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HY-225: Opydvwon Ymoloylotdv Tu. En. Yrnoloyiotodv
Avoién 2007 © IMavemotuo Kpnng

Yepd Aoknosov 3:
IIpoorehaoceic Mviung etov MIPS

[IpoBeopia émg [Mapackevn 30 Maptiov 2007, dpa 23:59 (Bdopdda 3)
3.1 IIpoormerdoeic Mviiung: Evroiéc load kau store

O MIPS, 6nwg kot ot dGAlot enelepyaotég Tomov RISC, dev £xel evtoAég moOv Vo KAVOLV OplOUNTIKES
TPAEELS TIve o€ TEAEOTEOVS OV Ppiokoviar ot pviun --OAeg ot aplBuntikég Tpdéelg Tov yivoviot
v o katayopnté N otabepéc mocotnteg (immediate constants). O uévog TPOMOC VO
eMeEEPYOOTOVLE TO TEPIEYOLEVO TNG UVIAUNG Elvol TPpDTA VO, avTrypdyoupe pd AEEn (32 bits), 1 pia puon
AEEN (16 bits), N éva byte (8 bits) and ™ pvAun o' éva kataywpnr g CPU, va v eneepyactovue oe
KOTAY®PNTEG, KOl TELOG VO, OVTIYPAWOLE TO OTOTEAEGHO OO £vay KoToy@pnT ot pviun. Ot Adyot
etvan (o) y1d omAdtnTa Tov hardware, kot () yiori dev Oa meTvyaivape ynidtepn tayvTnTo ov pic povn
EVIOM] €Kave KOU TNV ovilypagn kot tnv emefepyocia, Ommg owdcketonr oto uddnuo HY-425
(Apyrtextovikny YToloyiotav).

Avtiypapr] pdg 32-pmng AéEng amd T pviun o' éva katayopnty ("gdptoue ctov katoyopnt'™)
yivetol pe v evioAn] "1w $rd, imm($rx)" (load word), 6mov $rd eivol 0 KOTOY®PNTHS TPOOPIGLOD
(destination register), kot Srx givar €vag katayopntg (index register) mov mepEyet pid devbuvon
LvAunG otnv onoia mpootifetar 0 6tafepdc apBpodg imm Kot 0 amotélecpua g mpdobeong sivar M
TeEMKN S1evBuven PvAUNG o' OToL YiveTal 1 avTypoey 6Tov $rd. Zuyvd, cvppfoiilovpe T pvAun cov
évay mivoka (array) M/ ], xou ypaeovue M[A] yid vo copforicovpe 1o mepleyOpvo g 0€omng uvnung Le
devbvvon 4. ‘Etol, n mopomdve eviod 1w Srd, imm($rx) TPOKAAEl aviyvoon amd n devbuvon
UWAUNG (imm + $rx), dnhadn daPdlel to M[imm + $rx], ko to ypaoel otov Kataywpnt $rd.

Avtiotpoa, avtiypaen pdg 32-pmitng AéEng amd éva kotaympnty ot wnun ("awobnxevon tov
Katayopnt)") yivetor pe TV €VIOAN "sw $rs, imm($rx)" (store word), n omoia ypapel otn Béon
pvnung pe devbovon (imm + $rx), daidn npokaiel v avtrypaen Mfimm + $rx] <-- $rs. Ed®, o $rs
glvon katoywpne Tyng (source register): mpocEETe OTL GE AVTN TNV TEPINTOOT, O TEAECTEOS TNYNG
(source operand) ypdpetarl apiotepd KoL 0 TEAEGTEOG TPOOPIGHOV Oe&1d pésa otV evioAr] Assembly,
avtifeto ONANdT 0o TIC EVTOAES aplOunTik®V Tpdéemy kot amd v evioin load.

