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Abstract - In the medium-sized automotive sector, supplier selection is the most important factor in ensuring constant quality,
cost management, and delivery performance. These sectors must deal with tight operational restrictions, interconnected criteria,
and ambiguous information. As a result, choosing a supplier is a difficult choice. This article proposes an inventive strategy to
address this issue over an integrated framework. 3.2. Fuzzy Analytic Hierarchy Process (FAHP) is used to calculate the criteria
weights due to uncertainty, Fuzzy Decision-Making Trial and Evaluation Laboratory (FDEMATEL) is used to map cause and
effect relationships, and Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) and Evaluation Based on
Distance from Average Solution (EDAS) are used to assess supplier performance. Sensitivity analysis evaluates the stability of
the results, whereas the Borda and Copeland Count methods combine the rankings. The FAHP score, the important factors are
cost 0.128, quality 0.279, and delivery reliability 0.130. According to FDEMATEL, lower-weighted criteria indicate cause, and
higher-weighted criteria indicate effect. TOPSIS and EDAS considered S1 and S2 to be the best performers, whereas S4
frequently scored lowest. These opinions were validated by Borda and Copeland aggregation. S1 and S2 maintained their top

positions in every scenario, according to a sensitivity study with a weight variation of £20%. Based on the results of this study,

the integrated model offers a robust and clear base for the selection of suppliers.

Keywords - Supplier selection, MCDM, Rank Aggregation, Sensitivity analysis.

1. Introduction

Supplier selection is one of the key concerns for medium-
scale automotive manufacturers, which are driven by tight cost
structures, unpredictable consumer demand, and increasing
demands for quality, sustainability, and responsive production.
Their ability to select and manage their suppliers, then, is just
as important to their competitiveness as internal efficiency. A
poor decision may result in delays, variable quality, increased
operational hazards, and financial loss. A quality supplier base
may, on the other hand, enable a company to increase product
quality, eliminate waste, and respond quickly to changes in the
marketplace. Thus, supplier selection is no longer a simple
buying decision but a strategic decision [1-3]. Selecting the
right supplier is difficult because the decision involves many
criteria that often conflict with each other. Some of the major
factors include quality, cost, delivery reliability, technical
capability, financial stability, risk management, and
environmental compliance [4-6]. These criteria involve both
measurable information and subjective judgments from
experts. In medium-scale automotive firms, the challenge
becomes even sharper because managers often work with
incomplete data and under uncertain conditions [7, 8]. It is for
this reason that there has been an increased interest in fuzzy

Multi-Criteria Decision-Making (MCDM) tools. They allow
decision makers to express their opinions in more flexible
terms and capture the uncertainty naturally present in human
judgment [6, 9].

FAHP has been widely applied to determine the weights
of selection criteria. FAHP handles linguistic judgments,
reduces inconsistency, and improves the reliability of expert
evaluations. It enables decision makers to compare criteria
pairwise and express their views in fuzzy terms rather than
exact numbers. The same applies in the automotive industry,
where normally experts base their opinions on experience
rather than exact data [10-12].

FDEMATEL adds another layer in highlighting cause-
and-effect relationships among the criteria. Apart from simple
weighting, the FDEMATEL method helps managers find out
which factor drives which. For example, technical capability
may drive quality, and a supplier relationship may drive
delivery reliability. Mapping these relationships assists firms
in focusing on the most influential factors. For medium-scale
manufacturers with limited resources, this may give

indications for better decision planning [13-15].
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Once the criteria have been weighted, a ranking of
suppliers’ performances is required. To this end, various tools
can be employed, including TOPSIS and EDAS. TOPSIS
ranks alternatives based on their distance from both the ideal
and negative-ideal solutions. This method is simple and
intuitive, hence popular in industrial applications [16-18].
EDAS assesses alternatives according to their positive and
negative distances to the average solution. It introduces
another angle by considering the deviation from the mean
rather than the distance from the ideal point [19-20]. The use
of these two methods constitutes a firmer basis for confidence
in the results of ranking. These secondary aggregation
methods are useful in aggregating rankings produced by
several MCDM tools. Among them is the Bodra method,
which integrates various rankings into a single consolidated
order. Copeland Count adds a voting-based aggregation
method that compares alternatives pairwise and awards points
based on their relative performance across methods [21-23].
These avert the bias arising when individual ranking methods
are used. Integrating FAHP, FDEMATEL, TOPSIS, EDAS,
Bodra, and Copeland Count provides a more robust and stable
supplier selection framework.

