
ABSTRACT 

In a rapidly growing and competitive business era, selecting an open-source Enterprise Resource Planning (ERP) system is a critical 
step to support the efficiency and effectiveness of company operations. is research aims to propose an innovative methodology by 
integrating the fuzzy Analytical Hierarchy Process (fuzzy AHP) and fuzzy Technique for Order Preference by Similarity to the Ideal 
Solution (fuzzy TOPSIS) to improve the open-source ERP selection process. e method involves eight criteria and 26 sub-criteria to 
comprehensively evaluate 11 open-source ERP alternatives, specifically for SMEs in the transportation services sector in Indonesia. 
System quality has been identified as a critical factor in the selection of an open-source ERP system, with particular emphasis on aspects 
such as security and reliability. ese sub-criteria are considered the most influential in determining the suitability of a system. e 
analysis further indicates that the 10th ERP alternative as the best choice, consistently outperforming others in meeting the defined 
criteria. Additionally, sensitivity analysis confirmed the robustness of this choice, demonstrating its stability and effectiveness despite 
changes in criteria weights. Beyond its practical implications for SMEs, this research contributes a versatile evaluation framework that 
can be adapted to other industries seeking effective ERP solutions. e findings emphasize the importance of structured decision-
making in technology adoption, offering comprehensive and reliable guidance for organizations aiming to optimize their operations 
through open-source ERP systems. is study not only bridges a critical gap in ERP selection for SMEs but also establishes a 
methodological foundation for future research and applications across diverse industry sectors. 
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 INTRODUCTION 

Enterprise Resource Planning (ERP) systems have transformed modern business by integrating various 
organizational processes into a unified framework [1]. ese systems were initially developed to address the 
challenges of inventory management and resource planning. Furthermore, ERP systems have evolved into 
comprehensive tools for managing increasingly complex business operations [2], [3]. In today's rapidly changing 
market landscape, characterized by global competition and dynamic customer demands, the need for efficient and 
scalable ERP systems is more significant than ever [4], [5]. ERP systems offer significant advantages by enabling 
efficient operations, data integration, and better decision-making for small and medium-sized enterprises (SMEs) 
[6], [7]. In addition, a successful ERP implementation can drive business process automation and improve supply 
chain management, making it an essential factor for competitiveness in the digital economy [8], [9] ,10].
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In recent decades, SMEs have driven Indonesia's rapid economic growth, creating jobs, local economic development, 
and national economic resilience [11], [12]. However, SMEs face several critical challenges, including inefficient 
inventory management, ineffective financial data, and ineffective supply chain activities, which oen hinder their 
ability to scale up operations effectively. ese challenges are especially pressing in the digital transformation era, 
where real-time data access and efficient operations are crucial to competitiveness [13]. Flexibility and cost efficiency 
make open-source ERP systems appealing to Indonesian SMEs [14]. Open-source ERP solutions allow SMEs to 
customize features based on their operational needs and industry scale, overcoming challenges such as limited 
budgets and diverse operational requirements [15]. Open-source ERP systems allow SMEs to customize features 
based on their operational needs and industry scale, overcoming budget constraints and diverse operational 
requirements [16]. Open-source ERP's strong community support promotes knowledge exchange and quick 
troubleshooting, helping SMEs overcome technical implementation barriers. is approach supports technological 
independence, allowing SMEs to develop in-house expertise and reduce vendor costs [15]. Open-source ERP 
systems help SMEs improve operational efficiency, competitiveness, and adaptability in a fast-changing business 
environment [16]. 

In modern business, ERP system selection for operational efficiency and long-term success is a necessity that needs 
to be met [17]. ERP system selection for SMEs is critical as they have limited budgets and resources [18]. SMEs prefer 
open-source ERP systems because these systems have low license fees and flexibility to meet their operational needs 
[15]. In contrast to licensed ERP systems, this system allows SMEs to customize and configure the soware to meet 
their unique business needs. e engaged and cooperative open-source developer community facilitates the rapid 
evolution and updates of systems through technological advancements, making these systems indispensable for 
SMEs that aspire to compete in a dynamic market [16]. As a result, Multi-Criteria Decision Making (MCDM) is 
indispensable for managing the intricacies of selecting an open-source ERP system [19]. is method allows SMEs 
to thoroughly evaluate ERP alternatives by considering cost, functionality, scalability, and integration [20], [21]. 
rough MCDM, SMEs can identify ERP solutions that optimally align with their strategic and operational 
requirements [21], [22], [23]. 

In fact, MCDM models have become a common practice to support decision-making in various [24]-[30]. Several 
studies have explored the application of MCDM in the context of ERP system selection. Hinduja and Pandey [31] 
presented a hybrid fuzzy MCDM model that includes DEMATEL, IF-ANP, and IF-AHP models to assess and select 
cloud-based ERP systems, especially for small and medium-sized enterprises. e results show that the proposed 
fuzzy MCDM model can effectively address the complexity problem in ERP system selection. Meanwhile, Jafarnejad 
et al.  [32] proposed an MCDM model that includes DEMATEL techniques and fuzzy AHP techniques to solve ERP 
system selection problems, especially in the context of the steel industry. is study used the Shannon entropy 
technique to identify the most critical criteria in ERP selection. Park and Jeong [28], in another study, combined 
Quality of Service (QoS) with an MCDM model for SaaS ERP applications with Social Networks, providing helpful 
guidance for finding a suitable SaaS ERP system based on correlation with set criteria. In addition, several studies 
highlighted the sensitivity of the ERP system selection area to uncertain environments, especially in a volatile 
economy [33]. 

On the other hand, research by Naveed et al.  [34] proposed a group decision-making (GDM) AHP model to evaluate 
and rank the critical success factors of cloud ERP systems, considering five alternatives and 20 sub-criteria in the 
decision-making process. Correspondingly, Amirkabiri and Rostamiyan [35] developed an MCDM model for 
evaluating and selecting ERP systems, using AHP to obtain essential and relatively weighted criteria. Finally, Uddin 
et al. [36] utilized an AHP-TOPSIS integrated model based on multi-criteria investigation to select the best ERP 
system. us, these studies significantly contributed to developing MCDM approaches for ERP system selection, 
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covering aspects such as uncertainty, complexity, and sensitivity to the changing business environment. 
Furthermore, Gürbüz et al.  [37] present an integrative approach that utilizes Measuring Attractiveness with a 
Categorical-Based Evaluation Technique, ANP, and Choquet integral. An ERP system selection procedure based on 
grey rationale based on fuzzy ANP was offered by Ayağ and Yücekaya [38]. In addition, Kazancoglu and Burmaoglu 
[39] applied the TODIM method in selecting ERP soware for steel and galvanized companies. Several other 
methods have also been offered for selecting proprietary ERP systems, including Intuitionistic Fuzzy Information 
[3], AHP [ [40], DEMATEL and fuzzy AHP [32], Fuzzy AHP and TOPSIS [41], [42], fuzzy SWARA-COPRAS [43], 
and AHP-TOPSIS [35], [36], [44]. Research in ERP system selection shows the diversity of MCDM approaches, 
especially in the context of proprietary ERP system selection. Although many efforts have been made to understand 
and select ERP systems, it is unfortunate that few studies have specifically addressed the selection of open-source 
ERP systems. In this framework, the research by Tasnawijitwong and Samanchuen [16] is one exception, which
proposes an AHP procedure to guide the selection of open-source ERP systems. Although this research makes a 
valuable contribution, it should be noted that the availability of MCDM procedures for open-source ERP system
selection is still minimal. erefore, a research gap must be filled to understand better and develop more extensive 
and effective MCDM methods in open-source ERP system selection.

