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Outcomes: Strings (part 1)

� “C for Java Programmers”, Chapter  9

� Other textbooks on C on reserve

� After the conclusion of this section you should be able to

� Use functions that process single characters

� Define strings and string constants

� Perform formatted and line-oriented string I/0



Character Processing Functions

In � ��� �� � 	

 header
To classify:


 �
� � �
� � � � � � � � � � � �

is � an alphanumeric 


 �
� � �
� � � � 	 � � � � � � �

is � an alphabetic letter


 �
� � �
� �
� �� � � � � � � �
is � a lower case letter


 �
� � �
� � � �� � � � � � � �
is � an upper case letter


 �
� � �
� � �
� � � � � � � � �

is � a digit


 �
� � �
� � � �� � � � � � � � �

is � a hexadecimal digit 


 �
� � �
� � � �� � � � � � � � �

is � an octal digit



Character Processing Functions

To classify (continued):

� �
� � �
�  ! �� � " � � � # $

is # printable (not a control 
character)

� �
� � �
� %! &  ' " � � � # $

is # printable (not a space)

� �
� � �
�  ( � # � " � � � # $
is # printable (not space or 

alphanumeric)

� �
� � �
� �  & #) " � � � # $
is # whitespace

To convert:

� �
� � �+* ,* -) ! " � � � # $

� �
� � �+* (   ) ! " � � � # $



What does this program do?

. /10 2 354 617 89 : 6 /1; < =?>

. /10 2 354 617 8 2 :A@ B 7 < =?>

/0 : CD /10 EF G

/10 : 2IH JK

JL M K
N = / 3 7 E /9 6 /1O / : E 2 L O 7 : 2 = D P EF F F

J L J Q R M S E 2 T U M U F K

B P /10 : V EW X 6Y 0 W H JF K

P 7 : 4 P0 R K

Z



Strings in C

[ C stores a string in a block of memory. 

[ The string is terminated by the  character:

H  e  l  l  o  \ 0

s

s[1]s[0]



Definitions of Strings

Strings are defined as pointers to characters:

\ ]
^ _ `ba c

To allocate memory for a string that can hold up to 10 
characters:

d e
f gh if jk lm n o

h gp p a q r^ s s
t \ p p jk lm u n v `ba h w f t gp \ ]^ _ v v v

q q xy z z v {

a | o } q ~ o ~ c
   "Memory allocation" Idiom



Definitions of Strings

� � � � � �

makes s a null string. 

Safer to use �� � ��� �, which initializes the block to 
null:

� � � � � �� � ��� � ��� � �� � ��� � � � � � � � � �

� � � � � �
�



Definitions of Strings

� i-th character of a string

� To refer to the 

�

-th character in the string �, use � � ��

, where  

� �¡  �

 

�

 length of �.

� Careful: Initialized pointers are not necessarily 
initialized strings. 

� If an initialized pointer points to a memory block that 
does not contain the null character, the string is not 
initialized.



Definitions of Strings

¢ The string £ above has the length 5; 

¤¥ ¦ § §1¨ ¤

 

¢ £ © ª

 (a suffix of £) has length 4; 

¤ ¦ § §1¨ ¤

 

¢ £ © «

 (a suffix of £) has length 3; 

¤ § §¨ ¤

 

¢ £ © ¬

 (a suffix of £) has a length 0; (it is a null string) 

¤ ¤

 

¢ However, £ © ­
 is not well defined.

H  e  l  l  o  \ 0

s

s[1]s[0]



String Constants

® ¯° ±³² ¯´ µ ¶ · ¯¸ ¹ ¯ ·�º

® ¯° ± º

¶ » ¯ ® ¼

½ Also known as string literals

½ » ¯ ¼

 represented as a pointer to memory location 
that contains character ¯ (followed by null 
character)

½ Character constant 

¾ ¯ ¿

 is represented by an 
integer



String Constants

À The block of memory for a string constant should not be 
modified, as this may cause programs to behave 
erratically

Á Â1Ã Ä ÅÇÆ È É Ã Ê Á ËÍÌ ÅÇÎ È É Ã Ê Á Ë

Ï Some compilers will store 

Ð1Ñ Ò1Ó Ô
 just once, making both Õ 

and Ö point to it. If 

Ð1Ñ Ò Ó Ô

 changed through Õ , then string that Ö  points to also affected.

