[ DATA STRUCTURES]
Chapter - 02 : “Arrays”

= ARRAYS

“An array is a collection of variables of the same type that are referenced by a
common name.”

Arrays are a way to group a number of items into a larger unit. In C, array elements are
stored in contiguous (consecutive) memory locations. The lowest address corresponds to the first
element and the highest address to the last element. Arrays can have data items of simple types
like int or float or even of user-defined types like structure or objects.

Types of Arrays

Arrays are of different types:

1. Single-dimensional arrays, comprised of finite homogenous(same type) elements.

2. Multi-dimensional arrays, comprised of elements, each of which is itself an array. A two
dimensional array is the simplest of the multi-dimensional arrays. However, C programming

allows arrays of more than two dimensions. The exact limit (of dimensions), if any, is
determined by the compiler you use.

SINGLE DIMENSIONAL ARRAYS

The simplest form of an array is the single-dimensional array. The array is given a name
and its elements are referred to by their subscripts or indices. C language array’'s index
numbering starts with zero. The index of first element is known as lower bound and the index of
the last element is known as upper bound.

Declaration of Single-dimensional array :
data_type array-name[size];

where data_type declares the base type of array, which is the type of each element in the
array. The array-name specifies the name with which the array will be referenced and size
defines how many elements the array will hold. The size must be an integer value or integer
constant without any sign.



For e.g.
int marks[10];

The above statement declared array marks with 10 elements, marks[0] to marks[9].
Initialization of array :

data_type array-name[size]={element-1,element-2,.........element-n};
or
data_type array-name|[ J={element-1,element-2,........,element-n};
For example,

int marks[5]={50,25,72,45,30},

Marks[0]=50;
Marks[1]=25;
Marks[2]=72;
Marks[3]=45;
Marks[4]=30;

or int marks[ ]={50,25,72,45,30};
Also float price[ ] = {300.50, 250.50, 500.50, 175.50, 900.50},
and char grade[]={D",'A’,'C’,'B’,'A’,'C' };
Accessing an element at a particular index for one dimensional arrays

Individual element of an array can be accessed using the following syntax :

array_name[index or subscript];

For example, to assign a value to second location of array, we give the following statement

marks[1]=90;

Similarly, for reading the value of fourth element in array_name marks, we give the

following statement :

scanf(“%d"”,&marks[3]);

For writing the value of second element in array_name marks, we give the following

Statement :
printf(“%d\t",marks[1]);

Arrays can always be read or written through loop. If we read a one-dimensional array, it

requires one loop for reading and other for writing (printing) the array. For example :



(a) For reading the array
For reading the marks of 10 students :

for (i=0;i<=9;i++)
{
scanf(*%d", & marks [i] );

}

(b) For writing the array

for (i=0;i<=9;i++)
{

printf(“%d\t"”, marks [i] );
}

Implementation of one-dimensional array in memory :

The address of a particular element in one-dimensional array is given by the relation :
Address of element alk] = B+ W *k

where B is the base address of the array, W is the size of each element in array, and k is
the number of required element in the array (index of element) which should be a integer quantity.
For example :

Let the base address of first element of the array is 2000 (i.e. base address B is = 2000),
and each element of the array occupies four bytes in the memory, then address of fifth element of
a one-dimensional array a[4] will be given as :

Address of element a[4] = 2000 + 4 * 4
= 2000 + 16
=2016



PROGRAMS (SINGLE DIMENSIONAL ARRAYS)

Program 1 : WAP for array initialization

#include<stdio.h>

#include<conio.h>

void main()

{

clrscr();

// Array declaration and initialization
int marks[ ]={50,60,70,80,90},i;

// Array output

printf("\nMarks of 5 students are : \n");
for(i=0;i<5;i++)

printf("%d\t",marksli]);

getch();

}

OUTPUT :

Marks of 5 students are :
50 60 70 80 90

Program 2 : WAP for array input from user

#include<stdio.h>
#include<conio.h>
void main()

{

clrscr();

// Array declaration
int marks[5],i;

// Array input

printf("Enter marks of 5 students : \n");
for(i=0;i<5;i++)

scanf("%d",&marksli]);

