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I. INTRODUCTION

In 1965, Lofti A. Zadeh [16] 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 graphs in 1975 [10]. 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 [9]. Krassimir T Atanassov [2] introduced the intuitionistic fuzzy graph
theory. R.Parvathi and M.G.Karunambigai [8] introduced intuitionistic fuzzy graphs as a special case of Atanassov's
IFG and discussed some properties of regular intuitionistic fuzzy graphs [6]. 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. M.G. Karunambigai and R.Parvathi and R.Buvaneswari introduced
constant intuitionistic fuzzy graphs [7]. Also,M.G.Karunambigai,S. Sivasankar and K.Palnivel studied some properties
of regular intuitionistic fuzzy graphs and edge regular intuitionistic fuzzy graphs[19]. This is the background to
introduce the strongly edge irregular intuitionistic fuzzy graphs and strongly edge totally irregular intuitionistic fuzzy
graphs, neighbourly edge irregular intuitionistic fuzzy graphs and neighbourly edge totally irregular intuitionistic fuzzy
graphs, an edge irregular intuitionistic fuzzy graphs and edge totally irregular intuitionistic fuzzy graphs are introduced
and discussed some of their properties.

I1. PRELIMINARIES

We present some known definitions and results for ready reference to go through the work presented in this paper.

Definition 2.1. A Fuzzy graph denoted by G : (o, 1) on the graph G : (V,E): is a pair of functions (o, ) where o :V —
[0; 1] is a fuzzy subset of a set Vand i : V XV — [0; 1] is a symmetric fuzzy relation on ¢ such that for all u, v in V the
relation u(u, v) = p(uv) < o(u) Ac(v) is satisfied[7].
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Definition 2.2. Let G : (o, ) be a connected fuzzy graph G : (V,E). The degree of an edge uv is defined as dg(uv) =
dg(u) + dg(V) - 2 p(uv). The minimum degree of an edge is 6g(G) = A{dg(uv) : uv € E}.The maximum degree of an edge
is Ag(G) =V{ds(uv) : uv € E }[10]

Definition 2.3. Let G : (o, ) be a connected fuzzy graph G': (V,E).The total degree of an edge uv is defined as tdg(uv)
= dg(u) + dg(Vv) -p(uv). The minimum total degree of an edge is die(G) = A{tds(uv) : uv € E}. The maximum total degree
of an edge is Aie(G) = V{tds(uv) : uv € E }10]

Definition 2.4. The degree of an edge uv in the underlying graph is defined as dg(uv) = dg(u) + ds(v) -2[1].

Definition 2.5. A fuzzy graph G is said to be a strongly edge irregular fuzzy graph if every pair of edges of G have
distinct degrees.

Definition 2.6. A fuzzy graph G is said to be a strongly edge totally irregular fuzzy graph if every pair of edges of G
have distinct total degrees.

Definition 2.7. A fuzzy graph G is said to be a neighbourly edge irregular fuzzy graph if every pair of adjacent edges
of G have distinct degrees.

Definition 2.8. A fuzzy graph G is said to be a neighbourly totally edge irregular fuzzy graph if every pair of
adjacent edges of G have distinct total degrees.

Definition 2.9. A fuzzy graph G is said to be a edge irregular fuzzy graph if there exits at least one edge of G which
is adjacent to the edges having distinct degrees.

Definition 2.10 An intuitionistic fuzzy graph with underlying set V is defined to be a pair G = (V,E) where (i) V = {vy,
Vy, V3,...,Vn} such that p; :V — [0, 1] and y; : V— [0, 1] denote the degree of membership and non membership of the
elementv; € V, (i=1,2,3,...n), such that 0 < py(vi)+y1(vi) <1

(if) E €V, where p, : VXV — [0, 1] and y, : VX'V — [0, 1] are such that pp(vi, v;) < min {pa(vi), 1 1(v))} and yo(vi, vj) <
max {pa(vi),y2(vj)} and 0< po(vi, Vi) +ya(vi, vj) < 1, for every (vi, vj) € E, (i,j = 1,2,....n) [7].

Definition 2.11 Let G = (V, E) be an intuitionistic fuzzy graph on G'(V, E). Then the degree of a vertex V€ G is
defined by d(vi) = (d,a(vi), d,a(vi)),where dyi(vi) =Zpo(vi, vj) and d,q(vi) =Zy,(vi, vj), for vi, v; € E and py(vi, vj) = 0 and
v2(vi, vj) = 0 for v;, v; €E [7].

Definition 2.12 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(vi) = (td,a(vi), td,1(v;)), where td,(vi) = d,a(vi) + za(vi) and td,1 (vi) = dya(vi) + ya(vi) [7].

Definition 2.13 Let G =(V, E) be an intuitionistic fuzzy graph on G*(V,E). The degree of an edge uv is defined as
dg(uv) = (d.2(uv),d,2(uv)),where d up (Uv)=d .1 (U)+d 11 (V)-2 iz (Uv) and d o(uv)=d ;1 (U)+d,1 (V)-272 (UV).

