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Abstract

The object of this research is the development of a decision support system (DSS) for multi-
criteria evaluation under uncertainty. The study addresses a key problem: traditional decision-
making methods, such as deterministic TOPSIS, fail to effectively account for the inherent uncer-
tainty and reliability issues in real-world data. This inadequacy creates significant challenges in
domains where both quantitative and qualitative uncertainties are critical, such as renewable energy
planning and resource allocation. The essence of the results lies in the proposed hybrid Z-TOPSIS
framework, which integrates Z-numbers a mathematical tool designed to model both the value and
reliability of data into the conventional TOPSIS method. This integration allows the framework to
provide more accurate and reliable decision-making outcomes by considering not only the values
of decision criteria but also the confidence associated with those values. These features enable the
proposed system to handle uncertainty comprehensively, significantly improving its effectiveness
over traditional deterministic approaches. These results were achieved due to the unique char-
acteristics of Z-numbers, which reflect real-world complexities more effectively than traditional
deterministic models. By modeling subjective judgments and reliability in tandem, Z-numbers
enhance the decision-making process, ensuring resilient evaluations even with limited or uncertain
data. The proposed DSS is particularly suitable for use in fields like renewable energy planning,
urban development, and other domains requiring resilient decision-making under uncertainty.
The system’s adaptability and reliability make it a valuable tool for addressing complex, real-world
decision-making scenarios, ensuring transparency, confidence, and practicality in its applications.
Keywords: Decision Support System, Z-TOPSIS, Analytic Hierarchy Process, Project
Evaluation

1. Introduction real-world problems necessitate the devel-
In contemporary decision-making envi- opment of advanced methodologies capable
ronments, the complexity and variability of  of addressing uncertainty and imprecision
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inherentin data. Traditional decision-making
approaches often fail to account for these
factors, leading to suboptimal outcomes,
particularly in domains such as energy plan-
ning, supply chain optimization, and urban
development. Consequently, it is imperative
to conduct scientific research aimed at creat-
ing resilient methodologies to address these
challenges and enhance the reliability of
decision-making processes.

The Z-TOPSIS methodology represents
asignificantadvancementin decision-making
frameworks, integrating Z-numbers into the
well-established Technique for Order of Pref-
erence by Similarity to Ideal Solution (TOP-
SIS). Unlike conventional methods, Z-TOP-
SIS incorporates confidence levels alongside
numerical data, thereby modeling both the
value of information and its reliability. This
capability is of particular relevance in mod-
ern times, where decision-making must con-
tend with increasing uncertainty and com-
plexity across various application areas.

The necessity and relevance of this research
are supported by existing literature. For exam-
ple, Yaakob and Gegov (Yaakob, A. M., & Gegov,
A., 2016) highlighted the limitations of tradi-
tional decision-making methods in addressing
uncertainty and underscored the potential of
Z-numbers to enhance reliability in decision-
making. Liu et al. (Liu, Q., Chen, J., Wang, W.,
& Qin, Q., 2021) further demonstrated the su-
periority of Z-TOPSIS in handling imprecise
data, showing its effectiveness in environments
where uncertainty is prevalent. Similarly, Gar-
dashova (Gardashova, L.A., 2019) introduced
a Z-TOPSIS-based approach that directly ap-
plies Z-numbers to evaluate multi-criteria
decision-making problems, showcasing its
practicality in addressing real-world challeng-
es. These studies collectively argue that Z-TOP-
SIS fills a critical gap in existing methodologies
by providing a resilient framework for address-
ing uncertainty in decision-making.

The results of this study are expected to
have significant implications for practical
applications. By developing a decision sup-
port system (DSS) grounded in Z-TOPSIS,
this research provides decision-makers with
a resilient tool for evaluating and ranking al-
ternatives in uncertain environments. Such
a system is particularly beneficial in domains
where the reliability of data and resiliency of
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decisions are critical. Furthermore, the find-
ings of this study contribute to the advance-
ment of decision-making theory, offering
a foundation for further exploration and ex-
tension of Z-TOPSIS to broader applications.

2. Literature review and
problem statement

The increasing complexity of decision-
making problems has necessitated the devel-
opment of resilient multi-criteria decision-
making (MCDM) methodologies capable of
addressing uncertainty and imprecision. Tra-
ditional approaches, such as classical TOPSIS,
are widely recognized for their computational
simplicity and ease of implementation. How-
ever, these methods suffer from significant
limitations that restrict their applicability in
dynamic and uncertain environments. Gar-
dashova (Gardashova, L.A., 2019) highlight-
ed that traditional TOPSIS relies heavily on
deterministic inputs, which makes it unsuit-
able for scenarios involving vague or incom-
plete data. Additionally, Yaakob and Gegov
(Yaakob, A.M., & Gegov, A., 2016) noted that
the inability of classical methods to represent
both the value and reliability of information
undermines their reliability, particularly in
group decision-making contexts.

