Exercise 7: Linked List & Procedures (U.Crete, CS-225) 17-02-28, 22:16
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7.1 Aouég Asdonévorv (Data Structures):

Ze avuth v doxnon Bo yonoipomorfjoovpue pta doun Oedopévmv (structure) mouv Oa
amotelel éva ropPo g ovvdedepévng Aotag (linked list). Kdbe »opPog (doun
dedopévarv) pog Ba amoteleitor amd dVo AéEelg (twv 32 bits nabepia): évav anéoano
"data" mov Oa meguéyer TV "mAnpodoopta xofotn", xu évav delntn olvdeong (pointer)
"nxtPtr" mou Ba megiéyeL T OeBvvan Tov emduevou roéuPov ot Alota (otov TElevTOlo
nOouPo g Aotag, nxtPtr=0). Ta 0o otouyeta (AéEewg) g doung pog Oa Poloroviar oe
dwadoyréc Béoelg (MEEelg) tng uviuns. Emouévog, ndbe douny (no6pPog) pog Oa €xel
uéye0og 2x4=8 bytes. Ale0Ovvon wag dopng eivor 1 dtedBVvVoN TOV TEMTOV CTOLYKEIOV TNG,
dMAadT Tov otouyeiov pe "undevirod offset”, mov yid pog eivon To "data". Aga., To deTEQO
otorgeio g dopng pag, o "nxtPtr", Poloxetar oty OevBuvon moOv TQONVITTEL
mpoobétovtag 4x1=4 otn dievBuvon g doung (xouPov).

7.2 Avvapri) Exyoonon Mvijung (Dynamic Memory Allocation):

To mpdyoappd oag o Tntder xow Ba maipver dopég (wOPPOVS) amd TO AerToVEYIRO
ovotnua "duvouxrd", TNV ®eo mov TEéxel (oe run-time). [ TOo oxomd autd Oa
¥ ONOLUOTIOLOTE TO ®AAEGHO CLVOTIUATOS (system call) "sbrk" (set break). To ndleopa avtd
"ompdyvel" mo mEea (oS avEovoeg devBivoels puvipng) to onueto "break", To 6QLO
ONAad1) oLy amtd To 07olo oL dLevBVVOELS UVTUNG TTOV YEVVA TO TIROYQOUUAL EIVOL VOLULUES,
EVM PETA atd TO 0Toio (RO UEYQL TNV 0T TNG oToifag) oL dievBivoels elval oA vVouES
noL TVYOV XONOoN TOoug mEoxaAel to yvwotd amd v C "segmentation violation - core
dumped". To ndheoua cvotiuatog "sbrk" éyxel ®mOwmo 9, o meQLypddetar otig oelideg
Ad44 - A45 tov mogagTiuatos A tov Pifiiov, amd mohadteen Apeguravirt éxdoon,
0V VIARYEL OTO 0QYel0 ~hy225/spim/documentation/HP_AppA.pdf xalL AertovQyel
not ovaloyio pe Ta Ahha xoAéouata CUOTNUATOS (EXTUIMONG %Al OVAYVMOONG) OV
¥ONOLULOTIOLNOOTE 08 O YOUueveS aoxnoels. [1ouv 1o nohéoete, OETETE TOV ROTOYWONTH)
$a0 ($4) va megiéyel To mABog Twv véwv bytes mov embupeite (Evag aBuode). Metd tnv
EMOTQOMT TOV, 0 ®ataywentig $v0 ($2) mepiéxel tn dievOvvon Tov véou block pviung,
Tou TntnmBévrog peyébovug, mov To cloTnuo divel 0to MEOYEAUUd cog (Evav pointer). H
emotoepoOuevn dedBuvon pvhung eivow mhvta dudpoen Tou undevog (emwtdg -
ubavotata-- Otav yepioer OAn 1 pviun, aAld 0ev yoeldleton eoeig edm va eEAEYYETE HATL
T€T010), ®oL &lvon mavto evBvygopuopévy oe Oguo AéEewv (mohhamhdolo Ttou 4)
(ToOvAdyLoTO OTY dIrt| HOG TTEQLITTMON, TToV Tntdue mavta blocks peyébovg molamhdoiov
oL 4, ald --motedw-- na o€ G0 meQimTmwon).
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Aoxon 7.3: Koaraoxevi] xow Xdomon Tvvdedeuéving Aiotog

