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Abstract 
The Time Minimizing Transshipment Problem (TMTP) is a critical optimization challenge in logistics and supply 

chain management. It focuses on efficiently moving goods from origins to destinations through intermediate points 

(transshipment nodes) while minimizing the total time taken for the entire process. This problem has significant 

real-world applications, such as in transportation planning, network design, and emergency response logistics. 

Each link in the network has an associated travel time. The objective is to determine the optimal flow of goods 

through the network to minimize the maximum travel time among all paths taken. This ensures that the goods 

reach their destinations as quickly as possible, considering the constraints of the network. The TMTP can be 

formulated as a linear programming problem, which can be solved using specialized algorithms like the simplex 

method. This approach provides a global optimum solution but can be computationally expensive for large-scale 

problems. Network flow algorithms leverage the network structure of the problem to find optimal solutions. 

Examples include the Ford-Fulkerson algorithm and the Successive Shortest Path algorithm. These methods are 

often more efficient than linear programming for large networks. For very large or complex networks, heuristic 

algorithms can provide near-optimal solutions in a reasonable time. These methods do not guarantee the global 

optimum but can be useful in practice. Examples include genetic algorithms and simulated annealing. 

Decomposition techniques break down the problem into smaller subproblems that are easier to solve. The 

solutions to the subproblems are then combined to form a solution for the original problem. This approach can 

be particularly useful for problems with a hierarchical structure. 
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I. Introduction 
The Time Minimizing Transshipment Problem (TMTTP) is a fascinating optimization challenge with 

real-world applications in logistics, transportation, and supply chain management. It focuses on minimizing the 

maximum transportation time among all shipments, rather than the total cost. This is particularly relevant when 

time is a critical factor, such as in delivering perishable goods or responding to emergencies. (Richard, 2020) 

The classic TMTTP involves a network of sources (where goods originate), destinations (where they need to be 

delivered), and intermediate transshipment nodes. Goods can be shipped directly from sources to destinations or 

routed through transshipment nodes to optimize the overall delivery time. The objective is to find the shipping 

routes that minimize the longest time taken for any shipment to reach its destination. 

For 𝑥 > 0, 𝜇, 𝑣 ∈ 𝐶and (𝛼) > 0, we have 

 

 
…………………………e.q. (1.) 

 

Over the years, researchers have explored various variants and extensions of the TMTTP to address more 

complex real-world scenarios. Capacitated TMTTP variant introduces capacity constraints on the transportation 

links between nodes. It reflects situations where roads, railways, or other transportation modes have limited 

capacity. The challenge becomes finding time-minimizing routes that also respect these capacity constraints. In 

many practical situations, minimizing time is not the only objective. There might be other factors to consider, 

such as cost, reliability, or environmental impact. The multi-objective TMTTP aims to find solutions that balance 

these competing objectives.  (Hussain, 2019) 

Stochastic TMTTP variant deals with uncertainty in transportation times. Factors like traffic congestion, 

weather conditions, or unforeseen delays can make travel times unpredictable. The stochastic TMTTP seeks to 
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find solutions that are robust to these uncertainties.  In a dynamic environment, the demands at destinations or the 

availability of goods at sources might change over time. The dynamic TMTTP aims to find solutions that can 

adapt to these changes in real-time. 

 

.............e.q..2 

and 

..........e.q..3 

 

The TMTTP and its variants are computationally challenging problems. The classic TMTTP can be 

formulated as a linear programming problem and solved using efficient algorithms like the simplex method. 

Specialized algorithms for network optimization, such as the shortest path algorithm or the minimum cut 

algorithm, can be adapted to solve the TMTTP. For complex variants like the capacitated or stochastic TMTTP, 

heuristic and metaheuristic algorithms like genetic algorithms or simulated annealing can be used to find good 

approximate solutions. 

The Time Minimizing Transshipment Problem is a crucial optimization challenge with significant 

practical implications. Its various forms allow us to model and solve complex real-world problems where time is 

of the essence. As technology advances and new challenges arise, research in this area continues to evolve, leading 

to more sophisticated solution approaches and wider applications. (Garfinkel , 2021) 

Linear programming (LP) is a powerful mathematical technique used to optimize a linear objective 

function subject to linear constraints. It finds wide applications in various fields, including business, engineering, 

and logistics. One interesting application of LP is the time minimizing transshipment problem, which focuses on 

minimizing the total time taken to transport goods through a network. 

