Oa To KEVOVpE HE TO T 25' z;g 1:,8 i p=808182;
Bpoxo mov gaivetar ypappévog oe yAdooa C 610 oxiue = 36:[ Id | 1E te e
Tove apletepd: T0 mPodypappe ovtd PBpioketar ypoppévo <) 37:| add: 1D 80 Ao !
otic 0éoeig 30 - 3C (uvAun &VIOA®V) TOL VITOAOYIGTH 6TO < gg. st | 1F 2; AL~
gpyactiplo, Ko Qaivetar de&ld o yAwooo Assembly. H HEYY alc?c)i(x: 1E o2 ﬁi o
evioM) input 1C (Béon 30) Swfdler v TwhA n kot ™MV 2| 3B:[ stx | 1F 84: A4
yphoer om Béon 1C g pvqung dedopévev. Ou dvo _(8C:[ Id | 1D 85: A5
emdpeveg  eviodés apywcomowobyv  t  petafinti i tov 38 add; 01 86: As
TPOYPAUUOTOS, 7OV  KpoTiEtol ot owevbuven 1D, ™~ gC: j;tpi ;g 4 ] A7
ypnopomotdvtog thv Tun 0 amd ™ 0éom 00. Tnv petafints ' : el

i B0 YPNOLOTONGOVLE GOV LETPNTY] TOL BPOYOL OGS, Yid VO
eneepyaldpoote Kabe Popd to oTOoLYKEID A; TOV VoK.

O Bpdyog apyilel otn devbuvon 33, eléyyoviag av To i givar PKpATEPO TOL 1+ av dgv gival o Bpdyog dev
exteleitat GALO (Yid n apynTikd 1 unodév, dev Ba ektedeotel ovte pd eopd). H ovykpion yivetar péow g
1eodvvaung Ekepacng i-n<0: apod VITOAOYIGTEL TO i-1, PEVYOLUE OO TO PPOYO OTAV 1 EKGPACT OVTH Elvat
Wevdng, dMniadn otav i-n givor HeYoldTEPO 1 160 pe UNdEv (evtoAn bge): 1 €£000¢ amd to Ppdy0, €00, eivar
EMOTPOPT OTNV apYN TOV TPOYPAUpHOTOS Yid va {nmndel véa Tiun n. Otav pmovdpe oto Ppodyo, apyikd
vroloyilovpe v dievbuvon p tov otoryeiov A; Tov mivaka, 50Tl udvov av E€poupe TN dievBuvon| Tov
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pumopovue va to Ppovpe kot va to enefepyactodpe M dievbuven p tov dedopévov A; Afyeton pointer
(deiknC) o€ awtod T0 GToLYKElD. OTTg TApUTNPRCOUE TapATdvm, 1| dievBuveon avt eivon p=(80+i), kot TNV
vroAoyifovpe pe T eviorég 36-38, o1 omoieg kot v ypdpovv ot Béon 1F g pvnung dedopévav. Katd
v TPpOTN EMOVAANYT Tov Ppoyov, i=0 kor p=80 Jdeixvel 610 MWPHOTO oTOVKElD, A OoTNV devTEPM
emovaAny, i=1 xon p=81 deiyvel 610 A1- TV TpiTn QOPA, OTMG GTO GYNUA, i=2 Kol p=82 delyvel 10 A).

Ot 1tpeig véeg evtodég Tov voloyloty| pog eoaivovtar otig Bécelg 39-3B tov mpoypappatos. Eved n amin
€VTOM 1d ADDR KGvEl ACC:=DM[ADDR] (OMA0dn QOPT®OVEL TOV KaTOX®PNTH 0o TN OEom ADDR), N Véd
€VtoM), load indexed, 1dx ADDR, K@vel ACC:=DM[DM[ADDR] ], SNAOOY POPTMVEL TOV KOTOX®PNTH and TN
0¢on g pvnung dedopévav v omoia opilel 1 B€on ADDR --Om®G AELE, €YOVUE LAV Euueoy mpoofach
(indirect access). £10 TOPASEIYUA HOG, EVD M OTTAN EVIOAN 1d 1F Oo £PEPVE GTOV GLGGMPELTY T dESOUEVDL
g 0éong 1F, dnhadn tov apBud 82,  véa evtoly 1dx 1F dwPaler and ) 0¢om 1F tov apBuod 82, o
¥pnowonolel avtd Tov oplBpd oo S1evhuvon TOL TPAYHOTIKOD OEOOUEVOL Y1 VO QPEPEL TEAIKO GTO
GVGGMPELTH TOV apBpd Ap and ™ 0éon 82. Edv n evtodn ftav wd omAn load, t1ote k4be Qopd mov O
gmovolapfavovtav o Ppoyoc, mavto 1 evtodn avt Oa dwaPale ™mv idia Géon pvaung, 1F. Topo mov
evtoM etvan load indexed, oe kd0e emavainym tov Bpodyov 1 BEon pviung mov tedikd dwfalovpe atialer:
otV apyn ntov 1 80, petd n 81, votepa N 82, K.0.K. €161 TETVYAIVOLUE VO emesepyalONAcTE SLOPOPETIKO
otoyyeio g dopng dedopévmv Kabe @opa!

