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Eioaywyn

>av apxn 8a nbeAa va avagepw nwe n assembly €ivar apkeTa opopen
yAwooa, dUokoAa opwe diaBaleTal and Tov TpiTo. MNa auTd Tov okono YEUIOA ToV
KWOIKA Jou Pe axOAia, Ta onoia Jou nipav Tov idlo xpovo 000 Kal n aUvTagn Tng
€VTOANG nou Ta nepiéxel! ‘OJwe npaypatika dev Ba Pnopouaoe va yivel dIapopeTiKd,
kabwg NpokeITal yia yYA\wooa xapnAoU €ninedou Nou €ival apKeTA KwOIKOMOINUEVD.

Katd tnv uhonoinan Tou npoypdupaTog xpnaoiponolw BERaia pseudo-
instructions, opw¢ Npoonabw va ano@elyw TNV NoAU anAonoinuévn ypaon (1ol
ypaopw addi $t0,$t0,1 kai oxi addi $t0,1 f add $t0,1). Eniong enidiw&a To npoypappa
va ival 600 yiveral nio GIAIKO npog Tov XproTtn (BERaia yia €vav xprioTn nou givai
ouvnBiopEvog povo o GUI, o Tponog Xprong napayével dUokohog, napd Tig
npoonadeleg pou!).

Eidi1kn pveia yia Tov apipuo 0

O ap1Buoc undev ival évac apiBuoc nou iowg dwael o XproTnc. MapaAinia
eival opwg kai o null xapaktrpac. ZTn diadikacia Tng ekopaiuaTtwong (debugging)
ATav apkeTa xpnoiho and Touc 20 apiBuouc nou divel 0 XPAOTNG, Va NV €ival Kaveig
0, yia va ano@eUyeTal n olyxuon PETA&U npaypaTikou 0 kai null.

Av BpeBoUpe (Adyw Aoyikou AaBouc) o AaBepévn dieUBuvaon PVARNG Kal
(POPTWOOUE £vav apiBud undapyel NEPINTWON VA NEPIJEVOUVE TO «OIKO pac» 0 (To
Exoupe dwael yia napadelypa 8 @opeg aToug 20 apiBuouc) kal va napoupe eva 0
aAMAa Ox1 To «dIkO pac» aAAa null. H anogpuyn Tou 0 w¢ évag and Toug 20 apiBpouc We
Bondnoe apketda oto debugging. ®uoikd, To Npdypaupa xeipileTar awoya Tov 0 6Nwg
Kal kaBe aA\o apiBpo!

AvdaAuon tng doung tou mpPoypdPuNaATog

3TN OUVEXEId NApabEéTw anoonacpaTa KwdIKa oTa onoia eEnyw TNV
A&IToupyia Toug 0To GUVOAIKO NPOYPAupa. OAOKANPOC 0 KWAIKAG SIVETAl XWPIoTA MIAG
Kal oTa anoondopata €xouv apalipebei NOANEG YpaPHES kKwdIka. O XpWHATIOPEVOC HE
KOKKIVO XpWHa KwdIKag (0nou undpxel) enionuaivel TIC BacIKOTEPEC AEITOUPYIEC Mou
emTeAolVTal OTO EKAOTOTE UNoONpPOypaupa nou eeraleral.

.text
.globl __start
_ _start:
la $a0, intro_txt # emefnynuat LKA oXOALQ TIPOG TOV XPNOTN
1i svo0,4
syscall

1i $vO0,5
syscall

move $fp, $sp # dnuioupyd stack frame

MpoTiyw va pnv neipa&w Tov stack pointer kai £To1 dnuioupyw éva frame
stack oTo onoio 6a pnouv o1 20 apiBuoi (A£EeIC) nou divel o XpPROTNG.

main_program:
11 St0,1 # St0 elval o petpPnIAC
addi S$fp, $fp,-80 # 20 words = 80 bytes!

la $a0,newline
1i svo0,4



syscall

>Tnv ouvexela n ask_numbers xpnoiponolei £va TEXvaoua woTe 0 XPoTNnG
va BAEnel «Awaoe Tov 10 apiBud» «Awoe Tov 20 apiBuo» kAn. O xpnoTtng divel Tov
KaBe apiBuo o onoiog anodnkeleTal oTo frame stack kal oTnv ouvéxela au&averal
KaTa pia A&En o frame pointer ($fp) woTe va deixvel TNV B€on nou Ba kaTaxwpnOei To
€NOMEVO OTOIXEI0. H ouvBnkn Tng enavainyng autng, ainBeuel 20 @opeg. Tnv 21
npwTN Popa To kKataAlnho branch oTtéAvel Tov Program Counter (PC) atnv dicuBuvon
(address) Tnc done.

