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HY-225: Opydvwon Ymoloyiotdhv Tuw. Ex. Yrohoyiotdv
AvoLEn 2020 © TMavemotiwo Koftng

Aoxnon 7:
IMooyooupo Xuvdedepévne Aiotos ®ot ALedraoLOv

IMooBeopia émg ITéumn 12 MagTtiov 2020, doa 23:59 (Bd. 6.2) (amd B. 4.3)

YrevOuon Awayoviopot ITgoddov: Zappato 14 Magrtiov 2020, doa 12-2
(O Babuds s eEétaong [Tpoddov —6moL0g ®aL oV eivar ovTdc— amotelet 1o 15 %
Tov Pafuol pabnuatog, otacdNmToTe TEQLOdOV)

7.1 Aonég Aedouévov (Data Structures):

e avti] Ty doxnnon Ba yonolpomorioovpe pio dour dedopuévmv (structure) wov Oa
amotelel éva nOpPo wag ovvdedepévng Alotag (linked list). Kabe noppPog (dopn
dedopévarv) pog Ba amoteleitor amd dvo AéEelg Twv 32 bits nabeuia (adpov o RARS
npocopolnvel Tov 32-pmmto RISC-V, o avtiBeon pe to (Ayyhnod) Bpiio mov uid
Y6 Tov 64-pmto): évav arégaro data mov Bo megLéyel Ty "mAngodopia xenotn", xu
évav delnty obvoeong (pointer) nxtPtr mou Oo megLéyel T devBuvon Tov eTdEVOU
nOopPov oty AMota (otov televtalo xopPo tng Aiotag, nxtPtr==0). Ta d0 otouyeia
(AEEe1g) g doung pog Oa Potoroviar oe diadoynés Béoels (AEEELS) ™S Uviung.
Emopévmg, ®a0e dopn (nopPog) pag Ba éxer uéyebog 2x4=8 Bytes. AievBuvon pdg
dopng etvar m devBuvon Touv TEMTOV GToLKEloV TN, dNAadY TOV OTOLKElOV e
"undevird offset", wov yid pag eivon to "data". Aga, To delteQo oTouyeio Tng doung
pag, o "nxtPtr", foloxetor oty detOvvan mov mpoxrvTteL TROoOETOVTag 4Xx1=4 Ot
devBvvon g dopfg (vOufov).

7.2 Avvoapuxi) Exyoonon Mvijung (Dynamic Memory Allocation):

To moéyoauud ocog Bo Cntaer wow Oa maigver dopés (mOpPovg) amd To
"eQiPdAlov" (Aettoveyrd olotnua) "duvauxd", TV meo Tov TEéYEL (O€ run-
time). '@ to oxomd ovtd Oa yonowwomojote 1o nAheouo TEQUPAMAOVTOG
(environment call - ecall) Sbrk (Set Break). To xdAieopo avtd "omgmyvel" mod méQa
(mpog avEovoeg dievBivoels pvijung) to onueio "Break", to 6oLo dnradn mowv amd
T0 0moto oL dtevBUVoeLg UViUnG oV Yevvd TO TEOYQOUUO ELVAL VOLULUES, EVA) UETH
oIt0 To oTo{o (oL UEYOL TNV aEyT TS 0TolPag) oL dievBUvoeLs elval TORAVOUES HOL
evdeyopevn xnNomn tovg mooxralrel To yvwotd amd thv C "segmentation violation -
core dumped". To xdAieopo meQpdirlovtog "Sbrk" éxel nwdnod 9, now meQLydpeTol
otV raptéha Help—RISCV—Syscalls touv RARS, nou Aettovgyel »at' avaroyio pe
To  Ghho  xohéopata  mEQPdANOVTOS  (EXTUmWONG  ®kOL  AVAYVOONG)  TTOU
YONOLUOTIOLNOOTE O€ TTRONYoUpEVES aoxnoels: T1gv to nahéoete, fahte TOV AN
™g "vmneeociag", 9, otov xataywent a7 (x17), wow Pdite otov YvwoTo
notoywenti] ad (x10) to 6QLopo Tov ®OAECUATOS, TTOV €0M elvan To TANOOS TwV
véwv bytes mov emBupeite (oxéoouog agBuodg). Metd v emotoodi] Tov, o
YVOOTOS RATAYWENTNS EMOTQEPOUEVNS TLuNS, a0 (x10) megiéyel tn OetOvvon tov
véov block pvAung, tov TninOévrog peyéboug, mov to olotnuo Oiver oto
mdyQaupd cog (évav pointer). H emotpoedouevn diehOuvon pviung eivan avta
Oudipoon tov pundevog (extdg —mbavotata— otav yepioer OAN M pvnun, alhd dev
yoeratetan eoeic edm va eréyyete vATL TETOLO), AL E(VAL TAVTO EVOVYQOUUULOUEVT
oe 0gLat MéEewv (moAAaTAdoL0 Tou 4) (TouAdyloto oty Ol Hag TEQITTMWON, OV
Cntaue mhvta blocks peyéBovg molhamhdolov Tov 4, ahhd —motebm— xal oe nébe
neglmTtmon).
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Aoxnon 7.3: Koraoxevi] xow Zaooon Tvvdedeuévng Aiotag

