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Evomro 2" : Xyedioon ko vlomoinon g 016000
OEOOUEVMV KAl TS UOVAOAS EAEYYOD TOV vIoLoYioTH MIPS

Y K0omog O oxom6g TNG EVOTNTUS VTG EIVOL VO TAPOVGLAGEL VO, TOV TPOTO NE
TOV 070i0 oyeddleTal Ko viomoreital 1 6i0d60g dedouévov Ko 1)
povada eréyyov Tov vroroyiet)y MIPS.

IIpocook®dpeva  Otav 0o £xete peletiost TNy evotnTa, 00 cicte o 0fon va:
Amoteréopato

al

n, -

*':'%-'.':Fl':-"“fsényai‘rs TOC AELTOVPYEL TO POLOL Y0 TNV GVAYVOGN 1] TNV £YYPOON
gvlc onuatog,

o o

ey 4 ) . , .
e YPNGULOTOLEITE TU KATAAANAY KVKADOUOTO Y10 TNV KOTOGKEV] TOV
TUNUATOV TNE 610000 0LO0UEVMV, Y10 KAOE TOTO EVTOAIC,

A, &

ﬁéﬁﬁ*'z 6yco1aleTe TN 61000 O£OOUEVOV KoL TN Bacikn] novada eAEYYov £vOC
KUKAOV TOV vToroyieti) MIPS,

EX A

s oycoralete TN HOVAOO E£AEYYOL OTAV 1 EKTELECT TOV EVIOALDV
YOPILETOL 6€ TOALOVC KUKAOVE POAOYLOV,

-, A

"’E- s GUYKPIVETE TNV VAOTOINGN TNS 61000V 0EO0UEVAOV TOV EVOC KUKAOV,
HE QVTN TOV TOAADV KUKAMV.

= .

wm@“ﬁﬂm OKMOTUPOOOTOVNEVY] AEITOVPYIO.  POAOYLOD, pHOVAdO pVAuNG
0£00EVOV, NOVADO, ETEKTAGTS TPOGI| IOV
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Apyrtextovikn Yroloyiotov I

= O porog TOV POLOYLOD GTT HETAOO0GT CIUATOV.

v TpOTN VItoevoOTNTa O HEAETICOVE TOV TPOTO LE TOV OMOio peTadidovTal To
onpate oto oTolyelo LvynuNng, o€ évav 1N g dVo KHKAOLG poAoyloD. Xt cvvéyewn Ba
TEPLYPAWYOLLE TO KOKA®UO OVAYVOONG N E€YYPAPNS EVOG ONUATOS GE €vav KOKAO
pOAOY10V.

‘i-Ma‘rdﬁocn ONUATOV GE GTOLYELD UVIUNGS

H Aertovpyia Tov poroyod kabopiler 1o woTe Ba yiver avdyvoon 1 yypagn €vog
onuatog. Eivar onuaviikd vo dwywpiotel o ypdvog ovdyvoong omnd 1o ypovo
EYYPAONG €VOC ONUOTOG. XTNV TMEPIMTOON MOV G€ £vol GNUA 1 €YYPAON KOL T
avayvmon copfaivovv tautdypova, TOTE 1 T TOV GUOTOS TNV AvAyvooT propel
va gtvan €{Te 1 TOALG T TOL GNUOITOG, 1TE M VEQ T TNG EYYPOPNG, 1) AKOLLOL KO L0l
T avdpeco oe avtéc TG 0vo. H akpomvpodotovpevn Aettovpyic Tov poroytol
GYEOLAGTNKE Y10 VO, ATTOPEVYOOVV TOPOLOIES KOTAGTACELS.

Me v axpomvupodotovpevn Aettovpyion poroyod dtoympileTon 0 xpOVOG EYYPOUPNSG
Kol ovayveons evog ONUOTOC. TNV Agttovpyio avTy, T0 KUKADUOTO TOL VITOAOYIGTH
EVIUEPMDVOVTOL HOVO GTNV 0K TOL WPOAOYLKOV AoV, Eneldn povo ta otoryeia
UVAUNG PTopovV Vo amodnKELGOLY TIG TIHES TOV 0edopévaV, 6€ KdBE GUVOLOCTIKO
KOKAOUO TPETEL 01 €(60J01 VL TPOEPYOVTOAL OO TO, GTOYEID LVIIUNG KOt 01 ££0001 VoL
yphoovtor oe éva ovvoho amd otoryeion pvAung. Ot gicodot eivor Tég mov
TPOEPYOVTOL OO TPONYOOUEVO KOKAO POAOYLOV, VD Ot ££0001 lvar ot Tipég mov Ha
yxpnoonomBodv otov enduevo KOKAO poloylov. Xto oynuote 3.2.1 xor 3.3.2
ToPoVS1AlovTal VO TAPAdETY LT,

'\bx‘

"WAPAXTHPIOTHTA 1

Ounacte TL givan 10 otoyeio pviaung; Do teprocotepeg Aemropépereg 0o MNrav
KoAO vo. avatpéEete oto Pifpiio Tov M. Morris Mano: “¥Wnoewokn oyedioon” ko
OUYKEKPLPEVE 6TO KEPAANLO «XVyypova AkorovOrokd Kukhopatayr.
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3
ﬂAHANTHZH APAXTHPIOTHTAX 1

Ta otoyeio pviung €ivol GVOKEVES OV PTOPOVY v ATOONKEDGOVY OVUOIKEG
mAnpogopics. Xtnv KAOe ypoviky otiyp], ov SvadIKEG TANPOPOPiES OV givan
000N KEVUEVES 6TO GTOLYELN UVIIUNG EVOS 0KOAOVOLOKOV KUKADMNATOG, ATOTEAOVY
™V Katdotact] Tov (“state”). To amhovotepo otoryeio pviung givor to flip-flop.

Hopaosryna

210 oynua 3.2.1, to ocvvovaoTikd KOKA®pPA Asttovpyel o évav KOKAO poAoyloD. Xg
LT TNV TEPITTMOT, OAQ TOL GCUOTO TPETEL VO LETAOIOOVTAL OO TO GTOLYEID UVIAUNG
1, H€o® TOL GLVIVACTIKOD KVKAMUOTOG, GTO GTOLYEI0 LVIUNG 2 GE XPOVO £VOS KUKAOV
pOLOYIOV KOl M €YYpa®n ©T0 otowyeio pviung 2 yivetor oto téAog kdbe KOKAOUL
poroytov. O ypdvog Tov amotteiTol yio vo pTAcovV TO, GNUOTO GTO GTOLXELD Hviung 2
kaBopilel To PAKOG TOLV KHKAOL TOV POAOYLOV.

State

elemant
1

State

elemeant
2

Combinaticnal logic

Clock cycle J

Yympa 3.2.1 - To 6vvoVLUGTIKO KOKAONO, TO GTOVYEID HVIIIIG Kol TO poAdL givarl oTEVA
ovvoedgnéva: Xe £vo GUYYPOVO YNOLOKO GOGTNUO, TO POAOL Tpocdlopilel To moTe B yivel
eyypapn ota otoryeia pvnung. H kdbe gicodoc mpénet va @ptdcet pa otabepn Tiun (n tyun o€
Ba aALGEEL TPV TOV EMOUEVO MPOAOYIKO TTOALO).

Hopaostyna

210 0€0TEPO TOPASEYHO amontovvTal 0V0 KUKAOL POAOYIOD Yio Vo LETaO000VV TO
onpata amd To otoryeio pvnung 1, HEow Tov GLVIVAGTIKOV KUKADUATOG, GTO GTOLYEID
pviung 2. X7 oot TV TEPINTOON amotteiton éva onpo. EAEYXOL EYYPAPNS TOL
dgvTEPOL oToLXElOL UVAUNG, KATAAANAO, OOTE N €YyYpa®n G  avTd TO KUKAMUL VO
YIVETOL KATO TNV OKU TOL O€0TEPOL ®POoAOYlaKOoL ToAuov. 'Etol 1o ymookd
KUKAMDUOTO EVIILEPDOVOVTAL GTNV OKUT TOL OPOAOYIOKOD TOALOV, HOVO OV TO GHUO
eyypaong etvor evepyo, Omwg @oaiveton oto oyfua 3.2.2. Emiong n €£odog tov
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Apyrtextovikn Yroloyiotov I

ototyeiov pvnung 1 mpémel va mapapével otabepn KoTd T SbPKELD TOV KOKAM®Y TOV
POAOYLOV, TOV ATOUTOVVTAL Y10 TN HETAS00T TOL onpotos. o va amhomorcovpe to
oynuo o0g dglyvovue TO GNUA EYYPOPNG, OTAV 1 KOTAGTOOY EVIUEPOVETOL GE KAOE
KU T0V @poAoylakoy moAuov. Ilpémel va toviotel mwg OAo ta otowyEion pPviuNg
&yovv cav €16000 T0 POAOL.

State State
elemant Combinational 1agic alemeant
1 2
write write

Cock cycle ——

Yypae 3.2.2 — Xto otovygio pviung 2 o€ yivetar £yypagi] o€ KGOs KokAo poroyrov, arid
ROVO 6TV GKMUT] TOV OPOAOYLOKOD TAAROD, 6TAV TO G EYYPUONS Eivan Evepyo: Avti N
oyedlaon EMITPENEL GTO GLVOVLOUGTIKO KUKAMUO VO, UETAOIOEL TIG €16000VC TOV GTOLEIOV
pvnung 1 oe meptocoTeEPOoLS KOKAOLG poroylod. H €€0dog Tov kukimpatog 1 dev mpémetl va
oAlalel Katd ™ JdpKeELD TOL TO GNUC UETOOIOETOL HECH TOV GLVOVOAGTIKOD KUKAMUATOGS.
Emopévog to otoyeio pvaung 1 mpémet vo €xel éva KOTAAANAO onpa gyypapns. Av yuo
TOPASELYHO.  OOITOOVIOL 2 KUKAOL POAOYoD ywo vo petadobel to ofuo pécw Tov
GLUVOVOCTIKOD KUKADOUOTOC, TOTE TO OO EYYPOENG Y. TO oToryeio uvaung 1 mpémet va
amevepyomomBel KaTA TOV TPMTO MPOAOYLOKS TAAUO.

‘Z-Avdyvcom] N €YYPOPN O UOTOS

H axpomvupodotodpevn Asttovpyio pog emtpénet va daalovpe to mepieyOUevo vog
KOTOYOPNTH, VO OTEAVOLUE TIS TWEC TGOV ONUATOV HECH €VOG CLVOVLAGTIKOV
KUKAMUOTOG KOl VO YPAPOVIE GTOV KOTAX®PNTH GTOV 1010 KUKAO poA0ylol, OTMG
eaivetolr oto oyfua 3.2.3. Aegv €yel onuocio €dv Bempnoovpe mMG Ol EYYPUPES
yivovtol g BeTIK) N APVNTIKY OKUN TOV TOALMDY TOV POAOYLOV, AoV Ol £1G0J0L GTO
GLVOVACTIKO KOKA®UA 0eV AALALOVV EKTOG OO TNV EMAEYOUEVT OKLUN.

State
alament

Combinational logic

Yympo 3.2.3 - H akpomvpodotodpevn Aertovpyio emtpénel vo yiveton aviyvoon kot
eYypapn o€ évo UOvo KOUKAO PoAoyloh GTO GTOWEID UVAUNG, YOPIC Vo 0dNYOVUOCTE GE
akofopiloteg TIES TV dedopévav. O KOKAOG TOV pOAOYIOD TPETEL VA EXEL KOTOAANAO UAKOG
€101 MOTE 01 TWEG OTIS €10000VG va Topapévouy otafepég Otav epeavifetal 1 akpn Tov
EMOUEVOVL WPOAOYLOKOD TAAULOD.
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TS Iyedov 0o Tar oTolgElon PVAHNG KOL TOL GUVOLOOTIKG KUKADUATO £X0VV
€10000v¢ Kot e£600vg pe pnéyebog 32 bits, apov avto givol to péyebog twv dedopEVEOV
nov emefepyaletan o emefepyaotns. Ta oynuata mepiéyovv aptmpieg (buses), ot
omoieg petagépovy onuato pe peéyebog peyorvtepo amd 1 bit. Ta BEAN deiyvouv v
KateHOLVGT NG PONG TOV FEGOUEVOV OVALEGO GTO KUKAMLLOLTOL.
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Apyrtextovikn Yroloyiotov I

= Ta TuNUOTE TNS 01000V OLOOUEVOV  TOV
vroroyioti] MIPS Yo k30g TOT0 EVvTOAG

Xy vroevotnta vt Ba acyoAinbovpe pe to oyedacud TG SO0V OEOOUEVMVY TOL
vroloyioty MIPS kot pe 1o facikd KukAdpaTo mov ¥petdloviol yio T0 oYedcHo
avtd. Apyikd, Oo mEPLYpAWOLHE TO KUKADOUOTO TNG O10d00L O£OOUEVMOV Yo TNV
AVAKANGN TOV EVIOADV Kot TV avENon Tov amaplOuntn Tpoypaipatog. X1 cuvEeELL
Ba eEetaoovpe Yo kbBe TOTO EVIOANG EEY®PLOTA, TOV TPOTO LE TOV OTTO10 EKTEAOVVTOL
01 EVTOAEC, KOOGS Kol TO, EMTAEOV KUKADUOTO TTOV ¥PELOVTaL Yio TV VAOTOINGT TOV
TUAUOTOC TNG 01000V dEJ0UEVOV TNG KAOE EVTOANC.

"Aioﬁog 0EO0UEVOV Y10, GVAKANGN EVTOAMDV KO
avénon Tov araPouNTH TPOYPAUNRATOS

IMa to oyedaopod g 01000V dedopévav, apyikd Ba Tpénetl va E€TAGOVIE TO PaciKd
KUKA®pOTe oL Ypetdlovtal yia kKabe TOTO EVTIOANG. AnAadT|, VO KATOGKEVAGOLLE Y10
k@B TOMO £VTOANG EgYwPloTd TN 310d0 SEFOUEVAV LLE TO OVTIOTOLYOL CTILOTOL EAEYYOV.

Apywcd, ypewaldpocte €va KOKAOMO Yoo vo  amofnkedovior ot EVTOAEC TOL
npoypappotoc. H povado pvqung, m omoio amoteAeitor omd otoyeion pvnung,
YPNOOTOIEITOL Yoo TV amoONKELON KOL TV OVAKANGY] €VTOA®V OTav diveTon M
oevbvvon tovg, Omwg eaivetar oto oynua 3.2.4. H dwevbvuvon g evioAng
QULAAGOETOL O £VOV KATOY®PNTY, TOL OVOUAlovpe amoplOunty TPOYPAULOTOS
(oyMmuo 3.2.4). Eniong, ypewalopacte évav abBpoloty yuoo vo. ov&aver Ty Ty Tov
amoplunT) TPOYPAUNATOS OOTE va Ogiyvel T dehBvvon TG EMOUEVNG EVTOANG.
Avtdéc o abpolothg, 0 omoiog eivar €vo cUVOLACTIKO KOKA®UO, uHmopel vo
onuovpynbet oe o ALU mpocdiopilovtag Tig ypappég eAEYYOV, £T61 MOTE VO LOG
otver mavta 1 Aertovpyia dBpoiong. Emopévmg, yu to oyedoopd g 61600V
OgdOUEVOV TTOV OPOPA GTNV OVAKANCT TOV EVIOA®V, XPellOUOOTE [0 LOVAd
UVIUNG, Evay amopOunti TpoypAULLOTOS Kol Evay afpotoT.
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Inatruction
address —
PC
Instruction f=— >Add Sum
Instruction
MRy —|
a Instruction memory b. Program counter c. Adder

Yympo 3.2.4 — To KUKAOPOTO TOV YPELALOVTOL Y10 TNV OT00KEVGT Kol TNV UVAKANGT)
TOV EVTOALADV Kol 0 00pOLeTI|G Y10 TOV VITOLOYIGHO TNG H1€00VVENG TG EMONEVIC EVTOANG:
H pvqun  evioddv kot o amoplOunmge mpoypdupatoc stvor otoyeio pviune. H pviqun
EVIOAMV YpMoILoTolEiTal UOVO Yo avayvmaon, EREdN 1 61050G SESOUEVMV OV KAVEL EYYPOOT|
TOV EVIOADV, (1] EYYPUOT TOV EVIOADV GTN UVIUN YIVETOL OTAV POPTOVOLUE TO TPOYPOLLLOL,
€101 TNV TopoaAgimovpe yio ariomoinon tov oynuatog). Eropévag, apod otn pviun eViorAdv
umopei vo yiver udévo avdyvmon, dev 0o coumepiidfoovps to onua eréyyov gyypoenc. O
amopOUNTAG TPOYPAUNATOS ival €vag Kataympntng 32-bits, otov omoio yivetol eyypaon
Kato amd Tov €Aeyyo €vog onuotog eyypagnc. O abBpototng etvor éva wkdxiopo ALU
KOAMOIWUEVO KOTAAANAQ, £TGL MOTE VO KAVEL TAVTO AOPO1oT oTIC dV0 €16050V¢ TOV (emiong
TV 32-bits), ka1 va divel To amotéleoua oty ££000 TOv.

APAXTHPIOTHTA 2

No weprypayte T Agrtovpyio TOV KUKAOPATOV TG povddag pviune, s ALU
Kol TOV amaplOunti tpoypappatos. Mmopeite va ta ovvosoete pe 11010 TPOTO,
MDOTE VO, CYNUOTIGTEL TO TUNNO TS 01000V OEOOUEVOV Y10, TNV OVAKANGY TOV
EVTOLOV Kol TNV avénoen tov amop@unti) mpoypdpupotos; No cvykpivere To
oyMua TG 01000V dEIOUEVOV TOV ONULOVPYNCATE, HE GUVTO TOL GYNUATOS TOV
akoiovOel (oynpa 3.2.5).

~ZF T TNV EKTEAECT] UIOG EVTOANG TPEMEL VO OIVOKAAEGOVLE TNV EVIOAN OO TN
pvnun. oy extéheon g emOUEVNS EVTOANG TPENEL VO LENGOVLLE TOV aaptOunTy|
TPOYPAUUOTOC KaTd 4, £T61 doTE va poag otvel T dievbuvon g enduevng evrong. H
010d0g dedopévmv Yo avtd To Pripa eaivetal oto oynua 3.2.5.
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Apyrtextovikn Yroloyiotov I

>Add

- Read
PC afdrass

Inatruction
=it

INSIUCT IO [——

Yyqpe 3.2.5 — To tufue g 016000 SESOUEVMV TOL YPNCIUOTOLEITAL Y10 TNV AVAKANOT TOV
EVIOAMV KOl TNV aOENCT TOL OmaplOUNTH TPOYPAULATOS.

‘-‘-Aioﬁog 0E00UEVOMV Y10 TIS EVTOAES TUTOV R

Ot gvtoAég tOmov R givar evtodég mov extehovv aplBuntikég kot Aoywkég mpdéelc. Ot
mnyaiot TEAEOTEOL, KOOMC KOL Ol TEAECTEOL TPOOPIGHOV, Ppiokovior péGH oe
katoyopntés. Ot evtodég tomov R dwaPdlovv tovg S0 KataympnTés, EKTEAOVV Lo
Aertovpyia ALU ota mepleydpeva TV Katoympntov, Kot YPAeovy TO ATOTEAECUO G
&vay Katoyopn.

# O1eviodég tomov R eivon ot: add, sub, and, or, slt.

bV
JAPAXTHPIOTHTA 3

0)OvpacTE TOV TPOTTO PE TOV OO0 GUVTAGGOVTUL KOl EKTEAOVVTUL OL EVTOAES GTOV
vroroyroti] DLX; Na ypawyete tTnv €vToA] Yo TV Tp0660gcn TOV KATAOPNTAOV
Kol vo. TEPLYpayeTEe TN Asrtovpyia e o meprocdtepeg Aemropéperteg Oa nrav
KOAO VO OvVOTPEEETE OTIC ONUELOGES TNG “APYLTEKTOVIKIS YTOAOYIOTAOV” KOl
GUYKEKPLUEVO 6TO O£0TEPO KEQPOLOL0: “ApyrTekToviKég Xvvorov Evrorav”, 4"
gvotnra : H apyrrektovikn Tov DLX.

P)Na 1pNoNOTON|GETE TO LOYIGUIKO TPOGONOIMONG TNG EKTEAEGTS TOV EVIOLAOV
TVmov R tov DLX, T0 omoio mapatideTor 6ty 16TocErid0:

http://hermes.di.uoa.gr/DLXSim/r_type/R.html
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ot
ﬁ‘%AHANTHZH APAYXTHPIOTHTAX 3

H evrol] npdoBeonc otov vmoroyrotiy DLX givar: ADD R1, R2, R3. X¢ avti] Tnv
nepintoon ot R2, R3 sivan mnyaior katoyopntéc kar o R1 givar 0 kataympntig
apoopiopov. Katd tnv ektéheon Tng EVTOMG, YiveTol TpocOeon 610 TEPLEYONEVO
TV TNyoiov Ketayopntdv (R2 ko R3) ko to anotéreopo amodnkevetar oTov
Katoyopnt] mpoopiopov (R1). Emiong, vmapyovv evrorés mpocOeong yo
KAOGROTIKOVG 0plOpovg, o1 omoigg eivon ot e€ng: ADD F xon  ADD D.

(Mg avéroyo TPpOTO GUVTAGGOVTOL KOl EKTEAOVUVTOL Ol EVTOAES TTPOGOeong GTOV
vroioyioti) MIPS.)

Hopadsrypo

Noa e€nynfoete 10 amotéleopa TG evrorc : add $1, $2, $3 otov vroroyrot
MIPS.

Amavrnon:

H evtol] avt dwPdaler ta mepieydpeva tov Katoyopntdv 2 Kot 3, ekteAel v
TPOGOEGT] Kat YPAPEL TO OMOTELEG O GTOV KarTaympnth 1. 4

S O 32 kotaxopntég Tov emslepyacthi Bpickoviol 6To apyeio KoTax®pnThV.
To apyeio KoToy®PNTOV £ivol Vo GUVOAO OO KOTAXMPNTES, GTO OTOI0 OTOL0GONTOTE
KaToyopntg pmopel va dwoPactel 1 va yivel gyypagn o€ avtdév KoTd TN SdpKeln
extédeong ¢ eviolc. T va yiver avtd mpémer va kKabopiotel o aplBuog tov
KOTOY®PNT HEGOH GTO OPYELD. XE KATOLX YPOVIKY] GTIYUN Ol KATOYWPNTES £XOVV Lo
ocvykekpévn turn. H tyum avt) ovopdaleton katdotaon tov katayopntov. To apyeio
KOTOYOPNTOV TEPLEYXEL TNV KATAGTOOT KOTOYX®PNTOV TOL LoAoylotn. Emmiéov Ha
ypewotovpe pio ALU yo va ektedéost Tig Agttovpyieg yia Tig Tipég mov Ba Eyovv
owpootel amd TOLG KATOYOPNTEG. XTO TOPOKAT® OYNUO @oivetor to  apyeio
KATOYOPNTOV UE TO KOTAAANAO KUKADUOTO EYYPOUPNS KOl OVAYVOONG.
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Apyrtextovikn Yroloyiotov I

Read register@
number 1

Read register2

number 2

Write
A D
Register 0 > 1 Register 0
Register 1 » MO » D
> U Read datgdister number y| Nio-10 D_ c
Register n— 1 »| X decoder 1o Register 1
Register n > n-1 V
— n
- iDL
* MO Register n— 1
» ul » Read data 2 » D
> Register n
\_/ Register data » D
b.

a.

Yympa 3.2.6 — Or KatoyopnTtés mov TEPLEYOVTUL 6TO UPYEI0 KATUYOPNTAOV ATOTELOVVTOL
an6 D flip-flops: Xt0 oynua a eaivovtol To KUKAGUOTO TOV ETTPETOVY AVAYVAOGT), KOl OTO
oynua b avtd mov emupémovv gyypaen. Ta kvkAdpoto a ko b mepiéyovtor oto apyeio
KOTOY®PNTOV TOL oynuotog 3.2.7.

APAXTHPIOTHTA 4

Na e€nynoete o€ 10 ypappés ™ Aettovpyio 10V 0PYEIOV KATAYOPNTOV. ATTO TOLO,
KUKAONOTO OTOTEAEITOL TO OPYEI0 KATOYOPNTOV KOl TAS OVTO OCLVOEOVTOL
petald Tovg; No cuyKpivere TNV GmAVTIGY] GOC HE TNV TOPAYPOPO TOV MOMG

owpBacars.

" Ene1dn o1 evioléc tomov R éxovv 3 tedestéone, Ha ypetactel vo Stofdcovpe 2
TELECTEOVG KO Vo Ypawovpe 1 TEAEGTEO GTO OPYELD KATOX®OPNTAV, Yio KAOE EVIOAN.
IMo kéBe tedectéo mov dwfdletor amd to apyeio KataywpnTdv, YPeWlONACTE Lo
€l0000 010 apyeio katoympntdv mov kabopiler tov aplBud tTov KaTAY®PNTH CTOV
omoilo poKeLTaL vo. Yivel avayvoon, kot pio £€£000 amd 10 apyelo KataywpNnTOV TOV
o petapéper v Ty mwov dwPdomke. [ v eyypaen &vog teleotéov Ha
ypeGTOVY 2 gicodot: pia yuo va kabopicel tov aptBud tov Kataywpnty mov Ba yivel
N €yypoen, kot pio yio vo dMCEL TA OEOOUEVO TTPOC EYYPOPT] CTOV KOTOYOPNTN.
Emopévog, cuvoAikd ypelaldpacte t€60epig €16000VG (TPELS Yo TOVS apBods TV
KOTOYOPNTOV Kol €vav yuo T 0edopéva), kot ovo €£0dovg (kat ot 6vo Yy To
dgdopéva), omwg gaivetar oto oyfua 3.2.7. X1o apyelo katoyowpntdv otnv ££000
Read datal gppaviletor to mepieydUeEVO 0TOI0VINTOTE KOTAY®PNTN Eivorl €l00d0¢ 6TO
Read register 1. Avtictoya xot yio v é€odo Read data 2 kot v eicodo Read
register 2. Ot gyypagés ®wotdc0, eléyyovtar omd 10 oo eAéyyov eyypaenc. Ot
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eloodot Register numbers mov mpocdiopilovv tov aplBud tov KaTOY®PNTY, £XOVV
uéyeboc 5 bits, dedopévov Tt vdpyovy 32 katoympntéc (32=2"), koi 1 £i60d0C TOV
dedopévmv kat ot dVo £E0dot Tmv dedopévav Exet 1 kdbe pia péyebog 32 bits.

o v ektéheon tov Asrtovpyldv tomov R ypedleton 1 ALU. H ALU éyxet 6vo
€16600v¢ TV 32 bits Kot To amotéAecpa mov mapdyet sivor eniong 32 bits. Xmv ALU,
N omoio @aivetonr oto oynfua 3.2.7, yivetow €heyyoc amd €va onuo 3 bits (ue 8
Swupopetucéc tée, 2°=8), dote N ALU vo pmopei vo extedéosl 1o moAh 8
OLOLPOPETIKEG Ae1TOVPYIES.

AU comtml
S| Fad
reizter 1 tha ;
Reqgister _{_h Reard £
U reister 2
B _ PRegisters DCata
o+ gster
Read - —_—
White: data 2
Cata *| data
Regirite
a. Registers b. ALl

Zypae 3.2.7 - Ta kokhOpaTo Tov YPEiovToL Yo TNV EKTEAECT] TOV AEITOLPYLAOV TG
ALU o71ig gvroréc tomov R, sivor to apyeio katayopntov kot 1 ALU: To apyelo
KOTOXOPNTOV TEPLEYEL OLOVG TOVG KOTAYM®PNTEG Kot TapEEL 000 BOPeG Yo avayvmon Kot pio
0opa v eyypaon. To opyelo xatoywpntov divel otnv €000 To TEPIEYOUEVO TMOV
KOTOY®MPNTAOV TOL OVTIGTOLYOVV OTIC £16600v¢ Read register. Ot eyypagéc eEAEyyovtal amd To
onpa eréyyov gyypagng. Ot ei60d01l TOv HETUPEPOLY TOV APBUO TOV KATOXWOPNT 6TO apyEio
KatoyopnTov Exovv péyebog S bits, eV 01 YPAUUES TOV LETAPEPOLY TIG TYEG TV OEOOUEVOV
&yovv péyebog 32 bits. To onua ehéyyov g ALU eivar 3 bits. H é€odoc Zero g ALU
YPNOUYLOTOLELTAL Y10 TIC EVTOAEG OLOKAAOMONC.

