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ABSTRACT

Multi-criteria group decision making (MCGDM) strategy, which consists of a group of experts acting
collectively for best selection among all possible alternatives with respect to some criteria, is focused on
in this study. To develop the paper, we define linguistic neutrosophic refine set. We also define entropy
to calculate unknown weights of the criteria and establish basic properties of entropy in linguistic
neutrosophy refine set environment. In the developed strategy, the rating of all alternatives is expressed
with linguistic variables. All linguistic variables are expressed as refined neutrosophic numbers which
are characterized by truth-membership sequences, indeterminacy-membership sequences, and falsity-
membership sequences. Linguistic refined neutrosophic score function (LRNSF) and linguistic refined
neutrosophic accumulated function (LRNAF) are proposed. Weight of each criterion is unknown to
decision maker. Finally, an illustrative example is provided to demonstrate the applicability of the
proposed approach.

KEYWORDS: Linguistic variable, Neutrosophic set, Refined neutrosophic set, Linguistic refined
neutrosophic set, Score function, Group decision making

1. INTRODUCTION

To deal uncertainty characterized by indeterminacy, Smarandache (1998) introduced neutrosophic sets.
The concept of neutrosophic sets is the generalization fuzzy set (Zadeh, 1965) and intuitionistic fuzzy set
(Atanassov, 1986). Wang et al. (2010) proposed the concept of single valued neutrosophic set (SVNS) to
deal with practical problems. SVNS has been studied and applied in different fields such as medical
diagnosis (Ye, 2015a, Ye & Fu, 2016) decision making problems (Sodenkamp, 2013; Kharal, 2014; Biswas
et al. 2014a, 2014b, 2015a, 2015b, 2016a, 2016b; Mondal & Pramanik, 2014b, 2015a, 2015¢; Sahin, 2017,
Sahin & Liu, 2016; Ye, 2015b, Smarandache & Pramanik, 2016), social problems (Mondal & Pramanik,
2014; Pramanik & Chackrabarti, 2013), engineering problem (Ye, 2016), conflict resolution (Pramanik &
Roy, 2014) and so on.

Different neutrosophic hybrid sets are proposed in the literature such as neutrosophic soft set (Maji,
2013), neutrosophic cubic set (Ali, Deli, & Smarandache, 2016), neutrosophic bipolar set (Deli, Ali, M., &
Smarandache, 2015), rough bipolar neutrosophic set (Pramanik & Mondal, 2016), etc. Broumi et al.
(2014a, 2014b) proposed rough neutrosophic set by combining rough set and neutrosophic set. Mondal and
Pramanik (2015a) proved the basic properties of cosine similarity measure of rough neutrosophic sets and
provided its application in medical diagnosis. Pramanik & Mondal (2015) proved the basic properties of
cotangent similarity measure of rough neutrosophic sets and its application to medical diagnosis. Mondal &
Pramanik (2015d) also proposed new rough neutrosophic multi-attribute decision-making strategy based on
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grey relational analysis. Mondal, Pramanik and Smarandache (2016a) proposed multi-attribute decision
making based on rough neutrosophic variational coefficient similarity measure. Mondal, Pramanik and
Smarandache (2016b) also established rough neutrosophic TOPSIS for multi-attribute group decision
making. Pramanik, Roy, Roy and Smarandache (2017) proposed rough multi criteria decision making
based on correlation coefficient.

Smarandache (2013) extended the classical neutrosophic logic to n-valued refined neutrosophic logic,
by refining each neutrosophic component 7, /, F into respectively, 71,75, ... Tm, and I ,I> , ... I, and F ,F> ,
... Fr. Broumi & Smarandache (2014) presented an application of cosine similarity measure of neutrosophic
refined sets in medical diagnosis problems. Ye & Ye (2014) introduced the concept of single valued
neutrosophic multi-set (SVNM) and proved its basic operational relations. In the same study, Ye and Ye
(2014) proposed the Dice similarity measure and the weighted Dice similarity measure for SVNMs and
investigated their properties and they applied the Dice similarity measure of SVNMs to medical diagnosis.
Broumi and Deli (2014) proposed correlation measure for neutrosophic refined sets and applied to medical
diagnosis. Mondal and Pramanik (2015b) proposed neutrosophic refined similarity measure based on
tangent function and applied it to multi-attribute decision making. In this paper, we propose a new multi-
criteria group decision making method based on linguistic variables and refined neutrosophic sets. The
proposed method is illustrated by solving an illustrative example.

