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Abstract

This paper states a new concept of highly D, —distance of irregular labeling fuzzy graphs and highly totally D,
—distance of irregular labeling fuzzy graphs with a path on four vertices, Barbell graph and a cycle of length > 4.
Some properties related to neighbourly totally D, —distance of irregular labeling fuzzy graphs , highly totally D,
—distance of irregular labeling fuzzy graphs and product fuzzy graphs are discussed with some special graphs. In
addition, some more properties and examples of these graphs are studied. The highly D, —distance of irregular
labeling fuzzy graphs and neighbourly D, —distance of irregular labeling fuzzy graphs are observed and viewed
for highly totally D, —distance of irregular labeling fuzzy graphs and neighbourly totally D, —distance of irregular
labeling fuzzy graphs.
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2. Preliminaries

Let G = (Ay,Ba) be a FG on G* = (N,A) for which the
membership function Ay : N — [0,1] and B4 : N X N —
[0,1]. Then the graph G is said to be a D, —distance of ir-
regular labeling fuzzy graph if the arcs and nodes of this
graph G have different assignment such that the following
conditions are satisfied. (1)B4(x,y) < Ay(x) AAn(y) for all
X,y € N; (2)Ba(x,y) < |An(x) —An(y)], if d(x,y) =1 and
(3)|Ba(x,y) —Ba(y,2)| < An(y), if d(x,z) =2, where y is a
node on the path connected by the nodes x and z. The graph
F(G) = (AN,BA) be a PFG then BA(x,y) < AN(X) XAN(y)
for all x,y € N .The degree of a node x in G[4] is defined as
d(x) = Y. Ba(xy) for all xy € A and total degree of a node x
in G[4] is td(x) = d(x) + Ay (x)Vx € N. If every nodes of G
is adjacent to the nodes with distinct degrees , then G is said
to be highly irregular fuzzy graph and if every nodes of G
is adjacent to the nodes with distinct total degrees, then G is
said to be highly totally irregular fuzzy graph . A graph G
is called neighbourly irregular fuzzy graph [5] if every two
adjacent nodes of the graph G has distinct degree and if every
two adjacent nodes has distinct total degrees then the graph
G[5] is said to be neighbourly totally irregular fuzzy graph.

3. The highly D, —distance of irregular and
highly totally D, —distance of irregular
labeling fuzzy graphs

Let G be a FG on G*. A graph G is said to be highly
totally Dp—distance of irregular labeling fuzzy graph , if every
node of G is adjacent to nodes with distinct total degrees
and if the nodes and arcs of this graph satisfies the following
conditions:

(1)Ba(x,y) <Ay (x) Ay (y) forall x,y € N 5 (2)Ba(x,y) <
AN (x) —An(y)|, if d(x,y) = L and (3) |Ba(x,y) — Ba(y,2)| <
An(), if d(x,z) = 2, where y is a node on the path connected
by the nodes x and z.

We are giving suitable examples for above definition.

Example 3.1. Let us consider a PFG, G on G*. Define
AN(S) = 0.3,AN(Z) = O.4,AN(M) = O.S,AN(V) = 0.6,AN(W) =
0.7,B4(s,t) =0.06,B4(t,u) =0.02,B4(u,v) =0.01,B4 (v,w)
0.03,B4(w,s) =0.04. Heretd(s) =0.4,td(t) =0.48,td(u) =
0.53,td(v) = 0.64,td(w) = 0.77 and (1)Ba(s,t) < An(s) A
An(t) for all s,t € N; (2) Ba(s,t) =0.06 < 0.3 = |[Ay(s) —
An(t), if d(s,t) = 1 and |Ba(s,t) — Ba(t,u)| = 0.04 < An(?)
ifd(s,u) =2.

Similarly, the above conditions are satisfied for the re-
maining nodes. So the graph G is a Dr—distance of irregular
labeling fuzzy graph. Now, every node of G is adjacent to
nodes with distinct total degrees . Hence the graph G is highly
totally Dy — distance of irregular labeling fuzzy graph .
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4. The highly D, — distance of irregular
labeling fuzzy graphs on a path with four
vertices

Theorem 4.1. Let G : (Ay,Ba) be a product fuzzy graph
such that G* : (N,A) is a path with four vertices and B4 is a
constant function , then the graph G is a highly D, — distance
of irregular labeling fuzzy graph.

Proof. Assume that G is a product fuzzy graph then By (x,y) <
An(x) xAn(y) forall x,y € N, and Ay (x),An(y) € [0,1]. Now,
BA(x.y) <Ay (¥) AAN(7):Ba(x.y) < JAy (x) ~ Ay () it d x,)
= 1and |Ba(x,y) —Ba(y,2)| < An(y) if d(x,z) = 2 for all x,y
and zin A, where y is a node on the path connected by the two
nodes x and z . Clearly all the conditions of D,—distance of
labeling fuzzy graphs are satisfied by such a PFG. So G is a
D,—distance of labeling fuzzy graph. Also every node of G is
adjacent to nodes with distinct degrees . Hence the graph G
is highly D,— distance of irregular labeling fuzzy graph . But
By is a constant function. O

Theorem 4.2. Let G be a product fuzzy graph such that G* is
a path with four vertices. If each nodes and arcs of the graph
G assigns a distinct membership values, then the graph G is a
highly totally Dr—distance of irregular labeling fuzzy graph.

