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Auvapikn déopguon NVAMNG

« Katd Tnv EKTEAEON TOU NPOYPALHATOC UNAPXEL AVAYKN

yla dEopeuon HVAUNG:

- Eyypaopwv dpaotnplonoinong

- AVTIKEIHEVWV

- Apeowyv KAfjoswv d€opeuong pvung: new, mal loc, K.An.

- EppEowV KANoEWV dECEUONG HVAUNG: dNUIoUpYia
oupBoAlooelpwy, buffers yia apxeia, nivakwyv pe dUVauLKa
KaBopllOeEVO HEYEDOG, K.AN.

« OtLuAonolnoelg Twv YAwoowyv napexouv tn duvatoTtnTa
OlaXEIPLONG UVAUNG KOTA TO XPOVO EKTEAEONG TOU

NnpoypAppaToq

Alaxeipon pviaung



Mepiexopeva

* MovTtéAo uvunNG HE Nivakeg otn Java
« 2TOifecg (Stacks)

e 2wpoli (Heaps)

« Tpexovteg oUVOEOUOL OTO OWPO

« 2UAAoYN okoundwwyv (garbage collection)

Alaxeipon pviaung



MovTéAOo uvAuNg

* [1pog To Nnapodv, ag unoBECOUPE OTL TO AEITOUPYIKO
oUOTNUA MNAPEXEL OTO NPOYPAUMA Hia N NEPLOCOTEPEGC
NEPLOXEC LVAMNG KAMNOLOU NPOKABOPIOUEVOU HEYEBOUC
ylia Ouvautkn 0€oUeUon

e 0 HOVTEAOMOLIOOULE TIG NEPLOXEC AUTEC WG MIVAKEG

otn Java (Java arrays)

- [a va doupe napadeiypata Kwdlka dlaxeiplong HvAUnG, Kat
- [0 NpaKTIK €€aoknon pe tn Java

Alaxeipon pviaung



AnAwon TIvakwy oTn Java

e 2Tn Java ot nivakeg opidovtal wg:

int[] a = null;

« Ot TUNOL TWV NIVAKWVY €ival TUNOL avapopAaG—Evag
NivaKAG oTNV NPAyHATIKOTNTA €lval EVA AVTIKEIMEVO, TO
OMnoio PNOPOUUE VA DLOXEIPIOTOUNE HE KAMNOLa EIOLKN
ouvTtagn

e 2TO napandavw, n petapBAnT a apxikonoteitat o nul i

* Mnopei va TnG avatebei pa ava@opa o Evav Nivaka Le
OKEPALEG TIMEG, AAAG OTO NAPANAVW NAPAdELYHA KAMNOLOG
TETOLOG Nivakag dev TNG €XEL AvaTEDEL HEXPL OTIYUNG
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Anuioupyia TTIVAKWY oTN Java

* NEa avTIKEIpeVa NivOKES ONUIOUPYOUVTAL E TN NEW:
int[] a = null;
a = new INnt[666];

« Kal punopoupe va ouvouaoouE TIGC OUO napanavw
ONAWOELG O€ Hia WG €ENG:

Int[] a = new INt]666];

Alaxeipon pviaung



Xpnoipgotroinon TIVAKWY oTn Java

in =0
wh (1

m (D =

I < a.length) {
[ 42;
+

i Q) mmi o=

1
\ ,

* [0 va NnpooneAAOOUUE €VA OTOLXEIO TOU Nivaka
xpnowponowoupe tnv ekppaon aj 1] (wg lvalue nf rvalue):
OMnou a eival pa EKQpaacn avaeopac o< nivaka Kat 1 ival
LI OKEPOLA EKPPOON

* [ 1o peyebog evog nivaka xpnotponotlovpe a. length

e QL 0eiKTEG TWV NIVAKWY €£xouv gupog O..(a. length-1)
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AlayelpioTEGC yVAUNG OTN Java

public class MemoryManager {
private Int[] memory;

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

O wivaxac InitialMemory sivau
LI TTEPLOYT UVIUNG TTOV oG OlveTOL
oo TO AELTOVPYIKO GUGTILLO.
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2T10if3ec (stacks)

Alaxeipion yvnung 9



2TOIfec aT1rd eYYypaPEG dpaoTnplIoTTOoinONG

* 2TIC NEPLOCOTEPEC YAWOOEC, Ol EYYPOAPEC
dpaotnplonoinong deopeuovtal dUVAULKA

e 2€ NOANEGC YAWOOEG, ENAPKEL va OECUEUCOULE IO
EYYPAPN KATA TNV KANON HlOG ouvapTtnong n onoia
ANOOECHEVUETAL KATA TNV ENOTPOPN TNG OUVAPTNONG

