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Abstract. In this paper, we introduce the concept of soft neutrosophic classical sets and its set
theoretical operations such as; union, intersection, complement, AND-product and OR-product.
In addition to these concept and operations, we define four basic types of sets of degenerate
elements in a soft neutrosophic classical set. Then, we propose a group decision making method
based on soft neutrosophic classical sets, and give algorithm of proposed method. We also make
an application of proposed method on a problem including soft neutrosophic classical data.

1 Introduction

Molodtsov [16] introduced soft set theory as a mathematical tool that independent from mem-
bership function in fuzzy set theory which defined by Zadeh [25] for coping with problems in-
volving uncertainty and vagueness. Applications of soft set theory have been expanded in many
different area. After Molodtsov’s work, soft set theory has been growing very rapidly in terms
of set theoretical and application. In 2003, Maji et al. [17, 18] applied soft set theory to decision
making problems. Then, decision making, algebraic structures and set theoretical operations and
properties on soft sets were made a lot of work. For instance; Ali et al. [1] contributed to soft set
theory in terms of set theoretical by defining some novel operations on soft sets such as extend-
ing intersection and extending union, restricted intersection and restricted union, Cagman and
Enginoglu [7] modified definitions of soft set operations, Sezgin and Atagiin [21] proved that
De Morgan’s law is hold in soft set theory for different operations on soft sets. Feng et al. [11]
gave a systematic study on several types of soft subsets and various soft equal relations induced
by them, Xia and Zuhua [24] gave some new operations such as the product, the anti product
of two soft sets, inverse the image and pre-image of a soft set. Zhu and Wen [26] redefined the
intersection, complement, and difference of soft sets. They also investigated the algebraic prop-
erties of these operations along with a known union operation and found that the new operation
system on soft sets inherits all basic properties of operations on classical sets, which justifies
their definitions. Cagman [8] made contributions to the theory of soft sets. Atagiin and Aygiin
proposed two novel operations on soft set and he proved that set of all soft sets over same initial
universe is an abelian group under defined new operations.

Concept of neutrosophic sets was defined by Smarandache [5, 6] as a new mathematical
tool for dealing with problems involving incomplete, indeterminacy, inconsistent knowledge.
Maji [19] introduced concept of neutrosophic soft set and some operations of neutrosophic soft
sets. Karaaslan [13] redefined concept and operations of neutrosophic soft sets. Recently, the
properties and applications on the neutrosophic soft sets have been studied increasingly. For
examples; Broumi [3] defined concept of generalized neutrosophic soft set, Broumi et al. [4]
gave a decision making method on the neutrosophic parameterized soft sets, Sahin and Kiigiik
[20] introduced a new kind of decision making method based on the generalized neutrosophic
soft set and its integration, Deli [9] defined concept of interval-valued neutrosophic soft set and
its operations, Deli and Broumi [10] introduced neutrosophic soft matrices and gave a decision
making method based on neutrosophic soft matrices. Karaaslan [14] defined concept of pos-
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sibility neutrosophic soft set and its operations and gave a decision making method based on
possibility neutrosophic soft set.

In this paper, we define concept of soft neutrosophic classical set and its operations. Basic
idea of soft neutrosophic classical set is that; according to evaluations which are made in dif-
ferent times, in different environments and by different person...etc., an element belong to truth
set, indeterminacy set and falsity set in same time. To explain this idea, let us give an example.
Let U = {uy,uy,...,u, } be a set of students and L = {l; = mathematics,ly = English,l3 =
philosophy} be common lessons taken by all student in set U. Assume that there are five exams
along one year for each lesson and these exams have parallel concepts individually. They are
also evaluated the results of exams by three criteria that are successful, indeterminate (between
successful and unsuccessful) and unsuccessful. For simple, let us consider mathematics lesson,
in the end of the parallel five exams, we may see that some students both among successful
students and among unsuccessful students or both among successful students and among inde-
terminate students etc. such situations can’t be modeled with soft sets and other set theories. At
this point of view, we need soft neutrosophic classical sets to model such situations. Therefore,
in this work, we first define concept of soft neutrosophic classical set and its operations and ob-
tain their some properties. Then we suggest a group decision making method so as to apply to
the problems containing uncertainty, and give an application of the suggested method.

2 Preliminaries

In this section, we will recall some definitions and properties related to neutrosophic sets [22],
soft sets [8, 16] and neutrosophic classical set [12] required for our study. Throughout this paper
U, E and P(U) denote set of initial universe, set of parameters and power set of U, respectively.

Definition 2.1. [22] A neutrosophic set x on the non-empty set U is defined by

Hn= {<x7ut(m),ui(x),uf(x)> HERS U}

where i, i, pip 2 U —]70,17[and ~0 < pe(x) + pi(x) + pp(z) < 3. Values of py(z), pi(x)
and ps(x) are real standard or non-standard subsets of |~0, 1 7[. Therefore it is difficult to use
the neutrosophic values in real life applications in scientific and engineering. For this reason we
take values of p;(2), i (x) and ps(x) from the subset of [0, 1].

