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1. Introduction

In 1999, Smarandache firstly proposed the theory of neutrosophic set (NS) [34], which is the
generalization of the classical sets, conventional fuzzy set [40] and intuitionistic fuzzy set
[5]. In recent years, neutrosophic sets has been successfully applied to many fields such
as;control theory [1], databases [3,4], clustering [36], medical diagnosis problem [2],
decision making problem [25,37], topology [26],and so on.

Presently work on the neutrosophic set theory is progressing rapidly such as; Bhowmik
and Pal defined intuitionistic neutrosophic set [9] and intuitionistic neutrosophic relations
[10]. Later on Salam, Alblowi [33] introduced another concept called generalized
neutrosophic set. Wang et al. [38] proposed another extension of neutrosophic set which is
single valued neutrosophic. Also Wang etal. [39] introduced the notion of interval valued
neutrosophic set which is an instance of neutrosophic set. It is characterized by an interval
membership degree, interval indeterminacy degree and interval non-membership
degree.Many applications of neutrosophic theory have been worked by Geogiev [23],Ye
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[36,37], Majumdar and Samanta [31], P.D. Liu [41,42] and Broumi and Smarandache [14]
and so on.

In 1999 a Russian researcher [32] firstly gave the soft set theory as a general mathematical
tool for dealing with uncertainty and vagueness and how soft set theory is free from the
parameterization inadequacy syndrome of fuzzy set theory, rough set theory, probability
theory. Then, many interesting results of soft set theory have been studied on fuzzy soft sets
[15,,27], on FP-soft sets [20,21], on intuitionistic fuzzy soft set theory [8,17,28], on
intuitionistic fuzzy parameterized soft set theory [18], oninterval valued intuitionistic fuzzy
soft set [24], on generalized fuzzy soft sets [30,35], on generalized intuitionistic fuzzy soft
[6], on possibility intuitionistic fuzzy soft set [7], on intuitionistic neutrosophic soft set [11],
on generalized neutrosophic soft set [12], on fuzzy parameterized fuzzy soft set theory [16],
on IFP—fuzzy soft set theory [19], on neutrosophic soft set [29]. Recently, Deli [22]
introduced the concept of interval valued neutrosophic soft set as a combination of interval
neutrosophic set and soft sets.

In this paper our main objective is to introduce the notion of interval valued neutrosophic
parameterized soft set which is a generalization of neutrosophic parameterized soft sets
[13].The paper is structured as follows. In Section 2, we first recall the necessary
background on neutrosophic sets, interval neutrosophic sets and soft sets. In Section 3,we
present interval valued neutrosophic parameterized soft set theory and examines their
respective properties. In section 4, we present a interval valued neutrosophic parameterized
aggregation operator. Section 5, interval valued neutrosophic parameterized decision
methods is presented with example. Finally we conclude the paper.

2. Preliminaries

Throughout this paper, let U be a universal set and E be the set of all possible parameters
under consideration with respect to U, usually, parameters are attributes, characteristics, or
properties of objects in U.

We now recall some basic notions of neutrosophic set, interval valued neutrosophic set and
soft set. For more details, the reader could refer to [29, 32, 34, 39].

Definition 2.1. [34] Let U be a universe of discourse then the neutrosophic set A is an object
having the form

A ={< X! PAK), VAx), Wax>X € U}

where the functions u, v, w : U—] 0,17 define respectively the degree of membership, the
degree of indeterminacy, and the degree of non-membership of the element x € X to the set
A with the condition.

0 <pagy VA F@ap <3 1)

From philosophical point of view, the neutrosophic set takes the value from real standard
or non-standard subsets of ]-0,17[. So instead of ] 0,1°[ we need to take the interval [0,1] for
technical applications, because 10,17 will be difficult to apply in the real applications such
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as in scientific and engineering problems.

Definition 2.2. [39] Let X be a space of points (objects) with generic elements in X denoted
by x. An interval valued neutrosophic set (for short IVNS) A in X is characterized by truth-
membership function p, (x), indeteminacy-membership function v, (x) and falsity-
membership function w4 (x). For each point x in X, we have

that pa (x),va(X),w4 (x) €[0,1].

For two IVNS

Ans={<%, [ (0, #R (0], VA (), va()], [0 (), wg (0] >|x € X}

and

Bryns= {<X, [u (0, mp (0], [VE(), vg ()], [wp (), wg ()]> | x € X }
Then,
1. Awns © Biynsif and only if

i (%) < pE(),HE () < pg(x),vE(X) = V(%) ,wi (X) = wp(x) , wj(x) = Fwg(x)
Wy (%) > wf (x).

