Exercise 1: Assembly Intro. (U.Crete, CS-225) 07/02/2024, 20:22

HY-225: Ogydvwon_Ymoloyotamv Tu. Ex. Yrohoyiotdv
AvolEN 2024 © [Mavemotho Kontng

Aoxrnoeig 1: Ewoaymyn, Katoaymentés, add/sub, addi,
I'hooooa Assembly zau o Ilgocopoiotng RARS

Am6 1n yia 2n efdopada tov EEauivou

Ayyiuo Biffhio (RISC-V): Awfdote v agyn tov xeparaiov 2 (§2.1, to peyoritego
LéQOG NG §2.2, naw TV ayn g §2.3): oeh. 62-63 rat 65-67. (Ztig dtohéEels twv Aox. 2
0o avagpegBoiue Aiyo nor otov Assembler, Linker naL ouvagi) avtd vmaQyouvv otnv
§2.12, oehideg 124 non méQa, oe avEavopevo Pdbog, peyoritego o 600 AvILoTOL el Oe
ovTd TO AN Ua).

EAnvino Biffhio (MIPS - €20.2010): Awofdote tnv agyh tov xedparatov 2 (§2.1, to
peyoATeQo péQog g §2.2, nat v ayn ™g §2.3): oelideg 114-116 o 118-121. (Zug
OlaléEels Tov Aox. 2 Oa avapepboiue AMyo »al otov Assembler, Linker xau ovvadt avtd
vrdoyovv oty §2.12, oehideg 182-191, av now to PfAio exel myaiver o meQLO0OTEQES
AETTOUEQELES AT 000 AVTLOTOLYEL 08 OVTO TO AN UQ).

1.1 Baowi Aettovgyio tov Yrohoyoti:

O voroyLoTég amotelotvTol amd:

* Movddeg Ew6000v/EE000v (I/O - Input/Output): eivan ol "miegubegelonés”
OUOREVEG, LEGM TV OTOLMYV O VTOAOYLOTNG EMHOLVOVEL UE TOV £Em ROOHO —
TANRTEOAOYLO0, TTOVTiNL, lUrQODWVO, ndueQa, 000V, peyddwva, dlorot
(noyvnunol/SSD/flash), dtemadés dintlov (network interfaces), ®At.

o Kevrouxi) Mvijun (Main Memory): dioexatoppiola otouyelo amofnrevong
minoodogiog —xdti oav flip-flops AALG LURQOTEQO OTNV RATACGREVT— OQYAVMUEVQL
oo ToAAES (ovyva doexatoupiola) "Aégels" (words) Twv rdumocwy (m.y. 32, 64)
bits ®aBepio. Mmool e va TV GpovTaoToU e oav £vay TOAD peyaio mivoxa
(array) amod bytes 1) oo AéEels.

o EneEeoyaotig (Processor) 1) Kevrowi) Movdda EneEegyaotiog (Central Processing
Unit - CPU): meQLEYEL, TQMTOV, TO RUXADUATA EAEYyY0v (control) mov ®a.HodNyoUv
TNV EXTENEDT) TV AELTOVQYLOV 710V Ol oV E O #ATW. AEVTEQOV, TEQLEYEL TOVUG
"0pdbuovg dedouévav" (datapath) pEco omtd TOUG OTOIOVS TTEQVAVE ROl OL OTTO(OL
emeEeyalovtal Tig TANQEOPOQies oV AvTAALAOOEL O EMEEEQYOOTNG e TN ViU
2O TIG TTEQLPEQELORES ovonevES. Toltov, megLEyel ToVs "xataywontés yevixov
oxomov" (general-purpose registers) (n0OMG ©OL RAUTOCOVG RATAYMONTES ELOLROT
070100). OL RATAYWENTES YEVIROU OXOTOV E(VAL (oL TTOAD UxQT) v, peyéboug
ovviBwg xaumoomv dexddmwv MEewv (). 32 MEewv). 'Eva nhextoovird
©ORAOUOL, 600 TO [UrEO TOOO O YQTYOQO EivaL, YU AvTd %A TO OVVOAO AUTOV
TV nazToyxwentov ("register file") elvor TOAD purod yia va givan woAd Y1 Y0Q0 (Hou
YLt owxovouta ota, bits Thg eviolg, 6mwg o dolue apydTEQX).

