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Abstract

Vehicle Routing Problem (VRP) solutions offer cost reduction by optimizing routes, minimizing fuel
and labor expenses. Improved efficiency ensures faster deliveries, enhancing customer satisfaction.
VRP contributes to environmental sustainability by reducing vehicle emissions. Real-time adaptation
and resource management enhance productivity. Sophisticated algorithms drive innovation in logistics
and transportation management. This paper presents a practical and comprehensive survey of recent
advancements in the field of Vehicle Routing Problems (VRP), which have witnessed significant
progress due to innovations in optimization algorithms, computational techniques, and real-world
applications. Highlighting state-of-theart implementations that have significantly influenced the
domain. Notable implementations such as PyVRP, HGS-CVRP, and VROOM have emerged, offering
innovative solutions to complex routing challenges. Additionally, widely adopted frameworks like
OR-Tools have played a pivotal role in advancing VRP research and practical applications. By
examining these implementations, we aim to provide insights into the evolving landscape of VRP
methodologies and their impact on addressing real-world routing problems.

Keywords: vehicle routing problem (VRP), hybrid genetic search (HGS), optimize routes,
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. Introduction
In today's dynamic and interconnected world, efficient transportation and logistics play a crucial role
in driving economic growth and sustainability. One of the fundamental challenges in this domain is
the optimization of vehicle routes to minimize costs, enhance productivity, and reduce environmental
impact. The Vehicle Routing Problem (VRP) stands at the forefront of addressing these challenges,
offering innovative solutions that revolutionize the way goods and services are delivered. By
intricately analyzing factors such as vehicle capacity, time constraints, and customer preferences, VRP
algorithms optimize routes to maximize efficiency and minimize resource utilization. This paper
presents a comprehensive survey of recent advancements in the field of VRP, showcasing the
significant progress made possible by innovations in optimization algorithms and computational
techniques. Through the lens of state-of-the-art implementations such as PyVRP, HGS-CVRP, and
VROOM, alongside widely adopted frameworks like OR-Tools, we delve into the evolving landscape
of VRP methodologies and their profound impact on addressing real-world routing problems. By
exploring these implementations and their practical applications, we aim to provide valuable insights
into how VRP is shaping the future of transportation and logistics, driving innovation, and fostering
sustainability. From cost reduction and faster deliveries to environmental conservation and enhanced
customer satisfaction, VRP stands as a beacon of efficiency in the modern era of logistics management.
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. Impact
In today's rapidly evolving business landscape, the art of efficient transportation management holds
the key to unlocking a multitude of benefits across various sectors. Solving Vehicle Routing Problems
(VRP) stands as a pivotal solution, offering a spectrum of impacts that range from cost reduction and
resource optimization to enhanced customer service and environmental sustainability.
Cost Reduction: Efficiently solving VRP directly translates to cost reduction in several ways. By
optimizing routes, companies can minimize the distance traveled, leading to reduced fuel consumption
and lower operational costs. Moreover, efficient routing helps in minimizing vehicle wear and tear,
maintenance expenses, and labor costs associated with extended travel times or inefficient routes. This
cost reduction can significantly impact the bottom line of businesses, especially those heavily reliant
on transportation and logistics operations.
Resource Optimization: One of the primary benefits of solving VRP is the optimization of available
resources. This includes better utilization of vehicles, drivers, and warehouse facilities. Through
optimized routing, companies can ensure that their resources are utilized to their maximum capacity,
minimizing idle time and maximizing productivity. This optimization not only improves operational
efficiency but also ensures that companies can meet customer demand effectively without unnecessary
resource wastage.
Improved Customer Service: Efficiently solving VRP leads to improved customer service through
timely and accurate deliveries. Predictable delivery schedules and optimized routes ensure that
customers receive their orders on time, leading to higher satisfaction levels. Reduced delivery times
and fewer instances of delays contribute to building customer trust and loyalty, which are crucial for
businesses to thrive in competitive markets.
Reduced Environmental Impact: Optimizing vehicle routes through VRP solutions has a positive
environmental impact by reducing fuel consumption and emissions. By minimizing the distance
traveled and optimizing vehicle loads, companies can significantly decrease their carbon footprint.
This reduction in environmental impact not only aligns with corporate social responsibility goals but
also helps in mitigating the effects of climate change, making transportation operations more
sustainable in the long run.
Scalability and Flexibility: Vehicle Routing Problem (VRP) solutions provide a crucial advantage to
businesses by offering scalability and flexibility to adapt to changing operational needs and dynamic
market environments. As businesses expand or encounter fluctuations in demand, VRP algorithms
play a pivotal role in swiftly adjusting routes and schedules to accommodate these changes. This
inherent scalability and flexibility empower companies to respond effectively to evolving market
conditions and maintain operational agility in highly competitive landscapes.
Urban Planning and Traffic Management: Indeed, solving Vehicle Routing Problem (VRP)
instances can play a significant role in enhancing urban planning and traffic management, ultimately
leading to reduced congestion and optimized traffic flow in urban areas. By employing efficient routing
strategies, VRP solutions contribute to minimizing the adverse effects of commercial vehicles on urban
traffic and infrastructure. One of the primary benefits of VRP solutions in urban contexts is their ability
to optimize delivery routes, thereby reducing the number of vehicles on the road and optimizing their
movements. This optimization not only improves the overall efficiency of transportation networks but
also enhances the livability of urban areas by reducing traffic-related nuisances and environmental
pollution.
Competitive Advantage: Companies that effectively solve VRP gain a competitive advantage by
offering faster, more reliable, and cost-effective delivery services. Improved efficiency and customer
service differentiate businesses from their competitors, attracting and retaining customers in a highly
competitive market. This competitive advantage allows companies to position themselves as industry
leaders and drive sustainable growth and profitability over time.
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1. Recent Implementations:

1. PyVRP (2024) [7]: PyVRP is an Open Source Python library designed to solve Vehicle
Routing Problems (VRP) efficiently. It provides a comprehensive set of tools and algorithms
for modeling, solving, and analyzing various types of VRP, including the Capacitated VRP
(CVRP), Vehicle Routing Problem with Time Windows (VRPTW), and more. PyVRP offers
flexibility and ease of use, allowing users to define custom constraints, objectives, and
optimization parameters. With its intuitive interface and powerful optimization algorithms,
PYVRP serves as a valuable tool for researchers, practitioners, and developers working in
transportation, logistics, and related fields. It delivers state-of-the-art performance. Researchers
may find it a reliable foundation for conducting experiments and further exploration. It is
programmed in Python, with the performance-critical components written in C++.

Github: https://github.com/PyVRP/PyVRP

2. HGS-CVRP (2022)[11]: HGS-CVRP refers to a specific algorithm developed by Vidal and
colleagues in 2022 for solving the Capacitated Vehicle Routing Problem (CVRP). This
algorithm combines Hybrid Genetic Search (HGS) techniques with advanced heuristics to
efficiently find solutions to the CVRP, a classic problem in logistics and operations research.
By leveraging genetic algorithms and hybridization strategies, HGS-CVRP aims to produce
high-quality solutions that minimize transportation costs and meet the capacity constraints of
the vehicles involved. Written in C++, is licensed under the liberal MIT license. It delivers
state-of-the-art performance in solving CVRP problems. The implementation aims for
transparency, specialization, and conciseness, focusing solely on the fundamental components
essential for the method's effectiveness. It goes beyond a mere replication of the original
algorithm by incorporating acceleration techniques and methodological enhancements derived
from a decade of research, all directed towards optimizing the CVRP. Notably, it introduces a
novel neighborhood exploration strategy named SWAP* [11], which facilitates the exchange
of two customers between distinct routes without requiring direct insertion operations.
Github: https://github.com/vidalt/HGS-CVRP

3. VROOM (2023): VROOM's strength lies in its ability to efficiently solve complex vehicle
routing problems, thanks to its implementation in modern C++20. Leveraging the latest
language features, it achieves high performance while maintaining code readability and
maintainability. One notable aspect of VROOM is its flexibility in handling various types of
vehicle routing challenges. Whether it's the classic Travelling Salesman Problem (TSP), the
Capacitated Vehicle Routing Problem (CVRP), or more complex variants like VRP with Time
Windows (VRPTW) or Pickupand-Delivery Problems with Time Windows (PDPTW),
VROOM has the capability to tackle them with precision. Moreover, VROOM's feature set
caters to the intricate details of real-world logistics operations. It allows users to specify diverse
parameters such as delivery and pickup amounts, service time windows, and priority levels for
tasks and shipments. The integration capabilities of VROOM further enhance its utility. By
seamlessly interfacing with popular routing engines like OSRM, Openrouteservice, and
Valhalla, it leverages their functionalities while adding its optimization prowess. Additionally,
its compatibility with custom cost matrices from diverse sources ensures adaptability to a wide
range of use cases. In essence, VROOM stands as a versatile and powerful optimization engine,
empowering businesses to streamline their vehicle routing operations efficiently and
effectively. Its combination of speed, accuracy, and flexibility makes it a valuable asset for any
organization dealing with logistics and transportation challenges.

Github: https://github.com/VROOM-Project/vroom

4. OR-Tools (2022): OR-Tools (https://developers.google.com/optimization) is a powerful open-
source library developed by Google for combinatorial optimization tasks. It provides a wide
range of algorithms and tools for solving various optimization problems, including linear
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programming, integer programming, constraint programming, and vehicle routing problems.
OR-Tools is written in C++ but also offers interfaces for Python, Java, and other programming
languages. It also tackles Vehicle Routing Problems (VRP) with tailored algorithms and
flexible modeling, crucial for logistics and supply chain management. Integration with
visualization tools aids in result interpretation, while its open-source nature fosters community
collaboration, driving continuous improvement in VRP optimization, leading to reduced costs
and enhanced efficiency in routing operations it’s performance is still not competent with the
latest PyVRP.

Github: https://github.com/google/or-tools

Methodology

A Hybrid Genetic Search Algorithm is a metaheuristic approach that combines principles from genetic
algorithms (GAs) with other optimization techniques such as local search which is used in the state-
of-the-art solvers for VRP. This approach can be broken down in the following steps:

1.

