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Abstract. This study examines the formulation and solution approaches of the transportation
problem as a fundamental model within operations research and optimization theory. The
research focuses on the mathematical structure of the transportation model, its practical
relevance in logistics and resource allocation, and the comparative efficiency of classical and
modern solution methods. The transportation problem is analyzed as a special case of linear
programming aimed at minimizing total transportation cost while satisfying supply and demand
constraints. The research additionally discusses practical limitations encountered in real
transportation systems, including unbalanced models, degeneracy, and dynamic changes in
demand and supply. Special attention is given to the role of algorithmic efficiency and decision
accuracy in large-scale transport planning. The findings highlight that the choice of initial
feasible solution and optimization strategy significantly affects computational performance and
overall solution quality. The study contributes to a clearer methodological understanding of
transportation model construction and provides a structured analytical framework that can be
applied in logistics management, production planning, and supply chain optimization.
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Аннотация. В данной работе рассматриваются постановка и методы решения
транспортной задачи как одного из фундаментальных моделей в области исследований
операций и теории оптимизации. Исследование сосредоточено на математической
структуре транспортной модели, её практической значимости в логистике и
распределении ресурсов, а также сравнительной эффективности классических и
современных методов решения. Транспортная задача анализируется как частный случай
линейного программирования, направленного на минимизацию общих транспортных
издержек при соблюдении ограничений по поставкам и спросу. Особое внимание уделено
ограничениям, возникающим в реальных транспортных системах, включая
несбалансированные модели, вырождение и динамические изменения спроса и
предложения. Подчёркивается, что выбор начального допустимого решения и стратегии
оптимизации существенно влияет на эффективность вычислений и качество
окончательного результата. Результаты исследования способствуют более чёткому
методологическому пониманию построения транспортной модели и предоставляют
структурированную аналитическую основу, применимую в управлении логистикой,
планировании производства и оптимизации цепочек поставок.
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транспортных процессов.
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Annotatsiya. Ushbu tadqiqot transport masalasining qo‘yilishi va yechish usullarini operatsion
tadqiqotlar va optimizatsiya nazariyasi doirasida o‘rganadi. Ish matematik modelning tuzilmasi,
uning logistika va resurs taqsimotidagi amaliy ahamiyati, shuningdek, klassik va zamonaviy
yechim usullarining samaradorligi ustida qaratilgan. Transport masalasi butun transport
xarajatini minimallashtirishni va ta’minot hamda talab cheklovlariga rioya qilishni maqsad
qilgan chiziqli dasturlashning maxsus holati sifatida tahlil qilinadi. Shuningdek, real transport
tizimlarida uchraydigan cheklovlar, jumladan, muvozanatsiz modellar, degeneratsiya va talab
hamda ta’minotdagi dinamik o‘zgarishlar batafsil ko‘rib chiqiladi. Tadqiqot shuni ko‘rsatadiki,
boshlang‘ich yechim va optimizatsiya strategiyasini tanlash hisoblash samaradorligi va yakuniy
natijaning sifatiga sezilarli ta’sir ko‘rsatadi. Natijalar transport modelini yaratishda metodologik
tushunchani yanada aniqlashtirishga yordam beradi va logistika boshqaruvi, ishlab chiqarish
rejalashtirish va ta’minot zanjirlarini optimizatsiya qilishda qo‘llanadigan tizimli analitik asosni
taqdim etadi.

Kalit so‘zlar: Transport masalasi; operatsion tadqiqotlar; chiziqli dasturlash; optimizatsiya
usullari; xarajatlarni minimallashtirish; Vogel yaqinlashuv usuli; MODI usuli; logistika
optimizatsiyasi; resurs taqsimoti; transport modellashtirish.

Introduction. The transportation problem represents a cornerstone in operations research and
logistics, providing a structured framework for the optimal allocation of resources across
multiple origins and destinations. Efficient transportation planning is essential not only for
reducing operational costs but also for improving the overall effectiveness of supply chains,
production distribution, and service delivery systems. The problem arises in various real-world
contexts, including industrial distribution, warehousing, and public transport management, where
the goal is to determine the least-cost shipping schedule while satisfying supply and demand
constraints. Historically, the transportation problem has been studied as a special case of linear
programming, characterized by a specific matrix formulation that facilitates systematic analysis
and computational solution. Despite its relatively simple mathematical structure, practical
applications often involve challenges such as unbalanced supply and demand, dynamic
fluctuations in availability, and large-scale networks that require careful consideration of
computational efficiency. These complexities have motivated the development and refinement of
multiple solution methodologies, ranging from classical approaches such as the North-West
Corner Rule and Least Cost Method to more advanced techniques including Vogel’s
Approximation Method and the Modified Distribution (MODI) procedure. This study focuses on
two primary objectives: first, to provide a comprehensive overview of transportation problem
formulation, highlighting essential steps in data representation, constraint definition, and
objective function construction; second, to critically examine and compare solution methods in
terms of computational efficiency, convergence, and practical applicability. By addressing both
theoretical and applied aspects, the research aims to bridge the gap between mathematical
modeling and real-world implementation. The findings are expected to offer methodological
guidance for logistics managers, operational planners, and researchers seeking systematic and
cost-effective approaches to transportation optimization. Through this analysis, the paper
contributes to a clearer understanding of the transportation problem’s operational relevance and
establishes a structured framework for its practical and analytical applications in modern
logistics and resource allocation contexts.

