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Abstract: In the paper, we first proposed a new notation is called expansion and reduction
of the neutrosophic classical soft sets that are based on the linguistic modifiers. By using
this new notions, we then developed a neutrosophic classical soft reduction method and
present a reel example for the method.

Neutrosophik Klasik Esnek Kiimeler Uzerine Genislemeler ve indirgemeler

Anahtar Kelimeler
Esnek kiimeler,
Neutrosophik klasik esnek
kiimeler,

Genisleme,

Neutrosophik klasik esnek
indirgeme

Ozet: Bu makale, ilk olarak dilsel diizenleyicilere bagl olarak neutrosophik klasik esnek
kiimeler iizerine genisleme ve indirgeme olarak adlandirilan yeni bir notasyon ileri siirdiik.
Bu yeni notasyonlar1 kullanarak, biz daha sonra bir neutrosophik klasik esnek indirgeme
metodu geligtirdik ve bu metot i¢in bir reel 6rnek sunduk.

1. Introduction

Uncertainty takes place almost everywhere in our daily
life. There are a number of theories have been pre-
sented tackle these uncertainty such as fuzzy set the-
ory [46], intuitionistic fuzzy set theory [4], interval val-
ued intuitionistic fuzzy sets [3], rough set theory [34],
vague set theory [22], neutrosophic set theory [2, 5-8, 14—
16, 30, 32, 36, 38, 41, 42], interval neutrosophic sets
[39, 48] etc. After these theories, Molodtsov [27] pre-
sented the notations of soft set theory. Then, differ-
ent studies on soft sets have been introduced such as
[1,9, 10, 18, 19, 28, 29, 37, 49, 50]. After Molodtsov,
the theory of soft sets has been extended in a number of
directions in [11-13, 20, 21, 24, 26, 31, 33, 35, 40, 47].

In recent years, by using the concept of linguistic vari-
ables by given Zadeh [44, 45], Eraslan [17] alternatively
proposed soft reduction method that reduces a number of
alternatives. As a generalization of soft set theory, neu-
trosophic classical soft set theory [25] is defined. In this
paper, our objective is to developed the concept of exten-
sion and reduction on neutrosophic classical soft and apply
to decision making problems. Therefore, we proposed
expansion and reduction of the neutrosophic classical soft
sets that are based on the linguistic modifiers. By using this
new notions, we then developed a neutrosophic classical
soft reduction method and present a reel example for the
method.
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2. Preliminaries

In this section, we will give some definitions and properties
of neutrosophic set [36], neutrosophic classical set [23]
and neutrosophic classical soft set [25] that are used in the
remaining parts of the paper.

Definition 2.1. [36] A neutrosophic set A is characterized
by a three membership function is called truth 74, indeter-
minacy I and falsity F4 on the universe U as;

a={ ., xe v}

where Ty, 14, Fy : U —]70,17[and ~0 < Ty (x) + Iy (x) +
FA (x) S 3+.

From now on, set of all neutrosophic sets over U is denoted
by NS(U).

Definition 2.2. [23] Let U 0. A neutrosophic classical
set K is presented by;

K= {<x,A1,A2,A3> X € U}

where Aj,A>,A3 C U. The set Aj,A; and Aj is called
the set of member, indeterminacy and non-members of K,
respectively.

From now on, set of all neutrosophic classical sets over U
is denoted by NCS(U).



1. Deli / Expansions and Reductions on Neutrosophic Classical Soft Set

Definition 2.3. [25] Let X be a parameter set and U be
an initial universe. Then, a neutrosophic classical soft set
(ncs-set) f over U is defined by

f={0 (fi(x), fix), fr(x))) - x € X}

where f;, fi, fr: X — 2(U) and 0 C f;(x) U fi(x) U fr(x)
C P(U).

From now on, set of all ncs-sets over U is denoted by
NCSSx (U).

