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ABSTRACT This study’s major purpose is to highlight circular spherical fuzzy sets, that happens to be
a prolongation of spherical fuzzy sets. The primary purpose of this research is to demonstrate the basic
operations and theorems of circular spherical fuzzy structures (C-SFS), which give an effective way for
dealing with data ambiguity. Aggregation operators (AOs) play a significant role in decision-making,
particularly in situations where conflicting interests need to be taken into account. The Sugeno-Weber
(SW) t-conorm and t-norm are employed in the C-SFS operating rules. The study describes in detail the
fundamental operating criteria for C-SFS utilizing SW t-norms and t-conorms, as well as their crucial
features. Furthermore, this research presents and fully investigates two novel operators, C-SFS Sugeno Weber
weighted averaging (C-SFSWWA) and C-SFS Sugeno-Weber weighted geometric (C-SFSWWG), as well
as their distinct applications and desired properties. A novel approach based on the C-SFSWWA and C-
SFSWWG operators is suggested to address multiple attribute decision-making (MADM) problems utilizing
C-SF information. A numerical example shows how this approach may be used to adapt a programming
language for social media platform analytics, followed by a comparison study to highlight its advantages.
The advised approach is successful, according to an investigation of authenticity and a comparison study.
In reality, the recommended aggregation operators and decision-making approach are quite useful for
decision analysis.

INDEX TERMS Fuzzy set, circular intuitionistic fuzzy set, sugeno weber, decision making.

I. INTRODUCTION

The 21st century has witnessed a dramatic transformation
in communication and information dissemination, largely
driven by the rise of social media. A bunch of online
communities and web pages together referred to as “‘social
media’ enables people to produce, collaborate, and interact
with content in a fake social environment. These platforms
enable communication, networking, and information sharing
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among individuals, groups, enterprises, and communities all
over the world. By providing businesses and brands with
previously unheard-of opportunities to interact and engage
with their target population, social media has fundamentally
altered the marketing sector. Utilizing a number of social
media platforms, social media marketing works to build
client relationships while promoting products, services, and
content. Businesses have the opportunity to interact with a
huge global audience on social media, which has billions
of active users across a number of platforms, and increase
their visibility. It is now a vital part of modern marketing
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strategies, giving businesses unparalleled opportunities to
engage, communicate with, and influence their target market.
As social media matures, society must navigate its challenges
in order to fully realize its promise of connection and positive
impact.

A social media analytics platform is required for a number
of reasons, including the fact that it provides important
insights and data-driven information that may tremendously
benefit individuals, businesses, and organizations. It is a
helpful tool that helps businesses and individuals to utilize
the enormous volumes of data available on social media
networks. It offers useful knowledge, facilitates decision-
making, enhances marketing strategies, and strengthens
customer relationships, all of which help firms to grow
and succeed. Individuals and organizations interested in
harnessing the potential of social media data may profit
from a software company that offers a social media analytic
platform application. The problem arises from the high
volume of data and traffic on the application, which is causing
issues. The firm wanted to transition from programming lan-
guage of application i.e. Python to GoLang and considering
some alternatives over some specific criterions. Compared
to interpreted languages like Python, GoLang’s execution
speeds is faster since it immediately compiles to machine
code. Thanks to the speed optimization of the compilation
process, GoLang is a viable option for performance-critical
applications. GoLang’s sophisticated memory management
and garbage collection system, which helps keep the memory
footprint low, enable applications to handle a high number of
concurrent connections and expand more successfully. Due
to its low memory usage, it is particularly scalable.

The firm has taken into consideration some parameters
over specific criterions, thus the problem can be tackle by
decision making. Making choices with the parameters of
fuzzy sets refers to the act of picking options or outcomes
based on fuzzy logic principles. Fuzzy logic is highly
useful in decision-making scenarios involving ambiguous,
imprecise, or confusing facts. It provides more flexible and
human-like decision-making by including language phrases
and coping with ambiguity. Companies establish from DM
opinions collects and ranks a range of view points ranging
from great towards the most adverse possibilities on a regular
basis. As a result, we may choose, categorize, develop, and
conduct a thorough inquiry.

Multi-attribute decision-making (MADM) is the most
effective technique for obtaining a significantly better result
by considering all relevant aspects or criteria. The funda-
mental goal of overcoming the dilemmas in evaluation and
taking decisions is to categorize and collect data for indices
of judgment. But, because of the complexity of real-world
systems, humans need to cope with a wide range of MADM
challenges when the assessment information is ambiguous.
The problem is coped by Zadeh [1], he introduced fuzzy sets
in 1965 that deals with ambiguous information. Elements
have degree of belonging-ness that range from [0,1]. Later
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on, Atanassov [2] gave the more extended idea on FS i.e.
IFS. He added the concept of non-belonging-ness in FS.
Xu [3] investigated aggregation operators, while Luo [4], [5]
contributed to the concept of distance in his study. Other
fuzzy concepts like g-rung fuzzy logic in optimizing urban
parcel delivery strategies are explored in [6] and logarithmic
bipolar fuzzy in [7].

Another genuine expansion of IFSs is suggested, whereby
a circular region is allocated with a straightforward represen-
tation rather than a rectangle. It goes by the name Circular
IFS (C-IFS). Atanassov [8] suggested the Circular IFS (C-
IFS). A circle depicts the ambiguity of the belonging as well
as non-belonging grades in a C-IFS. In other words, a circle
with pair of non-negative real numbers in the center, given
that their sum is less than one, represents the belonging and
non-belonging grades of all parts to a C-IFS. C-IFSs provide
more diplomatic management of modifications to both
belonging and non-belonging degrees to indicate ambiguity.
He also presented distances measures for C-IFSs [9]. Boltrk
[10] proposed idea of interval valued in it and Cakir [11]
proposed DM in it. As a result, circular intuitionistic fuzzy
environments have been used with a variety of MCDM
approach types [12], [13]. Oaty and Kahraman [14] extended
AHP and VIKOR methods for C-IFSs and utilized them in
the multi-expert supplier evaluation problem [15]. Chen [16],
[17] explored distance in C-IFS. Khan and Kumam presented
divergence measure for C-IFS and their application [18].

Despite the widespread interest in Atanassov’s devel-
opment of IFSs, decision-makers encounter constraints in
assigning degrees of membership and non-membership.
These restrictions complicated the decision-making process.
Because, according to certain real-life choice theories,
decision makers deal with scenarios involving distinct
characteristics where the sum of their belonging degrees
exceeds 1. In such a case, IFS will be unable to deliver an
appropriate result. Then to tackle this hurdle, idea of PyFS
is given by Yager [19] and some results [20], [21]. It meets
the constraint that the value of the square sum of its grades
is below or equal to one.i.e.0 < 92 + k2 < 1. Olgun
introduced PyF points [22], Peng presented PyFS results [23],
Einstein operations [24] and norms were explored [25], and
an extended TOPSIS method was proposed [26]. The study
also covered TODIM [27], similarity measures [28], [29],
and Biswas’ work on TOPSIS with entropy [30]. Rahman
investigated interval values in PyF [31] and Pythagorean
vague normal operators are discussed in [32] by Palanikumar.
These works have advanced decision-making approaches.

Just as PyFS are the elongation of IFS concept, similarly
Murat and Bozyigit [33] proposed the notion of circu-
lar in PyFS. He represented the idea of belonging and
non-belonging grades in term of cricle with condition 0 <
92 + k2 < 1. He proposed T-norms and T-conorms, which
are utilized for describing numerous algebraic procedures
for C-PFVs. A number of weighted averaging and geomet-
ric aggregation operations have been devised using these
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approaches. Khan and Kumam [34] expanded C-PyFS to disc
PyFES in 2023.

Ashraf et al. [35] presented the more broader concept of
SES, taken into account of beloning degree, non- belonging
degree and abstinence and the criteria 0 < 9% + 2 +
k2 < 1. This framework developed by Ashraf is significantly
more in line with the traits of people than previous
theories, resulting in one of a great deal of active fields
in academia right now. Aggregation operators (AOs) play a
big part in decision-making problems (DMPs). A number of
academics have made rather significant contributions to the
development of AOs for SF sets. Riaz investigated supply
chain management in [36]. In his work, Ashraf explored
t-conorms and t-norms, presented aggregation techniques
[37] and its representation [38]. The WASPAS [39] and
TOPSIS [40] techniques were introduced by Gundogdu.
Mahmood’s study [41] centered on making choices regarding
diagnoses in medicine. While Ozceylan conducted a survey
on SF information [42] and Peng concentrated on the subject
of IIoT [43]. The concept of similarity and distance in SFS
was developed by Khan [44].

This paper’s main goal is to introduce a more generic
representation of SFSs in order to enhance decision-making.
Utilizing exact points, pairs of points, or triples of points from
the closed interval [0, 1] is a common practice when working
with fuzzy sets. While offering a rigid decision-making
process, these techniques are in need that decision-makers
(DMs) assign exact numerical values. Contrarily, Interval
Valued (IV) SFSs provide for the flexible assignment of
intervals for degrees of membership, non-membership, and
abstention, but managing their representation can be difficult.
A true extension of spherical fuzzy sets (SFSs) that uses
circles and a more straightforward representation is proposed
in this study to solve this.

