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EDpucATION

«University of Stirling 2021
PhD Computing Science

«University of Stirling 2016
BSc Computing Science, first class

-HEA 2023

Associate fellowship

EXPERIENCE
«Edinburgh Napier University August 2023-present
Lecturer in Computing Science UK

Teaching: data wrangling/data science/machine learning [MSc level|, evolutionary computing [BSc level]

«University of Stirling June 2022-August 2023
Lecturer in Computing Science UK
Teaching: data wrangling/data science/machine learning [MSc level]

«University of Stirling September 2020-May 2022
Research Fellow UK

SELECTED PUBLICATIONS

XAI for Algorithm Configuration and Selection (book chapter)

S.L. Thomson, E. Hart, Q). Renau Explainable Al for Evolutionary Computation (pp. 117-148) 2025
Subfunction Structure Matters: A New Perspective on Local Optima Networks

S.L. Thomson, M. W. Przewozniczek GECCO 2025 (accepted)
Stalling in Space: Attractor Analysis for any Algorithm

S.L. Thomson, Q. Renau, D. Vermetten, E. Hart, N. van Stein, A.V. Kononova EvoAPPs 2025
Into the Black Box: Mining Variable Importance with XAI

K. Hunter, S.L. Thomson, E. Hart EvoAPPs 2025
Addressing the traveling salesperson problem with frequency fitness assignment and hybrid algorithms

T. Liang, Z. Wu, J. Lassig, D. van den Berg, S.L. Thomson, T. Weise Soft Computing Journal (2024)
Entropy, Search Trajectories, and Explainability for Frequency Fitness Assignment

S.L. Thomson, G. Ochoa, D. van den Berg, T. Liang, T. Weise PPSN 2024
A Deep Dive Into Effects of Structural Bias on CMA-ES Performance Along Affine Trajectories

N. van Stein, S.L. Thomson, A.V. Kononova PPSN 2024
Understanding Fitness Landscapes in Morpho-Evolution via Local Optima Networks

S.L. Thomson, L. le Goff, E. Hart, E. Buchanan GECCO 2024
Temporal real and surrogate fitness landscape analysis for expensive bi-objective optimisation

C. Rodriguez, S.L.Thomson, T. Alderliesten, P.A.N. Bosman GECCO 2024
Where the Really Hard Quadratic Assignment Problems Are: the QAP-SAT instances

S. Verel, S.L. Thomson, O. Rifki EvoCOP 2024
Can HP-Protein Folding be Solved with Genetic Algorithms? Maybe Not

R. Jansen, R. Horn, O. van Eck, K. Verduin, S.L. Thomson, D. van den Berg ECTA 2023


mailto:s.thomson4@napier.ac.uk
https://www.linkedin.com/in/sarah-l-thomson-21a156135/

The Opaque Nature of Intelligence and the Pursuit of Explainable Al

S.L. Thomson, N. van Stein, D. van den Berg, C. van Leeuwen NCTA 2023
Channel Configuration for Neural Architecture: Insights from the Search Space

S.L. Thomson, G. Ochoa, N. Veerapen, K. Michalak GECCO 2023
From Fitness Landscapes to Explainable AI and Back

S.L. Thomson, J. Adair, A.E.I. Brownlee, D. van den Berg GECCO 2023 companion
Randomness in Local Optima Network Sampling

S.L. Thomson, G. Ochoa, N. Veerapen, D. van den Berg GECCO 2023 companion
Frequency Fitness Assignment on JSSP: a critical review

E. de Bruin, S.L. Thomson, D. van den Berg EvoAPPs 2023
Universally Hard Hamiltonian Cycle Problem Instances

J. Sleegers, S.L. Thomson, D. van den Berg ECTA 2022
Fractal Dimension and Perturbation Strength: A Local Optima Networks View

S.L. Thomson, G. Ochoa, S. Verel PPSN 2022
On Funnel Depths and Acceptance Criteria in Stochastic Local Search

S.L. Thomson, G. Ochoa GECCO 2022
The Fractal Geometry of Fitness Landscapes at the Local Optima Level

S.L. Thomson, G. Ochoa, S. Verel Natural Computing Journal
Inferring Future Landscapes: Sampling the Local Optima Level

