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mechanism for analyzing, prioritizing, and resolving conflicting objectives is proposed based on
integrating economic, social, and risk-related parameters within a highly sophisticated circular
interval-valued framework. Unlike the traditional model, the proposed methodology is applied to
reveal more adaptive, dynamic, and interdependent factors that provide actionable strategies that are
consistent with policy goals. The comparison analysis demonstrates the proposed algorithm's
validation and efficacy, highlighting the reliability and adaptability and depicting that the algorithm
can transform the process of making economic strategy. The proposed work provides theoretical
innovation and practical applications such as macroeconomic policy, financial risk management, and
sustainable infrastructure development. It is a compelling tool for policymakers and strategists seeking
to maximize economic outcomes in uncertain and dynamic environments.

Keywords: fuzzy logic-based optimization; multi-factor assessment algorithms; strategic economic
planning; Heronian mean; MEREC approach
Mathematics Subject Classification: 03E72, 62C86, 68U35, 90B50




10867

1. Introduction

In economics, strategic planning is creating long-term policies and activities to reach specific
objectives soon, such as the allocation of resources, risk management, and sustainable
development [1]. In a rapidly evolving economic landscape, the decisionmakers face challenges in
handling multiple competing aspects, which consist of economic performance together with social
fundamentals, environmental sustainability and policy workability. The complexity that exists between
multiple system factors makes traditional methods ineffective, so the application of intelligent
optimization emerges as a modern solution. The method establishes extended-term policies and
frameworks designed for particular economic targets while considering distribution complexities,
stakeholder preferences, and market elements. Through this framework, policymakers, together with
organizations and governments, obtain the capability to make strategic choices that secure both
sustainable economic growth and social equality with sustainability. Economic systems maintain a
dynamic nature because they depend on multiple interdependent factors consisting of technological
innovation together with population growth and global business activities and environmental
transformations as well as geopolitical risks. The interrelated nature of economic systems needs
evaluation during the planning of strategic measures and the building of adaptive policies with
resilience characteristics. Addressing the challenges of unemployment, income disparity, inflation,
climate change, and resource scarcity demands a comprehensive assessment approach.

Strategic planning is a cornerstone of effective decision-making and long-term goal achievement
across various applied disciplines, from tourism to housing, governance, agriculture, foreign policy,
and urban development. The adaptability of strategic frameworks means they can be used in any sector
to bring organizations and governments to align resources, anticipate challenges, and achieve
sustainable growth. The Jordan Tourism Board’s 2023 Strategic Planning [2] is an example of how
modern strategies and digital engagement can be merged to increase a nation’s tourism capabilities
using social media to extend their reach to a worldwide audience. Similarly, housing planning in the
context of addressing affordability is embedded in administrative studies for affordable housing [3],
on the allocation of finances and affordability. Strategic planning is equally important in local
government. The case studies [4] highlight how municipalities utilize specific frameworks tailored to
the success of community development, economic development, and infrastructure expansion. Further,
integrating technology and market strategy [5] is discussed in agricultural economics to improve
productivity and sustainability and adapt to the increasingly competitive market in a global setting.
The foreign policy analysis [6] stands as a groundbreaking resource at the nexus of governance and
policy that can inform diplomatic or business decisions, covering risks while enhancing international
cooperation. Another set of works that also demonstrates the effectiveness of strategic plans at the
regional level is, for example, The Evaluation of the Regional Long-Time Development Plan [7],
which assesses the effects of these plans on socioeconomic development and governance. Moreover,
the use of economic indicators [8] as instruments for determining market trends and forecasting future
performance means data merits use as a strategic decision platform.

The innovation districts have become strategic elements of spatial planning on an urban scale [9].
Urban projects are the pathways to foster urban innovation, economic growth, and societal
advancement, which provide pathways for the latter. This comprehensive exploration of strategic
planning shows how it can solve complex problems, foster innovation, and underpin long-term
sustainability. This analysis examines its use in tourism, housing, governance, agriculture, and urban

AIMS Mathematics Volume 10, Issue 5, 10866—10897.



10868

planning to illuminate the principles, methodologies, and outcomes of strategic planning as a
transformative tool for contemporary development.

The comprehensive exploration of strategic planning highlights its versatility and necessity in
addressing complex challenges, fostering innovation, and achieving long-term sustainability. By
examining its application across tourism, housing, governance, agriculture, and urban planning, this
analysis aims to illuminate the principles, methodologies, and outcomes of strategic planning as a
transformative tool for modern development.

1.1. Key elements of strategic planning in economics

The key elements of strategic planning are displayed in Figure 1, and their description is given
below:

Key Elements of

Strategic Planning
in Economics

* Goal Setting and Prioritization
* Data-Driven Decision-Making
« Stakeholder Engagement
 Adaptability and Resilience

Figure 1. Key elements of strategic planning.

a) Goal setting and prioritization. The first part of strategic planning defines clear objectives
connected to national or organizational visions. Some goals are increasing GDP growth, reducing
poverty, promoting green technologies, and conducting balanced regional development. Prioritization
uses limited resources in the areas with the most significant impact potential.

b) Data-driven decision-making. Economic planning necessarily requires analysis of large
datasets; macroeconomic indicators (GDP, inflation rates, unemployment); social factors (educational
levels, healthcare access); and environmental metrics (carbon emissions, biodiversity indices). Data,
though, is only valuable when it is transformed into actionable insights, and that’s where advanced
analytics and intelligent algorithms play a critical role in providing valuable insights.

c) Stakeholder engagement. The stakeholders are essential, and governments, businesses,
communities, and international organizations must be considered. Equitable, socially acceptable, and
politically 'feasible' inclusive policymaking is defined.

d) Adaptability and resilience. In an uncertain environment, strategies must be flexible enough
to deal with unexpected disruptions (pandemics, economic recessions, or technological milestones)
that affect the lives of customers and employees, respectively. Moreover, building flexibility relies on
scenario planning and real-time monitoring.
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1.2. Background and motivation

Strategic planning is a mechanism to navigate the complex, dynamic challenges in global tourism,
housing, governance, agriculture, urban innovation, and public policy. It helps us provide structure
alignment so that the objectives are ready and resource allocation can be optimized to help them
achieve sustainable growth in increasingly competitive and resource-constrained environments.
Tourism planning can also do this, as the Jordan tourism board’s strategies [2] show how tourism
planning can preserve culture, balance it with economic expansion, and bridge tradition and
modernization. The affordable housing initiative project [3] necessitates a creative, cost-efficient
approach toward tackling critical social concerns, maintaining and ensuring financial sustainability,
and inclusivity over the long term. Strategic planning in the agricultural sector [10] Plugs in
technological innovations and market-driven convergences to revolutionize productivity and food
security through a blueprint for urban strategic development to boost creativity and economic
resilience. Innovation districts, too, are a burgeoning passion for strategic urban planning rooted in
collaboration, entrepreneurship, the development of technological solutions, and transforming cities
into engines of economic and creative growth. From these diverse examples, it becomes clear how
strategic planning could be used to solve real-world problems. Despite its inherent strengths, it also
allows for common and glaring weaknesses, including the incomplete use of imprecise data, balancing
multiple priorities, and quantifying the less tangible results, such as social impact, cultural value, and
long-term adaptability. Increasingly, advanced decision-making frameworks are needed to address the
requirements of strategic plans, ensuring diverse stakeholder views, anticipation of evolving market
trends, and RIM to unfavorable changes. A strategic planning system that leverages the
interdependencies and complexity of the present globalized and resource-scarce environment is
emerging, one that embraces uncertainty, fosters innovation, and delivers solutions that solve in a
dynamic, adaptable way when designed to the realities of each sector's specific challenges.

