Introduction to Strings

Programming is about more than just numbers & arithmetic! Words, sentences,
paragraphs: in computer-spesk, represented with “strings’. You've aready
seen the use of char : asingle character.

A string isan array of charactersending with the NULL character
-- the NULL character iswritten * \ 0’ and has ASCI| code O
-- note difference between NULL and the number 0, which has ASCII code 48

A string constant is enclosed in double quotes, e.g. “hel 1 0" ,“1 like C
-- so far, al we'vedoneis print them out, e.g. pri ntf (“hel | 0”);

To declare and initiaise astring:
char a[6] ={"h","¢e ,"I","I","0" ,"\0"};
aternatively, char a[6] = "hello"; /* nore natural way */

a[0] a[1] a[2] a[3] a[4] a[5]

h e I I o| \O

Introduction to Strings (contd.)

Don’'t have to specify size of array, if string isinitialised when it's declared:
char a[] = "hello"; /* same effect as before */

What if array size islarger than current string value?

char a[10] = "hello";

printf("string is: %\n", a); /* use % for string */
printf("values in char array are: ");

for (i=0;i<10;i++) {printf("%, ASCI| value %\n",a[i],(int)a[i]);}

Produces the screen output:
string is: hello
values in char array are: h, ASCI| value 104
e, ASCI| value 101
, ASClI| value 108

[
I, ASCll value 108 String-terminating NULL
o, ASCI| val ue 1}/

ASCI | val ue

: 0
. ASCT value O Here, all remaining array elements

, ASCI| value 0

" ASCI| value 0 have also been set to NULL. In general,
, ASCI| value 0 such values are system-dependent.

Strings and pointers

Since a string is stored as an array of characters, the name of the string is treated by the C
compiler as afixed pointer-to-char whose value is the address of the first array element.

We can also declare a variable of type pointer-to-char and assign it the address of the first
element of a character array (i.e. a string). The difference between this pointer and the
“name of string” pointer is that the latter cannot be reassigned a different value.

char a[] = "hello"; used %s, so print out string contents

char *ptrl = &a[0];
char *ptr2 = a; /* a == &[0] */ 0 .
printf("string is: %\n", a); used %u, so print out

printf("string is stored at |ocation %\n", a); «—location of string (i.e.
printf("string is also: %\n",ptrl); address of first element)
printf("string is also also: %\n",ptr2);

ptrl = "hi there"; /* pointer a can’'t be reassigned like this */
printf("string is still: %\n",a);

printf("but now ptrl points to the string: %\n",ptrl);

Produces the screen output: string is: hello
string is stored at |ocation 30296
string is also: hello
string is also also: hello
string is still: hello
but now ptrl points to the string: hi there 3

String input
We can use s to read in a string from the keyboard:

char nmessagel[ 80], nessage?[80];
printf("enter first string: ");

scanf ("9%", messagel); /* don't need & */
printf("first string is: %\n", messagel);
printf("enter second string: ");

scanf ("9%", message?);

printf("second string is: %\n", nmessage2);

Producesthe screen output: enter first string: hello
first string is: hello
enter second string: hi there
second string is: hi

Problem: scanf () stops reading input when it reaches a whitespace character, such as
the blank space between “hi” and “there”. In this case, scanf () only read in the
string “hi”; asecond scanf () statement would read in the string “there”.

Thisis a problem if we want to read in a complete line of text, since in general we don’t
know in advance how many individual strings are contained in theline... 4




String input (contd.)

Solution for reading in a complete line of text: read input character-by-character, stopping only when
the newline character * \ n’ is encountered.

int i=0;
char nessage[ 80] ;
printf("enter string: ");
scanf (" %", &ressage[i]); /* read in first input character */
while (message[i]!="\n"){

i ++;

scanf ("%", &ressage[i]); /* read in next input character */
}
message[i]="\0"; /* termnate string with NULL */
printf("string is: %\n", nessage);

Produces the screen outpult: enter string: hi there
string is: hi there

This solution is a bit complicated (!). Thereis an easier way — C has special functions for inputting
and outputting a single character:

int getchar(void); /* returns ASCI| value of next input character */

int putchar(int c); /* outputs character whose ASCI| value is c */

Example: input asingle character and immediately echo it to the screen
char ch = getchar(); /* read in a character fromthe keyboard */
putchar(ch); /* then output this character to the screen */ 5

String input (contd.)
So another solution for reading in a complete line of text is:

int i=0;
char nessage[ 80];
printf("enter string: ");
while ((nmessage[i]=getchar())!="\n"){
i ++;
}
nmessage[i]="\0"; /* terminate string with NULL */
printf("string is: %\n", nessage);

Produces the screen output: enter string: hi there
string is: hi there

Q: what happensif you forget to NULL-terminate the string?