2. AIVNS = BIVNS if and Only lf,
Ha(x) =pp(x) ,va(X) =vp(x) ,wa(x) =wg(x) for anyx € X.
3. The complement of A;yys is denoted by A7, s and is defined by

Afyns={<X, [05(), 0 (0]>, [1 = Vi), 1 = vEX)], [kZ (), mA (O] | x € X}

&

ANB = { <x, [mln(uA(X) g (), min(uz (0,1 ()], [max (v (),vi (),
max(va (x),vj (0], [max(w3 (), wj (), max(wy (), w5 ())] >: x € X }

5. AUB = {<x, [max(uz (), 1 (), max(ua (x), 1 ()], [min(vi (),vi (),
min (v& (),v (0], [min(w (), w5 (X)), min(wZ (x),05 ()] > x € X }

As an illustration, let us consider the following example.

Example 2.3. Assume that the universe of discourse U= {x;,x,,x3,x,}. Then, A is a
interval valued neutrosophic set (IVNS) of U such that,

A = {< x;, [0.1 0.8], [0.2 0.6], [0.8 0.9] >, < X, [0.2 0.5], [0.3 0.5], [0.6 0.8]>,
< x3, [0.5 0.8], [0.4 0.5], [0.45 0.6] >, < x4, [0.1 0.4], [0.1 0.5], [0.4 0.8] >}

Definition 2.4. [32] Let U be an initial universe set and E be a set of parameters. Let P(U)
denotes the power set of U. Consider a nonempty set A, A c E. A pair (K, A) is called a soft
set over U, where K is a mapping given by K: A — P (U).
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As an illustration, let us consider the following example.
Example 2.5 .Suppose that U is the set of houses under consideration, say U = {hy,h,. .
.,hg}. Let E be the set of some attributes of such houses, say E = {ej, €y, . . ., €4}, where ey, €y,

299 ¢

.. ., &4 stand for the attributes “beautiful”, “costly”, “in the green surroundings’”, “moderate”,
respectively.

In this case, to define a soft set means to point out expensive houses, moderate houses, and

so on. For example, the soft set (K, A) that describes the “attractiveness of the houses” in the
opinion of a buyer, saysMr. X, and may be defined like this:

A= Ev(Kv A) :{(81, {hl’hZ})’ (621 {h3})’ (631 {h11h2'h5})1 (e4-, U)}

3. Interval Neutrosophic Parameterized Soft Set Theory
In this section, we define interval neutrosophic parameterized soft set and their operations.

Definition 3.1. Let U be an initial universe, P(U) be the power set of U,E be a set of all
parameters and K be an interval valued neutrosophic set over E . Then an interval
neutrosophic parameterized soft sets(IVNP-soft sets), denoted byWy, defined as;

W ={(< %, [ rk (), kg (D], [VE (), v ()], [ 0k (%), wg ()] >, fx(x)): x € E}
where ug:E = [0, 1], vg:E = [0, 1],wg:E = [0, 1] and fx:E =P(U) such that fx (x) =@ if
Ug(x) = 0,vg(x) = 1 andwg(x) = 1.

Here, thepg, vgand wg called truth-membership function, indeteminacy-membership
function and falsity-membership function of (IVNP-soft set), respectively.

Example 3.2.Assume that U= {u;,u,,usz} is a universal set and E= {x;,x,} is a set of
parameters. If

K={(<xy, [0.2,03],[0.3,05,[0.4 05]>) , (<x,,[0.3 0.4], [0.5,0.6],[0.4,0.5]>)}
and
fr (x1)={u, ,us},fx(x)=U
then a IVNP-soft set Wy is written by

W, = {(<xy, [0.2, 0.3], [0.3,0.5], [0.4 ,0.5]> {u,,us}),(<x,,[0.3 ,0.4], [0.5,0.6],[0.4 ,0.5]>,
U)}

Definition 3.3. Let W, €IVNP-soft sets. If f(x) = @, pk (x)=p¥%(x) =0, vk (x)=v{(x) =
0 and wk (x)=w¥(x) =1 all x € E. then Wy is called empty IVNP-soft set, denoted by We,.

