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Abstract. In this paper, we introduced the strong interval valued picture fuzzy graph. The operations on the Cartesian
product, Composition, Union and Join of two strong interval valued picture fuzzy graphs are defined. Some propositions
are involving strong interval valued picture fuzzy graphs are stated and proved with suitable examples.
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| Introduction

In 1965, Zadeh introduced the fuzzy set as the uncertainty of finding method. Fuzzy graph theory for finding more
applications in real time problems with different levels of precision. The applied field of a fuzzy set theory depends on
the membership function—the interval valued picture fuzzy set as a generalization of a picture fuzzy set. However, the
calculation and expression are slightly different. The characteristic of the picture fuzzy model is that the sum of positive,
neutral and negative membership degrees is not more significant than one. The picture fuzzy sets have higher potential
than the intuitionistic fuzzy sets and fuzzy sets to manage the uncertainty. We develop systematic operators to aggregate
the strong interval valued picture fuzzy graph (SIVPFG). Ahmed Mostafa Khalil and Sheng Gang Li [1] have introduced
the new operations set on interval valued fuzzy picture fuzzy sets and soft sets. Krassimir Atanassov [4] has presented
the four types of interval valued intuitionistic fuzzy graphs. Mishra and Pal [5] developed the regular interval valued
intuitionistic fuzzy graphs. Said and Mohamed Talea [14] introduced strong interval valued Neutrosophic graphs and
studied the edge interval valued fuzzy graph by Ravi Narayanan and Santhi [13].

Further, in [16], essential operations on interval valued Pythagorean fuzzy graphs are defined, and their properties are
studied. In this paper, we introduced the strong interval valued picture fuzzy graph. Some operations like the Cartesian
product, Composition, Union and Join of two strong interval valued picture fuzzy graphs are defined. Also, we discussed
some propositions with suitable illustrations.

Il Preliminaries

Definition:2.1 [intuitionistic fuzzy graph] Let X be a universe of discourse, An intuitionistic fuzzy set A in X is given by
A={< pus(x),94(x) >/x € X}, where u,: X — [0, 1] denotes the degree of membership and 94: X — [0, 1] denotes the
degree of non-membership of the element x € X to the set A, respectively. With the conditionthat 0 < u,(x) + 9,4(x) <

1.The degree of indeterminacy m, (x) = /1 — us(x) — 9,(x)

Definition:2.2 [Strong intuitionistic fuzzy graph] An intuitionistic fuzzy graph G = (4, B) is called a strong intuitionistic
fuzzy graph if up(x, y) = min(ua(x), na(y)) and 9 (x, y) = max(D4(x), 94(»)), V(x,y) € E.

Definition:2.3 [interval valued fuzzy graph] The IVFG G* = (V,E), we mean that a pair G = (4, B), where A =
(17 (), uf ()] isan IVFG on V and B = [ug(x), ut (x)] isan IVFG on E, V isa non-empty setand E SV x V.

Definition:2.4 [Join of two IVFGs] The join G; + G, = (A4, + A4,,B, + B,) of two IVFG G, = (4,,B;) and G, =
(42,B;) on G;" = (Vy,Ep)and  G," = (Vp, E,) is defined as follows, {(uz, + uz,)(x) =(ua, U ua,)(x); (ui, +
Ha,) () =(ui, U pz, ) ()} if x €V UV, {(uz, + u5,)(xy) =(us, U uz,) (xy); (B, + 1) (xy) = (ug, U
ug,) (xy)} if xy € Ey N Ey, and {(us, + uz,) (xy) =min(uy, (x), ka2, (V)); (B, + ug,)(xy) =
min(uj, (x), 1, (¥))}, if xy € E', where E" is the set of all edges the vertex V,and V.
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111 Strong Interval Valued Picture Fuzzy Graphs

Definition:3.1 An interval valued picture fuzzy graph (IVPFG) with underlying set V is defined to be a pair G =
(4,B) where A = {(ta, Nar,YaL; Hav>Nav,Yay)} 1S an interval valued picture fuzzy set on V and B =
{(ugL, ML, VB MBu»MBu»Yeu)} 1S @n interval valued picture fuzzy set on E satisfies the following conditions: (i) the
function u,:V - [0,1]; n4:V - [0,1] and y,:V — [0, 1] indicates positive membership degree, neutral membership
degree and negative membership degree of the component x € V, respectively, such that 0 < p,(x) + n4(x) + 74 (x) <
1 for all x € V and (ii) the function pg:V XV —> [0,1]; ng:V XV = [0,1] and y5: V x V > [0, 1] is defined by

ppr(uv) < min(ug, (W), wa, (v)); Mp(uv) < min(my, (W), (v))  and  yp,(uv) = max (y4, (), 4, (v)) and
ppy(uv) < min(usy (W), tay (v)); Npy W) < minm,y (W), N4y () and ypy(uv) = max (yay (W), vay (v)) such that
0 < pgy(uv) + ngywv) + ygy(uv) < 1 forall uve E.

