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Evotyta 4": Mixporpoypouuatilouevy Movado EAéyyov.

YKOTOG O okomdg TS EVOTNTOS OVTIG €ivol VO TOPOVGLAGEL T1] OOUN TNG
MIKPOTPOYPOURNATICONEVIS HOVASOS ELEYYOV KL TOV TPOTO PE TOV
07T0i0  OpMOOOTOLOVVTOL TO ONUOTO  €AEYYOL. XT1] OLVEXELD
TOPOVGLALETOL 1] HOPPN TNG MIKPOTPOYPOUNATICONEVIS NOVADIUG
eréyyov otovg vmoroywotés DLX ko MIPS. Emiong, yivetran
OVTIOTOLl0 TNG KOA®MOLMUEVIIG KOl MIKPOTPOYPORpaTCopevng
povéadac gréyyov tov DLX. Xt cvvéyewa vroroyiletanr n emidoon
gvog vworoyrotn] DLX, ka0®dg kor 0 Tpémog Yo va. avéfjeovpe v
emidoon OUTH KoL VO EANTTAOOCOLHE TO KOOGTOG TG
MIKPOTPOYPOUUROATICONEVIS HOVAIAS EAEYYOV.

IIpocdokopeva Otav 0o &yste peletiost T evétnTO, O sicTe o€ 0éon va:
Amoteléopata,

o, F

*’Jmt AVOQEPETE T KOPLOL YOUPUKTIPLGTIKG, ™mc
MKPOTTPOYPOURUTILONEVNC HOVAOUC EAEYYOV,

3,

B _ra

i t ONUOOTOLEITE TO CNUATO EAEYYOV,

Ao A

¥ J:!?L'w r I r r r
*)'31:-4‘"' Saﬂ’Y ELTE TOV TPOTO ue TOV 07TolL0 61] HRLOVPYELTAL EVU
MKPOTPOYPO UG,

o, F

Sl 'tnspwpa(psrs TNV MKPOTPOYPOUNUTILONEV] NOVAdd EAEYYOV TOV
vroloyieti) DLX kot tov vroroyioty MIPS,

3

B _ra

i tGDG’XETlCS‘tS TNV KOA®MOLOUEV] KOl TN UKPOTPOYPOUNUTILONEYN
uovaﬁa gléyyov Tov DLX,
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Apyrtextovikn Yroloyiotov I

-, A
41::’:’2-3-"”'*)1)110107&818 TNV £TIO06N TNS IMKPOTPOYPOUNATILONEVNC HOVADOC
grAéyyov Tov DLX Kol vo TpoTEiveTe TPOTOLS Yo TN PBeitiovon tne smidoonc
aVTI)

B>

Wm@“ﬂ%@ﬂ Miwkponpoypappatilopevy povada  gréyyov, opadomoinon
ONUATOV EALEYYOV, LIKPOTTPOYPOLNA, HIKPOEVTOIN
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&

= Ewooaymyn otn (kpompoypoppnatiCOHeEvVn povaoa
gLEYYOV

H Boaoum 10éa yio tnv vAomoinom g UIKPOTPOYPUUUATICONEVNG HOVAOAG EAEYYOV
elvar m petatpomn ™G HoOvAdag €AEyyOL GE évav VLTOAOYISTH - [Kkpoypaeia. Ot
HIKpoeVTOAES KaBopilovv Ta ofjpato EAEYXOL OV GTEAVOVTOL GTN J10d0 dEdOUEVDV
Kot amoeacilovv v emdpevn mpog ektéheon evioAn. Omwg dnAdver 1o Ovoua
"LKPOTPOYPAUUATIGHOS", amd TN OTIYU TOL £0VV GYeONOTEL 1] 61000¢ dedoUEvaV
TOV EMEEEPYACTN KOL 1) LVIUN YOl TIG MKPOEVTOAEG, O AEYYOG YIVETOL OVGLOCTIKA £val
£PYO TPOYPOUUATIGHOD.

To wkpompoypbupato amoteAodvtal omd WKPOEVIOAES. YmobBétovtag OtL ot
HUIKPOEVTOAES B ekTEAOVVTOL OEPLOKA Omd OlodoYIKES O1ELVBVVOELG TG UVIAUNG
UIKPOTPOYPOUUATICHOY (KoAgiton emiong Kot uviun €Aéyyov), &ivor @uokd va
ypnoonomdei évag amapOunmg pkponpoypappatog (LWPC) mov Ba moapakorovdel
T1¢ dtevBuvoelg avtég. O PPC Ba avédavetal kotd £va, dote vo avakAnOel n enduevn
pikpoeviolny. Emedn] «éBe evtoAn vmoAoyiotr| ektedeiton omd €va avtioToryo
UIKPOTPOYPOLLLILDL, TTPETEL VO TPOGOIOPLOTEL pio apyikn d1evBvvon yio v vropovtiva,
0E OCLVAPTNGCT HE TO TEPLEYOUEVO TOL Kotaywpnty| evtoAdv. H duvvatdtmra yo
OLKAGO®ON HECOH, GTO UIKPOTPOYPOLLO TOPEYETOL OO i YEVVITPLOL dlevbuvoemy
dtkAddmwong, n omoia mapyel TV akorovdia avéncemv mov extedei o pPC.

4
g{APAZTHPIOTHTA 1

No ntpocoopicete T0 pOLO TOV PIKPOEVTOLDOV GE £VO IKPOTPOYPUPND, KAODOS KoL
TOV TPOTTO PE TOV OTOI0 EMAEYETOL 1] ELOUEVY] EVTOM] TTOV TPOKEITOL VU EKTELEGTEL.
Na cvykpivete TNV amdvTGI] GOC PE TNV TPONYOVUEVY TAPAYPAPO.

210 mopokdTe® oyfua epeovifetor n OoUN NG WKPOTPOYPOUUUATICOUEVIS LOVAOAG
eLEYYOVL.
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Koz oy apmrnig
Evtoddy

Yynqpo 3.4.1 - Aopij povades pikpompoypoppatiiopevon ghéyyov. Xe avtibeon pe 1o
oynua 3.3.2, 610 oYU 0VTO VIAPYEL £V KOKA®UA EMTAOYNG 01000VeEDV Kal Eva KOKAMULO
vy v avénon tov PPC, ta onoio vwoioyilovv ™ devBuvven TG EMOUEVNG IKPOEVTOANC.
Yrdpyovv 600 tpdmOL Yo TNV EMAOYN TNG EMOUEVNG HIKPOEVTOANG: ¥pNion Tov UPC, dmmg
Qaivetal 6To oYNuUa, N N kGO evTOANg va TTeplEyel T d1evBuven Tng EMOUEVNC LKPOEVTOANG.
H ppompoypappotilopevn pviun pepwkés @opéc tnv ovopdloope ROM, emedn ot
MEPLGGATEPOL GUYYPOVOL LIOAOYIGTEG ¥pNoilponoovy ) ROM vy T KOTOOTACELS TNG
HOVAdaG EAEYYOV.
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= Opnoadomoinomn onNudTOV EAEYYOV

Amo T oTiyun] mov TO0 LAIKO TOL VTOAOYIoTH OV emmpedletal amd To TAS £ivor
OLLOOOTOMUEVES Ol YPOUUEG EAEYXOL GE il LMKPOEVTOAT], Ol YPOUUEG EAEYYOVL TOV
eMTENOVV TOpamANCleG  Aettovpyieg TomoBetobvror OimAo  yio €ukoAio. otV
Katavonon. Ot opddes oxeTllOUEVOV YPAUU®OVY EAEYYXOV KAAOVVTOL TTEDIL.

[Moapokdtw mapovcidleton  €va  mapAdslypo  HIKPOEVTOANS pe 8 medios

Destination ALU Sourcel | Source2 @ Constant | Misc | Cond | Jump
operation Address

Yympo 3.4.2 - Opadomompéve efpata ehéyyov. Ta Destination, ALU operation, Sourcel,
Source2, Constant, Misc, Cond, Jump Address amotelobv Ta medio TG LIKPOEVTOATC.

< Mepucol vToAoyloTéG aplepdvovy éva medio o KAOE HIKPOEVTOAN Yo TN
oevBvvon G emMOUEVNG UIKPOEVIOANG, OVIL Vo YPNOOTOoVV €va  UETPNTH
UIKPOTPOYPELUATOS Y10l VO TOPEYEL TNV ETOUEVT] UIKPOEVTOAN].

Hapadsryno

Y10 000 TMOPOKATO® oyfpote mapovoidlerar M Swo@opd peTaly  TOV
MUKPOEVTOLADV 7TOV YPNGLUOTOOVY [T ONAIOTOUUEVE CNUATO EAEYYOV KOl TOV
MIKPOEVTOLAV NE ORAdOTOMPEVE ofjpaTa EAEYY0V Tov Tpoopilovran Yo Tnv ALU
NG 01000V OEOOUEVOV.

