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Aoxnoeis 1: Ewoayoyn, Kataymentés, add/sub, addi,
1 F'hwooa Assembly xor o IIgocopowntiig SPIM

ITooBeopia ¢émg Agutéga 24 defpovagiov 2014 (B. 2.1) (amod . 1.1)
1.1 Baowi] Asettovgeyio Tov Yoroyioti):

OL vIOMOYLOTES ATTOTEAOVVTOL OITO:

e Movades Ewg000v/EE0d0v (I/0 - Input/Output): elvar oL "megupegelanés” ovonevéc,
HECW TV OTTOMV O VITOAOYLOTNG ETUROLVWVEL LI TOV £EM ROOUO --TIANKTQOLOYLO,
movtint, ureopmvo, ndiuega, 006vy, peyddpwva, diorol (LoyvnTinot xol omtirot),
dtemadég duntvov (network interfaces), ®Adt.

e Kevrouxi Mvijun (Main Memory): exotoppioLla otoyeto amofnxrevong mhngopoolag -
-xatL oav flip-flops ohhé amhoVOTEQO OTIV HOTOOREVT)-- OQYOVWUEVO, OAV TTOMAES
(ovvHBmwg exatoppioLa ®oL TAvm) "AéEelS" (words) Twv nApumoowv (7t.y. 32, 64) bits
noBepta. Mmogovpe va TV pavtaotolue oav £vayv moll peyaho mivaxra (array) oo
bytes 1] o AEEeLs.

e EneEeoyaotig (Processor) 1) Kevrowi) Movdda EneEegyaoiog (Central Processing Unit -
CPU): meQLéygL, TQMTOV, TO XURADUOTO EAEYYOV (control) mov ©oBodNyolv TNV
EXTELEON TV AELTOVQYLOV IOV B0 ToV e O ®ATW. Ag0TEQOV, EQLEYEL TOVS "000UOVS
oedouéva" (datapath) p€oa. otd TOVS 0TOIOVS TEQVAVE ROl OL OTTolOoL ETTEEEQYATOVTOL
TG TANQOPOQIES TOV AVTAALACOEL O EMEEEQYAOTNG LE T LVIUN RO TG TTEQLDEQELAREG
ovoxevés. Toltov, megLéyel TOVg "xataywentés yevinov oxomov" (general-purpose
registers) (n0.0MG 1AL XAWTOOOUS HATOYXWENTES €OV o%oTOV). OL nATAYMOENTES
YEVIXOU 01OTOV glvol pLal TOAD puxT) pviun, peyédoug ouvinBwg rdumoowv dexddwv
MEEewV (1. 32 MéEemV). 'Eva nhextoovind xOxhmpa, 660 mo uxd 1000 Mo yo1yoQo
etvar, yU' avtd 7at to o0volo avtdv Tmv xotoxwentov ("register file") eivor oA und
yio va givol ToAd Y1) Y000 (nau Yo otrovopio ota bits TNg evtoAng, 6mwg Ba dovue
0QYOTEQQ).

Mud amddaon TEMTOQYIKTS ONUAOIOS OTNV 0QYAVMOT TWV VITOAOYLOTAOV Elval OTL 0TI LViN
amodnxrevovue nou to. dedopéva (aplOuois, mTAneodooples), zor Tig "evrodég" (instructions) --
g 0dnyteg ONAadT) QOGS TOV VTOAOYLOTY Yo TO TL €idovg mEAEels nou emeEeQyaoies autdg
mpémel va vével mévo ota dedopéva. [Me to vo amoBnxredovial kol to dedopéva %ol oL
eVIOLEC OTNV (OLal pviun, xmdomotuéva xotL to. U0 pe ToQOUOLOVS TEOTOUS (0av duadLxrég
AéEelg my. Ttwv 32 1N 64 bits noBepia), avoiyer o dQOUOS oTO va Umoel va deL naL vo
eneEeQyootel 0 vmoloyloths Tig (dleg Tou TG evtodég cov dedopéva. O petadaotilg
(compiler) elvol To mEMTO PaoLrd TQOYQAUUO VITOLOYLOTT) TTOV YEVVE EVIOLES VTTOAOYLOTH].

