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Abstract—This research paper presents a comprehensive comparative analysis of three optimization models—Simplex

Method, Vogel’s Approximation Method (VAM), and Genetic Algorithms (GA)—used to solve transportation problems. The

study applies these methods to a primary dataset and a more complex dataset, evaluating their performance based on total
transportation cost, computational time, and scalability. The results indicate that while the Simplex Method is the most
cost-effective, Genetic Algorithms offer superior scalability and flexibility, particularly in handling complex transportation

scenarios. The study also discusses the potential for hybrid models to combine the strengths of these methods, providing

practical insights for logistics management.
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INTRODUCTION

Transportation problems are a cornerstone in logistics
and operations research, crucial for minimizing costs in
the efficient distribution of goods from multiple suppliers
to multiple consumers. The complexity of these problems
varies widely, from straightforward, small-scale scenarios to
intricate, large-scale networks. This paper investigates the
effectiveness of three prominent optimization techniques—
Linear Programming (using the Simplex Method), Vogel's
Approximation Method (VAM), and Genetic Algorithms
(GA)—in addressing transportation problems of varying
complexity. By applying these models to both basic and
complex datasets, the study seeks to identify the most
suitable approach under different conditions, contributing
to the body of knowledge in transportation optimization
and offering practical insights for logistics management.
Transportation problems have been extensively studied,
with various models proposed for their optimization.
Dantzig's Simplex Method has been a fundamental tool in
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linear programming, offering precise cost minimization
and well-defined convergence properties (Dantzig, 1963).
Vogel's Approximation Method (VAM), known for its speed,
provides near-optimal solutions efficiently, making it a
practical choice for less complex problems (Reinfeld and
Vogel, 1958). More recently, heuristic and metaheuristic
methods such as Genetic Algorithms (GA) have been
explored for their ability to handle complex, non-linear
constraints and large-scale problems (Holland, 1975).
While the Simplex Method and VAM are well-suited for
structured, smaller- scale problems, GA offers the flexibility
to explore a broader solution space, making it applicable
to real-world scenarios with complex constraints. Recent
studies have also explored the potential for hybrid models
that combine the precision of the Simplex Method with
the flexibility of GA, potentially leading to more robust
solutions (Charnes, Cooper and Rhodes, 1978; Goldberg,
1989).
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METHODOLOGY

The study applies the Simplex Method, Vogel's Approximation
Method (VAM), and Genetic Algorithms (GA) to two distinct
datasets: a primary dataset representing a straightforward
scenario, and a complex dataset designed to challenge the
scalability and efficiency of these models. The Simplex
Method was executed using the transportation tableau
format and solved via the revised simplex algorithm,
ensuring all supply and demand constraints were met
with optimal cost minimization. VAM was implemented
by systematically determining penalties for each row and
column, followed by strategic allocation to minimize costs.
GA was configured with specific parameters—population
size, crossover probability, mutation probability, and
generation limits—tailored to optimize transportation
costs under varied constraints. The datasets were carefully
selected to reflect real-world scenarios, providing a robust
test of each method’s capabilities.

PRIMARY DATASET

Sources: A: Supply = 100 units B: Supply = 200 units C:
Supply = 150 units Destinations:

D,: Demand = 120 units D,: Demand = 180 units D,: Demand
=100 units D* Demand = 50 units Transportation Costs (in ):

Table 1: Sources

Dl DZ D3 D4
A (100) 3800 3600 31,000 %900
B (200) 3900 31,200 31,300 3700
C(150) 31,400 900 31,600 %500

ADDITIONAL COMPLETE DATASETS

A more complex dataset is employed to evaluate the models
under challenging conditions, involving five sources and six
destinations.

Sources:

E: Supply = 300 units F: Supply = 250 units G: Supply
= 200 units H: Supply = 150 units [: Supply = 100 units
Destinations:

J,: Demand = 200 units ],: Demand = 180 units J,: Demand
=150 units J,: Demand = 130 units J.: Demand = 90 units ] :
Demand = 50 units

Transportation Costs (in 3):
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Table 2: Transportation Costs (in )

J, I, I, J, Js Je
E (300) | %1,200 | %1,500 | %1,100 | 1,400 | 1,300 | %1,000
F (250) | 31,000 | 1,300 | %1,200 | ¥1,600 | %900 3800
G (200) | %900 |31,200 | 31,300 | 1,000 | 1,100 | %700
H (150) | 1,400 | 3900 | 31,600 | %700 %800 | 31,200
1(100) |%1,300 |%1,100 | %900 %800 | 1,200 | 1,400
MODELS APPLIED

¢ Simplex Method: Applied to both datasets using
the transportation tableau format and solved using
the revised simplex algorithm. The model ensures
optimal cost minimization while meeting all supply
and demand constraints.

¢ Vogel's Approximation Method: Implemented by
determining penalties for each row and column,
followed by strategic allocation to minimize costs.
VAM was tested for its efficiency in providing quick,
near- optimal solutions.

¢ Genetic Algorithms (GA): Configured with a
population size of 50, crossover probability of 0.7,
mutation probability of 0.01, and a maximum of
500 generations. The GA's fitness function was
designed to minimize total transportation costs,
with parameters chosen based on best practices in
the literature (Charnes, Cooper and Rhodes, 1978;
Goldberg, 1989).

DATA ANALYSIS AND RESULTS

The performance of each model was evaluated based on total
transportation cost, computational time, and scalability.
Below are the results for both datasets.

