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Abstract. In this paper, a condition for two regular fuzzyagins to be isometric is
obtained. Also a condition for two fuzzy graphsb®isometric is obtained using degree
set.
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1. Introduction

Fuzzy graph theory was introduced by Rosenfel®ir61 During the same time Yeh and
bang have also introduced various connectedneseptmin fuzzy graphs. Though it is
very young, it has been growing fast and has nunsesapplication in various fields.
Nagoorgani and Malarvizhi discussed the concepisofmetry in fuzzy graphs and
studied its properties. Radha and Kumaravel inttedithe concept of edge regular fuzzy
graphs. Radha and Rosemine introduced the conteleigree set in fuzzy graphs. Tom
and Sumitha introduced sum distance in fuzzy grapkhis paper, we obtain conditions
for regular fuzzy graphs to be isometric. Also w&aduce isometric fuzzy subgraphs
and distance preserving fuzzy graphs and proveaimatuzzy graph on a tree is distance
preserving.

2. Preliminaries
In this section, we go through some basic defingiwhich can be found in [1-11].

Definition 2.1. Let V be a non-empty finite set anft OV xV. A fuzzy graph
G:(o,u) is a pair of functionsg:V - [01] and u:E - [01] such that
Ux,y)<o(x)Aa(y) forall x,yOV.

Definition 2.2. The order and size of a fuzzy grapb:(o,u) are defined by

O(G) =D 0(x) and S(G) = > u(xy).
XV xyOE

Definition 2.3 A fuzzy graph G : (o, u) is strong, ifu(xy) =o(x)Ao(y) for all
xy O E.
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Definition 2.4. A fuzzy GraplG : (o, i) is complete, ifu(xy) = o(x)Ao(y) for all
x,yOV.

Definition 2.5. Let G : (o, u) be a fuzzy graph aB*: (V,E) . The degree of vertex
X isdg(x) = Z,u(xy) If each vertex inG has same degrele then G is said to be a

X£Y
regular fuzzy graph ok - regular fuzzy graph.

Definition 2.6. Let G* : (V, E) be a graph and let= uvbe an edge ifG * . Then the
degree of an edgee=uvllEis defined byd, (uy=0d, (U)+d;(v)-2. If each edge in
G * has same degree, thé&h* said to be edge regular. The degree of an egde E is
d. (xy) =z,u(xz) +z,u(zy) —2u(xy). If each edge irG has same degreke , thenG is

X#£Z £y

said to be an edge regular fuzzy graptkor edge regular fuzzy graph.

Definition 2.7. If z(x,y) >0then X and Y are called neighboursX and Y are said
to lie on the edg€=XYy. A path 0 in a fuzzy grapi® : (o, i) is a sequence of distinct
nodes Vg, Vi, Vb, ... M, such that/4V,,Vi_,) > O1<i <NHere'n’ is called the length of

the path. The consecutive pdi¥, V,_;) are called arcs of the path.

Definition 2.8. If U,Vare nodes iG : (o, ) and if they are connected by means of a
path then the strength of that path is defineqn:@)&(vi_l,vi)i.e., it is the strength of the
i=1

weakest arc.
If U,Vare connected by means of paths of lertthen ;f(u,v)is defined as

If u,vOV the strength of connectedness betweenU and \is,

L UV) =supffuv)/k=123.......

Definition 2.9. A fuzzy graphG : (o, 1) is connected if/fo(U,V) >0 for all u,vOVv .

An arc U\ is said to be a strong arc(U,V) = £ (U,V). A nodel is said to be an isolate
node if 4(u,v) = 0,0u # v.

Definition 2.10. The i - distanced (u,v)is the smallestlt - length of anyU—Vpath,
¢ 1

where the U - length of path O:U,U,W,...... Uis 1(p)= 2— The
i=1 /'l(ui—l’ui)

eccentricity of a node
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Vis defined asgVv)=max(d(u,V)). The diametediam(G) = C{e(v)|vOV} , radius
r(G) ={e(v)|vOV}. A node whose eccentricity is minimum in a conadcfuzzy

graph is called a central node. A connected fuzaply is called self — centered if each
node is a central node.

Definition 2.11. Let G, : (g, 4;) be the fuzzy graphs with underlying crisp graphs
G*(Vi, E) fori= 1,2. G is said to be isometric from,Gf for each vV, there is a

bijection &, :Vl — V, such thatd, (u,v) = J,(¢, (u), ¢,(v)), for everyulV,. If they are

isometric from each other they are said to be isgnme This relation is termed as an
isometry relation.

Definition 2.12. Let G:(o, ) be a connected fuzzy graph. For any path P,ethgth of
the path L(P) is defined as the sum of the weiglfitthe arcs in P. The sum distance
between two vertices andv is d(u, v) = min{L(P) / P is au-v path}.

3. Main results
Theorem 3.1. Let G, :(0,,14) and G,:(o,,u,) be two fuzzy graphs such that * and
G,* are k-regular graphsi/; and K, are constant functions of same constant value c

and|Vy|= M, =n. If k 2”7_1, then Gand G are isometric fuzzy graphs.