The motivation for this research is to address the above complexities by considering strategic
planning to be a decision-making problem and providing a comprehensive decision-making tool to
systematically evaluate the optimal strategy by considering the imprecision inherent in the
environment. Using such an approach, the strategic planning processes enable robust data-driven
models to produce optimized answers that address sector requirements. For instance, decision-making
tools can enhance the viability of affordable housing initiatives with criteria like economic feasibility,
social impact, and environmental sustainability. Likewise, it can be valuable in urban innovation
projects to prioritize actions deriving from interlocking issues such as infrastructure, stakeholder
collaboration, and scalability over time. By reframing strategic planning as a decision-making problem,
stakeholders can make informed, adaptive, and context-sensitive choices; ensure the alignment of
resources and goals and promote innovation and resilience in a complex and interconnected world.

1.3. Problem statement

Strategic planning is essential for tackling complex, joint challenges in various sectors, such as
tourism, housing, governance, agriculture, and urban development. By drawing on prior research on
the transformative potential of strategic frameworks, this paper calls into question the competence of
studies in that regard, highlighting significant gaps in dimensions like uncertainty, interdependencies,
and flexibility. Tourism strategic planning is a good example of how digital platforms can be used.
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Still, it fails to provide the methodology for tackling conflicting priorities and evolving dynamics. Like
works on affordable housing investment analysis, the financial viability of a project is emphasized
without considering the integrated frameworks for socio-economic and environmental factors. Studies
of technology integration with market strategic management in the agricultural sector frequently
neglect the complexities of reconciling short-term gains with long-term sustainability. Moreover,
studies focusing on urban creativity and economic growth tend to leave out contextual factors such as
environmental sustainability, infrastructure, and community equity.

Further, the traditional decision-making models in these domains heavily rely on deterministic
methods that do not account for imprecision, ambiguity, and complex relationships between criteria.
Although the existing fuzzy [11] frameworks such as interval valued intuitionistic fuzzy sets
(IVIFS) [12], pythagorean fuzzy sets (PyFS) [13], and g-rung fuzzy sets (q-RFS) [14] are innovative
and used by various scholars [15—17], they fail to tackle real-world decision-making problems with a
circular framework [18] that depicts the interrelationships and radius between membership and non-
membership values. We show that these methods typically produce inconsistent rankings, are limited
in their ability to consider various stakeholder preferences, and cannot opportunistically adapt to
changing contexts over time.

To address these gaps, strategic planning has to shift to a multi-criteria decision-making (MCDM)
problem capable of dealing with uncertainty, flexibility, and interdependencies. In this study, a new
robust framework scheme using the IVIF Heronian mean within the circular framework (CIVIFHM)
and its extension, including the weighted Heronian mean (CIVIFWHM), generalized Heronian mean
(CIVIFGHM), and weighted generalized Heronian mean (CIVIFWGHM), was presented. The
proposed operators are ideally suited to evaluate such alternatives as industrial modernization,
renewable energy development, education and workforce training, and infrastructure expansion. They
also offer flexibility to address changing priorities and circular interrelationships that consider the
complexity of the environment. The study employs this innovative approach to not only bridge the
existing gaps in previous methodologies but also to create the most complete tool for a systematic
evaluation and ranking of alternatives that the field of public policy has to offer policymakers. The
proposed approach overcomes the weaknesses of existing methods in providing robust, flexible, and
contextually sensitive solutions to strategic planning problems in a world of increasing
interconnectedness and uncertainty.

1.4. Objective and contribution

This research aims to develop a robust and vigorous decision-making approach for assessing
economic strategies, including stagnation, unemployment, and resource limitation, while promoting
equity, growth, and sustainability. This research specifically aims to integrate the MEREC approach
with a CIVIF framework to identify the preference of various criteria such as job creation, growth of
the economy, social equity, and environmental sustainability. By exploiting advanced methodologies,
the study offers policymakers a systematic and balanced tool to balance competing priorities, navigate
uncertainties, and find optimal solutions for strategic economic planning.

In the field of economic strategy, this study makes several significant contributions. First, it allows
for a comprehensive assessment of multi-criteria problems while resolving uncertainty and imprecision.
It introduces a novel combination of the interval-valued circular intuitionistic framework and the
MEREC technique. Second, it provides a structured methodology to assess trade-offs among critical
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factors like creating jobs, equity, economic growth, and sustainability, and offers actionable solutions
for decision-makers. Third, the research proves its practical application by applying this approach to a
real-world case study, highlighting that it has the potential to assist policymakers in crafting sustainable
and balanced economic growth. Last, the research opens the way for future study by proposing a
versatile approach that could be adapted by other complex decision-making fields, enhancing strategic
planning and intelligent optimization.

1.5. Layout

This paper is organized as follows: in the introductory Section 1, the introduction, background
history, motivation, problem statement, objectives, and contribution are defined. Section 2 presents the
literature on the existing model and discusses the research gap in economic strategy planning. In
Section 3, some basic concepts that form the foundation of the proposed methodology are presented
in Section 4. The proposed method is utilized to evaluate the economic strategy planning problem, and
its numerical evaluation is given in Section 5. The last section, Section 6, concludes the findings by
discussing their limitations and future direction.

2. Literature review

This section gives an overview of the existing models in economic strategy by highlighting their
methodologies, their areas of application, and their drawbacks. Further, it points out the research gap
in existing models and does not fully address the problem of dealing with uncertainties.

2.1. Existing model in economics strategic planning

Strategic planning models have evolved in economics to solve challenges: resource optimization,
forecasting, performance analysis, etc. Such models are usually theoretical but include practical tools
to evaluate alternatives, predict trends, and inform policymaking. Thus, they are effective only to the
extent that they can embed uncertainty, interdependencies, and stakeholder preferences. Several
existing models assist in illustrating the use of strategic planning in several economic contexts,
including key performance indicators (KPIs) and data envelopment analysis (DEA) [19] which are
applied to Greek tourism and integrated with DEA to assess the efficiency of destinations. It helps to
make strategic plans by identifying the factors of strengths, weaknesses, and areas of improvement,
but it only conducts linear efficiency evaluation and lacks multi-faceted interdependence. Artificial
neural networks (ANN) [20], applies machine learning (ML) techniques to predict the trend and is
used for predicting air traffic demand based on socio-economic parameters. Despite its predictive
capability, this approach is untransparent when it makes decisions and cannot incorporate qualitative
arguments. In strategic planning and performance perceptions [21], the mediation analysis examines
relationships between strategic planning and citizen and manager perceptions. Although it provides
stakeholder views, it is hard to use in quantitative, data-driven cases where alternatives must be judged.
The digital transformation in the supply chain optimization model [22] emphasizes the economic cost
of supply chain transformation with economic theory and practical tools and focuses on the economic
impacts of digital transformation. It applies to technological applications but does not address broader
strategic issues such as social equity or environmental sustainability. The foresight research and
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economic complexity [23] examine synergies between economic complexity and foresight research
within the framework of small countries in technological revolutions. However, regarding innovation
and adaptability, there is little framework to decide when, where, and how to allocate resources in

detail. The existing studies based on economic strategic planning are shown in Table 1.

Table 1. Existing model in economics strategic planning.

Model Application Strengths Limitations
Key Performance Evaluation in Identifies  strengths Limited to linear -efficiency
Indicators and Data tourism and weaknesses in evaluation; does not address
Envelopment Analysis performance multi-criteria dependencies
(KPIs and DEA)
Artificial Neural Predicting air traffic Accurate forecasting Lacks decision transparency;
Networks (ANN) demand of  socio-economic does not incorporate qualitative
trends factors
Strategic Planning and Managerial and Captures stakeholder Ineffective for quantitative,
Performance Perceptions  citizen perspectives relationships data-driven evaluations
in planning effectively
Digital Transformation in  Supply chain Technological Ignores broader strategic goals
Supply Chain efficiency and integration and like equity and sustainability
Optimization digital impact economic analysis
Foresight Research and Innovation for small Encourages Does not provide detailed
Economic Complexity economies adaptability and frameworks for
fosters innovation decisionmaking.