Mud amddoon mEOTAQYIKIS ONUAcioS TNV 0QYAVMOT TMV VITOAOYLOTMV glval OTL 0T
pvnun amofnretovpe xor To dedouéva (aplBpovg, mingodoples), ot Tig "evrohég"
(instructions) —tig 0dnyleg dMAadT| QOGS TOV VTOAOYLOTY| Yidt TO TL €l00Vg TEAEELS %L
emeEepyaoies avtdg moémel va ndivel Tavw ota dedouéva. Amd pLhocopint| Aoy, e To
va, aroOnretovtol xot Ta OeQOUEVA %Ol OL EVTOLEG GTNV (01Ol VTN, ROOLROTIOLNUEVOL HOL
T 000 pe moEopoLoVg TEdmoVs (cav duadivég AéEels m.y. twv 32 1 64 bits xabepia),
ovolyeL 0 OQOUOG OTO VO UTTOQEL VO OEL %Ol VO, ETIEEEQYALOTEL O VITOAOYLOTHG TIS (OLEG TOV
TIG EVTOAES OV 0edOUEVOL, OV XL OTTAVIOTATA TO RAVOUV QUTO TA TTQOYQAUUOTO YO TOV
€aVTO TOVG: 0 HeTapEaoTNg (compiler) eival To PAoLrd TQOYQOUUUO VITOMOYLOTT) TTOV YEVVE
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eVIOAES —0MAG YIG éva dhho mEoyoauua: amd TV GAAN, T "avtopetafaioueva
mpoyedppata" (self-modifying code) amoterhov eprdin yid To debuuging, xou y' ovtd Tl
amodheiryovpe. Amd mQaxrtixg dmoym, To va elvar poli to dedopéva %ol To TEOYQUULUAL
oV O pviun emteémer TV TANEN 0Elomoinon 6AOU TOU YMEOU UVHUNG, XWEig va
HEVOUV Y QNOLUOTIOMTO REVE, T.Y. OTAV £xovue uxd oYy te peydho dedouéva,
1] ueyaro mpdyoaupa pe uxned dedopéva.

O vmohoylothg Aettovoyel pe tov €ENg Paord emavainmuxd 106mo. O emeEeQyaotis
oafder pto evtods} amd T PViUr. ZT CUVEYELD TNV OTTORMOLROTIOLEL YLl VO RATAAGPEL
TL A€eL, naL nAVEL TLG OOVAELES TTOU ovTh Aéet, ONAadT) TV extedel. Ou doulelés auTég elvor
ouviBwg ammhég, Omwg Y. HeTadpoQd dedOUEVOV aTd 1] TQOG TN KvAun, 1 amd 1) oG
meQubepelonés ovoxrevES, 1 aQuOunTvés mEdEels mhvw oe dedopéva, 1 amodpdoelg
"alayig mogeiac". Metd, pOMG TEAELMOEL 1] EXTEAEOY THG €VIOM|S, O €meEeQYOOTg
dafdler amd ) pviun xow extelel v "emduevn" evtoAr), xnou oltw %od' eENg e
00gwoto. H "emopevn" evtoin) ouviBwg eival 1 evtof) mov foioxretal amodnrevuévny oty
emOMEVY AEEN pVNUNG, €XTOS OV 1) €XTEAECT TNG TQONYOUUEVNG EVIOAIG TEL OTOV
emeEeQyooth va "ol aEeL mogeia....

I va Eépel o emeEepyaoti|g mota elvar 1 "eduevn" €VTOAT] OV TEETEL Vo dlaPAoEL oL
eXTEMEOEL, VTTAQYEL LECO TOV €vag edmog rotaymentig, o "Metontis Ilgoyodunatog"
(program counter - PC) —{owg ud cwotdTeET ovopaoio vo ftov "deixtng meoyeduuotogs"
(program pointer) 1 "deixtng evtohdv" (instruction pointer), aAld €xeL peivel omd mald M
ovopaoio "PC". Zto téhog NG extéleong og eviolng, o PC megiéyel tn devfuven
RV TG ETTOUEVNC EVTOATG TTOV TOETEL va OLaaotel amd Tn pviun ol vo exteheotel.
Av ¢pavtaoctolue TN pviun oav évav peyaio mivoxo (array), M/ ], tote n "devBuvon
pvnunc" etvon o delntng (index), i, mov pag Aéer va dtafdoovpe TV emOUEV EVIOA] amtd
to M[ i ]. Me 6govg g Yhwooag C, 1 dtevBuvon pviung g eTOUEVNS EVIOATS elval £vag
pointer TNV €TOUEVT] EVTOAT.

