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Abstract

This study presents a novel three-phase hybrid approach for sustainable supplier selection and order
allocation, integrating Multi-Criteria Decision-Making (MCDM), machine learning, and mathematical
programming techniques. In the first phase, the Grey-TOPSIS method is employed to evaluate suppliers
based on economic, environmental, and social criteria, effectively handling uncertainty in expert judgments.
In the second phase, a machine learning model based on Support Vector Regression (SVR) is developed to
calculate suppliers' final sustainability scores. This model enhances consistency and scalability by
leveraging the initial evaluations and learning from historical data. In the third phase, the predicted scores
are incorporated into a multi-objective mixed-integer programming model to determine the optimal supplier
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selection and order allocation. The model considers practical constraints such as supplier capacity,
transportation modes, and risk mitigation through order splitting. The key innovation of this study is the
sequential integration of these three important techniques for the first time. With the SVR method, once
new suppliers are introduced, it is not necessary to re-apply the MCDM method, as the SVR model learned
can predict sustainability scores. Additional innovations include the application of uncertainty through grey
number theory in the initial phase and the possibility of obtaining financial support, as well as the need to
limit the supply of each good from each supplier to reduce risk in the mathematical model during the third
phase. To validate the proposed approach, two evaluations were conducted. First, the impact of the SVR
model was assessed by comparing the results with a scenario using only Grey-TOPSIS scores. Incorporating
SVR led to a 1.76% improvement in the weighted goal programming objective. Second, the proposed model
was compared with four company-specific policies reflecting current operational practices. The results
showed average improvements of 0.67% in sustainable procurement, 5.57% in operational cost, and 2.9%
in environmental cost, resulting in an overall 5.61% enhancement in the weighted objective function. These
findings demonstrate the practical effectiveness of the proposed framewotk in delivering balanced
sustainability outcomes in real-world supply chain decision-making.

Keywords: Supplier selection, Order allocation, Multi-criteria decision making, Machine learning, Grey
TOPSIS.

Introduction

Supplier selection and order allocation ate critical tasks in-supply chain management. Sustainable
procurement has become a priority for organizations aiming to. minimize environmental impacts while
maximizing economic and social benefits. For instance, Walmart’s 2010 initiative to reduce carbon
emissions from its suppliers by 20 million tons demonstrates the significance of supplier sustainability.
Traditional approaches to supplier selection often focused on cost, delivery time, and quality without
considering environmental and social factors. These methods lacked adaptability for modern, complex, and
globalized supply chains. While MCDM techniques have been widely used for supplier evaluation, they
face challenges such as inconsistency in expert-opinions, time constraints, and uncertainty. Machine
learning methods, leveraging large datasets, address these limitations and improve decision-making.
Mathematical modeling is also employed for optimal order allocation following supplier selection.
Integrated approaches promise more accurate evaluations and adaptability to dynamic supply chain
conditions.

This study introduces a novels three-phase approach that integrates an MCDM method, a machine
learning technique, and a. mathematical programming model. First a grey-TOPSIS method evaluates
suppliers under uncertainty, then an SVR technique predicts sustainability scores, and finally a multi-
objective mixed-integer programming model determines optimal suppliers and order allocation. The
proposed approach addresses both qualitative and quantitative aspects of supplier selection and order
allocations

Methodology
This study adopts a three-phase approach to address supplier selection and order allocation challenges:

e Phase 1 — Grey-TOPSIS for Supplier Evaluation:

e Suppliers are initially evaluated based on economic, environmental, and social criteria identified
through literature review and expert input. Grey-TOPSIS is used to manage uncertainty and
imprecision in expert judgments, enabling a more reliable assessment under real-world conditions.

e Phase 2 — SVR for Predicting Sustainability Scores:

e A Support Vector Regression (SVR) model is trained using supplier evaluation metrics as inputs
and the Phase 1 sustainability scores as outputs. This allows for predicting scores of new suppliers
without repeating the MCDM process, enhancing consistency, scalability, and adaptability to
dynamic supplier data.



e Phase 3 — Multi-Objective Optimization:

e The predicted scores are integrated into a multi-objective mixed-integer programming model. The
model optimizes supplier selection and order allocation by considering financial, transportation,
and risk-related constraints, including supplier capacity limits. Objective functions include
maximizing sustainability, minimizing operational costs, and reducing CO: emissions. A weighted
goal programming method is used to balance these competing objectives.

Results
The proposed framework was applied to a case study involving four raw materials, 10 suppliers, three
plants, two vehicle types, and a 12-month planning horizon. Some results are as follows:

e Criteria weights were calculated using Analytical Hierarchy Process (AHP) with pairwise
comparisons by experts, ensuring consistency ratios below 0.1. The highest weight was assigned
to the defect rate criterion due to its critical impact on product quality. Grey-TOPSIS identified
significant variability in suppliers’ sustainability performance.

e In the SVR model, Ilam Petrochemical achieved the highest score but was excluded from the
optimization phase due to additional constraints, such as capacity and transportation costs.

e Considering the minimization of both transportation costs and carbon emissions, flatbed trucks,
which have a lower load-carrying capacity, were selected to transport a larger volume of raw
materials.

¢ Increasing the budget reduced operational costs but did not affect the other objective functions.

e Increasing the number of suppliers required to supply polypropylene, one of the strategic raw
materials for the plants, generally reduced shortages but increased transportation costs.

e  The proposed model was validated through two evaluations. First, incorporating SVR led to a
1.76% improvement in the weighted goal programming objective compared to using only Grey-
TOPSIS scores. Second, when benchmarked against four existing company policies, the model
achieved average improvements of 0.67% in sustainable procurement, 5.57% in operational cost,
and 2.9% in environmental impact—resulting in a 5.61% overall enhancement.

Conclusion

This study proposes a three-phase framework for sustainable supplier selection and order allocation by
integrating MCDM, machine learning (SVR), and multi-objective mathematical programming. The use of
grey-TOPSIS and SVR addresses,the limitations of traditional MCDM methods, improving scalability and
consistency in supplier evaluation. The final optimization phase incorporates practical constraints such as
budget limitsy transport,modes, and supplier capacities, enhancing real-world applicability. Validation
through a real case study showed that SVR improved the weighted objective by 1.76% compared to using
Grey-TOPSIS alone. The proposed model also outperformed four current company policies with average
improvements of 0.67% in sustainable procurement, 5.57% in operational costs, and 2.9% in environmental
performance—resulting in a 5.61% overall gain. These results confirm the model’s effectiveness in
delivering balanced and practical solutions for complex supply chain decisions. Future research may
explore incorporating uncertainty, hybrid MCDM approaches, and advanced machine learning techniques
to further strengthen the framework.
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