Example 2.4. In here we give a neutrosophic classical soft
set f on universe U = {uy,uz,...,u10} and set of parame-
ters X = {x,x2,x3,x4} as;

f= {0, {us,uz,u,uro}, {ur,uz,us},
{uz,ue,us})), (x2, ({uz,us,u9,u10},
{uz,us,us},{ur1,u7,u8})), (x3, ({uz,uz,u7,us},
{ur,ur0}, {us, us,us,uo})),

(x4, ({ue,u7,us,ug,uro}, {us}, {ur,uz,u3,us}))}

Definition 2.5. [25] Let f,g € NCSSx(U). Then,

1. if, forallx € X, f;(x) =0, fi(x) =U and fr(x) =U,
then f is called null neutrosophic classical soft set
and denoted by ¢.

if, forall x € X, fi(x) =U, fi(x) =0 and fr(x) =0,
then f is called absolute neutrosophic classical soft
set and denoted by U.

f is soft neutrosophic classical subset of g, denoted
by fCg, ifforall x € X,

fi(x) € ge(x), fi(x) 2 gi(x) and fr(x) 2 g7 (x).
f and g are equal, denoted by f = g, if fCg and gCf.

soft neutrosophic classical union of f and g, denoted
by fUg, and is defined as follow

rog= {06 (@) Ug ), AN
8i(x), () gy (x))) s x e X |

soft neutrosophic classical intersection of f and g is,
denoted by fNg, defined as follow

g= {0 Ng @, AU
8i(x), fr(x) Ugr(x))) sx € X |

. complement of £, denoted by f¢, is defined as follow
fo= {(x, (fr(x), (fi(x)S, fi(x))) : x ex}

OR-product of f and g, denoted by f'V g, is defined
by

Fve= {(Gm), (i) Ugi(). fil)
Ngilx2). 7 (1) Mgy () sxix €X |
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defined

Frg= {2, (i) i), filx)
Ugi(x2), fr(x1)Ugr(x2))) 1 x1,%2 € X}

Definition 2.6. [17] Linguistic modifiers are words like
“not very”, “more or less”, “very”, “very very”, “extremely
which modify the meaning of parameters of a soft set.
For example, “beautiful house” becomes “very beautiful
house”.

In this case, if x is a parameter and m is a linguistic modifier,
then modified parameter x by m is denoted by m(x).

In general, unless otherwise specified, the linguistic mod-
ifiers will be shown by the symbols my for all k € [, =

{1,2,...,n}.

Example 2.7. [17] Let x; =“expensive”, x, =“large”,
x3 =“good” be three parameters of a neutrosophic
classical soft set and m; ="“very”, my ="“very very”,
m3 ="extremely” be three linguistic modifiers. Then, some
modified parameters will be as follows;

’

mi(x;) = '"very expensive"
mi(x3) = 'very good"

my(x3) = 'very very good"
m3(xy) = 'extremely large"

Definition 2.8. [17] Let m;,mo,...,m, be linguistic modi-
fiers. Then,
M'={m;:iel,}

is called an n-level linguistic modifier set.

Definition 2.9. [17] Let X be a set of parameters and M"
be an n-level linguistic modifiers set. Then, an n-level
modified set of set of parameter x is a set defined by

M} ={m(x):meM"}, forallx € X.

Example 2.10. Assume that we have a 4-level linguistic
modifier set as

M* = {not very, very, very very, extremly}

Then, for a parameter "expensive", the 4-level modified set
of "expensive" will be written by

M4

expensive = {not very expensive, very expensive,

very very expensive, extremly expensive }

Definition 2.11. [17] Let X be a set of parameters and
M" be an n-level linguistic modifier set. Then, n-level
modified set of X is a set defined by

Y ={mx):xeX,meM"}

Note that if M" = {m;: j€I,} and X = {x; : k € I}, then
when no confusion arises we will briefly use x;; instead of
m; (xk), that is

m; (xk) = Xkj
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3. Expansions and reductions of neutrosophic classi-
cal soft sets

In this section, we apply the linguistic modifiers to neu-
trosophic classical soft set theory to make applications of
neutrosophic classical soft sets more suitable.

