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1 Introduction

Zadeh [7] introduced the concept of fuzzy set in 1965 for defining
uncertainty. As an extension of fuzzy sets, in 1975, Zadeh [8] intro-
duced the notion of interval-valued fuzzy sets in which the values
of the membership degrees are intervals of numbers instead of the
numbers. In 1986, Atanassov introduced Intuitionistic Fuzzy Sets
[6] which provides the opportunity to model the problem precisely
based on the existing information and observations. After three
years Atanassov and Gargov [5] proposed Interval-Valued Intuition-
istic Fuzzy set (IVIFS) which is helpful to model the problem more
accurately. The fuzzy graph theory was first introduced by Rosen-
feld [10] in 1975. Yeh and Bang [12] also introduced fuzzy graphs
independently. Fuzzy graphs are useful to represent relationships
which deal with uncertainty. It has numerous applications to prob-
lems in various fields. Interval-Valued Fuzzy Graphs (IVFG) are
defined by Akram and Dudek [2]in 2011. Atanassov [6] introduced
the concept of intuitionistic fuzzy relations and Intuitionistic Fuzzy
Graph (IFG). Shovan Dogra[11] introduced different types of prod-
ucts of fuzzy graphs. S.N.Mishra and A.Pal [9] introduced the prod-
uct of interval valued intuitionistic fuzzy graph. Akram and Bijan
Davvaz [1] introduced Strong Intuitionistic Fuzzy Graphs (SIFG).
The notions of Strong Interval-Valued Intuitionistic Fuzzy Graphs
(SIVIFG) are introduced by A.Mohamed Ismayil and A.Mohamed
Ali [3]. This paper has been organized as follows. Preliminaries
required for this study are given in section 2. In section 3 and 4,
modular product and homomorphic product on interval valued in-
tuitionistic fuzzy graphs has been defined and some of its properties
are discussed

2 Preliminaries

Definition 2.1. [10] Afuzzy graph G is defined as a pair of
functions (o, 1) where o is a fuzzy subset of a non empty set V' and
1 is a symmetric fuzzy relation on o.

The underlying crisp graph of G = (o, i) is denoted by G* = (V, E)
where E CV x V.

Let DJ0, 1] be the set of all closed subintervals of the interval [0,1].
If M € D[0,1] then it is represented by M = [M[, My], where M,

2
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and My are the lower and upper limits of M.

Definition 2.2. [6] An intuitionistic fuzzy graph with under-
lying set V' is defined to be a pair = (o, ;) where

e the functions M, : V — D[0,1] and N, : V' — DJ0, 1] denote
the degree of membership and non membership respectively,
such that 0 < M, (z) + N,y(z) < 1forall x € V.

e the functions M, : ECV xV — D[0,1] and N, : E CV x
V' — D[0, 1] are defined by M,((z,y)) < min(M,(x), My(y))
and N,((z,y)) > max(N,(z), N,(y)) such that 0 < M,((z,y))+
Nﬂ((xvy)) S 17V(I7y) € E.

Definition 2.3. [1] An intuitionistic fuzzy graph G = (o, p) is
called strong intuitionistic fuzzy graph if
M ((z,y)) = min(My(z), Ms(y)) and
Nu((2,y)) = max(No (), No(y)), ¥(z,y) € E.

Definition 2.4. [2] An interval - valued intuitionistic fuzzy
graph with underlying set V' is defined to be a pair = (o, u)where

e the functions M, : V' — D[0,1] and N, : V' — DJ0, 1] denote
the degree of membership and non membership respectively,
such that 0 < M, (z) + N,(z) < 1forallz e V.

e the functions M, : ECV xV — D[0,1] and N, : E C V x
V' — DI0, 1] are defined by M,,,((z,y)) < min(M,r(z), Ms1(y))
 Nur((2,9)) > max(Nor (2), N (y)) and
Myor((z, ) < min(Myp (), Mo (1)
N,v((z,y)) > max(Nyy(x), Noy(y)) such that 0 < M, ((z,y))+
N#U((x7y)) < 1,V($7y) SR

Definition 2.5. [3] An interval valued intuitionistic fuzzy
graph G = (o, u) is called strong interval valued intuitionistic fuzzy
graph if

