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1. Introduction

Decision-making approaches are the techniques we use to get a decision in many situations, like
deciding to cross a canal, choosing a later semester’s classes or establishing an extended-term business
scheme. Furthermore, human decision-making is frequently learned as a consequence of the sensitive
performance of alternative terms on possible options and the values of consequences connected with
these decisions. Continuously, a large number of intellectuals have used this notion to take a lot of
benefits from it. In 1965, Zadeh [1] employed a decision-making tool, named a fuzzy set (FS), by
modifying the range of a crisp set to form the unit interval [0, 1]. The value of a truth grade (TG) (part
of a FS) is not greater than one. Therefore, it indicates the data in the real world in a more massive and
varied way than the application of crisp sets. Nowadays, there are various research tools and techniques
for FS theory in distinct regions of research and practical life. For example, L-FSs were diagnosed
in [2], hesitant FSs were employed in [3], rough sets were exposed in [4], bipolar FSs were investigated
in [5] and bipolar soft sets were initiated in [6]. The analysis discussed above received much attention
by researchers, but their approaches are neglected in various places. For illustration, if an agency
allows data toward matters such that the TG is 0.6 and the falsity grade (FG) is 0.3, then 0.6+0.3=0.9<1;
hence, FSs cannot respond to such a dilemma. To address and manage such circumstances,
Atanassov [7] initiated the notion of intuitionistic FSs (IFSs), with the condition that the sum of both
grades must be less than or equal to 1. Yet what happened, if someone gives the opinion in an interval-
valued (I-V) form, in such sort of circumstances, the principle of an I-V IFS (I-VIFS) [8] is massively
valuable as compared to the existing notion of IFSs. Nowadays, there are various research tools and
techniques for IFS theory in distinct regions of research and in practical life. For instance, linguistic
intuitionistic fuzzy information was diagnosed by Liu et al. [9]. Gupta et al. [10] illustrated the theory
of the VIKOR approach for the intuitionistic fuzzy linguistic environment. Jana and Pal [11]
discovered the theory of bipolar IFSs and their applications. Faizi et al. [12] diagnosed the theory of
aggregation operators for hesitant intuitionistic fuzzy linguistic information. Fu et al. [13] utilized the
theory of decision-making techniques for I-VIFSs, and the theory of geometric interaction aggregation
operators for I[FSs was diagnosed by Meg and He [14].

Ramot et al. [15] diagnosed the fundamental theory of complex FSs (CFSs) by giving a new look
to the TG by designating it in the form of a complex number lying in the unit disc |z| < 1. CFSs proved
to be massively valuable and well-constructed for managing invaluable and less efficient data used in
genuine life dilemmas. The range (unit disc in the complex plane) of CFSs is more modified than the
range of FSs (unit interval). A valuable number of intellectuals have exploited a lot of approaches in
valuable regions, e.g., neuro-fuzzy sets [16], complex fuzzy logic [17], several properties of CFSs [18]
and CFS theory [19]. Further, Dick [20] and Tamir et al. [21,22] also investigated CFSs, and more
related investigations are given in [23—-25]. Additionally, upon the occurrence of various issues, the
complex IFS (CIFS) was exposed by Alkouri and Salleh [26], who proved it to be very valuable for
managing awkward and invaluable data. CIFSs cope with such sort of problems, which include TGs
and FGs, in the form of complex-valued numbers with real and unreal parts that belong to the unit
interval. The exact and meaningful conditions of CIFSs are described in the shapes of 0 <m, (k) +
nr.(k) <1 and 0<mg,(k)+ng,(k) <1. Given my,,(k) =n,(k) =0 in CIFSs, we get IFSs. By
considering the CIFSs, various people have used the CIFSs and tried to employ them in the fields of
different regions, e.g., complex interval-valued IFSs (CI-VIFS) [27], complex intuitionistic fuzzy soft
sets [28], knowledge measures [29], quaternion numbers [30], the TODIM method [31], complex
intuitionistic fuzzy groups [32], aggregation operators [33], hypersoft sets based on CFS [34], complex
intuitionistic fuzzy and neutrosophic sets [35] and decision-making strategies [35-37].
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In general, a fuzzy system is any system in which the variables range over states that are fuzzy
numbers (FNs) rather than real numbers. These FNs may express linguistic terms such as “very small”
and “small”. If they do, the variable is stated as the “linguistic variable” (LV), initiated by Zadeh [38].
Every term is described on behalf of a variable with values that are real numbers belonging to a
particular range. Furthermore, the mathematical form of 2-tuple LVs was diagnosed in [39], and
uncertain LVs were exposed in [40]. The combination of uncertain LVs and IFSs was stated in [41].
Bonferroni mean (BM) operators based on the combination of the work in [41,42] and weighted BM
operators based on the combination of uncertain LVs and IFSs are described in [43]. The notion of
Hamy operators based on intuitionistic uncertain variables is described in [44], and the fundamental
and valuable Bonferroni operators based on complex intuitionistic uncertain variables were developed
in [45]. Xu and Wang [46] defined the power aggregation operators based on 2-tuple linguistic sets
that are not able to cope with fuzzy types of information. Furthermore, Xu et al. [47] proposed power
aggregation operators based on linguistic sets that still contain many issues because they are not able
to manage the fuzzy type of information. Similarly, Xu and Wang [48] diagnosed the power geometric
operators for multiplicative linguistic preference relations. Assume an enterprise wants to utilize a
biometric system in the main offices of some organization. For this, the enterprise decides to call upon
some experts for giving their opinions concerning each system. Based on this analysis, they try to
select beneficial biometric systems. It is clear / obvious that the existing theories based on FSs, IFSs,
I-V FSs, etc., are not able to cope with it, because these theories can cope with one dimension of
information at a time. Thus, for the above-cited types of dilemmas, we need to improve the quality and
worth of the prevailing theories; hence, the theory of complex I-V intuitionistic uncertain linguistic
(CI-VIUL) information is more valuable and efficient for managing two-dimensional information in a
singleton set. The real part (amplitude term) and imaginary part (phase term) represent the model and
production data of the biometric system. Keeping the value and supremacy of the above-cited theories,
we can see that the theory of Heronian mean (HM) operators for CI-VIUL information has not been
described yet. Thus, the main challenging task for the experts is to
1) express the information in the shape of CI-VIUL numbers (CI-VIULNSs),

2) express various new aggregation operators for evaluating some preferences of experts,
3) diagnose a procedure for evaluating the decision-making problem and
4) find the beneficial optima.

To achieve Objective 1, in this manuscript, we diagnose a well-known theory of CI-VIUL settings,
as it is a powerful and capable tool to handle an ambiguous sort of theories. Furthermore, we enhance
the features of the CI-VIUL information and diagnose the algebraic laws, score value (SV) and
accuracy value (AV) for CI-VIUL settings. To achieve Objective 2, we develop the CI-VIUL arithmetic
HM (CI-VIULAHM), CI-VIUL weighted arithmetic HM (CI-VIULWAHM), CI-VIUL geometric HM
(CI-VIULGHM), CI-VIUL weighted geometric HM (CI-VIULWGHM) and their well-known
achievements in the form of some results, important properties and specific cases. To achieve Objective
3, we check the practicality and usefulness of the invented approaches, and a multi-attribute decision-
making (MADM) technique is implemented for CI-VIUL settings. To achieve Objective 4, the
reliability of the proposed MADM tool is demonstrated by a computational example that assesses the
impact of the diagnosed approaches on various well-known prevailing theories.

The major contribution of this analysis is exposed in the following forms: The diagnosis of a well-
known theory of CI-VIUL settings and their algebraic laws, and the revision of various basic existing
methodologies in Section 2. The well-known theory of CI-VIUL settings and their algebraic laws, SV
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and AV for CI-VIUL settings are diagnosed in Section 3. In Section 4, we develop the CI-VIULAHM,
CI-VIULWAHM, CI-VIULGHM, CI-VIULWGHM and their well-known achievements in the form
of some results, important properties and specific cases. In Section 5, we check the practicality and
usefulness of the invented approaches and a MADM technique is implemented for CI-VIUL settings.
In Section 6, the reliability of the proposed MADM tool is demonstrated via a computational example
that assesses the impact of the diagnosed approaches on various well-known prevailing theories.
Section 7 concludes the manuscript.

2. Preliminaries
To diagnose a well-known theory of CI-VIUL settings and their algebraic laws, SV and AV for
CI-VIUL settings, we have revised various basic existing methodologies like CI-VIFSs and their

—_——
operational laws. Further, the mathematical terms Xyy;, mp, and nr_, as described by the universal
set, TG and FG respectively.

