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Abstract

We firstly present definitions and properties in study of Maji [11]
on neutrosophic soft sets. We then give a few notes on his study.
Next, based on Cagman [4], we redefine the notion of neutrosophic
soft set and neutrosophic soft set operations to make more functional.
By using these new definitions we construct a decision making method
and a group decision making method which selects a set of optimum
elements from the alternatives. We finally present examples which
shows that the methods can be successfully applied to many problems
that contain uncertainties.

Keyword 0.1 Neutrosophic set; Soft set; Neutrosophic soft set; de-
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1 Introduction

Many problems including uncertainties are a major issue in many fields of
real life such as economics, engineering, environment, social sciences, medi-
cal sciences and business management. Uncertain data in these fields could
be caused by complexities and difficulties in classical mathematical model-
ing. To avoid difficulties in dealing with uncertainties, many tools have been
studied by researchers. Some of these tools are fuzzy sets [18], rough sets [16]
and intuitionistic fuzzy sets [1]. Fuzzy sets and intuitionistic fuzzy sets are
characterized by membership functions, membership and non-membership
functions, respectively. In some real life problems for proper description of
an object in uncertain and ambiguous environment, we need to handle the
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indeterminate and incomplete information. But fuzzy sets and intuitionis-
tic fuzzy sets don’t handle the indeterminant and inconsistent information.
Samarandache [13] defined the notion of neutrosophic set which is a mathe-
matical tool for dealing with problems involving imprecise and indeterminant
data.

Molodtsov introduced concept of soft sets [9] to solve complicated prob-
lems and various types of uncertainties. In [10], Maji et al. introduced several
operators for soft set theory: equality of two soft sets, subsets and superset
of soft sets, complement of soft set, null soft sets and absolute soft sets. But
some of these definitions and their properties have few gaps, which have been
pointed out by Ali et al.[12] and Yang [17]. In 2010, Cagman and Enginoglu
[5] made some modifications the operations of soft sets and filled in these
gap. In 2014, Cagman [4] redefined soft sets using the single parameter set
and compared definitions with those defined before.

Maji [11] combined the concept of soft set and neutrosophic set together
by introducing a new concept called neutrosophic soft set and gave an ap-
plication of neutrosophic soft set in decision making problem. Recently, the
properties and applications on the neutrosophic sets have been studied in-
creasingly [2, 3 [7, 8].The propose of this paper is to fill the gaps of the Maji’s
neutrosophic soft set [11] definition and operations redefining concept of neu-
trosophic soft set and operations between neutrosophic soft sets. First, we
present Maji’s definitions and operations and we verify that some proposi-
tions are incorrect by a counterexample. Then based on Cagman’s [4] study
we redefine neutrosophic soft sets and their operations. Also, we investi-
gate properties of neutrosophic soft sets operations. Finally we present an
application of a neutrosophic soft set in decision making.

2 Preliminaries

In this section, we will recall the notions of neutrosophic sets [15] and soft
sets [9]. Then, we will give some properties of these notions. Throughout
this paper X, E and P(X) denote initial universe, set of parameters and
power set of X, respectively.

Definition 2.1 [T5] A neutrosophic set A on the universe of discourse X is
defined as
A= {(z,Ta(x), 1a(z), Fa(z)) 1z € X}

where Ta, T4, Fa : X —=]70,1%] and 0 < Ta(x) + Ia(z) + Fa(x) < 3T,
From philosophical point of view, the neutrosophic set takes the value from
real standard or non-standard subsets of |70, 17[. But in real life application



in scientific and engineering problems it is difficult to use neutrosophic set
with value from real standard or non-standard subset of |0,1%[. Hence we
consider the neutrosophic set which takes the value from the subset of [0, 1].

Definition 2.2 [9] Let consider a nonempty set A, A C E. A pair (F,A) is
called a soft set over X, where F' is a mapping given by F : A — P(X).

Example 2.3 Let X = {x, x2, x3, 24, T5, 6, T7, 3} be the universe which
are eight houses and E = {ey, eq, €3, €4, €5, ¢} be the set of parameters. Here,
e; (i =1,2,3,4,5,6) stand for the parameters “modern”, “with parking”,
“expensive”, “cheap”, “large” and “near to city” respectively. Then, fol-
lowing soft sets are described respectively Mr. A and Mr. B who are going
to buy

F = {(61,{I1,£L’3,£L’4}),(62,{1}1,1}4,1’7,1’8}),(63,{LL’1,$2,SL’3,5L’8})}
G = {(eg{xl,xg,xﬁ}),(eg,X),(65,{x2,x4,x4,x6})}.

From now on, we will use definitions and operations of soft sets which are
more suitable for pure mathematics based on study of Cagman [4].

Definition 2.4 []] A soft set F' over X is a set valued function from E to
P(X). It can be written a set of ordered pairs

F={(e,F(e)): e € E}.

Note that if F(e) = 0, then the element (e, F(e)) is not appeared in F. Set
of all soft sets over X is denoted by S.

