Exercise 5: Branches, If/Loops (U.Crete, CS-225) 12/3/22, 22:17
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Y104 Aoxfoeov 5: Avoxladdoels - Aluorta,
If-Then-Else, Booyot, Switch, KAinon, Xvyxgiceig

[MpoBeopia ¢mg Agvtéga 21 MagTtiov 2022 (o. 6.1) mea 23:59 (amd Bo. 4.4)
YrevOiuon: EEétaon [Tpoddov to ZapPato 2 Amoihiov 2022, woa 11-1

Bipiio: Awafdote v §2.7: oeh. 145-151 oto EAAnwvino, M) oeh. 92-97 oto Ayyhno.
Mmogeite emiong va Oeite, nAmwg eyrvrhomondnd, Tig oeh. 115-120 tov Ayylrov
Bpriov: oto EMAnvird BiAio, ov avtiotoryeg oehideg fitav ot 171-175, ahhd avtég dev
oag BonBdve Wiaitepa, dtoTL aAldLovv onuavrind amwd tov MIPS otov RISC-V.

51 Awxhlodooers vro Xuvlxn otov RISC-V

Ouv evtohég petadopdc ehéyyov (CTI, control transfer instructions) xaBogiCovv va
EXTENEOTEL OAV ETTOUEVY] EVTOAT] --TTAVTOTE 1] VIO OQLOUEVES OUVONRES LOVO-- LLaL EVTOAN
A amtd TV "emdpevn otd #ATm" Tovg evtoAr]. ‘Otav 1 petadoed eléyyou yivetal vitd
ovvOfx, oL evtorég ouvihBwg ovopdlovtal daxhadmaoerg (branch). ‘Otav 1 petadod
yivetow mavtote, ONAadT yweic ovvOnun, ol eviohég ovviBwg Aéyovtor dhpata (jump).
Mio mapahhoyn dApatog elvor To vAAeoua OLodXAoIag, ®aL Jud GAAY 1) ETMOTQOPT) OTTO
dradunaoia.

To méd Onuoduréc addressing mode, ONAaOT TEOTOS OLevBUVOLOOOTNONG 1 TEOTOG
1Oo0dLoQLOHOV TG dlevOVVONG MEOO0ELOUOV TV dlaxrladmoewv, eival to "PC-Relative
addressing mode, dOnNAadN 0 EOOELOKOS TG dLarAddwoNg dNhwveTOL LECO OTNV EVTOAT
o€ Oyéon ue TRV VIO OlaxAdowons avty xabeavti, ONAodN oav oyeTIR OITOOTAON
(uetoxivnon) amd €0M oV POLOROUOOTE TMQEO OGS TO. exel Omov Béhovue va mhpue. O
RISC-V yonowpomotel nar avtdg PC-Relative mode yid tig eviohég CTI. To PC-relative
branch addressing mode mode mpoodégel dVo onuoavimd mheovertnuota. IlpmTov,
emeLdN 1 ATTOOTOON AUTH Elvor oVVIOWS UKrET), AUTH UTTOQEL VO XmWEETEL 08 MYOTEQA bits
HEOQ OTNV EVTOA) ®oL elvor ovvNBmg uxEY) emeldr) oL OLarAadMOELS Elvor eVTOg TV if-
then-else xaL evrog twv Pedywv, mov rat ta OV0 elval eviog g tdlag dtadiraotag
(procedure), nar 6wov Oha avtd elval ouvnBwg oxetnd xed. Agvtegov, 0tav o Linker
OVVEVMVEL 0QYelo ov €youv yivel compiled ywouotd Y& vo ¢TudEel €va eviaio
entehéolpo (1 otav xdvouvue dynamic linking at runtime), toéte 1 %obe Owoduraoio
rOTOAYEL VO Eexvd oo ud "wouvoyla dieBuvorn mov dev v E€pape vwlitega,
aoa o Linker éyer oyetirég 01000moelg dievBivoewv PEoO OTOV RMOKO TTOV TIQETEL VO
znavet. O dogBmoelg avtég elvar Myotegeg Omov yonowpomoteitor PC-relative addressing
mode, OOTL Otav peTonwveltar oAdxAnon wd Odwodwoaocta oe véeg devBivoels, ol
OYETIHES QITTOOTAOELS TWV EVIOADV uéoa ot dodwaocia 0ev alhdlouv.

211 Yhwooo Assembly, 11 0te0OuvVOoTN 1RO0QLOKOV TNG dLorAAdWONG ONAMVETOL QTTAAL e
wa etnéta (label), not avalopfdver o Assembler vo vtohoyioel xow vo PAAEL TN OWOTT)
dvadxi] Tur. Ztn yAwooo unyaviis tov RISC-V, ou eviohég dtaxhddmoeng axorlovBoiv
to B-format, mov 6mwg elmope eivar mooarhoyn) tov I-format xoL adleQmveL, OTWG %L
enetvo, 12 bits yud wd otabepn) moootnta, Imml2, ov yonoluosoElTtal yid va.
oodLogLoTel 1 OtV VO™ TROOELONOV, WG EENC:
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if (condition) then: PC_new « PC_br + (2*(signed)Imml2) else: PC_new « PC_br + 4

Omov pC_br elvar 1 OevBuvon tng OLog g evtolg OLomAddmong, Imml2 elvou 1)
otafepn mooodTNTA TV 12 bits péoa otV evioAt], BewEOVUEVN] WS TQOOUALOUEVOS
0QLOUOC 08 CUUTANQWUO ®S TEOS 2 (OnAadr| sign-extended), mal PC_new elvar 1)
OLeBuvorn NG €VTOAM|S TEOOQELOUOV Ot meQimtmwon emrvylag g daxiddwons. O
moAathaolaopog Tov Imml2 emt 2 yivetow yid vo eXUETAMEVTOVUE TO YEYOVOS OTL 1)
devBuvon 6wV Twv evtohwv tov RISC-V eivar axéparo molahdolo Tov 2 (ouyvd,
ov dev €yxouvue ol xrES (16-umteg) eviolés, | devBUvoels OAWV TV EVIOAMV ElvalL
7oL ar€QALOL TTOMOTTAGOLO TOV 4, alAA 0VTO OeV elvar TTdvta eyyunueévo, xi €tot o RISC-
V dev otnplletar o avtd). Me tov Teomo avtd, duthaotdlovue to "Belnverés" Tov
OLorAaOMOEWV —pe GALa AOYLaL, 0 0LOuOS Imm12 petpdel mA0og "wxomv" (16-umtwv)
EVIOAMV UmEooTd (BeTindg) 1 mow (aQvNTndgc), avit vo puetod mifog Bytes pmoootd 1)
mow.

H ovvOnxn dtaxhddwong adoed mdvtote ) oUY%OLon TV V0 RATAYWENTOV TNYNS,
rsl »ou rs2, mov mepLéyel to B-format. Ou eviodég OLaxAAdWONG OV VIAQYOUV OTOV
Baowrd RISC-V, T0o ovvtaxtind Toug oe Assembly, ®0L OL OUYRQLOELS TTOV ®AVOUV E(VaL OL

eEng:

beq rsl, rs2, label # OLAUAAOWON EAV: rs1 == rs2
bne rsl, rs2, label # OLOrAGOWON €dV: rs1 = rs2
blt rsl, rs2, label # OLOnAGOWON edv: rs1 < rs2 —Bewowvtag Tovg rsl, rs2
OOV TQOONUOOUEVOUG (signed)

® bge rsl, rs2, label # OLOXAGOWON EAQV: rsl
ooV RO UOOUEVOUG (signed)

® bltu rsl, rs2, label # OlanAGdwoN edv: rs1 < rs2 —Bewowvrag tovg rsl, rs2
ooV amdoMuovs (unsigned)

® bgeu rsl, rs2, label # OlaxAGdwoN edv: rsl
ooV amdoNuovs (unsigned)

v

rs2 —Oewomvrtog tovg rsl, rs2

v

rs2 —0ewomvrtog tovg rsl, rs2

Ou ovvtopoypadies Twv ovoudtmv mEoxitrtovy amd ta: eq = equal; ne = not equal; It =
less than; ge = greater of equal. Ou ouyxpioelg LGOTNTOG %Ol OVICOTNTOGS (%) €lval
TEOPavmg ot tdLeg yid aplBpovg signed xow unsigned, apov 1 LoOTNTA QTOLTEL OAOL TOL bits
va gitvor tda, €va oG €val, AVEEAQTNTMWS TOV TL TAQLOTAVEL O ®AOe oVVOVAONOS OO
bits, doa eQLTTEVOUVV EVIOAES "bequ” 1) "bneu" apov avtég Ba NTtav evieAms LOOOUVALES
ue Tig beq o bne mov VA OUV.

