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Abstract. Effective vendor selection and strong relationship management are
crucial for maintaining competitiveness and mitigating supply chain risks.
However, unstructured selection processes can lead to inefficiencies, such as
wasted time, resources, and financial losses. A marble industry in Indonesia faces
similar challenges, particularly in selecting and evaluating bearing vendors,
resulting in stock fluctuations and operational losses. This study aims to address
these issues by integrating the AHP, COPRAS, and TOPSIS methods from the
Multi-Criteria Decision-Making (MCDM) framework. Through this approach,
four key criteria—price, quality, delivery duration, and service performance—
were identified and appropriately weighted. The findings reveal that Asian
Bearing was the most suitable vendor, achieving the highest utility value. This
ensured a more stable and efficient supply chain while reducing operational risks
and costs. Additionally, sensitivity analysis confirmed the robustness of the
integrated methods, as vendor rankings remained stable even with changes in
criterion weighting. The integration of AHP, COPRAS, and TOPSIS provides a
systematic and reliable framework for vendor selection, improving the efficiency
and reliability of the selection process and enhancing the company’s
competitiveness in a dynamic market.
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1 INTRODUCTION

Supply chain management efficiency is not only the key to the survival and growth of
a company in this era of globalization, but also plays an important role in determining
its competitiveness in an increasingly complex and dynamic market. Amidst this
complexity, several new challenges have emerged, particularly those further intensified
by the impact of the Covid-19 pandemic. The pandemic has caused significant
disruptions to global supply chains, thereby exposing vulnerabilities in the previously
established supply chain management processes [1]. In response to this situation,
companies around the world, including in Indonesia, are increasing them emphasize the
importance of managing supply chain risks [2].

Industry experience shows that effective risk management not only reduces the
impact of risks on day-to-day operations, but also has the potential to be a source of
competitive advantage. One area where risk management is very important is in vendor
selection and vendor relationship management [1]. Choosing the right vendor not only
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reduces operational risk, but can also improve supply chain flexibility, quality, and
efficiency [3]. Vendors are regarded as the most valuable intangible assets for any
organization [4].

Vendor assessment requires a variety of criteria that can describe the overall
performance of the vendor [5]. The Multi-Criteria Decision-Making (MCDM) method
provides a structured framework for making vendor selection decisions by taking
multiple criteria into account and ensuring a thorough evaluation [6]. These techniques
utilize mathematical models to aid decision making when it comes to considering
conflicting criteria to assess potential solutions. The MCDM-based approach facilitates
the identification of the most suitable alternatives by meticulously analyzing the
weights assigned to each criterion [5].

Amid the ever-changing dynamics and complexity of MCDM's issues, this case
study highlights one of Indonesia's leading natural stone producers facing a series of
challenges in its supply chain management, particularly in vendor selection and
evaluation. Despite having a variety of vendor partners, the vendor selection and
evaluation process is not fully structured and well documented, leading to the absence
of standard criteria for assessing and evaluating bearing vendors. This, coupled with
delays and volatility in stock fluctuations, increases operational risks, especially
concerning the reliability of production machinery. Bearing, as a critical component in
production machinery, requires a consistent and reliable supply, and any disruptions
caused by stock shortages or unreliable vendor performance can significantly affect
operational stability. Historical data reveals that the company purchased 1,052 units of
bearings during the period, with peaks in 2020 and 2022, and the total cost of bearing
purchases from 2018 to 2023 amounted to Rp 655,446,313. Effective vendor selection
is thus essential to ensure smooth production and minimize costs. Therefore, this study
aims to address this challenge by employing AHP, COPRAS, and TOPSIS integration
methods to set the weight of vendor selection criteria, evaluate quantitatively, and
prioritize the best vendors among existing alternatives. The research seeks to optimize
supply chain reliability, minimize operational risks, reduce costs, and enhance company
value.

Although the Multi-Criteria Decision-Making (MCDM) method has been widely
used in vendor selection, research specifically focusing on the marble industry in
Indonesia, particularly in the selection of bearing vendors, remains limited.
Furthermore, there is a significant gap in the literature regarding the comprehensive
integration of AHP, COPRAS, and TOPSIS methods in this context. This gap is
especially noticeable in the Indonesian marble industry, where the supply chain has
unique characteristics.

There has been slight research on vendor selection in the marble industry,
particularly with an integrated approach like this. Bearings, as a crucial component,
play a vital role in ensuring smooth machinery operations. Any disruption in bearing
supply can cause significant losses for companies. This method offers a new, more
structured way to manage supply chains, which can provide a competitive advantage.
This research not only contributes to the academic literature, but it is also beneficial for
practitioners in the marble industry who want to improve the efficiency and reliability
of their supply chains.

The findings from this study are also applicable to other industries that face similar
challenges in supply chain management, particularly those that rely on critical
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components for smooth production processes. Industries such as manufacturing,
electronics, and automotive, which share the need for high-quality, timely vendor
performance, can benefit from applying these methodologies to optimize their vendor
selection and reduce operational risks.

2 LITERATURE REVIEW

The combination of AHP and COPRAS in supplier selection was employed by [6],
driven by the complexity of vendor selection and supplier evaluation involving multiple
criteria. These criteria often intersect, further complicating the vendor selection
process. The study uses AHP to assess the relative importance of each criterion, while
COPRAS is applied to evaluate vendor models by comparing alternatives, indicating
the quality of these alternatives through their utility levels. The study's criteria include
cost, quality, delivery time, and service performance across five alternative vendors.
The study found that Vendor E was the best supplier, while Vendor B ranked the lowest.