S.L. Thomson, G. Ochoa, S. Verel, N. Veerapen Evolutionary Computation Journal
The Local Optima Level in Chemotherapy Schedule Optimisation

S.L. Thomson, G. Ochoa EvoCOP 2020
Clarifying the Difference in Local Optima Network Sampling Algorithms

S.L. Thomson, G. Ochoa, S. Verel EvoCOP 2019
Multifractality and Dimensional Determinism in Local Optima Networks

S.L. Thomson, S. Verel, G. Ochoa, N. Veerapen, D. Cairns GECCO 2018
On the Fractal Nature of Local Optima Networks

S.L. Thomson, S. Verel, G. Ochoa, N. Veerapen, P. McMenemy EvoCOP 2018
Comparing Communities of Optima with Funnels in Combinatorial Fitness Landscapes

S.L. Thomson, F. Daolio, G. Ochoa GECCO 2017
The Effect of Landscape Funnels in QAPLIB Instances

S.L. Thomson, G. Ochoa, F. Daolio, N. Veerapen GECCO 2017 companion

GRANTS

NHS consultancy: co-investigator; optimised one of their vehicle fleets

The Pathway Generator: initially a named postdoc and now co-investigator; built an optimisation system for health
and social care

SICSA travel grant: recipient; funded a month-long research visit to Michigan State University in 2022

DAASE project: EPSRC project funded my PhD

RESEARCH VISITS

Michigan State University, US: April - May 2022; with Wolfgang Banzhaf
ULCO, Calais, France: June 2023; with Sébastien Verel
CWI, Netherlands: October 2023; with Peter Bosman

REFERENCES

Available upon request.



ISIR (The Institute of
Intelligent Systems and
Robotics) at

Sorbonne University 2015-
2019

Léni K. Le Goff, Ph.D.

Lecturer in Machine Learning and Artificial Intelligence
Nationality : French, Speaks : french, english

+447305053431

1/42 Bothwell House

Edinburgh, EH7 5YL

United-Kingdom

Llegoff2@napier.ac.uk

EDUCATION

Ph.D. in Artificial Intelligence, Machine Learning and
Robotics.

Thesis supervised by Pr. Stéphane Doncieux in the
DREAM project (European Commission, FET Horizon
2020).

Bootstrapping Robotic Ecological Perception with

Exploration and Interactions.
https://www.theses.fr/’2019SORUS219.pdf

ENSIIE
2011-2014

Engineering degree in Computer Science (Ecole
National Supérieur d'Informatique pour I'Industrie et
I'Entreprise)

KIT (Karlsruhe Institute of
Technology) 2013 - 2014

Erasmus exchange for one year in Master of Computer
Science

Marceau College
2009 - 2011

Lecturer in ML and Al at

Preparatory classes in physics, chemistry and
mathematics.

EMPLOYMENT

Research : Generative Design for Robotics, Evolutionary

Edinburgh Napier Robotics, Autonomous Robotics, Robotics for Ecology.

University (ENU)

From Dec 2022 Teaching : Mathematics for Software Engineering, Game
Engineering, Msc and Honours Dissertation supervision.

Research Fellow at ENU In charge of the Machine Learning and Software

Oct 2019 - Nov 2022

Development aspects in the project Autonomous Robot
Evolution. Funded by the EPSRC
Language : C++

Research intership at ISSB
(Institute of Systems and and
Synthetic Biology)

Jan 2013 - March 2014

Participation to International Genetically Engineered
Machine (IGEM) competition. Modeling of biological
System

Language : Python



SELECTED PUBLICATIONS

Le Goff, L.K., and Smith S.C., 2025 Efficient and Diverse Generative Robot Designs using
Evolution and Intrinsic Motivation. IEEE ICRA (in final publication process)

Pringle, S., Dallimer, M., Goddard, M. A., Le Goff, L. K., Hart, E., Langdale, S. J., ... & Davies, Z. G.
2025. Opportunities and challenges for monitoring terrestrial biodiversity in the robotics age. Nature
ecology & evolution, 1-12.

Thomson, S. L., Le Goff, L.K., Hart, E., & Buchanan, E. 2024. Understanding fitness landscapes in
morpho-evolution via local optima networks. In Proceedings of the Genetic and Evolutionary
Computation Conference (pp. 114-123).

