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ABSTRACT: Intuitionistic fuzzy sets as a generalization of fuzzy set. Intuitionistic fuzzy graph is an extension of
fuzzy graph which gives more flexibility and compatibility to the model when compared with ordinary and fuzzy
situations. In this paper, we define modular product on intuitionistic fuzzy graph. Some properties of modular product
on intuitionistic fuzzy graph are studied.
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I. INTRODUCTION

In the year 1983, Atanassov[1] initiated the notion of intuitionistic fuzzy set as a generalisation of fuzzy sets.
Atanassov[1] added new components that determine the degree of non-membership in the definition of fuzzy set. He
introduced a new component degree of non-membership in addition to the degree of membership in the case of fuzzy
sets with the condition that their sum be less than or equal to one. Intuitionistic fuzzy sets have been applied in a wide
variety of areas, including engineering, computer science, medicine, mathematics, chemistry, and economics.

In 1975, the notion of fuzzy graph and several fuzzy analogues of graph theoretical concepts such as paths,
cycles and connectedness are introduced by Rosenfeld [6]. In the year 2015 S.Dogra [4] defined some new operations
on fuzzy graphs.

In 1994, Shannon and Atanassov[7] introduced the concept of intuitionistic fuzzy graphs. Parvathi and
Karunambigai [5] gave a definition for intuitionistic fuzzy graph as a special case of intuitionistic fuzzy graphs defined
by Shannon and Atanassov[7].

In this paper, the modular product on Intuitionistic fuzzy graphs and theirs properties are studied. Theorems
related to the above concepts are stated and proved with examples.

Il. PRELIMINARIES

Definition 2.1
An intuitionistic fuzzy graph is of the form G = ((o4,03), (44, 43)) on G* = (V, E), where
1. V=A{v;,v,,...,v,}such thato,:V — [0,1] and o, : V — [0,1] denote the degree of membership and non-
membership of the element v; € V respectively, such that o, (v;) + o,(v;) < 1 forall v; € V.
2. ES VxV where y;:E— [01] and p,: E - [01] are defined by w (v;,v;) < 0,(v;) Aoy (v;) and
yz(vi,vj) < 0,(v;) V 0,(v;) such that yl(vi,vj) +u2(vi,vj) <1, v(vi,vj) € E.

Definition 2.2
An intuitionistic fuzzy graph G = ((ay,0,), (44, 12)) is called strong intuitionistic fuzzy graph if (v, v;) =
o1(v;) Aoy (v;) and yz(vi,vj) =o,(v)V az(vj),v (vi,vj) EE.
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Definition 2.3
An intuitionistic fuzzy graph G = ((0y,0;), (1, u;)) is called complete intuitionistic fuzzy graph if

ﬂl(vi,vj) = O_l(vi) A O_l(vj) and ﬂz(vi,vj) = O_Z(vi) \ Jz(vj),v vi,vj € V, i # ]

Definition 2.4

Let G = ((04,05),(uq,143)) be an intuitionistic fuzzy graph, then the scalar cardinality of V defined by

V=5, atd-cw)
— 4Lvyiev

. ) = Yvevw(v;) is called order of G and is denoted by 0(G) or p.

Definition 2.5

Let G = ((04,05),(uq,142)) be an intuitionistic fuzzy graph, then the scalar cardinality of E defined by

Bl = So0es D @)k Wiv)) Zoywee Wi, vy) s called size of G and is denoted by S(G) or g.

2

Definition 2.6
Let G = ((0y,05), (11, 112)) be an intuitionistic fuzzy graph. The degree of a vertex u in G is denoted by d;(u) =

(@f(w),d§(u)) and defined by df(w) = Xywyptf (W, v) = Yypeptf (W, v) and  df(u) = Xyep p§ (w,v) =
Z(u,v)eE ﬂg (w,v).

1. MODULAR PRODUCT ON INTUITIONISTIC FUZZY GRAPHS

Definition 3.1
Let G, = ((o,0y%), (U, ")) and G, = ((02,057), (1S, uS?)) be two fuzzy graphs with underlying vertex sets
V; and V, and edge sets E, and E, respectively.
Then modular product of G, and G, is a pair of functions ((o;* ® a.2)(0;"* ® 657), (1S © u?)(us* ® pi?)) with
underlying vertex set V, © V, = {(x;,y,)/x; € V;,y, € V,} and underlying edge set E; ® E, = {(x;,v,) (x5, v,)/
X1%, € Eq, Y1y, € E; or X%, € Eq,¥1,Y, € E;} with
(Ufl ©® sz)(x1x3’1) = Ufl(x1) A 0162 1) (0261 O] 0262)(951:3’1) = 0261(x1) \ 0262 (y1) wherex, € V, and y, € V,.
(8 @) ey = { 1 GO0, € B

0, () Aoy () Ao (y) A a2 (vR) if xq %, € Er i, € Es.

