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Abstract. Cross entropy measure is one of the best way to
calculate the divergence of any variable from the priori one
variable. We define a new cross entropy measure under interval
neutrosophic set (INS) environment, which we call IN-cross
entropy measure and prove its basic properties. We also develop
weighted IN-cross entropy measure and investigats its basic
properties. Based on the weighted IN-cross entropy measure, we
develop a novel strategy for multi attribute group decision

making (MAGDM) strategy under interval neutrosophic
environment. The proposed multi attribute group decision
making strategy is compared with the existing cross entropy
measure based strategy in the literature under interval
neutrosophic set environment. Finally, an illustratative example
of multi attribute group decision making problem is solved to
show the feasibility, validity and efficiency of the proposed

MAGDM strategy.

Keywords: Interval neutrosophic set, IN-cross entropy measure, MAGDM strategy.

1. Introduction
In our daily life we frequently meet with the quantitative
measure to take appropriate decision for solving many
problems. Entropy measure provides us a quantitative
measure of two variables. In 1968, Zadeh [1] introduced
fuzzy entropy measure. According to Liu [2], under fuzzy
environment, entropy should meet at least three basic fol-
lowing requirements: the entropy of a crisp number is ze-
ro; the entropy of an equipossible fuzzy variable is max-
imum and the entropy is applicable not only to finite and
infinite cases but also to discrete and continuous cases.
Shang and Jiang [3] proposed a cross entropy measure
and symmetric discrimination measure between fuzzy
sets. Atanassov [4] introduced intuitionistic fuzzy set
(IFS) in 1989, which is the extension of fuzzy set. Some
recent applications of IFS are found in [5-11] in the liter-
ature. Vlachos and Sergiadis [12] defined cross entropy
measure in [FS environment and showed a mathematical
connection between the notions of entropy for fuzzy sets
and IFSs in terms of fuzziness and intuitionism. In 1998,
Smarandache [13] introduced the concept of neutrosophic

set (NS) by introducing truth membership, falsity mem-
bership and indeterminacy membership functions as in-
dependent components and their sum lies ("0, 3%). There-
after, Wang et al. [14] introduced single valued neutro-
sophic set (SVNS) as a subclass of NS. Thereafter, many
researchers paid attention to apply NS and SVNS in
many field of research such as conflict resolution [15],
clustering analysis [16, 17], decision making [18-47], ed-
ucational problem [48, 49], image processing [50, 52],
medical diagnosis [53], optimization [54-59], social prob-
lem [60, 61]. Ye [62] introduced cross entropy measure
in SVNS and applied it to multi criteria decision- making
(MCDM) problems. Ye [63] defined an improved cross
entropy measure for SVNS to overcome drawbacks in
[62]. In 2005, Wang et al. [64] introduced interval neu-
trosophic set (INS) considering truth membership, inde-
terminate membership and falsity membership as interval
number in [0, 1]. Broumi and Smarandache [65] defined
correlation coefficient of INS and proved its basic prop-
erties. Zhang et al. [66] defined correlation coefficient for
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interval neutrosophic number (INN) and applied it iv.

MAGDM problems. Zhang et al. [67] presented an out-
ranking approach for INS and applied its MCDM prob-
lems. Recently, Yu et al. [68] use VIKOR method to
solve MAGDM problem with INN. Ye [69] defined sim-
ilarity measure in INS environment and applied to solve
MCDM problem. Pramanik and Mondal [70] extended
the single valued neutrosophic grey relational analysis
strategy to interval neutrosophic environment and applied
it to multi-attribute decision-making (MADM) problems.
Zhao et al. [71] proposed a MADM strategy based on
generalized weighted aggregation operator with INS.
Zhang et al. [72] proposed a MCDM strategy based on
two interval neutrosophic number aggregation operators.
Sahin [73] defined two cross entropy measures with INS

based on fuzzy cross entropy measure and single valued 2.

neutrosophic cross entropy measure and applied for solv-

ing MCDM problem. Tian et al. [74] proposed a cross en- 3.

tropy measure with INS and TOPSIS for solving MCDM
problems.

Sahin [73], Tian et al. [74] proposed cross entropy
measures under the interval-valued neutrosophic set envi-
ronment, which is suitable for single decision maker on-
ly. So multiple decision maker cannot participate in their
strategies in [73, 74].

The aforementioned applications of cross entropy

[63, 73, 74] can be effective in dealing with neutrosophic 1.

MADM problems. However, they also bear some limita-

tions, which are outlined below: 2.

The strategies [63, 73, 74] are capable of solving
neutrosophic MADM problems.

In the strategies [73, 74], interval-valued neutrosophic 3,

set are transformed to SVNS by suitable transform
operators.

The strategies [63, 73, 74] have a single decision-making 4

structure, and not enough attention is paid to improving

robustness when processing the assessment information. g

Research gap:
MAGDM strategy based on cross entropy measure.
This study answers the following research ques-
tions:
Is it possible to define a new cross entropy measure under
interval-valued neutrosophic set environment that is free
from asymmetrical phenomena?
Is it possible to define a new weighted cross entropy
measure under interval-valued neutrosophic set that is
free from asymmetrical phenomena?
Is it possible to develop a new MAGDM strategy based
on the proposed cross entropy measure under interval-
valued neutrosophic set environment?
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Is it possible to develop a new MAGDM strategy based
on the proposed weighted cross entropy measure under
interval-valued neutrosophic set environment?
Motivation:

The above-mentioned analysis describes the motiva-
tion behind proposing a novel IN-cross entropy-based
strategy for tackling MAGDM under the interval-valued
neutrosophic environment. This study develops a novel
IN-cross entropy-based MAGDM strategy that can deal
with multiple decision-makers and free from the draw-
backs that exist in [63, 72, 73].

