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1 Introduction

The problem of designing workforce shifts and breaks patterns is a relevant employee

scheduling problem that arises in many contexts, especially in service industries. The

issue is to find a minimum number of shifts, the number of workers assigned to them,

and a suitable number of breaks so that the deviation from predetermined workforce

requirements is minimized.

We tackle this problem by means of a hybrid strategy in the spirit of Large Neigh-

borhood Search, which blends a Local Search based procedure for determining the

shifts, with a Constraint Programming model for assigning breaks. This is a prelimi-

nary work and experimentation is currently underway on a set of benchmark instances

employed in the literature.

2 Problem definition

Formally, we are given a set D of days, which are subdivided into a set of equally long

timeslots. The planning horizon is therefore a set {τ1, τ2, τ3, . . . , τh} of consecutive

timeslots at a given time granularity, each belonging to a single day d. Moreover, for

each timeslot τ , we are given a staffing requirement rτ , which indicates the number of

employees that should be working during timeslot τ .
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The problem consists in designing the shifts and break patterns, i.e., determining

the starting time σi and the length λi of each shift si and, for each day d, the number of

employees assigned wid and the start αidw and length βide of breaks for each employee

e. An employee is considered to be working during the timeslots comprised in the shift

but not in any of his/her breaks in that shift. More formally, an employee e works on

timeslot τ ∈ d if τ ∈ [σi, σi + λi] and τ /∈ [αidw, αidw + βidw].

3 Local Search and Constraint Programming models

In the context of this problem it is useful to define an Interval as a structure of two

variables start and length, which entirely determines a shift, a working period or a

break.

Local Search deals with a search space composed of a set of shifts S, each of them

is characterized by the following decision variables:

– the interval spanned by the shift;

– the number of employee assigned on each day of the planning horizon;

– for each each day the number of breaks each employee has to take.

Notice that Local Search works on a partial representation of the solution, since the

breaks are only specified in their number and not in the intervals they span. To complete

this representation to a full solution we resort to a Constraint Programming model

(described below) whose purpose is to determine the interval variables of each break.

The Neighborhood relations considered are similar to those employed in [1], slightly

modified to deal with the addition of the number of breaks, plus some new move dealing

directly with the break component. In detail we make use of the following moves:

– Change Staff : the staff of a shift in a given day is increased or decreased by one

employee.

– Resize Shift : the length of a shift is increased or decreased by one timeslot, either

on the left-hand side or on the right-hand side.

– Insert Shift : insert a new shift in the solution belonging to a given shift type.

– Merge Shift : two shifts are merged together and the employees assigned to them

are added; the interval of the outcoming shift as well as the number of breaks for

each day are the average of those of the two shifts merged.

– Change Breaks: the number of breaks of a shift in a given day is increased or

decreased by one.

The cost function is the weighted sum of the deviation (excess and shortage, with

different weights) from the working requirements at each timeslot plus another weighted

component that accounts for the number of shifts employed in the solution. Notice that

for an accurate computation of the deviation from the requirements a full solution is

needed, therefore the cost function has to be computed only after a full solution has

been determined by the CP model.

4 Conclusions and Future work

The proposed idea is still at an early development stage and the solver experimentation

is currently underway on a set of benchmark instances available from the literature.
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Preliminary results show that this approach can be feasible to find good quality so-

lutions employing a reasonable number of shifts. However, at present we do not have

a full understanding about the contribution of each neighborhood to solution qual-

ity. Moreover also the CP model could benefit of some improvement, for example by

adding implied constraints which allow for a more accurate constraint propagation

and performing a principled evaluation of different heuristics for variable and value

selection.
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