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ABSTRACT

In fuzzy graph theory, double layered fuzzy graph and intuitionistic fuzzy graph have been defined already by
different authors. In this paper Intuitionistic double layered fuzzy graph is defined with examples. Some of its theoretical

concepts were studied using different concepts in IFG.
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1. INTRODUCTION

In 1965, Zadeh published his seminal paper on
“Fuzzy Sets” which described fuzzy set theory and
consequently fuzzy logic [12]. The purpose of Zadeh’s
paper was to develop a theory which could deal with
ambiguity and imprecision of certain classes of sets in
human thinking, particularly in the domains of pattern
recognition, communication, information and abstraction.
Azriel Rosenfeld in 1975 introduced the notion of fuzzy
graph and several fuzzy analogs of graph theoretic
concepts such as path, cycles, connectedness etc. [5].
Zadeh in 1987 introduced the concept of fuzzy relations.
Mordeson in 1993 introduced the concepts of fuzzy line
graphs and developed its basic properties. Sunitha and
Vijayakumar discussed about the operations of union, join
Cartesian product and composition on two fuzzy graphs
[4]. The degree of a vertex in some fuzzy graphs was
discussed by Nagoorgani and Radha [6]. Nagoorgani and
Malarvizhi have defined different types of fuzzy graphs
and discussed its relationships with isomerism in fuzzy
graphs [3]. The degree of a vertex in some fuzzy graphs
was introduced by A. Nagooor Gani and K. Radha [2].
The first definition of intuitionistic fuzzy relations and
intuitionistic fuzzy graphs were introduced by Atanassov
in 1986[16] and further studied in 2009[13]. The
operations on IFG was introduces by R. Parvathi, M. G.
Karunambigai and K. Atanassov [13]. Degree, Order and
Size in IFG was introduced by A. NaggorGani and S.
ShajithaBegum[14]. The double layered fuzzy graph was
introduced by T. Pathinathan and J. Jesintharosline, they
have examined some of the properties of DLFG [1]. The
vertex degree of cartesian product of intuitionistic fuzzy
graph is given by T. Pathinathan and J. Jesintharosline
[14]. In this paper Intuitionistic double layered fuzzy
graph is defined and illustrated with some examples. Some
of its properties is also analysed using intuitionistic fuzzy
graph concepts and operations. First we go through some
of the basic definitions.

2. PRELIMINARIES
a) Fuzzy graph [4]

A fuzzy graph G is a pair of functions G: (o,u) where
o is a fuzzy subset of a non empty set S and p is a

symmetric fuzzy relation on ¢ . The underlying crisp graph
of G: (o) is denoted by G™ : (0, 1)

b) Intuitionistic fuzzy graph (IFG) [12]
An IFG is of the form G: (V, E) where

() V= {vi, V2, v3, ... ,vn} such that u,:V ® [0,1]and
Y,:V ® [0,1] denote the degree of membership and
non - membership of the element Vv, iv respectively,

and

0£ p(v)+ v (v)£E 1
forevery v, 1 Vv,(i=1,2,..n)

)]
(i) Ef v’ Vv wherep,:E ® [0,1] and
v,:E ® [0,1] are such that
mo(viev) £ (VO U, (v)) @)
Y. (vi,vy) £ Yl(V,)UY1(Vj) 3)
And 0w vy L (vv £ )

for every (Vi’vi)i E,({,j=1,2,...,n).

Notations

The triplets (V;,[L,;,7,; ) denotes the degree of
membership and non — membership of the vertex vi. The
triple (€, Hy;j,Vo;) denotes the degree of membership

and non — membership of the edge relation €; = (V;,V;)
onV.
c) Vertex degree of IFG [13]

Let G =(V,E) be an IFG. Then the degree of a vertex
vis defined by d(v) = (d,(v), d,(v)) where

d,(v)=§ p,(u,v)add (vy=§ y,(u,v)-

u''v u''v
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d) Order of IFG [13]
Let G=(V,E) be an IFG. Then the order of G is
definedaso (G ) = (0 4 (G ),0 y (G )) Where

