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ABSTRACT
In this paper, the complement of modular productvad intuitionistic fuzzy graphs is
defined. The degree of a vertex in the complemémhadular product of intuitionistic
fuzzy graph is studied. Some results on compleraémodular product of two regular
intuitionistic fuzzy graphs are stated and proved.
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1. Introduction

In 1975, the notion of fuzzy graph and several yuanalogues of graph theoretical
concepts such as paths, cycles and connectedreesstraduced by Rosenfeld [16]. In
2015, Dogra [6] defined some new operations onyfggaphs. Nagoor Gani and Fathima
Kani [7] introduced the complement of alpha prodotcfuzzy graphs. The concept of
intuitionistic fuzzy set was introduced by Atanas$® 4] and he added new components
that determine the degree of non-membership inddfaition of fuzzy set with the
condition that the sum of membership and non-mesfijeris less than or equal to one.
Intuitionistic fuzzy sets have been applied in adevivariety of areas, including
engineering, computer science, medicine, mathematicemistry, and economics. In
1994, Shannon and Atanassov [19] introduced theegmrof intuitionistic fuzzy graphs.
Parvathi and Karunambigai [15] gave a definitiom fetuitionistic fuzzy graph as a
special case of intuitionistic fuzzy graphs defitigdShannon and Atanassov [18kram
and Davvaz [1] introduced strong intuitionistic Zyzgraphs.Akram and Al-Shehri [2]
studied the ntuitionistic fuzzy cyclesand intuitionistic fuzzy treesYahya and Ali
[8,9,10,11] defined some operations on intuitidoidtizzy graphs and interval-valued
Pythagorean fuzzy graphs. Yahya and Ali [12,13]odticed the notion of intuitionistic
fuzzy graph metric space and studied some fixedtpgbeorems. Sahoo and Pal [17,18]
studied some products of two intuitionistic fuzaaphs. In this paper, the complement of
modular product of two intuitionistic fuzzy graplasd theirs properties are studied.
Theorems related to the above concepts are stategraved.
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2. Preliminaries
In this section, we review some basic definitidmat tare necessary for this paper.

Definition 2.1. [15] An intuitionistic fuzzy graph is of the form
G = ((0-1'0-2)'(.“1'.“2)) onG* = (V, E)v where
1. V ={x4,x5,...,x,} such thato;:V - [0,1] ando, : V — [0,1] denote the

degree of membership and non-membership of theeglem € V respectively,
suchthat o07(x;) +02(x;)) < 1 forall x; € V.

2. EC VXV where y;: E— [0,1] and pu, : E - [0,1] are defined by
ul(xi,xj) < o0y(x;)) Aoy (x;) and p, (xi,xj) < 0,(x;) V ox(x;) such that
,ul(xi,xj) + /,tz(xi,xj) <1, V(xi,xj) € E.

Definition 2.2. [1] An intuitionistic fuzzy graphG = ((01,05), (11, 12)) is called
strong intuitionistic fuzzy graph if u, (xi,xj) = 0y(x;) Aoy (x;) and (xi,xj) =
o,(x;)) V Jz(xj),v (xl-,xj) EE,i#]j.

Definition 2.3. [15] An intuitionistic fuzzy graphG = ((01,05), (U1, H2)) is called
complete intuitionistic fuzzy graph if

ul(xi,xj) = 0y (x;) Aoy (%)) anqzz(xi,xj) =a,(x) Vv crz(xj),in,xj EV,i+]j.

Definition 2.4. [7] Let G = ((04,05), (11, 42)) be an intuitionistic fuzzy graph, then the
order of G is defined to be0(G) = (061(6),002(6)) where 0, (G) = Yxey 01(x) and
0, (G) = Yxev 02(X).

Definition 2.5. [7] Let G = ((01,0%), (11, 42)) be an intuitionistic fuzzy graph, then the size
of G is defined to beS(G) = (S“1 (G),S#Z(G)) where S, (G) = ¥xyer 1 (xy) and
Syz (G) = nyEE Uz (xy)

Definition 2.6. [15] The complement of an intuitionistic fuzzy gragh= (V,E) is an
intuitionistic fuzzy graphG = ((01,03), (U1, 12)), Where (04,0,) = (0,,0,) and
fr(xy) = o1 () Ao (y) —pa(xy)  and g (xy) = 01(x) V o2 (y) — pa(xy)
Vxy € E.