Rest of the paper has been organized as follows: In section 2, some definitions of neutrosophic set,
single valued neutrosophic set, refined neutrosophic set, refined neutrosophic number, and linguistic
refined neutrosophic set have been presented briefly. In section 3, a new multi-criteria group decision
making method has been presented. In section 4, the proposed method has been applied to deal with an
illustrative example related to suitable spot selection for construction purpose. Section 5 presents the
concluding remarks and future scope of research.

2. PRELIMINARIES

2.1 Concepts of neutrosophic sets (Smarandache, 1998)

A neutrosophic set 4 in a universal set X, which is characterized independently by a truth-membership
function T4(x), an indeterminacy-membership function /4(x), and a falsity-membership function F4(x).
The functions T4(x), L«(x), Fa(x) in X are real standard or nonstandard subsets of ]°0, 17, such that 74(x):
X—70, I'[, L(x): X—> 10, 17, and Fu(x): X— ] 0, 1'[. Then, the sum of T4(x), Ls«(x) and F(x) satisfies
the condition "0 < sup Tu(x) + sup L4(x) + sup Fa(x) <3".

2.2 Some concepts of single valued neutrosophic sets (Wang et al., 2010)

Definition 1 A single valued neutrosophic set A in a universal set X is characterized by a truth-
membership function T4(x), an indeterminacy-membership function /4(x), and a falsity-membership
function F4(x). Then, a single valued neutrosophic set A can be denoted by

A= {<x,TA(x),1A(x),FA(x)>/xGX} where Tu(x), L4(x), Fa(x)<[0, 1] for each x in X. Therefore, the sum of
T4(x), Ia(x) and F4(x) satisfies 0 < Tu(x) + Ls(x) + Fa(x) < 3.
Let A= {(x T (), L4(x), F 4(x))/ x € X }and B= {(x,T 5 (0. I5(x), Fp(x))/x € X }be two single valued neutrosophic
sets, and then there are the following relations.

e Complement: 4°= {x,(FA(x),l —14(x),T4(x)/x e X};

e Inclusion: 4 € B if and only if T4(x) < Ts(x), Ls(x) > I5(x), Fa(x) > Fp(x) for any x in X;
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Equality: A = B, ifand only if 4 € B and B € 4;

Union: AUB :{<x,TA(x)vTB(x),[A(x)/\[B(x),FA(x)AFB(x)>/xeX}

Intersection: AN B ={<x,TA(x) ATg(X), T4(X)V I5(x), Fa(x)V FB(x)>/xe X}

Addition: A® B ={x,T ,(x)+ T5(x) = T4 (x). T5(x), 14().15(), F4(x).F5()/x€ X

Multiplication: A ® B = {<x Ta(). T L4 () + 15(¥) = 14(x).15(x), F4(X) + F5(x) = F4(x). Fp(x))/ x € x|
2.3 Refined neutrosophic sets (Smarandache, 2013)

Let 4 be a refined neutrosophic set in a universal set X. Then A4 can be expressed as

A=(< (7,0, 7% 0, 7500 M1, 00, 200+, 1500 WFY (60, 0, F () ) xe X),

where, 0 <7!,(x), 7% (x),+, T5(x) <1,0 < [}(x), 5(x),-, 15(x) <1, 0 < F,(x), F4(x),---, F4(x) <1 such that
0 <sup7’,(x)+sup7,(x) +supr’,(x) <3 for 1 = 1, 2, ..., p, for any =xex. 7,00, 7%x),T5(x),

10, (), 5 and  FlY(x), F4(x),-,F5(x) are  the truth-membership sequence, indeterminacy-
membership sequence and falsity-membership sequence of the element x, respectively. Also, ‘p’ is called
the dimension of neutrosophic refined sets A.

2.4 Linguistic refined neutrosophic set

Let X be a universal set and a linguistic term S represented by a refined neutrosophic set 4 on X. The set
containing linguistic variables S which is characterized by the truth-membership sequence,
indeterminacy-membership sequence and falsity-membership sequence respectively is called a linguistic
refined neutrosophic set. If the dimension of refined neutrosophic set is p, then the dimension of linguistic
refined neutrosophic set is also p. Some linguistic variables and corresponding refined neutrosophic
numbers are presented as follows (see Table 1).
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Table 1: Refined neutrosophic sets corresponding to linguistic variables

