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AvoAEEELS 6:
Kdieoua Avadinaoiov orov MIPS

To ndieoua diadwoaoiag (procedure call) yivetow péom g evioiilc jal (jump and link - Ghpo %o
oUvdeon), 1 Oe emotodn and dwadwaoia (procedure return) yivetol pPéow TG €VIOANS jr (jump
register - dApa exel mwov delyvel Evag nataywentig), OTwg eldape oty § 5.1.

6.1 Tivog EvOivn eivou to Zooypo tov Katayoontov:

Otav dudpopeg dradiwaoies xonolwomootv Tov (dlo rataywenth yid dadoetinois oromols 1
noBeulo, o TEOMO OV VO HOTOOTQEDETOL 1] TTQONYOUUEVY TLUF TOU RATAYMONTH --TNV OTola OpUng
dev Béhovpe va yAoovue, TOTE ROTTOLOG TETEL VO, "oMOEL" (AVTLYQAWEL) TNV RO YOUUEVT TN OF
aopoAés péQog (otn pvAun) xor aQyotega vo TNV emovapéoel otov xortoywenti. Id va
ehayrotomonBel To x60Tog VTS TNg €oYyaoiog (dNAadT To mOoo ovyvd moémel avti va yiveTal), oL
compilers Tov MIPS axolovBoiv tig mogaxrdtom cvpPdoels. (OL cupfdoelg avtég elvar agroivtwg
OUVTINENTKES (DOTE VO EMTQETOUV YWELOTH UeTAdQOOoN (separate compilation) TV SLAdHAOLDV).
Eotw 6t ud dwadiraocia A nadel wav ahAn dwodwacio B (| n evegyomoinon (instance) A pudig
avadgomunng dradinaciag raiel v evegyomoinon B tov eavtol tg). Oa ovopdlovpe tnv:

e A:'"nxalovoa dwodiwacio" (caller), xoL tnv
e B: " xzalovuévn dodwwaoia" (callee).

IMpoomowvoi Katoywontés $t0 - $t9 ($8-$15 now $24-$25) -- temporary registers: H tpf) tov
ROTOYWENTOV oUTOV dev dtatneeltol petd amd éva ndheoua dtadiraciog (not preserved across call),
MAadn M raloluevn Owadiracion () dAheg mov TLXOV XAAODVIAL OITO OUTHV) ETMTEETETAL VO
UETOPAAEL TNV TUU OUTOV TV RATAYWONTOV XWEIS TQONYOUUEVMS VO, GMOOEL TNV TN TTOU TUYOV
elye peivel exel amd v nalood dLadraoio, ETOUEVS KL XIS VO ETOVADEQEL TNV TTOAALYL EXEIVY
TYW] 7TEO NG €moTEOdNS otV xahovoo dodikacio. Aga, av N rnaroloo dadwaocio €xel T
yxonowo péoa og €vov TETOLo raoTamENT eved etoludleton va raiéoer wav Gy dadwmocia, To
omoio yonowo embupel va 1o Eavafeel ot B€0m Tou peTd TNV EmMOTQOPT TOV RAAECUATOS, EIVAL
vV Mg zadovoog dradiracsiog va omoel TNV yofolun T oLy to vdieoua ("caller-saved"), xan
va TNV emavodEéQel AUECHS PETE amd autd (dnh. petd TNy emotodt Tov). [TpoowoLvés TuéS TV
omotwv 1 Oudorewn Cwfg (lifetime) dev meguhapfdver xoréopoto OLAdRACLOV OUIDEQEL VAl
TOMOBETOVVTAL O TETOLOVS RATAYMOENTES, OLOTL OeV Y QELALETOL VO GOMOOUE TA TTOALAL TTEQLEXOUEVL
(a6 QUTOV IOV HOG RANEDE) QUTMOV TV RATUYXWENTAOV TQLV TOUS KON OLLOTOL|OOVE.

