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Abstract: Software package selection is a critical yet complex process with significant implications for
organizational performance and efficiency. This study employs the VIKOR multi-criteria decision-making
method to systematically evaluate and compare different software acquisition strategies. The research explores
five primary approaches: Commercial Off-The-Shelf (COTS), Open Source Solutions, Custom Development,
Software as a Service, and solutions with potential security risks. The methodology involves a comprehensive
assessment across four key dimensions: functional requirements, technical considerations, cost analysis, and
support and documentation. By utilizing the VIKOR method, the study provides a structured framework for
quantitatively ranking these software approaches based on their comprehensive performance. Key findings
reveal that Commercial Off-The-Shelf solutions emerge as the most favorable option, ranking first with the
highest Qj value of 1. This suggests that pre-developed, standardized software packages offer significant
advantages in terms of implementation speed, cost-effectiveness, and proven functionality. However, the
research also highlights the nuanced nature of software selection, emphasizing that no single approach is
universally optimal. The study contributes to the field by providing a rigorous, data-driven approach to
software package selection. It demonstrates the value of multi-criteria decision-making techniques in
navigating the complex landscape of software acquisition. Organizations can leverage this methodology to
make more informed decisions, balancing technical, financial, and operational considerations when selecting
software solutions. The research underscores the importance of a holistic, systematic approach to software
package evaluation in an increasingly digital and technology-dependent business environment.

Keywords: Commercial Off-The-Shelf, Open Source Solutions, Custom Development, Software as a Service
and Potential security risks. Functional Requirements, Technical Considerations, Cost Analysis and Support &
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1. INTRODUCTION