Proof: Let us construct an isometric mapping front@G,; as follows
ChooseullV; and vV, arbitrarily.
Define : ¢,:V, -V, by ¢,(u) =v

SinceG,* and G,* are k-regular, k- vertices say,,u,,.......,u, are at distance
1fromuin G, * and K vertices saw;,V,,....... vy are at distance 1 frominG, *
Define : @, (u;) =v;, fori=12.......... K

Since G, * andG,* are k — regular witkkznT_l, d(G*) < 2. Therefore, the

remaining n—1-k, vertices sayUy.1,Ux ... ,U,, in G, * are at distance 2 frord
and the remainingh—1-k vertices , Saw, ,1,Vii2:-eeme-- V,, are at distance 2fromin
Gy*.

Define %) =V, i =k+1,....n-1
Since », and u, are constant functions of same constant valuesiogusum
distance,

ds (UUW) = uy)=c i=12........k

d, (v, %) =(vv) =c, =12 K

I dg (Uu)=ds (WV), di=22.......... K
SINCE Uy g yererenee ,U,_, are at distance 2 if51 *
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dg, (u,u;) = 2C, i=k+1,... ,n-1
Similarly dg, (v,Vv;) = 2C, i=k+1,....n-1
/ dg, (u,u;) =dg, (V,V)), i=k+1,...,n-1
Thereforedg (U, U;) = dg (V,V,), =12, ... ,n-1

SinceU andV are arbitraryG, is isometric fromg; .
Similarly, it can be proved tha&, is isometric fromgG,

Theorem 3.2. Let G, : (o, ;) andG, : (o,,u,) be two m-regular fuzzy graphs such

that 4, and y,are constant functions of same constant value cMhE[\/2| =n. If

KZn—l

thenG, andG, are isometric fuzzy graphs.

Proof: SinceG, is m - regular
dGl(U):m Huoy
= > () =m Ouly,

uvE,

= 2 Cc=m,0uly
uiE,

= CdG*l(u) =m,dulv,
m
dg-, (U) :F' Ouov,

Similarly d = (u) = m, Uu OV, / G* andG,* are m. regular. Then proceeding as
G"2 C C

in theorem 3.1(; andG, are isometaic fuzzy graphs.

Theorem 3.3. Let G, : (o, i;) andG, : (a,, u,) be two fuzzy graphs such that and
u,are constant functions of same constant valug G, and G, are isometric fuzzy

graphs, then they have the same degree set arsdrtteeeccentricity set.
Proof: Since G, is isometric fromgG, there exists a one-to-one mgpfrom v, to v,
such that,

g, (V) =g, (¢(0).¢0), 0uv OV, 21

If Uand V are adjacent ing,, then using sum distance in fuzzy graphs,
d; (V) =puy=C
From (2.1) dg, (¢(u),¢(V)) = C = 1(¢(u), (V)

¢(u) andg¢(v) are adjacent iss,

... () =d_. (W)
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d, M=% 4w
1 uvg;
2 C

UMIE;

=cd . (u)
=cd, . (¢(u)
=d, (¢(W)

The degree of each vertex @, is the degree of some vertex®)

The degree set dB, is contained in the degree setGf, . (2.2)
Also by the distance preserving property,

&, (v) =mad(u,v)/uv}

= max{d (¢ (u), #(v)) /u0V,}

=&, (#(V)

The eccentricity set o, is contained in the eccentricity set®f
SinceG, is isometric fromG, proceeding as above.

The degree set af, is contained is the degree set@f and the eccentricity set @, is
contained in the eccentricity set Gf .

From (2.2), (2.3)
G, andG, have the same degree set and the same eccerdetity

(2.3)

Definition 3.4. Let G : (o, u) be a fuzzy graph. A fuzzy subgraph H of G is isoroét
d, (uVv)=d,(u,V) everyu,vOH

Definition 3.5. A fuzzy graphG : (o, i) is distance preserving if it has an isometric
fuzzy subgraph with each possible number of ve;t'lqﬂo|\/|.

Theorem 3.6. If G: (0, u)is a fuzzy graph on a tree, then G is a distaneseguving
fuzzy graph.

Proof: Let G : (o, u) be afuzzy graph on a tree withertices.

In a tree, there exists a unique path betweenwnyeértices.

If G1 is a fuzzy subgraph obtained fro@ by removing a verter of degree 1Gnthen
using sum distandd; (U,V) =d;(U,V) Ou,v O v(G,)

If G2 is a fuzzy subgraph obtained frag) by removing a vertex of degree 1@1*
then dg, (U,V) =d;(u,v) Du, v,00v(G,) and so on.
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This procedure gives an isometric fuzzy subgr&ﬁh of a G with |V|—i,

i-12,..... |,V| —1, number of vertices.

HenceG is a distance preserving fuzzy graph.

4. Conclusion

The conditions obtained for isometric fuzzy grapghe concepts of isometric fuzzy
subgraphs and distance preserving fuzzy graphsoeitielpful in obtaining many more
properties of isometric fuzzy graphs.
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