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

TTpoOeopia éwg Agvtépa 16 Pefoovagiov 2015 (BO. 2.1) (amd P. 1.1)

Biprio: Aofdote tnv ayr touv xedparaiov 2 (§2.1, To peyoritego pnéQog tTng §2.2, xoL TV aQyn
™G §2.3): oehideg 114-116 nan 118-121. (Ztig StohéEelg avadegOrape Alyo now otov linker xou
ouvadi auvtd vmdeyovv otnv §2.12, oehidec 182-191, av now to Ppiio exel mnyaiver oe
TEQLOOOTEQES AETTTOUEQELES AT OO0 AVILOTOLYEL 08 QUTO TO PAOM UL --TTEQLOCOTEQO TROG TNV VAN
Tov HY-255..).

1.1 Baowi) Agttovgyio Tov Yoroyioti):

O vrohoYLoTéS aToTELOUVTAL AUTTO:

o Movddes Eic000v/EE6d0v (I/0 - Input/Output): eivar oL "megupegetanés” ovonevéc,
PECW TWV OOV 0 VITOAOYLOTHG ETUROLVWVEL IE TOV €5 ROOUO --TANKTQOAOYLO, TTOVTI%L,
uxEOPwvo, xaueoa, 006vn, ueydpwva, diorol (LoryvnTirot xot omtirot), diemapég
dwtvov (network interfaces), ®At.

o Kevrouxi) Mvijun (Main Memory): exatoppiola otovyeta amofirnevong mingodooiag --
rdtL oav flip-flops alrd amhoOTEQO OTNV RATACHEVT)-- OQYOVOUEVO OOV TTOMES
(ovvhBwg exatoppioe xow Thvm) "AéEeS" (words) TV ®ApTocwV (TT.y. 32, 64) bits
raBeplo. Mmogotue va v pavtaotolpe oov £vay TolD peydho mivaxra (array) oo
bytes 1 amd AEEELG.

e EneEeoyaotis (Processor) ) Kevrowi) Movéda EneEegyaoiog (Central Processing Unit -
CPU): meQLéyeL, TQMTOV, TA XURADUATO EAEY YOV (control) TOv 000N YOUV TNV exTéENEOT
TV AELTOVQYLOV 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 LUE T LV RO TG TTEQLPEQELARES
ovoxevés. Toltov, meQLéyeL ToVg "xataywenTtés yevirov oxomov" (general-purpose
registers) (ROOMOG ®OL RAUTOTOVG RATOYWONTES ELOLROTV O1OTOV). OL RATAXWENTES
YEVIROU 01OTOD glvol a TOAD puxeT) pviun, peyéfovg ovvihBwg rdumoowv dernddwv
MEewv (.. 32 MEewv). 'Eva nhextoovind xinhwua, 660 mo uxd 1000 o Y11 yoQo
elval, yU' avtd zal o o0volo avtv ToV rataymentav ("register file") etvan wOAD Lund
yioL va givorn oA Y1 Y0QO0 (%ot Yo otrovouio ota bits Tng evioiig, Omtmwg Ba dolpe

0QYOTEQQ).

Mid omoPpoon TEMTAQYIHNG ONUOCIOG 0TV 0QYAVMOT TWV UTOAOYLOTMV glval OTL OTH Uviun
ammoOnurevove nou Ta dedopéva (aQBpove, mMnodogies), nar Tig "evrorés"” (instructions) --Tig
odnyleg dNAadM TQOG TOV VITOAOYLOTH] YO TO Tt €(00VS TRAEELS nau emeEeQyaoies aVTOHS TRETMEL
va naver mave oto dedopéva. [Amd Pprhooodri] Gmoyn, Ue To va amofdnxredovial xal T
O0edouéva naL oL EVIOAES otV (OLaL Vi, *OOLLOTTOLNUEVO RO TO. OV0 e TAQOUOLOVGS TQOTTOUG
(oov duadirég MéEels m.y. Twv 32 1) 64 bits nabepia), avoiyer 0 dQOUOE 0TO VO UITOQEL VAL OEL RO
VoL emeEeQYOTEL O VITOMOYLOTHG TIS (OLEG TOV TIG EVTOLES GOV dEDOUEVA, AV ROl OTIAVIOTOTO TO
1AVOUV AVTO TO TEOYQAUUOTA VLA TOV €0VTO TOVG: O HeTadpaoTilg (compiler) eivor To faowwd
TEOYQOLULOL VITOAOYLOTY) IOV YEVVE EVIOAEG --AAAE V1A €va dAAO TTROYQOUU: 0Tt TNV GAAN, T
"avtopetafaropeva mooyodppata" (self-modifying code) amotehotv edprdhty yid To debuuging,
noL YU QUTO TO aodpevyovue. ATO moantxy] Gmoyr, to va eivor pall Ta dedopéva nai to
TEOYQOLUULOL OTNV (Ol PV ETEETEL TV TIATION aElomoinon OAOU TOv X(MEOV UVHUNG, WIS
Vo PEVOUV O QNOLUOTIOMTO REVAL, T.Y. OTAV €XOUUE [UnQO TROYoauua pe ueydio dedouéva, 1
peyaAo EOYQaUUa tE [unQd dedopéval.

