Awaxeipion Mvipung

Auvapikn déopeuon BVAUNG

g

Andre Derain, The turning road, Lestraque, 1906

KwoTtng Zaywvag <kostis@cs.ntua.gr>

* Katd tnv eKTEAEON TOU NPOYPAUHOTOG UNAPXEL AVAYKN

yla O€0EUOH HVAUING:
- Eyypaowv dpactnplonoinong
- AvTKEluEVWV
- Apeowv KANAoswv d€opeUoNG UvhUnNgG: new, malloc , K.An.
- Eppéowv kAnoewv dEopeuong LvRungG: dnuoupyia
aupBolooelpwy, buffers yia apxeia, nvakwv pe duvapika
kaBopllduevo PEYEBOG, K.AM.

*  OLUAONOIAOELG TWV YAWOOWV NApEXOUV Th duvaTOTNTA
Slaxeiplong LVAUNG KOTA TO XPOVO EKTEAEONG TOU
NPOYPAUHATOG

Awxeiplon pvApng

Mepiexébueva

MovTtéAo pviung

* MovTtéAo pvAuNG pe nivakeg otn Java

> 1oiBeg (Stacks)
2wpoi (Heaps)

* TpEXOVTEG OUVOECHOL OTO CWPO

* >UAAoyn okoundwwyv (garbage collection)

Awaxeiplon pvipng

* [1pog To NapAdv, oG UNOBECOUE OTL TO AEITOUPYIKO
oUOTNHO NAPEXEL OTO NPOYPAUUA Hia ) NEPLOCOTEPEG
NEPLOXEG VKNG KANOLOU NPOKABOPLIOPEVOU EYEBOUG
yla SUVAUIKN BECEUON

* ©Oa POVTEAONOIOOUE TIG NEPLOXEG AUTEG WG NIVAKEG
otn Java (Java arrays)

- Ta va doUpe napadeiypata Kwdika dlaxeiplong PvApng, Kat
- T npakTiki €Edoknon pe tn Java

Alaxeipion pvipng




ARAwon mvakwy oTtn Java

Anpioupyia Tvakwy oTtn Java

* 2Tn Java ol nivakeg opi¢ovTal wa:

int[] a = null;

« OLTUNOL TwV NIVAKWV €ivatl TUNOL ava@opAc—Evag
Nivakag oTtnv NpaypaTtikoTnTa eival Eva avTiKEpevo, TO
0noio UNopouUpE va dLaXELPIOTOUUE UE KANOLA ELOIKN)
ouvTagn

* 2TO napandvw, n HETABANTH a apxikonoleital o€ null

* Mnopei va Tng avatebei pa avagopd o€ €vav Nivoka pe
OKEPALEG TIMEG, AAAG OTO Napandavw NApAdELya KANOLoG
TETOL0G Nivakag Ogv TNG €XEL avaTeBEL LEXPL OTIYUAG
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* NeEa avTikeipeva nivakeg dnpoupyouvTal Pe Th new:

int[] a = null;
a = new int[100];

* Kat pnopoupe va ouvdudooupEe TIG dUo napandvw
dNAWOEIG WG €EAG:

int[] a = new int[100];
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Xpnoigotroinon mvakwy oTn Java

Alaxeipiotég yvAunGg otn Java

inti=0;

while (i < a.length) {
ali] = 5;
i++;

}

* [0 va npooneAdoOULE £va OTOLXEIO TOU Nivaka
xpnowonowupe tTnv €ékepaon afi]  (wg lvalue f rvalue):
Onou a gival pa EKPacn avapopdg o€ Nivaka Kat i givat
HLa aKEPALD EKPPATN

» [Ma 1o péyebog evég nivaka xpnoonotoupe a.length

* O10€iKTEG TWV NIVAKWYV €xouv gupog O..(a.length-1 )
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public class MemoryManager {
private int[] memory;

/**

* MemoryManager constructor.
* @param initialMemory int[] of memory to manage
*/
public MemoryManager(int[] initialMemory) {
memory = initiaIMemory;

}

O wivakog initialMemory gtvat
L0 TEPLOYT VNG TTOV pag diveTa
amd 10 AEITOVPYIKO GVGTN LA

Alaxeipion pvipng




210ifeg (stacks)
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210if3eg a1rd eyypa@Eg SpaoTnpPIOTTOIinNONG

* 2TIG NEPLOOOTEPEG YAWOOEG, Ol EYYPAPEG
dpaotnplonoinong 6€opeUOVTAL OUVAMIKA

*  2€ NOAEG YAWOOEG, ENOPKEL va OECUEUCOULE IO
EYYPAPN KATA TNV KARON Hag ouvaptnong n onoia
anodeoUEVETAL KATA TNV ENOTPOYNA TNG CUVAPTNONG