Definition 2.2. [12] Let U be a non-empty fixed set and «¢, x;, ¢ C U. A neutrosophic classical
set x is defined as follows:
K= {(x,ﬁt,m,nf> ‘x € U}.

Here the set ¢, x; and xy is called the set of member, indeterminacy and non-members of &,
respectively.

Definition 2.3. [16] Let U be an initial universe, £ be a parameter set and A be non-nonempty
subset of E. A pair (F, A) is called a soft set over U, where F' is a mapping given by F' : A —
PU).

Cagman [8] restructured definition of soft sets and its set theoretical operations which are
more suitable for pure mathematics. In this paper, we will use definition of soft set given by
Cagman in [8].

Definition 2.4. [8] A soft set ¢ over U is a set valued function from E to P(U). It can be written
a set of ordered pairs

o ={(e,p(e)) e € E}.

Note that if p(e) = @, then the element (e, p(e)) is not appeared in . Set of all soft sets over U
is denoted by Sf7.

Definition 2.5. [15] Let E be a parameter set, S C E and f : S — E be an injective function.
Then S U f(.59) is called extended parameter set of S and denoted by &g.

If S = FE, then extended parameter set of S will be denoted by €.



314 Faruk Karaaslan* and Irfan Deli

Definition 2.6. [15] Let £ be a parameter set, S C E and SU f(S) = Es such that f : § — &g
be an injective function. If p : S — P(U) and ¢ : f(S) — P(U) are two mappings such that
wle) N(f(e)) = 0, then triple (p, 1, E) is called bipolar soft set. We can represent a bipolar
soft set (i, ¥, F) as following defined by a mapping:

fs:E— P(U) x P(U) such that p(e) = Pand ¢ (f(e)) = U ife € E\ Sand f(e) € E\ Es.
Also we can write a bipolar soft set fg as a set of triples following form

fs=(p, ¥, B) = {(e @(e), ¥(f(e))) : e € Eand p(e) N(f(e)) = 0} .

3 Soft neutrosophic classical sets

In this section, we define the concept of soft neutrosophic classical sets and set theoretical opera-
tions between soft neutrosophic sets. Then, we examine desired propositions of soft neutrosophic
classical sets.

Definition 3.1. Let E be a parameter set and U be an initial universe. Then, a soft neutrosophic
classical set (snc-set) « over U is defined as follows:

k= {(e; (re(e), mi(e), ks (e))) s e € E}

where k¢, ki, k7 1 E — P(U) and 0 C k(e) U ki(e) Uryp(e) € U. Also set ki(e), k;(e) and
f(e) is called membership set, indeterminacy set and non-membership set of snc- set « related
to parameter e € E, respectively.

From now on, set of all snc-sets over U will be denoted by SN'CE,.

Definition 3.2. Let x be a soft neutrosophic classical set over U. If, for u € U, u € (k:(e) N
ki(e)) U (ri(e) Nkg(e)) U (ke(e) Nkg(e)), then u € U is called degenerate element of U related
to parameter e € F and set of degenerate elements related to parameter e € F is denoted by D,.
We define the following four basic types of sets of degenerate elements:

Lete € F and u € D,. Then,

(i) Ifu e (ke(e)Nri(e))/(ke(e)Nri(e)Nks(e)), then u € U is called positive weak degenerate
element, and set of all positive weak degenerate elements is denoted by D;’ﬁ.

(i) Ifu € (ki(e)Nkys(e))/(ke(e)Nki(e)Nks(e)), thenu € U is called negative weak degenerate
element, and set of all negative weak degenerate elements is denoted by D .

(i) If u € (ke(e) N kry(e))/(ke(e) N ki(e) N kg(e)), then u € U is called strict degenerate
element, and set of all strict degenerate elements is denoted by D?.

(iv) If u € (ke(e) Nki(e) Nks(e)), then u € U is called full strict degenerate element, and set
of all full strict degenerate elements is denoted by D?.

Sets of degenerate elements related to parameter e € E can be shown as in Figure 1:

Example 3.3. Let E = {e, e, e3, e4} be a parameter set and U = {uy, up, u3, ua, us, ug, uy, ug }.
Suppose that,

B

{ur,uz, ur}, {uz, ug, us}, {us, us, us, ug})

€1 <
({ur, uz, ua}, {us, us, ue, ur}, {ur, uz, us})
(
(

{u23 us, u8}7 {U] ) 'LL7}, {U4, Uus, u6}>

{ue, u7,us}, {us, us, ue}t, {ur, uz, u3, us})

€3

=

€4

(e1)
K(e2)
(e3)
(ea)

then,
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here,

Figure 1. Sets of degenerate elements related to parameter e € F.

