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Abstract: The Vehicle Routing Problem(VRP) remains a pivotal challenge in logistics optimization, particularly for industries
requiring efficient routing solutions. This research addresses the VRP within the context of Company Z , a key player in the
manufacturing and automotive sector, aiming to enhance its supply chain efficiency. By leveraging advanced data science
techniques and optimization algorithms, specifically the Teaching-Learning-Based Optimization (TLBO) algorithm, we develop
a robust framework to minimize travel time and operational costs. The proposed approach integrates real-world data to inform
route planning and validate algorithmic performance. This study not only provides actionable insights for logistical
improvements but also visually represents the optimized routes, thereby demonstrating the practical applicability and benefits of
the developed solutions. The results indicate significant improvements in route efficiency and resource allocation, underscoring
the potential of data-driven methods in solving complex logistical problems.

Keywords: Vehicle Routing Problem (VRP), Teaching-Learning-Based Optimization (TLBO),Logistics Optimization, Data-
Driven Decision Making

L. INTRODUCTION
The Vehicle Routing Problem (VRP) is a classic optimization challenge in the field of logistics, where the objective is to determine
the most efficient route requires a salesperson to make only one visit to each of a group of cities before heading back to the starting
point. This problem, which is NP-hard, has significant implications for industries reliant on efficient routing and scheduling, such as
transportation, manufacturing, employee transportation and delivery services. Company Z , a major participant in the industrial and
automotive industries, in particular, must find efficient routing solutions to improve the effectiveness of its supply chain and lower
operating expenses due to logistical challenges.
Traditional approaches to solving the VRP often fall short in practical applications due to their computational intensity and inability
to scale with increasing problem size. Consequently, modern heuristic and met heuristic algorithms have gained prominence,
offering more feasible solutions within acceptable timeframes. Among these, the Teaching-Learning-Based Optimization (TLBO)
algorithm has emerged as a powerful tool, inspired by the natural teaching-learning process in a classroom environment. TLBO
optimizes the problem by iteratively refining solutions based on interactions between a "teacher” and "learners,” balancing
exploration and exploitation of the solution space.
This research leverages the TLBO algorithm to address the VRP of optimizing employee transportation for Company Z , aiming to
develop a framework that is driven by data that minimizes travel distances and costs while ensuring adherence to real-world
constraints. By integrating extensive operational data, the study not only refines route planning but also validates the practical
applicability of the optimized solutions through visual representation and performance metrics.
In light of their computational complexity and incapacity to grow with the size of the problem, traditional methods for addressing
the VVRP frequently fail in real-world applications. Modern heuristic and met heuristic algorithms have become increasingly popular
as a result, providing more practical results in reasonable amounts of time. Inspired by the organic teaching-learning process in a
classroom setting, the Teaching-Learning-Based Optimization (TLBO) algorithm has become one of these most effective tools. By
iteratively improving solutions based on interactions between a “"teacher” and "learners,” TLBO balances the exploration and
exploitation of the solution space while optimizing the problem.
With the intention of creating a data-driven framework that reduces travel expenses and distances while guaranteeing compliance
with practical limitations, this study uses the TLBO algorithm to solve the VRP for Company Z . Through the integration of
comprehensive operational data, the study not only improves route planning but also uses performance measurements and visual
representation to verify the enhanced solutions' practical application.
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Businesses like Company Z can obtain a better understanding of their operations, spot inefficiencies, and put evidence-based
improvement plans into action by integrating data-driven approaches into logistics. The TLBO algorithm, with its robust
performance in various optimization scenarios, provides a promising solution that adapts to dynamic and complex logistical
environments. This paper underscores the importance of combining advanced optimization techniques with practical, real-world
data to achieve tangible improvements in management of logistics
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1. LITERATURE SURVEY
1) A comprehensive survey of the Vehicle Routing problem: From classical to modern approaches™ by Lukashevich, N., &
Kochetov, Y.
This paper provides an extensive overview of the Vehicle Routing problem (VRP), covering classical solution methods as well as
modern approaches such as genetic algorithms and ant colony optimization. It
explores the evolution of VRP algorithms and their applicability to real-world scenarios.

2) Recent advances in solving the Vehicle Routing problem using metaheuristic algorithms™ by Eltayeb, N. M., & Mohamed, M. A.
Focusing on metaheuristic algorithms, this paper reviews recent advancements in solving the Vehicle Routing problem. It discusses
the effectiveness of algorithms such as simulated annealing, genetic algorithms, and particle swarm optimization in finding near-
optimal solutions for large-scale instances of the VRP.

3) Solving the Vehicle Routing problem with genetic algorithms” by Mitchell, M., & Papadimitriou, C. H.

This seminal paper explores the application of genetic algorithms to the Vehicle Routing problem. It presents a genetic algorithm
framework and discusses its effectiveness in finding high-quality solutions to the VRP, showcasing the algorithm's adaptability and
scalability.

4) Ant colony optimization: A review" by Dorigo, M., & Blum, C.

Focusing on ant colony optimization (ACQO), this review paper provides an in-depth analysis of the algorithm's principles,
applications, and variants. It discusses the inspiration drawn from the foraging behavior of ants and how ACO has been successfully
applied to combinatorial optimization problems, including the Vehicle Routing problem.
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5) Solving large-scale Vehicle Routing problems using ant colony optimization” by Gunawan, A. S., & Andromeda, T.