To address the limitations of existing economic strategic planning frameworks, the proposed
model, based upon the CIVIF framework, provides robust, flexible, and efficient solutions to strategic
planning problems in a world of increasing complexities and uncertainties. In contrast to the literature,
the proposed model conditions DEA models to handle nonlinear interdependencies and a complete set
of criteria like economic growth, social equity, and environmental impact. Moreover, it is also superior
to machine learning models (MLM), like artificial neural networks (ANN), which use a process that
can be seen by humans but is not transparent and interpretable in terms of both qualitative and
quantitative. The model bridges the stakeholder perception gap and quantitative analysis by providing
inclusion and a high degree of data. It also tackles the shortcomings of existing supply chain
optimization and foresight research models by embedding sustainability, equity, and adaptability into
the decision-making framework. The proposed model featuring advanced aggregation operators (AOs)
not only performs well in dealing with imprecision but also considers conflicting objectives, providing
an attractive, robust, and flexible solution to complex economic strategic planning problems.

Moreover, the proposed approach extends the traditional decision-making models by integrating
a CIVIF framework that allows a more nuanced representation of uncertainty and interdependence
between economic factors. Unlike traditional decision-making approaches that use subjective weight
values [24], this framework uses the MEREC-driven Heronian Mean approach to dynamically evaluate
the objective weighting values, resulting in higher adaptability. Mathematically, this improves the
aggregation process by maintaining interrelationships, reducing bias, and increasing decision
consistency. The approach is reliable with current developments in computational economics and fuzzy
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decision theory, bridging the gap between qualitative expert opinion and quantitative optimization. By
addressing critical drawbacks of existing models, such as rigid preference structures and sensitivity to
input variations, this framework offers a more flexible solution for complicated economic strategy
planning.

2.2. Research gap

Despite a vast generalization of economic strategic planning research, many problems remain to
be resolved in a complex setting, compared to real-world decision-making scenarios. Models that are
KPIs plus DEA or artificial neural networks and supply chain optimization frameworks are perfect
when applied to particular circumstances. Yet, they do not integrate the various interdependencies and
uncertainties in a multi-criteria evaluation. However, complex economic environments often result in
imprecision in data and non-linear relationships between criteria and conflicting objectives, rendering
these models inapplicable. For example, whereas DEA models can only perform linear efficiency
analysis, ML models lack transparency and do not account for qualitative preferences. As stakeholder-
focused approaches can tell you who cares and what they care about, they can also capture perceptions,
but not robust quantitative methods for selecting one option over another. In parallel with such models,
foresight and economic complexity models also focus on adaptability but do not include structured
resource allocation and prioritization frameworks.

Unlike traditional models such as ANN and DEA, which struggle with interpretability and fail to
capture the complex interdependencies of economic factors, our proposed framework introduces a
circular interval-valued intuitionistic fuzzy (CIVIF) approach. This innovative methodology
seamlessly integrates quantitative economic indicators and qualitative risk assessments, providing
policymakers with a robust, data-driven decision-making tool that adapts to uncertainty and conflicting
objectives in strategic economic planning. To address the gaps with a decision-making model that can
seamlessly handle imprecision, manage interdependencies between criteria, and enable transparency
and inclusivity when faced with diverse priority specifications. This research aims to develop the IVIF
Heronian mean within the circular framework (CIVIFHM) framework and its extension, which offers
an alternative to existing models using an advanced decision-making model that considers the
weighted relationships and dynamic AOs to develop a comprehensive, flexible, and robust tool for
addressing various multi-dimensional strategic planning challenges.

3. Preliminaries

This section recalls some basic concepts of CIFS, CIVIFS, its operational laws, HM and GHM
AQ, and some of its properties.

Definition 3.1. [18] A circular intuitionistic fuzzy set (CIFS) C is define by;

C= {(c (mc(c),nc(c),r(c))) c€E c}. (1)

The CIFS consists of a triplet that depicts a circle's membership, non-membership, and radius.
Moreover, each term of the triplet lies within the zero-one interval, and the sum of (mc(c), nc(c))

also lies within the zero-one interval. For convenience, we will write it as (m, n, r).
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Definition 3.2. [25] A circular interval-valued intuitionistic fuzzy set (CIVIFS) C is defined by;

¢ ={(c,(mc(,nc(),r(©));c € c}. )

Where mc(c) = [m?, m*]; n¢(c) = [n?, n%]; r(c) = [r?, r*]. Each term is bounded between the lower

and upper bounds such that each term lies within the zero-one interval, and a condition that the sum
of its upper bounds, i.e., (m* + n*), lies within the zero-one interval.

Definition 3.3. [25] Let C = ([m’?, m“], [n", n”], [r’?, ru]) depict the CIVIFS. Then, the score value

is determined by

Slps(mf, n[) + SIFs(mu, nu) X (r{ + ru)
c = )
2

((m" +m*—nf —n*) x (rf + ru)).

2

€)
SC =

Definition 3.4. [25] Let C; = ([m?, m*], [n¢, n*], [r?,r*]); (i = 1,2) represent a CIVIFSs. Then;

(mj1+m{’2 1m 2)] [(n n 2) (n,n 2)]
0 C.&C, = (m*; + m*, — m* m“,) , )

(r*y +rty = rtyr*y)

[(m?am?,), (mm¥,)], [(” 1 +nfy—nt 1 n’, )l

b C,®C, = (n*y + n*, (5)
[(r{)lr{)z)’ (ru1"u2)]
1—(1=m’)" 1= —=m)], [(n2), (],
¢ bC; = [ ( ) . ] [( ) ] , (6)
[1-(1-r)" 1 - @ —rey]
mfl b' (mul)b ) 1—-(1- nfl b' 1- (1 - nul)b )
d) (C))= [( ) ] [ ( ) ] (7)

[(rfl)b' (rul)b]

3.1. Heronian mean (HM) AO and its properties

To depict the interrelationship between the multiple parameters, HM AO [26] plays a significant
role by accumulating and aggregating the provided data and assisting the experts in making decisions.
So, the HM is defined as follows:

AIMS Mathematics Volume 10, Issue 5, 10866—10897.



10875

Definition 3.5. [26] Let C;(i = 1,2, ...,n) € N*. Then,

HM'Y%(Cy,Cyp ., Cy) = ((2/n2+n)22=122=1 /CLCZ) ®)

Here i,7 > 0.
The HM AO satisfies the following properties;
a) HM'%(0,0,..,0) =0 IfV C; = 0, Vi;
b) HM'#(C,,C,,...,Ch) =C;IfV C; = C,Vi;
¢) HM'(C,,C,,..,Cy) = HMY(C,',C,/,...,C, "), IfC; = C;', Vi;
d) min(C;) < HM%“%(C4,C,, ...,Cy) < max(C;);

Definition 3.6. [26] Let C;(i = 1,2,...,n) € N*. Then,

GHM"(Cy, Cgy s Co) = | (%12 4 ) cicl . 9)

Here i,7>0.1f i = 4 =1/2 Eq (9) is reduced to Eq (8).
The GHM AO satisfies the following properties;

a) GHM"(0,0,..,0) =0;IfVC; =0, Vi.

b) GHM"(C,,C,,...,C,) =C;IfVC; =C,Vi.

¢) GHM"(Cy,Cy,...,Cy) = GHMY(C,',Cy, ..., CL 0.

d) 1fC; > C;,Vi;min(C;) < GHM'(C,,C,, ...,C,) < max(C,).