Mn opodoToOMUEVE GNUOTO ELEYYOV

ASAOXSSSSISP p Tum
Destination D/UN R OLRLR U S?SS Sgss Sourcel Source2 |Constant Misc Cond Au d dp
DBD " RLILL AL, ress

10000000000 0

Yynpa 3.4.3 - My opodomompéva ejpata gréyyov. Ta ofpota avtd kabopilovv Tt Tpdén
0o exterécel 1 ALU, mov 610 cuykekpiuévo mapddetypo givar po mpdén mpdcheong. Ot
apOUNTIKEG Kot AoYIKEG EVTOAEC mapovstdlovTatl 6to Zynua 3.4.7 TG ENOUEVNG VTTOEVOTNTOC.
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Apyrtextovikn Yroloyiotov I

Onwg mapoatmpovpe, to bit mov avtictoryel omv evioAn ADD sivan 1, evd ta
vrorowma givarl 0 (avtd givor puokd apov 1 ALU umopel va ektedécel povo o o'
avTéS TG eVTOAEG). To ofua eAéyyov oTéAVETAL 6T 31000 OEOOUEVMV KOl EVEPYOTOLEL
mv Tpdén g tpodcbeong oty ALU.

Opodomompévae enpatae erEyy0v

Ot ap1Buntikég ko Aoyikég eviodés eivar 12, étol to 2° medio Tng HIKPOEVTOANG TOL
oyfpatog 3.4.2 Bo oamoteleiton amd 4 bits (apod 2*=16, emopévec pmopovv vo
kwduomomBovv péypt 16 evioréc). 'Etol o evrodn npdcsbeong (ADD) umopet va
kwowkomomBel pe ta bits: 0000, eved o evtoAn agaipeong (SUB) pmopei va
kwduomon et pe ta bits: 0001 x.0.k.

‘Etol av 1 pukpoevtodn €l TNV TOpOKATO LOPPT, TO CNUA EAEYYOL TOL GTEAVETOL
o1 6i0d0 dedopévav evepyomnotel Tnv Tpdén g agaipeong otv ALU.

Destination 0001 Sourcel Source2 Constant Misc Cond Jump Address

Yympa 3.4.4 - Opodomompéva onpato eréyyov. Ta onpota ovtd kabopilovv Tt Tpaén Ha
extehéoel 1 ALU, mov oto ocuvykekpuuévo mopaderypa givar o wpdaén oeaipeong. Ot
oplOunTIKéG KAl AoyikéC evtoAég mapovcidlovior oto XZynua 3.4.7 g emOuEVNg
VIoevVOTNTAC. *

{APAZTHPIOTHTA 2

Mmnopeite vo. eEnynoete 10 AOY0 Y0 TOV 000 OPLAOOTOLOVVTOL TO. CTIULATO EAEYYOV;
T k6070 VUAPYEL OO TNV OpAdOTOIN O CVTN;

{AHANTHEH APAXTHPIOTHTAX 2
Me v opadomoinen TV onNpdtOv €AEY0V TETVYOIVOVNE pEi®OGN TOV pEYEOOVG
NG MIKPOEVTOM|S QVEAVOVTUS ORMS TNV TOAVTAOKOTNTA TG UTOKMIIKOTOINoNG
TOV TEOLOV TNC.
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= MiKpOmPOYPUURATICONEVY] HOVAOD EAEYYOVL TOV
DLX.

[Ipwv Eextvnoovpe e TOV HUKPOTPOYPAUUATIONO Ba mpémel va kabopicovpe amd Tt
pumopel vo amoteAovvion to. medio pag pkpoevtoAng. To mpdto Prpa eivor va
onuovpynBet woe Alota pe T mOOVEG €16000VG. XTO TOPOKAT®O  CYNUATO
napovotaletar 1 Alota avtn, 1M omoia TEPIAAUPAVEL TOV TEAEGTEO TPOOPIGUOV
(Destination), tov mnyaio tehectéol (Sourcel), tov mnyaio tedeotéo2 (Source2), to
nedio mov kabopiler Tt mpdén xdver 1 ALU, 1o medio misc kot 1o medio cond.

Destination

(None)
C

Temp
PC
[IAR
MAR

MDR

Yyqpa 3.4.5 - Ztov mivoka avtd mopovcsidlovtal ot mhovol TeEAESTEOL TPOOPIGHOD
poGg pukpoevtoAng (to medio Destination tng HkpogvioAng tov oynuotog 3.4.2).

Sourcel/Source2

A/B
Temp
PC
[IAR
MAR
MDR
IR(16-bit imm)
IR(26-bit imm)

Constant
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Apyrtextovikn Yroloyiotov I

Yo 3.4.6 - Ztov mivako ovtd mapovotdloviar ot mibavoi mnyciot TEAESTEOL LIOG
pikpoeviodng (ta medio Sourcel kot Source2 tng pkpoevtoAng tov oynuotog 3.4.2). To
IR(16-bit imm) kot to IR(26-bit imm) onpaivovy 411 0 myaiog teleotéog etvar po 16-bit i
pia 26-bit avrictoyo angvbeiog tiwn. To Constant onuaivel 6Tt 0 Tnyaiog TEAecTEOG EIvVOL piaL
otabepd, otnv mepinTmon avt 610 medio C Tng KPOEVTOANG VITAPYEL 1| TIUN TNG GTUOEPAC.

ALU

ADD
SUB

RSUB

(reverse subtract)

AND
OR
XOR
SLL
SRL
SRA
Pass S1

Pass S2

Yympo 3.4.7 - Ztov mivaka avtd mapovotdletor o medio ALU g pKpogVIOAnS Tov
oynuatog 3.4.2. Xe ovtd 1o medio eaiveror T mpdén Oa kaver 1 ALU. H mpdén RSUB
onuaivel avtioTpopn aeaipeon, oniadt avti yio v aeaipeon A-B kdvel v apaipeon B-A.
To Pass S1 kot Pass S2 dnidvovv 61t 1 ALU 8o apioel va mepdoovyv To dedoUEVA TOV
épyovtal amd v aptmpio S1 kot S2 avtiotoyyo yopig va ektedécel kKopia Tpaén 6" ovTd.

Misc
Instr Read IR« M[PC]
Data Read MDR <« M[MAR]
Write M[MAR] < MDR
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Kepdrawo 3 / Evomra 4

AB<« RF Load A&B from
Reg. File

Rd« C Write Rd

R31«C Write R31

Yympo 3.4.8 - Xtov mivake ovtd mapovoidletor to medio Misc NG HIKPOEVTIOAAG TOL
oynuatog 3.4.2. Xta aplotepd LILAPYEL 0 GVUPOAMGUOG TOL YPNCLUOTOLEITOL TNV UIKPOEVTOAN
Kot ot o€l vapyel n €fynon tov cupPoricuov. To Instr Read onuaiver 611 1 gvioln
dwfaletan amd ™ pvAun. To Data Read onpaivel 6Tt kataywpobvtot To SESOUEVA TOV £YOVV
dwPaotel and ™ pviun otov MDR (Load). To Write onuaivel 6Tt omofnkevetot otn pviun
0 Ogdopévo mov Mrtav kotoyopnuévo otov MDR (Store). To AB<«RF onuaiver 6t
Sapdalovtar ol KataywpnTég omd T0 apyEio KOTOYMPNTOV.

Cond
- Inyorve otnv
ETOUEVI] UIKPOVTOAN
Uncond Tlavta petannonon
Int? Eleyyog yia draxonn
Zero? Eivou n éCodog ¢
ALU unoév;
Mem? Exet oloxAnpwbel n
poafaon oty uvnun;
Negative? Eivair n é¢ooog tne ALU
OPVNTIKY;
Load? Etvou puxpoevioin
PopTOONG,
Decodel O mivakac

orevfovvoewv 1 kobopiler
TNV ELOUEVH] UIKPOEVTOAN

Decode2 O mivokag
orevbvvaewv 2 kabopile
TNV EMOUEVN] LIKPOEVTOAT]

Decode3 O mivakog

orevBovoewv 3 kobopilel
TNV EMOUEVT] LIKPOEVTOAN
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Apyrtextovikn Yroloyiotov I

Yympo 3.4.9 - Ttov mivako ovtd moapovoldletar to medio cond NG HIKPOEVTIOAAG TOV
oynuatog 3.4.2. Xta aplotepd VILAPYEL 0 GVUPBOAGUOG TOV YPNCLUOTOLEITOL TNV UIKPOEVTOAN
Kot ota 0e&ld vapyel  e&nynon tov cuuPoilopov. Av dev vdpyel Tinota 6To Tedio cond
T0Te ektEleiton M emopevn katd oegpd pikpoeviol). To Uncond onpaiver O6tt n emdpevn
pikpogvtodn Oa gival ekeivn mov kabopiletor oto wedio Jump label. Ta Decodel, Decode2,
Decode3 dnAcdvovv 0tTL 1 emdpevn pikpoevtodn kabopiletar amd tovg mivakeg digvfdvoemy
1,2 ko 3 avtictotyo. Ot mivakeg ovtoi Tapovclalovrol TapaKaTo.

