Exercise 7: Linked List & Procedures (U.Crete, CS-225) 18/3/22, 11:38
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Aoxnon 7:
Aoxnon Aledixaciov o Tuvoedepuévne Aiotog
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YmevOoon Arayoviopov ITpoddov: Zdafpato 2 Amgihiov 2022, moa 11-1
(O Babpods s eEétaong [Tpoddov —6moL0g noL av elvol OVTOG— ATOTEAEL TO
15 % tov Pabpot podNuatog, otaednToTe TEQLOdOV)

7.1 Aopég Asdouévov (Data Structures):

Ze outi] TV doxnon Oa yonolpoooovpe pior dopn dedouévmv (structure)
mov Ba amotehet éva vOpPo s ovvoedepévng Aotag (linked list). Kébe
nopPog (dopr dedopévarv) pog Ba amoteleitar amd dVo AéEelg Ttwv 32 bits
noBepio (apol o RARS mpooopolwvel tov 32-pmmto RISC-V, oe avtiBeon pe
0 (AyyMrO) BPpiio mov WAl yid tov 64-pmito): évav axéoaro data ov Oo
meQLEYEL TV "mAnpodopia xeNotn", %L Evav deintn ovvoeong (pointer) nxtPtr
mov o megueExer TN devBuvomn tou emoOpevou rOuPov ot AMota (oTtov
tehevtaio nOuPo g Alotag, nxtPtr==0). Ta 000 otowyeta (AEEELS) TG doung
uag Oa Polorovian oe dradoynég B€oels (AEeLS) T pviuns. Emouévog, xdbe
ooun (ropPoc) pag Ba éxel péyeBog 2x4=8 Bytes. AleOuvon wag doung eivor
N deBvvon Tov TEMTOV oToLYELOV TNG, ONAODY TOV OTOLKElOV e "UNOEVIRO
offset", mov Y& pog eivar to "data". Aga, To de1TEQO OTOLYXEID TG dOoUNS O,
o "nxtPtr", Poioxreton ot dieBvVvoT mov mpoxrttel TpooHETovTag 4x1=4 01N
oteBuvon g doung (ropPov).

7.2 Avvouxn Exyoenon Mviung:

To medypauud ocag Bo Tntder wow OBa moipver dopés (rOPPouvg) amd To
"eeParlov" (Aettovywd ovotnua) "duvouxd", Tnv Moo mov TEéyeL (o€
run-time). ['ld To oxomd avtd Ba yonouomoote To ®dheopa TeQUPAAAOVTOG
(environment call - ecall) Sbrk (Set Break). To xdAeopuo avtd "ompwyvel" mod
méQa (mQog avEovoeg dievBUvoelg pvnung) to onueio "Break", to 6oLo dnhadm
OV otd TO OMOi0 oL dLeVOVVOELS UVIIUNG TTOU YEVVA TO TQOYQOUUOL E(VOL
VOLUUES, €V HETA OO TO OO0 (®OL UEYXOL TNV 0QYN TS OToifag) ol
olevBivoelg elvar moQdvopeg xot evOeyOUeEVY] Q101 TOUG TQOXUAElL TO
yvootd oamd v C "segmentation violation - core dumped". To ndéleopa
neQdAhovtog "Sbrk" €xer nwdwmd 9, nou TEQLYQAPETOL OTNV %OQTEAQ
Help—RISCV—Syscalls Tou RARS, »ou Aettovoyel »at avoroyio pe to GAla
nohéopata  meQUPdAhovIog  (EXTUTIWONG  ®OL  AVAYVOONS) OV
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YONOLUOTOLNOATE O TEONYyoUueveg aoxnoels: Ilowv to xaléoete, falte TOV
©wOwo ™S "vmnoeotag", 9, otov xataywoenth a7 (x17), now Pdite otov
Yvwotd rotoymenti ad (x10) to 6glopa Tov ®OAECUOTOG, TTOV €00 €lval TO
m\Bog twv véwv bytes mou emBupeite (axépouog aQlOuog). Metd v
EMOTQOPT] TOV, O YVWOTOS ROTAYXWENTNG €mOoTEeEPOUeVNS Tuns, a0 (x10)
neQLEyeL T OLevBuvon Tov véou block pvijung, Tov TnBévrog peyéboug, mov
to olvotnuo Olver oto mEOyQauud cog (évav pointer). H emotoedpopevy
oeBuvorn pviung eivar mavta duddon Tou undevog (extodg —mbavotTato—
otav yeutoer OM 1 pvnum, oAlG dev yoeldletor eoeic edm va eAéyyete RATL
TETOL0), naL elval TavTa evBvyQauOoUEVN og OgLa AéEemV (TOANATAGOLO TOV
4) (Tovldyloto ot dunt) pog meQimTwon, mwov Cntdpe mdvta blocks peyéBoug
TOALATTAGOLOV TOV 4, 0ALG —ToTEVW— ®aL 08 1A TEQTTTMON).

