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Abstract: As a generalization of trapezoidal fuzzy neutrosophic numbers (TFNNSs), credibility
trapezoidal fuzzy neutrosophic numbers (C-TFNNs) can independently describe true, false, and
indeterminate membership degrees and their credibility levels in uncertain and inconsistent
scenarios. Since the true, false, and indeterminate membership degrees are closely related to their
credibility levels, C-TFNN can ensure the credibility of TFNN, which shows its clear merit.
However, C-TFNNs cannot expresses the interval membership degrees of the truth, falsity and
indeterminacy and the uncertain credibility levels, which are produced due to human cognitive
vagueness, incompleteness, and uncertainty. Furthermore, existing decision models of C-TFNNs
cannot perform such a DM issue with both ITFNNs and uncertain credibility levels, which reveals
agap. To compensates for this gap. this paper extends C-TFNNSs to credibility interval TFNNs (C-
ITFNNs), which strengthens the expression capability of uncertain information. Then, the
operational laws and score function of C-ITFNNs are defined to solve the aggregation and sorting
issues of C-ITFNNs in decision-making (DM) problems. Subsequently, the C-ITFNN weighted
geometric averaging (C-ITFNNWGA) and C-ITFNN weighted arithmetic averaging (C-
ITENNWAA) operators are proposed in view of operational laws of C-ITFNNs. Furthermore, a
multi-attribute DM model is established in terms of the two aggregation operators and the score
function in the C-ITFNN circumstance. Finally, a DM case of landslide control design schemes is
used to reveal the applicability of the proposed DM model in the C-ITFNN scenario. By comparative
analysis, the main superiority of our new DM model is that it not only compensates for the gap of
existing DM models, but also is more reliable and versatile than existing DM models.

Keywords: Credibility interval trapezoidal fuzzy neutrosophic number, credibility interval
trapezoidal fuzzy neutrosophic number weighted arithmetic averaging operator, credibility interval
trapezoidal fuzzy neutrosophic number weighted geometric averaging operator, decision making,
landslide control design scheme
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1. Introduction

In real life, there are many uncertainties and ambiguities, which it is difficult to measure by crisp
concepts. Then, fuzzy sets [1] can represent them by membership degrees belonging to [0, 1]. Due to
the uncertainty of the membership degrees, they are difficultly described by exact fuzzy values, so
the concept of interval-valued fuzzy sets (IVFSs) was proposed to solve this issue [2]. However, since
there is true and false information in real life, Atanassov [3] proposed the concept of intuitionistic
fuzzy sets (IFSs). Subsequently, IFSs were generalized to interval-valued IFSs (IVIFSs) [4] to facilitate
the representation of incomplete and uncertain information. Although IFSs and IVIFSs can better
express true and false membership degrees belonging to [0, 1], they cannot represent true, false, and
indeterminate membership degrees independently and indeterminate and inconsistent information.
To solve these issues, the neutrosophic sets (NSs) presented by Smarandache [5] are the extension of
various fuzzy sets. Since NS can easily describe indeterminate and inconsistent information in terms
of true, false, and indeterminate membership degrees, it reveals obvious merits. Due to the diversity
of neutrosophic expressions (including fuzzy sets, IVFSs, IFSs, IVIFSs), neutrosophic theory has also
become a research hotspot of scholars in recent years and has been widely used in many fields, such
as risk assessment [6, 7], image processing (segmentation, denoising, and thresholding) [8-10],
decision-making (DM) [11-14], and so on. As subsets of NSs, interval NSs (INSs) and single-valued
NSs (SVNSs) were proposed by Wang et al. [15, 16]. Then SVNSs and INSs have been widely used in
DM problems [17-21], risk assessment [22, 23], and medical diagnosis [24-26] in neutrosophic
environments.

In order to extend discrete fuzzy information to continuous fuzzy information, Wang and Zhong
[27] proposed the concept of intuitionistic trapezoidal fuzzy numbers (ITFNs) based on true and false
trapezoidal fuzzy numbers (TFNs) and defined their operational laws and the weighted geometric
and arithmetic averaging operators for DM. Wan and Dong [28] proposed a multi-attribute group
DM approach of ITENs. Li [29] proposed interval-valued intuitionistic trapezoidal fuzzy numbers
(IVITENSs) as a further extension of ITENs. Subsequently, Ye [30] proposed the concept of trapezoidal
fuzzy neutrosophic numbers (TFNNs) in view of true, false and indeterminate TFNs and defined
some weighted aggregation operators of TNNs for DM. Then, the concept of interval trapezoidal
fuzzy neutrosophic numbers (ITFNNs) [31] were proposed to solve the problems of multi-attribute
DM [32-34] in the setting of ITFNNSs. As a special case of TFNNs, Deli and Subas [35] introduced the
weighted geometric operators of triangular fuzzy neutrosophic numbers and applied them to DM
problems.

However, decision makers are not completely familiar with various attributes in a DM problem
when they evaluate them. The accuracy of the evaluation given by decision makers to unfamiliar
attributes is not as high as that of familiar attributes, so it will affect the accuracy of the DM results.
For this case, we need to consider the decision maker's credibility level to ensure the credibility of the
assessment value to each attribute in a DM problem. Therefore, Ye et al. [36] proposed the concept of
fuzzy credibility numbers (FCNs) to enrich the evaluation information of multi-attribute DM
problems and to ensure their DM credibility. Then, Ye et al. [37] further proposed the concept of
credibility TFNNs (C-TFNNSs) and established a multi-attribute DM model using the C-TFNN
weighted geometric averaging (C-TFNNWGA) and C-TFNN weighted arithmetic averaging (C-
TFENNWAA) operators to solve DM problems with C-TFNNs.

In the C-TFNN situation, it is difficult for decision makers to give exact C-TFNNs, but they easily
provide ITFNNs and uncertain credibility levels in indeterminate DM problems to meet the uncertain
judgments and expressions of decision makers. However, the existing various DM techniques cannot
handle such a DM issue with both ITFNNs and uncertain credibility levels. Therefore, we need to
make up for this gap. To do so, this paper aims to: (a) propose the concept of credibility ITFNNs (C-
ITENNSs) and the C-ITFNN score function and sorting rules, (b) present two basic aggregation
operators of C-ITFNNSs, (c) establish a multi-attribute DM model in the scenario of C-ITFNNs, and
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(d) apply the established DM model to an actual DM case of landslide control design schemes
(LCDSs) in the C-ITFNN scenario.

In this original study, the contributions and advantages of this paper are revealed as follows:

(1) The proposed C-ITFNNSs can overcome the defect of single-valued/exact C-TFNNSs in the
expression of indeterminate information.

(2) The proposed C-ITFNN makes the expression of uncertain information more reasonable
and reliable.

(3) The proposed C-ITFNNWAA and C-ITEFNNWGA operators and score function provide
effective DM tools for handling multi-attribute DM problems with C-ITFNNs.

(4) The DM model established in the C-ITFNN setting has stronger DM credibility and more
general DM capabilities.

The rest of the paper is given as follows. Section 2 introduces the related concepts of INS and C-
TFNNSs, the weighted geometric and arithmetic averaging operators of C-TFNNs, and the scoring
function of C-TENN as preliminaries in this study. Section 3 presents some new concepts of C-
ITENNSs, including operational laws, score function, and sorting rules of C-ITFNNs. Section 4
introduces the weighted geometric averaging (C-ITFNNWGA) and weighted arithmetic averaging
(C-ITFNNWAA) operators for C-ITFNNSs and their characteristics. In Section 5, a multi-attribute DM
model is established in light of the C-ITFNNWAA and C-ITFNNWGA operators and score function.
Section 6 demonstrates the applicability of the proposed DM model through an actual DM case of
LCDSs in the C-ITFNN scenarios. Section 7 summarizes the conclusions of this article and future
research.