Kodwkog Aertovpyiog evrorg ’
(cvpporkn avorapaotacny) Awevbvvon Label

Memory 5 Mem:
Move to special 20 MovI2S:
Move from special 21 MovS2I:
S2=B 23 Reg:
S2=Immediate 24 Imm:
Branch equal zero 50 Beq:
Branch not equal zero 52 Bne:
Jump 54 Jump:
Jump register 55 JReg:
Jump and link 56 JAL:
Jump and link register 58 JALR:
Trap 60 Trap:

IMivakag AwevBdveemv 1 - O mivakog avtdg kabopiler mowo Bo givor M emduevn
UIKPOEVTOA OVAAOYO HE TOV KMOKO Agltovpylog TG €VIOANG. XTIV OploTePn OTHAN
ToPoLCIGleTol 0 K®OKOG Aettovpyiog TG €VIOMC, 0T MHeEcaio oTiAn M devbuvon g
UIKPOEVTOANG oV 0o ekTEAESTEL AVALOYA UE TOV KMOIKO AEITOLPYIOG TNG EVTIOANG KOl GTN
de18 otAn Ppioketan o tithog (label) tng pukpoevtoing mov Ba extedeotel. 'Etol av ya
TOPAOELYLO. O KMOKOG AEITOLPYING TNG EVTOANC ONAGMVEL OTL 1 EVTOAN &lval [oL EVIOAN
petamnonong (Jump) tote n enduevn pikpoevtodn Ppicketal ot digvOvvon 54 kot €yel Titho
(label) Jump: .
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Kmwowkdég rerrovpyiog evrorg

(ovpporkn avomapdotact))

Load byte

Load byte unsigned
Load half

Load half unsigned
Load word

ADD

SUB

AND

OR

XOR

SLL

SRL

SRA

LHI

Set equal

Set not equal

Set less than

Set greater than or equal
Set greater than

Set less than or equal

IMivakog Alev@ivoemv 2 ko 3 - O wivaxag avtdg kabopilel mowa Ba givor n enduevn
UIKPOEVIOAN aVAAOYQ, UE TOV KMOWKO Aeltovpylog Tng €VIOANG. TNV aplotepn GTNAN
TOPOLCIALETOL 0 KOOGS Aettovpyiog TNG €VIOANG, 0T MHeEcaio oTHAn M devbuvon g
UIKPOEVTOANG oL Ba ekTeAeoTEl AVALOYA LE TOV KMOIKO AEITOLPYIOG TNG EVTOANG KOl GTN
de&1d omAn PBploketar o tithog (label) g pikpoevtong mov Oa ektereotel. ‘Etol av yu
TOPASELYHO. 0 KWOOIKOC AELTOVPYIOG TNG EVTOANG ONAMVEL OTL 1) EVTIOAY €ival pio €VTOAN
npocbeong (ADD) 1ote 1 emdpevn pkpoevtoAn Ppioketol ot dievbovvon 25 kot €xel TitAo

(label) ADD/I: .
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11
13
15
17
19
25
26
27
28
29
30
31
32
33
35
37
39
41
43
45

Awev0vvon | Label

LB:
LBU:
LH:
LHU:
LW:
ADD/I:
SUB/I:
AND/I:
OR/I:
XOR/I:
SLL/I:
SRL/I:
SRA/I:
LHI:
SEQ/I:
SNE/:
SLT/:
SGE/:
SGT/I:
SLE/I:



Loc

Apyrtextovikn Yroloyiotov I

"-'-Avrw‘cmxia KOAOOLOUEVIS Kol
MIKPOTPOYPUUURUTICONEVIS HOVADOS EAEYYOV.

O  wkpompoypoppotilopevog  €Aeyyog  meprlouPdver  évav  amoapBunt
UIKPOTPOYPAULOTOS Y10 VO KaBopicel T d1e0Bvuvor TG ETOUEVNG KPOEVTOANG. 1N
ocuvéxelr Ba dovpe TNV avtiotoyio HETAED SOYPUUUAT®OV  KOTOGTAGE®V TOL
KOA®OIOUEVOL  EAEYXOV KOU TMV WKPOEVIOAMV TOL WKPOTPOYPOUUATILOUEVOL
eléyyov tov DLX. 210 Eymua 3.4.7 vndpyel 10 TPAOTO TUNLO TOV UIKPOTPOYPAULOTOG
OV OVTIOTOLYEL GTO SIAYPULO KATAOTAGEWV TOV Lynpatog 3.3.5 g evotnrag 3 tov
Ke@aAaiov.

Label | Dest ALU | S1  S2 C | Misc Cond Jump | Zyonma
label
Ifetch Interrupt? | Intrpt | 'Edeyyog
Yo
JLOKOTY|
Iloop Instr Mem? [loop | IR«
Read M[PC]
PC ADD | PC Constant | 4 | AB« Decodel
RF
Intrpt: | JAR | Pass | PC Awokomn
S1
PC Pass Constant | 0 Uncond Ifetch | PC« 0
S2 Ko
TNYoLvE
oV
EMOUEVT
EVTOM

Yympo 3.4.10 - H npdtn pkpoeviodn (ue diedbovon 0) petapéper T pony Tov
UIKPOTTPOYPAUIOTOS OTNV UiKpoevToAn ue devbvveon (Loc.) 3, €dv vrdpyet d1aKkomy, aAAIdG
ouvveyilel pe v pkpoevtodn 1. Me v pukpoevtoAn 3 amodnkevetan to mepieyouevo tov PC
(mov Bpioketon oty aptnpia S1) otov IAR (Dest) péoom tg ALU. To medio Misc g
piKpogvtoAng 1 dnimvet 6TL 1 eviodn defaletar amod tn uvnun, to tedio Cond dnimvel 6TL av
N TpocPacn otn puviun dev oAokAnpmbnke o emavoinedei n pikpoevtoin 1 (lloop), aAlimg
0o extedeotel M emdpevn pikpogviodn). 'Etol 1 pikpoeviodn 1 avokoAel puor evioAn amd
pviun kot emoavaloppdvetor av n mpocPacn oty pviun oev €xel ohokAnpwbei. H
pikpoeviodn 2 av&avel tov PC kotd 4 kot goptdvel otovg A ko B tipég and 10 apyeio
katoyopntov. H dievbovon g emduevng eviolng €€optdtor TdpE OO TNV EVIOAN TOL
Bpioketar otov IR. H pikpoeviodq 2 avtiotoyel oty 2" katdotoon Tov Sioypaupotog tov
oynuatog 3.2.5. Xto frjna avtd ot A ko B poptdvovtal pe Typég amod to apyeio Kataywpntov
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(Reg. File), 6nwc dnidvel to medio Misc tng pikpogvtong. Xto ido Prua o PC avédvetan
Kkatd 4. Avtd yivetar og e€ng: o PC mov PBpioketon oty aptnpio S1 kot 1 otabepd (Constant)
4 mov Ppiokerar omv aptnpioe S2 mpocsbétoviar otnv ALU (ADD) kot 10 oamotélecua
kataywpeitor otov PC (Dest). Téhog 1 dtevBvuven ¢ emdUeVNG UIKPOEVTOANG AaufaveTal
and tov mivaka dtevbuveemv 1 (Decodel), kot e€aptdton amd Tov K@dKO AgIToLpYiNg TNG
gvtoAng mov Ppioketar otov IR. 'Etol av yio mopddetypa £ovpe po eVIOA LETAMHONOTS
(Jump) 161€ oVUEOVa pe Tov TTivaka devBivoewv 1 1 drevBuvon g EXOUEVIC LUKPOEVTOANG
glvan 54 kou éxer titho (label) "Jump:" .

‘H WIKPOTPOYPUURUTICOUEV] HOVAOD EAEYYOV
Yo oplOuNTIKES KoL AOYIKES EVTOAEG

Ot apBunticég ko Aoywég eviorés Pplokovrar oto Zynupa 3.4.11. Ot 6vo mpmdTeg
UIKPOEVIOAES  OVTIOTOLYOUV  OTIS KOTOOTACELS 7oL  Ppiokoviol otV Kopuoem
oV Zynuatog 3.3.6 g evotntag 3.

Onwg @oivetor ot pikpoegviodn 2 tov oyfuotog 3.4.10 g mponyoduevnc
vrogvotntag, M devbuvon g emdpevng pikpoevtoAng Kabopiletor amd tov Ilivaka
AtevBbvoewv 1. 'Etol av n evtodn ivar pia opOuntiky| Kot Aoyikn EVIOAT TPEMEL VoL
katoywpndel otov Temp n Ty tov B 1 ) amevbeiag tiun (av o Kmokdc Aettovpyiog
OMAdvel 0Tt 0 Tnyaiog TeAectéog givart amgvbeiag dedopévo). Onwg PAEmoLE amd TOV
[Tivaka devBhvoewv av 0 Kodkdg Asttovpyiog TG EVIOANG ONAmveL 0Tt 0 TTryaiog
tereoTéog Ppioketor otov Kataywpnt B tote 1 emdpevn pikpoeviodr| £xet d1evb0vvon
23 ko titho (label) "Reg:", evd av o mnyaiog tehectéog sivar amevbeiog dedopévo
TOTE M EMOUEV KPOEVTOAN] €yl dtevBuvon 24 kou titho (label) "Imm:".

Y10 Zynuo 3.4.11 moapovcidleton 1m GEWPA TOV HKPOEVIOA®Y Yoo TNV EKTEAECM

APOUNTIKOV Kot AOYIKAOV EVIOADV UETA TNV amokmotkonoinon (§xovv mponyndei ot
UIKPOEVTOAEG TOL oynuatog 3.4.10):
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Loc.

