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AvoAeEeig 6:
Kaleouoa Arcozoociov otov MIPS
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To ndheopa diadraciog (procedure call) yivetow pEow tg eviolng jal (jump and link - GApo xow
oVVOEDT), 1N 0¢ emoTEOPT 0o dradurnacio (procedure return) yivetow PECW TNG EVIOMS jr (jump
register - GApa exel Tov OelyVeL EvVag RATOXWENTNG), OWS eidaue oty § 5.1.

6.1 Tivog EvOuvn eivau to Zmowpo tov Katayoontov:

Otav duddoees dLadnaotes YONOLUOTOLOVV TOV (010 ®OTAYWENTY VL& OLOPOQETIXOVS OROTOUG 1)
noBepia, o TEOTO JTOU VO ROTOOTQEPETUL 1) TTQONYOUUEVY] TLUI TOU AOTAYWENTI] --TNV OO0
oumg 0ev Béhovpe va YAoovUE, TOTE HOITTOLOG TTOETEL VA, "OMOEL" (AVTLYQAEL) TNV TTQONYOUUEVY
Tuh og aoPparés HEQOG (OTN UVIUN) oL 0YOTEQX VO TNV emovadEQeL 0ToV rataywenti. ['d va
ehaytotomon0el To ®O0TOg QTG TNG €Qyaotag (ONAaOT To TOCO CUVYVA TTRETEL AVTH) VAL YIVETL),
ot compilers tov MIPS axohovBolv Ttig maganrdtw ovupPdaoec. (Ov ocvuPdoels avtés elvan
0QUOVVTMS OUVINENTIXEG (MOTE VO EMTQETOVV WQELOTY UeTddQoon (separate compilation) Twv
odwaotnv). Eotw 6t wad dwdwmaoctio A nakel wdv ailn dwadwaoio B (1] 1 evegyomoinon
(instance) A wdg avadgomxng diadwaotag ralel tnv evepyomoinon B tov eautol t™g). Oa
ovoudfouvue tv:

e A:'"nxalovoa diadrooia" (caller), xwou Tnv
e B: "n zahovuévy dwodwaocia" (callee).

IMooomewvoi Kataymontés $t0 - $t9 ($8-$15 now $24-$25) -- temporary registers: H i) twv
1OTOYWONTOV VTV dev dtatneeitor petd amd éva xdleopa dtaduraciog (not preserved across
call), dAadn N rohoVpevn dradwracio (1] dAheg TOU TUYOV RANOTVVTOL ATTO QUTHV) ETLTOETETOL VAL
LETOPAAEL TNV TLUH AUVTOV TOV ROTOYXWONTMOV YWQIG TQONYOUUEVIS VO GDCEL TNV TLUT TTOV TUYOV
elye pelver exel amd v nohovoa dradrnacio, ETOUEVIG %ol WIS VA ETAVAPEQEL TNV TAAALG
exelvn T RO NG emoTEOodNS otV rahotoa dadwaota. Aga, av 1 xalovoo dadiraoia €xel
nATL YONOWO pEcO O €vav TETOLO %OTOYXMWENTN eV eTolpdletal vo ®oh€éoel wav Gy
oadwaota, To omoio yonowpo embupel va to EavaPoel otn B€on Tov peTd TV EMOTQORT| TOV
nOAEOPATOG, €lval gvluvn g zahovooas OLXdKAGiCS VO OMOEL TNV YONOLUN TLULN TTOLV TO
naheopa ("caller-saved"), natr va TNV emavopEQel auéoms PeTd amd avtd (OnA. petd TV
emoteodt tov). [lpoowoivég Tipég Ttwv omoimv 1 dudprewa Cong (lifetime) Oev meguhapfPdver
nOAEOPATO OLOOWKAOLDY OUUPEQEL Vo TOTOOETOUVTAL OF TETOLOUG RATOYXWENTES, OLOTL OgV
YOELALETUL VO OMOOVUE T TalALd TeQLEXOUEVO (amd avTOV TOU HaS RANECE) OQUTMOV TWV
RATAYMOENTAOV TOLV TOVG Q1 OLLOTIOLI|OOV LIE.

