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Xelpd Aoxnoemv 2:
Booyot ot Emxowvovio Koveorog otov RARS

ITpoBeopia émg [Tap. 15 Pefpovagiov 2019, doa 23:59 (fdoudda 2.3) (amd . 1.2)

2.1 Oliya nepi Evrolmv Avoxhddmons viro Zuvonxn

Onwg Myope now oty §1.3, yior vo exteleotel £va medyQauue, oL evTohés Tou Yoddovtol
otV xevIQwn pvipm m wo "xdto" omd v dAln, dnhadn oe ouvveydueves Béoelg
(dtevBivoelg) pviuns. Metd v avayvmor xou extéleon Wwag EVIOAS, O emeEeQyaoThg
avEdvel Tov PC natd 1o péyeBog tg evtohic mov exteréotnure (xatd 4 otov Paowod RISC-
V, adot o evrolég tou €xovv uéyebog 4 Bytes), omote avtds (o PC) deiyver otnv emduevn
(v "omd nrdtw") evrodi). H oeouaxi oauti) extéheon evroldv diaxdmretor OTav
entele(tol a evio) perodoeds ehéyyov (CTI - control transfer instruction). Eidape 1on
o térowa, Ty (Pevdo)evroll] GAuatog j label ("jump" to label), mov xdvel wote M
€TWOUEVT EVTOAT OV Ba exteleotel va etvar 1 evtoh) otn dtehBuvon uviung label, avti
va glvor 1 "o ®aTm" evtoin). Me dhha Aoywa, 1 (Yehdo)evior] 7 label (pooTdveL T
OleBuvon label otov xratoaywentfy PC. Xonowwomowwvrog avtiiv otv doxnorn 1
odTdEape évav "dmelpo Peodyo", dMradi rAvape TOV VIO TQOCOUOIMOT VITOAOYLOTY] VA
entelel ouveymg To (OL0 "UTAOR" EVTOAMV.

INa va ¢naEovue évov noavovird (0L Amewo) Pedyo yQelafopooTe o €VIOA
daxhddmong vto euvONxn (conditional branch), ONAad” Lo evioli] mov peowés Goég
meoxralel dLanAhddwon xnou peQnéS GoEEg OxL, avaloyo He TO av LoyVeL 1) dev LoyVEL
®namolat xotdAANAN ouvOnxn. H Paowi] tétowo evtoli eivow m beq (branch if equal): H
€viol] "beq x26, x27, label" dwofalel Tovg notoywoENTés 26 %o 27, ®OL TOUG
ovyrgivel. Edv toug el (oovg (equal) diaxhadiCetor otn 0éom label, dnhadf ndver tov
emeEepyaoti] va dtafdoel naw exteAEOEL TNV EVIOA O exelvn TN dievBuvon oav emdUevN
eviol]. AN, 0ev rdvel timota to EexwELoTd, 0mdTeE ooV emOUeV eviol] Ba dwafaotel
%ol exteheoTel N "amd wdatw" evtord). H €vtoli] bne (branch if not equal) zdvel To. avamoda,
ONMAad” dranhadiCetar edv Poel Toug rataymENTés Gvioovg (not equal), ahhidg cuveyitel
"amd natw".

