
Lecture 4
C Programming 
Language



Binary File I/O
• (See Section 8.8 of [ IACU]

• The main functions for binary file I/O are
fread, fwrite, fopen, fclose.� � � � � � � � � 	 
 � �  � � � � � � � � � � � � � � � � � � � � � � � � � � �  

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

Example:E F G H I J K L
M N O P Q R S T T U V

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

r s t u v w r x y w z { t t | } ~ � � � � � � � � � � � � � � � � �
� � � � � � � �

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



String I/O
¨ © ª « ¬ writes a string to standard output ® ¯ ° reads a string from standard output, 

and interprets the newline character as ‘ \0’ .± ² ¯ ³ ´ ¯ ° µ ¶ · ¸ ¹ º » ¼ ¶ · ¸ ¹ º  ® ¯ ° µ ¶ · ¸ ¹ º » ¼
½ ¾  ® ¯ ° and ¾ ³ ´ ¯ ° are the same functions for 

streams (files).¶ · ¸ ¹ º ¾  ® ¯ ° µ ¶ · ¸ ¹ º ° ¿ ± ² ¯ ° ± À ® ¿ Á Â Ã Ä º ¾ ³ » ¼
± ² ¯ ¾ ³ ´ ¯ ° µ ¶ · ¸ ¹ º ° ¿ Á Â Ã Ä º ¾ ³ » ¼

• Other commands for strings:Å Æ Ç È É Ê Ë Ì Í Î Ï Ë Æ Ð Ñ Ò Ó
Ô Õ Õ Ö × Ø Ù Ú Û Ü Ý

Û Þ ß à á â ã ä å æ ß ç Ý
è é ê ë ì ê í î ï ð ñ ò é ì ó ò î ô õ
è é ê ë ö ÷ ø ø ù ú û û û ü õ

ý ë þ ì ÿ ø � � � � � � � � � 	 
 ��  � � � � � � �  � � � � � � � � � 	 
 �� � � � � � � �  � � � � � � � � � � � �
� � � � �  � ! � � � � � � � � � � � � " # $ � % $ � � � & � � �



sprintf, sscanf, strlen
' ( ) * + , - ( ) * . / 0 1 2 - 3 + 4 0 5 ) + * 0 1 2 - 3 . 5 - 6 2 * 4 7 8 9

( ) * + + 0 2 ) . / 0 5 ) + * 0 1 2 - 3 + 4 0 5 ) + * 0 1 2 - 3 . 5 - 6 2 * 4 7 8 9
string versions of the functions , - ( ) * . / 8 and + 0 2 ) . / 8 . Example:: ; < = > ? = @ A B C D @ E F G H I J > ? = E A @ K K B J ? L M A @ K K B N

O P ? < J Q J : J N
R R S T U V W R X Y Z [ \ ] ^ ] ^ ] ^ ] R \ [ _ T [ _ ` [ _ S [ X a b c d
R b Y e U X V W R X Y f [ g ] R ] R ] ^ ] ^ ] ^ h U \ [ X a b [ X a b [ T [ ` [ S c d

M = O P ? i j D k > I J > ? = E l N
• String Length: > ? = m n P j > l returns length of s:> O o n p ? > ? = m n P j : ; < = : H P > ? q > l N

r s t u v w x y z { z | z } v w x y } x w t } v v u x ~ z t y } v � z �
� { u | � � x y � v w x { � z v s r

(
w � � z � x

is defined in /usr/include/stddef.h as� v w � � v z � � v x
- caution !!!) 



