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HY-225: Ogydvwon Ymoloyotmv Tu. Ext. Yrohoyiotov
AvolEn 2013 © I[Mavemotho Komng

Ye1pd Aoxiocov 3:
IIpoonerdoers Mvijung etov MIPS

TTpoOeopia éwg IMagaoxrevn 15 Magtiov 2013, doa 23:59 (Bdoudda 3.3) (a6 0. 1.3)
3.1 Ipoomerdoeis Mvijuns: Evrolég load »ou store

O MIPS, 6mwg %ot ou Ghhol emeEepyaotés Tomov RISC, dev €yel evtolég mov va rdvouv
oounmnés mEdEels mivew oe TeEAeotéovg mov Poiloxovtalr oty pviun --Oheg oL
oounTmnés mEAEeE Tov Yyivovtor mhvw o notoyxwentés 1) otobegéc moodTNTES
(immediate constants). O puOVOg TEOTOG VO EMEEEQYALOTOVNE TO TEQLEYOUEVO TG UVIUNG
elvan mowTa vo avtryedpoupe wd AEEN (32 bits), N wia wof) AEN (16 bits), 1| éva byte (8
bits) atd TN pwviun o' éva xataymoenti thg CPU, va v eneEeQyaototue o€ ®oToymenTés,
1oL TENOG VO OVTLYQOYPOUUE TO OTOTEAECUO OO Vo raTaymonTi ot uviun. Ot Adyol
etvanr (a) yud oamhotnro tov hardware, nou (B) yiati dev Ba metvyaivope Ynhdteon
ToyvTNTA OV o oV EVIOAT €xave koL TNV aviyQodt] rot Thv emeEeQyooia, Omme
Ouddonetan oto pabnua HY-425 (Agyttextovint] YIoAOYLOTMV).

Avtryoadn pag 32-pming AEEng amd T pvhun ¢ éva rataywonti ("¢pioTtwua oTov
noTaywent") yiveton pe Tv eviorn "lw $rd, imm($rx)" (load word), 67ov $rd elvon o
nOTAXWENTIG TEooELopoU (destination register), nou $rx elvor évog ratoywoentig (index
register) 7ov meQLEYEL o dtetOV Vo uvhung oty omoio meooTiBeToL 0 0Tafedg 0ELOUOS
imm %o 1o amotéleopa Thg mEdobeons elval 1 tehxt] dteBvvoT pviung st dmmov yivetol
1 avtryeodt) otov $rd. Zvyvd, cvuforifovpe ) pvhun oav évav mivaxra (array) MJ[ |, wol
voadovue M[A] v vo ovuforicovue to meglexduevo tg 0éong pviung pe dievBuvon A.
"Etot, ) moQamdvm eviol) 1w $rd, imm($rx) mooxalel avdyvwon amd ) diedHuvon
VAN (imm + $rx), dnhadn duafdlel to Mfimm + $rx], now TO YOADEL OTOV RATOAYXWENTT
$rd.

Avtiotgoda, aviyoadn wog 32-pymtng AEENG omd €va rATAXMENT OTH  Kviun
("amobnxevon tov naToyxwENTN") yivetoL pe TNV €viol] "sw $rs, imm($rx)" (store
word), 1 omota yodidper oty BEom pviiung ue dievBuvon (imm + $rx), dnhadn mooxahel Tnv
ovuyoadn Mfimm + $rx] <-- $rs. EO®, 0 $rs elvor nataywentig mmyng (source register):
TQOCEETE OTL O€ QUTH TNV TEQITTWOT, O TeEAeoTéOS Ty (source operand) yoddeton
OQLOTEQA 1AL O TEAEOTEOG TQOOQLOMOU OeEld péoo otnv evtoh] Assembly, avtiBeta
OMAadT atd TG EVTOAES aQOENTIRMV TTRAEEMV na atd TNV VIOl load.