Ymdoyel éva megidpnuo ®OATo yid var eAEYEEL RaVEIS TNV OLTTAY aviowon 0 = i < N, IOV
elvaw 0 €leyyog oplwv YL To index evog mivaxa peyéfovg N, x0NOLUOTOLMVTOS o LOVO
evtoAf) dtanhddmong. "Eotw OtL To array index i eivor mpoonuaouévog (signed) axéoaunog
now Poloxetar otov rnotaymoent x20, xow to péyebog N ewvor Oetindg axéoalog rat
Potoxeton otov x11. Tote 1 €VTOAT): bgeu x20, x11, indexOutOfBounds JTIQUYUOTOITOLEL
nor TG OU0  OouyrQIOES TOUTOXEOVWG, OLOTL eQunveleL %ol OouyxQiveL TOV
(mooonuoopévo) axégato i (x20) cav va fltav unsigned: Otav to xdvouue autd, o€
ovVaTTOQAOTACY OUUTANQMUATOS WG TROS 2, TOTE, WG YVWOTO, OAOL OL aQVITLnol aQlOpol
potdCovv oov ol peydhor Betivol aQBuol — peyoAllteQol amd TOV PEYOAUTEQO
TQOONUAOUEVO BeTnd: €ToL, €dv to index i elvan <0, tOte 0N amodonun (unsigned)
oVY%QELo™M To i Ba potdlel oav oA peydhog BeTindg aBudg, cadpdg peyarlitepog amod
to N, doa Ba epdaviCetor vo mopafPLalel Tov meQLOQLopd pag Eavd amd v "emdvo"
mAevd, OTT!S xow otav i=N.
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Aoxnon5.2: Amnovoia
Avorhadmnoewv ble, bgt, bequ, bneu, noL Kotoymonti-Xtabeods

() O RISC-V odev €yeL evtol ble (branch if less or equal), Yid meQUTTMOELS OTWG TT.Y.
if (i<j ), oUte evro bgt (branch if greater than), yud meguttdoels Omwg m.y. if (i>j ). Twotl;
Ocewenote my. Ot N peTafPinti) i Peloxetar oTov noTaymENT X22 ®aL N HeTaBAnTi] j
oToV X23, %ol YOAWPTE TIS TAQATAV®D OLAUAAOMOELS LECW EVTOAMV TTOV €Yl 0 RISC-V.

(B) Emiong, o RISC-V dev €yeL evrohég bequ (branch if equal unsigned), bneu (branch if not
equal unsigned) ov Oa érnavayv Tig avtiotouyeg ovyxreloels alhd Bewowvtag Tovg rsl, rs2
ooV ameOoN oV axepaiovg (unsigned). Tati doaye; Tu axgpdg ovyrgivouv ol beq/bne
ota bits Tov rs1, rs2, zow TL axQPmg Ba ouvérTQLVAY OL bequ/bneu edv VITNEYOLV;

(y) Emiong, ov evrorég owomhddmwong tov RISC-V ovyrpivouv mdvto ol poévov 000
1OTOYWONTES LETAED TOVG —0€V VIAQYOVV EVIOAES dLanrddwong émwg .. "begi rsi,
Immediate, Label" IOV VO OUYRQIVOUV TO TEQLEXOUEVO €VOS HOTOYXWENTY UE MiaL
otaBepn moooTNNTa. [Noti dpaye;

(8) Agdopévmv AoTtOV OAMV TOV TAQAITAVM TTOV OgV VITAQYOVV, Thg Ba petaddlote
oe Assembly tov RISC-V tov pevdonmdirna "branch if i<13" (evOeyouévmg pe ™ (Mo
1ATOLOV EVOLAUECOV TTQOTMOLVOD RATAYWENTT));

AGDOTE TIG ATTOVTNOELS OGS, UE TIS EENYTOELS TOUG, YOOUITTMG. PREV:
) if (COND) {
5.3 Meragoaon tov If-Then-Else THEN:
} else {
210 oynuo Olmhar dadvetor 1 yeviry) o) TG UHETAPQOONS OF ELSE:

Assembly evog if-then-else statement, pe TN xQ1MNON WAS €VIOATG }
oorhadwong (branch if... - "b if") wow pwdg evioing dhpotog (xwolg CONT:
ovvOnxn - "jump"). To pmiox "PREV" maQotd tov xmowma mov

VITAQYEL 0TO TQOYQAUUO LV To if-then-else, xou to pmhox "CONT" PREV
(continue) TOVv nMOwa petd to if-then-else. To pmhox "COND"
(condition) maQLOTA TOV RMOLRO. (€ndQOiOm - expression) oUVONKNG

OV VIAQYEL Lo otV oeévheon tov "if", ov umoeel va elval oo COND
TOAD uxQ1) €MS OAMD peydAn: Otav auti) 1 ovvOnxrn elval oA b if false *
oamh) (ruy. "if (i==))") tOte M petddpeaot| Tng umogel va yiveton pe

HOVO TNV €VTOA OLoxAGdWONG, evid OTav 1 ouvOnxn elvalr mo THEN
TOMOTAOXT)  TOTE  OmauTElTOL  ROOWMOG  "TQOETOWMAOLOG" TV |= Ump

dtaoovpue ot SLAUAAOWON —TOV OO0 XMOLKOL TTQOETOLUOLOIOG TOV
noplototue oav "COND" oto oyfjua. Ta umhox xwdwma THEN »ow ELSE
ELSE ovv0wg Polever va ta tomobethoel o compiler otn pviun
EVIOMDV UE TNV (0L 0e1pd pe v omota Ta dtafélel amd Tov myalo
nmOwma, OMhadn mowta to THEN »aw petd to ELSE.

