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Xe1pd Aoxnoemv 3:
IMpoonerdoers Mviung otov MIPS

ITooBeopia émg ITagaoxevn 2 Magtiov 2012, moa 23:59 (Béopdda 3.3) (oo 9. 1.3)
3.1 Ilgoonerdoers Mvijung: Evrolég load »ou store

O MIPS, 6mwg xow ov dhhot eneEepyaotés tomov RISC, dev xel eviolég OU va ®AVOLV
aQOunTKés mEAEElE mAvw o Teheotéovg mov Poiorovior ot uvAun --Oleg oL
oQuOunTKég mEAEels Tou yivovtor TAVMD Of %OTOXWENTES 1) OTOOeQES TOOOTNTES
(immediate constants). O pLOVOg TEOTOG VO EMEEEQYO.OTOVUE TO TEQLEYOUEVO TNG UVIUNG
glvol modTa va avirypdyoupe wa AEEN (32 bits), 1| wio puom) AEEN (16 bits), 1) éva byte (8
bits) amd T pviun o évo xotaywenty g CPU, vo tnv emeEegyaotolpue o€
HOTAYWENTES, HOL TEAOS VO OVTLYQAYPOUUE TO ATOTEAEOUO OO EVAV RATAYWENTI] OTN
pvin. Ou Adyou elvon (a) yid asthdtnTa Tov hardware, xou (B) yiatt dev Oa setvyaivape
YNAOTEQT TOYVTHTO OV JLOL LOVY EVTOAT Exove ®aw TNV avitypodh xow v emneEegyaoia,
ommg dtddonetar oto uddnua HY-425 (Agyitextovixt] YTOAOYLOTOV).

Avtygadn wog 32-pmtng AEng amd ™ pviun o' éva xataywoent ("¢pdotwua oTov
xnataywent") yivetow pe v eviori] "1w $rd, imm($rx)" (lead word), 6mov $rd elvar o
NOTOYWENTNG TEOoELONO (destination register), ®al $rx elval évog rataywentig (index
register) ov meQLEYEL Lo OLeOVVON pvhung otnv omoia pootiBeTol 0 oTafedg 0ELOUOS
imm %o TOo amoTéAeopa ThG medobeons elvar 1 TeMxt) diehBuvon pviung ot émmov yivetol
N aviypadi) otov $rd. Zuyvd, cupPoiifovue T uviun oav évav mivoxro (array) M/ ], nou
voadouvpe M[A] 14 va ovufolicovue to meglexduevo g BEong pviung pe dievBuvon A.
"Etot, | moQammdvew eviol) 1w $rd, imm($rx) mQoxolel avayvworn amd ) dehbuvon
wvAuNG (imm + $rx), dOnhadn dafdler to Mfimm + $rx], now TO YQADEL OTOV RATUYWONTY
$rd.

Avtiotpoda, avuyoadt wag 32-wmtng AENg omd €va raToyXwENTH 0T UV
("amoOnxevon tov natayxwEnth") yivetar pe TV eVioil "sw $rs, imm($rx)" (store
word), 1 omola yoddel ot B€om puvhung pe debBvvon (imm + $rx), dSnhadn mooxrahel Tnv
oviyeadf) Mfimm + $rx] <-- $rs. EO®, 0 $rs elvor natayymontig mnyng (source register)-
POCEETE OTL 0 OUTH TNV TEQITTWOY, 0 TeEAeoTéOg TMYNG (source operand) yoddeton
0QLOTEQG. %OL O TEAEOTEOS TQOOQLOUOV OeELd péco otnv evioh] Assembly, ovrtibeta
Onhadi) amd tig eviorég apldunTindv medEemv rat ad TV evioli] load.

