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1. Introduction 
Transport is a technology that aims to move people and goods from a point to another 
point.  Transport modes such as railways, roads, and aviations are designed for 
carrying people and goods along a one-dimensional line.  On the other hand, demand 
for transport spreads over two-dimensional areas, meaning that transport modes 
should configure network structure efficiently so as to provide good services for 
two-dimensional demand by one-dimensional lines. 
  Among various types of studies on transport networks, this presentation will 
explain theoretical studies on road networks.  Car traffic is most popular transport 
mode in the world and demand for road network is always high.  Such high demand 
for roads often raises traffic congestion.  Many theoretical studies on road networks 
have been proposed to provide methodologies for proposing better plan of road 
construction and controlling. 
  This presentation explains a series of studies on network theories that deal with 
congestion of road networks.  A concept of modelling is explained first.  Then, 
mathematical aspects of the model are explained.  Issues on dynamic phenomena are 
also introduced lastly. 
 
2. Modelling Road Networks: Congestion and Equilibrium 
To deal with road networks theoretically, a mathematical model representing 
characteristics of road networks must be determined.  Following is a typical model of 
road networks.  Networks are represented by nodes and links.  Nodes are 
intersections and links are road sections between two nodes.  Each link has three 
properties: direction, traffic volume, and travel time.  The direction of travel of each 
road is represented by the direction of each link.  Travel time is determined by a 
function of traffic volume.  Demand for roads is described by number of vehicles that 
will travel from a node (referred to as an origin) to another node (referred to as a 
destination).  A pair of an origin and a destination is called as an “OD pair”.   Each 
vehicle uses a route consisting of sequential links connecting its OD pair.  As there 
can be various routes connecting an OD pair, it must be determined which route is 
used by each vehicle.  Traffic volume of each link can be determined when all the 
vehicles determine their route. 
  A traffic assignment problem solves how many vehicles use each link.  Modelling 



 

how vehicles choose a route is necessary for solving this problem.  A principle that is 
accepted widely is “Wardrop’s first principle[1]”.  This principle assumes that a 
situation where all travellers use a fastest route is realised in real road networks.  
Such situation is referred to as “equilibrium”. 
 
3. Mathematical Aspects of Equilibrium 
Despite of simplicity of the concept of equilibrium, solving an equilibrium solution is 
not a trivial task.  Also, existence, uniqueness of the solution should be proved to 
guarantee the reliability of the solution. 

It is known that there is an optimisation problem that is identical to the 
equilibrium problem[2].  This optimisation problem is convex and therefore existence 
and uniqueness (or convexity) of the solution can be easily derived. 

This equivalent optimisation problem can also be used for discussing “inefficiency of 
uncontrolled situation”.  A situation where total travel time of all vehicles is smallest 
is referred to as a “system optimum”.  It can be formulated by a similar optimisation 
problem and it is known that its objective function is different from that of the 
equilibrium problem.  This means that travellers’ route choices should be controlled 
by some means (e.g. road pricing) to achieve better use of road networks. 
 
4. Dynamic Traffic Assignment 
The model that is explained before is a simplest model to express road networks.  
Actually, this model is too simple to deal with details of road traffic problems such as 
signal controlling or ramp metering schemes and so on.  Dynamic traffic assignment 
models, which describe time-to-time change of traffic within a day explicitly, have 
been investigated in these days to tackle these issues. 
  Unlike the conventional model, analysing dynamic traffic assignment models is 
very difficult.  No equivalent optimisation problem exists in general cases.  Several 
conditions on network structure are useful to solve the problem; however, many 
general cases are left unsolved. 
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