Main Body. Formulation and Solution Methods of the Transportation Problem. The
transportation problem is one of the most extensively studied models in operations research due
to its practical relevance in logistics, production planning, and supply chain optimization.
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Fundamentally, it seeks to determine an optimal plan for transporting goods from multiple
sources to multiple destinations while minimizing total transportation costs. The mathematical
foundation of the problem lies in linear programming, where supply, demand, and cost
parameters are represented in a tabular matrix format that facilitates systematic analysis.
Problem Formulation. The first stage in addressing the transportation problem involves a
precise formulation. Each source is associated with a specific supply capacity, while each
destination is assigned a corresponding demand requirement. Let mmm represent the number of
supply points and nnn represent the number of demand points. The cost of transporting one unit
of goods from source i to destination j is denoted by cij . The objective is to minimize the total
transportation cost expressed as:

Z=
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n

cij�� xij

where xij ​ represents the quantity shipped from source i to destination j. The model is subject to
two main constraints: the total quantity shipped from each source should not exceed its supply,
and the total quantity received at each destination should satisfy its demand. Mathematically,
these constraints are expressed as:
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xij� =Si, i=1,…,m
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where si and dj ​ denote the supply at source iii and demand at destination jjj, respectively. In
real-world applications, unbalanced problems frequently occur, requiring the addition of dummy
supply or demand nodes to equalize total supply and demand.
Classical Solution Methods Several classical methods are widely used to obtain an initial
feasible solution. The North-West Corner Method begins allocation at the top-left cell of the cost
matrix and proceeds sequentially, satisfying supply and demand iteratively. While
computationally simple, it does not consider cost minimization directly, often resulting in
suboptimal initial allocations. The Least Cost Method, in contrast, prioritizes allocations along
the routes with the minimum unit cost, thereby producing a solution closer to the optimal from
the outset. This method requires careful comparison of cost values and repeated adjustment of
supply and demand, which increases the computational effort but improves solution quality.
Vogel’s Approximation Method (VAM) further refines the initial solution by considering the
penalty cost associated with not using the two lowest-cost routes for each row and column. VAM
generally produces superior initial solutions compared to simpler methods and reduces the
number of iterations required in subsequent optimization.
Optimization and Improvement. Once an initial feasible solution is established, optimization
methods such as the Modified Distribution Method (MODI) and the Stepping-Stone Method are
employed to improve the total cost. The MODI method computes opportunity costs for each
unused route, identifying potential reallocations that reduce overall transportation cost. The
Stepping-Stone Method constructs closed loops to adjust allocations iteratively while
maintaining feasibility, enabling a systematic search for the optimal solution. Both methods are
mathematically rigorous, capable of converging to the global optimum, and particularly effective
in medium to large-scale transportation networks.
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Practical Considerations. In real-life logistics, several challenges affect the solution process.
Dynamic demand fluctuations, supply uncertainties, and multiple constraints such as capacity
limits or delivery time windows complicate straightforward application of classical methods.
Additionally, degeneracy, where the number of basic allocations is less than m+n-1, requires
careful handling to avoid computational errors. Large-scale networks may demand
computational heuristics or specialized algorithms to ensure efficiency without sacrificing
solution quality. Moreover, the integration of transportation models into decision support
systems emphasizes the importance of algorithmic efficiency. Faster convergence not only
reduces computational costs but also enables real-time planning adjustments, which are crucial in
highly dynamic supply chains. This aspect highlights the need for both mathematical precision
and practical adaptability in solution methods.
Comparative Insights. A comparative analysis of the methods indicates that VAM combined
with MODI often provides the most reliable and efficient approach for minimizing total
transportation cost. While North-West Corner and Least Cost methods are suitable for small-
scale problems or educational purposes, complex logistics networks benefit from penalty-based
initial allocations and iterative optimization. The choice of method depends on the network size,
cost structure, and computational resources available.

Conclusion and Recommendations. The transportation problem remains a fundamental
component in operations research and logistics, providing a structured framework for cost-
effective distribution and resource allocation across multiple sources and destinations. This study
has demonstrated that the accurate formulation of supply, demand, and cost parameters is critical
for deriving feasible solutions that meet operational requirements. By applying classical methods
such as the North-West Corner Rule, Least Cost Method, and Vogel’s Approximation Method,
followed by optimization techniques like the Modified Distribution Method and Stepping-Stone
approach, organizations can systematically minimize total transportation costs while satisfying
all constraints. The analysis has shown that the choice of initial feasible solution significantly
influences the efficiency and quality of the final outcome, particularly in large-scale or
dynamically changing networks. Practical considerations such as unbalanced supply and demand,
degeneracy, and real-time fluctuations necessitate adaptive strategies and careful algorithmic
selection to ensure robust and reliable planning. Based on these findings, several
recommendations emerge for both researchers and practitioners. First, logistics planners should
integrate penalty-based initial allocation methods, such as Vogel’s Approximation Method, to
generate solutions that are closer to optimal and reduce the number of iterative adjustments
required. Second, the use of iterative optimization procedures, particularly MODI and Stepping-
Stone methods, should be prioritized for medium to large-scale networks to guarantee
convergence to the minimum cost solution. Third, decision support systems must be enhanced to
accommodate dynamic supply and demand variations, enabling real-time recalculations and
adjustments without compromising accuracy. Fourth, organizations should consider hybrid
approaches that combine classical techniques with computational heuristics for complex or large
networks, balancing solution quality and computational efficiency. Finally, continuous
monitoring of supply chain parameters and periodic recalibration of transportation models are
essential to maintaining operational efficiency and cost-effectiveness. Implementing these
recommendations can lead to more structured and efficient logistics planning, improved resource
allocation, and enhanced operational performance, establishing a clear connection between
mathematical modeling and practical decision-making in modern transportation management.
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