O vmoloyLotig Aettovoyel pe Ttov eEg Paowrd eravainatizé todmo. O eneEepyaotig dafdiet
Uta evToAn agtd TN Lviun. ST CUVEXELD TV ATTOXWOLOTOLEL YL VO, RATAAGPEL TL AéEL, noL RAVEL
TG dovAeLEg mov avth Aéet, IMMhadn v extedel. OL dovhelég avtég elvar ouvhBwg amiés, dmwg
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7Y, peTodod dedouévav amd 1 QoS T WU, 1 amd 1 TEOg TEQLHEQELONES CLVONEVES, 1)
ounTinés mohEels mavw oe dedopéva, 1 amoddoels "alhayfs mogeiag". Metd, udMg
TELELDOEL 1) EXTELEOT] TNG EVIOM|G, O emeEeQyaotic Oafdler amd T puvhun %ol extelel v
"etOUEVT)" EVIOMT], nai 00TM e’ €ENG e adoLoTto. H "emdpevn" evioli] ouvviBmg elval 1 VIOl
mov Poloxetar amoOnxrevpévry oty emduevn AEEN pviung, extdg av 1 extéheon TG
TQONYOUUEVNS EVIOATG TTEL OTOV emeEeQy0 0T va "alLdEeL mogeia"....

INé vo Eépel o emeEegyaotig mowo elvar 1 "emdpevn" eviohf] mov mpémel vo. diafdoel nou
exteléoel, vmdQyEL HEoa TOv évag edwmdg ratoyxwoenthng, o "Mergntis Ilgoypduparog"
(program counter - PC) --iowg wd omwotdteprn ovopooia va ftav "deintng meoyedupatog"
(program pointer) 7 "Oeixtng €vtol®v" (instruction pointer), ahAd €xel pelver amd mOME 1)
ovopaoio "PC". Zto Téhog TG EXTEAEOTS OGS EVTOATNS, 0 PC megLéyet T dtevBuvon pvijung g
ETOUEVNG EVTOANG TTOV TIOETEL VO, OLOPAOTEL 0Tt T ViU %ol VO EXTENEDTEL. AV pOvTOOTOUUE
™ pviun oav évov peydio mivaxo (array), M/ ], tote 1 "dedBuvon puvhung" elvar o deintng
(index), i, OV pog Aéel vo. Oofacovpue TV emOUEVT €VTOAT amd to M[ i ]. Me dpovg g
vhwooag C, 1 dtehBuvon puviung tg emOUEVS EVTOATS Elvol €vag pointer 0TIV ETOUEVY) EVTOAT).