Initialization: The Hybrid Genetic Search (HGS) method commences its optimization process
by creating an initial population of potential solutions, comprising both feasible and infeasible
routes. Traditionally, these solutions are randomly generated, drawing upon a pool of candidate
routes. However, to enhance the effectiveness of the initialization phase, alternative methods
can be employed to ensure diversity within the initial population.

Selection and Crossover: In each iteration, HGS selects two parent solutions from the
population. These parent solutions are combined using a crossover operation, producing a new
offspring solution. Crossover facilitates the exchange of genetic material between parents,
potentially yielding offspring with improved characteristics, that is, diversity and quality of
solution in this context. The types of crossover operations can be Single-Point Crossover, Two-
Point Crossover, Uniform Crossover, Multi-Point Crossover, Arithmetic Crossover, Order
Crossover (OX), Partially Mapped Crossover (PMX) or Selective Route Exchange (SREX).
Local Search Enhancement: The newly generated offspring solution undergoes further
refinement through a local search procedure. This local search focuses on improving solution
quality by considering soft constraints such as time windows and vehicle capacities. Violations
of constraints are penalized during the local search, allowing for a smoother exploration of the
problem landscape.

Automatic Penalty Adjustment: In the Hybrid Genetic Search (HGS) framework, the process
of dynamically adjusting penalty weights during the local search phase plays a pivotal role in
optimizing the algorithm's performance. This adaptive mechanism is designed to ensure that a
predefined target percentage of local search iterations yield feasible solutions, thereby
enhancing the robustness and efficiency of the algorithm.

Population Management: To maintain an optimal population size and diversity, HGS
employs a survivor selection mechanism. Solutions that contribute the least to the overall
quality and diversity of the population are removed, making room for new offspring solutions.
This ensures that the algorithm continues to explore promising regions of the solution space.
This can be triggered when the population reaches a certain size.

Iteration and Convergence: The process iterates through multiple generations, with offspring
solutions undergoing selection, crossover, local search, and population management in each
iteration. Over time, the algorithm converges towards high-quality solutions that meet the VRP
objectives while adhering to constraints.

Termination: The termination phase in the Hybrid Genetic Search (HGS) marks the
conclusion of the optimization process, triggered when a predefined stopping criterion is
satisfied. This criterion could include reaching a maximum number of iterations, attaining a
satisfactory solution quality, or exhausting a designated time limit. Upon meeting any of these
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conditions, the algorithm halts its search and returns the best solution encountered throughout
the exploration process.
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V. Optimization

The study conducted by Maia, Plastino, and Souza in 2024 introduced a novel approach called Multi
Data Mining with Hybrid Genetic Search (MDM-HGS) to address the Capacitated Vehicle Routing
Problem (CVRP). This method integrates data mining techniques with metaheuristic algorithms,
specifically targeting the improvement of local search methods such as Greedy Randomized Adaptive
Search Procedure (GRASP). MDM-HGS maintains an elite set comprising the best solutions
discovered during the search process. It employs a data mining method based on the FPmaxsx
algorithm, which identifies maximal frequent item sets within this elite set. These patterns extracted
from the elite set are then leveraged to enhance both the initialization of solutions and the guidance of
the search process towards promising regions within the solution space In the context of CVRP, MDM-
HGS utilizes the mined patterns in conjunction with a randomized version of the Clarke and Wright
heuristic to generate solutions. This combination of techniques allows for more efficient solution
generation and refinement, thereby improving the overall performance of the metaheuristic algorithm.
Moreover, MDM-HGS dynamically manages updates to the elite set to ensure solution stability
throughout the search process. It achieves a balance between diversification and convergence by
controlling the randomness of the initial population and adjusting the number of solutions generated
during population initialization

VI.  Conclusion

In conclusion, this paper offers a comprehensive analysis of the latest advancements in tackling
Vehicle Routing Problems (VRP), shedding light on their profound implications for cost minimization,
operational efficiency enhancement, and ecological sustainability within the realm of logistics and
transportation management. Through a meticulous examination of pioneering solutions like PyVRP
and OR-Tools, coupled with a detailed exposition of their tangible effects in real-world scenarios, our
survey unveils invaluable insights into the dynamic evolution of VRP methodologies and their
pragmatic significance in confronting contemporary routing complexities. Furthermore, our analysis
underscores the critical role of interdisciplinary collaboration in driving progress within the field of
VRP research. By fostering synergy between academia, industry, and governmental entities, we can
harness collective expertise to address complex logistical puzzles more effectively. Looking ahead,
the trajectory of VRP innovation appears promising, with ongoing efforts focused on refining existing
methodologies, integrating emerging technologies like artificial intelligence and machine learning, and
addressing emerging challenges such as last-mile delivery optimization and electric vehicle routing.
By staying attuned to these developments and fostering a culture of continuous learning and
experimentation, we can navigate the ever-changing landscape of logistics and transportation with
confidence, resilience, and sustainability.
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