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1 INTRODUCTION 
 
This work deals with the optimization of the routes for a Dial-a-Ride Transportation System 
(DRTS), in a particular ‘dynamic’ setting. In a DRTS the Dispatching Center (DC) assigns 
the available vehicles and decides routes and schedules (for pickup and delivery events) for 
each vehicle, on the basis of customer requests. The overall costs and the level of service 
have to be optimized. Nowadays, DRTSs are playing an increasingly important role in the 
economy and more and more real implementations are performed because of economic, 
social and environmental reasons (Ambrosino et al. 1997). In addition, the recent 
development of software and hardware technologies (GIS, GPS, telecommunication 
systems) has given the possibility to monitor and manage unexpected events in real-time 
and to acquire high quality and updated data. As a consequence, the DC is able to provide 
faster and better solutions. However, through further exploitation of data and new 
technologies by suitable algorithms, new capabilities may be added to the system. For 
instance, vehicles may take autonomous decisions when facing unexpected events.  
Customers may present their requests in three different ways. First, they can book in 
advance (a complete rescheduling is still possible). This situation leads to a ‘static’, 
traditional problem formulation (Fu and Teply 1999; Madsen et al. 1995): such algorithms 
do not need to yield immediate results since they may be run off-line on the basis of the 
requests received. Second, customers can book when vehicles are on the road (too late for a 
complete rescheduling). In this situation, a ‘dynamic’ problem has to be solved: algorithms 
must deal with customer requests available only while fleet vehicles are on the field. They 
must optimize, when possible, a real-time insertion of a new leg in a previously planned 
route. This task is usually performed by the DC that communicates route variations to the 
vehicles involved. This problem has not been studied as extensively as the previous one 
because its implementation needs technologies available only nowadays. Third, customers 
can ask directly the bus driver for a trip at a bus stop. This possibility is not usually 
considered by implementations, to the best of our knowledge, but it is nevertheless a real 
matter in some Italian scenarios. Furthermore, other unexpected events could cause the need 
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of a fast partial rescheduling (e.g., unforeseen street unavailability, vehicle breakdown, 
unplanned advance or lateness in travel time, etc.).  
In this paper situations in which people ask a bus driver for a trip at a bus stop are 
considered. These service requests have a particular dynamic behavior since they need to be 
quickly either accepted or rejected. We have improved and extended some techniques 
(Healy and Moll 1995, Savelsberg 1990) to real-time applications without increasing the 
global complexity of original algorithms. To be more specific, once a new unexpected 
request has been accepted (i.e., a feasible insertion position in the current solution has been 
found, e.g. via a simple insertion technique), a 2-OPT algorithm performs a local search in 
order to improve the current solution. Anyhow, those perturbations are likely to violate 
some constraints, hence, in order to avoid wasting time testing unfeasible swaps, our 
approach allows us to test only those 2-OPT swaps that grant feasibility with respect to 
precedence, capacity and time window constraints (maintaining an O(n2) complexity). In the 
next section the three algorithms that allow to perform the feasibility checks are presented, 
together with some examples. In section 3 a brief conclusion is drawn. 
 
 

2 THREE ALGORITHMS FOR GRANTING 2-OPT SWAPS FEASIBILITY 
 
In this section the features of three algorithms for granting 2-OPT swaps feasibility are 
presented. These techniques allow future 2-OPT swaps to be performed without further 
feasibility checks of the improved solutions, which are likely to be obtained after the swaps. 
Hence, running these algorithms before 2-OPT swaps reduces the size of the neighbourhood 
of the current solution and grants, at the same time, feasibility with respect to precedence, 
capacity and time window constraints. As a matter of fact, 2-OPT perturbations can, and 
usually do, yield unfeasible solutions with respect to some of the constraints considered. 
Moreover, checking feasibility after each improved solution has been obtained is 
computationally demanding and time consuming, hence inappropriate in a dynamic setting. 

