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51 IMegidqyn Xvyzrgicemv, Ataxhadmooemy, ot Aludtov etov MIPS

Ou evtolég petadopdg ehéyyou (CTI, control transfer instructions) xoBopiCovv va exteheotel oav
EMOUEVT EVIOAT] --TTAVTOTE 1) VIO 0QLOUEVES OVVOTHES LOVO-- L EVTOAN GAAN atd TV "emOuevN
amd vETw" Tovg evtorf). Otav 1 petadoed ehéyyov yivetor vitd cuvOfxY, oL EVIOAES ouviBwg
ovopdtovrar draxhadmosls (branch). Otov 1 petadod yivetal mdvtote, ol eviohés ouviiBwg
Aéyoviar dhpota (jump). Emiong vrdoyovv rohéopata dLadiraolmv, AELTovQyYL®oU GUOTHULOTOG,
2oL EMOTEOGES amtd avtd. Ztov MIPS, 1 ovvOnun StorAddwong umoel vo €xeL TEQLOQLOUEVES
Lovo poedéc, yid Aoyovs tayvtnTac. Ot poveg ovvOnres dSLarladmoemy Tov VITdEyoVV adoQoUV
ovyrpiloelg evog ratoywenti) pe to undév (dev Ba aoyxoAnBovue pe avtég oto "Owmo pog"
Voo VVOLO TOv MIPS), ®al ovyxQioelg OV0 RATAYWENTDOV UOVO YId LOOTHTA 1] AVICOTHTA KoL OYL
VU8 ANV LoQdMV oyéoels (unQOTEQOG, HEYOADTEQOS, ®ATT). OL eVIOAES AVTES lva:

® beq $rs, $rt, label # OLaxAAOWON €AQV: $rs == $rt
® bne $rs, $rt, label # OLOxAAOWON €AQV: $rs != $rt

21 yAwooo Assembly, 1 Oe0Buvon mEooglopot ™ dtorAddwong Onlwvetor amhd pe o
etéta (label), now avahapfdver o Assembler vo vitoAoyioel xatL vo BAAeL T OWOTH OVAOLKT) TLW).
2t YMwooo pnyovig, ot evitolés OlaxAddwong axolovBoiv to I-format, xar m deOvvon
TTEOOQLOUOV TTQOXVITTEL WS EENG:
PC new := (PC_br + 4) + 4 * ImmOffset

Omov pC_br elvouw 1 devBuvon g (OLog ™S evtorg danhddwong, Immoffset elval 1 otaben
mocoTNTA TV 16 bits Tov I-format BeweoVuevn wg TEOONUAOUEVOS 0QLOUOS 08 CUUITATIQWUAL G
meog 2 (Onhaodm sign-extended), nol PC_new elvar 1 OlevBUVON TG €VTOAG TTEOOQLOUOV OF
nepimTwon emtvyiog ™ dtoxhddwone. H avEnon (pc_br+4) yivetow yid AOYOUS €UxOMAS TOV
hardware (OAeg oL evtoléc avEdvouv tov PC ratd 4). O molamhaoiaopog tov ImmOffset et 4
yivetow Y& va expetoilevtotipe to yeyovog otL 1 OtevBuvon Olwv twv evtolmv touv MIPS elivan
OrEQULO TTOANAITTAAOLO TOV 4, %L £TOL VA TETQOITAQOLACOUUE TO "PeANVERES" TV OLORAADDOEWV --
pue ahho Aoy, o appog ImmOffset petroder mAnbog eviolmv pmpootd (Betindc) 1 miow
(a@vNTndg), avti vo. peted mAn0og bytes umpootd 1) miow. (otnv mEaypatiroTnTa, 0 MIPS £éyel
"raoBvotegnuéves dranhadmoels" (delayed branches), yid AOyoug noAlteong expetdAhevong g
opoyelptag (pipelining) tov hardware, alha eueic Ba To ayvonoovue og ovtod To LABMNUA --T0 B€pOL
outd ovintelton ev extdoel oto HY-425).

