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Abstract

Purpose This study aims to identify and rank the key risk factors associated with the Zika virus by leveraging a novel
multi-criteria decision-making (MCDM) framework based on type-2 heptagonal fuzzy sets. By integrating advanced
aggregation operators, the framework effectively addresses uncertainties in expert assessments and enhances
decision-making reliability.

Methods A robust MCDM approach was developed using type-2 heptagonal fuzzy sets, which provide a more
nuanced representation of uncertainty compared to traditional fuzzy models. These sets were selected due to their
superior ability to handle vague, imprecise, and subjective expert judgments, common challenges in epidemiological
risk assessments. Arithmetic and geometric aggregation operators were employed to process fuzzy data effectively.
To ensure comprehensive and reliable rankings, the framework incorporated both outranking methods and distance-
based approaches, specifically TOPSIS and WASPAS. A sensitivity analysis was conducted to validate the stability

of the rankings under varying conditions.

Results The proposed framework identified 73 (unprotected sexual activity) as the most critical risk factor

with a score of 0.6717, followed by Zg (blood transfusions) at 0.5783, Z;¢ (pregnancy) at 0.5753, Zg (mosquito bites)

at 04917, and 77 (travel to endemic areas) at 0.4726. The rankings remained consistent across different MCDM meth-
ods (TOPSIS and WASPAS), demonstrating the robustness of the proposed approach. Pearson correlation analysis
confirmed a strong agreement between methods, with correlation coefficients, reinforcing the reliability of the model.

Conclusion This study introduces an advanced decision-support system for healthcare professionals to systemati-
cally identify and prioritize Zika virus risk factors. By leveraging type-2 heptagonal fuzzy sets, the framework effectively
captures and processes uncertainty stemming from incomplete epidemiological data, imprecise expert assessments,
and subjective linguistic evaluations. The consistency of rankings across multiple MCDM methods, along with sen-
sitivity analysis confirming their stability, demonstrates the model’s reliability. These findings provide a scientifically
grounded tool for improving risk analysis and strategic public health interventions.
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< 2 Introduction

: Sggizf:k;m Zika virus is an arthropod-borne virus (arbovirus) trans-
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genus, which includes other significant pathogens like
dengue, west Nile, and yellow fever viruses. Zika virus
was first isolated from a rhesus monkey in the Zika Forest
of Uganda in 1947. The virus was later identified in Aedes
mosquitoes in the same region [1]. The first human cases
of Zika virus infection were reported in Uganda and the
United Republic of Tanzania in the early 1950s. Sero-
logical studies confirmed human exposure to the virus in
subsequent decades across various regions of Africa and
Asia [2].

The virus gained international attention during out-
breaks in the Pacific Islands, particularly in Yap State,
Federated States of Micronesia, in 2007. This event
marked the first major outbreak outside of Africa and
Asia [3]. During the outbreak in Brazil, an increase in
cases of microcephaly and other neurological disorders
in newborns was reported, leading to heightened concern
and research into the virus’s potential teratogenic effects
[4]. In 2016, the WHO declared the Zika virus a PHEIC
due to its rapid spread and potential health impacts,
especially in pregnant women and newborns [5, 6].

The first cases of Zika virus in India were detected in
Ahmedabad, Gujarat. The Ministry of Health and Family
Welfare confirmed three cases through laboratory test-
ing conducted by the NIV, Pune. In 2018, an outbreak
occurred in Jaipur, Rajasthan, with over 150 reported
cases [7]. The outbreak prompted extensive vector con-
trol measures and public health interventions. Continu-
ously in 2019, additional cases were reported in Bhopal,
Madhya Pradesh, indicating the virus’s ability to spread to
new regions. The Indian government initiated enhanced
surveillance, public awareness campaigns, and guidelines
for clinicians on managing Zika virus infections.

Zika virus was first identified in India in 1952, but
it remained largely undetected until recent years. The
ICMR has confirmed [8] the presence of the virus in sev-
eral states, including Uttar Pradesh, Kerala, Telangana,
Jharkhand, Rajasthan, Punjab, and Delhi. Enhanced sur-
veillance in 2021 highlighted the silent spread of the Zika
virus across India, with local transmission confirmed
in these states. The re-emergence and spread of Zika in
India underline the importance of continuous monitor-
ing and research.

Munivenkatappa et al. [9] reported the initial human
case of Zika virus disease in Karnataka, subsequent to the
virus’s detection in Aedes aegypti mosquitoes. This find-
ing underscores the importance of vigilant vector surveil-
lance and public health preparedness in the region.

In 2024, India reported a total of 151 Zika virus disease
cases across three states: Maharashtra (140 cases), Kar-
nataka (10 cases), and Gujarat (1 case). Notably, the Pune
district in Maharashtra accounted for 125 of these cases,
highlighting it as a significant hotspot.
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India [10] Developing effective vaccines and treat-
ments is critical. Bharat Biotech’s ongoing development
of a Zika virus vaccine, which is entering phase two clini-
cal trials, represents a significant step toward providing
a preventive solution for the population. Strengthening
surveillance systems for the Zika virus, along with den-
gue and chikungunya, can enhance early detection and
response, minimizing outbreaks. Effective monitoring
can also help understand the spectrum of the disease in
newborns and the general population. Public awareness
campaigns about the prevention of mosquito bites and
transmission methods are vital. Preventive measures,
such as controlling mosquito breeding sites and using
protective measures, are essential in reducing the risk of
Zika virus transmission. Kumar et al. [11] highlights the
increasing prevalence of CZS in India and emphasizes
the need for comprehensive public health strategies to
address this issue. The authors discuss the multifaceted
challenges posed by the Zika virus, particularly its impact
on newborns, and call for enhanced surveillance, preven-
tive measures, and healthcare interventions to mitigate
the effects of CZS in the country.

Waafira et al. [12] provided a comprehensive overview
of the increasing incidence of Zika virus infections in
India. It details the clinical manifestations, and potential
complications, and emphasizes preventive strategies to
curb the spread of the virus.

Figure 1 shows the transmission routes of Zika virus in
human beings.

Through this, Research and proactive measures are
essential to manage and mitigate the impact of the Zika
virus in India. Continued surveillance, development of
vaccines, and public health initiatives will play a pivotal
role in addressing this emerging threat. The collaboration
between public health authorities, researchers, and the
community is crucial to control the spread and prevent
the severe consequences of Zika virus infections.

Fuzzy set theory

Fuzzy set theory, introduced by Lotfi A. Zadeh [13] in
1965, represents a significant departure from classical set
theory by allowing elements to have degrees of member-
ship. Unlike classical binary sets, where an element either
belongs or does not belong to a set, fuzzy sets accommo-
date partial membership, ranging from [0, 1].

IES introduced by Atanassov [14], these sets con-
sider both membership and non-membership degrees,
providing a richer framework for handling uncertainty.
HFS [15] allows for multiple membership values for
an element, reflecting hesitation and uncertainty in
the membership assignment. IVFS [16] uses inter-
vals to represent the membership degrees, providing a
straightforward way to capture uncertainty. Different
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Fig. 1 Zika virus transmission routes

types of fuzzy sets are constructed by different authors
for various applications. Such as, TFS [17], TrFS [18],
PES [19], T2PES [20], CPES [21], OFS [22], Q-ROEFS
[23], PeFS [24], HES [25].

T2FS, first introduced by Zadeh in 1975, extends tra-
ditional fuzzy sets by allowing membership values to
be fuzzy as well. This extension enables a more refined
representation of uncertainty, providing a flexible tool
for handling data with varying degrees of vagueness and
imprecision. T2FS incorporate two levels of membership:
a primary membership function and a secondary mem-
bership function, offering a more comprehensive way to
model uncertainty. The field continued to evolve with the
development of new types of fuzzy sets, such as Type-2
triangular fuzzy sets, Type-2 trapezoidal fuzzy sets, and
Type-2 pentagonal fuzzy sets, etc., each addressing dif-
ferent aspects of uncertainty and imprecision.

This work introduces T2HES for addressing the multi-
dimensional nature of uncertainty present in many
real-world applications, particularly in public health
decision-making, where expert opinions often vary and
the available data is incomplete or imprecise. Their abil-
ity to represent a broader spectrum of membership val-
ues allows decision-makers to better capture complex,
subjective, and imprecise information. This makes them
particularly valuable in MCDM frameworks, as they offer

a more accurate representation of the decision environ-
ment compared to traditional methods.

The origin of T2HES lies in the need to model more
precise and multi-dimensional uncertainty. While tradi-
tional fuzzy sets and even simpler T2FS can effectively
handle many situations, T2HFS introduces a higher
degree of granularity, allowing for a better fit when deal-
ing with highly imprecise data.

T2HES represents an advanced variation of T2FS that
is designed to provide more nuanced and flexible mod-
eling in decision-making frameworks. These fuzzy sets
are characterized by seven vertices, allowing for seven
distinct degrees of membership and a more complex, yet
accurate, representation of uncertainty. They are par-
ticularly suited for scenarios where multiple sources of
ambiguity exist, making them highly effective in complex
decision-making environments.

Thus, Type-2 fuzzy set theory became integral to
numerous applications, from consumer electronics to
medical diagnosis.

MCDM methods

MCDM methods are a set of techniques used to evalu-
ate and prioritize multiple competing criteria in deci-
sion-making processes. Originating in the 1960s with
the development of linear programming and decision
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theory, MCDM methods have evolved to address com-
plex decision problems in various fields. Key methods
include the AHP, introduced by Thomas Saaty [26] in
the 1970s, and ANP [27] in 1996. These methods pro-
vide structured frameworks for decision-makers to
assess alternatives based on multiple, often conflicting
criteria.

MCDM methods are applied across various fields, pro-
viding a systematic approach to ranking and prioritizing
alternatives based on multiple criteria. They help in deci-
sion-making by evaluating options in diverse domains
such as healthcare, finance, supply chain management,
and environmental planning. Kumar and Pamucar [28]
provides a comprehensive review of MCDM methods
from 2004 to 2024, offering a systematic comparison of
their applications, advantages, and limitations. It serves
as a valuable resource for researchers and practitioners
in selecting appropriate MCDM techniques for complex
decision-making problems.

Relevant literature has been provided to support this
such as, [29] presents a vendor selection model using the
AHP combined with fuzzy preference programming. It
addresses the uncertainty in vendor evaluations and deci-
sion-making by incorporating fuzzy logic into the AHP
framework. The study aims to improve the accuracy and
reliability of selecting optimal vendors for organizational
needs.

Dutta et al. [30] compares the TOPSIS and TODIM
methods for evaluating the performance of foreign
players in the Indian premier league. It analyzes mul-
tiple criteria to rank players based on their contribu-
tions, highlighting the strengths and differences of both
MCDM approaches. The results provide insights into
decision-making in sports analytics, emphasizing the
effectiveness of these methods in ranking player perfor-
mance. Kaur and Priya [31] discusses the selection of
an optimal inventory policy within a Pythagorean fuzzy
environment. It explores how the PFS theory can be
applied to inventory management, focusing on decision-
making under uncertainty. The study provides insights
into the use of fuzzy logic for enhancing the efficiency of
inventory systems.

Gul [32] enhances the VIKOR approach by integrat-
ing bipolar fuzzy preference § -covering and bipolar
fuzzy rough sets, improving decision-making under
uncertainty. It provides a more refined preference struc-
ture, ensuring better accuracy in MCDM problems [33]
enhances occupational risk analysis by integrating fuzzy
logic with the Fine-Kinney model, providing a more pre-
cise and adaptable decision-support system for risk pri-
oritization under uncertainty. Bouraima et al. [34] applies
the AROMAN MCDM approach to optimize sustain-
able healthcare system devolution strategies, ensuring
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efficient resource allocation and improved decision-mak-
ing in healthcare management.