(er, ({ur,ua, ur}, {ua, ua, us}, {us, us, ue, ug})),
(627 {U],U2,U4} {U%,U57U6,U7} {U],U7,Ug}>)
(637 ({u2, uz, ug}, {ur, uz}, {u4aU5,U6}>)

€4, {u6,U7,Ug} {U3,U5,U6} {u17u27u4}>)}

° Del - {u2a us}’ Dez = {U],u’]}, D€3 == ®7 D64 = {uf)}
e DY ={w},D¥ = {us}, D =0and DS =0,

« DY =0,D% ={us}, D5, = {ui}and D =0
« DY =0,D% =0,D5 =0and Di =0

« DY ={us},D¥ =0,D;, =0and DS, =0

Definition 3.4. Let x € SNC{. If D, = () for all e € E, then snc-set « is called consistent
snc-set (csnc—set) and denoted by k.

Example 3.5. Let us consider parameter set E and initial universe set U in Example 3.3. If

then,

is a csnc—set.

=

€1 {U17u7}7{UZau4;U5},{U37u6au8}

e3 {u2, uz, ug}, {ur, ur}, {ug, us, ue}

(e1) (
k(e2) = ({ua,ual, {us, us,ue}, {ur, us,ug}
(€3) (
(e4) (

—_ ~—~— ~ ~—

=

€4 {u67u7au8}7{u5}a{ulau27u3au4}

{( ({ur, ur}, {u2, ua, us}, {us, ue, ug})),
€2, {UZ,U4} {U3,U5,u6} {U],U7,U8}>)

(
(e3, ({ua, us, us}, {ur, ur}, {ua, us, ue})),
(

eq, ({ue, u7, ug}, {us}, {ul,uz,u;,m}))}
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Corollary 3.6. Let x € SNCE. If D" =0, DY =0, D¢ = 0 and D} = ( forall e € E, k is
a csnc—set. On the other hand, if k is csnc-set, then ry(e) N ki(e) = 0, ki(e) Nry(e) = 0 and

ke(e) Nrge) = 0.

Now, in the following proposition, we shows relation between soft set and snc-set and be-
tween bipolar soft set and snc-set

Proposition 3.7. Let E/ be a parameter set, U be an initial universe and r be a csnc—set over U.
Then,

(i) If forall e € E, k;(e) =0, f is a bipolar soft set
(ii) Ifforall e € E, k;(e) = 0 and k. (e) = 0, k is a soft set.
Proof. The proof is clear. O

Definition 3.8. Let x € SNCE. If, forall e € F, w¢(e) = 0, s;(e) = U and k¢(e) = U, then
is called null snc-set and denoted by @.

Proposition 3.9. Let « be a null snc-set. Then uw € DY forallu € U and e € E.

Proof. Let k be anull sne-set. Since (k;(e) Nkg(e))/(ke(e) Nki(e)Nkp(e)) =Uforalle € E,
u€eDY . i

Definition 3.10. Let x € SNCE. If, for all e € E, ks(e) = U, x;(e) = 0 and x¢(e) = 0, then
is called absolute snc-set and denoted by Z.

Definition 3.11. Let x,7 € SNCF. If forall e € E, k¢(e) C 7i(e), wi(e) 2 7i(e) and kf(e) D
77 (e), k is called soft neutrosophic classical subset of 7 and denoted by x < 7.

Example 3.12. Let E = {e, €2, e3, e4} be a parameter set and U = {u;, up, u3, u4, us, g, U7, ug }-
Suppose that

(er, ({ur, uz, ur}, {uz, us, us}, {us, us, us, us})),

ea, ({ur, ua, us}, {us, us, ue, ur}, {ur, u7, us})),

(

(e3, ({ua, us, ug}, {ur, uz}, {ua, us, ue})),

(e, ({ue, u7, ug}, {us, us, us}, {UI,UQ,U3,U,4}>)}
and

(er, ({ur, uat, {ua, ug, us, ue}, {us, us, ug, uz, ug}))

eZa {U17U4} {U27U3,U57U6,’LL7} {ulvu77u6au8}>>

(

(e3, ({us, ug}, {ur, ug, ur}, {uz, us, us, ug}))

(as ({un}, s, us, s, ur}, fuur, uz, s, s, ugh) -
Since 7(e) C ki(e), i(e) 2 ki(e) and 7¢(e) 2 ky(e) foralle € E, 7 < k.

Definition 3.13. Let f,g € SN 65. Then, « and 7 are equal, denoted by k = 7, if Kk < 7 and
T X K.

Proposition 3.14. Let r, 7 € SNCE. Then,
(i) k=2
(ii) ® <k

(iii) Kk < K
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(iv) Ifk S Tand T =2 0, then k < o

Proof. 1t is clear from Definition 3.11. O

Definition 3.15. Let x,7 € SNC 5 . Then, union operation between two snc-sets x and 7, de-
noted by x — 7, is defined as follows:

ko= {(e, (ke(e) Uni(e), mi(e) N7i(e), kp(e) N7e(e)) s e € E}

Proposition 3.16. Let x, 7,0 € SNCF. Then,

(i) kK — K=K

(ii) kK — O =k

—

(ili) kK~ E=E&

(iv) K ~T=T7T—k

(v) HV(TVU):(I{\/T)\/O'

Proof. 1t can be proved by Definition 3.15. O

Proposition 3.17. Let x, 7 € SN 65 and u € U be a degenerate element in both  and t. Then
u € U is a degenerate element in k — T.

