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Abstract. In this research paper, we propose a new speculationof fuzzy graph called interval valued picture fuzzy graph
to models.describe uncertain information in the data analysis. We presented new operations like Cartesian product and
Composition on two interval valued picture fuzzy graphs. Likewise, we demonstrated their properties. Further, we
examined these operations with appropriate mathematical

Keywords.Picture fuzzy graph, interval valued picture fuzzy graph, product interval valued picture fuzzy graph.
INTRODUCTION

In 1975, Zadeh presented the thought of interval valued fuzzy sets as speculation of fuzzy sets. A fuzzy set can
be defined mathematically assigning to each possible individual in the universe of discourse a value representing
its grade of membership in the fuzzy set. This grade corresponds to the degree to which that individual is
similar or compatible with the concept represent by the fuzzy set. A fuzzy set is a crisp set, where components
of the set have levels of membership. The single worth of the membership degree can't deal with the
vulnerabilities because of the absence of information on the issue. In 1986, Atanassov proposed intuitionistic
fuzzy sets to deal with this sort of questionable circumstance utilizing a non-membership degree. Recently,
Ahmed [1] proposed the operation on interval valued picture fuzzy set and fuzzy soft set and their
applications.Also, Krassimir [4] has presented the different types of intervals valued intuitionistic fuzzy graphs
and interval valued Pythagorean fuzzy graphs concentrated by Yahya Mohamed [9]. Cen and Pal [2] introduced
few meaningsof picture fuzzy graphs with their application in the social networks. Akram [S5] discussed the
interval valued Pythagorean fuzzy graphs and analysis to group decision approach. Ismayil [7] discussed the
concept of stronginterval valued intuitionistic fuzzy graphs and also studied by definition of the interval valued
fuzzy graph by Akram and Dudek [6]. In this paper, we define the interval valued picture fuzzy graph. We
present the operations like cartesian product and composition on two interval valued picture fuzzy graphs.
Additionally,their properties are demonstrated and it is explained with suitable examples.

PRELIMINARIES

Definition 1:[2]Let A be a picture fuzzy set. A in X is describedby A = {x, uy (x), n4(x), v4(x)/x € X} Where
Ua(x),n4(x)andy, (x) follow the condition 0 < py(x) + 1,4 (x) + v4(x) < 1. The puy(x),n4(x), y4(x) € [0,1],
shows separatelythe positive membership degree, neutral membership degree and negative membership degree
of the segment in the set A.

Definition 2:[2]Let G = (V, E) be a graph. A couple G = (C, D) is called a picture fuzzy graph on G*=(V, E),
where C = (u¢, n¢, Ye) is a picture fuzzy set on V and D = (up,np,yp) is a picture fuzzy set on E € VXVwith
that for each isuv € E, up(u,v) < pc(w) A uc();np (uv) < ne(w) Ane(v)and

Youv) Zyc (W) Vyc ().

Definition 3:[7] A fuzzy set V is a mapping o from V to [0, 1]. A fuzzy graph G is a couple of functions
G = (0,8) where o is a fuzzy subset of a non-void set V and § is symmetric fuzzy relation on 6, (i.e)
6(u,v) = minifP (u), 8(v)). The underlying crisp graph G = (6,8) is indicated by G* = (V,E) where
EcCVXxV.
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Let D [0,1] be the set of all closed subintervals of the interval [0, 1] and component of this set are signified
by capitalized letters. Assuming S € D [0,1], it tends to be addressed as S = [S;, Sy] Sy and S;, are the upper
and lower limit of S.

Definition 4:[7]An intuitionistic fuzzy graph with underlying set V is characterized to be a couple G = (4, B)
were
e the function t,:V - D [0,1] and p,:V — D [0, 1]indicate the membership degree and non-
membership degree of the component x € Vseparately, with that the condition 0 < 7,(x) + p(x) <1
forallx € V.
e The function 7,:V XV - D [0,1] ANDp4:V XV = D [0, 1] are characterized by 75 (x,y) < 74(x) A
Ta(y) and pp(x,y) < pa(x) V pa(y) suchthat 0 < t5(x,y) + pp(x,y) < 1 forall (x,y) € E.

