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AvoAhEEeLS 6:
Kdieouo Aradizaciov otov MIPS

To naheoua drodraciog (procedure call) yivetow péow tg €vtodns jal (jump and link - GApa %o
o0vdean), 1 Oe emotodn amd diadwaoio (procedure return) yivetolr YECw THG EVTOANGS jr (jump
register - GApQ exel IOV OelyVEL EVag HOTOYWENTHG), 0TS eidaue oty § 5.1.

6.1 Tivog EvOuvn eivon to Zoowmo tov Kataymentov:

Otav duadpopeg OLodnacies YENOWOTOLODV TOV (010 ®ATOXWENTH YL& SL0POQETIHOVS OROTOVS 1)
®no0epuia, 08 TEOTO OV VO ROTOOTOEDETAL 1] TQONYOUUEVY TLUN TOU XRATAYWENTH --TNV 0T0ia Ong
dev Oélovpe va YAOOUNE, TOTE ROTTOLOG TRETEL VO, "OMOEL" (OVTLYQAWEL) TNV TTQONYOUUEVY T OF
aoporéc pPEQOSc (OTn pviun) xou 0QYOTEQO VO TNV emovapEéQEL oTov xataywonth. [d va
ehayrotommon0el To ®d6oTOg aUTiS ™G €Qyaoiag (ONAadi) To OGO CUY VA TRETEL AUTH] VO YIVETAL), OL
compilers tov MIPS axohov0oiv tig mogaxrdtm cvpPdoes. (O cupPdoelg avtég elvar aQroivtwg
OUVINENTWMES (DOTE VO EMTQETOUV YWELOTY UETADQOON (separate compilation) TV OLAORACLOV).
Eotw otL d dwadwaotio A xodet wdv ahhn dwadwacior B (1] n evegyomoinon (instance) A udg
avadgouxns dradwaoiog ralel Tnv evepyomoinon B touv eavtod tg). @a ovopdtouvpe tv:

e A:'"nxalovoa Otodinacia” (caller), naw Tnv
e B: " xzolovuévn drodwacio” (callee).

IMpoowowvoi Kotaymentés $t0 - $t9 ($8-$15 now $24-$25) -- temporary registers: H tpf towv
ROTAYWENTOV avTtdv dev datneeltar petd omd éva ndheopa dadiraciag (not preserved across call),
OMAadn 1 ralolpevny dwadwaociar () dAleg mov TuYOV RAAOVVIOL OO OUTHV) EMTEETETAL VO
LETAPAAEL TNV T QUTOV TOV RATAYWOONTOV XWEIS TQONYOUHEVIS VA OMOEL TNV TLUN TTOV TUYOV
elye petvel exel amd v ®ahotod dLadnaoio, ETOUEVIS ®aL XWQEIS VA eTOvadEQEL TNV Tahond exeivn
T RO NG €moteodis otnv xaroloa dradwaoio. Aga, av 1 xwaholoo dadwmacio €xel vdTL
¥ONOoWo péoa o€ €vav TETOLO ROTOYWENTY eV etoludletar vo ®aréoel wav alAn diadwmaoia, To
omoto yofnowwo embvuel va to EavapPoeel otn 0€on Tov pETd TNV €MOTEORGT TOV ROAEGUOTOS, ElvVaL
V0V ™S ®ahoVoaS dLadiraciag vo oMoEL TV xoNoLurn tur oLy o xaheoua ("caller-saved"), nou
va, TV enavodEQel OUECNS HeTd amd autd (ONh. YeTd TV €motodT Tov). [TpoowoLvés TIUES TV
omotwv 1 Oudorewo Cwng (lifetime) dev meguhopPdver xoréopoto Oadraoldv oupdEéQeL va
Tom00eTOVVTAL 08 TETOLOVS RATAYWENTES, OLOTL OV Y ELALETAUL VO OOOOVE TA TTOAALYL TTEQLEYOUEV,
(0td aVTOV OV HOIG HAAETE) QVTADV TOV RATAYMONTDV TOLY TOVG Y OTOLUOTOL|COULE.