Various MCDM approaches have been explored in research on ERP system selection, with a particular emphasis on 
licensed ERP systems. However, there remains a need for additional literature focusing on the selection of open-
source ERP systems, which offer distinctive advantages to resource-constrained organizations like SMEs [16]. 
Several studies on open-source ERP selection have attempted to address this issue by identifying various MCDM 
and fuzzy-based approaches to manage complexity and uncertainty in decision-making [45]. Notable procedures 
include a combination of DEMATEL, IF-ANP, and IF-AHP methods [31], as well as AHP [16], a combination of 
BWM and VIKOR [46], and a hybrid AHP-TOPSIS model [36]. Additionally, other methodologies have been 
proposed, such as integrating Pythagorean Fuzzy Set, Simple Additive Weighting, and VIKOR [47], along with the 
Rough Best Worst Method and Weighted Sum-Product [48]. ese approaches provide practical solutions for 
efficiently evaluating and selecting open-source ERP systems. 

Although various studies have made important contributions to ERP system selection, a significant weakness of 
previous research is its limitation in dealing with vagueness or uncertainty, particularly in the context of open-source 
ERP systems. Most previous studies use crisp or definite information, which poorly reflects the reality of complexity 
and uncertainty in open-source ERP development. ese uncertainties include aspects such as the system's flexibility, 
the degree of adaptation to the organization's specific needs, and the dynamics of the role of the developer 
community. Moreover, previous research is still limited in exploring the integration of MCDM methods to address 
specific challenges in open-source ERP selection [49], [50]. ese challenges include uncertainty in open-source 
development, the need for high flexibility, and the importance of the developer community's contribution as a key 
element in the success of open-source ERP implementation. is indicates the need for a more comprehensive 
approach that integrates MCDM methods to handle uncertainty and considers flexibility and the role of the 
developer community. 

To address the research gap, this study aims to develop a new framework that integrates the MCDM method with a 
fuzzy-based approach in selecting open-source ERP systems in SMEs. is research proposes an MCDM procedure 
for open-source ERP system selection, addressing SMEs' unique challenges in Indonesia. SMEs oen need more 
certainty and complexity in ERP system selection due to limited technical expertise, resource constraints, and the 
need to align soware functionality with specific business processes. To tackle these challenges, this study integrates 
two decision analysis techniques: the Fuzzy Analytical Hierarchy Process (Fuzzy AHP) and the Technique for Order 
of Preference by Similarity to Ideal Solution (TOPSIS). e proposed procedure leverages Fuzzy AHP to handle 
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subjective aspects and uncertainty in assessing ERP system selection criteria. is approach allows decision-makers 
to express preferences using fuzzy sets, which account for vagueness and variability in judgments [32]. e results 
of Fuzzy AHP are then integrated with TOPSIS to rank open-source ERP system alternatives based on their relative 
suitability. is integration enables a robust and systematic evaluation process that minimizes the impact of 
uncertainty while providing realistic and accurate recommendations for SMEs [35]. e proposed framework 
addresses the complexity of ERP system selection. It offers practical value for SMEs, enabling them to navigate 
technical and operational constraints effectively. It provides a holistic approach that aligns decision-making 
processes with the real-world needs of SMEs, ensuring the selection of an ERP system that supports their growth 
and competitiveness [41], [42]. 

is study significantly expands the criteria and sub-criteria for selecting an open-source ERP system. It addresses 
critical challenges SMEs face, such as resource limitations, operational scalability, and customization requirements 
in ERP implementation. Furthermore, it adds new insights by proposing an evaluation framework and offering a 
comprehensive approach to identify the most appropriate open-source ERP system by incorporating these new 
aspects. e proposed new framework integrating Fuzzy AHP and TOPSIS is implemented in the transportation 
service provider industry, which serves as a representative case for SMEs. e method proves effective in a real-world 
context, offering practical insights and actionable recommendations tailored to the needs of the industry. is 
approach directly addresses the shortcomings of previous research, which oen focuses on proprietary ERP systems 
or requires comprehensive evaluation criteria for open-source alternatives. Essential insights for stakeholders 
include a systematic decision-making framework that reduces uncertainty, addresses multiple operational 
requirements, and aligns ERP system selection with strategic goals. is research improves the decision-making 
process by offering a model to implement when selecting open-source ERP systems for SMEs. It enables 
organizations to improve operational efficiency, reduce costs, and achieve greater competitiveness in their respective 
markets. 

METHODS 

A Based on the literature review, this research proposes an integrated method for open-source ERP system selection 
using Fuzzy AHP and TOPSIS approaches. is section describes the systematic stages of the proposed method, 
from criteria identification to ERP alternatives ranking, designed to address the challenges in ERP system selection 
for SMEs in Indonesia. is section systematically describes the proposed framework to support the selection 
process of open-source ERP systems in SMEs. is research integrates Fuzzy AHP and TOPSIS approaches as the 
primary methods. In addition, the data used in this research is obtained through literature review, focus group 
discussions with experts, and evaluation of open-source ERP alternatives. A case study of the application of these 
methods was conducted on a transportation service provider SME in Indonesia, which serves as a specific context 
to validate the proposed framework. e full details of this stage will be presented in the following sub-section. 

e Proposed Integrated Fuzzy AHP-TOPSIS 

is research methodology consists of four main stages: selecting an open-source ERP system and integrating the 
Fuzzy AHP and TOPSIS. e proposed method of choosing an open-source ERP system can be seen in Figure 1. 
e first stage is the Identification of criteria and sub-criteria for the selection of open-source ERP systems. In this 
stage, relevant criteria and supporting sub-criteria will be carefully defined to ensure completeness in evaluating ERP 
system alternatives. e second stage involves assessing the weights of these criteria and sub-criteria using fuzzy 
AHP. e use of fuzzy AHP allows for handling uncertainty and low levels of certainty in the decision-making 
process. is weight evaluation becomes the basis for determining the relative influence of each criterion on the 
selection of an open-source ERP system. 
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Figure 1. Proposed method of selecting an open-source ERP system 
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e third stage involves identifying potential open-source ERP system alternatives and evaluating their performance 
using a fuzzy rating scale. In this stage, each alternative will be assessed based on several predefined criteria and sub-
criteria, considering the diverse levels of uncertainty that may occur. Finally, the fourth stage involves prioritizing 
open-source ERP system alternatives using fuzzy TOPSIS for ranking purposes. Each alternative will be compared 
with the ideal and harmful solutions to determine the priority order that best suits the predefined needs and 
preferences. Integrating fuzzy AHP and TOPSIS will provide more accurate and measurable results when selecting 
open-source ERP systems. Details of each stage of the Proposed Integrated Method in open-source ERP selection 
are presented in the following subsections. 

