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7.1 Aopég Aedopévov (Data Structures):

e ovth] v Goxnon Bo yonowomotjooupe pioe dour) dedopévmv (structure) mov Oo osmotelel éva xOPPo  wag
ovvdedepévng Motag (linked list). KaOe wopfog (douf) dedouévarv) pog 0o amoteleiton amd d0o AéEels (twv 32 bits
noBepia): Evav axnéoano "data" ov Oo eQLéyel TV "mAnoodogia xenotn", xt évav deixtn ovdeong (pointer) "nxtPtr" wov
0a megLéyel T OLle 0V Vo Tov emtduevoy xOpuPou ot Mota (otov tehevtaio xOuPo g Atotog, nxtPtr=0). Ta d00 otovyeia
(MEEeLg) Tng dopung pag Oa Potorovtar oe dtadoyirég B€oels (MéEels) tng uvhung. Emopévag, ®d0e dour (roépupog) pag a
€xeL néyebog 2x4=8 bytes. AleBuvon dg dopng eivar n dtelBuvon Tov TEMOTOUV oToLKElOV TNG, ONAAdN TOV OoTOLKElOV pE
"undevixo offset”, mwov yud pog eivor to "data". Aga, to delTeQo oToLKElo TG doug pag, o "nxtPr", Poloxeton ot
dteBvvor mou mponvmtel mpoobétovtag 4x1=4 ot dievBUvoN ™ doung (rOPPov).

7.2 Avvapuxi) Exyoonon Mvijung (Dynamic Memory Allocation):

To mpdyoapud oag Ba Tntdel now o moigver doués (vOUPfovug) amd To Aettoueywd cloTnue "duvoaunrd", v O oV
TEéxeL (o€ run-time). ['ld T0 oxomO awTd OO YENOLULOTTOLNOTE TO RAAECUA CUOTHROTOS (system call) "sbrk" (set break). To
ndheopo ovTd "omedyveL" o mEQa (TRog avEovoeg devBivoeLg Pviumg) To onpeio "break", To 6010 dNhadi) oLy amd To
omoto ot dLevBUVoELS UV UNG TTOU YEVVE TO TTROYQOLUA (VoL VOLLUES, EVE UETA OITO TO OTO(0 (RO PEYXOL TNV 0O TNG
otoifag) ol dievBivoelg elvor ToQAvVOuES naL TUXOV XQTON TOVG TROXRAAEL TO Yvwotd and v C "segmentation violation -
core dumped". To ndheopo ovotiuatog "sbrk" €xer xwOwmd 9, nor meQrygddetar ot oehideg A44 - A45 tovu
moQaQTNHatos A tov  Pipiiov, amd mohadteQn,  Apeguravixy  éxdoon, OV UTAQYEL OTO  aYElo
~hy225/spim/documentation/HP_AppA.pdf xoL Aettovpyel xot avoloylo pe ta GAAA ®OAEOPOTO GUOTHUOTOS
(eExTOTTOONG ®OL OVAYVIONG) TOU YONOLLOTOLooTe O TponyoUpeves aoxioels. Ilowv 1o naléoete, Oétete tov
notoywenti] $a0 ($4) va megiéyel To mhBog Twv véwv bytes ov embupeite (Evag aplOuds). Metd tnv emotoodm) Tov, o
notaywentig $v0 ($2) megiéyel ™ devBuvon tov véou block pviung, Touv Tntndévrog peyéboug, mov To ovoTnua Olvel
0t0 EOYEauud oag (évav pointer). H emotoedpouevn dievBuvon pviung eivan mdvto diddoorn tov pundevog (extodg --
mmbavotata-- étov yewloer OAN M pviun, alld dev yoeldleton eoeic edd vo eléyyete rdATL TETOLO), ®OL €lvaL TTAVTIA
evOuyQoopéVY og 6L AEEEV (TOMATTAGGLO TOU 4) (TOVAGYLoTO 0T OLXT) pag TeQimTmon, tov Tntdue mdvta blocks
peyé0oug molamhdolov Tov 4, aAAG --moTtelm-- ol o ®dbe megimtwon).

