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Aoxnoeis 1: Ewoayoyn, Kataymontés, add/sub, addi,
1 'hwooa Assembly »on o IIgocouorwtiig SPIM

TTpoOeopia éwg Agvtépa 13 Pefoovagiov 2017 (BO. 2.1) (amd P. 1.1)

Biprio: Awofaate Ty agyr tov redparaiov 2 (§2.1, to peyaritego puéog g §2.2, »aL Tnv aQyn
™G §2.3): oehideg 114-116 now 118-121. (Ztig dahéEelg avadpednnape Alyo »or otov linker »ou
ouvadi auvtd vmdeyouv oy §2.12, oelideg 182-191, av xar to PPilo exel mmyalver oe
TEQLOOOTEQES AETTTOUEQELES QT OO0 AVTLOTOLYEL 08 QUTO TO PAOM UL --TTEQLOCOTEQO TTOG TNV VAN
Tov HY-255..).

1.1 Baowi) Aettovgyio Tov Yoroyioti):

O vrohoYLoTéS aroTeELOUVTAL ATTd:

e Movddeg Ewo000v/EE6d0v (I/0 - Input/Output): eivar oL "megupegetanés” ovonevéc,
PECW TWV OOV 0 VITOAOYLOTHG ETUROLVWVEL IE TOV €5 ROOUO --TANKTQOAOYLO, TTOVTIXL,
uxEOPwvo, naueoa, 0006vn, ueyddwva, diorol (LoryvnTirot xot ortirot), diemapég
dwtvov (network interfaces), ®At.

o Kevrouxi) Mvijun (Main Memory): exatoppiola otovyeta amofirnevong mingodooiag --
rdtL oav flip-flops aALd amhoVOTEQO OTNV RATACKEVT)-- OQYOVOUEVO OOV TTOMAES
(ovvHBwg exatoppioe xow Thvm) "AéEeS" (words) TV ®ApTocwV (TT.y. 32, 64) bits
raBeplo. Mmogotue va v pavrtaotolpe oov £vay molD peyaho mivaxra (array) oo
bytes 1 amd AEEELG.

e EneEeoyaotis (Processor) 1) Kevtouni Movdda EmeEegyaoiag (Central Processing Unit -
CPU): meQLéyeL, TQOTOV, TA XURADUATO EAEY YOV (control) Tov ®oB0d YOOV TNV entéleon
TV AELTOVQYLMOV oV Ba ToUpe o ®ATw. Ag0TEQOV, TEQLEYEL TOVS "dpdU0VS
oedouévwv" (datapath) p£co. 0t TOVG OTTOOVG TEQVAVE 1AL OL OTO{OL EMEEEQYATOVTOL TIG
TANEODOQIES TOV AVIAAAAOOEL O EMEEEQYAOTNG LE T LV RO TG TTEQLPEQELARES
ovoxevés. Toltov, meQLéyeL ToVg "xataywenTés yevirov oxomov" (general-purpose
registers) (naBmMG 1oL XAUTOCOVS RATAYWENTES ELOKOV 01OTOV). OL ®OTOYWOENTES
YEVIXOU 01OTOD glvol a TOAD puxeT) pviun, peyéfovg ovvihbwg rdumoowv dernddwv
MEewv (.. 32 MEewv). 'Eva nhextoovind xixhwua, 660 mo uxd 10600 mo Y11 yoQo
gtval, yU' avtd #al To 00voro avtdv ToV rataymentav ("register file") eivor ToAD uro
yioL va givor oA Y1 Y0Qo0 (%ot Yo otrovouio ota bits Tng evioiig, Ommg Ba dolpe

0QYOTEQQ).