1.2 TI'lhwooeg Myyovis:

O\ emeEeQyaotég natahafaivouv nol extehoUV eVIOAES OO VO QETEQTOQLO TOAD KQOTEQO
%ol amho0oTeQo amd Tig YAmooeg vnhot emmédou (High Level Languages - HLL). Ou evtolég
mov déyeton ol extehel To hardware elvar ovoyraoTikd nworomomuéves oav dvodird
ovppola, now Aéyovron I'Adooa Myyavic (Machine Language). Ka0e owwoyévelo emegEegyaotmv
70V eivol peta&l Toug "binary compatible" £xel Tnv (Oia YAMOOO pnyavig, Tov eivor dtadpoQEeTIRN
amtd ) YMOooo unyoviig dAlov owoyeveldv. ‘Evo dnuopihéc ofuepa oTud YAwoodv unyovig
("agyrtentovir®MV") elval avTég TOV EXOUV OYETHA AlYeES %ol QTAéC LOVO €VIOAES, ®OL TTOU YU
ovtd  meguypddovtalr oav  Ymoloywtés Edattwuévov Pemeotogiov Evtoidv (Reduced
Instruction Set Computers - RISC). Eva vmoolvoho wag Tétolog YAMOOoOS HNYovig --TOU
emeEepyaoty MIPS-- Qo yonowwomotoovpe cov madderypwo oe avtd 1o padnuo. AM\eg
vhwooeg pnyovhs otud RISC eivan avtég twv SPARC, PowerPC, naw ARM. H celpd x86 o
Pentium thg Intel £x€L O TOMOTAORY) YADOOW, Y OLVAS.

Ka0e evroli) yhdooog pnyavig amoteheital amd évav xmdwa mpd&ng (operation code - opcode),
nou oo Teheotéovg (operands) mov meQLYddovY AvVm oe TL Ba yivel ) TEAEN. Ou teheoTtéoL TV
EVIOA®V aQLOUNTIXMV TRAEEMV Tov MIPS eival mdvto ratoyweNTES YeEVIRoU oxomol (registers)
Tou emeEeQyaoTi], 1] otabepéc moooTnTES, OMMG OxL Béoelg pvijung. H CPU tov MIPS éyer 32
noTayweNtés Twv 32 bits nabévag --32 bits elvor to péyebog AEENG (word) tov MIPS. ITo
olUyyoovo poviého emeEeQyaotav, oOfueQa, €xouvv péyeBog AEENg 64 bits. Ou eviolég
o TIROV TEAEewV Tou MIPS éyouv mévta toels (3) Teleotéovg, Yoo Aoyoug opotopodpiog.
H opolopogdia petapodletar oe amhdT)Ta TOV hardware, Todypo oV €UVOEL TV VYPNAOTEQT
ToyvTNTA.

1.3 HTI'howooa Assembly tov MIPS:

TNa va yiver 1 yA®ooo pnyavig Alyo mo ¢puux) meog tov avOemmo, YeNOoLUMOTIoloUue Eval
ovpPolnd dvoua yio »é0e emtoentd opcode, évo denadnod 1) denoeEadind aQlOud pe pegurd
oA oOpuPora yio ®G0e teheoTéO, ®aL Yoddoupue auTd Ta oTOoKElo TG ®A0E eviolMc oe pia
Y0OOLOTH yooupun. Avth eivan 1 YAOooa Assembly, 1) omoio. UoQel var PeTadQaoTEL 08 YADOOW
Ny avig astd Eva oxeTnd o TEOYQOUUO VITOAOYLOTT --TOV AeyOuevo Assembler. OL YMDOOES
vynhot emmédov (HLL) (6mwg n C) petadpodloviar oe Assembly omd évo onuovtird
TOAVTTAOXOTEQO TROYo U, TOV Compiler.

o H Paownf) eviol) a@uBuntiric med&ng tov MIPS eivou 1) add ou »dvel mpodobeon
axegaiwv. H eviol] Assembly "add $23, $16, $18" diofalel Ta megiexOueva Tmv
ROTAYOONTOV VT AQLOPOV 16 %o 18, Ta 1QocOEéTeL, Ral YOADEL TO AOTELEGLO OTOV
ROTAY WO TH VT OQLOPOV 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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teheoTé0g TG elvol 0T00eQ0g 0LONOS avTi xaTayxwenTi: N "addi $23, $16, 157"
duafatel To megleyxduevo Tou notayweNTh 16, mQoobétel Tov 0O 157 og avTod, ®o
voddel Tto amotéreopa otov notoywenti) 23. Edv n petafinti i Potoxetor otov
rataywonth 18, tote 1) enymonon i=i+1 petadodleton oe "addi $18, $18, 1".

