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Biprio: Aofdorte tnv §2.8, oehideg 152 - 163.

To ndheopa drodiraoctog (procedure call) yivetan péow g evtoing jal (jump and link -
ahpo xor ovvdean), 1 0 emotoodt amd dradwacio (procedure return) yivetow péow g
EVTOMIC jr (jump register - dAua exel wov delyvel Evag nataymENTig), OTms eldape oty §
S.1.

6.1 Tivog EvOuvn eivon to Toowmo tov Kataymentov:

Otov d1apoeg dLadLRaoieg KONOLWOTOLOUV TOV (Ol0 %aTAXWENT] Y& OLopOQETIHOUS
oromolg 1 xrabepio, o€ TEOMO OV VO HOTOOTQEDPETAL 1] TQONYOUUEVN TLU] TOU
NOTOYWENTI] —TNV omolo. Opng dev BELOVUE va Y AooVE, TOTE RATOLOG TRETEL VO "o oeL"
(avTryodiper) TV oo Yo uevn T o€ aoparés péoog (atn i) xot aQyoTeQM Vo TNV
emavadégel otov rnataymonti). [id va ehaylotomomnbel to »60TOG AVTIS TN €QYaaiag
(dnradn to mOoo ouyvd mEEmeL auTi) va yivetal), oL compilers Tov MIPS axolovBoiv tig
nopandto ocvpPdoelc. (Ov ovpPdoels aUTéS elval 0QrROUVIMG OUVINENTXES (MOTE VA
EMTEEMOVY YWQELOTY] HeTddpoaon (separate compilation) Twv dwadwmaocidv). Eotw o6t wd
owadwacia A zalet dv il dwadwoocic B (] m evegyomoinor (instance) A pudg
ovadgouxng draduraociog xahel tv evegyomoinon B tov gautol tg). Oa ovopdtouue
™mv:

o A:'"nxalovoa drodwocia" (caller), xow Tnv
e B: "nxalovuévn dadiracia" (callee).

IMMoocmeivoi Kataywentég $t0 - $t9 ($8-$15 naw $24-$25) — temporary registers: H tuf tov
HOTOYWENTOV VTMOV OV dortnoeitan petd amd éva ndheopa dradiraociog (not preserved
across call), OnAadn n rarhotuevn dadwaocta (1 dAleg mov TvyxdV ®ohoUvToL amd avThv)
ETUTOETETOL VO LETAPAAEL TNV TIU] CUTOV TWV RATAYMONTOV XMOIG TQONYOUUEVIS VL
OMOEL TV TLUH TTOU TUYOV elxe pelvel exel amd v noholoo dlodiracio, ETOUEVIS KoL
Ywoig va emovadégel Ty malowd exelvn) TIU) TQO TS EMOTQOPIS OTNV RAAOVOW
dadraota. Aga, av n ralovoa dwadracia €xel ®ATL XONOLWO PECO O €vav TETOLO
NOTOYWENTI] VD €TOLNACETOL VO ®OAEOEL v GAAN Olodiraoio, To omolo YQTOoLHO
emBupel vo 1o EavaPoel oty Oéon Tou pETA TNV €MOTQOPT] TOV ROAECUOTOS, E(VOL
g0V TS xahovoOg dLadraTiog VO OMOEL THY XONOLY Tuuh) Ttowy To xdheouo ("caller-
saved"), xaL vo TV emavodEQel AUEOMS LETA atd avTd (ONA. LETA TV ETUOTQOdT) TOV).

ITooowouvés Tipéc Twv omoiwv 1 dudoxrela Lwig (lifetime) dev meguiapfdver raiéopata
OLadLRAOLOV CVUPEQEL VA TOTTOOETOVVTOL O TETOLOVS RATAYWENTES, OLOTL eV eldleTol
VO OWCOUVUE TO TOACLA TEQLEXOUEVA (0O avTOV OV oG ®AAECE) AVTOV TOV
NOTAYWENTOV TELY TOUG yxonolpomotjoovpue. Edv natd tn dubpoxreia Coig avtav tov
TIUDV VTTNEY AV ®OAEOUOTO. BUYoTOIROV OLodracLmV, TOTE o nAbe TéTolo ndheoua Oa
YOELATOVTOV OOOLUO TOV "TRO0MELVOU" QUTOU RATOYXWENTY, ROl ETOVAPOQE TOU UETA
™V emoteodr], apol m noholuevn dwadracio. Oo ftav eledbeon (MOavov) va
HOTOOTOEPEL TNV exel mepueydpevn Tuh, omdte xnow Oev O ovvépege 1 yofom
nOTOYWENT TOmov $t- Ouws, axoPmg eneldi] dev vmdoyxouv raléopata Buyatommv
OLadmaoLdv #atd ™) diderel LwNg auThg TNS, YU avTd %ol ovudpEQEL 1) TOTOBETNOM