Definition 3.4.Let W, €IVNP-soft sets. If fi (x)=U,uk (x)=p¥ (x)=1, vk (x)=v¥(x) = 0 and
wk(x)=w{(x)=0all x € E. Then Wy is called K-universal IVNP-soft set, denoted byWz.
If K= E, then the K-universal IVNP-soft set is called universal IVNP-soft set, denoted
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Definition 3.5. W, and Q,, are two IVNP-soft set. Then, Wx=Q,,,if and only if ¥, =
Qyand Q,, E Wrforall x € E.

Definition 3.6. W, and Q,, are two IVNP-soft set. Then, W is IVNP-subset of(},,, denoted
by W, £Q, if and only if () < pip(0) M) < w0,V (X) = vy (%), vg(x) =
Vv (x),0k(x) = ok (%) ,w%(x) = of(x) andfx(x) € gy, (x) forall x € E.

Definition 3.7. Let W, €IVNP-soft set. Then, the complement of W, denoted by W¢ , is
defined by

Pr={(<x, [ wk (), 0k ()], [V (), v (O [ 1k (%), kg (O] fxe()): x € E}
where fge(x) =U \fx (%)

Definition 3.8. Let W, and Q,, are two IVNP-soft set. Then ,union of Wy and Q,,,denoted
by Wx U Q,, , is defined by

Wi U Q= {(<x, [max {ui (%), uir () }max {ug (¥), wiy (3], [min {vk (), viy (¥},
min {vi (x), viy (3], [min{wf (%), wj; ()}, min{wk (%), i ()}]>,
frum (X)):x € E}

Where fi, v (%) =fx(x) U fi(X)

Definition 3.9. Let W, and ,, are two IVNP-soft set. Then, intersection of
YeandQ,,,denoted by Wy 1 Q,, is defined by

Wi 1 Q= {(<x, [min {uie (%), wi (O3min {ui (x), iy O3, [max {vi (x), viy (03,
max {vi (), viz ()}], [max{w (x), iy ()}, max{wg (x), wi ()}]>,

(x)):x € E}

fkam
wherefy, v (%) =fx(x) N fi (%)

Example 3.10. Let U = {u,,u,, us, us}, E={ x4,x,,x3}. Then,
Y= {(<x,,[0.1,0.5], [ 0.4, 0.5] ,[0.2 ,0.3]>,{u;,u,}),
(<x,,[0.2,0.3],[ 0.5, 0.71 ,[0.1,0.3]>,{u,,us }}
Qm={(<x,,[0.1,0.6],[ 0.2, 0.3] ,[0.2 ,0.4]> {u3 ,u,}),
(<x5,[0.4,0.7],[ 0.1, 0.2] ,[0.3 ,0.4]>{u3 })}

Then

Wy U Qu={(<x,, [0.1,0.5], [ 0.4, 0.5] ,[0.2 ,0.3]>,{uy ,u, }),(<x, ,[0.2,0.6], [0. 2, 0.3]
[0.1,0.3]>,{u, ,us ,uy }i(<x3,[0.4,0.7], [ 0.1, 0.2] ,[0.3,0.4]> {us })}

Wy M Q= { (<x,, [0.1,0.3], [ 0.5, 0.7] ,[0.2 ,0.4]> {us D}.

We={(<x, ,[0.2,0.3], [ 0.4, 0.5] ,[0.1 ,0.5]> {us,u, }),

(<x,,[0.1,0.3], [ 0.5, 0.7] ,[0.2,0.3]> {u; ,us P}
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Remark 3.11. ¥, C Q,does not imply that every element of Wy is an element of Q,, as in
the definition of classical subset. For example assume that U={u;,u,,us,u, }is a universal set
of objects and E={x,,x,,x3}is a set of all parameters, if IVNP-soft sets W, and Q,, are
defined as

W= {(<x,4,[0.1,0.3], [ 0.5, 0.5] ,[0.2 ,0.3]>{uy,u,}),(<x;, [0.3,0.4], [ 0.4, 0.5] ,
[0.3,0.5]>{u, )}

Q= {(<x4,[0.2,0.6], [ 0.3, 0.4] ,[0.1,0.2]>,U),(<x,, [0.4,0.7], [ 0.1, 0.3]

[0.2, 0.3]>{u;,us})}

It can be seen that Wy = Q,,, but every element of W, is not an element of(),,.

