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* Katd tnv EKTEAECN TOU NPOYPAUUATOG UNAPXEL AVAYKN

yla dEoPEUON UVAUNG:

- Eyypagwv dpactnplonoinong

- AVTIKEIUEVWY

- Apeowv KAfoswv d€opeuong pvhnpng: new, mal loc, K.An.

- Eppéowv kAfoswv d€opeuong HvAENG: dnuoupyia
oupBorooelpwy, buffers yla apyeia, nivakwv pe Suvapkda
KaBopllOpevo PEYEDOG, K.AM.

* OLUuAonooeIg TwV YAWoOoWV NAPEXOUV T duvaTtdTNTa
OlaXEIPLONG HVAUNG KATA TO XPOVO EKTEAEONG TOU
npoypAappatog

Alaxeipon pviung

Meprexopeva

MovTéAo HVAUNG

* MovTéNO pvAUNG HE NivaKeG O0Tn Java
» 2T0iBeg (Stacks)

* 2wpoi (Heaps)

* Tp€xovTteg oUVOECOL OTO CWPO

* 2UNAoyn okoundlwy (garbage collection)

Alaxeipton pviung

* [1pog To Nnapdv, ag unoBECOUE OTL TO AEITOUPYIKO
oUOTNUA NAPEXEL OTO NPOYPAUUA Hia 1) NEPLOCOTEPEG
NEPLOXEG UVANG KAMOLOU NPOKABOPLIOUEVOU HEYEBOUG
yla Ouvapkf d€opeuon

* Oa POVTEAOMOLOOUE TIG NEPLOXEG AUTEG WG NIVAKEG

otn Java (Java arrays)
- Ta va doupe napadeiypata KwdIKa dlaxeiplong HvAUNG, Kal
- T npakTIKN €EGoknon pe tn Java

Alaxeiplon pviung




ARAwon mTvakwyv oTtn Java

2.Tn Java ol nivakeg opifovTtal wg:

int[] a = null;
* Ot TtUnot Twv Nvakwyv givatl TUNoL avagopaG—evag
NiVOKAG oTNV NPAYUATIKOTNTA €ival £va AVTIKEILEVO, TO
0rnoio PNOPOUKE VA BLAXEIPIOTOUUE HE KANOLA EIOIKN
ouvTagn

* 2TO napandvw, n HetaBAnti a apxikonoteitatr o null

* Mnopei va tng avatebei pa avagopd o€ €vav nivaka pe
OKEPALEG TIHEG, AAAG OTO NApanavw NapAdELYa KAMOLOG
TETOLOG NivaKag dev TNG EXEL avaTeEBEL LEXPL OTIYUNAG
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Anpioupyia mTivakwyv otn Java

* NEa avTikeipeva nivakeg dnuoupyouvTal e T New:
int[] a = null;
a = new Int[666];
* Kal pnopoupe va ouvOUACOUE TIG OUO Napanavw
ONAWOELG O€ Mia wG €EAG:
int[] a = new Int[666];

Alaxeipon pviung

Xpnoipotroinon mvakwy oTtn Java

a.length) {

» [a va npooneAdooupe €va OTOLXEIO TOU Nivaka
xpnowonotloupe tnv ekgpaon afi] (wg Ivalue f rvalue):
Onou a givatl pa €KkQpacn ava@opdc o€ Nivaka Kat 1 givat
HLO OKEPOALO EKPPACN

* [a 1o pEyebog evog nivaka xpnotponolovupe a. length

* O dcikTeg TWV NvaKwv €xouv eupog 0..(a. length-1)
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AlaxeiploTéG HVAUNG oTn Java

public class MemoryManager {
private Int[] memory;

/**

* MemoryManager constructor.

