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ABSTRACT One of the most efficient tools for modeling uncertainty in decision making problems is the
neutrosophic set (NS) and its extensions such as complex neutrosophic set (CNS), interval neutrosophic set
(INS) and interval complex neutrosophic set (ICNS). Linguistic variables have been long recognized as a
useful tool in decision making problems for solving the problem of crisp neutrosophic membership degree.
In this paper, we aim to introduce new concepts: Single-Valued Linguistic Interval Complex Neutrosophic
Set (SVLCNS-2) and Interval Linguistic ICNS (ILCNS-2) that are more pliable and adjustable to real-world
implementations than those of their previous counter parts. Some set theoretic operations and the operational
rules of SVLCNS-2 and ILCNS-2 are designed. Then, gather classifications of candidate versus criteria,
gather the significance weights, gather the weighted rankings of candidates versus criteria and a score
function to arrange the candidates are determined. New TOPSIS decision making procedures in SVLCNS-2
and ICNS-2 are presented and applied to lecturer selection in the case study of University of Economics and
Business, Vietnam National University. The applications demonstrate the usefulness and efficiency of the
proposal.

INDEX TERMS Lecturer selection; Linguistic interval complex neutrosophic set; Multi-criteria decision-
making; Neutrosophic set.

I. INTRODUCTION unnecessary nature of ambiguity, incompleteness,

indefiniteness and changeability in periodic data. These
extensions have been applied to decision making problems
successfully [7].

One of the most efficient tools for demonstrating
uncertainty and vagueness in decision making is the NS [1]

which is the more generality of classical set, fuzzy set and
intuitionistic fuzzy set (IFS) by adding three grades of truth,
falsehood, and indeterminacy of a confirmed statement. It
has been employed in various decision making processes
such as in [2-8]. Yet, in order to adapt NS with more real
complex cases, CNS and INS have been proposed
accordingly. Wang et al. [9] suggested the notion of INS
which is described by the degree of truth, falsehood and
indeterminacy whose values and standards are intervals
rather than real numbers. Ali and Smarandache [10]
suggested the idiom CNS which is an expansion form of
complex fuzzy set and complex IFS to handle the

VOLUME XX, 2019

As an expansion to this trend, Ali et al. [11] have
recently proposed the notion of ICNS by fusing CNS and
INS in a homogeneous way. Therein, the authors defined
some set notional procedures of ICNS such as intersection,
union and complement, and afterwards the operational
principles. A decision-making transaction in ICNS was
presented and applied to green supplier selection [11]. It has
been realized from this research that ICNS with suitable
ranking methods generated from the score, accuracy and
certainty functions can handle the real decision cases that
have not been solved by the relevant works such as of Ye
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[12]. However, this research remains a problem: It is not
simple to discover a crisp neutrosophic membership degree
(as in the Single-Valued Neutrosophic Set (SVN)). In many
real applications, we have to deal with undecided and
imprecise information in our everyday life that could be
represented by linguistic variables instead of the crisp
neutrosophic membership degree [13].

The idea of linguistic variables in decision making
problems has been long recognized as a useful approach. Li,
Zhang and Wang [13] advanced two multi-criteria decision-
making (MCDM) techniques in which the interrelationships
among individual data are considered under linguistic
neutrosophic environments. Fang and Ye [14] gave the
connotation of a linguistic neutrosophic number which is
categorized independently by the truth, indeterminacy, and
falsity linguistic variables for multiple attribute group
decision-making. Interval neutrosophic linguistic numbers
(INLNs) has also been defined by Ma, Wang, Wang & Wu
[15] for an application of practical treatment selection using
interval neutrosophic linguistic  multi-criteria  group
decision-making. SVN linguistic trapezoid linguistic
aggregation operators were developed for decision making
problems [22]. Ye [24] studied some aggregation operators
of INLNs for multiple attribute decision making (MADM).
Some more literature can be seen in [4, 16-27].

TOPSIS is popular decision making technique for
interval neutrosophic unclear semantic variables [23].
Pouresmaeil et al. [35] utilized TOPSIS for defining the
weights of decision makers with single valued neutrosophic
information. Otay and Kahraman [36] employed interval
neutrosophic TOPSIS method to evaluate Six Sigma
projects, which aimed at providing almost defect-free
products and/or services to customers. Pramanik et al. [37]
planned TOPSIS method for MADM under neutrosophic
cubic, which is the generalized form of cubic set and interval
neutrosophic set. Liang, Zhao and Wu [38] designed a hew
term called linguistic neutrosophic numbers and integrated it
into TOPSIS for investment and development of mineral
resources. A multi-criteria group decision-making
methodology incorporating power combination factors,
TOPSIS-based QUALIFLEX and life cycle assessment
techniquewas proposed in [39] to find the key to green
product design selectionusing neutrosophic linguistic
information. Altinirmak et al. [40] used single valued
Neutrosophic Set based entropy to rank the banks for
analyzing m-banking quality factors. Eraslan and Cagman
[41] combined TOPSIS and Grey Relational Analysis under
fuzzy soft sets for drug selction. It has been shown that
TOPSIS is a well-known method for decision making under
uncertain environments of neutrosophic and linguistic [2, 11,
18, 23, 33, 42, 43]. Howerver, the current reseach on TOPSIS
model do not mention the period of time when describing
observation data in their model.

Meanwhile, many complex real-world problems about
decision support system in which data contains some
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characters such as: uncertain, heterogeneous, inconsistent
and have concerned with the period of time. To consider a
financial corporation or company this chooses to set up novel
software to process and analyses company data. For this, the
company goes into a huddle some experts who give the
information concerning: various choices of software which
data process and analysis in financial fields, corresponding
software version and other information. Surveying and
observing the software is done within a period of time. After
that, the company desires to select the most favorable
alternative of software with its newest version concurrently.
Here, we need to pay attention two things (a) to choose the
best candidate of software (b) its newest version. This cannot
be simplified accurately using classical concept of Fuzzy Set
or NS. So the preferable way to show all of the information
in this problem is using the theory of Linguistic Variables
and ICNS.

In this paper, we aim to introduce new concepts namely
Single-Valued Linguistic Interval Complex Neutrosophic
Set (SVLCNS-2) and Interval Linguistic Interval
Complex Neutrosophic Set (ILCNS-2) that are more
pliable and adjustable to real-world implementations than
those of their previous counter parts motivated from the
mentioned analysis. Specifically, we define the SVLCNS-2
and ILCNS-2. Next, we describe some set notional
operations such as the intersection, union and complement.
Moreover, we set the functioning basics of SVLCNS-2 and
ILCNS-2. Then, we develop gather classifications of
candidate versus criteria, gather the significance weights,
gather the weighted classifications of candidates versus
criteria and determine a score function to rank the candidates.
Lastly, new TOPSIS decision making procedures in
SVLCNS-2 and ICNS-2 are presented.

Personnel selection plays a crucial role in human
resource administration since the inappropriate personnel
might reason various problems affecting productivity,
accuracy, pliability and goodness of the products adversely
[28]. It is a complicated process in the meaning that several
factors should be estimated concurrently in order to find the
right people for the appropriate jobs [28]. Personnel selection
is a decision making problem where quality of decision
affects the success of a person in an organization [29]. In the
context of university selection, the consideration for
reasonable and realistic selection measures of adequate
candidates and effective prediction of possible success at
university, therefore, becomes more and more important
[30]. It has been long recognized that measuring of
intelligence is no longer enough as a medium for a person’s
skills and success estimation [31]. It is indeed adopted by
various factors to judge the suitability and adaptability of a
candidate in a university context. Hence, developing
effective selection or decision making techniques is critical
indeed [32].