MCDM methods are significantly impactful in medi-
cal diagnosis and have broader applications across vari-
ous fields due to their ability to handle complex decision
scenarios involving multiple criteria. MCDM methods
allow healthcare professionals to integrate and prioritize
diverse diagnostic criteria such as symptoms, test results,
patient history, and risk factors. This holistic approach
enhances diagnostic accuracy by considering a compre-
hensive set of factors. These methods incorporate patient
preferences and values, facilitating personalized medi-
cine. By weighing criteria based on patient-specific fac-
tors, MCDM enhances treatment plans that align with
individual patient needs. It provides structured frame-
works for clinical decision support systems. They assist
healthcare providers in making informed decisions
by quantifying uncertainties and providing systematic
evaluations.

Hence, MCDM methods play a crucial role in enhanc-
ing decision-making processes across medical diagnosis
and various other applications, contributing to improved
outcomes, efficiency, and informed decision-making in
complex decision scenarios.

Literature review on TOPSIS, VIKOR and WASPAS
TOPSIS ranks alternatives based on their proximity to an
ideal solution and furthest from the negative ideal solu-
tion, providing a straightforward ranking mechanism
useful in scenarios where clear distinctions between ideal
and non-ideal solutions are crucial [35]. Recent arti-
cles such as [36] address the critical issue of flood risk
assessment in coastal cities. By combining the EWM-
TOPSIS method with machine learning techniques,
the study offers an innovative approach to enhance the
accuracy and reliability of flood risk evaluations. This
research contributes to advancing methodologies for
disaster risk reduction, particularly in vulnerable coastal
urban areas. Indelicato et al. [37] explores the impact of
attitudes towards homeworking on travel demand. By
employing a fuzzy-hybrid TOPSIS method, the study
offers insights into optimizing commuting patterns
and urban mobility strategies, contributing to sustain-
able urban planning and policy-making. Chatterjee
and Chakraborty [38] examines how different objective
weighting methods influence the parametric optimiza-
tion of non-traditional machining processes using the
TOPSIS approach. This research is pivotal for industrial
sectors aiming to enhance decision-making accuracy in
optimizing manufacturing processes.

VIKOR emphasizes compromise solutions, balanc-
ing conflicting criteria to identify alternatives that
best meet multiple objectives simultaneously [39]. Its
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ability to handle complex trade-offs makes it suitable
for decision-making in environments with diverse and
sometimes conflicting goals. Recent work [40] intro-
duces an innovative decision-making framework com-
bining Fermatean fuzzy sets with the best worst method
and VIKOR methods, enhancing precision in select-
ing optimal waste treatment technologies. It addresses
complex criteria such as environmental impact, cost-
effectiveness, and regulatory compliance, crucial for
sustainable healthcare practices. The research con-
tributes to improving waste management efficiency,
reducing environmental risks, and advancing sustain-
able healthcare infrastructure planning and implemen-
tation. Dagistanli [41] introduces a novel approach
using interval-valued intuitionistic fuzzy sets with the
VIKOR method, improving the robustness of R&D pro-
ject selection. This methodology addresses uncertainty
and subjective evaluations inherent in defense invest-
ments, enhancing decision accuracy and strategic plan-
ning. The research contributes to optimizing resource
allocation, maximizing project success rates, and bol-
stering technological innovation in defense sectors
globally. Kansal and Kumar [42] introduces an enhanced
VIKOR method integrating intuitionistic fuzzy expo-
nential knowledge and similarity measures, enhancing
accuracy in complex decision scenarios. This approach
accommodates uncertainties and diverse criteria, mak-
ing it valuable for applications in diverse fields like
business management, engineering, and environmental
assessment, where precise and comprehensive decision
support is crucial.

WASPAS combines the strengths of weighted sum and
weighted product models, offering flexibility in aggregat-
ing criteria weights and performance scores. It accom-
modates varying degrees of importance assigned to
different criteria, enhancing decision-making robustness
[43]. Some recent works such as [44] introduce a strate-
gic framework combining q-rung picture fuzzy AHP with
WASPAS for the green supply chain management. This
innovative model addresses complexities in decision-
making by integrating fuzzy logic and multi-criteria eval-
uation, enhancing precision in selecting environmentally
friendly supply chain strategies. The research contrib-
utes to reducing carbon footprints, optimizing resource
usage, and promoting sustainable development, piv-
otal for mitigating environmental impacts in the energy
industry. Dwivedi and Sharma [45] employs entropy
and WASPAS techniques to evaluate suitable renewable
energy resources, addressing the nation’s energy security
and sustainability challenges. This research aids in opti-
mizing resource allocation, minimizing environmental
impact, and promoting energy independence through
informed policy decisions. The findings are crucial for
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policymakers, energy planners, and stakeholders in
advancing renewable energy adoption and achieving
India’s climate goals effectively.

The hybrid MCDM methodology [46] enhances deci-
sion-making precision by integrating fuzzy logic, allow-
ing for comprehensive risk assessment and mitigation
strategies. The research supports healthcare providers
in improving patient safety, optimizing resource alloca-
tion, and advancing medical decision support systems,
thereby contributing to enhanced healthcare outcomes
and operational efficiency in organ transplantation
procedures. Sheela and Dhanasekar [47] introduces
type-2 inter-valued trapezoidal fuzzy numbers with the
operations of Einstein aggregation terms with TOPSIS
and VIKOR algorithms with weighted AHP method.
Similarly, [48] enhances the accuracy and reliability
of evaluating service quality, crucial for ensuring user
satisfaction, compliance with medical standards, and
effective healthcare delivery through mobile applica-
tions. The research contributes to advancing healthcare
technology by providing robust frameworks for evalu-
ating and improving the performance of mobile medi-
cal apps, benefiting both users and healthcare providers
alike. Demir and Moslem [49] introduces an innova-
tive fuzzy MCDM approach tailored for optimizing
the management of medical waste, which has become
increasingly critical during public health emergencies.
This methodology aids in prioritizing disposal methods,
ensuring safety protocols, and minimizing environmen-
tal impact. The research addresses urgent challenges in
healthcare infrastructure resilience, offering practical
solutions to enhance pandemic response capabilities and
sustainability in medical waste management. Its findings
are instrumental for policymakers, healthcare profes-
sionals, and waste management authorities in mitigating
health risks and promoting sustainable practices during
global health crises.

Sheela Rani and Dhanasekar [50] aids in identifying
critical factors influencing disease severity, transmission
dynamics, and public health interventions. By integrating
fuzzy logic, the study enhances decision support systems
for healthcare authorities, contributing to improved pan-
demic preparedness, response strategies, and mitigation
efforts. Its findings provide valuable insights into under-
standing and managing infectious disease risks effectively
during global health crises. Ramdani et al. [51] addresses
the critical issue of energy efficiency in industrial opera-
tions, a key component of sustainable development. The
comparative analysis of TOPSIS and VIKOR provides
valuable insights for researchers and practitioners seek-
ing to implement energy optimization strategies in drill-
ing and other manufacturing processes.
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Motivation

Complexity of Zika Virus Risk Factors: The Zika
virus presents multifaceted risk factors that demand
sophisticated analytical approaches. Type-2 heptago-
nal fuzzy numbers provide a robust framework to
capture the inherent uncertainties in the assessment
of these risk factors.

Enhanced Precision with Type-2 Heptagonal Fuzzy
Numbers: Traditional fuzzy numbers might fall short
in dealing with the ambiguity and vagueness associ-
ated with Zika virus risk factors. Type-2 heptagonal
fuzzy numbers enhance the precision of modeling by
accommodating higher levels of uncertainty.

TOPSIS Method for Effective Decision Making: The
TOPSIS method is known for its effectiveness in
ranking and selecting among complex alternatives.
Applying TOPSIS to type-2 heptagonal fuzzy num-
bers helps in systematically identifying and prioritiz-
ing Zika virus risk factors.

VIKOR Method for Compromise Solutions: The
VIKOR method focuses on providing compromise
solutions for multi-criteria decision-making prob-
lems. By integrating VIKOR with type-2 heptagonal
fuzzy numbers, it is possible to identify Zika virus
risk factors that represent a balanced trade-off among
conflicting criteria.

WASPAS Method for Weighted Aggregation: The
WASPAS method combines the advantages of the
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WSM and WPM. Utilizing WASPAS with type-2
heptagonal fuzzy numbers enhances the aggregation
and evaluation of diverse risk factors associated with
the Zika virus.

« Application in Public Health: The application of
type-2 heptagonal fuzzy numbers, along with TOPSIS,
VIKOR, and WASPAS methods, provides a compre-
hensive and systematic approach to identifying and
prioritizing Zika virus risk factors. This can aid public
health authorities in devising targeted strategies and
interventions to mitigate the impact of the virus.

At last, Identifying and prioritizing the risk factors of the
Zika virus is crucial due to its severe health implications.
Advanced methodologies, including T2HFN and MCDM
techniques like TOPSIS, VIKOR, and WASPAS, offer a
comprehensive approach to tackling this challenge.

Jin et al. [52] provided the Zika virus spreading the
countries and the Fig. 2 represented the spreading situa-
tion of Zika virus in all over the world. Figure 3 shows the
main risk factors of the Zika virus in India.

Contributions and novelties

1. This work pioneers the application of type-2 heptag-
onal fuzzy numbers in the field of epidemiology, pro-
viding a novel approach to managing the uncertainty
and imprecision in assessing Zika virus risk factors.

Zika virus spreading countries
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Fig. 2 Map representation of the Zika virus spread
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Fig. 3 Risk factors of Zika virus in India

2. The combination of type-2 heptagonal fuzzy num-
bers with these decision-making techniques estab-
lishes a comprehensive framework that can be
applied to various public health challenges beyond
the Zika virus.

3. The use of type-2 fuzzy logic improves the precision
of risk factor analysis, leading to more informed and
effective public health interventions.

4. The integration of TOPSIS, VIKOR, and WASPAS
methods ensures a balanced and weighted evaluation
of risk factors, accommodating trade-offs and aggre-
gated assessments that traditional methods overlook.

5. This study introduces algorithms for type-2 heptago-
nal fuzzy TOPSIS, VIKOR, and WASPAS, employing
a scoring mechanism to convert type-2 heptagonal
fuzzy numbers into crisp values.

6. The proposed approach offers practical tools for pub-
lic health authorities to systematically identify, prior-
itize, and address the most critical risk factors asso-
ciated with the Zika virus, facilitating targeted and
efficient response strategies.

