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[somorphism on Fuzzy Graphs

A.Nagoor Gani and J.Malarvizhi

Abstract—In this paper, the order, size and degree of the nodes
of the isomorphic fuzzy graphs are discussed. Isomorphism between
fuzzy graphs is proved to be an equivalence relation. Some properties
of self complementary and self weak complementary fuzzy graphs
are discussed.

Keywords——complementary fuzzy graphs, co-weak isomorphism,
equivalence relation, fuzzy relation, weak isomorphism.

L. INTRODUCTION

THE concept of fuzzy relations which has a widespread

application in pattern recognition was introduced by
Zadeh in his classical paper in 1965. P. Bhattacharya in [1]
showed that a fuzzy graph can be associated with a fuzzy
group in a natural way as an automorphism group. K.R
.Bhutani in [2] introduced the concept of weak isomorphism
and isomorphism between fuzzy graphs. In this paper some
properties of isomorphic fuzzy graphs are discussed.

II. PRELIMINARIES

A fuzzy graph with S as the underlying set is a pair
G:(o,u)where o:S5—[0,1]is a fuzzy subset,
1S xS —[0,1] is a fuzzy relation on the fuzzy subset o,
such that ((X,y) < o(X)Ao(y) VX,y €8S.
Throughout this paper S is taken as a finite set.
sup p(o) ={u/o(u)>0}}
andsup p(u) = {(u,v)/ p(u,v) > 0}. For the definitions
that follow let G : (o, ) and G': (o', ") be the fuzzy
graphs with underlying sets S and S' respectively.

Definition 2.1 [6] : Given a fuzzy graph G : (o, 1) with
the underlying set S, the order of G is defined and denoted
as p = ZO‘(X) and size of G is defined and denoted as

xeS§

q= Y u(x,y)

x,yeS
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III. ISOMORPHISM —BASIC PROPERTIES

Definition 3.1 [2]: A homomorphism of fuzzy graphs
h:G—> G is a mp h:S—>S5'
o(x) < o'(h(x))Vx € S and

p(x, ) < p'(h(x),h(y))Vx,y € S

Definition 3.2[2]: A weak isomorphism#%: G — G’ isa
map, #:S — S which is a bijective homomorphism that
satisfies o(x) = o'(h(x))Vx € S.

Example 3.3: Let G : (o, 1) andG": (o', it") be the

which satisfies

fuzzy graphs with underlying sets S = {a,b,c} and
S'={d',b',c'} wherea : § —[0,1],
1:SxS—>[01]10":8" —>[0,1], 4" :8"xS" —[0,1]
are defined as o(a)=1/2,0(b)=1/4,0(c) =1/3;
u(a,b)=1/5, u(b,c)=1/5, u(a,c) =1/4;
o'(a)=1/2,06'(b")=1/4,0'(c")=1/3 and
(B =14, 1) = Y4, ey =13
Defining/2: S — S"ash(a) =a’, h(b)=b",
h(c) =c' thish is a bijective mapping satisfying
o(x)=0oc'(h(x))Vxe S
p(x,y) < ' (h(x), h(y)Vx,y €S .
Fig. 1(a) is weak isomorphic to Fig.1(b)
c(1/3) ' (1/3)
1/4

1/4 1/3

a(l2) Vs b(1/4) a(12) 14 b (1)

@ G: (o, u) (b G- (o', u
Fig. 1 Weak Isomorphism

Definition 3.4 [2]: A co- weak isomorphism#%: G — G’
is amap, h:S — S' which is a bijective homomorphism
that satisfies £(x, y) = ¢'(h(x), h(y))Vx,y € S .

