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Abstract: Let G,, be a fuzzy soft graph and let X; and X; be any two vertices of Guy . |If
e (X %;) < pe (%) A pe (X;) for each parameter e e Aand d ¢ (%)= dg, ,(X;) then we say
that X; strongly dominates X; in G, . Similarly if 4z, (X;,X;) < 0,(X;) A p(X;) for each parameter
eeAanddg, ,(x) < dg, ,(X;) thenwesay that X; weakly dominates X; in G, . Asubset S of

V is said to be a strong(weak) fuzzy soft dominating set if for every vertex in V — S is strongly (weakly)
dominated by at least one vertex in S.The minimum cardinality of a minimal strong(weak) fuzzy soft
dominating set is called strong (weak) fuzzy soft domination number and is denoted by

7/sfs (GA,V )(j/wfs (G AV ))

Key words:- Strong (weak) fuzzy soft domination , Strong (weak) fuzzy soft domination number, independent
domination, independent domination number independent strong(weak)fuzzy soft domination and independent
strong(weak) fuzzy soft domination number.

I Introduction

The concept of domination in fuzzy graphs was first introduced by A Somasundaram and S Somasundaram [10].
The notion of fuzzy soft graphs and some operations in fuzzy soft graphs was introduced by Sumit Mohinta and
Samanta[9] . Muhammed Akram and Saira Nawas[8] introduced different types of fuzzy soft graphs and their
properties. Several authors were discussed Strong (weak) domination and independent domination in fuzzy
graphs in different ways[5] &[6].

In this paper we introduce the concepts of strong (weak) domination in fuzzy soft graphs , strong (weak)
domination number, independent fuzzy soft domination, independent fuzzy soft domination number, independent
strong (weak) fuzzy soft domination, independent strong (weak) fuzzy soft domination number.

1. Preliminaries
Definition 2.1[7] Let G be a graph with V' be the set of all vertices and E be the set of all edges. If there exist

two functions p:V — [0, 1] and 1£:V xV — [0,1] suchthat (X, y) < p(X) A p(Yy) VX, y €V. Then
G(p, 1) is called a fuzzy graph.

Definition 2.2 [8] Let V :{Xl, X2,X3,~-Xn} ( non empty set) E (parameters set) and A < E. Also let
P. -V —[01]such that each X; €V mapped to o, (X;) , where p, = p(€) is the p image of € € Aand
U,V xV > [O,l]such that each (X;,X;) € E mappedto 44, (X;,X;), where p, = ui(€) isthe 4 image
of e A, then the npair ((A, p),(A, ,u)) is called a fuzzy soft graph if and only if
e (%2 %) < p (%) A p.(X;) Ve € Aand Vi, j =1,2,3,---n isdenoted by G,y

Definition2.3 [8] The underlying crisp graph of a fuzzy soft graph GA,\, = ((A, ,0), (A, ,U)) is denoted by
G" = (p*,y*),where o ={x eV; p,(x) >0 for somee e E}and

w={(x,%x;) eV xV; 1, (x,x;) >0 forsomee e E}.
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Definition2.4 [7] A fuzzy soft graph G,,is called a complete fuzzy soft graph if
He (X, %) = P (%) A po(X;) VX, X; € p”,€ € A and is denoted by Ks,, -
Definition2.5 [7] Let GA,v be a fuzzy soft graph. Then the order of GA'V is defined as

O(G,y) :Z[Zpe(xi)] and size of G,, is defined as S(G,, ) :z( Z,ue(xi,xj)] and the

ecA\ x;ev ecA xi,xjev

degree of avertex X; isdefinedas dg ) (X;) = Z( Z,ue(xi,xj)J :

ecA\ XjeV X#X;
Definition 2.6[3] Degree of a fuzzy soft graph G, is definedas Dy~ =max{dg (x;);V x; eV}.
Definition 2.7[3] A fuzzy soft graph GA,V is said to be regular fuzzy soft graph if the fuzzy graph corresponding

to each parameter @ € A is a regular fuzzy graph.

Definition 2.8[3] A fuzzy soft graph GA,V without fuzzy soft loops and fuzzy soft multiple edges is called a fuzzy
soft simple graph.

Definition 2.9 [3] An FSG is said to be isolated if £, (X;,X;) =0V(x;,x;) e E,eeA.

Definition 2.10[3] Two fuzzy soft vertices are said to be adjacent if they are connecting by a fuzzy soft edge and
two fuzzy soft edges are said to be adjacent if they are incident on a common fuzzy soft vertex.

Definition 2.11[3] The complement of a FSG G, is defined as Gav = ((A p),(A, u))where

;e(xiixj) = Pe (X)) A pe (X)) = 1 (X X;) V (X, X;) e E& e e A}

Definition2.12[3]Neighborhood of a vertex is defined as N(X;) ={X; €V 2, (X; X;) = 0, (%) A p (X;)
Ve e A}.

