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Abstract
In the study of group decision-making, the most important issue is how to coordinate opinions from different decision experts
(DEs) to reach a consensus under uncertainty. To tackle uncertainties surrounding multi-attribute group decision-making
(MAGDM) problems in real-life scenes, we introduce 2-tuple linguistic T -spherical fuzzy sets (2TLT -SFSs) which generalize
T -spherical fuzzy sets by means of 2-tuple linguistic terms. The 2TLT -SFS model enables the degrees of membership,
abstention, and non-membership to be expressed by linguistic terms. This makes it more flexible and descriptive to model
the attitudes of DEs in MAGDM applications. Due to the fact that multi-input arguments are interconnected and DEs have
a lot of options perception, we also define Muirhead mean (MM) aggregation operators (AOs) to facilitate the fusion of
2TLT -SF information. With the aid of 2TLT -SFSs and MM AOs, the main goal of this research is to present a general
MAGDM framework by integrating the step-wise weight assessment ratio analysis (SWARA) with the complex proportional
assessment (COPRAS). Firstly, the MM, weighted MM, dual MM, and weighted dual MM operators are adapted to the
2TLT -SF environment, which put forward several new notions such as the 2-tuple linguistic T -spherical fuzzy Muirhead
mean (2TLT -SFMM), 2-tuple linguistic T -spherical fuzzy weighted Muirhead mean (2TLT -SFWMM), 2-tuple linguistic
T -spherical fuzzy dual Muirhead mean (2TLT -SFDMM), and 2-tuple linguistic T -spherical fuzzy weighted dual Muirhead
mean (2TLT -SFWDMM) operators. Meanwhile, some properties regarding idempotency, monotonicity, boundedness, and
specializations of the proposed operators are analyzed. Secondly, an integrated 2TLT -SF-MAGDM framework is established.
In the proposed decision framework, the 2TLT -SF-SWARA method is utilized to identify the subjective weights of decision
attributes, and the 2TLT -SF-COPRAS approach is used to rank alternatives. Lastly, a case study concerning hydropower
plants assessment is presented to demonstrate that the suggested scheme is feasible and effective. Furthermore, sensitivity
and comparison analyses are conducted to show the robustness and superiority of the proposed method.
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1 Introduction

1.1 Historical Perspective

Agroup decision-making approach is one inwhich a panel of
specialists collaborates to obtain an agreement on a solution
to a particular issue from a collection of possibilities. With
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Fig. 1 Decision-making analysis strategy

the fast evolution of social and industrial practices, as well as
the complexities of decision-making (DM) [1,2] concerns,
more andmore experts are beingwelcomed to take part in the
decision procedure in order to accumulate robust and efficient
knowledge, group DM has thus become extremely relevant
and has drawn the interest of several more scholars. Figure
1 illustrates the graphical representation of DM strategy.

It is difficult for decision experts (DEs) to express their
assessments using crisp values to indicate the complexity of
human activities and the uncertainties of evaluated objects
in real-world multiple attribute decision-making (MADM)
[3–6] problems. Zadeh [7] introduced the fuzzy set (FS) the-
ory, which gives DEs a mathematical tool to quantitatively
describe gradualness-caused uncertainty. Later, several gen-
eralizations of FSs [8–11] have been introduced and applied
to MAGDM [12–19], which makes it more convenient for
DEs for dealing with uncertainty in DM. Yager [20] pro-
posed a more general FS named the q-rung orthopair fuzzy
set (q-ROFS) to unify several existing generalized FSs by
setting a parameter q. More specifically, when q = 1, q = 2,
and q = 3, the q-ROFS reduces to the intuitionistic FS
(IFS), Pythagorean FS (PyFS), and Fermatean FS, respec-
tively. Furthermore, the value range of the q-ROFS extends
when the parameter q is increased, providing experts or DEs
have more flexibility in presenting their assessment informa-
tion in complex DM situations. The q-ROFS serves as an
efficient approach for dealing with complicated fuzzy data,
and it is specified by three factors: a membership degree
(MD), a non-membership degree (NMD), and an indetermi-
nacy degree. More specifically, a q-ROFS A in L can be
written as: A = {〈�, p(�), l(�)〉|� ∈ L}, where pA and lA

indicate the MD and NMD degrees with a restriction that
0 ≤ pq(�) + lq(�) ≤ 1. Furthermore, Mahmood et al. [21]
observed that a q-ROFS A = {〈�, p(�), l(�)〉|� ∈ L} can be
extended toT = {〈�, p(�), n(�), l(�)〉|� ∈ L}by considering
the abstention degree (AD) in addition to the MD and NMD
degrees,with a restriction that 0 ≤ pq(�)+nq(�)+lq(�) ≤ 1.
Such a powerful extension of the q-ROFS is known as the
T -spherical fuzzy set (T -SFS). The preceding discussion of
q-ROFSs and T -SFSs has shown that T -SFSs have a stronger
capability than q-ROFSs to tackle problems in MADM sce-
narios when there is uncertainty. Garg et al. [22] defined
several weighted averaging and geometric power AOs by uti-
lizing the advantages of T -SFSs. Karaaslan andDawood [23]
introduced theDombi operations on complex T -SFSs. Based
on Dombi operations, they defined some AOs, developed
a MADM method under the complex T -SFSs environment
and presented an algorithm for the proposed method. Ju et
al. [24] investigated the MAGDM problems with incomplete
weight information under T -SF environment. By utilizing
the concepts of score functions and distance measurements
for complicated T -SF information,Wang and Chen [25] pro-
posed an innovative T -SFELECTRE (Elimination Et Choice
Translating Reality) strategy to tackle complex assessment
problems.

Real numbers or linguistic terms are required to interpret
assessment techniques. Furthermore, due to the incredible
ambiguity of MADM conflicts and the uncertainty that peo-
ple face when making decisions, it is difficult to precisely
and quantitatively describe and analyze many possibilities,
such as evaluating emergency response capacity and cate-
gorization of real images. In complex and dynamic practical
DM, FSs, and obtained fuzzy numbers have some limitations.
The use of fuzzy numbers as evaluation information, in spe-
cific, is measurable, but in methodology, people prefer to
use qualitative phrases. When someone makes a prediction,
linguistic-level language is definitely used. When a doctor
diagnoses a patient, for example, the doctor may make a
“very critical,” “not too critical,” or “better” decisionbasedon
the patient’s disease. A FS or derived fuzzy numbers cannot
represent people’s linguistic DM information. Using a pic-
ture fuzzy set, a q-ROFS, or a T -SFS to illustrate emotional
impact in language evaluation information is ineffective. Peo-
ple can also provide language evaluation information faster
than a fuzzy number. To resolve this concern, Zadeh [26] first
established linguistic variables, and Xu [27] then extended
the discrete linguistic term set (LTS) to the continuous LTS.
Herrera, Herrera, and Martinez [28,29] established a theory
of 2TL terms in some cases, evaluating natural language or
other narrative language forms.

Zhao et al. [30] introduced an improvedTODIM technique
based on 2TL neutrosophic sets and cumulative prospect
theory as a novel approach to MAGDM issues. Depend-
ing on existing research studies, Zhang et al. [31] enhanced
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Fig. 2 Linguistic modeling applications

the TODIM approach as well as cumulative prospect the-
ory under the 2TL-PyFSs. By assessing the reliability of
the information, Chai et al. [32] introduced the notion of Z-
uncertain probabilistic linguistic variables (Z-UPLVs). The
operating rules, normalizing, distance and similarity mea-
surements, and Z-UPLV comparative technique was then
introduced. Under the dual probabilistic LTSs, Saha et al.
[33] used the ideas of consistency and similarity amongst
DEs to establish the DEs’ subjective and objective weights,
correspondingly. Wu et al. [34] established a taxonomy
of current distributed linguistic conceptions as well as a
complete view of the evolution of distributed linguistic
conceptions in DM. The fundamental aspects and imple-
mentations of distributed linguistic pattern recognition in
DM, such as distance measurement, distributed linguistic
preference relations, aggregation techniques, and distributed
linguistic MADM models, were then discussed.

As a result, in caseswhere the information given is unclear,
and non-probabilistic, linguistic modeling appears logical
and has yielded important results in a variety of domains.
Linguistics modeling applications can be seen in Fig. 2.

Accumulation of assessment data is a critical stage in the
MADM, and AOs have become more crucial in this way. In
real-life applications,moreover, attributes are interconnected
but not distinct. Regarding that, some researchers focus
on AOs capable of capturing the interdependence of input
arguments inMADMproblems. Various AOs have been pro-
gressively proposed to capture the interrelationship between
any two input arguments. Nevertheless, there may be several
circumstances in which multi-input arguments collaborate

with each other in MADM problems rather than three or two
arguments. As a consequence, it is critical to develop more
general and long-lasting operators for capturing interrela-
tionships among any number of input arguments. The MM
[35] and dual MM [36] operators appear to be the best choice
for evaluating the interrelationships ofmulti-input arguments
via a parameter vector, and it is a generalization of some
emerging AOs like averaging, geometric, geometric Bon-
ferroni mean (BM), geometric Maclaurin symmetric mean
(MSM), Heronian mean and so on. Garg et al. [37] pro-
posed the MM and dual MM operators under the complex
interval-valued q-ROF environment to more efficiently rep-
resent DEs evaluation information in complicated MAGDM
processes.Under the cubicq-ROF linguistic set (Cq-ROFLS)
environment to quantify the uncertainty in the information,
Garg et al. [38] introduced the Cq-ROFL-MM, Cq-ROFL
weighted MM, and Cq-ROFL dual MM operators to aggre-
gate the different pairs of the preferences. Deng et al. [39]
extended the MM and dual MM operators with 2TL pic-
ture fuzzy numbers (2TLPFNs) to define the 2TLPFMM,
the 2TLPFWMM, the 2TLPFDMM, and the 2TLPFWDMM
operators. Fahmi and Amin [40] constructed some bipolar
neutrosophic fuzzy (BNF) operators including BNF priori-
tized MMweighted averaging, BNF prioritizedMM ordered
weighted averaging, BNF prioritized MMweighted geomet-
ric, BNF prioritized MM ordered weighted geometric, BNF
prioritized MM hybrid weighted averaging, and BNF priori-
tized MM hybrid weighted geometric operators by utilizing
the prioritized MM AOs. Du and Liu [41] devised a DM
strategy to cope with probabilistic linguistic (PL) MADM
issues by extending dual MM operators to the PL preference
environment. They defined PL dual MM operators such as
PL dual MM operator and PL weighted dual MM operator
by studying the interconnections between multi-input argu-
ments of PL terms.

Moreover, different MADMmethods [42–44] are used to
aggregate data from recent decades, and one of the advanced
methods in this field are SWARA and COPRAS. The weight
values of the attribute are essential components of the
MADM methodology. The objective and subjective weights
are used to determine the requirements of the attribute. To
quantify the subjective weights, we utilize data provided by
DEs [45] to construct decision matrices, which in turn are
used to quantify the objective weights. SWARA is a novel
methodology which was developed by Kersuliene et al. [46]
for generating the weighted evaluation ratios required for
establishing subjective attributes weights. This method is
slightly less complicated than other methods for measuring
weights. Over the years, studies have incorporated various
MADM innovations, which have then been built upon by
past study to solve increasingly difficult decision issues in our
everyday lives. For every evaluation, there are the following
key components: (a) alternatives; (b) attribute; (c) relative

123



5862 Arabian Journal for Science and Engineering (2023) 48:5859–5888

importance (importance/value) of each attribute; (d) mea-
surement of the options’ quality relative to the attribute, and
(e) means for differentiating between different options. The
goal of the MADM strategy is to choose the best alternative
among a number of reasonable options, all subject to varying
degrees of competitiveness. In place of traditional methods,
which consider for conflict computing, a compliance with
article for data testing, called COPRAS, was innovated by
Zavadskas et al. [47]. Extending the COPRAS methodol-
ogy to deal with increasingly ambiguous and complicated
MADM problems is currently under investigation. Further-
more, the combined form of these twomethods has also been
researched by many scholars. Alipour et al. [48] introduced
a combined methodology for selecting fuel cell and hydro-
gen component suppliers based on entropy, SWARA, and
COPRASmethodologies in aPyFenvironment. Todetermine
shipbuilding enterprise suppliers, Ziquan et al. [49] devel-
oped a novel technique depending on the IF-SWARA and
COPRAS methodologies, which is an innovative research
topic.Mishra et al. [50] presented a combined approachbased
on the SWARA and COPRASmethods for the determination
of optimal alternatives. In the combined approach, weights
of attributes were determined by the SWARA method, and
the ranking order of bioenergy production technology alter-
natives was decided by the COPRAS method using IFSs.
Rosiana et al. [51] enhanced the Rough method SWARA
and the COPRAS to assess the performance of third-party
logistics providers. Ansari et al. [52] employed a MADM
framework using fuzzy SWARA and fuzzy COPRAS to
analyze the risks and the solutions to mitigate sustainable
remanufacturing supply chain.