Caution !
• Make sure that the destination array is large 

enough to hold the string:
Example:� � � � � � � � � � � � � � � � � � � � � � � �   ¡ ¢ £ ¤ ¥ ¦ ¤ § ¡ ¨ ©

ª « ¬  ® ¯ ° ° ¬ ± ¯ ² ³ ´ µ ¶  · ± · ¸ ¬ ¹ ® ¯ ° ° ¬ ± ¯ º
» ¼ ½ ¾ ¿ À Á Â Ã » » Ä Å Ã Æ Ç È É Ê Ê Ã ½ Ã Ë ¼ Ì Í Î

Ï Ð Ñ Ò » ¼ Ó É ¼ » Ð Ï
» ¼ ½ ¾ ¿ À Ô Õ Ö × × Ø Ù Ö Ú Û Ü Ý Þ ß ß Ö à Ö á â Õ Ö × × Ø Ù Ö ã ä å

æ ç è é Ö à ê à Þ â Ö Õ Ö Õ è à ë ç æ
Same in:ì í î ï ð í ñ ì í î ò ï ó ô õ ö ÷ ø ù ú û ü ý þ ÿ

• All string library functions consider ‘\0’ 
as the end of a string and check for it 
themselves (don’ t use � � � � � �

).
If no ‘ \0’ exists at the end of the string, the 
output of some functions will be wrong.� � � 	 
 � �  � � � � � �  � � � � � � � �

� � � � � �  ! " # $ % & ' ( ) ( * + ' � � , - . / 0
1 2 3 4 5 6 7 8 9 : ; < = > ? @ A A B < C C C @ ? Same in:D E F G H I J K L M N O P Q M R S T U V W X Y Z [ \ ] ^ _ ` a b c d



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

Beginners mistake:� � � � � � � � � � � � � � � �
If a == b � � � � � � � � �   ¡ ¢ £ ¤ ¥ == 0 !!!
If a > b ¦ § ¨ © ª « ¬  ® ¯ ° > 0 (and < 0 if a<b)
(return value is not 1 or -1 )

± ² ³ ´ µ ¶ · ¸ ¹ ¸ º » ¼ ½ ¾ ¿ À Á Â Ã Ä Å Æ Ç È É Ê Ë Ì Í Î Ï Ð Ñ Ò
searches for tokens in s1 using token-
separators given in s2.    Example:Ó Ô Õ Ö × Ø Õ Ù Ú Û Ú Ô Ü Ý Ù Þ ß à á â Ø ã ä Õ Ù Ý åæ

ç è é ê ë ì í î ï ð ñ ò ó ï ô õ ö ÷ ø ù ø ú û ü û ý û þ ÿ �
� � � � � � � � 	 þ �


 � � � � � � 	 þ �  � � � � � � � � þ 	 � � � � � 	  � � � 	 � � � � � � � � � � � � � �
� � � � � � � �  � � � ! � � � � " # $ % � � � & ' ( � � �

&  % � � ) * + , - . / / 0 1 - 2 3 4 5 4 6 2 7 8 / 0 1 - 2 9 :;



String Library functions
< = > ? @ A B C D E F C G H I J H K Concatenates a copy of cs to end of s; returns s. L M N O P Q R S T U V S W Q X U Q X T Y Concatenates a copy of at most n characters 

of cs to end of s; returns s; 

U Z V S [ \ ] ^ _ ` a b \ c _ \ d Copies cs to s including \0. returns s. _ e f ^ g \ ] ^ h _ ` a b \ c _ \ c h ) Copies at most n characters of cs to s; 
returns s; pads with \0 if cs has less than n characters 

_ e f ^ g i j k j l m n i o p i q Finds tokens in s delimited by characters in cs. r s t u v w x y z { | } ~ � x � Returns length of cs (excluding \0) � � � � � � � � � � � � � � � � � �
Compares cs1 and cs2; returns negative, 

zero, or positive value for cs1 <,==, or > cs2 respectively � � � � � � � � � � � � � � � � � � � � �
Compares first n characters of cs1 and   

cs2; returns as in strcmp. 

� � � � � � � � � � � � � � � � �
Returns pointer to first occurrence of c in cs� � � � � � � � � � � � � � � � � �
Returns pointer to last occurrence of c in cs� � � � � � � � � � � � �   � ¡ ¢   � £ ¤

Returns pointer to first char in cs1 and cs2   ¥ ¦ � § � � � � � � �   � ¡ ¢   � £ ¤
Returnsspointer to first occurrence of cs2 in  

cs1 
==> The 4 above functions return NULL if search fails � ¨ © ª « � � � � � � ¬ �   � ¡ ¢   � £ ¤

Returns length of prefix of cs1 consisting of  
characters from cs2 � ¨ © ª « � � � �   � � ¬ �   � ¡ ¢   � £ ¤

Returns length of prefix of cs1 consisting  
of characters not in cs2 

• Note: This table is from page 140 in [IACU]
More exciting string functions in /usr/include/string.h ...