Identification of Criteria and Sub-criteria for the Selection of Open-source ERP 

e initial stage in the selection of open-source ERP systems begins with the process of identifying relevant criteria 
and sub-criteria. is process starts with a literature exploration to collect criteria and sub-criteria oen used in 
selecting ERP systems, both open-source and licensed. e literature sources include previous studies, scientific 
articles, and industry reports on ERP system selection. From the results of this exploration, an initial list of criteria 
and sub-criteria was compiled as the basis for the assessment. To deepen and ensure the relevance of the criteria, a 
focus group discussion (FGD) was conducted involving experts from academia, industry practitioners, and ERP 
consultants. is discussion aimed to obtain diverse perspectives on the actual needs and priorities of open-source 
ERP selection. Experts provided assessments and inputs on the initial list of criteria and sub-criteria by considering 
the SME context and operational challenges faced. 

In the discussion phase, the initial list of criteria obtained from the literature exploration was presented to the experts 
for in-depth evaluation. Each criterion and sub-criteria are evaluated based on its relevance, importance, and ability 
to support the open-source ERP selection process. If the criteria were less relevant, they were revised or eliminated. 
Conversely, new criteria that emerged from expert input were added to ensure the completeness of the evaluation 
framework. is process was conducted qualitatively through interactive discussions, resulting in consensus on the 
final criteria used in this study. is identification stage is the main foundation in developing the ERP selection 
method based on Fuzzy AHP-TOPSIS integration. With clearly defined criteria and sub-criteria, the proposed 
framework is highly reliable. It can be replicated in other industrial contexts. 
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Table 1. Variable Linguistic and Triangular Fuzzy Number of AHP 

Code Variable linguistic Triangular Fuzzy Scale Explanation 

EI Equal Importance 1,1,1 Equal contribution between two elements 
MI Moderate Importance 2,3,4 One element is more important than the other 
SI Strong Importance 4,5,6 One element is stronger than the other 
VSI Very Strong Importance 6,7,8 One element is more important than the other 
EI Extremely Importance 9,9,9 One element is absolutely more important than the other 

Evaluation of the Weight of Criteria and Sub-criteria in Selecting Open-source ERP 

In this part of the method, the weighting of criteria and sub-criteria selected for the selection of open-source ERP 
systems is carried out. e weighting is done using the Fuzzy AHP method. Fuzzy AHP is designed to overcome the 
weaknesses of the classic AHP procedure [26], [51], [52]. e main difference between AHP and Fuzzy AHP lies in 
replacing crisp values with fuzzy sets [53]. Previously, Fuzzy AHP has been successfully applied to solve various 
problems, such as soware selection for performance analysis [54], [55] and supplier selection [25], [55]-[60]. 

In selecting proprietary ERP systems, Fuzzy AHP-TOPSIS has proven effective in ranking [41], [42]. erefore, in 
this study, the proposed Fuzzy AHP procedure is adopted from the Fuzzy AHP methodology previously proposed 
by Kilic et al. [21]. is method was chosen to ensure the smoothness of the weighting process by utilizing the 
advantages of Fuzzy AHP in handling uncertainty and complexity in assessing criteria and sub-criteria. us, the 
detailed steps and procedures of this proposed Fuzzy AHP become the main foundation in the in-depth weighting 
analysis to support optimally selected open-source ERP systems. e weighting stages based on criteria and sub-
criteria with the proposed fuzzy AHP are described as follows: 

In the weighting of criteria and sub-criteria stage, the process begins by defining a fuzzy pairwise comparison 
matrix to represent the relative importance of the n criteria being compared against the objective of selecting an 
open-source ERP system. e values �̃�𝑐𝑖𝑖𝑖𝑖 and 1/�̃�𝑐𝑖𝑖𝑖𝑖 in this matrix represent the relative importance between criteria 
i and j, respectively. e expert group ensures that the pairwise comparisons are based on a focused discussion for 
each criterion and sub-criteria. is pairwise comparison assessment uses a triangular fuzzy number scale, as listed 
in Table 1. is process provides a solid basis for generating an accurate fuzzy pairwise comparison matrix, which is 
then used to implement the Fuzzy AHP method to determine the weights of criteria and sub-criteria in selecting 
open-source ERP systems. 

e Fuzzy AHP method selects open-source ERP systems in the Criteria Weighting step. is method involves the 
calculation of fuzzy weights for each criterion, which describes the level of importance of each criterion. One method 
used to obtain each criterion's fuzzy weights is the geometric mean method proposed by Buckley [61]. First, the 
geometric mean of the fuzzy comparison values of criterion I for each criterion is calculated using Equation (1). e 
utilization of AHP fuzzy weights with the geometric mean method in determining the importance of each criterion 
in the selection of open-source ERP systems has several significant advantages. is method provides a more 
accurate and controlled representation of the level of uncertainty in criteria assessment. By using the geometric mean 
of the fuzzy comparison values for each criterion, this method can overcome the uncertainty and complexity in the 
weighting process. In addition, this approach allows for more consistent and objective decision-making, as it captures 
the nuances of uncertainty that oen occur in the subjective evaluation process. Next, the fuzzy weights of the i-th 
criterion, represented by triangular fuzzy numbers, are calculated with Equations (2) and (3). is approach aims to 
provide a more accurate representation of the level of importance of each criterion in the selection of open-source 
ERP systems. 
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IV Intermediate Values 1,2,3; 3,4,5; 5,6,7; 7,8,9 When a compromise between two elements is required 
�̃�𝑟𝑖𝑖 = ���̃�𝑐𝑖𝑖𝑖𝑖

𝑛𝑛

𝑖𝑖=1

�

1/𝑛𝑛

, 𝑖𝑖 = 1,2, … ,𝑛𝑛 (1) 

𝑤𝑤�𝑖𝑖 = �̃�𝑟𝑖𝑖 ⊗ (�̃�𝑟1 ⊕ �̃�𝑟2 ⊕ …⊕ �̃�𝑟𝑛𝑛)−1 (2) 

𝑤𝑤�𝑖𝑖 = (𝑙𝑙𝑤𝑤𝑖𝑖 ,𝑚𝑚𝑤𝑤𝑖𝑖 ,𝑢𝑢𝑤𝑤𝑖𝑖) (3) 

e next step is to defuzzify the weights obtained in the fuzzy set. is process is carried out to convert the weights 
in the fuzzy set into crisp weights so that further comparisons can be made. According to research by Liu et al. [53], 
one commonly used defuzzification method is the Center of Area (COA), or the centroid method. e main 
advantage of the COA method lies in its ability to produce a single value representing the center of mass of the fuzzy 
set. In the context of AHP, this procedure allows the conversion of fuzzy weights into crisp values, thus facilitating a 
direct comparison of criteria. e COA method is also intuitive and easy to understand, making it suitable for 
application in the context of open-source ERP system selection. COA's clarity of concept and ease of implementation 
make it an effective tool in addressing the complexity of criteria comparison in the context of Fuzzy AHP, thus 
positively facilitating a more structured and efficient decision-making process. 