The objectives of the paper are:

i. To define a new cross entropy measure under interval-
valued neutrosophic set environment without using any
transformation operator and prove its basic properties,

ii. To define a new weighted cross measure and prove
its basic properties.

iii. To develop a new MAGDM strategy based on
weighted cross entropy measure under interval-valued
neutrosophic set environment.

To fill the research gap, we propose IN-cross entropy-
based MAGDM, which is capable of dealing with multi-
ple decision-makers.

The main contributions of this paper are summa-
rized below:
i. We define a new IN-cross entropy measure and prove
its basic properties. It is straightforward symmetric.
ii. We define a new weighted IN-cross entropy measure
in the single-valued neutrosophic set environment and
prove its basic properties. It is straightforward symmetric
iii. In this paper, we develop a new MAGDM strategy
based on weighted IN cross entropy to solve MAGDM
problems.
iv. In this paper, we solve a MAGDM problem based on
the proposed MAGDM strategy.

The paper unfolds as follows: In section 2, we describe
the basic definitions and operations of SVNS, INS. In
section 3, we present the definition of proposed IN-cross
entropy measure, weighted IN-cross entropy measure and
their basic properties. In section 4, we develop a
MAGDM strategy with the proposed weighted IN-cross
entropy measure. In section 5, we solve a MAGDM prob-
lem to show the feasibility, validity and efficiency of the
proposed strategy. In section 6, we present conclusion
and future direction of this study.

Shyamal Dalapati, Surapati Pramanik, Shariful Alam, Florentin Smarandache, Tapan Kumar Roy, IN-cross Entropy
based MAGDM strategy under Interval Neutrosophic Set Environment



45

2. Preliminaries

2.1 Definition: Single valued neutrosophic

set (SVNS) [14]
Assume that U be a space of points (objects) with generic
elements u € U. A SVNS H in U is characterized by a
truth-membership function Ty(u), an indeterminacy-
membership function Iy(u), and a falsity-membership
function Fu(u), where Twu(u), Iu(u), Fu(u) € [0, 1] for each
point u in U. Therefore, a SVNS A can be expressed as H
={u, Tu (u), [ u (v), Fu (u) | u€ U}, whereas, the sums of
Tu(w), Iu(u) and Fu(u) satisfy the condition

0 <Tu(u)+ In(u) + Fu(u) < 3.

2.2 Definition: Interval neutrosophic sets (INSs)
[64]

Assume that U be a space of points (objects) with generic
elements u € U. An INSs J in U is characterized by a truth-
membership measure Tj(u), an indeterminacy-membership
measure [j(u), and a falsity-membership measure Fj(u),
where,

T, @) =[T,w).T5], I; (W) =[I; W, W],

F,w)=[F; ), )] for each point u in U. Therefore, a
INSs J can be expressed as J = {u, [T;w),T;w)],

;). [;@)], [F;w),F;w] | u€ U}. Where,

T3, T3, [;).[5w) , Fy W, Fy @ <[0,1].

2.3 Definition: Inclusion of two INSs [64]
Let J,= {u, [T;, ). Ty, 1, [, W.I3; ], [Fy, W,Fj @] |
ué U} and j, = {u, [T;,.T5, W], [I,@.I,w] ,
(Fj, (u),F]'2 ()] | u€ U} be any two INSs in U, then j,cJ,
iff T, W<T,@, TjW<T,M® ,

I;, W= I, (W), Fy, W=F;, (W, Fj, (W) Fj, (v) for all ue U.
2.4 Definition: Complement of an INS [64]
The complement j° of an INS J = {u, [T;.T;@]I,

L,2T, @

[ (W), Iy (W1, [F;(),F;(w] | u€ U} is defined as follows:

¥o= {u, I-T/@I-Ty@] , [-F@l-Lwl ,
[1-F;(u),1-F, W] |u€ U}.

2.5 Definition: Equality of two INSs [64]
Let J,= {u, [T;, (. Ty, ], [T, @.I;; ], [Fy, W.Fj, @] |
ue U} and j, = {u, [T;,. Ty, I, [Ij, .5, W],
[Fy, (W), Fy, ] | u€ U} be any two INSs in U, then j=J,
iff  T;,W=T,W, T,W=T,w , I,wW=I,w ,

I, =T}, (W, Fj @=F;, ) ,F W=Fj, @ for all ue U.
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3. Definition: IN-cross-entropy measure
Let J; and J; be any two INSs in U = {u;,u,,u;,....,u
Then, the interval neutrosophic cross-entropy measure of
Ji and J» is denoted by CEx (J1, J») and defined as follows:

2 ‘TJ’] (u)) =15, (ui)

5 2
\/1+‘le (ui) +\/1+‘T}2 (ui)
1) *
CEn (1d2)=792 2115, () = (1= 15, ()
2 2
\/l +‘(1 -1y, (ui)) +\/1 +‘(1‘TJ_2 (ui))
2T}, (W)= T, (w) 2}0-1} @) -0- 5, w))
+
2 2 2
‘/1+ ), (wy) +‘/1+ T, (w) ‘/H\(l ~Thw| +\/1+\(1 -, )
2‘131 () ~I;, () 2‘(1 L, )= (-1, (W)
B P B 2 - 2 - 2 ’
1+‘1]1(ui) + 1+‘112(u;) JH‘(I—II} )| + 1+‘(1—IJ2 (uy)
2‘1471 () _I}z (1)) 2‘(1_131 (u,-))—(l—ljz (ur))
+ +
2 2 2
\/1+ I, ) +\/1+ I3 w) ‘/1+\(1— Lyw)f +‘/1+\(1—Ij2 W)
2|75 @)= Fry ) 2| F5 -0 Fr, )
4 +
2 2 2
\/1+\F;1 (wy) +‘/1+\F;2 w) ‘/H\a -Fo )| +‘/l+\<l—F;2 @)
2 ‘F}] (ui) —F}z (ui) N 2 ‘(I’FL () =1~ Fy, (ui))
2 2 2 2
N e B Y T R e )

(1
Theorem 1.

