Awaxeipion Mvipung

Auvapiki déopguon HVAUNG

KwoTrg Zaywvag <kostis@cs.ntua.gr>
Nikog Matractupou <nickie@softlab.ntua.gr>

* Katd tnv EKTEAECN TOU NPOYPAUUATOG UNAPXEL AVAYKN

yla d€oPEUON PVAUNG:
- Eyypagwv dpactnplonoinong
- AVTIKEIPEVWV
- Apeowv KAAoewv dEopeuong pvhung: new, malloc, K.An.

- Eppéowv kAfoswv dE€opEUONG UVANG: dnpoupyia
ouppoiocelpwyv, buffers yia apxeia, nivakwyv pe dUVapKa
kaBopllopevo pEyebog, K.An.

* OLulonoloelg Twv YAwWooWwv Napexouv Tn duvatotnTa
Olaxeiplong LvAUNG KaTtd To XpOVo EKTEAECNG TOU
NPOYPAHHATOG

Awaxeiplon pvipng

Meprexépueva

MovTtéAo pvAung

* MovTéNo UVAKNG HE NivaKkeg oTn Java
* >T0iBec (Stacks)

* 2wpoi (Heaps)

* Tp€xovteg ouvOEOUOL OTO OWPO

* 2UMAoyr okounwdwy (garbage collection)

Alaxeipon pvrung

* [1pog TO Napov, ag uNoBECOULE OTL TO AEITOUPYIKO
oUO0TNUA NOPEXEL OTO NPOYPAKKA Hia ) NEPLOCOTEPEG
NEPLOXEG UVALNG KAMOLOU NPOKOBOPLOUEVOU HEYEBOUG
yla duvapikn dEopeUON

* Oa POVTEAONOIACOULE TIG NEPLOXEC AUTEG WG NIVOKEG
otn Java (Java arrays)

- TN va doupe napadeiypota KWdKa dlaxeipong PvAUNG, Kat
- TN npakTikh €EGoknon pe tn Java

Awaxeiplon pvipng



ARAwon TIVAKwYV oTn Java

« 2Tn Java ol nivakeg opifovTtal wg:

int[] a = null;

« OLTUnoL Twv Nvakwyv givat TUNot avagopaG—evag
Nivakag otnv NPpaypaTikOTNTA €ival €va AVTIKEIUEVO, TO
0noio PNopoUUE va SLAXEIPIOTOUKE HE KANOoLa E1OLKN
ouvtagn

* 2TO napandvw, n HetaBAnti a apxikonoteitat o null

* Mnopei va Tng avatebei pa avagopd o€ €vav nivaka Ue
OKEPALEG TIHEG, GAAG OTO NAPANAVW NAPABELY LA KAMOLOG
TETOLOG Nivakag 8V TNG €XEL AVATEDEL HEXPL OTIYUAG
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Anpioupyia Tivakwyv otn Java

* NEa avTikeipeva nivakeg dnUoupyouvTal JE T New:
int[] a = null;
a = new Int[666];
* Kat pnopoupe va cuvduAGooUE TIG U0 napandavw
ONAWOELG O€ Hia wg €ENG:
int[] a = new int[666];
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Xpnoigotroinon mvVAKwY oTn Java

a.length) {

* [0 va npooneAACOULE €va OTOLKEIO TOU NiVOKQ
xpnowonowoupe tnv €kgpaon af 1] (wg lvalue n rvalue):
Onou a eival pa Ekppacn avag@opdg o€ nivaka Kat i givatl
HLa aKEPALD EKPPAOT

« [a To pEyeboG evog nivaka xpnotponowoupe a- length

* O deikTeg Twv Nvakwy €xouv eupog 0..(a- length-1)
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Alaxeip1oTég pVAUNG 0TN Java

public class MemoryManager {
private int[] memory;

/**

* MemoryManager constructor.

