International J.Math. Combin. Vol.8(2016), 107-11/

On m-Neighbourly Irregular Instuitionistic Fuzzy Graphs

N.R.Santhi Maheswari

(Department of Mathematics, G. Venkataswamy Naidu College, Kovilpatti-628502, Tamil Nadu, India)

C.Sekar

(Department of Mathematics, Aditanar College of Arts and Science, Tiruchendur,Tamil Nadu, India)

E-mail: nrsmaths@yahoo.com, sekar.acas@gmail.com

Abstract: In this paper, m-neighbourly irregular intuitionistic fuzzy graphs and m-
neighbourly totally irregular intuitionistic fuzzy graphs are defined. Relation between m-
neighbourly irregular intuitionistic fuzzy graph and m-neighbourly totally irregular intu-
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81. Introduction

In 1965, Lofti A. Zadeh [20] introduced the concept of fuzzy subset of a set as method of
representing the phenomena of uncertainty in real life situation. K.T.Attanassov [1] introduced
the concept of intuitionistic fuzzy sets as a generalization of fuzzy sets. K.T.Atanassov added
a new component( which determines the degree of non-membership) in the definition of fuzzy
set. The fuzzy sets give the degree of membership of an element in a given set(and the non-
membership degree equals one minus the degree of membership), while intuitionistic fuzzy sets
give both a degree of membership and a degree of non-membership which are more-or-less
independent from each other, the only requirement is that the sum of these two degrees is not
greater than one. Intuitionistic fuzzy sets have been applied in a wide variety of fields including
computer science, engineering, mathematics, medicine, chemistry and economics [1,2].

Azriel Rosenfeld introduced the concept of fuzzy graph in 1975 ([12]). It has been growing
fast and has numerous application in various fields. Bhattacharya [5] gave some remarks on
fuzzy graphs, and some operations on fuzzy graphs were introduced by Morderson and Peng
[11]. Krassimir T Atanassov [2] introduced the intuitionistic fuzzy graph theory. R.Parvathi and

M.G.Karunambigai [10] introduced intuitionistic fuzzy graphs as a special case of Atanassov’s
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IFG and discussed some properties of regular intuitionistic fuzzy graphs [7]. M. G. Karunam-
bigai and R. Parvathi and R. Buvaneswari introduced constant intuitionistic fuzzy graphs [8].

M. Akram, W. Dudek [3] introduced the regular intuitionistic fuzzy graphs. M.Akram
and Bijan Davvaz [4] introduced the notion of strong intuitionistic fuzzy graphs and discussed
some of their properties. R.Jahirhussain and S.Yahyu Mohammed discussed Properties on
intuitionistic fuzzy graphs [6]. A.Nagoorgani and S.Shajitha Begum introduced the degree,
order and size in intuitionistic fuzzy graphs [9].

N.R.Santhi Maheswari and C.Sekar introduced do- degree of a vertex in fuzzy graphs
and introduced 2-neighbourly irregular fuzzy graphs and 2-neighbourly totally irregular fuzzy
graphs [13]. Also, they introduced d,,-degree, total d,,,-degree, of a vertex in fuzzy graphs and
introduced an m-neighbourly irregular fuzzy graphs [14, 17]. S.Ravinarayanan and N.R.Santhi
Maheswari introduced m-neighbourly irreular bipolar fuzzy graphs [15].

N.R.Santhi Maheswari and C.Sekar introduced d,,- degree of a vertex in intuitionistic fuzzy
graphs and introduced (m, (¢1, c2))-regular fuzzy graphs and totally (m, (c1, c2))-regular fuzzy
graphs [19]. These motivates us to introduce m-neighbourly irregular intuitionistic fuzzy graphs

and totally m-neighbourly irregular intuitionistic fuzzy graphs.

82. Preliminaries

We present some known definitions related to fuzzy graphs and intuitionistic fuzzy graphs for

ready reference to go through the work presented in this paper.

Definition 2.1([11]) A fuzzy graph G : (o, 1) is a pair of functions (o, 1), where o : V. —[0,1]
is a fuzzy subset of a non empty set V and p: VXV —[0, 1] is a symmetric fuzzy relation on
o such that for all u,v in V, the relation p(u,v) < o(u) A o(v) is satisfied. A fuzzy graph G is
called complete fuzzy graph if the relation p(u,v) = o(u) A o(v) is satisfied.