Example 3.5: LetG: (0, 4 )and G': (0!, 11") be the
fuzzy graphs with underlying sets S and S’ respectively with
S ={a,b,c} and S'={a',b’,c'} where o:8 —[0,1],
u:Sx8S—>[0]1]1c":8" —[0]1], 1 :8" xS —[0,1]
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are defined aso(a)=1/3 , o(b)=1/2, o(c)=1/4;
wlab) =1/3, pbe) =1/5 u(a,c) = 1/4;
o'(a)=1/2,0'(b")=1,0'(c") =1/4 ;and

p(a o) =1/3,u'(b',c)=1/5,4'(a',c") =1/4;
Defining £:S — S as h(a)=a' ,h(b)=b" h(c)=c";

This h is abijective mapping satisfying
o(x)<o'(h(x))Vxe S

p(x,y) = p'(h(x),h(y))Vx,y € S

so that Fig 2(a) is co-weak isomorphic to Fig 2(b).

C(1/4) c' (1/4)

1/4 13 '
1/4

a(1/3) 1/3 b(1/2) 212 153 b (1)

(@ G: (o, i) (®) G: (o', 1)
Fig. 2 Co-weak Isomorphism
Definition 3.6/2]: An isomorphism 4 : G — G' is a map
h:S — S whichis bijective that satisfies
o(x)=0c'(h(x))Vxe S

u(x,y) = p'(h(x),h(y)Vx,y € S
We denote itas G= G'.

Remark 3.7

1. A weak isomorphism preserves the weights of the nodes
but not necessarily the weights of the edges.

2. A co- weak isomorphism preserves the weights of the
edges but not necessarily the weights of the nodes.

3. An isomorphism preserves the weights of the edges and
the weights of the nodes.

4. An endomorphism of a fuzzy graph G: (o, ) is a
homomorphism of G to itself.

5. An automorphism of a fuzzy graph G: (o, ) is an
isomorphism of G to itself

6. When the two fuzzy graphs G & G' are same the weak
isomorphism between them becomes an isomorphism and
similarly the co-weak isomorphism between them also
becomes isomorphism.

In crisp graph, when two graphs are isomorphic they are of
same size and order. The following theorem is analogous to
this.

Theorem 3.8: For any two isomorphic fuzzy graphs their
order and size are same.

Proof: If h:G — G’ is an isomorphism between the fuzzy
graphs G & G' with the underlying sets S & S' respectively

then o(x) = o'(h(x))Vx e S
p(x,y) = p'(h(x),h(y))Vx,y € S

(i) order (G)= D o(x) = »_ 0" (h(x)) = order (G

xe8§ xeS
(i)Size (G)= D pu(x,y)= Y. 1" (h(x),h(y)) = Size(G")
x,yes x,yes

Corollary 3.9: Converse of the above theorem need not be
true.

Example 3.10: Consider the fuzzy graphs G and G' with
underlying sets S and S' as S= {a, b, ¢, d}, S'= {a", b, ¢, d'}
o(x)=1Vxe S, u(a,b)=0.25, u(b,c)=0.5, u(c,d)=
025 o'(x)=1Vxe S, u'(a',b")=0.75, 1'(b',c") =0.125,
1'(b',d")=0.125. In these two graphs p = 4, q =1. But G is

not isomorphic to G'.

d(1) c(1)
a(l) d(1)

125

a(y .75 b(1)
b(1) 5 (1)

(@ G:(o, u) (b) G: (o', 1"
Fig. 3 Graphs of same order and size but not isomorphic
Remark 3.11: If the fuzzy graphs are weak isomorphic then
their orders are same. But the fuzzy graphs of same order need
not be weak isomorphic.
Example 3.12:

a(l) 5 b(.75) a'(.75) 75 b (.75)
5
25
5
d(25) 25 (1) d'(75 .75 ¢ (75)
@ Gi(o,p) (b) G (o, p)

Fig. 4 Graphs of same order but not weak isomorphic

The above two fuzzy graphs are of order 3 but they are not
weak isomorphic.

Remark 3.13: If the fuzzy graphs are co-weak isomorphic
their sizes are same. But the fuzzy graphs of same size need
not be co-weak isomorphic.

