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Epyaotipro 11:
"Evag amthog Yroroyromic: Datapath & Evtoiéc
IpaEewv

210 TEAEVTOLO0 OVTO UEPOS TOL HaBTpaTog Ba doVE TAG UITOPOVUE VO PTIAEOVLE EVOV
amhd VTOAOYIGTN YPNOWOTOIOVTAS HOVO Pacikods dopkovg AlBovg avtod Tov
poONUOTOS:  KoToy®pNnTeS, UVNHES, 0OpoloTeéC, TOALTAEKTEC, KOl £vo  OmAO
ovvdvaoTkd KiKAopa 1 pd ardn FSM yud va eAéyyet ta mapandve. 1o epyacTnplo
Oo PBpeite €ropo 1o TUAUO dedopévev (datapath) avtod TOL VmOAOYLGTY, OOV
VILAPYOVV EVOEIKTEG LE TIG TILES OA®V TV dlELBHVGEWV, dEOOUEVDV, Kot CIUAT®V, Kot
Ba pridéete eocic To KOKAmpa eA&yyov: v enduevn Poopada, Ba cvveyicete pe mo
TOAOTTAOKEG EVIOAEG Kot KukAdpato eA&yyov. [ap' 611 0 vwoloyiotig avtdg eivar
ToAD  omAOC  (OmAOTKOG) --kot TOAD apyoc!-- eivor €vIOUTOS £€VOG KOVOVIKOG
VIOAOYIOTNG, KavOS Vo ektedel (oxeddv) to kdbe mpdypaupo: to pdvo Tov TOv
Aelmouv  €lvol OYETIKGL OELTEPEVOVOEG AETMTOUEPEIES, KOl OYl KATL EVVOLOAOYIKA
Kkevtpko. O vmoroylotig pog Oo etvor oktdumitog (8-bit), dniadn Bo doviedel pe
AéEeic Tov 8 bits: povadikn e€aipeon Ba gival ot eviodéc, mov €yovv 12 bits kabepia
(omdte Ko M pvAuN oL TIC TEPIEXEL Bt Elvar SMIEKAUTITN GTO TAATOG).

11.1 Mio arin AprOpntiki/Aoywkn Movada (ALU):

v Kapdld evOg vwoloyloTy| ivor b povada mov eKTeAel aplOunTIKéG Kot AOYIKEG
npaels. Amd apiBuntikés mpacelg, Ba €yovpe poévo mpodcHeom Kot apoaipeom
axepaiov: y1d Adyovg amddtntog oev Ba Exovpe moAOTAAGIOGHO (LOdlEL pe TOAAES
pocBécelg), oaipeom (Lotdlel He EMAVEIMUUEVES AQUIPECELS), 1 OPLOIOVG KIVITNG
VTOOGTOANG (01 OYETIKEG TPAEELS avaAyovTal TEAIKA o TPAEES axkepainv). O
ypnowonomoovpe ocav "ApOuntikin/Aoywkn Movdada" (Arithmetic/Logic Unit -
ALU) 10 KOKA®UO TOL GYNLOTOG, TOV GTNV Kapdld tov €xel Evav abpotot (adder)
cav aVTovg oL £ldape oto gpyactnplo 5. Onwg eidape oty §6.7, n apaipeon A-B
yivetal pécm g npodcheong A+(B')+1, 6mov A ko B glvatl mpoonpacpévol axépaiot
apBpol 6€ KOIKOTOINGT CUUTANPOUATOS ®G TPog 2, kot (B') eivar o apBudg mov
mpokLITEL 0o Tov B av avtiotpéyovpe 1o KaOe bit tov (cupmAnpopa og Tpog 1, dnA.
Aoyo-OXI). Tnv WO To. 0UTH  EKUETOAALELOUACTE, L€ TOV  OPLOTEPO-TIAV®
moAvmAEKTY, Y va. kbver 1 ALU poag ko apaipeon A-B- 10 "+1" mpoxdmtet
opovtifovtog va eivar 1 to xpatoduevo eioddov, Cin, tov abpoiwot 6mote o
moAvmAEKTNG emAéyet To (B'), dnhaodn dmote KAvovpe apaipeon.

Ext6g and tov oktaumito abpototy), 1 ALU €yet
kou 8 moreg KAI (AND) xobog kou 8 mhreg |
OYTE (NOR) yud va pmopet vo xdver tig A s &
avtiotolyeg Aoywkég mpdéelg mhve otic AEEELS :
€16000V" TpoOKeLTaL Y18 Aoyikég mpdels bit-mpog-

bit (bitwise operations), dniadn to bit i tng
egooov Ba eivar 10 Aoywd KAI 1 to Aoywd
OYTE 7ov bit i ng €16680v A Kot tov bit i g
€16660v B. Kdbe tétota oktdda muddv @aivetonl B | e
oxedaopévn cav pia TOAN, kdte opotepd. O |
TOALTAEKTNG OPLOTEPE KAT® EMAEYEL OV TO
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AmOTEAEGHA AOYIKNG TPAENG Tov BEAovpe va kpatioovpe givor to Aoywd KAI v 1o
hoywd OYTE. H emthoyn avtn yiveton pe 1o 1610 onpo eAéyyov mov emALYEL Kol €4V
Oa kdvouvpe mpdcobeomn 1 agaipecn: aVTO oNUAIVEL OTL dEV UTOPOVLE VO EMAEEOVE
TOVTOYPOVE GLVIVAGHOVG Omwg m.Y. mpdcsbeon kow OYTE --6umc, mpogpovadg, kdtt
T6T010 Ogv HOG €VvOloQEPeEL va To kdvovpe, aeov 1 ALU wuiag poévo mpdéng to
amotéleopa pag evolapépel vo Pydlel ommv €000 g, kol TOTE 600 JPOPETIKA
amoteléopata tovtoxpova. ‘Etol, o mpdTog amd tovg moivmAékteg de€id emAdyet av
EMOLUOVIE VO KPOTHGOVUE TO OMOTEAEGUO TNG OPOUNTIKNG TTPAENG TOL KAVEL O
aBpo1oTnG, N T0 AMOTELEGHA TNG AOYIKNG TPAENG OV KAvVOLV ot ToAes. Kat teAkd, o
teAevTaiog 0e&1d moAvmAEKTNG emALyetL av Ba d00gl oty €000 () TO ATOTEAESUA TG
aplBunTKng N g Aoywng mpdéng, N (B) m dedtepn eloodog g ALU, B, avt
kaBeantn yopig dAAny enelepyacio. Tnv televtaio avty dvvaTdTNTO, TOV TNV AEUE
"tépace 1o B" (passB), Oa dovpe 6t B Vv yperoctodue oe eviodég onwg 1 "load",
napakdto. Etol, cuvolkd, n ALU propel va kdvel Tig mapakdto Tpacels, avaroyo
LE TNV EKAGTOTE TIUN TOV TPIOV CNUATOV EAEYYOL NG, Mmode. H évdeitn "Xx" oto mode
onpaiver 61t ALU kdver v 1010 mpdén omota Tiun Kot vo £xEL To ovTictoryo bit tov
mode (cuvOnKn adrapopiag, Tov cuyyevevet e O0ca gidape oty §4.4).

mode : IIp&én: 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)

Zuyvd, évag vmoloylotng Béhovpe va €xel ToLAGYIoTO TpEic Aoywkég mpdaelc: AND,
OR, NOT. O 6w0¢ pog Ba €yel povo Vo €meldn], Ommg Ba dode TO KATW, dEYETAL
puovo 16 cuvolikd evtorés, kot dev vanpye peta&h toug ydpog Kot yid v OR kot yid
v NOT. Ortav yperaldpacte éva andd NOT, pmopovue va kdvoope NOR pe to
undév, kot omote ypealopacte éva OR pmopodpue va kdvovpe mpdta €va NOR ko
petd éva NOT (dnA. NOR pe punoév). Avtd, tavtdypova, omAomolel Kot To KOKAMLO
g ALU kot v k®dtkoroinon twv mode bits tng.

