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Abstract. Demand-adaptive transit systems (DAS) display features of both traditional
fixed-line bus services and purely on-demand systems, that is, they offer demandresponsive services within the framework of traditional scheduled bus transportation.
Similarly to most transportation systems dedicated to serve several demands with the
same vehicle, demand-adaptive transit systems involve a complex set of planning
activities made up of many interrelated decisions. The main steps and goals of the
planning activities are the same for traditional and demand-adaptive transit systems. Yet,
the particularities of DAS services make for a different planning process and require the
development of new methodologies. This differentiation also impacts the evaluation
processes of DAS lines, either as stand-alone systems or as part of broader city-wide
planning activities. The goal of this paper is to identify these differences, describe their
impact on evaluation and planning processes, and provide a framework for the evaluation
of DAS lines.
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INTRODUCTION

Traditional transit services are particularly suited to handle situations where the demand
for transportation is strong, i.e., when there is a consistently high demand over the territory
and for the time period considered. The high degree of resource sharing by a large number
of passengers makes it possible then to provide efficiently and economically high quality, i.e.,
frequent services operating generally high-capacity vehicles over fixed routes and schedules.
Routes and schedules may and do vary during the day, but, in almost all cases, they are
not dynamically adjusted to the fluctuations of demand. In contrast, when the demand
for transportation is weak, e.g., during out of rush-hour periods or in low-population density zones, operating a good-quality traditional transit system is costly. In particular, the
fixed structure of traditional transit services cannot economically and adequately respond
to significant variations in demand.
Demand-responsive systems are a family of mass transportation services, which are responsive to the actual demand for transportation in a specific time period. Such services
evolve toward a personalization of mass services: itineraries, schedules, and stop locations
are variable and determined according to the needs for transportation as they change in time.
Demand-responsive systems were introduced under the name of Dial-a-Ride (DAR) as doorto-door services for users with particular needs or reduced mobility, such as handicapped
and elderly people [11, 15]. The flexibility of DAR systems to respond to varying individual
requests for transportation provides the means to offer more personalized services, while still
maintaining a certain degree of resource sharing. This has lead certain transportation or
city authorities to extend DAR services to more general transportation settings.
DAR systems display, however, a number of drawbacks, some of which follow from the
extreme flexibility inherent in the system definition. Thus, for example, because the supply of
transportation services changes according to the needs expressed for particular time periods,
neither the transit operator nor the users can predict the vehicle itineraries, stop locations,
and associated schedules. As a consequence, users are obliged to book the service well in
advance of the actual desired time of utilization and the actual pick up time is very much
left to the discretion of the operator. For similar reasons, it is extremely difficult to integrate
DAR and other traditional transit services.
A new type of demand-responsive systems, denoted Demand-Adaptive System (DAS )
has been introduced to address some of these issues [13, 14]. DASs are transit services
displaying features of both traditional fixed-line bus service and purely on-demand systems
such as DAR. In other words, a DAS attempts to offer demand-responsive services within
the framework of traditional scheduled bus transportation. A DAS bus line provides a
traditional transit-line service, i.e., without advance reservations, by servicing a given a set of
compulsory stops, according to a predefined schedule specifying the time window associated
with each. On the other hand, similarly to DAR services, passengers may issue requests for
transportation between two desired, optional stops (not necessarily on the same line), which
induces detours in the vehicle routes. The relevance of this kind of hybrid services to general
public transit is underlined in [9, 10].
Similarly to most transportation systems dedicated to serve several demands with the
same vehicle, demand-adaptive transit systems involve a complex set of planning activities
made up of many interrelated decisions. The main steps and goals of the planning activities
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are the same for traditional and demand-adaptive transit systems. Yet, the particularities
of DAS services, combining characteristics of traditional and on-demand systems, make
for a different planning process and require the development of new methodologies. This
differentiation marks also significantly the evaluation processes of DAS lines, either as standalone systems or as part of broader city-wide planning activities integrating private (cars,
mostly) and public traffic (as well as, eventually, freight movements).
The goal of this paper is to identify these differences and describe their impact on evaluation and planning processes. We also provide a framework for the evaluation of DAS
lines.
The paper is organized as follows. We briefly recall the DAS description in Section
2. Related planning and evaluation issues, together with commonalities and differences
among DAS, DAR, and traditional transit services, are discussed in Section 3. Section 4 is
dedicated to the description of the proposed methodological framework for the evaluation of
DAS services. We conclude in Section 5.