3.2 AwevOuvoeis Bytes xou Ilegrogiopoi EvOuvyganpiong:

Ou devBivoels pviiung otov MIPS, 6mwg xar oxeddv oe OAOUG TOUC HOVIEQVOUG
emeEeQyootéc, avogpégoviar oe Bytes ot pviun, diodn o MIPS eivow "Byte
Addressable". 'Etou, o 32-pmmtn MEN (my. évag axégauog) ratalapPdver 4 "Béoelg
pvnunc" (4 bytes). Katd ovvémewa, évag mivaxag (array) peyéBovg 100 axegaimv "mavel"
400 (ovveyoueveg) dlevbivoelg (Oéoelg) oty uviun. X' éva tétolo mivaxa, 1 0tetOvvon tov
%na0e anégarov drapégel amd avtiv Tov dimhavol tov natd 4. Eav Ag eivar n dteBuvon

oL "mEmTOoV" (UNdevirol) otouyeiov, a[0], evog mivara axegaiwv tg C, TdTE TO OTOLYKE(O
a[ i ] tov mivaxra avtol Ba Peioxetor oty diebBuvon (Ag + 4*i). Av o mivanrag ovtdg NTav
mvanag yoeoxtNewv (char), tote T0 otouyelo af i ] Ba fitav ot dievBuvon (Ag + i).

Ta 4 bytes mov amotehoVV évav axégaio €xouv OevBivoelg mov elval ouveyxouevol
aoBpol. Alevbuvon Tov axegaiov eival 1 dievBuvor exelvou amd Ta 4 bytes Tov 7OV £)EL
™ uxeoteen ("mowtn") amd tg 4 devBivoews. O MIPS emfdier meQuogiopovg
gvBuypdmmeng (alignment restrictions) OTLG TOCOTNTEG OV TQOOTEAAUVOUV OL EVTOAEG
load »ow store 0T pviun: wa TocoTNTa neYEBoug N bytes empPdireTor va €xel OieBuvon
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ov va elvan axéoowo molamhdowo tov N. ‘Etol, 6tav to N eivar ddvaun tov 2, 1)
devBvvon nG0e TéTolag ToodTNTOS TEAELMVEL O VA, aVTIOTOLYO TANOOC UNOEVIRWV, HOL 1)
devBuvorn twv vroholmwv bytes g mooOHTNTAS OLapéQel LOVO O€ avTd T AyOTEQO
onuavtnd (least significant) bits. AOyw avToL TOV TEQLOQLOKOV, OTAV 1) GuOLKT| LVIIUN EXEL
mMGtog N bytes, axel wo povo meoomélaon og authv Yo xG0e mpdofaon og moodT T
peyéBoug N bytes.

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

Otav amodnxrebeton oty pviun €vog VITOAOYLOTH WO TTOCOTNTO. OTTOTEAOVUEVY] aTtO
TOAMOTTAG bytes (71.y. €vog oxéQauog), TEmeL va, ®000QLoTEL e ol 0gld aEduoivtol
(OLevBuvoL0doTOUVTAL) TO ETUEQOVG bytes LEGO OTNV TTOOOTNTA AUTH. AVOTUYDGS, OEV E)EL
VAQEEL oVUPWVIKL PETOED TV PEYAA®Y ETOUQELDV KOTOOREVNS EMEEEQYAOTMOV YO TN
oelpd avTh, He ovvETELD VO VTTAEYoUV 10 dladoeTirol TUOL EMEEEQYAOTMV OTUEQQL --
ot emovopatopevol "big-endian" xow ol emovopalopevor "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:( v e n i 200 n e v
word |byte 24: |byte 25: | byte 26: | byte 27: word | byte 27: | byte 26: |byte 25: | byte 24:
241 g \0 24: \0 s

