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Auvapikn Alaxeipion Mviung

e MExpl Twpa oTaTIK avaBeon kal dEoEUON MVAMNG
— ZNTOoUCQNE OTO TTPOYPOAUUA NAC TN MEYIOTN JVAMN TTOU JTTOPET va
xpelalopaoTav
— #define MAX_SIZE 10000
— Int array[MAX_SIZE];

- MelovékTnua : YTrapyouv e@appoyec mou To MAX_SIZE gival
AYVWAOTO OTTOTE avayKalOPaoTE va ONAWVOUNE JEYAAEG TIMEG KAl va
XAVOUUE KaI O€ JvAuN Kal o€ TaxutnTa

e Auvauikn katavoun pvAung (dynamic memory allocation)
— AiTnon atro 10 AEITOUPYIKO VA A TTAPAXWPENOEI MvAHN
— E100o1T0inON OTO ASITOUPYIKO OTI OEV XPEIAlOMAOTE TTIA £VA UEPOG
HvAUNG
— O,11 deopeUETE TTPETTEI VA OTTOOECUEUETE

Lo MPOYPOUNOTIOUAS



Mati xpeialopaoTe OUVANIKN PUVNHN;

e AIOTI 0 apIBUOC TWV OEOOUEVWV UMOPEI Va PNV
gival yvwoToC Tn OTIyMN TNC HeETagpaonc. M.x.
- Na e€aptaral ano tnv €icodo (n.X. 0 XpNoTnG ENIAEYEI
va dwoel N apiBuouc)

- Mnopsi va e€aptatal and kanoio evOIQUETO
UNOAOYIOTIKO anoTEAECHA

- Ta dedopeva pnopei va au&ousiwvovTal kKata Thv
EKTEAEON TOU NPOYPANKATOC

-

NS MpoypaupaTIoNOg



Mati xpeialONaoTe dUVANIKN PVNHN;

e Baon via no noAunAokec OoueC OEOOUEVWV
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Katnyopiec Mvnuncg tou lNpoypaupaTog
e MvNAun amoBnkeuong Tou KWOIKA TOU TTPOYPAUMATOC
e MvNAun amoBnkeuonc Twv PJETABANTWY EVOC TTPOYPANUATOC

TTOU OECEUOVTAI JE OTATIKA N auTtopaTn dlaxeipion uvnung
— Auti n gviun ovopddetal otoifa (stack)

e MvAun atmoBnkeuonc Twv PJETABANTWY EVOC TTPOYPANUATOC
TTOU OEgEUOVTAl JE DUVAMIKA dlaxEiplon UvNMNG
— Auti n gviun ovopddetal cwpog (heap)
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Memory layout of programs

0
Header info
100
Code
400

all ma11oc()s<<;: Data - Heap j>> Dynamic memory
56

Local memory

101
all normal vars< | Data-stack + function call
1200 stack
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2.uvapTtnoeic Auvauikng Aiaxeipiong Mvnung

e void *malloc( size t numBytes);
— Aegopevel numBytes d1ad0XIKA bytes Kal ETTIOTPEPEI
O€ikTn TNV apXr TNG OEOUEUMEVNG MVAUNG
- EmoTtpepel NULL av 0€ ptropei va OEOUEUTEl TN UVAUN

int *ptr;
ptr = (int *) malloc (100*sizeof(int));

.
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2uvapTtnoeic Auvauikng Alaxeipionc Mviung

e void free(void *pointer);
— ATTOOEOUEUEI TN PVNUN TTOU €XEI OECUEUTEI JE Hia ATTO TIC
TTponyouuevec kKANnoeic otnv malloc, calloc iy realloc
— Agv TTPETTEI VA ATTOOECUEUOUME TTAVW ATTO Pia popa TNV
idIa pvAuN
ptr = (int *)malloc (100*sizeof(int));
free(ptr); // Auto gival oK HEXPI EOW
free(ptr); /I ATToOECMEUOUME TNV idIO HVAMN
I/ duo popég! AAOOZL
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Auvapuikn Alaxeipion Mvnunc
Mapadeiyua

#include <stdlib.h>

int main (void)

{

int *ptr;
/* allocate space to hold an int */
ptr = (int *) malloc(sizeof(int)) ;