In the COA method, the nonfuzzy values 𝑀𝑀𝑖𝑖 of fuzzy numbers 𝑤𝑤�𝑖𝑖 can be calculated using Equation (4), where 𝑀𝑀𝑖𝑖 is 
a nonfuzzy number, and the normalized weights 𝑁𝑁𝑖𝑖 , are obtained through the normalization process. Aer obtaining 
each 𝑁𝑁𝑖𝑖 , value, the global weights of all criteria 𝑀𝑀𝑖𝑖 can be generated by multiplying the locally normalized criteria 
weights with the normalized weights of the corresponding dimensions. is process enables the acquisition of more 
concrete weights. It can be used to compare processes further when selecting open-source ERP systems. 

𝑀𝑀𝑖𝑖 =
𝑙𝑙𝑤𝑤𝑖𝑖 + 𝑚𝑚𝑤𝑤𝑖𝑖 + 𝑢𝑢𝑤𝑤𝑖𝑖

3
(4) 

e weight evaluation process using Fuzzy AHP provides a more accurate and controllable representation of the 
importance of each criterion and sub-criteria in selecting open-source ERP systems. us, this method ensures more 
consistent and objective decisions, especially in conditions involving uncertainty and complexity of criteria 
assessment. e result of this stage is the priority weight for each criterion and sub-criteria, which will be used in 
the alternative evaluation stage using the Fuzzy TOPSIS method. 

Identify Potential Open-source ERP Alternatives and Evaluate eir Performance 

Potential open-source ERP system alternatives are identified in this stage, and their performance is evaluated using 
a fuzzy-based rating scale. is process begins with collaboration between managers, decision-makers, and a team 
of experts to determine a list of open-source ERP alternatives relevant to the company's needs and characteristics. 
e selection of these alternatives considers specific factors such as business scale, industry type, operational 
complexity, and resource limitations faced by SMEs.  

Once the list of alternatives was determined, the performance evaluation process was conducted through FGDs 
involving experts. Experts are asked to provide an assessment of the performance of each open-source ERP 
alternative based on predetermined criteria and sub-criteria. is assessment is expressed in the form of linguistic 
variables, such as “Very Poor,” “Poor,” “Medium Poor,” “Fair,” “Medium Good,” “Good,” and “Very Good,” which are 
then converted into triangular fuzzy numbers. e linguistic scale and triangular fuzzy numbers are in Table 2. 

is assessment is done for each criterion and sub-criteria on each alternative, which results in a fuzzy scoring 
matrix. is matrix represents the relative performance level of each open-source ERP system. is evaluation 
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Table 2. Variable Linguistic and Triangular Fuzzy Number for Performance Assessment 

Variable Linguistic Code Triangular Fuzzy Number 
Lower Medium Upper 

Very Poor VP 0 0 1 
Poor P 0 1 3 
Medium Poor MP 1 3 5 
Fair F 3 5 7 
Medium Good MG 5 7 9 
Good G 7 9 10 
Very Good VG 9 10 10 

 
 
 
 
 

 

 
 

 
 
 
 
 
 

 
 
 
 

 

 

 

 
 

 

 
 

process is carried out to ensure that each alternative is comprehensively considered based on its actual performance 
against the criteria and sub-criteria. With the fuzzy rating scale approach, this method can capture uncertainty and 
variation in experts' perceptions, thus providing a more realistic and accurate representation of performance. e 
result of this stage is a fuzzy performance matrix that will be used as input to the TOPSIS calculation stage to 
determine the best open-source ERP alternative that best suits the needs of SMEs. 

Prioritization of Open-source ERP Alternatives Utilizing Fuzzy TOPSIS 

In ranking alternatives in the final stage of selecting an open-source ERP system, the fuzzy TOPSIS method is used. 
e basic concept of TOPSIS is that the desired alternative must have the shortest Euclidean distance from the 
positive ideal solution and the farthest distance from the negative ideal solution, where the positive ideal solution 
aims to minimize the cost criteria and maximize the benefit criteria [62]. In the context of this research, the 
application of fuzzy TOPSIS is carried out to rank alternatives in the open-source ERP system selection process. e 
fuzzy TOPSIS method used in this study follows the procedure proposed by Nădăban et al. [63]. e detailed steps 
of the fuzzy TOPSIS implementation will be described in the next section to provide a comprehensive understanding 
of ranking alternatives in selecting open-source ERP systems. 

In prioritizing open-source ERP alternatives using the fuzzy TOPSIS method for ranking purposes, the first step 
involves determining the ranking value for each alternative. It is assumed that there is a decision group with 𝑘𝑘 
members, where the fuzzy ranking value of the 𝑘𝑘𝑡𝑡ℎ decision associated with alternative 𝐴𝐴𝑖𝑖 against criterion 𝐶𝐶𝑖𝑖 is 
represented by Equation (5). 

𝑥𝑥�𝑖𝑖𝑖𝑖𝑘𝑘 = �𝑎𝑎𝑖𝑖𝑖𝑖𝑘𝑘 , 𝑏𝑏𝑖𝑖𝑖𝑖𝑘𝑘 , 𝑐𝑐𝑖𝑖𝑖𝑖𝑘𝑘 � (5) 

e second step in this research methodology involves calculating the aggregated fuzzy ratings for the alternatives. 
e aggregated fuzzy rating, denoted by 𝑥𝑥�𝑖𝑖𝑖𝑖 = �𝑎𝑎𝑖𝑖𝑖𝑖 , 𝑏𝑏𝑖𝑖𝑖𝑖 , 𝑐𝑐𝑖𝑖𝑖𝑖�, of the 𝑖𝑖𝑡𝑡ℎ alternative against the 𝑗𝑗𝑡𝑡ℎ criterion is obtained 
by applying Equation (6). is process involves aggregating the fuzzy values of each sub-criteria assessed previously. 
Using this approac, this research ensures a careful and thorough calculation to obtain the aggregated fuzzy rating, 
which will be the basis for the next step of prioritizing open-source ERP system alternatives using the fuzzy TOPSIS 
method. 