CONT

H »ndtw mhevpd tov OYNUATOS TTOQLOTA TN UVIUN €VIOAMV, Ue T OevBivoels va
aVEAVOUV amd AV TTROS TO KATW. AUEOWS UETA TNV exTéAEO TV eviol®V PREYV, o
emeEeQyaotng mdvta aQyilel va voroyiler ™ ovvOnun COND, g omoiag oL EVTOAEG
elvon tomoOetnuéveg "voMNTA" petd Tig evtoléc PREV. Apéowg petd amd avtd tov
VIOAOYLOUO TNG ouvONUNG, 1 extéleon mEémel va ovveyioel eite oto umhox THEN eite
oto umhox ELSE: auto emmtuyydvetal pe dv eviohs] OloxAddmaong, 1 omoio JQETEL Va.
odnynoer tov eneEeyaoti) oto wrhox ELSE (mov eivon og amdotaor) eav 1 ovvOiuy
etvan Pevdng, alimg Ba ovveyioel oto prthor THEN (stov eivol tomoBetnuévo "wohntd.
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amd xnatw"). Edv exteheotel to pmhor THEN, 16te petd To TEAOG TOU TIQETEL VO
mopaxduper o emeEe@yaotng To wrhox ELSE, doa xoetalopaote udv evtoit] dApatog
(xwelg ovvONun) mov va pag odnynoer xatevBeiov oto pumhox CONT, OnhadT) apuéomg
HeTd v €£000 amd to if-then-else. AvtiBeta, edv exteleotel to pwmhox ELSE, tote petd
t0 Téh0g Tov Pyaivovue amd to if-then-else now ovveyiCovue navovirnd oto pmhor CONT,
7ov elvarl TomoBeTNUEVO "HOAMNTA" aTtd HATW, XWEIS VO OITALTEITOL TTQOG TOUTO HOLAL
otaxAddmon 1 dipa. Zto PAio vrdoyer To eENg mapdderyuo (pe wo meoadnxy, edm,
20Odma "CONT" (undeviopds e peTaPANTNG h) Y1d meQLocoTEQN oo veLw):

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

omov oL petafPantés f, g, h, i, j Bewopeltar 0tL folorovrar otovg rataywentég x19, x20,
x21, x22, nou x23, avriotoyya. Tote autd petadodletor oe Assembly tov RISC-V wg
eENg (ta ovopota Twv labels elvor epmvevopéva amd v alBunon g magayeddov,
§5.3) (m (Yevdo-)eviorn] "j" (jump) vAomolel To GAuo OV YEEWTOMaOTE, %o Oa
WATOOUVUE YL VTV TaQOXATw, otV §5.7):

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

54 Meradoaon tov Booywv While PREV;
deaon 20X while (COND) {

Kat' avahloyio mpog to mgonyoluevo, oto €dm oyxnuo daivetal M } BODY;

petagoaon oe Assembly evog Podyxov while. Kouw mwdh, to pmhox  ~oNT:

PREV xow CONT eivor 6,11 vidyer mowv xou petd to feodyo. To ’

wrhor COND eivar  ovvOnun yid va extedéoovpe To oouo, BODY, PREV
2nOL YA TNV TEMOTN %ol Y& OAeg Tig (TuXOV) volowmeg popéc. H
tomoHéTNon Tov ®WAWa ovvOnxng, COND, modTa %ol V0TEQA TOV COND
ompatog, BODY, eival avti tov foietel Tov compiler, Onhadm 1 (do

ue TN oeld mov autdg Ta daPdlel amd Tov myaio xmdwma —Oeite b if false
Oumg ral TV apéomg emouevn doxnorn 5.5. H tomoBeétmon twv

EVIOAMV 0T MViU], OmWS 010 %RATWw WPEQOS TOVU  OYTUOTOC, BODY
arohovBel ) hoywl) Tov Bodyov: apfong peta v extéheon Tov L Ejump
evioA®Vv PREYV, 0 eneEeyaotig ovvavtd "®oANTd" ToV vItoloyLopd

™™g ovvOnNxrng COND, nau apyilel mdvra pe avtov. Edv n ovvOixn CONT

elvol Pevdng —elte TNV TOMOTYN €lte OLOLONTOTE EMOUEVT] POQE— TOTE

Byaivovpue amd to while péow g eviohi|g dloxhddwong, xow ovveyiCouvpe pe to CONT-
oaAMmg, dNAad” edv 1 OaxrAddwon amotiyel, Goo Otav 1 ovvOnun elvar ainong,
ovveyilovpe axQPmg amd %Aatw, OMA0dYN WTOLVOUPE OTO OMOUA TOU OOV KOl
enteholpe Tov xmOotro BODY. Metd v extéheon tov odpatog BODY, moémel mavra va
owtioovue "va to Eavoxrdvw;", ONAadN TOETEL TAVIA VO ETAVUTOAOYIOOUUE TN
ovvONxn COND yi4 va dovpe edv Ba emavaldfoupe to Poodyo 1 Oa Byotue amd avto.
I'' avtd, oto téhog Tov BODY tomoBetovpue udv eviol] dAuotog mov pag yvoitel
ndvto miow oto COND: mpodavmg, 1 (Lovn) €Eodog amd avtd 1o Beoyo elvor dmote
meTUyeL 1 OtarAddwaon, Onhadi) 6tav 1 ouvOrn COND yivel Yevdng.

210 PPhio vmdoyer TO TOQORAT® TAQAdELYUd, €AOPQOS TOQOANAYUEVO EOM.
Wayvoupue oe évav mivaro axepaimv double: long long int table[SIZE] UEYQL VO
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Boolue exel piav emBuunT T key, 1 oot vrotiBetal 0Tl Eégovpe OTL VITAQYEL OTOV
mivoxa. Ag vmoféoovue Ot 1 petafAnTi i Potoxeton otov notaywenti) "t1" (;rov elval o
x6 60mwg Oa wovue oty §6.1), 1 Tipi key mwov avalntotue POLORETAL OTOV RATOYWONTY)
t2 (ONhad1) Tov x7), nar 1 OteBuvon Pdong Tou mivaxra (Tov wg oVVHOWS Oev YWEA OTY
12-pmmtn otaBepd Imm12 tng evioing 1d) Poiloxretor otov rataywenti sO (dnh. x8).
A¢pov ta otoryeio Tov mivaxra eivar double words, peyéBoug 8 Bytes nabéva, To otolyelo
table[i] Ba Poloxetar oty dietOvvoN: sO + 8-i.

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

Oa yonoluomol|oovue Tov xotoyxwenti] t0 (ONA. x5) yud to evOLAUESH, TOOOWQELVA
amoteréopatd pog. H evioln siii (shift left logical immediate) mpoxahel cQLOTEQY)
oAioONoM TV bits TOU TEMTOV TEAEOTEOV TINYTS (EOM TOV t1) ®atd To MAN00C Bécemwv
(bits) mov opilel 0 devTEQOS (0TaBEQOS - immediate) Teheotéog mnyNg (e0m: 3 BEoeLS),
vewCovrag tig nevovueveg Béoelg pue undevird ("logical"), nal yoadel 1o amotéleouo
OTOV RATAYWENTH TQOOQLOUOV (e0m: t0)- dmtwg E€goupe (§6.1 Wnodranng Zyediaonc), wd
TETOLOL 0LELOTEQT] OAlOON O™ LWodvvapel pe moAlamhaolaoud el 2 el v dVuvoun Tou
mBoug TV Béoewv ohioBnong —Goo £dd morhamhaoctooude et 2° = 8. ‘Etol, o
TOQATAVMD RIS HeTadaleTal OE:

add t1, x0, x0 # i=0;
loop54: slli t0, tl1, 3 # tmp = 8 * i (start COND evaluation)
add tO0, s0, tO # tmp = 61€06vvon TOUL table[i]
1d t0, 0(t0) # tmp = table[i]
beq t0, t2, cont54 # if table[i] == key goto cont54 (loop exit)
addi t1, ti1, 1 # i = i+l (loop BODY)
J loop54 # repeat the loop
cont54: # contine with the rest of the program

Aoxnon 5.5: Behtiotonmoinon Beoyov "While"

210 oyNuo %ow 0To  TOEAdeElypa Tov  000nxe apéowg maQomdvw, oty §54,
TOQATNENOTE OTL 08 %ABe avorvxrAwon Tov Pedyov while extehovvtor TOOO UL
doxhadwon vd ouvOfxn (branch), 600 xan éva dhua ywEic ovvOfxn (jump). Opwe,
UOVOV oL arthol LeTaPQOOTES Ba EPTLay vV TETOLO RWOWKA, OEdOUEVOL OTL AUTOS UTTOQEL
va BeltiwBel —oL ouVNOLOoUEVOL LETAPQAOTES TTAQAYOUV RDOLKA TTOV TOEYEL TO YQTYOQO
ot ovvnOwouévy meoimrwon. H ovvnbwopévn mepimtwon eivor o Pedyog va
emavalopPdveton agretés Gpopéc mowv Pyotpe amd avtdv —yvem otig 10 ¢poég natd
UEOOV OQO, AEVE OL OTOTLOTIXEG.