// Array output

printf("\nMarks of 5 students are : \n");
for(i=0;i<5;i++)

printf("%d\t",marksli]);

getch();

}



OUTPUT :

Enter marks of 5 students :
50 60 70 80 90

Marks of 5 students are :
50 60 70 80 90

Program 3: WAP to display the sum and average of elements of an array

#include<stdio.h>

#include<conio.h>

void main( )

{

clrscr();

int A[5],i;

float sum=0,avg;

printf("Enter 5 elements of an array : \n");

for(i=0;i<5;i++)
scanf("%d",&A[i]);

for(i=0;i<5;i++)
sum=sum-+A[i];

avg=sum/5;

printf("\nSum : %.2f",sum);

printf("\nAverage : %.2f",avQ);

getch();

}
OUTPUT :

Enter 5 elements of an array :
2 4 6 8 10

Sum : 30.00

Average : 6.00

Program 4 : WAP to display the largest and smallest element of an array
#include<stdio.h>

#include<conio.h>

void main()

clrscr();



int A[5],i,max,min;
printf("Enter 5 elements of an array : \n");
for(i=0;i<5;i++)
scanf("%d",&A[i]);
max=min=A[0];
for(i=0;i<5;i++)

if(max<A[i])

max=A[i;

if(min>A[i])

min=A[i];
}
printf("\nLargest element in array : %d",max);
printf("\nSmallest element in array : %d",min);
getch();

}
OUTPUT :

Enter 5 elements of an array :
3 9 5 1 8

Largest element in array : 9
Smallest element in array : 1

Program 5: WAP to insert a number in an array

#include<stdio.h>
#include<conio.h>
void main()

clrscr();

int len;

printf("Enter size of array (max. 10) : ");
scanf("%d",&len);

int A[10],num,i,pos;
printf("\nEnter %d elements of array : \n",len);
for(i=0;i<len;i++)

scanf("%d",&A[i]);

printf("\nOriginal array is : \n");
for(i=0;i<len;i++)
printf("%d\t",A[i]);



printf("\n\nEnter the element to be inserted : ");
scanf("%d",&num);

printf("Enter the position of insertion : ");
scanf("%d",&pos);

POS--;

for(i=len-1;i>=pos;i--) // Shifts down one position
Ali+1]=Al[I];

A[pos]=num;

if(pos>len)
printf("\nInsertion outside the array");
else
{
printf("\nNew array after insertion : \n");
len++;
for(i=0;i<len;i++)
printf("%d\t",A[i]);

}
getch();
}

OUTPUT :
Enter size of array (max. 10) : 5

Enter 5 elements of array :
2 4 8 10 12

Original array is :
2 4 8 10 12

Enter the element to be inserted : 6
Enter the position of insertion : 3

New array after insertion :
2 4 6 8 10 12



Program 6 : WAP to delete a number from an array

#include<stdio.h>

#include<conio.h>

void main( )

{

clrscr();

int A[10],i,len,num,f=0;

printf("Enter the size of array (max. 10) : );
scanf("%d",&len);

printf("\nEnter %d elements of an array : \n",len);
for(i=0;i<len;i++)

scanf("%d",&A[i]);

printf("\nOriginal array is : \n");
for(i=0;i<len;i++)

printf("%d\t",A[i]);

printf("\n\nEnter the element to delete : ");
scanf("%d",&num);

for(i=0;i<len;i++)

{

if(num==A[i])
f=1,
for(i<len-1;i++)

Alil=Ali+1];

len--;
break;

}

}

if(f==0)
printf("\nNumber not found in array");

else

{

printf("\nNew Array after deletion : \n");
for(i=0;i<len;i++)
printf("%d\t",A[i]);

}
getch();
}

OUTPUT :
Enter the size of array (max. 10) : 5

Enter 5 elements of an array :
2 4 6 8 10



Original array is :
2 4 6 8 10

Enter the element to delete : 6

New Array after deletion :
2 4 8 10

DOUBLE-DIMENSIONAL ARRAYS

A double dimensional array is an array in which each element is itself an array. For
example, an array A[R][C] is an R by C table with R rows and C columns containing
R * C elements.