In India and other developing regions, medium-scale
automotive industries are tending towards hybrid decision
models in order to manage supplier evaluation more
effectively. Supply chains are increasingly complex, markets
are competitive, and disruptions are more common. Though
large companies have sophisticated systems and large
procurement teams, medium-scale units require practical and
reliable tools that guarantee decision-making with minimal
resources. A combined fuzzy-based and ranking-aggregation
approach fits these needs well [24, 25].

This article develops an integrated supplier selection
framework for medium-scale automotive industries using
FAHP for criteria weight calculation, FDEMATEL for
identifying causal relationships, TOPSIS and EDAS for
supplier ranking, and Bodra with Copeland Count for final
consolidated ranking. Sensitivity analysis is provided to test
the stability of the results for different conditions. In this
respect, the proposed framework will provide a structured and
thorough approach that will assist managers in making
rational supplier selection decisions under uncertainty. It also
contributes to the academic field by showing how different
fuzzy and ranking tools can be combined for a more reliable
evaluation system. The introduction sets the base for
analyzing the performance of suppliers in a structured way.
Based on the integration of fuzzy logic, causal analysis,
distance-based ranking, and ranking aggregation techniques,
the study provides a modern and practical model for supplier
selection that is suitable for medium-scale automotive
manufacturing environments.

2. Literature Review

Over the years, supplier selection has been one of the
most widely studied topics in supply chain management,
especially for industries where product quality and timely
delivery are a concern [3, 26, 27]. Medium-scale automotive
manufacturers are under enhanced pressure to identify
suppliers who can fulfill technical requirements by providing
consistent quality and supporting flexible production
schedules at competitive prices [28, 29]. Because supplier
performance is influenced by multiple strategic and
operational factors, researchers often use MCDM approaches
in structuring the evaluation process. In Table 1, a summary of
various MCDM Tools is shown.

Table 1. Summarized table of various MCDM tools

MCDM Tool Purpose Strengths Limitations References
Determines criteria Captures e'xper't melgulty, Sensitive to
. handles linguistic terms, . . . [30, 31]
FAHP weights under . . Inconsistency in
uncertaint and is reliable for airwise comparisons
Y subjective judgments P P
e caweand. | B iheril I R et
FDEMATEL effect relationships ’ . £e [32]
o effect mapping, supports depend on survey
among criteria . .. .
strategic decisions quality
Ranks alternatives by Simple, intuitive, fast Sensitive to [33-35]
TOPSIS distance from ideal and computation, widely normalization and
worst solutions adopted weight assignment
Ranks alternatives based Works well when Requires careful (31,34, 36]
EDAS on positive and negative performance variation is handling of average- T
distance from the average small, stable outputs based scoring
Aggregates rankings . Ignores relative
Borda Method from different MCDM . Balances ranking distances between [21-23]
variations, easy to compute
tools ranks
Copeland Voting-based final Robust, considers pairwise Comp utationally
. . . . heavier for many [21-23]
Count ranking aggregation wins/losses, reduces bias alternatives
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Automotive supply chains are known to be complex, with
just-in-time production systems and severe performance
specifications. Studies have documented that supplier
selection in this industry is based on factors such as quality
and cost, followed by delivery reliability, manufacturing
capability, financial strength, and risk management [37, 38].
Medium-scale enterprises often have restricted availability of
resources and therefore need to consider reliable decisioning
frameworks that can minimize risk and enhance suppliers’
consistency in performance. According to researchers,
subjective judgments, market uncertainty, and constantly
changing expectations on sustainability render traditional
scoring methods inadequate [39-41]. The presence of these
issues has motivated the application of fuzzy and integrated
techniques of MCDM [6, 9, 42].

A large part of the literature uses FAHP to determine the
weight of selection criteria. FAHP extends the classic AHP,
developed by Saaty, by introducing fuzzy numbers that
capture the ambiguity of expert judgments [43, 44]. FAHP was
used in a supplier evaluation problem and demonstrated that
fuzzy pairwise comparison enhances decision accuracy in
uncertain environments. In automotive applications, FAHP
supports managers in giving priority to the criteria such as
quality, delivery flexibility, or technological capability,
considering linguistic expert judgments. This technique is
valued for its simplicity and compatibility when combined
with other MCDM models [45].

The DEMATEL method identifies the cause-and-effect
relationships among criteria. Coupled with fuzzy logic, this
method captures expert uncertainty more fully [46, 47].
FDEMATEL is particularly useful in complex systems, such
as supply chains, since interdependencies among criteria may
affect decision outcomes [48, 49]. For instance, technical
capability might drive product quality, which then affects
delivery reliability. Wu and Lee (2007) illustrated how fuzzy
DEMATEL can classify factors into cause and effect groups
[15], as well as reveal the criteria that most strongly drive the
system. In the context of automotive supplier evaluation, the
method directs managers’ attention to influential criteria
rather than just criteria weights. Such insight aids firms in
planning targeted improvements and in focusing scarce
attention on what really matters.

