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Summary of Lecture 5

• Pointers

• Pointers and Arrays

• Function arguments

• Dynamic memory allocation

• Pointers to functions

• 2D arrays



Addresses and Pointers

• Every object in the computer has an address

• Someof the objects in a C program may be 
referenced through the address of their 
location in memory
- Expressions like 

� � � �
, are evaluated to the 

address of 
� � �

.

• The address operator & cannot be applied 
to objects that have a temporary location in 
the memory (explicit constants, compound 
expressions)

• Addresses can be stored in variables of type 
pointer to...



Addresses and Pointers

• When � � � � is a pointer variable carrying an 
address, the dereferencing (or indirection)
operator * is used to extract the value stored 
in that address (via the expression � 	 
 � � )

• The dereferencing operator * is also used for 
the declaration of pointer type variables.

• Example:  � � � � � � � � � � � � � � � � � � �  ! � � � � �  "  ! # $% & ' ( ) * + , - . ) - / 0 1 & 2 ' ' 0 ' ( * & %3 4 5 6 7 3 4 8 3 6 9 : ; < = > : ? @ A A B C : 9D E F G H I J D K L M N F G G H O D J
Memory Image:

• After line 2, above:P Q Q R S T T U V W X Y X Z [ [ \ ] ^ ^ _ ` a b c _d e d
• After line 3, above:Z [ [ \ ] ^ ^ _ ` a b f b Z [ [ \ ] ^ ^ _ ` a b c _d e d

3 0x6414         

0x64142



Addresses and Pointers
• In order to derefernce a pointer, it must be 

known to which type it refers

• Objects of different types may occupy 
spaces of different size, e.g. g h i j k l m n o p q r s t ou v w x y z {

Example:| } ~ � | � � � � | } ~ � � � | � � | � � � � � � � � | � � � � � � � � � � �
� �� � � � � � � � � � � � � � � � � � � � �   �   � � ¡ ¢ £ � � � � ¢ � £ �

� �¤ ¥ ¦ § ¨ © ¤ � � � � ¤ ¥ ¦ § ¨ © � � ¤ � � ¤ � � � �   �   � ¤ ¡ ¢ £ � � ¤ � ¢ � £ �
� �

• It is ill egal to compare two pointers, unless 
they are known to point to a single object 
(e.g. an array), or NULL. Illegal 
comparisons are sometimes possible, but the 
results may be surprising.

…...

…...



Pointers and Arrays
• For the declaration:  ª « ¬  ® ¯ ° ¯ ± ² ³ ´ µ ¶ · ¸ ¹ º » ¼ ° ½

the following holds:¾ ¿ À Á Â Ã Ä Å Á Æ is an expression of type double that 
refers to the value stored in the ith entry of 
the array¾ ¿ À Á Â Ã Ä is an expression of type pointer to 
double that refers to the address of the first 
element of the array.
- This means that ¿ À Á Â Ã Ä Ç Ç È É ¿ À Á Â Ã Ä Å Ê Æ Ë is   

always TRUE.

• Fact: The C compiler always translates an 
“array expression” like ¿ À Á Â Ã Ä Å Á Æ into the 
equivalent “pointer expression” Ì É ¿ À Á Â Ã Ä Í Á Ë

• After assigning Î ¿ Ç ¿ À Á Â Ã Ä , the expressionÎ ¿ Å Ï Æ has the value ¿ À Á Â Ã Ä Å Ï Æ
• The main difference between Î ¿ and ¿ À Á Â Ã Ä : ¿ À Á Â Ã Ä is constant (cannot be assigned to) and Î ¿ is a variable !



Pointers and Arrays cont.
• Example:Ð Ñ Ò Ñ Ó Ô Õ Ö × Ø Ù ÚÑ Ó Ô Õ Ö × Û Û ÛÐ Ñ

Ð Ñ Ø Ø Ú Ü Ý Þ Ñ Ð Ñ ß à á Ô â Ñ Ó Ô Õ Ö × ß ã á äÑ Ó Ô Õ Ö × Û Û ÛÐ Ñ

BUT  - Ñ Ó Ô Õ Ö × Ø Ø is ill egal !!!



