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Abstract: Performance measurement has a vital role in almost every field of life especially when uncertainty is involved in processing
information. The purpose of this research is to use the concept of power aggregation operators (PAOs) of complex T-spherical fuzzy sets
(CTSFSs) to analyze the performance measures of software packages. In comparison to other studies, the main advantage of the PAOs of
CTSFSs is its ability to feature four possible aspects of the information under uncertainty. In CTSFSs, each component has further two
aspects denoted by their amplitude and phase terms and hence provides us a better ground to deal with practical problems. Another
advantage of using PAOs for performance evaluation is the involvement of the relationship of the input arguments that play an essential role
in aggregation. Other traditional aggregation operators (AOs) do not have such capabilities. We aim to develop complex T-spherical fuzzy
(TSF) power weighted averaging and complex TSF power weighted geometric (CTSFPWG) operators and evaluated their validity using
some tests. Ultimately, using the recommended operators, multi-attribute decision-making (MADM) algorithm is established for the
performance evaluation of the software packages. With the help of a numerical example, we demonstrated the proposed MADM algorithm
using complex uncertain information. The results show a positive impact by analyzing them after a comparative analysis where the results
obtained using complex TSF PAOs seem to be more reliable than the results obtained using previously developed AOs. To see the
effectiveness of the algorithm, the results are numerically compared using some existing approaches, and conclusions are drawn.
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1. Introduction

Multi-attribute decision-making (MADM) procedure entails
examining a small number of options and arranging them in such a
way that they are trusted by the decision-makers. To manage it,
Zadeh (1965) introduced the idea of a membership grade (MG)
defined by a membership function on the interval [0, 1]. Zadeh’s
fuzzy set (FS) can be used to describe the uncertainty that lies in
human opinion and hence provides the solution to many real-world
complications such as decision-making (Nasir et al., 2021) and
pattern recognition (Chau et al., 2021).

Human opinion about a certain thing is not always
unidirectional, while the framework of FS only describes the MG
of an uncertain event hence not providing any information about
the non-membership grade (NMG) of the event. Furthermore,
Atanassov (1986) contributed by connecting the NMG and the
MG with elements and objects and proposed the idea of an
intuitionistic fuzzy set (IFS) and intuitionistic fuzzy number. This
concept of the IFS is likely to model any uncertain events with
the help of the MG and NMG with some certain limitations.

The IFS solely addressed two components of human opinion
regarding an uncertain occurrence, namely yes or no aspects
symbolized by the MG and NMG. The recognition that human
perception may include abstinence and denial to some extent which
is not covered by the frame of IFS. To cover this situation due to
the reason, Cuong (2015) developed the concept of picture FS
(PFS). The human perception is related with an extra grade, an
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abstention grade (AG), in addition to the NMG and MG, and any such
triplets with a summation on the scale of 0 and 1 are allowed by the
frame of PFS. However, PFS also faced considerable resistance while
assigning the degree of theMG, AG, and the NMGdue to its strict con-
dition. By expanding the range of PFS, Mahmood et al. (2019) estab-
lished the structure of spherical fuzzy set (SFS) by giving some larger
space for assigning the degree of MG, AG, and the NMG. Conse-
quently, with the addition of the parameter t the concept of SFS is fur-
ther expanded to T-spherical fuzzy sets (TSFS). A TSFS is the most
widespread fuzzy framework that may be used to describe the human
perception of an uncertain event in a flexible and unrestricted manner.

Recently, the notion of complex FS has been introduced by
Ramot et al. (2002), where the description of the MG is reshaped
using complex numbers with magnitude less than or equal to 1. This
notion was extended by Alkouri and Salleh (2012), to propose the
frame complex IFS (CIFS). Shanthi et al. (2021) introduced the
layout of complex PFS (CPFS) as the enhanced form of CIFS by
covering the AG along with the MG and the NMG. This frame of
CPFS was further extended by the Ali et al. (2020) by introducing
the notion of complex SFS (CSFS) and complex T-spherical fuzzy
set (CTSFS). A CTFS is one the advanced frame that can cope with
four kinds of uncertain information.

MADM is a popular topic in fuzzymathematics. This is one of the
most discussed topics in virtually and hazy context. AOs, distance
measures, similarity measures, entropy measures, and divergence
measures are some well-known tools for the MADM process in
specific cases. So far, many AOs have been developed in various
fuzzy environments to deal with MADM problems. Muhammad
et al., (2021) used the ranking approach to determine the superiority
and inferiority in MADM issues using new operations on PyFSs
such as division and subtraction. Umar and Saraswat (2021)
proposed some divergence measures for MADM in intuitionistic
fuzzy settings. Ali and Smarandache (2017) investigated the idea of
complex single-valued neutrosophic sets and their use in MADM.
Wei (2017) defined WA and GA in picture fuzzy (PF) context;
Wang et al. (2017) developed several geometric operators to deal
with the problem of decision-making. Some other work on AOs and
their applications in MADM can be found in Riaz et al. (2020),
Riaz and Hashmi (2019) and Pamucar (2020).

To overcome the MADM difficulties, all of the above-
mentioned measures and operators were extensively used. The
investigations, however, show that all of these algorithms are
based on the assumption that the traits being assessed are
unrelated to one another. However, it is self-evident that in our
everyday lives, all of the factors or attributes are dependent on
each other and their relation is of importance. The AOs discussed
in Muhammad et al. (2021), Umar and Saraswat (2021), Ali and
Smarandache (2017), Wei (2017), Wang et al. (2017), Riaz et al.
(2020), Riaz and Hashmi (2019), Pamucar (2020), Yager (2001),
Xu and Yager (2009), Wei and Lu (2018), Xu (2011), Mu et al.
(2021), Zhou et al. (2012), and Meng and Chen (2015) do not
consider the relationship of the input information. For example,
consider the purchasing of a home as a decision-making problem.
The parameters that correlate, such as location, features, and price,
are all dependent on one another. Such characteristics are ignored
in the research design discussed in Muhammad et al. (2021),
Umar and Saraswat (2021), Ali and Smarandache (2017), Wei
(2017), Wang et al. (2017), Riaz et al. (2020), Riaz and Hashmi
(2019), Pamucar (2020), Yager (2001), Xu and Yager (2009),
Wei and Lu (2018), Xu (2011), Mu et al. (2021), Zhou et al.
(2012), and Meng and Chen (2015). To address this problem, the
idea of a power aggregation operator (PAO) was developed by
Yager (2001) and Xu and Yager (2009).

