
Symbolic regression (SR) is rooted in machine learning and symbolic computation and enables
finding potentially interpretable equations directly from observational datasets.
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Figure from Udrescu et al. 2020, AI Feynman 2.0: Pareto-optimal symbolic regression ...

The Pareto front contains models for kinetic energy with different tradeoffs between different
accuracy and complexity.
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Genetic programming for symbolic regression (GPSR) is a cyclic process of
model creation and model selection.
Their interaction drives GP search.

Typical approach in two steps:

1. Search for candidates with minimal training loss.
2. Select a model from the final canidate set based on various heuristics.
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Aim

Can we "improve" GP search (1) and model selection (2) by minimizing description length (MDL)?

Improve:

produce solutions with smaller (or equal) test error
and shorter expressions
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Information theory: study of communication of information through a channel.

The description length (DL) is the total length of the message required to communicate a
dataset.

Application of Occham's razor.

Prior work on using MDL for symbolic regression:

STROGANOFF (Iba et al, 1993)

AI Feynman 2.0 (Udrescu et al., 2020)
Exhaustive Symbolic Regression (Bartlett et al. 2023)

MDLFormer (Yu et al., 2025)
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Description length (Bartlett et al. 2023):

The  term penalizes structural complexity  with  distinct symbols
Only the quantization grid  for the MLE ( ) is a free parameter.
It turns out optimal  can be calculated from Fisher information.

D. Bartlett, H. Desmond, P.G. Ferreira: Exhaustive Symbolic Regression, 2023
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We tested three variants of using DL in GPSR

Multi-objective minimization of training loss and length and select a model from the Pareto
front using one of the criteria (MO-Length).

Multi-objective minimization of training loss and model complexity ( ). Select the MDL
model from the Pareto front. (MO-DL)
Single-objective minimization of DL directly. (SO-DL)

Experiments:

34 Datasets x 100 runs; synthetic and real-world datasets

For synthetic datasets we know the generating function and the irreducable noise , but
not given to GP.
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We compare several model selection criteria for MO-Length:

, , and  are different approximations to Bayesian model evidence and all include
the structural complexity penalty.
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Examplary MO-Length result on a synthetic dataset

 
FBF, DL approach irreducible noise level
AIC and BIC overfit. BIC_SR, FBF, DL are similar. BIC_SR overfits slightly.

G. Kronberger - DL Improves GPSR Solutions - WCCM/ECCOMAS, Munich 2026 9



BIC_SR, DL, FBF all converge to length of generating expression
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DL selects shortest models
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Detailed analysis of the final Pareto fronts shows a clear minimum close to minimum test error
for BIC_SR, FBF, and DL.
AIC selects overfit solutions, BIC is flat.

Colors: AIC, BIC, BIC_SR, FBF, DL
Black: test error of solution candidates in the Pareto front.
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BIC_SR, FBF, DL select models with length close to the best test error models.
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Using model complexity instead of length as the second objective (MO-DL vs. MO-Length)
produces expressions with better DL (but no difference in test errors).
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Summary and Conclusions

BIC_SR, FBF, DL all work well for GPSR model selection.
For large datasets they are produce similar results, for small datasets DL slightly better.

BIC_SR and FBF cost almost nothing, DL calculation requires FIM.
MO-DL produces smaller DL than MO-Length but no relevant difference in test errors.

Single-objective optimization for BIC, BIC_SR, FBF, DL fails because of early loss of diversity

Limitations

Only Gaussian likelihoods and limited set of datasets
Simple function complexity penalty (k log n)

No rigorous comparison to PySR or pyoperon
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Questions

Contact: gabriel.kronberger@fh-ooe.at
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Some background on Bayesian model selection:

Posteror probability for a model :

For a fixed dataset we may ignore (constant) :

The Bayesian evidence  is difficult to evaluate and is typically approximated.
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The Laplace approximation around the maximum likelihood estimate (MLE) can be used:

|FIM| is the Fisher information matrix evaluated at the MLE.
As  the prior and the  terms can be ignored and the last term approaches

. The result is  BIC

G. Kronberger - DL Improves GPSR Solutions - WCCM/ECCOMAS, Munich 2026 22



Details on the calculation of total DL

Parameter complexity: FIM , , 
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Effect of noise level
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Effect of training set size
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Datasets
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