Advances and Applications in Mathematical Sciences
Volume 20, Issue 4, February 2021, Pages 675-685

© 2021 Mili Publications

PROPERTIES OF EDGE DEGREE SEQUENCE OF
INTUITIONISTIC FUZZY GRAPHS UNDER
ISOMORPHISMS

K. RADHA and P. PANDIAN

PG and Research Department of Mathematics

Periyar E.V.R. College

(Affiliated to Bharathidasan University)

Trichy-23, India

E-mail: radhagac@yahoo.com
pandianmaths1992@gmail.com

Abstract

In this paper, edge degree sequence of intuitionistic fuzzy graph (IFG) is introduced and
some of its properties are studied. If two intuitionistic fuzzy graphs are isomorphic or co-weak
isomorphic, then they must have same edge degree sequence. But weak isomorphism need not

preserve edge degree sequence.

1. Introduction

Rosenfeld introduced the concept of fuzzy graphs in 1975 [10].
Bhattacharya [2] gave some remarks on fuzzy graphs. K. R. Bhutani also
introduced the concepts of weak isomorphism, co-weak isomorphism and
isomorphism between fuzzy graphs [2]. A. Nagoor Gani and J. Malarvizhi
studied isomorphism on fuzzy graphs [6]. K. Radha and A. Rosemine
introduced degree sequence of fuzzy graph [9]. K. T. Atanassov [1] introduced
the concept of intuitionistic fuzzy sets as a generalization of fuzzy sets.
Intuitionistic Fuzzy sets have been applied in a wide variety of fields
including computer science, engineering, mathematics, medicine, chemistry,
economics and washing machine. R. Parvathi and M. G. Karunambigai
discussed some concepts in intuitionistic fuzzy graphs [5]. R. Parvathi and M.
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G. Karunambigaiand and R. Buvaneswari introduced constant intuitionistic
fuzzy graphs [4]. In this paper, we introduce edge degree sequence of
intuitionistic fuzzy graph discuss about the edge degree sequence of
isomorphic, co-weak isomorphic and weak isomorphic intuitionistic fuzzy
graphs.

Definition 1.1 [5]. G : (u,, v;; us, v5) 18 an intuitionistic fuzzy graph

(IFG)on G¢* = (v, E) where

@D VvV ={v,, vy, 05, ., v}, 0y 0V > [0,1] and y, : V — [0,1] denote
the degree of membership value and the degree of non-membership value of

the elements v, ¢ Vv respectively and 0 < p,(v;) + v,(v;) <1, for every

13

v.eV,i=1,2,3, .., n.

13

() EcVxV,pu,:VxV - [0,1] and y, : VxV - [0,1] are such
that po (v, vj) <y (vy) A py(vy) and Yo vv;) < vy (v;) v vy (vy) and

0 < uz(vivj)+ y2(vivj) <1 forevery viv; e E i, j=1,2,3,..,n. [5]

Definition 1.2 [8]. Let G : (u,, v;; ny, v5) be an IFG on G* = (v, E).
Then degree of a vertex v, « G is defined by d(v;) = (dp, (v;), dv, (v;)) Where
dul(vi) =X

(vv;) and dy,(v;) = ¥ . (v;v;), where the summation runs
2 2

K Y

overall v,v; € E.

Definition 1.3 [8]. Let G : (u,, v;; ny, v5) be an IFG on G = (v, E).
Then degree of an edge w < E is defined by d(uww) = (dpy(w ), dy,(w))
where dug(uv) = dpq(u) + dpy(v) - 2py(wv) and dyg(uv) = dyq(u)

+dy; (v) - 274 (uwv).
Definition 1.4 [9]. Let G : (Ry> 715 Mgy Yg) and G : (m5s Y55 mh, vh) be

two IFGson G" = (v, E) and G* = (V', E') respectively. A homomorphism
of IFG h:G > G’ 1s a map h:V > V' such that
py(x) < py(h(x) Ve € V, yy(x) < y1(k(x))Vx e V. and py(xy) < py(h(x)h(y))