1.2 T'lwooeg Myyovis:

Ou eneEepyaotés ratalafaivouv not exteholv evitohéc oamd €va QemEQTOQLO TOAD
UxQOTEQO KAl ATTAOVOTEQO Ao TS YAMooeg vPniol emmédov (High Level Languages -
HLL). Ou evtolég mov Oéyetalr xnoL extelel To hardware elvor  avoyrootind
nwdwomomuéves oav dvadind ovuPora, now Aéyovionw I'Adooa Mmuyaviis (Machine
Language). Kd&0e owoyévela emeEegyaotdv mov elvat petaEd tovg "binary compatible" £yel
™v O yYAdooo pnyoavig, mou eival dapogeTivl) amd TN YAWooo unyovig dAlov
owoyeveldv. ‘Eva dnpodihés ofueoa otuh YAwoohv pnyavig ("aoyrtextovikdv") eivol
OQUTES TTOV €XOUV OYeTIRA Myes nal amhés POVO eVIOMES, %Ol TTOU YU AVTO TTEQLYQApOvVTaL
oav Ymoloyiotés ELattwuévov Pemegrogiov Evtodav (Reduced Instruction Set Computers
- RISC). Eva vitoovoho evog TETOLOV QENEQTOQIOV EVTOAMDYV, TOV ovoualopevou RISC-V
(RISC five, RISC mévte, pegwés dpooéc "RV"), Ba xonoLpuomotjoovpe oav moQdderyio o€
ovtd To pdbnua. Alhes yhwooeg pnyovis otuvAd RISC elvor ovtég twv ARM, MIPS,
PowerPC, SPARC, Alpha. H oewpd x86 tng Intel éyel mo molvmhoxn YA®OOW pnyovig,
OMWG EMONG %OL OL LOTOQWOV eVOLAPEQOVTOG VoloyLoTés VAX g dexaetiog tou '80
0V Ba TOVG AVOPEQM RATA HOUQOVS AV AVILTOQAIELYUO. ZTO HAONUO avTd, PEYXOL 1AL
To 2018, ¥ONOLUTOTOLOVOUUE OOV TAQAOELYUA TO QEMEQTOQLO €VIOADV Tou MIPS avtl
T®eo. Tov RISC-V.

To pemegtoolo evtohmv RISC-V dnuoveyndnxe ) dexoetia tov '10, elvor to memdTo
avouxtd (open) QEMEQTOQLO EVTOADV, %eQAILEL oUVEX(DS 08 ONUOTIHOTNTA TA TEAELTAINL
ooV, now VGOV onuovtivés evoeiEelg OTL pmoet va eEelyOel oe dpodiréoTtato
OteOvég standard. H wotooehida y1d to RISC-V elvou 1 riscv.org xow 1 fooirt) avodod yid
TO QEMEQTOQLO €VTOAMV e€lvar otr oehdo riscv.org/specifications/ Omov umwopeite vo
dwaPdoete N "ratefdoete” T oyetint moodiayeadr (PDF, 145 oelideg, 600 KBytes). ‘Eva
mpb6o0eTo evOladéQov YA euds eivar OTL To peyaho teéyxov Evpwmaird eyyelonuo
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European Processor Initiative (EPI) (dgite m.y. éva video €d®) (0TO OTOLO CUULUETEYEL RAL TO
ITE-IIT ed® oto Hodmhero g Koftng) meguhapPdver nor 0Qaotnolotnteg Poolouéves
oto RISC-V. Tw v eEaetion 2024-2029, 11 Evpwmaixnf) Evowon éxer mooxneiEel éva
eyxetonuo.  peyding  mAlponrag  (moovmoloywopot 270 M€) vy Evpomairotc
EmeEeoyaotéc RISC-V Yyniov Emddoewv

