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Abstract

The Dial-a-Ride Problem (DARP) consists of planning routes and schedules for picking up and
delivering passengers within pre-specified time windows. Passengers specify their transportation
requests between origins and destinations with desired departure or arrival time, and the operator is
responsible to provide transportation with a fleet of vehicles with limited capacity. While the time
one user spends on a vehicle should not exceed a certain maximum, the objective of the operator is
to minimize the total service cost or minimize the user inconveniences. Existing studies focus on the
static version of the problem, in which all the demands are known beforehand. In practice the
distinction between static and dynamic is often blurred, due to cancellations and vehicle
breakdowns. In some cases immediate requests are allowed subject to a lower priority. In the fully
dynamic mode, the requests are revealed throughout the day and the routes are constructed and
modified in real-time.

The dynamic version of the DARP has been less studied until recently, in line with advances in
information and communication technologies (ICT). In this research a strategy of scheduling is
developed for the dynamic dial-a-ride problem. For instance, while the acceptance of dynamic
requests must be decided in real-time, the assignment of the requests and the re-optimization of
vehicle schedules can be done taking advantage of the gaps between the arrivals of future requests
and deliveries. This can narrow the computing steps into a feasible number, allowing real-time
computation possible. Suitable arrangement of idle periods of a vehicle trajectory can also

maximize the possibility of real-time insertions.
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Introduction

The DARP system makes an important contribution to transport in many cities, offering
demand-responsive, door-to-door transport (Cordeau and Laporte, 2003b; Diana and Dessouky,
2004). The elderly and Handicapped persons Transportation Problem (HTP) is a typical example
(Ioachim et al., 1995; Toth and Vigo, 1997). Passengers specific their transportation request
between origins and destinations at the day before they request a service, and may provide their
desired departure or arrival time windows. The operator collects all the requests at the end of the
day and plans the timetable of the vehicles for the next day. The objective of the scheduler is to
design a set of routes which minimizes the total service cost, capable of providing service to all
requests. In the static version of the problem, the timetable is fixed and not to be changed once the
vehicles are dispatched. In a real-time environment, the routing problem is demand-driven, and the
operator may have to redirect the vehicles in order to response to the requests which may arrive
during the day.

Existing studies on the DARP focus on the static version of the problem, where all the demands are
known beforehand. In practice the distinction between static and dynamic is often blurred, due to
cancellations and vehicle breakdowns (Psaraftis, 1988, 1995). In some cases immediate requests are
allowed subject to a lower priority. In the fully dynamic mode, the requests are revealed throughout
the day and the routes are constructed and modified in real-time. The dynamic version of the DARP
has attracted attentions recently, in line with advances in information and communication
technologies (ICT). In this research existing methodologies are surveyed and we focus on their
extensions to dynamic problems. In a dynamic environment, the demand for and supply of the
vehicle routing system is stochastic and uncertain in nature, and therefore it is not feasible to
quantify if a solution is “optimum", but however, a “strategy” can be evaluated as good or not under
specified conditions. In contrast to the heuristics used in the static problems which emphasize in the
routing component, we identify that the core of the strategy in the dynamic approach is in the
scheduling component.

The objective of this research is therefore to develop an efficient strategy for the dynamic
dial-a-ride problem, taking into account the spatial and temporal characteristics. The strategy
focuses on determining the schedules (or timetables) of the vehicles, which are unsolved by the
available static routing algorithms. It also helps the operator in limiting the number of possible

insertions, making the computation practical in real-time.

Literature Review

The DARP and the HTP are characterized with the narrow time windows constraints for each
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passenger and the limitation to the vehicle capacities (Ioachim et al., 1995; Toth and Vigo, 1997).
The previously proposed solution methods on the DARP and HTP can be broadly classified into
Exact methods and Heuristic algorithms. Exact methods work on the mathematical formulation of
the problem and aim to find the optimal solution to the problem with optimization algorithms. On
the other hand, heuristic algorithms intend to find a "good" solution within acceptably short time,
which are more important when the problem size is practically large, taking into account the
NP-hardness of the problem. Heuristics are the well accepted methodologies by the majority
studies.