23

24

25

26

27

28

29

30

31

32

33

34

Label

Reg

Imm

ADD/1
SUB/I
AND/I
OR/I
XOR/T
SLL/T
SRL/I
SRA/I
LHI

Write2

Dest

Temp

Temp

ALU

Pass
S2

Pass
S2

ADD

SUB

AND

OR

XOR

SLL

SRL

SRA

SLL

Apyrtextovikn Yroloyiotov I

S1

Temp

S2

Imm

Temp
Temp
Temp
Temp
Temp
Temp
Temp

Temp

Constant
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Cond

Decode2

Decode3

Uncond

Uncond

Uncond

Uncond

Uncond

Uncond

Uncond

Uncond

Uncond

Uncond

Jump
label

Write2
Write2
Write2
Write2
Write2
Write2
Write2
Write2
Write2

Ifetch

Xyoa

Source2=reg

Source2=imm

ADD
SUB
AND
OR
XOR
SLL
SRL
SRA

LHI

Enraveyypaon
Kot Tyove

oTNV ENOUEVN
EVIOMN
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Xynpa 3.4.11 - Onwg otig 800 TPHOTEG KATOOTACELS TOV oYfpoTog 3.2.6 TG vIogvotNTag 2,
ol LKpoevtorég 23 kot 24 poptwvouv otov Temp évav mnyoio TELECTEO KOL GTN GULVEYELL
SelyvouV GTNV EMOUEVT] LKPOEVTOAT], TTOVL £EAPTATAL OTO TOV KMOKO AEITOVPYING TG EVIOANC.
H puxpogvtorn 23 poptdvel otov Temp 1o mepiexdpevo tov Kotayopnt B, evod 1 evioin 24
poptadvel otov Temp v amevbeiog Ty,  Avtd yiveton g eéng: o mnyaiog telecteds (B 1
Imm) mov Bpioketar oty aptnpia S2 tepvd otov Temp péow e ALU. H ALU dev ektedel
kopio wpaén pe tov teAectéo avtd amhd TovV apnvel va mepdoel (avtd onpaiver o
ovpuporicpdc Pass S2). T va eowcovoundet ydpog ypnoipomoteitor 1 {10, KPOEVTOAN Yol
TEAEGTED TOV €IVOl KATOXWOPNTAG Kot Yo, TEAESTEO ToL givol amevbeiog . H emdpevn
pikpoevtoAn kabopiletar amd tov [ivaxka AtgvBovoemy 2 kat 3 kot e£aptdTot omd Tov KOdIKo
Aertovpyiag g evioAng. ‘Etot av n evtoAn givar pua evtodn tpocteong (ADD) tote suppmva
pe tov Ilivaxa AevBovoemv 2 1 endpevn pukpoevton £yt dievbBovveon 25 kon titho (label)
"ADD/I". O Temp mov Bpioketon otnv apmmpia S2 kot o A mwov Bpioketal otnv aptnpia S1
nepvovv otnv ALU kot yivetan mpdcbeom (ADD). To amotérespo kataympeital otov C 0mmg
eaivetal oto medio Dest tng pikpoeviodne. H emdpevn pukpoevtoAn (yopic kavévo Eleyyo-
Uncond) éyetl titho (label) "Write2" kou d1ev0vvon 34. H pikpoeviodn avt katoywpel to
nepleyopevo tov C otov Rd. H emdupevn pikposviodn éxer titho "Ifetch" ,  dnladn
OVOKOAEITOL 1) ETOLEVN EVIOAN TOV TPOYPELLLLATOG.

JLAPAZTHPIOTHTA 3
Na g€nynoete 10V TPOTO PE TOV OTTOL0 EKTEAOVVTUL OL EVTOAES OTO TUPUKATM TUNHA PIKPOKMOIKC.
Loc. Label Dest ALU S1 S2 C Misc Cond Jump label
50 Beq: SUB A Constant | 0 0? Branch

51 Uncond Ifetch

52 Bne: SUB A Const 0 0? Branch

53 Branch: | PC ADD PC Imml16 Uncond Ifetch

54 Jump: PC ADD PC Imm26 Uncond Ifetch

55 JReg: PC Pass S1 A Uncond Ifetch

56 JAL: C Pass S1 PC

57 PC ADD PC Imm26 R31«- C | Uncond Ifetch

58 JALR: C Pass S1 PC

59 PC Pass S1 A R31«-C | Uncond Ifetch

60 Trap: IAR Pass S1 PC

61 PC Pass S2 Imm26

]
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.
{AHANTHZH APAXTHPIOTHTAX 3

To TP TOV PIKPOKAIIKA AVTIOTOLYEL OTIS EVTOAES drakAadmong (Branch) ko
petamnonong (Jump) tov DLX:

H pikpogvroin 50 avriotoyyei otnv evroir] Branch equal zero (AwokAadmwon £av
ico pe pnoév). Eav o A gival icog pe pnoév 10te 1 enOpev] pKPoevTo givar i
pkpogvtod] 53 pe titho "Branch:", aAlM®Og n emopuev) MIKPOEVTOAN givar m
pikpogvroin pe titho "Ifetch:". O éheyyog Yo to av o A givan 0 yiveror og g&nc:
ané Tov A mov PpickeTton oty aptnpic S1 apapeitor 1o 0 wov PpiokeTar oty
aptnpia S2. H wpa&n g agaipeong yiverar otnv ALU (SUB). Xdpgwvae pe to
nedio Cond TG PIKPOEVTOM|S OV TO amOTEAEGHO TNG aaipeong givar 0 ToTE N
enOpEVN MIKPOEVTOM] givar M pikpoevtor 53 pe titho "Branch:", alidg n
gmopevn pkpoevtoAn] eivor m S1. H pikpoegvrodq 51 onraver 6Tt 1 endpevn
pkpoevtor] eivanr n  pkpoegviod] pe titho '"Ifetch:". Xdpgoova pe ™
pkpogvtod] 53 mpootiBetor otov PC (mov Ppiokeror otnv aptiypioc S1) n
angvBeiog Typn) imm16 (mwov PpiokeTon otnv aptnpio S2) O6TE Vo vVTOLOYIOTEL O
010Y0¢ TG dwwkrAddmonG. To amotéreopo T TpdoBeong mov yiverar otnv ALU
(ADD) kortaympeiton otov PC (Dest) ko otn ocvvéygero yivetor avakinon g
gvtoMc mov deiyver o PC, a@oV to medio Jump label dniaver 6TL 1 emdpevy
pikpoevtor] eivor 1M pukpogvror] pe titho "Ifetch:" mov kéver avaxinon
gvromc. [lapoporo propovpe va eEnynoovpe kor tnv evroin] Branch if Not Equal
(BNE).

H pikpogvroin] 56 givan pia evroir] Jump And Link. Apyikéd to mepreydpevo tov
PC mov Bpiokerar otnv aptnpia S1 nepvd otov kataywpnty C (Dest) péoo g
ALU. H ALU o¢gv ektehel kapio mpacn oto mepreyopevo tov PC (Pass S1). H
EMONEVY] IKPOEVTOAN givan N pikpoevtor 57. Topa vroroyileTar o 6ToHYX0S TNG
petamyonons. xtov PC (mov Ppioketar otnv aptnypic S1) mpootiBeTton 1
anevOeiog Tipn Imm26 (mov BpiokeTran oty aptnpio S2) OGTE Vo VTOLOYIGTEL 0
ot0y0c. H mpocBeon yiverar otnv ALU (ADD) kot to amotéleopo KaTaympeitor
otov PC (Dest). To medio Misc TG HIKPOEVTOANG ONAMVEL OTL GTOV KATUYOPNTI
R31 katayopeitor n Tipf tov C. H gndpevn pikpoevrorn £xer titho "Ifetch:",
OMA0oN avakoAeitor 1 ETépev) EVTOAI pe d1evBuvvon To 6TOYO TG NETATI|ONGTG.
Mg 610 TpOTO pwopovv va eENynBovv Kot o1 vTéLOVTES PIKPOEVTOAEC.
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‘Eniﬁocq ™mg LIKPOTPOYPUURATICOUEVIS
povaoag eréyyov tov DLX.

Apyikd mpémel vo VTOAOYIGOVUE TOGOVG KOKAOVS pOoAOYloU amoitel kGBe €VIOAN.
OLeg o1 evtorég ektehovv TIg pukpoevtorés 0,1 kot 2 tov oynuartog 3.4.10, o1 omoieg
amortovy 3 KOKAOVG PoAOYoD Yo KAOE €VTOAN] GUV TOLG KUKAOLG KOBLOTEPNONG
(AOYyow pn emrtuydv mpooPdoewv otn pvnun). Ot KOKAOL poAOYIOUD OV ATOUTOVVTOL
Yol TOL VITOAOUTOL PLOTO EKTEAEONG LLOG OPOUNTIKNG 1) AOYIKNG EVTOANG elval 0CEG Kot
0ol KotaoTtdoelg Tov Xynuotog 3.2.6, omiadn tpelg. Ot kdkAOL poAoylov mov
QOITOVVTOL Y10l TO LIWOAOWTO. PriHOTO EKTEAEONG TOV EVIOADV avAAoyo HE TNV
KaTnyopia eVToAng eivat:

Evtoiéc
Kvrlot poloyiod
Stores 4 + xoBvotépnon
Load word 5 + kaBvotépnon
Load byte 1} Load half 6 + kaBvoTtépnon
ALU 3
Set 4
Branch equal zero 2
Branch not equal (taken) 2
Branch not equal (not taken) 1
Jumps 1
Jump and link 2

O kaBvotepnoelg ot evtoréc Store, Load word, Load byte 1 half opeilovion oe
AVETITUYELS TTPOGPACEL ot uvAun. Av kotd péco Opo ypeldletor €vag KOKAOG
POAOYLOV Y100 TIG KOOBLOTEPNOES TOV OQeihovTal 6€ avemTuyelc mpooPdoelg ot
pviun tote 10 CPI mov vroroyileton amd Tov TOTO:

IL
CPT = > (CPI, x _Ii

] Instructio 1 count

etvar 7.68 . To mnAixo Ii/ Instruction_count givat 10 060610 UPAVIONG TG 1 EVIOANS
o€ éva Tpoypappa. [opatnpodpe 61t ivor peyoaAdtepo amd avtd 1oV KOAOIMUEVOD
eréyyov, yiati o EAeyyog Yo dtokomég amontel 6to Eekivnpa évav KOkAo poioylov, ot
(QOPTMOGCELS KO Ol amodnNKeVoeLg eival o apyEC Kot Ol SIUKAAOMGELS TOV OTOLTOVV
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ovykpion pe to 0 givorl o apyég oV MEPITTMOOT TOL €ival S1OKAAOMDOELS TOV dEV
axohlovBovvron (untaken).

