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Abstract: Assessing blockchain technology strategies is crucial for organizations seeking to leverage the 

potential benefits of blockchain in their operations. We explore the importance of evaluating blockchain 

technology strategies and emphasize critical considerations in the assessment process. These 

considerations encompass aligning strategy with business objectives, evaluating technology capabilities, 

analyzing implementation challenges, assessing security and privacy implications, considering regulatory 

compliance, and measuring the impact of the strategy. The study outlines the significance of a 

comprehensive assessment in ensuring the effectiveness and success of blockchain technology strategies. 

By conducting thorough assessments, organizations can make informed decisions, mitigate risks, and 

maximize the value of implementing blockchain technology. This study proposed utilizing the fuzzy set 

to handle and evaluate the linguistic data. We integrated the fuzzy set with the TOPSIS method to show 

the rank of strategies. We collect ten criteria and ten strategies in this study. We conducted a sensitivity 

analysis to show the stability of the results. 
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______________________________________________________________________________ 

1. Introduction  

Blockchain technology has emerged as a transformative force, revolutionizing various industries and 

redefining how we transact, interact, and establish trust in the digital age. Originally introduced as the 

underlying technology for the cryptocurrency Bitcoin, blockchain has since evolved into a powerful and 

versatile technology with applications reaching far beyond digital currencies. At its core, blockchain is a 

decentralized and distributed ledger that records transactions or data across multiple computers, known 

as nodes, in a transparent and immutable manner. Each transaction or data entry, known as a block, is 

linked to the previous block, forming a chain of blocks. This decentralized nature ensures that no single 

entity has control or ownership over the entire blockchain, making it resistant to tampering, fraud, and 

censorship[1]–[3]. 

The critical innovation of blockchain lies in its ability to establish trust and enable secure transactions 

without intermediaries such as banks, governments, or third-party intermediaries. By leveraging 

cryptographic algorithms, consensus mechanisms, and decentralized validation, blockchain provides a 

transparent and verifiable record of transactions, eliminating the need for trust to be placed solely in a 

centralized authority. Blockchain technology has transformative implications across a wide range of 

industries. In finance, it enables faster and more secure cross-border transactions, improves supply chain 
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management transparency, enhances healthcare record-keeping efficiency, facilitates provenance tracking 

in the food and beverage industry, and enables decentralized applications with smart contracts[4]–[6]. 

The benefits of blockchain technology are numerous. It enhances transparency, as all participants in 

the network can access the same information, reducing the potential for fraud and disputes. Immutability 

ensures that once a transaction is recorded on the blockchain, it cannot be altered or deleted, providing 

high data integrity[7], [8]s. The decentralized nature of blockchain eliminates the need for intermediaries, 

reducing costs and increasing efficiency. However, blockchain technology has challenges. Scalability, 

energy consumption, regulatory frameworks, interoperability, and privacy concerns are among the issues 

that must be addressed for widespread adoption. As the technology continues to mature, efforts are being 

made to develop solutions that address these challenges and unlock the full potential of blockchain in 

various industries. Blockchain technology has emerged as a revolutionary innovation with the potential to 

transform industries by providing decentralized, transparent, and secure solutions. Its ability to establish 

trust, enhance efficiency, and enable new business models has captured the attention of businesses, 

governments, and technologists worldwide. As technology continues to evolve, it is expected to drive 

innovation, reshape industries, and create new opportunities for collaboration and value creation in the 

digital era[9], [10], [10]. 

A key area in system theory and management research is fuzzy multi-criteria decision-

making (FMCDM), which has several decision criteria and choices[11], [12]. Based on the chosen criteria, 

MCDM seeks to determine which alternative or alternatives from a group of options are the most suitable. 

Numerous issues in engineering, finance, leadership, and society may be resolved using MCDM 

methodologies[13]–[15]. 

The frequently utilized mathematical technique is TOPSIS. Its central concept is to measure each 

alternative's distance to positive (PIS) and negative ideal solutions (NIS) to choose the best option[16], [17], 

[17]. In contrast to NIS, the least desired option for maximizing cost requirements and reducing profit 

requirements, PIS is an alternative and the solution that decision-makers (DMs) prefer. The choice furthest 

from the NIS and nearest to the PIS is then used to create the desired order, creating a scalar criterion that 

incorporates the two distance measurements with the best option[18]–[20]. 