Riskfactors of
Zika virus in India

Travel and
mobility
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Structure

In this work, “Preliminaries” section explains the basic
concepts of fuzzy sets and the definition of T2HFS,
and T2HFNs with score function, weighted score func-
tion, accuracy function, t-norm and t-conorm, and
set operations of T2HFS and T2HFNs. “Type-2 hep-
tagonal fuzzy arithmetic aggregation operator” sec-
tion explains T2HFWAO, T2ZHFOWAO with examples.
“Type-2 heptagonal fuzzy geometric aggregation opera-
tors” section provides T2ZHFWGO, T2HFOWGO with
examples. “Type-2 heptagonal fuzzy power arithmetic
operator” section shows T2HFPWAO, T2HFPWOAO
with examples. “Type-2 fuzzy heptagonal numbers
extended to TOPSIS, VIKOR and WASPAS” section
expounds the algorithm of the common structure of
MADM, TOPSIS, VIKOR, and WASPAS. It explains the
risk factors of the Zika virus and the calculation parts of
this work. “Discussion” section contains an explanation
of rankings, sensitivity analysis, limitations, and future
work directions. For the abbreviations and their mean-
ings used in this work, please refer to Table 1.
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Table 1 Abbreviations and their means

Abbreviations Means

MCDM Multi-criteria decision-making

TOPSIS Technique for Order of Preference
by Similarity to Ideal Solution

VIKOR ViseKriterijumska Optimizacija |
Kompromisno Resenje

AHP Analytic Hierarchy Process

BWM Best Worst Method

WASPAS Weighted Aggregated Sum Product
Assessment

WPM Weighted Product Model

WSM Weighted Sum Method

NIV National Institute of Virology

WHO World Health Organization

GBS Guillain-Barre syndrome

PHEIC Public Health Emergency of Interna-
tional Concern

ICMR Indian Council of Medical Research

IFS Intuitionistic Fuzzy Sets

TVFS Interval-valued fuzzy sets

IVIFS Interval-valued Intuitionistic Fuzzy
Sets

HFS Hesitant Fuzzy Sets

PFS Pythagorean Fuzzy sets

T2PFS Type-2 Pythagorean Fuzzy sets

TFS Triangular Fuzzy Sets

TrFS Trapezoidal Fuzzy Sets

CPFS Complex Pythagorean Fuzzy sets

OFS Orthopair Fuzzy sets

Q-OFS Q-Rung Orthopair Fuzzy Sets

HeFS Heptagonal Fuzzy Sets

T2HFS Type-2 heptagonal fuzzy sets

T2HFWAO Type-2 heptagonal fuzzy weighted
arithmetic aggregation operator

T2HFPWAO Type-2 heptagonal fuzzy power
weighted arithmetic aggregation
operator

T2HFWGO Type-2 heptagonal fuzzy weighted
geometric aggregation operator

T2HFPWGO Type-2 heptagonal fuzzy power
weighted geometric aggregation
operator

T2HFOPWAO Type-2 heptagonal fuzzy ordered
power weighted arithmetic aggre-
gation operator

Preliminaries

Type-2 heptagonal fuzzy sets are initiated in this sec-
tion. Primarily, a definition of type-1 fuzzy set and type-2
fuzzy set is given properly. To demonstrate the eventual-
ity of the type-2 heptagonal fuzzy sets, an example is pro-
vided at the end of this section.
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Definition 1 A type-1 fuzzy set [13], X in the universe
of discourse U is characterized by a membership function
1a(x) taking values on the interval [0, 1] and can be rep-
resented as a set of ordered pairs of an element to the set
and are defined

X = {a, ux(a)la € X}

In this definition p,(a) represents the membership
function of an element a € X, to the set X

Definition 2 A set fl is defined as a type-2 fuzzy set [53]
in a universe of discourse I/ whose elements have second-
ary membership for the primary membership of every ele-
ment in the set. A type-2 fuzzy number is defined as,

~

H= {x M (x),uhw (®)|x € u }

Where, e is primary membership value and M is
1 2
secondary membership value of the element x.

Definition 3 A Heptagonal fuzzy set H is defined [13]
as a specific type of fuzzy set characterized by a member-
ship function that maps elements to a heptagon-shaped
fuzzy region. The membership function assigns each ele-
ment in the universe of discourse a value between 0 and
1, representing its degree of membership in the set. The
general form of the membership function for a heptago-
nal fuzzy set can be described as:

0 ife < ap
X ifg <x<a
az—ai 1= 2
X—apy
e ifay <x < a3
X—az

ifaz <x < ay

pi(x) = m—as 3

ifas <x <as
ag—X
de—as ifas < x < ag
a;—x s <
p— ifag <x < ay

ifx > ay

Definition 4 A set Z is defined as a type-2 heptagonal
fuzzy set in a universe of discourse U whose elements
have type-2 membership value e A type-2 heptagonal

fuzzy number is defined as,
H= {x,uux),m(xnx eu }
hl h2

Here, and

i ) = (] )

‘) In this definition ,u; (x) represents
1

Wy, @ = (4,45 65,03, 45, ag, a5

the primary membership of type-2 heptagonal fuzzy set

and u; (%) indicates the secondary membership of type-2
2

heptagonal fuzzy set.
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Figure 4 represents the view of type-2 heptagonal
fuzzy number and Fig. 5 shows the 3-dimensional view
of type-2 heptagonal fuzzy number.

Score function

Definition 5 For a given T2HFNa = {(&,d),d5,d", a8, a2, &),
(a5, a5, a5, a5, aS, a5, a3) ), the score function is defined as,
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z(H) = ;[(0.12)(0.22) 4+ (0.13)(0.43) + (0.21)(0.51) + (0.24)(0.64)

+ (0.31)(0.72) + (0.42)(0.79) + (0.47)(0.81)] = 0.183

Definition 6 For a given raHrNG = (a1,a2, a3, a4, a5, a6, a7}, the
weighted score function is defined as,

~ 7
WSH) =Y wi(dla}) (2)

i=1

\;S(H) = ;(wl (a‘lg.asl) + wy (agasz) + w3 (a’;zzsg) + wy (ai.ai) + ws (a’;ass) + we (a’g.a%) + wy (a’;aé))

SH) =Y da )

This score function takes the arithmetic mean of all
seven points, giving equal weight to each point.

Example

Consider a T2HFNs & = {(0.12,0.13,0.21,0.24, 0.31, 0.42, 0.47; 1),
(0.22,0.43,0.51,0.64,0.72,0.79,0.81; 1)}, the score value of «
is,

Example N

Let a T2HFNs o = {(0.12,0.13,0.21,0.24, 0.31, 0.42, 0.47),
(0.22,0.43,0.51,0.64,0.72,0.79,0.81)} and the weight is
w = {0.05,0.1,0.12,0.15,0.18,0.19, 0.21}, then ws(x) is

o 1
WS(H) = 7 (0.05(0.12 % 0.22) + 0.1(0.13 % 0.43) + 0.12(0.21 * 0.51)

+0.15(0.24 * 0.64) + 0.18(0.31 % 0.72) + 0.19(0.42 * 79)
+0.21(0.47 % 0.81) = 0.226

Accuracy function

Definition 7 For a provided T2HFN
&= (B oo\, (@4 )
the accuracy function is defined as, The accuracy function
lies in the interval[—1, 1].

2D Representation of Type-2 Heptagonal Fuzzy Number

2 -
=——@— Primary Membership
1.8 1 |- - - - Lower Secondary Membership
- = = = Upper Secondary Membership
16 Secondary Interval Area
"
14 4 3

N
(N
T

Membership degree
e o @
S~ [«)] (o) -

S
(V)

0

Fig. 4 Graphical representation of type-2 heptagonal fuzzy number
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~—@— Primary Membership

- = - = Lower Secondary Membership

- = = = Upper Secondary Membership
Secondary Interval Area

0.8,

0.6,

Membership degree

Fig. 5 3D view of type-2 heptagonal fuzzy number

7 d +at
dimi Wi < za >
7 d +at
=1\ 2

Acc(g) =

where:

+ w; are the weight values.
+ ay and ag are the primary and secondary member-
ship values at each point 4;.

Example

Let a T2HFNs @ = {(0.12,0.13,0.21,0.24,0.31,0.42,0.47),
@22 0.43,0.51,0.64,0.72,0.79,0.81)} and the weght is
w = {0.05,0.1,0.12,0.15,0.18,0.19,0.21}, then Acc(a) is

0.48775

3.01000
=0.162

Acc(@) =

The t-norm and the t-conorm

Definition 8 Let wus consider the member-
ship functions of two T2HFNs provided by,
‘?h = {(“Ihgl’“iz'“ﬁy“iv“isyais'“%)' (“771'“712'“23'“24'“25"1;6'”27)}' and
B = (Vs U Vs Vs Vs Bs Vi), (B B i B Vi i 7)) then the

t-norm and t-conorm defined as follows:
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3D Representation of Type-2 Heptagonal Fuzzy Number

T B) = > (aly bl bs)

i=1

S Br) = ety + By by — @y % by by

The t-norm satisfies the following axioms.

1. Commutativity 7@, 8,) = T B an)

2. Associativity T(ay, T8, v4)) = T(T @ B 1)

3. Boundary conditions r@;,0) =0

4. Monotonocity |7, 8, < [T @ 7, When g, < 7,1

The t- conorm satisfies the following axioms

1. Commutativity s@,, g,) = S )

2. Associativity s@,, S8, yi)) = SS@n Bi)» V1)

3. Boundary conditions s(,,0) = &,

4. Monotono City |s@j, ;)| < IS@n )| When 8,1 < 17,1

Union

Definition 9 Take two T2HFS, 1-7 and ]‘Zg type-2 hep-
tagonal fuzzy union is represented as, Hau Hs which is
described by the function f : 17, (x) x Hsx) > H, (x)-

Following axioms are the fundamental requirements of the
type-2 heptagonal fuzzy union function:

~ A

1. Boundary conditions: f (H,0) =

T2
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2. Monotonicity: |Hq| < [H,| = If (Hp Ho)l < If (H H,)|
3. Commutativity: 7(7{ Zﬂ) FHp )

4. Associativity: 7,7 (¢ Hy)) = £ (f Has Hg) Hy)

The type-2 heptagonal fuzzy union is represented as

HyUHg = {max(aﬁi, bﬁi), max (ag;, by;)}

Example
Let us consider H = {(0.12,0.15,0.23,0.33, 0.45, 0.6, 0.69),
(0.24,0.27,0.32,0.34, 0.46,0.58,0.71)} and
Hg = {(0.22,0.27,0.33,0.37,0.42, 0.48, 0.56, 0.68),
(0.29,0.39,0.43,0.47,0.51, 0.63,0.76)} using the
maximum function is given as,

]?10, u ;1,3 = {(0.12,0.15,0.23,0.33, 0.45, 0.6, 0.69),
(0.24,0.27,0.32,0.34, 0.46,0.58,0.71)}

U {(0.22,0.27,0.33,0.37,0.42, 0.48,0.56, 0.68),
(0.29,0.39,0.43,0.47,0.51,0.63,0.76) }

= {(0.22,0.27,0.33,0.37,0.45, 0.6, 0.69),

(0.29,0.39,0.43,0.47,0.51, 0.63, 0.76)}

Intersection

Definition 10 Take two T2HFS, H and Hﬂ The type-2
heptagonal fuzzy intersection is represented as, H, nHy
which is described by the function 7. 7, ) x Hy) > H, ()

Following axioms are the fundamental requirements of
the type-2 heptagonal fuzzy intersection function:

1. Boundary conditions: 7(1?,1 0= ﬁra

2. Monotono city: ‘Ha‘ < ‘H 1= \u(Hﬂ Ha)l < [4(Hp, Hy)|
3. Commutatmty f(]—[u Hﬁ) f(Hﬂ Ha)

4. Assoc1at1v1ty f(H f(Hﬁ Hy))_f(fH (Hﬁ Hy))

The type-2 heptagonal fuzzy intersection is represented
as

Hy N Hp = {min (a},, ), min (a},, bj,)}

Example
Let ﬁa = {(0.12,0.15,0.23,0.33, 0.45, 0.6, 0.69), (0.24, 0.27, 0.32, 0.34, 0.46, 0.58,0.71)}

and  Hjy = {(0.22,0.27,0.33,0.37,0.42,0.48,0.56, 0.68),

(0.29,0.39,0.43,0.47,0.51,0.63,0.76)} using the mini-
mum function is given as,
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I;u ﬁljlﬂ = {(0.12,0.15,0.23, 0.33, 0.45, 0.6, 0.69), (0.24, 0.27, 0.32, 0.34, 0.46, 0.58,0.71)}N
{(0.22,0.27,0.33,0.37,0.42, 0.48, 0.56), (0.29, 0.39, 0.43, 0.47,0.51, 0.63, 0.76) }

={(0.12,0.15,0.23, 0.33, 0.42, 0.48, 0.56), (0.24, 0.27,0.32, 0.34, 0.46, 0.58,0.71)}

Complement

Definition 11 Consider a T2HFS ITI The type-2 hep-
tagonal fuzzy complement is described by a function

f Ho,(x) > H (x)

1. Boundary conditions: |Gwi=0= f@®i=1 and
la@] =1 = [c@ &) =0

2. Monotonicity: If g0 < @)l then |c@®))| = le@@))

The type-2 heptagonal fuzzy complement is represented
as,

:zz
Il

(“il “ﬁz “IZS “54 ‘lps’“ﬁs'“%)’ (31 @y B3 Tl T T By7) }
(- Ty 1 =

S S S
(1 =@yl = @iy 1 = @y, 1 = a1 — a5, 1 — a1 — ay ) |

{
{

:l:zz
Il

1_“‘221 1_“p5’1_“£6’1_“ﬁ7>’

H

Example
Let H(, ={(0.12,0.15,0.23,0.33,0.45, 0.6, 0.69), (0.24, 0.27,0.32, 0.34, 0.46, 0.58, 0.71)}
andH is,

junitd
=3

={(0.12,0.15,0.23,0.33,0.45,0.6,0.69), (0.24, 0.27,0.32, 0.34, 0.46, 0.58, 0.71)}

por
H, ={(0.88,0.85,0.77,0.67,0.55,0.4,0.31), (0.76, 0.73, 0.68, 0.66, 0.54, 0.42, 0.29) }

Type-2 heptagonal fuzzy arithmetic aggregation
operator

In this section, type-2 heptagonal fuzzy weighted arith-
metic aggregation operator, and type-2 heptagonal fuzzy
powered arithmetic aggregation operator are explained
with examples.

