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A Implementation Details
A.1 Details of the Base Model

For the NequlP base, we used a latent dimension of 64 and included all irreducible representations of even and odd parity up to
l=2.

We used a radial network with a radial cutoff of 4 A, a trainable Bessel basis of size 8 and two hidden layers of dimension 64
with SiLU nonlinearities.

Gated SiLU- and tanh-based nonlinearities were used for the even and odd features respectively.

A base with 5 interaction blocks was used.

As in the original paper, we used two projection layers. The first one reduces the latent dimension to 32 and the second one
reduces it further to 1.

The model was constructed from the official NequlP package built on top of the e3nn library (Geiger et al. 2022).

A.2 Details of the Stochastic Model

To calculate the standard deviations for the forces and energies from the invariant features produced by the NequlP base, two
separate fully connected feed-forward neural networks were used. These neural networks have an input layer of dimension 64,
two hidden layers of dimension 32 and 16 respectively and an output layer of dimension 1.

The hidden layers have SiLLU activation functions and the output layer has the exponential function as the activation function.
The neural network for the force standard deviations maps each invariant feature v; directly to the standard deviations op,.
The neural network for the energy standard deviations maps each invariant feature v; to a scalar latent variable u,; and the
standard deviation is then calculated as oy = + 31 | w;.

We do not normalize the force and energy labels and instead rescale the predicted means for both the forces and energies by
the root mean square of the force components evaluated on the training data set. We do not rescale the standard deviations.

A.3 Details of the Sampling Algorithm

For all experiments, all models were sampled from a single Markov chain. We always set o to 0.1, 3 to 0.999 and € to 10~3.
The choice of o and £ is oriented at the corresponding values of these hyperparameters in the original AMSGrad algorithm
(Reddi, Kale, and Kumar 2018). The stability constant € has to be chosen more carefully. Because
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it is advisable to set € large enough that o4 / C%I << 1 holds.

On the RMD17 and coupled cluster-level dataset, a batch size of 32 was used and the learning rate v was exponentially decayed
from 1072 to 10~° during the first 106 training steps. After step 10° the first model was sampled. Afterward, we utilized
a cyclical learning rate schedule very similar to the one proposed in (Zhang et al. 2020) y; = % (cos (7r + 55 ) + 1) with
Yo = 0.001 and cycle length K = 50000 to sample the subsequent models from the same Markov chain. A single model was
sampled after each cycle. The mass vector M was kept constant after the first 9 - 10° training steps.

The same sampling procedure was used for the PEDOT dataset except a batch size of 10 was used, the initial learning rate
decay and subsequent sampling occurred during the first 5 - 10° training steps and the mass vector M was kept constant after
the first 10° training steps.

A.4 Details of the Dropout Neural Networks

For the dropout architecture, a single dropout layer was added after the NequlP base in the stochastic model.

The resulting model was optimized using the AMSGrad optimizer with the same batch size and learning rate schedule used
during the initial convergence phase of the Markov chain sampling algorithm.

The mean log-likelihoods were used as an objective function.

We used a dropout rate of 1/64 so that on average one activation was dropped per atomic energy contribution.

We found it necessary to use this fairly small dropout rate because higher rates significantly negatively impacted the accuracy
of the resulting model, which is consistent with what was found in (Wen and Tadmor 2020).

A.5 Details of the Deep Ensemble

For the deep ensemble, 8 stochastics NequlP models were initialized with different weights by manually setting different
pytorch seeds. The model architecture itself was identical to the one used in the Bayesian neural network model. Each model
was trained with a batch size of 30 with the AMSGrad optimizer.

The mean log-likelihoods were used as an objective function.

An initial learning rate of 0.01 was chosen which was exponentially decayed to 10~5 over 5 - 10° training steps. Every 1000



training steps, the model was evaluated on the validation set. For each of the 8 models, the model weights with the lowest
force-MAE on the validation set during the training of that model were used as the final weights of the specific model.

A.6 Evaluation of the Calibration Error and the Error Densities
In the evaluation of the calibration errors and observed error densities, we utilize a bin width § = 0.01.
To visualize the observed distributions of the components of the errors (F; — Fpreq ;) On a test dataset, we set the observed

error density as pPopserved(T) = f z where f, is the fraction of the prediction errors of force components falling into the interval
[z, + ).
The predicted error density was calculated as
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where [ enumerates the molecular configurations of the test dataset, j enumerates the atoms in the molecule of size molsize and
1 runs over the individual force components. 0 ,.cq, 15 is the predicted standard deviation of corresponding force component.

A.7 Calculation of Densities

To smooth the predicted distribution of several Monte Carlo samples or ensemble models we calculate the final distribution
by fitting a normal distribution to the predicted means and variances. The total variance of several Monte Carlo samples or
Ensemble models for force components was calculated as
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where j enumerates the individual Monte Carlo samples/ ensemble models, F, 3.5 1s the predicted expectation value for the i-th
force component of that particular model and o, ; the corresponding standard deviation. The variance is calculated over the

Monte Carlo samples/ ensemble models. The mean of the predicted distribution was simply calculated as F, = = Z =1 F
The calculation of the final energy distribution was done completely analogously.