In the study [8], they analysed and compared three multi-criteria decision-making
methods (MCDM), namely TOPSIS, VIKOR, and COPRAS in the context of regional
safety assessments during the COVID-19 pandemic. The goal is to evaluate and
determine the best method to measure the security of the area during a health crisis. The
criteria used include aspects such as health risks, infrastructure, and government
response. The results show that each method has advantages in different contexts, but
COPRAS is considered superior in providing a more balanced evaluation.

Furthermore, in the research [9] develop a new approach that integrates AHP and
COPRAS under the Pythagorean fuzzy set for the selection of digital supply chain
partners. This research aims to improve the partner selection process by considering
criteria such as quality, cost, flexibility, and innovation. The results of this study show
that the proposed method can provide a more comprehensive and appropriate solution
in the selection of supply chain partners.

Another study [1] was conducted a study on the selection of strategic suppliers for
renewable energy supply chains using the BWM-WASPAS-COPRAS hybrid fuzzy
approach. The goal is to optimize supplier selection based on criteria such as cost,
sustainability, capacity, and environmental risk. The results of this study show that the
hybrid approach used can effectively identify the suppliers that best suit the strategic
needs of the renewable energy supply chain.

MCDM method is also used in the study [10] to evaluating crop residues for
gasification in Ghana using integrated multi-criteria decision-making techniques. This
study aims to determine the best plant residues for the gasification process based on
criteria such as energy content, cost, environmental impact, and availability. The results
show that the integrated multi-criteria approach used can provide more informative and
reliable decisions in the context of renewable energy.

In another research by [11] develop a multi-criteria decision-making approach to
overcome barriers in green supply chain management and prioritize alternative
solutions. The purpose of this study is to identify and assess key barriers as well as
possible solutions based on criteria such as cost, environmental impact, and implement
ability. The results show that this approach is effective in prioritizing the most practical
solutions and has a positive impact on green supply chain management.
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In their study, [12] tackle the issue of asphaltene deposition in oil fields and wells, a
significant challenge in oil production operations. The study seeks to quantify and rank
the risks associated with asphaltene deposition in oil fields and wells by employing the
Fuzzy TOPSIS method alongside AHP. The methodology involves identifying relevant
criteria and sub-criteria for risk assessment, followed by the application of Fuzzy
TOPSIS to prioritize these risks. The findings suggest that this approach is effective in
pinpointing and ranking the oil fields and wells most susceptible to asphaltene
deposition, thus supporting more precise decision making.

Research by [13] developed a new approach to selecting the most suitable type of
oilseed for biodiesel production. The purpose of this study is to identify and assess
various oilseed alternatives based on criteria such as oil content, production cost,
availability, and environmental impact. The AHP method is used to determine the
weight of the criteria, while TOPSIS is used to determine the final ranking of oilseed
alternatives. The results show that this integrated method is effective in identifying the
most suitable oilseeds for biodiesel production, by providing a more accurate and
comprehensive ranking.

Furthermore, the study [14] explores the application of the Fuzzy AHP-TOPSIS
method in the selection process of human resource managers. The goal is to improve
the decision-making process in selecting the best candidates for manager positions,
considering criteria such as work experience, management skills, communication skills,
and leadership. The AHP Fuzzy method is used to determine the weight of the criteria
by considering uncertainty and ambiguity in the assessment, while TOPSIS is used to
rank candidates. The results show that the Fuzzy AHP-TOPSIS approach provides a
more flexible and accurate evaluation, thus helping companies in selecting the best
candidates.

And research by [15] the Fuzzy AHP-TOPSIS approach was used to analyse green
management practices in the hospitality industry in Oman. The purpose of this study is
to evaluate and prioritize green management initiatives based on criteria such as energy
efficiency, waste management, environmental awareness, and economic sustainability.
The AHP fuzzy is used to determine the weight of each criterion's importance, while
TOPSIS is used to evaluate and rank green management practices. The results of the
study show that this integrated approach helps in identifying the most effective green
management practices that can be adopted by the hospitality industry in Oman to
improve their environmental sustainability.

This summary provides an overview of how various multi-criteria decision-making
methods such as AHP, COPRAS, and TOPSIS are used in different contexts to address
challenges in supply chain management, supplier selection, and risk evaluation, with
the primary goal of improving efficiency, reducing costs, and maximizing benefits.

Based on previous research and preliminary observations, while there is a strong
understanding of the importance of risk management in the supply chain and the
strategic role of vendor selection in the process, there are some gaps that have not been
addressed. First, while extensive research has been conducted on vendor selection using
Multi-Criteria Decision-Making (MCDM) methods, very few studies have focused on
the marble industry in Indonesia, particularly in the context of bearing vendor selection.
Second, the integration of AHP, COPRAS, and TOPSIS methods for vendor selection
in the marble industry has not been extensively explored, resulting in a lack of practical
guidance for companies to effectively implement this approach. Third, this study also
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highlights the absence of standardized criteria in bearing vendor evaluation, which can
increase operational risks and costs, yet this issue has not been sufficiently addressed
in prior research. Therefore, this study aims to fill these gaps by providing a
comprehensive approach that integrates AHP, COPRAS, and TOPSIS methods for
more effective vendor selection in the Indonesian marble industry.

