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Some properties of maximal product of two picture fuzzy soft
graph

M. Vijaya®, D. Hema

Abstract

In this manuscript, the concept of a picture fuzzy soft graph is formally established. Subsequently, we explore the notion of maximal
product between two picture fuzzy soft graphs. Additionally, we investigate the complement of the maximal product of picture fuzzy
soft graphs, along with the maximal product involving strong and complete picture fuzzy soft graphs. Furthermore, a discussion of

various outcomes stemming from this exploration is presented.
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Introduction

Fuzzy set theory, introduced by Zadeh, addresses the
challenges associated with handling uncertainties. Since
its inception, many researchers have explored fuzzy sets
and fuzzy logic to tackle various real-world problems
characterized by ambiguity and uncertainty. The authors
investigated the complement of the max product of
intuitionistic fuzzy graphs. The authors explored the
maximal product of two fuzzy graphs. The authors described
concepts related to soft graphs, fuzzy soft graphs, and fuzzy
soft sets. The authors introduced the picture fuzzy set, an
enhanced version of the fuzzy set. The authors further
developed this concept by introducing the picture fuzzy
graph. In this paper, we define the picture fuzzy soft graph
and subsequently explore concepts such as the maximal
product of two picture fuzzy soft graphs, the complement
of the maximal product of picture fuzzy soft graphs, and
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the maximal product of strong and complete picture fuzzy
soft graphs. Additionally, we discuss several associated
results, Akram, M., & Nawaz, S. (2015), Cen, Z., Pal, A., & Dey,
A. (2019), Cuong, B. C., & Kreinovich, V. (2013), Muhammad
Akram, & Nawaz, S. (2016), Maji, P. K., Roy, A. R., & Biswas, R.
(2001), Radha, K., & Arumugam, S. (2015), Yahya Mohamed,
S., & Mohamed Ali, A. (2021), Zadeh, L. A. (1965).

Preliminaries

Definition: 2.1

A fuzzy set is a collection of elements with varying degrees
of membership, characterized by a membership function
that assigns each element a value between 0 and 1. This
value indicates the element’s degree of belonging to the
set, allowing for partial membership, Zadeh, L. A. (1965).

Definition: 2.2

A pair (J,K) is called a soft set (over D) if and only if J is
a function that maps each elementin K to a subset of D.
In other words, J is a mapping from K to the power set of

D (denoted as go(D)), which is the set of all possible subsets
of D, Muhammad Akram & Nawaz, S. (2016).

Definition: 2.3

A pair (J,K) is called fuzzy soft set over D, where Jis a
mapping from set of parameters to the collection of all fuzzy
subset of D, Akram, M., & Nawaz, S. (2015), Maji, P. K., Roy, A.
R., & Biswas, R. (2001).

Definition: 2.4

The picture fuzzy set is characterized by three membership

functions: positive, neutral, and negative membership
degrees. These membership values consistently fall within
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the range of 0 to 1, Cen, Z., Pal, A., & Dey,
B. C., & Kreinovich, V. (2013).

A. (2019), Cuong,

Picture Fuzzy Soft Graph

Definition: 3.1
The graph ¢ = .Y (K2, (K, 6.0)(K,0,) (K, 25),(K,55).(K . 05))
is defined as a picture fuzzy soft graph, wherein:

Positive membership functions map from a parameter
set to the collection of all picture fuzzy subsets in vertices,
with each pair (K,/lA) representing a picture fuzzy soft
vertex of positive membership function.

Similarly, positive membership functions map from a
parameter set to the collection of all picture fuzzy subsets
in edges, with each pair (K, /13) representing a picture fuzzy
soft edge of positive membership function.

« Neutral and negative membership functions operate
similarly.

These functions adhere to the following conditions:

«  The positive membership function of a picture fuzzy soft
edge is no greater than the minimum of the positive
membership functions of the two picture fuzzy soft
vertices it connects.

« The neutral membership function of a picture fuzzy soft
edge is no greater than the minimum of the neutral
membership functions of the two picture fuzzy soft
vertices it connects.

