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210 tehevtaio avtd péQog tov pabfuatog Oa dolue mhg umogolue vo GpTtidEovue évav amho
VITOAOYLOTH] YQNOLUOTIOLDVTAS UOVO Paoitroic dounotg AMOovg avtol Tou Habfuotog: RaTayweNTES,
LV UES, 00QOLOTES, TTOAMVTTAERTES, ®OL £VO ITAO CUVOVAOTIXG ®UXAwua 1 wd amhf) FSM yiud va ehéyyel
TO TOQATAVW. 2to gQyooTiioo Ba Poeite étowwo to TuNua dedopévarv (datapath) cvtol TOU
VITOAOYLOTH], OTTOV VIIAQYOVV eVOeinTES Ue TG TLUES OAV TV dlevBivoewv, dedouévarv, ral onuaTwy,
%ol Oa GpTidEete goeig 1o ®ixhmpo eEMEYYoU: TV emdOpevy fOopdda, Oa ouveyioete pe md TOAOTAORES
eVTOLEC naL xvrhdpoto eléyyov. [lag' 6Tl 0 voloyloThs avtdg elvar TOAD amhog (ammhoindg) --xal
TOAD aQYOg!-- elval evtoUTolg €vag ®OVOVIROG VTOAOYLOTNG, AvOS va extelel (0yedov) to »dbe
moYQOUpar TA MOVA IOV TOU Ag(mouv eival oyetind devtegeliovoeg AeTTOUEQELES, HaL OYL RATL
gvvolohoynd xevrowo. O vmoloylotig pag Ba elvar ontdumrog (8-bit), Onhadr) Ba dovhevel ue AéEeig
TV 8 bits: povaduxi) eEaipeon Ba eivan oL evtorég, mov éxouv 12 bits xabepio (0mdTE ROW 1) PVIUN TTOV
T egLéyel Ba etvan dmwdendpmn 0to TAATOC).

Byrio: m UAn TV goyaotnolmv 11 now 12 ovyyeveder ue to xepdharo 18 tov Pipiiov tou Dally, av
®noL To nePpdhoro exeivo elvar md megimhoxo amd tov dwd pag vrohoyoti), doa poOvov ool loTe
TOYWENUEVOL ®OLTAETE TO, v OéheTe. Ta dAha Bhia dev Exouv naTL OYETIRO.

11.1 Mio ot AgOuntixiy/Aoywxi) Movada (ALU):

Ztv a0l evOg VITOAOYLOTH] elvol L povada mov extelel o QOUNTIRES now hoyirég mpdEels. Amd
oL TIRES TRAEELS, B €éxoupe povo mEdobeon xan apaigeon axegaiwv: yid Adyovg amhdtnTog Oev
0a éxovpe molhamhaotoopd (Lotdtel pe mohhéc mEoobEoels), dialgeon (Lodler pe emavelMuuEVeg
adoLEésels), 1 0EOHoVg wvNTiG VITOdLAOTOMS (0L oyeTivéc MEAEELS avAyovTal TeEMnd o mEAEELS
oxegaimv). Oa yonowpomotoovpe ooy "Aguntni/Aoyir Movdada" (Arithmetic/Logic Unit - ALU)
TO RORAWUO TOV OYNUATOS, TOU 0TV %0QOLd TOV €xeL évav abgoloti) (adder) oav autolg mov etdape
0to €Qyaotioo 5. Onwg eidaue oty §6.7, n adaipeon A-B yivetor péow g medobeong A+(B')+1,
omou A xau B elval mgoonpaopévol axégaiol apol og xmwOLromoinon CUUTANQEMOUATOS MG OGS 2,
nou (B') elvon 0 aplBuog mou mpoxdmter amd Tov B av avtiotgéypovpe To vdbe bit Tov (cuuTAomua g
71006 1, Oh. hoyrd-OXI). Tnv dOOTNTO AUTH EXPETAAAEVOPOOTE, UE TOV 0QLOTEQO-TIAV® TIOAMTAEXTY,
yi& vo xéver  ALU pog xow adoigeon A-B- 1o "+1" mpoximter ¢pooviiCovrag va elvar 1 to
npatolpevo eo6dov, Cin, tov abgoiloti) 6mote o molvmAéxtng emAéyel to (B'), Onhadf Omote
nAvouue adaigeon. ~ mode
Extog amd tov oxtdumro abgowotiy, 1 ALU €xel non

8 mihheg KAI (AND) nabmg now 8 mbhec OYTE (NOR) 1Al
YI& vo pwogel va ndvelL TG ovtlOTOLES AOYLRES
mpdEelg mhvw otig AEEEl €000V TmEoORELTAL VLA
hoywég mopdEews Dbit-mpog-bit  (bitwise operations), .
Onhadi to bit i Tng €E6S0V Ba elvar To hoynd KAI 1 g B

O

- . Arithmetic/
Cin Logic

Unit
(ALU)

to Aoyrd OYTE tov bit i Tng el06dou A %ot Tov bit i
™G €106d0v B. Kdbe tétota oxtdda muhav dpaivetor

oxedloopévy oav wio oA, xdto ogrotepd. O +— 8
TOAVTIAEXTNG  aQotepd  rdtw  emAéyer av  TO
amotéheopa  hoywng mEAENg mov Ofhovpe va g

npatnoovue etvar to Aoyd KAI 1) to hoyind OYTE.
H emioyn avti yiveton pe to (dto ofjuo eléyyov mou
emAéyel xou edv Ba ndvovue mpdobeom 1 adpaigeon
ovto onuaiver 6TL OV UTOEOUE VO, EMAEEOVE TAUTOXQOVA CUVOVOOUOUG OIMG T.Y. TEOOOETN %L
OYTE --6pwg, mpodavdg, ®atL Tétolo 0ev pag evoladéeL va to xdvoupue, apol | ALU uiag povo
mdENGS To amotéleopa pag evoladéoel va Pydler otnv €€080 Tng, rau moté dvo diadpogeTind
amoteléoparto tavtodyeova. ‘Etol, o momrtog amtd tovg mohvmhénteg OeLd emmAéyel av embupotue vo
NQATNOOVUE TO ATOTEALEOUO THG AOLOUNTIXTG TRAENS 7OV %AVEL 0 ABQOLOTYG, 1] TO ATOTELECUO TG
Aoywrilg mEAENS mov xdvouv ot oies. Kot tehnd, o tehevtaiog 0eEd molvmhéntng emiéyel av Oa
000l otnv £€E0d0 (a) TO amotéreopa TG AU TS 1) TS Aoyrg medEng, N (B) m delteen eicodog

{
oo
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™ ALU, B, avuti] zabeovth ywoic ahnv emeEegyaoio. Tnv televtaio auti duvatdTTa, IOV THV
Aépe "mégaoe to B" (passB), Ba dovpe 6t Ba Ty yoelaoTovue og evtolég 6mmg 1 "load", moQanrdTo.
"Etot, ouvolnd, 1 ALU pmogei var xdvel Tig moQandtw mdEels, avahoyo pe TV exGoTOTE TUUH TmV
TOLOV onudtwv eAEyyov TG, mode. H évdelEn "x" oto mode onpaiver 6t 1 ALU ndvel v (dua modEn
omoLa Tl ®a va €xel To avtiotToryo bit Tov mode (ouvONxn adiadogiag, mov ovyyevevel pe doa
etdape otnv §4.4).

mode:  Ilp&&n: Ovoua:
000 ALUout = A+B (add)
001 ALUout = A-B (sub)
010 ALUout = A AND B (and)
011 ALUout = NOT (A OR B) (nor)
1xx ALUout = B (passB)

Suyva, évag vrohoylotig Oéhovpe va €xel TOvAdyLoTO TEElS Aoyinés mpdEels: AND, OR, NOT. O duxrdg
pog Ba éxer povo do emeldi), 0mwg Ba dovpe mO ®ATW, OéxeTOL POVO 16 oUVOMnE eVIOAES, naL devV
vIThEYe UETOED Toug XMEOg xat yid v OR xaw yid v NOT. Ortov yeeialopaote éva amhd NOT,
wrogovpe va ndvoupe NOR pe to undév, now 0mote yoewalopaote éva OR pmogolpe vo xdvovue
mowta €vo. NOR nou petd éva NOT (Onh. NOR pe pndév). Avutd, TautdyQova, ATAOTOLEl RaL TO
nOrAopo T ALU ®ow TV ®0O1xommoinon tmv mode bits tng.