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

Ié évov vohoylopd ovvBetdTeENs aRLOuNTIKhS Endoaong, Oeite To madderypa ot ogh. 121
tou Bpiiov. Entdc amd to ovouata $0, $1, ..., $31 yd toug 32 xatoaywoentés tov MIPS,
YONOLLOTTOLOVVTAL ROl TO Alyo o adnoenuéva ovopata $s0, $si, ..., $t0, $t1, ... avaroyo pe v
naTnyoia yofong mov ocuvvnbwg empuidooel oe rabévo tovg o compiler, 6mwg Ba dolue
0QyoTEQQ.

INé vo exteheotel évo mEOYQAUUA, OL EVIOAES TOU YOAPOVIOL OTNV KEVIQLXT] Uviun 1 pio
"véTo" omd TV dAAn, dnhadn oe ovveydueveg Béoelg (devBivoelg) pviuns. Metd v
OVAYVOOT ®OL EXTELEOT] IUAS EVTOANG, O emeEeQyaotns avEdver tov PC xatd to péyebog g
EVTOM)C OV exteréatnue, omdte avtdg (0 PC) delyver oty emduevn (tnv "amd #dtm") eVIOAT.
H ospuoni] avth) extéheon eviol®v Oianomretor Otov exteheltal Wwéd eVviol] Herodoods
gléyyrov (control transfer instruction - CTI). Tétoieg, dmwg Oo dolpe, eivar, peta&d dAlwv, ot
oaxradaoes (branch) wow to dluata (jump). H eviohf) "3 label" (jump to label, 1 mohawdteQa
goto label) nGveL MOTE 1 EMOUEVT] EVIOAT OV D0 exTeEleOTEl val elvar 1) evtoAn otn devBuvon
pvnung label, avil va eivor 1 "amd xatm" eviohf]. Me dhha AoOywo, M evioli] "j label"
doptwvel T devtBuvon label otov ratayxwenti PC.

14 O Ilgooopowwtic SPIM:

IMooyodppata yoapuéva oe yhowooa Assembly tov MIPS wropel va ta doxipudioel naveic xow va
TOQOXOLOVONOEL TTOG TEEXOUV YOTNOLUOTOLMVTAS TOV soodouotwti SPIM, yoouuévo amd Tov
James Larus oto Ilavemotfjuo Wisconsin - Madison, http:/spimsimulator.sourceforge.net/ . Ot
TQOCOUOLWTES E(VOL TQOYQAUUATO VTTOAOYLOTI] TTOV TTQOOTAOOTV Vo GVUTEQLPEQOVTAL OGO TLO
ToQONOL0L YIVETOL, QIO 0QLOUEVES ATOPELS, 1e €éva Puord olotnua. Ev mpoxewpévm, o SPIM
ovumegudpépeTal oav éva Towtdxl MIPS amd thv Aoy ToV TEQLEXOUEVMV TMV RATAYWNTOV
HOL TNG PVIIUNG HETA TNV exTéNEOT 1O eVIOMC amd TNV AMAN peQLd, mavimg, Oev divel xaula
minoodogia, my., yia TO X0OvVo extéheons tng #dbe eVTOANg (TOLEG EVTOAEG eXTEAOVVTOL
YO YOQO Rl TTOLES ALYA), OIS O VL0 AMAES ATOPELS TOV GUOLROT CUOTHUOTOG.

H vedtepn éxdoon tov SPIM eivor to QtSpim.

e Mumnogeite va dtofdote ta eyyeliola xonong tov "xhaowotv" 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 Eedpuiiiote "ota
metoyta" To eyyeidio "SPIM Command-Line Options" xou Tig oehideg A-40 émg A-49 tou
TMogagthpatog 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-
line.pdf, »ouw HP_AppA .pdf. (to "~hy225/" eivor to "/home/misc/courses/hy225").

e To Tov QtSpim, »akod eivor va dlofdoete Tov 0dnyo xonons mov PeioxreTal 0Tod:
http://claws.eng.ua.edu/attachments/166_QtSpim%?20Tutorial.pdf

I va teéEete T vedTeET €900 TOV TTROCOUOLWTY|, QtSpim:

® Mmnogeite va mpounOevteite Tov QtSpim amd To:
http://sourceforge .net/projects/spimsimulator/files/ - E{vow dtaBéoipog yia Linux, Windows,
rol Mac OSX. Adot emmhéEete T 0mOoTi) #0001, EXTELEDTE TNV EYRATAOTOCN TNG
epaQpoyig.

