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Dynamic Memory

m When a program is run, 4 memory segments are created:
m Code: Contains the instructions.
m Static Data: Variables and constants.
m Stack: Function variables and function call.
m Heap: Dynamic Memory segment.
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Dynamic Memory

m Existen varias funciones para trabajar con memoria dinamica:

void *malloc (size_t num_bytes);

void *calloc (size_t num_items, size_t size);
void #*realloc (void *ptr, size_t size);

void free(void *ptr);

m malloc (Memory ALLOCation): creates a block of
num _bytes bytes and returns a pointer to that block.

calloc: it is similar to malloc, initialize the block to 0.
realloc: change the block size.

malloc, calloc y calloc return a pointer or NULL (error).

free: frees the memory.
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Example

int n=20;

float x*v;

// Dynamic Vector creation
v = malloc(n*sizeof (float));

free(v);
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Arrays and Pointers

m The array is used as follows:
int v[3];
v[0] = 6;
m Pointers are able to used matrices and arrays.

int v[3];
int * ptr;

ptr = &v[0];
*ptr = 6; // it is the same as: V[0] = 6;

m When a pointer is moved it is moving inside the memory.
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Arrays and Pointers: Example

int vector [ ] = {1, 2, 3, 4};

int index, resultAdd, elements =4;
int * ptr, * ptrE;

resultAdd = O;

for(index =0; index<elements; index++)
resultAdd += vector[index];

ptr = &vector[0];
for(index =0; index<elements; index++)
resultAdd += *(ptr + index);

ptr = vector;
ptrE = ptr + elements;
for(ptr; ptr<ptrE; ptr++)
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Matrices and Pointers

m Matrices can be declared as follows:
int numRows = 2;
int numCols= 4;
int matrix[numRows] [numCols];
m And with pointers as follows:
int numRows = 2;
int numCols= 4;
int * ptrMatrix = malloc( numRows*numCols*sizeof (int) )
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Matrices and Pointers: Classic Example

int rows = 2;

int cols = 4;

int m [numRows] [numCols] ;
int i, j;

for(i=0;i<rows;i++){
for(j=0;j<cols;j++){
printf("%d\n", m[il[j1);
}
}
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Matrices and Pointers: Pointer Example

int rows = 2;
int cols = 4;
int m [numRows] [numCols];

int * ptrM = *m;
int i, j;

for(i=0;i<rows; i++)
for(j=0;j<cols;j++)
printf ("%d\n", *(ptrM+i*cols+j) );

for(i=0;i<(rows*cols) ;i++){
printf ("%d\n", *(ptrM+i) );
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Valgrind

m Valgrind is a set of tools for debugging and profiling.
m Tools:
m Cachegrind: cache profiler.
Callgrind: system call profiler.
m Massif: heap profiler.
m Helgrind/DRD: threads debugger.
m Memcheck.

m What are Valgrind goals?

m It does not need to recompile the code.
m Useful for code refactoring.
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Memcheck

m It analysethe code and detect memory errors, i.e., memory
leaks or illegal read/write.
m Disadvantages:

m The execution runs slowly.
m Increments memory usage.

m To generate the debug information you need to compile with
-g flag.
gcc -g myProgram.c -o myExecutable
m After, Valgrind is executed as follows:
valgrind --leak-check=yes myExecutable argl arg?2
m -leak-check is used to detect memory errors.

m This tool is executed by default.
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Memcheck: Example

Jint* f(int size){
int* x;
inc* y;

v = malloc{size * sizeof(int)}:

X = malloc(size * sizeof(int)):
x[size] = 0; // Error 1: access to an invalid position
return x;
=1 f 2: memory assigned to y is not released
Hint main{){
intt v = £{10);
printf ("F Error 3: yw is
free(v);
free{y): // Erzor 4: it iz not posasible to release the =zame [
return

taan once
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Memcheck: Example

Memcheck, a memory error detector
opyright (C) 2002-2006, and GNU G
Using LibVEX rev 1658, & Librar dynamic binary translation
Copyrignt (C) 204-2006, and GNU GPL', Dy OpEnkk 7.

using val instrumen: e rk
by Julian Sevard et al

by exmasix:
Addr ess 0xd0296
¢ oaomsace: mail
by 0xBO4B40B: f (e
by 0xB048430: main (test_valgrind

size 40 alloc'd

uninitialised value of size 4

Viprint /1ib/11bc
by OXCTOEAZ: princf (in /1ib/1ibc-2.5 30)
by OxB04B454: main (testvalgrind.c:20)

walid free() / delete / delete()
Gx400450A: g_replace

Loc.c:288)

by OxBO4B46A: main (test_valgrind.c:23)

Address 0x4028080 15 © bytes inside a block of size 40 free'd
at Dx4004FDA: free (vg_replacemalloc c:233)

by OxBOMBASF: main valgrind.c:22)

ERROR SUMMARY: 7 errors from 7 cOntexts (suppressed
malloc/free: in use at exit: 40 bytes in 1 blocks,
malloc/free: 2 allocs, 2 frees, BO bytes allocated
detected erro
pointers to

s 12 from 1)

bytes in 1 blocks are definitely lost in loss record 1
9x40053¢8: malloc (wg_replace malloc.ci149)

Y OxBO4BIFT 1
by DxBO4B43C

LA SUHARY

0 by
blocks (those to which a pointer was found) are n
show-r eachablesyes

shown
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Memcheck: Example

Memcheck, a memory error
Copyright (C) 2002-2006,
Using LADVEX rev 1658, a library for dynamic binary t
Copyright (G) 2084-2006, and GNM GPL'd, by Opens
& dynanic binar
GNU GPL'd, by Julian Seward et al.

m Program presentation.

Invalid write of size 4
at O BOABALE: f | test_w
by O B04E43C: main |
Address Dx40200A8 it © by
at Ox40053C0: mall (v
by B BOdBa08: f valgrind. ¢
by 9x004643C: main (test_valgrind,

:18)
ar & block of sire 40 alioc'd

m Error 1: Invalid write of an integer. It also shows the function
where the invalid write is produce.
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Memcheck: Example

sed value of size

bc-2.5.50)
-2.5. 80)
1ibc-2.5.50)
valgring.c:2e)

m Error 3: Invalid read to uninitialised variable.

“mall
\lt|r ind.c

at FJAJJIJJFDa\ free (
by ©x804B45F: main

a mphcr— malloc,c
t_valgrind.c:22)

m Error 4: Frees unreserved memory block.
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Memcheck: Example

in loss record 1
LC114B)

40 bytes in 1 blocks are definitely lo
Bt 0x4005300: malloc (wireplece m
by D«BD4EIFT: T (Cest_walgrind.c
by 0x804843C: main (rest_valgrind.c:18)

m Error 2: Not reserved memory block.

ERROR SUMMARY: T errors from 7
alloc/

m ERROR summary.
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Memcheck: Example

LEAK SUMMARY .
finitely 1
possibly 1
Still reachal
suppressed !
Reachable blocks
To see

ose to which a pointer was found) are not shown,
- -show-reachabl e=yes

m Leaks summary.



