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2Xepd AGKNGEOV 2:
Bpoyor ka1 Emkowovia Koveorlog otov SPIM

[IpoBeopia émg Aevtépa 26 Maptiov 2007, dpa 23:59 (Bdopdda 3.1) (amd B6.2.1)
2.1 Evtoiéc Avukrhdomong vo XvvOikn otov MIPS

Onwg Aéyape kot oty §1.3, v1d vo ekteleoTel Vo TPOYPOULLLA, Ol EVIOAEG TOV YPAPOVTOL GTNV KEVIPIKN
pvAun 1 o "kdte" amd v aAAn, oniadn oe cuveyoueveg Bécelg (devbBivoelg) pviung. Metd v
avlyvmon kot eKTELEoN HAG EVIOANIG, 0 emeéepyaotig avédvel tov PC katd to péyebog g vioAng mov
exteréotnke, omdte awtdg (0 PC) deiyver oty emduevn (v "amd kdte") eviod). H ceplokn avty
EKTEAECT] EVTOAMV O10KOTTETAL OTOV EKTEAEITOL b EVTOAN peTa@opds eiéyyov (CTI - control transfer
instruction). Eidape 1on pio té€tota, v evtoAn dipotog j label ("jump" to label), mov kdvel wote N
EMOUEVT EVTOAN TTOV Oa ekTeELETTEL Vo €ival 1) evToAn otr dievbuven pviung label, avti va givar  "oamd
Kat" evtoAr. Me dAda Adyia, 1 evtoAr] j label goptovel tn dievbvvon label otov kotoywpnt PC.
XpNoWomoldvTag avty TV VIO GApatog oty dacknon 1 otd&ape évav "amepo Ppoyo”, dniadn
KAVOE TOV VIO TPOGOLOIMGCT) VTOAOYIGTH VA EKTEAEL GLUVEYMG TO 1010 "UTAOK" EVIOADYV.

IMé va eua&ovpe éva kavovikd (0yL amelpo) Ppodyo ypewlOUaoTe UGV €VIOAN SLUKAAdMONS VT
ovvOkn (conditional branch), dniadn v evioin mov pepikég popég TPokalel SIaKAAOWOT Kol LePIKEG
QOpEG OYL, AVAAOYO, LE TO AV 1OYVEL | JEV 1GYVEL KATOW KOTAAANAT cuvOnkn. H Paoikn té€tota gvioln
etvau m beq (branch if equal): H evtoln "beq $16, $17, label" dwafdalel Tovg kotoywpntés 16 ko 17,
Kot toug ovykpivel. Edv tovg Ppel icovg (equal) dwxhadileron otn 0éon label, dniadn kdver tov
emeepyoot va SoPfdcel Kol EKTEAEGEL TNV EVIOAN amd ekelvn TN d1evbuvon cov eTOUEVN EVTOAN.
AAlowdg, dev kdavel Timota, omote ENOUEVT €vIoA] Ba dtoPaoctel kon extelectel  "omd Kdtw" eviohr. H
evtoAn bne (branch if not equal) kdvel ta avamnoda, dnradn daxkradileton dv Ppel Tovg KataympnTég
avicovg (not equal), odhoidg cuveyilel "amd kT,

2.2 Kodowkag Bpoyov ko Ex6660v/E£660v Koveorag

[éd vo emkowvwvovv to mpoypdppoato mov tpéyovpe otov SPIM pe tov €w xoopo, o SPIM
TPOGOUOLDVEL UEPIKEC VTOTVIMOEIS VINPECIES AEITOVPYIKOD GLGTANATOC Y10 €icodo/é€odo (1/0) oty
"kovoora" (éva amAd teppatikd ASCID). Aev egival avdykn mpog OTiyUnv vo KatoAdPete OAeg TIS
AETTOUEPEIEG TOV TIMG YIVETOL 1 KANON aVTOV TOV Agttovpyldv (system call) --apkel va puundeite to
TOPOKATO TOpAderyo Kol vo, Katadapete Tig eEnynoeic mov divoviol KAT® amd ovtd. MEAETNOTE KoL
avtiypdyte oe éva apyeio (m.y. "ask2.s") Tov mopoKdT® KOOWKA --1] SAPOPEG TOUPAAAAYES TOV OV
TpoTdTe-- Ko TpéETe Tov 6Tov SPIM.

