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AvoAEEELS 6:
KdAeopa Arodraoiov, Xonon »oa Xoowwo Katoymentov

Bfrio: Alofdote tnv §2.8, oehideg 152 - 163.

To ndheopo dradwmaotiog (procedure call) yiveror péow g evioiis jal (jump and link - Ghpo xow
oUvdean), 1 0¢ emotEodT| amd dwadirnaocia (procedure return) yivetor péow Tng eVIors jr (jump
register - GApa exet ov delyvel Evag notoywENTiC), Omws eidape oty § 5.1.

6.1 Tivog EvOuvn eivon to Zoowmo tov Kataymentov:

Otav d1adoeg dLadLKAOIES YENOLULOTOLOTVV TOV (010 HOTUYXWENTH YA JLAPOQETIRODS GROTTOVGS M)
no0epio, 0€ TEQOO IOV VO HOTAOTQEPETAL 1) TTQON YOV LEVT] TLUT TOU ROTOYWENTH) --TNV OT0l0l Owg
dev 0éhovpe va YAoovuE, TOTE RATOLOG TIRETEL VAL "OMOEL" (AVTLYQAPEL) TNV TTQOTYOUUEVT) TIUN OF
aoporéc PEQOg (oTn pviun) xou 0QYOTEQO Vo TNV emovapéQel otov xataywonti. [d va
ehaytotommotn0el To ®O60TOg aUTHS TG €QYaoiag (ONAadT To TOoO GUY VA TEETEL QUTH VO YiveTaL),
ot compilers tov MIPS axolouBoiv tig magaxdtw cvpPdoes. (Ov ovpPdoels outég eivan
0QXOUVTMG CUVTNONTIXEG (MOTE VO EMTOEETOUV YWELOTH UETAPQaon (separate compilation) Twv
dadwaotov). Eotw ot ud dadwiwacion A radel wdv didn dwodiwaoio B (] | evegyomoinon
(instance) A wdg oavadgouni|s dwodraciog xalel Tnv evegyomoinon B tov eavtot 1tng). Oa
ovopudtovpe v:

o A:'"nxalovoa Olodinacia” (caller), zaw Tnv
e B: "n zolovuévn dadwwacia” (callee).

Moocmowvoi Kataymentés $t0 - $t9 ($8-$15 now $24-$25) -- temporary registers: H tpi tov
HOTOYWOENTOV oUTOV Ogv dratneeitor petd amd éva nddleopa dadraociag (not preserved across
call), dnhadn n wohotpevn dradaotio (1] Ghheg mOU TUYOV ROAOVVTOL ATTO AVTIV) ETUTOETETOL VO,
LETAPANEL TV T QUTOV TOV ROTOYWENTMOV Y WIS TQONYOVUEVIS VO OOCEL TNV TLU TTOV TUYOV
elye peiver exel amd ™V nohotoo dLadwaoio, ETOUEVIS ROl XWEIS VO ETAVODEQEL TNV TTOAALAL
exelvn T o ™ emoteodiic oty ®ahotoa dradwmacio. Aga, av 1 ®ahovoo dadiracio el
HATL XONOLUO HEOO O€ £VOV TETOLO RATAYXWENTH EVAD ETOLUALETAL VO ®OAEOEL uav dAAN diadiraoia,
T0 omoio yofowwo embupel va to Eavafeel otn 0£01 TOU PETA TNV EMOTEOPT| TOV ROAECUOTOG,
elvar ev0ivn T »ahovoag dwadxaciog vo onoel v yonowun Tuf o to xdheouo ("caller-
saved"), xaw vo TNV enavodEéQel AUEOMS UETA 0t AUTO (ONA. LETA TNV EMOTQOPT] TOV).

I[Mooowowvég Twég Tv omotwv 1 dwdorela Cwng (lifetime) dev meguhapfdver noréouata
OLaOLRACLDV OUIDEQEL VA TOTOOETOUVTAL OF TETOLOVG RATOXWENTES, OLOTL dev yoeldletal va
OMOOVE TO TOAOLG TEQLEXOUEVA (QTTO CUTOV OV UOG HAAECE) QUTMV TWV AATAYMONTOV TQLV

TOUG % Q1OLLOTOL|COULE.