Definition 2.2([14]) Let G : (o,p) be a fuzzy graph. The d,-degree of a vertex u in G is
dm(u) =3 ™ (wv), where p™(uv) = sup{p(uu) Ap(uiuz)A. .oy (Um—10) U, UL, Uz, - .y Upy—1, V
is the shortest path connecting u and v of length m}. Also, p(uv) =0, for uv not in E.

Definition 2.3([14]) Let G : (o, ) be a fuzzy graph on G* : (V,E). The total dy,-degree of a
vertex w € V is defined as tdp,(u) =Y p™(uv) + o(u) = dp(u) + o(u).

Definition 2.4([14]) Let G : (V, E) be a fuzzy graph on G*(V,E). Then G is said to be an

m-neighbourly irregular fuzzy graph if every two adjacent vertices in G have distinct d.,-degrees.

Definition 2.5([14]) Let G : (V, E) be a bipolar fuzzy graph on G*(V, E). Then G is said to be
an m-neighbourly totally irregular fuzzy graph if every two adjacent vertices in G have distinct

total d.,,-degrees.

Definition 2.6([8]) An intuitionistic fuzzy graph with underlying set V is defined to be a pair
G = (V, E) where

(1) V. = {v1,v9,v3,- -+ ,0n} such that py : V. — [0,1] and 71 : V — [0,1] denote the
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degree of membership and nonmembership of the element v; € V, (i =1,2,3,--- ,n) such that
0< pa(vi) +m(vi) <1;

(1) ECV XV, where g : VxV — [0,1] and v2 : V xV — [0, 1] are such that po(v;, vj) <
min{pi1(vi), p1(v5)} and y2(vi, v;) < max{y1(vi), 11 (v;)} and 0 < p2(vi,v;) +y2(vi,v;) < 1 for
every (vi,v;) € E, (i,j=1,2,--- ,n).

Definition 2.7([8]) If v;,v; € V C G, the p-strength of connectedness between two vertices v;
and v; is defined as p3°(vi,v;) = sup{pb(vi,v;) 1 k =1,2,--- ,n} and y-strength of connected-
ness between two vertices v; and v; is defined as v5°(vi,v;) = inf{7&(vi,v;) 1 k=1,2,--- ,n}.

Ifu and v are connected by means of paths of length k then uk (u,v) is defined as sup{uz(u, v1)A
pa(v1, va) A Apz(ve—1,0): (u, 01,02, ,vk—1,v) € V} and 7% (u,v) is defined as inf{vz(u,v1)V
Ya(v1,v2) V- -V y2(vp—1,0): (u,v1,v2, - ,05_1,0) € V}.

Definition 2.8([8]) Let G = (V, E) be an Intuitionistic fuzzy graph on G*(V,E). Then the
degree of a vertexr v; € G is defined by d(v;) = (du, (vi),dy, (v;)), where dy,, (v) =Y pa(vi, vj)
and d, (v;) =Y y2(vi, vj) for vi,v; € E and pa(vi,v;) = 0 and v2(v;,v;) = 0 for v;,v; ¢ E.

Definition 2.9([8]) Let G = (V, E) be an Intuitionistic fuzzy graph on G*(V,E). Then the
total degree of a vertex v; € G is defined by td(v;) = (td,, (vi),tdy, (vi)), where td,, (v;) =
dpiy (vi) + pa (vi) and tdy, (vi) = dyr(vi) + 71 (vi).

Definition 2.10([19]) Let G = (V,E) be an intuitionistic fuzzy graph on G*(V,E). Then
the dy, - degree of a wvertex v € G is defined by dim)(v) = (dim)u, (V), dimyy, (v)), where
iy () = S us™ (u,0) and p§™ (u,v) = sup{pa(u,ur) A pa(ug,uz) A+ A o (tn—1,v) :
Uy Up, U, ,Um—1V @S the shortest path connecting u and v of length m} and dimyv, (v) =
Zwém)(u, v), where Wém)(u,v) = inf{y2(u, u1)Vy2(u1, u2)V- - VA2 (Um—1,0) : U, U1, Uz, -+ 5 U —10
is the shortest path connecting u and v of length m}. The minimum d,,-degree of G is
O (G) = NM(damyu, (V) dimyy, (V) = v € V} and the mazvimum dp,-degree of G is Ay (G) =
V{(dmyps (V) d(myy, (V) v €V}

Definition 2.11([19]) Let G : (V,E) be an intuitionistic fuzzy graph on G*(V,E). If all the

vertices of G have same d,,- degree then G is said to be an (m, (c1,c2))- regular intuitionistic

fuzzy graph.

