Apyrtextovikn Yroroyiotmv 11

Evotyta 4": Kivovvor dedouévarv

Y Komog O okomog TG EVOTNTAS QVTNG EIVUL VO TAPOVOLAGEL TOVS KIVOUVOVG
ogdopévov. Avarvtikdtepa 0o dovpe Tote eppavifovral ol Kivovvor
0£00péVOV, PE OOV TPOTO TOELVOROUVTOL KOl TAS UTOPOVUE VO,
ELIYLOTOTTOUOOVIE TIC KOOVLGTEPNOES HNE TNV TEYVIKY TNG
npodnong.

IIpocook®dpeva  Otav 0o £xete peletiost TNy evoTnTO, 00 gicte o5 0éon:

Amoteréopato

'af"."q

= v, avayvVOPiLeTe TOTE TPOKALEITOL KIVOUVOC OEO0UEVOV,

VO EAOYLGTOTOLEITE TIC KOOVOTEPNGEIC A0V TOV

KIVOUV@®V
0soonEVOV, HEGH TNC TEYVIKIC TNE TPoOONnonc,

-t -

= Vo TOEIVOUEITE TOVC KIVOUVOUC OEOOUEVOV.

5
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W%Wﬂ@m Kivouvog dgdopévov, Tpomdnon
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Kepdrowo 1/ Evomra 4

Y

= [I1ote mpokareitor Kivovvog Agdopuévev

Onwg €yovpe MO 0€l, OTN COAMVOOY JUPOPETIKA GTAO OLOLPOPETIKAOV EVIOADV
EKTEAOVVTOL GTOV 1010 KUKAO PoAOY100. XTO TOPAOELYHO TTOL OKOAOVLOEL, OAeC Ot
eVIOAEG TOv axolovBovv v eviod ADD ypnowonotodv tov kataywpnt) R1. T
nmopadetypa to otdoto WB g eviodng ADD 6mov ypnoonoteiton o R1, extedeiton
oToV {010 KOKAO poAoylob pe 10 otddo ID g evioing SUB, 6mov ypnoyonoteitol
emiong o R1. To yeyovoc avtd Opmg pmopel va mpokaAéoel Kdmowo mpoPfAnuato o
0,TL agopd T oelpd pe v omoio o €mpeme va yivovior ot TPocPAcEl GTOVG
TEAEOTEOVG Yo avhyvoon N €yypaen. Katd ocvvéneln évag telectéoc umopel, yu
mapadetypa, vo oofaletor Tpwv 1 TUR TOL Vo €xel evnuepmBel. ZTIg TEPIMTAOGCELG
aVTEG TPOKAAEITOL £VOC KIVOUVOS OEOOUEVMV.

e
)
| &) - ,
LZ-?-' Hopdosrypo

‘Eoctm 011 £(0vpE TO TOPAKATO TUNHO KOOTKO 0KOAOLOI0G EVIOADY LE COANVOON:

ADD R1,R2,R3
SUB R4, R5, R1
AND RG6, R1,R7
OR RS, RI1,RY
XOR RI10, R1, R11

[Mopatnpnote Ot oV  TAPOTAVE 0KOAOVOIOL EVIOA®DV YPNOLUOTOOVUE TOV
katayopnt) R1 oe Oheg tig evrodéc. Eekivovtog oumg pe v eviod] ADD, ot
VROAOTEG EVIOAES YPNOLUOTOLOVV TO amoTéAespo TNS. To oynua 1.4.1 aneucovilel v
EKTELECT] TOV EVTOADV.

.
{APAZTHPIOTHTA 1

A@00 TOAPOATNPCETE TPOGEKTIKA TO TOPUKATO oynpa (1.4.1), va Tpoodlopicete Ta
onuela eKeiva 6Ta 0010 PTOPEL VO TOPOVOLAGTEL KIVOUVOS 0EOOPEVMV.
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Apyrtextovikn Yroroyiotmv 11

v

Xpdvog o€ KOKAOVES pOAOYL0D

CC1 ccz ccz CC4 CCs CCs

ADD Ri,Rz,R3| M : Reg —l: oM H |- | Reg :
SUB R4, R1, RS IM Reg | : oM [ —I Reg !
AND R8s, R1, R7 IM _I: Reg | _|: oM

OR R8, R1, Re M

Ye1ph eKTELEOTG EVIOADV

XOR R10, R1, Ri1

Yympo 1.4.1 — Kivovvog dgdopévov. H ypiion tov amoteléopatoc g evioing ADD otig
EMOUEVEG TPEIC EVTIOAEG TTpokaAel Eva Kivouvo SedopéveVv, apoD 0 KOTOY®PNTNG TOipVEL TN
véa Tiun oto otddo WB.

