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2.1 Evtolégs Awoxdadmong vro XvvOnxn otov MIPS

Onwg Aéyape xow oty §1.3, yio vo. exteheotel £vo TQOYQUUUO, Ol EVIOMES TOV YOADOVTOL OTNV
neEVTOWRY uviun M o "rdtw" amd v GAAn, Onhadr) oe ouvveyoueveg Béoelg (OlevBUvVoELS)
LvnunG. Metd v avayvmwon ol extéleon ag eVIOANg, o emeEeQyaotic avEdvel tov PC natd
to péyeBog g eviol|g mov extehéotnue, omdte autog (o PC) delyvel otnv emduevn (tnv "omo
natw") eviohn). H oepioni) auti] extéheon eviohmv OLOXOTTETAL OTAV EXTEAE(TAL WA EVTOM)
ueTapoeds eréyyov (CTI - control transfer instruction). Eidape 10N pia tétowa, Tnv €vioir dApatog
j label ("jump" to label), Tov xdveL MOTE 1) ETOUEVT) EVTOAT] TTOV B0 EXTELEOTEL VO E(VAL 1) EVTOA)
ot dlevBuvon UvNuNG label, avii vo €ivar N "amd rdtw" eviohr). Me Ghlo AOYLOL, 1) EVIOAT]
label $oQTMOVEL TN dlevOVVON label oTtoV ®ataywENTi) PC. XQNOLWOTOLOVIAS CUTY) TNV EVIOAN
dhpatog oty doxnon 1 dptdEape évav "dmelpo Peoyo", ONAadN rAvae TOV VIO TQOCOUOLWON
VITOAOYLOTH) VO EXTEAEL OVVEY WS TO (010 "UITAOR" EVTOADV.

I'é va ptdEovpe €va xavovird (0L Amelo) PeoOYo xEeWTONAOTE Lo EVTOAT dLaxAdd®oNS Vo
ovvONx#n (conditional branch), ONAadY| o evioAn] mov peQwés Goeéc mporahel OLOUAAOWON 1oL
HeQWrES hoEES OxL, avahoyo pe To av LoyVeL 1) 0ev Loy Vel xdmolo xatdAAnin cvvOnxn. H Paocwwn
TéTOloL €VTOMY €lval M beq (branch if equal): H evtoAf] "beq $16, $17, label" Suofdlel TOug
noToymENTéS 16 nan 17, naw Tovg ovyxrpivel. Edv toug foet ioovg (equal) danhadiletal otn Oéom
label, OnAadT) zdver Tov emeEeQyaoti) vo OLoPAoeL %ol EXTENECEL TNV EVIOAT OO exelvn ™
oeBvvon oav emoduevy evtolt]. AAMmS, dev rdvel Timota, omdte emduev evtoin Ba dwafaoTtel
now exteheotel m "amwd rdtw" evrol). H evtoAi] bne (branch if not equal) xdéver Ta avdmoda,
onhadn draxhaditetar edv Poer Toug rataywentés dviooug (not equal), adlMmg ovveyitel "amod
®aTW".

2.2 Kodwas Bpoyov nor Ewe060v/EE000v Kovoohag

Mo vo emxovmvolv tol TEOYQAUUaTo Tov Teéyovue otov SPIM pe tov éEm xdouo, o SPIM
TQOOOUOLMVEL UEQIAES VITOTUITMOELS VTTNQEDLES AELTOVQYIXOU CUOTHUOTOS Yidt €i0000/éE0do (1/0)
oty "xovoola" (évor amhO teouatind ASCID). Aev eivor avayxn mQOg OTLYUNV Vo rotaldete
OMEC TIG AETTTOUEQELES TOV TTMG YIVETOL 1] ¥ANON QUTOV TV AELlTOUQYL®V (system call) --aoxel vo
wpnOeite to maQoxrdTm TOQAdELYUOL RAL VO, ROTOAAPETE TG €ENYNOELS Tov divovTal ®ATw atd
outo. Meletiote ®or avivyQayte oe €va aQyelo (). "ask2.s") TOV MAQORAT® HOOWKA --1)
0L pOQES TAQAMAOYES TOV TTOV TTQOTLUATE-- %0l TOEETE TOV 0TOV SPIM.