Arza, E., Le Goff, L. K., & Hart, E. 2024. Generalized Early Stopping in Evolutionary Direct Policy
Search. ACM Transactions on Evolutionary Learning, 4(3), 1-28.

Le Goff, L. K., Yaakoubi, O., Coninx, A., & Doncieux, S. 2022. Building an Affordances Map with
Interactive Perception. Frontier Neurorobotics

Le Goff, L. K., Buchanan, E., Hart, E., Eiben, A. E., Li, W., De Carlo, M., ... & Tyrrell, A. M. 2022.
Morpho-evolution with learning using a controller archive as an inheritance mechanism. IEEE
Transactions on Cognitive and Developmental Systems.

Hart, E. & Le Goff, L. K. 2022, Artificial evolution of robot bodies and control: on the interaction
between evolution, learning and culture. Philosophical Transactions of the Royal Society B 377 (1843),
20210117

Buchanan, E., Le Goff, L. K., Li, W, Hart, E., Eiben, A. E., De Carlo, M., ... & Tyrrell, A. M. 2020.
Bootstrapping artificial evolution to design robots for autonomous fabrication. Robotics, 9(4), 106.

Le Goff, L. K., Buchanan, E., Hart, E., Eiben, A. E., Li, W., de Carlo, M., ... & Tyrrell, A. M. 2020.
Sample and time efficient policy learning with CMA-ES and Bayesian Optimisation. In Artificial Life
Conference Proceedings (pp. 432-440). MIT Press

Le Goff, L. K., Hart, E., Coninx, A., & Doncieux, S. 2020. On pros and cons of evolving topologies
with novelty search. In Artificial Life Conference Proceedings (pp. 423-431). MIT Press.

Le Goff, L. K., Mukhtar, G., Le Fur, P. H., & Doncieux, S. 2017. Segmenting objects through an
autonomous agnostic exploration conducted by a robot. International Conference on Robotic
Computing (IRC)

Parutto, P., Le Goff, L., Léger, H., Mercy, G., van der Kouwe, E., Chhun, A., ... & Jaramillo, A. 2014.
Characterization and modeling of an iron-sensitive system in Escherichia coli. Advances in Systems
and Synthetic Biology.




ESTEEM

Invited Speaker for the Evolution of Things workshop at ALIFE conference (2024)

Invited Examiner for international Msc Thesis at University of Cape Town (2022)

Review Editor at Frontier bio-inspired robotics (since 2021)

Program Committe Member of ACM GECCO for the Evolutionary Machine Learning Track
(2024 & 2025)

Reviewing:
* Frontiers in Al and Robotics
» Evolutionary Computation (MIT Press)
e Transaction on Cognitive and Developmental Systems (IEEE)
e ALIFE Journal
* IEEE IROS Conference (2025)
* International Conference of Developmental Learning (ICDL) 2019

Session Chair :
* IEEE International Conference on Robotic Computing (IRC) 2017
« IEEE International Conference in Robotic and Automation (ICRA) 2025

Finalists of International Genetically Engineered Machine (iGEM) competition at MIT 2013

FUNDING

Carnegie Trust Research Incentive Grant (RIG013319) (£14,951.52) - Principal Investigator
Autonomous Quadrupedal Robots: Adaptable To The Unpredictable.

Investigation of the adaptation of quadrupedal robot pre-trained locomotion to complex unknown
environments. Supervision of a research assistant for 4 months.

Edinburgh Napier University’s Internal Strategic Research and Knowledge Exchange
Fund 2021-2022 (£3,258.82) - Co-Investigator

Long-Term Monitoring for Environmental Conservation and Restoration Using Adaptable
Robots: Identification and Collation of End User Needs.

Organisation of a workshop gathering roboticists and ecologists on the topic of using terrestrial
robots for ecological monitoring. Writing of a review paper on the use of robot in ecological
monitoring.




TEACHING

Introduction to programming in Python and C (1st year bachelor at Sorbonne
Umver51te (SU)) Delivering Tutorlals and Practical Labs

Programmlng and data structures in C (2nd year bachelor at SU), Delivering Tutorials
and Practzcal Labs

Robotic lab (3rd year bachelor at Polytech Paris), Supervzsmg Practical labs in
programmmg a hexapod robot s gate

Programming Graphical Interface in Java, Python, and C++ (3rd year bachelor at
SU), Delzvermg Tutorials and Pratical Labs

Emergent Computing For Optlmlsatlon (MSc/4th Year module at ENU)
Demonstrator, providing Python and Evolutionary Computing expertise.

