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Abstract. The theory of T-spherical fuzzy (T-SF) sets possesses remarkable capability to manage
intricate uncertain information. The REGIME method is a well-established technique concerning
discrete choice analysis. This paper comes up with a multiple-criteria choice analysis approach sup-
ported by the REGIME structure for manipulating T-SF uncertainties. This paper constructs new-
created measurements such as superiority identifiers and guide indices for relative attractiveness
and fittingness, respectively, between T-SF characteristics. This study evolves the T-SF REGIME I
and II prioritization procedures for decision support. The application and comparative studies ex-
hibit the effectiveness and favorable features of the propounded T-SF REGIME methodology in real
decisions.
Key words: T-spherical fuzzy set, REGIME method, multiple-criteria choice analysis, superiority
identifier, guide index.

1. Introduction

Uncertain decisions often take place in miscellaneous kinds of multiple criteria evaluation
and assessment processes, especially in coping with complicated realistic problems (Do-
gan, 2021; Farrokhizadeh et al., 2021). As the ever-increasing complexity of problems,
uncertain decisions can be addressed by various fuzzy methods and techniques within
indistinct and equivocal environments, and it can call for innovative high-order fuzzy ap-
proaches to generate interpretable solutions and efficacious decisions (Ashraf and Ab-
dullah, 2021; Gül, 2021; Özlü and Karaaslan, 2021). In particular, the uncertain set of
T-spherical fuzziness has been in a position of considerable influence for manipulating
ambiguous and equivocal information in intricate real-world circumstances (Chen et al.,
2021; Guleria and Bajaj, 2021; Munir et al., 2021; Özlü and Karaaslan, 2021). This sec-
tion provides a concise review of high-order fuzzy approaches to multiple-criteria choice
analysis. Special attention will be paid to a well-established qualitative evaluation method,
named the REGIME method.
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1.1. T-Spherical Fuzziness with Decision-Making Applications

Realistic decision-making activities are usually highly sophisticated and poorly structured,
and many classical decision models cannot directly deal with these complicated problems
(Alipour et al., 2021; Garg, 2021b; Garg and Rani, 2021; Ullah et al., 2021b). Numerous
classical decision models manage crisp assessment data, which means that the subjec-
tive judgment offered by the decision maker is expressed as a precise number. Neverthe-
less, in considerable down-to-earth situations, the decision information may be inaccurate
and/or imprecise (Alipour et al., 2021; Garg, 2021a; Ullah et al., 2021a; Wang and Chen,
2021). Moreover, the decision maker may be unable to explicitly give accurate numerical
values for subjective evaluations in uncertain circumstances (Gao and Deng, 2021; Garg,
2021b; Garg and Rani, 2021). In particular, certain judgment criteria are qualitative or
equivocal in nature, making it difficult for the decision maker to exploit precise values to
externalize subjective assessments and preferences (Alipour et al., 2021; Garg and Rani,
2021; Ullah et al., 2021b). Convoluted decision-making issues usually involve inaccu-
racy, ambiguity, and indefiniteness, resulting in traditional decision models and relevant
canonical techniques often ineffective when manipulating subjective assessment informa-
tion (Garg, 2021a, 2021b; Wang and Chen, 2021). The aforementioned difficulties and
considerations make the notion of fuzzy sets flourish in decision theory (Alipour et al.,
2021; Gao and Deng, 2021; Garg, 2021b).

There are different general variants of the fuzzy models that delineate an object’s mem-
bership in a fuzzy set in various formats (Smarandache, 2019; Ullah et al., 2020a, 2020b).
The notion of ordinary fuzzy sets generalized classical sets and permits a gradual appraisal
about an object’s membership in a set. The real world would be full of indeterminism,
vagueness, and limited knowledge; thus, the complexities associated with the high-order
fuzziness are dependent in a sophisticated way on their uncertainty (Chen, 2021; Dony-
atalab et al., 2020; Farrokhizadeh et al., 2021; Gül, 2021). In such considerations, it is
evidently meaningful to constitute non-standard fuzzy configurations for modelling im-
precision and murkiness in recent decades, such as advanced fuzzy models regarding in-
tuitionistic fuzziness (Atanassov, 1986), Pythagorean fuzziness (Yager, 2013), Fermatean
fuzziness (Senapati and Yager, 2019a, 2019b), q-rung orthopair fuzziness (Yager, 2017),
picture fuzziness (Cuong, 2014), spherical fuzziness (Gündoğdu and Kahraman, 2019),
and T-spherical fuzziness (Mahmood et al., 2019). As an efficacious means to expound
ambiguous and equivocal information, the generalizations of fuzzy sets exhibit a mathe-
matical strength to expatiate on the uncertainty in subjective thinking and cognitive pro-
cesses for the reasoning behind intricate decisions in a logical and sensible way (Garg,
2021a; Senapati and Yager, 2019b; Shahzadi et al., 2021; Ullah et al., 2020a). After in-
troducing the generalizations of fuzzy sets, the ordinary fuzzy version of decision models
and techniques also began to attain full developments via these higher-order fuzzy sets.
Especially, the configuration involving T-spherical fuzziness is a recent advancement in
fuzzy theory and has a magnificent capability of tackling decision-making in multiple cri-
teria choice issues (Chen et al., 2021; Garg et al., 2021; Wang and Chen, 2021; Zeng et
al., 2020).
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The conceptual framework of T-spherical fuzzy (T-SF) sets, initially introduced by
Mahmood et al. (2019), is a significant tool for decision makers with multiple criteria
evaluation and assessment problems under complicated uncertain circumstances. The un-
certain sets of intuitionistic, Pythagorean, Fermatean, and q-rung orthopair fuzziness are
elucidated by virtue of belonging and non-belonging functions. More precisely, a total
sum of both functions takes a value in a real unit interval from 0 to 1 in the intuitionistic
fuzzy model (Atanassov, 1986); the square sum of both functions is valued in [0, 1] in the
Pythagorean fuzzy model (Yager and Abbasov, 2013); the cube sum of both functions is
valued in [0, 1] in the Fermatean fuzzy model (Senapati and Yager, 2019a, 2019b); the
sum of both functions to the q-th power (q is a positive integer) is valued in [0, 1] predi-
cated on the q-rung orthopair fuzzy model (Khan et al., 2021a; Yager, 2017). Herein, the
residual term (i.e. the length of the real unit interval excluding the belonging and non-
belonging parts) is considered as the grade of indeterminacy. Especially, the conception
of q-rung orthopair fuzziness can be deliberated as a broad-ranging kind of non-standard
fuzzy models because it becomes the intuitionistic, Pythagorean, and Fermatean fuzzy
models when q = 1, 2, 3, respectively (Akram et al., 2021a, 2021b; Khan et al., 2021a).
The conceptions of picture fuzziness and spherical fuzziness, as well as T-SF sets, are
delineated by way of three functions: the first is membership; the second is abstinence;
the third is non-membership. Specifically, the sum of three functions takes a value in the
interval [0, 1] in the picture fuzzy model (Cuong, 2014); the square sum of three func-
tions is valued in [0, 1] in the spherical fuzzy model (Gündoğdu and Kahraman, 2019);
the summation about three functions to the t-th power (t is a positive integer) is valued
in [0, 1] in the T-SF model (Mahmood et al., 2019). The residual term (i.e. the length
of the real unit interval excluding the belonging, abstinence, and non-belonging parts) is
regarded as the grade of indeterminacy. The T-SF configuration reduces to the picture
fuzzy and spherical fuzzy models with the conditions that t = 1 and t = 2, respectively.
In consideration of the null degree of abstinence, T-SF sets are mathematically equivalent
to q-rung orthopair fuzzy sets. Taking these discussions into consideration, the concept
of T-SF sets is an all-encompassing structure of the before-mentioned non-standard fuzzy
models (Chen et al., 2021; Garg et al., 2021; Ullah et al., 2020a, 2020b; Zeng et al., 2020).

From an alternative perspective, the concept of neutrosophic sets, incipiently pro-
pounded by Smarandache (2005a, 2005b), is worthy of note as well. The conception
of neutrosophic sets can be deemed to be a generalized conformation of unification to-
ward intuitionistic fuzzy logic (Jana et al., 2021; Nabeeh et al., 2021; Pamucar et al.,
2020). The primary scheme behind neutrosophic logic is to describe the features of a
three-dimensional neutrosophic space (Pamucar et al., 2020; Smarandache, 2019). Specif-
ically, three dimensions of the space characterize the grade of truth-membership, the grade
of falsehood-membership, and the grade of indeterminacy-membership that are equiva-
lent to positive, negative, and refusal memberships, respectively, under uncertainty (Chen,
2021; Qin and Wang, 2020). In particular, these grades of membership are independent
of each other in essence (Karaaslan and Hunu, 2020; Şahin and Liu, 2017). Notably, the
most obvious differentiation between intuitionistic fuzzy logic and neutrosophic logic lies
in whether the three membership degrees are independent or dependent (Karaaslan and
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Hunu, 2020; Pamucar et al., 2020; Smarandache, 2019). In view of the dependent compo-
nents in intuitionistic fuzzy logic, when one membership degree changes, the other mem-
bership degrees need to be changed accordingly to meet the restriction for keeping their
total sum being up to 1 (Atanassov, 1986; Smarandache, 2019). On the contrary, making
allowance for the independent components in neutrosophic logic, when one membership
degree becomes different, the other membership degrees are unnecessary to change ac-
cordingly, wherein the summation of three membership degrees is always up to 3 (Smaran-
dache, 2005a, 2005b, 2019). When the decision maker evaluates the choice options, there
is bound to be a certain degree of relevance in the assessments of the advantages and
disadvantages of the options with respect to specific judgment criteria. In other words,
it is impossible for the favourable and unfavourable evaluations of the same subject mat-
ter to be unrelated. Therefore, in neutrosophic logic, the assumption that the grades of
positive membership and negative membership meet independence is not appropriate for
decision-making problems. More precisely, the mechanism involving independent com-
ponents is not suitable for practical multiple-criteria choice problems, for the reason that
the interactions surrounded by three grades of membership have objective reality included
in human appraisals and judgments to a great extent (Chen, 2021). The T-SF framework
provides an all-encompassing model including intuitionistic fuzzy sets along with certain
non-standard fuzzy sets; thus, it would be more appropriate than the neutrosophic frame-
work to portray assessment information for multiple-criteria choice analysis in uncertain
circumstances.

Due to the comprehensiveness of T-SF sets, the T-SF configuration serves an impor-
tant tool to manipulate convoluted uncertainties for formulating and solving multiple-
criteria choice problems. By way of illustration, Ali et al. (2020) put forward aggregation
operators in complex T-SF settings for the sake of managing multiple-criteria evaluation
affairs. With the assistance of the generalized parameter contained in T-SF sets, Chen et
al. (2021) carried forward certain useful geometric aggregation operators with the aim
of multiple-criteria choice analysis. Garg et al. (2021) launched several beneficial T-SF
power aggregation operators to make headway for multiple-criteria evaluation and ap-
praisement. Guleria and Bajaj (2021) progressed aggregation operators for T-SF soft sets
to tackle decision-making issues. Ju et al. (2021) gave impetus to a T-SF TODIM (i.e.
interactive and multiple-criteria decision making in Portuguese) technique for facilitat-
ing group decision-making tasks under incomplete preference information. Khan et al.
(2021b) set forth a fresh evaluation approach using the agency of T-SF Schweizer-Sklar
power Heronian aggregation operators for uncertain decisions. Liu et al. (2021a) promoted
new and creative Muirhead mean aggregation operations via a complex 2-tuple linguis-
tic structure in T-SF circumstances to treat decision analysis issues. Liu et al. (2021b)
brought forward Maclaurin symmetric aggregation operators with normal T-SF numbers
in the support of uncertain decision making. Munir et al. (2020) evolved T-SF Einstein
hybrid aggregating operations to support the determination of choice options. Munir et al.
(2021) propounded a T-SF decision-aiding algorithm on grounds of interactive geometric
aggregation operations along with associated immediate probabilities. Özlü and Karaaslan
(2021) delivered correlation coefficients concerning T-SF type-2 hesitant information and
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exploited these notions for solving an issue involving clustering the choice options. Wang
and Chen (2021) propounded a T-SF ELECTRE (i.e. ELimination Et Choice Translating
REality) outranking model for decision analysis with multiple criteria. On account of the
advancement of T-SF decision models and techniques, this paper intends to develop an
innovative multiple-criteria choice analysis approach using the agency of the T-SF theory
for determining the predominance ranks of choice options or alternatives.