[Znueiwon: "didorewa Tong (lifetime)" wdg petofAntig 1 €vog xataywenti Aéyetal n
yoovixt) eQ(0d0g (1] oL EVTOAES OV TTEQLAAUPBAVOVTOL) amtd TN OTLYUT TTOU 0T UETAPANTH 1)
OTOV RATOYWENTY exywEElTal pio Tuur), péYQL TNV TeEAeuTOla OVAYVWON TG TLUNG AUTNG
TIQLV TNV ETOUEVY EXYWDENON VEOS TGS O€ avTi) TN UeTaPAnTi) 1) ToV notoymonth. Metd to
TEAOG ag dudorelag CoNg ag METOPANTIG 1) EVOS 1OTOXMENTH, RAL HLEXQL TNV EVOQEN TNG
emouevng Oudrelng Cwig tng/tov, 1 petaPinti) 11 o xotoymoentig Oeweitan "vexgry/
vexQOog", OLOTL 1 TN TNG/TOV dev pag evOoladEQeL --xaveig 0ev mponreLtaL va TV dlafdoel
v TV EavalhdEoupe-- doa eipoote eAeOeQOL VA TNV RATAOTOEYPOVUE].



Awatnoovpevor Kataymontés $s0 - $s7 ($16-$23) -- saved registers: H tipn Tov xotoywentov
ovt®v dlatnoeltor petd amd éva xndheopo Owadwmaociog (preserved across call), dniadm elvan
gvlUuvNy TS ®oAoVUEVIS dLAdXAGIAG VO ODOEL TNV TAAALA TLUN ®AOE TETOLOV RATOYWENT] TQLV
™V xoldoel ("callee-saved"), noL va TNV emavadEQel 0T O£0M TNG LV EMLOTEEYEL 0TV RAAOTV OO
owadwwaota. Aga, M raholoa dwadiracio Wroeel va adpnveL XOTNOLUES TIUES O QUTOVS TOUG
1OTOYWONTES, TOLV RAAEOEL GAAeS OLodnaoies, nou vo TG Eavafoloxel petd TNV emoTQOdT) amd
ouTég, YwElg va yeewdleton -- xalovoo dwadurwacio-- va rdver %ATL WOLOLTEQO YU QWTO.
Metafintéc nat tpég twv omoiwv 1 didoxrewa Cwg (lifetime) megrhapPdver ToAlG raléopoto
OLaOHOOLDV, UE ETAVELMUUEVY] XOTON TNG TAAMAS TG TOUS HETAED TV RAAECUATWYV,
OVUPEQEL VA TOTTOOETOVVTOL 08 TETOLOVS HOATAYWOENTES, OLOTL, OV OL RAAOUEVES dLadLrOOleS (HOw
oL TVYOV 0ol Tovg arrdyovor) Oev YENOLUOTOLOUV QUTOUS TOUS KATAYWENTES, YALTOVOUUE T
TOMOTTAGL OWOtRaTO ®oL ETOVOPOQES (CMTOVUE KoL ETAVOPEQOVUE HOVO Lol GOQA TNV TN TTOV
elxe agpnoer exel n dadinacio mov ndleoe epdg Tovg (OLOVC).

6.2 Allov Kataywontéc:

e $ra ($31) Return Address: »d0e xdleopo OLadRACIAS RATACTQEPEL TO TTQONYOUUEVO
TEQLEXOUEVO TOVU XATAYWENTY aVTOoU, Aga %xABe dadwwaoctia mwov ralel dAles dadiraoieg
(dnA. naBe dadwaotia mov dev elval GUALO 0TO OEVIQO TV HOAECUATWV) TTQETEL VO OMOEL
T OLeOVVON EMOTQOPG TNS OTNV YT TNG EXTEAEONS TNG (TTOLV TO TTQMTO RAAECUQL), KO
va TV emavadpéQel adol emoteéel To TehevTaio oudt g, oLy va emoteéel 1 (dwa. (To
onueto avtod eivon aoapég oto oyfua 3.11 tov Piiiov (ogh. 138): n dievBVVON emOTEOPTG
otV omoio. avadEQeTal exelvo To oxnuo eivor 1 dlevBVVoN Tov TAEOVTOG RAALECUATOC, KA
oL M OLeBvvoT emoTEodNS NG dradinaciog péco amd TV Omoio YIVETAL TO RAAECLL).

o $sp ($29) Stack Pointer, $fp ($30) Frame Pointer: 6molog tovg alhélel Toug emavodEéQel
nohag. TTohhot compilers dev yonotpomolovv frame pointer --to (do0 ndver nor To PLiio
oty maEdyo. 3.6, nor To (0o Bo wGvovue nan epeig. I to mog Ba pwogovoe va
yonowwomow el o frame pointer deite (mooatetnd) v modye. A.6 tou I[logapthuatog
Tov BifAiov.