™G 0€ "MEOCWELVO" RATOYXWENTH).
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"Eva mogiopa eivor 6t dradunaoies-pAha (leaf procedures), dnhadf diadixaoieg mov dev
nohoOv xopto G drodwaoio péyotr vo emoteéPpouv ol ideg (GUAA oto dévOgo g
(duvaunng) xhhong Owdwmao®v), ovudpéger va Pdlovv Oheg TG TOMMES TOUG
METAPANTES ol GAAES TLUES 08 RATAYWENTES 0UTOV TOV TOTOV, $t. [Tagatnenote Tl edv
T0 9évdO0 TG (duvauxic) ®Afiong dadwaotdv éxel péoo fan-out peyariteQo Tov 2, TdTe
oL dadnaoies-UAha amotehov TV mheoyYndio Twv (duvapurd) eveQyomoLoVUeEVmY
OLAOLRAOLODV.

[Znueiwon: "dubonea Tong (lifetime)" wag petofintic 7 evog notaywenNTi
Aévetar ) yoovixl] meplodog (1] oL eVTOAES mov TEQLAAUPBAVOVTOL) 0T TN OTLYUN
700 0T METAPANTA 1] OTOV RATOYWENTY EXYWQETAL Ui TLuT], HEXQL TNV TEAEVTOLN
aVAYVMOT TNG TWNG CUTNG TIQLV TNV ETOUEVY] EXYMOENOY VEOS TUUNG O€ QUTH TN
LETAPANT 1 TOV noTaywEnti. Metd 1o TéhOg ag ddorelns Cong pog
LETAPANTAG 1] VOGS rATAXWENTH, ®oL PEXOL TNV EVAQET TG EmOUEVNS OLAQHELOS
CoNg Tg/tov, N petafint 1 o natoyxwentis Oempeitor "veroi/verpds", doTL 1
T TNC/Tov dev pog evolapEQeL —xnavelg Oev mponeLTal va TV dLofdoeL oLy TNV
EavalhdEovue— aga eipaote eheBeQOL va TV RATAOTEEYOV UE].

Awtnoovpevor Kataywontég $s0 - $s7 ($16-$23) — saved registers: H T tov
ROTAYWENTOV AVTOV dloTneital petd amd éva rdieoua dwadwmaoiag (preserved across
call), Onhadi etvar ev@OVN TG nahobuevyg dradnaciog va omoel TNV Tohadt L ®ae
TETOLOV naTamENTi Jowv TNV xohdoel ("callee-saved"), nouw va v emavadpégel oty B€on
™G oLV emotEéel oty ralovoa diadwaoio. Aga, N rarovoo diadwmaocio pmogel va
DT VEL XONOLUES TLUES OF QUTOUS TOUG RATAYWENTES, TTELV naléoel dhhes dradinaaieg, nat
va tig EavoPoiorel petd v emotoodn amd avtég, xwels va xeewdletal —1 ralovoa
dLadiraota— vo néivel x4t LLoiTeEQO YU AVTO.

Metapintés xar Tpés Tov omoiwv 1 dudonela Cong (lifetime) meguhapfdver 600 1)
TEQLOOOTEQA RAAEOUOTO OLAOLLAOLDV, UE ETTOVELMUUEVT] XQTOY TNG TOAOLAS TUUHG TOUG
LETAED TV xoleopdtwv, ovupéQel vo tomobetoivial oe Tétolovg xotaywentés: Id
nA0E TETOLO ATAYMONTI] OV YQNOLWOTOLEl 1] TEEXOoUoa dadaocto aQxel éva oMOLUo
™G TIUNG oV (TuBavov) €xel adnoel exel ®ATOLOC TEOYOVOS (LETA TNV £VOQET EXTENEOTS
™G TeéYovoas dladmaolog 1aL TELV YENOLHOTOMOEL YI& TEMOTY GOEA 0 RATAYWENTNG),
now piow emovadoed TG TUUNG TOU TTEOYOVOU HETA TO TEAOS Q101G TOU RATAYMQNTH 1AL
oW emoteéPer M Teéxovoa  Owadwaoio. Avtibeta, dev amouteltar COOLWO  HOL
emavapoed #dbe Gpoed mov M teéxovoa dwadiracio. nohel moudd . ‘Etol, og
TeMnT) guvolxrt] 0eENOom Tov GAOU JEVOQOU RUAETUATMV, OV OL RAAOVUEVES OLodLROOTES
(e tovg mBavoUg QITOYOVOUG TOUG) OV YONOLUOTOOUY CUTOUS TOUG RATUYWENTES,
YMTOVOUpE Ta TOMATAG cwoipoto xou emavodoeés (chlovue nol emavapégouvpe LOvVo
uto doed TV T mov elye apnoel exel 1 dadwwooio mov xdreoe euds Toug OLOVG).