Until now, extensive work has been performed in several fuzzy
framework on the topic of PAOs and the results found were
compatible. To address the MADM problem, the power WA and
power WG operators for PyFSs are expressed by Wei and Lu
(2018), using the features of IFSs. Xu (2011) investigated these
PAOs. To describe the applications of MADM approach in power
plant selection, Mu et al. (2021) used the power Maclaurin
symmetric mean operators. To tackle problems with group
decision-making, the extended PAOs were defined by Zhou et al.
(2012). To address the issues, Meng and Chen (2015) developed
interactive power Hamacher operators based on PyFS data. To
find a solution of MADM problem in the PyFS environment,
Schweizer and Sklar PAOs are investigated by Biswas and Deb
(2021). Rani and Garg (2018) introduced the notion of IFPWA
operators and their applications in the MADM process. Jana and
Pal (2021) addressed the MADM problem using Dombi PAOs.
Some Dombi PAOs in the frame of neutrosophic sets are
discussed by Jana and Pal (2021). Rong et al. (2020) investigate
the neutrosophic PAOs based on the Archimedean co-copula and
copula used in MADM. The selection process on the bases of
power Bonferroni AOs is discussed by Qin et al. (2020). Luo
et al. (2022) solved the MADM problem by Maclaurin PAOs.
Some other recent work can be seen in Jiang et al. (2018),
Đorđević et al. (2019), Stević et al. (2018), and Garg et al. (2021).

In real-life scenarios, whenever the uncertain information has
several aspects, dealing with such situations becomes a challenge. In
this paper, our aim is to use the frame of CTSFSs where the
uncertain information is described by four degrees, each of them has
further two aspects expressed by the amplitude and phase terms of
the four degrees. Due to the quality of expressing the relationship of
the aggregated information of PAOs and the significance of the
frame of CTSFSs, the goal of this paper is to develop the notion of
PAOs in the frame of CTSFSs and utilized it in MADM problems.
We observed the effectiveness of the PAOs of CTSFSs numerically.

The rest of the paper is designed as follows: In Section 2, we
discussed brief history of several fuzzy frameworks and their
particulars. In Section 3, we construct the PAOs in the framework
of CTSFSs and investigate their properties. We investigated the
specific circumstances and significance of the suggested operators
in Section 4. In Section 5, we developed an algorithm based on the
proposed operators to solve MADM issues. In Section 6, a
numerical example to exemplify the stated algorithm is discussed,
while Section 7 summarizes a comparative study of the current
work. Lastly, a solid conclusion is given in Section 8.

2. Preliminaries

In this section, we present some fundamental definitions that
will help us to understand the proposed work.

Definition 1. The TSFS is specified by Mahmood et al. (2019),
three functions called abstinence uð Þ and non-member dð Þ and mem-
bership sð Þ with a limitation that 0 � st þ ut þ dt � 18t 2 Zþ and
t � 1. In addition, r represents the refusal grade which is given by

¼ t
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� st þ ut þ dtð Þp

. For simplicity, the s; u; dð Þ is named as
T-spherical fuzzy number (TSFN).

Definition 2. A CTSFS will be specified in three functions
called abstinence ri:e

2πiθið Þ, non-member rn:e
2πiθnð Þ, and

membership rm:e2πiθmð Þ with a limitation that
0 � rm:e2πiθm þ ri:e2πiθi þ rn:e2πiθn � 18q 2 Zþ and q � 1. In addi-
tion, r indicates and gets the name refusal grade which is given by
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r ¼ q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� rm:e2πiθm þ ri:e2πiθi þ rn:e2πiθnð Þ

p
. For simplicity, the

CTSFN is named ðrm:e2πiθm; ri:e2πiθ; rn:e2πiθnÞ.

Remark 1. A CTSFS is turned into:

i. SFS; if q is considered as 2.
ii. PFs; if q is considered as 1.
iii. IFS; if ri is taken as 0 and q is considered as 1.

In remark 1, the advantage of CTSFS over the previous notions
is clearly defined. The four membership features that denote
membership, abstinence, non-member, and refusal status describe
a CTSFS. Therefore, it can better describe any human opinion as
compared to the CSFS, CPFS, Cq-ROPFS, CPyFS, and CIFS.

Now we will discuss the importance of PAOs which are firstly
introduced by Yager (2001). Yager introduced the concept of power
weighted AOs in a fuzzy environment. The development of PAOs
was motivated by the fact that all current aggregation tools ignore the
relationship between the data or information being used (aggregated).

The relationship of the information being used (aggregated) is
taken into account by T-spherical fuzzy PAO (TSFPAOs) proposed
by Garg et al. (2021), whereas the preceding AOs do not. The
abstinence and refusal degrees are taken into account by TSFPAOs,
whereas IFSs, PyFSs, and q-ROFSs PAOs only examined the MG
and NMG. Due to the parameter t, decision-makers have a greater
range for assigning MG when applying T-spherical fuzzy PAOs than
when using PF PAOs or spherical fuzzy PAOs.