Therefore, we give an expansion and reduction of a neutro-
sophic classical soft set by using linguistic modifiers. The
definitions and applications on soft set defined in [17], we
are extended the definitions and applications to the case of
neutrosophic classical soft sets.

Definition 3.1. Let f € NCSSx(U) and M7 be an n-level
modified set of x for x € X. Then, an n-level expansion of
each element (x, (f; (x), fi(x), f7(x))) of f is a neutrosophic
classical soft set over U is defined by

M — NCS(U), forallx € X,
if following conditions hold;

L (mi(x)) 0 fiF(mj(x)) = £ (mi(x)) 0 fF(mj(x)) =
J3(mi(x)) N f3(mj(x)) =0 forall j, k€ l,, k# ],

2.
Uker, /i (mi(x)) - = fi(x),
Uker, /i (mi(x)) - = filx),
Uker, f7(mi(x)) = fr(x)

It is clear that f* € NCSSyn (U), for every x € X.

Note that from now on, we may not use "n-level" if does
not cause confusion.

Example 3.2. If U = {uj,uy,...,us2} is a set of houses
and X = {x,xp,x3,x4} is a set of parameters where
x;, (i=1,2,3,4), stand for the parameters "expensive",
"large", "beautiful”, and "in green surroundings" respec-
tively. Then, we can consider a neutrosophic classical soft
set f to describe the attractiveness of houses as follows:

o= A1, {us,ug,ug,uio,ur1 }, {ur,us,us}, {us, ug,us,u12})),
(x27 <{u2,u4,u9,u10,u11}, {M3,M5,L£6,M12}, {M17M77M8}>),
(x3, ({uo, u3,u7,us}, {ur,ur0}, {ua, us, ug,ug,ur1,u12})),
(X4, <{M67M77M87M97M1071/l11714]2}7 {1/[5}7 {ul 7”27”37”4}>)}
Let us consider an element

(x1, ({us,u7,u9,ur0,urn }, {ur,us,ur }, {us, u, ug, u12}))
of f and 3-level linguistic modifier set

M3 = {my,my,m3}

where mj, (j = 1,2,3), stand for the linguistic modifiers
"less", "very" and "extremely" respectively. Then, 3-level

modified set of x; = "expensive" can be written by
3
Mz, = {x11,X12,X13}

where xj1="less expensive", xjp="very expensive",
x13="extremely expensive". Assume that

i) = us,uio}, {uz},0)}
rx) = ({ug,ue}, {us}, {us})
rxs) = und, {u )}, {ue,us,uin})

480

then, a 3-level expansion of (xi, (f;(x1), fi(x1), fr(x1)))
can be written by

= {(xn»<{M57u10}a{uz}7@>)a(x12»<{M77u9}7{u4}»
{us})), (xiz, { ({unn }, {3, {MsaM87M12}>)}

Note: It is well known that construction of a neutrosophic
classical soft set may depend on experts. Therefore, each
element of a neutrosophic classical soft set may have dif-
ferent expansions. If it is necessary to use more than one
expansion of an element of a neutrosophic classical soft set,
then to avoid the confusion different expansions will be
indicated by a, b, c, ... as a superscript of the neutrosophic
classical soft sets. In this case, the expansions of an ele-
ment (x, (f;(x), fi(x), fr(x))) of neutrosophic classical soft
set f can be denoted by f7, f7,, f=, ... and then they called
a-expansion, b-expansion, c-expansion, ... , respectively.
For example, let us consider Example 3.2, we can con-
struct different expansions of (x1, {f; (x1), fi(x1), fr(x1)))
as follows;

fo = {(Xm<{M57u10}7{uz}’@>)’(x12,<{147}»{u4}7
{u3}>)’(x137{<{”9au1]}7{u1}7{u67u87u12}>)}

s = {<xu,<@,{uz},{us,mo}>>,<m,<{u4},{u7},
{u3}>)a(x137{<{u8au11}7{u1}7{u67u97u12}>)}

. {(xllv<{M27“10}a{u5}a(’)>),(X1z,<{1437u9}7{’44},

{ur})), (x13»{<{'411},{u1},{Msabts,ulz}))}

Definition 3.3. Let f € NCSSx(U), f* € NCSSMQ(U).
Then,

E(f) ={f":xeX}
is called an n-level expansion family of f.