2. Preliminaries

Definition 1 [15]. Let X be a non-empty set. An INS P inXis given by
P ={x(To (0, 1,0, F- (%)) xe X},

where T(X) g[o,l] s(X) < [0,1] , and F5(X) g[o,l] are the true, indeterminate, and false
membership  functions and then their —membership degrees are subject to
0 <sup(T,(x)) +sup(l 5 (X)) +sup(Fs(x)) <3.

Definition 2 [37]. Let X be a non-empty set. A C-TENN s is denoted by
5= ({(91 92,93, 94 ): Ty (X), Iy (%), Fyy (%)), {(hy, 1y b, )T (%), 1 (%), FL(X))) - Then, it's

true, indeterminate, and false membership functions are denoted as follows:

X=G
9,-0;
Ty, 9, <X<0,,

9, —X
9,—0s
0, otherwise

Ty, 0, £X<0,,

TN (X) =

Ty19s <Xx<4,,
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g, - X+ IN(X_gl)
9,-0,

(x) =) W% X0

X—0Qs+ IN(g4_X)
9,03

1, otherwise

4 ngX<921

103 <X=0,,

g, — X+ FN (X_g1)
9,-0;
Fy,0, X<y,
X—0s+ FN(gA_X)
9,03
1, otherwise

» 0, <X<,,

FN (X) =

103 <X=0,,

and it’s true, indeterminate, and false credibility measure functions are denoted as follows:

x—h

T, ,h <x<h,,

h, -
T, h, <x<h,
T .(X)= h, -

h, —h
0, otherwise

-X+1,.(x=h) h<x<h,
h, —h,
I ,h,<x<h,,
X=h,+1_(h, —x) h
h, —h, e
1, otherwise

IL(X):

<x<h,,

h,-x+F_(x-h) h<x<h,
h, -,

F . h,<x<h,,

x—=h,+F (h, -
h4_h3

1, otherwise

FL (X) =

X) h <x<h,

where T, 1, Fy €[0,1], TL,|L,FL€[O,1], 0<T,+Il,+F, <3, 0<T +I1_+F <3, and
g, he € R (k = 1, 2, 3, 4). Then, a C-TFNN s is

(<(gl,gz,g3,g4) ST ><(hl h,,h, ) Ly ,_,F,_>).

simply denoted as
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<(h11’h12’h131h14) FIAIRY L1>

[«gn’ 0121 Q13 914) TLIE FN1>1J
Definition 3 [37]. Let S, = and

o <(gzl1g227g23’g24)- N2’IN2’FN2>’
o <(h21!h22’h237h24) L2 L2’FL2>

defined as follows:

] be two C-TFNNsand A >0. The operational laws are

an+gw9n+gwgn+gwgm+gm)>
T +TN2_TN1TN27INlIN27FNlFN2

S, s, = ,
<( +h21’h12+h22’h13+h23’h14+h24);>
TLl +TL2 _TLlTLZ' ILlI L2 I:LlFLZ
(911921, 912922+ 9159231 914804 )
(2) S1®52 = ,

(hllh21’ hth22’ h13h23’ hl4 24)
TLlTL2’|L1+IL2 IL1IL2’
I:Ll + FLZ I:Ll FLZ

TNlTN2'|N1+IN2 INlINZ' !
I:Nl + I:N2 I:NlFNZ

<(’1911’ 4015, 4035, 40y, ) ;>

1_(1_TN1) ) Irjli Fl\fl

(Ahy, Ahy,, Ahyg, Ahy, )
1_(1_TL1)A , |31’ Fi

( )/1 <(gﬁ:gfzvgl/13’gl4) i l- (1_|N1)ﬂvl_(1_FN1)l>7
@ (8,) = . )
<(hll’h12’h13’h14) Ll’ (1_|L1) '1_(1_ FLl) >

<g|l’g|2'g|3'g|4) Ni 1 NI’FNi>’

(i=1,2, ..., ]) subject
< hll' h|2’ h|3’ h|4 TLi’ ILi’ I:Li>

Regarding a series of C-TFNNs §; = [

to the weight A of si with 0< A <1 and Zi, 1, the C-TFNNWAA and C-TFNNWGA
i=1
operators [37] are introduced as follows:
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i=1 i=1 i=1 1

1T TTVTTF
i=1 i

J < . :
C-TENNWAA(s,,5,,...8, )= > A4S, = < = o (1)

(ZJli.gmi&g.z,i&g.S,Zlgmj,
1

C-TENNWGA (s,,5,,..8, ) = s/ =| | o - @

Ea (]i[h.l ,f[hlz,]i[ h,S,f[h.ﬁ

HT 1- f[ —1,)" 1 : (1-F,)"

i=1 i

Definition 4 [37]. To compare C-TFNNSs, the score function of C-TFNN is defined as

S(s) = — (9009, +05+9,)x(2+Ty =1y —Fy ) 0<S(s)<L. @)
144{ (h +h, +h +h,)x(2+T -1 -F))

The following sorting rules are given by the score function:

(1) If S(s;) <S(s,), then S, <S,;

() If S(s;)=S(s,), then s, =5,.

Particularly, when we ignore credibility degrees in C-TFNNs, C-TFNNs becomes TFNNs. Thus,
Egs. (1)-(3) become the TFNN weighted arithmetic averaging (TFNNWAA) and TFNN weighted
geometric averaging (IFNNWGA) operators and the score function [30]:

TFNNWAA(s,.S,.,...,S Z/ls

:[<i&9mi&giz,iﬂagia,i&gm>;1—ﬁ(1— Y I ﬁpj v

i=1 i=1 i=1 i=1 i=1 i=1 i=1

J
TFNNWGA(s,.S,.....5; ) = [ 8"
i=1
J J J

[<H9.?,li[9é’]i[g.§, gf;,> 1T - TT- 1) 1 H(l—FNi)”"}/ (

i i i= i=1 i=1 i=1
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" 1 14
S (s):E((gl+g2+g3+g4)x(2+TN —1y—Fy)).8"(s) e[0,1]. ©6)

If there are no credibility degrees, g1=g2=g3=gs=1 and hi1 = h2=hs =hs=1 (without considering
TENSs) in C-TENNs, C-TFNNs become single-valued neutrosophic numbers (SVNNSs). Thus, Egs. (1)-
(3) become the SVNN weighted arithmetic averaging (SVNNWAA) and SVNN weighted geometric
averaging (SVNNWGA) operators and the score function [19]:

J J J J
SVNNWAA (5,.5,,....8, ) = D 4S, :(1—H(1—Tm)j“' T10% F,j;}, %)
i=1 i=1 i=1

i i=1 i i

J J J J
SVNNWGA(sl,sz,...,sJ):Hsi’“:(HThf;,l—H(l—lNi)&,l— (1—FNi)Z‘j, (®)

i=1 i=1 i=1 i=1

S’(s)=%(2+TN —1y—Fy),S'(s)[0,1]. )