We put forward the framework of circle in spherical fuzzy
sets in this work. In this innovative fuzzy set concept, the
degrees of membership, abstention, and non-membership for
an element are represented by circles with centers (9, ¢, k)
unlike integers, and with a more flexible state 0 < 2 +
2 + k% < 1. By employing this approach, we expand both
the concept of C-IFS and C-PFS, in addition to enhancing
the understanding of SFS concepts. Decision-making has
grown more difficult as DMs can now acquire circles with
certain characteristics rather than precise numbers. Instead
of using exact numerical values, this feature enables DMs
to design circles with certain attributes. In turn, this makes
the decision-making process more sensitive and flexible,
enabling DMs to handle uncertainties and difficult.

Sugeno introduced a class of nilpotent t-conorms in his
PhD study [45], featuring the asymptotic components drastic,
probabilistic sum. Weber [46], on the other hand, suggested a
class of nilpotent t-norms with parametric elements product
and drastic product. Both the Sugeno t-CN with parameter A
and Weber t-N with parameter £ are identical to each other
in the perspective of families t-N and t-CN. Both families
are known as Sugeno-Weber t-norms and t-conorms (SW 7-
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N and 7-CN) in honor of Sugeno and Weber because of this
duality. In his paper, Sarkar et al. [47] employed SW norms to
define T-SFHySSs. When employing the variable parameter
& in the SW 7-N and 7-CN, decision-makers (DM) have
greater capacity since it enables them to accurately modify
the parameter’s value. As a consequence, the SW 7-N and 7-
CN appear to be ideal for generating C-SFS operations and
eliminating blunders and unnecessary information.

An AO is a methodical mathematical representation that is
used in data analysis to integrate numerous pieces of evidence
into a single data format, enabling rational decision-making
in a variety of situations. Sugeno-Weber (SW)-based AOs
are highly rated among the well-known classical AOs. The
use of these AOs in decision-making processes poses a few
challenges though, as they might not always yield the precise
result that the decision-makers are looking for. In order
to better meet the demands of certain decision-making
processes, various AOs must be adapted and updated to solve
these issues. In order to assess if SW AOs will motivate
the continuing research and limits of C-SFSs mentioned
previously, we shall offer SW AOs based on early data. The
primary objectives of the article are as follows:

« Introduce the concept of circular spherical fuzzy sets (C-
SFSs) to broaden the scope of the present framework for
spherical fuzzy sets.

o To enhance the management of uncertainty, develop a
technique for converting spherical fuzzy information
into a circular spherical fuzzy structure.

« Establish basic operations of C-SF information using the
Sugeno-Weber norms to lay the groundwork for further
research.

o Sugeno-Weber norm is used to suggest novel C-SF
aggregation techniques, and their properties are exam-
ined to see how useful they are in decision-making
settings.

o Demonstrate a Multiple-Attribute Decision Making
(MADM) method using the SW aggregation operators
in the context of the C-SF information framework.

o To handle uncertainty and ambiguity in decision-
making, compare the recommended SW aggregating
operators to other existing aggregation operators.

By achieving these objectives, the project seeks to enhance
decision making for addressing uncertainty in real-world.
The following serves as a basis for this paper’s superfluity:
The research starts with an introductory section (Section I)
that outlines context and creates the tone for the rest of the
investigation. In Section II, basic definitions are given to help
with the following topics. The third section gives important
premise and supporting evidence while introducing Circular
Spherical Fuzzy Sets (C-SFS), exploring different C-SFS
operations. The scoring and accuracy measures that may be
used to compare C-SFSs are also covered in this section.
The computation of C-SFS radii is thoroughly discussed
in section IV. Section V of the research examines Sugeno
Weber (SW) norm operations and related identities and
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proofs. Section VI and VII discuss SW weighted geometric
aggregation and weighted averaging methods.

A Multiple-Attribute Decision-Making (MADM) approach
is also shown in section VIII, providing an algorithm that
efficiently completes C-SFS aggregating operations. To help
with comprehension, a real-world example is provided.
A thorough comparison of all the methods is done in
section IX. Finally, section X highlights the important
conclusions and contributions of the study.

Il. PRELIMINARIES

This section describes several important concepts related
to C-IFS, C-PFS and S-IFS. These concepts lay a solid
foundation for further exploration and analysis in the
research and are essential for comprehending the complexity
of the three fuzzy set frameworks. By examining these
essential concepts, we establish a full framework, which
lays the foundation for insightful discussions and informed
interpretations.

A. CONCEPT OF C-IFS AND C-PFs

Definition I ([8]): The set x be the subset of 3. Then C-

IFS is

x ={E 9@, k(@) Nz € I} (H
where ¥, : 3 — [0,1],ky : I — [0, 1] indicating MG,
NMG and condition 0 < ¥, (Z) + k,(Z) < landr € [0, 1] is
the radius of every element’s circle.

Every element in demonstrated by a circle with a center
(04 (2), kx () and radius r as opposed to the normal every
point in the IFS indicates an element in the intuitionistic fuzzy
interpretation triangle.

Definition 2 ([33]): Let I be the universal set and r €
[0, 1]. The C-PFS in S is given by

X ={E 942, kx (@) )z € J)

often referred as a spherical fuzzy set, where vy : I —
[0, 1], 6y : S — [0, 1] are MG, NMG respectively, satisfying
the condition below

0< @@+ k@) <1

The point (9 (2), kx(Z)) on the plane is the radius of circle r.

B. OPERATIONS OF C-PFS
Consider two C-PFS «;; and B, in J:

ayy = {E V(2. ka(@); F11Z € V)
Biy = {952, k(@) B7 € )}
Given below are the definitions of different operations on C-
PFSs:
D af = {G ka(@, 9a: 1112 € D)}
2) ap C By iff fi < rrand ¥y < ¥g and ko > kp.
3) ay = By iff r{ =, and ¥, = Vg, and k, = Kp.
4) oy Upin B, = {(E max(9q, 9p), min(ka, kp);
min(Fi, ?)|% € )}
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5) @ Unax By = {E max(a, 9p), min(ky, kp);
max(ry, )|z € S)}.

6) o5 Ninin ,Br'z = {(Z’ min(Yy, 9g), max(kq(2), Kg);
min(ry, ”)|7 € S)}

T) oy Nimax B, = {(Z, min(Vo, Up), max(ke, kg);
max(ry, )|z € S)}.

Definition 3 ([35]): If Y is the universe of discourse, then

x =[G 043, ;D i, D)IZ € 3) )

often referred as a spherical fuzzy set and Oy, 1y, ky © 3 —
[0, 1] are MG, Abstinenace, NMG respectively, fulfilling the
criteria below

0< @G+, + 1, <1 3)

For ((Z, 9,(2), 1), ky@)IZ € I}, SFN are
(V5 (@), 1y (@), kx (D))

C. SUGENO-WEBER =-N AND =-CN [47]
During the early 1970s 7-CNs are developed by Michio
Sugeno and in the early of 1980s, SW t-Ns family are
developed by Seigfried Weber.

Definition 4: The part T§W of SW t-Ns is given by

Tp(a, b), f&=—1,
b— 1+&ab
T, (a, by={ max (0, u) L if — 1 <& <+o0,
1+&
Tpla, b), if & =+oc,

where Ty (a, b) denote the drastic T-N and Tp(a, b) denote the
product T-N (or, algebraic product).

SD(CZ, b)1 l.f's;: = _17
S8 (a, b)= min(l a+b—ﬂ) if —1<&<+00
SW A ’ 1_{_%- ’ ’
Sp(a, b), if € = +oo,

where Sp(a, b) denote the drastic T-CNs and Sp(a, b) denote
the probabilistic sum (or, algebraic sum).

Ill. FORMATION OF CIRCULAR SPHERICAL FUZZY SETS
In this section, we will elaborate on the extended concept
of SFS, namely Circular Spherical Fuzzy Set (C-SFS). This
enhancement enhances the representation and management
of uncertainty in fuzzy collections by introducing circularity
to the traditional SFS framework. The C-SFS concept offers
a more complete and flexible way for modeling complex
and uncertain information, providing insightful data for
decision-making and problem-solving in a range of sectors.

Definition 5: Let x denote a subset of 3, a universe of
discourse.

X ={G 04 @), 1), kB P)IZ € 3) @)

will be described as CFS where ¢y : S — [0,1],1) : & —

[0, 1]ky : & — [0, 1] are basically MG, Abstinence, NMG.
And Oy, 1y, iy satisfy the criteria

0 < W) + (1D + (D) < L. )
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The radius of circle is ¥ the point (95 (%), 1, (2), ky(Z)) on
the plane. The circle demonstrate the membership grade,
abstinence and non-membership grade of 7 € .
In the triangular fuzzy interpretation, each element in SFS is
depicted as a point, but all element in C-SFS is expressed as
a circle with a center (9 (%), t,,(2), K (2)) and a radius 7.
Each typical SFS has a standard form, hence this new type
of sets are a modification to the standard SFS

x = (G 9,3, 1,3), Ky (?); 0)}

but the C-SFS with ¥ > 0 is not in accordance with a normal
SFS.

Figure 1 shows some spherical fuzzy values (SFVs) where
as Figure 2 represent some points in C-SF environment.

FIGURE 2. Comparison chart.

Example 1: Consider I = {Z1, Z2, Z3, Z4}. The CFS is be
given as follows
x ={(1,0.7,0.2,0.4; 0.6), (32, 0.6, 0.8, 0.1; 0.5),
(Z3,0.2,0.4,0.5; 0.1), (24, 0.2,0.9,0.3; 0.5)}

A. OPERATIONS ON C-SFS

In this section, our focus will be on developing specific
relations and operations on C-SFSs. In order to demonstrate
the mathematical basis of these processes, we shall rigorously
prove the required theorems. Additionally, we will explore
methods for ranking C-SFS, enabling us to effectively
compare and prioritize different C-SFS instances.

