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ABSTRACT

In this paper we find the total graph, middle graph, splitting graph and shadow graph of Fish graph and its cordial labeling and anti- magic labeling. And we
prove that those total graph, middle graph, splitting graph and shadow graph of Fish Graph accept Cordial Labeling and anti- magic labeling.
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1. Introduction

Graph labeling have been traced back to the 19™ century when the famous British mathematician Arthur Cayley proved that there are n™? distinct labeled
trees of order n[3] .A graph labeling is an assignment of integers to the vertices or edge or both, subject to certain conditions have been motivated by
practical problems, labeled graphs serve useful mathematical models for a broad range applications. A simple graph X is an ordered pair of sets
X=(V,E).Elements of V are called vertices of X and elements of E are called edges of X. By a graph here we mean a finite undirected graph without loops
and multiple edges [4]. In this paper we find the total graph, middle graph, splitting graph and shadow graph of Fish Graph and the cordial labeling and
anti- magic labeling of those graphs.

2. Definitions
Definition 2.1:
The middle graph M (G) [9] of a graph G is the graph whose vertex set is V(G)UE(G) and in which two vertices are adjacent if and only if
either
1.  They are adjacent edges of G
2. Oneisa vertex of G and other is an edge incident on it.
Definition 2.2:

The total graph T (G) [12] of a graph G is the graph whose vertex set is V (G) U E(G) and two vertices are adjacent whenever they are either
adjacent or incident in G.
The total graph T(G) of a graph G is the graph whose vertices correspond to the vertices and edges of G, and whose two vertices are joint if
and only if
1. The corresponding vertices are adjacent, edges are adjacent
2. Vertices and edges are incident in G.
Definition 2.3:
The splitting graph S'(G) [5] of a graph G is obtained by adding a new vertex v' corresponding to each vertex v of G such that N (v) =N (V')
where N(v) and N (V') are the neighborhood sets of v and v' respectively. Properties of Splitting graph,
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1. degvinS'(G)=2degvinGanddegV'inS'(G)=degvinG.
2. If G hasn triangles, then S'(G) has a 4n triangles.

Definition 2.4:
The Shadow Graph D2 (G) [11] of a connected graph G is constructed by taking two copies of G, say G'and G". Join each vertex u'in G' to

the neighbors of the corresponding vertex u" in G".
Definition 2.5:

Let G = (V, E) be a graph. A mapping f: V(G)— {0, 1} is called a binary vertex labeling of G and f (v) is called the label of the vertex v of G
under f.

For an edge e=uv, the induced edge labeling f*: E(G)—{0,1} is given by

f*(e)=If(u)-f(v)|. Let V (0) and v, (1) be the number of vertices of G having labels 0 and 1 respectively under f and e . (0) , €,.(0) be the

number of edges having labels 0 and 1 respectively under f*.
Definition 2.6:

A binary vertex labeling of a graph G is called a Cordial labeling [7] if| v, (0) -V, (1)[<1 and | €,. (0) -€,. (1) [ 1. A graph G is Cordial

if it admits cordial labeling.
Definition 2.7:

An anti-magic labeling [6] of a finite simple undirected graph with q edges is a bijection from the set of edges to the set of integers { 1,2, ...,
q } such that the vertex sums are pairwise distinct, where the vertex sum at vertex u is the sum of labels of all edges incident to such vertex.

A graph with g edges is called anti-magic, if its edges can be labeled with 1, 2, 3...... q such that the sums of the labels of the edges incident to
each vertex are distinct.
Definition 2.8:
The Fish graph [2] is a special type of graph. It has the 6 vertices and 7 edges.
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Fish graph

3. Cordial Labeling for the family of Fish graph

Theorem 3.1:
The Middle graph of a Fish graph is a Cordial graph.
Proof:
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The number of vertices of the graph in Middle graph of a Fish graph is 13 and the number of edges of this graph is 25. Suppose the vertices are V; , where

i=1,2... 13.
lifiisprimeand 1
0 if i is not prime

Let f( vi):{

Vf (1) :(Vl,VZ,V31V51V71V11'V13)
(

Vi 0 :(V4'V6’V8’V9'v10’V12)

~—

)
|vf (1 | = 7,|vf (0)| =6
~Jvi (1) =v, (0) =11
Hence the induced edge labeling are

Let£*(v.v))= lifoneofiandjisprime and 1 and other is not
171 0 if both of i and j is either prime and 1 or other is not