3. C-ITFNNs

As an extension of C-TFNNSs, this section proposes C-ITFNNs, some operational laws of C-
ITENNSs, and a score function for comparing C-TFNNss.
Definition 5. Set X as a non-empty set. A C-ITFNN d can be defined as

3= (((9: 82, 95, 92 T 0T (0. 09, (P 1, 1) T, TL (0, FL(X))) for x < X. Then,

it's true, indeterminate, and false membership functions and their corresponding credibility measure
functions are indicated, respectively, as follows:

{X_gl - T~J}91£X<gz,

9,-0, 9.~ G
~ f7|f+ 1 S S !
e LRI ,
9s =X 7- Ga =X ¢+
T y T 1g <ng’
1 92— 03 " 9,— 05 N} 3 4
[0, 0], otherwise
gz—x+lh‘,(x—gl)’gz—x+|§(X—91)]glsx<gz,
L 9. -0 9.~ 0
~ I, 15,9, <x<g,,
[0 = I:N N:I f 3 i /
|:X_gs+IN(g4_X)'X_g3+IN(94_X):|’g3<XSg4’
g4_93 g4_g3

[1,1], otherwise
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{gz—HFN(X—gl),gz—”FJ(X_gl)}glswgz,
9,0, 9.~ 9
~ ":‘7’I'f+ 0 ngg’
FN(X): |: N N:|~_2 3 - !
{x—gs+FN(g4—X),X_93+FN(94_X)},93<XS94,
9, —0s 94~ 0
[1,1], otherwise

and it’s true, indeterminate and false credibility measure functions are indicated as follows:

X=h X_hlff},hlgx<h2,
_hz_hl hz_hl
O A ,
h=Xg h“_X'I:L*]hS<xsh4,
_h4_h3 h4_h3
[0, 0], otherwise
h,—x+1_(x=h) hz—x+l~[(x—h1)} h <x<h
’ ’ — 21
L hz_hl hz_hl
0= [IL,IE],TZSXShs, ~ ,
x—h3+IL(h4—x),x—h3+IL(h4—x)]h3<Xsh4’
L h4_h3 h4_h3
[1,1], otherwise
h—x+ P (x=h) hl—x+F1*(x—hl>} h<x<h
1 ’ = 21
L hz_hl hz_hl
Xx—h,+F (h,—x) x-h,+F (h,—x) ho<x<h
I h, —h, ’ h, —h, Ce T
[1,1], otherwise
where [f,{,fg]g[o,l],[m,fﬁ:lg[o,l],lilfg,lfg]g[o,l] and

I:-l:l__ ,f;] c [0,1] , [ |~|__ , |~: ] c [0,1] , [lfl__, IEL+:| c [0,1] are the true, indeterminate, false interval
membership degrees and credibility levels in the C-ITFNN a subjectto 0< '|:N+ + |~,\+‘ + IEN+ <3 and

O<T  +17+F <3, thengy lu e R (k=1,2,3,4) are the parameters of ITFNN’s in the C-ITENN &

For the convenient representation of the C-ITFNN 4a , it is simply expressed as
a= (<(911 92,95 94): Tl Fy >,<(h1, hy g, b )T 1L FL>) :
Then, the two special cases of C-ITFNN are indicated below:

(1) If the upper and lower endpoints of the interval values ['l:N_ ,f,\f ], [lg ) |~|\J] ], [IEN_ , lf,\T ],

[-l:[ ,-|:|_+:|, [|~|: , |~|_+ ] , and I:Ifl_*, |5L+:| in the C-ITFNN & are equal, C-ITFNN becomes C-TFNN.
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) Ifgr=g=gs=gs=1and hi = h2=hs = ha =1 in the C-ITFNN d, C-ITFNN becomes the
credibility interval neutrosophic number.

(909 810,00 i T T ] [lm,f&],[ﬁmﬁ&]>
(b ) [T T [
(9209200 920 i T T ] [Tz B [P
<(h21,h22,h23,h e ﬁ2]>

Definition 6. Let

Then, their operational laws are satisfied below:

(911 + 951,912 + 9250 915+ Upss Gy + 904
[T§1+TN2 T Tr\nziT+ +T+ TN+1TN+2:'

[rrgllr\_lzilrtulr\jz] |:F FNZ'F F ]

(h,+h,,h,+hy,,h,+h, 0, +h,);
Ta+ T -TaTo T +T5 -TaTs |
T T [ Fafs FiFs |

00921 912022 91025+ 914024 )i [ TanTwz Tz |-
Tl T+ 15, = T, |, ,

+y, -
+Fo— PP, Fa+ R — FiF |

_l

[T
LI
(
[T
[P
(
[T

2) 8, ®a,= s ;
hl 21’hth22’h13h23’hl4 24) [TLlTLZ’TLlTLZJ
o =Tl G+ T =TT |,
[Fo+Fo—FoFo R+ Fo - R |
L \Z ~ VA
1911’2'912'291311914) [ (1_TN1) ’1_(1_TN1) ]
(3) Aa, = ;

ml,zhu,zhm,/m)[ ~(1-T;) ,1—(1—T1+1)1,
() (1) (R ()

(
[ARCANNCARGAN
(
2]
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(040 0282 )| (T (Fa)” |
[1 1-Ty,) ,1—(1—~N+1)4, ,
[1 ,1 (

(m,hww () ()]
[ 1-7,) 1 —Fgl)‘]
[1—(1— Fa) 1-(1- lf;l)q

To compare C-ITFNNSs, the score function and sorting rules of C-ITFNNs are defined in terms
of the score function of C-TENN [37].

(0092900 ):[T0 T [T T ][R R )

Definition 7. Set d = N L as C-ITENN. The score
<(h1’h21h31h4);|:T T :' I:Ilj’ IL:' [F[’FJD

function is defined below:

1 1 r— r+ - i+ = — = +
S(a)zﬂ((gl+gz+gB+g4)x(4+TN +T -0 =T —E —F; ))x

2_14((hl+h2 by ) (44T T - T - T B - F)) "

= (049, + 0 0 )< (4+ Ty + Ty =T - T0 Ry - Fy )<

((hl+h2 +h, +h4)><(4+'I:L’ +T -1 -1 -F - IfL*)).
For two C-ITFNNs & and 4,, if S(ﬁi) > 3(5.2), then & >4, ; if S(él) = 3(5.2), then
a=a,.
<(O.4,0.5,0.6,0.7);[0.7,0.9],[0.1,0.3],[0.2,0.3]),}
and

((0.3,0.4,0.5,0.6);[0.5,0.6],[0.2,0.3],[0.1,0.2])
i [{(0.5,0.6,0.7,0.8);[0.6,0.8],[0.3,0.5],[0.1,0.2]>;

- <(O.6,0.7,0.8,0.9);[0.5,0.7],[0.2,0.3],[0.1,0.3]>

by the score function of Eq (10):
(O 4+0.5+0.6+0. 7) (4+0.7+0.9—0.1—0.3—0.2—0.3)
Since  S(&) = 576

x(0.3+0.4+0.5+0.6)x(4+0.5+0.6-0.2—0.3-0.1-0.2)
1 ((0.5+0.6+0.7+0.8)x(4+0.6+0.8—0.3—0.5-0.1-0.2)
576( x(0.6+0.7+0.8+0.9)x(4+0.5+0.7-0.2—0.3-0.1-0.3)

sorting of bothis & <4,.