Todyte »au téEte otov SPIM, o¢ Assembly tov MIPS, éva modyoappo mov meata 0o
nataorevdler nol Oa yepiler pe Betivois anéoaovg aolOpote pio ouvdedepévrn Aiota
(linked list), xow ot ouvEYELD OO TNV CAQMVEL ETOVAANTTTILA, TUTIDVOVTOCS RAOE pood éva
OLAPOQETIRG VTTOOUVOLO TV OTOLYElWV TNG --CUYKEXQLUEVA: OO OTOLXElD TNG elval
uroteQa amd dobeico tur. To mpdygapud cag Oa xpatder otov rataywoenti $sO
(Onhad”) tov $16) tov pointer otnv agyn (otov mEdto ROUPo) g Atotag, xar Ba
omoteleitan o6 OVo woppdtia, 74 nor 7.5. Ztn OUVEXEWR, POOd ROUATIO. TOU
mpoyQdupatds oag Bo to xdvete dwadwaoies (procedures), OTwg meEQLYQAdpeL M §7.6
(neowég amd g dradiraoies Oa elvar vegPolnrd wréc, arld avtd yiveton yid Mdyoug
eEdonnong, o0Twg Mote to PAbog noheoudtwy vo Gtdvel 2 enimeda ®4Tm amtd TV main).

7.4: Kataoxevi] g Aiotag. Xonotpomowote Tov nataywenti $s1 ($17) oav pointer otnv
ovpd (otov televtalo ®xouPo) tng Alotag. I'd dievrndAvvor Tov BEOYOV RATACGHEVTS TNG
Motag (emeldn M eLoaywy” oe xevi] Mota dladEpel amd TV eloaymyn oe un xevi AMota),
oQywomoote T Aota va megiéyel éva adiddogo ("dummy") xopufPo: éva wOUPo pe
data=0. H apyromoinon yivetor Tntovrag xou maipvoviag éva xvOuPo amd to Aeltoveyo
ovotnua, yoddovtag data=0 xnow nxtPtr=0 (televtaiog xOUPOC) 08 aUTOV, KL RAVOVTOS
Toug $s0 »aw $s1 va delyvouv oe avtdv tov nopPo (va megiéxovv T OetBuvaoi) tov).
Metd, pmeite oto PEoOyo avAayvwong oTtouxelmv %ol ®oTooxeuns g Alotag. Ze ndOe
ovarirhwon autol Tov Bedyou:

1. AwPdaCoupe évav aréalo 0QBud amd TV ®ovoOha.

2. Eav 0 00Bpdg avtdc eivar ogvntirds ) undév, fyaivoupe amd to fodyo.
3. Zntdpe évov véo xoufo atd to Aettouywmd ovotnuo (memory allocation).
4. TomoBetotue TOV 0RLOUO IOV dofdoapue oto medio "data" Tov xOUPov.

5. Zuvdéovpe To véo ®OUPo oty ovEd TS Motag.

7.5: Laowon g Aiotog. To devtego péQog tou mooypdupatog o dafdatel évov un
0QVNTRO 0QOUO, ®at Ba TUTTMVEL, UE TN OELRA OTTd TNV 0QY1 UEYQL TO TEAOS, OOA OTOLYEIN
™G Motog elvol piroteQo oo autov Tov apliud. Mnv xo1MoLULOTOL0TE TOV pointer GTOV
tehevtalo nOpPfo g Motag (amd v mod T tov xotoyxwenty $si ($17)) yd va
Potoxete mov tehewmdveL N AMota --yenolpomotote tov nxtPtr xa0e nopPfov yid va Eépete
ov vIaEyeL 1 OyL emdpevog xopPog ot AMota. To péog autd Tov TEOYQAUUATOS HAVEL
To. eENG:

1. Awofdter évav axégowo 0aQOud omd TNV ®OvoOho naL TOV (UAAEL GTOV
rataywenti $s1 ($17). EGv o agBpds avtdg elvor 0ovntindg, To TQOYQAUU
tepuatiCel (Pyaivovue 0smd thv main()).

2. Agywomolel Tov xataywenth $s2 ($18) cav deixtn (pointer) cGQWONG, Vo delyveL
0TOoV TPWTO ®OUPO TS AoTtag (tov Eégouvpe amd tov $s0 ($16)).

3. Mmaiver o' éva fodyo, o vdbe avorixhmon Tov omoiov:

i. ehéyyer av to "data" tov nOpPou Omov Oeiyver o $s2 ($18) elvan 1) Oy
uroteQa amtd tov $s1 ($17),
il. av elval uredTeEQM TO TUTIMVEL,
iii. eléyyer av vdyel 1) OxL emdpevog nOpPog ot Aiota,
iv. av 0ev vmdyeL Byaiver amd to feoyyo,
V. OV UTIAQYEL, TIROYwQEEL ToV $52 ($18) va delEeL o avTdV TOV EMOUEVO HOUPO
%O ETMOTQEPEL OTNV Q1] TOU PROYOV.