22 Kodwog Booyxov xou Ewg0d0v/EE0d0v Kovoohrag

INo va emxowvmvolv to mpoyedupato mov teéyovue otov RARS pe tov éEw xdouo, o
RARS mO0OUOLOVEL HEQIXES VITOTUTIMOELS VITNQECIES AELTOUQYIXOU CUOTHUOTOS YL
€(0000/¢E0d0 (I/0) otnv "xovooha" (éva amhd teguotnd ASCID). Ov xhioels oto
Aertovywd ototnua Aéyoviav mogadootaxd "system call", ahhd o RISC-V vioBetel to
vevirdteQo Ovopa "environment call (ecall)" 96T UwOEOUV Vo xENOLHOTOM B0V %O VLA
™V ®ANon Ghhwv meQlarlovimy ehéyyou (m.y. hypervisor ®Am). Agv eivar avdyxrn mog
OTLYUNV va xatohdfPete OAES TIG AETTOUEQELES TOV TIMS YIVOVTOL QUTES OL ®ANOELS —aQHEl
va pnOeite 10 ToQOXATO TOQAdELYUA KoL VO rATAAAPETE TIG EENYNOELS OV divovtal
nATO amd avtd. MeleTiote ®ol avivyQdyte oe évo oQyelo (my. "ex02.asm") TOV
TOQAXATH RO —1] dtddoees moQahlhayés Tov OV mEOTLHATE— ®ou TQEETE TOV OTOV
RARS:
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# compute s = 14243+...+(n-1), for n>=2
# register x26: n
# register x27: s
# register x28: i
.data # init. data memory with the strings needed:
str n: .asciz "n ="
str_s: .asciz " s ="

str nl: .asciz "\n"

main:

loop:

.text # program memory:
# (1) PRINT A PROMPT:
addi x17, x0, 4 environment call code for print_string

ecall print the string from str n

)
#

la x10, str_n # pseudo-instruction: address of string
#

# (2) READ n (MUST be n>=2 --not checked!):
addi x17, x0, 5 # environment call code for read_int
ecall # read a line containing an integer
add x26, x10, x0 # copy returned int from x10 to n

# (3) INITIALIZE s and i:
add x27, x0, x0 # s=0;
addi x28, x0, 1 # i=1;

# (4) LOOP starts here
add x27, x27, x28 # s=s+i;
addi x28, x28, 1 # i=i+1;
bne %28, x26, loop # repeat while (i!=n)

# LOOP ENDS HERE

# (5) PRINT THE ANSWER:
addi x17, x0, 4 # environment call code for print string
la x10, str_s # pseudo-instruction: address of string
ecall # print the string from str_s
addi x17, x0, 1 # environment call code for print int
add x10, x27, x0 # copy argument s to x10
ecall # print the integer in x10 (s)
addi x17, x0, 4 # environment call code for print string
la x10, str_nl # pseudo-instruction: address of string
ecall # print a new-line

# (6) START ALL OVER AGAIN (infinite loop)
Jj main # unconditionally jump back to main

O rnodwag avtdc voroyitel to dBgoopa s=1+2+3+...+(n-1), yio n peyorteo 1) (0o Tov 2
--eocoyT: av d0o0el n unEdTEQO TOL 2, 0 WA Ba umeL o (oyedodv) dnelpo Peodyyo! H
"r0Q0LA" TOU RWOMA elvor Ta woppdTion (3) --aQywomowoels-- xo (4) --Peoyyog
vrohoyiopoV. ITgooéEte Tig mogandtm eENyNoeLs:

To noppdtt »éBe yoapuung petd to # elvar oxoMa, OTwg lmape xoL oty doxnon 1
(LOvOo, To Ayyhro PBiPpiio yonotuomotel "//" yid ta oxOMQ).

Ou yoopués mov aQyiCovv pe teheta (".") elvor 0dnyieg (Directives) mQog tov
Assembler, xoL Oyl evtoAég Assembly touv RISC-V. O mAfong xatdloyog twv
odnyLov mov 0éyetor o RARS Poioxetar péow tov Help tov RARS, otnv »aptéha
RISCV—Directives, o€ mepimrmon mov Bélete va Tov ovpfovievdeite.

H odnyta .data onuaivel mwg 6,11 axorovBel elvar dedouéva (now oL eVIOLES), naL
mpémeL va. Tomofetn0o0V 6T0 ®OoUpUATL THG HVIUNG 7oV TtRooiletal yia autd (Data
segment) (0tov RARS autd a0y (Cel amd ) dietBuvorn 10010000 denaeEadinod).