Example:3.1 Consider G = (4, B) defined on a graph G* = (V, E) such that the vertex set V = {x, y, z} and the edge set
E ={xy, yz, zx}. Let A be an interval valued picture fuzzy set of V and let B be interval valued picture fuzzy set of E <
VxV.

[0.5,0.1,0.3;
0.4,0.2,04]

y [0.3,04,0.2;
0.3,03,03]

[0.2,0.1,0.5;
0.2,0.2,0.6]

[0.2,03,0.3;
0.3,04,0.2]

Fig 1: Interval valued picture fuzzy graph

Here A = {<x; [0.5, 0.1, 0.3], [0.4, 0.2, 0.4]>, <y; [0.3, 0.4, 0.2], [0.3, 0.3, 0.3]>, <z; [0.2, 0.3, 0.3],[0.3, 0.4, 0.2]>}, and
B = {<xy; [0.2, 0.1, 0.5], [02, 0.2, 0.6]>, <yz, [0.2, 0.2, 0.4], [0.3, 0.2, 0.4]>, <zx; [0.2, 0.1, 0.4], [0.2, 0.1, 0.4]>}.

Definition:3.2 An interval valued picture fuzzy graph G = (4, B) is called strong interval valued picture fuzzy graph
(SIVPFG) if ug, (uv) = min(ua, (W), pa, (v)); np, (uv) = min(m,, (W), 14, (v)) and yg, (uv) = max (ya, (W), v, ()

and ppy(uv) = min(uay (W), way (v)); Npy(Uv) = min(ny (W), N4y (v)) and ygy(uv) = max (yy (W), vay (v)) such
that 0 < puy(uv) + nuy (uv) + yay(uv) < 1 forall uve E.

Example:3.2 Consider G = (4, B) defined on a graph G* = (V, E) such that the vertex set V = {x;, x5, x3, x,} and the
edge set E = {x;x,, x,x3, x3%4, x4%, }. Let A be an interval valued picture fuzzy set of V and let B be interval valued
picture fuzzy setof EC V x V.

[0.2,03,04;
03,0.3,04]

[0.2,0.3,04;
03,03,04]

[03,0.1,03;
[0.50.1,03; 03,02,04]

0.4,0.2,04]

[03,04,0.2;
0.3,03,0.3]

Fig 2: Strong Interval valued picture fuzzy graph
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Here A = {<x,; [0.2, 0.3, 0.3], [0.3,0.4, 0.2]>, <x,; [0.2, 0.3, 0.4], [0.3, 0.3, 0.4]>, <x5; [0.3,0.4, 0.2],[0.3, 0.3, 0.3]>,

<x,; [0.5, 0.1, 0.3], [0.4, 0.2, 0.4} and B = {<x,x,; [0.2, 0.3, 0.4], [0.3, 0.3, 0.4]>, <x, s, [0.2, 0.3, 0.4], [0.3, 0.3,
0.4]>, <x3x,; [0.3,0.1, 0.3], [0.3, 0.2, 0.4]>, <x,x,; [0.2, 0.1, 0.3], [0.3, 0.2, 0.4]>

Definition:3.3 Two strong interval valued picture fuzzy graphs G, and G, of the underlying crisp graphs G,"and G,".
The cartesian product of two IVPFS G, and G, is denoted by

G, X G, = (A1 X A,, B; X B,) and defined as follows

(1) (gL X My (ug, up) = minfug,  (Ug), peg, (U2}
(toayv X toau) (g, uz) = min{u g,y (U, pg,u(uz)}
Moy X Na,r) Uy, up) = min{n 4, (Ug), Mg, (Uz)}
(Meayu X Nayu) Uy, uz) = min{r g,y (1), 1,0 (U2)}
Voayr X Vo) (Ug, up) = max{y,q, ; (U1), Vg, (U2)}
Voayu X Yoa,u) (g, Uz) = max{y,g, g (Uy), Vae,u(uz)}, foreveryu; €V, & u, €V,
(i) (up,p X pm,1) (U, uz) (u, v2) = minfuy, ; (0), pp,. (Uz, v2)}
(up,u X tp,v) (W, uz) (U, v2) = min{u g, y (W), pg,u (Uz, v2)}
(3,1 X Np,1) (W, uz) (W, v2) = min{n.q,;, (W), 1,1 (U2, v2)}
(MB,v X N8,u) (W, ) (U, v;) = min{n 4,y (W), N8,y (U2, v2)}
(V3,1 X VB,1) (W, uz) (U, v2) = max{y,q,, (0), vz, (uz, v2)}

(s, X ¥8,0) (W, uz) (W, v2) = max{y,q,y (W), ¥5,u Uz, v2)},
foreveryu € V; & (u,,v,) € E,

(i) (up, 1, X pp,1) (W W) (w1, w) = minfug, , (W, v1), g, (W)}
(s, 0 X Hp,u) (Ur, W) (v1, w) = minfug, y Uy, v1), ka,u (W)}
(13,1 X N3,1.) (ug, W) (v, w) = min{ng,; (g, v1), Mg, W)}
(18,0 X N3,u) (Ug, W) (e, w) = min{p,y (Ug, v1), 4,0 W)}
(3,1 X V,0) (U, w) (v1, W) = max{ys, . (U1, v1), Vg, (W)}

(Vs,u X VBZU)(ul,W) (w1, w) = max{yg, y(Uy, V1), Yr,u W)},
for every (uy,v,) E E;&wWE,
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Proposition 3.1 If G, and G, be strong IVPFGs, then the cartesian product G; X G, = (4; X A;, B; X B,) is a strong
interval valued picture fuzzy graph.