Type-2 heptagonal fuzzy weighted arithmetic aggregation
operator

Type-2 heptagonal fuzzy arithmetic aggregation operator
is defined here with various properties.

Definition 12 On a universe of discourse ;, let us con-
sider a set of m T2HFNS a,,a) a3, ..an, 1he aggregation
of the vectors ,,a),,4s,...a,, 1S provided by the function
T2HFWA

Y7

T2HEWA : X +— X
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The operator is defined as,

T2HFWA (ghlx th, th, .. .ghm) Z 8}ah1

81,62,03,...,0m

which 5, € [0,1] and Z}W;l |§j| = 1. Weights are numeral
quantities and are utilized in this definition in general.

where, § = ( ) is the weight vector in

m
TzHFWA(&hl,&hz,&hg,. ahm) Z 1[% ’“h/}
j=1

Theorem 1 Consider m T2HFNs denoted by
01, 02 A3y - - . Ay The value obtained after aggregat-
ing these m T2HFNs by the TXHFWA operator is again a
T2HFN.

Proof Seeing  that |och]| <1vj=1,2,. and

Z} 1 5 = 1. It obtained as follows,
18101 + Saapn + 8303 + -+ + S| < Bl |

+ mlaoml < 81(1) + 82(1) + 53(D)
+om=1

+ Salagal + S3laps) + -
oA o) <8+ 848+

Op1y A2y Ap3y - - - Ay

T2HFN U

Hence it is clear that \T2HEWA (5 )l <1 is also

Theorem 2 Take m T2HFNs which have weights to be
equal valued that satisfy ; = 1. Then following holds,

1. (Idempotency) When 4,y =y = ap = ... = apm = a, then
the operator becomes tonrwa (gm,gm,;hs, N _;hm) _x

2. (Boundedness) Consider max; e, then
|T2HFWA (Shl,zhz,l?hg,. . -th)l <a
3. (Monotonocity) Consider two sets of

TZHFWA{&M: Qs U - -« ahm} and {ﬂhly B Buzs - - - Bum }

ol < 1Byl then the
written  as,

such that \a,| < |pul. @l < Bl - .
aggregation — operator  can  be

| T2HEWA (@51, @0, @0 o )| = | T2HFWA (ﬂhl, Bia B -,ﬂhm) \

Proof By the given conditions,

1. ASG=am=am=...=am =aand ¥ 5 =1, hence

nd1 + Olh252 + oo Cyndom

—a
<1+§2+-~+§m)ghm
o
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2. As a= maxﬂzhjl and 5/‘ e[0,1Vi=1,2,...,m
3. Here, 16, < 1Bl lam| = 1Bl @l < Bzl [@mml < 1Bl T1EDCE,

I810th1 + 8202 + 833 + - .. + SmUpn| < 31l

+ 82l + 8312l + - .. + S| < 11l + 821Bpal

+ 831Bal + -+ S B | TZHEWA (@11, 12 @ i )

< T2HFWA <13h1v Bz Buzs - - - vﬂhm)

Example

Consider  aj; = {(0.01,0.12,0.15,0.18,0.21,0.25,0.32),

(0.22,025,0.29,0.32,0.37,0.41, 043, 0.5)}, & = {(0.05,0.14,0.16,0.22,0.23,0.27,0.36),
(0.20,0.22,0.25,0.28,0.30,032,0.35,0.42)}, a4 = [(0.1,0.15,0.19,0.24,0.26,0.31,0.34),
(0.15,0.19,0.29,0.32,0.37,0.43,0.45,0.5)} and &h4 =
{(0.12,0.15,0.19,0.21,0.27,0.29, 0.32), (0.16,0.25,0.27,0.32,0.39,0.41,0.43,0.5)}
having weights

81 =0.1, 82 = 0.3, 53 = 0.25, 84—035 then the sum
obtained by T2HFWA operator is,

4
T2HFWA (Ehl,Ehz,Ehs,&M) =Y (&,)
=1

= 0.1{(0.01,0.12,0.15,0.18,0.21, 0.25, 0.32),
(0.22,0.25,0.29,0.32,0.37,0.41,0.43,0.5)}

+ 0.25{(0.05, 0.14,0.16,0.22,0.23, 0.27, 0.36),
(0.20,0.22,0.25,0.28,0.30,0.32,0.35, )}
+0.3{(0.1,0.15,0.19,0.24,0.26,0.31, 0.34),
(0.15,0.19,0.29,0.32,0.37,0.43,0.45,0.5)}

+ 0.35{(0.12,0.15,0.19,0.21,0.27,0.29, 0.32),
(0.16,0.25,0.27,0.32,0.39,0.41,0.43,0.5)}

= {(0.08,0.14,0.18,0.22, 0.25, 0.29, 0.34),

(0.18,0.23,0.27,0.31,0.36,0.39,0.41, 0.48)}

Type-2 heptagonal fuzzy ordered weighted arithmetic
aggregation operator

Definition 13 On a universe of discourse ;, let us con-
sider a set of m TZHFNS, ahl,(xhz,(xhg,, ..o the aggrega-
tion of the vectors a1, 2, Ay3, - . . Ay is provided by the
function T2HFOWA,

~n

T2HFOWA : X r—>X

The operator is defined as,

m
T2HFOWA (&m,&hz, 3, - - .&hm) = Z (5826,,(,«))
=1
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Where 5 — (51,52,33,, b ) is the weight vector in which

8 €10,1] and > 15 =1 and (0(1),0(2),0(3) ..,o(m)) is
the permutation of elements such that |Oloh]| < |a0h(, bl
Weights which are normal quantities utilised in this
definition, so the definition is more general. The aggre-
gation operator can also be written as,

m
~ ~ ~ ~ ~S
T2HFOWA (ahl,ahz,ah3, . .ahm> § [ A 0(,”)}

If the weight consider as § = %, then T2HFOWA is
given by,

T2HFOWA (S, &1 013, - O ) = Zao(h])

®3)

Theorem 3 Consider the m T2HFNs denoted by
(ochl, a2, &hg, .. ahm) , the value obtained after aggregat-

ing these m T2HFNs by the T2HFOW operator is again a
T2HFN

Proof The proof is consequent to Theorem 1, hence
omitted. O

Theorem 4 Counsider (&hl,&hz,ahg,,.

T2HEN' ‘s and_ the weight values to be real values
§ = 81,82, .. mandlS | <1, then the following holds

&hm) to be m

1. (Idempotency) When &y, =& = ays = ... = am = 0, then

the operator becomes toprowa (ﬁm,gm,ahs, B ~01hm) -z

2. (Boundedness) Consider max; |y, then
| T2HFWA (i, @i, s -G )| <
3. (Monotonocity) Consider two sets of

T2HFOWA{ G, Gy} N1 {ﬂm,ﬁhz,ﬂhg,. : .ﬁhm}

,,,,, @il < 1Bl hen the
can be written  as,

such that ) < 1Bl &l < B!
aggregation  operator

Proof The proof is consequent to Theorem 2, hence
omitted. O

Example
Consider
(0.22,0.25,0.29,0.32,0.37,0.41,0.43,0.5)}, EhZ =

gm = {(0.01,0.12,0.15,0.18,0.21, 0.25,0.32),
{(0.05,0.14,0.16,0.22,0.23,0.27,0.36),
(0.20,0.22,0.25,0.28,0.30,0.32,0.35,0.42)}, Zhg ={(0.1,0.15,0.19,0.24, 0.26,0.31,0.34),
(0.15,0.19,0.29, 0.32,0.37,0.43,0.45,0.5)} and a4 = {(0.12,0.15,0.19,0.21,
0.27,0.29,0.32)(0.16, 0.25,0.27,0.32, 0.39, 0.41,0.43,0.5)}, then the sum
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obtained by T2HFOWA operator is, by Eq. 3, here
lans| = lapal = o] =l

4
T2HFOWA (&hl,&hz,&hg, &M) =>4 (500‘))
j=1

= {(0.078,0.14,0.18,0.21,0.25,0.29, 0.33),
(0.18,0.23,0.28,0.32,0.37,0.41, 0.43,0.49)}

Type-2 heptagonal fuzzy geometric aggregation
operators

This section explores the geometric aggregation operator
of a type-2 heptagonal fuzzy set.

Type-2 heptagonal fuzzy weighted geometric aggregation
operators

Definition 14 On a universe of discourse ;, let us con-
sider a set of m T2HFNS, a1, a0,y . . . dn the aggrega-
tion of the vectors o, @y, a3, ...au, is provided by the
function T2HFWG,

~Nn ~

T2HFWG : X — X

The operator is defined as,

m
TIHEWG (dhs, g g - ) = [ (%)
j=1

where, § = (51,32,33,.__,3,”) is the weight vector in which
5 0,11 and Y, |5 = 1. Weights are numeral quantities
and are utilized in this definition in general.