/* do stuff with the space */
*ptr=4;

free (ptr) ;
/* free up the allocated space */

S
I




Auvapikoc Nivakac

int *ptr, i,size;
cout <<“Enter the size of the array\n”;
cin >> size;

Size * sizeof(int)
for(i=0; i<size; i++){
ptr[i] = i;
’

:"4;53 ,
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2uvapTtnoeic Auvauikng Alaxeipionc Mviung

e void *calloc(size t nelements, size_t bytes);

- Aeopevel nelements d1adoxIKA QVTIKEIMEVA TO KOBEvA
ueyEBouc bytes kail eTIOTPEPEI OEIKTN OTNV APXH TNG
OETMEUPEVNG MVAMNG

- EmoTtpépel NULL av 0€ pytTopEi va OEOPEUCEl TN MVAMN

— APXIKOTTOIEI TA TTEPIEXOUEVA TNG OECUEUNEVNG MVAMNG OTO
0

— [Napopoia ye Tnv malloc

e Alagpopd 1: Aiyo dIa@QOPETIKA KANON
e Ala@popa 2: apXIKOTToinon Twv TTEPIEXOUEVWY [E O

int *ptr = (int *) calloc (100, sizeof(int));

-
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2uvapTtnoeic Auvauikng Alaxeipionc Mviung

e void *realloc(void *ptr, size_t size);

Emékraon uvApng
O ﬁEiKTI‘]Q *ptr TrpéTTel va deixvel o€ yviun Non deopeupévn pe Tnv malloc
calloC

e ptr = (int *)malloc (100*sizeof(int));
Etravadéopeuon pviung Me Ao péyebog

e ptr = (int *)realloc(ptr, 200*sizeof(int));
Ta TTponyoupEva TTEPIEXOUEVA TNG OETUEUPEVNG UVAUNG OIaTNPOUVTAl
(TOuAGYIOTOV 60Qa XWPOUV OTNV Kalvoupyla)

H kaivoupyla pvAun ptropei va gival o€ GAAn dieubuvon av Ogv UTTHPXE
APKETA PEYAAO guveEXOUEVO block atrd eAeUBepn uvAun yia 0eopeuan.
2.€ QUTAV TNV TTEPITITWON YIVETAI HETAPOPA TWV OEOOHUEVWY KAl
aTTOOEOHEVETAI N MVAMN Ptr, oav va yiveral dnAadr) pia free(ptr)

L MpoypappaTioudg 12



O TUTTOC VOoId*

e [eVIKOC O€IKTNG

e Kard Tnv eKTEAECN TOU TTPOYPAUMATOC DIEUKPIVICETAI O
TUTTOG TOU, TT.X. €AV Ba €ivail char *, int *, float *, double *,
struct my_struct *, K.0.K.

e O yeviko¢ dgikTnNG pag divel Tn duvatoTnTa va opiloupe
OUVOPTNOEIC TTOU JAC ETTIOCTPEPOUNE XWPO OTN MVAMN XWPIC
va Jacg evolagepel o Tutrog! IN.x. malloc()

e [IPOXZOXH: og ouvapTnoEIC gival TEAEIWC DIAPOPETIKO
1. void f() // n ouvaptnon AEN emmioTpé@er TiTToTa

2. void *f() //emoTpEPel Eva OEIKTN TTOU O TTPOYPANMATIOTAC TTPETTEI VA
/latTooa@nvioel TOV TUTTO TOU JECQ OTNV OUVAPTNON

ey MpoypappaTioudg 13



Auvauikoi lNivakeg

e [livakeg TTOU TO NEYEDOC TOUC KaBopIleTal KATA TNV
EKTEAEON TOU TTPOYPAPMATOC (O€ run-time).

e AuvaTtoTnTa TTPOCOAPUOYNC OTIC EKACTOTE ATTAITNOEIC
XWPIC avaykn TrepIopIcHoU.

e Int *x = (int *)malloc( 10 * sizeof(int));

RN
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[MpoBAnua 1: Atrotuyxavel n Acoueuon

e [lpETTel va yiveTal TTAVTA EAEYXOGC ETTIOTPOYPNS TNG
aTTapPaIiTNTNG MvAUNG !

e Eival eubBuvn TOU TTPOYPAPMPATIOTN KAl OTOIXEIO OWOTOU
TTPOYPOANMATIOUOU!