* @param initialMemory int[] of memory to manage

*/

public MemoryManager(int[] initialMemory) {
memory = initialMemory;

}
}
O mivaxog initialMemory sivat
Lo TEPLOY VNG IOV oG diveTon
Ao TO AELITOVPYIKO GUGTI L.
Awaxeiplon pvApng 8



210iBeg (stacks)

Aiaxeipion pvAung

2T0iEG ATTO EYYPAPEG OPAOCTNPIOTTOINONG

* 2TIG NEPLOOOTEPEG YAWOOEG, Ol EYYPAPEG

dpactnplonoinong 6eopeUOVTaAL OUVARIKA

* 2€ NOAAEG YAWOOEG, ENAPKEL VO OECUEUCOUE IO
EYYPA®N KATA TNV KANON KOG ouvapTnong n onoia
anodeopEVETAL KATA TNV ENOTPOPN TNG OUVAPTNONG

* Mg autdv Tov Tpono napdyetal pia otoifa and

EYYPAPEG dpacTnPLONOINONG

* Mia otoifa xpeldletal Eva OXETIKA anAo aAyoplOpo

Olaxeiplong pvAUNG

Awaxeiplon pvipng

10

Eikovoypdepnon piag otoifag

top: 8 —p

Alaxeipon pvrung

Mia kevn| otoifa pe 8
MéEec. H otoifa
LEYOADVEL TPOG TO, KATW,
oo PEeYOAES GE LIKPEG
dtevbovoeic. Mo
npokabopiopévn BEon
LvnuNg (N mlavov évag
KOTOY®OPNTNG) amodnkevet
) devbuvon g
KOPLONG TG oToifog
(g pkpdtepng
YPNOYLOTOLOVUEVIG
Béong pvipng).

1

top: 4
\ 7:

6- first activation
record

To mpdypoppo KaAel Tnv
m.push(3), n onoia
emoTPEQEL S: 11 dtevbuvon
™G TPMOTNG oo TIG 3 AEEELS
OV OECUEVOVTAL Y10 TNV
€YYPAON dPOGTNPLOTOINOTG.
H dwyeipion mg pviung
YPNOLOTOEL Lol EMTAEOV
AEEN Y10 VO KaTaypayeL TV
wponyovuevn Tiun g top.
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To mpdypoppo TOpa KoAe

YAotroinon Tng yviiung otoifag otn Java

] mv m.push(2), n onoia public class StackManager {
top: 1
i yopvéet 2: ) devbuvon g private int[] memory; // the memory we manage
7- TPO™G amd T1¢ 2 AEEEIC TOV private int top; // index of top stack block
6- | firstactivation 88(5“81’)0’\“70” Y mv ) [
record EYYPAQN dpactnpromoinong. * StackManager constructor.
5: H o10iBa tdpa yépice—3dev * @param initialMemory int[] of memory to manage
2 |8 VILAPYEL YDPOG OVTE Y10 L0 */
\' KAfon m. push(1). public StackManager(int[] initialMemory) {
P: memory = initialMemory;
~ second INao o kAon m-pop ), top = memory.length;
%; activation record OW(IOE'I‘CODHS 3}
P top = memory[top]
_ Y10 VO, ETLOTPEYOVUE TNV
0: TPONYOVUEVT KATAGTACT).
Aiaxeipion pvAung 13
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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+l); // extra word for oldtop -
it (top < 0) throw new StackOverflowError(); prOI (heaps)

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

}

/** Pop the top stack frame.
* This works only if the stack is not empty.
*/
publ iC_VOid pop() {_ Oa SoUpe TNV evtoA throw
3 e = mEmelny| s KOLL TO XELPLOUO EEQLPECEWV
O€ EMOPEVO HABNnua.

Aiaxeipion pvAiung 15
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Aiatagn oe cwpod

YAotroinon péow Tou aAyopiBuou First Fit

H datagn oc otoifa €xel OXETIKA EUKOAN uAonoinon

* AMN\G dev enapkei NAvTa: TL oupPaivel yia napadeLypa
€Av oL OEOHEVUOELG KAL OL ANOBECUEVTELG KOUUATIV
MVAUNG akoAouBouv Tuxaia oelpq;

» 'Evag owpdg (heap) gival pia akoAouBia and pnAok
MVAUNG Ta onoia pag divouv Tn duvaTtoTnTa Va £XOUUE
HN TAEWVOUNUEVN BECHEUON KAL ANOOECUEUCN VNG

* Yndpxouv noAAoi pnxaviopoi uAonoinong Kviung cwpou
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* 'Evag owpo6g ulonoleital wg pua ouvdedepévn Aiota and
eAeuBepa pniok (free list)

* ApxIKa anoteAeitat and pPovo €va HEYAANO UNAOK

* [a d€opeuon KANOLOU KOUUATIOU UVAUNG:
- Wayvoupe otn free list yia To npwto PNAOK pe HEYEBOG TETOLO
WOTE va lkavonolwouvTal oL anattAoelg tTng ¢Atnong
- Ed&v to pnAok nou Bprkape gival peyaAutepo and tn ¢rtnon,
TOTE ENOTPEPOUE TO AXPNOONOIiNTO KOUUATL Tou otn free list