× Therefore, do not reset any of the characters in the 
constant string:

Ø Ù1Ú Û ÜÇÝ Ú Þß à áâ Ú ã ä Ú á5å

Ý Ú Þß æç è à éê é å



Character Arrays vs. Character 
Pointers

ë ìí ì îðï ñò ó ô õ öï ÷ø ù�ú

û Declares 

ü
ý þ+ÿ  to be an array of characters

� Characters can be modified, like the elements of any 
array

� ��� ���  is an array name

� 	
 � 	 ��
 � � � �
 �� ���

� Declares 

��� ���  to be a pointer to a string constant

� Characters shouldn’t be modified

� �� !�"  is a pointer variable that can be made to point 
to other strings during program execution.



Initialization of Strings

# To create a string to be modified, it is 
programmer’s responsibility to either set up an 
array of characters

$ %�& ' ( )* +, -/. 0 12 354 6

4 7 ( 6

or to allocate memory for the string:

8 9 :; < <�= : > >? @A B/C D EF 8 GIH J = K > : L; M E E



Initialization of Strings

N O�P Q R5S T

S UV W X Y P Z T

S U[ W X Y\ Z T

S U] W X Y N Z T

S U^ W X Y V Z T

We don’t know where  is pointing!



Initialization of Strings

_ `�a b c a d�e f gh i j kl m ne fo p

_ `�a b c a d�e g i j k l m ne f o p

_ `�a b c a d�e q gr i j kl m ne fo p

_ `�a b c a d�e s gt i j kl m ne fo p

u v w x y z {|

u v w x y z {| {|

u v w x y z



String Parameters

C strings can be used as parameters as any other pointers

} ~ �� � ~� � ��� ��� ��� � �5� � �

� �� � � � ~� � �� � � � �� � �I�

�
� ��� � � �� � � ~� � � � � � �� �

� � � � � � � � � � ~� �� � � � �I� � ~ � � � �� � � � � � � �� � � �

�    ¡ 

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

®« ¯° ±�² ³ ¢ ´©

®« ¯° ±�² ³ ¢ µª ´©

¶¨ ·¸ ¬5¹ ¦ º¨ » ¼ ¼« º©

®« ¯° ±�² ³ ¹ ´©

   "Memory allocation" Idiom

   "String suffix" Idiom



String Parameters

½ ¾À¿ ÁÂ ¿ Ã Ã Ä�Å Æ Â Ç ÈÉ ½

Ê Ç Ä Æ Â ÇË Ä Ì È�Í Î Ç Ã Ä Í Ì¿ Å ½ ÃÉ Ï

Í Ì¿ Å ½5Ð Ñ

Ò ÎÅ È Ð Ó Ã Ñ ½Ð Ñ Ð Ô ÔÉ ½ ½5Ð Õ Ó Ö × Ö ½

Ñ

Å Â ÄÙØ Å Ç Ð Ú Ã Ñ

Û



Traversing a String

ÜÝ Þ ß àá â á ã ã ä

   use 

å



æ çéè ê ëíì î ê ïÀð ñ ò æó ôì î æ çè ê ë ì õ ö ÷ ë êø î ð ê ô æó ñù ó ú ì

ë ÷
æ çè ê ë ûó ñù ü ÷ ë æó ñ ù ó ú ì ë ÷

æ çè ê ë ñì ü ÷ ë ð ì ø ï úó ê æó ñ ù ý ôþ ë ÷

æ çè ê ë ñ ûó ñ ù ü ÷ ë úó ê æó ñ ù ý ôþ ë ÷

ý ú ò ò ûó ñ ù

ÿ æ è � �ó æ ò ò � ø ôþ î ç ò ì õ�� � õ�� ì ý�� ø ó ú ò æ çè ê õ õ õ ÿ ÿ �	 
 
 õ

êø î ð ê ô � 	 
 
 ü

÷ ë �ø �ó ê ù è � �ó æ è î ø ï� ôó � æó ñ ù ë ÷

úó ê ò ñì ÿ ì � ñ ûó ñ ù ÿ ûó ñù ü ë ñì ü ñì � � � ñ ûó ñ ù � � õ

ë ñ ûó ñ ù ÿ ë ñì ü

ë ñ ûó ñ ù ÿ ë ñì ü

êø î ð ê ô ûó ñ ù ü




   "String Traversal" Idiom



� ��� � ��� � �� ��� � � �� � � � �� � � �  !

