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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 NS (CNS), interval NS (INS), and interval complex
NS (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 complex neutrosophic set (SVLCNS-2) and interval linguistic complex
neutrosophic set (ILCNS-2) that are more applicable and adjustable to real-world implementation than those
of their previous counterparts. Some set-theoretic operations and the operational rules of SVLCNS-2 and
ILCNS-2 are designed. Then, gather classifications of the 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 the 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

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 com-
plex 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
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is an expansion form of complex fuzzy set and complex IFS
to handle the unnecessary nature of ambiguity, incomplete-
ness, indefiniteness and changeability in periodic data. These
extensions have been applied to decision making problems
successfully [7].

As an expansion to this trend, Ali ez 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 [12]. However, this

2169-3536 © 2019 IEEE. Translations and content mining are permitted for academic research only.

38902 Personal use is also permitted, but republication/redistribution requires IEEE permission.

VOLUME 7, 2019

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


https://orcid.org/0000-0001-6356-0046
https://orcid.org/0000-0002-5560-5926
https://orcid.org/0000-0002-2794-3936

L. Q. Dat et al.: Linguistic Approaches to ICNSs in Decision Making

IEEE Access

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 prob-
lems 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 neutro-
sophic environments. Fang and Ye [14] gave the connotation
of a linguistic neutrosophic number which is categorized
independently by the truth, indeterminacy, and falsity linguis-
tic variables for multiple attribute group decision-making.
Interval neutrosophic linguistic numbers (INLNs) has also
been defined by Ma, Wang, Wang & Wu [15] for an appli-
cation of practical treatment selection using interval neutro-
sophic 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 TOP-
SIS method to evaluate Six Sigma projects, which aimed
at providing almost defect-free products and/or services to
customers. Pramanik ez 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 new term called linguistic neutro-
sophic numbers and integrated it into TOPSIS for investment
and development of mineral resources. A multi-criteria group
decision-making methodology incorporating power combi-
nation factors, TOPSIS-based QUALIFLEX and life cycle
assessment technique was proposed in [21] to find the key to
green product design selection using neutrosophic linguistic
information. Altinirmak ef al. [39] used single valued Neutro-
sophic Set based entropy to rank the banks for analyzing m-
banking quality factors. Eraslan and Cagman [40] combined
TOPSIS and Grey Relational Analysis under fuzzy soft sets
for drug selection. It has been shown that TOPSIS is a well-
known method for decision making under uncertain envi-
ronments of neutrosophic and linguistic [2], [11], [18], [23],
[33], [41], [42]. Howerver, the current research 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 charac-
ters 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
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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 ver-
sion 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 Com-
plex 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 anal-
ysis. 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 classi-
fications 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 rea-
son various problems affecting productivity, accuracy, pli-
ability 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 effec-
tive 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
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 for-
mulation of SVLCNS-2 and its operations are presented in
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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 a
real 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 COMPLEX
NEUTROSOPHIC SET (SVLCNS-2)

Definition 1 (Type-1 Single VALUED Linguistic Complex
Neutrosophic Set (SVLCNS-1)): Let | | be a universe of dis-
course and a complex neutrosophic set A included in [ ]. Let
S = {S1,52,...,Sh, for 2 < n < oo, be a set of totally
ordered labels (therefore the classical min/max operators
work on S), with S] < S] fori < j, where i, je {1, 2, 3,

,0). LetR = {[SI,S 1. $j. $jeS. 1 < j} be a set of label
1ntervals A single- VaIued type-l complex neutrosophic set
(SVLCNS-1)isasetA C | ] such thateach elementx in A has
linguistic degree of complex truth membership T4(x) € S xS,
a linguistic degree of complex indeterminate membership
Ia(x) € S x S, and a linguistic degree of complex falsity
membership Fa(x) € S x S and sgx) € S. A SVLCNS set A
can be written as,

A = ((%, [So05, (Fa) TaG) FaCGD)

where

Fp (%) = Fip (%) 72 3)

Ta®) = Tia ) & 122
Fa (%) = Fip (%) 7%

where T14 (x) is representing linguistic amplitude truth mem-
bership and ¢/74™) is denoting the linguistic phase truth
membership function. Moreover, I14 (x) refers to linguistic
amplitude indeterminate membership while &//24%) indicates
linguistic phase indeterminate membership. Further, F4 (x)
is called the linguistic amplitude falsity membership and
€24 5 said to be the linguistic phase falsehood member-
ship function:

351 <min {714 (x)} + min {14 (x)} + min {F14 (X)},
max {T14 (x)} + max {/14 (x)} + max {F14 (x)} < 3 * sy,
3% s <min{Tps (x)} + min{lr4 (x)} + min {Fr4 (x)},
max {To4 (x)} + max {Ipa (x)} + max {Foa (x)} < 3 *sy,.

Definition 2 (Type-2 Single Valued Linguistic Complex
Neutrosophic Set (SVLCNS-2)): Let || be a universe of
discourse and a complex NS A included in []. Let § =
{S1,82,...,Sn, for . >= 2, be a set of ordered labels
with 5; < s; with i,j € {1,2,3,...n}. Let R =
{[si, sj] ,Si, 8 €8, <j} be a collection of label intervals.
A single-valued type-2 linguistic complex neutrosophic set
(SVLCNS-2)isasetA C | ] such that each element x in A has
linguistic degree of complex truth membership 74 (x) € R,
a linguistic degree of complex indeterminate membership
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I4 (x) € R, and a linguistic degree of complex falsity mem-
bership Fa (¥) R and Ogx)eS. A SVLCNS set A can be
written as,

A = {<)S7 [@9()9, <¥A ()S), /I\A ()S), fA (%)>:|> PSEH}

where

Fp (%) = Fia %) 723

’I\A X) = ’I\IA (%)- e/-?zA()S)
Fa (%) = Fia (%) 72 ()

where 714 (x) represents the amplitude truth membership
and 7240 denotes the phase truth membership func-
tion. Moreover, Ij4 (x) refers to the amplitude indetermi-
nate membership while ¢24(®) indicates the phase inde-
terminate membership function. Further, F4 (x) is called
the amplitude falsity membership and &™) is said to
be the phase falsehood membership function while 0 <

FaX), IanX), FaX) <3.