« The negative membership function of a picture fuzzy
soft edge is no less than the maximum of the negative
membership functions of the two picture fuzzy soft
vertices it connects.

Furthermore, all three membership values range
between 0 and 1 and itis denoted by G}:’Wyy.

Definition: 3.2
The complement of picture fuzzy soft graph G,’:,W,Y
is a picture fuzzy soft graph ﬁ,':’W’y where, /T/e =y
Sp =64 1@y =@y ¥V W eW  kek
B (WI,W ) ( 1) ( )_A’B (wi’Wi)
gB (Wl,W ) (Wl) ( )_53 (Wi’wj)
g (w,.,w ) (Wz)\/(pld ( j)_¢B (Wi’wj) v
(wl.,w )eW kekK .
Definition: 3.3
Picture fuzzy soft graph

G;W,Y =Y, (K, 2,).(K,8,),(K.0,). (K, 2).(K 55 ).(K, 05) ) is commonly
referred to as a strong picture, fuzzy soft graph, if

Ag (wi,wj)=min(/1,d (w,), A4 (wj))

Sy (Wi’wj):min(gh (w;). 84 (Wj»

@5 (wi,wj)zmax(gok (w,), 0, (wj)) V(wi,wj)eY,
kek.

>

Maximal Product Of Picture Fuzzy Soft Graph

Definition:4.1
The maximal product of iy *u Gy, of two picture fuzzy
soft graph 6., :(W Y (KA (K. 000K (K 2) (K65 ). (K 0p))
a n d 7,7, (L. 2). (2.6, (L,9,). (L. 23).(L.53). (L.9}, )
is defined as (w.Y) where, W=Wx, W,,
Y= {(W1>y1)(W2aY2): W =w, 1), €Y, (‘7 )yl =V, WW, € Yl}and
K,L c Q (parameter set) which satisfy the following,
A(k 1)(“’1:)’1)_/I (Wl)V Ay (J’l)
5”kl(wlayl) (WI)V51,4 (yl)

(/’Akl(Wlsyl) (Wl)/\¢;4 (yl)
forall (wy,y,)e W, x,, Wy, (k,1)e K x,, L

L» RS

Ay (w)v A, W, =W,, ey,
@) ﬂ;(k,l)( Wl’yl)(WZ’yZ _ AE 1) 5 W1s yz)f | 2 V1V2 €1y

WDWZ)V’lh (J’l F yvi=y,wmmel

Pu (WI)A/IB J’l ) wi=wyuny, €Y,

(v
Pr (Wl Wz) (

(@ (01’;(k,1)( Wi XWZ’YZ

( )-{ (
(b) 5g(k,/)((wlsJ’1)(Wz>Y2)) { | (Wl) (yl n)F wi=wy, iy, €l,
( )-{f (

)
)
S (WI’W )V514 1)f N=y,ww, €Y
)
)f N=y,ww, €Yy
forall (k.l)e K x,, L

Example:4.1
Let K ={k;,k,} and L=1{l,,1,} be a two-parameter sets.
Let G;;:leyl and

GL*W v, beatwo-picture fuzzy soft graph is defined by
G}:Wl Y, = ={k,k, } where

Table 1(a): Picture fuzzy soft graph Gy, »,

(@) (b) (]

A wm owm 6y W oW Py M W

ky 0.1 0.2 ky 0.1 0.1 ky 04 05

k, 03 03 k, 03 01 k, 03 02

(d) (e) (f)

Ag (Wl »W ) O (Wl »W, ) Py (Wl »Wy )

k, 0.1 k, 0.1 k, 0.5

k, 0.2 k, 0.1 ke, 0.3
Table 1(b): Picture fuzzy soft graph G; .,

(a) (b) (@

A n V2 Sy n V2 Pk W Y2

I, 03 02 I, 02 03 , 02 03

,, 01 02 I, 02 01 I, 04 02

(d) (e) (f)

e ) & ) o ()