TOPSIS stands for Technique for Order Preference by
Similarity to Ideal Solution and is one of the most widely used
MCDM tools for ranking alternatives. The method was
developed by Hwang and Yoon (1981) [16] and evaluates
alternatives with respect to their relative closeness to the ideal
and negative-ideal solutions. Because of its simple structure,
minimum computational load, and strong interpretability,
TOPSIS has gained a wide acceptance in supplier selection
research [18, 50, 51]. A fuzzy TOPSIS model was applied to
supplier selection and concluded that the method performs
well in environments characterized by imprecise data. In the
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automotive sector, TOPSIS has been used to rank suppliers
based on quality, cost, and delivery criteria, offering a
balanced evaluation framework suitable for medium-scale
companies.

The EDAS method, proposed by Ghorabaee (2016) [19],
is a relatively new MCDM technique that evaluates
alternatives regarding their positive and negative distances
from the average solution. It differs from other classic
methods in that it does not consider the ideal solution, whereas
it compares every supplier against the overall mean.
Therefore, this method may highlight suppliers who perform
consistently above the average and could be useful in
industries characterized by a narrow dispersion of the
variation in performance. Many publications were dedicated
to the application of EDAS in the manufacturing and logistics
fields, proving its strength in ranking the set of alternatives
without complex computations. Very recently, EDAS has been
combined with fuzzy frameworks in order to enhance
robustness in uncertain decision-making environments [52-
54].

When various MCDM methods are combined, their
ranking results sometimes do not coincide. Then, certain
methods for aggregation of the results of ranking have been
proposed. Bodra’s method reduces rankings from multiple
tools to a consensus order. It operates as the positional value
of each alternative is calculated and then aggregated. Bodra’s
method is less common in automotive research; however, it
has been used in engineering decision-making when there was
a need to reconcile several ranking outputs. The Copeland
Count is derived from the voting theory and works by
aggregating rankings through pairwise comparisons. Each
supplier receives points for wins or losses against other
suppliers under each ranking method. The alternative granting
the highest total score is placed at the top of the final ranking
list. Several studies show that Copeland Count improves
decision stability and reduces the influence of outliers from
individual ranking techniques [21-23]. Using Bodra and
Copeland Count consolidates supplier selection results in
FAHP, FDEMATEL, TOPSIS, and EDAS, yielding more
reliable final decisions.

New methodologies having hybrid models like FAHP +
DEMATEL+TOPSIS, FAHP + EDAS, Fuzzy AHP + VIKOR,
and other fuzzy integration approaches in supplier evaluation
were also introduced. A comparative analysis of recent works
(2020-2024) describes that most of the theories are focused on
either weight assignment issues or other ranking processes,
but there are very limited approaches that manage all tasks of
uncertainty modeling, causal analysis, dual ranking validation,
and rank aggregation in a single procedural flow. This paper
has special importance as it combines FAHP, FDEMATEL,
TOPSIS, EDAS, and rank aggregation in a single decision
support model suitable for medium-scale Indian automobile
companies.
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Medium-scale automotive manufacturers rely on their
suppliers for materials, components, and services. These firms
have to bear cost pressure, volatile demand, and high-quality
expectations. The choice of an appropriate supplier is
problematic due to the many relevant selection criteria,
including quality, delivery reliability, technical capability,
financial stability, sustainability, and risk factors. These
criteria are interdependent and very often evaluated under
incomplete or uncertain information.

Traditional supplier selection methods fail to handle
ambiguity, do not consider the causal relationships between
criteria, and very often rely on single ranking methods that
result in inconsistent results. The medium-scale firm requires
a structured and dependable framework that is able to manage
uncertainty, capture expert knowledge, and yield reliable
rankings. An integrated approach based on fuzzy logic, causal
analysis, multiple ranking techniques, and ranking
aggregation is required to enhance the accuracy and
robustness of supplier selection decisions in medium-scale
automotive firms.

Although several models are presented in the literature for
the evaluation of suppliers, most of these studies address only
separate parts of the whole decision process. Most studies use
FAHP or AHP in order to determine the weights of the criteria.

However, no study has considered the causal relationship
among the criteria. In reality, factors such as technical
capability, quality performance, and delivery reliability
influence one another. Without identifying these
interdependencies, the criteria weighting is incomplete.

At the same time, many works utilize fuzzy TOPSIS,
VIKOR, or EDAS to rank suppliers, since each of the methods
brings out different results because of its distance or deviation
measuring technique. Reliance on one ranking tool increases
the possibility of inconsistent decisions. Only a few works
incorporate ranking aggregation techniques, such as Borda or
Copeland Count, in order to provide a consensus ranking when
multiple MCDM outputs are available.