[Znueiwon: "duborera Tong (lifetime)" wdg petapfntig N evdg rataywent Aéyetar )
xoovixi meeiodog (1] oL evtorég mou megrhapuPavovial) amd T oTLyUr o0 ot UeTafAnTi 1
OTOV RATAYMONTH) EXYWQEEITOL pia TLT], LEYXQL TV TEAEUTALO OVAYVMOT TNG TS OUTHG TTOLV
TNV ETOUEVY EXYWQENON VEAS TIUNG O€ QUTH TN LETAPANTH 1] TOV RaTaymenti). Metd to Téh0g
ag dudoreag Cofg wag uetoAnThs 1| evog xataywent, ®xoL péxor v €vaEn g
emOUEVNS OLdRELaS NG TNS/TOV, 1) LeTaPANTi 1) 0 naTaywENTig Oemoeital "verpn/vexog",
doTL M Tl Tg/tov dev pog evoladéQel --naveis dev meoreLTAL VO TNV JLaPdogL oLV THV
EavallaEovpe-- doa eipaote ehedBeQOL v TV ®OTOOTEEYOUE].

Awetnoovpnevor Katoymoentég $s0 - $s7 ($16-$23) -- saved registers: H tipui] Tomv ®otoymontov avtdv
dratnoeltan petd amnd éva rdleopo dradiraoctag (preserved across call), dnhadm eivar ev@ovn g
zahovuevi|g dradnaciog vo omoel TV mahotd T ®A0e TETOLOV RATAYWENTY] OV TNV YOAGOEL
("callee-saved"), xan vo v emovadépel ot BEom TG MOV emoTEéYeL otV raholoa diadiwaaia.
AQa, 1 xohooo dLadLnaoio. UTOQEL VAL ApTVEL YOTOLUES TLUES O QUTOUS TOUS RATOYXWENTES, TTOLY
raléoel Ghhes Owadwaoies, xal va tg Eavapoiorer petd v emotQodr] amd avtég, ywEis va
xoedletal --1 ®xahovoa diadaocio-- va xAver xdTL WLoiTteQo YU autd. MeTafANTéS ®aL TIUES TV
omotwv 1 dudoreta Twmg (lifetime) meQuhapPBaver ToME ROAESUOTO OLAOLRAOLDV, UE ETTOVELAUUEVN
XONOoN TG TOAALAS TG TOVg METAED TV RAAECUATMV, CUDEQEL VA TOTOOETOVVTAL 08 TETOLOVG
1OTOYWENTES, OLOTL, OV oL ®oAoUpeves Owadraoies (xar or Tuydv dwol Toug amdyovor) Oev
YXONOLHOTOLOUV QUTOUG TOUS ROATOYWENTES, YMTOVOUUE TO TOMATAY owolpata ®ou emavapoég
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(omdTovue now emavapégoupe LOVO pic oA TV Tl oL eixe adrnoet exel 1) drodinacio mov ndieoe
€ULAS TOVG (OL0VG).

6.2 Allol Katoymwontéc:

e $ra ($31) Return Address: %G0e xdhecpa Ouadwooiog 1ATOOTOEPEL TO TTQONYOUUEVO
TEQLEYOUEVO TOU %OTOYWENTI] avTol, doa ®dBe dradwacio mov xnoahel Ghheg dadirnaoieg
(dMA. ndBe dradinacia wov dev elvar GUALO 0TO OEVTQO TWV ROAECUATMV) TTQETEL VAL GOOEL TN
dLeBvvon emMOTEOPNS TS OTNV QYT TNG EXTEAECTS TNG (TTQLV TO TEMTO XAAEGUAL), KOL VO, TNV
emavodépel adol emoteéyel To Tehevtaio woudi Tne, mowv va emotoéyel 1 (Oa. (To onuelo
outd elvor aoodés oto oyxnua 2.11 tov Bipiiov (oeh. 159, 4n éxdoom): 1 devBuvon
€MOTQOPTS OTNV omola avodégetal exelvo to oyfua elvar 1 OetBvvon Tov mTaEdVTOg
ROAEGUATOG, ®oL OyL 1) dlevOV VoY emoTEOPNS THG dLadraotag HEoa amtd TV oroia YiveTaL TO
nAAEoUQL).

e $sp ($29) Stack Pointer, $fp ($30) Frame Pointer: 6molog toug aldlel tovg emavodéQet
%nOhag. [Tolhoi compilers dev yonoipomolotv frame pointer --to (910 »dvel o to PPiio otnv
oeAYQ. 3.6, o to dto Ba ndvovpue nou guels. I'id To g Ba pmogovoe va yonoipomoBel o
frame pointer Oglte (poaugeTind) TV maEAYQ. A.6 Tov ITagagthipatog Tou Piiiov.