Strings and functions

Since the name of the string is treated as a pointer to the first element of the string,
function callsinvolving strings use call-by-address (just like arrays):

#i ncl ude "stdio. h"
voi d mai n(voi d) {
char nessagel[ 80] ="hel | 0";
char *pmsg2="1 like C';
int strlenl(char str[]); /* function prototype */
printf("\"9%\" has length %\ n", nessagel, strl enl(nmessagel));
printf("\"%\" has |length %\ n", pnsg2, strlenl(pnsg2));
}
int strlienl(char s[]){ /* no need to pass in size of array */
int count=0; ANY
while (s[count]!="\0"){._
count++; /* increase by\1\ as long as NULL not reached */
} “~._s isthelocal nameinstrl enl()
return count; for the stringin mai n() given asthe
} actual parameter in the function call

Producesthe screen output: "hel | 0" has length 5
"I like C'" has length 8 7

Strings and functions (contd.)
Instead of the called function using a character array, it could use a pointer variable:

#i ncl ude "stdio. h"
voi d nai n(voi d){
char nessagel[80]="hel |l 0";
char *prmsg2="1 |ike C';
int strlen2(char *str); /* function prototype */
printf("\"%\" has |length %\ n", nessagel, strl en2(messagel));
printf("\"9%\" has |length %\ n", pnsg2, strl en2(pnsg2));
}
int strlen2(char *ps){ /* no need to pass in size of array */
int count=0; L
while (*ps!="\0"){ ~+_
count++; /* increase by 1 as long as NULL not reached */
ps++; /* nove pointer oﬁ\l\o next el enment */

} _ *~ ps isalocal pointer instrl en2()
}ret urn count; pointing to the string in nai n() given as
the actual parameter in the function call

Produces the screen output: " hel | 0" has length 5
"I like C'" has length 8 8




Strings and functions (contd.)

In either case, since the location of the string is passed by the calling function, the called
function can change the contents of the string which is given as the actual parameter:

#i ncl ude "stdio. h"

voi d rai n(voi d){
char nmessage[ 80] ="hel | 0";
void bye(char *str); /* function prototype */
printf("string is \"%\"\n", nessage);
bye(message); /* function call */
printf("now string is \"%\"\n", nessage);

}

voi d bye(char *p){
=g i T(pr1) = 0% (pr2) =o' (pr3)='d'
*(p+a) =" b i *(p+5) ="y *(p+6) =" €' *(p+7) =\ 0"

}

Produces the screen output: string is "hello"
now string is "goodbye"

Library string functions

The standard C library contains several useful functions for manipulating and examining strings.
Must #i ncl ude <stri ng. h>to get them to work.

Suppose ps isapointer to the string s, and pt isapointer to the string t

strlen(ps)
/* returns integer == length of s (not counting NULL) */

strcnp(ps, pt)

/* returns negative integer if s<t (alphabetically), returns */
/[* 0 if s==t, and returns positive integer if s>t */

[Alphabetically: a<b, an<at, at = = at, z>X, fire>field, etc.]

strecpy(ps, pt)
/* copies contents of t into s, overwiting previous contents */
/* of s, and returns pointer to new 1st character of s */

Use these string library functions whenever possible! There are other string library functions you
may find useful; see any C textbook (or the C standard library) for details...

10

Library string functions: Example
#i ncl ude <stdio. h>
#i ncl ude <string. h>
voi d nmai n(voi d){
int i, j;
char *p_result;
char s[]="Cis easy to learn", t[]="Cis hard to learn";
char *ps =s, *pt =t;
printf("length of s is %\n",strlen(ps));
i=strlen(pt);
printf("length of t is %\n",i);
j=strcnp(ps, pt);
if (j<0) {printf("string s cones before string t\n");}
else if (j==0) {printf("strings equal\n");}
else {printf("string s comes after string t\n");}
printf("s is \"%\"\n",s);
p_resul t=strcpy(ps, pt);
printf("nows is \"9%\"\n",s);
printf("also: s is \"%\"\n",p_result);

}

Produces the screen output: length of s is 18
length of t is 18
string s conmes before string t
sis "Cis easy to learn"
nows is "Cis hard to |learn"
also: sis "Cis hard to learn"” e

String application: “ upper caseify”

Problem: write a C program which changes every lowercase letter in a string into uppercase.

#i ncl ude <stdio. h>

voi d mai n(voi d){

int i;

char s[]="This is just a Test";

printf("string is \"%\"\n",s);

for (i=0;s[i]!'="\0";i++){ /* keep going until NULL reached */
if ((s[i]>="a") && (s[i]l<="z')){ /* lowercase letter only */

s[i] =s[i] +"A - 'a; /[* uses ASCI| values...*/

}

}

printf("now string is \"%\"\n",s);

}

Producesthe screen output: string is "This is just a Test"
now string is "THIS I S JUST A TEST"

Reminder: this works because in ASCII, a-z and A-Z follow each other in sequence (so do 0-9).
If dilis‘a: di]l+'A’-'ad =="'a+'A’-’d =="A’".
If dilis‘b: Jil+A’-a ==+ A’-a ==‘d+1+'A’-’d =='A’+1=="'B".

Ifdi]is‘c: di]+'A’-’a =='cC+A’-a =='a+2+'A’-’ad =='A’+2=="C, etc. 12