124924

Consider two C-SFS a5 and B in 3:

oy = {E, Dors tar Ko F1IE € D)}
By = {E 0p. 15, kg1 2lZ € D)}
Given below are the definitions of different operations on C-
SFSs:
D af = {G kas tas Va3 1112 € D)}

2) ay C Bp iff 11 </ and 9, < Vg,
lg <tgand kg > Kg.

3) ay =B iff 1 =r>and ¥, = g,
lg =tg and kg = Kg.

4) af] Umin ﬂfz = {(Z.’ max(ﬁﬂlv ﬁﬂ)v min(LOH Lﬁ)v
min(kq, kg); min(ry, 1)z € i‘s)}.

5) ap Umax By = {G max(Dy, 9p), min(i, 1p),
min(ig, kp); max(ri, 1)z € 3)}.

6) af] mmin ﬁfz = {(Z.v min(ﬁas 79/3)’ min(tﬂlv Lﬂ)v
max(ke, kg); min(ry, 12)|Z € 3)}

7) afl mmax ﬂra = {(‘Z’ min(ﬁas ﬂﬂ)v min(ta, Lﬂ)’
max(kq, kg); max(ri, 12)|Z € S)}.

Definition 6: The normalized Euclidean distance for two
C-SFSs oy, and By, in a3 is given as:
d(ay, Br)

_n-nr|

V2

h
D (O — P90 + (ta — 18)? + (ko — Kp)?)

z=1

S| =

+

Theorem 1: Consider o = (U, ly,Ky;Fq) and B =
(98, 18, kg; Tg) be two C-SFSs in 3.
Then De-Morgan’s law is given as:

D (o Npin B)° = € Upyin B€

2) (0‘ Nimax IB)C =af Unmax IBC

3) (0‘ Unmin IB)L =af Nimin IBC

4) (o Upax IB)C =’ Npax ,Bc
Proof: For proof, see appendix A. O

B. RANKING OF C-SFSS
We have described the process for ranking C-SFSs in this
section. The ranking process enables us to compare and
prioritize different C-SFS instances based on their respective
properties and characteristics.
Definition 7: Assume a = (0, ly, Kq; To) be any C-SFSs.
1) Score Function:
8(@) = (90 = ta — ka + V2729 = 1))
where §(a) € [—1, 1] and q € [0, 1].
2) Accuracy Function: ¢(a) = 92 + (2 + k2 and
¢(a) € [0, 1.
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Now,assume o and B be two C-SFSs then,

o If§(at) > 8(B), then o > B.
o If§(a) < 8(B), then x < B.

If 8(ct) = 8(B), then

o If () > c(B), thena > B.
o If () < c(B), thena < B.
e If (@) = g(B). thena ~ .

Example 2: Consider collection of SFSs on I =
{x1, x2, x3, X4} is given as,
{x1,(0.3,0.5,0.2), (0.6, 0.2, 0.6), (0.4, 0.4, 0.7)}
{x2,(0.6,0.3,0.2), (0.4, 0.3,0.2), (0.8,0.2, 0.6)}
{x3, (0.8, 0.5,0.3), (0.6, 0.6, 0.4), (0.9,0.3, 0.5)}
{x4,(0.5,0.2,0.4), (0.3,0.3,0.4), (0.5, 0.3, 0.4)}
Now, we’ll convert this collection into C-SFS.
{(x], 0.5,0.4,0.5;0.4), (A2, 0.6,0.3,0.4; 0.3),
(x3,0.8,0.5,0.4;0.2), (x4,0.4,0.3, 0.4, 0.1)}

IV. DEVELOPMENT OF CIRCULAR SPHERICAL FUZZY
SETS
We will talk about the computation process of the radius of
C-SFES for the conversion of SFS to C-SFS in this section.
To find the radius of SFS, we will use equations (6) and (7).
In an SFS F,,, suppose spherical fuzzy pairs possess a
shape {(ﬁm,la tn, 1 Km,1)s (Om,2s tn 25 Km,2)s (O3, tn,ds Km,5),
..}, where m is a numeric value of SFS [, each containing
I1,,, which is the number of spherical fuzzy pairs F ,.
The formula for calculating the spherical fuzzy pairs’
arithematic average is as follows:

O s UF m)s KU m))

an ‘[92 Zrl:[m L%n i Zrl:[m m i
\/ 1 1 (6)

The highest value of Euclidean distance is the radius of
O F mys LF m)» K(Fm))-

F = max
1<m<Il,,

\/ @, —

thus, SFS is being changed into C-SFS.

ﬁm,n)z + (lFm - Lm,n)2 + (KFm - Km,n)2 @)

V. SUGENO-WEBER OPERATIONS ON C-SFSS

In this part, we will talk about operations of Sugeno-
Weber(SW) and its types in certain basic operations.
Let us assume that t-Ns TSEW denote the SW sum
and 7-CNs SEW denote the SW product. The general-
ization of union and intersection of SWCSFSs is SW
sum o @B and the SW product o @ B, stated as:

S5 (O, 0p), Tay (s 1),

l.a®,,, B = o .
e Tgw(’ca’ KB)s Tgw(ra’ rg)

2 o @ ﬁ — Siw(ﬁ(x» ﬁﬁ)v TSW(LOU Lﬂ)a
e TE‘W(KOM Kg)s SSW(’;;{’ fb)
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£ £

Teow (Do, 08), Tow (ly, L),
3'a®min'3=( .SéW(C‘ ﬂ) gW(O‘ ﬁ) )

SSW(KlX’ Kp), Tsw(Kaa Kg)

3

Ty (Va, g, Ty (tas Lp)
4o 0 @y B=| W T VBR gwhen B )
SSW(KOM Kﬂ), st(’(ou Kg)

Definition 8: Consider o = (¥, lo, kq;Ty) and B =
(98, 1g, kg; r'g) be any two C-SFSs and u be a positive real
number. Then, certain fundamental operations of C-SFSs
on the basis of SW t-N and r -CNs are provided as:

2 2 2,92
\/ﬂa +0 - 1+E a0
té+t%71+étatﬂ
1+& ’
I(2+K —l+§/<2/<2
1+&
r;2+r}3271+§r;,2r};2
1+£

V93 + 03 — 159393,

t§+L%71+§LaLﬁ
1+&
2+K2 1_’_%-,(2‘{2

1+S
i+

0205 —14+E0207
T’
Lé+z%—l+$t§z%

9

3. a®min13 = i
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8. Uhyax = p
JE (- (-ea)).
[#(-(1-))

Theorem 2: Suppose three C-SFSs are « = (¥, ty, Ko} Fa)
and B = (9g,18,k8;78) ¥ = (Dy, 1y, ky;1y) and X > 1.

Then following properties are satisfied.

) a® =BG«

2) a®B=Q«

3 dp)dy =0 (BDY)

4) @@p)®y =a®(BRY)

5) xa®dxf=x(adp), x>0;

6) Xyo 69)2,304 = ()E(, EB)_cﬁ)a, Xq and xg > 0;
7N (@@p)y=a"®p" x>0

8) o' ® a'f = o B g, and xg > 0

Proof: The proof is given in appendix B. U

VI. AVERAGING AGGREGATION OPERATORS FOR C-SFS
This section introduces the averaging aggregation operators
for C-SFSs. We’ll go through the operator’s mathematical
formulation and several key characteristics it satisfies.
We will also provide thorough justifications for the accu-
racy and reliability of the operators in compiling C-SFS
information.

A. C-SF SUGENO-WEBER WEIGHTED AVERAGING
AGGREGATION OPERATORS

Definition 9: Assume o; = (9;, 4, kj; i) be an assembely
of C-SFNs, wherei=1,2,...,n

If C-SFSWWA : A" — A, then C-SFSWWA is given as:

n
C — SFSWA(a1, 02, . . ., oty) = Zwi(xi )

where w; > 0,27 w; = 1 denotes the weights of
attributes.

Theorem 3: Assume a; = (%, t;, ki; 7;) be an assembely of
C-SFNs, wherei = 1,2, ..., n. Then, aggregated values are

124926

also C-SFN and

C — SFSWAin(ay, a2, ..

\/ 146 ( (1
/((HML 1( ]‘+g
\/((1 + oI (gfi?)
Jeon ()7 )
C — SFSWA a1, @2, . . ., o) = le i
JE (- (- 0E) ™).
/((1 +oTI, (sﬁ?)m - 1) L,
J(ovom (52)" 1)
(- (- ) )

Proof: See appendix C. ]

L 0p) = Z Wi
2215 )) ).

oy
~ 1o
+
\—/

’

Sre|—

B. PROPERTIES
1) IDEMPOTENCY:
Consider a; = o = (%, t;, ki, Fi) where i = 1,2...,n
be a C-SFSNs, then

C— SFSWWAmax(Oll, an, ...