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

Definition 3: Let A and B be two SVLCNSs-2 over | |

which are defined by (©y, x), (Fa(%) ,I\A()S) Fa(X))), and

(Ogyxys (Fa(X), ,I\B(ﬁs) Fz(X))), respectively. Their union sig-
nified as AUB and is defined as:
@9 = ®01AU'B()S)’

AUB()S)
05y Ty

Faus ®) = FiaUs

~ ~ ATRINC
IAUB ) = IlAUB *)- J ZAU’B( )

J- (75)
Faus ) = Fiaus %)- € "1l
where
©0,,u® =V (6,09 Ouex))-
Fiaus ®) =V (Fa %), Fp (%)),
Foaus ®) =V (Fa %), 5 (%)),

(
(
TIAUB (X) = < A (%), I'B(X)),

Toaus &) =17 (infFy (%), inf T5 (%)),
Fiaus ®) =" (Fa X), F3 (%)),
FoaUs ®) =" (Fa ®), Fs (%)).

for all x € X. The symbols V, A represents maximize and

minimize operators.
Definition 4: Let A and B be two SVLCNSs-2 over | |

which are defined by (®j, ), (FAX) 14X} Fa(X))), and

(Ogyxys (Fr(X), YB(X) Fz(X))), respectively. Their intersec-
tion signified as A U B and is defined as:

®9Ama()5) = ®91Ama()§)’
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Tare (%) = Frans (%) & 2283

YAQ’B X) = /flAﬂB (X)- ej.'IZAﬂB()S)’
Fars (%) = Fians %)- e 241

where

Obipm®) = " (@9A<>S)v ®913()5)>’
Fiane ®) = A (Fa ), Fs (%)),
Foans X) = " (Fa %), Fs (%)),

Tiame (%) = v (TA ), Ts (x)),

Foaur (%) = V (infFy (¥), infFs (X)),
Fians X) = V (Fa %), Fa (%)),
Faarm X) = V (Fa (%), Fs (%)).

for all x € X. The symbols Vv, A represents max and min
operators.
Proposition 2: Let A and B be two SVLCNS-2 over [].
Then
a) AUB =BUA,
b) ANB=BNA,
¢) AUA = A,
d ANA=A,
Proof: Straightforward.
Proposition 6: Let A, B and C be three SVLCNS-2 over [ [.
Then
a) AU(BUC) = (AUB) UG,
b) AN(BNC)=ANC,
¢) AUBNC)=(AUB) n(AUC)
d) AN(BUC) =(ANB) U(ANC)
e) AU(BNC) = A,
) AUGANB) = A.
Theorem 7: The SVLCNS-2AUB is the minimum set com-
prising together A and ‘B.
Proof: Straightforward.
Theorem 8: The SVLCNS-2AUB is the leading one com-
prised in together A and B.
Proof: Straightforward.
Theorem 9: Let P be the power set of all SVLCNSs-2. Then
(P, U, N) forms a distributive lattice.
Proof: Straightforward.

Ill. OPERATIONAL RULES OF SVLCNS-2
Let A and B be two SVLCNSs-2 over [ | which are defined

by (@0,5()5),(:FA(X),YA(X),-FA(’S))), and (Og,x), (Fp(%),

YB(X), Fz(X))), correspondingly. the operational rules of
SVLCNS-2 are definite as:
a) The product of A and B signified as

A®B = (Opygp (Fazs®), IagsX), Fags(X))), is
defined as:

Obuesx) = O6,x)-Ob(x),
[0}, Or]" = [Op, O], v > 0.
Tagp (¥) = (Tia (x).Tip (x))- /T4 T2800)
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Iags X) = (I1a X) +is %) —Iia X) L1 (X))
a®)LaX)

Fags (¥) = (Fia (%) +F15 (X) —F1a (X) Fi5 (%))
IA[CTIN (X).Fom ()S)),

b) The addition of A and B indicated as A & B =
(Op,g5> (FaesX) Tags(X) Fags(X))), is well-defined as:

Obres(x) = Ooux) + Ot

Tagp (x) = ((T1a (x) + T (x)) — (T1a (x).T1B (x)))
,ef(TZA(X)+TZB(X))’

Lnep (x) = (Ia (x).115 (x))- &PADH28()

Fagp (x) = (Fia (x).F1p (x))- ¢/ Fa0 T80,

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

k®g,x) = Okgyx)
Te @) = (1= = TiaCo)f) - P,

e () = ((Tia@))- P,

Fe () = ((Fuae)*)- e,
Proposition 10: Let A and B be two SVLCNSs-2 over
L[ which are defined by (®, x), (Fa(X) ,I\A()S), Fa(¥))) and

(Ogyx)» (Fa(X) Tw(X) Fr(X))), respectively. Then
a) ARB=B®A,
b) AGB=BqA,
¢) kA®B)=k(B®A),
d) (k1 ® ko)A = ki @ Ak A.

IV. INTERVAL LINGUISTIC COMPLEX NEUTROSOPHIC
SET (ILCNS-2)

Definition 11: Let || be a universe of discourse and let
S = {s1,%2,...,8,}, forco > n > 2, be a collection of
single value, linguistic markers, where 51 < 52 < ... < §y
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 s; An interval linguistic type-2
complex neutrosophic set ILCNS-2)isasetA C | [ such that
each element x in A has linguistic degree of complex interval-
membership T4 (x) € R x R, a linguistic degree of complex
interval-indeterminate membership Iy (x) € R x R, and
a linguistic degree of complex interval-falsity membership
Fp (x) SR xR, Og() € S. AnILCNS-2 set A can be written
as,

A= {<>s [@m, <¥A %), Ta (%), Fa (>s)>]> I)Sel'l} :

where
Ta (x) = [inf Tig (x). sup Tig (x)] - L7250 T4 (0]
Iy (x) = [inf 114 (x), sup 1z (x)] - /linf2athsupla ]
Fy (x) = [inf Fia (x), sup Fi4 (x) ] - e/linfFa(supFaa (o]

38905



IEEE Access

L. Q. Dat et al.: Linguistic Approaches to ICNSs in Decision Making

where [inf T4 (x), sup T4 (x) ] represents the interval ampli-
tude truth membership and e/ [inf o @)sup T4 (0] denotes
the interval phase truth membership function. Moreover,
[inf Lia (x),suplia (x)] refers to the interval amplitude inde-
terminate membership while &/l 24 s La™] jndicates the
interval phase indeterminate membership function. Further,
[inf F14 (x), sup F1a (x)][ is called the interval amplitude fal-
sity membership and e/linfF2a()sup F: 2] i said to be the
interval phase falsehood membership function.

