Awaxeipion Mviung

Auvapikn déoueguon HVAUNG

Andre Derain, The turning road, Lestraque, 1906

KwoTthg Zaywvag <kostis@cs.ntua.gr>

» Katd tnv eKTEAECN TOU NMPOYPAUUATOS UNAPXEL AVAYKN

yla d€opEUOn PVAUNG:

- Eyypaguwv dpactnplonoinong

- AVTIKEIHEVWIV

- Apeocwv KAfjoewv d€opeuong pvAung: new, mal loc, K.An.

- Eppéowv kNjoswv d€opeuong pVAUNG: dnuioupyia
ouppBoloacelpwy, buffers yia apxeia, Nvakwy pe SuvapKa
kaBoplléuevo PEYEBOG, K.AM.

* OLUlonolAoEIG TWV YAWOOWYV NapEXOUV Th duvaToTNTA
dlaxeiplong LVAUNG KATA TO XPOVO EKTEAEONG TOU
NPOYPAHUATOG

Awoxeipton pviapng

Mepiexédueva

MovTtéAo pvAung

* MovtéAo pvAung pe nivakeg otn Java
* XT10iBeg (Stacks)

* 2wpoi (Heaps)

* Tpé€xovteg OUVOECHOL OTO CWPO

* 2UMAoyr okounwdwyv (garbage collection)

Awxeiplon wipng

* [1pog To NapAdv, oG UNOBECOUUE OTL TO AEITOUPYLIKO
oUOTNHA NOPEXEL OTO NPOYPAUMA Mia 1) NEPLOCOTEPEG
NEPLOXEG UVIHNG KANOLOU NPOKABOPIoPEVOU HEYEBOUG
yla duvapuki dEopeuon

* Oa HOVTEAOMOLOOULE TIG NEPLOXES AUTEG WG NIVOKEG
otn Java (Java arrays)

- TNa va doUpe napadeiypata Kwdka dlaxeiplong PvApng, Kat
- [N npakTikA €EGoKNon pe tn Java

Awxeiplon wApng




ARAwon TIVAKWY oTn Java

Anuioupyia TTIVAKWYV oTn Java

* 2Tn Java ol nivakeg opidovtal wg:

int[] a = null;

« OLTUNOL TwV NIVAKWV €ival TUNOL avagopiG—Evag
NivaKag oTnV NPAaypaTIKOTNTA €ival €va avTIKEIPEVO, TO
0noio HNOoPOUPE va BLAXEIPLOTOUUE HE KAMOLa ELOIKA
ouvtagn

« 27O napanavw, n HeTapAnTnh a apxwonoteitat oe null

* Mnopei va Tng avatebel pa avagopd o Evav Nivaka Ue
OKEPALEG TIMEG, OANG 0TO Napandvw NAPAdELYHA KAMOLOG
TETOLOG Nivakag dev TNG €XEL avaTeBEl PEXPL OTIYUAG
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* Né€a avtikeipeva nivakeg dnpoupyouvTal e TN NEW:
int[] a = null;
a = new Int[100];
« Kat pnopoupe va ouvdudooupE TIG U0 Nnapanavw
ONAWOEIG WG €EAG:
int[] a = new Int[100];
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XpnoiygoTtroinon mTivakwy ot Java

AlaxeipioTég yvAUNG otn Java

a.length) {

* [0 va npooneAGCOUE £va OTOLXEIO TOU nivaka
xpnowonotwupe tnv Ekppaocn af 1] (wg Ivalue f rvalue):
onou a gival pa €kgpaacn avagopds os nivaka Kat I ivat
ML OKEPALA EKOPOOH

» [Ma 1o pé€yebog evog nivaka xpnowonooupe a. length

* O deikTEG TWV NVAKWY £xouv eupog O..(a- Iength-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 = initialMemory;

}

O wivakag InttialMemory sivat
HoL TEPLOYT LVAUNG OV oG dtvetan
a7t TO AEITOVPYIKO GVGTILLAL.

