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Ye1pd Aoxrioemv S:
Evrtohég Xvyxroiceov o Metapoods EAéyyov

IMpoBeopia émg Aevtépa 17 Magtiov 2014 (9. 5.1) doa 12:00 peonuéot (artd 0. 3.3)

Biprio: Awopdote Ty §2.7, oehideg 145-151, nabBmg nou Tig oehideg 171-175.
51 Mepilnqym Xvyxgicewv, Alaxhadnoewv, zat Alhndtov ctov MIPS

Ou evtohés petadods ehéyyov (CTI, control transfer instructions) xaBogiCovv va
EUTEAEOTEL OOV ETOUEVT] EVIOA| --TTAVTOTE 1 VIO OQLOUEVES OUVOTIHES LOVO-- O EVTOAT
A amd TV "emodpevn amd vatw" tovg eviolt]. Otav 1 petadoed eléyyov yivetor v
ovvOfxn, oL eviolés ouviBmg ovoudovtol draxhadmoers (branch). ‘Otav 1 petadpood
vivetal mdvtote, oL eviohés ouvvinBwg Aéyovior dhpara (jump). Emiong vmdagyouv
nohéopata SLadnaol®v, AELTovQYLROU CUOTIATOS, KoL ETMOTQOMES amtd aUTA.

> yhwooao Assembly, 1 0te00vvon mQO0QLOPOU TS SLURAUOWONS dNADVETUL ATTAGL [E
o etréta (label), vow avaloppaver o Assembler va voloyioer xoL vo PAAEL TN CWOTN
duadun T, Ztn YAOooo unyovig, oL eVToAés dtaxhadmong arolovboiv to I-format,
%o 1) 0Le0VVoT EO0ELoUOT TEOXDITTEL WG EENG:

PC new := (PC_br + 4) + 4 * ImmOffset (signed)

6mov PC_br &ivow M dtevOuvon g idtag g evtorflg dloxhddwong, ImmOffset elvol M)
otabepm) moodTNTO TwVv 16 bits Tov I-format BewEovUEVT) WS TEOONUACUEVOS 0BG O
oVwAMowpo wg 1pog 2 (dnhadn sign-extended), now PC_new &ivor m OevOvvon g
EVIOMC TTQO0QLOMOD og mepimtwon emtvyiog g dtoxhddwons. H albEnon (PC_br+4)
vivetal yud Moyovg eurnohiog tov hardware (Oheg oL evtolég avEdvouv tov PC xatd 4). O
morhashaotaopds Tov ImmOffset el 4 yivetow yid vo expetailevtope TO YEYOVOS OTL M
oeBuvorn 6hwv Twv eviohdv Tov MIPS elvar axépalo molhamhdolo tou 4, xi £ToL va
teTpamhaoldoove to "Pelnveréc" twv dwonhadmoemv --pe dAha Aoy, O aELOpog
ImmOffset petodier mANO0g eviol®dv urEootd (BeTindg) 1) mow (aQVNTIKAC), AVl va HeTQd
minBog bytes umgootd 1 mow. (otnv mpaypotirdéTnTa, o MIPS éyel "wobvoteonuéveg
(OYpec) dronhadmoels" (delayed branches), yid Adyoug nohiteons expetdilevons tng
opoyelpiog (pipelining) Tov hardware, aAld guels Ba To ayvonoovue og AvTd TOo pPadnua --
to Oépa avto Biyetouw oto HY-425).

Stov MIPS, 1 ouvOfun SLaxAddmwong Wroel vo €xel meQLOQLOUEVES LOVO HOQPES, YLa
Moyovg Tayttnrog. Ou udveg ovvOfres donhodmoewv mov vrdeyovv adoQolv
ovYrQloeLg evog notoywenTh ue to undév (dev Oa aoyolnbolpe pe oavtég 0to "0md pog"
V1001 VOLO TOU MIPS), %0 ouYyrQioELs OV0 RATAXWENTWV UOVO Yid LTOTHTA, 1} AVICOTHTA
now OxL Y1 AV pHoeddv oxéoels (JurnQdTeQOS, UeYaAUTEQOS, ®ATT). Ol eVIOAES QUTES
elvat:

® beq $rs, $rt, label # Oonhadwon edv: $rs == $rt
® bne $rs, $rt, label #Oonhddwon edv: $rs = s$rt

Ou vdhouteg poedés ovyrploewv, mov dev yivovtar péoa otig eviohés dtaxhddwong,
vhomooUvtanr pe ewdurég, Eexwolotés, aoBumTnés eviohés olyxolomng. ITodxertan yid
eVIOAEC avahoyeg mog TV medabeon 1 v adaigeot), HOVO OV TO ATTOTEAEOUA TOUG
elvar Tomov Boolean avti tomov anégorog. Tétowa amoteréopata tomov Boolean éyouv
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0vo povo duvatég tpés: 0 yud pevdés, now 1 yid adndéc. To amoteréouata avtd
vOAPOVTaL GTOVS YVWOTOUS HOG, KOVOVIXOUS (32UTMTOVC) RATAYWENTES, GOV OL AREQOLOL
0 7 1, dnAadf oto LS bit Tou xatoywentf, e OAo T VITOAOLTC, bits TOU XOTOYWENTH)
undevird. O eviolég olyrELong mov epeic Oa éyovue 0to dvd pog vToovolo Tov MIPS
elvan oL Taeaxdtw 10 (VTég ®AVOUY OUYRQLOT TTQOCUAOUEVDY - O TTEOYMATHOS MIPS
€YEL UL AAAEG, TTOV RAVOUV GUYXQLOY U] TQOONUOLOUEVMV, OAAA epels Oev Ba aoyolnBolue
e eXEIVEQ):

e slt $rd, S$rs, S$rt # setless than --aQuOuNTIKY] CUYRQLON TOV RATAYWONTOV:
$rs < $rt.To amotéleopa, TomOV Boolean, yoddetor otov nataywenti) $rd.

e slti $rd, $rs, imm  # set less than immediate --aQuOuNTxY] OUYxRQELON
RATOXWENTY] XKOL TQOOMUOOUEVNS (sign-extended) otobepilc moodTnTag imm:
$rs < imm. To amotéleopa (Boolean) yoddetol otov nataywenti $rd.

Extog amd g evrolés dtonhadwong vmd ouvonu, to voovolo eviol®mv Tov MIPS mov
¥oNolomooVpe 0to udbnuo megrhapPavel xot TG TaQardTm GALES EVIOAES LETOPOQAS
eLEYYOUL:

j target

Alpo (jump) yweig cUVONUN: ETOUEVT] TTQOG EXTEAEDOT] EVTOAT] ELVAL 1] EVIOAT OTN)
dietBuvon target. Xonowpomolel to J-format, To omoto daivetar otn oerida 171
tov Bipiiov, emdvw. H tehnt Oiet0vvon mpooglopot (32 bits) mponrlittel amd ta 4
mahotd MS bits tov PC, ta 26 bits Tou mediov TQo0QLoMoD TNG EVIOANG, ®aL amd 2
undevind LS bits, 6mng eEnyeiton atn oelida 172 Tov Pifriov (ratm). Ztnv oehida
174 daivetor »ot 1 (Mo ™G EVIOANS jump, pali pe o branch, Y& tv éupeon
o0vOeon OLonAadwong vitd cuvONuy o aTO0TOON peYoAUTEQT aTtd TO PeAnvenés
TOV ATADOV dLoxhadmDoEV.