The proposed TOPSIS methods are applied to lecturer
selection in the case study of University of Economics and
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Business - Vietnam National University (UEB-VNU), which
is one of the leading universities in Hanoi, Vietnam. A
committee of four decision makers (DMs) and six selection
criteria are presented in the application. The applications
demonstrate the usefulness and efficiency of the proposal.

The rest of this paper is prepared as follows. The
formulation of SVLCNS-2 and its operations are presented
in Sections 2 and 3 while ILCNS-2 and operations are given
in Sections 4 and 5. The TOPSIS decision making
procedures on SVLCNS-2 and ILCNS-2 are explained in
Section 6. Lastly, an application of the procedures for
lecturer selection on areal case study is illustrated in Section
7. Section 8 compares the suggested method with another
decision making method. Conclusions and further studies
allocate in Section 9.

II. SINGLE-VALUED LINGUISTIC
NEUTROSOPHIC SET (SVLCNS-2)

COMPLEX

Definition 2.1: Type-1 single valued linguistic complex
neutrosophic set (SVLCNS-1)

Let II be a universe of discourse and a complex
neutrosophic set A included in [T . Let$ = {$1,S2,,Sp}
for 2 <n < oo, be a set of totally ordered labels (therefore the
classical min/max operators work on S ), with §; < §; for
i <], where i, j € {I, , n}. Let R =
{[si $il.5iS; e Si<ij}bea set of Iabel intervals. A
single-valued type-1 complex neutrosophic set (SVLCNS-
1) is a set Ac ]Il such that each element x in A has
linguistic degree of complex truth  membership
T, (x) € Sx S, alinguistic degree of complex indeterminate

membershipI, (x)eSxS, and a linguistic degree of

complex falsity membership F, (x) e Sx S and Sypg €S- A

SVLCNS set A can be written as,
A ={(x[So0g (FA®), 1,X), Fa®) ) ]}

Where

TA()S) = TlA()g).ej'TZAOS)\
1,09 = T1a(). &%
Fax) = g:lA()S)_ei-TzA(X)}

where TlA(X) is representing linguistic amplitude truth
membership and e '™+ is denoting the linguistic phase
truth membership function. Moreover, IlA(X) refers to
linguistic amplitude indeterminate membership while
g2 indicates linguistic phase  indeterminate
membership. Further, FlA(X) is called the linguistic
amplitude falsity membership and e~ is said to be the
linguistic phase falsehood membership function:

3*s, <min{T,, (x)} +min{1,, (x)}+min{F, (x)},
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max {T,,, (x)} +max {1, (x)} +max{F, (x)} <3*s,,
3*s, <min{T,, (x)}+min{l,, (x)}+min{F,, (x)},
max {T,, (x)} +max {1, (x)} + max{F,, (x)} <3*s,.

Definition 2.2: Type-2 single valued linguistic complex
neutrosophic set (SVLCNS-2)
Let ]I be a universe of discourse and a complex NS A

included in 1. Let §={$,,S,,...,5,}, for n >= 2, be a set
of ordered labels with s, <'s; with i je{123..n}. Let

R= {[S,,S,],S,,SJ€SI<J} be a collection of label

intervals. A single-valued type-2 linguistic complex
neutrosophic set (SVLCNS-2) isaset A ] such that each
element X in A has linguistic degree of complex truth
membership T, (x) e R, a linguistic degree of complex

indeterminate membership 1, (x)e R, and a linguistic

degree of complex falsity membership F4(%) € R and
@p € $.ASVLCNS set A can be written as,

A={(%[00c, (Ts®), T,X), FA®) ) ]) Ix € TI}

where
FA®) = F1p(). /4%
IZ®) = Tia(%).¢ 12409
FAK) = Fia(x).&/724%)
where TlA(X) represents the amplitude truth membership
and e'™(denotes the phase truth membership function.
Moreover, IIA(X) refers to the amplitude indeterminate
membership while e/'22(%)
membership function. Further, F, (X) is called the amplitude

indicates the phase indeterminate

falsity membership and e’"~™is said to be the phase
falsehood membership function while 0 < T,(x),
TA@S)' Fax) <3.

Due to complexity of higher computation involved in
SVLCNS-1, in this paper, we will use SVLCNS-2 for
developing the TOPSIS method.

Definition 2.3: Let A and B be two SVLCNSs-2 over [

which are defined by (©g, ¢, (TA(X)' 1, ), :FA(x))), and
(Ogy (TB %), 15(x), Fp ()g))), respectively. Their union
signified as AUB and is defined as:
GGAUB(X): 991AUB(>S)’
Taup(®) = T1aue(®). €/ Tany(®),
TAU’B x) = T1AUB (x). &/ 12000
Faus(®) = Fiapp(x). €/ F2auB(),
Where

A i (@eA(x)' 991309)

9

2169-3536 (c) 2018 IEEE. Translations and content mining are permitted for academic research only. Personal use is also permitted, but republication/redistribution requires IEEE permission. See

http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2019.2902841, IEEE Access

IEEE Access

S gy Pt Nmon | Tper M ke

Toayn() =V (T4, Fa(®) ),
T =V (F4®), F5(),
T = (), 1),
Topup(®) = A (Inf F5 (), inf F () ),
Fuan® = (FA®), Fo®),
Fonn(®) =1 (F4®), Fo ).
for all Xe X. The symbolsv, » represents maximize and

minimize operators.
Definition 2.4: Let A and B be two SVLCNSs-2 over

LI which are defined by (O, ), (TA(x),TA(x), TA(X))),
and (O, ), (Tp(x), T5(x), F5(x))), respectively. Their
intersection signified as AlJB and is defined as:
90,1097 Ob14mm00)
Fans(X) = Fipns(X). €’ ;TZA”E ®,
TAn’B (%)= Tmrﬂz (x).e’ :IZA”B ®,
Fans(®) = Fipns(%).€’ Faans(),
Where
O01ams00= " (@eA(x)’ 9913(&))'
Fiap(X) = A (TA@S) T (75)): Tons(X) =
/\(TA(X) : T’B()S)):
TlAn’B x) =V (TA(X) g (75)),
Fapun(®) =V (inf F,(5) , inf Fy(x) ),
Fians(®) =V (TA(X) ;TB(X)),
Foans(X) =V (TA(X) :T’B()S))-
for all xe X. The symbolsv, A represents max and min
operators.
Proposition 2.1: Let A and B be two SVLCNS-2 over |1

. Then
a) AUB = BUA,

b) ANB = BNA,
C) AUA= A,
d) ADA= A,

Proof: Straightforward.
Proposition 2.2: Let A,B and C be three SVLCNS-2
over [1. Then
a) AU(BUG)=(AUB)UC,
b) AN(BNG)=ANC,
0 AU(BNC)=(AUB)NAUCQ),
d AN(BUG)=(ANBUMKNC,
e AU(BNC) =4,
) AU(ANB)=A.
Theorem 2.1: The SVLCNS-2 AUB is the minimum set
comprising together A and B.
Proof. Straightforward.
Theorem 2.2: The SVLCNS-2 AUB is the leading one
comprised in together A and B.
Proof. Straightforward.
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Theorem 2.3: Let P be the power set of all SVLCNSs-2.
Then (P,U,N) forms a distributive lattice.
Proof. Straightforward.

