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Types of Program Memory
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Stack Memory
(Stack Segment)

Allocated on Demand (When a 
function starts).

Heap Memory
(Data Segment)

Allocated on Request.

Program Memory
(Code Segment)

Allocated at the Beginning.



Dynamic memory allocation
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Code

Stack

Heap

Stack grows 
down Heap grows up

• Memory allocated 
dynamically based on 
program usage.

• Why don’t these 
segments grow in the 
same direction?



Contents of a Stack Frame
• What do we need to store for each active function?

• Arguments.
• Local Variables.
• Return Address.
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created?

a

x

ret of f1

f1 stack 
frame
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created?

a

x

ret of f1

f1 stack 
frame

5
f2 stack 
frame

Push return address
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created?

a

x

ret of f1

f1 stack 
frame

y=7
5

f2 stack 
frame

Push argument y
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created?

a

x

ret of f1

f1 stack 
frame

z=3.2

y=7

5

f2 stack 
frame

Push argument z
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created?

a

x

ret of f1

f1 stack 
frame

m=4

z=3.2

y=7

5

f2 stack 
frame

Transfer control to f3 and 
push local variables



Stack Growth
• On real machine stack grows downward.

• Imagine a bottom facing book stack.
• New stack frames gets allocated at lower 

addresses.
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created (for real)?

ret of f1

x

a

f1 stack 
frame

Higher Address

Lower Address
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created (for real)?

ret of f1

x

a

f1 stack 
frame

Higher Address

Lower Address

5
f2 stack 
frame
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created (for real)?

ret of f1

x

a

f1 stack 
frame

Higher Address

Lower Address

f2 stack 
frame

5

y=7
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created (for real)?

ret of f1

x

a

f1 stack 
frame

Higher Address

Lower Address

f2 stack 
frame

5

y=7
z=3.2
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

How stack frames are created (for real)?

ret of f1

x

a

f1 stack 
frame

Higher Address

Lower Address

f2 stack 
frame

5

y=7
z=3.2

m=4



Stack frame memory

• Computer access memory using its address.
• Memory has address : n-bit value

• Stack frame has address
– All elements in stack frame

also has addresses
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

Stack frame details

Frame of f3
m 106 4

z 105 3.2

y 104 7

RL 103 line 5

Frame of f1
a 102 a = 

x 101 x = 

RL 100 line ?

Frame Symbol Address Value
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

Stack frame details

Frame of f3
m 106 4

z 105 3.2

y 104 7

RL 103 line 5

Frame of f1
a 102 a = 

x 101 x = 

RL 100 line ?

Frame Symbol Address Value

For Humans
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 1 void f1(int x)

 2 {

 3    int a;

 4    a = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int y, 
        double z)

{

 10     int m=4;

The need for pointers

Frame of f3
m 106 4

z 105 3.2

y 104 7

RL 103 line 5

Frame of f1
a 102 a = 

x 101 x = 

RL 100 line ?

Frame Symbol Address Value

• local variables are visible only to the function.
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 1 void f1(int x)

 2 {

 3    int a = 3;

 4    x = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int a, 
        double z)

{

 10     int m=4;

The need for pointers

Frame of f3
m 106 4

z 105 3.2

a 104 7

RL 103 line 5

Frame of f1
a 102 3 

x 101 x = 

RL 100 line ?

Frame Symbol Address Value

• local variables are visible only to the function.
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 1 void f1(int x)

 2 {

 3    int a = 3;

 4    x = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int a, 
        double z)

{

 10     int m=4;

11     a = 8;

The need for pointers

Frame of f3
m 106 4

z 105 3.2

a 104 8
RL 103 line 5

Frame of f1
a 102 3 

x 101 x = 

RL 100 line ?

Frame Symbol Address Value

• local variables are visible only to the function.
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 1 void f1(int x)

 2 {

 3    int a = 3;

 4    x = f3(7, 3.2);

 5    x = a + 5;

 6    ...

 7 }

 8 int f3(int a, 
        double z)

{

 10     int m=4;

11     a = 9;

The need for pointers

Frame of f3
m 106 4

z 105 3.2

a 104 9
RL 103 line 5

Frame of f1
a 102 3 

x 101 x = 

RL 100 line ?