Ag Eewwvijooupe pe o ovuPaon mov apogd Tov 1Mo 0XeSLOOUOV O0TO YAETl TWV
TIOOOTNTWV TTOV ATOTEAOVVTOL 00 TTOMATAG bytes: Méoa o' évav anégalo adud, ta bits
exelvo mov mohharhaotdLovtol emi Tig peyaddTeQes dUVANELS TOV 2 Yol VO Log dMOOUV
™V aQiunTxf] Ty tov oxegaiov Aéyovton "meguoodteQo onuovtind" (MS - most
significant) bits, ®oL autd mwov moMamhaotdlovror el TG WrEOTEQES dUVAUELS TOV 2
Aéyovton "Mydtego onpaviind" (LS - least significant) bits. To byte wov megiéyel too MS bits
Méyetan MS byte, o exeivo mov megiéyet ta. LS bits Aéyetan LS byte. Omote oyedidlovpe
Evav anéQalo oto ¥0QTi, 0lLovTia, Ba Pdlovpe mavta ta MS bits %o byte 0,QLOTEQA, RO
to. LS bits now byte deEudt, dNhadh Omwg nor otovg denadinois apois (puowmd, M
ovppaon auti apogd LoVo Toug avBQMOITOVG --HECH OTOV VTTOAOYLOTY] OEV €XEL VO VO
[AGpe yioo "ooLoteed transistors" o "deEld transistors”...). AxolovOdvrog T ohufaon
oUTY), To oo delyvel éva mapdderypo teoodomv (4) AéEemv pviung (16 bytes) evog 32-
LIiTou vIoAoyLoTi) g W pnyovi "big-endian" nou oe plo pnyovi "little-endian". H modty
AEEN meQuéxel Tov axrégouo aQipd 2003 (dexadwmd) = TD3 (OexaeEadnd), evdy OTIg
emopeveg 3 AéEelg vmagyel évag mivonog yogoxthewv (array of char) peyéBoug 10
oToL iV, ®oL TEQLOOEDOVY %ol d10 elel0gpa bytes: O VARG YOQARTIQWV TEQLEYEL TO
(null-terminated) string "katevenis" (x&0e byte Oa megLéxel To dvadind nmddwa ASCII evodg
YOQOXTNQO. --TL). TO TRMTO byte Ba megLéyel 01101011, ov elvor 0 ®dImog Tov 'k'-- adld
eLelg, Yo evrohia, delyvoupe To CUUPOMTOUEVO YOQARTNQ).

¢ Big-Endian: ¢ moAlovUg vmoloyiotéc, To MS byte tov %nGBe axepaiov €xel ™
uxdTeen OlevBuvor), xar or dlevBivoels Twv bytes Tov AVEAVOLV (TIQOYWEOTV)
raO0¢ mEoyweaue "deELd", mpog to LS byte Tou. Autol oL VIIOAOYLOTES AEYOVTOL
"big-endian" d16TL 1 0QOEMOT TV bytes Eexwvd amd to "big end", dNAad) To MS
byte.

o Little-Endian: X&¢ dAAoug vmohoylotég, To LS byte tov ndbe axegaiov €yxel
uxoTeEN OLevBuvor, not oL dleuBivoels Twv bytes Tou avEdGvouv (TQOYWEOTV)
r000g mpoywedue "0QLoteed", mEog To MS byte tou. Avtol oL VTOAOYLOTES
Aéyovton "little-endian" S0t M 0QlBunon twv bytes Eexiva omd to "little end",
OnAadf) to LS byte.

ITagatnofote 6tL 1 diehOvvon wag AENS (1. Tov axepaiov 2003 otn 0éom 12) eivan 1
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Ow naw ot dvo unyovés, adpol, dmwg elmape moQAmdvw, eival tdvto 1 OetOvvaon
exelvou amd ta 4 bytes Touv mov €xel TN wxEdTEET ("moTN") ad TS 4 devBivoels.
Eniong mogatnefote 6Tt oL xoQoaxtiees evog string ammobnuetoviar og dadoynd bytes
™G WviUng »otd abEovoeg devBivoels, 6mwg axPHs emfPdler o amhdg ®avOvVag IOV
elmope nou moartdvew. To oxfua aviiototyel ot dMiwon (o€ C) "char buf[101];", 6mov
o0 mivoxog buf[] éyer tomobetnOel (m.y. omd tov compiler) otig Ofoelg pviung pe
oevBuvorn 16 €wg nar 25 tOTE, TO OTOLKEl0 i TOUL Tvono, buf[i], Poloxetor ot
OevBvvon 16+i, emeldn 16 eivon 1 devBuvon exnnivnong tov mivaxa ( detBvvon Tou
TEWMTOV TOV otoyelov, buf[0]), xow To péyebog Tov ndbe oToryeliov Tou mvaxra etvar 1
(byte). 'Etou, o yagoxthoag 'k' foloxetar oty 0€on buf[0] dnhadhy otn diedBuvon 16, o
¥oantNEog 'a' foloxretal otn O€on buf[1] ONradi oty dietBvvon 17, x.0.x.

