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Abstract: Fuzzy sets and soft sets are two different tools for representing uncertainty and vagueness. We
introduce the notions of fuzzy soft digraphs, fuzzy soft walk, fuzzy soft trail in digraph and some operations in
fuzzy soft in fuzzy soft digraph.
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. Introduction

The Concept of soft set theory was initiated by Molodtsov [1] for dealing uncertainties. A Rosenfeld
[2] developed the theory of fuzzy graphs in 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 graphs in the year 2015. Sumit mohinta and T K samanta [6] also introduced
fuzzy soft graphs independently. The notion of fuzzy soft graph and few properties related to it are presented in
their paper. In this paper, fuzzy soft digraph, walk in fuzzy soft digraph, trail in fuzzy soft digraph and some
operations are introduced.

Il.  Preliminaries

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

Let U be an initial universe set and E be the set of parameters. Let A CE , A pair (F,A) is called fuzzy
soft set over U where F is a mapping given by F : A — IV, where IV denotes the collection of all fuzzy subsets
of U.
Definition: 2.2

Let V be a nonempty finite setand o : V — [0,1]. Again,let u:V XV - [0,1] such that
ulx,y) < a(x) A a(y) forall (x,y) € VX V. Thenthe pair G = (a,u) is called a fuzzy graph over the set V.
Here o and u are respectively called fuzzy vertex and fuzzy edge of the fuzzy graph
G=(o,u)
Definition: 2.3

A fuzzy digraph Gp = (op , p) is a pair of function g, : V - [0,1]and up : VXV - [0,1]
Where up(x,y) < ap(x) A ap(y) forall (x,y) € V XV and up is a set of fuzzy directed edges are called fuzzy
arcs.

Definition: 2.4

The degree of any vertex o (x;) of a fuzzy graph is sum of degree of membership of all those edges
which are incident on a vertex a(x;) and is denoted by deg(o (x;)).
Definition: 2.5

In a fuzzy digraph the number of arcs directed away from the vertex a(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(a(x)).

The degree of vertex o(x) in a fuzzy digraph is deined to be deg(a(x)) = id(c(x)) + od( a(x)).
Definition: 2.6

Let G = (o, p) be afuzzy graph. The Order of G = (o, ) is defined as

oG = ¥ o
uev

and the size of G = (o, u) is defined as

S(6) = Y ).

Uuvev
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Definition: 2.7
A directed fuzzy walk in a fuzzy graph is an alternating sequence of vertices an edges,
X0 €1, X1, €2, ve wer eev we -+, €1, X, INWhiCh each edge e; is x;_1, x;.
Definition : 2.8
A fuzzy path is a fuzzy walk in which all vertices are distinct.
Definition : 2.9

Let Gy = (01 ,141) and G, = (o, , iz) be two fuzzy graphs over the set V. Then the union of
G; and G, is another fuzzy graph G; = (g3, u3) over the set V, where
03 =0, U0, and  pz = wUp, ,
i.e. o3(x) = max{o;(x), o,(x)} Vx €V
and  p3(x,y) = max{py (x,y), 4u2(x,y)} Vx,y €V.
Definition : 2.10
Let G; = (o1,14¢) and G, = (o, , i) be two fuzzy graphs over the set V. Then the intersection of
G; and G, is another fuzzy graph G; = (g3, u3) over the set V, where
03 = 01 N 0y and  pz = p 0oy,
i.e. o3(x) = min{ o1(x), o, (X))} Vx €V
and  p3(x,y) =min{u (x,y), 1, )} Vx,y €V.

I1l.  Fuzzy Soft Digraph
We now introduce some basic concepts of fuzzy soft digraph
Definition: 3.1
LetV={x x; x3 X4 X5 ... x, } (non empty set), E(parameters set) and A<E
Also let
(i) pp: A— F(V) (collection of all fuzzy subsets in V)

e— pf = ph (say)

And p¢ :V - [0,1] x; = pp(x;)
(A, pp) : Fuzzy soft vertex

(iup: A » F(V XV) (Collection of all Fuzzy subsetsinV XV )
e By = B (say)
And @ VXV —>[01] () %)= B(x %)

And is a set of fuzzy directed edges are called fuzzy arcs.