Definition 1. [27] The mathematical expression
oy = {(mrg (0 1 () :F € o ) (1)
1s called a CI-VIFS, where
gy (1) = i, (), 1, ()] T O O
and
11y (8) = [7 (B, 1t (D270 Ot O)
The major tools of CI-VIFS are
0 < mi, (F) +nf, () < 1
and
0<mf,(}) +nf,(f) < 1.
The mathematical expression
Lre,®) = 25, (0, L1, () T D450 O) = [(1 = g () — 17, (B), (1 - mi, () -
it ()] o 27171 D=7, ) (1=, D=, D]
called the refusal grade in the CI-VIF numbers (CI-VIENs), is stated by

I = <[m;RP_i,mIJCRP_i]eizn([ml_"lp—i’mltlp—i]), [n;RP_i,/I’LIJfRP_i]eizn([nFIP—i'n’th—iD>,i =1,2, ,Hf
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For the given mathematical form of any two CI-VIFNss:

I = ([mFRP_i,m,tRP_i]eizn([m;lP-i'mIth—iD, [/n,;RP_i'/nIfRP_i]eiz”([nl_"lp—i‘n’tlp—i])) Ji=1,2.

We have,
- - o - + + ot +
[mFRP—1 + Mipp_y ~ Migp_1Mrrp_y Migp_y + Migp_s mFRP—lerP—z]
; = = = = + + ot +
_ P e 1P—1 1P—2 1P—1"* T p—2""*Tp_1 1P—2 1P-1""T1p—2
I"CI 1 I"CI 2 lzn[mr +mr mr mr ml" +ml" ml" ml" ], 2
; - - + +
— — + + 2r(np,, #Ap., Mr,  Apo
[nFRP—lnrRP—Z’/rLrRP—lnFRP—Z]e [ 1P-1 1P-2 1P-1 1P 2]
[ = - + + ] iz”[mapqulp—z’mltlp—1m1tlp—z]
M rgp-1Mrrp—zr M rp1 M gp-2 1€ ’
[ e, = - - = - + + ot + 3
CI-1 ® CI-2 [/nTRP—l +/nFRP—2 Nrrp—1Mrrp_y M Irp_1 +/nTRP—2 /nTRP—l/nFRP—Z] ( )
; - - - - + + o+ +
elzn[”FIP—1+”F1P—2 Mp_1 ™ p_y T p_1 T p_ nFIP—lnFIP—z]
Ggeler1 =
_ sC ®sc
_ Dsc + Psc i2ﬂ[1—(1—mr ) Ca-(1-mf, ) ]
— — _ — 1P—1 P-1
[1 (1 mI"RP—1) 1 (1 mFRP—1) ]e ’ (4)
. -®s¢ _+®sc
—Pgc +Psc LZn[n r M
1P— P-1
[/n Trp—1’ 7" Trp-1|€ !
. -®sc +®sc
m~ESC  ypthsc elzn[m rip_y™ Tip-a
I'rp—1’ I'rp—1 ’
I = osc | )
cl-1 — _ sc scl |
_ [ F ) + [ F ) iZﬂ,’[l—(l—fl"LI—- ) 1—( - It ) ]
_ _ _ _ 1P-1 1P—1
[1 (1 /nrRP—1) 1 (1 /nFRP—1) ]e
Definition 2. [27] For the given mathematical form of any two CI-VIFNs:
: - + ; - +
_ - + 2n\|\mp . mp . - + 2n\|\np,, . Ar., . .
FCI—i ([mFRP_i,mFRP_i]e ([ IP—i IP 1]), [/nFRP_i,/n,FRP_i]e ([ p—i" Trp 1]) ,i=1,2,

the SV and AV are diagnosed as

7 10 - = - = + ot + o+
((FCI—I) T4 (mFRP—1 N rrp_s + Mpp_y — Mrp_, + Migp_1x ~ Mrp_q + Mryp_y /nTIP—l)’ (6)

=~ _ 1 - - - - + + + +
c(T"(FCI—I) 4 (mI"RP—1 + Nrpp_1 + Mrp_y + Mrip_y + Migp_q + Nrpp_y + Mrip_y + nl}pq)' (7

It is clear that E(Fcl_l) € [-1,1], and %(FC,_l) € [0,1]. Some relations for Eqs (6) and (7) are
diagnosed here:
1) Toyoy > Tgyogs if {Ugy—1) > {Ugy—z) or FUgi—1) > U2
2) Teioq < Tgpgsif {Ugy—1) < {Ugy—z) or FUgi—1) < FUi—2);
3) Igy-1 = Igy—, if f_(ra—ﬂ = E(FCI—Z) or 5(&1—1) = (;Y(FCI—Z)-

Definition 3. [38] The mathematical expression

1= {N0, 1112 ) Megmea ) (8)
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is called linguistic term set (LTS) with an odd ﬁ in the availability of the below points:

1) If ﬁ > k=5C’, then Mgz > n—;

ksc
2) neg(n@) = T with E+ E = k_sc +1;
3) If ksc = kgc , max (Tlﬁ, nk—“f) = N> and if ke < ksc , max (nk=sc, nkzscl) = =

Furthermore, 7 ={n;:i € R}, stated linguistic variables (LVs). A mathematical form 75 =
[0 1) M e, € (G < 5), with n,,7,, is called a uncertain linguistic variable (ULV) [40]. For the
given mathematical form of any two ULVs n, = [n,,,n,] and n, = [n,,,n;,] contained in #yy,;, we
have

m @z = [N, 1, ] © [M40me,] = [nw,lz_mhuz,nmz_%], 9)
M @1z = [N, ] @ [M,1¢,] = [U%, U%]’ (10)
Pscrlr = Psc|mu, ¢, ] = nn(l—(l_%)cpsc),nh(l—(l—%)CDSC) , )
nfsc = [77 u\®scr 1z CI’scl- (12)

n(5) ()

Definition 4. [41] The mathematical expression
1

_ 2 5 5 7 8 rsctssc
HM*V"SC:‘SSC(['CI_P FCI—Z' ey FCI—E) - (m i=1 Zszl FCIE?FC[S_C;) 5 (13)

is called an HM operator, and it has the mathematical form: HM?"sc-*sc: 0% > 0, by

2 ”~ ~”~
HM(FCI—lrFCI—Z' "')FCI—E) = (m i2=1 Z§=1 FCI—iFCI—ss)’ (14)

is the HM operator.

3. Complex interval-valued intuitionistic uncertain linguistic variables

This analysis diagnoses a well-known theory of CI-VIUL settings as a powerful and capable tool
to handle an ambiguous sort of theories. Furthermore, to enhance the features of the CI-VIUL
information, we diagnose the algebraic laws, SV and AV for CI-VIUL settings.

Definition 5. The mathematical expression

Iew = {([nﬂi' 77{5]’ (ml‘cw(%)'/nfczu(%))) e m} (15)

is called a CI-VIUL set, where
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M1y (§) = (M7 (B, i, (D] 7 Fp Ot O
and
reny (D) = [ (B) 1 (D] 2T D21 D))

The major tools of CI-VIUL settings are

0 < mp, (D) +nf, () <1
and

0 < mi, (D) +nh, () <1
with

NupMe, ENE<9).
The mathematical form,
Lrero(® = (£ (), L, ]2 1T OO = [(1 = i (8) = 7, (8) (1 = mai, ()

nFRP (%))] ei27r[(1—m;IP (f)_nl:”’ (%))’(1_mltlp (f)_n}tIP (f))] ’

diagnoses the refusal grade and CI-VIULNS stated by

Iey—-i =

<[77Mi' n(s]‘ ([ml_"Rp—i' mltRP-i]eizn([m;m_i'mltlp_i])' [n;RP—i’ /nItRp—i]eizn([n;lp_i’n;:m_i])>> bs =

12,..,%.

For the given mathematical form of any two CI-VIULNs

Iey—-i =

<[nﬂi' nfs]' <[m;RP—i’ mItRP—i]eizn([m;lp_i’m;lp_i])’ [n;RP—i’ /n'ltkp—i]eizn([n;lp_i'nltlp_i])>> =12

We have,

Teiy-1 @ Iey-2 =

HiHM2, )
[77#1_'_#2_ 1h2 77{1+{2_(1h52]

- - = - + + o+ +
[mFRP—1 + Migp_y ~ Mirgp_1Mirgp_y Migp_y + Migp_s mFRP-1mFRP—z]

; (16)

: - - - - + + 4+ +
elzn[ml"lp—1+ml"1p—z Mryp_ "M p_ ™ p_1 T p_y mFIP—lmFIP—Z]’

; - - + +
= - + + ] lzn[/nFIP—l%FIP—Z’/anP—l/anP—Z] /
\ [/nrRP—l/nTRP—Z’/nFRP—lnrRP—Z e
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Ieiy—1 @ Iey—2 =

[nﬂl_xﬂz; 77€1X<z] ,
h h

. - = + t
_ _ + + ] lZﬂ[mFIP_lmFIp_z'mrlp_1mF1P—2]
[mFRP-1mFRP—2’ Mrgp_sMigp_ 1€ ’

