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Byrio: Awafdote tnv §2.7: oeh. 145-151 oto EMAnvino, 1 ogh. 92-97 oto Ayylnd. Mmogeite
emiong vo. delte, nAmwg eyrvrhomadnd, Tig oeh. 115-120 Tov Ayylxov Piiiov: oto EMAnvind
PiAio, ou aviiotoryeg oehideg Nrov ou 171-175, ahhd avtég dev cog Ponbdve wWiaitega, dLoTL
oAaLovv onuavird amd Tov MIPS otov RISC-V.

51 Awxradnoers viro ZvvOnzn etov RISC-V

O evtolég petadopds ehéyyov (CTI, control transfer instructions) xafogiCovv vo exteheotel oov
ETOUEVT] EVIOAT| --TIAVTOTE 1) VIO 0QLOUEVES CUVOT|HES HOVO-- (oL EVTOAT GAAN ot TNV "emtOuevn
amtd ®aTw" Toug evtohi]. Otov 1 peTadoed eléyyov yivetar vitd cuvOfx, oL evtorés ocuvibmg
ovoudCovran droxhaddcerg (branch). Otav 1 petadod yivetow mdvtote, dMAadN ywig
ovvOfun, ou evtoléc ouvihBwg Aéyovtor dhpate (jump). Mio magolhayi GApatog eivol to
naheopa dradumaotog, nou wd dAn 1 emoteodt amd dradiwacia.

To mo6 OMuodlhés addressing mode, OMhadn TEOTOG OlevBuvoloddToNS 1  TEOTOG
71000000V TG OelBuvong mEooEWopot TV daxiadmoswy, eivor to "PC-Relative
addressing mode, OMAad” 0 7EOOQLOUOS NG doxAddwong dMAmveTar PECO OTNV EVTOAY O¢
oxéon ue v evrod Swaxidowons ovty xabeavtr, ONAOOT GOV OYXETIXT OITOOTOON
(neTanivnon) amd edm oV PELOXOUNOTE TOQO TEOGS TA exel Omov Oéhovue va maue. O RISC-V
yonowporotel naw avtog PC-Relative mode yid tig evrolég CTI. To PC-relative branch addressing
mode mode mpoodpégel dU0 onuavind mheovertiuata. [TomTov, emeldn) 1 amdotaon avth elvol
ovVNOWGg WxEY), QLT WIoEEl Vo xweEoeL o MydTeQa bits uéoo oty evtolt) nou ivar ovvii0mg
uxem emeldn ol dorhadmoelg eivor evtdg Twv if-then-else xat evtog Twv PEOYWYV, TOV %L TA
dVo elvon evtog g Ouag dradwmaciag (procedure), rot 6mov Oha aTd glval ovvBmg oyeTLHA
uxEd. Agbtegov, 0tav o Linker ouvevmver ayela mov éxouv yivel compiled yworotd yid va
OTLaEeL éva eviaio extehéolpo (] O0tav xdvovue dynamic linking at runtime), téte M nobe
dadwacion xatalfyer va Eenwvd oamd wd "wouvovyla" dedBuvon mov dev v Eégape
vogitepa, doa o Linker €xel oyetinég dlopBmoelg dievBivoemv Péco oTov ®MOKO TTOV TIETEL
va ndvel. Ov dopbwoelg autég elvar Ayotepeg Omou yomoipomotelton PC-relative addressing
mode, dL0TL Otav petoxtveltar oloxAnon wa dwadinacia oe véeg dlevBUVOELs, OL OyeTInES
OTTOOTAOELS TOV EVIOMDV uéaa ot dtadinaoio dev alhdtovv.

2t yAdooa Assembly, 1 die0Bvvor mpooglopot g dtomhddwong dnAmveTol oA UE o
ennéta (label), zaw avohapPdver o Assembler vo vrohoyioel xow vo fAaker T owoti] dvadiri
). Ztn yAwooo unyovig tov RISC-V, ou eviohés dwaxradmeng axohovbov to B-format, o
omwg etmope eival magorhayt] tov I-format xow adpiegvel, OTwg %L exelvo, 12 bits yid ud
otafepn mooodTNTa, Imml2, mov yonowwomoleitar Yl vo  mwEoodloglotel 1 devBuvom
TPOOQLONOT, WG EENG:

if (condition) then: PC_new ¢+ PC_br + (2*(signed)Imml2) else: PC_new ¢+ PC br + 4

omov PC_br elvar 1 devtBuvon g dlog tng eviorilg dtoxhddwong, Imml2 elvar 1 otoBeQi
moodtNTe. TV 12 bits péoo otV €vtoAt], OewQoUuEV] MG TEOONUAOUEVOS aQLOUOS oF
OUMTTATIQWMO. @G TEOg 2 (dNAadT| sign-extended), now PC_new elvor 1 dledBuvomn Tng evioig
TEOOQLOUOU og meglmTmon emtvyiog thg dtoxhddmwaong. O molhamhaoioopds tov Immi2 emi 2
yiveTal y1& vo expeTtalhevTotue to yeyovog ot 1 dietBuvon Ohwv twv evtol®v tov RISC-V
elvar axégalo oAATTAACLO TOU 2 (GUYVA, OV eV €XOupe ®oL uxEés (16-pmtes) eviolég,

https://www.csd.uoc.gr/~hy225/21a/ex05_cmp_br.html Page 1 of 10


https://www.csd.uoc.gr/~hy225/index.html

Exercise 5: Branches, If/Loops (U.Crete, CS-225) 15/03/2021, 13:09

devBUvoels OAmV TV evioh®V givar xan axégalo molamidolo Tov 4, alld autd dev eival
mévta eyyvnuévo, xu €tol o RISC-V dev otnpileton oe avtd). Me tov 100m0 0WT0,
durhaotdlCovpe to "Pehnverés” Tov danxhadmoewy —pe dAla Aoy, o 0QlOuds Immi2 petodel
m\0og "uredv" (16-pumtmv) evioAmv umeootd (Betindg) M) miow (aQvnTirnds), avil va ueted
m\0og Bytes umpootd 1) miow.

