Exercise 3: Memory Accesses (U.Crete, CS-225) 18/2/25, 21:54
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Xe1p0 Aoxoeov 3:
Igoonerdoers Mviung otov RISC-V

AT6 21 yia péoov 4ng efdopddag tov EEaunvou

Bipiio: Yrohouwrn §2.3: oehideg 109-114.
3.1 Igoomeraoeis Mviuns: Evrolés load »ou store

O RISC-V, 6mwg now o Ghlol emeEepyaotéc Tumou RISC, dev éxel eviohég mou va rAvouv
0QLOUNTIRES TTRAEELS TAVMD O TeEAEOTEOVS OV PBEIOKOVTOL 0T Uviiun --OAES OL CLOLOUNTIXES
mRdEeLg Tou yivovtow Thvm og ®aTaymweNTES 1) 0Tafepés moodTNTeS (immediate constants). O
UOVOG TEOTOG VO, EMEEEQYAUOTOVUE TOL TTEQLEXOUEVOL TNG UVIUNG EIVOL TTOMTA VO AVTLYQAYOUE
utor OumAn) AEEN (double - 64 bits), 1) wiot AEEN (word - 32 bits), 1) pia ot AEEn (half - 16 bits), 1
éva byte (8 bits) amd ™ pviun o' éva xnotoaywenti) g CPU, va v eneEeQyaotoivue oe
NOTOYWONTES, RO TENOG VO AVTLYQAPOUUE TO ATTOTEAECUOL ATTO EVOLV RATAYWENTH OTY LVI|LA.
Ou Aoyou elvar (a) Y& amhotnto Tov hardware, xar (f) yiati ovvilBwg dev metvyaivovue
PYNAOTEQN TAYVTNTA, AXOUOL HOL OTOV O OV EVTOAT] HAVEL KOL TNV AVTLYQAPT] RAL TNV
emeEegyaoia, OLotTL, 6mwg Ba dolue, dOTav yenowomotetal opoyewpta (pipelining), cvviBwg o
MeQLOELOTIROG TtoRdryovtag (bottleneck) elvar alhov.

Avtiyoadn wog 32-pwmtng AEENG amd T pwvhun o' éva xatoywent ("¢ootwua oTov
notoymenth") yiveror pe v €violn "lw rd, offset(rsl)" (load word), 6mov rd elval o
1OTOYWOENTNG TTEOOQELOMOV (destination register), oL rsl €lval €vog RATOYXWENTNG TNYNGS
(source/index/base register) mov meQiExel a devBuvvon pviung (pointer) otV  omoia
moootifetal 0 0tafedg aQOUOS offset (QTOOTOON/ATOXRAOT), HOL TO OIOTELECUO. TNG
mp6oBeons etvar 1 teMun) dlevBUVVON PVHUNG QT OTTOV YIVETAL 1] OVAYVMOT ROl AVTLYQOOT
O0TOV rd. ZuyVvd, ovuforilovpe ) pviun oav évav mivaxa (array) M[ |, nal yoadouvue M[A]
Y& v ovpolicovps To meQLEXOUEVO TN BEong uvhung pe dietBuvon A. "Etot, 1 agamdve
EVIOAM] 1w rd, offset(rsl) JQOXOAEL OVAYVWOTN ad TN OLevOUVVON pUvhuNG (offset + rsl),
onrad1 dwafdlel to Mfoffset + rsl], now to YoAdeL 0TOV RaTAYWENTH rd. O 0T0.0eQ05 0QLOUOC
offset YONOLUOTOLEITAL OOV TQOONUAOUEVOS ATt TO VAMrO Tov RISC-V, emopévog n "wivnon"
oV avtds emPdAlel oe oxéon pe To ot "delyvel" 0 naTaYWENTNG rsl WIOQEL VAL E(VOL QOGS TO
"eumeog" 1) mEog Ta "mow".