Frame Symbol Address Value

• local variables are visible only to the function.



The need for pointers

• We may need other functions modify the local 
variables.

• Function to swap 2 numbers.



swap function
int a = 5;

int b = 7;

swap(a, b);

// a should be 7 here

// b should be 5 here



swap function
int a = 5;

int b = 7;

swap(a, b);

// a should be 7 here

// b should be 5 here

Attempt 1 (wrong)
int a = 5;

int b = 7;

a = swap(a, b);

// both a and b are 7

int swap (int x, int y)

{

return y;

}



swap function
int a = 5;

int b = 7;

swap(a, b);

// a should be 7 here

// b should be 5 here

Attempt 2 (wrong)
int a = 5;
int b = 7;
swap(a, b);
// a and b unchanged
void swap (int a, int b)
{

int t = a;
a = b;
b = t;

}



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value
a 101 5 
b 100 7



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value

swap
t 106 5
b 105 7
a 104 5

RL 103 line 4
a 101 5 
b 100 7



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value

swap
t 106 5
b 105 7
a 104 5

RL 103 line 4
a 101 5 
b 100 7

7



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value

swap
t 106 5
b 105 7
a 104 7

RL 103 line 4
a 101 5 
b 100 7

5



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value

swap
t 106 5
b 105 5
a 104 7

RL 103 line 4
a 101 5 
b 100 7



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value

swap
t 106 5
b 105 5
a 104 7

RL 103 line 4
a 101 5 
b 100 7



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int a, int b)
b. {
c. int t = a;
d. a = b;
e. b = t;
f. }

Frame Symbol Address Value

swap
t 106 5
b 105 5
a 104 7

RL 103 line 4
a 101 5 
b 100 7



Attempt 2 (wrong)
1. int a = 5;
2. int b = 7;
3. swap(a, b);
4. // a and b unchanged
…
a. void swap (int x, int y)
b. {
c. int t = x;
d. x = y;
e. y = t;
f. }

Frame Symbol Address Value

swap
t 106 5
y 105 5
x 104 7

RL 103 line 4
a 101 5 
b 100 7



pointer: a variable 
whose value is an 

address



pointer: variable storing address
int t = 5;    int t = 5;

int * p =& t;    int * p;

      p =& t;

Symbol Address Value
p 101 A100
t 100 5

* p means p is a pointer (p’s value is an address)
int * p means the address stores an integer
& t gets the address of t

same



How to use pointers?
int t = 5;

int * p; // create a pointer

p = & t;

* p = -6; // left-hand-side (LHS) of =

int s = * p; // right-hand-side (RHS)of =

yunglu@purdue.eduLHS 1. take p’s value as an address
2. go to that address

3. modify the value at that address
RHS 3. read the value at that address



How to use pointers?
a. int t = 5;

b. int * p; 

c. p = & t;

d. * p = -6; // LHS

e. int s = * p; // RHS

yunglu@purdue.eduLHS 1. take p’s value as an address
2. go to that address

3. modify the value at that address
RHS 3. read the value at that address

Symbol Address Value
p 101 A100
t 100 5



How to use pointers?
a. int t = 5;

b. int * p; 

c. p = & t;

d. * p = -6; // LHS

e. int s = * p; // RHS

yunglu@purdue.eduLHS 1. take p’s value as an address
2. go to that address

3. modify the value at that address
RHS 3. read the value at that address

Symbol Address Value
p 101 A100
t 100 5

1
2 3 -6



How to use pointers?
a. int t = 5;

b. int * p; 

c. p = & t;

d. * p = -6; // LHS

e. int s = * p; // RHS

yunglu@purdue.eduLHS 1. take p’s value as an address
2. go to that address

3. modify the value at that address
RHS 3. read the value at that address

Symbol Address Value
s 102 -6
p 101 A100
t 100 -6

1
2 3



Confusion of *
three ways of using *:

1. type * p; // create a pointer

2. * p =     // left hand side of =

3.   = * p;  // right hand side of =

type can be int, double, char …



Confusion of *

three ways of using *:

1. type * p; // create a pointer

2. * p =     // left hand side of =

3.   = * p;  // right hand side of =

4. int t = 5 * 9; // multiplication; t is 45

type can be int, double, char …

four



correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m;
d. *m = *n;
e. *n = u;
f. }

Frame Symbol Address Value
b 101 7 
a 100 5



Frame Symbol Address Value

swap
u 106
n 105 A101
m 104 A100
RL 103 line 4
b 101 7 
a 100 5

correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m;
d. *m = *n;
e. *n = u;
f. }

addresses of 
a and b



Frame Symbol Address Value

swap
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 7 
a 100 5

correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n;
e. *n = u;
f. }

addresses of 
a and b

1

2

3



Frame Symbol Address Value

swap
t 107 7
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 7 
a 100 5

correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n; // RHS ⇒ LHS
e. *n = u;
f. }

addresses of 
a and b

1

2

3

int t = *n; 
* m = t;



correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n; // RHS ⇒ LHS
e. *n = u;
f. }

addresses of 
a and b

int t = *n; 
* m = t;

Frame Symbol Address Value

swap
t 107 7
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 7 
a 100 5

1

2

3

7



Frame Symbol Address Value

swap
t 107 7
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 7 
a 100 7

correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n; // RHS ⇒ LHS
e. *n = u; // LHS
f. }

addresses of 
a and b

1

2

3

5



Frame Symbol Address Value

swap
t 107 7
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 5 
a 100 7

correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n; // RHS ⇒ LHS
e. *n = u; // LHS
f. }

addresses of 
a and b



Frame Symbol Address Value

swap
t 107 7
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 5 
a 100 7

correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n; // RHS ⇒ LHS
e. *n = u; // LHS
f. }

addresses of 
a and b



RHS rules without = 
int a = 2020;
int * p = & a;
printf(“%d\n”, * p); // RHS
f(* p); // RHS
…
void f(int t) // t is 2020
{

…
}

Symbol Address Value
p 101 A100
a 100 2020

1
2 3



Data Types
• Data types specify the information and operations.
• Data types specify the amount of information for each entity.
•int, char, double are data types
• Programmers can create new data types, such as car, desk, 
phone, light bulb.

• Do not mix data types.

yunglu@purdue.edu

Type Information Operation
Car engine size, number of seats, fuel 

tank
accelerate, decelerate

Desk width, height, length write on
Phone screen size, amount of storage call, text message, map



Type Rules

creation value type
t1 x; x’s value is t1 & x is t1 * (address of x)
t2 * y; y’s value is t2 * * y is t2 (LHS or RHS)
t1 and t2 are types, such as int, char, double, car, phone, desk …



Understand Syntax About Pointers

1. int a = 5;

2. int b = 7;

3. int * p;

4. p = & a;

5. p = & b;

6. p = a; // error

7. int * q;

8. q = p;

Symbol Address Value
q 103
p 102 A100
b 101 5 
a 100 7

int * p = & a;



Understand Syntax About Pointers

1. int a = 5;

2. int b = 7;

3. int * p;

4. p = & a;

5. p = & b;

6. p = a; // error: p is int *, a is int
7. int * q;

8. q = p;

Symbol Address Value
q 103
p 102 A101
b 101 5 
a 100 7



Understand Syntax About Pointers
1. int a = 5;

2. int b = 7;

3. int * p;

4. p = & a;

5. p = & b;

6. p = a; // error

7. int * q;

8. q = p;

Symbol Address Value
q 103 A101
p 102 A101
b 101 5 
a 100 7



1. int a = 5;

2. int b = 7;

3. int * p = & b;

4. int * q = p;

5. * p = -264;

6. int c = * q;

7. q = & c;

8. c = q; // error

9. c = & a; // error

Symbol Address Value
q 103 A101
p 102 A101
b 101 5 
a 100 7

int * q;
q = p;



1. int a = 5;

2. int b = 7;

3. int * p = & b;

4. int * q = p;

5. * p = -264;

6. int c = * q;

7. q = & c;

8. c = q; // error

9. c = & a; // error

Symbol Address Value
q 103 A101
p 102 A101
b 101 5 
a 100 7

1
2 3 -264

b = -264;