ask_numbers:
beg $t0,21,done # oo $t0<21 x&ve loop (20
emavoaAfe Lg!)

la $a0,ask_nol # egpdtnon oplBbuol pépog A

11 S$v0,4

syscall

move $a0, $t0 # k& petoeopd yia va epeaviocwn Tov
petTENTH

11 S$vO0,1 # epoovilw TOVv peTpENIH

syscall

la $a0,ask_no2 # epdtnon oaplbupol pépog B

1i $v0,4

syscall

1i $v0,5 # syscall 5 diLaf&lel évav axépalo

syscall

sw Sv0,0(S$fp) # TOoVv amobnkeUw oto stack frame

addi $fp, $fp, 4 # oaufdvw tov frame pointer dote petd Vo
amobnxkevtel o enmdusvog aplBudc

addi $t0,s$t0,1 # auldve xotd éva TOV PEeTPENTH TV
ETIOVAANP EWDV

J ask_numbers

H done ep@avilel kai {nTagl ano Tov xprioTn va emiAEEEl noia AsiToupyia BEAe
va ekTeEAEDEI NAvw oToug 20 aplBPoUc nou HOAIG exel dwael HEow TnG ask_numbers

done:

beq $v0,1,bubble_sort # emidoyn 1: tafivéunon

beqg $v0,2,amount # emiAoyn 2: eUpeon TDANOOUC €uav (Cewv

beqg $v0,3, find_max # emiAoyn 3: e€Upeon péyLloTou oplBuoU

beg $v0,4,find_min # emihoyn 4: e€Upeon €A&XLOTOU opLOUOU

beqg $v0,5,avg # emihoyn 5: e€Upeon péocou 6poU TWV
AmOATUTWV TLUOV TV apLOudv

beqg $v0, 6,print # emidoyn 6: exIUDWON TV KPLOPOVY pe -
evd Ldueox

beg $v0,7,exit # emidoyn 7: é€fodocg amd 1o mPOYPUUUN

beg $v0,666,easter_egg # easter egg

>Tnv npoondbeia Jou, To NPOypaAUKa va yivel NePIooOTEPO PIAIKO NPOC TOV
xpnotn (apou ol command lines goBilouv!), Eypawa éva ouvoAo anod branches Ta
ornoia eAEyxouv TO VOUHEPO MOU avTIOTOIXEI OTNV A&IToupyia nou BEAel 0 XpRoTng va



ekTeAEoel. O1 Aeiroupyieg €ival 7. Av o $v0 o onoioc KpaTdsl TNV €MIAOY TOU XpnoTn
givar diagpopog Tou 1,2,3,4,5,6,7 T0TE 0 PC (program counter) ouvexilel Kavovika Kai
nnyaivel otnv attention1 n onoia eugavifel To OXETIKO PVUKA Yia TO EUPOG TWV
eMAoywv Tou XpnoTn, kai yupilel otnv done onou &avalntdel emAoyn anod Tov
XpnoTn...

H bubble_sort ekTeAeiTal o NEPINTWON NOU 0 XPNOTNG dWOEI WG EMAOYN
Tov apiBpo 1. MNa Tnv Tagivounon Twv apibywv o al&ouoa oeipd, Xpnoiyonoinoa
TNV TEXVIKN TNG puUoaAidag kal kavw Xprion evoc flag To onoio o€ NepinTwon nou
Bpebei o nivakag Ta&ivounuévoc oTauatael To loop. To flag apxikonoieital o€ 0. H
ouVvOnKn enavainyng Tou eEmTepikoU Bpoxou (outside_loop) cival n €&nc:

bne $t5,0, show_sort

Kal ouolaoTika eEaogalilel 0TI 0 eEWTEPIKOC BPOxoc Ba enavalauBaverai
Hovo av To flag=0. Apéowg peTa undpyel n evroAn flag=1. Kai BéBaia (oTo apEowg
enopevo branch) eAéyxeTal kai n ouvenkn i<=20.

bgt $s1,20, show_sort

Méoa oTo €0WTEPIKO loop, av undpéel €0Tw Kkal Jia avTiyeTabeon ToTE TO flag
Ba napel kar nahi Tnv TIPN 0 kal enopévwe Ba ouvexioTel kal To outside loop. Av dev
unapé&el kapia avTiNeTAOEON, TOTE auTO Ba onuaivel NwG o nivakag ivai
Ta&IvounuEvVoc kal eNopévwg dev unapyxel Adyog yia ackona loops, To flag 6a
napayeivel e Tnv TIPN 1 kai o eEwTepIkOG Bpoxog (kal dpa kai 0 E0WTEPIKOG) Ba
TepHATIoTOUV NIV TIG 20 enavaAneIg Nou €ival kai ol PEYIoTEG. AKOAOUBEI
anoonacpaTikog kwdikag TnG bubble_sort. Me KOKKIVO XpwHa Ol EVTOAEG OTIC OMOIEG
avagEpopal.