Koat' avoloyla mpog v 1dx 1F, | add indexed addx 1F dwPaler oand tn Béon 1F tov apBuod 82, ko
¥pMNoonolel avtd tov aplBpd oo devbuven Tov TPayHaTIKOD dedOUEVOL Yid Vo Tpocbicel Telkd 6TO
oLGoMPELT oV apBud A amd TN Béom 82. AoV 0 GLeCoWPELTAG TEPleiye MO Tov apBud Ap, to
GOpotopa OV TPOKVATEL 1I60VTOL e TO emBuuntd dumhdoto, 2*¥A. Kat' avoroyio Tpog Tig 1dx kot addx, M
store indexed stx 1F dwPaler and ) 0éon 1F tov apiBud 82, kar ypnoipomotel avtd tov apBud oo
dievBvvon g mpaypatikig Béong 6mov Bo amobnkedoel TO0 TEPLEYXOLEVO TOV GLGGMPEVLTH: &TCL, GTO
TOPASELYLA Hag, N stx 1F Ba ypawyel TEkd ot 0€om 82 (otnv mponyoduevn avakukimon gixe YpAWEL 61N
0éon 81, ko oty wpo-tponyovpevn otn Béon 80). Apa, TeAkd, To apyucd A otn Béon 82 avtikabictatot
and 0 Smhaoid tov. O Bpdyog oAokANpdveETUL AVEAVOVTAS TO I KaTd 1, Kot EMGTPEPOVTAS GTNV EVTOAT 33
Y& vo. cuykpivovpe T véa T TOv i pE TO 71, K.0.K.

Onwg &idape, o1 VEEG EVTOAEC HETAPEPOLY UETAED UVIAUNG KOl GLGGMPELT OYL TO TEPLEYOUEVO UGG
otafepng --mavta g idlag-- Béong (drevBuvong) pvnung, aAld To TEPEXOUEVO GG peTaPinTig 0éong
pvnung --pidg 6€ong mov 1t dievbuvon g va pmopel vo v vroioyilel kKot va v oAAalel Kotd fodinon
70 1010 10 TPOYpappa TNV dpa oL TPEXeY! [ vo Kdvoupe Kot apalpécelg katl Aoyikég Tpatels Le otoryeio
dopmv dedopévav, Ba pag Borevav Kol ol avtiotoryeg eviolég subx, andx, norx. [lavtog, pmopodue va
Kévovpe kot xopig ovtég (aKopn Kot xopig TV addx), ApKel va EQOVUE TIG 1dx Kol stx: AVILYypapOvUE TO
emBountd otoryeio g doung dedopévav og i otabepn Béon tmp (m.y. 1dx p; st tmp), KAVOLUE TIG
apatelg mov Béhovpe TAve o€ TETolEG oTabEPEG TPOoswPWEG Béoelg (Ty. 1d tmp2; sub tmp), KOl GTO
TEAOG OTEAVOLLLE TO OmOTEAECUA 0T BE0m TG dopung dedopévav ov Bélovpe (T.y. stx p).

12.6 Yhomoinon Evrolav Indexed

& va pmopet va extelel TIg EVIOAES 1dx, stx, KOl addx, O DVTOAOYIOTNG HOG YPEGleTol 600 KUKAMDUOTO GTO
péosov Tov datapath mov dev giyav ypnotponombel péypt otryunc. lpatov, yperdletar éva TOAVTAEKTN oTNV
€l6000 O1evBOvVoEVY TG UVNUNG dedOUEV®V, TPOKELEVOD 1] dlevBuven AVt va UTopel va TpoEpyeTol gite
amd TNV EVIOAN --Y10 TIG OAEC TEPITTMGELS-- €ite 0O Eval dedopévo mov dafdoape omd Ty 101 T PvAun
dedopévav -y TN OevTEpn @don TtV evtoAdv indexed. Agdtepov, emeldn| mpémer va yivovv dvo
AVOYVOGELG OO TN VAU SESOUEV@V, 1) pio eTd TV GAAN, ypetaldpacte Kot Evav Kataympntn, TMP, mov
VO KPOTUEL TO OMOTELEGLLA TNG TPMTNG AVAYVOGST G Stob€oipo yid n devTepn.