Ou vrmolowtegs poodéc ovyxptoewv, mouv Oev yivoviar péoo ot €VIOAES OLorAGOmOoNG,
VAOTTOLOVVTOL UE EORES, SEXWOLOTES, 0QOUNTIRES evIOAég oUyxolone. ITodxertor yid evtolég
ovAAOYES OGS TNV TEO0HEON 1) TNV adpaipeoT], LOVO TTOV TO atoTéAeoUd TOVGS elval TUmtov Boolean
ovtt Tomov anrégarog. Tétowo amoteléopata Tumov Boolean £xouv 000 povo duvatés tiuég: 0 yid
Pevdéc, nat 1 yud alnbéc. Ta amoteréopota avtd yoddpovtol 0Tous YvmoToUg HOG, RAVOVIROUG
(32pmToug) noTaymwENTES, oav ol axégarol 0 1 1, Onhadr oto LS bit Tov natoywoenti, pe Oha Ta
vroloutal bits Tov nataymENT) undevind. O eviohég olyxroLong mov euelg Oa éxovpe 0To OLrd



pog vrootvolo tov MIPS elvou ou:

® slt $rd, $rs, $rt # set less than --aQLOUNTXY OUYXRQLON TV ROTAYWENTOV: $rs < $rt.
To amotéleopa, TOov Boolean, yoddetor otov xotoywornth $rd.

® slti $rd, $rs, imm # set less than immediate --aQLOUNTILY] OUYXRQLON HOTOYXWENTY] KoL
meoonUoopévns (sign-extended) otoBeQn)c moootNTag imm: $rs < imm. To aurotéleouo
(Boolean) yoddpetar otov nataywenti $rd.

Extog and tig eviohég danhddmwong vmd ouvOnuY, To vmoovvolo evioA®v touv MIPS mov
YONOLUOTOLOV e 0TO PdONua teQLhaufAaver nat TG TAQORATW AAAES EVIOAES HETADOQAS EAEYYOV:

j target
Alpo (jump) xwELg oVVONUN: ETTOUEVN TTQOG EXTELEDT) EVIOAT €lval 1] EVTOAY 0T dlevBUVvoN
target. Xonowuomotet To J-format, To omoio paiveton oty oghida 148 tov Biiiov (emdivw). H
teMut] OlevBuvon mpoogLopov (32 bits) mooxvmtel amd to 4 makad MS bits Tov PC, ta 26
bits Tov medlOV TEOOQLOMOD TG €VTOANG, ®aL amd 2 undevixd LS bits, 6twg eEnyeiton ot
oehida 150 Tov BiAiov (rdTw). ZtnVv (Otor oeAido PpaiveTor nou 1 ¥EHoN TS EVIOANS jump,
pwall pe o branch, yid v éuueon olvBeon daxhddwong vmd ovvOun oe amdotoon
ueyaliteon amod 1o PeAnveréc TV amldv SarAadDoEmV.

jr S$rs
Alpo. og mooolopd mou rabopiletal amd xoataywENti) (jump register): €TOUEVT) TTOOG
eXTENEON €VTIOAT elvar M €vtoA] ot OeOUVoT OV TEQLEXETOL OTOV NOTOYWOENTN 1S (UE
ahho Aoy, o $rs mepuéxel ) devBuvon mEooQLopov, dNAadN €vav pointer OTNV ETOUEVY
mOg extéheon evtol). H evioli] auvth pog emtoémel vo petadpégouvpe tov Eleyyo (Tnv
EXTENEON TOV TROYQAUMATOS) og avbaigetn B¢on pwvHung, n oota WTOoEEL KoL VO TTOLXIAEL
ROTA TNV EXTEAEON TOV TQOYQAUUATOS (run-time variable) xo mOovOv vo eEaQTdToL ROl OO
to dedopéva (data dependent). Xonoipomore{tor Y& LeTAPQOON TOV switch statement, OTwG
meQLyeadetar ot oeda 94 tov Bipiiov (A' topog EAMvintg éndoong), yid petadpogd tov
eréyyov oocodnrote poxold (oehido 117 xndtw tov Piiov), nar yud emotgodn omd
0L dnaota Ommg TEQLYQAPETAL AUECMS TOQARAV®.