Proposition 3.12. LetW,Q,, €IVNP-soft set .Then
i Yy T ¥;

ii. WY E Wy

. Wy E Wy

Proof. It is clear from Definition 3.3-3.5.

Proposition 3.13. LetW,Q,, and Yy €IVNP-soft set. Then
. W =Quand Qu=Yy © Y=Yy

ii. Ye T Quand Qy E Yy © Y= Qy

ii. Wy EQuandQy EYy =Wy EYy

Proof. It can be proved by Definition 3.3-3.5

Proposition 3.14 Let W, € IVNP-soft set. Then
. (Wr)© =¥k

ii. Ve =¥;

iii. Wg=Y¥3

Proof. It is trial.

Proposition 3.15. Let W,,Q,, and Yy €IVNP-soft set. Then
i W U W=

. Wy UWa=Wy

iii. Y U Ws=W;

iv. Wi UQu=0, U%

(W U Q) U Yy=We LI(Qy U Yy)

<

Proof. It is clear

Proposition 3.16. Let W,,Q,, and Yy €IVNP-soft set, Then
i W N W=V,

ii. Y. N ngr):lpas

. Wy NnWe=W

iv. W M Qp=0Qy N WYy

V. (W 1 Qp) N YNy=W, N(Q, N Yy)
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Proof. It is clear

Proposition 3.17.LetWg,Q, and Yy €IVNP-soft set, Then
L We U(Qy N Yy)=(Pe U Qy) N (WP UYy)
i, W N(Qy UYy=(Wg M Q) U(WP, NYy)

Proof. It can be proved by definition 3.8 and 3.9

Proposition 3.18.LetW,,Q, €IVNP-soft set, Then
i (Wx U Q) =Wx N QY
ii. (W N Q) =¥ U QY

Proof. It is clear.

Definition 3.19. LetWy, Q,, €IVNP-soft set, Then
I OR-product of Wy and Q,, denoted by Wy V Q,,is defined as following
W V Oy (X, y)={ (<(xy)([max {ug(x) uy(y)hmax{pg (x) um(y)3,
[min {vk () Vi (y)}min{v{ () Vi1 Imin{ek () ok ()},
min {wl () WY K] > ¥k U Qy(xy) Xy € E }
where W, U Qp,(X,y)= Wr(X) U Qp(y)
ii.  AND-product of Wrand Q, denoted by W, A Qs defined as following
g Ay (xY)={ (<), ([min{pg () () }min{ug (%) um(y)3},
[max {vi (x) v (Y)}max{vg () vu(¥)], [max{oi(x) ;i ()},

max {wg (x) ,wpy)]) >k N Ay (xy)) Xy € E }
where Wi N Qu(X,y)= P (X) N Qpr(y)

Proposition 3.20.LetWg,Q, and Yy €IVNP-soft set. Then
. Yy AWep=Yy

. W AQu=Qy AP

. WeVQ,=0, V¥

iv. (W A QA Yy=¥x A(Qy A Yy)

Voo (Wk Y Qu)V Y=g V(Qu V Yy)

Proof . It can be proved by definition 3.15

4. Parameter Reduction Method

In this section, we have defined a parameter reduction method of an IVNP-soft set, that
produce a soft set from an IVNP-soft set. For this, we define level set for IVNP-soft set.
This concept presents an adjustable approach to IVNP—soft sets based decision making
problems.

Throughout this section we will accept that the parameter set E and the initial universe U are
finite sets.

Definition 4.1 Let W, € IVNPS. Then for as=[s~,s*], t=[t",t*],g=[q~ ,q*]< [0, 1], the
(s, t, q) —level soft set of Wy is a crisp soft set,denoted by (Wk; (s, t, q)), defined by
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(¥k; (s.t,q)) = {((xi, Pr(x)) x; € E}
where

s7 < g (x),st < () tT = vi () tT 2 vig(x) and q7 = wik(x).q" = wi(x)

Remark In Definition 4.1, s € [0,1] can be viewed as a given least threshold on degrees of
truth-membership, t<[0, 1] can be viewed as a given greatest threshold on degrees of
indeterminacy-membership and g < [0, 1] can be viewed as a given greatest threshold on
degrees of falsity-membership. If s~ < pk(x;),s™ < u¥(x),t™ = vk (x),t* = v¥(x;) and
q~ = wk(x),qt = wl(x;), it shows that the degree of the truth-membership of x with
respect to the u is not less than s, and the degree of the indeterminacy-membership of u with
respect to the parameter x is not more than t and the degree of the falsity-membership of u
with respect to the parameter x is not more than g. In practical applications of IVNP-soft
sets, the thresholds s,t,g<[0, 1] is pre-established by decision makers and reflect decision
makers requirements on “truth-membership levels”, “indeterminacy-membership levels ”and
“falsity-membership levels”.