My ((z,y)) = min(Mo, (), Mo (y));
N;ﬁ((fﬁ, y)) = max(NoL(z), Nor(y))
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Definition 2.6. Let G = (o, i) be an interval valued intu-
itionistic fuzzy graph. For any vertex x € V, degree of the vertex
z is defined as an ordered pair (dg(z), df(z)) where

dg(z) = >0 Mu((z,9) = 20 Nu((,y))

yeVixyck yeVixyeE

and

dh@)= > Muo(@y)- > Nuolzy)
yeVizye £ yeVixyek

3 Modular product on Interval-valued
intuitionistic fuzzy graphs

Definition 3.1. Let o7 and o3 be interval-valued intuitionistic
fuzzy subsets of Vi and Vs respectively.Let piand po be interval-
valued intuitionistic fuzzy subsets of F; and FEs respectively. Then
Modular product G; ® G5 of the two interval valued intuitionistic
fuzzy graphs G; = (01, 1) and Gy = (09, p2) is defined as a pair
(01 ® 09, 11 © pe) where
01003 = ([M01L®M02L7 MU1U®M0’2U]7 [N01L®N02L7 NO’IUQNUQU])
and
1O po = ([MIHL@M!QL’ MMU@MMU]v [NML@NuzLﬂ NMU@NMU])
are interval-valued intuitionistic fuzzy sets on V =V} ® V, and
E={{(z1,22)(y1,92) :mun € E1 & @y € B} U{ (21, 72) (1, 12)
cxy € By & xoys ¢ Eb}} respectively which satisfy the follow-
ing properties
(MUIL © MO’2L)(377 y) = min{MO’lL(x)a MUzL(y)}

(MCHU © MO’QU) €, y) = min{MO’lU(aj)7 M02U(y)}
(NUlL © NthL)(x? y) - maX{NGlL(x>7 NUzL(y)}
(NUIU © NU2U)(I7 y) = maX{NOlU(‘T)’ NazU(y)}

V(z,y) e V1OV,

(M, .OMy, 1) (21, 22), (1, y2)) = min{ My, 1.(2191), M,z (z2y2) }
(M, u©M,,u) (71, 2), (Y1, y2)) = min{ M, v (2191), Myu,u (02y2) }
(N LON,L) (21, 22), (Y1, ¥2)) = max{ Ny, 1(x191), N, £.(v2y2) }
(Nuv©ON o) (71, 22), (Y1, y2)) = max{ N, v (T191), Npv (T2y2) }

if r1yr € E1 and 2oy, € Fy
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(Myy L © Myyr) (w1, 22), (Y1, 92))
= min{Mo, 1.(21), Mo, £.(11), Moy1.(22), Mo, (y2)}

(Mo © Myyu) (21, 22), (1, 92))
= min{Mo,v (1), Moyv(11), Moyv(22), Moy (y2)}

(Niaz © Nyo) (1, 22), (41, 92))
= max{No,£(21), Noy£(41), Nowr(22), Nowr(y2)}

(Nuw © Npv) (21, 72), (41, 42))
= max{No,u(21), Noyv (y1), Now (22), Nowu (y2)}
if 21y, ¢ By and zoys ¢ s

Proposition 3.1. If G; and G5 are strong interval-valued
intuitionistic fuzzy graphs, then the Modular Product of Gy and
Gy, G1 ® G5 is also a strong interval-valued intuitionistic fuzzy
graphs.

Proof. Let G; and G5 are strong interval-valued intuitionistic
fuzzy graphs.
Hence Va,y; € E;,i =1,2

My, (w3, 9:)) = min (Mo, . (2:), Mo, 1(y:))
My ((2i,9i)) = min (Mo,u (2:), Mo,v(y:))
Nyt (21, 9i)) = max (No, (1), No1.(y:))
Ny (i, 9:)) = max (Now (1), Noww (1))

Here E = {(z1,22)(y1,92) : x1y1 € Ey and 22y, € Ep} U
{(x1,22)(y1,y2) : 11 € Eq and zoys ¢ Eb}

Let(x1,72)(y1,12) € E

Case I: 21y € E1 and zoys € Es

(M, 1OM,, 1) (21, 72), (Y1, ¥2)) = min{ M, £.(v191), My, L(v2y2) }
= min {min{ Mo, (1), Mo, (y1) }, min{ Mo, 1. (22), Mo,1.(y2)} }

