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ABSTRACT

Benchmarks are a useful tool for empirical performance compar-
isons. However, one of the main shortcomings of existing bench-
marks is that it remains largely unclear how they relate to real-
world problems. What does an algorithm’s performance on a bench-
mark say about its potential on a specific real-world problem? This
work aims to identify properties of real-world problems through
a questionnaire on real-world single-, multi-, and many-objective
optimization problems. Based on initial responses, a few challenges
that have to be considered in the design of realistic benchmarks can
already be identified. A key point for future work is to gather more
responses to the questionnaire to allow an analysis of common
combinations of properties. In turn, such common combinations
can then be included in improved benchmark suites. To gather
more data, the reader is invited to participate in the questionnaire
at: https://tinyurl.com/opt-survey
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1 INTRODUCTION

As is the case in most empirical research, the optimization com-
munity employs benchmarks to compare the performance of al-
gorithms. Unfortunately, issues in both the design and the use of
benchmarks are common. These can, for instance, relate to how
well benchmarks are able to differentiate between algorithms, but
also to how well they reflect properties of real-world application
problems. For example, Ishibuchi et al. mention that the perfor-
mance of an algorithm on popular benchmark problems can be
different from that on real-world problems [1]. Tanabe et al. show
that C-DTLZ functions and widely-used real-world-like problems
have some unnatural problem features [2]. A connection between
benchmarks and the properties of real-world problems is important
because this allows benchmark results to give a clear idea of how
useful different algorithms are in practice. Not only is it valuable
to have test functions that imitate real-world problems, some real-
world problems may be suitable to be used as a test problem as is, or
may have a simplified version that correlates with their true objec-
tive(s). The contributor of the problem can benefit from improved
solutions and improved algorithms, while academics gain a better
understanding of the properties of this optimization problem.

This work focuses on identifying real-world problems and their
properties to enable their integration in newly developed bench-
mark problems. To this end, a questionnaire is developed here to be
distributed to specialists working on real-world optimization prob-
lems. In addition to learning properties of real-world problems, this
work also encourages increased discussion in the optimization com-
munity on how to design high quality benchmarks. A few results
based on initial responses to the questionnaire are briefly analyzed
and discussed. This paper also aims to increase the reach of the
questionnaire to get more responses which would allow statistically
meaningful conclusions to be drawn.
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Besides its obvious relevance to benchmarks, this study is also
important for research on optimization algorithms in general. In-
formation obtained through the questionnaire can indicate give
an indication about which research directions should be explored
more in order to solve problems in the real world. Insights from
the questionnaire can thus motivate new directions for research
as well as rekindle interest in existing ones, and thus hopefully
increase the number of optimization algorithms that are relevant
for applications in the real world.

2 QUESTIONNAIRE

In Figure 1 the structure of the questionnaire is given. While there
are a total of 75 questions, depending on the route, only between
27 and 53 questions are actually posed.

3 DISCUSSION AND OUTLOOK

Through a newly proposed questionnaire this work aims to im-
prove the understanding of the properties of real-world problems
in order to improve the quality of benchmarks in relation to realistic
problems.

The initial set of 21 responses already suggests a few things
about real-world problems. Firstly, constrained and continuous op-
timization problems are most common. Secondly, evaluation times
are long and can frequently require hours of computation. Thirdly,
topological characteristics of a problem’s objective space are often
unknown. This last point makes designing realistic benchmarks
challenging, while the second point requires attention to mitigate
evaluation time in a benchmarking setting.

In order to gather more results, and improve the accuracy of any
conclusions about the properties of real-world problems, we invite
you to participate in the questionnaire at: https://tinyurl.com/opt-
survey.

ACKNOWLEDGMENTS

The questionnaire was first proposed at the Lorentz Center MA-
CODA (Many Criteria Optimization and Decision Analysis) work-
shop as a group effort by J. Fieldsend, ]J. Forde, H. Ishibuchi, E.
Marescaux, M. Miyakawa, R. Purshouse, J. Richter, D. Thierens, C.
Touré, and the authors of this paper. We thank the working group
participants for their valuable contributions. We also wish to thank
M. Balvert, A. Bouter, K. Chiba, D. Gaudrie, M. Kanazaki, T. Ko-
hira, P. Z. Korondi, M. van der Meer, J. Rohmer, and all anonymous
contributors for their time and effort to fill in the questionnaire.

Timo Deist is funded by the Open Technology Programme (proj.
nr. 15586) financed by the Dutch Research Council (NWO), Elekta,
Xomnia and co-funded by the public-private partnership allowance
for top consortia for knowledge and innovation (TKIs) from the Min-
istry of Economic Affairs. Furthermore, Tea TuSar acknowledges
financial support from the Slovenian Research Agency (projects No.
72-8177 and BI-DE/20-21-019). Boris Naujoks acknowledges the
H2020-MSCA-ITN-2016 UTOPIAE (grant agreement No. 722734)
and the DAAD (German Academic Exchange Service), Project-ID:
57515062: “Multi-objective Optimization for Artificial Intelligence
Systems in Industry”.

K. van der Blom, T. M. Deist, T. Tudar, M. Marchi, Y. Nojima, A. Oyama, V. Volz, and B. Naujoks

Q1-4 Problem domain

Variable
types?

Continuous

h Combinatorial Both
/discrete

Y
Number of
continuous/discrete
variables

Y
Number of
continuous/discrete
variables

Variable cardinality

Number of
combinatorial
variables

Q5-19

Variable cardinality

Number of
combinatorial
variables

Constraints?

Yes No

Number of constraints
Constraint types

Constraint evaluation
times

Q20-28

| Objective types | | Objective types |
v v

| Existing solutions

Existing solutions

Objective evaluation
times

Objective evaluation
times

Q29-69

| Objective space | | Objective space |
topology topology
2

Objective correlation
and preference

Pareto set/front
properties

Q70-75

§ Contact information

Figure 1: Questionnaire structure.
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