𝑎𝑎𝑖𝑖𝑖𝑖 = min 
𝑘𝑘
�𝑎𝑎𝑖𝑖𝑖𝑖𝑘𝑘 �, 𝑏𝑏𝑖𝑖𝑖𝑖 =

1
𝐾𝐾
�𝑏𝑏𝑖𝑖𝑖𝑖𝑘𝑘
𝐾𝐾

𝑘𝑘=1

, 𝑐𝑐𝑖𝑖𝑖𝑖 = max 
𝑘𝑘
�𝑐𝑐𝑖𝑖𝑖𝑖𝑘𝑘 � (6) 

e third step in this research methodology is to calculate the normalized fuzzy decision matrix. e normalized 
fuzzy decision matrix, denoted by 𝑅𝑅� = ��̃�𝑟𝑖𝑖𝑖𝑖�, can be seen in Equations (7) and (8). is process aims to compile a 
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decision matrix that can provide a more accurate representation of the relative weights of each criterion and sub-
criteria that have been assessed so that it can be used effectively in the fuzzy TOPSIS calculation process to determine 
the priority and ranking of the evaluated open-source ERP system alternatives. 

�̃�𝑟𝑖𝑖𝑖𝑖 = �𝑎𝑎𝑖𝑖𝑖𝑖
𝑐𝑐𝑖𝑖
∗ , 𝑏𝑏𝑖𝑖𝑖𝑖

𝑐𝑐𝑖𝑖
∗ , 𝑐𝑐𝑖𝑖𝑖𝑖

𝑐𝑐𝑖𝑖
∗ � and  𝑐𝑐𝑖𝑖∗ = max 

𝑖𝑖
�𝑐𝑐𝑖𝑖𝑖𝑖� (benefit criteria) (7) 

�̃�𝑟𝑖𝑖𝑖𝑖 = �
𝑎𝑎𝑖𝑖
−

𝑐𝑐𝑖𝑖𝑖𝑖
,
𝑎𝑎𝑖𝑖
−

𝑏𝑏𝑖𝑖𝑖𝑖
,
𝑎𝑎𝑖𝑖
−

𝑎𝑎𝑖𝑖𝑖𝑖
� and 𝑐𝑐𝑖𝑖− = min

𝑖𝑖
�𝑎𝑎𝑖𝑖𝑖𝑖� (cost criteria) (8) 

e fourth step in this research methodology is to calculate the weighted normalized fuzzy decision matrix. is 
normalized fuzzy decision matrix, denoted as 𝑉𝑉� = �𝑣𝑣�𝑖𝑖𝑖𝑖�, can be formulated using Equation (9). e weights 𝑤𝑤𝑖𝑖 in 
this matrix are generated from the AHP fuzzy weighting process described in the previous section. is process 
involves normalizing the fuzzy weights obtained from fuzzy AHP to produce a decision matrix that reflects the 
relative importance of each criterion and sub-criteria in selecting open-source ERP systems. 

𝑣𝑣�𝑖𝑖𝑖𝑖 = �̃�𝑟𝑖𝑖𝑖𝑖 × 𝑤𝑤𝑖𝑖  (9) 

e fih step in this method is to calculate the Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution 
(FNIS). FPIS and FNIS can be calculated based on Equations (10) and (11). is calculation aims to determine the 
positive and negative ideal solutions for evaluating open-source ERP systems. FPIS reflects the maximum desired 
value for each criterion, while FNIS reflects the minimum acceptable value. is step provides a foundation for 
measuring the extent to which each open-source ERP alternative approaches the positive ideal solution and how far 
it is from the negative ideal solution. 

𝐴𝐴∗ = (𝑣𝑣�1∗, 𝑣𝑣�2∗,⋯ , 𝑣𝑣�𝑛𝑛∗)  where  𝑣𝑣�𝑖𝑖∗ = max
𝑖𝑖
�𝑣𝑣𝑖𝑖𝑖𝑖3� (10) 

𝐴𝐴− = (𝑣𝑣�1−, 𝑣𝑣�2−,⋯ , 𝑣𝑣�𝑛𝑛−) where  𝑣𝑣�𝑖𝑖− = min
𝑖𝑖
�𝑣𝑣𝑖𝑖𝑖𝑖1� (11) 

e sixth step in this research is to calculate the distance from each alternative to FPIS and FNIS. e distance of 
each alternative can be calculated using Equation (12). Suppose is the distance from each alternative to FPIS and 
FNIS, respectively. is calculation process allows for determining how far each alternative is from the positive and 
negative ideal solutions in the context of Fuzzy TOPSIS. is step will obtain essential information for ranking open-
source ERP alternatives based on previously identified criteria. 

𝑑𝑑𝑖𝑖∗ = �𝑑𝑑�𝑣𝑣�𝑖𝑖𝑖𝑖 , 𝑣𝑣�𝑖𝑖∗�
𝑛𝑛

𝑖𝑖=1

,𝑑𝑑𝑖𝑖− = �𝑑𝑑�𝑣𝑣�𝑖𝑖𝑖𝑖 , 𝑣𝑣�𝑖𝑖−�
𝑛𝑛

𝑖𝑖=1

 (12) 

e seventh step in this methodology is to calculate the closeness coefficient (CC) for each alternative (𝐶𝐶𝐶𝐶𝑖𝑖)  using 
Equation (13). is closeness coefficient is calculated for each alternative ((𝐴𝐴𝑖𝑖) based on Equation (13). is 
calculation process measures the extent to which each alternative approaches the ideal solution in the context of 
open-source ERP system prioritization. By calculating this closeness coefficient, we can assign a relative ranking to 
each alternative, which will help determine its priority order in selecting open-source ERP systems. is method 
provides a systematic and measurable framework for evaluating and ranking the alternatives. 

𝐶𝐶𝐶𝐶𝑖𝑖 =
𝑑𝑑𝑖𝑖−

𝑑𝑑𝑖𝑖− + 𝑑𝑑𝑖𝑖∗
 (13) 

e eighth step in this research is to prioritize the open-source ERP system alternatives using the Fuzzy TOPSIS 
method for ranking purposes. is process involves determining the closeness coefficient of each alternative. is 
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Table 3. Criteria and Sub-criteria Selection of Open-source ERP 
Main Criteria Code Sub Criteria ID 
Cost Co Consultant and implementation cost Co1 

Support and maintenance cost Co2 
Hosting cost Co3 

Functionality and Integration FI Number of free modules FI1 
Availability of third-party modules FI2 
Accommodating business processes FI3 
Integration with satellite-based navigation system FI4 
Integration level between modules FI5 

Time and Availability TA Update availability history TA1 
Implementation time TA2 

Usage and Support US User-friendliness US1 
Online help and tutorials US2 
User Training and Adoption US3 

Data Management DM Ease of data migration DM1 
Ease of maintenance DM2 
Ease to customization DM3 

Reputation and Strategy Vendor RS Brand image RS1 
Sustainability RS2 
Potential for future strategy RS3 

System Quality SQ System reliability SQ1 
Security SQ2 
Reporting and Analytics SQ3 
Data Backup and Disaster Recovery SQ4 

Integration and Scalability IS Multilingual and Multicurrency Support IS1 
Mobile Access IS2 
Cross module integration IS3 

closeness coefficient reflects the extent to which an alternative is close to the ideal solution. e alternative with the 
highest closeness coefficient value is considered the best. 