* Me autdév Tov TpdNo napdyetal pa otoifa and

EYYPAPEG dpacTnplonoinong

* M otoifa xpelaletal Eva oXeTIKG anAd aAyoplBpo

SlaXEIPLONG MVAKNG

Awxeiplon pvApng
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Eikovoypdenon piag otoifag

top:8 +——p

7: Mia kevy otoifa pe 8
AéEeic. H otoifa
UEYOADVEL TPOG TAL KAT®,
5. oo PEYOLEC OE IKPEG
dtevbBvvoeic. Mia
npokabopiopévn Béon

3 pvnung (1 mbavov évog
KOTO(OPNTHG) amobnkedel
) dtevbuvon g

L HucpoTePNS Oéong pvipng.
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top: 4
\ 7.

\ 6 first activation

record

To mpdypappa kael Tnv
m.push(3) , n onoia
EMOTPEPEL DX TN d1eVBVVON
TOV TPAOTOL omd TIG 3 AEEELS
OV JEGIEVOVTAL Y10l TNV
€YYPOON SpACTNPLOTOINGNG.
H dwyeipon g pvnung
YPNOLUOTOLEL [l EMTAEOV
AEEN Y10 VO KOTaypayEL TNV
TPONYOVLEVT] TIUN TNG top .
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To mpdypappa Todpo KoAel

YAoTtroinon Tng MVAMNG oToiffag otn Java

top: 1 mv m.push(2) ,n onoia public class StackManager {
' yopvaet 2: ) dievbuven tov private int[] memory; /I the memory we manage
7: TPAOTOL 0md TIC 2 MEEEIS OV private int top; /I'index of top stack block
6: first activation 580]18{)(?\%0,1 Y v . [x%
record £YYPOQI SpacTnponoinong. * StackManager constructor.
5: H otoifoa topa yéuoe—oev * @param initialMemory int[] of memory to manage
w8 VIdpyEL YDPOG OVTE YO L *
\ ' KAMjon m.push(1) public StackManager(int[] initialMemory) {
\3, memory = initialMemory;
' ~ second Mo o kAon m.pop() top = memory.length;
X: activation record AVaOETOVLE }
AP top = memory[top]
' Y10 VO ETIOTPEYOVE GTNV
o: TPONYOVLEVT] KATAGTOGT).
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/**
* Allocate a block and return its address.
* @param requestSize int size of block, > 0
* @return block address
* @throws StackOverflowError if out of stack space
*/
public int push(int requestSize) {
int oldtop = top;
top -= (requestSize+1); /I extra word for oldtop -
if (top < 0) throw new StackOverflowError(); prOI (h eaps)

memory[top] = oldtop;
return top+1;

}

[** Pop the top stack frame.
* This works only if the stack is not empty.
*/
p“?“c ‘_’O'd pop() E _ Oa doUpe TNV evtoAn throw
Up= ST R KOLL TO XELPLOUO EEQLPECEWY
O€ EMOUEVO HABnua.
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Aiatagn o€ cwpo

* Hdldtagn oc otoifa £xeL OXETIKA EUKOAN UAonoinon

« AM\G dev enapkei nAvTa: TL Yo NOPAdELY O CUMPAiVEL
€Av oL OEOUEUOELG KOl OL ANOOECUEVUTELG KOUUATIWV
HVAUNG akoAouBouv Tuxaia oelpd;

* 'Evag owpo6g (heap) eival pua akoAouBia and pnAok
MVAUNG Ta onoia pag divouv Tn duvaTtotnTa va £XOUNE
HN TaglvopunuEvn dECUEUOT Kal anodECHEUON VAUNG

* Yndpxouv noAAoi pnxaviopoi uhonoinong pvAuUnG cwpou
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YAoTtroinon pécw Tou aAyopiBuou First Fit

* O owpdg uonoleital WG pa ouvoedepevn Aiota and
eAeuBepa punAok (free list)

*  ApxIKG anoteAeital and Povo €va PeEYAAO HUNAOK

* [a d€opeucn KANOLOU KOYUATIOU UVAUNG:
- Waxvoupue atn free list yia To NpWTO UNAOK HE HEYEBOG TETOLO
WOTE va IKavonoloUVTal oL anattAoELg Tng ¢nTnong
- Ed&v 1o punlok gival peyaAutepo and tn {ntnon, T0TE
ENOTPEPOUE TO aXPNOLLoNoinTo KOPUATL oTn free list
- IkavonoloUpue TNV anaitnon d€0UEUCNG UVAUNG KAl EMOTPEPOULE
TNV apxIkr OleUBuvan Tou OECUEUPEVOU UMAOK
* [ anodéopeuon, anAwg NPOOBETOUNE TO EAEUBEPWOEY

MNAOK oTnv apxn tng free list
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Eikovoypdenon Tng yvApunNg cwpou

"Evag dtoelptotig pviung 6opov Mmov 9:
amoteleitan omd éva mivaxo amd 10
AéEerc, 0 omoiog apykd eivar KevOG.