 

2. Materials and Methodology  

We collect the criteria related to the blockchain technology strategy. We collect ten criteria and ten 

strategies to select the best one[21]–[24]. The following are the criteria of this study. 

I. Clear Business Objectives: Clearly define the blockchain technology strategy's business objectives. 

This may include enhancing transparency, improving efficiency, reducing costs, enabling new business 

models, or enhancing security. Align the strategy with these objectives to ensure a focused and meaningful 

approach. 

II. Use Case Identification: Identify specific use cases where blockchain technology can provide value. 

Evaluate areas where trust, immutability, decentralized control, and transparency are crucial. Focus on use 

cases that can benefit from blockchain's unique features and capabilities, such as supply chain 

management, healthcare records, financial transactions, or intellectual property rights management. 

III. Technology Assessment: Evaluate different blockchain technologies and platforms available in the 

market. Consider scalability, security, interoperability, consensus mechanisms, and development tools. 

Choose a technology that best suits the requirements of the identified use cases and aligns with the 

organization's technological capabilities. 

IV. Governance and Legal Considerations: Establish precise blockchain network or ecosystem 

governance mechanisms. Define roles, responsibilities, and decision-making processes. Consider legal and 

regulatory aspects, such as data privacy, compliance with industry-specific regulations, and intellectual 

property rights. Ensure that the strategy adheres to relevant laws and regulations. 
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V. Integration with Existing Systems: Assess the integration requirements with existing systems and 

infrastructure. Determine how the blockchain solution will interact with legacy systems, databases, and 

external interfaces. Plan for smooth integration to avoid disruptions and maximize the benefits of 

blockchain technology. 

VI. Security and Privacy: Consider the security and privacy implications of implementing a blockchain 

solution. Evaluate encryption, access controls, identity management, and data anonymization mechanisms. 

Ensure that sensitive data is protected and that the blockchain network resists attacks and unauthorized 

access. 

VII. Scalability and Performance: Evaluate the scalability and performance requirements of the 

blockchain solution. Consider factors such as transaction throughput, network capacity, and latency. 

Choose a blockchain architecture and consensus mechanism to handle the anticipated workload and 

provide the necessary performance levels. 

VIII. Collaboration and Ecosystem Building: Assess opportunities for cooperation with other 

organizations, industry consortia, or technology providers. Identify potential partners or stakeholders who 

can contribute to the success of the blockchain initiative. Foster an ecosystem that encourages participation, 

innovation, and interoperability. 

IX. User Experience: Consider the user experience and ensure the blockchain solution is intuitive, user-

friendly, and accessible. Design interfaces and applications that make it easy for users to interact with the 

blockchain system without requiring deep technical knowledge. 

X. Continuous Evaluation and Adaptation: Establish mechanisms for constantly evaluating and 

improving the blockchain strategy. Monitor key performance indicators and metrics to assess the impact 

and effectiveness of the blockchain solution. Adapt the strategy to address emerging challenges, 

technological advancements, and changing business requirements. 

We collect ten strategies of blockchain technology [25]–[28]as: 

1. Proof of Concept (PoC) Development: Organizations may start by conducting proof-of-concept 

projects to explore blockchain technology's feasibility and potential benefits. This strategy involves 

developing small-scale prototypes or pilots to test specific use cases, validate assumptions, and gather 

insights before committing to larger-scale implementations. 

2. Supply Chain Optimization: Blockchain can enhance supply chain management by providing 

transparency, traceability, and immutability of transactions and data. Organizations may develop 

strategies to implement blockchain-based solutions for tracking and verifying the movement of goods, 

reducing fraud, improving inventory management, and streamlining logistics processes. 

3. Decentralized Applications (DApps): Organizations may focus on developing decentralized 

applications (DApps) that leverage blockchain's decentralized nature. DApps can provide new business 

models, improve efficiency, and enhance user experiences by eliminating intermediaries, enabling peer-to-

peer transactions, and ensuring data integrity. 

4. Smart Contracts Implementation: Smart contracts are self-executing contracts with predefined 

rules written on the blockchain. Organizations can develop strategies to leverage smart contracts for 

automating processes, reducing paperwork, ensuring compliance, and improving contract management 

efficiency. 

5. Tokenization and Asset Management: Blockchain enables tokenizing physical and digital assets, 

allowing fractional ownership and efficient transfer of value. Organizations may develop strategies to 

tokenize real estate, intellectual property, or financial instruments, enabling new investment opportunities 

and streamlining asset management. 