Proof. In order to prove, we will investigate four cases:

« Case 1: Letu € DY forany e € E. Since u € (ky(e) Nki(e)) and u & (ry(e) N k() N
kf(e)), u € re(e) and u € k;(e) and u & k¢ (e). Similarly, since u € (1¢(e)N7;(e)) and u &
(re(e)nmi(e)Nrs(e)), u € 1(e) and u € 7;(e) and u & 74 (e). Thus, u € Ki(e) UT(e), u €
ri(e)N7;(e) and u € (ki(e) U(e)) Nki(e) N7;(e). Inasmuch as u & k¢(e) and u & 7¢(e),
u & kg(e)N7ys(e). Therefore u & (ki(e)Ui(e))N(ki(e)NTi(e))N(kr(e)NTs(e)). We have

u€ ([(m(e) uTi(e)) N (ki(e) i)\ [(re(e) Uri(e)) N (rie) Nrile)) N (kg (e) ﬁTf(e))])

and so u is a positive weak degenerate element in xk — 7.

+ Case 2: Letu € DY forany e € E. Since u € (r;(e) Nrs(e)) and u & (ki(e) Nki(e) N
kr(e)), u € ki(e) and u € ky(e) and u & k;(e). Similarly, since u € (7;(e) N 7¢(e)) and
ud (r(e)nNm(e)NTs(e)), u € 1(e) and u € 74(e) and u & 7(e). Thus, u € k;(e) N7 (e)
u € rr(e)N7p(e) and u € (ki(e) N7r(e)) Nki(e) N7i(e). Inasmuch as u & k¢(e) and
u ¢ 1r(e), u & kp(e)N7s(e). Therefore u & (ki (e)UTi(e))N(kqi(e)NTi(e))N(ks(e)NTs(e)).
We have u € ([(sz‘(e)ﬂﬁ(e))ﬂ(fﬁf(e) N7r(e))\[(ri(e)Ui(e)) N (ri(e)NTile)) Nk (e)N

Ty (e))]) and so u is a negative weak degenerate element in x — 7.

+ Case3: Letu € D forany e € E. Since u € (k¢(e)Nrg(e)) and u & (k(e)Nk;i(e)Nks(e)),
u € ki(e) and u € ry(e) and u & r;(e). Similarly, since u € (r¢(e) N 7r(e)) and u ¢
(re(e) Nmi(e) N1p(e)), u € Te(e) and u € 7¢(e) and u & 7;(e). Thus, u € k(e) U (e),
ue rr(e)Ntr(e) and u € (ke(e) Umi(e)) Nky(e) N7p(e). Since u & k;(e) and u & 7;(e),
u & ki(e)N7;(e). Therefore u & (ki(e)UTi(e)) N (ki(e)NTi(e)) N (kyr(e)NTs(e)). We have

ue ([(”t(e)UTt(@))m<”f(e>mTf(€)>]\[(“t(e)UTt(e))m( i(e)Ni(e))N(x (6)ﬁTf(6))])

and so w is a strict degenerate element in x — 7.

« Case 4: Letu € DS forany e € E. Since u € (k¢(e) Nk;i(e) Nky(e)), u € rele), u € kile)
and u € r¢(e). Similarly, since u € (7¢(e) N 7;i(e) N7¢(e)), u € 7(e) and u € 7;(e) and
u € 7¢(e). Thus, u € ki(e) Uni(e), u € ki(e) N7(e) and u € (ky(e) N 7¢(e)). Therefore
u € [(ke(e) UT(e)) N (ki(e) NTi(e)) N (kg(e) NTs(e))]. Hence w is a full strict degenerate
elementin xk — 7.
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Definition 3.18. Let x, 7 € SNC 5 Then, intersection operation between two snc-sets « and 7,
denoted by k — T, is defined as follows:

K—~T= {(e, (ke(e) N(e), mile) UTie), kp(e) UTs(e))) e € E}

Proposition 3.19. Let x, 7 € SN 65 and u € U be a degenerate element in both  and T. Then
u € U is a degenerate element in k —~ T.

O

Proof. The proof can be made in similar way to proof of Proposition 3.17.
Proposition 3.20. Let % and 7 be two csnc-sets over U. Then, R ~— T is a csnc-set.

Proof. Let & and 7 be two csnc-sets over U. By Definition 3.4 and Corollary 3.6, #:(e) Nk (e) =
0, ki(e)NRi(e) =0, kp(e)NRys(e) =0 and 7y (e)N7(e) =0, 7 (e)NTi(e) = 0, Tr(e)NTr(e) =0
for all e € E. Therefore, it is easy shown that

~—~
=
S
—
)
~—
(-
>
~—~
9]
N~—
~—
D)
—
>
byl .
~—~
(@)
N~—
D)
>
3
—
9]
S~—
~—
= S =

Note that & —~ 7 may not be cscn-set.

