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AwoA£Eerg 6:
Kaleopo Avodikaci@v, Xp1fon Kot XOcLHo
Katayopntov

Biprio: AwBdote v §2.8, oehideg 152 - 163.

To kdAeopo dwdwaociag (procedure call) yivetan péom g evrong jal (jump and link - dApa Kot
ovvdeon), N 0¢ emoTpoen omd dadikacia (procedure return) yivetor pécm ¢ evtoAng jr (jump
register - dApo exel mov delyvel Evag Kataympntig), Omwg eidape oty § 5.1.

6.1 Tivog EvOvOvn givon To X®owpo tov Katoympntov:

Otov 0169opeg 01001KOGIEG YPNOLLOTOOVY TOV 1010 KATOYWPNTH YU OLOPOPETIKOVS GKOTOVG 1|
kaBepio, o€ TPOTO TOL VO KOTAGTPEPETOL 1] TPONYOVUEVT] TN TOV KOTOXMOPNTH --TNV OToio OUmg
dgv Bélovpe va yboovpe, T0Te KATO0¢ TPEneL vo. "oMGEL (AVTLYPAWEL) TNV TPOTYOVUEVT] TN OF
aCQOAEG HEPOG (OTN MVAUN) KOl apyOdTEPO. VO TNV EmOvVOQEPEL oTov Katoyopnti. [d va
ghayiotomomBel 10 KOGTOG AVTNG TNG EpYaciog (ONAadN T0 TOGO GLYVE TPEMEL QLT VOl YivETaL), Ol
compilers tov MIPS axoAovBovv 11 mapakdte cvpupdoets. (O copPacelc avutég sivar apKoHVT®G
CUVTNPNTIKEG DOTE VO EMITPEMOVY YOPLOTH UETAPPaOT) (separate compilation) T@vV d0dKAGIOV).
Eoto 6t pid dadikacio A kodel pav dAAn owdikacic B (1 n evepyomoinom (instance) A pudg
avadpopIKng dtadkaciog Kadel v evepyonoinon B tov gavtov tmg). Oa ovopdlovpe tv:

*  A:'"n kehovoa dwdkacia" (caller), kot v
* B:'"n koioopévn dwdikacia” (callee).

IMpocopwoi Katayopntés $t0 - $t9 ($8-$15 war $24-$25) -- temporary registers: H tyun tov
KOTOYOPNTOV oLTOV 0V dtatnpeitat LETE amd éva kddeopo dtadkaciog (not preserved across call),
onAadn mn Kohovpevn dadikacio (1 GAheg mOv TLYOV KOAOLVTOL OO OVTNV) EMITPEMETAL VO,
UETOPAAEL TNV T QLTOV TOV KATOYOPNTOV YOPIS TPONYOLUEVMS VO GOGEL TNV T TOV TUYOV
elye pelvet eketl amd v kaAoHoo d1dKaGia, ETOUEVMG Kot Y®PIG Vo EMOVAQEPEL TNV TAANLE eKeiv)
TIUN PO NG EMOTPOPNS TNV KaAovoa dwudwkosio. Apa, av 1 KoAovoo Oladtkacio £xel KT
YPNOWO pHEoa o€ Evav TETO0 KATOY®PNTH VO €TOdleTon va kaAéoetl pav dAAn dadikacio, To
omoio ypnowo embopet va to EavaPpel omn Béom tov PETA TNV EMGTPOPT TOV KOAEGLOTOG, €lval
£0vVN ™S KaAoVoOg OLHOIKAGINS Vo COGEL TNV PO T Ttpv to Koieoua ("caller-saved"),
KOl VOL TV ETOVOQEPEL AUECHOS LETE 0O aLTO (ONA. LETE TNV ETIGTPOPT] TOV).

[Ipocwpvég TES Tv omoiwv 1 ddpketa {ong (lifetime) dev meprhapPdvel KaAEGHOATA JLAOTKOGUDV
GLUPEPEL VO TOTOOETOVVTOL GE TETOOVE KATAYWPNTES, SLOTL OV YPELALETOL VO GOGOVLE T TAAOLYL
ePlEXOUEVA (A0 OVTOV TTOL OGS KAAEGE) OVTAOV TOV KOTAUX®PNTAOV TPV TOVS YPT|GLLOTOW|GOVLLE.