< H §iodoc v T evtodéc TOmOL R, mov ypnowomoovv T0 apyeio
katoyopntov kot v ALU (tov oynuoatog 3.2.7), ¢aiveton oto oyfua 3.2.8.
AoV ot apBuol TV Katayowpntdv Tpoépyovtal amd medior TG EVIOANS, 6TO Gy
amekoviCeTal 1 EVTOAN oL TpoépyeTol and To oynua 3.2.5

AL opermtion

| register 1 = _

R data 1

Instruction "| register 2
Registars

o] WVTItE

reg ister R

Wite: data 2
7| data

| Regirite
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Yympo 3.2.8 - H diodog dedopévav yo Tig evrorég tomov R: H ALU mapéyel 6Aec Tic
Bacikég Asrtovpyieg OV omaTOVVTOL Yo TIG EVTOAES TOTOL R (67mwg mpocdiopiletarl amd tnv
€lcodo eléyyov twv 3 bits). To apyeio katoywpntdv otédvel (amod Tic e£6dovg Read data 1 ko
Read data 2) otnv ALU ta 6edopéva mov diaface amd toug kKataympntés. H ALU extelel v
Aertovpyia Tov mpocdlopiletar amd TNV €vtoAr] TOmOL R Kol 6TéAvEL TO OmMOTEAEGUO GTO
apyxeto xotoyopntdv (omv eicodo Write data). To oamotéhecpo avtd ypapetor GTOV
KOTOY®PNTH TPOOPLGLOV.

APAXTHPIOTHTA S

Na vroloyicete mOoES €ic0d0L Yperalovror, MOTE va Yivel eyypaen | avayvoon
6TO OpPYEi0 KOTOYOPNTOV O0Tav ektereiton n evrod] add $1, $2, $3. Na
UITIOMOYNGTE TNV ATAVTINGN GUC.

AITANTHXH APAXTHPIOTHTAX S

H evroi add $1, $2, $3 dwpaler ta mepreydpeva TOV KoTOXOPNTAOV 2 Ko 3,
ektelel TNV TPOoOeon Ko Ypagel 10 amotéleopna otov Katoyopnty 1. Exeon ov
evtorég Tvmov R £yovv 3 teheotéovg, 0o yperactel va dwwPacovpe 2 TeELEGTEONG
Kol vo ypayoope 1 TehesTé0 6T0 0pYEio KOTAYOPNTAV, Y10 KGO gvToir]. o kGOe
1ehe0TEO0 OV SrwoPaleTor amé To apyeio KaTAYOPNTOV, YPEOLONAcTE P10 £16000
oTO 0PYEl0 KATUXOPNTOV oV KaBopilel Tov apiOpd Tov KataympnTi 61OV 07010
TPOKELTAL VA YIVEL AVAYVOGT, Kou pia ££000 amd To apyeio KaTay@pnTOV TOL OO
petagéper v Tiu mov owpdotnke. o v eyypoen &vog tereotéov Oa
YPEWOGTOVV 2 gicodor: pia Yo va kaBopicel Tov apiOpé Tov kKatoywpnti mov 0o
yviver M gyypo@i], Kou pic Y0 vo. 0OGEL TO OLOOUEVOE TIPOS EYYPUPY] OTOV
kotayopnti. Eropévag, ocvvolkd yperaldpacte téooeplg €160000¢ (TPElS Yo
TOVG UPLOROVS TOV KUTAYMPNTOV Kol pia Y10 7o dedopéva), kKot 600 €£000vg (Kan
01 000 Y10 T0 0EOONEVD).

‘?Aioﬁog 0ELO0UEVOIV Y0 TIS EVTOAES POPTMOGIG
Kol amo0nKeLoNC

Ag Bewpricovpie T1G EVIOAEG POpTmOoN g Kot amodnkevong (load and store instructions),
OV £YOVV TN LOPPN:

#® lw $1, offset_value($2) 1] sw $1, offset_value($2).
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Ot evtoréc avtég vroAoyiCovv T devBuvon g uvnung dedouévav Tpochitovtag To
nepeyopevo tov Pactkol kotayopnt ($2) oto medio offset mov Ppicketon péoa oty
eviol] kot &yel uéyebog 16 bits. Xtig eviodég amobnkevong, N T OV TPEMEL VoL
anobnkevtel dwPaletar and to apyeio kKatoywpntdv ($1). X115 EVIOAEG POpTOONG, M
TN wov SwPdletar amd T UVIUN TPETEL VA YPAPEL GTO OPYEl0 KATOY®PNTOV Kot
ovykekplévo  otov  kKotoyopnt ($1). Emopéveg ypewaldpocte 10 apyeio
Katayopntov kot v ALU 6mtm¢ kot 6Tig evioAés tomov R, dmwg paivetal 6to oynua
3.2.7. EmmAéov ypealopacte pio Hovada Yo TV €MEKTOGT TPOCHHOL TOL TTEdiov
offset ¢ evtoAng amd 16 bits oe 32 bits, kot pion povada pvnung dedouévmv yio va
yiver avéyvoon N eyypaen oe ovt. H pviun dedopévav €xel onuata eA&yyov
EYYPOPNG KOl AVAYVOONGS, 0TS eMioNg £YEl €10000 Yo €YYPAPT TOV OEGOUEVOV OTN
pvniun. Avtd ta 600 KuKAdpaTo eaivovtol oto oyfua 3.2.9.

Mern¥Write
— Sddress Reaad
data 16 az
Sgn
i Data extand
* data TIENNo Y
M Read
a. Data memory unit b. Sign-extension unit

Yympa 3.2.9 - O 000 povadeg mov yPetalovTal Yo TV EKTELEGT] TOV EVIOA®V POPTMONG
Kol oo Kevong ival 1 povado pvijung 6e00puéEVOV Kal 1] Hovadd ETEKTOONS TPOCTLOVL:
Extog amd avtég tig povadeg yperaletal to apyeio kotoywpntdv kow 1 ALU tov oyfiuatog
3.2.7. H povéda uviung dedopévav gival éva ototyeio pviung pe €icodovg: Read/Write
Address ko1 Write data, kot pio povo €£0do yia to Read data. Yrdpyovv diapopetikd onpata
ELEYYOL Y100 TNV EYYPOPT] KOL TNV AVAYVOOT|, Tap OO TOL HOVO Eva OO ATA Elval Evepyd o€
KkéBe KOKAo poloylov. H povada yio v enéktocn Tov Tpociuov £xel €i6odo Tmv 16 bits, kot
UETE Omd EMEKTOOT TOV WPOCHUOL NG €100d60v divel amotéhesuo tov 32 bits mov
mapovotdleTol otnyv €£000.

j To oynua 3.2.10 anegwkovilel ToV TPOTO e TOV OO10 GLVIELOVTOL Ol LOVAOEG
otav Kotaokevdletal 11 61000¢ dedOUEV®V, Yo Lo EVTOAT POPTOONG 1 oo KeEVOTG.
Ot gl60d01 oL 6€YoVTaL TOVG aPBOVS OV TPOGIOPILOVY TOVG VO KATAYMPNTES TOV
apyeiov KataywpnTOV, TPoEpyovTal amd To eSO TG EVIOANG. AmO Ta media g
EVIOM|G TPOEPYETOL Kot 1 T Tov offset, n omoiol PETG TV EMEKTOGT TPOCH OV
yivetan 1 0evTEPT €ic0d0¢ g ALU.
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| Pt g4 AU opemtion
reqister 1 = MarmWiite
| Pt data 1 v
Instruction register 2 >p.,u_,| am —=
i ) Registers AL
| Wiita Lt »| icld e T@d
reqister = ata
i data 2
YWriter
* Cata
data - —| Write TR Py
ReqWite | | i
16 az
] SN MermFead
| eatend

Yympo 3.2.10 - H 8i000¢ d£d0puévarv Y10 TIg EVTOAES OpTong 1| amodikevones. Ta media
Mg €VTOANG divouv Tov oplBud tov kataywpnt mov Oa yivel avayvoon M eyypoen. Metd
yiveTon mpooméLaoT Tov apyeiov kataympnt@v Kot 1 é£odog Read data 1 yiveton m mpd
gloodog g ALU. H dgdtepn elcodoc g ALU egivar n tipun Tov offset petd and eméxrtoon
TPoonov. AkoAovBel o VTOAOYIGHOG TG dtevbuveng TG Pvnung dedopévav, amd v ALU.
21 cvVvEYELD YIVETOL OVAyvmon 1| €yyYpa@T| 6T VAU 6£d0UEVOV Kot Lo, €yypopr| 6TO apyEio
KATOYOPNTOV 0V EYOVLE EVIOA POPTOOTG.

APAXTHPIOTHTA 6
IMown givol To €MTAL0V KUKAMUOTO 7OV YPELALOVTOL YO TNV EKTEAEON TOV
EVIOAOV QOPTMONG Kol amodnkevons; Na cvyKpiveTre TNV GmAVTGI] GOC UE TO
ompa 3.2.10.

"-Aioﬁog 0E00UEVOV V1O TIS EVTOAES OLOKAGOMOTG
IE GUVONKT KOl TIS EVTOAEG HETAT OO

H evtoln beq (evtoAn dtoukAddmwong pe cuvOnkn) yo vo ektedectel yperaletar dVo
KaToyopNnTéS (Ta TEPLEXOUEVA TOVE GLYKpivovTol av eivarn ioa), kol Eva medio offset
tov 16 bits mov ypnoyomoteital yoo Tov vIoAoyloud g Oevbuvong Tov GTdYOoL
otakAadwong. H popon tg evioing etvat:

e beq $1, $2, offset.
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Mo v extéheon avtg ™G €VIOANG TPEMEL v voloyicovpe ) devbvvon tov
otdyov dSaukAddwong, mpochétovrog 1o medio offset g eviodng, petd amd v
EMEKTAOT TTPOCTLLOV, GTO TEPLEYOUEVO TOV amaplOunTy Tpoypdppatos. Ymapyovv 600
AETTOUEPELEG GTNV OPYLTEKTOVIKT] GLVOAOV EVTOAMV OV YPEGlovTal TPOGOYN:

B H apyltekToviky cLVOLOV EVIOA®Y Kabopilel TS 1 PEON Y10 TOV VTOAOYIGHO TNG
dtevbvvong tov otodYov SlakAdadwong eivar M debBvven TS EVIOANG TOL
akolovBel ™ JSkAadwon. A@od vrmoloyicovpe TN OevBvvon g emduevng
evioM|g (amapOuntg Tpoypappatog + 4) katd Ty avdkinon g EVIOANG o
01000 dedopévay, eival amAd Vo YPNOILOTOMGOVUE OVTH TNV TN ©¢ Bdon y
TOV VIOAOYIGHO TNG S1evBuveng Tov 6TOYOV JAKAGOWOOTG.

® H Sie00vvon tov 616300 SKAASMONS TPEMEL VO ATEYEL OO TNV TPONYOVLEVH
otevbuvon Katd moAlamAdcio tov 4 (dedopuévov OTL o1 evioAég eivan 32 bits=4
bytes). Avtd emrvyydveror pe tov €€fg tpdmo: ypdoovue oto medio offset
omotodnTote apBpd kol Tov oAcOaivovpe aplotepd katd 2 bits.

<" Tw Vv ektéleon ™C eVIOAMiG SakAGdmong pe ocvvOnkm, mpémel vo
TPOGOI0PIOTEL EAV 1 EXOUEVN EVIOAN lval 1) EVTOAN TOL 0kOoAOVLOEL GEpLoKd 1 etvon 1
evToM otn d1evbuvon Tov 6TdYoL drakAddwonc. Otav 1 cuvOnKn etvon aAndng (T.y.
o1 tehectéot ivan ioot), T0TE 1 d1eVBVVOT TOV GTOYOL SAKAAIMONG YIveToL 1| VEX TIUN
OV amoplOunTy mpoypdupatog Kot Aéue Ot M SukAadmon axolovbeitar. Edv ot
TEAEOTEOL OV €lval 1601, TOTE 1 EVNUEPOUEVN TIUN TOL OTAPIOUNTH TPOYPEUUATOC
avTiKa1oTd TNV NN VIdpPYovsa (OTMG YiveTal Kot 6To VITOAOUTA EI01 TV EVIOADV).
X' avt) ™V TepinTmon AEPE TMG 1) SKAAOWST dev akoAovbeital.

H eviod] OwoxkAdowong pe ovvOhkn emtelel oVO Asttovpyieg: ovykpivel T
TEPEYOUEVE  TOV  KOTOY®OPNTOV Kot vroloyilet T Oevbuven 100 GTOHYOL
otukAddwons. o tov vmoAoyioud g devbuvvone tov oTdYoL dKAAdWoNS Ba
YPELGTOVIE L0 LOVADO Y10 TNV EMEKTACT] TPOGTLLOV, OTTMG Kot 6To oynua 3.2.9, kot
évav aBpoiot. Emiong mpénel va aAhdEovpe 10 KOPPATL TNG d1000V OEO0UEVMOV TTOV
agopd oty avdikinon g evitoAns. [a ) ovykpion, Bo ypelactovpe 10 opyeio
KaToyopnTtdv Tov oyfuatog 3.2.6 mwov Ba pog dmcel Tovg dVO TEAEsTEOVS. [ ™
ovykplon TV 000 TEAESTEMV pmopovue va ypnolpwonomoovpe v ALU. Emiong
apov 11 ALU £yet oav €000 éva onjua (Zero) to omoio HaG Ol VEL OV TO ATOTEAEC O
g paéng ivar 0, pmopovue va oteilovpe Tovg dVo teAestéovg oty ALU yuo va
yiver agaipeon. Edv to onua Zero ot povédo g ALU eivon evepyo, 101 01 dvo
TIpég TV Tehectémv elvar ioeg. Iap' 6Ao mov 1 é€odog Zero g ALU pag dsiyvet
whvTo av To amotédecua eival 0, Ba T YPNOIUOTOIOVUE HOVO Yo VO EAEYYOVUE TNV
100TNTO. TOV TEAEOTEMV OTIG €VTOAEG OlakAddwong. Apyotepo Ba dsiovpe mwg
ocuvdéovtor ta ofjpato eEAEyyov oty €£odo g ALU wote va ypnoipomoimbodv ot
61000 dedopévav Yo TV ETA0YN TG COCTNG TIUNG TOL araplOunt tpoypappatos. H
01000¢ 0£00UEVMV Y10l TNV EVTOAT OlaKAGd®ONG paivetal oto oynua 3.2.11.
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PC + 4 from instruction datapath ——
> Add Sum Branch tamst
X B AL opemtion
i ragter 1
Instruction | ] Raad
| Read data 1
register 2
Registers DAL Zerg [ T DRNEN
Writer comml bgic
redister e
Wit data 2
data
Reqtite|
3z
A Sign
v estend

Xyfqpa 3.2.11 - H diodog dedopévarv yia v evtorn dtakiddmong ypnopomotel v ALU
Yo TOV DTOAOYIOHO TNG ovvOnkng OtakAddwone kot évav Eexmpiotd abpoloti yuo tov
VTOAOYIGUO TG devbuvong tov 6Tdyov dokAddwong. o tov vroioyioud g dievbuveng
TOV OTOYOV JAKAASMONG, TPOGTIOETAL 1] TN TOL ATAPIOUNTH TPOYPAUUATOG CLENUEV KATA
4, ne to medio offset g evroAng (LETA amd TNV ENEKTACT TPOGTLOL Kol oOAlcOnon Katd 2 bits
TPOG TO, APLOTEPQ).

Y

APAXTHPIOTHTA 7

Il®g yiverar 0 vroroyiopdg Tng o1evOvveng Tov 6TOY0V SLHKAAIMONS; XPELALETOL
KATowo eMmAL0V KUKAONOTO Y10, vo. EMTEVYOEL 0vTO; AV val, Tola givor avTd Kot
OGS TO OGLVOEOLUE OTO TUNHE TNG OL000V OLdOPEVEOV Y10 TS EVTOAEG
owkAGomong; Na ovykpivere TNV omAvVINON 060G HE TV TPONYOVHEVN
napaypa@o.

H evtoln petammonong (jump) emdpd TNV TIUA TOL TEPLEXOUEVOL TOV amoplOunTy
TPOYPAUNOTOS. Agitovpyel avtikabiotdvtag £va TUNHO. TOL TEPLEYOUEVOL TOV
amoplOunt) mTPOYPAUUOTOS, HeE To 26 AlydTEPO ONUOVTIKA bits Tng €VTOAN(,
oMoOnuéva apiotepd Katd 2 bits.
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)
iAPAETHPIOTHTA 8

Tv npéner va arrdEer oto oyfnuo 3.2.11 £tor ®ote 1N 61000g OLdOUEVOV VO
nepriopfaverl Kot TIC EVTOLES PETATION OGS

&

g(AHANTHZIH APAXTHPIOTHTAX 8
H evroA) petoam)onong emdpd oty T TOL OomaplOunti] TPOYPAUNATOS.
Enopévag mpéner va mapoope ta 26 Aydtepo onuovtikd yneio e evrog (ne
TN HOVAOQ ETEKTAGIS TPOGIIOV) KUl KAVOVUE 0AIGONON TPOg TO. APLOTEPA KATA
2. H Ty ovt) ovrikeOiotd éve tpupe tov mepleyopévov Tov amapidpnt
nPOYPAPpATOS. APa, OVOLOOTIKA 0gv 0ALACEL TimoTa 61O oynpa 3.2.11, povo n
TN TOV o plOuNTI) TPOYPAUNATOS.

(Ilpémer va onuermBei nog 6to oynua 3.2.11 vdpyel 10 apyeio KOTAYOPNTOV KL
pio emmiéov ALU. Avta to Kokhopato dgv yperdlovrar otnv mepintmon mov 1
0i0d0g ocdopnévev viomolel POVO TIC EVTOAES METOMNONONGS, OQPOV OEV YiveETOL
avayveon 1 £YYpoe1] 6€ KATOL0V KATUYOPNTY].)

= Aoy &ypovpe efetdoet TIg 01000VG dedopévev Tov ypelalovtal Yy TNV
EKTELEDT] TOV SLLPOPETIKMV TOTOV EVIOADYV, UTOPOVLE VO TIG GLVOIVACOVLE £TGL OOTE
va €govpe pio povo 31000 dedoUEVOV KoL VoL TPOGOHEGOLLE TNV LOVADO EAEYYOV.
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== H 01000¢ 0£00nEVOV Kol 1] HOVAOX EAEYYOV €VOG
KUKAOV

Xy vrogvotnrta ovty B avapepbode oty vAOTOINGN NG 01000V dedOUEVDV KOt
™G Hovadag eAéyyov Tov vtoroyiot) MIPS, dtav 1 ektédeon TV evIoA®V yivetan o€
évay KOKAO poAoYl00. Apyikd Bo cuvdEécove O To TUNLOTO TNG S1OO0V OEQOUEVMV,
poli pe to KatdAAnAa onpota €AEyyov, £T61 MOTE v TEPAApUPavovTal OAEg Ot
EVIOAEG. XN oLVEXEW 00 KATOGKELAGOVUE TO KUKAMUO TOV OTOTEAEL TN pHOVAdQ
eléyyov g ALU, amd Aoywég mhieg kot Bo OAOKANPOGOLE TNV KOTOGKELN TNG
01000V dedopévmv Tov €vOg KOKAOL, TpocHitovtag Tig aptnpieg, KOmolo emMUTAEOV
KUKA®pOT, KoOMG Kot Ta amortovpevo onpato eEAEyyov. Télog, Ba avapepbovue ota
UELOVEKTNLOLTA. ALTOV TOV TPOTOL VAOTOINGNG KO TIG OILTIEG TTOV T, TPOKAAOVV.

“-‘ng vVAOTOEITAL 1 O01000C OEOOUEVOV  EVOG
KUKAOV TOV vToAoyrotiy MIPS

[Hopaxdre Bo eEetdoovpe o amlomomnpévn vAomoinomn g 61000V JESOUEVOV TOV
vroroyloty MIPS. ®a ompovpyncovpe avtr v omin 61000 dedouEvov Kot TN
povada eAEYYOL, EVAOVOVTOG TO. TUNUATO TNG 010000 O0£00UEVOV TTOV E£YOVLUE MOM
KOTOOKELAGEL KOl TPOGHETOVTAG TIG YPAUUES EAEYYOV OOV YpedleTal.

Bo KoTaoKEVLACOVE TN 61000 dEdOUEVOV OO TOL TUNHOTO TOL EXOVUE KATOUGKEVAGEL
ota oynuata 3.2.5, 3.2.8, 3.2.10 kon 3.2.11. Avti n amAn 6iodog dedopévav Ba mpémet
vo ektedel OAeG TIC EVTOAEC og évav KOKAO poAoylov. Avtd onuoivel Twg Kavéva
T TG d1000v dedopévav dgv Ba pumopel va ypnotpomombet tepiocdtepo amd pio
@opd Yo kBe VIOAY|. ZtnVv mepinT®ON 7OV KATOo KOKAWUO YpeldleTon Tapandve
amo pio eopd Ba mpémel vo vTapyeL dVO Popég pEsa ot diodo dedopévev. Emmiéov
N UVAUN EVIOA®V TPEMEL Vo, Eivan Olay@Plopévn amd T pvnun oedopévov. Emeidn
KAmoleg amd TG LOVAdES TPEMEL VAL VIAPYOLY OV0 POPEG 6T 61000 dedopévmv, OTaV
GUVOECOVLE TOL KOUUATLO TOL £XOVLE 10T KOTOGKEVAGEL, Ol OLPOPETIKES EVTIOAES Oal
UTopovV vo. potpdlovtat amd Kotvol KATolo amd To. KUKAM LLOTO.

Y
{APAZTHPIOTHTA 9

Mrnopeite vo eEnynoere Tov TPOMO pE TOV 07OI0 OVO OLOQPOPETIKES EVTOAEG
UTOPOVV VO HOLPOACTOVV UTO KOIVOV KATO10 KOKAMNO
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)
iAHANTHEH APAXTHPIOTHTAX 9

INo va yivel avtd avapeco 6€ 6V0 SLHPOPETIKOVS TUTOVS EVIOADV, TPETEL VO,
EMTPETOVTAL TOMAUTAEG GUVOECELS GTNV £16000 TOV KUKAMUATOG KOl VO VITAPYEL
Kamowo ofua eréyyov mov Oa emAféyer avapeso oTi £16000VS. AVTO €VKOAW
npaypotomoleitor pe £vav mOAVTAEKTY), 0 0moiog €mMAEYEL avANEGH 00 TOALEG
€160000G, AVALOYO 1E TNV TN OTIS YPURRES ELEYYOV TOV.

)

T
ﬁw 04 : %5
IHopdosrtyua

H o6i0d0g dcdopévov TV gvtoA®@v Tomov R tov oyfpoartog 3.2.8 kot 1 diodog
OEO0UEVOV TOV EVIOADV POPTMOTNS Kol amodikevong Tov oynuatos 3.2.10 givan
navoporotTumes. Or facikéc dora@opés Tovg givar ot €ENG:

= H devtepn gicodog g ALU givan gite évag katayopnts (0TIS EVTOAES TVTOV
R), gite  enéktaon npocipov tov offset To omoio PpickeTon 6TO AyodTEPO
ONUOVTIKO TURO TNG EVTOM]S (OTIS EVTOAES POPTMONGS KOl 0001 KEVOC).

* H mpn wov ypaoeton otov katayopnty omoteiéopatos (Result register)
npoépyetor omé v ALU (oTig €vrorég tomov R) N1 amé ™ pviun (otmv
TEPITTOGT P0G EVTOM|S POPTOGTGS).

No ocifete oG pmopoiv va evoBodv avtéc or 0o Oiodor dedopuéEvmv

APNOUOTOLAOVTOS TOAVTAEKTES, YOPIS VO YPEWWOTEL VO, YPNGLUOTON|GETE 000

POPES TA KUKAMPOTO OV givan Kowvd ota oynpato 3.2.8 kot 3.2.10. Ayvonote Tnv

€l6000 €AEYYOV 6TOVS TOAVTAEKTEG.

Amavinon:

Mo va cvvdvdoovpe TiIc d1000V¢ dedopévev Kol Vo xpNCHoTocovpe povo €va
apyeio xotayopntov kot povo pio ALU, mpénel va vmootmpilovpe 600 d10popeTIKEG
€16000V¢ Yo TNV devTepN €icodo e ALU kabng kot 600 d10popeTikég E1GOJ0VGE Yo
t0 apyeio kotaywpntov. Etol tomoBetovpe Evav morlvmAéktn oty gicodo g ALU
Kot dAlov éva oty €icodo dedopévav tov apyeiov kataympntodv. To oyfua 3.2.12
amekovilel TV 61000 0EOOUEVMOV TOV TPOKVTTEL OO TOV GLVOVACHO TV OVO JLOOMV.
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3y ALU opemtion
| Pecd
rEQIETEr 1 Fead Memiiit e
Fiead dala Mernto Feg
Ins1uztion i "'59'519%_51 ALUEre
o — IZ18lE  Read
Wrile dzia g e Fead
Tegisier = ™ el d=1a
u
o Wil F]
daia nﬁmmgw
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Yympo 3.2.12 - O ovvovaopuos TOV 0160MV OEOOUEVOV TOV EVIOAMV POPTMONS Kol
om0 KeVoNG KUl TOV €VTOA@V TOoV R. Avtd To TTapdderypo deiyvel Tov TpOTO pe TOV
0omoil0 evVOLLE GE pio LOVO d1000 dESOUEVMV TO TUNLOTO TTOV ELYOUE ONUIOVPYNCEL.

<~ To TUNUO TG 01000V OESOUEVOV TTOV YPNCILOTOLEITAL Y10 TNV OVAKANOT TOV
EVIOA®V Kot TNV adENom Tov amaplfuntn mTpoypdupatog tov oynuotog 3.2.5, pumopel
gvkola va mpootedel ot 6iodo dedopévov tov oynuotog 3.2.12. To amotédecpa
oatvetar oto oynua 3.2.13. H cuvevopévn 61060¢ dedopuévav meptAapufaverl T viun
eviohv ko pio Eeymplotn pvnun osdopévov. EmmAéov m 6lodog dedopévav
ypewdleton évav abporoty kot pio ALU, apod o afBpoiotig ypnoylomoteitor oty
avénon tov amopBunt mpoypaupotog, eved m ALU ypnowomoteitar yio v
EKTEAEDT TNG EVIOANG GTOV 1010 KOKAO poA0Y10D.

o —
| FRad Reqgistors
. a
= register 1 S
addrozs o FEad d Ea;j
Inst ruction e register 2 €03 Zero
| wtite Fead AL AL pddress Read
register data 7 ¥ ==l data
Instruction Wite L
Cata
memory ™ data B ———
I Write
data
15 &ign Y32
v witond
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Zyqpoe 3.2.13 - To tuipa g 61080V 6ES0UEVMV TOL YPTCULOTOLELTAL VIO TNV AVAKANGT TOV
EVIOAGMV KOl TNV avénon Tov aroapldunt Tpoypaupatog tov oynuatog 3.2.5 €yel mpoctebel
ot diodo dedopévov tov oynuatog 3.2.12 (n omoio pmopel vo dwoxelplotel TIG EVIOAEG
@OpTOONG Kol omobnkevong, Kabmg kot Tig aplOuntikéc Kot Aoyikég eviorég). To Tunpa mov
&xel mpootebel glvar Toviopévo 6To oyNpa pe o Evtoveg Ypaupés. To anotéheospo ivar pia
diodog dedopévav 1 omoia vootnpilel ToALEG Aettovpyieg Tov GuVOLoL evtoddv tov MIPS.
Ta PBacwd tufpato g 61080v mov Agimouv elval avTd Yo TIG EVIOAEC SaKAGO®ONG UE
GUVONKN KoL TIC EVTOAEG UETATNOTONG.