Proof. Let G be a product fuzzy graph such that G* is a path
with four vertices , then B4 (x,y) < Ay (x) X Ay(y) forallx,y €
N. If each nodes and arcs of the graph G assigns a distinct
membership values then, B4 (x,y) < Ay (x) AAn(y),Ba(x,y) <
|An(x) —An(y)], if d(x,y) =1 and |Bs(x,y) — Ba(2)| <
An(y) if d(x,z) = 2. Also, td(x) = d(x) + An(x)Vx € N and
every nodes of G is adjacent to nodes with distinct degrees .
Hence the graph G is a highly totally D, — distance of irregular
labeling fuzzy graph. O

Theorem 4.3. Let G be a product fuzzy graph such that G* is
a path with four vertices. If the membership value Ay is not
constant. Then the graph G is a highly totally D,—distance of
irregular labeling fuzzy graph.

Proof. Let G be a product fuzzy graph such that G* is a
path with four vertices, then B4 (x,y) < Ay (x) x Ay(y) for all
x,y € N. Hence, if the membership values Ay is not constant
then all the condition of the D, — distance of labeling fuzzy
graph will be satisfied by such a product fuzzy graph and
every node of G is adjacent to nodes with distinct total degrees.
Hence the graph G is a highly totally D,— distance of irregular
labeling fuzzy graph. O

Remark 4.4. Let G be a PFG such that G* is a path with
four vertices. If each arcs of the graph assign a distinct
membership values then the graph G is highly totally irregular
FG. But it is not D, — distance of labeling fuzzy graph.
For example:

Let us consider a PFG, G on G* with a path on four ver-
tices. Define An(s) = 0.3,An(1) =0.3,Ax(u) =0.3,Ax(v) =
0.3,B4(s,t) =0.06,B4(t,u) =0.12,B4(u,v) =0.02. The graph
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G is highly totally irregular FG, since every nodes of G is
adjacent to nodes with distinct total degrees. But it is not
D, — distance of labeling fuzzy graph, since every nodes of
G is not satisfied the condition, Bs(s,t) < |An(s) —An(t)|, if
d(s,t)=1.

Theorem 4.5. Let G be a product fuzzy graph such that G* is
a path with four vertices. If the middle arc of the membership
value is less than the membership value of remaining arcs,
then the graph G is a highly Dr—distance of irregular labeling
fuzzy graph.
For example:

Let us consider a PFG, G on G* with a path on four ver-
tices. Define Ay(s) =0.3,Ay(t) = 0.4, Ay(u) =0.5,An(v) =

0.6,B4(s,t) =0.03,B4(t,u) =0.02,B4(u,v) =0.03. The graph

G is highly irregular D, — distance of labeling F G, since every
nodes of G is adjacent to nodes with distinct degrees.

Remark 4.6. Let G be a product fuzzy graph such that G* is
a path with four vertices. If the middle arc of the membership
value is less than the membership value of remaining arcs,
then the graph G is a highly totally Dr—distance of irregular
labeling fuzzy graph.

Theorem 4.7. Let G be a product fuzzy graph such that G*
is a path with four vertices. If the alternate arcs have same
membership values, then the graph G is a highly Do—distance
of irregular labeling fuzzy graph.
For example:

Let us consider a PFG, G on G* with a path on four ver-
tices. Define Ay(s) =0.3,An(t) =0.4,Ay(u) =0.5,Ax(v) =

0.6,B4(s,t) =0.03,B4(t,u) =0.02,B4(u,v) =0.03. The graph

G is highly irregular D, — distance of labeling F G, since every
nodes of G is adjacent to nodes with distinct degrees.

Remark 4.8. Let G be a product fuzzy graph such that G*
is a path with four vertices. If the alternate arcs have same
membership values, then the graph G is a highly Do—distance
of irregular labeling fuzzy graph.

5. The highly D, — distance of irregular
labeling fuzzy graphs on Barbell graph

Theorem 5.1. Let G: (Ay,Ba) be a PFG such that G*: (N,A)
is a Barbell graph B,, , of order 2n. If By is a constant function,
then the graph G is a highly D, — distance of irregular labeling
FG.

For example:

Let us consider a PF G, G on G* is a Barbell graph. Define
AN(S) = 0.37AN(Z‘) = 04,AN(M) = O.S,AN(V) =0.6,Ay (W) =
0.7,B4(s,t) =0.02,B4(t,u) =0.02,B4(t,v) =0.02,B4(v,w) =
0.02,B4(v,x) = 0.02. The graph G is highly D, — distance of
irregular labelling F G, but B, is a constant function.

