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Abstract: Fuzzy sets and soft sets are two different tools for
representing uncertainty and vagueness. In this paper , we
combine the concepts of bipolar fuzzy soft sets and digraph
theory and we introduce the notions of Bipolar fuzzy soft
digraphs, Bipolar fuzzy soft subgraph in digraph and some
operationsin Bipolar fuzzy soft digraph.
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I INTRODUCTION

The Concept of soft set theory was initiated by
Molodtsov [1] for dealing uncertainties. A Rosenfeld [2]
developed the theory of fuzzy graphsin 1975 by considering
fuzzy relation on fuzzy set, which was developed by Zadeh
[3] in the year 1965.Some operations on fuzzy graphs are
studied by Mordeson a C.S. Peng [4] .Later Ali et al.
discussed about fuzzy sets and fuzzy soft sets induced by
soft sets. M.Akram and S Nawaz [5] introduced fuzzy soft
graphsin the year 2015. Sumitmohintaand T K samanta [6]
also introduced fuzzy soft graphs independently.

The concept of bipolar fuzzy sets which is a
generalization of fuzzy sets [3] was initiated by Zhang [11].
Bipolar fuzzy sets whose range of membership degree is [-
1,1]. If the membership degree of an element is O, then the
element is irrelevant to the corresponding property. If the
membership degree of an element is within (0,1], then the
element some what satisfies the implicit counter property. If
the membership degree of an element is within
[-1,0), then the element some what satisfies the implicit
counter property. It is emphasized that positive information
gives us what is granted to be possible, while negative
information gives us what is considered to be impossible.

In this paper, we apply concept of bipolar fuzzy
soft sets to digraph structure. We introduce notations of
bipolar fuzzy soft digraph ,strong bipolar fuzzy soft digraph
and complete bipolar fuzzy soft digraph. We aso present
cartesian product on bipolar fuzzy soft digraphs and
investigate some properties of them.

1. PRELIMINARIES

We now review some elementary concepts of digraph and
fuzzy soft graph
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Definition: 2.1

Let U beaninitial universe set and E be the set of
parameters. Let A CE , A pair (F,A) iscalled fuzzy soft set
over U where F is a mapping given by
F:A - IY, where IV denotes the collection of all fuzzy
subsets of U.

Definition: 2.2

Let V be anonempty finite set and
o:V —>[0,1]. Again, let u : VXV — [0,1]such that
ulx,y) < a(x) Aa(y)fordl (x,y) € VXV. Then the pair
G = (o, ) iscaled afuzzy graph over the set V. Here
oandy are respectively called fuzzy vertex and fuzzy edge of
thefuzzy graphG = (o ,u)

Definition: 2.3

A fuzzy digraph Gp = (o , 4p) isapair of function
op:V->[0,1]andpu, : VXV - [0,1]

Where up(x,y) < op(x) Aap(y) foral (x,y) € VXV and
Up isaset of fuzzy directed edges are called fuzzy arcs.
Definition: 2.4

The degree of any vertexa (x;) of afuzzy graphis
sum of degree of membership of all those edges which are
incident on avertex o(x;) and is denoted by deg(o (x;)).
Definition: 2.5

In afuzzy digraph the number of arcs directed
away from the vertexa (x)is called the outdegree of vertex,
it is denoted by od(a (x)). The number of arcs directed to the
vertex o (x) is called indegree of vertex, it is denoted by
id(o(x)).

The degree of vertexa(x) in afuzzy digraph is
defined to be deg(o (x)) = id(a(x)) + od(o(x)).
Definition: 2.6

Let G = (o,p) beafuzzy graph. The Order of
G = (o,u) isdefined as

0G) = Za(u)
ue v
andthesizeof G = (o,u) isdefined as
S@G) = X uww).
uvev

Definition: 2.7
The Cartesian product of afamily of digraphs
{D,,D,,Ds, ..., D,} denoted by D, XD,XD,X ....XD,

or [T=, D; , wheren > 2 isthe digraph D having V(D) =
V(D)XV (D)X .......V(D,)