* @param initialMemory int[] of memory to manage
*/

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

}

O nivaxoc InitialMemory sivat
0L TEPLOYT LVTUNG TTOL poG dlveTan
amd 10 AEITOLPYIKO GOGTN L.
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210iBeg (stacks)

Alayeipion pvAaung 9

2T10ieg aTrd eyypaég dpaoTnpIOTTOinONG

* 2TIG NEPLOCOTEPEG YAWOOEG, Ol EYYPAPEG
dpactnplonoinong deopevovTal dUVAUIKA

* 2€ NOAAEC YAWOOEG, ENAPKEL va OEOUEUCOUE IO
EYYPOQR KaTd TNV KANON pag ouvaptnong n onoia
anodeOEVUETAL KATA TNV ENOTPOYH TNG CUVAPTNONG

* Me autdv Tov TpOno napdyetal pia otoifa and
EYYPOYEG dpaoTnpLonoinong

* M otoifa xpeldletal Eva oXeTIKA anAd aAyoplOpuo
dlaxeiplong pvApung

Alaxeiplon pvAapng 10

Eikovoypdenon Hiag otoifag
Mua kevn| otoifa pe 8

top: 8 —p»
ré€ews. H otoifa

6: LEYOADVEL TPOG TOL KATW,
amd PeYAAES OE LUKPEC
devBvvoeic. Mia

4: npokafopiopuévn Bon
. pvnung (n mbovov évag

) KaToympNTnc) omodnkevet
2: ) d1evBvvon g
1 KOPLONG ™G otoifag

' (TG puepoTeEpNS
0: YPNCLLOTOLOVEVIG

Béong pviung).
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top: 4
\ 7: To npoypappa kKael tnv

\& first activation m.push(3), n onoio
record EMOTPEPEL 5: T d1evbuvon
\5: ™G TPAOTNG amod Tic 3 AEEeLg

OV OEGUEVOVTOL Y10 TNV
EYYPOPN dPACTNPLOTOINGNG.
3: H dwayeipion g pvnung
YPNOUOTOLEL 10l EMTAEOV
AEEN Y10 VO KOTOYPAYEL TV

1: TpoTMyoLUEVT T TG top.
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To wpdypappa Tdpa KoAel
mv m.push(2), n onoia

YAoTtroinon tng pvAung otoifag otn Java

public class StackManager {

7: TPAOTNC omd Tig 2 AEEIC IOV private int top; // index of top stack block
6- | firstactivation OEGUEVOVTAL Y10, TNV [
record EYYPOPN dpacTnpomoinong. * StackManager constructor .
5: H otoifa topa yépuioe—oev * @param initialMemory int[] of memory to manage
- VIAPYEL YDPOG OVTE Y10 LU0l */
\4' ® KAnon m.push(l). public StackManager(int[] initialMemory) {
vz ) memory = initialMemory;
~ second Mo o kinon m.pop), top = memory.length;
X: activation record (W(leéTOU},LS }
AP top = memory[top]
) Y10 VO, ETIOTPEYOVLE GTNV
0: TPONYOVLEVT] KOTAGTOOT).
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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.
*/
pUb'iC_VOid pop() {_ Oa SoLpe tnVv evtoAr) throw
1 D = STy [EeE)): KOlL TO XELPLOMO £€ALPETEWV

} O€ EMOMUEVO HAOnua.
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Aiaragn og cwpod

Alaxeipton pvriung

H duatagn o€ otoifa €xel OXETIKA EUKOAN UAonoinon

AMNAG Oev enapkei navta: TL oupBaivel yia napddelypa
€Av ol OEOPEVTELG KAl Ol ANOBECUEVUOEIG KOUUATIWY
HVAUNG akoAouBouv tuxaia oelpd;

'Evag owpdg (heap) eival pia akohouBia and pnAok
HVAUNG Ta onoia pag divouv tn duvatoTnTa VO £XOUME
KN Taglvopnuevn O€0EUON KAl ANOOECUEUOT UVANG
Yndapxouv NnoAAoi pnxaviopoi uAonoinong pPvAUNG cwpou

YAotroinon péow Tou aAyoépiBuou First Fit
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* 'Evag owpdg ulonoleital wg pia ouvdeedepevn Aiota anod
eheuBepa pnAok (free list)

* ApxIKa anoteAeitatl and pévo €va HEYAAO HUNAOK

» [a O€opEUON KAMOLOU KOUUATIOU HVANG:
- Yaxvoupe otn free list yia To NpwTO HNAOK PE HEYEBOG TETOLO
WOTE va IKavonowouvTal oL anattAoelg Tng ¢ntnong
- Eav 1o pniok nou BpAkape sival peyaAutepo and tn {ATnon,
TOTE ENOTPEPOULE TO axpnaoonointo KoppdTL Tou otn free list
- Ikavonolwoupe TNV anaitnon O€0UEUCNG VAKNG KAl EMNOTPEPOULE
NV apxkr dlevBuvon Tou SECUEUPEVOU UNAOK