e $gp ($28) Global Area Pointer: Aev tov aALdCeL (0UTE TOV ODTEL) napia dadinaoto. Aeiyvel
OTN UEOT WAS TEQLOYNG UvUNG peyébouvg 64 KBytes to TEQLEXOUEVA TNG OTTOIOG WTTOQOUE
va moomehdoove pe ploe povo evioAn load 1 store XQNOLUOTOLOVTOS CUTOV TOV
ROTOYWENTI], KOL OTNV OmOla €MOPEVS OoUpdEQeL va tomobetouvtal oL yevirég (global)
Pabumtés (scalar) petofANTéS TOU TEOYQAUUATOG.

o $k0-$k1 ($26-$27) Kernel Reserved, $at ($1) Assembler Temporary: Ogv TOUG
YONOLUOITOLOVV OL compilers %ol TO TQOYQAUUOTO XQTOTY] --XQATNUEVOL VLA TO AELTOVQYLRO
oVOTNUO ®OL TOV Assembler.

o $zero ($0) = 0: meoiéyeL Ty otabepd (hardwired) pundév. Emroémovron eyyoadég oe avtodv,
oMG dev alrhdCovv To undevird (hardwired) meQlexOUEVO TOL.

o $a0-$a3 ($4-$7) Procedure Argument Registers: megiéyovv ta mpmta 4 oglouota
(arguments) g Owodwaciac. Av vmdyovv meQLooOTEQO atd 4 oplopata, Ta VTdOAouta
meQVIoLvToL 0T otoifa. Av vrdyovv Arydtego amd 4 opiopota, TOTE OL VITOAOWTOL (N
¥OMNOLUOTOLOVEVOL)  ®oTaywENTés $a3-$a0  yoNOLUOTOLOVVTOL OOV TOVUS TTQOOMQELVOUG
rnotoywoentés $t0-$t9. Ily., av n magovoa dradwmaocio £xel OVO oglopato LOvVo, TOTE elvon
elevBeM va yomnolpomoloel Tovg $a2, $a3 oav mEOoMWELVOUS RATAYWENTES KWEIS VAL OMOEL
TIG TLUEG TOVG, el Vo v Entd va dLatnoolvial avTég ol THES OTav ROAEl TadLd TNG: oV
TO TOLOLE TNG €XOVV TTOALG 0QIOUATO TOTE TTQETEL VO TOVGS Y O1OLULOTTOLNOEL YA VO BAAeL exel
To oplopotd Toug, %L av €xovv Alya oplopoto ToTE emTEémeTor To TodLd OUTd Vo
yaldoovv TG TLpéS T $a2, $a3. Kat' avaroyia, »al ot $a0, $al megiéxovv ta ogiopata g
T0.QoV0o0g OLodRACIOG HOVO UEYOL TO KAAEOUO TOV TTOMTOV TOLALOU TNG --YLd TO ®AAeoUOL
oUTO, Ol ROTAYWENTES AVTOL TTRETEL VO YENOLUOTOLNOOTV YL T 0QIOUOTA TV TAUOLDV (1)



OO0V TTQOCMELVOL TV TAUOLDV AV TOL 0QIOUOTA TOVS elvan AydTeQa).

o $v0-$v1 ($2-$3) Procedure Return Values: megiéyel (o $v0) v tun mouv »dbe diadirnaoio
emotEéder oty rohoVoa diadiraocio (avdhoyo xar o $vI yid TV TEQITMON EMOTQOPNG
ovo tumv). H tiui) mov emeotoddn toyvel povo péyol to emduevo xdleoua dradwracios. O
L1 YOTMNOLUOTTOLOVUEVOS RATOAYWOENTNG EMLOTQOPNS TLLMV (Tr.%. $v1) yomnoLpomoLeltol oav Toug
TEOOMELVOUG RATAYWENTES $t0-$t9.

