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Abstract: Modeling real-world problems always faces incomplete and indeterminate
information. Fuzzy set theory and its development into intuitionistic fuzzy sets, by
simultaneously defining degrees of membership, non-membership, and hesitancy, have
provided suitable tools for representing this uncertainty. However, ranking trapezoidal
intuitionistic fuzzy numbers and their applications, due to their inherent complexity, remains
a challenge. This study, by strengthening the theoretical foundations of a parametric ranking
method, focuses on developing the Simultaneous Evaluation of Criteria and Alternatives
method in a trapezoidal intuitionistic fuzzy environment. The key innovation is replacing
standard deviation with Shannon entropy for calculating criterion weights, which better
covers the inherent uncertainty of the data. The performance of the proposed method has been
examined through a practical example and comparison with existing methods. The results
show that the developed method not only has the capability to manage indeterminate data but
also, by integrating the ranking of intuitionistic fuzzy numbers and calculating dynamic
weights, makes decision-making in complex environments more transparent and reliable.
This research is a step towards intelligent decision-making systems that simultaneously
ensure flexibility and algorithmic fairness.

Introduction: Real-world decision-making often involves multiple conflicting criteria under
uncertainty. Traditional multi-criteria methods face challenges in handling imprecise,
qualitative data from expert judgments. Intuitionistic fuzzy sets extend classical fuzzy logic
by incorporating membership, non-membership, and hesitancy degrees, providing a richer
representation of uncertainty. This study introduces an enhanced decision-making framework
called IF-SECA, designed for trapezoidal intuitionistic fuzzy environments. The approach
integrates parametric ranking of intuitionistic fuzzy numbers with a simultaneous evaluation
of criteria and alternatives, using Shannon entropy for dynamic weight calculation to better
capture data uncertainty.

Materials and Methods: The proposed IF-SECA method combines a flexible parametric
ranking function for trapezoidal intuitionistic fuzzy numbers with a multi-objective
optimization model. Decision matrices are constructed using expert evaluations expressed as
intuitionistic fuzzy numbers. Shannon entropy replaces standard deviation to compute intra-
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criterion weights, reflecting the inherent uncertainty in fuzzy data. Inter-criterion weights are
derived from correlation coefficients. The model simultaneously determines criterion weights
and alternative rankings, with optional constraints for incorporating prior expert preferences.
Implementation is performed via MATLAB, tested under constrained and unconstrained
scenarios.

Results and Discussion: The method was applied to a supplier selection case with five
suppliers assessed across five criteria. Results consistently identified second supplier as
optimal under both constrained and unconstrained weight scenarios. Sensitivity analysis
demonstrated rapid convergence and stability, particularly when weight constraints were
applied. Comparative evaluation with existing ranking methods confirmed that IF-SECA
avoids logical inconsistencies such as negative scores and provides more reliable outcomes.
The entropy-based weighting mechanism offered greater objectivity compared to traditional
deviation-based approaches. Furthermore, the stability observed under varying parameter

conditions reinforces the method’s suitability for high-stakes and dynamic decision-making
environments. The consistent performance across scenarios also suggests strong potential for
extending this approach to other MCDM problems with uncertain or qualitative data
structures.

Conclusions: The IF-SECA framework provides a transparent, flexible, and mathematically
sound method for multi-criteria decision-making under intuitionistic fuzzy uncertainty. It
successfully integrates dynamic weight calculation with simultaneous alternative evaluation,
enhancing both objectivity and practicality. The theoretical underpinning of the method is
strengthened by formally proven theorems, which guarantee key properties such as
monotonicity and stability in the ranking of intuitionistic fuzzy numbers. These mathematical
foundations ensure the reliability and consistency of the framework across diverse decision
scenarios. Future work may extend the approach to group decision-making, dynamic
environments, or other application domains such as risk management and sustainable supply
chain evaluation.

Keywords: Simultaneous Evaluation of Alternatives and Criteria, Intuitionistic Fuzzy Number,
Ranking, Multi-Criteria Decision-Making.
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