Definition 2.5 [} Let F,G € S. Then,
i. If F(e)=0 foralle € E, F is said to be a null soft set, denoted by ®.

i. If F(e) = X for alle € E, F is said to be absolute soft set, denoted by
X.

iii. F is soft subset of G, denoted by FCG, if F(e) C G(e) for alle € E.
w. F =G, széG and GCF.

v. Soft union of F' and G, denoted by FUG, is a soft set over X and defined
by FUG : E — P(X) such that (FUG)(e) = F(e) UG(e) for alle € E.

vi. Soft intersection of F' and G, denoted by FNG, is a soft set over X and
defined by FNG : E — P(X) such that (FNG)(e) = F(e) N G(e) for all
ec k.



vit. Soft complement of F is denoted by F° and defined by F°: E — P(X)
such that Fé(e) = X \ F(e) for alle € E.

Example 2.6 Let us consider soft sets F,G in the Example[2.3. Then, we
have

FUG = {(el, {1, 3, 24}), (€2, {71, T3, T4, T6, T7, T8 }),
(e3, X), (es, {xg,x4,x4,x6})}
FNG = {(ex{x1}), (€3, {z1, 22, 3, 25}) }
F¢ = {(el, {9, x5, X6, 7, 28 }), (€2, {2, 3, T5, 76 }),
(e3, {x4, x5, 6, 27}), (€4, X), (€5, X), (€6, X)}
Definition 2.7 [11] Let X be an initial universe set and E be a set of pa-
rameters. Consider A C E. Let P(X) denotes the set of all neutrosophic

sets of X. The collection (F, A) is termed to be the soft neutrosophic set over
X, where F' is a mapping given by F: A — P(X).

For illustration we consider an example.

Example 2.8 Let X be the set of houses under consideration and E is the set
of parameters. FEach parameter is a neutrosophic word or sentence involving
neutrosophic words. Consider E = {beautiful, wooden, costly, very costly,
moderate, green surroundings, in good repair, in bad repair, cheap, expensive}.
In this case, to define a neutrosophic soft set means to point out beautiful
houses, wooden houses, houses in the green surroundings and so on. Suppose
that, there are five houses in the universe X given by, U = {hq, ha, h3, hy, hs}
and the set of parameters A = {e1,es,€3,e4}, where ey stands for the pa-
rameter beautiful’, ey stands for the parameter 'wooden’, ez stands for the
parameter ’costly” and the parameter e, stands for 'moderate’. Suppose that,

F(beautiful) = {(hy,0.5,0.6,0.3), (h,0.4,0.7,0.6), (hs,0.6,0.2,0.3),
(ha,0.7,0.3,0.2), (hs, 0.8,0.2,0.3)},

F(wooden) = {(h1,0.6,0.3,0.5), (hy,0.7,0.4,0.3), (h3,0.8,0.1,0.2),
(h4,0.7,0.1,0.3), (hs,0.8,0.3,0.6)},

F(costly) = {{(h1,0.7,0.4,0.3), (hs,0.6,0.7,0.2), (hs, 0.7,0.2,0.5),
(h4,0.5,0.2,0.6), (hs,0.7,0.3,0.4) },

F(moderate) = {(h1,0.8,0.6,0.4), (hs,0.7,0.9,0.6), (hs,0.7,0.6,0.4),
(h4,0.7,0.8,0.6), (hs,0.9,0.5,0.7)}.

The neutrosophic soft set (NSS) (F, E) is a parameterized family {F(e;);i =

1,2,...,10}of all neutrosophic sets of X and describes a collection of approz-
imation of an object.



Thus we can view the neutrosophic soft set (NSS) (F, A) as a collection
of approximation as below:

(F,A) = {beautiful houses = {(hy,0.5,0.6,0.3), (hs,0.4,0.7,0.6),
(hs,0.6,0.2,0.3), (hs,0.7,0.3,0.2), (h5,0.8,0.2,0.3)},
wooden houses = {(hy,0.6,0.3,0.5), (he,0.7,0.4,0.3),
(hs,0.8,0.1,0.2), (hs,0.7,0.1,0.3), (hs,0.8,0.3,0.6)},
costly houses = f(h1,0.7,0.4,0.3), (hs,0.6,0.7,0.2),
(hs,0.7,0.2,0.5), (hs,0.5,0.2,0.6), (hs,0.7,0.3,0.4)},
moderate houses = (hy,0.8,0.6,0.4), (hs,0.7,0.9,0.6),
(hs,0.7,0.6,0.4), (hs,0.7,0.8,0.6), (hs,0.9,0.5,0.7)}}.

