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1 University of Stirling

The University of Stirling |is a leading UK research-intensive university. In the
most recent Research Excellence Framework (REF), the UK’s system to assess
research, 7% of our research has an outstanding or very considerable impact on
society and more than 80% is world-leading or internationally excellent. About
the (city of Stirling: Also known as the “Gateway to the Highlands”, Stirling is
the perfect place to study. It combines the charm of a historic city with the
buzz of a young community. 20% of Stirling’s 100,000 people are between 16
and 29 years old (National Records of Scotland 2016). And two of Scotland’s
main cities - Edinburgh and Glasgow - are around 40 minutes away, perfect for
fun weekend adventures.

2 Research Projects

Optimisation is a crosscutting, ubiquitous activity in science, industry and com-
merce. Optimisation problems arise in a broad range of real-world situations
where resources are constrained and one or multiple criteria need to be satisfied.
In the last few decades, a large number of metaheuristics have been proposed,
inspired by various natural phenomena. Combined with the increased number
of algorithms is a knowledge gap in understanding the dynamics of evolutionary
algorithms and other metaheuristics, and how to effectively select and configure
them. These research projects aim to fill this gap, by developing visualisation
and analysis tools that facilitate an informed choice of optimisation methods
through a deeper understanding of the fitness landscape and algorithms’ dy-
namics.

2.1 Background and Definitions

Local optima Local optima networks (LONSs) [§] are a grapb-based model
of fitness landscapes suited to characterising their global structure. LONs
convey a compressed view of a landscape as a network (or graph) where
nodes are local optima, according to a given neighbourhood, and edges
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are possible transitions among optima according to an escape operator.
LONSs have been applied to several classic discrete and continuous optimi-
sation problems, and more recently to hyper-parameter spaces [1l [14] and
neural architecture search [0, [I0]. LONs for multi-objective optimisation
problems have also been recently proposed[4, [5], but they have not been
yet widely explored.

Search trajectory networks (STNs) [7] are a graph-based tool to visu-
alise and analyse the dynamics of any type of metaheuristic: evolution-
ary, swarm-based or single-point, on both continuous and discrete search
spaces. STNs were originally proposed for single-objective optimisation
and only recently extended to to multi-objective optimisation [3][6]. STNs
have been applied to classical benchmark optimisation problems as well
as to neuroevolution [12, T1] and genetic programming [2]. There is still
room for improving and applying this tool to new scenarios.

3 Proposed Projects

1. LONs for Multi-objective Problems. So far, LONs have been applied
to small multi-objective synthetic benchmark problems in combinatorial
optimisation. This project will aim to construct and analyse LONs for
larger problems in either continuous or discrete search spaces. We will
consider existing benchmarks including real-world problems. We will ex-
plore visualisation methods and assess the usefulness of the LON features
in performance prediction.

2. Understanding Complex Search Spaces. This project will look at
extending the application of LON or STNs to neuroevolution, neural ar-
chitecture search (NAS), genetic programming, or hyper-parameter search
spaces, in order to improve our understanding of landscapes and effective
algorithms in these complex domains. Apart from the genotypes, we will
consider the phenotype and behavioural spaces as ways of representing
more concise models.

3. Open Topics in LONs or STNs. This is an open project in which 1
will welcome the creativity and enthusiasm of students willing to improve
any aspect of LONs or STNs, or apply these tools to any new domain,
including combinatorial or continuous search spaces. One possibility is to
extend the use of LLMs to interpret LON or STN models [I3].
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