Definition 2.13 Let G =(V, E) be an intuitionistic fuzzy graph on G*(V,E). The total degree of an edge uv is defined
as tdg(uv) = (td,2(uv),td,2(uv)),where td u, (Uv)=d .1 (U)+d 1 (V)-u2 (uv) and td o (uv)=d,; (u)+d,s (V)-y2 (Uv).

111 STRONGLY EDGE IRREGULAR INTUITIONISTIC FUZZY GRAPHS

Definition 3.1: Let G : (V,E) be a intuitionistic fuzzy graph on G*(V,E).Then, G is said to be a strongly edge irregular
intuitionistic fuzzy graph if every pair of edges have distinct degrees (or) no pair of edges have the same degree.
Definition 3.2 : Let G : (V,E) be a intuitionistic fuzzy graph on G*(V,E).Then, G is said to be a strongly edge totally
irregular intuitionistic fuzzy graph if every pair of edges have distinct total degrees (or) no pair of edges have the same
total degree.

Example3.3: Consider a intuitionistic fuzzy graph on G*(V,E),a cycle of length 5.
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Here, dg(u) = (0.5,0.7), dg(Vv) = (0.4,0.5), ds(w) = (0.4,0.7), ds(x) = (0.3,0.9), ds(y) = (0.6,1).Now, dg(uv) =
(0.5,0.8),dg(vw) = (0.4,0.6), dg(wx) = (0.3,0.8), dg(xy) = (0.3,0.9), dg(yu) = (0.5,0.7). It is noted that all the edges in
G have distinct degrees. Hence G is strongly edge irregular intuitionistic fuzzy graph.

Also, tdg(uv) = (0.7,1), tdg(vw) = (0.6,0.9), tdg(wx) = (0.5,1.2), tds(xy) = (0.6,1.4), tds(yu) = (0.8,1.2).1t is
noted that all the edges in G have distinct total degrees. Hence G is strongly edge totally irregular intuitionistic fuzzy
graph.

Remark 3.4. A strongly edge irregular intuitionistic fuzzy graph need not be a strongly edge totally irregular
intuitionistic fuzzy graph.

Remark 3.5. A strongly edge totally irregular intuitionistic fuzzy graph need not be a strongly edge irregular
intuitionistic fuzzy graph.

Theorem 3.6 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
strongly edge irregular intuitionistic fuzzy graph,then G is strongly edge totally irregular intuitionistic fuzzy graph.

Proof ;. Assume that B is a constant function, let B(uv) = (c,,c;) for all uv € E, where ¢, and ¢, are constant. Let uv and
xy be any pair of edges in E. Suppose that G is strongly edge irregular intuitionistic fuzzy graph. Then dg(uv) # ds(xy),
where

= (dua(uv), dy2(uv)) # (dya(xy), dya(xy))

= (dua(uv), dy2(uv)) +(C1,C2) # (dya(xy), dya(Xy)) + (C1,C2)

= dg(uv) + B(uv) # dg(xy) + B(xy)

= tdg(uv) #tds(xy), where uv and xy are any pair of edges in E.
Hence G is strongly edge totally irregular intuitionistic fuzzy graph.
Theorem 3.7 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
strongly edge totally irregular intuitionistic fuzzy graph,then G is strongly edge irregular intuitionistic fuzzy graph.
Remark 3.8 : In Intuitionistic fuzzy graph given in example 2.3, concluded that if G is both strongly edge irregular
intuitionistic fuzzy graph and strongly edge totallyirregular intuitionistic fuzzy graph.Then B need not be a constant
function.
Theorem 3.9 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E)
and B(e) = (dyz(e), dy(e)) is a constant function. If G is a strongly edge irregular intuitionistic fuzzy graph, then G is an
irregular intuitionistic fuzzy graph.
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Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) . Assume
that B(e) = (dy2(e), dy2(€)) is a constant function, let B(uv) = (cy,c,), for all uv €,
where c;and c;are constant. Let us suppose that G is strongly edge irregular intuitionistic fuzzy graph.Then every pair
of edges have distinct degrees. Let uv and vw are adjacent edges in G have distinct degrees. Then (dyz(uv),dy2(uv) #
(do(vw).dyz(vw))

2 (Aua(U)+dua(v) 20(uv), dya(u) +dya(v)-272(u)) # (du(V)+du(W) -2ua(vw), dys(v) +dya(w)-2y2(vw))

= (dpl(u)"'dpl(V) '201, le(u) +d’Y1(V)-202) + (dpl(V)"'dpl(W) '201, le(V) +d’Y1(W)'202)

= (dua(w),dy1(u) # (dya(w),dy1(w))

= dg(u) #ds(w), so there exist a vertex v which is adjacent to a vertices u and w have distinct degrees. Hence G is

an irregular intuitionistic fuzzy graph.

Theorem 3.10 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
If G is a strongly edge totally irregular intuitionistic fuzzy graph, then G is an irregular intuitionistic fuzzy graph.
Theorem 3.11 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
a strongly edge irregular intuitionistic fuzzy graph, then G is highly irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) .Assume that B is a constant function and let
B(uv) = (c1,c;) for all uv € E, where ¢; and ¢, are constant. Let v be aay vertex adjacent with u,w and x. Then uv,vw and
vXx are adjacent edges in G. Let us suppose that G is a strongly edge irregular intuitionistic fuzzy graph so every pair of
edges in G have distict degrees.