~—

e (l) _ {VSLVB'VZVQ’V3V8'V3V10’V4V11'V6V13’
. -
V7v8 1 V7V9 ' v9V11 ' VlOVll 1 V11V12 1 V12V13
e (0) _ {V1V7 1 V2v7 ’V4V9 1 V4v10 ! v4V12 ! V5v11 1 V5Vl3’
i -
V6V12 ! V8V10 ! V9V10 ! V9v12 ! V10V12 1 v11Vl3
le- (D|=12.]e,(0)| =13
~Je. ()-e. (O)=1<1

Hence the middle graph of a Fish graph is a cordial graph.
Theorem 3.2:

The Total graph of a Fish graph is a Cordial graph.
Proof:

The number of vertices of the total graph of Fish graph are 13 and the number of edges of this graph are 32.

Suppose the vertices are V; , where i=1, 2... 13.
lifiisprimeand1
Letf(v)={ . = Pme
0 if i is not prime

V; (1) Z( 1,V2,V3,V5,V7,V11,V13)

Vi (0)=(V4’V6’V8'V9'v10’\/12)
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|vf (1)| = 7,|vf (0)| =6
~Jvi (1) =v, (0) =11
Hence the induced edge labeling are
. 1ifone ofiandj is prime and 1 and other is not
Letf (v,v))= . . . . .
0 if both of i and j are either prime and 1 or not

e (l) _ {VlVS ' V2V4 1 V2V9 ' V3V4 ' V3V8 1 v3v10 1 V4V5 1 V4V11’
£ -
VSVG 1 V6V13 ' V7V8 ' V7V9 1 V9V11 1 VlOvll ' V11V12 ’V12V13
e (0) _ {VlVZ 1 V1V3 ! VlV7 ! V2v7 ! V4V9 ! V4v6 ! V4v10 1 V4V12 !
f -
V5Vll ! V5V13 ! V6V12 1 V8V10 1 VQVlO 1 v9V12 ! V10V12 ! V11V13
le,- (1) =16,]e,- (0)| =16
. - =0 <
~Je. ()€, (O)[=0<1

Hence the total graph of a Fish graph is a cordial graph.
Theorem 3.3:

The Shadow graph of a Fish graph is a cordial graph.
Proof:

The number of vertices of the Shadow graph 0f Fish graph are 12 and the number of edges of this graph are 28.
Suppose the vertices are V; , where i=1, 2... 12.

1if i <6
0ifi >6
Vi (0) = (V4,5 V5V, Vs, Ve )
Vi (1) = (V7’V8'V9'V10’V111V12)

v ()| =6.|v, (0)|=6
~|vi (1) -v, (0)|=0<1
Hence the induced edge labeling are

. 0 if both i and j are either <6 or >6
Letf (viv)=1 . . . . .
lifoneofiandjis <6and otheris>6

Let f( vi):{
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e (1) _ {Vlvii ! V1V9 ! v2V7 1 V2V10 1 V3V4 ! V3V10 1 V4v8’
. -
V4V9 1 V4V11 1 V4V12 ' V5V10 1 VSV].Z ' V6V10 1 VGVZI.].

V7 V9 ! V8V10 ’ V9v10 ! VlOV VlOVlZ ! VllVJ.Z

AR VA AR VAV AR VAVERVAVARVAVARVAVARVAVAS
e.(0)=
11

le,- (1) =14[e,- (0)| =14
~Je. (-6 (O)=0<1

Hence the Shadow graph of a Fish graph is a cordial graph.

4. Anti-magic Labeling for Family of Fish graph

Theorem 4.1:
The middle graph of a Fish graph is anti-magic.
Proof:

The number of vertices of the middle graph of a Fish graph 8. Let them be V;, i= 1 to 13. The number of edges of the graph is 13. Select
vertex V, then find the vertices connected to V, . Suppose k vertices are connected to V; then the edges corresponding it, are labeled as V,V; =€ i =j
where j=1to k and priority is given to smaller i where i’s are among 1 to 13 vertices. Then go for the next vertex V, if k’ vertices are connected to V,

label the edges connected to it as V,V; = €; =j where j=k+1 to k+k’ and priority is given to smaller i where i’s are among 1 to 13 vertices. We end the

processes if all edges are labeled.