Definition 12: Let A and B be two ILCNSs-2 over | ]

which are defined by (X, [@x) (Fa(%) T (%) FA($)]), and

(X, [Ogex)(Fp(X) TB()S); Fz(X))]), respectively . Their union:
AUB

= (%, ISoaUs) FaUstr T AUs0) FpUsODKeTT),

is defined as:

®9AUB()S) = 891AUB()§)’

Fyus (9) = [inf F)yUy (), sup Ty yuy ),

infTZAU,B ()S),supTZAU,B ()S)i|

9

Iaus ) = [inf1, Uy %), 5up Ty Uy (9, ]

S

iy Uy sl U ) |

S

)

FaUs ®) = [inf F yu, 09, 50p F gy (9,

: ianZAUB ()S)’SMPFZAUB ()S)]

N

where
Ov14uB(r) = V (Foax)» OoB(x))
inf Thaup (x) = V (inf T4 (x), inf T g (x)),
sup T1aup (x) = V (sup T4 (x), sup T1p (x)),
infli4up (x) = A (inflj4 (x), inf 15 (x)),
supjaup (x) = A (supl14 (x), sup /15 (x)),
inf F1aup (x) = A (inf Fi4 (x), inf F1p (x)),
sup Fiaup (x) = A (sup Fi4 (x), sup Fip (x)),

for all x € X. The symbols V, A represents max and min
operators, respectively.
Definition 13: Let A and B be two ILCNSs-2 over | ]

which are defined by (X, [Ogx)(Fa(X), [a(X), Fa(X))]), and
(%, [Ogx)(Fu(X) Is(X) Fu(X))]), respectively. Their inter-
section denoted as, ANB = {(X, [Opanpx) (Fans(X)

;AOB()S) FansE)])[XelT}, is defined as:

Op,p%) = O0505%)
Fane %) = [inf Fians (%), sup Fians (%), ]
_ei[i"szAm'B X).supTrarz(X)] ,

Inns X) = [infllAms (%), supI1ans (’S),]

38906

el Linfl2ane (B)suploprs (X)] ,

Fans X) = [inf.}—lAmg (%), sup Fians ()S),]
P apneB)supFonc (%))

where

Og1anBr) = A (®9A(x)s ®6‘B(x))a
inf Thanp (x) = A (inf T4 (x), inf Ty (x)),
sup T'1ang (x) = A (sup T4 (x), sup T (x)),
infljang (x) = V (inflj4 (x), inf 1} (x)),
supliang (x) = V (sup/i4 (x), sup /15 (x)),
inf Fiang (x) = V (inf F14 (x), inf F15 (x)),
sup Fiang (x) = V (sup Fi4 (x), sup Fi (x)),

for all x € X. The symbols Vv, A represents max and min
operators, respectively.
Proposition 14: Let A and B be two ILCNS-2 over [ [. Then
a) AUB =BUA,
b) ANB=BNA,
¢) AUA=A,
d ANA=A.
Proof: Straightforward.
Proposition 15: Let A, B and C be three ILCNS over [ ].
Then
a) AU(BUG) = (AUB) UG,
b) AN(BNEC)=ANC,
¢) AUBNC) = (AUB) N (AUC)
d) AN(BUC)=(ANB) U(ANC)
e) AUBNC) = A,
f) AUANB) = A.
Proof: Straightforward.
Theorem 16: The ILCNS AUs is the minimum set com-
prising together A and B.
Proof: Straightforward.
Theorem 17: The ILCNS A N B is the leading one enclosed
in A and B.
Proof: Straightforward.
Theorem 18: Let P be the power set of all ILCNSs.
Then, (P, U, N) forms a distributive lattice.
Proof: Straightforward.
Definition 19: Let A and B be two ILCNSs over | [ which
are defined by Eq. (1, 2), as shown at the top of the next page.
The Hamming and Euclidian distances between two
ILCNS A and B for phase terms are defined as follows by
Egs. (3, 4), as shown at the top of the next page

A = (x, [Ogy(0). (T4 (x) T 0], [If () LY ()],
[FX () FY (D))
and
B = (x, [Ogy0), ([T o) TE (0], [ (x) 1§ ()],
[Fg(x) F§ (0)D),
respectively; where [Tj ), Tf ®] = [tk(x), tY (0]

AR, (1), 1 (0] = [ 0), i (0leMVAwT ],
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dé(A, B) = (164 x5 —0p x 1514104 x tX —6p x 1K]

1
6(n—1)

+ 10 x i5 —Op X ijg| 4104 X ik —Op X if| 104 X f4 =08 x [ |+104 X [ — 08 x 5] (1

di(A, B)

I
:\/m((eA x th —0p xt5)2 + (04 x 1R —0p x )2+ (04 x i — 05 x i5)2 +(0p x iR — 05 x )2 +(0a x £ —0p < f£)2+ (04 x fR—05 xf5)?)

)
db (A, B)
= |k () — @b () |+ R () =R )+ 1¥E ) =5 O+ 1YE ) YR +10k (1) — d5 () |+ 1R () — R ()] 3)
dh(A, B)

= \/ (@5 () — 5 () +(@h () — R ()2 + (WL () =5 )P+ W R ) — YR (02 + (95 () — 952+ (@) — R ()2 @)

[FE), FYMD] = [FE@), £V (0)]e50005 01 [TL (x),
TV = [k, i 1o koo, [V x)] =
[i5x0), 1Y VBV L, FU ()] = [fEG), £ ()]
k] 01

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

V. OPERATIONAL RULES OF ILCNS
Let A and B be two ILCNSs over || which are illustrated

by (x,[®g,x), (Ta (¥), 14 (x), Fa (x))]) and  (x, [Ogy).
(Tp (x), Ip (x), Fp (x))]) respectively. Then, the operational
rules of ILCNS-2 are illustrated as:

a) The product of A and B indicated as

A®B = (x,[O6,950), (Tawp (X), lags (X), Fags ())])
is defined as:
Obrep0r) = Oos)-Obp(x)
Tags (x) = (inf Tia (x). inf Ty (x))- /0 240 0TT2500)
Tagp (¥) = (sup T1a (x). sup Ty (x))- /P T2 00-sup Ts )
Ingp () = (infl1a (x).inf 1 (x))- /1M 12A0 inf25()
Ingp (¥) = (suplia (). suplip (x))- /P24 00U ()
Fagp (x) = (inf Fis (x). inf Fip (x))- /(200 250
Fagp (x) = (sup Fia (x). sup Fip (x))- /WP 2400 sup F25(0)
b) The addition of A and B denoted as