<~ Thpa MMOPOOHE VO GUVSEGOLHE OMo. OLTE To  TUAHOTE YW va
KOTOOKELAGOVUE o HOVo 31050 dedOUEVAOV (YO0 TNV OPYITEKTOVIKT] TOV VITOAOYIOTN
MIPS), mpocBétovtag v 6iodo dedopévav yio TG €VToAEg O10KAAOMONG TOL
oynunotog 3.2.11. To oynua 3.2.14 delyvel v 61000 S€S0UEVOV TOL TOIPVOLE EAV
ocvvdécoupe ta oynpoata 3.2.11 ko 3.2.13. Ot evtorég dtoukAadmong xwpig cuvOnkn
ypnooroovy v kevipikn ALU yia ) chykpion Tov TEAECTE®V TOVL KATOY®PNTY,
EMOUEVMG TPEMEL VO KpaTHoovue Tov abpoloty tov oyfuatog 3.2.11 yw tov
VTOAOYIGUO TNG 01E0BVVEN G TOV 6TOYOV dlakAddwong. Eniong yperaleton évag akdpo
TOALTAEKTNG Yo Vo emAEEEL TN dtevBuvon TG eTOUEVNG EVIOANG aVAIESO GTNV TIUN:
amoplOunTC TPoypaupatoct4 Kot Ty EnOUeV d1€KOLVGT TOV GTOYOV OAKALIMOTG.
Eneidn otov amapBunt mpoypdupatog Ba yivel eyypagn pe pio and avtéc tig 600
TIHEG 0€ KABE KUKAO TOL POAOYLOV, OEV YPEWLOLOOTE GO EAEYYOL EYYPAPNC.

APAXTHPIOTHTA 10

Na oyeoraoere TNV oAokinpopévny 6i0do dedopuévav tov vroroyisti) MIPS, étol
MOote vo. pmopel vo ekteréosl 1o Pacikd €ion eviol@v (opTtmon M amodkevon
0E00EVOV, TIG 0PLOUNTIKES KOl AOYIKEG EVTOLES, KOL TIS EVTOAES OLUKAAOMGTG) 6E
£vay KOKA0 poroylov. Nao cUYKPIVETE TO GO TOV GYEOLACUTE NUE TO GYNNA TTOV
akoiovOel (oynpa 3.2.14).
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Xyfqpa 3.2.14 - H diodog dedopévav Yo TNV CPYLTEKTOVIKY] TOV vmoloyistiy MIPS
oLVOLALEL OAO, TOL KUKAMUOTO TTOL OTALTOVVTOL Y10, TOVG OLOPOPETIKOVE TOTOVE evtolmv. H
dlodog dedopévav umopel va ekteléoel TG Poacikég eviodéc (@Optwomn 1 amobfkevon
dedOUEV@V, TIC 0PIOUNTIKEG Kol AOYIKEG EVTOAEG, KOl TIG EVTOAEG OLOKAAO®ONG [LE GLVONKN),
o€ éva povo kKo poroylod. Ot mpooHnkeg mov &ywvav oto oynua 3.2.13 ywo vo, umopei M
di0d0¢ va extelel Ko EVTOAES S10KAAOMONC, EIVOL CTUEIOUEVES LLE TTLO EVIOVEG YPOLLUES.

“ Apov olokAnpdoape TV 31080 Sedoévav, Hmopodue VO TPOGHEGOVLE T
povada eréyyov. H povada eréyyov mpémel vo umopel va déyeton €160000¢G Kot va
mopdyst: €va onua €Yypoeng yo kKdbe otoyelo puvAung, tov emioyéa o€ KAOe
TOALTAEKTT), KoL T povada eAéyyov g ALU.

‘.‘--H novaoa gréyyov g ALU

H povéoa eréyyov g ALU €xet tpeig 16600v¢ eAéyyov. Movo mévte amd TOUG OYTd
TOavoLg GLVILAGLOVG YPNGLLOTOLOVVTOL OC £ic0d0t eAEyyov. Ot mévte awtol mbavol
GLVOLAGLOT PATVOVTOL GTO TOPOKAT®D GYT IO

Movaoa réyyov TG Agtrtovpyia
ALU
000 And
001 Or
010 Add
110 Subtract
111 Set-on-less-than
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OAvdkoya pe Tov TOmo TG €vTOoANG, | ALU yperwaleton vo ekteréoel pia amo
ovtég Tic mévre Asrtovpyieg (functions). Te Tic &vioréc @oOpTOONS KM
amoOnkevong, 0a ypnowpomomoovpe T™v ALU 7yw va vmoloyicovpe Ttnv
olevluvon TG pvipng, emopéveds M Asttovpyio mov amorteitor givar M
adporon(add). I'e Tic evrorég TOmov R, n ALU wpéner va ekteréoel Kdmowa amo
TG Aertovpyieg (subtract, add, AND, OR, set-on-less-than), avédioya pe Tnv Ty
Tov mediov function Tng evrolg (mov givor Ta 6 AydTEPE SNUAVTIKG YN@io TG
gvtoM|c). o Tov £éreyyo TS 160TNTOS TOV TEAEGTEOV TTOV PpiockovTorl 6TOVS 6VO
KOTOYOPNTES, OTIS €VTOAES OwukAdomong (beq), n ALU #mpémer va kaver
aQaipeon.

Mmopovpe va dnpovpyrcovpe v €icodo eléyyov g ALU (mov amoteAieiton and 3
ynoia), YPNCYOTOIOVTOG Lot UIKPY povada eAEyyov mov Ba €xel oG €16600VG TO
nedio function g evroing, kou éva medio eAEyyov TV 2 ynoiov 10 omoio Afyetat
ALUOp. To ALUOp dnAovet 6T N Aettovpyia mov o extereotel etvor n add (00) yu
TIG EVIOLEG POPTMONG Kot amodnkevong, 1 subtract (01) yia Tig evioAéc dtaxAddwong,
N etvar gvtoAn tomov R (10), omdte 1 Acttovpyia TG EVIOANG elval Kwdkomompuévn
oto medio function (10). H é£odog ¢ povadag eréyyov g ALU eivon éva onua pe 3
ynoia mov gdéyyel kat  evbeiov v ALU dnpovpydvtog €vav amd TOovG TEVTE
cuvdvacuovs Tov 3 ymeiov. Zto oynua 3.2.15 eaitvetan g kabopilovrat ot icodot
™m¢ povadog eréyyov tg ALU, tov mediov eréyyov ALUOp (2 ynoia) ko tov
KootKomompévov mediov function (6 ynoia). EmmAéov oto oynuo eaivetar n oyéon
peta&d tov yneiov tov ALUOp kat tov kodikov Aettovpyiog (opcode) Tng eVToAnc.

Kmdowkog ALUOp Agrrovpyia Iedio EmOopunti Eicodog

Agrtovpyiog EVTOM|G Function Aertovpyia eLEYYOV

EVTOM|G ¢ ALU e ALU
LW 00 Load word XXXXXX add 010
SW 00 Store word XXXXXX add 010
Branch equal 01 Branch equal XXXXXX subtract 110
R-type 10 Add 100000 add 010
R-type 10 Subtract 100010 subtract 110
R-type 10 AND 100100 and 000
R-type 10 OR 100101 or 001
R-type 10 Set-on-less-than 101010 set-on-less-than 111

Yympoa 3.2.15 - O napondve mivokag diyvel Tov TPOTO Pe TOV 0T0i0 SNUIOVPYOVVTL T
ynoeio gréyyov ™ ALU avaroya pe ta ynoia €iéyyov tov mediov ALUOpP ko v
KoOowomoinoen tov wediov function ywo Tig evrorés tHmov R. O xwdikdc Asttovpyiag
EVIOAG mov Ppioketor otnv wpmtn othAn (opcode), kabopiler T  ymoeio tov ALUOp.
MHopatnpovue mwg 6tav o kmdkog tov ALUOp eivar 00 1§ 01, to wedio tng €£0dov degv
eEaptmvtal amd Tov kmdikd Tov mediov function. T avtn v mepinT®ON AEUE TOS 1 T TOV
koo Ttov mediov function eivor adideopn (don't care), emopéveg Ol TIMEC OUVTEG
ouppoirifovror pe XXXXXX. Otov n Ty Tov ALUOpD givar 10, t6te 0 k0d1kd¢ Tov function
ypnoponoteiton yio va kabopioet v gicodo g povadag eréyyov g ALU.
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%

APAXTHPIOTHTA 11

No omrhoTo6ETE TEPIGGOTEPO TOV TIVUKA TOV oYfnatog 3.2.16, ypNoINOTOLAOVTOS
TEPLOCOTEPOVS AOLAPOPOVS OpovS. No GUYKPIVETE TNV ATAVTINOT| GO IE TO G0
mov akorovOsi (oyfpa 3.2.16).

WYndpxonv apKeTol SlPOPETIKOL TPOTOL HE TOVG OMOIOLG UTOPOVLE VO
oYedAGOVHE TO KUKA®UO TTov mopéyel Ta 3 ynoio eléyyov g ALU and 1o medio
ALUOp (2 ynoia) kot tov kowdikd tov mediov function (6 yneie). Enedn povo
pepikég amd T 64 mbovég Tipég Tov mediov function pog evolaPépouvv Kat To mESIO
function ypnoyomoteiton povo oOtav ta yneia tov ALUOp épovv v tun 10,
UTOPOVLE VO XPNOLOTOMGOVUE AOYIKE KukA®poTo To. omoio o avayvopilovv éva
VTOGUVOAO TOV THAVAOV TGV Kol £tol Ba Taipvovpe cmoTd T ynoio EAEYYOL TG
ALU. TNo vo KotaoKevdoovpe ot To AOYIKA KukA®poata Bo cyedidcovpe €va
nivaxo aAnfeiog Yo Tovg GLVOLAGHOVS TOL KMOKOL Tov mediov function mov poag
evdwpépouvv kot ta yneia tov ALUOp. O mivaxog tov oynuotog 3.2.16 answkovilet
Tov Tpomo pe tov omoio kabopifovrat ta yneia g ALU avaroya pe to medio oty
£{6080. A@o¥ 0 Tivakag aindeiog sivar moAd peydhoc (2°=256 Twéc) ko n povado
eréyyov g ALU dev ypnowomoteiton yioo T00¢ mEPIGGOTEPOVS AMO GVTOVS TOVG
ocuvdvacUovs, otov Tivakoa aAnbeiog @aivovtor povo ot Tég mov ypeldleTon 1M
povéoda gréyyov e ALU.

ALUOp Kdwkog Tov nediov Function Agrrovpyio.
ALUOp1 ALUOp0 F5 F4 F3 F2 F1 FO
0 0 X X X X X X 010
X 1 X X X X X X 110
1 X X X 0 0 0 0 010
1 X X X 0 0 1 0 110
1 X X X 0 1 0 0 000
1 X X X 0 1 0 1 001
1 X X X 1 0 1 0 111

Yympa 3.2.16 - O wivakog ainBeiog Yo ta 3 yneio g povadag giéyyov g ALU
ovvoptiosel Tov ALUOp kot Tov k®dwkov tov mwediov function. Ta yneia tov ALUOp
ovoudlovtar ALUOp]1 kot ALUOp2. 10 oynuo. answkovifovtar povo ot Tuég mov dev givat
oleg 0 otn povada eréyyov g ALU, poall pe xdmoleg tipég mov egivar adidpopes. [Ma
napdadetypa, 1 ALUOp dev ypnoionotel v kmdwonoinon 11, étor o mivakag ainbdeiog
meptéyel TG Tipég 1X kat X1, avti yo 10 ko 01. Eniong dtav ypnoyLonoleital 0 Kmdtkog Tov
nediov function, ta dvo mpdta yneia (F5 ko F4) avtov tov mediov eivor mavta 10 ko ot
Tipég 00, 01, 11 etvon adudpopeg (don’t care terms), Kot TIC EYOVUE AVTIKATAOTNOEL P XX
otov mivaka oAndsiag.
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OEnelﬁﬁ 0f UEPIKEG TTEPUTTAOCELS OEV EVOLUPEPOLAOTE Y0 KATOLES UTO TIS
TIPEG OTIG €16000VG, Kol BEhovpe o mivakes va givar pikpoi, dgv meprhappavoovpe
OTOVG TTIVOKES TIS 0.010QOopeS TIpES. Mo TETOLO TIUT OTEWKOVICETUL 6TOVG TIVOKES
pe X ko dnrover mog n ££0dog givar aindg, aveédptnro amd v TP ™G
avticToymg €66d0v. o mapddetypa, étav ta ynoeio tov ALUOp eivar 00, dnog
TNV TPOTN YPAUUN TOV oynuatoc 3.2.16, ta ymeia g povdadag eréyyov g ALU
etvar 010, ave&apmta amd tov Kmdkd function. X avtf TV TEPITTMOOT O TIHES TOV
KoO1Kov function Ba eivar ad1dpopes 6° avT TNV YA TOL TTivaka aAndeiog.

A@o¥ kataokevdcape Tov Tivako oaAndeiog Hmopovpe v ToV BEATIOGOVE KOl VO TOV
VAOTOUCOVLE [LE TOAEC.

"< To koKhmpa Tov vVAOTOLEL To Tpia Yyneio ™G povadag eAéyyov g ALU éyet
tpelg Eeymprotéc e£0d0vg, (Operation2, Operation] kou Operation0), n ka0e pio omd
TIG omoieg avtioTolyel og kdmolo and ta 3 ynoeio g povadog eréyyov e ALU. H
AOYIK ovvaptnon Yo KéBe €000 oyeddleTon av GLVOLACOVLUE TOLG TIVOKEG
aAnBeiag ot omoiot kaBopilovv v cvuykekpuévn £€€0do0. o mapdderypo to Arydtepo
onuovTiKd ynoeio g povadog eréyyov g ALU (Operation0), kaBopileTon amd o T1g
Vo tedevtaieg Tég Tov Tivaka aAndeiag tov oynuatog 3.2.16. 'Etol o mivokog
ainBeiog ywo to Operation0 Ba £xel avtég TIc dvo THES. EmmAéov av kottdEovpe Tovg
nivaxeg aAndeiog v KaBe ££000 Eeymplotd, UTOPOVUE VO EAOYIGTOTOGOVUE TO.
AOYIKG KOKADUOTO TOV YPELBLOVTOL EKUETAALEVOUEVOL TIC OUOLOTNTEG OVAUEGO GTOVG
Opovg mov oyetiovror pe kabe pio amd tig e£66ovg. To oynua 3.2.17 deiyvel Tovg
nivokeg ainbeiog yio kb Eva amd Ta 3 ynoeio g povadag eréyyov g ALU.

ALUOp Ta 6 ynoio Tov tediov Function
ALUOp1 ALUOp0 F5 F4 F3 F2 F1 F0
X 1 X X X X X X
1 X X X X X 1 X

a.

O wivaxag ainBeiog yro Operation2=1. Avtdég 0 TivaKag OvVTIGTOL(EL 6TO UPLGTEPO

ynoio Tov tediov Operation Tov oyfpatog 3.2.16.

ALUOp Ta 6 ynoio Tov tediov Function
ALUOp1 ALUOpPO0 F5 F4 F3 F2 F1 F0
0 X X X X X X X
X X X X X 0 X X

b. O mivakag aAnOeiog Yo Operation1=1.
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ALUOp Ta 6 ynoio Tov wediov Function
ALUOpl1 ALUOpO F5 F4 F3 F2 F1 FO
1 X X X X X X 1
1 X X X 1 X X X

¢. O mivaxog aAnOsiog Yo Operation0=1.

Yympoa 3.2.17 - O wivakeg ainOeiog ywo ta 3 ynoeio g povadaeg eréyyov tne ALU. Movo
ol TWES Yo TIg omoieg 1 €60docg givar 1 gaivoviot ota Tapandve oyfuota. Ta ovopato Tmv
ONUATOV OV AVTIOTOLYOVV GTOV KWOOIKO AglTovpyiag Tov 3 yneinv tov vrootnpilovial and
v ALU eivon ta: Operation2, Operationl wot Operation0. ‘Etor ot wivakeg ainOeiog
delyvouv ToVg GLVOLACHOVG OTIG £16000VG Yo Tovg omoiovg 1 ALU mpémet va givan 010, 001,
110 111 (ot kwdwoi 011, 100 ko 101 dev ypnoyomorovvrar). Otav to medio ALUOp dev
wovtal pe 10 dev pog evdlapéper m TR TOL KOKoD Tov mediov function Kol TO
ovppoirifovpe pe X otovg mivakeg ainbdeiog.

~ZF 10 oynpoa 3.2.17 éxovpe eKUETOALEVTEL TO YEYOVOG TNG KOVNG OOUNG o€ KAOE
nivaxo oaindeiog Kot £govpe EVOOUATMOGEL EMTALOV addPopes TIHES. o mapdderypa
ol mévte YPOUUES otov mivako oAnfeiag tov oynuatog 3.2.16 mov opilovv 1O
Operationl &yovv peiwBel oe poévo dvo ypappéc oto oxfua 3.2.17. ‘Eva npodypappo
vAomoinomg Yo EAoyloTomoinon TOV AOYIKOV KUKA®UAT®V, Oa ¥PNCILOTOMGEL TIC
aO1APOPES TILES Y10l VO LELOGEL TOV aplOd TV TLAMV Kol TOV aplBpd TV 16000V G
KOs mwOAN, oe pio Aoywkn wOAN mov Oa TPOYUOTOTMOLEL TOVG TOPATAVE® THIVOKES
aAnOeiog.

4
{APAZTHPIOTHTA 12

No oyeowaoere T0 KOKAOPO TG povadas eréyyov ts ALU ypnowpomoiwvrog
Aoyikéc mOres. Na ovykpivere 170 KOKAOMO 7OV GYEOH0OTE, PE OVTO TOV
oyNpraTog Tov akorovdei (oynqpa 3.2.18).

(Yrodeitn: Na ypnorpomoumcere Tovg mivakeg Tov oynuoarog 3.2.17).

And tov amlomompévo mivaxa aAnbeloag tov oynuotog 3.2.17, umopovue vo
GYEOAGOVE TO AOYIKO KOKAMUO TOV oynpatog 3.2.18, to omoio givol To KOKA®UA TNG
povéodag eréyyov g ALU. ‘Eva mapddetrypa yioo Tov TpOTo pe ToV 0noio 0l AOYIKES
moreg Kotaokevdlovtalr omd Ttovg mivakeg aAndeioc @atvetor ot Aeldvra Tov
oynuotog 3.2.18.
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Xyfqpa 3.2.18 - To kikhopa g povadag eréyyov s ALU and 1o omoio maipvoope ta 3
ynoia eréyyov g ALU. Mdvo 4 amd ta 6 yneia tov kedukov function yperdlovior otnv
€lc0d0, apov ta 600 onuavtikdtepa ynoeio eivar mavta adideopa. Ag e£eTAGOVUE TOG
OTIAYVOVLLE TO TOPOTAV® KUKA®UO omtd Tov Tivaka oAnbeiog Tov oynuatog 3.2.17. '‘Eoto 1
£€€0do¢g Operation2 m omoio. TPOKVMTEL OMO TIC dVO YPUUUES TOL Tivako oAnOeiog ywo To
Operation2. H devtepn ypouun eivar pia Aettovpyio KAI wov amoteAeiton omd dHo 6povg
(F1=1 xoau ALUOp1=1). H mpdtn moAn KAI pe t1g 600 £166300¢G avtanokpiveTal o€ avToOV TOV
0po. O driiog 6pog yia vo etvar to Operation2 gvepyo, givor to ALUOp0. Avtoi ot 600 6pot
ovvdéovtal pe pia moAn 'H g onoiog 1 é£0dog eivatl To Operation2. Ot £é£odo1 Operation( ko
Operationl dnuovpyodvtat e TAPOUOL0 TPOTO o ToV Tivako aAndeiog.

OTO KUKAOpo g povadag eréyyov g ALU pmopel vo KOTOOKELOOTEL
€0KOLO €TELON EQovNE POVO TPELS EEOOOVG, KOL EMTELON NTOPOVIE VO TOPULEIWYOVNE
moAOVg amé TOVG MOAVOVS GUVOVLUOHOVS oTNV €icodo. Eav émpeme vo
petacynuoticovpe 6A0vg T0Vg KMOWKOUs function og ofjpata eréyyov ™g ALU,
T0te vt M omh] péBodog oev Ba pmopovoe va ypnowomomBei yio TNV
KOTOOKELT TOV KUKA®NOTOG TNG povadag eréyyov s ALU. Tote 0o énpene va
YPNOLLOTON|GOVUE £VAV CTOKMOLKOTOWTY], Mo, pvijun, 1 évav odvleto mivako
00 AOYIKEG TOLES,

ST Ze yevicée ypopuég, pia Aoyikr eEicmon kot pio amelkovion Tov mivako
aAnbeiog pog Aoykng cvvdptnong oxetiCovror petadd toug. 'Etol dtav évog mivaxog
aAnBeiag kabopiler povo TiG €10600VG OV TO OMOTEAEGHO oTNV £5000 &€ivol un
UNdeviko, 1ote 0 TivaKag deV TEPLYPAPEL OAOKANP®UEVE TNV AOYIKT cuvdptnor. Evag
olokAnpopévog mivakag oAnbeiog amewkovifer Oleg Tic adidpopes Twéc. T
mopdadetypa 1 kmotkomoinon 11 yio 1o ALUOp mévta £xet oty £€£050 ad10popn TIun.
‘Etot évag ohokAnpopévog mivakag aindeiog éxer XXX oto tpunquo g €€6d0v Yo
olec Tig Tipég mov to medio ALUOp €xer tyun 11. Avtéc ot adidpopes THEG Hag
emtpénovy vo avtikabiotoope tig Tpég 10 kot 01 tov mediov ALUOp pe 1X won X1
avtiototya. H mpooOnkn tov odldeopmv TWOV Kol 1 EA(IOTOTOINCY T®V
KUKA®UATOV €lval TOAVTAOKES OlUOIKOGIEG Kol TOAD €VKOAQ UTOPOLV Vo Yivouv
AGOM, eTOPEVOC TIG OPTVOVUE GE KATOL0 TPOYPOULLO VO TIG EKTEAECEL.
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‘ng oyeowaloope ™ Paowkn povada eréyyov
EVOG KUKAOV

AoV efetdoape to oyedoopnd ™ ALU n omoia ypnoiponolel tov kmokd function
Ko £va onpo Twv 2 bits cov (6000 0T LOVAdA EAEYYOV, UTOPOVLE VO EMGTPEYOVLE
010 oYedlacud G vmoéAowng povadag eréyyov. Ia va Eekwnqoovpe avt
owdikacio a¢ mpocdlopicovpe OAEG TIC YPOUUEG EAEYYOVL KOL TO OTOUTOVUEVO
KUKA®pOTA Yo KAOE EVIOAN, OTmG Ta oXed1AGALE GT1 61000 dEGOUEVMOV TOV GYNLATOG
3.2.14. T va dovue Tov TpOTO e Tov omoio Ba TpocHicovpie TIc aptnpieg £161 BoTe
Vo KatevBivovpe Tig eVTOAEG 0T 81000 dedopévav, gival YpNoo vo emavaidfoope
™V 01dToEn TOV TESI®V Yol TOVG TPELS OLPOPETIKOVS TOTOVS EVIOAMDV: TIG EVTOAEG
tOomov R, daxAddwong kot @optmong 1 armobrkevonc. H dtdtaén tov mediov yio kabe
TOTO VIO G QaiveTan oto oynua 3.2.19.

Ona mv owataén tov mediov g evioM|g Paclopacte oTIC TOPOKATO
ONILOVTIKEG TOPATPNOELG:

® To nedio op, To omoio ovopdletar kot kKwdikog Asttovpyiac (opcode), Bpioketan
mévta ota bits 31-26. To wedio avtd Oa to avapépovpe mg Op[5-0].

® O 500 myaiol kKatoympnTég TOL TPOKELTAL VO, S10BAGTOVV Ta TEPIEYOUEVE TOVC,
kaBopilovtor mavta amd ta media rs kon rt ota bits 25-21 ko 20-16. Avto 16yvEt
Yo TIG EVTIOAES TOTOV R, T1G £vTOAES d10KAAOMONG Kol TIG EVTOAES amofnKevoNC.

® O Baocikdc katoympNTAC Yo TIC EVIOAES POpTmwong kot amodfkevong Ppioketan
mévto ota bits 25-21(rs).

® To nedio offset (16 bits) yio Tic eviodéc SwakAddwong, @OpTOONC Kot
amofnkevong Ppioketon mhvta ota bits 15-0.

® O xatoywpntg TPooplcpoy Yo pio eviod] eoptoonc Ppicketar ota bits 20-
16(rt), evod Yo Tig evrorég Tomov R Bpioketar ota bits 15-11(rd). 'Etol mpénet va
npocOécovpe éva TOALTAEKTN Yoo vo €MAEYEL TO TESIO TNG EVTOANG 7OV
ypMoonoteital, yioo vo pog delyvel tov aplBud tov katoyopnty otov onoio a

yivetr gyypaogn.

TIedio 0 s t rd shamt funct

®¢omn tov bits | 31-26 |25-21 [20-16 [15-11 | 10-6 5-0

a. Evroiég Tomov R

[Tedio 35143 rs rt address

®éon Tov bits 31-26 25-21 20-16 15-0

b. EvtoAéc @opTtmong 1 amodikevong
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IIedio 4 s t address

®¢omn tov bits | 31-26 25-21 20-16 15-0

c. Evroiég dwaxhdomong

Yympo 3.2.19 - O TpEIg TUOL EVTOAMV YPNGLUOTOLOVY V0 OLUPOPETIKOVS TPOTOVS Yid
™y owdtaln Tov nedinv Tovg. Ot evtorég petamndonong (jump) ¥PNCOTOOVY AAAN d1dTaén
TV eSOV TOVG TNV omoia Bol AvaPEPOVILE TEPIANTTIKA.

a. H doataén tov mediov g evioAng ywo TIG evIoAég TOToV R, ot omoieg €Youv OAEG
Koo Aertovpyiag (opcode) 0. Avtég o1 EVIOAEG EXOVV TPELG TEAEGTEOVS KATAXWOPNTN: TS,
rt kot rd. Ta medio rs kou rt etvar mnyoaiot teAectéol ko 1o rd sivar o TEAESTEOG
npoopicpov. H cuvaptnon e ALU Bpioketal oto medio funct kot omokwdikomolgitol
amo TN povada eréyyov g ALU. Ot evioAég mTov DAOTOOVVTAL LE QLT TN LOPPN Eivar
ot: add, sub, and, or ko slt. To medio shamt ypnoyomoteitoan pévo yo odicOnon, Kot o
OYVOODLLE.

b. H duwitaén tov medimv tng eVIoAng Yo T EVIOAEG QOPTmOTG (KwdkOg Asttovpyiag=35)
Kot amofnkevong (kwdwkodg Aettovpyiog=43). O xotoywpntig r1s &ivor o Paocikdg
KaTO®PNTAS oL Tpootifeton oto medio address (16 bits), yio va Tapdyst Tnv devHBvvon
™G UVIAUNG. XTIG EVTOAEG POPT®ONG O 1S €IVOL 0 KOTAY®OPNTNAS TPOOPIGHOL Yl TNV TN
OV POPTOONKE. XTIG EVIOAEG amobnkevong o 1t €ival o Tyaiog KATHX®PNTHSG TOL 0TOI0V
n T Ba amobnkevtel ot pviun.

c. H ddroén tov nediov e evioAng yia Tig eVToAés SlakAddmong (kmdkog Asttovpyioc=4).
Ot katoyopnTég 15 Kot rt €ivar ot Tnyaiol Kotaympntég ot omoiol cuykpivovtor peta&y
Toug Y T0 av givar icot. To medio address (16 bits) olcBaiver kou mpootifetanr oTOV
OTaPOUNTH TPOYPALLATOC Y10 TOV VIOAOYIGHO TG S1EVOVVONG TOL GTOYOL SLUKAASWMOTG.