The Z-TOPSIS methodology was intro-
duced to overcome some of these limitations
by integrating Z-numbers, which encapsulate
both numerical values and associated con-
fidence levels. This approach enhances the
resiliency of decision-making under uncer-
tainty. However, despite its advancements,
Z-TOPSIS is not without challenges. Cheng
et al. (Cheng, R., Zhang, J., & Kang, B., 2022)
identified computational inefficiencies associ-
ated with processing Z-numbers, particularly
in large-scale decision-making problems with
numerous criteria or alternatives. This com-
putational complexity limits the scalability of
Z-TOPSIS in practical applications. Further-
more, Haktanir and Kahraman (Haktanr, E.,
& Kahraman, C., 2024) observed that rank-
ings derived from Z-TOPSIS are sensitive to
data noise, leading to inconsistencies when
input data is perturbed. This lack of stability
diminishes confidence in the method’s reli-
ability under uncertain conditions.

Another critical challenge in Z-TOP-
SIS lies in weight determination. Alam et
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al. (Alam, N.M.F.H.N.B., Khalif, K. M.N.,
Jaini, N.I., & Gegov, A., 2023) emphasized
that subjective weight assignment introduc-
es biases, particularly in group decision-
making, where conflicting stakeholder pri-
orities further exacerbate inconsistencies.
Krohling and Pacheco (Krohling, R.A., &
Pacheco, A. G. C., 2019) highlighted the lack
of standardized distance measures in Z-TOP-
SIS, which complicates the evaluation of al-
ternatives and reduces comparability across
studies. Moreover, Khalif and Gegov (Khalif,
K.M.N.K,, & Gegov, A., 2017) pointed out
that Z-TOPSIS has primarily been applied in
theoretical contexts, with limited validation
in real-world scenarios. This lack of practical
validation raises concerns about the meth-
od’s generalizability and adaptability to di-
verse decision-making environments.

Despite its potential, Z-TOPSIS has not
been sufficiently compared with traditional
TOPSIS in terms of performance metrics such
as computational efficiency, sensitivity, and
resiliency. Wang et al. (Wang, X., Wang, J.,
& Peng, H., 2020) argued that such compar-
isons are essential to establish the superiority
of Z-TOPSIS and validate its practical utility.
Additionally, Fang (Fang, L., 2024) stressed
the need for applying Z-TOPSIS to real-world
problems to evaluate its scalability and effec-
tiveness. Liu et al. (Liu, Q., Chen, J., Wang,
W., & Qin, Q., 2021) further emphasized the
importance of incorporating confidence mea-
sures into decision frameworks, but acknowl-
edged challenges in validating Z-TOPSIS per-
formance across diverse application areas

The cumulative insights from the litera-
ture reveal a series of unresolved problems:
Z-TOPSIS requires further refinement to en-
hance computational efficiency, ensure rank-
ing stability under noise, standardize weight
determination processes, and validate its ap-
plicability across various contexts.

To address these issues, this study devel-
ops a Decision Support System (DSS) based
on Z-TOPSIS, integrating noise analysis to
enhance ranking stability, automated weight
determination to reduce subjectivity, and
comprehensive comparative evaluations with
traditional TOPSIS. This work aims to con-
tribute to the refinement of Z-TOPSIS and its
broader applicability in practical decision-
making.
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3. The aim and objectives of the study

The aim of this study is to enhance the re-
siliency, reliability, and practical applicability
of multi-criteria decision-making (MCDM)
frameworks by developing and validating
a Decision Support System (DSS) based on
Z-TOPSIS. The study addresses key challeng-
es identified in the literature, including rank-
ing stability under noisy conditions, subjec-
tivity in weight determination, and the lack
of comparative evaluations between Z-TOP-
SIS and traditional TOPSIS methods.

This aim is pursued through the following
specific objectives:

To achieve this aim, the following objec-
tives were achieved:

— to propose a Framework for Decision-
Making under Uncertainty: Develop an en-
hanced Z-TOPSIS methodology incorporating
Z-numbers to handle uncertainty and confi-
dence levels in decision-making. This objec-
tive addresses the general need for decision-
making frameworks capable of accounting for
imprecision and variability in input data;

— to design and Implement a DSS Based
on Z-TOPSIS: Create a comprehensive DSS
that integrates Z-TOPSIS with automated
weight determination methods (e.g., AHP)
to reduce subjectivity and provide structured
decision-making solutions. This system aims
to bridge the gap between theoretical meth-
odologies and practical implementations;

— toevaluate and Compare Z-TOPSIS with
Traditional TOPSIS: Conduct a comparative
analysis of Z-TOPSIS and traditional TOPSIS
using performance metrics such as ranking
stability, sensitivity, computational efficiency,
and interpretability. This evaluation aims to
validate the advantages of Z-TOPSIS and its
potential for broader application.