,0p) =

Proof: See appendix D. ]
2) HOMOGENITY:
Consider t be any positive real number, then
C — SFSWWA,jax(tay, Tan, ..., Tay)
=1C — SFSWWA,10x (a1, a2, . .., 0ty)

Proof: See appendix E. ]
3) BOUNDEDNESS: Assume o = (¥, ;, ki, i) be
class of C-SFSNs where i = 1,2,...,n and a;r =
(max(®%;), min(t;), min(x;), max(7;))
1 14 1 1
a; = (min(¥;), min(,;), max(x;), max(7;)). Then,
1 l 1 1
o < C—SFSWWApax(ar, 02, ..., ap) < o
Proof: See appendix F. (|

C. C-SF SUGENO-WEBER ORDERED WEIGHTED
AVERAGING AGGREGATION OPERATORS

Definition 10: Assume o; = (8, 1, kj; 7;) be an assembely
of C-SFNs, wherei = 1,2, ...,n. If C-SFSWOWA : A" —
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A, then C-SFSWOWA is given as:

n
C — SFSSOWA(a1, a2, ... o) = D wiasy  (9)
i=1

where w; > 0,  w; = 1 denotes the weights of
attributes. Also §(k) is the permutation as 6(1), §(2), ..., §(k).

Theorem 4. Assume a; = (%, ;, ki; ;) be an assembely of
C-SFNs, wherei = 1,2, ...,n. Then, aggregated values are
also C-SFN and

C— SFSWOWAm,‘n(O[l, oy, ...,
JE (- (- o2065) ™).
fom (5 )

\/((1 +5TTL, (skfi);l) ’ 1) L
/ ((1 +6TI, (‘fri“(i;l) - 1) L

n
,0p) = Z w05 (7)

n
ay) = z wias (i)
i=1

C— SFSWOWAmaX(O[l, an, ...

\/1+E(
\/((1-0-5) =1

[T
\/((1 +5[1-,
\/1+§(

Proof: The proof is analogous to Theorem 3. U

1-93(50) ),

I
(5))
I

s

o —

’

rp|—

%'Ka(l)-Fl
1+&

L= i ))wi)

D. C-SF SUGENO-WEBER HYBRID WEIGHTED
AVERAGING AGGREGATION OPERATORS

Definition 11: Assume a; = (¥, t;, kj; ;) be an assembely
of C-SFNs, wherei=1,2,...,n

If C-SFSWHWA : A" — A, then C-SFSWHWA is given
as:

n
C — SFSSHWA(a1, @, ..., ) = D wisyy  (10)
i=1
where w; > 0,21 | w; = 1 is the associated weight and

@i > 0,27 | w; = 1 denotes the weights of attributes. Also
8(k) is the permutation as (1), §(2), ..., §(k).

Theorem 5: Assume a; = (%, t;, ki; 7;) be an assembely of
C-SFNs, wherei = 1,2, ..., n. Then, aggregated values are
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also C-SFN and

n
C — SFSWHWAmin(a1, 02, .. ., o) = Z wicty;

/lgﬁ (1 o | ( 6(1)(1+§ )) )
\/(u + O T, (f“ﬁ;l) _ 1)
= K/z- wj
\/((1 +oTI, (W—ﬁ?l) - 1) L,
;2 @i
((1 +& 1T, (E"‘;i;l) - 1)%

n
) = Z ity

bl

rp|—

C — SFSWHWA 14 (a1, a2, . ..

JE (- (- o6E) ),
/((H@H, l(glf“ﬁ?l) 1)
/((1+E)H, 1(§Kf(+’°§l) 1)
\/1+E ( (1 ra(:) (% )w’)

Proof: The proof is analogous to Theorem 3. (|

’

Y| —

’

wrr|—

VII. WEIGHTED GEOMETRIC AGGREGATION OPERATORS
This section introduces the weighted geometric aggregation
operator for C-SFSs. In this section, we’ll go through the
operator’s mathematical definition and a thorough discussion
of its key characteristics.

A. C-SF SUGENO-WEBER WEIGHTED GEOMETRIC
AGGREGATION OPERATORS

Definition 12: Assume o; = (9, u;, kj; 7;) be an assembely
of C-SFNs, wherei=1,2,...,n

If C-SFSWWG : A" — A, then C-SFSWWG is given as:

C — SFSWG(ay, an, . .. an

n

o

s Op) = HO‘,‘ '
i=1

where w; > 0,27 w; = 1 denotes the weights of
attributes.

Theorem 6: Assume «; = (¥, (;, k;; F;) be an assembely
of C-SFNs, where i = 1,2, ..., n. Then, aggregated values
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are also C-SFN and

C — SFSWWGin(ay, az, ...,

JE (0T, (527 ).
JHarom (%) ).
T (-eas))
JH(@rori ()" -)

C — SFSWWGax(ay, ag, ...

\/g (a+oTm (52)" -1).
\/é( +o Il ()" - 1),
L (-
(- (- 28) )

Proof: The proof is analogous to Theorem 3. g

B. PROPERTIES
1) IDEMPOTENCY:
Consider a; = a = (9, t;, ki, F;) where i = 1,2...,n
be a C-SFSNs, then

C — SFSWWGax(a,an, ..., 0y) =

Proof: The proof is on the same manner as of
appendix D. [ |
2) HOMOGENITY:
Consider t be any positive real number, then

C — SFSWWGax(tay, Tan, ..., Tay)
=1 C — SESWWA10x (01, 2, . .., oty)

Proof: The proof is comparable to appendix E. B
3) BOUNDEDNESS:
Assume @ = (%, i, ki, 7;) be class of C-SFSNs where i =
1,2,...,nand
o = (max(9;), min(y;), min(;), max(i;))
l 1 l 1

o; = (min(d;), min(;;), max(k;), max(5;)). Then,
1 ] 1 1
o] < C—SFSWWGa(ar, aa, ... o) < o
Proof: The proof resembles to appendix F. g

C. C-SF SUGENO-WEBER ORDERED WEIGHTED
GEOMETRIC AGGREGATION OPERATORS

Now, we’ll present the C-SFSWOWG aggregation operator
in C-SFSs.

124928

Definition 13: Assume o; = (8, 1, kj; 7;) be an assembely
of C-SFNs, wherei=1,2,...,n
If C-SFSWOWG : A" — A, then C-SFSWOWG is given as:

C — SESWOWG(a1, aa, . . ., 0ty) = Haa(l) (12)

where w; > 0,> "  w; = 1 denotes the weights of
attributes. Also 5(k) is the permutation as §(1), §(2), ..., 5(k).

Theorem 7: Assume a; = (%, 1, ki; ;) be an assembely of
C-SFNs, where i = 1,2, ..., n. Then, aggregated values are
also C-SFN and

C — SFSWOWGmm(Oll, o, ...

n
wij
,0lp) = Haé(i)
i=1

\/é ((1 +6 1T (wlgf;l)m - 1)’
/ ((1 +6 1T (53—);1)12’ } 1)’
\/lsﬁ (-1 (1= <250) ).
\/é ((1 +6T1L, (mlv(i?l)wi - 1)
S Op) = ﬁ“%)
\/é ((1 +6TIL ( fi');l) - 1)’
) \/é ((1 +6 1T (slfzgl)m } 1)’
\/lsﬁ (1 -1 ( rie)
\/% (1 — iz ( = 750) (%))m)

Proof: The proof resembles to Theorem 3. |

C— SFSWOWGmM(Oll, o, ...

D. C-SF SUGENO-WEBER HYBRID WEIGHTED
GEOMETRIC AGGREGATION OPERATORS
Now, we’ll present the C-SFSWHWG aggregation operator
in C-SFSs.

Definition 14: Assume a; = (8, 1, kj; 1;) be an assembely
of C-SFNs, wherei=1,2,...,n
If C-SFSWHWG : A" — A, then C-SFSWHWG is given as:

n
C — SFSWHWG (a1, oz, . .. o) = [ [ s (13)

where w; > 0,21, w; = 1 is the associated weight and
w; > 0, 21, @i = 1 denotes the weights of attributes. Also
8(k) is the permutation as 6(1), §(2), ..., 8(k).

Theorem 8: Assume a; = (%4, 1, ki; 7;) be an assembely of
C-SFNs, where i = 1,2, ..., n. Then, aggregated values are
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also C-SFN and

C — SFSWHWGpin(ay, o, ..., an) =

\/g ((1 + oI, (”ffj‘) - 1),
/ (<1+5>H ( %“)i—l),
JE (- (- 65) ),

! ((1 + oI, (Er%f):s“)wi - 1)
C — SESWHWGiyas (@1, 02, . .., o) =
/é ((1 +6 11, (wf;f;l) - 1)’

\/ ((1 +o [, (Etﬁw) N 1)’
\/lgi (1 — 1 ( "a(z>(1+s)) )
\/lgﬁ (1 — [T (1 - rév([)z(%))”i)

Proof: The proof resembles to Theorem 3. O

VIil. CIRCULAR SF MULTI-ATTRIBUTE DECISON MAKING
STRUCTURE
In this part, we’ll present the MCDM method in Circular
Spherical Fuzzy Information that accounts for the uncer-
tainity. Finding the ideal answer to a problem is typically
essential for getting the best outcomes. Algorithms are the
means by which people make decisions. An algorithm is
an anticipated, stated series of steps aimed at providing the
ideal answer to an issue in particular. It is ideal to use an
algorithm if precise detail is required since doing so enhances
accuracy and lowers the risk of a mistake. With in this stage,
we’ll provide the algoritm using CSF Information, where we
consider p alternatives 1 = {v1, v, ..., v,} alongwith g
criterias 8 = {¢1, {2, .. ., ¢4} for decision matrix M.
The weight vectors for each criteria are given as w =
(w1, @2, ..., 54}, ZZZI w = 1. Let the decision matrix is
given as M = (&;)pxq = (B, vjj, kjj; Fyj) and their weight
vectors are p = {p1, p2, ... pgh 24— p = L. Following
are the steps of planned algorithm:

The flow chart of the algorithm is presented in figure 3 for
better understanding.