Proof: Let G, and G, be strong IVPFGs, then there exists u;, v; € E;,i = 1,2 such that

p (Ui, vi) = min(pg, L (W), ta, (vi); peu (U vi) = min(pg,u (W), Hao (Vi)

Ne;L (Ui, Vi) = min(m 4, (W), M, (V)5 1w (Wi, Vi) = min(ma,u (W), Ma;u (V1))

Yoo (Ui Vi) = max(Ya,, (W), Ya, (V)5 Ve (Ui i) = max(Ya,u (W), Yaw (v), fori = 1,2
Let E = {(u,up)(w,v)/x € Vy & (uy,y,) € E;} U {(uy, w)(vy, w)/w € V,&(uy,vy) € E;}

Consider (u,u,)(u,v,) € E, we have

(UB,1 X Up,) (W, Uz) (U, Vp) = min(ua, (W), tp, (Uz, V2))
=min (ua,, (W), Ha,, (Uz), Ha,L(V2))
Similarly, (ug,y X ug,u) W, ux)(U, v;) = min(ua,y (W), up,u Uz, v2))
= min(,uAlU(u), .UAZU(uZ)' MAZU(VZ))

(Ma,r X Hayr) (g, up) = min(ug,, (U), pa,r(Uz))

(Ha,u X Hayp) (U, uz) = min(ug, y(Uy), da,u(Uz))

(Hay X Hay) (g, v2) = min(ug, (W), fa,(V2))

(Ha,u X Hayp) (U, v2) = min(ug, g (Ur), da,u(v2))
min((Ua,u X Ua,u) (W U2)(Ha,u X Ua,u) (U, V2))

= min(min((ua,v W), ta,u (U2)), min((ta,v (W), ka,u(v2)))
= min(,uAlU(u), #Azu(uz)» ﬂAZU(Vz))
Hence, (up, . X up,.) (U, uz) (U, v2) = min((pa,r X pa,1) (W uz) (Ua,L X pa,1) (W V2))
(uByu X pp,u) (W, uz) (U, V) = min((Ua,u X Pa,u) (W Uz) (Hau X Ha,u) (U, V2))

Similarly, we can show that
(Mg, X NB,) (W, ux) (W, v2) = min((Ma,L X Na,) (W U2)(MayL X Na,) (W V2))
(MB,u X NMB,u) (W, U) (W, V3) = min((Ma,u X Na,u) (W U2)(Mau X Na,u) (W, V7))
(VB,L X VB,) (W U) (U, v2) = min((Ya L X Va,) (W Uz2) (Va1 X Va,) (U, V2))
VB,u X VB,u) (W uz) (U, v2) = min((Va,u X Ya,u) (W U2) Va,u X Va,u) (W V2))
Hence, G; X G, is strong IVPFG. This completes the proof.
Proposition 3.2 If G; X G, is strong IVPFG, then at least G, or G, must be strong IVPFG.
Proof: Let G; and G, are not strong IVPFGs, then there exists u;, v; € E;, i = 1,2 such that
p (U i) < min(pg,, (W), la, (v); gy (U vi) < min(pg,u (W), tao (V)
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Ne;L (Ui, Vi) < min(m 4, (W), Ma, (V)5 Meu (Wi, v) < min(ma,u (W), Ma;u (V)

Yoy (Wi Vi) > max(Va,, (W), Yae (i) veu (Wi, vi) > max(Va,u (W), Yaw (@), fori = 1,2
Let E = {(w,u)(w,v;)/x € Vy & (U, ¥2) € E3} U {(wy, w)(vy, w)/w € V,&(uy, vy) € Ey}