11.2 ITpdaEews ALU o' évav EneEegyaoti Tmov Zvooweevti) (Accumulator):

Twoa mov éxoupe thv ALU 6mov Oa extehovtol oL meAEels, To emduevo B€ua eival mavm o€ moLog
aopote Ba yivovror avtég ov med&els, mol Oa Peiorovtor avtoi ou agbpol, »ar g Ba Tovg
emiéyovpe. Agdouévou OtL oL VIOAOYLOTESG TRooRilovtal Yl TV emeEegyaoio peydhov Oyrou
dedouévarv, mpopovag Ba yoewaototue pion (ueydin) pvhun (§9.3) émov Oa xpoTovVINL CUTA TO
dedouéva. Avth ™) Aépe "Mvijun Agdouévorv" (Data Memory), ®oL GOIVETOL OTO TTOQOUXATW OYTULOL.
TG va yiver pio medEN (.. medobeo), xoeralopaote U0 aQBPolg TAVM 0ToVg omoious Ba yivel 1
TRAEN, nau yoerdletal va TomofetnOel ®Amov o To AToTELETUO TG TRAENS. YTTAQY0UV VTOAOYLOTES
mov Yu& vo yiver owtd daPdlovv 000 0Bpols amd T pviun dedouévorv, rat yoddouvv To
amotéleopa emiong oe xdmowo B€on g pvhung dedopévov. T'd pog Opmg, xndte tétolo Bo MTav
moAUTThO%0, SLOTL Bo amautovoe TEels XwELoTES MEOOoTELGOELS Ot iU --000 avayvmoels xot pio
eyyoadt). Epeic Oo arolovOfcovpe wdv drin "agyltextovixi)" vmwoloylot --tnv arhooTEQY TOU
€YEL VITAQEEL LOTOQIRAL: TNV aQ)LTEXTOVIXY 0VOoWEEVTY (accumulator architecture). TV 0QYLTEXTOVIXRY)
OQUTY], VTTAQYEL €vag €OWOC HOTOYXWENTNG, EEm 0md T pvihun dedouévmv, o omoiog rQatdel Evayv
000ud --to amotéheoua g MO mEOOPATNS TEdENS. Kdbe nawvolpyio mpdEn yivetar avdpeoa oe
ot TO MO TEOCHATO ATOTELEOUA ®AL O' £Vl ®OULVOUEYLO alOd Tov daPAlove amd T v, ®ol
apfver To amotéheopd g dAL o avtdV Tov edwd rnatoywenth. ‘Etol, mwy., ov ®advovue cuveyels
1p000£0¢1g, OVOOWEEVETAL O OQUTOV TOV RATAXWENT TO GOgowopa OAwv TV 0QOUOV OV
dwafpdoope amd T pvAun xol TQOCOEcOUE, oL YU QUTO O HOTOYXWENTNS AVTOS OVOUAOTNHE
"oveomeevTi|s" (accumulator). OL onpeELvol VTOAOYLOTEG €XOVV QQUETOUS TETOLOUG HOTOYMONTES --
ovvnOwg 32 tovg ovoudlovue "raTaymENTES YEVIXOU onomol" (general-purpose registers), xow Oyl

OVOOWQEVTEC. dmWr dmRd - 9
210 oynpa daivetor n amoutopevy ouvoeouoloyLd yid vo D AT/'\ MEM'. 3 @
ylvovtar  ov.  mpd&elc Omwg Tic  meguyodypape. O 3 @
OVOOMEEVTNG elval £vag axpoTVEOdOTNTOS RATAYWENTNS 08f 12

(§8.5), mov omuewdvetor oav "ACC". 'Evo eEwteound % 82 ]1 2

nOrAopo, Tov Ba dovpue og Aiyo, toodpodotel T diehBuvon 2 0B-

ADDR otn pviun Oedouévov, rabdg oL To ONUOTO  —w O
eléyyov avayvwong (dmRd - data memory read enable) xou s L 2
eyyoapns (dmWr - data memory write enable), | V
TQOXRAADVTOS TNV ovayvwon s AEEng (dmh. evdg T ek
aoBpo?) amd ™ 0éon pvhuns ADDR. H ALU maigvel to y 8 BUS

neQleyOuevo tov ovoomeevti) ACC ot wdéd g etoodo,

%ol Tov oolpd mov dwPdoape amd TN pvhun othv A to eEmteound wimAwpa ehéyyov
mo0dLoQitel, péow tov aluMd (ALU mode), to €idog tg MQAENS mov meémel vo. yivelL, ®oL TO
amotéleopa g mAENS didetanr oav €l00d0g 0to ovoowEevti). Otav éM0eL M eveQyn oxpi] Tov
0AOYLOU, TO AMOTEAECUO AVTHG TG TEAENS avTaTOLOTA TO TAAoLd TEQLEXOUEVO TOU GUOCMQOEUTH).
Katd noupoie, mpémel to amotéheouo Twv medEewv va ammodnrevetal (Yoddetor) og ud embuunti
0¢om (MEEM) pvIUNG, TTQORELUEVOU UETA VO EEXLVI|OEL ®ATTOLA VEX OELRA TRAEEWV 0T0 cvoomEEVTH. [d
va, yivetan 1 amofnxevon auth mEoPAEPTyne £vag TOWATAOTATOS 00N YNTHS, eELd ®ATW, O 0MOLOg
tomobetel 1o megleyOduevo Tov ACC mdve ot Aewdogo (bus), At 0710V ®OL TO TOQOAAUPAVEL 1) ViU
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Y& va yiver m eyyoadn. Ta ofpota eléyyov mov mémel va evepyomomnBoiv eivarl ta acc2bus (ACC
1p0g bus - ACC to bus, 6mou To "2" elvol opdNy o pe to "to") now dmWr.

11.3 Mpoyeauna zor Evrorés: or Odnyies yia tig IodEerg

TG va AertovQynoeL To ToQATIAvVm ®UXAWUO ®aw Vo, Yivouv oL embuuntés mpdiEels, mpémel ®AmoLog va
toododotel Tig dlevBivoelg, ADDR, %ol ta ofpoto EAEYYOV TV TQAEEWY, dmRd, aluMd, acc2bus, o
dmWr. Tn dovleld avti avorapPdver éva dhho winAwpo, mov Ba dovue moQoxdT®, TO 0mMolo
onolovfel motd TIg oyeTnéc odnyleg mov €xeL yodyel évag dvBomwmog (pe tn Ponbela ndmolou
VTOAOYLOTH)) %Ol Ol OToieg elvan amobnuevpéves oe wad pvihun. Kédbe odnyio yid d ovyrexguévn
TOAEN 1] evégyela Aéyetal evror) (instruction), ®ow To 0UVOLO TV EVIOADV 7OV €xouv d00el o' évav
VIOAOYLOTH] (€XOUV YQODTEL OTY LV TOV) ROl TIS 0Toleg auTOG arohovBel e dedouévn otrypr Aépe
0Tl amoTELOVY TO MEOYQOupa (program) wov avtog "exntelel" (executes) 1) "toéyel" (runs) T dedouévn
otryu]. Ta »urhopata amotehov 10 viMxd (hardware) Tou VTOAOYLOTH, ®OL T TQOYQAUUOATO TTOU
TEEYOUV 1] WToQO 1V Vo TEEEOVV 08 avTdV ATOTEAOTV TO AoYLopIXO TOV (software).

O #d&Be vmoloylothg "ratarafaivel", ONLadT pmogel vo avayvmeioel xoL va eXTELEOEL, OQLOPEVES
LOVO, CUYHERQLUEVES EVTOAES 1) TUTTOVS EVIOADV: aVTéG TIG OVOUdLovpe GUVOLO 1) QETEQTOQLO EVTOAGDV
(instruction set) Tov vmohoyloti]. Ou €vtorég Tou 0ol pog vmoloyloth) amoteholvtor amd o
nopditia xoBepia: évav "vodna mEAENS" (operation code, 1) opcode v ouvtopia), nat wa devBuvon
ADDR. Kd60¢ evtol] amoteheiton 06 12 bits, amd Ta omoio Ta 4 MS bits eivor o opcode xaw to 8 LS bits
etvar 1 devBuvon. T avtd 10 €QYNOTIOLO, O VITOAOYLOTNGS MO Oa €xeL TO QEMEQTOQLO TV 8 EVIOADV
IOV GALVETOL OTOV TTOQORATW THvoro: HeQés eVTOAES Ba eEnynbolv oe emdUEVES TAQAYQAPOUS: TIG
vrdhoueg 8 evrolég Ba T TROOHECOULE OTO ETOUEVO EQYAOTNQLO.