3.2 AwvOuvoeis Bytes zou Ilegrogiopoi EvOuyodppmons:

Ou devBivoels pviung otov MIPS, 6mwg »ow oxeddv 0g OAOUG TOUG HOVTEQVOUG
emeEeQyaotés, avadégoviow oe Bytes ot pviun, Onhadi o MIPS elvor "Byte
Addressable". ‘Etou, o 32-pmtn AEEN (my. évog axéoaiog) xotohapfdver 4 "0foeig
pviung" (4 bytes). Katd ovvémeia, évag mivorog (array) peyéfovg 100 axegaimv "mdvel"
400 (ouveyopeveg) dlevbivoelg (B€oelg) otn pviun. =' éva tétolo mivaxa, 1) 0etBvvon tov
%nd0e axégarov dtadégel amd avthv Tov duthavoi tov xatd 4. Eav Ay eivow n diebBuvon

oL "mRmTOoV" (UNdevirol) atolyeiov, a[0], evog mivaxra axegainv tg C, TdTte TO oTOLY E(O
a[ 1] tov mivaxa avtot Ba Potoxetal otn dievBuvon (Ag + 4*1). Av o mivaxrag avtog NTav

mivanrag yoeoxtNewv (char), tote To otouyelo af i ] Oa fitav oty devBuvon (Ag + 1).

Ta 4 bytes mov amotehoVv €vav axégalo €xouv dlevBivoelg mov elval guveyxOUevoL
aQopotl. AlevBuvon tou axegalov elvar 1 dietBvvon exelvou amd ta 4 bytes Tou oL £)EL
™ uxeotegn ("moowtn") oamd T 4 Owevbivoeis. O MIPS emfdher megrogiouovg
gvBuypaumong (alignment restrictions) OTLG TOCOTNTEG OV TQOOTEAAVVOUV OL EVTOAES
load now store ot pvhun: o woodtnto peyéboug N bytes emufdiietol vo €yl dievBuvan
ov vo. elvon axéoano odhamhdowo tov N. ‘Etol, 6tav to N elvon ddvaun tov 2, 1
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OLe0OvvoT 1A0e TéTolag TOCHTNTAS TELELDVEL O £VaL 0vTioTOLYO TTANOOG UNdEVIRMDV, HOL )
OLe0Ovvorn Twv vmololmtwv bytes TG mocdTNTOS dLadéQel pOvo o€ avtd To AydTEQO
onpavtird (least significant) bits. AGy® cvTOU TOV TEQLOQLOKOV, OTAV 1) UOLRT| LV EXEL
mhdtog N bytes, agurel pior povo moooméhaon oe authv Yo ®abe mpdofaon og TocoHTNTA
ueyéBoug N bytes.

3.3 Agifunon tov Bytes: Myyavég Big-Endian »ou Little-Endian

Otav amoBnxredeton oty pviun evog VIOAOYLOTH o TOCOTNTO GOTEAOVUEVY QIO
TOALOTAG bytes (.. €vog oxéQaunog), EEmel va x000QLoTel e molo oeld aEOpovToL
(devBuvolodotoivtar) To emUEQOVS bytes puéoa otV moodTNTA aUTi. AVoTUY(DG, 08V
éxel VTaEeL ovudmvia PETAED TOV UEYAAWMV ETOLQELDY ROTOOKEVNG EMEEEQYOOTMOV YO
TN 0€LRAG AUTH), LE CUVETELDL VO VTTAQYOUV 000 dradogetirol TOmoL eneEeQyaoT®V ofueQa
--oL emovopatopevol "big-endian" xou ou emovopatopevor "little-endian”.

Big-Endian Machine: Little-Endian Machine:
MS LS MS LS
word |byte 12: |byte 13: |byte 14: |byte 15: word |byte 15: |byte 14: |byte 13: |byte 12:
1 2 00000000 | 00000000 | 00000111 11010011 1 2 00000000 | 00000000 | 00000111 | 11010011
word |byte 16: |byte 17: |byte 18: |byte 19: word |byte 19: |byte 18: |byte 17: |byte 16:
16:] K a t e 16:] e t a k
word |byte 20: |byte21: |byte 22: | byte 23: word | byte 23: | byte 22: |byte21: | byte 20:
20:1 v e n i 20:] i n e v
word | byte24: |byte 25: |byte 26; |byte 27: word |byte 27: |byte 26: | byte 25: | byte 24:
24| " g \0 24: \0 s