2

DEMAND ADAPTIVE TRANSIT SYSTEMS

Demand Adaptive Systems were first introduced in [13] and addressed in a more general
context in [6] (see also [4, 5, 12]). A similar type of service is also described in [14].
A DAS targets low-density/volume demand areas and attempts to conjugate the advantages of traditional transit transportation services and the flexibility of on-demand personalized services. It is based on the observation that even in such areas, there are locations
where a relatively important demand may be consistently found: railway and underground
stations, shopping centers, hospitals, etc. This provides the possibility to economically design
a backbone transit service covering these attractive stops, while allowing vehicles to detour
as needed to pick up and drop off passengers at other stops. The latter capability, combined
to an on-line request booking system, increases customer satisfaction and the dimension of
the potential user group.
In its most general form, a DAS is made up of several lines and is connected to the
lines of the traditional transit system. Several vehicles operate on each DAS line providing
service among a sequence of compulsory stops. Each compulsory stop is served within a
predefined time window. The collection of time windows corresponding to the compulsory
stops, including the start and end of the line, makes up the master schedule of the DAS line.
This makes up the traditional part of a DAS. Additional service and flexibility is provided
by allowing customers to request service from and to optional stops, that is, stops which are
served only if a request is issued and is accepted. To serve optional stops, the vehicle must
generally deviate from the shortest path joining two successive compulsory stops. The set of
optional stops that it is possible to visit between two consecutive compulsory stops is part of
the design of the DAS line and is denoted segment. An optional stop cannot belong to more
than one segment. Figure 1(a) depicts the basic DAS service of the compulsory stops, while
Figure 1(b) illustrates the same DAS line when user requests for optional stops are present.
Transfers between DAS lines and between these and regular transit lines take place at
compulsory stops. Time windows play an important role in this context because they establish time relations among DAS and traditional lines sharing the same compulsory stops. The
CIRRELT-2008-56
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(a) Serving compulsory stops

(b) serving optional stops

Figure 1: A DAS Line

time windows in the master schedule also influence the flexibility the service may provide
for user requests at optional stops. The wider they are, the more flexibility there is. Yet,
one cannot increase their width arbitrarily, because the service would then slow down excessively, loosing attractiveness. Notice finally, that the time windows and the specification
of segments provide an a priori guarantee relative to the longest time users might have to
spend traveling on the line.
A DAS service, called MAST, is currently operated in the Los Angeles County as a
nighttime service [14]). The system differs slightly from the DAS definition: instead of
considering a set of optional stops, it defines a service area and provides service among any
points in this area. The very regular road network characterizing the area facilitates such
a service, the line covering the quasi-rectangular area with a single vehicle traveling back
and forth. The service may be assimilated to a circular DAS line with 5 segments. Another
implementation of a DAS service is the one we are currently studying for the city of Brescia,
in northern Italy. The line links some of the suburbs, mainly mountainous regions, to the
center of the city. The contemplated DAS line consists of 6 segments and a total of 53
optional stops. We are currently studying possible designs and simulating the operations.