Vr,y eV, yy(xy) < vo(h(x)h(y)), Vx, y e V.
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Definition 1.5 [9]. Let G : (u,, v1; py, vo) and G’ : (py, vis ny, vy) be

two IFGs on G" =(v,E) and G* = (V', E') respectively. A weak
isomorphism of IFGs » : G - G’ is map kh : V — V' which is a bijective

homomorphism that satisfies
py(x) = py(h(x)), Vx € V, vy (x) = v (h(x)), Vx e V
and
po(xy) < ph(h(x)h(y)), Vx, 5y € V, vy(xy) < 15 (R(x)h(y)), Vx, y € V.
Definition 1.6 [9]. Let G : (u,, v1; py. vo) and G’ : (u), v ny, vy) be

two IFGs on G" = (v, E) and G = (V', E') respectively. A co-weak
isomorphism of IFGs » : G - G’ is map h : V — V' which is a bijective

homomorphism that satisfies
py(x) = py(h(x)), Vo e V, vy(x) < vi(h(x)), Vx € V
and
no(ay) = nh(h(x)h(y)), Ve, y € V, yy(xy) = v5(h(x)h(y)), vz, y e V.
Definition 1.7 [9]. Let G : (u,, v1; po. vo) and G’ : (p}, vi; nh, vy) be

two IFGson G* = (v, E) and G'* = (Vv', E') respectively. An isomorphism of
IFGs » : G » G’ is map h : V - V' which is a bijective homomorphism

that satisfies
py(x) = pi(h(x)), v € V, yi(x) = vy (h(x)), Vx € V
and

po(xy) = ph(h(x)h(y)), Vx, y € V, yo(xy) = v5(h(x)h(y)), Vx, y € V.
2. Degree Sequence

Definition 2.1. We use the following order relation to compare two
ordered pairs of real numbers:

(1) (u, v) = (x, y) ifandonlyif v« = x and v = y.

(11) (u, v) > (x, y) if and only if either « > x or « = x and v > y.
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Definition 2.2 [7]. Let G : (u,, v;5 1y, v5) beanIFGon ¢ = (v, E). A
sequence of ordered pairs of real numbers (d,, d,, d,, ..., d,) with
dy 2dy 2dy 2, ...,24d

sequence of the IFG G.

where d, = d(v;) = (duy(v;), dyy(v;)), is the degree

n°’

{ Vi
L0302 )/
SN
0205/ N 0L3
/
) h\

/ \
Py N
[ %) (%)
\ 0604 /) \ 04,05 )

/ \ S

S o A

Figure 2.1
Here d(v,) = (0.3, 0.8), d(vy) = (0.2, 0.5) and d(vy) = (0.1, 0.3). Hence
the degree sequence of G is ((0.3, 0.8), (0.2, 0.5), (0.1, 0.3)).

Definition 2.3 [7]. Let G : (u;, v;; ny, v5) beanIFGon G* = (v, E). A
sequence & = (d;, dy, dg, ..., d,) = ((dy;, dyg )s (dgy s dog ) -, (d,;, d,5)) Of

ordered pairs of real number is said to be a graphic sequence of IFG if there

exists an IFG G whose vertices have degrees d,, d,; d;, ..., d, and G is

n

called realization of &.

3. Edge Degree Sequence of Isomorphic IFGs

Definition 3.1. Let G : (u, v; ny, v5) be an IFG on ¢* = (v, E). A
sequence of ordered pairs of positive real numbers (d,, d,, d;, ..., d,,) with

dy 2dy 2dy 2,...,2d,, where d;, = d(e;) = (duy(e;), dyy(e;)), 1s the edge

degree sequence of the IFG G.
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Figure 3.1.

Advances and Applications in Mathematical Sciences, Volume 20, Issue 4, February 2021



PROPERTIES OF EDGE DEGREE SEQUENCE OF ... 679

Here d(v,v,) = (0.1, 0.3) and d(v,v3) = (0.2, 0.5). Hence the edge degree
sequence of G is ((0.2, 0.5), (0.1, 0.3)).