Interval-valued neutrosophic cross entropy CEy (J;,75)
for any two INSsJ, andJ, of U, satisfies the following

properties:

1) CEy (J;,75)>0 .

ii) CEy (J;,J,)=01f and only if

Ty, (W) =Ty, (W), Ty (ui) =Ty, (), I, @)=y, (u),

Hl (uj)= Hz W), Fy, (wp)=F, (), Ffl (uj)= F]+2 (u;) for all
Vu; eU.

iii) CEy (3}, 75)=CEn (J1,73)

iv) CEqy (J1,72)=CE(J5,J))

Proof: i)
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For all values of u, eU, |T}l (wy) |20, |T}2 (ui)|20 5

T3, (W)~ T, (] 20, \/1+|T;, w)| =2o. \/1+|T;2 w)| =20,

=T, w20 A= T5, (wfz0

-1, @p-a- T, @20 m o
mzo

=

> >

2‘(1 =T, w)-0-T,, (u,-))\

.
2 2 .
NS ) +‘/1+‘(1—T‘,2(u,'))

T[>0 o [T @) -Ti, w20 ,

2[5, )= T, )|

‘/H‘T}, w| +‘/1+\T;2 @)

= 7

and

Ty, (u) |20 )

2 2
\/1+|T;1 w| >0, ‘/1+ 5 @) 20,

- W)

>0, |0- T}, )]0,

2
20, 1j-T; | 20,

[0-T;, @)= T}, (W)

2
Vi+la= T3 @y =0

=

2

T )T, )| 21=T, @)= - 7, )|
+
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ii). For all values of u, U,
2|3, (u) = T, (w))
Y1 @+, o
2|(1-75, (@)= (1= T, ()
il =T @ 1o
), ) =T, W)
2[5}, (w) =17, ()
\/1+|T}'1 (ui) |2 +\/1+|ij2 (ui)|2
2/}, ()) = (1= 15, ()
_\/1+ (-5, )| +\/1+|(17T;2 @[
<Ti (w)=T;, (u) .
2|15, (w) ~ 15, (u))
\/l+\1}1 (w) [ +\/l+\132(ui)
201, @)= 0= 1, )

=g @)l 1, @)

T, ) =T, (W)

2

2 2 2 2
e A e R TR AP

Similarly, we can show that

2|1, ) 15, )| 2|11, (w)) =1 Ty, ()

2 2 * 2 2
\/1+|1;1<ui)| +‘/1+|1;2<ui)| S0, @) +,/1+|<1—I;2(ui»|

2115 -0 1 )

>

2

I, () ~ 5, (u)

I

>

2‘(1—F}1 @) -1~ Fy, )

2 _ 2
. 1+‘(1—sz )

2|(1-F}, (w))— (1= Fi, ()

2|3, ()~ Fr, )

2 2
+\/1+\F;2 ()

\/1+ Fs, ()

1+[0-F5, )

and

e

2[F;, ()= F, (w)

2
i ] +1+

2 2 i 2 2 .
T, ) | +\/1+|1;2<ui>| 1+]a-15, ) +,/1+|(1—I}2<ui»|

Hence, we can conclude that CEy (J;,J,)>0.

. >
B 1= @ 1405 @ |

vV
{=1

2

5y w) =15, )

2
+4/1+

2\(1—1}l w))=(0= 15, (um\

I

2 2
Jefa- 15, ) +\/1+‘(1—I;2(u,»))‘

2
132 (u,)|

1;1 (M,)

[\

QHI (ui) = Hz (ui)

2|F3, )= F o, )

2 2
\/1+|F}l(u,-)| +\/1+|F;2<u,-)|
2JA=F @)= (= F 3, )

> 2
\/1+|(1—F}1(u1-))| +\/1+\<1—F;2(ui)>\

& F, w)=Fi, W)

I

2 2
\/1+|(1—F§1 w))| +‘/1+‘(1 -F), (u,.))‘

2

Fy @)= F), )

2
Fy @)

2
Fjl (ul.)| +‘/1+
2‘(1 ~F w)-0-FJ, (ui»\
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< Fj, (w)=Fy, ()
So, CEn (J;,3,)=0if and only if
Ty, W)=Ty, (W), Ty, (@) =Ty, W), Ij, @)=T5, W),
I, ()= TIp, (W), Fy, (@) =Fy, W), Fj, W) =Fj, (u;) Vu; €U.
Hence complete the proof.

iii).Using definition (2.4), we obtain the following
expression:

2115, () = (1= 15, (u)
\/1 =15, @10, @)
2 ‘T}l (ui)— Ty, (ui)

2

c c 1 D
CEn(1.d3)=—7X
4 i=1

2 2
J1+‘T;1 (ui) +\/1+‘T;2 (ui)
24T, )= 75, ) 2| )Ty )
+
2 N 2 . 2 N 2
\/”‘(I’TZ(M)) +\/1+‘(1—sz(“,)) ‘/H‘le(u,») +‘/l+‘TJ2(ui)
2“(1_[;1 w))- 1= I;Z () 2‘]}, (uy) —[}2 ()
2 _ 2 B 2 - 2
Vo= =, w1 @ [, e
2H(1—I}1 W) == I}, W) X 2015, )~ I, )
5 R 2 . 2 R 2
w15, @] e fa=1, | @ [, e
2|A=F, @)~ £ w)) 2|, wo- o )
2 ' 2 2
1o £, +\/1+‘(17F;2 ) ‘/1+\F;] w) +‘/1+\F;2 w)

2 ‘F]’l (ui) — Fj, (lli)‘

2 2
B, ()| +\/1+\F_,+Z ()|

2|(1-F;, (u)) —(1- 7, (u)
\/1+\(1—p;1 @[ + 1o, @ |
. i)t 20T @)= (- T ) .
S35\ @ i@l il @ + /o=t