= dg(uv) # de(vw) # ds(vX)

= (dye(uv), dy2(uv)) # (dya(vw), dy2(vW)), # (dya(vx), dy2(vX))
Consider (d(u)+du(V) -21a(UV) # (dya(V)+chua(W) -2p(vw) or
dy1(u) +dy1(v)-2y2(uv)) # dya(v) +dy1(W)-2y2(vw)
dpl(u)"‘dpl(V) '201 # dpl(v)+dpl(w) '201 or dyl(u) +d’Y1(V)'202 #
dy;(v) +dyi(w)-2¢,
2 d(U) +d,a(v) # dua(V)+0ya(w) (or) dya(u) +dya(V) # dys(v) +dya(w)
2 dy(U) #dya(w) (or) dys(U) # dya(w)
=
=

v

(dya(u),dy1(u) # (dua(w),dy1(w))
de(u) #de(w)

similarly taking (d,o(vw), dy2(VW)), # (dy2(vx), dya(vX))

= de(w) #ds(x)
= dg(u)£Ads(w) # ds(X), so any vertex v ia adjacent to the vertices with distict degrees.

Theorem 3.12 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G
is a strongly edge totally irregular intuitionistic fuzzy graph, then G is highly irregular intuitionistic fuzzy graph.

Remark 3.13 : converse of the above theorems 3.9,3.10,3.11 and 3.12 need not be true

Definition 3.14 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E).If no two edges have the same
edge degree and each edge e; have edge degree (c; k;) with ¢; = | kj|,then G is called an equally strongly

edge irregular intuitionistic fuzzy graph.otherwise it is unequally strongly edge irregular intuitionistic fuzzy graph.
Result 3.15 : An equally strongly edge irregular intuitionistic fuzzy graph is strongly edge irregular intuitionistic
fuzzy graph.

Result 3.16 : A strongly edge irregular intuitionistic fuzzy graph need not be equally strongly edge irregular
intuitionistic fuzzy graph.

Theorem 3.17 : Let G : (V,E) be a intuitionistic fuzzy graph on G*: (V,E), a path on 2m(m>1) vertices.If the
membership value of the edges e; e; es ... eom-1 are respectively (¢, Ky), (C2, K2), (C3, Ka)yeuenvvvnnnns (Com-1, Kom-1) such
that (¢, ki) < (Cp, kp)<(C3, K3),.......< (Com-1, Kam-1),then G is both strongly edge irregular intuitionistic fuzzy graph and
strongly edge totally irregular intuitionistic fuzzy graph.
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Proof : Let G : (o, 1) be a fuzzy graph on G*: (V,E), a path on 2m(m>1) vertices.Let e; e, es .. .. em1 be the edges
of a path G* in that order.Let membership value of the edges e; e, €3 eom-1 are respectively (cy, ki), (¢, ko), (C3,
k3), ............. (CZm—l, k2m_1) such that (C1’ kl) < (Czy k2)<(C3' k3), < (CZm—l, k2m_1).dG(Vi) = (Ci_1’ ki—l) + (Ci' ki), for i=
2,345,...... ,2m-1,dG(V1):(C1’ kl)adG(VZm) :(CZm—l, k2m_1),dG(ei):(Ci_1’ ki—l) + (Ci+1' ki+1), for i = 2,345,...... ,2m-
2,dc(e1)=(Cy, k2), da(E2m-1)= (Com-2, Kom-2), Hence G is strongly edge irregular intuitionistic fuzzy graph. tdg(e;) =(Ci.1, Ki.
1) + (Cisg, kis1) + (ci ki), for 1 =2,3,45,...... ,2m-2, tdg(e1) =(Cz, k2) + (Cy, K1), tde(€2m1) = (Coma2, Kom2) + (Coma, Kom1).
Hence G is strongly edge totally irregular intuitionistic fuzzy graph.

Theorem 3.18 : Let G : (V,E) be a intuitionistic fuzzy graph on G*: (V,E), a cycle on n(n=4) vertices.If the
membership value of the edges e; e, €3 ... enare respectively (cy, ky), (2, K2), (Cs, Ka)yevvvnennnenn. (cn, kn) such that (c,,
ki) < (cy, ko)<(c3, ka),....... < (cy, kq),then G is both strongly edge irregular intuitionistic fuzzy graph and strongly edge
totally irregular intuitionistic fuzzy graph.