21 Case study

This research was conducted in Jakarta, Indonesia, focusing on a company within the
marble and natural stone industry. The company has faced significant losses due to the
lack of standardized criteria for assessing and evaluating bearing vendors, compounded
by delays and stock fluctuations. Given the critical role of bearing spare parts in
maintaining operational efficiency in the marble industry, selecting the most suitable
vendor is essential. To address this issue, relevant criteria were identified through an
extensive literature review. The key criteria emerging from the literature include:

C1: Cost/Price C9: Digital Competency
C2: Lead Time C10: Technology

C3: Delivery C11: Relationship

C4: Quality C12: Agility

C5: Payment Terms C13: Economic

C6: Service Performance C14: Social/Urban impact
C7: Vendor Proximity C15: Environment Impact
C8: Rating Profile C16: Other criteria

To address this issue, relevant criteria were identified through a comprehensive
literature review, including insights from [6], [7], and [16], as well as observations and
interviews with company experts. The experts have many years of experience in the
field of supply chain management, particularly in the marble manufacturing industry.
They are made up of operational managers, supply chain managers, and technicians
who understand the complexities in the maintenance of production machinery and the
supply chain of critical components such as bearings. To ensure consistency of
evaluation from experts involves testing consistency using a consistency ratio (CR)
below 0.1 in the AHP method. From this comprehensive analysis, four key criteria were
prioritized for vendor evaluation:

C1: Cost/Price

In the marble industry, profit margins are very sensitive to operating costs, so price is
a critical factor.

C2: Quality

Quality is also considered very important because poor bearing quality can cause
damage to production machines, resulting in downtime and increased maintenance
costs.

C3: Delivery Time

Delivery time is important to ensure smooth production, given that delays in the
delivery of bearings can result in disruptions to the production line.

C4: Service Performance

Service performance includes vendors' responsiveness to company requests, their
ability to handle issues, and after-sales service. Vendors who have good after-sales
service help the company in ensuring operational resilience. These criteria emerged as
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the most significant based on both the academic literature and practical insights from
industry experts. The prioritization of these criteria is intended to streamline the vendor
selection process, ensuring that the company can mitigate risks, reduce losses, and
enhance its overall supply chain efficiency.

3 RESEARCH METHODOLOGY

Selecting the appropriate vendor is a fundamental aspect in reducing uncertainties and
ensuring the seamless functioning of supply chain activities [17]. This study begins
with the identification of the problem statement, followed by data collection through
observation, expert interviews, and a literature review. These methods provide the
necessary input to establish assessment criteria and identify alternative bearing vendors
[18]. AHP is used to assign criteria weights because of its ability to handle complexity
in making decisions by involving many criteria. COPRAS was chosen for its ability to
evaluate vendor performance based on favourable and unfavourable criteria. This
allows companies to evaluate vendors in a more proportionate and comprehensive
manner, resulting in more balanced decisions in terms of preferences. TOPSIS was
chosen because this method allows vendor assessment by comparing the best and worst
vendor alternatives by providing a clear perspective in decision-making based on
vendor performance against specified criteria. The integration of AHP, COPRAS, and
TOPSIS methodologies is then applied within a Multi-Criteria Decision-Making
(MCDM) framework to evaluate these alternatives. Finally, sensitivity analysis is
conducted to assess the robustness of the results [19]. By adopting this systematic
approach, the study aims to pinpoint comprehensive vendor evaluation criteria,
establish a structured evaluation framework, and incorporate the AHP-COPRAS-
TOPSIS techniques into decision-making processes. This initiative is poised to
effectively mitigate risks, enhance the reliability of the supply chain, and augment the
overall value of the organization.

3.1 Analytical Hierarchy Process

The AHP method, developed by Thomas L. Saaty around 1970, serves as a framework
for effective decision-making on complex problems. AHP employs a more precise
pairwise comparison than traditional scoring methods [6]. As one of the most
extensively employed multi-criteria decision-making (MCDM) methodologies, the
Analytic Hierarchy Process (AHP) is conventionally utilized to ascertain the weights
of criteria predicated on pairwise evaluations of both alternatives and criteria, thereby
computing the relative importance of alternatives, rank them, and select the best
alternative [19]. Below is a description of the AHP method stages:
1. Generating the hierarchical structure model from observation, interview
expert, and literature review four important criteria and four alternative
vendors hierarchical modelled.
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Fig. 1. Hierarchical Structure of the problem

2. Generating pairwise comparison matrix with following equation

&M = Y (x,)(x3) ... (am) (1)
1 a b

A= 1 ¢

TR

|
[4
GM : Geometric Mean
x, : 1¥ person rate
x, © 2° person rate
xn : N person rate
A : Comparison Matrix
n : Number of appraisers
3. Determining the eigen vector priority value with formula

w==3%,aj ()
w : Priority Value
n : Total criteria or alternatives
aj : Coloumn — j comparison matrix
4. Calculating the eigen vector’s consistency with formula
CR = CI/RI (3)

Amax—n
cr="2220 1

CR : Consistency Ratio

CI : Consistency Index

RI : Random Index

Amax : Eigen Value

n : Total criteria or alternatives
Consistent if CR is less than 0.10. The comparison would be inconsistent
otherwise.

5. Obtaining result of the hierarchical structure

3.2 Complex Proportional Assessment (COPRAS)

The Complex Proportional Assessment (COPRAS) is a multi-criteria decision-making
technique that systematically assesses both quantitative and qualitative dimensions
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[20], [21]. This methodology was devised by Zavadskas and Kaklauskas in 1996 at the
Gediminas Technical University in Vilnius. This framework evaluates alternatives and
yields a ratio that signifies the comparative performance of an alternative relative to its
peers. The selection of the optimal alternative is achieved through the consideration of
both ideal and non-ideal solutions. In COPRAS, the relative importance of an
alternative is determined by considering both beneficial and non-relevant
characteristics. The stages of the COPRAS method are as follows [1]:

1.

