International Journal for Research in Engineering Application & Management (IJREAM)

ISSN : 2454-9150 Mol-04, Issue-03, June 2018

Operations on relations of a Tadpole Graph

Srinivasa G., Professor, Department of Mathematics, New Horizon College of Engineering, Bengaluru,

India, gsrinivasal974@gmail.com

Ananda K., Assistant Professor, Department of Mathematics, New Horizon College of Engineering,

Bengaluru, India, anandak.nhce@gmail.com

Shalini M. Patil, Assistant Professor, Department of Mathematics, J. S. S. Academy of Technical Education,

Bengaluru, India, shahem_blr@yahoo.co.in

Abstract: In this paper, we apply the operations like converse, matrix, complement, composition, associated directed

graph on relations of a Tadpole graph to its line graph to analyze how they are interlinked each other. In and out

degrees of the associated digraph show the nature of the given graph.
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|. INTRODUCTION

The graph (V,E) is denoted by G = G(V,E) where V is
called the vertex set and E is called the edge set [1]. A
Tadpole graph is denoted by T, , we mean the graph
obtained by joining a cycle graph C,, to a path graph P,
with a bridge [2].

Example. T , a typical Tadpole graph is in Figure 1.

Uy

k¢! Figure 1.Tadpole graph G = T;,

A line graph of a simple graph G = G(V,E) is obtained
by associating a vertex with each edge of the graph and
connecting two vertices with an edge if and only if the
corresponding edges of G have a vertex in common [3].
Line graph for the above graph is in Figure 2.

VU2

U3
Figure 2.Line grapn of a Tadpole graph G = Ts,
Remark: To maintain the standardization of a graph (Figure
2.) we represent the e;’s (from Figure 1.) to v;’s (in Figure

2)wherei =11t05.

Let A and B be two sets, then a subset of A x B is called
a relation R from A to B where AX B ={(a,b)/a€ A,
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b € B}, Here (a,b) e R then a € A is related to b € B by R
and can be written as aRb. Let R be a relation on a finite

set A then the complement of a relation R is defined as
R = (A x A) — R. Consider the sets A = {a; ,a, ...... am}
B ={by,b;y ........b,} of orders m and n respectively. Let
R is a relation from A to B, then m;; = 1, if (a;,b; )e R &
m;; = 0, if (a;, b; ) € R and matrix m x n formed by these
my;'s is called matrix of the relation denoted by M(R)
wherel1<i<m,1<j<nl[4].

Let R be a relation on a finite set A. Draw the circle for
each element of A. These circles are called vertices. Draw
an arrow called edges between the vertices. The resulting
pictorial representation of Ris called directed graph or
digraph of R.

Il. RESULTS AND DISCUSSION

In this section, we first find the two finite sets A and B
from Figure 1. and Figure 2. to write the relations R & S.
From Figure 1. we get the set of vertices say A =
{viv,,v3 v, v} and from  Figure 2. say
B = {v; v,,v; vy vs}. Since a relation is a subset of the
Cartesian product of two sets, we apply the set-theoretic
operations to construct new relations from the arrived
relations under the different cases of relations.

Case 1. R is a binary relation on A.

LetA = {vl Vy,V3 ,v4,v5}, A= {vl Uy, V3 ,v4_v5} and

R = {(V1,V2)' (V1,U3)' (Vz,v1)’ (172‘173), (V3,V1):}
(V3 ,Vz): (V3 ,V4)' (V4,V3)' (U4 ,Vs)' (175 ,V4)

Then, the converse of R is

RC — {(UZ,Ul)' (U3,V1)' (U1,V2)’ (V3,V2)’ (Ul,US):}
(Vz ,U3)' (V4 ,V3)' (U3 ,V4)' (Vs ,174)' (774 ,775)

Here, we observe that R = R€.