Mid omoPpoon TEMTAQYIHTG ONUOCIOS OTNV 0QYAVMOT TWV VITOAOYLOTMV elval OTL OTH Uviun
amoOnrevove #ot To dedopéva (apldpovs, minpodoies), wouw Tig "evrorés"” (instructions) --Tig
odnyleg dNAadT TQOG TOV VTOAOYLOTH] Yo TO TL €id0oVg TRAEELS nou eMEEEQYAOIES AVTOG TIQETEL
va ndver move oto dedopéva. [AmO plhoocoduxi] dmoyr, pe To vo amobnxebovial xou To
Oedouéva naL oL eVTOAES otV (OLa pviun, vwdomotmuéva xat Ta U0 [e TOQOUOLOVS TQOTOUS
(oov duadirég MéEels m.y. Twv 32 1) 64 bits xabepia), avoiyel 0 dQONOC 0TO VAL WITOQEL VAL OEL HLL
VoL emeEeQYoTEL O VITOAOYLOTHG TIS (OLES TOV TIS EVIOAEG OOV OEdOUEVA, OV ROl OTTOVIOTOTO TO
AAVOUV AUTO TA TEOYQAUUATA YI& TOV €0VTO TOVG: O peTadpaoTilc (compiler) elvor To Paoird
TEOYQOULULOL VITOAOYLOTY] IOV YEVVA EVIOAES --alAd VLG €va AAAO TTQOYQAUUO: OTtO TV GAAT], TO
"avtopeTafaropeva mpoyodppata (self-modifying code) amoteholv epiditn yid to debuuging,
noL YU autd to ommodetryovpe. Ao moaxrtiki) dmoyn, To va etvan poli ta dedopéva nou To
mEoYQAUpO OTNV (Ol ViU ELTEETEL TNV TIANOY 0&LoToinon 6AOU TOou YMEOU UviUNG, Ywolg
va LEVOUV O QNOLULOTIOMTO REVAL, T.). OTAV €XOUUE UuxQO TEOYoauua e peydho dedopéva, 1
peyaio meoYoaua te unod dedopéval.

O vmoloylothg Aettovpyet pe tov €ENg Paond eravalnmrxnd 100mo. O emeEepyaoths dafdet

Uta evToAn amd T Lviun. ST CUVEXELD THY ATTOXWOXOTIOLEL Yol VO, ®ATaAGPeL TL AéeL, noL ndvel
TG dovAeLES oV avTh Aéet, IMMhadn v extedel. OL dovhelég avtég elvar ovvhOwg amiég, OHTTmg
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7Ty, MeTOdhoQd OedoUEVOV OO 1 TTQOG T UVAUN, 1] amtd 1) TEOS TEQLPEQELOKRES CUOKREVES, N
oQunTnés mdEels mavw oe dedopéva, 1 amodpdoelg "arhayig mogetag". Metd, poOlg
TELELDOEL 1) EXTELEDT) TNG EVTOAGC, O emeEeQyaoths dtoPfalel amd T pviun rou extehel v
"eOUEVT)" EVIOMT], na 00Tm %o’ eENG en' adgLoto. H "emduevn" evtol) ouviBmg eiva 1) evToln
mov Poloxetan amoOnxevpévn oty emdpevr) AEEN pvhung, extds av ) extéleon g
TQONYOUUEVNG EVIOATG TTEL OTOV emeEeQy0 0T va "alLdEeL mogeia"....

INd vo Eépel o emeEegyaotic mola eivar M "emwOuevn" evtoli] mov mémel va dtofdoel o
exteléoel, VTOQYEL MEOO TOU €vag edrdg ratayxwentis, o "Merontig Ilpoyodunarog"
(program counter - PC) --lowg wd cwotdteen ovopaoio vo frov "delntng mooyeduuotos"
(program pointer) 7 "Oeixtng evrol®dv" (instruction pointer), aAlG €xeL peiver amd moAd M
ovouacia "PC". Zto téhog TG extéheons pag eVTOANg, o PC megiéyel ) dtevBuven pviung tg
ETOUEVNG EVTOANG TTOV TIOETEL VO OLOPAOTEL 0Tt T ViU %o VO EXTEAECTEL. AV HOVTOOTOUUE
™ pviun oav évav ueydho mivoxo (array), M[ ], tote v "devOuvorn pvhung" eivor o deintng
(index), i, mov pog Aéer va dafdiocovpe TV emOUEVY eviolM] amd Tto M/ i ]. Me 6povg tng
vhwooag C, 1 dtetBuvon puviung tg emOUEVS EVTOATS Elval €vag pointer 0TIV ETOUEVY) EVTOAT).