Definition5: [1]Let 12 = {([wy, %], [Wo, X1, [Ws, x31)/ w = (Wy, wy, w3) € I, x = (x1,%5,%3) € I2} with an
order < defined by (w, X)< (v, 2) © [wy, %] 2 [y1, 1], [wa, 2] 2 [y21, 22, and [ws, x3] 2 [y3, 23](y =
V1, ¥2,Y3), Z = (21,23,23)). At that point a mapping ®: X — I is called an interval valued picture fuzzy set
(shorten form of IVPFS) on X. The arrangement of all IVPFSs on X is indicated by I°*.

TYPES OF INTERVALS VALUED PICTURE FUZZY GRAPHS

Definition 6: An interval valued picture fuzzy graph(IVPFG) with underlying set V is defined to be a pairG =
(P, Q)where P =< (Up, NpL, VoL; Upu,Npu,Ypy) > is an interval valued picture fuzzy set on V and Q =<
(uQL, Now, VoL Kou»Nou» yQU) > is an interval valued picture fuzzy set on E satisfies the following conditions:

(i) the function, up:V — K[0,1]; np:V = K[0,1] and y»:V — K[0, 1]indicates positive membership degree,
neutral membership degree and negative membership degree of the componentx € V, respectively, such that
0 < up(x) +np(x) +yp(x) <1forallx €V and

(ii) the function pg:V XV — K[0,1]; ng:V x V= K[0,1] and y,:V X V — K[0, 1]are defined by pg, (uv) <
min(up;, (W), tp, (v)); Mg, (wv) < min(mp, (W), np, (v)) and yo, (uv) = max (yp, (W), yp,(v)) and poy(uv) <

min(upy (W, tpy (V)); Ngy(uv) < min(Mey (W), ey (v)) and yoy(uv) = max (ypy (W), ypy(v)) such that
0 < pgy (W) + ngy(uv) + vy (uv) < 1 for all uv € E, where K[0, 1] be the set of closed subintervals of [0,

1.

Example 1:Consider a graphG* = (V, E) where the vertex set {a, b, ¢} and the edge set {ab, bc, ca}. Let P be

an interval valued picture fuzzy set of V and let Q be interval valued picture fuzzy set of E € V X V defined by
(02,03,04),(01,03,05)

[(0.2,0.1,04), (0.3,0.3,0.3)]

b C
[(0.3,0.1,0.3),(0.5,0.3,0.1)] [(0.2,04,0.2), (0.3.03,0.2)]

FIGURE l.Interval valued picture fuzzy graph.
[ab, (0.2, 0.1, 0.5), (0.1, 0.2, 0.5)]; [be, (0.2,0.1, 0.4), 0.3, 0.3, 0.3)]; [ac, (0.2, 0.3, 0.5), (0.1, 0.2, 0.6)]

Definition7: The cartesian product of two interval valued picture fuzzy graphs G; = (P, Q1) andG, = (P,, Q;)
with underlying crisp graphs G;" = (V,E) and G, = (V, E) is signified byG, X G, = (P; X P,,0; X Q,) and is
defined as follows
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() (up, X pp,1) (1, x2) = minifup, ; (1), wp,, (x2)}
(pyu X tp,y) (X1, %2) = miniup, ; (x1), tp,y (x2)}

Mpy1 X Np,1) (X1, X2) = minifhp, | (x1), M9, (x2)}
M, X Npyu) (X1, X2) = minifhp, y (x1), 9,0 (x2)}

Ve, X Vp,1) (X1, Xx2) = maxifyp, 1 (x1), ¥, (x2)}
Ypu X ¥o,0) (X1, X2) = maxifyp, y (x1), Yp,u ()}, for every x; € Vi&x, €V,

(i) (g, X Mg, ) (%, x2) (%, ¥2) = minifup, | (), o, (X2, ¥2)}
(o u X Mo,u) (X, x2) (%, y2) = minifup, y (x), g,y (X2, ¥2)}