Example 3.14:

The following two fuzzy graphs in Fig 5 are of size 2, but they
are not co-weak isomorphic
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u(l) u'(.75)
25
75
75
75
vi) 1 w() V(75 5 w' (1)
@ G:(o, u) (b) G: (o', u"

Fig. 5 Graphs of same size but not co- weak isomorphic
Definition 3.15[3]: Let G: (0, f1) be a fuzzy graph. The

degree of a vertex ‘u’ is defined as d(u) = Z wu(u,v)

vE£U
veS

Theorem 3.16: 1If G and G' are isomorphic fuzzy graphs
then the degrees of their nodes are preserved.

Proof: Let h: S—> S'be an isomorphism of G onto G'. By
the definition of isomorphism

u1(x,y) = ' (h(x),h(y))Vx,y € S, So
d(w) =D u(u,v) =Y 1 (h(u), h(v)) = d(h(w)).

VEU V#EU
veS veS

Corollary 3.17: Converse of the above theorem need not
be true. Consider G :( 0, 44 ) with the underlying set S= {a,
b} where 0 (a)=1/2 & o (b) =1/4 and L (a,b)=1/4;

G" (o', u") with the underlying set S'= {a', b'} where
o'(@)=1/2and o' (b")=3/4and i'(a'\b")=1/4,

Here d(a)= d(b)= d(a")=d(b")=1/4 but G and G' are not
isomorphic, only co-weak isomorphic.

Remark 3.18: The degree of a vertex is measured only by
adding the weights of the edges incident with that vertex. But
fuzzy graphs preserving  the degree of the vertices need

not be co-weak isomorphic.
Example 3.19:

WS 5 v u'(l) 25  v'(25)
25
25
25 s
25
wis) .5 x(1) 25
w'5) 25 x'(.5)
@ G:(o,n) (b) G: (o', 1"

Fig. 6 Graphs preserving the degree of the vertices

In the above two graphs each vertex is of degree .75. But
those two are neither co-weak nor weak isomorphic graphs.

Theorem 3.20: Isomorphism between fuzzy graphs is an
equivalence relation.

Proof: LetG: (o, 1), G (o', 1"),G":(o", ;") be fuzzy
graphs with underlying sets S, S' and S" respectively.

(i) Reflexive: Consider the identity map/s:S — S 3:

h(x) =x forall x in S. This h is a bijective map satisfying

o(x)=oc(h(x))VxeS.
u(x,y) = p(h(x), h(y))Vx,y € S

Hence h is an isomorphism of the fuzzy graph to itself.
Therefore it satisfies reflexive relation.

(i) Symmetric: Let /:S — S’ be an isomorphism of G
onto G' then h is a bijective map

h(x)=x",x € § satisfying e))
o(x) =0o'(h(x))Vx € S and
u(x,y) = p'(h(x), h(»))Vx,y € S 2)

As h is bijective, by (1) £~ (x") = xVx' € §';Using (2)
oh™(x)) =o'(x)Vx' €S’
Hh (X, () = (Y)Y e S (3)
Hence we get a 1-1, onto maph~' :S' — S, which is an
isomorphism fromG'to G.i.e G =G' = G'=G.
(iii) Transitive: Let £:S — S' andg:S' —> S" be
isomorphisms of the fuzzy graphs G onto G' and G' onto G"

respectively.
Then gohis a 1-1 onto map from S to S" where

(geoh)(x)=g(h(x)VxeS.
As h:S — S' is an isomorphism A(x) =x",x € S
o(x)=0o'(h(x))Vxe S
u(x,y) = p'(h(x),h(y)Vx,y € S
ie, o(x)=0'(x")Vxe S 4)
ux,y)=p'(x,y")vx,y €S )
As g is an isomorphism from S' to S" we have
g(xN)=x"x"eS" &
o'(x)=oc"(g(x")vx' eS’, (6)
w4y =u"(g(x"), g(yNHVx',y € S’ ™
From (4) , (6) and using A(x) =x",x € S
ox)=0c'(x")=0c"(g(x"))vx' e S’
=o"(g(h(x))VxeS.