bubble_sort:

copy_ok:
1i $s1,2 # 1=2 (@ote vo apxlow amd 10 20 aplOPd)
1i $t5,0 # flag=0
la $s0,array # delyxvel tnv apxn TOU array

outside_loop:

bne $t5,0, show_sort # av flag!=0 show_sort
1i $t5,1 # aAAilog, flag=1l
bgt $s1,20,show_sort # Ootov 1i>20 Ba éxeL yivel ZITOYPA
Taf Lvéunon
11 $s2,20 # apxlrkomoinon j=20 (6a petpdel avirnoda)
move $t6, $s0 # r&Be popd o St6 deixvel TNV wpxn TOU
array

inside_loop:
bge $s2,$sl,check_swap # 600 j>=1 eAféyXxw via aviipetdbeon
addi $s1,5$s1,1 # oAAlOc i=i+1

J outside_loop # xat foavd amd tnv apxi

check_swap:
1w $t0,0(Sto6)
lw $tl1,4(sto6)
bgt $t0,$tl, swap_now

$t0 = al[j]l apL6péc
$tl = al[j+1] apLbudc
av al[jl>alj+1] 1b61e swap_now, OAANLQOC:

T

J increment

Swap_now:



sw $tl1,0(st6) # TOUC RATAXWEO

sw $t0,4(St6) # omou Ba PBploxkovial Taflvounuévol

11 $t5,0 # flag=0, ool éyive avilpetdBbeon dev glval
Toé lvounuévog o nivaxkag! (omdte ocuvéyxiloes 1o loop)
increment:

addi $t6,5t6,4 # oaufdve ratd pla AéEn Tov $t6 OoTe Vo
delxvel tov embupevo aplbud

addi $s2,$s2,-1 # J=3-1 (peLdveo TOV peTPENTh TWV HEoQ
emoVoANTE®V)

J inside_loop

H amount exTeAeiTal o€ NEPINTWON NOU 0 XPNOTNG dWOEI WG ENIAOYH TOV
apibuod 2. H Aoyikn TnG amount gival apkeTa anAr. Ztnv apxn, {nTasl and Tov xprnorn
Tov apIBuo yia Tov onoio Ba Wag&el To NANBOC TWV EPPAVIOEWY. TNV CUVEXEI OTNV
count eA&yxw Tov aplBud auTov e kGBe aToixeio Tou frame stack (edw BpiokovTai ol
20 apiBpoi). Av unapyel 1I00TNTa au&avw Tov PETPNTN EPPAVICEWV KaTd €va.
Ala@opeTIKG anAd nnyaivw oTo €NOUEVO OTOIXEIO KAl CUYKPIVw €K véou. H count
enavahappaveral 20 Qpopec (000 kal To NARBOC TWV aApIBPWVY).

Ma Adyoug kaAaioBnaoiag kal euxapioTnong Tou XpnoTn, £Yypaya KAMoIEG
YPAUKEC KOOIKA NApandave ol ornoieg ano@eUyouv va dwoouV w6 anavrnon «o
ap1Buoc x Bpednke O POPEG!» ) aKOUN XEIPOTEPA «0 apIBUOC X BpedNKe 1 POpPEG!»

'ETo1 Xpnoiyonoiw dUo branches nou e\éyxouv av o JETPNTAG EPPavioEwV
($t1) 100UTal pe 0 iy 1. Av 1ooUTal pe 0 UNAPXEI OXETIKO UAVUMA «0 apiBuog x dev
Bpednke kapia popa!» kai av iIooUTal Ye To 1 TOTE «0 apIBPOC X BPEBNKE POVO Wia
Qopal».

TeAoG xpnoiponoleiTal NaAl To idlo TExvaoua Pe auto Tng ask_numbers
(oTnv apxn Tou npoypappaTog) onou napeuBaiovral ASCII e kaTaxwpnTeS. AuTO
YIVETal WOTE TO €NONTIKO anoTéAeopa va sival otnv ask_numbers «A®oe ToV i
apiBpo» kai €dw oTnV amount «o apiBPOC X epgavileTal A Qopec!»

H find_max (avTioToiyxa find_min) ekTeAeiTal o€ nepinTwon nou o
XpNoTnG dwael wg emAoyn Tov apiBud 3 (avTioToixa 4). H Aoyikn Toug €ival napopola
Kal dlapEPouv YOvVo aTov TeEAEOTH oUYKpIoNG (< 1 >). To max kai min Ogv
apxikonolouvTal ge TNV TiPn 0, apou KAt TETOIO €ival £va anuavTikd Aoyikd Aabog
MIag kal To npdypappa eneEepyaletal kai apvnTikoug apibpouc. 'ETol kaTaxwpeital o
npwTOC apiBuog nou diaBadeTal anod Tov XpnoTn, Kal To Npoypaupa Bpiokel andAuta
OWOTA TOV PEYIOTO N ToV EAAxIOTo and Toug 20 aképalouc apiBpouc.