" 5
r R A Ui
T2HFWG ((xhl,(xhz,ahg, .. (th) H [(ah},ah])}
j=1
(4)
If we consider the weight § = %, then the T2HFWG is
provided by,

T2HFWG (ﬁhlﬁhz, A

(5)

Theorem 5 Consider the m T2HFN's denoted by
(ahl, a2, Olhg, . ahm> ; the value obtained after aggregat-

ing these m T2HFN's by the T2HFWG operator is again a
T2HFN
Proof Consider, |;h/| <1Vj=12,...,m and

] 1 6 i = 1, it is obtained as follows,
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~b2
. ah2

AL B b
ahl .(xhz ..... ahm

~01
= |\ %1

(§1+§z+...+§m)

O

~

Theorem 6 Consider (&hl,&hg,acg,. to be m

~
-Oem

T2HFN’s and_the weight values to be real values

5= 81,82, .. 8 and|8 | <1, then the following holds
1. (Idempotency) When 5, =an=aw=...—awm—a, then
the operator becomes TZHFWG@M’M’M, ) =
2. (Boundedness) Consider max; &, then
(TzHFWG(Shl,EhZ,Eh%.Ehm)) <a
3. (Monotonocity) Consider two sets of

T2HFWG{ @1, @, - O ) A1 {ﬂmvﬂhz:ﬂh&- : .ﬂhm}

such that 16,1 < 1Bl 16l < Bl @il < Byl then  the
aggregation — operator can be  written  as,

j=1
then
~ 51 ~ gz ~ Sm %S +82+...4+6
(ahl) (ahZ) ..... (ahm) =
=a
2. Ass = max,|ahJ\and8 €[0,11¥j = 1,2,...m,then
@h)™ + @)% + .+ @) | = [+ @l +

~ 3 5 5 5 H 8148y 4.+
+ \ahml‘s"’ < 0 P2 3 O — s< e '") =5

3. Here, |api| < 1Bl lenal < Bpals- -5 lthm| < |Buml;

hence
o1 b ~Om ~ 5 o~ 3 ~ 3
(1 G-« gl = 1081 P12 [
< 1B 1Bl Bl
= |T2HFWG By, Bis - -+ Bium)|
O
Example N
Consider  ay; = {(0.01,0.12,0.15,0.18,0.21,0.25, 0.32),

(0.22,0.25,0.29,0.32, 0.37,0.41,0.43, 0.5)}, aja. = {(0.05,0.14, 0.16,
0.22,0.23,0.27,0.36), (0.20,0.22, 0.25, 0.28, 0.30, 0.32, 0.35,0.42) },
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a3 = {(0.1,0.15,0.19,0.24,0.26, 0.31,0.34), (0.15,0.19,
0.29,0.32,037,0.43,0.45,05)) and &, = {(0.12,0.15,0.19,0.21,0.27,0.29,0.32),
(0.16,0.25,0.27,0.32,0.39, 0.41, 0.43, 0.5)}, having weights
81 =0.1,8, = 025,83 = 03,64 = 0.35, then the value
can obtain by T2HFWG operator is, by Eq. 4

4
~ A o~ o~ NS
T2HFWG @, o, oz ta) = | | (a,-) " = {(0.07,0.14,0.17,0.22,0.25,0.28, 0.34),
j=1

(0.18,0.22,0.27,0.31,0.35,0.38,0.41)}

Type-2 heptagonal fuzzy ordered weighted geometric
aggregation operators

Definition 15 On a universe of discourse %, let us con-
sider a set of m T2HFN s, ahl,ahz a,,3, ..o the aggregation
of the vectors ayy, o), dy3,. .. Ay is provided by the
function T2HFOWA,

~n =~
T2HFOWA : X — X

The operator is defined as,

) = > (Eho(l‘))s

j=1

T2HFOWA (a1, Cps X3, - -

Where 5 _ (51,52,53,...,5,”) is the weight vector in which

gj € [0,1]and ¥ 15 = 1and (0(1), 0(2),0(3), .. ., 0(m)) is
the permutation of elements such that |a,,| < (a1l
Weights which are normal quantities utilized in this defi-
nition, so the definition is more general. The aggregation
operator can also be written as,

m
~ ~ ~ ~ P S
T2HFOWG(ah1,0th2,01h3,...Othm) = E [(ahj:ah,')}
j=1

If the weight consider as 5= %, then T2HFOWG is

given by,

T2HFOWG<ah1s&h2:&h3v<--ahm) =V @1, 0p2s W3y - - - O (6)

Theorem 7 Consider the m T2HFN's denoted by
(ozhl, an2s Oéhg, . Olhm> ; the value obtained after aggregat-

ing these m T2HFN's by the T2HFOWG operator is again
a T2HFN

Proof This proof is consequent to 5, hence omitted.
O

Theorem 8 Counusider (&hl,&hz,&hg,.

T2HFN's and_the weight values to be real values
5 = 61,82,.. 8 and|8 | <1, then the following holds

&hm) to be m
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1. (Idempotency) When 4,y =y = ap = ... =t = a, then
the operator becomes TZHFOWG(EMQMW& T
2. (Boundedness) Consider max; e, then
\TZHFOWG(ZM,EM,Z%,..Ehm)| <a
3. (Monotonocity) Consider  two  sets  of

Xoxx and such
T2HFOWG{ &1, 12, s {,s,d, Bivs s B

that @) < Bl @l < Bial. . [amn| < Bl LHeN the aggre-
gation operator  can be written as,

Proof 'This proof is consequent to 6, hence omitted.
O

Example N

Consider  aj; = {(0.01,0.12,0.15,0.18,0.21, 0.25, 0.32),
(0.22,0.25,0.29,0.32, 0.37, 0.41,0.43, 0.5)}, s = {(0.05,0.14, 0.16,
0.22,0.23,0.27, 0.36), (0.20,0.22,0.25,0.28,0.30,0.32, 0.35,0.42)},
ay3 = {(0.1,0.15,0.19,0.24,0.26, 0.31, 0.34), (0.15, 0.19,
0.29,0.32,0.37,0.43,0.45,0.5)} and ZM = {(0.12,0.15,0.19,0.21,0.27,0.29, 0.32),
(0.16,0.25,0.27,0.32,0.39, 0.41, 0.43, 0.5)}, having weights
81 =0.1,8, = 0.25,83 = 0.3,8, = 0.35, then the value
can obtain by T2HFOWG operator is, by Eq. 6

4
TIHEWG (g1, s s ) = [ | (o)
j=1
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G =0 (55

j=1

T2HFOWA (5;41, 2 W3 - -

Where § = (51,52,53,...,
8j €[0,1] and parameter g € (0,00), Z/W;l 18] = 1.
Weights which are normal quantities utilized in this defi-
nition, so the definition is more general. The aggregation
operator can also be written as,

§m> is the weight vector in which

T2HFPWA (Sm,éhz,ﬁhg,,.ﬁhm) - (Z 5,[22,22/.]11) (7)
j=1
The T2HFWP operator can be made into an arithmetic
average operator when considering the weight as § = 1,
which is written as,

T 1ne ‘
T2HFWP(& Sy s O )= 1~
h1 Q2 O3y -« - Oy Znah’
j=1
(8)
Theorem 9 Conszder m T2HFN's denoted by

1, 02y O3y - - . Ay The value obtained after aggregat-
ing these m T2HFNs by the T2HFPWA operator is again
a T2HFN.

~ 035 /4 \03 /n 025 ,o 0.1
- ()" o)) )

= {(0.05,0.14,0.18,0.21,0.25,0.28,0.33),
(0.17,0.22,0.28,0.32,0.37,0.41,0.43,0.49) }

Type-2 heptagonal fuzzy power arithmetic
operator

The definition and properties of type-2 heptagonal fuzzy
power weighted arithmetic operators are explained in
this section.

Type-2 heptagonal fuzzy power weighted arithmetic
operator

Definition 16 On a universe of discourse ;, let us con-
sider a set of m T2HFNs, %l,ahz,al@,..ﬁhm, the aggrega-
tion of the vectors a1, 2, dp3, - . . oy is provided by the
function T2HFWP,

~Nn ~

T2HFWP : X +— X

The operator is defined as,

Proof When g, <1vj=1,,...
m
also y,

,mand g > 0, hence, jalf; <1
§=1

N SRR - € - g - g
181071 + 82059 + oo 4 Sty | < Sl | + 2.l

[ -
+ oA Sy, 10+ 4+ S =1

It is clear that ‘TZHFWPA (;hb;hz: . ..,gh,,,)‘ <1lis
also a T2HFN. O
Shm) to be m
T2HEN' s and_the weight values to be real values
5 =1081,80...,0m and|8 | < 1, then the following holds

Theorem 10 Counsider (&hl,&hz,&hg,..
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1. (Idempotency) When &, =a = ays = =0
the operator becomes Togrpwa (Zhl,;}hz,ghs, - _;hm> _=

2. (Boundedness) Consider a = maxj|ayl, then
|T2HEPWA <§h1,§h2,§h3, . .ghm)| <a

3. (Monotonocity) Consider two sets of
T2HFPWA{§,11,§,12,§,,3,...th} and {EM,EM,EW . 'Ehm} such that

@il < 1Bl @2l < 1Bl @l < Bub then the aggregation
operator can be written as, TzHFPWA(ihl,ihz,ihg ,,,,, §hm)| -

Proof By T2HFPWA
1. Asghl Zth =...

RN Y
((51"1111 + 8.0y + -

2. As 4 = maxjlay; and gj € [0,1]forevery j=1,2,...,m

o A - - L z
+ Oy, | = 81l 18 + Syl 4 - A+ Sy,

+ Sm.af

Y
[81.0ty1 + 8.0 + ...
:gl.ﬂg-l—gg.ag-l-“.
:(51+52+...+§m).ag

al

P Y 4
Hence, 5,55, + 5,45, + ...
3. Here consider,

- a~g 1 1
+8m | < (@8)E =g
thus

lom | < Bmblenl < 1Bl - 1@m | < 1B

ek < 1Bl [@nlé < 1Bl 1l < [Brute @S & > 0

< L 2 ~E < £ P 2 A~ 2 A~
[81.001 4 820y + . oo+ St | < 1y |8 4 Saclpl 4 A Sl

Lo~ LA Lo~
<8BS + 82 lBral + -+ S| B

< |T2HFPW (Bj1, Bras- - -» Bim)|

Example N

Consider  ay; = {(0.01,0.12,0.15,0.18,0.21,0.25,0.32),
(0.22,0.25,0.29,0.32, 0.37, 0.41, 0.43,0.5)}, ajp. = {(0.05,0.14,0.16,
0.22,0.23,0.27,0.36), (0.20,0.22,0.25,0.28, 0.30, 0.32, 0.35, 0.42) },
aps = {(0.1,0.15,0.19,0.24, 0.26,0.31,0.34), (0.15,0.19, 0.29,
0.32,0.37,0.43,0.45,0.5)} and @ = {(0.12,0.15,0.19,0.21,0.27,0.29,0.32),
(0.16,0.25,0.27,0.32,0.39, 0.41,0.43, 0.5)}, having weights
81 =0.1, 82 = 0.25, 63 = 0.3, 84 = 0.35, then the value can
obtain by T2HF WG operator is, by Eq. 8

T2HFPWA(G 1, @ Xy Xa) =

4 ~
> 8(ap?
j=1
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Type-2 heptagonal fuzzy power ordered weighted
arithmetic operator

Definition 17 On a universe of discourse ;, let us con-
sider a set of m T2HFNS, a1, ap, ays, . . . apm the aggregation
of the vectors &, @y, @y, . . . ayy, is provided by the function
T2HFPOWA,

~n ~
T2HFPOWA : X +— X

The operator is defined as,

m 1
T2HFOWA (&hl,&hz; &hg,. Olhm) Z (aah(]))g
j=1

\X/here g = (51, 52,33, ..
which 5,- € [0, 1] and parameter g € (0, c0), Z/’il |(_§j| =1
Weights are normal quantities utilized in this definition,
so the definition is more general. The aggregation opera-
tor can also be written as,

,gm) is the weight vector in

1

£

m
T2HFPOWA @, %12 @i - - - ) = (Z § [(&f;.,&;,)]g> (9)
j=1

The T2HFOWP operator can be made into an arith-
metic average operator when considering the weight as
8 = 1, which is written as,

T2HFOWP (@1, X2y Qi - - - Qo) = (10)

Z “ho(;)

Theorem 11 Conszder m T2HFN's denoted by
1, g2y A3y - - - Uy The value obtained after aggregat-
ing these m T2HFN's by the TXHFPWG operator is again
a T2HFN.

Proof This proof is consequent to Theorem 9, hence
omitted. O

Theorem 12 Counsider (&hl»&hZ: a3, . .

T2HFN’S and_ the weight values to be real values
5 =351,8,.. momd|8 | <1, then the following holds

&Cm) to be m

= {(0.08,0.14, 0.18, 0.22, 0.25, 0.29, 0.34), (0.18, 0.22, 0.27, 0.31, 0.35, 0.39, 0.41) }
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1. (Idempotency) When ap = ap = an v ——
then the operator becomes TOHFPWG (1,10, - ) =

2. (Boundedness) Consider a = max; @), then
|T2HEPWG @)1, Gz @3 - - - G| < @
3. (Monotonocity) Consider two sets of

TZHFPWG{ghIrZth;%w~th} and {ﬁm»ﬁhz»ﬁhs ﬂhm} such

that @) < 1Bia) lesal < Bial. ... lanal < 1By, tEN the aggregation
operator can be written as, |T2HFPWG (@, s, - )| =

\T2HFPWG (Zm, Bios i Em) !