+
i

275, W) =T, W) 2‘(1_T;1 @)= 0= T3, )
N +

N 2 " 2 N 2 + 2
‘/1+‘le(u[) +J1+sz(uf) 1+a-775 @) n/”\ﬂ—T 7 W)

2|15, ) ~ 17 ) a1, wn-0- 17,00

- 2 _ : 2 - N
1+‘l</1(uf) + 1+‘[J2(ui) 1+‘(171;1(u,-)) + 1+‘(l—1J2(u1))

2/, w) 13, @) 2fo—r wn-0- 15,0

+ 2 + 2 I 2 * ’ )
1+‘1/1(ui) i 1+‘[J2(ui) 1+‘(l—]}1(u;)) + 1+‘(l—ljz(u[))
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2‘(1 —F, @) -0 F7, @)

2|5 )= o )

\/l+\F;l w)

+

2

2 ‘l 2 _
o= 70 +‘/1+\(1—FJZ(M,->>

2
+‘/1+\F;2 w)

2 |F}1 (ui)—Fj, (ui)|
\/l+|F}] @) +\/1+|F;2 ()
2|15, (@)= (1= F}, ()

2 2
o-m @ o ol |
Hence complete the proof.

iv).
CEn(),),)=

2

=CEn (T2 -

2‘TI1 (ui)— Ti, (u;)‘ 2‘(1 _TII (Ui))* (1 —Ti, (u.))

1w + +
n izl<{\/1+TJ|(U|)Z+\/1+T_lz(ui)z ‘/1+(1—T11(u,))2+\/1+(1TJZ(u;))Z}

2|7, )T, ) 2T, == 75, w))
+ +
2 2 2
‘/1+ 7 ) +,/1+ T3, ) ‘/l+\<l 75| +‘/1+ (A-T", @)
2115, ) ~ I3, ) 241, @)= 17, w))
+ +
_ 2 _ 2 2 _ 2
JlJr‘ljl(Mi) +‘/l+‘112(u,-) ‘/]“"(l_[;] (u‘)) +‘/]+‘(1—1.,2(u[))
2|5, ) - 15, ) 2015, @)= 15, )
+ +
2 2 2
‘/1+‘1j1 W) +‘/1+ I, ) ‘/1+‘(1_[;] Wl +‘/1+‘(17132 D)
2|F3, @) Fy ) 2/1-F, - 0- 7,00
N
2 2 2
P o vela- £, @ +‘/1+ 1-F, )
2 ‘FL (u) —Fy, (Ui)‘ 2 ‘(] *F}l (u)) = (1= Fy, (w))
+
2 2 2 2
JH‘F}I (u,)‘ +\/1+ F}, (ui)‘ \/H‘(FFL (ua))‘ +\/l+‘(l—F}z (ui)

2|17, ()= 15, (u1) | 2[(1- 15, ()~ (1-T5, ()| }

1| n +
=2 ,Z,<{ \/1+\sz W’ +\/1+\n, W)’ \/1+\(17ng @) +\/1+\(1—T;1 W)l

2|7, @)= 15, ) 2/ 77, - 0-T5, @)
| +
2 2 2
Pelr o il efa-r,wof -7
2|15, w1, 2= 17, @) -A-1, )
t +
_ 2 _ 2 _ 2 2
‘/H‘I,/z(u,) +‘/1+\1,,]<u,> ‘/H‘(l—]h(ui)) +‘/1+\(1—1;1(u,>)
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2|15, )~ 15, ) 2= 75, -1, )
+ +
2 2 2
‘/1+[;l(ui) +J1+132(M1) Jl‘*"(l_];z(u,-)) +Jl+‘(l_I;](L{j))2
2\F 5, () =F , w) 2= Fr @) -0-F , @)
+ +
2 2 2
\/1+\F;2(u,> +\/1+\F;1<u,> \/1+‘(1—F;2(u,-)) 0= R |
2[F, (@)= Fj, (w) 2[(1- i, ()= (1-F;, ()|
2 2 + 2 2
\/1+‘F}2 ] +\/1+\F;1 () \/1+‘(1—F}z (w)) +\/1+\(17F;1 ()|
=CE (J,.7)).
Hence complete the proof.
3.1 Definition: Weighted IN-cross-entropy
measure

We consider the weight w; (i=1,2,3,...,n)of 4, (i=1,2,

n
3, ...,n) with w; €[0,]and 3" w; =1.

i=1
Then the weighted cross entropy measure between
J, and J, can be defined as follows:

2|75, )~ T3, @)
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i). CEVin(Jy,7,)>0.

il). CE¥in(J,,J,)=0, if and only if

Ty, (W) =Ty, (uy), Tfl (u;)= sz (), I, () =1y, (),

Hl (uj)= Ifz i), Fy, (wp)=Fy, @), FJ+1 (ui):Ffz (u;) for all
Vu; eU.

iil). CEVin(J;.J5)= CE¥iv (J5,J5)

iv). CEVmw (J;,J,)= CEV N (J5,7))

Proof:

i). For all values of u; eU, |le () |20 , |T32 (up) |20 ,

|TJ_1 (u)—Tr, (ui)|20 , "1+|le (ui)|2 >0,
‘/1+|T32(Ui)|2 >0 ,|(1—T;1(ui))|zo, ja- 75, )0,

|0-T5, ()= (= T3, )20,

N 2
‘/1+|(17le(ui))| >0, J1+]d-Ti, ()| 20

2 ‘(14;] () (1- Ty, ()

2[T5, ()= T, (w)