A® B = (x, [Op,0500, (Tass (1), Iaep (), Fags ())])

is defined as:

Obse0) = Ooax) T Otp(x).
Taos (x) = <(inf_T1A (x) +if1leB (x)) )
— (infT14 (x).inf T (x))
./ nf o (¥) +inf T25.(x))
Taon () = ((SUP T1a (x) +sup T1p (x)) )
— (sup T4 (x).sup Ty (x))
JSUP ToA (V)+5Up T2 1)
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Ingp (x) = (infl1z (x).inf I (x))- /I PACIFinE 5 (0)
Ings (x) = (suplia (x).sup g (x))- &/ WP LA FsupL2500)
Faep (x) = (inf Fia (x).inf Fip (x))- /0 Fa0FHnl o)
Fagp (x) = (sup Fia (x).sup Fip (x))- /SR Fat)supFast),

c¢) The scalar multiplication of A is an ILCNS-2 denoted as
C = kA is defined as:

k®g,x) = Okgsx)
infTe (x) = (1 —(- inleA(x))k)~ Kt Toa()

sup Tc (x) = (1 — (1 —sup TlA(x))k). ek supT2a()
inflc () = ((Gnf T14Co)F ) T,

suplc (x) = ((sup T1A(x))k).e/k sup 724 (1)

inf Fe (x) = ((ianlA(x))k>. GKInfF2a ()

sup Fe (x) = ((Sup FIA(x))k). ok sup Faa(x)

Proposition 20: Let A and B be two SVLCNSs-2 over
LI which are defined by (®9A(x), (Ta (x), 14 (x), Fa (x))), and
(®gp00), (T (x), Ip (x), Fp (x))) respectively. We have

a) A B=B®A,

b) AGB=B®A,

¢) k(A®B) =k(B®A), (ki ®ka)A =kiA® kA.

VI. A TOPSIS MODEL FOR SVLCNS-2 AND ILCNS-2

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 4 DMs (Dy,q = 1,...,h) is
accountable for assessing m alternatives (A, m = 1,...,1)
under p selection criteria (Cp, p = 1, ..., n), the stages of the
proposed TOPSIS technique are as:

A. AGGREGATE RATINGS OF ALTERNATIVES VERSUS
CRITERIA
> &)

Let
[Tk, ). TY (0],
38907

g @)s Ly (O],

(FL ), FU ()]

Xmpq = <X, ®9mpq (x)
mpq
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_ \ 1
Tp) = | 1= 1= Tt | 1-
q=1
- 1 1
h h h h
L R
Lmp () = Z Ipmq ’ Z Ipmq €
g=1 g=1
- 1 1
h 3 h h
L R
F, mp ()C) = Z Irpmq ’ Z pmgq
q=1 g=1

J
e

h T '[1 Ly LS U
il X wh o d X wh,e
R =1 =1
1= Th@ ] et ’
g=1
1 h 1 h
IR NN SR HES
g=1 q=1

h h
[% PITHON DY ¢,’dq(x>}
gq=1 g=1

be the suitability assessment allocated to alternative A,
by DM D, for criterion C,, where: [T,ﬁpq, TY ]

mpq
oL U . .
A Ly L g L
e/[wmpq(xwmpq(x)]’ [FnL/tpq’Fnllqu]: ”%pq, ”lé)q]_e/[(ﬁmpq(x),d)mpq(x)]’
m=1,....,.;7 = 1,...,04 = 1, ..., fi Using the

®g,,,(x)

mp

[T5,(x), T,Y, ()],
> can be
mp mp

operational rules of the ILCNS, the averaged suitability
(25,00, L5, (0],
[F (), F ()]
evaluated T,,p(x), Ipp(x), Fp(x), as shown at the top of the
this page.

rating X, = <x,

B. AGGREGATE THE IMPORTANCE WEIGHTS
Let

[Ty, (), Ty ()],
Uy (0). Iy ). >
[F (), FY (0]

be the weight allocated by DM D, to criterion Cp,

Wpg = <x, ®ppq(x)

P U
where [TL TU] = [tk U] Mm@ L U] =
L U RZACRZACH L pUy  _ L (U
Lipg ipg] - PP, (Fy gl Upg>Spq]

AT A FY zﬁ?g_eilabﬁq(x),ab,,q(xn’? _1....nq=

1,....6 Using the operational rules of the ILCNS, the average

[Té(x), Tﬁ,U(X)],

[, (), 1, (x)], > can be
(6)

weight w), <x, ®pl,(x)
[FE(), FY ()]

evaluated as:
1
wp = (z) Q Wp1 ®wWp2 D ... D wpp),
where

Tp(x)

==

>

Ih
I 7
e

g=1

h
1— 1=y Tt | . 0
; pa wh(x), 1 qg wf/(x)]

==

TR (x)

prq

h
1— 1—2
L q=1
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Ip(x)
N + N + [ h h
A1 L 1 U
IR DR AGN DI (X)]
_ L R =1 =1
- leq ’ leq et ’ ’
q=1 q=1
Fp(x)
v i ; h h
h IEPXACE PG
= FE , FR ej|:h‘1§1 o hqgl U
pq rq
g=1 g=1

C. AGGREGATE THE WEIGHTED RATINGS OF
ALTERNATIVES VERSUS CRITERIA

The weighted ratings of alternatives can be advanced via the
operations of ILCNS as follows:

1 n
Gy =— Xpp ¥Wp, m=1,...,1; 1,...,n.
1]_

D. CALCULATION OFA*,A~, d’.+ AND d’.—

The positive-ideal solution (FPIS, A™) and fuzzy negative
ideal solution (FNIS, A7) are obtained as Eq. (8, 9), as shown
at the top of the next page. The distances of each alternative
Ap,m = 1,... ¢t from AT and A~ for the amplitude terms
and the phase terms are calculated as:

dst = JGg, — vty (10)
ds = Gy —ac-y an
at = (G — 4ty (12
d =G -y (13)

where d,fﬁ, df’,,+ characterizes the shortest distances of candi-
date A,,, and d;,, dP”, characterizes the farthest distance of
candidate A,,,.

