
Lecture 20
Strings

Daily Puzzle

• German mathematician Gauss (1777-1855) 
was nine when he was asked to add all the 
integers from 1 to 100 = (1+100)+(2+99)+... = 
5050.

• Sum all the digits in the integers from 1 
through 1,000,000,000
i.e. 1+2+3+4+5+6+7+8+9+1+0+1+1+...
+1+0+0+0+0+0+0+0+0+0



Daily Puzzle

• Solution:
999,999,999 + 0 = 81
999,999,998 + 1 = 81
999,999,997 + 2 = 81 
etc.

• 500,000,000 pairs of 81 = 40,500,000,000 + 1
=40,500,000,001

char

• Characters are small integers

• A character constant is written between single 
quotes, as in ‘a’, ‘b’, or ‘c’.



char

• A typical declaration for a variable of type 
char is:

 char c;

• Character variables can be initialized as:

char c1 = ‘a’, c2 = ‘b’, c3 = ‘*’;

char

• Characters have an underlying integer-valued 
representation.

• There is no particular relationship between the 
value of the character constant representing a 
digit and the digits intrinsic integer value.

i.e. the value of ‘7’ is not 7.



char

• The standard ASCII values run from 0 to 127, 
for a total of 128 values.

char
• Print the ASCII values for the printable 

characters:

void printASCII(void)
{
! int i, j=0;
! printf("ASCII! Character\n");
! for (i=32; i<127; i++)
! {
!     j = j + 1;
!     printf("%3d is %c    ", i, i);
!     if (j % 5 == 0)
!         printf("\n");
! }
}



I/O

• C provides two functions, getchar() and 
putchar() to input and output characters 
respectively.

• To read a character getchar() is used; to 
write a character putchar() is used.

I/O

• So, either of the following expressions can be 
used to read the next character in ch:

scanf(“%c”, &ch);!     
ch = getchar();



I/O

• A function to “echo” characters:

! void echo(void)
! {
!     char c;
!     c = getchar();
!     putchar(c);
! }

I/O

#include <stdio.h>
int main(void)
{
    int c;
    while ((c = getchar()) != EOF)
        if (‘a’ <= c && c <= ‘z’)
            putchar(c + ‘A’ – ‘a’);
        else if (c == ‘\n’)
            putchar(‘\n’);
        else putchar(c);
    return 0;
}



Character functions

• The system provides a standard header file 
ctype.h, which contains a set of macros that 
are used to analyze characters and functions 
that are used to convert characters.

#include <ctype.h>

Character functions

• These macros all take an argument of type 
int, and return an int value that is either 
nonzero (true) or zero (false).



Character functions
Macro Nonzero (true) is returned if
isalpha(c) c is a letter (a-z, A-Z)

isupper(c) c is an uppercase letter (A-Z)

islower(c) c is an lowercase letter (a-z)

isdigit(c) c is a digit (0-9)

isalnum(c) c is a letter or digit (a-z, A-Z, 0-9)

isxdigit(c) c is a hexadecimal digit (0-9, a-f, A-F)

isspace(c) c is a white space character

ispunct(c) c is a punctuation character

isprint(c) c is a printable character

isgraph(c) c is printable, but not a space

iscntrl(c) c is a control character

isascii(c) c is an ASCII code

Character functions

Macro Effect

toupper(c) Changes c from lowercase to uppercase

tolower(c) Changes c from uppercase to lowercase

toascii(c) Changes c to ASCII code



Character functions

#include <stdio.h>
int main(void)
{
    int c;
    while ((c = getchar()) != EOF)
        if (islower(c))
            putchar(toupper(c));
        else if (c == ‘\n’)
            putchar(‘\n’);
        else putchar(c);
    return 0;
}

Character functions

int isvowel(int c)
{
    switch (c)
    {
        case ‘a’: ;
        case ‘e’: ;
        case ‘i’: ;
        case ‘o’: ;
        case ‘u’: return 1;
                  break;
        default : return 0;    
    }
}

A function to check if a character is a vowel. 
The function return an int value that is either 
nonzero (true) or zero (false).



Ooooh... the “buffer”

• One of the inherent things about characters is 
that they are “different”.

• Numbers are happy-go-lucky, self-contained 
entities - characters not so much.

• Problem number one is the buffer - the place 
where keyboard input is stored until 
processed.

Ooooh... the “buffer”

1 0 c a t ☟

When you type...

keypresses are stored in a piece 
of memory called the buffer



What about the buffer??

1 2 4 7 2 3 ☟

user enters:

12 4 7 23☟

program wants:
scanf(“%d%d%d%d”, &a, &b, &c, &d);

a=12, b=4, c=7, d=23

buffer empty!

What about the buffer??