Theorem 5.2. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a Barbell graph. If Ba is a constant function, then the graph
G is a highly totally D, — distance of irregular labeling FG.
For example:
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From the above example, G is a highly totally D, — dis-
tance of irregular labeling FG.

Remark 5.3. Let G : (An,Ba) be a PFG such that G* : (N,A)
is a Barbell graph. Then the graph G is a neighbourly totally
D, — distance of irregular labeling F G.

Theorem 5.4. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a Barbell graph. If the pendant edges have the same mem-
bership values less than (or) equal to membership values of
the middle edge, then the graph G is not neighbourly D, —
distance of irregular labeling fuzzy graph.

For example:

Let us consider a PF G, G on G* is a Barbell graph. Define
AN(S) = 0.3,AN(I) = OS,AN(M) = O.6,AN(V) = O.S,AN(W) =
0.9,B4(s,t) =0.02,B4(t,u) =0.02,B4(¢,v) =0.03,B4 (v,w) =
0.02,B4(v,x) = 0.02. The graph G is not neighbourly D, —
distance of irregular labelling F G.

Remark 5.5. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a Barbell graph. Then the graph G is neighbourly totally
D, — distance of irregular labeling fuzzy graph.

Remark 5.6. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a Barbell graph. Then the graph G is a highly totally D, —
distance of irregular labeling fuzzy graph.

Remark 5.7. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a Barbell graph. Then the graph G is not a highly D, —
distance of irregular labeling fuzzy graph.

6. The highly D, — distance of irregular
labeling fuzzy graphs on a cycle with
some specific membership function

Theorem 6.1. Let G: (Ay,Ba) be a PFG such that G* : (N,A)
is a cycle of length > 4. If By is a constant function, then the
graph G is not neighbourly D, — distance of irregular labeling
FG.

For example :

Let us consider a PFG, G on G* is a cycle of length
> 4. Define Ay(s) =0.3,An(t) = 0.5,An(u) = 0.6,Ay(v) =
0.8,B4(s,t) =0.03,B4(t,u) =0.03,B4(u,v) =0.03, B4 (v,5) =
0.03. The graph G is not neighbourly D, — distance of irregu-
lar labeling FG.

Remark 6.2. Let G: (Ay,Ba) be a PFG such that G* : (N,A)
is a cycle of length > 4. If B4 is a constant function, then the
graph G is not highly D, — distance of irregular labeling FG.

Remark 6.3. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a cycle of length > 4. If By is a constant function, then the
graph G is highly totally D, — distance of irregular labeling
FG.

Remark 6.4. Let G : (Ay,Ba) be a PFG such that G* : (N,A)
is a cycle of length > 4. If Ba is a constant function, then
the graph G is neighbourly totally D,— distance of irregular
labeling FG.
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Theorem 6.5. Let G be a product fuzzy graph such that G* is
a cycle of length > 4. If the alternate arcs have same mem-
bership values, then the graph G is not a highly Dr—distance
of irregular labeling fuzzy graph.

For example:

Let us consider a PFG, G on G* is a cycle of length
> 4. Define Ay(s) =0.4,An(t) =0.5,An(u) = 0.6,An(v) =
0.8,B4(s,t) =0.03,B4(t,u) =0.02,B4(u,v) =0.03,Ba(v,5) =
0.02. The graph G is not highly D, — distance of irregular
labeling FG.

Remark 6.6. Let G be a product fuzzy graph such that G*
is a cycle of length > 4. If the alternate arcs have same
membership values and if Ay is a constant function, then
the graph G is not a highly totally Dy—distance of irregular
labeling FG.

Remark 6.7. Let G be a product fuzzy graph such that G* is
a cycle of length > 4. If the alternate arcs have same member-
ship values, then the graph G is a highly totally Dr—distance
of irregular labeling FG.

Theorem 6.8. Let G be a product fuzzy graph such that G* is
a cycle of length > 4. If the alternate arcs have same member-
ship values, then the graph G is not neighbourly Dy—distance
of irregular labeling fuzzy graph.

Remark 6.9. Let G be a product fuzzy graph such that G*
is a cycle of length > 4. If the alternate arcs have same
membership values, then the graph G is neighbourly totally
Dr—distance of irregular labeling fuzzy graph.

7. Conclusion

In this paper, a new idea of the highly D, — distance of ir-
regular labeling fuzzy graph and neighbourly D,—distance of
irregular labeling fuzzy graph are compared through some
special graphs such as Barbell graph, a cycle of length > 4
and a path on four vertices. Some various properties of highly
D, — distance of irregular labeling fuzzy graphs and neigh-
bourly D,—distance of irregular labeling fuzzy graph are stud-
ied through various examples and the results are examined
for highly totally D, — distance of irregular labeling fuzzy
graphs and neighbourly totally D,—distance of irregular label-
ing fuzzy graph.
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