B The PEDOT Dataset

The ab initio molecular dynamics on PEDOT was carried out using NWChem 6.8 (Apra et al. 2020), using hybrid DFT: B3LYP
(Becke 1993; Perdew, Ernzerhof, and Burke 1996) 6-31G* (Rassolov et al. 1998) with D3(BJ) dispersion corrections (Grimme
et al. 2016) for the geometry relaxations. Previous work had indicated that diffuse functions did not significantly change the
results. Damping, direct inversion in the iterative subspace (DIIS) and level shifting were turned off, and the quadratic con-
vergence algorithm was used. The DRIVER module was used for structural relaxations, which is a quasi-newton optimization.
Its default values were used, with a maximum gradient of 0.00045 and root mean square gradient of 0.00030, and a maximum
Cartesian step of 0.00180 and root mean square Cartesian gradient of 0.00120. The molecular dynamics itself was carried
out using the stochastic velocity rescaling (SVR) thermostat (Bussi, Donadio, and Parrinello 2007), with a relaxation time
parameter (7) of 25 fs and a timestep of 0.5 fs.

The training set is comprised of 50 randomly sampled configurations of the first 1500 timesteps from both the length 8 and
length 12 PEDOTs. Equivalently, the validation set is comprised of 15 randomly sampled configurations of the timesteps 1501-
1600 from both the length 8 and length 12 PEDOTs. The timesteps 1601-2000 served as the test sets for the respective lengths.
The test set for the length 16 PEDOT contained all 2000 configurations. For each of the PEDOT molecules, we defined the
potential energy of the ground state geometry as zero.
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Figure 1: Observed and predicted force components in kcal/(mol-A) with k=8 Monte Carlo samples on the length 16 PEDOT
dataset.



D Comparison to the Original NequlP Model on the RMD17 Dataset

Table 1: Results of the NequlP architecture used as a base model and a single Monte Carlo sample of the Bayesian posterior of
the stochastic model on the RMD17 dataset. Both models were generated with identical training, validation and test datasets.
The NequlP models were trained according to the procedure specified in (Batzner et al. 2022)

Molecule Base Model Proposed Model (k=1)
MAE  RMSE | MAE  RMSE  NECE MLL
B Energy | 0.060 0087 | 0047 0068 163 0.77
Aspirin Forces 0.197 0308 | 0.154 0244  1.03 -1.76
Energy | 0.013 0023 | 0010 0018 651 1.72
Ethanol Forces 0.078 0139 | 0067 0.117 269  -2.16
. Energy | 0.010 0.017 | 0.014 0021 421 2.07
Uracil Forces 0.068 0115 | 0.089 0.145 096 0.20
Energy | 0.020 0.036 | 0.016 0029 435 1.04
Malonaldehyde o 0131 0.227 | 0.104 0178  2.60 -8.68
Salicylic acid Energy | 0.020 0.046 | 0.025 0042 433 0.95
Forces 0.098 0182 | 0117 0.194 079  -0.30
Touluene Energy | 0.009 0012 | 0011 0015 3.32 2.73
Forces 0.044 0070 | 0.055 0.087 135 0.92
Benzene Energy | 0.004 0.005 | 0.004 0005 6.34 3.88

Forces 0.008 0.012 0.010 0.016 0.04 3.06



E Additional Comparisons for the Dropout Model and Proposed BNN Model on the RMD17
Dataset

Table 2: Extended results of the dropout model and the proposed BNN model on the RMD17 dataset. Both models were
generated with identical training, validation and test datasets. 8 Monte Carlo samples were used for each model.

Molecule Dropout Proposed Model
MAE RMSE MLL MAE RMSE MLL
Energy | 0.072 0.096 0.88 0.045 0067 1.41

Aspirin Forces | 0.215 0.340 -1.85 | 0144 0229 022

Energy | 0.012 0021 261 | 0010 0017 299

Ethanol Forces | 0.078 0.147 074 | 0.064 0.115 1.03

. Energy | 0.012 0.020 2.63 | 0.013 0020 2.63
Uracil

Forces | 0.082 0.141 071 | 0085 0.138 0.83
Tt Energy | 0.021 0.038 1.82 | 0016 0027 2.51
Malonaldehyde  p o [ 0145 0250 018 | 0.099 0170 0.49

Salicylic acid Energy 0.022 0.042 1.87 0.022 0.038 2.13
Forces 0.108 0.199 0.14 0.109 0.182 0.63

Taudlrame Energy 0.011 0.015 2.63 0.010 0.014 2.79
Forces 0.052 0.084 1.11 0.051 0.082 1.43

TETEE T Energy 0.005 0.006 3.20 0.004 0.005 3.53

Forces 0.020 0.032 1.50 0.010 0.016 3.06



F Training Times of the Experiments
All training times reported were evaluated on an A100 GPU.

The total training time to generate all 16 Monte Carlo samples for the PEDOT dataset was 138.5 GPU hours.
The training times on the RMD17 dataset can be found in Table 3.

Table 3: Total training times on the RMD17 dataset in GPU hours

Dataset Original NequlP | Dropout Model | Proposed BNN Model
Aspirin 47.3 59.6 74.1
Ethanol 40.7 57.8 82.0
Uracil 113.3 59.8 73.1
Malonaldehyde 44.7 58.2 78.6
Salicylic Acid 41.6 57.4 74.8
Naphthalene 39.7 57.6 79.3
Toluene 43.2 56.9 78.1
Benzene 40.6 57.7 78.9

The total training time to generate all 8 Monte Carlo samples on the coupled cluster-level dataset was 69.2 GPU hours.
The training time for training all 8 models of the deep ensemble was 205.4 GPU hours.

It should be noted, that the training runs were optimized for performance at the cost of runtime. Generally, the last half of
the training run only results in small improvements for all models and sometimes results in no improvement.
Hence, the training times should not be used to rank the individual algorithms by speed since faster training times might have
been possible at little or no cost in performance. Additionally, it is most likely possible to speed up the training times of the
BNNSs substantially, by first optimizing them classically to a local maximum of the posterior and then generating Monte Carlo
samples via the cyclical procedure discussed in Appendix A.3.
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