Generating matrix from the alternative data obtained. The results of this first
stage will produce a table or matrix containing each alternative along with
each value on the predetermined criteria.

Normalize the matrix results using the following equation.

m
R = [r.r]m = xy /z[=1 xy (3)
R : Normalized matrix
xy; : Decision value for the-i alternative on the
critena-j
m : Total alternatives
The results of the second stage will be created a new matrix or table containing
the normalization results of each criterion in each alternative.
Determining of the weighted normalized decision matrix, D, by using the
following equation.
D=[yijl=rij.wij,i=1,. mj=1..,n(8)

D : Weighted normalized decision matrix

The results of the third stage will create a new matrix or table that contains the
results of multiplying the weight values with each of the criteria that have been
normalized. The search for weights can be done using the analytical hierarchy
process (AHP) method.
Calculating favourable and disadvantageous criteria
Su= z}l=1)" +.54 = E}l=1,‘f"_ 0

Sti » Aggregate Favorable Criteria

S_, - Aggregate Disadvantageous Criteria
The favourable criteria for S+i and the detrimental criteria for S-i, y is a
criterion value from a table or matrix that has been normalized and multiplied
by weights. The result of this fourth stage will produce S+i and S-i values, on
each criterion.
Determining of the relative significance of the alternative, Qi, using the
following equation.

. 1-Ef5, -5 T
Qi= S, + 57_‘.2?:‘11;5_‘],4 1,---m (8)

Qi : Significance relative for alternative- i
The results of this fifth stage will produce a Q value for each alternative. The
value of Q will be in the form of a decimal number.
Calculate of quantitative utility, Ui, for i-th alternative using the following
equation.
f= |2 ].
Ui = [&*m] 100% (9)
Ui : Utility value of alternatives- i
Qmg, - Maximum significance relative
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The greater the value of Ui, the higher the priority of the alternative. Based on
the value of alternative utilities, a complete ranking of competitive alternatives
can be obtained.

3.3 Technique for Order Performance of Similarity to Ideal Solution
(TOPSIS)

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is among
the most utilized MCDM methodologies. Its core tenet posits that the most favourable
alternative should manifest the minimal distance from the ideal solution while
simultaneously maintaining the maximal distance from the anti-ideal solution [23]. The
TOPSIS method is a multi-criteria and sub-criteria decision-making technique where
the identified alternative has the shortest distance from the positive ideal solution and
the farthest distance from the negative ideal solution from a geometric perspective using
Euclidean distance. However, an alternative with the shortest distance from the positive
ideal solution does not always have the farthest distance from the negative ideal
solution [24]. Here are the steps in TOPSIS [12]:
1. Determining a normalized decision matrix based on criteria assessment
Rij = gtz (10)
Rij : Normalized decision matrix
x;; : Decision value for the alternative- i
nt : Total alternatives
2. Determining a normalized decision matrix weighted with

Yij = Wij. Rij (11)

Yij : Weighted normalized matrix
Wij : Weight of each criterion
3. Identify the positive ideal solution matrix and the negative ideal solution matrix;
the positive ideal solution matrix is for benefit attributes, while the negative one
is for cost attributes.
At = (B YLD (1)

Am= (1Y Y )
A+ : Positive ideal solution
A- : Negative ideal solution
4. Calculate the distance between the value of each alternative and the positive
ideal solution matrix, as well as the negative ideal solution matrix.

Df = ||E?=1[')'j+_yu)2(13J

by = \szﬂ(y!;_}’j_)z

Di+ : Distance between positive ideal solution
Di- : Distance between negative ideal solution
5. Determining the preference value for each alternative (see table 14).
vi= -2 _(14)

-t
Dy +Dy




An Integrated Multi Criteria Decision Making Approach 175

3.4  Sensitivity Analysis

Sensitivity analysis is an approach used to evaluate options by measuring how stable
and consistent the outcome is against changes in factors such as weights or priority
sequences that may change due to changes in decision-making [25]. The sensitivity
analysis was carried out after the AHP & COPRAS calculation process was completed
[7]. The sensitivity analysis in this study aims to get the optimal solution of a decision-
making process. Sensitivity analysis is used here to compare two or more approaches
and identify which is more sensitive to a change in ranking in the final ranking result
[26]. It does this by measuring the influence of a change in the weight of the criterion
[24]. The steps in sensitivity analysis are:

1. Identify the Initial Base Value The initial base value was obtained from the
results of the integration of AHP-COPRAS and AHP-TOPSIS. These values
are obtained from the results of the utility (Ui) and preference (Vi) calculations
of each vendor alternative that have been calculated.

2. Variation in the weight of the criteria Change sensitive criteria weights in the
range of 0.5 to 1. The sensitivity test was carried out by varying the weights
of initial base value criteria in the range of 0.5 to 1 consecutively. In each
simulation, the weight of the criteria is changed, and the ranking change of
each alternative is noted.

Recalculate the vector weight criteria

Recalculate alternative scores

Analysed ranking changes

Calculate the percentage of ranking change in each method analyse

— x100% (15)

T : Final total of ranking changes
i : Total if iterations
a : Number of attributes used

7. Visualize results with tables or graphs
The output of the sensitivity analysis results is a comparison of the vendor's
priority ranking with the change in the weight of the input criteria from the
AHP—COPRAS-TOPSIS results before the sensitivity analysis is carried out.