APAXTHPIOTHTA 13

Na meprypayete ™ dToén TOV TEdIOV Y100 TIG EVTOAEG TVTTOV R, TG evroiéc
POopTOONGS 1 a0 KEVONGS KL TIG EVTOAES OLOKAAI MGG,

T ZOuemva pe To Tapomive UTopovpe vo Tpocbicovpe 6t §iodo dedopsvav
T EMIMEOD TNG EVTOANG KOt VOV EMTALOV TOALTAEKTT, 0 omoiog Ba pag dlvel tov
apOuo6 Tov Katoyopnt (amd 1o apyeio KataywpnT®dVv), oTov omoio Oa yivel eyypaon.
To oyqua 3.2.20 anewovilel o mapondve pali pe m povéoda eréyyov e ALU, ta
ONHOTO EYYPAPNS Y1 TOL GTOLYEID LVIIUNG, TO GO OVAYVAOONS Y10l T HOVASH LLVUNG,
KoL To. GHOTO EAEYYXOV Y10 TOVG TOAVTAEKTEC. APOV OLOL Ol TOAVTAEKTES £YOVV dVO
€10000V¢, 0 KaBévag ypeldleTon pio LOvo ypoppn eAEYXOV.
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Add l

a4
Instruction [25-21] Read
Rear " |register 1 Read
address Instruction [20-16] | Read data 1
Instruction register 2 Read i.el_rﬁ
[31-0] 'u‘.ni_te1 data 2 ALU result e Address RJead
. register data
Instruction Instruction [15-11] w?ite
memory | i data Re_[]ig[ers
write Data
M dars  Mmemory
Instruction [15-0] 16 { sign ]
+ =1 extend

Instruction [5-0]

O ®XES =2 }—

Yypa 3.2.20 - H diodog dedopévov tov oyfipatog 3.2.14 pe 1005 TOADTAEKTES KOl PE
oLreg TIS Ypapupés eréyyov. Ot ypappéc eAéyyov etvar xpouaticpéveg oto oynua. Emiong éxet
npootedel n povada eréyyov g ALU.

" To oynua 3.2.20 amcikoviler Tic emtd ypopués eiéyyov (ov omoieg
amoteAoOvTal amd éva povo bit), pali pe 1o onuo eréyyov oo ALUOp (10 omoio
amoteleitar amd 6v0 bits). 'Exovue 101 eEnynoet tov 1podmo e tov omoio Asttovpyel
0 onua eréyyov tov ALUOp. Emopévog eivar amoapaitnto va e&nynoovpe Tig
gPYNoieg TOV EMTEAODV Ol AALEC EMTA YPOUUES EAEYYOV, TPV TIG YPTCULOTOGOVUE
Katd v Odpkelo TG ektédeons Tov evioAdv. To oyfua 3.2.21 meprypdopet ™
AELTOVPYIC AVTAOV TOV ENTA YPUULDOV EAEYYOV.

237




Kepdrowo 3 / Evomra 2

Iipo Eniopaon étav Enidopaon étav
gLEYY 0V Sev &l . . .
gv givan evepya givow evepyd

MemRead Tinota To mepieyduevo g VNG dE00UEVOV TOL
Bpioketal otnv dievBuvon mov £xet dobet Yo
avayvmon, torobeteital otnyv £€£060 avayvmoNg
OEJOUEV@V.

MemWrite Tinota To mepieyduevo g VNG SE00UEVOV TOV
Bpioketor otnv devbvuven mov £xet dobel yua
gYypapn, ovTikadioToTol amd TV T To
Bpioketol otnVv €i6000 €YYpAPNG TV
dedopévav.

ALUSrc O devtepog teheotéog g ALU mpoépyetan O devtepoc teheotéog g ALU givar ta 16

a6 T devtepn €£000 TOV apyEiov MyOTEPO OTLLOVTIKG YN TNG EVIOANG, LETA
KOTOY®OPNTOV. ol EMEKTOGT TPOOTLLOV.

RegDst O apBpdg Tov KaToy®PNTN TPOOPIGHOV O ap1BudS TOL KATOYYMPNTH TPOOPLGLOV GTOV
oTov omoio Oa yivel N eyypan| TpoépyeTaL omoio Ba yivel eyypapn Tpoépyetal omd 10 TEdio
o7td To wedlo rt. rd.

RegWrite Timota 210V KaTo PNt Tov TpocdopileTal amd TNV

Ty 7oL €xet dobel oty €lcodo eyypapn
KOTO PN, EYYPAPETAL 1] TYH OV £XEL d0bEl
oTNV €16000 €YYPAPNG OESOUEVAV.

PCSrc O amapOuntg Tpoypaupotog (PC) O amapOuntg Tpoypaupatog (PC)
avtikadictatol and v ££0d0 Tov abpoiot) avtikalictatol amd v ££060 Tov abpoioty, o
mov vroioyiler v Ty PC + 4, omoioc vroAoyilel Tov 6T0Y0 SLOKAGSWOT|G.

MemtoReg H i mov divetan otnv gicodo eyypaon H 1y mov diveton otnv gicodo eyypaen

Katoyopnt Tpoépyeton omd v ALU.

KOTOY®PNTH TPOEPYETOAL OO TNV LVIIN
SEJOUEVQV.

Yympoa 3.2.21 - H Aertovpyia yio ka0g éva amd Ta emrtd onpota eAéyyov. Otav gival evepyd
70 éva 0mo To 00O bit o€ £va ToALTAEKTT, | €16000G EMAOYNC TOL TOALTAEKTN £xeL TNV Ty 1.
AwpopeTikad, eqv dev givar evepyo, N €icodog emaoyng &xet Tnv T 0.

OH ROVAdQ ELEYYOV NTOPEL VO EVEPYOTON|GEL OAD AVTA TO GNUOTO EKTOG OO
70 ofno. PCSrc, Pacilopevn amokAEloTIKA 6T0 TEGIO TOV KMOIKOV AgrTOVPYiOG
(opcode field) g evroic. H ypappn gréyyov evepyomoreitar povo €av n povado
ELEYYOV OTTOPOCIOEL OTL EYOVUE EVTOM] OLOKAAO®GNG N 160TNTAS Ko 1| £E000G 0
(Zero output) Tng ALU, n omoia ypnopomoreital yro cOykpion, sivar aindc. INa
va. onpovpynoovpue 1o onpo PCSrc npémer va ypnoypomomjcovpe pro toin AND
pe €ico0do 10 ofuo omd TN povada eiéyyov, TOo omoio ovopdlovpe oNpa
owkAadmong (Branch), kot o ofjpa tng €€660v 0 Tng ALU.

Ta evvéa avtd onpato AEyxov gvepyomolovvtol Paoel Tmv €L oNUATOV 6TV €16000
NG LOVAdOG ELEYYXOV, T OTolo Eivat Ta Yneio Tov Kmdkov Asttovpyiag (opcode bits).
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APAXTHPIOTHTA 14

No cvpninpocete oto oyfnpa 3.2.20 T povada eA£yyov Ko TS Ypappés eAEyyov,
RECH OO TIS OTOIES NETUPEPOVTAL TO, CNUATO EAEYYOV OTAU HLAPOPE KUKADNATA
NG 01000V dedopuévmv. Na 6uYKpIvETE T0 KUKAMPO TOV GYEOLH0OTE NE TO GYNUA
oV akoAovOel (oynqpa 3.2.22).

[}
M
u
x
1
Add
Rer
4 ra
Instruction [31-26)] ™
[rar
JaLus
l
Instruction [25-21] Read
Read . star 1
address e Read
Instruction [20-16] | Read data 1
Instruction reglsterniglstem Read
. e
[31-0] Write data 2 o Address Read 1
Instruction register data M
mamory Instruction [15-11] Wiite u
1 data mE:::r y
Write . o
data
Instriction [15-0] 3,6 5| Sign %.2 I
axtend
Instruction [5-0]

Yyqpoe 3.2.22 - H diodog dcdopuévov pe v povada eréyyov. H gicodoc oty povada
eléyyov eivar 1o medio Tov KOOV Agttovpyiog (opcode) TG EVIOANG TO 0moio amoTeAEiTAL
amd 6 bits. Ot é£odot tng povadog eLEYXoL amoteAovvtal amd Tpio. oHTH TOV €vOg bit, Ta
omoia ypnoyonoovvtal otov EAeyyo TV moAvmiekt®v (RegDst, ALUSrc, kor MemtoReg),
omd Tpio ot Yo TOV EAEYYXO TNG EYYPOPNG KOl TNG AVAYVAOONG GTO apYEl0 KATOY®PNTOV
Kot ™ pvhun dedopévev (RegWrite, MemRead kon MemWrite), and éva ofjpa tov &vog
ymeiov 1o omoio kaBopilel T dakhdadwon (Branch), kot £va onpa eAéyyov Tov 2 ynoiov yio
v ALU (ALUOp). Mia woAn KAI ypnoylomoteitar yioo vo cUVOEGEL TO GO EAEYYOV
dtokAddwong kot v €£odo 0 and v ALU. H moAn KAI ghéyyel tnv emioyn g emduevn

TING TOV amapOUN TN TPOYPAULOTOC.
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OH EVEPYOTTOIN G TOV YPOUNAV ELEYYOV €E0PTATAL POVO 00 TO TESIO TOL
K0OkoU Agrtovpyiog (opcode). Emopéveog mpéner va kabopicovpue £av 1o ka0s
évo, a6 ta onpata eréyyov givai 0, 1 1 givar adwagopog 6pog (X).

To oynua 3.2.23 kaBopilel tov tpomo e OV 0omoio mpémel va evepyomomBovv ta
onpoTo EAEYYOL Yia Kae kmotkd Agttovpyiog, Kot Tpoépyetar amd ta oynuata 3.2.15,
3.2.21 xon 3.2.22.

Evrodm | RegDst | ALUSrc | Memto- Reg Mem Mem Branch | ALUOp1 | ALUOpO
Reg Write Read Write
Tomov R 1 0 0 1 0 0 0 1 0
lw 0 1 1 1 1 0 0 0 0
sW X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

Yyqpe 3.2.23 - H tpd ypoppn Tov wivake aviiototyel otig eviorés tomov R (add, subtract,
and, or kot slt). 'l 0Aeg T1g EvTOAEG, Ta media Tov wNyaiov KaToyw@PNT €ivol Ta rs Kot It Kot
TOL Kotaywpnty mpooplopol etvar to rd. Avtd kobopiler Tov TPOMO e TOV OMOI0
gvepyomotovvtal ta onpate ALUSre kot RegDst. EmimAéov o evtodn tomov R ypdoet ¢
éva katayopnt) (RegWrite = 1), aAld obte dafalel obte ypapel otn pvnun dedopévav. To
nedio ALUOp ywa 116 evrorég thmov R givon 10 yio va dnidoel mog 1 povddo eréyyov tng
ALU mpénel va mapaydei amd 1o medio funct. H devtepn ko 1 tpitn ypoppn] tov mivoka eivoe
Yoo TG eviorég eoptwong kot amodnkevonc. To ALUSrc kot ALUOp xoBopilovv tov
VROAOYIGUO TG evepyng Oevbuvvong. Ta MemRead kot MemWrite koBopilovv v
npoonélaon g pvnunc. Téhog ta RegDst kou RegWrite kabopilovv OTL otnv €vioin
@OPTMOONG, TO AmOTEAEGHO amodnkedeTol otov KoToy®pntn rt. H evtodn dtakhddwong givan
TopOUOLN OTn Agttovpyio UE TIG EVTOAES TOOV R, apov GTéAvel TOVg KataympnTég s Kot It
omv ALU. To nedio ALUOp yio v eviodn dwokAddmong kabopilel v apaipeon, 1 onoin
ypnowomnoteitat yioa ovykpion. [lopatnpodue tmwg 1o nedio MemReg dev €yel oxéon pe 10 av
t0 onuo. RegWrite eivar 0, (opod dev yiveTor €yypopn GTOV KATOX®PNTH, 1 TN TOV
dedopévav otnv €icodo eyypapng dedopévav dev ypnoltonoteitar). Zuvenmg o MemtoReg
oTIG 000 TEAEVTOIEC YPOAUUES TOV Tivaka £xel avTikataotadel and X, sivar dniadn adidpopog
0p0g. AvTov TOL TOTOL Ol AdLdPOPOL OPoL TPETEL Vo TPocTEDOVY amd TOV GYESINGTT, QLPOD
eEaptovtal amd tov Tpdmo Aettovpyiog NG O1000v dedopévav. AdApopol Gpol UTOoPOvV
emiong va mpootebovv o6to RegDst dtav to RegWrite eivau 0.

ST Zopgova pe to oyfuota 3.2.21 kot 3.2.23, umopodue va oyedidcovpe ™
Aoywn povaoda eréyyov. Ilpv tov oyedacud Ba e&nynoovpe tov TpOTO e TOV 0moio
ypnoponotel KaBe evioAn, T 61080 dedoUEVDV. ENUEUDOTE OTL VOGS TOAVTAEKTNG O
omoiog PBpioketar oto 0, avtidpd pe tov 1010 TPOTO AKOUO KOl OV 1 YPOUUN EAEYYOV
dgv gtvar evepyn.

Avti va getdlovpe oAdKkAnpn ™ 61000 Gov Eva TUNHO GLVIVACTIKNG AOYIKNG, £lvat
MO €UKOAO Vo OOVUE TNV EKTEAECT TNG EVIOANG ooV o GEPpd amd Pruota,
€0TIALOVTOG TNV TPOGOYN LG GTO KOUUATL TNG 01000V OV apopd To kabe Brpa.
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Ag Eekivfoovpie e Tig evToAég TOmoL R Onwg yio mapddetypa n:
add $x, $y, $z.

&®

Ta téooepa Pripota yio TNV ektélesn pog evrois Tomov R givon:

1. H eviolq avokoAeital amd T PviUn EVIOA®V KOl O OmopOUNTAG TPOYPELLLOTOG
av&avetat.

2. Ot dvo katayopntés, $x kar Sy, dwwfalovor amd to apyeio kataympntov. Emiong
Katd T d1dpKeln ovtod Tov PrpnoToc, N Pacikn povéda eAéyyov vroioyilel Tov
TPOTO EVEPYOTOINOTG TOV YPOUUUADV ELEYYOV.

3. H ALU eneEepyaleton to doegdopévo to. omoior Oafactnkav amd to apyeio
KATOY®PNTAV, YPNCILOTOIOVTAG TOV Kmdwd function (ta ynoeia 0-5 g evtoAng),
oL TepPypdpel T Aettovpyio g ALU.

4. To amotéhecpua g ALU yphoeton 60 apyeio KotaywpnT®dv, XPNCULOTOLOVIOG TO
ynoia 15-11 g evToAng, yio TV ETIA0YT TOV KATOX®OPNTH TPOoPIopov ($x).

OYnsvﬂvuigonus OGS N EQUPUOYN GVTY] YPNOLUOTOLEL TT] GVLVOVUOTIKY] AOYIKI].
Anradn ov evroréc Tomov R dgv ektehovvral cov puo oepd and Técoepa
owagopeTikd prjparta. H 6iodog dedopévov Aettovpyel o€ £va KOKAO poroyLov, Kot
TO. ONNOTO 6T 01000 dedopévev petofdariovrol anpoPfrento KaTd TN OLGpKELd
avToV 10V KVKkAov. Ta onpata otabepomorovvror mepimov pe T GEpd TOV
Pnpétov e evrorc, emewdn] 1 PoN TS TANPoQopiog axkorovOeli avty TNV
mopeia.

H extéheon 1ov eVIOADV OPTOGNG OTMG Y10 TOPAELYLLAL 1:

Iw $s, offset(Sy)
umopel va yoprotel e mévte dpopetikd Prpata (oe avtiotoyia Le TO TEGGEPQ
frinata Tov evtolmv tomov R).

#® To névre Ppota 1o TNV eKTELEC PLOG EVTOM|S POPTOONG sivan:

1. H eviodq avaxoieitor amd T Hviun €VIOAOV KOl QLEAVETOL O OmOPOUNTAG
TPOYPAUUOTOC.

2. H tyn tov katayopnt (Sy) dwfaletor amd o apyeio Kataympntov.
3. H ALU vmoloyiler to déBpoicpa g tyunig mov ddPoace omd to apyeio
Katoyopntdv Kot TV 16 Aydtepo onuavtikdv yneiov g evtoAng (offset), petd

Ot EMEKTOGT TPOGTLOV.

4. To &Bpoiopo mwov vroroyileton and v ALU, ypnoyonoteiton oty €16000 NG
O1evOLVONG GT VNN OEOOUEVMV.
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5. Ta dedopéva amd TN povado Uvnung ypagoviol oto apyeio katoympntov. O
KOTOY®PNTHG TPOOPIoUOV divetot amd ta bits 20-16 g evioAng ($x).

Téhog umopolie va yopicovpe e LT TV EKTELECT] TOV EVTOADV S0KAAd®MONG
He oLVONKN OTTMG Y10 TOPASELY AL 1):

beq $x, 8y, offset.
Ot evtoAég avtéc Aettovpyohv Tepimov OTmG ot EVIOAES TOTOV R, addd n €€060¢ g

ALU ypnowomnoteitor yuoo va kobopicel tnv emduevn T T00  omaplfun
npoypaupatog mov gival PC +4, 1§ etvar 1 d1e68vven tov 616)0v d1aKALSwonG.

#® To téooegpa PRpota TG EKTELEGNS TOV EVTOLDY SLUKALAdMONG e cuvOfikn
givan:

1. H evtoln avokaAleiton amd T pviun Kot avEAVETOL O amaplOunT)g TPOYPEUATOC.
2. O dvo katoywpntéc, $x kot Sy, dwfalovrarl and 1o apyeio KaTaymPNTOV.

3. H ALU exte)el apaipeon otig TIREG TV dedopuévav mov ddPace and to apyeio
katoyopntav. H tyun tov PC + 4 mpooctifetarl ota 16 Aydtepo onuovtikd ynoio
™G evtoAng (offset), petd omd eméktoon mpoonuov. To amotélecpo eivor m
d1evBuvvon Tov 6TdHYOoL SLEKAAIMONG.

4. H ¢é£ooog 0 ¢ ALU ypnoipomoteiton yio TV €MAOYN TG EMOUEVNG TIUNG TOV
amoplOunTy TPOYPELLATOG.

v
{APAZTHPIOTHTA 15

o)Na meprypdyetre mepinaTikd To empépovg Ppota Yo TNV EKTEAEGT TOV
EVTIOAMV TOTOV R, TOV £VIOA®OV QOPTOONG KUl TOV EVTOLAV OLOKAGOMONS NE
ouvOnKn;

B)'a woro Adyo ympilovpe TV EKTELEST] TOV EVTOLAV o€ fripata;

ST AoD eidape tov TpOmo pe Tov omoio ot evioréc ywpilovton o Pruato, Oo
ocvveyioovpe pe v vAomoinomn tov eAéyyov. H Agitovpyia tov gAéyyov pmopei va
TPOGOIOPIGTEL YPNOILOTOIDOVTAS Ta TEPIEXOUEVA TOVL oynuatog 3.2.23. Ot é€odot eivan
ol Ypappés eAéyyov Kot 1 €i60d0g givat 1o medio Tov KMIKOV Agttovpyiag (opcode),
Op[5-0]. "Etot pmopodpe va ptid&ovpe éva mivaxo oindeiog yio ka0e £€odo. Ilpv and
aVLTO 0G YPAYOLLE TNV KMOKOTOINGo™ Yo KEOe éva amd TOug KOIKOVG AETovpyiog
oL pog EVOLPEPOLY omtd To oynua 3.2.23, kot pe 0ekadkovg aptBpons Kol Gov o
oelpa ano bits, ta omoia eivor £160d0¢ 6TV povada eAEYyov:
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‘Ovopa, Kmowkég
evtoMlg | Aertovpyiag Kmowkdg Aertovpyiog 6€ dvadiki) popoen
o0& OEKUOLKI]
Bopo Op5 Op4 Op3 Op2 Op1 Opo
Tomov R 0 0 0 0 0 0 0
Iw 35 1 0 0 0 1 1
SW 43 1 0 1 0 1 1
beq 4 0 0 0 1 0 0

Edv ypnowomomoovpe avtdév tov mivaKo, UTOPOVUE VO TEPTYPAYOLUE AOYIKA TN
povada eEAEYYov o€ €vav peydro mivaka aAndeiog mov mepiéyel OAeS Tig €£600VG, OTMC
yivetar oto oyfuoa 3.2.24. Avtog o mivaxkag kabopilel akpipdg v ocvvdaptnon
EAEYYOL Kol PUTOPOVUE VO, TOV VAOTOMGoVHE Kot  evbeiov oe mOAeg OmwG akpPdg
Kévope Kot pe v povéada eréyyov g ALU.

Torov R

z

Op5

Op4

Op3

Eicodor Op2

Opl

Op0

RegDst

ALUSrc

MemtoReg

RegWrite

MemRead

‘ESodot MemWrite

Branch

ALUOpl

olo|o|=|olo|X|= X === |o|—|Z
=2
~o»—~ooo><:o><oo—~ooog

(=)l lel el fe) Lj (e} (e} L} (e} fer ) far]) fev]) favll fan]
(=) =l i)l P LNt Ll el g Ll (el fan ) Fan )

ALUOpO

Yympo 3.2.24 - H cvovdptinon eréyyov OTav o1 €VTOAEG EKTEAOUVTOL 6€ £vav KUKAO
poioyro¥, kaBopileton wTMpoOS 0md cvTOV TOV TivaKa. Xtov Tivaka @aivoviot ot
GLVOLOCUOL TOV GNUATOV €GOS0V TTOV OVTIGTOLYOVV GTOVG TEGGEPIS KMOKOVS AEITOLPYIOG
mov kabopifovv Tig €£600vg. (Auunbeite Tmg to Op[5-0] avtictoryel ot ynoeio 31-26 g
EVTOANG, Ta omoia ivor To medio Tov Kmdko Aettovpyiag(opcode).) Metd Tic 16680VG, GTOV
nivaka dtvovtar ot €€odot. 'Etol 1 €£0d0og RegWrite sivar evepyn yio 600 StopopeTikong
GLVOLOCHOVG TOV €160dMV. Edv BepnGovE LOVO TOVG TEGGEPIS KMAIKOVG AEITOVPYIOG TOV
@aivovtol 6ToV TivaKo, UTOPOVUE VO ATAOTOWCOVUE TOV TTivaka oANOgiag XPp1OILOTOIDVTOG
adtapopovg 6povc. I'ia mapdderypa, pwropovpe va Bpodpe o evtoAn tomov R pe ) Ponbeia
g e&iowong OpS5 o Op2, apol avtod givol apkeTd yio va Egxwpicovpe Tig eviodég Tomov R
ond T1g evioAég @optwong (Iw), amobnkevong (sw) kot dwkiadwong(beq). Aegv
EKUETOAAEVOUOOTE GUTH TNV OTAOTOINGCT OPOV Ol VTOAOUTOL KMOWKOL Agltovpyiog TOv
vrodoyiot) MIPS ypnoiomolodvtar 6ty teAKn vAomToinon.
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%

§iAPA):.THPIOTHTA 16
No viomouoete TN GLVAPTNON EAEYYOV TOV OoYNROTOS 3.2.24 PN CLHOTOLOVTAGS
roykég moreg KAI kon hoywkég moreg 'H. Na cvykpivere Tnv amdvinon cog pe to
oyMpa wov akorovlei (oynpa 3.2.25).

OH vAomoinon TS ouvapTiong EAEYXOVL Ogv €ivarl molvmAokn. To oyfquo
3.2.25 ancwkoviler T cvvaptnon erfyyov viomompévn pe morieg KAI ko worecs ' H
og mapatasn. Avt n dopn ovopdleror mpoypappaTicopevn Aoyikn mopdtoén 1
PLA (Programmable Logic Array). H ypfion kokhopdtov PLA givan pia amwo Tig
0 YVOOTEG PEBOOOVS Y10 VO, VAOTOL|GOVIE TV GLVAPTNON EAEYYOV.

Inputs
Ops
Op4
Op3
Op2
Op1
Op0

muinl Q00 [ olo [
k ) L tl Outputs
beq

R-format Iw B

RegDst

} ALUSTC
MemtoReqg

] RegWrite
MemRead
MemWrite

Branch
ALUOp1

ALLIOpO

Yympa 3.2.25 - H vhomoinon tng ouvaptnong eAEYY0v cVRO®VO e TOV TivaKa aindeiog
Tov oynpatog 3.2.24. Ot gicodot otig morec KAI sivar ot €lcodotl Tng cuvapTNoNG Kot To
copuminpodpatd tovg. Ot gicodol otig moieg 'H givar ot £€odot tv muAdv KAI () givar ot
€160001 TNG GLVAPTNONG KOl To GLUTANPOUATA TOVg). H £é£0d0g Tmv muddv 'H givat o1 £€odot
NG cLVAPTNONG.

244




Apyrtextovikn Yroloyiotov I

jﬁ %
L " Tapdderyna

-

P

L

To oyqpo 3.2.22 meprhoppaver tmv viomoinon TV &vroldv Ttimov R, tov
EVTOLOV QOpTOONS 1 0modNKeELVONS KOl TOV EVIOA®V OwokAGdmwons. Na
enekteiveTol KotdAAnia to oyfpa 3.2.22 étor @ote vo mepriopfaver Ko Tig
gvtorég petamonong (jump). Noa weprypdyere nog 0o TomoBetnBovv o1
Kowoupleg Ypoppés eELEyyov.

Amavrnon:

H evtod) petamnonong powalel pe v €vtoAn OokAddmong, He T dpopd Ot
VTOAOYILEL TNV EMOUEVT] TN TOV AmOPLOUNTY] TPOYPAUUATOS SLOPOPETIKE KOl OTL OEV
Aertovpyel Vo cuvONKn. OTteg Kot 6T S1UKAAS®OT), TO 2 AyOTEPO CNUOVTIKG Ynoio
™G oevbuvong g evioAng petamnonong eivor mwovta 00,. Ta emdueva Arydtepo
onuavtikd 26 ynoio and ta 32 yneia g dievbbvvong, poépyovral omd to medio g
EVIOM|G OTtwg @aivetor oto oynua 3.2.26. Ta 4 mepiocdtepo onuavtikd ymeio g
devbuvong, m omoia B yiver M emoOpevn T TOL ATOPOUNTH TPOYPAUUATOG,
TPOEPYOVTOL OO TNV TPEYOLGA TIUN TOL amaplOunT Tpoypdupatoc. ‘Etol pmopovue
VO DAOTOWCOVLUE Mio. EVIOAN peTOmnonomg, omobnkedoviag otov  amapldunt
TPOYPAUUATOS OLULOOYIKA TO TOPAKAT® :
e 10 4 TEPLOGOTEPO SNUAVTIKA bits Tov vadpyovra amapOunTy TPOYpGuNATOG
(eivar Ta bits 31-28),
® 70 TEHI0 TNG EVTOM|G NETAMNONGNGS, TO 0TOi0 amoTereiTan ad 26 bits ko
e T0 bits 00¢y,.

I1edio 2 address

®¢omn Tov bits 31-26 25-0

Yympa 3.2.26 - H popoen g vToAc petomnononc(Kmotkig Aertovpyioac=2).