O ovvdeopog oty apyn g free list
Kkpotiétol otn petafanty freeStart . 6:

Kda0e umhoxk, deopeopévo 1 un, uAdet 5
70 P€YENOC TOV otV TPAOTN AEEN TOVL.

Ta ehevBepa pmhox £xovv €vo cOVOEGHO
oto emdpevo pumhok g free listom

dgvtepn AEEN tovg, 1 v TN —1 edv 2
TPOKELTOL Y10, TO TEAEVTOLO UTAOK. |4
freeStart: 0 0 10

Awaxeipton pvrpng 19

pl = m.allocate(4);

H avagopd pl 0o wapet tnv tun 1,

, , , p 6: 1
dnAadn  devBvvon e TpOTNS omd
TIG TEGOEPILG OEGUEVIEVEC AEEELC. 5.y 5
Mia emmAéov AEEN xpnoLoTOtEiTOL 7{:
Yo va. Kpatnoetl To pEyeog tov Pmhok. /3,

, , first allocated
To vrdrhomo PEPOS TOV UTAOK }2_ block

eneotpaon ot free list.

freeStart: 5 / 0: |5
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pl = m.allocate(4);
p2 = m.allocate(2);

H avagopd p2 6a ndpel v Tyun 6,
dnAadn  devbvvon e TPOTNS omd

©

®
K

second allocated
block

pl = m.allocate(4);
p2 = m.allocate(2); 9 |-
m.deallocate(pl);

second allocated

& block
5.

ATOOEGUEVEL TO TPMTO OEGUEVUEVO

T1G OVO dECUEVUEVESG AEEELC. 5. |3 :
I WITAOK KOl TO ETIOTPEPEL GTNV KEQOUAN N
Mio emmAéov AEEN xpnoyLomoteital ’ 4: mc free list. 4:
Yo VoL KpaTHGEL TO PEYEDOG TOV UTAOK. , N N
, i ' first allocated '
To vtoromo PEPOG TOL PUTAOK . block 2
eneotpden ot free list. '
1: 1 8
freeStart: 8 0: |5 freeStart: 0 09 5
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YAotroinon 1 VI owpou oTtn Java
pl = m.allocate(4); non TS HVNKNS P "
2 = m.allocate(2); 9 |-
Fn deallocate(pl()') public class HeapManager {
3; - I ¢ 1 . 81/v 2 static private final int NULL = -1; /I null link
p3 = m.allocate(1); { pu_blic ir_1t[] memory; /[ the memory we manage
H avagopé p3 0o mépet v Ty 1 " | second allocated private int freeStart; /I start of the free list
' ) block
6:
onAadn  devBvvon e TPAOTNG [*x
Seopevpévng Aééng. 5 |3 * HeapManager constructor.
* @param initialMemory int[] of memory to manage
[Ipocé&te 6TL vVAYPYAY 3VO UTAOK TOVL 4: - -
Ot popovGaY VoL EEVTNPETHGOVY TV _ public HeapManager(int[] initialMemory) {
anaitnon déopevonc. To dAdo pmhox i EALely =
Ou Tt 202 . auéva 2;&0 T0i uxi o > 3 memory[0] = memory.length; . Il one bi_g free block
poGEQ ,P : placpa yad memory[1] = NULL; Il free list ends with it
Kot Bo emAgyovtav amd T0 UNYoVIGHO /1: third allocated freeStart = 0; Il free list starts with it
déopevong uvnung Best Fit p block }
freeStart: 2 0: |2

Aiagipion pviipng
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/**

* Allocate a block and return its address.
* @param requestSize int size of block, > 0
* @return block address
* @throws OutOfMemoryError if no block big enough
*/
public int allocate(int requestSize) {
int size = requestSize + 1; /I size with header
/I Do first-fit search: linear search of the free
/I list for the first block of sufficient size.
int p = freeStart; /I head of free list
int lag = NULL;
while (p != NULL && memory[p] < size) {
lag = p; /' lag is previous p
p = memory[p+1]; /l'link to next block

if (p == NULL) /I no block large enough

/I Now p is the index of a block of sufficient size

/I and lag is the index of p's predecessor in the

/I free list, or NULL, and nextFree is the index of

/I p's successor in the free list, or NULL.