I1l. OPERATIONAL RULES OF SVLCNS-2

Let A and B be two SVLCNSs-2 over [ which are
defined by (@, 00 (T4, T4 (9, Fy (D)),

and (Og,, (. (TB ), 13(x), Fg ()g))), correspondingly.  the
operational rules of SVLCNS-2 are definite as:
a) The product of A and B signified as

A®B = (@9A®B' (TA®'B ), iA@'B (%), Faen (X)))v
is defined as:
®9A®B(X) - ®‘9A(X) .®HB(X) !
[®j 0,1 = [®,-v ’®k"]’v > 0.

TA®B (X) = (TlA (X)'TIB (X)).ej(TZA(X)-Tzs(X)) ’

Iaop (%) = (114 (%) + L15(%) — [14(X). 115(%)). ?j(le()S)'IZB()S)),
Faos (%) = (F14(%) + F1(%) — F14 (). F1g (%)). &) Faa()-Fz(),
b) The addition of A and B indicated as A®B =
(GQA@B' (TA@B ), TA@'B ). 7, A®B ()S))),
is well-defined as:
BRCCRRATE

®9A®B(X)

TA@B (X) = ((T;[A (X)+T15 (X))_(TlA (X)-T]_B (X))).ej(TgA(x)+TZB(X)) ,
Laos (X) = (1 (X).1yg () &40 100
Froe (X) = ( Fa (X)'Fls (x))_ej(FZA(X)*’FzB(X)).

¢) The scalar multiplication of A is a SVLCNS-2
denoted as C = kA defined as:

k84, x =Ory19
To (%) = (1- @-To (%)) ) 100",
I (X) _ ((TlA(X))k )_ei(le(X))k ’
Fe (X) = ((FlA(X))k )-ej(F“(X))k :

Proposition 3.1: Let A and B be two SVLCNSs-2 over
11 which are defined by
(@, 000 (FA00, T4 (), F4 () and
(Ogy0 (TB %), 15(x), Fp ()g))), respectively. Then

) A®B=B®A,

b) A®B=B®A,

c) k(A®B)=k(B®A4A),

d) (ki®ky)A=kA®k,A.
IV. INTERVAL LINGUISTIC COMPLEX NEUTROSOPHIC
SET (ILCNS-2)

Definition 4.1: Let ]I be a universe of discourse and let
S ={s,,S,,...,S,}, for o >n>2, be a collection of single value,
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linguistic markers, where S, <§, <...<S§, and they are the
qualitative values of a linguistic variable. The linguistic

relation of order S; <S;, means that label S; is less

important than label Sj An interval linguistic type-2 complex

neutrosophic set (ILCNS-2) is a set A ] such that each
element X in A has linguistic degree of complex interval-
membership TA(X)g Rx R, a linguistic degree of

complex interval-indeterminate membership
I.(x)=RxR, and a linguistic degree of complex

interval-falsity membership F, (x) = RxR, ®B(X) €S. An

ILCNS-2 set A can be written as,
A= {(?S' [ea(g)' (TA(X), [,(%), Fp(x) ) ]) Ix € H},

where
T, () =[inf T, (x),supT,, (x)].ej[i”sz“(X)‘S“"T“(x)]

I (X)= [inf I (X),suply, (x)].e"[i"f 2 (X):30P 124 (X))
Fa (X) = [inf Fia (x),sup Fia (X)] .ei[inf Fonl0)pFor )]

where|inf T,, (x),supT,,(x)]| represents the interval

amplitude truth membership and eIl T2+()=® 291 denotes the
interval phase truth membership function. Moreover,

[inf IlA(x),supllA(x)] refers to the interval amplitude

indeterminate membership while el '=+(0swt+] indicates
the interval phase indeterminate membership function.

Further, [inf F, (x),supF,,(x)] is called the interval

amplitude falsity membership and el "+l js said to
be the interval phase falsehood membership function.

Definition 4.2: Let A and B be two ILCNSs-2 over ]
which are defined by (x, [@e(x) Ta), 1, ), TA(x))]), and
@000 (Fu(), 1509, Fy())]). respectively . Their
union:

AUB = {(x, [S@AU’B()g): (TAU’B x), TAU’B (%), Faup(%) ) Ixe

m},

is defined as:
@BAUB ®~ 0 1AUB(X)’

Taup () = [infFyayp (), sup Fiayp (), |. €/ [inf Tapyn () supTapyu (],
Iy (%) = [inf] 14uB (%), sup I 4y5 (%), ] eJlinflqyn(9 suplopys ()] )
Fays(®) = [ianlAU'B (%), sup Fiayp(%), ] eI linf Fanys (0, supFanys (9] )

where

®6)1AUB(><) =V (eaA(x) ’ ®es(x) ) '
inf T, e (X) = v (inf T, (x),inf Tg (X))
SUP T, aus (X) =V (SUP T, (X),supT,5 (X))
inf 1, s (X) = A(Inf 1, (x),inf 15 (X)),
sup lyaus (X) = A(sup 1, (X),sup 1,5 (X))
inf F s (X) = A(Inf F . (X),inf Fg (X))
sup Fpas (X) = A(sup Fa (X),sup Fpg (X))
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for all Xe X. The symbolsv, A represents max and min
operators, respectively.

Definition 4.3: Let A and B be two ILCNSs-2 over ||
which are defined by by (x, [0, STA@Q, 1,6, F4) ).

and (x,[0g¢y (Ts(X), Iz(x), F5(x))]), respectively. Their
intersection denoted as, ANB =

T4 (), Fane(9) ) ) [x € T},
is defined as:

(% [G)GAH'B()S)' (TAn'B ),

06,n509= ©61405007
Fans(%)
= [inleAnB (%), sup F1anz(%), ].¢/ [in/ T2 00 supT2p0m00],

Inn (%) = [infl pnp (%), sup 1pnp (%), | €/ [infTannB (9.suplaanB ],
Fang(%) =
[infplAnB (%), sup Fipng(%), |.¢/ [infFannp0.supFopnm )],

where

® (C)

A o500)
inf T,05 (X) = A(INfT,, (X),inf T,g (X))
SUP T, ame (X) = A(SUP T, (X),sUp T, (X)) Y
inf 1y ,qg (X) = v (inf 1, (X),inf 1,5 (X)) Y
SUP Iy arg (X) =V (SUp 1, (X),sUp 1,5 (X)) ’
inf F s (X) =V (inf F, (x),inf Fy (x))’
SUP Fpms (X) = v (sup Fp, (X),sup Fpg (X)) ’

for all Xe X. The symbols v, » represents max and min
operators, respectively.
Proposition 4.1: Let A and B be two ILCNS-2 over [1.
Then
a) AUB= BUA
b) ANB = BNA,
c) AUA= A
d) ANA= A
Proof: Straightforward.
Proposition 4.2: Let A, B and C be three ILCNS over
II. Then
a) AU(BUC)=(AUB)UC,
b) AN(BNC)=ANC,
©) AU(BNC)=(AUB)N(AUC),
d AN(BUG) =(ANB)UANGC),
&) AU(BNC) =4,
) AU(ANB)=A.
Proof: Straightforward.
Theorem 4.1: The ILCNSAUB is the minimum set
comprising together A and B.
Proof. Straightforward.
Theorem 4.2: The ILCNSA(\B is the leading one
enclosed in A and B.
Proof. Straightforward.
Theorem4.3: Let P be the power set of all ILCNSs. Then,
(P,UN) forms a distributive lattice.
Proof. Straightforward.