 

...........e.q. ...4 

and 

...........e.q..5 

 

At its core, LP involves finding the best solution (maximum or minimum) for a linear equation, known 

as the objective function, while adhering to a set of linear inequalities or equalities called constraints. These 

constraints represent limitations or requirements in the problem, such as resource availability, production capacity, 

or demand. 

LP problems are typically solved using algorithms like the simplex method, which iteratively explores 

feasible solutions until the optimal one is found. The power of LP lies in its ability to handle complex scenarios 

with numerous variables and constraints, providing decision-makers with valuable insights for optimization. 

The transshipment problem is a classic network optimization problem that deals with minimizing the 

cost of transporting goods from sources to destinations, potentially through intermediate points called 

transshipment nodes. The time minimizing version of this problem adds a temporal dimension, aiming to minimize 

the total time taken for the goods to reach their destinations. (Natarajan, 2020) 

 

II. Review of Literature 
Sharma et al. (2020): The transshipment problem arises in various real-world situations, such as supply 

chain management, transportation planning, and logistics. For example, a company might need to transport 

products from multiple warehouses to various retail stores, considering the transportation time between different 

locations and aiming to minimize the overall delivery time. 



Optimizing Techniques for Time Minimizing Transshipment Problem And Its Variant 

DOI: 10.35629/8028-1209185189                                    www.ijbmi.org                                                187 | Page 

Garg et al. (2020): The time minimizing transshipment problem can be formulated as a linear program. 

The decision variables typically represent the amount of goods transported between different nodes in the network. 

The objective function aims to minimize the total transportation time, which can be expressed as a linear 

combination of the transportation times between individual nodes. The constraints ensure that the flow of goods 

is conserved at each node (i.e., the amount of goods entering a node equals the amount leaving it), and that the 

transportation capacities on the network links are not exceeded. 

Brigden et al. (2021): Once the problem is formulated as Linear programming, it can be solved using 

standard LP algorithms like the simplex method. The solution will provide the optimal transportation plan, 

specifying the amount of goods to be transported between each pair of nodes, in order to minimize the total 

transportation time. 

Hammer et al. (2019): Linear programming is a versatile tool for solving optimization problems, and its 

application to the time minimizing transshipment problem demonstrates its power in addressing real-world 

logistics challenges. By formulating the problem as an LP, decision-makers can leverage efficient algorithms to 

find optimal transportation plans that minimize the total time taken to move goods through a network. 

Rao et al. (2021): Network flow algorithms are a class of algorithms used to find the maximum possible 

flow of a commodity through a network. A network is a directed graph with capacities assigned to each edge. The 

flow of a commodity through a network is a function that assigns a value to each edge, representing the amount 

of the commodity that flows through that edge. The maximum flow problem is to find the flow that maximizes 

the total amount of the commodity that flows from the source to the sink. These algorithms have different time 

complexities, but they all solve the maximum flow problem.  

 

OPTIMIZING TECHNIQUES FOR TIME MINIMIZING TRANSSHIPMENT PROBLEM AND ITS 

VARIANT 
The time-minimizing transshipment problem is a variation of the maximum flow problem. In this 

problem, there are multiple sources and sinks, and the goal is to find the flow that minimizes the total time it takes 

for the commodity to travel from the sources to the sinks. The time-minimizing transshipment problem can be 

solved using a network flow algorithm. The basic idea is to create a network with a source and a sink, and then 

add edges to the network to represent the possible transshipment routes. The capacities of the edges are set to the 

maximum amount of the commodity that can be transshipped along that route. Once the network is created, a 

network flow algorithm can be used to find the maximum flow from the source to the sink. This flow represents 

the optimal transshipment plan. 

 

.............e.q. ..6 

.............e.q 7 

Network flow algorithms and the time-minimizing transshipment problem have many applications in 

logistics, transportation, and other areas. For example, they can be used to optimize the flow of goods through a 

supply chain, or to plan the routes of trucks in a transportation network. In addition to the algorithms mentioned 

in the article, there are many other network flow algorithms that can be used to solve the maximum flow problem 

and the time-minimizing transshipment problem. The choice of which algorithm to use depends on the specific 

problem being solved. 

The time-minimizing transshipment problem is a complex optimization challenge that arises in logistics, 

transportation, and supply chain management. It involves determining the most efficient way to transport goods 

from multiple sources to multiple destinations, potentially through intermediate transshipment nodes, while 

minimizing the total time taken for the entire operation. This problem is particularly relevant when time is a critical 

factor, such as in the delivery of perishable goods or emergency supplies. 