Aaygipon pvipng




210ifeg (stacks)

Alaxeipion pvAaung 9

2T0ifEg aTrd EYYpaPEG dpaoTnPIOTTOINONG

* 2TIG NEPLOOOTEPEG YAWOOEG, Ol EYYPAPEG
dpaactnplonoinong deopevovtal duvapika

*  2€ NOAEG YAWOOEG, ENAPKEL va OECUEUCOUUE IO
EYYPOAQN KATA TNV KAAON Jag ouvaptnong n onoia
anodeOUEUETAL KATA TNV ENOTPOPH TNG OUVAPTNONG

* Mg autdév Tov Tpdno napdyetal pa otoifa and

EYYPAYPEG dpaoTnplonoinong

* Mia otoifa xpealetal Eva oXeTIKG anAd aAyoplBuo

OlaXeIpPLoNG UVAUNG

Awaxeiplon pvnpng
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Eikovoypdenon yiag otoiag

top: 8 ——p

7: Mua kevn otoifa pe 8
AéEeic. H otoifa
HEYOADVEL TPOG TOL KATW,
5: oo LEYAAEG GE UIKPEG
devBvvoeic. Mo
npokabopiopévn Béon

3: pvnung (M mbavov €vag
KOTOY®PNTHG) amodnkevel
) dtevbuvon g

1: pHucpoTePNS OEong pvipng.

Awaxeiplon pvApng 1

top: 4
\7:

\ 6- first activation
record

To npdypappa Koel tnv
m.push(3), n onoia
EMOTPEQPEL 5: TN d1evbvvon
TOV TPAOTOV amd TG 3 AéEelg
OV ECUEVOVTOL Y10 TNV
€YYPOON OpacTNPLOTTOINGNC.
H duwoyeipion g pvnung
YPNOUOTTOLEL [t EMTAEOV
AEEN Y10 VO KOTOYPAYEL TNV
mponyovevn Tiun g top.
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To wpdypappo TOPO KoAEL

YAotroinon Tng HvApNng oToifag otn Java

}

top: 1 mv m.push(2), n onoia public class StackManager {
) yopvaet 2: 1 dtevbuvon tov private int[] memory; // the memory we manage
7: TPAOTOL 0md TIC 2 AEEELC OV private int top; // index of top stack block
6- first activation SSGMS{)OVT(“ Yy Viaa
record £yypagn Spocmpronoinong. * StackManager constructor.
5: H otoifa tdpa yéuioe—oev * @param initialMemory int[] of memory to manage
2 | s VILAPYEL YDPOS OVTE Y10, LU0 4
\ : KAnon m.push(l). public StackManager(int[] initialMemory) {
&: memory = initialMemory;
 second Mo o kAnon m.pop(), top = memory.length;
%: activation record (XV(XGéTOD}LS }
P top = memory|[top]
_ Y10 VO, ETIOTPEYOVE GTNV
0: TPONYOVLEVT] KATAGTAGT.
Alaxeipion pvAaung 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 -
if (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.
*/

public void pop() {
top = memory|[top];
}

Oa doupE TNV EVTOAN
throw kai To xeIpIopo
eCAIPETEWY O€ ETTOPEVO

Aloyeipion uvHu%;enua' 15
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AiaTagn o cwpod

YAotroinon péocw Tou aAyopiBuou First Fit

H dlatagn oe otoifa £xel OXETIKA EUKOAN UAoNoinon

AMN\G dev eNAPKEL NAVTA: TLyLa NAPAdELYHa CUpBaivel
€AV oL dEOUEUOTELG KAL OL ANOdECUEVUOELG KOUUATIWV
HVAUNG akoAouBouv Tuxaia oelpq;

'Evag cmpog (heap) sivor pua oxodovbia omd prhok pviung
To. omoiol pag Sivouv T duvaTOHTNTO VoL EXOVUE LN
TavounUéVT OEGELON KOl ATOJEGIEVCT) VNG

Yndpyovv moArol unyoavicpoi vAomoinong pviung cwpov
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* O ocmpdg viomoteital o¢ po cuvdedepévn Mota amd erevBepa

umiox (free list)

s Apyika omoteAeitol amd uovo Eva PHeyIlo UTAOK

* To déopevon KATOOV KOUUOTION UVIAUNG:

- WYayvovupe ot free list yio o Tpdto punhok pe péyebog tétoro dhote va

KOVOTOLOUVTOL Ol OTOTOEL TNG CRTnomg

- Edv to pmhoxk givon peyaddtepo and tn {ATnomn, T0Te EMOTPEPOVUE TO

aypnoiponointo koupdtt ot free list

- Ixovomowobpe Vv amaitnor SEGUELONG UVIUNG KOl ETIGTPEPOVLLE TNV

apykn S1evduven Tov decUEVIEVOL UTAOK

* To anodéopevon, animg TpocHiTovpe T0 e eLOEp®OEY pmhok

otV apyn g free list

Awaxeiplon pvnpng
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Eikovoypdepnon Tng yvAung cwpou

"Evag dwoyeptotg pviung copov M mov 9:
omoteleital amd Eva mivako amd 10 s
AéEe1G, 0 omolog apykd etval KEVOC. )

, , . 7
O ovvdeopoc oty apyn g free list
kpoatiétor otn petofant) FreeStart. 6:
Kabe pmhox, deopevpévo 1 un, eurdet 5:
t0 n€YeBdS Tov oV TP®OTN AEEN TOVL. a-
Ta ehevBepa umhok Exovv Eva 3-
GUVOEGO OTO EMOUEVO UTAOK TNG free
list otn devTEPN AEEN TOLVG, | TV T — 2:
1 edv TPOKELTOL Y10l TO TEAEVTOUO UTAOK. 1- | -1

freeStart: 0 O:p 10

Awaxeiplon pvApng 19

pl = m.allocate(4);

H avagopd pl 6o wdpet v Tyun 1,
dnAadn ™ devbuven g TPAOTNG ard
TIG TE0OEPLG OEGUEVIEVEC AEEELC.

Mio emmAéov AEEN ypnoyLomoleiton

Y vo Kpatnoetl o puéyedog Tov Pmhox.

To volomo PéPog Tov UTAOK
eneotpden ot free list.

first allocated
block

freeStart:

Aiaxeipion pvipng
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pl = m.allocate(4); pl = m.allocate(4);
p2 = m.allocate(2); 9: | -1 p2 = m.allocate(2); 9: | -1
g m.deallocate(pl); 8- o
ad Vad
/s 1:
‘ ‘ , second allocated second allocated
H avagopd p2 6o mdpet tnv Tiun 6, fs block « block
onAadn t devbvvon g Tpd TG and ] ) ) )
TIc Y0 deoHEVEVES MEEELG. {5: 3 ATOOEGLEVEL TO TPMOTO OEGUEVUEVO 51
UTTAOK KOl TO EMOTPEPEL OTNV KEPAAN
Mio emmAéov AEEN ypnoyLomorleiton ’ 4: g free list. 4:
Yl voL Kpatnoetl To puéyebog Tov Umhox. , 3 3
first allocated
To volomo uéPog Tov UTAOK 5 block 5-
emeotpaen ot free list.
1: 1: | 8
freeStart: 8 0: 15 freeStart: 0 O 5
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YAotroinon 1 Vi owpou oTn Java
pl = m.allocate(4); non s Bvnuns P 1
2 = m.allocate(2); 9: | 1
E deal Iocate(plg') public class HeapManager {
:'3 — 2 Ges e i ; 87 2 static private final int NULL = -1; // null link
28 = e ; - public int[] memory; // the memory we manage
, , , { second allocated private int freeStart; // start of the free list
H avapopd p3 Ba wépet tnv tipn 1, A block
dnAadn  devbuven g TPAOTNG i /**H ' et
deouevuévne AéEnc. 5:|3 * HeapManager constructor.
HEDREVIC AECTIG * @param initialMemory int[] of memory to manage
[Ipocé&te 6TL VAYPYOV dVO PTAOK TOV 4: */ ) o
Oo pmopoveay Vo, EEVIMPETHGOVY TNV 3 8 purt;;r:]nge?p’\iAﬁri]igi]g:l\(/l;;gE] _initialMemory) {
anaitnon déopevonc. To iAo pmhox y = 1n " Y h- - lock
, , . , . memory[0] = memory.length; {/ one blg_ ree bloc
fa TPOGEPEPE EVA TEALLO TAUPLAGHD yad memory[1] = NULL; // free list ends with it
Kot O emAEyovTay amd To UNYaviouo /1: third allocated freeStart = O; // free list starts with it
déopevong pviung Best Fit. block }
freeStart: 2 0: ]2

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

lag = p; // lag is previous p

p = memory[p+1]; // link to next block

}

if (p == NULL) /7 no block large enough
throw new OutOfMemoryError();

int nextFree = memory[p+1]; // block after p

Alaxeipion pvAaung 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.