Definition 2.9 [71] Let (F, A) and (G, B) be two neutrosophic sets over the
common universe X. (F,A) is said to be neutrosophic soft subset of (G, B)
is A C B, and TF(e)(ZL‘) < Tg(e)(l‘), ]F(e)(l‘) < Ig(e)(l‘) Fp(e)(ZL‘) > Fg(e)(l‘),
Ve € A, Vo € U. We denote it by (F,A) C (G,B). (F,A) is said to be
neutrosophic soft super set of (G, B) if (G, B) is a neutrosophic soft subset
of (F,A). We denote it by (F,A) 2 (G, B).

if (F, A) is neutrosophic soft subset of (G, B) and (G, B) is neutrosophic
soft subset of (F,A). We denote it (F,A) = (G, B).

Definition 2.10 [71/ NOT set of a parameters. Let E = {e1,es,...e,} be
a set of parameters. The NOT set of E, denoted by |E is defined by |E =
{—e1, ey, ...me,}, where —e; =not e; Vi(it may be noted that | and — are
different operators).

Definition 2.11 [71] Complement of a neutrosophic soft set (F, A) denoted
by (F, A)¢ and is defined as (F,A)* = (F°, |A), where F¢.|A — P(X) is
mapping given by F°(a) = neutrosophic soft complement with Tre(z) = Fp(a),

Definition 2.12 [71] Empty or null neutrosophic soft set with respect to a
parameter. A neutrosophic soft set (H,A) over the universe X is termed
to be empty or null neutrosophic soft set with respect to the parameter e if
The)(m) =0, Frey =0 and Igey(m) =0Vm € X, Ve € A

In this case the null neutrosophic soft set (NNSS) is denoted by ® 4

Definition 2.13 [71]/ Union of two neutrosophic soft sets. Let (H,A) and
(G, B) be two NSSs over the common universe X . Then the union of (H, A)
and (G, B) is defined by (H, A) U (G, B) = (K,C), where C = AU B and



the truth-membership,
(K,C) are as follow.

indeterminacy-membership and falsity-membership of

,ifee ANB.
Frey(m),ifee A—B

Fg(e)(m),ife eB-A

min(Fre)(m), Foey(m)),ife € ANB

Definition 2.14 [7]] Let (H, A) and (G, B) be two NSSs over the common
universe X. Then, intersection of (H, A) and (G, B) is defined by (H, A) N

(GaB) =

(K, C), where C = ANB and the truth-membership, indeterminacy-

membership and falsity-membership of (K, C) are as follow.

Tx(e(m) =

Frey(m) =

min(Tye(m), Tae (m)), if e€ ANB

Ty (m) + Io(e (m) ifecAnB
2 ’ '

max(Frey(m), Fae(m)), if e€ ANB

For any two NSSs (H,A) and (G, B) over the same universe X and on the
basis of the operations defined above, we have the following propositions.

Proposition 2.15 [71]



For any two NSSs (H,A), (G, B) and (K, C)over the same universe X, we
have the following propositions.

Proposition 2.16 [71]

(1) (H, A)U[(G, B)U (K, C)] =[(H,A) U (G, B)]U(K,C).
(2) (H,A)0[(G, B)N (K, C)] = [(H,A) N (G, B)|N(K,C).
(3) (H,A)U[(G, B)N (K, C)] = [(H,A) U (G, B)|N[(H,A) U (K,C)].
(4) (H,A)0[(G, B)U (K, C)] = [(H,A) N (G, B)]U[(H, A) N (K, C)].

Definition 2.17 [7]] Let (H, A) and (G, B) be two NSSs over the common
universe X. Then ’AND’ operation on them is denoted by (H, A) N\(G, B)’
and is defined by (H, A) \(G, B) = (K, A x B), where the truth-membership,
indeterminacy-membership and falsity-membership of (K, A X B) are as fol-
low.

min(TH(e) (m) , TG’(e) (m))

Iy (m) + Ige)(m)
IK(a,ﬁ))(m) _ (e) > (e)

Fr(apy(m) = max(Fye(m), Fae(m)),Va € A,Vb € B

T (a,8) ()

Definition 2.18 [11)] Let (H, A) and (G, B) be two NSSs over the common
universe X. Then 'OR’ operation on them is denoted by (H,A)\/(G,B)’
and is defined by (H, A) \/(G, B) = (O, A x B), where the truth-membership,
indeterminacy-membership and falsity-membership of (O, A x B) are as fol-
low.

To,py(m) = mazx(The)(m), Tae) (m)),

IHe(m)+IGe(m)
Iopy(m) = 5 O

Foapy(m) = min(Fgey(m), Foe(m)),Ya € A,Vb e B

Notes on neutrosophic soft sets [11]

In this section, we verify that some propositions in the study of Maji [11] are
incorrect by counterexamples.

1. If Definition (2.9)) is true, then Definition (B.3)) is incorrect.



2. Proposition (2.15)-(B) and (@), (F,A)N® =& and (F,A)UP = (F, A)

are incorrect.
We verify these notes by counterexamples.