jal target
Alpor now Z0vOeon (jump and link) -- xdheouo dwadwrwaociac: €xer to (dlo format pe Tnv
EVTOM) jump, %ol xnAvelr o (0w pe exelvnv (ida delBVvVoN TEOOELOUOV), CVV, ETUTAEOV,
arroOnreter ™ deBuvon g emoOuevig ™G eviolng (talawd PC ovv 4) otov ®xatayment)
31 ($ra, 1| $31). Xonowpomoteital yid rdreopo diadiraaciogs, Ommg meQLyQdpeTal oTig oehideg
97-98 tov PiPiiov (A' topog EAAnvinng éxdoong). H deiBuvon mov amoOnreteton pumoel
0T OVVEYELD VO YoNnoLporton el yud emoteodt) artd TN dadwmacio, HECW TG EVIOANG jr
sra. H dievBuvon emotoodng amoOnueveton mavta otov $ra ($31) --to "31" dev dpaiveton
movBevd péca otV evrolt] jal, amhmg to Bdlel To hardware avtdpaTOL.

Aoxnon 5.2: Awxhddwon pe Tvyxoion Kotaymonti-Xradepdg

Eilmape ot, yud Aoyoug tayvtntag, ol poveg ovvOnures dtaxhddwong tov MIPS tov apogotv 000
ovBaipetovg aplBpols (0L évav aolOud not To UNOEV) elvol oVyrQEIoELS LOOTNTAC/OVIOOTNTOS 1Ol
Oyl oUYrQLOELS HeYoATEQOC/ IunEOTEQOS. Opwg, emlons, oL eviolés avtég (beq, bne) VITdQYOLV
Lovo ot poedt) mou déxetar dVO RATAYWENTES GOV TEAEOTEOVG, KoL OEV UITOQOVV VO GUYHRQIVOUV
notTaywent e otabepl] moootnto (immediate). O AOYog Oev WmoQel va €xeL VO HAVEL UE
TOYXUTNTA, OGOV 1 OUVYROLON LOOTNTOS/AVIOOTNTOS KATOYXWENTN-0TA0eQAS €lval TOUAAYLOTO TO
(Oo yonyoon Ue TV avtiotoryn ovyxlon 0o rataywentdv. [Nati Aowmwdv motevete OtL dev
VITAQYOUV TETOLEG EVIOAES "begi" o "bnei" otov MIPS; Awote Vv astéivtnot cog o€ X0QTl nol

eENYNOTE.

Aoxnon 5.3: Evrohég TOyxoiong xor Awexhddmong




"Eotw 611 M petafhnti i Pfoloretanr otov nataywenth $16, n petafinti j otov xataywoenti $17,
noL OTL CONST onupoiver o avBoipetn mEoonNUAoUEVY otofeQl TooOTNTA PEYXOL %Al 16 bits.
ZUVOEOTE TIC TOQORATM TEQUITMOELS RWOLLO QNOLUOTOLDVTOS OTTOXAELOTIRG KOl LOVO EVTOAES
UETOED TWV:

beq, bne, slt, slti, addi
nan xapo GAAY. Omou yeldleote mEOoWELVO ®oTamwENTH), XeNolwomotote tov $at (Assembler
temporary) o orotog eivat o $1 (autdv yomolpomoLel o Assembler YL vo ouvOETEL TIG PEVOOEVTOAES
TOV). ADOTE TIS OTTAVTNOELS 00G O€ YOLOTL.