*  Avtygdyte to 0Q)el0 ~hy225/spim/trap_handler.s 010 directory 6mov Qo ToéEete
tov SPIM, pe 10 (910 Ovopa --0 SPIM meQLével va. to gL 0To map®v directory otav
Eenwvdel. To agyelo avtd megiéyel Tov xmAra XeLoHol TV eEQLQETEMV/SLOKOTIMV TTOV
YQELATETAL YLOL T OWOTI] AELTOVQYIC TOV VIO TQOCOUOIWOT VITOAOYLOTH (RATL OOV TNV
20 QOLA TNG HOQOLAS TOU AELTOVQYLXOU CUOTIUATOG). AE(TE TOUQARATM KAl VLA TO TG
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meémeL va. ONAwoete To ayelo avtd otov QtSpim.

e Av eiote o vTOLOYLOTH] ue Aettoveywd ovotnpo Linux/Mac OSX, raiéote Tov QtSpim
EUTELDVTOG OTY) YOOI EVIOMDV: $ gtspim

e Av eiote o€ VTOLOYLOTH] 1e Aettovywd ovotnuo Windows, exteléote TV edpoQUOYH Ot
TN GUVTOUEVOT] TTOU dNOVEYTON®E EMELTa OO TNV OAOUANQWOT TNG EYRATAOTOONG TNG.

e Amd 10 pevol Tov QtSpim, emAéEte dradoywd: Simulator -> Settings -> xoQtélao MIPS.
Exel, opilote yua Exception Handler to apyelo trap_handler.s mov aviiyodapate amd
TEQLOYT] TOV HOONUOTOG.

Aoxnon 1.5: Kodurag Pvoguuiog pe rov SPIM

Avtueipevo g mapoloog Goxnong elvor va yvouloteite pe T xoNon tov SPIM (xou pe )
vhwooa Assembly tou MIPS). I'ia To oxomd avtd, nerETOTE %Al AvILYQdWTe o €va aQyelo
(. "askl.s") Tov mapaxdtw x®Owa --1 O1GdoEeg mOQAAAAYEC TOU TTOU TTQOTLUATE-- KO
TeéETE TOV OoTOoV SPIM.

.text # program memory:
.globl main # label "main" must be global;
# bootstrap trap.handler calls main.

main:
registers: $16: i; $17: Jj;
init. i=10; ($0==0 always)
init. j=64; (64 decimal = 40 hex)
$18 <- i+j = 74 dec = 4a hex
$18 <- 74+74=148 dec = 94 hex
$18 <-148+64=212 dec = d4 hex
j <- j-1 = 63 dec = 3f hex
j <= j-i = 53 dec = 35 hex
jump back to main (infinite loop)

addi $16, $0, 10

addi $17, $0, 64

add $18, $16, $17
add $18, $18, $17
addi $17, $17, -1

sub $17, $17, $16
Jj main

HWHH B HFHRHH

e To xoppdm ®G0e yoaupung petd to # elvol oyxoMa.

O Yoo uuég HETA TO . text elvoul exteAéoLuog ®MOrag (o€ avtiBeomn pe agLountind
dedopéva 0T Pviun, Tov €00 deV £XOULE).

e H yoopun .globl main Aéel otov SPIM va Bdhel tnv etnéta (label) main otov mivana
rafolnav (global) ovufoiwv. To main elvor exel mov o trap.handler O xohéoel Tov
ROORA POLG, oL TRETEL VAL £)EL AVTO axQP®G To Ovoua (6mmg now oty C) »at va elvo
raBolnd ovpPolo, yid va pmopel va to Poloxel o linker tov Ba "ovvevaoel" tov
trap.handler pe Tov Ouxd pag nmddna.

e H yoopuf main: 0Qilel tnv etinéta main oav T die0Ovvor pviung 6mov Oa
tomoBetnOel ovTd OV arolovOEl arQIBMG HETA --0TNV TEQITTMON LS 1] TEMTY EVTOAT)
(addi) Tov MEOYQAUUATOS HOG.

e Metd 10 main: axohovBolv ontd eviolés ot YAdooo Assembly Tov MIPS: €EL evtoAég
mpdobeons (add 1) addi), pia evtoit adaipeong (sub), o pia evroli) dhpotog (3).