# ________________________________________________
# find_max - eUpeon péyLotou aplOuoU (emidoyn 3)
# t0 - o x&Be aplBUOC dLadoY LKA
# tl - petpdel TLC emovoARleLCg
# t2 - max (péyLoTtog aplBudc)
# ________________________________________________
find_max:
addi $fp, $fp,-80 # yupllw tov frame pointer &foav& otnv
apxXn
1w $t2,0(S$fp) # apX K&, KATAXWEO WG max Tov HIPATO
apLOud
11 st1,0 # undevilw tov S$tl
loop_max:
addi S$fp, $fp, 4 # (4 bytes = 1 word)
beg $t1,19,print_max # otic 20 emavaAlelg 1O HPOYPUUUN

vyveplilel tov péyLoto



addi stl,stl,1
1w $t0,0(Sfp)
bgt $t0,$t2,set_max

aufdve xkatd 1 1OV peTpEnIn
St0 xpatdel mpoowplvd Tov 1 wplbud
av ali] > max 161e set_max

+= S

J loop_max

set_max:
move $t2,5$t0 # exYwpd 1O VEO max

J loop_max

print_max:

j ask_after

H avg (average) ekTeAsiTal o€ NEPINTWAON MOU 0 XPNOTNG dWOEI WC EMIAOYN
Tov apiBuo 5. Ta BridaTa Tou avg €ival noAU anAd. To aBpoiopa ($t2) apxikonoleital
o€ 0, Kal 0Tn CUVEXEIQ NPOCHETOUHE TOUG apIBoUG Tov évav WETA ToV GAAoV OTo
abpoiopa. Kai eneidr BEAOUPE TIC ANOAUTEG TIMEC TwV apiBuwy, Eypawa eva branch
TO 0MoI0 EAEYXEI av 0 KABe apiBuog diadoyika sival peyaAluTepog 1 OXI Tou PNOEVOC.
Eqooov Bpedei HIKpOTEPOC TOU PNOEVOC, TOTE XPNOILONOIMVTAG TNV Neg KaTaxwp
oTov idl0 KaTaxwpnTn TNV BETIKA TIKA TOU Kal €NEITa TOV NPOCBETW 0TO ABpoIoHa.
©a pnopouoa va xpnaolhonoiNow Ty abs kateubeiav (Xwpig kav To branch) kai £Tol
Ba adiapopouoa yia To av Ba NTav BeTIKOG ) OxI kal Ba €ixa navrta Tnv BeTIKA TIWN.
'‘OJwC NpoTiUNoa TNV cUYKPION Kal ENEITA TNV NEg MOU KATAXWPEI TOV avTiOETO
apibpo.

# ____________________________________________________________________
# avg — e€Upeon péoou 6poU TV AmOAUTOV TLUOV TV aplOpdv (emLAioyrn 5)
# t0 - o k&Be aplLOPOéC dLadoy LKA
# tl - peTpdel TLC enOVOARPE LG
# t2 - sum (10 &BPOLOUN TV P LOUOV)
# t3 - péooc 6pog
# ____________________________________________________________________
avg: addi S$fp,S$fp,-80 # vyupilw 1OV frame pointer &ovd& otnv apxn

11 5t1,0 # undevilw tov S$tl

11 5t2,0 # undevilw tov $t2
loop_sum:

1w $t0,0(S$fp) # KATOXwp®d Mmpoowplva Tov IPOdTo aploud
otov $t0

bgtz $t0, continue_sum # oav t0<0

neg $t0, $t0 # 161 Bé0e otov St0 Tnv ambdbAuTn T Lun ToUu S$tO

continue_sum:

beg $t1,20,print_avg
vvopilel Tov péco 6po

addi $fp, $fp, 4

addi $t1,%t1,1

add $t2,$t2,st0

OANLQOC OUVEX LOE KOAVOV LKA
otLc 20 emovodRlelc 1o mPOypPAPP

=+ =

(4 bytes = 1 word)
auidve xatd 1 1OV peTpEnIH
npoocbéTw OTO sum, TOV 1 aplOud

R

J loop_sum



H print ekTeAeiTal o€ nepinTwon nou o XpRoTng dwaoel we eNIAoyr Tov apiBuod
6. Aprivw aTnv apxn Hia ypapun yia Adyoug kahaiobnaiac. XTnv ouvexela oTo
loop_print (6rou epgavilw Toug apiBoUs XwpPIoHEVOUG e -) dev diveTal moubeva o
xapakTtipag \n n kat aio. Enopévwg o SPIM gugavidel kGBe anotéleopa otnv idia
ypauun. Epgaviow Tov apiBuo nou POAIC £xel popTwOei anod Ta frame stack kai oTnv
OUVEXEIQ eP@avidw Kal Tov XapakTrnpa TN NauAac. ‘OPmC yia va anopuyw PETA ToV
TeAeUTaio apiBUoO va undapyel — Xxpnoigonolw éva akoun branch (népa auto Tou
Bpdxou) To onoio TNV 20 @opd dev Ba eu@avioel HETA Tov apIBPO Tov XapakTnpa Tng
navAac.

# ____________________________________________________________________
# print - extUnwon aplOpdV XWPLOPEVOVY peTolU TouC pe moUio '—'
(emLAoyn 6)
# t0 - upetphel TLQ enovoAnleLg
# ____________________________________________________________________
print

addi $fp, $fp,-80 # yuplilw tov frame pointer Eoavd otnv opxn

11 $t0,0 # undevilw tov $t0 mou TOovV XENOLUOIOoLd ®G
petTENTy

la $a0,newline # véa ypouun

11 $v0,4

syscall
loop_print:

lw $a0, (Sfp) # oopTdvw dLadox K& Toug aplBuolqg

11 $v0,1 # syscall 1 epopavilel axépalo

syscall

addi $t0,s$t0,1 # auldve xotd éva Tov peTENTH

addi S$fp, $fp, 4 # 4 bytes = 1 word (aUénon xoatd ploa AEEN)

beg $t0,20,ask_after # tnv 200 eopd Ba ecpopavicel TOV CapLBUo,
OAAG O L TNV noUAd

la $a0,dash # epoovilel tnv —

11 S$v0,4 # syscall 4 espopavilel string

syscall

j loop_print

H ask_after kaAsital JETA TO NEPAC TWV EVTOAWV OAWV TWV eMAoywv (NAnv
NG EE0AQY). 3€ kGO NepinTwaOn 0 XproTnG KAAEiTal va enIAEEEI ENIOTPOPr) OTO
hevou emioywv, EE0A0 f va Eavavadwaoel 20 veéoug apiBuouc. Kabapa yia user-
friendly Aoyouc eypawa (6nwg kar otnv done) Aiyec napandavw ypappéG Kmdika nou
o€ nepinTwon AaBoug emhoyng anod Tov XpnoTn odnyouv otnv attention2. H
attention2 sugavidel privupa yia To eUpog Twv enidoywv otnv ask_after kai otn
ouvexela o SPIM nepipével and Tov XproTn owaTr) EMIAOYN.

To ogUvoAo Tou nnyaiou kWdika diveral XwpioTd.



[Tapabsivpata sektedsong tou nmpoypduuatog otov SPIM

>Tn ouvexela Ba napabeow dUo NapadeiyaTa EKTEAEONG PE XAPAKTNPIOTIKEG
TIMEG. Kanoleg OOKIMAOTIKEC TIMEC NMOU EMITPEMNOUV Va dIAMICTWOOUKE TNV OWOTr)
AeIToupyia Tou npoypappaToc, sivar:

a) OAeG apvnTIKEG yia €EakpiBwaon Tou max, min, Tou sort, aA\d kai Tou avg
B) BeTikoi kal apvnTIkoi apIOyoi.

a) ITPQTH AOKIMAXTIKH EKTEAEXH
>Tov PCSPIM divoupe Toug €ENC apiBuouc:
-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12, -13, -14, -15, -16, -17, -18, -19, -20

EEX
Ll

Aoz Towv 150 apvBpa: -15
Aoz Towv lEo aplvBpa: -16
Aoz Towv 170 apvBpa: -17
Aoz Towv 180 apvBpa: -18
Aoz Tow 1% apvBpa: -19

Amos Towv 20o apvBpa: -20

Nopocode, soidsts mua dsvToupyio onmd Tic OopocdTo:
(ypdps Tov oplBmd mou ovTioTolysi kol ndTto ENTER)

TaTrvopnon kol eppavicn aplBpov oe obfouso cevpd (1)
Evpszuon ndffoug eppovicewv evog oplBpod (29

Edpzon péyiocTtou (3);

Evpeson sddyiotou (4]

Evpson Tou pécou Spou Towv omoddTov Tipow (5
Extimwon Towv apLBpow (6);

EBOAQE amd To mpoypoppo (7))

Em.dayh: 6

1--2--3--4--5--A--7--8--0--10--11--12--13--14--15--16--17 - -18 - -10 - -20]
&wo ENTER vvo cuwswsio. . =t
v

MeTa&U Twv apIBPwV unapxel Yia navia (n deuTepn, onou undpxel, €ival To apvnTIKO
npdonuo). MapaTtnpoUpe 0TI 0 TEAEUTAIOC apIBUOC dev €xel naula ota Oe€ia Tou.