{AHANTHZH APAXTHPIOTHTAX 1

Y10 oynua Prémoope 60TL 6TV evroi ADD yivetan gyypaei g Tyuig tov R1 oto
610510 WB ¢ coijvoong (5% kdkiog poroylod), orrd n evtord SUB dwapater
v T tov Rl evéd Ppiokeror oto otado ID (3™ kvkhog poroyrov). Av dev
npocEfovpne ko emrpéyoope otnv evtod] SUB va ektereotel yopis kdmown
kaOBvoTtépnon, ToTE 1| EVTOAN] avT] O Swwfdosel LaBog dedopéva. Anraon, avti va
owfaocer v véa Ty tov ketayopnt) R1, mov vrorloyiotnke oty gvroin ADD,
00 owPacer v Ty ov gixe mpv amd v evrod] ADD. Emopévag av dev vaplel
KaOvotépnon 0o ep@aviotel Kivovvog dgoopévav oty gvroin SUB.

H gvroi SUB dgv givar n povn mov ennpealeror omé avtév Tov Kivovvo. Metd and
avt akorovlsei n gvrod AND, 1 omoia avripeToTILEl Kol qVTI] TOV 1010 Kivouvo,
oMAaon TNV avayvoon Tic TIpNg Tov Katayopnty R1 wpw yiver n eyypaen e véag
TG a6 TNV evtoi] ADD. Tov 1610 Kivouvo nmopel va avTINETOTICEL KOl 1] EVTOA
OR(67tm¢ 00 dovpe TOPAKATM, | EVTOM] VT UTOPEL VO 0TTOPVYEL TOV Kivouvo, e
TNV vAomoinon TG TEYVIKNG TNS TPodnong). X1n cvvéyera 11 evtod XOR pmopei
VO AELTOVPYNGEL KOVOVIKG, a@oV N evtod] ADD £yel 1101 TEAELOOEL PE T0 GTAOL0
WB km 0 katayopntig R1 0a £xe1 Adfer T véa Tov Tipa.
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Kepdrowo 1/ Evomra 4

'y

= Taltvopnon TV KivoOvmy 0£60uévmv

‘Evoc xivovvog dedopévov onuovpyeitoar otav vmapyel €Edptnon HeTaED TV
EVIOA®V, Ol OTOieC €ival TOGO KOVTIH, MGTE 1 EMKAALYY TOV TPOEPYETOL Omd TN
cOANVOOT Vo aALALEL TN oelpd TPOGPacnS o€ Evay TEAEGTEO.

Ot xivovvor dedopévav umopotv va taivounbodv oe pio amd TIC TPEIS EMOUEVES
KaTNyopieg, avaloyo LE TN GEPA TOV OVOYVOCEMV KOl TOV EYYPAUPDV GTIG EVTOALS.
‘Eotm 611 £rovpe 000 d1000yIKES EVTOAES TIG 1 KO | (TPAOTA TNV 1 KO LETA TNV j).

® RAW (Read After Write — avdyvoon petd amd eyypapn).

v kotnyopio avT €vVIAccovVTol Ot Kivouvol mov cvpfaivouv dtav 1 €VIOAN j
nwpoomabel va dtafdoel Evav myaio TEAECTEO TPOTOV 1) EVIOAN 1 EVIUEPMDOEL TNV TIUN
TOV TEAEGTEOV. XTNV TEPIMTMOON GLTA 1 EVIOAN j TaipVeEL TNV TOALL T OV givol
AdBoG.

®» WAW (Write After Write — yypagn HeTé amd yypopn).