o $gp ($28) Global Area Pointer: Aev tov allGlel (0Ute Tov omTel) rapio dradmacio. Aeiyvel
ot PEoM WAS TTEQLOYNS VNG peyéboug 64 KBytes Ta meQLeOUEVOL TG OO0 ITTOQOUE VO
Oo0TEAd ooV E HE o Ovo eviold] load 1) store YENOLULOTOLHVTOS QUTOV TOV ROTOYXWENTT,
%OL OTNV OO0 EMOPEVIS OVUDEQEL VO ToTtoBeToUVTOL OL Yevirég (global) Pabumtég (scalar)
LETAPANTES TOV TQOYQALIOTOG.

o $k0-$k1 ($26-$27) Kernel Reserved, $at ($1) Assembler Temporary: dev TOUg Q1 OLLOTOLOVY
oL compilers ®ow T TQOYQAUUATO XOT|OTN --XQATNHEVOL YL TO AELTOVQYIHO GVOTNUO KAl TOV
Assembler.

o $zero ($0) = 0: meoiéyer v otabepd (hardwired) pundév. Emtoémoviar eyypadés oe avtdv,
ahAd dev ahAGCouv To undevird (hardwired) megleydpevo Tov.

o $a0-$a3 ($4-$7) Procedure Argument Registers: megiéyovv ta momta 4 ogiouato (arguments)
™G dodiraoiog. Av VIaQYOUV TEQLOCOTEQM OO 4 0QiopaTa, TA VTOAOLTN TTEQVIOUVTOL OTY|
otoifa. Av vdyovv Aydtego amd 4 ogiopata, TOTE oL VTOAOLTTOL (1) ¥OMOLUOTOLOUUEVOL)
rnotoywentés $a3-$ald yonolpwomolovvtor cov Tovg TEOoMELVOUS xotoyweNtés $t0-$t9. I1y.,
av 1 mapooa dadiracia €xel Vo oplopato LoOVo, TOTE elvon eheiBeQN VOl (O OLULOTOLOEL
toug $a2, $a3 cov mMEOOoWELVOUG RATAXWENTES XWEIC VA OMOEL TIG TLUES TOVS, OQXEL va Unv
INté vo dLaTnEoUVTaL QUTEG OL TLUES OTAV Halel TTOUdLA TNG: av To TOLOLAL TNG €XOUV TOAAG
oplopato TOTE MEETEL VO TOVUG YQNOLUOTOLoeL Y& vo PdAer exel tor oglopuatd tovg, %L av
€youv Alya ogtopoto tote emTEémeTal To TOULOLA AVTA va XOALooUV TS TLES TV $a2, $a3.
Koat' avoroyio, xow ov $a0, $al megiéyouvv ta ogiopata g mootoog dtadiraciog Lovo uéyol
TO RAAEGUO TOU TTRWTOU TTAULOLOV TNG --YLA TO KAAECUA AVTO, OL KOTOYWENTES QUTOL TTQETEL VaL
yxonowpomotnfolv Y to. oQiopota TwV ToUdLMV (1] 0aV TEOCMELVOL TMV TAUOLDV OV T
oglopatd toug eivan MydteQa).

e $v0-$v1 ($2-$3) Procedure Return Values: megiéyel (0 $v0) tnv T mov »débe duadiraocio
emotoédel oty rvarovoa dadwmacio (avaroya xnar o $vl yid tnv meglmtwon emoteodrg dvo
Tiuav). H tph mov emeoteddn woyver udévo péyol to emduevo rndleopa dadinacios. O pn
YO OLUOTIOLOVUEVOS RATAYMONTHG €MOTQOPNG TdV (). $v1) yonolwomoleital cov Toug
TEOOMELVOTG nataywENTég $t0-$19.