Matrix of R is
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(01100\‘
101 00
MR)=|1 1 0 1 0]|=MQRS
\00101/
0 0010

Directed graph of R = R¢:

From the directed graph of R = R¢, we have

Vertex 12 12 VU3 Vy Vs

In degree
Out degree 2 2 3 2 1

From the above table we observe that In and Qut degrees of
each vertex are same.

Complement of R is

_ (W1, v1), (01, v4), (01, V5), (V2, 12), (02, v4),

R = { (v, v5), (v3,V3), (V3,Vs5), (U4, V1), (V4, v3),
(4, v4), (Vs, V1), (Vs, V3), (Us, v3), (U5, V5)

100 11
_ [0 1011
M(R)=[0 0 1 0 1
11010
11101

Directed graph of R:

oo,
FE

From the directed graph of R, we have

()

Vertex 121 12 V3 Vy Vs
In degree 3 3 2
Out degree

From the above table we observe that In and Out degrees of
each vertex are same.

Case 2. S is a binary relation on B
LetB = {vlyvz,v3,v4,v5}, B = {vl,vz,v3,v4_v5} and
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_ (V1 ,Uz)' (V1 ,U3)' (Vz ,v1)' (Vz ,V3)' (Vz ,U4)' (V3 ,V1)'
07 {(vg,w), (v3,22), (v 22), (44 03), (01, 5), (v5,v4)}

Then, the converse of S is
(Uz _Ul), (U3 ‘1.71), (Vl ‘1.72), (173 ,UZ)' (174 _172),
S¢ = (vl_v3), (v2,v3), (174‘173), (vz ,v4), (v3,v4),

(vs va), (va,v5)

Here, we observe that S = S¢.

Matrix of S is
01 1 0 0
1 01 10
MS)=]1 1 0 1 0]=M(SY
01 1 0 1
0 0 0 1 O

Directed graph of S = S¢:

()—(*

From the directed graph of S = S¢, we have

Vertex v (29 VU3 Vy Vg
In degree 2 3 3 3 1
Out degree 2 3 3 3 1

From the above table we observe that In and Out degrees of
each vertex are same.

Complement of S is

_ (1, v1), (U1, v4), (1, v5), (V2, V),

S= (2, v5), (V3,v3), (v3, V5), (V4, V1),
(W4, v4), (Vs, v1), (Vs, v3), (U5, v3), (U5, Vs5)

10011
_ 0100 1
M(S)=|0 0 1 0 1
10010
1110 1

Directed graph of S:
OO
(=)
FE
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From the directed graph of S, we have

Vertex v, 129 v3 Vy Vs
In degree 3 2 2 2 4
Out degree 3 2 2 2 4

From the above table we observe that In and Out degrees of
each vertex are same.

Case 3. The relations R and S from A to B.
Let A= {171 ’v2 » 173 ’v4 ’175}, B = {Ul ’Uz , U3 ’U4_,U5}

(Ui Uz) (V1 V3) (Vz V1) (Uz V3) (Us Vl)
k= {(U3 772) ('73 U4) (V4 '73) (174 Us) ('75 U4)}

_ (Vl ,172): (Vl ,173): (Uz ,Ul): (Uz ,Vs): (Uz ,V4): (V3 ,Ul)'
5= {(vg,vz), (v3.02), (04,02, (v, v2), (00 v5), (05 )}

Then, the union of R and S is

(Vl ,”2)' (Vl ,”3)' (Vz .”1)' (Vz .”3)' (”2 .‘74)’
R U S = (173 ’Ul), (173 ’172), (U3 ‘v4), (v4’172), (v4,'v3),

(V4 ,Vs): (175 ,V4)
Note: RUS =S

Matrix of the union of R and S is

M(RUS) =

coRrRrR O
ORr RO R
oORr OR K-
O Rk O
orRr oo o

Note: M(RU S) = M(S)

Directed graph of (R U S):
Note: Directed graph of (R U S) = Directed graph of S

From the directed graph of (R U S), we have

Vertex vy vy V3 Vy Vs
In degree
Out degree 2 3 3 3 1

Note: In and Out degrees of the directed graph of (R U S)
is same as In and Out degrees of the directed graph
of S.
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The intersection of R and S is

nes = (v1,v2), (v1,v3), (V2 1), (v2,v3), (v3 11),
s {(”3,”2)’ (v3,v4), (v4,v3), (va,vs), (Us,V4)}