Definition 2.13[3] Let G, beanFSG. & (G, )= min{d(GA‘v)(Xi) | VX, eV} &

A(GA,V) = max{d(GA,v) (X)) | V% eV}

Definition 2.14[3] Let G,, beanFSG. d (X;) is the fuzzy soft cardinality of N(X;).

Definition 2.15[3] Let G, beanFSG. Oy (G,,)=min{d (x)| VX eV} &

Ay (Gpy) =max{dy (x;)| VX eV}

Definition 2.16[4] Let G,, be a fuzzy soft graph and let X; and X; be two vertices of G,, . If
e (X, X;) < P (%) A p. (X;) for each parameter € € A and, then we say that X; dominates X; in G,
.Asubset S of V is called a fuzzy soft dominating set if for every X; €V — S, there exista vertex X; € S
such that X; dominates X; .

The minimum scalar cardinality of S is called the fuzzy soft domination number and is denoted by (GA’V )

ecA\ x;eS

The scalar cardinality of a fuzzy soft subset S of V is Z(Zpe (x; )J
Definition 2.17[4] A fuzzy dominating set S is called an independent dominating set if S is independent.
I11. Strong Fuzzy Soft Dominating (SFSD) set & Weak Fuzzy Soft Dominating (WFSD) set

Definition 3.1 Let G,, be a fuzzy soft graph and let X; and X; be any two vertices of Guy . |If
e (X, X;) < P (%) A P (X;) for each parameter € € Aand d ¢ (X)) > dg ,(X;) then we say that

X; strongly dominates X ; in G, . Similarly if £, (X;,X;) < p, (%) A p.(X;) foreach parameter € € A
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and d(GA‘V)(Xi) < d(GA,v)(XJ‘) then we say that X; weakly dominates X; in G,, . Asubset S of V is said
to be a strong(weak) fuzzy soft dominating set if for every vertex in V — S is strongly (weakly) dominated by
at least one vertex in S. The minimum cardinality of a minimal strong(weak) fuzzy soft dominating set is called
strong (weak) fuzzy soft domination number and is denoted by y (G, )(j/wfS (Gav ))
Theorem 3.2 In any complete fuzzy soft graph, the following inequality holds

Yuts(Cav) < 745 (Gay)-

Proof : Let GA,V be a complete fuzzy soft graph.

Case(i): suppose for all X; €V, p,(X) are equal. Since G,, is a complete fuzzy soft graph,
e (X, X)) = p (%) A p(X;) Vee Aandx;,x; eV.

So 1, (%, X;) = p. (%) Vee Aand Vx; V.

Hence 7, (Gay) =7 (Gay) = Z/\ Pe (%) =Zpe (x)-

ecA ecA
Case(ii): Suppose for all X; € V, pe(Xi) are not equal for eache € A . But we know that in a complete fuzzy

soft graph, any one of the vertex dominates all other vertices. If the degree of that vertex is the least one, then the
dominating set with that vertex is the weak fuzzy soft dominating set and the weak fuzzy soft domination number

Vs (Gay) = 2/\ P.(X;) and clearly the strong fuzzy soft dominating set has a vertex other than the least
ecA

degree vertex set and so the strong fuzzy soft domination number is strictly greater than the weak fuzzy soft

domination number.

Thatis 7, (Gay ) < Vs (Gay )-From cases (i) and (i), we get 7,,¢ (Gpy ) < 745 (Gay )-

Corollary:3.3 (i) For a regular fuzzy soft graph and totally regular fuzzy soft graph, 7, (Gay ) = 7 (Gay )-
(ii) For any fuzzy soft graph 7,,: (Gay ) < 74 (Gav) 0F i (Gav) = 74 (Gay )-

Theorem: 3.4 If G, ,, be a fuzzy soft graph of order O(G,,, ),

M 76(Gav) =74(Gay) <0Gy ) ~AG,y )

(i) 715(Gayv) 7w (Gay ) SO(G,y ) —6(Gyy )
Proof: From the definition of fuzzy soft domination number and strong fuzzy soft domination number, we get

7 ts (GA,V ) < Vs (GA,V )-Also we have O(GA,V )= Z(Zpe (x; )] and

ecA\ xjev

A(G,y ) = max{d Gav) (X)X €V}s0 O(G,y ) —A(G,, ) is the sum of the degrees of the vertices
in G,y excluding the maximum degree of a vertex. Thus we get 'y (G,,) <O(G,,)—-A(G,,).
Combining above relations we get 7 (G, ) < 74 (Gay ) SO(G,, ) —A(G,, ).

In similar way we get 7 (Gpy) < 7, (Gay)and O(G,, ) —S(G,, ) is the sum of the degrees of the
vertices in G, excluding the minimum degree of a vertex. S0 7, (G, ) <O(G,, ) —6(G,, ).

Hence we get (ii).