I'd Tov 1610 awtd AdY0, o1 evtoAés indexed dev UmOPOVV VoL EKTEAEGTOVV GE £va, LOVO KOKAO POAOYI0D, OTMG
01 VTOAOUTEG EVTOAEC: YpelaleTat Pid EVOIAUEST) aKUT POAOYLOD 1| OO0 VO TEPUOTIGEL TNV TPAOTN AVAYVOON
amo T pvniun dedopévev kot va Eekvnoet v devtepn. 'Etot, kKot to kOKAwpa eléyyov dev umopet md va
glvar ouvovooTiko: ypetaletar kot 1 bit KOTAGTOGNG TOV VO LG TANPOPOPEL AV TOPA PPIOKOUACTE GTOV
TPDOTO N 670 SeHTEPO KOKAO NG EKTEAEOTG. XTO TPMTO SLAYPOp, TLO KOT®, GAivovTol ol TPAEelg Kot
LETAPOPES KATOUYOPNTOV IOV TPENEL Vo Yivouv oto datapath katd tov TpdTO KOKAO EKTELEOTG TV TPLOV
vémv gviolmv. [Ipénet va yivel avayvoon arnd ) pviun dedopuévov (gvepyonoinon dm_rd), aAld 10 TPoidV
aVTNG TNG ovayveong ival £va eVOIAUESO amoTELEGHO. --pi VEQ S1E00VVET-- KoL Ol TO TEMKO OTOTEAEGLLA
g evtoAng. [d o Adyo avtd n €€odog g pviung dedopévav, amd to BUS, odnyeiton va amobnkevtel
o6TOV TTPocmPVO katoywpnt| TMP, pécw evepyomoinong tov tmp ld. To addr md mpémer va, &gl v
kavovik] Tov Tiun (0), S0t | TpOTN AT AvAyvoon amd TV pvipn dedopévov yivetar amd tnv 8€om mov
vrodewkvoel 0 medio ADDR g evrodg. TIpémel va kpatnbBovv ofinotd ta pc Id xou acc Id 516t dev
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TPEMEL VO TEPAYTOVV Ol avtioTtoryol Kataympntég: o PC dev mpémel va aAld&el d10TL dev téhelmoe M
EKTEAEST] TNG EVTOMG akOpa (LOAMG oAAGEel o PC aAlalel kot 1 eviodn oty €£000 NG UVAUNG EVTOADV),
ka1 0 ACC dgev mpémel va aAAGEeL S10TL dev elplacte akoun £Tolol vo KAvoupe Tnv embount) tpasn tove
oV (1., Tpdcbeon vEwv dedopévav og avtdv (addx), 1| amobKeVoT ToV (stx)).

3 B T 5 e L} a5l | £
g 5 c i ON 5 g & o e
s ° ° E |8
YN y \A
INSTR.
MEM. DATA
38 |5 MEM.
PC 8 |< 5
<C
12
0 aB o
4, 8 8 2
sl
> 9
BUS | | [us=
8 4 Si 5 Ls 8
I(ﬁx *e 00 ck ace Ignachero:OFF

270 080TEPO OLAYPOULLD, TOPOKAT®, PATVOVTOL 01 AELTOVPYIES TTOV TPEMEL VAL YIVOUV KOTA TOV dEDTEPO KOKAO
eKTEAEONG UGG eVTOANG 1dx. [Ipémet va yivel ) dgvtepn avayvwon amd T pviun OE00UEVAOV --quTH TN POPA
TOV JES0UEVOV aVT®V Kaf'sontdv Tov BElovpe Vo popTd®GOVUE 6T0 cuocwpevtrh. H avdyvoon avty dev
yiveton oo ™ devbvvon ADDR mov mepiéyel | evioln, aAAd and ) Sievbuven TMP mov dafdoape Katd
TOV TPMOTO KUKAO OO TN (v dedopEVMV: Y1 va Yivel auTh 1) EMAOYN TPENEL Vo oNpa addr md vo mapet
™V un cvvnon T tov, 1. Ta dedopéva mov drefalovial TPEMEL VO TEPAGOVY GTO GLGCMPEVTH KOTA TPOTO
EVIEADG OVAAOYO pe TNV omAf &vtoAn 1d: dm_rd=1, alu md=passB, acc_ld=1. Emiong, mpéner va
avayoLpE To onua pc_ld, agod ovtdg eivar o terevTaiog KOKAOG EKTEAEONG TNG EVTOANG: OTOV EMOUEVO
KOK 0, 0 PC mpémel va £xel T vEa TOL TIUN, Y1 VO, EKTEAEGTEL 1] EXOUEVT] EVTIOAT.

