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Abstract

The questions of isomorphism degree
estimation of fuzzy graphs are discussed in
this paper. The definition of independent
fuzzy set of fuzzy graph is presented. The
estimation method of isomorphism degree
of fuzzy graphs is suggested and proved.
The example of isomorphism degree
estimation is considered.
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1 Introduction

A graph isomorphism search isimportant problem of
graph theory. It consists to define of bijective
correspondence existence which preserve adjacent
relation between vertex sets of two graphs [7]. In a
case of fuzzy graphs the notion of isomorphism is
fuzzy.

We consider fuzzy grephs [5] G =(X, U _) and
G,=(Y, U, ), where X and Y are sets of vertices
Ty ={<unl,x, )/(5,x, 2 |(6,x,)0 X7} and

U={<p,v.y /Oy, P |,y )0Y} ae
fuzzy sets of edges with membership functions
U X?-[0,4] and py:Y*-[0,]. Let numbers of
vertices coincide (| X|=]Y]=n).

Lee @ ={F:X-Y} be a set of al bijective
correspondences which may be define on the set
XxY.
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Definition 1[3]. A value
J=max & &—(/UX(xi’xj) © /UY(yi’yj))

O FO® j=1,n j=l,n
is caled an isomorphism degree of fuzzy graphs
G, and G, .
A task of search degree isomorphism is NP-
complete task as since | ®|=n!
Here & is conjunction operation, which is defined as
a&b=min{ab}. Operation ~ is equivalence
operation, which is defined as
a - b=(a - b)&(b - a)- Opedtion —
is implication operation, which has property 0-b=1
(falsity implies anything) [4]. In Lukasiewicz logic it
isdefinedas g _, b :min{l)l -a +b}
Crisp graphs may be consider as fuzzy graphs which
have membership functions equa O or 1
Consequently, their isomorphism degree f may be 0
or 1 aso. If f=1, then crisp graphs are isomorphous.
If f=0, then crisp graphs aren’t isomorphous.
Crisp graphs are defined some invariants
independent number, dominating vertex number,
chromatic number and others [6]. If crisp graphs are
isomorphous (f=1), then their invariants coincide. If
invariants don’'t coincide, then crisp graphs aren’t
isomorphous (f=1)
When we deal with fuzzy graphs, their invariants are
fuzzy values also. A task of fuzzy invariants
influence on degree isomorphism of fuzzy graphs
arises in this case. A correlation between
isomorphism degree and independent fuzzy sets of
fuzzy graphsis considered in this paper.



2 Isomorphism degree estimation

Consider a fuzzy subgraph (N;X‘:(X“ (74“ )» where
XX, |Xi|=k (k =1,n).

Definition 2 [1]. A value a, :1‘{%\?5/1_\»(35,-,%)
is called an independence degree of fljzzy subgraph
G, .

Definition 3 [1]. A subset of vertices X«[JX of fuzzy
graph 5){
vertex set with degree a’x, , if the condition
a'’, <a’x, istruefor al X' [MX.
Wedefineas g = max{a’.a:,..,

,...,q’ ae the degrees of maximal fuzzy

is caled a maximal fuzzy independent

a’ ) where
X}

CY CY

mdependent vertex sets, which have k elements. A
volume O means that fuzzy graph G =(x, U )
includes a fuzzy subgraph with k vertices and with

max

independent degree CY and it doesn’'t include any

subgraphs more than k vertlces and with independent
degree more than ay

Definition 4, A fuzzy set
4 ={<a™/1><a™/2>,. . <a™/n>y 1S cdled
an independent fuzzy set of fuzzy graph G .
Property 1. The followi ng proposition istrue:
lza™za™ 2..2a0" 20-

max

Volume a equals 1 |f set X doesn’t contain any

vertices Wlth loop, and volume a)“(“ equals O if set

U, contains an edge with membership function
equals 1.

We consider a some hijective correspondence
F : X - Y betweenvertex setsXand Y. Let f be
an isomorphism degree of fuzzy graphs

G=x0U ) ad G=Y,U,) Le f be an
isomorphism  degree of fuzzy  subgraphs
G =X, U, )adG = U, )
Property 2. The following proposition is true:

Ok =1,m)(f; 2 f)-
Proof. We renumber vertices of sets X and Y. We
mark vertices of subsets Xk and Yk as 1,2,...,k and

vertices of subsets X\Xx and \Yx as k+1, k+2,...,n
Then the degree of isomorphism may be write as:

f- & & (s

i=l,n j=1

= & (ﬂx(x X ) e uy(Vy; D&
A&f (/”X(xwx ) o /”Y(yny ))&
& & (/Z’X(xwx ) o /UY(yVy )) =

+l,n j=l,n

=k
fk&l&—n & (py(x, X ) N /”Y(y,:y ) &

j=k+1,n

& & (py(x;,x, ) « /UY(yuy NEVIT

i= k+l n j=l,n
Property 2 is proved.
Property 3. Let a, and a, be an independence

X(xx)“’/uy(yy))_

degrees of fuzzy subgraphs éy and éy . Then
following proposition is true: h ‘

Ok =L@y, - a,)2f) @
If a, and a, ae an independence
degrees, then there are some vertices x,,x, L X,

for which a, =1-p,(x,x,), and there are

Yy ==ty (315,).
This caseis presented in Figurel.