» [a anodEopeuon, anAwg NPOcOETOUE TO EAEUBEPWOEY
MNAOK oTnVv apxn tng free list

Alaxeiplon pvAapng 18

Eikovoypd@non TG H4VAHNG cwpou

"Evag dwoyeptomg pvnung cmpov M wov 9:

Alaxeipton pviung

amoteleiton amd Eva mivaka and 10
AéEe1g, 0 omoiog apykd eivar Kevog,.

O ovvdeopog otnv apyn g free list

kpotiéton ot petaPint FreeStart. 6:

Kd&0e pmhox, decpevpévo 1 un, euAdet 5:

10 HEYEOHC TOL BTNV TPAOTN AEEN TOV. 4

Ta eedBepa pmAok Exovv Eva cHVOECLO 3-

oto endpevo umiok g free list om

devtepm AEEN TOLG, 1) TNV TN -1 €dv 2:

TPOKELTOL Y10 TO TEAEVTOLO UTAOK. 1- |1
freeStart: 0O 6 10
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pl = m.allocate(4);

H avagpopa pl Ba mdper v tyun 1,
dniad1| t d1evBuvon g TPMOTNS omd
TIC TEGOEPLS OECUEVIEVEG AEEELC. 5o 5

Mia emimAéov AEEN ypnopomoteitat
Yl VO KPOTHGEL TO PEYEDOC TOL UTAOK. /

first allocated
block

To vréAoImo HEPOG TOV UITAOK
eneotpaen ot free list.

freeStart: 5 / 0: |5

Alaxegipion yvAaung 20




pl =
p2 =

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

H avagopd p2 Ba mdpet v tiun 6,
OnAadn t 61evBvvon g TPOTNG amd

o4}
.\..

second allocated
block

o T4

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

ATOJEGEVEL TO TPDOTO OEGUEVIEVO

second allocated

block

T1¢ 000 decpevpéveg AEEELC. 5: |3 i )
{ LTAOK KOl TO EMOTPEPEL TNV KEPAAN .
Mio emurAéov AEEN ypnoponoteiton (4: mc free list. 4:
Y10l VO KPATROEL TO HEYEDOC TOL UTAOK. / s 3
, , | firstallocated )
To UnO?rmomo HEPOG TOV UTAOK 5- block 5-
eneotpon ot free list.
1: 1: | 8
freeStart: 8 0: 15 freeStart: 0 6:p 5
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YAotroinon t Vi owpou oTn Java
pl = m.allocate(4); non Tng HvnUng p n
p2 = m.allocate(2); 9: | -1 - : Heaoi 7
- public class HeapManager
méd?ar:]locl:?te(gl)i . 87 2 static private final int NULL = -1; // null link
p3 = m.allocate(1); - public int[] memory; // the memory we manage
. ) i ( second allocated private int freeStart; // start of the free list
H avagopa p3 Ba mépet v tun 1, A block
onAadn  devbovvon g TPMOTNG i /**
deopevpévne AEEnc. 5: |3 * HeapManager constructor.
* @param initialMemory int[] of memory to manage
[IpocéEte 6TL vVIMPYOV SVO UTAOK TOL 4: */ ) L
B0 LTOPOVGAY VOL EEVTNPETHGOVY THV - public Heapl\_Aar_Iager(lnt[] initialMemory) {
amaitnon déopevons. To dAlo pumAok il WEETY = OmIiEAEmorsTe
N n M’ n?' , H >3 memory[0] = memory.length; // one big free block
bo TPOGEPEPE EVA TSM}O TapocHo yad memory[1] = NULL; // free list ends with it
Kot Oo EMAEYOVTOY QIO TO UNYOVIGLO /1: third allocated freeStart = 0; // free list starts with it
déopevong pvhung Best Fit. block }
freeStart: 2 0:1]12

Aiayeipion pvAapng
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Alaxeiplon pviung
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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:
// list for the fTirst 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

Alayeipion pvAaung

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

// and lag is the iIndex 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.