Example 2.19 Let us consider neutrosophic soft set (F, A) in Example (2.8)
and null neutrosophic soft set ®. If Definition (29 is true, it is required that
null soft set is neutrosophic soft subset of all neutrosophic soft sets. But, since

T@(beautiful)(hl) < TF(beautiful)(hl) and I@(beautiful)(hl) < IF(beautiful)(hl) but
F@(beautiful)(hl) ?f FF(beautiful)(h1)7 o g (F7 A)

Example 2.20 Let us consider neutrosophic soft set (F, A) in Example (2.8)
and null neutrosophic soft set ®. Then,
(F,A)N® = {e; = {(h1,0,0.3,0.3), (hs,0,0.35,0.6),
(h3,0,0.1,0.3), (h4,0,0.15,0.2), (hs, 0,0.1,0.3)},
es = {(11,0,0.15,0.5), (hs, 0,0.2,0.3), (hs, 0,0.05, 0.2),
(h4,0,0.05,0.3), (hs,0,0.15,0.6)},
e3 = {(h1,0,0.2,0.3), (hs,0,0.35,0.2), (hs,0,0.1,0.5),
(hs,0,0.1,0.6), (hs,0,0.15,0.4) },
es = {(h1,0,0.3,0.4), (hs,0,0.45,0.6), (h3,0,0.3,0.4),
(h4,0,0.4,0.6), (hs,0,0.25,0.7)} }.
#+ @

and

(F,AAU® = {e; = {(h1,0.5,0.3,0), (hs, 0.40.35,0),
(hs,0.6,0.1,0), (hs,0.7,0.15,0), (hs,0.8,0.1,0},
es = {(h1,0.6,0.15,0), (hs,0.7,0.2,0), (hs, 0.8, 0.05, 0),
(ha,0.7,0.05,0), (hs,0.8,0.15,0)},
es = {(h1,0.7,0.2,0), (hs,0.6,0.35,0), (hs, 0.7,0.1,0),
(h4,0.5,0.1,0), (hs,0.7,0.15,0)},
es = {(h1,0.8,0.3,0), (hs,0.7,0.45,0), (hs, 0.7,0.3,0),
(hg,0.7,0.4,0), (hs,0.9,0.25,0)}}.
# (F,A)

3 Neutrosophic soft sets

In this section, we will redefine the neutrosophic soft set based on paper of
Cagman [4].



Definition 3.1 A neutrosophic soft set (or namely ns-set) f over X is a
neutrosophic set valued function from E to N(X). It can be written as

1= { (e {{e T @), Lo (), Fr (@) -2 € X}) e € B

where, N(X) denotes all neutrosophic sets over X. Note that if f(e) =
{(z,0,1,1) : @ € X}, the element (e, f(e)) is not appeared in the neutro-
sophic soft set f.Set of all ns-sets over X 1is denoted by NS.

Definition 3.2 Let f,g € NS. f is said to be neutrosophic soft subset of g,
if Tye) () < Tye) (), Tp(e)(2) 2 Tg(e)(¥) Fye)(x) = Fyie)(2), Ve € E, Vo € U,
We denote it by f C g. f is said to be neutrosophic soft super set of g if g
is a neutrosophic soft subset of f. We denote it by f 3 g.

If f is neutrosophic soft subset of g and g is neutrosophic soft subset of
f. We denote it f =g

Definition 3.3 Let f € NS. If Ty (z) = 0 and Ife)(x) = Fyey(x) = 1 for
all e € E and for all x € X, then f is called null ns-set and denoted by P.
Definition 3.4 Let f € NS.If T (x) = 1 and Ise)(x) = Fye)(z) = 0 for
all e € E and for all v € X, then [ is called universal ns-set and denoted by
X.

Definition 3.5 Let f,g € NS. Then union and intersection of ns-sets f and
g denoted by f U g and f Mg respectively, are defined by as follow

fug = {(e, {{&, Tre)(2) V Ty (), Lye) (2) A Loy (),

Ff(e)<l’) N Fg(e)(x» X € X}) e € E}
and ns-intersection of f and g is defined as

frg = {(67 {2, Ty () N Tye) (), Loy () V Loy (@),

Fiio(2)V Fyo(2)) iz € X}) te € E}

Definition 3.6 Let f,g € NS. Then complement of ns-set f, denoted by f¢,
is defined as follow

7e = { (e e Frio (8).1 = Iy (@), Ty (@) € X}) e € B},
Proposition 3.7 Let f,g,h € NS. Then,

9



i. @
i. f
ii. [T

JEgandgEh= fCh

0.

Proof. The proof is obvious from Definition (3.2]), (8.3]) and Definition (3.4]).

Proposition 3.8 Let f € NS. Then

i P¢=X
ii. Xé =
ii. (f6)°=f.

Proof. The proof is clear from Definition (33), (34) and (3.0).
Theorem 3.9 Let f, g, h € NS. Then,

i fOf=fand fUf=Ff

. flg=gNfand fUg=gUf

. fN® =0 and fMX = f

w. fUd=fand fUX =X

v. fi(gnh)=(fNg)Nhand fU(gUh) = (fUg)Uh

vi. fO(gUh)=(fNg)U(fTTh) and fU(gMh)=(fUg)N(fUhI).