1.2 TI'lhwooeg Myyovis:

O\ eneEepyaotég ratarafalivouv xor exteAOVV EVIOLES QIO €val QETEQTOQLO TTIOAD UXQOTEQO
%ol amhooTeQo amd Tig YAmooeg vyniot emumédov (High Level Languages - HLL). Ou evtoAég
mov Oéyeton nau extehel To hardware elvar avayraotnd xwdxomomuéves oav dvadind
ovppora, now Aéyovron I'ddooa Mnyyaviic (Machine Language). KaOe owroyévelo eneEegyaotmv
70V eival peta&l Toug "binary compatible" £xel T (OLa YADOOO Py ovig, OV Elvol dLadoQETLXY
amtd ) YAMOooo pnyoaviig dAlov owoyeveudy. ‘Evo dnpodpihéc ofjuega oTud YAwoodv unyovig
("agyrtentovirmv") elval avtég mov €xouv oxeTrd Alyeg nou amhég HOVO EVTOAES, KAl TTOU YU
ovtd  megryoddovtalr oav  Ymoloywtés Elattwuévov Pemegrogiov Evioildv (Reduced
Instruction Set Computers - RISC). Eva vmoolvolo pog tétolog yAMooog unyavig --tou
emeEepyaoty MIPS-- Qo yonowwomotjooupe cov madderypo o ovtd 10 pdonuo. Alheg
vhwooeg punyovig otvh RISC eivor avtéc twv SPARC, PowerPC, xaw ARM. H celpd x86 nat
Pentium thg Intel £x€L O TOMOTTAORY) YADOOW, Y OLVAS.

Ka0e evroli) yhdooog pnyaviis amoteleltol omod évav zmdwme medEng (operation code - opcode),
nol 00 TeEAEGTEOVS (0perands) Tov meQLyQddovy mdvw o T Ba yivel 1 mpdEn. O teheotéoL TV
EVIOA®V aQLOuNTIdV TRdEemv Tov MIPS &ival mavia notoymenTég Yevirnol oromov (registers)
Tou emeEeQyaoTi], 1| otabepéc mooodTNTES, O OxL Béoelg puvijung. H CPU tov MIPS éyer 32
noTayweNtés Twv 32 bits nabévag --32 bits elvon to péyebog AEEng (word) tov MIPS. ITo
olUyyoovo poviého emeEeQyaotdv, ofpega, €xouvv péyeBog AEENG 64 bits. Ouv evtohég
oounTrav mEAagemv tov MIPS éxouv mdvta teels (3) teheatéovg, yia AOYOUS OUOLOUOQDIOS.
H opolopogdia petapedletanr og amiodtta Tov hardware, modypa mwov gvvoel Tnv vnidTegn
ToyvTNTA.

1.3 HTI'hwooa Assembly tov MIPS:

TNa va yiver 1 yAdooo pnyavig Ayo mo ¢ux) meog tov avOemmo, YeNOLUMOTIoloUueE Eval
ovpPolnd ovoua Yo nébe emrtoentd opcode, £va denadnd 1 denaeEadnd alOud pe pegund
oA oOpuPora yio ®ébe teheoTtéo, naw YRADGOUVUE QUTA TO oTOLElD TG #GOe eVTOANG o€ Uia
YWOLOTH yooupun. Avty eivor 1 YA®ooo Assembly, 1) 0700 WTOQEL VO LETOPQOOTEL 0 YADOTO
Ny avig astd €va, oxeTvd oo TeOYQUUUO VITOAOYLOTY --TOV AeyOuevo Assembler. OL YAMDOOES
vynhot emmédov (HLL) (6mwg m C) petadpodloviar oe Assembly ommd évo onuovtivd
TOAVTTAOXOTEQO TROYo U, TOV Compiler.

