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Abstract 

This study delves into the intricate realm of Shapley allocations and their application in the 

context of transport costs. Shapley values offer an equitable approach to allocating costs among 

participants in a cooperative game, and their utility in the logistics domain is of paramount 

importance. However, the computational complexity of Shapley values often necessitates the use 

of proxy metrics. This research systematically investigates a range of proxy metrics to approximate 

Shapley allocations for transport costs. Through rigorous analysis and empirical experiments, we 

evaluate the accuracy and applicability of these proxies, shedding light on their suitability for 

real-world logistics scenarios. 
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INTRODUCTION 
The allocation of costs in cooperative settings has long been a subject of significant interest 

and debate in the domains of economics, game theory, and logistics. When participants collaborate 

in the pursuit of shared objectives, as is often the case in supply chains, transportation networks, 

and resource sharing, determining a fair and equitable way to distribute costs becomes a crucial 

consideration. In this context, Shapley values have emerged as a powerful and theoretically sound 

method for achieving cost allocations that satisfy desirable properties, such as fairness and 

efficiency. 

Shapley values, rooted in cooperative game theory, provide a principled approach to 

distribute costs among participants. They are founded on the idea that each participant's 

contribution to a cooperative effort should be fairly rewarded. While Shapley values offer an 

elegant solution, they are not without their challenges. One of the primary hurdles is the 

computational complexity associated with calculating Shapley values, particularly in scenarios 

with a large number of participants or intricate cost structures. As a result, practitioners in fields 

such as logistics often turn to proxy metrics as a means to approximate Shapley allocations 

efficiently. 

The "Unraveling Shapley Allocations" project embarks on an in-depth exploration of proxy 

metrics for Shapley allocations, with a specific focus on the domain of transport costs. In the realm 

of logistics and supply chain management, where cost-sharing among multiple entities is a 

common occurrence, the application of Shapley values holds significant promise. However, the 

practicality of their computation must be addressed, and that's where proxy metrics come into play. 

This research is motivated by the need to bridge the gap between theoretical elegance and 

practical feasibility. We aim to systematically investigate a range of proxy metrics, each designed 

to approximate Shapley allocations for transport costs. Through rigorous analysis and empirical 

experiments, we seek to evaluate the accuracy and applicability of these proxies. Our findings have 
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the potential to provide logistics professionals and decision-makers with valuable insights into cost 

allocation strategies that balance fairness and efficiency in real-world scenarios. 

In the following sections, we delve into the intricacies of Shapley values, explore the 

challenges associated with their computation, introduce a selection of proxy metrics, and present 

our methodology for evaluating their performance in the context of transport costs. Ultimately, 

this research contributes to the ongoing dialogue surrounding equitable cost sharing in cooperative 

settings, offering a practical lens through which to view the complex landscape of Shapley 

allocations. 

 

 

METHOD 
 

Data Collection and Preparation: 

To begin our study, we collected a diverse dataset of transport costs and cooperative 

scenarios. This dataset included cost matrices representing different transportation networks and 

participant profiles reflecting a variety of real-world logistics scenarios. Additionally, we 

simulated scenarios when real-world data was not readily available, ensuring a comprehensive 

range of test cases. 

 

Selection of Proxy Metrics: 

One of the core elements of our methodology was the identification and selection of proxy 

metrics. We carefully reviewed existing literature and conducted preliminary experiments to 

choose a set of proxy metrics that could effectively approximate Shapley allocations for transport 

costs. These proxy metrics were chosen based on their suitability for different types of cost-sharing 

scenarios. 

 

Shapley Value Computation: 

In parallel, we implemented algorithms for computing Shapley values. These algorithms 

served as the benchmark against which the performance of the selected proxy metrics was 

evaluated. We utilized established algorithms for calculating Shapley values to ensure accuracy 

and consistency. 

 

Proxy Metric Evaluation: 

With both the selected proxy metrics and Shapley value computation algorithms in place, 

we embarked on a systematic evaluation process. This process involved applying each proxy 

metric to the dataset of transport costs and cooperative scenarios. For each scenario, we computed 

both the Shapley values and the values produced by the proxy metrics. This allowed us to 

quantitatively assess the accuracy of each proxy metric in approximating the true Shapley 

allocations. 

 

Performance Metrics: 

To evaluate the performance of the proxy metrics, we employed a range of performance 

metrics. These metrics included measures of accuracy, error rates, and computational efficiency. 

By rigorously analyzing these performance metrics, we gained insights into the strengths and 

limitations of each proxy metric in different scenarios. 

 

Statistical Analysis: 

Statistical analysis played a pivotal role in our methodology. We conducted hypothesis tests 

and statistical comparisons to determine the significance of differences between the proxy metric 
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results and the benchmark Shapley values. This step allowed us to draw robust conclusions about 

the effectiveness of each proxy metric. 

 

Sensitivity Analysis: 

To further explore the behavior of proxy metrics in various conditions, we conducted 

sensitivity analysis. This involved varying parameters such as the number of participants, the 

complexity of cost matrices, and the nature of cooperative scenarios. Sensitivity analysis provided 

a comprehensive understanding of how proxy metrics perform under different circumstances. 

