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Ye1pa AcKNGE®V S:
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(IMapadoon o yopti, 6T0 Padnpa, Tpw v Evapén tov, poali pue aok.4)

5.1 MHepiinyn Xvykpiceov, AlwkAod®OcE®V, Kar Alpdtov otov MIPS

Ot evtorég petapopdg eréyyov (CTI, control transfer instructions) xaBopilovv va ektelectel cav
EMOLEVN EVTIOAN --TTAVTOTE 1] VIO OPIGUEVEG GUVONKES LOVO-- UG EVTOAN GAAN amd TV "emduevn amd
KGt®" Tovg eviodn. Otov 1 peTaEOpd €AEYYOL YiveTol VIO GLVONKM, Ol &VIOAEC SLVNHOMC
ovopalovtor dwukradmeoels (branch). Otav m petagpopd yivetar mavtote, ol €vioAég cuvilmg
Aéyovton diparta (jump). Eniong vndpyovv KoAéopata diadikacidv, AEITOVPYIKOD GLUGTHHATOS, Kol
eMOTPOPES amd avtd. tov MIPS, 1 cuvOnkn dakhadwong umopel v €xel TEPLOPIGUEVES LOVO
poppés, Y Adyovg tayvtntag. Ot péveg ocuvOnkeg SoKAASDOE®V TOL VTAPYOVV APOPOVV
GLYKPIOELS EVOG KOTOy®PNTH HE TO UNdEV (dev Ba aoyoinbovpe e ovtég oto "dikd pag" vrocHVOAD
tov MIPS), kot cvykpicelg 600 KOTAYOPNTOV UOVO YIG LoOTHTO 1] OVIGOTHTA KoL Ol Y8 GAA®V
HOPPOV OYECELS (UKPOTEPOG, LEYOADTEPOC, KAT). Ot eVTOAES aTEG givat:

e beq $rs, $rt, label # dwkhddmon edv: Srs == $rt
e bne $rs, $rt, label # dwkhddwon edv: Srs = $rt

>t yAwooo Assembly, 1 81€00VVGT TPOOPIGHOL TNG SUKAAI®ONG SNADVETOL OTAL PE P ETIKETO
(label), kot avarappdver o Assembler vo vrohoyicel kot va PdAel T oo™ SLOSIKN TWY. XN
YAOGGO PNYoVIG, Ol EVIOAES dlakAddwong akolovBovv to I-format, ko 1 dieHBvvomn mpoopiouovy
TPOKVTTEL WG EENG:
PC new := (PC br + 4) + 4 * ImmOffset

omov PC_br glvar mn devBuvorn g dag ™G eviodng dtokAddmong, ImmOffset givon 1 otabepn
mocotnTo TV 16 bits Tov I-format Bswpovpevn wg TpoonpUacuEVOg oplOUOG G GUUTANPOUL OC
mpog 2 (dnrodn sign-extended), Kot PC_new givar 1 dievbBvvon TG €VIOANG TPOOPIGLOV OF
mepintoon emoyiog g dwkAddwong. H avénon (PC_br+4) yivetor y1d AGYovS €UKOAING TOL
hardware (6ieg o1 gvtorég av&avovv tov PC katd 4). O molhamioociacpog tov ImmOffset eni 4
YiveTon Y18 Vo EKPETOAAELTOVUE TO YEYOVOS OTL 1 O1evBuvor Olwv twv evtolmv tov MIPS gival
aK€POL0 TOAAOTAGG1O TOV 4, Kt £T0L VO, TETPATANGIACOVHE TO "BeAnvekéc” TV SokAAdDCEDY --LE
aAlo Aoy, o apBpog ImmOffset petpdel TAn0og evioddv umpootd (Betikdc) N wicw (apvnTikdc),
avti va petpd mAn0og bytes prpootd N wicw. (otv mpaypatikdétnto, o0 MIPS €xet "kobvotepnpéveg
dwkAadmoelc" (delayed branches), Y14 AOyovg KOADTEPNG EKUETAAAELONG TNG OMOYEWPIOG
(pipelining) tov hardware, oAAd epeig Ba to ayvonjcovpe oe owtd TO UAONUE --TO BEpa avTO
ov{nreital v ektdoel 6to HY-425).