3.2 Awev0vveeig Bytes kat [egpropropoi EvBuypappiong:

O devbivoelg pvnung otov MIPS, 6nwg ko oxeddv o€ OAOLG TOVG HOVTIEPVOVS eme&epynoTEG,
avagépoviat o Bytes otn uviun, dniadn o MIPS givar "Byte Addressable". ‘Etot, pid 32-pmn Aéén
(m.y. évag axéparog) katoropPavel 4 "0éoeig pvung" (4 bytes). Katd cvvénela, évag mivaxog (array)
peyébovg 100 axepaiov "mavel" 400 (cuveydueveg) devbivoelg (Béoeic) ot pviun. ' éva tétolo
wivaxa, 1 dievbuven Tov kdbe akEpatov SPEPEL amd VTNV ToL durhavoL Tov katd 4. Eav Ag elvar n
d1evbvvon tov "mpdTov" (Undevikov) otoryeiov, a[0], evog mivaka axepaiov tng C, T0TE TO0 GTOYKELD
a[ 1 ] tov mivoka ovtov Ba Bpioketon otn devbBvvon (Ag + 4*i). Av o wivaxkog ovtdg NTav TvaKog
yopoxtpwv (char), Tote To oToXElO A 1] OO YTV GTN drevBvvon (Ag + 1).

Ta 4 bytes mov amotelobv Evav aképato £xovv devBivoelg Tov gival cuveyopevol apdpoi. Atevbovon
ToV axepaiov givar 1 devbuveon exeivov amd ta 4 bytes Tov mov €xetl ™ pkpotepn ("tpd") and Tic 4
devboveeic. O MIPS emiPdier mepropiopovs evBuypappiong (alignment restrictions) oTig TOGOTNTEG
OV TPOCSTELNVVOLV 01 EVTOAEG load kot store ot pvnun: pio Tocodtnta peyéboug N bytes emPdieton va
&xel devbvvon mov va eivor axépoto moAlamidoto tov N. Etot, 6tav 1o N givon ddvapn tov 2, M
dtevbuvon kdbe TETOL0G TOCOTNTOG TEAEIDVEL G' €val ovTioTolyo TANBog undevikmv, Kot 1 d1ievbvvon Tov
vroAoiT®V bytes ¢ TocoOTNTAG dPEPeL LOVO GE avTd To. Arydtepo onuovtikd (least significant) bits.
AOY® 0VTOV TOL TEPLOPIGUOV, OTAV 1] PLOIKN UVIUN €xel TAGtog N bytes, apkel pio poévo mpocméiacn
o€ otV Y18 kéBe TpodcPoaon og mocdTa LeyEBoug N bytes.
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3.3 ApiOunon tov Bytes: Mnoavéc Big-Endian ko Little-Endian

Orav amofnkedetar otn pvAun €vOog VITOAOYIGTH UG TOGOTNTO ATOTEAOVUEVT AO TOAAUTAG bytes (T.y.
évag aképalog), Tpémel vo kaboplotel e ol cepd apiBpovvtar (S1evbvvelod0ToVVTOL) TO ETUEPOVG
bytes péoa onv ToGOTNTA AVTH. AVGTUY®DGS, dev £xel VILAPEEL CLHEMVIN HETOED TOV LEYOAMY ETOLPELDV
KOTOGKEVNG EMEEEPYOSTMV YIO TN GEPE OVTY, LUE GUVEREW VO LIAPYXOLV OV0 Sl0POPETIKOL THTOL
eneEePynoTOV onuepa --ot enrovopalopevor "big-endian" ko ot erovopalopevor "little-endian".

, A Big-Endian Machine: Little—-Endian Machine:

Ag Egxtvioovpe e pud oopfoon

OV apopd  TOV TPOTO MS LS MS Ls
GXS&I(XGHO]:) oTO Xap‘c{ TV WC1Jr2d byte 12: |byte 13: |byte 14: |byte 15: W(1er. byte 15: |byte 14: |byte 13: |byte 12:
TEOGOTT’]T(DV OV (XTCOTS}LOI’)VT(XL * 00000000 | 00000000 | 00000111 {11010011 * | 00000000 | 00000000 | 00000111 |{11010011