5

261



International Journal of Pure and Applied Mathematics Special Issue

= min{ My, (1), Mo, (Y1), Mo,r(22), Mo,r(y2) }
and

min {(My, . © My,1) (@1, 22), (Mo, © Myyr) (Y1, 92) }
= min {min{ My, (1), Mo,1(22)}, min{ My, (1), Mo,1(y2)} }
= min{MglL(m), M01L<y1>7 MUQL(x2)7 MazL(?J2)}

i€, (M © Mys) (21, 22), (1, 92))
= Hlln {(Mg’lL @ MUQL)(CC17 x?); (MU1L @ MO’2L)(y17 yQ)}
Similarly it can be proved that

(Muu © Myyo) (21, 22), (1, 92))
=min{(Ms,v © My,u)(x1,22), (Mo,u © Moyu)(y1,y2)}
(N © Nyor) (1, %2), (Y1, 92))
= max {(No, © Noyr) (21, 2), (Noy © Noyr) (Y1, 42) }

(NMU © NM2U) ((171,1'2), (y17y2))
= max {(No'lU © NUZU)(xlﬂ .1‘2), (NO'IU © NUzU)(yl’ yQ)}

ie., in this case G; ® Gy is also a strong interval-valued intuitionistic
fuzzy graph

Case II: x1y1 ¢ Ey and a9y ¢ Es
(M, © My,1) (21, 22), (Y1, y2))
= min{MUlL(x1)7 MGlL(y1)> MUzL(x2)> MdzL(y2)}

and

min {(Mo‘lL ® MUQL)(QUD $2), (MU1L ® MU'QL)(y17 yQ)}
= min {min{ M,, 1 (1), My, (22)}, min{ M, 1. (y1), My,1(y2)}}
= min{ Mo, (1), Mo, (1), Moyr.(22), Moyr.(y2) }

ie
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(Myy . © Myyr) (21, 22), (Y1, 42))
=min {(My,, © My,)(z1,22), (My . © My,r)(y1,y2)}
Similarly it can be proved that
(Muv © M) (21, 22), (Y1, 2))
= min {(Mo,r © Mo,v) (21, 72), (Moyu © Moyv)(y1,92)}
(NuuL © Nypr) (21, 72), (91, 92))
= max {(No,z © Noor) (71, 72), (Noy£ © Noyr) (Y1, 42)}
(Nyuv © Nyyo) (21, 22), (41, 2))
= max {(No,v © Nowv ) (1, 22), (Noyv © Nowu) (Y1, 92) }

ie., in this case also GG; ® G5 is a strong interval-valued intuitionistic
fuzzy graph
O

Proposition 3.2. If G; ® G5 is a strong interval-valued intu-
itionistic fuzzy graph then atleat G1 or Go must be strong.

Proof. Suppose that G; and G5 are not strong interval valued
intuitionistic fuzzy graphs. So there exists z;,y; € E;, i = 1,2 such

M#iL ((Iu yl)) < min(MUiL(Ii)v MUiL(yi>)
(i, v:)) < min(Me,v (), Mo,v(yi))
(( s Noyz(yi))

S.Z
~
—
8
<
~—

E = {(z1,22)(y1,y2) : ;1y1 € E1 and zoys € Ex}U{(z1, 22) (1, ¥2) :
x1y1 ¢ By and xays ¢ Eo}

Let (z1,22)(y1,92) € £

If x1y1 € Fy and xays € Eo

(MulLQMMQL) ((ml’ :E?)v (yl, y2)> = min{MmL(xlyl)v MugL(xﬂJZ)}
< min {min{M,, (1), Mo, r.(y1) }, min{ Mo, 1.(22), Mo,1(y2) }}
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< min{ My, (21), Mo, (1), Moyr(22), Moyr(y2)}

and

min {(My, 1, © Mg,1)(x1,22), (Myp © Mayr)(y1,y2)}
= min {min{ My, (1), Mo,1(22) }, min{ M, (1), Mo,1.(y2)} }
= min{MalL(xl), M01L<y1>7 MUQL(x2)a MUQL(QQ)}

ie,

(M1 © My,1) (21, 22), (Y1, y2))
< min {(MolL ® MagL)(xla 1'2), (MolL O] MazL)(yla y2)}