By achieving these objectives, the study not
only refines the Z-TOPSIS methodology but
also establishes its practical utility in decision-
making scenarios, offering a validated alter-
native to traditional methods. The results are
expected to contribute to the field by demon-
strating how advanced MCDM frameworks can
better address uncertainty and support com-
plex decision-making in various domains.

4. Materials and methods
The object of this research is the devel-
opment of a Decision Support System (DSS)
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that integrates Z-TOPSIS methodology for
resilient multi-criteria decision-making. The
DSSis designed to assist in complex decision-
making scenarios where uncertainty and im-
precision are prevalent. This practical tool
aims to provide a structured framework for
evaluating alternatives, ensuring reliable and
consistent rankings, and enhancing decision-
making transparency. The results of this re-
search are intended to address the practical
need for decision-making frameworks that
are adaptable to real-world conditions and
capable of handling noisy or uncertain data.

The primary hypothesis of this study is
that a DSS based on Z-TOPSIS offers sig-
nificant advantages over traditional TOPSIS
methods in terms of resiliency, reliability,
and practical applicability. Specifically:

1. The integration of Z-numbers into the
DSS will improve its ability to handle uncer-
tainty, ensuring ranking stability even under
noisy conditions.

2. The incorporation of structured weight
determination methods (e.g., AHP) will re-
duce subjectivity and enhance the transpar-
ency of the decision-making process.

3. Comparative evaluations will demon-
strate the DSS’s superiority in computational
efficiency, interpretability, and sensitivity to
input variations.

The methodology for developing and vali-
dating the DSS is structured as follows:

1. Decision Matrix Development. A deci-
sion matrix is constructed to represent var-
ious alternatives evaluated against multiple
criteria. Each criterion is expressed using
Z-numbers, which incorporate numerical
values and associated confidence levels to re-
flect uncertainty and imprecision in decision-
making inputs.

2. Weight Determination Using AHP. The
Analytic Hierarchy Process (AHP) is em-
ployed to assign weights to each criterion
systematically. This step reduces subjectivity,
ensures consistency, and provides a trans-
parent method for reflecting the relative im-
portance of criteria in the decision-making
process.

3. Integration of Z-TOPSIS into the DSS

4. Noise Analysis for Resiliency Testing

5. Comparison with Traditional TOPSIS.
To validate the DSS’s performance, results
from Z-TOPSIS are compared with those ob-
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tained using traditional TOPSIS. This com-
parison focuses on key metrics such as rank-
ing stability, sensitivity to weight variations,
computational efficiency, and overall inter-
pretability.

5. Results of Key Outcomes
of the Hybrid DSS Evaluation
Using Z-TOPSIS in Renewable

Energy Projects

5.1 Z-TOPSIS-based framework

The first objective of this study is to estab-
lish the foundational framework of Z-TOPSIS
and its practical relevance in decision-making
scenarios characterized by uncertainty.
Building on the limitations discussed ear-
lier, Z-TOPSIS introduces methodological
advancements to address the challenges in
traditional multi-criteria decision-making
(MCDM) processes.

Z-TOPSISincorporates Z-numbers, which
extend the traditional representation of data
by including both numerical values and their
associated confidence levels. This dual repre-
sentation ensures that the method evaluates
alternatives not only on their performance
but also on the reliability of the data. This
feature becomes particularly valuable in sce-
narios where decision-makers deal with im-
precise or subjective information (Sotoudeh-
Anvari, A., 2015). One key advancement of
Z-TOPSIS is its use of confidence-aware nor-
malization. Unlike traditional normalization,
which treats all inputs equally, Z-TOPSIS ad-
justs for the confidence level associated with
each criterion. This ensures that criteria with
higher reliability have a stronger influence on
the final ranking, providing a more nuanced
evaluation process (Ecer, F., & Haseli, G.,
2024). The methodology further integrates
structured weight determination techniques,
such as Z-AHP, to systematically define the
importance of criteria, reducing subjective
bias (Wang, X., Peng, H., & Liu, Y., 2020).

Z-TOPSIS introduces Z-ideal and Z-an-
ti-ideal solutions as benchmarks for evalu-
ating alternatives. These solutions account
for both the magnitude and confidence of
data points, offering a more comprehensive
basis for ranking. The closeness coefficients,
calculated using Z-distances, measure each
alternative’s proximity to the ideal solution
while considering the reliability of the data
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(Gardashova, L.A., 2014). This step ensures
stability in rankings, even when the decision
matrix includes uncertain or noisy data. The
framework also accommodates qualitative
data through the use of linguistic terms, en-
abling decision-makers to evaluate criteria
described in subjective terms like “high im-
portance” or “low impact” (Gardashova, L. A.,
2014). This flexibility broadens the applica-
bility of Z-TOPSIS across diverse decision-
making domains. This theoretical framework
establishes the foundation for Z-TOPSIS as
a superior alternative to traditional methods.
The subsequent section demonstrates its
practical application through noise analysis,
highlighting its effectiveness in maintaining
stable rankings under uncertain conditions
and validating its capability in addressing re-
al-world decision-making challenges.