Selecting software that aligns with an organization’s needs is a challenging task, and the process of evaluating and
choosing software packages is complex. Incorrect software selection can be costly and negatively impact business
processes. The goal of this thesis is to assess the evaluation process and provide a foundation for improving software
package selection. This paper reviews systematic studies from journals and conference proceedings, offering
guidelines for software package selection, evaluation techniques, evaluation criteria, and decision support systems.
Additionally, the review explores how software producers approach the evaluation of software packages [1].
Dynamite’s primary use is for precise measurements, particularly in the fields of physics, chemistry, or biology. It is
designed to investigate the mechanisms behind various processes. Most biochemists rely on kinetic models, and
Dyna Fit allows them to account for the systematic uncertainty in parameter estimates. These uncertainties are
viewed as errors, as is the case with other popular software packages that handle nonlinear data. Similar to linear
least squares regression, the reported standard errors in Dyna Fit reflect the uncertainties in nonlinear parameters,
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typically presented as plus or minus values alongside the best-fit estimates [2]. The ABINIT software program was
first launched in 1997 with the goal of providing a free software package for the preliminary study of material
properties, primarily designed to run on Linux. A key factor in its success was the active involvement of the
materials science community, who recognized the value of such a tool. The first publicly available version was
released in December 2000. Since then, the developer community has grown from a small group of early enthusiasts
to about fifty contributors, while the user base, approximately ten times larger, has expanded at a similar pace [3].
The implementation plan is straightforward and adaptable. It not only handles data processing but also integrates
seamlessly with other software packages, promoting easy collaboration. The collection includes an open-source
codebase, allowing access to various tasks and details related to the implementation of the algorithms. While the
current implementation enables users to quickly execute the previously mentioned tasks, certain features still require
improvement, and some implementation aspects may need to be revised [4]. A quantitative description of the
aforementioned processes, along with a fundamental requirement for analysis, is an understanding of solvent
molecules and their behavior in agqueous environments. This involves recognizing the significance of the
interrelationships between molecules. Solvent-solvent interactions are typically categorized into polar and non-polar
types. While this classification is commonly used, it is somewhat arbitrary and open to various interpretations.
Warnings are associated with these classifications, as there is an inherent connection between the two types of
interactions. This work primarily focuses on the polar-type interactions between solvent molecules [5]. The
development of software in the field of plant genetics and breeding is crucial for the scientific community due to the
lack of available resources. These tools are essential for managing the vast amounts of data, accommodating the
growing number of users in research institutions, and meeting the increasing demand for statistical analysis and
efficient data processing. This is vital for the accurate estimation of biological parameters. In plant genetics,
particularly with the intensive breeding of many species, the complexity of key traits requires the use of increasingly
precise selection criteria [6]. In image processing, various local sub patterns such as brightness, color scale,
hardness, movement, and unevenness can be perceived, revealing characteristics like smoothness or granularity.
These features are often used to describe human tissue or the internal structure of organs in medical imaging. As a
result, analyzing texture in images plays a crucial role in image interpretation and understanding. While humans can
easily recognize textures qualitatively, there is no precise definition of texture in image processing. However,
quantitative texture analysis is frequently needed, especially in systems like those used for clinical diagnosis [7].
Frustration arises from outdated legacy systems that no longer align with current business needs, as well as the IS
department's struggles with system integration, handling the Y2K issue, and adapting to new European currencies.
The growing trend of consolidation has led to increased demand for comprehensive solutions like Enterprise
Resource Planning (ERP) software packages. ERP systems bring value to businesses by supporting various
processes throughout the supply chain. For example, SAP R/3 offers financial and logistics management with over
1,000 predefined procedures, stored in its "Business Engineer" repository, which includes human resources best
practices [8]. With the advancement of techniques like microarray, mass spectrometry, and large-scale high-
throughput testing, there is a growing need for automatic annotation of gene sets and identification of associated
pathways. While various multi-pathway analysis tools have been developed, there is still a demand for new tools
that can provide more flexible or advanced analytical capabilities. In response to this need, we have developed an R-
based software package called Sub pathway Miner, designed for flexible pathway annotation [9]. In EPR
spectroscopy, including techniques like ENDOR and pulse EPR, the extraction of structural and Kinetic information
from experimental data heavily relies on data processing. While there is a range of software available and well-
established mechanisms for general EPR spectroscopy, a flexible simulation environment is still lacking, despite the
critical role of computerized data processing, numerical simulation, and iterative parameter fitting [10]. In addition
to molecular data analyses, morph metric analyses are becoming more common. This integration of data includes
applications such as mapping shape data onto inferred phylogenies based on DNA sequences. By utilizing
information from molecular markers and quantitative genetics, researchers can evaluate the effects of hybridization
on form and analyze asymmetry. Consequently, there is a need for flexible tools in morph metric analysis to support
the expanding community of users within ecology and evolutionary biology [11]. The entire procedure involves
configuring RDC data refinement, potentially leading to an optimal structure. This is achieved through manual
iterations until convergence is reached. However, there are often various practical and theoretical limitations tied to
the RDC data when optimizing macromolecular structures. Converting file formats within these constraints and
between different analytical software systems is challenging but essential. Additionally, a significant challenge in
studying RDCs involves determining the most effective purification mechanism based on the configuration using
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RDC constraints [12]. Software packages are not interchangeable; in fact, different procedures are often used for
many of the same data-processing tasks. The choice of software can also influence subsequent analyses.
Additionally, no single package covers all needs, as some laboratories have created their own software solutions.
This custom approach has both benefits and drawbacks. When comparing results across different laboratories, the
variety of software used to analyze the same data can lead to inconsistencies in the literature. Furthermore,
individual datasets may contain errors because thorough debugging can only be achieved after extensive use. Due to
these complexities, it can be challenging for a researcher to fully grasp a specific software package without
assistance from someone who has expertise in it [13]. Different force fields for defining atom types utilize various
strategies. As a result, molecular mechanics (MM) calculations are performed based on specified parameters to
identify atomic types. Some MM software packages have fixed atomic types defined by their core engine, which
cannot be easily altered by users. In contrast, other MM packages allow for flexibility and user-defined atomic
types, relying on algorithms that can automatically recognize these types, which can be beneficial [14]. Such
packages will be managed by administrators. Software packages consist of extensive software ecosystems that
establish systems. The packaging process is environmentally oriented, with humerous package releases in various
settings. Additionally, there are other collections that receive regular updates. Publications have numerous
dependencies, creating a complex packaging environment. While these systems are beneficial to their respective
developer communities, they encounter challenges related to their size, complexity, and rapid evolution. Common
issues include outdated or incompatible package updates and reliance on transitional, obsolete, or malfunctioning
packages [15].