Kabe evrol] yhdooag pnyovig amoteleitor amd évav xvmdra medgng (operation code -
opcode), ol amd Tehestéovg (operands) mwov mEQLYQAPOUVV TTAVW oE TL Oa YivelL 1) TQAEN.
OL teheotéol TV eVIOA®V 0QOUNTIDV TEAEEWV Tou RISC-V glvol mavTo ®atoymentég
vevinol oxomol (registers) Tov emeEeQyaoti], 1| otabepés moodTNnTES, OAAA OYL Béoelg
pviipns. O Paowdc RISC-V éxel 32 notaywontés twv 32 bits »abévag: 32 bits elvow to
péyebog AéEng (word) avtot tov Pfaowkot RISC-V. ITo o0yypova Hoviéha emeEeQyaoTmy,
onuea, éxovv péyebog AEENG 64 bits. To (AyyMxd) PPprio omeileton o wd tétola mod
o0Yy0vn éxdoon tov RISC-V mov eivar 64-pitn, dnhadm) éxel (32) ratoywentés Tov 64
bits no0évag. Ou evtorés agOuntrmv medEewv tov RISC-V éxouvv mdvia toews (3)
TeheaTéoug, Yoo Aoyous opotopodpias. H opolopogdia petadodletor og amhoTNTO TOU
hardware, QA ypo OV €VVoEel TNV VYNAOTEQEN TOYVTNTOL.

1.3 HTI'Awooo Assembly tov RISC-V:

TN va yiver ) YAdooo pnyavig Alyo mo ¢ulxi] 1pog tov avOQmIo, YQMNOLUOTTOLOUUE £V
ovpPolrd dvopa yio ®40e emutpemtd opcode, éva denadivd N denaeEadind aQOud pe
peowd omhd opPoha yia ®GBe teheatéo, nal YQAPOUpE auTA TA OTOLKEl TG ®AOe
EVIOMIC O€ Wia ymEloth yoouun. Avth elvor n yAowooa Assembly, 1 omotla UoQet v
petagpaotel oe YAOooo pnyovig amd évo oyxetind amAd TQOYQOUUO VTOAOYLOTY] —TOV
Aeyouevo Assembler. Ou yhdooeg vmhot emmédov (HLL) (6mwg 1 C) petadpodlovral o
Assembly amtd éva onpovtird moAvmhorndteQo mpodyeapua, Tov Compiler.

e H Paowxi evioh) aountunns medaEng tov RISC-V eivol 1) add mov #dveL
mpbo0eon axegaiwv. H eviol] Assembly "add x23, x12, x14" dofdtelta
TEQLEYOUEVA TV ROTOYWENTOV VITOQLOUOV 12 non 14, T mpoobétet, nan yodhdet
TO QLTOTEAECUOL OTOV RATAYMONTH VITaAQLOPOV 23, dnhadf) x23 :=x12 + x14.

e H evtolf] sub (subtract) elvol maopolo ohAd, avii vo mpoobétel, adaioel Tov
To(TO TEleoTéO OO TO devTEQO: M "sub x23, x12, x14" yoddeL oTOV
NOTOYWENTI] VT oELOUOV 23 To amotéheoua TG adaipeong x12 peiov x14.

e H evtolf] addi (add immediate) elvau mogopola Thg add (wpdobeon), ahhdé o Toltog
teheoTé0g TG elval 0tafeQlg 0QBUOS vt nataywenti: N "addi x23, x12,
157" duafdlel To meQLeXOUEVO TOU ®aTOYWENTY 12, TpocBEéTeL Tov aQlBud 157 ot
autd, nan Yoddel To amotéheoua otov xataywent 23. Eav n petofinty i
Potoxeton oToVv ROTOWENTH 7, TOTE 1) ENYDOENOY i=i+] petadodleton o "addi
x7, x7, 1"

¢ O nataymentis x0 tov RISC-V megiéyel mdvta v otabeQt] moodThnTa unodéy,
OVEEOQTNTMOGS TOV TL YQADEL ®OVEIS O€ AuTOV (0L EYYQADES OE AVTOV ALYVOOUVTL
a6 to hardware). Etou, ediv ) petafAnti) i Poloxetal otov xataywenth 7 6mng
TOQAITAVW, TOTE 1) 0y Wwomoinom i=1 umoel va yivel: "addi x7, %0, 1"