Proof : Let G : (V,E) be a fuzzy graph on G*: (V,E), a cycle on n (n>4)vertices.Let e; e, es e, be the edges of a
cycle G* in that order.Let membership value of the edges e; e, €5 e, are respectively (¢, ky), (Cz, k), (C3, K3),.....,
(Cn, kn) such that (cy, ky) < (Cz, ko)<(C3, K3),.....< (Cn, Kq).da(Vi) = (G, ki) + (ci, kj), for i=234,5,...... N do(vy)=
(C1, ka) + (Cn, Kn),dc(€1)=(Ci1, Ki1) + (Civ, Kisa), fOr 1=2345,...... N-1,dc(e1)=(Cz, K2) + (Cn, Kn),da(€n)= (C1, K1) + (Cnog,
kn1).Hence G is strongly edge irregular intuitionistic fuzzy graph.tds(ei)=(Ci1, Ki1) + (Civa, Kisr) + (G ki), for i =
2,3,4,5,...... N-Ltdg(e1)=(Ca, Ka) + (Cn, Kn) +(Cy1, k1), td(en) = (C1, K1) + (Cna, Kn-t) + (Cn, Kn). Hence G is strongly edge
totally irregular intuitionistic fuzzy graph.

IV. NEIGHBOURLY EDGE IRREGULAR INTUITIONISTIC FUZZY GRAPHS

Definition 4.1: Let G : (V,E) be a intuitionistic fuzzy graph on G*(V,E).Then, G is said to be a neighbourly edge
irregular intuitionistic fuzzy graph if every pair of adjacent edges have distinct degrees (or) no pair of adjacent edges
have the same degree.
Definition 4.2 : Let G : (V,E) be a intuitionistic fuzzy graph on G*(V,E).Then, G is said to be a neighbourly edge
totally irregular intuitionistic fuzzy graph if every pair of adjacent edges have distinct total degrees (or) no pair of
adjacent edges have the same total degree.
Example4.3: Consider a intuitionistic fuzzy graph on G*(V,E),a cycle of length 5 given in example 3.3.
Remark 4.4. A neighbourly edge irregular intuitionistic fuzzy graph need not be a neighbourly edge totally irregular
intuitionistic fuzzy graph.
Remark 4.5. A neighbourly edge totally irregular intuitionistic fuzzy graph need not be a neighbourly edge
irregular intuitionistic fuzzy graph.
Theorem 4.6 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
neighbourly edge irregular intuitionistic fuzzy graph, then G is neighbourly edge totally irregular intuitionistic fuzzy
graph.
Proof : Assume that B is a constant function, let B(uv) = (c3,c;) for all uv € E, where ¢, and ¢, are constant. Let uv and
xy be any pair of edges in E. Suppose that G is neighbourly edge irregular intuitionistic fuzzy graph. Then dg(uv) #
ds(xy), where uv and xy are adjacent edges in G.

= (dua(uv), dy2(uv)) # (dya(xy), dya(xy))

= (dua(uv), dy2(uv)) +(C1,C2) # (dya(xy), dya(Xy)) + (C1,C2)

= dg(uv) + B(uv) # dg(xy) + B(xy)

= tdg(uv) #tds(xy), where uv and xy are any pair of edges in E.
Hence G is neighbourly edge totally irregular intuitionistic fuzzy graph.
Theorem 4.7 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
neighbourly edge totally irregular intuitionistic fuzzy graph, then G is neighbourly edge irregular intuitionistic fuzzy
graph.
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Remark 4.8 : In Intuitionistic fuzzy graph given in example 2.3, concluded that if G is both neighbourly edge irregular
intuitionistic fuzzy graph and neighbourly edge totallyirregular intuitionistic fuzzy graph.Then B need not be a constant
function.
Theorem 4.9 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E)
and B(e) = (dy(e), dy2(e)) is a constant function. If G is a neighbourly edge irregular intuitionistic fuzzy graph, then G
is an irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) . Assume
that B(e) = (dy2(e), dy2(e)) is a constant function, let B(uv) = (cy,c,), for all uv €,
where c;and c;are constant. Let us suppose that G is neighbourly edge irregular intuitionistic fuzzy graph.Then every
pair of edges have distinct degrees. Let uv and vw are adjacent edges in G have distinct degrees. Then (d,(uv),dy2(uv)
# (dya(vw),dy2(vw))

= (dua(u)+dua(v) -2pe(uv), dyi(u) +dyi(V)-2y2(uv)) # (dua(v)+dua(w) -2pa(vw), dyi(v) +dyi(w)-2y2(vw))

= (du(u)+du(v) -2c1, dyi(u) +dyi(v)-2¢2) # (dua(V)+du(w) -2¢1, dyi(v) +dyi(w)-2¢;)

= (dua(w),dys(u) # (dya(w),dy1(w))

= dg(u) #dg(w), so there exist a vertex v which is adjacent to a vertices u and w have distinct degrees. Hence G is

an irregular intuitionistic fuzzy graph.

Theorem 4.10 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
If G is a neighbourly edge totally irregular intuitionistic fuzzy graph, then G is an irregular intuitionistic fuzzy graph.
Theorem 4.11 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
a neighbourly edge irregular intuitionistic fuzzy graph, then G is highly irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) .Assume that B is a constant function and let
B(uv) = (c1,¢;) forall uv € E, where ¢y and c, are constant. Let v be aay vertex adjacent with u,w and x. Then uv,vw and
vx are adjacent edges in G. Let us suppose that G is a neighbourly edge irregular intuitionistic fuzzy graph so every pair
of edges in G have distict degrees.