" � �# �%$ �� � � �& � � � � � � �� �� # � � "

� ��� � � � # ' �(

� � � � � # ' � ) � � � �$ & � �   ) ) *+ , ,  

�# �%$ �� *+ , ,(

� # ' � -. / ) � �$ & & # � � � # ' � -. /  (

�# �%$ �� � # ' �(

0
� ��� � ��1 ) � � �� ��� �2 � � � � 3 � 4� 2  (

� ��� � � � ) � � �� ��� �2 � � � � 3 � 4� 2 5 6  (

(the last one returns “Java”)

 "i-th character" 
      Idiom

   "String Suffix" Idiom



String Parameters & Return Values

7 8 9: ; 8: 9 <>= ? @BA 8C D E A FBG H I DKJ A F G H

I I C LM D N O

PQ RS TVU RW T X RY U Z X [\ R\ ]S T S R \ ^Y [_ Y ` a

]Y bc `c S b Q P

d ef g h h ij k k l

mn oqp mr s

t r n u g h g o m vp w f g l s

f t r n u g lx y z h oV{ p w w n m f f t r n u g lx y z l s

|
} ~B� m t w s

�{ v d e>� � f � ~Bn � �{ �� � w l s



Formatted String I/O

� The formal control string 

���  is used for string I/O. 

� Leading whitespace characters are skipped in a search 
for the first 

� non-whitespace character, and input stops when a word 
is read 

� (a word is a sequence of characters not containing any 
whitespace).

� Therefore, �� �� �� �

 can read at most one word.



Formatted String I/O

� To input a string use:

�� �� �� �� � �� � �

 

  rather than:

¡¢ £¤ ¥¦ §¨ ¡ §© ª ¡ «

¬ make sure that ­ is initialized; i.e. there is some memory 
allocated for ® (for example, using ¯° ± ±B² ¯ ³´

)

µ make sure that there is enough memory allocated for ¶, 
and consider using the field width to avoid overflow.

· ¸¹ º» ¼½ ¸¹ ¾¿ À Á º ¾ÃÂ º Ä ÅÇÆ À Ä

ÈÉ É ÊÉ



ËÍÌ Î ÏÍÐ Ñ ÒÓ ÔÍÕ ÖÍ× Ó ØÚÙ Û Ü Ý Ø Ó Ò ÎÞ Ó Ì Ì Þ ß à ÒÓ Ð á Ïãâ Õ â Ï Ò Î Î ÒÓ Ù Ø Ý

Ë Ì Î Ëåä

Õ Ö× Ó ØÚæ ä

áÐ Ó Ô Ë ç èêé æ ç Ù ä ØÚæ ä æ ë ë Û

Ë á Ô ËÙ ÏÍÐ Ñ ÒÓ Ô Ø æ Û Û

Ë ë ë ä

Ó Ò ÎÞ Ó Ì Ëä

ì
ËÍÌ Î ß× ËÌ Ô Û Ü

Õ Ð Ì Ù Î Ë Ì Î í ç î èïä

Õ Ö× Ó ØÚð ä

Ë á Ô Ô ð ç Õ × Ï Ï Ð Õ Ô í ë îñé Ù Ëåò Ò Ð á ÔÍÕ Ö× Ó Û Û ç ç óô õ õ Û

Ó Ò Î Þ Ó Ì ö÷ øù ú ûü ø õô ý öä

Ë á Ô Ù Õ × Ì á Ôþ ÿ î èÙ þ é ð Û� ç î Û

Ó Ò Î Þ Ó Ì ö÷ øù ú ûü ø õô ý öä

ð Ó ËÍÌ Î á Ô þ ÿ � Ï Ð Ñ ÒÓ Õ × Ù Ò Ï Ò Î Î ÒÓ Ù Ë Ì ÿÙ �Ì þ é ÏÍÐ Ñ ÒÓ ÔÍð Û é ð Û ä

Ó Ò ÎÞ Ó Ì ö ÷ ø ù ú � ô � � ö � �ä

ì



Formatted String I/O

There are two formatted string I/O operations:

��� � 	 	
 � � �
 	�� � �� �� � �� �� � �� � � � !