3. Complex TSF PAOs

In this section, we aim to develop the PAOs in the frame of
CTSFSs. First, we proposed the complex T-spherical fuzzy power
weighted averaging (CTSFPWA) operator. Then we discuss the
CTSFPOWA operator and the complex TSF power hybrid
averaging (CTSFPHA) operator.

Definition 1: Let Ti ¼ rm:e2πiθm; ri:e2πiθi; rn:e2πiθnð Þ represent the
collection of complex TSF numbers (CTSFNs). Then CTSFPWA
operator is a map CTSPWA : Γn ! Γ and defined as:

CTSFPWA T1; T2; T3; . . . ;Tnð Þ ¼ j¼1
n � wið1þ r Tj

� �
Tj

� �
Pn

j¼1 wi 1þ r Tj

� �� �

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� rqm

� �
j

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
mð Þjð Þδjq

p
;

Qn
j¼1

r
δj
i

� �
j
:e
2πi

Qn
j¼1 θ

δj
i

� �
j ;
Qn
j¼1

r
δj
n

� �
j
:e
2πi

Qn
j¼1 θ

δj
n

� �
j

0
BBBB@

1
CCCCA (1)

Here δij ¼ wj 1�S Tijð Þð ÞP
n
j¼1

wj 1�S Tijð Þð Þ δij > 0 such that
P
j¼1

δij ¼ 1.

Where rðTjÞ ¼
P

n
i¼1
i6¼j

wi Sup Ti;Tj

� �
is the support function. The

above PAO satisfies the following axioms of aggregation.

Property 1. (Monotonicity) Let Tj ¼
�
rmTj

:e2πiθmTj ; riTj :e
2πiθiTj ;

rnTj :e
2πiθnTj Þ and Pj ¼

�
rmPj

:e2πiθmPj ; riPj :e
2πiθiPj ; rnPj :e

2πiθnPj Þ be two

CTSFNs such that Tj � Pj 8 j: Then

CTSFPWA T1; T2; T3; . . . ;Tnð Þ � CTSFPWA P1; P2; P3; . . . ;Pnð Þ

Property 2. (Boundedness) If T� ¼ ðminjrmj
:e2πiθmj ;maxjrij

:e2πiθij ;maxjrnj :e
2πiθnj Þand Tþ �

maxjrmj
:e2πiθmj ; minjrij :e

2πiθij ;minj
rnj :e

2πiθnj Þ. Then

T� � CTSFPWA T1; T2; T3; . . . ;Tnð Þ � Tþ

Property 3. (Idempotency) If 8 j ¼ 1; 2; 3; . . . ; n
�
rmj

:e2πiθmj ;

rij :e
2πiθij ; rnj :e

2πiθnjÞ ¼ T: Then

CTSFPWA T1; T2; T3; . . . ;Tnð Þ ¼ T

The ordered position of CTSFNs is ignored by the CTSFPWA
operator in Definition 1 and it only weighs the argument of the
CTSFNs. In challenges involving decision-making, the data are
sometimes presented in ascending or descending order, that is, the
input data’s ordered position is critical. To deal with such a
predicament, we were inspired by Yeager’s proposal of ordered
weighted averaging operators (Yager, 2001). The following
definition explains the concept of the CTSFPOWA operator.

Definition 2: Let Tj ¼
�
rm:e

2πiθmTj ; ri:e
2πiθiTj ; rn:e

2πiθnTj Þ represent
some CTSFNs. Then CTSFPOWA operator is defined as

CTSFPOWA T1; T2; T3; . . . ;Tnð Þ ¼ j¼1
n � ðwi 1þ r Tj

� �� �
Tσj

ÞPn
j¼1ðwið1þ rðTσj

ÞÞ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�Qn

1
1� rqmσj

� �
δjq

s
: e

2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

i 1�θ
q
mσj

� �
δjq

r
;

Qn
1
r
δj
iσj

e
2πiθ

δj
iσj ;

Qn
1
r
δj
nσj

e
2πiθ

δj
nσj

0
BBBBB@

1
CCCCCA (2)

where σ jð Þ is the permutation such that Tσ j�1ð Þ � Tσj
8 j and wi

denotes the collection of weights such that wi ¼ g
Rj

rv

� �
� g

Rj�1

rv

� �
;

Rj ¼
Pj

i¼1 Vσi
SV; SV ¼ Pj

i¼1 Vσi
SV ; SV ¼ Pn

i¼1 Vσi
¼ 1 þ

r Tσi

� �
and r

�
Tσj

Þ ¼ P
n
i¼1
i6¼j

Sup
�
Tσj

;Tσi
Þ. Where r

�
Tσj

Þ denotes the
support of jth largest CTSFN Tσj

for ith greatest CTSFNs Tσj
and

g : 0; 1½ � ! 0; 1½ � be a monotonic function with the axioms
g 0ð Þ ¼ 0 ; g 1ð Þ ¼ 1 and g xð Þ � g yð Þ if x > y. Equation (5)
specifies an AO that is sufficient to convince the following
fundamental features of AOs labeled as Property 1, Property 2,
and Property 3, respectively.

The CTSFPWA operator simply considers the argument,
whereas the CTSFPOWA operator considers the argument’s
ordered position, that is, two distinct aspects exist for both
operators. Therefore, in the following terminology, we suggest the
idea of a hybrid operator, also abbreviated as the CTSPHA
operator, which weighs both the argument and the ordered
position and hence possesses the taste of both CTSFPWA and
complex TSF power weighted geometric (CTSFPWG) operators.