Consider (u,u,)(u,v,) € E, we have

(g, X pp,) (U, uz) (W, v2) = min(ua, L (), g, (Uz, v2))
<min (ua, (W), layi (U2), Ha,r (V2))
Similarly, (up,y X pp,u) (W, Uz) (u, ) = min(ua,u (W), kp,y (Uz, v2))
<min (ua, v (W), ta,u (U2), ha,u (V2))
(Hayn X Hay) (g, uz) = min(ua,(ur), Ha,(U2))
(Hayu X Mayu) (U, uz) = min(g, y(Ur), ta,u (U2))
(ay1 X Hayn) (U, v2) = min(ua, (W), fa, (V2))
(Hay1 X Hayn) (U, v2) = min(ua, (W), fa,1 (V2))
min((fa,v X ha,u) (W Uz) Wa,u X Ha,u) (W, V2))
= min(min((ua,y (W, ta,u (U2)), min((Ua,u (W), ka,u (V2)))
= min(ua, v (W), ha,u (Uz), ha,u (V2))
Hence, (up,1 X tp,1) (W, uz)(u, v2) < min((a,n X Ha,n) (W) (Ha,n X Ha,n) (W v2))
(B,u X M) (1 uz2) (W, v2) < min((a,u X Hayv) (W uz2) (Ua,u X Ha,u) (W V2)
Similarly, we can show that
(8,1 X MB,1) (W u2) (U, 1) < min((a,z X Nae) (W U2) (Ma,1 X Mayn) (U, v2))
(8,0 X MB,u) (W, Uz) (1, V2) < MmIn((Ma,u X Na,u) (W U2) (a0 X Nayu) (W, V2))
(VByz X VB,1) (U u2) (W, v2) < min((Ya,n X Van) (W u2) Va,r X Va,) (W, v2))
(VByu X Vi,0) (U uz2) (W, v2) < min((Va,u X Ya,u) (W u2) (Va,u X Va,u) (W v2)

Hence, G, X G, is not strong IVPFG, which is a contradiction. This completes the proof.

Remark 3.1 If G, is a Strong IVPFG and G, is not a strong IVPFG, then G; X G, is need not strong IVPFG.

Example 3.3 Let G; = (4,4, B,) be a SIVPFG and G, is not a SIVPFG, then G, X G, is a SIVPFG.
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Fig 3: Strong IVPFG of G, X G,

Here A; = {<a, [0.3, 0.4, 0.2], [0.2, 0.2, 0.5]>, <b, [0.6, 0.2, 0.1], [0.3, 0.5, 0.2]>} and B; = {<ab, [0.3, 0.2, 0.2], [0.2,
0.2,0.5]>}. And let G, = (4,, B,) is not a SIVPFG, where A, = {<c, [0.4, 0.2, 0.4], [0.6, 0.2, 0.2]>, <d, [0.3, 0.4, 0.3],
[0.4,0.3,0.2]>, <e, [0.5,0.2,0.3], [0.2,0.1, 0.4]>} and B, = {<cd, 0.2,0.1,0.5], [0.4, 0.2, 0.3]>, [de, [0.2, 0.2, 0.5], [0.1,
0.1,0.5]}, G, X G, = (A, X A,, B; X B,) isa SIVPFG, where A; X A, = {<(a, ¢), [0.3,0.2,0.4], [0.2, 0.2, 0.5]>, <(b, c),
[0.4,0.2,0.4],[0.3,0.2.0.2]>, <(a, d), [0.3, 0,4, 0.3], [0.2, 0.2, 0.5]>, <(b, d), [0.3, 0,2, 0.3], [0.3, 0.3, 0.2]>, <(a, e), [0.3,
0,2,0.3],[0.2,0.2,0.5]>, <(b, ), [0.5,0.2,0.3], [0.2,0.1, 0.4]>}, B; x B, = {<(a, c)(b, c), [0.3, 0.2, 0.4],[0.2, 0.2, 0.5]>,
<(a, d)(b, d), [0.3,0.2,0.3], [0.2, 0.2, 0.5]>, <(a, €)(b, €), [0.3, 0.2, 0.3], [0.2, 0.1, 0.5]>, <(a, c)(a, d), [0.3, 0.2, 0.4], [0.2,
0.2, 0.5]>, <(b, c)(b, d), [0.3,0.2,0.4], [0.3,0.2, 0.2]>, <(a, d)(a, &), [0.3, 0.2, 0.3], [0.3, 0.1, 0.5]>, <(b, d)(b, €), [0.3, 0.2,
0.3],[0.2, 0.1, 0.4]>}. Inthis example, G; be a SIVPFG and G, is not a SIVPFG, then G; X G, is a SIVPFG.