e QI guvapTNOoEIC DUVAMIKNG OECHEUONG ETTIOTPEPOUV
NULL otav amrotuyxavouv, TO OTTOi0 UTTOPOUUE VO
ECETAOOUNE Kal va DIAKOWOUME TNV EKTEAECN TOU
TTPOYPAUMATOC AV XpPeladeTal

int *p = (int *)malloc(10000*sizeof(int));

if (p ==(int*) NULL)

{
printf( “No Memory Available\n”);
exit(0);

Lol
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[TpoBANua 2: Alappon MvAung

e ATreAeuBEpwon
— [pétrel va eAeuBepwvoupe TRV uvAun otav dev TNV XpelalopaoTe (Ue TNV free)
o Acgv eAeuBepWVOUNE TTOTE HVAUN TTOU OEV £XEI ATTOKTNOEI OUVANIKA
(A.x. pe malloc)

e Av dev eAeuBepwaooupe OAN TN PvAPN TToU OECPEUOUPE AUTO ovouadleTal
dlappon uvAunsS (memory leak)

e H diappon pvAUNG UTTOPEI va odNYrNoeEl 0€ KATAOTACEIG TTOU OEV UTTAPXE!
AAAN eAeUBEPN VAN
— [poxwpnuévo: étav TEAEIWVEI N EAEUBEPN PVIMN TOU UTTOAOYIOTH, TOTE TO

AEITOUPYIKO OTEAVEI KATTOIO VAN OTOV OiOKO, EAEUBEPWVEI £TOI UVAMN KAl TNV
caVA-XPNOIUOTIOIEL. =aVAQEPVEI ATTO TOV DIOKO OTN PvAN OTav YiveTal
TTPO0Raon o€ autrv. AuTé odnyei 0To QaIVOuEVO trashing OTTOU YPA@PETaI Kal
OlaBaceTal atro 1o OiOKO CuVEXEID uvApN. Me diappor| pviAung éva TTpoypaupa
MTTOpPEI va apxioel va kavel thrashing petd ammdé wpeg, NEPES, ) XPOVIA CUVEXNC
AEIToupyiag Tou.

— At’Jofn ; fmoéecuaﬂoups QAMEOWG TN MVAMN TTOU OEV XPNOIMOTIOIOUME (XPNoN
NG free

S
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[MpoBANua 3:

e Xpnon Meta tnv AttodEéoueuon
—- Kavoupe free kal JETA ¢avaxPNOIYOTIOIOUME TRV id1a UvhuN
— [Napopola atroteAéopara OTav XPNOIUOTTOIOUME UN
OETUEUMEVN UVAUN

e AANAGCoupe NETABANTEG TTOU XPNOIUOTIOIOUME XWPIC va TO
CEPOUME — OUOKOAO avIXVEUETAI

e [1GuE va ypAWoupue o€ YvAUN TTOU OEV JAC AVAKEI
(segmentation fault) kai To TTPOYpPAPMA JIAKOTITETAI AUTOMATA

B

.
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[TpoBANua 4:

e ATTOOEOUEUON UVAMNG TTOU OEV EXOUNE OECUEUDEN
— MrtTopei va ptTepdEWel To AEITOUPYIKO OTNnV dlaxeipion
eAeuBepng pvRuNg

(S

©
.
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[TpoBAnua 5: “Dangling” pointers

int *i, *x;
| = (int*)malloc( 5 x sizeof(int));
X =1 //both point to the same address.

free(x);

X = NULL; // One way to prevent incorrect access
i = NULL;

B ,
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KaAEC NPAKTIKEC

e Apyxikonoinon
e [lpooperpnon Tou '\0' oTo peyebog strings.
e 'EAeyxoc TIpNG eniaTpoyng Tng malloc()
e [a kaBe malloc() unapxel kai n avrioToixn free()
e To &variable €ival evac pointer
e MeTa TNV anodsuopeuon evog pointer ekxwpnon TnG TIMNG NULL o€ auTov
o [lX.
int * pint=(int *)malloc(sizeof (int)) ;
/*
Do something with pint
*/

free (pint) ;
pint = NULL;

[la «ao@dAeia» kar ario@uyn kara AaBoc¢ enavaxpenoiionoinonc Tnc.