INé évav vmoloyoud cuvOetdHTEQNS 0EOUNTIRNGS Exdooong, delte TO TOQEAdELYUA OTY)
oeh. 67-68 tou AyyhxoU Bipiiov 7 oeh. 121 tov EAMAnvirod Bipiiov. Extodg amd ta
ovouarta x0, x1, ..., x31 Y& Tovg 32 rotoywentés Tov RISC-V, x0NoLLOTOL00VTOL ROl TO
Ayo moé adnonuéva ovopara to, tl, ... (temporary), sO, sl, ... (saved), a0, al, ... (argument),
2.0, OVAAOYO e TN Y101 Tov emPUAAGCoOUY 08 ®aBéva Toug oL ovuPdoels naléopatog
Oraduraolwv (procedure calling conventions), 0rtwg Ba dovpe otig dLahéEels 6. (Ztov MIPS,
TOL OVOUOTA TV RATAXWENTOV AL pe "$" avti "x", my. $7 avti x7).

I vo exteleotel Eva TROYQOUUNL, OL EVTOAES TOU YOADOVTIUL OTNV REVIQLXT] VU 1) MiCL
"véT" amd v GAAN, ONhadf oe ovveyoueveg Oéoelg (dtevOlvoelg) pviuns. Metd v
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ovayvwon xot extéleon ds evioing, o eneEepyaotilg avEdvel tov PC xatd to péyebog
TNG EVIOATG Ov extehéoTNrE, 0mOTE aVTOC (0 PC) delyvel oty emdpevn (Tnv "amd ndtw")
evioM). H oglolany) avti] extéheon eviohdv OLoxrOmTETAL OTAV EXTEAE(TOL A EVTOAN
neTapoeds eréyyov (control transfer instruction - CTI). Tértoieg, 0mwg OBa dolpe, eival,
peTaEl dAwv, o dtaxdaddoels (branch) won ta diuata (jump). H Pevdoevtoln "j
label" (jump to label, | mohawdTEQa goto label, mov 0 Assembler TV petapodlel oe GAlY,
YEVIXOTEQT EVTOM] AAUATOG) HAVEL DOTE 1) ETOUEVT) EVTOAT] IOV OaL eXTELEOTEL VO ElvaL 1)
evtoAn ot devBuvon pviung label, ovti va eivan 1 "amd »dTm" evioli]. Me dhha Aoyia,
1 (Yevdo)evioh) "j label" pogtwvel T dlevBuvon label otov notaywoenti) PC.

14 O Ilgooopowwtilc RARS:

ITooyodppata yoopuévo oe yhwooo Assembly tov RISC-V pmogel va to doxipudoeL
NOVELS ROL VA TOQOXOAOVOTOEL TTDG TEEXOVV YONOLUOTOLMVTOS TOV pooouotwti RARS
(RISC-V Assembler and Runtime Simulator), yoauuévo oe Java, diaBéoipuo dnpooLto péow
GitHub: github.com/TheThirdOne/rars . Oi TQOCOUOLMTES €lVOL TQOYQAUUOTO VITOAOYLOTH
mov  mEoomafolv vo oupsegupéoovtor 600 O TAQOMOL Y(VETOL, Ad OQLOUEVES
amopelg, pe éva puord ototnua. Ev mpoxepévm, o RARS ouumeoudpépetar ocov éva
toumdnt RISC-V ammd Ty Qmmoyn Twv TEQLEXOUEVIV TV RATUYWENTOV KAl TNG UVIIUNG
petd v extéheon »dBe eviohng amd TNV GAAN peoud, maviwg, dev Olver nopio
minoodogia, Ty, YLa TO XQOVO eXTEAEANS TNG ®AOE EVTOANG (TTOLES EVIOAES EXTENODVTAL
YO YOQO RO TTOLES AQYA), OTIWS %A VL0 AAAES ATTOYPELS TOU GUOLLOV GUOTHUATOG.