@ o\o s o|m a5 |£
é 1 5 al zl ON E|§ ON -é 9 _gl
) 5| |E ] 3o 8|2
@ 2 © )
YN Y ' vy
8
. DATA A
laddr INEE | MEM HE
ADDR| 5 8al | [ACC
}J 2R3 ALU | ©alu [?'l
| B
0 B e E— .
8 sign
TMP sl ¥ 2
> 9
BUS | | vs=
(] } Si 5 Ls 8
Ic*x *e 00 ck ace Igr]achero=OFF

Id T1g evtoAéc addx, 01 AEITOVPYIEG KOTG TOV OEVLTEPO KUKAO €KTEAECTG Elval TOPOUOIES: TO HOVO TTOL
aAralel etvan 10 alu_md=add. ['d 11 evioAég stx, Ol Aeltovpyieg Tov devTEPOL KUKAOL EKTEAEGT G Bupilovv
exelveg ¢ aming st: o ACC odnyel to BUS (acc2bus=1) kot ta dedopéva antd ypaeovtal Gt Uviun
dedopévav (dm_wr=1). H dapopd and v amin st givor 610 addr _md: ekei fjtav 0, onoTe YpaQape 6t
devbvvon ADDR mov mepiéxel m €vIoAn, eved €dd givar 1, omdte ypdpovue otn devbuvvon TMP mov
dpdacape Kotd ToV TPMOTO KUKAO 0t TV idto, T viun dedopévav. @uundnte 6tL, Kot yud Tig Tpeic 1dx,
addx, stx, 0 TPMTOG KUKAOG EKTEAEOTG Etva 1010G.

opcode = addx, ldx, stx

Onwg sinape mopamdvo, aeod HEPIKES EVIOAEG TOL TEMKOV VTOAOYIOTY|
pag ypelalovtat 500 KOKAOVG POAOYIO Y18 TNV EKTEAEGT TOVG, TO KOKA®MLOL X
eléyyov dgv pmopel md va elvar cuvdvootikd: ypewdleron ko 1 bit @
KOTAOTOOTG TTOV VO oG TATNPOPOPEL AV TP PPICKOUAGTE GTOV TPAOTO M

070 0guTePO KVKAO NG ektéheons. H FSM 1ov kukhdpoatog eAéyyov mov
mpoKkVTTEL Bal £XEL TO S1Gypappo KOTAGTAGE®Y oL QaiveTon dimia. Eotm S

to bit katdotacng g FSM. Otav S=0 0o onuaivel 0Tt PfplokOpacTe GTOV TPAOTO 1 KOl LOVOSIKO KOKAO

D

1 (always)
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EKTEAEONG TNG €EVTOANG. Metd omd évav kOkKAo S=0, udévov ot evitoréc 1dx, addx, stx TYQIVOLV OTNV
katdotoaon S=1, MAadn o€ de0TEPO KUKAO EKTEAEOTG --OAEG Ol GAAEC mapapévovy 6TV Katdotacn S=0,
dNAadn 6ToV TPMTO KOKAO EKTEAEGTG, PLGIKA TNG EMOUEVNC EVTOMG. Ot eVTOAES 1dx, addx, stx, LETA TNV
katdotaon S=1, anyaivovv wavto oty S=0, NAadn 6TOV TPAOTO KOKAO EKTEAECTG --PUGIKE TNG ETOUEVNG
EVTOANG.

Kavovikéd, yperaldpaote éva ofua apywomomong (reset) g FSM, mov va v @épvel oty Katdotoon
S$=0. T'& Adyovg amhomoinong dev B ypnoyomomoovpe tétot0 onua, Pacifopevol oto o6tL av 1 FSM
exkwnoel o S=1, to1e mavtote tov emduevo kOKAo Bo petofel oe S=0, cvpE®V pe TO JGypOpLL
petdfaong Kataotdoemv tng. Emiong, mditl yid amhomnoinon, 0o kdvoupe TG eVIOAEG OV EKTEAOVVTOL GE
£va KOKLo va oyvoobv v T Tov bit katdotaong, S. Etol, €dv 1 evioAn mov extedeiTol TOV TPOTO KOKAO
poloylov dev givon 1dx, addx, stx, avti Ba ekteleoTEl COOTA 0KOUA KL av TO bit katdotoong S=1 Katd tov
TPMOTO €KEVO KOHKAO, AOY® EAleymg reset. e pog avtd eacpariletat, yoti n eviodn ot B€on 00 eivon
input 10. PVoKA, TO GO reset deV UTOPOVUE VO TO YAVTMOCOVUE EVIEAMG, O10TL TPEMEL KATOLOG VoL
apykonomoel Tov PC=0- y1d4 amlomoinon tov KuKAOUATOV GOG, 0VTO TO KAVEL LOVN TNG 1 TAOKETO TOV
VTAOYIOTY, L€ TO O1KO TG KOLUT reset (aplotepd Katwm) 1 HOALG avapet 1| TpoPodoaGia.