Now we give an example for n-level expansion family of
f.

Example 3.4. Let us consider Example 3.2 where f*! is
given and assume that in a similar way 3-level expansion

of (x2, (fi(x2), filxa, fr(x2))), (x3, (i (x3), fi(x3), f(x3)))
and (x4, (f; (x4), fi(x4), fr(x4))) can be written respectively
by

£ = { e, (Quaano}. s}, ) oz, (.

{us},{m}»,<x23,{<{u4},{ué,uu},{m,us}»)}

o= {(xsl»<{M2},®a{u4,usvulz}>)a(x327<{M37M7}7
{uro}, {us,u1})), (x33, {({us}, {u1 }, {M9}>)}
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[ = {(Mh ({ue,u7},0,{u})), (xa2, ({us,uo},0,
Wﬂ%%ﬂﬂwwmm&Wﬁ#mmm}
P}

%{(m, ({us, 0}, {u2},0)), (x12, ({u7,u0},
{ua}, {us})), Cers, {({un }, {ur }, {M67u87M12}>)}
{G21, {uo,uro}, {us}, 0)), (22, ({2, w11 },

{ust {ur})), (23, { ({ua}, {us, 12}, {M%Ms}))},

{Gar, ({ua}, 0, {ua,us,u12})), (x32, ({uz,u7 }, {ur0},

{%mﬁm&%UWQ$MKWM}

{()C41 ; <{u67’47}7m7 {u2}>)7 ()C42, <{I/l8,u9},@, {M3}>)7

(e oo} ) o .s)

is a 3-level expansion family of f.

Definition 3.5. Let f,g € NCSSx(U) and f* g* €
NCSSyn(U) for x € X. Then, the expansion of each el-
ement of the union of neutrosophic classical soft sets are
defined by

(fOg) = {(m(x)),((fOg);(m(x)),(fNg)}(m(x)),
(fNg)}(m(x))) : m(x) € M}
where
(fOg)i(m(x)) = ff(m(x))Ug/(m(x)), x€X,
(f0g)i(m(x)) = fi(m(x))Ng;(m(x)), x€X,
(fOg)}(m(x)) = fi(m(x))Ngj(m(x)), x€X,

Definition 3.6. Let f,g € NCSSx(U) and f* g* €
NCSSyn(U) for x € X. Then, the expansion of each el-
ement of the intersection of neutrosophic classical soft sets
are defined by

(f0g)* = {(m(x)), ((fNg)i (m(x)), (fOg)i (m(x)),
(f0g)}(m(x))) : m(x) € M}
where
(fRg)i(m(x)) = ff(m(x))Ng/(m(x)), x€X,
(fNg)i(m(x)) = fi(m(x))Ugi(m(x)), x€X,
(fRg)(m(x)) = fi(m(x))Ugp(m(x)), x€X,

Definition 3.7. Let f € NCSSx(U) and f* € NCSSy (U)
for x € X. Then, the expansion of each element of the
complement of neutrosophic classical soft sets are defined
by

(F = {m(x)), ((f) (m(x)), ()} (m(x)),
(f)}(m(x))) : m(x) € MY}
where
FRmx) = fimx),  xex.
(f)im(x)) = (ff)(m(x)), x€X
(fO)5mx) = fi(m(x), xeX.
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Example 3.8. Let us consider Example 3.2 where the 3-
level expansion of (xi, (f;(x1), fi(x1), fr(x1))) is given as

ﬂb={@mH%M®WﬂWLMMWMMAML
{us})), (xla,{<{M11},{ul}a{usausvulz}»}

and assume that another neutrosophic classical soft set g is
given as follows

{(xer, ({ur, ug,uo,u7,ur0,u11 }, {uz,us},
{us,us,ug,u12})), (x2, ({ur,u7,u9,u10,
urr}, {us,us,us,ui2}, {uz,us,us})),