This paper investigates the application of ant colony optimization (ACO) to large-scale instances of the Vehicle Routing problem. It
presents strategies for enhancing the performance of ACO algorithms and discusses their efficacy in finding near-optimal solutions
for complex VRP instances.

6) A survey of genetic algorithms for solving the Vehicle Routing problem™ by Grefenstette, J. J.

Focusing specifically on genetic algorithms (GA), this survey paper provides an overview of GA techniques applied to the Vehicle
Routing problem. It discusses different genetic operators, selection mechanisms, and solution representations employed in GA-
based approaches, analyzing their effectiveness and performance.

7) Hybrid metaheuristic approaches for solving the Vehicle Routing problem™ by Toth, P., & Vigo, D.

This paper explores the concept of hybrid metaheuristic approaches for tackling the Vehicle Routing problem. It discusses the
integration of multiple metaheuristic algorithms, such as genetic algorithms, simulated annealing, and tabu search, to enhance
solution quality and convergence speed, offering insights into effective hybridization strategies.

1. METHODOLOGY
A. Data Preparation
Latitude and longitude coordinates were gathered to provide the pick and drop location of the employees, the factory, availability
buses, their seating capacity and the data was recorded in an Excel file. The depot coordinates were the starting and ending points of
each route.

B. Clustering

To handle the complexity and scope of the issue, staff groups were established. Using the K-Means clustering technique, roughly 45
workers were chosen for each cluster. The objective here is to minimize intra-cluster distances and ensures that the number of
clusters is sufficient for successful route management.

C. Distance Calculation
For every cluster, a pairwise distance matrix was computed using Euclidean distances. This matrix, which depicts the spatial
interactions between every point in a cluster, is the basis for further optimization phases.

D. Route Optimization

1) Minimum Spanning Tree (MST) Initialization

An initial possible path was found for each cluster using the MST approach. Apart from going back to the depot, the MST ensures
that the route covers all points with the least amount of total distance without producing cycles.

2) 2-opt Algorithm Refinement

The 2-opt algorithm was used to improve the original route that was derived using the MST. Reversing portions of the way to
shorten the overall journey distance is how this algorithm iteratively enhances the route.

The entire journey distance is optimized as a result of it examining all potential segment reversals and choosing the ones that result
in shorter routes.

E. Route Mapping and Visualization

The best routes were shown using the Folium library, which provides interactive map features. The best route for each cluster was
plotted on the map, with easily readable colors assigned to each cluster.

The visualization aids in validating the best paths in addition to enabling further analysis and decision-making.

The strategy guarantees a workable and efficient solution for the Vehicle Routing Problem in the context of employee mobility by
combining clustering, MST, and 2-opt algorithms. By reducing operating expenses and travel durations, this tactic improves
logistical effectiveness.
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V.  SCOPE OF RESEARCH

The scope of this research focuses on optimizing transportation routes for Company Z employees by tackling the Vehicle Routing
Problem (VRP) through a data-driven methodology. This includes gathering and preparing geographic coordinates (latitude and
longitude) of employee locations and utilizing the K-Means algorithm to cluster these locations based on geographic proximity. The
optimal number of clusters is determined to ensure route efficiency and manageability. Pairwise Euclidean distances are calculated
between all points within each cluster to create distance matrices essential for route optimization.

The approach employs the Minimum Spanning Tree (MST) algorithm to establish initial feasible routes for each cluster, which are
subsequently refined using the 2-opt algorithm to minimize total travel distance. The optimized routes are visualized using
interactive maps created with the Folium library, with distinct color schemes for different clusters. The research assesses the
efficiency of these routes in terms of travel distance and time, comparing them with traditional routing methods to highlight
improvements in logistical efficiency.
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Furthermore, the research aims to provide a practical framework for real-world application in employee transportation, highlighting
potential cost savings and operational improvements. Future research directions include incorporating real-time traffic data for
enhanced route optimization, exploring additional optimization techniques, and adapting the methodology to other logistics and
transportation challenges, such as delivery services and supply chain management. The goal is to develop a robust, scalable, and
efficient solution for optimizing transportation logistics, specifically for Company Z but adaptable to various other contexts.

VI. FUTURE SCOPE
It is recommended that future study incorporate real-time traffic data, investigate sophisticated optimization techniques, guarantee
scalability, and take into account multi-objective optimization. Additionally, it should prepare for the integration of autonomous
vehicles, improve robustness, gather
user input, adapt the methodology to other industries, and integrate with scheduling systems. These approaches will raise
sustainability, reduce costs, and enhance logistical effectiveness.

VIL. CONCLUSION

To sum up, this study offers Company Z a practical approach for streamlining employee transportation routes. Through the
integration of clustering, Minimum Spanning Tree (MST), and 2-opt algorithms, the model improves logistical efficiency while
reducing trip times and operating expenses. Daily personnel travels are made easier by the strategy, which guarantees the best bus
routes and eliminates redundancies. To further improve the system, future studies could concentrate on scalability, sustainability,
and real-time flexibility. By putting these changes into practice, the model will be able to adapt to shifting needs and maintain
operational efficacy over the long run. All things considered, the plan offers the business a number of perks, such as improved
logistics and long-term, steady cost savings.
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