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Xe1p0 Aoxioeov 3:
Igoonerdoers Mviung otov RISC-V

[TpoBeopia ¢mg Toiltn 8 Mag. 2022, mea 23:59 (o. 4.2) (amd 0. 2.3)

Bipiio: Yoo §2.3: pp. 68-73 (AyyMnd), 1) oehideg 121-127 (EAANVI®O).
3.1 Ilgoomehdoeis Mviuns: Evroiés load »ou store

O RISC-V, 6mwg now o Ghlol emeEepyaotéc Tumou RISC, dev éxel eviohég mou va révouv
0QLOUNTIES TRAEELS TAVMD O TeEAEOTEOVS OV PBEIOKOVTOL 0T Uvi|un --OAES OL aLOLOUNTIXES
medEeLg Tov yivovtow Thvm og xaTaymweNTéS 1 oTafepés moodTNTeS (immediate constants). O
UOVOG TEOTOG VO, EMEEEQYAUOTOVUE TOL TTEQLEXOUEVOL TG UVIUNG EIVOL TTOMTA VAL AVTLYQAYOoU e
utor OumAn) AEEN (double - 64 bits), 1) wiot AEEN (word - 32 bits), 1) pia ot AEEn (half - 16 bits), 1
éva byte (8 bits) amwd ™ pviun o' éva xnotoaywenti g CPU, va v eneEegyaotoiue oe
HOTAYWENTES, RAL TELOG VO OVILYQGPOUVUE TO OTTOTEAECUOL OLTTO EVOLV ROTOY WO TI] 0T LVI|UN.
Ou Aoyou glvar (a) Y& amhotntor Tov hardware, xar (f) yiati ovvilBwg dev metvyaivovue
PYNAOTEQN TAYVTNTA, OXOUO HOL OTOV O OV EVTOAT] HAVEL KOL TNV AVTLYQAPT] RAL TNV
emeEegyaoia, OO, 6mwg Ba dolue, OTav yenowomoleltalr opoyewpta (pipelining), ovviBwg o
MeQLOELOTIROG TtoRdryovtag (bottleneck) elvar alhov.

Avtiyoadn wog 32-pwmtng AEENG amd TN pwvhun o' éva xatoywonty ("¢ootwua oTov
notoymenth") yiveror pue Tnv €violn "lw rd, offset(rsl)" (load word), 6mov rd elval o
1OTOYWOENTNG TEOOQELOUOV (destination register), ®xow rsl €lval €vog RATOYXWENTNG TNYNGS
(source/index/base register) mov meQiEyel a devBuvvon pviung (pointer) otV omoia
mpootifetalr 0 0tafedg aQONOS offset (QUTOOTOOTN/ATOXMOT), HOL TO OITOTELECUO. TNG
mp600eong etvar M teMxn delBuvon wvunNg ot OTTou YIVETOL 1] AVAYVDOT KoL OVTLYQOPT)
0TOV rd. ZUYVQ, oupPoliCovue Tn pviun ocav évav mivaxra (array) M/ ], nou yoadovue M[A]
Y& v ovpolicovps To meQLEXOUEVO TN BEong uvihung pe dietBuvon A. "Etot, 1 magamdve
EVIOAY 1w rd, offset(rsl) TQOXOAEL OAvVAYVWOTN ad TN OLevOULVON pUvNung (offset + rsl),
onradT dwafdlel to Mfoffset + rsl], now to YoAdeL 0ToV naTaywenti rd. O otabeQdg aQlOuog
offset YONOLUOTOLEITAL OOV TQOONUAOUEVOS ATt TO VAMrO Tou RISC-V, emopévog n "wivnon"
ov avtds emPdlel oe oyéon pe To mov "delyvel" 0 naTAYWENTNG rsl WIOQEL VAL E(VOL TTQOC TO
"eumeog" 1) mEog Ta "mow".