3

EVALUATING AND PLANNING DAS SERVICES

Planning activities aim to determine the design and specify the operating characteristics of
the transit lines considered, as well as assign the appropriate resources. Most such activities
and resulting decisions must operate according to the policies and within the limits (e.g., on
resource utilization) of the corresponding transportation system and help attain the goals
(e.g., service levels and target populations) set to it. The study of these policies, limits,
and goals may also be part of the planning processes. We denote evaluation, the part of
the planning process dedicated to the study of the behavior of transit lines, either as standalone systems or as part of broader-scope studies at the level of the city. In the following, we
identify the main planning and evaluation issues, together with commonalities and differences
among DAS, DAR, and traditional transit services.
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3.1

Planning Issues

Planning activities are usually described following the well-known distinction among the
hierarchically connected strategic, tactical, and operation decision levels. Schematically, for
traditional transit services, strategic planning selects the territory and target-population
to serve, fixes service levels, selects and assigns the fleet (number and type of vehicles),
and designs the system in terms of line routes. Timetables and vehicle routes are part of
the tactical planning phase, whereas the operational adjustment of lines is minimal, if any,
except when Intelligent Transportation Systems are deployed providing the means to modify
the pacing of vehicles and, eventually, bypass some stops. For a more in-depth discussion
of planning issues in traditional transit systems, see [1]. Comparatively, purely on-demand
services such as DAR, require little strategic design, mainly to define service areas, service
levels, and the composition of the fleet. The most important planning process for DAR takes
place at the operational level, when routes and schedules are determined little time before
actual operations and are possibly dynamically modified once service has begun.
The case of DAS is more complex, because it combines characteristics of traditional and
on-demand systems and, thus, requires full planning activities at all three levels. Similarly
to traditional services, the strategic level defines the region and target population served by
DAS lines, the desired levels of service, the fleet mix, and so on. The line design for DAS is a
more complex operation, however, because it requires not only to determine the basic route
of the line, but also to select the compulsory and optional stops, thus fixing the maximum
deviation from the basic route, as well as determine the time windows associated with the
compulsory stops. One thus identifies two sets of decisions in this process: a strategic set,
dealing with the basic route and compulsory stop selection, and a tactical one defining the
master schedule of the line. The latter defines the sequence of compulsory stops, the optional
stop segments, and the time windows of the compulsory stops. The master schedule plays
the same role for the transit authority and the passive users of the system as the schedule in
traditional transit systems. These issues are addressed in [7, 2]. Differently from traditional
services, the actual schedule is built during operations, to incorporate into the route of each
vehicle the optional stops corresponding to the accepted user requests, while respecting the
time windows constraints imposed by the master schedule. The latter has been addressed in
[6] (see also [12]).

3.2

Evaluating DAS Services

Part of transportation planning concerns the evaluation of the behavior and performance of
a given system under various conditions with respect to demand, regulations and policies,
tariffs, and so on and so forth. Such analyzes are usually undertaken in “laboratory” conditions by defining scenarios to represent possible conditions and then simulating the operation
of the system. Evaluation activities may be undertaken for a particular line or group of lines
as stand-alone systems or as part of planning activities of the transportation system of a