Linguistic Refined neutrosophic set

Variables
Extremely Good ((1.00, 1.00, 1.00, --- p times), (0.00, 0.00, 0.0, ---p times), (0.00, 0.00, 0.00, -+ p times) )
(EG)
Very Good(VG) ((0.90, 0.90, 0.90, -+ p times), (0.08, 0.08, 0.08, ---p times), (0.08, 0.08, 0.08, --- p times) )
Good (G) ((0.80, 0.80, 0.80, -+-p times), (0.20, 0.20, 0.20, -+ p times), (0.20, 0.20, 0.20, ---p times) )
Medium Good ((0.60, 0.60, 0.60, -+ p times), (0.40, 0.40, 0.40, ---p times), (0.30, 0.30, 0.30, -+ p times) )
MG)
Medium (M) ((0.50, 0.50, 0.50, --- p times), (0.50, 0.50, 0.50, -+ p times), (0.40, 0.40, 0.40, - --p times) )
Medium Bad (MB) ((0.40, 0.40, 0.40, ---p times), (0.40, 0.40, 0.40, ---p times), (0. 50, 0.50, 0.50, ---p times) )
Bad (G) ((0.20, 0.20, 0.20, -+-p times), (0.80, 0.80, 0.80, -+ p times), (0.80, 0.80, 0.80, ---p times) )
Very Bad (VB) ((0.10, 0.10, 0.10, - - p times), (0.80, 0.80, 0.80, -+ p times), (0.90, 0.90, 0.90,---p times) )
Very very Bad ((0.05, 0.05, 0.05, -+ p times), (0.90, 0.90, 0.90, -+ p times), (0.90, 0.90, 0.90,---p times) )
(VVB)

Definition 2: Linguistic refined neutrosophic accumulated function (LRNAF)

Let nij=<(a%j,a§,~'-,a}})(b}j,bfj;~-,b}})(c}j,c§,---,c§)> i=1,2,..,m, j=1,2, ..., nbe a collection of refined

neutrosophic sets of order p. Then linguistic refined neutrosophic accumulated function (LRNAF) is
defined as follows:

}.+ ’.2.+...+ ’1’ b}+ b’2++b’P }_+ ’_2_+...+ ’1’

LRNAF(nij) _ <aij’ ,B[j, 7[j> :<aj ajj aj , i i i , Cij ™ Cjj Cyj > (1)
p p p
i=1,2,...mj=12,...,n
Definition 3: Linguistic refined neutrosophic score function (LRNSF)
Let <ag, B> 7[,-> be a LRNAF, and then a score function of LRNAF can be defined as follows.
1

S(ass By 74) = §(2+a;,-—ﬂi,—}/,~,), S(as ;- 7,) <[0, 1] 2
where the larger value of S(a‘,-, B 7‘,-> indicates the truth value of LRNAF is larger.
Definition 4: Weighted accumulation score value (WASYV)
Weighted accumulation score value (WASV) of all criteria is presented as:
WASV(C, Ca, . .., Co) = Zaw;Slas B, 7)) 3)

Yoaw=1,j=1,2,...,n
3. DECISION MAKING METHODOLOGY

Assume that L1, Lo, ..., Ly, be a discrete set of alternatives, C1, C,, ..., Cy be the set of criteria and K, K>,
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., Kx are the decision makers. The decision makers provide the rating of alternatives with respect to all
criteria. The rating represents the performances of alternative L; (i = 1, 2, ..., m) against the criterion C; (j
=1, 2, ..., n). The values associated with the alternatives for MCGDM problem can be presented in the
following decision matrix. The relation between alternatives and criteria is given in the Table 2.

Table 2: The relation between alternatives and criteria

C, C, C,
(T1.THsTH) (T12:Tt2s > TH), (T1nsTins>TH),
Ly | { UiIf T, (2o ITasTE)s ) o { Thws Lo TH)s
(Fii, FhisTh) (Flas Fias > TH) (Flu»FlossTH)
(Th1: T30, TH, (T2 T2 ThH), (Thu>T3ns>TH)s
Ly | ( (B 131,,TD), (Is oo TH), ) oo ( (Tans s+ T 4)
(F215F21a -, T7) (F,F3%,Th (F5 F3nr s ThH
(Tml,Tml, T (Th2>Tz> =+ TH), (Tmn,Tmn, -, Th),
L, [ (Lt Tats - TH)s (Lo Inz> TR, ) (Lo s+ TH)s
(Fouts o>+ Th (Fhas Faoor T (F o> s> TH

The steps of the group decision making method under linguistic refined neutrosophic environment are
described as follows:

Step 1: Construction of the decision matrix with linguistic refined neutrosophic sets

For MCGDM, the rating of alternative L; (i = 1, 2,..., m ) with respect to criterion C; (j = 1, 2,...n) is
taken as refined neutrosophic environment. It can be represented with the following forms:

/(Tll’Tll’ ST ) (1115111’ : P) (F;l:Fizla"'aF'p >’
L= P P P
(TlZ’TIZ’ T,z) (]l27][27 112) (FtZaFlZa F,z >
’ /<(Tzl'naTi2n5'"anpn)s(Izl'm]iznr'”aIﬁl)b (lenanznraF{;)>
C.
L=/ ,j=L2,..,n (5)
(@} 13 T B D, (FY Foe F D))

Here (7}, 73.+.T}), (1} 1} ++-.1)), (F}, F3,+-.F})) denotes refined neutrosophic set.