Example 3.21. Let E = {e;, e, } be a parameter set and U = {uy, up, u3, ua, us, ug, u7, ug } be an
initial universe. Assume that

k= {(el, {ur, ua}, {us, us, us}, {ug, u7, ug}),
(ez,{m,us},{uz,U4},{u1,us,u7,US})}
and
7= {(el,{uz7U3},{u5,u6,U7},{u17u4,u8}),
(eg,{ul,us},{ug,u7},{u2,U4,u6,u8})}.
Then
A—~%F= {(617 {ua}, {us, ua, us, ug, u7 }, {us, U4>U6,u7,ug}),
(62,{us},{uz,U3,u4,u7},{ul,uz,U4,u6,U7,ug})}.

Here, it is seen that £ —~ 7 is not a csnc-set.

Definition 3.22. Let « € SNC 5 Then, complement of x, denoted by k¢, is defined as follows

5 = {(e. (50, (i) mi0) e € .

Example 3.23. Let E = {e, 3, e3, e4} be a parameter set and U = {uy, up, u3, u4, us, g, U7, ug }-
Suppose that

K= {(el’<{u1au27u7}’{u2ﬁu4»u5}7{u37u57u6au8}>)7
(

ez, ({ur, ua, ua}, {us, us, us, uz}, {ur, u7, ug})),

(
(e3, ({ua, uz, ug}, {ur, ur}, {us, us, us})),
(

eas ({us, ur, ug}, {us, us, v}, {ur, w2, us,ue})) }



SNC-SETS AND THEIR APPLICATIONS IN DECISION-MAKING 319

and

{ €r, {UQ,ug,, U7}, {uz,U4,U6}, {ug,, u8}>,)

ez, ({ur, ua}, {us, uz, ug}, {ur, us, us}), )

(
(e3, ({ur, uz, us, ug}, {u1, us, ur}, {ua, us}),)
(

€4, ({us, ur, ug}, {us, g, ur}, {ur, w2, ua})) §

be two snc-sets. Then,

R~T = { 617 {U17U27U37U7}7{U2,U4},{U37’LL8}>)

e, ({ur, ua, ua}, {us, uz}, {u1,us}))

(
(e3, ({ur, u2, u3, us, ug}, {ur, ur}, {U5}>)
(

4, ({us, e, ur, ush, {us, ue}, {ur, ua, uah) |

K —~T { ela {U27u7} {U2,U4,U5,u6} {u37u5au67u8}’>)

€2, {u17u4} {u37u5au67u7au8} {ulau67u7au8}>)

(
(e3, ({us, usg}, {ur, ue, ur}, {uz, us, us, ug})),
(

s, ({ur, ug}, {us, s, us, ur}, {ur, wa, us, ug}) |
and

{ €1, {u37u57u67u8} {U],U3,U6,U7,U8} {U],’U,Q,U7}>)

€2, {U17U7,’LL8} {UI,U27U4,U8} {U],Uz,'[,b4}>)

(
(63, <{U4,u5, u6} {UQ,U3,U4, u5,u8} {UQ,U3, u8}>)
(

ea, ({ur, uz, uz, us}, {ur, uz, us, uy, ug}t, {u6au77u8}>)}

Proposition 3.24. Let r, 7,0 € SNCF.. Then,
(i) K ~K=kK

(ii) k ~O@=0

(iii) K ~E =K

(iv) Kk ~T=7T—~K

v) k~(r—~0)=(k~7) ~o0.

Proof. It can be proved by Definition 3.18. O

Although union of a soft set and its complement is universal soft set, and intersection of them
is empty soft set, this situation is not available in a snc-set. Namely sometimes x — k€ # E and
Kk~ k¢ # 0.

Proposition 3.25. Let k, 7 € SNCL,. Then,
(i) (k—7)%=kr® ~ 18

(ii) (k —~7)¢ =KE — 7°
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Proof. (i)
(r =) ={ (e tm(e) Umile),mile) N7ile), ()rwf( N :ecr)
= {(estrs(e) N 74(e), (mie) N7ile))*, i) Umi(e)) s e € B}
_ {(67 (ks (e) N 7(e), mi(e)® U Ti(e)c,nt(e) Un(e) iee E}
(ii) .
(r~1)F = {(e (kele) N7ie). mile) Uile), <>Un<>>> =

e) Ury(e), (ile) Umi(e))*, mile) N7ile))) e € B
kr(e)UTs(e), ki(e)e N Ti(e)c,ﬁt(e) N Tt(€)>> tec E}

|
Definition 3.26. [7] Let (o, F) be a soft set over U. Then a subset of U x F is uniquely defined

by
Ra={(u,e)le € E,u € F(e)}

which is called a relation form of (¢, E)
Here we introduce a similar notation for snc-sets as follows.