4. Metd v €000 ToU POV, EMOTEEDEL (TTAVTA) OTNY aEYT) TOV dEVTEQOV PEQOUS
TOU TQOYQAUUATOS, YO va Tnthoer pd véa Tuud] %ol vo E0VATUTIMOEL T
WxrEOTEQO OO CLUTHV oToLeia (€dv 1 TLur Oev elvol aQvnTLx).
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7.6: X1]01] vVTOQOVTIVDV.

o Metotpéyte to PHua 7.4(1) oe o vrogovtiva "read_int()" 1 omoia dev maigvel
nopio Tadueteo elwddov, dtofdter évav anéoalo aolOud, nou emMOTREDEL TOV
0oBud mov dLdfaoe.

e Metatpéyte to Pripa 7.4(3) oe o vwogoutiva "node_alloc()" 1 omoio dev maipvel
®napio TOQAUETEO €L0Od0V, TNTdel amd to oot va deopeoel Eva vOpPo yo
™ Mota, xou emoteédel T devBuvon g puviung mov €xer deopevBel, dote To
mpodyQappa wov xohel T node_alloc() va elodryel tov xopfo ot Aiota.

o AM\GETE TO MEOYQOUUA TOV 7.4 (DOTE VA XONOLUOTOLEL TLg QouTiveg read_int() nou
node_alloc(). Ztn 010N ®ATOXWENTOV OO TLG dLadmaoieg mov yodpete --edm
and T read_int() xou node_alloc()-- Omwg %o atd TO TEOYQOUUO. 0OC TOU TLG
nOAE(, TTRETEL VO TNET|OETE TIG CUUPACELS XOTONS RATAYMTNTOV (AV %OL, EOWA OL
read_int() xow node_alloc() eival aoxetd amhéc xol dev elvol amaQalitnto va €xovv
tomxég PETOPANTES oV var artoOnuretovtol 0T oToifar).

e [odyte o vmogovutiva print_node() mov xnAver 0,11 mEQLYRAdOVY Ta PhuoTa
7.5(31) wow 7.5(3ii). H vmogovtiva Ba maipver wg eto6doug (o) t) devBuvon evog
nOpPov, xot (f) TOV anéQalo OGS TOV OTOL0 OUVYXQEIVOUE, ®aL OV Ba emoToépeL
Timore.

o [odyte o vrogovtiva search_list() wov viomolel 6o to Pripa 7.5(3). H goutiva
Oa maigvel wg mpdTh €icodo TN dievBV VO™ Tov TEMTOV ROPPoU TIg AoTag (deirTng
0AQOoNG) ®aL oav deteen €l00d0 TNV TN YLo TNV OO0 TTRETEL va, PAEeL. 2t
ouvéyela Ba viomotel Ta Priparta (i,ii,iii,iv,v) ®aidvrog T cuvdotnon print_node()
vy ta PAuato (i,ii). Onwg elmape, moémer va tnoelte g cuuPaoels xehong
noToyOTNTOY:  ®dbe  vmogoutiva mou  ypewdletor  amobfrevon  xAmolov
notoywenti H/xor g dehBvvong emotoodilg, Oa meémer va €xelL To dwmd g
stack frame.

e AMGETE TO MEOYQOUUA 0OS TOV UEQOVS 7.5 ote va nahel Tig read_int() now
search_list(), 6mov m tehevtaion Oo xnokel v print_node(). Kou méh moémer va
YONOLUOTOLNOETE TLG OVUPACELS XOT|ONG TWV RATAXWONTOV UETAED TOV QOVTIVOV
%O TOV TTEOYQAppotos mov Tig xoahel. Emiong n »dbe govtiva mov 1o yoedleton
Oa moémeL va €xeL To dund g stack frame.

o Tehxd to ouvohxd mEdyQappa oag Bo mpémel va £xel o main() OV ATTOTEAE(TOL
amo dvo pégn. To mpdto pégog tg Ba vhomotel to 7.4 ue yonorn g node_alloc()
»ou read_int(), evd 1o Oeltego Ba vhomoiel Tto 7.5 pe yovnon twv read_int(),
search_list(), »ou print_node(). Ko stdh, zoi 1) main() meémel va thel tig ovufdoelg
¥X0NoNg %OTAXWENTOV %®aL TOv stack frame Tng (koL vo WroQel ®oL avti] vo
emoteéder oe Omoov TV rdheoe (o€ exelves Tig "mopdEeves" 9 eviohéc tou
trap_handler.s tov Aéyae ®AmOTE...)).

Toomogs_Ilopadoons: [Tagadmote nhentgovind tov n®dOmd oag, "ex07.s", xul £va
oTLYILOTUTIO NG €XTéAEDT)G TOv 0Tov SPIM, "ex07.jpg". [Tagadmote ta ovtd péow:
turnin ex07@hy225 [directoryName]

Oa eEetaoteite now mEOPoQWd Yoo TV Aoxnon 7, amd fondd tov pabhuatog, pe
dradraoia yid v omoio Oa evnuepowbeite péow NAta (email) oty Aota tov podfuatog.
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