Ag Eewwvijooupe pe o oduPaorn mov adod Tov TEOTo OYEdAoUOV 0TO XOQT( TV
TOCOTNTOV 7OV OTt0TELOUVTOL 0Ttd TOATAG bytes: Méoa o' évav axégalo agldud, ta
bits exeiva mwov mollamhaoidlovial el TG peyaAlTeEQES QUVAUELS TOV 2 YL VO OGS
OMOOUV TNV aQBUNTIRY] TLUT] TOV axegatov Aéyoviol "meouocotego onuovtird" (MS -
most significant) bits, xoL avtd mov olhamhaotdtovtor eml Tig unEdTEQES dUVAELS TOU 2
Aéyovton "Mydtego onuavtind" (LS - least significant) bits. To byte wov megiéyel Ta MS bits
AMéyetar MS byte, now exeivo mov mepiéyel o LS bits Aéyetow LS byte. ‘Omote oyedid.Covue
€vov anéQalo 0To Yot 0pLLovtia, Oa félovue dvto to MS bits xou byte 0QLoTEQ!, ROlL
to. LS bits xouw byte deEud, Onhad) 6mwg xot 0tovg deradnovg adpots (pvowmd,
oVppaon auti apoed HOVO Tovs avBQMITOVS --UECO. 0TOV VITOAOYLOTH eV EXEL VOTLOL VO
wAdipe yio "aploteQd transistors” xow "deEud transistors"...). AxolovOmvrag T odpPoon
auTh], To oo deiyvel éva madderyua Te00domv (4) AéEewv pvijung (16 bytes) evog 32-
UMTOU VTIOAOYLOTH 08 ol pyove) "big-endian" xouw o pio punyovi "little-endian". H modty
MEEN meQuéxel Tov anrégouo aQbpd 2003 (dexadwmd) = TD3 (OenoeEadnod), evid OTIg
emopeveg 3 AéEelg vmdyel évag mivaxog yapaxthowv (array of char) peyébovg 10
otouyeimv, rnat eguooeovy xat dU0 ehe0gQa bytes: 0 TVAKOS YAUQAXRTNQWV TEQLEYEL TO
(null-terminated) string "katevenis" (x&0¢e byte Oa meQLéyxel To dvadind nmddwmo ASCII evidg
XOLQOKRTNQO --T1.). TO TEMTO byte Oa meELéyel 01101011, ov elvar 0 ®x®Imog Tov 'k'-- adld
epeic, yio eunoria, delyvoupe To GupPBoAMEOUEVO YOQOXTNQM).

¢ Big-Endian: e mollolg vmoloylotés, 10 MS byte touv »d0e axegaiov €xel
uxedteen devBuvor, xat o devdivoels Twv bytes Tov AVEAVOUV (TTQOYWEOVV)
1a0hs moywedue "deEd", mpog to LS byte Tov. AvTol oL VITOAOYLOTES AEYOVTOL
"big-endian" dLOTL M 0RIOUNON TOV bytes Eentvd omd To "big end", dnhadh To MS
byte.

e Little-Endian: Ze¢ dAlovg vmoloyiotég, to LS byte tou %GO axegaiov €yxel
wxo6TeEN detBuvon, ol oL dievBivoels Twv bytes TOV CVEAVOUV (FTIQOYWQEOVV)
1B meoywedue "0QLotepd", mEos to MS byte Tou. Autol OL UTOAOYLOTES
Aéyovron "little-endian" d16TL M| 0EiBuNoON TV bytes Eenwvd oamd to "little end",
OnAadm to LS byte.