Sk w

4 RESULT AND DISCUSSION

Based on observations, interviews with expert of the company and literature review,
four alternative vendors and four criteria were obtained to meet the bearing needs. The
criteria are price, quality, delivery, and service. The alternative vendors are Asian
Bearing, Aneka Bearing, Mekar Bearing, Primacipta Bearing.

4.1  Analytical Hierarchy Process (AHP)

After obtaining the criteria and vendor alternatives, the next step is to determine the weight of
each criterion with AHP, by recapitulating the weight value of each criterion produced, namely:
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Table 1. Pairwise Comparison Matrix of Criteria

Criteria Price Quality Delivery Service
Price 1 2 5.48 6.48
Quality 0.5 1 3.87 245
Delivery 0.18242 0.26 1 245
Service 0.154321 0.20 0.5 1
Total 1.836803 3.458 10.85 12.38

Table 2. Normalized Matrix of Criteria

Criteria Price Quality Delivery Service
Price 0.544424 0.578302 0.5050691 0.523425
Quality 0.272212 0.289151 0.356682 0.1979
Delivery 0.099347 0.074716 0.0921659 0.1979
Service 0.084016 0.05783 0.0460829 0.080775
Total 1 1 1 1

Table 3. Weight & Consistency Ratio of Criteria

Criteria Weight P. Vector Eigen
Price 0.537805 2.151 0.987 4.0432 A
Quality 0.278986 1.115 0.964 0.0144 CI
Delivery 0.116032 0.464 1.258 0.89 RI
Service 0.067176 0.268 0.831 0.01621 CR

Furthermore, the calculation of AHP is continued to calculate the weight of each
alternative against the weight of the previously calculated criteria.
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Table 4. Pairwise Comparison Matrix of Alternative
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Based on Price

Asian Aneka Mekar Prima
Asian 1 0.289017 0.2 0.289017
Aneka 3.46 1 0.5 0.408163
Mekar 5 2.00 1 0.5
Prima 3.46 2.45 2 1
Total 12.92 5.739017 3.7 2.197181
Based on Quality
Asian Aneka Mekar Prima
Asian 1 0.289017 0.350877 0.2
Aneka 3.46 1 0.408163 0.5
Mekar 2.85 2.45 1 0.408163
Prima 5 2 2.45 1
Total 12.31 5.739017 4.20904 2.108163
Based on Delivery
Asian Aneka Mekar Prima
Asian 1 0.223714 0.289017 0.25
Aneka 4.47 1 0.5 0.404858
Mekar 3.46 2 1 0.5
Prima 4 2.47 2 1
Total 12.93 5.693714 3.789017 2.154858
Based on Service
Asian Aneka Mekar Prima
Asian 1 0.289017 0.223714 0.223714
Aneka 3.46 1 0.5 0.5
Mekar 4.47 2.00 1 0.5
Prima 4.47 2 2 1
Total 13.4 5.289017 3.723714 2.223714
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Table 5. Normalized Matrix of Alternative

Based on Price

Asian Aneka Mekar Prima
Asian 0.077 0.050 0.054 0.132
Anecka 0.268 0.174 0.135 0.186
Mekar 0.387 0.348 0.270 0.228
Prima 0.268 0.427 0.541 0.455
Total 1 1 1 1
Based on Quality
Asian Aneka Mekar Prima
Asian 0.081 0.050 0.083 0.095
Aneka 0.281 0.174 0.097 0.237
Mekar 0.232 0.427 0.238 0.194
Prima 0.406 0.348 0.582 0.474
Total 1 1 1 1
Based on Delivery
Asian Aneka Mekar Prima
Asian 0.077 0.039 0.076 0.116
Anecka 0.346 0.176 0.132 0.188
Mekar 0.268 0.351 0.264 0.232
Prima 0.309 0.434 0.528 0.464
Total 1 1 1 1
Based on Service
Asian Aneka Mekar Prima
Asian 0.075 0.055 0.060 0.101
Anecka 0.258 0.189 0.134 0.225
Mekar 0.334 0.378 0.269 0.225
Prima 0.334 0.378 0.537 0.450

Total

1 1
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Table 6. Consistency Ratio of Alternative

Based on Price

P. Vector Eigen

0.313354 1.012132 4.176115 A

0.76295 1.094645 0.058705 CI

1.233323 1.140824 0.89 RI

1.690373 0.928514 0.065961 CR
Based on Quality

P. Vector Eigen

0.309827 0.953492 4.187259 A

0.789464 1.132688 0.06242 CI

1.089616 1.14656 0.89 RI

1.811093 0.95452 0.070134 CR
Based on Delivery

P. Vector Eigen

0.308925 0.998601 4.186688 A

0.841182 1.197362 0.062229 CI

1.114814 1.056012 0.89 RI

1.735079 0.934712 0.069921 CR
Based on Service

P. Vector Eigen

0.289953 0.971344 4.103753 A

0.806404 1.066271 0.034584 CI

1.205122 1.121883 0.89 RI

1.698521 0.944256 0.038859 CR

Table 7. Alternative Weight Values

Final Weight  Rank

Asian 0.077571 4
Aneka 0.195586

3
Mekar 0.294396 2
Prima 0.432447 1

Furthermore, calculations are carried out for each alternative based on previously
calculated criteria. Based on the results of the calculation with the AHP method, the
weight of each alternative is 0.077 for Asian Bearing, then 0.195 for Aneka Bearing,
0.294 for Mekar Bearing, and 0.432 for Primacipta.