Note: RNS =R
Matrix of the intersection of R and S is

(01 10 w
1010 0
M(RNS)=|1 1 0 1 0
001 0 v
00010

Note: M(R N S) = M(R)

Directed graph of (R N S):

Note: Directed graph of (RN S) =

Directed graph of R

From the directed graph of (R N S), we have

Vertex 1721 2 U3 Vy Vg

In degree 2 2
Out degree 2 2

Note: In and Out degrees of the directed graph of (R N S)
is same as In and Out degrees of the directed graph
of R.

The composition of R and S is

(1, v1), (01, v2), (01, v3), (1, 14), (v, U1):\

ROS {(Uz' v2), (02, V3), (02, 14), (3, 1), (V3,v7), }
(v3,v3), (03, V4), (V3, V5), (V4, 1), (4, v2),

U @ve), (05,0, (05,05), (ws,05) )

Matrix of the composition of R and S is

11110
11110
MRoS)=|1 1 1 1 1
110 1 0
0110 1

Directed graph of (RoS):
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From the directed graph of (RoS), we have

Vertex V1 vy V3 Vy Vs
In degree
Out degree 4

The composition of S and R is

(Uli vl)l (vll UZ)! (Ull v3)l (171) v4-)) (v2i 171)1
(v2: UZ)’ (UZF v3)l (‘UZ’ v4)! (v2i vS)l (173I vl)l
(173, 172), (173! U3), (U3, US)J (V4-! 171), (U4_, 172),

SoR =

(U4, 173)(174, 174), (v5' 173), (USI US)

Matrix of the composition of S and R is

M(SoR) =

[EEG UGN

o

Directed graph of (SoR):

[ N S Y

=

o OR R

R O RR O

From the directed graph of (SoR), we have

Vertex

21

v,

U3

Vy

Vs

In degree

Out degree

The composition of R and R is

(U1, vl)! (Ul' VZ)J (Vl, US)! (171, U4_), (VZI 171),
(UZI UZ)' (UZJ 173), (UZ' U4-)! (173, Ul), (US' UZ)I
(v3,v3), (v3,V5), (04, V1), (U4, V2), (V4 14),

RoOR =

(US! ‘U3), (VS' 775)

Matrix of the composition of R and R is

556 | IIREAMV0410339161

DOl : 10.18231/2454-9150.2018.0379

ISSN : 2454-9150 Mol-04, Issue-03, June 2018

{11110\
11110
M(RoR)=M[R?>)=|1 1 1 0 1
11010/
0010 1

Directed graph of (RoR = R?):

Gl
O

From the directed graph of (RoR = R?), we have

()

Vertex vy vy v3 Vy Vs
In degree
Out degree 4 4 4 3 2

The composition of S and S is
(W1, v1), (01, v2), (V1,v3), (01, v4), (V,v1),
(2, v2), (2, 13), (W3, v4), (v, V5), (V3,14),
SoS =3 (v3,v), (v3,v3), (W3, v4), (V3,V5), (V4, V1), }
V4, v2), (Va, v3), (W4, V4), (Vs5, v3), (Vs, v3),

(USJ 175) J

Matrix of the composition of S and S is

1 1 1 1 0
1
1

Directed graph of (SoS = 52):

M(SoS) = M(S?) =

_ R
I N =

O R kR
OR RrER
- o
\

From the directed graph of (SoS = 52), we have

Vertex 121 (2 VU3 Vy Vs
In degree 4 5 5 4 3
Out degree 4 5 5 4 3

From the above table we observe that In and Out degrees of
each vertex are same.
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I11. CONCLUSION

The above results show the application of set-theoretic
operations and its analysis on a special graph called
Tadpole graph with its line graph and nature of the given
graph.
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