Acoxnon 7.3: Karaoxevi xor Tdaomon Tvvdedeuévig Aiotog

T'odyte now toéEte otov SPIM, 0 Assembly tou MIPS, éva modyoapuuo mov memto Ba xataoxevdlel »al 0o yepiter pe
Betinolg axégaovg aBpovs wio ouvdedepévn Mota (linked list), xaw ot CUVEXELQ OOl TV CAQMVEL ETOVUANTTTIRA,
TVTIOVOVTOS ®A0e poed éva dLapoQeTHd VTOOUVOAO TWV OTOWEIMV TNG --OUYXREXQLUEVA: OGO OTOLElDL TG €lval
peyoAvtepa amd dobeica Tuuf. To medyoauud oag 0o npatdel otov ®atayweNTh $s0 (dnradi) Tov $16) Tov pointer oThv
00yM (oToV EWTO ROUPO) TS AioTag, ot o aroteleitor amd S0 RouudTioL:

7.3(a): Kataoxevn g Aiotog. Xonowwomoote tov wotaywenti $s1 ($17) cav pointer otnv oved (0Tov TElevtaio
©OuPo) g AMotag. id dievrdAuvor Tov PEOYOV RATAOKREVTS TNG AlOTOS (EMELDT 1] ELOOYWYT] OF ®EVT] AMoTa dLodEépel oo
™V eloaywyf o€ pn xevi Mota), agywmomotote T AMota vo megléyel éva adidipogo ("dummy") xoufo: éva nopfo pe
data=0 (oot 6loL ou répPor Ba meQLExouv BeTivolg aQBpovg, nal apol o Tuvamvouue HOvVo TG TS Tov Oa eival
peyoAvtepes amd d00évta pn agvnTvd aQbud, o xopPog avtdc moté dev Oa TummveTal, %t £€Ttol Ba elvol oav vo pnv
vrdoyer). H apywomoinon yivetan Tntdvtag nou maigvoviag éva xOupo amd to Aettoveywd ovothua, yoddovrog data=0
nouw nxtPtr=0 (tehevtaiog ®OuPog) oe avtdv, now navoviag tovg $s0 xar $s1 va delyvovv oe avtdv tov »no6pPo (va
negéyovv T dedbuvon tov). Metd, umeite oto PEOY0 AVAYVMONS OTOLKEIMY ROl RATOOREVNS NG Alotag. e ndbe
ovarrAWoT auTol Tou Pedyov:
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7.3(b):

Avopatovpe évav anéoono agliud amd Ty ovedia.

Edv o aoBpog autog elvar pndév, Pyaivovue amd to fodyo.

Znrdpe ¢vav véo xoufo amd To Aettovyrd ootnpo (memory allocation).
TomoOetope Tov alBpd mov drafdoape oto medio "data” Tov xOPPov.
Zuvdéoupe To vEo nOpUPo otV ovEd NG AloToc.

Tagwon s Aiotag. To devtego pépog tou mooyedupatog Ba drofdler évav pn agvntnd agiud, xor Ba

TUTIMDVEL, L€ T1) O€LRE OO TNV aEyT” UEXQL TO TENOG, O0a aTtolyeia TG AloTtag eival HEYUADTEQX OTTO AVTOV TOV OQLOUO.
Mnv xonoLuomoL|ote Tov pointer 0tov Televtaio ®Oufo g Aotag (amtd v mald T Tov xoatoymenth $s1 ($17)) yid
va Polonete mOU TELELMVEL 1] AlOTA -~ Q1 OLUOTON0TE TOV nxtPtr ®dBe xOpPfou yid va EEQete av vITaQYEL 1] OYL ETOUEVOG
nopPog ot AMota. To péeos autd Tov TEOYQAUUATOS ®AVEL Ta EENG:

7.3(c):

Awaféler évav arégalo aglipd ammd Ty ®ovooha xal Tov Gpuidelr atov rataywenth $sl ($17) (vmotiBetan OTL
auTog elval pun aevnTros aliuds, adld dev yoeldleTal E0Eig Vo TO EAEYYETE).
Agywomotel Tov xatoymenth $s2 ($18) oav detntn (pointer) odowong, va delyvel otov mMTO ROPPO TNg AMotag
(tov Eégovpe 0o tov $s0 ($16)).
Mraivel 0' éva f0y0, o ®a0e avorinAwon Tov omoiov:
i. eléyyeL av ta "data" Tov ®opPouv dmov delyver 0 $s2 ($18) eivan N Oyt peyoritega amd tov $s1 ($17),

ii. av etval peyohiteQa To TVTIMVEL,

iii. eléyyer av vayeL N Oy emdpevog rOPPog ot Aiota,

iv. av 0ev vmagyet Pyaiver oo to fedyyo,

V. av VTTaQyEL, ooy meel Tov $s2 ($18) va delel oe avtdV TOV EMOUEVO ROUPO ROl ETMOTREDEL GTNV QYT TOV

Podyov.