e H Paownf) eviol) a@uBuntiric med&ng tov MIPS eivou 1) add ou xdvel mpodobeon
axegaiwv. H eviol] Assembly "add $23, $16, $18" diofalel Tta megiexoueva Tmv
ROTAYOONTOV VT AQLOPOV 16 %o 18, Ta 1QocOEéTeL, Ral YOADEL TO ATOTELEGLO OTOV
ROTAY WO TH VT OQOPOV 23, dnhadr) $23 := $16 + $18.

e H evtoli] sub (subtract) eivou mapdpolo ahhd, avil vo mpoobétel, apalgel Tov Teito
teheoTéo oo To deVTeQO: M "sub $23, $16, $18" YOADEL OTOV RATOYWOENTY
vITaEOuoOV 23 10 amotéleopa g adaigeons $16 - $18.

e H evtol addi (add immediate) elvor mopopoLa tg add (pdobeo), alhd o Toitog
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TeEAEOTEOC TG elval 0T0BeQOC 0LOUOS avei nataywenti: n "addi $23, $16, 157"
duafatel To megleyxduevo Tou notaywENTh 16, mQoobétel Tov 0O 157 og avTod, ®ow
voddel To amotéreopa otov notoywenti) 23. Edv n petafinti i Poloxetor otov
ratoywenth 18, tote N enydonon i=i+1 petadpodletal o "addi $18, $18, 1".

e O xoroymoentis $0 tov MIPS megiéyel mhivta tv otafept moodtnTa Undév,
OoVeEQQTNTWGE TOV TL YOAdEL RaVES 0 aUTOHV (0L £YYRadés o auTdV 0ryvoouvTol amd To
hardware). Etou, 1 agywomoinom i=1 umoget va yivel: "addi $18, $0, 1".

INé évav vrohoylopd cuvBetdTeENs apldunTnig éxdoaong, deite To modderyua otn ogh. 121
tou Bpiiov. Entdg amd ta ovopota $0, $1, ..., $31 yud toug 32 xataywentés tov MIPS,
YONOLLOTTOLOUVTAL RaL TO Alyo o apnonuévo ovouata $s0, $s1, ..., $t0, $t1, ... avdroya pe v
®naTnyoia xenong mov ovvilwg emdurdooer oe xobéva tovg o compiler, 6mwg Bo dovue
0QyoTEQQ.

INé vo exteheotel évo mEOYQOUUO, OL EVIOAEG TOU YQADOVTOL OTNV ®REVIQLAY pvhun M o
"®éTo" omd TV AMAn, dnhadf| oe ovveyxOueveg Béoelg (devBivoelg) pvipng. Metd v
OVAYVOOT] ®OL EXTELEOT] IUAS EVTOANG, O emeEeQyaotns avgdver tov PC xatd to péyebog g
EVIOM)G OV exteréatnne, omoTe aUTOGS (0 PC) delyvel otnv emduevn (Tnv "ammd »dtm") evioi.
H oepioni] auth extéheon evioh®v OlomomreTol OTav exteheltol ud €VIOAT HETAPOQAS
gléyyrov (control transfer instruction - CTI). Tétoleg, 6mwg Oa dolue, eivan, peTaEd GAAwv, oL
oaxradaoels (branch) non o diuato (jump). H evtoli) " label" (jump to label, 1) molaidteQa
goto label) n@vel dOTE 1 eMOPEVN €VTOAT Tov Oa exteheotel va elvol 1 evioli] ot deBuvon
pvnung label, avit va elvow 1 "amd xdTm" eviohr). Me dhlha Aoy, m eviohf] "j label"
dogtwvel T dtevtBuvon label otov ratayxwenti PC.