4. Methodology

This section delves into the framework, which is characterized by circular features, and facilitates
a more precise approach to addressing uncertainty and imprecision over the interval. This section
introduces the CIVIFS by utilizing the HM AO, which is pivotal in decision analysis. Moreover, it also
defines the theorems, properties, and axioms of CIVIFS within the HM, GHM, WHM, and WGHM
AOs. Further, the weight values are evaluated using the MEREC (method based on the removal effect
of criteria) approach. The proposed framework enhances traditional strategic planning by
incorporating a structured fuzzy decision-making process that accounts for uncertainty and conflicting
objectives. By integrating the MEREC method, our approach systematically removes less significant
criteria and prioritizes impactful economic factors, resulting in an adaptive and resilient economic
planning tool.

4.1. MEREC approach
This approach is proposed by Ghorabaee et al. [27], which is also considered a weight-

determining approach that computes the impact of each criterion by removing each criterion one by
one. The step of this approach is defined as follows:
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a) Formation of a decision matrix such that each element reflects the performance value of an

alternative concerning a specific criterion.

s [ b Ex

s, Ci1  Cyz Cin

(D)an = (% Ca2 Can
s ; :

m Cmi Cmz - Cupn

b) Each term in the decision matrix is normalized to ensure consistency and compatibility across each

attribute value. The normalized matrix is obtained by

Conn ; cost
™) _ 4 max(Cp,pn )’
A min(Cpyp ) .
L—; benefit
le’l

¢) Calculate the alternative's overall performance, representing the effectiveness across all criteria.
1
Oi = —Z ln(l - NU)
n r
J

d) To evaluate the impact of each attributive value, the performance of each alternative is recalculated
by excluding the contribution of each criterion one by one.
, 1
Oij = EZ ln(l - Nik)'
k%)
e¢) Now calculate the deviation degree between the overall performance and the recalculated

performance to measure the influence of each criterion.
— ! —_— .
@-—:EHOU o
i

S By summing up the deviation degree, the weight values w; are determined, ensuring that each
criterion is prioritized appropriately according to relative importance.
5
J
w; = :
7 Yk Bk

4.2. IVIF heronian mean within the circular framework (CIVIFHM) AO

Definition 4.1. Let C;(i =1,2,...,n) be circular interval-valued intuitionistic fuzzy values

(CIVIFVs). Then,

Volume 10, Issue 5, 10866—10897.
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CIVIFWHMY(C,,C,, ...,C,) = (10)

CIVIFHM"(C4,Cy, ...,Cy) = c;,cf7 . (11)

Here i,7 > 0.

Definition 4.2. Let C;(i = 1,2, ...,n) be a CIVIFV and w;(i = 1,2, ...
defines the significance of each C; with a condition ) w; = 1 Then,

,1) be the weight value that

Theorem 4.1. Let C;(i = 1,2,...,n) be a CIVIFV. Then:

CIVIFHMU(C4,Cy, ..., Cyy)
I i 7 (2/n2+n)
= ] (1m0 @e) "

g=1,p=1
[ (2/n2+n)
(12)

Proof. See Appendix A.

Theorem 4.2. Let C;(i = 1,2,...,n) be a CIVIFV and w;(i = 1,2, ...,n) be the weight value that
defines the significance of each C; with a condition ), w; = 1. Then:

CIVIFWHM(C4,C,, ...,Cy)

[ .
T (o (G- a=m™
|l1 q=1:p[=1 <1 j( (1-(1- mq#)m)}

(2/n2+n)

AIMS Mathematics

. ((1 - (1-r,)")' x
[ q=1p=1 (1-(- rqf)Wi)j

(2/n2+n)
-

n

1

g=1,p=

n

g=1p=1

-
(DR

1 (1- (”qu)Wi)f
(2/n2+n) ) )

- (1-(1-r,2)") x

11— 1- .

) dL

(1= (1-m)") x
(1= =m)")

(2/n2+n)]

J,

>>(2/nz+n)}

(13)
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Proof- Follow the steps of Theorem 4.1.

4.2.1. Properties of CIVIFHM AO
The CIVIFHM AO satisfies the following properties:

a) Idempotency. Let CC; = (mc,nc,re,);(i=12..,n) and C;=(mgncre)=C;Vi
represents a CIVIFV. Then;

CIVIFHM"(C4,C,, ...,C,) = C.
Here, (mc, = [m?,m¥],n¢, = [n%,n%], r¢, = [r!, r*]).

b) Boundedness. Let a CIVIFV C; = (mc,nc,r¢,); (i =1,2,..,n) and

miin(mcf) ) miin(mciu) m{ax(mci[) ) miax(mcl.“)
C = miax(nci‘l')), miaX(nCiu) ; Ct = miin(ncif) , miin(nci”) ; Vi.
miin(rci") ) miin(rciu) mlax(rci[) ) mlax(rciu)

Then,
C~ < CIVIFHM"(Cy,C,, ...,Cy) < C*.

¢) Monotonicity. Let C; = (mc, nc,rc,) and C;" = (m,/,n¢,,re,'); i = 1,2,...,n) be a CIVIFV.

t u n, ¢ t u n, ¢
If C Cl ,VL means that mc < mci , mci < mci ; nci > ncl. ,nci > nci ) and rci <

£ u
rcl.’ ,rciu < rci’ . Then,

CIVIFHM"(C,,C,, ...,C,) < CIVIFHM" (C,’,C,’, ...,Cy ).
4.3. IVIF generalized heronian mean within circular framework (CIVIFGHM) AO

Definition 4.3. Let C;(i = 1,2,...,n) bea CIVIFN and i, 7 > 0. Then,

. Yiss
CIVIFGHMY(C4,C,, ...,Cy) = n2 tn ZZc;cé . (14)

p=1q=1

Definition 4.4. Let C;(i =1,2,...,n) be a CIVIFV and w;(i =1,2,..,n) st Yw; =1 that
displays the weight vector which represents the importance of each C;. Then,

1
Ji+

CIVIFWGHMY (C,,Cy, ..., C) = | (2/,, 2 4 p ZZ(wpcp)ix(wch)’ : (15)

p=1g=1
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Theorem 4.3. Let C;(i = 1,2,...,n) be a CIVIFV. Then, Eq (15) becomes

CIVIFGHMY(C,,Cy, ..., Cp)

(16)

. ; , (*/nz4n) Vivs n , , (*/n24n) Yivj
(1— ) <1_((I’p4’)l(Fq4’)’)) ) 1= 1_[ (1—((Fp”)l(rq“)7)) )

q=1p=1

Proof. See Appendix B.

Theorem 4.4. Let C;(i =1,2,..,n) be CIVIFV and w;(i =1,2,...,n) such that Yw; =1
displays a weight vector that represents the importance of C;. Then,

. | ()|
(11‘[ (1-(-@=-m)™) (- -m")")) ) :
. ) /]
- [] (-a-a-m") - a-m")) |
g=1,p=1 J
[ n ; X (2/n2+n) 1/i+j
|< [ (1-0-0" (- 09") ) :
CIVIFWGHM"(C4,Cy, ...,Cy) = A /H}] : (17)
11 (1—<1—(npu)Wf)"m—(nq“)””)) ) j
r n /n2+n /H—#
l(l- [T (-a-a-n9"0-0-r9") )
] Yits
(1— [T (=== a-a-r” ) )

Proof. Follow the steps of Theorem 4.3.
4.3.1. Properties of CIVIFG AO

The CIVIFGHM AO satisfies the following properties:
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a) Idempotency. Let C; = (m¢, nc,re,); (i = 1,2,...,n) and C; = (mc, ne,r¢) = C; Vi represents
a CIVIFV. Then,
CIVIFHMY(C4,C,, ...,C,) = C.