Mathematics for Software Engineering (1st year Bsc)
Delivering lectures on Mathematics fundational theories : Logic, Probability, Set theory,
Arlthmetlc

Game Englneerlng (3rd year Bsc) Module Leader
Game engine development using C++ and basic libaries : SEFML, Box2D

Supervision of
« SU: 2 students doing their internship for a master thesis for 6 months.
« ENU: Visiting PhD student from Spain for 3 months.

SKILLS

Programming Languages
C/C++, Python (MatplotLib, Numpy, Scipy, Seaborn), C#, Linux Bash

C/C++ « Ecosystem »
C/C++ STL (C++17), Boost, Intel TBB, EigenLib, Qt Framework, ZeroMQ, SFML

Machine Learning

Evolutionary algorithms : Genetic Algorithm, Evolutionary Strategy, Neuro-evolution
Classification/Regression : Mixture Models, SVM, Random Forest, Boosting, Deep
Learning

Policy Search: Reinforcement learning, Bayesian Optimisation

Robotic
Mobile and Humanoid Robots, ROS (Robotic Operating System), Kinematic and
Dynamic Mathematic, Basic Motion Planning Concepts

Theoritical Computer Science :
Computational complexity theory, Graph theory, Automata theory, Formal systems and
Logic, Optimisation.




CV: Professor Emma Hart

Title: Professor Emma Hart

Contact details : Edinburgh Napier University, 10 Colinton Road, Edinburgh, EH15 2EY
Email e.hart@napier.ac.uk Phone: 0131 455 2783

Current employment: Professor, Edinburgh Napier University

Career history
¢ Professor, Edinburgh Napier University, 2008-present
e Reader, Edinburgh Napier University, 2006
e Lecturer, Edinburgh Napier University, 2001
e Research Associate, University of Edinburgh 1996-2000

Education
e PhD University of Edinburgh, 2002 “Artificial Immune Systems as a Metaphor for
Information Processing: Fact or Fiction”
e MSc University of Edinburgh, 1995, Knowledge Based Systems (with distinction)
e BA(Hons) University of Oxford, 1990, Chemistry (1st class)

Awards/Honours

e Awarded ACM Outstanding Contribution to Evolutionary Computing 2023
e FElected as Fellow of the Royal Society of Edinburgh (2022)
e Bronze Award GECCO Human-Competitive Awards (Humies) ($1000): Improving
prediction of wind-damage in Forestry through Genetic Programming (2018)
e Best Paper Awards:
o Algorithm Selection with Feature Extraction Using Deep Learning. GECCO
2019
o Evolution of a Functionally Diverse Swarm via a Novel Decentralised,Quality-
Diversity Algorithm, Complex Systems Track, GECCO 2018 (nomination)
o Artificial Immune System driven Evolution in Swarm Chemistry, IEEE Self-
Organising and Self-Adaptive Systems, SASO 2014
e GENOPT 2016 Prize, Biathlon and High Jump: Eduardo Segredo, Eduardo Lalla-
Ruiz, Ben Paechter, Emma Hart, Stefan Vo3
¢ Invited participant in Royal Society Frontiers of Science Exchange with Russian
Academy of Sciences in Kazan, Russia, representing UK Computer Science UK
2013

Professional recognition and reputation

ACM SIGEVO Vice Chair 2023- present

ACM Senior Member (from 2020)

Elected member ACM SIGEVO Executive Committee (2016-2021)

Appointed to IEEE Taskforce: Evolutionary Development Systems & Robotics (20

Selected Recent Keynote Speeches at International Conferences:

EURO Distinguished Lecture, CLAIO2022, Buenos Aires
Artificial Evolution 2022, Exeter, UK

IEEE Congress on Evolutionary Computing, Italy, 2022

IEEE Congress on Evolutionary Computing, New Zealand, 2019



IEEE International Joint Conference on Computational Intelligence (Madeira, 2017)
28th Conference on Operational Research (EURO 2016, Poland): Lifelong learning
for optimisation