O1ANB(x) OA(X)?
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Definition 4.3: Let A and B be two ILCNSs over ]
which are defined by Eq. (1, 2)
The Hamming and Euclidian distances between two
ILCNS A and B for phase terms are defined as follows by
Egs. (3, 4)

A= (1[0, ([T 00,72 (0] (150012 (0T LR ()2 ()] )

and

respectively; where

[T (), TY ()] =tk (x), 1% (x)Je ek (heR 00
[1L(x), 19 (0] =[iL(x), 2 (] e R0
[FL(x), FY ()1 =[ £1(3), £2(x)]e/0# 00
[Ta (X), Ty ()] =[ts (%) t5 (x)JeLeE (s ()
[15(3), 19 (0] =[iL(x), ()] e 0¥ 0 |
[FL(X), FY (X)] =[ f1(%), fY(x]e R0

The Hamming and Euclidian distances between two ILCNS
A and B for amplitude terms are well-defined as:

di (A B)= ! ——— (|, Xty — Oy xty |+ O xR =G, xtT |+ 0, x5 — Oy xig | +] 0, xiF =0 <P |+ 0, x T — Oy x Ty | +]| O, x T~ x T |

6(n-1) 1)
di(AB)= \/( )((.9 Xth =G X5 )2 + (0, xtE =G xtR)? + (0, xis — G, x5)? + (0, x 18 =Gy xi8)? + (O, x Fr = Oy x Fr)? + (0, x 7 =0, x £7)?) @
A} (A B) = @} (%) — @ () | +] @5 () = () |+ (0 =y (0| + 1w () =1 0) |+ 85 () — s () | +] 82(%) — 5 (0| ©)

d2 (A B) = (@ ()~ 05 ()" + (@} ()~ 0§ (0) + (0w () +WR (0 —pE (0) + (B (0~ 5 () + (F1 () - g5 ()* (@)

V. OPERATIONAL RULES OF ILCNS

Let A and B be two ILCNSs over I which are
illustrated by <X'[®HA<x)'(TA(X)"A(X)’FA(X))D and

<X’|:®€B(X)’(TB(X)'IB(X)’FB(X))D respectively. Then, the
operational rules of ILCNS-2 are illustrated as:
a) The product of A and B indicated as

ABB= <X’[®€A®B(x>'(TA® 8! aes ¥ Fags (X))D

is defined as:
a0 = Po,(0 @
Taes (X) = (inf T, (X).inf ;5 (x)) €’
Taes (X) = (supTlA (x).supT, (x))
lgs (X) = (inf 1, (X).0nf 1,5 (x)).g (7 ter0) Mo )
Inos (X) =(sup I, (x).sup I, (x)).ej(sup'“(x)'sup'”(x))
Faes (X) = (inf F, (X).inf Fg (x)).e (" A0 e ()
Faon (X) = (SUP Fyy (X).5Up Fyg (X)) @477 )59 Fee )
b) The addition of A and B denoted as

AGE :<X’[®€AEB(X)'(TA® B (X)’ IA@ B (X)’ FA@ B (X))D

is defined as:

s (x)

J(inf T (%).inf Tyg (x))

§(supTo(X)-sUpTog (X))

e = O, 5 TOy,

TA@B ( = {(Inf TlA ( )+ Inf TlB (X)) ] e meQA(X)‘anTQB(X))

—(inf T, (x).inf T;g (x)) '
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] (supToa(x )*5“F‘T25(X))

[ SupT,, (x +supTB(x))
A@B
(SUpT,, (X).supT,g x)

(
|nf | (X)) ej (inf 1,2 (X)+inf 1,5 (x)) ,

A@B (Inf |
|A®B(X):(Sup|1A Sup'lB X eJ (suplya(X)+sup g ( )),
FA@B(X):(inf F |nf F X eJ inf Fy (x)+inf Fyp (x ),

) e] sup Fy p (X)+5Up Fyg (X )

Faos (X) = (SUp sup
c) The scalar multipllcatlon of A isan ILCNS-2 denoted
as C = KA is defined as:

k®6A(X) = ®k¢9A(x)!
inf T, (X) = (1-(1=inf T,, (x))* ) ™",
supT. (x) = (1— (L—supT,, (X)) )leiksupTu(x),
inf I (X) =((inf T,, (x)" ) £* T,
sup I, (%) = ((supT,, (x))* ) %P,
inf F. (x) =((inf F, (x))* ) %",
SUP P (X) = ((SUp Fip ()" ) €47

Proposition 5.1: Let A and B be two SVLCNSs-2 over
LI which are defined by(e, .(T,(x).1,(x).F.(x))}, and

(©4,00+(Ts (%), 15 (x), Fy (x))) respectively. We have
a) A®B=B®A,
b) A®B=B®A,
¢ k(A®B)=k(B®A),(k ®k,)A=kA®KA.

VI. A TOPSIS MODEL FOR SVLCNS-2 AND ILCNS-2
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For simplicity, we only describe the model for ILCNS-2.
The model for SVLCNS-2 can be deduced similarly. Let us

suppose that a team of h DMs (D,.q=1...h) is
accountable for assessing m alternatives (A_,m =1,...,t)
under P selection criteria (C,.p=1..,n), the stages of

the proposed TOPSIS technique are as:

6.1 Aggregate ratings of alternatives versus criteria
[Topa OO0, Tpa (X1,

Let = (x40, (0| D159, 15,000, |} )Pe the
[Finpq (3, Frnpg (X1

suitability assessment allocated to alternative A by DM

D, for criterion C,. where:

il@irpq (X).@inpq (X)]

[Tnll_pq' mpq] [tmpq' mpq]e

IWpq ()7 (X)]
[Impq’ mpq] [Impq’ mpq]e " "

[ Py X] _
[Far Foa ] = [ g mpq]el%q() w00 mot 6P = L

nq=1, ..., fj Using the operational rules of the ILCNS, the

averaged suitability rating
[T (), Ty (01,

Xoo = %A@, 00| 15,0012, (01, can be evaluated

[Fonp (%), iy ()]

as:

{ Zwmm Zwﬁq <x)}

Tmp(x){l ( Z (x)j 1- [1 ZTm(x)j

1 1 {12'1: L 1Zh: u
h h h h I T2 Vma (%)= D Wmq (X)
— L R ha hig
woo=|(Ze [ (B ]

q=1

1 1] 1 1Q
h h h h J{leﬁ;q(x)vﬁzﬁq(x)}
Fop () = [Z F:m] ,[Z FLJ el

=1 =1

6.2 Aggregate the importance weights

[TL (%), T,
S =( x4, 00| 11500, 15031, be

[Foq (), Foa(X)]

[TL, TUT=[th, U Lo ok ek,

pq’ pqg
_nL o 195 ()75 ()]
[Ipq’ pq]_[lpq"pq]'e " .