 

Reporting and Discussion: 

Finally, we documented our findings, including the performance of each proxy metric in 

different scenarios. The results were discussed in detail, and implications for practical applications 

in transport cost allocation were explored. We also highlighted the limitations and areas for future 

research in the realm of Shapley allocations for transport costs. 

 

By meticulously following this methodology, we were able to systematically evaluate proxy 

metrics for Shapley allocations of transport costs, providing valuable insights into their accuracy 

and applicability in real-world logistics scenarios. 

 

 

RESULTS 
 

Proxy Metric Performance: Through extensive experimentation, we evaluated the 

performance of various proxy metrics in approximating Shapley allocations for transport costs. 

The results indicate a range of accuracy levels among the proxy metrics. Some proxy metrics 

closely approximated the true Shapley values, while others exhibited larger discrepancies, 

particularly in scenarios with complex cost structures. 

Sensitivity to Scenario Complexity: Our findings revealed that the performance of proxy 

metrics was sensitive to the complexity of cooperative scenarios and the nature of cost matrices. 

In scenarios with a smaller number of participants and simpler cost structures, proxy metrics 

tended to perform more accurately. However, as the complexity of scenarios increased, accuracy 

decreased for certain proxy metrics. 

Computational Efficiency: We also assessed the computational efficiency of proxy metrics. 

Some proxy metrics demonstrated computational advantages by providing quicker results 

compared to calculating Shapley values directly. This efficiency can be particularly valuable in 

real-time decision-making processes. 

 

 

DISCUSSION 
 

Accuracy vs. Complexity Trade-off: The results underscore the inherent trade-off between 

accuracy and computational complexity in cost allocation methods. While some proxy metrics 

performed exceptionally well in simple scenarios, their accuracy diminished in more complex 

cooperative settings. This highlights the importance of selecting proxy metrics that align with the 

specific characteristics of the problem at hand. 

Proxy Metric Suitability: Our findings suggest that the choice of proxy metric should be 

context-dependent. Practitioners may opt for proxy metrics that strike a balance between accuracy 

and computational efficiency, taking into account the complexity of their transport cost allocation 

scenarios. 
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Limitations and Future Research: It is essential to acknowledge the limitations of proxy 

metrics, especially in scenarios with intricate cost structures or a large number of participants. 

Future research should explore the development of hybrid approaches that combine proxy metrics 

and exact Shapley value calculations to optimize accuracy and computational efficiency. 

Practical Implications: Despite the inherent challenges, proxy metrics offer practical 

advantages, especially in real-world logistics operations where rapid decision-making is crucial. 

These metrics can serve as valuable tools for achieving fair and efficient transport cost allocations, 

provided that their limitations are well understood and considered. 

In conclusion, our study contributes valuable insights into the complex landscape of Shapley 

allocations for transport costs. It emphasizes the need for a thoughtful selection of proxy metrics 

based on the specific characteristics of cooperative scenarios. While proxy metrics offer a 

promising avenue for efficient cost allocation, they should be used judiciously, taking into account 

the trade-offs between accuracy and computational complexity. This research provides a 

foundation for further exploration and innovation in the realm of equitable and efficient transport 

cost allocation methodologies. 

 

 

CONCLUSION 
 

In the pursuit of equitable transport cost allocations within cooperative scenarios, our study 

has delved deep into the realm of Shapley values and their approximations using proxy metrics. 

Through meticulous empirical experiments, statistical analysis, and sensitivity assessments, we 

have unraveled valuable insights into the complex dynamics of cost-sharing mechanisms in 

logistics and cooperative game theory. 

The results of our study emphasize the trade-offs between accuracy and computational 

complexity when selecting proxy metrics for transport cost allocations. Some proxy metrics 

demonstrated commendable accuracy, particularly in scenarios with simpler structures and fewer 

participants. However, as cooperative scenarios grew in complexity, the accuracy of these proxy 

metrics dwindled. This sensitivity to scenario intricacies underscores the importance of context-

aware decision-making when employing proxy metrics. 

While our findings shed light on the limitations of proxy metrics, they also underscore their 

practical advantages. In the dynamic realm of logistics, where rapid decision-making is often 

imperative, proxy metrics offer a means to approximate Shapley allocations efficiently. However, 

practitioners must carefully consider the trade-offs and nuances associated with their use. 

Looking forward, future research endeavors may focus on hybrid approaches that combine 

the strengths of proxy metrics with the precision of exact Shapley value calculations. Such 

approaches could optimize accuracy and computational efficiency, catering to a broader spectrum 

of cooperative scenarios. 

In conclusion, our study has contributed to the ongoing discourse on equitable and efficient 

transport cost allocations. It underscores the importance of thoughtful selection and application of 

proxy metrics while acknowledging their inherent limitations. By bridging the gap between theory 

and practice, we aim to empower logistics professionals and decision-makers with the knowledge 

needed to navigate the intricate landscape of cost-sharing mechanisms. As the field of cooperative 

game theory continues to evolve, we anticipate that our research will serve as a foundation for 

further innovations in achieving fair and optimized transport cost allocations. 
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