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The thesis, which deals with applying and extending fuzzy set theories to solve transportation problems under uncertainty, demonstrates a well-structured and detailed approach to developing new mathematical techniques for handling various transportation-related challenges. The work presents innovative solutions that advance the current body of knowledge in fuzzy set theory, specifically within intuitionistic and extended fuzzy frameworks.
Chapter 1: Introduction
The introductory chapter presents a comprehensive overview of the limitations inherent in traditional transportation models when dealing with uncertain parameters, such as fluctuating fuel prices and unpredictable demand. The thesis establishes the necessity of fuzzy set theory and its extensions to handle these uncertainties effectively. The background provided on intuitionistic fuzzy sets and their extensions (such as Pythagorean, q-rung orthopair, and Mixed (p, q)-rung orthopair fuzzy sets) is clear and contextualizes the subsequent research well. This chapter lays a strong foundation by clearly articulating the research questions, objectives, and motivations, setting up the study's relevance in both theoretical and practical realms.
The Strengths of this chapter are the clear articulation of research motivation and a Strong theoretical foundation linking fuzzy set theory with real-life transportation challenges.
Chapter 2: New Ranking Approach of Intuitionistic Fuzzy Sets and its Application in Cognitive Transportation Problem
In this chapter, the author introduces a novel ranking approach that utilizes both membership and non-membership functions to rank intuitionistic fuzzy sets. This method is applied to transportation problems, demonstrating how ranking intuitionistic fuzzy sets can address uncertainties in supply and demand constraints. The chapter includes several numerical examples, which effectively illustrate the benefits and applicability of the proposed method. The author also conducts a comparative study with existing ranking approaches, emphasizing the practicality of the proposed ranking method.
The strength of this chapter is that it provides a clear explanation of the proposed ranking method, strong numerical examples, and comparisons that demonstrate the approach's superiority.
Chapter 3: Advanced Similarity Measure for Pythagorean Fuzzy Transportation Problem
This chapter presents a new similarity measure for Pythagorean fuzzy sets, designed to provide flexibility and accuracy in assessing similarities under uncertainty. The measure is based on the degree of membership, non-membership, and hesitancy, ensuring it satisfies the axioms of similarity. This similarity measure is then applied to transportation problems, with an emphasis on minimizing transportation costs. The author offers a compelling case study and numerical examples to showcase the effectiveness of the proposed method, followed by a comparative analysis with existing methods.
The Strengths of this chapter are that the proposed similarity measure is well-justified, its mathematical properties are demonstrated and its application to real-life transportation cases adds practical relevance.

Chapter 4: Novel Distance Measure for q-Rung Orthopair Fuzzy Sets with Application
to Transportation Problem
In this chapter, a new distance measure for q-rung orthopair fuzzy sets is proposed. The measure meets the axioms of distance measurement and enables effective ordering of q-rung orthopair fuzzy sets. A new algorithm based on this measure is designed to address q-rung orthopair fuzzy transportation problems. Numerical examples from previous works are included to validate the effectiveness of this approach, along with a case study that demonstrates the proposed algorithm’s utility in real-life transportation problems.
The Strength of this chapter is the introduction of a robust distance measure with strong mathematical rigor and application to q-rung orthopair fuzzy transportation problems highlights the approach's adaptability.
Chapter 5: Mixed (p, q)-Rung Orthopair Fuzzy Sets and Their Applications
This chapter introduces the Mixed (p, q)-rung orthopair fuzzy set, an extension of intuitionistic fuzzy sets, which aims to address certain limitations of existing fuzzy set models. The author provides a thorough theoretical foundation for this extension, including fundamental operations, theorems, and a derived score function. The Mixed (p, q)-rung orthopair fuzzy set is then utilized to develop a new score-based method to solve transportation problems. The chapter concludes with a comparative study that showcases the superiority of this new extension in handling complex transportation challenges.
The Strength of this chapter is the novel introduction of the Mixed (p, q)-rung orthopair fuzzy set addresses real-life limitations in fuzzy set modeling and the theoretical development of the score function and score-based transportation method is thorough and detailed.
Chapter 6: Conclusion and Future Work
The thesis concludes by summarizing the primary contributions, highlighting the effectiveness of the proposed ranking, similarity, and distance measures, and the novel Mixed (p, q)-rung orthopair fuzzy set. The author emphasizes the practical implications of these contributions for solving transportation problems under uncertainty. Future directions suggest exploring other potential extensions of fuzzy sets and applying the developed methods to other domains beyond transportation, which adds scope for further research.
The Strength of this chapter is the Clear and concise summary of contributions and Insightful suggestions for future work, highlighting the thesis's potential impact on future research.
This thesis presents a well-structured and comprehensive study that pushes the boundaries of current methodologies in fuzzy logic and decision science. The work offers a profound analysis of existing approaches, addressing their limitations and presenting innovative solutions that enhance the accuracy and effectiveness of decision-making under uncertainty. Through the introduction of new ranking, similarity, and distance measures, along with the novel Mixed (p, q)-rung orthopair fuzzy set, the candidate has significantly advanced the theoretical and practical applications of fuzzy set theory. Each chapter is meticulously crafted, presenting complex concepts in a clear, systematic manner, which enhances the accessibility and impact of the work. 
The candidate has demonstrated exceptional capability in both theoretical development and empirical application, showcasing a deep understanding of uncertainty management. The innovative contributions made in this thesis underscore the candidate’s potential to make impactful contributions to the academic community. I strongly endorse this work as an exemplary Ph.D. thesis and am confident that the scholar deserves the award.