[Znueiwon: "diudorera Cong (lifetime)" dg petoaPfrntig N evdg rataywenth Aéyetan
¥QOoVvint meQtodog (1) oL EVTOAES OV mEQLAOUPAvVOVTOL) amd TN OTLyp] o0 ot PHeTaPAnTi 1)
OTOV RATAYMENTY EXYWEEITOL Ui TLY], HEYQL TNV TEAEUTALO OVAYVMOT TNG TLUNG QUTNG TTOLV
TNV EMOUEVT] EXYMOETNON VEOS TLUNG O QUTT| TN PETAPANTH 1] TOV naTaymenti). Metd to Téhog
wog didorelag CoNg Wwag UeToPANTNS 1] €vOog ®aToxmENT, %ol HEXOL TNV £VOQEN TNg
enmouevng dLdrelag Cwmg te/tou, 1 HeTaPAnTi 1| 0 nataymentig Bempeitor "verQ)/verog",
OLoTL M TN TNC/Tou dev pag evilopégel —-ravelc dev mpodreltal vo TV doPdoel oWy TNV
EavahidEovpe-- doa eipoote eheBgQOL VO TV ROTOOTOEWOUE].

Awtnoovuevor Kotaymontég $s0 - $s7 ($16-$23) -- saved registers: H tipi] Tov »otoymontov ovtov
diatneeitor petd amd éva naieopo dadiraoctag (preserved across call), Onhadf eivor ev@Ovy g
nohotuevig duadwwaciog vo onoel TV tohatd T ®G0g TETOLOV RATAUYWENTY TOLV TV YAAGOEL
("callee-saved"), xoL vo. TV emavadégel oty BEomn g TV emoTEéYPeEL otV ®oAoVoo dLadraoia.
Aoga, N ®aho(oa dLadraoia WTOEEL VO AdNVEL YOTOLUES TLUES OE QUTOUS TOVS ROTOYXWENTES, TTOLY
nohéoer Ghheg dLaduraoieg, nar vo T Eavafolioxel YeTd TNV €moTtEodn omd avtég, Xwelg va
yoetdletar --1 xwarotoo dradwmacio-- va ndver »dtu Wwitego yU' avtd. MetafAntés now Tpés Tmv
omotwv 1 dudrera Lwfg (lifetime) meguhapPdver TOMA RAAEOUOTO OLOOXACLDV, IE ETTOVELMUUEVT
yonon ™g madonds Tufg Tovg HeTaD Twv ®aleopudtmy, ocubEQEL VO TOTOOETOUVTOL 08 TETOLOUG
HOTOYWENTES, OLOTL, OV OL ®oAoDueves Oladraoies (nar or Tuydv 0ol Tovg amdyovor) Oev
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¥ONOLULOTOLOVV QUTOUG TOUG HOTOYWENTES, YAMTMOVOUUE T TOMMOATAG OWoiUaTa %ol ETAVODPOQES
(odTovpe now emovapEQouvpe HOVO uio GoQa TV TLuf Tou elye apnoel exel 1 diodiracio wov ndheoe
epdic Tovug (0Lovg).

6.2 Alho Kataymontés:

e $ra ($31) Return Address: %d0e ndheouo OLOdWMOOCIOG RATAOTQEPEL TO ITQONYOUUEVO
TEQLEXOUEVO TOV ®oTAYWENTH avtol, doa %xdbe dadwmaocio mov xahel dAles drodiraoieg
(oM. »&Be dradinacio mov dev elvar GUANO 0TO OEVTQO TV RAAETUATWV) TIETEL VO, GOCEL TN
dLehOvvor emoTtEOodi|c TG TNV 0EYN TNG EXTELECNS TNG (JTOLY TO TTRMTO RAAEGUO), XOL VO THV
emavodéoel adol emoTteéPel To TeEheVTAio TTOdi TG, TELV Vo emoTteéPel 1 (Owa. (To onueio
outd elvor aoodéc oto oyxfua 2.11 tov Pipiiov (oeh. 159, 4n éxdoom): 1 diehOuvon
emoTQOodig otV omolo avadégetor exelvo to oyfuo eivor 1 detBvvon Tov maEdVTOg
raléopatog, xan Oyl 1 dehBuvon emotQodns g dadwmaciog péoa atd TV omola yiveTal To
HOAEOULDL).