H odnyla .asciz onuaiver va agywomoijoer o Assembler Tig emoueves B€oelg
(bytes) pviung ne to ASCII string wov axohovBet, tepuatiopévo pe éva NULL byte
omwg nat otnv C. Ou etinéteg (labels) str_n, str_s,xdlstr_nl, axohovBovueveg
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n.n

artd Gvo-natw teleta ":", opiCouv v xaGbe etvéta oav Ty dedBuvon pviung
omov o Assembler AleL To avtiotowo string (tn devlOVVON PVAUNG TOV TEOTOV
byte Tov string).

e H odnyia .text onuaivel, 6mwg elmope xow otnv doxnon 1, mwg 6,1 axohlovbel
elvar eviolég (noL Oyl dedopéva), now mEEmeL vo. TomofeTnBoUV 0To ROPUATL TNG
pviung sov meooiletan yio autég (Text segment).

e To xopudr (1) Tov x®dra eivar éva ndieopa meQpdrhovtog (ecall — environment
call) (7. AetToUQYHOU CUOTNUATOC) TQOXELUEVOY VO TVTTWOEL TO string str_n otV
®ovoola "Run I/0", ndtw agiotepd (odxeLtal Yo To string "n = " mov ogiotnxe
moodvm). Ta va xataldfer To Aettovywmd clotyua oo and Oha to ecall's
Cntdpe, palovue otov rnataywenti x17 oav magduetoo (argument) Tov aolOuo 4,
mov onpaiver ot ITntape to ecall viv aQOPo 4, mov eivor To print_string. To ecall's
mov vhomolet 0 RARS megrypddovtal péow tov Help tov RARS, otnv zaptéha
RISCV—Syscalls.

e Emiong, yio va Eépet To megipdilov molo string OEAoVE VO TUTIDOEL OTHY KOVGOAX,
Pélovpe otov notoywoenti x10 cov moQaueTQo (argument) T diehOVVON pviuNg
ovTol Tou string (ONA. évav pointer 0 AVTO TO string), IOV OTNV TEQIMTWOT HOG
elvar 1 emuxréta str_n mov ogioape mapamdvm: Tto "la" givor YPevdoevIo
(pseudoinstruction) Touv Assembler Tov RARS, zaw Oyl navovirt) evioii] Tov RISC-V,
noL Aéel otov Assembler vo yevviioer pia 1| 800 mQOyuaTiRéS EVIOAES TOV
TomoBeToVVv 11 dlevBVVON TNG ETMETAS str_n 0TOV ®atayxwENTi x10, avahoya ov
N dehBuvon avth xmEd 7 OxL oto mEQLOQLOUEVA. bits g otabeds "immediate"
Omwg Ba dope apyodTEQQ.

e To xnoppdt (2) Tov xOdra elvor Eva avdroyo ndleopa (To ndheopo vt aQOuod 5,
OnAadn read_int), mov meQiuével vo OLafAGoel €vav axéQalo amd TNV ®OvoOAd: O
mpocopolwTig Oa meQLuével exel PéyQL Vo TAUTQOAOYTNOETE £VOV aXEQOUO %Ol VOl
ENTER (RETURN) oto mapdBugo "Run I/O", ndtw aglotegd. Méow tg emOUeVNS
EVIOAM|G, add, 0 axéQalog mov emoteépel To rdleopa (otov rataywenti x10)
0QYLXOTIOLEL T1) LETAPANTH] HOG 72 (OTOV RATOYWENTH X26).

e To zoppdtt (3) Tou »OALrA elval 1 AQYHOTOMOT TWV UETOPANTOV s (RATAYWENTNS
x27) now i (raTayweNTHg x28) moLv umovue oto eoyo.