(A, up) : Fuzzy soft edge
Then ((A, pp), (A, up ) is called fuzzy soft digraph iff (xi,%) < phCx ) A ph(x )
Ve€Adand Vi,j =1,2,3,.....nand this fuzzy soft digraph is denoted by D,

Example: 3.1
Consider a fuzzy soft digraph D,y where V={x; x, x3 x4, } andE ={e; e, e;3 }

D,y Described by Table 3.1 and (xi ) X ) =0 forall (xl« , x]-) EVXV /] {(x1,x3),(xz, x3),
(x3,%4),(x4,x;) }And foralle e E

Table 3.1
X X X X.
L 012 028 036 044 Hp (x1,%5) (xp,x3) (x3,%4) (x4, %1)
€1 : : : ' e 0.1 05 04 0.2
) 0.1 0.3 0.7 0.5 e, 0.1 0.2 0.4 0.1
e 0.4 05 0.9 0 e 02 04 0 0
a3 (0.2) 0.1 xs (0.8) ay (0.1 0.1 xs (03] xy (0.4) 0.2 a3 (0,3)
i 0.1 i} ."‘ 'y
a3 k4 04
¥, (0.4) 0.4 %, (0.6) ¥ ,(0.5) 0.4 ¥ (0.7) % (0.9)
Comesponding to the Comesponding to the comesponding to the

Parameter PATAMeTer iy paramaeter ey

Fig. 3.1 Fuzzy Soft Digraph Dayv
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Definition: 3.2

Let Dav= ((A, pp),(A up)) be aFuzzy Soft digraph . The degree of a vertex ‘u’ is defined as

degoay = 2 (X (0d@W) + idw)))
eed uevV
Definition: 3.3
Let Dav= ((A, pp),(Aup)) be aFuzzy Soft digraph . Then the Order of D,y is defined as
O(Dav) = X ( X pp(x))
e€EA x €V
Definition: 3.4

The Size of Dpy is defined as
SDav) = X ( 2% B(x, %))
ecd X, % € V
Example from the above Fig 3.1

Dav od(xy) + id(x)) od(x,) + id(x,) od(x3) + id(x3) od(x,) + id(xy)
e 0.1+0.2=0.3 05+0.1=0.6 04+05=09 0.1+0.2=03
e 01+01=0.2 02+0.1=03 04+0.2=06 0.1+04=05
€3 02+0=0.2 04+0.2=0.6 0+04=04 0+0=0
Deg Deg(x;) =0.7 Deg(x,) =15 Deg(x3) =1.9 Deg(x,) = 0.8

The degree of the vertex x; is

degpav(x) = X ( X (od(w)+ id(w))

eed uevl
Therefore, degpav(x;) = 07
degpav (x2) = 15
degpav(xz) = 19
degpayv (x4) = 0.8

The Order of fuzzy soft digraph Day is
O(Dav) = X2 (C X ppx))
e€EA x; €V
= (02+08+06+04)+ (0.1+0.3+0.7+0.5)
+ (04405 + 0.9)
= 20+ 16 + 138
Therefore, O(Dav) = 54

The Size of fuzzy soft digraph Day is

S(Dav) = 2( X B, x5))
eeA xi,Jc}-EV

(i.e) Size = Sum of allthe fuzzy arcs
= (0.1+05 +04 + 0.2) + ( 0.1+ 0.2 + 0.4+ 0.1)+ (0.2+ 0.4)
= 12+08+ 06
Therefore, S(Dav) = 26
Definition: 3.5
A fuzzy soft arc joining a fuzzy soft vertex to itself is called a fuzzy soft loop in digraph
(ie) id = od
Definition: 3.6

Let Dav = ((A, pp), (A up)) be afuzzy soft digraph. If for all e € A there is more than one fuzzy
soft arc joining two fuzzy soft vertices, then the fuzzy soft digraph is called a fuzzy soft pseudo digraph an
these arcs are called fuzzy soft multiple arcs.

Definition: 3.7

Let Dav = ((A, pp), (A, up)) bea fuzzy soft simple digraph if it has neither fuzzy soft loops nor
fuzzy soft multiple arcs foralle € A
Example: 3.2

Consider a fuzzy soft digraph D, where V={a;, a, as a, } andE ={e; e, e3 } Dy
described by Table 3.2 and &, (x;, x ) =0 forall (x;, x;)
€ V X V/ {(al ’ aZ)' (az, a3 )l (a3 ) a4 ) ) (a4 ) al )I (aZI al )! (alr a4 )r
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(a1, ;) }and foralle € E