210 oyfua 3.2.27 eaiveton  povada eAEYXOV, £TGL MOTE VO UTOPEL Vo OEXETOL KO
EVTOAEG LeTamONoNG. XPNCLUOTOLEITOL £VOG EMMTAEOV TOAVTAEKTNG Y10 VOL EMAEYEL T
véa Tiun tov aropldunm wpoypdupatoc (PC), n omoia Ba sivor n avénpévn katd 4
T tov amopduntg npoypdupatog (PC + 4), 1 o otdyog dtoukAddmong, 1 0 6TOY0G
petommonone. EmmAéov ypetbletar éva onua eAEYYOL Yl TOV TOAVTAEKTN TOL
npocBécape. Avtd to onua eEAEYYOL, To omoio ovopdletol onpa petamnonong (jump),
glval evepyod pOVo Otav LIAPYEL EVIOA) peTamnonomng, kot avtd cvupaivel 6tav o
Koo Aettovpyiag eivan 2 (opcode = 2).
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Instruction [25-0] hmm

Jump address [31-0]

26 left 2 25

PC+4 [31-28]

Add

o] Read

7| address

Instruction
[31-0]
Instruction
fremaory

Instruction [31-26)

Instruction [25-21)

5| Raad

Instruction [_—'I‘L‘]

registar Read

Y

(—‘ w s = 2

ALU

e Z -

.| Raad data 1

Instruction [15-11)

Instruction [15-0]

register 2
Registers Read

Wirite
register

data 2

Write
data

16 . 32
S

i
axtend

Instruction [5-0]

-

Address

Write

Read

dala

Data

mamory

Yypa 3.2.27 - H 61000¢ 0£00puévev Kot 1] povada eAEYY0V ETEKTOUEVE KOTA TETOW0 TPOTO
£T61 DGTE VO, OEOVTUL TIG EVTOAEG peTamnononc. ‘Exel mpootebei évag moivmhéktng (mavm
de&1d 610 oyNua), O omoiog eAéyyetal amd TO onua eAéyyov petamnonong. H evtoin
HETATNONONG, COLP®VO LE TOV 0YeOAGIO TOV EVIOL®Y 6TOV voAoyioth MIPS, ypnoylomotel
TNV TN Tov amopdunth Tpoypaupatog [31-28] yia tnv devbuven tov 6tdyoLv PETATNINONG,
avTi Yo TV T auTOV TOV bits, apov £xel avénbel o amaplOuNTIg TPOYPAUUATOS KOTA 4.

"--Tl Aertovpyet Aavlaopéva oty vAOTOIN G £VOG
KUKAOV

APAXTHPIOTHTA 17

a)Na TpocoropiceTe TL €ival avTo TOLV KOO0 PILETUL TO PNKOG TOV KOKAOL POLOYLOV.
B)I'o oo AGyo N 6uvolKY] 063061 TNS VAOTOINGS TS 01000V d€o0péveV pE

YPNON EVOS KOKAOL pOoLOYLOV Y10 KAOE EVTOM, OEV Eival KOAN;
No ortiohoynfoete TNV awAvTI|ON GUG.
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4
§ﬁAl’[ANTHZH APAXTHPIOTHTAX 17

a)EE’ opopov, 0 KUKAOG poroylov €yel To 1010 pNKoOg Yo KAOE €vToA oTNV
vAomoinon &vog kokiov kot To CPI (kdkhov poroywov ava evroin) Oa eivor 1.
ZOPQOVE pe 660 £YOVUE TTEL, 0 KUKAOS poroylov kaBopiletar amd T peyorvtepn
mOavy dwadpoun TS UNYOVIS. AvTi) 1| Swadpoun £ivar oYEOOV TAVTA PL0. EVTOAN
POPTOGNG, 1 070l YPNGLUOTOLEL TEVTE AELTOVPYIKEG NOVADES GE GEPA: TN pvijun
EVTOLQOV, TO apyEio KaTtoyopnTov, TNV ALU, ™ pviun dgdopévov Kat T povada
eLEYYOV.

P)Ilap’ 6Xo wov to CPI givar 1 (évag KOKAOS poroylov avd €vTOAL]), 1 GLVOAIKY
060001 TG VAOTOINGNS OV YPNOGLUOTTOLEL £vo. pOVO KUKAO poloylov Yo kdOg
EVTOMN, 0&v givarl TOAD KA, 0OV TOALOL TOTTOL EVIOAMDV PTOPOVY VO, EKTEAEGTOVV
K01 6€ PKPOTEPO KOKAO poAOYLOV.

"% Tapdderyna

Na vro0éoete 0T 0 YPOVOg AerTovpyiag Yo Tig facikés povadeg 6TV vAOTOINGT
givan:

Movadeg pviung : 10ns
ALU ko a0porotéc : 10 ns
Apyeio KoTayOpNTAV (YLo €yypaen 1| avayveoon) : Sns

Ag vmoBécovpue OTL o1 TOAVTAEKTES, 1| pOVAdO EAEYYOV, 1| TPOCTELAGT TOL
amaplOpn Ty TPOYPARNATOS, 1] HOVASQ ETEKTAUCNS TPOCTUOV KOl TO KAAMOLN OEV
npoKkaAoVV Kapio kaBvotépnon. X’ avti TNV TEPINTOGT, TOLY OO TIS TOPUKAT®
VAOTTOU|GELS EIVaL TTLO YP1]YOPT] KOl KOTA TOG0;

1. Mio viomoinon otnv omoio kKGOe evroAl] Aertovpyel 6& éva KOKAO POAOYLOD
OUYKEKPLPUEVOL PNKOVG.

2. Mio viomoinom oOmov kaOe evroln ekteheiton o€ £va KUKAO pPoroylov,
APNOPOTOLAOVTAS £VO “PETUPANTO” poAroL, £T6L MOTE VO, P cLHoTToLEl KGOE Popa
060 ypovo yperaletar. (Mo TéTo10 TPOGEYYLON OEV €lval TPOAKTIKA €0KOAY, AAAG
OGS EMTPETEL VO, DOVUE TL AVOVUE OTAV OLES OL EVTOAEG TIPEMEL VO, EKTEAEGTOVV GE
£va, KOKAO poAoy1ov TOV 010V uNKovG.)
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Amavrnon:

Ag Eexwvmoovpe ovykpivoviag tov xpovo ektédeong e KME vy dwapopetikod
tomov evtorés. ['vopilovpe Ot :

1poOvog ektéreons KME = tif0og evrorav x CPI x ypovog kOkAov poroyrov
AoV to CPI givon 1, pmopovpe va amhonomcovpe v mopandve e&icmon og eEng :
1Povog ektéreong KME = i 00g evTorA@V X ypovog KOKAOV poroyLov

To pévo mov yperaldpacte givar va Bpodpe 10 xpAvo ToL KOKAOL POAOYLOD Yid TIG OVO

viomomoels. H “xpioun” dtadpopr yio Toug d1epopETIKONS TOTOVS EVIOADY POIVETOL
GTO TOPUKAT® CYNLUOL :

Tomog AEITOVPYIKES HOVAOES TTOV YPNCLUOTOLOVVTUL UTTO TIS EVTOAES
EVIOMIG
Tonov R Avaxinon [Ipooméraon ALU | IIpocmélaon
EVTOANG KOTOY®PNTY KOTOY PN
DopTwon Avaxinon [Ipocmélaon ALU | IIpoorméiaon [Ipoocméraon
EVTOAG KOTOY PN UvAUNG KOTOY PN
AmoBnkevorn | Avéxinon [Ipooméhaon ALU | Ilpoonéhaon
EVTOANG KOTOY®PNTY uvnung
Aok adwon Avaxinon [Ipocmélaon ALU
EVTOMG KOToY PN
Metamonon | Avaxkinon
EVTOANG
Xpnowonowwviag TG “Kpioyuec” O00pOUES, UTOPOLUE VO VTOAOYIGOLUE TO

QITOTOVLEVO UNKOG TOV KOKAOVL poAOYL0V, Y10 KAOE TOTO EVTOANG :

Tomog Mwiun Avayvoon Agwrrovpyia Mwviun Eyypaon
EVTOMIG EVIOLQV ALU 0£00UEVQOV TOV Yuvolké
KOTOYOPNTH KOTOYOPNTH
Tonov R 10 10 0 5 30 ns
Doptwon 10 10 5 40 ns
Amofnkevon 10 10 35ns
AloKAGO o™ 10 10 25 ns
Metamonon 10 10 ns

Emopévog o khkhog poroylov yuo évav vmoAoyloty| pe otafepd kokio givor 40ns yuo
OAeC TIC €VTOAEG, v Yo €vov VTOAOYLOTN HE HETOPANTO KUKAO poroyol eivoat
avapeca oto 10ns kot 40ns.

Mmopovpe vo LTOAOYICOLHE TO HEGO UNKOG TOL KOKAOL POAOYOL Yo €vav
VTOAOYIOTH] HE HETOPANTO UNKOS GTOV KUKAO POAOYLOD, YPTCLUOTOUDVTOG TOVG
TOPOTAVE TIVOKEG KOl TN GUYVOTNTO ELPAVIONG MG EVIOAS. Oemp®dVTog YVMOOTEG
TIG GLYVOTNTEG EUPAVIONG TOV EVTIOADV, Exovpe: 22% yio TIG EVTIOAES POpTmOnG, 11%
vy TG evrorég amofnkevong, 49% vy tig evrorég tomov R, 16% vy t1g evrorég
StakAGdmonG kot 2% yio TG EVIOAES LETATONONG.
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"Eto1 0 péoog ypdvog yia kébe evioAn pe petafAntd kOkAo poroylol eival:

Kvxkhog poroyrot KME = 40x22% + 35x11% + 30x49% + 25x16%  +10x2% =
31.6 ns

A@o¥ n viomoinon pe peTafANTO KOKAO poroylol £xel KpOTEPO KOKAO, Elvar
caemg Tovtepn. H anddoon vroroyiletar og eENg:

An6ooon KME pe petafintod kokrio poroyrov

An6ooon KME pe éva pévo kOkio poroyrov

Xpovog ektéreons KME pe éva pévo kOkio poroyrov

Xpovog exktéreon KME pe petofinto kOkio poroyrov

IC x k0khog poroyro¥ T KME pg éva povo kOkAio poroyrov

IC x kvkhog poroyrov T KME pe petafpintod kokio poroyrov

KOKkAog poroyrov Tng KME pg éva pévo kokro poroyrov

KVKkA0g poroyrov Tg KME pe petafpintod kokro poroyrov

40

= 1.27
31.6

(Omov IC = mAn0Bo¢ evtormv)

Emopévog mn viomoinon pe petafintd kdkio poroyo¥ eivor taybdtepn katd 1.27
POpEG. W

OH VAOTOINON €VOS KUKAOVL POAOYLO0 ME OLOPOPETIKY] TOYVTNTO Yo KAOE
EVTOM], eivanr e£oipeTikd 0V0KOA] O1001KAGIO KOl TO KOOGTOS VAOTOINGG Mog
TETOLOG EQUPNOYNG EIVOL PEYOAVTEPO OO TO TAEOVEKTNHOTO 7OV KePOilovpe.
"Evog gvoALOKTIKOS TPOTOS vAOTOINGNG Eival Vo YPNGLUOTOGOVUE MIKPOTEPO
KUKA0 poroylov Kot vo petafdilovpe Tov aplOpd Tov KOKA®MV poroylod yia Tovg
OL0POPETIKOVS TOTOVG EVTOAIC.

OTO KOGTOG Y0 TNV €QUPROYN €VOG KOKAOL pe 6Ta0gpd KUKAO poAoyLov gival
peyaro, 0AAG G6€ TPAOTN TPOGEYYLIGH UTOPOVHE Vo TO Ocmpricovpe 0m0deKTO.
Q071060 £GV TPOSTAONGCOVUE VO VAOTOU|GOVUE HL0 HOVADO, KIVI|TG VTTOOLUGTOAG
1 VO VAOTOU|GOVE TTLO TOAVTAOKES EVTOAES, 1] VO PN CLUOTOU|GOVUE TLO GVVOETES
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TEYVIKEG VAOTOINONG, 08V 00 £YovpuE 6MOTA OMOTEAEORATO NE TN OYEOLOOT EVOS
KUKAOVL.

Axolovbel éva mapdoetypa yio tnv VAOTOINGoN UG LOVADOS LLE KIVITH VTOOL0GTOAN.

R

'r %
jﬁ gl Hopaosryna

Yno0étoope 0T £(ovpE po HOVASO KIVIITI S VTOOLOGTOAS 1| ommoia yperdaleTar 20
ns yw. ™V npécleon tov aplOpdv KivnTg vodwwotorc ko 60 ns Yo TOV
TOALOTTAAGLOG O KAUGRATIKOV aplOpu@v. Olotl o1 dAlotl Ypovol 6TIS AEITOVPYIKES
povaodeg eivar idlor pe TO TPONYOVUEVO TOPAOEIYHO KOL 1) EVTOAM] KvnTig
VOOLNGTOM|S €ivol mopopole pe pio. aplOunTikny Kou AOYlKY] €VTOA, ME T1)
owQopd 6T ypnorpomorei v ALU kivntig vmooraotoing avrti yra Tnv ALU mov
giyape péypr TOPa. XPNOWWOTOLAOVTOS TIS CUYVOTITES ERPAVIOIS TMOV EVIOADV,
va. Bpeite TO LOY0 TOV 0T000CEMV UVANESH GTNV EQUPLOYT] HE SLAPOPETIKO KVKAO
POAOYLOV Y10, KAOE TUTO EVTOMIC KOL GTIV EQUPUOYT] OTNV 0TTOI0. OLES OL EVTOLES
£ovv 10V 1610 KOKAO poroyrov. Na vrodéoeTe 011 :

e O evrodéc @opTmong kol amodnkevong g akpipelag yperdlovral tov
1010 YPOVO OTTMS KAt 01 EVTOAES POPTMOGNS KUt 0o Kevong TV 32 yneimv.

e O evTorég OLOKAGOMOG KIVI|TIG VTOOLO.GTOANG KATAVAAMDVOLY TOV 1010 pOVo
ILE TIS EVTOAES OLOKAGOMONG UKEPAIOV.

e H ogaipeon kol 1 GUYKPLON KAUORATIKOV aplOpdv yperalovror Ttov iowo
xPOVO pe v Tpdcheo).

e H odwipeon xioopotikov opiOpov yperwaletor Tov 1010 YpoOvVo pe TOV
TOMAUTAUGLAG O,

Andvtnon:
Amo 10 Ttpornyovuevo mapdostypa yvopilovpe ot

An6doon KME pe petafintd kdkio poroyrov

An6doon KME pe éva pévo kvkio poroylov

KVKkAog poroyrov g KME pg éva pévo kokro poroyrov

KVKkA0og poroyrov Tg KME pe petafpintod kokro poroyrod

O k0KAOG poroylo0 Ge gQappoyn €vOg KOKAOL glvar ic0g pe tov peyalvtepo ypovo
mov ypeldleTor pia VIO, o omoilog eivol 0 ¥pOvog EKTEAECGNG TNG EVIOANG TOL
TOAAATAQGIACLOY aPOU®OV KIVITAG LITOIOGTOANG. O YpOVOS TOV aTONTEITAL VL0 TOV
TOALOTTAAGLOGNO OPLORAOV KIVIITIS VTOOLUOTOANG, KOl 0PilelL EMOPEVOS TOV KOKAO
poiroyrov, givor : 10 + 5+ 60 + 5 =80 ns.
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‘Eoctm éva vmoloylotig 6Tov 0moio 01 EVIOAES £XOVV SLOPOPETIKO KUKAO poroylov. O
YPOVOG oL amonteiton Yo pia evToAn mpdcebeomng Kivntig vrodlanctoAng eivor 10 + 5
+ 20 + 5 = 40 ns. Eqv mdpovpe ) cuyvdtta peavions tov evioAdv, xovus 26%
eviorég poptong, 14% evioréc amoBnkevong, 31% evrorég tomov R, 8% evtoAég
StakAGdmong, 2% eviodéc petamnonong kot 19% eviodéc kivntg vodiactoAng (amd
116 omoieg t0 9% eivon moAlamAaciacpol kot dwopécelg kot o 10% givar mpocbécet,
aQapEcelg Kot ovykpicelg). 'ETol 1o péoo pikog Tov KOKAOL poroylov givar :

Kvkhog poroyrot KME = 40x26% + 35x14% + 30x31% + 25x8%
+10x2% + 80x9% + 40x10% = 38.0 ns
H Beitioon oty andooon givar :

An6ooon KME pe petapfinto kOkio poroyrov

An6ooon KME pg éva povo kOkAo poroyrov

KUKAOG poroyrov g KME pe éva povo kokrio poroyrov 80
= =2.11

KUKAOG poroyrov tng KME pe petafinté kokro poroyrov 38

Enopévog éva petofAntd porol Peituidvel v amddoom TEPGGOTEPO MO TO
dumhdoo.

ST YnoBéoaps g 0 KUKAOG poAOYIoD 160VTAL UE TNV YEPOTEPN mEPImTMON
kaBvotépnong g extédeong pag evioans. Emopévag mpémel va xpnoiomocovpe
TEXVIKEG VAOTOINONG OV VO HEWDVOLV TOV YEWPOTEPO KOKAO poroyov. Aev apkel
ONAadn vo PEATIOGOVUE OTOONTOTE EVIOAY, OAAL HOVO VT 7OV TTPOKOAEL TNV
peyaAvtepn kabvotépnon. ‘Etot ) epappoyn evog kOKAoL dgv BEATIOVEL TNV TOOTNTO
Kol KaOe Aertovpyikn povado pmopel va ypnolpwonomBel povo pio opd ce ke
KUKAO poAoy1loV. Avtd €xEl 0OV OTOTEAECO VO TTPETEL VAL (PN GLULOTO|COVUE KATOES
Aertoupykég Hovadeg mTeplocdTepo amd pio opd, o omoio av&davel T0 KOGTOG TNG
EPAPUOYNG.

Mmopovpe vo amo@OyYOLHE AVTEG TIG OLOKOAIEC UE TN YPNON UIKPOTEPOVL KUKAOL
POLOY10VU Ko aVTO amortel TOAAOVS KHKAOLG POAOYLOV Y10 KAOE EVTOAT.

%
giAPAZITHPIOTHTA 18

IMowr givor TO. pelovekTNOTO OTOV YPNOLUOTOLOVUE VAOTOINGY] EVOS KUKAOL
POAOYLOV KOl TL GUUTEPAIVETE GYETIKG PE TNV 0w60001. No oTIOhOY|GETE TNV
OTAVTION 60 KOL VO, VITOOEIEETE EVOALOKTIKOVG TPOTOVS VAOTTOIN GG,
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.
{AHANTHZH APAXTHPIOTHTAX 18

Onmc NUMOTAOVETOL KOl 0O TO TPONYOVUEVE TOPAIEIYNOTA OLES OL EVTOAEG
omoLTovV TO 1010 OG0 YPOVOL TO omoio givor ico pe Tov YPOvo TG T aPyNS
evioM|g (ovvi|0mg e eviol] @OpTmong). O idog YpovVog KUKAOL PoOAOYLOV
KOTOVOADVETOL KOl Y10 TOTOVS EVIOAMDV PE MIKPOTEPO KUKAO POAOYLOD KOl OUTO
£xeL 6av amoTELEGNO TV HEIMGT TNG 0TOO06G TOV ENEEEPYAGTI).

‘Eva GALO pPEWOVEKTNNO OGTNV VAOTOINGT €VOG KUKAOL givor OTL KATOLES
rertovpyikéc povadeg kKo ovykekpipéva | pvipun ko  ALU given avdykn va
VAPYOVV TEPLEGOTEPO 0O Pio. POPES 6TO KUKAMNO. TOV EXECEPYOAOGTI TPAYNA TOV
onpaivel avENpévo K66TOg VAOTOINGTG TOV.

Qg gvolrokTikKoi Tpémor Yo TN Pertion To 0m6doong TOL EmMECEPYNOTI|
pmwopodv va avagepBodv : a) H ypion petapfintov kvkiov poroyrov. H
VAOTOIN oM EVOG TETOLOV POLOYLOV PE OLUPOPETIKI TAYVTNTA Y10 KAOE EVTOA eivan
e€a1PETIKG 0VOKOA OLXOIKOGIO KOl TO KOOTOS MOG TETOWNS EQUPUOYNG Eival
NEYOAVTEPO OO TO TAEOVEKTILOTO TOV VT pog tpos@éper. ) H yprion moirov
KUKA®OV Yo TNV €KTEAESY] MOG EVIOANGS. MmopoOue vo YPNGLHOTON|GOVUE
JKPOTEPO KVKAO POAOYLOV KO HI0. EVTOAL VO EKTEAEITAL GE TEPLGGOTEPOVS OO
évav KOKAOUG poroylov. Avdioyo pe tnv €vrtor] &rovpe Kol kKdmowov apiOpé
KUKA®OV POAOYLO0 TTOV QUTES OMOLTOUV YO TNV EKTEAEGT TOVS. AVTIH 1] TEYVIKN
givar vAomom oL Kot £YEL ETIKPATIGEL GT|UEPC.
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Apyrtextovikn Yroloyiotov I

= H 01000¢ 0€001EVOV KO 1) HOVAO EAEYYOV TNG
EQUPROYNS TOAADV KUKAMV

Xy vrogvotnta ovt Ba avapepBode oty vAoToinon g 01060V dedousvav Kot
™G Hovadag eAEyyxov tov vroroylot MIPS, 6tav n extédeon tav eviodmv ypetdleTon
TOAAOVG KOKAOLG POAOYIOU Yoo vo. oAokANpwOel. Apywd 0o Tpomomomocovpe
KATOAANAQ TN olodo odedopévev Kot Ta onuate  EAEYYov, £ToL MOTE Vo
aVTOTOKPIVOVTOL GTNV EQOPUOYN TOAA®Y KOKA®V. XN cvvéyewn Oa e&nynoovpe tov
TpOTO e Tov omoio ywpilovtor ot eVIoAég e ToALOVS KOKAOVG poAoytov. Téhog Ba
KOTOOKEVAGOVLE TN HOVAdX EAEYYOVL YPNOUYLOTOLOVTOG TIG UNYOVES TEMEPACUEVOV
KOTOOTAGEWDV.

“--H VAOTTOI161] TOAAQOV KOKA®V

2NV TPONYOVUEVT] LTOEVOTNTA Ywpicape kKABe EVTOAN o€ po Gepd omd Prinata o
avtiotolyio. pe TIC Aetovpyieg TV povadwv mov  eiyope. Mmopodue va
YPTCLOTOMGOVE AVTA TO, BrILOTA Y10 VO ONULOVPYNGOVUE TNV VAOTOINGCT TOAAGDV
KOKA@V.

{APAETHPIOTHTA 19

Mmnopeite va ava@épeTe TOVg AOYOVS Y10 TOVG 0TTOI0OVS 1| EPUPIOYT] TOLADV KOKA®V
VAEPEYEL TNG EQUPUOYNGS TOV EVOS KUKAOV;

{AHANTHZH APAXTHPIOTHTAX 19

2TV VA0TOiN 61 TOALAOV KOKA®V, Y10 TNV EKTEAEST KGOE PripaTog, amarteital évag
KUKAOG poioylov. AvTh 1| VAOTTOINON EMTPEMEL OE MO AELTOVPYIKY] POvdada vo
APNOLUOTOLEITAL TEPLGGOTEPO O pio. Popd ava evrol], Yoo 660 ypovo yperaleTor
OTOVG OLOQPOPETIKOVS KUKAOVUS poioyrov. Avté Ponbder otn peioon tov
KUKAOpATOV 7ov amortovvrol. H duvatotnte ve ypiolpomolovv ot evioiés
OL0QPOPETIKO aPlONd KUKA®V poroylov Kor va porpdlovror Tig AELTOVPYLKEG
HOVAOES KOTA T OWIPKEW TNG EKTEAEGNG MWOG EVTOMS, &ivar To Poaocika
TAEOVEKTI|LOTO. TN|G OYEOLOONG PE TOALOVS KOKAOVS pOAOYLOV.
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Kepdrowo 3 / Evomra 2

To oua 3.2.28 oamewovilel éva tunpa g 01600V dedOUEVOV TG VAOTOINoMG
TOAAL®V KOKA®V.

Instruction
register

PC o Address gl
A N
Pl Register #

Instruction g u ] ALLIOUIL =4

Memory o data Registers >AL
Memcr}r | RE-gi'SLEf #
s data —t E
Data register
Yympoa 3.2.28 - 'Eva tpnpa )6 610000 S£00REVOV TS EQUPROYIS TOLADV KOKA®V. ZT0

I—t Register #
oyfua eaivovral: 1 povade pvhiung, kot ALU g omoiag Staporpalovtor ot evTorés Kot
01 610801 6edoUEVDV 01 0TT0TEG GLVOEOVV TIC SLOUOIPALOUEVEG AVTEC LOVADEC.

%,

{APAETHPIOTHTA 20
No ovykpivere To oyfpa 3.2.28 pe to oyfpa 3.2.14. Iloweg dwopopéc mapatnpeite
o€ 0VTA TO 6V0 CYNRATO;

{AHANTHZH APAXTHPIOTHTAX 20

Edv cvykpivoope 10 oyqua 3.2.28 pe to oyfqno 3.2.14 mapatnpodpe Tig €ng
owpopég:

B Mia pévo povada pvijung YPNOLHOTOIEITUL 0O TIG EVTOLEG KL TO dedopéva.

B ‘Evag koatayopntig ypnowponoicitor ywo @vron TG VIO petd v
avayvoon ts. Avtog o katoyopntis €vrodic (Instruction Register - IR),
ypervaleTon emetd] N pviun pmopei ypnowponom el Cava apyotepo Yo TNV
TPOSTELUCT] OEOOUEVOV KATA T1] OLAPKELN EKTELEGTC MLOG EVTOMIC.

% Yrapye pévo pia ALU, avti ywo pia ALU ko 00 a0poretic.
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Apyrtextovikn Yroloyiotov I

Emeidn ot d1dpopeg Aettovpyikés Hovadeg dlapotpalovtot yio S1opopeTikong AOYoug,
ypedletarl va mpocHETovpe TOAVTAEKTEG KOl VO ETEKTEIVOVUE TOVG TOAVTAEKTES TOL
NON VIAPYOLV. APOV N PVIUN XPNOHOTOLEITAL Y10l TIG EVTOAEG Kot To. Oed0UEVaL, YioL
Vv O01evbvvon ™ pviung ¥PelalONacTe Vo TOADTAEKTN, Y10 VO ETIAEYEL OVALEG
oTOV amoplOuNnTn TPOYPAUUONTOS (Y TNV TPOOTEANCT) TMV EVIOA®MV) KOl GTO
arotédecua ¢ ALU (Yo v mpocmélacn Twv OE00UEVMV).

INa tov dwopopacpd g ALU amotteiton 1 eilcoymyn €vOog TOADTAEKTN GTNV TPMOT
€loooo g ALU, n onoia umopel va givon gite évag kataympntig, ite o amapOuntng
npoypaupatoc. Eniong ypeialetar pio tpomomoinon 6tov TOAVTAEKTN GtV dgvTEPT
eloodoo ¢ ALU, €161 dote amd 600 va £xel T€00EPIS €10000VG. [ TNV peTOTPOTN
TOV TOAVTAEKTN Ype1dlovtal dVo emmAéov €icodot: 1 otabepd 4 (ov ypnoonoleitol
otV avénon tov amoplfunt Tpoypdlppatoc) Kot to medio offset petd and emékroon
TPOCHUOV Kol OAicOnom (mov YPNOOTOLEITOL GTOV VTOAOYICUO TOL  GTOYOL
SoKAGOW®ONG).

To oyfua 3.2.29 aneikovilel T 01000 dedOUEVOV e TOVG EMTAEOV TOALTAEKTEG. Mée
Vv €16000 £vOG KOTAYWOPNTN Kol TPLOV TOAVTAEKTOV, UTOPOVUE VO UEUWGOVUE TIC
HOVAdES UVAUNG amd V0 oe pio Kol vo. a@olpéGOovpe dvo aBpoloTtéc. Aoy ot
KOTOYOPNTEG KOL Ol TOAVTAEKTEG €lval LIKPE KUKAMUATO, 0VTO UTOPEL VO OTOPEPEL
ONUOVTIKN HEIMOT 6TO KOGTOG KOTAGKEVTG.