6.3 IIov Zmlovrar o Kataymoentés:

Av oL dtadwaoieg 0ev NTav avadgouxés, ONAadn av arayopeioviay vo raréoel wd diadnaoio
TOV €0UTO NG --€lte Aueca elte €upeca pEom GAAMwV mov avti) ®rohel, tOTe Ba Erovoe WA
OUYREXQLUEVT] TTEQLOYN OTN uviun yud %aBe dtadraoia, Omov auti) Vo GUAGEL TS TUUES TV
AOTOYWONTMOV TTOV TTQETEL VO OMOEL RAL AQYOTEQO VO ETAVOPEQEL. OUDG, OL ONUEQLVES YADOOES
TTQOYQOUUATIONOD ETMTQETEOVV TNV OVOOQOUT (emaveveQyomoloUueves Oladxaoieg, re-entrant
procedures), %t €toL pd térow Avom Oev Oa dovAeve. Agdopévov OTL Ta *AEOUOTO RAL OL
emoTQOodEéc dladinaolmv Aertoveyolv pe tedmo "last in first out" (LIFO), m ¢dvownr) doun
0edOUEVOV YIG OUVOLUART) TTAQOY(MDONON KL ATEAEVOEQWON UVIIUNG OTLS SLadLROolES ®OL OTTO TIG
oladwaoteg etvor ) otoifa (stack).

H otoifa (yonotn) otov MIPS Eenwvael amd ) dievOvvon 7EAL.fEAf (denaeEadind), dnhadi amd
TN UEOT TNG WVIUNG, HOL UEYOAMVEL TTOOG TIS WxEOTEQES OlevBivoels (mpog tn devBuvvon 0). O
$sp delyver otnv televtaia yonolpomoovuevn AEEN g otoifoag. TTowv amoOnxrehioovpue N véeg
AéEelc oty otoifo meémel va ehattdoovpe tov $sp ratd 4N, modyua mwov L.oodUVAUED L TV
OMAwon amd TAEVEAS TOV TTEOYQAUUATOS HOS (TQOS TO AELTOVQYRO OUVOTNUM, OF TEQITTWON
dtaxomig (interrupt)) 6t TOEA M otolfa pog eivor peyhvtepn rotd N AéEeic. H avtiotgodn medén
(a0Enon tov $sp notd 4N --amelevOEQwon pvhung) meémer vo Yivel adol TAQOVUE TIS
oamoOnuevpéves AEEELC nat dev TG yoewalopaote Ahho md ot otoifa. Ou Tipég mov Poloxovtal
omoOnrevpéveg oty otoiPa  mooomelavvovior ocvviifwg péow eviohwv load nou store pe
olevBuvolodotnon oxetnd pe tov $sp. Kabawg o $sp avEopeinverar Adywm mogoymdonong/
artehevfEQWOoNG UVIUNG, N AOOTOOYN TV OTOONREVUEVOY TIUMOV OTn otoifa amd Ttov $sp
oMGTel, oM TOQAUEVEL TAVTOTE YVWOTH OTOV  compiler/TQoyQOUUOTIOTY]  (EXTOC  TWV
TEQUTTWOEWY OUVOUKNG TTOQOYMENONG WVAUNG OTn oTtoifa --tedypo omdvio OTLg YAMOOoeg
TTQOYQOUUATLIONOV-- OTTOTE ROl ATToLTelTaL 1) XT|oN Tov $fp).

6.4 KoaBolxég (Global) xou Tommxég (Local) Metafintés:

Ov "woBohnég" (global) now ov "tomxéc" (local) petofintéc elvor €vvoleg TtV YAWOOMV
TEOYQAUUOTIOLOV VYNAOV emmédov (HLL - m.y. C, nAm). ['id tov Assembler 0ev vmdoyovv autéc
oL £VVOLES, EVM 1] VAOTTO(NOT TMWV EVVOLOV AUTMV o€ emimtedo YAmoooag Assembly emodietal otov
meoyoauuoTioTy) (1] otov compiler). Ztig HLL, wo xaBoixt petafinti) aviiotoryel mavio o pua
oedopévn, otabepn) B€on pviung (M rataywENTi), AveEaQTNT®S TOV ToLd dadnaota exteheltal
©G00e oty M T wog xoBolxNg petaPintic ovte yoeldletar va amoOnxevTel TOTE OTY
otoiPa, olte emavatiBetol mTOTE 0 TWOAOLES TYES TG ammd TN otoifa. AvtiBeta, pwd tomni
petafPinei €xer vomuo povo 000 elvar eveQyn] M Olodroota otnv omota avixeL, xal eivol
OVOTTOQATY TTOLV TNV exxivnon ™ OLadmaoiog avtig 1) UETAG TOV TEQUATIONO (ETTLOTQORT)) TNG
owadwwaotagc: eqv 1 dadracio emotEéPel xnoL Eavoxraleotel, 1 TOAOLE T TNG TOTUANG
uetafAntig éxer yabei. Emiong, tomxéc petaPintés pe to do Ovouo alhd oe dlodooeTind
owadwwaota (| oe Owadogetiny] evegyomoinon g Owag (avadoomuxng) Swadraciog!) elvan
OLapoQETIRES HOL AOYETES UETOED TOUG!