0uG)=Y u)aoyG)=3 5w

veV veV

e) Sizeof IFG [13]
Let G = (V,E) be an IFG. Then the size of G is
defined ass (G ) = (S 4 (G), Sy (G)) Where

SuG) =3 u,v) M syG)=3 r,@u,v

u=v u=v

f) Double layered fuzzy graph [1]

k
uv) ifuveo

Let G: (0, 1) be a fuzzy graph with the underlying
crisp graphG * : (¢*, 1 *) - The pair
DL(G):(op,,up, ) is defined as follows. The node set
of DL (G )beo” U p". The fuzzy

subset O is definedas ; _ cifueos
u(uv)ifuve g

The fuzzy relation iy on O BV ,u* is defined as

,u(ei YA ,u(ej ) if the edge ¢ and ej have a node in common between them

Hp = 0'(ui A ,u(ei) if U; o and ¢ € ,u* and each ¢ is incident with single u

0 otherwise

By definition

Lo, (UV) < op (U ATy (V) forallu,vin o U g’
. Here i, is a fuzzy relation on the fuzzy subsetoyp, .
Hence the pair DL (G) :(OpL> Mp,) is defined as
double layered fuzzy graph (DLFG).

3. INTUITIONISTIC DOUBLE LAYERED FUZZY
GRAPH (IDLFG)

Let G:<(Vi=Hl’yl)b(eij7u2=Y2)>be an intuitionistic

fuzzy graph with the underlying crisp
graphG™ : (¢, ") The pair

(1, (), 7,(u,V)) ifu,ve o

either clockwise or anticlockwise.

IDL(G): <(Vi,uDLl Yor, s (€ Hpr, s Yor, )> is called
the intuitionistic fuzzy graph and is defined as follows.
The node set of |DL(G)be<,uDL],]/DLI>. The fuzzy

subset <ﬂm W), 7o, (u)>is defined as
</11(U),}/1(u)> ifueo”
(u, (uv), 7, (uv)) ifuve g’

Where 0 < Mo, +7py S 1
The fuzzy relation <#DL VoL >0n o U pu° is defined

<;uDL| (), 7o, (U)> = {

as

< @)A1 (8)), 7, (&) Vv 7, (8 )> if the edge € and e; have a node in common between them

(b, (W), 700, (W) =1 (14(U) A 168,71 (U) v 7,(@)) if U, € and e € 4” and each e, is incident with single U,

0 otherwise

Here 0 < 2, (UV)+7, (W) <1foralluvin o Uy .

either clockwise or anticlockwise.

Here <,uD|_2 uv), 7oL, (UV)> is a fuzzy relation on the fuzzy subset <,UD|_1 (U), 7o, (u)> .

Remark-3.1: Here the crisp graph G” is a cycle and the above definition is applicable for n number of cycles.
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Example-3.1: Consider the intuitionistic fuzzy graph G, whose crisp graph G is a cycle with n = 3 vertices.
uy(0.6,0.4) v41(0.8,0.2) (0.5,0.2) v»(0.6,0.3)

‘\
(0.4,0.2) 0-5.0.3)
€3(0.4,0.2) (0.4,0.2) €,(0.5,0.2)

e4(0.5,0.4)
(0.4,0.1) p,(0.4,0.1}
(0.3,0.3 02,02)
€,(0.2,0.3) 0701 (0.3,0.3) 2,0.
u(0.8,0.2) u3(0.5,0.3) '
(0.3,0.3
Figure-1. Intuitionistic fuzzy graph. e4(0.3,0.3) (0.2,0.3) e3(0.2,0.1)

G:((v. y
<(V1’“ ROACTHE 2’72)> Figure-4. Intuitionistic double layered fuzzy.
u(06.04) graph IDL(G) : <(Vi >Hpr, > VoL, ), (eij >Mpr,»>YpL, )>

Similarly we can get different intuitionistic double layered
fuzzy graphs for a given intuitionistic fuzzy graph G,
whose crisp graph is a cycle.