 Me autov Tov TPONo napayeTal pa otoifa ano
EYYPAPEC dpaoTnpLonoinong

« M otoifa xpelaletal Eva OXETIKA anAO aAyoploOpo
OlaXELPLONG UVAING
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Eikovoypagnon piag otoifag

top: 8 —p

Alaxeipon pviaung

Mo kevny otoifa pe 8
AéEec. H otoifa
LEYOAMDVEL TTPOC TA, KAT,
Ao UEYAAEC OE WKPEG
otevbvveelc. Mo
tpokabopiouévn BEon
uvnung (M movov evag
KOTOY®PNTNG) amodnkevet
M olevuvon g
KOPLPNG TG oToifag
(TG pupoTEpNg
YPNOLOTOLOVLEVTG
BEong pvnung).

11



top: 4
\ & To mpdypappo KoAel TNV

\ 6- first activation m. push(B), n oToia

record EMGTPEPEL S: TN 01ELOVVEON
Ei NG TPMOTNG 0td TIC 3 AEEELS
a8 TTOL OEGUEVOVTOL Y10l TNV

EYYPAOT OPAGTNPLOTOINCTC.
> H Swayeipion mg pviung
YPNOLLUOTTOLEL L0, ETTAEOV

” AEEN Y10 VO KATAYPAWYEL TNV
1: mponyovuevn T g top.
0:
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top: 1

7:

6- first activation
record

5:

4: 1 8

3:
second

&\_ activation record

1>‘- 4

O:

To mpoypapua Topa KaAel
v m.push(2), n onoia
yopvaet 2: ) oevbvvon ¢
TPMOTNG otd TIC 2 AEEELS TOV
OECUEVOVTOL Y10l TNV
EYYPAEN 0PUCTNPLOTOINCTG.
H otoifa topa yéuioe—ogev
VTAPYEL Y OPOS OVTE Y10 L0,
Kinon m.push(l).

[ o kAnon m.pop (),
avabETooue
top = memory[top]

Y10 VO ETIGTPEYOLUE GTNV
TPOTNYOVUEVT] KOTAGTOON.
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YAotroinon tng BvAung otoiffag otn Java

public class StackManager {
private int[] memory; // the memory we manage
private int top; // index of top stack block

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

}
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/**
* Allocate a block and return i1ts address.
* @param requestSize int size of block, > 0
* @return block address
* @throws StackOverflowError 1f out of stack space
*/
public 1nt push(int requestSize) {
int oldtop = top;
top -= (requestSize+l); // extra word for oldtop
iIT (top < 0) throw new StackOverflowError();
memory[top] = oldtop;
return top+1;

}

/** Pop the top stack frame.
* This works only 1T the stack 1s not empty.

*/
public void pop() { Oa SoUpe tnv evioAr] throw
1 Lofp = EmoryMiepy| KOLL TO XELPLOMO EEALPECEWV
1 O€ EMOUEVO pHadnua.
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Alatagn o cwpo

H dlatacn o€ oToifa €XEl OXETIKA EUKOAN uAonoinon

* AMAAG dev enapkel navta: TL ouppaivel yia napadeypa
€AV ol OEOUEVUOEIC KAl Ol ANOdECUEVUOEIC KOUUATIWV
LVAUNG aKOAOUBOUV TuXaia oE1pq;

« 'Evag owpoc (heap) eival pia akohouBia and pnAok
LVAUNG Ta onoia pag divouv Tn duvaToTNTA va £XOULE
LN Taglvopnuevn OECPEUON KAl ANOOECUEUAN MVIUNG

* YNnapxouv rnoAAol unxaviopol uAonoinong pviung cwpou
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YAoTroinon pEow Tou aAyopifuou First Fit

* 'Evac owpoOg uhonoleital wg pa ouvdedepevn AMota anod
eAeUBepa punAok (free list)

* ApXIKG anoTteAgital and povo eva peyAAo HUNAOK

* [l dEopeUOn KAMOIOU KOUUATIOU HUVAUNG:

- WYaxvoupue otn free list yla To NpwWTO UNAOK HE PEYEBOC TETOLO
WOTE va IKavonolouvTal ol anattnoelg Tng rntnong