Odnyies: xatePfdote 1  vedtepn otabepi) éxdoon, 1.6, amd to directory
github.com/TheThirdOne/rars/releases/tag/vl.6 —Onhadf) TO 0Q)el0 rarsl_6.jar OV
PotoxeTau ota assets, amd TO oUVOETO —
github.com/TheThirdOne/rars/releases/download/v1.6/rars1_6.jar

* Oa yoewootel va éxete eynaoteatnuévn ) Java oto unydvnua oog. Av dgv tnv
€xete N0, YLOL VO TNV EYROTOOTNOETE, OeiTe £0M:
www.java.com/en/download/manual.jsp —emAEETE avAloyO TO AELTOVEYLHO OOGC.

e T'u& toug yototes Windows, povov: Apot eyrnootaotioete Ty Java, moémnel vo
™V meoobéaete 0T PeTafANTi) CVOTHUOTOG PATH —Oglte edM:
www.mkyong.com/java/how-to-set-java_home-on-windows-10/

e T va toéEete to 0Qyeto, avolyete éva terminal (windows command line) av To
rars.jar elval my. 0Tov GaneNo 225/ rars/ exteLEOTE TNV EVTOAT): cd
225/rars ®OL 0TIV OUVEYELD EXTENE(TE TNV EVIOM]: java -jar rars.jar

Av 1o mooOyoapua TEEEEL ravovird, Bo deite v aQyxn 006vn pe ta 3 Paocrd
moeaBva, Tovg Registers eELd, noL aQLotepd 2 tabs, to Edit »aw to Execute, ®ou ndtm
aMha 2 tabs, To Messages xoL To Run I/0. Mmogei ta mopdBuga vo elvar minimized 1) va
unv eaivovial ®ahd: ov VITdQyEL T€Tolo TEOPAUO TROOTOONOTE VO RAKRAQETE HEQLHES

Ppootcg.

e [loA0 yonowpo Oa cag dpavei to Help (avoiyel motdvtag Help—Help), 6ov Ba
Poeite To TANQES QEMEQTOQLO EVTOADV TOVU TTQOCOUOLMTY], XOOMS KOl TOV TQOTO
o0vTaEng g ®d0e wdg amo avtés. Emiong, yid tig emdueveg oelpég aonnoemv, Oa
Posite 1igc OOMyieg mpog tov Assembler (Directives) xou Tig ®ANoeLg (AeLTOVQYIHOV)
OUOTHUATOG.

¢ [latwvtog to File—Open (mdvw 0010TeQd), LTOQEITE VO GOQTOOETE £Va 0y elo
Assembly (cOpfaon: To dvopa tov agyeiov va teheumvel og . asm). To agyelo mov
dootmoate Oa to deite oto Edit tab.

e Ev ovveyelo, motdvtog Run—Assemble Oa deite 0TL dvolEe To Execute tab, axdpo
OuwG To TMEOYQaUUa eV TOEYEL.

® Mumogeite va deite Ta Text now Data segments TOU TQOYQOUUATOS OOG, RO OF TTOLEG
deBivoelg éxouvv pootmOel oL evrorég oag: To Text Segment eivol 1 megLoy g
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LVAUNG TOU VIO TTQOCOUOLMOT) VTTOAOYLOTT] OTTOV POIOROVTOL OL EXTELECLUES
€VIOAEg, oe avtiBeon pe ta dedopéva ot puviun mov Peiorovror oto Data
Segment —epeic 0ev Oa aoyohnBoiue pe dedouéva atn pvijun o auti) TV dornom.
H &1e00uvon g ®a0e evtohig diadépel »atd 4 amd AvTiV TNG TEONYOULEVNS
OLOTL 0L eVTOLEG TOV Paotkol RISC-V éxouv péyebog 4 Bytes nabeuia.

o T va toéEeL To medyauua oag tothote Run—Go 1) T0 TQAO0LVO ®OUUIT [E TO
yoeoxtnELoTRd oUpuPolo Tov "Play". Mmogeite emiong va 1eéEete "Prna friua” To
TEOYQOULO 0OC, TTOTMVTAS Run—Step 1) To GALO mTEACLVO ®OV UM TTOU €XEL TO
ovpPolo Play pe to 1.

e 32-pmrog vs. 64-umrog RISC-V: 0 RARS, by default, mpocopoimver 32-pmmto RISC-
V. Ouwg, amd TV éxdoomn 1.5 pmopei va mpooopoldoet xat 64-pmrto RISC-V, aoxel
va. to eruhéETe ota Settings—64 bit.

o Kdtw-#dtm oto magdbugo tmv xataywentdv (Registers - deELd), oav "eldindg"
330¢ "rataywentig", paivetal o petonTis meoyedunatos (PC). Omote o RARS
elval otopatnuévog —OMAadT 0ev "teéyel" To TEOYQAUUUA LG OAAA TIEQLUEVEL— TO
niegleyOpevo tov PC eivan 1 dtehiBuvor Tng emOUEVNS EVTOATS TTOU TTQOXELTOL VO
enteleotel HOMG EavaEEXLVIIOOUE TNV TIQOCOUOImOT, 1} 0Tmoia EVTOAT] GpaiveTol pe
xitoLvo, ONAadn 1 eviolt) auth) dev éxel "exteheotel" oandua.