Avtiotooda, avtryoadn wog 32-umtng AEENG amd Evav  ®ROTOXMENTN] OTN  UViUn
("amoOnxevon Tov noTAWENTH") YIVETAL UE TNV EVIOAT "sw rs2, offset(rsl)" (store word),
N omolo yodhder oty Ofon pviung pe Oevbuvom (offser + rsl), dNhodn moonrahrel v
avtyeadn Mfoffset + rsl] < rs2. Edw, 0 rs2 givow rotoywentig myns (source register):
TQOOEETE OTL O€ AUTI TNV TEQLITTMOT), O TELEOTEOS TG (source operand) YOADETOL ALOLOTEQC
%Ol O TEAEOTEOS TTQOOQLOUOV 0BG péoa otnv €vioAt] Assembly, avtiBeta dnhadi amd Tig
EVIOAES 0LOUNTIXMV TRAEEWV %o aTtd TNV €VTOAT load.

Ymaoyouv xnor oL moedpoleg eviohés 1b" (load byte) xow 1h" (load half) mov dwafdlouvv
avttotorya 1 1 2 Bytes amd ™ pviun, to petatoémovv o 32 bits Oswoiviag Tt
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mpoonuaopéva (signed), xow Ta YOAPouv otov rataywonti rd. Emiong oL evtolég 1bu" (load
byte unsigned) »a 1hu" (load half unsigned) »évouv v (dia oVAELL EXTOG OTL 0T HETOTQOTM)
oe 32 bits Beweovv ta 8 1 16 bits mov ddfocav amd TN UVIUN OV W] TQOCUOOUEVA.
AvrtioTolyo oL evToAég sb" (store byte) now sh" (store half) yoddpouvv otn pvijun ta 8 1) 16 0eELd
(MyoTeQo onuovTind - least significant) bits Tov notoywonTi rs2.

Ztov 64-pmrto RISC-V (6mwg oto Ayyhxd Pipiio, alhd Oyl 6mwg otov RARS), ot
1OTOYWOENTES elvol 64-pumToL, omoTe 1 1w OLofAlel Tt 32 bits amrd T pviun, OTWS KL TOLV,
oAAG TO. peTaTEéTEL O0e 64 bits Oemomvtag Ta meoonuaouéva (signed) yud vo ta yodaper 0To
64-pmto naTayweNT rd, evd M 1wu (load word unsigned) xdvel To (010 AAAG 0T HETOTQOTN
Bewoel Ta 32 bits mov dudPaoe oav unsigned. Avtiotoya, 1 EVIOAT] sw YoAadeL Ta 32 deELd
(least significant) bits Tov xatoyxwENT rs2 otn pviun. Esxilong otov 64-umto RISC-V vmdoyel
N 1d (load double) mwov Swofdlel 64 bits (8 bytes) amd T Uviiun, oL 1 sd (store double) mov
vodder 64 bits (8 bytes) otn Uviju. ZTOVG ONUEQLVOUS 64-UMTOVS VITOAOYLOTES, OL compilers
™ C Bewolv T petafAntéc TOTOU pointer TAVTO OOV 64-UTITES TOCOTNTES (TTQOPAVOG),
eEVD TS UETOPANTES TUTOV int OOV 32-UIMTOVS AXEQAIOVS %Ol TIS METOPANTES TUTOV long
long int OOV 64-UMTOVS OXEQOLOVS TOV TUTO long int, TO pev Windows tov Oewgoiv 32
bits, To 0¢ Linux tov Oemeel 64 bits.

