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5.1 Hepitnyn Xvykpicemv, AloKAodOGEMY, Kot AApatov etov MIPS

Ot evtorég petapopdg eréyyov (CTI, control transfer instructions) xafopifovv va extedectel cav
EMOUEVT EVIOAN --TAVTOTE 1) VIO OPIGUEVES GUVONKEG LOVO-- LG EVTOAT GAAN 0t TNV "emdUEVN A
Kat®" tovg evioAn. Otov M petagopd eAéyyov yivetar VO GuVONKN, Ol €vioAés cuvnbmg
ovopalovtar dwukradmeoelg (branch). Otov 1 petapopd yiveror mdvtote, ol evioAég ovvnOmg
Aéyovtan dipata (jump). Emiong vdpyovv koAéopata S10d01KacLmy, AEITOVPYIKOD GUOTHIATOS, Kol
EMOTPOPEC omd avtd. Ztov MIPS, n cuvOnkn StaxAddmong Pmopel va €yl TEPLOPIGUEVEG LOVO
poppés, Y Adyovg tayvtntag. Ot poveg ouvinkeg SoKAAODOE®Y TOV VIAPYOLY APOPOLV
GLYKPIOELS EVOG KOTOY®PNTH LE TO UNdEV (dev Ba aoyoAnBovpe pe avtég oto "dkd pog" vroohvoro
tov MIPS), kot ouykpicelg 600 KATAYOPNTOV UOVO Yid 1GOTHTE. 1 OVICOTHTO. Kol OYl Yui GAA®V
LOPPDV O0YEGELS (KPOTEPOG, LEYOADTEPOC, KAT). Ot eVTOAES OVTEG gival:

e beq $rs, $rt, label # dwxhddmon edv: $rs == $rt
e bne $rs, $rt, label # dwkhddmwon edv: $rs = $rt

>m yhdooo Assembly, 1 d1e00vven mpoopiopov g SlokAddwong SnAdvetol amid pe pio eTikéTa
(label), kot avaiapPaver o Assembler va vToloyicel kol vo BAAEL T GOGTH SLOSIKN TIU. XTN
YADOGO pNYovis, ot evIoAés dtakhadmong axoiovBovv 1o I-format, kor 1 devBuvon mpoopiopoh
TPOKVTTEL WG EENG:
PC new := (PC_br + 4) + 4 * ImmOffset

omov PC_br givar m d1evBuvon g 101G g evioAng dtokAddwong, ImmOFfset sivor 1 otabepn
mocotTo. TV 16 bits Tov I-format Bempodpevn og mpoonuacévog apluds 6e CLUTANPOUO ®G
wpog 2 (dnhadn sign-extended), xar PC_new eivar m devbuvon 1ng €VIOANG TPOOPIGUOD GE
nepintoon emroyiog g dwukAddwong. H advénon (PC_br+4) yiveton yid Adyovg €vkoAiog tov
hardware (6ieg ot gvtorég av&avovv tov PC katd 4). O molhamiociacpog tov ImmOffset emi 4
yivetar Y10 vo EKUETAAAEVTOOUE TO YEYOVOG OTL 1) d1evbBuvon OAwvV Tov evtoddv tov MIPS eivar
aKEPOIO0 TOAAOTAAGI0 TOV 4, KL £TG1 VO TETPUTAACIAGOVLE TO "BeANveEKES” TV SIOKANSDGEMV --|IE
o Aoy, o aplBudg ImmOffset petpder minboc evioddv pmrpootd (0eTikdc) M micw (apvnTiKdg),
avti va petpd TAnbog bytes pnpootd 1 micw. (otnv TpaypotikdtTa, o MIPS éyel "kabvotepnuéveg
dwkAadmoelc" (delayed branches), 14 AOyovg KOADTEPNG EKUETAAAEVONG NG OMOXEWPIOG
(pipelining) tov hardware, aAAd eueic Bo T0 ayvoncovue 6€ avtd T0 pAONUa --to OBépo avtd
ov{nreitar gv ektdoel oo HY-425).