The number of elements in a two-dimensional array can be determined by multiplying
number of rows with number of columns. For example, the number of element in an array A[4][3]
is calculated as 4 * 3 = 12.

Implementation of Two-dimensional array in Memory

While storing the elements of a 2-D array in memory, these are allocated contiguous
memory locations. A two-dimensional array can be implemented in a programming language in
two ways :

1. Row-major implementation
2. Column-major implementation

Row-major implementation :

Row-major implementation is a linearization technique in which elements of array are
readed from the keyboard row-wise i.e. the complete first row is stored, then the complete second
row is stored and so on. For example, an array A [3] [3] is stored in the memory as shown in
Fig.(1) below :

| Ago | Aot | Aoz [ Ao | Ass | Ass [ Ase | Asy | A |

< Row—1""<+— Row-2 > Row-3 — >

The storage can be clearly understood by arranging array as matrix as shown below :

doo do1 oz Row 1
a = aio ail a2 Row 2
azo a1 ap? Row 3

Column-major implementation :

Column-major implementation is a linearization technique in which elements of array are
reader from the keyboard column-wise i.e. the complete first column is stored, then the complete



second column is stored and so on. For example, an array a[3][3] is stored in the memory as
shown in Fig.(1) below :

‘ Aoo | aio | dzo ‘ do1l ‘ ail ‘ o1 | do2 | ai2 ‘ dz2

e« _Column-1___ ,  Column-2__,  Column-3 __,

The storage can be clearly understood by arranging array as matrix as shown below :

aoo do1l ado2
a = aio a1 aiz
azo az1 az2

Column 1l Column 2 Column 3

Double Dimensional Array declartion :

datatype arrayvariablename[rowsize][col.size];

For e.g.
int A[4][3];

where int is datatype, A is array variable_name, 4 is row size and 3 is columnsize.

Double Dimensional Array initialization :

datatype arrayname[rowsize][col. size]={{1s' row elements},{2nd row elements}, ......... I
For e.g.
int A[4][3]={{1,2,3}, {4,5,6,}, {7,8,9}, {10,11,12}};

Array input from user :

Row major form

for(r=0;r<4;r++)
for(c=0;c<3;ct++)
scanf("%d",&A[r][c]);

Column major form

for(c=0;c<3;c++)
for(r=0;r<4;r++)
scanf("%d",&A[r][c]);



Array output :
for(r=0;r<4;r++)
{
for(c=0;c<3;c++)
printf("%d\t",A[r][c]);
printf("\n");
}

Program 1 : Double Dimensional array (Matrix) Initialization & Output

#include<stdio.h>
#include<conio.h>
void main()
{
clrscr();
// Double Dim. Array declaration and initialization
int A[4][3]={{1,2,3},{4,5,6},{7,8,9},{10,11,12}};
intr,c;
// Double Dim. Array Output
printf("\nGiven 4 * 3 matrix is : \n");
for(r=0;r<4;r++)
{
for(c=0;c<3;c++)
printf("%d\t",A[r][c]);

printf("\n");

}

getch();

}

OUTPUT :

Given 4 * 3 matrix is :
1 2 3

4 5 6

7 8 9

10 11 12



Program 2 : Double Dimensional array(Matrix) input & Output

#include<stdio.h>
#include<conio.h>
void main()

{

clrscr();

/I Matrix declaration
int A[4][3],r,C;

/I Matrix input
printf("\nEnter elements of a 4 * 3 matrix : \n");
for(r=0;r<4;r++)
for(c=0;c<3;c++)
scanf("%d",&A[r][c]);
/I Matrix output
printf("\nGiven 4 * 3 matrix is : \n");
for(r=0;r<4;r++)

for(c=0;c<3;c++)
printf("%d\t",A[r][c]);

printf("\n");

}

getch();

}

OUTPUT :

Enter elements of a 4 * 3 matrix :
1 2 3

4 5 6

7 8 9

10 11 12
Given 4 * 3 matrix is :
1 2 3

4 5 6

7 8 9

10 11 12



Program 3 : Addition of Two 3 * 3 Matrices

#include<stdio.h>
#include<conio.h>

void main()

{

clrscr();