Ou ouvifelg TEOTOL XE1ONG TOV TAEAITAVM TEOTOL "devBuvoloddtnong" (addressing mode),
onAadY "rataywentig + otabepd", Ba yivouv xatavontol ®abmg To paddnua Ba mEoywEd.
Ag onpelwoovpe Opmg e0m, Yid peAovILrt) avapod, 0t | o cuvnOLouévny yonon eivar pe
TOV ROTAYWENTY) VO TTEQLEYEL VAV pointer, ®oL T 0TafeET) ToodTNTA VA eivol d "omdxrhion"
(offset) amd exetl mov Oelyvel o pointer. Avtd YONOLLOTOLETOL EEQLQETIHG OUYVA: (O) OTOV O
pointer OeyveL oe WA oyt dedouEvmv xou 1 atdOxrALo 0Qtlel oo amd To medion aVTNG ™G
ooung Béhovue va mpoomeAdoouvpe (Y. p->next): (f) 6tav o xaTaywENTNS elval o stack
pointer (sp = x2) zou M AORAON 00iLeL MOLAV amd TG ToTUKES HeTAPANTES ™G dLodraoiog
Cntdipe: nan () 6tav o rotoyxwenTis elvan o global pointer (gp = x3) ®ow 1 arwdOrALON 0Q(CeL pio
ard T roBohxrég Babumtég petafAntés. Mid dhin xonor tov Tedmov devbuvolodoTnoNg
"otaBeQd + ratoywenTc" o pmopovoe va fitav pe T otafed va etvar 1 dieBuvomn Paong
evog (otatnd allocated) mivaxo (array) ®ow 0 ®ATAWENTNS Vo €lvor To index Tou otoLyelov
Tov Tivaxo molhamhoolaouévo (on) emt to péyeBog tov otorelov tou mivaxa, omote
TEOOTEMALOVUE TO oTOoLYElO pe exelvo To index. Ouwg oty mEd&EN, otov RISC-V, autd eivar
oyedOVv adlvato 00Tl Ba émpeme o mivaxag vo Eextvd oto mpwto 2 KBytes tov ymQov
olevBivoewv, wote 1 Oevbuvon Pdaon Tou va ywEed ota pohg 12 bits mou €xer 1
(mpoonuaopévn) otabepd. Evtuymg, n xonon avti) dev elval amogaitn, didtt ouvnbwg ol
compilers aALGCOVV TNV aQLOuUNTrY) e array indexes og aouOunTixt] pe array element pointers
péoa 0tovg BEOYOUS OV eNeEeQYATOVTOL OTOLYEIC TLVARWV.

3.2 Agifunon tov Bytes: Mnyovég Little-Endian (o Big-Endian)

Otav amobnretetor otn pviun €vog VTOAOYLOTH o TTOOOTNTA  ATTOTENOVDUEVY) OITO
TOANATTAG bytes (7). €vog axéouog), moémel vo. nofogLotel e oo oelpd aLOpovvTol
(dtevBuvorodotovvtal) To emuéQovg Bytes péoo oty mooodTNTA QVTH. AVOTUVYOS OTO
naeABOV dev elye vdpEel ovudbwvia PETOED TV ROTOOREVAOTOV ENEEEQYOOTMV VIO TN
oelpd avtl), pe ovvémewd vo vdEyovv O0V0 OlapoeTinol TUMOL €mMEEEQYOOTMOV — Ol
emovopalouevor "Little-Endian" xar ov emovopalopevolr "Big-Endian". Zfueoa mdviog,
potdCel va emunpatovv ot Little-Endian, now yU' avtd o RISC-V elvan 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 Eewwvioouvpe pe o ovpPacn mov apod Tov TEOTO OYeEOLOOUOV OTO YOQTL TV
TOCOTNTWV JIOV OTOTEAOVVTOL Otd TOAMATAG bytes: Méoa o' évav axégalo aolBuod, Ta bits
exelva mov moAlamAaoLdCovTol el TG HeYaADTEQES QUVAUELS TOV 2 Yol VAL Mag OMCOVV TNV
0QLOUNTLAY TLUT] TOU aneQaiov Aéyovton "meQLoooteQo onuovtvd" (MS - most significant) bits,
1oL aVTé oV TOAQITAOOLACOVTOL €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 axégoato oto yoQTi,
oolLovtia, Ba Patovpe mavta ta MS bits xow Byte apuotepd, »ow tar LS bits xow Byte 0eEid.,
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
"deEud transistors"...). AxolovOmvtog ™) ovuPaon avti, To oxnuo delyver évo maQaderypa
te00dQwV (4) AEewv pvnuns (16 Bytes) evog 32-umrtov voloyloti) og pio punyovin "Big-
Endian" »aw og pio pmyavi) "little-Endian". H momtn AEEN megiéyel tov axépaio atoud 2003
(denadwmd) = 7D3 (0er0eEadind), evdd oTlg emoOueveg 3 AEEEIC VTAQYEL €vag TVOROC
yopoxtnewv (array of char) peyéBovg 10 otoryeimv, nal meguooeiovv xat OVo ehelBega bytes:
0 Tivoxag yoeaxtnomv megléyel To (null-terminated) string "katevenis" (xG0e Byte Oo meQuéyel
10 duadWwd n®ddwmo ASCII evog yaanTEo —m.y. TO TEMTO byte Ba mepLéyer 01101011, mov
elvar 0 »wOwmag Tov 'k'— alhd epels, yior evrohiia, delyvouue To oUPBOMEOUEVO XOQOARTNQ).