Definition 2.7. [7] Let G = ((0y,02), (U1, 42)) be an intuitionistic fuzzy graph. The
degree of a vertex in G is denoted byd;(x) = (d%(x),d$(x)) and defined by

df (W) = Yyuy 15 (0, ¥) = Lxppeeki (6, y)  and  d5 (W) = Xy 45 (x, ) =
Y xeyyes M3 (X, ).

Definition 2.8.[8] Let G; = ((a.",05"), (13", 15Y)) and
G, = ((062, 0—262), (,ufz, /JZGZ)) be two fuzzy graphs with underlying vertex s#s and
V, and edge set&; and E, respectively. Then modular product 6§ and G, is a
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pair of functions ((o.* ® 0,2)(05* ® 052), (W' @ K?)(us* ® us?)) with
underlying vertex seV; @V, = {(x1,y1)/x1 € V1,y1 € V,} and underlying edge

set E; @ Ey = {(x1,y1)(x2,¥2)/ x1%, € E1,¥1y, €EE;  or x1x; € E1,Y1,Y, €
E,} with

(07" ® 0,2)(x,y1) = 07 (x1) Aoy 2 (1),
(0261 ©® afz)(xl,yl) = 0261 (x)) Vv 0262 (y1),where x; € V; and y; € V,.
(.Ulcl © .Ulaz)((xv%), (xz,J’z)) =
{ /1161(951952) /\.Ufz (y1y2), if x1%; € E;,y12 € E
Ulal(x1) A Ulcl(xz) A 0"162()’1) A 0162 (72) if x1x; € Ey,y1Y, € Es.
(15" © 13*)(Cer, 1), (%2, ¥2)) =
{ .Uzal(xﬂfz) V.UZGZ()’lJ’z), if x1x, € Ey, )1y, € E;
0261 (x1) v 0261 (x2) v CTZGZ ) v UZGZ (v2) if x1x, € Ey,y1y, € E;

Theorem 2.1. [8] Let G; = ((a1 ,021) (,u1 ,yzl)) and
G, = ((062, 2), (,u1 ,,uz )) be two complete intuitionistic fuzzy graphs.
LIl < u®,ut > us?, thend®1®%2(x, y) = dS(x), where
d50% (x,y) = (47"® “(x,y),d5* % (x,y)) and
d% (x) = (dal (x),d3" (x))
2. I pudt > uf,udt < us?, then d%1© 62 (x,y) = db(x),
where d1®% (x,y) = (d{*®% (x,y),d5*®%(x,)) and
d(x) = (d;*(x), d3” (%))
Theorem 2.2. [8] Let G, = ((061, V), (1, 1 )) and
G, = ((O’GZ, 2), (182, us )) be two intuitionistic fuzzy graphs with underlyicgsp
graphsG1 is complete and7; is regular. If 011 >u1 , 0—21 < ,uz ; 0—12 > /,tfl
22 < uz and u% = u%, then G, ® G, is a regular if and only iz, is a regular

intuitionistic fuzzy graph.

3. Complement of modular product of intuitionistic fuzzy graphs
Definition 3.1. The complement of modular product of two intuitistic fuzzy graphs

Gy = ((0,",0,), (uy", 151)) and Gy = (077, 052), (g™, 1457))
is an intuitionistic fuzzy graphs

606, =((o7 @) (o7 @ "), (1 @ ) (5" © 7)) on
G*=(V,E)andV; @V, = V; ® V,and
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E ®F,
X1 = X2,Y1Y2 € E; (01)y1 = ¥,, %1%, € E; (o7)
=< (x40, y1) (X2, ¥2) | X1X2 € E1,y1Y2 & E5 (01) x1%, € E1,y1Y, € E; (o)
X1X, € Eq, y1y, € E; (or) x1x, € E1,y1y, € E,
(6f' @ 0{?) (r1,31) = (0" @ 02) Cer, 11) = 07 (x1) A 0 (),

(0261 © 0262) (x1,y1) = (0261 © 0"262)(951;3’1) = 0261(x1) v 0262 (v1),
wherex; € V; and y; €V,
(Hlal © Hle) ((xp)ﬁ); (xz')’2)) =
(‘7161 © ‘7162)("1'3’1) A (0'161 © 0’162)("2'3’2)
if x1 = Xx2,91Y2 € E;
(0'161 © 0'162)(951;)’1) A (0'161 © 0'162)(752’3’2)
if y1 = Y2, %1%, € Eq
(07" ® 072) (21, 1) A (07 ® 012)(x2,¥2)
) if x1%; € Ey, )1y, € E;
(0161 ©® 0162)(9%)’1) A (0161 © 0'162)(952’)’2)
if xyx, € Eq, 1Y, € E;
(0161 © Ufz)(xp%) A (0161 © 0"162)(352;3’2) - (.Ufl © /sz)((xl;%), (sz’z))
if x1x, € E1,y1y, € E;