Similarly, it can be proved that

(Myu © Myyo) (21, 22), (1, 92))
<min {(Ms,u © Mo,u)(w1,22), (Moyu © Moyu)(y1,42)}
(Nuz © Nypr) (21, 22), (91, 92))
> max {(Noyz © Noyr)(21,22), (Noyr © Noyr) (Y1, y2)}
(Vv © Nou) (21, 22), (Y1, 92))
> max {(Noyu © Nopu) (@1, %2), (Noyu © Nowv ) (Y1, 42) }

ie., in this case G; ® G5 is not a strong interval-valued intuitionistic
fuzzy graph

O

Definition 3.2. For any vertex (z1,22) € V1 ® Vo in G1 © Go,
degree of the vertex (xy,x3) is defined as an ordered pair

(d51®Gz (21, 22), &, oy (21, .1'2)) where

264



International Journal of Pure and Applied Mathematics

dE:l@GQ(xlv T9) = > min {M,, (21, 1), My, (22, y2)}
(y1,92)€EV1OV2:
T1y1€E1,22y2€F2

+ Z min {MUIL($1)7MGlL(y1)7M02L($2))MO'QL(yQ)}
(y1,¥2)EV1OVa:
z1y1¢E1,22y2¢ B2

- > maX{NmL(mhyl)v Nng(ﬂUz, Y2)}

(y1,92)EV1OVa:
z1y1€E1,22y2€E2

+ Z maX{NUlL(x1)>N0'1L(y1)7NagL(xQ)vNagL(yQ)}
(y1,y2)EV1OVa:
z1y1 € E1,22y2¢ E2

and

d81®G2(x17x2) = Z min{MlJ«lU(x17y1)7M/J«QU(IQ?yQ)}

(y1,42)EV1IOV2:
T1y1€E1,22y2€ 2

+ Z min {MfflU(xl)?MdlU(yl)vMUzU(‘TQ)aM02U<y2>}
(y1,y2)€EV1OVa:
r1y1¢E1,22y2¢ B2

- Z maX{N#lU(xlvyl)yNuzU(xZJyQ)}

(y1,42)EV1OVa:
z1y1€E1,22y2€ 2

+ Z maX{NUlU(xl)ﬂNO’lU(yl)7NGQU(‘IQ);NJQU(yZ)}
(y1,92)€V1OVa:
r1y1¢ E1,22y2¢ B2
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Definition 3.3. Let g1 = ([MalLaMolU] s [NglL,NglUD and
0y = ([Myyr, Moyu], [Nsyr, Noyu]) be interval valued intuitionistic
fuzzy subsets of Vi(G1) and V3(Gs) respectively. Then o1 < oy if
and only if M, (z) < My,(y), My,v(2) < My,u(y) and
ND’1L(I) > NUQL(y)>N01U(x> > chzU(y)a Vz € Vi and Vy SA%

Proposition 3.3. Let oyand oy be interval valued intuitionis-
tic fuzzy subsets of Vi and V5 respectively where o1 < 09. Let ujand
1o be interval valued intuitionistic fuzzy subsets of Fy and Es re-
spectively . Let Gy = (o1, p1) and Go = (09, pi2) and G = G © Gs.
Then the following equalities hold.

dél@GQ (xl? l'z) =

MmL(%,Zh) + Z min {MmL(xl);MolL(yl)}

(y1,42)EV1OVa: (y1,42)EV1OVa:
21y1E€E1,22y2€ B2 z1y1¢E1,22y2¢ B2

- > Nypr(w2,92) + > max { No,1(22), Nopr(y2) }
(Y1,y2)EVIOVa: (y1,92)EV1OVa:
r1y1€E1,22y2€E> z1y1¢E1,22y2¢ B2

and

d51®G2 (xl? l'z) =

M;nU(*q;layl) + Z min{MmU(‘rl)?MmU(yl)}

(y1,42)EV1OVa: (y1,42)EV1IOVa:
21y1E€E1,22y2€ B2 z1y1¢E1,22y2¢ B2

- Z NMU(‘T?ay?) + Z maX{NazU(I2)vNazU(y2)}

(y1,92)€EV1IOVa: (y1,42)EV1OVa:
z1y1€E1,22y2€En r1y1¢ E1,w2y2¢ B2
10
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Proposition 3.4. Let oiand o9 be interval valued intuition-
istic fuzzy subsets of V, and V5 respectively where o1 < o03. Let
mand po be interval valued intuitionistic fuzzy subsets of Fy and
E, respectively . Let Gy = (01, 1) and Gy = (09, j12) be complete
interval valued intuitionistic fuzzy graphs and let G = Gy ® Ga.
Then the following equalities hold.

