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Ye100 Aor1)oemV 2:
Booyot now Emzowomvia Koveoraog otov SPIM

IMpoBeopia éwg IMag. 19 Pefoovagiov 2016, mea 23:59 (fooudda 2.3) (amd BO. 1.2)

2.1 Evtoiés Auwexdadmong vto Zvvonxn otov MIPS

‘Onwg Méyope now oty §1.3, yio va exteheotel £vo meOYQAUUL, OL EVTOAES TOV YQADOVTOL
otV ®evIgwl pvhun n o "xdto" amd tv dAln, dnhadn oe ocvveydueves Béoelg
(dtevBivoelg) pviung. Metd v avdyvmon ol eXTELEO) LWOS EVIOAG, O EMEEEQYNOTIG
avEdvel tov PC »natd to péyeBog g eviolilc mov extehéotnne (rotd 4 otov MIPS, adot
Oleg oL eviohéc tov MIPS éyouvv péyebog 4 Bytes), omdte autdg (o PC) delyver otny
emopevn (tnv "amd ®atm") evtodt). H ogiguant] avti) extéheon eviohmv diondmreTal Otov
extele(TOoL G eVTOAT netodoeds erhéyyov (CTI - control transfer instruction). E{daue 710m
utor tétola, TV eviol] dAuatog j label ("jump" to label), mov xdver woTe M emOUEVY
eviolM) ov Oa exteleotel va elvar 1) evtolt) ot dtetOvvon uviiung Label, avti vo eivan 1
"amtd waTm" evroli). Me diha Aoy, M €vtorn j label ¢pogtdvel Tn devOuvon label
otov rataywenti] PC. Xonowomowdvrag autf] TV €vitoan dipatog otnv doxnon 1
OTLGEape Evav "Amelpo Poyo", dINAadN rAvaue Tov VIO TQOGOUOIWOY VITOAOYLOTH VO
extelel oVVEXMDGS TO (010 "UITAOR" EVIOADV.

INéd vo ¢udEovue éva xavovird (OxL Gmelo) Pedyo YEWTONOOTE WO EVTOAT)
daxAddwong vé ovvOnxn (conditional branch), dnhadn wa eviol] mov peQrés poég
TQOXaLEl OLAXAAOWOT %ol PEQIHES GOQES OxL, AvVAAOYO UE TO OV LoYUEL 1| Oev oy EL
namoLa xotdAAnAn ouvvOnun. H Paount] tétola eviori) elvow n beq (branch if equal): H
evtoln "beq $16, $17, label" dwofdler tovg xataywoentés 16 xow 17, naL TOUg
ovyxpivel. Edv toug Poel ioovg (equal) dranhadiCeton ot Oéon label, dnhadf ndvel tov
eneEeoyaoth] va doPdoel naL exteAéoelL TNV €VTOAT omd exelvy T devbuvon cov
eMOUEVY] eVTOAT]. AAMdg, dev xrdvel Timota TOo EeXWQELOTO, OMOTE €MOUEVY] EVTOAT Oal
dwafaotel now extereotel | "amwd ndtw" evior). H evtolf| bne (branch if not equal) xdvel
To ovamoda, ONAadY) daxhadifetar edv Poer Tovg notoywENTéS dvicovg (not equal),
oMag ovveyiCet "amd ndtw".

2.2 Kodwag Beoyov 2o Ewc000v/EE6d0v Koveodrag

lNa va grmxovovoiv tor meoyeduuata mov teéyxovue otov SPIM pe tov ¢Em ndouo, o
SPIM 7100GOUOLDVEL UEQLRES VITOTUIIMOELS VITNQECIES AELTOVQYIXOT OCUOTHUATOS YL
€(0080/€€000 (I/0) otV "wovodra" (éva amho teguatind ASCID). Agv gival avayxn meog
OTLYUNV Vo ®aTaAGPeTe OAES TLG AETTOUEQELEC TOU TG YIVETAL 1] ®ANON QUTOV TV
AettovEyldv (system call) --agrel vo pupnOelte to mOQOXATO TOQAOELYHO oL VO
rnataldpete T1g eEnynoels mou divovtal xatm amd autd. MeleTiote nou avIryedpte o€
éva apyelo (my. "ex02.s") Tov moQaxrdTm x®dxa --1 OLddoEes maQAALAYES TOV TTOU
mpoTLUdTe-- ®aL TREETE TOV 0TOV SPIM:

http://www.csd.uoc.gr/~hy225/16a/ex02_loops.html Page 1 of 4


http://www.csd.uoc.gr/~hy225/index.html
http://www.csd.uoc.gr/~hy225/16a/ex01_spim.html#CTI
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str_n:
str_s:
str nl:

main:

loop:

16-02-09 18:09

# 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:
.asciiz "n = "
.asciiz " s ="
.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.
# (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 nz2 --not checked!):
addi $2, $0, 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, SO # 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, $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 n®dnag avtdg vworoyitel To dBgowopa s=1+2+3+...+(n-1), yio n peyarteQo 1 (6o Tov
2 --poooyi): av 000l n rEOTEQO TOV 2, 0 ®MAWag Oa umeL oe (0xedOV) dmelo Bedyyo!
H "%00d1d" tov »wdnd eivon ta xoppdtio (3) --agyurormoioelg-- xat (4) --fedyyos
vrohoyopov. [TpooéEte Tig magandtw eEnynoeLs:

e To nopudrtt 2dBe yoopuung Hetd to # eivol oyoMa, Omwg elmape »oL otV doxnon

1

e Ou yooppég mov ayilouv pe teleta (".") elvow odnyieg (directives) mgog TOV
Assembler, naw Oyl evtolég Assembly Tov MIPS. O mijong ®oTdAoYOg TV 001 YLDV
mov déyxetar o SPIM Potoxetal otig oehideg A-51 émwg A-53 tov [Tagagthpotog A,
og meplmtmon ov Bélete va Tov ovpfovievBelte.

e H odnyia .data onpaiver 6t 6,11 axorovOei eivor dedopéva (nar o)L EVTOLES), noL
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TQémEL VO, TOTTo0ETNO0VV GTO ROUUATL TG WVANG IOV TRooQiteTal Yo avtd (data
segments) (otov SPIM avtd apyiCer amd ) dievBuvon 10000000 dexaeEadind).

e H odnylo .asciiz onuaivelr va agywomoiijoer o Assembler Tig emdpeveg Oéoelg
(bytes) pviung pe To ASCII string mov axohovBel, teguatiopévo pe évo NULL byte
onmwg nor otnv C. Ouv etunéteg (labels) str_n, str s, xow str_nl,
axolovBolpeves amd Gvw-rndtw teleion ":", ogiCovv v xdbe etméta oav v
dteOvvon pviung 6mmov o Assembler Baler to aviiotouyo string (tn dedOuvon
LVIUNG TOU TEMTOU byte TOV string).

e H odnyla .text onpaiver, 6mwg elmape xaw otnv doxnon 1, 6t 6,11 arolovBei
elval eviohés (now OyL dedouévar), nal meémel va TormofeTnOolv 0To ROoPUATL TG
LVAUNG TTOV 1R00QITETAL YIoL 0VTEG (text segments).

e Ou odnyieg .globl Aéve otov Assembler va Pdher Tig etnétes (labels) main zau
loop otov mivaxra xobolxdv (global) cupPfoiwv. T Thv eTnéta main, elmope
otnv doxnon 1 yuatt yeerdletan avto. [a Ty eTinéta Loop (TOU €lval 1) aQyT) TOU
Bodyou pog), pe to vo thv ndvouue global, pmogolpe va tnv divovue non
ouppoind --OxL povo aplduntrd-- cav dietBuvon breakpoint otov SPIM.