A 0.2 A 0.2 A 0.3

I 0.1 1, 0.1 1, 0.4
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Figure 1 (a): Picture fuzzy soft graph G, ,
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(0.1,0.1,0.4)
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Figure 1(b): Picture fuzzy soft graph G,

w,3,(03,02,02)

w,2(0.2,0.30.3)

(03,02,02)

(02,02,023)

(02,0203)

(0.2,0.30.3)

,4(03,02,02)

W3¥2(0.2,0.3,0.3)

Corresponding to the parameter (k; x,, 1)

W1)4(03,0.3,03)

¥,5(0.3,03,0.2)

(02.020.3)

(03.0.3,03)

(03,01,02)

(0.20.1,02)

W,)1(03,0

2,02)

w22(03,0.1,02)

Corresponding to the parameter (k, x,, ,)

Figure 1(c): Maximal product of picture fuzzy soft graph

¥ r*
Gy *m Grm.y,

w ={wl,w2} and Y, :{(wl,wz)} is shown in Table 1 (a)
and Figure 1Q@). G}, ={,..,} where, W, ={y1,y2} and
Y, ={(»,,y,)} is shown in the Table 1(b) and Figure 1(b).

Theorem: 4.1

If G¢y.xand Gy, are two picture fuzzy soft graph. Then
maximal product Gy, xy Gy, is also a picture fuzzy
soft graph (Figure 1(c)).

Proof:
Let G}< wy and GL w.y be two picture fuzzy soft graph.

consider, if w, =w,, y,y, € Y,and (k,/)e K x,, L
ﬂ”( ((Wlayl)(wsz’z)):ﬂ/a (Wl)Vfll's (J’pyz)

<Ay ( ) (Z, (J’1)/\ﬂ~;4 (J’Z))

( (Wl) ( ))/\(ﬂ“]d (Wl)Vflzrq (J’z))
= (A (m)v 2y (v, ))/\(/114 (wy)v A (J’2))

lg(kl ((Wlﬂyl)(WZ’yZ)) kl (Wn)ﬁ)/\}L (k/)(Wz’yz)
O kl)((Wuyl)(Wzayz)) (Wl)V53 (J’pyz)

S (w)v (8, (W) A sy (1))

(k () v &y () A (S (w)v 8y (v,))

=64 W)V &y (M)A By (wy)v & ()
Oy kl)((wlayl)(WZ:y )) kz)(Wlayl)A5A(k1)(Wz,Y2)
(DB(k,l ((Wlayl)(wza Y2 ) Py (Wl)/\(DB (J/pyz)
20, (W) A (@ () v @) ()
:(¢711 (Wl)/\¢714( ))V(¢71¢ (Wl)/\¢;4 (J’Z))
:((/711 (Wl)/\(ﬂA( )) ( (Wz)/\ﬂl’:q( ))
(og’(k,l)((wl’yl )(W27y2 ))2 Ak l)(wl’yl)v ¢A(k 1)(w2,y2)
similarly,
If y, =12, ww, €Y, and (k,/)e K x,, L.
Then by the definition, we have
ﬂg(k,/)((wl > V1 )(Wz’)’z ))S l;;(k,/)(“ﬁ > V1 ) A ;L:;(k,/)(wz’)’z)
5§(k,z)((W1=J’1 )(Wzah )) < 5,,;(1{,1)(W1:y1 ) A 5,’;(1(,1)(W2,J’2)
@g(k,l)((wu)ﬁ )(Wz V2 ))Z ¢Z(k,1)(W1J1 ) v (/’,,;(k,z)(wz a)/2)

Hence, G}:’W’Y Xy GZW’Y is a picture fuzzy soft graph.

v Ay
v A

\4

Theorem: 4.2
The complement of maximal product of two picture fuzzy
soft graph is a maximal product of two picture fuzzy soft

graph.