Ot VTOLOUTEG LOPPES CLYKPITEMV, TOV dEV YIVOVTOL HECH OTIS EVTOAES SLOKAGO®MONG, VAOTOLOUVTOL
UE EWKEG, EEXOPIOTEG, aplOuNTIKEG EVTOAEG cuykpiong. TIpdkeital Yid evioAég avdAoyeg mTpog TV
wpodobeon N TV aPaipest), LOVO TOV TO AmMOTELESUE ToVg givan TOTOL Boolean avti tomov axépatog.
Tétown amoteréopoto ToTOL Boolean éyovv d0o povo duvotég Tiég: 0 yid wevdés, kot 1 yid adnbéc.
Ta amoteAéoHOTO QVTE YPAPOVTAL GTOVG YVMOGTOVG LOG, KOVOVIKOVG (32UTITOVG) KOTOY®PNTES, GOV
ot aképatot 0 N 1, dnAad” oto LS bit tov kataympnty, pe 6Aa ta vwoOAouwwa bits Tov kaToywPNTH
undevika. Ot evtoAég cvykpiong mov gueig Ba Exovpe 610 d1kd pog vTosvvoro tov MIPS givat ot:

e slt $rd, $rs, $rt # set less than --apiOuntikn ovYKpION TOV KATOAXOPNTOV:
$rs < $rt. To amotéheopa, tomov Boolean, ypdeetal otov Kotoywpnty $rd.

e slti $rd, $rs, imm # set less than immediate --apOunTIK GOYKPLOT KOTO)X®PNTH KO
mpoonuoouévng (sign-extended) otabepng mocoTOG iImMm: $rs < imm. To omotélecua
(Boolean) ypdaoetat otov kataympnt $rd.
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Extoéc amd Tig evioAég dlaxkiddwong vmd cuvOnkm, To vmocvvorlo evioAdv Tov MIPS movu
XPNOUOTOI0VE GTO HAOM U TEPLAUPAVEL KO TIC TAPOKAT® GAAEG EVIOAEG LETOPOPAG EAEYYOL:

J target
Alpo (jump) yopig cuvONKN: EXOUEVN TTPOG EKTELEST] EVTOAN €lval 1 EVTOAN o1 dievBuvon
target. Xpnoonotei to J-format, To onoio @aivetar 6t celida 148 tov Pipiiov (emdvo).
H tehikn d1e00vvon poopiopon (32 bits) wpoxvmtel and ta 4 mtakord MS bits tov PC, ta 26
bits Tov mediov TPOOPIGHOD TNG EVTOANG, kal amd 2 pundevikd LS bits, dnwg eénysiton ot
oelida 150 tov Pifriov (kdtw). Xtnv idwo ceAida paiveTal Kot 1 ¥pNoT TNG EVIOANG jump,
poli pe pio branch, y1d v éupeon obdvBeorn dukAddmong vd cuvinkn oe andoToom
peyolvtepn and 1o PEANVEKEG TV AMADY SL0KAASDOEMV.

jr $rs
Alpo oe mpoopiopd mov kabopiletor omd katoywpnty (ump register): e€mOUEVN TPOG
EKTELEOT] EVTOAN €lval 1 EVTOAT GT1| 01€00VVGT TOL TEPIEXETOL GTOV KATOY®PNTH IS (LUE GALD
MOy, o $rs mepiéyel tn dievbvvon mpoopispov, nAadn évov pointer TV ETOUEVN TPOC
extéheon eviol). H evioln avtn pog emTpEmel vo LETAPEPOVLE TOV EAEYYO (TNV EKTEAEDT
TOL TPOYPAUNATOG) o€ avbaipetn 0éon uvAung, n omoio Pmopel kKot vo TOKIAEL KATd TNV
eKTELEOT] TOVL TPOYpAppaTog (run-time variable) koi mBovov va e€aptdrTor Ko omd To
dedopéva (data dependent). Xpnoyomoteiton yid petdppoon tov switch statement, 0mmg
meplyphpetal otn oelida 94 tov Pipriov (A' topog EAANVIKNG €kdooTG), Y18 LETOPOPE TOV
eléyyov ocodnmote pokpld (cerida 117 xdte tov PiAiov), Kor yid emioTpoen omd
SdKacio OTMG TEPLYPAPETUL APECHS TAPUKAVE.