1. int a = 5;

2. int b = 7;

3. int * p = & b;

4. int * q = p;

5. * p = -264;

6. int c = * q;

7. q = & c;

8. c = q; // error

9. c = & a; // error

Symbol Address Value
c 104 -264
q 103 A101
p 102 A101
b 101 -264 
a 100 7

1

2 3



1. int a = 5;

2. int b = 7;

3. int * p = & b;

4. int * q = p;

5. * p = -264;

6. int c = * q;

7. q = & c;

8. c = q; // error

9. c = & a; // error

Symbol Address Value
c 104 -264
q 103 A104
p 102 A101
b 101 -264 
a 100 7



1. int a = 5;

2. int b = 7;

3. int * p = & b;

4. int * q = p;

5. * p = -264;

6. int c = * q;

7. q = & c;

8. c = q; // error, int and int *
9. c = & a; // error

10. & a = …; // error, cannot change address
11. p = 2020; // error

Symbol Address Value
c 104 -264
q 103 A104
p 102 A101
b 101 -264 
a 100 7



Pointer Rules

• You can never change anything’s address. 
• You can change only values.
• You must not mix pointers with non-pointers.

1. int b = 7;
2. int * p = & b;
3. int * q = p;
4. p = -264;  // error, -264 is int, not pointer
5. int c = q; // error, c is int, not pointer
6. b = p;     // error, b is int, not pointer

* p = -264 // ok



Type Mismatch
• Mixing types is common mistakes.
• Programs will behave in surprising ways.
• Most of time, gcc can detect type mismatch.
• If gcc gives warnings or errors, you must 
correct them.

yunglu@purdue.edu

Student: My program does not work. I have not slept for two days.
Teaching Assistant: Do you notice this gcc warning about types?
Student: I will worry about that after making my program work.
Teaching Assistant: This is your problem. You need to add * in front of a pointer.
Student: It works now. I spent 30 hours on finding this problem.
Teaching Assistant: It took me 30 seconds because gcc told me the problem.
Student: Thank you.



1. int a = 5;

2. int b = 7;

3. int * p = & b;

4. int * q = p;

5. * p = -264;

6. int c = * q;

7. q = & c;

Symbol Address Value
c 104
q 103
p 102
b 101
a 100



Understand sizes of types

sizeof tells the 
size of a data type



Understand sizes of types

sizeof (char) is 1
sizeof(int) depends on machine
This machine uses 64 bits (8 bytes) 
for pointers



yunglu@purdue.edu

sizeof can also be used 
for variables



Do not mix types
1. int a = 123;
2. char * p; // sizeof (*p) = 1
3. p = & a;  // error: sizeof(a)= 4
4. * p = 2020; // 2020 is bigger than one byte
5. int b = 264;
6. double * q; // sizeof(*q) = 8
7. q = & b; // error: sizeof (b) = 4
8. double c = * q; 



Match Types

1. int a = 123;
2. int * p; 
3. p = & a;  

4. * p = 2020; 

5. double b = 26.4;
6. double * q; 
7. q = & b;

8. double c = * q; 

int and int *

double and double *



Frame Symbol Address Value

swap
t 107 7
u 106 5
n 105 A101
m 104 A100
RL 103 line 4
b 101 5 
a 100 7

Review: correct swap function
1. int a = 5;
2. int b = 7;
3. swap(& a, & b);
4. // a is 7 and b is 5
…
a. void swap (int * m, int * n)
b. {
c. int u = * m; // RHS
d. *m = *n; // RHS ⇒ LHS
e. *n = u; // LHS
f. }

addresses of 
a and b



Types of Program Memory

71

Stack Memory
(Stack Segment)

Allocated on Demand (When a 
function starts).

Heap Memory
(Data Segment)

Allocated on Request.

Program Memory
(Code Segment)

Allocated at the Beginning.