A. CASE STUDY WITH NUMERICAL EXAMPLE

In this case study, the decision-making procedure for
changing a software project from Python to GoLang is
examined. The focus is on a Python-based social media

VOLUME 11, 2023

Algorithm 1 Algorithm
Step 1: Collect Data of C-SF Information in the form of
Decison matrices M = (§j)pxq = (B, tij, Kijs Tij)
given by the decision makers.

Step 2: Normalize the C-SF data M = (§j)pxqg-
If there is Cost Criteria, then normalize the
decison matrices,otherwise there is no need of
normalization.

M= By, ), kijs 1), if Cp
Y (reij, Lijs By 1), 1 Cpp

where Cj is benefit crterion and Cy; being the cost
criterion.

Step 3: Aggregate the data using C — SFSWWA,,in, C —
SESWWA gy or C  — SFSWWGy,,C —
SFSWWG,q, Operator.

Step 4(a):Evaluate C-SF Information by C —SFSWWA i,
C — SFSWWA,.x,C — SFSWWG,;, and
C — SFSWWG,,,4x Operator.

Step 4(bEvaluate C-SF Information by C — SFSWOWA iy,
C — SFSWOWA,.,C SFSWOWG,,;, and
C — SESWOWG;,4x Operator.

Step 4(c): Evaluate C-SF Information by C — SFSHWA i,
C — SFSWHWA,.., C — SFSWHWG,,,and
C — SFSWHWG;,4x Operator.

Step 5: Find the score values of evaluated (aggregated) C-
SF information and then give ranking by maximum
score values using definition 5.4.
If scoring of two alternatives are same then use
accuracy defined in definition 5.4.

Step 6: Choose the optimal alternative as per maximum
value of scoring.

analytics application that has performance and scalability
issues. The study examines the factors taken into account
throughout the language switch, the chosen approach, and the
impact on platform performance and the development team as
a whole.

Software or hardware designed to collect, analyze, scrutinize,
and interpret data from multiple social media channels
are known as platforms for social media analytics. These
tools help businesses, marketers, and individuals learn more
about their target audiences’ activity on social media, the
success of their individual social media initiatives, and their
overall social media strategy. Solutions for social media
analytics are crucial in helping businesses and individuals
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FIGURE 3. Flow chart of algorithm.

better understand their social media performance, boost
engagement, and make informed decisions to enhance their
online presence and marketing campaigns.

Phython is commonly used to build social networking
networks for a number of compelling reasons. Its simplicity
and user-friendliness make it possible for developers to
write code rapidly in the quick-paced world of social
media development, where constant updates and feature
additions are necessary. Developers may quickly incorporate
a variety of capabilities, such as image recognition, user
authentication, and data processing, with the aid of this
extensive set of tools. In addition, Python’s syntax is simple
and easy to comprehend, which is beneficial for complex
projects like social networking networks since it makes
code easier to understand and maintain. Because of its
simplicity, versatility, and extensive ecosystem of libraries
and frameworks, Python is generally regarded as one of the
best options for creating social networking systems. Due to
its rapid development time and strong community support,
Python was first utilized to construct the social media analytic
platform.

However, as the platform’s user base developed, it strug-
gled to adequately process enormous volumes of data
and meet growing demand. Despite being a versatile and
well-liked language, Python may struggle when compared
to other languages with extremely large traffic and data
amounts. Python is an interpreted language, thus when the
program is running, each line of code is read and executed.
This interpretation process may add a significant amount
of overhead, making it slower than compiled languages
when dealing with complicated computations and vast data
processing. The problems caused by large traffic and data
quantities can be resolved by using compiled languages
like GoLang or Python in combination with technologies.
Because of their increased speed, concurrent capabilities,
and smaller memory footprint while handling extremely
heavy traffic or processing vast quantities of data, additional
languages like GoLang, Java, or C++ may be selected. After
evaluating different options, the company made the decision
to move the project from Python to the Go programming

124930

language (GoLang) in order to increase productivity and
scalability.

Due to its several significant speed and scalability advan-
tages, GoLang is a top choice for many high-performance
and concurrent applications, especially those dealing with
large volumes of data and high traffic. It can handle several
connections and requests concurrently without significantly
affecting performance. GoLang is a good option for manag-
ing big amounts of data and high traffic scenarios since it
has grown in popularity for creating high-performance and
scalable systems, such as web servers, microservices, cloud-
based services, and networking applications.

While converting a program language from Python to
GoLang, a number of decision-making options may be taken
into consideration in order to assure a well-thought-out and
effective strategy. The project’s unique requirements and
limitations will determine the best course of action.

o Incremental Migration (v;): A big-bang migration
may be replaced by transferring modules or features
one at a time. This approach enables the team to
focus on specific areas, thoroughly test each component,
and gradually develop the GoLang code base while
preserving the Python functionality. The possibility of
abruptly disrupting the entire application is decreased by
doing this. Basically, incremental migration allows for
a planned and deliberate transition while reducing the
risks associated with a complete redesign and gaining
access to GoLang’s concurrency and performance
benefits.

o Hybrid Microservices (v;): Microservices is an archi-
tectural framework that builds an application as a
collection of small, independent services that commu-
nicate with one another using well-defined APIs. Every
single microservice is in charge of a distinct piece of
a company’s functionality and may be built, imple-
mented, and expanded separately. In a microservices
framework, the application is divided into loosely linked
services, and each service may be constructed using
multiple technologies or programming languages. The
organization may consider breaking the program up into
smaller components as microservices, each of which
would be developed in the language that best suited
its requirements. While Python may still be utilized
for some components, GoLang may be used to build
microservices that are performance-critical.

« Using a Polyglot Architecture (v3): A polyglot archi-
tecture is a software design approach that involves
using multiple programming languages and technolo-
gies within a single application or system. In the context
of transitioning from Python to GoLang, a polyglot
architecture can be employed to facilitate a gradual
and controlled migration. While the rest elements of
the program would still be written in Python, the
most important performance-intensive sections may be
redone in GoLang. This approach allows the team to
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utilize GoLang’s parallelism and performance benefits
where they are most needed without having to substan-
tially rework the code.

« Improving Existing Python Code (v4): Before migrat-
ing from Python to GoLang, it’s critical to optimize the
existing Python codebase for efficiency, maintainability,
and readability. Improving the Python code will make
the transfer easier and provide a solid basis for the future
migration to GoLang. Performance bottlenecks may be
located using profiling tools, and performance-critical
code parts can be strengthened by rewriting or opti-
mization. Even while the scalability and concurrency
problems may not be entirely resolved by this method,
it can nevertheless significantly improve performance
immediately.

Making an informed and sensible decision on whether to
migrate from Python to GolLang as a software language
requires consideration of a number of significant factors.
Assessing the feasibility, benefits, and potential downside of
the shift will be made simpler by these requirements. Below
is a list of the primary decision elements for the case study:

o Performance Requirements (¢;): Examine the per-
formance requirements of the application. Determine
whether Python’s interpreted nature is causing any
performance concerns, and then determine whether
GoLang’s compiled nature could significantly speed up
and improve the application’s efficiency. Through com-
prehensive performance testing, the team compares the
application’s performance in Python and GoLang. They
keep an eye on response times, resource consumption,
the system’s ability to handle a lot of simultaneous
requests, and user traffic.

o Scalability Demands (¢2): Analyze the application’s
scalability requirements. Scalability refers to a lan-
guage’s ability to manage increasing workloads and
resource demands as an application grows. Scalable
applications may perform several tasks at once while
maximizing the use of available resources. Think about
if GoLang’s concurrency architecture and capacity to
fully utilize multiple CPU cores will better fit the
application’s expansion and accommodate rising user
demand.

o Development Team’s Expertise and Productivity
(£3): Evaluate the development team’s level of expertise
and knowledge of Python and GoLang. Consider
the GoLang phase of learning and if the team has
the knowledge and resources necessary to complete
the conversion successfully. If the team has previous
experience working with GoLang or other statically
typed languages, they may be able to shift more quickly
to GoLang development. Check to see if GoLang can
boost productivity and optimize development processes.
Because to GoLang’s usability and simplicity, the
development team can be more productive, which gives
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them more time to focus on developing new features and
enhancing performance.

« Concurrency and Parallelism (¢4): Analyze the paral-
lelism and concurrency requirements of the application.
Determine if GoLang’s goroutines and channels are a
more efficient and user-friendly alternative to Python
for managing several tasks at once. When an application
does multiple tasks at once, only one of them is done
in its forefront while the others are completed in the
background. If the computer only has one CPU, the
program might not be able to perform several tasks
at once, but it can manage multiple tasks on its own.
It doesn’t finish one activity before beginning the next.
This is known as Concurrency. While a program that
uses parallelism divides its tasks into smaller ones so that
they may be handled simultaneously by several CPUs in
parallel.

As an illustration, consider a group of technicians assembling
a monitor. Multiple technicians can construct various display
components simultaneously, yet they all use the same
workstation to put everything together. At the workstation,
only one technician may assemble at once while the others
work on their pieces in the background. With parallelism,
technicians may concurrently construct components on many
workbenches. As a result, it is clear that a language supports
concurrency. It is ideal for large-scale programs.