Avtiotgoda, oaviyoadn wag 32-umtng AEENG amd €vav  rOTOYXWENTY OTH  Uviun
("amoBnxevon TOV ROTOYWENTH") YIVETAL UE TNV EVTIOA) "sw rs2, offset(rsl)" (store word),
N omolo yodhder oty Ofom pviung pe Oevbuvom (offser + rsl), dNhoadn mooxraiel v
oviyoadn Mfoffset + rsl] < rs2. Edw, 0 rs2 eivolr xataywentig myng (source register):
TQOOEETE OTL O€ AUTH TNV TEQLITTMOT), O TELEOTEOS TG (source operand) YOADETOL ALOLOTEQC
%Ol O TEAEOTEOS TTEOOQLOUOV OeELG péoa otV €vioAt] Assembly, avtiBeta dnhadi amd Tig
EVIOAEG 0OLOUNTIXMV TRAEEWV %o aTtd TV €VTOAT load.
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Ymdoyxovv zou or maoouoleg evtoréc 1b" (load byte) xow 1n" (load half) mouv Swafdlouv
avtiotoyyo. 1 1 2 Bytes oamd ™) pviun, ta petateémovv o€ 32 bits Oewpovrag Ta
mpoonuaopéva (signed), xot Ta YOAPouv otov rataywonti) rd. Emiong o evtolég 1bu" (load
byte unsigned) »a 1hu" (load half unsigned) ®évouv v (dia oOVAELL EXTOS OTL 0T HETOTQOT
oe 32 bits Bewpovv ta 8 1 16 bits mov ddPfocav amd TN UV OOV W] TQOOUOOUEVAL.
AvTtioToryo oL evToAEg sb" (store byte) now sh" (store half) yoddpouv otn pvijun ta 8 1) 16 deELd
(AyoTeQo onuovtind - least significant) bits Tov notoywonth rs2.

2tov 64-pmrto RISC-V (6mwg oto Ayyhxd Ppiio, alhd Oyl 6mwg otov RARS), ot
1OTOYWOENTES elvor 64-umToL, omtoTe 1 1w OLoAlel Tkt 32 bits ard T pviun, OTWS KL TOLV,
oAAG TO. peTaTEETEL OE 64 bits BemomvTag T mEoonuaouéva (signed) yud vo ta yodapel 0To
64-pmto naTayweNT rd, evd 1 1wu (load word unsigned) xdvel To (010 AAAG 0T LETOTQOTN
Bewoel Ta 32 bits mov dudPaoe oav unsigned. AvtioTtorya, 1 EVIOAT] sw YoAdeL Ta 32 deELd
(least significant) bits Tov xatoayxwEnNT rs2 oty uviun. Exiong otov 64-umto RISC-V vmdoyel
N 1d (load double) mov Owofdélel 64 bits (8 bytes) amd T Uviiun, oL 1 sd (store double) mov
vodder 64 bits (8 bytes) oty UvijU. ZTOVG ONUEQLVOUS 64-UMTOVS VITOAOYLOTES, OL compilers
™ C Bewolv Tig petofAntég Tomou pointer TAVTO oAV 64-pmTeg TOOOTNTES (TQOGAVDC),
EVD TIG UETOPANTEG TUTOV int OOV 32-UIMTOVUG ALEQOLOVS %OL TIG UETOPANTES TUTTOV long
long int OOV 64-UMTOVS OXEQOLOVS: TOV TUTO long int, TO pev Windows tov Bewgoiv 32
bits, To 0¢ Linux tov Bewoel 64 bits.