1.2 Motivational Description

The overall aim of this research study is to identify the
hydropower plants thatmayhelpPakistan to reduce their poor
electricity output. After collecting various data fromDEs, the
MAGDM approach is used to determine the most acceptable
hydropower plants. The selection of attributes is a crucial part
ofMAGDM.There are two categories of attributes: favorable
attributes andnon-favorable attributes, dependingonwhether
they are useful or useless in determining the appropriate
hydropower plants for generating electricity. DEs who take
into account membership, abstention, and non-membership
degrees think clearly when they use the 2TLT -SFS in this
type of MAGDM technique. Furthermore, adopting the
2TLT -SFWMM operator and 2TLT -SFWDMM operator
allow DEs to make more informed judgments on their sig-
nificant and 2TLT -SF ideas. The attributes weights of the
MAGDMapproach are calculated using 2TLT -SF-SWARA,
an innovative weight-calculating algorithm. It has many pro-
cesses. The 2TLT -SF-SWARA technique calculates appro-
priate weights, which explains why it is often used for that

objective importance. The 2TLT -SF-COPRAS approach is
also implemented to assess alternatives by classifying the
applicable attribute into favorable and non-favorable types.
As a result, it prioritizes the alternatives based on their
important values and numerical applicability. In particular,
the outcomes of the 2TLT -SF-SWARA-COPRAS approach
are comparable to those of the 2TLT -SF-EDAS, 2TLT -SF-
CODAS, 2TLT -SF-TOPSIS, 2TL spherical FS, and 2TL
picture FS approaches in this article. All these techniques
are significant MAGDM fundamental approaches. These
approaches could be used to do a parameter analysis of varia-
tions in theweight values of the specified alternatives in terms
of the kind of hydropower plants and the amount of energy
generated, and their outcomes could be examined accord-
ingly.

1.3 Contributions and Structure

This research has contributed to the exploration of MAGDM
under uncertainty in the following aspects:

• The 2TLT -SFS is introduced as a new generalization in
FS theory to tackle the complexities in numerical data
combing the 2TL terms and T -SFS.

• The 2TLT -SFMM operator, 2TLT -SFWMM operator,
2TLT -SFDMM operator, and 2TLT -SFWDMM opera-
tor are proposed by the integration of 2TLT -SFS and
MM operators.

• A MAGDM innovation for hydropower plants assess-
ment in Pakistan based on the 2TLT -SFWMM and
2TLT -SFWDMM operators is established.

• An assessment framework of the hydropower plants
selection scheme using the proposed MAGDM innova-
tion is constructed.

The remainder of this research paper is structured as
follows: In Sect. 2, the basic concepts of the 2TL repre-
sentation model, the description of T -SFSs, MM, and dual
MMoperators with weighted forms are summarized; in Sect.
3 the basic review of 2TLT -SFS with operational laws is
presented; in Sect. 4, the 2TLT -SFMM, 2TLT -SFWMM,
2TLT -SFDMM, and 2TLT -SFWDMM operators are con-
structed; in Sect. 5, based on the initiated weighted AOs, a
MAGDM innovation is constructed; in Sect. 6, to demon-
strate the usefulness of the strategy provided in this research
work, a case study on hydropower plants selection in Pak-
istan is given; in Sect. 7, the concluding remarks and potential
directions for future research are summarized.
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2 Preliminaries

In this part, some basic concepts such as 2TL terms, T -SFSs,
and MM operators are recapped to facilitate the discussion
in subsequent parts.

2.1 2-Tuple Linguistic RepresentationModel

Definition 1 [28] Let S = {sε |ε = 0, 1, . . . , τ } be an LTS
with odd cardinality, where sε indicates a possible linguistic
term for a linguistic variable. Let sε, sk be two linguistic
terms, then we have the following:

(i) The set is ordered: sε > sk , if and only if ε > k.
(ii) Max operator: max(sε, sk) = sε, if and only if ε ≥ k.
(iii) Min operator: min(sε, sk) = sε, if and only if ε ≤ k.
(iv) Negative operator: Neg(sε) = sk such that k = τ − ε.

The 2TL representation model depends on the idea of sym-
bolic translation, introduced by Herrera andMartinez [29]. It
is useful for representing the linguistic assessment informa-
tion by means of a 2-tuple (sε, υε), where sε is a linguistic
term from the predefined LTS S and υε is the value of sym-
bolic translation with υε ∈ [−0.5, 0.5).

Definition 2 [29] Let S = {s0, s1, s2, . . . , sτ } be an LTS
and � ∈ [0, τ ] be an aggregation result of the indices of
some linguistic terms from S, i.e., the result of a symbolic
aggregation operation. Let ε = round(�) and υ = � − ε be
two values with ε ∈ [0, τ ] and υ ∈ [−0.5, 0.5). Then υ is
called a symbolic translation.

Definition 3 [29] Let S = {s0, s1, s2, . . . , sτ } be an LTS and
� ∈ [0, τ ] be a value representing the result of a symbolic
aggregation operation. Then the function � used to obtain
the 2TL information equivalent to � is defined as:

� : [0, τ ] → S × [−0.5, 0.5),

�(�) = (sε, υ), with

{
sε, ε = round(�),

υ = � − ε, υ ∈ [−0.5, 0.5).
(1)

Definition 4 [29] Let S = {s0, s1, s2, . . . , sτ } be an LTS and
(sε, υε)be a2-tuple. There exists a function�−1 restoring the
2-tuple (sε, υε) to its equivalent numerical value � ∈ [0, τ ]
where

�−1 : S × [−0.5, 0.5) → [0, τ ],
�−1(sε, υ) = ε + υ = �. (2)

2.2 T-spherical Fuzzy Set

Mahmood et al. [21] defined the T -SFS as an extension of
q-ROFS and SFS as follows:

Definition 5 [21] For any universal set L , a T -SFS is of the
form

T = {〈�, p(�), n(�), l(�)〉|� ∈ L},

where p, n, l : L → [0, 1] represent the MD, AD and
NMD, respectively, with the condition 0 ≤ pq(�)+ nq(�)+
lq(�) ≤ 1 for positive number q ≥ 1, and r(�) =
q
√
1 − (pq(�) + nq(�) + lq(�)) is known as the degree of

refusal of � in T . To express information conveniently, the
triplet (p, n, l) is known as a T -spherical fuzzy number (T -
SFN).

A T -SFN is a generalized form of an existing fuzzy num-
bers and it reduces to:

(i) Spherical fuzzy number; by taking q as 2.
(ii) Picture fuzzy number; by taking q as 1.
(iii) q-rung orthopair fuzzy number; by taking n as zero.
(iv) Pythagorean fuzzy number; by taking n as zero and q

as 2.
(v) Intuitionistic fuzzy number; by taking n as zero and q

as 1.
(vi) Fuzzy number; by taking n and l as zero and q as 1.

2.3 TheMMOperator and ItsWeighted Forms

Let [n] = {1, 2, . . . , n}, ð = (ð1, ð2, . . . , ðn) and {aε | ε ∈
[n]} be a set of non-negative numbers. Then we can define
the following operators:

1. MM [35]:

MMð(a1, a2, . . . , an)

=
⎛
⎝ 1

n!
∑
�∈Sn

n∏
ε=1

a
ðε

�(ε)

⎞
⎠

1∑n
ε=1 ðε

;

2. Weighted MM [35]:

WMMð
� (a1, a2, . . . , an)

=
⎛
⎝ 1

n!
∑
�∈Sn

n∏
ε=1

(
n��(ε)a�(ε)

)ðε

⎞
⎠

1∑n
ε=1 ðε

;

3. Dual MM [36]:

DMMð(a1, a2, . . . , an)
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= 1∑n
ε=1 ðε

⎛
⎝ ∏

�∈Sn

n∑
ε=1

ðεa�(ε)

⎞
⎠

1
n!

;

4. Weighted dual MM [36]:

WDMMð
� (a1, a2, . . . , an)

= 1∑n
ε=1 ðε

⎛
⎝ ∏

�∈Sn

n∑
ε=1

ðεa�(ε)
n��(ε)

⎞
⎠

1
n!

,

where � =
(

1 2 · · · n

�(1) �(2) · · · �(n)

)
denotes any permu-

tation of [n] and Sn is the symmetric group on n symbols.

3 2-Tuple Linguistic T-spherical Fuzzy Set

We introduce the 2TLT -SFS with its operational rules as a
new advancement of FS theory, in this part. Inspired by the
ideas of 2TL terms and T -SFSs, we develop the new con-
cept of 2TLT -SFS by combining both the advantages of 2TL
terms and T -SFS. The newly proposed set has flexibility due
to the q-th power of MD, AD, and NMD. The mathematical
representation of 2TLT -SFS is described as follows:

Definition 6 Let S = {sj |j = 0, 1, . . . , τ } be a LTS with
odd cardinality. If ((sp, ℘), (sn,ℵ), (sl , £)) is defined for
sp, sn, sl ∈ S, ℘,ℵ, £ ∈ [−0.5, 0.5),where (sp, ℘), (sn,ℵ),

and(sl , £) represent theMD,ADandNMDby2TLSs.A2TL
T -spherical fuzzy set is defined as:

ℵ = {〈�, ((sp(�), ℘ (�)), (sn(�), ℵ(�)), (sl(�), £(�)))〉|� ∈ L} (3)

where 0 ≤ �−1(sp(�), ℘ (�)) ≤ τ, 0 ≤ �−1(sn(�),
ℵ(�)) ≤ τ, 0 ≤ �−1(sl(�), £(�)) ≤ τ, and 0 ≤
(�−1(sp(�), ℘ (�)))q+(�−1(sn(�),ℵ(�)))q+(�−1(sl(�), £(�)))q ≤
τ q .

For convenience, we say ϒ� = ((sp, ℘), (sn,ℵ), (sl , £)),
a 2TLT -SFN,where 0 ≤ �−1(sp, ℘) ≤ τ , 0 ≤ �−1(sn,ℵ) ≤
τ , 0 ≤ �−1(sl , £) ≤ τ and 0 ≤ (�−1(sp, ℘))q +
(�−1(sn,ℵ))q + (�−1(sl , £))q ≤ τ q .

The conversion of a linguistic term into a linguistic 2-tuple
consists of adding a value 0 as symbolic translation:

�(spj , snj , slj ) = ((spj , 0), (snj , 0), (slj , 0)). (4)

To compare any two 2TLT -SFNs, their score value and
accuracy value are defined as follows:

Definition 7 Letϒ� = ((sp, ℘), (sn,ℵ), (sl , £)) be a 2TLT -
SFN. Then the score function g� of a 2TLT -SFN ϒ�, can be
represented as

g�(ϒ�) = �

(
τ

2

(
1 +

(
�−1(sp, ℘)

τ

)q

−
(

�−1(sl , £)

τ

)q))
,

g�(ϒ�) ∈ [0, τ ], (5)

and its accuracy function � is defined as

�(ϒ�) = �

(
τ

((
�−1(sp, ℘)

τ

)q

+
(

�−1(sl , £)

τ

)q
))

,

�(ϒ�) ∈ [0, τ ]. (6)

3.1 Operational Laws for 2TLT-SFNs Based on
Algebraic Operations

In this subpart, we will put forward the novel operational
laws based on the 2TLT -SFNs, such as addition, multiplica-
tion, scalar multiplication, power, and ranking rules.

