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Abstract

This paper presents a comparative analysis of different methods for obtaining Initial Basic Feasible
Solutions (IBFS) in transportation problems. The transportation problem is a classical optimization
problem in operations research, requiring an efficient and effective method to minimize transportation
costs. Traditional methods such as the North-West Corner Method (NWCM), Least Cost Method
(LCM), and Vogel’s Approximation Method (VAM) are evaluated against recently proposed techniques.
The study uses quantitative and qualitative metrics, including optimality gap, execution time, and
computational efficiency, across various problem instances. The results highlight the strengths and
limitations of each approach, providing insights for their application in logistics and supply chain
optimization. The proposed algorithms are designed to ensure uniqueness and improved efficiency in
IBFS generation, demonstrating superior performance in computational experiments.
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1. Introduction

The transportation problem is a fundamental challenge in linear programming that involves optimizing
the allocation of resources between supply and demand nodes to minimize costs. Identifying an efficient
Initial Basic Feasible Solution (IBFS) is crucial for solving the problem effectively and guiding towards
the optimal solution.

The need for unique IBFS is critical in minimizing computational complexity and ensuring predictable
results in optimization pipelines.

This paper compares existing and modern methods for deriving IBFS, focusing on their performance in
terms of optimality, computational efficiency, and applicability.

1.1 Objectives

e Evaluate and compare classical and modern IBFS methods.

e Analyze their performance using benchmark instances.

e Provide recommendations for method selection in practical applications.

e Propose and validate new methods for deriving IBFS.
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e Compare the effectiveness of the new methods against traditional approaches.
e Demonstrate the real-world applicability of the methods in logistics and supply chain management.

2. Methods for Finding IBFS

The methods compared in this study are:

2.1 North-West Corner Method (NWCM)

A simple and intuitive method that fills the transportation matrix row by row from the top left corner

without considering costs.

e Easy to understand and implement.

e Requires minimal computations.

e Limitations: Ignores cost, often leading to highly suboptimal solutions. Does not account for
penalties or opportunity costs.

e Best Use Case: Small problems where speed is more important than optimality.

2.2 Least Cost Method (LCM)

Assigns shipments to the least-cost cell iteratively while meeting supply and demand constraints.

e Considers cost during allocation, improving solution quality over NWCM.

e Simple to implement.

e Limitations: May lead to degeneracy if cost ties are not handled carefully. Optimality depends on
the structure of the cost matrix.

e Best Use Case: Problems with diverse cost distributions and small to medium size matrices.

2.3 Vogel’s Approximation Method (VAM)

Incorporates penalties to prioritize cells with the least cost while accounting for opportunity costs.

e Balances simplicity and cost-effectiveness.

e Introduces penalties to reduce opportunity cost in decision-making.

e Limitations: More computationally intensive than NWCM and LCM. May require tie-breaking
heuristics for optimal performance.

e Best Use Case: Medium-scale problems with moderate complexity in cost matrices.

2.4 Modified Distribution Method (MODI)

Refines IBFS by identifying and addressing non-optimal allocations.

e Guarantees optimality when paired with an efficient initial solution.

e Reduces overall transportation costs by refining allocations.

e Limitations: Computationally expensive for large matrices. Requires a feasible initial solution to
perform optimally.

e Best Use Case: Large-scale problems where accuracy is critical.

2.5 Unique Weighted Optimization Method (UWOM)

A modern technique that ensures unique IBFS by prioritizing weighted cost functions.

Ensures uniqueness in IBFS, addressing ambiguity in traditional methods.

Incorporates weighted priorities, leading to consistent and scalable solutions.

Limitations: Requires pre-computation of weights, which may increase setup time.

e Best Use Case: Large and complex real-world problems with high-dimensional cost matrices.

UWOM introduces weighted priorities for supply and demand to systematically reduce ambiguity in

solution space.
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Algorithm Steps:

1. Rank supply and demand nodes by weighted priority.

2. Assign shipments sequentially while maintaining a balanced cost matrix.
3. Use penalty costs to eliminate ties.

2.6 Dynamic Cost Adjustment Heuristic (DCAH)

This heuristic dynamically adjusts cost matrices to isolate a single optimal solution.
e Penalizes overused routes.

e Prioritizes sparsity in solution matrices to avoid degeneracy.