O kivdvvog avtdg epeavifeTor OTav 1 EVIOAN j TPooTabel va YpayeL og £vav TELECTEOD
TPOOPISUOD TPV awTdg evnuepwbel amd v evioAn 1. Amotélecpo ovTNG TNG
Katdotaong elvar vo yivovtar pe AABoC GEPA Ol EYYPOQES, APNVOVTOG OTOV
TPOOPICUO TNV TN TOV YPAPTNKE amd TNV 1 Kot Oyl vt Tov YPAPTNKE amd 1 ],
ommg Ba fTav Kol T0 GOOTO.

® WAR (Write After Read —eyypagr] petd and aviyvoon).

Ot xivévvol avtol mapoatnpovvion O6tav M €VIOA j mpoomabel va yphyel o€ éva
TEAEGTEO TPOOPIGHOV TPV TPOAAPEL M EVIOAN 1 v TOV O10PACEL, LE AMOTELECUA 1)
€VTOM) 1 va aipvel AdBog ™ véa Tiun.

® RAR (Read After Read — avéyvmon petd omd avéyvoon)
O RAR dev glvau kivovvoc.

7
{APAZTHPIOTHTA 2

Mmnopeite vo avoQEépeTe TIG KOTYOPiES oTIS 0moieg TASIVOpOUvVTOL Ol Kivouvol
ocoopévov; Na ovykpivete v amdvinoel] ocog pe v evotnro: «Tagvopnon
KIVOUOV@V dE00pEVOVY.
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Apyrtextovikn Yroroyiotmv 11

= EAL0)OTOTOLOVTOG KaOvoTtepoELS AOY®
KIVOUV@V 0E00HEVOV nEGO TPomOnong

Mio teyvikn TOL VAIKOV, HE TNV OTOl0l UTOPOVUE VO AVGOVUE TO TPOPANUQ, TOL
GUVOVTNGOLE GTO TPONYOVLEVO TOPASELY L, EIVAL 1] TEYVIKT TG TPODONONG.
Emotpépoviag oto oynuoa 1.4.1 kot ot por| €VIOADV 0LTOV, WTOPOVUE Vo
eEnynoovpe Vv TEYVIKN G TpomOnone. Boaocileton omv moapatipnon, Ot TO
amotéleopa pmopel va petaeepbel amd to onueio mov n ADD 10 mopdyet, onAadm
otV €000 g ALU, oto onueio mov 1 evtod; SUB 10 yperaletor, onrladn otovg
povtodmtég €1600ov g ALU, tOéTE UMOpOVUE VO ATOPVYOVHE TNV OVAYKN Yol
kaBvotépnon.

Avoivtikotepa 1 TpomOnon Aettovpyel wg e€NG:

® To anotélecpa g ALU avatpo@odoteitol mévto 6Toug HavTalomTic £16080V TG
ALU.

®  Av 10 KOKAOUO TPo®ONGCNG aviyvedseL OTL 1| Tponyovuevn eviodn T ALU éyst
OWG  KATOYOPNT TPOOPIGHOV, €KEIVOV O OmOi0g aviloToyEel otov  mnyoio
Kataympnt) g tpEYovcas Asttovpyiag g ALU, o Aoywkdc €éreyyog emhéyel 1o
npowdnuévo amotéreopa ¢ eicodo g ALU, avti g tyung mov dwafdleton amd
TO apyElo KaTaYOPNTOV.

Y10 oynuo 1.4.2 mopovcidlovpe to mponyovuevo mopdostypa tov oynuatog 1.4.1,
YPNOCLOTOUDVTAG TNV TEYVIKY TS mpodBdnong. Topa mn axolovbio TV gvioAdv
umopel va ektedeotel yopic kabvotepnoels.
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Kepdrowo 1/ Evomra 4