&9 Npoypappaniopsg



Pointers wc¢ napapeTpol

#include <iostream>
#include <cstdlib>
using namespace std;
int sumAndInc(int *pa, int *pb,int* pc);
int main () {
int a=4, b=5, c=6;
int *ptr = &b;
/* call the function */
int total = sumAndInc(&a,ptr, &c);
cout << “The sum of “" << a <« ”" and " << b << Y 1is "
<< total << M and ¢ is “ << ¢ << endl;
}
/* pointers as arguments */
int sumAndInc(int *pa, int *pb,int *pc ) {
*pc = *pc+l; // return a pointee value; NOT * (pc+l)
return (*pa+*pb) ; /* return by value */

%) Mpoypaupamiopse



int main(int argc, char *argv[]) {
int *p;
DoSomething( &p ) ;
cout <<*p <<endl; /* will this work ? */
return O;
}
/* passed and returned using pointers */
void DoSomething(int **ptr) {
int temp= 8;
*ptr = (int*)malloc(sizeof (int));
**ptr = temp;

D
A e\
;’*’.';»\g(f 2
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2UYKpION pointers

e Eival duvatn ave€aptnTwv nou deixvouv. 'Exel vonua
otav OEiXVoUV O€ OTOIXEIa Nivaka.

e [NVETAI PUE TOUC TEAEOTEC <, >, =, <= and >=
e JUYKpPION AOXETWV PJETAEU TOUC pointers gival

anpoBAenTn.
int data[l100], *pl, *p2;
for (int 1 = 0; i <100;i++)
data[i] = 1i;
pl = &data [1];
p2 = &data [2];
if (pl > p2)
cout<<"\n\n pl is greater than p2";
else
cout<<"\n\n p2 is greater than pl";

-
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Operators new and new| ]

e pointer = new
e pointer = new [number_of_elements]

The first expression is used to allocate memory to contain one single
element of type . The second one is used to assign a block (an
array) of elements of type , where number_of_elements is an
integer value representing the amount of these. For example:

int

e int * bobby: 1
e bobby = new int [5]; |

bobby

In this case, the system dynamically assigns space for five elements of
tyEe int and returns a pointer to the first element of the sequence,
which is assigned to bobby. Therefore, now, bobby points to a valid
block of memory with space for five elements of type int.

Ak
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AVENAPKEIQ PVIHNG

e int * bobby;

e bobby = new (nothrow) int [5];
e if (bobby == 0)

° {

- /] error assigning memory. Take measures.

° }

AR i
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Operators delete and delete[]

e Since the necessity of dynamic memory is usually limited to
specific moments within a program, once it is no longer
needed it should be freed so that the memory becomes
available again for other requests of dynamic memory. This
is the purpose of the operator delete, whose format is:

e delete pointer;
e delete [] pointer;

The first expression should be used to delete memory
allocated for a single element, and the second one for
memory allocated for arrays of elements.

The value passed as argument to delete must be either a
pointer to a memory block previously allocated with new, or
a null pointer (in the case of a null pointer, delete produces
no effect).

&) MpoypaupaTIopoe



#include <iostream>
#include <new>

using namespace std;
— intmain () {
inti,n;
int *p;

cout << "How many numbers would you like? “;

cin >> i
p= new (nothrow) int[i];
if (p == NULL)

cout << "Error: memory could not be allocated";

else {
for (n=0; n<i; n++) {

cout << "Enter number: ";

cin >> p[n];

h

cout << "You have entered: ";

for (n=0; n<i; n++)
cout << p[n] <<
delete[] p;

h

return 0;

wow,
r s

How many numbers would you like?

5

Enter number :
Enter number :
Enter number :
Enter number :
Enter number :

75
436
1067
8

32

You have entered: 75, 436, 1067, 8, 32,
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AEIKTEC OE OEIKTEC

e char ch; char *pch; char **ppch; char ***ppch;

ppch [ oting 1 |

1]

pch

e A&iKTnG o€ TTivaka atrd OEIKTEC (AYVWOTO OTNV apXn
KOl TO JEYEDBOC TOU TTivaKka Kal TO JEYEBOC Twv
TTEPIOX WV TTOU OEIXVOUV 01 OEIKTEQ)

B

.
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[Mapadeiypa 2A tTivaka - C++

int **dynamicArray = 0O;