Definition 2.12([19]) Let G = (V, E) be an intuitionistic fuzzy graph on G*(V,E). Then
the total d,,-degree of a vertex v € G is defined by td(,)(v) = (tdm)u, (v), tdm), (v)), where
td (), (V) = dmyu, (V) + p1(v) and tdm)y, (V) = dimyy, (V) +71(v). The minimum td,,-degree of
G is tom(G) = M(tdmyu, (v), td(, (v)) 1 v € V'}. The mazimum td,,-degree of G is tA,(G) =
\/{(td(m)#1 (U), ifd(m),y1 (U)) NS V}

83. m-Neighbourly Irregular intuitionistic Fuzzy Graphs

Definition 3.1 let G be an intuitionistic fuzzy graph on G*(V, E). Then G is said to be an m-

neighbourly irreqular intuitionistic fuzzy graph if every two adjacent vertices in G have distinct
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dm - degrees.
Example 3.2 Consider an intuitionistic fuzzy graph on G* : (V, E).

u(0.3,0.6)

(0.4,0.5) (0.1,0.5)

4(0.5,0.5)

v(0.4,0.4)

(0.4,0.3) (0.2,0.3)

2(0.6,0.3) (0.3,0.2) w(0.5,0.4)

Figure 1
Here, d(u) = (0.5,1); d(v) = (0.3,0.8); d(w) = (0.5,0.5); d(z) = (0.7,.5); d(y) = (0.8,0.8);
) (1) = (0.170.2)+(0.470.4) = 0.1+0.4 = 0.5; d(a), (u) = (0.5V0. 2)+(0 4v0.4) = (0.5)+
(0.4) = 0.9; d(2)(u) = (0.5,0.9), d(g)( ) = (0.3,0.8), d(g)(w) (0 4 0. 8), d(2 ( ) ( 6,0.8);

d(g) (y) = (0.4, 0.8).
Every pair of adjacent vertices in G have distinct degrees and distinct da- degrees. Hence

G is m -neighbourly irregular intuitionistic fuzzy graph for m=1,2.

84. m-Neighbourly Totally Irregular Intuitionistic Fuzzy Graphs

Definition 4.1 Let G be a intuitionistic fuzzy graph on G*(V,E). Then G is said to be m-
neighbourly totally irregular intuitionistic fuzzy graph if every two adjacent vertices in G have

distinct total d,,- degrees.

Example 4.2 Consider a intuitionistic fuzzy graph on G* : (V, E) in Figure 1, tdao(u) =
(0.8,1.5), tda(v) = (0.7,1.2),tda(w) = (0.9,1.2),tda(x) = (1.2,1.1),tda(y) = (0.9,1.3). Every
Pair of adjacent vertices in G have distinct total degrees and distinct total da- degrees. Hence

G is m-neighbourly totally irregular intuitionistic fuzzy graph for m=1,2.

Remark 4.3 An m-neighbourly irregular instuitionistic fuzzy graph need not be m- neighbourly

totally irregular intuitionistic fuzzy graph.

Example 4.4 For example consider G = (V, E) be an intuitionistic fuzzy graph such that
G*(V, E) is path on 6 vertices.

u(0.5,0.5) v(0.3,0.4)  w(0.3,0.4) z(0.5,0.5) y(0.3,0.4) 2(0.3,0.4)
[ L L L L @
(0.1,0.3) (0.2,0.4) (0.3,0.3) (0.3,0.5) (0.3,0.4)

Figure 2
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Here, d(g) (u) = (0.1, 0.4); d(g) (U) = (0.2, 0.5); d(g) (w) = (0.3, 0.5);d(3) (ac) = (0.1, 0.4);d(3) (y) =
(0.2,0.5);d(s)(2) = (0.3,0.5). Hence G is m- neighbourly irregular intuitionistic fuzzy graph.
Here, td(3)(w) =
intuitionistic fuzzy graph.

td(s)(z) = td(s)(y) = (0.6,0.9). Hence G is not m-neighbourly totally irregular

Remark 4.5 An m- neighbourly totally irregular intuitionistic fuzzy graph need not be m-

neighbourly irregular intuitionistic fuzzy graph.

Example 4.6 Cousider a intuitionistic fuzzy graph on G*(V, E).