Example 3.4 Let G; = (44, B;) be a SIVPFG where A; = {<a, [0.2, 0.3, 0.4], [0.3, 0.2, 0.4]>, <b, [0.4, 0.3, 0.3], [0.2,
0.4,0.3]1>}and B, = {<ab, [0.2,0.3,0.4],[0.2,0.2,0.4]>}. Let G, = (A,, B,) is nota SIVPFG, where 4, = {<c, [0.3,
0.3,0.4],[0.4,0.2,0.3]>, <d, [0.2, 0.4, 0.3], [0.3, 0.2, 0.3] >, <e, [0.4, 0.2, 0.3], [0.3, 0.4, 0.3]>} and B, = {<cd, 0.2, 0.2,
0.5], [0.3, 0.2, 0.4]>, [de, [0.2, 0.2, 0.5], [0.2, 0.2, 0.4]}, G; X G, = (A; X Ay, By X B) is a SIVPFG, where A; X 4, =
{<(a, c),[0.1,0.2,0.5],[0.3,0.1, 0.5]>, <(b, c), [0.2, 0.3, 0.5], [0.2, 0.1. 0.4]>, <(a, d), [0.2,0.3, 0.4], [0.1, 0.2, 0.4]>, <(b,
d),[0.1,0.3,0.4],[0.2,0.2,0.5]>, <(a, e),[0.2,0.1,0.6], [0.3,0.2, 0.4]>,<(b, ), [0.3,0.2,0.3],[0.2,0.3,0.4]>}, B, X B, =
{<(a, c)(b, c), [0.1, 0.1, 0.6], [0.2, 0.1, 0.76]>, <(a, d)(b, d), [0.1, 0.2, 0.5], [0.1, 0.1, 0.5]>, <(a, e)(b, €), [0.2, 0.1, 0.6],
[0.2,0.2,0.4]>, <(a, c)(a, d), [0.1,0.2, 0.5], [0.1, 0.1, 0.5]>, <(b, c)(b, d), [0.1, 0.3, 0.5], [0.2, 0.1, 0.5]>, <(a, d)(a, €), [0.2,
0.1, 0.6], [0.1, 0.2, 0.4]>, <(b, d)(b, €), [0.1, 0.1,0.6], [0.2, 0.1, 0.6]>}. In this example, G, be a SIVPFG and G, is not a
SIVPFG, then G, X G, is not a SIVPFG.

Definition: 3.4 The Composition of strong interval valued picture fuzzy graphs G, = (A4, B;) and G, = (A,, B,) with
underlying crisp graphs G, = (V,E) and G,* = (V, E) is denoted
by G1[G2] = (A4 ° A,,B; e B,) and defined as follows
(1) (ML © #:/lﬂ)(up up) = min{nuc/llL(ul)uuc/lzL( uy)}
(Ua,u °© ta,u) g, up) = minfu, y(ug), g,y (uz)}
MayL ° UAZL)(U1: up) = min{n 4, (uy), 77</12L( uy)}
(rlﬂlu ° rlﬂzu)(up up) = min{ﬂcﬂlu(uﬂ; Uﬂzu( uy)}
YagL e lezL)(ult up) = max{yJIlL(ul)’lezL(uz)}

Voayu °© Yoau) (g, up) = max{y,,, y(u1), v.a,u(uz)}, foreveryu; € V; & u, €V,

(i) (ug, © ps,) (W, u) (W, v5) = min{pu,, (1), ug,; (Uz, v2)}
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(ﬂBlU ° #BZU) (wu)(w,v,y) = min{#ﬂlu(u)' #‘BZU(UZ: v3)}
(3,1 ° 13,1.) (W, ux) (W, v;) = min{n 4, ; (W), 15, (Uz, v,)}
(7123111 ° nBZU) (W, ux)(u,v;) = min{ﬂcﬂlu(u)'ﬂszu(uz, v,)}
(VBlL ° VBZL)(U: uy)(u,v;) = maX{ya‘llL(u)'szL(UZv v,)}
(VBlu ° VBZU)(U, u)(w,vy) = max{yﬂlu(u)')’szu(uz, v)}
foreveryu € V; & (u,,v,) € E,
(iii) (H'BlL ° :“BZL)(ul,W) (vy,w) = min{ﬂBlL(ulr V1)rﬂA2L(W)}
(H'Blu ° .U'BZU)(ULW) (v, w) = min{,uBlU(ul, V1), ILAZU(W)}
(n‘BlL ° nBzL)(ul,W) (vy,w) = min{nglL(ul. V1)r’7cA2L(W)}
(U‘Blu ° nBZU)(uLW) (v, w) = min{nBlU(ul, V1), UAZU(W)}
(V731L ° YBZL)(ULW) (v, w) = max{yBlL(ul» V1), KAZL(W)}
(VBlu ° YBZU)(ULW) (v, w) = max{yglu(ul, V1), KAZU(W)}
foreveryw €V, & (uy,v;) € E;
(iv) (up,L° #BZL)(uLuz)(Vsz) = min{uq,; (W), fa,, (V2), g, (Ug, v1)}
(#Blu ° IJBZU)(uLuz)(Usz) = min{#ﬂzu(uz); Hﬂzu(vz); HBlu(up v1)}
(3,1 © Nz,) (Us,u2) (U1, V) = min{nq,; (U2), M, (V2), 1, (g, v1)}
(3,0 © 18,0) (U, u2) (V1,v2) = min{n.4,5 (U2), Na,u (V2), N5, 0 (ug, v1)}
(VBlL ° VBZL)(ul,uZ)(vl'VZ) = min{%/zzL(uz),VAZL(VZ),VBlL(up v1)}

(V‘B1U ° szU)(ul,uz)(vlﬂ Vy) = min{yﬂzu(uz), yc/le(UZ)t VBlu(up v1)}

Forall E=F v {(ulyuz)(vl,vz)/ (uy,v;) € E; u, # v,}

The following theorem is stated without their proof.