The degrees of truth, indeterminacy and falsity membership of the alternative L; satisfying the criterion C;,
respectively where

0T, Tr ThH<1, 0< 07 10 <1, 0< F L Fi . FI<1
Step 2: Determination of the linguistic refined neutrosophic accumulated decision matrix
Assume that, a linguistic refined neutrosophic set is of the form

(@3 T, (s oo D), (FY F e FD)

The linguistic refined neutrosophic matrix is formed by utilizing equation (1) and it is presented in the
Table 3.
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Table3: The linguistic refined neutrosophic accumulated decision matrix for decision
maker K;

[LRNAF],Xi =
C, C, C,
L, <a11, ,B11:711>Ki <0!127 ﬁ12:712>Ki <a1n: ,B1,1571,1>Ki
L, <a21, ﬁz1a721>Ki <0!22a ﬁzza722>Ki <0!2m ﬁZn’72n>Ki
(6)
Lm <an117 ﬁml’}/ml>Ki <am2: ﬁy,127}/m2>Ki <amn7 ﬁmn’},mn>K1’

Step 3: Determination of linguistic refined neutrosophic score matrix for decision makers

Using the equation (2), aggregated transferred neutrosophic score matrix for alternative L; (i=1, 2, ..., n)
is defined as follows:

Table 4: Aggregated transferred neutrosophic score matrix for alternatives

<S<ai/" By» 7[j>>mf;'

G ¢, c,
L S<a11, B 711>Ki S<a12, Pias 712>Ki S(al,,, Bin> 71,,>K[
L, S<az1: B> 721>Ki S<0(22: B> 722>Ki S<a2n’ Ban> 72n>Ki (7)
L, S<0!m1a ﬂml’ 7m1>K[ S<0!m2a ﬁmza 7m2>K[ S<amna ﬂmna 7,,1,1>Ki

Step 4: Determination of geometric mean of score matrices for decision makers

To fuse the opinions of all decision makers, we determine geometric mean of all corresponding linguistic
refined neutrosophic score values (see Table 5).

Table 5: Geometric mean of score matrix for decision makers

<S<ai/" Bys 7/[j>>m><n

¢ C, c,
L d(nf=1s<all, B )" ri/[nﬁzl Slaas Bros 7)) ;/(Hles@m B )™ )
L, ‘/(Hf:lS<a21, B 721>K[) ’i/(HfﬁS(azza B> 722>Kij ’i/(nles<0!2na B> 72n>Kij (8)
Lo |10 St B 7)) (TSt B 7)) (TSt s 720 )

Step S5: Determination of weights criteria
In practical decision making situation, criteria weights may be unknown to decision makers. Also, the
importance of the criteria may be different.

3.1 Method of Entropy in linguistic refined neutrosophic environment

Entropy is an important method to measure uncertain information (Shannon, 1951). Kosko (1986)
proposed fuzzy entropy and conditioning. Szmidt and Kacprzyk (2001) proposed entropy function for
intuitionistic fuzzy sets. Majumdar and Samanta (2014) developed entropy measures for SVNSs. Biswas
et al. (2014a) also studied entropy measures for SVNSs. The entropy measure can be used to calculate the
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criteria weights when it is completely unknown to decision maker.
In this paper we propose an entropy method for linguistic refined neutrosophic sets to determining
unknown criteria weight. Assume that, N= <(T}1,T?1,~~-,Tf;),(1§1,1,?1,~~-,15), (FY,F3,,FF >be a refined

neutrosophic set. We define entropy function in linguistic refined neutrosophic environment as follows.

|y Ut Tt 1p)|

Lsm ((T}1+T,~21+'“+T,~’i)+(F,1~1+F,~21+"'+F,-”1)J
i=1
p p

n
The function has the following properties:

Un+I3++1h) _
P

P1. ENT,(N)=0= Nis a crisp set and 0.