2. MATERIALS AND METHOD

Commercial Off-The-Shelf: COTS, or Commercial-Off-the-Shelf, refer to products that are available in their pre-
made, standard form. These hardware or software products are ready-made and sourced from commercial suppliers.
They are designed for quick installation and integration, allowing them to seamlessly work with existing system
components.

Open Source Solutions: Open source software is publicly available and consists of openly shared code, allowing
anyone to view, modify, and distribute it. This type of software is built collaboratively, relying on peer review,
social contributions, and decentralized development.

Custom Development: Custom application development involves creating, building, and implementing software
applications tailored to meet the unique needs of specific users or situations. For instance, companies may design
custom HR portals to accommodate employees and freelancers with unique features. This type of software, also
called bespoke or tailor-made software, is developed either for an individual company or a distinct group of users,
offering functionalities not available in off-the-shelf solutions.

Software as a Service: Software as a Service, describes applications that are accessed online without requiring
downloads. Users subscribe to software that is hosted remotely and accessible through web browsers, removing the
need for direct maintenance. These subscription-based services are managed by external vendors via the Internet.
Popular examples of SaaS include Drop box, Google Workspace, and Sales force.

Potential security risks: A security risk is a category of risk that affects a company's assets due to harmful actions.
This includes potential losses or damage to data and reputation. Security risks may arise from external threats such
as hackers, malware, and viruses or from internal issues like employee negligence or malicious insider activities.
Functional Requirements: Operational safety requirements refer to the safety services that a system under
examination needs to provide to ensure secure operation. These may include features such as authentication,
backups, and server clustering. Often, best practices for these requirements are derived from established policies and
regulations.  Functional requirements, on the other hand, specify what the system or its components must
accomplish. They define the essential features and activities, describing "what" the system must do. These
requirements outline the system’s expected actions and outputs in response to given inputs.

Technical Considerations: In technical analysis, it is believed that past price patterns of stocks tend to recur over
time. As a result, these trends are regarded as important predictors of future stock price movements. Traders
examine these price trends and volume data to forecast the future direction of stock prices.
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Cost Analysis: Cost analysis, or cost-benefit analysis, involves calculating the expected revenue from a project or
situation and subtracting the total costs required to complete it. This process helps predict the potential profit from
the project and compares its costs to the anticipated financial benefits.

Support & Documentation: Company profiles and registration certificates, along with lists, samples, and
documents verifying the qualifications and identification of company owners, are included. Supporting documents
refer to all public records, regardless of format, medium, or source, provided to members of the legislative body for
review of agenda items for a specific meeting, as well as all information submitted in a timely manner for that
meeting.