/'If the block has more space than we need, carve

/I out what we need from the front and return the

/' unused end part to the free list.

int unused = memory|[p]-size; /I extra space

if (unused > 1) { /I if more than a header's worth
nextFree = p+size; /I index of the unused piece

memory[nextFree] = unused; I ill in size
memory[nextFree+1] = memory[p+1]; M Aill in link
memory[p] = size; /I reduce p's size accordingly

}

/I Link out the block we are allocating and done.
if (lag == NULL) freeStart = nextFree;
else memory[lag+1] = nextFree;

}

throw new OutOfMemoryError(); return p+1; /l'index of useable word (after header)
int nextFree = memory[p+1]; /I block after p }
Alaxeipion pvApng 25 Alaxeipion pvAaung 26
‘Eva mpéBAnua

/**

* Deallocate an allocated block. This works only
* if the block address is one that was returned
* by allocate and has not yet been deallocated.
* @param address int address of the block
*/
public void deallocate(int address) {
int addr = address-1;
memory[addr+1] = freeStart;
freeStart = addr;

}

Alaxeipion pvApng 27

* 'Eotw n napakdtw akoAouBia evtoAwv:

pl = m.allocate(4);
p2 = m.allocate(4);
m.deallocate(pl);
m.deallocate(p2);
p3 = m.allocate(7);

* H teAeutaia kKAAon tngG allocate  Ba anotuxel dIOTL TA
€AEUOEPA UNAOK ONAVE OE UKPA KOUUATIO OAAG nouBeva
o€ LavagvwvovTal

» XpelaldpaoTe €va UNXaviopo o onoiog ouvaonifel
ouveXOUEVA YELTOVIKA UNAOK Nou eival eAeUBepa

Alaxeiplon pvAung 28




Mia a1ré TiIg AUoE€Ig TOU TTPOBARATOG

* YAonoloupe pa nio €gunvn pEBodo deallocate

- Awtnpoupe tn AMoTta Twv EAEUBEPWY UNAOK TAELVOUNUEVN HE
Bdaon Tig dleuBUvVOELg TwV UNAOK

- 'Otav eAeuBePWVOULE EVa UMAOK, KOITAUE TO NPONYOULIEVO KAl TO
€NoOpEeVO Tou UNAOK Nou gival eEAeUBepa

- Edv 1o pnAok nou eAeuBepwivoue eival UVEXOUEVO E KAMOLO
and autd, Ta cuvaonioupe

* H pé€Bodog auTh €ival Mo aNOTEAECUATIKI and TNV anAn
TONOBETNON TOU UNAOK OTNV KEQAAN TNG free list aAAG
OMWG €ival KAl o danavnpn o€ XPOVo EKTEAEONG

Awayeiplon pvApng 29

/**

* Deallocate an allocated block. This works only
* if the block address is one that was returned
* by allocate and has not yet been deallocated.
* @param address int address of the block
*/
public void deallocate(int address) {
int addr = address-1; /I real start of the block

/I Find the insertion point in the sorted
/I free list for this block.

int p = freeStart;

int lag = NULL;
while (p != NULL && p < addr) {
lag = p;

p = memory[p+1];

Aiaxeipion pvipng
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/I Now p is the index of the block to come after
/[ ours in the free list, or NULL, and lag is the
/[ index of the block to come before ours in the
/I free list, or NULL.

/'If the one to come after ours is adjacent to it,
/I merge it into ours and restore the property
/I described above.

if (addr+memory[addr] == p) {
memory[addr] += memory[p];
p = memory[p+1];

}

/I add its size to ours

Alaxeipion pvApng 31

}

if (lag == NULL) {
freeStart = addr;
memory[addr+1] = p;

/I ours will be first free

/I block before is
/I adjacent to ours
/I merge ours into it

else if (lag+memory[lag]==addr) {

memory[lag] += memory[addr];
memory[lag+1] = p;

else{ /I neither: just a simple insertion
memory[lag+1] = addr;
memory[addr+1] = p;

}

Aiayeipion pvipng
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EAeU0epeg AioTeg Dlaxwplouéveg Baoel peyédoug

* Ta HKpoU (Kat ouvABwG NPoKaBoPLIoUEVOU) LEYEBOUG
MNAOK ouvhBwg deopEUOVTAL KAl anodECUEUOVTAL NOAU
no ouxva and ta peyadAou A Tuxaiou pey€Boug PnAoK