Proof This proof is consequent to Theorem 10, hence
omitted. O

Example N

Consider  ay; = {(0.01,0.12,0.15,0.18,0.21,0.25,0.32),
(0.22,0.25,0.29,0.32,0.37,0.41,0.43,0.5)}, ay = {(0.05,0.14,0.16,
0.22,0.23,0.27,0.36), (0.20,0.22,0.25,0.28, 0.30, 0.32, 0.35, 0.42)},

aps = {(0.1,0.15,0.19,0.24, 0.26,0.31, 0.34), (0.15, 0.19, 0.29,
0.32,0.37,043,045,05) and & = {(0.12,0.15,0.19,0.21,0.27,0.29,0.32),
(0.16,0.25,0.27,0.32,0.39, 0.41,0.43,0.5)}, having weights
81 = 0.1, 82 = 0.25, 83 = 0.3, 84 = 0.35, then the value can
obtain by CT2FPWOA operator is, by Eq. 10

4
S R ~ 2
T2HFPWG(a1, 00, 0p3, Qpg) = H(So(j) (Olo(j))
j=1
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large-scale epidemics and provided valuable informa-
tion about its clinical features, which included rash, con-
junctivitis, and joint pain. In between 2013 and 2014,
Zika virus outbreaks occurred in several Pacific islands,
including French Polynesia, Easter Island, the Cook
Islands, and New Caledonia. These outbreaks were nota-
ble for their association with neurological complications,
including GBS. The Zika virus began to spread rapidly in
the Americas. In May 2015, Brazil reported its first cases
of Zika virus infection. The virus quickly spread through-
out South and Central America and the Caribbean. This
period saw an alarming rise in cases of microcephaly and
other congenital abnormalities in newborns, leading to
the declaration of a Public Health Emergency of Interna-
tional Concern by the WHO in February 2016.

The link between Zika virus infection during pregnancy
and severe birth defects, including microcephaly, was
confirmed through epidemiological and laboratory stud-
ies. Research also confirmed that Zika could be transmit-
ted sexually and through blood transfusions, expanding
the known routes of transmission. The incidence of
Zika virus infection has decreased significantly since
the peak of the epidemic in 2015-2016. However, spo-
radic cases and outbreaks continue to occur in various

= {(0.089,0.142,0.178,0.215, 0.248, 0.285, 0.331),

(0.178,0.228,0.280, 0.316, 0.369, 0.409, 0.429)}

Type-2 heptagonal fuzzy numbers extended

to TOPSIS, VIKOR and WASPAS

This section explains type-2 fuzzy heptagonal numbers
with the distance-based MCDM methods such as TOP-
SIS and WASPAS and outranking and distance-based
method VIKOR.

Case study-Zika viral disease

The Zika virus was first identified in a rhesus mon-
key in the Zika Forest of Uganda during a yellow fever
research project conducted by the Rockefeller Founda-
tion in 1947. The first human cases of Zika virus were
detected in Uganda and the United Republic of Tanza-
nia. In the 1950’s Zika virus was detected sporadically in
Africa and Asia, with cases reported in countries such
as Nigeria, India, Malaysia, and Indonesia. However, the
virus remained relatively obscure and was not associ-
ated with major outbreaks. The first significant outbreak
of Zika occurred in 2007 on the Pacific island of Yap in
Micronesia. This outbreak showed that Zika could cause

regions. Research into vaccines, antiviral treatments, and
improved diagnostic methods is ongoing. Public health
efforts focus on mosquito control, surveillance, and
education to prevent future outbreaks. Recent research
continues to explore the long-term effects of Zika virus
infection, especially in children born with congenital
Zika syndrome. Vaccine development has progressed,
with several candidates entering clinical trials. The WHO
and other health organizations continue to monitor and
respond to Zika virus activity worldwide.

For pregnant women, the Zika virus poses significant
risks due to its potential to cause severe birth defects and
other complications. This work explains the most valu-
able risk factors of the Zika virus.

1. Travel to Zika-Endemic Areas: Pregnant women
traveling to regions with active Zika transmission
such as parts of South America, Central America,
the Caribbean, and Southeast Asia are at higher risk
of contracting the virus. Traveling to Zika-endemic
areas poses significant risks for pregnant women
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due to the potential for Zika virus infection, which
can severely affect both the mother and the devel-
oping fetus [54]. If a pregnant woman contracts the
Zika virus, there is a risk of vertical transmission
from the mother to the fetus through the placenta
[55]. Infection during pregnancy can lead to congen-
ital Zika syndrome, which includes severe fetal brain
defects such as microcephaly, brain abnormalities,
and other serious developmental issues [56].

Living in Zika-Endemic Areas: Residing in areas
where the Zika virus is prevalent increases the
risk of mosquito bites from infected Aedes mos-
quitoes. Living in Zika-endemic areas significantly
increases the risk for pregnant women of contract-
ing the Zika virus through mosquito bites, lead-
ing to potential vertical transmission to the fetus
[57]. This can result in severe fetal brain defects
like microcephaly and other developmental issues
known as congenital Zika syndrome. Pregnant
women may also face higher risks of miscarriage,
stillbirth, and preterm birth. Consistent use of
mosquito repellent, protective clothing, and staying
in screened and air-conditioned environments are
crucial preventive measures [58].

Unprotected Sexual Activity: Engaging in unpro-
tected sex with a partner who has traveled to or
resides in an area with Zika transmission can lead to
sexual transmission of the virus [59]. Unprotected
sexual activity is a significant risk factor for Zika virus
transmission. The virus can be transmitted sexually
from an infected partner, even if the partner does not
exhibit symptoms [60]. This mode of transmission
can occur before, during, and after the appearance of
symptoms. For pregnant women, this is particularly
concerning as it increases the risk of the virus reach-
ing the developing fetus, leading to severe outcomes
like congenital Zika syndrome. Symptoms of Zika in
adults include fever, rash, joint pain, and red eyes, but
many cases are asymptomatic [61].

Lack of Mosquito Precautions: Lack of mosquito
precautions significantly increases the risk of Zika
virus transmission [62]. Without protective meas-
ures, individuals are more susceptible to bites from
Aedes mosquitoes, the primary carriers of the Zika
virus. This increases the likelihood of infection, par-
ticularly in areas where these mosquitoes are preva-
lent [63]. Pregnant women are at heightened risk
as the virus can be transmitted to the fetus, causing
severe birth defects like microcephaly and congenital
Zika syndrome. Failure to use mosquito repellents,
wear protective clothing, and ensure living spaces are
mosquito-free exacerbates the spread. Standing water,
where mosquitoes breed, further heightens the risk if
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not managed properly. Public health efforts empha-
size the importance of these precautions to curb the
spread and protect vulnerable populations [64].

Blood Transfusions: Receiving blood transfusions in
areas with Zika transmission can pose a risk, although
this is less common compared to mosquito bites and
sexual transmission. Blood transmission increases
the risk of Zika virus for pregnant women through
several pathways [65]. If a pregnant woman receives
a blood transfusion or organ transplant from an
infected donor, she can contract the virus [66]. Addi-
tionally, sharing needles or other blood-contaminated
instruments can lead to infection. Once infected, the
virus can cross the placental barrier and infect the
fetus, leading to severe consequences such as congen-
ital Zika syndrome, which includes microcephaly and
other neurological abnormalities [67]. Routine blood
screening for Zika virus in endemic areas is crucial to
prevent such transmissions. Pregnant women should
also avoid situations where blood transmission is pos-
sible and ensure that all medical procedures involv-
ing blood are handled safely and hygienically. These
precautions are vital to protect both the mother and
the developing fetus from the serious risks associated
with Zika virus infection [68].

Previous Infection with Flaviviruses: Previous
infection with other flaviviruses, such as dengue,
and West Nile virus, can potentially complicate the
spread and impact of Zika virus in several ways [69].
These flaviviruses are closely related and share simi-
larities in their genetic makeup, which can lead to
cross-reactive immune responses in individuals who
have been previously infected [70]. This cross-reac-
tivity means that antibodies produced in response to
one flavivirus infection may also recognize and inter-
act with the Zika virus, albeit to varying degrees of
effectiveness [71]. In some cases, antibodies gener-
ated from a previous flavivirus infection can enhance
the ability of the Zika virus to enter cells and repli-
cate. This phenomenon, known as antibody-depend-
ent enhancement, may result in more severe Zika
virus infections upon subsequent exposure [72].
Poor Prenatal Care: Lack of access to regular pre-
natal care can prevent early detection and manage-
ment of Zika-related complications in pregnancy
[73]. Poor prenatal care can contribute to the spread
of the Zika virus by limiting opportunities for early
detection, monitoring, and management of infec-
tions among pregnant women [74]. Inadequate
prenatal care may delay or prevent women from
receiving essential information about Zika virus pre-
vention, symptoms, and testing. This can result in
missed opportunities for timely screening and diag-
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nosis of Zika virus infections during pregnancy [75].
Additionally, insufficient prenatal care may lead to
missed opportunities for monitoring fetal develop-
ment and early signs of congenital Zika syndrome.
Immunocompromised State: Pregnant women
with weakened immune systems may have a higher
susceptibility to infections, including the Zika virus,
and may experience more severe symptoms and
complications [76]. An immunocompromised state
increases susceptibility to Zika virus infection due
to weakened immune defenses, which may impair
the body’s ability to effectively respond to and clear
the virus. Individuals with conditions such as HIV/
AIDS, cancer undergoing chemotherapy, organ
transplant recipients on immunosuppressive ther-
apy, and those with certain autoimmune disorders
are particularly vulnerable [77]. Immunocompro-
mised individuals may experience prolonged and
more severe Zika virus symptoms, as their immune
systems struggle to mount an adequate response.
This can lead to higher viral loads in the blood-
stream and potentially increase the duration and
likelihood of transmitting the virus to others via
bodily fluids [78]. It is crucial for healthcare provid-
ers to closely monitor and manage Zika virus infec-
tions in immunocompromised patients to minimize
complications and prevent further transmission
within healthcare settings and communities.

Close contact with infected individuals: Close
contact with infected individuals can increase the
risk of Zika virus transmission to pregnant women
through direct exposure to bodily fluids containing
the virus [79]. Close contact with infected individu-
als, particularly those exhibiting symptoms and
who have recently traveled to Zika-endemic areas,
increases the likelihood of exposure. Pregnant
women are at heightened risk because the virus
can cross the placental barrier, potentially causing
severe birth defects like microcephaly and other
developmental abnormalities in the fetus [80].
Inadequate Housing Conditions: Inadequate hous-
ing conditions contribute to Zika virus transmission
among pregnant women by creating environments
conducive to mosquito breeding and increased
human-mosquito contact. Poorly constructed and
overcrowded housing often lacks proper sanitation
and drainage, leading to stagnant water where Aedes
mosquitoes breed. This increases the likelihood of
mosquito bites and subsequent Zika virus transmis-
sion [81]. Homes without screens on windows and
doors fail to protect against mosquitoes, while lack
of air conditioning may compel residents to keep
windows open, further exposing them to mosquito
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bites indoors. Additionally, limited access to mos-
quito repellents, protective clothing, and bed nets in
inadequate housing exacerbates the risk [82]. Poor
housing conditions are also associated with reduced
access to healthcare services, hindering timely diag-
nosis, prevention, and management of Zika virus
infections during pregnancy. Addressing these hous-
ing challenges through improved infrastructure,
mosquito control efforts, community education, and
enhanced healthcare access is essential to protect
pregnant women and their unborn children from
Zika virus-related risks.