// It 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+size; // index of the unused piece
memory[nextFree] = unused; // Till in size
memory[nextFree+1] = memory[p+1]; // Till 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+1l] = nextFree;

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

Alayeipion pvAaung 26

}

/**
* Deallocate an allocated block.
* if the block address is one that was returned
* py 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;

}

Aiayeipion pvAapng

This works only
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‘Eva mpéBANnua

* 'EoTw n napakdatw akoAoubia eVvTOAwV:

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

« H teAeutaia kAfon ™ng al locate Ba anotuxel d1OTL TA
eANeUBepa PNAoK ondve o€ UIKPA KOUUATIO aAAG nouBeva
0€ EavasvwvovTal

* XpelalOpaoTe €va UNXavIoUo o onoiog cuvaonilel
OUVEXOMEVA YELTOVIKA LNAOK Nou €ival EAeUBepa

Alaxeiplon pvAapng 28




Mia a1ré 116 AUo€Ig ToUu TTPOBARHATOG

* YAonowoupe pia nio €gunvn peBodo deal locate:

- Awatnpoupe TN Aiota Twv €AeUBEPWV UNAOK TAEIVOUNUEVT LE
Bdaon TG dleuBUVOELG TWV PNAOK

- 'Otav eAeuBepwVvoupE £va UNAOK, KOITAUE TO NPONYOULIEVO KAl TO
€népevO Tou UNAOK nou eival eAelBepa

- Eav 1o pnAok nou eAeuBepwvoupe gival GUVEXOUEVO LE KAMOLO
anoé autd, Ta cuvaonifoupe

* H p€EBodog auTr) gival Mo ANOTEAECUATIKA And TAV AnAn
TONoBETNON TOU MNAOK OTNV KEPAAR TNG free list aAA&
OUWG eival Kat nwo danavnpn o€ XPOvo EKTEAEONG

Awaxeipion pvrApng 29

/**

* Deallocate an allocated block. This works only
* iIf 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];

ks

Alayeipion pvAaung 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]l; // add its size to ours
p = memory[p+1];

+

Alaxeipion pvAung 31

}

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

}
else it (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+1l] = addr;
memory[addr+1] = p;

}

Alaxegipion yvAaung 32




EAeU0epeg AioTeG DlaxXwplouéveg Baocel peyéBoug

* Ta pukpou (Kat ouvBwg NPoKaBOoPLOUEVOU) HEYEBOUG
HUNAOK ouvBwg deopeUovVTaL KAl anodeopeUOVTAL MOAU
no ouxva ano Ta Peyalou A Tuxaiou pey€Boug UNAOK

* M ouvABng BeATioTonoinon: dlATNPEOULE EEXWPLOTEG
AOTEG EAEUBEPWV UNAOK YO (UKPOU) HEYEBOUG UNAOK T
onoia givat dnuo@IAf

* Me GAAa AOyLa dlaxwpiloupe TG Aioteg pe Baon To
HEYEBOG TWV UNAOK MOU anoBnKeUoOUV KAl ava@ePOUAOTE
o€ eAeUBEPEG NOTEG SLAXWPLOUEVEG BACEL HEYEBOUG
(size-segregated free lists)

Alaxeiplon pvAapng 33

KarakeppaTtiopdg (fragmentation)

* A€pE 6TL N PVAMN €ival KATAKEPUATIOUEVN OTAV Ol
EAEUBEPEC NEPLOXEG dlaxwpidovTal and dECUEUUEVQ
MNAOK, KaL KOTA ouvEnela dev givatl duvato va
OEOUEUOOULE OAN TNV EAEUOEPN UVAN WG EVa UNAOK

* [evikdTEPQ, N UVAUN Eival KATAKEPUATIOUEVN OTAV O
OLaXEIPLOTAG TNG MVAMNG Owpou dev gival o€ BEan va
€LUNNPETAOEL TIG AITHOELG BECUEUONG UVIAING NAPOAO
Nou UNApXEL APKETA EAEUOEPN UVIUN OUVOAIKA

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

p3 = m.allocate(5);

[e4]

1

3

. \:‘

second allocated
block

H tedevtaio déopevon Oa ({
amoTOYEL AOY® TELOYIGLOV é\ 2
TOV EAEVOEPOV UTAOK. 4

freeStart: O O=p{ 5
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Tpéxovteg ZUVOEOHOI OTO ZWPO