(Mo, X Mg,1) (6, x2) (x, ¥2) = minifhp, ; (x), 19,1, (x2,¥2)}
(Mo,u X Mg, )(x, x2) (%, ¥2) = minifhp, ; (x), Ng,u (X2, ¥2)}

(Yo, X V0,10 (%, x%2) (%, y2) = maxid{yp, ; (%), ¥, (x2,¥2)}
(Yo,u X YQZU)(X: x)(x,¥7) = ma)dz@"ﬁu(x),VQZU(xz'}’z)}» for every x€ V1 &(X3,¥;) € E

(i) (ug, 1 X #QZL)(XLZ)(YLZ) = miniug, ;, (%1, y1), b, (2)}
(Ho,u % .UQZU)(XLZ)(J/LZ) = minﬁﬁlglu(xl'%)»H?zu(z)}

(Mo, X UQZL)(XLZ) (1, 2) = minifhg, ;, (x1, ¥1), M9, (2)}
(Mo,u X Ng,u) (uyw) (v, w) = minifhg, y(uy, v1), 1,5 (2)}

(Yo,L X YQZL)(xl,Z)(yI'Z) = ma)dz{z;leL(xliy1):VPZL(Z)}
(Vo,u X Yo,u)(%1,2) (¥1,2) = maxify,, y (x1, 1), Ve, (2)}, for every (x1,¥,) € E1 &z € V;

Theorem 1: The cartesian product G; X G, = (P; X P,, Q1 X Q,) of two interval valued picture fuzzy graphs is
an interval valued picture fuzzy graph.

Proof: Let G; and G, be two interval valued picture fuzzy graphs.

Let E = {(x,x2)(x,y2)/x € V1&(X2,¥2) € E} U {(x1,2)(y1,2)/u € Vo &(uy,v1) € Eq}
Consider(x, x,)(x,y,) € E, by Definition 6 and7 we have

(o1 X to,1)(x, x2) (%, y2) = minifup, ; (x), U, (X2, ¥2)}
< min{up,;, (0), [y (%2), tip, 1 72
= mini?é'mini?@u?lL 0, Up, L, (x2)), mini?@(uPlL (0, Up, L, (2)))
= minff(up, ;, X pp,1) (x, %2), (tp,, X pp,1) (%, ¥2)}

(Ho,u X to,u) (%, x2) (x,¥2) = minifup y (x), to,v (X2, ¥2)}
=< miniZEuTlU(x), [MTZU(XZ)ﬁ#?ZU(yZ)]}
= mini?é‘minﬂﬁ}uﬁy (), He,u (x2)), mini?@(plpl v (), Hr,u (2)))
= minfi{up,y X pp,u) (X, %2), (p,u X ) (X, ¥2)}

Moy X Mgy ) (X, x2) (%, ¥2) = minifyp, ; (x), Mg,1 (X2, ¥2)}
=< mini?{thlL(x), [n?zL(XZ)' WPZL(YZ)]}
= minfminifp, ;, (x), 15, (x2)), minf(np, , (x), 1p,.(y2)))
= minf{i(np,, X 1p,1) (X, %2), (e, X Mp,1) (%, ¥2)}
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(Moyu X Mg,u) (x, %2) (%, y2) = minifhp, y (x), Ng,u (X2, ¥2)}
< minifhp, y (X), e, (X2), Mp,0 (72)1}
= minifmini{np, y (x), Np,y (x2)), Minif{np, y (), np,u (¥2)))
= minfi(np,y X Np,u) (%, %2), (Mp,0 X Np,u) (%, 72)}

(Yo X V0,10 (%, x2) (%, y2) = maxifyp, ; (x), Vg,. (X2, ¥2)}
= maxifyp, (%), [Vp,. (X2), V2, (72D ]}
= mam'?@rnaxi?@)/m ), YP,L (x2)), maxﬁ?@(]’?w 0, Yr,L 2)))
= max{{(yp,, X ¥p,,)(x, x2), (y?lL X VPZL)(xryZ)}