e H eviolf) dApotog j main, TOU €lval 1) TEAEVTOLO EVTOAT) TOV TQOYQAUUATOS HOG, AEEL
0TOV eMEEEQYAOTT VO EXTELEDEL GOV ETTOLLEVY] EVTOAT] TNV EVTOAT] IOV PRIOAETAL OTN
dteBuvor pviung main, OnAadi tnv mEMTYH €VTOAT (addi) TOU TQOYQAUUATOS LAG.
Avto dnovgyel évav dmelpo oyo: oL 8 auTég EVIOAES TOU TEOYQAUUATOS Hog Oa
EXRTEAOVVTOL CUVEY DS, ETT ATELQO" £VOL RAVOVIXO TIROYQAUUA, GUVOKA, OV TIQETEL VO
RAVEL KATL TETOLO, AALG EOM OEV TTQORELTOL YLOL HAVOVIXO TOOYQULUUAL....

Aoxnon 1.6: ToéEwo tov SPIM

Eenviote to QtSpim pe tov T00m0 oV Elfae TaQOTAv®, oty §1.4. Ztnv nootéha Text Tov
QtSpim BAEmeTE TO MEQLEYOUEVOL TNG UVIUNG TOV VIO TTQOCOUOIMOT VTTOAOYLOTH, EEXLVOVTAG aTTd
™ OevBuvon 00400000 denoeEadnd. TModrertar yio tnv meQLoyf exelvy thg uviung (text
segments) 6tov 0 SPIM amoOnxrevel Tig exteAéoLeg eviohég, oe aviiBeon pe to dedouéva ot
pvhun (data segments), mwov ¢aivovror otnv xaptého Data --eueic dev 0o aoyoAnboiue pe
dedouéva oT PviUn 0€ auTi) TV dorno.

g dtevbivoelg 00400000 €mg xaw 00400020 (dexaeEadind) vadoyovv 9 "modEeves" eviolés
IOV TTQOEQYOVTOL OO TO 0QYEl0 trap handler.s (m devBuvon g ®dbe evroing diadégel
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omd QUTHV TNG TEONYOLUEVNS #aTtd 4 OoTL oL evtohés tou MIPS éyouv péyeBog 4 bytes
nabepia). Aev yoeldleTon vo RATOAAPETE TL ®AVOUV QUTES OL EVIOMEG --aiouel va Eégete OTL
o0hog Ttoug elvar va xohrécouv Tn dwodwraoio (procedure) main, TEQVAOVTOS TNG OOV
TOQAUETQOVS Ta Yvwotd amd v C argc, argv, ®0L envp, ®OL OTOV 1 OLAORACIOL CLUTH)
emotEéPel vo nohécouv T dadraolo exit TOU A&lTOVQYIXOU cuoThuatog (system call).
IMagardtw oto do mapdbugo, Eemvavtog oamd T dedBuvon 80000180 (dexaeEadind),
vdEyeL 0 xMAMOS Tov VIO MEooopoiwan muenva (kernel) Tov AelTOUQYIHOV CUOTHUATOG, TOV
emiong moéyeTal amd To ayeilo trap_handler.s xouw ov emiong dev yoeLALeTOL VO RATAAAPETE TL
HAVEL....

Xonowpomorfote To ewovidlo "load file" amd to pevol tov QtSpim yia vo Tntiote va oTmOel
TO 0QYeElo pe TOo mMOQATAVD TEOYQAUUO OV YoAyorte (my. "askl.s"). Ou eviolég Tou
TEOYQAUNATOC 0O TEOOTIOEVTOL ot uvhun (text segments), Eextvavtag amd T dedBuvon
00400024 (dexaeEadind), ONhadn apéoms ®atw amd 115 9 "mapdEeves" eviohéc (00400000 £mg
00400020) tov ®aho0V TOo main.