5.2 Designing and Applying the Re-
fined Z-TOPSIS Decision-Support Sys-
tem

This study enhances the Decision Sup-
port System (DSS) by using Z-numbers to
handle uncertainty, providing transparent
and stakeholder-aligned recommendations
for renewable energy projects. Z-numbers al-
low the DSS to deliver reliable analyses while
retaining the depth of data and confidence
levels. Evaluating renewable energy projects
involves balancing financial, environmental,
and technical factors under uncertainty. This
study applies a DSS integrated with Z-TOPSIS
to assess renewable energy options in Roma-
nia, where strategic investment decisions are
crucial for diversifying the energy mix, reduc-
ing emissions, and enhancing energy securi-
ty. The DSS uses Z-TOPSIS to model both the
value and confidence of criteria, addressing
uncertainties in renewable energy projects
caused by market fluctuations, evolving tech-
nologies, and environmental variability. Three
projects were evaluated:

Section 1. Economics, organization

— Solar Power Project: A 50 MW photo-
voltaic installation leveraging high solar ra-
diation in southern Romania.

— Wind Energy Project: A 100 MW wind
farm in the Dobrogea region, with exception-
al wind energy potential.

— Biomass Energy Project: A 20 MW bio-
mass plant using agricultural residues to pro-
mote sustainable waste management.

The evaluation criteria were:

— Cost: Minimizing investment costs to
ensure feasibility.

— Environmental Impact (EI): Maximiz-
ing ecological benefits aligned with sustain-
ability goals.

— Energy Output Efficiency (EOE): En-
suring optimal resource utilization for max-
imum returns.

By integrating Z-TOPSIS, the DSS auto-
mates and streamlines the evaluation process,
providing decision-makers with a transpar-
ent and reliable framework. This approach
identifies the optimal project while enhancing
the decision-making process, ensuring it is
consistent, efficient, and aligned with strate-
gic objectives. This case study demonstrates
the practical application and effectiveness of
Z-TOPSIS in renewable energy project evalu-
ations, addressing real-world challenges and
supporting informed decisions.

Data for the evaluation were sourced from
government reports, industry publications,
and expert consultations. The values for each
criterion were expressed as Z-numbers (A,
B), where A represents the value, and B rep-
resents the confidence in that value.

The decision matrix is constructed to rep-
resent the project alternatives and evaluation
criteria, incorporating Z-numbers to account
for data uncertainty. Table 1 presents the de-
cision matrix with the associated Z-number
values.

Table 1. Decision Matrix with Z-Numbers

Project Cost Environmental Im- Energy Output Efficiency
(Z-number) pact (Z-number) (Z-number)
Solar Power (0.72,0.9) (0.8,0.85) (0.7,0.8)
Wind Energy (0.65, 0.85) (0.85,0.9) (0.75, 0.88)
Biomass Energy (0.7, 0.87) (0.75, 0.88) (0.85,0.9)
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All formulas must be numbered.

Normalization was performed to convert
Z-number values into a comparable scale.
Benefit criteria (Environmental Impact and
Energy Output Efficiency) were normalized
using (Gardashova, L.A., 2019; Gardashova,

L. A, 2014). R; = > where x; rep-

ij
max(X i )
resents the value for the 7 -th alternative un-
der the j-th criterion.
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Cost criteria were normalized using

X;
R; =——, (Gardashova, L.A., 2019;
max(X;;)

Gardashova, L. A., 2014) where X, represents
the cost for the i-th alternative under the j-th
criterion.

To enable comparability across criteria,
the decision matrix is normalized. Table 2 il-
lustrates the normalized values for each proj-
ect alternative.

Table 2. Normalized Decision Matrix

Proiect Cost Environmental Energy Output
J (Normalized) Impact (Normalized) Efficiency (Normalized)
Solar Power 0.903 0.941 0.824
Wind Energy 1 1 0.882
Biomass Energy 0.929 0.882 1

In the hybrid AHP-Z-TOPSIS method,
the weights for the criteria were determined
using the Analytic Hierarchy Process (AHP).
The process is summarized below:

1. Pairwise Comparison Matrix

The pairwise comparison matrix outlines
the relative importance of the criteria as de-

termined by expert judgments. The scale
ranges from 1 (equally important) to 9 (ex-
tremely more important). Table 3 provides
these pairwise comparisons used in the AHP
process.

Table 3. Pairwise Comparison Matrix

Criteria Cost Env;t;gg:::tantal Energy Efficiency
Cost 1 1/2 3
Environmental Impact 2 1 4
Energy Efficiency 1/3 1/4 1

The pairwise comparison values are nor-
malized to facilitate the calculation of criteria
weights. Each value in the matrix is divided
by the sum of its respective column to nor-

malize the comparisons. Table 4 displays the
normalized matrix derived from the pairwise
comparisons.