® AV TO MEOYQUUUA OOG TUTIMVEL OTNV "*OVOOLA" (O ETTOUEVES OELQEC OLOXT|OEWV),
Ba to deite oto Run I/O tab axodg amo xdatw. Emiong, av déyetan nouw eicodo amd
T0 "mMANuTEOAOYLO", YoMolpomoleite To Run I/O tab yia tnv dwoete. (Emmiéov, av
0éhete pmogeite va divete TLpES amd TO TANUTEOAOYLO o€ éval pop-up window vl
va yedgete 0to Run I/O tab: Yo va To €veQyomoLoeTe autd moTiote Settings oL
nAvte check to "Popup dialog for input syscalls(5,6,7,8,12)").

e Téhog, WTOQELTE VO OTOUOTIOETE TO TQOYQALUO 0OG TATOVTAG TOo STOP, mov eivat
TO MEAOLVO ROV T UE TO AEVRO TETQAYWVO, 1] AROUA RAL VO, TO "TAYDOETE"
matwvtog 1o PAUSE, mov gival To meaoivo ®ovumt pe 2 Aeurég YOOUUES.

e T va navete Reset 10 mpdygappo 6og, ONAadf va xabaioete Ta meQLeyOpeva
TWV RATOYWENTOV RAL TNG LWHUNG ®aBMS now va emavadégete Tov PC, motiote
Run—Reset, 1] T0 mdoLvo xovusti pe ta 900 0QLoTeQd Peldxnia.

o Xonowo pmoel va oag Gpavel, T 1] ROl TEQLOCOTEQO OE EMOUEVES ALOAT|OELS, RO
to mapdderyua "hello world" o Assembly tou RISC-V, ue eneEfynor Tov L ndveL v
%GO yoappi), oo T oehida: github.com/TheThirdOne/rars/wiki/Creating-Hello-
World

Aoxnon 1.5: Kodwrog Fvogmiog pe tov RARS

Avtureipevo g mopooog Aoxnong eival va YvmLoTElTe pe T YA®ood Assembly Tov
RISC-V nouw pe ) xo1on tov RARS. I'ol T0 0%0md 0vtd, HEAETIOTE oL avTLyQdte O
éva aQyelo (my. "ex01.asm") TOV TAQORATW ROIWMO —1) OLAPOQES TOQOAMAYES TOU TTOU
EOTLHATE- O TEEETE TOV 0TOV RARS.

.text # Directive ".text": put the following into program memory

# Register use: x6: variable "i"; x7: variable "k";

main: # label "main" = address for "j" to jump to
addi X6, x0, 10 # init. i=10; (x0==0 always)
addi x7, x0, 64 # init. k=64; (64 decimal = 40 hex)
add x28, x6, x7 # x28 := i+k = 74 dec = 4a hex
add %28, x28, x28 # x28 := 74+74=148 dec = 94 hex
add x28, x28, x7 # x28 := 148+64=212 dec = d4 hex
addi x7, x7, -1 # k := k-1 = 63 dec = 3f hex
sub x7, x7, x6 # k := k-1 = 53 dec = 35 hex
j main # jump back to main (infinite loop)

o To noppdt #d0e yoouung petd to # eivor oo (oto (Ayyhnd) fipiio, ta
oy oMo onperwvovron pe /" avel "#").
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o OLYQOUUES HETA TO . text elvou exteréOLUOg DORaGS (08 avtiBeon e alOunTnd
dedopéva oty pviun, mov edm dev Exoupe).

e H toitn yoopupn ogiCel v etivéta main (on pe T dievBuvorn pviung émov Ba
tomoBeTn0etl auTd WOV OROAOVOEL AXQUPOS HETA —OTNV TEQITTTWOT] LOLS 1) QDT
eviol) (addi) Tov mpoypduuatos pag (0x00400000 (denoeEadind) otov RARS).

