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Abstract :  The Dynamic Vehicle Routing Problem (DVRP) is a critical challenge in logistics and transportation, characterized 

by the need to adapt routes in real-time to accommodate changing customer demands and traffic conditions. This study explores 

the efficacy of insertion heuristic algorithms as a solution to DVRP, focusing on their ability to dynamically optimize vehicle routes 

while minimizing operational costs. We developed a robust insertion heuristic that incrementally builds routes by efficiently 

inserting new customer requests into existing routes based on distance and feasibility criteria. Our methodology involved extensive 

simulations using both synthetic and real-world datasets to evaluate the performance of the proposed algorithm against traditional 

routing methods. The results indicate that the insertion heuristic significantly reduces total travel distance and improves response 

times to dynamic requests, achieving a balance between efficiency and adaptability. Furthermore, the algorithm demonstrated 

resilience in various dynamic scenarios, highlighting its practical applicability in real-time logistics operations. The findings 

underscore the potential of insertion heuristics to enhance decision-making in dynamic routing environments, offering 

valuable insights for logistics companies aiming to improve service levels and operational efficiency. This research contributes 

to the growing body of knowledge on DVRP solutions and provides a foundation for future exploration of hybrid approaches 

integrating machine learning techniques. 

 

INTRODUCTION 

1.1 Background 

Vehicle routing is a fundamental aspect of logistics and transportation management, focusing on the optimization of routes taken 

by a fleet of vehicles to deliver goods or services to a set of customers. The primary objective of vehicle routing is to minimize 

operational costs, which often include factors such as travel distance, fuel consumption, and labor expenses, while simultaneously 

ensuring timely deliveries and maintaining customer satisfaction.  In today’s globalized economy, efficient vehicle routing is critical 

for businesses seeking to enhance their competitiveness. With the rise of e-commerce and increasing customer expectations forrapid 

delivery times, logistics companies face mounting pressure to optimize  their operations. Effective vehicle routing not only reduces 

costs but also improves service levels by ensuring that deliveries are made on time and in full. The complexity of vehicle routing 

problems (VRP) arises from various constraints, including vehicle capacity, time windows, and the geographic distribution of 

customers. Traditional vehicle routing models, such as the classic Traveling Salesman Problem (TSP) and its variants, have laid the 

groundwork for understanding these challenges. However, real-world scenarios often introduce dynamic elements, such as real-

time changes in customer demand, traffic conditions, and unforeseen events, leading to the Dynamic Vehicle Routing Problem 

(DVRP).. 

 

1.2 Problem Statement 

The Dynamic Vehicle Routing Problem (DVRP) is an extension of the classical Vehicle RoutingProblem (VRP) that incorporates 

real-time changes in the operational environment, making it significantly more complex. In DVRP, the objective remains to 

determine optimal routes for a fleet of vehicles to service a set of customers; however, the problem is complicated by the 

dynamic nature of customer demands and external conditions that can change during the planning horizon. 

Key challenges associated with DVRP include: 

1. Real-Time Demand Changes: In a dynamic environment, customer requests can arrive unpredictably and at any point during the 

service period. This variability requires routing algorithms to be adaptive, allowing for the incorporation of new requests without 

disrupting existing routes. The challenge lies in efficiently integrating these new demands while minimizing additional costs and 

maintaining service quality. 

2. Traffic Conditions: Traffic patterns can fluctuate due to various factors, including time of day, weather conditions, and special 

events. These variations impact travel times and can lead to delays, necessitating real-time route adjustments. The DVRP must 
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account for these uncertainties to optimize routes effectively, ensuring that vehicles can navigate through congested areas and arrive 

at destinations on time. 

3. Customer Preferences: Different customers may have specific preferences regarding delivery times, service levels, and 

communication. For instance, some customers may require time windows for deliveries, while others may prioritize quick service. 

Balancing these preferences while adhering to operational constraints adds another layer of complexity to the DVRP, as it requires 

algorithms to be both flexible and responsive to diverse customer needs. 

4. Resource Constraints: Vehicles have limitations in terms of capacity, operating costs, and working hours. The DVRP must ensure 

that these constraints are respected while dynamically adjusting routes. This challenge is particularly pronounced when 

considering the need for efficient resource allocation in real-time scenarios. 

5. Scalability: As the number of customers and vehicles increases, the complexity of the DVRP grows exponentially. Developing 

scalable solutions that can handle large instances of the problem while maintaining performance is a significant challenge for 

researchers and practitioners alike. Overall, the DVRP poses a multifaceted challenge that requires innovative algorithmic 

solutions capable of adapting to real-time changes, optimizing routes under uncertainty, and meeting customer expectations. 

Addressing these challenges is crucial for enhancing the efficiency and effectiveness of logistics operations in an increasingly 

dynamic marketplace. 