H ovvOnun duarhdadmong adopd mdvrote T olyroLon tTwv 000 ROTOYWENTMOV TNYNS, rsl ot
rs2, mov mepiéyel To B-format. Ot evioréc dtanhddwong mov vrdeyovv otov Paowd RISC-V, to
ouVTOXTIKO TOVg 08 Assembly, xat oL ovyrQioeLS OV ®AvouV elvan oL eENG:

beq rsl, rs2, label # doxhddwon edv: rsl == rs2
bne rsl, rs2, label # dloxA&dwon edv: rsl = rs2
blt rsl, rs2, label #dluhGdwon edv: rsl < rs2 —BewEwviag Tovg sl, rs2
oaV TIROONUACUEVOUG (signed)

e bge rsl, rs2, label #diaxhadwon edv: rsl = rs2 —BewEwvtog Tovg rsl, rs2
ooV TROCNUAOUEVOUG (signed)

® bltu rsl, rs2, label # dwaxAddwon edv: rsl < rs2 —Oewpmvrog Toug rsl, 152
oav amedomnuovs (unsigned)

® bgeu rsl, rs2, label # diaxhadwon edv: rsl = rs2 —OewEwvtog Tovg rsl, rs2
ooV ampdomnuovs (unsigned)

O ovvtopoygadies Tmv ovoudtmv meoxritovv amd ta: eq = equal; ne = not equal; 1t = less than;
ge = greater of equal. O ouyzQlOELS LEOTNTAS KAl AVICOTNTAS (%) elvol TEOPavmg oL (dleg Yl
0010poUc signed »ou unsigned, apol 1 WodéTNTO OTOLTEL OAOL TOL bits va elvan (dla, €va TRog éva,
OVEEQQTI TS TOV TL OQLOTAVEL 0 ®ABe cLUVOVAOUOS amd bits, Goa meQLTTeEOVY EVTOLES "bequ” 1)
"bneu" apov autég Ba ftav eviehmg LoodVVAES e TIG beq 1aL bne OV VLAY OUV.

Ymaoyel éva megidnuo nOATo YA va eAEYEeL vaveig TV OTAT aviowon 0 <= i < N, 7oV gival o
éheyyog ogtwv Y4 to index &vog mivoxo peyéOovg N, yONOLMOTOLDVTOS MiC HOVO €VTIOAY
dronhddmwong. "Eotw O6TL To array index i eivouw mpoonuaouévog (signed) anéoanog »ow foloxetol
0ToV %oty wENTi X20, ot To péyebog N ewval Oetindg anégarog rat feioretal otov x11. Tote i
eVioM]: bgeu x20, x11, indexOutOfBounds mQUYUOTOTOEL %ol TG OVO OUYXQIOELS
TOUTOYQOVWCS, OLOTL EQUNVEVEL KOL CUYXQIVEL TOV (TTQOONUOLOUEVO) axéQaLo i (x20) cav vo fitov
unsigned: ‘Otav to %dvovue ovTO, 08 AVATOQACTOON CUUTANQMOUOTOS WG TTEOS 2, TOTE, WG
YVWOoTO, 6hot o agvnTixol 0ol potdlovy oav oAl peydhotl Betinol aLOpol — peyaiitegol
oo Tov HeyalTeQo mQOoNUAouEVo Betind: €tol, edv to index i elvon <0, TOTE OTN amEdonun
(unsigned) o0yxQLon to i B poldller oav oD peyahog Betinds aQlOuds, cadpds peyaliteQog
oamd to N, doa Ba epdavitetar va moapLdler Tov meQLogond pog Eavd amd v "emdvo"
TAeVQA, OGS %ot Otav i=N.

Aoxnon 5.2:
Amovoia Avaxrodmosmv ble, bgt, bequ, bneu, zoaw Kataymenti-Xradeoag

(o) O RISC-V dev éxeL evroli) ble (branch if less or equal), Y14 meQuT®oels Omwg m.y. if (isj ), ovte
evtol] bgt (branch if greater than), Y14 meguTtoelg 6mwg m.y. if (i>j ). Notl; Oewenote my. O6TL N
petaPAnth i Poloxetar otov rataymoenti x22 xwou 1 petoPAnty) j otov x23, nal yodte TIS
ToATAVE dLoxhadmoelg UEow eVIOAMY mov €yeL o RISC-V.

(B) Emiong, o RISC-V dev éyeL evtolég bequ (branch if equal unsigned), bneu (branch if not equal
unsigned) mwov Oa éxavov Tig ovtioToles ouvyxgioels ahAd Oewpdviag toug rsl, rs2 oav
armedoNuovs oxeQaiovg (unsigned). ot dparye; Tu axgpdg ouyxrgivouv ol beg/bne gta bits Twv
rsl, rs2, now 1L oxQPOS 0o cuvérTELVOY OL bequ/bneu eV VITHEYALY;

(y) Emiong, ov evtohég Ouaxhddwong tov RISC-V ouyxpivouv mavia xar povov dlo
HOTOYWENTES METAED TOUg —O8v VIAQYOUV €VIOAéS Owonhddwong Omwg my. "beqgi rsl,
Immediate, Label" OV VO GUYXQIVOUV TO TEQLEXOUEVO €VOC ROATOXWENTY ME po oTabem
moootnta. ot doaye;
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(®) Aedopévov howmdv Ohwv Twv mogandvm mwov dev vadoyovv, g Ba uetapodlate o
Assembly tou RISC-V tov Yevdormduxa "branch if i<13" (evdeyopévmg pe T x0Non ®ATOLOU
eVOLAUECOV TTIPOCMELVOT RATAYWENTY));

AGDOTE TIG ATAVTIOELS 0OG, UE TLS EENYNOELS TOVUGS, YQOITTMG. PREV:

5.3 Metddpoaon tov If-Then-Else if (COND) {
THEN;

>to oyfuo Olmha paivetar 1 yevind dopn Tng petddpoaong oe Assembly } else {

evog if-then-else statement, pe tn xofion Wwdg evroiig Sraxiddwong ELSE:

(branch if... - "b if") now wag evioiic dlpotog (xweic ovvenxt - "jump"). ’

To pmhor "PREV" moQLotd tov »®Ona mov vidoyel 0To TQOYQOLILULL }

mouv to if-then-else, xou To pumhox "CONT" (continue) TOV MALXAL PETA TO CONT;

if-then-else. To pmhox "COND" (condition) moQLotd TOV %MWM

(éxdoaom - expression) ouvONxNG OV VTAQYEL puéoa otV ToRévOeEon PREV

Tov "if", mov pmoget va elvor amd TOAD unET) €S TOAD peydin: 6tov
ouT 1 ovvOnun elvon oAU amhi) (wy. "if (i==))") toTe 1 peTddoaor Tng

pwopel va yivetar pe poOvo Ty evitoli] diaxidadmong, eved Otav 1 COND
ovvOfun  elvor  moO  moAUmAown  TOTE  OUTOUTE(TOL  RMOWMOG i
"mpoetouaciag" mow drdoovue oty darAddmon —Tov omoio kM b if false e
mpogToaoiog tov maglotovue cov "COND" oto oyfua. Ta pmhon

n®odmo. THEN xoir ELSE ouvihifwg Poleler va to tomobetnoel o THEN
compiler 0T pviun eviolmv pe v do oglpd pe Ty omoia To duadlel

ortd TOV TYaio xmora, Onhadi momdta to THEN %o petd to ELSE. e JUMp

H xdto mhevod TOU OYNUATOS TAQLOTA TN HUVIUN EVIOADV, UE TLS ELSE

devBivoels va avEGvouy amd mave mog to rdTw. ApEomg METE TV
extéheon tov evioh®v PREV, o emeEegyaotis mdvra agyiter va
vmoloyiCer Tt ovvbfun COND, tng omoiag oL evtohés elvou CONT
tomofeTnuéveg "nohANTA" petd tic evtohég PREV. Apéowg petd amod