Aoxznon
7.3 Koataoxevn zol Zagmon Zvvoedenévic Alotog

Todnpte now TeéEte 0TtOov RARS, 08 Assembly tov RISC-V, éva mooyQouuo wov
mowta Bo vataorevalel xow Ba yepiler pe Oetinois oanéoaovg alOpovg pia
ovvoedepuévn Aota  (linked list), »ow ot ouvvéxewa Oa TV CAQMVEL
emavoinTTrd, Tumovovtoag xdle Goed éva OLopoeeTInd VTOOUVOAD TWV
oTolElwV TG —ouyrexQuUéva: Ooa otolyelon ™G elvor peyahitego amod
dobetoa Typn. To medyoapuud oag Ba roatdel otov rataywenty sO (x8) Tov
pointer otV 0y (0ToV MEMTO %ROUPO) TS Motag, xor Ba amoteheltor oo
Ovo roppdtia, §7.4 nar §7.5 —PA. ApEOWS TAQARAT®. TN OUVEXELX, Paotnd
HOUUATIO TOV TQOYQAUUOTOS oag Oa ta ndvete duadiraoies (procedures),
Omwg meQLyeadeL 1 §7.6. Megurég amd tig dwadnaotes Ba eivon vregPolnd
uxrés, aAlG avtd yivetor yid AOyovg €EGoxrnong, ovTtwg wote to Pdbog
noheopdtov vo ¢tdvel 2 emimedo ®dTw omd TV main. (Enueimon yud tnv
emotQoPt] amd Otadwracio: TNV YPevdOoeVIOA jr, mov YA €mMOTQOPT] Ao
owadwaota ravovird elvalr "jr ra", o RARS dev v déyetor €tot, ahlG
artoutel va epdavitetar »ar to Immediate Offset, omote mEémer va Tnv dlvete
wg: "jr ra, 0").

74 Karaoxevi) g Aiotag

Xonowgomowote tov xoraywentiy sl (x9) ocav pointer otnv ovpd (oTOV
televtaio »OpPo) g Alotag. I'id dtevrdAvvon Tov PEOYOV HATAOKEVTS TNG
Motog (emeldn M eloaymyn oe xevi) Mota dlapépel amd TV eLloaywyn Oe Uy
®nevi] Mota), ayuomoote T Alota va megiéyel éva adidpogo ("dummy")
nopPo: éva nopPo pe data=0. H agyuomoinon vyivetow Tntovrag xai
naigvovtag éva ropPfo amd Tto meQdAhov  (Aettovgywrd olvotnua),
voddpovrtog data=0 xan nxtPtr=0 (televtaiog ®OUPog) oe QUTOV, ROl RAVOVTOG
tovug sO o sl va delyvouv og avtdv tov »OuPo (va megéyouv T devBuvon)
tov). Metd, ureite 0to PEOYX0 AVAYVMWONS OTOLXELDV %Ol RATOOXREVNS TNG
Motog. e #d0e avorirhwon avtov Tov Pedyov:
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1. Awfdalovpe évav axrégouo aoBud amd TV *OvoOLa.