Definition 8 Let ϒ� = ((sp, ℘), (sn,ℵ), (sl , £)), ϒ�
1 =

((sp1, ℘1), (sn1,ℵ1), (sl1 , £1)) and ϒ�
2 = ((sp2 , ℘2),

(sn2 ,ℵ2), (sl2 , £2)) be three 2TLT -SFNs, q ≥ 1, then

1.ϒ�
1 ⊕ ϒ�

2 =

⎛
⎜⎜⎜⎝

�

(
τ q

√
1 −

(
1 −

(
�−1(sp1 ,℘1)

τ

)q) (
1 −

(
�−1(sp2 ,℘2)

τ

)q))
,

�

(
τ

(
�−1(sn1 ,ℵ1)

τ

)(
�−1(sn2 ,ℵ2)

τ

))
,�

(
τ

(
�−1(sl1 ,£1)

τ

) (
�−1(sl2 ,£2)

τ

))
⎞
⎟⎟⎟⎠;

123



Arabian Journal for Science and Engineering (2023) 48:5859–5888 5865

2.

ϒ�
1 ⊗ ϒ�

2 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

�

(
τ

(
�−1(sp1 ,℘1)

τ

) (
�−1(sp2 ,℘2)

τ

))
,

�

(
τ q

√
1 −

(
1 −

(
�−1(sn1 ,ℵ1)

τ

)q) (
1 −

(
�−1(sn2 ,ℵ2)

τ

)q))
,

�

(
τ q

√
1 −

(
1 −

(
�−1(sl1 ,£1)

τ

)q) (
1 −

(
�−1(sl2 ,£2)

τ

)q))

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

;

3.

λϒ�

=
⎛
⎝�

⎛
⎝τ

q

√
1 −

(
1 −

(
�−1(sp, ℘)

τ

)q)λ
⎞
⎠ ,

�

(
τ

(
�−1(sn,ℵ)

τ

)λ
)

,

�

(
τ

(
�−1(sl , £)

τ

)λ
))

, λ > 0;

4.

ϒ�λ

=
(

�

(
τ

(
�−1(sp, ℘)

τ

)λ
)

,

�

⎛
⎝τ

q

√
1 −

(
1 −

(
�−1(sn,ℵ)

τ

)q)λ
⎞
⎠ ,

�

⎛
⎝τ

q

√
1 −

(
1 −

(
�−1(sl , £)

τ

)q)λ
⎞
⎠

⎞
⎠ ,

λ > 0.

Definition 9 Let ϒ�
1 = ((sp1, ℘1), (sn1,ℵ1), (sl1 , £1)) and

ϒ�
2 = ((sp2 , ℘2), (sn2 ,ℵ2), (sl2 , £2)) be two 2TLT -SFNs,

then these two 2TLT -SFNs can be compared according to
the following rules:

(1) If g�(ϒ�
1 ) > g�(ϒ�

2 ), then ϒ�
1 > ϒ�

2 ;
(2) If g�(ϒ�

1 ) = g�(ϒ�
2 ), then

• If �(ϒ�
1 ) > �(ϒ�

2 ), then ϒ�
1 > ϒ�

2 ;
• If �(ϒ�

1 ) = �(ϒ�
2 ), then ϒ�

1 ∼ ϒ�
2 .

4 The 2TLT-SF MuirheadMean Aggregation
Operators

In this part, we expand the application criteria of the MM
operator to the 2TLT -SF environment and introduce several
novel AOs based on the 2TLT -SF operations to aggre-
gate data. This part is concerned with the introduction of
four novel AOs including the 2TLT -SFMM operator, the
2TLT -SFWMM operator, the 2TLT -SFDMM operator, and
the 2TLT -SFWDMM operator. Moreover, we analyze their
properties, as well as special cases. The proposedAOs satisfy
the basic properties of aggregation including idempotency,
monotonicity, and boundedness.

4.1 The 2TLT-SFMMOperator

Utilizing the Def. 6 and the novel operational rules of Def.
8, we develop the definition of 2-tuple linguistic T -spherical
fuzzy Muirhead mean (2TLT -SFMM) operator as follows:

Definition 10 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a collection of 2TLT -SFNs and ð =
(ð1, ð2, . . . , ðn) ∈ Rn be a parameters vector, then the
2TLT -SFMM operator is given as

2TLT -SFMMð(ϒ�
1, ϒ

�
2, . . . , ϒ

�
n)

=
(
1

n! ⊕�∈Sn ⊗n
ε=1ϒ

�ðε

�(ε)

) 1
n∑

ε=1
ðε

. (7)

Theorem 1 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a collection of 2TLT -SFNs and ð =
(ð1, ð2, . . . , ðn) ∈ Rn be a vector of parameters. Then their
aggregated result by applying the 2TLT -SFMM operator is
also a 2TLT -SFN, and
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2TLT -SFMMð(ϒ�
1, ϒ

�
2, . . . , ϒ

�
n)

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

�

⎛
⎜⎝τ

⎛
⎝ q

√
1 −

(∏
�∈Sn

(
1 − ∏n

ε=1

(
�−1(spε ,℘ε)

τ

)qðε

�(ε)

)) 1
n!

⎞
⎠

1∑n
ε=1 ðε

⎞
⎟⎠ ,

�

⎛
⎜⎜⎜⎝τ

⎛
⎜⎜⎜⎝ q

√√√√√√1 −
⎛
⎝1 −

(∏
�∈Sn

(
1 − ∏n

ε=1

(
1 −

(
�−1(snε ,ℵε)

τ

)q
�(ε)

)ðε
)) 1

n!
⎞
⎠

1∑n
ε=1 ðε

⎞
⎟⎟⎟⎠

⎞
⎟⎟⎟⎠ ,

�

⎛
⎜⎜⎜⎝τ

⎛
⎜⎜⎜⎝ q

√√√√√√1 −
⎛
⎝1 −

(∏
�∈Sn

(
1 − ∏n

ε=1

(
1 −

(
�−1(slε ,£ε)

τ

)q
�(ε)

)ðε
)) 1

n!
⎞
⎠

1∑n
ε=1 ðε

⎞
⎟⎟⎟⎠

⎞
⎟⎟⎟⎠

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

. (8)

Proof Byutilizing the novel operational laws of 2TLT -SFNs
(see Def. 8), we have

ϒ�ðε

�(ε) =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

(
�

(
τ

((
�−1(spε ,℘ε)

τ

)ðε

�(ε)

)))
,

�

⎛
⎝τ

⎛
⎝ q

√
1 −

(
1 −

(
�−1(snε ,ℵε)

τ

)q
�(ε)

)ðε

⎞
⎠

⎞
⎠ ,

�

⎛
⎝τ

⎛
⎝ q

√
1 −

(
1 −

(
�−1(slε ,£ε)

τ

)q
�(ε)

)ðε

⎞
⎠

⎞
⎠

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,
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ε=1ϒ

�ðε

�(ε) =
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⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

�

(
τ

(∏n
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(
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τ

)ðε

�(ε)

))
,

�

⎛
⎝τ

⎛
⎝ q

√
1 − ∏n
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(
1 −

(
�−1(snε ,ℵε)

τ

)q
�(ε)

)ðε

⎞
⎠

⎞
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⎛
⎝τ

⎛
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)q
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⎞
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⎞
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⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

Moreover,

⊕�∈Sn ⊗n
ε=1 ϒ�ðε

�(ε) =
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τ

(
q
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�∈Sn

(
1 − ∏n

ε=1

(
�−1(spε ,℘ε)

τ

)qðε

�(ε)

)))
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(
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q
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⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.
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And,

1

n! ⊕�∈Sn ⊗n
ε=1ϒ

�ðε

�(ε) =
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.

Therefore,
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1
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�ðε
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) 1∑n
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=
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⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

.

�

4.1.1 Some Fundamental Properties and Special Cases of
2TLT -SFMMOperator

Theorem 2 Let ϒ�
ε = ((spε , ℘ε), (snε ,ℵε), (slε , £ε)) and

ϒ�′
ε = ((s′

pε
, ℘′

ε), (s
′
nε

,ℵ′
ε), (s

′
lε
, £′

ε))(ε = 1, 2, . . . , n) be
two sets of 2TLT -SFNs; then the 2TLT -SFMM operator has
the following properties:

1. (Idempotency) If all ϒ�
ε (ε = 1, 2, . . . , n) are equal, i.e.,

ϒ�
ε = ϒ� for all ε, then

2TLT -SFMMð(ϒ�
1, ϒ

�
2, . . . , ϒ

�
n) = ϒ�.

2. (Monotonicity) Letϒ�
ε and ϓ�

ε (ε = 1, 2, . . . , n) be two
sets of 2TLT -SFNs; if (spε , ℘ε) ≥ (s′

pε
, ℘′

ε), (snε ,ℵε) ≤
(s′

nε
,ℵ′

ε), and (slε , £ε) ≤ (s′
lε
, £′

ε) for all ε, then

2TLT -SFMMð(ϒ�
1, ϒ

�
2, . . . , ϒ

�
n) ≥ 2TLT -SFMM

ð(ϒ�′
1, ϒ

�′
2, . . . , ϒ

�′
n).

3. (Boundedness) Let ϒ�
ε (ε = 1, 2, . . . , n) be any set of

2TLT -SFNs, suppose

ϒ�− = min
ε

ϒ�
ε =

(
min

ε
(spε , ℘ε),max

ε
(snε ,ℵε),

max
ε

(slε , £ε)
)

,

ϒ�+ = max
ε

ϒ�
ε =

(
max

ε
(spε , ℘ε),min

ε
(snε ,ℵε),

min
ε

(slε , £ε)
)

.

Then,

ϒ�− ≤ 2TLT -SFMMð(ϒ�
1, ϒ

�
2, . . . , ϒ

�
n) ≤ ϒ�+

.
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Theorem 3 Now, with regard to parameters ð and q, we can
describe certain specific cases of the 2TLT -SFMM operator.

Case 1. When ð = (1, 0, . . . , 0), the 2TLT -SFMM opera-
tor converts to the 2TLT -SF arithmetic averaging
operator.

Case 2. When ð = (λ, 0, . . . , 0), the 2TLT -SFMM opera-
tor converts to the 2TLT -SF generalized arithmetic
averging operator.

Case 3. When ð = (1, 1, 0, . . . , 0), the 2TLT -SFMM oper-
ator converts to the 2TLT -SF-BM operator.

Case 4. When ð = (

k︷ ︸︸ ︷
1, 1, . . . , 1,

n−k︷ ︸︸ ︷
0, 0, . . . , 0), the 2TLT -

SFMM operator converts to the 2TLT -SF-MSM
operator.

Case 5. When ð = (1, 1, . . . , 1), the 2TLT -SFMM operator
converts to the 2TLT -SF geometric averging oper-
ator.

Case 6. When ð = ( 1n , 1
n , . . . , 1

n ), the 2TLT -SFMM oper-
ator converts to the 2TLT -SF geometric averging
operator.

Case 7. When q = 2, the 2TLT -SFMM operator converts
to the 2TLT -SF Pythagorean fuzzy Muirhead mean
operator.

Case 8. When q = 1, the 2TLT -SFMM operator converts
to the 2TLT -SF intuitionistic fuzzy Muirhead mean
operator.

4.2 The 2TLT-SFWMMOperator

There is no attention paid to the correlation among every
given information and the significance of every individual
given information in the proposed 2TLT -SFMM operator;
instead, just the input factor ð is taken into account. The sig-
nificance of aggregating information is considered in order to
handle real-world issues and we present the 2TLT -SFWMM
operator to account for this. Utilizing the Def. 6 and the novel
operational rules of Def. 8, we develop the definition of 2-
tuple linguistic T -spherical fuzzy weighted Muirhead mean
(2TLT -SFWMM) operator as follows:

Definition 11 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a set of 2TLT -SFNs with weighting
vectors � = (�1, �2, . . . , �n)T , satisfying �ε ∈ [0, 1],
n∑

ε=1
�ε = 1 and ð = (ð1, ð2, . . . ðn) ∈ Rn, then the 2TLT -

SFWMM operator is described as follows:

2TLT -SFWMMð
� (ϒ�

1, ϒ
�
2, . . . , ϒ

�
n)

=
(
1

n! ⊕�∈Sn ⊗n
ε=1

(
n��(ε)ϒ

�
�(ε)

)ðε

) 1∑n
ε=1 ðε

. (9)

By utilizing the novel operational laws of 2TLT -SFNs (see
Def. 8), we can obtain Theorem 4.