¢ Big-Endian: ¢ avtolg toug vmoroywotés, To MS Byte touv %dbe axepaiov éxer
uxoteen 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 Eextvd amd to "Big end", dnhadi) to
MS Byte. H hoywi] twv Big-endians elvan 0tu Ta character strings dtafACovron ravovixd
aTtd TOVg avBEMITOVG TTOV OTLS YADMOOES TOVUS YOAPOUV T TO QLOLOTEQA TTQOG TAL OEELAL.

e Little-Endian: Ztovg emxQatéoteQovg OMUeQa VITOAOYLOTES, ot otov RISC-V, 1o LS
Byte tov ®d0e axegatov €xel T uxoteEn OeOuvor), xal oL dlevBuvoelg Twv Bytes
EVTOG TOU axEQAiOV QVEAVOULV (TTROYXWEOUV) ®aBMS QoY WEAE "0QLoTEQA", TQOS TO
MS Byte Tov. Avtoi oL vtohoylotég Aéyovrton "little-Endian" diotL 1 agiBunom twv bytes
Eenwvd amd to "Little end", dnAadi) To LS Byte. H Aoywni) Twv Little-endians elvor 6t tal
Bytes apOumvtol mpog v (dto natelBuvon meog v omola aQlOumvToL ot to bits
evog axegaiov, dAadn moog ™V xotevbuvon mov avEdvouvv ov duvauels tov 2 -
OVVTELEOTES TWV bits TOV axeQaiov.

IMagatnptote 6tL 1 dtevBVvoN Wwog AEENG (). Tov axegatov 2003 otn B¢om 12) eivar 1 (Oa
7oL 0TIg OV0 pNyaveg, apov, OTMS elmaUE TOQATAV®, lval tavta 1 dieBvvon exelivou amod
ta 4 bytes Tov 7OV €)eL TN WxEOTEEN ("mMEMTN") o Tig 4 dievBivoels. Emlong mopatnoenote
OTL OL XOQOXTNQES €VOG string aroOnxevovTaL o€ dLodoyrd bytes TG UVIIUNG ®OTAG AVEOVOES
oLevBivoels, 6mwg axQPOS emPAleL 0 ATAOS ®AVOVAS TTOV ElTOIE ®oL TOQATAVW. To oy
avtiotowyel ot ONAwon (o€ C) "char buf[10];", 67OV O Tvoxag buf[ ] £xeL TomoBetnOel (..
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ard tov compiler) otig B€oelg pviung pe devbuvon 16 €wg now 25+ TOTE, TO OTOLXED i TOV
mvoxa, buf[i], Poloxetal ot devOvvon 16+i, emeldn) 16 elvar n dtevBvvon exxivnong tov
mvoaxa (n dlevBuvon Tov TEWTOV TOV OTOLKEIOV, buf[0]), ®OL TO UEYEDOS TOV nAOE oTOLY EIOV
tou mivaxo eivar 1 (Byte). ‘Etot, o yagaxthoogs k' Poloxetor oty 6€0m buf[0] dnhadn o
oteBuvon 16, o yapaxtnoag 'a' Poioxretor otn O¢on buf[1] dnAadi otn devBuvon 17, ®.0.x.