e To nopudtt (1) Tov x®OAo elvor €vo ®AAEOUO TOU AELTOVQYHOU OUOTHUATOS
(system call) mpoxelpévou va tTumwBel To string str_n otV ®OVOOLO (TTQOAELTAL
yia To string "n = " ov opiothre moomavw). [Na va xatahdfer to AettovQynd
ovoTNUa ToLo amtd Oha Ta system calls Entape, fdlovpue otov nataywent $2 oav
TOQANETQO (argument) Tov a@Oud 4, mov onpaivor OtL Tnrdue to system call v
aQiud 4, mov elvar To print_string (to system calls mov vlomoiel o SPIM
meLyodipovral otig oerides A-48 naw A-49 tov IHagagthuatog A). Emiong, yia va
EépeL To Aettoveyrd oloTnuUo ToLo string BEAOVE VO TUTIMOEL OTNV %KOVOOAX,
P&lovue otov rataywoenti $4 cav moeduetgo (argument) T devOUVVON PviUNg
autol tov string (ONA. évav pointer 0 QUTO TO string), IOV OTNV TEQITTTWOT MOLG
glvar 1 etméta str_n mov ogioape magamdve (to "la" eivar Pebdoevtort
(pseudoinstruction) tTouv Assembler tov SPIM, zai Oyl navoviri] evioi] tov MIPS,
noL AéeL otov Assembler vo yevviioer plo 1] 000 TEAYHOTIXES EVTOAEC TOU
tomoBeToUv T dievBUvoN NG eTréTAC str_n 0TOV ®ATA)®ENTN $4, avdroyo av 1
delBvvon auti) xwead 1 6xL ota 16 bits pudic otabedg "immediate" 6mwg O dovpe
0QYOTEQQ).

e To xoppdt (2) Tov ®®Awma elvar Evo oavdhoyo rdieopa (to rdleopa vt aolOuod 5,
Onhadn read_int), wov meQLUéVeL vo. OLafdoel Evav axéalo amd TV ®OvoOha: O
TEOCOUOLWTNG Oor TTEQLUEVEL EXEl PEYOL VO TTANUTQOAOYNOTE EVAV AUEQOUO HOL £V
RETURN oto mapdBvpo "SPIM Console". Méow Tng €mOuevng €violig, add, o
axéQaOg IOV ETLOTEEPEL TO %AAEoUO (0TOV naTaymwoEnTh $2) CEYKOTOLEl T
petaPAnth pag n (otov xoataywenth $16).

e To xopudtt (3) Tou x®MOWMO elvar 1 OQEYWMOTOMMON TV UETAPANTOV s
(notoymoentig $17) now i (vatoywoentig $18) mowv pote oto feodyo.

e To nopudtt (4) tov x®dwma elvar o nvelwg PEoOYOS vmoloywopov. Ze xdbe
EMAVAMYPT) TOU AVEAVEL TO s RATA i RO TO [ ®OATA 1, ®OL OTY CUVEXELD. CLUYRQIVEL
10 i (votoywenThs $18) pe to n (ratayxwentig $16) xar donhadileTor (syaiver)
mow otV etxéta loop, ONAGOT otnv ayf Ttov PEoyov, 600 auTég oL 000
petaPintég dev elvon toeg peta&l Toug, dnhadn 600 to i dev Eprace arduo To n.
AMuDg, poMg to (MO avEnuévo) i yiver (oo pe n, dev daxhadilopoote mow,
aAAG ouveyiCovpe pe TV e uevy evtoAt], ONAadm to xoupdl (5) Tov ®MOLKA.

e To »oppdrt (5) Tov n®OOwma eival Teio. *AAECUATO CUOTHUOTOS YL VA, TUTIWOOVV
TO string str_s, 1 amdvinom s, »ot to string str_nl. Téhog, 1 €vtol) jump oto (6)
pog emotoédel mAvio oW 0T0 main, MOTE TO TQOYQUUUO VO EQVATQEXEL
oUVEYMG UEYQL va Teguatioete Tov SPIM.
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Aoxnon 2.3: TeéEwwo otov SPIM

e Eeulvi|oTe TO QtSpim g TOV TEOMO MOV elmape oty §1.4, ®ou GOETOOTE TO QRyelo
L€ TO TAQATAV® TEOYQOUUO TTOV Yodpate uéowm Tov xoupmoV "load file".

e Méow tov ®ovumo¥ "Single step" Tnthote single-stepping, OnAadT| vo extelolvTon
JLoL-poL oL VTOAES na va. Tig PAémete. H entéheon apyiter otn dievBuvon __start
(0x00400000) 6mov VTAQYEL ®MIOWMAS amd TO apyelo trap.handler. Ztn dtevOvvo
0x00400014 vmdoyer puo eviohr] raléopatog dwadwaoiog (jal --jump and link) y
omoto. nalel Tov ®WArd cog 0TO main, xoL 1 exTELEOT TYyaiveL oty diehBuvon
0x00400024. Otav ¢prdoete 0to deTeQ0 ndheoua ovothuatog (0x00400034), unv
Eeydoete vo minntooloynoete évov axéQalo ueyohiteQo 1 (0o Tov 2 (meémel va
ToV TANUTQOAOYNOETE 0pov 0 SPIM ¢Pptdoel exel --mahadTEQES TANKTQOLOYNOELS
ouvvnOwg ydvoviat).