[Znueiowon: "0bpxewo {omg (lifetime)" pwdg petafintig M evog kotoympnt) AEyetor m
YPOVIKY TEPT000G (1] 01 EVIOAEG OV TTEPIAAPAVOVTOL) O TN GTIYU| TOL GTN UETAPANT 1)
GTOV KOTOX®PNTN EKYOpEital pio T, HEYPL TNV TEAELTOLN AVAYVOGT TG TIUNG OVTNG TPV
NV ENOUEVT EKYDPNON VEAG TIUNG O VTN TN ULETAPANTA M TOV Katowpnt. MeTd 10 TéAOG
pog owdpkelag Comg oG PeTafANTig M €vOg KoTaympnth, Kot uéxpt v €vapén g
emopevng odpketag Cong Te/Tou, N LETAPANT 1 0 Kataympntig Oempeiton "vekpn/vekpog",
Ol0TL M TN TNG/TOV OEV LG EVOLAPEPEL --KOVEIG deV TPOKELTOL VoL TV OPAcEL TPV TNV
EavarrdEovpe-- dpa elpacte EAeLOEPOL VAL TNV KATAGTPEYOLLLE].

Awtnpodpevor Kotaywpntég $s0 - $s7 ($16-$23) -- saved registers: H tipun tov katoyopntdv



aLTOV doTnpeital petd and éva kdieopa dadikaciog (preserved across call), oniaon etvar gvBHvn
NG KOAOVPEVIS OLOOIKAGIOS VO GMOOEL TNV ToAod T KEOe TETOOL KATOY®PNTY TPV TNV
yordoer ("callee-saved"), kot vo v emavagépel ot BEom g TPV EMGTPEYEL 0TV KaAovoa
dwdwacio. Apa, M KoA0HKGH O00KOGI0L HTOPEL VO OQPNVEL XPNOIUES TIUES OE OVTOVS TOLG
KOTAY®OPNTES, TPV KOAESEL GALeS dladkacies, kol va Tig EovaPpiokel HETA TV EMGTPOPT, Omd
aTEG, YOPIg va xpelaleTar --1 KaAOVGH d1UdIKAGIo-- VO KAVEL KATL 10104TEPO YU LTO.

MetafAntég kot tipés tov omoiwv 1 dwdpkela Long (lifetime) mephappdvel moAAd KoAéopoto
OLOOIKOGLDVY, LE ETAVEIANUUEVT YPNOT] TG TOANLAS TIUNG TOVG HETOED TOV KAAECUATMOV, CUUPEPEL
Vo TOToHETOVVTOL GE TETOLOVE KATOYWPNTES, O10TL, 0V 01 KAAOVpEVES dladikacieg (Kot ot TuyOV diKol
TOVG AOYOVOL) OEV YPNCILOTOIOVY OVTOVG TOVG KOTAXMOPNTEG, YATOVOLUE TO TOAAATAL GOGiLAT
Kot emava@opés (cdlovpe Kot emava@épovpe povo pio @opd TV TIUN TOL gixe aenoet ekel 1
dladIKaGion TOV KAAESE ERAC TOVS 1010VC).

6.2 Allov Koatoyopnréc:

* Sra ($31) Return Address: xdfe kdAecpo JS1OIKAGIOG KOTAGTPEPEL TO TPONYOVUEVO
TEPLEYOLEVO TOV KOTOXMOPNTH OVTOV, dpa kabe dwadikacioo mov Kohel dAheg Oladikaoieg
(ONA. kGBe dradikacio Tov dev eival POAAO GTO SEVIPO TOV KOAEGUATMV) TPEMEL VO, GOCEL TN
dtevbuvon eMGTPOPNG TNG OTNV apYN TNG EKTEAECNC TG (TPV TO TPAOTO KAAEGHA), KO VO
TNV EMOVOQEPEL OPOV EMOTPEYEL TO TEAEVTAIO TOdT NG, TPV va emoTpéyet 1 d1a. (To
onueio avtod givon acagéc oto oynua 2.11 tov Pipiiov (celr. 159, 4n €kdoon): n 61evBvVVoN
EMOTPOPNG OTNV omoio. avaEpeTol ekeivo to oynuo eitvar m devbvvoen Tov TAPOVTOC
KAAEGUOTOG, Kot OxL 1 01e00VVON EMOTPOPNC TG Ol0dTKaGI0g LESH 0o TNV omoia YiveTon TO
KAAEGLLQL).