- Ikavonoloupe Tnv anaitnon 6€0PEUONG UVAKNG KAl ENOTPEPOULIE
TNV apxIkn dletbuvan Tou SECUEUPEVOU UNMAOK

* [a anod€opeuon, anAWG NPOCOETOUNE TO EAEUBEPWBEY
MNAOK 0TV apxn Tne free list

Alaxeiplon pvAung 18

Eikovoypdepnon Tng Hvpung cwpou

"Evag dtoyelptotg pviung cmpot m wov 9:
amoteleiton amd Eva wivaka amd 10
AéEetg, 0 omolog apyka eival Kevoc.

O ovvdeopog oty apyn g free list

kpatiétal ot petafint FreeStart. 6:

Kd&Be pmhok, deopevpévo 1 un, @LAGEL 5:

70 peyefdS Tov TNV TPATN AEEN TOV. 4

Ta eledBepa pmAoK Exovv Eva GOVOEGHO 3-

010 enouevo pmiok tng free list ot

deutepn AEEN tovg, TV TN -1 €dv 2:

TPOKELTOL Y10l TO TEAELTAIO UTAOK. 1- |1
freeStart: 0 O=p 10
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pl = m.allocate(4);

H avapopd pl 6a wépet v Tyun 1,

, , , . 6: | -1
oniadn  devBvveon e TPMOTNG Ao
TIC TEGOEPIG OECUEVUEVES AEEELS. 5w 5
Mia emumAéov AEEN ypnoomoleiton
Yo VoL Kpatioet To pEyebog Tov UIAoK. /3:

B i first allocated
To vrdéAouro PéPog Tov UTAOK /2_ block

eneotpaen ot free list.

freeStart: 5 / 0:|5

Alaxeipion pvApng 20



pl = m.allocate(4);
= m.allocate(2);

©
N
|

H avagopd p2 Ba tapet v tiun 6,
onAadn  devBvvon e TPMOTNG Amd

-1

second allocated
block

pl = m.allocate(4);
p2 = m.allocate(2);
m.deal locate(pl);

Am0deGUEVEL TO TPADTO OEGUEVUEVO

block

8

Pad
1' second allocated
5

T1G 000 decpevpéveg AéEels. IS: 3 i ) :
UTAOK KOl TO EMGTPEPEL GTNV KEQUAN| \7\
Mia emmAéov AEEN ypnoyLomoteiton ’4: mc free list. 4:
Yol va, Kpatnoel To Péyeog Tov Umhox. , 3- 3-
i first allocated i
To vrdéAouro pPéPog Tov PUITAoK 5- block 5-
eneotpaen ot free list.
1: 1 8
freeStart: 8 0: |5 freeStart: 0O o0 5
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YAotroinon 1 VI owpou oTn Java
ol = m.allocate(4); non meg Hvnuneg P n
p2 = m.allocate(2); 9: 1 -1 blic ol ool .
- public class HeapManager
méd?allof?te(gl)i ; 87 2 static private final int NULL = -1; // null link
p3 = m.allocate(l); - public int[] memory; // the memory we manage
, , , ( second allocated private int freeStart; // start of the free list
H avagpopd p3 0o wépet tv Tyun 1, A block
onAaodmn ) devbuvon e TPAOTNG _ /**
Seopevpévng AéEnc. 5: |3 * HeapManager constructor.
* @param initialMemory int[] of memory to manage
[Ipocé&te 6T vANPYAY OVO UTAOK TOL 4: */ ) .
B LTOPOVGOV VoL EEVTNPETHTOVY TV - public Heapl\_/lar_1ager(|nt[] initialMemory) {
omaitnon décpevons. To dAlo pumhok il MENEET = OWHEElsEmors:
N 11 ”, n?' X H > 3 memory[0] = memory.length; // one big free block
B TPOGEPEPE EVA TSM}O toupacHa yad memory[1] = NULL; // free list ends with it
Kot B emA&yovTav omd T0 UNYovVIGHO /1: third allocated freeStart = 0; // free list starts with it
déouevong uvnung Best Fit. block ¥

freeStart: 2

Aiaxeipion pvAung
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Awaxeiplon pvipng
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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; // size with header

// Do Tirst-fit search: linear search of the free
// list for the Ffirst block of sufficient size.
int p = freeStart; // head of free list
int lag = NULL;
whille (p '= NULL && memory[p] < size) {
lag = p; // lag is previous p
p = memory[p+1]; // link to next block
}
if (p == NULL) // no block large enough
throw new OutOfMemoryError();
int nextFree = memory[p+1]; // block after p

Aiaxeipion pvAung 25

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

// and lag is the index of p®"s predecessor in the

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

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

// 1Tt the block has more space than we need, carve

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

// unused end part to the free list.