.
{APAZTHPIOTHTA 4

No  mpocdwpicere 710V Adyoug 7yw Tovg omoiovg TOo CPI  1ng
MKPOTTPOYPORNOTICONEVS HOVASOS EAEYYOVL gival PEYOADTEPO OO QVTO TNG
KoA@oropévnc.

.

r;EAHANTHZIH APAXTHPIOTHTAX 4
To CPI g pwkpompoypoppatilopevng povaodas €r&yyov sivor peyorvtepo omo
oVTO TNG KOA®MOIOUEVIS. AVTO cupfaivel emeldn] 0 £heyyog YIo OLOKOMES AMALTEL
exiv@vtog évav KOKAO poioyrov. Ov evroAég QOPTMOONG KOL Ol EVTOAEG
amofnkevong givor mo apyés. Emiong, o1 evToréc O10KAAOMONG UTALTOVY GUYKPLON
pe to 0 givol mo apyég oTNV TEPIMTOGN MOV €IVl EVTOAEG OLOKAAIMGNS TOV OEV
akoAovOovvton (untaken).

‘-‘-Méysﬂog HKPoevVTOA®VY To0v DLX

To péyeBog pog oAOKANPOUEVNG LN KOOIKOTOMUEVNG £KOOONG UIKPOEVTOANG TOV
DLX vroloyileton amd tov aplBud tov 660wy tov Zynuatov 3.4.5, 3.4.6, 3.4.7,
3.4.8, 3.4.9 ovuv 10 péyeboc tov mediov otabepdc (Constant) kot tov mediov g
otevBuvong petammonong (Jump address). H peyodvtepn otabepd ivon 24 ko amortet
5 bits yia v K@dikonoinon (ypnoyomoteitar yia npdéelg og byte), kot n peyolvtepn
oevbuvon  elvon 61 ko amoutel 16 (mpoodlopiletor omd 1O GOVOAO TOV
pikpogviohav)bits. To mapoakdto oyfua dsiyvel ta medio TOV KPOEVIOADY Kol TO
mnboc twv bits mov amortobvTal Y TIC VO HOPPEG TMOV  UIKPOEVTOAMDV:
kodwkorompévn  (Encoded), un xwdwomomuévn  (Unencoded). Me v
KOOTKOTOIUEVN LOPPT amonTEITOL O OGS XDPOG amobKeELOTS.
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Dest | ALU | S1 S2 Constant  Misc | Cond  Jump Total

address
Mn 7 11 9 9 5 6 10 6 =63
KOOIKOTOUmuévn bits
Kowdwomompuévny | 3 4 4 4 5 3 4 6 =33

bits
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= MiKpompoyPUURATICONEVT] HOVAOU EAEYYOV TOV
MIPS

Mo va vAomoucovpe T UIKPOTPOYPUUUATILOUEVT LOVADID EAEYYOL TOV VITOAOYIGTH
MIPS, oyedidlovpe £va pikpompdypappa To oroio vAomotel Tig evrtoréc tov MIPS. To
HIKPOTPOYPOppO LT ivar pio GUUPBOAKT ovaTopdcTaoT TG LOVAJOS EAEYYOL Kot
petappaletor omd £vo GAAO TPOHYPAUUO ATd TN LoV EAEYYOV.

H kB¢ pikpoevron amoteleiton amd 8 media. Lto oynua 3.4.12 eaivovror ta medio

TOV EVTOADV Kot 1 Aettovpyia tov kdbe mediov.

‘Ovopo ediov Agurrovpyia tediov

Movdada eréyyov KaBopiler ™ Aewtovpyla g ALU xoatd n dSidpkelo Tov KOKAOL

mg ALU poAoY100.

SRCI1 Koabopilel tov mpdto mnyaio teleotéo g ALU.

SRC2 KoaBopilet 1o devtepo mnyaio telectéo g ALU.

'E€odoc g ALU KoaBopiler tov koataympnt) otov omoio mPOKELTOL VO EYYPOPEL TO
oamotédecua amd tnv ALU.

Mviun KaBopiler v eyypaen 1 v avdyvoon kat tn devbovon g
HvipnG.

Koataywprntig KoaBopiletl Tov Katoympnti Tpoopisrov (Yo ovayveor otn pviun) 1

UVAUNG 1 01evbvvon TV TOV (Yo eyypaen 6T Lviun).

PCWrite control Kabopilel mv eyypagn oto amoapiOunt) apoypdaupatog (PC).

Sequencing KoaBopilel v emdpevn EVTOA] TOV TPOKEITOL VO EKTEAECTEL.

Yympo 3.4.12 — Ta 8 media g pikpoevromc. Ta entd mpota medio eA&yyovv ™ diodo
dedopévav, evd to teAevtaio medio (Sequencing), kabopilel Tov TPOTO pE TOV 0OTMOiO
EMAEYETOAL 1] EMOWEVT] EVTOAN TTOL TPOKELTOL VO EKTEAECTEL.

" O ikpoevtoréc cuviBmg tomofetodvian e ROM 1y PLA, ontdte umopovpe vo.
Bpodpe T devBvvon TV pkpoevtoA®v. XvvnBmg, 1 Oevbuvon g emopEVNS
EVIOM|G €ivan avt mov akolovbel 61N oelpd, pe Tov 1010 akplPdg TpOTO TOL YiveTol
N €mMAOYN TOL APBUOL NG EMOUEVNG KATOAOTOONG OTIG UNYOVEG TEMEPOUCUEVOV
KOTOoTAcEWV. YTapyouv tpelg nEBodot yioo TNV €MAOYN TNG EMOUEVNG EVIOANG OV
TPOKELTOL VO EKTEAECTEL:

P AvEnon g devbuveng e eKTEAODUEVNG EVIOANG, £T0L MOTE Vo KOBOpPLoTel 1
oevbuvon g emduevnc evioAns. Avtd kabopiletor ©TO  HUKPOTPOYPOLLLOL
emAEyovTog TNV T Seq oto medio Sequencing.

P AloKAGO®OT TNG HKPOEVTIOANG £TOL MOTE VO EKTEAEGTEL 1| EMOUEVN EVTOAN TOL
vroAoyloty MIPS. H apyum pkpogvtodn (n omoia Bpioketan oty katdotaon 0),
elvar gvtod] AvaxkAnong kot yivetoar emdoyn g Tung AvakAnon oto medio
Sequencing £161 ®oTe vo KaBoplotel | Asttovpyio TG ovaKAN oM.

P H enoyn g emduevng pkpoeviolng Pociletoar oty €icodo g HOVASOC
eléyyov. H dadikacio coppmva pe tv omoio 1 A0y TG EXOUEVNG EVIOANG
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Baciletar omv elcodo piag povadag ovoudletor amootoln. Ot Aertovpyieg g
OTOGTOANG LAOTOOVVTOL HE TN OMpovpyio evog mivako O omolog meEPLEYEL TIg
O1eLBHVOELS TOV EVIOADY OV TPOKEITOL VO EKTEAESTOVV. H €16080G g povddag
elEéyyov Aertovpyel ¢ €LPETNPO Yoo TOV Tvoka OVTO, O OMOiog Umopel va
viomomBei ce ROM 1 PLA. I'a v vAomoinor evog chvOetov mivoko omosToAng,
ypedlovtar dVO TIVOKES OTOGTOANG, £VOG Y10 TNV OTOGTOAN amtd TNV Katdotoon 1
Kot €vo Y. TNV omooToAn oamd v Koatdotaon 2. H emdpevn pikpogvioin
kaBopiletar amd pio Aettovpyio amoctoAng tomobetmdvtag v Tyun Dispatch 1 6to
eminedo Sequencing.

To oyfua mov akoAovOel TEPLYpAPEL TIG TIHEG TTOV pmopel va £xel KABe medio g
LIKPOEVTOANG, KABMG KoL TNV EMOPACT] TOV SIUPOPETIKMV OVTOV TILOV.