Example 1. Set two C-ITFNNs as 4, = L

] . Thus, the two C-ITFNNs are sorted

]=0.1389

and §(4,) = }=0.2504 , the

4. Two Basic Aggregation Operators of C-ITFNNs
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As an important tool of aggregation operators for DM modeling, this section proposes two basic
aggregation operators for C-ITFNNs by extending the weighted arithmetic and geometric averaging
operators of C-TFNNs proposed by Ye et al. [37].

Definition 8. Set 4, = <(gi1'giz,gis,gM);l:T,\E’T,\E:I’[I&“ Iﬁi:ly[FN}, Fr\ﬁ:l> (i=1,2 .. ]) asa

<(hi1’hiz'his’hi4);[TL_i’T|_i|’[|L—i' I:J'I:FL_N N >
J
group of C-ITFNNs with the weight A, of & for 0< 4 <1 and Zil =1. The C-ITFNNWAA
=1
operator is defined as follows:

(11)

J
C - ITFNNWAA(4,,&,,...,4,) = > 44 .
i=1

In view of the operational laws of C-ITFNNs and Eq. (11), we can obtain the C-ITFNNWAA

operator.
o 1. 50 & = (9910 0o 0 )i [Tonr Tt ][ T T J [ B B ) ) s

(st hs by s [T T LT T [P R )

3
group of C-ITFNNs with the weight A, of & for 0< 4 <1 and Z A, =1.On the basis of Eq. (11)
i1

and the operational laws of C-ITFNNs, the C-ITFNNWAA operator can be expressed as follows:

J J J J
D A 2 A, 4G, i.gmj:
i=1 i=1 i=1 i=1

(
{H( ) ’fl(ﬁwﬁ)ﬂ .(12)

J
C—-ITFNNWAA(4, &,,..4,) =) _4

Qn
Il

1
M-
N
;:
M-
N
=
M-
N
=
M-
N
=
| | C__/

Proof: Here, Theorem 1 is proved in light of mathematical induction.
(1) When | =2, the aggregated result of the two C-ITFNNSs is obtained as follows:
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2
C—ITFNNWAA(4,,4,) = Y 44 = 4,4 ® 1,4,
=1

(/11911 + 4,050,401 + 405, 4015 + 4,055, 40, +ﬂ2924);

1-(1-To ) +1-(1-T,) —(1—(1—1:,\11)11)(1—(1—'I:,;2 )* w

(13)

(j'lhll + j'2th'ﬂ':|.hl2 +j“2h22'21hl3 +22h23’21hl4 +j’2h24);
1-(1-T )" 41— (1-T,) —(1—(1—T~L-l)“)(1—(1—T~L-2)‘2 w
2

(2) If ] = n, the aggregated result of n C-ITFNNSs is given as follows:
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A9 24920, 4%, i.gm}
i=1 i=1 i=1 i=1
L = \A L = \A
1-T1(-T.) -TT(-T:)" |,
It o Tl |
n ~ 2 n - )1 n ~ )q n ~, A
n (1) T | T TIE) || o
C—ITFNNWAA(E,,&,,..8,) =Y A& =| | - . .
Ay, Y A, A A.hmj:
i=1 i=1 i=1 i=1
-T(-To) - (1—T~g)ﬂ,
L i=1 i=1
[ A e A I [ L By
1) 10 T TR |
L i=1 i=1 i=1 i=1
(3)If J=n+1, according to Egs. (12) and (13), we can get the following result:
C - ITFNNWAA(g:l' a2""’an'§n+1) = nzﬂj’lal = Zn:/’{'lgl ®ﬂ’n+1§n+1
i=1 i=1
n+l n+l n+l n+l
(;/kgu,;&giz,;&giglgﬁgm}
_1—111(1—TN,)) +1-(1 TNM)X“”—(l— n (1—TM)X1J(1—(1 To)")
i=1 i=1
-TT(-Ta) +1-(- ”,;M)l"”—(l— " (1—TN§)%J(1—(1 o))
L i=1 i=1
[ n+ ORI o\ Nl 0 A
T 1) | T TR
= n+1 n+l n+1 n+1
( j’|hi11 ﬂ'uhile&hu?, ﬂ,thj;
i=1 i=1 i=1 i=1
Coa , n (15)
-T1(a-To) 1—(1—an+1)“*1—(1— (1—T1i)4](1—(1—ﬂm)‘“)
i=1 i=1
1—]i[(1—T;,)A‘ A1-(1-To, )™ —[1— 1 (1-T2) j(l—(l—ﬂ;ﬂ)’“)
n+l o n+lo : n+l - n+l & \A
R R
n+1 n+1 n+l n+1 n+1l n+1 n+1l n+l
[ 290 2 4900 4G5 i.guj: ( Ahg Y AN, Y Ahy /1.hi4j;
i=1 i=1 i=1 i=1l i=1 i=1 i=1 i=1
= [1— ¥ (1-Ty )]1 - I (1-Ty )’} {1— I (1-T )A ,1—ﬁ(1— E)“ }
i=1 i=1 i=1 i=1
n+l -\ n+1 o P n+1 A n+l ., P n+l - \A n+l ~ A n+1 -~ \A n+1 ~, P
IR GsCON R EE G

i=1 i=

In view of the above results, Eq. (12) is true for any J.

Then, the C-ITFNNWAA operator of Eq. (12) has the following characteristics:
(1) Idempotency: Let & (i=1,2,...,])be agroup of C-ITFNNs.If & =4 fori=1,2, ..., ], there

is C—ITFNNWAA(4,,4,,....4,) =
(2) Boundedness: Let &; (i=1,
maximum C-ITFNNSs:

a.
2, .

.., ]J) be a group of C-ITFNNs and let the minimum and
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min (g, ),min(g,,),min(g, ), min(g,,));

(min(a.).m

| min (T ) min (T5) || max (7, ) max () || max
(min

[ min(

e min (h, ), min (h,),min(h, ), min(h,));
min (T )min (7 ), (7 ), max 7, () ma
(max(g,),max(g,,), max(g,). max(g,, )
[\, max () (). min ()| i
o (masx(n, ), max(h, ). max () max (n, )
ma (T ).max (73] [min i )min (1], [ min () min (£
Then &, <C— ITFNNWAA(4,,4,,....4, ) <4,,,.

(3) Monotonicity: Let &, (i=1, 2,

thereis C—ITFNNWAA(4,,4,,..., )<C—ITFNNWAA(2§1' a,. ,aj').