(Yo,u X Yo,u) (%, %) (%, y2) = maxifyp, y (%), Yg,u (X2, ¥2)}
= maxifﬁiyylu(x), [VTZU(XZ):VTZU(YZ)]}
= maxi?@hlam'éﬁ}y?l u (), Yr,u (x2)), maxi'?@(y;pl u (), Yr,u 2)))
= max{i{yp,y X ¥p,0) (X, x3), (V?lu X YPZU)(xt v2)}

Consider (x1,2)(y1,2) € E, we have

(o1 X to,1)(x1,2) (¥, 2) = minifug, ; (X1, y1), te,1(2)}
< minif{up, , (x1), p, L 1)1, b, (2)}

= mini{min (H?lL(X1). #?ZL(Z)) , min (Ii?lL 1), tpy1 (Z)))
= minfi(up,, X pp,1)(x1,2), (e, X pip,1) (v1,2)}

(Ho,u X to,u) (x1,2) (¥1,2) = minifiug, y (X1, ¥1), Up,u (2)}
< minﬂﬂ#?lu (x1), Up v o)l Up,u (2)}

= minifimin (H?lu (x1), Upyu (Z)) , min (M?lu(%)' Upyu (Z)))
= minif{(up, y X pp,v)(x1,2), (H?lu X ”?ZU)(yl'Z)}

(Mo, X Mg,1) (X1, 2) (1, 2) = minéfhg, | (X1,y1),M9,.(2)}
< minf{np, . (x1), 1p,. V1)1, 19,1 (2)}

= minmin (75, (51), 77,1.(2) ), min (119, (1), 12,1.(2) )
= minif(np,, X Np,,)(x1,2), (U?lL X UPZL)(}’LZ)}

(Mo,u X Mg,u) (%1, 2) 1, 2) = minihg, y (X1, ¥1), Npyu (2)}
< minf{np, y (x1), N, 1)1, 19,0 (2)}

= minimin (15, (1), 12,0 (2) ), min (1p, 1), N2, (2) )
= minf(ne,y X Np,u)(x1,2), (Mpw X Np,u) 1, 2)}

Yoy X Y0,1)(%1,2)(¥1,2) = maxifyg, ;, (X1, 1), Y, (2)}
= max"ﬂ)’?@(xﬂ:V?lL(Jﬁ)]:Y?zL(Z)}

= max{max (V:PIL(Xl)' YP,L (Z)) , max (y?lL 1), VPZL(Z)))
= maxf{(yp,, X ¥p,.)(x1,2), (}’:PlL X V?ZL)(yl'Z)}

(Yo,u X Vo,u)(x1,2)(y1,2) = maxifyy, y (X1, ¥1), Vp,u (2)}
= max{lysy (x1), YU )l Yru (2)}

= maxi{imax (y?lU(Xl)n YPu (Z)) , max (Y?lu (1), YPu (Z)))
= maxf{{(yp,y X ¥p,u)(x1,2), (}"plu X YPZU)(}’LZ)}
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Hence G; X G, is an interval valued picture fuzzy graph.
Example 2:Consider two interval valued picture fuzzy graphs G; = (P;,91) and G, = (P,, Q,) with underlying

crisp graphsG," = (V;,E;) and G, = (V,, E;) such that the vertices V; = {x;1,y;,2;} andV, = {x,,y,} and the
edge sets E; = {x1y1, 121} and E, = {x;,y,} respectively, where

X, X, XK:E//—-"“‘\%X,

G, g, W G %G, o
FIGURE 2. Cartesian product of twointerval valued picture fuzzy graphs.