15th UK Conference on Computational Intelligence (UKCI 2015

Conference/Journal Activity:

Chair EvoApps 2025 (Springer LNCS)
Editor-in-Chief of Evolutionary Computation (MIT Press) from January 2017-Dec
2023
General Chair Parallel Problem Solving From Nature (2016)
General Chair 9th Int. Conference on Artificial Immune Systems (ICARIS), 2010
Steering Committee Member:

o |EEE Self-Adaptive and Self-Organising Systems (from 2016)

o International Conference on Parallel Problem Solving From Nature (2017)
Senior Program Committee Member, AAAI 2019
Technical Chair at 4 other international conferences; track chair at 4 international
conferences; workshop chair for 13 workshops at international conferences

Guest Editor of 5 Special Issue in international journals

Selected Publications (citations > 5900, h-index 35, Google Scholar)

Application areas of AIS: The past, the present and the future. E Hart, J Timmis,
Applied soft computing 8(1).

Hyper-heuristics: An emerging direction in modern search technology: E Burke, G
Kendall, J Newall, E Hart, P Ross, S Schulenburg. Handbook of metaheuristics
(2003).

A lifelong learning hyper-heuristic method for bin packing (2015). K Sim, E Hart, B
Paechter Evolutionary computation 23(1)

A hybrid method for feature construction and selection to improve wind-damage
prediction in the forestry sector. Hart. E, et al GECCO 2017 [Humies award]

Use of machine learning techniques to model wind damage to forests. Hart, E., Sim,
K., Kamimura, K., Meredieu, C., Guyon, D., & Gardiner, B. (2019). Agricultural and
Forest Meteorology, 265, 16-29.

Generalized Early Stopping in Evolutionary Direct Policy Search, E Arza, LK Le Goff,
E Hart, ACM Transactions on Evolutionary Learning 4 (3), 1-28

Evaluating the Robustness of Deep-Learning Algorithm-Selection Models by
Evolving Adversarial Instances, E Hart, Q Renau, K Sim, M Alissa, International
Conference on Parallel Problem Solving from Nature, 121-136

Learning Descriptors for Novelty-Search Based Instance Generation via Meta-
evolution, A Marrero, E Segredo, C Ledn, E Hart, Proceedings of the Genetic and
Evolutionary Computation Conference 2023

Evaluation of frameworks that combine evolution and learning to design robots in
complex morphological spaces, W Li, E Buchanan, LK Le Goff, E Hart, MF Hale, B
Wei, M De Carlo, IEEE Transactions on Evolutionary Computation 28 (6), 2023
Generating diverse and discriminatory knapsack instances by searching for novelty
in variable dimensions of feature-space." Marrero, Alejandro, E Segredo, E. Hart.
Proceedings of the Genetic and Evolutionary Computation Conference. 2023.
Automated algorithm selection: from feature-based to feature-free approaches M
Alissa, K Sim, E Hart Journal of Heuristics 29 (1), 1-38



e Morpho evolution with learning using a controller archive as an inheritance
mechanism, LK Le Goff, E Buchanan, E Hart, AE Eiben, W Li, M De Carlo, AF
Winfield, IEEE Transactions on Cognitive and Developmental Systems 15 (2), 2022

e Artificial evolution of robot bodies and control: on the interaction between evolution,
individual and cultural learning, E Hart, L Le Goff Philosophical Transactions of the
Royal Society B: Biological Sciences 2021

e Generating unambiguous and diverse referring expressions, N Panagiaris, E Hart, D
Gkatzia, Computer Speech & Language 68,2021



Research group: Edinburgh Napier University

The Nature Inspired Intelligent Systems group (NIIS) is one of two groups in the
interdisciplinary Centre for Atrtificial Intelligence and Robotics.

The group takes inspiration from processes observed in natural systems to build
computational systems that are capable of problem solving — tackling problems that range
from optimising processes, through engineering design, to enabling groups reach socially
beneficial outcomes, e.g. by reducing energy consumption. A number of members focus on
combinatorial optimisation problems, with expertise in logistics (vehicle-routing), workforce
scheduling, timetabling and packing. While in many applications, optimisation leads to
considerable economic benefits, our work has a particular emphasis on reducing carbon
emissions and sustainable travel. We combine evolution with machine-learning techniques
to improve algorithm selection and develop optimisation systems that exhibit life-long
learning, capable of automatic algorithm generation and improvement through application of
genetic programming methods.

