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Abstract 

Agent-based modeling (ABM) is a powerful simulation 
modeling technique in the last few years. 
ABM, as an approach to simulating the behavior of a 
complex system in which agents interact with each other and 
with their environment using simple local rules, is gaining 
popularity and widespread use in many areas. Successes of 
this approach in predicting traffic flow in metropolitan areas, 
the spread of infectious diseases, and the behavior of 
economic systems have generated further interest in this 
powerful technology. 
In this paper we focus on agent-based approach to traffic 
simulation, and investigate its benefits, difficulties and 
(microscopic-macroscopic) techniques.   
Keywords: ABM, simulation, traffic, benefits, microscopic, 
macroscopic and problems 

1. Introduction 

 The use of computer systems to solve problems of 
interest in physics, biology, chemistry, economics, and 
social sciences has been well-established for decades. 
The great advances in computing power, software 
development, computer graphics, communications 
networks, and a host of other technologies have 
elevated the domain of applicability to problem solving 
from simple arithmetic calculations to advanced 
numerical methods and the creation of large 
simulations solving myriad systems of complex 
equations in real-time. 

2. ABM Advantages 

The advantages of ABM over other modeling 
techniques can be captured in four statements: (i) 
ABM captures emergent phenomena; (ii) ABM 
provides a natural description of a system; (iii) ABM is 
flexible. and (iv) ABM is low cost and time saving 
approach. It is clear, however, that the ability of ABM 
to deal with emergent phenomena is what drives the 
other benefits.  

2.1 ABM and emergent phenomena Adjacency 

Emergent phenomena result from the interactions of 
individual entities. By definition, they cannot be 
reduced to the system's parts: the whole is more than 
the sum of its parts because of the interactions between 

the parts. An emergent phenomenon can have 
properties that are decoupled from the properties of the 
part. For example, a traffic jam, which results from the 
behavior of and interactions between individual 
vehicle drivers, may be moving in the direction 
opposite that of the cars that cause it. This 
characteristic of emergent phenomena makes them 
difficult to understand and predict: emergent 
phenomena can be counterintuitive. ABM is, by its 
very nature, the canonical approach to modeling 
emergent phenomena: in ABM, one models and 
simulates the behavior of the system's constituent units 
(the agents) and their interactions, capturing 
emergence from the bottom up when the simulation is 
run. 

2.2 Natural description provided by ABM 

In many cases, ABM is most natural for describing and 
simulating a system composed of “behavioral” entities. 
Whether one is attempting to describe a traffic jam, the 
stock market, voters, or how an organization works, 
ABM makes the model seem closer to reality. For 
example, it is more natural to describe how vehicles 
move in a lane than to come up with the equations that 
govern the dynamics of the density of vehicles. 
Because the density equations result from the behavior 
of vehicles, the ABM approach will also enable the 
user to study aggregate properties.  

2.3 ABM flexibility 

The flexibility of ABM can be observed along multiple 
dimensions. For example, it is easy to add more agents 
to an agent-based model. ABM also provides a natural 
framework for tuning the complexity of the agents: 
behavior, degree of rationality, ability to learn and 
evolve, and rules of interactions. Another dimension of 
flexibility is the ability to change levels of description 
and aggregation: one can easily play with aggregate 
agents, subgroups of agents, and single agents, with 
different levels of description coexisting in a given 
model. One may want to use ABM when the 
appropriate level of description or complexity is not 
known ahead of time and finding it requires some 
tinkering. 
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2.4 ABM is cost-effective and time saving 
approach 

Champion et. al [1] describe simulation as an effective 
tool used for reproducing and analysing a broad variety 
of complex problems, difficult to study by other means 
that might be too expensive or dangerous. Traffic can 
be viewed as a complex system [Faieta et. al., Sanford 
in [2]], therefore simulation is a suitable tool to 
analyze traffic systems. Traffic simulation is the state-
of-the-art method used to assess and evaluate transport 
schemes for reducing congestion [3]. Rather than 
implementing a scheme without knowing whether the 
outcome will be a success, the scheme can be 
implemented in a simulation to determine its 
effectiveness: 
Infrastructure improvements are costly, hence any such 
project must be carefully evaluated for its impact on 
the traffic.[4] 
 
The economic impact of traffic management grows 
each day. Well-designed and well-managed highway 
systems reduce the cost of transporting goods, cut 
energy consumption, and save countless person-hours 
of driving time. To reduce congestion, many countries 
have been investing heavily in building roads, as well 
as in improving their traffic control systems. The 1998 
budget for Federal Highway Administration of USA is 
$19,680,000,000. Of this amount, $1,047,000,000 is 
allocated for congestion mitigation and air quality 
improvement [US Budget '98] [5]. 
 