# compute s = 1+2+43+...+(n-1), for 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"

main:

loop:

.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.

# (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!):
addi $2, S0, 5 # system call code for read int
syscall # read a line containing an integer
add $16, $2, SO # copy returned int from $2 to n

# (3) INITIALIZE s and i:
add $17, $0, $O # s=0;
addi $18, $0, 1 # i=1;

# (4) LOOP starts here
add $17, $17, $18 # s=s+i;
addi $18, $18, 1 # i=i+1;
bne $18, $16, loop # repeat while (i!=n)

# LOOP ENDS HERE

# (5) PRINT THE ANSWER:
addi $2, s$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, $O # 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 7®mdwmag avtdg vmoloyiCer to dBgowopa s=1+2+3+...+(n-1), yia n peyarivtego 1 (0o Tov 2 --
eoooyN: av dobel n uxEOTEQO TOV 2, 0 xMOLraGg Ba el og (0yedOV) dmerpo Peoyyo! H "waodid"
Tov 2OWA elvar Ta xopudtio (3) --aQyIHOTOLOELS-- xou (4) --BOYY0g vitoloylopov. [TpooéEte
TIS TAQOXATM EENYNOELS:

To noppdtt »dBe yoouung petd to # eivar oyola, Ommg elmopue xar otnv doxnon 1.

Ou yoopuués mov agyiCovv pe teleio (".") elvar 0dnyieg (directives) mpog tov Assembler, ®ou
Oyl evtoléc Assembly tov MIPS. O mineng »atdhoyog Twv odnyiwv mou déyetor o SPIM
Potoxeton otig oehideg A-51 émg A-53 tov IMapagtipatog A, oe megimtwon mov BéleTe va,
Tov ovpfovievBOeite.

H odnyia .data onuaiver 6tL 6,tL axolovBet elval dedouéva (non Oyl EVIOAES), HOL TTOETEL
va Tomo0eTn0oUV 0TO HOUUATL TG UVIIUNG TTOV TTRo0oQileTal Yo avtd (data segments) (0TOV
SPIM ot agyiter amd tn dtevBuvon 10000000 dexaeEadind).

H odnyia .asciiz onpaiver vo aywwomowoer o Assembler tig emoueveg 0éoeig (bytes)
uvnung pe to ASCII string tov axolovBel, tepuatiopévo pe évo NULL byte Omwg xo otV
C. Ou etnéteg (labels) str_n, str_s, ®0L str_nl, axolovBovueveg amd Avo-rdtm Telelo
":" 0piCovv v %dBe etméto ooav Ty detBuvon pvnung 6mov o Assembler Bdlel To
avttotouyo string (Tn OtelOUVVOT PViUNg TOV TEMTOU byte TOV string).

H odnyla . text onuaivel, Omwg elmape vow oty doxnon 1, 6t 0,11 axolovBel eivar eviohég
(nan OxL dedouéva), now Eémel va TotofeTnOOUV 0TO ROUUATL TG LVI|UNG TTOV TTROO0QICETAL
Yl QUTEG (text segments).

Ou 0d1yieg .globl Aéve otov Assembler va Pdhiel tig etinéteg (labels) main %0 loop OTOV



mivaxo wobolrwv (global) oupPBorwv. o TV eTtnéta main, elmape oty doxnon 1 yuati
yoeraletar autd. I'a TNV etnéta loop (TTOV elval M aQyl TOv PEOYXOV HAC), LE TO VO TNV
rdvoupe global, puwogovue vo TV Oivoupe xotr ovuPolxd --OyL HWOVo aQLOUNTIRA-- ooV
OLeBvvon breakpoint otov SPIM.