Proof. The proof is clear from definition and operations of neutrosophic soft
sets.

Theorem 3.10 Let f,g € NS. Then, De Morgan’s law is valid.
i (fUg)=feng
ii. (fUg)®=fng°

Proof. f,g € NS is given.

10



1. From Definition 3.6, we have
(FUgf = {(e e Tro (@) V Ty (@), Lo () A Iyoy @),
Ff(e)(a:) N Ff(e)(x)) T e X}) e € E}

= {(67 Uz, Fye) (@) A Fye) (2), 1 = (Lye) () A e (7)),

Tyo(2) V Tyo(2) 2 € X}) s e € B}

i1. It can be proved similar way (i.)

Definition 3.11 Let f,g € NS. Then, difference of f and g, denoted by
f\ g is defined by the set of ordered pairs

fl\g= {(6, {{@, Trae) (%), Ing(e)(2), Frge (2) 17 € X}) e € E}

here, T g(e)(z), Ipge)(x) and Fpge) () are defined by

T (@) = Ty (@), Ty () > Ty (@)
Trge)(x) = { 0, otherwise

_ Ly (@) = Iy (2), Te)(x) < Lgey()
Tpge)(r) = { 0, otherwise

_ [ Foo(@) = Frey(2), Gyeey(x) < Gye(w)
Fp(e) (@) = { 0, otherwise

Definition 3.12 Let f,g € NS. Then 'OR’ product of ns-sets f and g
denoted by f A g, is defined as follow

Vo = {((eae'),{@f,Tf(e)(x) V Ty (%), Lye) () A Lye) (2),

@@@A@@@yxexnwaﬁeExE}

11



Definition 3.13 Let f,g € NS. Then ’AND’ product of ns-sets f and g
denoted by fV g, is defined as follow

FN\g = {((eae'),{@%Tf(e)(x) ATy (@), Lye) () V Lg(e) (2),

Fio) (@) V Fyo (@) : 2 € X}) < (e,¢)) € E x E}

Proposition 3.14 Let f,g € NS. Then,
1L(fVg)*=[Ng
2. (fAg=fVy

Proof. The proof is clear from Definition (3.12)) and (B.13).

4 Decision making method

In this section we will construct a decision making method over the neu-
trosophic soft set. Firstly, we will define some notions that necessary to
construct algorithm of decision making method.

Definition 4.1 Let X = {xy, za, ...z, } be an initial universe, E = {eq, s, ...€,}
be a parameter set and f be a neutrosophic soft set over X. Then, according
to the Table of "Saaty Rating Scale” relative parameter matrix dg is defined
as follow

1 dE<€1,€2> dE(el,en)

dE(eg,el) 1 dE(GQ,Gn)
dp = . : : .
dE(en,el) dE(en,eQ) 1

If dg(e;, ej) = di2, we can write matriz

1 d11 dln
T
dpi dpo ... 1

Here, di5 means that how much important e; by eo. For example, if ey is
much more important by ez, then we can write dis =5 from Table 1.

12



Intensity importance | Definition Ezplanation

1 FEqual importance Two factors contribute
equally to the objective
3 Somewhat more important Ezperience and judgement
slightly favour one over the other
5 Much more important Ezperience and judgement
strongly favour one over the other
7 Very much more important | Experience and judgement

very strongly favour one over the other.
Its importance is demonstrated in practice

9 Absolutely more important The evidence favouring one over the other
is of the highest possible validity.
2,4,6,8 Intermediate values When compromise is needed

Table 1. The Saaty Rating Scale

Definition 4.2 Let f be a neutrosophic soft set and dg be a relative param-
eter matriz of f. Then, score of parameter e;, denoted by c¢; and is calculated

as follows
C; = Z dij
j=1

Definition 4.3 Normalized relative parameter matriz (ndg for short) of rel-
ative parameter matriz dg, denoted by d, is defined as follow,

1 dip din
c1 c1 c1
dnn 1 don
ndp=| oo e
dn1 dn2 1
Ccn Cn Cn
cpodis 3 . .
if =+ = d;;, we can write matriz ndg
1
dll d12 e dln
~ d21 d22 ce d2n
d=1| . . .
dpy dpo ... dp,

Definition 4.4 Let f be a neutrosophic soft set and d be a normalized pa-
rameter matriz of f. Then, weight of parameter e; € E, denoted by w(e;)
and is formulated as follows.

1 «— 5
w(e;) = @Zdz‘j
=1

13



Now, we construct compare matrices of elements of X in neutrosophic sets

f(e), Ve € E.