(0'161 ©® 0162)(9%)’1) A (0161 ©® 0'162)(952'3’2) - (Hfl ©® #fz)((xl')ﬁ); (xz'YZ))
\ if x1%, € Eq, 1Y, € E;

(Hzal © HZGZ) ((xp)ﬁ); (xz'J’2)) =
(0261 ©® 0262)(951;)’1) \% (0'261 © 0'262)(952’)’2)
if X4 =x3,y1Y2 € E
(07" ® 0,%)(x1,y) V (03" © 0,2) (2, y2)
if y1 = Y2, %1%, € Eq
(0261 ©) UZGZ)(xLJh) \% (0261 ©) 0262)(352;)’2)
) if x1%; € Ey, 1Y, € E
(0'261 ©® 0'262)(x1;)’1) \% (0261 © 0262)(952'3’2)
if x4x, € Eq,y1Y2 € E;
(0261 © 0"262)(951,3’1) \ (0"261 © UZGZ)(xz»)’z) - (u? © #32)((951’3’1)» (xz»)’z))
if x1%, € Ey,y1Y, € E;

(0261 ©® 0262)(951;)’1) \% (0.201 ©® UZGZ)(XZ'YZ) - (Hgl ©® #32)((951')’1); (xz'YZ))
\ if x1%, € Eq, 1Y, € E
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Theorem 3.1
Let G; and G, be two regular intuitionistic fuzzy graphs. If wlying crisp graphs
Gi and G, are complete graphs andGl,JZG ,0162,0'26 are constants which
satlsflesol1 >y1 , 021 <,u2 ; 012 >/,t1 : 022 <,u§1; >,u1 , 02 </,t261
and o 2> ,u1 , 02 < uz Then complement of modular product of two intuifstic

fuzzy graphsG1 and G, is regular intuitionistic fuzzy graph.
Proof:

Let G; and G, be two regular intuitionistic fuzzy graphs. Thedarying crisp graphs
G{ and G, are complete graphs of degre@$,,d,) and (d3,d,) for every vertices
of V; ande.
Given thata 0261,0162 and 0262 are constants, sagfi(x) =y, azal(x) = Cy,
Vx € V1 01 (y) =c3, 0'262()/) =c, VyevV, and 0'161 > ,ufz, 0'261 su;;z ;
Gy

‘2 Hl , ‘72 N
By theorem, modular product of two regular intuiiigtic fuzzy graphs is regular
intuitionistic fuzzy graph.

Consider (x;,y;) € (0161 ® 0162)

a7 9% (xy, 1) = Z (1 @ 1) (Cra, y2) (2, 2))
(x1,y1)(x2,y2)EE
= Z ( 161 @0"162)(951;3’1)/\(0161 @Ufz)(xz’yz)
X1=%X2,Y1Y2€E;
Y (6 @)y Aol @ o) ()
V1=Y2,X1X2€E;
G1 G, G1 Gz
+ Z (01 @ 0-1 )(xllyl) A (0-1 @ 0-1 )(xZJyZ)
X1X2€E1,y1Y2€E>
Gy Gz Gy Gy
Y (0P @a) ey Aol @ o) ()
X1X2€E1,y1Y2€E>

G G G G
Y (0 @)y Aol @) ()
X1X2€E1,y1Y2€E;

- (Hfl © ﬂfz)((xl')ﬁ)(xz’)b))
) (@)@ Ao © )0y

X1X2€E1,y1Y2€E>

- (n“fl © lv‘fz)((xl;%)(xz’)@))

Since G; and G, are complete graphs. Then
G106, _ G1 Gz Gy Gz
d1 (xli Y1) - Z (01 @ 01 )(xlf yl) A (01 @ 01 )(xZ' )’2)

X1=X2,Y1Y2€E>
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Y (68 00y A (0 © o) (e ya)

V1=Y2,X1X2€E1

G G G G
+ z (011 @0-12)(9(1’3}1)/\(0-11 @0-12)(3(2;)’2)
X1X2€E1,y1Y2€E;