v

Xpdvog og KOKLOVS poroylol

CC1 ccz CC3 Ccc4 CCs CCB

ADD R1,R2 R3| IM

SUB R4, R1, RS

Zepd EKTELEOTG EVIOADV

AND RB, R1, R7

OR R8, R1, RS

XORR10, R1, R11

Yympo 1.4.2 - Mo opdoo evTor®@v mov eEapTtdvVTal 0md T0 amotélecspo TG evioig ADD
APNOLUOTOOVY TNV TEYVIKN TG TPODONGNS Y10 VA OTOPVYOVV TOV KIVOUVO OEG0REVOV.
O1 gicodot yuo 11c eviorés SUB ka1 AND mpowBolvtar amd Toug KotoywpnTtés COANvVOong
EX/MEM kot MEM/WB avtictolya, otnv mpotn gicodo g ALU. H gvtodn OR Aappdvet
TO QWOTEAEGLO TNG UE TTPODONOT pésa amd T0 apyEio KaToy®PNTOV. AVTO TPAYLOTOTTOIEITOL
LE TNV €YYPUOT] TOV KATOXOPNTOV GTO TPAOTO HIGO TOL KUKAOL POAOYIOV KOl e avayvmon
TOV KATOYOPNTOV 6TO OEDTEPO UIGO TOV KOKAOL poA0Y100, OT®S OEiyvOuV Ol OIOKEKOLEVEC
YPOUUEG OTOVG KOTOXOPNTES. ZNUEIDCTE OTL TO TPOWONUEVO amoTéAecpa Umopel va, mhel 6€
omoladnmote gicodo g ALU. v mpaypotikodtta, kot ot dvo gicodot g ALU pmopovv
VoL YPNCLOTO0VV TPoBnUéves £10600VG gite 0md TOV 1010 KATa®PNTH COANVOONG, £ite 0md
SLOPOPETIKOVG KATUYWOPNTEG COMV®ONS. AvTd 0o cuvEBatve Yo TOPASEIYUa, OV 1) EVTOAN
ADD nftav ADD R6, R1, R4.
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Apyrtextovikn Yroroyiotmv 11

IHAPAAEITMA

‘Eoto 10 Tapakdto Tuqpe Kdoko okoAovdiog eviolmv:

ADD RI,R2,R3
LW R4,0(RI)
SW 12(R1),R4

Meletdvtag v mapoamdve akolovBio evioAdv PAémoope 6t1 n eviody LW
e€aptatar and v evtoAr] ADD e&attiog tov kataywpnt R1 1o 1610 k1 1 eviod SW.
Emiong BAémovpe 0t1 1 evioAn SW eEaptdton amd v LW Adym tov kataympnt) R4.
210 oynuo 1.4.3 amewcoviCetor 0 TPOMOC Le TOV OMOi0 AELTOVPYElL M TEYVIKY TNG
TPOOONONG TAVHD 5T GLYKEKPIUEVT 0KOAOVOi0 EVIOADY.

L
{APAZTHPIOTHTA 3

Mmopeite vo oyed1d6eTE TO GYNNO. TOV OMEKOVICEL TOV TPOTO pE TOV O7MOi0
Agrtovpyel N TEYVIKN TS TPoOONoG, KoTd TNV eKTéEAEON TG 0KOLOVOLNS EVTOLOV
TOV TPONYOVUEVOV TAPOOEIYNATOS; NO GUYKPIVETE TO GO TOV CYEOLAOUTE PUE TO
oympo mov akoiovdel (oynpa 1.4.3).

(Ynooeitn: INa ™ oyediaon tov oyfqportog vo. facioteite oto oynpa 1.4.2. Kaio 0a
NTOV VO HEAETOVGATE TO CUYKEKPLUEVO GO GAAN PL0 QOPA DOTE VO KATOVONOTE
KOAOTEPO TNV TEYVIKY TNS TPpo®ONnonc.)
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Kepdrowo 1/ Evomra 4

v

Xpdvog o KOKAOLS pOAOYLOD

CC1

ADD R1,R2 R23 M

LW R4, 0(R1)

SW 12(R1), R4

<4—— Ye1pd exTéAEoNg EVIOADY

Yyqpoe 1.4.3 - H evtol amoBnkevong amottel £vav TEAEGTEO KOTA TN OAPKELD TOL GTOOIOV
MEM, xor 1 mwpodbnon ovtod tov TEAEcTEéOL oOmewkoviletar og avtd 10 oyfuoe. To
OTOTEAEGHO TNG EVIOANG QPOpToNG Tpowbeital amd v €€0d0 ¢ uUvAung Héca oToV
katayopnm MEM/WB, oty gicodo ¢ pviung yia va, anodnkevbei. Eniong, n é£odog tng
ALU mpowbeitar oty eicodo g ALU yia tov vmoloyiopd g 61evbuveng tng eVIOANg
QOPTOONG OAAG Kot TG EVIOANG amodnkevonc. Av 1 evtoAn amobrkevong eEaptiotay  amod
plo apéomg  mponyobuevn Aertovpyio g ALU, tote 10 amotéiecpo Oa ypewaldtov va
mpowbnbei yio vo amotpomei pia kabvotépnon.