= {(wy,wy, ...wy) : w; EV(D),i=12....n}

and avertex (uq,uy, .... U, ) dominates a vertex
(vq, Vg, ..., vy) Of D iff thereexistsanr € {1,2, ...n} such
that

Published By:
Blue Eyes Intelligence Engineering

Exploring Innovation'



https://www.openaccess.nl/en/open-publications
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijrte.C5528.098319&domain=www.ijrte.org

Bipolar Fuzzy Soft Digraph

Up (x1,x2) (x2,3) | (x3,%4) | (x4,%1) (x3,%1)
er 0.6,-0.2 | 0.7,-0.1 0 0 0
u,v,. € A(D, )andul. = e, 0.3,-0.1 0.1,-0.4 0 0 0.4,-0.1
viforalli € {1,2,...n} — es 05,01 | 04,03 | 04,-02 | 03-0.1 0
{r}.
Definition: 2.8

A digraph D is strongly connected ( or just, Strong) if , for every pair X,y of distinct verticesin D , There exist an
(x,y) — path and a (y,x) path . In Other words, D isstrong if every vertex of D is reachable from every other vertex of D.
I11.BIPOLAR FUZZY SOFT DIGRAPH
We introduce some concept of Bipolar fuzzy soft digraph in this section
Definition: 3.1
LetV = {x;,x,,x3, ...., X, } NON empty set, E( parameter set) and A € E, also
(i) (pp, A)isabipolar fuzzy soft vertex

(i) (up, A)isabipolar fuzzy soft directed edges are called fuzzy arcs.
(iii) (pl%e),y%e))isabi polar fuzzy graph over all e € A.

.17 (x,y) < min (4 e (), 10 ())

Hp Pp Pp
andu ) (x, ) = max (i (%), (y)) foral{x,y} € (up, 4)
Hy Pp Pp

Through out this paper , we denote
He) = (02, u¥)isabipolar fuzzy digraph and
Dyy = ((pp,A), (up, A))isabipolar fuzzy soft digraph
Example:3 .2

Consider a bipolar fuzzy soft digraph EA‘VWhereV ={xy, x5 x3 x4 } andA ={e; e, ez}

D,y Described by Table3.1and u&(x;, x;) =0 forall(x;, x;) € VXV / {(x1,x3), (xz, x3),
(x3,%4),(x4,%1),(x3,x,) }andforalee E

Table3.1
Pb X1 X2 X3 X4
e 0.7-03 | 09,-04 0.8,-0.2 0
e 08-0.2 | 04-05 0.5,-0.5 0
e3 05-02 | 0.7-0.3 0.4,-0.3 0.7,-0.3

(0.1,04)
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Fig3.2D,,= ((e)), i(e,), A(ey))
Bipolar Fuzzy soft Digraph
Definition 3.3

Let D* = (V,,A), D? = (V,, B) betwo bipolar fuzzy soft digraphs. Then D! is called bipolar fuzzy soft subgraph
of digraph of D? if

()ACB
(i) Fy(e) = (i ) Hisabipolar fuzzy soft subgraph of digraph of

Ay(e) = (pg? 2 Ve € A.

Example 3 .4

Consider the bipolar fuzzy soft graph EA_V astaken in Example 3.2. and also Consider a bipolar fuzzy soft digraph
DZ,whereV, ={ x;, x, x3 x4 } and
B={e) e e3}
D3, described by Table3.2 and 1, (x;, x;) = 0 forall (x;, x;) € V,XV, / {(x1,%5), (xz, X3),
(x3,%) }andforadl ee B

Table3.1

Py X1 X2 X3 X4

ey 0.7,-0.3 0.9, -0.4 0.8,-0.2 0

e, 0.8,-0.2 0.4,-0.5 0.5,-0.5 0

es 0.5,-0.2 0.7,-0.3 0.4,-0.3 0.7,-0.3
Hp (x1,2%5) | (xpx3) | (x3,) | (g, xq) (23, x1)
e 0.6,-0.2 0.7,-0.1 0 0 0
e, | 0301 | 01-04 0 0 0.4,-0.1
e; 0.5,-0.1 0.4,-0.3 0.4,-0.2 0.3,-0.1 0