Eavayodpte to edyo oe Assembly, 00Tmg WoTE MOVO €va branch 1) jump va exteleitou
oe ®d0e avarvxriwor. Katd tnv eicodo 1 tnv €E000 amd 10 EOY0 emTOEMETAL VA
extehoUvToL OVO €VIOAES UETAPOQAS eAEYYXOU —OUTO 7OV pag evoladéQel elval va
YAUTOVOUUE TN O at0 QUTEG HOTA TIS VIIOAOLTES EMOAVAMYPELS TOV POYOV, IOV
QITOTEAOVV RAL TNV TAELOYN LA TOV GOQDV IOV avtdg exteleital. Mag evolapégel pud
TEYVIRT UE YEVIROTEQY] EQUQUOYY): OREPTITE TNV TAVW OTO OYNUO TNG TTQONYOUUEVNS
ToQayadou, 54. (Ztg daddveleg Twv daléEewv d6ONre now pio GAAN, ogBoywvia
Behtiotomoinomn tov moeamdvem BeoYov, ue 0domwon Tov ooV HECW pointer AVTL LECW
array-index- ®@vte LT TNV AORNON TAVWD OTOV AEYLLO RDOLXO, QUTOV TNG §5.4 OyL OTOV
Behtiotomoumnpuévo e pointers).

"Eotw 6t to odpa (BODY) avtot tov edyov emavorapfdvetor 10 ¢popés. Tote, mdoeg
EVTOLEG OUVOMAA EXTEAOVVTAV UE TOV TTAAALO HMOLLOL, KO TTOOES CUVOAMAKA LE TOV VEO;
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5.6 XZivOeteg TuvOnzes ne vroroyiopo Short-Circuit

Acg Bemonoovue Twea wd Alyo mod olvhetn ovvOnxn daxhddwong, pe Aoywmd KAI
néoa TNG. OewEnote €vo TaQAdELYILO OVAAOYO UE TO TTQONYOUUEVO, OTTOV PAYVOUUE VO
Boolue »dmowo "key", alhé Twoa Tto Payvovue o€ linked list avti o€ array: emmmAéov,
TMEO EVOEYETAL %OL VO UV VTAQYEL TO OTOLELO avTd OTn AMOTo, GO TEETMEL Vol
TEOPAEYPOVUE HOL TNV TEQUTTWON 7OV 1 AOTO TEAELDVEL OV TO PEOVUE. ZTOV
ToQOrAT® 2MOAOa, €0t OTL 1 T key mou avalnrovue Poioxetor xor dAL 0TOV
ROTOYWENTN t2, %O OTL O pointer p PoloxeTal 0TOV ®OTOYXWENTT t1. Ag ®dvouue auTi) TN
$oed 10 mapdderypa o 32-pmro RISC-V, avti tov 64-pmutov mowv. ‘Etot, o p delyvel oe
structures pe VO otouyeio xaBéva, peyébovg 4 Bytes naBéva (32-bits): TO TEMTO OTOLYEIO
elvon pta tum "value" oe offset O og oy€omn pe TV 0QYMN TOL structure, ®oL TO OEVTEQO
otolyeto etvon évag pointer "next" 0To eOUEVO structure Tng AMotog, og offset 4 o oyéon
UE TNV 01 TOV structure.

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

Edm, wg yvwotov, to semantics tng C pog Ponbave vo wunv mooomodnoer o
emeEeQyaotng va Owfdoel To p->value Otav o pointer p tOyel vo eivor NULL: 1 C
moodiayedder short circuit evaluation Tov Aoywmov KAI, Onhadn edv elval Ppevdég to
TowTo o%ENOG, p!=NULL, TOTE TTOLQAXAUTTETAL RAL OV VITOMOYILETAL TO OEVTEQO OXENOG,
p->value != key. ' va vhomomnBet avtod, amartotviar 0vo daxrhadmoels vrd ouvOT N
oe avto 10 PROYO:

loop56: beq tl1l, 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
lw  tl, 4(tl) # p = p->next (loop BODY)
J loop56 # repeat the loop
contb56: # contine with the rest of the program

5.7 KMjon Awdixaciov (2ot Alpoto yoic ovvonxn): jal

Onwg elmape, oL evtohés petadpoeds ehéyyov (CTI, control transfer instructions) xévouv
MOTE VO eEXTENEOTEL oAV ETTOUEV EVTOA o €VTOAN GAAN amtd TV "omd #ATm" TOUg
evtolf]. Otav avti] 1 petadoed ehéyyov yivetow vad ovvOnxn tote avtég Aéyovtal
doxhadmoelg (branches), evar otav yivetal yweig ovvOnxn, dnhadi mdvra, Tote auTég
Aéyovton adpara (jump). H amhi) eviol] dApotog yoeldletor vo meQuéyel péoa tng
novov évav teleotéo méoov od tov opcode —t1 dlevOUVVON TEOOQLOMOV— GQA TO
instruction format Oa pwrogovoe va adLegmoel TOALG bits Y& TOV TRQOOOLOQLONO AVTG
™g OevBuvong. O RISC-V yonowpomotel now Y& tar dhpata to PC-Relative addressing
mode, yud TOvg (OLOVG AOYOUS (TTAEOVEUTNUATO) TTOU TO YOYNOLUOTOLElL %ol YLl TLG
OLOXAAOWOELG.

Agdopévoy mavtwg Ot Ta amhd dAlpota (OnA. OxL To raiéopota  dlodraoiog)
yonowomoovval povov ota if-then-else »at fedyovg, dONhadf uéoa otg draduraoieg,
now palt pe ) xonom PC-relative mode, dev vdiyel coPagr avdyxn yid mohAd bits oty
OYETLRY] OITOOTOON TIOV EXEL VA RWOXOTIOLNOEL 1] OTAOEQT) TTOCOTNTA UECO OTNV EVTOAT)
dhpatog. 'Etot, o RISC-V xatalfyel vo unv yeerdetan (xan dev €xe) eldint) evioln yid

https://www.csd.uoc.gr/~hy225/22a/ex05_cmp_br.html Page 6 of 12



Exercise 5: Branches, If/Loops (U.Crete, CS-225) 12/3/22, 22:17

o amAO dApo (jump), 0AAG vAOTOLEl TETOLOL OUTAGL AAMATO oAV ELOWES TTEQUITTMOELS
(Pevdoevioht)) TG YeEVIROTEQNS €VTOMS jump-and-link (jal) ov mpoopileTal yud v
©AN oM dLadLLOOoLDV:

KiMjon Awedzaciog (Procedure Call): auti) poudlel pe Ghpa, ol emumAéov moémel va
%nQaT|ooVE TANQOPoQia Y& To MOV va emotEéypel N nohovuevn dadnaotia, adov
oUTH WIoEel Vo xoAeltol amd TOAAITAN, OLOLPOQETIHA ONUEID ®OWL TIQETEL VO, EEQEL OF
o0 awd outd vo emoteéel. 2tig agyttextovirég CISC, 1 evtohn] ®aAéopaTog, oV
ovviBwg Aéyeton "call", amoOnuever avty) ™ devbvvon emoroopns ot otoifa (ot
LVIU): 08 HEQHES om0 avTég, M Ol avti) evioAn call pmogovoe emItAéov ®ou Vo
amoOnreter noL xaTaywENTES oTn otoifa. Ztig agyrrextovirég RISC, 1 evtoAi
nOAEOPATOS amoOnuevEeL TN OLeVOUVVOT EMOTQOPNG O xaTayWENTY, TOOOV EMELOT LOVOV
oL €VTOAES store YQAGOUV 0T UViUY, 000 %aL €TeELdT] £€TOL WTIOQOVUE VA YAVTMDOOUUE
ouTi] TNV €yyeadr xatl avdyvmon amd ™) otolfa Y& Oheg TIg ®ANOELS 08 OLodAolES-
UM (§6.2). TTpoxeuévou va toviotet 1 dtadpood amd v mopadooloxt] evtoi call,
OQUTEG OL EVIOAEG HOAECUATOG UE TNV ITAOVOTEQY OVUTEQLHPOQA ovopdotnxrayv Jump and
Link (dApa now ouvévwon). Ztov RISC-V, 1) eviohi avti) yoddetar jal, axolovOel To J-
format (§4.3), now xdvel To eENG:

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

Me GAha MOYLoL, 1 jump-and-link otov RISC-V, () YoAdEL OTOV RATAYWENTT] TIQOOQLOUOU
™ OtevBvVvoN TS "amd vATw" NG evtoig (PC+4), dnhadi) T OtevBuvor Orov TRETEL VOl
emoTEEYPEL ) roho VeV dtaduracio, xau () alldlel Tov PC (extehel GAUQ) 0VTWS MOTE
N emouevn evtohn mov Oa exteleotel vo elvor 1) TQOTN €VTOM| TNG %OAOVUEVNG
dadwaoctag. O rotaxwENTIS TEOOQLOUOV, OOV YeAdeTaL 1 OlevBUVVOTN emOTEOPTNG,
etvaw ovvNBws o ra (dNhadi) o x1), dmwg Ba oL e naL 0TV §6.2, 0OTE O Assembler TOV
RISC-V déyetan zow v Ppevdoevtohr) "jal label" nar tnv petagpedler oe "jal x1, label".
Mmopet Ouwg o rd va elvar oL 0olocoNmoTe AAMOG 1OTOYXWENTIG: OF HEQLXRA
negdArovta yonowwomoteltor xar o t0 (dnA. o x5) wg "alternate link register" (.. 0TO
naheopa "millicode routines", OmWS YA OMOOLWO %OL ETOVAGOQE HATAYWENTOV OF
compressed code). Emiong, o xataywentig mpooolopot umogel va givar o X0 otnv oA
ovvNOLoUEVT PeVOOEVTOAT] jump 7oV Aéyoue ToQomdvw, adot o x0 dev alldlel moté
T, xow pével wdvto 0, 600 xaw av "yoddovue" og auTOV:

Yevdoevtodr) Jump: § label = jal x0, label = PC « PC + 2xImm20(signed)

AwevOuven Ilgoogwopov: H jump-and-link yonowpomoiei to J-format (§4.3), doo
71000dL00(CeL TN dLevOVVON TEOO0ELONOV TS HEow NG 20-pmtng otabepns moodTNTAG
Imm20 —%XOL TQOPAVMOS TO (OL0 Loy VEL ®ow YA TNV (PEVOOEVTOAT)) TOV QUTAOV jump JTOU
vhomoleital péow ovtng. O TEOTOG OV XONOLUOTOLETAL AVTO TO TED(O Y& v aALGEEL
tov PC glvor movouolotumiog pe exetvov yid tig dtaxhadmoels —amhmg e0m To Immediate
éyeL 20 bits avti 12 exel. Onwg now pe tg dtonhaddoelg, 1 otadeQt TOCOTNTO Imm20
Bewpeltal TEOONUAOUEVOS 0QLOUOS 08 CUUITANQWUO WG TROGS 2 (dNAadY| sign-extended),
7oL 0 TOANATAOOLAoUOS el 2 aglomotet To yeyovog otL 0 PC éxel tipn mdvtote axépoato
TOANATTAGOL0 TOV 2, %L €Tol dumhaoldlel To Pelnveréc tng xAfong 1 Tov dhpatog. Me
ahho Aoya, M oxeTint) amootoon (offset) Tmm20 petod oe povdaoeg half-words avti Bytes,

Goo durhaotdlovpe To Peanvenréc oe 219 = 512 K half-words (uxoéc, 16-pmmteg eviohéc)
= +1 MByte.
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5.8 Alnora zow KMjosig o Metafintéc Aevdivoers:
Jjalr — Emotgodn oo Awedwwacic, Switch Statement

Indirect (indexed) Jump — jr rsi (Yevdoevtort)): Extdg and dhpoato oe otabegéc,
dvto TS (dleg devBUVOoELS, OL VTTOAOYLOTES YQELACOVTOL AL GAPATA O HETABANTOUS
(runtime variable) TEOOQELOUOVG, Y4 pia el OTTd OROTTOVS, OIS AVOADOVE €0M. ZTOV
RISC-V, tov g6Ao avtd tov mailer 1 Pevdoevtort] jr (jump-register): OTWG %ol Ue TV
QUTAT] jump, 1) jump-register CUVTIOETAL OAV €LOLXT] TEEQLITTWON TNG YEVIXROTEQNS jump-and-
link-register. H jr rs1 ndvel v eENg am ahld eEarpetind "woyvem" Aettovpyia:

PC_new « rsl
Me GAho AOya, M jump-register ®AVEL MOTE 1) ETVOUEVY] EVTOAN va. lvaL 1] EVTOAY] oTnV
owadnmote avBaipetny dielOUVVON UVHUNG elyope VITOAOYIOEL TTQONYOUUEVIC RAL EYOLUE
tomoBetioel otov rotayxwenti) rsl. H evioh) avt) pog emtémel vo LeTaPEQOVUE TOV
ENeYYO (TNV eXTENEOT) TOV TTOOYQAUUATOS) oe avbaipetn B€omn puviung, n omota umoQel
2Ol VO, TTOWKIAEL KO T TNV EXTELEOT) TOV TTQOYQAUUOTOS (run-time variable) xal mbavov va
eEoTartal xat amod Ta dedouéva (data dependent). Xonoipomoreliton yidi:

o Emotodr) amd dwadraota, adol emoteédouvue otov xalovia 0 omoiog (uropet
va) eivarl dradoetindg TV ®dBe Goed mov GpTtAvovue 0TO TEAOS TNG OLAOLXOOTAG
O TIQETEL VO ETUOTQEWOUE.

e Metadopd Tov eléyyov 0000NTOTE UOXRQLAL, OPOV UITOQOVUE UE TTQONYOUUEVES
EVTOAES VO POQTMOOVUE TNV 0TToLaLdNTT0TE OLevBvvom Béhovue otov rsl.

