Exercise 2: RARS I/O and Loops (U.Crete, CS-225) 18/2/22, 7:50 PM

HY-225: Opydvwon_Ymoloylotmv Tu. Ext. Yrohoyiotawv
AvolEn 2022 © IMavemoto Kontng

Xe10d Aonijoewy 2:
Booyot zou Emxowvovia Kovooraog otov RARS,
IHopoonuaouévor o Eneéxraon Igoonuov

ITooBeopia ¢mg Kvg. 27 Pefpovagiov 2022, moa 23:59 (Booudda 2.4) (amd 0. 1.3)

Biprio: ITpoonuaouévor apBuoi: Atapaote tv §2.4 (oehideg 127-134 oto EAMAnvird Piiio, pp.
74-81 0t0 Ayyhnd), nou Eavabuundeite To EQyaotiowo 6 s Wndraxnng Zyedioong.

2.1 Oliyo negi Eviodmv Awoxdadmons vro Zvvonxn

Onwg Méyape row oty §1.3, yia va exteheotel éva mEOYQOUU, OL EVIOMES TOV YOADOVTIOL 0TIV
HEVTOLXY) VNN M o "®éTtm" amd Tnv A, dnhadt) o ovveydueves BEoelg (OLlevBVVOELS) LvijUnG.
Metd Vv avayvmon xou eXTELEDT) (OGS EVIOAGS, 0 emeEepyaoTilg avEdvel Tov PC ratd to péyebog
™G €VIOANG mou exteréotnre (natd 4 otov Paowrd RISC-V, adol oL eviohég tov €xovv péyebog 4
Bytes), omote avtog (o PC) Oelyvel otnv emdpevn (tnv "omd xndatw") evioAr). H oegiani] auti
eEXTENEON EVIOADV OLOMOTTTETAL OTAV extehelton d eviolt] petodoeds ehéyyov (CTI - control
transfer instruction). E{daue 11On pia tétowa, tnv (Pe00)eviohn) GApuotog j label ("jump" to label),
OV RAVEL MOTE 1) ETMOUEVY] EVTOM] OV Oa enteheotel va elval 1 evtoA| oty devBuvon pviung
label, avTi vo elval 1) "amtd vdtm" evtol). Me dhha Aoya, 1 (Pe00)evTohT] § label GOQTMVEL TN
OLeBuvon label otov rataywenti) PC. Xonowwomowwviag avtiv oty doxnon 1 ¢tidEape évav
"dmelpo Poy0", dAadi xavaue Tov VIO TQOCOUOIMOT VITOAOYLOTY) VO EXTEAEL OUVEYMDS TO (OLO
"LITAOR" EVIOADV.

INé va dptdEovpe Evav ravovird (Ot dmelpo) Peoyo xelalonaoTe (o EVTOAT] dtoaxhddmong vao
ovvONxn (conditional branch), ONAad” o evtol mov peourég Gpoeéc moonalel OLOrAAOWON ral
neewéc GoEEg OYL, AVALOYO e TO AV LOYVEL 1] OgV LoYVEL ®ATTOL0. RO TAAANATY ovvOnun. H Paouxi
Ttétolo. €VTOAT] €lval M beq (branch if equal): H evtol] "beq x26, x27, label" dofdleL Tovg
ROTOYWENTES 26 nan 27, ran Tovg ovyxivel. Eqv toug et (ooug (equal) droaxhadiCeton otn Oéom
label, ONAad” ndvel Tov emeEeQyaot) va Oofdoel xou exTeEAEOEL TNV EVIOAT] QO exrelvn ™)
oeOuvorn oav emoOuevn evioAar]. AAMMG, 0ev xndvel Timoto To EeXmELOTO, OTOTE OOV ETNOUEVY
evioAt] Oa dwoPaotel now exteleotel | "amd rwdtw" evioAt). H evtoli] bne (branch if not equal) »divel
o ovAmoda, dnAadn diaxhadiletar edv Poel Tovg xnataywENTés dvioovg (not equal), ahAudg
ovveyitel "omd ndTw".