6. Identity Management and Authentication: Blockchain can provide a secure and decentralized 

system for managing digital identities and authentication. Organizations may develop strategies to 

leverage blockchain for identity verification, reducing identity theft, improving privacy, and enhancing 

user control over personal data. 
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7. Financial Services Innovation: Blockchain technology has significant implications for the financial 

industry, enabling faster and more secure transactions, reducing costs, and enhancing transparency. 

Strategies in this area may focus on implementing blockchain-based payment systems, cross-border 

remittances, peer-to-peer lending platforms, or trade finance solutions. 

8. Data Security and Privacy: Blockchain's decentralized and immutable nature can enhance data 

security and privacy. Organizations may develop strategies to leverage blockchain for secure data storage, 

encrypted communications, and audit trails, ensuring data integrity and protection against unauthorized 

access. 

9. Collaborative Networks and Consortia: To leverage the benefits of blockchain technology, 

organizations may form collaborations and consortia with industry peers, competitors, and technology 

providers. These strategies aim to establish blockchain-based networks or ecosystems, enabling shared 

infrastructure, interoperability, and collaborative innovation. 

10. Regulatory Compliance and Governance: Blockchain strategies should consider compliance with 

relevant regulations and establish appropriate governance frameworks. Organizations may develop 

strategies to ensure compliance with data. 

The fuzzy method is integrated with the fuzzy method and the criteria and alternatives are evaluated 

by the linguistic terms of the fuzzy sets[29], [30]. Figure 1 shows the steps of the fuzzy TOPSIS method.  

 

 

Figure 1. The steps of the fuzzy TOPSIS method. 

2.1 Building the fuzzy decision matrix (DM). 

𝐹 =  [
𝑓11 ⋯ 𝑓1𝑛

⋮ ⋱ ⋮
𝑓𝑚1 ⋯ 𝑓𝑚𝑛

]                                                                                                                                                     (1) 

Where 𝑓𝑖𝑗 = (𝑎𝑖𝑗 , 𝑏𝑖𝑗 , 𝑐𝑖𝑗); 𝑖 = 1,2, , … 𝑚; 𝑗 = 1,2, … 𝑛 

2.2 Normalize the fuzzy DM  

𝑦𝑖𝑗 = {
𝑎𝑖𝑗

𝑐𝑗
+ ,

𝑏𝑖𝑗

𝑐𝑗
+ ,

𝑐𝑖𝑗

𝑐𝑗
+}                                                                                                                                                                     (2) 

Where 𝑐𝑗
+ refers to the maximum value.  

2.3 Build the fuzzy weight DM. 

𝑡𝑖𝑗 = 𝑦𝑖𝑗 × 𝑤𝑗                                                                                                                                                                   (3) 

2.4 Compute the positive and negative ideal solutions. 
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𝑈+ = {𝑡1
+, 𝑡2

+, … 𝑡𝑛
+} = {max 𝑡𝑖𝑗}                                                                                                                                           (4) 

𝑈− = {𝑡1
−, 𝑡2

−, … 𝑡𝑛
−} = {min 𝑡𝑖𝑗}                                                                                                                                     (5) 

2.5 Compute the distance between every alternative and positive and negative ideal solutions. 

𝑜𝑖
+ = ∑ 𝑜(𝑡𝑖𝑗 − 𝑡𝑗

+)𝑛
𝑗=1                                                                                                                                                          (6) 

𝑜𝑖
+ = ∑ 𝑜(𝑡𝑖𝑗 − 𝑡𝑗

−)𝑛
𝑗=1                                                                                                                                                      (7) 

2.6 Compute the closeness coefficient  

𝐶𝑖 =
𝑜−

𝑜−+𝑜+                                                                                                                                                                           (8) 

3. Results and Discussion  

We conducted the fuzzy TOPSIS method for the assessment of the strategies on blockchain technology. We 

gathered ten criteria and ten alternatives.  