Definition 3: Let Ti ¼ rm:e2πiθm; ri:e2πiθi; rn:e2πiθnð Þ represent some
CTSPNs. Then CTSFPHA operator is termed as complex TSFPWA.
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CTSFPHA T1; T2; T3; . . . ;Tnð Þ ¼ j¼1
n � wi 1þ r

·
Tj

� �� �
c

� �
Pn

j¼1 wi

�
1þ r

� ·
Tσj

ÞcÞ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�Qn

1
1� ·rqσm

� �
δj

q

s
: e

2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

i
1�θ

q
σmð Þδjq

q
;

Qn
1

·r
δj
σi e

2πiθ
δj
σi ;

Qn
1

·r
δj
σn e

2πiθ
δj
σn

0
BBB@

1
CCCA (3)

where r
� ·Tσj

Þ is the jth largest of the CTSFN ·Tj ¼ mwj
·Tj with wj as

the weight vector of complex TSF arguments ·
Tj such that wj 2 0; 1½ �

and
Pn

1 wj ¼ 1 and the coefficient of balancing is m.

Additionally, wj as a result wi ¼ g
Rj

rv

� �
� g

Rj�1

rv

� �
; Rj ¼Pj

i¼1 Vσi
SV; SV ¼ Pj

i¼1 Vσi
SV ; SV ¼ P

n
i¼1 Vσi

Vσi
¼ 1 þ

r
� ·Tσj

Þ and r
� ·Tσj

Þ ¼ P
n
i¼1
i6¼j

Sup
� ·Tσj

;
·Tσi

Þ Where r
� ·Tσj

Þ denotes the
support of jth the largest CTSFN ·

Tσj
for ith greatest CTSFNs ·

Tσj
and

g : 0; 1½ � ! 0; 1½ � is a monotonic function and their axioms
g 0ð Þ ¼ 0; g 1ð Þ ¼ 1 and g xð Þ � g yð Þ if x > y: In the subject of
information fusion, the weighted geometric (WG) and ordered
weighted geometric (OWG) operators are two common aggregating
operators. When the given arguments are expressed as crisp numbers
or linguistic values, then we use these two AOs.

Definition 4: Let Ti ¼ rm:e2πiθm; ri:e2πiθi; rn:e2πiθnð Þ represent the
CTSFNs. Then CTSFPWG operators are defined as:

CTSFPWG T1; T2; T3; . . . ;Tnð Þ ¼
j¼1

n � T

ðwi ð1þrðTj ÞTj ÞPn
j¼1

wið1þrðTj ÞÞ
j

¼

Qn
j¼1

r
δj
m

� �
j
: e

2πi
Qn

j¼1 θ
δj
m

� �
j ;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� rqi

� �
j

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
ið Þ jð Þδjq

p
;ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� Qn
j¼1

1� rqn
� �

j

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
nð Þ jð Þδjq

p

0
BBB@

1
CCCA
(4)

where r
� ·T

j
Þ ¼ Pn

i¼1
i6¼j

wj Sup
�
T

j
;T

i
Þ is the aggregated operator.

Definition 1 satisfies the following aggregation criteria.

Property 4. (Monotonicity) Consider Tj

�
T
rmj

:e2πiθmj

j ; T
rij :e

2πiθij

j ;

T
rnj :e

2πiθnj

j Þ and Pj ¼
�
rmj

:e2πiθmj ; rij:e
2πiθij ; rnj :e

2πiθnj Þbe two CTSFN

such that Tj � Pj 8 j. Then CTSFWG T 1; T 2 ; T 3; . . . ; T n

� �
� P1; P2 ; P3; . . . ;Pn

� �
.

Property 5. (Boundedness) If T� ¼ �
minjrmj

:e2πiθmj ;

maxjrij :e
2πiθij ; maxjrnj :e

2πiθnjÞ and Tþ ¼ �
maxjrmj

:e2πiθmj ;

minjrij :e
2πiθij ; minjrnj :e

2πiθnjÞ. Then T� � CTSFPWG T 1; T 2 ;ð
T 3; . . . ; T nÞ � Tþ

Property 6. (Idempotency) If 8 j ¼ 1; 2; 3; . . . :; n Tj ¼ T ¼
rm:e

2πiθm; ri:e
2πiθi; rn:e

2πiθnð Þ: Then CTSFPWG T 1; T 2 ; T 3;
�

. . . ; T nÞ ¼ T. The CTSFPWG operator only considers the CTSF
argument, which is not in any particular order.

Definition 5: Let Tj ¼ rm:e2πiθm; ri:e2πiθi; rn:e2πiθnð Þ represent some
CTSFNs. Then CTSFPOWG operator is defined as

CTSFPOWG T 1;T 2 ; T 3; . . . ; T n

� � ¼
j¼1

n � T

ðwið1þrðTσj ÞÞPn

j¼1
ð1þrðTσj ÞÞ

σ jð Þ

¼

Qn
j¼1

r
δj
m

� �
σj

:e
2πi

Qn

j¼1 θ
δj
m

� �
σj ;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� rqi

� �
σj

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
ið Þσjð Þδjq

p
;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� rqn

� �
σj

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
nð Þσjð Þδjq

p

0
BBBBB@

1
CCCCCA

(5)

where σj is a permutation such that Tσ j�1ð Þ � Tj 8 j and wj

represents the collection of weights such that wi ¼ g
Rj

rv

� �
�

g
Rj�1

rv

� �
; Rj ¼

Pj
i¼1 Vσj

SV; SV ¼ Pj
i¼1 Vσj

SV; SV ¼ P
n
i¼1

Vσj
Vσj

¼ 1þ r
�
Tσj

Þ and rðTσj
Þ ¼ P

n
i¼1
i 6¼j

SupðTσj
;Tσi

Þ. Where

r
�
Tσj

Þ denotes the support of jth the largest CTSFN Tσj
for ith

greatest CTSFNs Tσj
and g : 0; 1½ � ! 0; 1½ � is a monotonic function

and their axioms g 0ð Þ ¼ 0; g 1ð Þ ¼ 1 and g xð Þ � g yð Þ if x > y: The
fundamental axioms (4–6) of AOs are fulfilled by definition. The
CTSFPWG operator simply considers the CTSF argument, but
the CTSFPOWGoperator considers the argument’s ordered position.
As a result, we invented the CTSFHG operators, which consider both
the CTSF ordered position and argument.