The transition from Python to GoLang as the programming
language was advantageous for the social media analytic
platform application. With the help of GoLang’s improved
concurrency, scalability, and performance characteristics, the
application was able to effectively handle an increasing user
base and rising data processing requirements. The end users
and the development team recognized long-term benefits
that made the shift desirable even though it required careful
planning and adaption.
Step 1: Consider three decision matrices provided in
Table 1,2,3, each containing h = {vi, v2, v3, va}
as alternatives assessed in light of four criterions

R = {1, 82, 83, L4}

TABLE 1. C-SF decision matrix 1.

S| 2
71 (0.2,05,0.3,0.8) (0.5,0.4,0.3;0.2)
vy (0.2,0.5,0.4;0.7) (0.5,0.4,0.4;0.4)
vs (0.2,0.5,0.5;0.6) (0.5,0.4,0.5;0.6)
vy (0.2,0.5,0.6;0.5) (0.5,0.4,0.6;0.8)
¢3 Ca
v1 (04,06,0.2,01) (0.1,0.7,0.3;0.5)
vo  (0.4,0.6,0.5:0.3) (0.1,0.7,0.5;0.5)
vs  (0.4,0.6,0.3;0.5) (0.1,0.7,0.7;0.1)
vi  (0.4,0.6,0.4;0.7) (0.1,0.7,0.2;0.3)

Step 2: There is no cost criteria so no need of normaliza-

tion.

Step 3: In Table 4, the C-SF matrices have been
aggregated using the C-SFSWWAp,;, operator
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TABLE 2. C-SF decision matrix 2. TABLE 6. Ordered aggregated operations.

¢ G2 G )
v1 (0.3,0.5,0.3;0.2) (0.1,0.4,0.3;0.3) v1 (0.372,0.588,0.429,0.479)  (0.372,0.588,0.429, 0.385)
vy (0.3,0.5,0.4;0.1)  (0.1,0.4,0.4;0.2) vo  (0.343,0.551,0.537,0.487)  (0.343,0.551,0.537, 0.374)
vs  (0.3,0.5,0.5;0.4) (0.1,0.4,0.5;0.5) v (0.357,0.604,0.547,0.518)  (0.357,0.604, 0.547,0.434)
vy (0.3,0.5,0.6;0.5) (0.1,0.4,0.6;0.1) vy (0.361,0.577,0.518,0.583)  (0.361,0.577,0.518, 0.509)
(3 G4 G3 1
v1  (0.6,0.6,0.2;0.3) (0.2,0.7,0.3;0.2) v1 (0.496,0.588,0.277;0.479)  (0.496, 0.588, 0.277; 0.385)
vz (0.6,0.5,0.5;0.4) (0.3,0.7,0.5;0.3) vo  (0.476,0.551,0.457;0.487)  (0.476,0.551,0.457; 0.374)
vs (0.6,0.5,0.3;0.7)  (0.4,0.7,0.5;0.3) v (0.482,0.604,0.473;0.518)  (0.482,0.604,0.473;0.434)
vy  (0.6,0.4,0.4;0.6) (0.1,0.7,0.2;0.7) vy (0.486,0.577,0.465;0.583)  (0.486,0.577, 0.465; 0.509)
TABLE 3. C-SF decision matrix 3.
a 2 Step 4(c): Use the information in Table 4 and
V1 E0~2,0~4,0.37 0.83 EO 5,0~3,03;0.lg apply the C-SFSWHWA,,,;,, C-SFSWHWA,,,,, C-
va  (0.2,0.5,0.4;0.4) (0.3,0.4,0.4;0.4 . )
vs  (0.2,0.4,0.5;0.4) (0.2,0.4,0.5;0.1) SFSWHWG”.”” and .C SFSW.OWGmaf( operator.
v (0.2,0.5,0.6;0.5) (0.5,0.4,0.3;0.8) Finding hybrid values is the initial step in this, after
63 & which scoring is used to sort the aggregated data, see
v1 (05,0.6,0.2;0.2) (0.2,0.7,0.3;0.5) Table 7
va  (0.4,0.2,0.5;0.4) (0.1,0.4,0.5;0.4) :
v3  (0.5,0.6,0.3;0.4) (0.2,0.7,0.5;0.1)
vy (0.4,0.3,0.4;0.1)  (0.3,0.7,0.2;0.2)

TABLE 7. Hybrid aggregated operations.

with the provided decision weight vectors p = G Co

{0.25,0.40,0.35} and & = 2. v1 (0.359,0.565,0.424; 0.485) _ (0.359, 0.565, 0.424; 0.378)

vo  (0.324,0.541,0.523;0.488)  (0.324,0.541, 0.523; 0.368)

vz (0.340,0.591,0.548;0.501) (0.340, 0.591, 0.548; 0.426)

TABLE 4. Aggregated C-SF decision matrix. vy (0.350,.594,0.509;0.578) (0.350,.594, 0.509; 0.509)
3 Ca

G 1) v1  (0.483,0.565,0.284;0.485)  (0.483,0.565, 0.284;0.380)

T (0245,0.466,03,0558 ) (04,0.367,0.3,02%) va  (0.459,0.541,0.450;0.491)  (0.459,0.541,0.450;0.369)

Vs (0.245,0.466,0.5;0.453)  (0.29,0.4,0.5;0.422) vs  (0.486,0.579,0.455;0.583)  (0.486,0.579, 0.455;0.512)

va (0.245,0.5,0.6;0.5)
¢

V1 (0.52,0.6,0.2;0.227)

va  (0.494,0.438,0.5;0.377)

vs  (0.524,0.561,0.3;0.549)

|2 (0.494,0.422,0.4; 0.492)

(0.399,0.4,0.504;0.571)

Step 5:Next, we calculate the scoring of each alternative as
presented in Table 8. The ranking is then determined
in descending order based on the obtained scores.
The results are presented in Table 9.

Ca
(0.18,0.7,0.3;0.397)
(0.206,0.599, 0.5; 0.389)
(0.286, 0.7, 0.551; 0.202)
(0.196,0.7,0.2; 0.451)

Step 4(a):Apply the C-SFSWWApin, C-SFSWWApax,
C-SFSWWGpin, and C-SFSWWG,« opera-
tors with the weight vector of criteria ¢ =

TABLE 8. Scoring.

. . . o(v o(v (v o(v.
{0.25,0.27, 0.22, 0.26} to the information provided CSESWWA .. ,0(.33)6 ,0F3§)60 ,0(. 43)11 ,é 4‘5)78
in Table 4, see Table 5. C-SFSWWA 0  —0.3412  —0.3617 —0.3783 —0.3926
C-SFSWWGin,  —0.2910  —0.3313  —0.3537  —0.3502
. C-SFSWWGimae  —0.2716 —0.3070 —0.3308 —0.3350
TABLE 5. Aggregated operations. C-SFSWOWA, i, —0.3571  —0.3837 —0.4020 —0.3995
5 & C-SFSWOWAq;  —0.3368 —0.3593 —0.3848 —0.3854
v1 (0.359,0.580,0.432;0.488)  (0.359,0.580, 0.432;0.397) gggg&fg\\zgmn :g'gg% :82823 :822?3 :g'gifé
vo  (0.330,0.552,0.533;0.487)  (0.330,0.552,0.533;0.374) CSESWHWA T 03546 —03827 —03999 —0.4033
vs  (0.349,0.579,0.547;0.535)  (0.349, 0.579, 0.547; 0.424) C.SFSWHWA ™ 03310 —0.9566 —0.3844 —0.3901
: ; - maz  —0. —0. —0. —0.
vy (0.352,0.559(, 0.557; 0.587) (0.352,0.55950.557,0.507) C-SFSWHWG. . 09887 03313 03505 —0.3532
3 4 _ _ _ _ _
v1 (0.488,0.580,0.281;0.488)  (0.488,0.580, 0.281; 0.397) C-SESWHWG maz 0.2659 0-3049 03379 0.3396
vy (0.468,0.552,0.452;0.487)  (0.468,0.552, 0.452; 0.374)
vy (0.472,0.579,0.481;0.535)  (0.472,0.579,0.481;0.424) tep 6: The optimal choice is
vy (0.483,0.559,0.458;0.587)  (0.483,0.559, 0.458; 0.507) S p ’ p_ i p1- o )
Thus, implementing an incremental migration to Golang is
Step 4(b): Table 6 provide the results of apply- the best solution to the limitations of Python in handling

ing the C-SFSWOWA,,;,, C-SFSWOWA,,;, C-
SFSWOWG,,i, and C-SFSWOWG,,,,x operator by
takng ¢ = 0.1.

high traffic and the complexity of a language transfer due
to scalability for the social media analytics platform. This
approach obviously exceeds other choices and effectively
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TABLE 9. Ranking.

