
ACT Stage Topic 5 - Advances in Genetic Programming for Data Mining of Astronomical datasets

Stage topic Description

The coming decades will see Data Mining growing in importance among astronomers. With observatories 
producing data at the rate of petabytes per day, automated procedures for sifting through the deluge of data, 
and producing relevant knowledge from it acquire a vital importance.

The stagiaire will explore emerging approaches to Data Mining [1] coming from the field of Genetic 
Programming [2], a branch of Evolutionary Computation, specifically in how they relate to the mining of 
astronomical data.

One such approach is that of Meta-learning [3], whereby a search procedure is made to optimise, or even 
design, another search procedure that in turn performs the desired task (data mining in this case). The 
motivation for this approach comes from the knowledge that no data mining algorithm is the best across all 
applications domains and datasets. Different algorithms have different inductive biases that make them more 
suitable for different application domains and datasets. By following this approach, the stagiaires will create a 
system that from a given set of astronomical data will automatically design an efficient data miner for 
databases containing similar data.

In the processing of data, an understanding of the information therein arises when the mined knowledge is 
crossed with what is known in the domain. A possible way of handling a stream of incoming observations is 
thus to have a continuously running optimisation process fitting a known model to the new observations [4]. 
Such a system can continuously cast observations in the frame of existing knowledge. The model's accuracy 
signals its general suitability, or need for improvement, and outliers in the predictions may herald new 
discoveries.

Taking this level of automation one step  further, the design of the model itself can be tasked to a symbolic 
regression system. In this approach, the suitability of candidate models guides the search for models that 
better fit the data. A successful recent example of this approach can be found in [5]. Symbolic regression via 
genetic programming is a branch of empirical modelling that evolves summary expressions from available 
data. Unique benefits of symbolic regression include human insight and interpretability of model results, 
identification of key variables and variable combinations, and the generation of computationally simple 
models for deployment into operational models.

A stagiaire following this second approach will focus on investigating an astronomical problem with existing 
symbolic regression tools, with a view to their improvement.

The datasets chosen for this stage are those made available by the Galaxy Zoo (http://www.galaxyzoo.org/) 
project. This crowdsourcing project has made available the results from the human classifications of nearly 
one million objects. This data presents us with the unique opportunity to compare human classifications to 
those from automated machine-learning algorithms, on an unprecedented scale. The effort of creating 
automatic classifiers based on the human classifications has been undertaken in [6]. The stagiaire will be 
performing work of a similar nature, but making use of emerging techniques in Genetic Programming.

Candidate's tasks

Different research lines will be pursued in this stage, depending on the candidate's background.

Artificial Intelligence research line:

■ design by evolution of rule induction algorithms tailored to the chosen astronomical domain/dataset;
■ performance comparison with established data mining algorithms on the same problem;

http://www.galaxyzoo.org/
http://www.galaxyzoo.org/


■ assessment of performance by comparison with knowledge published in the literature obtained by 
astronomers from the same data.

Astronomy research line:

■ automation of data selection and preparation processes for usage of data from the chosen dataset 
on the Eureqa software [5], and other data mining tools, such as Weka [7];

■ assessment of the knowledge produced by those tools in the context of what is known in astronomy;
■ study of the appropriate building blocks for model building from which a Genetic Programming 

system for Symbolic Regression can be made more efficient in the task of mining astronomical data;
■ extension of the knowledge discovery approach published in [5] for increased performance in the 

astronomy domain.

The ideal candidate

■ A student with a strong background in Machine Learning and Evolutionary Computing;
or:

■ A student with a strong background in Astronomy, with an interest in learning/applying Artificial 
Intelligence techniques.

References

[1] Ball, N. M., & Brunner, R. J. (2010). Data mining and machine learning in astronomy. International Journal 
of Modern Physics D, 19(07), 1049-1106. doi: 10.1142/S0218271810017160.

[2] Poli, R., Langdon, W. B., & McPhee, N. F. (2008). A field guide to Genetic Programming. Freely available 
at http://www.gp-field-guide.org.uk.

[3] Pappa, G. L., & Freitas, A. A. (2010). Automating the Design of Data Mining Algorithms - An Evolutionary 
Computation Approach. Berlin, Heidelberg: Springer. doi: 10.1007/978-3-642-02541-9.

[4] Metcalfe, T. S., & Charbonneau, P. (2003). Stellar structure modeling using a parallel genetic algorithm for 
objective global optimization. Journal of Computational Physics, 185(1), 176-193. doi: 10.1016/S0021-9991
(02)00053-0.
related: http://www.youtube.com/watch?v=r4O10PSp7Dc

[5] Schmidt, M., & Lipson, H. (2009). Distilling free-form natural laws from experimental data. Science, 324
(5923), 81-85. AAAS. doi: 10.1126/science.1165893.
related: http://ccsl.mae.cornell.edu/eureqa

[6] Banerji, M., Lahav, O., Lintott, C. J., Abdalla, F. B., Schawinski, K., Bamford, S. P., et al. (2010). Galaxy 
Zoo: reproducing galaxy morphologies via machine learning. Monthly Notices of the Royal Astronomical 
Society, 406(1), 342–353. doi: 10.1111/j.1365-2966.2010.16713.x.

[7] Witten, I. H., & Frank, E. (2005). Data Mining: Practical Machine Learning Tools and Techniques (Second 
Edition). Morgan Kaufmann 
related: http://www.cs.waikato.ac.nz/ml/weka/

http://dx.doi.org/10.1142/S0218271810017160
http://dx.doi.org/10.1142/S0218271810017160
http://www.gp-field-guide.org.uk/
http://www.gp-field-guide.org.uk/
http://dx.doi.org/10.1007/978-3-642-02541-9
http://dx.doi.org/10.1007/978-3-642-02541-9
http://dx.doi.org/10.1016/S0021-9991(02)00053-0
http://dx.doi.org/10.1016/S0021-9991(02)00053-0
http://dx.doi.org/10.1016/S0021-9991(02)00053-0
http://dx.doi.org/10.1016/S0021-9991(02)00053-0
http://www.youtube.com/watch?v=r4O10PSp7Dc
http://www.youtube.com/watch?v=r4O10PSp7Dc
http://dx.doi.org/10.1126/science.1165893
http://dx.doi.org/10.1126/science.1165893
http://ccsl.mae.cornell.edu/eureqa
http://ccsl.mae.cornell.edu/eureqa
http://dx.doi.org/10.1111/j.1365-2966.2010.16713.x
http://dx.doi.org/10.1111/j.1365-2966.2010.16713.x
http://www.cs.waikato.ac.nz/ml/weka/
http://www.cs.waikato.ac.nz/ml/weka/