Proof:

Let G}:,W,Y and GZW’Y be two picture fuzzy soft graph.
consider, if w, =w,, y,y, € Y,and (k,/)e K x,, L

Il;(k,l)((wl IRl )(Wzsh )) = 2-;(1(,/)(“’1 SN ) A M(k,/)(wz,h)* ﬂ’g(k,[)((wl End1 XW2,)’2 ))
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( () v 2 () A (A (w2)v 25 (0,))
(’114 (Wl)\//llq (Jﬁ))" Ay (Wz)VAA (h))i (k,/)((W1:Y1)(W2:J’2))>0
(}“/a (Wl)\’ﬂn( ))A Ay (w ( ) ( 2))’/13(k,1)((W1sy1)(Wzayz))zo
:{07/1§(k,1)((wlsJ’1)(W2sy2))>0
(;le (Wl)Vﬂﬂ; (Jﬁ))/\(ﬂ/a (WI)V/,LI; (J/z))’ig(k,z)((wl’%)(Wzah)):O
:{0,/11’;(1(,1)((“’1:)’1 )(Wzayz))>0
(/114 (Wl))V (/11,4 (J’1)/\/11'4 (J’2 ))ﬂj’g(k,l)((wlayl )(WzaJ’z)):O

T (0. 0ws 0, )) = 0, 2560 (91,37 Now3,3,))> 0
B(k)\W V1 NW25 Vs (ﬂ,d (Wl))V% (yl,Y2)a)“t’;(k,1)((W1,Y1)(Wz,J’z))=0
gtg(k,/)((wl»yl)(wz,yz)):

51(/¢,1)(W1’}’|)A 6;(k,l)(W25y2)7 5g(k,l)((wl5yl )(WZ»J’2 ))

(514 (WI)V Sy (}’1 ))/\ (514 (WZ)V Sy (J’z))
=" (514 (Wl)V Oy (yl ))/\ (514 (Wz)V Sy (yz ))’51;(1«,1)((”’1 N )(Wzayz ))> 0

(514 (WI)V Sy (}’1 )) A (514 (Wz)V Sy (J’z ))’sg(k,l)((wlﬂyl XWz’h )): 0
_ {0’5§(k,l)((W1aJ’1 Yows.3,))>0

(514 (WI)V Oy (yl )) A (514 (Wl)V Oy (J’z ))’5g(k,l)((wl sV )(Wzayz )) =0
_ {O’5g(k,l)((wl 1)y, 3,))>0

(514 (Wl )) v (51’4 ()’1 ) Ay (J’z )), 5§(k,1)((w1 > V1 )(Wz >V )) =0

-, B O’é‘t’;(k,l)((wl’yl)(WZ?yZ))>0
53(14)((“’1 Wi )(Wz,yz ))— {(5” (W1 ))v 5 (y, Vs )’51';(,“1)((% . )(wz,y2 ))= 0

ag(k,l)((wl sV )(Wz sV )) = (PZ(k.l)(Wl sV )V (PZ(k,I)(Wz sV ) - (p;;(k,l)((wl sV sz sV ))

(¢71¢ (WI )/\ @y (J’1 ))V ((014 (WZ)/\ @y (J’z ))
=" ((1’1« (Wl ) N ()ﬁ ))V (9‘714 (Wz)/\ Pl (yz ))5(/7;};(k,l)((wl s sz’)’z ))> 0
(¢7h (WI )/\ P (J’1 ))V ((014 (Wz)/\ P (yz ))’gog(k,l)((wl gl )(W2=y2 ))= 0
_ {0#’;(/{,1)(("‘/1’)’1 Yows.3,))>0
(¢/¢ (Wl ) APy (y] ))V (("/o (Wl ) N (J’z ))s(ﬂ;;(/c,l)((wl sV )(Wzsyz )): 0

_ {Qq)g(k,l)((wl 21wy, 3,))>0
(2x W) A2y OV @ (1,)), (/’g(k,l)((wl 1 )(wy,3,))=0

O,(U;;(k,l)((wl Bzl )(Wz s V2 )) >0
(@14 (Wl )) N (J’l’)’z )’wl’;(k,l}((wl’yl )(Wz’yz ))= 0