To "endian-ness" tov uvmoAoywoti], dnAadn to av eivar little-endian 1) big-endian, dev pog
emmeedler Otav eQyalopoote o €va %ol POVO UNYavnuo, %oL TTAVTo YOAPOUUE %ol
oapdaovpe TV nAGBe mocOTNTA e TOV (OL0 TUITO —TQAYLOL TTOV E(VOL KOL TO OWOTO VO RAVEL
noveig— ONAadY 6mou oty pvhun yoddouue string dwofdlovue mAdvta string, xoL OOV
voddpovue integer drafalovue mavta integer. To "endian-ness" pog emnoedlel 6tav aAldlovpue
TOTO UETAED eyYQadPi)g noL aAvAYVMWOoNg —meayuo avoeBodoEo— m.y. yoddouue rdmov €va
string ®ol petd to daPalovpe oav integer, 1 yoddovue integer xan diafdovpe string. To
ONUAVTIXOTEQO OAWV OUWGS lvon OTL TO endian-ness TOV VITOAOYLOTY] TTOETEL VO AP dveTal vt
oY otav petadégovror dedopéva péom dxrTUov UeTAED uvmoloywotwv. Zvviifwg, To
mooyodppata petadoeds dedouévov (my. ftp) Bewooiv 6Tl petadpégovue reipevo (ASCII
strings), oL TomofeToUv TOL bytes pe thqv aviiotowyn oed. Av Ouwg petapéoovue GAleg
LoQPES dedOUEVOV (TT.Y. 32-UTMTOVG OREQAIOVGS) UETAED VITOAOYLOTMV Ue diadoeeTirnd endian-
ness, 1 oelRd avti Oa Ntav MdBog: dmwg oL yaeaxTNEs k, a, t, e petadégovial oav e, t, a, k
010 moATAvVD oyxnuo. 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
(denadwnd, ovuminomwpa wg meog 2). ['a va yiver cwotd N petadpod, moémel vo dnhwOel oto
TOOYQOUUOL LETOPOQAS O TUTOG TV dedoUEVMV IOV peTapégovton (Tu.y. ftp: evtoln "type").

3.3 AwevOuvoeis Bytes o np ogéon EvOvygdnpons-Toyvnroc:

Ouv devBivoelg pviung otov RISC-V, 6mwg zour oxeddv 0e OMOVS TOUG HOVIEQVOUC
emeEeQy0oTéS, avabdégovrol oe Bytes otn pviun, dnhadi o RISC-V eivar "Byte Addressable".
‘Etot, o 32-pmmtn AEEN (. évag axéoanog int thg C) ratahapPdver 4 "0éoelg pviung" (4
bytes). Kotd ovvémeia, évag mivarog (array) peyéBovg 100 oxegatwv "mdvel" 400
(ovveyoueveg) devBivoelg (B€oelg) otn pviun. ' éva tétolo mivaxa, 1 OtevBuvor tov xdbe
oxéoaov OtodéQel atd avTiv Tov Othovol touv ratd 4. Eav A, elvar 1 devBuvor tou
"momTov" (UNdevirov) otouyeiov, a[0], evog mivora axegatwv tg C, ToTE TO OTOLKElo af i ]
Tov mivaxra avtol Oo Poloxetan oty dievBuvon (Ag + 4*1). Av o mivarog avtdg Nrav mvarog
yoeoxtnewv (char) Touv evog Byte rabévag, tOte To otoueio al i ] Ba Ntav oty devBuvon
(Ag +1).

Ta 4 bytes mov amotehoVv évav axéparo €xouv devBivoelg mov elvor ovveyxduevol aQLOuot.
AevBuvon tov axegaiov eivar mavta 1 OevBuvon exeivou amd ta 4 Bytes Tov mou €yeL ™
mzeoteen ("medTN") amd T 4 dtevBuvoels.