From (5) and (7) we have,
“x,y)=p'(x,y")vx,y e S

=" (g(x"),g(y)NVvx',y' e S’

= u"(g(h(x)), g(h(y)Vx,y € S.

Therefore goh is an isomorphism between G and G".
Hence isomorphism between fuzzy graphs is an equivalence
relation.

Theorem 3.21: Weak isomorphism between fuzzy graphs
satisfies the partial order relation.

Proof: Let G: (0, i), G''(o ', 1", G": (0", ") be fuzzy
graphs with underlying sets S, S', S" respectively.

(i) Reflexive: Consider the identity maph:S — §,3:
h(x) =x for all x in S. This h is a bijective map satisfying
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o(x)=o(h(x)Vxe S
u(x, y) = p(h(x), h(y))Vx,y € S

Hence h is a weak isomorphism of the fuzzy graph to itself.
Therefore G is weak isomorphic to itself

(i1) Anti symmetric: Let h be a weak isomorphism between
G and G' and g be a weak isomorphism between G' and G. i.e
h: S—>S'is a bijective map #(x) = x', x € S satisfying
o(x)=0c'(h(x))Vxe S &

p(x, ) < p'(h(x),h(y))Vx,y € S ®)
and g:S'— S is a bijective map satisfying
o'(x)=oc(g(x))Vx' e S &

My < p(g(x),g(Y)Vx',y e S ©)
The inequalities (8) and (9) hold good on the finite sets S and
S' only when G and G' have the same number of edges and the

corresponding edges have same weight. Hence G and G' are
identical.

(iii) Transitive: Let #:S — S" andg : §" — S” be weak
isomorphism of the fuzzy graphs G onto G' and G' onto G"
respectively.

Then gohisa 1-1 onto map from S to S" where

(g o h)(x) = g(h(x)Vx e S
As h is a weak isomorphism,
h(x)=x'Vxe S, ,o(x)=0'(h(x))Vxe S (10)
p(x,y) < p'(h(x), h(y)Vx,y € S (11)
As g is a weak isomorphism from S' to S" we have,
gx)=x"x"eS" ,o'(x")=0"(g(x")Vx' e S" (12)
(' y) < p'(g(x),g(y))vx',y' e S (13)
From (10) & (12),
o(x)=0c'(x"Vxe S
=o"(g(x")vx' e S’
=o0"(g(h(x))Vxe S
From (10), (11),(12) & (13),
p(x,y) < p'(x', y)vx,y e S
Su'(g(x),g(yNvx',y' e s’
= u"(g(h(x)),g(h(y)))Vx,y €S

Therefore go h is a weak isomorphism between G and G".
i.e weak isomorphism satisfies transitivity.

Hence weak isomorphism between fuzzy graphs is a partial
order relation.

IV. ISOMORPHIC GRAPHS AND THEIR
COMPLEMENTS

Definition 4.1 [7]: Let G: (0, i) be a fuzzy graph .The

complement of G is defined as 5 (o, /_1 ) where

H(x,y) = o(x) Ao(¥) - u(x, y)Vx,y €S

Theorem 4.2: Two fuzzy graphs are isomorphic if and only
if their complements are isomorphic.

Proof: G:(0, 1) & G" (0", 14') be the two fuzzy graphs
given.
Assume G= G
There exists a bijective map 4 : S — S’ satisfying
o(x)=0c'(h(x))VxeS &
u(x,y) = p'(h(x),h(y))Vx,y € S By definition
u(x,y)=o(x) Ao(y) = pu(x,y)Vx,y €S
u(x,y) =o' (h(x)) no'(h(y)) = p'(h(x), h(y))

= p'(h(x),h(y))Vx,y € S

ieG=z=G'
Conversely, assume that 5 = 6’;
i.e there exists a bijective map g : S — S’ satisfying
o(x)=0c'(g(x))Vxe S (14)
p(x,y) = p'(g(x),g(¥)Vx,y € § (15)
Using the definition of complement
u(x,y) =o(x) Ao(y) = u(x, y)vx,y € §

#'(g(x),g(») = '(g(x) A o'((1)) — #'(g(x), g ()
Using the above two equations in (15) and by (14)

p(x,y) = p'(g(x),g(y)Vx,y €S (16)
Hence from (14) and (16) g:S — S’ is an isomorphism

between G and G'. i.e. G = G’
Theorem 4.3: 1f there is a weak isomorphism between G
and G' then there is a weak isomorphism between

E'anda .