VIKOR Method: Performance ratings for various criteria are assessed using different units, yet the comparison
matrix must consist of dimensionless elements. This is particularly relevant for cost-benefit analysis. To address
this, normalization methods have been created to help align results with target values. It is important to consider
engineering design contexts, including the limitations of current methods. This paper introduces a new version of the
VIKOR method that encompasses all types of criteria and emphasizes the importance of finding a compromise
solution. The proposed comprehensive version enhances the traditional VIKOR approach, providing a
straightforward solution to a significant error. This recommended method can improve the accuracy of material
selection across various applications, especially in biomedical contexts, where materials need to possess properties
similar to those of human tissue [16]. The VIKOR method is effective for addressing complex decision-making
challenges. Besides its successful application, there are various types, including detailed VIKOR, vague VIKOR,
regret theory-based VIKOR, modified VIKOR, and interval VIKOR. The choice of method depends on the specific
decision problem and the preferences of the decision maker. These variations are suited for different decision
scenarios and come with their own mathematical formulas. The five versions of the VIKOR method provide a robust
framework for ranking performance across categories based on their original values, allowing for effective
comparisons. The primary focus of this thesis is to demonstrate all six types of VIKOR through examples to
compare their ranking performances, utilizing Spearman's rank correlation coefficient to assess which VIKOR
method yields the best results [17]. In decision-making, it is essential to consider various conflicting objectives due
to the growing complexity of social, economic, technological, and environmental factors. Traditional single-criteria
decision-making approaches are no longer adequate to address these challenges. The VIKOR method, recognized
for providing a compromise ranking, identifies the "best" solution based on a specific metric known as "closeness."
This method introduces a scale ranking index. In this paper, we apply this methodology to the selection of renewable
energy projects, initiated by the Spanish government [18]. Engineers occasionally face challenges with optimization,
leading to unsatisfactory outcomes. Additionally, numerous solutions have been created to enhance this process.
These solutions often rely on intricate statistical models, which may be difficult for engineers lacking a strong
mathematical foundation to utilize effectively. As a result, this study introduces VIKOR as a method for multi-
criteria decision-making (MCDM). This new approach aims to address the optimization issues in multi-response
processes. The MCDM process typically involves conflicting and trade-off criteria, which can help identify the best
solution among various alternatives [19]. The VIKOR method evaluates alternatives and identifies the optimal
solution through a process of compromise and closeness. This technique is a multi-criteria decision-making
approach that features a straightforward calculation method, allowing for the simultaneous evaluation of both ideal
and anti-ideal alternatives. Previous studies indicate that numerous authors have applied the VIKOR method in their
research. In this paper, we utilize this method to address the selection problem for RESs (Renewable Energy
Sources), with a case study conducted on the BHU campus [20]. As a result, conventional methods cannot be used
to select from a range of alternatives. Consequently, this study introduces a revised VIKOR method tailored for
addressing lean tool selection challenges in manufacturing systems. A model was developed to assist practitioners in
enhancing their problem-solving capabilities by evaluating potential solutions based on their specific criteria. In fact,
the modified VIKOR method allows for the ranking of alternatives in three scenarios: those with shared criteria,
those with distinct criteria, and those that encompass both shared and distinct criteria [21]. The objective of this
thesis is to address the gap in value related to multi-attribute grouping within an intuitive fuzzy environment. It aims
to enhance the VIKOR method for decision-making processes by incorporating all alternatives provided by
decision-makers. The information presented is characterized by ambiguity and is represented as decision matrices,
utilizing interval-valued intuitionist fuzzy numbers. Additionally, the information is categorized based on attribute
weights. There is limited existing knowledge in this area, making it a significant focus within the fields of decision
science and operations research [22]. Reservoirs in Taiwan occupy significant land areas, which is under pressure
due to the country's high population density and ongoing development. This development has led to various
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environmental impacts, necessitating land use restrictions, especially for subdivisions around watersheds. To
effectively manage these areas, prioritizing land use controls is essential. Given the many factors involved in
evaluating environmental impacts from subdivisions, this study employed a multi-criteria analysis approach. Using
selected criteria related to geography and weather, the VIKOR method was applied to find the best solution. The aim
of this study is to establish a priority ranking for land use controls around the Cheng- Went Reservoir in southern
Taiwan [23]. The final results reveal that disposal has minimal negative impact on the environment, making it the
most favorable recovery option. However, reselling, while financially beneficial, is less ideal. Recovery was treated
as optional in this study, but the research opens up new avenues for future investigation. From a managerial
perspective, the proposed model makes it interesting to study standard reverse logistics (RL). While this study
focused only on the environmental aspects of RL, it would be even more precise if economic and social factors were
considered as well. Furthermore, it's essential to incorporate technical feedback from all stakeholders, reflecting
their concerns and redemption goals. We recommend using Fuzzy-MADM methods for group decision-making
across RL processes to design a comprehensive model [24]. In a competitive environment, there is an increasing
demand for miniaturization and diversity in manufacturing, particularly for applications requiring enhanced
mechanical properties. The demand for high-quality products is rising, driving the need for precise and miniaturized
manufacturing. Industries like aerospace, space exploration, nuclear physics, and missile technology are seeking
more sophisticated solutions. Researchers are focusing on developing new materials to meet these advanced
requirements. However, traditional machining processes often struggle with handling such materials. As a result,
modern manufacturing trends are shifting toward using unconventional energy sources such as light, sound,
chemical, mechanical, electrical, and ions. Electrical Discharge Machining (EDM) is one of these unconventional
processes. It uses thermal and electrical energy to remove material from the work piece and is capable of machining
various types of conductive materials. This makes EDM highly popular among manufacturers, although it requires
significant electrical power to operate [25]. This work is kept limited in scope for simplicity. While various
alternatives were considered, this model can serve as an estimation tool. Moreover, it is not confined to evaluating
personnel in research institutions; it can also be applied to selecting diverse outcomes relevant to the field of study.
The remainder of the paper is structured as follows: the next section provides a brief overview of the problem at
hand, followed by a detailed explanation of the VIKOR method, including practical steps, its application, and the
final results [26]. The GDM approach considers the perspectives of each participant, aiming to reach a reflective
consensus. To address ambiguous, contradictory, and immeasurable criteria, a Multi-Criteria Decision Making
(MCDM) method, incorporating VIKOR, was developed. This approach seeks near-optimal solutions based on
predefined criteria. By integrating the GDM method with Fuzzy VIKOR, this inclusive technique effectively
generates compromise solutions [27]. The proposed method, SMAA-VIKOR, is a combination of SMAA-2 and
VIKOR, designed to handle imprecise and uncertain data. One question raised is whether VIKOR can be used to
manipulate data. The objective of this study was to explore the application of SMAA-VIKOR. This method has been
previously applied in the literature, particularly in the context of medicinal purposes and risk analysis. To
demonstrate the method, an inverse logistic case study was selected to evaluate the problem. The findings showed
that SMAA-VIKOR is capable of handling uncertain and arbitrarily distributed values for weights and scale
measurements [28]. Understanding the water quality conditions of a river system is essential for effective water
resource management. In this study, the VIKOR method was applied to assess various criteria. A widely used
approach for this type of evaluation is multi-criteria analysis. In the context of the Taipei Water Resources Domain
(TWRD), this method was employed to assess the design of the water quality monitoring network. Five key criteria
were selected for analysis: non-point source pollution, green cover ratio, land area ratio, over-utilized hilly area
ratio, and the density of water quality monitoring stations [29]. This research introduces a novel VIKOR-based
approach to address the problem. The proposed method involves evaluating intervals of projects or features and
controlling the process to better understand and achieve the desired goals. By identifying significant gaps in
materials, it helps decision-makers prioritize areas for improvement. The concept is rooted in compromise solutions,
particularly utilizing the VIKOR method. Additionally, the study presents an example of enhancing information
security risk management to demonstrate the method's applicability. The results indicate the effectiveness of this
new approach [30].
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3. ANALYSIS AND DISCUSSION