O wvmohoywotilg AettovQyel pe tov eEfg Paowd emovoadnmuxd teoémo. O emeEepyaotig
oafdet wa evtod amd T uvhun. ZT1 CUVEYELD TNV OITOXWOLXOTOLEL VLo V. ROTOAGPEL TL
AéeL, now naver tig dovlelég mouv avth) Aéel, ONhadn v extelel. Ov dovAelés avtég elval
ovvnOwg amhéc, Omwg Y. uetodod dedouévorv amd 1 mEOg TN UvAun, N amd 1) TEOS
TeQUhEQELONES OVOREVEG, 1] 0QOUNTIRES TRAEELS AV oe dedopéva, 1) amopdoels "allayng
moQeing". Metd, HOMS TEAEL®OEL 1) exTéleon TG EVIOMC, 0 emeEeQyaotic daPdlelr amd ™)
pvhun xow extehel Ty "emtdpevn" eviold], xat ot ®a0' eENg et adploto. H "emduevn" evtoim
ovvNnOwg eival 1 evtolt] ov PoloxreTanl amobnuevpévn oty emOUEVT MEEN LVIIUNG, EXTOS av M
EXTENEDT TG TTQONYOUUEVNS EVTOATS TTEL OTOV meEeQyaoti) va "alhdEeL mopela"....

G vo Eépel o emeEegyaoths mowa elvar M "emdpevn" e€viol] mov moémer vo. dLafdoel nol

enteléoel, vdoyel pEoa tou évag ewdwmog xotoyxwentic, o "Merontis Iooygdunatog"
(program counter - PC) --iowg wéd ocwotdtepn ovopooio vo ftav "deintng mooyodppotog”
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(program pointer) oAAG €xel peiver amd moMd 1 ovopooia "PC". Zto Téhog NG eXTEAEONS [ULAG
eVTOMG, 0 PC megLéyel tn dtevfuven uvijung tng enOUevNC EVIOATS OV TRETEL Vo, OLapaoTel
oTtd TN Pvhun xaol vo exteheotel. Av Gpovtaotolue Tn pviun oov évav peydro mivoxao (array),
M[ ], tote 1 "detBvvon pvhung" eivon o deirtng (index), i, mov pog Aéel va dofdoovue TV
ETOUEVY EVTOAT 0O To M i |. Me 6povug tng yhmooog C, 1 diehBuvon pviung tg emdopuevng
EVTOMG elvou €vag pointer OTNV ETOUEVT] EVTOAT).

1.2 T'hwooeg Mnyovis:

O\ eneEepyaotés RaTohafaivouy xoL eXTELOVV EVIOLES ATt €Vl QETEQTOQLO TIOAD WUKrQOTEQO
%noL ATAoV0TEQO ATTd TS YAMooeg vniol emumédou (High Level Languages - HLL). Ou eviohég
mou OéyetTalL non extelel To hardware eivor avayrootind xwdwmomomuéves oav dvadirnd
ovppohra, nau Aéyovior F'Adooa Myyaviis (Machine Language). Ka0e owwoyéveilo emeEegyootmv
mov elvar peta&l toug "binary compatible" éyxer v (O YA®ooo pnyavig, mov elvou
dapogetini] and ™ YAdooa pnyxaviic GAhmv owoyeveidv. ‘Eva dnuopihés ofjuego otuh
vhwoonv pnxovig ("agyrtextovirmv") glvar avTtég mou £€xouv oyeTrd Alyes nal omhég uovo
EVIOAEC, naL OV YU ovtd meQLypddovtor oav Ymoloyiotés EAlattwuévov Pemegrogiov
Evtoldv (Reduced Instruction Set Computers - RISC). Evo vmwooUvoho pag tétolag yYAwooag
punxovig --tov emeEepyaotiy MIPS-- Qo yonolpomotjoovpue oav madderyua oe autd 1o
pndbnuo. Arhes yhwooeg pnyovig otuh RISC eivor avtés twv SPARC, PowerPC, »au Alpha. H
oelpd x86 o Pentium tng Intel €ygL mo molvmhoxn yAdooo Py ovig.