 

.........e.q. 8 
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..............e.q. .9

.........e.q. 10 

.........e.q. ..11 

 

The time-minimizing transshipment problem is known to be NP-hard, meaning that finding the optimal 

solution becomes computationally intractable as the size of the problem increases. This is because the number of 

possible combinations of routes and schedules grows exponentially with the number of sources, destinations, and 

transshipment nodes. 

Due to the complexity of the problem, heuristic approaches are often employed to find good, but not 

necessarily optimal, solutions within a reasonable amount of time. Heuristics are problem-solving techniques that 

use experience or rules of thumb to guide the search for a solution. They do not guarantee finding the best solution, 

but they can often provide satisfactory results in practice. 

Greedy algorithms make locally optimal choices at each step, hoping to arrive at a globally optimal 

solution. For example, a greedy algorithm might choose the shortest available route at each step, without 

considering the long-term impact on the overall schedule. Genetic algorithms are inspired by the process of natural 

selection. They maintain a population of candidate solutions and iteratively improve them through processes such 

as selection, crossover, and mutation. 

 

...............e.q..12 

 

Tabu algorithm explores the solution space by iteratively moving from one solution to another. It 

maintains a tabu list of previously visited solutions to avoid getting stuck in local optima. The Simulated 

Annealing algorithm is based on the principles of thermodynamics. It explores the solution space by accepting 

both improving and worsening solutions with a certain probability, allowing it to escape local optima. 

The time-minimizing transshipment problem is a challenging optimization problem with significant 

practical implications. Heuristic approaches provide a valuable tool for finding good solutions within a reasonable 

amount of time, enabling organizations to improve their logistics, transportation, and supply chain operations. As 

technology advances and computational power increases, more sophisticated heuristic algorithms are likely to 

emerge, further enhancing the ability to solve this important problem. 

..........e.q. 13 

Decomposition techniques are powerful tools in optimization, particularly when dealing with large-scale 

problems. They involve breaking down a complex problem into smaller, more manageable subproblems, solving 

each of these independently, and then combining the solutions to obtain an optimal or near-optimal solution to the 

original problem. These techniques are widely used in various fields, including transportation, logistics, and 

supply chain management. 

One such application is the Time Minimizing Transshipment Problem (TMTP). This problem deals with 

minimizing the total time taken to transport goods from a set of supply points to a set of demand points, possibly 

through intermediate transshipment nodes. The TMTP is a generalization of the classical transportation problem, 

where direct shipment between supply and demand points is not always feasible or optimal. 

 

.....e.q. 14 
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.............e.q. 15 

 

The Dantzig-Wolfe Decomposition method is particularly useful when the problem structure exhibits a 

block angular form. The TMTP can often be formulated in such a way that the constraints related to individual 

transshipment nodes form separate blocks, while the constraints related to flow conservation at supply and demand 

points link these blocks. Dantzig-Wolfe decomposition then creates a master problem that coordinates the 

solutions of the subproblems associated with each transshipment node. 

Bender's Decomposition technique is effective when some of the variables in the problem, such as those 

related to transshipment decisions, complicate the solution process. Bender's decomposition partitions the problem 

into a master problem involving these complicating variables and a subproblem that considers the remaining 

variables. The master problem iteratively generates solutions that are then evaluated by the subproblem, which 

provides feedback in the form of cuts that are added to the master problem. 

 

................e.q. 16 

 

............e.q. 17 

 

The Lagrangian Relaxation approach relaxes some of the constraints in the problem by introducing Lagrange 

multipliers. The relaxed problem is then decomposed into smaller subproblems, each of which can be solved 

independently. The Lagrange multipliers are adjusted iteratively to improve the solution quality. Decomposition 

techniques offer a powerful approach to solving the Time Minimizing Transshipment Problem and other complex 

optimization problems. By breaking down the problem into smaller, more manageable parts, these techniques can 

significantly reduce complexity and enable efficient solutions. However, careful problem formulation and 

consideration of computational aspects are crucial for successful implementation. 

 

III. Conclusion 
The Time Minimizing Transshipment Problem is a crucial optimization problem with numerous 

applications in logistics and supply chain management. Various techniques, including linear programming, 

network flow algorithms, heuristic approaches, and decomposition methods, have been developed to solve this 

problem efficiently. The problem can also be extended to include real-world constraints and complexities, leading 

to different variants that require specialized solution methods. 
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