Twég tov omoimv m Owdoxrela CTorg (lifetime) meouhapfdver axQpog éva ndheoua
Ouyatowic dwadwmaoiog »ootiCovv 1o (00 amd mhevpds OCWOIHOTOG-ETAVODHOQAS
NOTAYWONTOV, (TE TOTOOETNOOVYV 0E noTaywENTi) TUTOV $t elte 08 naTaywENTH Is.

6.2 Allor Kotaymontés:

e $ra ($31) Return Address: xG0e xndheopo OLAOMAOIOG %ATAOTQEDEL TO
TQONYOUUEVO TEQLEYOUEVO TOV RATAYWENTY ovToU, dga ®dbe dodiwacio mov
rnahet ahheg duadmooies (dnA. naBe dadwacia mov dev elvar GpUALO oTo O€VTEO
TOV ROAEOUATWV) TOETEL VO OMOEL TN OLleOVVOT EOTEOPTNS TG OTNV aQYT] NS
extéAeoNS TG (FTOLV TO TTEMTO KANECUA), KOL VO TNV ETMAVAPEQEL APOV ETUOTEEYEL
to Tehevtaio maudi g, mowv va emoteéet 1 (Ola. (To onueio avtd elvar aoadés
oto oyfua 2.11 Tov BiPriov (oeh. 159, 4n éxdoon): 1 detBvvon emoTQOPNS OTNV
omola avadégetal exelvo To oyrua eivor 1 dteBvvomn Tov TaEOVTOg ROAEOUATOGC,
%o Oyt m dtetBuvvon emotEodPTg g dadnacias péoa amd v omoio yiveTal To
nAhECUL).
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o $sp ($29) Stack Pointer, $fp ($30) Frame Pointer: 6molog toug olhélel tovg
emavodépel nohag. ITolhol compilers dev yonolpomoloVy frame pointer —to (010
%nAveL xow To PPAio (ry. oeh. 162), naw to (0o Oo névovue raw gpeic. I'id to TG
Ba umogotoe va yonowpomown el o frame pointer deite (TQoOLEETIRA) TNV TAEAYQ.
A6 tou [Tapagthuatog tou Pifiiov.

e $gp ($28) Global Area Pointer: Aev tov olhéler (0Ute TOV OMCeL) napio
dwadnaocia. Aeiyver oty péon udc megroxNs uviung peyéBouvg 64 KBytes ta
TIEQLEYOUEVAL TNG OTOIOS UTOQOUVUE VO TROOTELGOOVE pe pio povo evioli) load 1)
store  QMNOLUOTOLMVTOS QUTOV TOV RATUXWENTI], AUl OTNV OTO(0 ETOUEVIG
ouppégel va TomoBetotvtol oL yevirég (global) PaBuwtég (scalar) petafintég tov

TQOYQALUATOG.

o $k0-$k1 ($26-$27) Kernel Reserved, $at ($1) Assembler Temporary: 0ev TOUG
XOMNOLUOTTOLOUV OL compilers ®aL TO TQOYQOUUOTO YQTOT —®QATHUEVOL Yl TO
Aettoveynd ooty ®ow Tov Assembler.

e $zero ($0) = 0: meQiéyel TV otabepd (hardwired) undév. Emutoémovion eyyoadés oe
avtdV, aAld dev arldlovv to undevird (hardwired) egleydpevo Tov.

o $a0-$a3 ($4-$7) Procedure Argument Registers: megiéyovv to momta 4 ogiopato
(arguments) Tng diadwraoiag. Av vdyovv TEQLooOTEQA amd 4 0QlopOTa, T
VAIOAOLITTOL TTEQVLOUVTAL OTY OTO(PaL.