KaBe eviol] yhwooag pnyovig amoteleitonr amd évav zmdwxa medatng (operation code -
opcode), xoL omtO teheotéovg (operands) mov meQLypdpovy mhvw o T Ba yivel 1 EdEN. Ou
TEAEOTEOL TV EVIOMDV aolOpnT®dV mdEemwv Tov MIPS elval dvto ®aToywENTES YEVIROU
oromoU (registers) Tov emeEeQyaoTi], 1 0Tafepéc moodTNTES, OANE Oyl Béoels pviung. H CPU
tou MIPS éyeL 32 notaywentés Twv 32 bits nabévag --32 bits eivar to péyeBog AEENG (word) Tov
MIPS. ITwo oUyyQova HovTéha eeEEQYAOTMV, OT|UEQX, £X0UV LéEyeBog AEENG 64 bits. OL evtohég
ounTnav mpdEewv Tov MIPS éxouv mdvta toels (3) Teleotéoug, yia AOYOoUg OLOLOUOQPIOS.
H opowopopdio petapodletor o amhdTnTa TOU hardware, mQdypo ov uvoel Thv vymAoTeQ
TayvTTa.

1.3 H I'Awooo Assembly tov MIPS:

TN va yiver m yAdooo pnyoavig Alyo mo ¢ulxi] moog tov avBommo, ¥noLHomolovue éva
oupporrd dvopa yio xG0e emmtoentd opcode, £va 0exadind 1) denaeEadnd aQLOpd pe pegLrd
amhd ovuPola yia ®dBe teleotéo, nan Yoddoupe avtd ta otouela Thg nAbe eVTOANg oe pia
XWQELOTY] YOO UUT. Auti etvan 1| Yhwooa Assembly, ) omoia pmogel vo petoadaotel og yAwooa
LNYOVIG 0Tt0 €val OYETIRE ATTAO TQOYQOLUILO VTTOAOYLOTH] --TOV AeYOuevo Assembler. OL YADOOES
vypnhot emmédov (HLL) (6mwg m C) petadedloviar oe Assembly amd éva onpoviird
TOAVTTAOXOTEQO TROYQA LU, TOV Compiler.

e H Paowxi evioht] aoBuntinig med&ng tov MIPS eivou 1 add ou »dvel mpdobeon
oxegalwv. H evtoh) Assembly "add $23, $16, $18" duafdlel Ta megiexOuevo Twv
1OTOYWENTOV VT oELOUOV 16 nou 18, Ta TooohETeL, nat YOAPEL TO AOTELETLO OTOV
1OTOYWENTI] VT oELOUOV 23, dnhadr) $23 := $16 + $18.

e H evtohf] sub (subtract) eivon mapdpolo ahhd, avil vo mooobétel, apalgel Tov Teito
teheotéo oo To dOeVTEQO: 1 "sub $23, $16, $18" YOAPEL OTOV RATOYWOENTY
VT aELOUoOV 23 1o amotéleopa Tng apaigeons $16 - $18.

e H evtohf) addi (add immediate) elvow mopopola tg add (pdobeon), alrd o Toitog
TeheoTEOg TG elval 0TafeQog 0QLONOS avtl rataywenti: | "addi $23, $16, 157"
AP dlel To meQLeyOUeEVO TOV RaTamENT 16, Tpocbétel Tov aQliud 157 o autd, xot
voadeL To amotéreopo otov rataymoenti 23. Edv n petafinty) i foioretol otov
notaywenti 18, 1ote N enymonon i=i+1 petadpodletar o "addi $18, $18, 1".

¢ O zatoymentigs $0 tov MIPS megiéyel mwavta Ty otabepl) mocodTnTo undéV,
AVEENQTITMGS TOV TL YOADEL RAVEIS 08 AVTOV (0L YYQADES 08 AVTOV 0ryvoOoVTOL aTtd TO
hardware). Etol, 1 agywomoinon i=1 umoget va yiver: "addi $18, $0, 1".
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I'é évav voloyiopud ovvBetdTEQNS 0ELOUNTIXRNG Erdoaongs, Oeite To mapdderypa oty ogh. 121
tov PBiiov. Extoc amd ta ovopota $0, $1, ..., $31 yid tovg 32 rataywoentés tov MIPS,
XONOLUOTTOLOVVTOL %o Ta, Alyo o adnonuéva ovopata $s0, $s1, ..., $t0, $tl, ... avdroya pe v
%naTnyoQia xenonsg mov ouviifwg empuidooer oe nobéva tovg o compiler, Omwg Ba dovpue
0QYOTEQQ.