- Eav To pnAok nou Bprkape eival peyaAutepo ano tn {ATnon,
TOTE ENOTPEPOULE TO AXPNOLONOINTO KOUUATL Tou OTn free list

- |kavonoloupe TNV anaitnon d€0oPEUONG UVAUNG KAL ENOTPEPOULE
TNV apXkr dleubuvon Tou dECUEULEVOU UNAOK

* [a anodEopeuon, anAwC NPOOOETOUUE TO EAEUBEPWBEY
LUMAOK otnVv apxn tng free list
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Eikovoypagpnon tnG yviUNG cwpou

‘Evog otoyelploti)c Lvnung cmpov M mwov
amoteleital and Eva mivaka amd 10
AECelc, 0 omolog apyika eival KEVOC.

O ovvdeouoc oty apyn ¢ free list
kpatiEton otn petopint) FreeStart.

Kdé&0e umlok, osopevuevo 1 U, uAdet
T0 LEYEDOC TOL OTNV TPDTN AEET TOV.

Ta elevBepa. umAox Exovv Eva GHVOEGUO
010 emouevo umhok g free list ot
0evTEPT AEEN TOVG, N TNV TN -1 €dv
TPOKELTAL Y10 TO TEAELTOLO UITAOK.

freeStart: O

O

10

Alaxeipon pviaung
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pl = m.allocate(4);

H avaeopd pl 8o waper tnv tiun 1,
ONAaoN TN oevbuvon e TPOTINC Amo
TIC TEGOEPLS OEGUEVUEVEG AECELC.

Mia emmAéov AEC ypMnoLLOTOLEITON

Y10, VO, KPATNGEL TO nEYEBOC TOL UTAOK.

To voAouTo LEPOG TOV UTAOK
eneotpapn ot free list.

first allocated
block

freeStart:

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

pl
p2

H avaeopd P2 Ba wapel tnv Tiun 6,
ONAaoN TN oevbuvon e TPOTINC Amo
TIC OV0 OECUEVUEVEC AEEELC.

Mia emmAéov AEC ypMnoLLOTOLEITON

Y10, VO, KPATNGEL TO nEYEBOC TOL UTAOK.

To voAouTo LEPOG TOV UTAOK
eneotpapn ot free list.

second allocated
block

4:
3:
first allocated
5- block
1:
freeStart: 8 0: 15

Alaxeipion yvAung
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pl = m.allocate(4);

p2 =

m.allocate(2);

m.deallocate(pl);

ATOOEGUEVEL TO TPWOTO OEGUEVUEVO
UTAOK KOl TO ETOTPEPEL OTNV KEPOAN

¢ free list.

-1

8:/"2

second allocated

block

.

N

4:
3:
2:
1- | 8
freeStart: O O=p 5

Alaxeipion yvAung
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pl m.allocate(4);
p2 = m.allocate(2);
m.deallocate(pl);

p3 = m.allocate(l);

H avagopd p3 Ba wapet v Tiun 1,
ONAaON TN 01Evhvvon ™S TPOTNC
OECUEVUEVC AEENC.

[IpocéCte 0T vANPYOV OVO UTAOK TOV
0o umopovoav va, EELTNPETICOVY TNV
amoitnon oéopevons. To dAlo umlox
0o TpoGEPePE Eval TEAELO TALPLOGLLOL

Ko Qo emAEYOVTOY 0TTd TO UNYOVIGLO
oéouevong uvnung Best Fit.

9: | -1

8 /V 2

{' second allocated

6:\ block

5: 13

4:

3: | 8

adhs

1- third allocated

) block

freeStart: 2 0:1]2

Alaxeipion yvAung
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YAotroinon tTng HVAMNS cwpou oTn Java

public class HeapManager {
static private final int NULL = -1; // null link
public Int[] memory; // the memory we manage
private int freeStart; // start of the free list

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

memory[O] = memory.length; // one big free block
memory[1] = NULL; // free list ends with 1t
freeStart = 0O; // free list starts with 1t

by
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/**
* Allocate a block and return 1ts address.
* @param requestSize iInt size of block, > 0
* @return block address
* @throws OutOfMemoryError 1f no block big enough
*/
public Int allocate(int requestSize) {
Int size = requestSize + 1; // size with header

// Do fTirst-fit search: linear search of the free
// list for the fTirst block of sufficient size.
iInt p = freeStart; // head of free list
int lag = NULL;
while (p '= NULL && memory|[p] < size) {

lag = p; // lag 1s previous p

p = memory[p+1]; 7/ link to next block
+
IT (p == NULL) // no block large enough
throw new OutOfMemoryError();
Int nextFree = memory[p+1l]; 7/ block after p

Alaxeipion yvnung 25



// Now p 1S the 1Index of a block of sufficient size,

// and lag 1s the 1ndex of p"s predecessor In the

// free list, or NULL, and nextFree i1s the Index of

// p°s successor 1n the free list, or NULL.