22 Koowag Beoyov xoat Ew6000v/EE000v Koveorag

lNa va emxowvovoliv ta mooyoduuoto pe tov €Em ®O6opo, o RARS mpooopoumvel peQurég
VITOTUTTMOELS VITNQECIES AELTOVQYIXOV CUVOTNUATOS Yo €{0000/¢E0d0 (I/0) otnv "wovoora" (éva
amhd teouatind ASCID). Ou xANoelg 0To AelTovEyrd oVoTUa Aéyovtav maQadootaxd "system
call", oAl o RISC-V vioBetel to yevirdtego Ovopa "environment call (ecall)" O1OTL progovv va
YONOLUOTTOB0UVV ®aL Y& TV vANon AAAwv meQUBaAldvIov eléyyov (m.y. hypervisor xAm). Agv
elval avdyxun meog oTLyunV vo. ®atahdPete OAES TIC AETTOMEQELES TOU TS YIVOVIAL QVTES OL
nAMoelg —axel vo unOeite To TOQAXAT® TAQASELYIO RAL VO XOTAANAPETE TIG €ENYNOELS TTOV
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Otvovtor ndtw omd avtd. Meheriote won avorypdyte oe éva ogyeto (my. "ex02.asm") TOV
TOQORATM RMOLXROL —1] OLAPOQES TAQAAAAYES TOU TTOV TQOTLUATE— ®OL TEEETE TOV 0TOV RARS:

# compute s = 1+2+3+...+(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"
.text # program memory:
main: # (1) PRINT A PROMPT:
addi x17, x0, 4 # environment call code for print string
la x10, str n # pseudo-instruction: address of string
ecall # print the string from str n
# (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;
loop: # (4) LOOP starts here
add x27, x27, x28 # s=s+i;
addi x28, x28, 1 # i=i+1;
bne x28, x26, loop # repeat while (i!=n)
# LOOP ENDS HERE
# (5) PRINT THE RESULT:
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, %0 # copy argument s to x10
ecall # print the integer in x10 (s)
addi x17, %0, 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)
j main # unconditionally jump back to main

O x®mOwog avtdg voloyiter to dBgowopa s=1+2+3+..+(n-1), yioo n peyohvtego 1) (0o tov 2 --
moooy1: av 00ei n urEdTEQO TOU 2, 0 vMAaS Oa umer o (oxedov) dmelpo Peodyyo! H "nadd"
Tov ®WAWwA elval T voppdrtio (3) --aQyLromotnoels-- rat (4) --fedyyxog vmoroywopov. [lpooéEte
TLG TTOLQANATW EENYTOELG:

e To noppdrt 2a0e yoopupns petd to # eivar oxoMa, Omwg eimopue xow otnv doxnon 1 (uovo, to
Avyyhnd Bpiio yonorpomoret "/" yid to oxOM).
e O yoappés mov agytCouv pe tehelo (".") elvan 0dnyieg (Directives) mpog Ttov Assembler, xou
Oyl evtohég Assembly tov RISC-V. O mhong natdhoyos twv odnyLwv mov déyetor o RARS
Potoxreton péow tov Help touv RARS, otnv noagtéha RISCV—Directives, oe meQimtwon mov
B¢hete va tov ouvpfovievdelte.
e H odnyio .data onuaiver mwg 0,11 arolovBet elvar dedouéva (row 0L EVTOLES), KAl TIQETEL
va Too0eTn0oUv 0TO ROPUATL TS WVHUNG TTOV TRooEiletan Yo avtd (Data segment) (0TOV
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RARS auto agyiCel amd tn dtetBuvvon 10010000 denaeEadins).

e H odnyia .asciz onuaivel va agyiromoliogl o Assembler Tig emopeves 0€oels (bytes) Lviung
ue to ASCII string mov axolovBel, teguatiopévo pe éva NULL byte 6mwg now oty C. Ot
etnéteg (labels) str n, str_s, ®OuL str_nl, axolovBolueveg amd Avo-xdtm teheta ":",
00(Covv v ®dBe etnéta oav TNy deOuVvoT puviung 6mmov o Assembler BéleL TO aviioToLyo
string (Tt dteBVVON PVIUNG TOV TEWTOV byte TOV string).