INé va exteleotel éva mEOYQOUU, OL EVIOAES TOU YQADOVTOL OTNV AEVTQIXT Uviun m po
"vA10" amd Vv GAAn, dnhadn oe ouvveydueves Oéoelg (OevBivoels) pvhung. Metd v
avayvoon now eXTEAEON WWAS eVTOMG, 0 emeEepyaothg avEavel Tov PC »atd to péyebog g
EVIOM)G oV exteAéoTHE, 0TTOTE 0WTOG (0 PC) delyvel otnv emduev (Tnv "amd »Atm") eVTor).
H ocewouoxf) avtf] extéheon eVToA®V OLOMOTTETOL OTAV EXTEAE(TAL WG EVIOM] METAPOQAS
eléyyov (control transfer instruction - CTI). Tétoleg, 6mwg Oa dovue, elvat, peTtaEl dAhwv, oL
oaxradaoeis (branch) won to dluata (jump). H evioh) "j label" (jump to label, 1)
mohadteQa goro label) vdvel ate 1) eOUEVT) EVTOAT OV B0l exteleoTel vo. elvol 1) EVIOLT| OTN)
devOvvon pviung label, avil va eivar m "omwd ®dtw" evtorr). Me dAha Aoy, ) eVTOAT "J
label" pogtmvel T OletOvvon label otov xataywenth PC.

1.4 O IIgocouowwtilg SPIM:

IMooypdppata yoapuéva oe yhwooa Assembly tov MIPS pmopel vo ta doxludoer noveic nou
VO TIOQOXOAOVONOEL TG TEEYXOUV YONOLUOTIOLMVTOG TOV pooouotwty SPIM, yoopuuévo oo
tov James Larus oto [Tavemotio Wisconsin - Madison, http://spimsimulator.sourceforge.net/ . Ot
TOOCOUOLMTES ECVAL TTQOYQAUUOTO VTTOAOYLOTY] TTOV TRO0T0.000V Vo oupmeQLdpéQovTal 660 o
TOQONOLOL YIVETAL, OTTO OQLOUEVES ATOPELS, e Eva dpuowmd olotnua. Ev mpoxepuévm, o SPIM
ovumegupégetal oav va Towmdxt MIPS amd v Amoyn ToV TEQLEYOUEVIV TMV HOTOYWONTMOV
1O TNG UVAUNG HETA TNV eXTELEOT] ®AOE EVTOANG atd TNV GAAT peQLd, Thvtmg, Oev divel napia
minoodogia, Y., Yt TO YXQOVO exTéAEONS NG %AOE €VIOANG (TOLES EVIOMES EXTELOUVIOL
YOTYOQO Rl TTOLES ALY, OGS KoL VLo AMAES ATOPELS TOU GUOLROT CUOTHUOTOG.

H vedtegn éxdoon tov SPIM, eivar to QtSpim.

e Mumogeite va dtofdote ta eyyelidia xoMong tov "xhaowmov" SPIM "Getting Started with
xspim" 1) "Getting Starting with PCSpim", naw "Getting Started with spim" mov
megLyeddovv 6oa amd tov SPIM 0Oa yoeiaotelte mpog otryunv. Emiong, wrooeite va
Eedulhiote "ot meTayTd" To eYyYELR(dLo "SPIM Command-Line Options" %ot Tig oeAideg
A-40 ¢wg A-49 tov [Tagagtipatog A tov Piriov yia va deite L dhho »éver o SPIM.
Oa ta Peelte elte évruma, elte 010 ~hy225/spim/documentation/ OV TEQLEYEL
Toruxrdl aveitumto atd ta http://spimsimulator.sourceforge .net/ xspim.pdf, PCSpim.pdf,
spim.pdf, SPIM command-line.pdf, wow HP_AppA .pdf. (to "~hy225/" €ivol To
"/home/misc/courses/hy225").

e T tov QtSpim, xakd elvor va dtofdoete Tov 0d1y0 xeNons mov Peioxretal 0tod:
http://claws.eng.ua.edu/attachments/166 QtSpim%20Tutorial.pdf

INé va teéEete T vedTeET €xS00M TOV POosOoUOoLMTH, QtSpim:

e Mumogeite va mpounBevteite QtSpim ad To:
http://sourceforge .net/projects/spimsimulator/files/ - Eivau dtaBéoipog yia Linux, Windows
oA ran yioe Mac OSX. Adot emhéEete 1 00T €000, EXTEMETTE TNV EYRATAOTOON
™G EPaAQUOYHG.