Research integrating FAHP and FDEMATEL is present
but mainly applied to large-scale industries or green supply
chains. Medium-scale automotive manufacturers face
completely different environmental challenges. They work
with limited resources and fewer automated systems with an
increased exposure to supplier risk. In such a context, studies
focusing on medium-scale automotive units are rather scarce.
These firms require decision models that work well with
uncertain judgments, smaller datasets, and practical
implementation constraints.

Table 2. Gap analysis for supplier selection

Literature What Existing Studies . . .
Theme Have Done Identified Gaps Gap Addressed in This Study
o FAHP, AHP, and ANP Limited work on combining Uses FAHP + FDEMATEL to
Criteria were used to derive ) . . .
Weighting weights for supplier FAHP with causal analysis obtain weights and understand
criteria to refine weights cause—and—effect relations
Handlin Fuzzy methods are A few hybrid frameworks Develops a combined FAHP +
ne widely used but mostly combining multiple fuzzy FDEMATEL + TOPSIS + EDAS
Uncertainty S . .
applied in isolation and ranking tools framework
Supplier TOPSIS and EDAS are | Lack of cross-verification | ;0 16pgrg and EDAS together
Ranking often used separatel using multiple ranking for ranking validation
Methods P Y models &
Borda and Copeland are Limited evidence of
Ranking rarely used in :u tomofive consolidated ranking when Combines Borda and Copeland
Aggregation y use . multiple MCDM outputs Count for stable consensus ranking
supplier selection .
conflict
. Most models are applied . . .
Automotive . Medium-scale firms have Modifies the hybrid model to
in large OEMs; fewer .. . . .
Industry . . distinct constraints and medium-scale automotive
studies are on medium- . ..
Focus . . limited resources conditions
scale automotive units.
Sensitivity Often missing from Rankings are rarely tested Performs sensitivity analysis to test
. . . for robustness under .
Analysis supplier selection models . . model stability
changing weights
- No comprehensive model
Inﬁeg;?itgd EX]Stmng;O;/}( (S:]g(i\(jlus onl using FAHP + FDEMATEL Proposes a complete integrated
y or 2 VL + TOPSIS + EDAS + Borda framework with all these tools
Models combinations.
+ Copeland

34
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Another serious gap in the current literature is related to
the scarce use of sensitivity analysis. Sometimes, variations in
criteria weights or in expert opinions may alter supplier
ranking, but only a few models test the stability of the results.
This reduces the reliability of their recommendations. Overall,
the literature lacks an integrated model that includes FAHP for
criteria weighting, FDEMATEL for causal analysis, TOPSIS
and EDAS for ranking, and Borda with Copeland Count for
consensus building, which also encompasses sensitivity
analysis. Addressing such gaps, as shown in Table 2, can
notably strengthen decisions pertaining to supplier selection
for medium-scale automotive industries.

The study deals with the supplier selection in medium-
scale automotive manufacturing units, wherein procurement
decisions directly affect production efficiency, cost control,
and product quality. The scope of the model encompasses raw
materials, components, and service suppliers relevant to
automotive operations. The qualitative criteria, such as
quality, delivery reliability, cost, capability, financial stability,
sustainability, and risk, are dealt with. It uses expert inputs to
handle uncertainty while conducting the analysis based on
fuzzy logic, causal modeling, distance-based ranking, and
ranking aggregation. Specifically excluded from the scope of
this study are large-scale OEMs, very extensive global supply
networks, and highly automated procurement systems. On the
contrary, the core of the investigation is very practical with
data-light methods, best suited to medium-scale firms
operating under resource and information constraints. This
proposed framework integrates various decision-making tools
that are usually applied separately. The novelty lies in
integrating FAHP, FDEMATEL, TOPSIS, EDAS, Borda, and
Copeland Count into one unified supplier selection model
designed specifically for medium-scale automotive industries.
FAHP captures uncertainty in expert judgment, while
FDEMATEL, in turn, portrays the causal structure among the
criteria, thus fortifying the validity of the weight assignment.
The combined use of the TOPSIS and EDAS technique offers
a dual approach to evaluation, reducing model bias. Borda and
Copeland Count provide a consolidated ranking that
overcomes inconsistencies between individual MCDM tools.
This is further backed by sensitivity analysis, ensuring the
final ranking is robust under variation in value conditions. The
tailored focus on medium-scale automotive units adds
practical novelty since most existing studies address large
enterprises or general manufacturing systems.