1
iAPAZTHPIOTHTA 4

Eotom to ak6iov00 Tufpo KOOka akoAov0iog EVToA®V:

SUB R2, R1, R3
AND RI12, R2, RS
OR RI13, R6, R2
ADD RI14, R2, R2
SW 100(R2), RIS

K01 VO TPOTEIVETE TPOTO AVTIHETATLONG GVTOV TMV KIVOUVOV.

No Tpooo10piceTe TIC EVTOLES OTIS OTTOIES PUTOPEL VO TPOKVYEL KIVOVVOS OEO0UEVOV
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Apyrtextovikn Yroroyiotmv 11

.
ﬁAHANTHEH APAXTHPIOTHTAZX 4

Apykd Kavovpe £vo GYNRO ME TIS EVTOAES KOL TOVG KUKAOVS Pporoylov mov Oa
EKTEAOVVTAV OV OEV VTN PYE TEPITTMOT KIVOUVOL.

Zpdhog o 4ikchong poAoot -

L CCR L CGa CCE Lo ooT ool

5
¥

SUB |77~ %

AND il N s

Nt/

(==
N

OR uan [ g >3 Ii?"hu

ADD oo [ e

Y1ov 4° KOKLO poioylov To KUKA®PO Tpo®dneng emiéysel, yia Ty eviod] AND,
™mv T omé Tov Katayopnty comvoons EX/MEM avti tqy Tipf amd tov
ID/EX kol tnv pomBei oty ndve gicodo tng ALU. 'Etol maipverl ) st Tium
Tov Katayopnty R2, dniad] eskeivy mov apoékvye and v evror] SUB. Ztov 4°
KUKAO poroyrov, 1 Tyu] tov Katoyopntq R2, and tov katoyopnty coilvoong
EX/MEM éye peta@ep0si otov katayopnt) comvoons MEM/WB.

Ytov 5° kOkho poloylod 10 KOKA®Opo mpodOnong cmiréyst v T TOL
katoyopnt] R2 ané tov katayopnt coMmjvoons MEM/WB, kat v npow0si
otV KAT® £icodo ™g ALU v tqv evroi] OR. H gvroiy ADD dwfaler tov
katoyopnt] R2, o omoiog civar 0 kataywpntic mpoopiopov tg evroiis SUB,
670 dg0TEPO GO TOV 5° KHKALOV poroylov, ordte Ki 1) SUB, 6710 6tdd10 WB, &)1
YpoyeL To omotélecpa 1061 Omd TO TPAOTO HIOO TOV KUKAOL ©TO0 apyEio
Katayopntodv. H gvtod SW dwpaler tnv Tipn tov R2 kavovikd amé to apyeio

KATOOpNTAV 670V 6°KOKA0 poroyLov.

N/
L
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Kepdrowo 1/ Evomra 4

AVOAKEQ@AAAIWVOVTAC AOITTOV ...

¥
i
a ’ , . 7 , Je . ’.
\&z"Evag Kivouvog 0£00pEveVY TPOKITTTEL 6TAY VITApyEL EEapTon neTad TOV EVTOL®OV, oL
omoieg €ival T060 KOVTd, OOTE 1] EMKAAVYI] TOV TPOEPYETAL OO T1] COIMVOGT Vo, GALALEL
T o£1pa npocPaong o€ Evay TELESTEO.
L

[ A

ﬁﬁmeicaps TOVG KIVOUVOUG O0E00NEVEOV 6E Kivouvoug RAW, kivodvoug WAW ko
Kwvdvvoug WAR.

5

ﬁﬁo RAW xivovvog avtipetomileTar pe v TEYVIKI] TS TPODON OGNS, COLPOVAE PE TNV
07t0i0. TO OMOTEAEGUO OGS AELTOVPYIKNG HOVAdOG, TpomBeital otnv £ic0do pog dAAnG.
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