1 2 c a t ☟

user enters:

12 cat☟

program wants:
scanf(“%d%c”, &a, &b);

a=12, b=space

c a t

buffer not empty!



buffers

while (true)
{
! strout();
! printf("Perform the calculation again (y/n)? ");
! scanf("%c", &ans);
! if (ans == 'n')
! ! true = 0;
}

strout asks for a string and an integer - 
after which the user hits the enter key!

buffers

while (true)
{
! strout();
! printf("Perform the calculation again (y/n)? ");
! scanf("%c%c", &ans, &trsh);
! if (ans == 'n')
! ! true = 0;
}

fix it by reading in the 
<enter> to a trash variable.



buffers

while (true)
{
! strout();
! printf("Perform the calculation again (y/n)? ");
! scanf("%c%*c", &ans);
! if (ans == 'n')
! ! true = 0;
}

use %*c which discards 
the character input 

(in the buffer) 
~~~~~~~~~~~~~~~~~~~

buffers

while (true)
{
! strout();
! printf("Perform the calculation again (y/n)? ");
! scanf("%c", &ans);
   fflush(stdin);
! if (ans == 'n')
! ! true = 0;
}

Some methods suggest 
using fflush. Don’t. It 

is for the output buffer, 
and using it for stdin is 
an undefined behavior.

Avoid it. 



strings

• A string is a one-dimensional array of type 
char. 

• The general form of a string is:

 char string_name[size];

strings

• For example, the following creates a string 
capable of storing 19 characters:

  char str[20];

SHEAR MADNESS



strings

char w[100];

scanf(“%s”, w);

used for string I/O

no & needed

the only type 
of array which 
can be read in 
whole

strings

char w[100];

scanf(“%s”, w);

user types this The quick brown fox

this is stored in w The

the rest remains unread
- and in the buffer



strings

• A better way is to use the gets function:

! char w[100];
! gets(w);

but it is kind-of “insecure”

running a program containing a gets will result in the message:
warning: this program uses gets(), which is unsafe.

• The best way is to use the fgets function:

! char w[100];
! fgets(w,100,stdin);

*way* better

reads a maximum of 99 
characters from standard 
input.

strings



initializing strings

• Recall that arrays, including character arrays, 
can be initialized.

 char s[] = {‘D’,’N’,’A’,’\0’};

• The \0 or null character is used to 
terminate the string.

initializing strings

• There is a second equivalent syntax for 
initializing character arrays.

 char s[] = “DNA”;



bad things can happen

char w[5];

scanf(“%s”, w);

user types this vaderwasasithlord

this is stored in w

from here on the characters are 
stored in an illegal manner

vaderwasasithlord

bad things can happen

char w[5];

fgets(w,5,stdin);

user types this vaderwasasithlord

this is stored in w

only allows 4 characters as input 

vade



string functions

• The standard library string.h contains many 
useful string handling functions.

string concatenation

strcat(s1,s2)

appends s2 to s1 
and returns s1

char s1[20] = “use”;
char s2[20] = “force”;
strcat(s1,s2);

s1 now contains “useforce”



string concatenation

strncat(s1,s2,n)

appends n characters of 
s2 to s1 and returns s1

char s1[20] = “use”;
char s2[20] = “force”;
strcat(s1,s2,2);

s1 now contains “usefo”

string comparison

strcmp(s1,s2)

compares s1 and s2 - returns an integer <, = or > to 0 depending on 
whether s1 is lexicographically less than, equal to, or greater than s2.

char s1[20] = “use”;
char s2[20] = “force”;
x = strcmp(s1,s2);

x has the value 15



string comparison

strncmp(s1,s2)

same as strcmp, except it compares only the first n characters of s1 and s2.

char s1[20] = “fort”;
char s2[20] = “force”;
x = strncmp(s1,s2,2);

x has the value 0

string copying

strcpy(s1,s2)

string s2 is copied into s1 until ‘\0’ is moved. Whatever exists in s1 is 
overwritten. The string s1 is returned.

char s1[20] = “use”;
char s2[20] = “force”;
strcpy(s1,s2);

s1 has the value “force”



string copying

strncpy(s1,s2)

same as strcpy, except it only copies the first n characters of s2 into s1.

char s1[20] = “use”;
char s2[20] = “force”;
strncpy(s1,s2,1);

s1 has the value “fse”

string length

strlen(s1)

a count of the number of characters in the string s before ‘\0’ is found.

char s1[20] = “use”;
x = strlen(s1);

x has the value 3



e.g.

char s1[20] = “usethefork”;
char s2[20] = “usetheforce”;

if(strcmp(s1,s2) == 0)
    printf(“forces are equal\n”);
else
    printf(“dark side prevails\n”);

an array of strings

• An array of strings is a two-dimensional array 
of characters in which each row is one string.



an array of strings

• For example:

 char sentence[100][12];

• Defines the variable sentence to be an array 
of strings, capable of storing 100 “words”, 
each with a length of “11” characters.

string conversions

• There are three functions, defined in the 
standard library stdlib.h which convert 
strings to numbers.

atof(s)  Converts a string s to double.
atoi(s)  Converts a string s to int.
atol(s)  Converts a string s to long int.



string conversions

char pi[] = “3.14159”
double PI;
! !
PI = atof(pi);
printf(“%lf\n”, PI);

cool string output

char str[15];
int n;
!
printf("Enter a string: ");
scanf("%s", str);
!
printf("How many characters of the string do 
        you wish to print? ");
scanf("%d", &n);
!
printf("%.*s", n, str);



getchar is like Lego

• getchar() can be used to build bigger 
functions.

• For example a piece of code to read in 
integers without errors.

getchar is like Lego
int readInt(void)
{
    char ch, integer[20];
    int true = 1, i=0;
    
    do
    {
        ch = getchar();
        if (ch == '\n' || ch == EOF)
        {
            true = 0;
            integer[i] = '\0';
        }
        else if (isdigit(ch))
        {
            integer[i] = ch;
            i = i + 1;
        }
    } while (true);
    
    return atoi(integer);
}

read in a character

is the character a 
digit, i.e. 0 to 9?

convert from a 
string to an int.