2t @ Uy ) (1, 1), (2, 32)) = { Iégl(xle) \élﬂgz (hyzc)z’ Gy %f $1%2 € Buynys € B2
0, (x1) V0, (x) v o,? (y) V0,2 (y,) if x1x, & Ey, 1y, € E,

Example 3.1
Let G; = (V;,E,) and G; = (V,, E,) be graphs such that V;, = {a, b},V, = {c,d, e}, E; = {ab}, E, = {cd, ce, de}.
Consider two intuitionistic fuzzy graphs G; and G, and G; ® G, as follows:

a c (a,c) (a,d) (a.e)

(0.1,0.3)

(0.2,0.3)

G G2

Modular Product
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Theorem 3.1
Let G; and G, be the intuitionistic fuzzy graphs of G; and G respectively. Then modular product G, ® G, is an
intuitionistic fuzzy graph of G; © G;.
Proof:
Let G; = (o4, 144) and G, = (o5, U,) be intuitionistic fuzzy graphs on G; and G; respectively.
We have to prove that G; © G, is an intuitionistic fuzzy graph.
By the definition, 091 ©% is an intuitionistic fuzzy set of V; ® V, and u%1®% is an intuitionistic fuzzy set of E; ® E,.
v (lelyl)c(xz’yZ) € ELO®E,, .
G .

(#11 @#12)((951,}’1),(952,)’2)) = #11(x1x2)Aﬂ12(Y13’2) if xx, € E; and y,y, €E,

< Jfl(x1) A Jfl(xz) A 0162 A 0162()’2),

Since G, and G, are intuitionistic fuzzy graphs

(#gl ® #32)((961,3/1),(962,3/2)) = ﬂgl(xﬂcz) V#gz v1y2), if x,x, € E; and y,y, €E,

< 0261(x1) \% 0201(x2) \% 0262()’1) \% 0262(3’2)

Since G, and G, are intuitionistic fuzzy graphs
(#fl ® #fz)((xm)ﬁ)x (xeYZ)) = Jfl(x1) A Jfl(xz) A 0162 A 0162 (2),
if x,x, € E; and y,y, € E,
= (0161 ® sz)(x1x3’1) A (0161 ©® Ufz)(xzy}’z)
(#31 © #32)((961,3/1), (xzryZ)) = 0201(x1) \ 0201(x2) \ 0202 (Y1) \ 0202 (YZ),
ifx,x, € E; andy,y, € E,
= (0" @ 3;") (21, 71) V (0, © 07°) (%2, )
Gy Gy G Gy Gy Gz
Hence, (#1 @ )((x1x}’1),(x2x3’2)) < (01 OXA )(x1x3’1) A (0, @ 0,%)(x2,y2)
G G
(#21 ® #22)((951:3’1), (xeYZ)) =< (0261 ® 0262)(951:3’1) \ (0201 ® 0202)(952:3’2)

Thus u ©1©6 js an intuitionistic fuzzy relation on g6,
Hence G, © G, is an intuitionistic fuzzy graph.

Theorem 3.2
Let G, and G, be strong intuitionistic fuzzy graphs of the graphs G; and G;. Then Modular product G, ® G, is also an
strong intuitionistic fuzzy graph of G; @ G.
Proof:
Let G, = (o4, 144) and G, = (o,, U,) be strong intuitionistic fuzzy graphs on G; and G; respectively.

We have to prove that G; @ G, is an strong intuitionistic fuzzy graph.
By the definition, 01 ©% is an intuitionistic fuzzy set of V; ® V, and u%©% is an intuitionistic fuzzy set of E; ® E,.
V (x1,y1)(x2,¥,) € E; @ E,.
(#fl © #fz)((xuﬁ)ﬁ),(xmﬁ)’z)) = #fl(x1x2) A#fz 01y2) if x1x, € E; and y,y, €E,

= Ufl(x1) A Ufl(xz) A 0162()’1) A 0102 (2)

Since G, and G, are strong intuitionistic fuzzy graphs
(#gl @#32)((961,3/1), (xeYZ)) = #gl (xyx2) V#gz()’ﬁ’z)x if x;x, € Ey and y,y, € E,
= 0261(x1) \% 0201(x2) VJZGZ()H) \% 0262(3’2)
Since G, and G, are strong intuitionistic fuzzy graphs
(ﬂfl ©® ﬂfz)((xbﬁ)ﬁ), (xzryZ)) = Ufl(x1) A Ufl(xz) A 0102 o)A 0102 (2),
if x,x, € E; and y1y, € E,