2. EGv o apBuodg avtdg eivor apvntirdg 1 undév, Pyaivovue amd to
Bodyo, aAMmg:

. Znrapue évav véo noufo amd to megpdhhov (Sbrk - memory allocation).

. TomoBetotue Tov 0plOud mov dwaPdoape oto medio "data" tov nouPov.

. 2uvdéoupue To vEo ®OUPo oty ovd TNng AMoTac.

N B~ W

7.5 Xdowon s Aiotag

To de0TeQO PéQOC TOV TROYEAUMATOS Oa dLofdlel Evav un avnTvd aoldud,
now 0o TVTTVEL, UE T OELRA ATtO TNV QYN UEXOL TO TEAOG, OO OTOLXEID TNG
Motog eivor peyaritega omd outov Tov oQlopd. (Apov o agBuodg eivor =0,
%O TUTTWVOUUE TO. OTOLYELOL TTOV E(VOL PEYOADTEQO OO AVTOV, TIRORVITTEL OTL O
nopPog "dummy", mou €yer data=0, dev Ba TVTIOVETOL TTOTE: TAQATNENOTE OTL
otav dideTal to 0 wg aEBUOS oVY®RELONG, B0 TVTTMVOVTOL O TOL OTOLYELD TNG
Motag (mov elvar mévrto Oha  Oetind), extog touv "dummy"). Mmnv
YOMNOLUOTOLOTE TOV pointer otov tehevtaio xOuPo tng Alotag (ammd Tnv
mohond T Tou xatoywenti) sl (x9)) yud va Poiorete mov telewmdvel 1 AMoto —
xONOoLoToote Tov nxtPtr ®xaBe xopuPouv Y& vo Eépete av vmdoyel N OxL
emopevog xopPog ot Alota. To péog autd Tou TEOYQAUUATOS RAVEL TO
egnNe:

1. AwofdCel évav axégao agiud amd TV *OVOOAD Rl TOV GUAAEL OTOV
rotoywont sl (x9). E4v o aBuog oauvtodg elvor oQvnimdg, To
TOYQO UL TEQUOTICEL péow NG xwAong megdihovtog (ecall) "Exit"
7oL €xel xmwdrd 10 (dnhadn) Palete Tov aBud 10 otov noTayweNTi) a7
Ly To ecall).

2. Agywomotel Tov ratoywenti s2 (x18) oav deintn (pointer) 0dQwong, vo
delyveL oTov EMTO ROPPOo TS AoTag (Tov Eégoupe amd Tov sO (x8)).

3. Mmnaivel o' éva fooyo, oe »dbe owoww%}\mon TOV OTOloV:

i. eléyyeL av ta "data" Tov xOpfou Omov Oelyver o s2 (x18) elvar 1) OxL
peyaritego amd tov sl (x9),
ii. avelval peyohltega To TVTMVEL,
iii. eAéyyeL av vdyeL 1) oL emOUEVOS rOUPOC ot AMoTa,
iv. av dev vagyet fyatver amd To feodyyo,
V. OV VIdyEL, RO mWEEL Tov s2 (x18) va deiEelL og auTOV TOV ETOUEVO
©OUPO %o MOTEEDEL 0TV aEYT] TOU PROYOV.

4. Metd v €Eodo tov Pdyov, emotpédel (mAvta) oty aQylf] TOv
deTEQOV PEQOVS TOU TROYQAUUATOS, VL& Vo TNTNOEL (Ud VEQ TLUT RaL
Vo EQVOTUTIMOEL TA PEYAAUTEQO OTTO QUTH|V OTOLXEla (EGV 1) TLu Ogv
elval avnTxy).
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7.6 Xonon Awdwmaoiomv

e Metateéyte to Prjpa 7.4(1) o€ L VITOQOVTIVOL read_int () 1) OTO(O eV
molevel rapio ToQdueTEo (0QLoua) €000V, dPdlel évav axéoalo
aoLOuo, not emoteédel Tov aQLOud mov dtdfaoe.