Proof: If h is a weak isomorphism between G & G'then,
h:S — S’ isa bijective map that satisfies
h(x)=x",xeS,o(x)=0c'(h(x))Vxe S (17)
p(x,y) < pt'(h(x), h(y))Vx,y € S (18)
As h™':S"—> S isalso bijective for every x'in S' there is
anx € S such thath™' (x") = x . Using this in (17)
o'(x)Y=c(h'(x)Vx' e S’ (19)
Also, by using (17) & (18) in
#(x,) = 0(x) Ao(y) =~ u(x, y)Vx,y € §
a(h™ (x"),h™ (")

2 o' (h(x)) A o' (h(y)) = p'(h(x), h(y))

=o' A0 )~ R € S

= {'(x', ),y e S’

e /(") < ™ (BT () 0)

Thus 7' :S"— S is a bijective map, which is a weak
isomorphism between E' & 5 by (19) and (20).
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Theorem 4.4: 1f there is a co-weak isomorphism between G
& G'then there can be a homomorphism between G and G'.
Proof: Let h be co-weak isomorphism between G and G'
respectively ie, #:S — S is a bijective map that satisfies
o(x)<o'(h(x)Vxe S 1)
p(x, ) = ' (h(x),h(y))Vx,y € § (22)
InG ,using (21) and (22)
(x,) = 0(x) Ao (y) — u(x, )Vx,y € S
< o'(h(x)) A o' (h(y) = p'(h(x),h(y))
= '(h(x),h(y))Vx,y € S
Hence u(x,) < u'(h(x),h(y))Vx,y €S (23)
By (21) and (23) h is a bijective homomorphism between

G andG'.
Remark 4.5: If G is co—weak isomorphic to G', then

G and G' need not be co-weak isomorphic.

Example 4.6: Consider the example 3.5, in which there is a
co-weak isomorphism between G and G'. i.e Here Fig 7(a) is
co-weak isomorphic with fig 8(a)

a(1/3) *a(13)
1/3 j i 1/4
b(1/2) 1/5 c(1/4) b(1/2) 1/20 c(1/4)
@G: (0, 1) ) G :(o.pu)

Fig. 7 Fuzzy Graph G and its complement 5
a1/ a(l72)

1/4
173

1/6

b'(1) 1/20 c'(1/4)
b'(1) 1/5 c'(1/4)
(@)G" (o', 1" ®b) G :(o,u)
Fig. 8 Fuzzy Graph G' and its complement G’

But there is no co-weak isomorphism between Fig 7 (b) and
Fig 8(b) whereas there is a homomorphism between

C_;anda'.
Theorem 4.7 [3]: Let (0 1) and (O ,, ML ;) be the two

partial fuzzy subgraphs of the fuzzy graphs G, and G,
respectively. If ‘h’ is an isomorphism of (o, 4 ;) and

(02 1 ,) then it is an isomorphism of (supp O |, supp 4 )
onto (supp O ,, supp K 2) .

Definition 4.8/6]: A fuzzy graph G: (o ,u) with
underlying set S is said to be a complete fuzzy graph if
H(x,y) =0(x)Ao(y)Vx,y € S and denoted as K,, .

Theorem 4.9: Any simple fuzzy graph G: (0, i) of order

‘n’ is isomorphic to a partial fuzzy subgraph of the complete
fuzzy graph K, of order ‘n’
Proof: Let G: (0, i) be the given fuzzy graph of order

‘n’. Now construct a K; of order ‘n’,
(o,u1")

where '(x,y) = o(x) Ao (¥)Vx,y € S where S is the
under lying set of G.