oUTO TOV VITOAOYLOUO TNG OLUVOTNG, 1] extéleon mpémel va guveyioel eite oto umhox THEN eite
oto pmhorn ELSE- avtd emrtvyydvetor pe pudv evtoli] Owoxhddwong, m omolo moémel va
odmnynoeL tov emeEepyaoti] oto umhox ELSE (mov elvar oe ambdotaon) €4v m ouvOfxn eivo
Pevdmg, alhog Oa ovveyioel oto pumhox THEN (mov eival Tomobetnpuévo "worntd amd xdtm").
Edv exteleotel to pmhox THEN, tOTe petd 10 TEAOG TOU TQETEL VA TAQax AU EL O EMEEEQYAOTNG
to wrhox ELSE, doa yoelalopaote pav evioli] dhlpotog (xweis cuvOnxn) mov va pog odnyfoet
notevdelov oto umhor CONT, dnhadT| apéoms petd v €€odo amd to if-then-else. Avtibeta,
edv enteleotel 1o pmhor ELSE, t0te petd 1o téhog tov Pyaivovue amd to if-then-else xa
ouvveyiCoupe navovird oto umhor CONT, mov elvar Tomofetnuévo "®ohAnTd" amd wdtm, Yweic
VO, ITOLTEITOL TTQOG TOUTO Rad dronhadwon 1) dhpa. Zto Biiio vidoyel To eEfg mapdderypa
(Le pto EooBnn, edm, nmdwa "CONT" (undeviopdg g petafAntig h) yid meQuoodteEn
oaprveLa):

if ( i==j ) { £ = gt+h; } else { £ = g-h; } h=0;

o6mov oL petoPAntés f, g, h, i, j Beweiton 6TL Polorovtal otovg rataywentés x19, x20, x21, x22,
nal x23, avtiotoyya. Tote avtd petaddletor oe Assembly Tov RISC-V wg €Efg (ta ovopata
TtV labels glvan eumvevouéva amd v apiBunon tg magayeddov, §5.3) (n (Yevdo-)evtorn "j"
(jump) vAomoLel To GApa OV XEELLONAOTE, %o Ba (UATICOUE YIG VTV TaQaxrATW, OTNY §5.7):

...{PREV}... # instructions before entering into "if"
bne x22, x23, else53 # if ( i!=j ) goto ELSE
add x19, x20, x21 # £ = g+h; {THEN}
j cont53 # skip over "ELSE"
else53: sub x19, x20, x21 # £ = g-h; {ELSE}
cont53: add x21, x0, x0 # h=0; {CONT}
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54 Merapooon tov Booymv While PREV:

Kax . , . , p while (COND) {
ot avahoyio mQOg To TEONYoUUEVO, O0TO €dM oyxfuo daivetar m

petépoaon oe Assembly evog fodyov while. Kau stéih, tor pmhox PREV } BODY;

nor CONT elvon 6,1 vdioyel sov xou petd to Pedyo. To pmhon COND

glvar  ovvONrn Y& va extedéocovpe to ompc, BODY, xor yid v CONT;

TOMTN %ol Yid Oleg TS (TuyOV) vrdAouTeg dpogéc. H tomobBétnon tou

2o ovvOfxng, COND, mohta ®au 10TEQ TOV OhpaTtog, BODY, PREV
elvar avti mov Polevel Tov compiler, ONAadf 1 Owa e tn oepd mov

ovtog T SLofdler amd Tov myaio MOk —deiTe OUMS KoL TNV AUECNG

emopevn doxnomn 5.5. H tomoBétnon tmv eviohdv ot pviju, 6mtwg 0To COND
1ATO PEQOS TOU OYNUOTOS, axoAovOel T Aoyirl) Tou PEoOYOV: auéomg T e O
petd v extéleon twv evtohwv PREV, o emeEegyaotiic ouvvavid

"®oANTA" TOV VIToAOYLONO TG oLV v COND, »au apyitel mdvra pe

ovtév. Eav n ouvOnun eivan Pevdig —elte v momtn eite oadnmote BODY
emoOUEVY GoQd— toTeE Pyaivovpe amd to while péow Tng €vTohfg  jump
daxhadmwong, nor ovveyiCovue pe 1o CONT- ahhmg, dnhadn edv n

AaxAadmon amoTiyEL, doa dtav 1 cuvOun eivar alndmng, ovveyiCovue CONT

oxQIPae amd rdtw, dNAadn umaivoupe oto ompo Tov PEdOYoV %ot
exteholpe tov xmOwa BODY. Metd v extéheon tov ompatog BODY, moémelr mdvra va
owtnoovue "va. 1o Eavaxdvw;", dnhadn meémer mhvta Vo eTAVUTOAOYIOOUUE TN CUVON KN
COND 14 vo. dotue eqv 0o emovardpoupe to Pedyo N Ba Pyodue amnd avtd. I'' avtd, oto
téhog Tov BODY tommobetolpe wav evtodn dhuatog mov uag yveilel mévta miow oto COND-
meopavmg, 1 (LOvN) €E0dog amd autd to Pedyo elvar dmote metiyel 1) darhddwon, dnhadi
otav 1 ovvOnun COND yivel Pevomgs.

210 PPpiio vdoyer to moQordT® TAQAdELYHD, ehadids magallayuévo edm. Whyvovue oe
évav mivaxro axegatwv double: long long int table[SIZE] péyol va Peolpe exel piov
emBupunti T key, N omoia vrrotiBeton 6T E€govpe 6TL vdoyel otov mivaxa. Ag vtodEécouue
oTL M petoPAnTy) i Poloxetar otov rataywenTy "t1" (;ov elvor 0 x6 6mwg Oa wovue oty §6.1), M
T key mou avatnroiue Poioretal otov rataymoenth t2 (Onhadf Tov x7), xotr 1 dievBuvon
Pédong tov mivaxra (ov wg ovvBwg dev xwEd otn 12-pmtn otabegd Immi2 g evrolig 1d)
Poloxetar otov notaywenti sO (Onh. x8). Adov Ta oToLelo Tov mvana eivar double words,
neyéBoug 8 Bytes rabéva, To otoryeio table[i] Ba Poloretan oty dtevtBuvon: sO + 8.

