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Aoxnon 8: Mia Andi) Yhomoinon tov MIPS
oe 'Evav Kivxho Poloyiot avd Evioin

ITooBeouia ¢mg [Mapaoxeui) 1 Amgihiov 2016, doa 23:59 (6. 8.3)

Biphio (4n éxndoam): Awofdote tnv §2.4, oehideg 127 - 134 (naw 169-170), now v §4.4, oehideg
374 - 388 emmpoobétwg, ov evotnteg 4.1 - 4.3 (oeh. 356-374) meguéxovv eloaymyind vhxo,
YONowo Y& v oQywi xoatovonoy, ohAd vmeoralldmTTOVTAL, 000V AdPoQd TNV TEMKN
expdOnon, amd Ty §4 4.

8.1 Tevixi) 100 T Amiig Yhomoinong tov MIPS:
Agite 10 video tng d1GheENGg oT0 elearn.uoc.gr/mod/page/view.php?id=7027, »ot emuovoind, b

oag Pondd, wropelte vo dwaPdoete o and to PPrio v §4.1 (oeh. 356-361) (ov Opwg
VIEQROADTTTETAL, 000V APOQAE TNV TEMART EXUAON O, OTTO TNV §4.4).

8.2 IMoAvmogto Agyeio Kataymentov:

Aeglte to video tng OudheEng oto elearn.uoc.gr/mod/page/view.php?id=7028. Mid meiAnyym tou
0¢partog éxel wg eEng: To Agyeto Kataywontav (Register File - RF) touv MIPS asoteheiton amd
32 notoywentés, rabévag twv 32 bits (0 rataywENTHs VT aEOUOV UNdév elvar eldrds --Ogv
yoerdletan flip-flops, vhomoteitar oav 32 olouata yeimong). I va metiyovpe TV amhdT)Ta
YQOVIOUOU 7OV YQELALETAL QUTY) 1] VAOTIOIMOT] TOU €vOS ® A0V QOAOYLOU, ag voBéooupe OTL oL
NOTOYWENTES QUTOL ECVOIL AXRUOTVQOAOTITOL.

Ié va duoPdoovpe (emAéEovpe) Evav amd Tovg 32 avTolg RATAXWENTES, OTTWS o ®A0E uviun,
yoewalopaote évav tolaviadudumrto molumhénty 32-ce-1, o omolog ¢Ppuowmd yoeldletor 5
€lo000ug (5 bits) emioyng yid va tov Aéve mowdv amd Tovg 32 notoywentés Béhouvpe va
dwafPdlovpe (emAéyoupe) a0 otrypi) avtd ta 5 bits etvar 1 dtevBuvon avdyvmons. Eav tooa
mpooBéoovpe nal évav Oevtego MOAVTAEXTY 32-08-1 (TQLOVIOUAUMTO XKL QUTOV), ROL TOV
ehéyEoupe pe 5 ahha bits "deBuvong" (ov €xouv ev yével OLopoQETINT TIUH 0O TAL TEMTA 5,
YWOIG %ol VO ATayoQeVETAL UEQHES HOQEES VO Talpvouv »al TV (O Tiun), TOTE Avtdg O
deltegog mohumhéxntng Oa pog dtoPatel (emhéyer) évav Ahhov, de0TEQO RATAYMENTH OTTO TOVUS
32 (mov etvar ev yével GALOG amtd TOV TEMTOV, X WEIG OHWS ®oL VO TTORAE(ETOL LEQIHES POQES VOl
glvor o (0Log, eGv étol 80Bolv oL do devBivoelg avayvmong). ‘Etor ¢ptdEape éva agyeio
HOTOYWONTOV Aimogtns Avdyvwons (2-port read), ONAad], avd Ao OTLYUT, WTOQOUUE VA
emAéyoupue xau PAémovpe, otig d00 (Toravtaduaumtes) eE600vg dedouévmyV, Ta TEQLEXOUEVA
000 olovdfote amd Tovg 32 rataywentés (darpogeTrmv 1 (dlwv, uetaEl Tovg). Amd dmoym
©00voténong, oL d00 oAVTAERTES dOUAEVOUVV €V TTOQOMNAW --TavTOYEOVA dNAAdN-- ®OL GQa
péco. oto xeOvo Wwdg xar povo oavéyvmorn amd povomopto RF, edm emrtvyydvouvpe dvo
OVAYVOOELS VTl piolg.

