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Abstract

In this paper the current state of the nurse roster-
ing problem in Belgian hospitals is presented. The
current state requires a more flexible model than
the previously reported problem instances. A new
class of ‘horizontal’ constraints, successive series is
presented. Another new aspect of the problem is
the compatible shift types concept. Laboratory re-
sults are promising and the automation tool will
also be tested in a pilot case in a hospital.
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1 Introduction

The nurse rostering problem in Belgian hospitals is
a complicated instance of personnel planning prob-
lem [1], [2], [3]. It requires assignment of shifts to
nurses with respect to coverage of the workload,
legal and contractual constraints, personal prefer-
ences and further criteria.

The modern OR search algorithms are capa-
ble to explore and exploit the search space effi-
ciently, resulting in high quality rosters in signif-
icantly shorter time [1]. This algorithms can alse

cope with various unexpected scenarios that might
occur in real life environment. In this paper the
nurse rostering problem is described in section 2,
the solution method used is presesented in section
3, and the paper is concluded in section 4.

2 Problem Description

Ever changing labour legislations, union agree-
ments and further aspects change the properties
and constraints of the problem. This research is
based upon the idea to tackle the recent version of
the problem by taking advantage of previous exper-
tise [1]. The research is executed in collaboration
with an industry partner, SAGA. The company de-
velops and implements personnel planning software
in hospitals. The automation tool created within
this research is integrated in that software, which
is called HCPS, to be used in Belgian hospitals.

The parameters of a nurse rostering problem in-
stance are the schedule period, skill types, shift
types and employees. The schedule period is de-
fined with a start day and the length of the period
given as the number of days. The nurses are divided
into several skill categories based on their qualifica-



tions, responsibilities and experience. A shift type
is defined by a start and an end time, rest time be-
fore and after, and a net job time. Each employee
is defined by a primary skill type and a contract.
Employees can have optional secondary skill types.
A contract consists of a weekly job time and a set
of ‘horizontal’ constraints and preferences.

The solution of the problem instance is a ros-
ter that consists of assignments. An assignment
is a quadruple of (employee, day, shift type, skill
type). The solution roster must respect all the hard
constraints in order to be feasible. The hard con-
straints are single assignment per employee per day,
no overlap between assignments, modifications on
defined assignments only, and schedule locks. The
schedule locks are given as (employee, day) pairs.

Soft constraints of the problem are schedule re-
quirements, rest times, assignment to the primary
skill, requests, and ‘horizontal’ constraints. The
latter are constraints that affect the roster of one
member of personnel. A new concept, compatible
shift types, consist of shift types that can be substi-
tuted with each other. The schedule requirements
and ‘horizontal’ constraints that affect shift types
are defined over a set of compatible shift types in-
stead of a single shift type. The schedule require-
ments, also called coverage constraints, are defined
by a day, skill type, set of compatible shift types,
threshold values and a weight. The schedule re-
quirements are also the base of the “modifications
on defined assignments only” hard constraint. The
two types of requests are assignment and absence
requests.

The ‘horizontal’ constraints are classified into
three classes: counters, series and successive series.
Counters restrict the number of events within a spe-
cific period. Six types of the counters are hours
worked, shift types worked, days worked, days idle,
weekends worked, weekends idle. The parameters
of counters are the day type, shift types, threshold
values and weight. Series restrict the number of
consecutive events. Five types of series are shift
types worked, days worked, days idle, weekends
worked, weekends idle.

Successive series restrict the succession of two se-
ries. The types of series used in successive series are
days worked, days idle, shift types worked. Param-
eters are two series and a weight. If the first series
of this constraint is recognized the second series is
investigated. The violations of the second series are

penalized.

3 Solution Method

The solution method consists of two stages, pre-
processing and hybrid tabu search method. The
preprocessing method constructs an initial feasi-
ble roster randomly. The hybrid tabu search
method executes the search over six neighbour-
hoods. The method utilizes a variable length tabu
list. The six neighbourhoods utilized are assign,
delete, swap assignment, move the assignment hor-
izontally, change assignment based on shift type,
change assignment based skill type, change assign-
ment general.

4 Conclusion

The resulting automation tool is tested on real life
data and the results are promising. The automa-
tion tool will be implemented as a pilot case in
a hospital to be further tested. Future work in-
volves implementation of further properties and
constraints, improvement of the current solution
method and implementation of other optimisation
methods.
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