PenepToplo EVTOAWV (Instruction Set):

NMwooo Mnxovig: F'\. Assembly: INUAivEL:

0000aaaaaaaa add ADDR ACC <- ACC + DM[ADDR]

000laaaaaaaa sub ADDR ACC <- ACC - DM[ADDR]

00l0aaaaaaaa and ADDR ACC <- ACC AND DM[ADDR]

0Ollaaaaaaaa nor ADDR ACC <- NOT ( ACC OR DM[ADDR] )

0100aaaaaaaa input ADDR DM[ADDR] <- €EWTEPLKA €loodog omrd
TANKTPOAOYLO (§11.8)

0l0laaaaaaaa load ADDR ACC <- DM[ADDR]

0ll0aaaaaaaa store ADDR DM[ADDR] <- ACC

0lllaaaaaaaa jump ADDR PC <- ADDR (&mOM.eVT.0t ADDR: §11.9)

2TV 0QLOTEQT] OTNAT TOV Tivaxra Gaivetal 1 ®v40e evioh) oe "Thowosa Mnyavis (machine language, 1)
object code, 1] binary code), dnAadi] OmWS QLT VITAQYEL LECO OTH UviUT (EVIOAMDYV) TOU VTOAOYLOTY
(dooor nar pundevind). Ta 4 MS (alotepd) bits tng evtolilg, Omwg eimape, eivar o opcode nol
VI0dERVVOVV TO €005 NG mEAENS. Ta 8 LS (deE1d) bits tng evtoAng, mov dpaivovtor oav "aaaaaaaa",
elval ta 8 bits tng detOvvong ADDR, 6mtwg eimope moQamdvem.

210 pecato UEQOS TOU mivoaxa Qaivetol 1 cupPoinrt] yoodn Tng evioiic: M momTn AEEN elvan to
oUpPoro tov opcode, evid To ADDR avtirabiotator vdbe pod amd T ovyxrexoipévrn dietBvvon mou
emBupotue vo yenolwomotjcovpe --évav aoldud amd 0 péyol 255, adov ou devbivoelg elvol
oxthputeg otov vwoloywoti pog. Eva medyoappo pe Tig eVIOAES TOU YQOUMEVES PE QUTO TO
ovpPorlond Aépe ot elvor yoaupévo oe "TAmooo Assembly". Ztn uviun Tov vToloyLoti), puowrd, To
puovo mov vdipyel elvar doool kot undevirnd, doa Yid va exteleotel éva modyoapupo Assembly moémel
oMTe. Vo petotoamel oty duadwi] Tov avamogdotact, Onhadny ot FAdwoco Mmyoavis. H
pETATEOTH ovTh elvar oA amif): ®d0e ovuPfolxdg opcode ovtixabiotator pe tov ovtioToryo
duadrd tov xmdma, nor ®Ebe devOuvon petatpémetor oto dvadikd. Tn petatom avth (wol
peowég dilheg oyetvég Pondntnég epyaoies) v xavel ovviiBmg Eva UrEO TEOYQOUUN VTOAOYLOTH
mov ovoudCeton Assembler.

Stc deElég otnhes Tov mivara daivetar plo "eElomon petadods rataymontdv" (register transfer
equation), 1 OmO{0. TEQLYQADEL TLG EVEQYELES OV TRETEL VO YIVOUV TTQORELUEVOU O VTOAOYLOTHC VO
EXTENEOEL TNV EVTOMT]. Z€ QTS TLG EELOMOELS, TO 0QLOTEQD PENOG VITOdEWVUEL HETOPOQA KOl EYYQAPT)
m\npodogiog (exywonon - assignment). O cvpPoiopds "DM[ADDR]" onuaiver ™ 0éomn (AEEN) tng
uviung dedopévav (DM) otn dietBuvon ADDR. Otav o cvooweevtic, ACC, gudaviletor non deEd
noL 0QLOTEQN aTtd to Péhog, ToTE OeELd pev onuaiver To ohoud TEQLEXOUEVO TOV (JIOLV TNV axu
00AOYLOU), 0ELoTEQG Og onuaiver ™ véo T Tov (UETd TNV axuf] QOAOYLOD) --0mwS ®OL OTLS
EUYWQETOELS (assignments) TMV YAWOGMV TQOYQUUUATIOHOV.
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"Etot, 1) evtoM| load ADDR (pOQTwoe) dafdlel Tov agliud mov megiéyetar ot diehOuvon ADDR g
pviung, dnmhadf duafdler To DM[ADDR], %dl TO avilyQdder 0to ovoomeevti. H evioll) add ADDR
mpooBétel To mohawd meQleyouevo Tov ACC pe tov aglpd mov megiéyetal ot OetOvvon ADDR tng
LvnungG, ®ou yoaodeL To amotéheoua otov ACC. Avtiotolya, oL evIohéS sub, and, nor ®AVOLV TIS
avahoyeg medEels. TéLOG, 1 evtOoA) store ADDR (amoBnxevoe) avirypddel to megeyduevo tov ACC
ot 0éon (AEEN) pvhung pe devBuvon ADDR. Ztnv madyoado 11.8 Oa wAnoovue yid TV €VIOAT
input ADDR, 1 07olo YQAadeL opoiwg oty 0éon (AEEN) pvhung pe dietBvvon ADDR, alld yoddeL
dedopéva amd uav eEwtegunt| e(00d0 (TANUTEOAOYLO) HOL OYL OITTO TOV CUOCMQEEUTY). TNV TAQAYQAPO
11.9 Oa Anoouvpe yud Tnv €viohf] jump ADDR, 1 omoio. ®dveL MOTE 1) €MOUEVN €VTOAN mov Oa
exteAEOTEL VO UMV elvar 1 "otd ®AT®" YOOUUEVY OTY UV EVTOAGDV, aALG ud GAAn (otn diehBuvon
ADDR).

INdé mogdderypa, houwwdv, av 1 puviun dedopévov meQLEyeL Tovg aQlOuols mov ¢aivovidl oTo
moQamave oxfuo (dtevbivoelg rar dedouéva daivoviar oto denoeEadnd), TOTE TO TEOYQOLLLLAL:
"load 08; add 09; add 0A; store 0B;" Oa mgoxohiécel Tig €ENg evépyeles. [Tomta Ba diafactel
0 aBpog 12 (deraeEadind) amd ) B€omn 08 now Ba yoadtel 0T0 CLOCMWEEVTH peTd, B dofaoTel o
aQuOuog 1816y nau Oa moootebel otov 1216y maQdyovtog T0 amotéheopa 2A (dexaeEadind) To omoio
nou Bo yoadtel oto ouocowevTi) ev ouveyela, Ba dofaotel to 1A amd ™) 0éan 0A, Ba mpoatebet oto
2A, nou o amotéheopa 44 (denaeEadnd) Oo pelver 6To CVOOWEEVTH: %L TEAOG, TO TEQLEXOEVO 44 (16)

TOV oVoowWEeLTY] Ba yoadtel oty BEon pvijung 0B.
114 Avayvoon & Extéleon Eviolov:

INé vo umo€oeL 0 VITOAOYLOTC VO EXTEAEDCEL TIC EVTOAES TOU TIQOYQAUMATOS, TIRETEL ALUTES VAL (VAL
HATTOV YQOUUEVES, ROl atd exel va Tig dtofdler pia-pio now va tig extehel. Avtog elval o QOAOG TV
otolyeimv mov Ba mpooBécovue €dm oto ®OKAWpM ™ §11.2, ®ou To omoia GaivovTolL 0To ETOUEVO
oynuo. - apLoteed Muov. To mpdyoapuo elvar amoBnrevuévo otn "Mvijun Evrodav' (Instruction
Memory). Kavovixd, oL vtohoylotég xenottomototv v Ot pviun yud va amoBnxedouv 1600 T
dedouéva 600 raL To TEOYQAUUA (08 KWELOTES OLleVBUVOoELS TO RABEVA): e TOV TQOTO aUTO, OV €YoV e
€va WrQEO TQOYQOUUO UTAQYEL X(MEOS Yl TOAAA O0edopéva, ral avtiotQOPws, av E€Xoupe Alya
Oedopéva uwopet To mpdyoappa va eivar peyaro. Epeig edo yonolpomototue 000 Y mOLOTES LUVIIEG,
wé 1o dedopéva nan A yid eviohés, yid va amhormown0el To wixhmpa ol 1 Aettovgyla Tov. IN'd va
WIT0QE0EL TO ®KURAMUA pag Vo eXTEMECEL LAY EVIOLT|, TTRETEL VO TV OLOPAOEL OTTO T VTN EVIOADV,
1oL YL& TO o%0omO avtd yeeldletar ™) devbuvon g puvnung avtig 6mov Peloxetor M emBuunTy
eVTOAT. Autdg etvar o pohog Tov "Metonti) llgoygdupatrog" (Program Counter - PC): 0 nataywenTig
ovtds %eatd TN OlelBuvon g pvhung evtoAdv 6mouv Poioxetor M evtoll] mou B&houvpe va
EXTENEOOVLE.

210 modderypa Tov oxfuotog, o PC meguéyel tov aolipd 10 (dexaeEadind), o omoiog didetar oa
OLe0OvVVOT OTN PVhUn EVIOADY: 1) v evioldv dafdler xan pog divel to meglexduevo tng Béong 10,
To omolo edw Tuyaivel vo elval 1 evtoli] Ioad 08 --x®OROTOMUEVY O YAMOOO UNyaviig duownd,
Oniadn "010100001000" ohupmva pe TO TOQOTAVM QEMEQTOQLO eviol®v. Kabe AEEN tng pvhung
evTtoh®V eival 12 bits, #o

meQLeeL wav evrohd). Ta DATA

12 ovgpoto  avayvmong MEM.
mov  Pyaivovv amd ™

pvAum o), Ta yoeiCovpe 08~|08:[ 12

oe 4 apuotepd (MS) 09:] 18
OUQUATO. TIOV  JTYQivouv OA:[ 1A
070 ®ORAWUO ENEYYOV, ROL 0B:

8 0gkld (LS) olpopata mov

myaivouv oo dedOuvon § e —

o  pvipn - dedopévav. Lt Gontrol [opcode 4 % g Addr y 12
Aol Oleg oL eVTOAES TOV Id dmBRd. dmwr '
VITOAOYLOTH) Hog ' aluMd acc2bus

osotehovToL oo évayv

opcode ota 4 MS bits xow pia dtevBuvon ota 8 LS bits, pe T ovvdeoporoyia auti) myaivel o opcode
010 nOxhopa ehéyyou zal 1 detBvvan otn pviun dedopévwv. Zto moedderyud pog, o opcode gival
0101 (mov onpaiver load), »nar M devOvvon elvor 00001000 (dni. 08 deraeEadind). To rinlwpa
eréyyou, PAEmovTag ™V evioAf] load, Ba Tntioer avdyvoon amnd T pviun dedopévov (dmRd=1,
dmWr=0, acc2bus=0) nar 0o BéoeL v ALU oe Aertovoyia passB (aluMd=1xx). H pviun dedopévarv,
pPArémovtag TN devBuvomn 08 naw O6TL TG Cnteitanr avayvwon, Ba tomobetioel Tov aQOud 12 ot
hewpOgo- M ALU, extehdviag Aertoveyia passB, Ba mepdoel tov agiud 12 oty €£006 g otny
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Lab 11: Datapath of a simple Processor (U.Crete, CS-120) 16/12/2021, 19:06

gveQyn axpi] Tov Qohoylol, o aQBpds autdg Ba yoadtel oto ovooweevtiy ACC, ohoxinedvoviog
£TOL TNV eXTELEDT TNG EVIOANG load 08.

Metd v extéleon g eviol|g load 08 amd ) B€om 10 TG PvIUNG EVIOAMV, TQETEL VAL EXTEAEOTEL 1)
emopev eviol). Katd mdyio obppoon, extods eldinmv eEapéoewv mov Oa dolue mod vdtw (§11.9), 1
ETOUEVT) EVTOAT PoloneTal YQOUUEVT) 0TV axQP®Og etduevy 0Eon uvhung --ed®, ot OetOvvon 11.
INé va mgontyPer 1 emtdpevn vt dlehBuvorn Y& T PV EVIOADV, XOTOLUOTOLOVUE TOV QVENTY
(incrementor) wov GolveTal aQLOTEQG 0To Oxfua, ONAadf évav abooioth) ue dedtepn €icodo Tto +1.
"Etot, otnv (da mogamdvem evepyt) axpf) Tov goAoyot ov yeddetor o aguds 12 010 0VOCWEEVTH
ACC, yoddetor nor to amotéheoua tng meodobeons 10+1=11 otov nataywenti) PC. To amotéleopa
elvan 6L otov emtdpevo nxho gohoylot o PC Oa megiéyet 11- 1 pvijun eviohav Oa diafdoer wan Oa pog
dmoeL to meglexouevo "000000001001" g Béong 11, ONAadi ™V evioll] add 09- 1O ®UORAOUO
eléyyou, BAémovtag opcode=0000 (add), Oa dmoeL dmRd=1, dnWr=0, acc2bus=0, nan aluMd=000 (dn\.
add)- n pviun dedopévav, Prémovrag devBuvon 09 now dmRd=1, o dwofdoer naw Ba dmoeL ot
Aewpogo tov apbud 18- 1 ALU, Prémoviag ACC=12, otn Aewdpogo to 18, now aluMd=add, Oa
nmpocBéoel 12+18 now Ba dwoer otnv €000 g 2A- now 0 aBQoLoTiG/aVENTHC aplotepd, PAémovTag
PC=11, Ba dwoel oty €£000 tou 11+1=12. MoMg éABeL 1) emOUEVY €veQYT] axrpi] QoAoYLoU, To 2A Ba
uret otov ACC, now to 12 Ba umet otov PC, ohoxAnoodvoviag £ToL TV extéleot) TG eVIOAIS add 09,
O TTQOETOLUATOVTAS HOg YLd TV €TOUEVN €VTOAT, add 04, amd 1 Oéon 12. O rataywoentig PC
ovoudletar "Metonrig Ilpoyodupatoc" axoPpog emedn) eivor xotd Pdon évag uetentig mmov
ovEavetar natd 1 oto TéhOg TG extéheong nabe evtorg Yl vo pag dwoel T OetOvvon Tng
ETOUEVNG EVIOMC: O TOMVTTAEXTYG TTOV VITAQYEL 0TV (0000 TOU 7EOO0QEICETOL VL& TNV QY IXOTONOT)
oV, 6ty didetan ofua Reset.

115 Koroymentés ne Enitgeyn ®ogrmong (Load Enable)

Eidape mogomdvm 6Tt 0 amhOg VIToAOYLOTHS MO YXoNoLpomolel oo
notoyweNtés  (axpomeodomrovs), tovg ACC now PC. KdébOe
OXUOTUQOOOTNTOC  ®OTOXWENTAS  amotelelton  amd  mwoAlothd
axpomuodotnta flip-flops (edd 8 flip-flops, apot ou xataymontés B

load enable Id

pog elvor oXTAUMTOL), OGS EVAG RATOYXWENTNS LOVTOAWTOV (§7.5) <
amoteleltal amd TOMATAOUS HOVTOAWTES --évav Yid %dBe bit. To

nOrRAOPO TNG TaAyeddov 8.5 yid ta axrpomugodotnta flip-flops nan
NOTOYWENTEG 1TAV TETOLO TOU OVEEQIQETA Oe xdBe eveQyl axun ck