/I Matrix declaration

int A[3][3],B[3][3],C[3][3].r.C;

Il Matrix input
printf("\nEnter elements of first 3 * 3 matrix : \n");
for(r=0;r<3;r++)
for(c=0;c<3;c++)
scanf("%d",&A[r][c]);
printf("\nEnter elements of second 3 * 3 matrix : \n");
for(r=0;r<3;r++)
for(c=0;c<3;c++)
scanf("%d",&BJ[r][c]);
// Matrix addition
printf("\nAddition of first two matrices : \n");
for(r=0;r<3;r++)
{
for(c=0;c<3;c++)
{
CIr][c]=Alr][c]+BIr][c];
printf("%d\t",C[r][c]);

}

printf("\n");

}

getch();

}

OUTPUT :

Enter elements of first 3 * 3 matrix :
1 2 3

4 5 6

7 8 9

Enter elements of second 3 * 3 matrix :
2 3 4
5 6 7



8 9 10

Addition of first two matrices :

3 5 7
9 11 13
15 17 19

Program 4 : WAP to display the transpose of a 3 * 3 matrix

#include<stdio.h>

#include<conio.h>

void main( )

{

clrscr();

int A[3][3].r,c;

printf("\nEnter elements of a 3 * 3 matrix :\n");

for(r=0;r<3;r++)
for(c=0;c<3;c++)
scanf("%d",&A[r][c]);

printf("\nOriginal matrix is :\n");

for(r=0;r<3;r++)

{
for(c=0;c<3;c++)
printf("%d\t",A[r][c]);

printf("\n");

}

printf("\nTranspose of given matrix is :\n");
for(r=0;r<3;r++)
{
for(c=0;c<3;c++)
printf("%d\t",A[c][r]);
printf("\n");
}
getch();

}

OUTPUT :

Enter elements of a 3 * 3 matrix :
1 2 3
4 5 6
7 8 9



Original matrix is :

1 2 3
4 5 6
7 8 9
Transpose of given matrix is :
1 4 7
2 5 8
3 6 9

Program 5: WAP to multiply two 3 * 3 matrices

#include<stdio.h>
#include<conio.h>
void main( )
{
clrscr();
int A[3][3],B[3][3],C[3][3].r,c,K;
printf("Enter elements of first 3 * 3 matrix : \n");
for(r=0;r<3;r++)
for(c=0;c<3;c++)
scanf("%d",&A[r][c]);

printf("\nEnter elements of second 3 * 3 matrix : \n");
for(r=0;r<3;r++)
for(c=0;c<3;c++)
scanf("%d",&Br][c]);
printf("\nProduct of first two 3 * 3 matrices :\n");
for(r=0;r<3;r++)
{
for(c=0;c<3;c++)
{
C[r][c]=0;
for(k=0;k<3;k++)
CIr][c]=CIr][c]+(AlrIK]*BIK][c]);
printf("%d\t",Cl[r][c]);
}
printf("\n");
}
getch();

}



OUTPUT :

Enter elements of first 3 * 3 matrix :

1 2 3

4 5 6

7 8 9

Enter elements of second 3 * 3 matrix :
1 2 3

4 5 6

7 8 9

Product of first two 3 * 3 matrices :

30 36 42

66 81 96

102 126 150

Multidimensional arrays :

The general syntax of a multidimensional array is :
datatype arrayname[size-1][size-2]......... [size-n];
For example :

int A[5][2][3];
float B[2][5][3];

The simplest form of a multidimensional array is a two-dimensional array, which is also
known as array of an array.



Sparse Matrices :

If many of elements from a m x n matrix have a value 0 then the matrix is known as
sparse matrix. A matrix that is not sparse is known as a dense matrix. There is no precise
definition of when a matrix is sparse and when it is not, but it is a concept, which we can all
recognize naturally. If the matrix is sparse, we must consider an alternative way of representing it
rather than a normal row major or column major arrangement. This is because if majority of
elements of the matrix are O then the alternative through which we can store only the non-zero
elements and keep intact the functionality of the matrix can save a lot of memory space. Fig. (3)
shows sparse matrix 5 * 6 with 5 non zero elements.
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