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2e1pd AoKnoeov 2:
Bpoyor kar Emkowovia Koveorlog otov SPIM

[IpoBeouia émg Tetaptn 22 Defpovapiov 2006, dpa 23:59 (Poopdda 2.2) (omd (6.1.2)
2.1 Evtoiéc Alukiddmong vé XvvOnkn ctov MIPS

Onwg Aéyape kot otnv §1.3, Y14 vo eKTEAESTEL VO TPOYPOULIA, Ol EVIOAEG TOV YPAPOVTIOL GTNV KEVIPIKN
LU N pio "kéte" amd v GAAN, dniadn ot cuveydueveg Béoeic (drevBuvoelg) pviunc. Metd v
avayvmon kot eKTELeoN HAG EVTIOAG, 0 eme&epyaotig avédvel tov PC katd to péyebog g vioAng mov
exteréotnke, ondte avtoc (o PC) deiyvel oy enduevn (v "amd kdte") evtodn. H oegiplaxn avty
EKTELEOT] EVIOAMV OOKOTTETOL OTAV eKTEAEiTON [ evTOAn peTapopag eléyyov (CTI - control transfer
instruction). Eidape 1on pio té€to1a, v evtoAn dipotog j label ("jump" to label), mov kdvel dote M
emOUEVT] EVTOAN oL Oa extedeatel va gival 1 evioAn otn dievbuven uviung label, avti va givarl n "amo
KAT®" evtoAr. Me dAAa Adyia, 1 evioAr] j label goptovel tn dievbvvon label otov kotoywpnt PC.
XpNOOTOIDOVTOG QLT TNV EVIOAN GApatog oty dcknon | ondéaue €vav "amnepo Ppoyo", oniadn
KAVOLLE TOV VO TPOGOUOIMOT VIOAOYIGTN VoL EKTEAEL GLUVEXDG TO 1010 "UTAOK" EVIOAGDV.

Ia va eptaéovpe éva kavovikd (O6yt dmepo) Ppodyxo ypewlopacte pdv eviodn dwekiddowong vré
ovvOkn (conditional branch), dniadn pdv evioin mov pepIKEG pOopEG TPOKAAEL SIOKAAOWOT KOl LEPLKEG
QOPEG OYL, OVOAOYa LE TO OV 1GYDEL 1 OV 1GYVEL KATolo KATAAANAN cuvOnkr. H Bacikn té€tola evtoAn
etvou m beq (branch if equal): H evtoln "beq $16, $17, label" dwafdlel Tovg kotoywpntés 16 ko 17,
Kot tovg ovykpivel. Edv tovg Bpel icovg (equal) dwoxhadiletor otn 0éon label, dniodn kdver tov
eneEepyootn vo, OoPfdoel kol eKTELECEL TNV €VIOAN amd ekelvn Tn devbuvon cov emdOUevn EVTOAT.
Alhoung, dev Kavel timota, omote emopevn eviodn Ba dwPactel ko exteleotel n "amd Katw" eviodn. H
evtoAn bne (branch if not equal) kdvel ta avamoda, dnradn dakradileton edv Bpel Tovg KataympNTég
avicovg (not equal), odhoide cuveyilel "amd kT,

2.2 Koowkag Bpoyov kot Ex6660v/EE660v Koveorag

[Na vo emkowwvovv to mpoypdppoata mov tpéyovpe otov SPIM pe tov €@ kocpo, o SPIM
TPOGOUOLMVEL UEPIKEC VIOTLRMOELS VANPECIEG AELTOVPYIKOD GUOTHUOTOC YA gicodo/éEodo (I/O) otnv
"kovoora" (éva amAd teppatikd ASCID). Aev eival avaykn mpog OTyUnV vo KOTOAAPETE OAEG TIS
AEMTOUEPEIEG TOV MG YIVETAL M KANON aLTOV TV Agtitovpyldv (system call) --apkel va puundeite 1o
TOPAKAT® TOPAdEYIO Kot Vo KataAdPete Tig e€nynoelg mov divovrar kdt® and avtd. MereTiote Kot
avtypdyte oe éva apyeio (m.y. "ask2.s") Tov mopoKAT® KOOWKA --1] SLAPOPEG TOPUAAAYES TOV TOV
mpoTipdte-- Ko TpéEte Tov otov 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

14/2/2006 10:17 pu 10of3



Exercise 2: SPIM I/O and Loops (U.Crete, CS-225) http://www.csd.uoc.gr/~hy225/06a/ex02_loops.html