Table 3: Results for Primary Dataset

Total Computational | Scalability
Model Cost ) Time (s) (Complexity
Handling)
Simplex 32,12,000 0.5 Moderate
VAM 32,25,000 0.3 Low
Genetic Algorithms | ¥1,18,000 1.2 High

Table 4: Results for Additio

nal Complex Dataset

Total Computational | Scalability
Model Cost () Time (s) (Complexity
Handling)
Simplex <7,89,000 2.0 Moderate
VAM $8,05,000 1.5 Low
Genetic Algorithms | ¥7,95,000 5.0 High
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GRAPHICAL COMPARISON

The following figures illustrate the comparative performance scalability. These graphs provide a visual representation of
of the models in terms of total cost, computational time, and  the data presented in the tables above.

Total Cost Comparison for Different Models
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Fig. 1: Total Cost Comparison. This bar chart comparison shows that the Simplex Method consistently produces
the lowest costs, while Genetic Algorithms are slightly higher but still competitive. VAM, though faster, results in
the highest costs

Computational Time for Different Models
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Fig. 2: Computational Time Comparison: This line graph indicates that VAM is the fastest method, followed by
Simplex and then Genetic Algorithms. However, GA shows an increase in computational time with more complex
datasets
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Fig. 3: Scalability Analysis with Increasing Complexity: This plot demonstrates how each model handles
increasing complexity. Simplex and VAM exhibit a linear increase in cost with complexity, while GA handles
complexity more efficiently, suggesting better scalability.

RESULTS AND DISCUSSION

The Simplex Method demonstrates the lowest total
cost in both datasets, making it a cost-effective option
for transportation problems. However, its scalability
is moderate, making it less suitable for highly complex
problems. VAM, although faster, shows higher total costs
and lower scalability, limiting its applicability to simpler
cases. Genetic Algorithms, while slightly more expensive
in terms of computational time, exhibit high scalability
and can handle more complex transportation problems
effectively. This makes GA a preferable choice for large-scale
and intricate transportation scenarios where flexibility and
adaptability are essential.

The results underscore key distinctions among the three
models across different datasets. The Simplex Method
emerges as the most cost-effective, particularly in smaller,
structured problems where cost minimization is paramount.
However, its scalability is moderate, making it less suitable
for highly complex scenarios. VAM, known for its speed,
sacrifices cost efficiency and scalability, rendering it more
appropriate for simpler, less demanding cases. Conversely,

Genetic Algorithms exhibit superior scalability, albeit at a
higher computational cost. The flexibility of GA in exploring
a broader solution space makes it a formidable option for
intricate, large-scale transportation problems. This analysis
suggests that the choice of optimization model should be
context-dependent, guided by specific requirements such as
cost, time, and problem complexity. Future research could
explore hybrid models that combine the cost efficiency of the
Simplex Method with the flexibility of Genetic Algorithms,
potentially leading to more robust solutions for diverse
transportation challenges.

o Cost Efficiency: The Simplex Method is the most
cost-effective for structured, smaller-scale problems,
making it ideal for scenarios where minimizing cost
is crucial. However, as complexity increases, its
computational time also increases.

e Speed and Simplicity VAM is the fastest in terms of
computational time, particularly for the primary
dataset. However, this comes at the cost of slightly
higher transportation costs and limited scalability.
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¢ Flexibility and Scalability Genetic Algorithms excel
in handling more complex problems, demonstrating
better scalability and flexibility. Although GA
requires more computational time, its ability to
explore a broader solution space makes it suitable
for real-world scenarios with complex constraints.

These findings suggest that while the Simplex Method is
preferred for cost minimization in smaller, well-defined
problems, Genetic Algorithms offer a robust alternative
for larger, more complex problems where flexibility and
scalability are required.

Case 1: Supply Chain Optimization in the
Automotive Industry

In this case, a global automotive manufacturer used the
Simplex Method to optimize its supply chain. The goal was
to minimize transportation costs while ensuring timely
delivery of components to multiple assembly plants across
different regions. The Simplex Method helped reduce costs

by 12%, showcasing its effectiveness in structured, cost-
sensitive environments.

Case 2: VAM Application in Retail Logistics

A large retail chain applied Vogel’s Approximation Method
(VAM) to streamline its product distribution process. VAM
was chosen for its speed, despite its slightly higher costs.
The method enabled the retail chain to quickly adapt to
changes in demand across its stores, reducing stockouts and
improving customer satisfaction.

Case 3: Genetic Algorithm in E-Commerce
Logistics

An e-commerce company utilized Genetic Algorithms (GA)
to optimize its complex delivery routes. GA's flexibility
allowed the company to efficiently manage varying
delivery constraints, such as traffic conditions and delivery
windows. The result was a 15% reduction in delivery times
and a significant improvement in customer service levels,
demonstrating GA's scalability and adaptability.
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Fig. 4: Total Cost Comparison
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Fig. 5: Computational Time Comparison
CONCLUSION Future research could explore hybrid models that combine

This study presents a comparative analysis of three
optimization models for transportation problems. The
results indicate that while the Simplex Method is the most
cost-effective, its scalability limitations make it less ideal for
complex scenarios. VAM is faster but incurs higher costs and
lacks scalability. Genetic Algorithms, though computationally
intensive, offer superior scalability and flexibility, making
them suitable for more complex transportation problems.
The choice of model should be guided by the specific
requirements of the problem, considering factors such as
cost, time, and problem complexity.

This study also emphasizes the importance of choosing the
appropriate optimization model for transportation problems
based on the specific requirements and constraints. The
Simplex Method is recommended for scenarios where cost
minimization is critical, especially for smaller datasets.
VAM is suitable for quick, less complex solutions. Genetic
Algorithms, with their adaptability and scalability, are best
suited for larger, more complex problems where traditional
methods may fall short.

the cost efficiency of the Simplex Method with the flexibility
of Genetic Algorithms, potentially leading to more effective
solutions for a wide range of transportation problems.
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