e ['l4 petddpoaomn Tov switch Statement, OTTWS TEQLYQAPOUVUE ETUYQOAUUUATIRA EOM:

switch Statement: 6twg meQLypddetar 0to Téhog g §2.7 Tov PBiAiou,  Paouri) Wéa
elvow M €ENg: 0 ®WOag ™G ®dABe meQUTTMWONG (case) YQADETUL 0€ ATOLA TTEQLOYY
uvnung, xow o compiler Qupdtar og moud devBuVvomn aEyitel avtdg 0 RMOKAS, VLG TNV
rnoBepio megimrmon. 2t ovvéyela, o compiler xataoxevdlel évav mivaxa (array), TOv
"jump table", 0 omotog meQLéyeL oe vdBe BEon Tov avtég Tig dlevBuvoelg Omov Y iCeL o
1O ™G nAbe meglmrwong, e T oeld, yid Oleg TIg (aoBuNTIKéC) TLES TG nAOE
nepimtwong. Otav eivar vo exteleotel TO switch statement, TOUQVOUUE TNV TLUN TNG
uetofAnTig Tou switch (autiv g omotag TNV »&be mepimrwon Tumv eEetdlovue), ®ao
YONOLUOTTOLOVE QT TNV TLur) oav index otov jump table, Y14 va emAéEov e €va ammd Ta
TEQLEXOUEVA TOV jump table —0UTO TTOU AVTLOTOLYEL OTNV TEQIMTWON TNG TWOLVNG TLUNG
™g petofAntig Tov switch. To otowyeio tov mivaxra mov dialéEape elvar n detBvvon
TOV RDOKOL TTOV TIRETEL VO, EXTEAEOTEL VLA TNV TEQITTWON TNG LETAPANTHS TTOV TMOO HOLG
NABe. Autd axQlmg To otolyeio Tov jump table To Ppéovovue oe évav natoymonti R,
%Ol OTY) OUVEYELD EXTENOUVE TNV EVIOAT] jr R, 1) OO0l XAVEL DOTE 1) ETTOUEVT] EVTIOAT) TTOV
Oa exteleotel va elvan exel mou Oeiyvel o R, dnhadi) exel mov pog etme o jump table va
TTAUE VLA TNV TEQIITTMON TNG TUUNG TTOV TWQA ELYE 1) LETAPANTY).

H jump-register vAomoieitan oav ewduxt) mepimtwon (YPevdoevioin) g "dAAng" eviohng
noAéopatog, Tng Jump-and-Link-Register (jalr), OnAadm) g éupeong (indirect / register-
indexed) jump-and-link. Avti yonowpomoteital Y& xdleopo dradumaciog oe avbaigeteg
dtevBivoelg, eite ponEUTEQO Ot 000 WToEEl va stdel 1 jal pe to 20-pmto offset g, eite
Y& uAon oe Owadwwootes mov aAhdlouv o€ runtime, OmMWS Y. AAVOUV Ol
OVTIXELUEVOOTQADEIS YADOOES TQOYQAUUATIONOV, OOV 1 axofng diadiracio mou Oa
nAnBel eEngtdtol amd Tov exd.oToTe TUTO TWV OQLOUATMV Le TO OTolo vt noAeital. H
jalr axolovBel to I-format (§4.3), xar 1 devBvvoLodGTOT TS elvon 1 O OIS TV
evioA®Vv load (now store), ONAad” to Offset elvor 12-pmto (dvrote signed) xow Oev
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moAlamhaoldleton emt 2, maQ' 6TL €dM WAdpE yid Tov PC:

jalr rd, Offset(rsl) = rdy., < PC+4; PC « rslyjq + Offset(signed)

‘Onwg »now M o) jump-and-link, étor xow oVt Yoader T dedBvvon ™G emOPEVAS TG
eVIOAG, PC+4, 0TOV %OTO)X®0ENTI] TQOOQLOUOU —TOV OTNV TEQIMTMON rarléopotog Oa
elvar ovviiBwg o ra (= x1). Ouwg M Owadwaoio wov naleltow (OTOV TQOUELTAL
TOOYUOTIRA YL RAAECUA) OV elval TAVTA 1) (OLO, OTATIRA RABOQLOUEVT) OIS NTAV VLA
™V jal 6mov 1 deBvvon AALATOC TEOEXVTTTE OOV LA 0TOBEQT] ATTOOTOOT 08 OYEON Ue
™V 1eé€yovoa evtol) (PC). Edm, avtiBétmg, n dietBuvor mpooolopott mpoxrrrel péow
tov (owBaipetov) nataywenti rsl, o omolog WroEel va meQLEXEL €vav OL00T|TOTE
ovBaipeto pointer, mov pmogel rdhoto va petofdietalr amd wdleouo oe nOAeouaL:
mooxeLTOL YIA ®dAeopna péom pointer. (Emroémeton, av nat 0ev EEQw edv yonoLueleL o€
%nATL, 0 nOTAYWENTNG rd va eivar 0 (010G pe ToV 151, 0TV 0molol TEQLITTMWO 1) TTOAOLEL TU)
TOV XOTAYWENTH YONOWOIOLETAL Yid TOV VIOAOYLopd TNng véog Tuys tov PC, evod
avttoteodpa 1 makad T Tov PC, ouv 4, yoddetor ooV Ved TLUT TOU ROTAYWENTY)).

To Offset (12 bits) umooet moOAMES Gogég va elval dyenoto, omdte to Palovue 0, alhd
HEQHES POQES UITOQEL ROl VAL {ONOLLOTIOLE(TAL, TT.Y., EAV 1 AUEOWS TTQONYOUUEVY] EVIOAT
dootmvel Ta 20 bits g otaBepdg ™ Imm20 0to aELOTEQO PEQOG TOV 151, TOTE TO 12-
uwmrto Offset mpooTOEéUEVO 0 avTd ONWOVYEl Evav avbaigeTo 32-pumto aQlOud amd Tig
0v0 otabepés, %L €ToL pag Olvel évav TEOmo AGAUOTOS OtV owdNmote avbaipety
oteBvvon pvijung. To 12-umrto Offset dev duthaoidleton edm, o' OTL XONOLUOTTOLE(TAL
oe mEAEN oV TO ATOTEAECUA TG TROo0QELCeTON Y& ToV PC, £meldr) n evtoAt avti| £xeL To
tdto format (zow yonowpomotel Ta (OLo xurhopota) pe TG evIoAég load (now TOQOUOLOL e
TG store), ol omoieg dev dumhaotdlovv To Offset Toug (wow dev yoeldleTol dUTAOOLOLONOG
otav ta 12 bits Tov Offset mpootiBevtow ota 20 bits agotepd amd évoa Imm20 Y va
onoveynoovv wd ovbaigetn 32-wutn otabepd (dtevBuvon)). Iap' O6ha avtd, oto
teMnd amotéheopa g mpodobeong rsl+Offset, To hardware tov RISC-V undeviCel to
(¢va) 0eELotego (LS) bit Tov amotehéopatog mowv To yodpet otov PC (] alhwg: o PC
gxeL  otnv  moayupotroéOTa  éva  hyotego flip-flop deEud, now vmotiBetan  OTL
OVUTTANQMVETOL TTAVTO e €va undevird OeEld 6tav elval vo mder oty pwvhun (m oo
uviun, otav eivor 16-umtn 1 Gaditeen, ayvoel ovtwg 1) GAAmg To OeELOTEQO
(TouhdyLoTo) bit)).

2tov RISC-V, 6mwg 1 (Pe00)evToAT) jump €(vor OTNV TQOYUATIXOTITO £L0LXT] TTEQITTTMON
™G €vtoMc jump-and-link, étor xow M (Yebdo)eviorr] Jump-Register mov elmope
TOQOAVW ovvTiBeTaL ooV eldxl] mepimtwon g jump-and-link-register, wg €ENG (naL M)
emOoTQOPT artd dradwaoctia eivor cvviBme N axrdpa o eLdLrY) meQimTwon "jr ra", dSnhadm)
"alr x0, 0(x1)"):

Yevdoevtorn) Jump-Register: jr rsl = jalr x0, 0(rsl) = PC « rsl
5.9 Dynamic Linking, Relocatable code, EvtoA auipc