To noppdrt (1) Tov nmdOwma elvar Evo RAAECUOL TOV AELTOVQYIROU CVOTHLATOG (system call)
TQOXELUEVOU VO TUTTWOEL TO string str_n OTNV ®OVOOAX (TTEQOXELTOL YO TO string "n = " oV
oplotnre mapamdvw). [Na va rataldfer To Aettoveyrd oVLOTNUA TOL0 Atd OAOL TaL System
calls Tntapue, Patovpe otov ratoywenti $2 cav maduetoo (argument) tov a.LOUd 4, TOU
onpaivar 6t Tntdpue to system call v’ aOud 4, Tov elval to print_string (to system calls
mov vhorolel o SPIM meprypdpovtor otig oehideg A-48 wouw A-49 tov ITagagrtiuotog A).
Emiong, ywo vo Egel Tto AeltovQywwd oUOTNUO oo string OEAOVUE VO TUTTMOEL OTNV
®ovoOla, PaCovue otov xataywenti $4 oav maduetoo (argument) T deOUVVON pviuNg
outol Tou string (ONA. évav pointer € AVTO TO string), TOV OTNV TEQIMTWON OGS €lvor M
eTWETO str_n WOV OQloOuE TOQAmAVMD (To "la" elval Yevdoeviohr (pseudoinstruction) Tov
Assembler Touv SPIM, nat Oyl novovixy) €vitoll] tov MIPS, nouw Aéel otov Assembler vo
vevvnoel o 1 000 TEAYMATIRES EVIOAES TTOV TOTOBETOUV TN OLeOUVVOT TG ETRETAS str_n
otov rataywoenti $4, avdroyo av n devBuvon avti| xwed 1 Oxt ota 16 bits pdc otabepdg
"immediate" 6mwg Oa doVue aQYOTEQQ).

To »oppdtt (2) Tov ®®MOra eivar Eva avahoyo rdieouo (To xdieopa v’ aQLOUO 5, dnhadm
read_int), Tov meQLuével va OLofdoel Evav axréQalo amd TV ®OVOOAA: O TQOCOUOLWTNS Ba
TeQLUEVEL exel péyoL vo TAnxtooloynote évav axéoato xou €éva RETURN oto mapdBuo
"SPIM Console". Méow tng €TOUEVNS EVIOANG, add, O OXEQOLOG TTOV EMOTOEDEL TO RAAECUOL
(otov rataywenti $2) ayiromolel T peTaPAnTi) Hog n (0Tov rataywenti $16).

To noppdtt (3) TOV ®OOKA (VAL 1) AEYLHOTTOIMOT TV PETAPANTOV 5 (roTaywoentig $17) nat
i (vataywentng $18) mowv pmwovue oto PoOYO.

To noppdtt (4) Tov ®xOOO elval 0 ®VEIWS PEOYOS VToAoYLOUOV. e ®ABe emavAMPT] TOV
QUEAVEL TO s ®OTA § ®OL TO i ®OTA 1, %o 0T CVVEYELQ OLY®QIVEL TO i (roTaywENThS $18) pe
t0 n (roToywENTs $16) nan draxhadiCeton (Tyaiver) Tlow otV ETRETA loop, ONAAOT) OTNV
0QyM Tov PEOYOV, 600 auTég oL S0 petafPAntég dev eivor toeg petaEv Toug, dMMAadt 600 To
i O0gev édptaoe andpa to n. AAMMdg, WOMG to (O OQuENUEVO) i yiver (00 pe n, Ogv
OLoxhadLlopoTe miow, ald ovveyiCovpe pe TV emduevn evroid], ONAadmn to xouudtt (5)
TOU 1MOOKO.

To xoppdtt (5) Tov nmMOwa elvar Tolor RAAECUOTA OUOTHUOTOS YLt Vo, TVTwBOoUV TO string
str_s, 1 QtdvTNON §, ®OL TO string str_nl. TéLAOg, N €vtoAi] jump oTO (6) UOG EMOTEEPEL
TAVTO, oW OTO main, MOTE TO TEOYQOUUO VO EAVATQEYEL OUVEXMDS UEXQL VO TEQUOTIOETE
tov SPIM.

Acoxnon 2.3: TeéEwmo otov SPIM

ZENLVI|OTE TO xspim UE TOV TEOTO 7OV elmape oty §1.4, ®oL GoQTMOTE TO OQYELO0 UE TO
TAQOTTAV® TQOYQOUUO TTOV YOAPaTE PECM TOV noVUmLoU "load".