4. THEORETICAL CONCEPTS

Theorem-4.1: Order IDL(G) = Order(G) + Size(G), where

(0.2,0.3)

u5(0.8,0. 13(0.5,0.3)
(0.2,0.3) :

,(0.2,0.3) (0.2,0.3) €3(0.4,0.2) Proof: As the node set of IDL(G) is & \U £ and the

G is an intuitionistic fuzzy graph.

Figure-2. Intuitionistic double layered fuzzy graph. fuzzy subset </u or, (U), 7oy, (U)> on

IDL(G):<(Vi’uDL1’YDLl )’(eij’uDLz’yDL2)> . "« dofined
O U is defined as

Consider the fuzzy graph with n = 4 vertices. <,U W),y (u)) fueco
1 271

{#o0, (W) 75, (W) = {<ﬂz(UV),y2(uv)> ifuve u

v1(0.8,0.2) €2(0.5,0.2) v,(0.6,0.3)
rﬁ ﬁp Order IDL(G) = ) <uDL,(U),VDL,(U)>

ueVUE

(by definition 2.4)

= ZGDL(U) + ZO-DL(U)
£4(0.2,0.1) uey ueE
=3 (), 7, (W) + D" (u, (uv), 7, (uv)) by

ueV uekE

e:(0.4,0.1)

| Il definition of <,LlD|_1 > Vb, >

\J

v4(0.7,0.1) e(0.3,03) (0504 — Order (G) + Size (G). by defintitions 2.4 and 2.5
Figure-3 Intuitionistic fuzzy. Theorem-4.2:

Grath: (Vi’ D )5(61" ) ) - :
< sV joas Yo > Size IDL(G) = 2size (G) + Z <y2(ei)/\y2(ej),}/2(ei)V}/2(ej)>

e‘,eJeE

where G is a intuitionistic fuzzy graph and i, j € N.
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Proof: size iDL(G) = 3 (Hou, (V). 70, (uV))

u,veVUE

(by defenition 2.5)

= ¥ i@y ¢ X (@) nmepry@vryep)s

u,év,zq55<“l(”i)“‘2(ei FAAFACY)

(u; is in one of the end node of e; in the third summation)

=SiZe(G)+ Z <'u2(el)/\’u2(ej)’y2(el)v72(ej)>+

Z<y2 (e,) 7€)

Since in the third summation, we are considering only one
vertex in each edge either clockwise or anticlockwise

direction, its membership value is less than the

membership value of the vertices and non membership
value is more than the non membership value of the

vertices.

Size DL(G)

=size (G)+ Y. <,uz(ei)/\/lz(ej),}/z(ei)V}/Z(ej)>+SiZe (G)

e,,eJEE
=2size (G)+ ).
e,,eJEE

Theorem-4.3: Let G be an intuitionistic fuzzy graph then.

Ao +{s4U) A @) AUV 7,(@)) fued”
doue =1 2 (@A LE).7E)V7E))

q,ej eu

+ (W) A E). /W) V(@) ifues

Proof: By definition 2.3, we have

dG(u): (é Hz(uaV)a é 'Y2(u,V))

u' v u' v

Case-i: Let Ue o , then

dIDL(G)(u) = Z</UD|_2 (uv), VoL, (UV)>

U#v

= Z<,Uz(uv)a 72(UV)> + <1Ltl(ui)/\ll'L2(ei)7 71(ui)V7/2(ei)>

u=v

(*."in the first summation the vertices which are adjacent

in G is also adjacent in IDLFG)

= dG(U)+</U1(ui)/\ﬂz(ei)ayl(ui)\/?/z(ei»

<u2<ei)w2<ej),y2<ei>v72<ej)>

Case-ii: Let Ue ,u* , then

d IDL(G) ()= z <ﬂD|_2 (uv), VoL, (UV)>

u=v

= Z </u2(ei)/\:u2(ej):7/2(ei)v}/z(ej)>+/UDL(uiﬂei)

B
€ .ejeu

= Y (@) AmE)HEVHE)) T (4U)ALE)LHUWVAE))

«
§.8jH

Remark-4.1:

If G is a strong IFG then IDL(G) is also a strong
intuitionistic fuzzy graph.

6. CONCULSION AND FUTUREWORK

In this paper, we have defined a new intuitionistic
fuzzy graph namely intuitionistic double layered fuzzy
graph and illustrated with some examples. Further work
will lead to the application in IDLFG.