14 O IIgooopowwtic SPIM:

[Mooyodppata yoappéva oe yhowooa Assembly tov MIPS pmopel va ta donpdoer navels xot vo
TOQOXOAOVONOEL TGS TEEYOUV (ONOLUOTOLDVTAS TOV mpocouotwtyy SPIM, yoauuévo and tov
James Larus oto Ilavemotiwo Wisconsin - Madison, http:/spimsimulator.sourceforge.net/ . Ot
TQOCOUOLMTES ElVOL TQOYQAUUATA VITOAOYLOTY] IOV TROoTaBoUv va ovumegudégovtal 600 mo
ToQOUOL0L YivVETOL, OO OQLOMEVES AmOYeLS, e éva dpuowmd ovotnua. Ev mpoxrelpévo, o SPIM
ovumegudpépetal oav v Toutaxt MIPS amd v Gmoyn Twv TEQLEXOUEVOV TOV HOTOYWONTMOV
HOL TNG UVIIUNG LETA TNV eXTENEDT RAOE EVTIOAG amtd TNV ALY peQLd, tdvtmg, dev divel rapia
minoodogia, Y., Yo To XoOvVo extéheons TG xAGOe eviolfig (moleg eviohés exteholvTol
YO YOQO Rl TTOLES ALY, OGS KO VL0 AMAES ATOPELS TOV GUOLROT CUOTHUOTOG.

H vedtepn éxdoon tov SPIM eivor to QtSpim.

e Mumogeite va dtofdote ta eyyelidla xofong tov "xhaowov" SPIM "Getting Started with
xspim" 1) "Getting Starting with PCSpim", naw "Getting Started with spim" ;ov meguypdipouvv
600 a6 Tov SPIM Oa yoetooteite moog otvypnv. Emiong, pmogeite va Eedpuidiote "ota
metoytd" to eyyeidio "SPIM Command-Line Options" xou Tig oehideg A-40 émg A-49 tou
TMogagthpatos A tov Bipriov yia va deite T dhho ndvel o SPIM. Oa ta Poeite eite
€vtuma, e(te 010 ~hy225/spim/documentation/ 70V mEQLEYEL TOTUXA AVTITVITTO ALTTO TOL
http://spimsimulator.sourceforge.net/ xspim.pdf, PCSpim.pdf, spim.pdf, SPIM_command-

e To Tov QtSpim vidyovv 00N yies xoMons oe diddoga uéEn oto dLadinTvo, M.y, youtube:
watch?v=r8WcV7AILXs 1) ecs-network.serv.pacific.edu/past-courses/2013-fall-ecpe-
170/tutorials/gtspim-tutorial

I'é va teéEete T vedTEE £7O001 TOV TTROCOUOLWTY], QtSpim:

e Mmnogeite va mpounbevteite Tov QtSpim amtd to:
http://sourceforge .net/projects/spimsimulator/files/ - Eivou dtaBéoipog yia Linux, Windows,
ral Mac OSX. Ado emuhéEete T 0mOoTi) #0001, EXTELEDTE TNV EYRATAOTOON TG
edpagpoyig.

e  Avtygdyte to 0Q)el0 ~hy225/spim/trap_handler.s 010 directory 6mov Qo ToéEete
tov SPIM, pe 10 (910 Ovopa --0 SPIM meQLuével va. to gL 0To ma®v directory otav
Eenwvdel. To agyelo avtd megiéyel Tov xmAra XeLopol TV eEQLQETEMV/SLOKOTIMV TTOV
YOELATETAL YO T OWOTI] AELTOVQYIC TOV VIO TQOCOUOIMWOT VITOAOYLOTH (RATL OOV TNV
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20QOLA TNG HOQOLAS TOV AELTOVQYLXOU CUOTAUATOS). AE(TE TOQAKRATM ROl VLA TO TIDG
TOETEL VO ONAMOETE TO aRyeto avtd otov QtSpim.