QoAoywol 1M T TOV  ovouatwv  €06dov  Eumauve  péoa (@) ck (b)
(eyyoddovrav) oTov ratoywENT. YTAQYOUV TOAAES TEQLITMOELS

omovu dev Bélhoupe Tétola eyyoad) va yivetal oe ®dOe (eveQyr) axpr] QOAOYLOU, 0ALG HOVO OTLS ARUES
exelveg mov epeig emAEYoupe --raL ovTO O TO YEELOOTOUUE 1AL OTOV dKO PG VITOAOYLOTH, WLaiTeQa
0TO ETOUEVO EQYAOTNQLO. ZTLS TEQLITTMOELS CLUTEG, YOTOLUOTTOLOVME TO RUXAMUA TTOV GAiveETOL 0TO
oynua 0eELd (a), wow To omoio ovufoiitovpe pe to ovuPforo (b). To winhwpo avtd éxel évo onua
ehéyyov "emitoeyms ¢ogTmons" (load enable): 6tov To ofjua avtd eivan 0 (Aiyo molv xow »atd T
OLdoreLo TNG EveQYNS axpg TOU QOAOYLOV), TOTE 1) TUUH TTOV Elvol ATTOONUEVUEVT] OTOV RATOYWENTY
dev alGleL petd v axpd, emeldi] oty meaypotindtTa Eavadpogtdveton 1) dia Tuf}. Otav dumg to
onuo enitoeyns ¢pogtwong elvor 1 (0 éva unpd yoovind mapdBugo YOew amd Tnv axpui Tou
oA0YLOU), TOTE 1 TLUN| TV oVEUATWV 10600V, D, eyypddeTaL oav véa TLU] TOU ROTOYWQENTI] OTNV
% TOV QOAOYLOU.

11.6 O amhog Yrohoyrotils Tov Egyaoctneiov

2 ¢wroyadio mogardtm dpalvetar 1 mharéto mov vhomotel Tov "dpopo dedouévov" (datapath) Tov
ool vmoloyloth, v omota Oa Poeite oto egyaotiolo. Evyagiotolpe yid v oyediaon »ou
notooxev] g to Ivomtoito ITimgodogixiig tov ITE xnaw tovg Miyddn Avyeodxn, [doyo
Kaloxawowo, non Anunjton Toaiayxo (texviry] meprygadn tov FPGA tg mhonétog (dev amotelel
péQog Tou pabfuartog): Aumhwpatini Eoyaocio (PDE - 1.1IMB) tov A. Toaloyxot (Zem. 2007).

Avtd mov Aeimer wouw mémel eoels vo GpridEete eival 1o nirAmpa eMEYYoU, oV "evoQynoToMVeL" OAES
TIg AettovQyleg mov to datapath eivon o B€om va rdvet. To »Oxnhopa ehéyyov malgvel oav eLloddOUS TaL
4 bits Tov opcode (#ATW AOLOTEQA) --xOL AQYOTEQA %L 2 bits GVYXQLONG TOU CUOOMQEVTY| UE TO UNOEV
(nGtm OeELd)-- »au dlver oav eE6dovg Oha T ofuoto &YYoV (emdvm mAevd Tng mhaxétac). H
mhoxéta Tov datapath €yeL meQuoodTeQA oToLyeia amd autd mov eldape otnv §11.4, mooxeévoy va
TEOODEQEL ®OL TIG AelTouQyleg mou Oa TEQLYQAYPOUUE TOQOXATM Of OUTO %KoL OTO ETOUEVO
egyaotnElo. To mifpeg »Oxhwua wov viomolel | Thaxéta GOiveETOL 0TO OYNUATIXG SLAYQAUUL HATW
oo ™ dwToyoadia. Yrdoyovv evvéa dupndlol evdeinteg 7 tunudtov (7-segment displays) ov omoiol
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oag Oelyvouv avd maoo oTLypi] TV moooo T o€ evvéa eviladégovta (oxtdpmta) onueio Tov
HVRADUOTOG O RATW-RATW (Uéom) evOelntng petpdel Tovg ximhovg gohoylot. Ou evdeinteg autol
AertoveyoUv 010 dexaeEadixno --ta Yndia mtdvo amd to 9 pordtovv pe A, b, ¢, d, E, non F- mpoooyr): To
6 dLapégeL amd 1o b natd To OTL TO eV 6 £yl Tabha ETAVm, EVOD TO b dev €xeL.

S Addr

@
=
S
&
.=
=
=
-
=
B
.a
9

i

o

coooacr
. UNIVERSITY OF‘LEE\

ol
=
a
&
al
b

0000000000 &

0000000000~

Extog amd tovg dupfidplovg evdeinteg 7 TUNUATOV YIG TOUG OXTAWTTOVS OQOUOUS, VIAQYOUV KOl
wxeég LED mou deiyvouv Tig Tuuég pepovopévmy bits. Ot xoxxives LED 0eiyvouv moldg amd tovg
toatdotatovg odnyntés mov odnyoidv to BUS eivar evegyomompévos. Otav dev  elvan
€VEQYOTONPEVOS ®AVEVAGS odNynTig Tov BUS, 1 6tav eivar evegyomompévor 00 1) meQLOCOTEQOL,
omdte M Td] Tov BUS elvanr ammpoodioglotr), 1 mhoxéto notaoxevdlel e0mTeQURE nat JEl L 0TOVG
evdeinteg PevdoTuyaies Tipég, oL omoieg evalldoovion pe Quud mepimov 2 Hz (1 mhaxéta vhomolel
eomteQrd to BUS péow evog molumhéntr), omdte Oev nalyetor 6tav avdpouv dvo 1 meQLocodTeEQOL
odnyntég --avtd PéPara dev elvar duarohoyia yid va odnyfte ampdoerta to BUS...). OL mpdoiveg
LED d¢eiyvouv tig Tpég tmv eE6dmV thg mAaxétag: opcode nou Ta 2 bits 01UY®QLONG TOU CUOCMQEVTH HE
to undév. O nitgwveg LED delyvouv Tig Tipés TV vrorolmmv €l000mv (ONpdtmv eAEyyou) Tng
mhoxétag. Ztovg OVo mohumhénteg, avdfer mdvta plo omd T d0o LED, umodewmvioviag tnv
emheyuévn ei0odo. Zroug rnataywentés PC xwow ACC 1 LED delyvel TV Tl TOU OTHOITOG EMTOEYNG
dopTmwong (1 = avapévn = GOQTMON OTNV ETOUEVY ax i) QOAOYLOV).

5202 3 93
| € 5 3 ]l 18
T| © © © Ql [
O
3 © |
Yy
DATA
MEM.
L
©
©
<C
A
8 z g
o0
BUS [EIE] n
8 Y <
' <5

' v . Yoy
opcode "'-—o/o—-—? ck accSign accZero
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Lab 11: Datapath of a simple Processor (U.Crete, CS-120) 16/12/2021, 19:06

Ou gioodor Twv onudtov eréyyov (emdvw TAEVQA TNg TAArETOS) €xouv aobevels aviiotdoelg
®00€lrvong mAvw othv TAOKETA, EMOUEVIS OV TIC OPTOETE AVOLRTORUXAMUEVES (AOVVOETES)
noigvouv v default Tipi undév (0). Avtd elvor xonowo yid Toug moAvmAéxtes (exteholv TNV
ovvnBlopévn Aettougylo Tovg mou eidape oty §11.4), zaL yid TOUS TOIRATAGTATOVS 00N YNTES (OAOL
opnotoi --agxet vo avdapete évav) yid toug rataywentés, N default Tpi 0 dev eivan daitega
xonoun, 0edouévou OTL 0To oMuUEQLVO €QYaOTNQLO BELOUE TTAvVTO VO pogTdvouue Tov PC, nouw ouyvé
tov ACC. Ailmha 1] mévo oe wdBe onuo eréyyov (extdg twv aluMd) vmdoyel amd €vog dLomoTTTNg
"bouton": étav ATNOEL O OLAKATTTNG AUTOG BVILOTYEPEL TNV TLULT TOU AVTIOTOLOU OTUATOG ELEYYOV --
e(te ovtr elvow 1 default Typn 0, eite mEoépyeToL atd TO Ad Oag, eEwTEQWO nUuRAWUA. AVTO elval
¥ONOoLo OLL{TEQX OTO TTEMTO GNUEQLVA TELRAUOTO OLOTL OOG ETUTQETEL, XWQEIS EEWTEQHO RIXAWUA 1)
OUVOEDELS, VO EVEQYOTTOLITE YELQOXIVITA --TIOTMOVTOGS TO OYETHO OLOXOTTTY-- OLOONTTOTE OTUa EAEYY OV
emOupeite (Nhadn avtoteédovtog v default tiuf 0 Tov). Zto emOueva TELQAUATA OL OLOKOTTTES
autol umogel va oag dpavolv yonowwor edv Bedfjoete va "d10pbwaTe" yeQorivnTa KATOLO O
ELEYYOV TTIOV OE OQLOPEVES TEEQUITMOELS TO RUXAWUA 0ag eV TO 001 YEl CWOTAL....