[Znueiwon: "didprewo Cong (lifetime)" dg petaPAntig 1 evog ratoywenth AEyetoL M
¥QO0VIrT TEEL0O0G (1] OL EVTOAES TTOV TEQLAALUPAVOVTAL) 0ITd T OTLYWH TTOU 0T pETAPANTA 1)
OTOV RATAYWENTY EXYWOEETOL Wit T, HéYQL TNV TEAEVTAlO AVAYVWDON TNG TLUNS CUTHG
JIOLY TNV ETVOUEVT] EXYDENOT VEOS TIUNG O QUTH TN METAPANTA 1] TOV nataywonth. Metd to
téhog og dudoxelng Cwng pog petafAntig 1 evog rataymenTi), oL LEXQOL TNV EVAEEN TG
emopevng Oudpoxrelog Cwng thg/tov, M peTaPAntiy N o ratayxwentis Oewoeltal "vern/
verog", SLOTL 1 TLur TNG/Tov dev pag evolapEQel --naveic 0ev medxeLTaL va TV o aoeL
7OV TV EAvaAAAEOUUE-- QO ElLOLOTE ELEVOEQOL VOL TV HOTOOTQEYOUUE].

Awtnoovpevor Kataywontés $s0 - $s7 ($16-$23) -- saved registers: H tpuf) toov xotoymontov
ovTdv Ootneeitar petd amd évo ndheoua diadwaociog (preserved across call), OnAodf eivor
g0V TN nahouevg dLadraciog va oMoeEL TV TOAOLG TiuT] ®AOE TETOLOV ROATOYWENTI] TQLV
™V xardoel ("callee-saved"), naw vo TNV emavadéQel oty BEon TG LY EMOTEEYEL OTNV ®OAoUO
Owaduracta. Aga, N xahovoo dwodwwooio umogel va adrfvel YQNOLUES TIHES OE QUTOUS TOUG
NOTOYWONTES, TOLV HOAETEL GAAES OLadLraoies, ®al va Tig Eavafolorel peTd TV emoTQOodT amd
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QUTES, Y WIS Vo yoeldletal --1 ®aho Vo0 adraoia-- va ®Avel #ATL IOLaiTEQO YU QUTO.

Metafintés xou Tpég twv omoiwv 1 dudorera Twng (lifetime) meguhapPdver molhd noréopota
OLALOLAOLADV, UE ETTOVELAUUEVT] YOO TNG TTOAOLAS TLUAG TOUS HETOED TV ROAETUATWV, CUUDEQEL
va TooHeTOVVTOL O TETOLOUG RATAYMONTES, OLOTL, OV OL RAAOVUEVES OLOOLRATIES (ROl OL TUYOV
ool Tovg amdyovor) dev YONOLUOTOLOVV QUTOUG TOUS ROATOXWENTES, YMTOVOUUE TO TOAATAA
owotporta xot exavadoés (odTovue ot emavadéQovpe LOVo pia God TV Tl mov iyxe adnoeL
exel 1 draduaotia wov naheoe epudc Toug dLovg).

6.2 Alho Kotaymontés:

e $ra ($31) Return Address: %d0e xdheopo OLadaciog RATAUOTQEDEL TO TQONYOUUEVO
TEQLEXOUEVO TOU RATAYWENTY QUTOV, Ao ndbe dradmacio mov rakel dhieg dradiraoieg
(dnA. n&Be drodnacio wov dev eival pUALO 0TO OEVTQO TOV ROAECUATMV) TQETEL VO OWOEL
™ OLevOV VO™ ETMOTQOPTS TG OTNV CLOYT) TNG EXTELEONC TNG (TQLV TO TEMTO KAAECUAL), HOL
va TNV enavodEéQel adov emoTEEYPEL TO TeevTalo mandi TG, Ly vo. emoteépel 1 dia. (To
onpelo avtd eivar acapég oto oyxnua 2.11 tov Piiiov (ogh. 159, 4n éxdoon): 1 dietBuvvon
emMOoTQOPTS otV omoio avapéoetal exelvo to oyxnua etvar n devbuvon Tov TAEOVTOG
roAéoPATOC, ®oL OyL 1 dlevBuvon emoTEodig TG dLodraciog Péoa ard TNV OMota YiveTal
TO ®AAECUQ).