On the other hand once the computer environment is 
established for social phenomena, the research cost 
will be much lower than the traditional research 
approaches. Also computers can implement complex 
simulation processes in several minutes at most. 

3. ABM techniques  

Simulations can be classed as continuous or discrete. 
Continuous models take the form of equations using 
variables that correspond to real values. By solving the 
equations, the state of the model at any given point in 
the simulation can be calculated. Discrete simulations 
represent reality by modelling the state of the system 
and its state changes after time or events have passed. 
There are two types of discrete simulation: discrete 
time models and discrete event models. Discrete time 
models (time-sliced) are those that split the simulation 
into fixed time intervals. At each interval, the state of 
the model is updated using functions that describe the 
interactions. Discrete event models (event-oriented) 
are those which maintain a queue of events scheduled 
to happen in order of time, each event representing the 
change of state of an element in the model. The 
simulator processes the events in order, and each one 
can alter the event queue. [6], [7], [1] 

3.1 Macroscopic vs. Microscopic 

Traffic simulators can be microscopic or macroscopic 
depending on the level of detail required. Macroscopic 
simulators model the flow of traffic using high-level 
mathematical models often derived from fluid 
dynamics, thus they are continuous simulations. They 
treat every vehicle the same, and use input and output 
variables such as speed, flow and density. These 
simulators cannot differentiate between individual 
vehicles, and usually do not cater for different vehicle 
types. They lack the ability to model complex 
roadways, detailed traffic control features or different 
driver behaviours. [4], [8], [9]. Macroscopic simulators 
are most useful for the simulation of wide-area traffic 
systems, which do not require detailed modelling, such 
as motorway networks and interregional road networks 
[6]. This approach is not very realistic because in real 
life there are many different types of vehicle driven by 
different individuals who have their own styles and 
behaviours. However, it is fast and can be useful and 
accurate, but is not suited to urban models. [4] 
 
 Microscopic simulators model individual entities 
separately at a high level of detail, and are classed as 
discrete simulations. Each vehicle is tracked as it 
interacts with other vehicles and the environment. 
Interactions are usually governed by car-following and 
lane-changing logic. Rules and regulations are defined 
to control what can and cannot be done in the 
simulation, for example speed limits, rights of way, 
vehicle speed and acceleration. [6], [9]. Traffic flow 
details usually associated with macroscopic simulation 
are the emergent properties of the microscopic 
simulation. Microscopic simulators can model traffic 
flow more realistically than macroscopic simulators, 
due to the extra detail added in modelling vehicles 
individually [4]. Microscopic simulators are widely 
used to evaluate new traffic control and management 
technologies as well as performing analysis of existing 
traffic operations [9]. 
 
 A very simple form of microscopic simulation is 
cellular simulation, which involves modelling the road 
as a series of cells and moving the vehicles between 
cells based on vehicle parameters. This method can 
implement links using an array with length equal to the 
number of cells in the link. Cell length has to be 
determined and must be the same for all cells, which is 
a disadvantage because it assumes all vehicles occupy 
the same amount of space. When the simulation is run, 
each cell can be either empty or occupied by one 
vehicle. Vehicles are moved forwards by their speed 
and are restricted by vehicles in front. Links are 
connected to nodes and rules exist which determine 
where vehicles go when they reach a node. This 
method can be very efficient because of the simple 
array structure, but it lacks some realism. [10], [11]. 
An even simpler approach is queue-based simulation, 
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where vehicles always move at a set speed until they 
reach a queue at the end of each link. [12], [13]. 
 
What is often mentioned as multi agent based 
simulation is microscopic modeling of emergent 
phenomena. Of course, macroscopic parameters can be 
result of microscopic simulation. 
 