= dg(uv) # de(vw) # ds(vX)

= (de(uv), dyz(uv)) # (dya(vw), dy2(vW)), # (dua(vx), dy2(vX))
Consider (dh(U)+d,a(v) -212(0V) # (dua(V)+dya(W) -2p1o(vw) or
dy;(u) +dy1(V)-2y2(uv)) # dy1(v) +dyi(W)-2y,2(vw)
du(u)+da(v) -2¢; #dya(v)+dua(w) -2c; or dyi(u) +dyi(v)-2¢;, #
dya(v) +dyi(w)-2c;
dya(U) +dua(v) # dua(V)+dua(w) (or) dya(u) +dyi(v) # dya(v) +dys(w)
dua(U) # dua(w) (or) dys(u) # dys(w)
(dys(u),dys(u) # (dya(w),dyi(w))

dg(u) # ds(w)
similarly taking (d2(vw), dy2(vw)), # (dy2(vx), dy2(vx))

v

=
=
=
=

= de(w) #ds(x)

= dg(u)£Ads(w) # ds(X), so any vertex v ia adjacent to the vertices with distict degrees.

Theorem 4.12 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G
is a neighbourly edge totally irregular intuitionistic fuzzy graph, then G is highly irregular intuitionistic fuzzy graph.
Remark 4.13 : converse of the above theorems 4.9,4.10,4.11 and 4.12 need not be true

Definition 4.14 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E).If no two edges have the same
edge degree and each edge e; have edge degree (c; k;) with ¢; = | kj|,then G is called an equally neighbourly edge
irregular intuitionistic fuzzy graph.otherwise it is unequally neighbourly edge irregular intuitionistic fuzzy graph.
Result 4.15 : An equally neighbourly edge irregular intuitionistic fuzzy graph is neighboury edge irregular
intuitionistic fuzzy graph.
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Result 4.16 : A neighbourly edge irregular intuitionistic fuzzy graph need not be equally neighbourly edge irregular
intuitionistic fuzzy graph.

Theorem 4.17 : Let G : (V,E) be a intuitionistic fuzzy graph on G*: (V,E), a path on 2m(m>1) vertices.If the
membership value of the edges e; e; es ... eom-1 are respectively (¢, Ky), (C2, K2), (C3, Ka)yeuenvvvnannns (Com-1, Kom-1) such
that (¢, K1) < (€, ko)<(C3, K3),.......< (Com-1, Kom-1),then G is both neighbourly edge irregular intuitionistic fuzzy graph and
neighbourly edge totally irregular intuitionistic fuzzy graph.

Proof : Let G : (o,u) be a fuzzy graph on G*: (V,E), a path on 2m(m>1) vertices.Let e; e, €3
of a path G* in that order.Let membership value of the edges e; e, e;

em1 be the edges

...........

eom-1 are respectively (c;,

...........

kl), (Czy kz), (C3’ k3), ............. (CZm—l, k2m_1) such that (C1’ kl) < (Czy k2)<(C3’ k3),.......< (CZm—l, k2m_1). dG(Vi):(Ci—l, ki—l) + (Ci'
ki, for i = 2345,...... ,2m-1,dg(v1)=(c1, Ki),do(Vom) =(Com1, Koma).do(€) = (Cia, kix) + (Cisq, Kiry), fOor i =
2,3,4,5,...... ,2m-2,dg(e;) = (¢, kp),de(E2m-1) =(Com-2, Kam-2).Hence G is neighbourly edge irregular intuitionistic

fuzzy graph. tdg(e)= (Ci1, ki) + (Civr, Kivs) + (i, ki), for i =23,4,5,...... ,2m-2,tdg(e;)=(Cz, ko)+(cy, ki), tda(€2m1) =
(Com-2, Kam-2) * (Cam-1, Kom-1). Hence G is neighbourly edge totally irregular intuitionistic fuzzy graph.

Theorem 4.18 : Let G : (V,E) be a intuitionistic fuzzy graph on G*: (V,E), a cycle on n(n=4) vertices.If the
membership value of the edges e; e, €3 ... enare respectively (cy, ky), (2, K2), (Cs, Ka)yevnvnennnenn. (Cn, kq) such that (cy,
k1) < (Cz, ko)<(c3, Ka),....... < (Cpy, kn),then G is both neighbourly edge irregular intuitionistic fuzzy graph and neighbourly
edge totally irregular intuitionistic fuzzy graph.