// 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; // fill in size
memory[nextFree+1] = memory[p+1]; // 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+1l] = nextFree;

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

Alaxeipion yvAaung 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;

}

Alaxeipion pvAapng 27

‘Eva mmpéBAnua

* 'E0Tw N napakdtw akoAouBia evtoAwv:

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

* H teleutaia kAfon tng al locate Ba anotuyel d10TL Ta
€AEUOEPA UNAOK ONAVE OE UKPA KOUUATIO GAAG nouBeva
o€ EavaegvwvovTal

» XpelalOpaoTe Eva PNXaviopo o onoiog ouvaonifel
OuveEXOHEVA YEITOVIKA UNAOK Mou gival eAeUBepa

Aloxeiplon pvAung 28




Mia atré 116 AUo€Ig TOU TTPOBARMATOG

* YAonoloUpe pia no €gunvn peBodo deal locate:

- Awtnpoupe tn AMoTta Twv €AeUBEPWY UNAOK TAELVOUNUEVN LE
Baon TG dleuBuvoelg Twv PNAOK

- 'Otav eAeuBepwVoUE Eva UNAOK, KOLTALE TO NPONYOUREVO KAl TO
€nopevo Tou UNAOK nou gival eEAeUBepa

- Edv 1o unAok nou eAeuBepwvoupe gival GUVEXOUEVO LE KAMNOLO
anod auTd, Ta cuvaonifoupe

* H p€Bodog auTh €ival No anoTeAEoUATIKA and Tnv anAi
TONOBETNON TOU UNAOK OTNV KEQPAAR TNnG free list aAAG
OMWG €ival Kat Mo danavnprf o€ XPOVo EKTEAEONG

Alaxeiplon pvAung 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;

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

}

Alaxeipion yvAaung 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.

it (addr+memory[addr] == p) {

memory[addr] += memory[p]; // add its size to ours
p = memory[p+1];

Alaxeipion pvAapng 31

}

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

else it (lag+tmemory[lag]==addr) { // block before is

// adjacent to ours

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

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

}

Alaxeipion pvAapng 32




EAe00epeg AioTeg Slaxwplopéveg Baoel peyédoug

* Ta pkpou (kat cuvABwG NPoKaBopLopEVOU) HEYEBOUG
MNAOK ouvhBwg deopelovTal Kal anodeopeUOVTAL MOAU
no ouxva anod Ta PeYAAoU r) Tuxaiou pey€Boug UnAok

* Mia ouvnBng BeATtioTonoinon: dlaTnPEOUUE EEXWPLOTESG
ANOTEG EAEUBEPWY PNAOK YIa (UIKPOU) HEYEBOUG UMAOK T
onoia givat dnUo@IAR

* Me aAAa Adyla dayxwpifoupe TG Aioteg pe Baon To
HEYEBOG TWV UNAOK NMOU anoBnKeUoUV Kal avaQEPOUOOTE
ot size-segregated free lists
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Karakeppatiopdg (fragmentation)

* Agpe OTL N PVAMN €ival KATOKEPUATIOUEVN OTAV Ol
€AeUBEPEG NEPLOXEG DdlaxwpifovTtal and dECUEUPEVT
MMAOK, KAl KOTA OUVENELa dev gival duvaTto va
deopeUooUpE OAN TNV EAEUBEPN VAN WG €va UNAOK

* [evikOTEPQ, N LVAUN €IVOL KATAKEPUATIOMEVN OTAV O
OLOXEIPLOTAG TNG KVAUNG Owpou dev eival og B€on va
€EUNNPETAOEL TIG ALTAOELG OECUEUONG KVANG NAPOAO
nou undpxelL apkeTH EAeUBEPN PVAIN OUVOAIKA

