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This study investigates the Multi-Depot Vehicle Routing Problem (MDVRP) with travel
distance constraint (no refueling allowed). This problem is a critical challenge in the
transportation industry, particularly in locomotive routing within railway networks. The
research provides a comprehensive review of solution techniques, models the problem, and
applies two approaches to solve it.

The first approach consists of two stages: initially, a suitable allocation method assigns each
customer to a depot. In the second stage, an innovative hybrid genetic algorithm determines
the optimal route for each vehicle from the depot to the customers and back to the depot,
ensuring that all problem constraints are satisfied. The second approach integrates
allocation and routing processes simultaneously. At each step, routing results influence
subsequent allocation decisions. Based on this perspective, a heuristic algorithm is proposed
to solve the problem. Finally, the validity of the model is evaluated through a comparison of
the results obtained from these two methods with those of previous studies
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Introduction
Producing the best possible product or solution under specific conditions is a fundamental

objective in engineering and technical fields. For instance, the production of suitable
products in various engineering disciplines relies on precise and optimized design of their
shape, dimensions, and components. Alongside the production of optimized products, the
efficient utilization of available resources is also crucial and must be addressed across
different challenges. One such challenge is the distribution of products from supply centers
to customers.

In recent years, distribution companies have increasingly focused on designing efficient
distribution strategies to enhance customer service levels and reduce transportation costs.
Product distribution from depots to customers is a practical and competitive issue in
transportation management, as making appropriate decisions regarding scheduling and
routing can significantly improve customer satisfaction.

The distribution problem is generally formulated as the Vehicle Routing Problem (VRP).
The VRP is a highly complex optimization problem that involves designing and optimizing
a set of routes for a fleet of vehicles to serve a predefined set of customers. Each vehicle,
with a limited capacity, is stationed at one or more depots and must serve a group of
customers, each with specific and known demands. The objective is to design and optimize
the set of routes for the vehicles to serve all customers while minimizing total travel distance
or time. Additionally, each route must start and end at the depot where the vehicle is
stationed.

The VRP encompasses various sub-problems, each with significant applications in different
domains. One of the most important and practical variations is the Multi-Depot Vehicle
Routing Problem (MDVRP), which is the focus of this study. In the MDVRP, multiple
depots are utilized to serve customers. The locations and numbers of depots are
predetermined, and a fleet of vehicles with specific capacities is stationed at these depots.
Each vehicle must return to the depot from which it started after completing its assigned
routes.

The MDVRP is generally solved using two approaches. In the first approach, the problem is
addressed in two stages: in the first stage, to save time and reduce travel distance, customer
demands are assigned to supply centers using allocation methods; in the second stage, a
separate routing problem is solved for each depot. In the second approach, allocation and
routing are performed simultaneously, such that routing results in one step influence
customer allocation in subsequent steps.

Method
The Multi-Depot Vehicle Routing Problem (MDVRP), a well-known NP-hard problem, is

an extension of the classical VRP and frequently involves decision-making for the
distribution of goods or provision of specific services. The MDVRP entails a flow of vehicle
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routes where vehicles begin their routes at depots, provide services to customers scattered
around these depots, and then return to their respective depots.

In this study, the MDVRP is examined in a static environment, meaning that all decision-
making components are defined at the start of the planning period and remain unchanged
throughout its execution. Considering the critical importance of travel distance constraints,
particularly in locomotive routing within railway networks, this study incorporates such a
constraint into the classical MDVRP model. The model assumes that refueling during the
journey is not possible, and vehicles must return to their depots before reaching the specified
travel limit.

Since the Multi-Depot Vehicle Routing Problem (MDVRP) falls into the category of NP-
Hard problems, finding an exact solution for large-scale instances is challenging. Utilizing
metaheuristic search algorithms such as the Genetic Algorithm (GA) can effectively aid in
discovering near-optimal solutions. In this study, an innovative Genetic Algorithm is
employed in combination with the Savings Algorithm. This hybrid approach leverages the
strength of the Genetic Algorithm in exploring a vast solution space and the capability of the
Savings Algorithm in reducing costs, thereby enhancing the efficiency and effectiveness of
the problem-solving process.

Two solution approaches are considered for addressing the problem. In the first approach,
the problem is divided into two parts and solved in two stages. In the first stage, one of the
allocation methods is used to determine which depot should fulfill the demand of each
customer, aiming to achieve greater savings in travel distance and time during the final
routing phase. In the second stage, a separate routing problem is solved for each depot. In
the second approach, the allocation of customers to depots and the routing of the allocated
customers are performed simultaneously.

Results

Based on the results obtained, it is observed that the error rate of the first approach,
compared to the best previous results, ranges between 2.5% and 7.6%. This level of error
can be acceptable for operational planning, especially when lower computational time,
simplicity, and less sensitivity of the subject are prioritized.

The second approach, on average, demonstrates a lower error rate (approximately 2.6%
compared to the best results), making it more accurate and efficient. However, this method
requires significantly more computational time than the first approach, which may pose a
limitation for larger-scale problems.

Both methods are applicable for planning purposes depending on the error tolerance and
specific conditions of use. The choice between the two approaches depends on the priorities
and specific requirements of the problem at hand.

Finally, the sensitivity analysis of the travel distance constraint revealed that further
restricting vehicles in terms of travel distance has a direct and significant impact on
increasing operational costs. For example, by applying stricter limits on the distance that
each vehicle can travel, the number of returns to the depot increases, leading to a longer total
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distance traveled. This results in a higher utilization of vehicles and an increase in costs
related to fuel consumption, travel time, and fixed fleet expenses.

Conclusions

The Multi-Depot Vehicle Routing Problem (MDVRP) with the objective of minimizing cost
dispatches vehicles from multiple depots to serve customers in surrounding areas. In this
study, the customer allocation to the nearest depot and the Genetic Algorithm were used as
the main technique. Additionally, the Savings Algorithm was employed to determine the
initial solution, and a neighborhood technique was applied to improve the algorithm.

The two solution approaches were then implemented on 7 sample problems, and the results
obtained from both methods were compared with the best results from previous studies. The
results showed that the second approach yields better quality results compared to the first
approach, although its solution time is higher. When dealing with larger problems, this
approach is computationally inefficient, and the first approach is more suitable.

Furthermore, based on the sensitivity analysis, it was concluded that further limiting the
vehicles in terms of travel distance increases the routing costs and the number of vehicles
required. However, due to the avoidance of time wastage on refueling and the return of
crews after a specified service time to their origin, this approach can result in greater
satisfaction for the crew, customers, and the transportation company.
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