The vertex sets of G; and G,

(x1;(0.2,0.3,0.4), (0.4,0.1,0.4)
P = (y5;(0.3,0.3,0.3),(0.3,0.4,0.1)
(23 (0.4,0.3,0.2), (0.3,0.1,0.4)

(x5; (0.1,0.2,0.5), (0.2,0.4,0.3)
:PZ =
(5; (0.3,0.6,0.1), (0.4,0.3,0.2)

The edge sets of G; and G,

0, = (x1y1; (0.2,0.2,0.5),(0.2,0.1,0.6)
1™ (y,21;(0.1,0.2,0.4),(0.3,0.1,0.5)

9, = {{(x,y,; (0.1,0.1,0.6), (0.2,0.2,0.4)

The Cartesian Product ofG; X G,

(x,%5; (0.1,0.2,0.5), (0.2,0.1, 0.4)
(x,7,;(0.2,0.3,0.4), (0.4,0.2,0.4)
(y1%2; (0.1,0.2,0.5), (0.2, 0.4, 0.3)
(y1v5; (0.3,0.3,0.2),(0.3,0.3,0.2)
(z1%,;(0.1,0.2,0.5), (0.2,0.1,0.4)
(2153 (0.3,0.3,0.2), (0.3,0.1,0.4)

P X P,

(1%, %17); (0.1,0.1,0.6), (0.2, 0.1, 0.4)
((y1x2,¥1y-); (0.1,0.1,0.6), (0.2,0.2,0.4)
((z122, 212); (0.1,0.1,0.6), (0.2, 0.1, 0.4)
Q1 X090, = {((x1x,,¥y1%2);(0.2,0.1,0.5),(0.2,0.1,0.6)
(125, 21%,); (0.1,0.2,0.5), (0.2, 0.1, 0.5)
((x1y2,¥1y2); (0.2,0.2,0.5),(0.2,0.1,0.6)
(Ony2,21y2); (0.1,0.2,0.4), (0.3,0.1,0.5)

Definition 8:The composition of interval valued picture fuzzy graphs G; = (P1,Q1) and G, = (P,,Q,) with

underlying crisp graphs G;* = (V,E) and G,” = (V, E) is denoted byG, o G, = (P © P,,Q; © Q,)
and is defined as follows
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(1) (upL © Hp,1)(ug, uz) = minifup, ; (ug), pp,, (Uz)}
(Upyu © bpyy)(ug, uz) = minifup, y (Ug), pp,y (U2) }

(Mpy © U?ZL)(ul' uy) = minﬂf’??ﬂ(ul): UPZL(UZ)}
(Mp,u ° Np,u)(ug, ux) = minifny, y (Uy), Np,y (Uz)}

(Y?lL ° VPZL)(ul! uy) = maXEEEnyIL(ul)’ Yr,L (uz)}
(Yp,u © Yryu) (U, uz) = maxifyp, y (ug), yp,u (uz)}, for every uy € Vi&u, € V,

(i) (ugyr © Hgy) W, uz) (1, vy) = minifip, (W), Ho,, (Ug, v2)}
(Ho,u © to,u) (W, uz) (U, vo) = minifuyp, y (W), ug,y (Uz, v2)}

(Mo,1 ° nQZL)(u' uy) (W, vy) = min{}{hﬂ’lL(u)r T/QZL(uZ' v,)}
(Mg,u °© anU)(u' uy)(w,v;) = miniiﬁh?lu(U).ngzu(uz.vz)}

(You1 ° )’QZL)(u. u)(u,vp) = maXiz{}yJﬁL (w), Yo,L (uz,v2)}
(Yo,u ° Yo,u) (W, uz) (U, v2) = maxidfyp, y (W), vg,u (Uy, vp)},for every u € Vi&(uy, v;) € E;

(iii) (g, 1 © #QZL)(ULW) (v, w) = mini?{:uglL (uy, vy), Up, 1L, w)}
(Mo °© HQZU)(ULW) (v, w) = minifug, y (uy, vy), Up,u w)}

(MgyL °© TIQZL)(ULW) (vy,w) = minm}QlL(ul, Ul),TI?ZL(W)}
(Mg,u ° UQZU)(ULW) (v, w) = mini?{hglu(ul, vl)'n?zU(W)}

(Yo,L° )’QZL)(ULW) (v,w) = ma)dzj@leL(ulivl): )’?ZL(W)}
(Vglu ° VQZU)(ul,W)(vl' w) = ma)d@’glu(up Vl)»V?ZU(W)}, for every w € V,& (uy,v1) € Ey