Pointers and Function-
Arguments

• In C, function arguments are passed only by 
value

• This means that a variable that is used as an 
argument at a function call will always 
retain its value when the function returns to 
the caller

• By using pointers as function arguments this 
restriction is overcome (Re. å æ ç è function)

• Example:é ê ë ì í î ï ð ñ ò ó ô õ ö ÷ ø ù ú û ü ýþ ÿ � � � � � � � � � � � � � � � � � �� 	 
 � �  � � �  � �� � � � � � � � � � � �
• The call to � �  ! " # is a call by reference

• In both cases ( � �  ! with/without pointers) $
and % are local variables, and are initialized 
to the values of the function’s arguments.



Arrays as Function 
arguments

• Arr ay parameters are an exception to the 
“ call by value” rule in C

• When an array is used as an argument at a 
function call , the entire array is not copied, 
but its address only is passed
Examples:
- & ' ( ) * + , - . / 0 1 2 3 4 5 Function calls 6 7 8 9 : ; < 9 = and 6 7 8 9 > ? @ A B C D E F are synonymous.
- In “ func” declaration, G H I J K L I M N O P P Q and R S T U V W T X O P P Y Z Q are synonymous too.
- If only part of the array is transferred at      
function call: 

R S T U V [ \ U ] ^ _
and ` a b c d e f g c h ^ i _

are synonymous.
- For multidimensional arrays, the above is 
true for the first (leftmost) index only.



Find the Error
j k l m n o p q

r r rs t u v w xy z { s | } ~ | �

• consider:� � � � �� � � � � � � � � � �� � � � � �� � � � � �
• consider:� � � � � � �� � � � � � �

� � � � � �
� � � � � � � � � � �   ¡ ¢ £ ¤ ¥¢ £ ¦ § ¥¢ ¨ © ª « ¬ � � � � �   ¡ ¢ £ ¤ ¥



Double Indirection 
Review

• Consider: ® ¯ ° ± ® ¯ ² ³ ° ± ® ¯ ² ² ³ ³ ° ±
• what type is ́

°
?µ  ® ¯ ² ³ °

• What type is ¶ · ¸ ¹º » ¼ ½ ¾ ¾ · · ¸
• After · ¸ ¿ ¶ ¸ À Are these statements correct: 

*ppa = pa;
*ppa = &a;
int ** ppa = && a;



Dynamic Memory 
Allocation

• C allows general purpose dynamic memory 
allocation on the heap, restricted only by the 
amount of memory available at run time

• There are three predefined functions for this:
(in Á Â Ã Ä Á Å Æ Ç È Â É Ê Á Ã Ë É È Å Ì Í Î Ï
Ð Ñ Ò Ó Ô Õ Ö × × Ø Ù Ú Û Ü Õ Ý Þ ß à á â Ý à ã Ý ä å å ã æ ä à á ç èé ã ê ë ì æ ä å å ã æ í î ï ð Ý ã ñ Ý ò ó ô õ ö ÷ ø ù ú û ü ú û ý þ ÿ �� û ÷ � � � ù � � � û � � û � � ú 	 
 � õ � ù � ú ö ÷ ø ù ú ÷ � ú ý  
 ù ö ÿ �

• If memory allocation fails, these functions 
return a � � � � pointer.

• Since these functions return a pointer to void, 
when allocating memory use conversion:� � � � � � � � � � � � � � � � � � � � �  ! " # $ % & � " ' ( ) ) * +  % , -  +" ' (  . " / � " ' (  ) 0 1 2 2 % 0 � � 3 ! " # $ % & � " ' ( ) ) *. " / � " ' (  ) , $ 1 2 2 % 0 � . " 3 4 5  ! " # $ % & � " ' ( ) ) *



Dynamic Memory 
Allocation

• Why do we need dynamic memory 
allocation?
- When the size of the array is passed as

argument to the program

• IMPORTANT !!!
After you finished using the variable which 
you dynamically allocated, FREE the 
memory:6 7 8 9 : ; < < = 6 7 8 9 > ? @
Usage:: ; < < = 6 < A ? @
If you don’ t - you will experience 
Memory Leak - no free memory !