Definition 3.27. Let x € SN'Cf.. Then a subset of U x E is uniquely defined by
R = {(RL(e), Ri(e), RL()) s e € B},

which is called a relation form of . Here R%(e) = {(u,e€) : u € r.(e)}, R.(e) = {(u,€) 1 u €
ri(e)} and R (e) = {(u,e) : u € ky(e)}.

Definition 3.28. [2] Let (¢, E) and (¢, F) be two soft sets and their corresponding relation forms
are R, and Ry, respectively. A new relation form R, is defined as:

(u,e) € Ryy < (u,e) € RyZARy,

where R,A R, is a symmetric difference of R, and R,,. Then the soft set (w, E'), whose relation
form is R, is called the inverse product of soft sets (¢, £') and (¢, E') and denoted by

(p, E) 0 (¢, E) = (w, E).
Based on the Definition 3.28, we introduce similar notation for snc-sets.

Definition 3.29. Let x,7 € SN Cg and their corresponding relation forms are R, and R, re-
spectively. A new relation form R, is defined as:

Rir = {(Ry(e) AR (e), B (e) ARL(e), Rl () ARL(e)) 1 e € B}

where A denotes symmetric difference operation in classical sets. Let o be a snc-set, whose
relation form R,... Then, o is inverse relation of snc-sets x and 7, and denoted by

K*; T = 0.
Here, it is easily seen that o € SNCE.

Example 3.30. Let £ = {e;, ey, e3} be a parameter set and U = {uy, us, u3, usa, us}. Suppose
that
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Kk = {(617 <{u1,u2}, {UZ,U4}7 {U3,U5}>), (627 <{u1,u4}, {U3}, {ula u27u5}>)’
(€3, ({2, s}, {un, us}, {us,ua})) }

and

T = {(61, <{u2>u3}7 {u27u5}7 {u17u4}>)7 (627 <{U4}, {u17u2?u3}7 {u5}>7)
(e3, ({ur, ua}, {ua, ua, us}, {Uhuz}))}

be two snc-sets. Then,

R, = {({(Ul,el),(uz»el)}a{(ubel)»(U4»61)}a{(u3’61)7(Usael)}),
({(u17 62)7 (U47 62)}, {(U3, 62)}7 {(ub 62), (U2, 62)7 (U5, 62)})7
({(u% 63)7 (U3, 63)}’ {(uh 63)’ (u5v 63)}7 {(u1’63)7 (U4, 63)})}7

R, = {({(u27el)’ (U3, 61)}7 {(u27 61)7 (U5, 61)}7 {(UI’ 61)7 (U4, 61)}),
({(U4, 62)}7 {(uh 62)7 (u2v 62)7 (U3, 62)}5 {(u57 82)}))
({(u1,€3), (ua, e3)}, {(u2, €3), (ua, €3), (us, e3)}, {(u1, €3), (us, 63)})}

R.. = { ur, 1), (uz, e1)}, {(ua, e1), (us, e1)}, {(uz, e1), (us, e1), (ur, e1), (ug, €1)}),

{(w,e2)}, {(ur,e2), (u2, e2)}, {(u1, €2), (u2, €2)}),
{(U1,e3), (uZa 63)’ (U3, 63)7 (U4, 63)}7 {(’U,1,€3), (qu 63)7 (U4, 63)}7
(

{(us, e3), (U4,63)})}-

Corresponding snc-set of R, is

(
(

g = {(61, <{U1,U3, 7—’*4’“5}7 {U4,’LL5}, {ula U3,U4,U5}>), (627 <{ul}v {u17u2}a {ulau2}>’)
(e3, ({ur, ua, us, ua}, {ur, uz, uat, {u3,u4}>)}-

Therefore k x; 7 = 0.
Proposition 3.31. Let x, 7 € SNCE. Then,
K%, T =T %; K.
Proof. The proof is obvious from definition of inverse product of snc-sets. O
Proposition 3.32. Let k, 7 and o € SNCE. Then,
(K T) % 0 =K*; (T*0).
Proof. Let k, 7 and 0 € SNCE. Then
(rrir) o = {(RLARL()ARL(e), Ri(e) ARL(e) AR (),

RI(e)AR!(e))ARL(e) e € E}
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Firstly, we will shown that (R, (e) AR (e))AR! (e) = RL(e)A(RL(e) ARL (€)), (RL(e)A R:(e))ARL(e) =
Ri(e)A(RL(e)AR: (e)) and (Rf(e)ARL(e))ARL(e) = Rf(e) (RE(e)ARL(e)). Let kx; 7 =
6, where 0 is a snc-set over U and its relation forms are R’ (e), R’ (e) and R{_(e), then

(u,e) € R (e) & (use) € Ri(e) AR (e)

where R!(e) and R (e) are relation forms of membership set of x and 7, respectively. Let

0 *; o = € and its relation form of membership set is R!__, (e), where
(kT)o

(u,e) € Rfm)a(e) & (u,e) € RL_(e)ARL () < (u,e) € (RL(e)ARL(e)) AR (e).