dél@GQ (Zl?l, 1‘2) = Zylevl MulL(mh yl) - ZyQGVQ NugL(x% y2)
and

dg1®G2 (x17 ‘(EQ) = Zy1€V1 MHIU(x17 yl) - Zy2€\/2 NuzU(x27 3/2)

4 Homomorphic product on
Interval-valued intuitionistic fuzzy
graphs

Definition 4.1. Let 07 and o9 be interval-valued intuitionistic
fuzzy subsets of V; and V; respectively. Let pjand po be interval-
valued intuitionistic fuzzy subsets of F; and FEs respectively. Then
homomorphic product G; ¢G5 of the two interval -valued intuition-
istic fuzzy graphs Gy = (01, 1) and Gy = (09, u2) is defined as a
pair (o1 © 09, 11 © f12) where
01009 = ([MalLOMozL; MolUOMazU}a [NglLONUQL, NUIUONUQU])aHd
H1 O 2 = ([MML OM,usz MMU © MuzU]v [NHIL <>N,u2ln N,ulU <>N#2UD
are interval-valued intuitionistic fuzzy sets on V = V; ¢ V5, and
E = {{(z,22)(z,52) : v € Vi & woyy € Ex}pU{(z1,22)(y1,92) :
x1y1 € By & x9ys ¢ Es}}respectively which satisfy the following
properties
(MO'IL © MUQL)(x7 y) = min{MmL(x)v MUQL(y)}

(MfflU © MUzU)(x7y) = min{MﬂlU(x)v MUzU(y)}
(NﬁL < N(sz)(xvy) = maX{NO’lL(I)? NO'QL(y)}
(NﬁlUONUQU)(xay) = maX{NmU(x)vNozU(y>}

V(z,y) € VioV,

(MML < MH2L) ((ZE, x2)7 (:)3, y2)) - min{MglL(l‘), MuzL(IQQQ)}
(M,ulU < MMU) ((ZL‘, x2)7 (:L‘, yQ)) = min{MmU(x)v MuzU(x2y2)}
(NltlL o NuzL) (:Ea T2), ($7 yQ)) = maX{NGlL(x)v N#zL(nyQ)}

(N,ulU < N#zU) ( I,Z(Ig), (‘Tvy?)) = maX{NCflU(I)’ N#QU(IQyQ)}

11
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if x € Vi and xays € Fs

(M, © My,1) (21, 22), (Y1, y2))
= min{Mu1L(xly1)a Mo, (22), Moyr(y2) }

(My,v © Myv) (21, 22), (31, 12))
= min{MmU(%%)a MJQU($2)> MGzU(y2)}

(N2 © Nuor) (w1, 22), (Y1, 92))
= max{ Ny, 1(x141), Nowr(22), Nopr(y2)}

(Nuv © Nppw) (21, 22), (Y1, 92))
= max{Ny,v(2191), Nov (22), Nowur(y2) }
if x1y1 € Ey and 22y, ¢ Eo

Proposition 4.1. If G; and G5 are strong interval-valued
intuitionistic fuzzy graphs, then the Homomorphic Product of Gy
and G, G ¢ Gy is also a strong interval-valued intuitionistic fuzzy
graphs.

Proof. Let G; and G5 are strong interval-valued intuitionistic
fuzzy graphs.
Hence Vx;y; € E;, i =1,2

Here E = {(z,z2)(x,y2) : * € Vi and zoys € Eo }U{(z1, 22)(y1, y2) :
T1Y1 S E1 and ToY2 ¢ EQ}

Let(z1, 22)(y1,92) € B

Case I: 1 = y; = x and xoys € Fo

(Myyr © Myyp) (2, 22) (2, 42)) = min{ Mg, 1,(2), My, 1.(2292) }

12
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= min { My, 1(x), min{ My, (x2), My, (y2)}}
=min{ My, 1(2), My,1(22), My,.(y2)}

and
min {(MCHL © MO'ZL)(x7 mQ)v (MU'IL < MU'QL)(‘T7 y2)}

= min {min{MalL(x)v MUQL(':EQ)}7 min{MalL(‘r)? MU2L(92)}}

= min{ Mo, (%), Mo, (22), Moy, (y2)}
ie,
(MML < MuzL) ((1‘, .1‘2), (l‘, yZ))
= min {(MtflL © MU2L)(37; $2)7 (MfflL © MU2L)(5U7 y2)}