E. OBTAIN THE CLOSENESS COEFFICIENT
The closeness coefficients for the amplitude terms and the
phase terms of every candidate, which are cleared to define
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A% = (| Ot @1, 11 Xm0 10, 01, [0, 01} ®)

Am = <x, {®min(gm,,q,pm)<x)([o, 01, 1, 1¢

: L L vy U U
/max([llfmpq(X)-\qu(Ml/lmpq(niﬂpq(x)])’ (1, 1]ejmax([q&ﬁw(x).qb]%q(x),qb,%,q(x).(blffi(x)J)}> 9)

the classification order of all candidates, are calculated as:

-
cco= A (14)
A+ d
-
ccl = —— (15)
Codlt val”

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

If CCX1 > CCIf{2 thenA; > Ap

If CC{ = CC4 and CC; > CCj thenA; > A;

If CC{ = CC{, and CC} = CC} then A| = A;.

VIi. 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, Vietnam. 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. Dy, ..., D3, and D4, were requested to
distinctly proceed to their own evaluation for the significance
weights of selection criteria and the ratings of four poten-
tial alternatives. Based on the discussion with the commis-
sion members, six selection criteria are considered including
number of publications (C1), quality of publications (C>),
personality factors (C3), activity in professional society (Cy4),
classroom teaching experience (Cs), and fluency in a foreign
language (Cg). The computational proceeding is concised as
follows.

A. AGGREGATION OF THE RATINGS OF CANDIDATES
VERSUS CRITERIA

Four DMs decide the suitability rankings of four potential
alternatives versus the criteria using the ILCNS ©® ={®|=

VP & = P,O3 = M,04 = G,05= VG}
where VP = Very Poor =< (0, ([0.1,0.2]ell0>-06],
[0.6, 0.71eil0-4031 10.6,0.7]¢i03:04l)) = P = Poor

=< (0,,([0.2,0.3]e106007 105, 0.6]¢/1%5:061 0.6,
0.7]el04.0:31)) > M =Medium=< (3, ([0.3, 0.5]¢/l%-7.0-8],
[0.4, 0.6]e/06:071 104, (.5]eil0-5.0-0]y) >, G =

Good =< (O4, ([0.5, 0.6]e08:091 [0.4,0.5]¢07-08],
[0.3, 0.4]e10607)) > and VG = Very Good =<
(®s, ([0.6, 0.7])10-1-01, [0.2, 0.31e/l%8:091 10,2,
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0.31e/07.081y) "to evaluate the appropriateness of the candi-
dates under six criteria.

Table 1 presents the suitability rankings of four alternatives
(A1, A2, Az, Ag) versus six criteria (Cy, .., Cg) from four
DMs (D1, D3, D3, D4) using the ILCNS. Using Eq. (5), the
aggregated ratings of the candidates versus the criteria from
the DMs are shown at the last column of Table 1.

B. AGGREGATE THE IMPORTANCE WEIGHTS
After defining the lecturer assortment criteria, the com-
mission members are asked to define the level of sig-
nificance of every criterion using the ILCNS, V =
{V1 = UL V2 = OI, vy = L V4 = VI, vy = AI},
where UI = Unimportant =< (v{, ([0.1, 0.2]eil04051 [0.4,
0.51el93:041 '10.6, 0.7]ei102:0-31)) > OI = Ordinary Impor-
tant =< (v, ([0.2, 0.4]e/05:061 10.5,0.61611040-31 [0.4,
0.51e/03:041y) > T = Important =< (v3, ([0.4, 0.6]eil0-0:071
[0.4, 0.5]¢/0-:06] [0.3,0.4]eil0-4051)) >~ VI = Very
Important =< (v4, ([0.6, 0.8]e/0-7-0-81 [0.3, 0.4]eil0-6.0.71
[0.2, O.3]ej[0'5’0'6])) >, and Al = Absolutely Impor-
tant =< (vs, (0.7, 0.91e/08:991 [0.2, 0.31ell07:081 10.1,
0.2]ell0:6.0.71y) .

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.

C. AGGREGATE THE WEIGHTED RATINGS OF
ALTERNATIVES VERSUS CRITERIA

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

D. CALCULATION OF A*,A—, d’.+ AND d’._

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

E. OBTAIN THE CLOSENESS COEFFICIENT
The closeness coefficients of each alternative can be com-
puted by Equations (14)-(15), as shown in Table 5. Therefore,
the ranking order of the four candidate is A} > A4 > A3 >
Aj. Consequently, the best candidate is Aj.

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

F. 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
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TABLE 1. Aggregated ratings of lecturers versus the criteria.

. Candidat Decision makers A
Criteria es D, D, Ds D Aggregated ratings
< , ([0.408, 0.553]e/0.750851 10.4, 0.548]el%-65-0751] 10.346,
4 M G G M (0, ( ] | [ ] I, [
0.447]01[0'55’0'65])>
< , ([0.527, 0.628]eil0-825.0925] 10 336, 0.44]eil0-725-08251],
C 4 G G VG G (©,, ([ ] | [ ] ]
[0.271, 0.372]e/l0:625.0-7251)>
< , ([0.456, 0.577]l0-773:08751 '10.4, 0.523]el0-673:0775],
4 M G G G (0,5 ([ ] | [ ] ]
[0.322, 0.423]e/l0-375:0-6731)>
< , 0456, 0.577 @[0'775‘0'875], 0'4’ 0.523 ej[0.675,0.775 ,
As G G G M (0,5 ([ ] | [ 1 ]
[0.322, 0.423]/[0-575:0-6751)>
< , ([0.527, 0.628]ell0-8250925] 1 336, 0.44]eil0-7250825]]
A G VG G G (@, ( ] [ ] ]

[0.271, 0.372]ej[0.625,0.725])>
<(®3.75 , ([0.456, 0.577]&l1%77508751 0.4, 0.523]¢l*-6750775],

6 [0.322, 0.423]el[0-5750.675])>
<(®, - ([0.553, 0.654]e"*329%], [0.283, 0.387]/075051],