Ou ovvifelg TEOTOL XO10NG TOV TAEATTAVM TEOTOL "dtevBuvolodotnong" (addressing mode),
onhadt "rataywentig + otabepd", Ba yivouv xatavontol ®abmg To pabnua Ba mEoywEd.
Ac onpeltwoovpe OPmG €0Mm, YLd peAOVTLRT avadod, OTL 1| o cuvnOLouEvY yonon eivar pe
TOV ROTAYWENTY VO TTEQLEYEL VAV pointer, ®oL T 0TafeET) ToodTNTA VA elvol (d "omdxrhion"
(offset) amd exel mov Oelyvel o pointer. AvTtd YENOLUOTOLETOL EEQLQETIHG OUYVA: (O) OTOV O
pointer deiyveL oe WA dour) dedouEvmv xot 1 atdOxrALon 0Qtlel oo amd To medion aVTNG ™G
oopng Béhovue va mEoomeEAGoOUVUE (Y. p->next): (f) O6tav 0 xaTaAyWENTNS elval o stack
pointer (sp = x2) xat 1N amOxAoN 0Q(CeL MOLAV amd TG ToTKES PETAPANTES TN dadiraoiog
Tntdipe: nan () 6tav o rotoywenTis etvan o global pointer (gp = x3) »au 1 arwdOrALON 0Q(CeL pio
a0 Tig noBohnég Pabumtég petaPantés. Mud dhin xenomn tov 1edmov devBuvoloddTNOoNG
"otaBepd + ratoywenTc" o pmopovoe va fitav pe T otabed va etvar 1 dteBuvon Paong
evog (otatird allocated) mivaxa (array) ®aL 0 xoTAX®ENTNG va €ival To index Tov oTOLY €OV
ToV Tvoxa moAlamhoolaouévo (MON) emi to péyeBog tou otouyeiov Tou mvara, omdTe
npooneMdCovpe To otouelo pe exelvo To index. Opwg otnv mEAEN, otov RISC-V, autd elvon
oyxedov adlvato 00Tl Ba émpeme o mivaxag va Eexwvd oto mowto 2 KBytes tou ymQov
olevBivoewv, wote 1 Oevbuvon Pdaon Tov va ywEed ota pohg 12 bits mou €xer 1
(mpoonuaopévn) otabepd. Evtuymg, n xonon avti dev elval amogaitn, didott ouvnbwg ol
compilers aAAGCOUV TNV aQlOuNTrY) e array indexes og aQuOunTixt] pe array element pointers
uéoa 0tovg BEOYOUS oV eneEeQYATOVTOL OTOLYEIC TVARWV.

3.2 Agidunon tov Bytes: Myyoavég Little-Endian (o Big-Endian)

Otav omobnretetor ot pvijun €vOog VITOAOYLOTH WO, TOCOTNTO OITOTEAOVUEVY] Tt
TOANATTAG bytes (7). évog axéouog), moémel vo. ®ofoQLotel pe oo oelpd alipovvtol
(dtevBuvolodotovvtal) to emuéoovg Bytes péco otnv mooodOTNTO AUTH. AVOTUYDOS OTO
moelOOV Oev elye vmdpEel ovpuPwviar PETAED TV RATAOHEVOOTMOV ETMEEEQYAOTOV YLO. TN
oelpd avti), pe ovvémeld vo vdEyovv OV0 OlapoeTnol TUMOL €mMEEEQYAOTMOV — Ol
emovopalouevor "Little-Endian" xar ov emovopalopevolr "Big-Endian". Znueoa mdviog,
potdCel va emunpatovv ot Little-Endian, now yU' avtd o RISC-V eivau Little-Endian:
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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 : 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:
24| g \0 24: \0 S

Acg Eewwvnioouvpe pe o ovpPacn mov apood Tov TEOTO OYEOLOOUOV OTO YOQTL TV
TOCOTNTWV JIOV OTOTEAOVVTOL Otd TOAMATAG bytes: Méoa o' évav axéoalo aolBuod, ta bits
exelva mov moAlamAaoLdovTal el TG HeYaADTEQES QUVAUELS TOV 2 VLol VO Mag OMCOVV TNV
0QLOUNTLAY TLUT] TOU aneQaiov Aéyovton "meQLoooteQo onuovtvd" (MS - most significant) bits,
oL aVTé oV TOAQTAOOLACOVTOL €Tl TIG UXQEOTEQES OUVAUELS TOu 2 Aéyovtal "ALydTteQo
onpavtnd" (LS - least significant) bits. To Byte mov megiéyel too MS bits Aéyetow MS Byte, nou
exelvo mov mepiéyel ta LS bits Aéyetan LS Byte. Omote oyedid.Lovue évav axégalo oto yoQTi,
oolLovtia, Ba Patovpe mavta Ta MS bits xow Byte aplotepd, »ow tar LS bits xow Byte 0eEld,
ONAadY 6mwg nat otovg denadrwols aQlOuovg (puowrd, n ovpPacn avti) apood POVo Tovg
avOoWITOVS —péca 0ToV VITOAOYLOTH OeVv €xel vOmua va wAdue yia "oloteQd transistors" %o
"deELd transistors"...). AxolovOmvtog ™) ovuPaon avti, To oxnuo delyver évo maQaderypa
€004V (4) AEewv pvnung (16 Bytes) evog 32-umrtov voloyloti) og pio punyovin "Big-
Endian" »aw og pio umyavi) "little-Endian". H momtn AEEN meQiéyel tov axépaio atfud 2003
(denadwmd) = TD3 (0en0eEadind), evd oTlg emoOueveg 3 AEEEIC VTAQYEL €Vag TVOROGC
yopoxtnewv (array of char) peyéBovg 10 otoryeimv, nal meguooeovv xat OVo ehelBega bytes:
0 mivorag yoeaxtnomv megléyel To (null-terminated) string "katevenis" (xG0e Byte Oa meQuéyel
10 duadWwmd n®ddwmo ASCII evog YaanT QO —T.y. TO TEMTO byte Ba mepLéyer 01101011, mov
elvar 0 ®Owmag Tov 'k'— alhd epels, yia evrohia, delyvouue To oUPBOMEOUEVO XOQOARTNQO).