Definition 3.2. Let G : (n,, v;; py, v5) be an IFG on ¢* = (v, E). A
sequence & = (d;, dy, dg, ..., d,) = ((dy;, dyg )s (dgy s dog )y -, (d,,;, d,5)) Of

ordered pairs of positive real number is said to be an edge-graphic sequence
of IFG if there exists an IFG G whose edges have degrees
(dyy» dyg )y (dgy s dgg )y oo s (d,1» d,,) and G is called realization of &.

For example, G is an edge graphic realization of ((0.2, 0.5), (0.1, 0.3)).

Theorem 3.1. If G and G' are isomorphic IFGs, then the edge degree

sequence of G and G' are same.
Proof. Let ¢ S (Rys Y15 Mgy vg)  and  G':(pl, vi; ph, vh)  be  two

isomorphic IFGson G* = (v, E) and G'* = (Vv', E') respectively. Then there

exists an isomorphism » : G — G’ such that
py(x) = pi(h(x)), Vo € V, v;(x) = v1(2(x)), Vx € V
and
po(xy) = ph(h(x)h(y)), Vx, y € V, yo(xy) = v5(h(x)h(y)), Vx, y € V.

Let be any edge of G. Then there exists an edge uv of ¢’ such that r(u) = =

and A(v) = «x with  A()h(w)= 2. We have to prove that
dg ) = dg (h(w)h(©)).
Case (i) d; (wv) = (0, 0).

Then no edge of G is adjacent to wuv. Therefore

dg ) =dg@) = (ngwv), yow)). Since G and G’ are isomorphic

intuitionistic fuzzy graphs, no edge of G’ is adjacent to zx.

Hence d; (2) = (dyy (2), dyy (2)) = (nh(2), d,y (20) and

dgi(x) = (dy; (x), dyy (x)) = (nh(x), vh(2x))

Therefore
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dg(h(u)h(v)) = dg:(xz)

(dyy (x) + dyy (2) = 2p5 (=), dye (2) + dyy (x) +,0 (2) = 275 (2x)
= (nh(ax ) + ny(ax ) - 2uhad, vh(zx) + vh(zx) - 2v5(2x))
= (0, 0)
= dg(w)

Case (ii) d; (w) = (0, 0).

Since G and G’ are isomorphic to each other and isomorphism preserves

degree of the vertices, we have

dpz (wo) = dpy(u) + dpg(v) = 2p, (ww)

= dpy(h(w)) + duy (R(v)) - 25 (A (w)h(v))

= dpy (h(w)h(v)).
and
dyz(uv) = dY1(u) + dY1(U) - 2y2(uv)
= dyy(h(w)) + dy;(R(v)) - 275 (R (u)h(v))
= dyy (h(u)h(v)).
Therefore

de () = (duy (w), dyy ()
= (dph (h(u)h(v)), dvy (h(u)h(v)))
=dg(h(u)h(v))Vuv € E.

Since w e E 1is arbitrarily chosen, the edge degree sequences of G and G’

are same.

Remark 3.2. Two IFGs with same edge degree sequence need not be
isomorphic. Consider the IFG in the following Figure 3.2.

The edge degree sequence of both G and G’ 1s {(0.7, 0.7), (0.7, 0.7), (0.3,
0.9), (0.3, 0.9)}. But there is no bijective map from the vertex set of G to the
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vertex set of G’ which carries v; with the same membership values. Hence G

and G’ cannot be isomorphic.
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Figure 3.2.

Theorem 3.3. Co-weak isomorphism of IFGs preserves edge degree

sequence.
Proof. Let G : (u;, v ny, vy) and G’ : (n}, v}; nhy, vy) be two
isomorphic IFGs on ¢* : (v, E) and ¢'* : (v', E') respectively. Then there
exists a bijective map » : V. — V' which satisfies
ny(x) = py(h(x)), vx € V, v1(x) = vi(h(x)), Vx e V
and
no(ay) = uh(h(x)h(y)), Vx, y € V, yo(xy) = v5(h(x)h(y)), Vx, y € V.

Then  proceeding as in  the proof  of  theorem 3.1,
dg(w) = dg (h(u)h(v)), vuv ¢ E. Hence G and G’ have identical edge degree
sequence.

