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Data Structures — CST 201
Module - 2




: Syllabus

= Searching
Linear Search
Binary Search
= Polynomial representation using Arrays
= Sparse matrix
= Stacks
= Queues
Circular Queues
Double Ended Queues
Priority Queues
= Evaluation of Expressions
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g SPARSE MATRCES A

= Matrix: It 1s a two-dimensional data object made of m rows
and n columns, therefore having total m x n values.

= Sparse Matrix: Most of the elements of the matrix are 0

= Dense Matrix: Most of the elements of the matrix
are nonzero
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SPARSE MATRCES

Sparse matrices (symmetric)

s —

Triangular matrices Band matnces

— et

Lower Upper Diagonal  Tridiagonal  af-band

]

Lower-left Lower-right Upper-left  Upper-right
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(a) Various triangular matrices
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= Matrix Representation Using Array

SPARSE MATRCES

0 1 2 3 4

0100 1]0]3

110710101410

210171010710

31001610710
0(0(1/0]3{0(0({0[4]0{0{7({0|0{0{0{0(6|0|0

0 123 4567 89 1011 12131415 16171819

= Storing of null element 1s wastage of memory

L
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= Sparse Matrix Representation(as Tuple)

L

SPARSE MATRCES

*» There are n+1 number of rows and 3 columns, where
n 1s the total number of non-zero elements i1n the
given matrix.

= The first row 1s a triple- (number of rows, number of
columns, total number of nonzero elements)

= The remaining n rows are used to store all nonzero
elements. The non-zero elements are stored as a
triples- (row, column, value)

row- The row 1n which the element 1s reside
column- The column in which the element is reside

value- The element itself .
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SPARSE MATRCES

= Sparse Matrix Representation(as Tuple)

= [t 1s stored in the row major form.
In the ascending order of rows.

Inside each row, store elements in the ascending
order of columns

CS KTU Lectures




4 SPARSE MATRCES h

= Sparse Matrix Representation(as Tuple)

Number of rows in the original Matrix

oJ 1 3

8 I % & 4 0| 4
0100|1013 I
110701011410

)
210171010710 3
31070161070 4

S

_ Tuple From r
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i SPARSE MATRCES A

= Sparse Matrix Representation(as Tuple)

Number of columns in the original Matrix

s ¥ 3

8 { % & 4 0| 4 5
0100|1013 1
110101011410

—
210171010710 3
31010161010 4

S

_ Tuple From Yy
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= Sparse Matrix Representation(as Tuple)

SPARSE MATRCES

Total nonzero elements in the original Matrix

0 \2

0 1 2 3 4 0 4 5 5
olojo|1]0]3 .
1fojo]o|4]|0 ) 2
2101710010 ;
sfojof6[0]0 "
5

\ Tuple From

/

CS KTU Lectures



\
i SPARSE MATRCES
= Sparse Matrix Representation(as Tuple)
Row number of the first nonzero elements
0 | 2
0 ] 2 3 4 0 4 5 5
110101040
— 2
2l0[7]0]0]0 3
300 6]0]0 "
5
\ Tuple From y
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- SPARSE MATRCES
= Sparse Matrix Representation(as Tuple)
Column number of the first nonzero elements
0 | 2
0 1 2 3 4 0 4 5 5
o0 (O 1103 ] 0 o)
110100410
— 2
2lo|7]0(0]0 ]
3lojof6]0]o0 P
5
N Tuple From y
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i SPARSE MATRCES
= Sparse Matrix Representation(as Tuple)
Value of the first nonzero elements
0 1 2
0 ] 2 3 4 0 4 5 5
01010 1T 1013 ] 0 o) 1
11O 101011410
— 2
2101710110710 3
310106010 4
5
\ Tuple From y
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= Sparse Matrix Representation(as Tuple)

SPARSE MATRCES

0 1 -
0 1 2 3 4 ol 4 5 5
olo[0|1]0]3 o | 2 | 1
1{olo]0]4]0 2| o | 4 | 3
210 [7]10]0]0 s 1 | 3 | 4
3lojo|6|0]0 Jd 2 T 1 |7
S| 3 | 2 | 6

N Tuple From

/
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g SPARSE MATRCES A

= Why to use Sparse Matrix instead of simple matrix ?

= Storage: There are lesser non-zero elements than zeros
and thus lesser memory can be used to store only those

elements.