Definition 4.2 LetW, € IVNPS and an s;,in= [SminsSminds tmin= [Eminstminls

Gmin= [Amin-dhin]<[0, 1] which is called a threshould of IVNSP-soft set. The level soft set
of Wy with respect to (S;in,tmin »dmin) 1S @ Crisp soft set , denoted by

(lpl(; (Sminltmin lQmin)) )

defined by;
(qJK; (sminvtmin vqmin)) = {((xi’ LIJK(Xi)) X € E}
Where
mm — p-K(xl) Smm — p—K(xL) tmm = VK(xl) tmm = VK(xl) and qmm - (xl)

. Qmm = (‘OK(xl)
mln mf {HK(xl) xl € E} Smm Inf {”‘K('xl) 'xl € E}
tmin = inf {vk(x;) x; € E}, tmm inf {v¥(x;) :x; € E}
len inf {O‘)K(xl) X € E} Qmm =inf {('l)%(xl) X € E}

The (Spminstmin, 9min) 1S called the mmm-threshold of the IVNP-soft set Wy . In the
following discussions, the mmm-level decision rule will mean using the mmm-threshold and
considering the mmm-level soft set in IVNP-soft sets based decision making.

Definition 4.3 Let W, € IVNPS and an s,,4= [ Smig:Smial, tmia= [Emidrtmials
Gmia= [Gmia:amia]< [0,1] which is called a threshould of IVNSP-soft set . The level soft set
of Wy with respect t0 (S;ia,tmid-9mia) 1S @ crisp soft set, denoted by

(Wi (Smid tmiar dmia))defined by;

(P (Smiastmia «dmia)) = {((x;, P (%)) 2x; € E}
where,
mld = P—K(xl) Smld = U‘K(xl) tmld = VK(xl) tmld = VK(xl)and qmld = (*)K(xl) led =
wi (%)

_ L(x; Y(x;
Smid ~XixeE* i ( l)/|E*|7 Smid =Lxep* HicC l)/|E*|

L U
_ vE (x; v (x;
tmid =XixeE* k(%) /IE*I’ tmid =LxeE k(%) /IE*I



Journal of New Results in Science 7 (2014) 58-71 66

~ wk(x; Wl (x:
Amid :ZXEE* K( l)/|E*|’ q:r_lid :ZXEE* K( l)/lE*l

For all x; € E*, where if x; € E/E* then Wk(x;) = @.

The (Smid tmia 9miqa) 1S called the mmm-threshold of the IVNP-soft set W. In the
following discussions, the mid-level decision rule will mean using the mid-threshold and
considering the mid-level soft set in IVNP-soft sets based decision making.

Definition 4.4 Let W, € IVNPS and an S;,0x= [ Smax »Sthax 1 tmin= [ tmin »tin 1
Gmin= [ Gmin @hin 1€ [ 0, 1] which is called a threshould of IVNSP-soft set . The level soft
set of Wy with respect to (S;ax tmin »Gmin) 1S @ Crisp soft set, denoted by

(lPK; (Smax1tmin erin))adeﬁned by’

(qJK; (Smaxvtmin vqmin)) = {((xi’ l’IJI(’(xi)) :xi € E}
where,
Smax < M (1) Smhax < MR tmin = VR e = Vi (X)) and g = wk(x;)
min = Wi (X;)
Sr?Lax = Sup{ulf((xi) :xi € E}’ Sr-'r—lax = Sup{ U%(xi) :xi € E}
trin = INF{vk(x)) :x; € E}, tF,, =inf{ V] (x;) :x; € E}
Amin = INF{ok (x) x; € E}, i = INfL 0 (%) x; € E}

The (Spmax tmin Qmin) 1S called the Mmm-threshold of the IVNP-soft set Wy . In the
following discussions, the Mmm-level decision rule will mean using the Mmm-threshold
and considering the Mmm-level soft set in IVNP-soft sets based decision making.