Let us consider the snc-set  ; (7 *; ). Assume that 7 ;o = . Here v € SN'CE and its relation
form of membership set is R% (e). From definition of R%_(e),
(u,e) € Rrp(e) & (use) € R (e) ARy (e)

where R (e) and R (e) are relation forms of membership set of 7 and o. Let x * v = p. Then,
its relation form of membership setis Ry _ ,(e), where

(u,€) € Ry(p)(e) & Ri(e) AR (€) & Ry () A(R () AR (e)).

Similarly, we can prove that (Rz (e )ARi (€))ARL(e) = Ri(e)A(R.L(e)AR! (e)) and
(];f( e)ARL(e))ARL(e) = RI(e)A(RL(e)ARL(e)). Thus, we have (k *; 7) *; 0 = Kk *; (T *;
o). O

Proposition 3.33. Let x, 7 € SNCE. Then,
(k% 7)¢ = K ¢
Proof. The proof is clear from Definition 3.22 and 3.28. O

Definition 3.34. Let x, 7 € SNC 5 Then, natural union of snc—sets x and 7, denoted by x —,,
7, and is defined as follows:

Koon T = {(e, (ri(e) Umi(e), mie) Umi(e), rp(e) UTs(e))) s e € E}

Definition 3.35. Let x, 7 € SN c’g}. Then, natural intersection of snc—sets « and 7, denoted by
k —~p T, and is defined as follows:

Ko T = {(e, (ke(e) N i(e), kile) N7ile), wp(e) NTy(e))) te € E}

Proposition 3.36. Let x, 7 € SNCE. Then,
(i) K —p TK—T
(ii) K ~pn TZK~—~T
(iii) Kk ~p, TK~—T
(iv) (k—n 1) =K~ T
(v) (k —~n 7)¢=KE —, T
Proof. The proof can be obtained from Definition 3.11,3.34 and 3.35. O
Definition 3.37. Let x, 7 € SN Cg. Then, OR-product of x and 7, denoted by « & T, is defined
by
kBT = {((el, e2), (ke(er) Umi(ea), kiler) NTilez), ku(er) Nile2))) er e € E}

Definition 3.38. Let x, 7 € SN'Ci. Then, AND-product of x and 7, denoted by x @ T, is defined
by

w7 ={((e1,e2), (mler) Nmea), maler) UTiea), muler) UTea)) s e1,e2 € B},
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Proposition 3.39. Let r, 7,0 € SNCE. Then,
(i) KET=TPHK
(i) k@ (Tdo) = (kBT) Do
(ili) KIT=TRkK
(iv) K ® (T®o) = (H@T) ® o.
Proof. It can be proved by using Definition 3.37 and 3.38. O
Proposition 3.40. Let k, 7 € SNCY,. Then,
(i) (kdT) =K R TC
(ii) (k@7T)¢ =KD TE
Proof. (i)

(kDT) = {((el,ez)n, (ki(e1) Uti(ea), kiler) Ni(e2), ki(er) N7i(e2))) -
er, e € E}C
= {((61,62), (kr(e1) NTe(e2), (ri(e1) UTi(e))e, ke(er) Ui(ea))) -
ey, ex € E}
=r°®TC.

(i1)

(ro )t = {((er,ea), (reler) N7ulea). miler) Umilea), mler) Um(ea))) -
el,ep € E}c
= {((el,ez), (k(e1) UTe(ea), (ri(er) NTi(e2))e, keler) NTe(er))) :
e, e € E}
=KD TC.

o

Definition 3.41. Let x, 7 € SN'C{.. Then, natural OR-product of x and 7, denoted by  @®,, 7, is
defined by

K ®p T = {((el,ez), (Ke(er) Uni(ea), kiler) UTi(e2), kuler) UTu(e2))) s er,e2 € E}

Definition 3.42. Let 5,7 € SNC 5 Then, natural AND-product of x and 7, denoted by k ®,, 7,
is defined by

K QpT = {((el,ez), (ke(er) NTi(ea), kiler) N7i(e2), kuler) NTe(e2))) s er ez € E}

Proposition 3.43. Let k, 7,0 € SNCL. Then,
(i) KELT=T&Ep K
(ii) K®n (TBRo) = (kOT) Do
(i) K@, T=TQ®nkK
(V) K@y (T®n0) = (k®nT) @no
(v) (k®, 7)¢ =K ®, 7°
(i) (k®, 7)°¢=kK®®, 7°
Proof. It can be proved by using Definition 3.41 and 3.42. O
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4 Group decision making method

In this section, we propose a decision making method based on the snc-sets. Firstly, we define
some notions that necessary to construct algorithm of decision making method. Finally, we will
present an application of soft neutrosophic classical set theory in a decision making problem.

Definition 4.1. Let U = {uj,uy,...,u,} be an initial universe and £ = {ej,ez,...,e,,} be a
parameter set. x be snc-set over U related to parameter set £. Then non-degenerate value of
u; € U related to parameter e; € F, denoted by v;;, and is defined as follows:

; u; € ke(ej) \ (rile;) Ukg(es))

0, ui € (kile;) \ (Kee;) Ukyp(e;))) UDE U U\ (kelej) Ukile;) Ukyp(e;)))
=1, w € rp(ey) \ (re(es) Uriley))

1/2,  w; € Dé’j_+

~1/2, wie DY

1/6, U; € D‘gj

Definition 4.2. [19] The score of an object u; € U is S; and is calculated as S; = Z;”:l Vij.