- (“fi © Hfz)((xl')ﬁ)(xz’h))

3.1)
Similarly,
d§1©G2 (x1, 1) = Z (0261 ® afz)(xl,yl) v (0261 ® afz)(xz,yz)
X1=X2,Y1Y2€E>
+ Z (03" © 032) (21, ¥1) V (03" © 052) (%2, ¥2)
Y1=Y2,X1X2€E;
+ z (0, ©® ;%) e, y) V (03 © 0;2) (%2, ¥2)
X1X2€E1,y1Y2€E; . .
- (“21 © “22)((951')’1)(952,)’2))
(3.2)

Case (i): If afi(x) < afz(y) and azal(x) > 0—262 O); ufi < Hle #261 > 'usz for
all x eVy, y €,
By Equation 3.1,

dfi@)az (x4, 1)

= > (oPreacEon)

X1=X2,Y1Y2€E;

Ao () A 072 (3)

> (e rePon)

V1=Y2,X1X2€E;

A (afl(xz) A afz(yz))
z (UlGl(x1) /\01GZ(J’1))/\(0161(352) /\0162(3’2))

X1X2€E1,y1Y2€E;

- (:ulGl © Hfz)((xl’h)(xz’h))
By Equation 3.2,

delTGZ(xp)ﬁ) = Z (0261 (x)) vV 0262 (3’1)) v (0261 (x2) v GZG2 (yz))

X1=X2,Y1Y2€E>
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+ z (0261(951) VO'ZGZ(yl)) \ (0261(352) VUZGZ(J’Z))
Y1=Y2,X1X2€E;
) (e veen)v (et veo)
X1X2€E1,y1Y2€E>

- (“gl © l‘gz)((xl’)ﬁ)(xz.)@))
Since by the definition of modular product of twiiitionistic fuzzy graphs,

dS*®% (x,, y,)

= Z 0'161 (x1) + Z 0161 (x1)
X1=X2,Y1Y2€E> Y1=Y2,X1X2€E;
G G
+ Z €1 — (H11 © #12)((951')’1)(952’)’2))
X1X2€E1,Y1Y2€E>
G * *
= Z ¢+ Z c+ (C1 - Hll(xpxz)) de,(y1)dg, (x1)
X1=X2,Y1Y2€E> Y1=Y2,X1X2€E;
0% (g, y1) = €1dg, () + €1dg, () + (61 — eq)d, () dg, (1)
Similarly,
d3 %% (xy, y1) = cadg, (1) + €25, (x1) + (¢ — €2)dg;, (y1)dg, (1)
Since G; and G, are two regular intuitionistic fuzzy graphs &; and G, are
complete graphs, the,afland ufz are constants safe; , e;) and (es, e,).
dfl®62(x1»3’1) = c1d; + ¢1dy + (¢1 — e1)dqdy,
d261®62(x1»3’1) = Cpdy + cpdy + (¢ — €3)dqd;.
Case (ii): If afl(x) > afz(y) and az(;i(x) < 0'262(3/); ufl > ,ufz ,ugl < ugz for
al xeVlV, andy eV,
d161®62 (x1,¥1)
D I ACO D Y €
X1=X2,Y1Y2€E1 Y1=Y2,X1X2€E>

+ Z 0% (x1) — {uy* Ce, x2) Aty (v1, ¥2))

X1X2€E1,y1Y2€E>

S

X1=X2,Y1Y2€E1 Y1=Y2,X1X2€E>
+ (€2 = 15 1, v2) ) d, (y)d, ()
= c3d; + c3d; + (c3 — e3)dqd,

Similarly,

G1OG
dzl@ 2(x1,y1) = cady + c4dy + (€4 — €4)d1d,
Hence, complement of modular product of two regutanitionistic fuzzy graphs is
regular.
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Theorem 3.2. Let G and G, be two regular intuitionistic fuzzy graphs. If w@rlying
crisp graphsG; and G, are regular graphs and®t, ¢%,u%and u% are different
constants which satisfiesa* > ui?, oyt < pS? ;o2 > ut, o2 <ugt
ot >t olt < St and o2 > pl?, 0y? <ps?. Then complement of the

modular product of two regular intuitionistic fuzayraphs G; and G, is regular
intuitionistic fuzzy graph.

Proof: Let G; and G, be two regular intuitionistic fuzzy graphs. Thedarlying crisp
graphsG; and G; are regular graphs of degreéd;,d,) and (d3,d,) for every
vertices inV; andV/,.