i=0; while (table[i] != key) { i = i+1l; }

Oa yonowomowjoovpe Tov xotoywenti) t0 (OnA. x5) Y& To evOLdUESQ, TTEOCMOLVA
amoteléopatd pog. H evroli) s11i (shift left logical immediate) mooxahel aoloteQi] olicOnom
TV bits TOV TEMTOV TELEOTEOV TNYNS (0D TOVL t1) nOtdt To TAHB0g Bécewv (bits) mov 0gileL o
Oe0TeQoc (0t0feQlc - immediate) teheotéos mnyng (e0d: 3 Béoels), yewCovrog T #evoUueveg
0¢oeig pe undevind ("logical"), noL YOAPDEL TO OTTOTELEGILO OTOV RATOYWENTY] TQOOQLOUOV (EOM:
t0)- 6mwg Eégoupe (§6.1 Wnodronhg Zxediaong), a térowa aQLoteen ohiodnon wwoduvapel pe
morhamhaotoopd el 2 elg tnv dvvopn tov miiBoug twv Bfécewv oAioBnong —dgo €dw
nolhamhaotaopds eni 23 = 8. 'ETot, 0 mopomdve xmowmag petapodletan oe:

add tl1, x0, x0 # i=0;
loop54: slli t0, tl1, 3 # tmp = 8 * i (start COND evaluation)
add t0, s0, tO # tmp = dlevBuvon Tou table[i]
1d t0, 0(t0) # tmp = table[i]
beq t0, t2, cont54 # if table[i] == key goto cont54 (loop exit)
addi t1l, t1, 1 # i = i+l (loop BODY)
3j loop54 # repeat the loop
cont54: # contine with the rest of the program
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Aoxnon 5.5: Beltiotomoinon Beoéyov "While"

210 oyNua nat 0to maddeLypa mwov d0ONrE ApEoms TaQATdvm, otV §5 .4, TAEATNQTOTE OTL OE
%1A0e avaxrnlmon tov eoyov while extehotvtol 1600 wa darhddmwon vid ovvOixr (branch),
600 o éva Gl xwis ovvonxn (jump). Opwg, povov ot amhol petadeaotés Ba EdTiayvay
Tétolo xMOa, dedouévov OtL avtdg pmopel vo Pedtimbel —ou ovvnOopévol peTAhQAOTES
TOQAYOUV ®MAWMO OV TEEXEL MO YEIYoQo OTY ovvybwouévy mepimtwon. H ovvnbiopévn
niegimtwon etvar o Peodyog va emavohapfdvetor aQretés Goeég mowv fyotue amd avtdv —y0om
o115 10 poég natd pécov 6Qo, AEVE OL OTOTLOTIXES.

Eavayodte to Pdy0o og Assembly, oUTtmg Mote mdvo éva branch 1 jump va exteheitan o nGOe
avarixhlwor. Katd v eicodo 1| thv €E000 amd to Pedyo emtoémetar vo extehoivtol d00
eVIOMEG HETADOQAS EMEYYOU —aUTO TTOV MaG EVOLOPEQEL EIVOL VO YAUTMVOUUE T MO OTT0 OUTES
1OTA TG VITOAOUTES ETTAVAATPELS TOV ROYOV, TOV amOTEAOTVV RaL TNV TAELOYNPLa TV GOoQWV
oV oUTOG exteleltol. Mag evolapégel Wa texvint] Le YeVIrOTEQ ePaQUOYT): oredTNTE TV
AV OTO OO THG TTEONYOUUEVNS TTAQAYQAdPov, 5.4. (Ztig dadpdveles Twv dtohéEemv 6O Ke
now ia G, ogBoydvia Beltiotomoinon tov mogamdvew Pedyov, ue 6doman Tov ooV HEcw
pointer ovti péow array-index: ®Gvie ouTi TV GOUNON TEAVED OTOV OQYMO RDOKA, AVTOV TNG
§5.4 OyL otoV BEATLOTOTOMUEVO LIE pointers).

"Eotw 611 10 odpa (BODY) avtod tov fodyov emavarapufdveton (exteleiton) 10 popés. Tote,
TOOES EVIOAES OUVOMUA EXTEAOVVTOV LLE TOV TOAOLO MK, RO TTOOES CUVOMUA LE TOV VEO;

5.6 XvvOereg ZuvOnxes ne vroroyiono Short-Circuit

Acg Bewpnoovue Tooa wad AMyo moéd olvBetn ouvOnxn dwanradwong, pe hoynd KAI péoa te.
Oemofote évo moedderypo avédloyo Le To mEONYoUueVo, 0oV PAyvouue va Poolpe ®dmolo
"key", aAlé T To Pdyyvoupe oe linked list avti oe array- emmhéov, TMOOO EVOEYETOL ROL VAL NV
vdEyeL To otowyelo autd oty Aota, dQo TEEMEL Vo TQOPAEYOUNE HOL TV TEQITTMOT TOU M
Moto teleudvel oLy to BEolpe. ZTov TAQORAT® ®MOKA, £0Tm OTL 1 T key mov avalntoiue
Potoreton now méAL oTOV ROTOYXWENTN t2, 2OL OTL O pointer p Poloxetol otov nataymoenti tl. Ag
rndvovpe avth ) Goed to mapdderyua og 32-pmro RISC-V, avti tov 64-pmtov mowv. Etot, o p
Oelyvel oe structures pe 000 otouxeto rabéva, peyébovg 4 Bytes nabéva (32-bits): To mpdTO
otouyeio elvon pia Tpn "value" oe offset 0 oe oyéom pe v oy Tov structure, »aL To OeUTEQO
otolyeio eival évag pointer "next" 0To €mMOUEVO structure TN Alotag, oe offset 4 og oyéon pe v
0Qy1 Tov structure.

while ( p!=NULL && p->value != key) { p = p->next; }

Edw, wg yvwotov, ta semantics tng C pag Ponddave va unv mooomabfoel o emeEeQyaotig va
dafdoer to p->value 6tav o pointer p toOyeL vo eivow NULL: 1 C mpodiaypbuber short circuit
evaluation tov Aoywot KAI, dnhadf edv eivor Pevdég 1o momto oxélog, p!=NULL, tote
TOQOXAMITTETOL KoL Oev VITOAOY(CeTan TO 0e0TEQO onéhog, p->value != key. T'id va viomowmOet
ovTo, ATaLToVVTOL 0Y0 dLorAadmoeLs VTd cuvONUY o€ aVTd To PEOYO:

loop56: beq tl, x0, cont56 # if p==NULL then exit the loop

1w t0, 0(tl) # tmp = p->value
beq t0, t2, cont56 # if p->value == key then exit the loop
1w tl, 4(tl) # p = p->next (loop BODY)
j loop56 # repeat the loop
cont56: .... # contine with the rest of the program

https://www.csd.uoc.gr/~hy225/21a/ex05_cmp_br.html Page 5 of 10



Exercise 5: Branches, If/Loops (U.Crete, CS-225) 15/03/2021, 13:09

5.7 Alpora ymeis ovvOnxn xow Kifjon Avedixaciav: jal

‘Onwg eimape, oL evrohés petadods eléyyov (CTI, control transfer instructions) ®vouv MOTE Vo,
EXTELEOTEL OOV ETTOUEVT] EVTOAT aL EVTOMY dAAN atd v "amd ndtw" tovg eviolf). Otav auth
N petadoed eréyyou yivetal vmd cuvOfun Tote autég Aéyovtal darhadmoelg (branches), eva
otav yivetal ywois ovvOnxrn, dNhadn mdvta, 1ote avtéc Aéyoviar dhpate (jump). H amin
eVTOAT dhuatog xoedletol va meQLEyEL HECQ TG HOVOV €VaV TELEOTED TEQAV OO TOV opcode —
™ detBuvon mpoogLopot— dgo. To instruction format Oo proooe va apiepdoel ToAAG bits yid
Tov RO0dL0QLoMO auThg TG detBuvong. O RISC-V yonowpomoiel xon yid tar dhpota to PC-
Relative addressing mode, y1é Tovg (d1oug AOYOUG (TTAEOVEXTIUATO) TTOV TO YOYOLULOTOLEL KAt YLdL
TS SLOUAOODOELS.