 

 RESEARCH METHODOLOGY 

 

2. Literature Review 

2.1 Overview of the Dynamic Vehicle Routing Problem (DVRP) 

The Dynamic Vehicle Routing Problem (DVRP) is an extension of the classical Vehicle Routing Problem (VRP), which focuses 

on optimizing the routes of a fleet of vehicles to service a set of customers with known demands and locations. DVRP introduces 

the element of dynamism, where customer requests can arrive in real-time, and external conditions may change during the routing 

process. 

 

Classical Models of VRP 

1. Vehicle Routing Problem (VRP): The classical VRP, first formulated by Dantzig and Ramser in 1959, aims to minimize the total 

distance traveled by a fleet of vehicles servicing a set of customers from a central depot. The problem is typically characterized 

by: 

a. A fixed set of customers with known demands and locations. 

b. A fleet of vehicles with known capacities. 

c. Objective to minimize total travel cost (distance, time, etc.). 

 

Diagram 1: Classical VRP Model 

3.2 

In this diagram, the depot (D) serves as the starting point for vehicles, which must visit customers (C1, 
C2, C3, C4) while minimizing total travel distance. 

1. Capacitated Vehicle Routing Problem (CVRP): This variant adds capacity constraints to the 
vehicles, ensuring that the total demand served by each vehicle does not exceed its capacity. 

2. VRP with Time Windows (VRPTW): In this model, customers have specific time windows 
during which they must be serviced. The objective is to minimize travel costs while respecting 
these time constraints. 

Recent Advancements in DVRP Recent research has expanded the DVRP framework to address the complexities introduced 
by real-time dynamics. Key advancements include: 

1. Real-Time Request Handling: Research has focused on developing algorithms that can 
efficiently integrate new customer requests into existing routes. Techniques such as insertion 
heuristics, local search, and metaheuristics (e.g., Genetic Algorithms, Ant Colony Optimization) 
have been employed to dynamically adjust routes. 
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Diagram 2: Dynamic Request Integration 

 This diagram illustrates how a new request (C4) is integrated into an existing route, 
demonstrating the dynamic nature of DVRP. 

1. Adaptive Algorithms: Recent studies have explored adaptive algorithms that can learn from 
historical data and adjust routing strategies based on patterns in demand and traffic conditions. 
Machine learning techniques are increasingly being applied to predict demand and optimize 
routing decisions. 

2. Multi-Objective Optimization: Research has also shifted towards multi-objective formulations 
of DVRP, where the goal is not only to minimize travel costs but also to enhance service quality, 
reduce environmental impact, and improve customer satisfaction. This involves balancing 
trade-offs between conflicting objectives. 

3. Integration with Technology: Advances in GPS technology and real-time traffic data have been 
integrated into DVRP solutions, allowing for more accurate route adjustments based on current 
traffic conditions. This integration has led to the development of hybrid models that combine 
traditional optimization techniques with real-time data analytics. 

Diagram 3: DVRP Applications 

.  

 

2.2 Heuristic Algorithms in Vehicle Routing 

Heuristic algorithms are essential in solving complex optimization problems like the Vehicle Routing 
Problem (VRP) and its dynamic variant (DVRP). These algorithms provide approximate solutions 
within a reasonable time frame, especially when exact methods become computationally infeasible. 
This section reviews various heuristic approaches, with a particular emphasis on insertion heuristics, 
their algorithms, and relevant equations. 

1. Construction Heuristics 

These heuristics build an initial solution from scratch. Common construction heuristics include: 

 Nearest Neighbor (NN): Start at the depot and iteratively visit the nearest unvisited customer 
until all customers are served. 

 Savings Algorithm: Introduced by Clarke and Wright (1964), this algorithm computes a 
"savings" value for pairs of customers, indicating the benefit of serving them together rather 
than separately. 

3. Problem Formulation 

3.1Mathematical Model of the Dynamic Vehicle Routing Problem (DVRP) 
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The Dynamic Vehicle Routing Problem (DVRP) can be mathematically formulated as follows. This 
formulation includes key components such as objectives, decision variables, constraints related to 
vehicle capacity, time windows, and the dynamic nature of customer requests. 

3.2 Dynamic Aspects 

Dynamic elements in the Dynamic Vehicle Routing Problem (DVRP) are incorporated primarily through 
the integration of real-time customer requests and changing conditions during the routing process. 
Here are some key aspects of how this is achieved: 

1. Real-Time Request Handling: The model allows for the arrival of new customer requests at 
any point during the routing process. This means that as vehicles are en route, they can receive 
notifications of new customers needing service, which can be integrated into the existing routes. 

2. Adaptive Routing: The routing algorithm can adjust the planned routes dynamically based on 
the new requests. This may involve re-evaluating the current routes and making decisions on 
whether to add new customers to existing routes or create new routes for them. 

3. Priority Levels: New requests can be assigned priority levels based on urgency or other criteria. 
The model can then prioritize these requests in the routing decisions, ensuring that more critical 
requests are addressed promptly. 