, (17)
- - - - + + o+ +
\ [nFRP—l + Nrrp—2 ~ Mrgp_1Mrrp_2» M rp_1 + Nrrp—s /nTRP—l/nTRP—z]
. - - - - + + o+ +
elzn[nl"lp—1+”1"lp—z T p_y ™ p—y™ip-1 M p s /n'FIP—l/n'FIP—Z]
Dgeleiy-1 =
n u\®scy 1 i\ ®sc\ |’
_(1-H1 1
n(1-(1-5)") h<1‘(17) )
_ Psc ®sc (18)
- Dsc + Dsc i27‘[[1—(1—m1~ ) ,1—(1—4%}': ) ] ’
_ — _ _ 1P—1 1P—1
[1 (1 mFRP_l) ) 1 (1 mFRp_l) ] e ’

. _P [e>]
n- [T +¢SC elZTL’[n F[ic—1'n+rlic;1
I'rp—1’ Irp-1
bsc  _
rCIU—l -

[nh(%)%c; nh(%)d’scl )
[ 5e s ]em[m'?,ic_lrmﬁc_l] . (19)

Mo M )

. _ ®sc ®sc
[1 - (1 - /n’I_"RP—1)(DSC' 1- (1 - /n;RP—Jq)SC] elzn[l_(l_/nrlP—l) ‘1_(1_%}:”)_1) ]

Definition 6. For the given mathematical form of any two CI-VIULNs

Tey—1 = <[77M1,r](1], ([m;RP_i,mFRP_i]eizn([mFIP—i’mFIP-iD, [/n;RP_i,/rLI"ZRP_i]eizn([n’_"lp—i'nltzp-i]))>’

the SV and AV are diagnosed as

) mr,,  —Nr,,  +mp, —np
_ 1 1 TrRp-1 TrRp-1 I1p—1 Itp—

r _ = + X = > 20
{Utiy-1) max(u.00) (s + 8 X <+/m}5m,_1 — Aoy T M — ”'thzp—1> 0
B mn + nr- + mr +nr
_ 1 1 TrRP-1 TrRP-1 Iip—1 Tip—1

R S N 1 . 21
g’( CcIu 1) max(p1,31) ('ul (1) 4 <+m1-tRP—1 + /nl-tRP—1 + mlt1p_1 + nl‘th—l) ( )

It is clear that {(Iy;y—1) € [=1,1] and F(Ty—1) € [0,1]. Some relations for Egs (20) and (21)
are diagnosed as B _
1) Tty-1 > Iy—as if E(FCIU—l) > (;(FCIU—z) or g(rcw—ﬂ > g(rau—z);
2) Ity-q <Igy—p,if i(rcw—ﬂ < i(rcw—z) or g(rcw—ﬂ < §(FCIU—2);
3) Ttw-1 = Iey-2, if Ugiy-1) = {Ugy—2) or FUcw-1) = FUey-2)-
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4. Arithmetic/geometric Heronian mean operators for CI-VIUL settings

The HM operator is a massive dominant operator that can suggest information on
interrelationships. However, in the past, it was applied to the theory and for the purposes of
discrimination and resulted in many exploratory inventions. With the availability of a superior HM
operator, we develop the CI-VIULAHM operator, CI-VIULWAHM operator, CI-VIULGHM operator,
CI-VIULWGHM operator and their well-known achievements in the form of some results, important
properties, and specific cases.

Definition 7. The CI-VIULAHM operator is simplified and analyzed by
Cl — VIULAHM"'sc3s¢; 0% — @, by

1

2 ~ I~ rec+s
CI = VIULAHM"S¢5¢ (It -, Tty -2, o Ty _5) = (W f=12§=1pc4;56—ifc‘;ff—s> T (22)

Using Eq (22), we diagnosed the result.
Theorem 1. Considering Definition 5 and Eq (22), we diagnose

Cl — VIULAHM“”SC"SSC(ch—pFCIU—Z) ""FCIU—E) =

AIMS Mathematics Volume 7, Issue 8, 13595-13632.
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)

n 2
- - 7SC,, 3sc (3

¥ 3 M "7 Us +1
<1_<Hl=1 H§=1<1_lT>) (

1
rsctssc
)>

-7rsc

i2m

+7°SC

e

i2m

e

Proof. By using Definition 5, we achieve

/ [nh(% s
rii=| A e
\ [1 - (1 - /nI_"RP-i)ySC’ 1- (1 - /nItRP-i)/VSC]eizn[l_(l_n;m_i)r ’ 1_(1_nrlp_i)¢sc]
e
TCigse = [m‘gflf_s,m’“gflf_s]eiZ"[m_;zszf-s'”’”Jrlfzspc-s ’ :
1_nF1P—s)¢SC] /

S
(1—(Hi=1 Hs:l(l_’m FIP—im

3 43
(1_(Hi=1 H5=1(1_m rp_i™ I'ip—s

1_<1_(H?=1Hg:l(l_(l_n;lp—i)rsc(l_n

1—(1—(1—[%11 H§=1(1_(1_n;t1p—i)¢

1
2 _\7"sctssc
£ 8 1S )
1-| Tz I15=1 11—

[ - . = ,? ”"SCi‘*SC ]
(1 — (ML Ty (1 - m 72, -,‘i;;f_s))f@“)) ,
1
- — % 7sct8sc
(1= (LT = o i)
- 1

-3SC
Iip—g

+2SC

(1 (T (0, 17, )

S, n 7sc + 35C\\3(3+1) rsetese
1- (1 (I T (1 - (1 - mty, )™ (1= nh,, ) ™)

))E(Eﬂ)

))E(EH)

)fsc, Uh(ﬁ)fscl ’

2

2 >4”sc+5sc

1
2 >4’sc+5sc

“
1 ~

2
rsctasc
)

1

2

1

.(23)

. _ rsC
\ [1 - (1 - /n’l_"RP-s)rSC' 1- (1 - ln’l-tRP—s)rSC]elzn[l_(l_nr”’_S) '1_(
Volume 7, Issue 8, 13595-13632.
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Then,
T §F prsc pssc
i=1 2s=1 Loy ile—s =
n ) ) u/fﬂscu ssc\\» 1 - - (’f”SC( 3SC )
(1—1_[%7:1“52:1(1_%)) <1—Hf=11_[§=1<1—%>>
3 b —rsc —8sC 3 3 +7SC +8sC
[1 N ( i=1 H5=1<1 MM rpp M FRP-5)> 1= ( i=1 HS=1(1 — M rpp_ M FRP—S))]
2|1 (ME M (1o 5 =35 )~ s (1m0 22| ,
~ -
b 5 - rsc _ 8sc
[ i=1 H5=1(1 - (1 - /nTRP—i) (1 - nrRP—s) )'
5 5 + rsc + 8sC
i=1 Hs=1(1 - (1 - /”’FRp—i) (1 - nFRP—s) )
) 5 5 _ rsc _ 85C\ L5 5 rsc ssC
elZn[H’f:lH§=1(1—(1—nplp_i) (1_”1"11:—5) ),Hf=11'[§=1(1—(1—n,tlp_i) (1—41;”3_5) )]
Thus,
2 T vI prsc pisc  _
$(Z+1) ie1 2s=1 Lo ileius =
[T] 2,1 2 “

A s 7SC L3S\ \5(3+1 m = {rSCe 8sc\\3(3+1 '
w2l

2

— (T, 12 — p=TsC o —8sc ))E(E+1)
! ( =1 Hg:l(l M rpp- M FRP—s)) ( )’
2

1 g b 1 +7°sc +38sC m
—_ i=1 H5=1( - m rRP—im FRP_S
2

2
i2n[1_(H?=1 HsE:l(1—’m_41:ISPC_im‘;ifg_s))l(2+1),1—(]’]?zl ]‘[gz1(1_m+lff£_im+?§g_g))2(z+ 1)] ’
e

2

( L, (1-(1- nr,_) (1 - n;RP_S)“SC))E(EH)’
( o M. (1-(- nt,) (1 - nFRP_S)ASC))E(fH)
(H?-lH?-l(l—(1—np,,,_i)’”“(1_%”,_5)656))%(5“),]

|

[<Hi§=1Hg:l(l_(l_nltlp-i)fsc(1_”1+“1p—s)5sc))f(z+1)

N

i2m

e

1
7 8 rsc+i8sc
J AE ey ) -

2 m
CI = VIULAHM"5¢*5¢(Ttyy 1, Tepy—2, 0 Tppy _5) = (m ¥ S5 TS s _
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n

< (2 (-

pe
; SC# 85C

(2@

e

1—(1—(

i2m

e

. 7 —7SC, —3S
i2m (1 (H‘ 1H5 1(1 M rp™ Tip—s

1

]

2

M, (1 -

c

))):(3:“+1)

<1 - ( 1 H§:1(1 - m_?RP_im

1_<1_(H?—1 H;Z;l(l_(1_””;11)—1')”6(1_”;11)—5

1_<1_(H?:1 Hg:l(1_(1_7%%1‘)”6(1_4";1;’7

M M

sC —38sc

I'rp—s

+7°sc +5sc

I'rp—s

< (T2,

)™)

)™)

iR

7SCH8SC
1)
)

)

) o (o {SOO\\EE)
e )

2

2

1(1 (1 ~ Mgy 1)¢SC(1 ~ Mgy 5)556))2(“1)) ’

i 7'sc 3sc 2(2+1) rsetese
(H 11_[ 1(1 (1_/”'FRP 1) (1_ FRP s) )

2(2+1)

):():+1)

)fscﬂsc

+7sC
L=mTppp_ym

1 ’

>fsc+ésc

2

1

1

1

)fscﬂsc

’

2

))’E('EH)

+38SC
Iip—s

1
7SCH8SC

1

4”56“50)
fsc+ésc)

Well-known and major properties, called idempotency, monotonicity and boundedness, for CI-

VIUL settings are investigated.