Ot VTOLOUTEG LOPPES GLYKPICEMV, TOL deV YivovTal LEGH OTIG EVIOAEG SLOKAAOWGOTNG, VAOTOI0VVTAL
HE eKEG, EEXPLOTEG, aplOuNTIKEG EVTOAEG ovyKplong. [Ipdkettal yid eviolég avaAoyeg TPOG TNV
Tpocheon N TV aQaipect), LOVO IOV TO ATOTEAEGA TOVG glvar TOov Boolean ovti thmov aképatog.
Tétow amoteréopoto Tomov Boolean éyovv dvo povo duvatéc tipéc: 0 yid wevdéc, ko 1 yid aAnoég.
Ta amoteAéoHOTO OVTE YPAPOVTAL GTOVG YVAOOTOVS HOG, KOVOVIKOVG (32UTITOVG) KOTOY®MPNTEG, OAV
ot aképatot 0 N 1, dnAadn oto LS bit tov kataywpnt, pe 6Aa ta vIOAoTo. bits TOL KaTAX®PNTA
unoevikd. Ot evtoAég ohykpiong mov peig Ba Exovpe 610 d1kd pHog vrosvvoro tov MIPS eivar ot

e slt $rd, $rs, $rt # set less than --apBuntikn obykpion TV KOTOYOPNTOV:
$rs < $rt. To amotédeopa, TOmov Boolean, ypdpetar otov KoToywpnth $rd.

e slti $rd, $rs, imm # set less than immediate --opOUNTIKY GUYKPION KATOY®PNTH KoL
npoonuocuévne (sign-extended) otabepng mocottog imm: $rs < imm. To amotéheoua
(Boolean) ypdaoetat otov kataympnt $rd.
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Extog amd Tic eviodég Saxhadmone vmd ouvOnkm, to vrochvoro evioldv tov MIPS mov
YPTNOLUOTOI0VUE 6TO HAONUO TEPLOUPAVEL KOl TIC TAPOKAT® GAAEG EVIOAEG LETOPOPAS EAEYYOL:

J target
Alpo (jump) yopig cvvONKN: endUeEVT TPOG EKTEAEST EVTOAN €ivo M evioAn ot dievbuvon
target. Xpnowomnotei to J-format, to omoio @aiveton otn cedida 148 tov Pipfriov (emdvm).
H telkn drevBvvon npoopiopov (32 bits) mpokvdztel and ta 4 tokowd MS bits tov PC, ta 26
bits Tov mediov TPOOPIGHOY TNG EVTOANS, Kol amd 2 pundevikd LS bits, omwg eényeitan ot
celida 150 tov Pifriov (kdtw). Ttnv id10 ceAido @aiveTarl Kot 1 ¥pNOT TNS EVTOANG jump,
poli pe pio branch, 116 v éupeon obvleon SokAddwong vd cvvBnkn oe amdoTaon
peyoA0TePN omd 10 fEANVEKEG TOV ATADY SLOKAUODCEMV.

Jr $rs
Alpo oe mpoopiopd mov kabopileton amd wotoywpnty (ump register): enduevn TPog
EKTELEOT] EVTOAN €lval 1 EVIOAN 0T d1e0OVVEN TOV TEPIEXETAL GTOV KATAYM®PNTA TS (Le AN
MOy, o $rs mepiéyel tn Sebbvvon mpoopiopov, dnAadn Evav pointer otV ETOUEVN TPOG
extédeon eviol). H evtoln avt pog emitpénel va PETAPEPOVLE TOV EAEYYO (TNV eKTELEON
TOV TPOoYPApupaTog) og avBaipetn Béon uvnung, n omoila pmopel Kol Vo TOIKIAEL KOTA TNV
eKTELEOT] TOVL TPOYpAppaTog (run-time variable) xor mBoavov va e€aptdton Kol omd To
dedopéva (data dependent). Xpnoylomoteiton Y16 petdppacn tov switch statement, dmmg
meplyphpetal otig oerideg 129-130 tov PiPpriov, yuid peta@opd Tov €AEYYOV OGOINTOTE
pokpld, Onwg avaeépetor otn oedida 150 tov Pifiiov (KdT®), Ko Y14 emotpoen ond
SladKocio OTMG AVOPEPETUL APECHS TAPUKAVE.