Case Application 

is research focuses on a case study of open-source ERP system selection within an SME transportation service 
provider in Gresik City, Indonesia. e study involved collaboration with eight experts, including industry 
practitioners and academics. ese experts played an important role in various research stages, including identifying 
criteria and sub-criteria, pairwise comparison assessment for criteria and sub-criteria, and performance evaluation 
of each open-source ERP system alternative considered in this study. e research began with an in-depth literature 
review on ERP system selection to identify relevant criteria and sub-criteria. e literature includes research 
addressing ERP system selection in general and open-source systems. is literature review resulted in an initial list 
of criteria frequently used in related research. Next, a focus group discussion (FGD) was conducted with experts to 
validate the initial list of criteria. ese discussions identified the most relevant criteria and sub-criteria. ey are 
classified into eight main criteria, with 26 sub-criteria, as shown in Table 3. 

In the next stage, open-source ERP system alternatives were comprehensively identified. rough FGDs, experts 
successfully identified 11 open-source ERP alternatives relevant to be applied in the context of SMEs providing 
transportation services. e identified alternatives include: Adempiere (Alternative 1), Axelor (Alternative 2), 
Dolibarr (Alternative 3), EasyERP (Alternative 4), ERP5 (Alternative 5), ERPNext (Alternative 6), iDempiere 
(Alternative 7), Metasfresh (Alternative 8), MixERP (Alternative 9), Odoo (Alternative 10), and OFBiz (Alternative 
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Table 4. Weighting Criteria and Sub-criteria for ERP System Selection 

Criteria Criteria 
Weight 

Sub-criteria ID Local 
Weight 

Global 
Weight 

Rank 

Cost 0.141 Consultant and implementation cost CO1 0.084 0.012 22 
Support and maintenance cost CO2 0.472 0.066 5 
Hosting cost CO3 0.444 0.063 6 

Functionality 
and Integration 

0.127 Number of free modules FI1 0.470 0.060 7 
Availability of third-party modules FI2 0.156 0.020 16 
Accommodating logistics service business processes FI3 0.039 0.005 25 
Integration with satellite-based navigation system FI4 0.038 0.005 26 
Integration level between modules FI5 0.297 0.038 11 

Time and 
Availability 

0.071 Update availability history TA1 0.799 0.056 9 
Implementation time TA2 0.201 0.014 21 

Usage and 
Support 

0.041 User-friendliness US1 0.365 0.015 19 
Online help and tutorials US2 0.486 0.020 14 
User Training and Adoption US3 0.148 0.006 23 

Data 
Management 

0.248 Ease of data migration DM1 0.388 0.096 3 
Ease of maintenance DM2 0.380 0.094 4 
Ease to customization DM3 0.232 0.057 8 

Reputation and 
Strategy Vendor 

0.033 Brand image RS1 0.159 0.005 24 
Sustainability RS2 0.506 0.016 18 
Potential for future strategy RS3 0.454 0.015 20 

System Quality 0.254 System reliability SQ1 0.382 0.097 2 
Security SQ2 0.387 0.098 1 
Reporting and Analytics SQ3 0.078 0.020 15 
Data Backup and Disaster Recovery SQ4 0.153 0.039 10 

Integration and 
Scalability 

0.087 Multilingual and Multicurrency Support IS1 0.393 0.034 13 
Mobile Access IS2 0.209 0.018 17 
Cross module integration IS3 0.420 0.036 12 

11). is identification process involved an in-depth analysis of each alternative's characteristics, advantages, and 
disadvantages. Furthermore, the performance assessment of each alternative open-source ERP system was also 
conducted through a series of focus group discussions to ensure that the selection was holistic and evidence-based. 
is identification process is done through an in-depth analysis of each ERP alternative's characteristics, advantages, 
and disadvantages. Furthermore, the performance evaluation of each ERP alternative is carried out using a fuzzy 
rating scale based on eight main criteria and 26 predetermined sub-criteria. is assessment is conducted in a series 
of FGDs to ensure the selection process is holistic, structured, and evidence based. Each alternative is assessed using 
a linguistic scale converted into triangular fuzzy numbers, as described in Table 2. is process produces a fuzzy 
scoring matrix that represents the relative performance of each alternative against the relevant criteria and sub-
criteria. 

RESULTS AND DISCUSSION 

e Weight of Selection Criteria and Sub-criteria 

In the results of this study, the weighting of criteria and sub-criteria for the selection of open-source ERP systems 
have been revealed using the Fuzzy AHP method. Table 4 presents the results of weighting criteria and sub-criteria 
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along with their weights, which help illustrate the level of importance of each factor in the overall context of ERP 
system selection. e main criteria, such as Cost, Functionality and Integration, Time and Availability, Usage and 
Support, Data Management, Vendor Reputation and Strategy, System Quality, and Integration and Scalability, have 
weights that reflect priorities in decision-making. e weighting analysis shows that System Quality and Data 
Management have significant weights of 0.254 and 0.248, emphasizing the importance of system quality and effective 
data management in ERP system selection. In addition, security emerged as a critical factor, with the highest global 
weight of 0.098. It indicates that these aspects should be the main focus of ERP system evaluation. 

System quality is a key criterion in selecting open-source ERP systems for SMEs due to its crucial role in ensuring 
functionality, reliability, and ease of maintenance. For resource-constrained SMEs, a quality system provides the 
ability to manage complex business processes effectively and efficiently at a cost that remains affordable [64]. In 
addition, system quality contributes directly to ERP implementation success through ease of configuration, 
reliability, and stability in operation [15]. For SMEs, quality open-source systems also offer greater flexibility in 
customizing system functionality to their specific business needs, which becomes a competitive advantage over 
licensed systems [65]. Furthermore, the system quality advantage accelerates operational efficiency through better 
data integration, reduction of manual processes, and improved information accuracy. us, a quality open-source 
ERP system not only supports smooth operations but also ensures sustainable business competitiveness in the long 
run [66]. 

e significant weight of data management of 0.248 indicates the urgency of the need for effective data management 
in the context of ERP system selection. Good data management is fundamental to successfully implementing and 
operating ERP systems, given that SMEs oen have limited resources. e Data Management criterion is key in 
selecting an open-source ERP system for SMEs because it ensures the integration, accuracy, and availability of 
information that supports business decision-making. Good data integration between departments enables SMEs to 
respond to market dynamics faster and be more adaptive to changing customer demands [14]. Data management's 
efficiency supports cost savings and minimizes the duplication of processes, which is oen an obstacle for companies 
with limited resources [67]. e ability of ERP systems to improve supply chain transparency and resource 
management helps SMEs create more controlled and accountable business operations. In addition, flexibility in data 
management allows SMEs to scale operations according to the needs of sustainable growth in the future [68]. 

