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Abstract. In this paper we introduce intuitionistic L-fuzzy graph as a generalization of intuitionistic fuzzy graph.
The operations on intuitionistic L-fuzzy graph such as union, intersection, complement are discussed. Also, we try

to define matrices associated with Intuitionistic L-fuzzy graph.
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1. INTRODUCTION

In the classical paper by Rosenfeld [1] the concept of fuzzy graphs as a means to model
several real life situations was introduced. Ever since then, fuzzy graph theory has witnessed
tremendous growth. Graphs are models of relations between objects. The objects are repre-
sented by vertices and relations by edges. When the description of objects, or relationships, or
both happens to possess uncertainty, we design a fuzzy graph. Fuzzy graph theory has numer-

ous applications in modern science and technology especially in the field of information theory,
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neural networks, expert systems, cluster analysis, medical diagnosis and control theory. Several
papers in areas related to fuzzy graph theory are available in literature.

According to Klir and Yuan [2] an L-Fuzzy set is a fuzzy set in which the range [0,1] is
replaced by a lattice. Pramada Ramachandran and K. V. Thomas introduced the concept of
L-Fuzzy graph. They studied isomorphism and associated matrices of L-Fuzzy graph.

In 1983, Atanassov [3] introduced the concept of Intuitionistic fuzzy sets as a generaliza-
tion of fuzzy sets. Atanassov added a new component which determines the degree of non-
membership in the definition of fuzzy sets. Atanassov also introduced the concept of Intuition-
istic fuzzy graph. M. G. Karunambigai and R. Parvathi [4] [5] introduced the concept of fuzzy
graph elaborately and analysed its components. Akram et al. discussed the properties of strong
Intuitionistic fuzzy graphs and also the properties of Intuitionistic fuzzy cycle and Intutionistic
fuzzy trees [6] [7].

In this paper, we (try to) introduce Intuitionistic L-fuzzy graph as a generalization of Intu-
itionistic fuzzy graph. We discuss about its matrix representation. We also try to study the
properties of Intuitionistic L-fuzzy graph. In Section 2, we review several basic concepts of

Intuitionistic fuzzy graphs.

2. PRELIMINARIES

2.1. Definition. An Intuitionistic Fuzzy Graph is of the form G = (V, E) where
V = {v1,v2,v3,....vn} such that (i) u; : V. —[0,1] and y; : V. —[0,1] denote the degree of
membership and non membership of the element v; in V respectively and
0< u;(vi)+n(vi) < 1foreveryv;in V (i=1,2,3,...n)
(11)E € Vx V where u; :Vx V—[0,1] and p»: VX V —[0,1] are such that
Hz (vi,vj) < min (1 (vi), 1 (v5)), 12 (vivj) < max( 1 (vi), 71 (v;)) and
0 < (vi,vj) +n(vivj) <1 forevery (v;.vj)inE

2.2. Definition. An Intuitionistic fuzzy graph G = (V, E) is said to be complete Intuitionistic

fuzzy graph if p1;; = min (u;, i1;) and 9»;; = max (y1;,71) for every v;,v; in V.
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The triple < v;, ly;, v1; > denote the degree of membership and non membership of the vertex
v;i. The triple < e;;, Ui}, V»ij > denote the degree of membership and non membership of the

edge relation e;; = (v;,v;) on V

2.3. Definition. The complement of an Intuitionistic fuzzy graph G =(V,E) is an Intuitionistic
fuzzy graph G = (V,E) where

(DV =V, (2) II1; = Wi 7 = Y for all i=1,2,..n
Hoij = min(;, ) — Hoij and

Hoij = max(V1i, Y1) — Yij forall i,j=1,2,3,..n

2.4. Definition. Let (L,<) be a complete lattice with an Involutive order reversing operation
N:L — L.Let a set E be fixed.An Intuitionistic L-fuzzy set A* in E is defined as an object
having the form A*= {< x, u4(x), v4(x)|x inE} where the function

us : E— Land v4: E— L define the degree of membership and degree of non membership

respectively of the elements x in E and for every x in E : 4 (x)< N(v4(x)).

3. INTUITIONISTIC L-FUZZY GRAPH

3.1. Definition. An Intuitionistic L-Fuzzy graph is of the form G, = (V,, E1) where

Vi = {v1,v2,v3....vn} such that

(Huy : V— Land y; : V — L denote the degree of membership and non membership grade
of the element v; in V respectively and 1 (v)< N(y1(v)) for all vin V where N(v) is an involutive
order reversing operation.

(2)ECV x Vwhere u :Vx V— Land p» :Vx V —L such that

t2 (vi,vj) < i (vi) A (vy)) and

Y iv) Sni) Vn(v))) . te (vi,v;) <N(¥ (i,v))

denote the membership and non membership of an edge (vi,vj) in E respectively.
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3.2. Example. Consider the lattice
G1{1,23,4}

G2 {1,3,4} G3 {3,4} G4 {2,3,4)
G9 {3}
G5 {1,3} P G6 {2,3)
G7 {1} b G8 (2)

G10{}

The index matrix representation of an Intuitionistic L-Fuzzy graph is given below