Ou €€0d0L tng mhaxétag (opcode raL ATOTEAEOUATA
o0Y?OLONG --RATW TAEUQA) %Ol OL €(00J0L EAEYY OV
™S (emdvew mheved, ®abog xoL To QOAOL --PA.
aUEOMmS TOQORATW) ouvdéovTtal pe to breadboard
péow woag rodmolotaviag mwov Eextvd amd mdvom
0gELd now ov otV ratdAnEN g oto breadboard
eivor O6mwg delyver 1 dwtoygadia 0eEd. Kat'
avdhoyo TQEOO TEOS TO  TOQATAV®  OTjuoTol
eLEYYOVL He TO drdTTTY-bouton, 6TO HECOV TNG RATW
TAEVQAGS VTAQYEL VoS SLOUOTTNG TOV WITOQEL val
xonowpomownOel oov eicodog @oroyrov: OmoTe
motiétor vdver ck=1 (wouw avéper n xwouxwvn LED
amd v Tov), nal Omote eivor ehelOggog divel
ck=0- 0 drandmng avtdgs eivor debounced (§8.8). H angipig Aettovyio etvan ot 1 T wov diver avtdog
0 dwandmng yivetalr OR'ed pe v Tipi mov épyetal amd Ty eEmteQint €(00d0 QoAoYLOU, HEom TG
nolmdrotawviag. H eicodog dedopévaorv "ExtBus" (0eELd) ouvdéetan pe to breadboard péowm pag dAng
®oAWOLOTOLVIOC.

e oyéomn pe 6oa eldape oty §11.4, oL emmhéov OQOUOL TOV VTTAQYOUY OTNV TAaxéTa elval oL €ENG,
amd aQLoTeQd oG Ta 0eELd: (o) O molumhéntng oty elcodo tov PC, eheyyduevog amd 10 pcMd,
ETUTQETEL 1] ETVOUEVT] EVIOAT VO UV elvar tdvto 1 "omd xatm" (n "ouvv éva") g twowngs. (B) H Mvijuny
Evtoldv Poilonetar mévta og notdotaon avdyveons, Oniodi Aettoveyel mdvia cov ovvduaotind
nOrAopo --0ev pumogeite va eyyodpete oe avtiv (Read-Only Memory - ROM). (y) O towatdototog
odnyntiic ota 8 LS bits g evtoAig, mou eréyyetal amd to im2bus, mpooileton yid Tta dhpata (§11.9)
noL GMEG Aettovyieg Tou emdpevou egpyaotnotov. (8) Opoimg, o natayxwentis TMP xar o
TOAMTAERTNG 0TV £E080 TOL elvar yid to emduevo gpyoothLo. (€) To otouyeio "sign, zero" otnv €€000
TOU GUOOGMQEEUTH], OV YEVVA TIg €E000VS accSign %ol accZero, CUYXQEIVEL TNV TLU TOU CUOCMQEUTI) UE
Tto undév (iom, aviom, apvnuni], Betni N undév), now Ba To YEewoTOUUE OTLS ALAUAADMOELS VIO
ovvON Y, 0TO ETOUEVO £QY00TNELO. (0T) TELOG, 0 TEROTAOTATOS 0O YN TG OEELd, EAeYYOUEVOS ATtd TO
onpa ext2bus, mpooiletat yid v magarafi) dedopévmvord tov EEm woouo (ExtBus) --fA. §11.8.

Heigopa 11.7a:
I'voowia pe v IMMhaxzéra xor v ALU tov anhot Yrohoyioti

210 mpmTo avtd melpapa Ba aoyxoinbovpe poévo pe v ALU --9gv Oa fdiovpe tnv mhaxéto andua
vo. extehel navovirég evtolés oav va glvar vroloylotic. ‘Otav avafoupe v teodpodoaoia, oL pviues
EVIOAMV raL SEQOUEVIIV QY IXOTOLOVVTOL AUTONATO UE OQLOUEVES TLUES (0O uioe ROM méve oty
maréta), 0mwg avtég dldovrar otov mivaxa, mapardtw. Exiong o PC agywomoielitar oto undév (0).
Avtd, no0mhg ot o default Tipég Twv onudtov EAEYYOV dleurOlDVOUY TV €VOQEN TOV TEQOAUAT®Y

HogG.

(o) Zuvdéore pe 3 ovgpota Ta 3 deEd (LS) bits Tov opcode ota 3 bits Tov aluMd: £tot, 0 éheyyog Tou Tt
TRAEN ndver 1 ALU Qo yiveton ammd to EQLEXOUEVA TV TOMOTMWYV OE0EWVY TG UVHUNG EVTOADV, TTOV
€xovv yoadtel yid 10 o%omd autod (dev mEORELTAL YId 0UVOEDN HOAVOVIRNG AELTOVQYIOG VITOAOYLOTH] --
moxeELTAL POVO Yid oUvdeon modtng doxipic). (B) Koatfote ta 3 ofuata eréyyov pcLd, dmRd, »ou
accLd ouveydg avopévor avtd WIOEETE VO TO RAVETE E(TE TATDVTOG OVVEXMS TOVUS 3 dROTTTES TOVG,
elte ovvdEovtag oto breadboard Ta pcLd, dmRd, zow accLd otnv Betint| Téom tpododoaciog (hoyird 1).
"Etot, to BUS 0o 0dnyeiton mdvta amd ) pviun dedopévov (dmRd=1, evd> dmWr éxeL tnv default Tiun
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0), N ALU Ba »dver v og ot v L] Tov BUS mv 1od&En mov mov g vmodeinvieL o opcode (o),
%ol 0e ®G0e TATNUA TOU SLOUOTTTI-QOAOYLOU TO OTTOTEAECHA QVTNGS TNGS TRAENS B yoddeTal otov
ACC (accLd=1), o 8¢ PC Oa avEavel natd 1 (nxtPC=PC+1 0ot pcMd éyetL tnv default Tiuh 0, xow 1 véa
T PC+1 Ba yodopetar dvto otov PC eneldf) pcLd=1). ‘Etot, Oa moémer va. maQatnQioeTe TG TUES
0TOVG TRMTOVS ®URAOVUS QOAOYLOU peETd TO dvapa Tng TeodPodootias, PAOEL TV TEQLEXOUEVWV TV
TEOTWV OE0EMV TOV LVNUDV EVTOADV %ol OEdOUEVWY, 0TI AVTd GaivoVTaL OTOV TOQAXAT® TVARAL.
Ta megieydpeva tng uviung elvon yoaupuévo pe to 4 MS bits (opcode) oto dvadnod, nat ta 8 LS bits
(ADDR) 010 dgnoeEadind:

ADDR I MEM: aluMd: AnOTEAEOPX HPETX TNV OKHA POAOYLOU:
00: 0100.10 passB ACC := DM[10] = FD
01: 1111.10 passB ACC := DM[10] = FD
02: 0010.07 and ACC := ACC and DM[07] = FD AND OF = 0D
03: 0011.00 nor ACC := ACC nor DM[00]=0D nor 00=not OD=F2
04: 0011.04 nor ACC := ACC nor DM[04]=F2 nor 08=not FA=05
05: 0000.03 add ACC := ACC + DM[03] = 05 + 04 = 09
06: 0000.01 add ACC := ACC + DM[01] = 09 + 01 = 0A
07: 0000.0F add ACC := ACC + DM[OF] = OA + FF = 09
08: 0000.04 add ACC := ACC + DM[04] = 09 + 08 = 11
09: 0001.02 sub ACC := ACC - DM[02] = 11 - 02 = OF
0A: 0001.05 sub ACC := ACC - DM[05] = OF - 10 = FF
0B: 0001.01 sub ACC := ACC - DM[01] = FF - 01 = FE
0C: 0010.0A and ... < OUUTANPWOTE TOV mlVOKe €0Elg >
0D: 0011.06 ... < OUPTANPWOTE TOV TVOKK mpLV TO EPYHOT.>
OE: 0000.0B ... < OUPTANPWOTE mPWV TO EPYKROTAPLO >
OF: 0000.06 ... < OUPTANPWOTE TPV TO EPYXROTAPLO >