Definition 4.5 Let E be a parameter set and f be a neutrosophic soft set

over X. Then, for all e € E, compression matrices of f, denoted Xy is
defined as follow

11 T2 0 Tim

D% Lol Taz2 . Tom
fle) =

Tml Tm2 - Tmm

2
such that

Arey(ziz) = T(e)(xi) —T(e)(x;)
Age)(wiy) = 1(e)(x;) — 1(e)(xi)
Ape)(xy) = Fle)(x;) — Fle)(x:)

Definition 4.6 Let Xy ) be compare matriz for e € E. Then, weight of
x; € X related to parameter e € E, denoted by Wy (x;) is defined as follow,

1

m
Y
X1

Definition 4.7 Let E be a parameter set, X be an initial universe and w(e)
and Wyey(x;) be weight of parameter e and membership degree of x; which
related to e; € E, respectively. Then, decision set, denoted Dg, is defined by
the set of ordered pairs

Wiy (x;) =

D ={(zj, F(zj)) : x; € X}

where

Note that, F is a fuzzy set over X.

Now, we construct a neutrosophic soft set decision making method by the
following algorithm;
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Algorithm 1

Step 1: Input the neutrosophic soft set f,

Step 2: Construct the normalized parameter matrix,

Step 3: Compute the weight of each parameters,

Step 4: Construct the compare matrix for each parameter,
Step 5: Compute membership degree, for all z; € X

Step 6: Construct decision set Dg

Step 7: The optimal decision is to select x; = mazF(z;).

Example 4.8 Let X be the set of blouses under consideration and E is the

set of parameters. Fach parameters is a neutrosophic word or sentence in-
volving neutrosophic words. Consider E = {bright, cheap, colorful, cotton}.
Suppose that, there are five blouses in the universe X given by X = {x1, 2, T3, x4, T5}.
Suppose that,

Step 1: Let us consider the decision making problem involving the neu-
trosophic soft set in [2]

F(Bright) = {{z1,.5,.6,.3), (2, 4,.7,.2), (x3,.6,.2,.3), (z4,.7,.3,.2), (x5, .8,.2,.3), }
F(Cheap) = {{(x1,.6,.3,.5), (x2,.7,.4,.3), (x3,.8,.1,.2), (x4, .7,.1,.3), (x5, .8,.3, 4), }
F(Colorful) = {(x1,.7,.4,.3),(22,.6,.1,.2), (x3,.7,.2,.5), (x4, .5, .2, .6), (x5, .7,.3,.2), }
F(Cotton) = {(x1,4,.3,.7),(x2,.5, .4,.2),(x3,.7, 4,.3), (x4, .2, 4, .5), (x5, .6, .4, 4), }
Step 2:
1 1/3 5 1/3

A — 3 1 2 3

E=l 1 172 010 2

3 1/3 1/2 1

c1 =6.67,c0=29, c3=3.7 and ¢4, = 4.88 and

15 .05 .75 .05
dy = 33 .11 .22 .33
05 14 27 54
.62 .07 .10 .21

Step 3: From normalized matrix, weight of parameters are obtained as
w(er) = .29, w(ez2) = .09, w(es) = .34 and w(e,) = .28.
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Step 4: For each parameter, compare matrices and normalized compare
matrices are constructed as follow

Let us consider parameter “bright”. Then,

b0 .10 .25 .20 .15 b0 40 .15 .25 .35
45 50 .20 .15 .10 .50 .50 .30 .35 .45
Xirighty=| -7 .80 .50 45 40 |, Xjy(cheap)= | -85 .75 .50 .60 .70
.80 .85 .55 .50 .45 75 .65 .40 .50 .60
.85 .90 .60 .55 .50 .65 .55 .30 .40 .50
and
.50 .35 .55 .65 .40 50 .25 .35 .50 .15
.65 .50 .65 .18 .55 75 .50 .60 .75 .40
Xicolorfury = | 50 .35 .50 .65 .40 |, Xycotton) = | 65 .40 .50 .65 .30
35 .30 .15 .50 .25 b0 .25 .35 .50 .15
40 .45 .60 .75 .50 85 .60 .70 .85 .50

Step 5: Forallz; € X ande € I,

Wf(bm'ght) (1‘1) = .67, Wf(bm-ght)(xg) = .63, Wf(bright)(x?)) = -427
Wf(bright) (374) = .37, Wf(bright) (375) =.32

Wf(cheap) (l’l) = 80, Wf(cheap) (.1’2) = 57, Wf(cheap) (Jj3) = 337
Wf(Cheap)(x4) = .42, Wf(cheap) ($5) = .52

Wf(colorful) (1‘1) - 487 Wf(colorful) (:EQ) - 397 Wf(colorful) (1‘3) - 497
Wf(colorful) («T4) = .55, Wf(colorful) <$5> = .42

Wf(cotton) (fL‘l) = 65, Wf(cgttgn) (1‘2) = 40, Wf(cotton) (l’g) = 50’
Wf(cotton) (l‘4) = 657 Wf(cotton) (:ES) =.30

Step 6: By using step 3 and step 5, Dg is constructed as follow
DE = {(ZL‘l, 015), (I‘Q, 012), (l‘g, 011), (ZL‘4, 013), (ZL‘5, 009)}

Step 7: Note that, membership degree of xy s greater than the other.
Therefore, optimal decision is x1 for this decision making problem.