3. Proposed Methodology

This study applies a structured MCDM approach to
evaluate and rank suppliers for the medium-scale automotive
industry. The proposed methodology, as shown in Figure 1,
integrates FAHP, FDEMATEL, TOPSIS, EDAS, Bodra
aggregation, Copeland Count, and sensitivity analysis into one
methodology. The flow of work is designed to capture expert
judgments, quantify uncertainty, and provide a balanced and
validated ranking of suppliers.
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3.1. Criteria and Alternatives Identification

The ten factors employed in this analysis are also valid in
current literature on automobile supplier analysis, in which
quality, delivery performance, cost, risk, capability, and
sustainability are highlighted as prominent considerations. All
ten factors are supportive of best practices in the automobile
industry, as well as company internal practices for purchasing.
The five suppliers analyzed are part of the actual supplier pool
for the component category chosen.

3.2. Fuzzy Analytic Hierarchy Process

FAHP is applied to compute the importance weights of
the criteria under uncertainty. Experts compare each pair of
criteria using TFNs. A TFN is expressed as: A=(1, m, u)
The fuzzy pairwise comparison matrix is:

A=[a;], a;; = (Lijmyjwip)
Normalized FAHP weights are derived using:

i
n
i=1 di

w; =

3.3. FUZZY DEMATEL

FDEMATEL is used to determine the causal relationships
among criteria. Experts provide fuzzy direct-influence scores
between criteria using TFNs.

The initial fuzzy direct-influence matrix is: X = [¥;;]

Normalization is performed using: N = S —

max; Z Jj Uuj j

The total relation matrix is computed as:
T=N(U-N)"*

The prominence and relation values are:
D =%t Ry =Xjt;

Prominence: Pi=Di+Ri, and Relation: Ei=Di-Ri

FAHP is employed solely for determining criterion
weights, whereas FDEMATEL unveils cause-and-effect
relations among criteria in order to confirm the logical
structure of criterion weights.

3.4. TOPSIS
TOPSIS ranks suppliers based on closeness to the ideal
solution.

m 2
,/Zi=1xij

The normalized decision matrix is: 7;; =

Weighted normalization: v;; = w;7;;
Ideal best and worst:

AT = {max(v;;)}, A~ = {min(v;;)}
Distances:

D} = m D = Xy —4)°

D

e —
Df +D;

Relative closeness: C; =
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Stage 1 Selection of Criteria »| Selection of Alternatives
DeterrImtrmtlon of Determination of
Stage 2 Rel t.n erl-l. ; ol Criteria Weight by
ela 19ns .1p 0 FAHP
the Criteria by
FDEMATEL
Evaluation of _ \ 4 " Evaluation of
Alternatives by TOPSIS Alternatives by EDAS
Stage 3
\ 4 \ 4
Awarding Ranks to Awarding Ranks to
Alternatives Alternatives
Rank Aggregation by Borda
Stage 4 Count and Copeland Method |
y
Stage 5 Sensitivity Analysis

Fig. 1 Proposed methodology

3.5. EDAS
EDAS evaluates alternatives using deviation from the
average solution.

. 1
Average solution: AV; = ;Zixi j

Positive and negative distances:

PDA;; = maX(O, Xij — AV]-),

NDA;; = max(0, AV; — x;;)
Weighted EDAS scores lead to a supplier ranking.

3.6. Bodra Aggregation and Copeland Count

The rankings from FAHP-TOPSIS and FAHP-EDAS are
combined using Bodra’s method, which assigns cumulative
points based on position.

k
Borda Score = Z(m -+ 1)
j=1
Copeland Count validates the final ranking using:
CC=W;—L;

Where W; is the number of pairwise wins and L; is the
number of losses.
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These rank aggregation methods make it easier to resist
outlier values and counter sensitivity, forming a common
opinion that is easy for a professional to understand.

3.7. Sensitivity Analysis

Weights are varied within a reasonable range (£10 to £20
percent). The stability of the ranking indicates the robustness
of the model.

4. Results and Discussion

This article presents a medium-scale automotive
manufacturing unit situated in eastern India, engaged in the
manufacture of sub-assemblies. The company is highly
dependent on outsourced components, including stamped
parts, machined parts, fasteners, fabrication items, and
electrical sub-assemblies. Supplier performance has a direct
effect on the continuity of production, cost competitiveness,
and quality of the final product. A pressing need for a
transparent and systematic supplier evaluation framework led
the management to apply an MCDM approach using FAHP,
FDEMATEL, TOPSIS, EDAS, Bodra, and Copeland Count.