Furthermore, the finding that security is the critical factor with the highest global weight, 0.098 respectively, provides 
an in-depth understanding of the aspects that should be the main focus in ERP system evaluation. e high weight 
for security reflects the urgent need to protect sensitive data and secure system integrity. On the other hand, the 
highest weighted system quality indicates that SMEs must ensure that the selected ERP system has high features and 
performance to support their business operations properly. is finding is consistent with the paradigm shi in ERP 
system selection that considers cost factors and prioritizes critical aspects such as data management, security, and 
system quality. In an increasingly complex digital era, sustainability and agility in data management are crucial to 
success. At the same time, security and system quality are essential foundations to support business growth and 
development. 

It is also important to note that the sub-criteria analysis identified security (SQ2) and reporting and analytics (SQ1) 
as the highest globally weighted sub-criteria, almost equally important in ERP system selection. On the other hand, 
sub-criteria such as multilingual and multicurrency support and integration with satellite-based navigation systems 
have the lowest global weights, indicating a lower level of relevance in the overall context. As an important note, ease 
of maintenance (DM2) emerges as a sub-criterion with a relatively high global weight of 0.094, indicating that the 
ease of maintenance of ERP systems has a high significance to the organization. In the context of cost, support and 
maintenance cost (CO2) is a primary consideration with a significant global weight of 0.066, indicating that this 
aspect is essential in calculating ongoing costs aer system implementation. 
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e finding that security (SQ2) and reporting and analytics (SQ1) have the highest global weights reflects the 
urgency of these aspects in selecting an ERP system. Security is a top priority, in line with the increasing digital 
security threats faced by organizations today. e continuity and integrity of data in the system are foundations that 
must be strictly maintained to protect sensitive information and user privacy. Security is a top priority in selecting 
open-source ERP systems for SMEs due to the increasing risk of data leakage and cyber-attacks that can significantly 
impact business operations [69]. A high level of security protects the integrity of operational and financial data, 
ensures smooth business processes, and builds customer trust as a critical asset for business sustainability [70]. 
Moreover, good data protection supports regulatory compliance. It enhances business competitiveness in the digital 
era, where transparency and data security are key demands [71]. Security factors are closely related to system 
qualities such as flexibility and data integration. While initial implementation costs can be minimized, system 
security and reliability have a more significant impact on supporting long-term operational efficiency than just initial 
cost savings [72]. 

Meanwhile, the sub-criteria with the lowest global weights, such as multilingual and multicurrency support and 
integration with satellite-based navigation systems, suggest that these elements have a lower impact on achieving the 
primary goal of ERP system selection. Multilingual and Multicurrency Support criteria tend to be ranked lower in 
the selection of open-source ERP systems for SMEs because the main focus of SMEs is operational efficiency and 
meeting basic business needs such as data integration, security, and ease of use [71]. Most SMEs operate within a 
local or regional scope, making the need for multilingual and multicurrency features less relevant than core 
functionality aspects. In addition, SMEs oen have limited resources and prioritize low-cost and quick 
implementation. While these features are essential for global companies, SMEs targeting domestic markets rarely 
need this added complexity [72].  

Ease of maintenance (DM2), which has a relatively high global weight, indicates that this aspect has great significance 
in maintaining the performance and availability of the ERP system. Ease of maintenance is closely related to 
operational efficiency and can minimize downtime that can harm organizational productivity. In the context of costs, 
the emphasis on support and maintenance costs (CO2) as a primary consideration with a significant global weight 
indicates that organizations place finance as a major factor in calculating ongoing costs aer system implementation. 
It could be due to a desire to optimize spending and ensure that support and maintenance-related costs are controlled 
over time. 

Alternatives Open-source ERP System 

e results show that the score for each alternative open-source ERP system is obtained through the normalization 
of the closeness coefficient value, which is presented in Table 5. From the results of these calculations, it was found 
that Alternative 10 was ranked highest with a normalized value of 0.130. It shows that Alternative 10 has the most 
optimal performance compared to other alternatives based on predetermined criteria and sub-criteria, followed by 
Alternative 6, which is ranked second with a normalization value of 0.100. In contrast, Alternative 9 is ranked the 
lowest, with a normalized value of 0.067. is finding provides a strong indication regarding the suitability of 
Alternative 10 as the most suitable open-source ERP system to be implemented in the context of SMEs. In contrast, 
Alternative 9 tends to be less appropriate. is assessment helps provide a more transparent and objective picture of 
the open-source ERP system selection process, enabling more informed decision-making. 

Odoo (alternative 10) outperforms other open-source ERP systems due to its high flexibility, robust system quality, 
and continuously improved security, making it an ideal solution for SMEs. Odoo (alternative 10) offers modularity 
that allows SMEs to select and customize features according to specific needs, ranging from inventory management 
to accounting, making it more cost-efficient to implement [73]. With its user-friendly interface and ease of 
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Table 5. Rank of Alternative Open-source ERP System based-on Fuzzy TOPSIS 

Alternative d* d- CCj Normalization Ranking 
Alternative 1 0.413 0.417 0.503 0.088 6 
Alternative 2 0.434 0.407 0.484 0.085 7 
Alternative 3 0.393 0.447 0.532 0.093 4 
Alternative 4 0.440 0.400 0.476 0.083 9 
Alternative 5 0.440 0.402 0.477 0.083 8 
Alternative 6 0.358 0.473 0.569 0.100 2 
Alternative 7 0.373 0.454 0.549 0.096 3 
Alternative 8 0.442 0.401 0.475 0.083 10 
Alternative 9 0.520 0.325 0.384 0.067 11 
Alternative 10 0.211 0.612 0.743 0.130 1 
Alternative 11 0.395 0.442 0.528 0.092 5 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

configuration, Odoo (alternative 10) can be implemented faster, reducing complexity for SMEs with limited 
resources [73]. In Indonesia, where cost efficiency is a top priority, Odoo, an open-source solution without license 
fees, supports small business sustainability with more affordable local support [74]. Moreover, Odoo's scalability 
(alternative 10) allows the system to evolve as SMEs grow, meeting the challenges of dynamic operational needs [74]. 

MixERP (Alternative 9) showed low performance in the open-source ERP system selection due to weaknesses in 
critical areas, especially in system security and quality. e system has limited security features, making it vulnerable 
to data leakage and cyberattacks. It is a significant concern for SMEs with limited resources. In addition, MixERP's 
system quality is considered less reliable regarding operational stability and data integration, causing obstacles in 
efficiently supporting complex business processes. ese weaknesses make MixERP less suitable for SMEs that need 
a flexible, secure, and reliable ERP solution for sustainable growth. 

