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Abstract

This work presents a time–space network flow model for scheduling recurring bulk rail deliveries from suppliers to cus-
tomers. The objective is to maximize demand satisfied while minimizing waiting times for loading and unloading the bulk
commodity. The model uses a variety of information including customer demand, rail network characteristics, loading and
unloading hours, and track and station capacities. The planning horizon length and planning period can be varied to pro-
vide solutions for both long term planning and short term daily operations. The paper includes computational studies that
examine the tradeoff between planning period length and schedule quality.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Train scheduling and freight car assignment are omnipresent problems in the operation of large commercial
railroads. They arise because railroads not only transport commodities between different locations but also
because they typically provide the railcars necessary for the transportation of these commodities.

Scheduling recurring bulk rail deliveries such as coal or scrap metal from suppliers to customers is a variant
of the more general freight car assignment and the train scheduling problems. It is both important and difficult
for commercial railroads. It is important because of the large volume of business it represents. It is difficult
because it exploits all available rail resources and information to minimize congestion, maximize capacity,
and reduce uncertainty in daily arrival and departure patterns. The benefits of effective bulk scheduling include
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reductions in demand shortage, staffing costs, and loading/unloading delays. Further, effective scheduling can
give long range planners a clearer understanding of their true capacity, enabling them to make commitments
consistent with their ability to deliver.

The scheduling of recurring bulk delivery is different from traditional empty freight car assignments and
train scheduling models in three important ways. First, car assignment and scheduling is for a single commod-
ity only. Thus, freight cars used to transport the commodity tend to be homogeneous, and there is no need to
model car substitution. Second, shipment quantities between origin–destination pairs (O–D pairs) are very
large, implying that shipments are only initiated when a completely loaded train can be sent from origin to
destination. As a result, there is no need to model the demand on a car by car basis, and thus it is sufficient
to model it on a train by train basis. Finally, demands are recurring and predictable. This follows from the fact
that the demand for freight cars follows from a relatively stable production pattern of the railroad customers.
In railroads modeling, there may be other sources of uncertainties such as variation of transit times and dwell-
ing times, which will increase the necessity of using a stochastic modeling approach. In our study, the dwelling
times are calculated considering the available capacity of the stations, operating days and times at stations.
They are dynamic since they change according to the arrival time of the train to the station. The average tran-
sit times are calculated according to the traffic on the tracks and they change according to the day and time of
the travel. In this study, we use a deterministic approach to solve the problem because of a fairly stable
environment.

In this paper, we develop a model for the scheduling recurring rail deliveries of bulk commodities from a set
of suppliers to a set of customers so as to maximize the demand satisfied during a given planning horizon and
minimize total train waiting time. The model considers information on customer demand patterns, rail net-
work characteristics (distance, timing, topology, . . .) , supplier loading capacities and staffing schedules, cus-
tomer unloading capacities and staffing schedules, and freight railcar characteristics (number,
availability, . . .). The model proposed is a time–space network, encoded as a mixed-integer program (MIP),
where the representation of the physical network (suppliers, customers, stations, rails, etc.) is replicated for
each time epoch or planning period over a finite planning horizon. Time–space models are commonly used
to model train scheduling (Sherali and Tuncbilek, 1997; Sherali and Suharko, 1998) and can be easily custom-
ized to deal with different practical situations faced by railroad operators and planners on a day to day basis.
A feasible solution to the model consists of a set of paths through the network that represents the movement of
a set of trains through space and time. We propose an algorithm to solve this model and study its computa-
tional characteristics on a set of realistic demand and rail network data provided by an industry partner.
Because the complexity of the model increases with the resolution of the planning period and the length of
the planning horizon, a major part of this work involves finding a good balance between solution time and
schedule quality.

Because this model was developed and evaluated in collaboration with a major rail transportation com-
pany, we believe that it is practically relevant. Furthermore, we believe that our modeling and solution
approaches are unique as they combine and support all of the following features:

1. The model can be used for both tactical planning and detailed daily operations by appropriately selecting
the planning horizon, planning period, and network characteristics.

2. The model captures rail network information such as customer working hours, station capacities, and cus-
tomer priorities that are practically important when coordinating daily activities.

3. The solution methodology produces high-quality solutions for large, realistic networks of the size encoun-
tered in practice. It can generate schedules that are highly detailed in the early part of the planning horizon
and more aggregate towards the end.

4. The model explicitly considers train routings and yard operating hours to help avoid congestion on the rail
network. It also schedules the return and repositioning of empty freight cars to avoid loading delays.

5. The solution approach supports both recurring and sporadic demands.

The remainder of the paper is organized as follows: Section 2 provides a literature review on the most
relevant railcar assignment and scheduling research. Section 3 describes our scheduling problem and dis-
cusses the assumptions of our model. Section 4 presents the time–space model we propose. Section 5 explains
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