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

if (unused > 1) { // if more than a header®s worth
nextFree = p+tsize; // index of the unused piece
memory[nextFree] = unused; // Till in size
memory[nextFree+1] = memory[p+1]; /7 fill in link
memory[p] = size; // reduce p°"s size accordingly

// Link out the block we are allocating and done.
if (lag == NULL) freeStart = nextFree;

else memory[lag+l] = nextFree;

return p+1; // index of useable word (after header)

Alaxeipion pvApng 26

/**

* 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;

}

}

Aiaxeipion pvAiung 27

‘Eva mpoBAnpa

* '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 kAfon ™G al locate Ba anotuxel 610TL Ta
€AEUOEPA UNAOK ONAVE OE PIKPA KOPUATIA aAAG nouBeva
o€ LavagvwvovTtal

* XpewalOpaoTe £va PNXaviopo o onoiog cuvaonicel
OUVEXOHEVA YEITOVIKA UNAOK NOU €ival eAeUBepa

Awaxeiplon pvApng 28



Mia atré 116 AUoEIg TOU TTPORARMATOG

» YAonolwoupe pia nio €Eunvn pEBodo deal locate:

- Awtnpoupe Tn AMoTa TwWV EAEUOEPWY UNAOK TOELVOUNUEVN LE
Baon Tig dleubUvoELg TwWV UNAOK

- 'Otav eAeubepwvoupe €va PNAOK, KOLTALE TO NPONYOUREVO KAl TO
€ndueVO ToU UNAOK Nou givat eAelBepa

- Ed&v to pnAok nou eAeubepwvoupe ival GUVEXOUEVO HIE KAMOLO
anoé autd, Ta ouvaaoni(oupe

* H péBodog auTn ival No anoTeAECUATIKA and TNV anii
TONOBETNON TOU MNAOK 0TV KEPOAN TNG free list aAAG
OMWG €ival Kal no danavnpr o€ XpOvo EKTEAECNG

Awaxeiplon pvAapng 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; // real start of the block

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

int p = freeStart;

int lag = NULL;

while (p '= NULL && p < addr) {
lag = p;
p = memory[p+1];

Alaxeipion pvApng 30

// 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
// free list, or NULL.

// 1T the one to come after ours is adjacent to it,
// merge it into ours and restore the property
// described above.

if (addr+memory[addr] == p) {
memory[addr] += memory[p]; // add its size to ours
p = memory[p+1];

¥
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if (lag == NULL) { 7/ ours will be first free
freeStart = addr;
memory[addr+1] = p;

else if (lagtmemory[lag]==addr) { // block before is

// adjacent to ours

memory[lag] += memory[addr]; // merge ours into it
memory[lag+1l] = p;

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

¥
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EAe00epeg AioTeg dlaxwplouéveg Baoel peyéBoug

* Ta pKkpou (kat ouvBwg Nnpokaboplopévou) peyEBoug
MNAOK ouVhHBwG deopeUoVTaAL KAl AnodECUEUOVTAL MOAU
no ouxva and ta peyadAou A Tuxaiou peyEBOUG UNAOK

« Mia ouvhOng BeATioTONOINON: BlIATNPOUUE EEXWPLOTEG
AioTeg eAeUBepwWV UNAOK yia (UKPOU) HEYEBOUG UNAOK T
onoia givat dnUoPIAn

* Me dA\a Adyta dlaxwpifoupe TIG AioTeg pe Baon To
HEYEBOG TwV UNAOK NOU anoBnKeEUOUV KAl AVaPEPOUAOTE
o€ eAeUBepeC NioTEG Slaxwplopéves BAoel peyEBoug
(size-segregated free lists)
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KarakeppaTiopog (fragmentation)