• Dangling Pointer - a pointer that points to a 
memory that is unreserved. 
(Example: allocate pointer and then reference 
to another location).



Dynamic Memory 
Allocation (cont)

• Example:B C D E F G H IB J K K F G H L K B C D E M N O P P Q H R S T T U V W X Y Z [ \ ] ^ _ R [ ` a b b b c c W d V V be f
g h i j k

f l
m k n o h h p q r s j j t k s u u t r s k o v w x y z{ | } ~ � � � �� � � � �

� � � �
� �

� � � � � � � � � � �
�

� � � �� � � � � � � � � � � � � � �   ¡ ¢ £ � ¤ ¥ ¦ ¦ ¦
§ § � ¨ � � ¦© ¢ ª « � ¤ ¥ ¢ £ � ¥ ¬   « «  ® ¯ ° ¤ ¤ ¡ ¥ ° ± ± ¡ ¯ ° ¥   ² ¤ ® ¦ ³  ´ � ¥ £ µ ¦ ³¶

• Dynamically allocated memory (only) can 
be returned to the system using the function · ¸ ¹ º » ¼ ½ ¾ ¿ ¿ À ¹ Á » Â Ã Ä ¾ Å Æ



Dynamic Memory 
Allocation (cont)

• Bad Example:Ç È É Ê Ë Ì Í Î Ï Ð Ñ Ò Ó Ô Ñ Õ Ö× Ø Ù Ù Ú Û Ü Ý Þ ß à á â ã ä å æ æ ç è é ê ë ë ì í î ï ð ñ ò ó ô õ ö ÷ ò ø ù ú ú ú û û ü ý þ þ úÿ �
� � � � �

� � � � 	 
 � � �  � � � � � � � � � � � � � � � � � � �
� � � � � �  !" # $ % % & ' ( ) * ' + , % # & - . / 0 ' 1 2 2 3 + % * ' + 4 5 6 7 8 9 : : 8 ; 5 < = > ? @ A B C D ? E F G G

H H 5 I ; ; GJ C K L ? E F C D > F M A L L 4 N O P E E B F P Q Q B O P F A R E N G SA T ? F D U G SVW X Y Z [ \ ] ^ _ ` a b c d e d a c a f g h i h j k



Pointers to Functions

• There are cases where there is a function 
call in a command but there is no prior 

knowledge which function is to be called

• Example:l m n o p l q r p l s tu v w x y z { | } ~ w � � � � � � � � � � � �
v1, v2 may point to integers or strings or 
other types. An appropriate compare 
function should be called, according to the 
type of the objects pointed to by v1, v2.

• Solution:� � � � � � � � � � � � �� � � � � � � � � � � �   � ¡ � ¢ £ � ¤ ¡ � ¢ £ �   ¥ ¦ � � � ¢ § ¨ � � ¨ � © ª § � ¨ ¢ � § � ¦
« « «¬  ® ¯ ° ± ² ¯ ³ ´ µ ¶ ·

¸ ¹ º » ¼ ½ ¾ ¿ ¸ À Á Â ¹ Ã » Ä Å Æ Ç Á È É Ê Ë Ì Í Î Ï Ð Ñ Î Ï Í Ò Ð
É Í Ó Ï Ô Õ Ö × É Ê Ë Ì Í Î Ï Ø Ù Ó Ú Î É Ë Ì Ð Ñ Î Ï Í Ò ÐÛ

Ü Ý Þ Þ ß à á â ã ä å æ ç Þ è é ê è ë ç ì ì í ç î ï ß á å ð à á â ã ä å æ Þ è é ê ñ ò ó ô õ ö



Pointers to Functions
• Another case of using a pointer to function 

is when a function is used as an argument, 
passed to another function (a sub-case of  
the last case)

• Example:
A definition of a function which is used as 
an argument:

÷ ø ù ú û ü ý ù þ ÿ � � � þ ù � � � � ü ù ø þ � � � � ý û 	 
 � � � � ý � � � � ý � � þ �  � � � � �  �
� � � � �

� � � � � � �  � ! " # $ % & ' ( ) * + , - - *
) . , / 0 1 2 3 4 5 6 7 ( ) . , / * +

8 9 : ; < ; = > : < ? @ A B C D E F G D H I J K L M K J F N O F P Q R
S

T U V W X Y Z [ \ ] [ Z ^ _ ` [ a Y _ b U T
` \ ] c W [ c d e f g h i j k l m n o

p p pq r s t u v w x j u t y z { j r t | u } q r s ~ � � � � � � � � �



Dynamic Memory 
Allocation - Example

� � � � � � � � � � � � � � � � �
� � � � � � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ ©
ª ¥ « ¬ ¤  £ ® ¯ ° ± ² ³ ´ µ ¶ ·
¸ ¹ º » ¼ ½ º ¾ ¿ À Á Â Ã Ä
Å Æ Ç È É Ê Ç Ë Ì Í Î Ï Ð Ñ

Ò Ó Ô Õ Ö × Ø Ô Ù Ú Û Ü Ý Ù Ô Þ ß à Ý × Ô Ó Ù á â ã Ý Ø ä Ö å â ã Ý Ø á ä â ã Ø Û Ü Ù Þ æ ç è é ê ë æ æ
ì

í î ï ð ñ ò ó ô õ ö ÷ ø ù ú û ü
ý þ ÿ � � � � � � � � � 	 
 �
�   ��

� � � � � � ��



Dynamic Memory 
Allocation - Example

void main()

{ 
char *str, *new_str, *str1;

str = (char*) malloc(LNG2);

while (printf(“Enter 6-char string\n” ), gets(str)) {
printf(“  %s ==>> “ ,str);

string_manipulation(str,tolower);

printf(“%s\n” ,str);

}
new_str = (char *)realloc(str,LNG2+LNG1);
printf(“new_str=%s\n” ,new_str);

printf(“         str=%s\n” , str);

string_manipulation(str,toupper);

printf(“new_str=%s\n” ,new_str);

printf(“  str=%s\n” , str);

str1 = (char *) malloc(LNG2);

printf(“ str1=%s\n” , str1);     
string_manipulation(str1,tolower);
printf(“         str1=%s\n” , str1);

free(str1); free(new_str);

}



Dynamic Memory 
Allocation - Example

A Sample Output� � � � � � � � � �  ! "  # $ %
& ' ( ) * + , , - - . / 0 1 2 3

4 5 6 2 3 7 8 . 9 : 3 1 6 3 ; 5 <
= > ? @ A B C C D D E F G H I J

K L M N O P Q J R H O S M O T L U
V W X Y Z [ \ ] ^ _ ` a b c

Z [ \ ] ^ _ ` a b c d e f g f g h i j k k l m l n o p h o m h
q m r s g t o u v p w h x y

g t o z { | } ~ � � ~ � � � � � � � � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � �   � ¡   � � � ¢ ¢ £ � � � ¤ ¥   ¦   � §
� � � � � ¨ © ª   « ¬   §  ®   § � ¯ ° ±   � ¡  « ©   § ² ±  ¯ ² � § � ¡ �



1D Arrays
• Fixed (on stack) and Dynamic (on Heap)

array are treated exactly the same, accept 
declaration and allocation:

• Allocation:
For dynamic: For fixed:³ ´ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¿ À Á Â Ã Ã Ä Å Æ Ç È É Ê È Ë Ì Í È Ç Æ
Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Ú Û Ü Ý Þ ß à á Û â Ý ß ã ä × Ö å æ æ × ç

• Access:è á Ü é ê ë ì í î ï or:ð ñ ò ó ô õ ö ÷ ø ù ú û
• Initialization example:

Inefficient:ü ý þ ÿ � � � � � � � � � � � � � � � 	 
 � � � � � �
�  � � � � þ � � 	 
 �
�  � � 	  � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � �  � � � �

! " # $ � % & ' � ( ) * + , - . / 0 1 2 2 ) 3 4

• Passing to a function
Function prototype:
5 6 7 8 9 6 6 : 7 ; < = > < ? @ A or 5 6 7 8 9 6 6 : 7 ; < > < ? B C @ A
Function call: 9 6 6 : 5 D E @ A



Fixed 2D Arrays
• Arrays allocated on the stack

• Allocation:F G H I J K L M N O P Q N R P P Q S

• Access:I J K L M N O Q N R P Q T R S
or:I J K L M N P Q N O U R P P V W Q T R S

or:X Y Z [ \ ] ^ _ ] ` a ^ b b c d _ e ^ f
etc..

• Initialization example:
Inefficient :g h i j k l m n k o p m n k q q r g h i j s l m n s o t m m n s q q r

u v w x y z v { z | { } ~ �
� � � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � �   � ¡ � ¢ £ � � � � � � � � � � ¤     � ¡

¥ ¦ § ¨ © ª « ¬  ® ¯ ° ± ² ³ ´ µ ¶ · ¸ ¸ ¯ ¹ º

• Passing to a function
Function prototype:
» ¼ ½ ¾ ¿ À À Á Â Ã Ä Å Æ Ç È É Ê Ë Ì Í Ê Î Ì Ì Í Ï Ð
Function call:
Å Ñ Ñ Ò Ó Ô Õ Ö ×



Dynamic 2D Arrays
• Allocated on the stack - more efficient, 

flexible

• Allocation:Ø Ù Ú Û Û Ü Ý Þ ß à á â ã
ä å æ ç è é ê ë ì é æ í î î ï ð ñ ò ò ó ô õ ö ÷ ø ù ú û ü ÷ ý þ ÿ � ÿ � � � �
� � ý � � ÷ � 	 � 
 � ü ÷ ý þ ÿ � � � � � ú � ü ö ÷ ø ù ú û ü ÷ ý þ � ÿ � � ÿ  � � � �

� � � � � � � � � � � � � � � � � � � � � � �  ! � " � � � � � � �  ! � # $ % & $ ' ' (
Access:) * + , - . / 0 1 % 0 $ ' % 2 $ (

or:3 4 5 6 7 8 9 : ; < : = > ? ; ; @ A < B ? C
or:D E F G H I J K L M K N O L P P Q R M S L T
etc..

• Initialization example:U V W X Y Z [ \ ] ^ _ ` a b c d e f gb _ h i j k l m l n k o p q r s t u v w u u x y i z { j k l m l n k o p q r w | } } i yi j k l m } x
~ � � � � � � � � � � � � � � � � � � � � � � �

• Passing to a function
Function prototype:� � � � � � � � � � � � � �   ¡ ¢ £
Function call:¤ ¥ ¥ ¦ § ¨ © ª « ¬  ® ¯



2D Arrays

• Here’s an array with 10x20 elements:° ± ² ³ ´ ´ µ ¶ · ¸ µ ¹ · ¸ º
» ¼ ½ ½ is now the same as ¾ ¿ À Á Á Â Ã Ä Â Ã Ä Å
• There are 10 rows and 20 columns

• the data is stored in row sequential format, 
so À Á Á Æ Ç È Æ É È is the same as Ê Ë Ë Ì Í Î Ì Ï Ð Ï Í Ñ Ò Î

• Name Type Same as
arr
arr[0]
arr[2]
arr[2][5]

• Example:
int ** ppa;
ppa = arr; /* points to arr[0] * /
ppa= arr[2]   /* points to arr[2] * /
* ((*ppa)+3) = 7; 
** (ppa+3) = 7;



More on Arrays
• Arrays must be explicitl y initialized , they 

are not automatically initialized to 0 upon 
allocation

• Don’ t forget to free the allocated memory to 
the array. Free is done in the reverse order 
of allocation:
free(dynamic[0]);
free(dynamic);

• For dynamically allocated array “dynamic”,
indexing dynamic[j][k] requires no 
multiplication.

• Dynamic 3D arrays are defined as an array 
of pointers which point to dynamic 2D 
arrays.