Proof : Let G : (V,E) be a fuzzy graph on G*: (V,E), a cycle on n (n=4)vertices.Let e; e, es.._e, be the edges of a
cycle G* in that order.Let membership value of the edges e; e, €5 e, are respectively (¢, ky), (Cz, k), (C3, K3),.....,
(Cn’ kn) such that (C1’ kl) < (Czy k2)<(03’ k3),.....< (Cn’ kn).dG(Vi) = (Ci_1’ ki—l) + (Ci' ki), for i=2,345,...... ,n.dG(Vl) = (C1’ kl)

+ (Cn Kn),ds(e)) = (Cig, K1) + (Cisg, Kiva), fOr 1=2,3,4,5,...... N-1,dc(e1)=(Cz, K2) + (Cn, Kn), da(&n) = (Cy, ky) + (Cnog,
kn-1). Hence G is neighbourly edge irregular intuitionistic fuzzy graph. tds(e) = (Cig, K1) + (Cist, Kivn) + (Ci Ki),
for 1 =2345,...... n-1;tdg(e1)= (Ca, ko) + (Cn, Kn) +(Cy, k), tds(en) = (cy, ki) + (Cna, Kn-r) + (Cn, k). Hence G is

neighbourly edge totally irregular intuitionistic fuzzy graph.

V. EDGE IRREGULAR INTUITIONISTIC FUZZY GRAPHS

Definition 5.1. Let G : (V,E) be a intuitionistic fuzzy graph on G*(V,E). Then G is said to be a edge intuitionistic
irregular fuzzy graph if there exits atleast one edge which is adjacent to the edges with distinct edge degrees.
Definition 5.2. If G is said to be a totally irregular intuitionistic fuzzy graph then there exits atleast one edge
which is adjacent to the edges with distinct total edge degrees.
Remark 5.3. A edge irregular intuitionistic fuzzy graph need not be a edge totally irregular intuitionistic
fuzzy graph.
Remark 5.4. A edge totally irregular intuitionistic fuzzy graph need not be a edge irregular intuitionistic
fuzzy graph.
Theorem 5.5 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
an edge irregular intuitionistic fuzzy graph, then G is an edge totally irregular intuitionistic fuzzy graph.
Proof : Assume that B is a constant function, let B(uv) = (c3,c;) for all uv € E, where ¢, and ¢, are constant. Let uv and
xy be any pair of adjacent edges of vx in E. Suppose that G is an edge irregular intuitionistic fuzzy graph. Then dg(uv)
# dg(Xy), where uv and xy are adjacent edges of vx in G.

= (dua(uv), dy2(uv)) # (dya(xy), dya(xy))

= (dua(uv), dy2(uv)) +(€1,C2) # (dya(xy), dya(Xy)) + (C1,C2)

= dg(uv) + B(uv) #ds(xy) + B(xy)

= tdg(uv) #tds(xy), where uv and xy are any pair of edges of vx in E.
Hence G isan edge totally irregular intuitionistic fuzzy graph.
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Theorem 5.6 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
an edge totally irregular intuitionistic fuzzy graph, then G is an edge irregular intuitionistic fuzzy graph.
Proof:Proof is similar to above theorem.
Remark 5.7: In Intuitionistic fuzzy graph given in example 3.3, concluded that if G is both edge irregular intuitionistic
fuzzy graph and edge totally irregular intuitionistic fuzzy graph.Then B need not be a constant function.
Theorem 5.8 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B(e) = (d,z(e), dy2(€)) is a
constant function. If G is a an edge irregular intuitionistic fuzzy graph, then G is an irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) . Assume that B(e) = (d,(e), dy2(€)) is a
constant function, let B(uv) = (cy,c,), for all uv € , where c¢; and ¢, are constant. Let us suppose that G is an edge
irregular intuitionistic fuzzy graph. Then atleast one edge which is adjacent to the edges ohave distinct degrees. Let uv
and vw are adjacent edges of vx in G have distinct degrees. Then (dy.(uv),dy2(uv) # (d,2(vw),dy2(vw))

2 (Aua(U)+0ua(v) 20(uv), dya(u) +dya(v)-272(u)) # (du(V)+du(W) -2ua(vw), dys(v) +dya(w)-2y2(vw))

= (du(u)+du(v) -2c1, dyi(u) +dyi(v)-2¢2) # (dua(V)+du(w) -2¢1, dyi(v) +dyi(w)-2¢;)

= (dua(w),dys(u) # (dya(w),dy1(w))

= dg(u) #dg(w), so there exist a vertex v which is adjacent to a vertices u and w have distinct degrees. Hence G is

an irregular intuitionistic fuzzy graph.

Theorem 5.9 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
If G isa edge totally irregular intuitionistic fuzzy graph, then G is an irregular intuitionistic fuzzy graph.
Proof:Proof is similar to above theorem.

VI. HIGHLY EDGE IRREGULAR INTUITIONISTIC FUZZY GRAPHS

Definition 6.1. Let G : (V,E) be a intuitionistic fuzzy graph on G*(V,E). Then G is said to be a highly edge
irregular intuitionistic ~ fuzzy graph if every edge of G which is adjacent to the edges with distinct edge
degrees.
Definition 6.2. If G is said to be a highly edge totally irregular intuitionistic fuzzy graph then every edge of
G which is adjacent to the edges with distinct total edge degrees.
Remark 6.3. A highly edge irregular intuitionistic fuzzy graph need not be a highly edge totally irregular
intuitionistic fuzzy graph.
Remark 6.4. A highly edge totally irregular intuitionistic fuzzy graph need not be a highly edge irregular
intuitionistic fuzzy graph.
Theorem 6.5 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
highly edge irregular intuitionistic fuzzy graph, then G is highly edge totally irregular intuitionistic fuzzy graph.
Proof : Assume that B is a constant function, let B(uv) = (c3,c;) for all uv € E, where ¢, and ¢, are constant. Let uv and
xy be any pair of adjacent edges of vx in E. Suppose that G is highly edge irregular intuitionistic fuzzy graph. Then
ds(uv) #dgs(xy), where uv and xy are any two adjacent edges of vx in G.