Tavtdyova Pe T TUQOTTAV®, EAV VTTAQYEL Rl £VOS TEITOS amoxnwdiromotig 5-0e-32 (Toito
tov Aépe emeldf] ov dUo TOAUTAEXTES avAyvwong xQUPouv péoa Tovg xoL amd Evov
amorwdwomowti] 5-0e-32, nobévag), oL €4v auTOV TOV TQITO OUTORMOLXOTOLNTI] TOV
¥onolpomotjoovpe yid vo ehéyEoupe ta 32 onuorto evegyomoinong ¢poptwong (load enable) tmv
32 %oTaymENTOV, TOTE TAVTOYQOVA LE TNV AVAYVOOH TOV OV0 RATAXWENTOV, O Proolue va
Exoupe ®nou eYYQADT og évav Toito (dLapopeTind 1 »al Tov (0o e Tovg OVo mpwTovg). ['d va
AeLTovQynoeL xo0mMg TEETEL 1) €yYQOdT], RAL VO UV €YYOAPOULE O RATOLOV ROTAYWENTN O
®0O®AO QOAOYLOU, RATAOTQEPOVTOGS £TOL TO TOAALG TEQLEYOUEVA TOU aXOUO KL AV OEV EXOUUE
Timota ¥ONOoWo va YQAWYouuE, XelloNaoTe %L £va ouvolxd ofua eAEYov GOQETWONG, OV
otav elvor pndév oadpavomolel TV eyyoodn yevind, oe OAOUC TOUG x%aTaxwENTés. Oa
voBétovpe oTg vhomowjoels pog O0tL to Agyeio Katoaywontav tov MIPS Ba elvor étou
"toimoTo" (three-port), pe d00 TOQTEG aAvAYVWONS ®au Wi Ot eyyoadpns. Emopévog Ba éxel
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TEElg (mevrtauwuteg) eloddovg dlevfivoemv --000 avayvwong xou pio eyyoadnc-- xvobmg rat
Telg TolavTaduaumtes moQTes dedopévwv: do pe dedopéva eEGOOU, YId TNV AVAYVOOT, ROl
pto pe dedopéva elgddou, yid v eyyoadt). Emmhéov, éxer o éva bit ehéyyov emitoeymng

/.

dpooTwong ("load enable", 1) "write enable").
8.3 IIgoonuaouévor AgiBuoi, Enéxtaon Ilgoonuov:

Agite 1o video tng OudAeEnNg oto elearn.uoc.gr/mod/page/view.php?id=7029, nor Swaffdote to
avtiotoro amd to Bpiio ommv §2.4 (oeh. 127 - 134). EQv (0NOLWLOTOLCOUE TOV 0QLOUO TG
OVaATAEACTAONG QQVITLXOV AQLOUMY 08 RMOLROTIOINOT OUUTANQMUATOS WG-TTQOG-2 OTWS TOV
elyape Oel epelc oto pdbnpo g Wnouaxrng Zyxediaong (HY-120, evommra 6.3), tOTe 1
LETATQOTTH TooonUaouévoy (signed) a@BOpot amd Aydtega oe meQLOOOTEQA bits e TNV TEXVLXT
TNG EMERTAONG TQOOT|LOV (sign extension) arrodelnvietol pabnuaTind og eENg:

"Eoto 0 mQOooNHaouEVOG 0nEQaLOg Ag i Ue k bits, TOV omolo B€hovpe Vo peTaTEEPOUpE OTOV (010
aQuo Agp ue n bits: Agy = Agx 6mov n>k. Edv ta bits Tov Agy To gounvebioovue oav pm
mpoonuaopévo (unsigned) axégaro, Tote Bo pordlLovv pe (Ba dMmhmdvouv) évav aolBud mov ag to
ovopdoovpue Ay %ol opotwg €av ta bits Tov Agy, Tar ggunveboovpe oav unsigned toTE Oa
poldLovv pe Tov Ay, - Edv o Ak = A elvan un agvntinog (dnh. Oetndg 1) undév), tote, natd
TOV 0QLOUO THG ®WOHOTOINONG CUMTANQMUOTOS WG-TTQOG-2, () TO 0QLoTeQO bit Toug Ba etva
undév, now (B) oL amedompeg egunvieg Toug Oa elvor: Ay k = Agx #0L Ay p = Agp , ®ow ado Ag ) =
Agx TOTE D0 glvan now: Ay p = Ay k. Avtol ot dbo televtaiol, adoi eiva unsigned axégalol, ue n
#ow k bits avriotorya, xow eivar (ool peta&b Tovg, mporhmTeL OTL 0 A, WOV £)EL TEQLOOOTEQO. bits
Oa etvan (010G pe Tov Ay i 0dAG pe n-k pndevind meooTednuEva aQLoTeQd 0O TOV Ay i .

Alhoudg, Gv oL Ag ; = Ay elvar agvnTirol, TOTe, %aTd TOV 0QLOUO MOg, (0) TO aQLOTEQO bit TOUg
Oa elvan éva, xau (B) oL ampoonueg egunvieg Tovg O elvor: Ay x = Agg + 2K xan Ayn=Agn+2".
Aedopévov O0ti: Agy = Ay mooxrvmrer 6TL 0o elvow naw: Ay p - 2% = Ay - 2K Emopévog, n
AVOTTOQAOTAOY OV PAYVOUNE elvan M: Ay = Ay k - 2K o0 = Ay + (2" - 2Ky =@k oy .ok g
Ay x - Ze auThy TV Tehevtaio Expeaon, 0 pev aQLoTeQdg mEoodeTEoG, 2"k - 1) - 2K, amoteheitan
a6 (n-k) o mMHBog docoug (ov eivan o auds 2K - 1) oloOnuévoug aolotepd kot k
0¢0eLc bits (10v elvo 0 ToAharhaotaopdg et 2K), 0 de deElog mpoobeTéog, Ay » Elvar Ta oyl
k bits Tov apyxot aQOuod mov pog 060nre. Aedouévou 6TL 0 TEWMTOS MEOOOETEDS £xEL ONO
undevird otig k 0e€iég Béoels, o de delTeQog MEOoaOeTéNS £xEL GAO uNdevind otig (n-k) 0QLoTEQéS
B¢oelg, To dBpolopd Toug Ba elvar mpodavdg amhdg M "ovyrdlinon" (concatenation) Twv V0
ovTOV ToooTitmv. Emopévog, 1 avomogdotoon pe n bits Tov ayrol aoBpot mov pog 060nune
Ba amoteleltan amd ta aQywd k bits, deEud, pali pe (n-k) dooovg xorinpévous axgumg
0QLoTEQd TOVC.

SZuvolxrd AoLmtov, YA vo. HETATQEYOVUE Eva TROONUOopEVO (signed) axégaro amd k (Ayodtepa)
bits o€ n (reQLO0OTEQ) bits, Oev £xyouue mad va rdvoupe To eENg: [lpoobétovpue aQLoTeQd amd
Ta bits mov pag 060nuav (n-k) mgdcbeta bits T omota elval OLA TOUS avTiypapa Tov aploTEQOY
(most significant) bit Tov 0QBHOL OV pag dGONre, ONAadY| avilypada Tou bit mov VodeLnviEL
T0 OGO Tov d0BEvTOog aBpot (0 yid Betinots 1) To undev, 1 yud apvntrovg). H modEn
ovTi) ovoudleTtol EMOPEVMS, TQOPAVAG, ETEXTAON TEOOHUOV (Sign extension).