1.2. Brief Review of the REGIME Methodology

The REGIME method, incipiently propounded by Hinloopen et al. (1983a, 1983b), is
a well-established technique concerning multiple-criteria choice analysis, especially for
qualitative information (Alinezhad and Khalili, 2019; Oztaysi et al., 2021; Tsigdinos and
Vlastos, 2021). Based on an efficient and convenient-to-use approach of paired compar-
isons for choice options, the REGIME method manipulates qualitative information (such
as ordinal data) in a mathematically reasonable way (Oztaysi et al., 2022). Of course,
the REGIME method accepts both qualitative and quantitative data, and the implementa-
tion procedure of this method is simple and easy to understand (Esangbedo et al., 2021;
Kamran et al., 2017; Oztaysi et al., 2021). The characteristic of the classical REGIME
framework is the formation of a REGIME matrix that collects outcomes about paired
comparisons of choice options in an impact matrix (Esangbedo et al., 2021). Herein, the
impact matrix elucidates the effect measurements of choice options on an amalgamation
of quantitative and qualitative judgment criteria manifested in ordinal values (Alinezhad
and Khalili, 2019; Tsigdinos and Vlastos, 2021). REGIME can conclusively generate a
complete list of ranking for choice options via comparing the pairs with selected judg-
ment criteria (Esangbedo et al., 2021; Kamran et al., 2017).

There was something unique about the theory of the REGIME methodology, which
constitutes a distinctive outranking-based model for multiple-criteria evaluation and
choice analysis. As is well known, the ELECTRE and the PROMETHEE (i.e. Prefer-
ence Ranking Organization METHod for Enrichment of Evaluations) are widely em-
ployed outranking-based models. Compared with these two outranking-based models,
the REGIME method exploits a mixed approach with combining the logit analysis and
Kendall’s paired comparisons based on ordinal data (Asgharizadeh et al., 2014; Aspen
et al., 2015; Hinloopen et al., 1983a). In this regard, a favourable feature possessed by
the REGIME is its ability to utilize hybrid qualitative and quantitative data without re-
quiring to convert the qualitative information into quantitative values (Esangbedo et al.,
2021; Kamran et al., 2017; Oztaysi et al., 2022). Moreover, the REGIME is capable of
conducting an adaptive analysis (Kamran et al., 2017) because it can render a complete
predominance ranking for choice options or alternatives supported by paired comparisons
with selected criteria in miscellaneous decision scenarios (Briamonte et al., 2021; Wątrób-
ski et al., 2019). Especially, utilizing the REGIME method can generate undisputed con-
sequences, so the dominant choice will be identified for the most cases (Hinloopen and
Nijkamp, 1990; Wątróbski et al., 2019). Over and above that, the REGIME method has
been proved as an efficacious technique to resolve various evaluation and decision-making
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affairs (Frank, 2014; Oztaysi et al., 2021; Tsigdinos and Vlastos, 2021). For these reasons,
this research makes an effort at choosing the REGIME as the basic framework for extend-
ing to T-SF decision environments and conducting specialized decision-making tasks.

The REGIME has been smoothly exploited in the treatment of multiple-criteria eval-
uation problems (Hinloopen and Nijkamp, 1990), such as assessment and prioritization
of coastal areas (Hinloopen et al., 1983b), regional sustainable resource policy (Akgün
et al., 2012), assessment of alternative wind park locations (Stratigea and Grammatiko-
giannis, 2012), environmental management on wastewater from agriculture (Massei et
al., 2014), economic-ecological sustainability for rural development (Akgün et al., 2015),
sawability related to ornamental and building stones (Kamran et al., 2017), and strategic
road network of a metropolitan region (Tsigdinos and Vlastos, 2021). On the flip-side,
the REGIME framework has been generalized to fuzzy environments, such as the directly
extended REGIME methods involving Pythagorean fuzziness (Oztaysi et al., 2021) and
spherical fuzziness (Oztaysi et al., 2022). These fuzzy extensions of the REGIME method
would form a basis for further advancement under T-SF uncertainties. Even though the
usefulness and effectiveness of the REGIME technique have been demonstrated in the
aforesaid literature, the advancement of the REGIME methodology has not been inves-
tigated yet in T-SF decision contexts. In view of this, it is critically important in the es-
tablishment of a T-SF REGIME approach as the increasing complexity and high-order
fuzziness in realistic decision-making processes.

1.3. Research Gaps and Motivations

In terms of fuzzy community, the theory of T-spherical fuzziness contains a very com-
prehensive account of several non-standard fuzzy configurations. The advancements in
the study of the fuzzy decision-making field are crucial for the subject of multiple-criteria
choice analysis because of the necessity of managing uncertain information in real deci-
sions. According to the investigations regarding the aforementioned literature, the research
gaps and motivations for this paper are threefold:

1. With the increasing usage of the T-SF theory in decision analysis, developing an appro-
priate multiple-criteria choice technique for resolving preference predominance rank-
ings has become more critical under remarkably complicated uncertainties. This gener-
ates the first motivation in order to span the gap in such research topics. Namely, there
would be generally high demand for exploiting the T-SF theory in multiple-criteria
choice analysis, which has been echoed by numerous decision-making models and
methods in T-SF circumstances.

2. As uncertainties in real decisions are common, the classical REGIME method would
be criticized for its ignorance of ambiguous and equivocal information and lack of
proper manipulation. On account of this technical gap, as technology requirements in
realistic uncertain contexts increases, so does demand for more precise modelling of
uncertainties and efficient manipulation of subjective assessments, which brings about
the second motivation.

3. There are now a mushrooming number of studies that shed some light on the subject
of decision models predicated on T-SF sets; however, little research has been done
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on adapting the classic REGIME methodology to a T-SF uncertain context. The ex-
isting multiple criteria evaluation and choice methods involving T-spherical fuzziness
displayed an utter lack of interest in the extension of the REGIME technique to T-SF
environments, which gives rise to the third motivation.

From this basis, this paper attempts to making the REGIME accommodate to the real-
ities of intricate uncertain circumstances. Moreover, this paper contrives of a novel T-SF
REGIME method using several beneficial notions for conducting multiple-criteria choice
analysis under T-SF uncertainty.

1.4. Originality and Contributions

The primary purpose of this study is to specify a suitable measurement system for complex
T-SF information and launch an innovative T-SF REGIME method for addressing multiple
criteria evaluation and choice issues. It is worth mentioning that this paper intends to ex-
ploit the main structure of REGIME to adapt to T-SF decision environments. Because this
paper desires to manipulate complex T-SF uncertain information, the evolved REGIME
method should have differing adaptive notions corresponding to the differing phases of
the core REGIME procedure. First, this paper constitutes a T-SF multiple-criteria choice
problem involving judgment criteria and choice options, along with relevant T-SF eval-
uation values embedded in each T-SF characteristic. Next, in order to differentiate such
T-SF assessment information, this study exploits a beneficial score function that signi-
fies grades of satisfaction, neutral satisfaction, dissatisfaction, and refusal membership for
utilizing T-SF uncertain information adequately. In accordance with score functions and
accuracy values, this study identifies the superiority criteria supported by paired predom-
inance relationships. Soon afterward, this study amalgamates the discrepancy between
score functions with the total weights of superiority criteria for enriching the notion of su-
periority indices. Then, this paper originates an efficacious superiority identifier capable
of measuring the relative attractiveness between T-SF characteristics. And following the
superiority identifier, this paper presents the notions of REGIME identifiers and REGIME
vectors to lay the foundations of a REGIME matrix and establish a guide index capable
of measuring the relative fittingness for T-SF characteristics. This study conceives two
beneficial procedures for the T-SF REGIME I and II prioritization to yield the eventual
partial- and complete-preference rankings, respectively, for available options. By way of
the Boolean matrices based on superiority identifiers and guide indices, this paper con-
firms valuable outranking relationships for generating the T-SF REGIME I predominance
ranks for choice options. Moreover, this paper evolves the T-SF REGIME II predomi-
nance ranks of options on the basis of the net superiority identifier and the net guide
index. To demonstrate the conceivability and advantages of the evolved T-SF REGIME
methodology in pragmatic decisions, this paper explores a realistic problem concerning
the company selection for plant-building. The effectiveness and constructiveness of the
developed techniques can be illustrated through the agency of a comparative analysis.
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1.5. Structure of This Research

The remainder of this research paper is exhibited systematically along these lines. Sec-
tion 2 provides an introductory description of some rudimental notions about T-SF sets.
Section 3 puts forward a novel T-SF REGIME method through the utility of the score
function-based superiority identifiers and guide indices. Section 4 executes the initiated
technique to handle the selection problem of companies for setting up food processing
plants and then carry out a comparative analysis with the T-SF versions of other decision-
making methods. Section 5 concludes this research work with certain concluding remarks,
academic contributions, limitations, and future research directions.

2. Notion of T-SF Sets: Preliminaries

T-SF sets contribute a magnificent model to comprehensively manage the equivocation
and indefiniteness accompanied by multiple criteria evaluation and assessment activi-
ties. Herein, this section intends to describe preliminary notations related to T-SF sets.
Throughout this work, the notations μ, η, ν, and γ represent grades of positive member-
ship, neutral membership (i.e. abstinence), negative membership, and refusal membership,
respectively, in the unit interval [0, 1]. Relevant concepts can give assistance to construct
the initiated T-SF REGIME method.

Definition 1 (Cuong, 2014). Let a finite nonempty set U represent the domain of dis-
course containing an element u. A picture fuzzy set P in U is stated precisely like this:

P = {〈
u,

(
μP (u), ηP (u), νP (u)

)〉 ∣∣ 0 � μP (u) + ηP (u) + νP (u) � 1, u ∈ U
}
, (1)

where γP (u) = 1 − μP (u) − ηP (u) − νP (u). The triplet (μP (u), ηP (u), νP (u)) is stipu-
lated as a picture fuzzy number.

Definition 2 (Gündoğdu and Kahraman, 2019). A spherical fuzzy set S in U is listed
below:

S = {〈
u,

(
μS(u), ηS(u), νS(u)

)〉 ∣∣ 0 �
(
μS(u)

)2+(
ηS(u)

)2+(
νS(u)

)2 � 1, u ∈ U
}
,

(2)

where γT (u) = √
1 − (μS(u))2 − (ηS(u))2 − (νS(u))2. The triplet (μS(u), ηS(u), νS(u))

is explicated as a spherical fuzzy number.

Definition 3 (Mahmood et al., 2019). A T-SF set T in U is delineated as shown:

T = {〈
u,

(
μT (u), ηT (u), νT (u)

)〉 ∣∣ 0 �
(
μT (u)

)z+(
ηT (u)

)z+(
νT (u)

)z � 1, u ∈ U
}
,

(3)
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where γT (u) = z
√

1 − (μT (u))z − (ηT (u))z − (νT (u))z, and z ∈ Z+ (Z+: a collection
of positive integers). The triplet (μT (u), ηT (u), νT (u)) is named a T-SF number, denoted
as t (u).

If z = 1, the T-SF set T in Eq. (3) reduces to the picture fuzzy set P in Eq. (1). If
z = 2, the T-SF set T in Eq. (3) reduces to the spherical fuzzy set S in Eq. (2). From
this basis, picture fuzzy sets and spherical fuzzy sets are referred to as the special cases
of the concepts of T-SF sets. On the flip-side, if ηT (u) = 0, the T-SF set T condenses
into a q-rung orthopair fuzzy version. And by the same token, making allowance for the
precondition that ηT (u) = 0, the T-SF set T reduces to intuitionistic, Pythagorean, and
Fermatean fuzzy sets if z = 1, 2, 3, respectively. Therefore, the theory of T-spherical
fuzziness can be referred to as a generalized configuration with respect to the well-received
non-standard fuzzy sets.

Definition 4 (Mahmood et al., 2019). The score value Sv(t (u)) and the accuracy value
Av(t (u)) of a T-SF number t (u) are portrayed precisely in this manner:

Sv
(
t (u)

) = (
μT (u)

)z − (
νT (u)

)z
, (4)

Av
(
t (u)

) = (
μT (u)

)z + (
ηT (u)

)z + (
νT (u)

)z
, (5)

where Sv(t (u)) ∈ [−1, 1] and Av(t (u)) ∈ [0, 1].

The notions of Sv(t (u)) and Av(t (u)) can facilitate the establishment of a comparison
rule of T-SF numbers. The greater the score value Sv(t (u)) is, the higher the T-SF number
t (u) will be. In the same fashion, the greater the accuracy value Av(t (u)) is, the higher the
t (u) will be. By way of explanation, let t (u1) and t (u2) denote two T-SF numbers. The
following rules can be employed to compare t (u1) and t (u2):

1. If Sv(t (u1)) > Sv(t (u2)), then t (u1) is higher than t (u2);
2. If Sv(t (u1)) = Sv(t (u2)), then:

a) If Av(t (u1)) > Av(t (u2)), then t (u1) is higher than t (u2);
b) If Av(t (u1)) = Av(t (u2)), then t (u1) is equal to t (u2).