, omhd bytes: Mé , WOFd. byte 16: |byte 17 |byte 18 |byte 19: WOFd. byte 19: |byte 18: |byte 17: | byte 16:

and moAhomAd. bytes: Méoa o 16:] Kk a 1 e 16| @ t a k
EVOV 0KEPUALO apt@uo, o bits W%Bd byte 20: |byte21: | byte 22: byte_23: wgr(‘)d byte_23: byte 22: | byte21: | byte 20:
gkeiva, mov moAlamlacialovtat d v e n I d I n e v
eri g ]JS“{(I}\.I’JTSDSQ 61)\’(1]481@ Wc2”;1-: byt9824. byt§§5. byte 26: | byte 27: wgz: byte 27: | byte 26: byt§(2)5. byteSZ4.
0V 2 yud vo oG ddCOLV TNV

oplOUNTIKY T TOL OKEPOIOV

Aéyovtan "meprocotepo onpavtikd” (MS - most significant) bits, ka1 avtd mov Tolhariacidlovton ent
TIG JUKPOTEPEG duVAELG Tov 2 Aéyovtan "Ayotepo onpavtikd" (LS - least significant) bits. To byte mov
nepléyel To MS bits Aéyeton MS byte, kon ekeivo mov mepiéyel oo LS bits Aéyeton LS byte. Omorte
oyxedalovpe Evav axépoto oto xapti, oplovria, Ba Pdlovpe mhvta to MS bits kau byte apiotepd, Kot o
LS bits kot byte de€id, dnAad OT®G Kot 6TOVG deKAdIKOVG aptBpovg (Puoikd, N cOUPaoT aVTH APopd
HUoVo TovG avOpOTOVG --IEGH GTOV VIWOAOYIOTN OEV £XEL VOO Vo LUAGUE Y14 "oplotepd transistors” Kot
"de&16 transistors”...). AkoAovBdvTag Tt ovuPoon avth, To oYL OEiyveL Eva TOPASEYIO TECCAPOV (4)
AéEewv pvnung (16 bytes) evoc 32-umtov vtoloylot o€ pio unyovn "big-endian" ko og pio pnyovn
"little-endian". H mpodt AEEN mepiéyel tov aképato apBud 2003 (dexadikd) = 7D3 (dexoe&udikod), evd
oTig enopeveg 3 AéEelg vmapyeL Evog mivakag yopaktpwv (array of char) peyébovg 10 otoyeiov, kot
TEPIOGEVOLY Kol 000 ehevbepa bytes: o mivakag yopoktipwv mepiéyel 1o (null-terminated) string
"katevenis" (kd0e byte Ba mepiExetl 1o dvaducd kmdka ASCII evdg yopaktipa --m.). T0 TPp®OTO byte Oa
nepiéyel 01101011, wov eivan o kddkag Tov 'k'-- adAd epeic, Y evkola, deiyvovpe to cvpPollduevo

YOPUKTIPOL).

¢ Big-Endian: X¢ moAlo0¢ vmoloyiotéc, To MS byte tov kdOe axepaiov &xel T KpOTEPT
devBuvon, kot o1 devbivoelg TV bytes Tov avEdvouv (Tpoywpovv) kabmg Tpoympdpe "oe&1d",
7pog t0 LS byte tov. Avtoi o1 vmoloyiotég Aéyovtar "big-endian" d16tL M apibpon tov bytes
Eexwva omd 1o "big end", dniadr| to MS byte.

e Little-Endian: X¢ dAlovg vmoloyiotég, to LS byte tov kdfe oxepaiov €xer T pkpoTEPT
devbvvon, kal ot devboveelg tov bytes Tov av&dvouv (TPoywpohv) KAODG TPOYWPALE
"apiotepd”, mpog 10 MS byte tov. Avtoi o1 vmoroyiotég Aéyovtan "little-endian" 16t N apiBuion
TV bytes Eekva amo to "little end”, Sniadn To LS byte.