Ranking
C-SFSWWA,,,in V1 >V > U3 >y
C-SFSWW A, 0z V1 >V > U3 >y
C-SFSWWG yin V1 >V > V3 > V4
C-SFSWWG 1 ax V1 >V > U3 >y
C-SFSWOW A ,in V1 >V > g > U3
C-SFSWOW A, g0 V1 > V2 > V3 > 1y
C-SFSWOWG in V1 >V >3 > 1y
C-SFSWOWGmar V1 >V2 > V3 > Uy
C-SFSWHWA,,,;inn v1 > v >v3 > 1y
C-SFSWHWA a2 V1 >v2 >3 > 1y
C-SFSWHWG i, V1 >V >3 > 1y
C-SFSWHWG a0 V1 > V2 >3 > 1y

solves each criterion for a seamless language transfer inside
the parameters of the social media analytics platform.
Incremental migration reflects a deliberate, smooth shift that
has a number of significant advantages over more abrupt
ones. Transitioning of language becomes less disruptive,
by using gradual migration, allowing the incorporation of
Golang while maintaining essential Python features. The
powerful capabilities of Golang to manage massive amounts
of data and concurrent activities may be fully utilized through
incremental migration. In summary, incremental migration
ensures a smooth transfer while maximizing performance,
scalability, and overall usefulness. It is not just an option; it
is a deliberate investment in the platform’s present and future
effectiveness.

IX. COMPARATIVE ANALYSIS

In this significant section of our research, we conduct a
detailed and in-depth comparison of the properties of the
proposed Sugeno-Weber aggregation operators (SW AOs)
and the MADM approach presented in this work. We high-
light the unique advantages of our reliable approach that set
it apart from others. To give a comprehensive evaluation,
we compare the unique properties of our multiple aggregation
operators to logarithmic-based aggregation approaches [48]
and the Einstein aggregation method presented by Abdullah
and Ashraf [49]. This extensive comparison demonstrates
how our distictive technique succeeds in coping with
confusing real-world decision-making problems (DMPs),
demonstrating its exceptional efficacy and durability.

We adopted a rigorous technique to compare our proposed
aggregating procedures thoroughly. Table 10 shows an

TABLE 10. SF matrix for comparison.

¢1 C2

VOLUME 11, 2023

w1 (0.78,0.22,0.31)
v, (0.80,0.07,0.27)
vs (0.81,0.12,0.22)
vs (0.70,0.26,0.27)
vs (0.63,0.33,0.27)

(0.78,0.31, 0.20)
(0.67,0.24, 0.34)
(0.89,0.16, 0.09)
(0.53,0.32,0.39)
(0.64,0.29, 0.36)

s

1 (0.69,0.40, 0.29)
vy (0.81,0.16,0.22)
vs (0.74,0.28,0.22)
vy (0.61,0.42,0.43)
vs (0.72,0.36,0.22)

4
(0.76,0.23,0.37)
(0.91,0.18,0.09)
(0.67,0.15, 0.39)
(0.57,0.25,0.42)
(0.68,0.41, 0.29)

aggregated normalized SF information dataset from Abdullah
and Ashraf’s study [49].

This data was then converted into our proposed C-SF
structure see Table 11, which allows us to execute different
aggregate operations on the dataset.

TABLE 11. Circular intuitionistic fuzzy decision matrix.

S o
V1 (0.78,0.22,0.31; 0.08) (0.78,0.31,0.20; 0.10)
vs  (0.80,0.07,0.27;0.10)  (0.67,0.24,0.34;0.17)
vs  (0.81,0.12,0.22;0.07) (0.89,0.16,0.09; 0.19)
( ) )
( ) ( )

vs (0.70,0.26,0.27;0.15 0.53,0.32,0.39;0.07
vs  (0.63,0.33,0.27;0.04 0.64,0.29, 0.36; 0.09

(3 Ca
0.69,0.40,0.29;0.11) _ (0.76,0.23,0.37;0.09)

( )
v2  (0.81,0.16,0.22;0.03)  (0.91,0.18,0.09;0.19)
vy (0.74,0.28,0.22;0.10)  (0.67,0.15,0.393;0.17)
( )
( )

v

V4

0.61,0.42,0.43;0.10 (0.57,0.25,0.42; 0.08)

vs  (0.72,0.36,0.22;0.08)  (0.68,0.41,0.29;0.05)

Using these techniques, we generated a variety of alternative
rankings. We ranked the alternatives using score function to
make assessment and comparison easier, see Table 12.

TABLE 12. Score value of circular intuitionistic fuzzy set.

o(v1) 0(v2) o0(vs)  O(va)  O(vs)

L-SFWA [48] 0.982 0.998 0.984 0.737 0.934
L-SFOWA [48] 0.980 0.993 0.987 0.613  0.903
L-SFHWA [48] 0.9995 0.9999 0.9997 0.646  0.984
L-SFWG [48] 0.979 0.995 0.972 0.622 0.926
L-SFOWG [48] 0.976 0.979 0.973 0.330 0.892
L-SFHWG [48] 0.9998  0.9999 0.9991 0.822  0.998
0(v1) 0(v2) o0(vs)  O(va)  O(vs)

SFEWA [49] 0.472 0.529 0.523 0.426  0.458
SFEWG [49] 0.553 0.609 0.593 0.477 0.510
GSFEWA [49] 0.512 0.561 0.555  0.470  0.495
GSFEWG [49] 0.516 0.566 0.549 0.433 0.473
GSFEOWA [49] 0.512 0.562 0.556  0.470  0.496
GSFEOWG [49] 0.516 0.567 0.549 0.433 0.474

o(v1) 0(v2) 0(vs)  O(va)  O(vs)

CSFSWWA,,;n, —0.1995 —0.168 —0.170 —0.254 —0.225
CSFSWWA,4, —0.119 —0.104 —-0.108 —0.178 —0.133
CSFSWWG,,,  —0.161 —0.126  —0.130 —0.216 —0.180
CSFSWWGimaz —0.081  —0.062 —0.067 —0.141 —0.089

CSFSWOWA,,,;, —0.1995 —0.162 —0.171 —0.248 —0.225
CSFSWOW A4, —0.119 —0.097 —-0.108 —0.173 —0.135
CSFSWOWG,,in,  —0.161 —0.1196 —0.131 —0.212 —0.182
CSFSWOWG a2 —0.081  —0.0564 —0.068 —0.137 —0.091

The ranks of our suggested aggregation operations,
aggregation operations based on logarithms, and Einstein
aggregation operators were then summarized in Table 13.
By reviewing the results of this wide comparison, we give
convincing evidence of the superiority and practicability of
our technique. Its ability to deliver reliable responses in
complex decision-making settings demonstrates its potential
to alter decision sciences and related disciplines.

Our findings are based on the coherence discover in the
C-SF information ranking lists generated by both of the sug-
gested SW aggregation operators and comparison techniques.
As a consequence, we are certain that the SW Aggregation
Operators presented in this research, which operate inside

124933



IEEE Access

S. Ashraf et al.: Circular Spherical Fuzzy Sugeno Weber Aggregation Operators

TABLE 13. Ranking.

Ranking
L-SFWA [48] Vo > vz >Vl > Us > Uy
L-SFOWA [48] vy >3 >UVU] >Us > U
L-SFHWA [48] v >v3>v >Us5 >y
L-SFWG [48] v >3 >U > U5 > Uy
L-SFOWG [48] vy >3 >U] >Us >
L-SFHWG [48] v >v3>U >U5 >y
Ranking
SFEWA [49] v >v3>U >U5 >y
SFEWG [49] vy >v3 >V >Us > s
GSFEWA [49] vog >v3>U] >Us >y
GSFEWG [49] vo >3 >V > Us > Uy

GSFEOWA [49] vy >v3>UVU] > Us > s
GSFEOWG [49] vog >v3>Uv >Us >y
Ranking
CSFSWWA,.in vop >v3>Uv] > U5 > Uy
CSFSWW A, ax v >v3>U >Us >y
CSFSWWG in vy >3 >Uv] >Us > U
CSFSWWGnmaz v >v3>vU >U5 >y
CSFSWOW A in v >v3>U > U5 > Uy
CSFSWOW A0z Vg > U3 >V > Us > Uy
CSFSWOWG ,im vo >3 >V > Us > Uy
CSFSWOWG 104 Vg > V3 >V > VUs > Uy

a circular spherical fuzzy set environment, offer a unique
and adaptive technique for dealing with ambiguity in DM
scenarios. The proven coherence and efficacy of our proposed
strategy pave the way for more informed and confident
decision-making in difficult conditions. Our method fully
uses the potential of SFS in dealing with complexity and
uncertainty by using the C-SF framework, allowing for
more informed and robust decisions. These SW aggregation
operators’ adaptability makes them useful tools across a
wide range of fields, resulting in improvements in decision
sciences and crucial insights for practitioners faced with
tough and dynamic decision-making situations.

To facilitate a clearer understanding of the comparison,
we have analyzed the data as a bar chart. The figure 4
graphically displays the order of our recommended C-SF
aggregation operators, logarithmic-based aggregation oper-
ators, and Einstein aggregation operators. When the data is
presented in this graphical manner, it is easier to comprehend
the relative effectiveness and utility of each strategy in
addressing real-world decision-making challenges.

viEv2 evaw e

FIGURE 4. Comparison chart.
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X. CONCLUSION

This paper developed the circular spherical fuzzy structure
along with key operations and theorems of circular spherical
fuzzy structures. This study examined the basic operations
of SW (Sugeno-Weber) and then generated a number of
fundamental identities. We demonstrated the validity and
significance of these operations and identities in the context
of decision-making processes through our research. The
study’s findings and insights establish the groundwork for
future advancements in the use of SW approaches for a
variety of applications and problem-solving scenarios. This
study contributes to the greater subject of decision sciences
by offering a detailed explanation of SW operations and
identities, as well as practical tools for practitioners looking
for effective solutions to real-world situations.

