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Memory Allocation

& Memory Structure
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Memory Allocation

& Static Allocation

o D2 AWM 370 AHE|S B2 B WA

o FOj B Y A DY 3| HjH 5

#include <stdio.h>

inta=05;
staticintb = 10;

int main(void) {
printf("%d %d¥Wn", a, b);
return O;

}
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Memory Allocation

& Automatic Allocation

o $H0t SHE 1 stackol] 22|} BTE|D, T4} BLIH IH5QE of
TN

#include <stdio.h>

void func(void) {
inta=10;
int arr[5];

}

int main() {
func();
return O;

}
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Memory Allocation

& Dynamic Allocation

o D213 A% 5 W3 0 heap HID2|E R0 SsH WA

#include <stdio.h>
#include <stdlib.h>

int main() {
int n;
scanf("%d", &n);
int *arr = malloc(sizeof(int) * n);
for (inti=0;i<n; i++) scanf("%d", &arr[i]);
for (inti=0;i<n;i++) printf("%d ", arr[il);

free(arr);
return O;
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Allocation Function

& stdlib.h

o IHTY ZR2IMBE, U B8, 2 32 7|52 #&E C HE 20[HE

#include <stdio.h>
#include <stdlib.h>

int compare_int(const void *a, const void *b) {
int X = *(const int *)a;
inty = *(const int *)b;
return x -y;

}

int main(void) {
char str[] ="5"; int n = atoi(str);
int *arr = malloc(sizeof(int) * n);
if (arr == NULL) return 1;
for (inti=0;i<n; i++) arr[i] = rand() % 100;
gsort(arr, n, sizeof(int), compare_int);
for (inti=0;i<n;i++) printf("%d ", arr[il);

free(arr);
return O;
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Allocation Function

% malloc()

e heap QAoj| Yotz 20| HIZZE Lot =
e void *malloc(size_t size);

#include <stdlib.h>
int fixed_arr[100]; // ™ 37|9| i
int n;

scanf("%d", &n);
int *arr = (int *)malloc(sizeof(int) *

n);
o arr: SICHEl |2 2|9 ARt FAE XAt
« sizeof(int) * n: = nIHE xwg 2 =37
* (int*): void *& |nt *E & B{g}
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Allocation Function

& NULL check

e malloc2 &% HIjA| NULLS Htztolrt,
e mallocC & = 2 Z.SDIQ}EIXI OIE=Lt. (garbage value)

// NULL checking

if (arr == NULL) {
printf("Memory allocation failed¥n");
return 1;

}




Allocation Function

& Example: malloc()

#include <stdio.h>
#include <stdlib.h>

int main(void) {

int n;

int *arr;

printf("Enter size: ");

scanf("%d", &n);

arr = (int *)malloc(sizeof(int) * n);

if (arr == NULL) {
printf("Memory allocation failed¥n");
return 1;

}

for(inti=0;i<n;i++) arr[il=i+1;

for (inti=0; i< n; i++) printf("%d ", arr[i]);
free(arr);

return O;
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Allocation Function

& realloc()

Q C Language

o 0|O| &ttst =X HUo| T V|2 AldH =0 U= ShA

= 0O L. O ™1

e void *realloc(void *ptr, size_t new_S|ze),

/] 0= X4 3V S XAEH A Qe TIL S

- OT AA

o
int *arr = (int *)malloc(sizeof(int) * 3);

// A 67|'|E x-lxl-ol- A Ol _T'_J}OE :|j|

o=2 T AM—
arr = (|nt ¥realloc(arr, sizeof(int) * 6);

[Before realloc]

arr[0] arr[1] arr[2]
10 20 30

2

[After realloc]

arr[0] arr[1] arr[2] arr[3] arr[4] arr[5]
10 20 30 ? ? ?



@ C Language
Allocation Function

& realloc()

o OIXTI realloc BFAL: realloc AAI{ A] NULLS BI2I5HH 2| &9 A E QU
O{tHZ 4 QOO E, YA EOIE|Z FSBHCH,

int *arr = (int *)malloc(sizeof(int) * 3);
int *temp = (int *)realloc(arr, sizeof(int) * 6);

if (temp == NULL) {
free(arr);
return 1,

}

arr = temp;




Allocation Function

& Example: realloc()

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int *arr;
arr = (int *)malloc(sizeof(int) * 3);

if (arr == NULL) {
printf("Memory allocation failed¥n");
return 1;

}
arr[0] = 10; arr[1] = 20; arr[2] = 30;

int *temp = (int *)realloc(arr, sizeof(int) * 6);
if (temp == NULL) {
printf("Memory reallocation failed¥n");
free(arr);
return 1;

}
arr = temp; arr[3] = 40; arr[4] = 50; arr[5] = 60;
for (inti=0;i<6; i++) printf("%d ", arr[i]);

free(arr);
return O;
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Allocation Function

% calloc()

o SHETSotE,

e void *calloc(size_t count, size_t size);
e calloc Ao A| NULLS

gl H22[e 2= HIES 022 X7[o5h= e

= O

HESISHC}

Lh

[/ EYol= 6912 Ha 32 B5 02 2 XY TICE.
int *arr = (int *)calloc(6, sizeof(int));

arr[0]

arr[1]

arr[2]

arr[3]

arr[4]

arr[5]

Language
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Allocation Function