6.3 Ilov Xmlovrar ou Kataywontés:

Av oL dadiraoieg dev fitov avadgopuxéc, ONAadi av amayogebovrov va xaréoel ud dradwmaacio
TOV €auTo TNg --elte dueco eite éupeca péow GAlwv mov ovth xohel, tote Bo agroloe Wwd
OUYXEXQLUEVY TEQLoYN] ot uviun yud %dBe dwaduraocio, 6mov vt vo GuAdel TG TWES TWV
RATOYWENTMOV TTOV TRETEL VA OMOEL %Al AEYOTEQO VO emovadpEQel. Oumg, oL ONUEQLVES YADOOES
TQOYQOUUATIONOD emTEémeouv TNV ovadgoul] (emaveveQyomoloUueves dlodraoies, re-entrant
procedures), %t £€tot pud tétola Abomn 0ev Ba dovheve. Aedouévou OTL TOL RAEOHOTO ROL OL ETUOTQODES
duaduaomv Aettovyouv pe todmo "last in first out" (LIFO), 1 puownt) dout) dedopévav yid duvouni
TOEAMENON %o oTtehevBEQwon pviung otig dtaduraoieg now oo Tig drodirnaoties elvol M oroifa
(stack).
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H otoifa (xenotn) otov MIPS Eexwvder omtd T diev0vvor 7.1 (denaeEadnd), dnhadn amd
PEOT TNG HVAUNG, HOL UEYOAWDVEL TTQOG TG xQOTEQeS devBuvoels (stpog T devbuvon 0). O $sp
delyver oty televtaio yonotpomototpevn MEN g otoifags. ITowv amoOnxretoovpe N véec MEeig ot
otolfo moémel va ehattdoovpe tov $sp xatd 4N, medypo mov wwoduvapel pe v OMiwon amd
TAEVQAG TOV TTQOYQAUUATOS UaS (TIQOG TO AELTOUQYMO GVOTYUA, 08 TeQimTtwon dtaxosg (interrupt))
OTL T M otoifa pog eivor peyhitegn notd N Aéges. H avtiotpodm med&En (ahEnon tov $sp ratd
4N --amehev0égwon pviung) meémel va yivelr apol mdoovpe Tig amodnrevuéves AEEELS xaL eV Tig
yoewatopoote dlho md otn otoifa. Ov Tpég mov Polorovtor amobdnrevpéves otn otoifa
mpoomelavovior cuvihfwg péow evtoddv load xow store pe dlevBuvolodoTON OYETHE pe TOoV $sp.
Kabog o $sp avEopeudveror Adyw magaymononc/amehevféomwong uviiung, m omdotoon Twv
amoOnrev VoY TtV oty otoifa amtd tov $sp aArdler, aAAG TOQAUEVEL TAVTOTE YVWOTH OTOV
compiler/TQOYQAUUATIOTH (EXTOS TOV TEQLITMOEMV JUVAUKNG TOQOYMDENONS LVIUNG OTh otoifa --
TEAYUOL OTTAVIO OTLS YAMOOES TQOYQUUUATIONOU-- OTOTE RO OIToLTE(TOL ) X01T10M TOU $1p).

6.4 Kabohlués (Global) xon Tomxég (Local) Merapintés:

Ou "waBohxéc" (global) xor ov "tomxég" (local) petafintég elvar évvoleg Twv YAWOOHV
TEOYQAUUATIONOV VYAl emmédov (HLL - m.y. C, #Am). ['id tov Assembler dev vmdQyovv avtés oL
€VVOLEG, EVD 1) VAOTIO(MON TV EVVOLOV avT®OV oe emimedo yAhooog Assembly emagietor otov
TOYQAUUATLOTY (1] otov compiler). Ztig HLL, o xo0olxn petofAnti] oviiotolyel mavto oe o
dedopévn, otabegn Oéon pvhung (1 xatoaymenty), oveEoThtog tou mowd dadwmacio exteleltal
x&0e otrypn: N Tph wog xabohung petafinthc ovte yoeldletan vo amodnxrevtel moté ot otoifa,
oVUTe emovatifetal moTé oe mAAoLES TLUES TG amtd T otolPa. AvtiBeta, ud Tomxn petafAnti £xel
vonuo. povo 600 elvar eveyn 1 OLadracian otV omolo. AVirEL, AL E(VOL OVOTOQHTY TIQLV TNV
exxlivnon g dwadwaoctog autiic 1 petd tov teguationd (emotQodt)) tng Owadiraciog: eav 1
dadinacia emoTeéPel na Eavaraleotel, ) malond T e Tomuig LeTaPAnTig éxel xabel. Enlong,
tomxég UETAPANTEG pe To (00 Ovopo aAlG oe diapooetint] Owodwacion () oe diadogeTinn
gveQyomoinon g tdag (avadoouxnng) dadwaciog!) elvar diodoeeTinég xat oyetes peta&l Tovg!

