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Ye10d Aoxioemv 2:
Booyor zow Emzowvovia Koveoraog otov SPIM

ITooBeopia ¢mg [Tag. 28 Pefoovagiov 2014, doa 23:59 (Booudda 2.3) (amod 6. 1.2)

2.1 Evtoiés Avwoxdadmaeng vo Zvvonxn otov MIPS

Onwg Myape xow oty §1.3, yia vo. exteheotel éva medyQaupa, oL evtohés Tov yoddpovran
OTNV ®EVIQWXY] MvAuN M uia "xdtw" amd v Arhn, OnAadn oe ouvveydueveg OEoelg
(OLevBivoels) pviung. Metd v avayvwon xol eXTéleon oG EVIOMS, O emeEeQYOTS
avEdvel tov PC natd to péyebog tng evtohns mov exteréotnure (vatd 4 atov MIPS, adot
Oleg oL eviohég Tov MIPS éyovv péyebog 4 Bytes), omdte avtdg (o PC) Oeiyver otnv
emopevn (Tnv "amd ®atm") evrodi). H oelgroni] avtl| extéleor evioldv dtondmretal 6Tav
extelelTol W evtodr| netagoeds erhéyyov (CTI - control transfer instruction). Eidaue 1dm
ptor Tétola, TV €VtoAn] dhpotog j label ("jump" to label), mov ndivel ote 1 emOUEVN
eviol) mov Oa exteleotel va elval 1) evtoAt) ot OebBvvomn pvijung Label, avil vo elvol )
"amd ®aTm" evroli]. Me dAha Aoy, 1 evioll] j label ¢poptdvel T) dlevOvvor label
otov xotoywent PC. Xonoomoidvtag outh] TV eVtoAr] GApotog otny doxnon 1
dTdEape évav "dmelpo Poodyo", MAadn ravape TOV VIO TEOCOUOIWOT VTOAOYLOTY| Val
exteLEl OVVEY WS TO (010 "LITAOR" EVTOAMV.

g va ¢ndEovpe éva noavovind (OxL Amego) Pedyo yeelalopoote o VIOl
dranhddwong vro euvBnxn (conditional branch), dnhadt| o evIoif] mov peouréc Gpoeég
mooxahel OLonAGdwon nou peoués GOEES OyL, avAloyd Pe TO av LoYVEL 1 eV LoyVEL
namoLa xatdAANAN cuvOnun. H Paowxr) tétola eviohf| elvar 1 beq (branch if equal): H
evtolf] "beq $16, $17, label" dwaPdler Ttovg xataywentés 16 xor 17, xoL Tovg
ovyrgivel. Edv toug el {ooug (equal) dianhadiletar otn B€on label, Onhadi xdvel tov
eneEepyaot) va OLoPdoel naL exTEAEOEL TNV eVvToA] amd exelvn tn devbuvon ocav
eMOUEVY] eVTOAT]. AMMdg, dev ndvel Timota to EgxmElotd, omdTe emOUEVY €VIOA Oa
dwafaotel now exteleotel N "amd wdtw" evtorr). H evtoAn bne (branch if not equal) xdvel
to ovamoda, dNhadn dromhadiletor edv Poel TOug raTAXWENTES AvVicOUg (not equal),
ahhmg ovveyiCel "amd naTm".

2.2 Kodwog Beoyov zat Ewc060v/EE0d0v Koveorag

lNa va emxowvovoiv to mEoyeduuata mov Teéyovue otov SPIM pe tov éEmw ®O0u0, 0
SPIM mQOCOUOLDVEL UEQIXES VTOTUTMOELS VTNQEECIES AELTOUQYHOU CUOTHUOTOS VLol
€l0080/¢€0d0 (I/0) otnv "vovoora" (éva amho teguatind ASCII). Agv elvar ovayxn meog
OTLYUNV vo. ratahdfete OAES TIG AETTOUEQELES TOU TG YIVETAL 1 RANON AVTOV TOV
Aettovgyudv (system call) --ooxel vo pupnBelte 1o mOQOXATO TAQAdELYMO HOL VO
nataldpete TG eENYyNoels mov divovrol ®Atw amd ovtd. MEAETIOTE oL AVILYQAWTE OF
éva apyeto (ry. "ex02.s") TOV TUQOXAT® XMIKO --T] OLdpOQES TOQAAAOYES TOV TTOU
ToTLUATE-- ®OL TEEETE TOV 0ToV SPIM:
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# compute s = 1+2+3+...+(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"
.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!):
addi $2, $0, 5 # system call code for read_int
syscall # read a line containing an integer
add $16, $2, $O # copy returned int from $2 to n
# (3) INITIALIZE s and i:
add $17, $0, $0O # 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+1;
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)
3j main # unconditionally jump back to main