Agdopévov mhvtwg Ot To amAd Ghpoto (Onh. Oyt To.  moAéopoto  Oadraciog)
XONOLLOTTOLOUVTAL POVOV ota if-then-else xouw Pdyovg, dnhadn uéoa otg dradiraoieg, naw pali
pe ™ yonon PC-relative mode, dev umdQyel coPapr] avayxn yud molld bits oty oyeTni
ATOOTOON TTOU £YEL VO, XWOXOTOLAOEL 1] 0TaOgQT TOCOTITA PEO 0TV evtolf) dhpatog. ‘Etot, o
RISC-V nratohfjyer vo pnv xoetdleton (nan dev €xel) eldixt] evioli] Yt to amhd Ghpo (jump),
olhé vhomotel Tétolo amAd dhpota oov eldmég TEQLITTMOELS (YeVIOEVTOAT) NG YEVIROTEQNS
evtoAfg jump-and-link (jal) mov mooiCetan Y& TV #AHoN OLadHACLDV:

Kion Awdwwociog (Procedure Call): avti) poudler pe dhpo, ol emmiéov mpémel va
1QATNOOVUE TTANQODOoQIX Yid TO OV va emoteéPel 1 noholuevn dadiracia, ool avti
uoel va xodeiton amd mohamAd, OlodogeTtind onueto nal mémel va E€pel o mold amd avtd
va emoteéel. Ztig agyrtextovirég CISC, n evrtoln xohéopatog, mov ouvilBwg Aéyeton "call”,
amoOnureveL avtl| T dtevOvvon emaoteopns oty otoifa (oTn Pviun): o€ HeQrés amd OUTES, N
(0w avt eviol call umoEovoE emMMAEOV HOL VO ATTOONHEVEL ROL RATAYWENTES OTY OTOPaL. ZTIS
ogyrtextoviréc RISC, 1 evtoAdf] xaléopotog amoOnxeler tn OeOvvon emotQodhs o€
xataywenty, 1000V ened’ LOVOV OL EVTOAES store YQAdOUV OTH Uviurn, 000 %o emeldr] £Tol
WITOQOUVE VO, YAUTMHOOUVUE QUT TV €YYQAPT ®oL ovayvmor atd T oToifa Y1l OLeg TIg HANOELS
oe dwadaoies-pOMa (§6.2). IMooxewpévory vo toviotel 1 dadpoed amd v Taeadootoxt)
evioM call, quTég oL eVIOMES HOAEOUOTOGS UE TNV AITAOVOTEQT OVUTEQLPOQE OVOudoTH®OY Jump
and Link (dlpo xow ovvévwon). Zrov RISC-V, 1 evioh) auti] yoddetor jal, axohovdel to J-
format (§4.3), naw ®AveL To €ENG:

jal rd, Imm20 = rd « PC+4; PC + PC + 2xImm20(signed)

Me Giho Aoy, M jump-and-link otov RISC-V, (a) yQGdeL 0TOV RATAYWENTY TEOOQLOMOT TN
devBuvon g "amd xdtw" g eviodic (PC+4), dnhadn ™ OSedbuvon omov mpémel va
emotEéPel 1 rwaholpevn dwadwaoia, ol (8) adlater tov PC (extelel dhpa) oltwg mote M
ETOUEVT] EVTOAT OV Oa exteheoTel Vo elval 1 TOWTY EVTOAT ™G ®aAoVuevng dadwmaoios. O
HOTOYWENTNS TEOOQLOUOV, Omov Yoddetar 1 detOvvon emoteodrg, elvar ovviiBwg o ra
(dnradn o x1), émwg Oa mohpe wow oty §6.2, omdte 0 Assembler Tov RISC-V déyetan now thv
Pevdoevtolt] "jal label" now v petadpdler o "jal x1, label". Mmogei 6pwg o rd va eivor xot
01000170TE AMAOG ROTOYWENTNG: OF HeEWwd TeQBdALOVTO XonoLpomoLteitol ®at o t0 (dnh. o x5)
wg "alternate link register" (m.y. oto xdieoupo "millicode routines", OmWG YA CMOLMO XL
emavadoed rataywontdv oe compressed code). Emiong, o xataywenti|g m0000Lopot umoet va
etvar 0 X0 otV OAD ouVNOLoUEVT] YevdoeVTOAT] jump Tov AEyale TOQATAVW, apol o x0 dev
oMGCeL TOTé TLun, now pével mdvta 0, 660 rat av "yoddoupe" o avTHV:

Yevdoevtodij Jump: j label = jal x0, label = PC « PC + 2xImm20(signed)

Awev0vven Meoogropot: H jump-and-link yonoipomoiel to J-format (§4.3), doo mpoodiogilel T
devOvvor mEooLoUo TG HEow TG 20-pmtng otafeens ToodTNTOS Imm20 —%0L TROPAVMOS TO
(010 Loy eL naw yud v (PevdoevtoAt)) Tov ool jump mwov vAomoteitor péow avtig. O Tedmog
7oV YeNoLpomoLeiTal avtd 1o medio yid vo aiidEel tov PC givol movopoldTumog pe exeivov yid
g daxhadmoelg —omhdg edd to Immediate éxer 20 bits avti 12 exel. Onwg xou pe g
dLanhadmoelg, 1 otabegt] mToocodTNTA Imm20 OemEElTOL TQOONUAOUEVOS AQLOUOS OE OUUTTATQM UL
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g 7EOG 2 (Onhadr| sign-extended), naw o morhamhooiaopdg ent 2 a&lomolet To yeyovog o6t o PC
€yeL TL TAvToTE anéQauo TWOANATTAGOLO Tov 2, %L £ToL OLTAaoLAleL To PeEAVERES TG #ATIONG 1)
Tou diparoc. Me dhha Aoya, 1 oxetint| amdotaon (offset) Imm20 petQd oe povdadeg half-words
avti Bytes, Goo duthaotdtovue to Pehveréc oe #2192 = 512 K half-words (uxoég, 16-pmreg
eVTtoAEg) = 1 MByte.