e $sp ($29) Stack Pointer, $fp ($30) Frame Pointer: 6mol0c toug ahhdilel Toug emovadEQel
xnohag. ITolol compilers dev yonolpomolovv frame pointer --to (8o ndvel xow To PPrio oty
TadyQ. 3.6, xou to (dto Ba ndvovue wow euels. I'vd To g Ba pmogovoe va xonotpomotnBel o
frame pointer 0gite (TQoOLEETHA) TV TOLEdYQ. A.6 Tou [TapagThuatog Tou Piiiov.

e $gp ($28) Global Area Pointer: Aev Tov alldlel (0Ute Tov omTel) napto daduooia. Aeiyvel
oTN HEOMN WAS TTEQLOYNG UVIUNG MeyéBoug 64 KBytes To eQLeXOUEVO TG OTOLOG ITOQOUE VL
mooonehdioovpe pe pior povo eviord] load 1) store XQNOLUOTOLHVTOGS QUTOV TOV RATOYWENTY],
%Ol OTNV Omoilal EMOPEVIS ouIdEQEL va TommoBeTtoUvTaL oL yevirég (global) Babumtég (scalar)
LETAPANTES TOV TTQOYQAUUATOC.

e $k0-$k1 ($26-$27) Kernel Reserved, $at ($1) Assembler Temporary: dev TOUG QNOLUOTOLOTV
oL compilers ®aL TO TQOYQAUUOTO QTNOTH --XQOTNUEVOL VL& TO AELTOUQYHO GUOTNUO RAL TOV
Assembler.

e $zero ($0) = 0: meoiéyer v otaepd (hardwired) pundév. Emtoémovial eyypadés oe avtdv,
ahhd dev alhéCovv To undevind (hardwired) megLeyOuevo Tov.

o $a0-$a3 ($4-$7) Procedure Argument Registers: megiéyovy ta modta 4 opiopata (arguments)
™S dtadraotog. Av vdoyouv meQLocoTEQX aTtd 4 0Q{oMATA, TA VTOAOLITO TEQVIOUVTAL OTH
otoifa. Av vrdoyovv Ayotepa amd 4 ogiopata, TOTE OL VIOAOLTOL (1] QNOLLOTIOLOUUEVOL)
rataxwENTés $a3-$ad yonouomolovIaL ooV TOug TQOoWELVOUS xatoywentés $t0-$t9. I1.y.,
av 1 mapooa dadinacia £xel Vo oglopato povo, TOTE elvol eheiBeQn VO Y ONOLULOTIOLOEL
toug $a2, $a3 oov MQOOWELVOUG ROATAXWENTES XWEIG VA OMOEL TLG TLUES TOVGS, OQXEL VA UV
INTtéd va dLatnovvToL aUTES oL TLES OTAV Halel ToudLd TNG: av T TodLd TG €xouv oA
oQtopoTo TOTE TRETEL VO TOVG YQNOLUOTOLoeL Y vo. PdAer exel to oglopatd Tovg, %L av
€xouv Alya oglopoto tote emMTEEMETAL TAL TOULOLE AUTA VA XOAAoOUV T TLuéS TV $a2, $a3.
Kat' avaloyio, nat o $a0, $al meguéyovv ta ogiopato Thg TaQoloag dadiraciag Lovo uéyol
TO RAAEOUO TOU TTQWOTOU TALOLOV TNG --YLd TO RAAEGUA AUTO, OL HOTOYWENTES QUTOL TTQETEL VAL
yonotpomomboiv yid to oglopoto Tov Toudidv (] 0oV TQOCWELVOL TV IOV OV T
0Qlopatd Toug elvar AyoteQa).

o $v0-$v1 ($2-$3) Procedure Return Values: megiéyer (0 $v0) v tph mov xdbe draduooio
emoteédpel oty rarotoa dradwaocio (avahoya rat o $v1 yid v megimtwon emmoteodmg dvo
Tumv). H tpi) mov emeotoddn woyier pdbvo péyol to emdpevo rndheopa dodwacios. O un
YONOLULOTIOLOVUEVOS RATAYWENTNG €MOTQOMNS TWdV (7). $v1) ¥ONOLWOTOLElTAL GOV TOUG
TEOOWELVOTG raTamwENTES $t0-$t9.