Proof: (1) Let & =4 fori=1,2, ...,

., ]) be a group of C-ITFNNS. If §, <£:1I fori=1,2,

J. Then, the aggregated result of Eq. (12) is given below:

oI
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J
C—ITFNNWAA(4,,4,,... &) = )_ A4

PILIOILIH LN Zigj
<1f1<1w I >
RNt G (SN
LI 2L 1S Zihj
<11j<nﬁf;<1n>ﬂ >
1) LT | TR ) TR
gzigzﬂgpgzzj
:1—(1—T~N)Zf”1 1—(1—T~N*)Zf””] ,
_ <<N>Z*“1<N+>W [(FN>W<N+>ZJ11>
nY hzmzzhzxj
:1_(1_T~L_)zf.la 1—(1-T~;)ZJ”“]
<(L)zta (mzta ,{( 1*)2 g (J)th>
[{(0:9:.9:.9.) (1 )T R ~N+],[F~N,F~N+]>,}a
<M o )i[- (1T - (-7 i B[R )

(2) Since a4, and 4, are the minimum and maximum C-ITFNNSs, respectively, there is

~ A o b _ ,
a,, <& <8,  , then Al Szi:lﬁ,,ai Szi:llamax also exists. On the basis of the
characteristic 1), there is a., < Z ﬂ,l : i ie,

8,0 <C— ITFNNWAA(éléz 4,)<4

min —

F [
)
]
IA
o~
jab}
=]
)
3
®,
<

(3) Owning to & <@, for i = 1, 2, ..., ], there is Z

C- ITFNNWAA(él,éz,..,éj )<C- ITFNNWAA(éi',éZ',..,éJ').
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((0.2,0.3,0.4,0.5);{0.1,0.2],[0.2,0.3],[0.3,0.4]),
((0.3,0.4,0.5,0.6);[0.1,0.3],{0.2,0.4],[0.3,0.5])
3 [<(O.4,0.5,0.6,0.7);[0.2,0.4],[0.1,0.3],[0.5,0.7]>,

Example 2. Set two C-ITFNNs as &, = [

- ((0.5,0.6,0.7,0.8);[0.2,0.3],[0.3,0.4],[0.4,0.5])

Then, the calculational result using Eq. (12) is given below:

J with their weight values 0.3 and 0.7.

C - ITFNVWAA(4,,4,) Z/la = 1,8, ® 1,4,

0.2x0.3+0.4x0.7,0.3x0.3+05x0.7,)
0.4x0.3+0.6x0.7,0.5x0.3+0.7x0.7
[1-(1-01)"x(1-0.2)",1-(1-02) " x(1-04)"" |, ),
[0.2°9%0.1°7,0.3°°x0.3°" |, 0.3° x0.5°7,0.4°° x0.7° |

0.3x0.3+0.5x0.7,0.4x0.3+0.6x0.7,
0.5x0.3+0.7x0.7,0.6 x0.3+0.8x0.7

[1-(1-01)"x(1-0.2)"" ,1-(1-03)" x(1—o.3)°'7],
[0.29%0.37,0.4°°x0.4°" |,[ 0.3°°x0.4°7,0.5°° x 0.5°" |

((0.34,0.44,0.54,0.64);[0.171,0.346],[0.123,0.3],[0.429,0.592]),
((0.44,0.54,0.64,0.74);[0.171,0.3],[0.266,0.4],[0.367,0.5]) |

(00 829w )T Ta [ Fa J B D] (=12, .. ])asa
(Pt h by s [T TS T[T TG . [FL,,F+]>

group of C-ITFNNs with the weight A, of & for 0< 4 <1 and 2/1, 1. The C-ITFNNWGA
i=1

Definition 4.2. Set g, —[

operator is defined as follows:
J
C—ITFNNWGA(4,,4,,...4,) =] [ &" . (16)

In terms of the operational laws of C-ITFNNs and Eq. (16), we can obtain the C-ITFNNWGA

operator.
<(gi1,gi2’gi3’gi4) I:TNI,T :I [',i., lﬂ [~.,F~+-:|>J (i=1,2 .. ] asa

(Pt ho g s [T T LT T [ R )

of & for 0< 4 <1 and Zﬁfl =1. On the basis of Eq.
i=1
(16) and the operational laws of C-ITFNNSs, the C-ITFNNWGA operator can be expressed as follows:

Theorem 2. Set g, —{

group of C-ITFNNs with the weight A,
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fl[(TN))"]il[(TN)“} 1—]:[(1—|N-,)j“,1—1:[(14;,)4}, ,

[0 ) ATl R o

1) L1 [T a1 |
:1—]:[(1— F) ,1—1:[(1— lf;,)*‘}

Since the proof method of Theorem 2 is similar to that of Theorem 1, it can also be proved in
light of mathematical induction, which will not be repeated here.
Then, the C-ITFNNWGA operator has the following characteristics:

Idempotency: Let @; (i=1,2,...,]) be agroup of C-ITFNNs.If & =4 fori=1,2, ..., ], thereis
C—ITFNNWGA(4,.4,,..., ;) =4.

Boundedness: Let a
C-ITFNNSs:

. (i=1,2,...,]) be a group of C-ITFNNs and let the minimum and maximum

n
Il

(

m
=

[

Then &, <C - ITFNNWGA(4,,4,,...,)<4a

min —
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R I I
For a<a (¢ = 1, 2, .. ]), there is Z ﬂ«,a-ﬁz. /1,8.- , namely,

C—ITFNNWGA(4,,4,,..,d, ) <C - ITFNNWGA(4,,4,,...4, ).

However, the proof method of the C-ITEFNNWGA operator is similar to that of the C-
ITENNWAA operator, which is omitted here.

((0.4,05,0.6,0.7);[0.1,0.4],[0.2,0.5],[0.3,0.6]),

Example 3. Set two CITFNNs as [((0.5,0.6,0.7,0.8);[0.2,0.3],[0.3,0.4],[0.4,0.5]>

((0.3,0.4,0.5,0.6);[0.1,0.2],[0.1,0.3],[0.1,0.4]),
a ((0.6,0.7,0.8,0.9);[0.2,0.5],[0.3,0.6],[0.4,0.7])

an

J with their weight values 0.4 and 0.6. Then, the
calculational result using Eq. (17) is given below:

2
C—ITFNNWGA(4,,4,) = Haﬁ =3 ®ay

0.4°* % 0.3%%,0.5%* % 0.4°,0.6%* x 0.5°¢,0.7°* x 0. 606)
4><O 106 0404 0.20.6]’

1-(1-0.2)" x(1-0.1)"° 1~ (1—0.5)°"‘><(1—0.3)°'6]

10

0.5°*x0.6°°,0.6"*x0.7°¢,0.7°* x 0.8°%,0.8* x0.9°°);
204X0206 0304 0506:|

(1-0.3)" x(1-0.3)" ,1-(1-04)" x(1-06)" |,

(0
0
2
[1-(1-03)"x(1-0.0)"" 1-(1-0.6)"* x(1-04)"* |
(0
[0
2-
2

(1-0.4)*x(1-0.4)° 1~ (1—0.5)0"‘><(1—0.7)°'6}

((0.337,0.437,0.538,0.638);[0.1,0.264],[0.141,0.388],[0.186, 0.4898]),
| {(0.558,0.658,0.758,0.859);[0.2,0.408],[0.3,0.53],[0.4,0.632])

Particularly, when there are no credibility degrees in C-ITFNNs, C-ITFNNs become ITFNNs.
Thus, Egs. (12), (17), and (10) become the ITFNN weighted arithmetic averaging (ITFNNWAA) and
ITENN weighted geometric averaging ITFNNWGA) operators and the score function:

J
ITFNNWAA(4,,&,,..d,) = Z/l,éi

<ia.g.1,zzg.z,i49.3,249.4>,{1 [16-T) a-T10-%) || s

e e e e

i=1 i=1
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J

ITFNNWGA(4,,4,, )=114"
i=1

<Hgé,ﬁgé,ﬁgé,ﬁgﬁ> {

[1(7) ’ﬁ(f&)ﬂ' .9

J
i=1 i=1
)

) 1) o) a6

J
i i=1 i=1 i=1

15 1 r— r+ - [+ = — =+ &
S (a)zﬂ((gl+gz+g3+g4) (44T +Ty -1y -1y -Fy - F, ))S (d)€[0,2]. 20)

5. DM Model with C-ITFNNs

In this section, we use the C-ITFNNWAA and C-ITFNNWGA operators and the score function
to establish the multi-attribute DM model in the C-ITFNN circumstance.