T'odyte now teéEte otov RARS, o0¢ Assembly tov RISC-V, éva mooyQOUUo OV
mowta 0o wotaorevdler wour Oa yewiCer pe Betirols axégalovg abuols o
ovvdedepuévny Aota (linked list), naw oty ovvéyelo o TNV CAQMVEL ETAVOAITTTILHA,
TVITOVOVTOS %G0e Hod éva OlodoEETIXO VTOCTUVOAO TV OTOLEIWY TG —
ovyrexQLuéva: 600 otoLyelo Tng elvon punpdtega omtd dobeioa tiuh). To mpdyoapud
oag Ba npatder otov notoywenti] s0 (x8) Tov pointer oty ayh (0TOV TEWTO
©OouPo) g AMotag, wou 0o amotereitor amd dvo ropudtia, 7.4 wol 7.5 (PA. apéomg
TOQOXATM). 2T CUVEYELD, PAOLrE ROUUATLO TOV TQOYQAUUOTOS o0g Ba To ndveTe
Oladiraotes (procedures), OWS meQLYQAdeL 1 §7.6 (Legwrés amd Tig diadiraoies Oa
elvan vegfolnd punéc, alhd autd yivetor yid Aoyous eEGonnong, o0Tmg MOTE TO
PéBog nareopdtov va dtdvel 2 emimedo ndtw amd TV main). (Enueimon yid v
emoTQodt amd dwadwaocto: TV PevdoevIoA] jr, mov Y& emoTQodt) amd
Oladiraota xavovirnd elvar "jr ra", o RARS dev tnv déyetau étol, alhd amaitel va
eupoviCeron naw to Immediate Offset, omote moémet va tnv divete wg: "jr ra, 0").

74 Kataoxevi] g Aiotos:

Xonotpomothote tov xotoywenti sl (x9) oav pointer oty oved (0ToVv TEAELTALO
%©OpPo) s Aotag. I'd dievrndiuvon Tov fEoOYoV raTAOREVNS TG AoTag (emeldn 1
eloaywyf) o %evi) Moto Oadéger amd TNV ewooymyil] oe un ®evi AMota),
aQywomotote T AMota va megLéyel éva adiddpogo ("dummy") xo6ppo: éva xoufo ue
data=0. H agyomoinorn yivetow Tnrdvtog xol moalgvoviog évo noppo amd to
neglpdihov (hettouQywmd ovotnua), yoddovtag data=0 nar nxtPtr=0 (televtaiog
©OUPog) oe avtdV, naL ®kavoviag Toug sO xal sl va delyvouv og autdV TOV ROPPO
(va megLgyxouv T devBuvoi] Tov). Metd, umeite oto Pedyo avayvwong otolyeiwv
NOL RATAOKEVTG TNG AMoTag. Ze ndBe avarixhwan auto Tov Pedyou:

1. Awpatouvpue évav arégalo agOpd amd TV ®ovoOAa.

2. EGv o aguog avtdg eivar aovntrds N undév, fyaivovue amd 1o Bodyo,
OAMMDG:

3. Zntdpe évav véo nouPo amd to meplpdhiov (Sbrk - memory allocation).

4. TomoBetotue Tov 0QBUd ov dafdoape oto medio "data" Tov nduPovu.

5. Zvvdéovpe To véo xoufo otV ovEd g AloTag.

75 Xdpmon s Aiotac:

To deitego pépog tov mpoypdpupatos Ba dafdlel évav pun agvnTnd agloud, »at
Oa TumveL, pe T oelRd amd TV Ayl UEXOL To Téhog, 60a otolyelo TG AloTag
elvar peyorivrege omd autdév tov olpd. (Adol o agBpog elvar =0, now
TUTIOVOVUE TO. OTOLYELDL TTOU glval PeYoADTEQM QTtd QUTOV, TQOXVITTEL OTL O HOUPOS
"dummy", ;ov €yeL data=0, dev B TVIDVETAL TOTE: TORATNENOTE OTL OTAV dideTa
T0 0 wg aEWPdS o0YrELoNG, Oa T VOVTOL OAC TOL OTOLYELD TNG MOoTag (JTov €ivar
mavto Oha Betind), extdg tov "dummy"). Mnv y0NOLUOTOL|0TE TOV pointer GTOV
tehevtaio xOpPo g AMotag (amd TV ToAald T Tov rataywenti sl (x9)) yid va
Potorete moU teheudver 1 AMoto —yonopomolfjote Tov nxtPtr ®xdbe xoupou yud va
Eépete av vmdoyer N Oxv emduevog woOuPog oty Alota. To pépog autd Ttou
TQOYQAUMATOG ndveL Ta €ENG:

1. Awofater évav axégalo agdpd amd v xovoola zoL Tov Gurdel otov
ratoywenti sl (x9). Edv o agBudc avtdg elvar apvntrdc, To mooyQauuo
tepuatiCel péow g xAnong megpdihovtog (ecall) "Exit" mov €xel vwdixd 10
(dhad”) Pélete Tov 0Bpd 10 oTOV ROTOYWENTY a7 TELV TO ecall).

2. Agywomolet tov notaywenti s2 (x18) oav deixtn (pointer) odowong, vo
delyvelL otov TEMTO nOPPo TS AMotag (tov Eégovue atd tov sO (x8)).

3. Mmnaivel ¢' évo fody0, og G0 avaxrrlmon Tov omoiou:

i. eléyyel av ta "data" Tov xOpuPouv 6mov deiyvel o s2 (x18) eivan 1 OxL
peyoAvtepa astd tov sl (x9),
ii. av elvon peyahidteQa Tao TUTTOVEL,
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4.

iii. ehéyyeL av vagyeL 1] Oyl emduevog xouPog oty AMota,

iv. av dev vmdoyel Pyaiver amd To Podyyo,

V. av umdQyeEL, meoyweel Tov s2 (x18) va deikel o avTOV TOV ETOUEVO

©OUPO 1AL ETUOTEEDEL OTNV QYT TOV PEOYOV.

Metd v £€E000 Tou Pedyov, emoteédel (dvTa) oty oyl Tov deTEQOV
HEQOVE TOU TQEOYQAPUOTOS, YId Vo CnTthoer ud véa Tuf roL o vo
Eavatumoel to puxeoteEQA amd avtiv otouelo (edv M T Oev elvou
agvnTLXY).

7.6 Xonon Avoduoactov:

Metatoéyte to Prijpua 7.4(1) oe pa vrogovtiva read_int () 1 omota Oev
maigver xoplo mapdpetoo (Oolopa) €wddov, dafPdler évav axégalo
aQLBuo, xat emoteédel Tov apldpd mov dtafaoe.