O n®ddnag avtdg vworoyitel To dBgotopa s=1+2+3+...+(n-1), yio n peyaldteQo 1 (00 Tov
2 --poooyi: av 800l n xrEdTEQO TOU 2, 0 RWALRAG B urtel o€ (oxeddV) Amelgo PdYyo!
H "%00d1d" touv nwdwnd eivor ta woppdtia (3) --agywomownoeig-- »ar (4) --Podyyog
vrohoylopov. [TpooéEte Tig mogaxdtm eEnynoels:

e To noppdrtt ndBe yoopung petd to # elvor oxdha, 6Tmg elmape naL oty Aoxnon

1.

e O yoopués mov oQyiCouv pe teleto (".") elvan odnyieg (directives) mQog TOV
Assembler, now 0L evtolég Assembly tov MIPS. O mifiong ®atdhoyog Tmv odnyLmv
mou 0éyetar o SPIM Poioxetan otig oelideg A-51 émg A-53 tov [Mapaptiuotog A,
oe megimTwon mov Béhete va Tov ovpfouvievdeite.

e H odnyia .data onuaivel 6tL 0,11 axoAovOel elvor dedopéva (ran OxL EVIOMES), nOL
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mEémEL Vo, ToTmoHETNO0VV 0TO ROUUATL TG HVIUNG TTov TRooiletal yio avtd (data
segments) (0Tov SPIM autd ayiCel amd ) dietOuvon 10000000 dexnaeEadinsd).

e H odnylo .asciiz onuaivelr vo agywomotijoel o Assembler Tig emdueves Béoelg
(bytes) pviung pe to ASCII string mou axohovBet, teguatiopévo pe éva NULL byte
omwg x»or oty C. Ouv eunéteg (labels) str n, str_ s, »ou str nl,
onorovBolpeves amd Avo-rdtw teleta ":", opiCovv v %dbe eTnéta cov TV
deBuvorn pviung 6mou o Assembler BaCer to avtiotouyo string (tn diehBuvon
LVUNG TOV TRMHTOU byte TOV string).

e H odnylo .text onuaivel, 6mwg elmope xou otnv dGoxnorn 1, 6t 6,11 arorovBel
elval eviohég (non OyL dedopévar), nol mpémel va TomobetnOoiv 0To ®OUudTL TG
LVAUNG 10V TTQ00QICETAL Yiat U TEG (text segments).

e O odnyieg .globl Aéve otov Assembler va Palel Tig etinéteg (labels) main xaou
loop otov mivaro xobolx®dv (global) cvuPorwv. I'o v eTvéta main, elmope
otV Goxnon 1 ywatt yoerdletan avtd. o v etnéta loop (OV elval 1) aQyt Tov
Podyov pog), pe to va tHv nAvouvue global, umogovue va v divouue xat
oupolnd --6xL povo apldunTKa-- cov dtehBvvon breakpoint otov SPIM.