Uug_— L 185 (). 85 (X)]
[qu,qu]—[f qu]e ,

pq’

U _ £U Qim0
Fq = qu.e P =1,.

operational rules of the ILCNS,
[T, (), T, (9],
W, =( X710, (X) [ (). 15 (91,
[F, (), F, (0]

. 1nq=1, .., f Using the
the average weight

can be evaluated as:

w, :(%)@(wm@wpz@...@wph), (6)
where

19 19
i[5 20w 00, (0
q=1 q=1

T,(x)= e

1-

1— [1 Zh:TL(x)Jh
S

1 1Q 19
h h i HZU/J{(X):EZW;‘I (x)
’ Z I R e q=1 g=1
pq

1 1] e 19
h h h h J{EZ%L(X),HZ(I%’ (x)}
F,(x) = [Zl F;] ,(zl F::j g LM
q= q=

6.3 Aggregate the weighted ratings of alternatives
versus criteria
The weighted ratings of alternatives can be advanced via
the operations of ILCNS as follows:

1
G, =Emep *w,, m=1..,t;p=1..,n. (7)
p=1
6.4 Calculation of A", A~,d;"and d,
The positive-ideal solution (FPIS, A™) and fuzzy negative
ideal solution (FNIS, A™) are obtained as Eqg. (8, 9)

the weight allocated by DM D, to criterioncw where
A" = (% { Orati o ([ L ™ m ntiskion 0, 07,0, 0] ) ®)
A — <X, { Orwin ) (X)([0, OL[L, 1]ejmax([wr%pq(xywbq(x)wpq(x).w%q(xm Lile e[ Ao () A (X)dpa (, AM (0D }> ©
Thigistances of each alternative A,,m=1,...,t from A 4= = G A" )
and for the amplitude terms and the phase terms are m m (11)
calculated as: dr = (G’ - Ap+)2 @)

a+ __ a _ pa+)2
dm - (Gm A ) (10)

VOLUME XX, 2019
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drE_ = (Gnﬁ _AP—)Z (13)

where d7",d"" characterizes the shortest distances of

candidate A _, and d;ﬂd,ﬁﬂ characterizes the farthest
distance of candidate A_ .

6.5 Obtain the closeness coefficient

The closeness coefficients for the amplitude terms and the
phase terms of every candidate, which are cleared to define the
classification order of all candidates, are calculated as:

a dia7
= (14)
45
CC =g (15)

A higher value of the closeness coefficient designates that
an candidate is closer to PIS and farther from NIS
concurrently. Let A and A, be any two ILCNS-2. Then, the
classification method can be cleared as follows:

If CC, >CC, then A > A,

If CC, =CC, and ch > cc% then A > A,

If CC, =CC, and CC,; =CC, then A =A,.

VIl. AN APPLICATION OF THE PROPOSED TOPSIS
METHOD

This section applies the proposed TOPSIS method for
lecturer selection in the case of University of Economics and
Business - Vietnam National University (UEB-VNU), which
is one of the leading universities in Hanoi, Vietham. Assume
that UEB-VNU need to choose an alternative for the teaching
position. Data were gathered by conducting semi-structured
discussions with UEB-VNU’s Board of management, Office
of Human resources and department head. A commission of
four DMs, i.e. b,k ,D,, and p,, were requested to distinctly

proceed to their own evaluation for the significance weights of
selection criteria and the ratings of four potential alternatives.
Based on the discussion with the commission members, six
selection criteria are considered including number of
publications (c ), quality of publications (c ), personality

Table 1. Aggregated ratings of lecturers versus the criteria

Criteria Candidat Decision makers
es b, b, b3 B,
A1 M G G M
C: Az G G VG G
As M G G G

VOLUME XX, 2019

factors (c ), activity in professional society (c ), classroom

teaching experience €= and fluency in a foreign language
(c,) - The computational proceeding is concised as follows.

7.1. Aggregation of the Ratings of Candidates versus
Criteria

Four DMs decide the suitability rankings of four
potential alternatives versus the criteria using the ILCNS
O={e,=VP, 0, =P, 0, =M, 0, =G, 0, = VG}
where VP = Very Poor = <(@,, ([0.1, 0.2]el°*%€], 0.6,
0.7]el40%1, 10.6, 0.7]el°3%41))>, P = Poor = <(e,, ([0.2,
0.3]e%6071 [0.5, 0.6]el05081 [0.6, 0.7]el0405))> M =
Medium = <(@,, ([0.3, 0.5]e/l®7%%l, [0.4, 0.6]e!*®°7][0.4,
0.5]ell**08h)> G = Good = <(@, , ([0.5, 0.6]e!*529, [0.4,
0.5]e°7081 10.3, 0.4]el®6071))>, and VG = Very Good = <(
0, ([0.6, 0.7]el°1%, 0.2, 0.3]el°804], 0.2, 0.3]el>"08l)),
to evaluate the appropriateness of the candidates under six
criteria.

Table 1 presents the suitability rankings of four
alternatives (41, 42, 43, 44) versus six criteria (Cy, .., Cg) from
four DMs (D1, D2, Ds, Ds) using the ILCNS. Using Eqg. (5),
the aggregated ratings of the candidates versus the criteria
from the DMs are shown at the last column of Table 1.

7.2. Aggregate the importance weights

After defining the lecturer assortment criteria, the
commission members are asked to define the level of
significance of every criterion using the ILCNS, V = {v1 =
Ul, vo = Ol, vs = I, va = VI, vs = Al}, where Ul =
Unimportant = <(vy, ([0.1, 0.2]el%4041 [0.4, 0.5]eil%%241 0.6,
0.7]e°203))> Ol = Ordinary Important = <(v2, ([0.2,
0.4]el05081 10,5, 0.6]e04051 [0.4, 0.5]el0304)> | =
Important = <(vs, ([0.4, 0.6]el®6°7] [0.4, 0.5]eil®5%6] [0.3,
0.4]el0405))> VI = Very Important = <(v4, (]O.6,
0.8]el%7081 10.3, 0.4]e06071 [0.2, 0.3]el®5061))> and Al =
Absolutely Important = <(vs, ([0.7, 0.9]eil®8091 0.2,
0.3]el%7081 [0.1, 0.2]ei0-6071y)>,

Table 2 shows the significance weights of the six criteria
from the four DMs. The gathered weights of criteria attained
by Eq. (6) are displayed in the last column of Table 2.

Aggregated ratings

<(@, ., ([0.408, 0.553]el" 70551, [0.4, 0.548]ell>55071], [0.346,

0.447]e055065])>

<(®,,., (10,527, 0.628]eM8%50.929], [0,336, 0.44]el072508281],

[0.271, 0_372]ej[0.625,0.725])>

(@, ([0.456, 0.577]el 770871 [0.4, 0.523]el06750775],

[0.322, 0.423]ei0575.0.6751)>
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<(@,,, ([0.456, 0.577]eil07750875] 0.4, 0.523]ll06750.775],

A G G G M |
4 [0.322, 0.423]eil05750.675])>

A G VG G G <(®,,., ([0.527, 0.628]e05%0%%] [0.336, 0.44]60 2505281
1 [0.271, 0_372]@[0.625,0.725])>

A M G G G <(@,.,, ([0.456, 0.577]el071508751, [0.4, 0.523]ail06750775],

2 .