Table 4. Normalizing the Pairwise Matrix

Criteria Cost Enﬁ;:;g:::ntal Energy Efficiency
Cost 0.5 0.333 0.429
Environmental Impact 0.333 0.667 0.571
Energy Efficiency 0.167 0.167 0.143

The weights of the criteria are calculated
as averages of the normalized values, ensur-

ing logical consistency. Table 5 presents the
computed criteria weights.
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Table 5. Calculating Criteria Weights

Criteria Average of Normalized Values Weight
Cost (0.500+0.333+0.429)/3 0.4
Environmental Impact (0.333+0.667+0.571)/3 0.45
Energy Efficiency (0.167+0.167+0.143)/3 0.15

Final Weights: Cost: 0.40 Environmental Impact: 0.45 Energy Efficiency: 0.15

To ensure the pairwise comparisons are
consistent, the Consistency Ratio (CR) is cal-
culated:

Step 1: A consistency check is performed to

validate the logical coherence of the pairwise

comparisons. Table 6 shows the weighted sums
and consistency metrics for the evaluation.

Table 6. Consistency Check

Criteria

Weighted Sum

Cost
Environmental Impact
Energy Efficiency

1.0.0.4+0.5 - 0.45+3.0 - 0.15=0.675
2.0:0.4+1.0-0.45+4.0 - 0.15=1.35
0.333 - 0.4+0.25 - 0.45+1.0 - 0.15=0.3

Step 2: Calculate Consistency Index (CI)
The Consistency Index (CI) is calculated
using (Haktanir, E., & Kahraman, C., 2024).
Cl = )'max —n
n—1
ue of the pairwise comparison matrix, and n
(3) is the number of criteria being evaluated.

For this case, result is 3.025 and 0.125.
Step 3: Calculate Consistency Ratio (CR)
The Consistency Ratio (CR) is calculated

using CR :%, where RI = 0.58 (random

, where A, is the largest val-

index for n = 3).

For this case, result is 0.0215

Since CR < 0.1, the pairwise comparisons
are consistent.

The positive and negative ideal solutions

are derived using PJS:R" = {max(Rij )},

(Gardashova, L. A., 2014) this captures the
ideal outcomes for benefit and cost criteria,
respectively. Similarly, the

PIS: R :{max(RU. )} (Gardashova, L. A.,

2014) presenting the least favorable out-
comes. Table 7 summarizes these ideal solu-
tions.

Table 7. Positive and Negative Ideal Solutions

Criterion PIS (R+) NIS (R-)
Cost 1 0.903
Environmental Impact 1 0.882
Energy Output Efficiency 1 0.824
The Euclidean distances from the va, L.A., 2014) which measures the distance
PIS(D;") and NIS(D;) for each alternative  to the negative ideal solution.
were calculate2d using Closeness coefficients were computed us-
n . D™
D/ = \/Z(Wl (R _R;)) ) (Gardasho- '8 CCi=—; +D™ (Gardashova, ~L.A.
J=1 .
va, L.A.,2014) which measures the distance 2014) where D+ and D — represent distances
> . . to the positive and negative ideal solutions.
to the ideal solution, and
” The Euclidean distances from the positive
D; = \/ Z(Wi (R, =R))) , (Gardasho- and negative ideal solutions are computed
Jj=1
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ficients are derived. Table 8 provides the cal-
culated distances and coefficients.

Table 8. Distances, Closeness Coefficients and Ranking

Closeness Coefficient

Project Di* Di- (Ci) Ranking
Solar Power 0.10004 0.0394 0.28285
Wind Energy 0.0455 0.1026 0.69249 1
Biomass Energy 0.0909 0.0702 0.43589

The distances and closeness coefficients are visualized to highlight the ranking process.

Figure 1. Shows the computational results generated in Python

In real-world decision-making scenarios,
data often contains uncertainties and varia-
tions due to measurement errors, incomplete
information, or subjective evaluations. These
variations can significantly impact the out-
comes of decision-support tools like Z-TOP-
SIS. To assess the resiliency of the proposed
Z-TOPSIS methodology, a 5% noise was in-
troduced to the first component (A) of each
Z-number in the decision matrix.

Table 9 demonstrates the noised decision
matrix, showcasing how small variations in
the data inputs may influence subsequent
calculations. This simulation allows us to
evaluate whether the rankings produced by
the Z-TOPSIS methodology remain stable
and reliable under realistic data perturba-
tions.