e H odnyia .text onuaivel, 0mwg elmape nat oty doxnomn 1, mog 6,t axorlovOel eivon evtolég
(now Oyl dedopévar), ran mEEMEL Vo TOT0HeTNOOVV 0TO ROUUATL TNG UVI|UNG TTOV TTQOO0QICETAL
via ovtég (Text segment).

e To xoppdtt (1) Tov x®OLra elvan éva naleopa meoipdhhovtog (ecall — environment call) (sT.y.
AELTOVEYLXOV OUOTHUOTOGC) TTQOKELUEVOU VA TUTTWOEL TO string str_n 0TV ®ovooia "Run I/O",
1ATW 0QLOTEQC (TTQOXELTAL YLOL TO string "'n = " OV oploTNre MaQATAvVm). ['lor var ratald el
TO AELTOVQYO oVOTHUA TTOL0 O Oha Ta ecall's Tntdpe, PAlovpe otov rataywenti x17 cov
TOQANETQO (argument) TOV aQOUO 4, oV onpaivel OTL Tntdpe to ecall vt aELOUO 4, Tov eival
to print_string. Ta ecall's mov vhomolel 0 RARS meguypddovton péow tov Help tov RARS,
otV ®aQTého RISCV—Syscalls.

e Emiong, yia va E€pel to megldAhov molo string BEAoVE VA TUTTWOEL 0TIV ROVOOLQL, BAlovpe
otov xataywenti x10 cov moduetoo (argument) Tn dlevOVVON PVIIUNG OQVTOU TOU string
(OnA. évav pointer € QUTO TO string), OV OTNV TEQITTWOT| LOG EIVOL 1] ETIXETA str_n TTOV
oploae ToQAmTAvm: To "1a" eival YPevdoevioit] (pseudoinstruction) Tov Assembler tov RARS,
now Oyl navoviry] evtol] tou RISC-V, nouw Aéer otov Assembler va yevvijoer pio 1 dvo
TQOYUOTIXES EVTOAES OV TOTOBeTOUV T dLeBUVOoN TG ETRETOS str_n OTOV XATAYWONTY
x10, avdroya av mn OevBuvon avti xwed 1 Ol ota mEQLOQLOMEVOL bits wAg otabeQdc
"immediate" 6mwg Oa dovpue aRYOTEQQL.

e To noppdtt (2) ToU OO elvor Evo avAhoYo nAAeoua (To rAheopa VT aEOUO 5, ONAadT
read_int), mwov meouuével va dtafdoel Evav axéoauo amd TNV ®OvoOAo: O TROCOUOLWTHS O
TEQLUEVEL exel péyol va minutooloynoete évav axéoaro xou éva ENTER (RETURN) oto
m0edBveo "Run I/0", ®vdtw agrotepd. Méow g emOUEVNS EVIOANG, add, O OXEQOLOG TTOU
emoTEéPel To nAleopa (otov xotaywenth x10) agywomolel T petafinti pag n (otov
1OTAYWENTN X26).

e To xopudtt (3) Tov xMOrA €lvoL 1) AEYIXOTIOMOT TOV UETARANTMOV § (ROTOYXWENTNG X27) %L
i (roTomENTNG X28) TOLY WtoU e oto PodYO.

o To nopudtt (4) Tov ®WOWa eivar 0 ®xvEimg PEOYOS VITOAOYLIONOD. e ®dOe emavaA P TOU
QUEAVEL TO s ROTA [ ®OL TO § ROTA 1, %O OTN CUVEYELD OUYRQIVEL TO I (RATAYWENTNS X28) e
TO 1 (rOTOYXWENTNG X26) ®aL draxhadiCeTor (FTNyaiver) mow otV eTrETA loop, ONAAON OTNV
aQyM Tov Pd)0V, 660 aUTéC oL OO0 peTafANTES Oev elval (oeg peTakl Tovg, ONAadT 600 To i
dev éptaoe anrdpo To n. AAMMG, POMS To (MON auEnuévo) i yiver (oo pe n, Oev
daxhadLlopooTte mow, aALG ovveyiCovue pe v emduevy evioAt], dnhadn to roppdtt (5)
TOU HMOOLKAL.

e To xoppart (5) tov roOdwma elval Toia noAéopata meQBdAAoVTOg yia Vo TutwOoUV: TOo string
str_s, TO QTOTEAEOUOL §, ®OL TO string str_nl. TELOG, 1| €VIOAN jump 0TO (6) MG ETMOTQEDEL
TAVTA oW OTO main, MOTE TO TQOYQAUUO VO EAVOATQEEEL ATTO TNV AR RAL OUVEYMDS UEYOL
va tepuartioete Ttov RARS.