city or region. Section 4 details the proposed framework for evaluating a DAS line. In the
following, we focus on the differences between DAS, DAR, and traditional transit lines with
respect to these issues.
The evaluation of transit lines as stand-alone systems aims to tune operating parameters
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impacting the system performance, to draw contingency plans, and to derive performance
measures under various scenarios for cost-benefit analyzes and integration into system-wide
evaluation methods. It generally proceeds according to a sequence where
1. the scenario is specified, defining, in particular, the rules and policies to follow, the
territory and potential demand to serve (in more sophisticated methods, the determination of demand constitutes a separate step), the level of service, etc.;
2. the line is designed;
3. the operation of the line is simulated, given the scenario parameters, for a pre-defined
time by varying the parameters of interest, e.g., the particular demand, the traffic
conditions, etc.;
4. results are collected and performance measures are computed.
Differences between DAS, DAR, and traditional transit may be observed in the complexity of the steps of this process. Thus, Step 3 is rather simple for traditional transit lines,
as it consists in generating station-to-station trip demands and loading the vehicle. DAR
systems, on the other hand, do not require the design step, while the simulation of operations
requires generating trip demands and building the vehicle tour. For DAS, both steps must
be performed, each requiring the simulation of several decision as indicated in the previous
subsection.
Transit lines are also part of comprehensive models of the transportation system of a
city or region. These models integrate demand and mode-choice modeling, as well as a representation of the transportation supply of the region, i.e., the multimodal transportation
infrastructure and services. The latter generally includes private (e.g., automobile, bicycles,
and pedestrian) and public (e.g., bus lines, light rail, etc.) transportation means, as well
as, sometimes, an approximation of the freight-vehicle flows. The assignment of demand to
the transportation network supply, according to the behavior of the various classes of users
considered, provides the means to simulate the behavior and performance of the transportation system. Several methods and software instruments are available to perform such studies
(see, for example, [8, 3]).
So-called static methods simulate the transportation system for an average demand, often
during peak-hour periods. Traditional transit lines are represented through their fixed lines
and headways, and particular assignment algorithms are used to compute the passenger
itineraries using these lines (and private transportation means, eventually). DAR lines are
not usually represented, due to the non-regularity of their lines and operations. Similar issues
are also partially affecting the representation of DAS lines. Yet, due to its regular service
component, a DAS line could be specified by introducing the basic route and compulsory
stops, together with average travel times derived from a stand-alone evaluation of the line.
Methods based on Dynamic Traffic Assignment principles are increasingly used to analyze
the time-dependent behavior of transportation systems. Traditional transit lines start to be
represented in such systems (e.g., Dynameq, at http://www.inro.ca), vehicles being followed
according to their planned schedule (headway and average speed). A representation of DAS
lines similar to the one described for static models could also be used in this case. Yet,
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given the dynamic nature of such simulations, a challenging perspective is available for DAS
lines. A simulation of the DAS line, similar to Step 3 of the stand-alone procedure described
above, could be called upon to generate an actual line and vehicle schedule to be integrated
into the dynamic traffic simulator.
In both static and dynamic cases, research is required to study the integration of DAS
to existing simulators. Both also require, however, the stand-alone simulation capability of
a DAS line. This is the topic of the next section.