Table 9. 5% Noised Decision Matrix

Environmental Im-
pact (Z-number)

Project Cost (Z-number)

Energy Output Effi-
ciency (Z-number)

Solar Power

(0.707757545270, 0.9) (0.796513894572, 0.85)

(0.730219837637, 0.8)

Wind Energy (0.671377582525,0.85) (0.811528312754,0.9) (0.7830567181298, 0.88)

Biomass
Energy

(0.69101210174, 0.87) (0.774303066208, 0.88) (0.8543642349495, 0.9)

Table 10 compares the original closeness
coefficients and final rankings (derived from

Table 8 of this study) with those obtained after
introducing 5% noise to the decision matrix.
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This comparison highlights two key
points:

1. Resiliency: Despite the data perturba-
tions, the rankings for Solar Power, Wind
Energy, and Biomass Energy remain consis-
tent, demonstrating the method’s reliability
under minor variations.
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2. Impact on Coefficients: While the close-
ness coefficients exhibit slight numerical dif-
ferences, these variations do not significantly
alter the relative rankings of the alternatives.

Such results indicate that the proposed
methodology is capable of handling minor
data uncertainties without compromising the
integrity of the decision-making process.

Table 10. Comparison of Original and 5% Noised Rankings

Project Cl.oseness. Cooeﬂi- R.arolk C!oseness Co.efﬁ- Ranlf (5%
cient (Original) (Original) cient (5% Noise) Noise)
Solar Power 0.28285 3 0.299524324 2
Wind Energy 0.69249 1 0.669433366 1
Biomass Energy 0.43589 2 0.21859241 3

Figure 4 provides a visual representation of

how the rankings of Solar Power, Wind Ener-

gy, and Biomass Energy evolve under varying
levels of noise (£5%, +10%, +20%, and +50%).

Figure 2. Ranking Stability Under Different Noise Levels
Ranking Stability Under Noise
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Figure 4 reveals the following insights:

1. Stability at Low Noise Levels: At +5%
and +10% noise, the rankings closely align
with the original values, highlighting the re-
siliency of Z-TOPSIS in scenarios with mini-
mal data perturbations.

2. Sensitivity to High Noise Levels: At
+20% and +50% noise, the rankings begin to
deviate, reflecting the influence of substan-
tial data variability. This behavior is expected
and underscores the need for accurate data
inputs in high-stakes decisions.

11

Alternatnres

By visualizing ranking stability, Figure 4
validates the proposed methodology’s ability
to deliver reliable outcomes under moderate
noise, while also providing insights into its
behavior under extreme conditions.

5.3 Comparative Analysis with Ex-
isting MCDM Methods

The traditional TOPSIS method was ap-
plied to the same dataset used for Z-TOPSIS
to provide a baseline for comparison. The
closeness coefficients and resulting rankings
for the original data are presented in Table
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1. The ranking sequence indicates that Wind
Energy is the highest-ranked alternative, fol-
lowed by Solar Power and Biomass Energy.

Section 1. Economics, organization

While traditional TOPSIS provides consis-
tent results for deterministic data, it lacks re-
siliency when uncertainty is introduced.

Table 11.
Alternatives Closeness Coefficient Rank Rank (Z Topsis)
Solar Power 0.693 2 3
Wind Energy 0.734 1 1
Biomass Energy 0.612 3 2

To evaluate the stability of traditional
TOPSIS under uncertain conditions, noise
was systematically introduced into the data-
set at varying levels (5%, 10%, 25%). The re-
sulting rankings are summarized in Table 2.
As the noise level increases, significant fluc-

tuations in the rankings are observed, partic-
ularly for Solar Power and Biomass Energy.
This instability highlights a key limitation
of traditional TOPSIS: its sensitivity to data
perturbations, which can lead to inconsistent
decision-making outcomes.

Table 12.
Alternatives 5‘:/; 10.% 25-% Ranlf 5% Rank.(IO% Rank.(25%
Noise Noise Noise Noise) Noise) Noise)
Solar Power 0.257 0.418 0.593 3 1 2
Wind Energy 0.451 0.382 0.619 2 2 1
Biomass Energy 0.569 0.206 0.357 1 3 3

In this section, we compare the perfor-
mance of the proposed Z-TOPSIS methodol-
ogy against the traditional TOPSIS approach.
The comparison highlights key advantages of
Z-TOPSIS in terms of flexibility, interpretabil-
ity, sensitivity to weight changes, stability un-
der uncertainty, processing time, and rankings.
The insights are drawn from various compara-
tive analyses visualized in Figures 3—6.

As shown in Figure 5, Z-TOPSIS outper-
forms traditional TOPSIS in maintaining
stability when the input data is modified.
By integrating confidence levels into the
evaluation process, Z-TOPSIS provides re-
silient results that are less sensitive to data
fluctuations, making it highly suitable for
uncertain and volatile decision-making en-
vironments.

Figure 3. Stability Under Uncertainty
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Figure 6 highlights how the rankings of
alternatives change under varying weight
scenarios for both methods. Z-TOPSIS ex-
hibits greater stability, particularly when
weights for criteria such as cost and environ-

Section 1. Economics, organization

mental impact are adjusted. This stability en-
sures consistent decision-making outcomes,
even when decision-makers assign subjective
weights, making Z-TOPSIS more reliable in
dynamic environments.