However, the grades of neutral membership ηT (u) and refusal membership γT (u) are
not involved in the specification of Sv(t (u)). Furthermore, the grade of refusal member-
ship γT (u) is not contained in the specification of Av(t (u)). On the grounds of this, the
aforesaid comparison rule would lose some decision information contained in T-SF num-
bers. In an attempt to avoid loss of influential information, Zeng et al. (2019) initiated a
new formulation of T-SF score functions and stated several useful properties for the sake
of comparing T-SF numbers. Zeng et al. (2019) took advantage of a curve function with
the format Cf(x) = ex/(ex + 1) whose range is always in the open interval (0, 1). More-
over, it is recognized that Cf(x) + Cf(−x) = 0, which follows directly that Cf(0) = 0.5.
In particular, the curve function Cf(x) is rigorously upswing in domain of real numbers.
Supported by the curve function Cf(x), Zeng et al. (2019) propounded an efficacious score
function Sf(t (u)) of a T-SF number t (u) in U .
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Definition 5 (Zeng et al., 2019). The score function Sf(t (u)) is delineated as shown:

Sf
(
t (u)

) = (
μT (u)

)z − (
ηT (u)

)z − (
νT (u)

)z

+
(

e(μT (u))z−(ηT (u))z−(νT (u))z

e(μT (u))z−(ηT (u))z−(νT (u))z + 1
− 1

2

)(
γT (u)

)z
, (6)

where Sf(t (u)) ∈ [−1, 1]. Moreover, Sf(t (u)) reduces a score value for picture fuzzy and
spherical fuzzy contexts if z = 1, 2, respectively. When ηT (u) = 0, Sf(t (u)) reduces a
score value for intuitionistic, Pythagorean, and Fermatean fuzzy contexts if z = 1, 2, 3,
respectively.

3. Proposed T-SF REGIME Methodology

This section makes an effort to develop a novel T-SF REGIME method for managing
multiple-criteria choice issues under intricate uncertain circumstances. This section de-
signs some beneficial concepts to plan an approach for determining predominance rela-
tionships among the T-SF evaluation values of given alternatives. An efficacious T-SF
REGIME procedure is evolved to help decision makers arrive at a choice.

The proposed T-SF REGIME method consists of five phases: (i) organization of a
multiple-criteria choice problem, (ii) establishment of score function-based superiority
criteria, (iii) determination of the superiority measurements, (iv) identification of the
REGIME matrix and guide indices, and (v) construction of the eventual partial/com-
plete ranking. The research focuses in the five phases are depicted in the T-SF REGIME
framework of the evolved methodology. The analytical framework of the advanced T-SF
REGIME is portrayed in Fig. 1. In the first phase, this paper constitutes a multiple-criteria
choice issue under complicated T-SF uncertainty. In the second phase, this paper utilizes a
beneficial score function to differentiate T-SF information for pinpointing the superiority
criteria. In the third phase, the developed approach aims to exploit the score function-based
collection of superiority criteria to delineate the notions of a superiority index and a su-
periority identifier. In the fourth phase, this paper utilizes the sign of the contrast between
score functions to form a REGIME matrix and then generate a guide index. In the final
phase, this study produces the T-SF REGIME I and II prioritization mechanisms in the ex-
pectation of yielding partial-preference and complete-preference predominance rankings,
respectively, for choice options. To draw as a logical conclusion about the T-SF REGIME
I eventual predominance ranks, this study launches the conception of a superiority-based
Boolean matrix and a guide-based Boolean matrix. This paper unfolds the notions of net
superiority identifiers and net guide indices for deducing the T-SF REGIME II ranking
among choice options. At the beginning, a multiple-criteria choice task would be consti-
tuted in T-SF decision circumstances.

Consider the mathematical description of a multiple-criteria choice analysis task in
the first phase. Let A = {a1, a2, . . . , am} expound a collection of m (�2) choice options
or alternatives. Moreover, let C = {c1, c2, . . . , cn} represent a collection of n (�2) judg-
ment criteria that elucidate factors and characteristics for evaluating the choice options
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Fig. 1. The framework of the evolved T-SF REGIME methodology.
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from which decision makers are choosing. The weight wj ∈ [0, 1] associated with each
judgment criterion cj ∈ C fulfills the normalized condition

∑n
j=1 wj = 1. In a funda-

mental manner, the measures concerning performance ratings of choice options can be
determined using a satisfaction survey through a questionnaire designed to understand
what the decision maker thinks about these alternatives in terms of each criterion. In the
uncertain contexts with T-spherical fuzziness, the T-SF evaluation value tij of a choice
option ai ∈ A in conjunction with a judgment criterion cj ∈ C is precisely stated via
a T-SF number (μij , ηij , νij ) that is constituted by the grade of satisfaction μij , grade
of neutral satisfaction ηij , and grade of dissatisfaction νij . Moreover, the corresponding
grade of refusal membership is given by γij = z

√
1 − (μij )z − (ηij )z − (νij )z. The T-SF

characteristic Ti of ai for z ∈ Z+ is expressed in this manner:

Ti = {〈
cj , (μij , ηij , νij )

〉 ∣∣ 0 � (μij )
z + (ηij )

z + (νij )
z � 1,∀cj ∈ C

}
. (7)

The REGIME mechanism exploits a comparison of any two choice options in pairs.
Next, an eventual predominance ranking of all available options is co-ascertained through
the mutual comparisons of alternatives. With the purpose of building a new mechanism
of the proposed T-SF REGIME method, this paper would first launch an identification ap-
proach of a regime. There is usually no obvious single dominant choice option in practical
decision-making affairs. Therefore, one needs a better way to proceed with T-SF evalua-
tion values in pairwise comparisons that focus on differences between choice options with
respect to the judgment criteria. The score function exhibited by Zeng et al. (2019) can
fully utilize the information about grades of positive, neutral, negative, and refusal mem-
berships that quantify belongingness of a judgment criterion in the domain of discourse
to a T-SF characteristic. Let us examine the effectiveness of the score function Sf(tij ) in
comparison with the score value Sv(tij ) through the agency of the subsequent example.

Example 1. Consider that two T-SF evaluation values tij = (0.6, 0.4, 0.5) and ti′j =
(0.6, 0.1, 0.5) with z = 3. By virtue of Eq. (4), it was received that Sv(tij ) = 0.63 −
0.53 = 0.0910 and Sv(ti′j ) = 0.63 − 0.53 = 0.0910. Next, the grades of refusal
membership corresponding to tij and ti′j were separately computed as follows: γij =
3
√

1 − 0.63 − 0.43 − 0.53 = 0.8411 and γi′j = 3
√

1 − 0.63 − 0.13 − 0.53 = 0.8698.
With the aid of Eq. (6), it was obtained that:

Sf(tij ) = 0.63 − 0.43 − 0.53 +
(

e0.63−0.43−0.53

e0.63−0.43−0.53 + 1
− 1

2

)
0.84113 = 0.4272,

Sf(ti′j ) = 0.63 − 0.13 − 0.53 +
(

e0.63−0.13−0.53

e0.63−0.13−0.53 + 1
− 1

2

)
0.86983 = 0.5416.

Obviously, due to Sv(tij ) = Sv(ti′j ), failure to discriminate between the superiority de-
grees of tij and ti′j leads to the decreased usefulness of the score value as stated by
Definition 4. In contrast, the employment of the score function as attested by Defini-
tion 5 was able to differentiate between the superiority degrees of tij and ti′j because
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Sf(tij ) < Sf(ti′j ). This example has demonstrated the effectuality of the score function
due to the fact that the specification of Sf(tij ) can utilize full information contained in
T-SF evaluation values.

The research focus in the second phase is the differentiation of T-SF evaluation values
for discerning the superiority criteria. For the most part, one can determine a predomi-
nance relationship portrayed by the rationale of “the higher, the better”. A T-SF evaluation
value is considered to be superior to another T-SF evaluation value in case that the cor-
responding score function is more significant. When two T-SF evaluation values have an
identical score function value, the corresponding accuracy values would be exploited to
examine the superiority of these T-SF evaluations. That is, a T-SF evaluation value is
regarded to be more significant to another T-SF evaluation value if its accuracy value is
larger. Considering two T-SF evaluation values of choice options ai, ai′ ∈ A in conjunc-
tion with a judgment criterion cj ∈ C, the comparison rule concerned with tij and ti′j is
elucidated as follows:

1. If Sf(tij ) > Sf(ti′j ), then tij is superior to ti′j ;
2. If Sf(tij ) = Sf(ti′j ), then:

a) If Av(tij ) > Av(ti′j ), then tij is superior to ti′j ;
b) If Av(tij ) = Av(ti′j ), then the superiority of tij and ti′j becomes equal.

Definition 6. Consider two T-SF characteristics Ti and Ti′ of the choice options ai, ai′ ∈
A, where Ti = {〈cj , tij 〉 | cj ∈ C} and Ti′ = {〈cj , ti′j 〉 | cj ∈ C}. Let Cs(Ti, Ti′) denote a
collection of superiority criteria in which Ti is at least as good as Ti′ ; it is identified along
these lines:

Cs(Ti, Ti′)

= {
cj

∣∣ Sf(tij ) > Sf(ti′j ) or
(
Sf(tij ) = Sf(ti′j ) and Av(tij ) � Av(ti′j )

)}
. (8)

Theorem 1. The complement of Cs(Ti, Ti′), which is named a collection of inferiority cri-
teria, contains all judgment criteria for which Ti performs worse than Ti′ . The collection
of inferiority criteria Ci(Ti, Ti′) is written like this:

Ci(Ti, Ti′)

= {
cj

∣∣ Sf(tij ) < Sf(ti′j ) or
(
Sf(tij ) = Sf(ti′j ) and Av(tij ) < Av(ti′j )

)}
. (9)

Without loss of generality, assume that the equalities Sf(tij ) = Sf(ti′j ) and Av(tij ) =
Av(ti′j ) will not happen at the same time for each cj ∈ C. Then, the collection of superi-
ority criteria Cs(Ti, Ti′) satisfies the following properties:

(T1.1) Cs(Ti, Ti′) ∩ Cs(Ti′ , Ti) = ∅;
(T1.2) Cs(Ti, Ti′) ∪ Cs(Ti′ , Ti) = C;
(T1.3) Cs(Ti′ , Ti) = C\Cs(Ti, Ti′) (i.e. the set difference of C and Cs(Ti, Ti′));
(T1.4) Cs(Ti, Ti′) = Ci(Ti′ , Ti).
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Proof. Because two equalities Sf(tij ) = Sf(ti′j ) and Av(tij ) = Av(ti′j ) do not happen
simultaneously for a specific criterion cj , it can be received that:

Cs(Ti′ , Ti)

= {
cj

∣∣ Sf(ti′j ) > Sf(tij ) or
(
Sf(ti′j ) = Sf(tij ) and Av(ti′j ) > Av(tij )

)}
= {

cj

∣∣ Sf(tij ) < Sf(ti′j ) or
(
Sf(tij ) = Sf(ti′j ) and Av(tij ) < Av(ti′j )

)}
.

Clearly, it is deduced that Cs(Ti, Ti′)∩ Cs(Ti′ , Ti) = ∅ and Cs(Ti, Ti′)∪ Cs(Ti′ , Ti) = C;
moreover, the latter leads to the relative complement of Cs(Ti, Ti′) in conjunction with
the set C, written C\Cs(Ti, Ti′). The set of elements in C that are not in Cs(Ti, Ti′) is
derived by Cs(Ti′ , Ti) = C\Cs(Ti, Ti′). Thus, (T1.1)–(T1.3) are valid. (T1.4) can be easily
concluded because:

Cs(Ti, Ti′)

= {
cj

∣∣ Sf(tij ) > Sf(ti′j ) or
(
Sf(tij ) = Sf(ti′j ) and Av(tij ) > Av(ti′j )

)}
= {

cj

∣∣ Sf(ti′j ) < Sf(tij ) or
(
Sf(ti′j ) = Sf(tij ) and Av(ti′j ) < Av(tij )

)}
= Ci(Ti′ , Ti).

Thus, the theorem is proved.

Example 2. Consider a collection of judgment criteria C = {c1, c2, c3, c4} and two T-SF
characteristics Ti and Ti′ of the choice options ai, ai′ ∈ A. Herein, Ti and Ti′ are given
by:

Ti = {〈
c1, (0.5, 0.3, 0.4)

〉
,
〈
c2, (0.7, 0.5, 0.2)

〉
,
〈
c3, (0.2, 0.2, 0.8)

〉
,〈

c4, (0.8, 0.5, 0.5)
〉}

,

Ti′ = {〈
c1, (0.2, 0.4, 0.7)

〉
,
〈
c2, (0.9, 0.2, 0.5)

〉
,
〈
c3, (0.5, 0.3, 0.7)

〉
,〈

c4, (0.3, 0.2, 0.6)
〉}

.