3.1 Building the fuzzy decision matrix (DM) by Eq. (1)  

3.2 Normalize the fuzzy DM by Eqs. (2) as shown in Table 1.  

3.3 Build the fuzzy weight DM by Eq. (3) as shown in Table 2. 

Table 1. The normalization DM. 
 BDC1 BDC2 BDC3 BDC4 BDC5 BDC6 BDC7 BDC8 BDC9 BDC10 

BDA1 0.050189 0.101797 0.145693 0.266123 0.365148 0.391675 0.395033 0.189405 0.246034 0.274721 

BDA2 0.150566 0.254493 0.437079 0.319348 0.365148 0.304636 0.225733 0.426162 0.295241 0.228934 

BDA3 0.301131 0.305392 0.437079 0.266123 0.273861 0.217597 0.225733 0.33146 0.246034 0.366295 

BDA4 0.100377 0.458088 0.33995 0.266123 0.273861 0.391675 0.282166 0.426162 0.098414 0.320508 

BDA5 0.250943 0.254493 0.388514 0.266123 0.228218 0.391675 0.282166 0.284108 0.295241 0.412082 

BDA6 0.401508 0.407189 0.437079 0.425797 0.091287 0.130558 0.1693 0.142054 0.442861 0.366295 

BDA7 0.451697 0.305392 0.242821 0.372572 0.365148 0.391675 0.3386 0.236757 0.393654 0.228934 

BDA8 0.35132 0.152696 0.145693 0.319348 0.410792 0.304636 0.451466 0.426162 0.246034 0.274721 

BDA9 0.401508 0.254493 0.194257 0.425797 0.410792 0.261116 0.282166 0.094703 0.295241 0.412082 

BDA10 0.401508 0.458088 0.145693 0.106449 0.228218 0.261116 0.395033 0.378811 0.442861 0.183147 

 

Compute the weights of criteria by the average method as shown in Figure 2. The business objectives 

criterion is the best criterion.  

 

 

Figure 2. The weights of blockchain technology strategies. 

Table 2. The fuzzy weight DM. 
 BDC1 BDC2 BDC3 BDC4 BDC5 BDC6 BDC7 BDC8 BDC9 BDC10 

BDA1 0.002901 0.00765 0.017685 0.024613 0.046435 0.047544 0.034251 0.021897 0.022755 0.030172 

BDA2 0.008703 0.019124 0.053056 0.029535 0.046435 0.036979 0.019572 0.049267 0.027305 0.025143 

BDA3 0.017406 0.022949 0.053056 0.024613 0.034826 0.026414 0.019572 0.038319 0.022755 0.040229 

BDA4 0.005802 0.034423 0.041266 0.024613 0.034826 0.047544 0.024465 0.049267 0.009102 0.0352 

BDA5 0.014505 0.019124 0.047161 0.024613 0.029022 0.047544 0.024465 0.032845 0.027305 0.045258 

BDA6 0.023209 0.030598 0.053056 0.03938 0.011609 0.015848 0.014679 0.016422 0.040958 0.040229 

BDA7 0.02611 0.022949 0.029475 0.034458 0.046435 0.047544 0.029358 0.027371 0.036407 0.025143 

BDA8 0.020308 0.011474 0.017685 0.029535 0.052239 0.036979 0.039144 0.049267 0.022755 0.030172 

BDA9 0.023209 0.019124 0.02358 0.03938 0.052239 0.031696 0.024465 0.010948 0.027305 0.045258 

BDA10 0.023209 0.034423 0.017685 0.009845 0.029022 0.031696 0.034251 0.043793 0.040958 0.020114 
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3.4 Compute the positive and negative ideal solutions by Eqs. (4 and 5) 

3.5 Compute the distance between every alternative and positive and negative ideal solutions by Eqs. 

(6 and 7).  

3.6 Compute the closeness coefficient as shown in Figure 3 by Eq. (8). Alternative 2 is the best and 

alternative 1 is the worst.  

 

 

Figure 3. The rank of strategies in blockchain technology. 

4. Analysis  

We change the criteria weights by the ten cases to show the rank of alternatives. We put one criterion 

with 0.12 weight; all other criteria have equal weights, as shown in Figure 4. Then, we used these cases in 

the fuzzy TOPSIS method. We offer the rank of alternatives, which is stable, as shown in Figure 5. 

 

 

Figure 4. The ten cases in weights of blockchain technology strategies. 
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Figure 5. The rank of strategies under different cases. 