Méow tov novumol "step" CTntnote single-stepping, ONAadYT va exTEAOVVTOL MOL-UOL OL
eVIOAEg o va Tig PAémete. H extéheon agyiCer otn devBuvon __start (0x00400000) drov
VITAQYEL *DAWMOS atd TO ayelo trap.handler. Ztn die1Ovvomn 0x00400014 vVITAQYEL IO EVIOAT
rohéopatog dadwaotag (jal --jump and link) 1 ool xalel Tov ®OAWAE 00g 0TO main, ®aL M
extéleon mmyaiver ot devOuvon 0x00400020. Otav ¢tdoste o0to OeTEQO RAAECUOL
ovotfpatog (0x00400030), unv Eeydoete vo TANKTQOAOYNOETE £VAV OREQOLO UEYAADTEQO T
(00 TOov 2 (mEémeL va Tov TANUTQOAOYNOETE apory o SPIM ¢tdoel exel --molondteQeg
TANUTEOLOYNOELS OUVNOMG YK AVOoVTaL).

A¢pov Bapebeite va PAémete TIG eVOLES va exTeEAOUVTOL IiOL- 0L, YO1OLLOTTOLNOTE TO ROV UITL
"breakpoints" Y14 vo opioete €va breakpoint 0To mEOYQOAUUE oOg, .. TN devBuvon "loop".
Metd, meite oto mEOyQauuo vo. TEEEeL, PEow TOv %novumol "run", omdTE QUTO TOEYEL
"olwmnhd" péxor va Eavadrtdoer otn dievBuvon loop. ‘Etol wrogelte vo emtayvete Ty



TALEOXOAOVONON EVOG TEOYQAUUOTOG, ROL VO TO RAVETE VA OTAUOTAEL OE "evoladEépovta 1)
"OrtortTa" onuela.

e Téhog, aparpéote O Ta breakpoints ®aL TOEETE TO TEOYQOUUA ROVOVIRA, OTtOTE Ol PAEMETE
LOVO TIS €L0OO0VS 1oL EEOOOVG OTNV ROVOOLQ.

Toonog Iapadoong:

Oo moQAdMOETE NAERTQOVIXA £Va OTLYILOTUTTO TG 000VNG ®aBhG TEéYETE TO TEOYQOUUO "XSpim"
7oL avtd Poloretor o' Eva "evolopegov" evildueoco breakpoint. To otiydTUTO OOl TO TAQETE O
0o To ToEadMmoeTe ®AT avahoyia TEOS TNV TaEd.d00 TG doxnong 1:

o e unyovi LINUX/X-Windows: YQMOLULOTONOTE TO TROYQOUUA "xv" ®oL TNV €mAOYY| TOV
"Grab". Zmote TV ermdvo oe Lood1 jpeg (.jpg), o€ ayeto pe To Ovoua "ask2.jpg".

o ¢ unyovi PC/Windows: matiote to xovumi "Print Screen" toU mAnutQoloyiOv, ROl PETA
avoiEte to Microsoft Photo Editor now wdvete "paste". Zonote v emodva ot oe poedn Jpeg
(.jpg), nou petadpépete To agyeto oe unyavi) SPARC pe to 0vopa "ask2.jpg".

e [a va mogadmoete TV doxrnot| cog, Oa arolovOioete To 0VVOEONO VITOPOANC AOANOEWV.
Aol ndvete login ue to username xou password JTOU YQONOLULOTOLEITE OTAL CUOTUATO TOV
TUNUOTOG, emAéyete to tab Submit oL To ovvOeopo Submit a File, otnv egmdtnomn Select
Submit Session emAéyete HY225 - Exercise 2, yomnowpomoleite To ovvdeouo Browse yio va
avalnthoete to ayeto ask2.jpg 0to oVoTNHO 0TO omoio eQyaleote xow ratémy "avedlete"
TO aQYE0 TOTMOVTAS TO ®ovumt Submit. Mmogeite va ®AveTe €mOROMTNOT TOV 0QYEIOV TOV
avePdooate pe v emhoyi) Review.
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