# compute s = 1+2+3+.._.+(n-1), Ffor n>=2
# register $16: n
# register $17: s
# register $18: i

.data # Init. data memory with the strings needed:
str_n: .asciiz '"'n ="
str_s: .asciiz " s ="

str_nl: _asciiz "\n"

.text # program memory:
-globl main # label "main" must be global;

# default trap.handler calls main.
-globl loop # global symbols can be specified

# symbolically as breakpoints.

main: # (1) PRINT A PROMPT:
addi $2, $0, 4 # system call code for print_string
la $4, str_n # pseudo-instruction: address of string
syscall # print the string from str_n

# (2) READ n (MUST be n>=2 --not checked!):
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addi $2, $0, 5 # system call code for read_int
syscall # read a line containing an integer
add $16, $2, $0 # copy returned int from $2 to n
# (3) INITIALIZE s and i:
add $17, $0, $0 # s=0;
addi $18, $0, 1 # i=1;
loop: # (4) LOOP starts here
add $17, $17, $18 # S=S+i;
addi $18, $18, 1 # i=i+l;
bne $18, $16, loop # repeat while (i!=n)

# LOOP ENDS HERE
# (5) PRINT THE ANSWER:
#

addi $2, %0, 4 system call code for print_string

la $4, str_s # pseudo-instruction: address of string
syscall # print the string from str_s
addi $2, $0, 1 # system call code for print_int
add $4, $17, $0 # copy argument s to $4
syscall # print the integer in $4 (s)
addi $2, $0, 4 # system call code for print_string
la $4, str_nl # pseudo-instruction: address of string
syscall # print a new-line

# (6) START ALL OVER AGAIN (infinite loop)
j main # unconditionally jump back to main

O k®dwag avtdg vrohoyilel o abpotopa s=1+2+3+...+(n-1), 14 n peyardtepo 1 160 TOV 2 --TPOGOYN: AV
d00el n pkpoTEPO TOV 2, 0 KAdIKOG Oa pmtel oe (oyeddv) dmepo Ppdyyo! H "kapdid" tov kwdikd sivar to
xopdrtia (3) --apykomooeis-- kKot (4) --Bpoyyoc vroroyiopov. I[lpocé€te Tic mopakdtm eEnynoeis:

o To xopdtt kéBe ypopung petd to # eivar oxdMa, dnwg elmape Kot otnv doknon 1.

o O1 ypappég mov apyilovv pe tekeia (".") eivon 0dnyieg (directives) mpog tov Assembler, Kot Oyt
evioléc Assembly tov MIPS. O mAnpng xotdAoyoc twv odnyidv mov déxetan o SPIM Bpioketon
otTlg oelideg A-51 éwg A-53 1ov [lopoptiuotog A, oe mepimtoon mov Oéhete vo oV
ovppovirevdeite.

e H odnyla .data onuaiver 6t1 6,11 axolovBel givor dedopéva (o Oyt eVTOAES), Kot TTPEMEL va
tom00eTBovV 610 KOUATL TNG PvipNg TTov Tpoopiletal yid avtd (data segments) (otov SPIM avtd
apyiler amod tn devbvvorn 10000000 dekoe&adikd).

e H odnyia -asciiz onuaivel va apyikomotioet o Assembler tig endpeveg 0éceic (bytes) uvaung pe
to ASCII string mov axolovBei, teppoticuévo pe évo NULL byte onmg kot atnv C. Ot €Tik€Teg
(labels) str_n, str_s, kot str_nl, akolovBovpeveg amd avm-kdatwm teleio ", opilovv v kdbe
ETIKETO, cav TNV devbvvon pviung 6mov o Assembler Balel to avtiotoyo string (tn devBvvon
LVIAUNG ToL Tp@TOL byte Tov string).

e H odnyia . text onuaivel, 01mg simape Kot oty doknon 1, 61t 6,11 akoAovdel eivor eviolég (ko
Oy1 dedopévar), Ko Tpénet va tomobetnBovv 6To KoUATL TG LVUNG Tov Tpoopiletan yid avtég (text
segments).