In accordance with Eq. (6), the following score functions were acquired: Sf(ti1) =
0.5626, Sf(ti2) = 0.5829, Sf(ti3) = −0.2547, Sf(ti4) = 0.4339, Sf(ti′1) = −0.0638,
Sf(ti′2) = 0.7042, Sf(ti′3) = 0.0632, and Sf(ti′4) = 0.2685. It was acquired that
Cs(Ti, Ti′) = {c1, c4} and Ci(Ti, Ti′) = {c2, c3}, using Eqs. (8) and (9), respectively.
Based on (T1.3), Cs(Ti′ , Ti) = C\Cs(Ti, Ti′) = {c2, c3}. Finally, it was gained that
Ci(Ti′ , Ti) = Cs(Ti, Ti′) = {c1, c4} by way of (T1.4).

Consider the third phase of the superiority measurements in the evolved T-SF
REGIME methodology. A significant concept in the classical REGIME mechanism would
be the superiority index. This index manifests an extent to which a choice option ai is
superior or equal to ai′ merely as the relevant judgment criteria is involved in the col-
lection of superiority criteria Cs(Ti, Ti′). In the framework of REGIME, the superiority
index is explicated using the sum of weights contingent upon the superiority criteria con-
tained in Cs(Ti, Ti′). This index can simply estimate the relative attractiveness of ai over
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ai′ in a rather unsophisticated manner. Nonetheless, this treatment of superiority mea-
surements may ignore the essential nature of T-SF data. The extent of the discrepancy
between Sf(tij ) and Sf(ti′j ) should be taken under advisement. That is, a more efficacious
approach to proceeding with T-SF information in the proposed REGIME mechanism is to
focus on differences between Sf(tij ) and Sf(ti′j ) by means of mutual comparisons, more
specifically, by adding the products of the difference Sf(tij ) − Sf(ti′j ) and the weight wj

for cj ∈ Cs(Ti, Ti′). This improved way delivers a new and creative superiority identi-
fier that can be carried out with a focus on arriving at consequences about the relative
attractiveness between choice options.

Definition 7. Consider the normalized weight wj and the T-SF characteristics Ti and Ti′ .
In accordance with the score functions Sf(tij ) and Sf(ti′j ) along with the collection of su-
periority criteria Cs(Ti, Ti′), the superiority index Si(Ti, Ti′) and the superiority identifier
SI(Ti, Ti′) in connection with ai over ai′ are elucidated along these lines:

Si(Ti, Ti′) =
∑

cj ∈Cs(Ti ,Ti′ )
wj , (10)

SI(Ti, Ti′) =
∑

cj ∈Cs(Ti ,Ti′ )
wj

(
Sf(tij ) − Sf(ti′j )

)
. (11)

Theorem 2. The superiority index Si(Ti, Ti′) and the superiority identifier SI(Ti, Ti′)
fulfill the subsequent conditions:

(T2.1) 0 � Si(Ti, Ti′) � 1;
(T2.2) 0 � SI(Ti, Ti′) � 2.

Proof. Based on (T1.2), it can be recognized that Cs(Ti, Ti′) is a subset of the collection
of judgment criteria C; thus, Cs(Ti, Ti′) ⊂ C in mathematics. In line with the normalized
condition, it is deduced that 0 �

∑
cj ∈Cs(Ti ,Ti′ ) wj �

∑
cj ∈C wj = 1, which brings about

0 � Si(Ti, Ti′) � 1. Next, based on Definition 5, the ranges of Sf(tij ) and Sf(ti′j ) are
bounded in the interval [−1, 1], which indicates explicitly that 0 � |Sf(tij )−Sf(ti′j )| � 2.
From Definition 6, it leads us to understand that Sf(tij ) � Sf(ti′j ) for each cj ∈ Cs(Ti, Ti′),
which follows that 0 � Sf(tij ) − Sf(ti′j ) � 2 for cj ∈ Cs(Ti, Ti′). By reason of the
normalized condition of wj , it concludes that 0 �

∑
cj ∈Cs(Ti ,Ti′ ) wj (Sf(tij )−Sf(ti′j )) � 2.

Therefore, (T2.1) and (T2.2) are correct. The theorem is proved.

Next, consider the fourth phase of the REGIME matrix formation and the determina-
tion of guide indices in the current methodology. In particular, the guide index is employed
to measure the relative fittingness between choice options. In accordance with the score
functions of T-SF evaluation values, this paper builds the REGIME identifier and the
REGIME vector for arriving at a REGIME matrix from paired juxtapositions of choice
options in conjunction with judgment criteria, as described below.

Definition 8. Consider the T-SF evaluation values tij and ti′j contained in the T-SF
characteristics Ti and Ti′ , respectively. The REGIME identifier Ri(tij , ti′j ) is demarcated
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as a sign of the contrast outcomes through score functions in this manner:

Ri(tij , ti′j ) =
⎧⎨
⎩

1 if Sf(tij ) > Sf(ti′j ),
0 if Sf(tij ) = Sf(ti′j ),
−1 if Sf(tij ) < Sf(ti′j ).

(12)

The REGIME vector Rv(Ti, Ti′) is composed of Ri(tij , ti′j ) across all cj ∈ C like this:

Rv(Ti, Ti′) = (
Ri(ti1, ti′1), Ri(ti2, ti′2), . . . , Ri(tin, ti′n)

)
. (13)

The REGIME matrix Rm is established by taking together the REGIME vectors for all
ordered couples of choice options (ai, ai′ ) (for i �= i′):

Rm =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Rv(T1, T2)

.

.

.

Rv(T1, Tm)

Rv(T2, T1)

.

.

.

Rv(T2, Tm)

.

.

.

Rv(Tm, T1)

.

.

.

Rv(Tm, Tm−1)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

c1 c2 · · · cn

(a1, a2) Ri(t11, t21) Ri(t12, t22) · · · Ri(t1n, t2n)

.

.

.

.

.

.

.

.

.
. . .

.

.

.

(a1, am) Ri(t11, tm1) Ri(t12, tm2) · · · Ri(t1n, tmn)

(a2, a1) Ri(t21, t11) Ri(t22, t12) · · · Ri(t2n, t1n)

.

.

.

.

.

.

.

.

.
. . .

.

.

.

(a2, am) Ri(t21, tm1) Ri(t22, tm2) · · · Ri(t2n, tmn)

.

.

.

.

.

.

.

.

.
. . .

.

.

.

(am, a1) Ri(tm1, t11) Ri(tm2, t12) · · · Ri(tmn, t1n)

.

.

.

.

.

.

.

.

.
. . .

.

.

.

(am, am−1) Ri(tm1, tm−1,1) Ri(tm2, tm−1,2) · · · Ri(tmn, tm−1,n)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(14)

Theorem 3. The REGIME identifier Ri(tij , ti′j ) in the REGIME matrix Rm possesses the
property of Ri(tij , ti′j ) + Ri(ti′j , tij ) = 0 for all ordered couples of (ai, ai′) (i �= i′) in
connection with each cj ∈ C.

Proof. Based on Eq. (12), it readily draws as a logical conclusion that Ri(tij , ti′j ) +
Ri(ti′j , tij ) = 0. In particular, one half of the number of arrays in the REGIME matrix Rm
can be deduced from the other half by reason of Ri(ti′j , tij ) = −Ri(tij , ti′j ). Therefore,
the arrays in Rm are not independent from each other. The theorem is proved.

Definition 9. Considering the normalized weight wj for each cj ∈ C, the guide index
GI(Ti, Ti′) is determined through the utility of the REGIME identifier Ri(tij , ti′j ) like this:

GI(Ti, Ti′) =
n∑

j=1

wj · Ri(tij , ti′j ). (15)

Theorem 4. The guide index GI(Ti, Ti′) and its relevant concept meet some properties:

(T4.1) −1 � GI(Ti, Ti′) � 1;
(T4.2) GI(Ti, Ti′) + GI(Ti′ , Ti) = 0;
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(T4.3)
∑n

j=1 wj |Ri(tij , ti′j )| = 1 if Sf(tij ) �= Sf(ti′j ).

Proof. As per the fact that
∑n

j=1 wj = 1 and Ri(tij , ti′j ) ∈ {−1, 0, 1}, one read-
ily obtains −1 � GI(Ti, Ti′) � 1. Next, based on Theorem 3, it is known that
Ri(tij , ti′j ) + Ri(ti′j , tij ) = 0, which brings about GI(Ti, Ti′) + GI(Ti′ , Ti) = ∑n

j=1 wj ·
(Ri(tij , ti′j )+Ri(ti′j , tij )) = 0. Herein, (T4.1) and (T4.2) are valid. At last, the presuppo-
sition Sf(tij ) �= Sf(ti′j ) leads to either Ri(tij , ti′j ) = 1 or Ri(tij , ti′j ) = −1. In either case,
one has |Ri(tij , ti′j )| = 1, which indicates that

∑n
j=1 wj |Ri(tij , ti′j )| = 1, i.e. (T4.3) is

correct. The theorem is proved.

In the final phase, this paper first establishes the T-SF REGIME I prioritization proce-
dure as a means of achieving partial-preference predominance ranks for choice options.
Specifically, this paper attempts to constitute two Boolean matrices on the grounds of su-
periority identifiers and guide indices separately for generating eventual predominance
ranks of all available options. First, on the basis of the superiority identifiers SI(Ti, Ti′)
and SI(Ti′ , Ti), decision makers or analysts may conclude that the choice option ai is pre-
ferred to ai′ when SI(Ti , Ti′) � SI(Ti′ , Ti). By contrast, decision makers or analysts may
conclude that ai is less preferred to ai′ when SI(Ti, Ti′) < SI(Ti′ , Ti). Depending on com-
parison outcomes of the superiority identifier SI(Ti, Ti′) and its counter version SI(Ti′ , Ti),
this paper delineates the superiority-based Boolean matrix Bs as below.

Definition 10. Given the superiority identifier SI(Ti, Ti′) for choice options ai, ai′ ∈ A,
the superiority-based Boolean matrix Bs involving an entry Bs(ai, ai′) (for i �= i′) would
be designated via comparisons of SI(Ti, Ti′) with SI(Ti′ , Ti) in this manner:

Bs(ai, ai′) =
{

1 if SI(Ti, Ti′) > SI(Ti′ , Ti),

0 if SI(Ti, Ti′) � SI(Ti′ , Ti); (16)

Bs =

⎡
⎢⎢⎢⎣

− Bs(a1, a2) · · · Bs(a1, am)

Bs(a2, a1) − · · · Bs(a2, am)
...

...
. . .

...

Bs(am, a1) Bs(am, a2) · · · −

⎤
⎥⎥⎥⎦ . (17)

Theorem 5. For all ai, ai′ ∈ A, the entry Bs(ai, ai′) in the superiority-based Boolean
matrix Bs possesses the following properties:

(T5.1) Bs(ai, ai′) + Bs(ai′ , ai) = 1 if SI(Ti, Ti′) �= SI(Ti′ , Ti);
(T5.2) Bs(ai, ai′) + Bs(ai′ , ai) = 0 if SI(Ti, Ti′) = SI(Ti′ , Ti);
(T5.3)

∑m
i′=1,i′ �=i

∑m
i=1,i �=i′ Bs(ai, ai′) = m(m − 1)/2 if SI(Ti, Ti′) �= SI(Ti′ , Ti).

Proof. When SI(Ti, Ti′) > SI(Ti′ , Ti), it is recognized Bs(ai, ai′) = 1 and Bs(ai′ , ai) = 0.
On the contrary, Bs(ai, ai′) = 0 and Bs(ai′ , ai) = 1 when SI(Ti, Ti′) < SI(Ti′ , Ti). Thus,
one obtains Bs(ai, ai′)+Bs(ai′ , ai) = 1. Next, the condition SI(Ti, Ti′) = SI(Ti′ , Ti) gives
rise to Bs(ai, ai′) = 0 and Bs(ai′ , ai) = 0. Hence, one yields Bs(ai, ai′)+Bs(ai′ , ai) = 0.
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From above, (T5.1) and (T5.2) are correct. (T5.3) can be proved in view of the fact that:

m∑
i′=1,i′ �=i

m∑
i=1,i �=i′

Bs(ai, ai′) =
m∑

i<i′

(
Bs(ai, ai′) + Bs(ai′ , ai)

)

= (m2 − m)

2
= m(m − 1)

2
.

Thus, the theorem is proved.

Definition 11. Given a guide index GI(Ti, Ti′) for choice options ai, ai′ ∈ A, the guide-
based Boolean matrix Bg involving an entry Bg(ai, ai′) (for i �= i′) would be designated
via comparisons of GI(Ti, Ti′) and GI(Ti′ , Ti) in this manner:

Bg(ai, ai′) =
{

1 if GI(Ti, Ti′) > GI(Ti′ , Ti),

0 if GI(Ti, Ti′) � GI(Ti′ , Ti); (18)

Bg =

⎡
⎢⎢⎢⎣

− Bg(a1, a2) · · · Bg(a1, am)

Bg(a2, a1) − · · · Bg(a2, am)
...