Remark 3.4. Two IFGs with same edge degree sequence need not be co-

weak isomorphic. In the following figure 3.3, the edge degree sequence of both
G and G’ is {(0.7, 1), (0.6, 0.8), (0.5, 0.8)}. Since u,(v;) = n;(x,) and

y,(v3) = v;(u5), under any bijection » : V. - V', at most two vertices satisfy
the inequality u,(x) < pj(h(z)). Hence G and G’ cannot be co-weak

isomorphic.
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Remark 3.5. Weak isomorphic IFGs need not preserve the edge degree
sequence. For example consider the following figure 3.4. Let the bijective map

h:V - V' be defined by py(vy) = uy, hvy) = ug, h(vg) = uy, h(v,) = usg,

h(vs) = uy, Vu,v e V.
It satisfies p, (v;) = u] (h(v))Vv; e V, y;(v;) = v, (h(v;)), Vv; e V,
o, 0) = uh (h()h@)Vu, v e V, yo(uw) < 15(h@h@)Vu, v e V.
Hence G is weak isomorphic with G'.

But the edge degree sequence of G is ((0.9, 0.6), (0.8, 0.8), (0.6, 1.0), (0.6,
0.8), (0.5, 1.0)) and the edge degree sequence of G’ is ((0.9, 0.9), (0.7, 1.0),
(0.7, 1.0), (0.6, 1.1), (0.6, 1.1)) which are not identical.
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Figure 3.4
4. Properties of Edge Degree Sequence
Definition 4.1. If d(w ) = (dpy(w ), dyy (w)), then ¥ d(w) is defined by

Z d(uwv) = (Z dpg(wv), z dyg (w)).
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That is, here we consider the coordinate wise addition of order pairs of

real numbers.

Theorem 4.2. Let G : (u,, v,; 1y, v5) be aconnected IFGon G* = (V, E)

such that n,(v) = ¢;, Vo e V. and y,(v) = ¢c,vv e V. Then G is an effective

IFG if and only if

dg(e) = (duy(e), dyy(e)) = (cldG*(e), c2dG*(e)), Ve € E.

Proof. Let G : (u;, vy; 1y, v5) be an IFG on G¢* = (v, E) such that,
nw(v) =¢c,vo eV and y,(v) = cVuv e V.
Assume that dg (e) = d.(e)eVe c E. Suppose that G is not an effective

IFG. Then there is an edge uv such that p,(w) < p, (@) A p;(v) = ¢, and

vo(uww) < v, () v v, (v) = ¢o. Since G is connected, uv is adjacent to at least

one other edge, say uw

Then
d,, () = z o po (ux ) + z yiuuz(yx)
- Z xX#EW ‘1t Z y#uc1
= ¢ <dG*(uw)
and

d,, (ww)="%" Ly Tl > e v (%)

DI SR
x#FWw y#u

= ¢ ~dG*(uw ).

Therefore, d; (uw ) = (dpg(uw ), dyy(uw)) < (cldc* (uw ), cg d,. (uw )) which i1s a
contradiction. Hence G is effective.

Conversely, assume that G is an effective IFG.
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Then po(uv) = py(u)Apy(v) = ¢ and You,v)=y,(w)vy,(v)=cyVuv € E.

Then duz(uv) = dG*(uv)CIVuU e E and d,, (wv ) = dG*(uv)CZVuv e E.

Theorem 4.3. Let G : (u,, vy 1y, v5) be an IFG on G = (V, E) such
that n, and y, are constant function with constant value ¢, and c,

respectively. Then

dg(e) = (dpg(e), dyg(e)) = (cldG*(e), chG*(e)), Ve € E.
Proof. Since p,(e) = ¢, and yy(e) = ¢y
d!’l2 (e) = z . ¢ = dG*(e)CIVe e E and

de(e) = z e cy = dG*(e)CZVQ e E.

5. Conclusion

In this paper, Edge degree sequence of an IFG is introduced and some of
its properties are studied. The Edge Degree sequence in isomorphic, weak
isomorphic and co-weak isomorphic intuitionistic fuzzy graphs are discussed.
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