(iv) (g, ° :u-QzL)(ul,uz)(verZ) = minﬁ@?zL(uz):li?zL(vz):#QIL(ul» v1)}
(tg,v ° #QZU)(U1,U2)(U1.V2) = min{zﬁu?ZU(uZ):#?ZU(VZ)'HQIU(ULvl)}

(nglL ° nQZL)(ul,UZ)(Vl'VZ) = min@é’]:ﬂﬂ(uz),77?2L(U2)v7791L(U1,U1)}
(g,u ° UQZU)(ULUZ)(ULVZ) = min@‘fh’zu(uz), 77.732{/(172): 779111(111' v1)}

(Yoq1 © )/QZL)(ul,uz)(vlvVZ) = maXEzﬁ’PzL(UZ)'VPZL(UZ);VglL(ul;Ul)}
(You ° VQZU)(ul,uZ)(vl'VZ) = max"@}’?zu(uz).}’:PZU(UZ),Yglu(up v1)}
Forall E* = E U {(uyu,)(vy,v2)/ (u,v1) € Ey up # vy}

Theorem 2:The compositionG; o G,of twointerval valued picture fuzzy graphs G; = (P;,Q,) and G, =
(P, Q5)0fG," = (Vy,E;) and G,* = (V,, E,) is an interval valued picture fuzzy graph.

Proof: Let G; and G, be two interval valued picture fuzzy graphs.
Let E = {(x,x2)(x,¥2)/x € V1&(X2,¥2) € E3} U {(x1,2)(y1,2)/u € Vo&(uy,v1) € Ey}
Consider (x, x3)(x,y,) € E, by Definition6 and 8 we have

(gL ° HQZL)(X' x) (6, y2) = min{}{thL(x):MQZL(XZ'yz)}
< min{l«lﬂL(x). [MSPZL(XZ):HSPZL(YZ
= minfmini{up, ; (x), up,1 (x2)), minifup, , (x), up,1 (¥2)))
= minifi(up, ; © up,1) (%, %), (tp,1 © Hp,1) (6, ¥2)}
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(Mo, v © Hou) (X, x2) (x, ¥2) = minifup, y (x), tg,y (X2, ¥2)}
< minifup, y (x), [tp, v (X2), tp,u 213
= minfminiup, y (%), pp,y (x2)), minii{up, y (x), kp,u (32)))
= mini?{(y?ly ° H?zu)(x» x2), (H?lu ° li?zu)(x: v2)}

(g1 ° UQZL)(X» x)(x,¥7) = min{?@l?@(x):UQZL(XZ:)’Z)}
< minifhp, (X)), e, (x2), M2, 21}
= minifminifhp, ;, (x), N9, (X)), minmp, (), 12,,(v2)))
= minif{(np,;, © Np,1) (%, x2), (M1, © Np,1) (X, ¥2)}

(UQIU ° UQZU)(x' %) (%, ;) = min@ghPlU(x)'anU(XZ'yz)}
= mini?{hylu(x), [UPZU(XZ)' U?zu(yz)]}
= minifmini{np, y (x), Np,y (x2)), Minif{(np, y (x), Np,u (¥2)))
= minfi(1p,y © Np,u) (6 %2), (Mp,0 © Ny ) (X, ¥2)}

(Yo,L° VQZL)(-X' x)(%,¥2) = ma)dzjé;y?lL(x)vaZL(XZJyZ)}
= maxiiﬁlplL(x), [YPZL(XZ)' V?ZL()’Z)]}
= ma)diﬂnaxifﬁiyplL 0, YP,L (x2)), ma?d?@(]/?lL (), YP,L 02)))
= max{{(yp,, ° VPZL)(x' x2), (Y?lL ° Y?ZL)(xn y2)}