//memory allocated for elements of rows.
dynamicArray = new int *[ROWS] ;
//memory allocated for elements of each column.

for(inti=0;i< ROWS; i++)
dynamicArray[i] = new intf COLUMNS];

//free the allocated memory
for(inti=0;i< ROWS; i++)

delete [] dynamicArray[i] ;
delete [] dynamicArray ;

©
.
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AgIKTEC O€ OEIKTEC — C++

#include <iostream>

#include <cstdlib> E(pqp“oyr'] : I'II'VGKGQ - €IKOVa

using namespace std;
int main(void)
{
int lines = 5; /* Both lines and cols could be evaluated */
int cols = 10; /* or read in at run time */ A
int i, **A;
A = new int *[lines] ;
if (A == NULL)
{
cout<<"Failure to allocate room for row pointers.\n";
exit(0);
}
for (i=0;i<lines; i++)
{
A[i] = = new int[cols];
if (A[i] == NULL)
{

cout<<"\nFailure to allocate for row <<i<<endl;
exit(0);
}
}

/[free the memory

for (i=0;i<lines; i++)
delete [] A[i];

delete [] A; L

return O;

7 ,| A[0][0]|A[0][1] |A[0][2] |...

\ 4

A[1][0] ] ...

_ > A2][0]| ... Ali][j]

A[3][0] | ...

A 4

\ 4

> (||| >
DIlW[IN|~ o

A[4][0] | ... A[4][9]
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AgIKTEC O€ OEIKTEC - C

#include <iostream>
#include <cstdlib> O 1 - 2
IS METES e Epapuoyn : nivakag - eIKOva
int main(void)
{
int lines = 5; /* Both lines and cols could be evaluated */
int cols = 10; /* or read in at run time */ A
int i, **A;
A = (int *)malloc(lines * sizeof(int *));
if (A == NULL)
{
cout<<"Failure to allocate room for row pointers.\n";
exit(0);
}
for (i=0; i <lines; i++) v
{ O A[0][0] |A[0][1] |A[O][2] |...
Ali] = (int *) malloc(cols * sizeof(int)); A[OQ] » ALOIIOTIALO][1] \ALOI[2]
if (A[i] == NULL) —
{ All > A[1][0]] ...
couE<)<"\nFaiIure to allocate for row <<i<<endl; i
exit(0); - - | e
) Al2] > A[2][0]] ... Ali][]]
} o
/ffree the memory Al3 > A[3][0]] ...
for (= 0; i <lines; i++) —
free (AlID; A[4] > A[41[0] | ... A[4]1[9]
free(A); | T
return O;
}
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2 UVOTTTIKO ...

e 'ExoupE:
Int X;
Int *px;
PX = &X
e Kal £va akoua Bua:
INnt **ppx;
PPX = &pPX;
o OT1roTE YTTOPOUME VO KAVOUUE:
**npx = 42; [* Puts 42 into x */
e AAAG OxI:
*Ppx = 42; * ERROR!! */

(S

W
(e
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[Mapadeiypara

(et T
FA2D (DR
& LR

{’5«\ MpoyPaUNATIOUOC

ADDR

CONT

SYMB

1000

42

2000

1000

PX

3000

2000

PpPX

33

INt X;

INt *px;

INt **ppx;
PX = &X
PPX = &pX;
**Ppx = 42;



[TPO2OXH!

o Acikteg o€ Acikteg evavTi AuodidoTtaTtoug ivakeg
e Int a[10][20];

— a[r][c] eival CUVTOKTIKA OTTOOEKTO

— Aéopeuon pvAung: 10x20 akEpaiol

— Y1oAoyiouog dieuBuvong Tou afr][c]: r*20+c+apxn Tou TTivaka
e Int **b;

— Db[r][c] ival cuvTaKTIKG QTTOOEKTO

— A€opeuon pvAune yia b:10 deikteg b = (int **)malloc (10*sizeof(int*))

- Aéopeuon pvAung via bfi]: 20 aképaiol o€ KABE ypauun

for (i=0;1<10; i++)
b[i] = (int *) malloc(20 * sizeof(int));

— YTroAoyiopog dieuBuvaonc Tou bfr][c]: dieuBuvon pvriung Tou deikTn br]
+C

— T1PIN TON YTIOAOTI'TZMO TOY Dblr][c] TTpéTTel va €XEI Yyivel CwoTN
avaBeon TIHWYV oTa b[r] Kol SEopEUoN MVAMNG.