e O10dnyieg -globl Aéve otov Assembler va PBaiet Tig etikéteg (labels) main kot loop 6ToV TivoKa
kaBoikav (global) cuopPorwv. I'd v etkéta main, gitope oty aoknon 1 yuwti yperdletTon
ovto. T'd v etkéra loop (mov sivon 1 apyn tov Ppdyov pog), He to va v Kavovpe global,
pmopolpe va TNV divovpe Kot GUUPBOALKA --Oyl povo aplBuntikd-- cav dievbuveon breakpoint otov
SPIM.

e To xopdtt (1) Tov KOO &€ivor €vo KAAEGHO TOL AELITOVPYIKOV GLOTHHOTOG (system call)
TPOKELLEVOL Vo TVTTBel To string str_n otnv Kovodra (mpokeltarl yid to string "n = " mwov
opiotnke mapandve). I'd vo kataAdfel 1o AsrTovpyikd cOGTNHO TOWO omd OAo To system calls
ntape, Palovpe otov kataympnt $2 cav mapduetpo (argument) tov apBpud 4, Tov onpoivat 6Tt
{nrape to system call va' ap1Ouéd 4, mov givar to print_string (to system calls Tov vAomoiei o SPIM
meprypapovtal ot oelideg A-48 kot A-49 tov Tlapaptipatog A). Emiong, yid va E€pel 10
Aertovpykd cvotnpa mold string BAovpe vo TuTdoel 6TV Kovoora, BALOVE GTOV KATay®mPNTH
$4 cov mopduetpo (argument) ) devbvveon pvRuNg cwTov Tov string (SnA. évav pointer o aVTO
10 string), Tov otV TEPITTOON pHag glvar 1 TIKETA Str_n wov opicape mopandve (to "lIa" etvon
yevdoevioln (pseudoinstruction) tov Assembler tov SPIM, kot 6y kavovikn evtoAn tov MIPS,
Kot Aéel otov Assembler va yevvioet pia 1 00 TPAyUATIKEG EVTOAEG TTOV ToToeTOVVY T d1evbuvon
¢ eTkétag str_n otov Katayopnty $4, avdroya av n dievbvvon avt) yopd 1 Oyt ota 16 bits
pdg otabepdg "immediate" 6nmg Oa Sovpe apydtepa).

e To xoudtt (2) tov k®dwa &givar évo avaloyo kdAecpo (to kdAecpo va' aplOud 5, onAadn
read_int), mov mepyével va daPdoet Evav axépalo amnd TNV KOVeOAX: O TPOGOHOIWTAHS Oa
mePIPEVEL ekel péxpt vo TAnkTporoynote évav axépoto kol évo RETURN oto mopdbuvpo "SPIM
Console". Méow g emduevng evioang, add, o OKEPOLOG TOL EMGTPEPEL TO KOAeoua (oTov
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Katoywpnt) $2) apyikomrotel tn petafintn pog 7 (otov Katoywpnty $16).

e To xoupdtt (3) Tov k®dKO givar N apykonoinon Twv petafintov s (kotoywpntig $17) xau i
(xatoyopntmg $18) mpwv produe oto Ppodyo.

e To xoudrti (4) Tov KOdIKO €ivorl 0 Kupimg Bpdyog VITOAOYIGHOY. Ze KABE ETavIAN YT TOV aVEAVEL TO
s Katd i Ko To i kot 1, ko ot cuvEyela ocuykpivel to i (katoywpntig $18) e to 1 (kataywpntg
$16) kot dakAadiletor (anyaiver) mico oy etikéta loop, dSNAadn oty apyn Tov Ppdyov, 660
aUTEC Ot OV0 petaPAntég dev eival ioeg peta&d tovg, dNAad 660 To i dev EQPTAGE OKOUO TO 7.
AANowdg, LOAG To (01 avénuévo) i yivel oo pe n, dgv daxAadilopaote miow, aAld cuveyilovue
LEe TNV EMOUEVT EVTOAT, OnAadn To Kopdtt (5) TOL KOOKA.

e To xopdtt (5) Tov K®OWKA givor TPiok KOAEGHOTO GLOTHUATOG Y18 VO, TVTOBOOVV TO string str_s, 1
amdvinon s, kou 1o string str_nl. TéAog, 1 evtoAn jump oto (6) pog EMOTPEPEL TAVTA THG® GTO
main, ®GTE TO TPOYPOLLLO VO EAVOTPEYEL CUVEXDG UEXPL VA TEppaTiceTe Tov SPIM.