= Computing time: Computing time can be saved by
logically designing a data structure traversing only non-

zero elements..
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Sparse Matrix Representation as Tuple

Algorithm Sparse(A,m,n)

{ S[0][0]=m; S[O][1]=n; k=1;
for 1=0 to m-1 do
{ for j=0 to n-1 do

{ if A[1][j] !=0 then
{ S[K][0] =1; SK][1] = J;
S[k][2] = A[1][j]
k=k+1
}
}
}
S[O][2] = k-1;

\J /
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SPARSE MATRIX TUPLE
FORMATION - PROGRAM
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#include<stdio.h>

void Sparse(int A[10][10],int m,int n)

{ int1,j, k=1, S[10][10];
S[0][0]=m; S[O][1]=n;
for (1=0; 1<m; 1++)

{ for (j=0; j<n; j++)

{ if (A[1][j] 1=0)
110

{ S[k]
S[k]
S[k]
K++;
)

j

S[01[2] = k-1;
printf("\nTuple Form:\n");
for (i=0; i<=S[0][2]; i++)
[ for (j=0; j<3; j++)
{
printf(" %d\t",S[i][j]);

}
printf("\n");
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void main()

{ int1,],A[10][10],m,n;
printf("Enter the number of rows and columns of the matrix: ");
scanf("%d%d",&m,&n);
printf("Enter the matrix:");
for(i=0;1<m;i++)

for(j=0;j<n;j++)
scanf("%d",&A[1][j]);
printf("The given matrix is:\n");
for (1=0; 1<m; 14++4)
for (j=0; j<n; j++)
printf("%d\t",A[1][j]);
printf("\n");
Sparse(A,m,n);

\J
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" TRANSPOSE OF A SPARSE MATRCES |

0

0100

007

01470]0

-

0]0]0[0]O0

1

2

4

0

1

01010

00,0140

0101600

01010

1

210 |7

3
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" TRANSPOSE OF A SPARSE MATRCES |
0 1 2 0 1 2

0 4 5 5 0

1 0 2 1 1

2l 0 | 4 | 3 |—

3 1 3 4 3

4 2 | 7 4

S - 2 6 2
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" TRANSPOSE OF A SPARSE MATRCES |
0 1 2 0 1 2
Ol 4 5 5 Of 5 4 5
1 0 2 1 1
2l 0 | 4 | 3 |—
3 1 3 4 3
4 2 | 7 4
S - 2 6 2

CS KTU Lectures



" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
Of 4 5 5 Of 5 4 5
1 0 2 1 1
21 0 4 3 —) 2
3 1 3 4 3
41 2 1 7 4
Sl 3 2 6 J

Select a column with value (

. A
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
Of 4 5 5 Wl 5 4 5
11 0 2 1 1
21 O 4 3 —) 2
31 1 3 4 3
4 2 1 7 4
S 3 2 6 J

Select a column with value 1

. A
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
Of 4 5 5 Wl 5 4 5
1 0 2 1 1
21 0 4 3 —) 2
31 1 3 4 3
4 2 1 ¥ 4
S 3 2 6 J

Select a column with value 1

. o
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
Of 4 5 5 Wl 5 4 5
1 0 2 1 1 1 2 7
21 O 4 3 —) 2
31 1 3 4 3
4 2 1 ¥ 4
S 3 2 6 J

Select a column with value 1

. A

CS KTU Lectures




" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
Of 4 5 5 Wl 5 4 5
11 0 2 1 1 1 2 7
21 O 4 3 —) 2
31 1 3 4 3
4 2 1 7 4
S 3 2 6 J

Select a column with value 2

. A
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
Of 4 5 5 Wl 5 4 5
11 0 2 1 1 1 2 7
21 O 4 3 —) 2
31 1 3 4 3
4 2 1 7 4
S 3 2 6 J

Select a column with value 2

. A
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" TRANSPOSE OF A SPARSE MATRCES |
0 1 2 0 1 2
0] 4 5 5 01 5 4 5
1 0 2 1 | 1 2 7
2/ 0] 4 | 3 pm—2] 2 | 0 | 1
3 1 3 4 3
4 2 1 7 4
5 3 2 6 S

Select a column with value 2

- /
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
O 4 8 5 01 5 4 5
1 0 2 1 1 1 2 7
2| 0 4 3 ) 2| 2 0 1
31 1 3 4 3
4 2 1 7 4
Sl 3 2 6 J