= (dua(uv), dy2(uv)) # (dya(xy), dya(xy))

= (dy2(uv), dy2(uv)) +(c1,¢2) # (dya(xy), dya(Xy)) + (C1,C2)

= dg(uv) + B(uv) #ds(xy) + B(xy)

= tdg(uv) #tds(xy), where uv and xy are any pair of edges of vx in E.
Hence G is highly edge totally irregular intuitionistic fuzzy graph.
Theorem 6.6 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
highly edge totally irregular intuitionistic fuzzy graph, then G is highly edge irregular intuitionistic fuzzy graph.
Proof:Proof is similar to the above theorem.

Copyright to JIRSET DOI:10.15680/1JIRSET.2017.0604189 5777


http://www.ijirset.com

()
| ]
ISSN(Online): 2319-8753

IJIRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(AN I1SO 3297: 2007 Certified Organization)

Website: www.ijirset.com
Vol. 6, Issue 4, April 2017

Remark 6.7 : In Intuitionistic fuzzy graph given in example 3.3, concluded that if G is both highly edge irregular
intuitionistic fuzzy graph and highly edge totally irregular intuitionistic fuzzy graph.Then B need not be a constant
function.
Theorem 6.8 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E)
and B(e) = (dyz(e), dy(e)) is a constant function. If G is a highly edge irregular intuitionistic fuzzy graph, then G is an
irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) . Assume that B(e) = (dy(e), dy.(e)) isa
constant function, let B(uv) = (c,cy), for all uv €, where c; and ¢, are constant. Let us suppose that G is highly edge
irregular intuitionistic fuzzy graph.Then every edge is adjacent to the edges have distinct degrees. Let uv and vw are
adjacent edges in G have distinct degrees. Then (d2(uv),dy2(uv) # (dy2(vw),dy2(vw))

2 (Aua(U)+0a(v) 20(uv), dya(u) +dya(v)-272(u)) # (du(V)+da(W) -2ua(vw), dys(v) +dya(w)-2y2(vw))

= (du(u)+du(v) -2c1, dyi(u) +dyi(v)-2¢2) # (du(V)+du(w) -2¢1, dyi(v) +dyi(w)-2¢;)

= (dua(w),dys(u) # (dya(w),dy1(w))

= dg(u) #ds(w), so there exist a vertex v which is adjacent to a vertices u and w have distinct degrees. Hence G is

an irregular intuitionistic fuzzy graph.

Theorem 6.9: Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is If
G isa highly edge totally irregular intuitionistic fuzzy graph, then G is an irregular intuitionistic fuzzy graph.
Proof:Proof is similar to the above theorem.
Theorem 6.10 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G is
a highly edge irregular intuitionistic fuzzy graph, then G is highly irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) .Assume that B is a constant function and let
B(uv) = (c1,c;) for all uv € E, where ¢; and ¢, are constant. Let v be any vertex adjacent with u,w and x. Then uv,vw and
vXx are adjacent edges in G. Let us suppose that G is a highly edge irregular intuitionistic fuzzy graph so every edge
adjacent to the edges in G have distict degrees.

= dg(uv) # de(vw) # ds(vX)

= (de(uv), dyz(uv)) # (dya(vw), dy2(vW)), # (dua(vx), dy2(vX))
Consider (dha(U)+da(v) -21a(0V) # (dua(V)+0ya(W) -2p1o(vw) or
dy;(u) +dy1(V)-2y2(uv)) # dy1(v) +dyi(W)-2y,2(vw)
du(u)+da(v) -2¢; #dya(v)+dua(w) -2c; or dyi(u) +dyi(v)-2¢;, #
dya(v) +dyi(w)-2c;
dya(U) +dua(v) # dua(V)+dua(w) (or) dya(u) +dyi(v) # dya(v) +dys(w)
dua(U) # dua(w) (or) dys(u) # dys(w)
(dpa(w),dy1(u) # (dua(w),dys(w))

dg(u) # de(w)
similarly taking (d,.(vw), dy2(vw)), # (dy2(vX), dy2(vX))
= de(w) #ds(x)
= dg(u)Ads(w) # ds(X), so any vertex v ia adjacent to the vertices with distinct degrees.
Theorem 6.11 : Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E) and B is a constant function. If G
is a highly edge totally irregular intuitionistic fuzzy graph, then G is highly irregular intuitionistic fuzzy graph.
Proof:Proof is similar to the above theorem.
Remark 6.12 : converse of the above theorems 6.8,6.9,6.10 and 6.11 need not be true
Definition 6.13: Let G : (V,E) be a connected intuitionistic fuzzy graph on G*(V,E).If no two edges have the same
edge degree and each edge e; have edge degree (c; k;) with ¢; = | kj|,then G is called an equally an edge irregular
intuitionistic fuzzy graph.otherwise it is unequally an edge irregular intuitionistic fuzzy graph.
Result 6.14 : An equally an edge irregular intuitionistic fuzzy graph is an edge irregular intuitionistic fuzzy graph.

v

=
=
=
=
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Result 6.15 : A an edge irregular intuitionistic fuzzy graph need not be equally an edge irregular intuitionistic fuzzy
graph.