e $sp ($29) Stack Pointer, $fp ($30) Frame Pointer: 6:moL05 Tovg aAAdCeL TOVG emavadEQel
rnohag. TTohol compilers dev yonoilpomolotv frame pointer --to (00 ndver oL to Pipiio
otV mody. 3.6, nar 1o (0o Ba ndvovue non epels. T'dh to modg Bo pmwogoloe va
yxonopomownOei o frame pointer deite (mEoageTind) TV TaEdyQ. A.6 Tov [MagagThuatog
Tov PBpiiov.

o $gp ($28) Global Area Pointer: Aev tov alldCel (0Ute Tov odTeL) xapio duadinaacio. Aglyvel
0T PEOT WAG TEQLOYNS Uvnuns peyéBoug 64 KBytes tal eQLeOUEVA TNG OTOLOG WTOQOUUE
va meoomeAdoovpE pe o puovo evtoAl] load 1) store YONOLLOTOLHOVTOS CAUTOV TOV
RATOYWQETNTH, %L OTNV Omoi0. eEMOMEVIWS ovuPpEQeL va. TomobetoUvtoL ol yevirég (global)
Pabumtés (scalar) peTafANTéS TOU TQOYQAUUOTOS.

o $k0-$k1 ($26-$27) Kernel Reserved, $at ($1) Assembler Temporary: Oev TOUG
YONOLHOTOLOUV OL compilers ®oL Ta TQOYQAUUATO XOTOTY --RQATNUEVOL VLA TO AELTOVQYLHO
oVOoTNUA %ol TOV Assembler.

o $zero ($0) = 0: epLéyeL TV otabed (hardwired) undév. Emrtoémovron eyyoadés oe avtodv,
oAAG dev alhECouv To undevird (hardwired) megleyOUeVO TOV.

o $a0-$a3 ($4-$7) Procedure Argument Registers: megiéyovv to momto 4 oglopota
(arguments) g Swadwmaoiog. Av vadoyovv meQLoodteQo. amd 4 ogiopata, To VIOAOLTO
meevioUvtal ot otoifa. Av vadoyovv Mydtepa amd 4 ogiopota, TOTE Ol VIOOLTOL (U
YONOLULOTTOLOVEVOL) ®OTOXWENTES $a3-$a0d yONOLUOTOLOUVTOL OOV TOVUS TTEOOMELVOUS
rataywentég $t0-$t9. Il.y., av n mogoltoa dradnaocio éxelr OVo ogiopata uovo, ToTE elval
ehe0eQn va }oNoLUoTTOLOEL ToVg $a2, $a3 oav TEOCWELVOUS RATAYXMENTES X WIS VA OWDOEL
TIG TWES TOVG, 0EXEl Vo UV TNntd vo dLatneot vl auTtég oL TLHég Otav xohel moudid te:
av to TodLd g €xouv oM 0QIOUOTO TOTE TRETEL VO TOVG YOTOLUOTIOLNOEL YL vo. BAAeL
exel Ta oglopatd Tovg, ®L av €xouvv Alyo oglopota TOTE emMTEETETOL TA TAUOLAL QUTA VAl
yahdoouv Tig Tiég Twv $a2, $a3. Kat' avaroyio, nat ot $a0, $al megiéyxouvv to ogiopota Tng
Q0 V00Gg dLadaciog HOVO PEXOL TO RAAEOUO TOV TEMOTOV TAOLOT THG --YLd TO RAAECUO
aUTO, Ol XOTOYWENTES OUTOL TRETEL VAL YONOLULOTTONB0VV YIG T 0QIOUOTO TV TTOLOLDV (1)
OOV TTIROCMELVOL TV TTOUOLDV AV T 0QIOMATE TOVG elval AMydTeQa).

e $v0-$v1 ($2-$3) Procedure Return Values: megiéyel (0 $v0) v tun mov »abe dradiraocio
emotEédeL otV nohovoa dradwmacia (avaroyo kot o $v1 yud Tnv mEQITTWOT EMOTQOPHS
0o tiuv). H typh) mov eneotoddn woyer pdovo péyol to emduevo naheoua diadraoiag. O
U XOMOLUOTOLOVUEVOS HOTOYXWENTIG €MOTQODNS TV (m.y. $vl) yonowwomoleitor oav
TOVG TQOOWELVOUG ®ataywENTés $t0-$t9.