- Av  vmboyovv Myotego amd 4 oplopata, TOTE oL vmOlowmor (U
yxonotpomoovpevor)  xotaywentés  $a3-$a0d  yonowpomowoVvtor  oav  TOUg
neoowELvolg notaywentés $t0-$t9. Ily., av n magovoa Owadwmoacio €xer dvo
optopata povo, tote eivar ehelBepn va yonolwpomoloel Ttovg $a2, $a3 ocav
TQOOMELVOUS ROATOYWENTES YMOIG VA OMOEL TIG TLUES TOVUGS, aQ®el vo unv Tntd va
dLatnEOUVTAL AVTES OL TLES OTav nohel TadLd T™S: av Ta TToudLd TS €XOUV TOAAG
00(OpOTO TOTE TEETEL VAL TOVUG YOMNOLUOTOLOEL Y& va. Pdlel exel to ogiopatd
TOVG, *L oV €xouv Alyo ogiopata tote emrtoémetol to TadLd avtd vo YoAdoovv
TG TIES TV $a2, $a3.

-Kat' avohoyio, xor ov $a0, $al meguéyouv to oglopata TG TOQOVOOS
dadnaciag LOVO UEYQL TO RAAECUO TOV TEMOTOU MO0V TG —YLd To ndAeoua
auTo, Ol RATAYWENTES AVTOL TRETEL va. YonolpomomBotv yid ta ogiouata Twv
UMDV (1) 0aV TQOCMELVOL TOV TAULDV, AV T 0QIOUATA TOUS elval MydTEQQ).

o $v0-$v1 ($2-$3) Procedure Return Values: megiéyer (0 $v0) tnv Tiuf mwov x6Oe
dadnacia emotoédpel otnv ralovoa diaduraocio (avdhoya xor o $vl yid v
TEQITWOT EMOTEOPNS SO TLUDV).

- H tui) mov emeotoddn woyvel povo péyol to emduevo ndheoua diadimaoiog.
-O un  YOMNOLUOTOLOVMEVOS  RATAXWENTNS €mMOTEOPNS Tdv (). $vl)
YONOLOTOLETAL GOV TOVG TQOOMOLVOUG RATAYWENTES $t0-$t9.

6.3 Ilov Zolovrar o Kataymoentéc:

Av oL dtodwacieg dev fltav avadQouxés, ONAady av amoyoQeloviay va ®oAECeL Ll
dLadraoia Tov eovTd TG —€iTe Gueoa eite Epueca péow GAAwv Tov avth ®ohei— toTE Ot
0Q®OV0E WA OUYREXQUUEVY TIEQLOYT OTN pvhun yud %dbe dadiracia, 6mov auti) va
GUAAEL TIG TLUES TMV RATAYWENTOV TTOV TRETEL VO OMOEL RAL AQYOTEQX VO ETTALVODEQEL.
Ouwg, oL oNUEQLVES YAMOOES TQOYQOUUOTIOMOT EMTQEETOVY THYV OVAOQOW], %L £TOL pLd
tétowr Abor dev Ba dolleve. Aegdopévov OTL Ta ®OAEOPOTA HOL OL €MOTQEOGDES
dLadnaolwv AettovEyouv ue tedmo "last in first out" (LIFO), n ¢vownt) dourn dedouévmv
YI& duvopunrt] TaQay®ENon xotr oreAevféomwon uviung otig dladuaoieg oL amd TG
oladiraotes elval 1 otoifa (stack).
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H otoifa (xonotn) otov MIPS Eentvder amd tn OwevBuvon 7EfLIAf (OenoeEadind),
ONAadn amd ™ pECT TNG UVIUNG, HOL UEYOAMVEL TTQOS TLG WKrQOTEQES dlevBUVOELS (TTQOS
™) devBuvon 0). O $sp delyvel otnv Televtaia yonolpomotouevn AEEn the otoifag. ITowv
ammobnretoovue N véeg MéEelg ot otoifa mémel vo ehattddoovpue Ttov $sp xatd 4N,
QA IO IOV LOOUVOEL LE TV ONAMOT amtd TAEVQAS TOV TEOYQAUUOTOS UG (TIQOG TO
AettovEyrd ovotnua, og megimTtmon diaxomig (interrupt)) OTL TOQEO N otolfa pag etvan
peyohteen xatd N AéEeic. H avitiotgodn medEn (avEnon tov $sp xotd 4N —
amehev0éomon pviung) meémer va yiver apot mdoovpe T amodnrevpéves AéEes nat dev
Tg yoewlopaote dhho md ot otoifa. O Tipég mov Peioroviar amodnrevpéves ot
otoifo mpoomehavvovial ovviiBws péow eviohdv load nan store pe dlevBuvolodoTNON
oyxetwmd pe tov $sp. Kabmg o $sp avEopeinvetror AMOym moQoymonons/omehevféomong
LVNUNG, 1 OTTO0TAOT TOV OTToON®EVUEVOV TIUMV 0T oTtoiPa amtd tov $sp aAlalel, aAld
TOQAUEVEL TTAVTOTE YVWOTI] OTOV compiler/TQOYQUUUATIOTY] (EXTOS TV TEQLTTMDOEMY
JuUVaUrNG  TOQOXMENONS WVAUNG oty otoifa  —mdyuo  OmAvio Ot YADOOES
TQOYQOUUATIOUOTU— OTTOTE KOl OTTOLTETAL 1) Y0T)O™ TOL $fp).