* S$sp ($29) Stack Pointer, $fp ($30) Frame Pointer: 6mo10¢ tovg aAAGLEL TOVG EMOVOQEPEL
Kworoc. TToAhot compilers dev ypnolonolovv frame pointer --to 1010 Kaver Ko 1o PipAio
omv moapdyp. 3.6, koau 10 1010 Bo KAvovpe kot gueic. Td 1o TG B pmopovoe va
ypnopomromOei o frame pointer deite (mpoapetikd) tnv Tapdyp. A.6 tov [apaptipatog tov
BiBAriov.

* Sgp ($28) Global Area Pointer: Agv tov aAAdlel (obte Tov odlel) koapio Sadukacio.
Aglyvel ot péom pag meployng wvnung peyébovg 64 KBytes ta mepieyopeva g omoiog
UTOpOLLLE VO TpocTELdcoVE PE pio povo eviodn load 1 store ¥pnGILOTOI®VTAG OVTOV TOV
KATOY®PNTH, Kol GTNV omoio. emMOUEVAOS CLUEEPEL vo. Tomobetobvtol ot yevikég (global)
Babumtég (scalar) petaANTEC TOL TPOYPAUUOTOC.

* $kO0-$k1 ($26-$27) Kernel Reserved, $at ($1) Assembler Temporary: dev TOUG
YPNoomolovy ot compilers Kot To TPOYPAUUATO YPNOTN --KPATNUEVOL V1A TO AEITOVPYIKO
ovotnpa kot tov Assembler.

* $zero ($0) = 0: mepiéyxer v otabepd (hardwired) undév. Emrpémovion eyypagés oe autov,
oAd  dev aAldlovv 10 undevikd  (hardwired) — mepieydpevo  tov.

* $a0-$a3 ($4-$7) Procedure Argument Registers: nepiéyovv 1o mpota 4 opicpota
(arguments) tng OwadKaciag. Av vrdpyovv meplocdTEPa amd 4 opicparto, To VITOAOUTO
nepviovvian ot otoifa. Av vmdpyovv Ayotepa and 4 opioparto, T0TE 01 LIOAOUTOL (LN
xpNoomotovpevol) Kotoyopntés $a3-$ald ypnowomoodvial 6oV TOVG TPOSMPIVOHS
Katoyopntés $t0-$t9. Ily., av n mapovoa dwdikacio Exel dvo opiocpata povo, tote givar
erevBepn va. ypnoonomoet Tovg $a2, $a3 cav TPocwPIVoHS KOTo®PNTES XMPIG VoL GOCEL
T1G TIEG TV, apKel va unv ntd va dtetnpodviot avtésg ot TireS 6tav kael moudid mg: ov
T LAY TG £XOVV TOAAG OpicHOTO TOTE TPEMEL VO TOVG XPNCLLOTOGEL Y1h Vo PaAet ekel
T0. opioUaTé TOVG, KL av £X0VV Alyo OpiGHOTO TOTE EMTPENETAL TO IO OVTA VO YOAAGOVY
716 TéG TV $a2, $a3. Kat' avaroyia, kot ot $a0, $al nepiéyovv ta opicpato g mopovoag



dwdkaciog Hovo péYPL T0 KAAESUO TOL TPMTOVL TOUdOV TNG --Y1d TO KAAEGUO OVTO, Ol
KATOYOPNTEG ovTol TPEMEL Vo ypnoorombovy yud to opicuato tov moudwv (1 cov
TPOCHPIVOL TOV TOIUDV OV TO OpioUATA TOVG gival AryoTepar).