jal target
Alpa kot Xovoeon (jump and link) -- kdheopo dodikaciag: €xet to 1610 format pe v vioin
jump, Ko kévet To idwor pe ekeivny (101 d1evBuven Tpoopicpov), Guv, eXITAEOV, amodnKedel
™ devbvvon g endpevig g eviodng (tarod PC ovv 4) otov kataywpnt 31 ($ra, 1 $31).
Xpnoylomoteitor yié Kaheopa dadiKooiog, Omweg mePtypaeeTol ot ceAideg 132-133 tov
Bipriov. H dedbbvvon mov omobnkevetoanw umopel otn cuvéyelo va ypnoylomombei yid
emoTpoen amd TN Odkacio, pécow 1Tng evioAng jr $ra. H dwevbuovon emiotpong
amofnkevetal mavto otov $ra ($31) --to "31" dev @aivetar movbBeva péco oty gvioAn jal,
amA®g To Palel To hardware avtdpara.

Aoknon 5.2: AwkAiddmon pe Xoykpron Kotayopnt-X1a0epdc

Eirmape 611, 714 Adyovg tayvtntog, ot poves ocvuvinkeg dtaukiddmong tov MIPS mov apopovv dvo
avBaipetovg apBpote (OxtL Evav apBpod Kol 1o PNdév) gival GUYKPIGELG 10OTNTAG/ OVIGOHTNTOS Kot O)L
ovykpicelg peyaAvTepog/kpotepog. Ounmg, emiong, ol eviodéc avtég (beq, bne) vmdpyovv poévo
ot HOopPY] TOL déxeTon OVO KOTAXMPNTEG GOV TEAECTEOLS, KOL OV UTOPOLV Vo ovyKpivouv
Katayopnt) He otabepn mocdmta (immediate). O Adyog dev pmopel va £yl vo KAVEL e TaydTNTO,
aeol 1 oVYKPIoT 100TNTAG/AVIGOTNTOS KoTay®PNTH-0Tadepds eivarl TovAdyIGTO TO 1d10 Ypriyopm LE
Vv avtioToyn ovykplon 000 kataywpnT®v. ['oti Aowmdv moTtedete OTL SV LVIAPYOVY TETOIEG
evioréc "beqi" kot "bnei" otov MIPS; Amacte Vv andvinon cog o€ xopti kot eEnynorte.

Aoknon 5.3: Evtoiéc Xvykprong ko AleKAGI®ONG

‘Eoto o611 n petaPinty i Bpicketan otov kotoywpnt $16, n petafint) j otov kotoyopnt $17,
Kot 0Tt CONST onpaiver pio avBaipetn mpoonuoaouévrn otabepn mocotnta ugypt kor 16 bits.
ZuvOEoTE TIC MOPOKAT® TEPUTTOOCEL KOOIKO YPNCULOTOIDVTAG OTOKAEICTIKG KOl LOVO EVTOAEG
peta&y tov:

beq, bne, slt, slti, addi
kot Kopio GAAN. Onov ypeidleote mpoowpvd Kotoywpnth, ypnoiporomote tov $at (Assembler
temporary) o omoiog eivor 0 $1 (awtdv ypnoonotei o Assembler yid vo cuvOETEL TIC YEVBOEVTOAESG
TOV). ADGTE TIC ATOVINGELS GOG GE YOPTI.