e Metd 1o main: axohovBolV ot evtolég ot YA®ooa Assembly tov RISC-V: €EL
eviolég mpOo0eoms (add 1) addi), pio evioln) adaigeons (sub), noL pia
(Yehdo)evtot) Ahpotos (7).

e H (Yetdo)evtodi dhuatog j main, mov elvou m) televtalo evIoit Tou
TQOYQAUNATOS PaLG, AéeL 0TOV eTEEEQYAOTH] VAL EXTEAETEL OV ETTOUEVY] EVTOAT TNV
€VTOoM| Tov Potoxetor ot dLeOU VO Pviung main, ONACdN TNV TEMTY EVTOAT)
(addi) Tov mEOYQAUUATOS pag. AuTtd ONovyel Evav Amelo Podyo: oL 8 auTég
EVIOAES TOU TROYQAUUATOS Hag Ba eEXTEAOTUVTOL CUVEY MG, €T ATELQO" €val
HOVOVLXO TIROYQOUUAL, GUGLrE, OV TRETEL VAL ®AVEL RATL TETOLO, OAAA O Oev
TIQORELTAL YLOL HAVOVIRO TIQOYQOULLL....

Eentviiote Tov RARS pe tov to6m0 7ov elmope maamdive, otny §1.4. XonoLpwomotote )
duvatotnta "single step" yia va exTEAOUVTOL LLA-[ULOL OL EVTOAES oL VO TS PAEmETE.
IMaparolovOnote 6Tl petd amd #GBe tétolo mEooopoimwon o PC éxel avEnbel natd 4
(emeLdn) oL evrolég Tou RISC-V éxouv néyebog 4 Bytes nabepiar), now 6tL allalovv oL Tipég
(TeQLeOUEVA) TMV RATAYWENTOV OO0V Yoddel | ®dBe evtoit). Ta meplexdueva ovtd o
RARS ta deiyvelr oto dexaeEadind by default, av naw ovtd pmogeite vo to alha&ete amd
ta "Settings". Otav 1 extéleon dprdoer otnv (YPeddo)evtorf) j main, moQatnehote 6Tl O
PC moigver Eavd tmv T 00400000 (OexaeEadird), wor EavayiCel ) extéleon tov (dlov
TQOYQAUUATOS LG, OTTO TNV QY.

1.6 O £dedo1#0g mpocouolmTi)c Venus:

Edv dev notadpégete va eyratootioete v Java now Tov RARS otov vohoyloti) oag,
WTOQE(TE EVOALARTIXA VO YONOLUOTOLOETE EVAY TOQOUOLO TTQOCOUOLMTI], OVOUATL Venus,
70V POIOAETAL TTQOEYRATECTNUEVOS 1Ol TEEYEL ETOLUOG UECH TOU web browser 0Og 0T
devOvvor: www.kvakil.me/venus/

Kaévte copy-paste to mooyoouud ooag oty xaptéha "Editor", kol avtoépoto, pOMG mate
otV GAAN ®aQTéha, "Simulator”, To mEOYQAPUG Oag glvor £Tolno assembled ko pwoQeite
va 1o teéEete Prua-prpa ("Step") (to "Run" dev delyver timota Owaitego, Aoyw tou
amewpov  Peoyov). Meonég odnyleg yoMoms, edv yoewotelte, VIAQYOVV OTO:
github.com/kvakil/venus/wiki . [Tédvtwg, o mgocopolmTig Venus éxeL Aydtegeg duvatodTnTEg
atd Tov RARS —101aitega dev éxelL environment (system) calls yud va diaféler eioodo amod
TO TAMUTQOAOYLO— EMOUEVIS eV Bo UTOQEDEL VO 0OC EEVTTNQETIOEL O ETMOUEVES LORNOELS
mov Ba yeeldCovial Tétola €i00do.

Kévte avti v doxnon yid va pdbete ) xonon tov RARS, tov omoto OBa yoelaoteite
otlg emopeveg aoxrfoels. Pérog dev Ba Pabporoynbel avti) n mEdTy oeLRd conioe®V,
adga dev éyxete va maadmoete Timota (AhAd unv xofvetepi)oete va TV ®Avete, SLOTL
arolovBoiv oL GAAeS...).
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