As in general ((x,y) < o(x) Ao (y)Vx,y € S

p(x,y) < p'(x, y)Vx,y € §

Hence G is a fuzzy spanning subgraph of K, i.e G is
isomorphic to a partial fuzzy sub graph of the complete fuzzy
graph K, of order ‘n’.

Definition 4.10{3]: Let G:(0 , i) be a fuzzy graph with
the underlying graph (V,E).The fuzzy line graph of G is
L(G): (w,A) with the underlying graph (Z,W) where the
node set Z is
S ={xtviu,,v}i/xeEu v, eV,x=u_,v,)}
W={S,.5)/S NS, #¢,x,ye E,x+ y}

o(S,)=pu(x)VS, €Zand
A(S,,8,) = u(x) A u(MV(S,,S,) €W
Theorem 4.11: If G, :(0 y, p,) and Gy: (O o, U ,) are the

two isomorphic fuzzy graphs then their fuzzy line graphs are
also isomorphic

Proof: Given G; and G, are the two isomorphic fuzzy
graphs with the underlying sets S;& S, respectively. i.e there

as a fuzzy graph

exists a bijectivemap A :S, = §, satisfying

o,(0) = &, (H()Vx € 5,

Hy(x,y) = 1, (h(x), h(y))Vx, y € S,

Let L(G):(@ 1, A )& L(Gy) : (@2, A ») be the line graphs of
G, & G, respectively.

Consideranx €E;. Let x=(u_,v,) As h:§, =S, is
1-1, onto, A(x) = (h(u_),h(v.)) € E,.

Define g Z 1 —> 22 as g(Sx) = Sh(x)

As h is one to one onto, g is well defined and one to one onto
mapping. Consider,

@,(S,) =, (x)VS, € Z, (by definition of line graphs)
o (S,) = py (u,v,) =y (h(u ), h(v,)) = p, (h(x))
@,(S,) = 0,(S),)) = 0,(g(S,))VS, € Z, (24)
A(S,,8,) = m(X) A (VV(S,,S,) e W,

=p (v )Au,,v,)
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=ty (M), h(v,)) A iy (h(u ), (V)
= 1y (H(x)) A 1, (B(Y))
= j'2 (Sh(x) > Sh(y))
=4,(g(5,),8(5,)Vx,y € E|
4(S,,8,) =4 (g(S,),8(S,))VS,.S, € Z, (25)

From equations (24) and (25) L(G)):(@ 1, A1) and L(G,) :
(W, A7) are isomorphic fuzzy line graphs when G, and G,
are the two isomorphic fuzzy graphs.

Remark 4.12: In crisp graph we have L (C)= C, , C,
denotes cycle of length n. But this does not hold good in fuzzy
graph

Example 4.13: Consider the fuzzy cycle G: (o, ¢ ) with

the under lying graph (V,E), represented asV = {u,v, w}
E ={(u,v),(v,w),(w,u)}withco(u) =3/4,0(v) =1,
ow) =1, p(u,v) =1/2, u(u,w) =1/2 , u(v,w) =1

w(l)
| 1/2
v(1) VZ3 u(3/4)
Fig.9G: (o, u)

The fuzzy line graph of the fuzzy cycle G:( o, i) is
L( G): (@, A ) with the underlying graph (Z,W) where

Z :{ SI, SQ, S3 }& Sl = {(W,u),{W},{u}}, S2: {(u>V)>{u}’{V}}
S;= {(w,v), {w}, {v}} is in the following figure with

W={S,.5)/S NS, #¢,x,yeE,x#y}
Si(1/2)

12 1/2

S, (172) S;(1)

Fig. 10 L( G): (w,4)
As a map from V—Z preserving the weight of the vertices
and weight of the arcs cannot be defined, L(G) # G