Aoxnon 2.3: ToéEwo otov RARS
e ZeuLvilOTE TOV RARS € TOV TEOMO mov elmmape oty §1.4, o GoQTMOTE TO QQYE0 e TO

TOQATTAVW TTROYQOUUO TTOV Yodate péow tov File—=Open (mdvw 0oLotegd). Xt ouvEKELX,
LETOPQAOTE TO TMEOYQUUUO HECH TOU ®oUWwmov "Assemble" (ewovidlo pe notoofior rat
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#AELOL YL LTTOVAOVLAL).

e Méow tov rovpmoU "Single step" Tnrtijote single-stepping, OnAadi vo extehoVTOL PLa-LUOL
oL evtoAég wow va. Tig PAémete. H extéleon aoyilel otn detBvvon "main” (0x00400000). Otav
Gtdoete 010 0UTEQO AANECUO OUOTNUATOS, UNV EexAOoeTE VO TANKRTQOAOYNOETE £VaV
oxréQOLO HeYOADTEQO 1] (00 TOV 2 (TTEémeL va Tov TANrTQohoyNoeTe agov o RARS ¢rtdoel exel
--TIOAOLOTEQES TTANXTQOAOYTOELS OLYVOOUVTOL).

o Aol PapeBeite va PAETETE TIC EVTOAES VO exTENOTUVTOL pia-pia, ogtote "breakpoint(s)" oto
moOYQouud 0og: Toexdete To xouti "Bkpt" apotegd amd tnv embuunti) evtoit] oto Text
segment. Metd, meite o0to MQOYQOUUO VO TEEEEL, LEOW TOV ®ovumoU "Run" (0e516 mpdowvo
BEL0G), omOTE VT TEEYKEL "OLWITMAA" péyoL VO (E0VA)PTACEL AUESMS TTOLV TNV EXTEAEOT TNG
emOUEVNC €VTOMIS TOoU €xeL opLotel oav breakpoint. 'Etol pwmopeite va emtaylvete v
TOQOXOAOVONOT EVOC TROYQAUUATOG, KO VO TO RAVETE VO OTAUOTAEL O "evOolodpEéQovTa 1
"bmomTa" omnueta.

o Télog, adparpéote Oha ta breakpoints ®oL TEEETE TO TQOYQOUUO RAVOVIRA, 0TOTE Ol PAEmeTE
LOVO TIS EL00O0VGS %o EEGOOVS 0TV HOVOOLAL.

Edv dev 005 60viever 0 RARS zou moémer va y0101uomou)ote Tov Venus:

Edv 0ev natadégate va eyrataotioete v Java now tov RARS, »al Oéhete va ndvete avti v
doxnon pe tov www.kvakil.me/venus/ wov Aéyape otnv §1.5, Ba mémel va wdvete toelg alhayég
oto meodyoauuo oag: Iowtov, n odnyia ".asciz" tov RARS yoddetar pe dvo "i" otov Venus:
".asciiz". Agltegov, 0 nwdrdS Tov ecall mepviEtal péow Tou rataywenti] x10 otov Venus (avti
pueow tov x17 otov RARS), o to 6glopa (argument) Tov ecall megviétal péow tov x11 otov Venus
(avti péow tov x10 otov RARS) -deite T 0dnyieg oto github.com/kvakil/venus/wiki (item:
Environmental Calls). Kouw toitov, o Venus dev €yel ecall yid avéryvaoon elo6dov (user input), doa ot
0¢om tovu read_int ecall Bo moémer va yodpete WAV €VIOAN Y. addi x26, x0, 77 JOU VO
0QYWOTOLEl T.Y. n=77, now »ée Gpoed mov BéNeTE v TEEEETE TO TEOYQOUUA 0OG Ue GAAT TLN TOV
n vo. aALGCete pe tov Editor To "77" péco 0to modyQaua 0T VEQ TUT oV OENETE.