1. if goto L1; ((00)

(i==73)

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

ili. if ( 1 < j ) goto L1l; (uxrQOTEQO)

iv. if ( i <= j ) goto L1; (unrQOTEQO 1] (0O)

V. if (i > j ) goto L1l; (neyahlTeQO)

vi. if (i >= j ) goto L1; (ueyahlTEQO 1] (00)
vii. if ( i == CONST ) goto L1; ({0O)
viii. if ( i != CONST ) goto L1; (OLGAp0OQO)

iX. if ( i < CONST ) goto L1; (JUxQOTEQO)

X. if ( i <= CONST ) goto L1; (xQOTEQO 1] (0O)
Xi. if ( i > CONST ) goto L1l; (UEYOADTEQO)
Xii. 1f ( i >= CONST ) goto L1; (UeYOAVTEQO 1] (0O)

Ynooei&n: maiEte pe ™) oepd mou Palete TOug 2 TEAEOTEOUS TINYNG OTNV EVTOA| OUYXQLONG, ME
tov notayment) $0 mov mepueyel mavto undév (1 "Pevdéc"), pe to etdog g danrhddwong (ioo/
avioo 1 Yevdéc/ahnbég), pe Tig oTobeQég CONST, CONST+1, CONST-1, -CONST, %OL UE TOUG
(TOAOVG) OVVOVOOUOUS OAMV QUTMV. O EXTIUNOTE TO TOOO TOALG pUmoel va nAvel To software,
EXUETOAAEVOPEVO AlYOUG, TEOOoEXTIXA emheyuévoug Oouxolg AlBovg hardware, ymoig armmAeLo
ToyvTNToG!

Aoxnon 5.4: Merdpoaon Beoyov "While"

2ty mapdyoado 2.6 tov (EAAvirol) Pipilov, oeh. 92, vmdgyer o magordtw edyog
petapoaouévog oe Assembly ®atd T€TOLO0 TQOTO WOTE 0 ®AOE AvOrIUAWON VO exTELE(TAL TOOO
wa draxnrddwon vd ovvOnxn (branch), 600 xar €va GApo yweic ouvONxn (jump) (1) EVTOAT] s11
etvou ) "shift left logical", dnhadn) agloteptn) olioOnom, edm ratd 2 Béoelg (bits)):

while (save[i] == k) { Loop: sll $tl1, $s3, 2 # tl = 4 * i
i = i+1; add $tl, s$tl, $s6 # tl1 = dlevBuvon Tou save[i]
} 1w $t0, 0($tl) # t0 = save[i]
bne $t0, $s5, Exit # if save[i] != k goto Exit
addi $s3, $s3, 1 # 1 = i+1
j Loop # emov&ANYNn: goto Loop
Exit: # LTOAOUTO TPOYPORMMK

Opwg, povov ot eEalpetind  amhoixoi petopeaotés OBa Eptiayvov TETOLO  HMORO --OL
ovvnOopEvVoL PETOPQOOTES TTAQAYOUV RMOWMA TTOU TEEYEL TO YONYOQO OTY ovvnOLopévN
negimtwon, otav OMMAadt To TANOOS TV AVORVHAMOEWV €lvol onuavind peyolitego tou 1.
Eavoyoopte to Beodyo oe Assembly, oUTwg MOTE MOV €va branch 1) jump vo exteleital oe xAOe
ovaxivrhworn. (Koatd v eioodo 1 v €€0do amd to POYO EMTEETETOL VO EXTEAOVVTAL OVO
EVIOAEG UETOPOQAS EAEYYXOV --0UTO TTOV OGS EVOLAPEQEL EVOL VO YAUTDVOUUE T1) (oL OTtd AVTES
1OTA TIG VITOAOUTES EMAVAAMPELS TOV PEOYOV, TTOV OTOTEAOUV %Ol TNV TAELOYNPLA TWV GOQWV
ov avtog exteleitar). ‘Eotw 6t o Peodyog exteleitow 10 popés. T1doeg eviohés cuvolxrd
EXTELOVVTOV UE TOV TTAAALO KOO, KO TOOEG CUVOMKA IE TOV VEO;

Toomog IMagadoons: Amdote OAEG TIG OTTAVTNOELS 00 G€ YOETL, 0TO LAONUQ, TOLVY QUTO QY IOEL.



(Edv yodpete tnv amtdivtnon o€ vItoAOYLOTH), TTOLQAXOAEIDDE VO TNV TUTTMOETE KOl VO TTOLQAOMOETE
uovo xoQti, yud opoopogdia o devrodluvorn 0vEBwong). IN'd amhdTTa, CLVEEAYTE %o
oo dmote okl Tig aoxnoels 4 xou S.
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