Let a set of alternatives be E = {ey, e, ..., ep} and a set of attributes be G ={g1, g, ..., g/}. The weight
vector of the attributes is 4 = (41, A2, ..., 4j), which indicates the importance of various attributes.
Decision makers can give their satisfactory linguistic evaluation values and credibility degrees
through the set of linguistic terms L = {Very bad, Bad, Fairly bad, Medium, Fairly good, Good, Very
good}. In view of Table 1, we can obtain the linguistic values of each alternativeer (r=1, 2, ..., p) over
the attributes gi (i=1, 2, ..., ]) and express them as the following C-ITFNN:

_ <(gri1’ griZ’ griS’ gri4) ':Ter 'Ter:I |:Il\_lr|’ Il\Tn] I:Fer’ I:Nr|]>
" <(hl‘ll’ hr|2’ hr|3’ hr|4) I:TLI’I ’TLJ;l:' |:I|:I’I’ I:r|:| |:FLFI’ FLr|]>

Thus, we can establish the C-ITFNN decision matrix N = (éri )pr .

Table 1. Linguistic terms and linguistic values of ITFNNs

Linguistic term Linguistic value of ITFNNs

Very bad (VB) <(0.1,0.1,0.1,0.1);[0.1,0.2],[0.9,1.0],[0.9,1.0]>
Bad (B) <(0.2,0.3,0.4,0.5);[0.2,0.31,[0.8,0.9],[0.8,0.9]>
Fairy bad (FB) <(0.3,0.4,0.5,0.6);[0.3,0.4],[0.7,0.8],[0.7,0.8]>
Medium (M) <(0.4,0.5,0.6,0.7);[0.5,0.6],[0.4,0.6],[0.4,0.6]>
Fairy good (FG) <(0.5,0.6,0.7,0.8);[0.7,0.8],[0.2,0.3],[0.2,0.3]>
Good (G) <(0.6,0.7,0.8,0.9);[0.8,0.91,[0.1,0.2],[0.1,0.2]>

Very good (VG) <(1.0,1.0,1.0,1.0);[0.9,1],[0,0.1],[0,0.1]>

Then, we use C-ITFNNWAA and C-ITENNWGA operators and the score function to establish
the multi-attribute DM model with C-ITFNN information and to select the best alternative. The DM
process is indicated below.

Step 1: Give the aggregated C-ITFNNs a, for er(r:l,z,..., p) by the C-ITNNWAA
operator or the C-ITNNWGA operator:
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J
a4 =C—ITFNNWAA(4,,4,,,..4,) = Z/’L,é”

i=1

J J J J
Z/ligl’ll’Z/fi’lgnZ’ZA’lgrl?ﬂzﬂ’lng
i=1 i=1 i=! i=1
J - VA J 4
1-TT(-Te ) 2-TT(1-Tan) }
L i=1 i=1
_J~_A1J~+j1. J~/11J~il
1;[' i 1:1[ N }[1:1[ l:l[ N } 1)
- J J J J
zﬂ’lhril’zﬂ’lhriwzﬂ’lhrislz hl‘l4j
i=1 i=1 i=1 i=1
P R A P
-TT(a-T0) " -TT (- }
L i=1 i=1
rJ J J J
H 7r|217H :rl%j|’|:HFrlﬂ11HFt
L i=1 i=1 i=1 i=1
J 4
8 =C—ITFNNWGA(&,.4,,...4, ) =] | &,
i=1
J J J J
Hgﬁl,ng:rz,ng:rg,ng:a]:
i=1 i=1 i=1 i=1
3 J J ) J
H N_riﬂi’H I\Triﬂi:|’|:1_H(1_ll\_lrl) '1_H Nr|
L i=1 i=1 i=1 i=1
B J J
or 1_H( er) ’1 (1 Fer) :| (22)
L i=1 i=1
- J J J J
thl’HhrlZ’HhrlS’HhrmJ
J o J
HTLI‘I ’HTLt|Aj|’|:1 1_‘[(1_|I__ri)j1 ’1_1—[ Lr|
=1 i=1 i=1
J - \A J =, \A
1—H(1—Fm) A-TT(1-Fs) }
L i=1 i=1

Step 2: Calculate the score values of the aggregated values &, by Eq. (10).

Step 3: Sort the alternatives and determine the optimal one with the largest score value.
Step 4: End.

6. Actual DM Example

6.1 DM Case of LCDSs

With the rapid development of China economy in recent years, the scale of engineering activities
has become larger and larger, and the problem of landslides has become more and more serious. This
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section gives an actual DM case of LCDSs to illustrate the feasibility and applicability of the proposed
DM model in the C-ITENN scenario. The terrain of the landslide area is high in the west and low in
the east, high in the north and low in the south, generally inclined from west to east, and the terrain
fluctuates greatly. Referring to the experience of landslide control, four potential LVDSs are provided
for some landslide treatment in Shaoxing City, China, which are indicated by a set of the four
alternatives E = {ei, ez, e3, es}. In the scheme e1, graded slope toes and retaining wall and lattices are
used in the central and northern areas, while slope unloading, anti-sliding piles and anchor-cable
anti-sliding piles in the southern area. In the scheme ez, graded slope toes, retaining wall, and anchor
rod lattice are used in the central and northern areas, and double-row anti-sliding piles and anchor-
cable anti-sliding piles are used in the southern area. In the scheme e3, graded slope toes and
supporting anti-sliding piles are used in the central and northern areas, and anchor-cable anti-sliding
piles are used in the southern area. In the scheme ¢4, graded slope toes and retaining walls and anchor
rod lattices are used in the central and northern areas, and anchor cable anti-sliding piles are used in
the southern area. Then, a satisfactory evaluation of the four alternatives is subject to the three
important conditions (attributes): technical difficulty (g1), environmental impact (g2), and governance
cost (g3). The importance of the three conditions is assigned by the weight vector 4= (0.2, 0.3, 0.5).

In the DM issue of LCDSs, experts are invited to give the satisfactory degrees and credibility
levels of the four alternatives with respect to the three attributes by the linguistic terms obtained from
the set of linguistic terms L = {Very bad, Bad, Fairly bad, Medium, Fairly good, Good, Very good},
then the given linguistic terms are shown in Table 2.