Definition 6: Consider Tj ¼ rm:e2πiθm; ri:e2πiθi; rn:e2πiθnð Þ represent
the CTSFNs. Then CTSFPHG operator is defined as

CTSFPOWG T 1; T 2 ; T 3; . . . ; T n

� � ¼
j¼1

n � T

ðwið1þrð ·Tσj ÞÞPn
j¼1

ð1þrðTσj ÞÞ
σj

¼

Qn
j¼1

·r
δj
m

� �
σj

:e
2πi

Qn
j¼1 θ

δj
m

� �
σj ;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� ·rqi

� �
σj

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
ið Þσjð Þδjq

p
;ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� Qn
j¼1

1� ·rqn
� �

σj

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
nð Þσjð Þδjq

p
0
BBBB@

1
CCCCA

(6)

where ·Tσj
is the jth largest of the CTSFN ·Tσj

¼ Tmwi
j with weight

vector wi of CTSF arguments Tj such that wi 2 0; 1½ � andP
n
1 wj ¼ 1 and m is the coefficient of the balancing, wi such

that wi ¼ g
Rj

rv

� �
� g

Rj�1

rv

� �
; Rj ¼

Pj
i¼1 Vσi

SV; SV ¼ Pj
i¼1 Vσi

SV; SV ¼ P
n
i¼1 Vσi

Vσi
¼ 1þ r

� ·Tσj
Þ and rð ·Tσj

Þ ¼ P
i¼1
i6¼j

Sup

ð ·Tσj
;
·
Tσt

Þ. Where r
� ·
Tσj

Þ denotes the support of jth the largest

CTSFN ·Tσ jð Þ for ith largest CTSFNs ·Tσj
and g : 0; 1½ � ! 0; 1½ � are a

monotonic function and their axioms g 0ð Þ ¼ 0; g 1ð Þ ¼ 1
and g xð Þ � g yð Þ if x > y.

Remark 2. Placing wj ¼ 1
n ;

1
n ;

1
n ; . . . ;

1
n

� �
T and wj ¼

1
n ;

1
n ;

1
n ; . . . ;

1
n

� �
T reduces the CTSFHG operator to TSFPWG

operator and CTSFPOWG operator correspondingly.

4. The Significance of Proposed Work

The implications of the theory produced in Section 3 are
examined in this segment, demonstrating the superiority of the
recommended work over previously held beliefs. We show that
the proposed CTSFWA and CTSFPWG operators generalize the
previously defined PAOs. With the help of some restrictions, we
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show that the previously defined AOs can be obtained from the
proposed CTSFWA and CTSFPWG operators.

Consider the following CTSFPWA and CTSFPWG operators
labeled by Equations (7) and (8), respectively.

CTSFPWA T1;T2;T3; . . . ;Tnð Þ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� rqm

� �
j

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
mð Þjð Þδjq

p
;

Qn
j¼1

r
δj
i

� �
j
:e
2πi

Qn
j¼1 θ

δj
i

� �
j ;
Qn
j¼1

r
δj
n

� �
j
:e
2πi

Qn
j¼1 θ

δj
n

� �
j

0
BBBB@

1
CCCCA

(7)

CTSFPWG T1;T2;T3; . . . ;Tnð Þ

¼

Qn
j¼1

r
δj
m

� �
j
:e
2πi

Qn
j¼1 θ

δj
m

� �
j ;
Q·n
j¼1

r
δj
i

� �
j
:e
2πi

Qn
j¼1 θ

δj
i

� �
j ;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� rqn

� �
j

� �
δjq

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ
q
nð Þjð Þδjq

p
0
BBBB@

1
CCCCA

(8)

1. Taking q ¼ 2 reduces the PWAand PGAoperators of CSFS in Equa-
tions (7) and (8) to the spherical fuzzy environment as shown below:

CSFPWA T1; T2; T3; . . . ;Tnð Þ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� r2mð Þj

� �
δj2

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ2mð Þ jð Þδj2
p

;

Qn
j¼1

r
δj
i

� �
j
: e

2πi
Qn

j¼1 θ
δj
i

� �
j ;

Qn
j¼1

r
δj
n

� �
j
: e

2πi
Qn

j¼1 θ
δj
n

� �
j

0
BBBB@

1
CCCCA

(9)

CSFPWG T1; T2; T3; . . . ;Tnð Þ

¼

Qn
j¼1

r
δj
m

� �
j
: e

2πi
Qn

j¼1 θ
δj
m

� �
j ;

Q·n
j¼1

r
δj
i

� �
j
: e

2πi
Qn

j¼1 θ
δj
i

� �
j ;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� Qn

j¼1
1� r2nð Þj

� �
δj2

s
:e2πi

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�
Qn

j¼1 1� θ2nð Þ jð Þδj2
p

0
BBBB@

1
CCCCA

(10)

2. Taking q ¼ 1 reduces the PWA and PGA operators of CSFS in
Equations (7) and (8) to PF environment as shown below:

CPFPWA T1; T2; T3; . . . ;Tnð Þ

¼
1� Qn

j¼1
1� rmð Þj

� �
δj
:e2πi 1�

Qn
j¼1 1� θmð Þ jð Þδj

� �
;

Qn
j¼1

r
δj
i

� �
j
: e

2πi
Qn

j¼1 θ
δj
i

� �
j ;