* Mia ouvnBng BeATtioTonoinon: dlaTNPOUKE EEXWPLOTEG
ANOTEG EAEUBEPWY UNAOK VIO (LUKPOU) HEYEBOUG UNAOK T
onoia givat dnUoQIAN

* Me dA\a Adyla dlaxwpiloupe TIG AioTeG pe BAon TO
MEYEBOC TWV UNAOK Nou anoBnKeUOUV Kal ava@epOUaoTe
o€ eAeUBepeC NioTeG OlaxWPLOPEVEG BAOEL LEYEBOUG
(size-segregated free lists)
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Kartakeppatiopog (fragmentation)

*  A€pE OTL N YVAN €ival KATOKEPUATIOUEVN OTAV OL
€AeUBEPEG NEPLOXEG dlaxwpiovTal and dECUEUPEVQ
MNAOK, Kal KaTd ouvenela dev gival duvato va
deopevooupe OAN TNV EAEUBEPN HVAN WG VA UNAOK

* [evikdTEPQ, N LVAUN €iVOL KATAKEPUATIOUEVN OTAV O
OlaXEPIOTAG TNG KVAUNG Owpou dev gival og BEoN va
€LUNNPETAOEL TIG AITAOELG OECUEUONG VNG NAPOAO
Nnou UNApXEL ApKETA EAEUBEPN VAN OUVOAIKA

Awxeiplon pvApng

34

pl = m.allocate(4);
p2 = m.allocate(1); 9:
m.deallocate(pl);

p3 = m.allocate(5);

8: -1

3

second allocated

H tehevtaio déopgvon Oa block

;/'
amotOyEL AOY® TEUOIGHOV 5\\ 2
4

TOV EAEV0EPOV UTAOK.

freeStart: 0 09 5
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Tpéxovteg ZUvOEOoHOI OTO ZWPO

Aiayeipion pvipng
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Tpéxovreg oUVOEOHOI OTO CWPO

* MeExpL oTiypAG, BAENAPE TO UNO EKTEAECT NPOYPALHO
oav €va Haupo KOUTI Nou anAwg anattei O€opeUOELG Kal
anodeCUEVTELG HUVIANG

* TLKAvEL TO NPOYPAUMA HE TIG OLIEUBUVOELG LVAUNG NOU
TOU napaxwpouvTal,

* TG anoBnkeuel o€ KANola ovopaTa (LETABANTEG)

» 'Evag TpEXwV ouvdeopog oto owpod (current heap link)
eival pa B€on PvAENG NOU NEPLEXEL LA TA TNV onoia Ba
XPNOLonooeL To NPOYPARUa WG OEIKTN OTO CwPO

Alaxeiplon pvaung 37

Tpéxovreg oUVOEOHOI OTO CWPO

gf ziﬂ start IntList a =
o1 (anintList ) - new IntList(null);
intb =2;
- free . 1.
(activation record intc=1;
for main ) ’head: 2 a = a.cons(b);
tail: null a = a.cons(c);
(aConsCell )
free L
head: 1 v
= tail ITov etvon o1 Tp€yovreg
(@ConsCell ) GUVOECLOL OTO CMPO
o dumhovy EKOVQ;
free
Yroifa Yopog
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EUpeon Twyv TpEXOVTWY CUVOEOHWY OTO CWPO

* ApxiCoupe pe €va ouvolo pllwv (root set): BE0EIG PvAUNG
EKTOG TOU OWPOU MOU NEPLEXOUV CUVOETOUG O BETELG
MVAUNG OTO OwpPo, n.X. o€

- EVEPYEG eYYPOYEG dpaoTnplonoinong (otn otoifa)
- KOBOAIKEG ] OTATIKEG METARANTEG

* [a kK&Be oTolKeio TOU GUVOAOU, KOITALE TO OETUEUUEVO
MNAOK 0TO onoio deixvel 0 oUVOECHOG KAl NPOCOETOUNE
OAEG TIG BECEIG LVANG TOU CUYKEKPLUEVOU UNAOK OTO
OUVOAOG HaG

* EnavaAappdavoupe tnv napandvw dladlkaoia HEXPLG ToU
onueiou 6nou d€ Ppiokoupe AAAEG VEEG BETELG UVANG

Alaxeiplon pviAung 39

NGO Katd TNV €0pEC TWV TPEXOVTWYV CUVOEC WV

* Mapahieiyelg: Eexvape va nepAaBoupe pa B€on pvAuNg
nou €xeL Evav TPEXOVTA oUVOETHO 0TO Owpod