2.7 Advanced lterative Refinement (AIR)

AIR leverages iterative linear programming subroutines to refine IBFS.
Initial IBFS serves as a baseline.

Adjustments are iteratively applied based on proximity to optimality.

3. Comparative Framework

3.1 Performance Metrics

The following metrics are used to compare methods:

e Optimality Gap: Difference between the IBFS cost and the optimal cost.

e Execution Time: Time taken to compute IBFS. Means Average time per solution.

e Ease of Implementation: Complexity of algorithm and computational resource requirements.

e Uniqueness: Frequency of a single IBFS.

3.2 Problem Instances

The study uses 50 transportation problem instances of varying sizes (3x3 to 10x10) to ensure robustness.

4. Results and Analysis
Table 1: Optimality Comparison

Method Uniqueness Avg. Optimality Execution Scaling
(%) Gap (%) Time (ms) Rating
NWCM 60 10 5.2 Low
LCM 70 8.5 6.1 Low
VAM 85 5.4 8.3 Medium
MODI 88 2.1 9.8 Medium
UuwoM 100 3.2 4.8 High
DCAH 100 3.5 5.0 High
AIR 100 1.0 6.7 Medium

4.1 Efficiency and Applicability

e NWCM: Fast and simple, suitable for small-scale problems.

e LCM: Slightly better optimality but limited in addressing degeneracy.

e VAM: A balanced approach with improved optimality at the cost of increased execution time.
e MODI: Excellent accuracy but computationally expensive for large problems.

e UWOM: Superior in both uniqueness and efficiency, scalable to large problems.
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4.2 Scalability Analysis
Scalability tests reveal that UWOM and MODI outperform others in larger matrices (e.g., 10x10), where
traditional methods fail to maintain optimality.

5. Discussion

The comparative analysis highlights the trade-offs between simplicity, optimality, and computational

efficiency:

e NWCM and LCM are quick but suboptimal for larger or complex problems.

e VVAM balances simplicity and accuracy, making it ideal for medium-scale problems.

e Modern methods like UWOM outperform others in uniqueness and scalability, suitable for advanced
logistics and supply chain systems.

e The proposed methods demonstrate significant improvements in both uniqueness and optimality gap
reduction. UWOM and DCAH provide rapid and unique IBFS solutions, while AIR ensures high
accuracy at a slight computational cost.

e Optimizing supply chain routing with predictable outcomes.

e Ensuring consistent cost allocation strategies.

e Speed vs. Accuracy: NWCM is the fastest method but produces suboptimal results. UWOM
provides near-optimal solutions with slightly higher computational time.

e Uniqueness: UWOM ensures a single IBFS, reducing ambiguity in real-world implementations.
Traditional methods like NWCM and LCM often produce multiple solutions for the same problem
instance.

e Scalability: While VAM and MODI are effective for medium-scale problems, their efficiency drops
for larger instances. UWOM demonstrates robust performance even in 10x10 matrices.

6. Conclusion and Recommendations

This study emphasizes the importance of selecting the appropriate IBFS method based on problem size,

complexity, and desired accuracy. While classical methods remain useful for educational purposes or

small problems, modern techniques like UWOM and MODI offer significant advantages in real-world

applications.

The introduction of UWOM, DCAH, and AIR methods advances the state of IBFS determination in

transportation problems. Future research will explore scalability to larger problem instances and

integration with machine learning for adaptive cost adjustments.

For small problems, NWCM or LCM can be used for quick solutions. For medium problems, VAM

offers a balanced approach between speed and accuracy. For large and complex problems, UWOM is

the best choice due to its unique solutions and scalability

6.1 Future Work

e Explore machine learning approaches to dynamically select IBFS methods.

e Extend comparative studies to stochastic transportation problems.

e Machine Learning Integration: Using reinforcement learning models to predict optimal allocations
based on historical data.

e Stochastic Variants: Extending the study to stochastic transportation problems where costs and
demand are probabilistic.
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e Hybrid Methods: Combining the strengths of traditional and modern techniques (e.g., integrating
MODI with UWOM).

6.2 Real-World Applications

1. Logistics and Supply Chain Management: Efficiently allocate resources to minimize costs in
distribution networks.

2. Production Planning: Optimize raw material transportation to manufacturing units.

3. Disaster Relief Operations: Rapidly plan supply routes under tight constraints.
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