V. SELF COMPLEMENTARY FUZZY GRAPHS

Definition 5.1 [7]: A fuzzy graph is said to be self
complementary if G= G'
Example 5.2

a(.6) a(.6)
3
3
b(.8) 4 c(1) b(.8) 4 c()
@G: (o, 1) ®G (o, u)
Fig. 11Self complementary fuzzy graph
In this example G = G
Example 5.3
C(.6) 3 b(l) C(.6) 3 b(l)
3 .6 P
1
.6
d(.4) 4 a(.8) d(.4) a(.8)
@G: (0, 1) ®G : (0, u)

Fig. 12 Fuzzy graph not self complementary.
In this example, G 2 G
Theorem 5.4 [7]: Let G: (O, /1) be a self complementary

fuzzy graph. Then Z,u(x, y) = %Z(U(X) ~no(y))

X£y X£y
Remark 5.5: As a consequence of the above theorem if G is
a self complementary fuzzy graph, then

Size of G=q =% D (6(x) Aa(y))

x#£y

But the converse of the above theorem is not true, because

1
in example 5.3, Size of G = 1.6 andE Z (o)A o (y)

X£y

=16.But GG

VI. SELF WEAK COMPLEMENTARY FUZZY GRAPHS
Definition 6.1: A fuzzy graph G is said to be self weak
complementary fuzzy graph if G is weak isomorphic with its
complement G
Remark 6.2: The fuzzy graph G, Fig 12 (a) given in

example5.3 is not a self weak complementary fuzzy graph
Example 6.3
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Fig. 13 Self weak complementary fuzzy graph

In this example G is weak isomorphic with G , hence G is a
self weak complementary fuzzy graph.

Theorem 6.4: Let G be a self weak complementary fuzzy

graph then Z,u(x, y) < %Z (c(x)no(y))

x#y x#y

Proof: G is self weak complementary fuzzy graph .Hence G

is weak-isomorphic with G .So, there exists a weak
isomorphism, /:S — § , a bijective mapping satisfying
o(x) =o(h(x))Vx € S and

(%, ) < u(h(x), h(y)Vx,y € S

Using the definition of complement, in the above inequality,

u(x,y) < o(h(x)) A o(h(y)) — u(h(x),h(y))
=o(x) Ao (y) — u(h(x),h(y))
u(x, y)+ p(h(x),h(y)) < o(x) Ao (y)

Taking summation,

D () + D p(h(), k(1) £ Y o (x) Ao (y)

X£Y X#y X#£Y

22 H(x,y) < Za(x) A0 (y) (since Sis a finite set)

X#Y X#Y

Hence z,u(x,y) < %Z o(x)Ao(p)inS.

X£y X£y
Theorem6.5: Let G be a fuzzy graph. If
1
H(x,y) < E(O-(X) Ao(y))forall x,yin S then G is a self

weak complementary fuzzy graph.
Proof- Consider the identity map /#:S — S
o(x)=o(h(x)Vxe S

By definition of ;

H(x,y) = o(x) A o(¥) — u(x, y)Vx,y € S
1(x,) 2 6(x) A () - %(a(x) Ao ()

- %(o(x) Ao (y)
> u(x,y)vx,ye S

e (x, ) < u(h(x), h(»))¥x, y €S

Hence G is weak isomorphic with G . Therefore G is a self
weak complementary fuzzy graph.
Remark 6.6:

1. When G is co-weak isomorphic witha, then G is a self
complementary fuzzy graph.
2. When G is a self weak complementary fuzzy graph then

order (G) =order ((_; ) and size (G) < size (5 )
But the converse of the above is not true.

As in example 5.3, we have order (G) =order (5) = 2.8 and

size (G) = 1.6 and size (5) =1.6 but G is not a self weak
complementary fuzzy graph.

VII. CONCLUSION AND FUTURE STUDIES

In this paper isomorphism between fuzzy graphs is proved
to be an equivalence relation and weak isomorphism is proved
to be a partial order relation. Similarly it is expected that co-
weak isomorphism can be proved to be a partial order relation.
A necessary and then a sufficient condition for a fuzzy graph
to be self weak complementary are studied. The results
discussed may be used to study about various fuzzy graph
invariants.
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