6.4 KaOolxég (Global) »oar Tomzég (Local) Metafintés:

Ou "naBolnéc" (global) now ou "tomuég" (local) petofAntég eival €vvoleg Twv YAwoomv
TOYQAUUATIONOV VPNAoT emmédov (HLL - m.y. C, »hw). ['ld tov Assembler dev vidioyovv
OUTES OL €VVOLEG, EVM 1) VAOTIONOT TOV EVVOLMY QUTOV o€ emimedo YAwooag Assembly
emadieTal 0ToV TEOYQaUUaTIoTH (1] 0Tov compiler). Ztic HLL, o xaBohxi) petafinti
OVTLOTOLYEl TTAvTa o€ o 0edouévn), otadeen 0o uviung (] xataywentf), aveEaQTNTmg
Tou moLd daduraoio exteleltal xvdBe otyp M Tl wag xabolxig petoPintig olte
yoeratetan vo amobnxrevtel moté ot otoifa, ovTe emavatiBetal TOTE 08 TOAULES TUUES
™G and ™) otoifa. Aviifeta, ud tomui] petafAnTi éxel vonua povo 600 elvol eveQyn 1
dladiraota oty omolo avireL, ®oL elval avOTOQXTY TOLV TNV exxiviomn Tng dtadiraciog
QUTNG 1] LETA TOV TEQUATIONO (EmmoTEodn) g dradiraociag edv 1 dradiwaoio emoTéyel
now Eovaraleotel,  modowd T g tomuxig petoPintig éxel yabet. Emiong, tomnég
petaPAntés pe to do Ovoua oAl oe diapopeTiv) Owodracion () og OlapooeTini
evegyomoinon tg Owog (avadgomxic) dwodwaciog!) elvar dadoQeTIRES naL AOYETES
peta&l Tovg!

ZvvNnlwg, ol petapaotés (compilers) Tomobetolv Ty ndbe noboln petafinti o wia
otabepn) OehBuvon pvhume —OxL oty otoifar 1 devBuvon avth) dev alldler amd
dwadraota o draduaocto. Avtibeta, oL Tomxnég PeTafANTég avilotowoUv oe wa 0€om
oth otolfa, oe dedouévn amdoTOoN OYETIRAE e TOV stack-pointer, 1 omoia B€om VTLAQYEL
puovov 6om mea elval evepyomouévn 1M avtiotouyn dwadwwaoio, kol 1 omoio Béon —cov
omolvty  OletBuvvon pviunc— moAl mbovoév vo allaler amd evepyomoinon o€
evegyomoinon g Owdwmaociag. Edv éva aviitvmo tng petafintic xroatnbel oe
notoywent (1, oav wohd cuvnOwouévn Peltiotomoinor, xoatnOel udévo to "aviitumo",
YWOIg TO0 MEWTOTLTO), TOTE N Oodracion avth (o€ cuvepyaoio pe T GAleg) €xel TV
evBUV”N va onCelL To avTituTo 0T oToiPa AL va TO emavapéQel OTOTE VITAQYEL ®{VOUVOS
o G drodraoion Vo QNOLUOTOLOEL TOV RATAYWENTI] AvTd OLodOQETIHA, OTWG
ovaADOaE TAQATTAVW.

IMogatnoefote OTL oL TAEATAVW £vvoles dev eival (OLeg pe Tig "vabolnég etinéteg” (global
labels) mov yud tov Assembler ogiCovtar pe tqv odnyia ".globl". Ov etxéteg TOU
Assembler eivor amhd OevOivoelg pviung —elte dedouévarv, eite eviolmdv péoa o€
mpdyoapua, eite otdNmote. Kabohnt| etnéta elvor amhdg o diehBuvon v omoio
Cntdue amd Tov Assembler va v Bupdtan, poll pe 1o oupPolxd TG OVoua, ®aL LETA T
MEN e "petddooong” amd Assembly o€ YADOOOA UNYXAVAS TOU  XOUUOTLOD
TOYQAUUATOS OOV TV PETNHE, (DOTE VO LTOQOVUE VO ovapeQHOVE GE AUTHV %OL OTOV
MOV —mBava péoa amd dhha agyeia pe dAla xoppdtio meoyoduuatog Assembly.
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