Const type quali fier
 ® ¯ ° ± ² ³ ° ² ´ µ ¶ · ¸ ¹ º » ¼ ¹ ½ ½ ¾ ¿ À Á
• There are no changes after initialization

• When is Â ¿ À ½ Ã preferred over Ä Å Æ Ç or È É Ê Ë Ì ?
- Its value is decided at run time.
- It is used where its address ( Í operator) is 

required.
- It must be recognized by the compiler/ 

debugger.
- In trying to force a function not to modify 

an array argument, or any argument that 
is passed by its address.

• Example:Î Ï Ð Ñ Ò Ò Ó Ô Õ Ö × Ø Ù Ö Ø Ú Û Û Ü Ý Þ ß à á â ã ä å æ
ç èé ê ê ë ì í î ï ð ñ ò

ó ô õ ö ÷ ø ù ú û ü ý ÷ þ ÿ � � � � � � � � � � � 	 
 ��



typedef declarations
• C provides a facili ty for creating new data 

type names � � � � � � � � � � � � � � � � � � � �  ! " # " $ " % # � �&  # ' $ ( )  # * + , , - . / 0 1 2 3 4 5 6 7 8 5 4
Now 9 8 : is of type ; : < and = > > of type array of ; : < ?
Another example:< @ A 8 B 8 C D E = > 5 F < > ; : G H 4 5 F < > ; : G ; 7 = 7 < > ; : G I 5 4

J < @ A 8 B 8 C 7 are far from being K = D > L 7
J D L : 7 < ; : < M N O P Q R S T U V WX Y Z [ \ ] Z \ ^ _ ` a b c d d ef g h i j i k l m n o p q k r p s t u ^ _ ` a v ep q k w x y y z { | w x y } ~ { { ~ � � � � � � � �

Now  
w x y y z {

is an array (of size � � � } � � � �
).w x y } ~ { { ~ �

is an array (of size 
� � � �

) of
arrays (of � � � } � � � �

). 
equivalent to: � � ~ { w x y } ~ { { ~ � � � � � � � � � � � } � � � � � �



Why typedef ?

• Easy modification of data types
Example: 
Certain � � � variables are used for carrying 
flags. Later, the software became more 
complicated, and we want to change these 
variables into type � � � � .
Had these variables been declared of type � � � �

(with “ � � � � � � � � � � �   ¡ ¢ ;” ), all can be 
done by modifying the � � � � � � � statement.

• Readability, Documentation
Example:
Meaningful names for data types:
In the example above, wherever we see the 
declaration “ �   ¡ ¢ £ ¤ ¥ ¦ § we understand that 
‘ ¨ © ª ’ is going to be used as a “flag carrier” .



Scoping rules

• An identifier declared in one part of the 
program can only be accessed (used) from a  
certain area in the program. This area is 
determined by the identifier’s scope. 

• Block Scope:
1: « ¬  ® ¯ °

±
2: ² ³ ´ ´ µ

¶µ
==> k is defined within block 1 

Any statement within block 1 or 2 can use k, 
any statement outside block 1 cannot.
Also, within block 1, k overrides any other 
identifier k previously declared.



Scoping rules

• File Scope:· ¸ ¹ º »
1: ¼ ½

2: ¼ ½ ¾ ¾
¿¿

3: ¼ ½ ½
¿

Any identifier declared outside of all blocks 
has file scope: it can be accessed anywhere 
within the file in which it was declared.
(Note that À Á Â Ã Ä Å Æ Ç statements treat the 
identifiers declared in the header file as if 
they were declared in the including file).