Similarly it can be proved that

(Myyu o Myuu) (2, 22), (2, 42))
= min{(My,v © My, )(x, 22), (My,u © Myu)(x,y2)}
(N © Nypr) (2, 22), (2, 42))
= max {(Ny, 1 ¢ Nopr)(2,22), (Ny, 1 © Nopr)(z,y2) }
(Nyuv © Npow) (2, 22), (2, 92))
= max {(N,,v © Noyur) (2, 22), (Ngyu © Noyu ) (2, 92) }

ie., in this case GG; ¢G5 is also a strong interval-valued intuitionistic
fuzzy graph

Case II: x1y; € Fy and x9ys ¢ Es

(MML < MuzL) ((5(31, 1‘2), (yh yQ))

= min{M/ﬂL(xlyl)v MUQL($2)7 MUQL(yQ)}
= min{min{ Mo, 1.(x1), My, .(v1)}, Mo,r.(x2), My, r(y2)}
= min{MOlL(xl)?M01L(y1)7 G2L(x2>7M02L(y2)}

and
min {(McrlL <& MG’QL)(:E17 x?)v (Mo'lL <& MO’QL)(y17 yQ)}

- min{MGlL(xO? MUIL(yl)’ MO'ZL(':EQ)7 MOQL(yZ)}
ie7 (MML o M/mL) ((xh C("2)7 (yh y2))
= min {(MalL <& MO'QL)(m:l? .Z'Q), (McrlL <o MUQL)(yla yQ)}

13
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Similarly it can be proved that

(My,v © My,u) (21, 22), (1, 42))
=min {(My,y © My,v) (21, 22), (My,u © Meyv)(y1,92)}
(VL © Npor) (1, 22), (y1,92))
= max {(No,1, © Nor,)(71,72), (Noy . © Noyr) (Y1, Y2) }
(N © Npow) (21, 22), (Y1, 92))
= max {(Noyv © Noyu) (21, 22), (Noyv © Nowv ) (Y15 y2) }

ie., in this case also GG ¢G5 is a strong interval-valued intuitionistic
fuzzy graph
O

Proposition 4.2. If Gy ¢ G is a strong interval-valued intu-
itionistic fuzzy graph then atleast G or Go must be strong.

Proof. Suppose that G; and G5 are not strong interval valued
intuitionistic fuzzy graphs. So there exists z;,y; € F;, 1 = 1,2 such

that
M,z (i, y:)) < min(Mo,r(2:), Mo,2.(yi))
J\N4uiu((xi,y))<mm (i), Mow(yi)

NulU((xwyl) > max ( )7 o U ( ))

Here £ = {(z, z2)(x yg) x € Vi and xoys € Eo YU{ (21, 22)(y1, y2) :
Ty € By and 25y, & Ly}

Let(x1,72)(y1,2) € E

(M

(M
((zi,9:)) > max(No, (), Nou1.(4:))

) (No

(

Case I: x1 =y; = x and x9ys € F»
(MML < M,uQL) ((377 xQ)(xv y2)) = min{MGlL(x)v Mu2L(m2y2)}

< min {Mo—lL(ZE), min{Mg2L(£B2), MUQL(QZ)}}
< min{ My, 1(x), My,r,(22), Mo,r.(y2) }

but

14
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min {(My, 1, © My,1.)(%, T2), (Mo, 1, © Mo,) (7, y2) }

)
= min {min{M,, .(z), My, (x2)}, min{ M,, (), My,r(y2) } }
= min{M,, (), My,r,(x2), My,r.(y2)}

(MML < MHQL) ((iL’, 332), (%, yQ))
< min {(MolL <& MgzL)(l', 1‘2), (MalL ¢ MazL)(xv yz)}

Similarly it can be proved that
(My,v © My,u) (7, 22), (2, 42))
< min {(My,v © My,v)(x, x2), (My,v © Myyu)(z,y2) }
(Nyz © Nuor) (%, 2), (2, 92))
> max {(Ny, 1, © Noyr)(x,22), (Ng, 1, © Noyr)(x,y2) }
(Niww © Nppur) (2, 22), (2, 42))
> max {(Ny,vv © Noyv ) (2, 22), (Noyu © Noyur) (2, y2) }

ie., in this case G ¢ G5 is not a strong interval-valued intuitionistic
fuzzy graph