— Evipecn =ddyiotou (4);

— Edpeon Tou pécou opov Tev oooddtew Tipev (5
— Exvinwon vTwv opuBpov (B)

— EHDOAQE ond o mpdypopps (7))

Em.dayr: 1

-20
-19
-18
-17
-16
-13
-14
-13
-12
-11
-10
-0
-8
-7
-0
-5
-4
-3
-2
-1
Iata ENTER via cuvéyesla. .

W

dlanMIoTWVOUNE NwG N Ta&ivounon éxel yivel owoTa. Kpatape 0Tl 0 YéyioTog ival o -1
EVW 0 eAAxIOTOC €ival o -20.

“* Console |:| |E| E|
— EEQADEZ ond wo npoyvpoppo (7)) ~

Emi.dayh: 3

IMiyioTog sivan o -1
fMara EMTER. yio ouvgyeid..

BEder e

Ho emiotpépevg oto pevol emdoyow (1)
Ho Byeivg omd wo opovpoppo (2]

Ho Tawolboosic 20 wéoug apiBpodg (30
Em.dayh: 1

NMopoxodn, snliisfs mio dsvToupyio oond TLg ODOPOKOTW!
(ypdyps Tov oplBmd mou ovrtioTolyel kol ngto ENTER)

— Tabvvapnon kol sppdwioh oaplBpev o ovtouwso osvpd (1)
— Edpsuon ndhfouvc sppovigswy swoc aplBpmod (27

— Edpson péyiotou (3

— Edpecn sddyicTown (4]

— Edpeon Tou pécou opou Tev oooddtew Tipev (5

— Extinwon wov opvBpov (B)

— EEQAQE ond To mpavpoppo (70

Em.davyrh: 4

ddyiotog slvolr o =20
Fdru ENTEE vio cuvéysia. .

>woTa anoteAéopara!



>Tn ouvexela {NTAPe ano To NPOYPAPKA va Pag dei&el NOCEG POPEG ePavileTal TO
0 (e&nyw napanavw yiati diaAéyw 1o 0). Mepipévoupe (UETA TIC user-friendly
npoonabeleg pou) va pag epgavioel «O aplBPog 0 dev epgavileTal kapia gopal».

‘Eneira {ntape 6a {NTrooupE va Pac dWoel TOV HECO OPO TWV ANMOAUTWV TIHOV.
MpwTa KAVOUWE KAMOIOUC YPryopouc unoAoyIiopoUc OTo XapTi:

1+2+3+4+5+6+7+8+9+10+11+12+13+14+15+16+17+18+19+20=210
210/20=10,5

To aképaio pEpoc Tou 10,5 gival To 10. ENopEVWC NEPIHEVOUPE wC 0pOr andvtnon
anod To npoypaupa Tnv Tiun 10
“* Console |:| |E| E|

Tio novov opluBpd Bedev g vo peTplhow CUXVOTHTO SEQOWVLOLC
(ypdps Tov oplBmd won oato ENTER)
ApvBupac: O

opiBuoe 0 Sey sppovideTal kouia popal|
IN&ma ENTER yio cuvéyzid..

BEder e

Ho emiotpépevg oto pevol emdoyow (1)
Ho Byeivg omd wo opovpoppo (2]

Ho Tawolboosic 20 wéoug apiBpodg (30
Em.dayh: 1

NMopoxodn, snliisfs mio dsvToupyio oond TLg ODOPOKOTW!
(ypdyps Tov oplBmd mou ovrtioTolyel kol ngto ENTER)

Tafrvoapnon kol eppawvicon caplApov o obfoucso osvpd (1)
Edpzuon mdfBouc sppovicsov ewdc aplApod (27

Edpszon péyvioTtow (3);

Edpson eddayiocton (43

Edpzon Tou pécouw opou Tuv aooddTev Tipowv (5)
Extinwon Tov opBpov (6

EEQAQE ond wo mpavpoppo (7))

Em.dayh: 5

s&ooc opoc siwon o: 10
Iato ENTER vio cuvéysia. .

Mpaypati!