Proposition 3.3 If G, and G, be the strong IVPFGs, then the Composition G,[G,] = (4, ° A,, B, » B,) s a strong
IVPFG.

Proposition 3.4 If G,[G,] is strong IVPFG, then at least G, or G, must be strong IVPFG.

Example 3.5 Let G; = (A4, B,) be a SIVPFG and G, = (4,, B,) is not a SIVPFG, then G,[G,] is not a SIVPFG.
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G, G, G [G]

Fig 4: Strong IVPFG of G,[G,]

Here A; = {<k, [0.6, 0.1, 0.3], [0.5, 0.2, 0.2]>, <I, [0.4, 0.2, 0.4], [0.3, 0.3, 0.2]>} and B, = {<kl, [0.4, 0.1, 0.4], [0.3,
0.2,0.2]>}. Let G, = (A,, B,) isnot a SIVPFG, where 4, = {<m, [0.5, 0.3, 0.2], [0.4, 0.2, 0.3]>, <n, [0.3, 0.2, 0.4], [0.2,
0.2, 0.5]>} and B, = {mn, [0.2, 0.1, 0.5], [0.2, 0.1, 0.6]>}, G;[G,] = (A4; ° 4,,B; o B;) is not a SIVPFG, where 4, o
A, = {<(k, m), [0.5, 0.1, 0.3], [0.4, 0.2, 0.3]>, <(k, n), [0.3, 0.1, 0.4], [0.2, 0.2. 0.5]>, <(l, m), [0.4, 0,2, 0.4], [0.3, 0.2,
0.3]>, <(l, n), [0.3, 0,2, 0.4], [0.2, 0.2, 0.5]>}, B; o B, = {<(k, m)(k, n), [0.2,0.1, 0.5], [0.1, 0.1, 0.4]>, <(I, m)(l, n), [0.2,
0.1, 0.6], [0.1, 0.2, 0.5]>, <(k, m)(l, m), [0.3, 0.1, 0.5], [0.2, 0.2, 0.6]>, <(k, n)(l, n), [0.2, 0.1, 0.5], [0.1, 0.1, 0.6]>, <(K,
m)(l, n), [0.3, 0.1, 0.5], [0.2, 0.2, 0.5]>, <(k, n)(I, m), [0.3, 0.1, 0.5], [0.2, 0.2, 0.6]>}. In this example, G, be a SIVPFG
and G, is not a SIVPFG, then G,[G,] is not a SIVPFG.

Example 3.6 Let G; = (44, B,) be a SIVPFG where A; = {<k, [0.4, 0.2, 0.3], [0.3, 0.2, 0.4]>, <I, [0.3, 0.3, 0.4], [0.2,
0.3,0.3]>} and B; = {<kl, [0.3,0.2,0.4], [0.2,0.2, 0.4]>}. Let G, = (4,, B,) is not a SIVPFG, where A, = {<m, [0.4,
0.3,0.2], [0.4, 0.2, 0.3]>, <n, [0.3, 0.2, 0.5], [0.3, 0.2, 0.5]>} and B, = {mn, [0.2, 0.1, 0.5], [0.2, 0.1, 0.6]>}, G,[G,] =
(A o A,, B © B,) isnota SIVPFG, where A; o 4, = {<(k, m), [0.4,0.2,0.3], [0.4, 0.2, 0.4]>, <(k, n), [0.3,0.2,0.4], [0.2,
0.2.0.5]>, <(I, m), [0.4, 0,2, 0.4], [0.3, 0.2, 0.3]>, <(I, n), [0.3, 0,2, 0.4], [0.2, 0.2, 0.5]>}, B, o B, = {<(k, m)(k, n), [0.3,
0.2, 0.4], [0.2, 0.2, 0.5]>, <(l, m)(l, n), [0.3, 0.2, 0.4], [0.2, 0.2, 0.5]>, <(k, m)(l, m), [0.4, 0.1, 0.4], [0.3, 0.2, 0.3]>, <(k,
n)(l, n), [0.3, 0.2, 0.4], [0.2, 0.2, 0.5]>, <(k, m)(l, n), [0.3, 0.2, 0.4], [0.2, 0.2, 0.5]>, <(k, n)(I, m), [0.3, 0.2, 0.4], [0.2, 0.2,
0.5]>}. Inthis example, G, be a SIVPFG and G, is not a SIVPFG, then G, [G,] is a SIVPFG.