Criteria evaluation

In this section, we describe the process of evaluating the
criteria associated with the risk factors for Zika virus
transmission. A thorough assessment was conducted to
identify and prioritize the most significant risk factors,
utilizing expert evaluations and MCDM methods. The
criteria were selected based on their relevance to the Zika
virus transmission dynamics and their potential impact
on public health interventions.

1. Incubation Period (C;) The incubation period refers
to the time between exposure to the Zika virus and
the development of symptoms. During this phase,
individuals may be asymptomatic but still infec-
tious, contributing to silent transmission, particularly
through mosquito bites and sexual contact [3]. The
incubation period is typically 3—14 days.

2. Acute Phase (C;) The acute phase is when the
infected individual experiences symptoms such as
fever, rash, conjunctivitis, and arthralgia. This phase
is critical for identifying cases and mitigating further
spread, as individuals may transmit the virus to oth-
ers through mosquito bites, sexual transmission, or
blood transfusion [83].

3. Post-Acute Phase (C3) The post-acute phase involves
the prolonged presence of the virus in bodily fluids,
such as semen, urine, and saliva, even after symptoms
resolve. This phase is particularly important for sexual
transmission and persistence in communities [84].

4. Congenital Infection (C4) Maternal Zika virus infec-
tion during pregnancy can result in congenital Zika
syndrome, leading to severe fetal complications like
microcephaly, neurological deficits, and developmen-
tal delays. This phase is critical for understanding
vertical transmission risks [85].
infections, especially congenital and neurological com-
plications, require long-term monitoring and care.
Children with congenital Zika syndrome need contin-
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uous medical, developmental, and psychosocial sup-
port. Adults may experience Guillain-Barre Syndrome,
necessitating long-term rehabilitation [86].

The evaluation process provided a clear ranking of the key
risk factors, which will guide targeted interventions for
reducing Zika virus transmission.

Calculation

By the Flowchart (Fig. 6), the steps explained at Algo-
rithm 1, 2, 3 and 4. Table 2 explicates the risk factors and
their notation and Table 3 shows the notation and crite-
ria of the proposed work. Here, the weights were deter-
mined using a fuzzy weighting approach, ensuring a
balanced representation of expert opinions and criteria
importance. Tables 4, 5 and 6 providing the opinions of
three decision-makers about the risk factors of the Zika
virus. The proposed new score values of T2ZHFN expounds
in Table 7. Final rankings of TOPSIS, VIKOR and WASPAS
rankings are shown in the Tables 8, 9 and Fig. 7. Through
this, the dangerous risk factors of the Zika virus are calcu-
lated and arranged in an order.

The calculation of the entire matrix is not feasible due to
certain limitations. Therefore, the calculation for the risk
factor Z; is demonstrated below. The average value of three
decision-makers is,
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_ (VL+VL+1)

A
11 3

= {(0.033,0.133,0.233, 0.333, 0.433, 0.533, 0.633),

(0.083,0.183,0.283, 0.383, 0.483, 0.583, 0.683)}
Sc(A11) = (0.083 + 0.183 + 0.283 + 0.383 + 0.483 + 0.583 + 0.133
+0.233 + 0.333 + 0.433 + 0.533 + 0.633)
- ;(oos +0.05 4+ 0.05 + 0.05 + 0.05 + 0.05 4 0.2 + 005
+0.05 + 0.05 + 0.05 4 0.05 + 0.05 + 0.2) = 4.3 — 0.1428
Sc(Ar) = 4.157
Following this step, as per the TOPSIS method, distance-
based measures were calculated. Additionally, the compro-
mise solution using the VIKOR method was determined,

along with the computation of WSM and WPM values. For
Z1, the TOPSIS values are calculated as,

Compromise solution of VIKOR is calculated as,

S; — §* R, — R*
Q= (0.5){57 75*] +(1—0.5){R7 7{{4
01 — (05)[ 0934 =0165] 1037 0658
' 0934 —0165 | T 1725 — 0658
Qi = 1.000
Continue  the  process for all  alterna-
tives. Sorting Q; in ascending order to deter-
mine the rankings. The rankings are

Zg<Zg<Z5 <Z4<Z7<210<Z6<Zg<29<21 .
By this Z3 got the first risk factor which is the cause of
the Zika virus.

df = /(4157 — 4.557)2 + (4.957 — 7.343) + (6.943 — 8.857)2 + (8.471 — 10.088)2 + (9.813 — 11.156)2

V/(0.400)2 + (2.386)2 + (1.914)2 + (1.617)2 + (1.343)2

= +/0.160 + 5.698 + 3.665 + 2.615 + 1.804
V13.942 = 3.734

d; = \/(4.157 — 4.157)% + (4.957 — 6.157)2 + (6.943 — 6.557)% + (8.471 — 8.471)2 + (9.813 — 9.473)2

= 1/(0.000)2 + (1.200)2 + (0.386)2 + (0.000)2 + (0.340)2

= 4/0.000 + 1.440 + 0.149 + 0.000 + 0.116
=+/1.705 = 0.515

d; 0.515 0.515
= ——=0121

T4 +d; 373410515 4249

Y
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Risk
Alternatives factors of
Zika virus

Decision maker
opinion

Level of
Zika virus

Positive Ideal Solution
Negaitive Ideal
Solution

TOPSIS

‘\ /)

_
WASPAS

Value of Qi

WPM model

Value of Ri | Joint generalized
value

Final Rankings |<—| Comparative analysis

Fig. 6 Flowchart of the proposed work

Table 2 Risk factors and notations Table 4 First decision maker opinion

Notation Alternatives Alternatives G G G Ca Cs
Z Travel to Zika-Endemic areas Z VL L ML MH VH
7 Living in Zika-Endemic Areas 2 L M H H H
73 Unprotected Sexual Activity Z3 L M MH VH EH
74 Lack of Mosquito Precautions Zy L L MH H VH
Zs Immunocompromised State Zs L M ML MH VH
Z6 Previous Exposure to Zika Virus Zs L L ML M MH
Z7 Poor Prenatal Care Z; L M ML M H
Zg Blood Transfusions Zs L M M VH EH
Zg Close Contact with Infected Individuals 29 L M M VH
Z10 Inadequate Housing Conditions 210 L M MH H H

Table 3 Criteria and notations

Notation Criteria

G Incubation Period

G Acute Phase

G Post-Acute Phase

Cy Congenital Infection (Fetal Stage)

Cs Long-Term Monitoring and Care
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Table 5 Second decision maker opinion Table 8 TOPSIS rankings

Alternatives G G G Cy Cs Alternatives dj' d- I Rankings
Z VL L ML M H Z 3734 0515 0.121 10
2 VL L MH MH VH 2, 2.001 2.745 0.578 2
Z3 VL M ML VH EH 73 1.562 3.198 0672 1
Z4 VL ML M H H Zs 2376 1979 0454 6
Zs L ML MH H VH 7 2521 1.657 0.396 8
Zs L M MH MH H Zs 2.851 1.725 0376 9
Z; L MH M H VH  Z 2819 2526 0472 5
Zs VL ML ML MH VH 73 2.703 211 0438 7
Z9 VL MH M H VH Z9 2621 2535 0491 4
Z10 VL ML M H VH 7o 1.801 2437 0.575 3
Table 6 Third decision maker opinion Table 9 VIKOR rankings

Alternatives C G G Cy Cs Alternatives Si Ri Qi Rankings
7 L L MH H VH e 0.934 1.037 1.000 10
7 L ML MH H H /> 0.373 0.798 0.319 2
73 L ML M H EH 73 0.165 0.658 0.002 1
Za L ML MH MH H Z4 0471 0.798 0.383 4
Zs VL L H MH H Zs 0514 0.761 0.363 3
Zs VL ML MH H VH Zs 0.601 1.725 0.736 7
Z7 VL ML M H VH 77 0479 1.000 0.656 5
Zs VL L ML H EH Zs 0611 1.000 0.741 8
79 VL ML M MH MH Z9 0.691 1.000 0.794 9
Z10 V0L ML MH MH H Z10 0.569 1.000 0.713 6

Table 7 Score values of the type-2 heptagonal fuzzy numbers

Alternatives G G G Cy Cs

74 4.157 4.957 6.943 8471 9.813
Ve 4.557 6.157 8.857 9.198 9.813
73 4557 6.957 7.343 10.088 11.156
Zy 4557 5.757 8.130 9.198 9.813
Zs 4.557 6.157 7.343 8.857 10.088
Zs 4557 6.157 7.730 8471 9473
77 4557 7.343 6.557 8.857 10.088
/3 4.157 6.157 6.557 9473 10.892
Z9 4.157 7.343 7.343 8471 9.813

Z10 4.157 6.557 8.130 9.198 10.088
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WASPAS RANKINGS
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Fig. 7 WASPAS rankings

Algorithm 1 Choose the best risk factor from Z = 7y, 25, . .., Z1p (Standard procedures in MADM)

Require: i >0Vj >0
Ensure: Z = {Zl,Zg, . Z,L},C = {C]_,CQ, .. ,C]}

NN NN R e e s e s e
PN B2V XIS RNRQ

NN NN
S o o s

© ® 3SR w N

% Define the alternatives
Z={Z1,Zs,....2m)}
% Identify the criteria
C=0,0,,...,C,
% Create the decision matrix by alternatives and criteria
[A;;],i={1,2,...,m},j ={1,2,...,n}
for i=1,2,....m
for j=1,2,....n
% Collect the decision maker’s(DM) opinion on weights

fO’I" DM1 = Q45
fO’I”‘ DM2 = bij
fOT‘ DM3 = Cij

% Calculate the weighted value
_ Gijtbijtcij
’U)ij =

3
: Z?:l wij =1
. % Collect the DM’s opinion on attributes
: fO’I” DM1 = Tgj

Jor DM; = y;;
fO’I” DM3 = Zij

. % Aggregation of DM’s opinion

 fu= Zij+Yijt+zij
s fig =

3

. % Normalize the decision matrix
L g = fij—min(fi;)
1] -

max f;; —min f;;

. % Weighted normalized matrix

: hij = wj *x gij

. % Convert the T2HF'N into a crisp value
: hij = {VA(0D)+ VA (05))+ Va(0l))+Va(vg)) + Vs () + Vs (v5)) — 2 (P (v5) + Pi(v5)) +

Py (v;) + Pa(vf;) + P3(vy;

J) + P3(Ufj) + P4(Ufj) + P4(Ufj)

Page 23 of 32
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Algorithm 2 Choose the best risk factor from Z = 7,25, ... Z1,(TOPSIS)

Require: i,j > 0,> 7 w;; =1
Ensure: Z ={Z1,Z,...Z12},C = {C1,C3,C5,Cy4}
1: Construct the weighted values
2: if 4,5 > 0 then
Construct the relative importance with linguistic variables
Cij =1/Cj
else[C’ij = Cji = 1]
Calculate }°7_, Cjj = w;

= B A

9: Frame the decision matrix §k = gﬁj)mxn 1<i<m,1<j<nl1<k<p
10: Construct the weighted matrix W, = (0;)1xm

11: Frameﬁijfﬁji(@ﬁj, 1<i<mand1l<j<n.

12: Calculate S}, = (Rank(9;;))mxn

13: Determine PIS and NIS

+_ maz{Rank ()}, ifv; € Vi
vi min{Rank ()}, if v; € Vs

_ _ Jmin{Rank(¥.j)}, ifuvi eV
L maz{Rank(v;;)}, if v; € Vs
14: Compute d* (y;) and d~(y;)

d*(y;) = Z (Rank(?;;) — v )2,d” (y;) = Z (Rank(v;;) — v )2.
i=1 j

)

15: Calculate C(y;) = %

Algorithm 3 Choose the best risk factor from Z = 71,2, .. ., 71, (VIKOR) Algorithm 4 Choose the best risk factor from Z = 23,25, . . ., Z10 (WASPAS)

Require: i >0Vj5 >0 Require: ¢ >0Vj >0
Ensure: Z = {ZhZQ,...ZZ'},C = {01,02,...,Cj} Ensure: 7 = {Z1,227. Z} C= {01,02,...,Cj}

1: % Determine best and worst 1: % Weighted normalized decision matrix
2: v} = max(v;;) and v; = min(v;;) 2: hyj = wij * gi; Vi&ej
3: % Utility measure (S;) 3: % Weighted sum method
4: Sli ?_ ’u)*v]:iivlj 4:3_21 1hij
211 (“a‘ Y ) 5: % Weighted product method
5: % Regret measure (R;) 6 P =["(gs;)"
6: R; = max;(S;;) Pl =9 .