Stack vs. Heap Memory

Stack Memory Heap Memory
Rules Last-in, First-out Flexible
Size Determined at compilation time Run time
Responsibility Compiler Programmer
Visibility Current frame or lower frames (use pointers) All functions, by pointers
Pointer Not necessary Must
Computing Model* Push-Down Automata Turing Machine
Capability Limited General
Relationship Proper subset of heap memory Superset of stack memory

* Please find a book on the topic of Computation or Automata 
Theory



Heap Memory: array of five 
integers

1. int * p; 
2. p = malloc(sizeof(int) * 5);
3. // memory NOT initialized
4. p[0] = 264;
5. p[4] = -2020;
6. …
7. free (p); // no size given
8. // if not freed, memory leak

types must match

no *

valid index 0, 1, 2, 3, 4

5 is invalid index. If you 
use 5, the program’s 
behavior is undefined



Heap Memory

1. int * p; // p’s value is unknown (U)

Stack Memory
Symbol Address Value

p 100 U

It may not be zero



Heap Memory

1. int * p;

2. p = malloc(sizeof(int) * 5);

3. // memory NOT initialized

4. // malloc decides the address

Stack Memory
Symbol Address Value

p 100 A1000

Heap Memory
Symbol Address Value

p[4] 1016 U
p[3] 1012 U
p[2] 1008 U
p[1] 1004 U
p[0] 1000 U



Heap Memory

1. int * p;

2. p = malloc(sizeof(int) * 5);

3. // memory NOT initialized

4. // malloc decides the address

Stack Memory
Symbol Address Value

p 100 A1000

Heap Memory
Symbol Address Value

p[4] 1016 U
p[3] 1012 U
p[2] 1008 U
p[1] 1004 U
p[0] 1000 U

&p[k] = &p[0] + k ⋅ size of one element



Heap Memory

1. int * p;

2. p = malloc(sizeof(int) * 5);

3. // memory NOT initialized

4. p[0] = 264;

Stack Memory
Symbol Address Value

p 100 A1000

Heap Memory
Symbol Address Value

p[4] 1016 U
p[3] 1012 U
p[2] 1008 U
p[1] 1004 U
p[0] 1000 264



Heap Memory

1. int * p;

2. p = malloc(sizeof(int) * 5);

3. // memory NOT initialized

4. p[0] = 264;

5. p[4] = -2020;

Stack Memory
Symbol Address Value

p 100 A1000

Heap Memory
Symbol Address Value

p[4] 1016 -2020
p[3] 1012 U
p[2] 1008 U
p[1] 1004 U
p[0] 1000 264



Heap Memory

1. int * p;
2. p = malloc(sizeof(int) * 5);
3. // memory NOT initialized
4. p[0] = 264;
5. p[4] = -2020;
6. …
7. free (p); // no size given
8. // if not freed, memory leak Stack Memory

Symbol Address Value
p 100 U

Heap Memory
Symbol Address Value

p[4] 1016 U
p[3] 1012 U
p[2] 1008 U
p[1] 1004 U
p[0] 1000 U



Heap Memory

1. int * p;
2. p = malloc(sizeof(int) * 5);
3. // memory NOT initialized
4. p[0] = 264;
5. p[4] = -2020;
6. …
7. free (p); // no size given
8. // if not freed, memory leak Stack Memory

Symbol Address Value
p 100 A1000

Heap Memory
Symbol Address Value

p[4] 1016 -2020
p[3] 1012 U
p[2] 1008 U
p[1] 1004 U
p[0] 1000 264

The value is unchanged



Heap Memory
•malloc and free always go together, no exception
• Allocated memory is not initialized
• Valid indexes start at 0, last = size – 1, no exception
• Using p[size] is wrong. program behavior undefined
•free(p) does not change p’s value. p is not NULL.
• Leaking memory is not allowed



Undefined Program Behavior
• Sometimes, the program may “work”.
• Sometimes, the program may not “work”.
• Usually, the program “works” when students test.
• The program does not “work” in grading.

• If an array has n elements, valid indexes are 0, 1, 2, 
… n – 1; n is an invalid index. 



If an array has n elements, 
n is an invalid index.



Common Mistakes

1. int * p;
2. p = malloc(sizeof(char) * 5);

3. p[0] = 264;
4. p[4] = -2020;
5. …
6. free (p); 
7. p[1] = 123;

types mismatch

add *

use 5 or larger

do not free
use p after free

sizeof(int) = 4
sizeof(char) = 1



Memory leak is wrong
• Memory leak does not immediately stop 
programs but the programs will eventually run 
out of memory. 