Shankha Ghosh et al. / IJME, 12(12), 31-44, 2025

The company normally operates with more active
suppliers; however, for strategic sourcing, management
wanted to identify the best-performing vendors from a
shortlist of five major suppliers. These suppliers, labeled S1,
S2, S3, S4, and S5, provide essential items with high annual
consumption and moderate to high criticality. Although the
company already maintains a supplier scorecard system, it is
mainly descriptive in nature and lacks an integrated structure
that can deal with trade-offs such as quality versus cost or
reliability versus innovation. Hence, the proposed MCDM
framework has been used to support a strategic sourcing

decision for the next financial year. Ten criteria, as shown in
Table 3, were chosen after expert consultations.

These criteria reflect both the operational and strategic
expectations typical in a medium-scale automotive
environment. A panel of a few experts participated in pairwise
comparisons and influence assessment. Each expert provided
linguistic judgments such as equally important, moderately
more important, and strongly more important, mapped to
triangular fuzzy numbers, as shown in Table 4.

Table 3. List of criteria and their description

Criteria Notation Description
Measures defect rate, conformance to specifications, consistency, and
Quality Cl inspection results. It is usually the most critical factor in automotive
manufacturing.
Cost o Includes uqit price, cost‘ stability, disc'o‘unt strugture, and total cqst of
ownership. Helps maintain competitiveness in the supply chain.
Delivery Reliability 3 Evalua.te.s .on-time delivery, .schedule adherence, a.nd delivery
flexibility. Delays affect inventory and production flow.
Technical Capability C4 Assesses maphinery capability, process stability, dgsign support, and
technological know-how necessary for automotive components.
Financial Stability Cs Reviews liquidity, debt structure, cash ﬂow, qu financial risk.
Ensures long-term supply reliability.
Production Capacity C6 Indicates th.e supplier’s gbility to meet volume demands, flexibility
during peak periods, and response to urgent orders.
Sustainability and Considers green practices, energy efficiency, waste reduction, and
Environmental C7 adherence to environmental regulations. Important for ESG and
Compliance automotive compliance.
Risk Management cs Measures supply continuity, cqntinggncy p'lgnnipg, disruption
response, and operational risk mitigation.
Supplier Relationship 9 Covers responsiveness, communication quality, transparency, and
and Communication long-term collaborative behavior.
Refers to the supplier’s ability to introduce new processes, materials,
Innovation Capability C10 and cost-saving improvements. Supports continuous improvement in
automotive development.

Table 4. Pairwise comparisons among the various criteria
Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

C1l 1 5 3 4 5 4 7 3 3 5

C2 1/5 1 2 3 2 2 3 2 2 2

C3 1/3 1/2 1 2 3 3 3 3 2 2

C4 1/4 1/3 1/2 1 2 3 5 2 2 3

C5 1/5 1/2 1/3 1/2 1 2 2 3 2 2

C6 1/4 1/2 1/3 1/3 1/2 1 2 2 2 2

C7 1/7 1/3 1/3 1/5 1/2 1/2 1 2 2 3

C8 1/3 1/2 1/3 1/2 1/3 1/2 1/2 1 1/2 7

C9 1/3 1/2 1/2 1/2 1/2 1/2 1/2 2 1 2

C10 1/5 1/2 1/2 1/3 1/2 1/2 1/3 17 1/2 1
This section presents the results of the FAHP, analysis covers criteria weight estimation, causal
FDEMATEL, TOPSIS, and EDAS methods, and final relationships, supplier ranking behaviour, and stability of the

aggregation using the Borda and Copeland methods. The
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results through sensitivity analysis.
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4.1. Computation of FAHP Weights

The weights of the criteria were calculated by FAHP
based on expert pairwise judgments. The normalized weights
are as presented in Figure 2.

The results indicate that three influential criteria are
Quality (0.279), Delivery Reliability (0.130), and Cost
(0.128). This corresponds to the operational needs of medium-
scale automotive units, where defect-free components and
timely supplies, along with competitive pricing, have direct
impacts on production continuity and cost efficiency. On the
other hand, Innovation Capability, with a weight of 0.036 and
Sustainability Compliance at 0.052, received lower weights.
This is expected for medium-scale units still strengthening
their fundamental production processes before prioritizing
long-term strategic capabilities.

0.279

0.300

0.200

1
0.128 0.130 0.107

0.100

0.000

4.2. Cause—Effect Analysis Using FDEMATEL

The FDEMATEL method was wused to find
interdependencies among the ten criteria. The results classify
each criterion as a cause or effect, as shown in Figure 3. The
results identify technical capability, financial stability,
production capacity, risk management, supplier relationship,
sustainability, and innovation capability as the cause group.
These factors drive the performance results but are not directly
shaped by the other criteria. Suppliers with strong technical
capability tend to produce higher-quality parts. Financially
stable suppliers tend to be the ones who ensure delivery
reliability. Effective risk management thus reduces disruptions
to supply, improving delivery performance. Robust
communication sparks coordination, hence improving quality
while reducing delays.