Theorem 4 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a set of 2TLT -SFNs, then their aggre-
gated result by using the 2TLT -SFWMM operator is also a
2TLT -SFN, and

2TLT -SFWMMð
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. (10)
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4.2.1 Some Fundamental Properties and Special Cases of
2TLT -SFWMMOperator

The properties ofmonotonicity and boundedness are fulfilled
by 2TLT -SFWMM, but the property of idempotency is not
satisfied.

Now, with regard to parameters ð and q, the 2TLT -
SFWMM operator has the same certain specific cases as
Theorem 3.

4.3 The 2TLT-SFDMMOperator

Utilizing the Def. 6 and the novel operational rules of Def.
8, we develop the definition of 2-tuple linguistic T -spherical
fuzzy dualMuirheadmean (2TLT -SFDMM) operator as fol-
lows:

Definition 12 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a set of 2TLT -SFNs and parameters
vector are ð = (ð1, ð2, . . . , ðn) ∈ Rn, and
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�
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�
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) 1
n! . (11)

By utilizing the novel operational laws of 2TLT -SFNs (see
Def. 8), we can obtain Theorem 5.

Theorem 5 Let ϒ�
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spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a set of 2TLT -SFNs, then their aggre-
gated result by applying the 2TLT -SFDMM operator is also
a 2TLT -SFN, then
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. (12)

4.3.1 Some Fundamental Properties and Special Cases of
2TLT -SFDMMOperator

The 2TLT -SFDMMoperator has the same properties as The-
orem 2.

Theorem 6 Now, with regard to parameters ð and q, we can
describe certain specific cases of the 2TLT -SFDMM opera-
tor.

Case 1. When ð = (1, 0, . . . , 0), the 2TLT -SFDMM opera-
tor converts to the 2TLT -SF geometric operator.

Case 2. When ð = (λ, 0, . . . , 0), the 2TLT -SFDMM opera-
tor converts to the 2TLT -SF generalized geometric
operator.

Case 3. When ð = (1, 1, 0, . . . , 0), the 2TLT -SFDMM
operator converts to the 2TLT -SF geometric BM
operator.

Case 4. When ð = (

k︷ ︸︸ ︷
1, 1, . . . , 1,

n−k︷ ︸︸ ︷
0, 0, . . . , 0), the 2TLT -

SFDMM operator converts to the 2TLT -SF dual
MSM operator.

Case 5. When ð = (1, 1, . . . , 1), the 2TLT -SFDMM oper-
ator converts to the 2TLT -SF arithmetic averging
operator.

Case 6. When ð = ( 1n , 1
n , . . . , 1

n ), the 2TLT -SFDMMoper-
ator converts to the 2TLT -SF arithmetic averging
operator.

Case 7. When q = 2, the 2TLT -SFDMM operator converts
to the 2TLT -SF Pythagorean fuzzy dual MM oper-
ator.

Case 8. When q = 1, the 2TLT -SFDMM operator converts
to the 2TLT -SF intuitionistic fuzzy dual MM oper-
ator.

123



5870 Arabian Journal for Science and Engineering (2023) 48:5859–5888

4.4 The 2TLT-SFWDMMOperator

There is no attention paid to the correlation among every
given information and the significance of every individual
given information in the proposed 2TLT -SFDMM opera-
tor; instead, just the input factor ð is taken into account.
The significance of aggregating information is considered in
order to handle real-world issues and we present the 2TLT -
SFWDMM operator to account for this. Utilizing the Def. 6
and the novel operational rules of Def. 8, we develop the def-
inition of 2-tuple linguistic T -spherical fuzzy weighted dual
Muirhead mean (2TLT -SFWDMM) operator as follows:

Definition 13 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a set of 2TLT -SFNs with weighting
vectors � = (�1, �2, . . . , �n)T , satisfying �ε ∈ [0, 1],∑n

ε=1 �ε = 1 and ð = (ð1, ð2, . . . ðn) ∈ Rn, then the
2TLT -SFWDMM operator is describe as follows:

2TLT -SFWDMMð
� (ϒ�
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�
n)

= 1∑n
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n��(ε)
) 1
n! . (13)

By utilizing the novel operational laws of 2TLT -SFNs
(see Def. 8), we can obtain Theorem 7.

Theorem 7 Let ϒ�
ε = ((

spε , ℘ε

)
,
(
snε ,ℵε

)
,
(
slε , £ε

))
(ε = 1, 2, . . . , n) be a set of 2TLT -SFNs, then aggregated
result by applying the 2TLT -SFWDMM operation is also a
2TLT -SFN, and
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. (14)

4.4.1 Some Fundamental Properties and Special Cases of
2TLT -SFWDMMOperator

The properties ofmonotonicity and boundedness are fulfilled
by 2TLT -SFWDMM, but the property of idempotency is not
satisfied.

Now, with regard to parameters ð and q, the 2TLT -
SFWDMM operator has the same certain specific cases as
Theorem 6.

5 The 2TLT-SF-SWARA-COPRASMethod

Under the 2TLT -SF environment, this part develops an
interconnected framework that combines the SWARA and
COPRASmodels. The SWARA and COPRASmethods play
a vital role in theMAGDM environment. The relative impor-
tance and initial assessment of alternatives for each attribute
are evaluated by the DEs opinion throughout the SWARA
model, which utilizes theweighting scheme.Afterward, each
attribute’s relative weight is calculated. Finally, the overall
ranking and rating of the attributes is determined by the fol-
lowing strategy characteristics:

(1) The attributes are monetary in the natural environment.
(2) The attributes are independent of each other.

In the SWARAmethod, the relative importance kε of the εth

attribute is determined as the input information based on the
idea of the DEs. Additionally, the COPRAS method is used
to assess the maxima andminima index values, and the effect
of maxima and minima indexes of attributes on the assess-
ment of the results is considered separately. Accordingly, the
following features are considered for this method:
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(1) It is a compensatory method.
(2) The qualitative attributes are converted into quantitative

attributes.

Thus, an interconnected 2TLT -SF-SWARA-COPRAS
framework is introduced in order to assess subjective
attributes in weight and to assess the priority order of alterna-
tives. The following is a description of the framework’s key
steps:

Phase 1. Establish the attributes as well as the alterna-
tives.
The goal of the MAGDM process is to choose
the best alternative from a set of m alterna-
tives ג = ,1ג} ,2ג . . . , {mג under the attribute
set h̄ = {h̄1, h̄2, . . . , h̄n}. Assume a group
of DEs appointed to serve on a panel E =
{e1, e2, . . . , e�},whichwas formulated inorder
to find the optimal alternative(s). Let η =(
ηλ

κε

)
, κ = 1(1)m, ε = 1(1)n be the linguistic

decisionmatrix provided by theDEs,where ηλ
κε

shows the assessed values of an alternative ηκ

over attribute h̄ε in the form of linguistic values
for λth expert.

Phase 2. Construct the aggregated 2TLT -SF decision
matrix.
We stimulate the 2TLT -SFWMM and 2TLT -
SFWDMM operators to obtain the decision
matrix subsequently,we achieve R = (ηλε)�×n
from Eqs. (10) and (14).

Phase 3. Utilize the SWARA model for determining the
weights of attributes.
SWARA examines pairwise directly higher to
lower-ranked attributes after rating the attribute.
Following that, a relative rate is determined,
as well as the weight for addressing MAGDM
issues is estimated and assessed. The follow-
ing steps are used to estimate attributes weights
using SWARA:

Phase 3.1. Determine the measurements for 2TLT -SF
information. Score values g�(ηλε) of 2TLT -
SFNs acquired by Eq. (5) are estimated by Def.
7.

Phase 3.2. Quantify the attribute’s priority ranking. The
attributes are organized from the highest to the
lowest ranked attribute according to the DE’s
priorities.

Phase 3.3. Assess the relative importance of the valuation
of the score. The attribute that’s also favored
in the second rank is used to calculate rela-
tive importance, and the attribute ε and attribute

ε − 1 are used to calculate consecutive relative
importance.

Phase 3.4. Make a calculation of the relative factor. The
factor kε is provided as:

kε =
{

1, ε = 1
sε + 1, ε > 1.

(15)

Here sε represents the relative importance of
score value [46].

Phase 3.5. Calculate the approximate weights. The weight
that has been reassessed, �ε , is described as:

�ε =
{

1, ε = 1
�ε−1
kε

, ε > 1.
(16)

Phase 3.6. Determine the weights for each attribute. The
following formula is used to determine the
attributes weights:

�ε = �ε∑n
ε=1 �ε

. (17)

Phase 4. Calculate the assessment values of the
favorable-type and non-favorable-type
attributes.
Each alternative is defined throughout the
designed model in terms of its total of max-
ima ᾰκ (favorable type) and minima β̆κ (non-
favorable type); i.e., maxima and minima,
respectively, produce the optimal outcomes. In
such circumstances, ᾰκ and β̆κ can be obtained
as described below.
Let � = {1, 2, . . . , l} be a favorable-type
attribute. Afterward, for every alternative, we
compute the greatest possible index value in
contexts of 2TLT -SFNs, as follows:

ᾰκ = ⊕l
ε=1�εηκε, κ = 1(1)m. (18)

Let∇ = {l+1, l+2, . . . , n}be a non-favorable-
type attribute. Afterward, for every alternative,
we assess the index value in contexts of 2TLT -
SFNs as follows:

β̆κ = ⊕n
ε=l+1�εηκε, κ = 1(1)m. (19)

Here l represents favorable types and n repre-
sents the attributes.

Phase 5. Further, we calculate the relative degree �κ of
each alternative κ(κג = 1(1)m). Obviously, the
bigger the value of �κ , the higher the impor-
tance of the alternative. The �κ can be obtained
as follows:
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Fig. 3 The flowchart of developed MAGDM approach

�κ =g?(ᾰκ ) + minκ g
?(β̆κ )

∑p
κ=1 g

?(β̆κ )

g?(β̆κ )
∑p

κ=1
minκ g?(β̆κ )

g?(β̆κ )

, κ =1(1)m.

(20)

Here, g?(ᾰκ ) is the score value of ᾰκ and g?(β̆κ )

is the score value of β̆κ .

Eq. (20) can be simplified as:

�κ =g?(ᾰκ ) +
∑p

κ=1 g
?(β̆κ )

g?(β̆κ )
∑p

κ=1
1

g?(β̆κ )

, κ = 1(1)m.

(21)

The �κ from Eq. (21) reflects the satisfaction
measure of each alternative. Based on the �κ ,
maximal value g? can be determined.
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Fig. 4 The capacity and service
date of 9 hydropower plants in
Pakistan

Phase 6. Calculate the summary of priority.

g? = max
κ

�κ, κ = 1(1)m. (22)

Thus, the alternative(s) with the associated
maximal relative degree is selected among the
possible alternatives. Moreover, we can ascer-
tain the utility degree Uκ of each alternative
with the aid of the �κ . The Uκ can be deter-
mined by using the formula below:

Uκ =
(

�κ

�max

)
× 100%, κ = 1(1)m. (23)

Hence, the bigger the value Uκ , the higher is
the rank of the alternative κג .

The description about the steps of proposed model is given
in the following flowchart (see Fig. 3).

6 Numerical Illustration

The most appropriate alternative is selected based on the
combination of weighted attributes and the data provided by
theDEs in theMAGDMenvironment. To validate ourmodel,
we tackle the problemof selecting the best hydropower plants
to overcome the minimum supply of electricity in Pakistan.