To "endian-ness" Tou vmohoyLoti], ONAadY To av elvar big-endian 1) little-endian, dev uog
emneedler Otav eyolopoote o €va noL HOVO PNYGVIUOL, ROL TTOVTO YQADOUUE %L
dafPdlovpe v ndbe woodTNTOA pe TOV (010 TUMTO --TTEAYO TTOV (VAL RAL TO OWOTO VA,
nAVEL nOVEIS-- ONAOOT 6oV ot uvhun yoddoupe string dwafdlovue mdvta string, xou
omov ypadovue integer diafdlovue mdvta integer. To "endian-ness" pog emmoedlel dtov
oMalovue TOmo petakl eyyoadiic »ar avdyvwong --medyuo ovoe0odoEo-- my.
voadovue ndmov éva string xou petd to dafdlovue oav integer, 1| YoApoupe integer xon
dwafatovpe string. To onuovtirdtego Ohwv dpwgs eivor 6TL To endian-ness TOV VTOAOYLOTH
moémeL va hapPavetor v Oy Otov petadégovior dedopéva pEom OrTUOU pETOED
vIoAoyLoTOV. ZuvihBmg, Ta mEoyduuata netadods dedopévav (my. ftp) Bewpolv ot
petapéoovue xetpevo (ASCII strings), xow TomoOetoUv Tal bytes pe TV avtiotouyn oelod.
Av Opwg petadéoovue AAhes poodés dedopévav (m.y. 32-UmTovg aneQaiovs) HETOED
vohoylot®V pe diadoeTind endian-ness, 1 oelEd avti) Ba frav AdBog: Omwg oL
¥0anTNEES K, a, t, e pLeTapégovtal cav e, t, a, k 010 mopandvm oyxnua omd big-endian og
little-endian, £€tol xouw 0 axégawog 2003 Ba egunvevovrav oav 00, 00, 07, D3 (denoeEadind),
nou O petadégoviav oav D3, 07, 00, 00, dniadi) 11010011.00000111.00000000.00000000
(dvadrod), mov etvar o aQLOUoOS 754,515,968 (denadund, ovumiiowua wg mpog 2). I'a va
viveL owotd 1 petadoed, mpémel va ONhwOel 010 TEOYQOUUC HETAGOQAS O TUTTOG TWV
dedouévarv mov petadégovral (TT.y. eVIoit| "type" oto ftp).

§ 3.4 - Aoxnon 3.1: Ilivaxag Axepaiov

Todte éva mpdyoapupo oe Assembly Tov MIPS mouv vo dtofdler 8 axegatovg amd v
nOVOOAa, Vo Tovg amodnrevel o' éva mivaxra (array) OTh RViUN, ®OL OTY] GUVEXELQ VO
TUTMOVEL TO. EEOTAALOLA TOVUG ROL UE TNV oVTioTEOON oeld. [1aadnote Tov xMOwmA oag
%L VO OTLYLOTUTIO aTtd LU0l ETUTUYTUEVY EXTELEOT] TOU, OTIWGS AVOPEQETOL OTO TELOG.

e Zenwvijote pe 600 pabote otc aoxioels 2, old €dd Bo yoelaotel va
Y OMOLULOTTIOL|OETE HOL TLG VEES EVIOLES TQOOTELQONG OXEQAIV 0T pvhun "Iw" %o
"SW".