Znueiwon

H og1pd nou ekTeAéoTnKav o1 AsIToupyieg ATav Tuxaia. Mnopouv va ekTeAeaBoUV Kal
HE JIaPOPETIKN O€Ipa kal Ba dWOooUV 0woTa anoTeAéopaTa. Eniong pnopoupe va
{nTooupe va Eavadwooupe 20 veouc apiBuouc kal naAl Ba nave oAa kat’ euxn! :)

B) AEYTEPH AOKIMAXTIKH EKTEAEXH

©a dWOooUPE TOOO apvnTIKOUC 000 Kal BETIKOUC apiBuouc. EkTehoUpe To
npoypaupa atov XSPIM. 'Exel nponyn6ei compile Tou XSPIM oTo Redhat Linux.
Eniong nponyn6nke pETATPONM TOUG NPOYPANKATOG ano TNV EAANVIKN YAWOoa o€
greeklish yia Adoyoug pn unooTnpiEng and Tnv default ypaupaTtooeipad Tou XSPIM Twv
eMnVIK®V xapaktrpwv (ISO 8859-7). To napabupikd nepiBaAlov Tou XSPIM (Exw
non PopTwoel To assembly apyeio kai eToipalopal yia eKTEAEON) (PaiveTal NApakaTw:
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* ergasia.s - Kate

W xspim - X
BC = 00400000 EPC = 00000000 Cause = 00000000 Bad¥addr= 00000000
Status = 00000000 HI = noooooao Lo = 00000000

General Registers

RO (x0) = 0000QOOOD RE ¢ 00000000 R1G6 00000000 E24 (£8) = 00000000

R1 ({at) = 0000DOODODOD R oooooooo R17 00000000 R25 (£9) = 00000000

R2 (w0) = 0000000OO RLO ¢ 00000000 RIS 00000000 E26 (k0) = 00O0OQOOO

R3 (wl) = 0000O0DODOD RI1 oooooooo. R19 ¢ 0ooooooo R27 (k1) = 00000000

Rd (al) = 00000000 RiZ ¢ 0000000 R20 ¢ 00000000 E28 (gp) = 10008000

RE ({al) = 0000OODODOD R13 0000000 R21 00000000 R29 {sp) = Ffffeffc

RE  (al) = 00000000 Rid (k&) 00000000 R2ZZ = 00000000 R3O (s8) = 00000000

R7 (a3) = 0000OOODD R15 (E7) = 000O00DDO R23 (s7) = 00000000 R31 (ra) = 0OO0OOOOO

Double Floating Point Registers

FPO = 0.00000 FP8 = 000000 FP16 = 0.00000 FP24 = 0.00000

FPZ = 0.00000 FP10 = 0.00000 FP18 = 0.00000 FP26 = 0.00000

FP4 = 0.00000 FP12 = 000000 FP20 = 0.00000 FP28 = 0.00000

FP& = 0.00000 FP14 = 0.00000 FP22 = 0.00000 FP3I0 = 0.00000

Single Floating Point Registers -
| quit ‘ | load ‘ | reload ‘ | run ‘ | step ‘ | clear ‘
| set value H print H hreakpoints ‘ help terminal mode
run prograrm -
Text 34 | ciarting address

[0x00400000] 0x3c011001  lui $1. 4097 [4; ro_txt
[0x00400004]  0x34240000 ori 54, §L 0 [{| args
[0x00400008] 0x34020004  ori $2, $0, 4
[0x0040000:] 0x0000000c  syscall
[0=00400010] 0x34020005  ori $2, $0, & =
[0x=00400014] 0=x0000000c  syscall i 16: syscall
[0x00400018] 0x0014£021 addu $30, 30, $29 : 18: move $fp, $sp
[0x=0040001c] 0x34080001 ori $8, $0, 5 21: 11 %t0,1
[0x00400020] 0x23deffh0 addi $30, 330, -80 i 22: addi $fp, $fp, -60
[0x=00400024] 0x3c011001  1ui $1, 4097 [newline] i 24: la %al, newline

Data Segments

[0x10000000] . .. [0=x1000£ffc) 0x00000000
[0=1000fffc] 000000000
[0x10010000] Oxef746641 Ox206£7420 OxeTef7270 Oxededel7l
[0=10010010] Ox6f642061 0xTE6E56cTS  OxEA206Q65 (30322065
[0x10010020] 065606120 0x6f606172 0x61207375 Ox68746972
[0x=10010030] 0xT3T56FAd 0x6R6f202c O=EFTOEF20 OxE0G96EAD
[0x10010040] 020616874  0x20756£73  0x68746987a 0x756£6874
[0x=10010050] 0x530aZefe  0xT3206274 [xTHESEe6Y OxEcAlE965 -

- = ™

‘ % @2 2 ; “| @ Mozilla <2> file:fusrfunsup/bin - Kc

7 %
c N | @ Mozilla <4 & root@localhost:fusr/ur

X

| gl

My Documents

Aivoupe Tou apiBuoulc he TNV €ENG oeIpa:
2,3,4,5,6,7,8,9, 10, 11, 13, 18, 19, 14, 17, -16, -1, -15, 159, 20.