[Mopoatnprote 6t 1 drevbvven pidg Aééng (m.y. Tov axepaiov 2003 ot Bon 12) eivon ) 1d1o Ko 6TIC SO
UNYOVES, 0oV, OTMG eimape mapandve, etvar wdvta 1 dievBuvon exeivov and ta 4 bytes Tov Tov €xel T
pikpotepn ("mpodt") amd Tig 4 devbovoels. Emiong mapatnpnote OTL o1 Yopaxtipeg €vog string
amofnkedovian oe Sadoykd bytes Tng uvnung katd avéovoeg dievduvoelg, 6mwg akpPag emPaiel o
amAdG Kavovag Tov girape kot mapordve. To oynua aviiotoyet otn dMAwon (og C) "char buf[10];",
OmOoV 0 Tivakag buf [ ] €yl tomobemOel (w.y. amd tov compiler) otig Oéoeig pvnung pe drevbovven 16 Emg
Kot 25- tote, 10 otolyeio i Tov mivaka, buflil], Pplokeror ot dedbuvvon 16+i, enewdn 16 givan
devBvvon ekkivnong Tov mivaxo (1 dievBuven Tov TPATOL TOL GToLKEIOL, buf [0]), Kot TO pEyebog Tov
Kk@0e otoryeiov tov mivaka eivar 1 (byte). 'Etol, o yapoaktipag k' Bpioketor otn 0éom buf[0] dnAadn
ot devbuvon 16, o yapaktipog 'a' Bpicketal otn 6éom buf (1] dniaodn ot devbvvon 17, k.0..

To "endian-ness" Tov vroAoyloTy, dnAadn To av givar big-endian 7 little-endian, dev pog emnpedlel dtov
epyolOlOoTE GE €va KOl HOVO HNYAvNo, Kot Tdvo ypdeovpe Kot dafalovpe v kKabe mocodTnTo e
TOV 1010 TOTO --TPAyHe TOL €ival KOl TO GOOTO Vo KAVEL KAVEIG-- ONAad] OOV 6T LVAUN YPAPOVLE
string dwafalovpe Tava string, Kot 67ov Ypaeovpe integer dtopalovue mdvta integer. To "endian-ness"
pog emnpedlel 6tav aAldlovpe TOTO HETAED €YYPAONG Kol avAyveOong --mpdype avopfddo&o-- m.y.
ypaoovpe kdmov £va string kot petd to daPalovpe cav integer, 1 yphpovue integer kot drafdlovpe
string. To onuavtikdtEPO OA®V Op®G glvar 6Tt To endian-ness Tov VIOAOYIOTN TPENEL Vo AopPdvetal v
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oyn Otav petagépoviol dedouéva HEc® OKTHOL peTa&Dd vmoAoyloT@V. Xuvnbmc, Ta TPoypapaTa.
petapopdg dedopévav (m.y. ftp) Bewpovv 6t petapépovpe keipevo (ASCII strings), kot TomobeTobv 0
bytes pe v avtictoyn ocepd. Av OU®OC UETOPEPOVUE GALEC HOPPEG dedopévov (T.y. 32-umitovg
axepaiovg) HeTaED vIOAOYIOTMV He dropopeTikd endian-ness, M ogpd avtn Oa NTov Adbog: dnmg ot
yopoxtnpes k, a, t, e petapépoviol cov e, t, a, k oto mopondve oyfuo and big-endian og little-endian,
étol ko o axépatog 2003 Ba epunvevovtay cav 00, 00, 07, D3 (Sekaeéadiko), kot Ba petapépoviay cov
D3, 07, 00, 00, oniodr; 11010011.00000111.00000000.00000000 (dvadikd), mov eivar o apBuog
-754,515,968 (dex0d1kd, copminpope o tpog 2). ['d va yivel cwotd 1 petagopd, mpémel vo dnAmbel
OTO TPOYPOLLLO LETAPOPAG O TOTOG TV OedOUEVMV TTOL PeTapEpovTal (T.y. evioln "type" oto fip).

§ 3.4 - Aoknon 3.1: Ilivokog Akgpaimv

Ipayte éva Tpdypappa og Assembly Tov MIPS mov va dwafalet 8 axepaiovg amd v Kovedra, Vo TOVG
amofdnkevel ¢' éva mivaka (array) oTn UV, KOL GTI GUVEYELD VO TUTTMVEL T0. EEUMAGGLA TOVG KOl L
v avticTpon oepd. [apadnote ToV KOIKAE 60g Kl EVoL OTIYUIOTUTO O Ll ETITUYNUEVN EKTELEON
TOV, OTMG OVAPEPETAL GTO TELOG.