Aoknon 2.3: Tpé€po otov SPIM

e EeKIvNoTe T0 Xspim pe tov tpomo mov ginape oty §1.4, Kot popTdCTE TO APYELO LE TO TAPOTAVD
TPOYPOALLLLO TTOV YPAYATE LESH TOL Kovpmiov "load".

o Méow tov Kovpumoy "step" (ntiote single-stepping, onAadN vo EKTEAOVVTOL ULG-UIE Ol EVTOAEG
kot vo 11 PAénete. H extéheon oapyiler ot devBvvon _ start (0x00400000) 6mov vrdpyet
KOdKag amd o apyeio trap.handler. Xtn diévbvvon 0x00400014 vrdpyet pd EVIOA KOAEGUOTOG
dwdwkaoiag (jal --jump and link) 1 onoio KaAel Tov K®OIKA GOG GTO main, Kol 1) EKTEAEGT] TTIYOLVEL
ot otevbuven 0x00400020. Otav @Taote oTo devTEPO KAAESHA cvuathipatog (0x00400030), unv
Eexdoete Vo, TANKTPOAOYNOETE &vav OKEPOLO WEYOADTEPO M 1060 TOov 2 (mMpémel vo TOV
TAnKtporoynoete apod o SPIM @tdocet ekel --mohodTEPEG TANKTPOLOYNOELG CLVNOWS YOvovTarL).

o Apov Papebeite vo PAEmeTe TIG €VOAEC va eKTEAODVTIOL Hio-pio, YPNOUWOTOMOTE TO KOLUTL
"breakpoints" Y1 vo opicete éva breakpoint oto mpoOypouud cog, mwy. T oevbvven "loop".
Metd, meite ot0 TPOYPAppo Vo, TPEEEL, HECH TOL KOVUMOV "run', omoTE AVTO TPEYEL "ClLOTNAL"
péxpt va Eavagtaoet ot 6ievbvvon loop. ‘Etol umopeite va emtaydvete v mopakorobOnon evog
TPOYPAUUOTOC, KOl VAL TO KAVETE Vo oTopatdel og "evdlapépovta i "dmonta" onpeia.

o Télog, apaipéote OAa To breakpoints kot TpEETE TO TPOYPOIA KOVOVIKE, ontdTte Ba PAénete pnovo
T1G €160000G Kot €£600V¢ GTIV KOVGOAQ.

Tpémog Mapddoonc:

Oa TaPAdDCETE NAEKTPOVIKE £V GTIYHLOTVTO TG 000vNG KaBmg Tpéyete To Tpdypapa "xspim" Kot avtd
Bpioketal ¢' éva "evolopépov"” evdidueco breakpoint. To otrypidtumo Oo to mhpete Kot B 10 TOPUSDOCETE
Kat' avoroyio Tpdg v mapddoon g doknong 1:

o Xg unyovn UNIX/X-Windows: ypnoiponotiote 1o npodypappo "xv" kol v emoyn tov "Grabd".
Yhote v gwova o€ popen jpeg (.jpg), o€ apyeio pe o ovopo "ask2.jpg".

o Y& unyovi PC/Windows: totote 1o kKovpni "Print Screen" 100 TANKTPOAOYiOD, KOl LETA ovoi&te
t0 Microsoft Photo Editor ka1 xdvete "paste". Zoate v €kdéva avtn o€ popen Jpeg (jpg), kot
petapépete 1o apyeio og unyovi SPARC pe 1o dvopa "ask2.jpg".

e ['14 vo TopadmdceTE TV AoKNOoN 600G, eKTeAésTE "~hy225/bin/submit 2", and 1o directory cto
omoio Bpioketar o apyeio cog "ask2.jpg" (ne owtd Kot povo to 6voua). H evtodn submit doviedet
povo o mhat@oppa SPARC/Sunos. Agv melpdlel av ekteAéote TNV EVTOAN submit TEPIGGOTEPES
amd pio eopés --0o mapapeivel To apyeio g TEAEVTOING POPAS, GALA KAl e TNV NUEPOUMVID, TNG
tehevTaiog eopag.
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