Property 1. Using Eq (23), we discuss some properties such as those following.

1) If Ity—i = Igy, then

Cl — VIULAHM/’/VSC"‘SSC (FCIU—l' FCIU—Z' ) FCIU_"Z“) = I—'CIU' (24)
! ! -1 — -/ —_ —_ _
2) If Mug S Myg> Mg, S 774:5’ M rppy S erP—,i’ M rpy S mFIP,—i’ N Trpoi = /nFRP,—i’
—1 - + + + + + + +
n I'ip—i = Mrip_i» and m I'rp—i = Mrpp_i> M rip_; = Mrp_i> T Irp_y = Mrpp_i> ™ rip_; =
nf,,_,» then
Cl = VIULAHM"S¢3S¢ (I _y, Ty gy s Ty 55)

< CI = VIULAHM"Se*¢ Iy, Tepy—gs woor Ty _3)- (25)
3) If Ityy-a = min(rcw—l,rcw—z' ---’FCIU_f)a and Igy-p = max(rcw—prcw—z' ---,FC,U_E),
then

[epy-a < CI = VIULAHM "S5 (Tpy g, Tepy—2, oo Ty 3) < Teru—s- (26)

AIMS Mathematics
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Proof. WIf Teyy_; = Tepy,i = 1,2, ..., %, then

1

S rsctssc
CI — VIULAHM"'s¢5¢(Tpyy_y, T T, %)= _ ryse.rise
CIlU-11CIU=-2) "y cru-3) — E(E-]— 1) CIU-i" CIU-s
i=1s=1
1 1
T3 rsctasc T 3 rsctasc
() (R
CIU “ClU ~ ClU
Z' + 1 l=1 pory ) (2 + 1) i=1 s=1
rsct+38 T ertSor
— (I"CISC SC)¢SC+5SC — I—'CIU

’ ! —7 — —7 —
2) If Mug S My Mgy S Mggo M rpp_y S Mo My S My 0 N rpp 2 Mg
—r _ +! + +! ’ +
M Iip_ = Mrip_is and m I'rp-i S Mrgp_i> M rip_; = Mrip_i> ™ Ippy = Nrrp—i> ™ I'ip_ =
+
nr,,_., then

+!7'sc +18sc +7'sc +38SC
r CIU—iF ClU-s = <r CIU- lr ClU-s

~ - ~ ™
Tz T 3
r+r4”sc T+ +135C r+4”sc +8sC
Z' 1 ciu-il  clu-s —;*\ Z 1 civ—il " cru-s
+ +

i=1s= i=1s=

1 1

+17°sC +185C 4’5c+ésc +7'sc +38SC rsctssc
(2(2+1) 12 =1 CIU—-i CIU—- s) 2(2+1) 12 CIU-i CIU-s

Thus, we acquire

ClI = VIULAHM"S¢*S¢ (I, Iyy_g, v, Ty ) < CI =

VIULAHM?" sc-sc (rc1u—1» Tery—2s i Iy _3)-

3) If I—'CIU—A = min(rCIu_l, I—'CIU—Z' aany I

CIU—S:“)a and Igy-p = max(rcw—pfczu_z, v, T

CIU—§)9
then, using Property (1), we achieve

Tery—a < CI — VIULAHM"S¢*S¢(Tpy g, Tepy—2, oo Ty _5)-
Then,

Cl = VIULAHM"5¢35¢(Ipy_q, Teiy—2, o Topy _5) < Toiu—ss
thus,

Teiy—a < CI = VIULAHM"5¢*5¢(Ipyy—q, Topy—gs 0 Ty _5) < Teru—s-

Additionally, on the availability of parameters, we diagnose various sorts of specific cases:

AIMS Mathematics Volume 7, Issue 8, 13595-13632.
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1) If 85¢ = 0 in Eq (23), then we get the CI-VIUL generalized linear descending weighted mean
(CI-VIULGLDWM) operator, and we achieve

1

s
Cl = VIULAHM " (Iopy 1, Tery-2 o Ty 5) = Jim (x(x ) DX Pt bk s) =

2 5 rrsc \'sc _
F(F+1) S=17CIU=i B

n , AT BN ¥
( . e (E+1-)\Z(T+1) % ( R ;sc (F+1-0)\Z(T+1) %
\1_ ’il( C ) \1_ {il( C )
_ 2 L 2 L
% _ (F41-0)\iGE) | . Fr1-)\5Grn) |
(1- (- ) (1= (- )

1 L
Bi1) 2 \7sc 2 \7sc
- (F+1-0)\Z(Z+1) = (F+1-1)\2(Z+1)
) ¥ —7sc z rsc
i2m 1—< i:1(1—m FlP—i) | 1- Hi:l(l_m+F[p_i
e

1

7sc

1= (1= (M- = )T ) )

1
rsc

)

2

2

1= (1= (M- (-, ) ) )

{( < <Hl 1 (Pnrlm)qc)(:s’ﬂi))f(;“));scw ( 1_<1 ( o (int, l)m)(m i) ,s(x+1)>¢1ﬂ|
1\ Al J

2) If rg¢ = 0 in Eq (23), then we get the CI-VIUL generalized linear ascending weighted mean
(CI-VIULGLAWM) operator, and we achieve

e

1
F’}”SC Iwésc )"VSC-HSSC _

Cl — VIULAHM®*5¢(Ipyy—y, Tery—z, o Ty _5) = rlicrr_l)o (2(“1) nx NEL Lt

1

2 3 rasc ssc _
B(Z+1) Si=17CIU-i -

AIMS Mathematics Volume 7, Issue 8, 13595-13632.
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10

n
5SC 2 55(;

sop (B+1-i) z(z+1) agc (F+1-0)\5(E+)
sty /< -
L\ \

2z
<1 _ < ;2“:1(1 o SsC )('f+1—i))z(z+1)> 1— 1(1 +?f;i_i)(f+1_i))2(“1)> s¢

1

Irp—i

T 2 a 55 . % é
o (1 < = 1(1 m ?fg—i)( ' _l))2(2+1)> .(1—(H?=1(1—m+ﬁ§£_i)(2+1—1)>2(2+1))

2 85¢

N R CR P o ) R B

’

e

2\ ssc

1-(1—- ( ;2;1(1 _ (1 _ %I_L_Rp_i)ésc)(2+1—i))f(EH)

1

(B+1-0) D e (B+1-0) s\
i2m] 1—<1 ( 71(1 (1_”"1?”:_[)556) z>2(2+1)> ' 1_<1 < 71(1 (1—nF1P_i)ésc) l>2(2+1)>

e

3) If rsc = 8gc = 2 in Eq (23), then we get the CI-VIUL basic HM (CI-VIULBHM) operator, and

we achieve

11
CI = VIULAHM?2(Tyyy_1, Tery—z) o) Ty 5) =

AIMS Mathematics Volume 7, Issue 8, 13595-13632.



n

1_<HLZ 1 J=R 1<1—

i2m

<1 <H51 (

e

i2m

e

1
2
l

_2 .\, RN
7 ﬂs% 5(E+1) (%( 2 3(3+1)
h 1- HLZ 1Hs 1| 1- lh

1—<n21n (

E(EH)
FIP i FIP -

2

(1_

2

2

1

FRP

1

1= mFRPL

1
-2
Trp—s

1
+2
IrRp—s

Y -

b 3 1 NGy
(N R CEE MDE R N ) B

2

)"

2

2

)"

1
m*2
Tip—i

2

)

2

1
+2

ENY 6
"he-.)

