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Abstract 

Abstract: Connected and Intelligent Transportation Systems (C-ITS) are revolutionizing the 

way we manage and operate transport systems. However, with the increasing integration of 

digital technologies into transportation infrastructure, security becomes paramount. This 

article explores the development and application of mathematical models to enhance the 

security of C-ITS within the transport system. We discuss the key challenges, solutions, and 

implications of securing C-ITS and propose a roadmap for future research in this domain.  
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Introduction  

Traffic congestion is a significant challenge in urban areas, leading to increased travel times, 

fuel consumption, and environmental pollution. To alleviate congestion and optimize traffic 

flow, transportation planners and engineers employ various mathematical models and 

algorithms. One such method is the application of the transport problem, a classic 

optimization problem in operations research. In this article, we will explore how the transport 

problem can be utilized to distribute traffic flow efficiently and minimize congestion. 

 

The Transport Problem: The transport problem involves finding the optimal allocation of 

goods from a set of supply nodes to a set of demand nodes, considering capacity constraints 

and minimizing transportation costs. By adapting this problem to traffic flow distribution, 

we can treat road segments as supply nodes and destinations as demand nodes. 

 

Mathematical Formulation: Let's consider a road network with m road segments and n 

destinations. We define the following variables: 

xij: The flow of traffic from road segment i to destination j. 
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di: The demand at destination j. 

si: The supply (capacity) of road segment i. 

ci: The cost of transporting traffic from road segment i to destination j. 

The objective is to minimize the total transportation cost, which can be formulated as: 

Minimize: ∑(i=1 to m) ∑(j=1 to n) cij * xij 

Subject to: 

Capacity Constraint: ∑(j=1 to n) xij ≤ si, for all i = 1 to m. 

Demand Constraint: ∑(i=1 to m) xij = di, for all j = 1 to n. 

Non-negativity Constraint: xij ≥ 0, for all i = 1 to m and j = 1 to n. 

 

Solution Approach: To solve the transport problem and distribute traffic flow efficiently, 

various algorithms can be employed. One commonly used algorithm is the North-West 

Corner Method, which starts by allocating traffic flow from the top-left corner (i.e., the first 

road segment and the first destination) and proceeds in a sequential manner until all supply 

and demand constraints are satisfied. 

Another widely used algorithm is the Vogel's Approximation Method (VAM), which 

considers the cost differences between the least and second-least cost routes, ensuring a more 

balanced distribution of traffic flow. 

 

Benefits and Applications: The method of traffic flow distribution based on the transport 

problem offers several benefits and applications: 

• Congestion Reduction: By optimizing traffic flow distribution, the method helps 

reduce congestion on specific road segments, leading to improved travel times and reduced 

traffic delays. 

• Resource Optimization: Efficient traffic flow distribution ensures better utilization of 

road network capacity, reducing the need for costly infrastructure expansions. 

• Emergency Response Planning: The method can be used to optimize emergency 

response routes, ensuring faster and more efficient access to critical locations during 

emergencies. 

• Urban Planning and Design: The method can aid in designing efficient road networks 

and transportation systems in urban areas, considering future traffic demands and minimizing 

congestion. 

 

The North-West Corner Method can be summarized as follows: 

1. Start at the top-left corner of the transportation matrix. 

2. Allocate the maximum possible flow from the current supply node to the current 

demand node, considering the capacity constraint of the supply node and the demand 

constraint of the demand node. 

3. Move to the next supply node (to the right) and repeat step 2 until the capacity 

constraint of the supply node is reached. 

4. Move to the next demand node (down) and repeat step 2 until the demand constraint 

of the demand node is satisfied. 
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5. Repeat steps 2-4 until all supply and demand constraints are satisfied. 

Another widely used algorithm is the Vogel's Approximation Method (VAM), which 

considers the cost differences between the least and second-least cost routes, ensuring a more 

balanced distribution of traffic flow. 

 

Vogel's Approximation Method can be summarized as follows: 

1. Calculate the difference between the least and second-least cost for each supply and 

demand combination. 

2. Identify the supply node and demand node with the highest cost difference. Allocate 

the maximum possible flow from the corresponding supply node to the demand node, 

considering the capacity and demand constraints. 

3. Update the remaining supply and demand quantities. 

4. Recalculate the cost differences for the updated supply and demand quantities. 

5. Repeat steps 2-4 until all supply and demand constraints are satisfied. 

Benefits and Applications: The method of traffic flow distribution based on the transport 

problem offers several benefits and applications: 

1. Congestion Reduction: By optimizing traffic flow distribution, the method helps 

reduce congestion on specific road segments, leading to improved travel times and reduced 

traffic delays. 

2. Resource Optimization: Efficient traffic flow distribution ensures better utilization of 

road network capacity, reducing the need for costly infrastructure expansions. 

3. Emergency Response Planning: The method can be used to optimize emergency 

response routes, ensuring faster and more efficient access to critical locations during 

emergencies. 

4. Urban Planning and Design: The method can aid in designing efficient road networks 

and transportation systems in urban areas, considering future traffic demands and minimizing 

congestion. 

 

Solution Approach: To solve the transport problem and distribute traffic flow efficiently, 

various algorithms can be employed. One commonly used algorithm is the North-West 

Corner Method, which starts by allocating traffic flow from the top-left corner (i.e., the first 

road segment and the first destination) and proceeds in a sequential manner until all supply 

and demand constraints are satisfied. 

 

Conclusion:  

The method of traffic flow distribution based on the transport problem offers a mathematical 

framework to optimize traffic allocation and minimize congestion on road networks. By 

formulating traffic flow distribution as an optimization problem, transportation planners can 

employ algorithms such as the North-West Corner Method or Vogel's Approximation 

Method to find efficient solutions. This approach has significant potential for reducing traffic 

congestion, improving travel times, and optimizing resource utilization in urban areas. The 

method of traffic flow distribution based on the transport problem offers a mathematical 
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framework to optimize traffic allocation and minimize congestion on road networks. By 

formulating traffic flow distribution as an optimization problem, transportation planners can 

employ algorithms such as the North-West Corner Method or Vogel's Approximation 

Method to find efficient solutions. This approach has significant potential for reducing traffic 

congestion, improving travel times, and optimizing resource utilization in urban areas. 
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