Table 2. Linguistic terms of the satisfactory degrees and credibility levels

g g 8
e1 (B, M) (FB, G) (FG, G)
e (G, VG) (FG, G) (FB, G)
e (B, FG) (G, G) (M, VG)
es (FG, M) (VB, FG) (FB, FG)

Thus, the linguistic terms of the satisfactory degrees and credibility levels in Table 2 can be
converted into C-ITFNNs in view of the corresponding linguistic values in Table 1, which are
constructed as the decision matrix:

[
|
|
[

0.2,03,0.4,0.5);{0.2,0.3],[0.8,0.9],[0.8,0.9]) J [( )il
0.4,05,0.6,0.7);[0.5,0.6],[0.4,0.6],[0.4,0.6]) | |{( )i
0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],[0.1,0.2]),) (((0.5,0.6,0.7,0.8);
") lfossanan
] [< )

( (03,0.4,05,0.6);[0.3,0.4],[0.7,0.8],[0.7,0.8]
(
(
(1.0,1.0,1.0,1.0);[0.9,1.0],[0,0.1].[0,0.]) 06,0.7,0.8,0.9
(
(
(
(

0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],[0.1,0.2]
[0.7,0.8],[0.2,0.3],[0.2,0.3]
[ [
(08.09] [

05,0.6,0.7,0.8);[0.7,0.8],[0.2,03],[0.2,0.3]),

0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],[0.1,0.2]) ]

0.3,0.4,05,0.6);[0.3,0.4],[0.7,0.8],[0.7,0.8]),
i /)
i J

0.8,09],[0.1,0.2],[0.1,0.2] 0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],[0.1,0.2])

0.2,0.3,0.4,0.5);[0.2,0.3],{0.8,0.9],[0.8,0.9] (0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],{0.1,0.2] [0.5,0.6],[0.4,0.6],[0.4,0.6

\/\/\/\/\/\/

il
)|
e il

) )
)il )

05060708)[0708][0203] 0203]>] [<01010101)[0102][091][091] ] [
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0.4,0.5,06,0.7 {(0.5,0,0.7,0.8);[0.7,0.8],[0.2,0.3],[0.2,0.3])

0.5,0.6,0.7,0.8 0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],{0.1,0.2] 1.0,1.0,1.0,1.0);[0.9,1.0],[0,0.1], [001]

)
0.3,0.4,05,0.6) [0304] [0.7,08] [0708
0.5,0.6,0.7,0.8) [0708 [0203 [0203

(
{
{
{
{
{
{
{

(
(
(
(
(0.4,05,0.6,0.7
(
(
(

{
{
{
{
{
{
{
{

[0.5,0.6],[0.4,0.6],[0.4,0.6

To deal with the DM problem, we give the following decision process.

Step 1: Utilize the C-ITFNNWAA operator of Eq. (21) and get the aggregated values @, for er
(r=12,...,p):
0.38,0.48,0.58,0.68);[0.5293,0.6427],[0.3843,0.5016], [0.3843, 0.5016]),

0.56,0.66,0.76,0.86);0.7598,0.868],[0.132,0.2491],[0.132,0.2491]

Qn
N
|

5[ )
( )
((0.42,052,0.62,0.72);[0.5774,0.6984],[0.3257,0.4517],[0.3257,0.4517]),
((0.68,0.76,0.84,0.92);[0.8259,1],[0,0.1741],[0,0.1741])
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({(0.42,0.48,0.58,0.68);[0.5827,0.7048],[0.3031, 0.468],[0.3031,0.468] ),
| {(0.78,0.83,0.88,0.93);[0.8466,1],[0,0.1534],[0,0.1534]) ’
(

({(0.28,0.48,0.58,0.68);[0.3628,0.4749],[0.5875,0.703],[0.5875,0.703]),
| {(0.48,0.58,0.68,0.78);[0.6677,0.7703],[0.2297,0.3446],[0.2297,0.3446]) |

Or use the C-ITENNWGA operator of Eq. (22) and get the aggregated values 8, forer (r=1,2,
cu P

_ ({(0.3571,0.4625,0.5658, 0.668);[0.4226, 0.5341], [0.5483,0.6743],[0.5483,0.6743])
"o ((0.5533,0.6544,0.7553,0.8559);0.7282, 0.8299] ,[0.1701, 0.3036],[0.1701, 0. 3036]
_ ({(0.4017,0.5052,0.6076,0.7093);[0.4707,0.5792], [0.4984, 0.6157],[0.4984, 0.6157
a, =

(( )

;[0.4793,0.5899],[0.4561,0.6268],[0.4561,0.6268]

({(0.3933,0.4994,0.6031,0.7057
L [0.8262,0.9266],[0.0734,0.1738],[0.0734,0.1738

0.7469,0.8113,0.8709,0.9266

)
):

0.6645,0.7518,0.8365,0.9192);[0.8191,0.9192],[0.0808,0.1809],[0.0808, 0.1809 > ]
) J

_ (((0:239,0.2862,0.33,0.3713);[0.2556,0.3732],[0.7375,1],[0.7375,1]),
d,
| ((0.4782,0.5785,0.6787,0.7789);[0.6544,0.7553],[0.2447,0.3741],[0.2447,0.3741]) |

Step 2: Use Eq. (10) and calculate the score values of the aggregated values &, (r=1,2, ..., p):
S(&)=0.1729, S(&,)=0.2582, S(4,)=0.2661,and S(&,)=0.0855.
Or $(&)=0.1164, S(&,)=0.1802, S(4&,)=0.1954,and S(&,)=0.0258.

Step 3: Give the sorting of the four LCDSs: e3 > e2 > e1 > es. Hence, the optimal choice is the scheme
es.

It can be found that the sorting and optimal choice results obtained by the C-ITFNNWAAA
operator and the C-ITFNNWGA operator are consistent.

6.2 Comparison of the Proposed DM Model with Previous DM Models in the Scenarios of C-TFNNS,
ITFNNs, TFNNs, and SVNNs

To indicate the efficiency of the proposed DM model in the C-ITFNN scenarios, we compare the
DM model proposed in this paper with the previous DM models in the C-TFNN, ITFNN, TENN and
SVNN scenarios. Since the previous DM models cannot perform the DM issue of C-ITFNNs, we only
consider the situations of C-TFNNs, ITFNNs, TFNNs, and SVNNSs as four special cases of C-ITFNNs
for convenient comparison. Therefore, we assume that all interval values in the C-ITFNN decision
matrix N are converted into their average values to produce the C-TFNN matrix Nc-rrn:
[({(0.2,0.3,0.4,0.5);0.25,0.85,0.85),) (((0.3,0.4,05,0.6);0.35,0.75,0.75),) ({(05,0.6,0.7,0.8);0.75,0.25,0.25
0.4,0.5,0.6,0. 7 ;0.55,0.5, 0.5> (0.6,0.7,0.8,0.9 ;0.85,0.15,0.15 [<(O 6,0.7,0.8,0. 9 ;0.85,0.15,0.15 ]
( } '
(
((0.4,0.5,0.6,0.7);0.55,0.5,0.5), ]
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(
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>

0.3,0.4,0.5,0.6);0.35,0.75,0.75
0.6,0.7,0.8,0.9);0.85,0.15,0.15

0.6,0.7,0.8,0.9) 085015015),
1.0,1.0,1.0,1.0) 095005005>

)
(0.5,0.6,0.7,0.8);0.75,0.25,0.25),
(0.6,0.7,0.8,0.9);0.85,0.15,0.15

)
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)
)
)
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~

;0.85,0.15,0.15),
;0.85,0.15,0.15
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[ 1.0,1.0,1.0,1.0);0.95,0.05,0.05)
0.1,0.1,0.1,0.1);0.15,0.95,0.95),) ({
(0.5,0.6,0.7,0.8);0.75,0.25,0.25) | |
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0.5,0.6,0.7,0.8 075,0.25,0.25>,
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ol (
™ 1(((02,0.3,0.4,05);0.25,0.85,085),) (((0.6,0.7,0.8,0.9
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If we do not consider the credibility levels in N, N becomes the ITFNN matrix Nirewn:
{(0.2,0.3,0.4,05);[0.2,0.3],[0.8,0.9],[0.8,0.9]) {(0.3,0.4,0.5,0.6):[0.3,0.4],[0.7,0.8],[0.7,0.8]) {(0.5,0.6,0.7,0.8);[0.7,0.8],[0.2,0.3],[0.2,0.3]) |
{(0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],[0.1,0.2]) ((0.5,0.6,0.7,0.8);[0.7,0.8],[0.2,0.3],[0.2,0.3]) ((0.3,0.4,0.5,0.6);[0.3,0.4],[0.7,0.8],[0.7,0.8])