11.2  IIpa&eig ALU o' évav Enelepyootiy TOmov Xvoocwmpevti
(Accumulator):

Topa mov &povpe v ALU 6mov Ba extelodvion ot mpdéelc, To enduevo BEpa eivor
mhve o€ mo1ovg apBpovg Ba yivovtal avtég ot mpaéels, mov Ba Ppickovtal avtol ot
apBpol, kot Tdg Oa Tovg emAéyovpe. Aedopévou 0Tt 01 VTOAOYLISTEG Tpoopilovtal Yid
mv enelepyacio peydAov 6yKov dedopévav, tpopovmg Oa ypetactovpe pia (peydan)
pvnun (§9.3) o6mov Bo kpatovvior avtd To dedopéva. Avti ) Adue "Mviun
Agdopévav" (Data Memory), kot gaivetal 6to mopakdato oynuo. I'éd va yiver pia
mpaén (m.x. mpodcbeon), ypelopacte 0Vo aplBpovg Tave 6ToLG omoiovg Ba yiver M
mpascn, wor ypewdletar vo tomoBetnBel kdmov Ko TO amOTEAEGUO TNG TPAENC.
Yndpyovv vmoroyioTtéG ToL Yid va yiver autd dafdlovv 600 aptBpovg amd T uviun
dedopévov, Kol yphoovv Tto omotélecpo emiong o€ Kamola 0éom g pvNung
dedopévaov. Id pog dpme, katt tétolo Ba rav moAdmAoko, d10TL Bo amaitovoe Tpeig
YOPIOTEG TPOOTEAAGELS GTN UvUn --000 avayvooelg ko pio eyypoen. Eupelg Oa
akoAovOnoovpe Hdy GAAN "opYLTEKTOVIKN" VTOAOYIGTY| --TNV OTAOVGTEPT] OV EYEL
VIAPEEL 10TOPIKG: TNV apyitekTtoviky cvoowpevty (accumulator architecture). Ztnv
OPYITEKTOVIKY] OVTNH, VTAPYEL €VOG €0KOG Katoywpntis, €6 oamd T pviun
dedopévov, o omoiog Kpotdel évav aplBud --to amotéAecpa ™G MO TPOSPATNG
mpaéne. Kabe wowvodpya mpdén yivetar avipeco o€ avtd 10 MO TPOGOATO
AMOTEAEGHA KOl G' €va Kovovpylo aptBpd mov dofalovpe amd ) pviun, Kot agnvel



TO OMOTEAEGUA TNG TAAL GE QVTOV TOV €01KO Kataywpnt. Etot, my., av kdvovpue
ouveyelg TPochEcElc, GLGGMPEVETAL GE AVTOV TOV KOTOYWPTNTH TO AOPOIGHA OA®V TOV
aplBudv mov dwPdoape amd T LVHUN Kot TPOCHEGALLE, KOl Y1 QVTO O KOTOYWPNTNG
avtdg ovopdomnke "ovoocwpevtis” (accumulator). Ot onueptvol VTOAOYIGTEG oLV
OPKETOVG TETOOVE KOTOY®PNTEG --cvvnBwg 32 Tovg ovoudlovpe "KotaywpnTég
vevikoh okomov" (general-purpose registers), Kot 6yt GVGGOPEVTEG.

210 GYNUO Qaiveton il OTTALITOVUEVT dmw'l dm Rdl,
oLVOEGLOAOYIO YA VAL YIVOVTOL Ol TPAEELG OTIMG TIC DATA MEM.
neprypayope. O ovocwpevtig  elvar  évag 08 1z
akpomvpodomrog  kataxwpntig  (§8.5), mov & | . 2
onuewwvetar  oov  "ACC". ‘Bva efotepid = | oB:

KoK Ampa, mov Bo dodue o Alyo, tpopodotel ™ B
otevbvvon ADDR ot pviun dedopévev, Kabhg jj
Kol To onpaTo EAEYYov avayvmong (dmRd - data -

memory read enable) kot eyypagng (dmWr - data
memory write enable), m@pokaAdvIag TNV
avayvoon ube AéEnc (onA. evdg apBpov) omd ™ 0éon pvaung ADDR. H ALU
naipvel To meplexopevo Tov cvoowpevt ACC ot id g 16060, Kot Tov aptpod mov
Swpdoope amd T Lvnun otnv GAAN- 10 €E®TEPIKO KOKA®UA EAEYYOV TTpocdlopilet,
péom tov aluMd (ALU mode), to €idog ™G mpdéng mov mpémel vo. yivel, Kot To
amoTEAEGHA TG TPAENG O1deTan ooV €10000G 6TO0 cuoompevth. OTav EADeL N evepyn
OKU TOL POAOYLOD, TO OMOTEAESHO. OVTAG NG TPAENG avtikabiotd Tto Tolod
ePLEYOUEVO TOL cLGGMPEVTH. Katd Kapovg, Tpémel 10 amoTéAecua TV TPdEemv va
amofnkevetan (Ypapetar) o€ pid embount 0éon (AEEN) LVAUNG, TPOKELEVOL LETH VO
Eexwvnoet Kamola véa oelpd Tpdéemv 6to cuoowpevtr. ['d va yiveton n amobnkevon
LT TPOPAEPTNKE EVOC TPIKATAGTATOG 0ONYNTNG, 0e€1d KATw, 0 omoiog Tomobetel o
nepeyodpevo 1ov ACC mave ot Aew@opo (bus), an' 6mov kot to mwopaiapPdvel n
pvnium yid va yiver n eyypaon. To onfupota eA&yyov mov mpémetl va gvepyomoindovv
etvar ta acc2bus (ACC mpog bus - ACC to bus, 6mov to "2" givart opoéM)0 pe 10 "to")
Ko dmWr.

11.3 Tpoéypappoe kor Evrorég: o Odnyieg 1a Tig Mpateg

I'd va Aettovpynoet 10 mopamdve KOKA®po Kot vo yivouv ot emBountés mpaseic,
TPEMEL KATOL0G VO TPOoPodoTel TIG devBiuvoeig, ADDR, kot o oNHOTo EAEYYOVL TMV
npa&ewv, dmRd, aluMd, acc2bus, kon dmWr. Tn dovAeld avt avarappdver Evo GALo
KOKAOMO, oL Bo dovpE TaPaKAT®, TO 0moio aKOAOLOEl TIOTA TIG GYETIKES 00NYieg
ov €xel ypawet évag dvBpomog (te tn Pondela KATOOL VTOAOYIGTH) Kol Ol OTOLES
elval amoOnkevuéveg oe i pvniun. Kébe odnyio yid pd ocvykexkpyévn mpdén n
evépyelo Aéyetal evroM (instruction), Kot T0 GUVOAO TOV EVIOA®V TTOL £yovv d0bel 6
évav VITOAOYIGTY| (£YOVV YPAPTEL GTN UV TOV) KOl TIG OTOIEC oWTOC akoAovOEel og
dedopévn otyun Aépe 0Tl amotehovyv o TPdypappe (program) mov ovtodg "ektelel”
(executes) N "tpéxel” (runs) tn dedopévn otrypn. Ta KuKA®UATO ATOTEAOVYV TO VAKO
(hardware) Tov VTOAOY1GTY], KO TAL TPOYPALLLATO TOV TPEYOLV 1) LTOPOVV VoL TPEEOVV
o€ aVTOV ATOTEAOVV TO AOYIOHIKO TOV (software).

