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1 Introduction

In industrial test laboratories, a large number of tests have to be scheduled,
requiring qualified personnel and specialized equipment. At the same time,
various different constraints have to be satisfied, including project deadlines,
resource availabilities and precedence relations between the tests.

This problem is related to the well-known Resource Constraint Project
Scheduling Problem (RCPSP) (see e.g. [1,3]), but contains several novel fea-
tures, which have to the best of our knowledge not yet been discussed else-
where. Most notably, it requires the solver to group multiple tasks into a larger
unit, which is then assigned a time slot and resources.

We provide a definition of the Test Laboratory Scheduling Problem (TLSP),
together with a set of benchmarking instances (both from a real-world labo-
ratory and randomly generated). In addition, we have implemented a Local
Search framework for this problem, which supports various Metaheuristics.

2 Problem Description

In TLSP, the task is to create a schedule for a list of tasks in multiple projects.
Each task can be performed in one of several modes, and has a fixed duration
which depends on the chosen mode. Also, tasks require several renewable re-
sources of different kinds (e.g. employees, test benches, equipment...). For a
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given mode, a certain number of units of each resource must be chosen, poten-
tially from a restricted subset of units of that resource (a similar formulation
of resource requirements can be found in [2]).

Both individual tasks and the projects they appear in can have a release
date and a deadline. Within a project, tasks may have prerequisite tasks, which
must be completed first.

However, individual tasks are not scheduled directly, but must first be
grouped into larger units, called jobs. This grouping must be found by the
solver as part of the solution process. The duration of a job is equal to the
sum of the durations of all contained task, plus an additional fixed setup
period. The resources assigned to a job must be able to satisfy the requirements
of each contained task over the full length of the job. While there are other
problems in the literature containing grouping or batching of smaller activities
into larger units, these usually either do not deal with time slot and resource
assignment at all or still assign them to the original tasks. The concept of
directly scheduling the larger units is, to the best of our knowledge, not found
anywhere else so far.

Solvers must also respect fixed assignments, which predefine certain jobs
and some or all of their time slot and resource assignments. Further, tasks
within a project can be linked, which indicates that the jobs containing those
tasks must have the same employees assigned.

Soft constraints include minimizing the makespan of each project as well
as respecting an additional target date, and having preferred employees over
others for certain tasks. Finally, the number of employees assigned to work on
each project should also be kept to a minimum.

3 Local Search Framework

We implemented a Local Search Framework for this problem, which supports
a set of neighborhood operators and allows for easy implementation of various
metaheuristics.

The neighborhood operators include basic moves like changing time slots,
resource assignments, or mode switching for a single job, adapted to the special
requirements of the problem. Additionally, it includes new moves to dynami-
cally adapt the grouping of tasks into jobs.

An initial solution can be generated either using one of several construction
heuristics, or taken from an existing base schedule.

Metaheuristic techniques such as Tabu Search, Simulated Annealing or
Min-Conflict can then be easily implemented using the provided neighborhood
operators.

We have deployed a preliminary implementation of these methods in a
specific test laboratory, and already achieved considerable improvements in
solution quality over the current practice of manual scheduling.

In future work, we expect to further improve upon these results by incor-
porating more complex neighborhood operators. We also plan to investigate
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the use of selection hyper-heuristics, to choose the best operators for a given
situation.

4 Conclusion

We introduced a novel problem definition suited to model the planning of
operations in an industrial test laboratory, based on real-world requirements.
This problem includes several features not found in other research in the area
of project scheduling so far.

Benchmark instances, both randomly-generated and real-world datasets,
will be made available publicly.

For this problem, we provided a Local Search Framework, which contains
innovative neighborhood operators to deal with these new features and pro-
vides baseline solutions for other work to build upon.
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