Sensitivity Analysis 

A sensitivity analysis was conducted to test the robustness of the ranking of open-source ERP systems in terms of 
changes in the weights of criteria and sub-criteria in three different scenarios, as presented in Table 6. is analysis 
aims to understand how criteria prioritization variations, such as an increased focus on cost or user-friendliness, 
affect the ranking of ERP system alternatives and ensure solution flexibility in the face of changing SME needs. In 
the first scenario, criteria weights are evenly distributed, emphasizing cost. In contrast, the second scenario increases 
system quality and security weights. Meanwhile, the third scenario prioritizes criteria related to flexibility and the 
availability of additional features such as user-friendliness and module integration. 

e analysis results show Alternative 10 consistently maintains the highest ranking in all three scenarios with the 
highest closeness coefficient value. It confirms its flexibility and adaptability to changes in criteria focus, making it 
the most reliable choice for SMEs. In contrast, Alternative 6 showed competitive performance with stability in the 
second rank. At the same time, Alternative 9 remained in the lowest position, mainly due to weaknesses in security 
aspects and the availability of additional features. Changes in criteria weights, such as increased user-friendliness or 
cost-efficiency prioritization, resulted in significant ranking variations among the alternatives. It provides practical 
insight for SMEs that ERP system selection should consider criteria flexibility as priorities change over time. is 
sensitivity analysis allows SMEs to evaluate the impact of evolving strategic needs and ensure the selected ERP 
solution remains relevant and effective. Figure 2 presents a graphical visualization of the sensitivity analysis results 
to clarify the ranking changes between scenarios. is visualization shows the ranking shis that occur under 

UTAMA ET AL. / JURNAL OPTIMASI SISTEM INDUSTRI, VOL. 23 NO. 2 (2024) 167-187 

180     Utama et al. 10.25077/josi.v23.n2.p167-187.2024DOI:

https://doi.org/10.25077/josi.v23.n2.p167-187.2024


Table 6. Scenario Sensitivity Analysis of Open-source ERP System Selection 

Figure 2. Sensitivity Analysis of open-source ERP system ranking 

Sub-
criteria 
ID 

Sub-criteria Scenario 1 Scenario 2 Scenario 3 

Global 
Weight 

Rank Global 
Weight 

Rank Global 
Weight 

Rank 

CO1 Consultant and implementation cost 0.011 23 0.010 22 0.000 17 
CO2 Support and maintenance cost 0.059 4 0.053 7 0.000 17 
CO3 Hosting cost 0.055 7 0.050 8 0.000 17 
FI1 Number of free modules 0.059 5 0.072 5 0.167 1 
FI2 Availability of third-party modules 0.019 20 0.024 15 0.055 7 
FI3 Accommodating logistics service business 

processes 
0.005 25 0.006 25 0.014 15 

FI4 Integration with satellite-based navigation 
system 

0.005 26 0.006 26 0.014 16 

FI5 Integration level between modules 0.037 15 0.045 10 0.105 3 
TA1 Update availability history 0.100 1 0.068 6 0.158 2 
TA2 Implementation time 0.025 18 0.017 20 0.040 12 
US1 User-friendliness 0.046 14 0.018 18 0.042 10 
US2 Online help and tutorials 0.061 3 0.024 14 0.056 6 
US3 User Training and Adoption 0.019 22 0.007 23 0.017 13 
DM1 Ease of data migration 0.048 10 0.077 3 0.000 17 
DM2 Ease of maintenance 0.048 13 0.075 4 0.000 17 
DM3 Ease to customization 0.029 16 0.046 9 0.000 17 
RS1 Brand image 0.020 19 0.006 24 0.015 14 
RS2 Sustainability 0.063 2 0.020 17 0.046 9 
RS3 Potential for future strategy 0.057 6 0.018 19 0.041 11 
SQ1 System reliability 0.048 12 0.078 2 0.000 17 
SQ2 Security 0.048 11 0.079 1 0.000 17 
SQ3 Reporting and Analytics 0.010 24 0.016 21 0.000 17 
SQ4 Data Backup and Disaster Recovery 0.019 21 0.031 13 0.000 17 
IS1 Multilingual and Multicurrency Support 0.049 9 0.041 12 0.095 5 
IS2 Mobile Access 0.026 17 0.022 16 0.051 8 
IS3 Cross module integration 0.052 8 0.044 11 0.102 4 
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varying criteria weights, strengthening the understanding of the resilience of each ERP alternative to changes in 
assessment focus. 

Managerial Implication 

e results of this study provide clear and relevant managerial implications for SMEs, particularly in the decision-
making process regarding the implementation of open-source ERP systems. With limited resources, SME managers 
should prioritize key aspects such as system quality, data management, and security in ERP investments. 
Emphasizing these criteria will ensure an efficient ERP system implementation and support business growth in the 
long run. 

System quality is a key guide for managers when choosing an ERP system. Good quality ensures functionality, 
reliability, and ease of maintenance, reducing operational costs and the risk of implementation failure. Managers are 
advised to invest time in evaluating the system's stability, module integration, and developer community support 
capabilities. Furthermore, effective data management should be a priority, as real-time data integration improves 
decision-making accuracy and operational efficiency. Managers must focus on systems that enable easy data 
migration and ongoing maintenance to support business flexibility. Security has a strategic role that cannot be 
ignored. With the highest global weight of 0.098, security protects the integrity of company data and customer trust. 
Managers should prioritize ERP systems that offer comprehensive security features, such as automatic data backup, 
data encryption, and protection against cyberattacks. In addition, this research emphasizes the importance of system 
scalability in supporting SMEs' future growth. SMEs can sustainably improve their competitiveness by choosing an 
ERP system that is flexible and adaptable to business development. e sensitivity analysis in this study shows that 
shis in criteria prioritization, such as an increased focus on cost or user-friendliness, can affect the ranking of ERP 
systems. erefore, managers are advised to periodically revisit the prioritization of criteria according to evolving 
business needs. 

CONCLUSION 

is is research successfully achieved its objective of proposing a robust Multi-Criteria Decision Making (MCDM) 
framework for selecting open-source ERP systems by integrating Fuzzy AHP and TOPSIS methods, providing a 
structured and reliable approach for decision-making under uncertainty. e findings emphasize the critical roles of 
system quality, data management, and security as the most influential factors in supporting SMEs' operational 
efficiency, data integration, and business process optimization. For transportation service provider SMEs, the 
proposed model identifies flexible and reliable solutions, such as Odoo, which can effectively adapt to their unique 
business requirements. ese insights offer practical implications for SME managers, highlighting the importance 
of investing in ERP systems that ensure reliability, security, and scalability. However, this study underscores the need 
for future research to adopt dynamic criteria that reflect the evolving needs of SMEs and involve broader stakeholder 
engagement through methods like surveys and in-depth interviews to enhance the validity of findings. Expanding 
the framework’s application to various industry sectors, incorporating external factors like technological 
advancements and market trends, and conducting long-term implementation studies will further refine the model’s 
adaptability and practical relevance. erefore, future studies can build on this research to offer more comprehensive 
and sustainable solutions for SMEs, ensuring their competitiveness in an ever-changing business environment.. 
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