L"-Lh
Instruction o | Read M
Address [26-21] register 1 i
TN Instruction o | Read Read b h x
Memory [20-16] I ™| ragister 2 data 1 W,
MemDiata e —- | O N Registers
nstruction M fite Read N,
Wik [15-0] restruction| Y ragister  gata 2 B 0
rite b b 116-11 X
data It _-tI.J.l. o [15-11] > 1 Write o w1 t"l
ragisiar data 2
rstruction 3
[15-0] s

Mamory
data
radister

L

ALUOut

Yympo 3.2.29 - H 6i000g 0£00uéVOV TOALDV KOTAGTAGEDV TOV VTOroYIsT) MIPS Y0 TOV
YXEPIG 6 6AV TOV Bacik®v gviolav. Ot Tpochnkeg mov Exovv yivel oe oyéon pe v 8iodo
dedopEV@V eVOC KOKAOD, TEPLOUPAVOLY Evay TOADTAEKTN YioL TNV dtevbuven g UvAung,
&vav TOALTAEKTT Yo TNV TpdTN €i60do g ALU, kot pio €TEKTOCT TOL TOALTAEKTN GTNV
devtepn eloodo g ALU. Avtég or mpoohnkeg HOC EMITPEMOVV VO QPUIPECOVUE OVO
0Bpo1oTEG Kot pio Hovada, pviung.
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.
iAPAZTHPIOTHTA 21

Na ocvpninpooete TG YPORPES EAEYXOV 6TO oynpa 3.2.29 Tng 61000V 0£d0uEVOV
To0v vwoloylotiy MIPS. Na ovykpivere 10 oyfuo mov oyedidoate pe avtd mov
akoiovOeil (oynpa 3.2.30).
(Ynodeiin: Ta onpata ehéyyov civen: MemRead, MemWrite, ALUSrcA, RegDst,
RegWrite, MemtoReg, lorD, IRWrite, ALUSrcB ko1 ALUOp.)

Kepdrowo 3 / Evomra 2

=" Enedn n Siodog dedopévov tov oyfpatog 3.2.29 ypetdletor moAlovc KHKAOVE
POLOYLOV OVOL EVIOAN, TPEMEL TAL CNLLATA EAEYYXOV VO EVEPYOTOLOVVTUL LE SLOPOPETIKO
TPOTO. Oa YPEOGTOVUE EVOL O EYYPAPNG Y10 KAOE GTOLYEIO LVAUNG: TN UV, TOV
amoplOUnTN TPOYPAULOTOS, TOVS KOTAYMPNTES YEVIKNG YPNONG KOl TOV KOTOXWOPNTY|
eviohv, kabdg kot €éva ofuo  avdyvoong (ywo T uviun). Mmopodue va
xpnoonomoovpe tn povada eréyyov g ALU amd mponyoduevo mapodetypoto
(ota oynuota 3.2.17 ko 3.2.18), yu tov édeyyo g ALU. Téhog kabBévag amd tovg
TOAVTAEKTEG LE TIS OVO €16000VG ypetdletarl pio ypappn eAEYXOV Kol Ol TOAVTAEKTEG
HE TIG TEGOEPIS YPOAUUES ELEYYOVL, YpetdlovTal dvo Ypapupég eEréyyov. To oynua 3.2.30
aneikovilel T diodo dedopévav Tov oynpatog 3.2.29 pall pe t1g ypoappég eAéyyov.

-
L]
“xeg @

Address
Memory

MemData

Wirite
data

Imstruction

Read

[25-21]

Imstruction

register 1
Read

[20-18]

Instruction L
[15-0]

Irestruction
register

Instruction
[15-0]

=

Instruction|
1 1

Meamaory
data
register f Y

register 2

Write
register

Write
data

Read
data 1

Registers

Read
data 2

Instruction [5-0]

[

L.

M

u
DB
1

\_J

-.B 0
4 mpd 7 M

u

2}{

>P¢LL| ALU

result

LN

| ALUOUL

Yympo 3.2.30 - H 0i000¢ 0£00uéVOV TG EQUPUOYNIS TOAMMV KUKAMV NE TIS YPORNES
eréyyov. Ta onpoto ALUOp koaw ALUSreB eivar ofjpota eAéyyov tov 600 bits, v OAeg ot
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Apyrtextovikn Yroloyiotov I

e ypoupég eEAEyyov eivar onuato tov gvog bit. To onjuo MemRead €yel petapepbei otnv
KOPLOPT| TNG LOVASOG VUG Y10 OTAOTOINGT) TOL GY1|LLOITOC.

" Tlpw e€etdoovpe to Prpato yio Ty ektédeon kéOe evioAng, ivat xpriciuo vo
doVE TNV EMOPACT TOV CNUATOV EAEYXOV TOL £YOVV TPooTebel, OTav avTA givol 1
dev elvar evepyd (OTmG akpIP®OG KAVOLE Kol GTNV EPOPHOYN EVOG KOKAOL GTO GYNUa
3.2.21). Avto @aivetar oto oynpa 3.2.31. Ta onuata eAéyyov tov gvdg bit aivovton
GTOV TIVOKO a TOL GYNUATOG, vd T onpato eAéyyov ALUSreB kot ALUOp tov 6vo
bits paivovtol otov mivaka b Tov oynpotog.

Iipo Eniopaon étav Eniopaon étav
gLEYY OV Sev ci . . .
gv givan gvepya givan evepyd
MemRead Tinota To mepieyduevo e pviung mov Ppioketar otnv
debbvvon mov  €xer 600el ywoo  avdyvoon,
tonobfeteitan 6NV ££000 avAyvong 0ES0UEVOV.
MemWrite Tinota To mepieydpuevo g pviung mov Ppicketor otnv
dtievBuvon mov  éxer  dobel  yw  gyypaon,
avtikalictatol amd Ty TN mov PpickeTon 6TV
€16000 yypoENG TV dedOUEVOV.
ALUSrcA O mpwtog teheoctéog g ALU elvar o O mpadtog tehectéog g ALU mpoépyetarl and
amoplOuN TG TPOYPALLATOS. TOV Kataympnti mov divetor and 1o medio rs.
RegDst O aplBudg 10V KOTOX®PNTH TPOOPIGHOD O aplBudg TOL KOTOY®PNTH TPOOPIGUOV GTOV
otov omoio Oa yivel n gyypaen mpoépyeTol omoio Oa yivel eyypapn TpoépyeTal omd To MEGIO
amo6 to medio rt. rd.
RegWrite Tinota YToV KOTOX®OPNTN oV TPocdlopiletarl amd v
Tiun mov €yl dobel oty €lcodo  eyypapn
KATOOPNT, EYYPAGETOL 1 TN oV £)xel dobel
oTNV €16000 €YYPAPNG OESOUEV@V.
MemtoReg H tyn mov diveton omv €icodo eyypaen H Ty mov divetan omv eicodo eyypapn
KaToyopnt Tpoépyeton amd v ALU. KOTOY®OPNT TPOEPYXETOL  Omd TNV UVAUN
dedOUEV@V.
lorD o amopfuntng TPOYPALLLLATOG H éEo0dog g ALU ypnoiponoteital yio va ddoet
¥pPNoomoleital yio vo. dmoet tnv dtevbuvon v 61evbvven GtV HoVAda PVAUNG.
TNV LOVAdO LVIUNC.
IRWrite Timota H tyn and v povéda pvApng ypaeetol otov
Kkatoywpnt evioddv (Instruction Register-IR).
a. Ta amoteréopato TOV SNUATOV ELEYYOV TOV £VOG bit.
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Kepdrowo 3 / Evomra 2

Iipo Twn Amnotéleono,
gLéYy 0V oNnoTos
00 H de0tepn glcodog g ALU mpoépyetar amd Tov KoTowpnTi o
ALUStcB dtveton amd to medio rt.
01 H dgbtepn gicodoc g ALU egivor 1 otabepd 4.
10 H dgbtepn gicodoc g ALU eivot ta 16 Atydtepo onpovtikd
YNoeio TOL KOTo®PNT EVIOADV, HETA OO EXEKTACT| TPOGT|LLOV.
11 H 6gvtepn gicodog g ALU eivor ta 16 Aydtepo onuavTiKd
YMeio ToOL KOToywpnTH EVIOA®V, HETE 0d ENEKTAGT TPOCT OV
Kot oAicOnon.
00 H ALU extehel pia mpdcheon.
ALUOp 01 H ALU extelel pia apaipeon.
10 To medio function g evrtoAng kabopilel tnv Aettovpyia g ALU.

b. To amoteréopoto TOV oNEATOV ELEYYOV TOV dVO bits.

Yympoa 3.2.31. Ta amoteréopata oo TV EvEPYOTOiNGTM TOV KAOE oNpatog EAEyyov. Movo
Ol YPOUUEG EAEYYOV TIOV €MMPEALOVV TOVG TOAVTAEKTEG EMITEAOVY KAMOWM AEITOLPYioL OTOV
givar 0. To mapamdve oyua givor Tapdpolo pe to oxyfuo 3.2.21, pe m dapopd 0Tl £yovv
npootebel o1 kavovpleg ypapupuée ehéyyov (ALUSrcA, IorD, IRWrite, kot ALUSreB) xat
&yovv apaipedel o1 YpapUEG EAEYXOV TOV EV YPTCILOTOLOVVTOL TTLd, 1 £XOVV avTIKaTaoTAOE
(Yo T evtorég petomnonong, dtakiddwong kot o ALUSrc).

Ona ™mv peioon 1ov apldpod TOV YPUPPAV EAEYYOV TTOL GLVOLOVTUL GTIG
AELTOVPYIKES NOVAOES, Ol GYEOLUOTES YPNOLUOTOLOVV OLOUOLPOALONEVES apTIpiEC.
Mo dwporpalopevny aptnpio givor pio cVAAOYN YPOUUOV 0L 0TTOIES GLVOIEOVV
TOALEG NOVAOES PETACD TOVG. XTI TEPLGGOTEPES TMEPWTTAOGELS, TEPLAGUPavovY
TOAAEG TTNYES OL OTTOLES TOTOOETOVV TO OEOOUEVA GTNV CPTIPIO KOl PTOPOvV Vo,
owfaoctodv omd morhéc Asrtovpyikéc povades. 'Etol, 0mowg pewdoope TIg
AerTovpyIKES povaodeg TG 01000V O£d0pEVEOV, PNTOPOVUE VO NELACOVUE TOV
aplipnd TOV OpPTNPLOV OV OLVOEOVTOL OTIS HOVADES, HYPTOCLUOTOLOVTOS
owaporpacpd Tov aptnprov. e rapdaderypo, edv vadpyovv mévre anyéc mpog TV
€i6000 g ALU, povo 60 andé avtéic yperdlovrar ava maca otiyp). Emopévag
éva Ceoyapr aptnpr@v pmopel va ypnoipomon0ei o va kpatder Tig TIpéS mov
otélvovtal 6ty ALU. Avti va Tomo0gti)oel évav peydro molvaliéktn 6TV €i6000
™™g ALU, 0 oy£d106Tic pmopel va ypnoiponomocsel o sweporpalopevn aptnpio
Kol petd vo eEac@alriosr 0TI povo pio amd Tic TNYES Y PNCLUOTOLEL TV apTNPid.

.
{APAZTHPIOTHTA 22

Na e€nynoete 11 gival o1 dSroporpalopeves apTnpies Kol To Adyo Y10 TOV 07010 TIS
YPNOLUOTOLOVV Ol GYEOLUGTEC.
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Apyrtextovikn Yroloyiotov I

‘ng YOPILETOL 1| EKTELEGT TOV EVIOLOV OE
KUKAOVG pOAOYLOV

Agdopévne g d10dov dedopévav tov oyfuatog 3.2.30, mpénel va egetdoovpe Tt
ovpPaivel o KO KOKAO pOAOYLOV GTNV EKTEAECT] TOV EVTIOAMV HE TOAALODS KOKAOUG,
a@ov avtd Kabopilel ta emmALOV KOKADOUATO TG 61000V dEOOUEVAOV (Y10 TAPASELYLLOL
TOVG TPOGMPIVOVE KATOYMPNTEG) KO T EMTAEOV GNUOTO EAEYXOL TTOL TOAVOV Vo
YPEWLCTOVV.

Apyikd mpénel vo TpooHBEcOoVE EVOV KOTOX®OPNTY YO VO KPOTAEL TNV TIUH TOL
GNHOITOG Y10 OGO 10YVLOVY Ol OVO TOPAKAT® GLVOTKEC:

1. To onua vrworoyiletar oe £va KOKAO poAoyl0D Kol YPNCLOTOLEITAL GE Evay AALO
KOKAO pOAOYLOV.

2. To xdxKlopa mov €xel oav €000 T0 onua, UTopel var GAAAEEL TPV TNV €YYPOON
TOV GNUOTOG GE VO GTOLYEL0 VIUNG.

< Tlopadetypotoc xapv, ypeldletar vo omoOnKeVGOVHE TNV EVIOAY GTOV
KOTOYOPNTH EVIOADV, EMEWON 1 UVAUN 1 oTola mapdyel TNV T, aArdler v €£0d0
TPV 0OAOKANP®OEL 1 ¥p1ioM OAOV TV TESI®V TG EVTOANC. AT TNV GAAN TAELPA, OTOV
ypnoonoteiton 1 ALU otig evtorég tomov R, dev yperdleton va amodnkedoovpe v
€€000, OKOUO, KOL OV OEV YPNOUOTOGOVUE TNV ££000 UEYPL TOV EMOUEVO KVKAO
poroylov. Avtd cvpfaivel emedn n €Eodoc g ALU dev aAlalet (etvan otabepn)
KOTA TNV SL0PKELD TOL KOKAOL POAOYLOV, OTOV YPAPETOL GTO apyeio Kataywpntov. H
¢€0doc ¢ ALU eivar otabepr| emetdn ot €i60doi tng mov mpoépyovial and 1o apyeio
KaToyopnTOVv Kol 1 €£000¢ Tov apyeiov Kataywpntodv, kabopilovtal and to media rs
Kot It TOL KOTOY®PNTN EVIOA®DV, 0 omoiog eivol otabepog emedn sivor Eva ototyeio
UVIUNG IOV EYYPAPETOL LOVO Hiot pOPA KOTA TNV SLAPKELN EKTEAECTG OGS EVIOANG.
‘Etol o1 Aertovpykég povades, and to apyeio katayopntodv péxpt kot v ALU,
ATOTEAOVV £VO TUNO GLVOLOGTIKNG AOYIKTG, TOV 07010V 01 £IG0J01 TPOEPYOVTAL OO
TOV KOoTaywpnty] evIoA®Vv (0 omoiog eivar otoryeio pviung), kot ot €£odot ypdpovtol
670 apyeio kataympntdv (Tov gival eniong otoryeio pvhung). H dopn avt powalet pe
™ doun tov oynuotog 3.2.2. Tlap’ OAo mov m vAomoinom &vOg KOKAOL
YPNOOTOOVGE TAVTA GTOLElDL LViUNG oTa. omtoial yvotay gyypaen o€ kdbe KOKAO
poroylov (6mwg oto oynue 3.2.3), n vAomoinon TOAA®V KOKA®V Ba Kavel eyypaen|
OTO GTOUXELD VI UNG EMAEKTIKA, OTT®OC 6TO Gyfua 3.2.2.

00 6T0Y0C NOG Y00 VO YOPIGOVUE TNV EKTEAEGT] TOV EVIOLAV GE KUKAOLG
PoroYL0VU, gival va 1ooppontn0ei 0 aplOpdg TOV AEITOVPYLOV TOV EKTEAOVVTOL GE
éva, KOKAO poroy1o0, £T61 MGTE vo. PEL®BEL 0 YpOvog KUKAOV poroyrov. Mmopodpue
vo. yoOpicovpue TNV EKTELEOT] TOV EVIOAAV o mévte Prpato, kGOe £vo amd To
omoia. vo yperaletor £va KUKAO poioywov, mepimov Tov idov pnkovs. TINa
napadeypa, 0o mepropicovpes kdBe Pripo £tor ®MoTe vo mEPLEYEL TO TOAV pia
Aertovpyio g ALU, | pila mpooméhacn o710 apyeio Kataympntodv, 1N pic
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npoonélacn ot pvijun. Mg avTtév Tov TEPLOPIGUO 0 KOKAOS poroYLOV UTTOPEL Vo
givar 1060 PIKPOg 660 N peYOAVTEPY OO AVTES TIS AELTOVPYiES.

%
{APAETHPIOTHTA 23

XOpQove pg To Tapomave 0o mepropicovps kGOe Prpa ektéleong puog EVTOAG,
£Tol OoTE vo eEPLEyEL To mOAL pia Aertovpyia g ALU, | pia npoonéhaon 610
apyeio KaTayOpNTOV, 1| pia tpoonéiacn ot pviur. Mropeite vo amaprOpioete
70 fjpote ot omoio 00 yopicovpe TNV EKTELEST] TOV EVIOLDV;

{APAETHPIOTHTA 23

Ta névre Pripata eKTéEAEONS TOV EVTOLAOV givar:

1. Avaxinon g €vToAG.

2. ATOK®OIKOTTOIN 61N TNG EVTOAS KUl GVAKANG] TOV KATAY®PNTAOV.

3. Extéleon g €VTOAG, VTOAOYIONOG TNG O1EVOVVONS PVIUNGS 1] OAOKAPp@OT TNG
EVTOM|G OLOKAGO MGG nE GUVONKY.

4. lIpooPaon ot pvijun 1 0AOKAMP®GT TOV EVTOADV TOTTOL R.

5. Ernaveyypaen (1 eyypoa@r] 0£60puévav).

TS e pia 81080 dedopévav evoc KOKAOL 1 KGOe EVTOM] TPEMEL VoL YPNCIUOTOLEL
éva 6OVOAO KUKAOUAT®V Yo TV ektéheon TG TIoAAd amd Ta kukAdpata TG 01000V
OOUEVOV AEITOVPYOVV GE GEPE, XPNCILOTOIDOVTAG GOV €16000, TNV ££000 KATOL0V
dArov KukAdpotoc. Kamow dAlo xukAdpoato g o030V 0£d0UEVOV AEITOVPYOLV
mopdAinia. o mopddetypa, n adénon oL amaplOunT] TPOYPAUUATOS Kol M
avayvmon ¢ evioAng yivovtal tavutoypova. Kdtt mapopoo yivetar kot otnv 8i0do
dedopévov moAav kKikAwv. Oleg o1 Aettovpyieg mov yivovtarl og €va Pripa, yivoviot
TapIAANAa G€ éva KOKAO poAoYLoD, EVA TO O100y K PrpaTo AEITOVPYOVV GE GEPA
KOl GE SLOPOPETIKOVS KOKAOVS poAoylov. O meploptopndc oe pia Asttovpyia g ALU,
N o€ pio TPOSTELACT] TOV APYEIOL KATOXWPNTOV, 1| GE Uio TPOCTEANGT] TNG LVIUNG,
kaBopilel T Aettovpyio mTov pmopel va yivel oe Eva Prypo.

[Mapokdte divovror Ta wéve Puata Kot 1 0pacn Tovg.

1. Bina avékinonc tnc vioing :

Avaxinom g evtoAng amd Tn PUvhun Kot avénon Tov amoplOunty TpoypEapaTog
(PO).

IR = Memory[PC];
PC=PC + 4;
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#® Aszitovpyio: H SievBvvon (mov eivar 10 mepieydpevo Tov  amaptdunti
TPOYPAUUOTOC) OTEAVETOL GTN LVNUY, EKTEAEITOL aVAYV®OON Kol OVAKANON TNG
evToM|g otov kataywpnt) eviolmv (Instruction Register - IR), omo¥ Oa yivelr n
armobnkevon. [a v viomoinon avtod tov Prjpuatog Ba  ypelooctel va
gvepyomomoovpe ta onuatoa eréyyov MemRead kot IRWrite kot va 0écovpe 10
IorD 010 0 Y0 vo emAééel Tov amaplOunT| TPOYPAUUATOS GOV TTNYN Y. TV
devBvvon. Eriong oe avtd 10 614010 avédvovpe Tov amaplOunt TpoypPaUUATOS
kot 4, 10 omoio amartel va gtvon To oo ALUSreB 01, to ofjuas ALUSrcA 0 ko
10 ALUOp 00 (yw va yivet m mpdcoBeon oty ALU). Téhog 6élovpe va
armoOnkevoovpe TV emovénuévn  Sevbuvon  pvAung  otov  amoapliunt
TPOYPAUNIOTOS. Oa mpocsBécovpe avtd To TUNHO TS 01000V dedoUévev Kol To
onpoTa EAEYYOL, apov £yovpe Kabopioel T povdda AEYYOL Yo TOV omaplOunT
npoypappotog, palt pe tig evroAég oakidadwong. H avénon tov amoapBunt
TPOYPAUUOTOC KOL 1) TPOCTEANGT) TNG UVIUNG EVTIOAGMV, WITOPOVV Vo, yivoviot
ToPAAAN QL.

2. BMuo orToK®OIKOTOINoNS TS EVTOANC KO OVAKANGNE TOV KATAYOPTTOV:

210 Tponyovuevo Pua, Kabmg Kal o€ avTo, 0V YVmPILOvLE TO €100 TNG EVTOANG Kol
apovctalovpe evépyeleg Tov ePapuolovtal 6e OAEG TIG eVTOALG (OmwG 1 avakAnom
™G evtoAg oto Prua 1), 7 dev emnpedlovv ™ ddkacio, GTNV TEPITTOON TOV N
€VTOM dev elvan ot otV omoia avagepopacte. Etol 6 avtd to frpa propovpe vo
dwpdoovpe tovg o Kotaywpntéc mov Kabopilovv ta medio rs ko rt, oQoOv 1M
avayvmon TOV KoToyopntov oev givarl emlnua, oakopo kot av dev yperaletat. Ta
TEPLEYOUEVA TMOV KOATOYOPNTAOV UTOPEL VO YPECTOVV CE EMOUEVA GTAOLN, £TCL TO
ovoudlovpe A ko B oty mapokdto meprypaer. Ot ££0d01 TV KOTOXOPNTOV eV
ypewdletar va ocwbodv oe TPOoswPVO Kataxwpnty, aeov ot £icodol oto apyeio
KaToyopnTOV (EMOUEVEOS Kot T dgdopéva 6Tl £6600VG), dev aAAdlovv Kotd TNV
OLAPKELD EKTEAEGNG TNG EVTOANG.

Oa vroroyicovpe emiong v oevBuvon tov 6TdYOL SukAddwong otv ALU, 10
omoio emiong 0ev emnpedlel TNV SOOKAGIN, ETELTN LTOPOVLE VO OLYVOT)COVLE TNV TIUN
edv Ogv €yovpe evioln] OowakAdadwong. Emedn oe yvopilovpe edv éxovpe eviolq
OlkAGdmoNg pe cuvOnkm ko enedn yperdleton vo ypnoiponomcovpe v ALU ota
eMOUEVA PULOTO, TPEMEL VO GOCOVUE TNV d1eKBLVGT TOV GTOYOL SKAAOWONG TTOV
VTOAOYICAE, GE EVaV KOVOUPLO KaTay®pnTn, Tov onoio ovopalovpe Xtoyo (Target).

Exteddvtog autég T1g Asttovpyieg vopitepa, EYOVLE TO TAEOVEKTNILO TNG LEIOOTNG TOV
aplfpod KOKA®V POAOYIOD TOL AMOLTOVVTOL YL TNV EKTEAECT] MG EVIOANG.
Mmnopovpe va kdvoope avtéc Tig evépyeteg e€outiog g doung TV eviolmv. o
TOPAOELY LD, EAV 1) EVIOAN €YEL OVO KATOXWPNTEG E1GOO0V, elval Tdvta To Tedia s Kot
rt Kou av €ovpe €vioAn SwakAddwong pe ovvOnkm, to offset eivor mavia ta 16
AyOTEPO ONUAVTIKA Ynoio:

A = Register[IR][25 — 21]];
B = Register[IR[20 - 16]];
Target = PC + (sign-extend (IR[15 - 0]) << 2);
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#® Aszitovpyia : Ilpooméloon Tov apyeiov KoTompnTdv 1o TNV avEyveOon ToV
KOTOYOPNTOV HE TN YpNon Tov mediwv 1s kot rt. Agv amorteitor  evepyomoinon
TOV YPOUU®V EAEYXOV. YTOAOYIGUAG TG d1E00LVONC TOV GTOYOV SLAKAGSMONG Kot
amobnkevon avtig otov Katayopnt Ztoyo (Target). Avtd amartei to onua
ALUSrcB va givat 11 (éto1 dote va yivel em€KTacT Tpoonov Kot oAicnon oto
nedio offset), to onfua ALUSrcA va givan 0 (€101 dote Voo TapEL TRV TIU TOL
amoplunt mpoypdupatog) kot o onpo ALUOp va eivan 00 (€161 dote va yivel
npdcobeon omv ALU). EmmAéov mpémer va mpocsOécovpe pio ypapun er&yyov
EYYPOPNG YO TOV KATOY®PNTY ZTOYO0, 1 OTOio TPEMEL VAL €fvOl EVEPYOTOMUEVN
KOTA TN SldpKeE oVTOL TOL PpaToc. Ot TPOSTELAGELS TOV KATOYMPNTOV KOl O
VTOAOYIoUOG NG O1evBuVeN G TOL 6THYOL dakAAd®oNG Yivovion Tapdiinia. Metd
amd auTdV ToV KOKAO poAoylov 1M Asttovpyia mov Oa yivelr e€aptdton and Tov
KOO TG KAOE EVIOMC.

3. Bnuo ektéheons £VToANG, VWOAOYIGHOV TS owevduvvenc pviune 1
OAOKANPMGNC TNEC EVTOANC OLEKAAOMONC:

Avtog givar 0 mpdTog KOKAOG poAoyoh otov omoio M Asttovpyion TG 100V
dedopévov kabopiletor amd tov TOTO NG EVIOANG. Xe OAeC TIg mepumtoel; | ALU
YPNOCLOTOIEL TOVG TEAEGTEOVS TOL TTPONYOVUEVOL PBAUATOG, EKTEADMVTAG Mo amd Tig
TPEIG AetTovpyieg TG, avaAoya e Tov TOTO TG evIoAns. To amotéieoua g ALU to
ovopdlovpe ALUoutput yio va T0 YpNGULOTOGOVUE GE EMOUEVO GTAdW. APOV Ot
glooootl g ALU eivon otaBepéc, n i avt) oev ypetdleton vo cwbel og kdmolov
Katoywpnth. Q0TO00 TO CGYUOTH TOV EVEPYOTOLOVVTIOL GE ALTO TOV KUKAO POAOYL00
ko emmpedlovv 10 amotéreopa g ALU, mpémel va dtatnpnBodv otabepd péypt ta
amoteAéopata g ALU va gyypoaeodv oe €vav katayopnty, N UEYPL vo unv
ypedlovton .

[Mopakdto kabopilovtar ot Aertovpyieg mov yivovtar avédioya pe Tov TOTO NG KAOE
EVIOMG :

» Avogopd 6T uviun:

ALUoutpu = A + sign-extend (IR[15-0]);

# Azwrovpyio : H ALU npoc0étet Toug tedectéong 1o va oynuatiotel 1 dievfvvon
pviuns. Avtd amortet to onua ALUSIcA vo givor 1, ondte ypnoyomoteitan m
PO ££000G TOL apyeiov KaTaywpNTOV cov Tpotn eicodog g ALU. Emiong
npénet to onue ALUSreB va eivon 10, omdte ypnowpomoteiton m povada
EMEKTOONG TTPOCTLOL cav TN devtepm €icodo g ALU. To onua ALUOp mpénet
va gtvon 00, étor dote n ALU va extehécel mpocheon.
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AplOpntikéc ko hoyikéc evroréc (tomov R):

ALUoutput=A op B ;

Agrrovpyia : H ALU ektedel ) Aettovpyio mov mpocsdiopiotnke and Tov Kook
Aertovpyiag, oTovg 0VO KATOYMPNTEG MOV EYIVE OVAYVMOOT GTOV TTPOTNYOVLEVO
KOKAO poroylov. Avtd amoutel 1o onpo ALUSrcA vo elvar 1, kor 10 ofua
ALUSrcB va gtvanr 00. Me avt v egvepyomoinomn twv onudtomv, ot €£0d01 Tov
apyelov Kataywpntdv ypnoiponotovvtor cav gicodot e ALU. To onpa ALUOp
npémel vo givon 10, €tor ®ote 0 K®OWKOG Aettovpyiag va kabopiler v
EVEPYOTOINGN TOL KATAAANAOL onpatog eAéyyov g ALU.

