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Language



Variable Number Of 
Arguments

• How does printf work ?� � � � � � � � � 	 
 � �  � � � � � � � � � � � � �
you can use 0 or more different variables 
instead of the elli pses(…)

• The first parameter must be explicit, so 
… can appear only at the end of the argument 
li st.

• When this function is being called at run time,
the number and type of arguments being 
passed must somehow be made known to the 
called function. 
In � � � � � � , the format string holds this 
information.

• How to refernce the unnamed arguments  ?
Functions in � � � �  ! " # : 
- $ % & ' ( ) * ( : function to init access to args.
- + ) & ) * , : function to access individual args.
- + ) - . / 0 : function for clean up



Variable Number Of 
Arguments - cont.
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Passing struct by value

È É Ê Ë Ì Í Ê Î Ë Ï Í Ê Ð Ñ Ò Ó
Ð Ò Ê Ô Õ Ö × Ø Ù Ú
Û Ô Ü Ý Ø Ô Þ Ö Úß Ú

à á â ã ä ã å æ à ç è é à ê ë ì í î ï ð ñ ò ë ì í î ï ð ñ ó

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

� û ü ý � ÷ � � � 	 û 
 ÷ �
� û ü ý � � 	 ÷ þ � 
 � �

�
� ü ø ÷ ÿ �

�
 � � � � � � � � � �

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

9



Header Files - Review
• Declare in the header file any function 

accessible from another file that has a 
function prototype

• Declare in the header file any global 
variables accessible by a client. Use the 
extern modifier (when the variable is 
defined  in another source file)

• do not put a definition - a declaration that 
allocates space - in a header file

• Include any #define constants to be used 
by the client in the header file

• Put macros to be used by the client in the 
header file

• Include data structure and typedef 
declarations used by the client in the 
header file



Makefile
• The UNIX : ; < = command follows a user-

prepared description file known as > ? @ A B C D A
, to perform its tasks.

• Structure of Makefile:E F G H I E J K I G L L G M L G I N L M O L P I P E Q
R S T U V W W X Y Z [
R S T U V W W X Y Z \

]
• Example - Dependencies rules:W ^ _ ` V a b c d e f [ g V c d e f \ g V

R S T a U U c d e f [ g V c d e f \ g U h V W ^ _ ` V a
c d e f [ g V b c d e f [ g U W ^ Z f c i g j

R S T a U U h U c d e f [ g U
c d e f \ g V b c d e f \ g U

R S T a U U h U c d e f \ g U
• Example: Default Dependencies:W ^ _ ` V a b c d e f [ g V c d e f \ g V

R S T a U U c d e f [ g V c d e f \ g V h V W ^ _ ` V a
c d e f [ g V b W ^ Z f c i g j



Makefile - cont.
• Macros: shorthand used in a Makefilek l m n o p q r s t
• Example:u u v w x x

y z { | } ~ � � � � � � ~ � � � � � �
� � � � � � � � � � � � � � � � � � � �

� � � � � � � �
• Using a macro: �   ¡ ¢ £ ¤ ¥
• Example:¦ § ¨ © ª « ¬ �    ® ¯ ° ¥

�   ± ± ¥ �   ² ³ ¢ ´ ° ¥ µ ¶ ·
• Example - multiple targets:¸ ¹ ¹ º » ¼ » ½

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

Ì Ú Î Ï Ë Ì Ú Î Û Ü Ý Þ ß Ì à Î áÐ Ñ Ò Ò Ó Ù Û Ð Ñ Ô Õ Ö × Ø Ó Ì Ú Î Û



Makefile - cont.
• The make command will perform the first 

task in the â ã ä å æ ç è å ( ã è è é in the last example)

• Additional maintenance tasks:ê å ë ê é ì í î ï ð ñ
ï ì ò æ ê å ë ê ó ð ô ê
ì í î ï ð ñ õ ê å ë ê ó ç ö ÷ ê å ë ê ó ð ô ê

ø è å ã ö é
ï ì ò æ ù ú û ü ý þ ÿ
ï ì ò æ ê å ë ê ó ð ô ê ø ð ï å

• Use:� � � � � � � � �
� � � � � 	 
 � � �



System Calls
• The standard I/O routines are actually 

higher level functions that call l ow level 
UNIX system calls

• These system calls can be made directly 
for more low level programming
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