e Av eiote o€ vTOAOYLOTI] pe Aettovywd ovotnpo Linux/Mac OSX, naléote tov QtSpim
EUTELDVTOG 0T YOOI EVIOMDV: $ gtspim

e Av eiote o€ VTOAOYLOTT] pe Aettouywd ovotnuo Windows, extehéote TNV EPaQUOY Ao
TN GUVTOUEVOT] TTOU dNOVEYTON®E EMELTA ATO TNV OAOXANQWOT TG EYRATAOTOONG TNG.

e Amd 10 pevol Tov QtSpim, emAéEte dradoynd: Simulator -> Settings -> woQTéhat MIPS.
Exel, oplote yua Exception Handler to apyeto trap_handler.s mouv avtiypdpoarte ammd ™)
TEQLOYT] TOV HOOTUOTOG.

Aoxnon 1.5: Kodurag Pvogunicg pe rov SPIM

Avtueipevo g magooog doxnong elvor va yvweloteite pe tn xonon tov SPIM (rau e )
vhwooa Assembly tou MIPS). I'la T0 o%0md avtd, NEAETNOTE %o OVILYQOYTE O €vol aQyElo
(. "askl.s") Tov mOQOXATO RMOWMA --1] SLAPOQES TOQAALAYES TOU TTOU TQOTLUATE-- ROL
To¢Ete TOV oTOV SPIM.

.text # program memory:
.globl main # label "main" must be global;
# bootstrap trap.handler calls main.
main:
# registers: $16: i; $17: J;
addi $16, $0, 10 # init. i=10; ($0==0 always)
addi $17, $0, 64 # init. j=64; (64 decimal = 40 hex)
add $18, $16, $17 # $18 <- i+j = 74 dec = 4a hex
add $18, $18, $18 # $18 <- 74+74=148 dec = 94 hex
add $18, $18, $17 # $18 <-148+64=212 dec = d4 hex
addi $17, $17, -1 # j <- j-1 = 63 dec = 3f hex
sub $17, $17, $1l6 # j <- j-i = 53 dec = 35 hex
j main # jump back to main (infinite loop)

e To xoppdt ®G0e yoaupng petd to # elvor oyxoMa.

Ou yoappég petd to . text eival exteréoLHog MOWMAS (08 aviifeon pe aQOunTnd
dedopéva otn pviun, mov edm dev éxovpe).

e H yoauun .globl main Aéel otov SPIM va Bdher Tnv etnéta (label) main otov sivana
raBolnav (global) ovufoiwv. To main elvow exel mov o trap.handler O nahéoel Tov
ROORA POLG, oL TRETEL VAL £)EL AVTO axQP®G To dvoua (6mmwg xow oty C) »at va elva
raBolnd ovpPolo, yid va pmopel va to Boloxel o linker mov Oa "ovvevaoel" tov
trap.handler pe Tov Ouxd pag nmddna.

o H yoopuuf main: 0Qilel TV etinéta main oav T die0OvVOT pviung 6mov Oa
tomoBetnOel ovTd OV OroloVOEl arQBmG HETA --0TNV TEQITTMOT Lag 1] TEMTY EVTOAT)
(addi) Tov MEOYQAUUATOS HOG.

e Metd to main: axohovBolv onT® eVTOAES OTY YAMOooo Assembly tou MIPS: €L eviolég
mpbdobeons (add 1) addi), pia evtoAt adaipeong (sub), o pia evroli) dipotog (3).

e H evtol] dhpotog j main, OV €lval 1) TEAEVTALO EVTOAT) TOV TQOYQAUUATOS HOG, AEEL
0TOV eMEEEQYAOTT VO EXTELEDEL OOV ETTOLLEVY] EVTOAT] TNV EVTOAT] IOV PRIOAETAL OTN
dteBuvor pviung main, OnAadi tnv mEMTY €VToAT] (addi) TOU TQOYQAUUATOS LAGC.
Avto dnovgyel évav dmelpo oyo: oL 8 auTég EVIOAES TOU TQOYQAUUATOS Hog Oa
EXRTEAOVVTOL CUVEYMDGS, ETT ATELQO" £VOL RAVOVIXO TROYQAUUA, GUVOKA, OV TIQETEL VO
RAVEL KATL TETOLO, AALG EOM OEV TIQORELTOL YLOL HAVOVIXO TIROYQULLUAL....