Bdoel tov mapandve, o mivakag oindeiog g §12.2 emexteiveton pe Tig 3 véeg eviolég OTmG paivetot
TOPOKATO. AVTO gival kol To TANPEG KOKA®UA gAEéyyov Tov vroioyiotn poc. H eicodog S etvan 1o bit
katdotoong 1 €€odog nS eivor n emduevn katdotaorn. To onua pc_md yid TG €VIOAEG OLOKAAO®GONG
gppavifetal cov amlog aotepiokog (*), TapaTEUTOVTAG GTOV TANPT OPICUO TOV otV Tapamdve §12.2 1
otV 1odbvaun e&icwon oty §12.4- y1d tov 1610 AdY0, ot €i50d0t accZero, accSign Exovv TapaAinedel and
tov mivaka. Ocov apopd to onua tmp Id, map' 6TL €govpe POVOV avaykn avTod Vo avapel GTNY KATAGTOOT
S5=0 tov 3 vémv evtohdv, evtonTolg dev PAantel va avafel mavta, dedopévou 0Tt To Tepieyduevo tov TMP
TO KOTOVOADVOVUE TAVIO LEGO GTOV TPMTO KOKAO HETA TO POPTOUEG TOV, APa OEV EYOVUE OVYKT GVTO VO
dwtnpeiton y1é pokpodtepo. Tapampnote 611 o onpa pe ld givar 0 copumAnpope Tov 1S (PopTOVOLLE
mavta tov PC apéomg mpv petafoipe oty Katdotaon 0 yié va eKTELECOVLE PGV ETOUEVT] EVTOAN]).

opcode: Agitoupyla: addr md alu md  accZbus dm wr  pc md
S: ns: dm rd acc 1d 1o in im rd  pc 1d

0000 (add) x ACC:=ACC+DMI[A] 0 0 1 000 1 0 0 0 0 0 1
0001 (sub) x ACC:=ACC-DMI[A] 0 0 1 001 1 0 0 0 0 0 1
0010 (and) x ACC:=ACCandDM[A] O 0 1 010 1 0 0 0 0 0 1
0011 (nor) x ACC:=ACCnorDMI[A] 0 0 1 011 1 0 0 0 0 0 1
0100 (inp) x DM[A]:=I0_BUS 0 0 0 XXX 0 0 1 1 0 0 1
0101 (1d) x ACC:=DM[A] 0 0 1 1xx 1 0 0 0 0 0 1
0110 (st) x DM[A] :=ACC 0 0 0 XXX 0 1 0 1 0 0 1
0111 (jmp) x PC := A 0 0 0 XXX 0 0 0 0 1 1 1
1000 (beqg) x PC A or PC+1 0 0 0 XXX 0 0 0 0 1 * 1
1001 (bne) x PC := A or PC+1 0 0 0 XXX 0 0 0 0 1 * 1
1010 (blt) =x PC := A or PC+1 0 0 0 XXX 0 0 0 0 1 * 1
1011 (bge) x PC := A or PC+l 0 0 0 XXX 0 0 0 0 1 * 1
1100 (addx) 0O TMP:=DMI[A] 1 0 1 XXX 0 0 0 0 0 b 0
1100 1 ACC:=ACC+DM[TMP] O 1 1 000 1 0 0 0 0 0 1
1101 (1dx) O TMP:=DMI[A] 1 0 1 XXX 0 0 0 0 0 b 0
1101 1 ACC:= DM[TMP] 0 1 1 1xx 1 0 0 0 0 0 1
1110 (stx) O TMP:=DMI[A] 1 0 1 XXX 0 0 0 0 0 b 0
1110 1 DM[TMP] :=ACC 0 1 0 XXX 0 1 0 1 0 0 1
1111 (jmpx) x PC := DMI[A] 0 0 1 XXX 0 0 0 0 0 1 1
Mévta yL& OAec auTéC TLG e€VvIOAéG: zeroZ2bus = 0 ; tmp 1d =1 ; io out =0 ;

Heipapo 12.7 Xvvomkoé Kokiopa EAéyyov

Yxedote To TANPEG KOKA®UO EAEYYOL, Pociopévol otov 4+, ©
mapomave mivaka oinbeiog tov. Enedn to kdkiopo ovtd ETZID_ 3
glvar oAV peyddo yid va to @TidEete OA0 pe TiG Alyeg amAég
moreg AND kot OR tov 2 £1600mv mov £xete ota chips cag, )
0o Ppeite otig TAakéteg (breadboard) éva emmAéov chip mov