¢ Big-Endian: ¢ avtolg toug vmoroywotés, To MS Byte touv %dbe axepalov €xer
uxotepn deBvvon, nar ov dievBivoelg Twv Bytes evtog tov axegaiov avEdvouv
(MO WQEOVV) rabmg meoyweaue "deELd", mpog To LS Byte Tov. Autol oL VITOAOYLOTES
Aéyovtar "Big-Endian" duotL 1 agiBunon twv bytes Eexivd amd to "Big end", dnhadi) to
MS Byte. H hoywi] twv Big-endians elvan 0tu Ta character strings dtafACovron ravovixd
aTtd TOVg avBEMITOVG IOV OTLS YADMOOES TOVUS YOAPOUV T TO QLOLOTEQA QOGS TAL OEELAL.

¢ Little-Endian: Ztovg emxQaté0teQOVg OMUeEQX VITOAOYLOTES, o otov RISC-V, to LS
Byte tov ®d0e axegatov €xel T uxoteEN OelBuvor, xal ot dlevBuvoels Twv Bytes
EVTOG TOU axEQAiOV QVEAVOULV (TTQOYXWEOUV) ®aBMS TQOYWEAE "0QLoTEQA", TTQOS TO
MS Byte Tov. Avtoi oL vtohoylotég Aéyovrton "little-Endian" duotL 1 agiBunom twv bytes
Eenwvd amd to "Little end", dnhadi) To LS Byte. H Aoywni) Twv Little-endians elvor 6t tal
Bytes apOumvtol mpog v (dto natevBuvon meog v omola aQlOumvToL ot to bits
evog axegaiov, dAadn moog ™V xotevbuvon mov avEdvouvv ov duvauels tov 2 -
OVVTELEOTES TWV bits TOV axeQaiov.

IMogatnptote 6tL 1 dtevBVvVOoN Wwog AEENGS (T.y. Tov axegatov 2003 otn B¢om 12) eivar 1 (OLa
7oL 0TIg OV0 pNYaveg, apov, OTMS elmape TOQATAV®, lval tavta 1 dieBvvon exelivou amod
ta 4 bytes Tov OV €)eL TN WxEOTEEN ("MEMTN") o Tig 4 dievBivoels. Emlong mopatnonote
OTL OL YOQOXTNQES €VOG string aroOnrevovTaL o€ OLodoyIrd bytes TG UVIIUNG ®OTAG AVEOVOES
oLevBivoels, 6mwg axQPOS emPAleL 0 ATAOG ®AVOVAS TTOV ETTOUE ®oL TOQATAVW. To oy
avrtiotowyel ot ONAwon (o€ C) "char buf[10];", 67OV O Tvoxag buf[ ] £xeL TomobetnOel (..
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artd tov compiler) otig B€oelg pviung pe devbuvon 16 €wg now 25+ TOTE, TO OTOLXEO i TOV
mvoxa, buf[i], Poloxetar ot devOvvomn 16+i, emeldn) 16 eivar n dtevBvvon exxivnong Tov
mvoaxa (1 dlevBuvon Tov TEWTOV TOV OTOLKEIOV, buf[0]), ®oL TO UEYEDOS TOV nAOE oTOLYKEIOV
tou mivaxo eivar 1 (Byte). ‘Etot, o yagaxthoogs k' Poloxetor oty 6€0m buf[0] dnhadn o
oteBuvon 16, o yapaxtneag 'a' Poioxretor otn O€on buf[1] dNAadin otn devBuvon 17, ®.0.x.