6.1 The Problem Description

Pakistan has extensive hydropower resources, and the gov-
ernment is passionate about serving private investors in
boosting the hydropower system in the country. Pakistan
has approximately 60,000 MW of hydropower resources,

the majority of which are located in Punjab, Gilgit-Baltistan,
Khyber Pakhtunkhwa, Azad Jammu, and Kashmir. Electric-
ity is a stimulant for a country’s socio-economic status raise.
Furthermore, approximately 70% of Pakistan’s population
now has reliable electricity. Pakistan possessed a very small
power framework of only 60MWcapacity for its 31.5million
people when it achieved independence. When WAPDA was
established in 1958, the total national hydropower capacity
was increased to 119 MW. Pakistan was granted access to
142 MAF (Indus 93, Jhelum 23, and Chenab 26) of surface
water with the agreement of the Indus Basin Water Treaty in
1960. Although, there is plenteous hydropower capacity that
has yet to be recognized. Pakistan’s hydropower resources are
primarily concentrated in mountainous areas in the country’s
northwestern region. The hydropower resources in the south,
which are restricted, primarily consist of small to medium-
sized strategies based on barrages and canal falls. Pakistan’s
hydropower resources are divided into six sectors: (1) Punjab
(1698 MW); (2) Gilgit-Baltistan (50,000 MW); (3) Khyber
Pakhtunkhwa (30,000 MW); (4) Balochistan (1292 MW);
(5) Azad Jammu and Kashmir (1036 MW); (6) Sindh (2402
MW). In this research article, we choose the nine hydropower
plants of Pakistan as a case study to show which hydropower
plants produce the largest amount of electricity in Pakistan.

Further, the detaileddescription about the ninehydropower
plants in Pakistan is illustrated in Fig. 4.

Following an initial assessment, let ,1ג} ,2ג . . . , {9ג be a
set of nine hydropower plants in Pakistan and let {h̄1, h̄2, h̄3,
h̄4} be a set of four attributes with weighting vector
� = (0.2412, 0.2668, 0.2427, 0.2493)T . Suppose, nine
hydropower plants are evaluated by four engineers E =
{e1, e2, e3, e4} (Civil engineers, mechanical engineers,
electrical engineers, and system engineers), with weight-
ing vector � = (0.2, 0.4, 0.3, 0.1)T for choosing the best
hydropower plants to provide the best electrical supply in the
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country. In order to quantify each LTS S9={ s90 : extremely
poor, s91 : very poor, s92 : poor, s93 : slightly poor, s94 : fair,
s95 : slightly good, s96 : good, s97 : very good, s98 : extremely
good }, four engineers Ee(e = 1, 2, 3, 4) provide their opin-
ions. Based on their experience, each decision engineer has
an opinion for the selection of best hydropower plants. These
hydropower plants are:

(1) Mangla hydropower plant ;(1ג)
(2) Warsak hydropower plant ;(2ג)
(3) Tarbela hydropower plant ;(3ג)
(4) Neelum-Jhelum hydropower plant ;(4ג)
(5) Ghazi-Barotha hydropower plant ;(5ג)
(6) Chashma Barrage hydropower plant ;(6ג)
(7) Gomal Zam hydropower plant ;(7ג)
(8) Satpara hydropower plant ;(8ג)
(9) Darawat hydropower plant .(9ג)

Further details about the nine hydropower plants of Pak-
istan can be seen in Fig. 5. The nine above described
hydropower plants are evaluated according to four attributes,
including:

1. Renewable (h̄1);
2. Providing flood control (h̄2);
3. Irrigation support (h̄3);
4. Clean drinking water (h̄4).

In order to avoid the risk of flooding and over-filling of
water, engineers should evaluate the effective qualities of
hydropower plants concerning all attributes in conjunction
with their interaction in the hydropower plants center and
identify the most suitable hydropower plants to provide the
best electrical supply, according to the guidelines of engi-
neers. Each decision engineer uses the 2TLT -SFNs to assess
eachhydropower plant’s ability to control the shortage supply
of electricity in Pakistan. Following the engineers’ recom-
mendations, the 2TLT -SFNs for the selection of the best
hydropower plants are recorded in Table 1.

6.2 The Outcomes of a Case Study

In order to choose the most desirable hydropower plants, the
2TLT -SFWMM and 2TLT -SFWDMM operators are used
to solve the MAGDM problem with 2TLT -SFNs, which
involves the following computing steps:

6.2.1 Decision-Making Procedure Based on the
2TLT -SFWMMOperator

On the basis of the 2TLT -SFNs matrix (see Table 1) and by
utilizing Eq. (10), the collective 2TLT -SF assessing matrix
is computed. The aggregated outcomes are listed in Table 2.

Compute the weights of attributes �ε(ε = 1, 2, 3, 4) with
the help of the 2TLT -SF-SWARA method and by utilizing
Eqs. (15) to (17) as listed in Table 3.

Construct the assessing matrix (see Table 4) of favorable
and non-favorable-type attributes by utilizing Eqs. (10), (18),
and (19).

Calculate the scoring outcomes of hydropower plants for
favorable (g?(ᾰκ )) and non-favorable (g?(β̆κ )) type attributes
by utilizing Eq. (5) and establishing the ranking order by
using the 2TLT -SF-COPRAS method. The evaluation out-
comes are listed in Table 5.

The ranking of nine hydropower plants by utilizing the
2TLT -SFWMM operator is shown in Fig. 6.

6.2.2 Decision-Making Procedure Based on the
2TLT -SFWDMMOperator

On the basis of the 2TLT -SFNs matrix (see Table 1) and by
utilizing Eq. (14), the collective 2TLT -SF assessing matrix
is computed. The aggregated outcomes are listed in Table 6.

Compute the weights of attributes �ε(ε = 1, 2, 3, 4) with
the help of the 2TLT -SF-SWARA method and by utilizing
Eqs. (15) to (17) as listed in Table 7.

Construct the assessing matrix (see Table 8) of favorable
and non-favorable-type attributes by utilizing Eqs. (14), (18),
and (19).

Calculate the scoring outcomes of hydropower plants for
favorable (g?(ᾰκ )) and non-favorable (g?(β̆κ )) type attributes
by utilizing Eq. (5) and establishing the ranking order by
using the 2TLT -SF-COPRAS method. The evaluation out-
comes are listed in Table 9.

The ranking of nine hydropower plants by utilizing the
2TLT -SFWDMM operator is shown in Fig. 7.

6.3 Sensitivity Analysis

6.3.1 Effects of Parameters ð and q on the Ranking
Outcomes by 2TLT -SFWMMOperator

When aggregating data, it should be observed that the param-
eters ð and q of the 2TLT -SFWMM operator serve as an
essential role in determining the outcomes. As an initial step,
in order to investigate the impact of the parameter ð on the
aggregation results, we vary the value of the parameter ð

in Phase 2 of the developed MAGDM approach. The desir-
able outcomes of hydropower plants are depicted in Table
10 (Suppose q = 4). From Table 10, we can also see that
the hydropower plants are ranked in order of importance
as parameter ð take different values by utilizing the 2TLT -
SFWMM operator. That parameter ð indicates the degree of
interrelations among attributes due to the alternate order of
hydropower plants. The interrelationship pattern of attributes
changes by using the 2TLT -SFWMM operator, as the engi-
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Fig. 5 Graphical representation of 9 hydropower plants in Pakistan
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Table 1 The assessing matrix with 2TLT -SFNs by four engineers

Decision engineers Alternatives Attributes
h̄1 h̄2 h̄3 h̄4

e1 1ג ((s2, 0), (s3, 0), (s6, 0)) ((s3, 0), (s4, 0), (s5, 0)) ((s5, 0), (s2, 0), (s3, 0)) ((s4, 0), (s3, 0), (s5, 0))

2ג ((s7, 0), (s1, 0), (s3, 0)) ((s6, 0), (s2, 0), (s1, 0)) ((s4, 0), (s3, 0), (s1, 0)) ((s3, 0), (s5, 0), (s2, 0))

3ג ((s4, 0), (s3, 0), (s2, 0)) ((s7, 0), (s1, 0), (s2, 0)) ((s6, 0), (s2, 0), (s4, 0)) ((s7, 0), (s1, 0), (s3, 0))

4ג ((s1, 0), (s3, 0), (s7, 0)) ((s2, 0), (s3, 0), (s6, 0)) ((s7, 0), (s2, 0), (s1, 0)) ((s6, 0), (s3, 0), (s2, 0))

5ג ((s7, 0), (s2, 0), (s3, 0)) ((s1, 0), (s5, 0), (s2, 0)) ((s1, 0), (s2, 0), (s6, 0)) ((s5, 0), (s3, 0), (s2, 0))

6ג ((s2, 0), (s3, 0), (s4, 0)) ((s5, 0), (s3, 0), (s1, 0)) ((s1, 0), (s3, 0), (s5, 0)) ((s3, 0), (s4, 0), (s1, 0))

7ג ((s2, 0), (s6, 0), (s4, 0)) ((s4, 0), (s3, 0), (s5, 0)) ((s3, 0), (s2, 0), (s5, 0)) ((s6, 0), (s1, 0), (s2, 0))

8ג ((s2, 0), (s5, 0), (s4, 0)) ((s6, 0), (s3, 0), (s2, 0)) ((s6, 0), (s4, 0), (s1, 0)) ((s5, 0), (s3, 0), (s2, 0))

9ג ((s4, 0), (s5, 0), (s3, 0)) ((s2, 0), (s7, 0), (s1, 0)) ((s3, 0), (s5, 0), (s4, 0)) ((s4, 0), (s1, 0), (s3, 0))

e2 1ג ((s5, 0), (s1, 0), (s2, 0)) ((s2, 0), (s1, 0), (s4, 0)) ((s4, 0), (s1, 0), (s3, 0)) ((s6, 0), (s3, 0), (s1, 0))

2ג ((s5, 0), (s3, 0), (s1, 0)) ((s4, 0), (s1, 0), (s5, 0)) ((s6, 0), (s2, 0), (s1, 0)) ((s4, 0), (s3, 0), (s2, 0))

3ג ((s2, 0), (s3, 0), (s6, 0)) ((s3, 0), (s1, 0), (s5, 0)) ((s2, 0), (s4, 0), (s3, 0)) ((s1, 0), (s4, 0), (s3, 0))

4ג ((s2, 0), (s3, 0), (s5, 0)) ((s5, 0), (s3, 0), (s2, 0)) ((s4, 0), (s2, 0), (s3, 0)) ((s2, 0), (s4, 0), (s5, 0))

5ג ((s3, 0), (s1, 0), (s6, 0)) ((s4, 0), (s1, 0), (s2, 0)) ((s1, 0), (s2, 0), (s5, 0)) ((s4, 0), (s1, 0), (s2, 0))

6ג ((s5, 0), (s1, 0), (s3, 0)) ((s1, 0), (s3, 0), (s4, 0)) ((s6, 0), (s1, 0), (s2, 0)) ((s5, 0), (s1, 0), (s3, 0))

7ג ((s7, 0), (s1, 0), (s2, 0)) ((s6, 0), (s1, 0), (s2, 0)) ((s6, 0), (s2, 0), (s1, 0)) ((s2, 0), (s4, 0), (s3, 0))

8ג ((s4, 0), (s2, 0), (s5, 0)) ((s3, 0), (s6, 0), (s2, 0)) ((s1, 0), (s4, 0), (s6, 0)) ((s2, 0), (s5, 0), (s3, 0))

9ג ((s5, 0), (s4, 0), (s3, 0)) ((s2, 0), (s1, 0), (s7, 0)) ((s4, 0), (s5, 0), (s3, 0)) ((s1, 0), (s4, 0), (s3, 0))

e3 1ג ((s5, 0), (s3, 0), (s2, 0)) ((s1, 0), (s5, 0), (s2, 0)) ((s2, 0), (s3, 0), (s5, 0)) ((s5, 0), (s3, 0), (s1, 0))

2ג ((s1, 0), (s4, 0), (s2, 0)) ((s2, 0), (s4, 0), (s3, 0)) ((s4, 0), (s2, 0), (s5, 0)) ((s3, 0), (s4, 0), (s2, 0))

3ג ((s3, 0), (s4, 0), (s1, 0)) ((s2, 0), (s1, 0), (s6, 0)) ((s5, 0), (s2, 0), (s3, 0)) ((s2, 0), (s4, 0), (s1, 0))

4ג ((s1, 0), (s2, 0), (s4, 0)) ((s1, 0), (s3, 0), (s5, 0)) ((s6, 0), (s2, 0), (s1, 0)) ((s3, 0), (s2, 0), (s5, 0))