INd AOyovg toyxdTNTOS TQOOTEAAONS TNG UVAUNG €lval TQOTLUOTEQO OL TTOOOTNTES TTOV
nmooomeMCovv oL evtohég load xan store vo elvor gv@vygappiouéveg (aligned) oto puowxd
T0VG oota, OMAadT a ToootnTa peyéfovg N Bytes va €xel OlevBuvon ov va elvor axéQouo
TOANATTAGOL0 TOU N. Autd avtiotouyel otig dtevBivoelg mov Ba elyov TEToleg TOoOTNTES EAV
vepiCape ™ pvhun, oo v ayf (dtevBuvon 0), pe tétoleg mocodtntes. 'Etot, 6tav to N eiva
ovvaun tov 2, n devBuvon xdBe téTolag TOoOTNTAS TEAELMVEL G €va avtiotolyo TAN0og
undevirav, xot 1 dteBuvon Twv vrohoimwv Bytes Tng moodtntag dlodpEQeL LOVO o€ auTd To
Myotego onuovtind (LS) bits. Otov iavomoteltan avtdg 0 TeQLOQLopds, TOTE dTav 1 GuoLxi
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pvnun €xer mhatog N Bytes, agxel pio povo mpooméhaon oe avtiv yio xG0e mpdoPoaon oe
moootnto. peyéboug N Bytes. Ilapoatneinote Ot my. 64-umteg moootntes (8 Bytes)
amoOnrevpéveg oe 32-umrn pvinun (mAatog pvhung = 4 Bytes) oawmowtotv  mdvia 2
mooomeldioelg  pviung  yud va tig  dwafdoovpe 1) yodnpoupe, elte  outég  elval
gvbuypopuouéveg oe devBivoelg molhamhdolo Tov 8 eite oe molamhdowo tov 4. Otav
OUWG €Val ETOUEVO HOVTELO VTTOAOYLOTH] €xElL 64-umTn v, TOTe pe Ty pev evbuyodpuon
moAlamAaotwv tov 8 Ba éxovpue eEaoPalMopévn T o POVO TQOOTEANOY TTAVIA, EVM UE
evOuyodpuon molamiaociov Tov 4 autd O0ev eEaopariletal. Ztov RISC-V wd tétoln
evOuyodon etval évrova enBupunti Yid AOyoug ToyvTNTS, AALE TEVTMS TIQOOQETLXY) (VLA
va eEummeeTolvTal ool TROYQAupaTa) (evd otov MIPS n evbuyodpuon avth eivou
VITOYQEWMTIAT]).

Aoxnon3.4: Ilivaxog Axepaiov

Iodyte éva mpdypoppo oe Assembly touv (32-pmtov) RISC-V (yid tov RARS) mov va
oaPaler 8 axepaiovg (int) amd TV ROVOOAQ, VO TOVS amoOnueveL o' éval mivaxa (array) ot
LVIL), ROL OTT) OUVEYELD VO TUTIMVEL TO. EEAMAAOLA TOUG XRAL UE TNV OVIIOTQO(ON O£LQd.
[Mopadwote Tov ®WOWMAE 0Og %L VO OTLYOTUITIO OTTO LU0l ETUTUYNUEVT] EXTEAEOT) TOV, OTTWG
ovadEQETAL 0TO TEAOG.

o Zenviote pe 6oa pdbate otig aoxioels 2, aAld edm Oa YQELOOTEL VO XONOLULOTOLN|0ETE
O TLG VEES EVTOAES TTQOOTEAQLONG OXEQOLWV 0T v "Iw" o "sw".

e Xomnolwpomowote Tig oonyieg ".data" wou ".space" tov Assembler Touv RARS yio va
%1QOTNOTE XMQEO 0T pviun oedopévarv (data segment) Y1 Tov mivaxa "af 1", peyéBoug 8
oxegatwv = 32 Bytes (to Oglopo thg od0nylog .space eivor oe Bytes). TomoBetnote
rotdAMAa To label "a" ®ote vo umopeite mo xAtw vo avodegbeite otn dievBuvon
omov aQyiter o yxmpog mov wupatfoate. (Edv 0Oéhete vo éxere wow rald
EVOVYQUUUOUEVOUG OREQAIOLOVGS, YONOLUOTOLOTE %oL THV 00nyia .align touv RARS —
delte v noptéha Help—RISCV—Directives tov RARS).