2Zvvi0wg, oL petadoaotég (compilers) TomoBetov TNV ®dOe naBoint petafpAnty) oe pia otobei
oleOvvon pviung --6xL otn otoifa- n devbuvon avutiy dev aAlGler amd diadwaoio o€
owdwaocto. Ztnv mwogovoo Aoxnor, yid AOYovg amhotnTag, Oa xooatijoete TS noBOMKES
petafPintéc oe roatayweNTés OAeg oL dladnaoieg Ba xonolpoToloty Tig TIUéS ov Ba fotorovy o



outolg TOoug ®oTaywEentés, xalr Bo apnvouv exel Tig véeg Tpég mov Oa Bélouv va adroouvv
TEOXEUEVOL  vo. TG Peolv oty  ouvvéyxewo  oOmoleg  dhheg  dwodwaoieg  wAnBoivv 1)
EMAVEVEQYOTTOLNOOUV LETA TNV €mOTQOPT TadLdv Tovg. Kapia diadwwaoia 0ev emavapEéQel oTig
noBohnég auTéc PeTAPANTES (ONAAOT) OTOVG ROTOYXWENTES AVTOVG) TTOUAOLES TLUES TOUG TTOV €LY OV
omoOnrevtel ®vdmov (Goa xat xavelg dev yeeldletal vo amodnxretel Tipég Toug movbevd). Emiong,
nod draduracion 0ev UITOQEL VO OMOLLOTTOLOEL £VOLV TETOLO ROTOYWENTY] YL& AAAYN dovAeia amd
™V r000Mx1 HETAPANTY] TOV AVTOS HQATA.

AvtiBeta, ou Tomxrég peTtafAnNTtég avriotolyovv oe wd B€omn otn otoiPa, o dedouEvn amdoTaoN
oyetwd pe tov stack-pointer, 1 omota O€om vmdyeL LOVOV 00N wEO elval €veQYOTOUEVN M)
avtiotolyn dradwaoio, »our 1 omota Béon --oav artdAvtn OlevBvvon uviuns-- ToAL TBavov va
ohGCeL amd evegyomoinon oe evegyomoinon g dwadwaotas. Edv éva aviitumo g petaintig
nootnOel oe xataywonti) (1, oov oA ovvnOwopévn Peltiotomoinomn, xpatnBel podvo To
"avtiTumo", xweig To TEWTOTLIO), TOTE N dodracio auti) (08 ovveQyaota Ue Tig AANES) EXEL TNV
ev0UvN va odTel To avtitumo ot otoiPa ®al va To emavadEQeL OTTOTE VITAQYEL ®IVOUVOS o GAAN
OLodraoior Vo XO1NOLUOTTOLT|OEL TOV RATOYWENTH AVTO OLOLPOQETIRA, OTTWG AVALMICOUE TAQOITAV®.

IMTopatnenote Ot oL wopamdvw €vvoleg Oev eivar (OLeg e Tig "rabolxnég etivéteg" (global labels)
oV Y& Tov Assembler ogtCovtar pe thv odnyia ".globl". Ou etiréteg TOU Assembler eival amhd
olevBivoelg puvnung --elte dedouévmv, elte evioldV pEoa o€ TEOYQUUUO, E€(Te OTLONTOTE.
KoBohxi etxéta elvor amhdg o devBuvon tnv omoio Tnrdue oamd tov Assembler va Ty
Bupdroe, pali pe To ovpPoind Tng Ovoua, xot peTd T AMEN ¢ "uetddpoaons” amd Assembly oe
YADOOO. PNYOVIG TOU AOUUOTIOU JTQOYQAUUATOS Omov TNV Ponxe, MOTE VO WTOQOUUE VO
avoadpepbolue 0e VTNV %ol O0Tov PEAMOV --Bavd péoa amd Ao agyelor pe GAha xopdtio
TEOYQAUUaTOS Assembly.
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