5 0602 %
0904

0701
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(0.5.-0.1)

(0.3,-0.1)

Xa
(0.4.-0.2)

H (e3)

Fig3.1 EA,V = (ﬁ(e1)' H(ey), 17(33))
Bipolar Fuzzy soft Digraph
Definition 3.3

Let D' = (V,,A) , D? = (V,, B) betwo bipolar fuzzy soft digraphs. Then D! is called bipolar fuzzy soft subgraph
of digraph of D? if
(YA CB
(i), (e) = (py? u)) isabipolar fuzzy soft subgraph of digraph of
H, (e) = (pg”z), Mo ) Ve €A.
Example 3 .4

Consider the bipolar fuzzy soft graphD v astakenin Example 3.2. and also Consider a bipolar fuzzy soft digraph
5fwwhere Vo={x x, x3 x4 } and
B ={e, e, €3}
512;'], described by Table 3.2 and /.l%z (xl-, x]-) =0 forall (xi, x]-) EV,XV, /[ {(x1,x), (x5, x3),
(x3,x,) }andforalee B

Table3.2
Pp? X1 b X3
e, 0.5,-0.2 0.7,-0.3 0
e, 0.6,-0.1 0.2,-0.3 | 0.4,-0.2
es 0.3,-0.1 0.5-0.2 | 0.2,-0.1
Hy2 (x1,%,) (x5, x3) (3, %1)
e, | 04-02 0 0
e, | 0101 | 0201 0
e; | 0201 | 01,01 0
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Fig32 D3y = (A(e)), Aes), Ailes))
Bipolar Fuzzy soft in Digraph

Hence D3 ,isabipolar fuzzy soft subgraph

of digraph D,

Definition 3.5
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(0.5.-0.1)

H (e3)

A bipolar fuzzy soft digraph EA‘V = (pp, Up, A) isastrong bipolar fuzzy soft digraph if it has only one

disconnected and also if

/'l;(e) (x,y) = min (#+(e) ), 1 (y))
b Pp Pp

006, y) = max (10 (0,170 (7)) and also
D D D

oy = 100 & pwby) = plx) foradle € Aand (x,y)& (v,x) € E.
#5 ﬂﬁ HE Hﬁ

D ? ) ) 1] X Ix X ;x
Example:3 .6 My | Gy, x) | (pxs) | (g, 20) | (g, %3) | ( 30 1) ((32_01;
Consider a e; | 04,02 0 0 0 T
digraph D, ,where V = { - -
w e, | 040206020602 ]| 04-03| 24030402

Xy Xp X3 x4 yandE ={e; e;}
D,, Described by Table 3.3 and ,u%(xl-, xj) =0 forall (xl-, xj) EVXV/ {(x1,x), (x5 x3),
(x3,%4),(x4,%3),(x3,%,) }andforalee E

Table3.3

Pp X1 X3 X3 X4

e, 0.4,-03 | 0.8,-05 | 0.3-0.4 | 0.6,-0.5

e, 0.7,-04 | 0.5,-0.6 | 0.6,-0.5 0
iy | Cer,xp) | (xpxs) | (g, xa) | (e x3) | Crsug) | (x5, %0)
ey 0.4,-0.3 | 0.3,-04 | 0.3,-04 | 0.3,-04 | 0.3,-0.3 0
e, | 05-04]05,-05 0 0 0.6,-0.4 | 0.5,-0.5
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Fig3.3D,y = (H(ey), H(e,))
Strong Bipolar Fuzzy soft Digraph
Definition 3.7