...
. . .

...

Bg(am, a1) Bg(am, a2) · · · −

⎤
⎥⎥⎥⎦ . (19)

Theorem 6. For all ai, ai′ ∈ A, the entry Bg(ai, ai′) in the guide-based Boolean matrix
Bg possesses the following properties:

(T6.1) Bg(ai, ai′) + Bg(ai′ , ai) = 1 if GI(Ti, Ti′) �= GI(Ti′ , Ti);
(T6.2) Bg(ai, ai′) + Bg(ai′ , ai) = 0 (i.e. Bg(ai, ai′) = Bg(ai′ , ai) = 0) if GI(Ti, Ti′) =

GI(Ti′ , Ti);
(T6.3)

∑m
i′=1,i′ �=i

∑m
i=1,i �=i′ Bg(ai, ai′) = m(m − 1)/2 if GI(Ti, Ti′) �= GI(Ti′ , Ti).

Proof. The proving process would be analogous to the proof in Theorem 5.

By applying a peer-to-peer multiplication operation in conjunction with the entries in
Bs and Bg, the comprehensive Boolean matrix Bc is identified along these lines:

Bc(ai, ai′) = Bs(ai, ai′) · Bg(ai, ai′), (20)

Bc =

⎡
⎢⎢⎢⎣

− Bc(a1, a2) · · · Bc(a1, am)

Bc(a2, a1) − · · · Bc(a2, am)
...

...
. . .

...

Bc(am, a1) Bc(am, a2) · · · −

⎤
⎥⎥⎥⎦ . (21)

The unit entries in the comprehensive Boolean matrix Bc give a description of the con-
firmed predominance relationships between choice options. The outcome Bc(ai, ai′) = 1
indicates that ai is preferred to ai′ from both perspectives of superiority identifiers and
guide indices. In contrast, the outcome Bc(ai, ai′) = 0 mentions that ai is indifferent
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to or less preferred to ai′ based on superiority identifiers and guide indices. The partial-
preference predominance ranks of choice options can be determined by virtue of the entry
Bc(ai, ai′) in Bc, which renders the T-SF REGIME I ranking conclusion.

However, the use of the Boolean matrices Bs, Bg, and Bc would sometimes bring about
certain difficulties, because no concrete outcome can be concluded concerning the com-
plete predominance ranking among choice options. The characteristic of a net regime
analysis would be the circumvention of such difficulties by determining a net superiority
identifier and a net guide index for linear ranking outcomes. Such an approach can draw
a definite conclusion about the complete predominance ranking of choice options. This is
the subject of the T-SF REGIME II prioritization procedure.

The proposed T-SF REGIME II approach delineates the net superiority identifier
NSI(ai) which measures the degree to which the relative attractiveness of a choice option
ai over the other competing options exceeds the relative attractiveness of the other com-
peting options over ai . Concurrently, the current T-SF REGIME II approach elucidates
the net guide index NGI(ai) which measures the degree to which the relative fittingness of
ai over the other competing options exceeds the relative fittingness of the other competing
options over ai . These net measurements are capable of generating a complete-preference
predominance ranking among choice options for decision aiding in intricate T-SF con-
texts. To be specific, the net superiority identifier NGI(ai) of ai with relevance to the other
choice options is mathematically denoted as follows:

NSI(ai) =
m∑

i′=1,i′ �=i

SI(Ti, Ti′) −
m∑

i′=1,i′ �=i

SI(Ti′ , Ti). (22)

Additionally, the net guide index NGI(ai) of ai in connection with the other choice options
is represented in this manner:

NGI(ai) =
m∑

i′=1,i′ �=i

GI(Ti, Ti′) −
m∑

i′=1,i′ �=i

GI(Ti′ , Ti). (23)

Obviously, a choice option ai enjoys a greater preference with a higher NSI(ai) and a
higher NSI(ai). Following the above rationale, the eventual choice option must satisfy the
conditions that its net superiority identifier should be at a maximum and its net guide index
at a maximum simultaneously. If both these conditions are not fulfilled, the alternative that
possesses the highest average rank would be selected as an eventual solution. Furthermore,
the complete-preference predominance ranks can be rendered by reranking choice options
in accordance with the average ranks.

The initiated T-SF REGIME I and II methods for manipulating a multiple-criteria
choice problem in uncertain contexts with T-spherical fuzziness are devised systemati-
cally as Algorithms I and II, respectively, described below. The two algorithms consist of
five phases, including formulating a multiple-criteria choice problem in Phase (i), con-
structing score function-based superiority criteria in Phase (ii), ascertaining the superi-
ority measurements in Phase (iii), pinpointing the REGIME matrix and guide indices in
Phase (iv), and generating the eventual partial/complete ranking in Phase (v).
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Algorithm I: T-SF REGIME I method
Phase (i): Steps I.1–I.3
Step I.1. Designate the collection of choice options A = {a1, a2, . . . , am} and the collec-
tion of judgment criteria C = {c1, c2, . . . , cn}.
Step I.2. Signify the normalized weight wj in conjunction with each cj ∈ C and the T-SF
evaluation value tij = (μij , ηij , νij ) along with the refusal membership γij .
Step I.3. Compose the T-SF characteristic Ti = {〈cj , (μij , ηij , νij )〉 | 0 � (μij )

z +
(ηij )

z + (νij )
z � 1 ∀cj ∈ C} in Eq. (7) associated with each aj ∈ A for z ∈ Z+.

Phase (ii): Steps I.4 and I.5
Step I.4. Utilize Eqs. (6) and (5) to compute the score function Sf(tij ) and the accuracy
value Av(tij ), respectively, of each T-SF evaluation value tij embedded in Ti .
Step I.5. Obtain the superiority criteria in which Ti is at least as good as Ti′ based on
score functions and build the collection of superiority criteria Cs(Ti, Ti′) using Eq. (8).

Phase (iii): Steps I.6 and I.7
Step I.6. Compute the discrepancy between Sf(tij ) and Sf(ti′j ) for any two choice options
ai, ai′ ∈ A in terms of each superiority criterion cj ∈ Cs(Ti, Ti′).
Step I.7. Make use of the normalized weight wj to determine the superiority identifier
SI(Ti, Ti′) in connection with ai over ai′ using Eq. (11).

Phase (iv): Steps I.8 and I.9
Step I.8. Apply Eq. (12) to generate the REGIME identifier Ri(tij , ti′j ) to establish the
REGIME matrix Rm in Eq. (14) for all ordered couples of choice options.
Step I.9. Fuse the normalized weight wj and the REGIME identifier Ri(tij , ti′j ) to derive
the guide index GI(Ti, Ti′) relative to ai over ai′ using Eq. (15).

Phase (v): Steps I.10–I.13
Step I.10. Exploit Eq. (16) to gain an entry Bs(ai, ai′) based on superiority identifiers for
building the superiority-based Boolean matrix Bs in Eq. (17).
Step I.11. Use Eq. (18) to acquire an entry Bg(ai, ai′) through the utility of guide indices
for setting up the guide-based Boolean matrix Bg in Eq. (19).
Step I.12. Employ Eq. (20) to derive an entry Bc(ai, ai′) using a peer-to-peer multiplica-
tion operation for constructing the comprehensive Boolean matrix Bc in Eq. (21).
Step I.13. Confirm the partial-preference predominance rank regarding ai over ai′ if
Bc(ai, ai′) = 1. Sketch a dominance graph for yielding evidently beneficial choice op-
tions.

Algorithm II: T-SF REGIME II method
Phases (i)–(iv): Steps II.1–II.9
Steps II.1–II.9. See Steps I.1–I.9 in Algorithm I.

Phase (v): Steps II.10–II.12
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Step II.10. Derive the net superiority identifier NSI(ai) of ai relating to the other choice
options using Eq. (22), and then rank all m options according to NSI(ai) in descending
order.
Step II.11. Delineate the net guide index NGI(ai) of ai with relevance to the other choice
options using Eq. (23), and then rank all m options depending on NGI(ai) in descending
order.
Step II.12. Select the top-ranked option as the eventual solution if it enjoys the maximal
net superiority identifier and the maximal net guide index, otherwise select an option
having the highest average rank. The complete-preference predominance ranks are yielded
by reranking options based on the average ranks.

In comparison with the prevailing decision-making methods predicated on a variety
of aggregation operators, such as various multiple-criteria evaluation approaches in Ali
et al. (2020), Chen et al. (2021), Garg et al. (2021), Guleria and Bajaj (2021), Khan et
al. (2021b), Liu et al. (2021a), Liu et al. (2021b), Munir et al. (2020), and Munir et al.
(2021), the T-SF REGIME architecture and techniques propounded by this research are
simpler, easier to use, and more efficacious. The initiated T-SF REGIME methodology
in this study possesses a comprehensive theoretical basis; but in terms of execution pro-
cedures, it is quite simple and conforms to human intuitive judgments. For analysts or
decision makers, the principles of the REGIME method are easy to understand and ac-
cept. Moreover, abstract theoretical foundations can be realized through the developed
notions and measurements, such as the superiority index, superiority identifier, REGIME
identifier, and guide index. The decision maker can exploit systematic algorithms, i.e.
T-SF REGIME I and II, to manage real-world multiple-criteria choice problems in highly
complex and uncertain environments. In a nutshell, the most significant advantage of the
propounded algorithms is highly intellectual but still easily understandable to use. The
advanced methodology is designed to be easy for an untrained decision maker to manip-
ulate, and it will facilitate the determination of eventual partial- and complete-preference
predominance rankings of choice options in an uncomplicated and effectual manner.

4. Real-World Application and Comparisons

This section endeavors to study a real-life choice issue to demonstrate the technical practi-
cality and strengths of using the T-SF REGIME methodology for multiple-criteria evalua-
tions. Comparative discussions are also held under different score values for understanding
the effectiveness and value of the initiated methods. Furthermore, this section makes more
comparisons with the T-SF versions of other multiple-criteria evaluation methods to give
substance to the superiority of the T-SF REGIME methodology. Consider that the TOP-
SIS (i.e. Technique for Order Preference by Similarity to Ideal Solutions) and the VIKOR
(i.e. VIseKriterijumska Optimizacija I Kompromisno Resenje) are widely employed and
reliable in resolving issues for multiple-criteria choice analysis. This section institutes cer-
tain comparisons of the propounded method with the T-SF TOPSIS and the T-SF VIKOR
for stating the merits.
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Fig. 2. The selection problem of companies for erecting food processing plants.

4.1. Realistic Application and Discussions

The investigated selection problem of companies for erecting food processing plants was
originated from the case study in Garg et al. (2018), as outlined in Fig. 2. The Jhark-
hand government in India attempts to establish essential agricultural-focused industries in
rural regions. The authorities constituted the global investor summit and encouraged com-
panies and enterprises for the investment in the surrounding countryside. Moreover, the
authorities made a formal public statement about adequate facilities that were exploitable
to construct food processing plants in the countryside.

To begin with, the T-SF REGIME I method in Algorithm I would be illustrated with the
realistic selection problem of companies for building food processing plants. As disclosed
in Fig. 2, there are five judgment criteria (i.e. c1–c5) and three choice options (i.e. a1–a3) in
this multiple-criteria choice task. In Step I.1 of Phase (i), the collection of choice options
A = {a1, a2, a3} and the collection of judgment criteria C = {c1, c2, . . . , c5}. Concern-
ing Step I.2, as stated by Garg et al. (2018), the normalized weights in conjunction with
the five criteria were derived by the agency of the normal distribution-based approach. In
conformity with the T-SF evaluation value tij = (μij , ηij , νij ) in Garg et al. (2018), this
study calculated the grade of refusal membership γij corresponding to tij . The foregoing
decision data related to each choice option are depicted in Table 1. In Step I.3, the parame-
ter z = 3 for each tij , and the T-SF characteristic Ti = {〈c1, ti1〉, 〈c2, ti2〉, . . . , 〈c5, ti5〉} =
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Table 1
Decision information pertaining to each choice option.

Choice option a1 Choice option a2 Choice option a3

cj wj (μ1j , η1j , ν1j ) γ1j (μ2j , η2j , ν2j ) γ2j (μ3j , η3j , ν3j ) γ3j

c1 0.1117 (0.7, 0.5, 0.6) 0.6811 (0.5, 0.4, 0.6) 0.8411 (0.4, 0.1, 0.2) 0.9750
c2 0.2365 (0.9, 0.5, 0.4) 0.4344 (0.7, 0.2, 0.3) 0.8536 (0.5, 0.4, 0.1) 0.9322
c3 0.3036 (0.4, 0.2, 0.1) 0.9750 (0.5, 0.3, 0.6) 0.8582 (0.0, 0.0, 0.5) 0.9565
c4 0.2365 (0.5, 0.3, 0.4) 0.9221 (0.4, 0.1, 0.6) 0.8959 (0.6, 0.2, 0.2) 0.9158
c5 0.1117 (0.6, 0.4, 0.5) 0.8411 (0.5, 0.2, 0.4) 0.9295 (0.6, 0.1, 0.5) 0.8698

Table 2
Results of score functions, accuracy values, and collections of superiority criteria.