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

p3 = m.allocate(5);

(o]

-1

3

\,
N

({ second allocated
H tehevtaio déopevon Oa block
amoTOYEL AOY® TEUAYIGHLOD g\ 2

TV eAeVBepV UTAOK.

freeStart: 0

(«»)
y
(6]
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Tpéxovteg ZUVOECHOI OTO ZWPO

Aiaxeipion pvipng
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Tpéxovreg oUVOEOOI OTO CWPO

Tpéxovreg oUVOETOI OTO CWPO

* MExpL OTIYUAG, PAENAUE TO UNO EKTEAECN NPOYPAUUA
oav €va paupo KouTi Nou anAwg anattei dEOPEUOELG Kal
anodeOUEVTELG UVAING

* TiKAvel TO NPOYPARMa HE TIG OlEUBUVOELG PVAUNG NOU
TOU napaxwpouvTal,

* Tic amoOnkevel og Kamola ovopato (LETOPANTES)

* "Evag tpéymv ocdvdespog oto cmpéd (current heap link) sivan
po 0€om LVNUNG Tov TEPLEYEL Lol T TNV omoia Oa

YPNOCLOTOMGEL TO TPOYPALLLL OG OEIKTN 6TO GOPO

Alaxeiplon pvAung 37

f; 5 > | start: IntList a =
- 1 (an IntList) _ new IntList(null);
int b = 2;
L free - _ -
(activation record int c = 1;
for main) ’he:i\d: 2 a = a_cons(b);
tail: null a = a.cons(c);
(aConsCell)
free L
head: 1 v
e tail: ITov etvan ot Tpéyovieg
(@ ConsCell) GUVOEGLOL GTO GMOPO
oTN SuTAavn EIKOVA;
free
Yroifa Yopoc
Alaxeiplon pvipng 38

EUpeon Twv TPEXOVTWYV CUVOECHWY OTO CWPO

AdOn Katd TNV €0PECN TWV TPEXOVTWYV CUVOECHWV

* ApxiCoupe pe €va olvolo pilwv (root set): B€oeIg LvAUNG
€EKTOG TOU OWwPOoU NOou NEPLEXOUV OUVOETUOUG OE BETEIG

MVAUNG OTO OWwpPO, N.X. O€
- EVEPYEG eYYPOYEG dpaoTnplonoinong (otn otoifa)
- KOBOAIKEG N OTATIKEG LETAPBANTEG

» [a KGBe oTolxeio Tou OUVOAOU, KOITAUE TO OECUEULEVO
MNAOK OTO 0noio deiXvel 0 CUVOECHOG KAl NPOOBETOUE
OAEG TIG BECEIG PVAUNG TOU CUYKEKPIUEVOU HNAOK OTO
OUVOAO HOG

* EnavaAappdavoupe tTnv napanavw dladkaoia PEXPLIG TOU
onueiou 6nou o€ Bpiokoupe GANEG vEEG BECEIG UVAUING

Awaxeiplon pvapng 39

* TMapareiyers: Egyvape vo meptddfoope o BEon pvhung mov
&xet Evay TpEYOVTO GUVOECLO GTO GMOPO

o Aypnotes TWES cLUTEPIAAUPAVOVE BECELG LVIIUNG Y10 TIC
omoieg T0 TPOYpapLLL TOTE O Bl YPNOYLOTOUCEL TIC TILEG TTOV
amoOnkevovv

*  AevBiveeig mov dev givar OEoerg pviung:
ooumepAapPavoupe Kamoteg BEcelg LVPRUNG 6T0 CWPO LOVO
Kol LOVO EMELON O€ UTOPOVLE VO EEXOPIGOVUE TIUES TOL
YPNOLLOTOL0VVTOL TT.). G OEIKTEG 6TO GMPO N G aképatot (ue

TN po d1evbovven pvnung 6to copod)

Aloxeiplon pvAung 40




Ag pmopovpe TAVTO Vo AT0PUVYOVNE TO LG0T

Twég mov deiyvouv oa devBvvoelg pvijung

* [o m coot dwyeipion tov cwpov, Ta AAON Tapdietyng
elval un omodekTd Kot 6 GUYXWPOvVTIL