(Youu ° VQZU)(xv x)(%,¥,) = maXEﬁ’ﬂU(x)'VQZU(XZ'}’Z)}
= maxiiﬁiyplu(x), [V:PZU(XZ)'V?ZU(YZ)]}
= ma)diéhla)é@y?l u(x), YPu (x2)), ma?df@(]/?lu (), YPu (2)))
= ma)dﬂl’?lu ° V?zu)(x'xz)» (Y?lu ° Y?ZU)(x: y2)}

Consider (x1,2)(y;,2) € E, we have

(o1 © Ho,1) (X1, 2) V1, 2) = minifuy, | (X1, y1), ke, (2)}
< min{}{[lliplL(Xl)rﬂ?lL(yl)]Hu?zL(Z)}

= min{imin (.u?’lL(Xl): MPZL(Z)) , min (HPlL 1), tp, 1, (Z)))
= minfi(up, ;, © wp,1) (X1, 2), (tp, 1 © Hp,1) 1, 2)}

(Ho,u ° Ho,u) (X1, 2) (Y1, 2) = minifug, y (X1, y1), thp,u (2)}
< minif{up y (x1), HUpiu )l HUp,u (2)}

= mini{min (#?111 (x1), Hpyu (Z)) , min (M?ﬂl()ﬁ)' Hp,u (Z)))
= minifi(up,y © pp,u) (X1, 2), (e © tpyu ) 1, 2)}

(MgyL °© nQZL)(xl»Z)(YLZ) = miniz@’QlL(Xlr}ﬁ)vUPZL(Z)}
= minizﬂﬂ?@ (x1), Np,L )l Np,L (2)}

= min¥{imin (U?lL(X1)' YI?ZL(Z)) , min (U?lL (1), Np,L (Z)))
= min&g(W?lL ° U?ZL)(xI:Z)' (77:731L ° U?ZL)()’LZ)}

(Moyu ° Mo,u) (31, 2) (1, 2) = minifhg, 4 (X1, ¥1), Np,u (2)}
< minf{{np, y (x1), 19,0 V1)1, 12,0 (2)}

= minigmin (715, (%), M2, () ), min (1,5 (71), 19,0 (2) )

130011-7



= mini{{(ne,y © Np,u) (1, 2), (e, © Ny ) 1, 2)}

(VglL ° )’QZL)(XDZ)(LVDZ) = ma}dz@’QL(Xl’Yl)‘VPZL(Z)}
= maxflyp, ,(x1), ¥2,. 1], ¥, (2)}

= maxiimax (v, (x1), ¥7,.(2) ), max (vp,. 1), ¥2,.(2) )
= maxi{{(yp,, X vp,1)(x1,2), (V?lL X V?ZL)(J’LZ)}

(Yo,u ° VQZU)(xl'Z)(YI'Z) = maX{gﬁ’mU(XLYI)'V:PZU(Z)}
= max{lyp,y (x1), ¥p,0 O] Vru (2)}

= maximax (,y (x1), ¥,u/(2) ), max (v, 31), ¥2,0(2) )
= maxi?{z'(yylu ° nyZU)(xl!Z)' (V?lu ° )’?zu)()’pz)}

Consider (x1,X,)(¥1,¥2) € E, we have

(Mg, ° HQZL)(XI:XZ)(yl'YZ) = min?ﬁ‘glL(Xl'y1)»/—l}’2L(X2)uu?zL (2)}
< mini{up (x1), Up, L, )l Up, 1, (x2), HUp, 1 2)}

= minimin (ji,1. (1), fp,1 (2) ) min (g, 01, 1 (2)))
= mini{{(up, | ° .UPZL)(xl'XZ)' (H:PlL ° MPZL)(yl'YZ)}

(Ho,u © MQZU)(XDXZ)(YDYZ) = miniz@‘glu(xl'Yl):#?zu(xz),#?zu(h)}
< minif{up, y (x1), tp, v Y] tp,u (X2, tp,u (V2)}

= minimin (j,y (1), iy (2) ), min (5,5 01, p,0 (2)))
= min{ﬂ#aﬁu ° #?ZU)(X1»X2): (H?lu ° H?ZU)(}’LYZ)}