Nree = {(0.2,0.3,0.4,05);[0.2,0.3],[0.8,0.9],[0.8,0.9]) {(0.6,0.7,0.8,0.9);[0.8,0.9],[0.1,0.2],[0.1,0.2]) ({(0.4,05,0.6,0.7);[0.5,0.6],[0.4,0.6],[0.4,0.6])
{(05,0.6,0.7,0.8);[0.7,0.8],[0.2,0.3],[0.2,0.3])  {(0.1,0.1,0.1,0.1);[0.1,0.2],[0.9,1].[0.9,1])  {(0.3.0.4,05,0.6):[0.3,0.4],[0.7,0.8],[0.7,0.8])

If we do not consider the credibility levels in Nc.rrnn, Ne.renvn becomes the TENN matrix Nrewn:
((0.2,0.3,0.4,05);0.25,0.85,0.85) ((0.3,0.4,0.5,0.6);0.35,0.75,0.75) ((0.5,0.6,0.7,0.8);0.75,0.25,0.25)
((0.6,0.7,0.8,0.9);0.85,0.15,0.15) ((0.5,0.6,0.7,0.8);0.75,0.25,0.25) ((0.3,0.4,0.5,0.6);0.35,0.75,0.75) |-
((0.2,0.3,0.4,05);0.25,0.85,0.85) ((0.6,0.7,0.8,0.9);0.85,0.15,0.15) ~ ((0.4,0.5,0.6,0.7);0.55,0.5,0.5)

((05,0.6,0.7,0.8);0.75,0.25,0.25)  ((0.1,0.1,0.1,0.1);0.15,0.95,0.95) ((0.3,0.4,0.5,0.6);0.35,0.75,0.75)

TENN ™

If we do not consider TFNs in Ntenn, Ntenny becomes the SVNN matrix Nsvan:

(0.25,0.85,0.85) (0.35,0.75,0.75) (0.75,0.25,0.25)
N _|(085,0150.15) (075,0.25,0.25) (035,0.75,0.75)
S\ 1(0.25,0.85,0.85) (0.85,0.15,0.15)  (0.55,0.5,0.5)
(0.75,0.25,0.25) (0.15,0.95,0.95) (0.35,0.75,0.75)

In the scenarios of C-TFNNs, ITFNNs, TENNs, and SVNNSs, we apply Egs. (1), (2), (18), (19), (4),
(5), (7), and (8) for the decision matrices of C-TFNNs, ITFNNs, TFNNs, and SVNNs to obtain their
aggregated values. Then, the score values of their aggregated values are obtained by the score
functions of Egs. (3), (6), (9), and (20) in the corresponding scenarios. For clear comparison, all
decision results are given in Table 3.
Table 3. Decision results based on different DM models in the scenarios of SVNNs, TFNNs, ITFNNs, C-

TEFNNSs, and C-ITFNNs

Method Score value Sorting Optimal one
DM model using the 0.5657,0.618,0.6223,0.3752 e3>er>e1>ed e3
SVNNWAA operator [19]
DM model using the 0.4203,0.4711,0.4856,0.2335 e3>er>e1> e e3
SVNNWGA operator [19]
DM model using the 0.2998, 0.3523,0.336,0.1895 e2> e3> e1r> e4 ez
TFNNWAA operator [30]
DM model using the 0.2158,0.2619,0.2673,0.0716 e3>e2>e1>e4 es
TFNNWGA operator [30]
DM model using the 0.3004,0.3535,0.3371,0.1899 e2>e3>e1>e4 ez
ITFNNWAA operator [34]
DM model using the 0.2149,0.2615,0.2663,0.059 e3> e2>e1> es es
ITFNNWAA operator [34]
DM model using the C- 0.1725,0.2479,0.2597,0.0853 e3>er>e1> e es
TFNNWAA operator [37]
DM model using the C- 0.1170,0.1805,0.1965,0.0313 e3>er>e1>e4 es
TFNNWGA operator [37]
DM model using the C- 0.1729,0.2582,0.2661,0.0855 e3>er>e1> e es
ITEFNNWAA operator
DM model using the C- 0.1164,0.1802,0.1954,0.0258 e3> e2>e1> es es
ITFNNWGA operator
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From the sorting results in Table 3, it can be seen that there are differences in the DM results
obtained based on different aggregation operators of SVNNs, TENNs, C-TFNNs, and C-ITFNNs. In
the cases of TFNNs and ITFNNSs, the optimal schemes obtained by different aggregation operators
are inconsistent, where the optimal scheme obtained by using the weighted arithmetic averaging
operators is ez and the optimal scheme obtained by using the weighted geometric averaging operators
is es. Moreover, the optimal DM result obtained in the scenarios of SVNNs, C-TFNNs and C-ITFNNs
is es. However, the level of credibility plays a key role in the sorting of the alternatives because it can
ensure the credibility of the assessment information of TENNs and ITFNNSs. The previous DM models
with SVNNs, TFNNSs, ITENNSs [19, 30, 34] may result in unreasonable/distorted DM results because
they are difficult to ensure the credibility of SVNNs, TFNNs, and ITFNNs. In addition, in the
scenarios of C-TFNNs and C-ITFNNs, the proposed DM model of C-ITFNNs obtains the same DM
results as the DM model of C-TENNs [37], which also proves the rationality and efficiency of the
proposed DM model in the scenario of C-ITFNNs. The reason is that the C-TFNN matrix obtained by
taking the average value of the interval values in C-ITFNNSs is only a special case of the C-ITFNN
matrix. Therefore, it can be seen that the proposed DM model of C-ITFNNs generalizes the previous
DM model of C-TFNNSs [37], while the previous DM model of C-TFNNSs [37] is only a special case of
the proposed DM model of C-ITFNNSs. In general, the proposed DM model of C-ITFNNs makes DM
applications more general and practical, demonstrating the clear advantages in the setting of C-
ITFNNS.

7. Conclusion

As an extension of C-TFNNSs, this paper first proposed C-ITFNNs in view of ITFNNs and
credibility levels, which are expressed by an ordered pair of ITFNNs. Then, we defined some
operational laws of C-ITFNNs and the score function of C-ITFNN and presented the C-ITFNNWAA
and C-ITFNNWGA operators and their properties. Furthermore, the C-ITFNNWAA and C-
ITFNNWGA operators and the score function were used for a multi-attribute DM model of C-
ITENNS. Lastly, the proposed DM model was applied to the DM case of LCDSs in the scenario of C-
ITENNSs and verified its feasibility. By comparative analysis of the different DM models in the
scenarios of C-ITFNNs, C-TFNNs, TFNNs, and SVNNs, the proposed DM model revealed the
superiority of DM generalization in the scenario of C-ITFNNs since the previous DM models are only
the special cases of the proposed DM model of C-ITFNNs.

Generally, the information representation, operation and DM techniques of C-ITFNNs reveal
their original contributions in this study. Then, the main superiority of our new DM model is that it
not only compensates for the gap of existing DM models, but also is more reliable and versatile than
existing DM models. As future research, the techniques proposed in this paper can be extended to
slope stability/risk assessment, mine risk/safety assessment, and image processing in a C-ITFNN
circumstance.
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