O «éBe vmoroyomg "kataiaPoivel', dnioadn pmopel vo avayvopicet kot va
EKTEAECEL, OPIOUEVEC UOVO, GUYKEKPIUEVEG EVIOAEG 1 TOTOVLG EVIOAMV: OULTEG TIC
ovopdlovpe Guvoro M pemepTOpPlo evTor@Vv (instruction set) tov vroroyioth. Ot
EVIOAEG TOV OOV WOG VTOAOYLIOTY OOTEAOVVTOL amd O0V0 kKopdtio kabepio: Evav
"kodwa mpdénc" (operation code, 1| opcode ev cuvtopia), kot pid dgvdvven ADDR.
KébBe evrod) amoteAeitarl amd 12 bits, amd ta omoia Ta 4 MS bits eivor o opcode ko
ta 8 LS bits elvon 1 d1evBouvon. ' awtd 10 £pyastnplo, 0 vTOAOYIGTNG pag Ba £xet To



PETEPTOPLO TOV 8 EVIOADV TOL QUIVETOL GTOV TAPOKAT® TIVOKOL: LEPIKEG EVTOAEG Oat
eEnynbovv ce endueveg mopaypdeovs: Tig vVIoloines 8 eviolég Ba Tic mpocshicovpe
GTO EMOUEVO EPYOCTNPLO.

Peneptdéplto EvioAdv (Instruction Set):

TAdooa Mnxavig: TA. Assembly: Znpaivel:
0000aaaaaaaa add ADDR ACC <- ACC + DM[ADDR]
000laaaaaaaa sub ADDR ACC <- ACC - DM[ADDR]
00l1l0aaaaaaaa and ADDR ACC <- ACC AND DM[ADDR]
OOllaaaaaaaa nor ADDR ACC <- NOT ( ACC OR DM[ADDR] )
0l100aaaaaaaa input ADDR DM[ADDR] <- gfwieplky eloodoc amnd

nAnktpoAdyLo (§11.8)

0l10laaaaaaaa load ADDR ACC <- DM[ADDR]
0l10aaaaaaaa store ADDR DM[ADDR] <- ACC
0lllaaaaaaaa jump ADDR PC <- ADDR (emdbu.evt.oce ADDR: §11.9)

2y aplotepr] oA Tov Tivakoe eaivetor n kdbe evtodn og "T'Adeco Mnyaviig
(machine language, 1| object code, 1 binary code), dniaodn 6mmg avT VITAPYEL LEGQ
ot pvnun (evtoAdv) Tov voAoyot (docot kot pndevikd). Ta 4 MS (apiotepd) bits
™G EVIOANG, Omwg gimape, eival o opcode kol vVTodetkvhovy 10 €100¢ TG Tpaéns. Ta 8
LS (8e&uq) bits tng evtoAng, mov @aivovtol cov "aaaaaaaa", elvar ta 8 bits g
otevBuvong ADDR, 6nwg simape mopamave.

210 pecoio péPog Tov mivako QOIVETOL 1 GUUBOAIKY] YPAPN TNG EVTOANG: 1 TPMTN
AéEN elvan To ovuPoro tov opcode, evdd 10 ADDR avtikabictator Kabe popd amd
CLYKEKPLUEVN O1E0BVVOT TTOV EMBLUOVUE VO YPTGLULOTOMGOVLE --Evay aplBud amd 0
puéxpr 255, agolv ot oevbivoelg eival oktdumiteg otov vmoloylot| pog. Eva
TPOYPOUUO. UE TIS EVTOAEG TOV YPOUUEVES HE avTd TO CLUPOAMGUO Aéue OTL givan
ypoupévo og "I'h@ooa Assembly". Ztn pvnun 1ov VTOAOYIGTY, PVGIKE, TO LOVO TOV
vrapyet ivol docot Ko pundevikd, dpa yid va ektedectel Eva mpdypappo Assembly
TPETEL TPATA VO LETATPOTEL GTNV SVASTKT] TOV avamapdoTacn, oniadr ot ['Adcca
Mnyavic. H petatpomny avty elvar moAd amAr: «ébe ovuPoikds opcode
avtikadiototor pE TOV OVTIOTOWO OLOOIKO TOL KMOWKO, Ko KaOe O1evBvvon
petatpénetol 610 Ovadko. Tn perotpomn ovt) (Kot HEPKEG GAAEG OYETIKEG
Bondntikég epyaciec) v xaver cuvnBmg €va UIKPO TPOYPOULO VTOAOYIGTY TTOV
ovopdaletor Assembler.

21ic 0e€ég omAeg Tov Tivako @oaivetal pia "eElomon peTAPopdag KotoywpnTdv"
(register transfer equation), m omoio TEPLYPAPEL TIG EVEPYELES TOV TTPEMEL VAL YivOLV
TPOKEUEVOD O VTOAOYIGTNG VO EKTEAEGEL TNV EVIOAN. Z€ OWTEC TIS £EIGMOELS, TO
apotepd PEAOG VTOJEIKVVEL UETAPOPE Kot €yypay] mAnpogopiag (exydpnon -
assignment). O ocvppoiiopog "DM[ADDR]" onuaiver ™ 0éomn (AEEN) g pvnung
dedopévev (DM) ot devBvvon ADDR. Otav o cuscwpevtg, ACC, gpeaviletan kot
de&1d kat aplotepd amd to PEA0G, TOTE 0e€1d pev onpaivel To Tohond TEPLEYOUEVO TOV
(mpv Vv akun poroylov), apiotepd O onuaivel T véa T TOL (HETO TNV OKUY
poloOylOV) --OMMOC Kol OTIS  EKYwpNnoelg  (assignments) TV YA®GOOV
TPOYPOULATIGULOV.

‘Eto1, m evtoM) 1oad ADDR (poptwoe) owfalel tov aptlBud mov mepiéyetal ot
devBvvon ADDR g pviung, omiadr| dafalet to DM [ADDR], KOl TO OVTIYPAPEL GTO
cvocmpevth). H evtod) add ADDR mpocBétel 10 malod mepieydpevo tov ACC pe
tov aplBud mov mepi€xetor otn owevbvven ADDR g pviung, kot ypaeer To
amotéleopa otov ACC. Avtictoyya, ot evtoAég sub, and, nor kévouvv Tig
avéloyeg mpdels. Télog, m evioAl store ADDR (amobnkevce) avtiypdeel To
nepleyopevo tov ACC ot 0éom (AEEN) pvnung pe dievbuven ADDR. Etnmv mopdypago
11.8 Ba pAncovpe y1d v eviod) input ADDR, N onoio YpAaeel opoing otn 6o
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(AéEN) wvMung pe o01evbvvon ADDR, oAl ypdpel dedouéva amd [av eE®TEPIKN
€l60d0 (TANKTPOAOY0) Kot Oyl omd TOV GLGCOPELTH. XtV Tapdypoeo 11.9 Oa
(Anoovpe y1é TV €VToA jump ADDR, 1 omoio KAVEL MGTE 1 EMOUEVY] EVTOAY| TOV
Ba extedeotel va unv givor n "omd KATt®" ypopupévn 6T UVIUN EVIOAGDV, OAAL LG
dAAn (ot 01evBvvon ADDR).

[ad mapdderypo, Aowmdv, av m pvniun OedOUEVOV TEPLEXEL TOLG OPLOHOVS TOV
eatvovtor oto mapamdve oynue  (dtevBdvoelg kot dedopéva  paivovior  GTo
dekaeladkd), tote 10 mPOypappa: "load 08; add 09; add 0A; store
0B;" 0o mpokoAéoer Tic €&ng evépyeies. Ilpota Ba dwPaoctel o apBuog 12
(dekae&aokd) amd ™ 0éomn 08 ko Ba ypagtel 010 GuoCOpPELT- HeTA, Ba draPacTtel o
apOpog 18(16) kow Bo mpootebel oTOV 12(16) TOPAYOVTOG TO ONOTEAECHO 2A

(0exaegadkd) to omoio kot Ba ypatel 6T0 GLOCWPELTNH: €v cuveyeia, Ba daPaoctel
10 1A and ™ 0éom 0A, Ba mpoctebel oto 2A, kau 10 amotédeoua 44 (dekaeladikd) Ba
LEIVEL OTO CLGCOPEVT KAt TEAOG, TO TEPLEYOUEVO 44(1 6) TOV cvecmpeLvty Oa ypaptet

ot Béon pvnqung 0B.