jr $rs

Alpo o8 1000QLoMd oV ®aBoQiteTal amd wotoyxwENT (jump register): emOUEV
QOGS eXTEAEOY €VIOM] elvoL 1 eviol] otn OeOuvvon mov mEQLEETOL OTOV
ratoywenti rs (Ue dAlo Aoy, 0 $rs meQLéyeL T dlevBLVVOT TEOOELOHOV, dNAOOT
évov pointer 0TV EWOUEVT] TTQOG eXTEAEON €vTOAT)). H evtolf avti) uag emmtémel
VO LETAPEQOVE TOV EAEYYO (TNV EXTELEOT] TOV TTQOYQAUIATOG) o€ avbaigeTn Béon
LVAUNG, 1 OTTOl0. UTTOQEL KAl VO TTOWIAEL ROTA TNV EXTELEDT TOVU TQOYQAUUOTOS
(run-time variable) xou uBavov vo eEatdtan xow atd tao dedouéva (data dependent).
Xonotpomoteitar: (a) Y emotoodi] amd dradwacio, Omws meoLygddpetol apuéomg
TOQOXAVW, () Y& HeETAPOQA TOv eléyyov 0c0dNmoTE HonoLd (oehida 172 ndtw
Tov PBAiov), nan (y) yid petdpoaor Tov switch statement.

& to switch statement, 0mwg megLypddetar otn oehido 150 Tov Pifiiov, W
Paown WOéa eivar n €ENg: 0 nmdOmOg g ®AOe mepimtwong (case) YoAdeTUL OF
RATIOLQL TIEQLOYT] UVAUNG, %ot 0 compiler Bupdton o oud diehBuvor ayiCer avtdg
0 70Oag, Yid v xoabepio meQlmtwon. Ztn cuvéyeln, o compiler xataorevalel
évav mivaxa (array), Tov "jump table", o omoiog meQLéEyeL o€ ®dBe BEaN TOV AUTEG TIG
devBivoelg 0mmov aQyilel 0 ®MOWwmag TS nAbe meQlmTwang, He T OeLRd, VL& OAeS
TS (aLOUNTIKES) Tiuég TG ®GOe mepimtwong. Otav eival va exteleotel To switch
statement, TTO{QVOULE TNV T TNG HETOPANTAGS TOV switch (auThv Tng omotag TNV
%G0e megimtwon Tudv eEeTdloupe), oL YONOLUOTOLOUUE OVTH TNV T oav index
otov jump table, Y& vo emmAéEovpe éva amd To TEQLEXOEVO. TOV jump table --quTd
OV QLVTLOTOLYEL 0TV TEQLITTMON TNG TWQELVHG TLUNG TNG HeTafAnTig Tou switch. To
otouyelo Tov mivara ov dLaAéEape eival 1 dlelBuvon Tov xMOLRA TTOV TRETEL VOl
EXTELEOTEL VLA TNV TEQITTTWON TNG LETAPANTYS TTOU TR pog NABe. Avtd angphg
TO OTOLYELO TOV jump table To GpéQvovue oe évav notaymenti $r, xor ot ovvéyela
EXTELOVUE TNV EVTOAT jr S$r, 1 omolol ®Avel MOTE 1) €MOUEVY] €VTOAT] ov O
enteleotel va elvar exel mou Oelyvel o $r, dnhadr) exel mov pog elmme o jump table va
TAUE VLG TNV TEQITTTMON TG TLUNG TTOV TMOQO ELXE 1) LETAPANTH).
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jal target

Ahpa zon Z0voeon (jump and link) -- xdheopo dadwmooiag: €xel To (0o format pe
TNV €VIOAT] jump, %o ®AVEL TA (Ol e exetvny ({0 drevBuvon moopLouot), ouvv,
emmAEOV, oroOnrevEL T dlevBLVVOT NG EMOUEVNS TNG €VTOAS (Ttahawd PC ouv 4)
otov xotaywenti] 31 ($ra, N $31). Xonowwomoteitar yid ndreopo drodinaoctog,
onwg  meguypddpetan ot oehideg 152-153 tov Piiiov. H detBuvon mov
amoONHEVETOL WTOQEL OTY GUVEXELD VO QNOLUOTOMmOel yid €moTQodn amd T
dadnaoia, péow g evtoAns jr $ra. H dieOvvon emotgodig amodnxrebeton
mévto. otov $ra ($31) --to "31" dev ¢alvetan movbevd péoa otnv evtoAn jal,
arhmg to PAleL To hardware avtdpoTa.