5.8 Alpora xor Kijoeig oe Metafintéic Aev@ivoerg: jalr —
Emotoodn and Avadwracio, Switch Statement

Indirect (indexed) Jump — jr rsi1 (Yevdoevroli)): Extog and dhpoto oe otabegés, mavia Tig
(deg devBivoeLg, oL VToAOYLOTES Yoetdlovtal nar Ghpota oe puetafAntois (runtime variable)
TEOO0QELOMOUGS, YId pio oelpd amd oxomols, 6mwg avaivoupe edw. Ztov RISC-V, tov gdho avtd
tov mailer M Pevdoevtor] jr (jump-register): OmWG oL UE TNV OTAN jump, 1| jump-register
ovvtifetor oov 0Lt mEQimTmaon NG yevirdteEns jump-and-link-register. H jr rsl xdver tnv
eENG amhi] aAld eEaugetind "oyvon" Aettovyia:
PC_new ¢ rsl

Me dAha MOy, 1) jump-register *AVEL MOTE 1) ETOUEVY] EVIOA] VO EIVAL 1] EVTOAT) OTNV 0Lad)moTE
avBaipetny debBvVvVon pvhung elyope VIOMOYIOEL TTQONYOUUEVIS oL ElYOLE TOTODETNOEL OTOV
nataywenti) rsl. H eviol] auti) pog emteénel va petodEQoupe Tov EAey o (TNV EXTEAEDT] TOV
TQOYQEAUMATOG) 0g avbalpetn B€om uviung, N omoia UIwoQEel naL vor TTowrihel xOTd TV EXTELED
TOV 7EOYQAuMaTOS (run-time variable) xou mBavov va eEaptdron »al amd ta dedopévo (data
dependent). Xgnoipomoteltal yid:

e Emotoodm and dwadiracio, apol emoTteéPove 0TOV RAAOUVTO O 0Totog (UITOQEl val)
etval dLapoeTindg TV ®A0e pood mov PpTévouue 0TO TELOG THG OLAOLRACIOS KoL TIQETEL
VOl ETULOTQEYPOULLE.

o Metapopd Tov eréyyov 0000NTOTE HOKQLAL, POV UTOQOUVUE UE TTQONYOUUEVES EVIOAES
Vo GOQTWCOVLE TNV omoLadftote OelBvvan Béhovpe otov rsl.

e 4 petddpaon Tov Switch Statement, OTwG TEQLYQADOUVLE ETUYQAUUATIRE EOD:

Switch Statement: 6mwg eQLypddetor 0to Téhog ™G §2.7 Tou PiPfiiov, 1 Paoint WOEa elvar
eENG: 0 nmAwag TNg ®Abe mepimtwong (case) YQADETAL O RATOLO. TTEQLOYT] UVIIUNG, %Al O
compiler Qupdtor o ol detBvvon ayiCel avtdg 0 vMAKAC, VLG TV ®abepio TEQiTTmOoY.
OVVEYELD, O compiler xataoxrevdlel évav mivaxa (array), Tov "jump table", o omoiog meQLéyeL o€
%n00e Oéom tou autég Tic devdivoelg 6mov ayiler 0 nMOrag g ®dbe meQlmtwang, pe ™
0elRd, YI& Oheg TS (aOuNTKES) Tiuég TG ®dbe mepimtwong. Otav eivar vo exteleotel TO
switch statement, ;Ta{QvoOUpe TNV TN TS METAPANTAS TOV switch (avThv TG omolag TtV ®G0e
meQimton Tumv eEeTdlovpe), ®OL YONOLUWOTOLOUUE auTi) TV Tt oov index otov jump table,
Yi& vo emmAéEoupe €va atd TO TEQLEYOUEVO. TOU jump table —avtd OV GvVTIOTOLKEl OTNV
neQimTwon TS TwEWNS TUNS TS petoPAntic tov switch. To otowelo tov mivono mov
OLaAéEape elvol 1 dledBUVON TOv RMIWMO OV TRETEL VO EXTENEOTEL VLA TNV TEQITTMON TNG
petaPAnTig mov Tmea pag NABe. Avtd arol®dg to atouyelo Tov jump table To pEQvoupe o€ £vav
1OTOYWENTY] R, ®oL 0T ouVEYELQ EXTENOVUE TNV EVIOM] Jr R, N OmOia ®AVEL DOTE 1] EMOUEVN
eVToM] mov Ba exteleotel va elvor exel mov deiyver o R, dnhadn exel mov pog eime o jump table
va TTape Yid TNV TEQITTMON TNG TIUNG OV TMEA elye 1 peTafAnTy).

H jump-register viomoleitar cov ewdwni] meplmrtwon (YPevdoevtorn) tng "dAAnG" €evtoAmng
noréopotog, ¢ Jump-and-Link-Register (jalr), dnhadn g éupeong (indirect / register-
indexed) jump-and-link. Avtf] yonowwomoteitar yud ndieoua dwadiraociag oe avboipeteg
devBivoels, elte pangitepa ot 600 umopel va mdel  jal pe to 20-pmrto offset tng, elte yd
nhnon oe duadwmaoies mov aAAGCouv o€ runtime, OTIWG ). KAVOUV OL OVTLXELUEVOOTQODELS
YADOOES TEOYQOUUATIONOD, 6mou M axgPilg dwadiwacion mov Ba ®AnOel eEaptdtor amd Tov
EXAO0TOTE TOTO TWV OQLOMATWV pe Ta ool avuti) xoheltal. H jalr axolovbel to I-format (§4.3),
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no 1 dlevBuvolodotnoi g elvar M dua dmtwg Tv evtohav load (o store), dnhadi) to Offset
elvar 12-pmto (sdvtote signed) xow dev mollamhooidleton emil 2, maQ' OTL €d® WAGUE YL TOV
PC:

jalr rd, Offset(rsl) = &rd,,, < PC+4; PC « rsl, 4 + Offset(signed)

‘Onwg »ow 1 ot jump-and-link, £ToL xaw avTH YoaAdeL T dielOUvVON TG emMOUEVAS TG EVTOLAG,
PC+4, 010V ®n0TO{(0ENTI] TQOOQLOMOV —TTOV OTNV TEQLTTWOT ®oAéopatog Ba eival ovviBwg o ra
(= x1). Opwg 1 draduacio wov xadeiton (OTav mEoreLTaL TQAYHOTXA Y1d ndheopa) dev givar
mavto 1 O, ototnd xwoboglopévny Omwe NTav yid v jal 6mouv m diedBuvon dhuatog
TQOERVITTE 0OV A 0T00EQT AmdoTO0oN 08 OYEon pe TV Teéxovoa evtoif| (PC). Edm, avtifétmg,
1 detBvvon mEooELopoT TEorITTEL PEc Tov (avbaigeTtov) rataywentl 1sl, 0 omoiog uwoet
vo megléxel évav olodnmote avbolgeto pointer, OV MTOQEL ®RAAOTO VO pETOPAAETOL QIO
ndheopo o naheopo: mooxrertal Yid »dheopo péew pointer. (Emroémetal, av xow dev E€pw edv
yonouueveL og vatL, o notoywentig rd va eivar o (dog pe tov rsl, otV omoio TEQiTTwaon M
TOAOLAL TLUT TOV XOTAWOETTH] Y QNOLLOTIOLETAL YL TOV VITOAOYLONS ThS VEaS Tuufg Tov PC, evdd
avtiotgodpa 1 ohaid i) Tov PC, guv 4, YoAddEeTaL 0OV VEA TL] TOV ROTOYXMENTH).