11.4 Avayvoon & Extéleon Evrolmv:

['d vo pmop€cel 0 VTOAOYIGTNG VA EKTEAECEL TIC EVTOAEC TOVL TTPOYPAUUATOC, TPEMEL
avTéC va gival KOmov ypappéves, kot and ekel vo Tig dfalel pio-pio kot vo Tig
extelel. Avtog givar 0 poOLog TV otoryeimv mov Ba TpocHEcovpe €00 GTO KUKAMLO
mg §11.2, kou ta omoia @aivoviow oto €mOUEVO GYNUO - aplotepd Muov. To
npdypappa givar omobnkevpévo ot "Mwviun Evroraov" (Instruction Memory).
Kavovikd, o1 vtoAoy1oTéG ¥pNOYLOTO00V TNV 310 ViU Y1d Vo amoBnkevovy 1060 Ta
dedopéva 060 Kal To TPOYpappa (o€ YoPLoTéG 01eVBHVOELS TO Kabéva): pe Tov TpOTO
avtd, av €yovpe &va UIKPO TPOYPOUUO LITAPYEL YOPOG YA TOAAG dedopéva, Kot
avTIoTPOPMGS, OV EYOLUE Alya dedopéva Umopel To TpoOypoupa va gival peydro. Eueig
€0 YPNOUOTOLOVUE OVO YOPLOTEG UVILES, M Y1d dedopéva Kat pid Yid evToAEs, Y1
va amlomomBel To KOkAmua kot 1 Aettovpyio Tov. ' va pmopécel 10 KOKA®UE pog
Vo EKTEAECEL LAV EVTOAN, TPEMEL va. TNV SofAcel amd T UviUn EVIOADV, Kot Yid TO
okomd avTo yperaletor T devhuvon g UG avtig 6mov Ppioketal n emBoun
evtoAn. Avtdg eivar o podrhog tov "Metpnti [poypdppatog” (Program Counter -
PC): o xataympntig avtdg Kpotd T devbuvon e pviung eviordv émov PBpickeTon
1 €VTOAY] TOL BEALOVLE VO EKTEAEGOVLLE.

Y10  moploElypo  TOL INSTR. DATA
, , MEM. MEM.

oxnuatog, o PC mepiéyet

TOV apOuo 10 Fatsd

(0exaeladkd), o omoiog
oidetanl oo devbuvon o
HVAUN EVTOADV: M pvium
eviohdv SwaPalet kot pog @ —

diver 10 mepigyduevo g L+ Contral |opcode 4* 5 Addr
0éong 10, to omoio €0m® ° dmAd, dmitiT
Tuyaivel va glval 1 evioin
load 08 --K®OIMKOTOMUEVY GE YAMGGSH UNyovng euotkd, oniadr "010100001000"
CULPMOVO, LLE TO TOPATAVED PETEPTOPLO eVTOADYV. KdBe AEEN TG HvUNng EVIOA®V givat
12 bits, kot mepiéyet av evioAn. Ta 12 cvppata avdyvoong mov Pyaivouv amd
pviun aot, ta yopitovpe o€ 4 aprotepd (MS) cvppota mov mnyaivouy 6To KOKAMUO
eléyyov, kar 8 de&id (LS) ovpuota mov mmyaivouv oo dievbuvon ot uviun
dedopéEvmV. APol OAEG O EVIOLEC TOV VTOAOYIGTN HOG OTOTEAOVVTOL Ao Evav opcode
ota 4 MS bits ko pia 01e00vvon ota 8 LS bits, pe ™ cuvdeopoloyio avti Tnyaivel o

add! 0o :
{acd! oA 0A:[1A]
st 0B 0B:[ ]




opcode 010 KUKA®UO €AEyyoLv Kor 1 dSevbvvorn ot pvAun dedouévev. XTo
mapadelypd pag, o opcode givar 0101 (mov onpaiver 1oad), kot n devBvvon eivar
00001000 (dnA. 08 dexaetadikd). To Khklmpa eAéyyov, PAémovtag TV evioAr| load,
o (nmoet avdyvoon amd ) pvqun dedouévav (dmRd=1, dmWr=0, acc2bus=0) ka1
0o Béoer v ALU oe Aeuwtovpyio passB (aluMd=Ixx). H pvqun dedopéveov,
BAémovtag T O1evbvvon 08 kor 6t ¢ (nrelton avayvmon, Bo tomobetroel tov
apBpo 12 om Aewedpo- n ALU, exteddvtag Aettovpyia passB, Bo mepdoel tov
apBud 12 omv €£006 ™G otV €vePYN OKUN TOL POAOYOV, O apldudg ovtodg Oa
ypaptel 010 cvoowpevty ACC, OAOKANP®VOVTOG £TGL TNV EKTEAECN TNG EVIOANG
load 08.

Metd v ektédeon g evioM|g load 08 amd t 6éon 10 g uvAung eviorAmv,
npénel vo. extedeotel M emduevn eviodn. Koatd maywe ocdpuPacm, extdg dkmv
eEpéoemv mov Ba dovue mo Katw (§11.9), n enduevn evioAr Ppioketon ypapupévn
oV akppag emopevn Béon pvnung --edm, ot devbuvon 11. I'é va wpokdyel n
endpevn avt oevbuvon Yy TN UVAUN EVTOAMV, YPNCLUOTOOVUE TOV ovéNnTn
(incrementor) mov @aivetol aploTEPA GTO GYNUA, dNAAdN Evav abpoloth pe devTepn
gloooo to +1. 'Etol, oty 10100 mopamdve evepyr| 0K TOL POAOYLOD TTOL YPAPETOL O
apBpog 12 oto ocvoowpevty ACC, ypaeetonr Kot 10 amotéAecua g mpocbeong
10+1=11 otov xataywpnt| PC. To omotéiecpo eivor 0Tt oTOV €mMOPEVO KOKAO
poroylov o PC Ba mepiéyel 11- n pvnun evtoAdv Ba dafdcet kKot Oa pog ddceL To
nepteyodpevo "000000001001" tng Béong 11, onAadr v evioh] add 09 10
KoK opo eAéyyov, PAémovtag opcode=0000 (add), 6o dwcer dmRd=1, dmWr=0),
acc2bus=0, ka1 aluMd=000 (onA. add)- n uvAun dedouévav, PAErovtag d1evbvvon 09
kot dmRd=1, o SwPdost kot Ba dwoel ot Aewedpo tov apud 18- n ALU,
BArémovrag ACC=12, ot Aewedpo to 18, ko aluMd=add, o npocBéoer 12+18 ko
Ba ddoel oty £6000 TG 2A- kot 0 abpolotig/avéntig apiotepd, PAérovtag PC=11,
Ba ddoel oty 6000 tov 11+1=12. MoMc €ABeL 1| enduevn evepyn axun poroylov, To
2A Oo umei otov ACC, ot 10 12 0o pmel otov PC, olokAnpmvovioag €tct v
eKTéLEOT NG €vIOM G add 09, Kol TPOETOUALOVTAG O YIA TV EMOUEVN EVTOAN,
add 04, am6 ™ 0éon 12. O xotaywpntg PC ovoudletar "Metpnrig
[Mpoypdppatoc" axpifmg emeldn| elvar katd Pdorn Evag HeTpnTg Tov avEdveTotl Katd
1 610 Téh0g ™G exTéEAEOT G KAOE EVTOANG Y14 Vo pag dMoeL TN d1e0Bvven TG ETOUEVIG
EVIOM|G: O TOAVTAEKTNG 7OV VIAPYEL otV €i6000 ToL mpoopiletar Yy TNV
apykomoinom Tov, 0tav oidetat onua Reset.