5ג ((s5, 0), (s4, 0), (s3, 0)) ((s5, 0), (s2, 0), (s1, 0)) ((s1, 0), (s3, 0), (s5, 0)) ((s3, 0), (s2, 0), (s5, 0))

6ג ((s2, 0), (s1, 0), (s5, 0)) ((s7, 0), (s3, 0), (s1, 0)) ((s5, 0), (s2, 0), (s4, 0)) ((s3, 0), (s5, 0), (s4, 0))

7ג ((s4, 0), (s5, 0), (s3, 0)) ((s2, 0), (s3, 0), (s5, 0)) ((s7, 0), (s1, 0), (s2, 0)) ((s6, 0), (s3, 0), (s1, 0))

8ג ((s6, 0), (s4, 0), (s3, 0)) ((s6, 0), (s2, 0), (s1, 0)) ((s5, 0), (s3, 0), (s1, 0)) ((s7, 0), (s3, 0), (s0, 0))

9ג ((s2, 0), (s6, 0), (s3, 0)) ((s3, 0), (s7, 0), (s1, 0)) ((s2, 0), (s6, 0), (s4, 0)) ((s5, 0), (s4, 0), (s3, 0))

e4 1ג ((s6, 0), (s1, 0), (s2, 0)) ((s1, 0), (s5, 0), (s3, 0)) ((s6, 0), (s3, 0), (s1, 0)) ((s5, 0), (s3, 0), (s2, 0))

2ג ((s3, 0), (s2, 0), (s5, 0)) ((s5, 0), (s1, 0), (s3, 0)) ((s4, 0), (s2, 0), (s3, 0)) ((s4, 0), (s2, 0), (s5, 0))

3ג ((s5, 0), (s2, 0), (s3, 0)) ((s6, 0), (s3, 0), (s2, 0)) ((s3, 0), (s1, 0), (s5, 0)) ((s1, 0), (s2, 0), (s6, 0))

4ג ((s4, 0), (s5, 0), (s1, 0)) ((s3, 0), (s2, 0), (s5, 0)) ((s4, 0), (s2, 0), (s3, 0)) ((s5, 0), (s3, 0), (s4, 0))

5ג ((s1, 0), (s2, 0), (s7, 0)) ((s2, 0), (s1, 0), (s6, 0)) ((s2, 0), (s3, 0), (s5, 0)) ((s4, 0), (s3, 0), (s2, 0))

6ג ((s4, 0), (s3, 0), (s5, 0)) ((s5, 0), (s2, 0), (s3, 0)) ((s7, 0), (s3, 0), (s1, 0)) ((s5, 0), (s2, 0), (s4, 0))

7ג ((s4, 0), (s5, 0), (s3, 0)) ((s2, 0), (s1, 0), (s5, 0)) ((s5, 0), (s3, 0), (s2, 0)) ((s7, 0), (s1, 0), (s2, 0))

8ג ((s4, 0), (s6, 0), (s3, 0)) ((s1, 0), (s2, 0), (s6, 0)) ((s3, 0), (s5, 0), (s1, 0)) ((s7, 0), (s0, 0), (s3, 0))

9ג ((s3, 0), (s6, 0), (s2, 0)) ((s1, 0), (s3, 0), (s7, 0)) ((s6, 0), (s2, 0), (s4, 0)) ((s3, 0), (s5, 0), (s4, 0))

neer chooses alternate values of the ð parameter. Thus, the
ranking orders of hydropower plants differ from one another
in terms of importance.

We examine the impact of the parameter q on the aggre-
gated outcomes by experimenting with various values of the
parameter q in Phase 4 of the developedMAGDMapproach.
The desirable outcomes of hydropower plants are depicted
in Table 11 (Suppose ð = (1, 1, 1, 1)). We can also see
that the hydropower plants are ranked in order of impor-

tance as parameter q take different values by utilizing the
2TLT -SFWMM operator. So as the parameter q varies, the
ranking order of hydropower plants shifts, while the best
hydropower plants remains unchanged in the procedure.Dur-
ing the DM process, the engineer must choose the optimal
hydropower plants with the variation of the parameter q
for effectively modeling the 2TLT -SF data. On the basis
of the attributes’ evaluating values, the parameter q can be
set to the lowest integer that meets the inequality’s require-

123



Arabian Journal for Science and Engineering (2023) 48:5859–5888 5877

Table 2 Collective 2TLT -SF assessing matrix by the 2TLT -SFWMM operator

Collective assessment matrix

Alternatives h̄1 h̄2

1ג ((s4, 0.2394), (s7, 0.3200), (s8,−0.2768)) ((s2,−0.3562), (s8,−0.2006), (s8,−0.1828))

2ג ((s3, 0.1356), (s8,−0.3512), (s7, 0.4068)) ((s4,−0.3970), (s7, 0.4080), (s8,−0.1826))

3ג ((s3,−0.1565), (s8,−0.2639), (s8,−0.1249)) ((s3, 0.3728), (s7,−0.3148), (s8,−0.0565))

4ג ((s2,−0.4843), (s8,−0.3294), (s8,−0.0328)) ((s2, 0.4407), (s8,−0.3507), (s8,−0.0881))

5ג ((s4,−0.2884), (s7, 0.4475), (s8,−0.0373)) ((s3, 0.0243), (s7, 0.4514), (s7, 0.4564))

6ג ((s3, 0.0925), (s7, 0.0658), (s8,−0.1152)) ((s3,−0.0945), (s8,−0.3507), (s8,−0.4561))

7ג ((s4, 0.3558), (s8,−0.1133), (s8,−0.3661)) ((s4,−0.4348), (s7, 0.3200), (s8,−0.1227))

8ג ((s4,−0.0674), (s8,−0.1480), (s8,−0.1152)) ((s4,−0.1988), (s8,−0.0960), (s7, 0.4564))

9ג ((s3, 0.4516), (s8,−0.0330), (s8,−0.3507)) ((s2, 0.1074), (s8,−0.0210), (s8,−0.0240))

Alternatives h̄3 h̄4

1ג ((s4,−0.4621), (s7, 0.3111), (s8,−0.1962)) ((s5, 0.1435), (s8,−0.3244), (s7, 0.3697))

2ג ((s5,−0.2957), (s7, 0.3859), (s8,−0.3997)) ((s3, 0.4641), (s8,−0.1724), (s7, 0.4700))

3ג ((s3, 0.4154), (s8,−0.3777), (s8,−0.2168)) ((s2,−0.1831), (s8,−0.2407), (s8,−0.3375))

4ג ((s5, 0.0524), (s7, 0.2743), (s7, 0.3200)) ((s3, 0.0837), (s8,−0.2801), (s8,−0.0784))

5ג ((s1, 0.0718), (s7, 0.2785), (s8,−0.0287)) ((s4,−0.1633), (s7, 0.2504), (s8,−0.2909))

6ג ((s4, 0.0315), (s7, 0.2504), (s8,−0.2490)) ((s4,−0.1270), (s8,−0.2680), (s8,−0.2955))

7ג ((s5, 0.3717), (s7, 0.1723), (s7, 0.4877)) ((s4,−0.0736), (s8,−0.3410), (s7, 0.3580))

8ג ((s3,−0.4116), (s8,−0.1498), (s8,−0.1629)) ((s4,−0.0350), (s8,−0.1679), (s7, 0.2904))

9ג ((s3, 0.1943), (s8,−0.0323), (s8,−0.1850)) ((s2, 0.3868), (s8,−0.1803), (s8,−0.2950))

Table 3 Assessed values of attributes weights by utilizing the 2TLT -SF-SWARA method

Attributes Scores Sort Relative importance Relative factor Approximate weights Attributes weights
h̄ε g� sε kε �ε �ε

h̄1 0.0281 0.1318 – 1.0000 1.0000 0.2668

h̄2 0.1318 0.0619 0.0699 1.0699 0.9347 0.2493

h̄3 0.0346 0.0346 0.0273 1.0273 0.9098 0.2427

h̄4 0.0619 0.0281 0.0065 1.0065 0.9040 0.2412

Table 4 Assessing values of favorable and non-favorable-type attributes by 2TLT -SFWMM operator

Assessed values of favorable attributes Assessed values of non-favorable attributes

Alternatives

1ג ((s5, 0.2659), (s8,−0.0041), (s8,−0.0033)) ((s4,−0.3162), (s8,−0.0019), (s8,−0.0005))

2ג ((s4, 0.4351), (s8,−0.0011), (s8,−0.0058)) ((s5,−0.1325), (s8,−0.0055), (s8,−0.0010))

3ג ((s4,−0.3121), (s8,−0.0012), (s8,−0.0008)) ((s4, 0.4244), (s8,−0.0081), (s8, 0.0000))

4ג ((s4,−0.3843), (s8,−0.0018), (s8, 0.0000)) ((s4, 0.4633), (s8,−0.0037), (s8,−0.0008))

5ג ((s5,−0.2613), (s8,−0.0077), (s8,−0.0002)) ((s3, 0.2439), (s8,−0.0044), (s8,−0.0003))

6ג ((s5,−0.4547), (s8,−0.0046), (s8,−0.0007)) ((s4, 0.4265), (s8,−0.0038), (s8,−0.0017))

7ג ((s5,−0.0458), (s8,−0.0008), (s8,−0.0044)) ((s5, 0.0132), (s8,−0.0086), (s8,−0.0009))

8ג ((s5,−0.1549), (s8,−0.0005), (s8,−0.0016)) ((s4, 0.2709), (s8,−0.0002), (s8,−0.0014))

9ג ((s4,−0.1365), (s8, 0.0000), (s8,−0.0020)) ((s4,−0.1603), (s8, 0.0000), (s8, 0.0000))
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Table 5 Assessing outcomes of hydropower plants and ranking order by utilizing the 2TLT -SF-COPRAS method

Alternatives Benefit attributes scores Cost attributes scores Relative degrees Utility degrees Ranking
g?(ᾰκ ) g?(β̆κ ) �κ Uκ

1ג 0.0947 0.0226 0.1586 0.9433 5

2ג 0.0487 0.0688 0.0697 0.4144 1

3ג 0.0228 0.0468 0.0538 0.3195 8

4ג 0.0209 0.0486 0.0507 0.3009 7

5ג 0.0616 0.0136 0.1688 1.0000 9

6ג 0.0523 0.0473 0.0830 0.4924 6

7ג 0.0746 0.0773 0.0935 0.5546 2

8ג 0.0677 0.0410 0.1030 0.6121 3

9ג 0.0362 0.0265 0.0908 0.5397 4

Fig. 6 The graphical
interpretation about the ranking
of 9 hydropower plants

ments as 0 ≤ (�−1(sp(�), ℘ (�)))q +(�−1(sn(�),ℵ(�)))q +
(�−1(sl(�), £(�)))q ≤ τ q .

6.3.2 Effects of Parameters ð and q on the Ranking
Outcomes by 2TLT -SFWDMMOperator

When aggregating data, it should be observed that the param-
eters ð and q of the 2TLT -SFWDMM operator serve as an
essential role in determining the outcomes. As an initial step,
in order to investigate the impact of the parameter ð on the
aggregation results, we vary the value of the parameter ð

in Phase 2 of the developed MAGDM approach. The desir-
able outcomes of hydropower plants are depicted in Table
12 (Suppose q = 4). From Table 12, we can also see that
the hydropower plants are ranked in order of importance
as parameter ð take different values by utilizing the 2TLT -
SFWDMM operator. That parameter ð indicates the degree
of interrelations among attributes due to the alternate order of
hydropower plants. The interrelationship pattern of attributes
changes by using the 2TLT -SFWDMMoperator, as the engi-
neer chooses alternate values of the ð parameter. Thus, the

ranking orders of hydropower plants differ from one another
in terms of importance.