Here, (m¢, = [m®,m¥],n¢, = [n?,n*], r¢, = [r%, r]).

b) Boundedness. Let C; = (mc,, nc,rc,); (i = 1,2,..,n) bea CIVIFV and

(miin(mci*’) ) miin(mci”)\ (mlax(mcif) ) miax(mciu) w
C = ml,elx(ncf),miax(nciu), s Ct = miin(nci{)),miin(nciu), S Vi,
miin(rcl.{’) ) miin(rci“) miax(rcif) ) miax(rciu)

Then,
C~ < CIVIFHM%"(C4,C,,...,C,) < C*.

¢) Monotonicity. Let C; = (mci,nci, rci) and C;' = (mci’, nci’,rci’); (i=12,..,n) represent a

£ 124

CIVIFV. If Ci < Ci,; Vi means that mcif < mci, , mciu < mci’u,;nci{) > nci ,nciu > nci,u

and rci{ < rci’{), rciu < rci’u.
Then,
CIVIFHM'#(C,,Cy, ...,Cp) < CIVIFHMY (C,',C,’, ...,C, ).

5. Strategic planning in economics

Planning systematically organizes strategies, policies, and resources in economics to achieve
goals and envision future economic conditions. It is an effort in a structured way to address societal
needs, manage resources effectively, and promote equity, growth, and sustainability. Planning is not
only an estimation or a set of calculations regarding the future. It is an active decision-making process
that is based on actions with demanded outcomes in a revolutionary economic landscape. The
fundamentals of economic planning focus on answering three primary questions: (a) What are the goals?
(b) What policies and resources are needed? (c) How to achieve these goals? A combination of data-
driven research, strategic vision, and policymaking is required to answer these questions. From the
national government crafting fiscal policies to corporate design strategies for market expansion,
several levels of economic planning can be carried out. Various strategies, such as projecting future
trends by evaluating current conditions, identifying the objectives, and organizing actionable strategies
to meet goals, are involved. The inherent complexities of modern economic systems are responsible
for the need for planning in economics. The effective allocation of resources (being finite) is required
to achieve economic growth while maintaining environmental and social balance.

The planning gives policymakers an advantage in optimizing the resources used, prioritizing
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initiatives, and mitigating risks. It ensures that informed and deliberate choices guide development so
it is not left to chance. For instance, a country may use strategic planning to gain long-term stability,
diversify its economy, and lower dependency on volatile sectors. A range of challenges must be
overcome in economic planning. The most painful issues are inequality, uncertainty in the world
market, degradation in the environment, and limitation of resources. Planners must manage balancing
conflicting priorities, such as encouraging rapid industrial growth while reducing unemployment (so
inflation does not trigger) and maintaining environmental resources. These challenges are made worse
by external factors such as technological disruptions, geopolitical instability, and world economic
trends, which can have unpredictable influences on local economies.

Strategic planning in economics takes this process to the next step by introducing a long-term
vision, defined objectives, and applicable strategies to achieve economic goals. Traditional planning
focuses on instant needs, but unlike this, strategic planning focuses on broad perspectives and future
scenarios. It is a decision-making process shaping tomorrow, such as investing in renewable energy
resources to concentrate on existing monetary needs and future sustainability challenges. In several
regions, poverty and energy availability are inseparable, as a lack of cheap electricity limits economic
prospects, healthcare, and education. Strategic planning in renewable energy is critical for tackling
environmental issues and strengthening low-income areas. Governments that invest in clean energy
infrastructure may create jobs, lower energy costs, and provide long-term solutions that fuel economic
growth. This long-term approach guarantees that renewable energy serves as an accelerator for poverty
alleviation, providing communities with an opportunity for financial security and improved living
conditions. Strategic planning offers a systematic framework for making decisions, enabling industries
and policymakers to align with the resources according to priorities while maintaining the adaptation
to change. Multiple factors are vital for effective economic planning. These factors include economic
indicators such as employment rates, GDP growth, trade balance, and inflation; environmental factors
such as conservation of resources and sustainability; and social factors such as healthcare, education,
and equity. The absence of one factor can significantly influence the others, as they are deeply
interconnected. For example, if a plan oversees environmental sustainability only, it might result in
short-term gains in return for long-term damage, undermining economic stability and social well-being.
Similarly, disparities could occur due to a lack of focus on social equity, eventually weakening the
economic framework and causing unrest in the social factors. Hence, systemic planning is mandatory
to ensure sustainable, resilient, and inclusive growth. It assists in reducing the risks associated with
inequality, resource scarcity, and external shocks. Combining multiple factors and balancing the
objectives and planning could create a blueprint for long-term success.

5.1. Case study: Evaluating a strategic planning problem with multi-factors assessment

A government task is to address a rising unemployment rate in an area suffering from economic
stagnation. Although the region has substantial economic potential, it still encounters challenges like
insufficient training and education programs, unequal allocation of resources, outdated organization,
and environmental concerns. Many regional organizations are working on old traditional methods,
making them incompetent in the modern world. Meanwhile, workers do not have the skills required
for the new job criteria. Thus, it is harder for people to find work due to a mismatch between skills and
available jobs. Another vital issue caused by inefficient organizations is environmental damage. The
pollution created by these industries harms nature and the area’s health, making it difficult for investors
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to begin new businesses. In the future, this could worsen the economic problems, limiting opportunities.
In addition, basic needs and resources such as healthcare, education, and infrastructure are unequally
distributed. For instance, rural areas are often less developed, leaving them behind while urban areas
get more funding. This unequal distribution makes it difficult for everyone to grow, leading to
frustration. As a result, the gap between rich and poor gets wider and wider. To handle all these
challenges, the government must have a systematic and solid plan to create jobs and grow the economy
while ensuring everyone gets an equal chance to participate.

So, policymakers are hired by the government, whose tasks are to identify outdated organizations,
conduct training programs, build education sectors, and encourage greener technologies to create jobs
so that they stimulate the growth of the economy while ensuring societal equity and environmental
sustainability. The following criteria [28] are considered to evaluate this problem: (L) growth of the
economy, (L,) creation of new jobs, (L3) sustainability of the environment, and (L) ensuring a
balanced assessment that addresses long-term goals by viewing challenges. Four strategies s; are
identified by policymakers based on these criteria: modernization of industries (s; ), renewable energy
development (s,), workforce training and education (S3), and expansion of infrastructure (s,). Each
strategy 1is tested for its capacity to meet the goals and objectives of the criteria and ensure that the
selected solution aligns with the area's priorities. With a systematic and balanced approach, the region
can convert its challenges into opportunities and build its prosperous and sustainable future.

Here is a description of the criteria and alternatives.

Criteria for Evaluation: To assess potential strategies, four key criteria are identified:

Criteria Interpretation

Economic Growth The capacity of a strategy to attract investments and increase GDP.

potential

Creation of Job The ability of the strategy to create sustainable opportunities for
employment.

Sustainability of The extent to which the strategy enhances green practices and reduces

Environment environmental damage.

Social Equity The ability of a strategy to encourage equitable resource distribution

and reduce disparity.

Alternatives: Four potential strategies are established:

Alternative Interpretation

(strategies)

Modernization of Updating the existing organization with advanced technologies to enhance
Industries competitiveness and productivity.

Renewable Energy  Investing in wind, solar, and other green energy projects to promote
Development sustainability and create jobs.

Education and Escalating educational enterprises and skill development programs to meet
Workforce Training  the market demands.