Given thato®,c%, u% and u® are constants, sazyfl(x) =y, azal(x) =y,
G G G G
Vx eV 012(3’) = C3, 022(3’) =cy VYE Vznllll(x13’1) = 31»#21(3513’1) = €y,
G G G G G G, . G G
p 2 (Y1) = e3> (y1) = e, and ot > % 0t <wpy? ;o7 >t
0,% <yt
Consider (x;,y,) € (afl ® 0162)

Case (i): If o/'(x) < 02(y) and o3 (x) = 0.2 (¥); W' < pl?, ust = ps?
forall x €V, andy €V,

d77O% ey, 1) = Ty mxyyuyaers (01 () A0y (1)) A (0 () A a2 (3)
+ Tymyasmen (01 ) A2 () A (07 (2) Aol (7))

+ ¥ sumseriyiyses (00 () Aol () A (0 () Aaf? (32)) +

Y vixatbnyiyacs; (000 A2 () A (07 () Aoy (v,)) +
Srixatbnyayaes; (0006 A2 () A (0 (1) Ao (v,)) = (uf* @
Hfz)((xl,%)(xz,J’z)) + Y1 x€E11,€E, (0"161 (x1) A 0"162 (J’1)) A (0161 (x2) A
0'162 (J’z)) - (Hfl ©® ufz)((xl, )ﬁ)(xz’YZ))

G G G
= 29C1=9€2-J’13’2€Ez 0y i(xl) + Z951=9€2-3’1J’2€Ez 9, ! (xl) + lexz‘EEl'hJ’z‘sz 01 1(xl) +
G G G G
lexZEEl,ylyzeEz 0-1 ! (xl) + lexzeEl,ylyzeEz (0-1 ! (xl) - {0-1 ! (xl) A 0-1 ! (xz) A
G G G G G
0-1 g (yl) A 0-1 g (yz)}) + ExleEEi,yiyZEEz (0-1 ! (xl) - .Ltll (xle) A Mlz (ylyz))

G G G
= 2x1=x2,y1y2€E2 01 l(xl) + Zx1=x2,y1y2€E2 01 ! (xl) + inxZEEi,ylyz(zEz 01 l(xl) +
G
lexzeEl,ylyZEEz 0y '(x1) + (c1 — e1)dqd;
G10G N —
AV (X, y1) = oy + oy + ¢lEp| 4 cqdy|Eq| + (¢ — eq)dqd.
Similarly,
G10G N —
d; =2 (x1, Y1) = €1y + o1y + G| B + cda|Eq| + (¢, — ep)dqd,
This is true for all vertices oV; @ V5.
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Case (ii): If 0*(x) < o' (y) and 05%(x) = 03' (); W' = pl?, pd < ul?

forall x €V; andy € V,.
G1@G; _ Gz Gz

d1 (‘xl' yl) - lezxz,ylyZEEz 0-1 (xz) + lezxz,ylyZEEz 0-1 (xz) +

G G
lexZEEl,y1y2€E2 0 z (xz) + Exlxz(zEl,ylyzEEz 0, z (xl) +

G G G G G
lexzeEl,ylyzeEz(o-l 2 (xl) - {0—1 ! (xl) A 0—1 ! (xz) A 0—1 2 (yl) A 0—1 2 (yZ)}) +

G G G
lexZEEl,ylyZEEz (0—1 2 (xl) - Hll (x1x2) A le (Y1y2))
where |E;| and |E,| are the degree of the vertex of complement graphsand G;.

dfl@az(xp)ﬁ) = c3dy + c3dy + c3d4|Ey| + c3d |[Ep| + (3 — e3)d;d
Similarly,

de1@62 (x1,y1) = €4dy + co4dy + c4dq|E5| 4 c4dy|Ef| 4 (cq — €4)d1d,

This is true for all vertices iV; @ V.
Hence complement of modular product of two regufduitionistic fuzzy graphs is
regular.

4. Conclusion

Intuitionistic fuzzy sets are very useful in pravig a flexible model to describe
uncertainty and vagueness involved in decision ntglso intuitionistic fuzzy graphs are
playing a substantial role in chemistry, economicgmputer sciences, engineering,
medicine and decision making problems, now a dayshis paper, the complement of
modular product is defined. The degree of a varieeomplement of modular product of
intuitionistic fuzzy graph is studied. Some resuwts complement of regular modular
product of intuitionistic fuzzy graphs are stated @roved.
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