*  AvtyQdte To aQyelo ~hy225/spim/trap_handler.s 010 directory 6mov Qo 1oéEete
tov SPIM, pe to (010 6voua --o SPIM megLuével va, To et oto oemv directory dtov
Eenwvael. To ayelo autd mEQLEYEL TOV RDOKA. XELQLOMOT TV EEALQETEWV/OLONOTIOV
7OV Y QELALETOL YLOL T CWOTH AELTOVQYIO TOV VITO TQOCOUOIWCT VITOAOYLOTY (RATL GOV
™V ®aEOLA TG RAEOLAS TOV AeLToVEYL*OD oVOTHUOTOS). AgiTe TaEAXATM %o YLd TO
TIDG TEETEL V. IMMAMOETE TO 0QYEl0 VTO oTOV QtSpim.

e Av g{ote o€ VITOAOYLOTY] pE Aettovywo ovotnua Linux/Mac OSX, xaléote tov QtSpim
EXTEADVTOG OTY YOOLUUN EVIOADV: $ gtspim

e Av g{ote o€ VITOAOYLOTH] pE Aettovywo ovotnuo Windows, exteléote TV edpoouoyi
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a0 TH OVVTOUEVOT] TTOU OOV YNONx®E Emerta amd TNV OAOXANQWOT TG
eYrATAoTOOoNG TNG.

e Amod 10 pevot tov QtSpim, emAéETe dadoyirdi: Simulator -> Settings -> naptéhao MIPS.
Exel, oglote yio. Exception Handler to ayelo trap_handler.s ov avitygdyate amd ™)
TEQLOYT] TOV HoBpaTog.

Aoxnon 1.5: Kadurag Pvogunicg pe rov SPIM

Avtueipevo tng mapotoag doxnong elvar va yvwoloteite pe tn xonon tov SPIM (xow pe
vhwooa Assembly tou MIPS). ['ia To oxomd avtd, pehetijote nou aviryQdyte oe éva agyelo
(. "askl.s") Tov TOQOXATO ROORA --T] OLAPOQES TOQAAAAYES TOU TOU TQOTLUATE-- ROLL
ToéEte TOV OTOV SPIM.

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

main:
registers: $16: i; $17: J;
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, s$17
add $18, $18, $18
add $18, $18, $17
addi $17, $17, -1

sub $17, $17, $16
Jj main

FHWHHHFWHHRHHH

e To xoppdt ®xa0e yoopung petd to # elvow oxoMa.

e O YQOQUUES HETA TO . text elvou exteléouog wmArag (oe avtiBeon pe apldunrd
dedopéva ot pviun, mov edm Oev £xoupe).

e H yoapui] .globl main AéeL otov SPIM va faier v etnéta (label) main otov mivaxra
nofohxmv (global) cupforwyv. To main elvor exel ov o trap.handler 0o naiéoel TOV
NOORE POG, voL TQETEL VO £XEL AVTO axrQPOG TO dvopa (OTtwg xat oty C) now va givorn
naBolnd oOpPolo, yid va urogel va Tto Poloxel o linker tov Ba "ouvevaoel" Tov
trap.handler pe Tov dixd pag nmddna.

e H yooppi main: ogiCel tnv etinéta main oav ) dtevBuvon pviung 6mov Ba
tomofeTnOetl auTd OV OOLOVOEL ArQIPMG LETA --0TNV TEQITTMON LS 1) TTQMTY EVTOAT
(addi) Tov MEOYQAUUATOS HOLG.