4.2 AHP - COPRAS

The COPRAS approach is used to rank the alternatives following the AHP method's
computation of the pertinent criterion weights in supplier selection. The greatest vendor
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possibilities that are appropriate for choosing are likewise found using this strategy.
After the matrix weights are found, the next step is to calculate the favourable (S+i) and
disadvantage (S-i) criteria of each alternative. It then calculates the relative significance
of the existing vendor alternatives (Q1i). This value is used to calculate the performance
utility value of each vendor alternative, so that it can be known which vendor has the
best performance utility value. The following are the applications of the AHPCOPRAS

method:

Table 8. Normalized Decision Matrix COPRAS

Criteria
Alternative Price Quality  Delivery  Service
Asian 0.07834 0.07746  0.07723 0.07249
Aneka 0.19074  0.19737  0.21030 0.20160
Mekar 0.30833  0.27240  0.27870 0.30128
Prima 0.42259  0.45277  0.43377 0.42463

Table 9. Normalized Weighted Decision Matrix

Criteria
Alternative Price Quality Delivery Service
Asian 0.042131  0.021609  0.008961  0.004869
Aneka 0.10258  0.055062  0.024401  0.013543
Mekar 0.165822  0.075997  0.032339  0.020239
Prima 0.227273  0.126318  0.050331  0.028525
Table 10. Utility of each alternative vendor (Ui)
Alternative S+-i S-i 1/ S-i
Asian 0.03544  0.042131 23.73561
Ancka 0.093006  0.10258 9.74853
Mekar 0.128574  0.165822  6.030566
Prima 0.205174  0.227273  4.399997
Total 0.537805  43.9147
Alternative S+-i S-i 1/ S-i
Asian 0.32612 100 1
Ancka 0.212393  65.12703 3
Mekar 0.202428  62.07167 4
Prima 2.259059  79.43656 2

Total

0.32612
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The integration of AHP-COPRAS assessment results show that Asian Bearing is the
most suitable vendor based on the criteria that have been set. Based on the results of
the table 10 utility value data above, the best vendor is Asian Bearing with a utility
value of 100%, then in the second position is occupied by the Primacipta Bearing with
a utility value of 79% and successively the vendor with the lowest performance utility
value, namely Aneka and Mekar Bearing at 65% and 62%.

4.3 AHP-TOPSIS

One of the MCDM techniques that is used the most is TOPSIS. Its basic tenet is that
the optimal course of action ought to be the one that is closest to the ideal solution and
furthest from the anti-ideal one [26]. Matrix from the value of the alternative weights
to the criteria of the previous normalized AHP method (see table 5). The following are
the applications of the AHP-TOPSIS method:

Table 11. Normalized Decision Matrix TOPSIS

Criteria
Alternative Price Quality Delivery Service
Asian 0.211197 0.224388  0.215983  0.196081
Aneka 0.514221 0.571759 0.588105  0.545331
Mekar 0.831248  0.78914  0.779413  0.814964
Prima 1.139295 1.311659 1.213065 1.148625

Table 12. Weighted Normalized Decision Matrix

Criteria
Alternative Price Quality Delivery Service
Asian 0.113583  0.062601  0.025061  0.013172
Aneka 0.276551  0.159513  0.068239  0.036633
Mekar 0.447049  0.220159  0.090437  0.054746
Prima 0.612719  0.365935  0.140755  0.07716
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Table 13. Preference Value for Each Alternative (Vi)

From the results of the calculation with the integration of AHP-TOPSIS, the preference value of
each of the existing vendor alternatives is found in table 13, with the best vendor alternative

Alternative A+-i A-i D+1
Asian 0.113583  0.612719  0.330894
Aneka 0.365935  0.062601  0.275807
Mekar 0.140755  0.025061  0.368082
Prima 007716 0.013172  0.499136

Alternative D- Vi Rank
Asian 0.499136  0.601347 1
Aneka 0.353293  0.561585 2
Mekar 0.241399  0.396073 4
Prima 0.330894  0.398653 3

Asian Bearing with a preference value of 0.60134.

4.4  Sensitivity Analysis

Sensitivity analysis is an approach used to evaluate options by measuring how stable
and consistent the outcome is against changes. Sensitivity analysis is used here to
compare two or more approaches and identify which is more sensitive to a change in
ranking in the final ranking result [26]. The following are the applications of the

sensitivity analysis:

Table 14. Ranking Changes of Alternatives

Simulation Changes (AHP-COPRAS) Changes (AHP-TOPSIS)
1 11 10
2 14 14
3 14 12
4 15 15
5 11 11
6 14 10
Total 79 72

The ranking change shows that the 4th simulation (with a weight addition of 0.8) gives
the largest number of changes in vendor rankings. This shows that the criteria given

higher weight have a greater influence on the result.
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ASIAN ANEKA MEKAR PRIMACIPTA

Fig. 2. Ranking of alternatives Ui values before sensitivity analysis

100

ASIAN ANEKA MEKAR PRIMACIPTA

Fig. 3. Ranking of alternatives Ui values after sensitivity analysis

0,398.