6.3 ITov Xmlovrou ou Kataymonrtés:
Av ot duaduiraoieg dev Ntav avodgoprés, ONAadn av amayooeboviay va naléoel d dtodnacio
TOV €0UTO NG --€lTe Queoa elte éupeco péow GAlwv mov avti) nohel-- 1ote B0 agrovoe ud

OUYREXQUUEVY] TTEQLOYT] OTn uviun Yid G0 dodwacia, 6mov auti) va GUAGEL TIG TIUES TWV

http://www.csd.uoc.gr/~hy225/14a/ex06_call.html Page 2 of 3



Lectures 6: Procedure Calls, Register Use & Saving (U.Crete, CS-225) 14-03-11 23:31

HOTOYWENTMV TTOV TRETEL VO OMOEL Rl AYOTEQA VO ETAVOdEQEL. Opmg, oL ONUEQLVES YADOOES
TOOYQOLUUOTIOUOV ETUTOETOVY TV 0vadQOouT], %t £ToL W tétola Aon dev Ba dolheve. Aedopuévou
OTL TO. ®HAEOPOTO RO OL ETUOTQODES dLadMaoL®V AettoveyoUv pe teomo "last in first out" (LIFO), 1
duowri] dopun dedopévmv YId duvauxr ToQoXMENOT %L atelevfEomwan uviung otig dtodiraoieg
%o aTto TG dLadiraoies eivor 1) otoifia (stack).

H otoifa (xohotn) otov MIPS Eexivael amd ) diebOvvon 7.1 1F.ff (dexaeEadind), dnhadi amd
LECT TNG UVIUNG, ROL LEYOADVEL QOGS TLG UxoOTeEQES dlevBivoels (mpog tn detBuvan 0). O $sp
Oelyvel otnv tehevtaio yonolpomototuevn AEEN g otolfag. [owv amobnuevoovue N véeg AéEelg
oth otolfa meémeL va ehattwoovue Tov $sp xatd 4N, modypo mov woduvapel ue v dMiwon arnd
TAEVQAS TOV TQEOYQAUUOTOS HOS (MQOg TOo Aettoveyrd oloTnuo, O TEQITTWOoN OLanoTNg
(interrupt)) 6tL T M otoifa pog eivor peyhtteon ratd N AéEeic. H avrtiotpodrn medgn (avEnon
Tov $sp xatd 4N --amelevOéomon pviung) meémel va yiver apol maQovue TS amoOnrevpéveg
AEEelg now Oev g yoewalopaote dilo md ot otoifa. O Tiuég mov Polonovror amoBnrevuéveg
oth otoifa meoomehavvovtol ovviBwg LEcw eviolmv load o store pe dLevBuvoLodOTNOT OYETIRA
ue tov $sp. Kabwg o $sp avEoueimvetor Aoym mapaymenons/amerevféQmaong wviung, 1 andéotoon
TOV omoONUREVPEVOV TLLOV 0T oToifo amd tov $sp arralel, alhd moQouével TAVTOTE YVOOTH
0ToV compiler/TQOYQAUUOTIOTY] (EXTOG TOV TEQUTTMOEMY QUVOUKIG TTAQAYMENONG HVIUNG OTN
otoifa --mEAyUa OTAVIO OTILS YAMOOES TQOYQUUUATIOUOV-- OTOTE ROl QTTOLTE(TOL 1] X0ToN Tov $p).