The research then focused on providing many SW circular
spherical fuzzy aggregation operators, such as weighted
average, weighted geometric e.t.c.. By investigating the for-
mal definitions and features of these aggregation operators,
derived from the operational laws of C-SFSs using the SW
7-N and t-CN, the paper addressed the Multiple-Attribute
Decision Making (MADM) problem with innovative tech-
niques. A comprehensive study of the language transition for
the social media analytics platform was examined within the
context of CSF frameworks and comparison with existing
methodologies demonstrated the novel method’s validity and
use. The findings highlighted the method’s dependability as
well as its potential to improve decision-making processes in
uncertain contexts.

We will concentrate on investigating and developing
techniques like EDAS, TOPSIS, and TODIM e.t.c in the
framework of Circular Spherical Fuzzy (C-SF) environments
in the future.
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APPENDIX A
(1). To prove, (@ Nyin B)¢ = € Upin B.
First we’ll consider,

L.H.S = (& Nyin B)
= ((Va, Las Ko Fo) Nmin (9, 18, kg5 T8))°
= (min(z?a, V), min(ly, tg), max(kq, kg); min(ry, fz))c
= (max(lca, Kkg), min(ly, Lg), min(Vy, ¥g); min(ry, Fg))
Now, consider
R.H.S = af Upin S
= (Do, Las Ko ) Unmin (Og, Lg, kg3 T8°)
= (Ka» Lo Das Fo) Umin (Kg, g, D5 1)
= (max(ica, kg), min(iy, tg), min(dy, ¥g); min(ri, fg))
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Hence proved.

The remaining proofs are on similar way.

APPENDIX B

(1). To prove, & ®max B = B Pmax .

First we’ll consider,

LHS =a®nu B

= (Do, la, Ka; To) B (08, L, Kg; TB)

o2+ 07

_ & 9252
g Ve

2 +t?j —1+§Lét%

T+2 '

K§+K§—I+EK‘%K§

T+2 ’

Jo3+ 02

_ £ 9292
V508,

1,23 —Hé —l+Etézé

1+& ’

Ké +K§ -1 +EK§K§

T+ ’

RH.S =B ®pax @

Hence proved.

\/r}}2+r:12

_ & 22
+£/8 T

(2). To prove, & Qmax B = B Omax .

First we’ll consider,

LH.S =o Qnax B

= (Va, las Kai Ta) @ (D, Lg, K3 TB)

02405 —1+£029]

T+E :

Lé 'H;ZS —1+5L§t/23

1+& ’

\/Ko% + 15

§ 2,2
T THERKp

r~&2+r~;62

E v2v2
—ml’a rﬂ

V5 +03— 1460592

T+& ’

1,23 —Hé —l+Etézé

TE

\/Ké +K§

§ 2,2
T THEN BN

\/}’Vﬁz + r:xz
R.H.S = B Quax @
Hence proved.
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v 2.2
— léTé_rﬁ Iy

(7). To prove, (& Qmax B = o @max B*. First we’ll
consider,

L.H.S = (o Qmax ,3)56
= ((Vas tas Kas Ta) Qmax (ﬁﬁ» L, Kp; };;3)))?

02405 —1+£0297
T+

L§+t%—l+$t§t%
= R

2 2
V2 + i — rigkin,
I’&2+r\;32—1§_—$r;2r732

max

£02+£03+£20203+1\"
§(<1+s)( ) 1)
1 Et§+$t/23+sztgt§+l <
\
1+ 1 1 $K§+SK§ §2K§K§ X
R T R +(1+s)2 ’
\
E
e [ _ ERPER 257
3 (1 (1 e T ey ’

Now, we’ll consider

RH.S = o Qmax B

= Dy, las Ko rtx)ﬁmx Qmax (19;3’ lg, kg, r\b));_;lax

Ji{aeogy )

_ " | Omax
\/%s (1 -(1- K(%(]%))x),
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(1467 :
341 “
ovo(@) )
%((1 +$)((a +1)($t,5+1)) 1)’ _ ( ) S

e \/((1 £)
_ . +
\ (- (- () (59))) Jlaro ()™

(o (2E222) ), JE (o))

1
3
X w)
1+£ 1—£7, 1-£75° 1+& 9205 )
\T 1_(1_(1+r§)(1+;))) \/5(1 (1 021+$)) ’
g211\7? 1
g02+603 462020241\ \/((IH’:)( lzjrs) } 1) £
fla+o| ") -1
£ 42 ’ NG
K
\ \/(<1+s>(f+g) —1)5,
1 EGHES+E DL §+1
£ l—i—f)( -1 <2 @
gl ¢ TTE £r5241 |
_ ( (a+o(58)  -1)¢
1+ Ex2 +Ex2 SZKK 1+¢& 2, & )] 2, & [2p]
?5(1—( ~Tme t (1+E>§ ) /T (1-(1-23atp)  (1-96ip) ).
N )
v () et en2it)' \/((1 +5)( THE )
3 e T (1+£)? = \/

Hence proved.

On similar way, we can prove the remaining identities. (11 &) (B T er 1\ ) 1L
1+& 1+& §
APPENDIX C | 5 .
Mathematical induction could be used for proving the C- \/ %‘E [ (1 191'2(1% )) ),
SFSWWA operator. ; p=
We will prove for n = 2. Then we have \/((1 &) H12=1 (S;L:;) _ l) é’
2 =
C — SFSWApin(at1, @2, . . ., ay) = i 241\
v = Sowmon | [, (52) )
1 @1 2 21\
N )] S om () - 1)
23]
\/ ((1 + &) (51%21) - 1) %, This indicates that the outcome works properly for n=2.
— Make the assumption that the equation is hold true for n =
§K2+1 @1 1 T, then
o))

C — SFSWA in(ay, an, ..., 0) = Z w0

1] <1+§>) ).

o ()" 1)
- (o)) (z(-n

2 @2 S,2+
o Qay = 5 - = bt
(oo ()" J(ﬂm () - )%ﬁ
o)) J(eone, ()" -4
I+E 3 i= §
Now, for n = m + 1, we have as shown in the equation at the
C — SFSWA in(ay, an, ..., ap) = o] @ w0 next page,
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m+1
C — SFSWAmin(a1, 02, ..., € s1) = D @i
i=1

T
C — SFSWApin(a1, @2, . .., O 1) = D itti ® W 41041
i=1

DOmin

—_

SK-2+

i

1+&

/ ((1 +&[1L,

Javorm, (4

\/% (1 - 11

(1= 22650) ™) (1= 22, (50)

\/((1 + 611, (

g2+1

1+&

i éli+1+l @D+l _1 1
1+£ &’

/ ((1 + oI, (‘5”"2 !

) (

SK}%H'H o -1
1+&

s

wrr|—

\/((1 + 117 (

E77 41

1+&

) (

E"nv-%—lz""l [oF Z5 1
1+&
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The most intriguing feature is that the aggregated values
deduced by the C-SFSWWA operator are likewise C-SFSN.
Consider the following scenario that x = {(%, t;, k;; 77)} is
aCFSwherei=1,2,...,n0 < 9,1, k; < 1 and satisfies
0< 19)% +L§( -I—K)% <lLAMdY] ,o;=1w;>0.

0<0i<1=0<9}<1=0

2 £ \7
S(l—ﬂi(m)) <1

:>05H(1—0,?(1€T$)) ifl
i=1

=0< H(l—ﬁf(léTé)) <1

i=1

Simlarly,
n é wi
=0< (1 —( )) <1
\iml 14+ ¢
n w;
=0< (1—;<,2(1 )) <1
\ i=1
n ) %_ wi
=0< (l—r“i(—)) <1
N =1 I+¢
Thus,

\/((1 +oIl (5584)" - 1) &

So, the consequence of utilizing the C-SFSWWA operator,
what emerges is also a C-SFSN.

APPENDIX D

Assume o; = o = (%, t;, ki, ;) where i = 1,2..., nbe aset
of C-SFSNs. Then,

C — SFSWWA ux(aq, g, ..., op)

i 0= (- 7650) 7).
/((1 + T (Siél)m - 1) 3
\/(a +o 1T, (%)w - 1) 1,
P (1= (=)”)
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/ ((1 +oTI, (Eﬁ? )
\/(u +6 1L (Sﬁ?) - 1) L
(- (- 7))

= Vi, 4, ki, )

S~
[
—

=«

APPENDIX E
Assume «; be a C-SFSNs and t > 0, we get

T

£2+1
1+&

\/((1+§)H?—1 ( )
/ (1+6TTL, (gfi?) —1)§,
S (T (- 765) )

C — SFSWWA,,,ux(tay, Tan, ...

N~
_
|
—_

[T () )
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APPENDIX F
Foralli=1,2,...,nwehave

max(d;) < 9 < min(¥;)
1 1

VOLUME 11, 2023

< mjax(z?l-z) < min (1912)
1 1

-T2 ()

< max(¥7)
l

Similarly,

= min (le)
L

< max(t%)
1

and
@min(/ciz)
HEN( T1( - z(i))w
= (é)(l 1}(1 “\ire
< max(x?)
and

< min (fiz)
i

() (-10-2(5))

< max(i%)
1

Then, by comparison we get

+
i

a; <C—SFSWWAux(ay, a2, ..., 0,) S @

Similarly, for al.+ = (max(?;), min(t;), min(k;), min(7;))
1 1 1 1
o; = (min(d;), min(t;), max(k;), min(7;)).
1 L 1 1

W€ can prove,

- +
o = C — SFSWWAax (@1, a2, - .., ap) < o;
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