& Example: calloc()2 &9t Hlrx 4~ H{A

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int data[8] ={1, 3, 3,5, 1,9, 3, 5};
int *count;

count = (int *)calloc(10, sizeof(int));

if (count == NULL) {
printf("Memory allocation failedWn");
return 1;

}

for (inti=0;i<8;i++) count[data[i]]++;
for (inti=0;i<10; i++) printf("%d: %dWn", i, count[i]);
free(count);

return O;
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Free

% free()

e void free(void *ptr);

int *arr = (int *)malloc(sizeof(int) * 5);

/* use arr */

free(arr);

free(arr): arr0| 7t2|3|= heap H| 22| A= shix|e
(arrOl2ts ZQIE = XEHDL ALZEX| = 210] OFHOY| =21
free(arr) O|% arrO] Xt5 2 2 NULLO| E|X| §t=C},
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Free

+ Dangling Pointer

o OOy AEE == Y= HIZE| FAF 7127|10 U= ZUH

int *p = (int *)malloc(sizeof(int));
*p =10;
free(p);

// OlH| p= dangling pointer0f| SH&SHC}

[/ SISt X2
D = NULL;

- 2ef pE Sl EECHA heap Y0 ”2SHH? > Use After Free
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Free

& Use After Free

o Offxl|gt HZ2[d o= =X

int *p = (int *)malloc(sizeof(int));
*p =10;

free(p);

printf("%dW¥n", *p); // UAF

* Undefined Behavior?| 2iAi =
ex) 100] =, O| ot FA U &
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Free

& Double Free

o OliX|ct H22|E& EECA| free()ol= =X

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

free(p);
// p= O|AX| dangling pointer

free(p); // double free

 free()= heap memoryE M| 22| 22| XI0j|AH| BHsH= SEE
« double freeA| H|22| 22| X7t heap HEHE ’é*% 0I6H3h‘l
Undefined Behavior?| &4l = AlsH 44t 0= 20ts
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Free

& Double Free

e free(NULL)2 Ot & 2X|7t E4lSHX| =Lt

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

free(p);

// p= O|AX| dangling pointer
0 = NULL;

free(p); // Not a problem
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Free

% Memory Leak

e heap0| BTt HD2|S AL & free()5HX| QOLN, TR I2M0| 2LQHH H22|S
Al XX/t 25

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int *p = (int *)malloc(sizeof(int));
if (p == NULL) {
printf("Memory allocation failed¥n");
return 1;

}
*p =10;
printf("%d¥n", *p);

// free(p)& otX| 4=
return O;
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Free

[Quiz] - Ct= Z2 -0 EXHot= 220 F U227

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int *p = (int *)malloc(sizeof(int));

if (p == NULL) {

printf("Memory allocation failed#n");
return 1;

}
*p=10;
int *q = p;

free(p);
p = NULL;

free(q);
return O;




@‘ C Language

Free

[Quiz] - Answer: Double Free

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int *p = (int *)malloc(sizeof(int));

if (p == NULL) {

printf("Memory allocation failed#n");
return 1;

}
*p=10;
int *q = p;

free(p);
p = NULL;

free(q); // Double Free
return O;
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Exercise

[Practice]

SI 4 N2 3 WD, NYO| 0|53t 43 H4E U hert, M| o4l &
E W H, 2|10 ME U2 o] 0|51 M+-E oA #0| =3t}
HtEA| B8 Eehg gha st} (T S0 0|22 20%} 0[st0]Ct.)

[24= 1] [=3 1]

3 Student List

Kim 90 Kim 90

Lee 85 Lee 85

Park 95 Park 95

Average: 90.00
Top Student: Park 95



Exercise

[Practice] - Answer

@‘ C Language

#include <stdio.h>
#include <stdlib.h>

typedef struct {
char name[21];
int score;

} Student;

int main(void) {
int n;
Student *students;
int sum =0;
int top_index = 0;

scanf("%d", &n);
students = (Student *)malloc(sizeof(Student) * n);

if (students == NULL) {
printf("Memory allocation failed#Wn");
return 1;

}

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

scanf("%20s %d", students[i].name, &students[i].score);

sum += students[i].score;
if (students[i].score > students[top_index].score) {
top_index =i;
}
}
printf("Student Listwn");

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

printf("%s %d¥n", students[i]l.name, students[i].score);

}

printf("¥Wn");

printf("Average: %.2fWn", (double)sum/ n);

printf("Top Student: %s %dWn",
students[top_index].name,
students[top_index].score);

free(students);

students = NULL;

return O;
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[Quiz] - Ct= Z2 -0 EXHot= 220 F U227

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int *p = (int *)malloc(sizeof(int));
int *q = (int *)malloc(sizeof(int));

if (p ==NULL || g == NULL) {
printf("Memory allocation failed#wn");
free(p);
free(q);
return 1;

return O;
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Exercise

[Quiz] - Answer: Memory Leak

#include <stdio.h>
#include <stdlib.h>

int main(void) {
int *p = (int *)malloc(sizeof(int));
int *q = (int *)malloc(sizeof(int));

if (p ==NULL || g == NULL) {
printf("Memory allocation failed#wn");
free(p);
free(q);
return 1;

}

*p =10; *q = 20;
p=q;// gell p?t 212|2|= 22 O 0|4 212|2|= EQIE{7} §l1, O|F free()otX| Pt =13
free(p);

O
HU

return O;
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THANK YOU!

Any Question?

Font: LisAH|0f



	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28