Pie) (751 Now2, ) = {

similarly,

If y, =y, ww, €Y, and (k,/)e K x,, L.Then we have,

O’ﬁg(k,z)((wp)ﬁ owy.3,))>0
(/IB (W]’WZ ))V Ay (yl)’/’)'g(k,l)((wlayl )(W2>J’2 ))=O

O’5g(k,1)((wl’yl )(W2>J’2 ))> 0
(53 (lewz ))V S (J’1 ):51’;(/(,1)((W1:J/1 szd’z )): 0

@g(k 1)((W1 sV1 )(Wz V2 )) = {0,(0;(,('[)((“}] - )(WZ’yZ )) -
’ (‘PB (W17w2 )) N (J’1 )ﬂ(pg(k,l)((whyl )(W2:J’z )): 0
Hence, The complement of maximal product of two
picture fuzzy soft graph is a maximal product of two picture
fuzzy soft graph.

1;(/(,1)(("”1’)’1)("”2’)’2)):{

i) (w3 Mwy, 3, )= {

Theorem:4.3
If G}:,W%Yl and G'Lsz,Yz are strong picture fuzzy soft graph.

Then maximal product GKW PRI GZWz.Yz is also a strong
picture fuzzy soft graph.

Proof:
Let G}:‘W,Y and GZW,Y be strong picture fuzzy soft graph.
consider, if w, =w,, y,y, eY,and (k,l)e K x,, L
l” ((Wl’% )(Wzayz)):/1 (Wl)V A (J’h)’z)
=20 (w)v (2 () A 25 (v,))
( ( ) (J’l» (/114 (Wl)V/% (J’z))
( (Wl)V Ay (Jﬁ))/\ (/114 (Wz)V Ay (J’2))

Az’;(k,l)((wl V1 )(Wz’yz )): M(k,/)(wl s M1 ) A l;;(k,l)(wzah)
5;;(1(,1)((“’17)’1 )(Wsz’z )): Oy (Wl)V Op (J’pJ’z)

=0y (Wl)V (51'4 (J’1)/\ Oy (J’2 ))

=(s

) (Wl)V Sy (J’1 ))/\ (514 (WI)V Sy (J/2 ))
=(65 (w)v &y ) A (S (w2)v &) (1))
5},;(1{ 1)((“’1 >V )(Wz Y2 )) = 5Z(k,l)(wl | ) A 5;;(1(,1)(“’2 >V )
( ((Whyl )(Wzsyz )): Pu (Wl)/\ Py ()’pyz)
P (WI) ((934 (J/1)V(0}4 (J’2))
=(x W)@y D))V @y (W)@ ()
= (¢7}1 (Wl)/\ Pl (J’1 ))V ((/714 (Wz)/\ Pl (yz))
(Dg(k,l)((wl s V1 )(Wz sV )) = (D;;(k,l)(wl s V1 ) v (Dl(k,z)(wz ) J’2)
similarly,
If y, =y, ww, €Y, and (k,/)e K x,, L.
Then by the definition, we have
ﬂ“g(k,l)((wl ) w2002 )) = “(k,l)(“ﬁ VA M(k,z)(wz V2)
51’5:(k,1)((wl s )(Wz s V2 )) = 5:1(/(,1)(‘4’1 M1 ) A 5;;(/{,1)(“’2 g )
¢;(k,l)((wl s D1 )(Wz sV )) = q):;(k,l)(wl sV ) v (0;’1(1(,1)(""2 sV )
Hence, G}:,W,Y Xy GZW,Y is a strong picture fuzzy soft
graph.
Theorem:4.4
If Gy, y and G, ,, are complete picture fuzzy soft graph.
Then
maximal product G};WI,Y] Xy GZWZ‘YZ is not a complete
picture fuzzy soft graph.

Conclusion

This paper aims to introduce the concept of the maximal
product of picture fuzzy soft graphs as its primary objective.
Furthermore, we delve into the discussion regarding the
complement of maximal product of picture fuzzy soft
graphs, as well as explore the maximal product of strong
and complete picture fuzzy soft graphs.
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