‘Ovopo wediov

Twn ediov

Agrrovpyio Tov TEdiOV

PCWrite control

Movdada eréyyov | Add I'veton TpodcBeon otnv ALU.
™mg ALU Func code Xpnowomotel Tov kmdkd Aettovpyiag TG EVIOANG
ywo va kafopicel T povado eAéyyov tng ALU.
Subt INveton agaipeon otmv ALU.
SRCI1 PC H npd eicodog g ALU givar o PC.
rs H mpdy gicodog e ALU givat o Kotayopntig 1s.
4 H debtepn gicodoc g ALU eivon 1o 4.
SRC2 Extend H devtepn eicodog g ALU eivan 1 é€odog tng
LOVAdOG EMEKTAUCTC TPOGT LLOV.
Extshft H devtepn eicodoc g ALU elvar 1 é€odog g
povadag oAicOnong katd 2.
rt H debtepn eicodoc g ALU givar o katoywpnmg
rt.
"E€od0¢ ¢ Target Ivetow eyypapr g €&odov g ALU otov
ALU KOTOY®OPNTH X10Y0.
rd Iveton  eyypooen g €£6dov g ALU otov
Katoyopn rd.
Avayvoon tov PC | H dievbuvon yia tnv avayvoon e wvnung eivat to
Mviun mepeyoduevo tov PC.
Avéyvoon g H d1e00vvon yio v avdayvoon tng pvnung eivot n
ALU ¢€odog g ALU.
Eyypagn g ALU | H d1ev0vven yio tqv €yypagn g Wvnung givai m
€€0d0¢ tng pvnung.
Koataywpntig IR Ivetor eyypoen tov dedopévov amd T pUvAun,
UVAUNG GTOV KOTOYWPNTH EVIOADV.
Eyypaon rt Ivetow eyypoen tov dedopévov amd T uvhun,
OTOV KOTOY®PNTN It.
Avayvoon rt Ta dedopéva yo TNV Eyypaer NG UVAUNG,
TPOEPYOVTOL OO TOV KUTUYMPNTN It.
ALU Ivetou eyypagn g e£6oov g ALU otov PC.

Target — cond

Av n €£odog Zero tng ALU eivan gvepyomompévn,
tOte  ylvetol €yypoer TOV TEPLEYOUEVAOV TOV
KaToympnt X10)06, 6tov PC.

AghBvvon
UETATNONGONG

Tveton eyypagen ¢ devbvvong petammonong g
evtoAng, otov PC.
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Seq H emouevn pikpoevioln eivar owt) mov akoAovbei
Sequencing SO0 IKAL.
Fetch [IMyowve otV TPOTN HWKPOEVTOAY], £TCL MOTE VO
EEKIVNGEL 1] EMOLEVT EVTOM.
Dispatch i H amoctoAr] ypnowomoiei ™ ROM, 1 omoia
kaBopiletor amd toi (1 1\ 2).

Yympo 3.4.13 - Ov Typuéc mov pumwopovv vo TAPOVV TO TEOIO MLOS MIKPOEVTOMIS KOl 1)
rertovpyia TOV TESIMV, avALoYa PE TNV TIUN TOV £XOUV.

“’An RLOVPYLO TOV HIKPOTPOYPAUNRATOS

o ™ onuovpyio TOL WKPOTPOYPAUUATOS TNG HOVAdAG eAEYYOL, ywpilovpe TIg
EVIOAEG TOL  pIKpompoypdppatog oe emineda. To emimeda ovtd pmopovv va
xPNooTomBovy yio va Kabopicouy Ta TEPIEYOUEVE GTOVG TIVOKEG OTOGTOANG. TO
LIKPOTPOYPOLULLO VITAPYOLY OVO TEPUTTAOCELS OTIS OTOiES TO edio piog EVIOANG pumopel
va givon kevd. Otav to medio o omoio eAEyyel ™ povdoda Asttovpyiag, 1 To TEdio TO
omoilo mpokaAel TV eyypaen g Katdotaong (6nwg to medio Mviung i 1o medio
ALU destination), elvar xevo, 10Te Ta OvTioTOol® ONUATO EAEYYOL O&v &ivon
evepyomompéva. Otav to medio 10 omoio eAEyyel pdvo Tov TOALTAEKTN oV KaBopilet
Vv €i60d0 ¢ povddag Asttovpyiag, (0nwg to medio SRC1), peiver kevo, onuaivet
TG 1 €6000¢G TG AEITOLPYIKNG Hovadag etvat adiapopn (M 1 ££000¢ TOL TOAVTAEKTN
glval adtpopn).

T To ™Y KOADTEPY KATAVONGT TOV IKPOTPOYPELpaTos, Ho to ympicovps og
tunpato To kabéva and ta omoia oyetileTon pe Eva Pria EKTEAEONC TG EVTOANG.

To mpdTO Ppo TG eKTEAEONG TOV EVIOADV &ival M OVAKANGM NG EVIOANG, 1
ATOKMOIKOTTOINGT KOl O VITOAOYICUOG TOL EMOUEVOL TEPLEYOUEVOL TOV OmaplOunTh
TPOYPAUUOTOS, N O OTOY0G OlokAddmong Ttov amoapdunt) mpoypdupatoc. To
Tapomdve Prpo aviotoyel ota 600 TpdTa Prpato ektédeong g evtoAng. Ot dvo
UIKPOEVTOAEG TTOV YpeldlovTon Yio To VO aVTA Pripate amelkovilovTol 6To ToPUKATM

oXTuaL.

MikpoevTOAEG Y10, TO 0V0 TPATA PRATO EKTEAEGTS TOV EVTOADV:

Erninedo Movada SRC1 | SRC2 ALU Mvijpun Kataym- | PCWrite Sequencing
eAEYYOV destination pNTIS control
s ALU pvijpung
Avéixdnon Add PC 4 Avéyvoon IR ALU
tov PC
Add PC Extshft 210%0¢ Dispatch 1
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o mmv mpatny pikpoevror], mn evepyomoinon Tov nediov, kobog Kot To
OTOTEAEGLATA TOVS PAIVOVTOL GTO TOPAKAT® CYT L.

Mgodio Amnotéleopna
Movada eréyyov ALU, SRC1, SRC2 Ymoloyiouédg tov PC + 4
Mviung Ko Kotoywpntng Lvinung AvdaxAnon g eviodg otov IR
PCWrite control H ¢£060¢ g ALU gyypdopetar otov PC
Sequencing [Inyotve TNV ETOUEVT LWKPOEVTOAN

[Mo ™ OgdTepn MIKPOEVTOA, 1 OavAyvoon TV  Kotoyopntov Bo  yivel
XPNOOTOUDVTOG TO TTEdia TOL Katoympnth eviodmv. Ot vwoAomes Agttovpyleg mov
eAEYYovTOL O TN KPOEVTOAY AmEKOVILOVTOL GTO TOPOKAT® Gy

Iedio Amnotéleono,
Movada gréyyov ALU, Amobnfkevon tov mepieyopévov tov PC + sign-extension (IR[15-0]) << 2
SRCI1, SRC2, GTOV KATOYMPNTN XTOYO
ALU destination
Sequencing Xpnon Tov Tivaka 0mostoAng 1 yio tnv exthoyn g 61ievbuveng g

EMOUEVNC IKPOEVTOANIG

Mmnopovpe va Bewpricovpe T Aertovpyio TG OMOGTOANG Gav pio EVTOAN case LE TO
nedio opcode Kot Tov mivaka omocTtoAng 1, yio v emhoyn evog and ta téccepa 10m
eVIOA®V (ava@opd otn pviun, evtoAés tomov R, dwaxAddowon pe cvvOnkn kot
petomonom). To pKpompdYPOLLLL Y1l TIG EVIOAES OVOPOPAS GTY| LVIUN, OmoTEAETTAL
amd TEGGEPLG UIKPOEVTOAES Kol amewkovileTar 610 oyfua mov akoiovbel. H mpotn
evioA] vmoioyiler ™ devbuvon pviung. Ot 000 emdOUEVEG EVTOAEC TNV €VTOAN
QOpTOONG (aVAyvmon TG UvAUNg Kot gyypaen tov katoywpntn). Térog, yw v
eVIoOA] omofnkevong ypeldaletor poOVo piol VIO HETG TOV VLTOAOYICUO 1TNG
dtevbuvong pvnunge.