(x3, ({uz,uz,u7,u9}, {uy,ug,us1 },
{u4,u5,u6,u107u12}>), ()C4, <{M6,M7,M8,M9,
uro,ur1ui}, {us}, {ur,up,u3,us}))}

If 3-level expansion of (xi,(g;(x1),8i(x1),8r(x1))) is
given as

g:

¢ — ﬁmmwmmﬁwmm»@mHW%me
h@»amﬂmemw&wmm@

then, we can construct (fUg)*1. We know that

(fOg) 1 (m(x1)) = f*1(m(x1))0g" (m(x1)), for all

m(xy) € M;I
which gives
(fOg)" (x11) = f1(x11)0g"™ (x11)

= ({us,u10,u11},{u2},0)
F1(x12)0g™ (x12)
({ur,ue,u7,uo}, {us}, {us})

(fOg)™ (x12)

S (x13)0g™ (x13)

({u7,u9,u11},0,{ug,uin})

(fOg)™ (x13)

Hence, we get

(X] 1 <{u5, ul()vull}a {M2}7@>)7
(12, ({ur, ue,u7,uo}, {uat, {us})),
(o L 10, G 02)) |

(fOg)"1 =

By the similar way we get
(e = { o, (o). ). 0). 52, 0.,
{u3}>)7 (X13, {<@7 {M] }7 {u57u6’u85u12}>)}

and
(7 =

(x11, (0, {ur,u3,us,us,ue,u7,us, 1y, Uio,

ur,uiz}, {us,ur0})), (xi2, ({us}, {ur, uz,
M3,M5,M6,M7,Mg,bt97u1()7bt11,l/t12},{M7,M9}>),
()C13,{<{M6,M87M12},{M27M3,M47M5,M6,M7,M8,

ug, M10,u11,M12}7 {u11}>)
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Theorem 3.9. Let f,g € NCSSx(U) and f*,g° €
NCSSyn (U) for x € X. Then, for every x € X, followings
hold;

1. (fOg)" = f*0g*

2. (ffg)' = fng*

3 (F) = ()
Definition 3.10. Let f € NCSSx(U), f* € NCSSyn (U)
and My be an n-level modified set of X. Then, an n-level

expansion of f is a neutrosophic classical soft set over U,
is denoted by f®fX, is defined by

FX(m(x) = f*(m(x))

It is clear that /X € NCSSy (U).

From now on, n-level expansions of neutrosophic clas-
sical soft sets f, g, A, ... will be denoted by fX,gX,n¥ ...,
respectively.

XMy — NCS(U),

Proposition 3.11. Let f* € NCSSyp(U) and f* €
NCSSy (U). Then,

A=Ur
xeX

Proof: It is easy from Definition 3.10.

Example 3.12. Let us consider Example 3.2 and 3.4. Then,
a 3-level expansion of f can be written by

pr= o s o) )00, o G} ),
{us}) o, (). o G2 |

and

£ = { e, (Qaaao}. {0 oz, (.
(usb. (i) Ceno u). {n) ras))) |

£ = {0, s, o G
{Mlo}»{ue»un})%(x33,{<{'48},{'41}7{u9}>)}

£ = s 0.0 )., ),

0’{"{3}»’ (x437{<{”107u117”12}7{”‘5}7{1417”4}»}

It can also be obtained easily by using above the Proposi-
tion 3.11 as

= aufupsy

Theorem 3.13. Let f,g € NCSSx(U) and fX,g¥ €
NCSSup (U). If f® ¥ and g® g~, then followings hold;

1 (fOg)®(f*0g*)
2. (fAg)®(*ng*)
3 fF®(X)
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Definition 3.14. Let U be a universal set. Then, forn € N,
n-level choice set is a set defined by

Ly={":i,€L,}

where I!' = (¢j1,¢i, ..., Cin) is an n-tuple such that for j € I,
U, j=i
C,'j = { e J .
¢, jFi
such that U = (U,0,0) and ¢ = (0,U,U).