We examine the impact of the parameter q on the aggre-
gated outcomes by experimenting with various values of the
parameter q in Phase 4 of the developedMAGDMapproach.
The desirable outcomes of hydropower plants are depicted
in Table 13 (Suppose ð = (1, 1, 1, 1)). We can also see
that the hydropower plants are ranked in order of impor-
tance as parameter q take different values by utilizing the
2TLT -SFWDMM operator. So as the parameter q varies,
the ranking order of hydropower plants shifts, while the
best hydropower plants remains unchanged in the procedure.
During the DM process, the engineer must choose the opti-
mal hydropower plants with the variation of the parameter
q for effectively modeling the 2TLT -SF data. On the basis
of the attributes’ evaluating values, the parameter q can be
set to the lowest integer that meets the inequality’s require-
ments as 0 ≤ (�−1(sp(�), ℘ (�)))q +(�−1(sn(�),ℵ(�)))q +
(�−1(sl(�), £(�)))q ≤ τ q .
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Table 6 Collective 2TLT -SF assessing matrix by the 2TLT -SFWDMM operator

Collective assessment matrix

Alternatives h̄1 h̄2

1ג ((s8,−0.0592), (s2,−0.2679), (s2, 0.4915)) ((s7, 0.1833), (s3,−0.4881), (s3, 0.3010))

2ג ((s8,−0.0563), (s3,−0.4790), (s2,−0.1985)) ((s8,−0.1062), (s2,−0.2589), (s3,−0.0458))

3ג ((s8,−0.2945), (s3, 0.1405), (s3,−0.3747)) ((s8,−0.0737), (s1, 0.1163), (s4, 0.0118))

4ג ((s7, 0.1381), (s3,−0.2044), (s4, 0.2582)) ((s8,−0.2445), (s3,−0.1192), (s4,−0.4056))

5ג ((s8,−0.0527), (s2,−0.1339), (s4, 0.3085)) ((s8,−0.1681), (s2,−0.3014), (s2,−0.1869))

6ג ((s8,−0.1837), (s1, 0.3904), (s4,−0.1019)) ((s8,−0.0414), (s3,−0.1192), (s2,−0.0567))

7ג ((s8,−0.0189), (s3,−0.2759), (s3,−0.2981)) ((s8,−0.0801), (s2,−0.2679), (s3, 0.4657))

8ג ((s8,−0.0763), (s3, 0.3010), (s4,−0.1019)) ((s8,−0.0565), (s3, 0.3659), (s2,−0.1869))

9ג ((s8,−0.1442), (s5,−0.0810), (s3,−0.1192)) ((s7, 0.3937), (s3,−0.0470), (s3,−0.3542))

Alternatives h̄3 h̄4

1ג ((s8,−0.1253), (s2,−0.2174), (s3, 0.1330)) ((s8,−0.0262), (s3, 0.0000), (s1, 0.4788))

2ג ((s8,−0.0416), (s2, 0.1689), (s2,−0.1911)) ((s8,−0.2029), (s3, 0.4783), (s2, 0.1919))

3ג ((s8,−0.1085), (s2, 0.4623), (s3, 0.3442)) ((s8,−0.2138), (s3,−0.1716), (s2, 0.3125))

4ג ((s8,−0.0180), (s2, 0.0000), (s2,−0.2679)) ((s8,−0.1650), (s3,−0.0196), (s4, 0.0709))

5ג ((s7,−0.4518), (s2, 0.3522), (s5, 0.1857)) ((s8,−0.1331), (s2,−0.2882), (s3,−0.3672))

6ג ((s8,−0.0264), (s2,−0.2882), (s3,−0.2405)) ((s8,−0.1122), (s2, 0.2920), (s3,−0.2981))

7ג ((s8,−0.0083), (s2,−0.3083), (s2,−0.1794)) ((s8,−0.0346), (s2, 0.4208), (s2,−0.0895))

8ג ((s8,−0.1397), (s4,−0.2479), (s2, 0.0477)) ((s8,−0.0208), (s0, 0.0000), (s0, 0.0000))

9ג ((s8,−0.1909), (s5,−0.1813), (s4,−0.4348)) ((s8,−0.2482), (s3, 0.0998), (s3, 0.0876))

Table 7 Assessed values of attributes weights by utilizing the 2TLT -SF-SWARA method

Attributes Scores Sort Relative importance Relative factor Approximate weights Attributes weights
h̄ε g� sε kε �ε �ε

h̄1 0.0281 0.1318 – 1.0000 1.0000 0.2668

h̄2 0.1318 0.0619 0.0699 1.0699 0.9347 0.2493

h̄3 0.0346 0.0346 0.0273 1.0273 0.9098 0.2427

h̄4 0.0619 0.0281 0.0065 1.0065 0.9040 0.2412

Table 8 Assessing values of favorable and non-favorable-type attributes by 2TLT -SFWDMM operator

Assessed values of favorable attributes Assessed values of non-favorable attributes

Alternatives

1ג ((s8, 0.0000), (s4,−0.2918), (s3, 0.3933)) ((s8,−0.0017), (s3, 0.4927), (s4, 0.3078))

2ג ((s8,−0.0002), (s4, 0.2121), (s3, 0.4619)) ((s8, 0.0000), (s3, 0.3216), (s4,−0.3398))

3ג ((s8,−0.0012), (s4, 0.2184), (s4,−0.1579)) ((s8, 0.0000), (s3, 0.0424), (s5,−0.3894))

4ג ((s8,−0.0026), (s4, 0.1553), (s5,−0.0280)) ((s8, 0.0000), (s4,−0.2746), (s4,−0.1836))

5ג ((s8, 0.0000), (s3, 0.2829), (s4, 0.4720)) ((s8, 0.0033), (s3, 0.3654), (s4, 0.1489))

6ג ((s8,−0.0004), (s3, 0.2885), (s4, 0.3935)) ((s8, 0.0000), (s4,−0.4125), (s4,−0.3736))

7ג ((s8, 0.0000), (s4,−0.0792), (s4, 0.3114)) ((s8, 0.0000), (s3, 0.1232), (s4,−0.1744))

8ג ((s8, 0.0000), (s0, 0.0000), (s0, 0.0000)) ((s8, 0.0000), (s5,−0.4760), (s3, 0.3113))

9ג ((s8,−0.0007), (s5,−0.1905), (s4, 0.2224)) ((s8,−0.0018), (s5,−0.3576), (s4, 0.1904))
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Table 9 Assessing outcomes of hydropower plants and ranking order by utilizing the 2TLT -SF-COPRAS

Alternatives Benefit attributes scores Cost attributes scores Relative degrees Utility degrees Ranking
g?(ᾰκ ) g?(β̆κ ) �κ Uκ

1ג 0.9838 0.9575 1.9635 0.9987 3

2ג 0.9824 0.9781 1.9416 0.9876 1

3ג 0.9731 0.9448 1.9660 1.0000 8

4ג 0.9248 0.9741 1.8878 0.9602 2

5ג 0.9512 0.9630 1.9253 0.9793 7

6ג 0.9544 0.9789 1.9128 0.9729 9

7ג 0.9774 0.9739 1.9407 0.9871 5

8ג 1.0000 0.9853 1.9521 0.9929 6

9ג 0.9610 0.9619 1.9362 0.9848 4

Fig. 7 The graphical
interpretation about the ranking
of 9 hydropower plants

Table 10 Score functions and ranking outcomes according to the parameter ð by 2TLT -SFWMM operator

Parameters g�(1ג) g�(2ג) g�(3ג) g�(4ג) g�(5ג) g�(6ג) g�(7ג) g�(8ג) g�(9ג) Ranking

(1, 1, 0, 0) 0.7013 0.5583 0.4698 0.5103 1.0000 0.4440 0.6957 0.7229 0.7414 5ג > 9ג > 8ג > 1ג > 7ג > 2ג > 4ג > 3ג > 6ג

(1, 1, 1, 0) 0.8700 0.5615 0.4580 0.4445 1.0000 0.4538 0.7170 0.7214 0.7051 5ג > 1ג > 8ג > 7ג > 9ג > 2ג > 3ג > 6ג > 4ג

(2, 0, 6, 0) 0.6282 0.6085 0.5652 0.5573 1.0000 0.5417 0.6520 0.7389 0.5967 5ג > 8ג > 7ג > 1ג > 2ג > 9ג > 3ג > 4ג > 6ג

(1, 0, 2, 0) 0.6797 0.6073 0.5442 0.5470 1.0000 0.5071 0.7036 0.7481 0.6660 5ג > 8ג > 7ג > 1ג > 9ג > 2ג > 4ג > 3ג > 6ג

(1, 2, 1, 0) 0.8682 0.6466 0.5768 0.5284 1.0000 0.5421 0.7699 0.7850 0.7596 5ג > 1ג > 8ג > 7ג > 9ג > 2ג > 3ג > 6ג > 4ג

(1, 2, 0, 0) 0.6797 0.6073 0.5442 0.5470 1.0000 0.5071 0.7036 0.7481 0.6660 5ג > 8ג > 7ג > 1ג > 9ג > 2ג > 4ג > 3ג > 6ג

(2, 2, 0, 0) 0.6740 0.6200 0.5257 0.6053 1.0000 0.4956 0.7252 0.7654 0.7348 5ג > 8ג > 9ג > 7ג > 1ג > 2ג > 4ג > 3ג > 6ג

(2, 3, 0, 0) 0.6562 0.6204 0.5396 0.5935 1.0000 0.5110 0.7028 0.7603 0.6852 5ג > 8ג > 7ג > 9ג > 1ג > 2ג > 4ג > 3ג > 6ג

(2, 3, 0, 5) 0.8175 0.6904 0.6852 0.4092 1.0000 0.5756 0.7872 0.7750 0.8203 5ג > 9ג > 1ג > 7ג > 8ג > 2ג > 3ג > 6ג > 4ג

(2, 0, 4, 5) 0.7589 0.6400 0.6006 0.3313 1.0000 0.5174 0.7301 0.7400 0.7975 5ג > 9ג > 1ג > 8ג > 7ג > 2ג > 3ג > 6ג > 4ג

6.4 Comparative Analysis

6.4.1 Comparative Analysis with Different MAGDM
Methods

We compare the new method 2TLT -SF-SWARA-
COPRAS predicated on 2TLT -SFNs and 2TLT -SFWMM

(2TLT -SFWDMM) operator with different methodologies
to accurately reflect the reasonability and effectiveness of
the new method introduced in this research paper. However,
there are some minor differences in the ordering of judg-
ments, as shown in Figs. 8, 9, 10, 11, 12 and 13, it is useful
to note that the best decisions are consistently different. In
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Table 11 Score functions and ranking outcomes according to the parameter q by 2TLT -SFWMM operator

Parameters g�(1ג) g�(2ג) g�(3ג) g�(4ג) g�(5ג) g�(6ג) g�(7ג) g�(8ג) g�(9ג) Ranking

q = 1 1.0000 0.8337 0.7799 0.7014 0.9596 0.8038 0.8635 0.8664 0.9120 1ג > 5ג > 9ג > 8ג > 7ג > 2ג > 6ג > 3ג > 4ג

q = 2 1.0000 0.6761 0.5904 0.5474 0.9969 0.6978 0.7459 0.7855 0.7757 1ג > 5ג > 8ג > 9ג > 7ג > 6ג > 2ג > 3ג > 4ג

q = 3 0.9676 0.5246 0.4319 0.4076 1.0000 0.5862 0.6326 0.6912 0.6416 5ג > 1ג > 8ג > 9ג > 7ג > 6ג > 2ג > 3ג > 4ג

q = 4 0.9433 0.4143 0.3195 0.3010 1.0000 0.4925 0.5546 0.6121 0.5398 5ג > 1ג > 8ג > 7ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 5 0.9252 0.3334 0.2369 0.2218 1.0000 0.4145 0.5004 0.5459 0.4571 5ג > 1ג > 8ג > 7ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 6 0.9119 0.2730 0.1764 0.1632 1.0000 0.3514 0.4622 0.4913 0.3885 5ג > 1ג > 8ג > 7ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 7 0.9032 0.2261 0.1313 0.1199 1.0000 0.2997 0.4344 0.4460 0.3304 5ג > 1ג > 8ג > 7ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 8 0.9004 0.1904 0.0976 0.0881 1.0000 0.2576 0.4150 0.4090 0.2809 5ג > 1ג > 7ג > 8ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 9 0.9037 0.1622 0.0725 0.0647 1.0000 0.2234 0.4014 0.3788 0.2387 5ג > 1ג > 7ג > 8ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 10 0.9136 0.1396 0.0539 0.0475 1.0000 0.1955 0.3922 0.3544 0.2028 5ג > 1ג > 7ג > 8ג > 9ג > 6ג > 2ג > 3ג > 4ג

q = 11 0.9323 0.1216 0.0402 0.0349 1.0000 0.1728 0.3869 0.3353 0.1729 5ג > 1ג > 7ג > 8ג > 9ג > 6ג > 2ג > 3ג > 4ג