# (2) READ n (MUST be n>=2 --not checked!):
#

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)
] main # unconditionally jump back to main

O k®dwag avtdg vrohoyilel o abpotopa s=1+2+3+...+(n-1), 14 n peyardtepo 1 160 TOL 2 --TPOGOYN: AV
d00el n pkpoTEPO TOV 2, 0 KAOdIKOG Oa pmtel oe (oyeddv) dmepo Ppdyyo! H "kapdid" tov kwdikd sivar to
Kopdto (3) --apyomomoels-- kKo (4) --Bpdyxog vroroyiopov. [lpocééte Tic mapaxdtom eEnynoeis:

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

o O1 ypappég mov apyilovv pe teheia (".") 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 TPEMEL val
ton00eTBovV 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 axoiovBel, teppoticuévo pe évo NULL byte onmg ko otnv C. Ot €Tik€Teg
(labels) str_n, str_s, kot str_nl, akolovBovpeveg amd avm-kdatwm teleio ", opilovv v kdbe
ETIKETO, ooV TNV devbvvon pviung 6mov o Assembler Balel to avtiotoyo string (tn devBvvon
LVIAUNG TOL Tp@TOoL byte Tov string).

e H odnyia . text onuaivel, 0mg simape Kot oty doknon 1, 61t 6,11 akoAovdel givor eviolég (ko
Oy1 dedopéva), Kot Tpénet va tomobetnBovv 6To KOUATL TG LVUNG TTov Tpoopiletan yid avtég (text
segments).

e O10dnyiec -globl Aéve otov Assembler va PBaietl Tic etikéteg (labels) main kot loop 6ToV TivoKa
kaBoikav (global) cupPorwv. I'd v etkéta main, gitope oty daoknon 1 yuwti yperdleton
avtd. ['d v etucéra loop (mov givar n apyn Tov Ppdyov pHog), e To va v kdvovpe global,
pmopope va TNV divovpe Kot GUUPBOAIKA --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 (mpokeltar 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 givan 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 KOVeora, BALOVE GTOV KOTay®PNTH
$4 cov mopduetpo (argument) ) devbvvon pvRuNG cwTov Tov string (SnA. évav pointer o aVTO
10 string), Tov otV TEPITTOON pog glvar 1 TiKETA Str_n wov opicape mopandve (to "la" etvon
yevdoevToln (pseudoinstruction) Tov Assembler tov SPIM, ko &yt kovoviky gviodn tov MIPS,
Kot Aéel otov Assembler va yevvioet pia 1 00 TPAyUATIKEG EVTOAEG TTOV ToToeTOVV TN d1evbuvon
¢ eTkétag str_n otov Katayopnty $4, avdroya av n dievbvvon avt) yopd 1 Oyt ota 16 bits
pdg otabepdg "immediate" 6mmg Oa Sovpe apydTeEpQ).

e To koudtt (2) tov Kk®dwka &ivor évo avaloyo kdAecpo (to kdAecpo va' aplOud 5, onAadn
read_int), mov mepyével va daPdoet €vav axépaio amd TNV KOVeOAX: O TPOGOHOIWTHS Oa
mePIPEVEL ekel péxpL vo TANkTporoynote évav axépoto kol évo RETURN oto mopdbuvpo "SPIM
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Console". Méow tng emduevng evioing, add, o OKEPOLOG TOL EMOTPEPEL TO KOAeoua (oTov
Katoywpnt $2) apykonotel T petafintn pog 7 (otov Katoywpnt) $16).

e To xopdtt (3) Tov k®dKO gival N apykonoinon v petafintov s (kotoyopntig $17) ko i
(xatayopntg $18) mpwv pmovpe cto Ppdyo.

e To xopdrtt (4) Tov KOdika givol o Kupiwg Ppoyoc vToloyiopnol. Xe KAOe Exavainyr| Tov avEdavel To
s Katd i Ko to i katd 1, ko ot cuvEyela ouykpivel to i (katoywpntig $18) pe to 1 (kataywpnmg
$16) xor draxradileton (mnyaiver) micw oy etikéto loop, dnAadn oty apyn tov Bpdyov, 660
aUTEG Ot OV0 petafAntég dev eival ioeg peta&d tovg, dNAadn 660 To i dev EPTAGE OKOUO TO 7.
AlAoumg, LoMg to (101 avénpévo) i yivel ico pe n, dgv dokAadilopacte micw, aAld cvveyilovue
LE TNV EMOUEVT EVTOAT, OnAadn To Kopdtt (5) TOL KOOKA.

e To xopdtt (5) Tov K®OWKA givar Tpiok KOAEGHOTO GLUOTHUATOG Y18 VO TVUT®BOOVV TO string str_s, 1
amavinon s, kot to string str_nl. TéAoc, 1 evtoAn jump oo (6) oG ETOTPEPEL TAVTO TIG® GTO
main, OGTE T0 TPOYPOLLLLO VO EavaTPEYEL CUVEYMS UEXPL Va. TEppaticeTe Tov SPIM.