Acoxnon 1.6: ToéEwo tov SPIM

Eenviote 1o QtSpim e Tov 1000 v elmape Tapamdve, oty §1.4. Stnv nagtéha Text Tovu
QtSpim PAEmeTe TO TEQLEYOUEVO TNG UVIUNG TOV VIO TTQOGOUOIMON VITOAOYLOTY], EEXLVOVTAS OLTTO
™ OevOuvon 00400000 dexoeEadnd. Tlpdxrettar yia v TEQLOYT €xElVI TG Uvung (text
segments) 6mov 0 SPIM amoOnxretel Tig exteléoLeg EVIOAES, o avTiDeon pe to dedouéva ot
pvhun (data segments), mov ¢aivoviar otnv »aQtéla Data --gpeic dev 0o aoyolnboiue pe
dedouéva 0T Pvijun o€ auTi) TV dornom.

g devBivoelg 00400000 €mg xaw 00400020 (dexnaeEadind) vadoyovv 9 "moEdEeves" eviolés
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IOV TTQOEQYOVTOL OO TO 0QYE(0 trap handler.s (1 dievOvvorn g nGOe eviohfg dradépel
oo avThv ™G monyoluevng »atd 4 OwdtL ou evtorég tou MIPS éyxouv péyeBog 4 bytes
naBepia). Aev yoeldleTal vo RATaAAPETE TL ®AVOUV AUTES OL EVTOMES —-anrel va Eégete OTL
00hOg TOUG elvor va xahéoouv T Owdwraocia (procedure) main, TEQVAOVIOS TNG OQV
TOQAUETQOVS T Yvwotd and v C arge, argv, %ol envp, ®oL OTAV 1 OLo0LHA0ia AUTH
EMOTEEYEL VO ®OAECOUV TN OLadLKAOld exit TOU AELTOUEYWOU OUoTHUOTOS (system call).
IMagardtw oto B0 maedbugo, Eemvavtoag oamd T dedBuvon 80000180 (dexaeEadind),
vdEyeL 0 xMAMOS Tov VIO MEooopoiwaon muenva (kernel) TOU AeLTOUQYHOU GUOTIUATOS, TTOY
emiong mooépyetan amd To ayelo trap_handler.s xou wov emiong dev yoetdleTan va notaldfete Tu
rnAveL....

Xonoipomorfote To ewovidlo "load file" amd To pevov tov QtSpim yio va Entijote va poeTmwOel
TO 0QEYEl0 UE TO TOQOTAVM TROYQOUUO 7OV Yyodyoate (). "askl.s"). Ou evtolég Tovu
TEOYQAUMATOS 0O TEOOTIOEVTAL OTr pvhun (text segments), Eextvavtag omd T dedOuvom
00400024 (0exaeEadird), ONAadn apéows rdtw amd g 9 "moedgeves" evrolég (00400000 Emg
00400020) wov #oAoDV TO main.

ITavw aQLotepd daivetor To mEQLEXONEVO TOv metonTi) meoyeduunatos (PC). Omote o SPIM
elvan otapatpévog --Onhadi) dev "toéyel" To mEOYQAUUA HOG OAAG TTEQLUEVEL-- TO TEQLEXOUEVO
tov PC eilvow m debBuvon tng emOpevng €VIOAC 7OV TQOXELTOL VO EXTENEOTEL HOMG
EavaEexivijoovpe v moooopoimon (dNAadf 1 eviodrn) auti dev éxel "exteleotel" andpa). O
SPIM agywomotel tov PC og 00400000 (0enoeEadind), dnhadn oty apyr Tov 9 "moedEevwv"
EVTOALMV IOV ®OAOVY TO "main".