11.5 Kotoyopntés pe Enitpeyn ®optoong (Load Enable)

Eidape mapoambdve 011 0 0amAOG VLTOAOYIGTNG HOG load enable Id
YPNOonolel VO Katay®PNTES (OKULOTLPOOATNTOVC),
toug ACC kan PC. KéBe axpomvupoddtntog KotaywpnTig

amoteleitor amd moAlamAd axpomvpodotnta flip-flops Dt 1Q
(b 8 flip-flops, aeod ot kotoywpntég pog eivar

OKTAUMITOl), OMMG &Vag KOTOY®PNTNS  HOVIOAOTOV

(§7.5) amoteAeiton amd MOAAATAODS HOVTAAMTEG --EVaV ck
vy kaBe bit. To kdkhopa g mapaypdeov 8.5 yid ta (b)

axpomvupodotta flip-flops kou kataywpnTég fTay T€T010

mov aveEaipeta ge kabe evepyn ok POAOYLOD 1] TIUN TOV CLPUATOV E1IGOO0V EUTALVE
péca (eyypeoviav) otov KoToympnth. YTApYovv TOAAEG TEPUTTAOGES OMOL OV
Bélovpe tétowa eyypaon va yivetor oe kdBe (evepyn) aku poroylov, dAAL LOVO OTIG
OKUES EKELVEG OV EUELG eEmMAEYOLUE -kl AVTO Bal TO YPECTOVLE Kl GTOV OIKO LLOG
VTOAOYIOTY, 101iTEPO.  OTO EMOUEVO  EPYUCTNPO. XTI TEPIMTAOGEL OUTES,
YPNOUOTOOVUE TO KOKA®UO Tov @aivetonr oto oynuo 0e€d (a), kot 1o omoio
cuopuporifovpe pe 10 ovpPforo (b). To wxiKAwpa avtd €xet €va onua eréyyov
"emitpeyng eéptwonc" (load enable): dtav to onpa avtd eivar 0 (Alyo mpiv kot koTd
™ O1dpKel TNG EVEPYNS OKUNG TOL POAOYLOV), TOTE 1| TIUN TOL lval amobnKevUEVN
OTOV KOTOY®PNTH O€V OAAALEL HETA TNV OKUY, EMEWN OTNV TPAYUATIKOTNTO
Eavagoptmveton 1 0t Tipr. Otav Opmg 1o onpa enttpeyns edptwong eivan 1 (¢ éva
HIKPO ypovikd mopddvupo yOpw omd TNV OKUA TOL PoAOYoD), TOTE M TN TOV
cupudTev €16000v, D, eyyphoeTar cav véa TIUN TOL KOTOX®PNTH OTNV OKUY TOVL
pOAOY10V.

11.6 O amAiog Ymoroyroti)c Tov Epyactnpiov

21 potoypagio TopakdT® eaivetal 1 TAaKETA TOL VAOTOEL ToV "dpdo dedopsEvmv"”
(datapath) Tov amAov vroAoyioTn, TV onoia Ba Bpeite oto gpyactipro. Evyapiotodpue
Y v oxediaon Kot Katackevn g 1o Ivetitovto [TAnpogopikng tov ITE kot toug
Miyoin Avyepaxn, Topyo Kaiokaipivo, kol Aquntpn Toolioyko (TeQVIKN Teptypopn
tov FPGA ¢ mhaxétag (dev amoterel pépog tov pabnuotoc): Aumhouatiky Epyoacio
tov A. Toohayko?¥ (Zem. 2007)).

Avtd mov Aeimel ko mpémel €oeilg va OTIAEETE €ivarl TO KOKAUO €AEYYOVL, OV
"evopymotpavel" Oleg Tig Asttovpyieg mov to datapath givan oe 0éom va kdvel. To
KOK oo eELEyxov maipvel cav €1c600vg Ta 4 bits tov opcode (kdtw aplotepd) --Kot
apyotepa Kot 2 bits cOYKPIONG TOL CLGGMOPEVTY| UE TO UNOEV (KAT® deE1d)-- Kol divel
ocav €£600vg OAa To. onpata AEYyoL (embve mAgvpd g TAakétag). H mlakéta tov
datapath &yel meprocdtepa otoryeia amd avtd wov gidape oty §11.4, Tpokeiévon va
TPOCOEPEL KOL TIG AElTOVPYieg MOV O TEPIYPAYOLE TAPOKATO GE OVTO KOl GTO
enduevo epyactplo. To mANPec KUKA®UO TOL VAOTOEL 1 TAOKETO QOIVETOL GTO
OYNUOTIKO SLAYPOUILO KAT® amd T oToypadio. YIapYouv evvéa dtyneiot eVOeiKTeg
7 tunuatov (7-segment displays) ot omoiot cag dgiyvouv avd mhoo oTiypr| v
TapoHoO TIUN GE EVVEN EVOLOOEPOVTA (OKTAUTITO) ONUEID TOV KUKAMUOTOS O KAT®-
Kbt (péom) evdeiktng petpder Tovg KOKAOLG poroyod. Ot evoeikteg avtol
Aertovpyohv 610 deKaeEadIKO --To. Ynoio Tave ond 10 9 podlovy pue A, b, ¢, d, E,
kot F- mpocoyn: 1o 6 dwpépel amd 10 b Katd to OTL T0 pev 6 €xel TadAM ETAVO, EVO
10 b dgv €yxet.


http://archvlsi.ics.forth.gr/~kateveni/120/07f/dpath_brd_tsaliag.pdf
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Extog and tovg swynoerovg evoeikteg 7 tunpdtov yid Tovg OKTAUTITOVS dPOLOLG,
vrapyovv kot pkpéc LED mov deiyvouv tig Tipég pepovopévov bits. Ot kKOkKiveg
LED d¢elyvouv mo16g amd Tovg TPIKATACTATONS 00MyNTég mov 0dnyovy to BUS eivon
evepyomomuévog. Otav dev elvar gvepyomompévog kavévag odnyntmg tov BUS, 7
otav eivor gvepyomompévolr ovo 1 mepiocdHtepol, omodte M T tov BUS elvan
ampocdIOPIoTn, 1 TANKETO KOTOOKELALEL €0MTEPIKG KOl Oglyel OTOVS EVOEIKTEG
YEVo0TVYOiES TIHEC, oL omoieg evalrldocovtat pe pvBud mepinov 2 Hz (n mhakéta
viomotel ecwtepikd T0 BUS péow evdg morvmAéktn, ondte dev kaiyetat dtav avafouvv
dv0 1 mEPLGGOTEPOL 0OMYNTES —-0vTd PEPata dev elvar dukatoAoyia yid vo odnynoete
anpoécekto. 10 BUS...). Ov spaoweg LED delyvouv 11c Tuég tov €£60mv g
mhokétag: opcode kot ta 2 bits cUYKpIoNG TOL GLGCOPELTA e TOo UNdéV. Ot KiTpiveg
LED d&iyvouv TIg TIHES T®V VTOAOIT®V €1600®V (ONUATOV EAEYYOV) NG TAAKETOC.
2tovg 000 molvmAékteg, avdPetl mavta pio and tig dvo LED, vmodewvdoviog v
emheypévn eicodo. Xtovg kataywpntés PC ko ACC n LED deiyver v T tov
onuatog emitpeyng @eoptoong (1 = avoppévn = @OpT®ON OTNV EMOUEV OKUN
pPOAOYLOV).