2.1 Precedence constraints 
If a real-time service request is accepted (i.e., an insertion algorithm has found a feasible 
position in the schedule), the new customer goes up on board and bus can leave again. In 
this case there is more time available for route rescheduling. It follows that improving 
algorithms can be computationally more burdensome. In particular, we extend the local 
search algorithm presented in Healy and Moll (1995). In that paper a fast screening 
procedure, preceding 2-OPT swaps, builds a vector in O(n) time (called vector FD) that 
allows to verify swap feasibility without new checks or calculations and maintaining 2-OPT 
complexity. More precisely, if the first broken edge is i then the second edge to be broken 
must precede edge FD[i]. However, this procedure solves static problems and doesn’t 
handle time window and capacity constraints. The dynamic context may be treated quite 
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easily by rejecting all serviced requests and noticing that events of people already in the bus 
aren’t obviously subject to precedence constraints (see e.g. Fig. 1 and 2).  

 
Figure 1. Vector FD for the static case 

 
Figure 2. Route and vector FD for the dynamic case 

2.2 Capacity constraints 
After having perturbed a feasible solution with a 2-OPT swap, a capacity constraint may be 
violated. To avoid this situation we developed an O(n2) algorithm that modifies the vector 
FD so that it takes into account also this constraint. An example is shown in Fig. 3 (where 
the capacity of the bus considered is 6).  

 
Figure 3. The vector FD a) before and b) after the capacity constraint check 

OSPITE
500



 

2.3 Time window constraints 
It is worth noticing that, after 2-OPT swaps, time window constraints need to be checked 
because, in general, service times are altered by those changes in the route which, 
furthermore, are likely to yield to unfeasible sequences. However, a straightforward myopic 
method checking each new sequence for time window feasibility is not acceptable in real-
time scenarios. In our work, these considerations and the concept of time global variables 
have been used to overcome these problems: time global variables are initialised and then 
updated at every exchange step leading to a time feasibility check in constant time, in the 
case of asymmetric distances as well. More precisely, every bus stop is characterised by 
early, late and actual service times (EST, LST and AST); AST depends on the sequence of 
the preceding stops but, in a feasible sequence, it is included between the other two 
bounding times. First, if AST is known, we define ‘maximum permitted earliness’ (MPE) 
and ‘maximum permitted lateness’ (MPL) as the maximum time shifts that maintain time 
feasibility at every stop. Then, for the current solution, we calculate a non-decreasing 
sequence of temporal data that represents, for every stop, the maximum amount of earliness 
or lateness that keeps feasible also the following stops. All this information (global 
variables) is contained in two vectors that can be built in O(n) time, hence this procedure is 
particularly suitable for the real-time case. An example of the two vectors (MPE and MPL) 
is reported in Fig. 4. 

 
Figure 4. Example of time window constraint check 
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3 CONCLUSIONS 
 
In this work we have considered a DRTS in a dynamic setting. In particular, the case of 
customers that ask directly the bus driver at a bus stop to be serviced (without having 
booked in advance) has been considered. Once a starting feasible solution has been obtained 
(unless the customer was rejected), our approach allows a further 2-OPT local search 
algorithm to start and test only the feasible solutions in the neighbourhood with respect to 
precedence, capacity and time window constraints. The computational complexity of this 
approach is O(n2), the same of the original improving technique. 
 
 
REFERENCES 
 
Ambrosino G., P. Sassoli, M. Boero, A. Iacometti, R. Pesenti, W. Ukovich (1997). A project to 
implement a demand responsive transport service (DRTS). 8th IFAC/IFIP/IFORS Symposium on 
Transportation Systems, Chania (GR), pp. 1289-1294 

Fu L., S. Teply (1999). On-line and off-line routing and scheduling of dial-a-ride paratransit 
vehicles. Computer-Aided Civil and Infrastructure Engineering, pp. 309-319 

Healy P., R. Moll (1995). A new extension of local search applied to the Dial-A-Ride Problem. 
European Journal of Operational Research, pp. 83-104 

Madsen O.B.G., H.F. Ravn, J.M. Rygaard (1995). A heuristic algorithm for a Dial-A-Ride problem 
with time windows, multiple capacities, multiple objectives. Ann. of Operations Research, pp. 193-
208 

Savelsbergh M.W.P. (1990). An efficient implementation of local search algorithms for 
constrained routing problems. European Journal of Operational Research, pp. 75-85 

OSPITE
502