// 1T 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

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

}

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

else memory[lag+l] = nextFree;

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

Alaxeipion yvnung 26



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

}

Alaxeipion yvnung 27



‘Eva mpoBAnua

 'EOTW N NAPAKATW aKOAOUBIa EVTOAWV:

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

* H teleutaia kAfjon tng al locate Ba anotuxel dIOTL TA
€AEVBEPA LNAOK ONAVE OE HUIKPA KOUUATIO GAAG nouBeva
O€ ¢avaevwvovTal

o XpelalOHaoTE VA PUNXAVIOUO 0 ornoiog cuvaarnidel
OUVEXOUEVA YEITOVIKA UMAOK Mou £ival EAeUBepa

Alaxeiplon pvnung 28



Mia a1rd 116 AuoE€Ig TOU TTPORBARMATOC

« YAonolwupe pa no €cunvn pEBodo deal locate:

- Alatnpoupe TN AMoTa Twv EAEUBEPWY HNAOK TALLVOUNHEVN HE
Baon TIG dleuBUVOEIG TWV HUNAOK

- 'OTtav eAeuBepwvoupe €va PNAOK, KOITALE TO NPONYOUUEVO Kal TO
ENOUEVO TOU UNAOK MOU gival EAeVBepa

- Edv 1o pnAok nou eAeuBepwVvoupE Elval CUVEXOUEVO HE KAMOLO
ano auTad, Ta ouvaonioupe

 H pEBodocg auth eival No aNOTEAECUATLIKN ano TNV aAnAn
TON0BETNON TOU UNAOK OTNV KEPAAN TNG free list aAAa
OUWCG €ival Kat No danavnpr o€ XpPOVo EKTEAECNC

Awaxeipion pvAuNG 29



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

// Find the 1nsertion 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];

¥
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// Now p 1s the iIndex of the block to come after
// ours In the free list, or NULL, and lag 1s the
// 1ndex of the block to come before ours 1In the
// free list, or NULL.

// 1T the one to come after ours 1Is adjacent to 1It,
// merge 1t Into ours and restore the property
// described above.

iIT (addr+memory[addr] == p) {
memory[addr] += memory[p]; // add i1ts size to ours
p = memory[p+1];

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

+

else 1t (lagtmemory[lag]==addr) { // block before is

// adjacent to ours

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

}

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

}
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EAg00epeg AioTeG DIaXWPICHEVEG BacEl peyEBOUG

* Ta pkpou (kat cuvBwe NpokaBoplopEVoU) pEYEBOUG
LUMAOK ouvnBwg deopeUovVTaL Kal anodECUEUOVTAL MOAU
Mo ouxva ano Ta PEYAAou r) TuXaiou peyEBoug HNAoK

« M ouvnOng BeATioTonoinon: OIATNPOUKE CEXWPIOTEG
AlOTEG eAeUBEPWY UNAOK YIa (HIKPOU) HeYEBOUG HNAOK Ta
onola givat dONUOPIAN

« Me aAAa Aoyla dlaxwpioupe TIG AMOTEG Ye Baon To
LEYEDOC TV MNAOK Nou anoBnKeUouv KAl ava@eEPOUAOTE
o€ eAeVUOEPEC ANIOTEC DlaXWPIOUEVEG BAOEL PEYEOBOUG
(size-segregated free lists)
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Katakeppatiopog (fragmentation)

e AEUE OTL N HVAUN ElVAL KOTAKEPLATIOUEV OTAV Ol
eAevBepeC neploxeg dlaxwpilovtal and dECUEUPEVA
LIMAOK, KAl KOTA ouvenela dgv gival duvato va
OECHUEUOOUE OAN TNV EAEUOEPN VAN WG EVA MNAOK

o [EVIKOTEPQ, N HVAUN €lVAL KOTOKEPUATIOMEVN OTAV O
OlaXEPLOTNG TNG HVANG OwpOoU OV gival og BEon va
ECUNNPETNOEL TIG AITAOEIG OECUEUONG UVAUNG NAPOAO
NOuU UMNAPXEL APKETH EAEUOBEPN LVIIUN OUVOAIKQ
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pl = m.allocate(4);
p2 = m.allocate(l);
m.deallocate(pl);

p3 = m.allocate(5);

H televtaia 0écusvomn Oa
AmTOTUYEL AOY® TELAYIGULOV
TOV eAE00EPOV UTAOK.