+ ‘/1+‘T’( »)2+‘/1+‘T’( ’)2 1+‘1— 7 ( v)2+‘/1+‘1—T’( v)z
- > 3 2 3y \uj I (Ui ( TJ] ui) ( I uj)
o \/1+|le W) +\/1+|T12(uf)|
CE}){\I(J]sJ2):Z 2w - _ +
= 24T, @)= 75, ) and [rj@) [0 w0 [ @) w20
P13 wof +‘/1+|<1—T’ | : ?
_ 7 nud| | ey | 20, 1+, w20,
+ +
2|7, )T, @) =T, == 75, w)) |(1‘TJ1 (ui))|20’ (1= Tj, (ui>)|20 ; |(1—T11(ua))—(1— ), @) 20,
+ +
N 2 2 2 2 2
el el -z, @l o=, @ ‘/1+|<1—T}1 @) 20, \/1+|<1—T;2 @] >0
2|15, ) - 17, ) 2\(1—1 57 @)= A= L ) N Z‘T}l ()= T}, (w) 2\(1—T}1 ()= (=T, ()
B 2 B 2 - 2 B 2 = +
‘/H\]Jl ) +‘/1+\1,2 ) \/1+\<1—111 ) +‘/1+‘(l—lj2 ) \/“‘TE W +‘/1+‘sz w| ‘/1+‘(1—T;] | +‘/1+‘(1—T}2 |
. . Similarly, we can show that
2115, ) - 15, ) 2415, G- 15, )
+ +
. 2 . 2 . 2 2|15, (wp) —17, (uj 2|(1-15, (uy))— (1= 17, (u)))|
‘/1+‘1J1 (uy) +‘/1+ 17, W) ‘1+‘(1—Ijl (u[))2 \ 1+‘(1—1‘/2 ) |IJ1 (W) —I5, (u )| + |( 1 (ui)) iy | >
L J 2 2 2
Yl [ oyifn @l ool +‘/1+|<1—1;2 W)
2|75 - i ) A-F, w))-0- 3, ) -
+ + >
2 2 2 2
‘/1+F' w) +‘/1+ Fi ) ‘/1+<1— ) +\/1+(1—F‘ W)
| ‘ J1 ‘ J2 ‘ Fo ‘ s 2|I;] (up) —Ifz(ui) 2|(1—1j1 (up))—-(01- 1}2 (uy)) .
[ . . 2 T 2 2 |
2w Fryw| 0 w)-0- Fiw) vl o [+ |- wf - |
2 2 2 - -
\/H\F}l(u,») +\/1+F32(u,-) ,/H\(l—p}l (u,»))2+‘/1+‘(1—F;2(u,»)) ,
2) 2[F5, ()~ F, () 2[1-Fy, ()= Fi, )
Theorem 2. ‘/ INE \/ BUENE 2 _ > [
Interval neutrosophic weighted cross-entropy measure | e, |+ 145 () \/“‘“‘Fi (ui) +\/1+‘(1’FJ2(‘“))

CEY, (1,.1,) satisfies the following properties:
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and
2F, ) 3, () 2Ja-F3, D) - @ £, ()
+ >
2 2 2 2
‘/1+‘|:J+1(ui) +‘/1+ F, () ‘/1+‘(17|:J+1(ui)) +‘/1+‘(1—F}2 (W)
n
Since w;e[0,1], Y w; =1, we have, CE}) (3;,,)>0. Hence
i=1
complete the proof.

i),

273, ()~ T3, (w) 2Ja-T;, (W) - - T3, @)

2

Jefraf i@l ifo-ra @l o, )

< T3 (u) =T, (up)

2|a-T3, D)~ - T3, W)
. -

el [+ fefars, @l

275, ()~ T, (wi)

2
ol -

Ty (u)= T3, (ui)

2

T, ()

2‘(1—|;1(ui))—(17 13, ()

2|15, (u) =15, ()]

Sl [+ i@l fiela- g waf +‘/1+\(1—|32 @[

<y (ui) = 13, (up)

2

15, () =13, (i)

2
‘/l+‘|jl(ui) +‘/l+

1y, (i) =15, (ui)

ety - w) |

+

2 2
15, (i ‘/1+\<1—|;1(ui»\ +‘/1+\(1—|}2(ui))

2

2|, w))- @ F3, (W)

2|3, (u) — Fi, ()|

.
‘/1+\F31 (W)’ +\/1+\F32 W)’ ‘/1+\(1—F31(ui))\2 +‘/1+\(1—F32 (i)

= F\Tl (Ui): FEZ (Ui)

2

2

2[5, ()~ @ B, (i)

Fow-F,w)]

=0

2

2 2 2
‘/1+\F;1(ui)\ +‘/1+\F32(ui)\ ‘/1+\(1—F31(ui)) +‘/1+\(1-F;Z(ui))

< Fy, (u)=Fj, (u) , For all values of u; U .

n
Since, w;€[0,1], > w; =1, w; > 0, we can show that
i-1

CEIN (1, 32) =0 iff T3 (i) =T3, (i), T3, (i) ="T3, (ui)

13 W) =15, (Ui) 13, (ui) =13, (ui)

Fy (i) =Fy, (ui), By (Ui)=F, (ui) and

Ty (Ui)= Ty (Ui) 1y (U) =13, (U;), Fyy (i) =Fa, (uy) Forall u; eu.
iii).

Using definition (2.4), we obtain the following expression:

1/ n
CEIN (LD == Zw;
4\ i1
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2 2

T )T () (T )= (4 T )

+
2 2 2
J1+ +\/1+ \/14- +J1+

TJ’f (ui) TJ’% (ui) 1- TJ’f (u)) (14';g (ui)

2T () =T (ui) 2T (ui) - @= T (D)
el 32 , el 5 +
2 2 2 2
‘]H T*, (ui) +Jl+ T+, (Ui) ‘/l+ (1-T7 (u) +Jl+ (1—T*C (ui))
I 2 I 2
2 e (ui) I (u) 2 (143f (u))-@- s (u) .
2

o) o () =)+ a1 )

2
1+ +,[1+

IJ} (ui) —Ij*a (ui)

