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Abstract- In this work we illustrate how fuzzy if-then rules can
be used for fuzzy Petersen graph. Basic results and its
characteristics of fuzzy graphs are introduced. Further we
introduced the results based on fuzzy if-then rule which is
applied on fuzzy Petersen graph version of classical graph
theory.
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Index Terms- Fuzzy if-then rule, Fuzzy Petersen graph.
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I. INTRODUCTION

F

uzzy systems based on fuzzy if-then rules have been
successfully applied to various theorems in the field of fuzzy
control. Fuzzy Rule based system has high comprehensibility
because human users can easily understand the meaning of each
fuzzy if-then rule through its linguistic interpretation.
Graph theory has numerous applications to problems in
system analysis, operation research, transportation and
economics. In many cases, however some aspects of a graph
theoretic problem may be uncertain. For example the vehicle
travel time or vehicle capacity on a road network may not be
known exactly. In such cases, it is natural to deal with the
uncertainty using fuzzy set theory.
The concept of a fuzzy graph is a natural generalization of
crisp graphs, using fuzzy sets, and in many cases the extension
principle. Our exposition of fuzzy graphs, given by Rosenfeld
[Zadeh et al., 1975].
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Fig 1: G

Let

V={1,2,3,4} and
X={(1,2),(1,3),(1,4),(2,3),(2,4),(3,4)}
G=(V, E) is a (4,6) graph.
Definition 2.2: The Petersen graph G is the simple graph
with 10-verties and 15-edges. The Petersen graph is most
commonly drawn as a pentagram inside with five spokes. It is
called a Petersen graph.
Example 2.2:
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II. BASIC CONCEPTS
Definition 2.1: A graph G consists of a pair G:(V, E) where
V(G) is a non-empty finite set whose elements are called points
or vertices and E(G) is a set of unordered pairs of distinct
elements of V(G). The elements of E(G) are called lines or
edges of the graph G.
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Fig 2: Petersen Graph
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It is set of vertices {v1,v2,v3,v4,v5,v6,v7,v8,v9,v10}
It is set of edges
{e1,e2,e3,e4,e5,e6,e7,e8,e9,e10,e11,e12,e13,e14,e15}.

Definition 2.5: When a vertex σ(ui) is an end vertex of some
edges µ(ui,vj) of any fuzzy graph G:(σ,µ), then σ(ui) and µ(ui,vj)
are said to be incident to each other.

Definition 2.3: Let V be a non-empty set. A fuzzy graph is
a pair of functions G:(σ, µ) where σ is a fuzzy subset of V and µ
is a symmetric fuzzy relation on σ.
i.e. σ:V [0,1] and µ:V×V
[0,1] such that µ(u,v ) ≤ σ(u) ˄
σ(V) for all u,v in V.

Example 2.5:

u
(u 2,

a(1)

5,

5)

µ

σ(u2)
0.5

σ(u5) µ
(u
µ(u3, u5)

µ(u1, u2)

Example 2.3:
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Fig 5: Incident Graph
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(u1,u2), µ(u2,u3) and µ(u2,u5) are incident on σ(u2).
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Fig 3: Fuzzy Graph
µ(a,b)=.5, µ(b,c)=.5, µ(c,d)=.25, µ(d,a)=.25 and σ ={1,.75,1,.25}.

Definition 2.5: The degree of any vertex σ(ui) of a fuzzy
graph is sum of degree of membership of all those edges which
are incident on vertex σ(ui) . And is denoted by d(σ(ui) ).
Example 2.5:
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µ(u2,u3)=0.6

σ(u3)=0.9
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Fig 6: G
Degree of vertex σ(u2) =
degree of membership of all
those edges which are incident on a vertex σ(u2)
=
µ(u1,u2)+µ(u2,u3)
=
0.4+0.6=1.0
i.e. d[σ(u2)] = 1.0
Definition 2.6: A fuzzy rule is defined as a conditional
statement in the form:
IF x is A THEN y is B
Where x and y are linguistic variables; A and B are linguistic
values determined by fuzzy sets on the universe of discourse x
and y respectively. The If-part of the rule "x is A" is called the
antecedent or premise. Then-part of the rule "y is B" is called the
consequence or conclusion.