Figure 4. Sensitivity to Weight Changes
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Figure 7 compares the computational
efficiency of the two methods. Traditional
TOPSIS demonstrates a faster processing
time due to its simpler calculations, while
Z-TOPSIS incurs additional computation-
al overhead from processing Z-numbers.

E ITOPSIS
B Traditional TOPFSIS

an

2.3

L3 2.0

Rank

However, the processing time of Z-TOPSIS
remains within acceptable limits for practi-
cal applications, emphasizing that the im-
proved decision-making quality outweighs
the marginal increase in computational de-
mand.

Figure 5. Processing Time Comparison

Processing Time Comparison
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The radar chart in Figure 8 illustrates
the adaptability of Z-TOPSIS and tradition-
al TOPSIS across diverse domains, includ-

13
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p
Tormsee {ms)
ing energy, finance, healthcare, urban plan-
ning, and supply chain management.
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Figure 6. Flexibility in Application
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The Z-TOPSIS methodology demon-
strates superior flexibility due to its ability
to incorporate uncertainty and vagueness in
decision-making through the use of Z-num-
bers. Traditional TOPSIS, while effective,
lacks this nuanced capacity to handle im-
precise data, which limits its applicability in
complex decision-making scenarios.

6. Discussion of Results: Strategic
Advancements in Multi-Criteria
Decision Support through Hybrid DSS

This study demonstrates the significant
contributions of the Z-TOPSIS framework
in addressing critical limitations in multi-
criteria decision-making (MCDM). Each re-
sult aligns with the study’s objectives, pro-
viding a clear narrative on how the proposed
methodology resolves the issues identified in
Section 2. The discussion highlights the prac-
tical value of the results, with references to
the relevant tables, figures, and formulas to
clarify their implications.

The first objective of this study was to
propose a Z-TOPSIS framework capable of
addressing uncertainty and improving the
reliability of decision-making outcomes. Un-
like traditional TOPSIS, which assumes de-
terministic inputs, Z-TOPSIS incorporates
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Z-numbers to account for both the magnitude
of criteria and the confidence in their reli-
ability. This dual representation ensures that
rankings reflect not only the performance of
alternatives but also the trustworthiness of
the data. As shown in Table 1, Z-numbers
offer a structured way to handle uncertain-
ty, directly addressing the deterministic data
assumption problem identified in Section 2.
This approach enables decision-makers to
model imprecise or subjective information
effectively, bridging a critical gap in tradi-
tional methods.

Confidence-aware normalization is an-
other key feature of Z-TOPSIS. By adjust-
ing the influence of criteria based on their
confidence levels, the method ensures that
rankings are more stable and reflective of re-
liable information. Table 8 demonstrates the
closeness coefficients of alternatives calcu-
lated using Z-TOPSIS, while Table 10 shows
how these rankings remain consistent even
under moderate noise levels. This stability
is a marked improvement over traditional
TOPSIS, where rankings varied significantly
under similar conditions (Table 12, Figure
5). The integration of Z-ideal and Z-anti-ide-
al solutions further enhances the framework
by establishing benchmarks that are more
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representative of real-world scenarios, en-
suring robust evaluations.

The second objective focused on design-
ing and implementing a decision support
system (DSS) based on the Z-TOPSIS frame-
work. The DSS automates complex compu-
tations such as Z-distance calculations and
confidence-aware normalization, reducing
manual errors and improving transparency
in decision-making. The structured weight
determination process, as illustrated in Ta-
ble 5, uses Analytic Hierarchy Process (AHP)
to systematically assign importance to each
criterion, minimizing subjectivity. This struc-
tured approach addresses the weight assign-
ment bias highlighted in Section 2. By incor-
porating both qualitative and quantitative
criteria, the DSS broadens its applicability,
providing decision-makers with a versatile
tool for evaluating complex alternatives.

The DSS was applied to evaluate renew-
able energy projects, balancing criteria such
as cost, environmental impact, and energy
output efficiency. Table 8 shows that Wind
Energy consistently ranked first due to its op-
timal performance across multiple criteria.
The radar chart in Figure 3 visually summa-
rizes the rankings, offering decision-makers
a clear and interpretable representation of
the results. Such visual tools enhance trans-
parency and foster stakeholder confidence in
the decision-making process.

The third objective was to validate the
advantages of Z-TOPSIS through compara-
tive analysis with traditional TOPSIS. This
analysis revealed that traditional TOPSIS is
highly sensitive to data perturbations, as evi-
denced by the unstable rankings under mod-
erate noise conditions (Table 12, Figure 5).
In contrast, Z-TOPSIS maintained ranking
stability, as shown in Table 10 and Figure 4,
highlighting its ability to handle uncertain-
ty effectively. For instance, while traditional
TOPSIS produced inconsistent rankings for
Solar Power, Z-TOPSIS consistently ranked
it second across all scenarios. This consisten-
cy underscores the resilience of Z-TOPSIS in
dynamic environments.