Toomog Ilaoddoong:

Oo ToQAdMOETE NAERTQOVIRA £VOl OTLYIMOTUVTO TS 000VN G ®aBMhS ToéyeTE TO MEOYQauuo "RARS"
7o avtd Potoxeton o' éva "eviladégov" evoldueoco breakpoint Tng emAOYNG oag (OYL OTNV 0O
7noL OYL 0To TEAOG TOL TEOYQEAUMATOS). To oTywodTumo UmoQelte va To TAQETE T.Y. OTWG
maQordtm, o To ovopdoete ex02.jpg, xaL Oa To TOQAOMOETE WG EENG:

o e unyovi Windows, atiote To ®ovust "Print Screen" Tov TAN®RTQOLOYIOV, ®OWL LETA OVOLETE
10 Microsoft Photo Editor wou wdvete "paste". Znote TV ewmdvo outi) oe oot JPEG (.jpg),
ue To ovopa "ex02.jpg".

o e unyavi MacOS, matiote poi ta 3 xovpmd Cmd-Shift-4 nal émerto vooatmvTog
ToTnUEVO To Space xdvte xMx 0to mopdBvo. To screenshot Oa epdpaviotel oto Desktop by
default, aAMmdg 0to Ppdnelo mov £xete QuONioeL eoeig va amoOnrelovtal Ta screenshots.

o e unyavi LINUX pe X-windows, £vag TQOmog eivou wdAL To vovumt "Print Screen", mov, by
default, amoOnxevel To otrypdTUTO 0TO Desktop. Edv €xete To (TohatdTEQO) TOOYQO O
"xv", TOTE PE TNV eruhoyi) Tov "Grab" (oog emtoémel va raBoQloeTe nal TOV YQOVo mov Ha
nepdioel péyoL va Bl To oty dTLTo), SLaléETE TO TORABVEO %O OMOTE TNV EOVA O

Lo d1 .jpg o€ agyeto pe To dvouo "ex02.jpg".

INé va oo dMoeTe TIG AORNOELS 0OG YEVIXA RAL AVTIV €0 eldWwd, ovvdebelte o Eva unyavnuo
Linux tov Tpnpatogs. Etowpdote éva directory pe to(a) agyeto(a) mov oag Tntdel 1 doxnon. Ag
vroBéoovpe OtTL To Ovopo tov directory €ivol [somepath]/mydir. MetaxivnOeite oto directory
[somepath], %Ol EXTEAEOTE TNV EVTOAN:

turnin ex02@hy225 mydir
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H dwadurnaocia turnin 6o cog Tntnoel vo empPePaidoete TNV omooToll] Tmv aQyeimv. ITeguoodtegeg
TANQEOPOQIES %Ol AVAAVTIRES 00N YiES yia TN dadwmaoio turnin givor SLABEOLUES OTNV LOTOOEAMOO
https://www.csd.uoc.gr/index.jsp?custom=use_the_ turnin 1] EXTEADOVTIAC man turnin O€ XAIOLO ATO T

unyxoviuato Linux touv Tunpotog. INd emadnBevon tng vmofohng pmopelte va exteléoerte:
verify-turnin ex02Q@hy225

24 Igoonunaouévor Agiluoi, Enéxtaon Ilgooijnov

Ouv onuegwvol emeEeQyaoTés  MAQLOTAVOUV  TOUG TROONUoopévovg (signed) oaBuolg o€
1WOLLOTIO(N 0N OVUITANQMUATOS WG-TTROS-2, OTTWG elyaue 0el 0to udBnua g Wnoaxng Zyediaong
(HY-120, evotnra 6.3). Ze avti] TNV ovoutoQdoTtoon, 1 HETATQON| TQOONUAOUEVOL (signed)
0Qpol amd MyodteQo 0e mEQLOOOTEQO. bits yivetow pe Tnv €ENg Teyvxl], ov ovoudletol
"eéxTAON QOO UOV" (sign extension) vl ATOOELXVVETOL LOONUOTIXA WG EENG:

‘Eotm 0 mpoonuacpévog axéeouog Agy Ue k bits, Tov omolo Bélovue va petateéyovpe otov (dLo
aQuod Ay pe n bits: Agy = Agy 6mov n>k. Edv ta bits tov Agy ta gounveboovue oov
mooonuaopévo (unsigned) axégaro, Tote Ba potdtovv pe (Ba dNAmvouv) évav agliud mTov ag To
ovoudoouue Ay xow opolwg edv Ta bits Tov Ag , Taw gounvedoovpe oav unsigned TOTe O poLG.Lovy
ue tov Ay, - EGv o Agy = A, eivow un agvnuindg (OmA. 0etinog 1 pndév), tote, »atd Tov 0QLopod
NG RWOLROTO(NONS CVUUTANQMUOTOG WS-TTQOG-2, (a) TO aLoTeQEO bit Tovg Ba eivo undév, xat (f) ot
amEOoNueg gQuNvieg Toug Oa elvou: Ay = Agy oL Ay = Agp , xow 0pod Ay = Agy toTe B elvan
now: Ay = Ay . Avtol ol 900 televtaiot, apot elva unsigned anégaunot, pe n wow k bits avriotoya,
nouw elvan (oot peta&b tovg, mooximrel OTL 0 A, oL £xeL MeQLocOTEQX. bits Oa elvar (dLog pe Tov
Ay x MG pe n-k undevind meooTeONUEVO AQLOTEQG OTTO TOV A i .

AMMDG, €GV oL Ag ) = Ag | elvar aQvnTirol, TOTE, xaTd TOV 0QLOpO pag, (A1) TO 0QLoTEQO bit Toug Oa
elvar éva, non (B) ov ampdonueg eounvieg Tovg Oa eivow: Ay = Agy + 2K %au Ayn = Agp + 2.
Agdopévov Oti: Ag, = Agy mooxrimrel ot Oo elvor wow: Ay, - 20 = Ay - 2K . Emopévoc, 1
aAvVOITOQAOTAON TTOV PAYVOUUE elvoL M: Ay = Ay - 2k 4 on = Ay + (2" - 2Ky = (ank o qy -2k 4 Ayk -
Se oUTHV TNV TeEAevTaio éxpOaoT, O eV apLoTeQdE mEoobetéoc, (27K - 1) - 2K, amoteleiton amd (n-
k) To mhBog docoug (mov eivar o aptdpog 2™K - 1) olobnuévouc aplotepd ratd k Béoelg bits (7rov
elvouw 0 molamhaotaopdg emt 25), o de deElodg mpooBetéog, A, k » Elvar ta agywd k bits tov
0ol auol mou pog d60nre. Aedouévou OTL 0 TEMWTOG MEOCOEeTEDNS €xel OAO undevird otig k
0eELég Béoelg, o O0e deltepog mpoobetéog €xel OAo pndevird otig (n-k) aglotepés B€oels, To
aBgotoud tovg Ba elvor amhdg M "ovyxOAANon" (concatenation) Twv SVO QUTOV TOCOTHTWV.

Emopévmg, 1 avamapdotaon pe n bits Tou aQyxot aBuot mov pog 000nxe Ba amotehelton amd
To YA k bits, 0eELd, pali pe (n-k) dooovg ®oAMANUEVOUGS axQPBMS CLOLOTEQA TOVC.

ZVvoMrd AOLTTOV, YLA VO LETATOEYPOVUE £Val TTQOOUAOUEVO (signed) axépono amd k (Myodtepa) bits
oe n (egLoodTeQX) bits, dev éxoupe mad va xdvouue To eENg: TomobeTovue 0QLoTEQE amd T bits
mov pog 000nrav (n-k) emuhéov bits Ta omoio elval Oha TOVS aviiypapa Tov atoTeQov (most
significant) bit Tov a@Ouov mov pog d6Onxe, ONAadY aviiyoada tov bit MOV VITOdeLVUEL TO
medoNuo tov 000évtog apuot (0 yid Betirolg 1) to pndev, 1 yid apvnurots). H mpd&n auti
OVOUALETAL ETTOUEVIG, TQOPAVIIG, ETEXTAON OO0 UOV (Sign extension).
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