[0.245, 0.346]eil0-65:075T)>
G <(@,,,(0.5,0.6]e1%09, 10.4, 0.5]61°70%], [0.3, 0.4]¢ll0-607T))>

<(@,.., ([0.577, 0.678]&l875097] [0.238, 0.341]¢l0-77508731],

A3 VG G G VG

Aq G

Q

A .
| Yo e o e [0.221, 0.322]eil0-6750-775))>
< , ([0.527, 0.628]e/1052509251 10,336, 0.44]¢/072508251],
A> G VG G G (0, ( ] . [ ] ]
C [0.271, 0.372]el[0-625:0.7251)>
3 <(@,,.,([0.527, 0.628]eil0 52509251 10,336, 0.44]eil0-725.05251],
A G G VG G 425 .
[0.271, 0.372]el[0-625:0.7251)>
< , ([0.553, 0.654]¢/1085:0951 [0.283, 0.387]e/l0-75:0857],
A G VG G VG (@,,.( ] L ] ]
[0.245, 0.346]el[0-65075))>
< , ([0.276, 0.456]el0-6750775] '1() 423 0.6]ell0-5750-675]]
A M P M M (©,,5( ] . [ ] ]
[0.443, 0.544]e/[0-475:0.5751)>
< , ([0.456, 0.577]e1077508751 0.4, 0.523]ell0-675:0775],
A M G G G (@, ( ] ! ] 1
C [0.322, 0.423]el[0-575.0.6751)>
4 <(@,,., ([0.356, 0.527]ell07250-825] 10.4, 0.573]¢/l06250.725],
A M M G M 2.25 .
[0.372, 0.473]el[0-525.0.6251)>
< , ([0.456, 0.577]e/1077508751 0.4, 0.523]ell0-675:0775],
Ay G G M G (0, ( ] . [ ] ]
[0.322, 0.423]el[0-575:0.6751)>
A <(@,,,, ([0.456, 0.577]e1"77>0871 [0.4, 0523100720775,
[0.322, 0.423]el[0-575:0.6751)>
Az G G G G <(o,,(0.5,0.6]eM0509 [0.4, 0.5]e1070%], [0.3, 0.4]¢l0-0071))>
¢ < , ([0.456, 0.577]e/1077508751 0.4, 0.523]ell0-675:0775],
’ As G G M G (®3.75 ( ] . [ ] ]
[0.322, 0.423]el[0-575:0.6751)>
< , ([0.553, 0.654]¢/1085:0951 [0.283, 0.387]e/l0-75:0851],
4 VG G G VG (@,,.( ] LI ] 1
[0.245, 0.346]eil0-65075))>
A G G G G <(@,, ([0.5, 0.6]e°#991, 10.4, 0.516° 7081, [0.3, 0.4]¢l0¢07T))>
4> <(@,,,, ([0.456, 0.577]ll077508751, 0.4, 0.523]il0-6750775],
G G G M [0.322, 0.423]ell0575:0-675])>
c A <(©,, ([0.553,0.654]ell0-43:095] [0.283, 0.387]¢il07>051],
3 VG G VG G [0.245, 0.346]ell065-0.75])>
A (@, ;- ([0.527, 0.628]ell0-425:09251 0,336, 0.44]ell-72508231],
4 G VG G G [0.271, 0.372]el[0-625.07257)>
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TABLE 2. The importance and aggregated weights of the criteria.

.o DMs .
Criteria D D, D Ds Aggregated weights
¢, I oI I I <(v2.35, ([0.355, 0.557]ell0-573:06751 10,423, 0.523]ell047505711, 10,322,
0.423]6[0.375,0‘475])>
¢ I I Ol Ol <(v2s, ([0.307, 0.51]el0-550651 10.447, 0.548]e/045:0-551], [0.346, 0.447]el0-35045])>
¢, [ I I VI <(v325, ([0.458, 0.664]e/0-02507251 10,372, 0.473]ell0-52500251] [0.271,
0'372]ej[0.425,04525])>
Cy Al VI Al VI <(ws, ([0.654, 0.859]0750851 [0.245, 0.346]e*050751], 10.141, 0.245]e/l0-550651)>
; <(v335, ([0.557, 0.762]e!1%-67507751 110,322, 0.423]el057506751 (0,221,
Cs VI VI | VI (vs7s, ([ ] 0'322]ej[0.4£5,0575]))> ] [
Cs VI I VI | <(v35, ([0.51, 0.717]&0650731 [0.346, 0.447]e/l0-350651] [0.245, 0.346]e/0450531)>

TABLE 3. Weighted assessments of each candidate.

Candidates Aggregated weights
A L Ov,, g » ([0.212, 0.372]e0470-6341, [0.594, 0.682]el"-39304841], [0.495, 0.57]ell036%.0433])>
A, (Ov,, 4,5 » ([0.232, 0.39]e037-06461 10,602, 0.684]ell037404941],10.48, 0.556]ell-370-443])>
A; L Ov,3 4,y » ([0.225, 0.385]el0-5080-6461, [0.584, 0.6711el737404941], [0.479, 0.554]ell0-381.0-444)>
Ay <(Ov,, oy, » ([0.243, 0.402]e/l0-318:0-6581 10,58, 0.659]e/[0-383:0-50411 10.466, 0.542]ell0-391:04541)>

TABLE 4. The distance of every alternative from A* and A—.

Amplitude terms Phase term
Candidates -
d* d* d
Al 4.255 2.443 0.832 0.807
A:> 4.265 2.404 0.851 0.821
A3 4.242 2.431 0.852 0.822
Ay 4.228 2.425 0.872 0.837
TABLE 5. Closeness coefficients of candidates.
. Closeness coefficient .
Candidates Amplitude terms Phase term Ranking

4 0.3647 0.4923 1

4> 0.3605 0.4911 4

43 0.3643 0.4910 3

44 0.3645 0.4899 2

that eight out 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 alterna-
tives. Therefore, the candidate selection decision is relatively
insensitive to criteria weights.

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
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illustrate applicability and its advantages. We recall an exam-
ple explored by Sahin and Yigider [33] in which a production
industry wishes to choose and assess their suppliers. In this
model, four DMs (Dy, ..., D4) have been selected to valuate
five suppliers (S, ..., Ss) with respect to five performance
criteria including delivery (C1), quality (C»), flexibility (C3),
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 Eq. (4)
are displayed in the last column of Table 7.
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TABLE 6. Scenarios for sensitivity analysis.