The processing time analysis in Figure 6
reveals that while Z-TOPSIS requires addi-
tional computational steps due to the integra-
tion of Z-numbers, the increase in processing
time is manageable for mid-scale problems.

Section 1. Economics, organization

The trade-off is justified by the enhanced reli-
ability and interpretability of the results. Fur-
thermore, the interpretability chart in Figure 7
demonstrates how the inclusion of confidence
levels improves the transparency of decision-
making, offering stakeholders a deeper under-
standing of the factors influencing rankings.

The results directly address the prob-
lems identified in Section 2. By integrating
Z-numbers, Z-TOPSIS resolves the issue
of deterministic assumptions and reduces
sensitivity to noise. The structured weight
determination process ensures that criteria
weights align with decision-making prior-
ities, while the DSS provides a transparent
and scalable tool for practical applications.

Despite its advantages, the study has
limitations. The integration of Z-numbers
increases computational complexity, which
may limit scalability for large datasets. Ad-
ditionally, the DSS relies on expert input for
weight determination, introducing potential
biases if not managed carefully. Future re-
search should focus on optimizing the com-
putational efficiency of Z-TOPSIS and auto-
mating weight assignment through machine
learning techniques. Expanding the applica-
tion of the framework to other domains, such
as healthcare and logistics, would further
validate its versatility and effectiveness.

In conclusion, the Z-TOPSIS framework
achieves the objectives set out in this study
by addressing the limitations of traditional
MCDM methods and providing a reliable, in-
terpretable, and adaptable decision-making
solution. The results demonstrate its capabil-
ity to handle uncertainty, maintain ranking
stability, and enhance transparency, making
it a valuable tool for modern decision-making
challenges.

7. Conclusions

This study develops and validates
a Z-TOPSIS-based decision support system
(DSS) to address critical challenges in multi-
criteria decision-making (MCDM), particu-
larly in handling uncertainty, ensuring rank-
ing stability, and improving decision-making
transparency. The conclusions correspond
to the three objectives defined in the study
and highlight the original scientific contribu-
tions, their distinctive features, and quantita-
tive evaluations of the results.
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The first objective of this study was to
propose a Z-TOPSIS framework that inte-
grates Z-numbers into the decision-making
process. This framework enhances tradition-
al TOPSIS by modeling both the magnitude
and reliability of criteria values, resolving the
deterministic data assumptions of existing
methods. The confidence-aware normaliza-
tion process ensures that criteria with high-
er reliability are prioritized, leading to stable
and reliable rankings even under uncertain
conditions. The resilience of the framework
to moderate noise was demonstrated by
consistent rankings with minimal variabil-
ity, significantly outperforming traditional
TOPSIS, which exhibited ranking deviations
of over 20%. The ability to handle imprecise
and subjective information makes Z-TOPSIS
a robust tool for decision-making in dynamic
and uncertain environments.

The second objective was to design and
implement a DSS based on the Z-TOPSIS
framework. This system automates complex
computations, such as Z-distance calcula-
tions and confidence-aware normalization,
while incorporating structured weight deter-
mination using Analytic Hierarchy Process
(AHP). By systematically assigning weights,
the DSS reduces subjectivity and aligns cri-
teria with decision-making priorities. Its ap-
plication to renewable energy project evalua-
tion showcased its practical utility, balancing
diverse criteria such as cost, environmental
impact, and energy output efficiency. Wind
Energy consistently emerged as the top al-
ternative, reflecting the DSS’s ability to pri-
oritize alternatives accurately. Compared
to manual TOPSIS calculations, the DSS
improved decision-making efficiency by ap-
proximately 40%, providing stakeholders
with interpretable results and reducing com-
putational errors.

The third objective involved validating the
Z-TOPSIS framework through a comparative
analysis with traditional TOPSIS. This analy-
sis highlighted the significant advantages of
Z-TOPSIS in handling uncertainty and main-
taining ranking stability. Traditional TOPSIS
was highly sensitive to noise, resulting in in-
consistent rankings across scenarios. In con-
trast, Z-TOPSIS maintained consistent and
reliable rankings, with deviations of less than
5% under similar conditions. By integrating

Section 1. Economics, organization

Z-numbers, the framework accounts for both
the performance and reliability of input data,
reducing the risk of decision-making errors
caused by data uncertainty. These findings
demonstrate the superior stability and trans-
parency of Z-TOPSIS, making it a preferable
choice for dynamic decision environments.
This study significantly advances MCDM
methodologies by providing a validated
framework that resolves key limitations of
traditional methods. The Z-TOPSIS frame-
work and DSS offer a reliable, interpretable,
and adaptable decision-making solution,
particularly for applications in renewable
energy planning, resource management, and
other complex scenarios. Future research
should focus on optimizing computational
efficiency, automating weight determination,
and extending the framework to diverse do-
mains such as healthcare, logistics, and ur-
ban planning to validate its scalability and
applicability further.
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