Therefore, the 1, 2,..., n-level choice set can be written as,
respectively,

L = {(Q)}; o
L2 = {(U’(P)’((PaU)}
L = {(0.6n§).($.0.,n).(5.....0))

Definition 3.15. Let X be a set of parameters, L, be the
n-level choice set. Then, n-level choice function is defined
by

o' X > L, a"(x)=1I;

where [}/ is one of [{,17,...,1; chosen by a decision maker
according to the situation of x € X. The a"(x) is called
n-level choice value of x € X.

Example 3.16. Let us consider X = {x},xp,x3,%4} as a set
of parameters and L3 be the 3-level choice set. Then, 3-
level choice values for x;, i € I4, may be chosen respectively
by

o’ (x1) =1} = (ci1,c12,¢13) = (U, 9,9)
o’ (x2) =I5 = (co1,02,¢23) = (9,0, )
o’ (xg) = I3 = (c31,¢32,¢33) = (9,9,0)
o (x4) =I5 = (co1,02,¢23) = (9,0, )

Definition 3.17. Let f € NCSSx(U), f* € NCSSy(U),
E,(f) be an n-level expansion family of f and o*’ and .
n-level choice function. Then, a reduction function of f,
for x € X, is defined by

o' (f*) = {(mj(x), (" () f*(mj(x))) : j € In,x € X}
where the value o"(f*) is called @"-reduction of
(x, (f1(x), fi(x), fr(x))) for x € X.

Example 3.18. Let us consider E,(f) which is given
in Example 3.4 and o’ which is given in Example
3.16. Since the expansions are 3-level, we have to
use the 3-level choice set L3z. Then, o3 -reduction of

(x1, (fi (x1), fi(x1), fr(x1))) is computed by

o (f) = {(m;(xr), (@ (x0)Nf* (mj(x1))) : j € B}
= {1 (@) (x1)) 2 j € B,

since m;(x;) = x;j

= {(up B0 (ny)) € By,
since o (x1) = I3

= {lj N1 (xy)) - j € B,
since [7 = ¢y

= {(x1,ennNf1(xin)), (x12,¢c120
S (x12)), (k13,130 (x13)) )

= {1, UMM (x11)), (k12,00
F1(x12))s (%13, 901 (x13)) }

= {1 0m))}

= {0, {us, w0}, {u2},0))}
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and also by the similar way, o’-reduction of Example 3.21. Let us consider Example 3.18. Then, an
(xi, (fi (i) fi(xi), fr(xi))), @ = 2,3,4, are computed o3-reduction of f can be written by
as;

(X3(fx2) — {(xzz,<{M27M11}7{MS},{M1}>)} f(x3 = {{(x”,<{u5,u10},{uz},@>)},{(x22,(
{uz,unn} {us}, {ur})} {(xs3, ({us}, {ur }, {uo}
oc3(fX3) = {(X327 <{M8},{M1},{M9}>)} >)},{()C42, <{ug7u9}7@7{u3}))}}

o () = {(xaz, ({us,u0},0, {us}))}
Proposition 3.22. Let f € NCSSx(U), o (f*) be an a”-
where o (x2) =13, 0 (x3) = 13, and o (x4) = 3. reduction of (x,(f(x), fi(x), f¢(x))) for x € X and fo» be
an o"-reduction of neutrosophic classical soft set f. Then,

Proposition 3.19. Let f*,g* € NCSSy(U) and o' be a
reduction function for x € X. Then, for x € X, for = U o (%)
1 a'(f0g") = o' ()00 (g") <
2. a"(f"Ng") = a"(f)Na(g")
3. a"((f9)) = a™((f)")

Proof: It is easy from Definition 3.20.

