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Research in the area of educational timetabling has been extensive and has
changed significantly over the past two decades. Timetabling and scheduling
problems are amongst the most well studied NP-hard optimisation problems
due to their direct importance and relevance in real-world situations. In the
early days of timetabling research, it was common for authors to present results
for bespoke problem instances taken from a single institution. The introduction
of standardised benchmarks for examination timetabling in 1996 [4] and for
course timetabling a few years later (via the First International Timetabling
Competition, ITC-20021) contributed towards creating a more cohesive re-
search community, able to directly compare computational results obtained
by different solution methods.

This overview of Curriculum-Based Course Timetabling (CB-CTT) is a
well-written and informative paper. It presents an introduction to CB-CTT
and it provides a comprehensive overview of the solution methods that have
been used to solve this problem, with a particular focus on the instances intro-
duced in the Second International Timetabling Competition (ITC-2007) [8].
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This overview clearly highlights the state-of-the-art exact and metaheuris-
tic methods applied to the ITC-2007 benchmark instances. The most well
known ILP formulations used for deriving upper and lower bounds are de-
scribed in detail, along with a comprehensive comparison of their performance
over the ITC-2007 instances. The authors note that solving such problems to
optimality directly still remains a challenge, given the computational power
currently available. This is directly related to an area that is not highlighted
in this paper: the sharp increase in the number of parallel processing meth-
ods now being published, due mainly to the availability of affordable gen-
eral purpose GPUs. Although we are not aware of any direct application of
multi-core or multithreaded solutions to the ITC-2007 CB-CTT benchmarks,
work does exist within educational timetabling in the context of examination
timetabling [5] and high-school timetabling [2]. We would suggest that this
will be a growth area in timetabling research in the next few years.

In addition to the discussion of exact methods, a number of (meta)-heuristic
approaches are categorised and described. One of the most significant contribu-
tions of this work is the un-biased comparison of ten state-of-the-art methods
taken from the literature. A subjective analysis of performance can be made
based on solution quality and the computational time used. Extensions to the
CB-CTT are discussed, with reference made to fairness in timetabling, a con-
tinuing trend in most areas of timetabling and scheduling (see, for example, [1,
7]). The consideration of human factors is notoriously difficult to measure but
it is becoming increasingly important when convincing people and organisa-
tions to embrace automated timetabling solutions. Fairness issues in problems
such as staff scheduling [7] and examination timetabling [9] have a relative
notion of what is considered to be ‘fair’ or ‘unfair’, with the focus very much
on the impact of a solution on individuals within the system. We would argue
that in the context of CB-CTT, clear definitions of fairness must be defined to
move this area of research forward, taking into consideration the experiences
of the stakeholders in the real-world versions of the problem. A further exten-
sion that is discussed is the idea of multi-objective CB-CTT. An overview of
multiobjective meta-heuristics for timetabling problems is provided by Landa
Silva et al. [6]. Multi-objective optimisation is a well established research area
with an extremely active community. Increasingly, as the questions we ask of
decision support systems becomes more complex, the research effort aimed
at multi-objective search is likely to increase. As with the issue of fairness,
the relevance of ‘multi-objectivity’ within CB-CTT must be considered in a
realistic way, drawing upon the experience of practitioners in the area.

As evidenced by the number of papers included in this overview, the bench-
marks proposed in ITC-2007 have made an important contribution in main-
taining an ongoing cohesive research community in educational timetabling
over the past few years. In any area of search and optimisation, effective
modelling of a particular problem is paramount to yielding results which are
relevant in the real-world. One potential drawback of the standardisation of
timetabling benchmarks is that research is increasingly constrained by solving
‘toy’ problems with no practical applications. The ITC-2007 benchmarks were
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designed to reflect the challenges of solving real-world timetabling problems,
based on existing problem instances. It is important that the emphasis on real-
world practical problem solving is not lost and that the gap between theory
and practice is bridged in two directions. Decision support systems developed
in academia must feed back into practice, while new practical challenges ob-
served in the real-world are incorporated into academic models.

From a practitioners perspective, real-world timetabling does not solely
require a good solution method. Operational issues such as data and system
integration, flexibility in approach within a multi-user environment, security
and access levels, data integrity, delivery and access methods are all equally
important parts of an effective solution delivery. The inclusion of an easy to use
graphical user interface (GUI) is particularly desirable as many individuals are
involved with the processes associated with the construction and delivery of
the institutional timetable and often have different requirements. In addition,
there exist many elements of workflow which must be processed in the produc-
tion of an overall solution. Anecdotally we are aware of numerous situations
within real-world timetabling where the majority of effort in constructing and
managing the timetable is carried out through interfacing with the GUI. This
strongly reflects the processes associated with practical timetabling, in par-
ticular the availability and indeed accuracy of the underlying data. There are
challenges therefore around providing access to dynamic, interactive, robust
scheduling algorithms that are able to aid the automation within the overall
processes.

Although the authors provide references to a number of survey papers,
timetabling research has propagated to such an extent that it is now difficult
to cover all of the survey papers devoted to the topic. We would like to highlight
the recent survey paper of Pillay [10], dedicated to hyper-heuristic methods
for educational timetabling problems. This survey paper covers all aspects of
educational timetabling, including examination timetabling and high-school
timetabling, in addition to university course timetabling problems. Hyper-
heuristics are search methodologies which operate at a higher level of ab-
straction than traditional search and optimisation techniques [3]. A key goal
of hyper-heuristic research is to automate the heuristic design process, min-
imising the human intervention required to design effective problem solving
methods. Hyper-heuristics have been used extensively to address educational
timetabling problems with a large overlap existing between the two communi-
ties. As the power of automated search methods increases and the requirements
for scheduling and timetabling applications become more sophisticated, we ex-
pect the hyper-heuristic and educational examination research communities to
continue to co-evolve.

In conclusion, this paper is well motivated and well written. It represents
an important contribution to the scientific literature in this area. It meets its
stated objective of reviewing the mathematical models and search algorithms
that have been employed to address Curriculum-Based Course Timetabling.
We consider this paper to be an outstanding introduction to the field for those
who are unfamiliar with the area. We would like to see a new generation
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of researchers address the ongoing challenges of this field. Our view is that
this paper will make a strong contribution to the education of newcomers to
timetabling research.

References

1. Ajtai, M., Aspnes, J., Naor, M., Rabani, Y., Schulman, L.J., Waarts, O.: Fairness in
scheduling. Journal of Algorithms 29(2), 306–357 (1998)
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