2
+, |1+

> +
‘/1+
2 (l—ljc (W)= @1 (u)),
1 2

2

I

+ +

2 2 2
‘/l+ (=17, (up) +‘/1+ @17, ()
i 3

(-5 (@)~ (0 P ()
+

2
+. 1+

FJ’f (ui)— FJ’g (ui)

e ) s )

2 2

i

2 2
+,/1+

F;c (u')_ F;c (ul)
1 2

2 2
1+ +,/1+

(-6 (@)~ 0 P ()

Fre ) Fre () 1-F () (-5 )

2 2

2

Fie(w) Fie () RLA®) (-5, ()

2 2 2
1+ +./1+ 1+ +./1+

2 |(17T31 (u))- - T3, (Ui))|

Ja-Ts |’ +\/1+|(1—T32 )|

2|3, ()~ T3, ()]

\/1+|T31(ui>|2 +\/l+|T32 )|

+

2|a-T;, (u))- - T3, () 2[5, (W)~ T3, ()

2 * . 2 " 2
143, () | ++2+[T3, ()|

Jeela-T @[ +yefa-Ts @)

-ty @)-@- 5@ 2w 15 )
e @ + et @) L @) [+ e @ |

2]a-1;, @)~ @ 13, ()

2|15, () 15, ()]

) [yt wf

el @ et @l : "
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\/1+ |- F]l(Ui)‘z + \/1+\(1— F1, (ui) \2 = \/l+ |(1-F5, (ui)\2 + \/1+ |(1—F3, (w) \2 .

2Ja-F3, ) - - Fr, W)
A u; € u.

2|F3, (u)— F, (w)

: +
’ \/1+\F31(ui)\2+\/1+\F52(ui)\2

el +‘/1+\(1—F;2 () similarly

T3 ) = T4, ()] = [ 13, (W) T3, @)

5, =13, | = |15, WD =15, )

2J-F, (D)~ F, (u) 2 (u)~ P, (ui)

2

2 +‘/
1+
1w 2[75, ()~ T3, () 2|a-T3, () - 0= 73, (W)
T4 Elwl _ 2 _ 2 2 - 2
\/1+\TJ1(ui)\ +\/1+\TJ2(ui)\ \/1+\(1-T31(ui))\ +\/1+‘(17sz(ui))‘

{ 2[T3 (W)~ T, (W) 2[a-T; w)) - a- T, ()

| |F}l(ui)—F32(ui)|= sz(ui)—FJ‘*'l(ui)| ,
] =5, = = T -

|13, )= @13, )= | 1, @)~ @1, @)

2
Py ()| +‘/1+ F, ()

7,/1+\(1— Fan || {105,

.
P @+ @) T e T e

2

} |a—F3, W) - a=F3, )] = |a-F, ) - a-F )|

then
R
+4/1+

2

To, ()

\/1+‘I31(Ui) ‘2 +\/1+‘I32(ui) ‘2 = ‘/l+‘la*2(Ui) ‘2 +\/1+‘I31(ui)
\/1+‘F3'1(ui) ’ +\/1+‘F3'2(ui) g \/1+‘F3’2(ui) ‘2 +\/1+
\/l+‘(l_T31(ui)‘z +\/1+‘(1—T3'2 (u) ‘2 _ \/1-9—‘(1—1—32 (u) 2 +\/l+‘(l—T3'1(Ui)

{ 215, () =15, (w) 2|a-15, (u)) - @ 15, (W)

2 2
‘/1+‘T51(ui) +‘/1+\T52(uo\ - ‘/1+\T52(uo
Sl @) [ e, @ +\/1+\(1— ) a1, @ }

2
’

Fi (ui)

2
’

2 -t 2|@-15, () - Q- 15, (w)) .
el [, @ o ) 1ot |

2
1

Bl v a1 = il - v

\/1+‘(1— F}l(ui)‘z +\/1+‘(l— Fi, (ui)
vu;eU.

2|F5, (u) — F3, () 2|(1-F5, ()~ (L Fo, (u))] .
7\/1+‘F31 @[ L @[ 1 a-rs @) +\/1+\(17F;2 @)

2
’

- \/1+‘(1—F3'2(ui)‘2 +\/1+‘(1—F3'1(ui)

2(a-F3, ) - - Ff, ()

2JF, ()~ 3, ()

2 And Wie[orl]x§Wi :]_’ WiZO.
i=1

2 * 2
‘/1+\(1—F;1(ui)) +‘/1+\(1—F32(uo)

2
el el

So, CEY\ (91,3,)= CEY\ (J2,31). Hence complete the proof.

=CE|(J1,32), VujeU.
Hence complete the proof.

4. Multi attribute group decision making strat-
egy using IN-cross entropy measure in in-

) terval neutrosophic set environment

iv).

Since,

T3 (0D = To (wil|= [ T3, ) T3, )]

In this section we develop a novel MAGDM strategy based
on proposed IN- cross entropy measure.

The MAGDM problem can be consider as follows:

13w =13, )| = {13, (w15, (w)]

[F2 ) = Fi, ()] = [Fa, ) — Fp )| 5

|- T3 W) - @-T3, )] = |25, W) - @-T5 W)
|2 13 () = @ 15, ()| = @ 15, (i) - @15, W) »
|- F5 W)~ @ F, i) = @ F3, (i) - A= Fyp (wi))] -
Then, we obtain

et [ e = e [ + et
Y R Y iy R
Tl [+ el = 1 s [+l
T3 1T ) [F = LT @ LT

2

2
1

: +‘/1+‘|31(Ui)

2
’

O T o T TR e e A PR

Let A={A A, A;... A} and G={G,,G,,Gs,...G,} be the

discrete set of alternatives and attribute respectively. Let
W ={w;,w,,ws,..,w,} be the weight vector of attributes G;

n
..., n), where w;>0 and Yw;=1. Let
j=1

E ={E.,E,Es.....E,} be the set of decision makers who are

G=123,

employ to evaluate the alternative. The weight vector of
the decision makers Ex(k=123,....p) is

determined according to the decision makers expertise,
judgment quality and decision making knowledge.
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Now, we describe the steps of the proposed MAGDM
strategy (See Figure 1.) using weighted IN-cross entropy
measure.

