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The application of traffic simulation nowadays is very important, because the analyzing of it can improve the situation on the road and by this one can avoid the building of traffic congestions. It is essential that one seeks for an optimal movement through the cities and on the roads in the countries. Time is an important factor in the present and it can be gained through a better understanding of the reason for the heavy traffic. Because these reasons are sometimes very complex, they can’t be observed in real time on the road. The computers give us the possibility to simulate the vehicles in an environment, where some computations and results can give us a better view of the whole situation.

There are two ways of doing this – a microscopic simulation and a macroscopic one. The first one observes the interactions of the single vehicles and tries to model them as realistic, as possible. The second way takes the flow as a mass and uses it as an input. The transaction from the microscopic to the macroscopic simulation is very essential.
Here, we are going to concentrate on the microscopic simulation of traffic. There are two models, which are used most – the Nagel-Schreckenberg Model1 and the Queue Model2.
The Nagel-Schreckenberg Model is a microscopic simulation, which is built on the basis of the cellular automation. The cellular automation represents a grid of cells and the state of every cell in a particular time step depends on the state of its neighbors in the previous time step. This way is represented the road for the vehicles too. The road is divided in cells with a length of usually 7.5 meters (sometimes it is 2.5m) and there can be only one car in this cell. The Nagel-Schreckenberg model contains four essential rules for the moving of the cars, which are executed sequentially:

1) A car accelerates if there is enough space in front of it.

2) A car slows down if there is a car in front of it.

3) A car slows down with one unit with a probability p.

4) A car moves forward.

There are many extensions to this model, which try to give it more realism. However, the behavior of the driver is so complex that one needs another model to simulate the cars more efficient. To do this one has come to the conclusion that the interactions between the cars are not so important sometimes and the reaching of the goal of the car is essential.

Here is the Queue model being introduced, which is faster in simulating traffic and it represents the building of congestions more realistic. 

The basis for this model is the data structure called Queue3 [Fig. 1]. It stores elements and the important thing is that one has access only to the first element in the data structure. New elements are being added at the end of the queue. That is why it is called FIFO (First In, First Out), because the first element in the queue can be removed from it. 

The Queue Model is the way for simulating big traffic networks and with the parallel computing it can simulate a test case with very huge networks. I introduce two models, which are using the idea with the queues. The first one is the Model of Simao and Powell2 and the second one is the model of Gawron5. By both of them there are nodes for places and edges for the streets between them.

By the model of Simao and Powell when a car reaches a node it is being added to an unloading queue. From there it goes to a departing queue with probability p or it is being removed from the system. But because the capacities of the unloading queues are not limited this model is not suitable for observing congestions.

In the Model of Gawron every edge is a queue with limited capacity. A vehicle can leave edge A if there is a connected edge B to edge A and if there is enough space on edge B. To determine when a particular car is going to reach the end of the street the time for the driving of the car in laminar traffic is being computed and saved. Then there is a simple algorithm which iterates through all edges in the network and checks if the time of the departure of the first car is equal to the current time. If it is not then the simulation makes the same with the next edge. 

There are some extensions to the Queue model as well for more realism. 

For example to represent the behavior of the single person agents are being used for describing their activities.

For efficiency reasons, one can use an Event-Driven Queue-Based Micro6 simulation. This extension uses the idea that some roads are more important than others, because there the traffic is more intensive. That’s why there are events if a car wants to move.

But to be reached the maximum of efficiency by simulating of the traffic there is possibility that the operations for the cars are executed from more than one processor. There is only need that the traffic is divided suitable and every processor gets its own piece of the map [Fig. 2]. The processors need only to communicate where there are common pieces for them.

The Queue model brings more efficiency to the simulation of the traffic but it doesn’t represent the interactions between the vehicles, which can be done with the Model of Nagel and Schreckenberg.
Literature references:

[1] Kai Nagel and Michael Schreckenberg, Journal De Physique I: A cellular automaton model for freeway traffic (1992) 

[2] Patrice M. Simon und K. Nagel, Simple queueing model applied to the city of Portland,

International Journal of Modern Physics (1998)
[3] Michael T. Goodrich, Roberto Tamassia, Algorithm Design: Foundations, Analysis, and Internet Examples, John Wiley & Sons, Inc., Hoboken, NJ, 2002.
 [4] C. Gawron, An Iterative Algorithm to Determine the Dynamic User Equilibrium, International

Journal of Modern Physics C (1998)
[5] D. Charypar und K.W. Axhausen und K. Nagel, An event-driven parallel queue-based

microsimulation for large scale tra_c scenarios, VSP Working Paper, 07-03. (2007)

[image: image1.png]E leave
ST

front




Fig. 1: A Queue                                                                                                     Source: Wikipedia.
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Fig 2: Partitioning of a network.                                                                         Source: [5].