C [0.322, 0.423]eil0:575.06751)>
(@, ([0.553, 0.654]el°#09, [0.283, 0.387]ei075051),

[0.245, 0.346]eil0-650.75])>
A4 G G G G <(®,,, (05, 0.6]eil%8991, [0.4, 0.5]eil07081, [0.3, 0.4]il26071))>

<(®, .., ([0.577, 0.678]el0¥75597] [0,238, 0.341]gl07750571],

[0.221, 0.322]el0-6750.775])>
<(@, ,,+ ([0.527, 0.628]520929, [0.336, 0.44]ell072505291],

As VG G G VG

Ay VG VG G VG

A G VG G G _
C 2 [0.271, 0.372]ll06250.7251)
3 <(®, .., ([0.527, 0.628]eil08250.925] [0.336, 0.44]eil0-72508251],
As G G VG G 425 -
[0.271, 0.372]eil0-6250.7251)>
<(©,, ([0.553, 0.654]ell**5%%1, [0.283, 0.387]ell075051)
A G VG G VG (@,..( ] L 1 ]
[0.245, 0.346]ell%65.0751)>
< ([0.276, 0.456]el06750.7751 [0.423, 0.6]eil0-5750675]]
Ay M P M M (@, ([ ] _ [ ] ]
[0.443, 0.544]eil0475.0.5751)>
< . ([0.456, 0.577]ell0.77508751 10.4, 0.523]eil0 67507751,
A, M G G G (0, ([ ] | [ 1 ]
C [0.322, 0.423]eil057506751)>
4 <(®,,.. ([0.356, 0.527]91'[0-725,0-825], [0.4, 0'573]ej[0.625,0.725],
As M M G M 225 |
[0.372, 0.473]91[0-525,0.625])>
< . ([0.456, 0.577]ell0-7750875] 10 4, 0.523]eil06750.775]
A G G M G (@, ([ ] | [ 1 ]
[0.322, 0.423]ei0:575.06751)>
<(®.,.., ([0.456, 0.577]ell0-7750875] 0.4, 0.523]ell06750.775]
Ay G M G 3.75 |
[0.322, 0.423]91[0-575,0.675])>
Az G G G G <(@,, ([0.5, 0.6]el809], [0.4, 0.5]eil*708], [0.3, 0.4]el0607]))>
: < , ([0.456, 0.577]eil0-7750875]1 10 4, 0.523]eil0-675.0.775]
5 As G G M G (@, ([ ] | [ 1 ]
[0.322, 0.423]@[0-575,0.675])>
<(®, . ([0.553, 0.654]e1°%%], [0.283, 0.387]el*7% 1]
A4 VG G G VG (@,..( ] A 1 |
[0.245, 0.346]eil0-650.751)>
A G G G G <(®,, (105, 0.6]e"°%%9, [0.4, 0.5]°7°31, 0.3, 0.4]0507T))>
Az <(®, . ([0.456, 0.577]ell*7750875], [0.4, 0.523]ll06750.77%],
G G G M [0.322, 0.423]ell0575.0-6751)>
- A <(®,, ([0.553, 0.654]ell"850], [0.283, 0.387]ell0750.81],
3 VG G VG G [0.245, 0.346]ei0-65.075])>
A <(@,,,. ([0.527, 0.628]el08250528] [0.336, 0.44]el0.72508251]
4 G VG G G [0.271, 0.372]ei0-6250.725)>

Table 2. The importance and aggregated weights of the criteria

_— DMs ;
Criteria D. D, D; D. Aggregated weights

¢ | ol | | <(v2.75, ([0.355, 0.557]el0-57506751 '[0.423, 0.523]€ll0475057511 10,322,
o_423]ej[0.375,0.475])>

& | | ol ol <(v2, ([0.307, 0.51]e1'[°-55’°-651,_[0.447, 0.548]ell0450.55]], [0.346, 0.447]ell0-350451)>

Cs | | | VI <(Vv3.25, ([0.458, 0.664]e/0-6250725] [0.372, 0.473]el0525062511 10,271,
o_372]ej[0.425,0.525])>

Cs Al VI Al VI  <(vss, ([0.654, 0.859]el07508%1 0,245, 0.346]el650751] [0.141, 0.245]e/0-550651)>
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<(Va.75, ([0.557, 0.762]el067507751 [0.322, 0.423]el057508751 [0.221,

0_322]ej[0.475,0.575]))>

<(vas, ([0.51, 0.717]el0850751 [0.346, 0.447]ell0-550651], [0.245, 0.346]eil45055))>

7.3. Aggregate the weighted ratings of alternatives
versus criteria

Table 3 presents the weighted ratings of alternatives of each
candidate using Eq. (7).

7.4. Calculation of A*, A”,d; and d;

As presented in Table 4, the distance of each candidate
from A" and A™ for the amplitude term and the phase term
can be calculated using Egs.(8-13).

7.5. Obtain the closeness coefficient

The closeness coefficients of each alternative can be
computed by Equations (14)-(15), as shown in Table 5.
Therefore, the ranking order of the four candidate is
A = A, > A > A,. Consequently, the best candidate is A .

Table 3. Weighted assessments of each candidate

The ILCNS is the generalization of ILNS and ICNS.
Obviously, the extended decision making methods in [10, 12,
23, 25] are the special cases of the proposal in this paper.

7.6. Sensitivity analysis

A sensitivity analysis was performed to investigate the
impact of criteria weights on the ranking of the candidates
(lecturers). The detail of scenarios are shown in Table 6. The
results show that eight our of eleven scenarios, the candidate
is ranked either as the first or the second candidate. This
confirms domination of the candidate A; compared to other
alternatives. Therefore, the candidate selection decision is
relatively insensitive to criteria weights.

Candidates Aggregated weights
A <OV, g + ([0.212, 0.372]€l0497.06341 10,594, 0.682]ell*-504841], [0.495, 0.57]ell0-369.0432])>
A, <OV, 4,5+ ([0.232, 0.39]ell7507064], 0,602, 0.684]ell%37404941], [0.48, 0.556]ell*¥79.0443])>
Az <OV, 0+ ([0.225, 0.385]ell0508.0646] 10,584, 0.671]ell037404941], [0.479, 0.554]ell0-3810-444)>
A4 <OV, + ([0.243, 0.402]ell0518.0658] 0,58, 0.659]ell*38305041], [0.466, 0.542]ell0-391.04541)>

Table 4. The distance of every alternative from A™ and A~

Amplitude terms Phase term
Candidates _
d* d* d
Aq 4.255 2.443 0.832 0.807
Az 4.265 2.404 0.851 0.821
Az 4.242 2.431 0.852 0.822
Aq 4.228 2.425 0.872 0.837
Table 5. Closeness coefficients of candidates
. Closeness coefficient .
Candidates Amplitude terms Phase term Ranking
A1 0.3647 0.4923 1
42 0.3605 0.4911 4
43 0.3643 0.4910 3
44 0.3645 0.4899 2
Table 6. Scenarios for sensitivity analysis
Scenari Weights of Closeness coefficient (CCi) .
o Ranking
0S criteria Ay Az Ay
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CC? cc/ cc:
1 MUV 0235 05088 0,220
2 WL MEMIOY 0276 04998 0,266
3 W1_: Wz_: W3_: Wy 03433  0,4936 0,337
- W5— Wpg— I 5
4 WITWREWISWA g gia1 o4se2 O3
- Ws5— Wpg— VI 3
5 Wi: Wi: Wi: Wy 04693 0,4859 0,469
- Ws5—= Wpg— AI 6
w1 = Al,
6 womws=wizws 02715 05029 o
=we=Ul
wr= Al
! wi=ws=ws=ws= 02704 05017 0%76
ul
ws = Al,
8  wi=wp=w;=ws= 0,2836 0,5009 0'3387
we = Ul
wy = Al,
9 w=w=w=we= 02558 05043 57
we = Ul
ws = Al,
10 wi=we=ws=w;= 02719 0,5026 0%56
we = Ul
Ws = Al,
11 wi=we=ws=w;= 02736 0,5021 0%74
ws = Ul