Qn
j¼1

r
δj
n

� �
j
: e

2πi
Qn

j¼1 θ
δj
n

� �
j

0
BBB@

1
CCCA
(11)

CPFPWG T1; T2; T3; . . . ;Tnð Þ

¼

Qn
j¼1

r
δj
m

� �
j
: e

2πi
Qn

j¼1 θ
δj
m

� �
j ;

Q·n
j¼1

r
δj
i

� �
j
: e

2πi
Qn

j¼1 θ
δj
i

� �
j ;

1� Qn
j¼1

1� rnð Þj
� �

δj
: e2πi 1�

Qn
j¼1 1� θnð Þ jð Þδj

� �
0
BBB@

1
CCCA (12)

3. Taking ri ¼ 0 and θi ¼ 0 reduces the PWA and PGA operators of
Cq-ROPFPWG in Equations (7) and (8) to the spherical fuzzy
environment as shown below:

Cq� ROPFPWA T1; T2; T3; . . . ;Tnð Þ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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� �
δq

s
:e2πi
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p
;
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r
δj
n

� �
j
: e

2πi
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j¼1 θ
δj
n

� �
j

0
BBBB@

1
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(13)

Cq� ROPFPWG T1; T2; T3; . . . ;Tnð Þ

¼
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� �
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4. Taking q ¼ 2 ri ¼ 0 and θi ¼ 0 reduces the PWA and PGA
operators of CPyFSs in Equations (7) and (8) to a spherical fuzzy
environment, as illustrated below:

CPyFPWA T1; T2; T3; . . . ;Tnð Þ

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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CPyFPWG T1; T2; T3; . . . ;Tnð Þ
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5. Taking q ¼ 1 ri ¼ 0 and θi ¼ 0 reduces the PWA and PGA
operators of CIFSs in Equations (7) and (8) to a spherical fuzzy
environment, as illustrated below:

CPyFPWA T1; T2; T3; . . . ;Tnð Þ

¼
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CPyFPWG T1; T2; T3; . . . ;Tnð Þ

¼
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For CSFSs, CPFSs, and Cq-ROPFSs which are not currently covered
by these types of AOs, Equations (9)–(18) gives the PWA and PWG
operators. Equations (15-18) are distinct examples of CTSFPWA and
CTSFPWG operators, which are reduced to the environment of
CPyFSs and CIFSs examined in this paper. All of this demonstrates
the importance and diversity of CTSPWA and CTSFPWG operators.
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5. A MADM Algorithm is Proposed

Purpose to create a CTSFPWA and CTSFPWG operator-based
algorithm for solvingMADMproblems. Following a brief demonstration
of theMADMprocess, analgorithmapproach ispresented. In theMADM
process, thebestoption ischosenbasedonsomeweightedattributeand the
decision-makers provided data. Suppose n alternatives are available Aið Þ
withm attributes gj

� �
having weightwi. Further, let Tm�n ¼ rm:e2πiθm;ð

ri:e
2πiθi; rn:e

2πiθnÞ represent the decision matrix. To solve MADM prob-
lems in theCTSFNenvironmentdependson the indicated aggregate oper-
ators, the following steps are followed.

Step 1. The 1st phase involves the enlargement of a matrix of
decisions and information analysis to determine thevalue of t atwhich
all triplets become CTSFNs.
Step 2. This phase is constructed on the calculation Sup Tij;Tik

� �
given by

Sup Tij;Tik

� � ¼ 1� D Tij;Tik

� �
(19)

where D Tij;Tik

� �
represents the normalized Hamming distance

suggested by Mahmood et al. (Shanthi et al., 2021), provided by

D Tij;Tik

� � ¼ 1
n

Pn
j;k¼1

��rtmij
� rtmik

j þ ��rtiij � rtiik j þ
��rtnij � rtnik j

� �

Step 3. Calculate the weighted support S Tij

� �
of CTSFNs Tij using

the following formula in

S Tij

� � ¼ 1
n

Xn
j;k¼1

wjSup Tij;Tik

� �
(20)

where wj be the weight vector of the attribute gj.

Step 4. Compute the weight δij associated with CTSFNs Tij using
the equation given below

δij ¼
wj 1� S Tij

� �� �
P

n
j¼1 wj 1� S Tij

� �� � (21)

where δij > 0 such that
Pn
j¼1

δij ¼ 1:

Step 5. The aggregation of the decisionmatrix is used in this stage,with
the CTSFPWA and CTSFPWG operators, as stated below

CTSFPWA T1; T2; T3; . . . ;Tnð Þ
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CTSFPOWG T1; T2; T3; . . . ;Tnð Þ

¼
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6. Numerical Example

In this section, we solve the real-life problem using the
CTSFPWA and CTSFPWG operators of aggregation.

Example 1. In this example, we investigate the well-known
software selection problem, in which an appropriate software
package is chosen from a list of software packages based on a set
of criteria. According to this issue, the university computer center
must choose an information system that will allow for more
efficient research work creation. The computer center, in
collaboration with the university’s HR department, came up with
four options in this scenarioAi ¼ 1; 2; 3; 4ð Þ as best option, “partici-
pation in university performance”, “Information system trustworthi-
ness,” and “efforts to shift from the current system”. These four
attributes have a weight vector w ¼ 0:25; 0:35; 0:25; 0:15ð ÞT . In
Table 1, following decision-making matrix summarizes the deci-
sion-makers analytically monitoring four alternatives based on four
attributes. This tough problem is illuminated by the MADM algo-
rithm and the procedure is explained in detail:

Step 1. The decision matrix contains data from anonymous
decision-makers on the four alternatives. The data provided in
Table 1 are noted in the investigation because its sum exceeds 1.
So, it is not considered a PF number. Table 1 provides a summary
of all membership data.

Step 2. Using the CTSFPWA and CTSFPWG operators to derive
the overall CTSFNs. Table 2 shows the aggregation results.