o Metatpéyte to Pua 7.4(3) o€ O VITOQOVUTIVA node_alloc() 1 OO
dev TolQVEL RAWOL TOQANETQO €000V, TnTdel amd To mEQPRAALOV Va.
deopevoel éva »ouPo yua TN Aota, nou emoteédel TN delOvvon Tng
UViuNG mou  €xer OeouevBel, MOTE TO TOOYQOUUO JTOU XOAEL TN
node_alloc() va elodyelr tov xOpfo ot Aiota.

e AMAGETE TO TEOYQOUUD TOU 7.4 (OTE VO YONOLUWOTOLEL TS QOVTIVES
read_int() xow node_alloc(). 2t %0101 ®OTAYWENTOV ATO TS OLALOLROGTES
ov yodpete —edw amd Tig read_int() o node_alloc()— Omwg xow artd To
TOOYQOUU O0C TOV TS xalel, meémer vo tnenoete Tig ovpPdoelg
¥ONOoNG ®aTaxMTNTOV (v ®at, edwmd ol read_int() xouw node_alloc() etvon
OQUETA OTAES 1oL OEV elvaL ATTOQA{TNTO VA £X0VV TOTUXES LETAPANTES).

o odte (o VITOEOVTIVA print_node() OV RAVEL O,TL TEQLYQAPOVV TO
Phnata 7.5(31) »an 7.5(3ii). H vrogovtiva Oa maigvel wg etloddoug (ar) ™)
oeBvvon evog xopPov, xar (B) TOV OxréEQOLO TROS TOV OOl
ovyxpivovpe, nou 0ev Ba emoteédel TimoTe.

o lodte MO VTOQOVTIVOL search_list() 7OV VAOTOLEL OAO TO Prjuoa
7.5(3). H govtiva Ba maipver wg medtn €toodo ™ devBvvon tov
TOMTOV ®OUPov Tig AMotag (delntng odewong) xor wg devTeQT €l0000
TNV TN Yo TNV oToiol Rémel va. PaEeL. 2t ovvéyela o vhomolel ta
Prnata (i,ii,iii,iv,v), xoAdvtog Tn ovvaeTnon print_node() yio to frjpoto
(i,i). Omwg elmope, moémer vo tneeite Tg ovuPdoeg  yxoNong
ROTOYOTNTOV: ®AOE VITOQOVTIVOL TTOV YEELALETL ATTOONHEVON HATOLOV
raTOYWENTN 1)/7aL TG devBuvong emotodr|g, Oa mEémeL va To rdvel
011 oToifa, pe Tov 1o oV 0QICovv oL oupPdoels.

o AMAGETE TO TROYQOUUO 0O TOV HEQOVS 7.5 woTe v xalel Tig read_int()
rnow search_list(), 6mov 1 tehevtaia Bo rahet Ty print_node(). Kow mdht
TQETEL VO YONOLUOTTOLNOETE TIG OUUPACELS XONONG TWV RATAYWONTDV
HeToEL ralooag xot rahopevng dwadwmaoctias. Emiong n xdabe gpovtiva
mov yeeldletar ™ otoifo Oo moémeL Vo TO ®AVEL PE TOV TEOTO TTOU
ootCouv oL ovppdoerg.

o Tehnd, T0 ouvolrd mEOYQOUUO O0G OO TTRETEL VAL €XEL WO main () JTOV
amoteheitan amo 0o péen. To modto péog g Ba viomolel To 7.4 pe
yonon twv node_alloc() xou read_int(), evd To 0eVTEQO Bl VAOTTOLEL TO 7.5
ue xoton twv read_int(), search_list(), »aw print_node().

Toomog MMagddoons: [Tapadmote Nhextgovird Tov ¥MOrd oag, "ex07.asm",
%L €VOL OTLYOTUTIO TNG EXTEAEDTS TOV 0TOoV RARS, "ex07.jpg". [Tagadmote
TO OQVTA ].lé(i(x): turnin ex07@hy225 [directoryName]

Oo eEetaoteite »or mPOYoEd Yo TV Aoxnon 7, pe dodraocio yid v
omota Ba evnuepwOeite péom NAta (email) otn AMota Tov paduaToc.
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