A Bipolar fuzzy soft digraph
Dy = (pp, up, A) iscaled complete if

Ky (x,y) = min (u;@ CONTHE (y))
D D D

Mo (x,y) = max (ﬂ;@ GO 1 (y)),
D D D
forale €eA&x,y eV

Example:3.8 _

Consider abipolar fuzzy soft digraph D, ,whereV ={ x; x, x3} andE = {e; e, }
D, Described by Table 3.4 and u%(xi, x]-) =0 forall (xi, x]-) EVXV/ {(x1,x5), (x5, x3),
(x3,%,), (x1,x3), (x3,%), (x5, x;) }andforale€ E

Table3.4
] X1 X2 X3 X4
ey 0.4,-0.3 0.8,-0.5 0.3,-04 0.6,-0.5
e, 0.7,-04 0.5,-0.6 0.6,-0.5 0

f(e,) fi(e)
Fig3.4D,, = (A(e,), H(e,)) Complete Bipolar Fuzzy soft Digraph

Definition 3.9
Let 5},_], = ( Pyt Hst, A ) and 5123’1,2 = (py2 U2, B) betwo bipolar fuzzy soft digraphs of simple digraphs

D; = (V,E,) and D; = (V,, E,) respectively.
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The Cartesian product of 52“,1 and 5;‘,2 isdenoted by D'x D = (p, 1, »AXB) andis defined by

<#+(e) Xll+(e) ) (x1,x2)
P51 PEZ

= min < .u-+(e) (xl) ’ ,u+(e) (xz) )
Ppi Pg2

- Y

<”p(fl) Mpgez) ) (x1,23)
D D
= max ( Ko (x1) 1 e (x2) ) ) V (x1,%;) € V1 XV5.
Py1 Py2

< Ko X' ) (( x,%,)( %, yz))

Il51 Il52

= min < u+(e) ) ,M+(e)(xz;)’2) )
Pp1 Hp2

<Il;ge1) X”;Eez) > ((x, xz)( X, yz))

=max| U (%) , 1 (X2, ¥2)
Pp1 Hp2

Ky (yl'yz) (yz'y3) (3'3'3’1) VxE€
eq 0.3,-0.1 0 0
V; and (Xz; )’2) € E, e, 0.3,-0.2 0.1,-0.1 0.2,-0.2 H:(Nel) X“:Eez) (x1, Z)(y1; Z)
] pj
= i +e ’ ’ +€ _e X _e ’ ’
min <”#%1)(x1 Y1) HP%Z)(Z)) (Mu(ﬁf H”,(jz) ) (x; Z)(yl Z)

=max | { (X1, Y1), 1 () (2)
! Pp2

V(x;,y1) € E{,z € V,.
Example: 3.10

Consider V={x; x, x3 } andE ={e; e;,e;}.
Let Vl:{ X1’ xzy X3} ;A = {el, €z }Y
Vo ={ Y1, Y, Y33} & B={e; e;}.
D,,is defined by Table 3.5 and
u%l (x;,x;) = 0 forall (x;,x;) € (ViXV )\(x1,x2), (x2,%3), }and for al e € A.

Dy, isdefined by Table 3.6 and
Koy, y) = 0forall (y,y) € (V,XV;)/

{O1,92), 2,¥3), (y3,¥)} andforal
eE€ B.

Then the Cartesian product of 5,1% and 5123.1/2 isﬁzy3 given by the Table 3.7 and
/1%3 (x,x) =0 forall (xi,yj) € (V53X Vy)\
{Coer v %0 ¥2), (e y1,x0 Y2 ), (g Y1 ,%3 Y1),
(3 ¥1,%3 ¥2 ), (X1 Y2 , %2 ¥2 ), (%2 ¥2 ,X3 Y2 ),

(X1 y3,%10 71 ), (X1 Y2 %1 Y3 ), (%2 ¥3,%2 Y1),
(X2 ¥2 %2 ¥3 ), (X3 ¥3,%3 ¥1), (x5 ¥2 , X3 ¥3 ),

(Y3, %253), (23, X3Y3), (X1 Y1, %2 Y1)}
andfordlee C,V; = VXV,
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Table3.5
fist (x1,%) | (xpx3) P! X X, X3
e, | 02-01 | 0101 e, | 03-01 | 05:02 | 0201
o | 04-02 0 e, | 0502 | 0703 0
Table 3.6
Py Y1 Y, Y3
e, | 04:04 | 0502 0
e, | 06-03 | 04-02 | 0203