To "endian-ness" tov uvmoAoywoti], dnAadn to av eivar little-endian 1) big-endian, dev pog
emneedler Otav eQyalopoote o €va %ol HOVO UNYavnuo, %oL TAVTO YOAPOUUE %ol
oapdaovpe TV nAGBe mocOTNTA pe TOV (OL0 TUTO —TQAYLOL TTOV E(VOL KOL TO OWOTO VO RAVEL
novelg— OMAadY 6mou oty pvnun yoddouue string dwofdlovue mAvta string, xoL OOV
voddpovue integer drafafovue mavta integer. To "endian-ness" pog emnoedlel 6tav aAldlovpe
TOTO HETAED €yYQadPT)g noL avAYVMWOoNS —Tmeayuo avopBodoEo— m.y. yoddouue rdmov €va
string ®ol petd to dafPdlovpe oov integer, 1 yoddovue integer xan diafdovpe string. To
ONUAVTIXOTEQO OAWV OUWGS lvan OTL TO endian-ness TOV VITOAOYLOTY] TTOETEL VO AP dveTal vt
oY otav petadégovror dedopéva péom dxTUov UeTaED uvmohloywotwv. Zvviifwg, To
mooyodppata petadoeds dedouévov (my. ftp) Bewooiv 6Tl petadpégovue retpevo (ASCII
strings), oL TomofeToUv TOL bytes pe thqv aviiotowyn oed. Av Ouwg petapéoovue GAleg
LOQPES dedOoUEVOV (TT.Y. 32-UTMTOVS OREQAIOVS) UETAED VITOAOYLOTMV Ue diadoeeTind endian-
ness, 1 oelRd avti Oa Ntav MdBog: dmwg oL yaeaxTNEs k, a, t, e petadégovial ocav e, t, a, k
010 moATAvVW oyxnNuo. om0 big-endian oe little-endian, €tolr xow o axépowog 2003 Oa
eounvetovrav cav 00, 00, 07, D3 (dexaeEadirnd), »ou Oa petadpégovrav cav D3, 07, 00, 00,
Onhadn 11010011.00000111.00000000.00000000 (dvadrd), mwov elvar o aQLOUoOS -754,515,968
(denadnd, ovuminomwpa wg mog 2). ['a va yiver cwotd n petadpod, moémel vo dnhwOel oto
TOOYQOUUOL LETOPOQAS O TUTTOG TV OedoUEVDV IOV peTapégovton (Tu.y. ftp: evtoln "type").

3.3 AwevOuvoeis Bytes o 1 ogéon EvOvygdnuons-Tayvtnroc:

Ouv OevBivoelg pvnung otov RISC-V, O6mwg notr oxeddV o€ OMOUS TOUG HOVTEQVOUC
emeEeQy0oTéS, avadégovrol oe Bytes otn pviun, dnhadi) o RISC-V eivar "Byte Addressable".
‘Etot, o 32-pmmen AEEN (muy. évag axéoanog int g C) ratahapPdver 4 "0éoelg pviung" (4
bytes). Kotd ovvémeia, évag mivarog (array) peyéBovg 100 oxegatwv "mdvel" 400
(ovveyoueveg) devBivoels (B€oelg) oty pviun. ' éva tétolo mivaxa, 1 OlevBuvor tov xdbe
oxéoaov OtodEQel otd avTiv Tov Othovol touv ratd 4. Eav A, elvar 1 devBuvor tou

"mowtov" (UNdevirot) otoyetov, a[0], evog mivaxra axegaimv tng C, TOTe TO oTOoLKElo af i |
Tov mivaxra avtol Ba Potoxetan oty dievBuvon (Ag + 4*i). Av o mivaxrog avtdg NTav mvarog
yaeoxtnewv (char) Tov evog Byte nabévag, tote To otouyeio al i | Ba Ntav oty devBuvon
(Ag +1).

Ta 4 bytes mov amotehoVv évav axéparo €xouv devBivoelg mov elvar ovvexoduevol aQLOuot.
AevBuvon tov axegaiov eivar mavta 1 OevBuvon exeivou amd ta 4 Bytes Tov mou €yeL ™
mzeotegn ("modtN") amd Tig 4 dtevBuvoels.