o Eekivnote pe 600 pabote oTic aoKNoELG 2, 0AAL €00 Ba XPEOGTEL VA YPTCYLOTOIGETE KOL TIG
VEEG EVTOAEC TPOSTEAAONG OKEPi®V 6T UvhAun "Iw" kot "sw".

o Xpnowpomomote T1g odnyieg ".data", ".align", kou ".space" tov Assembler Tov SPIM (cehideg
A-47, A-48 tov mapaptTpaTog Tov PiPAiov) Y14 vo kpotnoTe Y®Po 6T UvhUn dedouévev (data
segment) yid tov mivoka "a[ ]", peyébouvg 8 axepaiov, kol cwotd gvbuypoppicuévo Yid
axepaiovg. Tomobemote KatdAAnia o label "a" dote va pmopeite mod kdTo vo avagepbeite ot
dtevbuvon 6mov apyilel 0 Y®POG TOV KPATHCATE.

o IV apyn Tov TPoYypapupaTdc cag, tomobetniote ) devBuvvon dmov apyiler o mivakag af | oe
évav katoywpnt. Tn devbvvon avt) v EEpet o Assembler, adAd eogic mBavoTaTa Oyt (EKTOG
av TV elyote ddoel oav argument otnv odnyia .data). Eniong, dev EEpete av n dievBuvon avty
yopd og 16 bits (éva immediate) 1 Oy Xe OA0 aTE EpyeTon va cag Bondnoel 11 YevdoEvIon
(pseudoinstruction) "1a $rd, label" tov Assembler Tov SPIM: avt) Aéel otov Assembler va
YEVVNAGEL pio 1 dVO TPAYUOATIKEG EVIOAES TOL TOTOBETOVV TNV TTpaypaTiky 61evhuvon Tov label
otov Katoyopnt) S$rd (pio eviodn av mn dedbBuvon ympd coe 16 bits, 600 €VIOAEG AALOLDG).
MMopdderypo ypriong g wevdoeviodng "la" Oa Ppeite oty § 2.2, exel mov erowdlope to
oplopota yié TIg EKTUTMOGCELG strings.

e X111 ovvEyELn, TVUTOGTE Eva prompt mov vo {ntd 8 axepaiovg o 8 YPOUUES.

e Metd, uneite 6' éva Ppoyo mov Ba emavolnebel 8 popéc, kot mov kdbe popd Ba dwfalel Evav
apOpd (LECH KAAEGLOTOC GLOTHOTOC) Kol Oa Tov amodnkevel oty enduevn Béom tov mivaka
a[ ]. Emonudvoeig: (i) Ot evtoréc "beq" kot "bne" yid ) dnpiovpyia Tov Ppdyov d€xovran pdvo
KaTayopntéG cov Teectéong, Kot Oyl otafepég mocodtnteg (immediates). (7)) H povadu
dtevBuvolodotnon (addressing mode) tov MIPS eivar "otabepry mocodtntor (immediate) +
KOTay®pnTNG" --Unv ¥pNoonomote Tig WehdodievBuvaolodotioels tov SPIM (cerida A.45).

o AoV Byeite amd TOV TPONYOLLEVO PBPOY0, TUTMOGTE A SLO®PLOTIKY YPOUUN, KOl PTEiTE 6'Evay
dAro Bpoyo, mov Ba emavodneBel kot avtdc 8 popég, kol mov Bo emiokepOel ta GTOLKElD TOV
wivaxa "a[ |" aAld kot avricTpopn ceipd. I'd kdBe otoyyeio, Ba to dwPfalet omd ) pvniun, Ba
10 e&amhactalel (yopic va mewpdéel v T ot Lvnun), kail 0o tvrovel avtd 1o eEamidolo,
oV 1010 ypapp aAld oyt "KoAAnTtd" pe to Tponyovuevo tov. YToAoyioTte 10 €EAmAGGI0 HECH
TPIOV KOTAAANA®V eVIOA®V Tpdobeong (add).

e Téhog, Eavayvpiote ommv apyn (6mwg kor otnv Adcknorn 2), ®cte 1 0w dovAied va
emavarapupavetol T’ adPLoTO.