Choice option a1 Choice option a2 Choice option a3

cj Sf(t1j ) Av(t1j ) Sf(t2j ) Av(t2j ) Sf(t3j ) Av(t3j )

c1 0.2128 0.6840 0.2207 0.4050 0.6842 0.0730
c2 0.6035 0.9180 0.7629 0.3780 0.6107 0.1900
c3 0.6842 0.0730 0.2864 0.3680 0.4335 0.1250
c4 0.5626 0.2160 0.3013 0.2810 0.7449 0.2320
c5 0.4272 0.4050 0.5977 0.1970 0.5416 0.3420

Cs(T1, T2) = {c3, c4} Cs(T2, T1) = {c1, c2, c5} Cs(T3, T1) = {c1, c2, c4, c5}
Cs(T1, T3) = {c3} Cs(T2, T3) = {c2, c5} Cs(T3, T2) = {c1, c3, c4}

{〈c1, (μi1, ηi1, νi1)〉, 〈c2, (μi5, ηi5, νi5)〉} for each ai ∈ A. It is worth pointing out that a
weight-assessing approach sprung from normal distributions and launched by Xu (2005)
was employed to generate the weights of five judgment criteria that fulfill the normal-
ization requirement. On grounds of the notion of normal distributions, the mean and
the standard deviation of the sequence 1, 2, . . . , 5 were derived by (1 + 5)/2 = 3 and
{[(1 − 3)2 + (2 − 3)2 + (3 − 3)2 + (4 − 3)2 + (5 − 3)2]/5}0.5 = 1.4142, respectively. By
virtue of Xu’s (2005) approach, the weights were yielded along these lines:

w1 = e−[(1−3)2/2(1.4142)2]/(e−[(1−3)2/2(1.4142)2] + e−[(2−3)2/2(1.4142)2]

+ e−[(3−3)2/2(1.4142)2] + e−[(4−3)2/2(1.4142)2] + e−[(5−3)2/2(1.4142)2]) = 0.1117,

w2 = 0.2365, w3 = 0.3036, w4 = 0.2365, and w5 = 0.1117.

Consider Phase (ii) as an illustration. In Step I.4, the calculation consequences of the
score function Sf(tij ) and the accuracy value Av(tij ) using Eqs. (6) and (5), respectively,
are exhibited in the upper part of Table 2. Concerning Step I.5, this study exploited Eq. (8)
to produce the collections of superiority criteria for paired T-SF characteristics, as dis-
played in the lower part of Table 2. Take the juxtaposition of the T-SF characteristics
T2 and T3 as an example. As stated in Table 2, it was recognized that Sf(t22) > Sf(t32)

and Sf(t25) > Sf(t35), which leads to Cs(T2, T3) = {c2, c5}. Additionally, it was real-
ized that Sf(t31) > Sf(t21), Sf(t33) > Sf(t23), and Sf(t34) > Sf(t24), which brings about
Cs(T3, T2) = {c1, c3, c4}.
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Table 3
Outcomes relevant to the score function-based superiority identifiers.

a1 over a2 a1 over a3 a2 over a1 a2 over a3 a3 over a1 a3 over a2
cj Sf(t1j )–Sf(t2j ) Sf(t1j )–Sf(t3j ) Sf(t2j )–Sf(t1j ) Sf(t2j )–Sf(t3j ) Sf(t3j )–Sf(t1j ) Sf(t3j )–Sf(t2j )

c1 – – 0.0079 – 0.4714 0.4636
c2 – – 0.1594 0.1522 0.0072 –
c3 0.3978 0.2507 – – – 0.1471
c4 0.2613 – – – 0.1824 0.4436
c5 – – 0.1705 0.0561 0.1144 –

(T1, T2) (T1, T3) (T2, T1) (T2, T3) (T3, T1) (T3, T2)

SI 0.1826 0.0761 0.0576 0.0423 0.1103 0.2014

Concerning Step I.6 in Phase (iii), the discrepancy between Sf(tij ) and Sf(ti′j ) for each
superiority criterion cj ∈ Cs(Ti, Ti′) was received, as demonstrated in the upper part of
Table 3. Relating to Step I.7, the weighted discrepancy between Sf(tij ) and Sf(ti′j ) was
aggregated across all cj ∈ Cs(Ti, Ti′) to calculate the superiority identifier SI(Ti, Ti′)
using Eq. (11), and the outcomes are presented in the lowest row of Table 3. Consider
the pair (T2, T1) for instance. Based on Cs(T2, T1) = {c1, c2, c5}, it was rendered that
SI(T2, T1) = ∑

cj ∈{c1,c2,c5} wj(Sf(t2j )−Sf(t1j )) = 0.1117×0.0079+0.2365×0.1594+
0.1117 × 0.1705 = 0.0576.

Relating to Step I.8 in Phase (iv), the REGIME identifier Ri(tij , ti′j ) was produced with
the aid of Sf(tij ) and Sf(ti′j ) using Eq. (12) to constitute the REGIME vector Rv(Ti, Ti′)
for paired T-SF characteristics Ti and Ti′ . Employing Eq. (14), the REGIME matrix Rm
was constructed by taking together the REGIME vectors for all ordered pairs of (ai, ai′ ):

Rm =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

Rv(T1, T2)

Rv(T1, T3)

Rv(T2, T1)

Rv(T2, T3)

Rv(T3, T1)

Rv(T3, T2)

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

c1 c2 c3 c4 c5

(a1, a2) −1 −1 1 1 −1
(a1, a3) −1 −1 1 −1 −1
(a2, a1) 1 1 −1 −1 1
(a2, a3) −1 1 −1 −1 1
(a3, a1) 1 1 −1 1 1
(a3, a2) 1 −1 1 1 −1

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

.

Concerning Step I.9, this study exploited Eq. (15) to synthesize the normalized weight
wj and the REGIME identifier Ri(tij , ti′j ) for determining the guide index GI(Ti, Ti′) by:
GI(T1, T2) = ∑5

j=1 wj · Ri(t1j , t2j ) = 0.1117 · (−1) + 0.2365 · (−1) + 0.3036 · 1 +
0.2365 · 1 + 0.1117 · (−1) = 0.0802, GI(T1, T3) = −0.3928, GI(T2, T1) = −0.0802,
GI(T2, T3) = −0.3036, GI(T3, T1) = 0.3928, and GI(T3, T2) = 0.3036.

Considering Steps I.10 and I.11 in Phase (v), this paper made use of Eqs. (16) and (18)
to acquire the entries Bs(ai, ai′) and Bg(ai, ai′), respectively, for ai, ai′ ∈ A. Moreover,
this paper employed Eqs. (17) and (19) to generate the superiority-based Boolean matrix
Bs and the guide-based Boolean matrix Bg, respectively. In Step I.12, the entry Bc(ai, ai′)
was delineated as Bs(ai, ai′) ·Bg(ai, ai′) according to Eq. (20) for organizing the compre-
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Fig. 3. The dominance graph yielded by the T-SF REGIME I prioritization procedure.

hensive Boolean matrix Bc in Eq. (21). The three Boolean matrices are as shown:

Bs =
⎡
⎣ − 1 0

0 − 0
1 1 −

⎤
⎦ , Bg =

⎡
⎣ − 1 0

0 − 0
1 1 −

⎤
⎦ , and Bc =

⎡
⎣ − 1 0

0 − 0
1 1 −

⎤
⎦ .

In Step I.13, the partial-preference predominance rankings a1 REGIMEI a2,
a3 REGIMEI a1, and a3 REGIMEI a2 were generated by way of Bc(a1, a2) = 1,
Bc(a3, a1) = 1, and Bc(a3, a2) = 1, respectively. On the report of the comprehensive
Boolean matrix Bc, the dominance graph was portrayed in Fig. 3, which follows that a3

(i.e. Parle Products Ltd.) was recognized as the most beneficial choice option.
On the flip-side, the T-SF REGIME II method in Algorithm II would be utilized to

tackle the identical selection problem of companies for food processing plants. As men-
tioned previously, Steps II.1–II.9 are the same as Steps I.1–I.9. Concerning Step II.10 in
Phase (v), this paper employed Eq. (22) to identify the net superiority identifiers in this
manner: NSI(a1) = (SI(T1, T2) + SI(T1, T3)) − (SI(T2, T1) + SI(T3, T1)) = (0.1826 +
0.0761)− (0.0576+0.1103) = 0.0908, NSI(a2) = −0.2840, and NSI(a3) = 0.1933. The
complete ranking a3 SI a1 SI a2 was received in keeping with NSI(a3) > NSI(a1) >

NSI(a2). Next, relating to Step II.11, this study made use of Eq. (23) to attain the net guide
indices in this fashion: NGI(a1) = (GI(T1, T2)+GI(T1, T3))−(GI(T2, T1)+GI(T3, T1)) =
(0.0802 − 0.3928) − (−0.0802 + 0.3928) = −0.6252, NGI(a2) = −0.7676, and
NGI(a3) = 1.3928. The complete ranking a3 GI a1 GI a2 was received in keeping
with NGI(a3) > NGI(a1) > NGI(a2).

Finally, in Step II.12, the complete-preference predominance ranking a3 REGIMEII

a1 REGIMEII a2 were rendered as supported by a3 SI a1 SI a2 and a3 GI a1 GI a2.
Therefore, in the same vein, the top-ranked option a3 was selected as the eventual solution.
The resulting outcomes yielded by the prioritization procedures of T-SF REGIME I and
II were identical to that used in the decision-aiding approach with the aid of geometric
aggregation operations in Garg et al. (2018).

In an attempt to validate the methodological advantages, this paper implements a com-
parative approach to different score values in the initiated T-SF REGIME methods and



462 T.-Y. Chen

Table 4
Summary outcomes in the comparative analysis on grounds of score values.

c1 c2 c3 c4 c5

Sv(t1j ) for a1 0.1270 0.6650 0.0630 0.0610 0.0910
Sv(t2j ) for a2 −0.0910 0.3160 −0.0910 −0.1520 0.0610
Sv(t3j ) for a3 0.0560 0.1240 −0.1250 0.2080 0.0910

a1 over a2 a1 over a3 a2 over a1 a2 over a3 a3 over a1 a3 over a2

SI(Ti , Ti′ ) 0.2074 0.1930 0.0000 0.0557 0.0348 0.1049
Bs(ai , ai′ ) 1 1 0 0 0 1
GI(Ti , Ti′ ) 1.0000 0.4153 −1.0000 0.0802 −0.4153 −0.0802
Bg(ai , ai′ ) 1 1 0 0 0 1
Bc(ai , ai′ ) 1 1 0 0 0 1

Choice option a1 Choice option a2 Choice option a3

NSI(ai ) 0.3656 −0.2565 −0.1090
NGI(ai ) 2.8306 −1.8396 −0.9910

techniques. Based on Definition 4, the score value Sv(tij ) was exploited to replace the
score function Sf(tij ). Herein, it was received that Sv(tij ) = (μij )

3 − (νij )
3 for each T-SF

characteristic tij in the selection problem of companies. Table 4 reveals the summary con-
sequences through the agency of the score value Sv(tij ).

First, let us examine the results using the score value-based T-SF REGIME I method.
As attested by the entry Bc(ai, ai′), the comparative study produced the partial-preference
predominance rankings a1 REGIME I a2, a1 REGIME I a3, and a3 REGIME I a2 ow-
ing to Bc(a1, a2) = 1, Bc(a1, a3) = 1, and Bc(a3, a2) = 1, respectively. Next, con-
sider the score value-based T-SF REGIME II method. Supported by a1 SI a3 SI a2

and a1 GI a3 GI a2, the comparative study generated the complete-preference pre-
dominance ranking a1 REGIME II a3 REGIME II a2. Nevertheless, such outcomes were
directly conflicting with the ultimate ranking a3  a1  a2 yielded by Garg et al.
(2018). Garg et al. (2018) corroborated that the choice option a3 is superior to a1; how-
ever, the comparative study delivered different consequences, i.e. the partial ordering
a1 REGIME I a3 and the complete ordering a1 REGIME II a3 REGIME II a2. These con-
flicting results were attributed to the use of the score value Sv(tij ) in the T-SF REGIME I
and II series of steps. Thus, the exploitation of the score function Sf(tij ) has the ability
to achieve more desirable solution consequences. The correctness and effectuality of the
evolved methodology have been manifested through the medium of the comparative study
and discussions.

The evolved T-SF REGIME methodology possesses an exceptional ability to make
more accurate decisions by using a more suitable and efficacious measurement sys-
tem concerning the characteristics of T-SF information. In particular, the initiated T-SF
REGIME I and II prioritization procedures can make more precise decisions. Results are
presented in the format of the partial-and complete-preference predominance ranks and
can be utilized for the further applications in decision-making support systems.