Table 3.2
Pp a, a; as Ay
e 0.5 0.2 0.4 0.3
e 0.4 0.7 0.6 0.5
e3 0.5 0.9 0.3 0.4
Hp (a;,a;) (az.a3) (az,a,) (as,a1) (ag,a1) (a,a4) (a1,41)
e 0.1 0.2 0.1 0.2 0.2 0.2 0
e, 0.1 0.2 0.1 0.1 0 0.1 0
ez 0.3 0.2 0.2 0.3 0.4 0 0.2
02 04
ay 1
(0.5) 0.1 ag (0.2) a; (0.4) 0.1 ag (0.2) 0.3 a; (0.9)
i iR 01 D.S“ 01 ¥ )i +
02 T
' 0.2
L . « ]
a,(0.3) 01 ag (0.4) a,(0.3) 01 az (0.4) ay(0.4) 02 ay (0.3)
Comesponding to the Corresponding to the comresponding to the
Parameter e; parameter e; parameter s

Fig 3.2 Pseudo Fuzzy Soft Digraph Dayv

The figure above contains a fuzzy soft loops corresponding to parameters e; and es.It also contains
fuzzy soft multiple arcs corresponding to the parameter e;, e, and e;. Therefore, Day is Pseudo Fuzzy soft

digraph, but it is not simple fuzzy soft digraph.

Definition: 3.8
A fuzzy soft walk in Dav = ((A, pp), (A, up )) isan alternating sequence of
W = pp (e B (a)pp (ep )8, (@) pp (3 )8y (@a) oo e e oo P (1 VB (@i —1) P ()

of fuzzy soft vertices pf (x; ) and fuzzy soft directed edges &, (a;) from D such tha the tail of 25 (a;) is p§ (x; )
and the head of 5 (a;) is pj(x;4q ) forevery I=1,23,............ k-1.
A fuzzy soft walk is closed if pf(x; ) =pf(x,) and open otherwise.
We say that W is fuzzy soft walk from pf(x; ) to pj(x, ) oran &, (x;,x;) - fuzzy soft walk.
Definition: 3.9
The length of the fuzzy soft walk in D is
LoW) = X ( X

eed xl-,ijV

25 (a;))  where ai = (p5(x; ), pp(x; )
Example: 3.3
Consider theV={x; x, x3 x4 x5 }andE ={e; e, e3, e, }.Let A={e; e e3}
D,y defined by Table 3.3 and (xi ) X ) =0 forall (xi , x]-) EVXV /] {(x1,x3),(x3, x5),
(x5 ,%4 ), (x5 ,21 ), (x4, %x3),(x3,%,),(x3,%x5) }and foralle € A

Table 3.3
Pp X1 X X3 X4 Xs
e 0.1 0.2 0.8 0.2 0.3
e, 0.8 0.3 0.3 0.9 0.9
e; 0.6 0.8 0.7 0 0.5
1)) (x1,%2) (x2,%5) (x5 ,%4) (x5,%1) (x4,%3) (x3,%2) (x3,%5)
(a) (as) (ag) (as) (az) (az) (az)
e 0.1 0.2 0.2 0.2 0.1 0.4 0.2
e, 0.2 0.1 0.7 0.6 0.2 0.1 0.2
e; 0.5 0.2 0 0.3 0 0.4 0.3
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l;&ll, ry (0.6)
u‘);:) '{la,n.l )
) -

X2
(0.5)

ag (0.2)

a;
0.4)

L > G -
v, (0.2) a; (0.1) 13 (0.8) 1 (09)  a;(0.2) x;(0.3) x;{0.9)
Corresponding to the Corresponcing to the Corresponding to the
Parameter ¢, parameter o; parameter ¢,
Hey) Hie) H(e:)
Fig3.3 D={ H{(ey),H(ey), H(es) } is fuzzy soft digraph.
1y (0.1} x, (0.1 1, (0.6)
a,(0.1) a,(0.6) ay(0.3) ay (0.5)
g (0.2)
x; (0.3) ug (0.2) Ky X
1, (05) xy (0.3) [(0.5) Xy (0.8}
a,(02) l
» 25 {02) ‘-1;(0 4)
’ ay (0.1)
. > 9y, .’ > ® ., (08)
g (02 @; (0.1} {0.8) (0.2)
Wie) W ey} W ;)
Fig, 3.4

W(D) = { W(ey) , W(ey), W(es) }isthe fuzzy soft walk in digraph.
The length of the fuzzy soft walk

Lo(W) = Z( % H;(ai))
ee A xi,ijV
= 08+13+14
Lo(W) = 35

Definition: 3.10

If the fuzzy soft directed edges are distinct in a fuzzy soft walk is called a trail of fuzzy soft digraph.