V. Independent Fuzzy soft domination

Definition ;3.4 A fuzzy soft dominating set S is called an independent fuzzy soft dominating set if S is
independent. An independent fuzzy soft dominating set is said to be a maximal independent fuzzy soft dominating
set if there is no proper independent fuzzy soft dominating set. An IFSD set S is said to be a maximum
independent fuzzy soft dominating set if there is no IFSD set S' such that | S'|>| S| . The minimum scalar
cardinality of a minimum independent fuzzy soft dominating set is called independent fuzzy domination number

and is denoted by 7, (G, ).
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Remark : 3.5For any fuzzy soft graph (G, ) < /i (Gay )-

Theorem : 3.6 For any strong fuzzy soft graph GA’VWithout isolated vertices then

O(Gay) —AG,Ly)
A 5 A SVt S Vigs -

Proof: Let S be a fuzzy soft dominating set with t elements. Since every element of VV — S is adjacent to some

t
elementinS, |V =S |< Z:d(xi)éyfS +A(G,y)

i=1
=O0Gay) 71 <7 +AG,y)
= O(GA,V )— A(GA,V ) <2y
O(GA,V ) - A(G‘A,v )
= 5 <7t
But we have for any fuzzy soft graph (G, ) < 7 (G, )-
O(GA,V ) ; A(GA,V) <V < Vi

Hence

V. Independent Strong( Weak) Fuzzy soft domination

Definition: 3.7 Vg, ={X; €V d (X;) =y (G, )}and V ={X; €V d (X;) = A (G, )} arethe
minimum and maximum neighborhood vertex degree of a fuzzy soft graph.
Definition: 3.8 Subset S of V of a fuzzy soft graph GA’V is said to be independent if no two vertices of S are

adjacent for each parameter € € A .
Definition: 3.9 Let G, be afuzzy soft graphand let X; and X; be two verticesof G, . If dg (%)=

d(GAV) (X;) and for each parameter € € A X; and X; are independently dominated, then we say that X;
independently strong dominates X; in G, . Similarly if d(GA’V)(xi) < d(GA,v)(XJ) and for each parameter
ee Aand X; and X; are independently dominated ,then we say that X; independently weak dominates X; in

GA'V . Asubset S of V is said to be an independent strong(weak) fuzzy soft dominating [IS(W)FSD] set if

for every vertex in V — S is independently strong (weak) dominated by at least one vertex in S. The minimum
cardinality of a minimal independent strong(weak) fuzzy soft dominating set is called independent strong (weak)

fuzzy soft domination number and is denoted by 7, (G, )(yiwfs (Gav)

Lemma: 3.10If G, is a fuzzy soft graph and S is an IWFSD subset of G, ,thenS NV # ¢.

Proof: Let X;eVy ={X €V d(X;) =0 (G,y )} If X;€ Sthen clearly S NV # ¢.Otherwise
since S is an IWFSD subset, there exist a vertex X ; € S such that for each parameter € € A and X; and X;
are independentand dig ) (X;) =g, )(X;) = dy (%) =dy (x;)but dyy (%) =6y (Gay ).

There fore d (x;) =d (X;)-

= X; €Vy = X; € SNV, .Hence S NV # 4.

Theorem: 3.11 For a fuzzy soft graph G\ ¥iuss (Gay ) S O(GLy ) — Oy (Gay )-

Proof: Let S be an IWFSD set of G, . Then by above lemma S NV, # @.Let X; € S NV . Since S'is
independent SN N(X;)=¢ =S =V — N(x,)

=15 <[V = N(X;) [

= Viwis (Cay ) SIS [ 0O(G,, ) — (G, )-Hence proved.
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Theorem: 3.12 Let G, be a fuzzy soft graph, then 7, (G,, ) =0(G,, ) -0y (G,,) ifand only if
V — N(X;) is independent for every X; € V.

Proof: Suppose 7,1 (Gay) =O0(Ghy ) =y (Guy ) - To prove V —N(X;) is independent for every
X; €V .Assume on the contrary that V —N(X;)is dependent and choose R = N[X;] and S ={x}.If
R#S,choose X; €V —R andset R=N[X]WUNI[x;] and S ={X}{X;}.Repeat this process until

R =S. From this process we get an IWFSD set of cardinality atmost O(G,, ) — 0y (G,y ) — Zpe (x;)-
eeA

But this is a contradiction to our assumption that ;. (G.y)=0(G,,)—0(G,y). There fore
V — N (X;) must be an independent set.

Conversely suppose that V — N (X, ) is independent for every X; € V.

To prove 7,,:(Gay) =O0(G,Ly) =0y (G,y ). Assume thatS be a minimum IWFSD set. Then
S NVy # ¢ by above theorem. Let X; € S NV .since X; € S, SN N(X;) = ¢. But we know that
V —N(X)is independent for every X, €Vg. This implies that S=V -N(X)=
Vints (Gav) =O0(G,y ) =6y (G, ) - Hence the theorem.

VL. Conclusion
In this paper we defined new concepts such as Strong (weak) fuzzy soft domination , Strong (weak) fuzzy soft
domination number, independent domination, independent domination number, independent strong(weak)fuzzy
soft domination , independent strong(weak) fuzzy soft domination number and proved some theorems related to
this. These concepts are very useful for solving wide range of problems.
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