On the exact methods, Psaraftis (1980) formulated the single vehicle DARP as a dynamic
programming problem with the objective of minimizing the route operating time and passenger
dissatisfaction. Time windows are not explicitly considered but instead a "maximum position shift"
constraint is imposed in the model, accounting for the position difference between that in the calling
list and in the actual route. Psaraftis (1983) later extended the approach for users-specified pickup
and delivery time windows. Sexton and Bodin (1985a, 1985b) studied the single vehicle problem
with the objective of minimizing the customer inconvenience. Developed as a heuristic, Benders'
decomposition procedure was applied to solve the formulation resulting to a routing and scheduling
heuristic.

The methodologies used for the single vehicle DARP has been sought as a step in going to the
multiple vehicle case. One of the first and frequently cited heuristics on the multiple vehicle version
of the DARP was proposed by Jaw et al. (1986). Customers of advance-request can specify either a
desired pick-up time or desired delivery time. Their model allows the actual pick-up or delivery of a
customer deviates from the desired one, but under the constraints of a fixed maximum-wait time
window and a maximum ride time that a passenger may spend on the vehicle. For the purpose of
passenger transportation, vehicles are not allowed to idle when it is carrying passengers. The
insertions of customers into the work-schedule are selected with minimizing the objective function,
which is a weighted sum of disutility to the customers and the operator. Madsen et al. (1995)
presented a heuristic algorithm with multiple capacities and multi objectives with application to a
real case for scheduling elderly and disabled persons, with a dynamic updating capability. Routes
are pre-planned for the known requests at the beginning of the day, and new requests can enter the
system throughout the day, and travel time updating and vehicles break down can also be
considered. Inspired by the methodology of Jaw et al. (1986), the algorithm they developed can be

efficient enough to be implemented in a dynamic environment for online scheduling.

Most of the studies above focused on the methodology but few have targeted for particular
applications for elderly or disabled people. loachim et al. (1995) showed successful results by
employing mathematical programming techniques in generating a set of mini-clusters in solving the
multi-vehicle pickup and delivery problem with time windows. Toth and Vigo (1997) presented

3



another work on the handicapped person transportation, where additional operational constraints are
considered. Passengers specify time instant for pickup or delivery and the total travel time must not
exceed the maximum travel time. Additional service times are also given at origin and destination,
and the service requirements of each user are categorized with their physical characteristics, e.g.
walking or wheelchair users. The mixed fleet consists of minibuses and special cars with capacities,
while unrouted passengers can be served with taxis subject to a penalty of higher cost. A parallel
insertion heuristic algorithm is used to solve the problem and tabu thresholding optimization

procedure is implemented in improving the solution after the insertion steps.

An excellent and comprehensive review on the features and variants of the Dial-a-Ride problem is
provided by Cordeau and Laporte (2003b). They surveyed over 30 publications and summarized the
important algorithms which have been published over the last thirty years. In a very recent study,
Diana and Dessouky (2004) presented a new heuristic for the static version of the DARP with time
windows. They developed a route initialization procedure which exclusively keeps into account the
spatial and temporal effects of the requests, and a parallel regret insertion heuristic for the
remaining requests. Instead of ranking the requests with a certain criteria (e.g. earliest pickup time
or latest delivery time) as in classic insertion heuristics, the regret insertion builds up an incremental
cost matrix for each of the unassigned requests assigning to each of the existing vehicle routes. A
regret cost, which is a measure of the potential difficulty if a request is not immediately assigned, is
calculated for each request, and the algorithm seeks for the one with the largest regret cost, and
inserts it into the existing schedules. The whole procedure is repeated until all requests are inserted.
In their study, vehicle fleets are assumed to be without capacity constraints. They have successfully
implemented the algorithm to a real case of up to 1000 requests, resulting in 8% cut in the fleet
compared to classic sequential insertion of Solomon (1987), but however, they also concluded that
the improvement of solution quality is marginal with the regret insertion for the problem with the
number of requests at the size of 100. Metaheuristic algorithms have also been sought to solve the
DARP. Cordeau and Laporte (2003a) formulated and solved the static case with tabu search
heuristic. Unlike measuring the deviation of actual pickup/dropoff times to the user desired ones as
a disutility, their model allows users to specify a time windows of a fixed width on their inbound or