In+Iha++1h) _

Proof. Nis a crisp set and 0
p
_ (Tt Th++ 7] :1,(F3~1+F,-21+-“+F,-”1 _o, Un+lit+1h)
p p p
— ENT,(N)=0

L2 ppp Ly 2P ! 2 b P
P2 ENTI-(N):1:<(T”+T[1+ +T11),(111+I:l+ +I;l),(F11+F11+ +F11)>:<05,05,05>
p p p

1 2 4.4 TP 1 2 4iig TP 1 2 4. P
Proof. <(T11+T11+ +T,1)’(I,1+I,1+ +I,1)’(F11+F11+ +F,1)>:<0.5’0.5’0.5>
P p p
1
=ENT,(N)=1-—.0=0.
n

3. ENT,(N) = ENT,(N,) =

(Ta+Th+-+ThH  (Fa+Fi++F} | TaH T+ TH  (FutFa+-+Fh
P + p for N = P + P for Np

(In+Ii++18)
P

(Ih+15++1h
P

and|(l1-2. for Ny

for by S ‘1—2.

Proof.

((T}1,+T%1+~-~+Tﬁ)+(F}1+F?1+-~-+Fﬁ J S((T§1+T,-21+"'+Tﬁ)+(F}1+F,~21+"'+F5 J

p p for Nq p p for No

(In+1a++1)
p

(Ih+In+--+1h
P

and |1-2. forNIS 1-2. for Np

oL iyn_l((T}1+T?1+-'-+T5)+(F}1+F?1+~-+F,-‘ij
n P P

(I +Ia++1h)
1_2' : : 1 | for Nq

P |
:| for Ny

(o Ui+ i+ 1h
p

> 1_lzirfl((T}1+T?1+"'+Tﬁ +(F}1+Fi21+”'+File
n p p

= ENT,(N,)> ENT,(N,)
P4. ENT,(N,) = ENT,(N9).
Proof.
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1o Uttt 1h
p

for Ny

1 WHTA++Th W+ FA+e+ R
ENTi(Nl):l__Z?il[(T” Ttl T;l) +(Ftl Ftl Fll ]
n

p p

! 24 » ! 2 4eeagP Ly 240 qp
ENT,.(NCI):l—lz;’il((F”J’_F’H' +F,1)+(T,1+T,1+ +T,1)]‘1_2.(L1+L1+ -i-],1)|f p
n or 1

p p p

Hence, ENT,(N))=ENT,(NY).

In order to obtain the entropy value ENT; of the j-th criterion C; (j = 1, 2,..., n), equation (16) can be
written as :

L2 qp
1_2.(1,1+I,1; +1,1)| (10)

ENT (N)_l_l m ((TlllalelyaTﬁ +(F}17F1215"'5Fﬁ J
i - i=1
n

p p

Fori=1,2,...,n; j=1,2,...,m

It is observed that ENT; € [0,1]. The entropy weight of the j-th criterion Cj in refined neutrosophic
environment is presented as:

_ 1-ENT,
Y5 (I-ENT)) (11)
We have weight vector W= (w1, wa,...,wn)" of n criteria Cj(j =1, 2, ..., n) with w;>0and Y7, w; =1

Step 6: Determination of weighted accumulation score values (WASYV)

Using equation (3), weighted accumulation score values (WASVs) for all alternatives corresponding to
each criterion are defined as following matrix (see Table 6).

Table 6: Weighted accumulated score matrix

| C, c, C,
L, | wasv, —wAsv,, - WASV,,
L, | WASV ,, WASV,, - WASV,, (12)
L, |WASV,, WASV,, - WASV,,

Step 7: Calculate extreme averaging score values

We define extreme averaging score values (EASVs) to aggregate all weighted accumulated score values
as follows.

EASV(L) = £, WASV, i=1,2,...,n. (13)

Step 8: Rank the priority

The set of alternatives then can be preference ranked according to the descending order of the extreme
averaging score value EASV(L).
The alternative corresponding to the highest extreme averaging score value reflects the best choice.

Step 9: End.

4. AN ILLUSTRATIVE EXAMPLE

A financial grand for Birnagar High School, West Bengal, India has been sanctioned from West Bengal
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State Government to construct a modern sanitary system. For this purpose, school managing committee
call for a meeting to select best spot for sanitary system construction. Three decision makers of the school
are Headmaster (K), Assistant headmaster (K>) and President (K3). There are three potential spots in
school boundary (marked as L, L, L3) are chosen for final selection. Decision makers intended to select
the best spot among L, L», L3 with respect to six criteria namely,

e Distance form students (C}),

o Water supply (C»),

¢ Future maintenance (Cs),

o Costs for construction (Cs),

e Governmental Regulations and Laws (Cs),
e Environmental Impact (Cs).