* $v0-$v1 ($2-$3) Procedure Return Values: nepiéyet (o $v0) v tiun mov kébe dradikacio
EMOTPEPEL 6TV KaAovoa dadikacio (avdioyo kot o $v1 yid v mepintoon emioTpoeng
dvo tuev). H tiun mov eneotpdon 1oyvel povo péypt 1o enduevo kdiespa dwadikaciog. O
UM YPNOHOTOLOVUEVOG KOTAXMPNTHG EXOTPOPNG TILDV (7). $V1) ypnoyomoteital cav Tovg
TPOSMPIVONG Katoympntés $t0-$t9.

6.3 IIov X®olovron ov Kataympnrtés:

Av o1 S1001Kaoieg dEV NTOV OVOOPOLIKES, ONAOOT OV OTTOYOPELOVTOV VO KAAESEL Ld S1001KOGT0 TOV
eautd ¢ --elte queca eite éuueca pPECO GAA®V TOL OVTH KoAel-- 1OTE O apkovoe pid
CLYKEKPIUEVN TEPLOYN OTN HVAUN Y18 KAOe Otadikacio, OTOL OVTH VO QLAAEL TIG TIHES TMOV
KOTOYOPNTOV TOV TPENEL VO GAOCEL Kot apyoTeEPa v emavapipel. OUmS, 01 ONUEPIVES YAMGOES
TPOYPOUUATICHOD EMLTPEMOVY TNV avadPOuT], KL £TGL pd TE€TOoa AOon dev Ba dovAgve. Agdopévou
OTL T0L KAEOUOTOL KO O1 EXIOTPOPES O10OTKAGIOV AgtTovpyovv pe Tpomo "last in first out" (LIFO), n
QLOIKN doUn SESOUEVAOV Y18 OLVOLLKT] TOPOYDPNON Kot OTEAEVOEPMOT] VNG OTIS S1OOTKOGTES Kot
amd T1g ddwkaciec eivon ) otoifa (stack).

H otoifa (ypriotn) otov MIPS Eekvdier amd tn devBvvon 7 AL AT (dexoeodikd), dniadn amd
pHéom TG UVNAUNG, KOl LEYOAMVEL TPOG TIC UIKpOTEPES dlevbuvaelg (mpog T devbbvvon 0). O $sp
delyvel omv tedevtaio ypnoiponooduevn AEEN g otoifag. Tlpwv amodnkevcovue N véec AéEeig
o1 otoifa mpénel va erattd@covpe Tov $sp katd 4N, Tpdypo Tov 1wodvvapel pe v SMA®oN Ao
TAELPAG TOV TPOYPAUUATOS LAG (TPOG TO AEITOVPYIKO GUGTNUO, GE TEPIMTOOT dLOKOTNG (interrupt))
OTL TOpa M otoifa pog sivon peyAotepn katd N AéEeic. H avtiotpoen mpdén (avénon tov $sp katd
4N --omehevBépmon pviung) mpEmel va yivel a@od TApPovUE TIC amobnKeVHEVEG AEEELS Kot dEV TIg
ypewlopaocte dAho mb om otoifa. Or Twéc mov Ppiokovion oamobnkevuéveg ot otoifa
npocmeradvovtal cuVHBmg pHéocw evioldv load kat store pe dievbuvolodotnon oyetikd pe tov $sp.
Kabmng o $sp avlopeidvetor Adym mapoydpnong/ameievfépwong pvapms, n ondoTtoon Tov
anofnkevpévav TOv ot otoifo and tov $sp oAralel, oAld TopAUEVEL TAVTOTE YVOOTY GTOV
compiler/mpoypoapotiot (eKTOC TOV TEPMTOCEDV SVVAUIKNG TOPAYDPNONG UVAUNG 0T oToifa
--TPAYLLOL GTIAVIO OTIC YADOGEG TPOYPOUUUATIOHOV-- OTTOTE Kal oatteito 1 yprion tov $ip).