INd AOyovg toyx0LTINTOS TQOOTEAONS TNG UVAUNG €lval TQOTLUOTEQO OL TOOOTNTES TTOV
nmpooomeMCovv oL evtohég load xan store vo elvor gev@vygappieuéveg (aligned) oto puowd
T0VG oota, OMAadT a moootnTa peyéBovg N Bytes va €xel OtevBuvon ov va elvor axéQouo
TOALATTAGOL0 TOU N. Avtd avtiotouel otig dtevBivoelg mov Ba elyov TéToleg TOoOTNTES EAV
veuiCape ™ pvhun, omd v ayf (dtevBuvon 0), pe tétoleg mooodttes. 'Etot, 6tav to N eiva
ovvaun tov 2, n devBuvon xdbe téTolag MOoOTNTAS TEAELMVEL G €va avtiotolyo TAN0og
undevirav, xou 1 dteBuvon Twv vohoimwv Bytes Tng moodtnTag dladpEQeL LOVO o€ auTd T
Myotego onuovtind (LS) bits. Otov iavomotelitan avtdg o TeQLoQLopds, TOTe dtav 1 GuoLxi
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pvnun €xer mhatog N Bytes, aoxel pio povo mpooméhaon oe avtiv yuo xG0e mpodoPaon oe
moootnta. peyéBovg N Bytes. Iloapoatnornote Ot my. 64-umteg moootnteg (8 Bytes)
amoOnrevpéveg oe 32-umtn pvinun (mAdtog pvhung = 4 Bytes) osmoutotv  mdvia 2
mooome doelg  uviiung Y va g dwaPdoouvue 1) yodapouue, elte  ovtég  elval
evOvyooppopéveg oe devBivoelg molamhdolo Tov 8 eite oe molamhdowo tov 4. Otav
OGS €Va ETTOUEVO LOVTELO VITOAOYLOTY] €XEL 64-umTr) v, TOTE Pe TV UeV evBuyQd o
moAlamAaotwv tov 8 Oa éxovue eEQ0PAMOUEVT TN W UOVO TQOOTEANOY TTAVIA, EVHD UE
evOvyodpuuon mohhamhactov tov 4 autd dev eEaodpaiiCetar. Ztov RISC-V wwd tétown
evBuyodpon etvon Evrova emBupnTi yud Aoyoug Tay1TnTog, 0AME TAVIWG TTQO0QETLRY) (YLd
va. eEummEeToVvVTaL TaAaLd TROYQAUMaTa) (evdd otov MIPS 1 gvbuyoduuon avti eivor
VITOYQEMTIXN]).

Aoxnon3.4: Ilivaxog Axepaionv

Fodyte éva mpodypoppo oe Assembly touv (32-pmtov) RISC-V (yi&d tov RARS) mov va
Oafaler 8 axepaiovg (int) amd TV ROVOOAQ, VO TOVS amoBnueveL o' éval mivaxa (array) ot
LVTL), ROL OTY] OUVEXELD VO, TUTIDVEL TO. TEVIAAAAGLA TOUG KOL UE TNV OVILOTEOPN OLLQd.
[Mopadwote Tov ®WOWMAE 0Og %L VO OTLYOTUTIO OTO Ol ETUTUYNUEVT] EXTEAEOT) TOV, OTTWOG
ovadEQETAL 0TO TEAOG.

o Zenviote pe 6oa pdbate otig aoxioels 2, aAld edm Oa YQELOOTEL VO XONOLULOTOLN0ETE
%O TLG VEES EVTOMES TTQOOTEAQLONG OXEQOLWV 0T v "Iw" xow "sw".

e Xomnolwpomowote Tig oonyieg ".data" wou ".space” tov Assembler Tou RARS yio va
%1QOTNOTE XMQEO 0T pviun oedopévarv (data segment) Y1 Tov mivaxa "af 1", peyéBoug 8
oxegatwv = 32 Bytes (to 6glopo thg odnylag .space eivor oe Bytes). TomoBetnote
rotd@AMAa To label "a" ®ote vo umopeite mo xdtw vo avodegbeite otn dievBuvon
omov aQyiter o ympog mov wupatfhoate. (Edv 0Oéhete vo éxetre wow rald
EVOVYQUUUOUEVOUG OREQAIOLOVG, YOTNOLUOTOLNOTE %oL THV 00nyia .align Ttov RARS —
delte v noptéha Help—RISCV—Directives tov RARS).