* AXPNOTEG TIMEG: oUUNEPNAUPAVOUUE BECELG PVANG YO
TIG onoieg To NPOypAUpa NOTE O Ba XPNOONOLOEL TIG
TIMEG NOU anoBnkeuouv

+ AleuBuvoelg nou dev gival BECEIG PVAUNG:
oupnePAapBAavoupe KAnoleg BE0EIG LVAUNG OTO Cwpo
HOVO KOl HOVO €NELDr) O€ PNOPOUKE VA EEXWPIOOULE TILEG
nou XPNOLOoNoLoUVTAL N.X. WG OEIKTEG OTO OWPO I WG
aKEPALOL (HE TIUA Ja dleuBuvon HVANG OTO OwpoO)
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Ag pITOopOoUME TTAVTA VA ATTO@UYOUHE TO AAON

* [0 TN owoTA dlaxeiplon Tou cwpou, Ta AABn NnapaAewyng
eival pn anodekTa Kal 6 ouyxwpouvTal

* Apa €IPOOTE UNOXPEWHEVOL VO CUMNEPINAPBOUPE OAEG TIG
B€0€1C LVAMNG YA TIG ONoieg undpxel NBavoTnTa n TR
Nnou anoBnKeUETAL OTN OUYKEKPLIPEVN BEON PVAUNG VO
xpnotwonotnBei and to npdypappa

+ Katd ouvenela, To va oupnepNdBoupe axpnoteg BEoEIG
HVAUNG OTOV UNOAOYIOUO €ival avand@EUKTO

* Avdhoya pe tn YAwooa, pnopei va eivat adlivato va ano@UyoulEe va
OUMNEPINABOULE KOl TIHEG NoU anAwg deixvouv oa BE0EIG LVAKNG
0TOo oWPO
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Tipég TTOU dEixvouv oa diguBUvVoEI§ HVAUNG

* [a KANOEG HETAPANTEG HNOPEL VA LNV EIHOOTE O€ BEON
VO KATOAGBOUHE NWG XPNOLONOoUVTAL Ol TIHEG TOUG

* [a napdadelypa, N NoapakATw HETABANTH X HNOPEL va
XpnowonotnBei eite wg deiktng €ite WG nivakag anod
TEOOEPIG XOPAKTAPEG

union {
char *p;
char tag[4];
}x;
2nueiwon: To napandvw nNpéAnua eival aképa xewpotepo otn C, doTL
ot C compilers dev kpaToUv NANPo@opia yia Toug TUNOUG TwV
METABANTWV KOTA TN SIAPKELD EKTEAEONG TOU NPOYPAUUATOG
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2upTtrieon Tou cwpou (heap compaction)

* Mia Aettoupyia nou xpeldetal NAnpo@opia yia to
OUVOAO TWwV TPEXOVTWY CUVOECHUWY OTO CwPo
* O dlaxelploTAG TNG UVAKNG HETAKIVEL OECUEUPEVA UNAOK:

- AvTlypa@el To HNAOK O€ pia vea B€an, Kal

- Enwkaiponolei 6Aoug Toug ouvdEapoug oTo () Kanou PEca aTo)
MNAOK

+ Katd ouvenela oupniECel To owpod, HETAKIVWVTOG OAa Ta
OEOEUPEVA UNAOK OTO £€va AKPO TOU KAl aQrvovTag €va
MEYAAO EAEUOEPO UNAOK XWPIG KATAKEPHATIOUO
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2UAAoyn ZKOUuTTISIWYV

Alayeipion pvAapng 44




Kdatroia cuvnBiopéva TrTpoBARMATA ME OEIKTEG

type
p: Mnteger;
be%'gw o) EekpépacTtog d£ikTng: T0 Smhovo
A= 21 npoypoappa Pascajpnoionotel Eva
dispose(p); deiktn o& umhok PvAUNG Hetd Ty
pri=ph+l am0dEGUEVGT] TOV GUYKEKPIUEVOL UTAOK
end

procedure Leak;

type Awappon) pvipng: 1o SmAovo Tpdypoppa
. p: Mnteger; Pascabeopeet évo pmiok pvipmg arld
egin . ,
) Eexvael VoL TO OITOOEGEVCEL
end;
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2UAAoyn okouTTidiwyv (garbage collection)

* A@ou T60a OQAAUATA AOYIOUIKOU ouppaivouv Adyw
A0Bwv anodEoPEUONG UVHNG...

* ..KaLenewdn dgv gival BoAIKO yla TOV NPOYPAUUATIOTA va
OKEPTETAL VIO TO NWG Ba yivel cwoTA N anodEopEUON
HVAMNG...