Metatoéyte To Brijpa 7.4(3) o Wwa vogovtiva node_alloc () 1 omoia Oev
maigvel oo ToQdueTEo e106d0v, Tntdel amd to meQdAloV va deopeloel
éva. nOpPo yia ™) Aiota, xow emoteédper T deOvvomn TG pviung mou £xet
deouevBel, dote to MEOYQappa Tov xohel T node_alloc() vo elodyel Tov
©OpPo oty Aiota.

AMGETE TO TEOYQAUUO TOV 7.4 (DOTE VA XONOLUOTOLEL TIG QouTiveg read_int()
xoi node_alloc(). Ztn x0N0N ®ATOXWENTOV 00 TS dLadHAO(ES TTOV YQAPETE
—e0m amd 115 read_int() xou node_alloc()— OTTWG oL 0ITO TO TQOYQOUUO GO
7OV TG HOAEL, TIOETEL VO TNETOETE TIS CVUPAOELS QOT|ONG HATOXWTNTMOV (OV
%o, eldwmd ou read_int() xow node_alloc() eivar apnetd amhés not dev elvar
AITOQALTNTO VO £X0VV TOTUHES UETOPANTES).

Todyte wa vmwogovtiva print_node() mou xdvelr 0,11 meEQLYQddovV Ta
Pnata 7.5(31) »ow 7.5(3ii). H vmwogovtiva Ba maigver wg elo6dovg (o)
deBuvon evog wopPou, nou (f) TOV ax€QOLO YOS TOV OO0 OVYXQIVOUE,
ro Oev Ba emoTEédel TimoTe.

I'odyte o vogovtiva search_list () mov viomotel 6ho To Pripa 7.5(3).
H povtiva Ba maipver wg mpdty eloodo ™) devBuvon tov mpwTou ROuPfov
TG Motag (0elntng odwong) xal wg deTeEn el00dO TNV T LA TV OOt
moémer va PaEer. 1 ouvvéyxewn Bo vhomoiel to PApota (i,ii,iiiiv,v),
rOADVTOG ™) ouvdtnot print_node() yia to Prparto (iii). Onwg elmope,
TOETEL VO TNEE(TE TIG OUPPATELS XONOoNS ®ROTAXOTNTOV: ®dOe vITOQOUTIVA
ov XeeldleTar ammodfxevon RATOOV roTAXWENT T/nor g devBuvong
emMOoTQOPTG, Ol TEETEL VO TO RAVEL OTY oTOo(Pt, Ue ToV TEOTO IOV 0QITovV oL
ovpPaoels.

AMGETE TO TEOYQOUU OaG TOV HEQOUS 7.5 wote va naiel Tig read_int() xow
search_list(), 6mov m tehevtaia Oo xaket TV print_node(). Ko stéthl moémer vo
YONOLUOTIOLNOETE TS OVUPAOELS YQNONG TWV  XROTOXWENTOV UETAED
rohovoag rar xaloOpevng dwadwaotas. Emiong n »dbe govtiva mou
yoedletan ™) otoifa Oa meémel va to ®dvel pe Tov 100 oV 0QItouv oL
ovpPaoets.

Telnd, To ovvolnd mpdyQaupa cog O mEémel va. £xeL o main() OV
amoteleitan oo 000 péen. To mowto pépog thg o viomotel to 7.4 ue xonon
twv node_alloc() »ou read_int(), evd to devteQo Ba vhomolel To 7.5 pe yoton
twv read_int(), search_list(), ®ow print_node().

Toonos Mopddoons: [Tapadnote nhentgovind Tov ®®Owmd cag, "ex07 .asm", %L

EVa OTLYLOTUTIO TG EXTEAEDT|S TOV 0TOV RARS, "ex07.jpg". [Tapadmote ta avtd
péow: turnin ex07@hy225 [directoryName]

Oa eEetootelte xou TPOGOELXA Yo TNV Aoxnon 7, amd Pondd Tov padipotog, ue
dadraocta yid v omoio Oa evnueowOeite péom mAtd (email) oty Aloto Tou
pafnuotog.
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