Definition 4.5 Let W, € IVNPS. The threshold based on median could be expressed as a
function

medllJ : A_)[Or 1]31 ie. Smed:[s;ledis:r-wd]! tmea= [tr;ed!trtled]lqmed: [qr_nedlqr-l;wd] < [011]
for all € € A, where for Ve € Aspcq,5meq 1S the median by ranking the degree of interval
truth membership of all alternatives according to order from large to small (or from small to
large), namely

(1L (xm_l) if |E| is odd
(559
Smed =3 ((Hﬁ (X(@)) + (X(ﬂ+1))>
2 2 o if [E|is even
\
(WY (xm_l) if |E| is odd
(557
Stog =4 ((u%(x IE| )+u%(x IE| ))
) (G+1) o if [E|is even
\

troa theqiS the median by ranking the degree of interval indeterminacy membership of all
alternatives according to order from large to small (or from small to large), namely
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( VII} (X [El+1 ) if |E| is odd
(53°)
tmea = <(Vf< (X(m)) + Wk (X(@H)))
2 2 o if |E|is even
\
( V% (X [El+1 ) if |E| is odd
(53°)

thoq =1 <(V% (x(lzﬂ)> + Vi (X@ﬂ)))/z

if |E| is even

AN Grea Gmeq 1S the median by ranking the interval degree of falsity membership of all
alternatives according to order from large to small (or from small to large), namely

[ wk (x(m_ﬂ)) if |E| is odd
2
Tmea = 3 <(“)1L< (X(@)) + Wk (X(ﬂﬂ)))
2 2 o if |[E|is even
N
[ Wk (x Ei+1 ) if |E| is odd
%)
Amed = 9 <(“)1L< (X(@)) + Wk (X(ﬂﬂ)))
2 2 o if |[E|iseven
\

The (Simed tmed »Amea) 1S Called themed-threshold of the IVNP-soft set W, . In the following
discussions, the Med-level decision rule will mean using the Med-threshold and considering
the Med-level soft set in IVNP-soft sets based decision making.

Example 4.6 W= {(<x,,[0.1,0.5], [ 0.4, 0.5] ,[0.2 ,0.3]>,{u; ,u,}),(<x,,[0.2,0.3], [ 0.5,
0.7], [0.1, 0.3]>,{u, ,u3 }),(<x4,[0.1,0.3],[ 0.1, 0.7] ,[0.3 ,0.4]>,{u; ,u, ,uz }}
Then
Smia=[0.13, 0.36], t;niqa=[0.33, 0.63], gmiq = [0.2 0.43]
Smin=1[0.1, 0.3], t;in=1[0.1, 0.5], @ynin = [0.1,0.3]
Smax=[0.2, 0.5], t;nin=1[0.1, 0.5],¢min = [0.1,0.3]
Smea=10.2, 0.3], t;eq=[0.5, 0.7], gyeq =[0.1, 0.3]

Theorem 4.7. Let Wk € IVNP-soft set (Wx; (Smid:tmid \9mia)), ( Yk (Smin-tmin »Gmin))and
( Yx; (Smax-tmin »Gmin)) be the mid-level soft set, max —level soft set and min —level soft
set of Wk ,respectively. Then,

1. (LIJK; (Smaxatmin anin)) g( LPK; (Smidvtmid anid))

2. (LIJK; (Smaxatmin anin)) c (lPK; (smidatmid vqmid))

Proof. Let W, € IVNPSS.From definition, definition and definition,it can be seen that

S;Lin = Sr;u'd < Sr?lax! t;lin < tr;u'd < t;lax and qgu’n < q;u'd < qT;lCLX'
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Thus
I. forall x; € E which providing the inequalities

ST;lid < ulf{(xi) < Sr?laxr (xi ’qJK(xi) & (lpK; (Smax’tmin ’qmin)) :

§01 (LIJK’ (Smaxltmin ’Qmi_n))_ g( LPK; (Smid’tmid anid))
ii. it can be proved similar way
Now, we construct an IVNP —soft sets decision making method by the following algorithm;

Algorithm:

Step 1. Input the IVNP —soft sets -soft set Wi

Step 2.Input a threshold ( Smidstmid ’Qmid) ( or ( Smax tmin ,qmin)’(sminatmin anin)) by
using mid —level decision rule ( or Mmm-level decision rule, mmm-level decision rule) for
decision making.