e TNV QY1) TOV ROYQANNATOS 0ag, Torrobetnote T dlevBuvon 6mov ayitel o mivarag
a[ ] og évav rataywenty, .. otov x5. Ty dtevBuvon avti) Ty Eépel o Assembler, aArd
eoelg mbavotata Oyl (extdg av TNV elyote dwoel ocov argument oty odnyio .data).
Emiong, dev Eépete av 1 devBuvon auti) xwed ota 12 bits Tou offset 1 Oyt (LAAAOV
OyL...). Ze OhaL avTd €QyeTaL Vo oog Pondnoel 1) Yevdoevtol) (pseudoinstruction) "la rd,
label" TOU Assembler tov RARS: avti Aéel otov Assembler va yevvioer o 1 000
TQOYUATIREG EVIOAES TTOU TOTOOETOUV TNV TQAYUOTIXY] OlEOVVON TOU label OTOV
roToXmENTN rd (o eviohn av 1 devBuvvon ywed oe 12 bits, V0 eviorég aAM®C).
[Togdderypa xonong ™g Yevdoevrorig "la" Ba Poeite otnv § 2.2, exel MOV €TOLUATOUE
TOL OQLOUATOL YLOL TLS EXTVIIMOELS TWV Strings.

e 2T1) OUVEYELQL, 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) »ral Ba Tov amodnxeveL oty
emopevn Béom tov af ]. Emonudvoeis: (i) Ou evtohég beq, bne yid t) Onoveyia fodyov
OEXOVTOL LOVO ROTOYXWENTES OAV TELEOTEOVGS, nOL OYL 0T00eQéC TOoOTNTES (immediates).
(ii) H povadwn devBuvolodotnon (addressing mode) tov RISC-V eivar "otabei)
moootnto.  (immediate  offset) + xoToywENTNG" —uUNV  YONOLUOTOLOETE  TIG
PYevdodlevBuvolodotnoels Tov RARS (mpdovn xaptéha Help—RISCV).

e AdoU Pyeite amd tov mEoNyoUUeEVO PEOYO, TUTIMOTE WO OLOYWOLOTIXY] YQOLLLUY), HOL
umeite o'évav ahho Podyo, mov Ba emavalndBel xar avtds 8 Ppopésg, xar mov Oa
emonedOel ta otouyeion Tov mivara "a[ ]" aArhd nrat' avriotgodn oewpd. o xdOe
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otolyeto, Ba to doPfdlel amd T pviun, o to eEamhacidler (xwElg vo melRdEeL TNV
TLUN 0T pviun), xar 6o Tumover avtd 1o eEQAdolo, otV (Oto yoouun oAl Oyl
"ROANTA" pe TO TEONYOUUEVO TOV. YTOAOY(OTE TO EEQITAAOLO LECM TOLDV RATAAMNAWV
evTioAmV mpdobeong (add) pe Tov edvTd TOL 1) UE TTQONYOUUEVA ATTOTEAETLALTAL.

e Téhog, Eavayvptote otnv 0N (O6Twg ®alt oty doxnon 2), ®ote 1 O dovheld va
emovohopuPdvetol e 0OQLOTO.

Aoxnon3.5: Ymoloywotég Little-Endian xou Big-Endian

i. Xonowomowote tov RARS yid va Poeite tov duadind (0eraeEadind) nmdwna
eowteQnng  avamapdotaons (rwowoa ASCI) Tov YaQoxTE®V TOou AdTVirov
ahpapnrov, a, b, ..., z, A, ..., Z, %0l TOV AQOUNTXOV xoeoxthowv, 0, 1, ..., 9. ['a va to
TETVYETE, 0QloTe 0TOOEQES TUTOV string OTWS OTNV TTOEAYQOPO 2.2, ROl OTY) CUVEYELQL
umeite otov RARS %o HEAETIOTE TO TTEQLEXOUEVOAL TNG UVIIUNG OEOOUEVMV OTNV ROQTENL
Data Segment. Ymdoyouvv emhoyég (vovumd) yid vo to PAEmete eite o€ deraeEadno,
eite o Oenadwo, eite oav yapaxrtioeg ASCIL INodpte Tig damoTdoels 00 o€ LOQPT)
OYOMmV pEOO OTOV RMOWA 00G OQUTNG TNG GOXNONG, UE 3 OTNAES: YAQOAXTNQOG,
nmOwag ASCII oto dexaeEadind, xmdwag ASCII oto Ovadund. Ilelte modv
ouolopoQdia opatneeite, nou fdoel avthg fdite amootwmTrRd: OeV ElvoL VAR VO,
aTTaQLOUNOETE AETTOUEQMS OAOL TOL YOAUUOTOL.