The group also does research in the area of robotics, using evolution as a tool to design and
build novel robots for use in unknown-environments, and as a method to develop adaptive
robot behavioural mechanisms, that enable robot(s) to remain fit-for-purpose in dynamically
changing environments, and to collaborate to achieve tasks more efficiently. We work in
both simulation and hardware, and have access to 3d printing facilities for creating
autonomously designed robots. We have a small swarm-robotics laboratory onsite as well as
access to space to run robotic experiments at the National Robotarium of Scotland, a short
bus ride from the university

Description of the research

The overall fields associated with this project are a) the notion of explainability for optimisation
algorithms and b) the generation of robot designs using evolutionary algorithms. Recent years
have shown a hugely increased interest in the idea or vision of explaining decisions taken by, or
solutions obtained by, evolutionary search [ref]. Although attempts have been made to this end
sporadically in the past couple of decades, there has been more of an intense focus lately; this
is partly due to inspiration from fields such as explainable Al in machine learning.

In the field of robotics, evolutionary algorithms are used to generate robot designs by exploring
the huge space of possible robot configurations. Because such space is hard to navigate,
indirect encodings are often used. An indirect encoding consists in defining a genotypic space in
which a genome can be decoded into a meaningful robot design. However, understanding if a
particular encoding has the desired properties for efficient navigation can be difficult because of
the complexity of the design and genotypic spaces. Thus, it is crucial to create better tools to
explain and understand how encoding helps to navigate the space of robot configurations. A
common approach is the use of a type of neural network named CPPNs to encode a robot
morphology. Despite their prevalence, the use of CPPNs for this purpose is not well understood.
Indeed, there is some evidence to suggest that CPPNs may not always be suitable for the aims



of an indirect encoding. Recent studies have made advances towards understanding the
implications of using CPPNs through fitness landscape analysis of searches conducted using
the encoding [1, 2].

Despite these insights, many questions arose after these works. For example: how sensitive are
the results to the choices of CPPN hyperparameters? What do the CPPNs which are being
evolved look like at different stages of evolution? How does the specific choice of how to decode
outputs from the CPPN affect the obtained morphologies?

In this project, the student will consider these questions experimentally. They may also consider
other aspects of explaining the evolutionary search through the space of CPPNs, and its
connections to the phenotype space. Techniques may include, but are not limited to: systematic
sensitivity analysis via grid search of CPPN hyperparameters, and visualisations such as
dimension reduction for CPPNs or for robot phenotypes. The existing code bases are
predominantly in Python and C++, so it would be advantageous if the student was fairly
comfortable in either of these programming languages.

We are very excited to work with you! Please contact us s.thomson4@napier.ac.uk or
l.legoff2@napier.ac.uk if you have questions or uncertainties. Professor Emma Hart will also be
involved.

[1] Thomson, S. L., Le Goff, L., Hart, E., & Buchanan, E. (2024, July). Understanding fitness
landscapes in morpho-evolution via local optima networks. In Proceedings of the Genetic and
Evolutionary Computation Conference (pp. 114-123).

[2] Thomson, S. L., Le Goff, L., Hart, Eiben, A. & Luck, K. (2025, under review @ ALIFE).
Understanding the Navigation of Robot Morphology Spaces with Local Optima Network
Analysis.

A he universi nd the ci

Now home to over 19,500 students from over 140 countries, Edinburgh was officially
inaugurated as a University in 1992., However our story goes back to the time of John
Napier, the brilliant 16th- century mathematician and philosopher from whom we take our
name and whose original residence now forms an integral part of our Merchiston Campus
(one of 3 campuses spread around the city). The School of Computing is located at
Merchiston, in the south-west of the city, an area renowned for its many cafes and
restaurants and a short walk from the city centre. Edinburgh. It's probably one of the few
cities in the world to have an extinct volcano in its centre, and is known world-wide for
hosting a unique range of festivals, including the Edinburgh Fringe, an International Science
Festival and an annual Jazz and Blues Festival.
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