* Apa lHOOTE VTOYPEDMUEVOL VO GLUTEPIAAPOVUE OAES TIC
0éoe1g pvnung Yo TIG 0moieg VILAPYEL TOAVOTNTA 1 TLUY TOL
amoOnkevETOL TN GLYKEKPIUEVT BECT LVUNG Vo
ypnoponombei amd 10 TPOYpALLOL

* Kotd ovvénela, 1o vo copmepthdfoope dypnoteg Béceig
LV UNG GTOV DTOAOYIGUO Elval OVOTOPEVKTO

*  Avdéloya pe T YA®GGO, UTopEl va tvol adivaTo vo amo@UYOLLE VoL

GUUTEPIAAPOVLE KOl TILEG TOV OTTAMG OeiyvouV oo BEGEIS PViNG 6TO COPO
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* [0 KANoleG LETAPBANTEG HNOPEL VA NV EHOOTE O€ BEON
vVa KOTAAGBOULE NWG XPNOLLONOLOUVTAL Ol TIHEG TOUG

* [a napadelypa, n NOPAKATW HETABANTH X HNOPEL va
XpnotonotnBei eite wg deikTNng €iTe WG nivakag and
TEOOEPLG XOPAKTHPEG

union {
char *p;
char tag[4];
+ x;
Znueiwon: To napandvw npopAnua ivat aképa xepotepo otn C, doTL
ot C compilers dev kpaTtoUv NAnpo@opia yia Toug TUNOUG TwvV
METABANTWV KOTA TN SAPKELD EKTENECNG TOU NPOYPAUUATOG
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2uuTtrieon Tou cwpou (heap compaction)

* M Asettoupyia nou xpeldletal nNAnpo@opia ya To
OUVOAO TWwV TPEXOVTWY OUVOECUWY OTO OWPO

* O dlaxelpLOTNG TNG UVAKNG HETOKLVEL OEOUEUMEVA UMAOK:
- AvTlypd@el To unAoK o€ pia véa B€an, Kat

- Enwkaiponotei 6Aoug Toug cuvdECOUG 0TO () KANoU PECa OTO)
MNAOK

+ Katd ouvenela CUPNIECEL TO OWPO, HETAKIVWVTAG OAQ TA
OEOUEUMEVA UNAOK OTO €Va AKPO TOU KAl APAVOVTAG €vVa
HEYAAO EAEUOEPO UNAOK XWPIG KATAKEPUATIONO
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2UAAoyn ZKouTTIdIwV
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Katroila cuvnBiopéva trpoBARUaTa pE OEIKTEG

type
p: “Integer;
beg;‘v ) ZekpENaoTOG dEikTNG: TO SimAovo
oA (2)21 . npoypappa Pascal ypnoipomnotei éva
dispose(p); delktn og pmhox pvnung et v
pr o= pN+ 1 OTOOEGLEVGT] TOL GLYKEKPIUEVOD UTAOK
end

procedure Leak;

type Awappon] pvipng: To SIAavo TPOYPOLLLLLOL
b ep;n"l nteger;  Pascal deopedet £vo pmhok pvipng aAAG
ﬂew(p) EeYVAEL VOL TO OMOOECEVTEL
end;
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2uAAoyn okouTtridiwv (garbage collection)

* AQoU TOOA OQPAAUATA AOYIOHULKOU CUpBaivouv AOyw
AaBwv anod€opeuonG UVhHUNG...

* ..Kal enewdn dev gival BoAIKO yla TOV NPOYPAUMATIOTH va
OKEPTETAL Y1 TO NWG Ba yivel cwoTd N anodECEUON
HVAHNG...