e Xonowuomotiote Tig odryies ".data", ".align", now ".space" Tov Assembler Tov SPIM
(oehideg A-47, A-48 tov mOQOQTNMATOS ToV PIAlov) yia Vo ®QOTNOTE X(MEO 01N
pvnun dedopévmv (data segment) Y& Tov mivaxa "af 1", peyéBouvg 8 axegaimv, nan
owotd gvbuygapopévo yia axegaiovs. TomoBetiote watdhinio to label "a"
(MOTE vo. UmoQeite mo xatm vo avagpegbeite otn dietBvvon 6mov ayilel o xheog
7OV RQATNOOTE.

e 3TNV aQy1n TOu MEOYQAupatos oog, tomobetnote T dievBuvorn 6mov ayilel o
mivorog af | og évav rataywenti. Tn diehBvvorn avti tv E€QeL o Assembler, alhd
eoeic mbavotata Oyl (extdg av TV elyote dMOEL ooV argument otV 001 Yia .data).
Emiong, dev Eépete av 1 dievBuvon avtr) ywed oe 16 bits (éva immediate) 1) OyL. Ze
Oha avtd €gyetal va oog Pondnoel n Pevdoevtorr| (pseudoinstruction) "la $rd,
label" Tov Assembler Touv SPIM: auti) AéeL otov Assembler va yevvioel pa 1) 900
TOAYUOTIRES EVTOAES TTOU TOTTOOETOUY TNV Tparypotint] OtetBvvon tov label otov
rotaywoent $rd (uio evioh] av 1 devBuvorn ywoed oe 16 bits, d00 evtolrég
ahwg). Tadderyua yonons the Pevdoevtorng "la" Oa Poelte otnv § 2.2, exel
7OV ETOLUALOUE TO OQIOUOTOL YLOL TLG EXTVTIOELS Strings.

o 3TN GUVEYELQ, TUTIMOTE VO, prompt TOV va. LNtd 8 anepaious oe 8 yoouués.

e Metd, umelte o' éva fooyo mov Oa emavaindOei 8 popés, nat mov ndbe dpod Ba
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daPalel évav abpd (LEow ®aAéopaTog oVOTHUOTOS) ®al 0o Tov amoOnxelel
otV emouevn 0éon tov mivaxa af ]. Emonudvoeig: (i) O evtodég "beq" xat "bne"
YL Tt ONpovEyio Tov fEOYoV dEXOVTAL LOVO RATOYXWENTES OOV TEAEGTEOVGS, RAL
Oyl otabegés moodtnteg (immediates). (i) H povadwy) devbBuvolodotnon
(addressing mode) Touv MIPS eivou "otafeoi] moocodTTa (immediate) + xotoywENTc"
=NV %OMOLUOTTOLNOTE TLS YPeVdodievBuvolodotioels tov SPIM (oehida A 45).

e A¢ov Pyelte and tov moonyovuevo PEOY0, TUTIMOTE UL OLOKWOLOTIXT YOO,
%ol umeite o'évav dilo Peoyo, mov Ba emavaindBetl now avtds 8 Poeég, rat Tov
0o euonedOel Tta otorgeion Tov mivora "a[ 1" alld rot' avriorgodn oepd. Na
®G0e otoryelo, Ba 1o daPdler amd T pviun, Ba to eEamhaocidlel (ywols va
melpdiEer v Td oty pvhum), row Ba Tudver avtd 1o eEamAdolo, oty (Ol
voouuf ahdd Oyt "voANTd" pe o meonyoluevd tov. Ymoloyiote to eEamhdolo
LECW TOLOV RATAAANA®V eVTOA®OV TROOOEONC (add).

o Téhog, Eavayvplote oty oyl (6mtwg »aL oty doxnon 2), d®ote 1 (dia dovield va
emavolapfdvetol e 00QLOTO.