Definition 3.5 The union of G, U G, of two strong IVPFG G, and G, of the graph G," and G," is defined as follows

(i) (AL Yia,)® = pp (), if xeVyandif x € V,
(,uAlL U ,uAZL)(x) = pa, (), if x €V and if x € V;
(ayL U pay,)(®) = max (ua,,(X), pa,. (X)), if x €V, UV,
(nAlL V] nAZL)(x) = (nAlL)(x), ifxeViandif x ¢ V,
(77A1L V] T]AZL)(X) = (T]AZL)(X), if xeVyandif x ¢ V;
(77A1L U nAzL)(X) = max (nAlL: nAzL)(X): if xeViul,
(yAlL U ]/AZL)(X) = ap)ifxeViandif x €V,
(yAlL U ]/AZL)(X) = Wa) if x€Vandif x € V;

(Ya,L YU¥a,)® = min (ya,1,¥a,.)®), if x €V, UV,
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(ﬂAlu U .U-AZU)(X) =pa, X, if xeVyandif x ¢ V,

(Hayw Y pa,u)(®) = pa,u(), if x €Vyand if x € V,
(a0 Y tayu) () = max (ua,y (%), pa,u (X)), if x Vi NV,
(a0 Y Naw)®) = (Ma,u)®), if x €V and if x & V;
(4,0 Y Naw)®) = (Ma,u)®), if x € Vo and if x € V,
(TIA1U u TIAZU)(X) = max (TIA1U'77A2U)(X)' ifxevinl,
(Va0 U¥aw)® = (raw), if x € Vi&if x €V,

(Va0 U¥aw)® = (a0) if x €V, and if x €V,

(yA1U u VAZU)(X) = min (VAluJ/Azu)(X)' ifxevynl,

(i) (pp,1 U pp,)(%y) = pp, (x,¥), ifx,y €E and x,y € E,
(B, Vg, )% Y) = g, (v, ), if x,y € B and x,y € E;
(B, U pp,)(xy) = max (up,, U pp,.)(xy), if x,y €E; NE,
(18,1 U M3, )XY) = ng,1(x,¥), ifx,y € E; and x,y € E,

(18,1 U N, )XY) = 1,1 (x,¥), if x,y € E; and x,y & E;

(78,2 U np,1)(xy) = max (ng,, Uns,.)(xy), if xy € E; N E,
(Y, VU ¥e,)(xy) = ¥e,.(x,¥), ifx,y € E; and x,y € E,

(YB,2 U ¥e,)xy) = v, (x,¥), ifx,y € E; and x,y € E;

(yBlL u VBZL)(XY) = min()/BlL u VBZL)(xy)» if xy €E;NE,
(#B,u Y te,u) % Y) = up,w(x,¥), ifx,y € E and x,y & E,
(B,u U ttp,u)(%,y) = up,u(x,y),ifx,y € E; and x,y € E;
(#Blu u #Bzu)(XY) = max (.UB1U U #Bzu)(x}’); if x,y €E; NE,
(8,0 U Me,u)(xY) = np,y(x,¥), ifx,y €E; and x,y & E,

(UBlu u nBZU)(XY) = ng,u(x,y), ifx,y € E;and x,y € E;
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(8,0 Y MB,u) (xy) = max (ng,y Une,y)(xy), if xy €E; NE,
(YBlu U YBZU)(XY) = ye,u(x, ), ifx,y € E;and x,y ¢ E,
(YBlu U YBZU)(XY) = ve,u(x,y), ifx,y € E;and x,y € E;

(YBlu U YBZU)(XY) = min (VBlu U VBZU)(xY): if xy €E;NE,
Proposition 3.5 If G, and G, be the strong IVPFGs, then G, U G, is need not be strong IVPFG.
Example 3.7 Let G, = (44, B;) and G, = (4,, B,) be a SIVPFG, then G, U G, is not a SIVPFG
G G,

1

Fig 5: G, U G, is not a SIVPFG

Here 4, = {<w, [0.3,0.2,0.4], [0.2, 0.1, 0.5]>, <x, [0.1, 0.4, 0.4], [0.2, 0.3, 0.4]>, <y, [0.2, 0.3, 0.3], [0.4, 0.2, 0.3]>, <z,
[0.2,0.4,0.2],[0.3,0.1,0.4]>} and B; = {<wx, [0.1, 0.2, 0.4], [0.2, 0.1, 0.5]>, <xy, [0.1, 0.3,0.4], [0.2, 0.2, 0.4]>, <yz,
[0.2, 0.3, 0.2], [0.3, 0.1, 0.4]>, <wy, [0.2, 0.2, 0.4], [0.2, 0.1, 0.5]>, <wz, [0.2, 0.2, 0.4], [0.2, 0.1, 0.5]>}. Let G, =
(A4, B,) is a SIVPFG, where 4, = {<v, [0.1, 0.3, 0.5], [0.2, 0.3, 0.4]>, <w, [0.3, 0.3, 0.4], [0.4, 0.3, 0.2]>, <x, [0.2, 0.3,
0.5], [0.2, 0.1, 0.4]>, <z, [0.2, 0.2, 0.3], [0.1, 0.1, 0.5]>} and B, = {<xw, [0.2, 0.3, 0.4], [0.2, 0.1, 0.4]>, <vz, [0.1, 0.2,
0.5], [0.1, 0.1, 0.5]>, <wz, [0.2, 0.2, 0.4], [0.1, 0.1, 0.5]>}, G, U G, = (A, U A,, B; U B,) is not a SIVPFG, where A; U
A, ={<x, [0.1, 0.3, 0.5], [02, 0.3, 0.4]>, <w, [0.3, 0.2, 0.4], [0.2, 0.1. 0.5]>, <z, [0.2, 0,2, 0.3], [0.1, 0.1, 0.5]>, <y, [0.2,
0.3,0.3], [0.4, 0.2, 0.3]>, <v, [0.1, 0.3, 0.5], [0.2, 0.3, 0.4]>}, B, U B, = {<xy, [0.1, 0.3, 0.4], [0.2, 0.2, 0.4]>, <yz, [0.2,
0.3,0.2],[0.3, 0.1, 0.4]>, <vz, [0.1, 0.2, 0.5], [0.1, 0.1, 0.5]>, <wy, [0.2, 0.2, 0.4], [0.2, 0.1, 0.5]>, <xw, [0.1, 0.2, 0.4],
[0.2, 0.1, 0.5]>, <wz, [0.2, 0.2, 0.4], [0.1, 0.1, 0.5]>}. In this example, G, and G, be a SIVPFG, then G, U G, is not a
SIVPFG.