outbound trips, with an upper limit on the travel time for any user.

The above mentioned heuristics and solution methodologies aimed for solving the static dial-a-ride
problem, but however, less of them intended for the dynamic issues. In the dynamic problem, the
solution is build up online, which responses the incoming requests over the day. An intuitive
approach to extend the static methodology to a dynamic one is to keep updating the existing routes
dynamically when new requests arrive (see Madsen et al., 1995; Attanasio et al., 2004). Such
approach re-optimizing the routes locally only provides a fast enough feasible solution, but not
necessary a good one. In preparing the system for real time requests, some others consider the goal

in short term and long term such that quick response can be given online in a myopic way and local
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improvement can be done offline making use of the spare periods between the current time and the
pickup time of the future requests. Mitrovic-Minic et al. (2004) considered the dynamic problem
with a double-horizon based heuristics. While the short-term decisions are created with the insertion
procedure, improvement is obtained through a longer-term consideration which is performed with a
local search heuristic (tabu serach), efficiently using the slack period between the horizons. The
methodology is constructed against the Pickup and Delivery Problem with Time Windows, which is
more likely faced by freights and couriers, in which demands span a long period over the day with a
high composition of immediate requests. Mitrovic-Minic and Laporte (2005) investigated the
waiting strategies for the cases that customer arrives in dynamic. They developed criteria for the
route dynamic partitioning, such that waiting and idle of vehicles are only allowed at the beginning
or the end of, but not within, each service zone. This utilizes the idle time of vehicle in the route
without affecting the service quality and feasibility of the trips thereafter. With the help of route
partitioning, which can be updated instantaneously, they suggested two new waiting strategy,
dynamic waiting strategy and advanced dynamic waiting strategy, which defines the waiting time

configuration between those partition blocks.

Solution Methodology

For a dynamic problem, the solution methodology is build up online, responding the incoming
requests over the day. In general, it comprises a routing subproblem and a scheduling subproblem,
which are solved in a sequential manner (Cordeau and Laporte, 2003b; Mitrovic-Minic et al., 2004).
While the routing subproblem is to determine the sequence of passengers to be visited on each
vehicle route, the scheduling subproblem is to determine the timetable of departures and arrivals of
nodes on the routes. We first describe the routing issue of the DARP algorithms, and then the

scheduling aspects follows.

Routing sub-problem

The solution methodologies for the dial-a-ride problem have been well explored in the static domain,
but less of them aim for the dynamic issues. One of the reasons is that the distinction between static
and dynamic is often blurred and optimality is difficult to guarantee with the uncertainty in online
problems. An approach to extend the static methodology to a dynamic one is to keep updating the
existing routes dynamically when new requests arrive (Attanasio ef al., 2004; Madsen et al., 1995).
In preparing the system for real time requests, some others consider the goal in short term and long
term such that quick response can be given online in a myopic way and local improvement can be
done offline making use of the spare periods between the current time and the pickup time of the
future requests (Mitrovic-Minic et al., 2004). Nevertheless, with the same sequences of stops on the

route, there is still a great flexibility in the timetable, and making use of this flexibility can improve
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the system capacity and efficiency for future demands.
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Figure 1. The earliest and latest bounds of a vehicle trajectory