Scenari Weights of Closeness coefficient (CC;) Rankin

0s criteria A As As g

ccy ccr cc: ccr cc:  ccr  cci: occE
WI=Wr=W3=Wwy 0,508 41> 43>
1 2 22 222 21
eIl 0235 05088 0220 0, 05077 0210 0,506 T
2 WISW2SWIEWa 6096 04998 0266 Y7 0267 04986 0259 04978 A7 A
=ws=we= Ol 0 A2> 44
30 WITWREWIEWA o auss a9z 0337 04920340 grs 0337 (4917 AT A
=ws=we=1 5 8 6 8 > 42
WI=W2=w3=wy 0412 0,488 0,417 0,419 As>A3> 4,
4 Lt g 04141 04892 ) o 04880 .7 04873 o
WI=W2=W3= W3 0,469 0,485 0,476 0,481 Aa >A3>Az

5 Lt T 04693 04859 | o 04847 T 04840 o,

wh= AI,

6 wamws=wa=ws 02715 05020 241 0501 0258, 5500 0254 5000 AZ A
T 2 1 8 0 As> 4>
= We— Ul

Wh = AI,
7 wi=ws=wi=ws= 02704 0,5017 0’2576 0’5901 0’161 0,5004 0’2967 0,5006 AZ:Z‘;
Ul
W3 = AI,
8 wi=w=wi=ws= 02836 0,5009 0’7;87 0’5101 0’2291 0.5008 0’2781 0.4999 Af:ip
We= UI 1 4
W4 = AI,
9 Wi=wa=ws=ws= 02558 0,5043 0%12 0’5901 0’2133 0,5024 0’29“ 0,5010 “2 >>42 ~
We= UI 2 4
Ws = AI,
10 wi=w=w=wi= 02719 0,5026 0’2556 0’2.01 0’2767 0.5016 0’2245 0.4999 “{; >>4/i >
We= UI 2 4
We = AI,
11 wi=w=m=wsi= 02736 05021 0’%74 0’5901 0’2257 0.5004 0%58 0.5002 A2>>4;1>A4
Ws = UI 3
TABLE 7. The significance and aggregated weights of the criteria.
L. DMs .
Criteria DD, | D; | Ds Aggregated weights
<(vas, ([0.678, 0.881]60759571 [0.221, 0.322]e007507751] [0.119,
C Al | Al | Al VI (vars, (1 ] 0_221]ej[o,£75,04675])> ] I
C, VI | I | 1 | VI | <(vss, ([0.51,0.717]06550751 70346, 0.447]&10°50657], [0.245, 0.346]e0+055])>
<(va7s, ([0.678, 0.881]¢107759571 [0.221, 0.322]e067507751] [0.119,
C; Al | Al | VI Al (vars, (1 ] 0'221]ej[o,£75,04675])> ] I
<(v325, ([0.474, 0.687]e050.7251 [0.366, 0.468]02505T] [0.263,
Cy VI | VI | Ol (vszs, (1 ] 0.366]ej[0,£25,04525])> ] I
Cs I | 1 | Al | Al <(Va0, ([0.576, 0.8]1°7951 [0.283, 0.387]e°071], [0.173, 0.283]e10-50T)>

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.

38912

The closeness coefficients of each supplier can be cal-
culated by Egs. (14-15), as shown in Table 11. Therefore,
the ranking order of the five suppliers is A5 > Ay >
A3 > A4 > A].

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
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TABLE 8. Aggregated evaluations of suppliers versus the criteria.

- . DMs .
Criteria | Suppliers D D, | D Ds Aggregated ratings
< , ([0.456, 0.577]el077308751 0.4, 0.523]e/l%67>0-775] 10.322,
A slmlala (@, ([ ] . [ ] LT
0.423]61[0‘575’0‘675])>
< , ([0.408, 0.5531e/%-750851 '10.4, 0.548]e/0-0%0731] 10.346,
o G laolwml|wMm (@, ( ] . [ ] 1. [
0.447]6‘][0'55’0'65])>
< , ([0.312, 0.44]e/1%-67507751 10.447, 0.573]el0-57506731 10.456,
c 4 plalwml| P (0,,5 ( ] . [ ] [
0.560]61[0‘475’0‘575]))>
< , ([0.408, 0.553]e/0750851 10 4, 0.548]e/0630-751] 10.346,
s 6 Il Ml 6| M (@, ( ] , [ ] 1 [
0.447]61[0‘55’0‘65])>
< , ([0.456, 0.577]ell077308731 0.4, 0.523]e/l%-67>0-775]10.322,
v Imlclalagl e 0TSOV | ] L
0.423]61[0'575’0'675])>
< , ([0.456, 0577107508751 10.4, 0.523]e/067>0.775][0.322,
o lolalmlagl| <@t eI T | ] LI
0.423]69[0'575’0'675])>
< , ([0.335, 0.486]e/07:0-81 [0.423, 0.573]1/%0071, [0.412,
o G Il Ml p | M (@,,,( ] . [ ] [
0.514]1el05.06)))>
< , ([0.438, 0.54]el0730851 10,423, 0.523]ei0:6>071 [0.357,
o " rlalala (@,,.( 1 . [ ] [
0.46]01[0‘55’0‘65]))>
< , ([0.312, 0.44]e/0-67>0.7751 10,447, 0.573]e0-°7>06731 10.456,
A mMlplalop (0,5 ([ ] . [ ] [
0.560]61[0‘475’0‘575]))>
< , ([0.456, 0.577]1°77308751 [0.4, 0.523]¢/%-6750-7751,10.322,
A claolwMmlag (0,,.( ] ‘ [ ] LI
0.423]61[0'575’0'675])>
<(@, _, ([0.252, 0.408]¢l0-650751 [0.447, 0.6]c10-55065] [0.49,
A P P 23 .
0.592]61[0.45,0A55]))>
Az G G| G <(@,,, (0.5, 0.6]°%0%], [0.4, 0.5]1°7%1, [0.3, 0.4]e1%07T))>
<(@. , ([0.335, 0.486]¢0731 [0.423, 0.573]6°007] [0.412,
Az P M 30 .
Cs 0.5 14]6][0'5’0'6]))>
< , ([0.408, 0.5531e/%750851 1104, 0.548]e/0-0%0731] 10.346,
i lolmlolu] ot 0T | ] 10
0.447]8‘][0‘55’0'65])>
< , ([0.456, 0.577]&1077308751 [0.4, 0.523]e/%-6750-775],10.322,
v Imlclalagl e 10OV | ] LI
0.423]61[0‘575’0‘675])>
< 0.312, 0.44]e/l0-6730.7751 110,447, 0.573]e/l0-7>06731 10.456,
A clplmMm|op (0, ([ ] ol ] [
0.560]61[0'475’0'575]))>
< , ([0.438, 0.541¢!1750851 10,423, 0.523]1e/1%6>0-731 10,357,
t lalals gl <@t 10T | ] [
0.46]@[0'55'0'65]))>
Cs As M | M <(®,,,([0.3, 0.5]°79%1,[0.4, 0.6]e1°71[0.4, 0.5]e1*>0]))>
< 0.312, 0.44]ell0-6730.7751 110.447, 0.573]e/0-57506731 10.456,
A p p Il M| o (0,5 ([ ] . [ ] [
0.560]61[0A475,0A575]))>
< , ([0.456, 0.577]ell077308751 [0.4, 0.523]e/l%-67>0-775] 10.322,
v Imlclalagl e 0TSOV | ] L
0.423]61[0'575’0'675])>
< 0.312, 0.44]el10673:07751 10,447, 0.573]el%-573:0671 10,456,
A P lmlag | p (0, ([ ] . [ ] [
0.560]61[0‘475’0‘575]))>
< , ([0.438, 0.54]e/10730851 10,423, 0.523]e/065071 [0.357,
Cs 4 clrlacla (@, ( 1 . [ ] [
0_46]6][0A55,0.65]))>
< , ([0.388, 0.514]¢/07250825] 10,423, 0.548]ell"-92510251 [0.383,
s lolale M| @t 070 | ] [
0.486]61[0A775,0A875]))>
< , ([0.312, 0.44]¢/0-725:08251 10447, 0.573]e/0-025:07251 10.456,
R R I IV R I (NN 11075089, | ] [
0.560]01[0‘525’0'625]))>
As G| G| G| G <(@,,, (0.5, 0.6]e°509),[0.4, 0.5]1°7%, [0.3, 0.4]e1*0071))>
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TABLE 9. The last fuzzy valuation values of every supplier.