Definition 3.6 The join of two strong IVPFG G, and G, of the graph G," and G," is denoted by G, + G, and is defined as
follows

) (tagr + 1) ) = (s U bayr) )
(Mg + Mape) (O = (Mg U Mayn) )
Yty + ¥a,0)® = (VL U ¥, )X, if x €V UV,
(o + o) @ = (o U payu) (®)
(nayu +14,0) 00 = (Magu Y M) (0

(Yaw + Yau)® = (Yaw Y ¥a,u)®), if x EV UV,
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(i) (up, +bm,)XY) = (up,1 U pis,1) (xy)
(.“Blu + ﬂBZU)(XY) = (.u731U U MBZU)(X}’), if xy € E; NE,
(181 +15,.) XY) = (M3, U 03,1 (xy)
(18,0 + 12,0) %) = (2,0 U nz,u)(xy), if xy € By NE,
(Ya + V8, ) XY) = (Y31 U ¥a,0) (X))
(Ya,0 + ¥B,0)%Y) = (Ya,0 U ¥a,u)(xy), if xy €EL NE,
(i) (g, + pz,)(xy) = min(ua,; (%), ta,. ()
(B,u + Hp,u)(xy) = min(ua,y (%), Ha,u®))
(3,1 + 12,0) (xy) = Min(7a, (), M, (37))
(18,0 + N5,0) xy) = min(,y (%), 14,0 ()
(YB,1 + ¥5,.)(xy) = max(ya,, (%), Ya, ()
(Va0 + ¥Y8,0)(xy) = max(¥a,u (%), Ya,u (1))
for every xy € E', where E' is the set of all edges joining the vertices of V; and V.

Proposition 3.6 If G, and G, be the strong IVPFGs, then the join G, + G, is also a strong IVPFG.

Proof: Let G, and G, be strong IVPFGs of G," and G, respectively.
Let (u,v) € E’,

(HB,1 + pp,.) (V) = min (ua,; (W), ka,L (V)
=min ((Ua,L U Ha,) (W), (Ua L Y Ha, ) (@))
= min ((Ua, 1 + Ha,.) (W), (a1 + Hay) (W)
(B,u + HB,u) (V) = Min (s, y (W), Ha,u (V)
= min ((Ua,u YU pa,0) (@), a0 Y ta,u) @)
= min ((Ua,v + ta,u) W, (Ua,u + Hayw) (W)
(M8,1 + 1B,) (V) = min (a1, (W), N, (V)

=min (a1 YU Na,.) (W), Ma,z U Na,)(®))
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= min ((Ma, + Na,) (W), (a L + Ma,) (V)
(8,0 + MB,u) (V) = Min (a,u (W), Na,u (¥))

= min ((Na,v Y Na,0) (@), Ma,u Y Na,0) )

= min ((a,v + Na,u) W), Ma,v + Nau) (V)
(¥By1 + ¥B,0) (V) = Max (ya, (W), ¥,  (v))

= max ((Ya,. Y Ya,.) (W), (Va1 U Ya,.) )

= max ((Va,z + Va,.) W), Va1 + ¥Ya,.) )
(YB,u + ve,0) () = max (va,u (W), ¥a,u(¥))

= max ((Ya,u Y Ya,u) (W), (Va,u Y Ya,u) )

=max ((VYa,v + Ya,0) W), Va,u + Va,u) @)

IV Conclusion

This paper has discussed a subclass interval valued picture fuzzy graph called a strong interval valued picture fuzzy graph.
Also, introduced some operations, such as Cartesian product, Composition, union and join of two strong interval valued
picture fuzzy graphs, along with the proofs and illustrated with some examples.
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