ACKNOWLEDGEMENTS

I thank MANF for their support to do my
research work. The authors are very grateful to the chief
editors for their comments and suggestions, which will be
helpful in improving the paper.

REFERENCES

[1] T. Pathinathan and J. Jesintha Rosline. 2014. “Double
layered fuzzy graph”, Annals of Pure and Applied
Mathematics, Vol. 8, No. 1, pp. 135-143.

[2] A. Nagoorgani and J. Malarvizhi. 2009. “Properties of
p - complement of a fuzzy graph”, Inter. Journal of
Algorithms, Computing and Mathematics, Vol. 2, No.
3, pp- 73 - 83.

[3] M. S. Sunitha and A. Vijayakumar. 2002.
“Complement of a fuzzy graph”, Indian Journal of
Pure and Applied mathematics, Vol. 33, No. 9, pp.
1451-1464.

[4] A. Rosenfeld, Fuzzy graphs, in: L.A. Zadeh, K.S. Fu,
K. Tanaka and M. Shimura,(editors), Fuzzy sets and
its application to cognitive and decision process,
Academic press, New York (1975) pp. 77 — 95.

[5] A. Nagoorgani and K. Radha. 2009. “The degree of a
vertex in some fuzzy graphs”, Inter. Journal of
Algorithms, Computing and Mathematics, Vol. 2, No.
3, pp. 107 - 116.

[6]R. T. Yeh and S. Y. Bang. 1975. Fuzzy relations, fuzzy

graphs and their applications to clustering analysis, in:
L.A. Zadeh, K.S. Fu, K. Tanaka and M.

5416



VOL. 10, NO. 12, JULY 2015

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

=
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

Shimura,(editors), Fuzzy sets and its application to
cognitive and decision process, Academic press, New
York, pp. 125 — 149.

[7] A. Nagoorgani and M. Basheed Ahamed. 2003. “Order
and size in fuzzy graphs”, Bulletin of Pure and
Applied Sciences, 22E No. 1, pp. 145-148.

[8] J. N. Mordeson. 1993. Fuzzy line graphs, Pattern
Recognition Letter, Vol. 14, pp. 381-384.

[9] J. N. Mordeson and P. S. Nair. 2011. “Fuzzy graphs
and Fuzzy hypergraphs”, Physica Verlag Publication,
Heidelbserg, Second edition.

[10]K. R. Bhutani. 1989. “On Automorphisms of Fuzzy
Graphs”, Pattern Recognition Letter, 9 pp. 159-162.

[11] L. A. Zadeh. 1965. “Fuzzy sets”, Information control
8, pp. 338-353.

[12] R. Parvathi, M. G. Karunambigai and K. Atanassov.
2009. “Operations on Intuitionistic Fuzzy Graphs”,
Proceedings of IEEE International Conference on
Fuzzy Systems (FUZZ — IEEE), pp. 1396 — 1401.

[13] A. Naggor Gani and S. Shajitha Begum. 2010.
“Degree, Order and Size in Intuitionistic fuzzy
graphs”, International Journal of Algorithms,

Computing and Mathematics, Vol. 3, No. 3, pp. 11-
16.

[14]T. Pathinathan and J. Jesintha Rosline. 2014. “Vertex
degree of Cartesian product of intuitionistic fuzzy
graph”, International Journal of Scientific and
Engineering Research, Vol. 5, No. 9, pp. 224 —227.

[15]T. Pathinathan and J. Jesintha Rosline. 2014.
“Characterization of fuzzy graphs into different
categories using arcs in fuzzy graph”, Journal of
Fuzzy set valued analysis pp. 1-6.

[16] K. T. Atanassov. 1986. “Intuitionistic fuzzy sets”,
fuzzy sets and systems Vol. 20, pp. 87-96.

[17]T. Pathinathan and J. Jesintha Rosline. 2014. “Matrix
Representation of Double layered fuzzy graph and its
properties”, Annals of Pure and Applied Mathematics,
Vol. 8, No. 2, pp. 51 — 58.

5417