MAGDM strategy using IN-cross entropy measure
Step: 1. Formulate the decision matrices

For MAGDM with INSs information, the rating values of
the alternatives A, (i=1,2,3,...,m) on the basis of

critera G;(j=1,2,3....n) by the k-th decision maker can be
expressed in INN as o= < [T, "Tf LTS, LIRS B> (i=
1,2,3,...mj=1,2,3, ...nk=1,2,3,...,p) . We
arrange these rating values of alternatives provided by the
decision makers in matrix form as follows:

G, G, .. G,

kK k k
A apn ap- an

k kK k k
M=l Ay azan an

k k k
Am Aml Am2 Amn

Step: 2. Formulate the weighted aggregated decision
matrix

For obtaining one group decision, we aggregate all
individual decision matrices (M*) to an aggregated

decision matrix (M) using interval-valued neutrosophic
weighted averaging (INNWA) operator ([72]) as follows:
a;=INNWA, (a},a,a}

2 9ijo “’a}? =

ijor ]

(ha; @ hja; Ohya; ©..OL )=
<[1= T Q=TS 1= [ A="TY [ CI)™, 11T,
k=1 d k=1 v k=1 ! k=1 !

LACEY™, [ CF)™] > (4)
i=123,...mj=12,3,...,n;k=1,2,3,..., p).
Therefore, the aggregated decision matrix is defined as
follows:
G, G,..G,
Ap ap ap.. apy
M=|A, a3 ay

o
AL A Amoe- gy

Step: 3. Formulate priori/ ideal decision matrix

In the MAGDM processes, the priori decision matrix is
used to select the best alternatives among the set of
collected feasible alternatives. In this decision making
processes we use the following decision matrix as priori
decision matrix.

Neutrosophic Sets and Systems, 18/2017

G, G, ...G,

* * *

Al ap ap- an

* * *

P=1Ay asan amn

* * *

Am Am1 Am2 Amn

Where, aj= < [1,1],[0,0],[0,0]> for benefit type attributes
and aj=<[0,0],[1,1],[1,1] > for cost type attributes, (i=1, 2,
3,..,m;j=1,2,3 ..., n).

Step: 4. Formulate the weighted IN-cross entropy
matrix

Using equation (2), we calculate weighted cross entropy
value between aggregate matrix and priori matrix. The

cross entropy value can be present in matrix form as
follows:

CEp (A)
CEY\ (A)

INS LS = e | e (7
CEY (An)

Step: 5. Rank the priority

Smaller value of the cross entropy reflect that an
alternative is closer to the ideal alternative. Therefore, the
priority order of all the alternatives can be determined
according to the increasing order of the cross entropy

values CE\ (A)) (1= 1, 2,3, ..., m). Smallest cross entropy

value indicates the best alternative and greatest cross
entropy value indicates the worst alternative.
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Multi attribute group decision making problem <~ Start

Decision making analysis phase

Formulate the decision matrices — Step-1

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
Formulate the weighted |
aggregated decision matrix :
|
:

A
Formulate priori/ ideal decision ¢ @ |
matrix :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

!

Calculate the weighted IN-cross
entropy matrix Step-4

A Step-5

Rank the priority < 1

N

P e —————————————_—_—_—_—_—_—_—_—_—_—_—_—

Figure.1 Decision making procedure of proposed MAGDM method

5. lustrative example 4) Food enterprises (As)

In this section, we provide an illustrative example of 5) Computer software company (As)

MAGDM problems to reflect the validity and efficiency of  On the basis of four attributes namely:

our proposed strategy under INSs environment. 1) Social and political factor (G3)

Now, we solve an illustrative example adapted from [9] for 2) The environmental factor (G2)

cultivation and analysis. A venture capital firm intends to 3) Investment risk factor (Gs)

make evaluation and selection to five enterprises with the 4) The enterprise growth factor (Ga).

investment potential: The investment firm makes a panel of three decision
1) Automobile company (A:) makers E={E;E, E;} having their weights vector

2) Military manufacturing enterprise (A)
3) TV media company (As)
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A {0.42,0.28,0.30} and weight vector of attributes We represent the rating values of alternatives A, (i =
is W ={0.24, 0.25, 0.23, 0.28} . 1, 2, 3, 4, 5) with respects to the attributes G, (j = 1, 2, 3,

The steps of decision making strategy to rank alternatives 4) provided by the decision-makers E, (k =1, 2, 3) in ma-
are presented below:

- . trix form as follows:
Step: 1. Formulate the decision matrices

Decision matrix for E; decision maker
G, G, G, G,
A; <[7,91.[3.4],[.3,4]> <[6,.71.[3,.4],[4,5] > <[6,.71.[2..3],[.2,.4] > <[4,.5],[.3,.4],[.7, .8]>
Mi A, <[6.71.[1.2].[2.3]> <[.7..8].[2,.41.[2..3]> <[7,.9].[5..6],[4,.5]> <[.7,.9],[.1,.2].[.1, .3] > @)
A; <[6,8][2.4][3.4]> <[5,.7],[.3,.41.[.1.2] > <[8,9],[5,.71,[.3,.6]> <[6,.7],[.1,.3],[.2,.3]> | "~~~
A, <[4,5].07,81[6.7]> <[.3.6].[2,.3],[.3,4]> <[6,.7].[.1, .2],[4,.5] > <[4,.5],[.3,.4],[.6,7]>
As <[.7.8],[3.41.[2,.3]> <[4,5],[2.4][3.5]> <[5,.6],[.2.4].[3.4]> <[.7,.9].[.6..7],[.4,.5] >