* ..yla nowo AGyo va pnv givat eubuvn Tng uAonoinong Tng
YAWOOOG N QUTOMOTH AVAKUKAWOTN UVAKNG;
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Tpeig Bacikoi pnxaviouoi avakUKAwWoNS HVAMNG

1. Mapkdaplopa kat okouniopa (mark and sweep)

2. Avtiypaon (copying)
3. Metpnua avagopwyv (reference counting)
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Mapkdpioua Kal CKOUTTICHO

* 'Evag OUANEKTNG HOPKOPIOUATOG KOl OKOUNIOUOTOG
(mark-and-sweep collector) xpnoonolei Toug TPEXOVTEG
OUVOEOUOUG OTO OwpO o€ pia dladlkaoia nou £xeL dUO
QAoEG:

- Mapkdpiopa: Bpiokoupe OAOUG TOUG TPEXOVTEG CUVOECHOUG OTO
owpd Kal LAapKAPOUE OAa Ta UNAOK TOU cwpoU Ta onoia
deixvovTal and KANowv and Toug OUVOECOUG

- Zkouniopa: KAVOUUE Eva NEPACHA OTO OWPO KAl ENOTPEPOULE
Ta ApapKAPLOTA UNAOK 0TH AioTa pe Ta EAeUBEPA PNAOK

* Ta UNAOK Nou pHapKAPOVTAL OTHV NPWTN ®Acn Tou
aAyoplBpou de petakivouvTal (non-moving collector)
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2UAAoyr) OKOUTTISIWV HECW QVTIYPA®PNG

* 'Evag oUAEKTNG avTypa@ng (copying collector) dlatpei
TN MVAUN O€ BUO KOPMATIA KAl XpNoonolei Tn uon pévo
MVAN YO VA IKAVOMNOIACEL TIG AITACELG OECUEUONG

* 'Otav 1o oo auTd HEPOG YEUIOEL, Bpiokoupe
OUVOEOHOUG NOU BEIXVOUV O€ UNAOK OTO NPWTO OO Kal

QVTLYPAPOULE QUTA TA MNAOK OTO OEUTEPO KOO

* H dladikaoia aut CUPNIECEL TA XPNOLLONOLOUUEVA UMAOK,

HE anNOTEAECUA VA €EAPAVI(EL TOV KATOKEPUATIOUO

* ZUAAEKTNG HETOKiVNoNG (moving collector) pnAok

Awxeipion pvipng
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MéTpnua avag@opwyv

* KdaBe pnAoK €xel Eva PETPNTA NOU KPATAEL TOV aplOud

TWV OUVOEOUWY OWPOU Nou dEiXVOUV OTO UNAOK

* O YETPNTAG AUTOG augAveTal OTAV KAMOLOG CUVOECHOG
NPOG TO MNAOK dnpoupynbei (n.X. HEow avabeong), Kal
HEWWVETAL OTAV KAMNOLOG OUVOECHOG XaOEl

* 'OtV N TWWA TOU PETPNTH Yivel undEv, TO UNAOK €ival

AxpNOoTO Kal pnopei va eAeuBepwOei

* AnAadn otn dlaxeiplon UVAUNG HE HETPNHUO QVOPOPWY OE
XpPEZeTal va BPoUpe BUVAUIKA TOUG TPEXOVTEG
OUVOEOOUG OTO OWPO

Awxeiplon pvApng
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MpdéBANUA HETPAHATOG AVAPOPWYV

circle:

(activation record)

free

free J
r'yg

free

Yroifa

Awaxeiplon pvipng

free

Ympog

‘Eva mpopfinua

UETPLLOTOG OVOPOPDV:
O€ UITOPOLLLE VO
AVOKOADYOLE KOKAOVG
amd GypnoTo UTAOK.

v €Kova, o
KUKAKG GUVOEDEUEVN
Mot Tov dgiyvetol amd
™ petafAnt circle
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MpdéBANUA HETPAMATOG AVAPOPWV

circle: null

(activation record)

free

Yroifa

Alaxeipion pvipng

Av avabécovpe m.y.
v T hull ot
uetafAntn circle
1) TUT| TOVL LETPNTY|
Ba pelmel.