= (0" © 0,2) (1, 71) A (0 @ 072)(x2,72)

0261(x1) \ 0201(x2) \ 0202 (Y1) \ 0202 2),
if x1x, € E; and y,y, € E,

= (03" @ ;) (1,7 V (03 @ 0,7)(xz 72)

Hence, (15 @ p;?)(Ger y1), (42,35)) = (01 @ 072) (x1.1) A (07 @ 012)(x3,¥)

(ﬂgl © ”gz)((x1r3’1), (xzryZ))
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(15" @ 152)(Ge1.¥1), (2,72)) = (031 © 032) (1, y2) V (05 @ 0,2)(x2.72)-
Thus p% ©% js an strong intuitionistic fuzzy relation on g ©¢z,
Hence G, © G, is an strong intuitionistic fuzzy graph.

Theorem 3.3
Let G, = ((c*,0 1) (;11 ush)) and G, = (077, 052), (u52, 157)) be two complete intuitionistic fuzzy graphs.

L pdt < pf 5l = 2, then 1@ (x, y) = db (x),

where 0% (x, y) = (a7 % (x,y), d5"©% (x,5)), d (x) = (d}" (x), d3" (x))
2. Ifpdt = 1St < 2 then ds1@ G2 (x,y) = d%(x),
where d510% (x, y) = (dy*©® (x,y), d5* ©® (x, 7)), d% (x) = (d}* (x),d;* (x))
Proof:
Let G, = ((o;", a5") (U, 15Y)) and G, = (012,05 2) ((1S?, 1S?)) be two complete intuitionistic fuzzy graphs.
The degree of a vertex (x, y) in the modular product =
da1©6 (x1.91) = (dfl©62 (x1, 31, dGl@Gz (x1r3’1))

d161©62(x1,3’1) = Z #fl(x1x2)/\ﬂfz()’13’2) + Z 2(x1)/\Ull(xz)/\alz()ﬁ)/\alz()’z)
X1X2€ E1,Y1Y2€ E2 c c X1X2€E1,Y1Y2€E>
= 29619626 E1y1Y2€ Ez (e x2) A g (v1y2)
Since both intuitionistic fuzzy graphs are complete.
G . G G
= Yoo By My (X1X2), Since py* < py?
G
=d;"(x1)
Similarly,
G G
dgl©62(x1,3’1) = Z pyt (. x2) V 1y (v1Y2)
X1X2€ E1,y1Y2€ E3)

+ 021(x1)V02 (xz)Vazz(Y1)V02 (02)
X1X2€E1,Y1Y2€E>

= lexze E1.Y1Y2€ Ep #gl (x1x5) v #22 V1y2),
Since both intuitionistic fuzzy graphs are complete

= Yixyxs€ By #gl (x,x,) Since ygl > #gz
= dgl (x1)
dfl@GZ (xlryl) = Z #fl (xle) N #fz (ylyz) + Z 0_101 (xl) A 0_161 (xz) A 0_102 @1) A 0_102 (yz)

X1X2€E1,Y1Y2€ E X1X2€ E1.Y1Y2¢ E

G
= 2X1x2€E1YY1Y2EEz ”fl (x1x2) A ”12 @13’2):
Since both intuitionistic fuzzy graph are complete.

= Yryxpen; M2 (X1%7) since puy* = ui? = di*(xy) .
Similarly,
dgl©62(x1,3’1) = Z #gl(x1x2)vﬂgz()’13’2) + Z 1(x1)Vazl(xz)VUZZ(Y1)V022(YZ)

X1X2€ E1,y1Y2€ E; X1X2¢ E1.Y1Y2€E>

G
= 2X1x2€E1YY1Y2EEz ”31 (x1x2) \4 ”22 @13’2):
Since both intuitionistic fuzzy graph are complete.

. G G
= lexzeEl #32 (x1x3), Since u,' < u,’
= dJ*(x,) . Hence the proof.
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Theorem 3.4
Let G, = ((061, ayt), (pfl,ygl)) and G, = ((062, ay2), (,152,,132)) be two intuitionistic fuzzy graphs with underlying

crisp graphs G; is complete and G; is regular. If u% < g% u% € g% and u% = u, then G; © G, is aregular if
and only if G, is a regular intuitionistic fuzzy graph.
Proof:

Let G; be aregular graph of degree d and G; is complete graphs. Let ¢ = u% = k for all E; and E,, where
k = (ky,k;) is constant. Let 061 € u%2; u% < ¢%. Suppose that G, is a regular fuzzy graph of degree d%:.
By definition for any (u, v) € 0% © g%

dfl©62(x1x3’1) = Z #fl(x1x2)/\llfz()’13’2)+ Z Ufl(x1)/\Ufl(xz)/\afz()’1)/\0fz()’2)
X1%2€ E1,y1Y2€ E X1X2¢ E1,y1Y2€E>
= Yy Euyayge By Ko (1) A 2 (71Y,), Since G, is complete.
= lexze E1,y1Y2€E> ﬂfl(xlxz)a Since ﬂGl = #62,
= d;* (x,). d% (x;)

%y = ) Ve ) ) Ve ) Ve o)V o (7))
X1X2€ E1,y1Y2€ Ep X1X2@E_1,y1Y2€E;
= Y tse Fuyiyae By Kot (012) V 152 (¥1),), Since G, is complete.
= lexze E1,y1Y2€ E> ﬂgl (x1x2) Since ﬂGl = MGZ
= d;* (x,). d%(x;)
~ G, @ G, isaregular intuitionistic fuzzy graph.
Conversely, Let us assume that G, ® G, be a regular intuitionistic fuzzy graph, G; be a regular graph of degree d%2 and
Gy be a complete graph.
For any two points (x;,x,), (y;,V,) in ¢61©62
d101©02 (x1,x) = d101©62 01,52)
A ()% (x) = di* (71)d%(3,)
dS (x,) = dS*(y,), Since G; is regular.
de1©02 (x1, %) = de1©62 01,52)
dg* (x,)d% (x) = d3* (v1)d% (3,)
dS* (x,) = d3*(y,) Since G; is regular.
Hence, G, is regular intuitionistic fuzzy graph.

Theorem 3.5

Let G, = ((o7%,5"), (15, 151)) and G, = ((0,2, 052, (1%, 1157)) be two intuitionistic fuzzy graphs with underlying
crisp graphs G; is regular and G; is complete. If u%2 € g%, u% € g% and u = u% $, then G; ® G, is a regular if
and only if G, is a regular intuitionistic fuzzy graph.

Proof:

Let G; be a regular graph of degree d% and G} is complete graphs. Let u% = u% = k for all E; and E,,
where k = (kq,k,) is constant. Let 061 € u%; u% c ¢%. Suppose that G, is a regular intuitionistic fuzzy graph of
degree d:.

By definition for any (u, v) € 6% © 0.

G1 @G Hx1.y1) _ G G G G G G
dEOREI) =N B ) AR Gy )+ Y. o) Ao () Aa (0) Ao ()
X1X2€ E1,Y1Y2€ E2 c c X1X2€ E_1,y1Y2€E>
= Yo yxa€ Eyyriye B, M1 - (X1X2) A % (y1y,), Since G, is complete.
_ G . _ _ 4G «
= lexze Eyyivee B, Ma - (V1Y2), Since pér = pb =d*(y,) .d“(y;)

Copyright to IJIRSET DOI:10.15680/1JIRSET.2017.0609071 19262


http://www.ijirset.com

b A ISSN(Online): 2319-8753
IJIRSET ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(A High Impact Factor & UGC Approved Journal)

Website: www.ijirset.com
Vol. 6, Issue 9, September 2017

616G — G G
;"= (x,y,) = Z pyt (%) A p,* (V1Y)
X1X2€ E1Y1Y2€E>
G G G
Y ) e ) Ao (1) Aoy MGHG)
X1X2€E_1,y1y,& E_2
G G . .

= Yixx€ Eyyiyac By Mo (X1X2) A 1,2 (y1Y,), Since G is complete.
— G ; —
- lexze E1,y1Y2€E;> #22 (ylyz) Since ﬂGl - MGZ

= dy2(y,) . d%(y,)

~ G, @ G, is aregular intuitionistic fuzzy graph

Conversely, Let us assume that G, ® G, be a regular intuitionistic fuzzy graph, G; be a regular graph of degree d¢ and
G be a complete graph
For any two points (x;,x,), (v1,v,) in 6t ® o2,

dfl©62 (xq,x,) = dfl©62(3’1x3’2)

Ay (x,)d% (x;) = d7? (v,)d% ()

d? (x,) = d(y,), Since G; is regular.
dgl©62 (x1, %) = dgl©62(3’1x3’2)

dy? (x,)d% (x,) = dg? (y,)d ()

dS? (x,) = ds*(y,), Since G; is regular.
Hence, G, is regular intuitionistic fuzzy graph.

IV.CONCLUSION

Here, we discussed the modular product on Intuitionistic fuzzy graphs and their properties with examples. Theorems
related to modular product on intuitionistic fuzzy graphs are stated and proved. Also examples related to the theorems
are explained. Further, we propose to discuss some other operations on IFG with examples.
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