e Adol Papebeite va Prémete Tic evoléc va extelolvtol plo-pio, ogiote
"breakpoint(s)" 010 mEOYQAPUG oag: ndvte deEl uhin oty emBuuNTH Yoopuuy --
my. ™ OevBuvon "loop"-- nau emAéEte "Set Breakpoint" omd to epdoviLoOpevo
puevot. Metd, meite 0to mEoOYQauua vo TeéEeL, uéow tov xoupmol "run", omoTe
avtd teéxel "otmmnhd" péyot va Eavaptdoel ot diehBuvon loop. ‘Etou pmogeite
VO ETUTOYVVETE TV TTOQOXOAOVONON €VOS TEOYQAUUATOS, RAL VO TO ROVETE VO
otapatdel og "evoladégovra N "vmomta" onpeia.

o Téhog, adarpéote 6ha ta breakpoints --xdvovtog OeEl ®hin Eavd oTig Yoauués e
to. breakpoints xow emAéyovtag "Clear Breakpoint"-- xal teéEte 10 mQOYQOUUOL
HOVOVLXA, 0TtOTE O PAETIETE LOVO TIS EL0OOOVGS %O EEOAOVG GTNV HOVOOAL.

Toonog Iapddoons:

Oa moEadMhoeTE NAEXTQOVIRA £Va OTLYILOTVTIO TNG 000VNC 1OOMDS TEEYETE TO TQOYQAUUOL
"QtSpim" xou avtd Peiloxeton o' Eva "eviiapégov" eviidiueco breakpoint Tng emAoYg
oag. To otrypwodtumo Ba to ovopdoete ex02.jpg, »ou 0o to mhpete ®at O To TOEAdMOETE

wg &g

e e unyoavi LINUX/X-Windows: }010LULOTOL|0TE TO TQOYQauua "xv'", wou T
emAoyn tov "Grab" (c0g emteémneL vo ®aboloeTe noL TOV X00VOo ov Ha megdoeL
péyol va mabel To otryuoTumo). EmAéEte to mopdbugo tov xspim, »oL 0OOTE TV
ewova og poodn JPEG (jpg), oe apyelo pe to dvopa "ex02.jpg".

e e unyoavi) Windows: matiote To ®ovpstt "Print Screen” TOU TAXTQOAOYIOV, 1AL
uetd avoiEte to Microsoft Photo Editor now »dvete "paste". ZHOTE TNV EOVA QT
oe poodn JPEG (.jpg), ne To 6vouo "ex02.jpg".

o e unyovih MacOS: othote poti ta 3 ®xovumd Cmd-Shift-4 xou émerta
NQATDVTOG TATNUEVO TO Space ndvte ®hn oto aedBvo. To screenshot Oo
eudaviotel oto Desktop.

INé vo moeadmoeTe TG AORNOELS 0aS YEVIRA ®aL VTV €00 edd, ovvdebeite o éva
pnydvnua Linux tov tufpatos. Etowwdote éva directory pe to(a) apyeto(a) mov cag
Cntder m doxnon. Ag voBéoovue O6tL To dvopa tou directory eivol [ somepath]/mydir.
MetaxivnOeite oto directory [ somepath ], %0l EXTEAEOTE TNV EVTOAT:
turnin ex02@hy225 mydir

H dwdwmoaoia turnin O oag Tntioer vo emfePardoete TV ATOOTOAT TOV 0QYEIWV.
ITegioo6tepes mAnpodopies ot avalvtwés odnyles yioo ™ Owadwaoio turnin elvou
OlaBéaipeg otnv wotooehida http://www.csd.uoc.gr/services/useful-info/use-the-turnin.html 7
EXTEMDVTOC man turnin o xAmowo amd to unyovipoto Linux tov Tuhuoatog. Td
emaAn0gvor TG vToPoAng Umoeite va exteléoete: verify-turnin ex02@hy225
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