( ?:1 H?:l (1 — (1 — nFRP—i)%(l _ nap_gﬁ))%

3 ¥ 1 IN\T(T, 1) N L A
<Hl$=1H§=1<1_(1_n;1P—i)2(1_nF1P—5)2>>2(2+1) <n 11_[ ( (1_%It1p—i)2(1_n}t1p—s)2>>

b

2

4) If r¢c = 85c = 1 in Eq (23), then we get the CI-VIULBHM operator, and we achieve

AIMS Mathematics
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Cl — VIULAHM " (Igyy—1, Tery—s 0 Ty _5) =

n 5 %:77 1

2
- - 1, 1\\&/a N R . _Z
(1—<H€:=1H§=1<1—%>>2(2+1)> <1_<l‘[i2=1H§=1<1_53§sl>>2(2+1)>

e

b3

+

iR
~—

1= (1= (T (1= (1 )0 n;RP_s)l))f@“))_

1_<1_(H?=1H§=1(1_(1_”F1P—i)1(1_”;11>—s)1))E(EH)) )

i2m

2
1—(1—<n?=1n?ﬂ(l—(l—nap_i)l<1—nap-s>1>)f<f“>)

e

Definition 8. The CI-VIULWAHM operator is simplified and diagnosed by
Cl — VIULWAHM"sc4sc: 0% — @, by

Cl — VIULWAHM”C"SSC(FCIU_pFCIU—Z' - 'FCIU—SJ“)

1= (1 (i (1= 0= ) 0 7)) |

2

_2 \2
27| (1_(1_[1;;1 Hg:l(1—m_11‘1p_im_11"lp—s))2(2+1)> ,<1—(Hi2=1 Hsz=1(1—m+;lp_im+;lp_s))2(2+1)

1

1

)5

)

2 = ~ o T'SC [ ~ 85C\Tertacs
(m 121 (ZQW—iFCIU—i) (ZQW—SFCIU—S) ) sctsc.

The terms ﬁW == {ﬁW—l’ ﬁw_z,
Qw_; €[0,1].

Y

27)

shows the weight vector with Y7, Q,,_; =1,

Theorem 2. Using Definition 5 and Eq (27), we achieve

Cl — VIULWAHM"¢45¢(Iyy_y, Tpy g, oo, T,

AIMS Mathematics
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1

rsctssc
- - ~ SO 7sc _ T, 8sc 3(3+1) s¢
1 - ( lg:l H§=1 (1 - (1 - (1 - mFRP—i) v ) (1 - (1 - mFRp_s) i )

1
r +6SC
- - o) » r'sc 78 . 8sc E(E+1) s¢
1= (M (1= (1= (=t ) (1= (=, )

i2m|

PN rsc 50 sc E(EZ ) e |
o Py 20w +
<1—<ng=1 H£:1<1_(1_(1_m;1p—i) v L) (1_(1_mF1P‘5) " 5) >> > '

2\ 7sctssc
ma rsc M SSC\\ Al
1_[2 12 —(1—m+ )Enw_i 1—(1—m+ )Enw_s E(E+1)
i=11ls=1 Tip—i T'ip-s

1 -
(1 I (1- (1- i) (1- nfﬂw)))()> ’

1
(1 @—(1—n@mfﬁmcﬁ-wfﬁmﬁf“DﬂﬂﬂT“H“
RP-i RP—s
i 2 L
= 7sctssc
1—<1—<H?=1H§=1< (1 n ij:WL- )rsc(1—%‘?2‘{;5)5“))2(2“)) )'
2 T
7 8
1—<1—<H?=1H§=1<1 (1—n+§ivfi_i>¢SC(1—n+§i"‘_’;s)asc>>f(f+l)> > SC)

N—————

i2m|

(28)
Proof. Omitted.

Theorem 3. Prove that the CI-VIULAHM operator is a certain case of the CI-VIULWAHM operator.
Proof. Assume

Cl — VIULWAHMrSC"SSC(FC]U—pFCIU 2 'FCIU—SJ“) =

1
—~ rsc 8SC\rsctssc
(2(2+1) 12 (2 QW—iFCIU—L) (ZQW sFCIU 5) > 5 SC-

If ﬁW = {%,%, ....,%}, then

CI — VIULWAHM S35 (T 1, Tpy g, ooy oy _3) =

AIMS Mathematics Volume 7, Issue 8, 13595-13632.
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1
™ )555)4”sc+55c

2 =] =] ~ o~ 7'sc ~
(s Tt (P ilin—) ™ (B 0wl

$(Z+1)
1
2 5 5 (ml 7'SC (1 $SC\rgctssc
N L= = Z;I’ —i X=Ir_ =
<£(£+1) 1—125—1 5 CIU-1 b ClU-s

1

—2 b b rscts
<f(f+1) =1 ZsZ=1(1"C1U—i)wsc(FCIU—s)‘ssc> S = 1 -

VIULAHM"sc-4sc (FCIU—lf Iey—2, e FCIU—B:")'

Definition 9. The CI-VIULGHM operator is simplified and diagnosed by

Cl — VIULGHM"sc3sc; 8% — @, by

1 ~ -
Cl - VIULGHMMC"SSC(FCIU—LFCIU—Z) ---'FCIU—E) = ( ) | A

7sct8sc
2

5SCFCIU—5))E(E+1)- (29)

Theorem 4. Using Definition 5 and Eq (29), we achieve

CI — VIULGHM"5¢*5¢(Tyy_y, Teyy—gs oo Ty ) =

AIMS Mathematics Volume 7, Issue 8, 13595-13632.
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i

U]

i2m|

(1_m}tIP—

1_(1 (H 1“ ( (1_mF1P—i)¢SC

-7'sc —3sC
-n T'rp—i T Trp- s)

(1- (Mo
(-
(10 oo o

(1_(1_[?:1 H§=1(

+7'sc +8sc
1(1 N rrp—i"™ TIrp—s

2

85C

Fip—s
i2m
2

nt rsc _ +38SC
r nt r
IP—i IP—s

Proof. Omitted.

b — rsc _ 85 E()?Zﬂ) rsctssc
(1= (1= mry ) (1= s, )) |
M1~ (1= miy, )™ (1~ m;RP_s)*SC))f(fﬂ))
- - 5 ﬁmz rSct3sc ]

1—(1 (H 1[1 ( —(1_ml—_IP_i) Sc(l_ml_"lp_s) SC))2(2+1)> ,

2 \7sc+ssc
)"‘SC))E(EH))
)

Z'+1

e
N

))E(EH)

))E(E+1)>r5c+ésc

1\

1 -

1
7Sct8sc

2

1

. (30)

1

>4”5c+5sc
)
)4’SC+5SC

4”sc+<55c

)

1

Additionally, in the availability of parameters, we diagnose various sorts of specific cases:
1) If 8¢ — 0 in Eq (30), then we get the CI-VIUL generalized geometric linear descending

weighted mean (CI-VIULGGLDWM) operator
Cl — VIULGHM"5¢° (Igyy -1, Tery—as s Ty _5) = &WO(

2
'5SCFCIU—5))E(E+1)>

AIMS Mathematics

1 (
r'sctasc

1 ~ Y=Y
<7§€ (l_[f:=1 ”’scFCIU—i)E(ZH))

5 5
iz [s=1(rscley—-i +
2
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i

{057

r’ ’

1

_2 \7rsc
1—<1 ( ? 1(1 (1—%)rsc>)'f(f+1)>

7sc =i m e
< 1(1_(1 LT l) )(ZH )) )

2

roe (T+1-0)\E(E+1)
1-(1- (ML= -m, )™ )

| G\
5 P T+1-)\Z(T+1
1—(1 ( o 1(1 (1—mF,P_i) Sc) ) >
1

(B+1-i0) s
1—<1_< il(l_(l_m’tm—i)ysc) l>2(2+1)>

1

i2m|

]

1

- =\ TsC rsc
7 . Y+1-i)\2(T+1) = ~ J+1-i 2(2+1)
<1 - ( iZzl(1 —-n [';i_i)( )> ) ’ <1 - ( ile(l - + :IC; 1)( )) )

[ 2 \7e 2 \7
<1_(nzf;1(1—nﬁf;_i)@““’)f(’f“)> ,<1_(11?:1(1_%%;:_»@“‘”)’f@*”)
e | ]
2) If r¢c = 0 in Eq(30), then we get the CI-VIUL generalized geometric linear ascending weighted
mean (CI-VIULGGLAWM) operator

1 ~ ~
Cl — VIULGHMOKSSC(I}IU—L FcIU—Zr ey FCIU 2) 4"5520 <4"5c+/55(; ( le H§=1(’I’V5CrCIU_i +
2 2

Bscleiy- 5))m> = (i (H?zl 5SCFC,U_1-)E(E+1)> =

8sc
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i21J

(f+1 ) ’“(’“2 ) ’sc
“ P -i)\3(Z+1
({7

(
1-[1- <1‘[?=1(1 —~(1-mf

i2m

1

m(1-(- m;Rp_i)‘s“)(E”‘”>f<f+1>

T'rp-i

1- ( L(l=mpe
- Er1-0\5Er) |
.
(1 (10w )0 f)

1
@ s S+1-i)\3(Z
'(1‘(“f=1(1—n+rfﬁ_i>< b “)>

2

2

sscy (Z+1-0) \Z(Z+1
)5 ) (2+1)

i)(f+1—i))f(§2+1)>5sc |

1

J

3) If rgc = 8gc = % in Eq (30), then we get the CI-VIUL basic geometric HM (CI-VIULBGHM)

operator

AIMS Mathematics

11
CI — VIULGHM?2(Igyy_y, Tejy—z, -0 T,

CIU—E) =
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i2m

i2m

e

o 1 NEET . - . PR
(niilnfa(l—(l—map_oz<1—map_s>2))2@“).(11%:1nf=1(1-<1-m,t,P_i>z<1_m,+~,,3_s)z))f<f“ﬂ