e To xopudtt (1) Tov ndAwma elvor éva xdheopo TOv AELTOVEYIROU CUOTHUATOG
(system call) mpoxeluévov va Tummbel To string str_n otV xovoOha (TQOKELTOL YLOL
To string "n = " mov ogiotnre mogamdvw). [Na va xroatohdPer To AettovQynd
ovoTNUa ToLo aTtd Oha Ta system calls Tntdpe, pdlovpue otov nataymonti $2 cov
TOQANETQO (argument) Tov aOud 4, mov onuaivor 0Tt Tntdue To system call v
aBud 4, mov eivar Tto print_string (ta system calls mov vhomowet o SPIM
neQLyodipovtan otig oerideg A-48 nor A-49 tov Ilapaptipatog A). Eniong, yio va
E€pel To Aettoveynd olvoTnuo oo string OEAOUUE VO TUTIMOEL 0TV ROVOOAQL,
P&louvpe otov notoywonti $4 cav mapduetoo (argument) Tt deOUVVON UvHUNG
ovtol Tov string (dnA. évav pointer o€ avTO TO string), WOV OTNV TEQITTMOTN UaLG
glval M etréto str_n mov ogioape moQamdvm (to "la" elvar Yehdoevtol
(pseudoinstruction) Tou Assembler tov SPIM, zat Oyl ®ovovirt] €vioi] tov MIPS,
%ol AéeL otov Assembler vo yevviioer pio 1] 000 mQOYHOTHES €VIOAES TOU
tomo0eTo0V ™) dlevOUvoN ™G eTéTaS str_n oTOV RaTAXWENTY $4, avdioya av 1
dtetBvvon auti) xwed 1 6xL ota 16 bits wdg otabepds "immediate" dmwg Oa dope
0QYOTEQQ).

e To xopudtt (2) Tov xmOwa eivar évo avdloyo rdleopa (To xdheopa vt aQOud 5,
ONAhaom read_int), mov meQuuéver va drafdoel Evov anégaro amd TV ®OvoOAd: O
TEOCOUOLWTHG B0 TTEQLUEVEL Enel PEYQL VO TTANKTQOAOYNOTE VOV AREQOLO KL EVOL
RETURN oto mapdBvgo "SPIM Console". Méow tng emdpevng €vioing, add, o
oxéQaLOg OV €TMOTEEPEL TO xAAeopo (otov notoywenti) $2) agyuromolel ™
petaPAnTh pog n (otov xotaywenth $16).

e To xoppdtt (3) TOU =®OWMO elvar 1M 0EYKOTOMON TV UETAPANTOV s
(ratoyxwenths $17) nou i (rataymoentig $18) mowv umovue oto Pedyo.

e To xopudt (4) Tov x®Owa elvar o nvoiwg PEOYOS vmoloylopol. e nafe
EMAVAMYPT) TOU QVEAVEL TO s RATA § ®OL TO { %OTA 1, ®OL 0T CUVEYELD OVYHRQI(VEL TO
i (votoywontic $18) pe 1o n (atayxwenths $16) nar doxhadifetor (myaivel)
mow otnv eTxéta loop, OMAadn otnv ayi tov Pedxov, 600 autég ol o
petaPAntés dev eival (oeg petaky toug, ONAadn 600 to i dev édTooe andua To 7.
AMuDG, pOMs To (101 WENUEVO) i YiveL (00 pe i, Oev donhadilopaoTe ow, aAAd
ouvveyiCoupe pe TV emduevn evioit], diadi) To xoppdtt (5) Tou »OIKA.

e To »oppdm (5) Tov x®Awma eival Tolio. ®OAECUATA CUOTHUATOS YLa VO TVTWOOTUV
TO string str_s, 1 advinon s, ®oL o string str_nl. Téhog, 1 €vtoAr) jump oto (6)
UOG ETMOTOEDEL TTAVTOL THOW OTO main, MOTE TO TQOYQOUUUO VO EAVOTQEYEL CUVEY MG
péyol va teguortioete Tov SPIM.
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Acoxnon 2.3: TeéEwmo otov SPIM

e EenLvioTe TO QtSpim 1€ TOV TQOMO 7OV eimape oty §1.4, naL GpoQTMOTE TO 0QYElO
LE TO TTO.QATTAV® TTROYQOLUUOL TTOV YOAPOTE PECMW TOV ®ouumov "load file".