Definition 4.3. Let U = {u,uy, ..., u, } be an initial universe and S; be the scores of u; € U,
fori =1,2,...,n. Then maz{S; : i = 1,2,...,n} and min{S; : i« = 1,2, ...n} are called positive
consistent element and negative consistent element, respectively.

From now on, positive consistent element and negative consistent element of a snc-set will
be denoted by p and 7, respectively.

Example 4.4. Let U = {uy,up, u3, us, us, ug} be a initial universe and £ = {ej, ey, e3} be a set
of parameters. Let us consider given snc-set « as follows:

k= {(el, ({ur, uz, ust, {us, us, us}, {ua, ue})), (2, ({us, us}, {ua, us},
{ur, uz, uz,us})), (es, ({us, ue}, {ur, ua, ue}, {ug,U5,u1}>)}.

Then,

SIZZVU = v+t
i=1
= 1-1-05=-05

S, = 1-1405=05

S3 = 054+0-1=-05

Sy = —05405+1=1

Ss = 05+017-1=-0.33
Ss = —-14+1+4+05=0.5.

In here, alternative uy4 is positive consistent element and w3 and w; are negative consistent ele-
ments.

Now, we present an algorithm to select the optimum element as;

Algorithm

Step 1: Input the snc-set x and T,

Step 2: Find OR-product of snc-set x and 7,

Step 3: Compute the score S; of u; Vu; € U

Step 4: Find positive consistent element p as an optimum element.

Let us use the algorithm to solve the following problem.
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Example 4.5. Assume that, there is a company which has three decision-makers who are work-
ing as experts to choose one or more desirable alternatives from set of alternatives for their own
companies in humanity research department. In humanity research department experts deter-
mine required parameters for selection of element to the firm. Each of experts constructs own
snc-set by using the determined parameters. Then they apply the naturel union operations on
snc-sets constructed by own. Obtained the natural union set is a snc-set and it can not be consis-
tent snc-set, in this case, some elements can be degenerate elements in natural union set. Now,
C = {a,at, U = {ur,uy, us, ug, us, ug, u7, ug, ug, ujoy and E = {e; = presentable,e; =
good diction,e3 = reference} be set of experts, set of alternatives and set of parameters, re-
spectively. Then
Step 1: Each of experts input snc-set « and 7 as follow:

R = {(617 <{U],U2, u7, U9}, {U4, US}a {U(,, us, U10}>),
(62a <{’LL] , U2, U4, UG}, {u87 Uug, ul()}’ {’LL3, us, U7}>),

(e3, ({us, ug, uio}, {u, u7, ug}, {ua, us, U47U9}>)}

and
T = {(617<{U1au37u77ulo}a{U25U47U8au9}a{UJ3;U57U6}>)’
(e, ({uz, ua, us}, {ur, uo, uio}, {us, us, uz, ug})),
(e3, ({us, ug}, {ur, us, w7, ug, wio}, {uz, uz, uo})) }

Note that, here «, 7 be two csnc-sets, that is they aren’t any degenerate element.
Step 2: Let us find OR-product of the snc-sets x and 7 as; follows:

k@ T= {((e1,e1), {u1,u2, u3,u7,u9,ur0}, {ua}, {us})),
61,62), {ul,UQ,U4,u6,U7,U9},®,{U3}>),

er,e3), ({uy, uz, us, u7,ug, uo }, 0, 0)),

1), {ur, uz, u3, ug, ug, uz, uro}, {uo}, {us, us})),

( (
( (
( (
(e2,e2), ({ur, uz, ua, ue}, {uo, uro}, {us, us, u7})),
( (
( (
( (
( (

)
i)
s

62,63), {ul,UQ,u4,U5,u6,u8},{U,]o},{U3}>),
1), ({ur, uz, us, ug, ug, uio}, 0, {us})),

2), ({ua, ug, us, us, ug, uio}, {ur}, {us})),
es, e3), ({us, ug, uio}, {ur, ue, ur}, {uz, uz, uo})),

(&
e

Step 3: Score of each elements of U is computed as follows:

S1=7,5=6,5=-2,5=35,5=3,

Se=4, 57 =4, Sg =4, S9 =2, S)p=>5,

Step 4: Since max{S, S», 53, S4, Ss, S, S7, S8, .59, S10} = S|, positive consistent element
p = 51, then u; is optimum element.

5 Conclusion

In this paper, we present the concept of snc-sets and basic operations such as; union, intersection,
AND product, OR-product. We also propose an efficient approach for group decision making
problems based on snc-sets. It can be applied to problems of many fields that contain uncertainty
such as; multi-criteria decision making, game theory, algebraic structure and so on.
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