Case II: 11 € By and zays ¢ E,
(MML < MML) ((1‘1, 1‘2), (yh yZ))

= min{MulL(xlyl)v MUzL(xZ)v MUQL(yQ)}

and

min {(Mg, 1, © My,1) (21, 22), (Mo, © Mo,1) (Y1, 92)
= min{ My, ,(v1), Mo, 1.(41), Mo, (22), Mo,r(y2) }
ie, (M, © My, 1) (21, 22), (1, 92))
< min {(Mo, 1 © Moy1) (21, 22), (Mo, © Moyr)(y1,42)}

Similarly it can be proved that
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(Myyv © Mpovr) (21, 22), (41, 92))
< min {(M,,v ¢ My,v)(x1,22), (Myv © Myyv)(y1,y2)}

(Nuip © Nyor) (21, 22), (y1, 2))

> max {(Ny, © Noyr) (@1, 22), (N, © Noyr) (Y1, 2) }
(Nuv © Npour) (21, 22), (41, 2))

> max {(Ng, v © Noyv ) (21, 22), (Nyyu © Noyv ) (Y1, 92) }
ie., in this case also G; ¢ G5 is not a strong interval-valued intu-
itionistic fuzzy graph

O

Definition 4.2. For any vertex (z1,x2) € Vi o V5 in Gy © G,
degree of the vertex (xy,z2) is defined as an ordered pair

(dg o, (T1,22), d o, (21, 72)) Where

dg‘loGg(xlvx?) - Z min {MdlL(x1>7Mu2L(x2vy2)}
(y1,y2)€V10Va:
T1=y1E€V1;22y2€F2

+ > min { My, r.(x191), Mo, 1.(22), Mo,r(y2)}
(y1,y2)€V10Va:
z1y1€E1;22y2¢ B2

— > max { Ny, (x1), NHQL(Z’% Y2)}
(y1,y2)EVi0Va:
r1=y1EV1;T2y2€ F2

+ > max { Ny, £(2191), Nor(22), Nopr(y2) }

(y1,92)€V10Va:
z1y1€E1;22y2¢ B

and
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dgloGQ(mlv'rQ) = Z min {MfflU(ml)7M/—L2U(x27y2)}

(y1,y2)EVI0Va:
T1=y1EV1;22y2€E2

+ > min { M, v(2191), Mo,v(22), Moyv (y2)}

(y1,y2)€V10Va:
T1y1€E1;22y2¢ B2

- Z maX{NO’lU(xl)aN#QU(J:Q;Z-/Q)}

(y1,y2)€V10Va:
T1=y1€EV1;72y2€ E2

+ > max { N, v(2191), Nowv (22), Noyu(y2) }

(y1,y2)€V10Va:
z1y1€E1;22y2¢ B2

Proposition 4.3. Let oyand oy be interval valued intuitionis-
tic fuzzy subsets of Vi and V5 respectively where o1 < 0o. Let ujand
1o be interval valued intuitionistic fuzzy subsets of Fy and Es re-
spectively . Let Gy = (01, 1) and Gy = (02, 12) and G = G ¢ Gs.
Then the following equalities hold.

da‘loGg (xlv 1‘2)

= > My, 1(z1) +

(y1,y2)EV10Va:
z1=y1EV1;22y2€E2

MltlL(xlyl)

(y1,y2)€V10Va:
z1y1€E1;22y2¢ B2

N01L($1) + Z NML(-lel)

(y1,y2)€V1oVa:
z1y1€E1;20y2¢ F2

(y1,y2)€Vi0Va:
T1=y1EV1;22y2€E2

and

dgloag (z1,72)

> M, v(z131)

(y1,y2)€V10Va:
z1y1€E1;22y2¢ B2

MG’lU(xl) +

(y1,y2)€V10Va:
z1=y1EV1;22y2€E>

- > Noyu(w1) + > Nyyo(r1y1)
(y1,y2)€Vi0Va: (y1,y2)€Vi0Va:
r1=y1EV1;22y2E€E> z1y1€E1;22y2¢ B2
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5 Conclusion

In this paper, modular product and homomorphic product on inter-
val valued intuitionistic fuzzy graphs and some properties of these
products on strong interval valued intuitionistic fuzzy graphs are
discussed. We have determined the degree of vertices of these prod-
uct graphs under certain conditions. Our future plan is to extend
our research to some other operations on interval valued intuition-
istic fuzzy graphs.
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