5. Conclusions  

Assessing blockchain technology strategies is a critical step in adopting and implementing blockchain 

solutions. The evaluation process enables organizations to align strategy with business objectives, identify 

potential challenges, and optimize the benefits of blockchain technology. By conducting comprehensive 

assessments of blockchain technology strategies, organizations can make well-informed decisions, mitigate 

risks, and maximize the benefits of blockchain implementations. The assessment process ensures that 

strategies are aligned with business objectives, technology capabilities, security and privacy requirements, 

regulatory compliance, and measurable impact. Through careful evaluation and continuous improvement, 

organizations can maximize the potential of blockchain technology and drive innovation in their respective 

industries. We used the fuzzy set in this study to deal with the vague data. The fuzzy set is integrated with 

the TOPSIS method to show the rank of strategies. We offer the strategy 2 is the best and strategy 1 is the 

worst. We conducted the sensitivity analysis to show the stability of the results.  

 

Author Contributions 

All authors contributed equally to this work. 

 

Funding 

This research was conducted without external funding support. 

 

Ethical approval 

This article does not contain any studies with human participants or animals performed by any of the 

authors. 

 

Conflicts of Interest 

The authors declare that there is no conflict of interest in the research. 

 

Institutional Review Board Statement 

Not applicable. 

 

Informed Consent Statement 

Not applicable. 

 

Data Availability Statement 

Not applicable. 

0

0.2

0.4

0.6

0.8

BDA1 BDA2 BDA3 BDA4 BDA5 BDA6 BDA7 BDA8 BDA9 BDA10

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10



Information Sciences with Applications, Vol. 1, 2024                                                                                                                    8 

An International Journal of Computational Intelligence Methods, and Applications 

 

Ahmed Abdelhafeez, Shreyas J, Udayaprasad P K, Fuzzy TOPSIS Method for Assessment Blockchain Technology Strategies 

 

References  

[1] J. Golosova and A. Romanovs, “The advantages and disadvantages of the blockchain technology,” in 2018 IEEE 

6th workshop on advances in information, electronic and electrical engineering (AIEEE), IEEE, 2018, pp. 1–6. 

[2] C. C. Agbo, Q. H. Mahmoud, and J. M. Eklund, “Blockchain technology in healthcare: a systematic review,” in 

Healthcare, MDPI, 2019, p. 56. 

[3] J. Michael, A. Cohn, and J. R. Butcher, “Blockchain technology,” The Journal, vol. 1, no. 7, pp. 1–11, 2018. 

[4] M. Belotti, N. Božić, G. Pujolle, and S. Secci, “A vademecum on blockchain technologies: When, which, and 

how,” IEEE Communications Surveys & Tutorials, vol. 21, no. 4, pp. 3796–3838, 2019. 

[5] H. T. M. Gamage, H. D. Weerasinghe, and N. G. J. Dias, “A survey on blockchain technology concepts, 

applications, and issues,” SN Computer Science, vol. 1, pp. 1–15, 2020. 

[6] Q. Wang and M. Su, “Integrating blockchain technology into the energy sector—from theory of blockchain to 

research and application of energy blockchain,” Computer Science Review, vol. 37, p. 100275, 2020. 

[7] I. Radanović and R. Likić, “Opportunities for use of blockchain technology in medicine,” Applied health 

economics and health policy, vol. 16, pp. 583–590, 2018. 

[8] Z. Zheng, S. Xie, H.-N. Dai, X. Chen, and H. Wang, “Blockchain challenges and opportunities: A survey,” 

International journal of web and grid services, vol. 14, no. 4, pp. 352–375, 2018. 

[9] M. Niranjanamurthy, B. N. Nithya, and S. Jagannatha, “Analysis of Blockchain technology: pros, cons and 

SWOT,” Cluster Computing, vol. 22, pp. 14743–14757, 2019. 

[10] H. Guo and X. Yu, “A survey on blockchain technology and its security,” Blockchain: research and applications, 

vol. 3, no. 2, p. 100067, 2022. 

[11] T.-C. Wang and H.-D. Lee, “Developing a fuzzy TOPSIS approach based on subjective weights and objective 

weights,” Expert systems with applications, vol. 36, no. 5, pp. 8980–8985, 2009. 

[12] I. Mahdavi, N. Mahdavi-Amiri, A. Heidarzade, and R. Nourifar, “Designing a model of fuzzy TOPSIS in 

multiple criteria decision making,” Applied Mathematics and Computation, vol. 206, no. 2, pp. 607–617, 2008. 