* A€pe OTL N LVAUN €ival KATOKEPUATIOUEVH OTAV OL
€AeUBEPEG NEPLOXEG dlaxwpidovTal and deoueUpEVa
UNAOK, Kal KaTté cuveEnela dgv gival duvato va
deopeuooupe OAnN TNV EAEUBEPN UVALN WG €va UNAOK

* [evikdTEPQ, N KVAMN EivaL KATOKEPUATIOPEVN OTAV O
OLOXELPIOTAG TNG UVANG OwpoU dev gival o€ BEon va
€LUNNPETAOEL TIG AITHOELG OECUEUONG UVIAUNG NAPOAO
NouU UNAPXEL APKETH EAEUOEPN UVIIN CUVOAIKA

Awaxeiplon pvApng 34

pl = m.allocate(4);
p2 = m.allocate(l); 9:
m.deal locate(pl);

p3 = m.allocate(5);

@

-1

3

\,
N

% second allocated
H tehevtaio déopgvon Oa block
amoTOYEL AOY® TEUAYITUOD é\\ 2

TOV EAEV0EPOV UTAOK.

freeStart: 0 O:p 5
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TpéxovTteg 2UVOEOOI OTO ZWPO
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TpéxovTteg oUVOECHOI OTO CWPO

TpéxovTteg oUVOECOI OTO CWPO

* MExpL oTiyuAGg, BAENApE TO und EKTEAECH NPOYPOAUUA WG
€Va HaUupo KOUTI Nou anAwg anattel OEOUEVOELG Kal
anodeoUEVOELG UVARING

* TiKAveL TO NPOYPAUMA HE TIG BLEUBUVOELG UVAUNG MOV
TOU NapayxwpouvTal,

* Tig anoBnkevel og KANola ovopaTta (LETAPRANTEG)

» 'Evag TpEXwv ouvdeapog ato owpo (current heap link)
eival pa B€on LVARNG NoU NEPLEXEL LA T N onoia Ba
XpnowonotnBei and to Npoypappa ws dEIKTNG OTO CWPO

Awxeipion pvApng 37

a: > | start: IntList a =
c- 1 (an IntList) _ new IntList(null);
int b = 2;
Lo free - _ -
(activation record int c = 1;
for main) ‘hee_ld: 2 a = a.cons(b);
tail: null a = a.cons(c);
(aConsCell)
free [
head: 1 v
G tail: [Tov etvon o1 Tpéyovreg
(@ Conscell) GUVOECOL GTO CWPO
oTN OUTAVT] EKOVA,;
free
Yroifa Xopog
Awaxeiplon pvApng 38

EUpeon TwV TPEXOVTWYV CUVOECHWYV OTO CWPO

AdOn KaTd TNV EUPECN TWV TPEXOVTWYV CUVOEC WV

» ApxiCoupe pe €va ouvolo pilwv (root set): BEoeIG pvAUNG
€EKTOG TOU OwpoU NoU NEPLEXOUV CUVOECHOUG OE BETELG

MVAUNG OTO OWpPO, Nn.X. O
- EVEPYEG eYyYpPaEG dpaatnplonoinong (otn oToifa)
- KOBOAIKEG I OTATIKEG HETABANTEG

* [a kKGBe oTOoLKEIDO TOU GUVOAOU, KOITAUE TO DECUEUHUEVO
MNAOK OTO onoio deixvel 0 oUVOECTHOG Kal MPOCBETOUE
OAEG TIG BE0EIG UVANG TOU CUYKEKPILEVOU LINAOK OTO
OUVOAS pag

* EnavoAapBdavoupe TNV napandavw dladikaoia HEXPLG ToU
onueiou 6nou o€ Bpiokoupe GAAEG vEEG BECEIC LVAUNG

Awxeipion pvApng 39

* Hoapareiyers: Eeyvdpe va meptlafoope po 6€om pviung mov
&xet Evav TPEYOVTO GUVOEGLO GTO CWPO

s Aypnoteg TWNES: cvumeptAapPavoupe BEGELG LVIUNG YidL TIC
omoieg To mpdypappa Toté Og Ba YPMGUOTOMGEL TIG TIUEG TTOV
amodnkevovy

* Awev@vvesig mov ogv gival Béoelc pviung:
ovumepthapfavoope kamoteg BEGEIC LVUNG 6TO0 PO HOVO
Kol LOVO €MELON € UTOPOVLE VO EEYOPIGOVUE TIUEG TTOV
YPNOUOTOLOVVTOL T.). ®G OEIKTEG 6T0 PO N WG aKEPaLOL (Ue