ITavw aQLoteQd Ppaivetal To mEQLEXOUEVO TOU petenT meoyoduunatos (PC). ‘Omote o SPIM
elvan otapaTnuévog --Omhadi dev "toéyel" To mEdYQauud pag alhd TEQLUEVEL-- TO TTEQLEXOLEVO
tov PC elvor m OwelBuvon tng emdOUevNs €VIOANG TOU TQEOUELTAL VO eXTEAEOTEL HOMG
EavaEexivijoovpe v moooopoimon (ONAad) 1 evtorf] avth dev €xel "exteheotel" andua). O
SPIM agyomotel Tov PC oe 00400000 (dexaeEadind), dnhadn oty agyf twv 9 "magdEevmv"
EVTOALMV OV ®OAOVY TO "main".

Xonotpomownote To ewmovidlo "single step" amd to pevol Simulator tov QtSpim (cuvtduevon
F10) yia vo. Enthote single-stepping Tov mQoyQauuotods oag, Ohadr vo extehoUVToL JLo-luo oL
eviohéc xar va Tig PAémete. Kdbe ¢popd mov matdte 1o wouvusmi "single step", o SPIM
TIOOCOUOLDVEL TNV EXTENEOT puag oxoua evtorns. TTagaxolovdnote 6Tl petd amd »dbe Tétola
mooopotwon o PC éxel avEndel natd 4 (emeldr ov evtolég tov MIPS éyouv uéyebog 4 bytes
noBepia), delyvovtog Twea otV eTOUEVY EVTOAT OV B0 TEOCOUOLWOEL, ®aL 1) ETOUEVN QUTH)
eviolM) epdavitetor Toviouévn pe GhAo yomua oty xaotéha Text tov QtSpim.

Metd tnv extéleon tng 6Mg evtoAiig amd to trap.handler, Snhadi g evtoAng jal main (jump
and link) omd ) devBuvon 00400014 (deroeEadind), n extéheon mnyoivel otn devOuvven
00400024 (deraeEadird), ONradi) 010 main --0t0 dnd pag mEOYauUa. Metd Ty extéheon g
EVIOM|G addi $16, $0, 10 amd ) dievBuvon 00400024, dnhodm otav o PC elvor 00400028,
mogatnofote Ot o xrataywontis R16 (ragtéha Int Regs) odraler tuf xou yivetor a
Oen0eEadnd, dnhadn 10 denadrd, 6mwg €mpemne, adol 08 QUTOV TOV RATAYXWENTN EYQaE 1)
€VIOM] IOV PO EXTELECTNE TO ATOTEAEOUO TNG TTQOGOEON S TOV *aTarymENTi) $0 (TOU TEQLEYEL
mdvto undév) pe tn otabegi) mocodHTTa 10 (denadnd).

Kabmg extehelite puo-uo tig eviolés Tou meoyQauuatods Hog, oeoxnolovdnote mog alhdlovv
TO TEQLEYXOUEVA TOV ®aTaymenT®v R16, R17, noar R18. Ouunbeite 6tL to meglexdueva autd o
SPIM ta delyvelr oto dexaetadind obotnua. Otav 1 extéleon ¢ptdoer otnv evtoli] j main,
nagatnenote 6t o PC maigver Eova tnv tph 00400024 (denoeEadunod), wou Eavagyiler m
entéleon Tov {Oov moyedupatos pag, amd Ty ayr. Emedn to mpdyoappd pog eival évog
AmeLRog Poyog mov dev emnovmvel xaBohov pe tov €Em ndopo --0ev yodder 1 dafdtel
timota amd ™V "novodha-- amopUyeTe Vo TOTIOTE TO €OVIOL0 "run/continue" antd TO pEVOU,
OLoTL 0 MEooopoLwTHG "vohhdel", dnhadi) umaiver ®L autdg oe delpo PEOYO0, TEOCOUOLDVOVTOG
ouveYWS To Od pog Amelo Pedy0, omdTe povadxri] Ao elval va Tov JLIrOPETE (TATOVTAS
"stop") 1] "orotmoete" ue control-C.

Toeonog Iopddoons:

Kavte avtég tig aoxrnoelg yud vo udbete ™) yenon tov QtSpim, tov omoio Ba yoelaotelte oTig
emopeveg aoxrnoels. Pétog dev Ba PabuoroynBel avti | mEOTN 0ERA 0.onNoEWY, GO OeV €xeTe
Vo ToRAdNoETE TImoTo (AAAG UV #0OVETEQNOETE VO TIG RAVETE, OLOTL axoloVBOUVY oL AMAEG...).
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