Proof.

some y,,y, UY,, for which a

Gy Gy

Figure 1: Exampleof case o, =1— U, (x,,x,)
Ye ==ty (155,)

We consider two cases.
Case 1. Vertex y; corresponds vertex x;, (F(X)=Y1),
vertex y, corresponds vertex X, (F(X2)=y.). Then the

volume f may be eslimate as.
S S(,lek (x1,x,) < Hy, (Vis2,)) =
:(l_an) © (l_aYk):an
Case 2. Vertex ' corresponds vertex X
(F(x,)=y/) vertex ', corresponds vertex X
(F(x,)=y!) but yi 2y and (o) y,Zy,.

and 0

o aYk



Then the expression 11 (y,,y,) 2 [, (y/,y.) is
true. Hence we have ¢ =1 — uy(yl’,y;) >0a, -

This caseis presented in Figure 2.

———

Figure 2: Exampleof case y, # y, and v, Z y,
We consider two cases again.
Case 21. The following proposition is true
@y, ~ay)z(@y - t") . Then volume f
may be estimate as:
Je S (x5%)) o (75 05))=
—(1— Yy — Y —
=(-a, ) - (1~t")=a, «t'=

:an o a}?{
Case 2.2. The following proposition istrue

(axk < ayk)<(axk < tY)- )
Let vertices V.V, [] Yk correspond  vertices
x,xOX, ,(F'(y)=x ad F7'(y,)=x)
Then u (x,,x,)=2 l,[x(xl',x;) is true and we
may write

t"=1-p . (x,x)za, - ©)

Proposition (2) involves a, « a, >t* o a,
by condition (3). In this case volume f may be
estimate as:

e Sy (x, %)) o MV, 0,)) =

=(1-t") » (I1-a,) =
=t" - a, <0, o a,
The property 3isproved for any k = 171
Let ZX ={<d):“‘/1>,<a'):l"*/2>,...,<0{";l“‘/n > and

4 =<am/1><a™/2>,..<a™  n>) be

independent fuzzy sets of fuzzy graphs G + and (N}Y

correspondingly, and f be an isomorphism degree of
these fuzzy graphs.
Property 4. The following proposition is true:

fs&@r o ar) €)

Proof. Let G =(x,, 07, ) ad G =y, 0, ) be

some fuzzy subgraphs with independence degrees
a™ and a™ correspondingly. We consider two

Ccases.
Case 1. Subset Yy corresponds to subset Xy
(F(X ) =1Y) Thiscaseis presented in Figure3.

Figure 3: Example of case F(x ) =Y

Then we can write f < fk < (ax - a:ax) on

the base of properties 2 and 3.

Case 2. Subset Yk doesn’t correspond to subset Xy
(F(Xk) =Y'# Yk)' This case is presented in
Figured.

Figure 4: Example of case FX)=Y'#Y
Then independence degree a; of fuzzy subgraph
G!=(Y'U! ) may beesimateas q' < g™ . We

also consider two cases.

Case 21. The following proposition
@™ - ap™)z @y - ay).

isomorphism degree may be estimate as:

is true
Then



fsfga” o a, <a™ - a”-
Case 2.2. The following proposition istrue
@y o ap™)<(@y™ - a,). (5

Let subset X, corresponds to  subset Y,
(F(X!)=Y,) Letg' beanindependence degree

I

of subset X, . Then we write

a <am- (6)
Proposition 5 involves inequality
max o a;l:ax ) < (ai\/,\

@y o ap™) by condition (6).
In this case isomorphism degree may be estimate as:
fsf < a;,A carmsalT o 0"

Property 4 is proved because we consider all cases.

Example. Estimate of isomorphism degree of the
fuzzy graphs, shown in the Figure 5.

Figure 5: Example of fuzzy graphs @\v and é)v

Independent fuzzy sets of these fuzzy graphs are
defined as 4 ={<1/1>,<1/2>,<0,7/3><0/4>}

~

and A4 ={<1/1><09/2><06/3><02/4>}.
Then isomorphism degree is estimated as:
s & @7 o a;7)=

=min(l - 151 « 0,9;0,7 ~ 0,6;
0 - 0,2) =0,8.

Hence, we may assert that isomorphism degree of
these fuzzy graphs will not be larger then 0,8.

3 Conclusion

Proven proposition (4) allows estimate a possible
Isomorphism degree of fuzzy graphs by fuzzy
independent sets. It is necessary to remark that the
estimate of isomorphism degree may be receive by
another invariants of fuzzy graphs, such as
dominating vertex sets, fuzzy graph kernels [1],
fuzzy chromatic set [2].
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