VIIl. Comparison of the suggested method with another
decision making method

This section compares the proposed TOPSIS decision
making procedure in ICNS with a different MCDM
methodology to illustrate applicability and its advantages. We
recall an example explored by Sahin and Yigider [33] in which

Table 7. The significance and aggregated weights of the criteria

cc/ cc: ccP cc* cch
0,508 41>43>
0 0,222 0,5077 0,210 0,5069 Ao> Ao
0,499 41> 43>
0 0,267 0,4986 0,259 0,4978 Ao> A
0,492 0,340 0,337 A1> A3 >Ad
8 6 0,4925 8 0,4917 > Az
0488 0,417 0,419 Aa>Aa> Ay
4 6 0,4880 4 0,4873 >Ag
0,485 0,476 0,481 As>Az> 4,
) o Oasar UL odss0 AT
0,501 0,258 0,254 A1> 43>
1 8 0,5016 0 0,5010 As> Ao
0,501 0,261 0,267 Ar> 41>
9 4 0,5004 9 0,5006 Aa>A
0,501 0,291 0,281 As> 4>
1 2 0,5008 7 0,4999 A1>As
0,501 0,233 0,211 A1> 43>
9 1 0,5024 9 0,5010 Ao> A
0,501 0,267 0,245 A1> As>
5 7 0,5016 2 0,4999 Ao> A
0,501 0,257 0,258 A2>41>A4
9 2 0,5004 8 0,5002 > 4s

a production industry wishes to choose and assess their
suppliers. In this model, four DMs (Dx,..., D4) have been
selected to valuate five suppliers (Ss,.. ., Ss) with respect to five
performance criteria including delivery (Ci), quality (Cy),
flexibility (Cs), service (C4) and price (Cs). The information of
weights provided to the five criteria by the four DMs are
offered in Table 7. The gathered weights of criteria gained by
Eqg. (4) are displayed in the last column of Table 7.

. DMs ;
Criteria D. (D, D; | D Aggregated weights

<(va75, ([0.678, 0.881]ell%-77508751 10.221, 0.322]e/06750-77511,70.119,

Cl AI AI AI VI 0221]61[0575’0675])>

C VI | | VI <(vss, ([0.51, 0.717]e/0650751 10,346, 0.447]el0-5506511 10.245, 0.346]el0-450551)>
<(va7s, ([0.678, 0.881]ell%-77508751 10.221, 0.322]e/0675077311, 70119,

Cs Al | Al | VI Al 0_221]61[0.575,0.675])>
<(va2s5, ([0.474, 0.687]ell062507251 10.366, 0.468]e/l0-525062511 10.263,

Cy VI | VI I Ol 0.366]ell0425.0525])>

Cs | | Al Al <(Va,, ([0.576, 0.8]e'°7 981 [0.283, 0.387]e/°6.971], [0.173, 0.283]el*->061)>
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Table 8. Aggregated evaluations of suppliers versus the criteria

Lo . DMs .
Criteria | Suppliers D; D, D D Aggregated ratings
< , ([0.456, 0.577]ell0-7750875] 10,4, 0.523]ell06750775], [0.322,
am lolmlolel <@ Jel0 TS0, | ] L
0_423]@[0.575,0.675])>
< , ([0.408, 0.553]e/075085] [0.4, 0.548]e/0-65:0.751], [0.346,
A Lo lolmlml <@ o750 | eI, |
0.447]ell055.0.651)>
< , ([0.312, 0.44]el057.0.7751  [0.447, 0.573]el0-57506751, [0.456,
. am | lolml|e | @ eSO | ] [
0_560161[0.475,0.575]))>
< , ([0.408, 0.553]e/l0750851 [0.4, 0.548]e/0-650.751], [0.346,
n 1o lmlclm| <@ eI TS0 | OO, |
0.447]ll055.0.651)>
< , ([0.456, 0.577]ell0-77508751 10,4, 0.523]ell06750775], [0.322,
n | mlolcl | W@t eS0T | ] L
0_423161[0.575,0.675])>
< , ([0.456, 0.577]ell0-7750875] 0.4, 0.523]eil06750775], [0.322,
a lolaelmlol <@ 0T | ] 1
0_423]81[0.575,0.675])>
< , ([0.335, 0.486]e/l%7:081 [0.423, 0.573]ell°¢071 [0.412,
A, clmlrplwm (O, ([ ] i ] [
0.514]1ell0508)))>
<(®, . ([0.438, 0.54]e* 750851, [0.423, 0.523]e0%07, [0.357,
. nm | plolcl ol <@ eSO | ] [
0.46]81[0'55’0'65]))>
(@, ([0.312, 0.44]e067507751 1[0.447, 0.573]el05750875], [0.456,
an I mle ol p | (@l eS0T | ] [
0.560]81[0'475’0'575]))>
< , ([0.456, 0.577]!077508751 '10.4, 0.523]e/06750.775] [0.322,
n lololml|co| @t eS0T, | ] L
0'423]@[0.575,0.675])>
< , ([0.252, 0.408]ell650751 '[0.447, 0.6]e/055:065] 10,49,
a |l mlmle | P (0, eS0T, | ] [
0.592]ell045055]))>
A c |l el | a <(®,,. ([0.5, 0.6]e™%%9, 0.4, 0.5]e1°70%1, 0.3, 0.4]e°607T))>
< , ([0.335, 0.486]e7081 [0.423, 0.573]el06.071 [0.412,
A | plclml|m (@0 ([ 170, | ] [
Cs 0.514]eil05.081))>
< , ([0.408, 0.553]e/l0750851 '[0.4, 0.548]e/0-650751] '[0.346,
Al clmlc | M (O, ([ ] ol ] 1. [
0.447]ell0550651)>
<(©, . ([0.456, 0.577]el®77508781, 0.4, 0.523]¢l06759775], [0.322,
A Mlclaoloec (0, ([ ] I ] 1. [
0.423]91[0.575,0.675])>
(@, ([0.312, 0.44]e°57507751 1[0.447, 0.573]el0575087], [0.456,
a lole|wmle | @ eSO | ] [
0.560]81[0'475’0'575]))>
<(®. _, ([0.438, 0.54]€l0-75085] [0.423, 0.523]ell0650-53] [0.357,
A G G P 35 :
0.46]81[0'55’0'65]))>
Ca As M| M| M| M <(®,,. ([0.3,0.5]e°70%1, [0.4, 0.6]ell607],[0.4, 0.5]e/l*=06]))>
(@, ([0.312, 0.44]el067507751 1[0.447, 0.573]el°575987, [0.456,
Ay P P : :
0.560]91[0'475’0'575]))>
<(©, . ([0.456, 0.577]el077>0871, 0.4, 0.523]€l%6759775], [0.322,
As Mlclaolec (@, ([ ] .l ] 1. T
0.423]91[0.575,0.675])>
(@, ([0.312, 0.44]el0575077%1 1[0.447, 0.573]el°575987], [0.456,
As plwm|c|p | @l ] o I 1 [
0_560]61[0.475,0.575]))>
< , ([0.438, 0.54]eil0-75085] 10,423, 0.523]eil*650-7%1 [0.357,
Cs Az G P G G (O ([ 1 _ [ ] [
0_46]61[0.55,0.65]))>
< , ([0.388, 0.514]eil0-7250825] 10,423, 0.548]eil0-9251025] 10,383,
n lolole|ml| @t JeIOT0 | ] [
0_486]61[0.775,0.875]))>
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Kk

