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1 INTRODUCTION 
 
Transit network design is object of an extensive literature, which can be divided into two 
main groups, corresponding to the two following different approaches: a) analytical models 
supplying a synthetic analysis of network performances; b) optimization procedures for 
solving the network design problem by determining transit routes and associated frequencies 
and locating main transit centers. 
The latter approach, which will be followed in the paper, concerns with the minimization of 
an objective function, which generally includes all different possible impacts of transport 
(but is usually limited to a combination of operator and user’s costs), by complying with a 
set of constraints, which almost incorporate: the model describing the interaction between 
transportation system performances and users’ behavior (demand-supply equilibrium 
model); the firm’s management model; possible environmental, administrative and budget 
constraints.  
Since it is well known that transit network design is a non-convex problem (Newell, 1979), 
solution methods are based on heuristic procedures. Although each method has peculiar 
characteristics, almost all of them apply the following steps: 1) building of a set of lines by 
following a given criterion; 2) development of the base network; 3) selection of a feasible 
sub-optimal solution; 4) improvement of the solution. 
The third step represents the heart of the heuristic procedures with very different methods 
proposed in literature for searching the sub-optimal solution. For small networks and in the 
main important works, the selection of the best routes is done by deterministic methodology 
guided by rules and criterion. In the last 10 years, following the evolution of optimization 
problem research and the increasing power of computational machines, researchers have 
tested new approaches based on artificial neural networks or genetic algorithms to solve 
efficiently optimization problems. 
Among the most remarkable works on this matter, it is possible to mention Mandl (1979), 
who proposed an algorithm that at each step individuates a route on the shortest path that 
connects a pair of terminals and serves the greatest number of O/D pairs. The pair of 
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terminal nodes is then removed and the procedure is repeated until the pairs of terminal 
nodes to connect are all examined. Ceder and Wilson (1986) developed a heuristic 
algorithm concerned with minimizing the difference between the number of users served 
directly (i.e., by a route coincident to the shortest path) and indirectly (i.e. in the contrary 
case). Filippi and Gori (1993) developed an integrated model system for solving the transit 
network design problem, where routes generated are joined at main nodes or transit centers. 
The most innovative feature of this model concerns the routes design procedure, which is 
carried out by means of a system of integrated models, facing problems ranging from low 
demand to high-density areas specific problems, where mass transit rail systems are needed. 
Ceder and Israeli (1993) proposed a public transport design system based on the 
mathematical programming approaches. The first step generates a very large set of feasible 
routes connecting every node to all others. Then, the system creates the minimal subsets of 
routes solving a Set Covering Problem and, using a multi-objective analysis, it is possible to 
select the most suitable subset. Baaj and Mahmassani (1995) used an Artificial-Intelligent 
heuristic algorithm for route generation, which searches the transit demand matrix for high-
demand node pairs and selects them as seeds of skeletons. The skeletons are expanded to 
routes according to a node selection strategy reflecting different trade-off between 
performance measures, users’ and operators’ costs. Carrese and Gori (1998) presented a 
system of models that face transit network design problem in urban areas in a sequential 
way. The design procedure explicitly involves relationships between transit network design 
and parking and land use policies. Several authors have recently proposed a genetic 
approach to the network design problem (among them: Xiong and Schneider, 1993; Pattnaik 
et al., 1998; Chien et al., 2001). 
 
 
2 OBJECT OF THE PAPER 
 
The scope of the paper is to provide a practical methodology to identify a transit network 
configuration consisting of a set of routes and associated frequencies that approaches the 
minimum overall system costs. 
The algorithm proposed in this paper combines transit network design methods developed 
by Baaj and Mahmassani (1995), Pattnaik et al. (1998) and Filippi and Gori (1995). In 
particular, the choice to use a genetic algorithm to select the sub-optimal routes of the 
network and the general structure of the procedure is taken by Pattnaik work. Genetic 
algorithms are search algorithms based on concepts of natural selection and natural genetics 
and are used as general purpose optimizazion algorithms. They differ from other search 
methods because they search among a population of points simultaneously and work with a 
coding of parameters rather than the parameter values themselves. The transition scheme of 
genetic algorithm is probabilistic, whereas traditional methods use gradient information 
(Goldberg 1989). 
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With respect to previous methods, the paper proposes two major improvements to the 
design procedure: a) it introduces different criteria for route generation simultaneously; b) it 
produces a hierarchical transit network by suitably relaxing the set of constraints in order to 
take into account the town structure. The main advantage of the procedure is that it provides 
a quite general and flexible framework for transit network design, which allows the 
designer’s exploiting his/her knowledge of the network and specify any particular transit 
network hypothesis, including the existing one, which will be included into the set of 
feasible routes and then processed by the algorithm in order to produce the best solution. 
 
 

3 THE DESIGN METHOD 
 
The heuristic transit network design method proposed here assumes as given the O/D matrix 
demand, the road network characteristics, and the vehicle capacity, as well as operating 
costs and users’ costs. 
The basic framework of the model is established on the following three phases: 
1. a heuristic algorithm to generate a set of feasible routes; 
2. a genetic algorithm to find the optimal sub-set of routes with associated frequencies; 
3. final improvement of the network configuration. 
 
Phase 1 
First, the algorithm generates three different and complementary sets of feasible routes. First 
set is composed by the shortest paths between the node pairs with demand flows larger than 
a given minimum value. The second feasible set is generated with the aim to develop routes 
of a hierarchical network composed by main and feeder lines. The construction, starting by 
main routes, is founded on link flows analysis. An All-or-Nothing assignment of transit OD 
matrix is performed. By starting from a given set of terminals, main routes are built by 
sequentially joining all links having at least a given number of passenger flow and 
complying a specified set of other constraints on route length, load factor and route 
direction. Feeder routes are identified by relaxing the set of constraints and applying the 
same logic. The third set is made up the routes of the existing transit network. 
 
Phase 2 
The result of Phase 1 is a large set of feasible routes generated by applying the three 
different criteria defined above. The selection of the sub-set of "optimal" routes is done 
using a genetic algorithm and, simultaneously, the frequencies are assigned. The search 
algorithm is addressed to minimize an objective function composed by operator’ and users’ 
costs, It individuates the best set of routes by combining them using a stochastic technique. 
 
Phase 3 
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In order to improve the network determined at Phase 2, suitable route modifications are 
examined in terms of total demand served, network effectiveness and efficiency. For each 
line selected by the genetic algorithm, it is verified the impact of the following actions: 
route extension; route shortening; and route expansion including other nodes. 
 
 

4 ILLUSTRATIVE APPLICATION 
 
The design method will be illustrated by means of an application to a case study network. In 
order to compare the results to those obtained by other different procedures, the test network 
used is that, composed by 15 nodes and by 21 links, proposed by Mandl (1979) and also 
used by Baaj and Mahmassani (1990) and by Dhingra et al. (2000). 
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