Evtoréic ouukhadmonc pe cuvOnkn:

if (A==B) PC = Target;

Agrrovpyio : H ALU cuykpivel ta mepieyopeva tov 600 Kataywpntav (edv eivat
ioa), otovg omoiovg €yve avdyvoon oto mponyovpevo Prua. H €€odog tov
onpatog 0 g ALU kaBopilel mote Oa ektedleotel 1| Oy | vIoAn dtokAddmong pe
ovvOnkmn. Avtd amortet to oo ALUSrcA va givon 1 kou to ofjpa ALUSrcB va
etvar 00, 6nw¢ akpPog otig evtorég Tomov R. Ta onpoata ALUOp mpémet va etvon
01, £101 doTE VO eKTEAETTAL APAIPEDT), | OTTOLOL YPTCUOTOIEITOL Y10 TOV EAEYYO TNG
woottoc. Emiong yperdletar va gvepyomonbel €va oo eAEYYOL €yypoaeng yio
™V evUéP®ON Tov amaplBunty mpoypaupatog, av 1 é€odoc 0 g ALU eivan
gvepyomomuévn. Avtd Ba kabopiotel apydtepa, OTOV TPOGHEGOLIE TV HOVAdQ
eAEYYOL TOV amapOUNTH TPOYPELLATOG.

4. Bnuo mpoécfaonc otn pviun 1 0A0KAMPOCNS TOV EVTOADYV TVTTOL R:

Kotd v duwdpkea avtod tov Prpatog, €yyploovtol To OTOTEAEGUOTO  TNG
TPOCTELUGNG TNG UVIUNG Y1 TIC EVTIOAEG POPTMONG Kol amodnkevong, kKabdg kot To
OTOTEAEGLATO. TOV APOUNTIKAOV KOl AOYIKOV Agttovpylav. Ovopdlovpe v €£000 TG
pvinung memory-data (0edopéva puvnung), av kot dev oyetileton pe Kdamolov
Katoywpntn, aeod 1 ££0d0g elvar otabepn Katd TV SLUPKELD TOL ETOUEVOL KOKAOV
poioylov, otav yiveton €yypagn g €£0dov avtg oe évav Katoympnt. H €£0dog
LT TS Pvnung tomobeteital otny aptnpia dedopévav tov cuvoéel v KME pe
pvnpn.
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» Avooopd 6t pviun:

memory-data = Memory [ALUoutput] ;
or

Memory [ALUoutput] =B ;

#® Aarovpyia : Mo TIC eVTOAEC POPTOONG KATE TN S1APKELN 0VTOD TOL PHHOTOC,
otéiveton omd v KME mpog ™ pviun n owevbvvon (péow g aptnpiog
dtevBbvoewv mov ovvoéel v KME pe ) pviun), kot n pviun tomobetel ta
dedopéva Tov mepLEYovionl ¢’ avtn T oevBvvon (memory-data) oy aptnpic
dedopévov. EmmAéov yia T1g eviodéc amobnkevong, n T mov Bo amobnkevtet
péocw g aptnpio dedouévav ot Uvnun, mepiExeTon otov kotaywpnt) B. (O
katoyopntg B éyel mdpel Ty otov dgvTEPO KOUKAO poAoylon.) XTig 600 avTEG
TEPUTTAOGELS, 1 S1ELOVLVOT TOL YPNCLUOTOEITOL EIVAL AT TOL VTTOAOYIGTNKE GTO
mponyovpevo Prua kor Ppioketan oy €€odo g ALU (ALUoutput). H
gvepyomoinon tov onudtov edéyyov g ALU mpémer va mopapeivel otabepn
Katd TV SlgpKeELL avTov Tov KOKAoL poAoyov. To onua MemRead (yuo pio
EVIOM] POpT®ONG), N To onua MemWrite (yio pio evtoAn amobrkevong), Tpénet
va givan evepyd. EmmAéov 1o onpa lorD wpénet va givan 1, étot dote 1 d1evBvvon
™G uvAung va mpoépyetor amd v ALU ot oyt amd tov omapldunt

TPOYPALLOTOC.

»  ApOuntikéc ko Aoyikéc evroréic (tomov R):

Reg[IR[15-11]] = ALUoutput ;

# Asurovpyio : To amotédespo g Aerovpyiag g ALU tomobetsiton otov
Katayopnt) tpoopiopov. To onua RegDst mpénet va givan 1 éto1 dote 10 MEdio
rd (mov eivon ta bits 15-11), vo emAééer tov katoywpnt) otov onoio Ba yivet
eyypaon. To onua RegWrite mpénet va eivan evepyd kai 1o onuo MemtoReg
npénel va etvon 0 dote vo eyypaget n €é£odoc g ALU. Ta onpata ALUSICA,
ALUSrcB ka1t ALUOp mopapévouy 6mmg oTov TponyoOUEVO KOKAO poAoY100.

5. BNuo smoveyypoonc :

Reg|[IR][20-16]] = memory-data ;

#® Aswrovpyio : Tivetar eyypogr] Tov Sedopévav g eOPT®ONG ad TV UVHAUN GTO
apyeio katayopntav. e avtd 1o Prpa to onua MemtoReg npénet va givon 1, ya
va Yivel €yypaen TOL AMOTEAEGLOTOS O TN ViU, Kot To onjpa RegWrite, ywa va
npokarécsel pia eyypaen. Emiong to onua RegDst mpémer va givon 0, yio v
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emhoyn tov mediov rt (mov givan ta bits 20-16), dote 10 MEdio va eivar o aptBuog
tov katayopnth. Ta onuato ALUSrcA, ALUSreB kot ALUOp mpémel va peivoovv
otabepd péypt To TEAOG 0VTOD TOL KHKAOL POAOYLOD.

H oepd tov névte avtov fnudtov cuvoyileton oto oynua 3.2.32.

Bipa

Evtoiéc

Tomov R

Evtoiéc
avaeopdg 6T pvipun

Evtoiéc
daKkAGOomoNS pe cuvOnKn

Avaxinon evioing

IR = Memory[PC]
PC=PC+4;

Amok®dikomoinon
EVTOAMG / avaxkinon
KOTOY®OPNTOV

A = Registers[IR[25-21]]
B = Registers[IR[20-16]]

Target = PC + (sign-extend(IR[15-0]) << 2)

Extéheon evtorav,
VITOAOYIGLOC
devbvvong, N

0AOKAN p®CN TV
EVTOADV J1OKAAdMONG

ALUoutput = A
op B

ALUoutput=A +
sign-extend(IR[15-0])

if (A == B) then
PC = Target

[Ipooméraon g

Hvipng i olokifpwon
TOV EVTOADYV TUTTOL R

Reg[IR[15-11]] =
ALUoutput

memory-data =
Memory[ALUouput]

or

Memory[ALUouput] =B

Enaveyypaon

Reg[IR[20-16]] = memory-
data

Yympo 3.2.32 - To Pipote €KTEAECNG TOV SLOUPOPETIKOV TUTOV EVTOAAV. Ot eVIOAEC
ypewalovion amd tpio Emg mévte Prpata yo. vo ektedeotovv. Ta dVvo mpaTo Pripate sivol
ave&aptnTo amd ToV TOTO TNG EVIOANG.

{APAZTHPIOTHTA 24

ow givor Ta wévte Pripato ektérheons TOV evTOA®V; No avaQEPETE GUVOTTTIKA TN
Agrtovpyio TOV EVIOA®V 6¢ KAOE £éva amd avTd.
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&

{APAZTHPIOTHTA 25
ITowo givar 10 amoTéAeopa TG EKTELECNG TOV TOPUKATO EVTOLQOV ToL MIPS;
0) add $s1, $s2, $s3

B) Iw $s1, 100($s2)

v) beq $s4, $s5, L

.
g(AHANTHZIH APAXTHPIOTHTAX 25

a) add $s1, $s2, $s3 : Kata Tnv ektéheon TG EVTOMS avTG, YiveTon TPOcOES TOV
TEPLEYOUEVOV TOV KOTUYOPNTAV S2 KOl $3 KOl EYYPAQPT TOV OTOTEAECUATOS GTOV
Katayopnty sl.

B) Iw $s1, 100($s2) : Kot v eKTéAeon TNG EVTOM|G OVTIG, QOPTOVETUL GTOV
Katoyopnty sl, 1o mwepieydpevo g oevBuvong pviung, n omoio vworoyileTan
npocOitovrag v Tipn 100 oto mepreydpevo Tov Kataywpnti s2. Eropévacg yiverar
n npécleon g TyYg S0 Ko TOL TEPLEYOPUEVOL TOV KOTOYOPNTY] S2 KOl TO
amotélecpa myaivel otov Katayopnt sl.

v) beq $s4, $s5, L : Koatad v ektéheon TG EVTOM|S GULTNHS OVLYKpivovTol TO
TEPLEYOPUEVO. TOV KATOYOPNTOV s4 Kor s5. Xtnv nmepintmon mov givor ica 10TE 0
KOTOYOPNTHS XTOY0S TEPLEYEL TN O1EVOVVGT TOV GTOY OV OLUKAGIMONC.

Amo avt) v akoiovbio Pnudtev HITopovUE VO, TPOGOIOPICOVUE TO TL TPEMEL VO
Kéver N povada eréyyov oe kbbe KOKAO poAoywo¥. Ilpwv dpwg oyedidcovps v
povada eAEYYOL, TPEMEL VO TPOGHECOVE TO TUNUO TNG HOVASAG EAEYXOV EYYPAPNS
TOV amaplOUNTH TPOYPAULOTOS KOl TOVS OTOPAITTOVS TOAVTAEKTES YO TNV EMAOYN
™G oWOTNG TG Tov Ba eyypael otov amaplOunt mTpoypdupatog, Kadang emniong
KOl TO TUAWO OV aPOpd TOV KOToy®pnTy ZTdY0. AQoD 1 LAOTOINGN TOV EVIOADV
LETOTTNONONG EXEL OYXEON LE OVTEG TIG OLVATOTNTESG, B0l EVOOUATOCOLUE TNV HoVAda
eMEYYOL YL TIG €VTOAEG petamnonong poli pe tig aAdeg povéoeg eiéyyov. Edv
GUUTEPIAAPOVLE KO TIG EVIOAEG UETATNOMNOMG, LILAPYoLV TPelS TOUVES TTNYES NG
TN M omoia Ba eyypael 6tov amapOunt Tpoypappatos. Avtég stvo:

® To ALUoutput, To omoio &ivor n mnyn 6tav o amap@untic Tpoypaupotog £xet
avénOel Kot TNV CEPLOKT AVAKANOT TOV EVIOADV.

B O xatoyopntic Ztoy0c, dtav &xovue eviolf dtakAddwonc vrd cuvOfkn. Emiong
ypewlopocTe £vol ONUOL VoL €YYPOQYT] OTOV KOTOX®PNTN, TOL OVOUALETOL
TargetWrite.
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® To 26 Aydtepo onuaviikd yneio tov kotoyopnty evioldv (IR), oAcOnuéva
aploTEPE KOTA VO KOl GLUVOEOEUEVA UE TO TECCEPO TEPICCOTEPO OTLUAVTIKAL
ynoio Tov amaplunT| TPOYPALUATOS, To Omolo €ivat M mNyn NG TG OTOV
£€YOVLE EVTOAN LETOMNONONG.

Kmowkomolodpe avtég T1g Tpelg mBaveg mnyeg ypNOILOTOIOVTAG v O EAEYYOV
TV dvo ynoeiov, to PCSource. Ot tpeig mbaveg mnyég Kmotkomoovvtol o¢ ENG:
ALUoutput(00), Traget(01) a1 IR(10) avtictoya. To onfua PCSource tote eAhéyyet
£VaV TOAVTAEKTT TOV TPLOV EIGOOWMV.

TS 0nog £xovpe TopaTNPNGEL, OTOV VAOTOO0HE THY HOVASH EAEYXOL TOL £VOg
KOKAOVL, OTOV OmaplOuNT TPOYPAUNATOS YiveTOl €YYpapn HE VO OlOPOPETIKOVG
tpomovc. Edv m eviod dev eivan dakhdowon vmd ovvOnkm (beq), m Tt tov
amoplunt mpoyphupatog dev egaptdtor omd v ovvOnkn. Edv €yovpe evtoAn
OKAGO®ONG VTO GLVONKN, 0 AVENUEVOS amaPlOUNTAG TPOYPAULATOS avTiKadioTaTol
LE TNV TN TOL KOTAX®PNTH ZTOYO0V, LOVO €AV 1GYVEL 1] GLVOTKN oV omoia 1 ££000¢
0 g ALU eivan emiong evepyn. 'Etor ypealdpocte 600 onuoto €yypoeng tov
amopunt) wpoypaupatog, ta omoia ovopdlovpe PCWrite kot PCWriteCond. To
onpo PCWriteCond xot 1o onjua 0 g ALU ocvvdéovion pe pia moin KAIL n omoia
ocuvdéetan petd pe to ofjuo PCWrite yuo va dnpovpynfel éva onjua eyypaeng yio tov

amoplOunTy TPOYPELLATOG.

To oynua 3.2.33 amewoviler TNV OAOKANPOUEVT] 31000 OEOOUEVMOV TOAADV KOKA®V
Kot TV povado eAéyyov, nall pe to emmAEov onpaTe EAEYYOL, TOV KOTAYMPNTH XTOY0
KOl TOV TTOADTAEKTT Y10 TNV EVNUEP®OT TOL amaplduntn mpoypdupotos. To oynua
3.2.34 amewkovilel to amoteAéopato T@V emmAfov onuatov eréyyov. Mall pe to
oynua 3.2.31 ot mivaxeg avtol kabopilovv ta amoteAéopato OA®V TOV CNUATOV
eLEYYOL otV 61000 JESOUEVMV TOV TOAAGDV KOKA®V TOov oynuotog 3.2.33.
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ez

Address
Memory
MemData

Wi¥rie
data

ib Shif e

Irstruction
131-26]

Instruction ||

[#5-21]

Instruction L]

[20-16]

Insaruction L

[15-0]

Instnuction
regestar

Instruction
5-0)

Ilesmory

15-11
= ]

Inuﬁun [25-0]
]

Read

register 1
Read Read

data
register

| fegister 2 4181

slars
i Teq Raad
eOstEe gata 2

Wi¥rie
data

ot Sign

N hextend

Instruction [5-0)

AT Liem 2,

PC[31-28]

Jurnp
address [31.0]

AL

Yympa 3.2.33 - H ohokinpopévn 8i060g 0£dopuévev ot VAOTOINGT TOALAV KOKA®V padi
pe Tic amapoitnteg ypoppés eiéyyov. Ov ypouués eléyyov tov oynuatog 3.2.30 eival
TpocapNUéveg oty povada eréyyov. Emiong oto oynuo meprapupdvovior ta KuKAGUATO
eléyyov ka1 TG O10d0v dedopévev mov Kabopilovv TG aAlayég TOL omoplOunTy
npoypappatog. Ot Bacikég odlhayés and 1o oynua 3.2.30 meptlapfdavouv: Tov KoToympnty
210%0 (otnVv mave de1d ymvia), TOV TOAVTAEKTY TPDV €600V Y0 TNV ETAOYN TG TNYNS
MG EVNUEPOUEVNG TWAG TOL omaplBunt) Tpoypaupotog (tave de&id), dvo TOAEG Yo TV
oLVOEDT TOV CNUAT®V E€YYPUPNS TOL OmaplOUNT TPOYPAUUOTOC, KOl TO GYLOTO EAEYYXOV
PCsourse, PCWrite, PCWriteCond ko TargetWrite.
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Eniopaon
, otav ogv , ,
21pa civan Enidopaon étav
eLéyyov gvepyo givan gvepyo

PCWrite Tinota INvetan eyypaoen otov anap®unt tpoypdupotoc. H
nyn eréyyeton amo6 to PCSource.

PCWriteCond Timota INvetor eyypapn otov amaplOunty TPOYPAUUATOS
€av m é€odog 0 ¢ ALU eivar emiong evepyn.

TargetWrite Tirota H £€odoc ™mcg ALU ypdoetar 610V KOTOY®PNTA
210Y0.

a. Ovemopaocelg TOv emrriov onpdTOV EAEYYOV TOV EVOS YN@iov.

Iipo Ty Eridpaon
gAY OV GNNOTOS
00 H ¢&odog m™g ALU oamootélietor oTtov amapOuntn
TPOYPALLLOTOG Y10 EYYPOLPT).
01 To mepleydpevo 1oV KATOY®PNTH ZTOYOL ATOCTEAAETOL
GTOV OmaplOUNTH TPOYPALUATOS Y0 EYYPOON.
PCSourse p . p
10 H devbvvorn tov oto)0v petomdnong (PC + 4[29-26]
ouvdedepévn pe IR[25-0] xor oMoOnuévn mpog ta
oploTEPE  KAtd VO Ynoeio), OMOCTEAAETOL  OTOV
amopOUNTH TPOYPAUUATOS VIO EYYPUOT.

b. Owemdpaoeig Tov emmALov 6NUATOG EAEYYOV TOV dV0 YN@imv, Tov PCSource.

Yympa 3.2.34 - O emdpdosig TOV onudtov erfyyov, Ta oroio kadopilovv Tov Tpémo pe
TOV 07010 YivovTal oL €YYPUQEs 6ToV amapOunti tpoypdppatoc. To oynua avtd pali pe
t0 oynua 3.2.31 mpocdiopilet Tig Asttovpyieg OA®V TV GNUATOV EAEYYOL GTNV VAOTOINGT
TOAALDV KOKA®V TNG 51050V dES0UEVOV.

“-ng oY €01ALETAL 1] HOVAOW EAEYY OV

Aol xabopicape to ofpato EAEYYOL KOl TO TOTE OLTE TPEMEL Vo elval evepyd,
UTOPOVLE VO, VAOTOMGOVLUE TN HOVAdL EAEYXOV. ZTOV GYEOGUO TNG HOVASOGS
eLEYYOL NG S1000V dedOUEVDY EVOG KUKAOV, XPNCILOTOMGCALLE Tivakeg ainbeiog mov
kaBoplav TV evepyomoinon TV onudtev eAEyyov, avdAoyo HE TOV TUTO TNG
evioM|s. 'Emetta viomomoape tov mwivoka ainbeiog pe Aoyikég moheg OTmG @aivetot
oto oynpa 3.2.25. Xtnv 81000 ded0UEVOV TOADY KUKA®V, 1 Hovada eAéyyov eival
O TOADTAOKT EMEWN| Ol EVIOAEG ekTEAOVVTAL GE ol oepd omd Prpata. H povada
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eréyyov avt mpémel va Kabopilel To ofpata mov gvepyomotovvior o€ kabe Pryua,
KaBmG Kal To EmOUEVO PrpaL.

Xe autnv Vv evotnta Bo dovuE pio TEXVIKY Yo TV LAOTOINGCT TG LOVAONS EAEYYOVL,
N omoia Paciletar otic unyavég menepacuévev Kataotdoewv (finite state machines),
o1 omoieg ovvnbw¢ mapioTdvovion ypaeikd. H texvikn avt mapovsidlel v povada
eAEYYOL o€ pia PHopPY| TOV EMTPEMEL TNV AEmTOpUEPT VAoToinon (pe modec, ROMs, 1
PLASs) ypnowonowwvtog éva cvotnuoa CAD.

OH péB0dog mov 0o YPNOIHOTOMGOVNE YO TNV VAOTOINGYN TNG HOVASOGS
EAEYYOVL gival pio pnyov) TETEPUGSPUEVOV KATUGTACEMV.

v
{APAZTHPIOTHTA 26

No &nynoete TL givor 1 punyov TETEPUCUEVOV KOATOOTACEMV KOl om0 TL
amoteleiTon.

A{AHANTHZIH APAXTHPIOTHTAX 26

H pnyovi meregpaocpévov KaTaoTdoe®v €ival pio. 6vALOYY] 00 KOTAOTAGELS NE pia
OPYIKI] KOTAGTOON KOl plo cuvaptnon petdfaocng 1 omoio kaBopiler T perdfacn
omé TN pio Kotdotaon otnv GAAn. Ov pnyovéc TEMEPUSUEVOV KATOOTACEMV
YPNGLLOTOLOVVTUL VIO VO EKPPAGOVY SL0OIKAGIES OTOPAGG KL YPIGLULOTOLOVVTAL
oTNV VAOTOINGT) TG HOVASAS EAEYYOV Y10 VO, OTTAOTOU|GOVY TNV VAOTOINGT).

H pnyovi] menepaopévev KOTaoTace®v givar Ypioiun 6ty 6yediacn Ttng o16dov
ocoopévov emedn &xovv pmkpd apBpd kotootdoemv. Eav o apiOpoc tov
KOTOOTAGEMV €ival PEYAAOG, TOTE 1M YPUPIKY] OVOTOPAGTACT TNG UNYOVIS
MEMEPUACUEVOV KATUOTACEMV O€V givar N KatdAAnAin pé0odog yra tnv vAomoinon
NG 01000V 0£O0PEVEV. g TETOLES TEPUTTMGELS YPTCLUOTOLOVVTHL AAAES TEYVIKEC.
H pnyovi| nenepaopévov KoTooTdoe®v amoteleitor amd KoTootdoelg Kot Béin
mov dgiyvouv v KatevBuvvon otn petdfaocn Tov kortastdoewv. O katevdiveelg
kaBopilovror amd T ovvapTnon TG ETONEVIS KaTAGTAONS (next-state function), n
omoio. €£aptdTol 0O TNV TOPOVGA KUTAGTAGT KOl TIS €16000VG TNG KAIVOUPLOG
katdotaons. Kale katdotaon kabopiler emiong éva ovvoro €£00mv mov &ival
gvepyég 6Tav n pnyovi ppicketal o€ avTi) TNV KOTdOTOON.

Ity vdomoinom g pnyaviG  TEMEPACUEVOV  KOTAGTAGE®V GLVHBMC
vroBétovpe OTL OAeg o1 €£000L OV eV &lval GOEMG EVEPYOMOMUEVES, &ivat
OTEVEPYOTOINUEVEG KOl 1] GOGTH AETOVPYia TNG 01000V dedOUEVODY cLYVA eEapTaTal
0TO YeYovOg OTL €va onua eivor amevepyomompévo. o mapddetypo, 1o onuo
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RegWrite mpémer va eivor evepyd poévo oOtav eivor vo yivel eyypagn oe évav
KoToyOPNT Kol Otav Ogv  eival  cop®dg evepyomomuévo, TPEMEL Vo givon
OTTEVEPYOTONUEVO.

Ot €icodot EAEYYOV GTOVG TOAVTAEKTEG €IVl KATWS SLOPOPETIKES, QPOV  EMAEYOLV
pio amd 11 €16600v¢, avaroya pe to av eivar 0 N 1. 'Etot otn punyovn nenepacpévov
Kataotdoewv mhvto kabopilovpe TIC HOVAOEG EAEYXOV TMOV TOAVTAEKTAOV TOV LOG
evolapépouvv. OTav LAOTOIOVUE oL UNYXOVH TETEPACUEVOV KATACTACEMY UE AOYIKA
KUKA®pOTa, To va givol 1 povada edéyyov oto 0 umopei va givar tpokafopiopévo kot
vo punv ypetdlovtan ToAEC.

H povéda eléyyov pog pnyovig TEMEPAGUEVOV KATOOGTACEDV OVIOTOKPIVETAL OTO
mévte Prupota g ektédeong tov evioddv. Kdébe katdotaon g unyoving o
KatoAauPdvel évav kKOkAOo poroyod. H pnyovn memepacuévov  KOTOGTACEWV
amoteleitar and ddpopa HEPN. Aoy Ta 6vo TpoTa Prnata ivor id1a Yo OAeg TIg
EVTOAEG, O1 000 apyIKEG KATAOTACELS TNG UNYovig Bar elvar KOWVES Yo OAEC TIC EVTOALG.
Ta Pruota 3 €og 5 dweépovv avdioyo pe TOV KOO Aettovpyiag. Metd v
EKTELEOT] TOV TEAELTOUOV PUOTOG, Y10 VO GLYKEKPUUEVO TOTO EVIOANG, 1 UNXOV
TEMEPUCUEVAOV KATAGTACEWDV EMGTPEPEL GTNV APYIKT] KATAGTOON Y10, Vo EEKIVAGEL TNV
avakAnomn g emopevng evioAns. To oynua 3.2.35 ansikovilel po ovomapacTaon g
UNYOVNG TEMEPOUCUEVAOV KOTAOTAGEMY. XTn ovvéyewn Bo avomtoéovpe 1o TUNUO
AVAKANONG TNG EVTOANG KO TO TUNUO TNG OMOK®MOIKOTOINoNG Kot UeTd B doVUE TIg
KATOOTAGELS (KO TIG AEITOVPYIES TOVG) Y10 TOVG SLOPOPETIKOVS TOTOVS EVIOAMV.

Apynfy

l ,

AvaxAnon evioAng / amok®OIKoToinGeT) Kol 0VAKATOT KATA PN T
(oynua 3.2.36)

Evtolég mpooméhaong
Hviikng
(oynuo 3.2.37)

Evtolég tomov R

(oynua 3.2.38)

Evtolég draxhadmong
(oynua 3.2.39)

Evtolég petamnonong
(oyMua 3.2.40)

Yympo 3.2.35 - Mo €IK6va Tov vYniov £maEdov TG HOVAdUS EAEYYOVL TNG UNYOVIS
METEPUASUEVOV KaTOoTAcEMV. KdOe kovti o8 avtd t0 oynua pmopel va givor amd pio €mg
ToAMéG Kotaotdoelc. To PBéhog ‘Apyn’ Ogiyvel v opyIKn KATAGTOOT, GTNV omoia yivetal
avAKANG TG TPATNG EVIOANC.
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To oyfua 3.2.36 amewkovilel Tig 00 TPMTEG KOTAGTAGES MG UNYOVIG
TEMEPUCUEVAOV KOTAOTAGEMVY. O1 KATOGTAGELS Etvat aptOuUMUEVES YL AmAOTTOINGT TNG
eneénynong tov oynuatos. H xatdotoaon 0 avaeépetor oto Pripa 1 Kot etvon n apykn
KOTAGTOOT TNG UNYOVIS.

Ta onpata mov eivar evepyd oe kKGbe KOTAGTACN (OIVOVTIOL GTO GYNMUO HECO GTNV
kataotaotn. Ta BEAn petald tov kotactdcewmv kabopilovv v emdpevn KotdoToon
Kot £(0VV AV TOLS TIG GVVONKEG 01 0Toieg TPOGOL0PILovV TNV EMOUEVT] KATAGTOON,
otav meplocdtepec amd pio Kataotdoelg eival mbavég. Metd v katdotaon 1, n
gvepyomoinon twv onuatev eEaptdtat ard Tov TOTo TG EVIOANG. 'ETol n unyovn tov
oynnotog 3.2.36 €yel téooepa PEAN va eE€pyovtal amd TV Kotdotaon 1, mov
OVTOTOKPIVOVTOL OTOVG TEGGEPLG OLOPOPETIKOVG TOMOVS TMV EVIOADV: EVIOAELC
avaeopdg otn uvnun, tomov R, dtakAddmong kot petamnonons. H katdotaon avt
ovopaLeTol amoK®OIKOTOINoN Kol EMOUEVMG 01 EVEPYELES TOL aKOAOLOOVV eapTdVTOL
amd Tov TOTO TG EVIOATG.