Select a column with value 2

- /
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
O 4 8 5 01 5 4 5
1 0 2 1 1 1 2 7
2| 0 4 3 ) 2| 2 0 1
3 1 3 4 3l 2 3 6
4 2 1 7 4

Sl 3 2 6 J

Select a column with value 2

- /
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
O 4 8 5 01 5 4 5
1 0 2 1 1 1 2 7
2| 0 4 3 ) 2| 2 0 1
3 1 3 4 3l 2 3 6
4 2 1 7 4
Sl 3 2 6 J

Select a column with value 3

- /
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
01 4 5 5 01 5 4 5
11 0 2 1 1 1 2 7
21 O 4 3 )| 2 0 1
31 1 3 4 3| 2 3 6
4 2 1 Y 4
S 3 2 6 S

Select a column with value 3

. i
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" TRANSPOSE OF A SPARSE MATRCES |
0 1 2 0 1 2
01 4 5 5 O 5 4 5
1 0 2 1 1 1 2 7
2/ 0] 4 | 3 pm—2] 2 | 0 | 1
3 1 3 4 3 2 3 6
4 2 1 7 4 3 | 4

5 3 2 6 S

Select a column with value 3

. i
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" TRANSPOSE OF A SPARSE MATRCES |
0 1 2 0 1 2
01 4 5 5 Ol 5 4 5
1 0 2 1 1 1 2 7
2/ 0] 4 | 3 pmm—2] 2 | 0 | 1
3 1 3 4 3 2 3 6
4 2 1 7 4 3 | 4

5 3 2 6 S

Select a column with value 4

. i
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" TRANSPOSE OF A SPARSE MATRCES |
0 1 2 0 1 2
01 4 5 5 O 5 4 5
1 0 2 1 | 1 2 7
2l 0 | 4 | 3 |lemmmm—p2| 2 | 0 | 1
3 1 3 4 3 2 3 6
4 2 1 7 4 3 | 4

5 3 2 6 S

Select a column with value 4

- /
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" TRANSPOSE OF A SPARSE MATRCES |

0 1 2 0 1 2
01 4 5 5 01 5 4 5
1|l 0 2 1 1] 1 2 7
2 0 4 3 )| 2 0 1
3 1 3 4 3 2 3 6
4l 2 1 7 4l 3 1 4
51 3 2 6 51 4 0 3

Select a column with value 4

. i
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" TRANSPOSE OF A SPARSE MATRCES |

2

Transpose

/
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Algorithm SparseTranspose(A,B)

{ B[O][0]=A[O][1];  B[O][1]= A[O][O]; B[O][2]= A[O][2];
k=1; m=A[0][1]; n=A[O0][2]
for 1i=0 to m-1 do
{ for j=1 ton do
{ it A[j][1] =1then

{ B[k][O0] = A[jI[1];
Blk][1] = A[j][O];
Blk][2] = A[j][2
k=k+1
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\

SPARSE MATRIX TRANSPOSE-
PROGRAM
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#include<stdio.h>
int S[10][10],T[10][10];
void Sparse(int A[10][10], int m, int n)
{ int1,], k=1;

S[O][0]=m; S[O][1]=n;

for (1=0; 1<m; 1++)

{ for (j=0; j<n; j++)

( if (ALl 1= 0)

S[0][2] =k-1;
printf("\nTuple Form:\n");
for (1=0; 1<=S[0][2]; 1++)

{ S[k][0] =1; { for (j=0; j<3; j++)
S[k][1] =7; {
S[k][2] = A[il[y]; printf(" %d\t",S[1][j]);
k++; J
} printf("\n");
} J
N }
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void Transpose()
{ int m,nk,1,j;
T[O][0]=S[O][1];  T[O][1]=S[O][O]; T[O][2]=S[0][2];
k=1]:
m=S[0][1]; n= S[0][2];
for(1=0;1<m;i++)
{ for(j=1;j<=n;j++)

{ if SI1]==1)

{ T[k][O] = S[jI[1];
T[k][1] = S[j][O]
T[k][2] = S[j][2
k=k+1;
}
J
] /
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printf("\nTranspose:\n");
for (i=0; i<=T[0][2]; i++)

{
for (j=0; j<3; j++)
{
printf("%d\t", T[i][j]);
}
printf("\n");
J
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void main()
{ 1nt1,j,A[10][10],m,n;
printf("Enter the number of rows and columns of the matrix: ");
scanf("%d%d" ,&m,&n);
printf("Enter the matrix:");
for(i=0;i<m;i++)
for(=0;j<n;j++)
scanf("%d",&A[i][j]);