Suppliers Aggregated weights
A; <(@,, ., ([0.208, 0.388]e/0:497:0-6481 10,594, 0.698]e/0-366:04971 10,517, 0.601]/l0-357-04271)y>
A <(@,, 45 ([0.249, 0.435]¢/10-926.0-6811 10 583, 0.677]e/0-39105261 [0.47, (0.554]¢/[0-386.0:456]))>
A; <(@,,,,5- ([0.205, 0.390]e/l0496:0-647] /10,592, 0.699]ell0-363:04%1 10,515, 0.598]ell0-356-04261y)>
Ay (O, 45 ([0.208, 0.392]¢l0:495.0.6461 10,592, 0.699]¢/l0365:04%1 10.515, 0.599]el0-355.04251))>
As <@, ([0.27, 0.461]e/0-346:0.7041 110,574, 0.668]el0-408.0-5461 '[(.445, 0.527]ell0406:0476]yy>

TABLE 10. The distance of each supplier from A* and A—.

Amplitude terms Phase term
Suppliers _
pp d+ d+ d
A; 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.
. Closeness coefficient
Suppliers Amplitude terms Phase term Rank
Y 0.33708 0.4964 5
4> 0.33884 0.4925 2
43 0.33878 0.4964 3
44 0.33794 0.4964 4
4s 0.34502 0.4906 1

applying the ILCNS, which is the generalization of ILNS,
ICNS and INS.

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 Linguis-
tic 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.
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Further works of this research involve deriving variants
of the TOPSIS methods in terms of multi-attribute deci-
sion making [11], [43]-[48]. Strategies for decision sup-
port 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 linguis-
tic numbers of SVLCNS and ILCNS. Several types of
similarity measures can be utilized to extend the pro-
posed framework in the near future. The different types of
correlation coefficients can also be studied in this regard.
Linguistic complex interval neutrosophic prioritized aggre-
gation operators can be designed for decision making issues
based on the proposed work. Some other types of aggre-
gation operators such as Hammy mean operators, weighted
aggregation operators, arithmetic and harmonic aggregation
operators, power aggregation operators etc. can be devel-
oped in the follow up works. Moreover, linguistic hesitant
complex interval neutrosophic set can be another possi-
ble study in this regard. The proposed framework can be
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embedded in soft set to develop linguistic complex interval
neutrosophic set.

APPENDIX
This section reviews some basic notions and definitions
of neutrosophic set, single-value neutrosophic set, interval-
valued complex neutrosophic set and single-valued neutro-
sophic 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(), Ia(x), Fa(x)), x € U},

where Ta(x), Ia(X), FA(x) € [0, 1] are real subsets, for all
x € U, is called a neutrosophic set (NS)

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

If Ta(X), Io(X), FA(X) C [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" (T 2a(x)), 1a(x)e® (I 2a(x)),
Fiax)eh (F 2a(x)),x € U }, where Tia(x), Toa(x),
LAa(X), ha(X), Fia(X), Foa C [0, 1] are real subsets, for all
x € U, then CN is called a complex neutrosophic set (CNS).

If T1a(x), T2a(X), [1a(X), L2a(X), F1a(X), F2a € [0, 1] are
real (crisp) numbers, for all x € U, then CN is called a single-
valued complex neutrosophic set (SVCNS).

If TiA(X), T2a(x), [1a(X), LA (X), F1a(x), F2a 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 = {sq, sp, ..., Sp}
be a set of labels. A single-valuedlinguistic variable (L) with
respect to the attribute A is defined as:

L:U— S,L(x) =sx € {S1,52, ..., Sn}.

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

NL: U — S, NL (x) = (ty, ix, fy),

where ty, ix, fx € {1, S2, ..., Sn},

and ty represents the positive degree of the element x with
respect to the attribute A, iy represents the indeterminate
degree of the element x with respect to the attribute A, while
fx represents the false degree of the element x with respect to
the attribute A.
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