Step 3. Compute mid-level soft set ( Wx; (Smid:tmid »Gmia)) ( OF Mmm-level soft set ( Wg;
(Smax- tmin +Gmin)) ,mmm —level soft set ( Wx; (Smin,tmin 1dmin), Med —level soft set ( W;
(Smin’tmin ’Qmin))

Step 4. Present the level soft set (Wg;(Smid:tmid.Qmia)) (Or the level soft set (Wg;
(Smax- tmin:dmin)), the level soft set (Wx:(Smin tmin:9min), Med—level soft set (Wg;
(Sminstmin »qmin)))in tabular form.

Step 5. Compute the choice value c; of u; forany u;e U,

Step 6. The optimal decision is to selectu; if ¢, = maxy, cy¢;

Remark If k has more than one value then any one of u;, may be chosen. If there are too
many optimal choices in Step 6, we may go back to the second step and change the
threshold (or decision rule) such that only one optimal choice remains in the end.

Example 4.8. Assume that a company wants to fill a position. There are 4 candidates who
fill in a form in order to apply formally for the position. There is a decision maker (DM) that
is from the department of human resources. He wants to interview the candidates, but it is
very difficult to make it all of them. Therefore, by using the parameter reduction method, the
numbers of candidates are reduced to a suitable one. Assume that the set of candidates
U={u,, u,, us, u,,us, Ue, U, } Which may be characterized by a set of parameters E={x;, x,,
X3 X4, X5, X} FOr i=1,2,3,4,5,6 the parameters i stand for experience, computer knowledge,
training, young age, diction and flexible working hours compatible, respectively. Now, we
can apply the method as follows:

Step 1. After thinking thoroughly, he/she evaluates the alternative according to choosing
parameters and constructs an IVNP-soft set Wyas follows

Y= {<x4, ([0.6, 0.8], [0.1, 0.2], [0.3, 0.5])>,{u;,uy,us,u,}), (<x,,([0.5, 0.6], [0.3, 0.4],
[0.2, 0.3])>,{u;,us,ue,ug}),(<x3, ([0.4, 0.5], [0.3, 0.4], [0.1,0.4])>,
{u,,us,uq,us1}), (<x4, ([0.1, 0.2], [0.4, 0.8], [0.4 ,0.5])>, {u;,u,,us,ug}},

(<xs, ([0.4, 0.5],[0.2, 0.4], [0.3, 0.6])>, {u3,ue,u; D} (<xs, ([0.7, 0. 7],
[0.1,0.3],[0.1, 0.5])>, {u,,us,ug}P)}

Step 2. Then, we have
Smid» = [0.45, 0.655],tmiq = [0.23, 0.41] ,qniq = [0.23, 0.46]
Smax: = [0.7, 0.8],tmin = [0.1, 0.2] ,qmin =[0.1, 0.3]
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Smim = [0.1,0.2],  tmin=[0.1, 0.2], ¢ynin =[0.1,0.3]
Smed» = [0.25, 0.35], tmeq = [0.35, 0.6] ,qmeq = [0.25, 0.45]

Step 3. Thus, the (Syed:tmed Gmea)-1€Vel soft set of Wyis (after the necessary calculations,
they can be seen that (S;,qx,tmin:Gmin)-1€Vel soft set,(Spmin:tmin.dmin)-1€Vvel soft set, and
(Smidstmia 9mia)- evel soft set of Wy are not suitable for decision making in this problem.)

(LIJK’ (Smedltmed !Qmed)) = {(<X !([05! 06]! [03! 04]! [02 70'3])>!{u2!u5!u6!u8})!
(<x3, ([0.4,0.5], [0.3, 0.4], [0.1, 0.4])>, {u,,uz,us,u,})}

Step 4. Tabular form of (Wx; (Smed tmed Qmed)) 1S

u Uq U, Ug Uy Us Ug U~ Ug
X 0 1 0 0 1 1 0 1
X3 0 1 1 0 0 1 1 0

Step 5. Then, we have the choice value ¢; fori=1, 2, 3,...,8
c;=0,c,=2,c3=1,c,=0,c5=1,c4= 2,c;= 1 andcg=1

Step 6. So,the optimal decision is u,0r ug
Note that this decision making method can be applied for group decision making easily with
help of the definition 3.19.

5. Conclusions

In this work, we have introduced the concept of interval valued neutrosophic parameterized
soft set and studied some of its properties. The complement, union and intersection
operations have been defined on the interval valued neutrosophic parameterized soft set. The
definition of parameter reduction method is introduced with application of this operation in
decision making problems.
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