Apxik& Teplex. MvApng Aedopévwv (dlevB. & dedop. Ot DEKHEEXDLKO) :

ADDR D MEM ADDR D MEM [ Metémerta Xprion: 1

00: 00 08: 12

01: 01 09: 18

02: 02 0A: 1A

03: 04 0B: FO [ 0pyOTEPG: tmp ]

04: 08 0c: F8 [ 0pyOTEPG: sum ]

05: 10 0D: FC (= -4 OV EPUNVEUTEL OV TPOCNUKOUEVOG)
06: 80 OE: FE (= -2 OV EPUNVEUTEL OV TPOCNUKOTUEVOG)
07: OF O0F: FF (= -1 OV EPUNVEUTEL OOV TPOCNUKOUEVOG)

10: FD [OpYOTepo: OedOY.ELTOD. O mANKTPOA. ]

Heipapa 11.7b: Tvoguia pe ta Euata EAéyyov tov arrhov Yroloyiot

Adnote ta 3 LS bits Tov opcode va toodpodotoiv ta 3 LS bits tov aluMd, alld "elevBepomate” ta
vrohlouto onpata ehéyyov (Onh. ta pcld, dmRd, acclLd). [MaiEte ndumooo pe Tovg OLOnOTTES TV
ONUATOV EAEYYOV, UEYOL VA RATAMGPETE TG EAEYYETE €0¢E(G OL (dLoL TO TL AettovQyla Aéte oto datapath
va, navel! dvond, dev meémel va elval avapévol Tavtdyeova S0 1) eQLocOTEQOL 0ONYNTES (HONKLVAL
LED) tov BUS (ahhowng Bo delte to BUS va molgver Ppevdotuyaies tipuég): opffjote to dmRd mouv
oQyloete va evegyomolte evOAAE Ta acc2bus, ext2bus, ot im2bus. ['d va xataldPete mAnowg T
navete, 0o mémel va éxete dLafdoel ral Tig emdOueves 00O TAQAYQAPOUC.

11.8 H Evtoi) Input: EEwteguxi) Eicodog

O£MOVE O VITOAOYLOTNG WOG VO LITOQEL VAL EUOLVOVEL e ToV €Em »douo. Mid otouyeldong é50d0g
OO TOV VTOAOYLOTH] TOLQEYETAL OTTO TOUG €VOelnTeg 7 TUMUATWVY, UECW TWV ONOIMV UITOQOUUE Vol
Prémovpe agOunmnd amoteléopata vroroywopmv. TIgémer Opwg vo dpooviioovue xal yid €0odo.
v vdtw deELd dimen TG MAOKETOS TOV VTTOAOYLOTH, VIIAQYEL 0UVIEON YIdt Ld oxTa Ty eEmTEQLXT)
Aewdo6o, ExtBus: auth) pmogel va T1oopodoTioEL, HECH TOIRATACTATOV 0OdNYNTOV, TNV ECMTEQLRY
Aewddo, BUS. Zto ggyaotijolo, Oa Poeite ETolun wd otevi) xoiwdlotavio 1ov cuVvOEEL AVTOUS TOUG
8 ompodéntes pe to 8 LS bits mov égyoviaw amd TO TANUTQOAOYLO 0t0 breadboard ("FROM
KEYBOARD"). Otav 6éhovpe vo éM0glL ud tétowa eEmteuxf) mAngodogio (évag oxtdpmtog alipog)
PEGO. OTOV VITOMOYLOTH HaG, OEV €YOUUE TTOQA VO AVOPOULE TOV 0dNYNTH TTOU EAEYYETAL OTTO TO OT|Uat
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ext2bus- TotE, 1 TANEOdoia avti Oa TomobetnOel oto BUS.

Méoo mhedV 0TOV VITOAOYLOTH] HaG, TL Ba wavouue TV eEmteguut] mingodogio mov édtace oto BUS;
H amdvtnon eivar amii): mpdxeltol yid ®otdoTooy avtiotoyn autig 0tav o cvoomweutig, ACC,
PéCer v dunt) tov mAnpodogio oto BUS --tnv mhngodogic auti) tnv amobnrevdovue ot Oéom
wvhuns pe dtevtBuvvon ADDR, 6ov ADDR eivon ta 8 LS bits g eviodfic. "Etol Aowtdv, 1) evroAd "input
ADDR" 0a »dver: ExtBus --> BUS --> DM[ADDR], dnAa.d1], T atd 1o Gvapo, Tou ext2bus, eémel va
avépovpe xat to dmWr yud va, yiver eyyoadn oty uviun dedopévmy.

11.9 Alpa (Jump): Tvvéypon Extédeong oe dAho nueio

Edv oL vtohoyloTtég To HOVO oV EXavay HIToV Vo, eXTEAOVV TNV o EVTOAT LETE TV ALY, 0T 08l
70A0 yofyopa Oa ébtavav 0to Téhog TG uvhung xoL dgv Oa elyov Ghheg evtolég va extehécovv. H
peyain dvvaun Tov VIToAOYLOTOV glval 1 emovaAYn TV (Olwv evioldv (tov (Oov alydpBuov!)
dowvtog nGBe $opd mavw oe diadogetnd dedopéva. Id va emtevybel avth N emavainym,
YoeLaLeTan £VOGS PUNXAVIOMOS TTOV VoL ETUTQETEL OTOV UTTOAOYLOTH 1] ETTOUEVY EVIOM] OV Ol exteléoeL
va uny gvar m "omd ndto", ahhd d GAAn evtoli] oe avBaigeTo onuelo Tng pviung eviohwv. Tnv
OuvaTOHTNTA AVTH LG TTOQEEXOUV OL EVIOAES AAOTOG (jump) --TTOV EXTELOVVIAL TTAVTAL, Y MOIS oUVOTN U,
now Y14 TLg omoleg Bal wANoovue €dw-- naL oL evIoréc draxhddmaong (branch) --mov exteAoVvToL VIO
0QLopéVeES ouvOTreg LOVO, ®aL OL OTTO(ES OaL LOG ATTOLOYOAT|COUV OTO ETTOUEVO EQYAOTTQLO.

H evtol) "jump ADDR" éyeL uudv omthi] AtooToA): 1) €TOMEVY] EVTOAN Tov Oo exteleotel petd amd
ovthyv dev Oa elvar 1 "amd xATw" €VTOAT TG jump (1] EVTOAT WOV €(VOL YQOUUEVY] OTNV ETOUEVT|
dtevOvvor pviung), ohhdé uud dAin evioln, oe wdv avbaipety dtevBuvon ADDR Tng pviung eVtormy.
Agdopévou 6tL 0 vohoylotig avta dLafdler wow extelel TV evtoA) mov Poloxetor ot dievBuvon
™G WVUNG evTol®v v omoia diehBuvor megéyer o PC, mpoxiimtel 6Tl 0 QOAog g "jump ADDR"
elvar va. unv poptmoel otov PC v mahowd tov tph) ovv 1, adrd avt' autig vo dpogtmoel exel tv
oteBuvon ADDR. T'ié va emutevyOel autod, to datapath pog €xel Tov odnyntr| mov eAéyyetal ammd To
ofuo im2bus, o omolog umoel va Pdier tnv ADDR mdve oto BUS, »ot Tov molvmhéxtn othv eicodo
tou PC, o omolog umogel va xavel tov PC va ¢poptwdel amd to BUS xon Oyl amd tov abpoloti) mov
dtver Ty mohawd Tov Tiur ouv 1.