Development of Constructing the networks of transportation and public utilities to enhance
infrastructure connectivity and attract investments.
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5.2. Systematic problem-solving strategy

This section evaluates the decision-making problem using the CIVIF framework by considering

criteria and alternatives from policymakers' opinions. The weight values of the criteria are determined
by using the MEREC approach. So, to address this problem systematically, the problem-solving
process involved a series of steps, which have been structured as below:

@)

b)

d)

8

Formation of a decision matrix such that each element reflects the performance value of the
alternative concerning a specific criterion.

s L, . Ly
52 C11 C12 s Cln
(D)mxn = Cay Gy oo Gyl
s : : :
"1Cm1 Cmz - Cumn

Normalization of each criterion to ensure consistency and compatibility across each attributive
value. The normalized matrix is obtained by
( ) _ ) max(Cpp) ,
Y/mxn | min(Cpyp )

k Cmmn

Defuzzifed the information defined in the CIVIF framework by utilizing the score function, which
gives the information of each criterion.

. _ ((m{’ +m¥*—nt —n*) x (rf + ru)) (18)
c= 5 .

; benefit

Calculate the alternative's overall performance 0;, representing its effectiveness across all criteria,
using the MEREC approach.

1
0, = EZln(l —Ny)). (19)
]

To evaluate the impact of each attributive value, the performance of each alternative O;; is
recalculated by excluding the contribution of each criterion one by one.
, 1
0;; = Ez In(1 = Ny). (20)
k+#j

Now calculate the deviation degree between the overall performance and the recalculated
performance to measure the influence of each criterion.

i

The weight values are determined by summarizing the deviation degree, which ensures that each
attributive value is prioritized appropriately according to its relative importance.
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Ji

w; = :

7 Xk

h) Now, apply the proposed operators on the decision matrix to aggregate each alternative across the
attributive values. The proposed operators are defined in (Eqgs 12, 13, 16, and 17).

i) Evaluate the performance of each alternative by computing the scored value (Eq 18) and rank them

accordingly.

. ((m" +m* —n—n*)x (rf + ru)). @l
2

By leveraging a structured decision-making approach, the proposed framework systematically
balances economic growth, sustainability, and risk mitigation. Unlike conventional models, it
dynamically integrates economic indicators such as inflation rates, market trends, and investment risks
by adaptive weighting mechanisms and data-driven evaluation. This ensures that strategic planning
remains resilient, responsive to shifting economic conditions, and aligned with long-term policy goals.
The algorithm of the proposed methodology is as follows:

Algorithm
Input Decision matrix (comprises of the criteria and the alternatives).
Required Output  Rank of alternatives and optimal selection of alternatives.
Requirement The preference value (weight) of each criterion, Normalization Approach,

and Aggregation Operators that aggregate the given input.

Problem-Solving
Steps

Formation of decision matrix which reflects the performance value.
Normalize the decision matrix (by the defined formula).

Defuzzifed the given information, which resulted in the collective
information of each criterion.

Utilized the MEREC approach to compute the weight values.

Apply the proposed operators on the decision matrix to aggregate each
alternative.

Rank alternatives based on aggregated scores.

Select the optimal alternative.

The defined algorithm employs a systematic decision-making procedure to deal with multidimensional
economic planning challenges efficiently. To ensure that each criterion receives the proper priority,
input parameters such as economic, social, and risk-related parameters are first processed by evaluating
the weights using the MEREC technique. The model uses the CIVIFHM and MEREC approach, which
assesses the trade-offs between competing criteria and offers a balance between conflicting objectives.
The algorithm facilitates adaptive optimization under uncertainty by continuously refining solutions
dynamically adjusting weight distributions through sensitivity analysis. This iterative process enhances
decision-making resilience, allowing the framework to adapt to real-time economic fluctuations and
policy shifts. It ensures that the final strategy proposals are both practically and mathematically in line
with actual policymaking restrictions.
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5.3. Numerical evaluation

To validate the proposed framework, here we utilize a hypothetical dataset that closely mirrors
real-world economic conditions, including key factors such as unemployment rates, resource
distribution, industrial modernization, social equity, and environmental sustainability. The use of
simulated data allows for a controlled assessment of the model’s decision-making capabilities,
ensuring that its adaptability and robustness can be tested across diverse economic scenarios. While
the dataset is not derived from real-world case studies, it is designed to reflect realistic policy
challenges and trade-offs faced by decision-makers. This approach enables a systematic evaluation of
how the algorithm processes multi-factor dependencies and resolves conflicting objectives. Moreover,
using a hypothetical dataset eliminates biases and external inconsistencies, allowing for a more focused
assessment of the model’s effectiveness.

For the numerical evaluation of the problem, the above steps defined in the algorithm are followed
as:

a) To access the performance value of alternatives concerning a specific criterion, the policy-makers
define the linguistic assessment scale (Table 2), which is then utilized to form a decision matrix.

Table 2. Assessment scale.

Assessment scale CIVIFVs

m* m¥ nt nt rt rt
Exceptional
Contribution (EC) 0.220 0.270 0.150 0.220 0.186 0.245
Significant Potential 0.200 0.250 0.170 0.235 0.187 0.243
(SP)
Satisfactory Impact (SI) 0.180 0.230 0.190 0.236 0.188 0.233
Limited Impact (LI) 0.160 0.210 0.210 0.237 0.189 0.224
Balanced Impact (BI) 0.140 0.190 0.230 0.238 0.189 0.214

Table 3 shows the decision matrix formed from policymakers' opinions based on the assessment scale.

Table 3. Opinion of policymakers based on assessment scale.

by |27 b3 by
s EC BI LI SI
s, SP LI EC SP
S5 LI SP SI BI
S, BI SI BI EC

Table 4 displays the values corresponding to the assessment scale.
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Table 4. Opinion of policymakers based on assessment scale values.

Eq

)

m

mu

n?

nu

r

,.u

m

mu

n?

nu

r

,.u

0.220
0.200
0.160
0.140

0.270
0.250
0.210
0.190

0.150
0.170
0.210
0.230

0.220
0.235
0.237
0.238

0.186
0.187
0.189
0.189

0.245
0.243
0.224
0.214

0.140
0.160
0.200
0.180

0.190
0.210
0.250
0.230

0.230
0.210
0.170
0.190

0.238
0.237
0.235
0.236

0.189
0.189
0.187
0.188

0.214
0.224
0.243
0.233

ks

Ly

m?

mu

n?

nu

rt

ru

m?

mu

n?

nu

rt

ru

0.160
0.220
0.180
0.140

0.210
0.270
0.230
0.190

0.210
0.150
0.190
0.230

0.237
0.220
0.236
0.238

0.189
0.186
0.188
0.189

0.224
0.245
0.233
0.214

0.180
0.200
0.140
0.220

0.230
0.250
0.190
0.270

0.190
0.170
0.230
0.150

0.236
0.235
0.238
0.220

0.188
0.187
0.189
0.186

0.233
0.243
0.214
0.245

b) To ensure consistency and compatibility across each attributive value, each criterion is normalized
(by the above step b) and displayed in Table 5.

Table 5. Normalization of decision matrix.

I, L,
m? m* nt nt rt r m? m* nt nt rt rt
S; 1.000 1.00 0.652 0924 0984 1.000 0.70 0.760 1.000 1.000 1.000 0.882
S, 0909 0.925 0.739 0.987 0.989 0.989 0.800 0.840 0913 0995 1.000 0.921
S; 0.727 0.777 0913 0.995 1.000 0.912 1.000 1.000 0.739 0.987 0.989 1.000
S, 0.636 0.7037 1.000 1.000 1.000 0.873 0.900 0.920 0.826 0.991 0.994 0.960
fa b,
mt  m* nt nt rt re mt  m n? nt rt r
S, 0.727 0.777 0913 0.995 1.000 00912 0.818 0.851 0.826 0.991 0.994 0.951
S, 1.000 1.000 0.652 0.924 0.984 1.000 0.909 0.925 0.739 0.987 0.989 0.989
S; 0818 0.851 0.826 0.991 0.994 00951 0.636 0.703 1.000 1.000 1.000 0.873
S, 0.636 0.703 1.000 1.000 1.000 0.873 1.000 1.000 0.652 0.924 0.984 1.000

¢) Defuzzifed the information defined in the CIVIF framework by utilizing the score function
(Eq 18), which gives the information of each criterion, as displayed in Table 6.