5 Group decision making

In this section, we constructed a group decision making method using inter-
section of neutrosophic soft sets and Algorithm 1.
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Let X = {x1, %9, ..., ,} be an initial universe and let d = {d*, d?, ..., d™}
be a decision maker set and E = {ey, e, ..., €} be a set of parameters. Then,
this method can be described by the following steps

Algorithm 2

Step 1: Each decision-maker d’ construct own neutrosophic soft set, denoted
by fa;, over U and parameter set E.

Step 2: Let for p,r < k, [d;,r] a relative parameter matrix of decision-
maker d* € D based on the Saaty Rating Scale. Decision-maker d' gives
his/her evaluations separately and independently according to his/her own
preference based on Saaty Rating Scale. In this way, each decision-maker d'
presents a relative parameter matrix.

diy diy, e diy
7 7 7
i d21 d22 e 2k
[dpr] = . .
7 i . 4
dkl dk? . dkk

here d?, is equal dg(ep, e,) that in Definition (Z.I)).

Step 3: Arithmetic mean matrix is constructed by using the the relative
parameter matrix of each decision-maker d'. It will be denoted by [i,,] and
will be computed as in follow

g2 Z

Step 4: Normalized parameter matrix, is constructed using the arithmetic
mean matrix [i,,], it will be shown [i,,] and weight of each parameter ¢; € E
(w(e;)) is computed.

Step 5: Intersection of neutrosophic soft sets (it will be denoted by Iy, )
which are constructed by decision makers is found. Z

[fd - ﬂ fdi
i=1

Step 6: Based on the matrix Iy, for each element of e € E compare matrix,
denoted by Iy,) is constructed.
Step 7: By the Iy, weight of each element of X denoted by Wi, (x;),
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are computed.

Step 8: Decision set Dp is constructed by using values of w(e) and Wy, (z).
dr

Namely;

Dg = {(z;, F(x;)) : x; € X}

and

F(x;) = ﬁ ; w(e;) - Wrpey (i)

Step 9: From the decision set, x = maxF(z;) is selected as optimal deci-
sion.
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Example 5.1

Assume that a company wants to fill a position. There are 6 candidates who
fill in a form in order to apply formally for the position. There are three
decision makers; one of them is from the department of human resources
and the others is from the board of directors. They want to interview the
candidates, but it is very difficult to make it all of them. Let d = {dy, ds, d3}
be a decision makers set, X = {x1, 29, x3, 24,25} be set of candidates and
E = {ej,es,€3,e4} be a parameter set such that parameters ey, es, €3 and ey
stand for ”experience”,” computer knowledge, ”higher education” and ”good
health”, respectively.

Step:1 Let each decision maker construct neutrosophic soft sets over X
by own interview:

fdl (61) = {(.1'1, .47 .2, 7>, <.Z‘2, .5, 6, 2>, <.Z‘3, .7, .3, .3), <$4, .6, 5, 4), <$5, .3, 5, 5>},
f L= fdl (62) = {<$1, .3, .5, 2>, <$2, .4, 4, 3>, <$3, .5, .7, 8>, <£L'4, .7, 1, 3>, <£L'5, .6, .3, 2>},
d far(es) = {{x1,.7, .4, .3), (x2, .6, .1, .5), (x3,.5,.2, 4), (x4, .2, .2, .6), (5, .3,.3,.6)},
fdl (64) = {<$1, .7, 3, 5>, <ZL'2, 3, 5, 3>, <$3, .2, 4, 3>, <$4, 4, 2, 5>, <£L'5, .5, 2, 6>}
fd2 (61) = {<$1, .5, .2, 3>, <$2, .3, 5, 6>, <$3, .4, .3, 3>, <£L'4, .2, 5, 4>, <£L'5, .5, 5, 5>},
fp = faz(e2) = {{x1, .5, 4, .6), (x2,.7,.2,.5), (23, .6,.3,.5), (x4, .7, .2, .3), (x5, .6, .4, .2) },
faz(es) = {{x1,.6,.2,.5), (x2, 4, .4, .6), (x3,.2,.5, 4), (x4, .3,.5, 4), (x5, .3,.3,.6)},
fd2(€4) = {<.Z‘1, .3, .4, 5), <£C2, 47 3, 2>, <.Z‘37 47 47 3>, <.Z‘4, 4, 2, 5), <£C5, .2, 5, 6)}

and
fds (61) = {<.Z‘1, .47 .5, 7>, <.Z‘2, .5, .3, .4>, <.Z‘3, 7, .3, .5), <$4, .4, .5, .3), <$57 .7, .8, 6>},
de _ fd3 (62) = {<l‘1, .67 .2, 6>7 <.Z‘2, .47 .3, 5>, <.Z‘3, 5, .4, 7), <£C4, .3, .1, 5), <£C57 .47 .3, 1>},
fd3 (63) = {<$1, .4, .3, 2>, <$2, .6, .7, 2>, <$3, 3, .5, 2>, <£L'4, .6, .6, 4>, <£L'5, .6, .5, 5>},
fd3 (64) = {<$1, .5, .3, 1>, <£L'2, 2, .5, 2>, <$3, 5, .5, 4>, <$4, .5, 2, 5>, <£L'5, .5, .3, 6>}