Theorem 6.16 : Let G : (V,E) be a intuitionistic fuzzy graph on G*: (V,E), a path on 2m(m>1) vertices.If the
membership value of the edges e; e; es ... eom-1 are respectively (¢, Ky), (C2, Ka), (C3, Ka)yeuenvvvnannns (Com-1, Kom-1) such
that (Cy, k1) < (Cz, K2)<(C3, Ka),.......< (Cam1, Kom1),then G is both an edge irregular intuitionistic fuzzy graph and an edge
totally irregular intuitionistic fuzzy graph.

Proof : Let G : (o, ) be a fuzzy graph on G*: (V,E), a path on 2m(m>1) vertices.Let e; e, €3 ... em1 be the edges
of a path G* in that order.Let membership value of the edges e; e, e; eom-1 are respectively (cy, ky), (Cz, ka), (Cs,

...........

k3), ............. (CZm—l, k2m_1) such that (Cl, kl) < (Czy k2)<(C3’ k3),.......< (CZm—l, k2m_1). dG(Vi):(Ci—l, ki—l) + (Ci' ki), for i=
2,3,4,5, ...... ,2m-1,dG(V1):(C1’ kl)adG(VZm) = (C2m_1’ k2m_1),dG(ei): (Ci_1’ ki—l) + (Ci+1' ki+1), for i= 2,3,4,5, ...... ,2m-
2,dc(e1)=(Cy, K2),ds(e2m1) = (Com-2, Kom2)-Hence G is an edge irregular intuitionistic fuzzy graph.tdg(e)=(ci.1, ki) +

(Ci+1' ki+1) + (Ci' ki), for i=2345,...... ,2m-2,th(e1) :(CZ, kz) + (C1’ kl),th(ezm_l): (CZm—Z, kzm_z) + (sz_1’ k2m-1)- Hence G
is an edge totally irregular intuitionistic fuzzy graph.
Theorem 6.17: Let G : (V,E) be a intuitionistic fuzzy graph on G*: (V,E), a cycle on n(n=4) vertices.If the
membership value of the edges e; e, €3 ... enare respectively (cy, ky), (2, K2), (Cs, Ka)yevnvnennnenn. (cn, kn) such that (c,,
ki) < (cy, ko)<(cs ka),....... < (cn, ky),then G is both an edge irregular intuitionistic fuzzy graph and an edge totally
irregular intuitionistic fuzzy graph.
Proof : Let G : (V,E) be a fuzzy graph on G*: (V,E), a cycle on n (n>4)vertices.Let e, e, e e, be the edges of a
cycle G* in that order.Let membership value of the edges e; e, €5 e, are respectively (¢, ky), (Cz, k), (C3, K3),.....,
(Cn, kn) such that (c;, k;) < (Cp, K2)<(Cg, K3),.....< (Cn, Kn). da(Vi) = (Cig, ki) + (ci, ki), for i=2,3,4,5,...... N.ds(vy)=(cy,
Ke) + (Cn, Kn)do(&) =(Cit, ki) + (Ciat, Kioa), for 1=2,3,45,.......0-1,ds(er) = (Co, ko) + (G, k) ds(en) = (€1, Ka) + (G,
kn1).Hence G is an edge irregular intuitionistic fuzzy graph.tds(e)=(Ci1, Ki1) + (Cir, Kisr) + (¢ ki), for i =
2,3,4,5,...... N-Ltdg(e1)=(Ca, ko) + (Cn, Kn) +(Cy, ky),tds(en)=(c1, K1) + (Cn-1, Kn-1) + (Cn, Kq).Hence G is an edge totally
irregular intuitionistic fuzzy graph.
Theorem 6.18. Every highly edge irregular intuitionistic fuzzy graph is edge irregular intuitionistic fuzzy graph.
Proof. Let G be a highly edge irregular intuitionistic fuzzy graph. Then every edge of G is adjacent to the edges with
distinct edge degrees = there is a edge which is adjacent to the edges with distinct edge degrees. Hence the graph G is
edge irregular intuitionistic fuzzy graph.

Remark: 6.19. The converse of the above theorem need not be true.

IX. CONCLUSION

We have introduced edge irregular intuitionistic fuzzy graphs, highly edge irregular intuitionistic fuzzy graphs,
neighbourly  edge irregular intuitionistic fuzzy graphs, Strongly edge regular intuitionistic fuzzy graphs in this
paper. We can discuss these regularity and irregularity in interval valued fuzzy graphs.
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