H(e) Ae)
Fig3.5 5/1“,1: (A (e,), H(e,)) Bipolar Fuzzy soft Digraph

6(91)

Fig 3.6 Efm: (G(ey),G(e,)) Bipolar Fuzzy soft Digraph
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Table3.7
~3 (HX x x x X x X
P5 c(;) 1y, xny, | uy, 2 V1 2 Yy | %2 Vs 3 V1 3 Y, 3 V3
e; Xeg 0.3,-0.1 0.3,-0.1 0 0.4,-0.2 | 0.5,-0.2 0 0.2,-0.1 0.2,-0.1 0
e Xey 0.3,-0.1 0.3,-01 | 0.2-01| 05,-0.2 | 04,-0.2 | 0.2,-0.2 | 0.2,-0.1 0.2,-0.1 0.2,-0.1
e, X e, 04-02 | 0502 | 0 | 04-03 |[05-02| O 0 0 0
e,Xe, | 0502 | 0402 | 02-02| 06-03 | 0402|0203 0 0 0
ppr (HXG) | oy xiy2) | O vy % yi)| (e y1,% ¥2 ) | (g y1 %3 ¥1) (3 1 ,%3 ¥, ) (e 2 0% Y2 ) | (X5 Yo %3 V5 )
e, Xe 0.3,-0.1 0.2,-0.1 0.3,-0.1 0.1,-0.1 0.2,-0.1 0.2,-0.1 0.1,-0.1
e, Xe, | 0301 | 02-01 03,0.1 0.1,-0.1 02,0.1 02,0.1 0.1,-0.1
e, X e, 0301 | 0402 0.3,-0.1 0 0 0.4,-0.2 0
e, X e, 0302 | 04-02 0.3,0.2 0 0 0.4,-0.2 0
pps (HXG) | oy, )| G ye o x y3 )| G ¥3,% vi) | (6 Vo % 3 ) | (X3 ya,x3 ¥1) | (x5 ¥5 %3 ¥3 ) | (63, %5Y5) | (Y3, X3Y3)
e; Xeg 0 0 0 0 0 0 0 0
e Xey 0.2,-0.1 0.1,-0.1 0.2,-0.2 0.1,-0.1 0.2,-0.1 0.1,-0.1 0.2,-0.1 0.1,-0.1
e, Xeq 0 0 0 0 0 0 0 0
e, X e, 0.2,-0.2 0.1,-0.1 0.2,-0.2 0.1,-0.1 0 0 0.2,-0.2 0
The Cartesian Product of 5,1% X 52_‘,2 is
(0.3,-0.1)
o 0301
XM g X1¥>2
(0.2.-0.1) (0.2.-0.1)
(03.-0.1) 4
X, ‘QDA’ Y
2»1 b 22
(0.1,-0.1) (0.1,-0.1)
(0.2.-0.1) y
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(0.3,0.1) (0.1,0.1)

(0.2.-0.1)
03.-0.1 < 02.-0.1
XY, [—/ X1¥3
(0.2,-0.1),

02.0.1)

0.2.-0.1)

02.-0.2) /0'2_ @ws

(0.1,-0.1)
0.1-0.1)
v 02.-0.1) ,L
o.z,m
(AxG)(ey X ey)

ENA

(HxT)(ey X e,)
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1y,

('HXG)(eZ X ez)

Fig3.7 52_‘,3 Cartesian product of Bipolar Fuzzy soft Digraph

Theorem: 3.7

If ij _and D’IZ;‘VZ are two bipolar fuzzy soft digraph , then D' X D” is also bipolar fuzzy soft digraph.

Pr oof:
LetD' = (p51 p1, A ) and

D? = (pp2 ppz, B) betwo bipolar fuzzy soft digraphs of smpledigraphs D} = (Vy, E;) and D; = (V,, E;) respectively.