Definition: 3.11

If the fuzzy soft vertices are distinct in a fuzzy soft walk is called a path of fuzzy soft digraph.

From the above Example .3.3
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ty (0.1) \-I-;‘,SI}Q
/

.\\u,mlr u:,l'l'f{\'l/ as{0.3)
ag(0.2) \ / agl0.1) (0.5 X
% & 5 —¢————@ "
\..n')_"n.—‘—' x- (0.5) v; (0,97 * ® . (0.3) a2.(0
: 1

a,(0.2) Y a(0.1) * “U:I‘J,J'
a ll"':“
14(0.8) (‘;nq‘ e T (0.3) 1 (07)g
ry (0.2) e ay(D g ®
W (ey) Wies) W (es)
Fig, 3.5

W(D) = { W(e)) , W(ey), W(es) }is the fuzzy soft path in digraph.

IV.  Operations On Fuzzy Soft Digraph
We now introduce some basic operations on fuzzy soft digraph

Definition: 4.1
LetV;,V, C Vand A ,B CE then the union of two fuzzy soft digraphs .
Diy, = (A pp1), (A pupi)) and
D3y, = ((B,pi2), (B, uh2)) is defined to be

3
D¢y,

((C.p5s ). (Cousa))  say.

Where C:AUB, V3:V1UV2

ppr(x;) Vx; V-V, & e €eA—B

0 vx, EV,—V, & e €EA-B

ppr(x;) Vx;, EVyNV, & e EA—B

- ppa(x;) Vx; EV,—V, & e EB—A

pp3(x;) = ) 0 Vx, EV—-V, & e EB—A
pp2(x;) Vx;, eVynV, & e eB—A

\
(max {ppi(x;)Upp(x)}Vx, EViNV, & e EANB

ppi(x;) Vx;, EV, -V, & e EANB

pp2(x;) vx, EV,—V, & e EANB

And >
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( ppr (X, %) if (x,x)€VXV)—(,XV;) & e €EA—B
) 0 if (x,%) €(V,XV,)—(V,XV,) & e EA—B
ppt (X% ) if (x,%5) €WV XV)nV,XV,) & e €EA-B
\

(1% (o) 0 (x0x) €V, XV,)— (X V) & e €EB—A
Ups (x,%) = < 0 if (x,%) €eXV)Nn(,XV,) & e €EB—A
\ tp2 (xi,% ) if (x,%) €VXV)n{,XV,) & e EB—-A

[ Max { ub1 (x5 ) U sz (x0,%))
if (x,%5) €(VXV)N(LXV,) & e EANB
ppr (x5,% ) it (x,%) €(VXV)—(XV,) & e €ANB
tp2 (Xi,% ) it (x,%) €(VLXV,)—(V1XV;) & e €EANB

Where pp1 (x;,% ), ppe (x,% ) and pps (x;,% )

tpr Uy are the set of fuzzy directed edges are
called fuzzy arcs.

Example: 4.1

Consider V={x; x, x3 x4} andE ={e; e, e} Let Vi={x; x, x3} ,A={e; e},
Vo={x, x3 x4} & B ={e, e3}.Djy,isdefined by Table 4.1 and
tpr (x;,% ) = 0 forall (x;,x) € (V;X Vi)\(x1,x2), (x2,%3), (x3,%;) }and foralle € A.
D}y, is defined by Table 4.2 and
tp2(x;, % ) = 0forall (x;,x ) € (Va XV )\ {(x2, x3), (x3,%4 ), (x3,%2 ), (x2,%4 ), (x4 ,x, ) }and foralle
€ B. Then the Union of Dj,, and Dj, is D2, given by the Table 4.3 and ujs (
x,% ) =0 forall (x,% )€

(V3X V3)\ {(x2, x3), (x5, %4 ), (x3,%2 ), (x3,%1), (%1, x2), (x5, %4 ), (x4 ,x,) } and foralle € C.
Table 4.1
Pp Xy X X Hpt [xl ,xz) [JCg,x ) (x rxj_)
e 0.5 0.8 04 e 04 03 0.2
e, 0.8 02 0.9 e, 0.1 02 0
Table 4.2
Pp? X2 X3 X4
Mp? (xy,x3) (x3,%5) (3,%4 ) (g, %7) (g, x4)
e 0.6 0.5 0.4 e, 0 0.4 0.2 02 0
e3 0.7 0.5 0.4 e 0.3 0 0 0 02
xy (D.5) 1,(0.8)
/’
0.1 7/
(0.8)x; x3(0.4 (0.2) \;‘/ »0-2 o X1(09)
Corresponding to the parameter e, corresponding to the parameter e,