Scheduling sub-problem

Given an ordered route p, = (vo(k),...,vi yeers V d(k)) of vehicle £, visiting from the origin o(k) to nodes

i and then back to destination d(k), computed from a routing component. It is necessary to
determine the timetable, which is characterized by the departure and arrival time at any node i of

vehicle route £. The schedule in turn resolves the upper bound on total route duration, which implies

the set of solutions with the same operating cost but no extra delay to all service point. Let 7 and

B! be the arrival time and the scheduled service time of vehicle k at node i, as displayed in Figure
1. The difference between the time of arrival and the actual time of service is the waiting time at the
corresponding node, and is defined as W/, and therefore we have W, = B/ —T*. The aim of the

scheduling sub-problem is to determine the waiting times, which is a redundant to the routing
problem. This waiting strategy plays an important role in dynamic environment, which also

determines the amount of new requests which can be inserted later.

For the trajectory of a single vehicle, Figure 1 shows two simple strategies that are commonly used
in the static algorithms. The vertical intervals represent the time windows associated with each node.

For a line of a particular strategy, the slope represents the movement along the space-time diagram
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(i.e., speed) of the vehicle from one node to the next, and vertical part is the period of waiting at a
location. Each of the dashed line and dotted line represents a trajectory of vehicles with an idle
strategy. The dashed line is the timetable of the vehicle if it is scheduled to depart each node as
early as possible, without violating any of the time windows. Likewise, the dotted line represents
the timetable of the vehicle if it is scheduled to depart as late as possible, while not being late for

the time windows in the subsequence stops.

We can see that any vehicle trajectory which is below the dotted line and above the dashed line is
feasible and possible. While “start as late as possible” (dotted line) incurs the minimum route
duration, it is less likely that future requests can be inserted into the existing route under this
strategy, since the later schedule is almost already fully-booked. “Start as soon as possible” (dashed
line) expects the longest total route duration, but it gains the flexibility that the vehicle can detour to
newly inserted requests without violating the later time constraints. These are two commonly used

configurations in solving static problems when real-time requests are not considered.
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Figure 2. Vehicle idle strategy in dynamic

A better vehicle idle strategy to be used in dynamic problems can be sought by rearranging those

idle periods at each stop as shown in the “start as soon as possible” strategy, as illustrated in Figure

7



2. In the first instance, the scheduled but unvisited nodes in a route can be organized geographically,
such that nodes close to each other or within a certain zonal area can be put into the same group. A
schedule block is created for each of this group. Within a block, the schedule can be determined
with the simple “start as soon as possible” way, and a vehicle is only allowed to wait before or after
a schedule block. To save computing time and for the easy of vehicle fleet management, any
immediate requests incoming real-time is not allowed to be inserted into a block which has already
been started. Insertion of new requests are only scheduled into blocks which have not been
initialized if there is strong geographic relationship, or inserted into the gaps between blocks. This
is a novel idea which facilitates the possibility of accepting future requests, as now it is possible for
the vehicles to detour to further locations with this longer idle period. From the point of view of
computation, the number of possible insertion steps is now bounded to be a multiple of the number
of scheduled blocks, and therefore the computing time required is very limited and the

implementation of such a dynamic system will be feasible in practice.

Conclusions and Self Evaluation

The static version of the dial-a-ride problem has been well explored by the previous studies, but
efficient strategies to be useable in dynamic are limited. In this research we have established the
important issues, pointing out that dynamically updating of a static model is probably not the best
strategy to be used in real-time. It is demonstrated that an efficient scheduling component is a
crucial element in a dynamic algorithm. A vehicle idle strategy, which can utilize the idle times of

vehicles without affecting the quality and feasibility of the service, has been proposed in this report.

Initial findings of this study have been published in Wong and Bell (2006) and presented in Wong
(2006). This project also supported the research of a Master student (Yuan, 2006), who is in his

second year at the moment.
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