
  Algorithms for Passenger Railway Optimization Problems

   Paolo Toth
   DEIS, University of Bologna, Viale Risorgimento 2, 40136 Bologna, Italy
   e-mail: paolo.toth@unibo.it 
   Abstract
   Passenger railway systems are highly complex systems requiring the solution of several planning problems that can be analyzed and solved through the application of mathematical models and optimization techniques, which generally lead to an improvement in the performance of the system, and as well to a reduction in the time required for solving these problems.
   The planning process is generally divided into several phases: Line Planning, Train Timetabling, Train Platforming, Rolling Stock Circulation and Crew Planning.In this lecture, after a description of the whole planning process and of its main phases, the Platforming and Rolling Stock Circulation phases are considered in more detail.
   In the Train Platforming Problem, which is the routing problem following the timetabling phase (where the timetable for each train has been fixed), we are given a set of timetabled trains, and the objective is to find the best assignment of the trains to the  platforms (and to the routing paths connecting the arrival/departure tracks to the assigned platforms) in a railway station. We consider a general formulation of the problem, which contains as special cases all the versions previously considered in the literature, as well as a case study from FS Rete Ferroviaria Italiana (RFI), the main Italian Infrastructure Manager. An Integer Linear Programming (ILP) formulation is presented, and a column generation procedure is proposed for the solution of the corresponding continuous relaxation. An effective heuristic algorithm, driven by the continuous relaxation of the ILP formulation, is proposed as well. Computational results on real-world instances provided by RFI are reported. 
    In the Rolling Stock Circulation phase, we consider the optimal assignment of train units (which are self-contained trains with an engine and passenger seats) to a given set of timetabled train trips. More precisely, each trip has a departure station, an arrival station, a departure time and an arrival time, and requires a number of  passenger seats. Train units can be classified in different types: each train unit has a number of available seats and can be combined with other units in order to fulfill the seat requests. For each train trip a maximum number of train units that can be combined is given. In addition, sequencing constraints between trips must be satisfied: a pair of trips can be in a sequence for a train unit if the time elapsing between the arrival of the first trip and the departure of the second trip is large enough to allow the considered train unit to travel between the corresponding arrival and departure stations, respectively. The goal is to minimize the overall cost of the train units globally used, while satisfying the seat requests and the sequencing constraints. We present a heuristic approach, based on an ILP formulation in which the seat requirement constraints are stated in a “strong'' form, derived from the description of the convex hull of the variant of the knapsack polytope arising when the sum of the variables is restricted not to exceed two. Computational results on real-world instances are reported.