TN TTOL EOEVETAL O pia S1evBvVeT VUG 6TO 6WPO)
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Ag pTopouUE TTAVTA VA ATTOQUYOUME Ta AGONn

Tipég TTou deixvouv cav diguBivoelig uVAUNG

* [0 ™ owoTA dlaxeiplon Tou cwpou, Ta AGBn napdAewyng
€ival pn anodekTa Kat O ouyXwpPouUvTal

* Apa €ipO0TE UNOXPEWHEVOL VO CUUNEPIAAPBOULE OAEG TIG
B€0€1C PVAKNG YIa TIG onoieg undpxel NIBavoTnTa n TN
Nnou anoBnKeUETAL OTN CUYKEKPIUEVN BE0N UVANG va
xpnotponotntei and 1o NPOyPARa

+ Katd ouveEnela, To va cupnepAdBoupe axpnoTteg BE0eIg
MVAUNG OTOV UNOAOYIOUO €ival avand@eUKTo

* AvdAloya pe tn yAwooa, pnopei va eival aduvato va
ano@UYOUE VA CUUNEPIAGPBOULE KAl TYLEG NOU ANAWG

dgixvouv oav BECEIG PVAUNG OTO CWPO
Awxeipion pvApng 41

* [a Kanoleg PETABANTEG pHNopel va pnv eipaocte o€ B€on
vVa KATOAGBOUUE NWG XPNOLONOOUVTAL Ol TIHEG TOUG

* [ napddelypa, N NAPAKATW PETABANTA X KNOPEL va
XpnotonotnBei eite wg deikTNG €ite WG nivakag anod
TEOOEPIG XOPAKTAPESG

union {
char *p;
char tag|4];

} x;
Znueiwon: To napandvw NpéPANUa ivat akdpa xepdtepo otn C, didTl
ol C compilers dgv KpaTtoUv NANPo@opia yia Toug TUNoug Twv
HETABANTWY KATA Th OIAPKELD EKTEAECNG TOU NPOYPAUUATOG
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2upuTtrieon Tou cwpou (heap compaction)

* Mia Aettoupyia nou xpelaletal NANPoYopia yla To
OUVOAO TwV TPEXOVTWY CUVOECHWY OTO Owpod
* O dlaxelploTAG TNG KVAUNG HETAKLVEL OEOUEUPEVA UNAOK:

- Avtiypdoel To pnlok o€ pua vea B€on, kat

- Enaiwponotei 6Aoug Toug cuvdEopoug 0To (A kdnou pEoa oTo)
MNAOK

* Katd ouvénela cupniEel To owpo, HETAKIVWVTAG OAa Ta
OEOUEUMEVA UNAOK OTO £va AKPO TOU KAl APAVOVTOG Eva
HEYANO EAEUOEPO UNAOK XWPIG KATAKEPUATIONO
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2UAAOYR ZKOUTTIOIWYV
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Kartroia cuvnBiopéva rpoBARMATA JE BEIKTEG

type
p: ~Integer;
begin ZekpEpaoTtog HeikTng: To SutAavo
nf\ng); ) npdypappa Pascal xpnotponotei éva
gisb;sgiﬁ) i Selktn o€ UIMAOK PVAUNG KOl LETA TNV
P = pA Y1 QMOSECUEVCN TOU CUYKEKPLUEVOU UITAOK
end

procedure Leak;

type Awappon HvAENG: To SUTAavo mpoypapa
o p: “Integer; Pascal Seopelel éva HImAoK pvApnNG oAAG
egin . .
HE(D) Eexvael va to amodeopeloeL
end;
Awaxeiplon pvAapng 45

2ulAAoyn okouTtridiwv (garbage collection)

* AQoU TOOO OQAAMATA AOYLOUIKOU CupBaivouv Adyw
AaBwv anodEopeuonG UVAKNG...

* ..KaLeNeWdn Ogv gival BOAKO yia TOV MNPOYPALMATIOTH va
OKEPTETAL Y1 TO NWG Ba yivel CWOTA N ANOdECHIEUOT
HVAUNG...