Ba mepiEyet £Toleg apKeTES amd TIG AOYIKES GUVOPTNGELS TTOL
0o cog ypelootovv. [pdkertan yid to chip PAL CE 22V10
H-15PC/4, mov givon €va chip wpoypappoatilopevng Aoykng
(PAL - Programmable Array Logic). Ot akpodékteg g PAL
aVTG, ME TOV TPOMO TOL €ceic B TIC YPMOYOTOINGCTE,
paivovtal oto oynua de&d. ®a tpogodotnote otnv PAL 6
€16000v¢: Ta 4 bits Tov opcode kot Ta 2 bits eAéyyov Tpoonpov/undevicon tov cvocwpevth. Ta pins 1, 6,

opcode3
opcode2
opcode1
opcode0
accSign
accZero
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7,10, 11, ko 13 givor aypnoomomes €i6od0ot, kol UTopeite va ta apnoete acvvoeta enedn n PAL éyel
TPOYpOoUpaTIoTEl va ayvoet Ty Ty Toug. H PAL yevva 10 e£6dovg y1d cog, Tig €€ng:

e P _op: avdfel 0mote 0 opcode vrodekvoel evion mpdéng (operation), anAn (Ox indexed), n omoia
petafalrel 1o cuoowpevtn, dNAdT 0TV 0 opcode gival €vag and tovg { add, sub, and, nor, I1d }, 1
aAloiwg 6mote opcode==00xx 1 opcode==0101.

e P _brJdmp: avdfel énote o opcode vIOdEKVVEL EVIOAT| drakAddwong N amdov (Oxt indexed) dAparoc,
dniadn o6tav o opcode eivar évag amd Tovg { beq, bne, blt, bge, jmp }, 1 alloudg OmoTE
opcode==10xx 1 opcode==0111.

e P opx: avafel omote o opcode vmodeikvoel eviodn mpaéng indexed m omoia petafdrer to
GLGCMPELTH, OMAadT O0tav o opcode eivar évag amd tovg { addx, ldx }, 1 orhoubdg Omote
opcode==110x

® P opxSx: avdfel 0note 0 opcode VIOdeIKVLEL EVTOAY TTPAENG N amobikevong indexed, dniadn otov

0 opcode givan évag omd toug { addx, 1dx, stx }, 1 aAlowng émote opcode==110x 1} opcode==1110.

P_inp: avdfet 0tav kot pdvov otav opcode==0100, Sniadn etvon n eviorn input.

P_st: avafet 6tav kot povov 6tav opcode==0110, dnAadr eivor 1 eviods store.

P_inpsSt: avdPet 6tav opcode==01x0, dnAadn dtav 1 evtor eivar input 1 store.

P_stx: avdfel otav kot povov otav opcode==1110, dniadn eivon ) evioAn store indexed (stx).

PopAlljx: avdfel 6mote o opcode vodeikviel evioin Tpdéng, aming 1 indexed, n oroia petafdiet

TO GLGGMPELTY, 1| VTOSEIKVVEL TNV €VTOAN jump indexed, dnAadr| 6tav o0 opcode givarl Evag amd Tovg

{ add, sub, and, nor, 1d, addx, ldx, jmpx }, | aAloudg 6mote 0 opcode eivar 00xx 1| x101 1§ 110x 7

11x1.

e pc md = [(opcode==x111)] OR [(opcode==100x) AND (opcode[0] XOR accZero)] OR
[(opcode==101x) AND (opcode[0] XOR accSign)], dnAodn €ivar €T0Ho TO GNHAL TOL TPENEL VO
eléy&el tov mohvmAékTn otnVv gicodo tov PC.

210 €PYOOTNPLO, KOTOOKEVAOTE TO KUKAMUO EAEYYOL TOL OTAOD VTOAOYIGTH, YPTOULOTOIOVIOG TNV
napandve PAL kabdg kot dikd cog chips yud to (éva) flip-flop kKotdotaong, yid Evav aviietpopéa yid to
bit katdotoong, Kot yid pepikés noleg AND kar OR mov Ba ypelaoteite. Oa ypewaoteite Eva Koo pordi
OV VO TpoPodotel 1060 10 dkd cag flip-flop katdotaong 6co kot to datapath Tov amkod vmoloyioty.
Xpnoononote o SOt A, and TV TAAKETO 1600w0V/EEOdmV, de€ld, Y14 TO0 okomd avtd. Tnv é£0do
OTOV TOV SLOKOMTN, Ao TNV Kokmdlotawia, ddote TV T0c0 oto d1kd cag chip pe to flip-flop katdotoong
000 Kot oto datapath Tov vmoAoyioth. [d tov TElevTaio OLTO GKOTO, TPOPOSOTHOTE TO GO OO TOV
Swaom A ot0 Hikpo (avovopo!) axpodéktn tov datapath mov Bpioketon de€udt amd Tovg 4 aKPOSEKTES TOV
opcode kot apiotepd amd to dvo chips mov elvar apiotepd amd 1o SakdmTn poAoywov tov datapath.
Ecwtepikd, 0 andodg vroloylotg xpnoponolel cav porol Tov to Aoyikd OR avtod Tov akpodEKTN Kol TOL
dkoh Tov SloKOTTN, Gpa TEAMKE, maTAOVTAG UOVO TOV dokomTn A Kot Oyl Tov S10KOTT PoAoyloh Tov
datapath, Ba €yete éva 160dUvVap0 poddt yid To datapath mwov tavtileton pe v 6060 TOL dlaKOTTN A.