e Metd To main: axohovBolv oxT® EVTOLES 0T YAMOoO Assembly tou MIPS: €L
eviohéc mpdobeons (add 1) addi), pia evtodi) adaipeong (sub), xou pia evrolt) dipotog
(3)-

e H evtohf) Ghpatog j main, 10U elvan 1 TEAEVTALQ EVTOAT) TOV TQOYQAUUATOS HOG, AEEL
0TOV eNEEEQYAOTT VO EXTELETEL GOV ETTOUEVT] EVTOAT] TIV EVIOAT TOV PoloxeTal 0N
dtevBuvorn pviung main, dnAadr) Ty mEOTY EVIOAT (addi) TOV MEOYQAUUATOS HOG.
Avto dnovgyel évav dmelgo Poyo: oL 8 aUTég EVIOLES TOV TIROYQAUUOTOS pag Ba
EXTEAOVVTOL GUVEY DS, ETT ATELQO" VOl RAVOVIXO TTIROYQAUUA, GUOLKA, OEV TQETEL VAL
HAVEL RATL TETOLO, AANG €O SEV TTQOKELTOL YLOL RAVOVILO TIQOYQULLUUAL....

Aoxnon 1.6: TeéEwmo tov SPIM

Eentviiote to QtSpim pe Tov Teomo mov elmope maamdve, oty §1.4. Ztnv xogtéha Text tov
QtSpim PAémete TO MEQLEXOUEVA TNG UVIIUNG TOV VIO TTQOOOUOIMOY VITOAOYLOTY], EEXLVDVTOG
oo T OevBuvon 00400000 dexaeEadind. TTpdrertal yiow TV EQLOYT ExElVN TNG UvAuUNg (text
segments) 6rtov o SPIM amoOnrevel TG exteléolpes eviorég, oe avtiBeon pe to dedopéva ot
pvnun (data segments), mov ¢aivovtor otnv raptého Data --eueig dev Bo aoyoinbovue e
dedouéva ot pviun og auti) TV doxnom.

2115 dtevBuvoelg 00400000 £mg xaw 00400020 (dexnaeEadnd) vmdyovy 9 "madEeves" eviolég
IOV TTQOEQYOVTAL OO TO 0Q)El0 trap handler.s (1 dievBvvon tng ndbe eviohng diadégel
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o0 QUTIV THG TEONYOUUEVNS %otd 4 S1OTL oL eviohés tou MIPS éyouv péyebog 4 bytes
noBepia). Aev yoerdletan vo rataldfete T »Avouv aUTES OL eVIOLES --apxrel va E€pete OTL
Q06hog TOUG elvar vo naréoouv i dwadwraocio (procedure) main, TEQVAOVIAS TNG OV
TOQAUETQOVS Ta YVwotTd omd v C arge, argv, %ol envp, oL Otav 1 dadiracio avti
EMOTEEYEL VO RAAéOOUV TH OLadLRAOl0 exit TOU AeLTOVEYIROU cvoThuotog (system call).
IMogoaxdtw oto do moedbugo, Eemvoviag amd T dievbuvon 80000180 (deraeEadird),
vdEyeL 0 *MALROS TOV VIO TEOoOoNOlman ueva (kernel) TOU AELTOVEYIHOD CUOTHUOTOS, OV
emiong moéQyeTaL amd To aQyeio trap_handler.s xou mov emiong dev yoerdleton va rataldfete
TL RAVEL....

Xonotposoote to ewovidlo "load file" 06 to pevol tov QtSpim yio va Tnthote va GpoTwOel
TO 0QYEl0 UE TO TOQUTAVM TEOYQauUd 1oV Yodpate (my. "askl.s"). Ou eviokéc Tov
TOYQAUNATOC 00g TEOoTifevTaL ot pviun (text segments), Eextvviag amd ™) diedOuvon
00400024 (denaeEadind), dOnhadm apéoms natw amd g 9 "mopdEeves" evrtohég (00400000 £mg
00400020) tov ®oAODV TO main.

ITavw agloted paiveton to meQLexOuevo Tov petenti mpoyoeduuatog (PC). Onote o SPIM
elvar otapatnuévog --Omhadn dev "toéyxel" To mEOYQOPUE pog OAAG TEQLUEVEL-- TO
negleyopevo tov PC elvor m 0teBuvomn tng emtOUeVNS EVIOAG OV TTQOKELTOL VO EXTEAEOTEL
pohg EavaEexivijoovpe tv mooopoiwon (dhadf 1 evtoAr] avth) dev éxel "exteleotel"
anopa). O SPIM agyromolel tov PC og 00400000 (denaeEadnod), dnhadi otnv aQyn twv 9
"odEevwv" evtoA®V Tov ®ohoTV TO "main".