ASIAN ANEKA MEKAR PRIMACIPTA

Fig. 4. Ranking of alternatives Vi values before sensitivity analysis
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ASIAN
Fig. 5. Ranking of alternatives Vi values after sensitivity analysis

The results of this weight change are represented in a graph showing the number
of rating changes in each simulation for both the COPRAS and TOPSIS methods (See
Fig.2,3,4, and 5). The sensitivity analysis showed that the percentage change by Eq.
(15) in vendor ranking with AHP-COPRAS was 3.29% while AHP-TOPSIS was worth
3%. The relatively small change in ranking shows that the vendor selection results are
quite stable despite changes in the weighting of sensitive criteria. Despite the change in
criterion weights, both methods (AHP-COPRAS and AHP-TOPSIS) showed
consistency in their results, with less significant changes in vendor rankings. This
shows that both methods are quite reliable in providing robust decisions against changes
in criterion weights.

5 CONCLUSIONS

This study aimed to address the challenges in vendor selection and evaluation faced by
one of Indonesia's leading natural stone producers, particularly in the context of bearing
purchases. Through the integration of AHP, COPRAS, and TOPSIS methods, the
research successfully identified and weighted the key criteria—price, quality, delivery
duration, and service performance—that are critical for the company's supply chain
management. The results demonstrated that vendor Asian Bearing, emerged as the most
suitable vendor with the highest utility value, ensuring a stable and efficient supply
chain while minimizing operational risks and costs.

Furthermore, the sensitivity analysis confirmed the robustness of the selected
methods, as the vendor rankings remained relatively stable despite changes in the
weighting of criteria. This indicates that the integration of AHP, COPRAS, and TOPSIS
provides a reliable decision-making framework for vendor selection in the natural stone
industry. The study not only addressed the specific problem faced by the company but
also contributed valuable insights into the broader field of supply chain risk
management, particularly in the Indonesian manufacturing sector.

For future research, it is recommended to explore the application of the AHP-
COPRAS-TOPSIS integration in different industries and contexts to validate its
effectiveness and adaptability. While this study focused on the marble industry in
Indonesia, applying these methods in other sectors could provide valuable insights into
their broader applicability such as SMEs (Small and Medium Enterprises). SMEs with
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limited resources and data can use a simpler version of this model, for example by
reducing the number of criteria used or using an Excel-based decision-making tool to
calculate the weight of criteria and alternative evaluations. Additionally, SMEs can rely
on simple historical data to implement these methods without the need for sophisticated
software or complex systems. The implementation of this simpler model will still
provide more structured vendor decisions and reduce operational risks faced by SMEs.
This could help in understanding the relative strengths and weaknesses of different
MCDM methods in vendor selection. Moreover, expanding the scope to include
sustainability criteria, such as environmental impact or corporate social responsibility,
could provide a more holistic approach to vendor evaluation in the supply chain
management process.

REFERENCES

1. B. Masoomi, I. G. Sahebi, M. Fathi, F. Yildirim, and S. Ghorbani, “Strategic
supplier selection for renewable energy supply chain under green capabilities (fuzzy
BWM WASPAS-COPRAS approach),” Energy Strategy Reviews, vol. 40, Mar. 2022,
doi: https://doi.org/10.1016/j.esr.2022.100815

2. A. Emrouznejad, S. Abbasi, and C. Sicakyiiz, “Supply chain risk management: A
content analysis-based review of existing and emerging topics,” Supply Chain Analytics,
vol. 3, p. 100031, Sep. 2023, doi: https://doi.org/10.1016/j.sca.2023.10003 1

3. G. Polat, B. N. Bingol, and O. Var, “An Integrated Multi-criteria-decision-making Tool for
Mechanical Designer Selection,” in Procedia Engineering, Elsevier Ltd, 2017, pp. 278-285.
doi: https://doi.org/10.1016/j.proeng.2017.07.200

4. H. Taherdoost and A. Brard, “Analyzing the Process of Supplier Selection Criteria
and Methods,” in Procedia Manufacturing, Elsevier B.V., 2019, pp. 1024-1034.
doi: https://doi.org/10.1016/j.promfg.2019.02.317

5. R.D.F.S.M. Russo and R. Camanho, “Criteria in AHP: A systematic review of literature,”
in  Procedia  Computer Science, Elsevier =~ B.V., 2015, pp. 1123-1132.
doi: https://doi.org/10.1016/j.procs.2015.07.081

6. O. Deretarla, B. Erdebilli, and M. Giindogan, “An integrated Analytic Hierarchy Process
and Complex Proportional Assessment for vendor selection in supply chain
management,” Decision Analytics Journal, vol. 6, Mar. 2023,
doi: https://doi.org/10.1016/j.dajour.2022.100155

7. B. Erdebilli, I. Yilmaz, T. Aksoy, U. Hacioglu, S. Yiiksel, and H. Dinger, “An Interval-
Valued Pythagorean Fuzzy AHP and COPRAS Hybrid Methods for the Supplier Selection
Problem,” International Journal of Computational Intelligence Systems, vol. 16, no. 1, Dec.
2023

8. S. Hezer, E. Gelmez, and E. Ozceylan, “Comparative analysis of TOPSIS, VIKOR and
COPRAS methods for the COVID-19 Regional Safety Assessment,” J Infect Public Health,
vol. 14, no. 6, pp. 775786, Jun. 2021, doi: https://doi.org/10.1016/j.jiph.2021.03.003

9. G. Biiyiikozkan and F. Goger, “A novel approach integrating ahp and copras
under pythagorean fuzzy sets for digital supply chain partner selection,” IEEE Trans Eng
Manag, vol. 68, no. 5, Pp- 1486-1503, Oct. 2021,
doi: https://doi.org/10.1109/TEM.2019.2907673