e TNV QY1) TOV ROYQANNATOS 0as, Torrobetnote T dlevBuvon 6mov ayitel o mivarag
a[ ] og évav xataywenty, .. otov x5. Ty dtevBuvon avti) v Eépel o Assembler, aArd
eoelg mbavotata Oyl (extdg av TV elyote dmwoel oov argument oty odnyio .data).
Emiong, dev Eépete av 1 devBuvon auti) xwed ota 12 bits Tov offset 1 Oyt (LAAAOV
OyL...). Ze OhaL avTd €QyeTaL va oog Pondnoel ) Yevdoevtol) (pseudoinstruction) "la rd,
label" TOU Assembler tov RARS: avti Aéel otov Assembler va yevvioel o 1 600
TQOYMATIREG EVIOAES TTOU TOTOOETOUV TNV MQAYUATIX] OlEOVVON TOU label OTOV
roToXmENTN rd (o eviohn av 1 devBuvvon ywed oe 12 bits, V0 eviorég aAM®C).
[Tagdderypa xonong ™g Yevdoevrorig "la" Ba Poelte otnv § 2.2, exel MOV ETOLUATOUE
TOL 0QLOUATOL YLOL TLS EXTVIIMOELS TWV Strings.

e 2T1) OUVEYELQ, TUTIMOTE £Va prompt TOV va. TNTd 8 aneQaiovs o€ 8 YO UUES.

e Metd, umeite o' éva Pooyo mov OBo emavalndOel 8 dpopéc, nar mov »dbe Ppood Ha
duaPater Evav agOud (uEow xaréopatog meQLPailovtog) »al Ba Tov amodnxeveL oty
emouevy B€om tov af ]. Emonudvoels: (i) Ol evtohég beq, bne yud t) dOnuoveyia fodyov
OEXOVTOL LOVO ROTOYXWENTES OAV TELEOTEOVGS, nOL OYL 0T00eQEC TOoOTNTES (immediates).
(ii) H povadwn devBuvorodotnon (addressing mode) tov RISC-V eivar "otabei)
moootnto.  (immediate  offset) + xotaywENTNG" —uUNV  YONOLUOTOLOETE  TIG
PYevdodlevBuvolodotnoelg Tov RARS (rpdoivn xaotéha Help—RISCV).

e AdoU Pyeite amd tov meonyoluevo POY0, TUTIMOTE WO OLOYMOLOTIXY] YQOLLUY), HOL
umeite o'évav dhho Podyo, mov Ba emavaindBel xar avtds 8 Ppopég, xar mov Oa
emonedOel ta otouyelion Tov mivara "a[ ]" aArhd nrat' avriotgodn oewpd. TI'io xdOe
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Exercise 3: Memory Accesses (U.Crete, CS-225) 18/2/25, 21:54

otolyeto, Ba To draPdler amd TN pvhun, Ba Poioxrel To TOAMATAGOLO TOV 7OV CnTeital
(xwelg va melpdEel TNV T ot Pviun), ®ou 0o TUITMVEL QUTO TO TOAAITAAOLO, 0TV
(Ova yoapuun ahrd Oyl "woMANTd" pe To mEoNyouuevo Tov. YmoAoyiote To OMATAAOL0
mov {nreltal péow ®atdhMnimv eviohdv meodoBeong (add) pe tov €0vtd TOU 1) UE
TONYOVUEVO. OITOTELECUOTOL, OVTL LECW EVTOANG TOAAQTAOOLOLOUOV (1) OMOOTIOEWV).

o Téhog, Eavayvptote otnv 0N (6w ®aL oty doxrnon 2), ®ote 1 O dovheld va
emovohopfdvetol e 0dOQLOTO.