Decision matrix for , decision maker

Gy G, Gy G4
Ay <[6,71[.1.21[2,.3] > <[.3,.5],[.2,.4].[4.5]> <[.7,.91,[.3,41.[.3,.5] > <[4,.6],[.4,.5],[.2, .3] >
vz | Az <[4.70[2.41[3 41> <[.6,71[2,.3).[3,.4]> <[5, 7111 3] [3 4> <[4,6].[3.4][2 3] > )
A; <[3.6][2,41[.3.4]> <[4,5][2,3],[.3.5]> <[8,9],[2,51,[.3 41> <[5,.6],[3.5],[3.6]>| """
A, <[5.70.03.5].[1.3]> <[5,.6].[1.3],[4,.6]> <[4.7],[.1 41.[3.4] > <[6,.8],[.3,.5],[.3,4] >
A <[6,91,[3.41,[2.3]> <[.3.6].[.3.4],[.2,.5] > <[6,.8],[.3,.5].[.4.6]> <[.3,.5],[.3..4].[4, 5] >
Decision matrix for g, decision maker

G, G, G, G,
A; <[4.71,[1.21,[3.5]> <[3,.6].[2,.4],[.3.4]> <[6,.7],[.2,.41.[3,5]> <[8,.9],[.2,.41.[1 .3]>
vio|Az <[3.6104,51[4 5> <[7.9][1.3][3 4> <[5,7].[2.4][2.3] > <[6,.8].[2,4].[3, 5] > (10)
A; <[7,8],[.1.3],[4,.5]> <[8,.9].[.1.3].[3.4]> <[6,8],[2.31.[3.4]> <[6,.7],[.2.3.[3,4]> | "
A, <[6.91[2,.31[24]> <[5.6],[1.3],[.2.4]> <[3,5],[.1 .2],[.2,.4]> <[5,.7],[.2..3],[.3,5] >
As <[7,8],[.1.31,[2,3]> <[5,.6],[.2,.4],[.1.3] > <[4,.6].[.1.3],[2,4]> <[5,.71,[2,.3].[.3,.5] >
Step: 2. Formulate the weighted aggregated decision matrix
Using equation (4), the aggregated decision matrix is presented below:
Aggregated decision matrix
G, G, Gy Gy
A, <[6,81,[231.[3,.4]> <[5.6],[2 4],[4.4]> <[6,.8],[.2,.3],[2,4]> <[6,7].[3,4].[3, 4]>
A, <[5.71.02,31.[3,.4]> <[.7,.8],[.2,.31,.[.2,.4] > <[6,.8].[2,.4],[.3,.4]> <[6,.8].[2.3],[.2 3]> (11)
A; <[6,.8],[2.41,[3,.4]> <[6.8],[.2.3].[2,.3]> <[8,.9],[.3,5].[.3,.5] > <[6,.7].[.2..3],[.2,.4]> | =~
A, <[5,.71.[4,51[3.5]> <[4,.6],[.1.3],[.3,4] > <[5,.6].[.1, .2].[.3,.4]> <[5,.71.[3..4],[.4,.5] >
As <[7,.8],[.2,41,[2,.3]> <[4,6],[2.4],[.2,.4]> <[5.7,[.2,4][3,4] > <[6,.8].[4,.5],[.4,.5]>
Step: 3. Formulate priori/ ideal decision matrix
Priori/ ideal decision matrix
G, G, G; G,
A, <[11,[0,0],[0,0] > <[1,1],[0,0],[0,0] > <[1,1],[0,0],[0,0]> <[L1],[0,0],[0,0]>

mio| Az <[L[0,01[0,0]> <[L1}[0,0],[0,0]> <[1.1],[0,0],[0,0]> <[1,1],[0,0],(0,0] > (12)
A; <[11,[0,01,[0,0]> <[11,[0,0],[0,0]> <[L1],[0,01,[0,0]> <[14],[0,00,[0,0]>| ~—  TTTTTUTTY
A, <[11],[0,01,[0,0]> <[1],[0,0],[0,0] > <[1,1],[0,0],[0,0] > <[L1],[0,0],[0,0]>
As <[11],[0,01,[0,0] > <[1,1],[0,0],[0,0] > <[1,1],[0,0],[0,0]> <[41],[0,0],[0,0]>
Step: 4. Calculate the weighted IN-cross entropy matrix 0.86
Using equation (2), we calculate the interval neutrosophic 0.77
weighted cross entropy values between ideal matrixes (12) INM B =10.78.envenen (13)
and weighted aggregated decision matrix (11). 0.95
0.90
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Step: 5. Rank the priority

The position of cross entropy values of alternatives
arranging in increasing order is

0.77 < 0.78 < 0.86 < 0.90 < 0.95. Since, smallest
values of cross entropy indicate the alternative is closer to

54

the ideal alternative.  Thus the ranking priority of
alternatives is Az > Az > A; > As > As. Hence, military
manufacturing enterprise (Az) is the best alternative for
investment.

In Figure 2, we draw a bar diagram to represent the cross
entropy values of alternatives which shows that A; is the

1.0 0.95
0.9
0.86
0.8 0.78
o}
=
€ 064
>
Q.
e
=
D 04
(2]
w
o
(&}
0.2 4
0.0 - T T
A1 A2 A3 A4 A5
Alternatives

Figure.2. Bar diagram of alternatives versus cross entropy values of alternatives

2. Conclusion
In this paper we have defined IN-cross entropy measure
in INS environment which is free from all the drawback
of existence cross entropy measures under interval
neutrosophic set environment. We have proved the
basic properties of the cross entropy measures. We have
also defined weighted IN- cross entropy measure and
proved its basic properties. Based on the weighted IN-
cross entropy measure, we have proposed a novel
MAGDM strategy. Finally, we solve a MAGDM
problem to show the feasibility and efficiency of the
proposed MAGDM making strategy. The proposed IN-
cross entropy based MAGDM strategy can be employed
to solve a variety of problems such as logistics center
selection, teacher selection, renewable energy selection,
fault diagnosis, etc.
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