46" EPS Conference on Plasma Physics P2.1023

Symbolic Regression Analysis on the EUROfusion JET-ILW Pedestal
Database

F. Napoli], L. Frassinettiz, S. Saarelma’

" ENEA, Fusion and Nuclear Safety Department, C. R. Frascati, Via E. Fermi 45, 00044 Frascati (Roma), Italy
? Division of Fusion Plasma Physics, KTH Royal Institute of Technology, Stockholm SE
3 CCFE, Culham Science Centre, Abingdon, Oxon OX14 3DB, UK

The EPED model [1] can predict the H-mode JET-ILW pedestal height and width within a
relative error of about 20% when the pedestal is close to the Peeling-Ballooning (PB)
boundary. However, when the pedestal is far from the PB boundary, our present
understanding of the pedestal physics is still lacking [2,3]. Moreover, the extrapolation to
future JET-ILW experimental scenarios and to different tokamaks is even more challenging.
In addition, it should be desirable to use engineering parameters as inputs for future operative
pedestal predictions. To face these issues a new multi-objective genetic programming (GP)
[4,5] code has been implemented. This code is able to perform a multi-objective symbolic
regression analysis [6] on the EUROfusion JET-ILW pedestal database [7] and to find new
analytical regression models for the pedestal height and/or width testing different sets of
input decision variables from the pedestal database. In order to avoid overfitting, the
minimization of the model complexity is considered and all evolved models are tested on a
validation set to measure their generalization capabilities. The GP code has been validated on
simple test cases and preliminarily tested on the pedestal database deriving analytical
expressions with EPED-like input quantities. The evolved models found so far, along with a
final step of standard nonlinear parameter optimization, shows a good fit on the normalized
pedestal pressure. To get more general results on the underlying pedestal physics, the work
will test also new model selection criteria, new sets of input variables and new constraints on
the model search space. The results of this work will be compared with those ones from the
EPED model. The final goal of this work is to obtain regression models capable of explaining
the pedestal database with, at the same time, high accuracy and low complexity, in order to

get better insights on pedestal physics.

[1] P.B. Snyder, et al., Nuclear Fusion 51, 103016 (2011)

[2] L. Frassinetti, et al., 27th IAEA Fusion Energy Conference (FEC 2018), 22—27 October 2018, Gandhinagar
[3]S. Saarelma, et al., 60th Annual Meeting of the APS Division of Plasma Physics, Portland, Oregon, USA
[4] E. Zitzler et al., Evolutionary Multi-Criterion Optimization, Proceedings of the First International
Conference, EMO 2001, March 7-9 (2001), Zurich

[5]17J. R. Koza, Genetic Programming, MIT Press, Cambridge (1992)

[6] A. Murari, et al., Nuclear Fusion 53, 043001 (2013)

[7] L. Frassinetti, et al., 45th European Physical Society Conference on Plasma Physics, July 2nd-6th (2018),
Prague