"�# $ %& ' " # $ () %�* + ,- ./ 0 12 34 5 67 8 9 : ;

< =�> ?@ A> B C D D

@ A E @ F =�G H IJ > = F K L�M N OQP F

@ ?R R P S K M J J G K R BUT CV P @ W > G ?R K L�M N ; ; ; S S

BX Y Y ;
N > E H N A Z[ \] ^ _` \ Y X a Z F

P b N @ A E ?R P V cd P d = d ? c V c E > P E c V CV Ce f ; F

@ ?R P P K M A ?R P T gV cd =d ? c V h @ V h = ; i S j ;

e e e



Line-Oriented String I/O

k l�m n o prq s t u v k l�m n o wrx py z�{ t { y |} ~� o z{ �r�

� reads a line from the file 

��� , and stores it in the block 
pointed to by 

�r� �

. Stops reading when:
- ��� �

 characters have been read
- end-of-line has been encountered; (

���  is stored at the end of 

��� �

)

- end-of-file has been encountered.

� In any case, 

�r� �

 is always properly terminated (

�

 is 
stored). 

� The function returns 
�r� �

 if successful and 

�� � �

 if no 
characters have been read or there has been a reading error. 



Line-Oriented String I/O

Read a line at most n-1 characters from a file

�   ¡ ¢¤£   ¥ ¡¦ § ¨ § © ª ª « ¬ ¬ ©

­® ® ¯®



°± ²³µ´ ¶· ¸µ¹ º ¹ ´ »· ¸µ¼ ²· ¸µ¹ º¼ ´ »¹½ · º ³µ´ ¹¾ ¿· À¼ ½ · À ¿Á ± °

º¼ ´ » º¼ ´ »¹½ · ÂµÃ ¼ ´ ½ · Ã ¸ ¿Ä ± ²´ ¿ À¹ÆÅ Ã ¼ ´ ½ · ³ ´ · À ¿Á ÇÈ

Ã ¸ ¿Ä ± º ³´ ¹¾

ÉÊË Ì ± ²¾

º¼ ´ » ³ Í Î¾

³ ² Â Â ² Í ²¼ Ï ¹ ´ Â ²´ ¿ À¹ÆÅ Ð Ä Ð Ç Ç Í Í ÑÒË Ë Ç

Ä ¹· ÓÄ ´ Ô Õ¾

³ ² Â Â º ³ ´ ¹ Í Ã ¿ º º¼ Ã Â À ¿Á Ö ÕÅ ½ ³U× ¹¼ ² Â Ã ¸ ¿Ä Ç Ç Ç Í Í Ñ ÒË Ë Ç È

²Ã º¼ ½ ¹ Â ² Ç¾ Ä ¹· ÓÄ ´ Ô Õ¾

Ø
Ù ¸³ º ¹ Â ² »¹ · ½ Â º ³ ´ ¹Å À ¿ÁÅ ² ÇÚ Í ÑÒË Ë Ç

³ ² Â½ · Ä º ¹ ´ Â º ³µ´ ¹ ÇÜÛ ³ Ç

³ Í ½ · Ä º ¹ ´ Â º³ ´ ¹ Ç¾

²Ä ¹ ¹ Â º ³µ´ ¹ Ç¾

³ ² Â ²Ã º¼ ½ ¹ Â ² Ç Í Í Ì Ý É Ç

Ä ¹ · ÓÄ ´ Ô Õ¾

Ä ¹· ÓÄ ´ ³ Ô Õ¾

Ø