<(@,.,, ([0-312, 0.44]61°7505%5] [0 447, 0.573]el0255751, [0.456,

0.560]51[0-525,0.625]))>

| ¢ |

Table 9. The last fuzzy valuation values of every supplier

<(®,,. ([0:5, 0.6]e™%0%, [0.4, 0.5]¢™° 797, [0.3, 0.4]e0¢07))>

Suppliers Aggregated weights
A <(@,, 5, ([0.208, 0.388]ell*4970-04%1, [0.594, 0.698]ell*3°00497], [0.517, 0.601]e/l370427T))>
Ay (@, o » ([0.249, 0.435]ell05260-6811, 10,583, 0.677]ell739105%1, [0.47, 0.554]ell0-38.04501))>
As <(@,, s ([0.205, 0.390]ell*4960-6471 [0,592, 0.699]ell*36504€], [0.515, 0.598]ell036.04261))>
A4 (@, 45 ([0.208, 0.392]ell04950-6461, 10,592, 0.699]ell*36504%], [0.515, 0.599]ell035>04231))>
As <(@,,,, ([0.27, 0.461]e/°540704, [0.574, 0.668]ell"403054, [0.445, 0.527]ell04%6.04761))>
Table 10. The distance of each supplier from A" and A"
Amplitude terms Phase term
Suppliers _
pp d+ d+ d
Aq 4.528 2.303 0.834 0.822
A, 4.487 2.300 0.888 0.862
As 4.522 2.317 0.833 0.821
Ay 4.523 2.309 0.832 0.820
As 4.470 2.355 0.925 0.891
Table 11. Closeness coefficients of suppliers
suobliers Closeness coefficient Rank
PP Amplitude terms Phase term
A1 0.33708 0.4964 5
42 0.33884 0.4925 2
43 0.33878 0.4964 3
Aa 0.33794 0.4964 4
s 0.34502 0.4906 1

The averaged ratings of suppliers versus the criteria are
shown in Table 8.

Table 9 shows the last fuzzy valuation values of every
supplier using Eq. (7).

The distance of each supplier from A" and A" for the
amplitude term and the phase term can be calculated using
Egs. (8-13) as shown in Table 10.

The closeness coefficients of each supplier can be
calculated by Eqgs. (14-15), as shown in Table 11. Therefore,
the ranking order of the five suppliers s

A A= A= A - AL

The result indicates that there is a slightly different among
the rating order of suppliers using the suggested method and
Sahin and Yigider [33]. This is due to the proposed technique
applying the ILCNS, which is the generalization of ILNS,
ICNS and INS.

VOLUME XX, 2019

IX. CONCLUSIONS

Linguistic based strategies are very useful tool in decision
making problems for solving the problem of crisp values. In
this paper, we proposed the Single-Valued Linguistic Interval
Complex Neutrosophic Set (SVLCNS) and Interval Linguistic
Interval Complex Neutrosophic Set (ILCNS) for decision
making under uncertainty situations. Some basic set notional
operations such as the intersection, union and complement as
well as the functioning rules of SVLCNS and ILCNS were
also defined of the proposed framework. Moreover, we also
developed a new TOPSIS decision making method in
SVLCNS and ICNS that was applied to lecturer selection
problem for the case study of (UEB-VNU) with four DMs and
six selection criteria. It has been explained throughout the
elaborated computation in the application that the suggested
decision making methods are efficient .

Further works of this research involve deriving variants of
the TOPSIS methods in terms of multi-attribute decision
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making [44-50]. Strategies for decision support in real-time
and dynamic decision-making tasks are also our next target. In
the follow up study, this work can be extended to the triangular
and trapezoidal linguistic numbers of SVLCNS and ILCNS.
Several types of similarity measures can be utilized to extend
the proposed framework in the near future. The different types
of correlation coefficients can also be studied in this regard.
Linguistic complex interval neutrosophic prioritized
aggregation operators can be designed for decision making
issues based on the proposed work. Some other types of
aggregation operators such as Hammy mean operators,
weighted aggregation operators, arithmetic and harmonic
aggregation operators, power aggregation operators etc. can be
developed in the follow up works. Moreover, linguistic
hesitant complex interval neutrosophic set can be another
possible study in this regard. The proposed framework can be
embedded in soft set to develop linguistic complex interval
neutrosophic set.
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APPENDIX

This section reviews some basic notions and definitions of
neutrosophic set, single-value neutrosophic set, interval-
valued complex neutrosophic set and single-valued
neutrosophic linguistic variable as follows [1, 9, 10, 13]:

Let U be a universe of discourse and a set N c U, such

that

N ={X(Ta(x), Ia(x), Fa(x) ), x € U },
where Ta(X), 1a(X), Fa(x) < [0, 1] are real subsets, for all x
€ U, is called a neutrosophic set (NS)

If Ta(X), 1a(X), Fa(x) € [0,1] arereal (crisp) numbers, for
all x € U, then N is called a single-valued neutrosophic set
(SVNS).

If Ta(X), 1a(X), Fa(x) S [0, 1] are real intervals, for all x
€ U, then N is called a interval-valued neutrosophic set
(IVNS).

If CN={X(T1a(X)e"([T2a(x)), la(X)e*(l2a(x)), Fia(X)
eMjF2a(X) ), X € U}, where T1a(X), T2a(X), la(X), l2a(X),
F1a(X), F2a € [0, 1] are real subsets, for all x € U, then CN is
called a complex neutrosophic set (CNS).

If TlA(X), TZA(X), |1A(X), |2A(X), F1A(X), Fon € [0, 1] are
real (crisp) numbers, for all x € U, then CN is called a single-
valued complex neutrosophic set (SVCNS).

If TlA(X), TZA(X), |1A(X), |2A(X), F1A(X), Foa C [0, 1] are
real intervals, for all x € U, then CN is called a interval-
valued complex neutrosophic set (IVCNS).

Let U be a universe of discourse and S = {s1, S, ..., sn}
be a set of labels. A single-valuedlinguistic variable (L) with
respect to the attribute A is defined as:

L:U-> S, LX) =sx€ {s1, S2, ..., sn}-

A single-valuedneutrosophic linguistic variable (NL)
with respect to the attribute A is defined as:

NL: U = S NL(X) = (tx, ix, fx), Where ty, ix, i€ {s1, S2, ...,
Sn}x

and tx represents the positive degree of the element x
with respect to the attribute A, ix represents the indeterminate
degree of the element x with respect to the attribute A, while
f, represents the false degree of the element x with respect to
the attribute A.
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