• Leaking memory is unacceptable, in the same 
way as an airplane leaks fuel.



Use heap memory carefully
• Heap memory is flexible. Freedom comes with 
responsibility.

• Usually, malloc and free are called in the same functions:
p = malloc (…);
… // processing data
free(p);

• Before calling malloc, think about where to call free.
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Should be <
not <=



Heap Memory in HW 01
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Heap Memory in HW 03
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type: arr = int *
type: * arr = int



Pass Heap Memory 
in Functions
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malloc and free in the same 
function
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calling functions using heap 
memory
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heap memory treated as an 
array



Stack and Heap 
Memory
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Stack Memory
Symbol Address Value

arr 104 U
size 100 5

Heap Memory
Symbol Address Value
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Stack Memory
Symbol Address Value

arr 104 A2000
size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Symbol Address Value

i 112 U
arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Symbol Address Value

i 112 U
arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 4
arr[3] 2012 3
arr[2] 2008 2
arr[1] 2004 1
arr[0] 2000 0
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Stack Memory
Frame Symbol Address Value
printArr i 212 U

size 208 5
arr 200 A2000
Return Location line 42

main i 112 U
arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 4
arr[3] 2012 3
arr[2] 2008 2
arr[1] 2004 1
arr[0] 2000 0

copy the value

arr is a pointer
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Stack Memory
Frame Symbol Address Value
printArr i 212 U

size 208 5
arr 200 A2000
Return Location line 42

main i 112 U
arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 4
arr[3] 2012 3
arr[2] 2008 2
arr[1] 2004 1
arr[0] 2000 0copy the value
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Stack Memory
Frame Symbol Address Value
printArr i 212 0

size 208 5
arr 200 A2000
Return Location line 42

main i 112 U
arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 4
arr[3] 2012 3
arr[2] 2008 2
arr[1] 2004 1
arr[0] 2000 0



What does arr[i] mean?
1. take arr as an address
2. add i ∙ size of one element
3. take the value as an address
4. go to that address
• LHS: modify the value at the address
• RHS: read the value at the address

Stack Memory
Frame Symbol Address Value
printArr i 212 0

size 208 5
arr 200 A2000
Return Location line 42

main i 112 U
arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 4
arr[3] 2012 3
arr[2] 2008 2
arr[1] 2004 1
arr[0] 2000 0



& arr[k] = & arr[0] + k ∙ size of one element

The address of the element with index k is the address of the first 
element (index is 0) + k multiplied with the size of one element



use valgrind to 
detect memory leak
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Memory leak is not 
acceptable.



Don’t do this
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If you do this on your own computer, your computer 
will become unusable. 

Do not do this on Purdue computers.
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Different ways to allocate memory
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Stack Memory
Frame Symbol Address Value
main arr 104 U

size 100 5
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Stack Memory
Frame Symbol Address Value

myalloc1 p 204 U
size 200 5

Value Address 104
Return Location 

main arr 104 U
size 100 5
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Stack Memory
Frame Symbol Address Value

myalloc1 p 204 A2000
size 200 5

Value Address 104
Return Location 

main arr 104 U
size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Frame Symbol Address Value

myalloc1 p 204 A2000
size 200 5

Value Address 104
Return Location 

main arr 104 A2000
size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Frame Symbol Address Value
main arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U



yunglu@purdue.edu

Stack Memory
Frame Symbol Address Value
main arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

Remember to call free even though 
malloc is not called in the same function



To modify the value in another frame 
of the stack, pass the address.



yunglu@purdue.edu Stack Memory
Frame Symbol Address Value
main arr 104 U

size 100 5

Notice * * 

Notice &
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Stack Memory
Frame Symbol Address Value

myalloc2 t 212 U
p 204 A104

size 200 5
Return Location 

main arr 104 U
size 100 5
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Stack Memory
Frame Symbol Address Value

myalloc2 t 212 A2000
p 204 A104

size 200 5
Return Location 

main arr 104 U
size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Frame Symbol Address Value

myalloc2 t 212 A2000
p 204 A104

size 200 5
Return Location 

main arr 104 U
size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U

1

2 3

Notice *



yunglu@purdue.edu

Stack Memory
Frame Symbol Address Value

myalloc2 t 212 A2000
p 204 A104

size 200 5
Return Location 

main arr 104 A2000
size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Frame Symbol Address Value
main arr 104 A2000