6.3 Ilov Xolovrar or Kataymontés:

Av oL duaduraoieg dev Ntav avodgopxés, ONAadn av amayogevoviav va raléoel wd dodnacia
TOV €0UTO TNG --elte Queca elte éupeoca péow AMWV oV vt ®ohel-- tOTe O agurovoe b
OUYREXQLUEVY] TIEQLOYT] OTN pvhun yud »dBe diadwaoio, 6mov avtf) va GuAAEL TG TIHES TWV
AOTAYWENTDV TTOV TQEMEL VAL OMOEL KoL AQYOTEQA VO emovadpEQel. OUmG, oL ONUEQLVES YADOOES
TOOYQUUUOATIONOU EMMTOETOVY THV avadQoud], %t £Tol W tétowa Abon dev Ba dolheve. Agdopuévou
OTL TaL *AECUOTO ®OL OL ETUOTQOPES OLadHaoLDV AettouyoUV e Teomo "last in first out" (LIFO), 1
duowri) dour dedopévav yid duvapuri] ToQoymdENo ®oL arteAevBEQwor pviiung otig dtadinaoieg o
o7t TIg droduraoieg elvon 1 oroifa (stack).
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H otoifa (xofotn) otov MIPS Eenwvder amd ) detOvvon 7L LI (denaeEadind), dnhadi amd ™
RECT TNG UVIUNG, ®OL UEYAADVEL TTQOG TS UxQOTEQES OlevBivoels (rpog ) dievBuvon 0). O $sp
Oelyver otV Televtaia yonoipomototpevn AEN g otoifag. ITowv amodnxretoovpe N véec MEels ot
otolfo mpémeL vo ehattdoovue tov $sp natd 4N, medypo mov wooduvapel pe v ONlwon oamd
TLEVQAS TOV TROYQAUUATOS S (TTROG TO AELTOUQYHO CVOTNUA, 08 TEQImTmon dtaxorig (interrupt))
otL Thea M otoifa pag eivan peyhiteen xatd N AéEeis. H aviiotgodn mpdEn (avEnon tov $sp natd
4N --amehevBEQmor pviung) meémel vo. yivel adot mdoovue T amodnrevpéves AEEeIS naL dev TG
yoewaLopoote diho md ot otoifa. Ov tpés mov Polorovtar amobnrevuéveg oty otoifa
mpoonehavovtal ouviBmg péow eviol®v load nawn store pe devBuvolodotnon oyxetnd pe tov $sp.
Kabog o $sp avEopeidvetar Adywm moQaydonong/amerevféomong HviUng, 1 omdoTaon TV
amobnrevpévov Tuodv oty otoifa amd tov $sp alldlel, ahhd mOQAUEVEL TTAVTOTE YVWOTI) OTOV
compiler/TQOYQOAUUATIOTY| (EXTOS TMV TEQLITMOEMV SUVOUKTG TTOQOYXDENONGS UVIUNG oty otoifa --
Yo OTLAVLO OTLS YAMOOES TQOYQULUUOATIOLOU-- OTTOTE %Ol amaLTeiTaL 1 (MNon Tov $p).

6.4 KaBoluxég (Global) xou Tomnég (Local) Metafintéc:

Ov "woBolnég" (global) nan ov "tomuég" (local) petofintés elvar évvoleg TV YAOOOOV
mpoygaupoatiopot vypnrot emmédov (HLL - m.y. C, #hm). I'ié tov Assembler dgv umdQyovv avtés oL
€VVoleS, €V 1 VAOTOIMON TV €vVolhV aut®v oe emimedo yhwooag Assembly emadieton otov
TOYQUUUOTLOTY| (1] otov compiler). 2tig HLL, o xoBolnn petofAnti) aviiotolyel mavio og po
dedopévr, otabepn Béon pvhung (1 xatoymoenty), oveEoQTNTtog tou mowd diadwacia exteleitol
nG0e otypn n Ty wog xabohrig petafinths ovte yoeldletan vo amodnrevtel moté ot oToiPa,
oVte emovatifetol moté oe maloéc TLUES TG amd T otoifa. AvtiBeta, d Tomnt peTafAnty €xel
vonuo. povo 600 elvar evegyn M OLodwacic. oty omolo avireL, XAl €(VOL QVOTOQXUTY OV TNV
exxivnon g dwadwaolog autig 1 UeTd TOV TEQUOTIONO (emotQodT) Tng Oiadiraociag €dv m
dradacia emoteéel now Eavaraleotel, | mohaud T tg Tomxig petapintig éxel xobet. Emiong,
tomxég UeTAPANTéG pe To (00 Ovopo alld oe Owapopetint] dodwwacion () og diapogoeTind
eVEQYOTOINoN TS (0Lag (avadoopuxic) dtadiraoiog!) eivar duadpogeTinés o doyetes peta&l Tovg!