8.4 Load Upper Immediate (lui), Y10 AvO@aigetes Xtabepég 32-bits:

Aglte to video tng dudheEng oto elearn.uoc.gr/mod/page/view.php?id=7031. Zto PfAio M evtoi)
ouTY), ®x00mg ®naw 1 TuIKT] KENoM TNG, TEQLYRAdovTaL otV oyl ™ §2.10, oehideg 169-170. H
evtoM] lui (load upper immediate) yodder To 16 bits Tov mediov Immediate Tng oo agLotepd 16
bits Tov rataywenth $rt, xow undeviter ta deEud 16 bits. ITa' 6TL ovoudletar "load" duwg dev
elva evtol] meoomélaoNg TS WVUNG OedOUEVV --0EV QVI|XEL 0TIV HOTYOQIC TWV EVTOADV
load. Ztn ouvihOm xefon thg axorovOeitor amtd wav eviol ori (OR immediate), 1) omoia ®AveL
0 hoywo bit-wise OR tov $rs pe v 16-pmey moodtnto Immediate tng. Ze aviibeon pe v
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addi, n OR-immediate Oewpel Ot To mMedio Immediate tng elvor ampdonuo (unsigned), non
emopéveg ta 16 apLoteed bits g medEng OR eivar mdvta undevind. Agdopévou OtL ®ou 1 lui
éPpare 16 pndevind oto OeEL0 Wod TOU RATAYMENTH, TEMHA TQOXVTTEL 1) OUYROAANON
(concatenation) twv d00 16-pmtwv Immediates, doa wd avBaigetn 32-pumn otabept| moodHTNTO
OTOV ROTOYMENTH TQO0QLOHOV. Mmogovue &emong vo yenolwomoljoovpue v addiu (add
immediate unsigned) avti thg OR immediate. [Tapatngiote Oti, edv avil g ori 7 addiu
yonotpomootoape v addi, Ta modyuoto Oa frav mod molvmhora edv To 0QL0TEQO bit TOU
OeELo0 oot g embuunthg otabepds fitav "1", dtoTL TOTE M 0T0feQd Immediate Thg addi Oa
éuotale apvnrnt], nal oo Bo elyope emERTOON TEOOTUOV (TWV ACCWV) TELV THV TEOCHEDT
(emopévong 1 otafed otnv lui OBa émpeme va NTav +1 oe oxéon pe ta embuuntd 16 agLoteed
bits T)g 32-pmtng otoeQdgs...).

8.5 To Datapath tov MIPS evog #Uxhov pne mhoels Aettopéperes:

Agite to video tng d1dheEng oto elearn.uoc.gr/mod/page/view.php?id=7048, xou diafdote omd TO
PuPAio Tig oerideg 365 - 374.

8.6 To (Zvvovaotxo) Kuxdopa EAéyyou:

Aglte 10 video g dudheEng 010 elearn.uoc.gr/mod/page/view.php?id=7135, wow dwafdote omtd T0O
PuPAio Tig oerideg 374 - 387.

8.7 Iloco 09y eivan To Q0AOT Tg AnAi)g YAomoinong;

Agite to video tng didheEng oto elearn.uoc.gr/mod/page/view.php?id=7126, xou diafdote omd TO
PupAio tig oehideg 387 - 389.

8.8 Ilepi Xmatding 1] un Yroroyotizov Ilogmv:

Aglte To video g d1GAheENS oTo elearn.uoc.gr/mod/page/view.php?id=7128

8.9 Yhomoinon Ioiramhov Kixdov avd Evrorn, yid EEowovounon Iogov:

Agite 1o video g OLdheEng oto elearn.uoc.gr/mod/page/view.php?id=7129 . To 6éua avtd
gpeletdTo ev extdoel (nau NTav avireinevo uxeot "project") oe mohaldtegeg endOoES QUTOU
TOU MOOTUOTOG, ROl UTTHOYE ROl OTIS TQONYOUuEVES exdO0ELS Tov Pifhiov, alhd dev vmdoyel
omv 4n éxdoon touv Pifiiov, mooxrelwévou vo emxevigmbel To paAdnuo otV opoyelpia
(pipelining), ®oL opotwg rou gueis Gp€Tog to ralvpope eEanpeTind emitooyddnv. Edv Bélete,
mégav g OLdheEng, va Poeite noL AemtopeQés mEQAUTEQW TEQLYQUPHO VMK, avaTéETe oF
mponyoUpeveg exdodoels Tov Phiov, N peletnote tig onuewmoelg 10, 11, xow 12 Tov pobnpotog
Tov €tovg 2009.