-1

3

second allocated
block

2

\\\\_-\\\\

N

Rl o] w]| b o | N | o | ©
Yl R

freeStart: O

Alaxeipion yvAung
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TPEXOVTEC 2UVOECHOI OTO ZWPO

Alaxeipion pvaung
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TPEXOVTEG OUVOECHOI OTO CWPO

« Mexpl oTiypng, BAENAUE TO UNO EKTEAEDT NPOYPAUUA WG
€va HaUupPo KOUTi Nou anAwg anattei dEOPEVOELC Kal
anodEOUEVOEIC UVAUNG

* TiLKAvEL TO NPOYPAUHA HE TIC OlEUBUVOEIC PvAUNG NOU
TOU NapaxwpouvTal;

* TiGc anoBnkeuel o€ KAMOLla ovOpaTa (LETABANTEG)

« 'Evag TPEXWV oUvOeEOUOC 0TO oWPO (current heap link)
glval pa B€aon pvUNG nou nNEPLEXEL pa TR n onoia Ba
xpnotponotnfei and 1o NPOYPAUUA WG OEIKTNG OTO OWPO
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TPEXOVTEG OUVOECHOI OTO CWPO

OToD

- 2
1

(activation record
for main)

start:
(an IntList)

free

|

free

head: 2
tail: null

(a ConsCell)

free

I

head: 1
tail:

(a ConsCell)

free

Xtoifa

Alaxeipon pviaung

XOPOg

IntList a =

new IntList(null);
b = 2;
c = 1;
a.cons(b);
a.cons(c);

~+

n
n

Q QO == =

IToV givon o1 TpEYOVTEC
GUVOEGLOL GTO CWPO
GTN OUTAOVT] EIKOVOL;
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EUpeon TwvV TPEXOVTWYV CUVOEOUWYV OTO OCWPO

* ApxiCoupe pe eva ouvoAo pllwv (root set): BEoelg pvAUNG
EKTOC TOU OwpPOoU NoU NEPLEXOUV OUVOEOUOUG OE BEDEILC
LVIAUNG OTO OWwPO, Mn.X. O€

- EVEPYEG EYYPAPEC dpaaTnplonoinong (otn otoiBa)
- KOABOAIKEG N OTATIKEG HETABANTEG

* [0 KGBE oTOLXEIO TOU OUVOAOU, KOITAUE TO OECUEUUEVO
LMAOK OTO Ornoio OEiXVEL 0 OUVOEDMOG KAl NPOCOETOUE
OAEC TIG BEOEIC UVAUNG TOU OUYKEKPIUEVOU UMAOK OTO
OUVOAO HOG

« EnavaAapBavoupe tnv napandavw dladlkaoia PEXPLS ToU
onueiou 6nou € PPIOKOUPE AAAEG VEEG BECEIC PVUNG
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AGBN KATA TNV EUPECN TWV TPEXOVTWY OUVOECHWYV

 Hoaporeiyers: Ceyvaue va meptldfoopue o B€on uvnung mov
EYEL EVAV TPEYOVTO GUVOEGHO GTO GOPO

o Ayxpnotes TuéES. cvumeprtiapPdvoovue 0EcEC Lvnung yio Tic
omoieg To TPOYpaULd TOTE O0€ Bal YPNCILUOTOMGEL TIG TIUEC TTOV

amodnkevovy

* AwevBovoerg mov ogv eivan O¢oerg pviung:
couneptAauBavove Kamoleg 0EGEIC LVNUNG 6TO GOPO UOVO
KOl LOVO ETELON 0€ UTOPOVUE VO EEYDMPIGOVUE TIUES TOV
YPTNCLOTOLOVVTOL TT.Y. G OEIKTEC 6TO c®PO 1N G oKEPALOL (e

TIUN TTOL QOUVETOL MG [a, dievdvvon PvRuUNg 6to cmPod)
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Ag NTTOPOUHE TTAVTA VO ATTOPUYOUME TA AAON