TABLE 1. Determination of best and worst value of Software package using VIKOR method

Functional Technical Cost Support &
Requirements | Considerations Analysis Documentation
Commercial Off-The-Shelf 11 21 10 95
Open Source Solutions 55 31 80 55
Custom Development 77 41 70 45
Software as a Service 66 51 90 35
Potential security risks 99 61 100 85
Best 11 61 100 35
Worst 99 21 10 95

Table 1 provides an assessment of various software packages based on the VIKOR method, which considers a
number of factors, such as functional requirements, technical considerations, cost analysis, and
support/documentation. The analysis identifies the best and worst values for each category. For example, the
“commercial off-the-shelf” solution ranks best with a score of 11 for functional requirements, while “potential
security risks” ranks worst based on cost analysis, scoring 99. The VIKOR method facilitates comparison and
prioritization of options by providing a clear view of their performance across these important criteria.

C ial

Software package Off-The-
Shelf
4%

N

Open Source
Solutions
18%

Software as a
Service
21%

FIGURE 1. Determination of best and worst value of Software package

Figure 1 illustrates the evaluation of polymer composites using the VIKOR method, assessing functional
requirements, technical considerations, cost analysis, and support/documentation. The “commercial off-the-shelf”
option achieves the best score in functional requirements (11), while the “potential safety risks” option ranks the
worst in cost analysis (99), highlighting the varying performance across the criteria.
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TABLE 2. Calculation Sj and Rj

Performance | Environmental | Cost-Benefit Safety and
Assessment | Impact Analysis Regula_tory . .
Compliance | Sj Rj