Table 6. Defuzzification of CIVIF information.

Ly 1) ks Ly
S1 0.42010 -0.50827 -0.38607 -0.14364
S, 0.10736 -0.25831 0.42010 0.10736
S3 -0.38607 0.27203 -0.14364 -0.61818
S4 -0.61818 0.00226 -0.61818 0.42010
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d) Table 7 displays the alternative's overall performance (Eq 19), representing its effectiveness across
all criteria.

Table 7. Overall performance of alternative.

51 S2 S3 S4
0; 0.0816 —0.1356 0.15613 0.10386

e) To evaluate the impact of each attributive value, the performance of each alternative is recalculated
by excluding the contribution of each criterion one by one (Eq 20), as shown in Table 8.

Table 8. Impact of each attributive value.

Oy by Ly k3 by

S 0.217914 —0.021049 0.000072 0.048136
s —0.107175 —0.193011 0.000654 —0.107175
S3 0.074508 0.235499 0.122572 0.035801
Sy —0.016464 0.104429 —0.016464 0.240085

) To measure the influence of each criterion, the deviation degree (by following the above defined

steps) between the overall performance and the recalculated performance has been checked and
displayed in Table 9.

Table 9. Deviation degree.

151 Ly L3 Ly
5 0.3665 0.2401 0.3717 0.3185

g) The weight values are determined, ensuring that each criterion is prioritized appropriately
according to its relative importance by summing up the deviation degree in Table 10.

Table 10. Weight values of criterion.

Ly Ly L3 Ly
w; 0.2826 0.1851 0.2866 0.2455

Figure 2 displays the pictorial representation of each strategy's deviation degree and weight values.
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I 0.24558

0.28662

Weight
0.18515
0.28264

I 0.31850

0.37172

Deviation Degree
0.24012
0.36656

0.000000.050000.100000.150000.200000.250000.300000.350000.40000

Figure 2. Deviation degree and weight values.

h) To aggregate each alternative across the attributive values, the proposed operators (Eqs 12, 13,

16, and 17) are applied to the decision matrix, and their results values are shown in Table 11.

Table 11. Aggregation of each alternative.

CIVIFHM CIVIFWHM
m* m¥ nt nt rt r# m? m¥ n? n rt r
S, 0.2636 0.3340 0.0726 0.0970 0.2834 0.3279 0.0714 0.0933 0.5326 0.5547 0.0758 0.0944
S, 0.2926 0.3617 0.0612 0.0964 0.2823 0.3324 0.0799 0.1021 0.5119 0.5351 0.0754 0.0986
S; 0.2569 0.3275 0.0759 0.0996 0.2837 0.3234 0.0665 0.0883 0.5442 0.5643 0.0760 0.0928
S, 0.2560 0.3268 0.0755 0.0972 0.2834 0.3279 0.0676 0.0894 0.5404 0.5514 0.0758 0.0925
CIVIFGHM CIVIFWGHM
ml’ m nt’ n¥ rl’ rv m£ m nt’ n4 r{’ ru
S, 02204 02826 04321 0.4912 02365 0.2872 0.000001 0.000008 0.677853 0.731684 0.000169 0.000001
S, 02453 03072 04003 0.4898 02356 0.2989 0.000208 0.000001 0.650538 0.730913 0.000166 0.000208
Sy 02142 02763 04407 04968 02368 02865 0000102 0.000001 0.692677 0.736702 0.000170 0.000102
S, 02142 02764 04396 0.4916 02365 0.2843 0.000114 0.000010 0.686617 0.731867 0.000169 0.000114

i) The performance of each alternative is computed by the scored value (Eq 18) and their ranking is
obtained accordingly, as shown in Table 12.

Table 12. Score and ranking of each alternative.

Sc CIVIFHM CIVIFWHM CIVIFGHM CIVIFWGHM
Sc Rank Sc Rank Sc Rank Sc Rank
Sy 0.1308 2 —0.0785 2 —0.1101 2 —0.000041 3
S, 0.1527 1 —0.0753 1 —0.0902 1 —0.000045 4
S;3 0.1242 4 —0.0805 4 —-0.1170 4 —0.000040 2
S, 0.1254 3 —-0.0787 3 —0.1147 3 —0.000039 1
AIMS Mathematics Volume 10, Issue 5, 10866—10897.



10889

The graphical representation of score values of alternatives by utilizing the proposed AOs is shown in
Figure 3.

e=@==SCORE VALUES HM e=@==SCORE VALUES WHM
@=SCORE VALUES GHM e=@==SCORE VALUES WGHM

p3

Figure 3. Score values by Aos.
5.4. Result discussion and comparison analysis

In Figure 3, evaluating strategic planning in economics by utilizing the different AOs including
the HM, WHM, GHM, and WGHM, within the circular interval-valued framework provides insights
into each strategy. The strategies (alternatives) were assessed based on their score values and ranking
outcomes. The above figure highlights the score and ranking outcomes of defined AOs. By CIVIFHM,
the S, strategy is the most optimal for strategic planning, then S;,S,;,and S; renewable energy
emerged as the most impactful alternative due to its significant contribution to multiple criteria, such
as environmental impact and job creation, which aligns with the previous studies in sustainable
economic planning [29,30]. However, unlike traditional models focusing solely on environmental and
financial benefits, the proposed approach integrates a circular interval framework to capture dynamic
interdependencies, making the decision-making process more adaptable. Similarly, by CIVIFWHM,
the S, strategy is the most optimal for strategic planning followed by S;,S4,and S3. The findings
highlighted the dominance of renewable energy in strategic economic goals, despite the weighted
modification that, as a result, slightly varied performance value. By generalized AO, the alternatives
displayed distinct impacts, particularly by favoring the renewable energy, i.e., S,, and highlighting
the challenges associated with S5, i.e., education and training in this context. The emphasis on
education and training S3 in the CIVIFWGHM outcome supports the findings [31], which highlight
that skill development is crucial in maximizing the economic benefits of renewable energy projects.
By the CIVIFWGHM, the most refined evaluation has been displayed with the ranking values of S3 >
S, > S; > §,, highlighting the impacts of education and training by considering a balanced weight
structure. The analysis suggests that a hybrid approach combining education initiatives with
investments in renewable energy would yield the most balanced and sustainable outcomes. So, the
above discussion and result outcome highlighted that different operators yield varying optimal
alternatives. This demonstrates that change in weight values or operator selection can affect the
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decisions and allow the experts to customize the approach based on their preference, making it more
flexible and versatile.

To validate the superiority of the proposed framework, a comparative analysis (Table 13) has been
conducted between the CIVIF-based models and existing methods which show a detailed comparison
of prior defined approaches, including interval-valued intuitionistic fuzzy sets (IVIFS) [12], Heronian
mean-based models such as interval-valued intuitionistic fuzzy Heronian mean (IVIFHM) [32],
interval-valued intuitionistic fuzzy generalized Heronian mean (IVIFGHM) [32], and circular
intuitionistic fuzzy sets (CIFS) [18] framework, which reveals that these approaches address basic
imprecision and are unable to incorporate the radius between membership and non-membership
functions or account for interrelationships between criteria except the CIFS. However, in this scenario,
the policymakers' values are a circular interval framework to make it more comprehensive and
accommodate the imprecisions and uncertainty.