O RISC-V mpoodpéper vmootiolEn +yud Relocatable Code, OmAadi] »mdOwa
Assermbly/Object Tov omoio umopet ebnoha o Linker vo aAAGEEL (1] axOUOL ®aL VAL NV
yoelatetar xapior ahloyr) meoxelpnévou va tov ovvevavel (link) pe dAhov xmowra,
tomofeTmvtog (GooTwvovidc) tov oe avlaipetny BE¢on otn pviun (SNAad’ va Tov ®AVeL
relocate), Omwg Y. YQeLACeToL YA T Ouvouxt] ovvévwon Oodaotdv PiPiodnxng
(dynamically linked libraries - §2.12, pp. 130-132 Ayyhxo0 Bifpriov). To faowrd addressing
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mode (Todmog dnoveylag dtevbivoewv LvHumg) Yud oxomovg e0roAov relocation elval
to PC-relative: 6tav pud dtevOuvon puvhung exdAaletal ooV oyeTixy amooToon oo TV
Tuh Tov PC g evioAng mov v yevvd, TOte auth 1 amdotaor dev alhdlel xvotd 1o
relocation. I'id tig Stanhadwoelg vd cuvOuy, N dlevBVVON TEooELoUOV dideTAL TTA VT
oav PC-relative 6mwg €yovpe Oel, pue PeAnvenég +4 KBytes. To (dlo toyler »at yid to
naheopa owodwaociog (jal), »aBmg zow yid To amhd dApo (jump) TOL oVVTIBETOL G
Pevdoevtol] péow avtov, pe Pehnverég +1 MByte. O RISC-V mpoodéel uio axoua
eVTOAN, ™V auipc (add upper immediate to PC), TQOXEWEVOL () VO EMEUTEIVEL TO
naheopa/ahpo. oe owadnmote avbaipetn 32-pmtn amdotaomn, xor (f) va TROOPEQEL
emtong PC-relative addressing, xou pdAioto pe avbaigetn 32-umtn amdotoon, Y& eVIOAES
load xau store dedouévav, wg eENG.

H evtol) auipc rd, Imm20 (add upper immediate to PC), pe format "U" 6mwg wow M lui,
TOWTO ROTAOREVALTEL TNV (010 0TaBEQET) TOOOTNTA OIS %OL N lui, ROL OTY OUVEXELQ
mpoobétel avti) TN otabepr) moodTnTa 0TV TLH) Tov PC Tng nan yoddel To amotéheopua
™ mEO0oBeoNS oTOV naTtoywENTY rd: pue dAha Aoy, eivol oav vo ®xAveL: lui rd, Imm20
%Ol APECWG PETA VA #AveL: rd « pc+rd. 'H allidg umogolue va moiue OtL M auipe rd,

Imm20 #Gvew: rd < PC + (sign-extended)Imm20x2'?. ‘Omwg »ow M 1ui, 1) auipe uwoel va
YONOLUOTTOOEl ooV 1 TEMTN €VIOAN O€ €va CevydoL eviol®V e OeVTEQY €VTOAT elte
évo ndheopo/dhpa gite pio load/store, YL vor TQORAAETEL RAAEOUA/AALOL 1) TTQOOTEAOLON)
oedopuévov PC-relative otn Ote0BUVON PC+Const32, OOV Const32 eivow wd owbaipety
32-psutr otafeQd amoteAoUEVT 0ITO OO noudTIa, HI T 20 aLoted bits, xow Lo ol 12
deEld bits, wg eEfc. H modt eviod] Tov Cetyoug nataonevdlel tyv tuf)y PC+HIx2!?
7oL TNV Tomo0eTel 0' €vav TQOOWELVO RATAYWENTY), T.Y. TOV t0: auipc t0, HI (1] auipc
t0, HI+1 €dv To ®oudTL Lo aEYilel pe 1, Omwg oyoMdlape otnv §4.4 now yid TV lui). H
0elteEn eviohr) tov Cevyovg elvan eite jalr yid rndheopo/dhpa eite load/store, Otov ®al
0TS OO0 TEQUTTMOELS Y QNOLUOTIOLELTOL OV pointer O QO YOUUEVOS RATAYWENTIG t0, ®aL
oav Offset Ta 0e5d 12 bits tng Const32, to LO, doa telxd 1 OevBuvon eivonr 1

PC+HIx2124+ L0 = PC+Const32:

o Kdéheopo PC-relative oe avBaipetn amdoT.:
auipc t0, HI (f]HI+1);jalr ra, LO(tO)

e Aluo PC-relative og avBaigetn amdotaon:
auipc t0, HI (f]HI+1);jalr x0, LO(tO)

e Load PC-relative oe avBaigetn amdotaon:
auipc t0, HI (1] HI+1);1d rd, LO(tO)

e Store PC-relative oe avOaigetn amdotoon:
auipc t0, HI (1] HI+1);sd rs2, LO(tO)

510 TlpaEes Xvyzouonc ne aotéheopna Boolean

Ext6c amd ta if-then-else, 0Tl YAMOOES TQOYQOUUATIOUOU, OQLOUNTIXES OVYXRQIOELS
epupaviCovrol xat oe exymENOELS (assignments) TOU TUITOV: myBool = (a<b), OOV OL UEV
petafPintéc a naw b elvar aQlOpol, To 0e ATOTELECUO TNG OUVYXOLONG TTOU EXYWQETOL
etvou TOmov Boolean. Ztmv C, o t0mog Boolean xgatiétol pev péoa oe petafAntég thmov
oxeQaiov, alhd oL poOveg VOMLPES TEG TOv eivor to 0 yud "Ppevdéc" »ow to 1 yud
"aAn0£g" (avtd €xel TOAGE undevind 0QLOTEQQ, ®aL Evav povov doo deELd). Exymonoeig
OTWG M TOEATAVM Bo pmogovoav PéPata va vAomotBoUv pEow if (a<b) {myBool=1;}
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else {myBool=0;}, OLWG WA TéTOLO VAOTOIMOoN ad' evdg Ba amautolioe rAUTOOES
EVIOAEG, ®OL 0P’ €TEQOV B0l TQORAAOVOE ONUAVTIXES RAOVOTEQNOELS ROTA TNV EXTEAEDY)
TOV TQOYQAUUOTOS €TELOT) OL EVTOLES dLarAddmong elval aQYES 1] raL OVOROAES OTOVG
emeEeQyaoTég Ue opoyelpta (pipelining) 6mwg Ba dolpe agyodtega oto uabnuo. I'd va
VOO0TNELEEL enywENOELS OIS M Taamdvw, o RISC-V éyel v evtol set if less than
(slt), poli pe dhheg toeilg mOQAMAYES TNG, TTOV VAOTOLEL OVOLOOTIXG TNV TTAQOITTAV®
exymonon. [Tpoxrertar yid evtorés avaloyeg mpog Ty pdobeon 1) Ty adaigeon, novo
7OV TO ANOTEAEOUE TOVGS elvan TOmov Boolean avtt TOmOU aréQOLOG:

slt rd, rsl, rs2 #rd < (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 YoAPouv 0ToV noTaywENTi rd €ite Tov 0lOud 1 (ToAAG undevird bits
0QLoteQd nou €vag doog 0eELd) edv To amotéleoua TG 0VYRQLONG elval aAnBég, eite Tov
0oud 0 (6ho pndevixd bits) edv to amotéheopa etvor Pevdéc. O dVo mEMTES
TOQATAVW €VIOAES ovyrQivouv U0 ratayweNnTés LeTaEl Tovg, nat axohovhov To R-
format, oL 0€ dVO EOUEVES OUYRQIVOUV HOTAYWENTT| (0QLOTEQA OO TO <) TTQOG 0TAOEQT)
moodTNTa (0ELd amd To <), ®ou axolovBovv to I-format. H pev momtn »aw m tolty
BewEOUV TOVg TEAEOTEOVS OV TROONUAOUEVOVS (signed) axegaiovg Otav xdvouv T
o0Y%QELoT, oL O OeVTEQPN %Ol TETAQTN %Avouv ampdonun (unsigned) olyxrolom. Ztov
RISC-V ou ota0epég mooodTNTes "Immediate" Oemoolvtal mavia TQOoNUOOUEVES, O TO
Imm12 emexteiveton amd 12 og 32 1) 64 bits wAvTo o0V TQOONUALOUEVY (signed) otaBepd,
oxouo zoL 6Tav 1 oVY®QLOT, OTH OVVEYELD, elval unsigned, ONAadT) Bewpel Tov 32-wmito
7 64-pmto devteQo teheatéo oav unsigned. Ooov 0poQd exdaoels OTWG (a<b)&s (c<d),
elte oe enywoenoelg Booolean elte péoa oe if, edv pev M yAwooa 1 oL meQLOTACELS OV
astowtoUv short-circuit evaluation TOTe AVTEG PTOQOUV Vo VAOTOOoUV pe 000 eVTOAEg
set-if-less-than axolovBolueveg amd pio evioit) (bit-wise) AND, mou diver ouviBwg %o
™V YONY0QOTEQTN £XTENEOT) €AV, A0 TNV GAAY, amowtelton short-circuit evaluation, TOTe
o yoelaoTel xat 1 X1 0oN OLORAAdDOEWV.

Aoxnon 5.11: XivOeon Ghhov Xvyxpiccmv

O RISC-V éyeL pOVOV TIG TTOQATIAV®D TECOEQELS EVTOAES OVYHQIoEWY, OV OAES TOVG
navouv olUyxrolon "less than", xou 0ev €xeL ovyxrpioelg < 1 > 1 = eneldr| oL TehevTaieg
wtoeotv va. ouvteBolv amd Tt olyrowon less than —ag dovpe mdg. Eotw ot 1
petofAnty) i Poloretor 0TOV RATOXWENTY X22 1 LETOPANTY) j OTOV RATAYWENTH X23, M
petofAnTi) B OTOV xATOXWENT X26, %0L OTL CONST onuoiver o avBoigetn
TQOONUALOUEVT] 0TOHEQT] TOOOTNTA IOV Y WEA 0€ 12 bits. ZuvOéoTe TIG €ENG eEnYMOTNOELS
(1)-(viii), 6mov OAeg Bewpolvtal signed, XONOLULOTOLMVTOG TNV EVTOA slt 1) TNV slti,
%O, OOV XQELATETAL, AL TNV EVIOAT xori (avahoyn thg addi, alhd ndvel exclusive-OR
ovtl yid mpooBeomn) pe otabepn) immediate Tov aQOUo 1, n omoilo emouEvmS €xeL oov
OVVETELDL VO, OVTLOTEEDEL TO OeELO bit Tou AAAoV TeleoTéoU NG, dNAadT Looduvael pe
Boolean NOT:

i.B=(1i< 3 ) (uxolTEQO)

ii. B=(i>= 3 ) (ueyallTteQo 1) (00)
iii. B=(1i> 3 ) (ueyalitepo)

iv. B = (i<=13 ) (uxpoteQo 1) (00)
V.B = (i< CONST ) (unQOTEQO)
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Vi. B = (i >= CONST ) (peyaiiteQo 1) (00)
vii. B = (i > CONST ) (UeyohUTEQO)
Viii. B = ( i <= CONST ) (uxrQOTEQO 1] (00)

YrodeiEn: moiEre momta pe T oepd mov Pdlete Toug dVO TEAEOTEOUS TINYNG OTAV
avTol elvol raTayXWENTES, XAOMDS ®oL ue evoeyOueVn Govnomn tov amotehéopatos. Otav
0 0e1TEQOC TEAEOTEDG elval 0TaBgQT] TOCOTNTA, TOTE OEV WTOQEITE UEV VO OLVTLOTQEETE
™ 0€LRd oV Toug OiveTe TNV VIO slti, Umoeite OUwg va oiEete e TIg oTabeQég
CONST, CONST+1, CONST-1. @0 exTLUiOoTE TO MOCO TOAG Uwogel vo ndével To software,
EXUETAMAEVOUEVO AlYOUG, TTQOOEXRTIXA eTUAEYUEVOUS douroVg AiBovg hardware!

211 OUVEYELD TTOQATNENOTE OTL 1] EVIOAT): sltu rd, x0, rs2 eAEYYEL €AV O 182 €lval
HeyaAiTeQOg Tov UNdeVOS, atld Tov ovyxrgivel mg unsigned, ONAadn oav mévra =0, doa
oVOoLAOTIRA EMEYYEL €AV O 152 elval dLddPoog Tov undevos. Emiong 1 evioh): sltiu rd,
rsl, 1 ehéyyeL edv o rsl elvar uxpdteQog Tov 1, addd Tov ouynivel wg unsigned,
onhad ocav mévta =0, doa ovolooTnd eAEYyEL €AV O 18] elval i6og ne punoév.

Me Bdomn tig televtaieg OU0 mTAQOTNETNOELS, XONOLULOTOLNOTE WAV EVIOAT adaigeong
(sub) 1| MEHOOEONC TOV -CONST, %OL OTY] OUVEYELD WAV OO TG OV0 AVTES OUYRQIOELS
LOOTNTAS/AVIOOTNTAS TTROGS UNOEV, YId va. ovvBEoeTe naL TIG €ENG TEOOEQELS EXYWOTOELS.
20V TQOCMELVO ROTOYWENTI] TTOLQOTNENOTE OTL WTOQEITE VA Y ONOLUOTIOL|OETE TOV (010
TOV 2ROTOYXWENTN] TQOOQLOROU, xraL OTL autd Ba (oyve axduo %oL €QV TUYULVE O
HOTAYWENTNG AVTOS VO 1TOV O (010G e EVOV ATTO TOUG ROTOYWENTES TNYNS. ADOTE TIg
QITALVTT|OELS 00G YQOTTTA.

a.B = ( i==173) (loo)

b.B=(1i!=73) (&dvioo)

C.B = ( i == coNsT ) ((0O)

d. B = (i t=coNsT ) (d&vioo)
Toomog Ilagadoons:

Mogadmote pali tyv moonyovuevn doxnorn 4 rar avtiv edm T oepd 5, on-line, o
o1 PDF (uovov) (umopel var elval velpevo unyovoyQopnuévo 1n/xat "oravaolopevo”
YEWROYQUPO, OAAG uovov oe poedtn PDF). ITapoadwote HEOW turnin ex045@hy225
[directoryName] £VO 0.QXELO OVOLOTL ex045.pdf OV Oa TEQLEYEL TLG OUTALVTIOELS OUG O
O\eg TIG orNOELS, 4 o 5.

(Znuetwon oe  mEQImTMWON  OUOAELTOUQYIAS TOV  turnin: €AV  OUTO 00G AEEL
"/home/misc/courses/hy225/TURNIN/ex.... No such file or directory" 1 »dti avdroyo,
EVOEYETAL O VTTOAOYLOTHG OTOV TEEYETE VO UV Umoetl v Oel Tov server mou OTNV
TOAYLATIROTNTA ®QOTA avTod TO directory Tov pafnuotog (1] To dwd oog home directory),
MOy duvolettovytag Tov drtvou mou eAmiler naveig va eivor mpoowivi. TTohhég
$OQEG, EXTEAMDVTAC TNV EVIOAT Alyo 0QyoTeQa, 1| amd AAAOV VTOAOYLOTY] WITOQE( Vo
Moer 10 mEOPANUA —xraTtAhOYOoS TV  OLABEOLUOV  PNXOVNUATOV  VTTAQYEL OTNV
wtooerido tov Tunuotog, xdtw amd TNV evotnro:  Ymnoeotec—Wndranécg
Y mnoeoteg— Amoporouopévy mpooPaor ota Debian péow VPN).
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