Sparse(A,m,n);
Transpose();

J

\_ .
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SPARSE MATRX ADDITION

1

2|3

022

2

3

014|154

.-

3121216

4

1

4

0|2

014|515

21014 |3

2131216
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SPARSE MATRX ADDITION

4

022

2

0145 )| 4

. 3

3121216
413123

1

4

O | 2

014|515

2101413

2131216
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SPARSE MATRX ADDITION

The resultant matrix having dimension 4x5
All possible locations are:

(0,0) (0,1) (0,2) (0,3)
(1,0) (1,1) (1,2) (1,3)
(2,0) (2,1) (2,2) (2,3)
(3,0) 3,1) (3,2) (3,3)

Check all possible locations

(0,4)
(1,4)
(2,4)
(3,4)
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SPARSE MATRX ADDITION

4

022

2

0l 4|54

. 2

3121216

1

4

0141515

02
21014 |3

2131216

Is (0,2)?

ect

'L

SK




SPARSE MATRX ADDITION

4

023

1

022

2

0l 4|54

. 2

3121216

1

4

0141515

02
21014 |3

2131216

Is (0,2)?

ect

'L

SK




SPARSE MATRX ADDITION

4

023

022

0l 4|54

.1

3121216

1

4

O [ 2

01415|5

210 (43

2131216
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SPARSE MATRX ADDITION

4

023

210 (4|3

< v O

14-

022

0l 4|54

"1

3121216
413123

1

3|4

O [ 2

1

014 15|5

2101413

1
2131216
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SPARSE MATRX ADDITION

3| 4

4

023

1

210 (4|3

14-

022

01 4|54

.1

3121216
413123

1

4

O [ 2

01415|5

2101413

2131216
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SPARSE MATRX ADDITION
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SPARSE MATRX ADDITION

nlen|s| 2|
n | || en| =]
T oc|lo|=|a|a
o - N N T W0
|
t ||| O] n
Nl —] | e
t|lo|la|a]e
- - N o <
+
|~ | <tT| >~ O
AN ||| — | &N
t |||~ | e
S - N o < W

CS KTU Lectures




/
nlen|ls| |
N N N | TN | - | &
m T | S| S| -| N
= o v W WL W W W
-
-
<«
m <t | N[ | O] n m
AMn Nl — || e m
E T | S| AN ]| A | en
N ce O
< i) o)
mD\-.u 513476..E
NI AN | TN | — | &N
T | O |1 O] - | AN| en
S — N o0 <t W\ \




/
enlen|l| | O
N n NN | T | N | - | &
m T | S| S| -| N
= o v W WL W W W
-
-
<«
m <t | N[ | O] n m
AMn ol I\ BEC N I ol i m
E T | S| AN ]| A | en
N ce O
< i) o)
mD\-.u 513476..E
I AN | TN | — | &N
T | O |1 O] - | AN| en
S — N o0 <t W\ \




/
nlen|| |\
N N N | T | N | - | &
m T | S| S| -| N Y
= o = W WL W W W
-
-
<«
m <t | N[t O] n m
AMn Nl — || e m
E T | S| AN ]| A | en
N ce O
< i) )
mD\-.u 513476E
NI AN | TN | — | &N
T | O |1 O] —= | AN| en
S — N o0 <t W\ \




/
nlen|| | O
N N N | T | N | - | &
m T | S| S| -| N
= o = W WL W W W
-
-
<«
m <t | N[ | O] n m
AMn ol I\ BEC N I ol i m
E T | S| AN ]| A | en
N ce O
< i) )
mD\-.u 513476..E
I AN | TN | — | &N
T | O |1 O] - | AN| en
S @ — N o0 <t W\ \




SPARSE MATRX ADDITION
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SPARSE MATRX ADDITION
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SPARSE MATRX ADDITION
0O 1 2 O 1 2 ] 2
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\Total number of nonzero elements=6
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\Total number of nonzero elements=6
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SPARSE MATRIX ADDITION
ALGORITHM
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Algorithm SparseAddition(A,B,C)