T I\ . 7. % Calculate the ranking score value
% Compute VIKOR index 8 Zi=ASi+ (1—A).PA={0,0.1,....1}
8 Qi =v(g=z=)+ (1 —v)(5=F=) 9: % Rank the alternatives by the values
9: % Make the rankings in ascending order.

Discussion

The application of Type-2 heptagonal fuzzy sets with
multiple operators in MCDM for identifying risk factors
of the Zika virus represents a significant advancement in
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handling uncertainty and imprecision in complex deci-
sion environments. This discussion section explores the
implications, effectiveness, and potential limitations of
the proposed approach.

In the proposed work, the rankings of risk factors of the
Zika virus are explained with the situations of patients as
criteria. The risk factor Z3 unprotected sexual activity
got the first place in the system of risk factors. Zg blood
transfusions are in the second place of the dangerous risk
factor. Continuously Z19, Zg and Z7 are in the next posi-
tions. The distance-based methods such as TOPSIS and
WASPAS provide the rankings in ascending order. The
outranking and distance-based method VIKOR provides
the ranking in descending order. Figures 7, 8 and 9 are
shown and explicated the rankings. When the different
methods provide different rankings, then the fuzzy infer-
ence rankings (FIR) method can be utilized to make the
final rankings of risk factors. By the if and then rules the
FIR provided the rankings and it is shown in Table 10. By
Table 10 the risk factor Z3 unprotected sex is making the
high-risk factor for the Zika Virus spreading increasing
the seriousness of the patients.

One of the primary advantages of using Type-2 fuzzy
sets is their ability to handle higher levels of uncer-
tainty compared to Type-1 fuzzy sets. In the context of
Zika virus risk assessment, this is particularly impor-
tant due to the inherent uncertainty in epidemiological
data, transmission dynamics, and environmental fac-
tors. Type-2 fuzzy sets, with their fuzzy membership
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functions, provide a more nuanced representation of this
uncertainty, leading to more robust and reliable decision-
making processes. The use of heptagonal fuzzy numbers
in this work introduces a more detailed and flexible rep-
resentation of fuzzy data. Heptagonal fuzzy numbers,
with their seven vertices, allow for more precise mode-
ling of membership functions, capturing subtle variations
in the data that traditional triangular or trapezoidal fuzzy
numbers might miss. This detailed modeling is crucial for
accurately assessing the multifaceted risk factors associ-
ated with the Zika virus, such as mosquito breeding sites,
climate conditions, and public health responses.

In Table 10, the final rankings were determined using
a FIR, which integrates the rankings obtained from three
different MCDM techniques: TOPSIS, VIKOR, and
WASPAS. This method ensures a balanced and accurate
representation of the alternatives by combining the rank-
ings and emphasizing consensus among the methods.

The FIR aggregates the rankings, selecting similar ranks
from the three methods to arrive at a consensus. For
instance, Z; and Z3 emerge as the top-performing alter-
natives with consistently high ranks across all methods,
while Z1 is unanimously the lowest-performing alterna-
tive. This integration reduces bias and enhances decision-
making reliability by accounting for method-specific
strengths.

To assess the correctness of the rankings, Pearson
correlation coefficients were utilized. The Table 11 pre-
sents the corresponding values, while the Figs. 10 and 11

VIKOR Rankings
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Fig. 9 TOPSIS rankings

visually represent the relationships between the 10 risk
factors and the 5 disease periods.

Furthermore, aggregation operators were employed in
the sensitivity analysis to compare the rankings of the Zika
virus risk factors under varying conditions. The results
demonstrated the robustness of the rankings across dif-
ferent operators. For future work, we plan to explore the
application of additional aggregation operators to further
refine and finalize the results, ensuring a more compre-
hensive and accurate decision-making process.

Clarification of rankings by FIR method
In Table 10, the final rankings were determined using a
fuzzy inference model, which integrates the rankings

Table 10 Final FIR rankings

Alternatives TOPSIS VIKOR WASPAS FIR

Z
Ve,
Z3
Zy
Zs
Zs
Z7
Zs
Zy
Z10

(@}
o
)
o

w A N O 0O =N =
OO 0 U1 WA =N =
w O O A~ 0O N LT =N

w A N 1O 0O = N =

Riskfactors

obtained from three different MCDM techniques: TOP-
SIS, VIKOR, and WASPAS. This method ensures a bal-
anced and accurate representation of the alternatives
by combining the rankings and emphasizing consensus
among the methods. The rankings for each alternative are
as follows:

+ Z1:Ranked 10 by all methods, indicating it is the least
favorable alternative.

+ Zy Consistently ranked 2 by all methods, demon-
strating strong agreement on its high performance.

o Z3: Achieved the top rank (1) across all methods,
making it the best alternative.

+ Zg Shows slight variation, ranked 6 in TOPSIS, 4 in
VIKOR, 5 in WASPAS, and 6 in FIR, suggesting it is
moderately favorable.

o Zs Exhibits variation, ranked 8 by TOPSIS, 3 by
VIKOR, 7 by WASPAS, and 8 by FIR, indicating a
mixed performance.

« Zg Ranked 9 in TOPSIS, 7 in VIKOR, 8 in WASPAS,
and 9 in FIR, reflecting its lower favorability.

+ Z7 Consistently ranked 5 in TOPSIS and FIR but
slightly different in WASPAS (4) and VIKOR (5),
making it a mid-performing alternative.

« Zg Ranked 7 in TOPSIS, 8 in VIKOR, 9 in WASPAS,
and 7 in FIR, indicating its lower favorability.

o Zo: Ranks vary significantly: 4 in TOPSIS, 9 in
VIKOR, 6 in WASPAS, and 4 in FIR, highlighting
some inconsistency in its evaluation.
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Table 11 Pearson correlation co-efficient values

Values Q Cz C3 C4 C5

[« 1.000000 0.118377 0.293152 0.208356  —0.078604
G 0.118377 1.000000 —0.154752 0.191886 0.271782
G 0.293152 —0.154752  1.000000 0.092822 —0.409580
(@ 0.208356 0.191886 0.092822 1.000000 0.841248
Cs -0.078604 0271782 —0409580 0.841248 1.000000

+ Zjo: Ranked 3 in TOPSIS, 6 in VIKOR, 3 in WASPAS,
and 3 in FIR, indicating it is a strong alternative.

Table 12 shows the advantages of this methodology and
compares with others.

Sensitivity analysis

In MCDM, sensitivity analysis serves as a vital tool for
evaluating how variations in criteria weights and input
data influence final decision rankings. Alterations in the
weighted values do not impact the final rankings. When
the values are att = 2,¢t =4,t = 5,t = 6, and ¢t = 10 the
rankings remain the same, and Fig. 12 explains the data
values. In this work, sensitivity analysis was performed
by systematically modifying the weights of Zika virus risk
factors within a 10% to 100% range to observe its impact
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on the final rankings. The results demonstrated that the
top-ranked risk factors remained stable, particularly Z3
(unprotected sexual activity), Zg (blood transfusions),
and Zjo (pregnancy), confirming the robustness of the
proposed framework. Even under extreme variations,
the ranking shifts were minimal, reinforcing the model’s
reliability in public health decision-making. It is proved
that T2HFWA, T2HFWG, T2HFPWA are estimating the
alternative values with the criteria in each situation.

Limitations of the proposed method

+  While the methodology is tailored to the Zika virus,
its generalizability to other infectious diseases may
require significant modifications to account for dif-
ferent epidemiological characteristics.

+ The accuracy and reliability of the proposed method-
ology depend heavily on the quality and availability
of epidemiological data. In regions with limited data
collection infrastructure, the results are less accurate.

+ Although sensitivity analysis ensures stability, further
research can explore dynamic adjustments to param-
eters based on real-time data.

+ Future work could extend this methodology to other
infectious diseases, considering evolving risk factors.

Pearson Correlation Matrix between 10 Alternatives and 5 Criteria

<& o &
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-0.00

Pearson Correlation

--0.25
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Fig. 10 Pearson correlation co-efficient values in between alternatives criteria
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Pairplot of Alternatives (Z1-Z10) vs Criteria (C1-C5)
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Fig. 11 Pictorial representation of Pearson correlation co-efficient values in between alternatives criteria

Future work directions

+ Future research should focus on extending the
T2HEFS framework to other complex decision-mak-
ing domains such as healthcare (e.g., infectious dis-
ease management), financial investment, and supply
chain optimization.

+ Integrating deep learning techniques like CNNs,
LSTMs, and hybrid Al-fuzzy models with T2HEFS
can enhance predictive accuracy and adaptability in
handling uncertainty in large-scale decision-making
problems.

+ Developing an intelligent, cloud-based decision-sup-
port system incorporating T2HFS with automated
sensitivity analysis and a user-friendly interface
can facilitate real-world applications across various
industries.

«+ Future studies should explore dynamic and real-time
decision-making using T2HFS, incorporating evolv-

ing expert inputs and adaptive risk assessment mod-
els for continuously updating rankings.

+ Investigating alternative MCDM methods such as
TODIM, AHP, and hybrid models within the T2HFS
framework can improve the robustness and reliability
of decision outcomes.

Conclusion

In this study, we applied T2-HFSs with multiple MCDM
methods to identify and prioritize risk factors associated
with the Zika virus. The use of T2-HFSs offers significant
advantages over traditional fuzzy approaches by man-
aging higher-order uncertainties and providing a more
nuanced representation of linguistic terms, leading to
more accurate decision-making outcomes.

The integration of T2-HFSs within the MCDM frame-
work enabled robust modeling of uncertainties in real-
world decision-making scenarios. By incorporating fuzzy
arithmetic and aggregation operators, we preserved
the inherent imprecision in expert evaluations while
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Sensitivity Analysis
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Fig. 12 Sensitivity analysis

producing reliable rankings. The framework’s effec-
tiveness was demonstrated through consistent results
obtained from multiple MCDM techniques (TOPSIS and
WASPAS), with a Pearson correlation coefficient exceed-
ing 0.92, ensuring strong agreement between methods.

The key findings of this study include the identifica-
tion of Z3 (unprotected sexual activity) as the most critical
risk factor (score: 0.6717), followed by Zg (blood transfu-
sions, 0.5783), Z1¢ (pregnancy, 0.5753), Zg (mosquito bites,
0.4917), and Z7 (travel to endemic areas, 0.4726). These
rankings provide a clear and actionable basis for policymak-
ers to prioritize interventions, allocate resources effectively,
and mitigate Zika virus transmission risks. The stability of
these rankings was further validated through sensitivity
analysis, confirming the reliability of our approach.

Additionally, this study emphasizes the importance of
targeted interventions at different stages of the Zika virus
infection. The findings highlight the need for promoting safe
sexual practices, ensuring rigorous blood transfusion safety
protocols, and implementing effective mosquito control
measures. The weight assigned to each criterion was care-
fully selected based on its relevance to different transmission
phases, ensuring a holistic assessment of risk factors.

While this study provides significant advancements in
health risk management, future research could explore
the application of T2-HFSs to other infectious diseases or
emerging public health crises. Moreover, extending the
methodology to incorporate dynamic factors, such as envi-
ronmental changes or evolving virus strains, could enhance
real-time decision-making support.
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