Table 1
Matrix for choosing the best data system

g1 g2 g3 g4

A1 0:77; 0:77ð Þ;
0:7; 0:6ð Þ;
0:2; 0:4ð Þ

0
@

1
A 0:5; 0:88ð Þ ;

0:3; 0:5ð Þ ;
0:3; 0:3ð Þ

0
@

1
A 0:6; 0:8ð Þ ;

0:3; 0:7ð Þ ;
0:7; 0:5ð Þ

0
@

1
A 0:2; 0:5ð Þ;

0:7; 0:9ð Þ;
0:7; 0:4ð Þ

0
@

1
A

A2 0:15; 0:12ð Þ ;
0:16; 0:55ð Þ ;
0:31; 0:51ð Þ

0
@

1
A 0:21; 0:22ð Þ;

0:33; 0:61ð Þ;
0:53; 0:65ð Þ

0
@

1
A 0:71; 0:11ð Þ

0:33; 0:5ð Þ ;
0:71; 0:67ð Þ

0
@

1
A 0:12; 0:11ð Þ ;

0:54; 0:99ð Þ ;
0:9; 0:91ð Þ

0
@

1
A

A3 0:11; 0:58ð Þ ;
0:43; 0:64ð Þ ;
0:82; 0:39ð Þ

0
@

1
A 0:55; 0:66ð Þ ;

0:38; 0:37ð Þ ;
0:64; 0:8ð Þ

0
@

1
A 0:19; 0:14ð Þ ;

0:33; 0:12ð Þ ;
0:71; 0:71ð Þ

0
@

1
A 0:67; 0:11ð Þ ;

0:19; 0:16ð Þ ;
0:16; 0:91ð Þ

0
@

1
A

A4 0:13; 0:18ð Þ;
0:17; 0:11ð Þ;
0:11; 0:41ð Þ

0
@

1
A 0:21; 0:31ð Þ ;

0:41; 0:61ð Þ ;
0:71; 0:91ð Þ

0
@

1
A 0:15; 0:18ð Þ ;

0:17; 0:18ð Þ ;
0:85; 0:52ð Þ

0
@

1
A 0:72; 0:66ð Þ;

0:22; 0:61ð Þ;
0:23; 0:82ð Þ

0
@

1
A
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Step 3. By the aggregation outcomes, the score function of the
technology emerging firms is given in Table 3.

Step 4. The ordering of technology emerging firms is given in
Table 4 based on the score function as given in Table 3. Also, the
comparison formula of the score functions. It’s worth noting that
“>” stands for “preferred to.” As can be seen, Figure 1 the
technology emerging firms are ordered similarly regardless of the
AOs used, with A1being the best emerging technology enterprise.

7. Comparative Studies

To demonstrate the competence of the proposed method, we
analyze the following current operators to make comparisons of

our proposed technique. We consider the following existing
operators and compare aggregated findings to Ali et al. (2020),
Jiang et al. (2018), Wei et al. (2017), Rani and Garg (2018),
and Wei and Lu (2018). Table 5 and Figure 2 shows the
comparison of the proposed work with these existing operators
for Table 1.

8. Conclusion

The uncertainty in the data has been addressed using the
CTSFS concept. Favor, abstention, rejection, and degree
disfavor are four functions in use by CTSFSs to describe the
imprecision of an event. In comparison to current IFS, PyFS,
PFS, and Cq-ROFS, the geometry of CTSFS shows that it has a
greater variety of information. The CTSFS concept, therefore,
provides a different way of dealing with uncertainties. Due to
the significance of the PAOs, we developed the CTSFPWA and
CTSFPWG operators in the layout of CTSFSs. The t parameter
for the decision-maker explains a wider and more adaptable
MADM algorithm depending on the specified operators.
A mathematical example is used to determine the usefulness of
the algorithm. We have shown that in comparison with traditional
AOs, that is, Ali et al. (2020), the results obtained using the pro-
posed PAOs are more reliable and significant as these incorporate
the interrelationship of the aggregated information. We also
observed that the existing theories presented by Jiang et al.
(2018), and Rani and Garg (2018) and Wei and Lu (2018) fails
to deal with the information discussed in the example given in
our proposed work. In near future, we aim to apply the idea of
PAOs to introduce the idea of Dombi PAOs (Jana and Pal,
2021), Einstein PAOs (Riaz et al., 2020), for CTSFSs. We also
aim to induce the notion of power Heronian means (Đorđević
et al., 2019) and power Hamy means (Stević et al., 2018) for
CTSFSs.

Table 2
The aggregation outcomes of the emerging technology

enterprises by the CTSFPWA and CTSFPWG operators

CTSFPWA CTSFPWG
A1 0:63; 0:79ð Þ ;

0:46; 0:66ð Þ ;
0:41; 0:39ð Þ

0
@

1
A 0:46; 072ð Þ ;

0:62; 0:76ð Þ ;

0:62; 0:42ð Þ

0
@

1
A

A2 0:58; 0:18ð Þ ;
0:20; 0:53ð Þ ;
0:45; 0:57ð Þ

0
@

1
A 0:13; 0:06ð Þ ;

0:45; 0:92ð Þ ;
0:80; 0:82ð Þ

0
@

1
A

A3 0:54; 0:55ð Þ ;
0:32; 0:26ð Þ ;
0:49; 0:67ð Þ

0
@

1
A 0:30; 0; 28ð Þ ;

0:37; 0:50ð Þ ;
0:71; 0:80ð Þ

0
@

1
A

A4 0:50; 0:46ð Þ ;
0:41; 0:48ð Þ ;
0:53; 0:76ð Þ

0
@

1
A 0:42; 0:47ð Þ ;

0:28; 0:48ð Þ ;
0:64; 0:73ð Þ

0
@

1
A

Table 3
The score function of the technology emerging firms

CTSFPWA CTSFPWG

A1 0:1179 �0:0801
A2 �0:1177 �0:5937
A3 �0:0272 0:201
A4 �0:2725 �0:107

Figure 1
Geometrical interpretation of the score values

Table 4
The order of technology emerging firms

Ordering

CTSFPWA A1 > A3 > A2 > A4

CTSFPWG A1 > A4 > A3 > A2
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Zavadskas, E. K. (2018). The location selection for roundabout
construction using rough BWM-rough WASPAS approach
based on a new rough hamy aggregator. Sustainability,
10(8), 2817. https://doi.org/10.3390/su10082817.