{
rl=A[0][0]; cl1=A[0][1];
r2=B[0][0]; ¢2=B[0][1];
if r1!=r2 or cl!=c2 then
Print “Incompatible Matrix size”
else
{ C[O][O]=A[0][O]
C[lO][1]=A[0][1]
m=l: n=l; k=1
for 1=0 torl-1 do
{ for j=0 to cl-1 do
{
o .
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if A[m][O]=1 and A[m][1]=) and

B[n][0]=1 and B[n][1]=) then
{ CIk][0]=A[m][0]
CIk][1]=A[m][1]
CIk][2]=A[m][2]+B[n][2]
m=m-+1; n=n+1; k=k+1;
J
else if A[m][0]=1 and A[m][]]=) then
{ Clk][O]=A[m][O]
Clk][1]=A[m][1]
Clk][2]=A[m][2]
m=m+1; k=k+1;
}
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else if B[n][O]=1 and B[n][1]=] then
{ C[k][0]=B[n][0]
Clk][1]=B[n][1]
Clk][2]=B[n][2]
n=n+1; k=k+1;

}
}//end of for j

} /lend of for 1
C[0][2]=k-1

Print “SUM:”
for 1=0 to C[0][2] do
for j=0 to 3 do
Print C[1][j]
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SPARSE MATRIX ADDITION
PROGRAM
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#include<stdio.h>

void PrintSparse(int X[20][3])

{
int 1,J;
printf("\nTuple representation of Sparse Matrix 1s:\n");
for (1=0; 1<=X]0][2]; 1++)

{
for (j=0; j<3; j++)
{
printf("%d\t", X[1][]]);
J
printf("\n");
}
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void Sparse(int A[10][10], int m, int n, int S[20][3])

{ 1nt1, ], k=1;
S[0][0]=m; S[O][1]=n;
for (1=0; 1<m; 1++)
{  for J=0; j<n; j++)
( if(AL[j] 1= 0)
{ S[kJ[0] =1;  S[k][1]=p;  SIkI[2] = A[1][j];
k++;
}
J
j
S[0][2] = k-1;
PrintSparse(S);

\J /
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void AddSparse(int S[20][3],int T[20][3])

{ mtrl,cl,r2,c2,mn,1,j,k,A[20][3];
r1=S[0][0]; c1=S[0][1];
r2=T[O][0]; c2=T[O][1];

if(r1!=r2 || c1!=c2)

printf(“Incompatible Matrix size\n”);
else
{  A[OIO]=SIOII0L;  AI[O][1]=SIO][1];

m=1; n=1; k=lI;

for(1=0;1<r1;1++)

{ for(j=0;j<cl;j++)

{
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1f(S[m][0]==1 && S[m][1]==) && T[n][0]==1

&& T[n][1]==))

{
A[K][0]=S[m][0];
ALK][1]=S[m][1];
ALK][2]=S[m][2]+T[n][2];
m-++;
n++;
K++;

j
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J
A[0][2]=k-1;

else if(S[m][0]==1 && S[m][1]==))
{ A[k][0]=S[m][O];
A[K][1]=S[m][1];
A[K][2]=S[m][2];

}
else if(T[n][0]==i && T[n][1]==))
{ A[K][0]=T[n][O];
Alk][1]=T[n][1];

k][2]=T[n][2];
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printf("SUM:\n";
for(i=0;1<=A[0][2];1++)

{
for(j=0;1<3;j++)
{
printf("%d\t", A[i][j]):
}
printf("\n");
}
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/~ void main()

{ int1,),A[10][10],B[10][10],m1,n1,m2,n2,S[20][3],T[20][3];
printf("Enter the number of rows and columns of the first matrix: ");
scanf("%d%d",&m1l,&nl);
printf("Enter the matrix:");
for(i=0;i<m1;i++)

for(j=0;j<n1;j++)
scanf("%d",&A[i][j]);
printf("Matrix1:\n");
for (i=0; i<ml; i++)
{  for (j=0; j<nl; j++)
{ printf("%d\t",A[1][j]);
j
printf("\n");

\
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printf("Enter the number of rows and columns of the Second matrix: ")}

scanf("%d%d",&m?2,&n2);
printf("Enter the matrix:");
for(i=0;i<m2;i++)
for(j=0;j<n2;j++)
scanf("%d",&BI[i][j]);
printf("Matrix2:\n");
for (i=0; i<m2; i++)
{  for (j=0; j<n2; j++)
{ printf("%d\t",A[1][j]);
}
printf("\n");
j
Sparse(B,m2,n2,T);
AddSparse(S,T);
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