10. L. Osei, A. Addo, and F. Kemausuor, “Optimal evaluation of crop residues for gasification
in Ghana using integrated multi-criterial decision making techniques,” Heliyon, vol. 9, no.
10, Oct. 2023, doi: https://doi.org/10.1016/j.heliyon.2023.e20553



186

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

S. A. Maharani and S. Suharjito

A. Ozaskin and A. Gorener, “An integrated multi-criteria decision-making approach
for overcoming barriers to green supply chain management and prioritizing
alternative solutions,”  Supply =~ Chain  Analytics, vol. 3,  Sep. 2023,
doi: https://doi.org/10.1016/j.sca.2023.100027

S. I. Ali et al.,, “Risk quantification and ranking of oil fields and wells facing asphaltene
deposition problem using fuzzy TOPSIS coupled with AHP,” Ain Shams
Engineering Journal, vol. 15, no. 1, Jan. 2024,
doi: https://doi.org/10.1016/j.asej.2023.102289

A. Abdulvahitoglu and M. Kilic, “A new approach for selecting the most suitable
oilseed for biodiesel production; the integrated AHP TOPSIS method,” Ain Shams
Engineering Journal, vol. 13, no. 3, May 2022,
doi: https://doi.org/10.1016/j.asej.2021.10.002

R. P. Kusumawardani and M. Agintiara, “Application of Fuzzy AHP-TOPSIS Method for
Decision Making in Human Resource Manager Selection Process,” in Procedia Computer
Science, Elsevier, 2015, pp. 638— 646. doi: https://doi.org/10.1016/j.procs.2015.12.173

S. Piya, A. Shamsuzzoha, M. Azizuddin, N. Al-Hinai, and B. Erdebilli, “Integrated
Fuzzy AHP-TOPSIS Method to Analyze Green Management Practice in Hospitality
Industry in the Sultanate of Oman,” Sustainability (Switzerland), vol. 14, no. 3, Feb. 2022,
doi: https://doi.org/10.3390/su14031118

I. G. I. Sudipa, I. K. Hardiatama, C. P. Yanti, and I. K. A. G. Wiguna, “Analisis
Sensitivitas Metode AHP Dan TOPSIS Dalam Pemilihan Objek Wisata di Kabupaten
Karangasem,” Journal of Computer System and Informatics (JoSYC), vol. 3, no. 4, pp.
493-501, Sep. 2022, doi: https://doi.org/10.47065/josyc.v3i4.2152.

D. N. Markatos, S. Malefaki, and S. G. Pantelakis, “Sensitivity Analysis of a
Hybrid MCDM Model for Sustainability Assessment—An Example from the
Aviation Industry,” Aerospace, vol. 10, no. 4, Apr. 2023,
doi: https://doi.org/10.3390/aerospace1 0040385

S. Tarantola et al.,, “An annotated timeline of sensitivity analysis,” Environmental
Modelling and Software, vol. 174, Mar. 2024,
doi: https://doi.org/10.1016/j.envsoft.2024.105977

S. Singh, S. Bhattacharya, and V. Saddikuti, “An application of AHP and fuzzy AHP
with sensitivity analysis for selecting the right process to impart knowledge,” 2020

”»

P. Pitchipoo, D. S. Vincent, N. Rajini, and S. Rajakarunakaran, “COPRAS decision model
to optimize blind spot in heavy vehicles: A comparative perspective,” in
Procedia Engineering, Elsevier Ltd, 2014, pp- 1049-1059.
doi: https://doi.org/10.1016/j.proeng.2014.12.383

7. Stevi¢, Supplier selection using AHP and COPRAS method. In 21st
International Scientific Conference, Doboj, Bosnia and Herzegovina (pp. 232-237) 2016

B. Masoomi, I. G. Sahebi, M. Fathi, F. Yildinm, and S. Ghorbani, “Strategic
supplier selection for renewable energy supply chain under green capabilities (fuzzy BWM-
WASPAS-COPRAS approach),” Energy Strategy Reviews, vol. 40, Mar. 2022,
doi: https://doi.org/10.1016/j.esr.2022.100815

D. Adhikari, K. H. Gazi, B. C. Giri, F. Azizzadeh, and S. P. Mondal, “Empowerment of
women in India as different perspectives based on the AHP-TOPSIS inspired multi criterion
decision making method,” Results in Control and Optimization, vol. 12, Sep. 2023, doi:
https://doi.org/10.1016/j.ric0.2023.100271.

D. S. Pamucar, D. Bozanic, and A. Randelovic, ‘“Multi-criteria decision making: An
example of sensitivity analysis,” Serbian Journal of Management, vol. 12, no. 1, pp. 1-27,
2017, doi: https://doi.org/10.5937/sjm12-9464



An Integrated Multi Criteria Decision Making Approach 187

25. E. Borgonovo and E. Plischke, “Sensitivity analysis: A review of recent advances,” Feb. 01,
2016, Elsevier B.V. doi: https://doi.org/10.1016/j.ejor.2015.06.032

26. I. Mukhametzyanov and D. Pamucar, “A sensitivity analysisin mcdm problems:
A statistical approach,” Decision Making: Applications in Management and
Engineering, vol. 1, no. 2, pp- 51-80, Oct. 2018,
doi: https://doi.org/10.31181/dmame1802050m

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	An Integrated Multi Criteria Decision Making Approach for Vendor Selection in the Indonesian Marble Industry