The agents used in the microscopic level for example 
are following types [14]: 

 vehicle agent 

 road agent 

 intersection agent 

 signal agent 

 

3.2 Classification of simulation and simulators  

Traffic simulations can be broadly classified by the 
type of road network and features they can simulate. 
The two main classes for simulators are those designed 
for motorway and urban environments. Simulators 
supporting a motorway environment focus on multiple-
lane high-speed motorways. Much of the complexity 
required for a city environment does not need to be 
modelled, and the simulation can focus on vehicle 
behaviour and interaction. Motorway environments 
can be simulated accurately by both macroscopic and 
microscopic simulators [15]. The main features of a 
microscopic motorway simulator are car-following and 
lane-changing behaviours. Junctions are sometimes 
modelled, allowing entry/exit rate to be varied to test 
the efficiency of the motorway under varying traffic 
load. Practical uses include studying the effect of 
motorway accidents, stop-start congestion, speed 
limits, ramp metering and lane closures on traffic flow. 
[16], [15] 
 
An urban environment is one of the most difficult and 
complex traffic scenarios [4]. In contrast to motorway 
environments, urban environments have a traffic flow 
that is interrupted by intersections, traffic lights, 
roundabouts and other features. In addition to the extra 
road features, realistic urban simulators should model 
not only different classes of vehicle, but also 
pedestrians, cyclists and public transport systems. [17]. 
Urban traffic networks are usually very complex with 
many road sections and intersection points, often with 
conflicting traffic flows [18]. They usually have to 
manage a large number of vehicles on small road 
sections, which can result in a large amount of 
congestion [19]. Microscopic simulators are well 
suited to urban environments as vehicles can respond 
individually to the road features. Macroscopic 
simulators are not able to model the complexity of 

urban environments; they are only used to provide 
abstract flow details. 
 
 Some simulators can model both motorway and urban 
environments at the same time; these are classed as 
integrated or combined simulators. This is useful for 
the simulation of large areas encompassing both 
motorway and urban roads, especially where the 
performance of one affects the other, and is 
advantageous to the user as one package can simulate 
various scenarios. [20], [8]. Some simulators have 
focussed instead on modelling specific objectives such 
as to test intelligent vehicle control units, to analyse 
vehicle safety and comfort, or traffic at toll booths [7].  

4. Problems & Challenges 

Considering the nature of social phenomena with too 
many (known & unknown) complex factors is the first 
problem in simulating these systems (For example in 
traffic systems, driver behaviors vary dramatically with 
geographic location and change over time. In reality 
they most often involve human agents, with potentially 
irrationally behavior, subjective choices, and complex 
psychology—in other words, soft factors, difficult to 
quantify, calibrate, and sometimes justify). Of course, 
it is better that we count this problem as a 
characteristic of social phenomena. 
 
Although a lot of academic attention has been given to 
the subject, there are very few traffic applications, 
perhaps because of the “soft” nature of the variables 
and the difficulty in measuring parameters. Social 
simulation in traffic has not been very successful so 
far, because the emphasis has been on using it as a 
predictive tool rather than as a learning tool. For 
example, a traffic engineer can understand congestion 
better by playing with an agent-based model of it. 
Then, of course, quantifying the tangible benefits of 
something intangible is difficult, and a traffic engineer 
cannot claim to have reduced congestion of a lane by 
playing with a simulation of vehicles. 
 
One issue related to the application of ABM to the 
traffic simulation is common to all modeling 
techniques: a model has to serve a purpose; a general-
purpose model cannot work. The model has to be built 
at the right level of description, with just the right 
amount of detail to serve its purpose. 
 
Another problem is that a lot of agent based toolkits 
include performance limitations: with a large number 
of agents, execution speed drops considerably. Usually 
these tools are not designed for extensive simulations. 

5. Conclusions 

Although above problems may constitute a major 
source of problems in interpreting the outcomes of 
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simulations, it is fair to say that in most cases ABM is 
simply the only game in town to deal with such 
situations. Having said that, one must be careful, then, 
in how one uses ABM: for example, one must not 
make decisions on the basis of the quantitative 
outcome of a simulation that should be interpreted 
purely at the qualitative level. Because of the varying 
degree of accuracy and completeness in the input to the 
model (data, expertise, etc.), the nature of the output is 
similarly varied, ranging from purely qualitative 
insights all the way to quantitative results usable for 
decision-making and implementation.  
 
The last major issue in ABM is a practical issue that 
must not be overlooked. By definition, ABM looks at a 
system not at the aggregate level but at the level of its 
constituent units. Although the aggregate level could 
perhaps be described with just a few equations of 
motion, the lower-level description involves describing 
the individual behavior of potentially many constituent 
units. Simulating the behavior of all of the units can be 
extremely computation intensive and therefore time 
consuming. Although computing power is still 
increasing at an impressive pace, the high 
computational requirements of ABM remain a problem 
when it comes to modeling large systems. 
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