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Abstract

Purpose: Quality management in pharmaceutical supply chains requires the simultaneous evaluation of
conflicting criteria, interdependencies among criteria, and uncertainty in decision-makers’ judgments. This study
aims to develop an adaptive framework for pharmaceutical supplier selection that accounts for interdependencies
among criteria and updates criterion weights based on performance feedback.

Methodology: This study proposes the DG-INFAO multi-criteria decision-making framework, which integrates
graph-based aggregation with uncertainty-aware feedback learning. Within this framework, interval-valued
trapezoidal neutrosophic numbers are used to represent uncertain evaluations, a graph structure is employed to model
interdependencies among criteria, and an adaptive learning mechanism is used to update criterion weights. The
framework is evaluated using simulated data for the selection of six pharmaceutical suppliers through convergence
analysis, comparison with benchmark methods, ranking stability assessment, and sensitivity analysis.

Findings: The results indicate that the algorithm converges after 358 iterations, with the root mean squate error
(RMSE) decreasing from 0.067405 to 0.066898. The third and fifth suppliers rank first and second, respectively.
Sensitivity analyses involving the graph aggregation parameter and random perturbations of the graph structure
confirm the stability of these two suppliers’ rankings across the scenarios examined. However, cross-validation does
not demonstrate the superiority of the proposed framework across all evaluation metrics. Therefore, further
investigation is required before the findings can be generalized to real-world data.

Originality/Value: The main conttibution of this study lies in integrating interval-valued neutrosophic evaluations,
graph-based modeling of criterion interdependencies, and uncertainty-aware feedback learning within a unified
framework. The framework’s added value is assessed through adaptive criterion-weight updating, ranking stability
analysis, and sensitivity analysis of the results. Given the use of simulated data and the limited number of alternatives,
the framework’s empirical validity and generalizability should be further examined in future studies using real-world
data and larger decision-making sets.
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Table 1. Supplier Evaluation Criteria and Initial Weights
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Table 2. Normalized Graph Dependency Matrix

Ay A As As As As
Ai 0 0.4118 0.2353 0.1176 0.1765 0.0588
Az 0.3529 0 0.2941 0.1765 0.1176 0.0588
As 0.1500 0.2500 0 0.3000 0.2000 0.1000
A4 0.1053 0.1579 0.3158 0 0.2632 0.1579
As 0.1500 0.1000 0.2000 0.2500 0 0.3000
As 0.0625 0.1250 0.1875 0.2500 0.3750 0
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Figure 1. Graph Structure of Dependencies Among Suppliers
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Table 3. Main Settings and Outputs of the DG-INFAO Execution
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Table 4. Comparison of Initial and Final Criterion Weights
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Figure 2. Evolution of the Objective Function and Prediction Error over Iterations
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Table 5. Final Ranking

of Suppliers Based on DG-INFAO
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Figure 3. Final Ranking of the Six Suppliers Based on DG-INFAO Scores

Lae gl gy banslie @

ks anlie o 5T Gl s e Sa0ds cdsl slagis Jols le sy 4w b DGAINFAO s & o Slloes 3 Shas L3 sl
ol 5 ol 088 S B 3l 3L L sl 1l d ol 5158 ol

ol g3lwoarsd Blual (bl 5 o by, anyliia & Jour
Table 6. Comparison of Methods Based on Simulated Objectives
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Table 7. LOOCV Results for Simulated Objectives
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Table 8. Rank Sensitivity to the Network Coefficient
S 4y pSle a3y 5kme Ol 4y p e 4y S

A, 6.0000 0.0000 6 6
Az 3.6667 0.5000 3 4
As 1.0000 0.0000 1 1
As 4.2222 0.9718 3 5
As 2.0000 0.0000 2 2
As 41111 0.9280 3 5
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Table 9. Ranking Sensitivity to Graph Perturbations
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Table 10. Ranking Sensitivity to Changes in Initial Weights
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