* ..ylO nolo AGyo va pnv givat eubuvn tng uAonoinong tng
YAWOOOG N QUTOPOTH AVAKUKAWON KVAUNG;
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Tpeig BaCIKOi uNXAVICHOI AVOKUKAWONG MVAUNG

1. Maopkdaplopa kat okounopa (mark and sweep)

2. Avtiypaon (copying)
3. Métpnua avagopwv (reference counting)
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Mapkdpioua Kal CKOUTTIoHA

* 'Evag OUAAEKTNG HOPKAPIORATOG KAl OKOUNIOUOTOG
(mark-and-sweep collector) xpnoonolei TOuG TPEXOVTEG
OUVOEOOUG 0TO owpod 0€ HLa dladikaaia nou €xel dUO
QAoEIG:

- Mapképiopa: Bpiokoupe 6AOUG TOUG TPEXOVTEG CUVOETUOUG OTO
OwPO Kal HAPKAPOUKE OAa TA UNAOK TOu owpoU Ta onoia
dcixvovTal anoé KAanolov and Toug GUVOECOUG

- ZKOUMIOWMA: KAVOUUE £va NEPACHA OTO OWPO KAl ENOTPEPOULE
TO QUOPKAPIOTA UNAOK 0T AMloTa pe Ta eAeUBepa UNAOK

* Ta UNAOK NOU HOPKAPOVTAL OTNV NPWTN @ACH TOU
aAyoplBpou de peTakivouvTtal (non-moving collector)
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2UAAOYN OKOUTTIOIWV HEOW AVTIYPA®PNG

* 'Evag OUAAEKTNG avTiypa@ng (copying collector) diaipel
TN HVAUN 0€ BU0 KOUMATIO KAl XPNOWONOLEL TN Mot pévo

MVAUN YO VA IKAOVOMOLAOEL TIG AITHOELG OECUEUONG

* '‘Otav TO HOOG auTO HEPOG YEWIOEL, Bpiokoupe
OUVOEOUOUG Nou BElXVOUV 0€ UNAOK OTO NPWTO HIOO Kal
QVTLYPAPOULE QUTA TA HUNAOK 0TO deUTEPO OO

* H duadkaoia autr cupniECeL Ta XPNOONOLOULEVA UNAOK,

HE anNOTEAECUA VA £EA@PAVIEL TOV KATAKEPHATIOUO

*  2UM\EKTNG peTakivnong (moving collector) pnAok

Alaxeipon pvrung
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Métpnua avagopwv

* Kdbe UnAoK €xeL Eva HETPNTI NOU KPATAEL TOV ApPLOpo

TWV OUVOEOUWY CWPOU Nou dEiXVOoUV OTO UNAOK

e O peTpnTtAG auTtdg augdveTtal OTav KANoloGg oUVOECHOG
NPOG TO UNAOK dnuoupynOei (n.x. pEow avabeong), Kat
HElwveTal 6Tav KANolog oUvOECHOG XaOei

* 'Otav n TA Tou PETPNTH Yivel UNOEV, TO MNAOK gival

AXPNOTO Kal HNopei va eAeuBepwOEi

* AnAadni oTn dlaxeiplon LVAKUNG HE HETPNHA avagopwy OE

Xpelaletal va BPoUpe BUVAUIKA TOUG TPEXOVTEG

OUVOEQOUG 0TO Owpo

Awaxeiplon pvipng
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MpoBANHA HETPAMATOS AVAPOPWYV

circle: link:
(activation record) \
free j
a x

link: ﬁ

free i

4
B free
Yroifa

Alaxeipon pvrung

"Eva mpofinpa

UETPNLOTOS OVAPOPDV:
Og umopove va
AVOKOADYOLLLE
KOUKAOVG oo Gypnota
UTAOK.

v eova, o
KUKAIKG GuVOEdEUEVN
AMota ov deiyvetor and
™ petapin circle.
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MpoBANHA HETPAHATOS AVAPOPWYV

circle: null

(activation record)

free J

- ry
link: ﬂ

free

X1oifa

Awaxeiplon pvipng

free

Yopog

Av avaBéoovpe m.y.
v Ty null ot
uetapinty circle,
1 T TOL LETPNTN
Oa pelwOet.