MikpoevTOAEG Y10, EVTOLEG OVAPOPAS OTT PVIUN):

Erninedo Movada SRC1 SRC2 ALU Mviun | Katraym- | PCWrite Sequencing
eLEYYOV destination pNTIG control
s ALU pvijpng
LWSWI Add 18 Enéxtoon Dispatch 2
LW2 Add rs Eméxroon Avd-
yvoon
mg ALU
Add rs Eméxroon Avd- Eyypaon
yveon TOoL 1t Avaxinon
¢ ALU
SwW2 Add rs Enéxtaon Eyypaon | Avéyvo- Avdaxinon

¢ ALU | ontovrt

322




Apyrtextovikn Yroloyiotov I

Ta wedia yio v tpoOTn pikpogvrort] (LWSWI) kot 10 amotéhespo avtdv 6tav
glvat gvepyomompéva eivat:

Iedio Amnotéleono
Movdada eréyyov ALU, Ymoloyiopdg g d1evbvvong pviunc:
SRC1, SRC2 Kotoyopntig (rs) + sign-extension (IR[15-0])
Sequencing O devtepog Tivakag amoaTtoAng kKabopilel av 1 emOUEVN LIKPOEVTOAN Do
glvoun LW2 11 SW2

H enépevn pikpoevroin ot oepd (LW2) éxer ta axoérovBo media:

Iedio Amnotéleono,
Movada gréyyov ALU, H ¢&060¢ g ALU xoafopilet T devBuvon pviung
SRC1, SRC2
Mviun INvetar avdyvoon g uvnung (n dievbvvon oty omoia Oa yivel avdyvmon
givar n €é£o0dog g ALU)
Sequencing [INyove otV EMOUEVT WKPOEVTOAN

H emoépevn evioil] 0AOKANPOVEL TNV EKTELEOT] TS EVTOANG KOl OTOTELEITOL 0.0

T €&Ng media:

Ilgdio Amotéleona
Movada eréyyov ALU, H é&0d0g ¢ ALU kaBopiler T devbvuvon pvung
SRCI, SRC2
Mviun T'iveton avéyvoon g whiung (n dtevbuven oty onoia Ba yivel avdyvoon
kaBopiletor amd v ££0d0 g ALU) kat €yypapn TOV AmoTEAEGLOTOC GTOV
KOTOy PNt It
Sequencing [IMyove onv pikpogviod] Avakinon

[Mopatnpodpe Tmg Ta Tedio TV dVO UIKPOEVTOADY 1ot TNV VAOTOINGT LG EVTOANG
@OpTOOoNG 0¢ cvyyéoviat. Emopévac pmopovpe va to EVOCOLE GE ol KPOEVTOAN 1M

omoia Ba £xel TV €ENG LopoN:

Eninedo Movéada SRC1 SRC2 ALU Mviun Koatoym- | PCWrite Sequencing
e &YYoV destination pnTg control
e ALU pvijpng
LW2 Add rs Eméxtaon Avayvoon | Eyypaon Avaxinon
mg ALU ToV 1t

TS TIoAEG POpEC YPNOIULOTOLOVHE BEATIGTONOMNGN TOV IKPOKMOSIKO £T61 DOTE
VO LELWGOVE TOV aplOUd TOV UIKPOEVTOADYV. QQGTOGO, LLE VTN TNV OAANYT VTTAPYEL
nepimtwon va avéndbel 10 uNKog tov KOHKAOL PoAOYL0D, APOD 1) TPOCTEANCT) TNG
LUVIUNG KOL 1 EYYPOOT TOL KOTOYM®PNTN TPENEL vaL Yivovtal o€ pio HOVO PIKPOEVTOAN).
Emiong, kd0e pukpoevtodn mpémetl vo avtiotolyel oe Eva kKOKA0 poroylov. 'Etot, 6tav
TPOoTaHOVLE VO BEATIGTOTOWCOVIE TO HMKPOKDIKA TPETEL VAL Yvwpilovpe Toleg amd
TIG A1TOVPYiEG TNG 01000V SEGOUEVOV UTOPOVV VO EKTEAEGTOVV KOTA TN SLAPKELN EVOC

KOKAOL POAOY10D.
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H pikpoevrod] amoOnkevong (SW2), Asutovpyel pe mopdpolo TpoOmo e 1

pikpoeviody @optwong (LW2).
amofnkevong sivat:

Ta medla mov amoteheitor 1 UIKPOEVIOAN

Ilgdio Amotéleona
Movada eréyyov ALU, H é&0d0g ¢ ALU kaBopilel T devbvuvon pvung
SRCI, SRC2
Mviun kot katoyopntg | [ivetar avayvmon g pviung (n dtevbovvon oty omoia Ba yivel avayvmon
UVAUNG kaBopiletor amd v ££0d0 ¢ ALU) kot 1o TEPLEYOUEVO TOV KATOXWOPNTI
mov kaBopiletar omd To mEdio 1t, €lvar 1 TY 1 0ol TPOKELTOL VOL EYYPAPEL
Sequencing [IMyove onv pikpogviodn] Avakinon

To pkpompodypappa yio tig evrorés tomov R amotedeiton amd 600 pkpogvioréc: otnv
PO ekteAoVVTOL ot Agttovpyieg g ALU kot otn dgvtepn yivetal €yypoer] Tov
AMOTELEGLOTOG OTO APYELD KATAXWPNTAOV.

Mikpoevtorég Y10, TIS EVTOAEG TOTTOV R:

Erninedo Movéada SRC1 SRC2 ALU Mviun Koatoym- | PCWrite Sequencing
e &YYoV destination pnTg control
s ALU pvijpng
Rformatl | Kwdikdg rs rt Seq
Func
Koduodg rs rt rd Avdaxinon
Func
Ot 300 OVTEG UIKPOEVTOAEG HImOpoVV Vo evwbolv €Tol doTte vo éyovpe poOvo pia
LIKPOEVTOAT, OT®MG akpPdg Kot otnv eviodn @dptwons. 'Etot, ot Aettovpyieg g
ALU xa1 1 emaveyypoen tov Kataywpnt 0o extelobvtol o €vo KOKAO poAoylov, o
omoiog mpopoavmg Ba eivar peyaAdtepog. o vo evdcovpe Tig 600 HIKPOEVTOALS,
apykd Ba dovpe To TESi TOV ATOTEAOVVTAL KOl TO OMOTEAEGILE TOVG OTOV aLTA Eivo
evepyomomuéva. H mpdTN pikpoevrodr] oyetiletor pe Tic Aettovpyieg mov
extelovvror oty ALU ko amoteleiton amd to TopokdTm medio:
Ilgdio Amotéleona
Movada eréyyov ALU, H ALU extehel v npdén ovapeso oTo TEPIEXOUEVO TOV KOTOYDPNTOV IS
SRC1, SRC2 Ko rt, Ypnoponoimvag to tedio func 1o onoio kabopilel v mpdén mov
TPOKELTOL VO, EKTEAECTEL
Sequencing IIMyotve otV ETOUEVI LIKPOEVTOAN
2 0gVTEPN MKPOEVTOAN YiveTal €yypagn Tov amoteAéopatoc (é€odog g ALU),
o10 apyelo kataywpntdv. Ta nedia mov amotelodv T debTEPN LKPOEVTOAN lvat:
Iedio Amnotéleono,
Movada gréyyov ALU, To medio ALU dest xaBopilet 6Tt t0 rd ypnoiponoteitot yio tnv €TA0Y TOL
SRCI1, SRC2, KOTOY®PNTH TPOOPLIGLOV
ALU destination
Sequencing [IMyave otnv pikpogvtodn] Avakinon
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To pwkpompdypappo Yo TS EVTOAES OLOKAAOMONG pNE cuvO KN amoteleitol amod
pio LiKpoevToan:

Erninedo Movada SRC1 SRC2 ALU Mvipn | Koatayom- PCWrite Sequencing
erEYy oV destination pNTG control
s ALU pvipng
BEQ1 Subt rs rt Target-cond Avdaxinon
To wedia TOL EVEPYOTOLOVVTOL GTI PIKPOEVTOAL SLOKAGOMONGS e cuvONK sival:
Ilgdio Amotéleona
Movada eréyyov ALU, H ALU extelel 0paipeon 6T0 TEPIEYOUEVO TOV KOTAYMPTTH Y10l VO
SRC1, SRC2 dnuovpynoet v €€0do Zero
PCWrite control T'iveton eyypaen otov amaplOunty TpoypAULOTOC THG TIUNG TOL KATOYMPNTH
210y0¢, av N ££0do¢ Zero g ALU givar oAnOnc
Sequencing [IMyave otnv pikpogvtodn] Avakinon
To pkpompoypappo Yo TS &vToAES peETOM)ONGNG omotereiton amd  pia
LUKPOEVTOAN:
Erninedo Movéada SRC1 SRC2 ALU Mviun | Katoyo- PCWrite Sequencing
erEYy oV destination pNTIG control
s ALU pvipng
JUMP1 AgbBvvon Avaxinon
LETATNONONG

Movo 300 amd To TESLO TG MIKPOEVTOANG HETAMNONONG ivan evepyomompuéva. Ta
nedio avtd etvar:

II<dio

Amotéleona

PCWrite control

veton eyypaen otov amaplOunti TpoyPAUUATOS XPTCLLOTOLDVTAG TO TEGIO

jump

Sequencing

IIMyowve oy LKpogvToAn Avakinon

210 oymua 3.4.14 omewoviletor 10 [UKPOTPOYPOUUO YO TNV EKTEAECT OA®V TV
EVIOA®V, TO Omoio amotedeitonl amd Ok WKPOEVTOAEG. AT’ TN OTLYUn 7OL TO
UIKPOTPOYPOLLIO OTOTEAEITAL OO UIKPOEVTOAEG KOl TIVOKES OMOGTOANG, UITOPEl val
viomomBel amd6 ROM 1 PLA. Ta onpata eAéyyov g 61080v dedopévev og Kabe
UIKPOEVTOAT, WITOPOVV VO DAOTOMOOVV YPNOCUYOTOUDVTING AOYIKEG TUAEC KO TO.
YPTCILOTOLOVLLE Y10 TV VAOTOINGT| LOG UNYOVIG TTETEPAGUEVMV KATOGTACEWDV.
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Erninedo Movada | SRC1 | SRC2 ALU Mviun Katoyom- PCWrite Sequencing
eLEYY OV destination pTINS control
s ALU pvipng
Avaxinon | Add PC 4 Avayvoon | IR ALU Seq
tov PC
Add PC Extshft | Xt6yoc Dispatch i
LWSWI Add rs Extshft Dispatch i
LW2 Add rs Extshft Avayvoon Seq
mg ALU
Add IS Extshft Avdayvoon | Eyypoen Avéxinon
g ALU TOoV 1t
SwW2 Add rs Extshft Eyypaoen Avayvoon Avaxinon
mg ALU ToV 1t
Rformatl Kwdwog | s rt Seq
func
Kwowdg | rs rt rd Avaxinon
func
BEQI1 Subt rs rt Target-cond | Avdxinon
JUMP1 AevBuvon Avdaxinon
UETOTHONONG

