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Parts of Program Memory

1: Operating system

Code:
function instructions stored here
Data:
global variables stored here
Heap:
dynamically allocated memory
grows as program allocates memory

I
i

Stack:
local variables and parameters stored here
Grows as program calls functions
Shrinks on return from function

.. Memory addresses . . .

max:
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int *arr;
char *c_arr; main:

1
|

012
arr:| addrin heap —’I I | |
// allocate an array of 20 ints on the heap:
012 .. 9

arr = malloc(sizeof(int) * 20);

// allocate an array of 10 chars on the heap:

c_arr = malloc(sizeof(char) * 10); Stack Heap
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‘ g*"“"cb Cun alSe be defie + have ponter types as fiel) valwes. Exemple!

struct personT {
char *name; // for a dynamically allocated string field
int age;

Y

int main(void) {
struct personT p1, *p2;

main:
// need to malloc space for the name field: pl addrin heap Fa| YA ‘ h I i I c | h | e | n |\0 |
p1.name = malloc(sizeof(char) * 8);
strcpy(pl.name, "Zhichen"); 22
pl.age = 22; .
- =?| addrin heap
p2:’ addr in heap -
// first malloc space for the struct: 19 M : ¢

p2 = malloc(sizeof(struct personT));

Stack Heap

// then malloc space for the name field:
p2->name = malloc(sizeof(char) * 4);
strcpy(p2->name, "Vic");

p2->age = 19;

// Note: for strings, we must allocate one extra byte to hold the
// terminating null character that marks the end of the string.

. S’Mcc fl 15 Sleka, a P,,:,,’fg,. Yo a Struct ow the Mp , Yhat means
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struct studentT classroomi1[40]; // an array of 40 struct studentT

struct studentT *classroom2; // a pointer to a struct studentT
// (for a dynamically allocated array)

struct studentT *classroom3[40]; // an array of 40 struct studentT *
// (each element stores a (struct studentT *))

// classrooml is an array:

V4 use indexing to access a particular element
// each element in classrooml stores a struct studentT:
// use dot notation to access fields

classroom1[3].age = 21;

// classroom2 is a pointer to a struct studentT
// call malloc to dynamically allocate an array
// of 15 studentT structs for it to point to:
classroom2 = malloc(sizeof(struct studentT) * 15);

// each element in array pointed to by classroom2 is a studentT struct

// use [] notation to access an element of the array, and dot notation
// to access a particular field value of the struct at that index:
classroom2[3].year = 2013;

// classroom3 1is an array of struct studentT *

// use [] notation to access a particular element

// call malloc to dynamically allocate a struct for it to point to
classroom3[5] = malloc(sizeof(struct studentT));

// access fields of the struct using -> notation
// set the age field pointed to in element 5 of the classroom3 array to 21
classroom3[5]->age = 21;
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void updateAges(struct studentT *classroom, int size) {

int i: updateAges(classrooml1, 40);
updateAges(classroom2, 15);
for (i = 0; i < size; i++) {
classroom[i].age += 1; ?
, Rowin o can pass shatic o
¥ dynumic  oarcoys.
updateAges: 0 1 2 14
classroom:| addr in heap >
/ “Lars” | “Ruth” | “Leo” |..| “ViJay”
19 20 18 21
size:) 15 | i 3.0 3.8 3.2 |..| 3.4
2021 2020 2021 | .. 2019
main: | classroom2:| addr in heap

Stack Heap
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. p‘ Node. Shruct ‘QJ(' nodes 15 a 3"‘3]‘# |nked list?

struct node {
int data; // used to store a 1list element's data value
struct node *next; // used to point to the next node in the list

¥
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struct node *head, *temp;

int i;
head = NULL; // an empty linked list
head = malloc(sizeof(struct node)); // allocate a node

if (head == NULL) {
printf("Error malloc\n");

exit(1);
}
head->data = 10; // set the data field
head->next = NULL; // set next to NULL (there is no next element)

// add 2 more nodes to the head of the 1list:
for (1 = 0; 1 < 2; i++) {
temp = malloc(sizeof(struct node)); // allocate a node
if (temp == NULL) {
printf("Error malloc\n");

exit(1);
b
temp->data = 1i; // set data field
temp->next = head; // set next to point to current first node
head = temp; // change head to point to newly added node
b
head:
/j 1 0 10
temp: - _4
i:| 2

Stack Heap
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" malloc () dukes o Simgle  parameter of gize-t uwid Simply deserbes  how many  bytes you  need:

int *x = malloc (10 * sizeof (int)); (7“:“@ T L Sinee  penters

printf ("$d\n", sizeof(x)); are & oyes.

z 09,,‘,,,45 Lo <cinte W
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o Kaw U0 byt have been altociked:

int x[10];
printf ("%d\n", sizeof(x));

'TO ?rl,e allocate) Memeory,  call -Pne(3 . Free ) dahes in one pacumeter )

gointer retumed “"& malloc ).

ATE

char xsrc = "hello"; char xsrc = "hello";
char =dst; // oops! unalloca?ed char *dst = (char *) malloc(strlen(src) + 1);
strcpy(dst, src); // segfault and die strcpy(dst, src); // work properly

‘ﬂ\\cwqhw.l\,& L ogon Could Use ckedwpl) P make Nile  easer.

i Q M&No{':a \ﬂﬂk OLowrs  whea \ou \zorbe,\’ to ‘Fru. mcmo/‘y.
L TIp FProsram s \".‘)i\f’“ Could run owtk of Mmemory.

b Even i Medern  languages (e Cyham) , Phe garkase  cColledor only frees  Aunhs of memor,

i 9 ou don’d have w reference h it

* Gov) fmﬁcz To QruU even, L\;fz You allocate.



+ T°¢ 3ou ‘PFCc, Yheuum; befs e You Qre ﬁ‘n:shgl Using it , Yyou have made o misklie

talled a o’uwak") pointer,

.FO“ S»lor""\"éo‘ F oG ms yau Caqy b&{- oyway W pet calling -Pm(') \ <ince

'H»L os reclaims  all heémory used Eg. & process aFtee its  done funning .

L THIS @Ts ®#ap PRACT TCcE, You SHourp ALways FREE!L

: -L'P \3,014 ‘Pf‘ec() memory *‘w:u P 'Hz. suwlt s unh!ind, So ouly Ff‘u onu,”

* OWer lcunoh'o-asf

Ly calloc() ~= allocates anl jaikalizes enmthing o 6

L realloc(d 2 Makes a Jaes memony region omd copies e exwstns datn b