0.082

0.068 . 0.062
- 0.052 0.056 0.036

Normalized Weight

m Quality
= Delivery Reliability
m Financial Stability

m Sustainability and Environmental Compliance

m Supplier Relationship and Communication

u Cost

Technical Capability
m Production Capacity
® Risk Management
m [nnovation Capability

Fig. 2 Computed normalized weight by FAHP

-25.00 -20.00 -15.00 -10.00° -5.00
°

10.00

5.00

0-00

-5.00

-10.00

-15.00

-20.00

Fig. 3 Inter-relationship among criteria by FDEMATEL

In contrast, Quality, Cost, and Delivery Reliability are
categorized into the effect group, since they are observable
results influenced by cause criteria. This corresponds to the
reasoning of the automotive industry: only when a supplier is
technically strong, has good financial health, and is adequately
operationally capable can it provide supplies of high quality,
at timely and cost-effective levels.
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The FDEMATEL findings help to validate the FAHP
weightage by confirming that the highly weighted criteria,
such as quality, cost, and delivery, are outcomes, while many
lower-weighted criteria actually serve as the underlying
drivers. This supports a coherent and realistic interpretation of
supplier behaviour.
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4.3. Supplier Ranking Using TOPSIS, EDAS solution in TOPSIS and deviation from the average solution in
The performance scores of the five suppliers (S1 to S5) EDAS. The summarized ranking results are shown in Figure

were evaluated through TOPSIS and EDAS. Both methods 4.

presented ranking with respect to the closeness to the ideal
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By TOPSIS, the best-ranked supplier was S2, followed by
S1, while S1 ranked first and S2 second according to EDAS.
Since this ranking slightly differs, it is quite normal because
of the nature of these methods; while TOPSIS amplifies
criteria with large positive distance from the ideal, EDAS
balances the positive and negative deviation relative to the
average.

To combine the rankings, a Borda count method was used.
TOPSIS and EDAS ranks were converted into Borda scores,
and the sum total of scores was used to create a consensus
ranking. S1 and S2 had the highest Borda score, further
confirming them as the two best-performing suppliers.

Further validating this, the method by Copeland was used
to compare suppliers pairwise. Again, S1 and S2 had the
highest Copeland scores, reinforcing the conclusion. S1 and
S2 constantly emerge at the top with strong overall capabilities
in all criteria. S3 and S5 form a cluster of medium performers,
sometimes shifting position according to the method applied.

S4 always comes last, which indicates significant
shortcomings in several criteria and needs to be addressed.
The strong agreement between Borda and Copeland confirms
that the integrated ranking is reliable and suitable for
managerial decision-making.

4.4. Sensitivity Analysis

Sensitivity analysis was performed to identify how stable
the ranking of suppliers remains when weights normalized
through FAHP are increased and decreased by 20% of the
computed original weightage, as shown in Figure 5. Using
these modified weights, TOPSIS and EDAS were again run,
followed by a ranking aggregation using the Borda and
Copeland methods. This approach ensures that the final
supplier decision is robust under fluctuating decision-maker
preferences.
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The first scenario applies a 20 percent increase to all the
criteria weights. The results of that are shown in Figure 6. S1
and S2 are the two best suppliers, ranked first and second,
respectively, across all MCDM methods, such as TOPSIS,
EDAS, Borda, and Copeland.

S3 and S5 retain their middle-order positions, without any
shift, even with increased weights. S4 remains the lowest-
rated supplier, reflecting consistent performance gaps. This
would mean that the model is stable when weights increase,
and supplier rankings do not change much.

The second scenario applies a 20 percent decrease to all
the criteria weights. The results of that are shown in Figure 7.
S1 is the best-ranked supplier, and its ranking has not changed
across TOPSIS, EDAS, Borda, and Copeland. S2 drops
slightly in EDAS to Rank 3, but remains in the top two in
aggregated Borda and Copeland rankings.

S5 improved in EDAS ranking to 2nd position but finally
settled at Rank 3 after aggregation. S3 remains mid-ranked,
and S4 always stays last. The minor reordering between S2,
S3, and S5 in EDAS shows that EDAS is slightly more
sensitive to weight reductions but returns a stable and rational
result from an aggregated ranking.

S1 and S2 always show the best performance under all
conditions. The methods of Borda and Copeland classify
them, independent of any weight changes, as the top
performers. Their dominance confirms resilience against
uncertainty in the criteria weight assignment.