EXéyEte 10 KOKA®UA GOG KOl TOV DTOAOYIGTY] EKTEAMVTOG TO TOPOTAV® TPOYPAppoTo oTic dievboveelg 20
kot 30 Y14 Srpopeg Tég g166d0v. O mivakag otoyeiov Ag, Al, ..., A127 otig dicvbuveelg 80, 81, ..., FF ¢
pvnung dedopévav apytkomoteitat yu oag og kabe reset otig Tywés: 01, FF, 02, FE, 03, FD, 04, FC, ..., 3F,
Cl1, 40, CO0, xotd ceipd.

Emotpoon towv Chips Tov Epyactnpiov

Metd ™ AMén tov gpyactnpiov 12 voyPEOVOTE VoL EMGTPEYETE TO GAKKOVAGKL LE To, chips Tov cag 660nKe
YU TIG EPYACTNPLOKES OOKNGES anToV Tov pabnpatoc. Emotpéyte ta otov k. Niko Kpacod, péiog EATIT
tov T.En.Y7., mAiépmvo 2810.393595, ato ypapeio '-028 tov Agvkod Ktipiov, Kotd Tig £pyaoipes HEPES
kol opeg, puéypt 1 27 Iavovapiov 2006. H emotpor| tov chips givar arapaitntn mpobndbeon yud va
nmepdoete to padnuoa. Kobvotepnuéveg emotpopég (6nwg mépiov --petd omd piveg!) AEN Bo yivovton
deKTéG PETOG: OTOL0G dOgv emotpéyel ta chips péypt 27/1/2006 koPeton oto PaON L.

12.8 Taoyvtntoe kot Katavaroon Evépysrag tov Kvkhopdrtov CMOS:

H xvpiotepn myn kabvotepriicewv oto pkponiektpovikd chips givar o ypoévog At mov €va pedua [
ypewleTar y1é va QopTicel 1 v eKQopTicel [l mwapaotTiky yopnTikétnTa C oAlalovtag Ty Taon g
Katd AV: At = AQ /I = C-AV /I (6mov AQ givor t0 nAektpikd @optio mov divovpe 1 maipvovpe amd ™
XOPNTIKOTNTA). ATO TV €€icmon avtn TPOKVTTEL OTL Y18 VO £XOVUE YPTYOPOTEPO KUKAMUATA, OMALdT| Y1d
va Ehattdoovpe TNV Kabouotépnon At trng kdbe ToANg, Tpémnet:

o No eAaTTOGOLIE TNV TOPAGITIKY Y@pnTikotnTa "Poptiov” C Tov gival cuvdedepévn oty €060 TG
TOANG, KOl TOV EMOUEVAOC 1| TOAT| VTN TPETEL vaL TNV Poptilel kat va tnv ekeoptilel Kabe popd mov
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ypewletan va aAraEet v tdon (Aoywkn Tiun) g €£6dov tg. H yopnrtikdtnto @optiov pidg moAng
kaBopiletor and to TOGO TOALG KOl OGO peydAo mpayuato cvuvoéovior oty €£006 e Oco
MEPLOCOTEPES AAAEG TOAES £XOVUE GLVOESEL OTNV ££000 NG, TOCO LEYOAMVEL VTN 1 YOPNTIKOTNTO
poptiov. Emiong, 660 peyolvtepa transistors £yovv avtég ot dAleg TOAEC, TAAL TOGO PEYAADVEL M
YOPNTIKOTNTO OPTiOv. AKOUA, €AV VIAPYOVV HOKPLA KOADO cLVEedepéva otV £6000 oG, KoL
aVTd TPOGHETOLY YOPNTIKOTNTA. Apa, YIQ YPYOPO KUKAMDUOTO, TPEmel KaBe TOAN va odnyel Aiyeg
GAleG TOAEG, OE KOVTIVEG OMOCTAGEIS: 000 WUIKPOTEPO KOL OTAODOTEPO EIVOL EVO. KOKAWUA, TOGO
YPRYoPOTEPQ, doVvAEDEL!

e Na ghottddcovpe Tig aAlayég Taong AV g xopnTikoTnTag eopTiov TG TOANG. Zuvimg, avTtéc ival
aAlayés peta&h Tov dvo Aoyikmv emmédwv, "0" wor "1", dnA. peta&d 0 Volt kot g thong
tpopodociog. 'Etol, vedtepec yeviég chips €xouvv yauniotepn tdom tpopodociag (w.y. 2.5 V, 1.8 V,
1.2 V) and 11g morodtepes. ‘Eva pelovékmua g peimong avtig ivatl 0Tt To KuKAGUATO, YivovTol
mo gvaicOnta oto B6pvPo, my. 86pvPog 1.5 Volt eivan adidpopog oe kukidpata tov 5 Volt, evd
€lval KaTaoTPOPIKOC 68 KuKAMpOTa Le Tpopodocia 1.2 Volt.