+ ..yla noto Adyo va pnv givat eubuvn Tng uAonoinong Tng
YAWoOoaG n autépatn avakUKAwon UVAUNG;
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Tpeig BaoiKoi unXaviouoi avakUKAWoNS HVAMNG

1. Mapkdaplopa kat okounopa (mark and sweep)

2. AvTtiypar (copying)
3. MeEtpnua avagopwy (reference counting)
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Mapkdpiopa Kol OKOUTTICHO

* 'Evag OUANEKTNG HOPKAPIOHOTOG KOL OKOUNIOKOTOG
(mark-and-sweep collector) xpnoyonolel Toug TPEXOVTEG
OUVOEOOUG 0TO OWPO O€ pia dladlkaaia nou £xetL dUO
QAoeIG:

- Mapkdapiopa: Bpiokoupe OAOUG TOUG TPEXOVTEG OUVOEGOUG OTO

Owpo KAl HapKAPOURE OAA TA UNAOK TOU CwpoU Ta onoia
deixvovTal and KAnowov and Toug GUVOECHOUG

- ZKouniopa: Kdvoupe €va NEPACHA OTO CWPO KAl ENOTPEPOULE
TA AUAPKAPLOTA UNAOK OTN AOTa HE Ta EAeUBEPA UNAOK

* Ta pnAok nou papkdpovTtal oTnv NpwTtn e4acn tou
aAyoOplBpou b€ petakivouvtal (non-moving collector)
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2UAAoyr] OKOUTTISIWV HECW AVTIYPOAPAG

MéTpnua avagopwyv

'Evag oUMEKTNG avTypa@ng (copying collector) duatpei
TN KVAUN OTN HECN KOl XPNOLIONOLEL TN IO HOVO PVAUN
YO VA IKOVOMNOIAOEL TIG QITAOELG OETUEUONG

'Otav 10 Hod auTo PEPOG YEUIOEL, Bpiokoupe
OUVOEOUOUG NOU JEIXVOUV O€ PNAOK OTO NPWTO UG KAl
QVTLYPAQOUNE QUTA TA MNAOK OTO OEUTEPO HILOO

H dadikaoia auth cupniECel Ta XpNOYLONOLOUMEVA UMAOK,
ME anoTEAEOUa va eEa@avifel TOV KATAKEPHUATIONO

MeTtakivei pnAok (moving collector)

KaBe pnAoK €xeL €va HETPNTI NOU KPATAEL TOV aplOpd
TwV OUVOECHWY OwpPoU Nou dEiXvVouv OTO UNAOK

O HETPNTAG AUTOG aUEAvETAL OTAV KAMOLOG OUVOECHOG
NPOG TO MNAOK avTlypd@eTal (LEOW avaBeong), Kat
HeEwvETaL 0Tav KAnolog ouvdeopog is discarded

‘Otav n T Tou HETPNTA Yivel undEv, To PNAOK gival
AxpPNOTO Kal pnopei va eAeuBepwbei

AnAadn otn dlaxeiplon PvAUNG KE HETPNHO avagopwy OE
XPEWZeTalL va Bpoupe SUVAIKA TOUG TPEXOVTEG
OUVOEOUOUG OTO OWPO

Awoxeipton pviApng
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Awaxeiplon pvnpng
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MpdéBANUA HETPAMATOG AVAPOPWV

MpdéBANUA HETPAMATOG AVAPOPWV

circle:

(activation record)

free

free J

x
link: ~_\\\\\\

free

X10ifa

Awxeiplon wipng

free

Yopog

‘Eva mpopAnua

LETPNLLOTOS OVOPOPDV:
d€ UTOPOLE VO
aVOKOAOYOLLE
KUKAOLG amd Aypnota
UTAOK.

v ekova, po
KUKAMKG GLVOESEUEVT
Mota tov deiyveton amd
™ petapinm circle.
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circle: null

(activation record)

free

free J

_ &
link: \\s\\\\}

free

X10ifa

Aaygipon pvipng

free

Yopog

Av avabéoovpe m.y.
v T null ot
petofAnm circle,
M TYN TOL LETPN TN
Oo pelmOet.