Definition 3.23. Let f € NCSSx(U). Then,

Proof: /. Since U(f) = Of(x)
xeX
ffOg" = {(m(x)),(fif(m(x))Ug(m(x)), fF(m(x))N is a set called union set of neutrosophic classical soft set f.
gi (m(x)), f7(m(x)) N gy(m(x))) : m(x) € My} .
. . . N=Nrfx
by using above Definition 3.17 we can write xeX

is a set called intersection set of neutrosophic classical soft

o' (f*0g") = {(m;(x), " (x)N(f*0g")(m;(x))) : set f.
jen}
Example 3.24. Let
Since
G(FY = {(my(x), (A () 2 J € I}, o= {1, {us,uz,uo,uro,urr }, {ur,us,un}, {us,ue, ug, ur2
a'(g) = {(m;(x),a(x)Ag"(m;(x)) : j € I} x2, ({uz, ua, ug,uro, urn }, {us, us,ue, urn}, {ur, u7,us}

(2,
. . . , , (x3, ({2, uz, u7,us}, {ur,ur0}, {ua, us, ug, ug, ury, w12}
by using definition of union of neutrosophic classical soft (x4, {

sets we can write
o (f1)0a"(g") = {(m(x), (" (x)Nf* (m;(x)))0
(o (x)Ng*(m;(x))) : jEIn} be a neutrosophic classical soft set over U =

{u1,uz,...,u12}. Then, the union set of f is written as
From (3) and (3), we get that o"(f*Ug") =
an(fx)oan(gx) U(f) = {<{u2,u3,u4, Us,Ue, U7, U8, U9, U0, U] 17”12}3030>}
The proofs of 2. and 3. can be made by the similar way.
3. Since (f6)° = (f")° we have ~ ~
o ((f°)) ={(m(x)), (f°) (m(x)), f7)" (m(x)), ;)" (m(x))) :
m(x) € My}
by using Theorem 3.9 we can write

a"((f)) = {(M(X)MfE)x((m( X)), fE) (m(x))

the intersection set of f is written as

I(f) = {(0, {ur,u2,u3,us,us,ug,ug,ur2},
{M],M2,M3,M4,M5,M6,M7,M8,M9,M11,u12}>}

Proposition 3.25. Let f,g € NCSSx (U). Then,

S (@) s mlx) €M}y 1. 1(f0g) = 1(/)0N(g)
= {(m(x)), (/)" (m(x)), (/)" (m(x)), ) X
(P (m(x))) s m(x) € My} 2. I(fNg) = 1(/HNI(g)
R 3. U(f0g) = (/)0 U(g)
Definition 3.20. Let f € NCSSx(U) and o (f*) be an oy .
o"-reduction of (x (f(x), fi(x), f¢(x))) for x € X. Then, 4 U(fﬂ~g)~— U(HNUG)
Sor ={a"(f*) :xe X} uif)ev
. . , , 6. I(f)C0
is called an o"-reduction of neutrosophic classical soft set
I 7. I(f)CU()
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x4, ({ue,u7,ug,uo, uro, ury, iz}, {us}, {ur,ur,uz,us}
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Proof: /. Forall x € X,

I(fJg)

The other proofs can be made similarly.

Definition 3.26. Let f € NCSSx(U) and fu be an a-
reduction of f. Then, the union set of fy» be R =
{(<R(x,'j),Ri(x,'j),Rf(x,'j)>) TXij = mj(xi),xi S X} Then,

U{R xij)U

xieX

Red(R xlj)ﬁRf('xlj))}

is a set called reduced set of neutrosophic classical soft set

f.

Proposition 3.27. Let f € NCSSx(U) and fur €
NCSSy (U). Then, 0CRed (R)CU

Now, we construct an algorithm of neutrosophic classical
soft reduction method as follows:

Algorithm

1. Construct a neutrosophic classical soft set f &
NCSSx (U).

Input an n-level linguistic modifier set M".
3. Compute M for each x € X.

Compute f* for each x € X to obtain E4(f).
5. Input an n-level choice set C,.

Compute o (x) for each x € X

Compute o (f*) for each x € X.