* [ tn owaoth dlaxeiplon Tou owpou, Ta AaBn napaAewyng
elval PN anodeKTA KAl 0€ OUYXWPOUVTAL

« ApQa EIMOOTE UNOXPEWHEVOL VO CUMNEPIAABOULE OAEG TIC
0€0elC pvAUNG Yia TIG onoieg unapxel NiBavotnTa n TN
NouU anodBnKeUETAL OTN OCUYKEKPIUEVN BEDN pPvhUNG va
xpnowonotndei and to npoypappa

« Kata ouvenela, To va oupnepINaBoupe axpnoTteg BE0ELG
HUVIUNG OTOV UMOAOYIOUO €ival avanO@EUKTO

« Avaloya pe Tn YAwooa, Pnopei va ivat aduvato va
QNOPUYOULE VO CUUNEPIAABOULE KAl TIMEG NMOU ANAWG

deixvouv oav BECEIC PVAUNG OTO OwPO
Awaxeipion pvAuNG 41



TipEG TTOU OgiXvouv oav OIEVBUVOEIC NVAMNG

* [a KAnoleC PETAPBANTEC UNOPEL va PNV €ipaoTE o€ B€0N
VO KOTAAABOULE NG XpnolponolouvTal ol TIHEG TOUG
o [0 napadeypa, n NAPAKATW HETABANTA X UMOPEL VO
XpnolponotnBel eite wg O€IKTNG €ITE WG Nivakag ano
TEOOEPIC XAPAKTNPEG
union {
char *p;
char tag[4];
} X
2 NUeiwon: To napandvw npopAnua sivat akopa xepdtepo otn C, dloTL
ot C compilers dev kpaTtouv NANPo@opia yia Toug TUNOUG TwV

HETAPBANTWY KATA TN OIAPKELA EKTEAEONG TOU NPOYPAUUATOG
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2UMTTiEON TOU ocwpou (heap compaction)

« M Aettoupyia nou xpetaletal nAnpogopia yia To
OUVOAO TWV TPEXOVTWY OUVOEOUWY OTO OWPO
e O dlaxelplOTAC TNG UVAUNG METAKIVEL OECUEUPEVA UNAOK:

- AvTiypagel TO HNAOK O€ pIa vea BEan, Kal

- Enkaiponolei OAoug Toug OUVOEOHOUG OTO (] KANou PHECA OTO)
HUMAOK

« Kata ouvenela cupniedel To owpO, HETAKIVWVTAG OAQ T
OEOUEUHEVA UMAOK OTO £vA AKPO TOU KAl ApnvovTag eva
LEYAAO EAEUOEPO UNAOK XWPIC KATAKEPUATIOUO
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2UAAOYN ZKOUTTIOIWYV

Alaxeipion yvnung 44



Katroia cuvnOiopéva mTpoBARHATO NE OEIKTES

type
p: ~lnteger;
begin —EKPEUOOTOC SELKTNG: TO SUTAOVO
n/e\wgg); _ npoypappo Pascal xpnotwpomnolei éva
gisfogséel%f)) ) SelkTn 0€ UIMAOK UVANG KOl LLETA TNV
or 1= pA Y1 aMOOECUEVUCN TOU OUYKEKPLLLEVOU UTTAOK
end

procedure Leak;

type Alappon UvAKRNG: To SUTAOVO TPOYPAUUOL
p: “Integer; Pascal 6sopelel Eva Aok pvnpng oAl
bedin EexvaeL va To amodeopeloel
new(p)

end;
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2UAAoyn okouTtridiwy (garbage collection)

* A@poU TOOO O@AAHOTA AOYIOUKOU CUPBaivouv AOYW
AaBwv anodeopeuong pUvuUnG...

e _.KaLeNedn dev €ival BOAIKO yla TOV NPOYPOALUATIOTA VA
OKEPTETAL VIO TO NWG Ba yivel cwoTa N anodeopeEUON
HVAUNG...

e ..YlO Nolo AOYO va unv €ivatl eubuvn TG vAonoinong tng
YAWOOQC N AUTOMATN AVOKUKAWON UVAUNG;
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TpeIg BACIKOI UNXAVIOHMOI AVAOKUKAWONG MVAMNG

1. Mapkdaplopa kat okouniopa (mark and sweep)

2. AvTtiypagn (copying)
3. MeEtpnua avagopwy (reference counting)
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MopKkdapiouO KOl CKOUTTIOUO

e 'EVOG OUAAEKTNG HOPKAPIOUOTOC KAl OKOUMIOUOTOG
(mark-and-sweep collector) xpnoonolel TOUG TPEXOVTEG
OUVOEOHOUC OTO OWPO O€ pa dladlkaoia nou £xet dUO