Degree of Membership µ(x)

0

σ(u2)=0.7
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Example 2.4:
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Definition 2.4: The membership function values need not
always be described by discrete values. Sometimes, these turn
out to be as described by a continuous function. The most
commonly used range of values of membership functions is the
unit interval[0,1].
In this case, each membership function maps elements of a
given universal set X, which is always a crisp set, into real
numbers in [0,1]. The following two types of notations
commonly used to denote the membership function.
1. The membership function of a fuzzy set Ã is denoted by
µÃ, i.e.,
µÃ : X [0,1].
2. The membership function of a fuzzy set Ã has the
following form
Ã : X [0,1].
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Fig 4: Continuous membership function for
“COOL”

Example 2.6:
a) If pressure is high, then volume is small.
b) If the road is slippery, then driving is dangerous.
c) If an apple is red, then it is ripe.
d) If the speed is high, then apply the brake a little.
I. Application of Fuzzy If-Then Rule
Theorem 3.1: Let £ be a residuated lattice on [0,1] and a
structure S be given by (X,Y,{Ai, Bi}i=1,…,n,, £ , °). Let,
www.ijsrp.org

International Journal of Scientific and Research Publications, Volume 4, Issue 8, August 2014
ISSN 2250-3153

moreover, the t-norm * be a continuous Archimedean t-norm
with a continuous additive generator g. A fuzzy function
FR: (X)
(Y) realizes GMP in the structure S with respect
to fuzzy IF-THEN rules if and only if

3
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Theorem
3.2
(Main
Theorem):
Let
S
=
(X,Y,{Ai,Bi}i=1,…,n,,£, °) be a structure. A fuzzy function
FR: (X)
(Y) is a model of fuzzy IF-THEN rules
(x,y) are R
x is A
ᵒ
y is AᵒR
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Proposition3.3: The rule “Single-input-single-output
approximate reasoning model:
Rule: If X, then Y.
Premise: X',

where X, X', Y, Y'
LFp. If Y⊆X and X is
-i type
consistent with respect to (
, then the above rule is
(
-i type representable in Lvpl.
Theorem 2.1: In fuzzy Petersen graph
(vi)] =2
(ui,vi+1) Twice the sum of degree
of membership of (ui,vi+1).where σ(vi) is degree of all vertices vi
and µ(ui,vi+1) is degree of membership ui,vi+1 E.
Proof: Since G:(σ,µ) is a fuzzy Petersen graph of the graph
G:(V,E), then consider 10-verties σ(v1), σ(v2),…, σ(v10) of fuzzy
Petersen graph G:(σ,µ).
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in the structure S if and only if it realizes GMP in S with
respect to all fuzzy IF-THEN rules.
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Fig 7: Fuzzy Petersen Graph

Rule1:
If add the membership grade of edges which are incident on
any degree of vertex σ(ui), then the corresponding membership
values of vertices vary.
Example:
d[σ(v1)] = 0.4+0.5+0.1 = 1.2
d[σ(v2)] = 0.1+0.4+0.1 = 0.7
d[σ(v3)] = 0.1+0.1+0.3 = 0.6
d[σ(v4)] = 0.1+0.1+0.2 = 0.5
d[σ(v5)] = 0.1+0.4+0.7 = 1.7

d[σ(v6)] = 0.7+0.3+0.1 = 0.6
d[σ(v7)] = 0.5+0.2+0.2 = 1.1
d[σ(v8)] = 0.6+0.3+0.4 = 1.4
d[σ(v9)] = 0.1+0.2+0.3 = 0.7
d[σ(v10)] = 0.2+0.2+0.6 = 1.1

Rule2:
If sum of the membership grade of the degrees added, then
we get the sum of the membership grade of the edges.
Example:
(vi)] = 1.2+0.7+0.6+0.5+1.7+0.6+1.1+1.4+0.7+1.1
= 8.6
Since each edges are incident on two vertices then by the
definition of degree of any vertex of fuzzy Petersen graph, the
sum of the degree of vertices in fuzzy Petersen graph G:(σ,µ) is
twice the degree of membership of edges in G :(V,E).
Rule3:
If add all the membership grade of edges increased, then the
sum of membership values of edges increased.
Example:
(ui,vi+1)
= 0.1+0.1+0.1+0.1+0.4+0.7+0.5+0.4+0.3+0.2+
0.3+0.6+0.2+0.2+0.1
= 4.3
Rule4:
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If the sum of the degree of vertices occurs, then it is equal to
twice the degree of membership values of edges.

[8]

Example:
(vi)] = 2

[7]

(ui,vi+1)

Hence, proved the theorem.
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III. CONCLUSION
We have discussed the Petersen graph and degree of every
vertex of fuzzy Petersen graph. The fuzzy If-Then Rules are also
discussed. Finally fuzzy if-then rule applied on fuzzy Petersen
graph with different characteristics.
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