Xonotpomotiote To ewmovidlo "single step" and to pevol Simulator Touv QtSpim (ouvtOuELO
F10) yio va Entiote single-stepping Tov mooyQdpupatos oag, ONAadt) va eXTEAOVUVTOL ULO-LLaL OL
eviohéc nou vo T PAémete. Kdbe ¢opd mov motdte to movwmti "single step", o SPIM
TOOCOUOLDVEL TNV EXTELEON g andpa evtolic. [TagoarolovOnote 6Tl petd amd ®abe Tétola
npocopoimorn o PC éyel avEndel natd 4 (emedr) ou eviorég Tov MIPS éxouv uéyebog 4 bytes
noBepuia), Ol vovIag TWEA OTNV ETOUEVY EVIOAT OV B0 TpocouolwOel, xou 1 ETOUEVY AUTH)
eviolM] eppaviCetol Toviopévn pe ahho yomdpa otnv xagtéia Text tov QtSpim.

Metd v extéleor g 6Mg €VTOoANg amd to trap.handler, dnhadf Thg evtorflc jal main (jump
and link) amd T devOuvon 00400014 (dexaeEadind), 1 extéheon myaiver oty devOuvon
00400024 (dexaeEadird), ONAad1 010 main --0T0 OO pOg TEOYQAMUO. Metd Ty extéheon
NG €VTOANG addi $16, $0, 10 omd T OevBvuvorn 00400024, dnhadn 6tav o PC eivor
00400028, mogatnenoTe OTL 0 raTaywENTHS R16 (vaptéha Int Regs) aAAAGTeL TLuf ®ou yiveTol a
Oen0eEadnd, Onhadn 10 denadirnd, 6mwg Empere, apol 0e QUTOV TOV RATAYXWENTN £YQUPE N
EVTOMT 7OV POMG extehéoTnne TO amoTéleopo TG 7EO0HeoNS Tou nataywent $0 (ov
meLéyel tivto undév) pe T otabeei) moodTTa 10 (denadnd).

KoOhg extehlelte oo Tig eVIOAES TOU TROYQAUUATOS HOG, TAQArOAOVOTNOTE TS AALATOVY
TO TEQLEXOUEVA TOV RoToyweT®dv R16, R17, »aw R18. OuunBeite 6T ta mepleyOpeva ovtd o
SPIM ta delyver oto denoeEadind ovotnua. Otav n extéheon ¢ptdoer oty eviolf] j main,
maatnENote 0tL 0 PC maigver Eavd tnv tuf 00400024 (denaeEadnd), nor Eavayitel n
eEUTELEDON TOV (OLOV TTQOYQAUNOTOS Uas, artd TV ayT). Eneldi to mpdyoauud pog elvor évog
amelpog PeoYos mov dev emuxovwvel xaBOhov pe Tov EEm OO0 --0ev YoAadeL 1) dtaPdlel
timota and v "vovoola-- amoPUyeTE VO TATIOTE TO €MOVIOLO "run/continue” 0Ttd TO PEVOU,
0wt o mooopolwwtilg "xohhdelr", Onhadi umaiver xu ovtdg oe  dmewo  Poodyo,
TQOCOUOLDVOVTAS CUVEX(DS TO dnd pog dmelgo Poyo, omdte povadiwi] Avon elval va tov
OlanoYete (atwvrog "stop") 1] "orotmoete" pe control-C.

Toonog Iopddoons:

Kaévte autég tig aoxnoelg yid vo pddete ) xonon tov QtSpim, Tov omoio Oa yoelaoTeite 0TIS
emopeveg aoxnoels. Pérog dev Ba PabporoynBel avth M mEMTN 0EWRA aoxioemV, GQa Oev
éyete va moQadmoete Timota (0AAG unv zaBvotepnoete va T ®Avete, OLOTL 0nolovOovV oL
aAles...).
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