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U



Common Mistake
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Stack Memory
Frame Symbol Address Value
main arr 104 U

size 100 5
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Stack Memory
Frame Symbol Address Value
main arr 104 U

size 100 5
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Stack Memory
Frame Symbol Address Value

myalloc2 p 204 U
size 200 5

Return Location 
main arr 104 U

size 100 5

Heap Memory
Symbol Address Value
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Stack Memory
Frame Symbol Address Value

myalloc2 p 204 A2000
size 200 5

Return Location 
main arr 104 U

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U
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Stack Memory
Frame Symbol Address Value
main arr 104 U

size 100 5

Heap Memory
Symbol Address Value

arr[4] 2016 U
arr[3] 2012 U
arr[2] 2008 U
arr[1] 2004 U
arr[0] 2000 U



Homework 4 
Who Gets the Cake?

(Inspired by 1.3 of Concrete Mathematics)
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Let’s Play a Game
• A group of n people. 
• There is only one slice of cake. 
• Who gets the cake?
• The people form a circle.
• A number k (k > 1) is selected
• We use an array. In C, array index starts

from zero (not one).

0

1

2

3

7

6

5

4



Count to k
• The kth person is removed
• Keep counting
• Wrap around to the beginning
• n = 8 in this case
• choose k = 5
• This example uses 0, 1, 2… because array 

indexes start from zero.

0

1

2

3

7

6

5

4

1
2

3

4

5

1

2

3
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0

1

2

3

7

6

5

4

1
2

3

4

5

1

2

3
4 5

1

23

4

Skip

0

1

2

3

7

6

5

4

1
2

3

4

5

1

2

3
4 5

1

23

4

Skip

5



0

1

2

3

7

6

5

4

1
2

3

4

5

1

2

3
4 5

1

23

4

Skip

5

1
2

Skip

34

5



0

1

2

3

7

6

5

4

1
2

3

4

5

1

2

3
4 5

1

23

4

Skip

5

1
2

Skip

34

5

Original 0 1 2 3 4 5 6 7
Count 1 2 3 4 5 1 2 3



Original 0 1 2 3 4 5 6 7
Count 1 2 3 4 5 1 2 3

Original 0 1 2 3 5 6 7
Count 4 5 1 2 3 4 5



Original 0 1 2 3 4 5 6 7
Count 1 2 3 4 5 1 2 3

Original 0 1 2 3 5 6 7
Count 4 5 1 2 3 4 5

Original 0 2 3 5 6
Count 1 2 3 4 5



Original 0 1 2 3 5 6 7
Count 1 2 3 4 5 1 2 3

Original 0 1 2 3 5 6 7
Count 4 5 1 2 3 4 5

Original 0 2 3 5 6
Count 1 2 3 4 5

Original 0 2 3 5 6
Count 1 2 3 4
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Original 0 1 2 3 4 5 6 7
Count 1 2 3 4 5 1 2 3

Original 0 1 2 3 5 6 7
Count 4 5 1 2 3 4 5

Original 0 2 3 5 6
Count 1 2 3 4 5

Original 0 2 3 5
Count 1 2 3 4

Original 2 3
Count 5 1 2 3
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Original 0 1 2 3 4 5 6 7
Count 1 2 3 4 5 1 2 3

Original 0 1 2 3 5 6 7
Count 4 5 1 2 3 4 5

Original 0 2 3 5 6
Count 1 2 3 4 5

Original 0 2 3 5
Count 1 2 3 4

Original 0 2 3
Count 5 1 2 3

The program takes two numbers: n and k.

prints the order of removed people.
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main.c
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eliminate.c

Each element is 
an int



eliminate.c

You decide what information to store



Fill your code. Use as many lines as necessary.
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Makefile



input: 6 3

input: 6 4



Homework 04



Count Letters
The Nobel Prize in Physics 
2016 was divided, one half 
awarded to David J. 
Thouless, the other half 
jointly to F. Duncan M. 
Haldane and J. Michael 
Kosterlitz "for theoretical 
discoveries of topological 
phase transitions and 
topological phases of matter."