e No avéioovpe 1o pedpa I mov n O pmopel va ddceL oty ££080 TG TPOKEWEVOL VO KAVEL TN
¥opNTIKOTTO Qoptiov va oArdéel tdon (Aoywn tiun). To pedua avtd kabopileron amd tTpeig
TOPBEyoVTES:

o Ooco Myodtepo transistors €v oelpd €l T0 KOKA®UO UAG TOANG, TOGO UEYOADTEPO PEVLLLO
pmopel va mepdoet péca and avtd. Av Buunbovue 6Tt pid TOAN €Yl TOCA transistors gv GEpA
00€G KoL Ol {60801 NG, TPOKVTTEL OTL V1A YPYOPO KUKADUATA TPETEL Ol TOAES VL EYOVV
Myeg €16000vg 1 KB pio, Gpo Kou WHAL doo amiovorepo eivor éva KOKAwuaA, TO00
ypRyopoTEPe. doviever!

o Oco peyardtepo gival éva transistor (6060 QapdHTEPO €ival TO KAVAIAL TOV), TOGO PEYOADTEPO
pedpa divel. To kakd pe kabe peydAo transistor givan 6Tt avEAveL avaAloyo Kot 1 TOPACITIKY
TOV YOPNTIKOTNTO, EMOUEVMG M 7TPOKHyovuevy TOAN Tov odnyel avtd To transistor PAEmel
HEYOAVTEPT YOPNTIKOTNTA POPTIOV KoL YiveTol o apyn!

o Ooco peyoivtepn givon 1 tdomn odynong evog transistor TG0 peyaAdTEPO pevpa divel aVTO.
To kokd pe 10 peYGAUO NG TAONG 0O0Mynong Tov transistors, dmAadn g TAONG
TpoPodoaiag, eivatl 6Tt vt awéavel kot o AV g €650V oL Afyale TOPATAV®, Gpa ivat
"ddpov admpo".

Extog amd v taydm o €vOg KUKADOUATOG, TO GALO GMUAVTIKO YOPOKTIPICTIKO OV oG OTAGYOAEL Elval 1
KOTOVAAWDOT| EVEPYELNG AVA LOVEADdQ ¥pOVOL (MAEKTPIKY 1oY1G): TOGO Ypryopa Eodgdel Ty umartapia, 1| OG0
moAd {eotaiveror (mOGoLg avepnotpes N KMpoToTikd yperdletar). H peyaddtepn ovvnbiopévn mnym
katavdiwong woyvog tov chips CMOS eivar n evépyela @OPTIONG Kol EKPOPTIONG TOV TOPACLTIKMOV
YOPNTIKOTAT®V TOL avTd &xovv péca tovg. Kdbe @opd mov m Aoyikn Ty &vOg mAekTpikod KOpPov
avePaiver amd to 0 oto 1 kot petd Eavanéptel oto 0, yaveran (petatpénetor o€ Bepudtnra) mocoTNTO

gvépyelag ton mpog C- VZ, omov C 1 TOPAGITIKN YOPNTIKOTNTO Tov KOUPov Kot V' n tdon tpopodociag.
Av1og glvan 0 KVOPLog AOYOS Y& Tov omoio ot vedtepes yeViEg chips €xouv younAOTEPT TAOT] TPOPOSOGING
(my. 2.5V, 1.8 V, 1.2 V) and 1ig morodtepes. ['d doopévn tdon tpopodocioc, 660 TEPIGGOTEPOL, Kl
HeyaADTEPNG YOPNTIKOTNTOG, NAekTpikol kOpPot aveBokatefaivovv (avafocpivouv) péca og éva chip, kot
000 TEPLOGOTEPES POPES aVA OEVTEPOLENTO TO KAVOLV aVTO, TOGO UEYOAVTEPT 10XV KATavVOA®VEL TO chip
avTd. Apa, Y& HKPN KOTOVIA®GN, TPETEL Evo KOKA®U va givatl pikpd (Aiyeg TOAeG, pikp YoPNTIKOTNTA),
N va dovAevel apyd (Mydtepa avefokateBacpoto vl SEVTEPOLETTO), 1 VO SOVAEVEL Y14 Afyo KOl LETE VoL
KkaBetan (vo pnv aArGlel KoTAoTaon), N TIG TEPIOGOTEPEG POPES va epyaletal €va LIKpd HOVO PEPOG TOL
KUKAMLOTOG KOt TO DTOAOITO Vo KAOeTaL.
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