Aoxznon 8: Omuxomoinen g Aerrovgyiog Tov Amhot MIPS Eviog Kixdov

v Goxnorn auti] Bo XONOLLOTTOOoTE Vo EQYOAEI0 TTQOOOUOIWONG AL OTTIXOTONONG TNG
Aettovgylog g amiilg viomoinon tov MIPS og éva vixnho QoroyLol avd evioit), OTmwg axoLBhg
ovTi) egLypddetal oto Biiio, To egyaieio "ProcSim" yoapuévo oe Java amd tov James Garton,
dwabéolpo  dweedv amd To  Awdirtvo (to  mowtOHTUTO  vmdeyeL oty dehBuvon
wWww.jamesgart.com/procsim/ xow etvar pud xoed yid Windows: yud Linux xow MacOS, mpotipnote
no\0TEQA TNV TOTUXT €XO00T] GTNV OO0 TTOQOITTEUTEL TO TALQAXATM EYXELQIOL0, naw OTTOU £)EL
yiver ud urodiogbmon oe oyéon pe to mWToTLVTO). Alofdote nar axolovdnote tig Odnyieg
Evyratdotaong xow Xe1ong tov ProcSim a6 ) dtevOuvvon:

www .csd.uoc.gr/~hy225/15a/ex08_procSim_man.pdf
Zrommdg TV Gonnong eival 1) eEoweimon oag pe to Datapath Tov emeEeQyaoTi] ®aw 1 ®ATAVONON
™G AeLToVEYiog TV SLAGOQWY CUOTATIXMY TOV LOVAOWYV.
o Ay t1eéEte to ProcSim %o pogtmote, uéow File -> Open Sim, to agyeio "MIPS R2000 5 all
jmp and addi.xml" ;ov eival ohdxAnEo to datapath ov eidape oto uadOnuo.
® MeleTNOTE TTQOCERTIXA TO OYNUOTIRG HOL OVAYVMEIOTE OMXL TOL OVOTATIXG KOL TO KOADOLAL,
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TIG WVIUES EVTOAMVY 1o dedouévarv, Thv ALU, Tovg dLdpoQovg TOAVTAERTES, KTA.

o Apov éxete peletnoer mpooexTrd To datapath, 0QYlOTE VO TQEYETE TQOCOUOLDOELS UE TO
Oudpoga étolpor mEoyQdppata mov divoviar poli pe tov mpooouolwth) (aQyeto .asm).
YmevOupuiCetal oti 1 1éxovod VItd eXTELEDT EVIOA] GA{VETOL YQOUUOOKLAOUEVT] OTO TTO.QAOVQO
™G UVAUNG evioh®mv. Aoxludote oha ta aQyelo »au deite Ta dadpogeTtind povomdTia Tou
yonotpomoovtol péoa oto datapath, avdioyo pe Tov tumo eviohs. [Tagatneiote moooexrtind
TG TLpéS eMEyyov mov Eextvdve amo to "Control" o g avtég ®avoviCouv TV eXTELEDT TG
%nA0e eVIOM|S.

e AvoiEte ta agyeia ".asm" yio vo deite ta meglexOueva Tovs. Oa Poeite oydMa mov Egxnvolv
pe "#"', n00mg no YQOUUES TG poedrg "register $s1 4" avtég, dev elval navovirég eVTOLEg
assembly, alha PEVOOEVTOAES TOU OUYREXQLUEVOU TTQOCGOMOLMTI] VL& TNV AQYLXOTOMON TWV
HOTOYWDONTMDV.

(1) Mmnogoiv avutég otr YPevdoevioréc vo  mogarewpBolv; Oa  pmogoloate va TG
OVTLXOTOOTNOETE UE ®OVOVIRES EVTOMEG TOV emeEeQyaoti); EGv vau, va yodete Tig TaQonrdtw
OQYMOTIOLI|OELG [LE HOVOVIRES EVTOAEC:

.register $s4 15

.register $s5 16
[ToooéEte 0TL 0T TEOYEAUUATA TTOV Bl YodeTe mQEMEL va oupmeQLAdPete Ta labels main: o
exit: OTWG OTO VITAQYOVTO TTOQOOEIYUOTO, VIO VO, AELTOVQYTOEL ROVOVIXA O TTQOCOUOLWTG.
Emiong, moooéEte ot 1) moMTY evtoAt] Oa mpémel va elvar otV (i yooupn pe to label "main:"