LS MpoypapuaTIondS 34



Strings

e Xpnon OEIKTWV yia TNV dlaxEipion strings
e OT1rw¢ £xoupE TTEl:
intal ] ={0, 1, 3, 5}
e Kal n didotaon 6a kaBoploTei o€ a[4]
e ETrionc:
char b[ ] ={t, ‘e, 's’, 't’, \0}

=
char c[ ] = “test’;

o {‘5‘3‘3
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Opwcg ...

char aLine[ ] = “Hi, there!”;
char *pLine = "Hi, there!”;
e [lapopoia aAAa oxi Ta idial!!

e To mpwrTo KaBopiIlel Evav TTivaka Xxapaktmpwy (11) Tou
UTTOPEI va aAAaXOEi:
aLine[4] = T; [ ZwoTto! */

e To deuTepo KABOpIlel Evav OEiKTN TTPOC Hia oTaBepa
TUTTOU String TTou O&v PTTOPEI va aAAOXOEi:
pLine[4] = ‘T’; I* AAOGOX! */

e Evw av:
pLine = aLine;
pLine[4] = 'T’; [* ZwoTd! */

B

.
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Ki aAAa ...

e Oy1 povo OcikTec o€ OEIKTEC OAAQ KAl TTIVOKEC
a1TO O€iKTEC!

e char *name| ] = {"lllegal”, “Jan”, "Feb”, "Mar”,
"Apr’, "May”, “Jun”, “Jul”, “Aug”, “Sep”, “Oct’,
“Nov”, “Dec’};

e [1.x. name[2] eival Evag deikTNG OTO character
string ‘F’, ‘e’, ‘b’, \O’

e [aTi Ba BEAape Evav TTivaka aTro OEIKTEG;

B

.
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DaAVTOOTEITE :

e 'Exoupe ovouata OTTwG:
— Smith, David
- Leahy, BiIll
- Dagon, David
- Humperdinck, Englebert

e YmroBioTe TTWG BEAOUNE VO TA TAIVOUOOUNE
AAQABNTIKA AAAQ TTAPATNPOUME TTWG Eival
O1aQPOPETIKOU pNEYEOOUG.

e AVTIi va XpNOIMOTTOINOOUUE EvaVv aAyopiBuo
Tagivopnong rou aAAdadlel character strings around
YIOTi VO UV XPNOIMOTTOINOOUHUE EVAV TTIVAKA OTTO
O&iKTEG KAl va AAAGACOUME OEIKTEG;

— TTOAU TTI0 YPYOpPO

& MpoypapuaTiopoe 38



‘Exoupe €vav tTivaka atro pointers

name [0] » Smith, David ‘

name[1’ » Leahy, Bill ‘

name [2’ »| Dagon, David ‘

name [3] » Humperdinck, Englebert ‘

f‘;j!"‘f;
B .
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Taglvounon Je YETAKIVNON OEIKTWV

name [0] Smith, David |

name[1] Leahy, Bill ‘

name [2] g Dagon, David ‘

name [3] Humperdinck, Englebert ‘

@ ,
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e struct emploee *A;
o INt N;
e Cin >> N;

e A = (struct emploee *) malloc(N*sizeof(struct
emploee));

e A[100]...

o free(A);

) i
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Dynamic Memory Allocation

Static Allocation, in C

g_X; g_x may be put on the stack or
allocated statically at compile time
main( )
¢ ¥ = 1 X is pushed on the stack
’ when main() is invoked
a[20]; a (all 20 elements) is also pushed

on the stack when main() is invoked

} The size of a is also fixed at compile time

- Stack space may be limited

- May not know how much data
must be stored at compile time

‘\,-,\v‘(!; MpoypappaTIoudg



Dynamic Memory Allocation

Dvnamic Allocation

- Reserves memory from a much larger free store, or heap
- Gives the programmer a pointer to refer to this memory

x = malloc ( sizeof (HDS)); function(x);
X Only the pointer x
Huge is pushed onto the stack
Data
Structure