Table 13. Comparison analysis.

timal
Framework Score value Ranking outcomes Optima
strategy
IVIFS [12] - failed -
IVIFHM [32] - failed -
IVIFGHM [32] - failed -
CIFS [18] - failed -
S, = —0.0094, S,
Sc(S3) > Sc(Sy) > Sc(S
CIVIFS [25] = —0.007, S5 ¢(S3) > Sc( 2;(5() 2) Ss
= —0.0019,5, = 0.0140 Choa
S, = 0.13078,S, =
Sc(S,) > Sc(Sy) > Sc(S
CIVIFHM 0.15266,S; = c(82) > Sc( 2;(5() +) s,
0.12416,5, = 0.12535 cs
S, = —0.07839,5, =
Sc(S,) > Sc(Sy) > Sc(S
CIVIFWHM —0.07514, S, = c(82) > Sc( 2;(5() +) s,
—0.08013,S, = —0.07857 cs
S, = —0.11007,5, =
Sc(S,) > Sc(Sy) > Sc(S
CIVIFGHM ~0.09023,5, = c(82) > Sc( 2; (E() +) s,
—0.11697,S, = —0.11473 c3
S, = —0.0000402, S, =
—0.0000446,S; = Sc(S3) > Sc(Sy) > Sc(S,)
IVIFWGHM S
¢ G —0.0000403, S, = > Sc(Sy) 3

—0.00003921

The comparison demonstrates that variation in the outcomes of the results occurs due to the
inherent mathematical properties of each operator. The variations in score values between the proposed
models and existing methods such as IVIFS and IVIFHM depict how each model handles uncertainty
and interdependencies. Traditional approaches tend to treat criteria as independent variables, whereas
the defined framework accounts for circular interval-valued relationships, leading to more stable and
realistic decision outcomes. The proposed approach considered the relationships between each
criterion and emphasized proportionality and interdependence more effectively. Moreover, the weight
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values affect the score values and then the ranking outcomes, which shows that their sensitivity
corresponds to each criterion. This adaptability to varying the opinion of expertise, weight values, and
preference models underscores the reliability and flexibility of the proposed framework in decision-
making scenarios. So, this framework integrates the policymaking processes and provides a decision-
support tool that helps policymakers navigate complex economic decisions. By offering clear, data-
driven insights, it cuts through complexity. It offers precision, reduces bias, and ensures that decisions
are reactive and strategically aligned with changing economic and social realities.

The algorithm can be embedded into government decision-making systems, assisting
policymakers in evaluating economic policies, allocating resources efficiently, and forecasting socio-
economic impacts. In politically stable environments, it enhances long-term strategic planning, while
in volatile economies, it aids in rapid response strategies by adjusting the real-time data within the
specific framework. By providing structured, objective insights, the framework helps governments
balance economic growth, social equity, and environmental sustainability.

6. Conclusions

This study utilized an IVIF within the circular framework and the MEREC approach to evaluate
the weighting criteria values and report on the crucial problem of creating an effective economic
strategy. The framework allowed a detailed assessment of various strategies by capturing the
interdependencies inherent in economic planning, imprecision, and uncertainties. The MEREC
application certified that the weighting of criteria, including creating jobs, social equity, economic
growth, and environmental sustainability, was vigorous and highlighted the area’s policy goals and
priorities. These outcomes confirm that the method is highly suitable for handling complex, multi-
criteria decision-making scenarios, particularly in economic and policy-driven applications. The
analysis provides a holistic assessment of alternatives by combining these weighted criteria within the
CIVIF framework and balancing long-term objectives with short-term needs. The result shows that the
framework effectively finds strategies to address economic stagnation, unemployment, equity, and
sustainability. Moreover, the findings highlight the dominance of renewable energy strategies in
economic planning, as they consistently ranked highest across multiple AOs. However, combining
workforce training and education with renewable energy development, the hybrid approach is
recommended, demonstrating how decision-making tools can assist policymakers toward actionable
and balanced solutions. This work highlights the importance of advanced evaluation frameworks in
economic strategy planning to prioritize strategic objectives, navigate multifactorial challenges, and
offer policymakers actionable insights by underscoring a flexible methodology that can be addressed
to multiple economic contexts. Therefore, this study contributes to economic strategy planning by
viewing how the defined framework is successfully applied to real-world problems. The proposed
framework is highly suitable for strategic economic planning as it effectively captures
interdependencies, handles uncertainty, and provides a flexible, data-driven approach to decision-
making. By offering an adaptable, comprehensive, and structured evaluation process, policymakers
are equipped with a potent tool for crafting strategies that highlight ongoing economic needs while
safeguarding future sustainability and inclusivity.

6.1. Challenges in economic strategic planning

The challenges faced during the economic strategic planning are as follows:
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a) Complexity and interdependencies. Multiple interconnected factors significantly influence the
economic system, making it difficult to predict future outcomes correctly. For example, promoting
industrial growth may boost GDP but worsen environmental degradation.

b) Conlflicting objectives. Policymakers often struggle with trade-offs among competing priorities,
such as ensuring environmental sustainability versus achieving fast development or fostering
economic growth versus minimizing inequality.

¢) Limited resources. Systematic and strategic planning required a balanced, limited financial,
human, and natural resources while maximizing impact across diverse sectors.

d) Uncertainty and risk. Uncertainty in external shocks such as natural disasters, trade wars, market
trends, and political stability complicates long-term planning.

6.2. Advantages

a) The model provides more precise decision-making outcomes by effectively handling
uncertainty and interdependencies between criteria and reducing inconsistencies and biases in
rankings.

b) The proposed framework dynamically adjusts to data inputs, allowing policymakers to make
informed decisions even in rapidly evolving economic environments.

¢) By integrating expert-driven weight adjustments and multi-factor analysis, the model reduces
subjective biases and ensures a more interpretable and structured decision-making process.

6.3. Limitations and future direction

While the proposed integration of the MEREC approach with the CIVIF framework highlights
the significant potential in tailoring complex economic strategy planning, certain limits should be
acknowledged. First, the framework dramatically depends on the completeness and accuracy of input
data, for instance, social parameters, economic indicators, and environmental matrices. Outdated or
inaccurate data may include the reliability of the results. Moreover, there is a chance of subjectivity,
as the framework relies on expert judgment for assigning CIF values, which could influence the
consistency of the assessment process across diverse contexts. Second, the static nature of analysis is
another limitation. The framework demonstrates a snapshot of the decision-making landscape. Still, it
does not account for the dynamic changes in geopolitical changes, economic conditions, and
technological advancements that could significantly impact the effectiveness and feasibility of
strategies over time. In real-world applications, the algorithm may struggle with scalability when
handling extremely large and complex datasets, potentially increasing computational demands and
processing time.

In the future, the study should address these limitations by integrating machine learning (ML)
techniques and real-time data analytics to update the inputs dynamically and exploring alternative
weight-determination methods in response to rapidly changing conditions. Adding a participatory
approach (like incorporating a wider range of stakeholders) can assist in reducing subjectivity and
make the evaluation process more precise, inclusive, and reflective. Furthermore, adding scenario
analysis or probabilistic modeling to the framework can improve its capacity to consider uncertainty
and evaluate the long-term effects of selected tactics. Future research could also aim to apply the
framework in other regions and sectors to assess its generalization and adaptability. These
advancements would strengthen the robustness and utilization of this approach, making it a strong and
valuable tool for multifaceted and complex decision-making in economic planning and many more.
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Moreover, the proposed model can be extended into the neutrosophic framework [24], soft set
framework [33], hyper soft framework [34], complex framework [35] and can be analyzed by the
WASPAS method [36], hybrid method [37], DEMATEL method [38], ORESTE method [39], fuzzy
neural network [40], EDAS method [41], and metric spaces [42].
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Proof. (Theorem 4.1) By utilizing the basic operational laws defined for CIVIFS;
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