Fig 4.1 Diy,
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x; (0.6)

x4 (0.7)

(0.5 14(04)

Corresponding to the parameter e, corresponding to the parameter e;

; 2
Fig 4.2 DB‘V2
Table 4.3
Pp X 7} X3 X4
e 0.2 0.8 0.6 0
e, 0.8 0.6 0.9 0.4
ey 0.7 05 0.4 0
Up (x1,%5) (x2,%3) (x3,%7) (x3,%1) (x3,%4) (x4, %) (xp,%4)
e 0.4 0.3 0.2 0 0
e, 0.1 0.2 0.4 0 0.2 0.2 0
e 0 0.3 0 0 0 0 0.2
x; (05) x, (0.8) 1;{04) x;(0.2)
2§ A
\ / \
N\ \
14 %02 0.1 - OP 0.3 \ 02
’ \ ) \ )
) / \"v.
/ \
- * /
(0.8, 02 0, (04) x;(0.6) %:(0.9) ‘-‘1!‘--, x(ill
-

o4

Coresponding to the
Parameter o,

Carresponding to the
paramestes @,

Fig 43  DZy,

Cormresponding to the
parameter o,

Definition: 4.2
LetV;,V, C Vand A , B CE then the Intersection of two fuzzy soft digraphs .

Diy, = ((A pp1), (A ppi)) and

Dy, = ((B,pp2). (B, up2)) isdefined to be
D¢y, ((C.pp3 ). (Coup3))  say.
Where C =AnN B, V3 = Vl n VZ and

prs(x;) = ppi(x;) N pha(x;) forall x; € V3 and e € C,and

tps (x5, ) = ppr (x%) ppe (x,%) if (x,%5) €V; & e € C.

Example : 4.2

Consider V={x; x, x3 x4} andE ={e; e, e3}. Let Vi={x x; x3} A={e; e}, Vo={
Xy X3 X4 } & B={e; e3}. Djylis defined by Table 4.4 and pp1 (x;,x; ) =0 forall (x;,x) €
(ViX VO\(x1 , x2), (X2, %3 ), (x3,%, ) }and foralle € A. D, is defined by Table 4.5 and uj. (x;,% ) =
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0 forall (x;,x ) € (Vo XVo)\ {(x2, x3),(x2,%4),(x4,%;) }Yandforalle € B.SoV; ={(x;, x3)}and C =
{e2 }.

Then the intersection of D4y, and Djy, is Dy, given by the Table 4.6 and

ups (x;,% ) = 0 forall (xi,xj ) € V3X Vo)\ {(xz,x3), (x3, x5 ),(x3,x3) }andforalle € C.

Table 4.4
Ppt X1 X2 X3 Hpt (1, %) (0, %3) (x3,%1)
e 0.7 0.5 0.3 el 0.3 0.2
e, 0.5 0.7 0.6 e, 0.4 0.3 0
Table 4.5
Pp? X2 X3 Xq Hp? (2, %3) (x4,%3) (2,4 )
e, 0.8 0.6 0.4 e, 0.5 0..2 0
e 0.5 0.4 0.3 e 0.3 0 0.1
x, (0.7) 1, (0.5)
i
0.3 \\ 0.2 04 /
AN /
%
(0.5)x \.-..l‘f.l.]} u'-",\\;/ 0.3 v, (0.6)
- e
Corresponding to the parameter ¢, corresponling to the parameter e,
H 1
Fig 44 Dyy,
5 (0.8) ,(0.5)
03
(0.6)x4 ;(04) (0.4) x4
Corresponding to the parameter e, corresponding to the parameter ey
i 2
Fig 4.5 Dgy,
Table 4.6
Pp3 X2 X3
e, 0.7 0.6 "eD; (XZO’ 3 )
X2 (08) [ > o (OG)Xg
i 3
Fig 4.6 D¢y,

V.  Conclusion
Finally, we have analyzed some concepts of fuzzy soft digraph, union and intersection of fuzzy soft

digraph. In future it can be applied to real applications in mobile networks, one way transportation problem and
decision making problems.
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