Commercial Off-The-
Shelf 0 0.25 0.25 0.25 0.75 0.25
Open Source Solutions 0.125 0.1875 0.055556 0.083333 | 0.451389 0.1875
Custom Development 0.1875 0.125 0.083333 0.041667 0.4375 0.1875
Software as a Service 0.15625 0.0625 0.027778 0 0.246528 0.15625
Potential security risks 0.25 0 0 0.208333 | 0.458333 0.25

Table 2 presents the Sj and Rj calculations using the VIKOR method, which evaluates various software options
based on performance assessment, environmental impact, cost-benefit analysis, and security/regulatory compliance.
The Sj values represent the overall score for each option, with “Commercial Off-The-Shelf” having the highest score
of 0.75, while “Software as a Service” has the lowest score of 0.246528. The Rj values “Open Source Solutions” and
“Custom Development” both show an Rj value of 0.1875, indicating their close performance. “Potential Security
Risks” ranks high in environmental impact, but low in security and compliance.

Culculation Sj and Rj

Safety and

Regulatory

Compliance
14%

Cost-
Benefit
Analysis

14%

py -

Performance
Assessment
0%

Environmental
Impact
15%

FIGURE 2. Calculation Sj, Rj

Figure 2 shows the calculation of Sj and Rj values using the VIKOR method, evaluating software options for
performance, environmental impact, cost-benefit analysis, and security/compliance. “Commercial off-the-shelf” has
the highest Sj value of 0.75, while “Software as a Service” ranks the lowest. “Open source solutions” and “Custom
development” have similar rankings.
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TABLE 3. Final Result of Calculation Qj

Sj Rj Qj Rank
Commercial Off-The-Shelf 1.25 0.75 1 1
Open Source Solutions 0.722222 | 0.451389 | 0.391973 | 3
Custom Development 0.666667 | 0.4375 | 0.345393 4
Software as a Service 0.402778 | 0.246528 0 5
Potential security risks 0.916667 | 0.458333 | 0.513624 | 2

Table 3 presents the final calculation of Qj using the VIKOR method, which determines the ranking of software
options based on Sj and Rj values. “Commercial off-the-shelf” ranks highest with a Qj value of 1, indicating the
most favorable option. “Potential security risks” is a close second with a Qj value of 0.513624. “Open source
solutions” and “custom development” are third and fourth with Qj values of 0.391973 and 0.345393, respectively.
“Software as a service” ranks lowest with a Qj value of 0, indicating the least favorable performance.

Culculation Sj,Rj and Qj

Commercial
Off-The-Shelf
32%

FIGURE 3. Calculation Sj, Rj and Qj

ential
ity risks
3%

Figure 3 shows the final Qj calculations using the VIKOR method, showing the rankings of the software options.
“Commercial Off-the-Shelf” ranks first with the highest Qj value of 1, while “Potential Security Risks” ranks
second. “Open Source Solutions” and “Custom Development” rank third and fourth, respectively, with “Software as

a Service” in last place.
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FIGURE 4.Shown the Rank

Figure 4 illustrates the final rankings based on the VIKOR methodology. “Commercial off-the-shelf” ranks first,
while “Open Source Solutions” ranks third. “Custom Development” and “Potential Security Risks” both rank fourth,
and “Software as a Service” ranks fifth, reflecting the overall performance across the criteria assessed.

4. CONCLUSION

The research demonstrates the effectiveness of the VIKOR method in systematically evaluating and comparing
various software package selection approaches. Through a comprehensive multi-criteria decision-making analysis,
the study reveals important insights into the strengths and limitations of various software development and
acquisition strategies. The analysis highlights that “commercial off-the-shelf” (COTS) solutions emerge as the most
favorable option, ranking first with the highest Qj value of 1. This finding underscores the benefits of pre-developed,
standardized software packages that are quickly implemented, reduced development costs, and proven functionality
in multiple enterprise environments. However, the research also emphasizes the complexity of software selection,
which cannot be reduced to a single metric. Each software approach—commercial off-the-shelf, open source
solutions, custom development, software as a service, and those with potential security risks—offers unique

characteristics that organizations should carefully consider.
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