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A proposition of a flexible framework
for generating nurse rostering instances

Nguyen Dang - Christopher Stone
- Tan Miguel

Abstract We propose ideas towards a framework for generating benchmark
nurse rostering instances in an automated fashion. The framework makes use
of a newly developed automated instance generation approach based on high-
level constraint modelling and automated algorithm configuration. It allows a
modeller to change the kind of instances produced simply by imposing con-
straints on the properties expected to be satisfied by the instances generated.
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1 Introduction

Nurse rostering problem [9,5,20] is one of the most extensively studied prob-
lems in operation research [18]. The problem consists of assigning nurses with
a certain skill to a working shift of a day. The assignments spread over a
planning horizon, normally from a week to a month. The number of nurses
required for each triple of days, shifts and skills are given. There are often sev-
eral hard constraints that need to be satisfied, such as avoiding under-staffing
and impractical shift patterns (e.g., a nurse cannot work a Night shift followed
by an Early shift). Besides, constraints that can be violated, but should be
satisfied as much as possible are expressed as soft constraints. Some examples
of soft constraints include the minimum and maximum number of consecutive
working days that a nurse can be assigned to. There are several variants of
nurse rostering problems, depending on how the hard and soft constraints are
stated. We refer to [5,9,20] for an overview of the problem and its variants.
Several algorithmic approaches have been proposed for solving nurse ros-
tering problems during the last three decades. They include mathematical
programming [19], constraint programming [17], metaheuristics [8], hyper-
heuristics [3] and hybrid approaches [6]. Each approach often has their own
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strength and weakness. For example, constraint programming approaches of-
fer the advantage of being flexible, as new constraints can be easily supported
without interfering into solvers’ implementation. However, they may suffer
from the issue of scalability, and in some cases cannot solve large-size in-
stances effectively as problem-specific solving approaches [23]. Metaheuristic
approaches often find good-quality solutions in a reasonable amount of time
and have good scalability, but they lack of the ability to prove optimality of
solutions found. Even approaches within the same group can have different per-
formance depending on the problem variants and instance distributions [21].

Having benchmark instances with different levels of difficulties is crucial
for assessing performance of different solving approaches, and for understand-
ing their strength and weakness [22]. A variety of benchmark instances have
been proposed and made publicly available for nurse rostering problems. The
KAHO dataset! [20] is constructed using real-world data from two Belgian
hospitals where for each ward three different scenarios are considered: nor-
mal, high amount of unforeseen work and unexpected absence of nurses. The
Nottingham dataset? [4] consist of artificial and real instances collected world-
wide. NSPLib? [24] provides an instance generator and large sets of nurse
rostering instances. The First [12] and Second International Nurse Rostering
Competitions [7] propose artificial benchmark instance sets derived from real-
world data. Recently a unified data format, namely XESTT 4, for representing
several nurse rostering benchmark datasets has been proposed [15].

The necessity of having rich and diverse benchmark instance sets for nurse
rostering makes the idea of an automated instance generator plausible. An-
other motivation comes from the successful applications of automated algo-
rithm configuration in recent years [13]. Imagine that we have a highly con-
figurable nurse rostering solver. When a practitioner wants to adapt a solver
to a specific nurse rostering problem in a certain context of a hospital, the
first step is to have instances that reflect the pattern of the local context. An
automated algorithm configuration tool, such as SMAC [14] or irace [16], can
then be used to find the best parameter setting of the solver on the given
instance distribution.

In [24], Vanhoucke and Maenhout proposed an instance generator that
characterizes an instance through various complexity indicators. They included
problem sizes, preference distribution measures, coverage distribution mea-
sures, and time related constraints. They implemented a dedicated procedure
for generating instances with properties corresponding to specific indicators’
values as parameters.

The generator in [24] covers a wide range of nurse rostering instances’
aspects. However, due to the complexity and diversity of nurse rostering prob-
lems in practice, there can be additional characteristics on the instances that

https://people.cs.kuleuven.be/~pieter.smet/nurserostering.html
http://www.schedulingbenchmarks.org/nurse.html
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a practitioner might wish to add to reflect the local context. For example, in a
normal department of a hospital, the demand for highly skilled nurses can be
very high during the middle of the week, while being low during the beginning
and the end of the week. On the other hand, in an intensive care department,
the demand for highly skilled nurses are generally much higher on most days
compared to the demand for less skilled nurses.

In this work, we propose an alternative approach for automated nurse
rostering instance generation based on constraint modelling and automated
algorithm configuration. The high-level constraint modelling language used by
our approach, namely ESSENCE [10], allows for the flexible specification of
additional characteristics on instances generated. Moreover, the combination
of constraint programming and automated configuration ensures feasibility
and diversity of instances generated.

2 Methodology

The flexible framework for generating nurse rostering instances proposed in
this paper is an extension of the automated instance generation system for
constraint programming proposed in [1,2]. The system makes use of ESSENCE,
a modelling language designed for the specification of problems in combinato-
rial decision and optimisation [10]. This system takes an abstract specification
of a problem in ESSENCE and automatically converts it into a parametrised in-
stance generator. Desirable properties of the instances being generated can be
incorporated into the generator as constraints. The system comes paired with
a constraint programming solver (minion [11]) that generates an instance by
solving the generator specification, and an automated algorithm configurator
(irace [16]) that allows efficient search for generator’s parameter settings that
cover feasible instances of desired properties.

ESSENCE is a high-level constraint modelling language that supports sev-
eral abstract data types. The language can capture the structure of a problem
above the level of abstraction at which modelling decisions are made. In our
context, this enables the modeller to easily add or remove specific constraints
on properties the instances must satisfy, which consequently change the kind
of instances produced by the (automatically created) instance generator.

The nurse rostering instance generation framework will include two com-
ponents. The first one is a nurse rostering specification in ESSENCE that in-
corporates all the indicators proposed in [24] as constraints. We will also add
a number of additional properties observed on real-world instances. One ex-
ample is the distribution of demand for highly-skilled nurses during a week.
The properties encoded in the specification can be easily deactivated if not
needed. As a first step, we will model the specification proposed in the Second
International Nurse Rostering Competition [7]. The specification can also be
modified to comply with other nurse rostering variants. The second component
is the automated instance generation system, which receives as input the spec-
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ification from the first component, and automatically generate a diverse set of
feasible instances following the distribution indicated in the specification.

This is a work in progress and we plan to make the framework and the
instances generated publicly available once they are ready. We believe that this
approach will increase the diversity of scenarios covered by nurse rostering’s
benchmarks and help in the development of new algorithms applicable in real
world healthcare.
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