Aiayeipion pvipng
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Tpéxovreg oUVOETOI OTO CWPO

Tpéxovreg oUVOETHOI OTO CWPO

* MEXpL OTIYUNG, BAENAKE TO UNO EKTEAECH NPOYPAUA WG
€va Haupo KouTi nou anAwg anattei OeopeUOELS Kal
anodeOUEVOELG UVAKNG

* TLKAVEL TO NPOYPAUHA UE TIG OlEUBUVOELG UVANG NOU
TOU napaxwpouvTal;

* TG anoBnkeuel o€ KANOLO OVOUATA (LETAPBANTEG)

* 'Evag tpExwyv ouvdeopog oto owpod (current heap link)
gival pa 6€on PvAENG Nou nNePLEXEL [ia TIUA N onoia 6a
xpnowonotnBei and 1o NpOypappa we deiKTNG 0TO CWPO
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a: 42 > | start: IntList a =
c- 1 (an IntList) _ new IntList(null);
int b = 2;
L free - _ -
(activation record int c = 1;
for main) head: 2 g = a_Cons(b);
tail: null — -
a = a.cons(c);
(aConsCel )
free L
head: 1 v
fie tail: IToY ivar ot tpéyovreg
(@ ConsCel ) GUVOEGLOL GTO GMPH
011 OmAovn KOVaL,
free
Yroifa Xmpog
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EUpeon Twv TPEXOVTWY OCUVOECHWY OTO OCWPO

AdON KaTtd TNV €UPECN TWV TPEXOVTWYV CUVOECHWYV

* ApxiCoupe pe €va ouvolo pllwv (root set): BEoEIG PvAUNG
EKTOG TOU OWPOU NOU NEPLEXOUV OUVOECUOUG OE BETEIG
HVAUNG OTO owpo, n.X. O

- EVEPYEG eyYpaPEG dpaotnplonoinong (otn otoifa)
- KOBOAIKEG ) OTATIKEG PETABANTEG

* [0 KGBe oToLXElO TOU OUVOAOU, KOITALE TO OECHUEULEVO
HNAOK OTO 0noio deixvel 0 OUVOECHOG KAl NPOOOBETOUNE
OAEG TIG BECEIG UVAUNG TOU CUYKEKPIUEVOU UNAOK OTO
OUVOAO POG

* EnavaAapBavoupe tnv napandvw dladlkaoia HEXPLIG TOU
onueiou 6nou o€ Bpiokoupe AANEG VEEG BEOEIG LVARNG

Awaxeipion pvrpng 39

* Mopaireiyerg: Eeyvape va meptddfoope pa BEom pvnung mov
&xel évav Tp€Yovia GOVOEGHO GTO COPO

o Aypnotec TipéS: ocvpmeptrapfavoope BEGEIC LvUNG Yol TIG
OTO1EC TO TPOYPOLUL TOTE O OOl YPNCLOTOMNGEL TIC TIUES TOV

amofnikevovy

* AwevBvvoeic mov dgv givar OEoerc pviung:
ovunepthapfdvovpe kdmoleg OIS pvnung 6to cwpd POVO
Kol LOVO EMEON 0 UTOPOVUE VO EEYDOPIGOVUE TIUES TTOV
XPNOYOTOLOVVTAL TT.). MG OEIKTEC 6TO o®PO 1| OC oKEPatot (ue

TN OV Qaiveton ¢ pia S1evhuven UVHUNG 6To cwpo)

Alaxeiplon pvAapng 40




Ag ptTopoUuE TTAVTA VA ATTOPUYOUHE T AGONn

Tipég TTOU BEiXvouv oav di1euBUvoEeIS HVAMNG

* [a TN owoTn dlaxeiplon Tou cwpou, Ta AGBn napaAewwng
gival un anodeKTa kat 0€ oUyXwPEOUVTAaL

* Apa €HACTE UNOXPEWHEVOL VO CUMNEPINABOULIE OAEG TIG
BE0EIG PVAUNG YIa TIG onoieg undpxeL NIBavOTNTA N TN
Nou anoBnKeUETAL OTN CUYKEKPIUEVN BEON UVAUNG va
xpnowonotnBei and to npdypapua