ii. 'Eotw 6t amoOnxedovue to null-terminated string "xyz" oe o MEN evog 32-pmrtov
VITOAOYLOTY], ®OL 0T ovvéyxewo dwafPdlovue avti T AEEN cav va elvor (32-pmtog)
oxnéQouog. Ymohoyiote pe aguOuntirés mpdEels moldov axrégoro Ba dafdoouvue () oe
o unyovi little-endian, xou (f) oe o pnyavi big-endian. Awote v ammdvinor oag,
pall pe Tig aQuOunTnég meagels mov rdvate (010 denadnd), mall og poedn oyohiwv
Heéoo 0ToV RMOWMA OaG.

iii. EmaAnBevote tnv andvinon oag pe 1o mpodyoouud oog otov RARS: Znthote amd tov
Assembler va fGAeL TO string 0T Wi 0edOUEVOV, ROl HECO OTTO TO TEOYQAUUA OOG
oviyodpte exelvn ™ AEEN (OAO%ANEN! - pe pwia evtoli) Iw) o' évav notoywenT) ®al
Intiote va tumwBel (W' éva vdheopa ovotnuatog) oav axéeoros. (ITiotebm 6Tt 0 RARS
Ba ovumegupépetar oav little-endian, 6wwg xaw 0 RISC-V, extdg ®au £XEL *ANQOVOUTOEL
TN OV WITEQLPOQA TOV QtSpim ToU €Aeye OTL CUUTEQLPEQOVTAY TO (OO LE TOV VITOAOYLOTH)
OTIOV £TQEYE...).

Toomog ITagddoons: [Tapadnote €O turnin ex03@hy225 [directoryName] TO £E|G:

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

(2) Tov myato »ddwmd oag g doxnong 3.5, "ex03_5.asm"

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

(4) éva otryuoTLTo (screen-dump) TOL TEEEINOTOS TG donnomng 3.5, "ex03_5.jpg"

(Enuetwon oe  mepimrwon  duoheltovEylolg  TOV  turnin: €4V oUTO  0OOG  A€eL
"/home/misc/courses/hy225/TURNIN/ex...: No such file or directory" 1) ®vGtL avdhoyo, evOéyxeTaL o
VITOAOYLOTH|C OTTOU TEEYETE VO, NV WTOQEL VoL OEL TOV server JTou 0TV TTQOYUOTIXOTTA XQATA
outo To directory Tou pobnuatog (] To 0o oog home directory), Aoyw dvolertovoyiog Tov
OrtUov mov elmilel naveig va elval mpoowevi). IToAléc doég, exTehDVTAS TNV EVIOAT Alyo
aQYoTeQa, 1 amd GAAOV VTOAOYLOTH) UmoQel vo Aboel to mEOPANUO —1oTdAOYOS TV
OLaBEoLLOV N ovNUATOVY VITdQyeL 0TV oTooeAida Tov Tunuatog, ®atw amd v evoTnTa:
Ymeeolegc—=W¥ndranég Ymmeeoiegc— Amoparuopévn mpodopoon ota Debian péow VPN).

Oo eEetaoteite zoar meoPpogwxd yio v Aoxnon 3, and Ponbolc tov poadfuoatog, pe
otadwaota Y TV omoia Ba evnuepwOeite péom NAtA (email) oty AMota Tov padnuaToc.
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