11(0.4,0.5) J2(0.3.04) _us(04,0.5)
(0.2,0.3) _ (0.2,0.3)

(0.2,0.3) (0.2,0.3)
(0.2,0.3) ° (0.2,0.3)

us(0.3,0.4) u5(0.4,0.5) ua(0:3,04)
Figure.3

Here, d(g)(u1) = d2)(u2) = d(2y(u3) = d(2)(ua) = d2y(us) = d(2)(ue) = (0.4,0.6). Hence G
is not an m- neighbourly irregular intuitionistic fuzzy graph.

td(g)(ul) = (08, 1.1); td(2)(u2) = (07, 1); td(g)(u;;) = (08, 1.1); td(g)(’u,4) = (07, 1);
td(g)(U5) = (0.8,1.1); td(2) (ug) = (0.7,1).

Here, all adjacent vertices have distinct total d,,,-degrees. Hence G is m-neighbourly totally

irregular intuitionistic fuzzy graph.

Theorem 4.7 If the membership values of adjacent vertices are distinct then (m, (c1,c2))-

regular intuitionistic fuzzy graph is an m- neighbourly totally irregular intuitionistic fuzzy graph.

Proof Let G : (V, E) be an intuitionistic fuzzy graph on G*(V, E). If (m, (¢1, c2))- regular
intuitionistic fuzzy graph and the membership values of adjacent vertices are distinct, then d,,-
degree of all vertices are the same = d,,(v) = (c1, ¢2) for all v € G = total degrees of adjacent

vertices are distinct. So G is an m-neighbourly totally irregular intuitionistic fuzzy graph. O

Theorem 4.8 Let G : (V,E) be an intuitionistic fuzzy graph on G*(V,E). If G is an m-
neighbourly irreqular intuitionistic fuzzy graph and A is a constant function then G is an m-

neighbourly totally irreqular intuitionistic fuzzy graph.

Proof Let G be m- neighbourly irregular intuitionistic fuzzy graph. Then the d,, degree
of every two adjacent vertices are distinct. Let v and v be two adjacent vertices of G with
distinct degrees. Then d,,(u) = (k1, k2) and d,, (v) = (¢1,c2), where ky # ¢1,ka # c2 . Assume
that A(u) = A(v) = (r1,72). Suppose tdy,(u) = tdy(v) = dn(u) + Au) = dn(v) + A(v)
= (k1,ka+(r1,m2) = (c1,02)+ (r1,72) = (14711, ka2 = (c1+711,60472) = i+ =c1+n
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and kg + 79 = ca + 12 = k1 = ¢1 and ke = cq, which is a contradiction. So td,(u) # tdy, (v).
Thus every pair of adjacent vertices have distinct total d,,degree provided A is a constant
function. This is true for every pair of adjacent vertices in G. Hence G is an m- neighbourly

totally irregular intuitionistic fuzzy graph. |

Theorem 4.9 Let G be an intuitionistic fuzzy graph on G*(V, E). If G is an m- neighbourly
totally irreqular intuitionistic fuzzy graph and A is constant function then G is an m- neighbourly

wrreqular intuitionistic fuzzy graph.
Proof The proof is similar to above theorem 4.8. |

Remark 4.10 The above two theorems jointly yield the following result. let G : (V, E) be a
intuitionistic fuzzy graph on G*(V, E). If A is constant function then G is m- neighbourly irreg-
ular intuitionistic fuzzy graph if and only if G is m- neighbourly totally irregular intuitionistic

fuzzy graph.
Remark 4.11 Let G : (V, E) be an intuitionistic fuzzy graph on G*(V, E). If G is both m-

neighbourly irregular intuitionistic fuzzy graph and m- neighbourly totally irregular intuition-
istic fuzzy graph then A need not be a constant function.

Theorem 4.12 Let G be intuitionistic fuzzy graph on G*(V, E) , a cycle of length n. If the edges
takes positive membership values cy,ca,- -+ , ¢, and negative membership values ki, ko, -+  ky
such that ¢c; < cg < -+ < ¢y and k1 > ko > -+ > k, then G is m- neighbourly irreqular

intuitionistic fuzzy graph.

Proof Let the edges take membership values ¢y, co, - ,c¢, and ki, ko,--- ,k, such that
g <co<---<ecyand ky > ke >--- > k. Then,

Ay, (V1) = pa(er) A pa(ez) A -+ - po(em) + pa(emyr) A pa(en—1)) A+ A po(en—(m-1))
=(ctNca N Newm)+(en ANen—1 A+ A Cp(m—1))
=C1 7+ Cp—(m—-1)s

dimyy, (V1) = Y€1) V y2(e2) V- -+ Vyz(em) +v2(en) Vye(en—1) V- Vya(en_(m-1))
=k + kn_(m_l),

dm(v1) = (€1 + Ch—(m=1), k1 + kn—(m-1))-

Similarly, d,,,(v2) = (c1+c2, ki+k2). Fori=3,4,--- ,n—1, dm,, (vi) = pa(e;) Apa(eir) A