1 1
- ~ = =
_ Py pA a2 -2
( ie1[ls=1 (1 " Treoi™ FRP—s)
(. _
< i=1[1s=1 <1 n* rRP i I"RP s))

2

I 11 \W\5Ea)
<1—<nf=1n§=1<1 nr L”_%IP_S»E(EH))( (Hzlﬂ (1 nt

2
E(E+1)
FIP " FIP s))

4) 1If rg¢ = 8sc =1 in Eq (30), then we get the CI-VIUL geometric line HM (CI-VIULGLHM)

operator

AIMS Mathematics

CI — VIULGHM*(Igyy_1, Tejy—z, o T,

CIU—E) =
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({6 ) )

v

1=
~_

. erP_s)))féﬂ)) |

1
2

<1 - (1 - ?:1 H§=1 (1 B (1 - mItRP—i)(l - mFRP—s)))E(;H))

1 -
2

<1 - (1 - ?=1 H§=1 (1 - (1 - ml_"RP—i)(l

i2m

<1_(1_H?=1 Hg:l(1_(1_m;IP—i)(1_mF1P—s)))E(E+1)) ,

e

<1—<1—l’[?=1 l'[g:l(l—(1—m;IP_i)(1_mltlp_s)))f(f+1)>

D
l 1

(1 (g, ) (1 (g, )

+ +
Nrpp—i M Trp—s

1
5 1
i2m

|
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1

__4 \2 2 >
<1_<Hi§=1H?:l(l—nl_"lp_inl_"lp_s)>£(£+1)> ’<1_(Hi§=1Hg:l(l_nFIP—iﬂFIP—s))E(Z-'—l)) l
|

Property 2. Using Eq (30), we discuss some properties, such as those following.
1) If Ity—; = ey, then

Cl — VIULGHM"¢5¢(Ieyy—q, Teiy—2, s Ty _5) = Tetw-

(31
2) If Ilyyi < Tewyeii = 1,2, ..., %, where
l l l ’ AWRZ I (i l %) 12 ' (i . e
Iey-i = ([Uﬂi'nc’s]' (mI"RP—i(f)el n(mr”"l( ));”LFRp—i(f)el n<%r”’“( ))>>, Ls=12..,2,
then
Cl = VIULGHM"S¢3S¢ (I, Iy gy s Ty _50)
< CI = VIULGHM"Se*¢ Iy, Tery—2s s Ty _3)- (32)
3) If Igy-a= min(rcw—pfcw—z; --'FCIU_S;“)' and Igy_p = max(rcw—lyrau—z' ---;FCIU_S;“) )
then
Teiy—a < CI — VIULGHM”'SC"*SC(I’C,U_L Iciv—2 "'rcw—”z“) <I¢y_p- (33)
AIMS Mathematics
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Proof. Omitted.
Definition 10. The CI-VIULWGHM operator is simplified by

Cl — VIULWGHM?sc3sc: ©° — @, by

Cl — VIULWGHM“SC”SC(FCIU_L Tery—zs ) FCIU_E) =—

2

(8sclt CIU—s)EﬁW_s )Z(EH)- (34)

~ ~ N~

> b ( T0w_;

il _ Verl - w-i 4
¢SC+5SC( i=1 [5=1 ( (rscley—1)

The term Oy = {ﬁw—pﬁw—z'--wﬁw_f} shows the weight vector with Z?zl Qu_i=1,
Qy_; € [0,1].

Theorem 5. Using Definition 5 and Eq (34), we obtain
Cl — VIULWGHM"3¢35¢(Ipyy—q, Teiy—z, s Ty _5) =
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e

Proof. Omitted.

5. Decision-making procedure for CI-VIUL settings
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Decision-making approaches are the techniques we use with data to get a decision in situations
like deciding to cross a canal, choosing a later semester’s classes or establishing an extended-term
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business scheme. Furthermore, human decision-making is frequently learned as a consequence of the
sensitive performance of alternative terms on the possible options and the values of the consequences
connected to these decisions. This analysis describes the MADM technique using initiated approaches.

5.1. Decision-making process

This study states how we employ the MADM procedure in the field of the CI-VIULWAHM
operator or CI-VIULWGHM operator. Therefore, to check the practicality and usefulness of the
initiated approaches, a MADM technique is implemented for CI-VIUL settings. The reliability of the
proposed MADM tool is demonstrated via a computational example that assesses the impact of the
diagnosed approaches on various well-known prevailing theories. For this, various mathematical forms
of alternatives are given in the form of @, = {‘I’Az . 2} similarly, the mathematical
shapes of attributes are given in the shape of L = {L4;— 1,ZAt 20, Lar_s} with weight vectors
Qy = {Qw_l,QW_z, s W_n}, expressing the value of experts with Ziﬁzl Qu—_; = 1. Furthermore,
expressions for different experts are given by Dy, = {Dpm-1, Dpm-2, -» D, _3}. and their weight
vectors are Q' = {Ww_l, Vs ...,fl\’W_ﬁ} , showing the opinions of the experts with

lﬁzl Q',_; = 1. Under the availability of the above data, we diagnose various matrices that are of the
shape R%,i=1,2,..,1, where the terms included in the matrix are expressed by Iy =

(] (7200, () 1, (8) ), whete 121, () = [, (0 1 (D] 220 D16 O, g

”’chw(if) = [%FRPV(\’E),/I’LFRP (f)]eizn[”‘:lf’ (f)’:”F v ) , uwith well-known and valuable rules: 0 <
mi,(f) + nf,(f) <1 and 0 <mf (f) +nf,(f) <1 where 1,7, €A <s). To evaluate
the above problem, the decision-making process is diagnosed here.

5.2. Proposed algorithm

Now, the steps of a new technique to describe the problem are shown below.
Step 1. Formulate the matrix by putting the items in the shape of CI-VIULNS.
Step 2. Formulate the CI-VIULN by aggregating the given data with the help of the CI-VIULWAHM
operator or CI-VIULWGHM operator.
Step 3. Again, formulate the CI-VIULN by aggregating the given data with the help of the CI-
VIULWAHM operator or CI-VIULWGHM operator.
Step 4. Formulate the SV with the availability of aggregated CI-VIULNS.
Step 5. Formulate the ranking values in which the availability of SVs demonstrates the best options.

6. Illustrating example

Data given in [41] are very valuable and informative for determining the beneficial option for
taking the best decision from the family of decisions. In [41], it is stated that there are some well-
known organizations that try to pick the most beneficial and ideal option among all options. For this,
experts give four potential terms, expressed as the family of alternatives, as stated below:

1) ®4,_;: vehicle company,
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2) ®,,_,: food company,
3) ®,,_3: computer company,
4) @,,_,: mobiles company.
For this, experts also give data that expressed the four attributes:
1) L4,_;: hazard factor,
2) Ly, improvement factor,
3) L3 social factor,
4) Ly;_4: other factors.
For the above four criteria, experts give their opinions in the form of their weight vectors O}, = (0.4,0.4,0.2)" for the decision matrix and
Qy = (0.4,0.3,0.2,0.1)7 for CI-VIULNSs. Now, the steps of a new technique to describe the dilemma are shown below:

Step 1. Formulate the matrices by putting the items in the shape of CI-VIULNS (see Tables 1-3).

Table 1. Matrix R?, including CI-VIULNES.

Alternative/Attribute  Lae- Lae- Lae- Rz

B4 [11,m2), (71,121, (71,721, [1,12],
[0.3,0.4]et2m0-L02], [0.31,0.41]e2ml011.0.21]) [0.32,0.42]¢2ml012.0-22], [0.33,0.43] i27[013023]
[0.2,0.3]e203.04] [0.21,0.31]e2m031.041] 022032]e12”°32°421 <[0 23,0.33] 12n[033043])

B, [71,m3], [71,m5], [71, 151, [11,13],
[0.1,0.3]et2m02.04], [0.11,0.31]e2ml021.041]) [0.12,0.32]¢2nl022.042], [0.13,0.33] e 2m[0230.43]
[0.2,0.3]e2m02.03] [0.21,0.31]¢2m021.031] 022032]e12"°22°321 ([o 23,0.33] 1271[023033])

Dy [n2,m3], [n2,7m3], [n2,m3], 12, 13],
[0.5,0.6]¢ 27103051, [0.51,0.61]e2m1031.0.51], [0.52,0.62]¢2n1032.052], [0.53,0.63] ¢ 27[033053]
[0.1,0.2]¢2m0-2.03] [0.11,0.21]e2m021.031] 012022]6’2”022032] <[0 13,0.23] zZn[023033]>

Bs [71,m3], [71,15], [71,m5], [1,15],
[0.2,0.6]e2r10204], [0.21,0.61]e2ml021.041], [0.22,0.62]¢2m1022.042], [0.23,0.63] e 2m[0230.43]
[0.2,0.3]et2m0-1.04] [0.21,0.31]et2ml0-12,041] 022032]e’2”°12°421 <[0 23,0.33] 1271[013043])
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Table 2. Matrix R?, including CI-VIULNS.