Yyqpoe 3.4.14 - To pkpompéypappe yw T povadoe eréyyov. To emimedo mov
YPNOLLOTOL0VVTOL Y10l VO, KaBopltoTovV ot Asttovpyieg ¢ omootoAns. H aroostolr 1 (Dispatch
1) extekei petamnonon n omnoio Poaciletoar otov IR ot10 eminedo 1. To PCWrite control
kaBopilel av wpoketar va yivel eyypoen vmd cvvOnkn otov PC. Yrdpyovv tpeig mbavég
TIEG Yo TV gyypaen otov PC: 1 €€0dog tng ALU, t0 mepileyOevo Tou KatoywpmnTn Tov Tng
devbvvong Tov 6TOYXoL dlaKAGdwong (KataywpnT XT0)0C), Kal 1 devbuven Tov 6TdYOoV
LETATNONONG, 1| OO0 TPOEPYETAL OO TO GUVOLOAGUO TOV 26 AyOTEPOV CNUAVTIKOV YNoimv
g evtoAng kat tov PC.

To oynua 3.4.15 aneucovilel éva TpOTO LE TOV OMOI0 PUTOPOVLE VO VAOTOU|GOVE TO
UIKPOTPOYPOUpO. ZE OVTO TO €100G VAOTOINGNG YPNOUOTOIOVVTOL GLUVOVOCTIKG
KuKA®potTe, Tov Kabopilovv TV T TOV YPOUU®V EAEYXOV NG 01000V dedOUEVOV,
€101 ®oTe vo yiveton 1 €mMAOYN NG emOUEVNC Katdotaons. [a tnv emioyn g
O1evBvVoNC TG EMOUEVNG TTPOG EKTELECT] LKPOEVTOANG, XPTCLOTOLOVVTOL Ol TIVOKES
OTTOGTOANG
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4 >
Movaoo E Aioﬁog
EAéyyov Etodor < > 685’0118\’0)\” ™me
> Rovadog eEAEYYOV
r K ;
Eicooot
1
A
v [Tedio
Katdotaon eLEYYOL
A
Emloyn g d1e00vveng <
A
Mixporpoypouuo

To nedio Opcode Tov
KOTOYOPNTH EVTIOADV

Yypae 3.4.15 - H pikpompoypappatilopevn povasa eréyyov too MIPS. H povada eréyyov
YPNOOMOIEL GLVOLUOTIKG KUKAMUATO Yoo vo KoBopicer 1 Oiodo dedouévov piog
Katdotaong, kobmg emiong Kot vo Kabopicel TV emMAOYN TNG EMOUEVNG TPOG EKTEAECT
pukpogvtodng. H emioyn g emduevng devBuvong nepiéyel Toug miVOKEG ATOGTOANG Yo TV
EMAOYN TOV ENOUEVOV KATAOTAGEMV: 0 EAEYYOG YO TNV EMAOYN TNG EMOUEVNG LIKPOEVTOANG
yivetor amo Tig €£050V¢ TG LoVAdag EAEYYOV.

{APAZTHPIOTHTA 5

Tv givan 0 pkpompoypappotiopds ko ywoti givor korvtepn pédodog o v
vAomoinon TG povadag eAEyyov, amd T péB0d0 TOV PUNYAVOV TETEPUACUEVOV
KOTOO0TAOEMV. NO 0ITIOAOYIGETE TNV ATAVTNON GOG.
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W

CEAIIANTHEH APAXTHPIOTHTAX 5
O pkpompoypappatTiopds €ivar pio. TEYVIKY Y0 TNV VAOTOINGY TNS HOVAdOG
e éyyov. O HIKPOTPOYPUPNRATIGNOS EIVOL KOADTEPY] TEYVIKN OO OTL Ol PNYOVEG
MENEPUCUEVAOV KOTAGTACEMV, TNV TEPITTMGT TOV TO CYNNO TN LOVAIOG EAEYYOV
avoTopPacTUOEL amé pio pyov) TEXEPUGSPUEVOV KOTAUOTAGEMV KOl ATOTEAEITAL 0.7TO
TOALEC KOTAGTAGELS.

{APAZTHPIOTHTA 6

No  ovo@épetre T TAEOVEKTINOTO  KOU  TO  UELOVEKTIHOATO  TOVL
MKPOTPOYPOUNATICHOV. Na 01TI0A0Y|6ETE TNV 0TAVTI|G1] 6UG.

.
{AHANTHEH APAXTHPIOTHTAX 6

Y7Rapyovv TOALG TAEOVEKTILATO UE T1] YP1]OT] TOV HIKPOTPOYPUULATIGHOV:
Dumopodue vo YEPLOTOVNE TEPLOCOTEPES EVIOAES OO OTL pE TG UNYOVEG
MENEPUCUEVOV KATAUGTAGEMV,

2)0@ov 0 MIKPOTPOYPUUNATICHOS EIVOL HIOL TEYVIKY] AOYIGUIKOV, VITAPYOVY TOALA
gpyoreia LoYIopIKOD T 0TT0i0 VTOSTNPILoVV TN CUYKEKPLUET TEYVIKY,

3)ov  TEYVIKEG OL  0omoieg  YPNOUOTOLOVVTOL YL TNV VAOTOINGN  TOVL
LKPOTTPOYPOUNATICNOY  givar  oyxeTiIkKd  gOkoreg, pne  omotéheopo 0
MKPOTTPOYPOUNATIONOS Vo KaOiocTotor 0 €UKOAOTEPOG TPOTOS VAOTOINOoNS TNG
povadag erEyyov.

Ynapyovv 0pmg Kol 0pKETE PELOVEKTRATO, OTTMGS:

1)or pikpoevroréc mpémer va givor apetdfintes, onradn kabe medio dev pmopeér vo.
ExeL mapomave oo pio TN Yo pio GUYKEKPLPEVY] HIKPOEVTOAN,

2)n 0pB6TNTO TOV TPOYPUPPRATOV dEV Eivar TAVTA EVKOAN VTOOEDT, pE amoTéleona.
0 TEYVIKOG £LEYYO0G TOV AOYIGUIKOV Vo €E0PTATOL 07TO TO VAIKO TOV VTOLOYIGTY], TO
omoio pmopei va. £xeL Tpofiqpora,

3)XPNOUOTTOLEITOL M0 ELOIKN UVI|UN] MIKPOTPOYPOUNATICHOV, 1| 070oio. Ogv gival
amopaitTnTa TaXLTEPN 6T0VS VToAoyioTég RISC.
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AVOKEQUAOLOVOVTOS AOLTTOV ... |‘

H Paown 10€a Yo TNV vAoToinoN TG HIKPOTPOYPOUNOTILOHEVIIC povAdaS EAEYYOV givar
N peraTpom) TG Movadag erEyyov o€ évav VTOAOYIGTH-pIKpoypapic. Ov pikpoevTorég
KaBopilovv Ta oNpato EAEYY0V TOV 6TEAVOVTOL 6T 61000 dEd0NEVOV KOl 0ToQucilovy vo
onng OO, LKPOEVTOA] 00 eKTELEGTEL peTd.

Me ™V op0adomoinen TV oNUdToOv eALyyov TETLVYAIVOVNE pEi®GN Tov peyédovg g
MIKPOEVTOANG aVEAVOVTUG OPMG TNV TOAVTAOKOTITO TNG UTOKMIKOTTOINGIG TOV GIPUATOV.

To CPI ¢ pmkpompoypoppatiiépevne povdoos eréyyov tov vroioyioty DLX gival
REYOAOTEPO 0T’ OVTO TNG KOAMOLOUEVIG, YWOTL 0 €AEYYOS Y0 OWUKOTEG OTULTEL O6TO
Eexivnua £vav KUKA0 poroylov, o1 QopTMOGELS Kol ol arodnkevoselg eivar o apyég Kot ot
OLUKALUOMGES PE GVVON KN OV amarTovv oVyKpLon pe to 0 givon mo apyéc oty mepinToon
7oL givan SLeKAadOoES pE cuVONKN OV dev axoiovBodvrar (untaken).

Kabe pikpogvror] oto pikpompdypoppe tov vroroyioty MIPS amoteleiton amd 8
neoio. KaOe medio propei va ektelel S10QopeTIKEG AerTovpyies, avdroyo pe TIG TIREG TOV
naipvel kKGOe popd.

INoe ™ onuovpyio TOv HIKPOTPOYPANNATOS TS HOVASOS EAEYYOVL TOV VTOAOYIGTN
MIPS, yopilovpe TS EVTOLES TOV PIKPOTPOYPANLATOS O EMITED .
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