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ML methods for studying phase transitions

e General problem: Identification of phase transitions from data analysis.

e Specific goal: To estimate the critical temperature of a system (Ising
model) using a multi-layer perceptron.

e Research question: Can internal descriptors of the NNs' inner behavior be
used to characterized phase transitions ?

Terin, R. C., Arenas, Z. G., & Santana, R. (2024). Identifying phase transitions in physical systems with neural networks: a neural
architecture search perspective. arXiv preprint arXiv:2404.15118.



Data generation

Ising model in a 2d (8x8) lattice. 1. Generating samples of the Ising
configurations at different temperatures.
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1000 configurations corresponding to

26 temperatures were generated.

30 optimal neural network
configurations were selected.



ML methods for studying phase transitions

MSE used as loss function.

1. Generating samples of the Ising
configurations at different temperatures.

2. Training a neural network to predict the
temperature using a (training) subset of the
data.

3. Evaluate the neural network performance
using a (test) subset of the generated data.

max. layers 20 || Generations 40

max. neurons 20 Pop. size 50

n. epochs 10 Train size | 26000

batch size 100 Val. size | 13000

gradient alg. | Adam Test size | 26000
TABLE T

HYPERPARAMETERS OF THE NEURAL NETWORKS AND PARAMETERS OF
THE NEUROEVOLUTIONARY ALGORITHM.



ML methods for studying phase transitions

1) Neuron coverage metrics: Given a set of instances D and 1. Generating samples of the Ising
a given threshold £, the neural network coverage [18] measures configurations at different temperatures
the proportion of neurons in MLP that have been activated by

at least one instance in D: .. .
2. Training a neural network to predict the

[{c|3z* € D : ¢(z*,¢c) > t}| temperature using a (training) subset of the
N @) data.

NC =

3. Evaluate the neural network performance

| Ut Deene Ur<i<a Pk (@) using a (test) subset of the generated data.

3)

TKNC(DteSt, K) =

N
4. Evaluate the neural network behavior for
i I 2 data corresponding to different
KMN(c) = |{S¢‘:| 3z € Dyeqt : (2%,¢) € Sc}| 4) temperatures using neuron coverage
k metrics.
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Results
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Fig. 3. Standard deviation of MSE of the best 30 models as a function of
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Metrickr MSE MSE Temp | MSE MSE Temp
mean std mean std

NC -0.09  -0.65 0.52 033 0.04 0.17

TKNC 029 -0.18 0.93 0.17  -0.02 0.92

KMN 040 -0.11 0.72 042 022 0.48

NBC 044  0.27 0.77 0.21 0.02 0.62

SNAC 0.41 0.22 0.78 0.19  0.00 0.61

TABLE

CORRELATION BETWEEN THE COVERAGE METRICS, THE MEAN AND
STANDARD DEVIATION OF MSE, AND THE TEMPERATURE.
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Fig. 4. Standard deviation of the NC metric for the different temperatures.