im2bus
dmWr
drmRd
aluid
acclLd
accebus
extZhus

DATA
MEM.
3
<
sign
* 1 zero ‘; §
=
5 BUS [BB| g2
5

¥ | v
Dch'Dde +-—C3/O—-—fck accSign accZero

Ot glcodol Tov onudtov eAéyyov (emdved TAELPE NG TANKETAG) £xouv aoBevelg



OVTIGTAOELS KOOEAKLONG TAVO OV TAOKETO, EMOUEVOS OV TS OONOCETE
OVOIKTOKVKA®UEVEG (aiovvieTeg) maipvouy v default Typun pnoév (0). Avtd eivon
YPNOWO Y18 TOVG TOAVTAEKTES (eKTEAOVV TNV cvvnOiouévn Aettovpyio TOLS OV
eldape oy §11.4), kot y1d ToVg TPIKOTAGTATOVS 00NYNTEG (OAOL GPnoTol --apkel va
avhyete évav): y1d toug katayopntés, n default tun 0 dev eivon Wwaitepa ypnoun,
dedopévou 6Tl 6To onpepvd gpyactnplo BEAove Tavta vo poptdvovue tov PC, ko
ocvyva tov ACC. Aimha 1] Tdve o€ KaBe onpa eAéyyov (ektog Tv aluMd) vrdapyet amd
évag dokomng "bouton" dtav matnOel 0 SAKOTTNG ALTOG AVTIGTPEPEL TNV T TOL
avtioTolyov oNuatog eEAEYYoL --gite avtn etvon m default tun 0, eite mpoépyeton amd
T0 O1KO G0C, £MTEPIKO KOKAMUA. AVTO gival YpMGILO O104TEPA OTA TPMTO CUEPIVL
nepdpata dOTL cog emTpénel, yoplg eEmTepd KUKA®UA 1 GLVOECELS, VO
EVEPYOTOLEITE YELPOKIVITOL --TTOTOVTOS TO GYETIKO SLOKOTTN-- O10ONTTOTE GIUOL EAEYYOV
emBopeite (nhadn avietpépovtag v default tun 0 Tov). Zto endueva mepapaTo
ot d1okdmTEC OvTol pmopel va Gog Pavovy ypnoipol av Beinoete va "dopbdote”
YEPOKIVITA KATO10 GOl EAEYYOV TTOV GE OPICUEVESG TEPUTTAOGELS TO KOKAWUA GO dEV
T0 001 YEl COOTA....

Ov éfodor g mlakétag (opcode Kot
OTOTEAEGUOTO. GVYKPLOTG --KAT® TAEVPA) Kot
ot €lcodot ELEYYOL TG (emdve TAELPA, KOOMG
Kot TO poAdl --PA. OQpéo®G TOPAKAT®)
ocuvoéovtar pe to breadboard péow piog
KoA®doToviog mov Eekva amd Tave degld
Kol OV otV KatdAnén g oto breadboard
elvar Ommg deiyvel 1 potoypapio de&d. Kat'
avéAoyo TPOTO TPOG TO. MAPOTAVED CHUOTO
eréyyov pe 1o dwokdmtn-bouton, oto pécov
NG KAT® TAEVPAS VILAPYEL EVOG OLKOTTNG OV UTOPEL va, xpnoipomomBet cov €16050G
poroyov: onote motiEton kdvel ck=1 (ko avaPet n kéxkivn LED ond wéve tov), kot
omote eival glevBepog oiver ck=0- o daxdnng avtdg eivar debounced (§8.8). H
aKkpipng Aettovpyia givor 6TL 1 TYN 7OV divel avTdg o dtakomng yivetar OR'ed pe v
T ov €pyetat amd v eEmTEPIKY| €16000 Poroylov, pHécw tng KaAwdotawviog. H
eloodog dedopévav "ExtBus" (8e£1d) cvuvoéetan pe to breadboard péow pudg dAAng
KaA®OoToviog.

e oyéon pe 6ca eidape oty §11.4, o1 emmAéov SpOUOL TOL VILAPYOVY GTNV TAUKETAL
etvan o1 €€ng, amd apiotepd mpog ta de&id: (a) O moAvmAéktng oty gicodo tov PC,
ereyyopevoc amd 10 pcMd, emtpénel | endueEVN EVIOAN v uny givon mévta n "amd
kdtw" (n "ovv éva") mg topwne. (B) H Mviun Eviolov Pploketon mdvia og
KOTAOTOON avayvmeng, dniadn Acttovpyel TlvTo oV GLVOIVOCTIKO KOKA®UO --OEV
umopeite va gyyphwyete o avtv (Read-Only Memory - ROM). (y) O tpikatdotatog
odnyntg ota 8 LS bits ¢ evioAng, mov ehéyyetor amd to im2bus, TpoopileTor yid o
dipota (§11.9) ko dAdec Asrtovpyieg tov enduevov gpyactnpiov. (8) Opoiwg, o
katayopnms TMP kot o moAvmAéktng omv €5000 Tov elvar Yyl T0 €MOUEVO
epyaotpio. (¢) To otoyeio "sign, zero" otnv ££000 TOL CLGGMPELTY|, TOV YEVVA TIG
€&0oovg accSign kot accZero, GVYKPIVEL TNV TN TOL GLCCOPEVTN HE TO UNdEv (o,
dviom, apvntikr], Betikn | Undév), kol Bo 10 YPEGTOVUE OTIS OLOKAUODCELS VIO
ouvOnKkn, 610 emduevo epyactnplo. (61) Téhog, o TpiKaTdoTATog 0dNYNTNG 014,
eleyyopevog and to onpa ext2bus, mpoopiletat yié v maparafr| dedopévav ard Tov
¢€m koopo (ExtBus) --BA. §11.8.



Ieipapa 11.7a: T'vopwpie pe v Mokéta ko Tnv ALU T0v amrod
Ynoloyriot

210 mpdTo awtd melpapa Ba acyolnBodue pdévo pe v ALU --dgv Oa farovpe v
TAOKETOL OKOUO, VO EKTEAEL KOVOVIKEG €VTOAEC cav va eivar vroroyiotg. Otav
avéfoovpe TV TPOPOSOGiN, Ol HUVIUEG EVIOAMV Kol OEOOUEVOV  apyIKOTOI00VTOL
ovtopato pe opopéves TES (amd pioo ROM méveo oty mhokéta), Onwg ovtég
dtdovtan otov mivaka, mopakdte. Eniong o PC apyuconoteitar oto undév (0). Avtd,
kaBmg ko ot default Téc tov onuatwv eléyyov devkoAvvovv v Evapén TtV
TEPAUATOV LLOGC.

() Xvvoéote pe 3 ovpuarta ta 3 de&id (LS) bits tov opcode ota 3 bits tov aluMd:
€101, 0 éAeyyoc tov Tt TpAEn Kavel  ALU Ba yivetan and ta mepieydeva TV TpaTmv
0éce®V ™G VUG EVIOADV, TTOV £XOVV YPOQPTEL Y18 TO 6KOTO avTd (dev TPOKELTOL Y1
GUVOEDT KOVOVIKNG AELTOVPYIOG VITOAOYIOTH --TPOKELTAL HOVO Y1l GUVOEST TPATNG
dokiung). (B) Kparote ta 3 onuota ehéyyov pcLd, dmRd, ko accLd cvveymg
OVOUEVO: OVTO UTOPEITE VO TO KOVETE €ITE TATMOVTAG GUVEXDS TOVS 3 SIKOTTES TOVG,
elte ovvoéovtag oto breadboard ta pcLd, dmRd, kot accLd omv Ogtikn tdon
Tpo@odociag (Aoywuod 1). 'Etot, o BUS 6a odnyeitar mévto and ™ pviun dedopévaov
(dmRd=1, eve> dmWr éyet v default yun 0), n ALU Ba kdvel mveo 6€ oot TNV TIUN
tov BUS v pdén mov mov ¢ vrodekviel o opcode (o), kou og kdbe mdtnua Tov
OKOTTN-poA0YI00 TO amotéAecpa avtng g mwpdéng Ba ypaeetar otov ACC
(accLd=1), o 6¢ PC Ba av&aver katd 1 (nxtPC=PC+1 agod pcMd £xet v default
Tiun 0, kot 1 véa tiun PC+1 Ba ypdoeton mévta otov PC eneon pcLd=1). 'Etol, Ha
TPEMEL VO TOPATNPNGETE TIG TYEG GTOVS TPDOTOVG KVKAOVG POAOYLOV UETE TO GVOLLLOL
™G TPOPOO0Ging, PACEL TOV TEPIEYOUEVOV TOV TPAOTOV OEGEMV TOV UVNUOV EVIOADV
Kot 0gdopévav, Onmg avtd @aivovtal otov mapokdt® mivaka. To mepieydpevo g
pvung etvon ypappéva pe to 4 MS bits (opcode) oto dvadwkd, kot ta 8 LS bits
(ADDR) oo dekaeladtko:

ADDR I MEM: aluMd: AmotéAeopa petd TNV aKun pPoAoyLoU:

00: 0100.10 passB ACC := DM[10] = FD

01l: 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
0D = 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] = 0A + FF = 09

08: 0000.04 add ACC := ACC + DM[04] = 09 + 08 = 11

09: 0001.02 sub ACC := ACC - DM[02] = 11 - 02 = OF

0OA: 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 ... < ouuniAnp®d®ote tov mivoara goeig >

0D: 0011.06 ... < OUUIIANPE®OTE TOV Im{voaka TIPLV TO €PYyNCTIHPLO >

OE: 0000.0B ... < OUUIANE®OOTE TPLV TO €pPYyQOTHpPLO >

OF: 0000.06 ... < OUUIDANEP®OOTE TPLV TO €pYyQOTHplLO >

Apx LKA Tleplexdueva MvAung Aedouévev (dLeublvoelc & dedouéva OTO
dexroeadLkO) :

ADDR D MEM ADDR D MEM [ Metémeita Xpnon: ]
00: 00 08: 12
0l: 01 09: 18
02: 02 OA: 1A

03: 04 OB: FO [ apydtepo: tmp ]



04: 08 0C: F8 [ apydtepa: sum ]

05: 10 0D: FC (= -4 av egpunveuvtel ocov mpoonuacuévoc)

06: 80 OE: FE (= -2 ov egpunveuvrel ocov Tpoonuaouévocq)

07: OF OF: FF (= -1 av egpunveuvtel ocov mpoonuoocuévog)
10: FD [ apydtepa: dedouéva eL1oddou amd

TANKTPOAOY LO ]

Ieipopa 11.7b: TI'vopwio pe to Xnpotae EAéyyov Tov amlov
Ymnoloyiot

Apnote ta 3 LS bits tov opcode va tpopodotodv ta 3 LS bits tov aluMd, aArd
"elevBepdote” Ta vTOAOma ofjpata gAEyyov (dMA. ta pcLd, dmRd, accLd). Ilai&te
KAUTOGO LE TOVG SIOKOTTTEG TV CNUAT®V EAEYYOV, LEYPL VO KATAAAPETE TAC EAEYYETE
eogig ot 1dto1 To T Asrtovpyia Aéte oto datapath vo kdavel! dvoikd, dev mpémet va givorn
avappévor tavtodypove dVo 1N meplocotepol odnyntég (koxkivo LED) tov BUS
(aAroung Ba deite to BUS va maipvel ywevdotvyaieg tipéc): opnote to dmRd mpwv
apyioete vo evepyomoleite evaAldé to acc2bus, ext2bus, ko im2bus. 4 va
Kataddfete mANPOS TL KAveTe, Bo pémel va €xete OWPAGEL KOL TIG EMOUEVES OVO

TPy PAPOVG.

11.8 H Evtoi Input: EEmtepikn Eicodog

Oélovpe 0 VTOAOYIOTNG Hog va pmopel va emkowvmvel pe tov €€@ kOopo. Mid
GTOYEIDONG ££000G OO TOV LTOAOYIOTN TOPEYETAL GO TOVG EVOEIKTEG 7 TUNUATOV,
HEC® TV omoimv pmopovpe va PAETOVUE apOUNTIKG OTOTEAEGHOTA VITOAOYIGUOV.
[Ipémer Opwg va ppovticovpe kot Yid £16000. Xtnv Kat® 0e&1d akpn TG TAAKETOS TOL
VIOAOYIOTN, LILAPYEL cOVIEST V1A b okTaumitny e€mtepikn Aew@opo, ExtBus: avt
Umopel vo. TPOPOOOTNOEL, HECH TPIKATACTATOV OOMNYNTMV, TNV ECOTEPIKN AE®POPO,
BUS. Z10 gpyaoctpio, Ba Bpeite £Toun pd otevh kadmototavio mov Guvoetl L ToNS
toug 8 akpodékteg pe ta 8 LS bits mov épyovror amd to mAnktpordylo oto breadboard
("FROM KEYBOARD"). Otav 6éhovue va €éABel pd tétoto eEmtepikn minpogopio
(évag oxthumrog apluoc) HEcO GTOV DTOAOYIGTH HOG, OEV EYOVLE TOPA VO VOOV LLE
oV odNynT| mov eAéyyetor amd to onua ext2bus: tote, M mAnpoopic ovty Oa
tomofetnOel oto BUS.

Méoa mAéov 6TOV LTOAOYIGTH MG, TL Ba Kdvovpe TV eEMTEPIKN TANPOPOPia. TOL
éoptace oto BUS; H andvinon etvar amhr: mpoxetton y1d KatdoTO0T 0VIIGTO(N VTG
o0tav o ovcocwpevtig, ACC, Baler v O tov mAnpogopicc oto BUS --tnv
mAnpogopia avtn) v amodnkedovpe ot Béon pvnung pe devbuvon ADDR, 6mov
ADDR c¢ivat ta 8 LS bits g evioinc. 'Etot Aowmdv, 1 eviodn "input ADDR" Oa kévet:
ExtBus --> BUS --> DM[ADDR], onAadr|, mépa amd to dvoppo tov ext2bus, mpénet
va ovéyovpe kot to dmWr yid va yivetl yypoen ot pvipn 0e00uévay.

11.9 Alpo (Jump): Xvvépion Extéleong o arlho Xnueio

Edv o1 vtohoylotég 10 HOVO oL £KOvav NTaV Vo EKTEAOVYV TNV (il EVIOAN HETE TNV
AL, o ogpd, ToAD ypryopa Ba £ptavay 6To TEAOG TNG HVIAUNG Kot Ogv Ba glyov
GAheg evitoAég va ekteAécovv. H peydin odvoun tov vroloylotdv elval m
gnavainyn tov 0wV evioddv (tov id1o0v adydpiBuov!) dpodvtog kbbe popd mhve e
owpopeTikd oedopéva. 16 vo emrevybel avty n emavdAnym, ypeldleton évag
UNYOVICUOG TTOL VO EMLTPENEL GTOV VITOAOYLIGTH 1] EXOUEVT EVTOAN OV B0l EKTEAEGEL VO
unv gtvon  "amd Katw", oAb pid dAAn evtoAn oe avBaipero onueio ™S pvNAUNG



evtod@v. Tnv duvatdtto vty pog Tap€yovy ot €VIOAES GANATOS (jump) --TOV
EKTEAOVVTOL TTAVTA, YOPiG cuVONKN, Kol Y1d TIC omoieg B pAncovpe €dM-- Kot ot
evToAég OLaKkAAdmong (branch) --mov ekteAoVVTOL VO OPIoUEVES GLVONKES LOVO, KOt
o1 omoieg Bal LG amacYOAGOVY GTO EMOUEVO EPYAGTNPIO.

H eviodq "jump ADDR" éyer mibv amAr] amoctoAn: m emopevn €vioAn mov Oa
EKTEAEOTEL LETA O v TV 0€v OBa givar 1 "amd KaTe" evtoAn ¢ jump (1 EVTOAN OV
etvar ypappévn oty endpevn oevbovon pviung), oAld pid GAAN €violn, ce pidv
avBaipetny dievbuven ADDR g pviung evtoAdv. Agdopévov OTL O VTOAOYLIOTNG
névta dwPdlel ko ekterel v evioAn mov Ppioketon otn devBvvon g UvuNg
eVIOA®V TNV omoia dtevbuvorn mepi€yelt o PC, mpokdmtel 6t1 0 pdrog g "jump
ADDR" givon va unv poptdcetl otov PC v maioid tov tiun cuv 1, aAld ovt' avtg
va poptmaoet ekel tnv dievBvvoen ADDR. T'd va emitevyBet avtod, To datapath pog €xet
TOV 001 YNTY oL EAEYYETOL Omd TO ofpa im2bus, o omoiog pnopet va BéAet tnv ADDR
néveo oto BUS, kot tov molvmhéktn oy €icodo tov PC, o omoiog pmopel va Kavet
tov PC va goptwbei amd to BUS kot 6yt omd tov abfpoioti) mov divel v maAaid Tov
T oov 1.