ZuviiBwg, ou petadpeaotés (compilers) tomoBetolv v ®dbe noboluni] petafinti) oe pio otaben
deBuvan pviung --oyL oty otoifa- 1 devBuvorn avti dev alhélel amd dradmacio oe diadaotia.
Zmv maotoa doxnomn, Y& Adyovg amhdthtag, Ba xgatnoete Tig woBolMuég petofintés oe
1OTOYWENTES: OAES OL OLodracies Oa yonolpomolotV TIg Tués mov Ba Pelorouv o avtoig Toug
ROTOYWENTES, ®aL O adpfvouv exel T1g véeg Tiuég mov Oa BEhovv va adpfoouV TEOXELUEVOY VO TIG
Poolv otn ouvéyela dmoleg dihhes dadunaoies xAnBoVV 1) emavevepyomomBoiv uetd Ty emotoodm
moududv tovs. Kapia diadwaocio dev emavapéger ot xabohurés avtés petafintés (dnhadn otoug
ROTOYWENTEG OUTOVG) TOAALES TIHES TOUC TOU elyov amoBnuevtel wdmov (GQa xnou xavelg Oev
yoerdletar va omoOnxreter tpés tovg movbevd). Emiong, xowd Owadwoocion dev pmogel va
YO OLUOTIOLNOEL VAV TETOLO ROTOYWENTH YI& GAAY dovdeia artd TV ®oBolxnt) peTafAnTi) Tov ovTdg
%QOTA.

AvrtiBeta, oL Tomnég petafAntég avriotolotv o d Béon oty otolfa, oe dedouévn amdoTaom
oyetwwd pe tov stack-pointer, 1 omotor B€om vmdoyel pOVov G0N WEA ElVOL EVEQYOTOMUEVN 1)
avtiotoyyn dwadwacia, xar  omolo B&on --oav amdlvtn devBuvon pviiung-- oAy mBavov vo
ahAACel amd evepyomoinom oe evegyomoinon tng dwadwmaoiog. Edv éva aviitumo tg petafintig
xnoatn0el o xatayweNTY (1], oav woAD cuvnOlouévn Peltiotomoinom, ®gatndel wovo to "aviitumo",
YXWQIg T0 MEWTOTVMO), TOTE N dradwaoio avty) (oe cuvegyaoia pe tig dAleg) €xel tnv evdivn va
omeL To aviitvmo ot otoifa oL vo To emavapEQel Omote VITdEYEL ®IVOUVOS o AAAT SLadLraoia,
VO {QMNOLUOTIOLT|OEL TOV RATAY WO TH OUTO JLAPOQETIRA, OTIWG AVALDOUE TOQOTAV®.

IMagatnefote 4Tl oL TaEATAV® Evvoles dev elval (dleg pe Tig "vabolnég etinéteg” (global labels) wov
vid tov Assembler ogiCovtar pe v odnyia ".globl". Ov etnéteg tov Assembler eivor omhd
devBivoelg pvihung --eite dedouévarv, elte eviohmv péca oe mEoOYQOUUa, gite otdfmote. Kabohuxn
eTnéta elvor amhmg wa dtevbvvon Ty omota Tntéue amd tov Assembler va v Buudton, pali pe to
ovppohrd TG dvoua, xat petd T AMEN g "uetddoaonc” amd Assembly o€ YADOOO Ny ovig TOU
LOUUOTIOV TTQOYQAUUOTOS OOV TNV POT|*E, DOTE VA UTOQOUUE va. avodeBOoUUE 08 QUTV ROl OTOV
pérhov --mmbavd péoa amd dhha agyeta pe dAla xwoudtia mEoyeAduuatog Assembly.
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