Kavévag petpnmg
avaQopmV O yiveTat
UNoév, TapoOAo oL
O\a. To PTAoK gtvat
dypnota (cKouTida).
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MéTpnua avagopwv

Pa@ivapiopévol CUAAEKTEG OKOUTTIOIWYV

« A€ pnopei va CUAAEEEL KUKAOUG OKOUMIOWWV

« EnPBaAeL kdnoto pn apeANTEO KOOTOG OTNV EKTENEDN
TOU NPOYPAUHATOG, AOYW TNG aVAYKNG VA EVNUEPWOOUE
TOUG METPNTEG avapopwyv oc KABe avabeaon

* 'Eva nAeoveKTNUA: 0 aAyOplOpoG ekTeAeiTal and tn euon
TOU o€ HIKPA BApaTa (incremental), kat dev enBAAAEL
HEYAAEG NAUCELG KATA TNV EKTEAECH TOU NPOYPAUHOTOG
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» 2ZUMN\éKTeG Yevewv (Generational collectors)
- H npog cuA\oyr pvhun Xwpiletal o yevieg (generations) e
Baon TNV NAKIO TWV AVTIKEMEVWY OTO HUNAOK

- ZUAN\EYOUpE Ta oKounidla OTIG VEEG YEVIEG MO OUXVA
(xpnowonowvTag Kanowa and TG NPonyoUpeVeEG HEBOBOUG)

* Incremental collectors

- ZUAAEyouv okounidla o€ pKpd XPOoVIKA SlaoTAOTA Ta onoia
napeUBaAovTal e TNV EKTEAECN TOU NPOYPAUUOTOG

- Katd ouvénela ano@eUyouv TO OTAPATNHA TNG EQAPUOYAG VIO
HEYAAO XPOVIKO SLACTNHA KAl OL NAUCELG AOYW AUTOMATNG
QVAKUKAWONG MVARNG €XOUV MNOAU HIKPH dldpKeLla
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FA\woogg pe autéparn diaxeipion HvApNG

Tdoeig

« 2 Kanoleg YAwooeg ival anaitnon: Lisp, Scheme, ML,
Haskell, Erlang, Clean, Prolog, Java, C#

+ Kdanoleg GAAeg 6nwg n Ada anAwg tnv evBappuvouv

» TENog, Kanoleg AAeg YAwooeg 6nwg n C kat n C++ tnv
KaB1oToUuv NoAU OUCKOAN

- 'Opwg akopa Katl yia auTEG eival duvath

- Ynapxouv BIPBAOOAKEG Nou avTikabloTtouv Tn ouvnOlopEVn
ulonoinon Twv mal loc/free pe €va dlaxepLoTr) UVAUNG nou
xpnowonolei ouvtnenTikr cuAoyr okoundlwy (conservative
garbage collection) ywa tTnv autépaTn avakUKAWGN UVANG
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* M 10€a anod TG apx€EG Tou 1960, n dNUOTIKOTATA TNG
onoiag €xel augnBel onUavTIKA Ta TEAeuTaia xpovia

*  OLKAAEG UAOMOLOELG TWV CUAAEKTWY OKOUMBLWY €£XOUV
enidoon napopola r pévo Katd NoAU Aiyo XelpoTtepn ano
auTh TNV onoia givat duvathA pe dlaxeipon pvApng unod
TOV €AEYXO TOU MPOYPAUUATIOTA

» 'OMo KaL NEPLOCOTEPOL MPOYPAUHATIOTEG CUVELBNTONOLOUV
OTL N AUTOMATN AVOKUKAWON UVANG QUEAVEL TNV
NOPAYWYIKOTNTA TOUG, 0dnyeil o AtydTEPA OQAALATA, KAl
agilel Tov EETPA XPOVO EKTEAEONG
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2UMTTEPUOHATIKA

* H dlaxeiplon pvAUNG €ivat €va onUAvTIKO CUCTATIKO TWV
ano@acewyv oXedLAONOU KaBWG KAl TWV CUCTNHATWY
uAonoinong Twv YAwWoowv NpoypPapUaTIOHOU

* Tooo n enidoon 600 Kal N aglonoTia TwV NPOYPAMHATWY
givat onpavtikoi napdyovteg TG avanTtuéng AOYLIOUIKOU

* H autépatn dlaxeiplon PvAUNG €ivat pa ano Tig nio
EVEPYEG NEPLOXEG EPEUVNTIKNAG OPACTNPIOTNTAG KOl
NEPALATIONOU OTNV NEPLOXN TNG UAoNoinong YAwoowv
NPOYPOUUATIOHOU
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