Three alternatives (L1, L2, L3) with respect to the six criteria (Ci, Ca, C3, Cs, Cs, Cs) are evaluated by three
decision makers (K, K>, K3) under the linguistic refined neutrosophic environment, thus we can establish
the linguistic variables in terms of refined neutrosophic sets (LRNS) (see Table 7):

Table 7: Assessments of alternatives and criteria given by three decision makers in terms of
linguistic variables

Alternatives Decision Makers Ci G G Cs Cs Cs
Ly Ki EG VG G EG VG | G
K VG G G EG G VG
K VG VG G EG VG | G
Ly Ki VG VG VG | VG | G G
K VG G G VG | VG | G
K VG G G EG G G
L; Ki EG G VG | VG | VG | VG
K VG G G VG | G VG
K VG VG G VG | G VG

Step 1: Construction of the decision matrix with linguistic refined neutrosophic sets

Three decision makers form decision matrix in terms of refined neutrosophic number corresponding to
each logistic center. The decision matrices are described in Table 4, Table 5, and Table 6.

Table 8: Decision matrix for K;

C Co C3 Cy Cs Ceg
(1.00,1.00,---p times), (0.90,0.90,---ptimes), (0.80, 0.80, - --p times), (1.00,1.00,---p times), (0.90,.090, - - -p times), (0.80, 0.80,---ptimes),
L1 |](0.00,0.00,---ptimes), (0.80,0.80, ---p times), (0.20,0.20, ---p times), (0.00, 0.00, - - - p times), (0.80,0.80, - - -p times), (0.20,0.20, - - -p times),
(0.00, 0.00, - -- p times) (0.08,0.08, ---p times) (0.20, 0.20, ---p times) (0.00, 0.00, - -- p times) (0.08,0.08, -+, p times) (0.20,0.20, ---p times)
(0.90, 0.90,---p times), (0.80,0.80,---ptimes), (0.80, 0.80, - --p times), (1.00,1.00,---p times), (0.80, 0.80, - --p times), (0.90,0.90,---p times),
L> | |(0.80,0.80,---ptimes), (0.20,0.20, - --p times), (0.20,0.20, ---p times), (0.00, 0.00, - - - p times), (0.20,0.20, ---p times), (0.80,0.80, - - -p times),
(0.08,0.08, ---p times) (0.20,0.20, - - -p times) (0.20,0.20, ---p times) (0.00, 0.00, - -- p times) (0.20,0.20, ---p times (0.08,0.08, ---p times)
(0.90, 0.90, - --p times), (0.90,0.90,---ptimes), (0.80, 0.80, - --p times), (1.00,1.00,---p times), (0.90,0.90, - --p times), (0.80, 0.80,---ptimes),
L3 || (0.80,0.80, ---ptimes), (0.80,0.80, - --p times), (0.20,0.20, ---p times), (0.00, 0.00, - --p times), (0.80,0.80, ---p times), (0.20,0.20, - - -p times),
(0.08,0.08, ---p times) (0.08,0.08, - --ptimes) (0.20, 0.20, - -p times) (0.00, 0.00, - - - p times) (0.08,0.08, ---p times) (0.20,0.20, - - -p times)
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Table 9: Decision matrix for K,

C1 C) C3 Cy Cs Ce
(0.90,0.90,---p times), (0.90,0.90, - --p times), (0.90, 0.90, - --p times), (0.90,0.90,---p times), (0.80, 0.80,---p times), (0.80, 0.80,---p times),
L1 || (0.80,0.80,---ptimes), (0.80,0.80, ---p times), (0.80, 0.80, ---p times), (0.80,0.80, ---p times), (0.20,0.20, - -- ptimes), (0.20, 0.20, - --p times),
(0.08,0.08, ---p times) (0.08,0.08, ---p times) (0.08,0.08, ---p times) (0.08,0.08, ---p times) (0.20,0.20, ---ptimes (0.20, 0.20, - - - p times)
(0.90,0.90,---p times), (0.80, 0.80, - --p times), (0.80, 0.80,---p times), (0.90,0.90,---p times), (0.90,0.90,---p times), (0.80, 0.80,---p times),
L2 || (0.80,0.80, ---ptimes), (0.20,0.20, ---p times), (0.20, 0.20, ---p times), (0.80,0.80, ---p times), (0.80,0.80, - -- ptimes), (0.20, 0.20, - --p times),
(0.08,0.08, ---p times) (0.20,0.20, ---p times) (0.20, 0.20, - - p times) (0.08,0.08, ---p times) (0.08,0.08, - -- p times) (0.20, 0.20, ---p times
(0.90,0.90,---p times), (0.80, 0.80, - --p times), (0.80, 0.80,---p times), (1.00,1.00,---p times), (0.80,0.80,---p times), (0.80, 0.80,---p times),
L3 || (0.80,0.80, ---ptimes), (0.20,0.20, ---p times), (0.20, 0.20, - --p times), (0.00,0.00, - - -p times), (0.20,0.20, - --ptimes), (0.20, 0.20, - --p times),
(0.08,0.08, - --p times) (0.20,0.20, - -p times) (0.20, 0.20, - --p times) (0.00,0.00, - --p times) (0.20,0.20, - -- p times) (0.20, 0.20, - --p times)