Zntape Tagivopnon & pgavion Twv apiBPwVv Kal epgavidel Toug apiBpous
nou POAIC dwoaye Ta&livounuevoug o€ au&ouoa oeipd. To Npoypaupa XpnolPonolEi
€va array 20 Aé€ewv (words) onou apxika avTiypagel Touc 20 apibpouc and To frame
stack ka1 oTn ouvExeEld TouC TAEIVOLEI.

Epilogi: 1

an
158

Theleis:

Epilogi: []

-

i SPIM Console

Epistrofi sto menu epilogon (1};
EX0D0 apo to programma (2] ;
Ha xanadoseis 20 neous arithmous {3);
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Meye0n

To Text Segment cival 1132 Ae€eic, apou ekTeiveTal o OekagEAdIKN
(Oekadikn)) poper and 0x00400000 (4194304) ewg 0x0040046¢ (4195436).
Mpayuarti:

1132 = 4195436 - 4194304

Eniong To Data Segment PETa TNV EKTEAEDN TOU NpoypAUKaToc sival 1572
Ae€eic. ApoU exTeiveTal o dekas&adikn (dekadikn) popen anod 0x10010000
(268500992) £wc 0x10010624 (268502564). Mpayuarti:

1572 = 268502564 - 268500992

MpIv TNV €KTENEON TOU NPOYPAPHATOG o1 A€ oTo Data Segment givai idIeg,
OpwG eneidn o1 20 apiBpoi (20 AéEeic) sival 6Aol Toug 0 0 SPIM dev Touc SIAKPIVEI
MEoa oTta unoloina pndev! 'ETol dnuioupyeital n evTunwon Nwg To Npoypauua npiv
ekTeNEOTEI £xel 20 AyoTEPEC AEEEIC!

TéAog n oToiBa (Stack) npiv TNV EKTEAEGN TOU NPOYPAUHATOC OPEIAEl va Unv
nepIEXEl aToIxeia. To Npoypappa xpnaoigonolsi Tnv atoifa, agou dnuioupyei kal frame
stack. Zuvenwg PETA To TEAOG TOU NPOYPANKATOC Ol AEEEIG NOU NEPIEXE! €ival 1164.
EkTeiveTal oe dekas€adikr| (Oekadikn) Hop®n ano 0x7fffeb70 (2147478384) Ewg
Ox7fffeffc (2147479548). Mpayuari:

1164 = 2147479548 - 2147478384

Zuunepdaopatd - oxXoAla

H oupBoAikn yAwooa Tou MIPS eival pia yAwooa nou evrunwolalel ge Tnv
NITOTNTA TNG, aAAa Kal PE TIG duvaToTNTEG TNC. ‘OPwe Ta nNavTa ival Oépa oupPaAcewy
KAl CUMQOVIWV TNG EMNICTNHOVIKNAG KOIVOTNTAG. Ano auTnv yevvnonke eEaA\ou o
NPWTOG UMOAOYIOTNAG. ..

MeTa TNV €vacxoAnon pou He Tnv assembly yia MIPS cuveidntonoinoa akopn
NEPIOTOTEPO NWE Ol AvOpwnol €ival auToi NoU «dNHIOUPYOUV>» TOV UMOAOYIOTH.
MEePIKEC POPEC O UNOAOYIOTNC HAC EVTUNWOIAlEl PE TIC TEPATTIEC TAXUTNTEC HE TIC
onoiec ekTeAel TIC NPAEeEIC. Aev yvwpilw av kai NOTE n TEXVNTN vonuoouvn 6a ¢Tacel
o€ eninedo avBpwnivng KaTavonaong kai AoyIknG, NAvTwe Vopidw Nwe av gival open-
source 0 kwdikag (Aiyo duokolo BERaia..) kal oBrooUlE Eva ypAPKa N KAVOUKE Eva
OUVTAKTIKO AGB0G O€ pia evToAn TinoTa Oev NPOKEITAl va OOUAEWEI 0wWOTA.

TeAika paMov dev undapyel Xaloc f €Eunvoc unoAoyioTC, aAAG NPOCEKTIKOC N
anpOOEKTOC NPOYPAUKATIOTAC. AUTO YiVETAI NEPIOTOTEPO EPPAVEC OTNV assembly
agou gival pia yAwooa nou katadelkvUel TNV Evvola TNG BNHATIKAG NPOCEyyIonG Kal
eniAuong evog npoPBANMaAToc, €€ ou kal To Ovopa TNG NOU ONUAIVEl «GUVApHOAOYnon»,
EVW NAapaAnAa dev «kpUBE» TNV AITOTNTA TOU UAIKOU Kal TNG APXITEKTOVIKNAC TOU
ene€epyaotn).
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