8. Compute fen.

9. Find the reduced set Red(R).

An Application of Soft Reduction Method

Assume that a high school received 12 teacher for a po-
sition. There is a decision maker who wants to interview
some of the suitable candidates instead of all of the candi-
dates. Therefore, by using the neutrosophic classical soft
reduction method the number of candidates are reduced to
a suitable subset of candidates. Let U = {uy,uy,...,ui2}
be the set of teachers which may be characterized by a set
of parameters X = {x,x2,x3,x4}. Fori = 1,2,3,4, the pa-
rameters x; stand for "work experience", "computer knowl-
edge", “young age" and “foreign language" respectively.
Now, by using the algorithm of neutrosophic classical soft
reduction method we can solve this problem step by step
as follows:
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Step 1: The decision maker constructs a neutrosophic clas-
sical soft set f over U according to the CV of teachers,
f= {0, {us,u7,u9,u10,u11 }, {1, us,u2},
{us,ue,us,u12})), (x2, ({u2, ua, ug,ur0,u1 },
{us,us,ue, u1n}, {ur,u7,us})), (x3, ({u2,us,u7,us},
{I/tl,ul()},{M4,M57M6,M9,M11,M12}>),(.X4,<
{M67u7,Ms,u97141071411,u12},{Ms}y{ul,uzyuz,u4}>)}

Step 2: The decision maker consider a 3-level linguistic
modifier set as

Et) 99 EL) LT} 173 /)
= {my = "not very”,mp = "very”,m3 = “quite’ }
Step 3: For all i € 14, 3-level linguistic modified set of x;
can be obtained respectively as
M} = {xi,xi,x3 ), My, = {xo1,x00, %23}, M,
{31,230, 033}, M5, = {x41,x42,%43}

Step 4: Assume that the decision maker can construct 3-

level expansion set of (x;, (f(xi), fi(xi), fr(xi))), f¥, for
i € Iy, respectively as,

pr= o s o) )00, o G} ),
{u3}>),(x]3,{<{u1|},{ul},{%,ug,u]z}))}
ro= o a0, 00, G ),
{M5}7{M1}>)7(x23a{<{M4}7{M67M12}»{M7,M8}>))}
7o = o, (0.0 s}, o (),
{0} 1) o, (). ). G })
o= { v a0, ). G,

0,{us})), (xa3, {({ur0,u11,u12},
{us}. fin)) |

Now, an 3-level expansion family of f can be written by

Ey(f) = {f"‘,f"z,f"%f"“}

Step 5: The decision maker inputs a 3-level choice set L3
as

Ly = {(ﬁ7¢a¢)7(¢a0a¢)7(¢7¢50)}
Step 6: According to the 2. 3-level choice set a choice
values ch (x;) can be computed for each x;, i € Iy, respec-
tively,

a13(x1) = (Q7‘P7?)7
(Xg(xz) = ((Ba¢~7[{)7
() = (6,0,9).
o (x4) = (U, 9,9),

Step 7: By using the reduction function o (f*) can be
computed for each x;, i € I4, respectively,

o (1) = {(xn, ({us, uro}, {ua},0))}
o3 () = {(x23, ({ua}, {us,u12}, {u7,us}))}
o3 (f) = {(x32, ({us,uz}, {uro}, {u,u11}))}
o3 () = {(xa1, ({ue,u7},0,{u2}))}
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Step 8: a-reduction of f can be computed by

fa3:

2

{{(xlla<{M57M10}7{u2}70>)}»{(x237 ({ua},
{ug,ur2}, {uz,us})) ¥ { (x32, ({uz, u7 }, {u10},
(i) o, ()0, )}

Step 9: Finally, the reduced set Red(R) can be computed
by

Red(R) = [U(f(x;) = {M},M4,M5,M6,M7,M1()}

which is a suitable subset of the set of alternatives U. In
this problem, 12 applications is reduced to 6 applicants
by the neutrosophic classical soft reduction method. So,
decision maker interviews only 6 applicants instead of 12.

4. Conclusion

In this work, as a new notion on neutrosophic classical
soft set theory, we first defined expansion and reduction
of the neutrosophic classical soft sets based on linguistic
modifiers. Using the expansion and reduction we then gave
neutrosophic classical soft reduction method. The aim of
this method is to obtain a subset of the set of alternatives
through a decision maker. With this method, it is possible
to reduce the number of alternatives significantly.
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