Table 10: Decision matrix for K3

C C C3 Cy Cs Ce
(1.00,1.00,---p times), (0.80, 0.80, - --p times), (0.90, 0.90,---p times), (0.90,0.90,---p times), (0.90,0.90,---p times), (0.90, 0.90,---p times),
L1 || (0.00,0.00,---ptimes), (0.20,0.20, ---p times), (0.80, 0.80, ---p times), (0.80,0.80, - --p times), (0.80,0.80, - -- ptimes), (0.80, 0.80, ---p times),
(0.00, 0.00, - - -p times) (0.20,0.20, ---p times) (0.08,0.08, ---p times) (0.08,0.08, ---p times) (0.08,0.08, - -- p times) (0.08,0.08, ---p times)
(0.90,0.90,---ptimes), (0.80, 0.80, - --p times), (0.80, 0.80,---p times), (0.90,0.90,---p times), (0.80,0.80,---p times), (0.90, 0.90, - --p times),
L2 || (0.80,0.80, ---ptimes), (0.20,0.20, ---p times), (0.20, 0.20, - --p times), (0.80,0.80, ---p times), (0.20,0.20, - -- ptimes), (0.80, 0.80, ---p times),
(0.08,0.08, ---p times) (0.20,0.20, ---p times) (0.20, 0.20, - -- p times) (0.08,0.08, ---p times) (0.20,0.20, - -- p times) (0.08,0.08, ---p times)
(0.90,0.90,---ptimes), (0.90,0.90, - --p times), (0.80, 0.80,---p times), (0.90,0.90,---p times), (0.80,0.80,---p times), (0.90, 0.90,---p times),
L3 || (0.80,0.80, ---ptimes), (0.80,0.80, ---p times), (0.20, 0.20, - --p times), (0.80,0.80, - --p times), (0.20,0.20, - --ptimes), (0.80, 0.80, ---p times),
(0.08,0.08, - --ptimes) (0.08,0.08, ---p times) (0.20, 0.20, - --p times) (0.08,0.08, ---p times) (0.20,0.20, - -- p times) (0.08,0.08, ---p times)

Step 2: Determination of the linguistic refined neutrosophic accumulated decision matrix

Form decision matrices (Table 4, Table 5 and Table 6), the aggregated transferred neutrosophic matrix for
each alternative is formed by utilizing equation (1) and is presented in the Table 7, Table 8 and Table 9.

Tablel1: The linguistic refined neutrosophic accumulated decision matrix for decision maker K;

[LRNAF]} =

| C Cy Cs Cy Cs Ce
L1 | (1.00,0.00,0.00) (0.90,0.08,0.08) (0.80,0.20,0.20) (1.00,0.00,0.00) (0.90,0.08,0.08) (0.80,0.20,0.20)
L> [(0.90,0.08,0.08) (0.80,0.20,0.20) (0.80,0.20,0.20) (1.00,0.00,0.00) (0.80,0.20,0.20) (0.90,0.08,0.08)
Ls | (0.90,0.08,0.08) (0.90,0.08,0.08) (0.80,0.20,0.20) (1.00,0.00,0.00) (0.90,0.08,0.08) (0.80,0.20,0.20)

Tablel2: The linguistic refined neutrosophic accumulated decision matrix for decision maker K,

[LRNAFL2 =

| Ci C Cs Cy Cs Cs
Li | {0.90,0.08,0.08) (0.90,0.08,0.08) (0.90,0.08,0.08) (0.90,0.08,0.08) (0.80,0.20,0.20) (0.80,0.20,0.20)
L> [ (0.90,0.08,0.08) (0.80,0.20,0.20) (0.80,0.20,0.20) (0.90,0.08,0.08) (0.90,0.08,0.08) (0.80,0.20,0.20)
Ls | (0.90,0.08,0.08) (0.80,0.20,0.20) (0.80,0.20,0.20) (1.00,0.00,0.00) (0.80,0.20,0.20) (0.80,0.20,0.20)