(Mg, 1 ° anL)(Xlrxz)(yerZ) = miniz{hglL(xlvY1)!77?2L(X2)'77?2L(YZ)}
< minf{np, ;,(X1), 12, V1)1 12,1 (X2), 12, (72D}

= minigin (715, (%), 7,.,(2) ), min (715, (1), 712, (2) )
= minf(np,, © Np,1.) 1, %2), (M1, © Np,1) V1, v2)}

(Moyu ° Mg,u) X1, X2) V1, ¥2) = minihg, y (X1, Y1), 12,0 X2): N,y (72D}
< mini{np, y (%1, Mpu V1)1 19,0 X2, 12,0 (72)}

= min¥{imin (U?lu (X1, M, (Z)) , min (77?111 (), U?ZU(Z)))
= minf{(np, y © Np,u) (1, x2), (Meyu © Npyw) 1, ¥2)}

(Yo,L° yQZL)(Xl'XZ)(leYZ) = maXiE{zb/QlL(Xl:Y1)'y:P2L(X2)vaP2L(y2)}
2 maXE?HV?lL(XQ'Y?lL()’l)]'V?ZL(XZ)'V?ZL(YZ)}

= maxi{max (y.'PlL(Xl)' YP,L (Z)) » max (VT1L (), VPZL(Z)))
= maX?ﬁVﬂL ° VPZL)(xerZ): (V?lL ° VPZL)(YLYZ)}

(Yo,u °© VQZU)(XLXZ)(YLYZ) = ma}d@’glu(xl'Y1):V?ZU(X2)'Y?ZU(J’2)}
= maXEZ{f{V}ﬁU(XQ'Vﬁlu(}’l)].YPZU(XZ):VPZU(}’Z)}

= maximax (,y (x1), ¥,u/(2) ), max (v, 01), ¥2,0(2) )
= ma)é?{'(yplu ° VIPZU)(xl'XZ): (Vplu ° V?ZU)()’l'yz)}

Hence G; © G, is an interval valued picture fuzzy graph.
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Example3: Consider two interval valued picture fuzzy graphs G; = (P;,Q1) and G, = (P,, Q,) with underlying
crisp graphs G;* = (V4,E;) and G," = (V;, E;)such that the vertices V; = {a, b) and V, = {c,d} and the edge
sets E; = {ab) and E; = {cd} respectively, where

a b ac ad

G

g|xel

FIGURE 3. Composition of twointerval valued picture fuzzy graphs.

The vertex sets of G; and G,

(a; (0.2,0.3,0.4), (0.4,0.1,0.4)

PL= 5:(03,03,03),(03,0.4,0.1)

{(c;(0.1,0.2,0.5),(0.2,0.4,0.3)
(d; (0.3,0.6,0.1),(0.4,0.3,0.2)

:7:)2 =
The edge sets of G; and G,

9, = {{ab; (0.2,0.2,0.5),(0.2,0.1,0.6)

Q, = {{cd; (0.1,0.1,0.6), (0.2,0.2,0.4)
The Composition ofG; [G, ]

(ac; (0.1,0.2,0.5), (0.2,0.1,0.4)
(ad; (0.2,0.3,0.4), (0.4,0.1,0.4)

PrePe = he01,02,05), (0.2,0.4,0.3)
(bd; (0.3,0.3,0.3), (0.3,0.3,0.2)
(ac,ad); (0.1,0.2,0.5), (0.2,0.1,0.4))
(bc, bd); (0.1,0.2,0.6), (0.2,0.3,0.3))
{ac, bc); (0.1,0.2,0.5), (0.2,0.1,0.4))
0120, =

(ad, bd); (0.2,0.3,0.4), (0.3,0.1,0.4))
(ac,bd); (0.1,0.2,0.5), (0.2,0.1,0.4))
(ad, bc); (0.1,0.2,0.5), (0.2,0.1,0.4))

CONCLUSION

In this paper, we described the new operations of interval valued picture fuzzy graphs. The
fundamental properties of interval valued picture fuzzy graph of Cartesian product and Composition are
obtained and furthermore examined for specific models.
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