To Offset (12 bits) pmogel mohhéc Goéc va elvar Gyenoto, omdte 10 fatovue 0, alhd peQunés
$opEC UmoQel ®ow va. yeNoLpoToLelTaL, Y., €AV 1 AUECMS TEONYOUUEVT eVTOAT] pogTdvel Ta 20
bits Tng otaBepds tng Imm20 0T0 0ELoTEQO LEQOG TOV 151, TOTE TO 12-pmito Offset mpooTiBépevo
og outd dnuoveyel évav avbaigeto 32-pwmto agBud amd tig do otabepés, %L €Tol pog divel
évav 100mo dlpotog oty owodfmote avbaigetn OeBvvon pviuns. To 12-pmrto Offset dev
OumhaotdCeTon €0M, maQ' OTL ENOLUOTOLE(TAL 08 TQAEN OV TO AmoTéEAEOUA TG TROooQITeTaL YLd
tov PC, eme1dm) m evioir] avtr| €xel To (Oo format (xaw ¥ENOLULOTOLEL TAL (OLAL HVRADUOATA) [E TG
evtoléc load (oL moQopOL U TIS store), ol omoies dev dumhaotdfouv to Offset Tovg (now Oev
yoeLdletan dumhaolaopds 6tav Ta 12 bits tov Offset mpootiBevton ota 20 bits aQLoTeed amd éva
Imm20 Y14 vo dnuoveynoovv ud avbaigetn 32-pmtn otabepd (dietBvvon)). [Map' 6ha avtd,
0TO0 TeEMUO amotéheopo Tng meooBeong rs1+Offset, To hardware touv RISC-V pundevitel to (évar)
0eElotepo (LS) bit Tov amotehéopatog mowv to yodyer otov PC () ahmg: o PC éyxel otny
moaypatroéTTo €va Ayotego flip-flop deEud, xow vrotiBetal OTL CUUTANEWOVETOL TTAVTOL UE EVaL
pundevind 0eELd OTav elval vou TdeL 0Ty uvnun (1 oo pvhun, 6tov eivor 16-pmen 1 papditegn,
ayvoel oUtwg 1) Ahhwg To deELOTEQO (TOVAAYLOTO) bit)).

2tov RISC-V, 6mwg 1 (Pe0d0)evtoli] jump elval OTNV TQAYUATIROTNTO €LOLXY] TEQITTMON TG
evtoMg jump-and-link, étor zour 1 (Yevdo)eviohl] Jump-Register mov elmope moQomdvom
ouvtifetar oav edul] megimtworn g jump-and-link-register, wg €Efg (xow M emoTEodt OTd
draduraocta elvar ovvnBmg N andpo mod ewdixi] megimrwaon "jrra", dnhadn "jalr x0, 0(x1)"):

Yevdoevtorij Jump-Register: jr rsl = jalr x0, O(rsl) = PC « rsl

59 IlpdEeig Zvynorong ne anotréreono Boolean

Extoc amd 1o if-then-else, ot YAMOOES MQOYQUUUATIONOV, 0QLOUNTKES OUYRQIOELS
eupoviCovial xoL 0g exymENOoelS (assignments) TOV TOMOV: myBool = (a<b), OOV OL pev
petafPAntéc a now b elvor aQLOUot, To 0 ATOTELEOUO TG GUYXQOLONG IOV EXYWQELTOL ElvaL TUTTOV
Boolean. Ztnv C, o t0mog Boolean xpotiétol pev péooa oe petafintéc timov axegaiov, aAld ot
noves vouLpes TéES Tou elvar To 0 yid "Ppevdéc" not to 1 yid "alnBéc" (autd €xer moAhd
LNdeVIRA 0QLOTEQA, RO Evav pOVOV Goo deELd). Exywoenoelg 6mmg M mogamdve Bo pmogotoa
PéPpara va vhomomBouv péow if (a<b) {myBool=1l;} else {myBool=0;}, Oumg Wd TéTOoL0
vhomoinon a¢' evog Bo amoutooe nAUTOoES evtolég, xal o' erépov Oo mooralovoe
onuavikés xabuotegNoelgs ®atd TNV EXTEAECT) TOU TQOYQAUUOTOS €TMELDT] OL EVIOAES
OLanhddmong elvar apyés 1 nor OVOROAES 0TOVG emeEeQyaoTés e opoyelpia (pipelining) Ommg
0a dolpe aQyoTeQa oto padnua. Id va vrootneikel exymonoelg 6mwg 1 mogamdvw, o RISC-V
éxeL v evtoAn set if less than (slt), poli pe dhlec toels magallayés tng, mov vhomolel
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OVOLOLOTIXA TNV TAQATIAVD exymEnom. ITgdxertal Y14 eviohéc avdroyeg mpog v medchean 1
™V apaigeon, LOVO IOV TO ATOTELETUA TOVGS glval TOov Boolean avti TOmov anégalog:

slt rd, rsl, rs2 #1d < (rsl<rs2) — signed comparison, Boolean result

sltu rd, rsl, rs2 # rd < (rsl<rs2) — unsigned comparison, Boolean result
slti rd, rsl, Imml2 #rd < (rsl<Imml?2) - signed Immediate, signed comparison
sltiu rd, rsl, Imml2 # signed Immediate (sign-extended), but unsigned comparison

O evtohég autég ypddouv otov xotoywenti rd eite tov agOud 1 (woAld undevind bits
0Q10TEQA na €vag Goog OeELd) eGv To amotéleopa TG oUYrLoNG elvar ahnOég, elte Tov aQLOpd
0 (6ho pndevird bits) edv to amotéheoua elvor Pevdés. Ou S0 MEWMTEG MAQATAV®D EVTOAES
ovyrpivouv 800 rataymeNTés HetaEl Toug, xaL axolovBouv to R-format, ov de S0 emdpeveg
oVY®QIVOUV %aTaymwENTH (0QLOTEQA ATt TO <) OGS 0TabeET mocohHTNTA (deELA Qo TO <), %Al
oxohovBolv to I-format. H pev momdtn x=aw m toltn Oewpolv toug TeEleotéovg oov
mpoonuaopuévoug (signed) axegalovg Otav ®AvVouv T GUY®QLOY, oL Og Oeltepn nau TETAQTY
navouv ampoéonuy (unsigned) ovyxuon. Ztov RISC-V ou otaBepég mooodtnteg "Immediate”
Bewpoivtol avia moonuaopuéves, doo to Imml2 emexteiveron amd 12 og 32 1) 64 bits dvTa
ooV TEOooNUaoUEVY (signed) oTaBeQd, axdUO ®OL OTAV 1] CVYXQOLOY), 0T CUVEYELD, Elvol unsigned,
Mhadf Bewpel tov 32-pwmrto 1) 64-pwmrto Oedrego Tteheotéo cov unsigned. Ocov apood
exdaoels Omwe (a<b)&s (c<d), eite o enywonoels Booolean eite péoa oe if, edv pev 1 YAOOo
1] ou ;repuotdoels dev aumontovv short-circuit evaluation tOTe avtéc Wroeov va vhomomBoiv ue
000 evtohég set-if-less-than axohovOoiueves amd pio evrol) (bit-wise) AND, mov divel ovvii0mg
nOL TNV YONYOQOTEQT exTéNEOT) €AV, QtO TNV GAAY, autowteiton short-circuit evaluation, tote O
¥0eLaoTel o 1 1oNON dLoAAdDOEWV.