IMagamenote 6t n dievBuvon Wwag AEENs (ft.y. Tou axegatov 2003 oty Béon 12) eivan 0
Ol wow ot dvo pnyavég, adol, dmwg eimape maQamdvw, glvor mdvia 1 dedBuvaon
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enelvov amd to 4 bytes Tov mov €xel TN wxEodTEET ("mEWTN") amd TS 4 devBivoels.
Eniong magatnoenote 6t oL yoooaxtieg evog string amodnredovror o dadoynd bytes
™G pviung ®otd aEovoeg devBivaels, 6mwg axQPds emPAler 0 AmAdg ®AVOVAS TTOU
elmape waw mopamdve. To oyfuo aviiotowyel ot dfhwaon (oe C) "char buf[10];", 6OV
o mivoxog buf[] éxel tomoOetnOel (m.y. omwd tov compiler) otig Oéoelg pviung pe
oevBuvvon 16 émg nan 25- 1ote, TO OTOwElo i Tou mivaxa, buf[i], Poloxetal ot
OevOvvon 16+i, emedn 16 elvow 1 dievBuvon exxivnong tou mivaro (n detOuvon tou
TEMTOV TOV OToLXelov, buf[0]), o To uéyeBog Tov ®débe otoryeiov Tov mivana elvor 1
(byte). "Etot, o yapaxthoag k' Beioneton otn 0éom buf[0] dnhadi) ot devOvvon 16, o
xaaxthoog 'a' foloxetar otn B¢on buf [ 1] dnhadr ot dievBuvon 17, %.0.x.

To "endian-ness" Tou voloyloti), dMAadt| to av elvor big-endian 1) little-endian, dev pog
emmoealel Otav eQyalopoote oe éva kol HOVO unydvnupo, xor Iivte YOOGOUUE %L
owapPdlovpe v »ébe moodTNTA e TOV (010 TUMO --TIEAYUIA OV (VAL KL TO OWOTO VA,
HAVEL HOVEIS-- ONAOOT OOV Ot uvhun yoddoupe string dtafdlovue mévta string, ®o
omovu ypagdovue integer diafdlovue mdvta integer. To "endian-ness" pog emmoeedlel dtov
aldCovpe TOmo petalld eyyoadig xwow avdyvwong --moaypo avogB6doEo-- .
vyoadoupe ndmov éva string row petd to drofdlovpe oav integer, 1 yoddouue integer ro
dwafatovpe string. To onpovtirdteQo OAwv Oumg eival 6T To endian-ness TOV VIOAOYLOTH)
moémer va hapPavetar vt Oy O6tov petadégovror dedopéva pEom OrTioU peTaED
VTOAOYLOTMOV. ZUVNOmC, TA TQOYQAUUOTO HeTaPoQds dedouévarv (m.y. ftp) Bewpovv 6T
petapégoupe neipevo (ASCII strings), ®ol Tom00eTOVV TA bytes pe TV avtiotolyn oelQd.
Av Opwg petapégovue Ghhes poodéc dedopévmv (my. 32-UmTovg axeQaiovs) HeTAED
vrohoylot®v pe diapooetind endian-ness, 1 oewpd avtiy 0o frtav Adbog: Omwg oL
xaoxthoes k, a, t, e petagpéoovrol oav e, t, a, k 0to magandve oxnua amd big-endian o
little-endian, étoL now 0 arépanog 2003 Ha eopnvetoviav cav 00,00, 07, D3 (denaeEadnd),
xnou Ba petadégoviav cav D3, 07, 00, 00, dnhadn 11010011.00000111.00000000.00000000
(dvadwod), mov elvar 0 aELOUOC -754,515,968 (denadnd, cuumiomua wg meog 2). I'a va
yivelr owotd 1 petodoed, moénel vo. dMAwbel oto mEdyoaupo peTadoeds o TOmog TV
dedouévarv mou petodégovtal (). EVToAT "type" oto ftp).

§ 3.4 - Aoxnon 3.1: ITivaxag Axegaiov

T'odte éva mpodyoapuuo oe Assembly tov MIPS mov vo dtofdler 8 axegaiovg amd v
1OVOOLQ, VO TOUG amoBnrelel o' évo mivanra (array) OTn HVUN, ROL OTY CUVEYELD VA
TUTIMOVEL TO. EEQTAAOLA TOVUG KAl UE TNV avTioTEodN oeld. [lapaddote Tov »MOWwmA oag
%L VO OTLYILOTUITO OO 0L ETULTUYNILEVT EXTEAEDT] TOV, OIS avodEQeTOL 0TO TENOC.