Table 12 Score functions and ranking outcomes according to the parameter ð by 2TLT -SFWDMM operator

Parameters g�(1ג) g�(2ג) g�(3ג) g�(4ג) g�(5ג) g�(6ג) g�(7ג) g�(8ג) g�(9ג) Ranking

(1, 1, 0, 0) 0.9819 0.9840 0.9850 0.9826 0.9886 0.9742 0.9936 0.9792 1.0000 9ג > 7ג > 5ג > 3ג > 2ג > 4ג > 1ג > 8ג > 6ג

(1, 1, 1, 0) 1.0000 0.9949 0.9925 0.9695 0.9773 0.9739 0.9978 0.9798 0.9950 1ג > 7ג > 9ג > 2ג > 3ג > 8ג > 5ג > 6ג > 4ג

(2, 0, 6, 0) 0.9233 0.9100 0.9196 0.9293 0.9429 0.9038 0.9621 0.9340 1.0000 9ג > 7ג > 5ג > 8ג > 4ג > 1ג > 3ג > 2ג > 6ג

(1, 0, 2, 0) 0.9688 0.9695 0.9701 0.9702 0.9798 0.9585 0.9888 0.9704 1.0000 9ג > 7ג > 5ג > 8ג > 4ג > 3ג > 2ג > 1ג > 6ג

(1, 2, 1, 0) 0.9988 0.9912 0.9854 0.9622 0.9792 0.9674 1.0000 0.9791 0.9948 7ג > 1ג > 9ג > 2ג > 3ג > 5ג > 8ג > 6ג > 4ג

(1, 2, 0, 0) 0.9688 0.9695 0.9701 0.9702 0.9798 0.9585 0.9888 0.9704 1.0000 9ג > 7ג > 5ג > 8ג > 4ג > 3ג > 2ג > 1ג > 6ג

(2, 2, 0, 0) 0.9551 0.9599 0.9608 0.9679 0.9706 0.9401 0.9777 0.9519 1.0000 9ג > 7ג > 5ג > 4ג > 3ג > 2ג > 1ג > 8ג > 6ג

(2, 3, 0, 0) 0.9450 0.9471 0.9488 0.9588 0.9633 0.9285 0.9720 0.9441 1.0000 9ג > 7ג > 5ג > 4ג > 3ג > 2ג > 1ג > 8ג > 6ג

(2, 3, 0, 5) 0.9570 0.9326 0.9422 0.9620 0.9884 0.9164 1.0000 0.9146 0.9681 7ג > 5ג > 9ג > 4ג > 1ג > 3ג > 2ג > 6ג > 8ג

(2, 0, 4, 5) 0.9817 0.9613 0.9392 0.9528 0.9826 0.9133 1.0000 0.9042 0.9571 7ג > 5ג > 1ג > 2ג > 9ג > 4ג > 3ג > 6ג > 8ג

Table 13 Score functions and ranking outcomes according to the parameter q by 2TLT -SFWDMM operator

Parameters g�(1ג) g�(2ג) g�(3ג) g�(4ג) g�(5ג) g�(6ג) g�(7ג) g�(8ג) g�(9ג) Ranking

q = 1 0.9625 0.9208 0.9274 0.8719 0.9335 0.8912 0.9236 1.0000 0.9273 8ג > 1ג > 5ג > 3ג > 9ג > 7ג > 2ג > 6ג > 4ג

q = 2 0.9921 0.9688 0.9826 0.9278 0.9632 0.9443 0.9684 1.0000 0.9669 8ג > 1ג > 3ג > 2ג > 7ג > 9ג > 5ג > 6ג > 4ג

q = 3 1.0000 0.9843 0.9988 0.9504 0.9750 0.9648 0.9836 0.9972 0.9810 1ג > 3ג > 8ג > 2ג > 7ג > 9ג > 5ג > 6ג > 4ג

q = 4 0.9987 0.9876 1.0000 0.9602 0.9793 0.9729 0.9871 0.9929 0.9849 3ג > 1ג > 8ג > 2ג > 7ג > 9ג > 5ג > 6ג > 4ג

q = 5 0.9980 0.9901 1.0000 0.9686 0.9837 0.9796 0.9899 0.9923 0.9883 3ג > 1ג > 8ג > 2ג > 7ג > 9ג > 5ג > 6ג > 4ג

q = 6 0.9979 0.9925 1.0000 0.9759 0.9878 0.9852 0.9924 0.9933 0.9912 3ג > 1ג > 8ג > 2ג > 7ג > 9ג > 5ג > 6ג > 4ג

q = 7 0.9981 0.9944 1.0000 0.9819 0.9911 0.9895 0.9943 0.9947 0.9936 3ג > 1ג > 8ג > 2ג > 7ג > 9ג > 5ג > 6ג > 4ג

q = 8 0.9984 0.9962 1.0000 0.9865 0.9936 0.9926 0.9961 0.9960 0.9955 3ג > 1ג > 2ג > 7ג > 8ג > 9ג > 5ג > 6ג > 4ג

q = 9 0.9987 0.9973 1.0000 0.9901 0.9955 0.9949 0.9972 0.9971 0.9968 3ג > 1ג > 2ג > 7ג > 8ג > 9ג > 5ג > 6ג > 4ג

q = 10 0.9990 0.9981 1.0000 0.9928 0.9968 0.9965 0.9980 0.9979 0.9978 3ג > 1ג > 2ג > 7ג > 8ג > 9ג > 5ג > 6ג > 4ג

q = 11 0.9993 0.9987 1.0000 0.9948 0.9978 0.9976 0.9986 0.9985 0.9984 3ג > 1ג > 2ג > 7ג > 8ג > 9ג > 5ג > 6ג > 4ג
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Fig. 8 2TLT -SFWMM-
SWARA-EDAS [53]

Fig. 9 2TLT -SFWDMM-
SWARA-EDAS [53]

Fig. 10 2TLT -SFWMM-
SWARA-CODAS [54]

123



Arabian Journal for Science and Engineering (2023) 48:5859–5888 5883

Fig. 11 2TLT -SFWDMM-
SWARA-CODAS [54]

Fig. 12 2TLT -SFWMM-
SWARA-TOPSIS [55]

rationality, each method has both upsides and downsides. To
rank the hydropower plants, the 2TLT -SF-SWARA-EDAS
method computes the distances of hydropower plants from
the average ratings of attributes. The 2TLT -SF-SWARA-
CODAS method is used to determine the worthiness of
hydropower plants by using the Euclidean distance as the pri-
mary criterion and the Hamming distance as the secondary
criterion, both are calculated by using the distance from
the negative ideal point. The 2TLT -SF-SWARA-TOPSIS
method is based on an analysis of all of the problems
of hydropower plants. Moreover, it is discovered that the
score function values of the hydropower plants under dif-
ferent assessments differ only slightly. In general, the four
methods can efficiently and successfully select the best
hydropower plants. Furthermore, the proposed 2TLT -SF-
SWARA-COPRAS methodology needs to take into account
the influence factors of DEs and the uncertainty in DM,
resulting in more credible ranking results.

6.4.2 Comparative Analysis with Different Generalized
Fuzzy Sets

We compare the new method 2TLT -SF-SWARA-COPRAS
predicated on 2TLT -SFNs and 2TLT -SFWMM (2TLT -
SFWDMM) operator with different extensions of FSs to
accurately reflect the reasonability and effectiveness of the
new method introduced in this research paper. However,
there are some minor differences in the ordering of judg-
ments, as shown in Figs. 14, 15, 16 and 17, it is useful
to note that the best decisions are consistently different. In
rationality, each extension of FS has both upsides and down-
sides. To rank the hydropower plants evaluating values, the
parameter q can be set to the lowest integer that meets the
inequality’s requirements as 0 ≤ (�−1(sp(�), ℘ (�)))2 +
(�−1(sn(�),ℵ(�)))2 + (�−1(sl(�), £(�)))2 ≤ τ 2 and 0 ≤
�−1(sp(�), ℘ (�))+�−1(sn(�),ℵ(�))+�−1(sl(�), £(�)) ≤
τ for 2TLSFS, and 2TLPFS, respectively. Moreover, it is
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Fig. 13 2TLT -SFWDMM-
SWARA-TOPSIS [55]

Fig. 14 2TLSFWMM-
SWARA-COPRAS [56]

Fig. 15 2TLSFWDMM-
SWARA-COPRAS [56]
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Fig. 16 2TLPFWMM-
SWARA-COPRAS [57]

Fig. 17 2TLPFWDMM-
SWARA-COPRAS [57]

discovered that the score function values of the hydropower
plants under different assessments differ slightly. In general,
these two generalized FSs can be efficiently and successfully
applied to the selection of the best hydropower plants.

7 Concluding Remarks

The interpretation area for assessment data in several existing
extensions of FSs is restricted,making it difficult to copewith
the problem of assessing hydropower plants under a compli-
cated situation, which is full of uncertainties. To overcome
this difficulty, we have employed a new generalization of
FSs, termed as 2TLT -SFSs. Based on the 2TLT -SFWMM
and 2TLT -SFWDMM operators, a general framework has
been developed for MAGDM with 2TLT -SF information.
The 2TLT -SFS permits the total of the membership, absti-
nence, and non-membership grades to be larger than one

while their q-th power sum to be less than or equal to one.
It is perceived that the approach proposed in this work gives
a vast range for expressing assessment data, which facili-
tates DEs in evaluating hydropower plant plans efficiently
and flexibly. The suggested 2TLT -SF decision framework
combines SWARAwith COPRAS in the assessment process,
with 2TLT -SF-SWARA being used to determine the sub-
jective weights of attributes and 2TLT -SF-COPRAS being
used to evaluate hydropower plants strategies.A realistic case
study on the assessment of hydropower plants in Pakistan
was used to demonstrate the practicality and validity of the
suggested technique. The experimental findings suggest that
using our technique to establish the finalized hydropower
plants selection scheme depending on the ranking outcomes
is acceptable and adequate. Moreover, using the data from
the preceding example, the impact of parameters q and ð

on the assessment outcomes was investigated extensively.
Even though the parameters of the model have a substantial

123



5886 Arabian Journal for Science and Engineering (2023) 48:5859–5888

influence on the selecting outcomes, the efficient strategy
remains constant, demonstrating that the approach provided
in this research study is quite robust. Furthermore, the out-
comes of an analysis of different approaches demonstrate
that this approach has substantial benefits in terms of explor-
ing multi-layer diverse relationships between attributes and
reducing the influence of immense importance of assessment
information.

Moreover, there are some limitations to this approach that
should be taken into account in future studies. The pres-
ence of ambiguity and unpredictability in the structure of the
qualitative attribute makes quantitative measurement com-
plicate. This research focuses entirely on the aggregation of
the 2TLT -SFNs by utilizing MM AOs. Future research will
include a variety of assessment knowledge on the aggregation
of the 2TLT -SFNs by utilizing different AOs such as Hamy
mean,MSM,Heronianmean,BM, andHamacher. Therefore,
this researchwill continue to expand inDMenvironment. The
DM approach based on the 2TLT -SF-SWARA-COPRAS
method has complicated assessments due to the involvement
of two steps aggregation: (1) for benefit attributes; (2) for cost
attributes. Additionally, if there are considerable variability
in weights and/or performance evaluations, the 2TLT -SF-
SWARA-COPRAS approach may become unreliable. This
research also related to a collection of datawith a relationship
among them, which indicated that the selection of simulated
data is not addressed in our suggested research.

Furthermore, this technique may be integrated with other
soft computing or uncertainty modeling tools, such as prob-
ability sets [58], language sets [59], hesitant fuzzy sets [60],
cloud models [61], and so on, to increase the technique’s ver-
satility and broaden the range for expression of assessment
information. To integrate the complicated assessment data,
various traditional operators including the Einstein operator
[62], Frankoperator [63], andChoquet integrals operator [64]
can also be extended to aggregate 2TLT -SF information.
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