Step 2: Relative parameter matrix of each decision maker are as in
follow

1 3 1/5 2 1 5 1/7 2
[dl]— 1/3 1 3 6 [dg] /5 1 1/2 6
pr 5 1/3 1 1/5 pr 7 2 1 1/3
1/2 1/6 5 1 1/2 1/6 3 1
and

1 3 1/3 4

[d3]— 1/3 1 1/3 1/6

pr 3 3 1 1/2

1/4 6 2 1

Step 3: [i,r] can be obtained as follow
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1 3.67 .23 2.67
)] = 29 1 1.28 4.06
pr 5 178 1 34
42 406 333 1

Step 4: [%pr] and weight of each parameter can be obtained as follow

A3 .49 .03 .35
[i = .04 .15 .19 .61
pr 62 .22 12 .04
05 .46 .38 .11

and w(ey) = .21, w(ez) = 0.33, w(es) = .18 w(ey) = .28.

Step 5: Intersection of neutrosophic soft sets fg1, fz and fgs is as follow;

Ifd(el) = {<x17 47 57 7>7<:I:27 37 67 6>7<:r3, 4, 3, '5>’<1‘47 27 57 5>7<:I:57 37 87 6>}7
I — Ifd(e2) = {<x17 37 57 6>7<:r27 47 47 5>7<:I: , 5, '7, '8>’<1‘47 37 27 5>7<:I:57 47 47 2>}7
fo =N Iy, (es) = {{x1,.6,.5,.5), (x, .4,.7,.6), (x3,.2,.5, .4), (x4, .2, .6, .6), (x5,.3,.5,.6)},
Ifd(€4) = {(.1'1,.3,.4, 5> <$2,.2, 57 3> <.Z‘37 2,.5,.4>,<l‘4,.4, 2, 5> <$57 2 5 6>}

Step 6: For each parameter, compare matrices of elements of X are
obtained as in follow;

b0 b5 .30 .45 .65 .50 .35 .60 .30 .20
45 50 .25 .40 .60 .65 .50 .75 .35 .35
Ipey=1-70 .75 .50 .35 .85 |, Ipe = | 40 .25 .50 .20 .10
b5 .60 .65 .50 .70 .70 .65 .80 .50 .40
.65 .40 .15 .30 .70 .80 .65 .90 .60 .50
and
b0 .75 .65 .80 .70 .50 .50 .55 .35 .65
25 .50 .40 .55 .45 .50 .50 .45 .40 .65
Ipe5y = | 35 .60 .50 .65 .55 |, Ipen=| 45 .55 .50 .30 .60
20 45 .35 .50 .45 .65 .60 .70 .50 .80
30 .55 .45 .55 .50 35 .35 .40 .20 .50

Step 7: Membership degrees of elements of X related to each parameter
e € E are obtained as follow;

Wfd(el)(xl) = .57, Wfd(el)(xQ) = .56, Wfd(el)($3) = .37, Wfd(e1)(x4) = .40
and Wy, (e,)(25) = .66
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Wfd(eg)(xl) = .61, Wfd(EQ)(ZL‘Q) = .48, Wfd(eg)(x3) = .71, Wfd(@)(lq) = .39
and Wy, (e, (25) = .31

Wfd(eg)(xl) = .32, Wfd(e3)<$2) = .57, Wfd(eg)(xg) = .47, Wfd(eg)($4) = 61
and Wy, (c,)(z5) = .53

Wfd(e4)($1) = .49, Wfd(e4)($2) = .50, Wfd(e4)($3) = -527Wfd(e4)($4) = .35
and Wy, (e, (z5) = .64

Step 8:
1 n
F(z) = ] Y wles) - Wiy (@)
j=1
1
= Z<'21 .57+ .33 .61+ .18 - .32 + .28 - 49)

= .126

similarly F'(z5) = .130, F'(z3) = .136, F'(x4) = .105 and F'(z5) = .129. Then,
we get

DE' = {(.ﬁl}l, 126), (.Tl, 130), (.’171, 136), (SL’l, 105), (SL’l, 129)}

Step 9: Note that, membership degree of x5 is greater than membership
degrees of the others. Therefore, optimal decision is x3 for this decision
making problem.

6 Conclusion

In this paper, we firstly investigate neutrosophic soft sets given paper of Maji
[11] and then we redefine notion of neutrosophic soft set and neutrosophic
soft set operations. Finally, we present two applications of neutrosophic soft
sets in decision making problem.
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