(2) F'edyte éva dund oag TEOYQOUUO O €VaL OVTIOTOLYO QY E(D .asm JTOU VA EXTEAEL TLG EVTOLES
R-format sov vmootnEiCer to ProcSim: add, sub, and, or, slt. Tig add, sub, »au slt,
emavoldfeté T OVo Popéc wabepia, pe dwadogetind oplopota (RaToXwWENTES TNYNG 1)
mpooQLopoV) rabepio. Mmoeite vo ¥ONOLULOTOLNOETE TIG PYEVOOEVTOLES CLOYLKROTIOIMONG TMV
RATAYWENTOV OV €idape maamdvw. Ao ta ofjuata eléyyxou (Lall ot avtd mov eléyyouv
™V ALU) moud eivon (O yia Oheg Tig VIOAES AUTOU TOU TUTOV, TToLd SLaPEQOUV, AL YLULTL;

(3) Mehetnote (yoadovtas éva drd oag TEOYQUUU AL TEEXOVIAS TO OTOV JTQOCOOLWTT]) TIS
eVIOMES 1w ralL sw, Pe OUoLo TEOTo Omwg mapamdvm. Ty medEn exteleitar otnv ALU yio autég
Tig eviohéc; Eival 1 idua nou yuo 1ig 800 xaw yuotl; Ta dvo ofjpata "ALUop" (0rtd tov ®vimg
€heyyo otov devtepeovTa, nat ammd exeivov otnv ALU), mov eléyyouv TV dEn mou Oa yivel
otv ALU, tu tuf] £xouv yio TG eVTOAES sw »al Iw kot pe moldv oo tig eviohés R-format tou
TOONYOUUEVOU EQWTNUOTOS ElvaLL (O

(4) Aonpdote Ty (0o dradraoio OTWS TORATAVM AL Yo TLG evtolég I-format: addi, andi
ori. [Towd onpata eréyyov elvar (Owa yio Oheg Tig evrolég xnor mowd dwadégovv; Ewvar ta
onuata ALUop »xow M aviiotowyn modEn mov yivetal otnv ALU (0o pe avtiotouyeg evioléc R-
format; ITowd eivar 1 dwodpopd avdpeoa otig el06dovg ™ ALU; And mol mpoégyovtal oL
TEAEOTETOL YL #A0E TEAEN, TOLOS TOAVTAERTNG TO naB0QITEL, noL ToLaL etvan 1 dLapoQd Ue Tig
avttotoryes evtoléc R-format (rt.y add »au addi);

(5) Toopte éva TEOYQOUUO TTOU VO YONOLMOTIOLEL TIG €VTOAES danAadwong, j (jump) xat beq.
Mehetiiote tO ®oppdtt Tov datapath wov vmohoyiCer v emdpevn T tov PC »ou delte midg
oMGCel M emhoyn tov emdpevou PC avaroya pe tnv eviold). [Towég eival oL duvatég TIuég mov
wwoel va mdeer o PC oty evtoAn beq, ONAadf mold Tiur olQver av eival emtuynuévny 1
daxAadmwon, naw owd av dev eivar; TTowa T maigver o PC av exteleotel pua eviold] j (jump);
ITowd oo eéyyov nau ToL0g TOAVTAEX TG ®aO0QITEL TV TLH) Tov Oa hooTWOEL TEMRA;

Toonog Iapddoons:

I[Mogadmote v doxrnon avth on-line, oe poodn PDF (puovov) (umogeil va elvar xnelpevo
UNXOVOYQOPNUEVO  T/xoL "OROVOQLOMEVO"  YeWRdYQOpO, AL udvov oe popdtf PDF).
[Mapadwote péow turnin ex08@hy225 [directoryName] éva apyelo ovouatl ex08.pdf
1oV Ol TTEQLEYEL TLG QITAVTTOELS OGS 0€ OAES TIS TOQOTTAVM QTN OELS (1) g nau (5), rabBdg raL
TO TQOYQAUUOTO TTOV Yodporte (aQyelo .asm) o LOQPT OThOD AEWWEVOU UECO OTO AELUEVO TWV
OITOVTIOEMV OOG.
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