6.4 KaOohuxég (Global) xou Tomxég (Local) Metapintés:

Ouv "woBolnég" (global) xor ov "tomunéc" (local) petafintés elvar évvoleg Twv YAOOOOV
mpoyoappatiopot vipmrot emmédov (HLL - m.y. C, #Am). [ Tov Assembler dev vmdQyovv avtég oL
EVVOLES, EVD 1] UAOTIOINON TV €VVOLDV aut®V oe emimedo yhwooas Assembly emadietor otov
TEOYQAUUATLOTY| (1] oTtov compiler). Ztig HLL, o xofolint) petafAnTi) aviioTolyel mdvto og Jo
dedopévr, otabept Béon pvhung (1] rotoymENTi), AveE0QTNT®MS TOU ToLd dtodiracio exteheltal
nA0e oTLyur 1 T pog xaBolxrig petafPantiic ovte yoeldletou va ammobnrevtel moté oty otofa,
0oV0Te emovatifeTal TOTE 0 TOAALES TLUES TG aTtd TN oTolfa. AvtiBeta, Wd Tommnt| petafinti el
vonuo. povo 6co eivor evepyn M dadiracia oty omolo. avireL, xou elval oviToQUTY TELV THV
exxivnon g dwadwmaoiog autig 1] HETG TOV TEQUATIONO (EOTQOdT) TNg dadiraociag €dv m
OLadLraotol EMOTOEYEL ®OL EAVORAAEDTEL, 1 TWOACLA TLU TNG TOTUXNG UETAPANTIGC €xel yaOel.
Emiong, Tomnég petaPAntés pe 1o (0o ovoua ahhd oe drodogetint dradiracio (1) o dtopogeTini
gvegyormoinon g dlog (avadgouxng) dwadiraociag!) elvar diapooetirnés nol doyeteg PETAED
Toug!

SuvhOwg, oL petadpaotés (compilers) TommoOetoUv TV ®A0e naboluf) uetafinth oe pio otabepn
dievOuvon pvhung --6xu oty otoifar M OevOvvon avth) dev allaler amd dwadwmoaoio oe
duaduracta. Avtifeta, oL Toruxés petafAnTtés aviotoy oty oe d 0éon ot otoifa, oe dedopévn
omtO0TO0N OYeTwmd pe tov stack-pointer, M omoia Oéon vmdoyer pdvov O0m o elval
gvegyomonuévn 1 avtiotolyn dwadnaocia, xou 1 omoio. B€on --cav amdlvtn OebBuvvon pviung--
ol mBavov vo. alhGLel amd evegyomoinon oe evegyomoinon g dwaduraocios. Eqv éva avritumo
™G HeTaPAntiic roatnBel oe nataymont (1], oav oAl ovvnOwopévn Pehtiotomoinon, xoatnOel
povo 1o "avtitumo", xwels To TWTOTUTO), TOTE 1 dradraocio avTr (og ouveQyaoio Ue TG GAleS)
EyeL TNV VOOV vo oOTEL TO avtiTummo ot oTolPfa %Ol VO TO ETOVAGEQEL OTTOTE VITAQYEL RiVOUVOG
o AAAn drodraoio vo XONOLUOTOOEL TOV RATAYWENTH OUTO JLAPOQETHG, OTwS avalboope
TOQATTAVW.

[Mapatoerote 6Tl oL Tapamdve €vvoleg Oev elvar (dleg pe tig "nabolnég etnétes" (global labels)
7ov yud Tov Assembler ogiCovtal e tnv 0dnyta ".globl". Ou eTinéteg Tou Assembler eivar amhd
OlevBlvoels pviung --eite dedouévarv, eite eviohv péoa o€ mEOYQOUUO, €(te OTLONTOTE.
KoBohui etnéto elvor amhog o devBuvorn v omolo Tntdpe omd tov Assembler va Tnv
Bupdtan, polt pe To oupPoixnd Tng Ovoua, xat LeTd T ANEN g "petddoaons” amd Assembly oe
YADGOO UNyXoviS TOU %OPUOTIOU TIQOYQAUUOTOS Omov TV Pofjre, MOTE VO WTIOQOUUE va
ovadhegbotpe oe auTv %ol otov péhhov --mmubavd péoo amd dAha agyeio pe GAlo ropdTio
EOYEAUMATOG Assembly.
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