(PAOCELG:

- Mapkaplopa: Bpiokoupe OAOUG TOUG TPEXOVTEG CUVOECHUOUG OTO
OwWPO Kal HaPKAPOUUE OAQ TA UNAOK TOU CwpPOU Ta ornoia
delXvovTal and KAanowov ano TouG OUVOEOHOUG

- 2ZKOUMIOMO: KAVOUUE EvVa NMEPACHA OTO CWPO KAl EMNOTPEPOUE
TA AMAPKAPLOTA UNAOK OTN AlOTA HE Ta EAEUOEPQ UNAOK

e Ta MNAOK MOU HOPKAPOVTAL OTNV NPpwTn Aaon Tou
aAyoplBpuou 0€ petakivouvTal (non-moving collector)
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2UAAoY OKOUTTIOIWYV HECW AVTIYPOAPAG

‘Evag ouAAEKTNG avTiypagng (copying collector) duatpei
TN HvApN o€ OUO KOUUATIO KOl XPNOLUOoNOLEL TN YO HOVO
LVILN VIO VO IKAVOMNOLAOEL TIC AITACEIG OEOUEUONG

e 'OTtav TO MO0 AUTO PEPOG YEUIOEL, BplOKOULE
OUVOEOHOUG NoU OEIXVOUV OE UNAOK OTO NPWTO MO0 Kal
AVTLYPAPOUUE AUTA TA HUNAOK OTO OEUTEPO HOO

« H dwadikaoia auth oupnielel Ta XPNOUONMOIOUMEVA UMAOK,
LlE anOTEAEOUA va eCapaviel TOV KATOKEPUATIOMO

* 2UANANEKTNG HeTaKivnong (moving collector) pnAok
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METpnua ava@opwy

« Kd&Be UnAoK €XEL Eva HETPNTH NOU KPATAEL TOV ApLOUO
TWV OUVOECUWY OWPOU Nou OeiXVouVv OTO HNAOK

e O peTpNTAC QUTOC AUEAVETAL OTAV KAMOLOG OUVOECHOG
NPOG TO UNAOK dnuoupyndel (N.x. LEOW avabeong), Kat
LEWWVETAL OTAV KAMOLOG oUVOECHOG XaBel

e 'OTav n TN TOU HETPNTN YIVEL UNOEV, TO MNAOK £lval
AXPNOTO Kal Hnopel va eAeuBepwOEel

« AnAadn otn dlaxeiplon HvAUNG HE HETPNHUA avagopwy OE
XPeLaleTal va BPOUE OUVAUIKA TOUG TPEXOVTEG
OUVOEOHOUG OTO OWPO
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MpoRANHA HETPAMATOG AVAPOPWYV

circle:

(activation record)

free

free J

A

free P4

&

Xtoipa

Alaxeipon pviaung

free

2XOPOS

‘Eva Tpopinua

LETPNULATOS OLVOPOPOV:
O€ UTOPOVLE VO
OLVOKOAVWOLLLE
KUKAOVG 0to dypnota
UTAOK.

2TV €1KOVa, Ui
KUKATKGO GUVOEOEUEVT)
AMoto mov oglyveTon amod
™ uetafPinm circle.
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MpoRANHA HETPAMATOG AVAPOPWYV

circle: null

(activation record)

free

Xtoipa

Alaxeipon pviaung

.

Iink:-—\\\\\
fr

&

- ce J
ﬂ

free 7

4

free

20pog

Av avabécovue m.y.
v Tiun null ot
uetapfintiy circle,

N TN TOL UETPNTN
Oa pelwOet.