Aoxnon 5.2: Awxhadwon pe Tioyxoion Kataymenti-Xradeodg

Eilnape 6m, y16 Aoyovg tayvinrog, o poveg ouvOnueg dioxhddwong tov MIPS mov
adogolv dlo avbaigeTovs 0BPols (OxL évav aQBud rar To uNdév) eivar ovyrioelg
woTNTac/aviooTTag ®aL Oyl ovyxgloelg peyaliteQog/unedtegos. Opmg, emiong, ol
eVTohéc auTég (beq, bne) vmAQyoUVV HOVO 0T LoEdT OV déxeTaL dVO RATAYWOENTES oAV
TEAEOTEOVS, %Ol OV UmoQOUV vo ouyxQivouv xzataywenti] e otabegpr] moocoHTNnTa
(immediate). O AOyog dev pmogel va €xel vo xdver ue tayxltnta, apot 1 olhynolon
LOOTNTOC/AVIOOTNTAG RATAXMENT-0T00e0ds elvor TovAdyloto To (Olo YO yoon e TNV
avtiotoym ovyxoon o xotoaywontdv. Toti Aowwdv motelete ot dev vmdoyouv
TETOLEG €VTOAES "beqi” nou "bnei" otov MIPS; Adote v amdvinoi] oog Yoorrtd ol

eEnynorte.

Aoxnon 5.3: Evroléc Tiyxoions xoar Avoxrddmong

"Eotw 6tL 1 petafinty i Polozeton otov xotaywonth $16, n uetafintiy j otov
notaywoenti] $17, xor OTL CONST onuoaiver o ovbaipetn mooonuoouévy otabeom
moodtTNTe.  péyol wow 16 bits. ZvvOéote TG TOQOXATM  TEQLTTMOELS  RWOOLRA
YONOLUOTIOLDVTOS ALTTOXAELOTINA ROl LOVO EVTOAES UETOED TOIV:

beq, bne, slt, slti, addi
xnat zouo. GAAY. ‘Omov xeeldleote TEOOMELVO %ATOUWENTY, YONOLWOTOoTte ToV $at
(Assembler temporary) o omotog etvow o $1 (avtdv yonolpomolet o Assembler yid va
ovVOETEL TIG PEVOOEVTOAEC TOV). ADOTE TIG ATTALVTIOELS 0OG YOUTTA.

i. if ( i == j ) goto L1; (ioco)

ii. if (i !'= j ) goto L1l; (duddpoQo)

iii. if (1 < j ) goto L1l; (uxpdTeEQO)

iv. if (1 <= j ) goto L1; (unQ0OTteQO 1) (00)

v. if ( 1 > J ) goto L1l; (ueyaliTeQo)

vi. if ( 1 >= j ) goto L1; (peyoliteQo 1) i0o)
vii. if ( i == CONST ) goto L1; ({oo)
viii. if ( i != CONST ) goto L1; (01dhpoQo)

ix. if ( 1 < CONST ) goto L1; (uxpdTteQO)

X. if ( i <= CONST ) goto L1l; (uxdteQo 1 {co)
xi. if ( 1 > CONST ) goto L1; (ueyohiTteQo)
Xii. if ( i >= CONST ) goto L1l; (ueyalitego 1 (00)

YrodeiEn: maiEte pe tn oed mov Palete tovg 2 Teheotéovug TmYNG OTNY EVTOAM
olYrQLONG, Ue Tov xatoyxwenth) $0 mov meguéyel mdvta undév (1 "Pevdég"), pe to etdog
™™g danhddwong (too/dvico 1 Yevdéc/ainbég), pe tic otabepéc CONST, CONST+1,
CONST-1, -CONST, ®oL e TOVg (TOAOUG) cuvdVaoUOUS OAWV aVTMV. B0 EXTLUNOTE TO
mooa woOMG pmogel vo xdvel Tto software, expetalievopevo Alyovg, mooerTIHA
emieyuévous dounotc AiBovg hardware, ymoig amdieia TaydTNTOC!
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Aoxnon 54: Merapooon Booyov "While"

v modyoado 2.7 tov PBipiiov, oeh. 147, vrdoyer évag Podyog UeTOHQOUOUEVOS OE
Assembly. Oewotote TV €ENg wnen magarlayf Tov fedyov autol mou PayveL oe £vov
mivana (axepaimv) table[ ] péxol va Peet wa emBuunth T value (wov Eégovue OTL
VIAQYEL OTOV THVOXQ):