+ Katd ouvénela, To va oUpnePNGBOULE AXPNOTEG BECELG
HMVAUNG OTOV UNMOAOYIOMO €ival avand@EUKTO

* Avdloya pe Th YAwooa, pnopei va gival aduvato va
ano@UYOUE vVa CUUNEPIAABOULE KAL TILEG NOU ANAWG

deixvouv oav BEoEIG PV NG O0TO CWPO
Awaxeipion pvrApng 41

* [ KANoleG PETABANTEG MNOPEL VO UNV EIHAOTE 0€ B€0N
VO KATAAGBOULE NWG XPNOILONOLoUVTAL Ol TIHEG TOUG

* [a napdadeypa, n NapakaTw HETABANTH X HNopEi va
xpnowonotndei eite wg deikTng €ite WG nivakag and
TEOOEPLG XAPOAKTIPEG

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

X3
Znueiwon: To napandvw NpéPAnua givat akopa xepotepo otn C, doTt
ol C compilers dev KpaTtouv NANPoOQYopia yla Toug TUNOUG Twv
HETABANTWY KATA TN SLAPKELD EKTEAEDNG TOU NPOYPAUHATOG
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2upTrieon Tou cwpou (heap compaction)

* M Asttoupyia nou xpeldletal NAnpoopia ya To
OUVOAO TWwV TPEXOVTWY OUVOECUWY OTO owpPo
* O dlaXePIOTAG TNG KVAMNG HETOKIVEL DECUEUUEVA UNAOK:

- AvTiypdgel To HNAOK O€ pia véa B€aon, kat

- Enwkaiponolei 6Aoug Toug cuvdEopoug 0To (A KAnou PEoa aTo)
MNAOK

* Katd ouvénela oupniECel To Owpo, HETAKIVWVTAG OAa Ta
OECUEUPEVA UNAOK OTO £€va AKPO TOU Kal a@AvovTag Eva
HEYAAO EAEUOEPO UNAOK XWPIG KATAKEPUATIONO

Alaxeiplon pvAapng 43

2UAAOYR ZKOUTTIOIWYV

Alaxegipion yvAaung 44




Kdatroia cuvnOiocpéva TrpoBARMATA ME OEIKTES

type
p: ~Integer;
begin ZeKpENaOTOC HEiKTNG: TO SuTAaVO
nle\ng): ) npdypappa Pascal xpnotpomnotei éva
giségsgié) ) delktn o€ UIMAOK UVANG KOL LETA TNV
pA 1= pA Y1 QATOSEGUEVUCN TOU CUYKEKPLUEVOU UTTAOK
end

procedure Leak;
type Atappon LVAKRNG: TO SUTAQVO TIPOYPOLLLA
p: “Integer; Pascal eopgVel éva UmAOK pvApNG oAAQ

begin . \
R Eexvael va To amodeopeVOEL
end;

Alaxeiplon pvAapng 45

2uAAoyn okouTtridiwyv (garbage collection)

* A@oU TOOO OPAALATA AOYIOUIKOU cuppBaivouv Adyw
AaBwv anodEoPeUonG UVAKNG...

* ..katLeneldn dev gival BOAKO yla TOV NPOYPAUHATIOTH va
OKEPTETAL VIO TO NWG Ba yivel cwoTd n anodEopeEUON
HVAMNG...

 ..yla noto Adyo va pnv givat eubuvn Tng uAonoinong tTng
YAWOOOG N auTOMATN AVAKUKAWGCN UVANG;

Alaxeiplon pvAapng 46

Tpeig Baoikoi pnxaviopoi avakUKAwoNg uvAuNg

1. Mapkdplopa kat okouniopa (mark and sweep)

2. Avtiypaon (copying)
3. Metpnua avagopwv (reference counting)

Alaxeiplon pvAapng 47

Mapkdpioua Kol OKOUTTIOHO

* 'Evag OUAAEKTNG HAPKOPIOMATOG KOl OKOUNIOUATOG
(mark-and-sweep collector) xpnolponolei Toug TPEXOVTEG
OUVOEOHOUG O0TO Owpd O€ Hia dladlkaoia nou €xeL dUO
PAoELC:

- Mapkdpiopa: Bpiokoupe GAOUG TOUG TPEXOVTEG CUVOECTHOUG OTO
owpo Kal HapKApoupe OAa Ta UNAOK TOU GwpoU Ta onoia
dcixvovTtal and KAanoov and Toug CUVOECHIOUG

- ZkoUniopa: KAvoupe €va NEPACHA OTO OWPO KAl ENIOTPEPOUHE
TO OQOPKAPLOTA HUNAOK OTN AOTA e Ta EAeUBEPA UNAOK

* Ta PNAOK NOU HapKAPOVTAL OTNV NpwTn ¢Aaon Tou
aAyoplBuou d€ petakivouvtal (non-moving collector)

Alaxeiplon pvAapng 48




2UAAoyr OKOUTTIOIWV HEOW aVTIYPA®PNG

MéTpnua avag@opwyv

'Evag OUAMEKTNG avTiypa@ng (copying collector) dlatpei

TN KVAUN o€ OUO0 KOUUATIO KAl XPNOLWUOMNOLEL TN JLOT) HOVO
HVAMN YO VO IKAVOMOLOEL TIG QLT OEIG OECHUEUONG

* 'Otav 10 Ho6 auTo PHEPOG YEUIOEL, BploKoupe

OUVOEOHOUG Moy OEiXVOUV 0€ PNAOK OTO NPWTO OO Kal

AVTIYPAPOULE QUTA TA HNAOK OTO OEUTEPO HILOO

* H d0dkaoia auTr) CURNIECEL TA XPNOLOMOLOUKEVA UMAOK,

HE anOTEAECHA VA €EA@AVI(EL TOV KATAKEPUATIONO

* 2UMAEKTNG peTakivnong (moving collector) pnAok

Alaxeipton pvriung
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» Kd&Be pnAok €xel Eva HETPNTH NOU KpaTAeL Tov aplOud
TWV CUVOECUWY OWPOU Nou delXvouv OTO UNAOK

* O PETPNTAG QUTOG auEaveTal OTav KANOLOG OUVOETHOG
NPOG TO MNAOK dnuoupynBei (N.X. HEow avadBeong), Kat

HEWWVETAL OTAV KAMOLOG OUVOEOUOG XaOEei

« 'Otav n TWr ToU HETPNTH YiVEL UNOEV, TO UNAOK Eival

AxpPNOoTO Kal prnopei va eAeubepwOEei

* AnAadn otn dlaxeiplon UVARNG KE HETPNHO ava@opwyV dE
XPEWAZETAL VA BPOULE DUVAULIKA TOUG TPEXOVTEG
OUVOECOUG OTO OWwpPO

Alaxeipon pviung
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MpoBANUA HETPAMATOG AVAPOPWV

MpoBANUA HETPAMATOG AVAPOPWV

circle: link:-
(activation record) \
free J
Vg

link: \_\_\\\\

free ae

free

Xroifa

Alaxeipton pviung

Xmpog

"‘Eva pofinua

LLETPNLOTOG OVOPOPADV:
dg umopove va
OVOKOADYOLLE
KOUKAOVG oo dypnoto
UTAOK.

2NV €KOVa, o
KUKAIKG GUVOEdEUEVT
Mota ov dsiyveton omd
™ petafinty circle.
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circle: null

(activation record)

free

free j

_ r'g
link: \_\\\\\

free

Xroifa

Alaxeiplon pviung

free

Xmpog

Av avabéoovpe T.y.
v Ty null ot
uetaPAint circle,
1 TN TOL HETPTTN
Oa pelmOet.

Kavévag petpntc
avapopmV O yivetal
UNo&v, TapOAO TOL
OA0 ToL UTAOK elvat
dypnorta (ocxovmidw).
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MéTpnua avag@opwyv

EKAETTTUOMEVOI CUAAEKTEG OKOUTTIOIWYV

» Ag pnopel va OUAAEEEL KUKAOUG OKOUNIOWV

* EnPBAAAEL KANOLO PN AUEANTEDO KOOTOG OTNV EKTEAEDN
TOU NPOYPAUHATOG, AOYWw TNG avAYKNG VA EVNUEPWOOULE
TOUG METPNTEG avaPOopwy o€ KABe avabeon

