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1 Introduction

Since the privatisation of Dutch railways, the maintenance
of the railway infrastructure is performed by private con-
tractors, whose short-term objectives are not always fully
aligned with the long-term objectives of the infrastructure
manager, ProRail, and conflicts arise from such misalign-
ment of interests. Game theory provides mathematical anal-
ysis techniques for situations in which two or more decision
makers, called players, make decisions that influence the ob-
jective of the other player(s) [1].
A particular setting, the principal-agent model [2], consid-
ers situations with conflicting objectives and asymmetric in-
formation, which is suitable to investigate the interactions
between ProRail and the contractors under a performance-
based maintenance contract. The overall aim of this work
is to develop new methodologies for optimal contract de-
sign that can also be applied to other situations similar to
the maintenance of Dutch railways, i.e. large infrastructure
networks like road and water networks.

2 Problem formulation

As a starting point, we focus on the bilateral contractual
relationship between ProRail and one contractor, resulting
in a single-principal-single-agent model. We view all the
maintenance activities of a contractor within one mainte-
nance period as a single maintenance task, and consider no
repetitions of the maintenance task at the moment, so the
situation is modelled as a one-shot game.
The primary concern of the principal, also the contract
designer in the context, is how to design incentives to induce
the agent to align its objectives to that of the principal.
The incentive considered in our problem takes the form of
a payment scheme, which specifies the monetary transfer
from the principal to the agent according to a quantitative
performance output, i.e. a payment scheme can be fully
represented by the pair of performance output and monetary
transfer. Under this context, the principal’s decision is
the value of the monetary transfer to the agent, while the
agent’s decision is the effort level applied to achieve a de-
sired performance output. Uncertainty, i.e. the performance
achieved by an agent subjects to random effects imposed

by nature, is also considered by applying a Bayesian-game
approach to the problem.
The principal suffers from information asymmetry due to
inaccessibility to the agent’s private information relevant
to the outcome of the game, e.g. cost structure; this
game-relevant private information of an agent is called
“type” in principal-agent literature. It is also assumed that
the principal has an a priori estimation of the probability
distribution of the agent’s type. Under assumption on the
finiteness of the type space and of the decision space of
both the principal and the agent, the optimal contract design
problem can be reduced to a linear programming problem.

3 Conclusions and future work

This work presents an initial game-theoretic modelling
framework to tackle the real world problem of optimal con-
tract design in railway networks that is able to capture the
essence of the relationship between ProRail and the con-
tractor under a performance-based contract. However, the
static one-shot setting suppresses the rich dynamics typical
to large networks like railways, so the next step would be to
apply a dynamic setting, e.g. combing the principal-agent
framework with a Markov decision process. Another exten-
sion is to consider multi-agent setting.
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