S5 exhibits a moderate sensitivity in the -20 percent case
when it briefly rises to EDAS Rank 2. However, it
outperforms neither S1 nor S2 on any aggregate ranking. S4
confirms persistent performance gaps and remains positioned
as the lowest-ranked supplier in all methods and scenarios.
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Aggregated rankings using Borda and Copeland smooth
out minor fluctuations from TOPSIS and EDAS. The fact that
S1 and S2 are consistent at the top justifies a recommendation
as preferred suppliers. The chronic bottom performance of S4
underlines the need for significant improvement in the
supplier panel. The small ranking shift of S5 suggests that this
supplier could be a reasonable alternative if the preference
over weights changed in actual practice.

S. Conclusion

This article provides the latest and most reliable
methodology based on a creative approach for the assessment
of suppliers for medium-sized automotive manufacturers.
Since sourcing quality, cost control, and operational stability
are critical to performance accomplishment in the automotive
sector, this article uses FAHP, FDEMATEL, TOPSIS, and
EDAS to illustrate the complex trade-offs that purchasing
teams face in real-world settings. Each technique brought
distinct strengths: TOPSIS and EDAS created two
independent but complementary performance rankings, FAHP
quantified expert judgment under uncertainty, and
FDEMATEL emphasized the cause-and-effect structure
among the criteria. Compared to utilizing a single tactic, the
combined approach generated better balance and defensibility.

In this article, a comprehensive and reliable supplier
evaluation framework through an innovative proposed model
for medium-scale automotive industries was developed. Since
the performance attainment in the automotive industry greatly
relies on the sourcing quality, cost control, and operational
stability, this research integrates FAHP, FDEMATEL,
TOPSIS, and EDAS to capture the complex trade-offs that
purchasing teams face in real conditions. Each of the methods
brought in different strengths: FAHP quantified expert
judgment under uncertainty, while FDEMATEL clarified the
cause-and-effect structure among the criteria, and TOPSIS and
EDAS produced two independent yet complementary
rankings for performance. The combined approach created
more balance and defensibility in comparison to using a single
method.

The criteria used in the model encompassed the full range
of aspects of supplier capability: quality, cost, delivery
reliability, technical strength, financial stability, capacity,
environmental compliance, risk management,
communication, and innovation. FAHP weights illustrated that
quality and delivery reliability remain two of the most
influential factors in automotive supply chains, while
sustainability and innovation also bear increasing strategic
value. FDEMATEL helped to identify the causes that operate
as dependent performance outcomes. This insight is useful for
managers who need to design supplier development programs
and allocate resources to the most impactful areas.

The outputs from TOPSIS and EDAS showed
consistency, where top performers remained in their positions
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as obtained under both methods. In persistence, to make sure
that such are reliable, Borda and Copeland aggregation
techniques have been applied in combination rankings
originating from different models. This present step reduces
methodological bias and emphasizes suppliers whose
performance is consistent across multiple views of evaluation.
The best performing suppliers were clearly identified in the
aggregate output as showing consistency in the strength of
technical capability, delivery performance, and overall
operational maturity.

Sensitivity analysis strengthened the conclusions.
Increasing and decreasing FAHP weights by 20% tested how
much the shift in decision-maker priorities would alter the
ranking. High stability was observed, especially for top and
bottom-ranked suppliers. Minor variations appeared among
only mid-level suppliers, as is generally expected when weight
preferences shift. It was confirmed hereby that the proposed
evaluation system is robust and suitable for practical use in
medium-scale automotive industries.

The integrated methodology provides clear insights into
interdependent performance elements, lowers the risk of
subjective bias, and generates trustworthy evaluations to assist
strategic sourcing decisions. By putting this approach into
practice, automotive units will see an improvement in the
consistency of their suppliers’ performance and a greater
alignment with operational goals, resulting in the development
of more significant long-term partnerships throughout the
supply chain.

5.1. Future Scope and Limitations

Although the framework developed herein is
comprehensive, a few limitations remain that could be
addressed in future work. Such an approach captures domain
knowledge; it can also introduce biases where the number of
experts is not high or not representative of the industry. Future
research can expand the expert pool, include multi-level
decision makers, or apply data-driven weighting techniques to
reduce reliance on subjective inputs.

Future studies can also be directed to developing decision
dashboards, software modules, or automated evaluation
systems to facilitate easy adoption of this framework by
industries. The proposed framework provides a solid
backbone for improvement to the supplier evaluation and
several promising research ways in deeper, broader, and more
adaptive decision-making systems.

The limitations are that only FAHP, FDEMATEL,
TOPSIS, and EDAS were used. Although this combination
provides strong coverage, additional techniques like DEA,
PROMETHEE, GRA, or MOORA may be incorporated for a
comparison between efficiency-based results and preference-
based results. Hybrid models, including fuzzy extensions, may
also improve handling of extreme uncertainty.
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