From Definition,

Ife, € Aande, € B,then

Case (i)
Ifx, € Viandx, €V, then

D D

+ + : + +
(Il (epX U (e2)> (xl,xz) = min (H (e1) (x1)»ll (ez)(x2)>
Hu Hu b1 P_2

D D

D

= min <#+(e1)X #+(e2)> (1), <#+(e1)X .u+(e2)> (x,)
P51 Pﬁz P51 p

(#_(el)X #_(e2)> (x1,x;) = min (#_(el) (1), 1 ey (x2)>
ﬂ51 %) p_1 P2

D

D D

= min <M_(e1)X M_(e2)> (1), (mel)X M_(e2>> (x2)
P_1 P_2 P_1 P_2
D D D
Case (ii)
If x € V, and (x,,y,) € E,, then

<#+<e1>X #+<ez)> ((ox)(xy,))
A

=min | p¥ e (0, U en (X2, ¥2)
Pyi Hy2
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< min <li+(e1> (x), min <nu'+(€z)(x2)' H+(ez)()’z)>>
P Pﬁz p52

bl

= min [min <M+(e1)(x), 1 ey (x2) ),min <H+(e1)(x); 1 e (V2) )]
Py [ [, [

Dl

= min [<#+(e1)X ll+(e2)) (x,x3), (M+(e1)X #+(e2)> (x, 3’2)]
P P P [

51 52 D1

<.u_(E1)X .u_(ez)> (( X, xZ)( X, }’2))
upt Hp

= max (,u;(el) (X), ,U;(ez) (x2: 3’2)>
bt D2

> max <M_(e1)(x),max <M_(ez)(xz).ﬂ (22)(y2)>>
[ [ [

= max [max (ﬂ_(el) (O U ey (x2) ),max (M_(el) Gt e (v2) )]
p p [ [

Dt D2

= max [(M_(el)x li_(ez)> (x,%2), <ll_(e1)X ll_(ez)> (x, }’z)]
Ppi Pp2 Ppi Pp2
Case (iii)
Ifz € V,and (x1,y, € E;), then

(.u'+(e1) X .u'+(ez)) ((xll Z) (}’1; Z)) = min (M+(€1) (xlt yl)' .u+(6‘2) (Z)>
Hp1 #52 Hp1 #52
: : + + +
< min [mm (u en(x1), 1 <e1>(y1)>,u (ez>(2)l
Pyi Pyi Pﬁz

= min [min | 4 e, (1), 1 ep)(2) |, min | 1l 1), e, (2)
P=1 Pﬁz 951 952

D

= min [(M;(eﬂ X M;(Q)) (Xl, Z)! <H;(81) X :u;(ez)) (}’1, Z)]
b1 bt

b? D2

(#_(el) X #_(e2)> ((x1,2)(y1,2)) = max (H_(el)(xl»}ﬁ).M_(ez)(2)>
Hl~)1 ”52 #51 #52

= max [max (#;(el) (x1), #;(el) (}’1)> , M;(ez)(z)l
Bl Bl 52

D

= max |max ll_(el)(xﬂ,ll_(ez)(z) , max H_(el)(}ﬁ).ll_(ez)(z)
Px1 P=> Pl~)1 PT)Z

D D

= max |:<‘u;(5€11) X M;g?zz)) (xl,z), <H;%511) X #;1(3822)> (}’1:2)]
IV CONCLUSIONS the classical and fuzzy models. We have introduced some
concept of bipolar fuzzy soft digraphsin this paper.

Graph theory is an extremely useful tool in solving the
combinatorial problems in different areas including
geometry, agebra, number theory, topology, operations
research, optimization and computer science. The bipolar
fuzzy sets congtitute a generalization of Zadeh’s fuzzy set
theory. The bipolar fuzzy models give more precision,
flexibility and compatibility to the systems as compared to
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The concept of bipolar fuzzy soft digraphs can be applied in
various areas of engineering, computer science: database
theory, expert systems, neural networks, artificial
intelligence, signal processing, robotics, computer networks,
and medical diagnosis.
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