11.10 Amoxmdowxomoinon Evrolov - Kvzhopao EAéyyov

To povo mov Aeimer Théov yid v douréPEL 0 VITOAOYLOTAG 7OV GTdEapE (Ue Tig 8 eVTOAES OV eldae
PEYQL OTLYUNG --0TO EOUEVO €QY00TNOLO O TROoOETOUE naL dAAeS 8 TOV AelrmovV) elval To ®OrAWUL
eléyyov (control). Avtd eival vedOvvo yid T dnuoveyic, OAwV Twv oNudTOV eAEYyoU OV Aéve o€
%G0e povada t va xdver #Ge pod. Oleg ou evtolés mou eldape péyol otrypis dafdtovior xau
exteholvron og évav xirho gohoylot n xabeulo, xow yU' autd TO RONAWPO EAEYYOV, PUEYOL OTLYUNG,
elvar éva amhd ouvvdvaotind rixhoua. O mivoroag aindeiog Tov TEOXVTTEL OV OHEPTOVUE TIS
€QYOO(ES TTOV TIQETEL VAL YIVOUV VLA TNV eXTELEOT) nAOE EVTOMG:

opcode: Nettoupyia: aluMd acc2bus dmWr pcMd
dmRd accLd ext2bus im2bus
0000 (add) ACC:=ACC+DM[A] 1 000 1 0 0 0 0 0
0001 (sub) ACC:=ACC-DM[A] 1 001 1 0 0 0 0 0
0010 (and) ACC:=ACCandDM[A] 1 010 1 0 0 0 0 0
0011 (nor) ACC:=ACCnorDM[A] 1 011 1 0 0 0 0 0
0100 (input) DM[A]:=ExtBus 0 XXX 0 0 1 1 0 0
0101 (load) ACC:=DM[A] 1 1xx 1 0 0 0 0 0
0110 (store) DM[A]:=ACC 0 XXX 0 1 0 1 0 0
0111 (jump) PC := A 0 XXX 0 0 0 0 1 1
MavTa Y& ONeC GUTEC TLG eVTONEG: pcld = 1 ; addr md = 0 ;

Ou evtolég load nou add extehoUvTol Omwg meQLypdpope mooandvm. Ou eviohéc sub, and, nor
exteENOVTOL ®OTA eVTEADS avdloyo TQOmOo --amhmdg ahhdler to mode tng ALU. H evtol store
olapégel Aiyo: avapovrog 1o acc2bus=1 (ue dmRd=0, pvond), TOTOOETEL TNV TLU] TOU CUOOMQEVTY)
0To bus' gvegyomolmvtag to dmWr=1, n T ovti] and to bus eyyoddetor otn pviun dedouévmv:
emiong, opfvovtog to accLd=0, o ACC dotneet v T Tov opetdfinty. Ymdoyer pwd Aewrouéoeio
mov Ogv elval omwoTi 08 aUTd TO CUVOVAOTIKO TEOTO YEVVNONG TOVU ONuotog dmWr: dev vmdQyEL
eyyomon 611 to ofua avtd o avaypel uetd ™ otabegomoinom g OetBvvong tng pviung dedouévav
no 0o offoel oy TV emdueV olhayr) avTilg TG dievBuvong, o0mwg meémel va yivel. To mpoPfAinua
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ovto dev pmogel va dloeBmOel moed povo av alhGEel 1o rOxAwpo ehéyyov xou yiver onorovBiand
(FSM), 1 pe dhhec molvmhoneg peBdO0US 1 TAoréTa TOv €0Ya0TNEiov AMivel avtd To TEOPANUO Le ot
tétola meQimhoxrn PéBodo mov dev oag adoed. Kavovird, £vog vmoloylothg xoetdletol xal Eva ofua
Reset ov vo. TOV €MAVODEQEL OTNV OQYLXT HOTAOTACY EXXIVNONG, O,TL %L OV €XOVE AUTOS TOLV
(opcode=xxxx): va. agywomnolel tov PC oto 0, yid va oagyioel va extelel eviohég amd tnv ayr g
LVTUNG EVIOMDV. ZTNV TAAXETO TOV €QYOOTNEIOV, YA dlevrndluvor] oag, "Reset" yivetol avtopota
omote avdper N t1eododooia, ®aOMS Rl OTOTE TATIOETE TO OYETHO WHQO ROUVUT, RATW 0QLOTEQA
OTNV TAOXETAL.

Heigapa 11.11: Xyedioon zor Aoxipi) Tov Kvzhopatog EAéyyov

IMow ¢tdoete 010 €QyaOTNOLO, OYEALAOTE TO (OUVOUVOOTIRG) HUXAWUA TOU ehéyyou Pdoel Tovu
noandve mivoro aindelag, ol v vAomoinot Tov ue moAeg omd to chips mov éxete. Ilap' 6t o
TOQAITAVM Tivarag aindeiog delyver ohovg tovg opcodes va ayiCovv pe 0 (rau dev mEoodLoQEIteL Tu
mpérteL va, cupPel 6Tav o opcode (ei00d0g 0To ®INAWUAE oag) ayiCel ue 1), eoeig ayvonote (don't care)
ovtd 1o éva MS bit touv opcode. Autd, TEMTOV ATAOTOLEL TO ®UXAWUA Oag, ®oL OEDTEQOV Elval
QIT0QOTNTO OLOTL OTY UV EVTOADVY TNG TTAOXETOS VTTdOYEL W eVTOM) ov ayiCel pe 1 (1) evToim
1111 owm 6éom 01), n omoio eivar exel dOTL TNV YEeWCOUNOTE OTO E€MOUEVO €QYAOTIQLO (OTNV
moaypotirdTNTA glvar 1 eviord] "jump indexed"), aAld o€ avTd €dM TO £QYOLOTNOLO €O0E(C TRETEL VO TNV
Bewonoete O6TL elvor pior xavovird] jump, cov o opcode tg va Mtav 0111, dNhadi ayvomvtog To éva
MS bit Tov opcode.

210 €QYQOTNQLO, ROTAOREVAOTE TO nURADUO eMEYYOV OTO breadboard, ouVOEGTE TO 0TIV TAAKETA TOV
VIOAOYLOTH], %O EAEYETE TO EXTEADMVTOG TO TEOYQOUUO TTOV VITAQYEL OTY] UVILY EVTOADV Rl Ga{VETOL
otov aeoxdTm mivaxa. Otov o PC gival undév (0), unv Eexvate va divete amd To TIANUTEOAOYLO Evay
"evOlopEQovTa" oxTAUTITO aLOUO.

ADDR I_MEM: Assembly: AroTéNeopX MPET& ThV OKUA poAoylol:

00: 0100.10 input 10 DM[10] = input := 0gd.£l00d0UL OO TANKTP.
0l1: 1111.10 jump 10 PC := 10

10: 0101.08 load 08 ACC := DM[08] = 12

11: 0000.09 add 09 ACC := ACC + DM[09] = 12 + 18 = 2A

12: 0000.0A add 0A ACC := ACC + DM[OA] = 2A + 1A = 44

13: 0110.0B store 0B DM[0OB] = tmp := ACC = 44

14: 0001.01 sub 01 ACC := ACC - DM[01] = 44 - 01 = 43

15: 0010.07 and 07 ACC := ACC and DM[07] = 43 and OF = 03
16: 0011.00 nor 00 ACC:= ACC nor DM[00]1=03 nor 00=not 03=FC
17: 0011.01 nor 01 ACC:= ACC nor DM[01]=FC nor 0Ol=not FD=02
18: 0000.10 add 10 ACC := ACC + DM[10] = 02 + input

19: 0000.0C add 0ocC ACC := ACC + DM[OC] = 02 + input + sum
1A: 01l10.0C store 0C DM[0OC] = sum := ACC = sum + input + 2
1B: 0111.00 jump 00 PC := 00 [&relpog Bpoxoc GOpolong]

Apxika TepiexOpeva MvAung Aedopévwov (dLevd. & dedopéva OTO dEKXEEXDLKO) :

ADDR D_MEM ADDR D MEM [ XpAon: ]
00: 00 08: 12
01: 01 09: 18
02: 02 0A: 1A
03: 04 0B: FO [ tmp ]
04: 08 0C: F8 [ sum ]
05: 10 0D: FC (= -4 OV EPHUNVEUTEL OOV TPOTNUKOTUEVOGC)
06: 80 OE: FE (= -2 OV EPHUNVEUTEL OOV TPOCTNUKOUEVOC)
07: OF OF: FF (= -1 OV EPUNVEUTEL OOV TPOCTNUKOUEVOG)
10: FD [ input omd mANKTPOAOYLO ]
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