Scoping rules

• Prototype Scope: È É Ê Ë Ì Í Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û
This scope applies only to argument names 
declared in function prototypes - the names 
of the arguments in the declaration don’ t 
matter, they don’ t have to match the formal 
parameters in the function definition.  

• Function Scope: Ü Ö Ý Þ ß × Ø Õ à á Ý Ø Ù â ã ä å æ ç è é êë
ìí

The identifier î ï ð ñ ò ó ô is only accessible 
within the function block.



Scoping rules - Example
õ ö ÷ ø ù ú û ü ý þ û ÿ ý � û � �

� � � � � � 	 
 � � � � � �  � � � � � � � � � ��
� � � � � � �� � �  ! " # $ % & '
( ) * + ! � , - . / . / . 0 1 2 3 4 5 4 6 4 7 8 9

5 : 6 9
;

< 2 = 7 9
7 : 6 9

> ? < 2 = @ , - . / . / . / 1 2 3 4 5 4 6 4 7 8 9
A

B C D E F G H I J K J K J L M E N O P O Q O R S TA
B C D E F G H I J K J K J K M E N O P O Q O R S T

A



Automatic variables and 
variables scoping

• Internal variables - declared inside a 
function or a block. 
These variables are local, or private, to the 
block in which they are declared and cannot 
be accessed from the outside. 
They are usually automatic: they only come 
into existence when the function or block is 
entered and are destroyed automatically after 
exit from the block (function).
Static variables - internal variables that are 
created and initialized at compile time. They 
retain their value even after exit from the 
block (function).

• Example: A function that keeps track of how 
many times it is called:U V W V X Y X Z V [ \ ] ^ _ ` a b c d e

f g h i j k l m n n o



Automatic variables and 
variables scoping - cont.

• External or Global variables - variables 
declared outside functions, and can be used 
and changed by several functions

• External variables always exist and retain 
their value until the entire program is 
terminated

• Provide a way for function to communicate

• a function can use a variable if it was 
- defined earlier in the file
- declared p q r p s t earlier in the file
- declared p q r p s t in the function

• Example: 
u v w x y z { | } v u~ � � � � � � � � � � � � �

� � � � � � � � � � �
…� � � � � �

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

´µ ¶ · ¸ ¹ º » ¼ ½ ½ ¾



Declaration vs. 
Definiton

• Declarations specify information for the 
compiler. Example:¿ À Á ¿ Â Ã Ä Å Æ Ç È É Ê Ë Ç Ì Ë Í Î Ï Ð Ñ Ï Í Ò Ï Ó Ð Ë Ô Ë Õ Ð Ï Í Ï Ì Ò Ö Î Ê É× Ø Ù Ú Û Ü Ý Þ Ú ß à á × Ø Ù Ú Û â ã ä å × Þ æ ç Û è Ù æ é ß Ù Û Ù Û ê é à

ë à ç Ø Ú ß Ú Û è Ù æ å ä
Û ê é à ë à × è æ Û ì í î ï ð ñ ò ì ó ô õ ö ÷ ö ø ÷ ö ù ú û ü û ó î ý ï ì ò

• When a declaration also caused storage 
allocation, it is called a definition.
Example: þ ÿ � � �

� þ ÿ � � �
• In C, a variable can be defined only once but 

can be declared many times.



assert
• A macro supplied in C, that enables useful 

debugging tools:� � � 	 
 � � �  � � � � � � � �  � � � � � � � �
Can be found in � � � � � � � � �

• Example:� � � � �  � ! "# # #$ ! � % & ' ( ) * ) * + , - . , - / 0 123 4 5 6 7 8 9 : ; < 3 = > ? @ A B
C D D E F G H I J K L M

• If the expression passed to C D D E F G is false, 
the system will abort execution and print an 
error message including the expression, the 
name of source file and line number of the 
assertion.Without the assertion, the 
program might continue to run and fail 
later.



core dump

• When a program has a run-time error it 
generates a file named core

• The core file stores a copy of the memory 
at the point when the program exits due to 
error

• note: core files are usually quite large so it’ s 
a good idea to delete them afterwards

• Using the proper commands of gdbwil l 
help you track down where the program had 
a run-time error