o Zewwvflote pe O0a pdboate otg ooxfoelg 2, adld edd Oo yoelaotel va
XOVOLUOTIOLNOETE 1AL TIG VEES EVIOLES TTQOOTELOONG OxeQOLMY 0T pviiun "lw" %o
"sw'".

e Xonoipomotiote Tig 0dnyleg ".data", ".align", o ".space" Touv Assembler Tov SPIM
(oehideg A-47, A-48 ToU TOQOQTAATOS TOV PIBALOV) YLoL VO ®QATHOTE XWQEO OTN
puvhun dedopévmv (data segment) Y& Tov mivaxa "a[ 1", peyébouvg 8 axegaimv, nai
owotd gvbuyQapuopuévo Yo axegaiovs. TomoBethote watdAinio to label "a"
(MOTE VO WITOEE(TE o AT Vo avapebelite oty dievBvVvVoT dmov ayitel o xheog
OV 1QATHOOTE.

o v ayf Tov mOoYeAuuatds cog, tomobetiote T devBuvorn dmov ayiter o
mivarag af | og évav xataywoenti. Tn dievBvvon avti) tyv Eégel o Assembler, alld
eoelc mBavotata Oyl (extodg av v elyate dwaoel ooy argument 0TV 00N yia .data).
Emiong, dev Eégete av 1 dtetBuvon avth) ywed o€ 16 bits (éva immediate) 1) OxL. Ze
oha autd éoyetol va oag Pondnoel | Yevdoevtoir (pseudoinstruction) "la $rd,
label" Tou Assembler Touv SPIM: avti AéeL otov Assembler va yevvioeL o 1 000
TQOYLATIRES EVTOLES TTOV TOTOOETOVY TV moarypatix OteBuvon tov label otov
naTaywent] $rd (uio evioli] av n debBuvon xwed oe 16 bits, d00 evtoAés
arig). TTagdderypa xofong g Yevdoevroilc "la" Ba Poeite oty § 2.2, exel
7OV ETOLUALOLE TO OQIOHOTO VIO, TIG EXTVIIMOELS Strings.

e 311 ouvEyELd, TUTTMOTE £Va prompt OV Vo INntd 8 axegaiovus o€ 8 Yoo puéc.

e Mertd, pmeite o' éva fedyo mov Ba emovalndOel 8 pooéc, nat mov ndbe Gpod Ba
oaPdaler évav agud (LEow RAAEOUOTOC OUOTHUOTOG) ®atL Oa Ttov amoOnxelel
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§3.5-

L

ii.

1il.

oty enodpevn Béon tov mivaxa a[ 1. Emonpdvoeis: (i) Ou evtolég "beq" »an "bne"
yié ™) Onpoveyio Tou fEOYoV dEXOVTAL LOVO RATOXWENTES GOV TEAEGTEOUGS, KAL
Oyl otabegég moodTnteg (immediates). (i) H povadixn devbuvolododtnon
(addressing mode) Tov MIPS eivan "otabepn) moodtTa (immediate) + nataywonTig”
-~V (QNOLUOTTOLN0TE TIg YEVOOILEVOVVGL0d0THOELS TOU SPIM (0eAhida A 45).
A¢ov Pyeite amd tov monyoluevo Podyo, TUTMOTE (o SLoLWOLOTLXY] YOO,
nou umeite o'évav dilo Peoyo, mov Ba emavaindBel o avtdg 8 Ppoeég, rat Tov
Ba emmoxedpOel Ta otorgeio Tov mivaxa "a[ 1" alhd ot avriergodn ocpd. I'a
%n00e otovyeio, Bo to dafdler amd T pvhuy, Ba to eEamhaoidlel (Ywels vo
TEWRAEEL TV T ot pviun), xal 6o tumdver autd to eEamAdolo, oty (Ol
YoOouu aAld Oyt "voAMNTA" pe To mEonyoluevd Tov. Ymoloyiote To eEamAdoLo
LECW TOLOV RATAMNA®Y EVTOADV TROG0e0NS (add).

Téhog, Eavaryvoiote otV ayl (6mwg ®aw 0Ty Goxnomn 2), ®ote 1 ida dovield va
emavohapPdvetal e adQLOTO.