Aoxnon 5.10: XiHvOeon dAlov Tvyxgiceov

O RISC-V éyeL povov TG MUQATAVM TEOOEQELS EVIOAES OUYXQIOEWV, TOU OAEG TOUG RAVOUV
oVyrQlon "less than", nau Ogv éyeL ouyrgloelg < 1 > 1 = emeldr| oL tehevtaieg PmoQovV va
ovvteBolv amd ™ oOyxELon less than —ag dotpue s, 'Eotm 6t 1 petafinti i foioxetar otov
ROTAYWENTY] X22 1) LETAPANT J OTOV ®OTAXWENTI] X23, 1 LeETOPANT] B OTOV RATOYWOENTY X26,
%ol OTL CONST onuaivel pua ovBaipetn mpoonuaopévr otaber) moodTnTa mov ¥wed oe 12 bits.
SuvBéote Tig €ENG exywenoels (i)-(viil), 6mov Oleg Bewpolvtan signed, XOMNOLULOTOLDVIOG THV
EVTOMN slt 1] TNV slti, nat, OOV yeeldletal, oL TNV eVvioli] xori (avdloyn tng addi, alha
navel exclusive-OR avtl yi& mpdoBeon) pe otabepr) immediate Tov a@Bud 1, 1 omota eopévmg
€yeL 0OV OVVETELQ VO, OVTLOTREDEL TO OEELD bit Tou GALOU TeheoTéOU TG, ONACOT) LOOOUVOEL [
Boolean NOT:

i.B= (i< J) (uxdteQo)
ii. B = (i>= 3 ) (ueyahltego 1) (c0)
ili. B=(1i> 3j ) (ueyaliTeQo)
iv. B = (1 <=3 ) (uroodteo 1 (0o)
v. B = ( i < CONST ) (uxQOteQo)
vi. B = ( 1 >= CONST ) (peyaAvteQo 1) (00)
vii. B = ( i > CONST ) (ueyohiteQo)
viii. B = ( 1 <= CONST ) (uxQ0OT€QO 1) (00)

YrodeiEn: naiEte mowrta pe ™) oelpd mov Patete tovg Vo teleotéoug myhg Oty ovTol Elvat
RATOYWENTES, ®aODg now pe evdeyouevn Govnon tov amoteléopatos. Otav o delTepog
TeEAEOTEDS elvou 0T00EQT TOCOHTNTA, TOTE OEV UTOQEITE UEV VO OVTIOTQEYETE TH) OELQA TTOV TOVG
dlvete otV evtoAq slti, wropelte dpwg va molEete pe tig otobeQéc CONST, CONST+1, CONST-
1. Oa extunote 1o TOCO TWOME umogel vo xdver To software, expetailevduevo Ayovg,
1000ERTIHA eTAEYUEVOUS dounrolg Mbovug hardware!
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Exercise 5: Branches, If/Loops (U.Crete, CS-225) 15/03/2021, 13:09

2t ouvéyelo moQATNENOTE OTL 1 €VIOA): sltu rd, =x0, rs2 ehéyyeL edv o rs2 elvon
ueyohteQog touv pndevog, aldd tov ouyxgivel wg unsigned, dniadi) cav mdvto =0, dga
0VOLOOTIHA ELEYYEL EQV O 152 elvol dtddogog Tov undevog. Emiong 1 evtol): sltiu rd, rsi,
1 ehéyyeL edv o rsl elvol puredTeQog tov 1, addd tov ouyrgivel wg unsigned, dniadn oov mavto
>0, Goa ovoLaoTnd eAEYYEL €AV O ts] elval iGog e unoéy.

Me Bdon tig tehevtaieg dV0 mapaTnEToELS, YONOoLpoToLote Wdv eviol] adpaigeons (sub) M
mpbobeong Tov -CONST, xoL OTn ovvéyxela Wwdv amd tg 0o avtés ovyxpioels wotntog/
ovioOTTOG OGS PNV, YA va. ouvBEoeTe nat TIG EENG TEOOEQELS EXYWQETOELS. ZAV TROTMQELVO
NOTOYWONTI] TTOQOTNENOTE OTL WITOQE(TE VO YOYNOLUOTOLOETE TOV (OO0 TOV HOTOYXWENTH
TEOOQLOMOV, ®at OTL VTl Ba (oyxve axdua %Al 6V TUYOLVE O RATAYMONTHG QUTOS VA ftav O
(010G pe évav amd TOUS ROTOXWENTES TNYNG. ADOTE TLG OTTOVTIOELS O0G YQOITTAL.

a. B = (1i==73) (loo)

b.B = (i!=3 ) (Gvioco)

c. B = ( i == CONST ) ({0co)

d. B = ( i != CONST ) (&vioo0)
Toomog Iagdadoons:

Hapadmote pall Tnv moonyolpevn doxnomn 4 xow avtiv eddm T oewd 5, on-line, oe popdpn PDF
(LOVOV) (Umogel va elval RE(PUEVO UNYAVOYQAPNUEVO T)/%naL "OROVOQLOMEVO" XELROYQODO, OANG
uovov oe poedt PDF). ITogoadhote péow turnin ex045@hy225 [directoryName] £va
0QYelo0 ovOuaTL ex045 . pdf OV O TTEQLEYEL TLG QUTAVTT|OELS OOG 08 OAES TIG ALORNOELS, 4 oL 5.

(Enpeiwon oe  meplmtworn  duokettovpyios  TOu  turnin:  edv  avtd  ooag  Aéel
"/home/misc/courses/hy225/TURNIN/ex...: No such file or directory" 1 #dti avaioyo, evdéyetar o
VITOAOYLOTHG OOV TOEYETE VO UMV WITOQEL VO OEl TOV server IOV OTNV TQOYUATIXOTITO ®QATA
ovtd to directory Touv pobnuotog (] To durd oag home directory), AOyw duohertovpylog Tov
dutiov mov elmiCel xaveig va eivan mooowoviy. TTodAlég dpogég, exteldvTag TV VIOl Alyo
0QY0TEQQ, 1] O GALOV VTTOAOYLOTT| UTOQEL Vo Aol To RO —xaTAAOYOS TV OLoBéoLpmy
pnyovnudtov  vmdoyer omnv  Lotooehida touv Tunuotog, »dtw amd TNV evoTnTa:
Ymnoeoiegc—Wnoranés Ymnoeoiegc— Amoparouopévn mpdoPaon ota Debian péow VPN).
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