4

EVALUATING A DAS LINE

We now present the evaluation framework we propose for evaluating DAS services. The
framework details the scheme indicated in the previous section and aims to address the challenges of the complex structure of DAS. It is based on simulation and includes the scenario
input, the optimization modules for the design and operation of the line, the simulation module for the latter, and the overall simulation control that will yield the statistical information
on the performance of the line with respect to the desired measures. Figure 2 illustrates the
proposed evaluation framework.
Sevice level
Operation Policies
Scenario
Definition

Design
Features

Territory
Population

Optimize
Design

DAS Line

Aggregated
Demand

Requests
Events

Demand Scenario
Generator

Simulation Control

Operations Simulation
- Optimize Service
- Simulate Route
- Collect Results

Performance
Measures

Request & Event
Generator

Time & Event
Control

Data
Analyzer

Evaluation

Figure 2: Evaluation Framework for a DAS Line

The figure presents the framework in its most general utilization, where both strategictactical and operation planning activities are simulated for a DAS line: Given the data of the
selected scenario, aggregated demand figures are generated for the time period defined by the
scenario; These are fed to the Optimize-Design unit, which produces a DAS line design given
the design features specified by the scenario; The operation of the line is then simulated for
a given period of time and randomly generated customer requests and “disturbing” events
(e.g., delays, incidents, bad weather conditions, vehicle breakdowns, etc.). The statistical
results of this simulation - the Performance Measures of Figure 2 - are then combined to
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other relevant data to yield the complete evaluation of the system. Simpler utilization modes
are possible as indicated in the following.
The scenario information completely defines the case: The territory, its transportation
network and characteristics (type of artery, length, average speed, congestion information,
etc.), and points of interest, where compulsory stops could be located; The potential population to be served by the system, its spatial distribution and density, its socio-economic
information, and any other information conducting to defining the demand; The features
and criteria of the contemplated line; The rules and policies of operating the line; and so on.
The scenario also includes data required to control the simulation: the modules to activate
(e.g., is the line given or it must be designed?), the time length of the simulation, how it is
divided into periods, and how the simulation advances through time, the parameters of the
random generation of aggregated demand (eventually), customer requests, and disturbing
events, etc. It is by varying some of these parameters that one computes expected performance measures under various conditions, builds a comprehensive image of the behavior
of the systems, analyzes policies, and determines contingency plans. The parameters most
often varied are the ones defining the line design and operation, as discussed in the following.
In its most simple version, the Demand Generator inputs the information relative to the
aggregated demand, station-to-station, to the Design module. A sophisticated version would
include econometric mode-choice models that, through feed-back loops, would generated this
demand taking into account the simulated performance of the line. The aggregated demand
is also an input to the request generator, which feeds the line operation simulator.
The line Design Optimizer box corresponds to the strategic-tactical planning level of
the system. Except for the simple case when the line is given as a scenario parameter and
the process reduces to the simulation of the line operation, a set of optimization models
and methods yield a DAS line defined by compulsory stops, segments, and master schedule.
The strategic and tactical planning for DAS and the corresponding optimization models
and methods require a number of choices be made and the tuning of several parameters.
A detailed analysis of these issues is beyond the scope of this paper, but may be found in
[7, 2]. We mention a few, however, to illustrate the possibilities provided by DAS services
and the richness of the evaluation framework: The line may operate the same design all day
or may operate different designs at particular time periods during the day to better fit the
expected demand; The relative importance of operation cost and time spend by users on
the bus directly influences the final design; Compulsory stops may be selected based on an
attraction measure; there are several such measures, e.g., total demand out of and into the
stop, and corresponding threshold values and, thus, several possibilities for compulsory-stop
selection and line designs; The time windows at compulsory stops are computed based on a
desired probability of being able to serve all demand points, which threshold value (better
than 95% in our current experiments) also impacts the final design and performances; and
so on.
Simulating the DAS line requires for each planned departure to generate the actual
station-to-station customer requests and the number of people showing off at compulsory
stops for trips with destination other compulsory stops. Methodology to select request and to
determine the final route and schedule of the vehicle is introduced in [6]. Several operation
policies are possible, however, particularly with respect to the treatment of the requests
which, for reasons of incompatibility with time windows at compulsory stop, cannot be
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served as given by the users [13]. Requests may be simply rejected or users could be offered
an alternate transport. Requests could also be modified, e.g., postponed to the next vehicle
departure or the pick up or alighting stop (or both) may be performed in the vicinity of the
requested stop (at the closest compulsory stop, in the worst case). The particular policy, the
type of exchanges with the user, the amount of penalty paid when service is not performed
as required, etc., all impact the cost and performance of a DAS service. They are thus part
of the scenario data and may be evaluated by the proposed framework.
Once the operations of a DAS line have been simulated, a number a solution parameters
are observed and statistics computed. According to the kind of analysis one desires to
perform, several set of parameters could be interesting in revealing and quantifying different
aspects of the system behavior: routing costs, revenue, ride time of the line, total passenger
travel time, worst and average ratio between actual and ideal (shortest) travel time for
passengers, number of accepted, rejected, delayed or modified requests, user waiting time at
compulsory stops, vehicle waiting (dead) time at compulsory stop for early arrivals, etc. Of
course, for each scenario, a number of simulation repetitions should be performed to ensure
statistical credibility to the analysis results.

5

CONCLUSIONS

Demand-adaptive transit systems display features of both traditional fixed-line bus services
and purely on-demand systems: They offer demand-responsive services within the framework
of traditional scheduled bus transportation. DAS transit services involve a complex set of
planning activities made up of many interrelated decisions. The main steps and goals of
the planning activities are the same for traditional and demand-adaptive transit systems.
Yet, the particularities of DAS services make for a different planning process and require the
development of new methodologies. This differentiation also impacts the evaluation processes
of DAS lines, either as stand-alone systems or as part of broader city-wide planning activities.
We described DAS and identified the differences with traditional transit and dial-a-ride
systems. We then described the impact of these differences on the evaluation and planning
processes of DAS. Finally, we provided a framework for the evaluation of DAS lines that
reflects the complexity and flexibility of DAS and accounts for the elements that impact its
behavior and performance.
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