Acoxnon 3.2: Ymohoyotég Big-Endian »ou Little-Endian

Xonowomouhiote Tov SPIM yid vo Poeite tov dvadind (denaeEadind) nmdra
eomteQnng avamagdotaons (rwdwa ASCID) twv YoQarTNEWV TOU AATLVIXOU
arpapnrov, a, b, ..., z, A, ..., Z, ®oL TOV aQBunTrav xoeoxtnowv, 0, 1, ..., 9. T
Vo, To TETVYETE, 00{0TE 0TA0EQES TUMOV string WG OTNV TOWTY OERA AORNCEWV,
%ol 0T ovvéyelo umeite otov SPIM xau peAeTNOTE TOL TEQLEYOUEVO TNG UVIUNG
dedopévav oto mapdbuvgo "Data Segments". A®OTE TIG SLOTOTMOELS 0OG O €val
wxO newpevdxl, pe 3 otnhes: yooxtnoog, xmowmag ASCII oto dexoeEadno,
x0Owag ASCII oto duadwwd. Bdhte amoowwmnmund xou eEnynote exel mov
ToQOTNEE(TE RATTOLA OOLOMOQdIaL....

"Eotw 6t amoOnxebovpe To null-terminated string "xyz" o€ o MEN evodg 32-pmrtov
VITOAOYLOTH], ®OL 0T ouvéyelo duafdlovpe avtiy T AEEN cov va elvar (32-pmtog)
axéoouog. Ymoloylote pe auopntinés modgels moldv axégato Ba drapdoovpe (o)
og a pnyovi big-endian, xow (B) og o pnyavi little-endian. A®ote v amdvinon
oag, poli pe g agdununés mEAgels mov wavate, o' Eva urEd reELEVAxL (0To
0enadnod).

Emainbetote v amdvinoi] cog W éva uxed medyoouuc otov SPIM: Znthote
amd tov Assembler va aAel To string otn pviun dedopévmv, xol uéco omd To
méYyQaupd oag avitypayte exelvn ) AEEN (0AO%ANEN!) O' éva noTOWENTN %L
Inthote va tumwOel (W évo ndheopo ovotipatog) cov oxégowos. O SPIM
ovpumegLhégetal oav big-endian 1 oav little-endian avdioya o€ mOLOV VTOAOYLOTH
Toéyel! Ze . vrohoyloti) Tov TeéEate tov SPIM; T éByale; Av tov TéEte oe GAAhO
TOT0 VITOAOYLOTH], e emeEeQyaoth) dAlng etaugeiag, o Pydher Ghha; Magadmote
To MEOYQOUUA oag (Fyoalog ®mdrag), Ta cuureodonatd cog ¢ éva uxed
UELUEVARL, KL EVA, OTLYIMOTUTIO (screen-dump) TOV TEEE(NATOG.

Tooénog MMaoddoons: Oa moadmoete Nhextovird ta eENG:

kv =

Tov myaio »0dwmd oag g doxnong 3.1, "ex03_1.s"

TOoV TINyaio x®ddd oag tg dornong 3.2(iii), "ex03_2.s"

éva otyoTumo (screen-dump) tov teEIpOTOg TG dlornomng 3.1, "ex03_1.jpg"

éva oTLyodTUTOo (screen-dump) Tou TREEHATOC TG doxrnong 3.2(iii), "ex03_2.jpg"
€vol ®elPeVo e TIS TEElS amovTioels oag ota 3 uéen tng doxnaong 3.2, "ex03_2.txt"
(M "ex03_2.pdf", av »ai elval mQoTudTEQN 1) LoedT ".txt").

[Mogadmate To TUQATAVM NECW: submit ex03@hy225 [directoryName]

Oa eEetaoteite vow mYodoxd v v Aoxnon 3, amd Pondoig tov padiuotog, pe
otaduracia yud v omoia O evnuepwOeite ayodTEQO amtd Tov OLddo®OVTIA 0TO U
%o Eow NATA (email) oty Aioto Tov pabfuortoc.

© copyright University of Crete, Greece. Last updated: 17 Feb. 2012 (based on 2009
instructions) by M. Katevenis.
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