Xonotporowhote to ewxovidlo "single step” amd 1o pevov Simulator tov QtSpim (oUVTOUEVOT
F10) ywa va Tntiote single-stepping ToU mQOYQAUUATOS 00, ONAOOT Vo EXTEAOVVTOL LA-LUOL OL
eviohéc xar va g PAémete. Kabe ¢pogd mov matdte to wmovumi "single step", o SPIM
TIOOCOUOLDVEL TNV EXTENEOT g axoua evtoins. ITagarohovOnote OTL petd amd wGbe tétola
mpooouotwon o PC éxel avEndel natd 4 (emedn ov evtorég tov MIPS éyouvv péyebog 4 bytes
no0euia), Oelyvovtog THEO OTNV ETOUEVY] EVIOA OV B TRooouoLWOEL, ®oL 1) eTOUEVT) QVTH
evioM) epdavitetor Toviopév pe GAlo yomua oty xaptéha Text tov QtSpim.

Metd tnv extéleon Tng 6Mg evtoliilg amd to trap.handler, Snhadi) T evioAfg jal main (jump
and link) amd ) devBuvon 00400014 (denoeEadind), n extéheon mnyaivel ot devOuven
00400024 (denaeEadird), dNradi) 610 main --0to dwd pog TEOYQAUUC. Metd Thnv extéleon Tng
EVIOM|G addi $16, $0, 10 amd TN devBuvor 00400024, dnradi otav o PC eivar 00400028,
mogatnofote 6t o xrataywontis R16 (rogtéha Int Regs) alldler T x»ow yivetaw a
Oen0eEadnd, dMMhadn 10 dexnadind, 6mwg £mpemne, adol O QUTOV TOV RATAXWENTN £YQOPE N
EVTOM] TTOU POALS EXTEAEGTNE TO aTTOTELECA TNG TROGOEON S ToV naTtayxwEeNTh $0 (Tov TEQLEYEL
mdvto undév) pe tn otabegi) mocodTTa 10 (denadr)).

Kabmg exteheite pa-puo tig eVIohég ToU TQOYQAMUOTOS MO, TToQaxohovdnote g ahddlovv
TO TEQLEXOUEVA TV ®oTomENT@v R16, R17, »ow R18. Ouunbeite 6TL Ta megieydpeva ovtd o
SPIM ta delyver oto denaeEadmd ovotnua. Otav 1 extéheon Gptdoer otnv eviolf] j main,
nagatnenote 6t o PC maigver Eavd tv Tiph) 00400024 (OenoeEadund), non Eavagyiler M
entélean Tov {OLov mEOoYQAuNaTos pag, amd Ty ayf. Emedn to modyooappd pog eivor évog
ATmeLRog PRoYog mou dev emuowvwver xoBO oV pe tov €Em nOopo --Oev yoddel N drofdalel
timota amd ™V "wovodha"-- amoPpUYETE VA TOTNOTE TO €OVIOL0 "run/continue” omd TO PEVOU,
OLoTL 0 TEOooopOLWTIG "nOAAGEL", dNAadT| prtaivel L dvTOg o8 AmeLQo POYO, TIQOTOUOLDVOVTOS
ouveyws to Omd pog dmelo Peodyo, omdte povadixl] A0or elval va Tov dLandYPeTe (TATOVTOS
"stop") 1] "orotmoete" ue control-C.

Kavte avtég T aonnoelg yid va udbete ™) yoton tov QtSpim, Tov omoto Ba yoel00TelTe OTIS
emopeveg aonfoels. Pétog dev Ba fabuoroyndei avth | mEMTN 0eLRG aoxoewv, doa dev Exete
Vo ToRAdNoETE TIoTO (AAAG UV #0OVETEQNOETE VO TIG RAVETE, OLOTL axoloVBOUVY OL AAAEG...).
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