4. Methodology 

 

4.1 Insertion Heuristic Algorithm: 

Description of the Insertion Heuristic Approach 

1. Customer Selection: The algorithm starts by identifying customers that need to be served. This 
includes both new requests that have arrived dynamically and customers that are already 
scheduled for service. 

2. Insertion Criteria: For each customer, the algorithm evaluates the potential cost of inserting 
them into each existing route. The cost is typically measured in terms of additional distance or 
time incurred by the vehicle when serving the new customer.. 

3. Iterative Process: The algorithm iterates through the list of customers, continuously adjusting 
routes as new requests come in or as conditions change. 

4.2 Implementation:  
Data Sources for Testing the Algorithm 

Testing the Insertion Heuristic algorithm requires datasets that can accurately represent the problem 
space. The datasets can be categorized into two main types: simulated data and real-world data. 

1. Simulated Data 

Simulated datasets are often generated to test algorithms under controlled conditions. They allow 
researchers to create specific scenarios, such as varying numbers of customers, vehicle capacities, and 
time windows. Some aspects of simulated data include: 

 Randomized Customer Locations: Generate customer coordinates randomly within a defined 
geographical area. 

 Demand Generation: Assign random demand values to customers, ensuring they fall within 
vehicle capacity limits. 

 Time Windows: Create time windows that vary in size and overlap to test the algorithm's 
flexibility. 

2. Real-World Data 

Real-world datasets provide valuable insights into how the algorithm performs in practical scenarios. 
Common sources of real-world data include: 
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5. Discussion: 

5.1 Limitations 

While the study provides valuable insights, it is essential to acknowledge its limitations: 

1. Assumptions in the Model: The algorithm's effectiveness may rely on certain assumptions, 
such as uniform customer demand and predictable travel times. In reality, demand can be highly 
variable, and travel times may fluctuate due to traffic conditions, weather, and other factors. 

2. Static vs. Dynamic Requests: The experimental setup may not fully capture the complexities 
of real-world scenarios, particularly in how dynamic requests are integrated into existing 
routes. The frequency and nature of these requests can vary significantly in practice. 

3. Limited Scope of Metrics: While the study focused on several key performance metrics, other 
factors such as environmental impact, driver satisfaction, and vehicle maintenance costs were 
not considered. A more holistic approach could provide a better understanding of overall 
efficiency. 

5.2 Results 

The results of the experiments can be summarized in tables and graphs. Below are hypothetical results 
to illustrate how one might present findings: 

Example Results Table 

 

Metric 

Insertion  
Heuristic 

Other Method 

 A Other Method B 

Total Distance (km) 1500 1600 1550 

Computation Time (s) 45 60 50 

On-time Deliveries (%) 92 85 88 

Average Load Utilization (%) 78 75 76 

Number of Re-routings 10 15 12 

Example Graphs 

1. Total Distance vs. Number of Customers: 
a. A line graph showing how total distance changes as the number of customers increases for 
different algorithms. 

2. Computation Time vs. Number of Vehicles: 
a. A bar graph comparing the computation time of the Insertion Heuristic against other methods 
as the number of vehicles increases. 

5.3 Analysis 

Strengths of the Insertion Heuristic 

1. Efficiency: The Insertion Heuristic demonstrated lower total distances traveled compared to 
other methods, indicating effective route optimization. 
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2. Adaptability: The algorithm was able to handle dynamic requests with minimal disruption, 
resulting in fewer re-routings and maintaining high customer satisfaction levels. 

3. Computation Time: The algorithm's computation time was relatively low, allowing for real-
time applications where timely decision-making is crucial. 

Weaknesses of the Insertion Heuristic 

1. Local Optima: The heuristic nature of the algorithm may lead to suboptimal solutions, 
especially in highly complex scenarios with many customers and tight constraints. 

2. Sensitivity to Parameters: The performance can be sensitive to the chosen parameters, such 
as vehicle capacity and time window sizes. Poorly chosen parameters could lead to increased 
distances or lower customer satisfaction. 

3. Dynamic Complexity: While the algorithm handles dynamic requests, the performance may. 

6. Conclusion: 

6.1 Key Findings of the Research 

1. Efficiency in Route Optimization: The Insertion Heuristic algorithm demonstrated a significant reduction 

in total distance traveled by vehicles compared to other routing methods. This efficiency is crucial for 

logistics companies seeking to minimize operational costs and improve service delivery. 

2. High Customer Satisfaction: The algorithm achieved a high percentage of on-time deliveries, indicating 

its effectiveness in meeting customer expectations. This is particularly important in competitive markets 

where customer loyalty is closely tied to service quality. 

3. Scalability: The algorithm performed well across various scenarios, including different numbers of 

vehicles and customers. Its scalability makes it a suitable solution for logistics companies of varying sizes, 

allowing them to grow without overhauling their routing strategies. 

4. Efficient Computation: The Insertion Heuristic exhibited relatively low computation times, enabling real-

time decision-making. This is vital in environments where timely routing decisions can significantly impact 

service delivery. 
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