Alternative/Attribute  £4,_4 Ly L5 Ly
Duiq (11,13l (11,15, (1,15, (1,13l
[0405]61271[0203 [0 41 051]612” 021031] 042052] LZn[022032] [0 43053 12n[023033]
[0102]61277: [0.1,0.2] [0 11021]61277:011021 012022]91211’012022] [0 13023 127'5[013023]
Dy (11,121, (11,7121, (11,7121, (1,121,
0203]61271[0305 021031]61271 [0.31,0.51] 022032] i27[0.32,0.52] [0 23033 i21[0.33,0.53]
( 0103]61277:0102) ( 011031]61277:011021) 012032]91271’012022]) ([013033 1271'[013023])
Dyy3 (13, 14], (13, 14l, (13, 14l, (13,14l
0203]61271[0203 021031]61271 0.21,0.31] 022032] i27[0.22,0.32] [0 23033 i21[0.23,0.33]
( 0102]6127r0102> ( 011021]61277:011021) 012022]61271012022]) ([013023 1271'[013023])
Pars [11,73], [n1,73], [11,75], [11,13],
0 2 0. 3]61271[0102 0 21 0. 31]61271 011021] [0.22,0.32]eiZn[O.lZ,O.ZZ]’ [0 23 0. 33 i2m[0. 13023]
0 2 0. 3]61277: [0.1,0.3] 0 21 0 31]61277: [0.11,0. 31] [0_22’0_32]eiZn[0.12,0.32] [0 23 0. 33 i27[0.13,0. 33]
Table 3. Matrix R3, including CI-VIULNS.
Alternative/Attribute  £,,_4 Ly, L5 Ly s
T (12,13l (12,13l (12,13l [n2,n3],
[0.2,0.6]€i2ﬂ[0'3'0'4], [O 21 0. 61] i2m[0.31 041] [0 22 0. 62] i21[0.32 042] [0 23 0. 63] i2n’[0.33,0.43]’
[0.1,0.2]€i2n[0'3’0'4] O 11 0. 21]8127[ [0.31 041] 0 12 0. 22]6127{ [0.32 042] 0 13 0. 23] i27[0.33,0.43]
Dyir (12, M4l, (12, M4l, (12, M4l, (12,14l
[0.2’0.3]61'27'[[0.3,0.4]‘ [O 21 0. 31 i2m[0.31 041] 0 22 0. 32 i21[0.32 042] [0 23 0. 33 i2m[0. 33,0.43]'
[0.1,0.2]€i2n[0'2’0'3] O 11 0. 21]8127[ [0.21,0. 31] 0 12 0. 22]6127{ [0.22,0. 32] 0 13 0. 23 i27[0.23,0.33]
D3 [73,14], [73,M4l, (73, 14], [73,M4l,
[0.1’0.5]61'27'[[0.2,0.4]‘ [O 11 0. 51 i2m[0.21 041] 0 12 0. 52 i21[0.22 042] [0 13 0. 53 i2m[o. 23,0.43]'
[0.2,0.3]€i2n[0'1’0'2] O 21 0. 31]81271 [0.11,0. 21] 0 22 0. 32](3!2” [0.12,0. 22] 0 23 0. 33 i27[0.13,0.23]
Continued on next page
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Alternative/Attribute  L£4,_4 Ly

Lpe-3

LAt—4

E’Al—z; [12,14], [m2,m4],

([0_1,0_3]6 i2n[0.2,0.3]’> ([0.1 1,0.31]ei2ml021.0.

[0.2,0.4] gi27[0-3.04]

0.31]
[02 1’0_41]ei2n:[0.31,0.4-1] )

[772' 7]4]1
[0.12,0.32]eiZn[0.22,0.32]'
[0_22’0_42]ei2n[0.32,0.42]

[m2,M4],

[013’033] ei27t[0.23,0.33],
[023’043] ei2n[0.33,0.43]

Step 2. Formulate the CI-VIULN by aggregating the given data with the help of the CI-VIULWAHM operator or CI-VIULWGHM operator, and
using the values of parameters 7%, 8sc = 1; then, see the data in Table 4.

Table 4. Aggregated values using CI-VIULWAHM operator.

Ly

‘CAt—4-

L1 Lat—2
Par-1 [10.33448, Mo.65666] [M0.33448 Mo.65666),
[0.3998,0.6171]ei2m[0-2521,0.3796] 0 4121,0.6281] e 2m[02650,0.3921]
( [0.0004,0.0049] ¢ 2m[0-0039,0. 019] [0 00057,0.0058] ¢ 27[0.0047,0. 0215
Pai-2 [110.3344: M0.7272], [M0.3344: N0.7272),
[0.2162,0.3888]gi2m[0-3441,0.5512] [0 2292,0.4011] e 2m0.3567,0.5626]
( 0.00041,0.0088]e i27[0.0010,0.0081 ) [0 00057,0.0103]e i2m[0.0013,0. 0095]
P -3 [M0.6566: Mo.8526), [M0.6566: Mo.8526],
[0.3693,0.587]e27[0:3092,0.5104] [0.3819,0.5983]ei2n[0:3218,05222]
( 0.00035,0.0044]e2710-00041, 00049 ) ([0 00049,0.0053] ¢ 27[0:00057,0.0058
Pai-s [M0:3344, M0 78971, (103344, Mo.7897],

[0.2278,0.5228]e ‘2”[0'216210-3895]) ( [0.2407,0.5346]i2n[0.2292,04019]

[0.0025,0.0198]i2m[0-0007,0.02967] [0.0031,0.02237]e2710.00095,0.0329]

)
)
¢
)

[M0.33448) No.65666)>

[0 4243,0. 6392] i27m[0.278,0.4045] )

0 00077,0.0069]¢i27100057,0.027]

(103344, M0.7272]s

[0 2421,0. 4134_]eL217: [0.3691,0. 5740]
0 00078 0. 01192] i2m[0.00173,0. 01104]

[M0.6566: Mo.8526),
[0 3943 0. 6096] i27[0.3344,0. 5338]

0.00068,0. 0063]eL2T[ [0.00078,0.0069]

[M0.3344, Mo.7897],
[0.2535,0.5463] ¢ 27102421,0.4142]

[00038,00250] e i21[0.0012,0.03641]

)

)

(

(
(

[M0.33448) No.656661»
[0 4364,0. 6501]6’2”[0 .2908,0.4169] >

[0 0010,0. 008] i21[0.0068,0.027]

[M0.3344:M0.7272]
[0 2550,0. 4256]61211: 0381605852]

[0 0010 0. 0137]612"[0 .00219,0.01271

[Mo.6566 M0.8526),
[0 4067,0. 6208]6‘2”[0 .3469,0.5454] )

[0_0009’0.0075] i21[0.0010,0.0082]

[M0.3344:M0.7897),
[0 2663,0. 5579] i2m[0.2550, 04264]

[0.0046,0.0279]27(0.00163,004012]

|
)
|
)

Step 3. Again, formulate the CI-VIULN by aggregating the given data with the help of the CI-VIULWAHM operator or CI-VIULWGHM operator

and using 7c, 8sc = 1; then, see the data in Table 5.
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Table 5. Aggregated values using CI-VIULWAHM and CI-VIULWAHM operators.

CI-VIULWAHM CI-VIULWGHM
Pyt [M0.08145, Mo.1587], [M0.08145 M0 1587,
[0.4818‘0'7069]ei27t[0.3163,0.4-598]’ [0 2960,0. 5174]el21'[ [0.1657,0. 2772]
[0.00000091,0.00134]¢27(0-00104,0.00663] [0.00072,0.0072] ¢ ?710-0059,0. 0263
P2 [M0.0814: Mo.1755), [M0.0814) Mo.1755),
[0.2747,0.4698]e!27[0.42040.6413] [0.1371,0.2857]ei2m0-2447,0.4471]
[0.0000009,0.00266]e27(0:00022,0.00241] [0.00072,0.0126]27[0:00169,0.01172]
Pai-s [M0.1587, Mo.2052), [0 1587) Mo.2052],
[0.4485,0.6774]ei2m[0-3812,0.5996] [0.2677,0.4851]ei27[0-2137,0.4049]
[0_0_00006’0_00119]ei21‘[[0.0.00009,0.00134-] [0 00062,0. 0066] i21[0.00072,0. 00727]
Pyi-a [M0.08145, M0.19034], [M0.08145) Mo.19034],
[0.2881,0.6125]ei2ml0-2747,0.4706] [0.1462,0.4178]e2m[0-1371,0.2864]
[0.00062,0.0069]ei2"[0'00015'0'01134] [0.0039,0.02742]e i27[0.00119,0.04031]

Step 4. Formulate the SV with the availability of aggregated CI-VIULNS, as given in Table 6.

Table 6. Expressed SVs using data in Table 5.