11.10 Amoxmowkomoinon Evrorov - Kokiopa EAEyyov

To poévo mov Agimer MAéov Y1d vo. SOVAEYEL O VTTOAOYICTNG TOV QTIAENUE (LE TIS 8
EVIOAEG OV €ldape PEYPL OTLYUNG --0TO €mMOUEVO gpyaotnplo Ba mpocBicovpe Kot
dALeg 8 mov Agimovv) elvar To KOKAmpa gréyyov (control). Avto givar veHBuvo yud ™)
onuovpyio OA®V TV oNUATOV EAEYXOL TOL Aéve o€ KABe povdda Tt va Kavel kdbe
@opd. Ohec o1 eviolég mov ldape péypt ottypng dwafalovrar Kot EKTEAOVVTOL GE Evay
KOKAO poA0Y100 M KaBepia, kot y1' avtd T0 KOKA®U EAEYYOL, HEYPL OTLYUNG, Elval Eva
andd cuvovaotikd Kokhopa. O mivakag aindelog Tov TPOKVTTEL 0V GKEPTOVLE TIG
EPYNCIES TOL TPEMEL VAL YIVOuV Y18 TNV EKTEAEST KAOE EVTOM|G:

opcode: AeLToupyla: aluMd accZbus dmiWr

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:=ACCnorDMI[A] 1 011 1 0 0 0
0 0

0100 (input) DMI[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

M&vto yi& OAeC AUTEG TLG €VIOAEG: pcld =1 ; addr md = 0 ;

Ot evtodég load kot add ektelobviol OTmG meptypayape mopomdve. Ot eviolég
sub, and, nor ekTteAoOVTOL KOTE EVIEAMS OVAAOYO TPOTO --OmAMS OAAALEL TO
mode ™¢ ALU. H eviol] store dwpépet Ayo: avéPovioc to acc2bus=1 (ue
dmRd=0, pucikd), TonobeTel TNV YN TOL GLGGMPELTH GTO bus: EVEPYOTOLOVTOS TO
dmWr=1, n Ty} ot omd 10 bus eyypdeetor ot UVAUN OEOOUEVOV: EMIONG,



ofmvovtag 10 accLld=0, o ACC datnpel v Tiuq tov apetdfAnt. Yrmdpyet pd
Aemtouépelo mov dev glval 6mGTH G AVTO TO GLVOVACTIKO TPOTO YEVVNONG TOV
onuatoc dmWr: dev vmapyel €yybmon OTL 10 onua avtd Oo aviyel ueta ™
otabepomoinon g Oevbuvong g uvAung dedopévev Kot Ba ofnoest mpv TV
EMOUEV aALOYT QLTS TNG OleEvBVVOT G, OTmg Tpémet va yivel. To mpdPAnpa ovtd dev
pumopel va d10pBwBel mapd pdévo av oAAdEer 1o KOKA®UO €AEyyov Kou yivel
axolovboko (FSM), 1 pe dAheg moldmlokeg nebdOoVE 1 TAAKETA TOL EPYOOTNPIOV
AMvelr avtd 10 TPOPANUo pe pio tétolo mepimAokn pEO0SO MOV Oev GO OPOPE.
Kavovikad, évac vrodoyiomig yperaletor kot éva onjua Reset mov va tov emavagépet
OTNV OPYIKN KOTAGTOON EKKIvNomg, 0,TL Kl av ékove avTog mptv (opcode=xxxx): va
apywonotel tov PC o10 0, y1d va apyicel va ektelel eVTOAEG amd TV apyr TG UvNUNG
EVIOAMV. XNV TAOKETOL TOL gpyaotnpiov, yid devkdivvon oag, "Reset" yivetan
aLTOLOTO, OTTOTE AVAPEL I TPOPOSOGin, KAOMDS Kol OTOTE TUTHOETE TO GYETIKO UIKPO
KOVUT, KAT® APLOTEPA GTNV TAAKETOL.

Heipope 11.11: Xyediaon ko Aoxkipun Tov Kvkiopatog EAéyyov

[Ipwv @tdoete 610 €pyOOTNPLO, GYEOIAGTE TO (GLVOLAGTIKO) KUKAMUO TOV EAEYYOL
Baoetl Tov mapoandve mivako aAndeiag, kot TNV VAOTOINGN TOL e TOAEG amd ta chips
nov €xete. [lop' 0TL 0 mapandve mivakag ainbelog deiyver ohovg Tovg opcodes va
apyilovv pe 0 (ko dev mpocodlopiletl 1 mpémet va cvuPel 6tav o opcode (£i60d0¢ GTO
KOKAoUG cag) apyiler pe 1), eoelg ayvofjote (don't care) avtd 1o éva MS bit tov
opcode. Avtd, mpdTOoV amAomolel TO KUKAWUA coC, Kol 0gvTEPOV Elval amopaitnto
OlOTL GTN UV EVIOADV TG TAAKETOS VILAPYEL Ld EVTOAN ov apyilet pe 1 (n evroln
1111 omm 0éon O01), n omoila eivor ekel SOTL ™V YPeOONOGTE GTO EMOUEVO
gpyactplo (omnv Tpaypatikdtnta givor 1 eviodn "jump indexed"), aAld g oVTO £OM
TO gpyaoTtnplo €c€ig mpémel va v Bewpnoete Ot givon pior kovoviky| jump, cav o
opcode ¢ va fjtav 0111, dnAadn ayvoavtog o éva MS bit tov opcode.

3T0 €PYOOTNPLO, KATAGKELAGTE TO KUKA®UO gAéyyov oto breadboard, cuvdéote to
OGNV TAOKETO TOV VITOAOYLOTH, KOl EAEYETE TO EKTEAMVTOAG TO TPOYPULLLLO TTOV VILAPYEL
OTN UVIUN EVIOADV Kot GaiveTon otov mapakdato tivaka. Otav o PC givar unoév (0),
punv Egyvdte va divete amd 10 TANKTPoAGYL0 £vav "evdtapEépovta’ oKTAUTITO aplBuo.

ADDR I MEM: Assembly: AmoT éAgopua petd& TNV OKUN POAOYLOU:

00: 0100.10 input 10 DM[10] = input := dedouéva e10b6doU
and TANKTPOAOYLO

01: 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] = 03 nor 00 =
not 03 = FC

17: 0011.01 nor 01 ACC := ACC nor DM[01l] = FC nor 01 =
not FD = 02

18: 0000.10 add 10 ACC := ACC + DM[10] = 02 + input

19: 0000.0C add oc ACC := ACC + DM[0C] = 02 + input +
sum

1A: 0110.0C store 0C DM[0OC] = sum := ACC = sum + input + 2

1B: 0111.00 Jump 00 PC := 00 [&meipocg PRpdxoc &bpolong]

Apx k& Heplexdueva MvAung Acdouéveov (dreub. & dedoupéva OTO



dexroead LKD) :
ADDR D MEM

00:
01:
02:
03:
04:
05:
06:
07:

00
01
02
04
08
10
80
OF

ADDR D MEM

08:
09:
OA:
OB:
0C:
OD:
OE:
OF:
10:

12
18
1A
FO
F8
FC
FE
FFE
ED

[

Xphon: |

tmp ]

sum ]

av epunvevtel ooV IPOCNUACUEVOCQ)
av epunvevtel ooV IPOCNUACUEVOCQ)
av epunvevtel oov IPOONUACUEVOQ)
input omd mAnxtpoAdyLo |
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