jal target
Alpa kot Xovoeon (jump and link) -- kdleopa dwadikaciog: &yt To 1010 format pe tnv evioAn
jump, Kot kdvet To idwa pe exeivny (b d1ievbuven tpoopispov), cuv, emmaALoV, amobnkevet
™ devbvvon g enduevig g evioing (molaid PC ovv 4) otov katoywpnth 31 ($ra, ) $31).
Xpnoyomoteitor yid kdAecpo dSadkaciog, OnwMg meEPLypAeeTol oTlg oeiideg 97-98 ToU
BiBAriov (A' topog EMnvikng éxdoonc). H devbuven mov amobnkedetal pmopel ot cuvéyela
va ypnotpomoinfel yud emotpoen omd T Swdikoocia, péo® Tng evioAng jr $ra. H
devbuvon emiotpoeng amobnkedeton mhvto otov $ra ($31) --to "31" dev @aiveror movbeva
péosa otnv evioln jal, amhdg to Balel o hardware avtopata.

Acknon 5.2: Awkridomon pe Loykpron Katoyopnt-Xtadepag

Eirope 611, y1d Adyovg toydtnrag, ot pdveg ouvlnkeg dakiddwong tov MIPS mov agopovv dvo
avBaipeTovg apBpovg (oxt Evay aplfud katl To undév) ivol cuYKPIcELS 160TNTAC/AVIGOTNTOG Kot Oyl
ovykpioelg peyolutepog/pikpotepos. Opmg, emiong, ot eviolésg avtég (beq, bne) VIAPYOLY HOVO
0T HOPPY TOL JEYETOL OVO KOTOYMPNTEG GOV TEAEGTEOLC, KOL OEV UTOPOVV VO, GLYKPIVOLV
KoToyopnt pe otabepn mocotnta (immediate). O AGyog dev PUmopel var EYEL VO KAVEL [LE To\TNTO,
a@ov N GVYKPLIoN 16OTNTOC/OVIGOTNTOG KOTOY®PNTH-0TAOEPAS Eival TOLAGYIGTO TO 1010 Ypryopn UE
Vv avtioToyyn oLYKplon 000 Kataympnt®v. [ati Aowwdv ToTEVETE OTL dEV VIAPYOVV TETOLEG
EVTOAEG "beqi” kot "bnei" otov MIPS; Adote TV amdvinon cog o€ xopti Kot eENyNnoTe.

Acknon 5.3: Evtoiéc Loykprong Kot AlukAdo®ong

‘Eoto 6t n petafinty i Ppicketon otov kotaywpnti $16, n petafinty j otov xatoyopnm $17,
Kot 0Tt CONST ompoivel puo owBaipetn mpoonpacpévn otabepn mocdtrto péypt kot 16 bits.
YuvhEoTE TIC TOPOKAT® TEPITTMGES KAOJKO YPNOLOTOIDVTOS OTOKAEIGTIKO KOl UOVO EVTOAEG
UETOED TV:

beq, bne, slt, slti, addi
Kot Kopio GAAN. Onov ypeidleote mpoocwmpvd Kotoympnty, ypnolomomote tov $at (Assembler

temporary) o omoioc givor 0 $1 (avtov ypnowonoiei o Assembler y1d va GUVOETEL TIG YEVLOEVTOAEG
TOV). ADGTE TIC OTAVINGELS GOG GE YOPT.
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1. if

(1 ==193 ) goto L1; (ico)

ii. if (1 !'= 3 ) goto L1; (014popo)

iii. if (1 < 3 ) goto L1l; (MKpdTEPO)

iv. if (i <= j ) goto L1; (ukpdtepo 1 ico)

V. if (i > 3 ) goto L1l; (ueyoAvtepO)

vi. if (i >= 3 ) goto L1; (ueyolvtepo M i60)
vil. if ( i == CONST ) goto L1; (ico0)
viii. if ( i1 != CONST ) goto L1; (016¢p0po)

iX. if (i < CONST ) goto Ll; (WKpOTEPO)