Koavévog petpntic
avapopmv dg yivetal
unodév, TapoAo Tov
OAaL To, LITAOK gtvan
aypnoto (ocxovmida).
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MéTtpnua avagopwyv

» Ag pnopei va OUAAEEEL KUKAOUG OKOUMIDLWYV

* EmPBAAAEL KANOLO i AUEANTEO KOOTOG OTNV EKTEAEDN
TOU NPOYPAUHATOG, AOYW TNG AVAYKNG VA EVAUEPWOOUUE
TOUG PETPNTEG avaQopwy o€ KABe avabeon

* 'Eva NAEOVEKTNHA: 0 AAYOPIOUOG ival AUENTIKOG
(incremental), dnAadr ekteAeital and Th UON Tou O€
HIKPA BAMOTA KAl OV eNPBAAAEL LEYAAEG NAUCELG KATA
TNV EKTEAECN TOU NPOYPAUHOTOG
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EKAETTTUCOUEVOI CUAAEKTEG OKOUTTISIWV

* 2UMAEKTEG Yevewv (Generational collectors)
- H npog cuA\oyn pvAun xwpiletal o€ yeviEg (generations) ue
Bdon TNV NAKIO TWV AVTIKEMEVWY OTO WNAOK

- ZUMN\EYOUE Ta OKOUNIOLa OTIG VEEG YEVIEG NIO GUXVA
(xpnowonowvTag K&nowa and TIG NPonyouueveg PeBodoug)

* Augntikoi ouAAékTeG (Incremental collectors)

- ZUAAEYOUV oKoUuNidla O€ HIKPA XPOVIKG SlaoTHAATA Ta onoia
NapeUBAANOVTAL E TNV EKTEAECT TOU NPOYPAUUOTOS

- Katd ouvénela ano@elyouv To OTAUATNA TG EQAPHOYAG Yia
HEYAAO XPOVIKO SLA0TNHA KL Ol NAUCELG AOYW QUTOUATNG
AVOKUKAWONG UVAKNG €XO0UV MOAU pKpR SldpkeLa
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M\woogg pe autéparn diaxeipion HVAMNG

* 2¢& KAnoleg YAWOOEG N autépatn dlaxeipion Hviung eivat
anaitnon: Lisp, Scheme, ML, Haskell, Erlang, Clean,
Prolog, Java, C#

« Kanoieg dA\eg, 6nwg n Ada, anAwg tnv evBappuvouv

» T€ENoG, Kanoleg AAeG YAwooeg 6nwg n C kait n C++ tnv
KaBLoToUV NOAU UOKOAN

- 'Opwg akopa Kat ya auteg eivat duvatr o€ Kanowo Pabuo

- Yndpyxouv BBAIOBAKEG NOU avTIKABIGTOUV T CUVNBIoNEVN
ulonoinon Twv malloc /free pe €va dLAXELPLOTH UVAKNG NOU
XPNOWonolel cuvtnENTIKA cUANOYK okounlduwy (conservative
garbage collection) ywa Tnv autOpaTN AVOKUKAWGN UVANG
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Tdoeig otnv autéparn dlaxeipion JVAENG

* M 16€a anod TG apx€EG Tou 1960, n dNUOTIKOTNTA TNG
onoiag €xelL augnBel onuavTIKG Ta TEAeUTAiO Xpovia

* Ol KaAEG UNOMOLNOELG TWV CUAAEKTWY OKOUMNIBLWV €XOUV
enidoon napopola He, f HOvo Katd Alyo Xelpotepn anod,
auTrVv n onoia givat duvatr pe dlaxeipton pvAUNG unod Tov
€AEYXO TOU NPOYPOUUATIOTAH

* 'ONo Kal NEPLOCOTEPOL NPOYPAUHMATIOTEG OUVEIDNTONOLOUV
OTL N QUTOPATN AVAKUKAWGN UVANG QUEAVEL TNV
NAPAYWYIKOTNTA TOUG, 0dnyel o€ AtlyoTEPQ OQAALATA, KAl
KATA ouveNela agiel Tov EETPA XPOVO EKTEAEONG
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2UMTTEPOOMATIKA

* H dlaxeiplon pvARNG €ivat €va onUAvTiKO CUCTATIKO TWV
ano@Acewv oXeBLOOHOU KABWG KAl TWV OUCTNHATWY
uAonoinong Twv YAwooWwv NPoypPaUUATIOHOU

* ToOoo n enidoon 600 Kat N aglonioTia Twv NPOYPAUUATWY
givat onpavTikoi NOpAyovTeG TNG AvAnTUENG AOYIOULKOU

* H autoépatn daxeipon pvANG ival pa and TiG nio
EVEPYEG NEPLOXEG EPEUVNTIKAG OPaOTNPIOTNTAG KAl
NEPAUATIONOU OTNV NEPLOXT TNG UAoNoINoNG YAwoowv
NPEOYPAUHATIOHOU
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