Call-by-reference
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The Heap: Allocation

memory manager

4

A

“I need a block of memory of size n”

| “Here 1s a pointer to the block™

user code
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The Heap: Deallocation

heap

memory manager

A

“I no longer need this memory™

user code
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The Heap: Deallocation

memory manager

A

“I no longer need this memory™

user code
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Manual Allocation

Memory deallocation driven through explicit requests to
allocate and deallocate memory is called manual allocation

Some languages include facilities for the automatic deallocation
of memory; these facilities are called garbage collectors
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Allocation Method: First Fit

- The first block in the heap that is big enough is allocated first
- Each free block keeps a pointer to the next free block
- These pointers may be adjusted as memory is allocated

We can keep track of free space
in a separate list called the free list
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Allocation Method: First Fit

- Sorting the free list may result in performance benefits

- Increasing size:
Scanning the free list to allocate new memory will always
pick the smallest free block

x = malloc(10);

XMMN

PEE i

20 .
64 .
528 -
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Allocation Method: First Fit

- Sorting the free list may result in performance benefits

- Decreasing size:
Scanning the free list to allocate new memory will always
pick the first block since it is the largest

x = malloc(128); 4 —
4 —>
6 —>
A 8™
: 12 —
x = malloc(512); I 20 —
I 64 —
No contigyous I 400 e
block exists I X
[
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Coalescence

- When two free blocks are adjacent to each other,
they can be merged into a single block

- This process is called coalescence
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Allocation Method: Buddy System

16k

12k

32k

- When a block is allocated, memory is divided
Into blocks, giving each block a same-size “buddy”

- If a block cannot be subdivided, memory can be wasted

- Coalescence of memory can be done quickly at the expense of
this wasted memory

Bl .
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Allocation Method: Suballocators

reserved by suballocator

N I A O
rtrtrtrtrtt

>

- Suballocators are user code which reserve the system-provided
heap and then manage that memory itself

- System memory management must operate in a general fashion

- Suballocators can take advantage of known characteristics of the
application’s memory needs to speed the process
- e.¢., equal-sized blocks
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Memory Management Issues

- Dangling Pointers (widows)

*C= [10]; Memory is allocated,
c points to that block

c; c=0; c’s memory 1s deallocated

c Is dereferenced,
c[0] = “a’; accessing memory that was
already deallocated

This problem can occur in any language which uses explicit deallocation
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Memory Management Issues

Memory Leaks (orphans)

fn( )
{ ) Memory is allocated, and
€= [105; c points to that block
c; c falls out of scope without
; the memory it points to being
} deallocated

If no other pointer points to this memory, it can no longer be
referenced, and thus cannot be deallocated.

With repeated application, eventually the entire heap will fill
up with unreachable allocated memory!

’;\'\.‘—“‘A
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Memory Management Issues

Heap Fragmentation

Internal heap fragmentation results from the allocation
of wasted space by the memory manager

Some heap schemes waste space by placing allocation
data in the heap (size of allocated blocks, etc.)

Where heap data is required to be aligned to particular
byte boundaries, additional padding may be allocated
to match those boundaries

B
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Memory Management Issues

Heap Fragmentation

External heap fragmentation results from repeated
allocation and deallocation from the heap

Can be corrected by periodic compaction of the heap and
coalescence of the resulting adjacent free blocks
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Memory Management Issues

Heap Fragmentation (external)

A newly aIIocate'(\\ / /

block can’t fit in the
available free blocks

o ...a larger contiguous
But by compacting the heap... T . Dblock is created!
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Memory Management Issues

External Heap Fragmentation

But what about all the pointers referring to the moved
blocks of memory?

If the system knows the locations of every pointer to
every allocated block, then it can adjust those pointers

accordingly.

Some systems are not privy to such information; one
solution is to use handles to allocated blocks rather than

returning pointers directly to those blocks.

(et T
V78 TR
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Memory Management issues

A A A A A

If the heap is compacted but pointers to blocks in the heap
are not changed...

(. (I

...the pointers will point to other blocks or to no blocks
at all once the blocks are compacted.

Bl .
W& MpoypappaTIoNoS



Memory Management issues

handles T1- the handles’ pointers, which
T T T are known, can be changed.

A
\ \\ ,/4/ By using handles to blocks,

A A A A A

The handles given to the
handles = [ program stay the same.
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