< Gro,G1 > <G7,Gg> <Gy, G7>
E:{.uij»?’ij}: < G7,Gg > <G1,Go> <G, G >

< Gg,G7> <G, G > <G1,Gro >

3.3. Definition. Let G, = (V7,EL) be an Intuitionistic L-fuzzy graph. The index matrix repre-
sentation of Intuitionistic L-Fuzzy graph is of the form [V, E C V x V] where V= {v1,v2,..vn}
and E= {j, vi;}

<t Vit > <H2,Vi2> o ... < Uin,Vin >

< Up1, Vi1 > < Up2,Vi2 > .o e < HUun, Van >
where < p;;,v;j >inLx L (1 <1, j <n) the edge between two vertices vi and vj is indexed by

< Mij,Vij >

3.4. Definition. Let G, = (V,EL) be an Intuitionistic L-Fuzzy graph.The incidence matrix
representation of Intuitionistic L-Fuzzy graph is of the form
< u(ej),v(ej) > if an edge ej is incident on the vertex vj
B= {buiabvj} -
<0,1> otherwise
Notes. 1. Index matrix representation is always a symmetric Intuitionistic matrix

2.Exactly two entries in each column of incidence matrix is same.
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4. OPERATIONS ON INTUITIONISTIC L-FUZZY GRAPH

4.1. Definition. Let G;; and G; be any two Intuitionistic L-Fuzzy Graphs.We define the
intersection of G and Gz be Gip NGy = (ViNVa, EINE)

(M1t N H12)(v) = H1n(v) A paz(v)

(YiiN72)(v) = 711 (v) V 112(v)

(21 N p22) Vi, vj) = a1 (visvj) A paa (vi,vj)

(11N 122) (viyvj) = Y21 (visvj) V 12 (vi,v,)

4.2. Theorem. Let G; and G,y be two Intuitionistic L-Fuzzy Graphs. Then their intersection

is again an Intuitionistic L-Fuzzy Graph.

Proof. For that we need to prove that
O N ) (v) < N(Yi1N712)(v)) Y eVINV,
(1) (p21 N 22) (vi,vj) < N((v21 N0 12) (vis vj)) V(vi,vj) € EINEy
(iii) (21 N p22) (vi, v5) < (a1 O p2) (vi) A (an O a2) (v;)
(V) (121 N P22) Vi, vi) < (V1N 72) (vi) V (M1 N 712) (v;)

For,
@O (11N ) (v) =i (v) A (v) (definition of intersection)
<NM1(v)) AN(n2(v)) (definition of Intuitionistic L-Fuzzy graph)

<N(1(v)Vna(v)) (property of involutive order reversing operation) = N(v;;1NY12)(v))

(definition of intersection)

(2) (21 N p22) (Vi vj) = a1 (Vi,vj) A pa (Vi v )

S N1 (vi,vj)) AN(122(vi,vj))

SN (vi,vj) vV 12 (vi,vj))

= N(Y1 N2)(vi,vj)

(3) (m21 N p22) (vi,vj) = pa1 (vi,vj) A2 (vi,vj)
< [ (vi) A (V)] A (a2 (vi) A o (vf)]
< [ (i) A paa ()] A (a1 (v) A iz (v))]

< (pa1 O ) (vi) A (a0 pa2) (v))

(
@ (1 Ny2)(vi,vj) = 11(Vi,vi) V 12 (vi,v))
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< i) Vi)V [vi2(vi) vV via(vJ)]
<) V()] VvV ni(vi) vV via(vj)
= (M1 Nn2)(vi) V(11 Nnz)(vJj)

4.3. Definition. LetGy; and G5z be two Intuitionistic L-Fuzzy graphs .We define the union of
Gz and Gy be G1UG, = (VI UV, E| UE))

(M1 U p12)(v) = pn(v) V iz (v)

(M1Un2)(v) = 1) Ana(v)

(21 U 122) (vis vj) = a1 (vis vj) V M2 (i, v )

( (

P1UP2)(vi,v)) = 1(vi,vj) A2 (vi,v))

4.4. Theorem. Let Gi; and Go; be two Intuitionistic L-Fuzzy Graphs. Then their union is
again an Intuitionistic L-Fuzzy Graph.

The Proof is similar as above

4.5. Definition. Let G, = (V,Er)be an Intuitionistic L-Fuzzy graph. We define its comple-
ment as G.¢ = (Vf,Ef) where V{ = {v,u{(v),y{(v)} and

Ef ={(vi,vj), u5(vi,vj), v5(vi,vj) }

where p(v) = p(),7; (v) = i (v)

uy (viyvj) = pa (vi) A (vj) Ao (vi, v j)©

Y(vi,vi) =ni)Vuvj) Vv nvivi)© for all v in V and (vi,vj) in V x V and

2 (vi,vj)<, 1 (viyvj)€ are the complement of uy(vi,vj) forall vin V, (vi,vj) inV x V

5. CONCLUSION

In this paper we defined Intuitionistic L-Fuzzy Graph and complement of Intuitionistic L-
Fuzzy graph. Then we defined union and intersection of Intuitionistic L-fuzzy graphs. We
proved that the union of two Intuitionistic L-fuzzy graph is also an Intuitionistic L-fuzzy graph.
Similarly, we proved that intersection of two Intuitionistic L-Fuzzy graphs is also an Intuition-
istic L-Fuzzy graph. We have also discussed matrices associated with Intuitionistic L- Fuzzy

graph.There is a scope to introduce more concepts related to these types of graphs.
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