A M2(€i+m) + p2(ei-1) A palei—2) A+ pa(en—(m-3))

dimyp, (Vi) = (€s Acigr A=+ Aciym) + (Cici Acia A=+ A Cp_(m—3))
A(m)pur (Vi) = i + Cn(m—3)
dimyy (Vi) = Ya(ei) V 72(€z+1) Ve Voyg(eipm) +Fy2(ei1) Vya(eia) VooV ya(en—(m—3))
Aimyp (03) = ki VEig1 Voo Vkigem + kit VEi—a VeV ki (ms)
<m>vl(vz) = ki + kn—(m-3)
= dm(vi) = (¢i + Cn—(m=-3), (ki + kn_(m—3))

(ci
= d (m)p1 (Un) H2 (en) A M2(€1) ARERNA N2(em—1) + N2(en—1) A M2(en—2) ARERNAN MZ(en—m)
= dimyp, (Vn) = (cn/\cl Ao Neme1)+ (Cne1 ACn—a A ACpem)

= d (m)p1 (Un) 1+ Cna1
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= d(m)y, (vn) = 72(en) Vy2(er) V- Vya(em—1) +v2(en—1) Vy2(en—2) V- Vy2(en—m)

:>dm)71(vn) =k, VEkiV-- Vkn1+kn1VknaoV--Vkpm
dim)ys (Vn) = K1 + kn—1

= dm( n) = (1 + cn1, k1 + kn—1).

Hence G is m- neighbourly irregular intuitionistic fuzzy graph. O

Remark 4.13 The above theorem 4.12 does not hold for m- neighbourly totally irregular

intuitionistic fuzzy graph.

Theorem 4.14 Let G be an intuitionistic fuzzy Graph on G*(V,E), a path on n vertices.
If the edges takes positive membership values ci,ca,...,c, and negative membership values
ki, ko, ... kn such that c1 < co < -+ < ¢ and k1 > ko > --- > k, then G is m - neighbourly

irreqular intuitionistic fuzzy graph.

Proof Let the edges take membership values ¢y, co, - ,c¢, and ki, ko,--- ,k, such that
g <co<---<ecypand ky > ke >--- > ky,. Then,

dimyp, (V1) = pa(er) A pa(e) A= Apa(em) =ct Aca A+ A ey = cr.

d(myy, (V1) =72(e1) Vyalea) V- Vyalem) =kt Vhka V- Vky = k.

dm(v1) = (1, k1).

Similarly, dp, (v2) = (c2,k2). Fori = 3,4, ,n—2 d(p)u, (vi) = p2(ei—1) Apa(ei—2) A=A
p2(€i—m) + pa(ei) A pa(eit1) A« A paleiy(m-1)
( (vi) =cCic1 ACica Ao AN Cimm + Ci A Cig1 A+ A Cipm—1
( (Vi) = Cimm + ¢
= d(myy, (Vi) = Y2(€i—1) Vy2(ei2) V- Vya(€imm) +v2(ei) Vyaleir1) V- - Vy2(eip(m—1))
( (vi)=ki-1VkioV--Vki_m+kiVki1 V- Vkiitm

(m)y (Vi)

= dm (Vi) = (Cimm + Cis Kimm + ki)

= d(myp, (Vn—1) = p2(en—2) A pa(en—3) A=+ A pz(en—(m+1))

= dimyps (Vn—1) = a2 A3 A=+ A Cp—(m1)

A(m)p (Vn-1) = Cn(m+1)

= d(m)y, (Vn—1) = 12(en—2) Vy2(€n—-3) V-V y2(€n_(m+1))

= d(m)'n (Un—l) =knoVkp3V---V kn,(erl) = kn,(erl)

= dm(vn-1) = (Cn—(mi1)s kn(m+1))

= dimyp, (0n) = pi2(en—1) A paen—2) A+ A piz(en—m)
dimyp, (Vn) = o1 ACpa A== Nenem

= d(m),ul (’Un) = Cn—m

= d(m)y, (vn) = Y2(en—1) Vy2(en—2) V-V y2(€n—m)

= dimyy, (Vn) =kn_1 Vkn oV Vo

= dm) (Un)

= dm(vn) = (c—n—m, kn_m).

Hence G is m - neighbourly irregular intuitionistic fuzzy graph. O
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Remark 4.15 Theorem 4.14 does not hold for m-neighbourly totally irregular intuitionistic
fuzzy graph.
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