Kavevag petpntg
aVOPOPM®V OE YiveTOU
UNOEV, TAPOAO TTOV
OAa. ToL LTAOK Elvait
dypnota (ocKovmioww).
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MeETpnua ava@opwyv

« Ag pnopel va GUAANEEEL KUKAOUG OKOUMIOWWYV

* EnPBANEL KANOLO pn apeANTEO KOOTOC OTNV EKTEAECN
TOU NMPOYPAHUMATOG, AOYyWw TNG AvAYKNG VA EVNUEPWOOUHE
TOUG LETPNTEG ava@popwyv o€ KABe avabean

* 'Eva NAEOVEKTNUA: O AAYOPLOHOG Elval QUENTIKOG
(incremental), dnAadn ekTeAEiTAl ANO TN YUON TOU O€
LIKPQ BripaTta Kat v enPBAAAEL HEYAAEC NAUCELC KATA
TNV EKTEAECN TOU NPOYPAUUATOG
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EKAETTTUCMEVOI CUAAEKTEG OKOUTTIOIWYV

* 2UMAEKTEG Yevewv (Generational collectors)

- H npog cuAoyn pvAun Xwpiletal o yevieg (generations) e
Baon TNV NAKIO TWV AVTIKEIUEVWY OTO UNAOK

- ZUAAEYOUPE Ta oKOUNidla OTIC VEEG YEVIEG MO OUXVA
(XpnolonowwvTag Kanowa and TIG NponyoupeveG HEBOdOUG)

« AugnTikoi cUAAEKTEC (Incremental collectors)

- 2UANAEYOUV oKounidla o€ HIKPA XPOVIKA dlaoTHHOTA Ta onoia
NapEUPAANNOVTAL PUE TNV EKTEAECN TOU NMPOYPAUHUATOGC

- Kata ouvéenela ano@euyouv TO OTANATNHA TNG EPAPUOYAG YIa
HEYAAO XPOVIKO dIAOTNHA KAl Ol NAUCEIC AOYW QUTOMATNG
QVOKUKAWGONG MVAUNG €XOUV NOAU HIKP OLAPKELD

Alaxeipon pviaung
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FAwooeg pe autdéparn dlaxeipion MVAHUNG

e 2€ KANOIEG YAWOOEC N auTOpaTn OlaXEipLon KVNUNG Elval
anaitnon: Lisp, Scheme, ML, Haskell, Erlang, Clean,
Prolog, Java, C#

« Kanoleg aAAeg, 6nwg n Ada, anAwg tnv evBappuvouv

* Te&Aog, kanoleg AAAeC YAwooeg onwg N C katn C++ tnv

KaBLoTOUV NMOoAU OUCKOAN
- Opwcg akopa Kal yia auTeG gival duvath o€ KAnolo Baduod

- Yndapyxouv BIBAOBAKEG Nou avTikaBloTouv Tn ouvnolopEvn
uAonoinon Twv mal loc/free pe €va dlaxelploTn Hvnung nou
xpnolponolei ouvtnenTik cuAoyn okoundwwy (conservative
garbage collection) yla tTnv autopaTn AVOKUKAWGON UVAKNG
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Taoeigc oTnv autéparn dlaxeipion MVAMNG

« M 1d€a ano TIc apxec tou 1960, n dNUOTIKOTNTA TNG
onoiac €XeL augnBel onUAvVTIKA Ta TEAEUTAIO Xpovia

* Ol KOAEC UNONOINOEIC TWV OUAAEKTWY OKOUMIOWYV €XOUV
enidoan nNapopola He, N HOVO KOTA Aiyo XELpOoTeEPN ano,
QuUTRV N onoia givatl duvatr he dlaxeiplion LvApUng unod tov
EANEYXO TOU MPOYPOALUATIOTH

« 'OAO KOl NEPLOCOTEPOL MPOYPAUUATIOTEG OUVEIONTOMOLIOUV
OTL N AUTOMATN QVAKUKAWON HVAMNG QUEAVEL TNV
NapAywylKOTNTA TOUG, 0dNYyeL 0 AlyOTEPA OPAALATA, KOl
KATA OUVENELQ acilel TOV ECTPA XPOVO EKTEAEONG
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2UHUTTEPOUCHATIKA

« H dlaxeiplon pvung €ivat €va onpavTikO CUCTATIKO TWV
ANnoPACEWV OXEDIOOUOU KOBWC KAl TWV OUCTNUATWY
uAonoinong Twv YAWoOoWV NMPoypapUaTIOHOoU

« ToOoo n €nidoon 000 KAl N AELOMNIOTIO TWV NPOYPOAUHATWY
glval onNUAvTIKOL NaPAYOVTEG TNG avAnTUENG AOYIOLIKOU

 H autopatn dlaxeiplon pvAUNg ivat pa anod TIg nio
EVEPYEG NEPIOXEG EPEUVNTIKNG OPAOCTNPIOTNTAG KAl
NEPAUATIONOU OTNV NEPLOXN TNG uAonoinong YAwoowv
NPOYPOUUATIONOU
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