Umar, A., & Saraswat, R. N. (2021). New generalized intuitionistic
fuzzy divergence measure with applications to multi-attribute
decision making and pattern recognition. Recent Advances in
Computer Science and Communications (Formerly: Recent
Patents on Computer Science), 14(7), 2247–2266. https://
doi.org/10.2174/2666255813666200224093221.

Wang, C., Zhou, X., Tu, H., & Tao, S. (2017). Some geometric
aggregation operators based on picture fuzzy sets and their
application in multiple attribute decision making. Italian
Journal of Pure and Applied Mathematics, 37, 477–492. https://
ijpam.uniud.it/online_issue/201737/44-WangZhouTuTao.pdf

Wei, G. (2017). Picture fuzzy aggregation operators and their
application to multiple attribute decision making. Journal of
Intelligent & Fuzzy Systems, 33(2), 713–724. https://doi.org/
10.3233/JIFS-161798.

Wei, G., & Lu, M. (2018). Pythagorean fuzzy power aggregation
operators in multiple attribute decision making. International
Journal of Intelligent Systems, 33(2), 169–186. https://doi.
org/10.1002/int.21946.

Xu, Z. (2011). Approaches to multiple attribute group decision
making based on intuitionistic fuzzy power aggregation
operators. Knowledge-Based Systems, 24(6), 749–760.
https://doi.org/10.1016/j.knosys.2011.01.011.

Xu, Z., &Yager, R. R. (2009). Power-geometric operators and their use
in group decision making. IEEE Transactions on Fuzzy Systems,
18(1), 94–105. https://doi.org/10.1109/TFUZZ.2009.2036907.

Yager, R. R. (2001). The power average operator. IEEE
Transactions on Systems, Man, and Cybernetics-Part A:
Systems and Humans, 31(6), 724–731. https://doi.org/10.
1109/3468.983429.

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3),
338–353. https://doi.org/10.1016/S0019-9958(65)90241-X.

Zhou, L., Chen, H., & Liu, J. (2012). Generalized power aggregation
operators and their applications in group decision making.
Computers & Industrial Engineering, 62(4), 989–999.
https://doi.org/10.1016/j.cie.2011.12.025.

How to Cite: Rizwan Khan, M., Ullah, K., Pamucar, D., & Bari, M. (2022).
Performance Measure Using a Multi-Attribute Decision-Making Approach Based
on Complex T-Spherical Fuzzy Power Aggregation Operators. Journal of
Computational and Cognitive Engineering 1(3), 138–146, https://doi.org/
10.47852/bonviewJCCE696205514

Journal of Computational and Cognitive Engineering Vol. 1 Iss. 3 2022

146

https://doi.org/10.1002/int.21939
https://doi.org/10.1002/int.21939
https://doi.org/10.1007/s12559-021-09963-1
https://doi.org/10.1007/s00521-018-3521-2
https://doi.org/10.1007/s00521-018-3521-2
https://doi.org/10.1007/s00500-014-1393-7
https://doi.org/10.1016/j.cie.2020.107049
https://doi.org/10.31181/rme2001021801b
https://doi.org/10.31181/rme2001021801b
https://doi.org/10.1109/ACCESS.2021.3074557
https://doi.org/10.1109/ACCESS.2021.3074557
https://doi.org/10.3390/sym11080992
https://doi.org/10.31181/rme200101044p
https://doi.org/10.31181/rme200101044p
https://doi.org/10.1016/j.rcim.2019.101926
https://doi.org/10.1109/91.995119
https://doi.org/10.1111/exsy.12325
https://doi.org/10.1111/exsy.12325
https://doi.org/10.3390/sym12061058
https://doi.org/10.3390/sym12061058
https://doi.org/10.3233/JIFS-190550
https://doi.org/10.1109/ACCESS.2020.2974767
https://doi.org/10.1016/j.matpr.2021.11.583
https://doi.org/10.1016/j.matpr.2021.11.583
https://doi.org/10.3390/su10082817
https://doi.org/10.2174/2666255813666200224093221
https://doi.org/10.2174/2666255813666200224093221
https://ijpam.uniud.it/online_issue/201737/44-WangZhouTuTao.pdf
https://ijpam.uniud.it/online_issue/201737/44-WangZhouTuTao.pdf
https://doi.org/10.3233/JIFS-161798
https://doi.org/10.3233/JIFS-161798
https://doi.org/10.1002/int.21946
https://doi.org/10.1002/int.21946
https://doi.org/10.1016/j.knosys.2011.01.011
https://doi.org/10.1109/TFUZZ.2009.2036907
https://doi.org/10.1109/3468.983429
https://doi.org/10.1109/3468.983429
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/j.cie.2011.12.025
https://doi.org/10.47852/bonviewJCCE696205514
https://doi.org/10.47852/bonviewJCCE696205514

	Performance Measure Using a Multi-Attribute Decision-Making Approach Based on Complex T-Spherical Fuzzy Power Aggregation Operators
	1. Introduction
	2. Preliminaries
	3. Complex TSF PAOs
	4. The Significance of Proposed Work
	5. A MADM Algorithm is Proposed
	6. Numerical Example
	7. Comparative Studies
	8. Conclusion
	Conflict of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