o Méow tou noupuo¥ "Single step" Tnthote single-stepping, ONAadf] vo exteAoVvVTOL
JLo-pioL oL evTohég xa va tig PAémete. H extéheon ayiCer ot diehOuvon __ start
(0x00400000) 6mov VIAEYEL RWOLKAG OO TO 0QYelo trap.handler. Ztn dehBuvom
0x00400014 vmdoyer wa evtolt] xohéopotog dadwmaoctag (jal --jump and link) 1
ool nalel Tov ®®OE GOg 0TO main, ®oL 1 eXTELEON T yalver ot dievBuvon
0x00400024. Otav ¢rtdoete 0to de0TEQO ®dAeopa cvoThpaTog (0x00400034), unv
Eeydoete vo IANHTQOLOYNOETE £vav oxéQalo peyaliTego M (0o tov 2 (mémel va
Tov mAnutoohoyfoete agov o SPIM ¢tdoel exel --malolOTEQES TANRTQOLOYTOELS
ovvnBwg ydvovia).

o A¢doU Papebeite va PArémete TIc evohéc va  exteholUvrow pia-plo, oglote
"breakpoint(s)" 010 mEOYQAUUA oag: vavte deEl ®hin oty emBuunty yoauun --
my. T OevBuvon "loop"-- xon emAéEte "Set Breakpoint" amd to eupavitopevo
puevov. Metd, meite oto mEoYyoauua va TeEEEL, pécw Tov ®ovwmov "run", omdTe
avtd teéxel "otmmhad" péyol va Eavaptdoel otn devBvvon loop. ‘Etol pmogelte
VO ETUTOYVVETE TV TTOQOXOAOVON 0N EVOS TEOYQAUMATOS, KAl VO TO RAVETE VO
otapatdel og "evilapégovta 1) "dmormTa onpeia.

o Téhog, adarpéote 6ha ta breakpoints --xdvovtog OeEi »hiv Eavd otig yoopuués pe
to. breakpoints »now emAéyovtog "Clear Breakpoint"-- xou ToéEte TO mQOYQOUUAL
ROVOVIXA, 0Tt0TE Oa PAETETE POVO TIG EL0OO0UG %aL EEGO0VG 0TV ROVOOLQL.

Toonog Iapadoons:

Oa maEadmoeTe NAERTEOVIRA £Va OTLYIOTUTO TG 000VNG ROOMG TEEXETE TO TEOYQULLUAL
"QtSpim" oL ovtd Poilonetan o' Eva "eviladégov" evildueoo breakpoint Tng EmMAOYTS 0OG.
To otryodTumo Bo 1o ovopdoete ex02.jpg, »or o 1o mhpete now B To TOQAdDCETE WG

eENe:

e e unyovi) LINUX/X-Windows: x01MOLUOTOLOTE TO TQOYQAUMO "Xv", ®OL TNV
emioyn Tov "Grab" (c0g emutémel vo. nafoQloeTe ®aL Tov ¥OVo mov Ha mepdioel
péyol va mapBei To otryoTumo). EmAéETe To mopdbugo tou xspim, kRl GMOTE TNV
ewmova oe pood1 JPEG (jpg), o agyelo pe to dvopo "ex02.jpg".

e e unyovi) Windows: matijote to xovumt "Print Screen" Tov mANxTOAOYIOU, ROL
petd avoiEte to Microsoft Photo Editor nau nQvete "paste" . ZOOTE TNV ELOVO OUTH)

oe noed1 JPEG (jpg), He To dvoua "ex02.jpg".

IN'é vo moQadmoeTe TG AoRNOELS 00G YeEVIRA ®al ouTHY e0M edrnd, ovvdebeite oe éva
pnydvnua Linux tov tpiuoatog. Etowpndote éva directory pe to(o) agyelo(a) mov oog
Cntdel n dounon. Ag vmobécovpe 6T to dvopa Tov directory elvol [ somepath]/mydir.
Metaxivnbeite oto directory [ somepath], ®oL EXTELEOTE TV EVIOAT:

/usr/local/bin/submit ex02@hy225 mydir

H dwodwwaocto submit 8o oag Tntnoel vo emPefaldoete TNV OTOCTOAM] TWV AQyelwV.
ITeguoo6tepes mANEodoies xnot avolutinés odnyies ywo ™ Owodwacion submit eivan
duabéaipeg otnv wotooehida http://www.csd.uoc.gr/services/useful-info/use-the-submit.html )
EXTEADVTOG man submit o€ xAmmoLo atd tor pnyovipoto Linux tov Tufuatog.
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