Tablel3: The linguistic refined neutrosophic accumulated decision matrix for decision maker K3

[LRNAFJS3 =

| Ci Cy Cs Cy Cs Cs
Li | (1.00,0.00,0.00) (0.80,0.20,0.20) (0.90,0.08,0.08) (0.90,0.08,0.08) (0.90,0.08,0.08) (0.90,0.08,0.08)
L> | (0.90,0.08,0.08) (0.80,0.20,0.20) (0.80,0.20,0.20) (0.90,0.08,0.08) (0.80,0.20,0.20) (0.90,0.08,0.08)
Ls | (0.90,0.08,0.08) (0.90,0.08,0.08) (0.80,0.20,0.20) (0.90,0.08,0.08) (0.80,0.20,0.20) (0.90,0.08,0.08)
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Step 3: Determination of linguistic refined neutrosophic score matrix for decision makers

Using the equation (2), linguistic refined neutrosophic score matrix for alternative Li (i=1, 2, 3) is
presented as follows (see Table 10, Table 11, and Table 12):

Table 14: Linguistic refined neutrosophic score matrix for decision maker K;

| Ci C» C3 Cs Cs Cs
L; |1.00 091 0.80 1.00 091 0.80
L, 1091 0.80 0.80 1.00 0.80 0091
L3 1091 091 0.80 1.00 091 0.80

Tablel5: Linguistic refined neutrosophic score matrix for decision maker K,

i C» C3 Cy Cs Cs
L; 1091 091 091 091 0.80 0.80
L, 1091 080 0.80 091 091 0.80
L3091 0.80 0.80 1.00 0.80 0.80

Table 16: Linguistic refined neutrosophic score matrix for decision maker K;

G C» Ci Cy Cs Cs
L; |1.00 0.80 091 091 091 091
L, 091 0.80 0.80 0.91 0.80 0.91
L3091 091 0.80 091 0.80 0091

Step 4: Determination of geometric mean of score matrices for decision makers

Using equation (8), we calculate geometric mean of score values as follows.
Table 17: Geometric mean of score matrix for decision makers

| Ci C Cs Cy Cs Ce
L 109691 0.8717 0.8717 0.9391 0.8717 0.8351
L, [ 09100 0.8000 0.8000 0.9391 0.8351 0.8717
L3 | 0.9100 0.8717 0.8000 0.9691 0.8351 0.8351

Step 5: Determination of weights criteria

Using equation (11), weight structure is calculated as follows:
wi =0.15, w, = 0.20, w3 = 0.15, w4 = 0.20, ws = 0.10 and ws = 0.20

Step 6: Determination of weighted accumulation score values (WASYV)

Using equation (3), weighted accumulation score values (WASV) of all decision makers corresponding to
each alternative is presented in Table 18.

Table 18: Weighted accumulated score matrix

| Ci C Cs Cy Cs Cs
L; | 0.1454 0.1740 0.1308 0.1878 0.0872 0.1670
L, | 0.1365 0.1600 0.1200 0.1878 0.0835 0.1743
L3 | 0.1365 0.1740 0.1200 0.1938 0.0835 0.1670
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Step 7: Calculate extreme averaging score values

According to the weighted accumulated score values, extreme averaging score values (EASV) are
calculated as follows.

EASV(L1) = 0.8922, EASV(L>) = 0.8548, EASV(Ls) = 0.8748;
Step 8: Rank the priority

All the extreme averaging score values are arranged in descending order. Alternatives then can be
preference ranked as follows: EASV(L) > EASV(L3) > EASV(L>).

So, L; is the best potential spot to construct a modern sanitary system for students for Birnagar High
School.

Step 9: End

5. CONCLUSION

Linguistic values are rational and direct tools for decision makers to express qualitative evaluations under
uncertainty characterized by indeterminacy. We employed refined neutrosophic set to express linguistic
variables. Linguistic refined neutrosophic set is proposed. We have developed a multi-criteria decision
making method based on linguistic refined neutrosophic set. We also proposed an entropy method to
determine unknown weights of the criteria in linguistic neutrosophic refined set environment. An
illustrative example of constructional spot selection has also been provided. The proposed concept can be
used other practical decision making problems such as medical diagnosis, cluster analysis, pattern
recognition, etc.
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