Aoknon 2.3: Tpé&ipo otov SPIM

e EEKIVIOTE TO XSpim [LE TOV TPOTO IOV gimape oty §1.4, Kol QOPTMOCTE TO OPYELO LLE TO TOPUTAVED
TPOYPOALLO TTOV YPAYATE LECH TOL Kovpmiov "load".

o Méow Tov Kovpumoy "step" (ntiote single-stepping, SnAad vo eKTEAOVVTOL LIG-UIE Ol EVIOALG
kot vo 11 PAénete. H extéheon apyiler ot dedBvvon  start (0x00400000) 6mov vrdpyet
KddKag amd 1o apyeio trap.handler. Xtn diévBuvon 0x00400014 vrdpyet Hd EVIOAT KOAEGLOTOG
dwdikaoiag (jal --jump and link) 1 omoio Kahel TOV KOG GOC GTO Main, KOl 1 EKTELECT] TNYALVEL
ot oevduvon 0x00400020. Otav pTdote oto devTEPO KAAESHA cvothipatog (0x00400030), unv
Eexdoete va TANKIPOAOYNGETE £€vav aKEPOIO peyoAvTepo 1 ico tov 2 (mpémel vo TOoV
TANKTpOoAOYNGETE apod 0 SPIM @tdoel exel --madodteEPEC TANKTPOAOYNGELG GUVHOWS YAVOVTaL).

o Apo¥ Papebeite vo PAEmete TIG evOoAEC va ekTELOUVTOL pio-pio, YPNOUWOTOMOTE TO KOLUTL
"breakpoints" yid va opicete éva breakpoint 610 TpOYpapuUd cag, wy. TN doevbuven "loop".
Metd, neite oto TpoOypoupo vo TpEEel, HEC® TOV Kovumov "run", omdTe AVTO TPEYEL "GLOTNAL"
péxpt va Eavagtdoetl otn dievbvvon loop. ‘Etol umopeite va emraydvete v mopakorovnon evog
TPOYPALLOTOG, KOL VO TO KAVETE Vo oTApaTdEL o€ "gvdlapépovta 1| "omonta” onueia.

o Téhog, aparpéote OAa Ta breakpoints kot TpéEte 10 TPOYpappa Kovovikd, ondte Ba PAénete povo
T1G €16000VG Kol €£000VG GTNV KOVGOAO.

Tpomoc Hopadoonc:

B0 TopPAdDGETE NAEKTPOVIKA £VO GTLYHOTVTO TNG 000VNC kaBmg TpéYeTe TO TPOYPOUU "Xspim" Kol avTo
Bpioketal ¢' éva "evilopépov" evdidpeco breakpoint. To otrypidtumo Bo to mhpete Ko o 10 TapUdDOCETE
Kat' avoloyio Tpodg TV mapddoon g doknong 1:

o Xe unyoavny UNIX/X-Windows: ypnoionotiote 10 npoypappo "xv" kot v exioyn tov "Grab".
Ydote TV €KOVO o€ pLopen jpeg (.jpg), o€ apyeio pe o 6voua "ask2.jpg".

o Yg unyovn PC/Windows: totote 10 Kovpni "Print Screen" 1ov TANKTpOAOYioV, Ko LETA ovoi&te
10 Microsoft Photo Editor xou xévete "paste". Zhote v €ikova avt og popen Jpeg (.jpg), Kot
petapépete 1o apyeio o unyavi SPARC pe 1o 6vopa "ask2.jpg".

e ['1& vo TopaddceTe TV AoKNoN oag, ektedéote "~hy225/bin/submit 2", and to directory cto
omoio Ppiokerar To apyeio cog "ask2.jpg" (pe awtd Kor povo 1o 6voua). H evtodn submit doviedel
povo o€ mhatoppo SPARC/Sunos. Agv elpdalet av ekteléote TV €vIoAn submit meplocoTEPEG
ard pia eopés --0a mapapeivel To apyeio ™G TeAevTOiNG POPAS, AALY Kal Le TNV NUEpOUNViL. TNG
tehevtaiog eopag.
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