§ 3.5- Aoxnon 3.2: Ymoloywstég Big-Endian »ou Little-Endian

i. Xonowpomowote tov SPIM vid va Poeite tov dvadind (denoeEadind) rmdira
€0mTEQTG avamoQdotaons (vmdwa ASCID) twv YoQarTtewv Tou AdTLViroU
ahdpaprtov, a, b, ..., z, A, ..., Z, vl TOV 0QOpunTIROV YoQoxThowv, 0, 1, ..., 9. Ta
VoL TO TETVYETE, 0Ql0TE 0TAOEQES TUTOV string Omwg OTNY TAEAYQAdO 2.2, %ol OTN
ovvéyelo pmeite atov SPIM nou peletiote ta meplexopeva thg pviung dedopévmv
otV raptéha "Data". A®OTE TIG SLOTOTOOELS 0OG O Vol [UnQO AELWEVANL, UE 3
othheg: yapaxtnooag, nmOwmag ASCII oto dexaeEadind, nwdiwag ASCIL oto
ovadwwd. Bdhte amoowwmuind xow eEnynote exel mov maQoatnelte xdamowa
ouolopoQdia....

ii. "Eotw 6t ammofnxrehovpe to null-terminated string "xyz" oe o AEEN evog 32-pmtov
VITOAOYLOTH], ®aL 0T ouvéyela dofatovpe auth T AEEN oav va givoar (32-umtog)
axéoaog. Ymohoyiote pe aouiuntirés mpdgels mowdv axépato Ba drafdoovue (o)
og o pyovi big-endian, xou (f) o wa pnyavi little-endian. A®ote TV omdvTnom
ocag, uall pe tig aoounTnés mEagels mov wAvaTte, 0" éva uxEd ®EWEVANL (0TO
denadnod).

iii. EmaAnOebote tnv amdvinon oog W' éva uxpd mpdypopupo otov SPIM: Znthote
amd tov Assembler va fdhel To string otn pviun dedopévwv, xal péco omd To
TEOYQAUUA oOg avityodte exelvn ) AEEN (oAduAnon!) 0 éva notoymENTh %o
Cntote va tumwbel (W évo ndheopa ovotipatog) cov oxégowos. O SPIM
ovureQudpépetor oav big-endian 1) oav little-endian avdioyo o mOLOV VTOAOYLOTH)
toéyel! Ze L vohoyloti) Tov 1eéEate Tov SPIM; T éPfyake; Av Ttov T10éEte o€ dAho
TUTO VITOAOYLOTY, e emeEeoyaoti) dAng etaupeiog, Oa Pydher dhha; TTagadmote
TO TEOYQOUUG Odg (TNyaiog ®MORAG), TO CUUTEQAOUOTE oag O éva WxQo
AELUEVAXL, %L EVA OTLYLOTUTO (screen-dump) Tov TQEEINOTOS.

Toonog Iaoddoons: O maadmdoeTe NAEXTQOVIXA T EENG:

TOV TN Yyoto »dOmd oag g dornong 3.1, "ex03_1.s"

ToV mnyato »0ond oag tng doxnong 3.2(iii), "ex03_2.s"

éva oTLyuoTLUTO (screen-dump) Tov TEEEIHATOS TS doxnong 3.1, "ex03_1.jpg"

€vo. oTLyoTUTO (screen-dump) Tov TEEE(NATOS TG Aoxnong 3.2(iii), "ex03_2.jpg"
€vo. ®EIPEVO e TIS TOEIC amavTi|oelS oag ota 3 péen tg doxnaong 3.2, "ex03_2.txt"
(1 "ex03_2.pdf", av »aw elvor mpotipdTeQ M LOQd™ ".txt").

hAER e

IMogadmoTte To TUEATAVM HEOW: submit ex03@hy225 [directoryName]

Oa eEetaoteite non MYoPoxd Yo THv Aoxnon 3, amd Ponboic Tou pabfuatos, ue
duaduraota yud v omoia Oa evnuepmOeite aQyodTEQO OO TOV dLOAOROVTO OTO UAONUaL
no pEow NAté (email) otn Alota tov podnuotos.
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