X. if ( i <= CONST ) goto Ll; (LKpOTEPO M 150)
Xi. if (i > CONST ) goto Ll; (HEYOADTEPO)
xil. if ( i >= CONST ) goto L1; (ueyaAdtepo 1 160)

Ynooeln: nai&te pe m ogpd mwov Palete ToVG 2 TEAEGTEOVS TNYNG OTIV EVIOAN GUYKPIONG, LE TOV
katoyopnt) $0 wov mepiéyer mhvto undév (M "wevdés"), pe to €idog g dakAddwong (ioo/dvico M
yevdéc/aAn0ic), ue Tig otobepég CONST, CONST+1, CONST-1, -CONST, Kol HE TOVG (TOAAOVG)
oLuVOLAGHOVS OAV aVT®V. B0 EKTIUNOTE TO TOoO TOAMG Umopel va Kkdvel to software,
EKUETAALEVOUEVO ALYOLG, TPOGEKTIKG EMAEYUEVOLG Ooptkovg AiBovg hardware, ywpic ammAeia
TayvTnToCg!

Aocknon 5.4: Metagpaon Bpoyov "While"

Xmv moapdypago 2.6 tov (EAAnvwov) Pipiiov, oeh. 92, vmbpyer o mopokdto Ppoyog
petappocuévog o€ Assembly Kotd této10 TpOTO MOTE GE KAOE avOKOKA®OT Vo eKTEAEITAL TOGO Liol
dtukrladmon vrd cvvOnkn (branch), 6co kot €va dipa yopig cuvOnkm (jump) (n evioin s11 givou 1
"shift left logical", dnAadn apiotepr| odicOnon, 6d katd 2 Béoeig (bits)):

while (savel[i] == k) { Loop: sll1 $tl1, $s3, 2 # tl =4 * i
i = i+1; add $tl, S$tl, $s6 # tl = dLeUBuvon tou saveli]
} 1w $t0, 0(stl) # t0 = savel[i]
bne $t0, $s5, Exit # if save[i] != k goto Exit
addi $s3, $s3, 1 # i = i+1
3 Loop # emovaAnyn: goto Loop
Exit: # unddoino npdypopuuc

Ouwg, poévov ot eEaIpeTiKA omAoikol HETOPPAOTEG Ba EPTiovay TETOL0 KOSIKO --01 cuvnOiGUévol
UETOPPACTEG TOPAYOVV KMOKO TOV TPEYEL TO YPNYOpa 0T cLuvnOIGUEVN TTEPINTOOT, OTaV dNANdT|
0 TA00¢ TOV AVOKVKADGE®DV givol onpovtikd peyoivtepo tov 1. Eoavaypdyte to Ppodyo oe
Assembly, o0tmg ®ote pévo éva branch 1 jump va ekteleiton o kKabe ovaxvkimon. (Katd v
€lcodo M v €£0d0 amd 10 Ppdyo emTpéneTon Vo eKTEAOVVTOL OV0 EVIOAEG LETAPOPAG EAEYYOL
--0TO TOV LAG EVIAPEPEL EVOL VL YAVTAOVOVUE TN o amd aTEG KOTA TIC VTOAOITES EMUVAATYELG
TOL BpOYOV, TOL GMOTEAOVY KOl TNV TAELOYNOI0 TOV QOPMOV TOL 0VTOG ekteAgitar). Eotm 011 o
Bpoyog extereiton 10 popéc. [16cec vIOAEG GLUVOAIKA EKTELODVTAV LE TOV TOAUO KMOOIKO, Kol TOGEG
GUVOMKA LE TOV VEO;

Tpomog Mapadoons: Adote OAEG TIG UMOVINGELS GOG GE YOPTi, 0TO UAOnpa, Tpw avtd apyiocst.
(Eqv yphyete tnv amdvinon o€ LIOAOYIOTY, TOPAKAAEIGOE VO TV TUTMGETE KOl VO TOPAODCETE
uovo xopti, Y10 opolopop@io Kot dievkdoivven dopbwaong). I'é amkotnTo, cLppPAYTE Kot TUPUSDOTE
pali Tig aoknoeig 4 kot S.
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