* 'Eva nAcoveEKTnUa: 0 aAyoplBpoG eival augnTIKOG
(incremental), dnAadn ekTeAeiTaL NG TH UON TOU OE
HIKPA BAMOTA Kat dev eNPAAAEL LEYAAEG NAUCELG KATA
TNV EKTEAEON TOU MPOYPAUUATOG

Alaxeiplon pvAapng 53

« YUA\EKTEG Yevewv (Generational collectors)
- H npog auAhoyn pvAun xwpiletal o yevieg (generations) e
Baon TNV NAKIA TwV AVTIKEMEVWY OTO HNAOK

- ZUAAEYOUE TO OKOUMIOIO OTIG VEECG YEVIEG MIO OUXVA
(xpnowonowvtag kanowa and TG NPonyoupeveG LEBODOUG)

» AugnTtikoi ouAAEéKTEG (Incremental collectors)

- ZUAAEyouv okounidla o€ IKPd XPOoVIKG SlaoThHUOTA Ta onoia
napeBaANovTalL e TNV EKTEAECH TOU NPOYPAUUATOG

- Katd ouvenegia ano@euyouv To OTARATNUA TG EQAPUOYNG YO
HEYAAO XPOVIKO SLA0TNHA KAl OL NAUoELG AOYw AUTOMOTNG
QVOKUKAWONG HVAMNG €XOUV NOAU KPR SLGpKELD

Alaxeiplon pvAapng 54

FAwooeg pe autéparn diaxeipion HVAMNG

Tdoeig oTnVv autéuarn diaxeipion HVAMNG

* 2€ KANOLEG YAWOOEG N auTOMATH dlaXEipLon KvinG ivat
anaitnon: Lisp, Scheme, ML, Haskell, Erlang, Clean,
Prolog, Java, C#

» Kdanoleg GA\eg, 6nwg n Ada, anAwg Tnv evBappuvouv

* T€Aog, kanoleg AAAeG YAwooeg 6nwg n C katn C++ tnv
KaBLoToUuv NoAU SUCKOAN

- 'Opwg akOpa Kat yia auTEG gival duvath o€ Kanoo Baduod

- Yndapxouv BIBAIOBAKEG Nou avTIKaBloToUV Tn auvnBIoUEVN
uAonoinon twv mal loc/free pe €va dlaXEPLOTH HVANG Nou
Xpnowonolei cuvtnenTiKA cUAAOYR okounldlwy (conservative
garbage collection) yia Tnv autOpoTn QVAKUKAWON UVAUNG

Alaxeiplon pvAapng b5

* M 10€a and TIG apxeG Tou 1960, n ONUOTIKOTNTA TNG
onoiag €xeL auEnBei onuavTika Ta TeEAeuTaia Xpovia

* Ot KOAEG UNONOLNOELIG TWV CUANEKTWY OKOUMIOLWYV £XOUV
enidoon napopola e, f) Lovo Katd Aiyo XelpoTtepn ano,
QuThVv N onoia givat duvatn pe dlaxeiplon UvApNg uno tov
E€AEYXO TOU NPOYPOUUATIOTH

* 'OMAo Kal NEPLOTOTEPOL NPOYPAUHATIOTEG OUVELDNTOMNOLOUV
OTL N AUTOMATN AVAKUKAWGN UVANG QUEAVEL TNV
napaywytkoOTnTd Toug, odnyei o€ AlydTEPA OPAAUATA, KAl
KATA cuveEnela agiel Tov EETPa XPOVO EKTEAEONG

Alaxeiplon pvAapng b6




2UMTTEPOUCHATIKA

* H daxeipon pvRUNg €ivat €va onUAvTIKO CUCTATIKO TwV
ano@Aocewv oXedIAOUOU KaBWG KAl TwV CUCTNHATWY
uAonoinong Twv YAwooWwV NPoypoaPUaTIOHOoU

* To60o0 n enidoon 600 Kal N AEloNIoTia TwV NPOYPAUHATWY
gival onpavTikoi NapAayovteg TG avantugng AOYIOULKOU

* H autépatn daxeipton pvARNG €ival pia and TIG no
EVEPYEG NEPLOXEG EPEUVNTIKAG OPaAOCTNPLOTNTAG KAl
NEPAMATIONOU OTNV NEPLOXT TNG UAONOINONG YAWOOWVY
NPEOYPOUUATIOHOU

Awaxeipion pvrApung 57