e To xoppdtt (4) tov n®dwa elvar o »velwg PEdYos vmoloylopol. e xndaOe
ETOVAAYPT] TOU AVEAVEL TO s OTA § ®OL TO I XOTA 1, RO OTY) CUVEYELD CUYXQIVEL TO
i (raTaywENTS x28) He To 1 (ratoymwENTig x26) ®aw dtoxhadiletan (nyaivel) o
otV eTxéTa loop, ONAOOT 0TV aQ)T Tou PEoYoV, 660 auTéS oL &0 peTafAnTég
dev eival (ogg peta&l Toug, dNAad” 600 To i dev Eptace arnduo To n. AMMOG, LOMG
o (0N avENUEvo) i yivel (0o pe n, dev dronhadilopaote miow, alhd ouveyiCouvpe
LE TNV ETOUEVT] EVIOAT], INAaOT) TO ROUUATL (5) TOU ROILKAL.

e To »opudtt (5) Tov x®Iwma eivar Tola xahéouata meQPAMOVTOGS Yo VO TUTWHOVV:
TO string str_s, TO ONMOTEAEONA §, ®OL TO string str_nl. Téhog, 1 €vTOAT| jump oTO
(6) pog emoteédel TAVTA TWOW 0TO main, MOTE TO TQOYQOUUUG VO, EAVOTOEEEL QIO
TNV 0y %ol ouveyms péyoL vo teguotioete Ttov RARS.

Aoxnon2.3: ToéEwo otov RARS

e EexlvioTe TOV RARS L€ TOV TEOMO 7OV elmope oty §1.4, not GoQTMOTE TO CLQYEI0
LE TO TOQATAV® TQOYQAUUA TTOV Yodate péow tov File—Open (avw aQLoteQd).
21N ouvéyeln, UETAdQAOTE TO TEOYQOUMA UECH TOU %ouuwmol "Assemble"
(etrovidlo pe notoafidl ot xheldi yid pmovhovia).

o Méow tou vovwno¥ "Single step" Tnrtiote single-stepping, dnladi) va extelolvTal
po-pua oL evtohés rat va tig PAémete. H extéheorn agyiCer ot diedBuvon "main"
(0x00400000). Otav ¢rtdoete oto dehTeQo ®AAEOHO GLOTANATOS, UNV EexdoeTe va
mAuTQohoynoeTe évav axéQauo Ueyalltego 1) (00 tov 2 (mmEémeL v TOV
minrtoohoyfoete apod o RARS ¢tdoel exel --mohawdteEQes TANHTQOAOYNOELS
oyvooUvTaL).
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e Adol Pogebeite vo Prémete Tg evtorég va  exteholvror plo-pio, oglote
"breakpoint(s)" 0to TEOYQOUUA 0OG: ToOERAQETE TO ®OUTL "Bkpt" aiglotepd ammd v
emOupunTh evioli] oto Text segment. Metd, melte 0T0 MEOYQAUUA VA TOEEEL, UECW
oV ®ovumo¥ "Run" (8eEd mpdowvo PEN0G), omtdTe avtd TEéYeL "oLwmnhd" uéyol va
(Eava)ptdoer auéoms TELV TNV EXTELEON THG ETTOUEVNC EVTOANG OV £)eL OQLOTEL
oav breakpoint. ‘Etol pmogeite va emtoyivere TV moQaxolo0ONon  evig

AT

TOYQAUUOTOG, ROL VO TO XAVETE VO otapatdel og "evoladpégovia" 1 "Omorra
onpelo.

o Téhog, aporgéote OLa Ta breakpoints xow TEETE TO TQOYQAUUA RAVOVIRE, OTTOTE O
PAémete povo Tig eL06d0VS noL EEGO0VS 0TV HOVOOAL.

Edv dev 6ag dovhever 0 RARS »ou mpéner va yonoimonoujote tov Venus:

Edv dev natadéoate va eyrataotnoete v Java noL tov RARS, zou Oélete vo ndivete
autr TV doxnomn pe tov www.kvakil.me/venus/ mov Aéyape otnv §1.5, Oa meémel va ndivete
Toelg ahhayés oto mpodYyoauua oog: ITgmtov, n odnyia ".asciz" Tou RARS yodoetar pe dvo
"i" otov Venus: ".asciiz". Aeltegov, 0 ®mdmOg Tov ecall TEQVIETAL HECMD TOV KOTAYMONTY
x10 otov Venus (avti péom tov x17 otov RARS), xou to Oglopa (argument) tou ecall
megviEtol pEow tov x11 otov Venus (avti péow tov x10 otov RARS) —d¢ite Tig 0d1yieg oto
github.com/kvakil/venus/wiki (item: Environmental Calls). Kou toitov, o Venus dev éyeL ecall
yid avdyvwon e.o6dov (user input), doa ot Béon Tov read_int ecall Bo mEémeL va. yodapete
WAV VIO ). addi %26, %0, 77 7OV VO OQYKOTOLEl TT.). n=77, ®ow ®AOe poQd mov
0éhete vo ToéEeTe TO TEOYQOUUA Oag Ue GAAT Tiui] Tov n vo. ahhdlete pe tov Editor To "77"
UECO OTO TROYQOUUO 0T VEQ TLUT TTOV B€AeTE.

Toomog Magddoons:

Oa maadDoeTE NAEXTQOVIXA VO OTLYILOTUTO THG 0006VNG 1OOMDS TOEYETE TO TQOYQOLUAL
"RARS" naw avtd Poioxretar o' éva "evilodégov" evildueco breakpoint Tng emAoyng oag
(6L otV oy ®ou OxL 0To TEAOG TOU TEOYEAUUaTOS). To oTywdTuo Umogelte vo To
TAQETE TT.Y. OTIWG TORAKRATW, O, To ovoudoete ex02.jpg, ®oL Oa To ToEadmoeTe WG eENG:

e e unyovi) Windows, motiote to xovuni "Print Screen" TOU TIANRTQOAOYIOU, ®OL
petd avoiEte to Microsoft Photo Editor nan ®Gvete "paste". ZOOTE TV ELROVA QUTH
oe pood1 JPEG (.jpg), e to évopua "ex02.jpg".

o e unyovil MacOS, matiote pali ta 3 novumd Cmd-Shift-4 xou éneito ®QoTOVTOG
oTNUEVO TO Space xAvie ®Mx 0to mopdBvo. To screenshot Ba epdpaviotel 0To
Desktop by default, aAAlidg 0to pdxeho mov €xete QUOBLIOEL €0€lg va ammoBnredovTOL
Ta screenshots.

o ¢ unyavi) LINUX pe X-windows, évag tTQomog elvan wdhl To ®ov st "Print Screen”,
mov, by default, amoBnuxelel To otrypoTVNo 0TO Desktop. Edv €xete To (tahaidteQo)
medyQopup "xv", TOTE pe TNV emmhoy tov "Grab" (cog emtpénel vo rafogloete non
TOV ¥00VOo oV O TEQATEL PEYQL Vo Taebel To oTLyOTLVTO), dLahéETe To ToEdbvEo
AOL ODOTE TV EMOVA 0 LoQdT] .jpg 0€ aQyelo ne To dvopa "ex02.jpg".

INé va mogadwoete Tig 0onioels oag Yevird xoL ouTiv ed® ednd, ovvdebelte oe éva
unydvnuo Linux tov Tpfpatog. Etowpdote éva directory pe to(a) oyeto(a) mov cog
ntder n doxnnon. Ag vroBéoovue 0Tl To dvopo tou directory elval [somepath]/mydir.
MetanivnBelte oto directory [ somepath], %ol EXTEAETTE TNV EVIOAT:
turnin ex02@hy225 mydir

H dwdwwaocio mwrnin 0o oag Tntnoer vo emPePald)oete TV GTOOTOAM| TOV OQYEIWV.
ITeguoodtegeg mANQopoples ®oL avalvtinés odnyies Yoo T dwadwoolo turnin eival
OwBéoues oty wotooehida  https://www.csd.uoc.gr/index.jsp?custom=use_the turnin 1
EXTEAMOVTOS man turnin og xdmolo amd to pnyoviuoto Linux tov Tpnpotog. Tk
emaAn0gvon g vofoiig umopelte vo extehéoete: verify-turnin ex02@hy225
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