§ 3.5- Acoknon 3.2: Ymnohoyiotég Big-Endian ko Little-Endian

i. Xpnowomomote tov SPIM vid4 va Ppeite tov dvadkd (dexoeadikd) KmOka £0MTEPIKNG
avamapdotaong (kadika ASCIID) Tov yapokthpo®v Tov AaTvikov aheapitov, a, b, ..., z, A, ..., Z,
Kot TV aptOunTikov yapokmpav, 0, 1, ..., 9. ['d va to metvyete, opiote otabepég TOmoL string
OM®G OTNV TPMTN GEPE OOKNOEMV, Kol oTn cuvéxew pmeite otov SPIM kau peietiote ta
TEPEXOLEVO TNG LVIUNG dedopévav 6To Tapdbupo "Data Segments". A®cTe TIC S10MIGTOCELS GG
o' éva Kpo Kewevakl, pe 3 omheg: yapoktipag, kddikag ASCII oto dekaeladikd, KMOIKOG
ASCII ot0 6vadikd. Balte amociomomtikd ko €Enynote ekel mov mapotnpeite Kdamolo
opotopopeia....
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ii. 'Eote 011 amobnievovpe to null-terminated string "xyz" oe pio AéEn €vog 32-UmiTtov VTOAOYIGTY,
Kot ot ovvéyela daPdlovpe avtn ™ AN cav va eivor (32-pmitog) axépatoc. Ynoloyiote pe
apOunTIKég TPAEelg moov axképato Ba dwufdoovpe (o) o uid unyavn big-endian, kot (B) o pid
pnyovn little-endian. A®ote v amdvinon oag, poll pe tig apuntikéc npdéeic mov kévate, o'
éva LIKpO KEWEVAKL (GTO OEKAIKD).

iii. Emodnbevote v oamdvinon cog W' €va pkpd mpodypappo otov SPIM: Zntiote amd tov
Assembler va fdAet To string otn pviun dedopévav, Kot LEG amd TO TPOYPUUUG GO OVTLYPAYTE
exeivnp ™ AéEn (oAoxAnpn!) o' éva katayopnt) kot {ntote vo tvmwbel (W' éva kddeoua
oLGTHHOTOG) cav aképatog. O SPIM cuumepipépetar cav big-endian 1 cav little-endian avdioya
o€ ooV voAoyioth Tpéxel! Xe Tt vmoAoylot tov Tpé€ate tov SPIM; T éByare; Av tov tpé€te
o€ GAAO TOTO vmohoylotn, e emefepyootn dAAng etaipeiag, Oa Pydier dAlo; [Mapaddote T0
TPOYPAPUA 60G (TNyaiog KMOIKOG), TO GUUTEPUCHATE GOC G €va HIKPO KEWEVAKL, Kl &val
oTyluotuno (screen-dump) tov Tpegipatog.

Tponog IMapadoonc:

Oa TapadDOCETE NAEKTPOVIKE Tl €ENG:

TOV TNyaio KOoKd cag tng acknong 3.1, "ask3.1.s"

TOV {NYio KOO cag tng doknong 3.2(iii), "ask3.2.s"

éva otrypiotuno (screen-dump) tov tpeipatog g doknong 3.1, "ask3.1.jpg"

éva otrypiotuno (screen-dump) tov tpeipatog g doknong 3.2(iii), "ask3.2.jpg"

éva keipevo pe TG Tpeig amovinoelg coag ota 3 pépn g doknong 3.2, "ask3.2.txt" (1
"ask3.2.pdf", av ka1 givar TpoTndTEPT N LOPPT ".tXL").

Bdhte ta 5 avtd apyeio og éva povadiko apyeio tomov "zip" pe 1o dvopa "ask3. zip", KAvovtag:
zip ask3.zip ask3.?.s ask3.?.jpg ask3.2.txt

Téhoc, TapaddceTe TNV AOKNON 60G EKTEAMVTAG "~hy225/bin/submit 3", a6 to directory oto
omoio Ppioketar o apyeio ocag "ask3.zip" (ue avtd kor povo to O6vopa). H evtoAr submit
dovAevel povo o mhotedppo SPARC/Sunos.

Nk v =

e
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