Metd v €E0do tov Pdyov, emoteédel (Tavta) oty ayr Tov 0e0TEQOV HEQOUS TOV TROYQAUUATOS, Yid Vo
Cntnoet [wad véa T xow vo EovotummoeL to peyoliTeQa omd auTi) OToL el

X101 VTOQOVTIVOV.

Metateéyte to Prpa 7.3(a)(1) oe o vmwogovutiva "read_int" 1 omoilo dev malpvel nopio TOQANETEO €L0OdOV,
duaPatel évav anégaro apliud, xou emotédel Tov oo mov didfaoe.

Metateéyte to Pripa 7.3(a)(3) oe wa vmogoutiva "node_alloc" 1 omota dev maipvel xoapulo TOQAUETQO €L0OOOV,
TNtéeL omd 1o oVOTNUO Vo deopEVOEL Eva ®OUPo Yo T AloTa, ®at emoteédel T dlevOVVOT TG PVAUNG TToV €XEL
deopevBel, dote To mpdyoaupa wov xahel ™) node_alloc va elodyel Tov xOufo ot Aiota.

AMGETE TO mEdYQOupa Tov 7.3(a) Mote Vo yonowwomotel Tig Qoutiveg read_int xaw node_alloc. Ztn yofon
ROTAYWENTOV 00 TIG read_int xow node_alloc, OTwG %ol TO TQOYQOUUC OGS TTOV TIG ROAEL TTQETEL VO TNQT|OETE TLG
ovppdoelg xonong rotaywtnt®v. Ou read_int »ow node_alloc elvar apuetd amhég xnau dev elvor amogaltnto vo
€xovv tomuxég LeTofANTES Tov va amrofnuevovrolr 0t otoifa, wotdco Ba mpémel va £xovv 1 xabe pio To drd TNg
stack frame, 7.y av X0€LOOTEL AITOONREVOT RATOLOV RATOYWENTT T)/x0L TNG OLleVBUVONG ETMOTEODTG.

Todyte o vrogovutiva print_node mov xdvel Ot megLyedpouv Ta Pripata 7.3(b)(3i) xow 7.3(b)(3ii). H vwogovtiva
Ba maipver wg eLlodd0vg (ar) T dLetBvvan evog xoufou, xat (B) Tov aréQOLo YOS TOV OO0 OUYXQIVOUNE, ®oL OEV
0o emotEédel TimoTE.

T'odnpte o vogovtiva search_list mov vhomotet 6Ao to Prpa 7.3(b)(3). H goutiva Ba maipvel wg ot (0000 T
dteBuvon tov mEmTov ®ROPPov TS AioTag (delntng odewong) xot cov deDTEEN (0000 TV TLUH YLOL THV OTTOlN
moémeL vo. Pagel. Xty ovvéyela 0o vhomotel to Ppata (i,ii,iii,iv,v) vohovtag ) ouvdetnon print_node yia tol
PHuoto (i,ii).

AMGETE T0 MEOYQO O 00 Tov pépoug 7.3(b) mote va rahetl TV search_list ( omoia O wadel Ty print_node).
Kot wéh moémel vo xNOLUOTOOETE TLG CUUPACELS YQTONG TWV ROATAYMONTOV HETOED TWV QOVUTIVOV ROl TOU
mpoyedppatog mov tig ®arel. Enlong m ®a0e govtiva o mpémel va €L to dind g stack frame.

Telnd To ovvolnd mEdyQaupo oog Bo mEEmeL va £xeL o main oV astoteleitor amo dvo péen: To mpdTto puéog
™ Ba vhomolel To 7.3(a) pe xnom tng node_alloc o read_int, evd to devteQo Oa vhomolel To 7.3(b) ue xonon Twv
read_int, search_list, ®ow print_node.

Toomog IMapddoons: I[Mapadmote NAenTQOVIXA TOV RDOKA O0G, "ex07 .s", %L Eva OTLYILOTUTIO TNG EXTEAEDTS TOV OTOV

SPIM,

"ex07.jpg". [logadmote To ovTd péow: submit ex07@hy225 [directoryName]

Oa eEetaoteite vow MYOPoExd Yo v Aoxnon 7, ard fonbois tov pabfuatog, pe dadwacio yid Ty omoia Oa
evnuepwOeite péow NAtd (email) otn Aota Tov podfuatog.

© copyright University of Crete, Greece. Last updated: 12 Mar. 2013 by M. Katevenis.

http://www.ics.forth.gr/~kateveni/225/13a/ex07_llist.html Page 2 of 2


http://www.ics.forth.gr/~kateveni/225/13a/copyright.html
http://www.ics.forth.gr/~kateveni/