i. if (i == 3 ) goto L1; (ico)

ii. if (i !'=j ) goto L1; (Sudpopo)

iii. if (i < j ) goto L1; (ukpdtepo)

iv. if (i <= j ) goto L1; (uikpotepo 1| i60)
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v. if (i > j ) goto L1; (ueyoaldtepo)

vi. if (1 >= j ) goto L1; (ueyoAvtepo 1 i60)

vii. if ( i == CONST ) goto L1; (ico)
viii. if ( i '= CONST ) goto L1; (8149popo)

ix. if (i < CONST ) goto L1; (Lkpdtepo)

x. if (1 <= CONST ) goto L1; (pkpoOTepo M i60)
xi. if ( 1 > CONST ) goto L1; (peyaADTePO)

xii. if ( i >= CONST ) goto L1; (peyaidrepo 1| ic0)

Yrooeln: nai&te pe ) oepd mov Palete Tovg 2 TEAEGTEOVG MNYNG OTNV EVIOAT GUYKPIONG, LUE TOV
katayopnt) $0 mov mepiéyel mavio undév (] "yevdéc"), ue 1o €idog tng dakAddwong (ico/avico M
yevdéc/oan0<qg), pe Tig otabepég CONST, CONST+1, CONST-1, -CONST, kot e TOVG (TOAAOVG)
oLUVOLAGHOVS OAV aVT®V. @0 exTNoTE TO0 TOGO TOAAG pmopel vo kdvel To software,
EKUETOAAEVOLEVO AYOLC, TPOOEKTIKA emAeypévoug dopkovs AiBovg hardware, yopic amdAgin
TayvTNnTog!

Aocknon 5.4: Metagpaon Bpoyov "While"

v mopdaypoeo 3.5 tov Pipriov (ceA. 127), eidope tov TOpaKAT® Ppdyo UETOQPAGUEVO OF
Assembly katd t€t010 TpdTO MOTE 0 KAOE AvOKOKA®ON va ekteELeiTan TOGO pio dtakAddmon vrd
ouvOnkn (branch), 660 kot éva dApa ywpig cuvOnkn (jump).

while (save[i] == k) {
i = i+j;
}

Opwg, poévov ot e&aipetikd amloikol PHeTa@PAcTEG Bo £PTLoyvay TETO0 KOJIK --01 cuvNoiGHévol
LETOPPUCTEG TOUPAYOVV KOSIKO TTOV TPEYEL TTO YPIYOPO. GTN GUVNOIGUEVT TTEPITT®ON, OTAV ONANOT
10 TA00g TOV OVOKVKAMOEWY €tvol onpoviikd peyoaddtepo tov 1. Eavoypdyte 1o Ppdyo ot
Assembly, o0tmg ®ote povo éve branch 1M jump vo exteheiton og kdbe avaxdxiwon. (Katd v
gloodo N Vv €£000 amd 10 PPOYO EMTPEMETOL VO EKTEAOVVTOL dVO EVTOAEG UETOPOPAG EAEYYOL
--0VTO TOL LG EVOLIPEPEL IVl VO YALTAOVOLLE TN piO 0O AVTES KOTA TIG VITOAOUTES EXAVOANYELS
0V Ppodyov, TOV OTOTEAODY KOl TNV TAEOYNQIO TOV QOpdV Tov avtdc exteleitar). ‘Eotw 6tL o
Bpoyog extereiton 10 popés. [Toceg EVIOAEG GUVOAKA EKTEAODVTOV LE TOV TOAOLO KMOIKOL, KO TOGES
GUVOMKA LE TOV VEO;

Tpomog Mapddoong: Adcte OLeG TIG OMAVINGELS GOG 6€ XUPTi, 6TO pAbNUa, TPV avtd apyicel.
(Edv ypdwyete TNV amdvinomn o€ LIOAOYIGTY, TOPUKUAEIGOE VO TNV TUTMCETE Kl VO TOPAODCETE
povo yopti, y1é opotopopeia kot dievkdAvveT 10pBwong).
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