Instruction decode/

nstruction fetch Reagister fetch

MemRead
ALUSIcA = 0

lorD = 0
IRWrite ALUSrcA =0
Start ALUSFeB = 01 ALUSreB = 11
ALLOp = 00 ALUOp = 00

PCWrite

L 2
Memory reference FSM R-type FSM Branch FSM Jump FSM

yua 3.2.37 Zymua 3.2.38 ymua 3.2.39 Zymua 3.2.40
| | | |

Yypae 3.2.36 - H avakinon Tg EVTOANG KOl TO TUIO TNS OTOKMOOIKOTOIN GG Eivan id1a
Yo 6Aeg TG €vToAég. Ot KATAGTAGEIC OVTEG AVTOTOKPIVOVTOL GTO KOVTL TOL PpiokeTol oTtnv
KopLEN ToL SYNUaTog 3.2.35. TV TPATN KATAGTACT EVEPYOTOIOVLE KATOL GTILOTOL Y10, VOL
dwPaoctel ot EVIOAN amd T PV Kot vo eyypapel oTov katoywpnty eviolwv (MemRead
kot MemWrite), kot 0étovpe o TorD=0 yia v exthoynq tov amaplOuntn TPOYPALLOTOC MG
v yn g dievbuvone. Ta onpata PCWrite, PCSourse, ALUSrcA, ALUOp kot ALUSrcB
glvat evepyomompéva yuo. Tov voAoyiopd tov PC+4 kot v amobfkevon ovthg g TIUNG
GTOV amaplOUNTN TPOYPALLOTOG. TNV EMOUEVT] KOTAGTOOT, btoAoyilovpe tnv dievbuven Tov
6TOY0V dtakAddwong Bétovtag to ALUSrcB=11 (Yo va tpokaAéGOUVE TNV 0TOGTOAN TV 16
AyoTEPO onuavTiK®V yneiov tov IR petd amd eméktacn mpoonuov Kot oiicOnom, otnv
ALU). Emiong 6¢étovpe ta onupota ALUSrcA=0 xair ALUOp=00 kot amoBnkedovpe to
OTOTELECUO. GTOV KOTO®PNTH XTOY0 (Ypnowomoidvioag to TargetWrite). Metd vrdpyovv
TEGGEPIS OLOPOPETIKEG KATOOTACELS TOV EEAPTMOVTAL OO TOV TOTO TNG EVTIOANG, O 0T010G givat
YV®OoTOg Katd v ddpkewd avtov Tov Pruatog. Edv  éxovpe eviodn @optwong M
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amofnkevong myaivovue Ge piot KOTAOTOOTN, VO To AN PEAN aoyOAOVVTOL UE TOVLG
K@dKovg Agttovpyiag piog evtoine. H eicodog g povadog eléyyov, mov ovopdletar op,
ypMNoLoTOolEiTaL Yio va Kabopicel oo amd ovtd To fEAN Tpémel vo akolovOncovpE, dNAadn
7ol0 TPEMEL VoL €lvat 1) ETOLEVT KATACTAGN.

7 To tuquo TG UNYOVNAG TETEPACUEVOV KOATOGTAGEMY TOV OTOLTEITOL Yol TNV
VAOTOINGT) TOV EVIOADV 0VaPOPAS 6T Lvnun eaivetal oto oynua 3.2.37.

#® TV autég Tig eVIOAEG, 1 TPAOTN KATAGTAON UETG TNV OVAKANGN TNG EVIOANC Kot
™V avAKANoN TV KOTayopntodv, o¢oivetol otnv Katdotaon 2. [ tov
VIOAOYIGHO TG devBuvong uvnung, ot ToAvmAékteg otnVv €i6odo g ALU npénet
vo glval gvepyomoimpévol Pe TETO0 TPOTO, MOTE N TPMTN €16000¢ Vo €ivar 0
KATO(®PNTNG VO, AVTIGTOLKEL 6TO TEDT0 18, EVO 1) 0€0TEPN €10000G Vo glvar To TEDdI0
HETA OO EMEKTOCT TPOGTLLOV.

i

Metd tov vmoroylopd g devbuvong puviung, oty Uviun mpémel va yivel
avéyvoon 1 eyypaen Kot avtd amortel 600 dlapopetikég kotaotdoelc. Edv éyovpe
EVIOAM] QOPTMONG Kol 0 KOOGS Agttovpyiog (op) eivan lw, 161e 1 Kotdotaon 3
(mov eivonr avtiotoyn pe 10 Pua TpoomEAAONG TNG UVAUNG), E€KTEAEL TNV
avayvoon e uvnung (to onua MemRead esivor gvepyod). Edv €yovpe eviolq
amofnKevong Kol 0 K®mOKOG Asttovpyiag (op) ivar sw, 1 Katdotaon 5 ektelel
avéyvoon g pvnung (to onua MemWrite givan evepyo). XTi¢ Kataotdoelg 3 Kot
5, 10 onpa lorD givan 1 étol dote 1 dievBuvon g LvHUNG va TPOEPYETAL OO TNV
ALU.

#® Metd TV eyypo@n] £xel TELEIOGEL 1| EKTELEOT TNG EVTOM|C 0mmoOKeELONG Kat M
emopevn katactaon sivor N katdotaon 0. Qo1000, GTIC EVIOAES POPTOONG, Hia
GAAN Katdotaon () Katdotaon 4) xpelaleTol yio va eYYPOoPel T0 amoTEAEGHO ATO
TNV UVNUN GTO apyElo KOTAX®PNTOV.

e H pviun Ppioketar o katdotoon avdyvoong oty idia dievdvvon (ue v
gvepyomoinon twv onuatov Memread kot lorD). Avtd to onupota mpémer va
dratnpnBodv evepyd otny dudpkeln TV Kataotdoswy, enedn 1 ££0dog g ALU koun
pviun dev eivan amodnkevpéveg oe kamolov kataywpnt. Edv ot tipég g povadog
eréyyov dAralav, tote M €€odog g ALU ot n pviun Oo dAralov kot m T tov
OTOTEAEGLATOC GE U0 EVIOANG GOpTmong dev Ba NTav cwot. Me avtég T1g TIég
otabepés, o onuata eréyyov tov molvmiéktn (MemtoReg=1 kot RegDst=0), Oa
oteihovv g €Eodo g ALU oto apyelo kotoyopnt®v yio  €yypoon,
YPTCLOTOUDVTAG TO TS ooV aplOpd Tov Kataywpnth. Metd amd ovtr TV KOTAGTOC,
OV OVTIOTOLYEL 0TO PrIHa ETAVEYYPAPNG, 1| EMOUEVT] KoTdoTOoN £ival 1 kotdotaon 0.
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From state 1
(Op = "LW') or (Op = "SW")

Memaory address computation

ALUSTCA = 1
ALUSICE = 10
ALUOp = 00

Memory

access

Memory

access

MemRead
lorD = 1

MemWrite
lorD = 1

Write-hack step

Tnctate ()

yfua 3.2.36

RegWrite
MemtoReqg = 1
RegDst = 0

Yympoa 3.2.37 - H pnyovi nenepacpuivov KeToasTAGEMY Y10 TOV EAEYY0 TMOV EVIOAMV TOV
ava@épovtor 6T pvijun £xel TE66EPIg KATUOTAGES. AVTEC Ol KATOGTAGELS AVTIOTOLYOVV
oto kovti “Evtoléc mpooméhaong pviung” tov oynpotog 3.2.35. Metd tov vmoAoyiopd g
dtevBvvong uviung, Yivetal ol KATUOTACELS S10POPOTOLOVVTOL Y10l TIG EVTOAEG POPTMONG Kol
TIC €vTOAEG amobnkevonc. H evepyomoinon tov onudtov ALUSrcA, ALUSrcB kot ALUOp
YAPNOUYOTOLEITAL VIO TOV VTOAOYIGUO NG dlevbuvong uvAunc. Avtd To oNUOTO TPETEL VO
dtnpnBovv ctabepd péypt va yivel eyypan g TNG o€ évav kataywpnt) (av mpokeltal
Yl EVTOAT] POPTOOTNG), | TNV Uviun (v TPOKELTAL Y10 EVIOAN amoBnKevoNg).

S Tw v viomoinon Tov evioddv TOmov R ypetdleTon pion pmyovy 800
KOTOOTACE®V, 1 OToiol avTIoTOKEL OTOL PHATO EKTEAECTG KOU OAOKANPMONG LG
evtoMg tomov R. To oynua 3.2.38 amekovilel 1o TUAUO TS UNYOVIG TETEPACUEVOV
KOTOOTACEWDV LLE TIG VO KATUGTACELS.

# H xatdotaon 6 evepyonotel 1o ofjuo. ALUSrcA kot agrvet ta ofjpota ALUSrcB
angvepyomomuéva. ‘Etor o1 dvo katoywpntég mov dwpdotnkav ond to apyeio
KOTOOpNTOV, Ypnoonoovviol cav eicodol g ALU. @étovrog to ALUOp=10,
n povada eréyyov s ALU ypnoponoel tov kmdwd function yio va
gvePYoOmomoael Ta onjpata eA&yyov g ALU.

# Ymv katdotoon 7, to ofuo RegWrite sivar evepyd Yo vo TPOKAAEGEL TNV

gyypaon tov kataywpntn kot to RegDst givon emiong evepyd €ro1 dote 10 medio
rd va ypnoyonomBetl cav tov apBpd tov KataywpnTy TPOOPIGLOD.
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From state 1
(Op = Rtype)

Execution

ALUSFEA = 1
ALUSIcB = 00
ALUOp = 10

R-type completion

RegDst = 1
ReqgWrite
MemtoReg = 0

To state O

ymua 3.2.36

Yympo 3.2.38 - H viomoinon tov gviol®dv tomov R pe o pnyov menepaopévov
KOTaoTdce®v. Ol KOTAOTACELS OVTEC AVTIGTOLYOVV 6To KOouTi pe titho “EvtoAég tomov R”
Tov oynuotog 3.2.35. Xy mpdtn Katdotaon 1 ALU extelel Tig Asitovpyieg e, evd ot
devtepn 1o amotélecpo g ALU ypdoetor 610 apyeio katoyopntov. Ta onuoto mov
oyetilovton pe v ALU givar otafepd kotd v ddpkela tov KOKAmv poroyov. Ta tpia
EMTALOV CTLLOTA EVEPYOTTOLOVVTOL OTNV KaTdoToon 7. Me tnv gvepyomoinomn avty, 1 €£000¢
g ALU eyypdoetal otov Kataympnti tov kabopilel To medio rd Tov KoToymp T EVIOADYV.

WFW TIG EVTOAEG OlaKAGO®ONG, ypetdleTon uovo pio eMTAEOV KATAGTAOT, Y10
TNV OAOKANP®ON TNG EKTEAECTG TNG EVIOANG KOTA TN S1ApKELX TOV TPiTOL Prpatog.

# TV KOTAOTOON ODTN EVEPYOTOOVVIOL TO, GHUOTO EAEYXOVL MOV VLIOYOPEVOLY
otmv ALU va extelécel ohykpion ToV TIUOV TOV dV0 Katoyopntov. Emiong
TpENEL Vo gvepyomomBovv To ONUOTA YL TNV EYYPAPT] VIO GLVONKN TOL
amoplOunT TPOYPAUUATOS, TG devBuvong amd Tov KoTaympnty Z10)X0 (0TOV 1M
ouvOnkn dev aAnBevet n Ty mopapével PC + 4). T'a tv odykpion yperaletol va
evepyomomBei to onpo. ALUSrcA wot n tyun tov ALUOp va gtvan 01 (ywo va yivet
apaipeon). o tov éleyyo g eyypoaeng Tov amaplOunt TPOYPAULOTOG,
evepyomoteitan to onpa. PCWriteCond ko tiBeton 10 PCSourse pe 01, étol dote
vo yivel €yypoen TG TWNG TOL KOTOY®MPNTH XTOYOL OTOV OmaplOuntm
TPOYPAUNOTOC, GV glvar evepyomompévo To bit g e£6oov 0 g ALU.

To oyfua 3.2.39 aneikovilel Eva TUNUO TG UNYOVIG KOTAGTAGEMV.
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From state 1
(Op = "BEQ")

Branch completion

ALUSrcA = 1
ALUSrcB =00
ALUOp = 01
PCWriteCond
PCSource = 01

To state O

Zymua 3.2.36

Tyqpa 3.2.39 - O gvrorés dwakiddmong yperalovrar povo pio kardotacy. Ot mpmteg
Tpelg £€0do1 mov sivan evepyomompéveg vrayopevovv oty ALU va kdvel cOykplon avapeso
otovg katoyopntés (ot €€odot eivan ta onuata ALUSrcA, ALUSrcB kot ALUOp). Ta
onuata PCSourse kow PCWriteCond ektedovv v gyypaen vmd cuvOnkn €dv m cuvOnkm
dtokAddwong eivor aAnong.

"0 tehevtaiog TOMOC evIOAOV sivar ot evioAéc petomidnong. Ommg kot oTig
eviolég OlakAddmong ypetdletor pio poévo katdotaon (OT®G @aivetal GTo GYNRUo
3.2.40) yio TNV OAOKANPOOT TNG EKTEAECTG TOV EVIOADV LETOTNONGCNC.

# Yy katdotaon avty to oo PCWrite ivot evepyomomuévo 1ot dote va yivel
gyypaen otov amoaplOunt mpoypappatoc. To onpa PCSource tifeton 01 kou n
TN mwov mpokertol va gyypagel Ba givon ta 26 Mydtepo onuoavtikd yneio tov
KATOY®PNTH EVIOA®V, oMcONuéve aplotepd KaTd 000 Kot cuvdedepéva e ta 4
onUavTIKOTEPA YNeio ToV amaplOunTy TPOYPELUUATOC.
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From state 1
Op="J)

Jump completion

PCWrite
PCSource = 10

To state 0

yMua 3.2.36

Yympo 3.2.40 - Ouv gvroréc peram)onong ypewaiovror pio. pévo KOTAGTOON TOL VO
gvepyomolel Lovo 600 orUaTo EAEYYOV, VIO TNV EYYPAPT TOV OTAPLOUNTH TPOYPAUUATOS LE TO
26 AMyOTEPO CNUAVTIKA YNPio TOV KOTOY®PTNTH EVIOA®V, OAcHNUEVE aploTEPA KATA SVO.

WTO')[J(X WITOPOVLLE VO EVAOGOLLE TO. TUNLOTA TNG 01000V dedopévav Gg éva, Yo
TNV OAOKANP®OT NG HoVAdag eAEYyov, OT®G @aivetal oto oynua. 3.2.41. Xe kdabe
KaTaotaon @oivoviol ta oynuoato mov gival evepyomomuéva. H Asttovpyia g
EMOUEVNG KATAGTOONG £EapTATOL OO TOL YN Pl TOV KMOKOL Agttovpyiog (opcode bits)
™G eviols. Emopéveg onueidvoope mhve ota BEAN TOL  AVTIGTOWOLV OTNV
Aertovpyion TG EMOUEVNG KOTAOGTAONG, TOV KWMOWO AETOLPYiOG TNG E€VIOANG 7oL
yPNoonoleiton cov €16000¢ ot povada eréyyov. Exovtag v vAomoinon g
povadag eréyyov kat yvopifoviag 01t KGBe Kotdotaon ypsualetor €va KOKAO
POAOYLOV, UTOPOVUE VO BPOVLE TOVG KOKAOVG pOAOYLOV Yl KAOE TOTTO EVIOANG.

APAXTHPIOTHTA 27

Noa gvooere katdrinio to oyfqporta 3.2.36, 3.2.37, 3.2.38, 3.2.39, 3.2.40, £Tor ®wote
VO 6)E€0LAGETE TNV OAOKANPOUEVI] UNYOVY] TEMEPUCUEVOV KOTOUOTAGEDV TNG
povadag eréyyov tov vroroyioty)y MIPS. Na ovykpivere 10 oypa mov oyeodoate
pe To oyfpua mov akorovdei (oypa 3.2.41).
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Kenddon R/ FuvAm™mta )

Instruction de
3 Instru on fetch r !|.||.-| i

MemRead

ALUSred = 0
lorD = O ALUSrcA = 0
Start IRWrite »  ALUSKCE = 11
ALUSIcE = 01 ALUOp = 00
ALUOp = 00
A 2 —
e &S
¥ T—— \Qﬁ?ﬁ & 1
Memory ade r sranch @Q S Jump
mputatio completion =
2
ALUSTeh - 1 ALUSICA =1
rch = ALUSTEA =1 ALUSeB = 00
ALUScB = 10 -
ALUSrcE = 00 ALUDp = 01 _
ALUOp = 0O ALUOp= 10 PCWriteCond aE el
PCSource = 01
%
'3 kS
-
-II %
Qﬂ: Memory mor
aAccess I-l';l""'"'l'll'lll'
5 T
RegDst = 1
MemRead MemWWrite ;gg'lil'rite
lorD = 1 lorD = 1 MemtoReg = 0

RegDst=0
RegWrite

MemtoReg =1

Yypuo 3.2.41 - H olokinpopévny pnyovi) TETEPUCUEVOV KOTUGTACEMV TNG NOVASUG
gLEYYOV Yo TNV 81000 dedopévev Tov oyquatog 3.2.33. Xta BEAN vadpyovv cuvOnKeg ot
omoieg eAéyyovtol ywo vo kabopicovv tnv emdpevn kotdotaon. Otav yu Ty emduevn
KOTAOTACT 08V VIAPYEL GLVONKT, dev VIAPYEL ETKETO 01O Péhoc. Ot eTikéTeg PECH GTOVC
KopuPovg kabopilovv o onpote €£000V TOV Eival EVEPYOTTOUNUEVO KOTH TNV SLUPKELN HI0G
katdotaong. H evepyomoinon tov onpatog eEAEyyov evog molvmhéktn kabopileTar mavto e6v
ypeldletal oe Kamown amd Tig Asttovpyies. ‘E1ol og pepikég kataotdosig  €16000G EAEYYOL
TOL TOALTAEKTY elvan gvepyomomuévn oo 0.
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Apyrtextovikn Yroloyiotov I

o
¥
4 i
L= """ Tlapadsryna

XPNoIHOTOIOVTOS TNV HovAde. €AEyyov Tov oyfuotos 3.2.41 ko T GUyvOTNTEG
ERPAVIONS TOV €VTOAMV, vo. KoBopicete 10 péco CPI (kvkior poioyrov avd
EVTOAL]), VT00ETOVTOG 0T KGOE KaTAoTUOT YpEraleTar £va KUKAO poroyrov.

Amavrnon:

H cvyvomta gppdviong tov eviolomv givat: 22% yia t1g eviolés optwoong, 11% ya
TG evtoAég amoBnkevonc, 49% vy TG eviodég tomov R, 16% 7y Tic evrolég
StokAGdmong kot 2% yioL TIG EVIOAES LETOMNOMONG,.

O apBpdc TV KOKA®V porloyloD yia kdbe TOTO EVIOANG sivat:

*  Evtolég pdptwong: 5

»  EvtoAég amobnkevong: 4
=  Evtolég tomov R: 4

»  EvrtoAég draxhdowong: 3
*  Evtolég petamodnong: 3

To CPI diveron am6 Tov TapaKdTe TOMTO:

KVKA0L poroyrov KME z niM0og evrordv; x CPI;
CPI = =
AN 00g eviol®v AN 00g evioA®V
AN 00Gg EVTOADV;
- x CPI;
i 00g evToA®@V
O Aoyog :

A 00g EVTOLDY ;
niM00og eviol@v

givan 1 oVYVOTNTA TNG EVIOANG Y10 TIV KATI|YOPia EVTOANG i.
‘Etol av avtikotaoTicovpuEe £YOVLE:

CPI =0.22x5 + 0.1x4 + 0.49x4 + 0.16x3 + 0.02x3
=1.1+0.44+1.96 + 0.48 + 0.06 = 4.04

Avtd to CPI givor ol kaivtepo amd 1o CPI g yepdtepng mepintmwong, dniodn

avtd mov Ba eiyope edv OAeg ov eviorég yperdloviav tov 1o aplBpd KOKA®V
poLoy100 Y10, va. ekTerecTODV (5). 4
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Kepdrowo 3 / Evomra 2

OMia POV TEMEPUCUEVOV KOATOUOTACEMV UOPEL vo viomomOei pe évav
KOTOYOPNTH], 0 070iog OuTIPEL TNV TEPOVGE KOTAGTOON Kol £vo KUKAONO
GLVOVOOTIKNG AOYIKNS OV Ka.O0pilel Ta o paTa TNG 01000V dEO0NEVOV TTOV Eivar
gvepyd, 0mmg emiong kaBopilel Ko TNV ETOPEVN] KATAGTAGT).

S

7
{APAZTHPIOTHTA 28

Mmnopeite vo amelkoviceTe TOV TPOTO PE TOV OTOI0 HI0. UNYOVY] TETEPOUCUEVAOV
KOTOO0TAoEMV pmopel va viomom0ei; No ocvykpivere To oo mov oYedldouTe Ne
T0 oyfna mov akorovdei (oynpa 3.2.42).

To oyfua 3.2.42 ansikoviletl pio T€To10 VAOTOIN oM.

(
Movaoda réyyov
GUVVAGTIKIG AOYIKIG - Ot £Zodou g
— Hovadag EAEYYOL TNG
< (R d1000v dedopévav
"E€odot
Eicodot
— — — \
2 2 2 4
- Enduevn
O1 gi60d01 TOV TTEdIOV KQT(%X(DPT]TT]G KaTdoTaon
TOV K®OWKOV Agttovpyiog KaTaotaong
oo TOV KOTaywpnTh
EVIOADV T T—

Typa 3.2.42 - O gheykTig TG UNYOVIS TETEPUACUEVOV KATAGTACEMV ELVAL VAOTOUREVOG
RE éva KOKA®MMO oVVOLOOTIKNG AOyiKG Kot évav  katoyopnty. Ov £Eodot g
GLVOLOCTIKNG AOYIKNAG gival 0 aplBUdg TG EMOUEVNG KATAGTOOTG KOL TO, CTLLOTO EAEYYOV TTOV
Ba evepyomonbovv oty mapovoa katdotaon. Ot €i60d0t TG GLVIVACTIKNG AOYIKNG Elvatl 1
ToPoVoa, KOTAGTUGT KOl 0oladnmote €i60d0¢ ypetdletor Yo to kabopiopd g emduevng
KOTAOTOOTG. X€ QLT TNV TEPINTMOOT, Ol £IG0S01 Eival TaL YN@io TOL KWKoV AEITOVPYIONG TOV
KOTOY®PNTY.
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Apyrtextovikn Yroloyiotov I

OH PNYOVY] TETEPUOUEVOV KOTAOTAGE®V TOL oynuatos 3.2.41 ovopdleton
pnyoviy Moore (amé tov Edward Moore). To yopoxtnpiotiké Tig €ivor 0T M
£€€000g e€aptdTor povo amd TNV TEPOVGE KATAGTACY. Evac d10Q0opETIKOS TUTOG
givar ov punyaviy Mealy (o6 tov George Mealy). Xtn pnyovy Mealy n £€0dog
koBopileTar kKo amé TNV €i0000 KOl 07T6 TNV TO.POVCO KATAGTAOCN.
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Kepdrowo 3 / Evomra 2

AVOKEQUAOLOVOVTOS AOLTTOV ...

H Aertovpyio Tov poroyod kaBopiler 1o woTE B0 yivel avayvoon M €yypaen &vig
GNLATOG. TNV CKLOTVPOOOTOVIEVT] AELTOVPYIX YIVETUL AvAYVOS 1] EYYPOPT] EVOG GT|LATOC,
omo €vo. oToryeio pviuNg o€ éva GAA0, HEG® EVOS GUVOVOGTIKOD KUKAMNATOG, 6€ £vay 1] 600
KUOKAOVG poA0Y100.

To TR TG 61600V GEO0UEVOV TOV YPNGLUOTOLEITOL Y10, TNV UVAKANGY TOV EVTOA®V
Kol TNV avénon 1ov anaplOpnty Tpoypapupetos, amroTeleiTar amd T pvijun EVTOLQOV, TOV
arepOpnT) Tpoypappatos kar Evav abporoti.

To Tpfpe g 61060V dedopévev Yo TIG evToAéc TOmov R amoteheitan and to apyeio
Katoyopntdv kot v ALU. Ot V0 povadeg mov ypetaloviol yio TNV eKTELES TOV
EVTOLOV QOPTOGNG KOl UmoOKEVONGS, EIVOL 1] HOVASE PVIUNG OLO0UEVOV KOl 1] HOVAdQ
enékTaong mpoonuov. H di0dog dedopuévev Yo Tig evrorég OwoKkAGO®MONS pe cuvOkn
ypnowomoreil Ty ALU Yo Tov vmoloyiopd g cuvOikng ookhdomong Kat Evav afporeti
Y10, TOV VTOAOYLGNO TG H1E00VVENS TOV 6TOY 0V draKAGIMOTC.

INo ™V KoTookev] TG 01000V OEOOUEVEOV EVOS KOKAOV, EVOVOLUE TO TUNUHATO TNG
01000V 0£00pEVOV Y10 KAOE TUTTO EVvTOMG KO TPOGOETOVUE TOLVTAEKTES KL TO OTOPAITITA
ofpata gAEYY0V.

TN v kotookev g povadag eréyyov s ALU KmO1komolovpe Tig TPELS £166001¢
eLEYYOV OV Y€1, AVAAOYO PE TN AEtTOVPYia OV ekTELEl KAOE Popd. I'o TNV KATAGKEVT] TNG
Paoucg povadag erfyyov, tpémel va TpocBicovpe TG apTpies pe TETOW0 TPOTO AOOGTE Vo
Katev@ovoope TG EvToAég 6T 01000 dedopévov. Emmaiéov mpéner vo mpooOBicovpe Tig
Ypopupég eEAEyyov.

2NV vA0TOING1 TNG POVAdaS EAEYYOV PE AOYIKA KUKAOPATA, Y®pilovpe TIG EvIOAég o€
no o6EPE oo Pripote Kol KaTooKevdiovpne Toug avrictoryovg mivakeg aindeios. H dopn
OV YPNOHOTOLEITAL Y10, TNV VAOTOoinoen ovT] ovopaletor mpoypoppatiiopevn Aoyuki)
slll.éyxon 1 PLA.

H cvvoliki] aw6d06n TG vAomoinong pe petafinté kdxkrio poioyrov gival TayvTePN 06
NV 063001 TG VAOTOINGNG TOV YPNGLUOTOLEL £Va HOVO KOKAO poAroylov Yo, KGOE EVTOAN.
Mo va £rovpe peyardtepn amwddoon civar KaAOTEPN 1N YPNON KPOTEPOV KUKAOV poAoYLOV,
70 0moi0 amaITEL TOALOVS KOKAOVS POAOYLOV VA EVTOAN.
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Apyrtextovikn Yroloyiotov I

A

L Ta Baoka mheovekTipoTa TI)G VAOTOINONG TOAL®Y KOKA®V 61N 8i0d0 dedopévarv,
givan: oL EVTOAEG YPNGLHOTOLOVY SLOQPOPETIKO KOKAO poroYLOU KOl potpalovTal Tig
AEVTOVPYIKEG POVADES KOTA TNV drdpKela EKTELEGTIS TOVG.

H extéheon Tov gviol@v yopiletar 68 KOKAOVS poroYLoD £TOL AOGTE V. 160ppoT0Ei 0
aplOpoc AELTOVPYLOV TOV EKTEAOVVTOL GE £va KUKAO POAOYLOD KOl Vo PEL®OEL 0 ypovog
KUKAOV poioyrov. O evtorég yperdlovrar amd 3 £ 5 Pripato yio vo EKTELEGTOVY, KGO éva
am6 to omoia yperaleTan éva KOKAO poroyrov, mepimov Tov idov pikovs. Ta dvo mpaTa
Bpoto givor ave€aptnto omo Tov TOMO TG EVTOMC.

%

Mo pé00oog yia TV vAomoinon TG HOVAdAS EAEYYOV EIval OL UNYOVES TEMEPATUEVOV
KOTOOTAGE®V. Ov pyovEiS TEMEPUSUEVOV KOTAGTAGEDV ATOTEAOVVTOL 00 KUTAGTAGELS
Kat BéAn, Ta omoia dgiyvouv TNV KatedOuvoen oty aArayn] TOV KATAGTAGE®Y.

Kotd v ektéleon TV evTorav, 10 000 TpATOE Pripate gival idwa Yo OAeg TIG EVTOAEC.
Emopévmg, To TUpe TS UNYOVIS TETEPUCUEVOV KATUGTAGEMY Y10 TO, 6V0 TPOTH fripota
TOV evTOA®V givan Kovo. Ta vadroute TUNATE ATOTELOVVTOL OTO KOTAGTACELS UVALOYQ pLE
TNV AgrTovpyia TG KGOE gvrorng.

.

M pnyovi] TETEPUACREVOV KOTUGTACEMV Pmopel vo, viomon0si pe évav kotayopnTi
Kol £va KOKAOPO GUVOVUGTIKNG AOYIKIC.
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