The number of vertices: 13

The number of edges: 25. They are

ViV, =€, ViV = €,, VoV = €5, VpVg =€, V3V =65,

VaVig = €6,V =€,V Vg = €, VyVyy = €4,V Vg, =€y,

VsViy = €1, VsVig = €15, VgVip = €13, VeVi3 = €y, V7V = €5,
VoVg = €45, VgVig = €17, VoVip = €15, VgVyy = €19, VgVy, = €y,
VigV1s = €515 VigVip = €094 Vg Vip = €53, Vg Vi = €54, Vo V3 = €55

Hence the sum of the labels of the edges incident to the vertices V; fori=1to 13 are 3, 7, 11, 34, 23, 27, 35, 39, 84, 22, 23, 24 and 25 respectively.

Thus the sums of the labels of the edges incident to each vertex are distinct. Hence the middle graph of a Fish graph is anti-magic.
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Theorem 4.2:
The Total graph of Fish graph is anti-magic.

Proof:

The number of vertices of the Total graph of Fish graph is 13. Let them be V; for i=1 to 13. The number of edges of the graph is 32.

The number of vertices: 13
The number of edges: 32. They are

ViV, =€, ViV =€, ViV, =8;,VVg =€,,V,V, =8, V,V, =8&,V,Vq =8,

V3V, = €5, V3V = €, VaVip = €9, VyVs = €5,V Ve = €15, VyVg = €13,V Vy =€y,

VyViy = €15, Vi, = €56, VsV = €7, VsVyy = €15, V5Vi3 = €9, VgV, =€y,

VeVig = €51, VyVg = €5;,V7Vg = €43, VgVig = €54, VoVyg = €55, VgVyy = €6,

VoVip = €47, VigViy = €4, VipVip = €39, ViyVip = €30, VpyViz = €31, VipVi3 = €5,

Let the edges €; be labeled by i for i=1 to 32.

Hence the sum of the labels of the edges incident to the vertices V; for i=1 to 13 are 10, 19, 29, 94, 65, 70, 54, 59, 121,130, 148, 154 and 103

respectively.
Thus the sums of the labels of the edges incident to each vertex are distinct. Hence the total graph of a Fish graph is anti-magic.

Theorem 4.3:
The splitting graph of a Fish graph is anti-magic.

Proof:

The number of vertices of the Total graph of Fish graph is 8. Let them be V; for i=1to 12. The number of edges of the graph is 21.
The number of vertices: 12

The number of edges: 21. They are

ViV, =€, ViV = €,,ViVg = €3,VVg =€,,V,V, = €5,V,V; =€, V,Vyy =8,
V3V, = €5, V3Vy =€, VaVyg = €1, VyV5 = €13, VyVg = €,,V, Vg = €3, V,Vg =€y,
VgV = €5, VyVy; = €45, VsV = €17, VsVyg = €15, V5Vy, = €19, VgVyg = €50, VeViy =€y
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Let the edges €; be labeled by i for i=1 to 12.
Hence the sum of the labels of the edges incident to the vertices V; for i=1to 12 are 10, 19, 29, 94, 65, 70, 15, 16, 18, 55, 36 and 35 respectively.

Thus the sums of the labels of the edges incident to each vertex are distinct. Hence the splitting graph of a Fish graph is anti-magic.

Theorem 4.4:
The shadow graph of a Fish graph is anti-magic.

Proof:
The number of vertices of the shadow graph of a Fish graph is 12.

Letthembe V;' fori=lto6and V;" for i=1to 6. The number of edges of the graph is 28.

Vs

89

The number of vertices: 12
The number of edges: 28. They are
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WV, =€, V,V, = €,,V,V; =5,V = €,,V,V, =€, V,V, =8,V,V, =€,

VoV = €5, V3V, = €4, V5V, == €0, V,V, = €1,V V3 =€,,V,V5 = €3,V V5 =€y,

V,Y,

s =&

151 V4V = €161 VsV, = €17, VsV = €15, VeV = €19, VgV, = €5, VeV = €,

ViV, = €5, ViV = €55, VoV, = €54, V3V, = €55,V Vs = €56,V Vg = €57, V5Vg = €5

Let the edges €; be labeled by i for i=1 to 28.

Hence the sum of the labels of the edges incident to the vertices Vi' for i=1to 6 and VI for i=1 to 6. are 10, 19, 30 96, 67, 74, 58, 59, 64, 156, 89 and
90respectively.

Thus the sums of the labels of the edges incident to each vertex are distinct. Hence the shadow graph of a Fish graph is anti-magic

5. Conclusion

In this paper we found the family of a Fish graph. Also we found that not all the graphs are accepting cordial labeling. As an example we proved that the
Splitting graph of a Fish graph is not cordial graph. And also we found the graphs which are anti-magic graphs. It is very interesting and challenging as
well to find these labeling for the family of a Fish graph which admit these labeling.
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