ZuviiBwg, oL petagpeaotés (compilers) TomoBetolv v ®xdbe noboluni) petaPinti) o pio otabeem
devBuvorn pviung --0yL otn otoifa- n dtevBuvon avtr| dev aridlel amd dadiraocia oe dradirnaocia.
Smv moovoa doxnomn, Y& Adyovg amidthtag, Ba noatnoete Tig xoabolxég petofintés oe
1OTOYWENTES OAES oL dtadiracies Oa yonolpomolov TIg Tués mov Bo Pfolorouvv o avtolc Toug
HOTOYWENTES, ®aL O apfvouv exel TG véeg Tiuég mov O BEhovv va adoouV TEOXELUEVOY VO TIg
Pooiv ot ovvéyelo dmoleg diles dradwacies ®AnBovV 1) emavevegyomon0o0V PETA TV EMOTQOPN
oudv tovg. Kapta dwodinacio dev emavadégel otig nabolnés avtée petafintés (Onhadi) otoug
HOTOYWENTEG QUTOVS) TOAALES TIUES TOUG IOV Elyov amoOnxrevtel xdmov (GQa xou xoveig Oev
yoeldletar va amoOnrever Typég toug movbevd). Emiong, nawd dwodwoocio dev umogel va
YONOLUOTIOLNOEL £VALY TETOLO RaTaWENTH Y& AAAY dovAeia atd TV raBoixrt petafAnti mov avtdg
%nQUTA.

AvtiBeta, oL Tomxrég petaPAntés avtiotoryovv oe Wwd Béon oty otoifa, oe dedopévn amdoTOON
oyenrd pe tov stack-pointer, n omoio O&om vmdoyel pOvVov 00N QO ElvaL €VEQYOTOLNUEVY 1)
avtiotoryn Owdwwaocia, »al M omoio O¢on --cav amOlvtn detBvvon pviuns-- oAl mBovov va
oMGCeL amd evegyomoinon oe evepyomoinon g dwadwmacias. Edv éva aviitumo tng petafAntig
npatn0el o natayweENTY (1], oav oAy cvvnOLopévn Peltiotomoinon, xpatn et povo to "aviitvmo",
¥WO(S TO MEWTOTUTO), TOTE N dladwacio avtl) (oe cuvegyaoia pe Tig dAhec) €xel Tnv gvbivn va
oMTeL TO avIiTVIO 0T OTOoIPa AL VO TO ETOVAPEQEL OTOTE VITAQYEL RIVOUVOS o AAAT dradiraoial
VO OTOLUOTIOLNOEL TOV RATAYMONTH AUTO SLOPOQETIRA, OIS AVOAVOOUE TOLQATAV®.

IMagoatnefote 0TL oL TUEATIAVW Evvoles dev eival (OLeg pe Tig "nobohnég etinéteg” (global labels) wov
yi& tov Assembler ogiCovtar pe v odnyio ".globl". Ou gtxéteg Tou Assembler eivar ohd
devBUvoels pviung --elte dedouévarv, eite eviolmv péoa oe medyoauua, eite otdNmote. Kabohui
eTéTa eivol amhimg pa dteBvvon v omoio Tntdpe astd Tov Assembler vo thv OQupdton, poli pe to
ovpPolnd g dvopa, ol pHeTd ™ ANEN ™S "peTddoaons” amd Assembly oe YA®OoO unyovig Tov
HOUUOTION TTQOYQAMUOTOS OTTOV TV PETHE, DOTE VO, WTOQOUUE VO, avadeQBole 08 AUtV ®oL OTOV
pEMOV —-mulava péoo oo dGAla ayelo pe GAAC ROUATIOL TTQOYQAUUOTOS Assembly.
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