Kavévag petpntig
avapopmv d¢ yivetal
UNo&v, mapOAO TOL
OAa TaL UTAoK givot
dypnoto (oKovTiow).
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MéTpnua avagopwv

» Ag pnopei va oUAAEEEL KUKAOUG OKOUNIOIWV

* EmPBAAAEL KANOLO pn QUEANTEO KOOTOG OTNV EKTEANEON
TOU MPOYPAUHATOG, AOYW TNG AVAYKNG VA EVNUEPWOOUE
TOUG HETPNTEG aVaPOpPwWV O€ KABE avaBeon

* 'Eva NAEOVEKTNUA: O AAYOPIBUOG eival augnTikdg
(incremental), dnAadn ekteAeital and tn euUON Tou O€
MIKPG BAaTa Kat Oev eNPBAAAEL LEYANEG NAUCELG KATA
TNV EKTEAECT TOU NPOYPAUUATOG
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EKAETTTUOHEVOI OUAAEKTEG OKOUTTIOIWYV

» JUM\EKTEG Yevewv (Generational collectors)
- H npog ouA\oyn pvhpn xwpietal o€ yevieg (generations) e
Bdaon TNV nAKia TwV AVTIKEEVWY GTO UMNAOK

- ZUM\éyoupe Ta okounidla OTIG VEEG YEVIEG NIO CuxVd
(xpnowonowvTag Kanota and Tig nponyoupeveg peBGdoug)

» AugnTtikoi cuAAEkTEG (Incremental collectors)
- ZUMAEyouv okounidla o€ HIKPA XPOVIKA dlaoTHATA Ta onoia
napeUBAAAOVTAL PE TNV EKTEAEDN TOU NPOYPAUHATOG

- Katd ouvénegla ano@eUyouv To OTAUATNUA TG EQAPUOYNG Yia
HEYAAO XPOVIKO OLACTNUA KAl Ol NAUCEIG AOyw auTOHaTNG
avaKUKAWGONG KVAKNG £X0UV NOAU HIKP) OlApKELd
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MA\wooeg pe autéparn diaxeipion NVAUNG

* 2¢& KANOLlEG YAWOOEG N AUTOMATN dlaxeiplon KVAUNG €ivatl
anaitnon: Lisp, Scheme, ML, Haskell, Erlang, Clean,
Prolog, Java, C#

» Kdanoleg dAAeg, 6nwg n Ada, anAwg thv evBappuvouv

» TEMNoG, KAnoleg AAeG YAwooeg 6nwg n C katn C++ tnv
KaBLoTOoUV NOAU BUCKOAN

- 'Opwg aképa Kat yia auTteg eival duvath o€ Kanoto Babuo

- Yndpxouv BIPBAIOOAKES NoU avTIKABIOTOUV Tn ouvnBIopEvn
uAonoinon twv mal loc/free pe éva dlaxelploTA KVAUNG Nou
Xpnottonolei ocuvtnenTiKr cuAAoyr okounduwy (conservative
garbage collection) yia Tnv autopaTn avakUKAWGH UVIANG
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Tdoeig oTnv autéparn diaxeipion NVAUNG

* M 16€a anod Tig apxeg tou 1960, n dnuoTIKOTNTA TNG
onoiag €xel augnBel onuavtikd Ta TeEAeuTaia Xpoévia

* Ot KOAEG UNOMOIAOELG TWV CUANEKTWY OKOUNIOWWYV £XOUV
enidoon napdpola pe, f Lovo Katd Alyo xelpdtepn ano,
auTnVv n onoia givat duvatr pe dlaxeiplon HvpNG unod Tov
EAEYXO TOU NPOYPOUUATIOTH

* 'OMNo Kal NEPLOCOTEPOL NPOYPAUUATIOTEG CUVELDNTOMNOLOUV
OTL N AUTOMATN AVAKUKAWOT KVAUNG AUEAVEL TNV
NAPAYWYIKOTNTA TOUG, 0ONYEL 0 AlyOTEPA OPAAMOTA, KAl
KATA ouvenela agidel Tov €ETpa XpOvo EKTEAEONG
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ZUNTTEPACHATIKA

* H duaxeiplon pvAung ivat €va onpavTiKO CUCTATIKO TwV
ano@doewyv 0XedIO0UOU KaBWG KAl TwV CUCTNUATWYV
uAonoinong Twv YAwoOoWwV NPoypPapHaTIOHOU

« Too0 n enidoon 600 Kat N aglonoTia TwV NPOYPAUUATWY
eival onpavTikoi napdyovteg TNG avantugng AOYIOUIKOU

* H autdéupatn daxeipion HvAENG ival pa ano Tig nio
EVEPYEG NEPLOXEG EPEUVNTIKAG dpAOTNPLOTNTAG KOl
NEPAUATIONOU OTNV NEPLOXH TNG UAonoinong YAwoowv
NPOYPOAUHATIOHOU
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