CI-VIULWAHM CI-VIULWGHM
[ 0.73986 0.46009
(I 0.65919 0.39818
Cars 0.93306 0.60145
Cars 0.58084 0.32658

Step 5. Formulate the ranking values for the availability of SVs to demonstrate the best options, as
given in Table 7

Table 7. Expressed ranking values.

Methods Ranking values
CI-VIULWAHM operator D3 =Dy 1 =Dy =Dy,
CI-VIULWGHM operator D3 =Dy 1 =Dy =Dy,

Table 7 provides the same ranking results with the same beneficial optimal @,,_;, as obtained
using the CI-VIULWAHM operator and CI-VIULWGHM operator. Figure 1 states the practical form
of the data in Table 6.
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Score Values
o
(%2}

CI-VIULWAHM operator 0.73986 0.56919
B CI-VIULWGHM operator 0.46009 0.39818

0.93306
0.60145

Alternatives

0.4
0.3
0.2
0.1
0

1 2 3 4

0.58084
0.32658

CI-VIULWAHM operator m CI-VIULWGHM operator

Figure 1. Shown graphical structure of data in Table 6.

6.1. Influence of parameters

Here the main theme is to find the stability of the parameters by using their different values and
discussing their ranking values. Here, we suggest two main parameters, called rg, and sg.. Using the
data in Tables 1-3, we find the influences of parameters on different values. The major analysis of this
theory is demonstrated in Table 8 with the help of two well-known theories called CI-VIULWAHM
and CI-VIULWGHM operators. First, we try to fix the value of the parameter sg. = 1; then, see

Table 8.
Table 8. Expressed influences of parameter 7, for 85, = 1.
*sc Operator Score Values Ranking Values
1 WAHM 0.7398, 0.6591, 0.9330, 0.5808 D3 =Py 1 =Dy, =Py,
WGHM 0.4600, 0.3982, 0.6014, 0.3265 Dp 3 =Dy 1 =Dy =Dy,
2 WAHM 0.618, 0.5574, 0.8554, 0.4652 D3 =Py 1 =Dy =Py,
WGHM 0.2764, 0.2474, 0.4679, 0.1410 D3 =Py 1 =Dy =Py,
5 WAHM 0.2582,0.2251, 0.5497, 0.1721 D3 =Py 1 =Dy =Py,
WGHM —0.4424, —0.4409, —0.3171, —0.5144 D3 =Py 1 =Dy =Py,
7 WAHM 0.2313,0.1940, 0.5124, 0.1766 D3 =Py 1 =Dy, =Py,
WGHM —0.7208, —0.7302, —0.7182, —0.7668 Dp3 =Dy 1 =Dy =Dy,
10 WAHM 0.2893, 0.2491, 0.5928, 0.2430 D3 =Py 1 =Dy =Py,
WGHM —0.9715, —0.9657, —1.0896, —0.9764 Dp3 =Dy 1 =Dy =Dy,

Tables 8 and 9 state that for any number of parameters, we can get the same ranking result, then
the beneficial optimal value is @,4;_3. Moreover, with the availability of the presented approaches, we
further improved the quality of the invented approaches with the help of the comparative analysis

diagnosed here.
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Table 9. Expressed influences of parameter 8¢ for 775, = 1.

Ssc Operator Score Values Ranking Values

1 WAHM 0.7398, 0.6591, 0.9330, 0.5808 D3 =Py 1 =Dy =Py,
WGHM 0.4600, 0.3982, 0.6014, 0.3265 D3 =Py 1 =Dy =Py,

2 WAHM 0.6681, 0.5905, 0.8739, 0.4815 D3 =Py 1 =Dy =Py,
WGHM 0.3727, 0.3242, 0.5543, 0.1985 D3 =Py 1 =Dy =Py,

5 WAHM 0.2579, 0.1919, 0.4958, 0.03177 D3 =Py 1 =Dy =Py,
WGHM —0.2382, —0.2634, —0.05009, —0.4125 D3 =Py 1 =Dy =Py,

7 WAHM 0.03748, —0.03779, 0.2520, —0.1812 D3 =Py 1 =Dy =Py,
WGHM —0.5289, —0.56151, —0.3913, —0.6661 D3 =Py 1 =Dy =Py,

10 WAHM —0.1822, —0.2731, —0.0081, —0.3821 D3 =Py 1 =Dy =Dy,
WGHM —0.7752, —0.8183, —0.6939, —0.8692 Dp3 =Py 1 =Dy =Dy,

6.2. Comparative analysis

Comparative analysis refers to the sensitivity of two or more techniques, data sets or tools. Pattern
analysis, filtering and strategic decision-making techniques are different forms of sensitivity analysis.
In healthcare, sensitive analysis is performed to compare the large number of medical records, images
and other data used to find the supremacy of the decision-making tool. In this strategy, we suggested
various existing operators in these forms: the HM operator initiated in [41], partitioned BM (PBM)
operator initiated in [42], weighted Bonferroni ordered weighted averaging (WBOWA) operator
exposed in [43], Hamy mean (HaM) operators diagnosed in [44] and BM operators proposed in [45].
The information given in [41-45] was diagnosed based on intuitionistic uncertain linguistic sets. The
prevailing operators based on intuitionistic uncertain linguistic information were diagnosed in [41-45]
and have a lot of limitations because they can deal only with one dimension of information at a time;
however, the supremacy of the proposed work is that they can easily deal with two dimensions of
information at a time. Table 10 includes a comparative analysis of the initiated and existing operators
using the data in Tables 1-3.

Table 10. Results of comparative analysis.

Methods Operator Score Values Ranking Values

Liu et al. [41] HM Limited rules, not able to find the = Failed to resolve the above theory
solution of the above example

Liu and Liu [42] PBM Limited rules, not able to find the = Failed to resolve the above theory
solution of the above example

Liu et al. [43] WBOWA Limited rules, not able to find the = Failed to resolve the above theory
solution of the above example

Liu et al. [44] HaM Limited rules, not able to find the = Failed to resolve the above theory
solution of the above example

Liu and Zhang [45] BM Limited rules, not able to find the = Failed to resolve the above theory

Proposed operators

CI-VIULWAHM
CI-VIULWGHM

solution of the above example
0.7398,0.6591,0.9330,0.5808
0.4600,0.3982,0.6014,0.3265

Dy 32 Py1 2Py 2 Pyy_s
D32 Py 1 2Py 2 Pyy_a

AIMS Mathematics

Volume 7, Issue 8, 13595-13632.



13628

The data given in [41-45] have various limitations and, due to these reasons, they cannot give the
exact solution of the considered data. The demonstrated approaches have a lot of advantages, and they
can easily find the solutions to the awkward and complicated sorts of data. Using the information in
Table 10, we get the best optimal value in the form @,,_,. Furthermore, we try to explain the above
result in the form of a graphical structure, like Figure 2. Figure 2 includes four alternatives initiated by
six different scholars [41-45]. Therefore, the diagnosed approaches are more dominant as compared
to the approaches in [41-45].

0.9
0.8

0.7
0.6
0.4
0.3
0.2
0.1

HM PBM  WBOWA HaM BM WAHM  WGHM

Score Values
o
(92}

Livetal. Liuand Liuetal. Liuetal. Liuand Proposed Work
[41] Liu [42] [43] [44] Zhang
[45]

Alternatives

m A5 mRS2 mRH3 mA5l4
Figure 2. Geometrical shapes of data in Table 10.

7. Conclusions

The theory of CI-VIUL information is more massive and generalized than the existing theories,
such as intuitionistic, [-V intuitionistic, intuitionistic fuzzy linguistic, I-V intuitionistic fuzzy linguistic
and linguistic sets. The main and most valuable results of this analysis are described below.

1) We diagnosed the well-known theory, called the CI-VIUL setting, as a more powerful and capable
tool to handle ambiguous sorts of theories. Furthermore, to enhance the features of the CI-VIUL
information, we diagnosed the algebraic laws, SV and AV for CI-VIUL settings.

2) We developed the CI-VIULAHM operator, CI-VIULWAHM operator, CI-VIULGHM operator,
CI-VIULWGHM operator and their well-known achievements in the form of some results, important
properties and specific cases.

3) We checked the practicality and usefulness of the initiated approaches, and a MADM technique
was implemented for CI-VIUL settings.

4) The reliability of the proposed MADM tool was demonstrated by a computational example that
assesses the impact of the diagnosed approaches on various well-known prevailing theories.

Decision social networks mostly depend on the individual decisions in the examples. In the
upcoming times, we can continue to enhance superior aggregation operators, different types of
techniques, new similarity measures, etc., further diagnosing a massively valuable and genuine weight
determination technique that can be employed to evaluate awkward and problematic issues in various
real-life problems. In addition, we will modify the proposed work for complex spherical FSs [49], T-
spherical FSs [50], Pythagorean FSs [51], decision-making [52-55], linear Diophantine FSs [56] and
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fuzzy N-soft sets [57] to enhance the study of the existing approaches.
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