A Novel T-Spherical Fuzzy REGIME Method for Managing MCCA 463

4.2. Comparisons with T-SF Versions of TOPSIS and VIKOR

This subsection attempts to make comparisons with other decision-making approaches
carefully and objectively to verify the performance of the evolved T-SF REGIME method-
ology. As is well known, the TOPSIS and VIKOR have been widely used throughout the
compromise decision-making processes and have been renowned as anchor dependent
models in multiple criteria analysis. From this basis, this subsection exploits the T-SF
versions of TOPSIS and VIKOR to facilitate comparisons.

Choice options that come nearer to the positive-ideal option in separation measures
are more favourable than those that come farther away. In contrast, choice options that
keep away from the negative-ideal option via separation measures are more favourable
than those that come near. The rationale of human choice is to simultaneously come near
to the positive-ideal option and keep away from the negative-ideal option to the most
possible extent. Such axioms of choice have explicitly assumed that there exist sharply
bipolar anchor values of reference. Two types of bipolar anchor values were utilized in
the comparative analysis with the T-SF TOPSIS and the T-SF VIKOR: fixed ideals and
displaced ideals.

Take into consideration the selection problem of companies for erecting food process-
ing plants. Place the fixed positive-ideal option a+ and the fixed negative-ideal option a−;
their corresponding T-SF characteristics T+ and T− were expounded in this manner:

T+ = {〈
cj , (μ+j , η+j , ν+j )

〉 ∣∣∀cj ∈ C
}

= {〈
c1, (1, 0, 0)

〉
,
〈
c2, (1, 0, 0)

〉
, . . . ,

〈
c5, (1, 0, 0)

〉}
,

T− = {〈
cj , (μ−j , η−j , ν−j )

〉 ∣∣∀cj ∈ C
}

= {〈
c1, (0, 0, 1)

〉
,
〈
c2, (0, 0, 1)

〉
, . . . ,

〈
c5, (0, 0, 1)

〉}
.

Place the displaced positive-ideal option a∗ and the displaced negative-ideal option
a#. On the grounds of the outcomes of score functions in Table 2, the largest values with
respect to five judgment criteria were identified as follows: Sf(t31) = 0.6842, Sf(t22) =
0.7629, Sf(t13) = 0.6842, Sf(t34) = 0.7449, and Sf(t25) = 0.5977 for c1, c2, . . . , c5,
respectively. Additionally, the smallest values of score functions with relevance to five
judgment criteria were identified in this manner: Sf(t11) = 0.2128, Sf(t12) = 0.6035,
Sf(t23) = 0.2864, Sf(t24) = 0.3013, and Sf(t15) = 0.4272 for c1, c2, . . . , c5, respectively.
As a direct consequence, the T-SF characteristics T∗ = {〈cj , (μ∗j , η∗j , ν∗j )〉|∀cj ∈ C}
and T# = {〈cj , (μ#j , η#j , ν#j )〉 | ∀cj ∈ C} associated with a∗ and a#, respectively, were
delineated in this fashion:

T∗ = {〈
c1, (0.4, 0.1, 0.2)

〉
,
〈
c2, (0.7, 0.2, 0.3)

〉
,
〈
c3, (0.4, 0.2, 0.1)

〉
,〈

c4, (0.6, 0.2, 0.2)
〉
,
〈
c5, (0.5, 0.2, 0.4)

〉}
,

T# = {〈
c1, (0.7, 0.5, 0.6)

〉
,
〈
c2, (0.9, 0.5, 0.4)

〉
,
〈
c3, (0.5, 0.3, 0.6)

〉
,〈

c4, (0.4, 0.1, 0.6)
〉
,
〈
c5, (0.6, 0.4, 0.5)

〉}
.



464 T.-Y. Chen

Table 5
Results of the closeness coefficients yielded by the T-SF TOPSIS approach.

χ = 1 χ = 2 χ = 3 χ = 4 χ = 5 χ = 6 χ = 7 χ = 8 χ = 9 χ = 10 χ → ∞
Outcomes based on bipolar anchor values of the fixed ideals
CC

χ
+(a1) 0.7259 0.7750 0.7873 0.7915 0.7931 0.7939 0.7943 0.7945 0.7946 0.7946 0.7946

CC
χ
+(a2) 0.7448 0.7978 0.8131 0.8197 0.8231 0.8249 0.8260 0.8267 0.8271 0.8274 0.8279

CC
χ
+(a3) 0.8270 0.8761 0.8884 0.8932 0.8955 0.8968 0.8976 0.8981 0.8985 0.8987 0.8997

Outcomes based on bipolar anchor values of the displaced ideals
CC

χ∗ (a1) 0.2328 0.2685 0.2823 0.2886 0.2918 0.2935 0.2945 0.2951 0.2954 0.2956 0.2960
CC

χ∗ (a2) 0.3412 0.3806 0.3968 0.4051 0.4098 0.4125 0.4142 0.4152 0.4159 0.4163 0.4171
CC

χ∗ (a3) 0.6449 0.6902 0.7041 0.7096 0.7122 0.7137 0.7146 0.7153 0.7158 0.7162 0.7179

First, give consideration to the determination outcomes yielded by the T-SF TOPSIS
method. Place a distance parameter χ ∈ Z+. By exploiting the Minkowski distance un-
folded by Ju et al. (2021), the weighted distance between the T-SF characteristics Ti and
Ti′ can be derived along these lines:

WDχ(Ti, Ti′)

=
n∑

j=1

wj
χ

√
1

2

(∣∣(μij )t − (μi′j )t
∣∣χ + ∣∣(ηij )t − (ηi′j )t

∣∣χ + ∣∣(νij )t − (νi′j )t
∣∣χ )

.

(24)

The closeness coefficients CC
χ
+(ai) and CC

χ∗ (ai) of each choice option ai ∈ A on
the grounds of the fixed and displaced ideal options, respectively, can be explicated in this
manner:

CC
χ
+(ai) = WDχ(Ti, T−)

WDχ(Ti, T+) + WDχ(Ti, T−)
, (25)

CC
χ∗ (ai) = WDχ(Ti, T#)

WDχ(Ti, T∗) + WDχ(Ti, T#)
. (26)

Based around the data in the selection problem of companies, the computation out-
comes of the closeness coefficients CC

χ
+(ai) and CC

χ∗ (ai) are exhibited in Table 5.
Moreover, the contrasts of the resulting CC

χ
+(ai) and CC

χ∗ (ai) are sketched in Fig. 4(a)
and (b), respectively. It should be noted that the consistent predominance rankings
a3 TOPSIS+ a2 TOPSIS+ a1 and a3 TOPSIS∗ a2 TOPSIS∗ a1 were acquired in cases
that χ = 1, 2, . . . , 10 and χ → ∞ regardless of the exploitation of fixed ideals and
displaced ideals. However, such a ranking (i.e. a3  a2  a1) had a conflicting partial
ordering in comparison with the ultimate ranking a3  a1  a2 rendered by Garg et al.
(2018), which indicates unreliability and untrustworthiness of the consequences rendered
by the T-SF TOPSIS method predicated on the fixed and displaced ideal options. Con-
trary to the TOPSIS results, the propounded T-SF REGIME methodology can generate
reasonable and convincing outcomes in preference predominance rankings of choice op-
tions. No matter the partial-preference rankings a1 REGIME I a2, a3 REGIME I a1, and
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Fig. 4. The contrasting effect of the obtained closeness coefficients in different χ values.

a3 REGIME I a2 or the complete-preference ranking a3 REGIME II a1 REGIME II a2

were consistent with the yielded results by Garg et al. (2018). The findings of the compar-
ative study have given substance to the superiority of the T-SF REGIME approach over
the T-SF TOPSIS method.

Next, consider the determination outcomes produced by the T-SF VIKOR method.
Place any two T-SF evaluation values tij = (μij , ηij , νij ) and ti′j = (μi′j , ηi′j , νi′j )
in a specific multiple-criteria choice issue. The Minkowski distance presented by Ju et
al. (2021) can be utilized to delineate two measurements about group utility and indivi-
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dual regret with the intention of forming a joint measure for compromise rankings. The
weighted distance between tij and ti′j can be computed in this fashion:

Dχ(tij , ti′j ) = χ

√
1

2

(∣∣(μij )t − (μi′j )t
∣∣χ + ∣∣(ηij )t − (ηi′j )t

∣∣χ + ∣∣(νij )t − (νi′j )t
∣∣χ )

.

(27)

By incorporating the normalized weight wj into the relative ratio of the distances
Dχ(tij , t+j ) to Dχ(t+j , t−j ), the group utility measure Gu

χ
+(Ti) and the individual regret

measure Ir
χ
+(Ti) of the T-SF characteristic Ti = {〈cj , (μij , ηij , νij )〉 | ∀cj ∈ C} based

on the fixed ideals are manifested as follows:

Gu
χ
+(Ti) =

n∑
j=1

(
wj

Dχ(tij , t+j )

Dχ(t+j , t−j )

)
, (28)

Ir
χ
+(Ti) = n

max
j=1

(
wj

Dχ(tij , t+j )

Dχ(t+j , t−j )

)
. (29)

In an analogous way, the measures Gu
χ∗ (Ti) and Ir

χ∗ (Ti) based on the displaced ideals
are given by:

Gu
χ∗ (Ti) =

n∑
j=1

(
wj

Dχ(tij , t∗j )

Dχ(t∗j , t#j )

)
, (30)

Ir
χ∗ (Ti) = n

max
j=1

(
wj

Dχ(tij , t∗j )

Dχ(t∗j , t#j )

)
. (31)

By virtue of a VIKOR parameter ι ∈ [0, 1], the joint measures Jm
χ,ι
+ (ai) and

Jm
χ,ι∗ (ai) of each choice option ai are elucidated in this manner:

Jm
χ,ι
+ (ai) = ι × Gu

χ
+(Ti) − minm

i′=1 Gu
χ
+(Ti′)

maxm
i′=1 Gu

χ
+(Ti′) − minm

i′=1 Gu
χ
+(Ti′)

+ (1 − ι)
I r

χ
+(Ti) − minm

i′=1 Ir
χ
+(Ti′)

maxm
i′=1 Ir

χ
+(Ti′) − minm

i′=1 Ir
χ
+(Ti′)

, (32)

Jm
χ,ι∗ (ai) = ι × Gu

χ∗ (Ti) − minm
i′=1 Gu

χ∗ (Ti′)

maxm
i′=1 Gu

χ∗ (Ti′) − minm
i′=1 Gu

χ∗ (Ti′)

+ (1 − ι)
I r

χ∗ (Ti) − minm
i′=1 Ir

χ∗ (Ti′)

maxm
i′=1 Ir

χ∗ (Ti′) − minm
i′=1 Ir

χ∗ (Ti′)
. (33)

Giving consideration to the selection problem of companies, the determined outcomes
of the measures Gu

χ
+(Ti), Ir

χ
+(Ti), Gu

χ∗ (Ti), and Ir
χ∗ (Ti) are indicated in Table 6. Letting

the VIKOR parameter χ = 0.5, the resulting joint measures Jm
χ,0.5
+ (ai) and Jm

χ,0.5∗ (ai)

are also revealed in this table. First, consider the bipolar anchor values using the fixed
ideals. Two predominance rankings were produced in compliance with an increasing or-
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Table 6
Results of the measurements related to the T-SF VIKOR approach.