68, D, 2
70, F, 1
72, H, 1
74, J, 2
75, K, 1
77, M, 2
78, N, 1
80, P, 2
84, T, 2
97, a, 19
98, b, 1
99, c, 7



Count Letters
The Nobel Prize in Physics 
2016 was divided, one half 
awarded to David J. 
Thouless, the other half 
jointly to F. Duncan M. 
Haldane and J. Michael 
Kosterlitz "for theoretical 
discoveries of topological 
phase transitions and 
topological phases of 
matter."

68, D, 2
70, F, 1
72, H, 1
74, J, 2
75, K, 1
77, M, 2
78, N, 1
80, P, 2
84, T, 2
97, a, 19
98, b, 1
99, c, 7



Count Letters
The Nobel Prize in Physics 
2016 was divided, one half 
awarded to David J. 
Thouless, the other half 
jointly to F. Duncan M. 
Haldane and J. Michael 
Kosterlitz "for theoretical 
discoveries of topological 
phase transitions and 
topological phases of 
matter."

68, D, 2
70, F, 1
72, H, 1
74, J, 2
75, K, 1
77, M, 2
78, N, 1
80, P, 2
84, T, 2
97, a, 19
98, b, 1
99, c, 7



American Standard Code
for Information Interchange
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‘X’: a single letter, equivalent to a number (in ASCII)



read characters from file
FILE * fptr = fopen(filename, “r”);
if (fptr == NULL)
{

// fopen fail, handle error
// Do NOT fclose

}
int ch = fgetc(fptr); // read one character
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Search the Internet for “Linux fopen”



file: “stream” in a C program
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Beginning End

• Think of a file as a river (stream).
• A marker points to the current location.
• The marker is at the beginning after fopen.
• The marker moves toward the end after reading or writing data.
•ftell reports the current location. fseek sets the location.

Marker
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Please notice that EOF is -1, not 0

must not be unsigned char





Number Systems

• Decimal: base 10, 10 digits ⇒ 0, 1, 2, 3, 4, 5, 6, 7, 8, 9
• Binary: base 2, 2 digits ⇒ 0, 1
• Hexadecimal: base 16, 16 digits ⇒ 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, 
C, D, E, F

• Octal: base 8, 8 digits ⇒ 0, 1, 2, 3, 4, 5, 6, 7
• 1234(10) = 1 x 103 + 2 x 102 + 3 x 101 + 4 x 100

• 1011(2) = 1 x 23 + 0 x 22 + 1 x 21 + 1 x 20

• B9C6(16) = 11 x 163 + 9 x 162 + 12 x 161 + 6 x 160



• 512.34(10) = 5 x 102 + 1 x 101 + 2 x 100 + 3 x 10-1 + 4 x 10-2

• 110.11(2) = 1 x 22 + 1 x 21 + 0 x 20 + 1 x 2-1 + 1 x 2-2

• 7B9.C6(16) = 7 x 162  + 11 x 161 + 9 x 160 + 12 x 16-1 + 6 x 16-2

• 534(10) = 512 + 22 = 2 x 162 = 1 x 161 + 6 x 160 = 216(16)

• 16(10)  = 24 = 10000(2)

• D(16)  = 13(10) = 1 x 23 + 1 x 22 + 0 x 21 + 1 x 20  = 1101 (2)



64(10) = 40(16) = 100(8)

71(10) = 64(10) + 7(10) = 40(16) +  7(16) = 47(16)



Homework 05



Add Numbers
-598
322
202
517
678

1121
add all of them





Different ways reading from a 
file

yunglu@purdue.edu



yunglu@purdue.edu



fgetc

fscanf

fgets
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write to a file

FILE * fptr = fopen(filename, “w”);
if (fptr == NULL)
{

// fopen fail, handle error
// Do NOT fclose

}
fprintf(fptr, “%d\n”, 264);
%c: character, %s: string, %f: floating-point