[13] K. Palczewski and W. Sałabun, “The fuzzy TOPSIS applications in the last decade,” Procedia computer science, 

vol. 159, pp. 2294–2303, 2019. 

[14] F. R. L. Junior, L. Osiro, and L. C. R. Carpinetti, “A comparison between Fuzzy AHP and Fuzzy TOPSIS 

methods to supplier selection,” Applied soft computing, vol. 21, pp. 194–209, 2014. 

[15] D. Yong, “Plant location selection based on fuzzy TOPSIS,” The International Journal of Advanced Manufacturing 

Technology, vol. 28, pp. 839–844, 2006. 

[16] J.-F. Ding, “An integrated fuzzy TOPSIS method for ranking alternatives and its application,” Journal of Marine 

Science and Technology, vol. 19, no. 4, p. 2, 2011. 

[17] T.-Y. Chen and C.-Y. Tsao, “The interval-valued fuzzy TOPSIS method and experimental analysis,” Fuzzy sets 

and systems, vol. 159, no. 11, pp. 1410–1428, 2008. 

[18] S. Nădăban, S. Dzitac, and I. Dzitac, “Fuzzy TOPSIS: a general view,” Procedia computer science, vol. 91, pp. 823–

831, 2016. 

[19] M. M. Salih, B. B. Zaidan, A. A. Zaidan, and M. A. Ahmed, “Survey on fuzzy TOPSIS state-of-the-art between 

2007 and 2017,” Computers & Operations Research, vol. 104, pp. 207–227, 2019. 



Information Sciences with Applications, Vol. 1, 2024                                                                                                                    9 

An International Journal of Computational Intelligence Methods, and Applications 

 

Ahmed Abdelhafeez, Shreyas J, Udayaprasad P K, Fuzzy TOPSIS Method for Assessment Blockchain Technology Strategies 

[20] C.-C. Sun, “A performance evaluation model by integrating fuzzy AHP and fuzzy TOPSIS methods,” Expert 

systems with applications, vol. 37, no. 12, pp. 7745–7754, 2010. 

[21] J. Yli-Huumo, D. Ko, S. Choi, S. Park, and K. Smolander, “Where is current research on blockchain 

technology?—a systematic review,” PloS one, vol. 11, no. 10, p. e0163477, 2016. 

[22] M. Andoni et al., “Blockchain technology in the energy sector: A systematic review of challenges and 

opportunities,” Renewable and sustainable energy reviews, vol. 100, pp. 143–174, 2019. 

[23] Z. Zheng, S. Xie, H. Dai, X. Chen, and H. Wang, “An overview of blockchain technology: Architecture, 

consensus, and future trends,” in 2017 IEEE international congress on big data (BigData congress), Ieee, 2017, pp. 

557–564. 

[24] D. Efanov and P. Roschin, “The all-pervasiveness of the blockchain technology,” Procedia computer science, vol. 

123, pp. 116–121, 2018. 

[25] T. Ahram, A. Sargolzaei, S. Sargolzaei, J. Daniels, and B. Amaba, “Blockchain technology innovations,” in 2017 

IEEE technology & engineering management conference (TEMSCON), IEEE, 2017, pp. 137–141. 

[26] S. Ammous, “Blockchain technology: What is it good for?,” Available at SSRN 2832751, 2016. 

[27] D. Yaga, P. Mell, N. Roby, and K. Scarfone, “Blockchain technology overview,” arXiv preprint arXiv:1906.11078, 

2019. 

[28] S. S. Sarmah, “Understanding blockchain technology,” Computer Science and Engineering, vol. 8, no. 2, pp. 23–

29, 2018. 

[29] L. Dymova, P. Sevastjanov, and A. Tikhonenko, “An approach to generalization of fuzzy TOPSIS method,” 

Information Sciences, vol. 238, pp. 149–162, 2013. 

[30] A. C. Kutlu and M. Ekmekçioğlu, “Fuzzy failure modes and effects analysis by using fuzzy TOPSIS-based 

fuzzy AHP,” Expert systems with applications, vol. 39, no. 1, pp. 61–67, 2012. 

 

 

 

 

Received: 12 Sep 2023, Revised: 02 Dec 2023,  

Accepted: 01 Jan 2024, Available online: 06 Jan 2024. 

 

 

 

 

 

© 2024 by the authors. Submitted for possible open access publication under the terms and conditions of 

the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