6.4 Ka0Oolxkég (Global) ko Tomkég (Local) Metapintéc:

Ot "kaBoAkég" (global) wor ot "tomwcéc" (local) petoPAntég elvar €vvoleg TV YAOOO®V
TPOYPOUUATIGHOD VYNA0D emumédov (HLL - m.y. C, kAm). I'id tov Assembler dev vdpyovv avtég ot
€VVOLEG, EVM 1 LAOTOINGCT TOV EVVOIHV OVTOV 0¢ eminedo yAhooog Assembly emapictar otov
Tpoypappatiot) (| otov compiler). Xtic HLL, o kaBoikn petafint avtictoyel mdvta og o
oedopévn, otabepn 0éon wvniung (N Kataywpnty), aveCopTNTOS TOL TOWd SladIKOGIo EKTEAEITON
KaOe otiyun: n T pog kaBoAkng petafAntnig ovte yperaletal vo amonkevtetl moté ot otoifa,
oVte emavatifetol Toté o€ TAANEG TIEG TG amd T otoifa. Avtifeta, pud Tomkn petafAnt £xet
vonua pdévo 0co eivar evepyn m ddkacion otV omoio aviKeEL, Kot glval avOTOPKT) TPW TV
ekkivnon g odkaciog avting N Hetd Tov TepUOTIoUO (EMOTPOPN) NG ddkaciog: edv M
Srodkacio EMOTPEYEL Kot ENVOKOAESTEL, 1 TAAALE TIUN TG TOTIKNG petafAntig éxet xabel. Eniong,
TOMIKEG HETAPANTEC pe To 1010 Ovopo oAAG o€ JlpOpeTikn dwdkosio (1] 6€ OLPOPETIKN
gvepyomoinon g d1ag (avadpopkng) dradikaciog!) ival dtapopetikés Kot doyetes peta&y toug!

Yvvnbowg, ot petappactéc (compilers) tomofetobv v kdbe kabolkn petafint oe pio otabepn
dtevbuvon pvnung --0xt ot otoifa- 1 devBvvomn avtn dev aAAdel amd dadikacio o dladKacia.
Avtifeta, ot tomkég peTafAnTéG avtioToryovv o€ pid B€on ot otoifa, oe dedouévn amodCTOCN
oYeTIKA pe tov stack-pointer, m omoion Oéom vmhpyer poOvov Oom ®pa gival evepyomompéVN M
avtiotoyn owdkacia, kot 1 omoia B€on --cav amdAvtn O1evBvVVOeN PUVAUNG-- TOAD TBAVOV va



aALGlel amd evepyomoinom oe gvepyomoinon g dwadikacioc. Eqv éva avtitvmo g petafAntng
KkpatnOei oe katoyopnt (M, cov oA cvvnbiouévn Pertiotonoinon, kpatnel povo 1o "avritvmo",
Yopig 0 TpwToHTLNO), TOTE M ddkacio avty (o€ cvvepyacio pLe TG AAAEG) €xel TNV gvBHVN va
omel T0 avtitumo ot 6Toifa Kot Vo TO EMAVUPEPEL OTOTE LITAPYEL KIVOLVOG Ho GAAY OladtKaciol
VOl (PNOLOTOUCEL TOV KATAYMPNTN AVTO SOPOPETIKA, OGS OVOAVGOLE TOPATAVO.

[Tapatnpnote 011 o1 mopamave Evvoleg dev eivar 101eg pe T1g "kaboAkég etkérec" (global labels)
mov yud Tov Assembler opilovrtat pe v odnyia " . globl". Ot etikéteg Tov Assembler givol amid
OtevBuvoelg pvnung --€ite d0ed0UEVOV, £iTe EVIOA®MV HEGO GE TPOYPAUL, ite oTONmoTe. KabBolkn
eTkéta etvor amAdg po dtievbvvon v omoia {nrtdpe omd tov Assembler va tnv Bopdrtar, poli pe o
ouuPoAMKO NG dvoua, Kot LETA T ANEN NG "HeTappaons” and Assembly ce yYAdooo pnyoviig Tov
KOUUATION TPOYPAUIOTOS OOV TNV PPNKE, DCTE VO UTOPOVLE VO avaPePBOVILE GE VTNV Kol GTOV
péALOV --mbavd péca amd dAla apyeia pe dAla Kopdtio Tpoypdupatog Assembly.
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