i=0; while (table[i] != value) { i= i+1; }

Ag vmoBéoovpe OtL M petaPinti) i Poloxetar otov nataymont $s3, M T value,
Potoxetor otov ®aTowENTY $s5, ®OL OTL O RATAYWENTNG $s6 TEQLEYEL TN OLevOVVOT TOV
otolyeiov table[ 0], dnradf T devBuvon Pdaong touv mivaxra. Tote, o Pdyog avtdc,
omwg vrdipyer oto PiPiio, eivor wg eEfg, 6mov 1 evioh] s11 eivow 1 "shift left logical",
OnAad1) alotei] ohioBnon, edd ratd 2 B¢oels (bits), dnAadT) ToAhomhaoloopog emt 4:

add $s3, $0, SO
Loop: sll s$tl, $s3, 2
add S$tl, $tl, S$sé6
1w $t0, 0(Stl)
beq $t0, $s5, Exit
addi $s3, $s3, 1
j Loop
Exit:

i=0;

tl = 4 * i

t1l = dLebBuvon Tou table[i]

t0 = table[i]

if table[i] == value goto Exit
i = i+1

emav&ANYn: goto Loop

vTOAOLTO TPOYPOUU

FoF oW W H W

ITagatnofote Tea 6Tl 08 ®E0e avaxrinlworn ovtol Tov EOYOV EXTEAODVTIAL TOCO LLa,
donAddwon vmd ovvOfxr (branch), 600 %o évo dhpo yweic ovvOfxn (jump). Opwg,
povov oL eEauQeTind  amhoixol petodoootéc o EPTiayvov TETOLO HOOWMO  --OL
oVVNOLOUEVOL PHETAPOAOTES TAQAYOUV RMOLKOL IOV TOEYEL O YT YOQO OTN ovvybiouévny
meoimrwon. H ovvnBopévn meplmtwon eivor o Podyxog vo emavolapfavetor aQueTég
$opég moLv Pyotipe amd autdv --yUem otig 10 Gpopég natd péoov 6o, AEVe OL OTATIOTIREG.

Eavaypdyte to Ppdyo og Assembly, 00Tmg MOoTe poOvo €va branch 1) jump va exteleiton oe
%n@0e avonvxhoon. Kotd v eloodo N tnv €€000 omd 10 POY0 emToémeTar vo
extehoUvror dU0 eVTOAES peTadoQdg eréyyov --autd mou pog evoladégel elval va
YAUTOVOUUE TN Mo o0 OUTEG RATA TLG VITOAOLTES ETAVOMPELS TOU PEOYOV, TTOU
amotehoOV »ow TV mAeoPndic. Twv Goemv mov avtdg exteleltar. 'Eotw 6t o feodyog
extelelton 10 poés. T160eg eviohés oUVOMKA EXTENODVTAV UE TOV TTAAOLO HMOMOL, KL
T1O0ES GCUVOMRA UE TOV VEO;

Toonog Iapddoons:

IMapadmote poli v monyotuevn doxnon 4 ot authy €dd ™) 0elRd 5. O TQOTUOLEVOS
TeOMOog maddoong eivor on-line, oe poodf, PDF (puovov) (wrwopel va elvor xeipevo
UNXOVOYQOPNUEVO Ti/raL "OROVAQLOUEVO" YEWROYQUPO, Al udvov oe popdt PDF).
[Mapadwote péow submit ex045@hy225 [directoryName] £vo aQyelo ovopott
ex045.pdf mov Qo TEQLEYEL TIC ATIAVTIOELS 00G O OMEC TIG aoxroelg, 4 nou 5. (Edv dev
wogeite va magadmoete on-line PDF, Qo yivetor denti] --av #aL 0L TQOTLUOUEVN-- HOL
0.Q0Ad00M O YaQTl, WOVO OTNV aEYT] TOU HoONUOTOS TS NUEQAS TTOU ANYEL 1 RoBeauial
naddoong.
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