Aoxnon 3.5: Ymoloywotég Little-Endian xou Big-Endian

i. Xonowomowote tov RARS yid va Poeite tov duadind (0eraeEadind) xnmdna
eowteQrng  avamapdotaons (xwowoa ASCI) TV YaQoxTNE®MV TOu  AdTViRoU
oahpapnrov, a, b, ..., z, A, ..., Z, ®0L TOV AQOUNTXOV xoQoxrTHowV, 0, 1, ..., 9. [l va to
ETVYETE, 0QloTe 0TOOEQES TUTOV string OIS OTNV TOEAYQOPO 2.2, ROl OTY) CUVEYELQ
umeite otov RARS %o HEAETIOTE TO TEQLEXOUEVA TNG UVIIUNG OEOOUEVMV OTNV ROQTENL
Data Segment. YmdQyouvv emhoyég (vovumd) Y& vo to PAEmete eite o€ deraeEadnro,
elte oe denadwno, elte oav yagantnees ASCIIL. I'odpte TIc OLOTMOTMOELS OAC 0€ HOQPT)
OYOMmV pEoa O0TOV RMOWA 00g OQUTNG TNG GO®NONG, UE 3 OTNAES: YAQOAKTNQOG,
nmOwag ASCII oto dexaeEadind, xmdwag ASCIL oto Ovadrd. Ilelte mowdv
ouolopoQdta opatneeite, rou fdoel avthg fdite amootwmNTRA: OEV ElVOL AVAYXRT VO,
QITAQLOUNOETE AETTOUEQWS OACL TAL YQOLUUOLTAL.

ii. 'Eotw 6t amobnrebovpe to null-terminated string "abc" oe o AEN evdg 32-pmtov
VITOAOYLOTY], oL 0T ovvéyxewo dwafPdlovue avti T AEEN cav va elvor (32-pmtog)
oxéQouog. Ymohoyiote pe aguOuntirés mpdEelg moldov axrégoro Ba dwafdoouvue () oe
wa unyovi little-endian, xou (f) oe o pnyavi big-endian. Awote v ammdvinor oag,
pall pe Tig aQuOunTnég mpagels mov rdvate (0To denadnd), maAl og poedn oyohiwv
HEoO O0TOV RMOWMA OaC.

iii. EmaAnBevote tnv andvinon oag pe 1o mpdyoouud oog otov RARS: Znthote amd tov
Assembler va fdAeL TO string 0T Pvijun 0€dOUEVOV, ROl HECO OTTO TO TIROYQAUUA OOG
oviyodpte exelivn ™ AEEN (OAO%ANEN! - pe wia evtoli) Iw) o' évav notoywenT) %ol
Intiote va tumwBel (W éva vdheopa ovoTnuatog) oav axéearog. (ITiotebm 6tL 0 RARS
Ba ovumegudpépetan oav little-endian, 6mwg now o RISC-V, exntdg nau £xeL ®xAngovounoet
TN OV WITEQLPOQA TOV QtSpim ToU €Aeye OTL CUUTEQLPEQOVTAV TO (OO LE TOV VITOAOYLOTH)
OTIOV £TQEYE...).

(1) Tov myaio »Odwmd oag g donnong 3.4, "ex03_4.asm"

(2) Tov myato »®dwmd oag g donnong 3.5, "ex03_5.asm"

(3) éva otryoTumo (screen-dump) TOv TEEEINOTOS TG donnong 3.4, "ex03_4.jpg"

(4) éva otryoTuTo (screen-dump) Tov TEEEINOTOS TG dlonnomng 3.5, "ex03_5.jpg"

(Enuetwon oe  mepimrwon  duoheltovQylolg  TOV  turnin: €4V QUTO  OOg  A€eL
"/home/misc/courses/hy225/TURNIN/ex...: No such file or directory" 1) ®vGtL avdhoyo, evOéxeTaL O
VITOAOYLOTHG OTTOU TEEYETE VO, NV WTOQEL VoL OEL TOV server JTou TNV TQOYUOTIXOTTA XQOTA
ovtd to directory Tov pobfuatog (1] To dund cag home directory), Aoym dvolettoveylog Tou
OrtUov mov elmilel naveig va elval mpoowouvi). IToAléc doég, exTeAMDVTOAS TNV EVIOAT Alyo
aQYoTEQA, 1] amOd GAAOV VTOAOYLOTH) UmoQel vo Aboel to mEOPANUO —1OaTdAOYOS TV
OLaBEoLLOV N OVNUATOV VTTdQYEL OTNV LoTooEA IO Tov Tunuatog, ®atmw amd TV evoTnTa:
Ymeeolegc—=W¥nodranég Ymmeeoieg— Amoparuopévn mpoofaon ota Debian péow VPN).

Oa cEetooteite nor mEoPoguwxd yio v Aoxnon 3, amd Ponbolc tov pabfuotog, pe
oladwaota Y tv omota Ba evnuepowOeite péom NAta (email) oty AMoto Tov padnuaTog.
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