χ = 1 χ = 2 χ = 3 χ = 4 χ = 5 χ = 6 χ = 7 χ = 8 χ = 9 χ = 10 χ → ∞
Outcomes based on bipolar anchor values of the fixed ideals
Gu

χ
+(T1) 0.4222 0.5172 0.5712 0.6031 0.6237 0.6381 0.6487 0.6567 0.6631 0.6682 0.7162

Gu
χ
+(T2) 0.5053 0.6048 0.6672 0.7050 0.7295 0.7465 0.7589 0.7683 0.7758 0.7818 0.8379

Gu
χ
+(T3) 0.4801 0.6308 0.7051 0.7468 0.7731 0.7912 0.8044 0.8144 0.8222 0.8286 0.8881

Ir
χ
+(T1) 0.1435 0.2009 0.2255 0.2390 0.2474 0.2532 0.2574 0.2606 0.2631 0.2651 0.2842

Ir
χ
+(T2) 0.1697 0.1936 0.2119 0.2236 0.2313 0.2367 0.2406 0.2436 0.2460 0.2479 0.2657

Ir
χ
+(T3) 0.1708 0.2163 0.2411 0.2553 0.2643 0.2705 0.2750 0.2784 0.2811 0.2833 0.3036

Jm
χ,0.5
+ (a1) 0.0000 0.1619 0.2335 0.2422 0.2437 0.2439 0.2440 0.2440 0.2440 0.2440 0.2440

Jm
χ,0.5
+ (a2) 0.9806 0.3857 0.3584 0.3545 0.3540 0.3539 0.3540 0.3540 0.3540 0.3540 0.3540

Jm
χ,0.5
+ (a3) 0.8487 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Outcomes based on bipolar anchor values of the displaced ideals
Gu

χ∗ (T1) 0.5669 0.5595 0.5596 0.5604 0.5612 0.5618 0.5623 0.5626 0.5629 0.5630 0.5634
Gu

χ∗ (T2) 0.6008 0.6084 0.6141 0.6177 0.6198 0.6211 0.6219 0.6224 0.6227 0.6229 0.6234
Gu

χ∗ (T3) 0.4185 0.4212 0.4203 0.4199 0.4199 0.4200 0.4201 0.4202 0.4203 0.4203 0.4204
Ir

χ∗ (T1) 0.2365 0.2365 0.2365 0.2365 0.2365 0.2365 0.2365 0.2365 0.2365 0.2365 0.2365
Ir

χ∗ (T2) 0.3036 0.3036 0.3036 0.3036 0.3036 0.3036 0.3036 0.3036 0.3036 0.3036 0.3036
Ir

χ∗ (T3) 0.2017 0.1892 0.1814 0.1778 0.1763 0.1756 0.1753 0.1752 0.1751 0.1751 0.1751
Jm

χ,0.5∗ (a1) 0.5777 0.5763 0.5848 0.5885 0.5899 0.5905 0.5907 0.5908 0.5909 0.5910 0.5911
Jm

χ,0.5∗ (a2) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Jm

χ,0.5∗ (a3) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

der of the Jm
χ,0.5
+ (ai) values, namely a1 VIKOR+ a3 VIKOR+ a2, when χ = 1, and

a1 VIKOR+ a2 VIKOR+ a3, when χ = 2, 3, . . . , 10 and χ → ∞. Nevertheless, such
consequences were strikingly different from the ultimate ranking a3  a1  a2 resolved
by Garg et al. (2018) and the proposed T-SF REGIME II algorithm. To be specific, the pre-
dominance relationship between a1 and a2 (i.e. a1  a2) was generally concordant with
the consequences in Garg et al. (2018) and the T-SF REGIME methodology. In particu-
lar, the choice option a3 was the best solution in the results yielded by Garg et al. (2018)
and the T-SF REGIME I and II algorithms; however, the T-SF VIKOR method pointed
out that a3 was the worst solution in cases that χ = 2, 3, . . . , 10 and χ → ∞ from the
perspective of the fixed ideals. Thus, based on bipolar anchor values of the fixed ideals,
the T-SF VIKOR approach gave rise to disbelieving and unreasonable ranking outcomes.
Next, making allowance for the bipolar anchor values using the displaced ideals, a rea-
sonable and consistent ranking a3 VIKOR∗ a1 VIKOR∗ a2 was obtained in keeping with
the ascending order of the Jm

χ,0.5∗ (ai) values when χ = 1, 2, . . . , 10 and χ → ∞. By
comparison, the consequence judging by the Jm

χ,0.5∗ (ai) values were more believable and
creditable than that by the Jm

χ,0.5
+ (ai) values. Even so, the results of applying the T-SF

VIKOR method were still disputable and confusing for the decision maker because the ob-
tained ranking outcomes would have great differences. The reason was that the contrasts
of the obtained joint measures may be unstable and controversial based on distinct bipolar
anchor values. In contrast, the T-SF REGIME methodology can deliver steady and well
supported solution results, which demonstrates the strong points of the current approach.
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In order to observe the changes of the joint measures Jm
χ,ι
+ (ai) and Jm

χ,ι∗ (ai) un-
der different settings of the VIKOR parameter ι, this study designated the VIKOR pa-
rameter as ι = 0.0, 0.1, . . . , 1.0. First, make allowance for the bipolar anchor val-
ues using the fixed ideals. It should be noted that Jm

χ,ι
+ (a3) = 1 in every parame-

ter combination of ι = 0.0, 0.1, . . . , 1.0 and χ = 2, 3, . . . , 10 and χ → ∞ because
max3

i′=1 Gu
χ
+(Ti′) = Gu

χ
+(T3) and max3

i′=1 Ir
χ
+(Ti′) = Ir

χ
+(T3). Thus, it was recognized

that Jm
χ,ι
+ (a3) = ι×1+ (1− ι)×1 = 1 in such scenarios. In this regard, it would merely

have a look at the changes of the values of Jm
χ,ι
+ (a1) and Jm

χ,ι
+ (a2) in various settings,

as portrayed in Fig. 5(a) and (b), respectively. On the flip-side, it would give considera-
tion to the bipolar anchor values using the displaced ideals. In an analogous way, it was
known that Jm

χ,ι∗ (a2) = 1 in every parameter combination of ι = 0.0, 0.1, . . . , 1.0 and
χ = 1, 2, . . . , 10 and χ → ∞. Over and above that, it was found that Jm

χ,ι∗ (a3) = 0 be-
cause min3

i′=1 Gu
χ∗ (Ti′) = Gu

χ∗ (T3) and min3
i′=1 Ir

χ∗ (Ti′) = Ir
χ∗ (T3) in all scenarios. On

the grounds of this, Jm
χ,ι∗ (a3) = ι× 0 + (1 − ι)× 0 = 0 no matter which combination of

parameters ι and χ . From this basis, the change of the Jm
χ,ι∗ (a1) value was explored and

depicted in Fig. 5(c). As sketched in Fig. 5, three special cases of ι = 0.0, 0.5, 1.0 were
represented using line charts, whereas the other cases were expressed by bar graphs. As
revealed in Fig. 5, the values of the joint measures Jm

χ,ι
+ (a1), Jm

χ,ι
+ (a2), and Jm

χ,ι∗ (a1)

were deeply affected by the parameters ι and χ . Thus, such values were not stable, which
may bring about different final rankings of the choice options. In contrast to the T-SF
VIKOR technique, the evolved T-SF REGIME methodology can render more reliable and
convincing results, which can make the final decision easy to implement.

5. Conclusions

The T-SF theory has the productive competence and technological capability to manipu-
late ambiguous and equivocal decision information in a complex real-world environment.
In particular, on the subject of fuzzy community, the T-SF model contains a comprehen-
sive account of several beneficial non-standard fuzzy configurations, such as intuition-
istic fuzziness, Pythagorean fuzziness, Fermatean fuzziness, q-rung orthopair fuzziness,
picture fuzziness, and spherical fuzziness. The three motivations were the major driving
forces to propound the T-SF REGIME methodology, consisting of: (1) high demand for
utilizing the T-SF theory in specialized decision analysis, (2) technical gap of the cur-
rent REGIME methods and techniques, and (3) lack of T-SF versions of the REGIME
framework.

This study has made some noteworthy academic contributions to decision-making
practice under complicated uncertainties, including the advancement of the REGIME-
based technique, the beneficial measurement system in T-SF settings, superiority indices
and identifiers for relative attractiveness, REGIME identifiers and guide indices for rela-
tive fittingness, and the efficacious T-SF REGIME I and II procedures for decision support.
Consider that the REGIME method is a well-established approach to a multiple-criteria
evaluation process and choice analysis; however, fresh enrichments of REGIME-based
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Fig. 5. Selected comparisons of the joint measures in every combination of parameters ι and χ .



470 T.-Y. Chen

techniques have not been discussed in T-SF decision situations. In this regard, this pa-
per has unfolded a novel and creative T-SF REGIME methodology through the utility of
an advisable measurement system in T-SF uncertain circumstances. This paper has uti-
lized an efficacious score function to differentiate T-SF information in a thorough man-
ner. Moreover, the superiority criteria have been recognized judging by score functions
and accuracy values; the resulting outcomes have been used to determine the superiority
index and the superiority identifier for ascertaining the relative attractiveness between the
T-SF characteristics. Furthermore, this paper has identified the REGIME identifier and the
REGIME vector to constitute the REGIME matrix and the guide index for ascertaining the
relative fittingness between T-SF characteristics. Two effectual prioritization procedures
have been inaugurated to generate the T-SF REGIME I and II predominance rankings re-
garding all choice options. The core notions in the T-SF REGIME I mechanism contain
the superiority-based Boolean matrix, guide-based Boolean matrix, and comprehensive
Boolean matrix. The core notions in the T-SF REGIME II mechanism involve the net su-
periority identifier and net guide index. The investigation toward the selection problem of
companies for constructing food processing plants has exhibited the usefulness and supe-
rior points of employing the advanced T-SF REGIME methodology in tackling pragmatic
decision issues.

However, the proposed T-SF REGIME methodology is subject to one major theoretical
limitation. This paper has made an important contribution by strengthening the REGIME
method aiming to empower it to manipulate T-FS uncertain information. The initiated
T-FS version of the REGIME method has been validated to be an advantageous approach
to multiple-criteria choice analysis within intricate equivocal environments. The techno-
logical applicability has been also illustrated in the selection problem of companies for
erecting food processing plants. Nevertheless, decision makers or analysts might recognize
some of the research limitations on the propounded methodology. The major limitation of
the developed techniques is the early defuzzification of T-SF evaluation values by way of
the score function advanced by Zeng et al. (2019). After constructing T-SF characteristics
in the first phase of the T-SF REGIME framework, the T-SF evaluation values are then
converted to the scalar value using the score function; moreover, the sequential phases are
performed by the agency of the exploitation of such crisp forms. The specification of score
functions can exploit enough information contained in T-SF evaluation values because of
the utilization of grades of positive, neutral, negative, and refusal memberships. However,
the T-SF evaluation values are defuzzied in a very early stage, which might make the T-SF
REGIME method questionable in the process of evaluation, because perhaps certain infor-
mation might be lost in practicality. In this regard, the initiated Algorithms I and II might
result in a small amount of information not being considered in addressing a multiple-
criteria choice problem in uncertain contexts, which is the main research limitation faced
by the T-SF REGIME methodology.

Another consideration should be mentioned concerning the application of T-SF sets,
namely, the data collection issue. The T-SF theory has been progressively concerned ow-
ing to its great ability for treating much complicated and obscure decision situation. How-
ever, a critical challenge for the T-SF theory to put into practice is how to collect evalua-
tions from the decision maker and convert them into T-SF information. In most cases, the
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decision maker may be not familiar with the notion of T-SF sets. Thus, the decision maker
may not know what T-SF evaluation values mean. Accordingly, the data collection process
would be very challenging in case an analyst would like to collect evaluations from the
decision maker. Therefore, how to reasonably produce T-SF evaluation values originating
out of the decision maker’s discernments and appraisals is an issue worthy of mention.
This study suggests an approach to generating T-SF evaluation values by employing a lin-
guistic rating system, i.e. using the scale for the linguistic variables. For example, Mathew
et al. (2020) presented two nine-point rating scales and an eleven-point rating scale that
can be exploited by decision makers to quantify their subjective judgments and assess-
ments. By the same token, Farrokhizadeh et al. (2021) and Jin et al. (2021) also provided
useful nine-point rating scales for facilitating data collection. These linguistic variables
can be easily converted into spherical fuzzy or T-SF numbers. With the advent of lin-
guistic rating scales involving spherical fuzziness, linguistic terms can be quantified by
transforming them to spherical fuzzy numbers, which leads to convenient construction of
T-SF evaluation values.

Furthermore, this paper proposes some future research work directions that are promis-
ing and appropriate. First, the proposed notions and measurements (e.g. the superiority
index, superiority identifier, REGIME identifier, and guide index) can furnish theoretical
bases to create other decision-making models and support mechanisms. For example, by
expanding Garg and Rani’s (2021) intuitionistic fuzzy MULTIMOORA (i.e. MULTIplica-
tive form for Multiple Objective Optimization based on a Ratio Analysis) technique, our
proposals can be incorporated into the MULTIMOORA scheme to adapt to T-SF decision
contexts. By the same token, the proposed measurements can be exploited in the procedure
of the ORESTE (i.e. Organisation, Rangement Et Synthèse de données relaTionnElles) ap-
proach for facilitating an advancement of ORESTE in T-SF circumstances. Secondly, in
addition to multiple-criteria choice analysis, the procedures for the T-SF REGIME I and
II prioritization can be recognized as a significant enhancement tool for exploring group
decision analyses, sorting approaches, design and evaluation strategies, etc. By way of
illustration, the sine-trigonometric operations presented by Garg (2021b) can be gener-
alized to T-SF environments and then combined in the T-SF REGIME mechanism for
group decision-making processes. Finally, the evolved T-SF REGIME methodology can
be continuously modified and developed for adapting to different decision circumstances.
To give an instance, Garg’s (2021a) initiated possibility degree measure derived from the
q-rung orthopair fuzzy model is suggested to be exploited and extended in the evolved
T-SF REGIME methodology. These improvements and modifications can offer the most
appropriate and functional approaches regarding the exact engineering, management sci-
ence, economics, and business problem.
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