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Auto-encoders and decoders are becoming more and more 

prevalent in current cheminformatics applications. In molecular 

modeling, molecular representations can quickly scale to a point 

that necessitates simplification or compression. Using a discrete 

wavelet transform’s (DWT) approximation section, the number of 

basis vectors needed to represent the majority of a chemical 

space’s detail can be reduced, and this subspace can be more 

efficiently generalized. For input data, the SMILES molecular 

representation was used due to its relatively simple nomenclature, 

combined with one-hot character vectors for efficiency. Using the 

approximation portion of the DWT, the number of basis vectors 

needed to represent each character can be reduced by a factor of 

two.. While this novel approach can introduce noise, it allows for 

simplification of a molecule’s mathematical model while 

preserving most of the latent space properties of a model trained 

without this method. Therefore, wavelets present a unique 

opportunity for cheminformatics insight by providing a unique 

method for data compression
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Applications and Conclusion

• Determine the viability of wavelet-based models for molecular

modeling

• Evaluate the comparative complexity of latent spaces

• Evaluate the impact of symmetry vs non-symmetry of the wavelet

transform on the model’s training + generation of the latent space

Future Research
• Apply wavelet-based data to other types of encoder/decoder 

pairs

• Use wavelet-based data in other types of neural networks such 

as transformers, Gated Recurrent Unit, etc.

• Work to discover the best model architecture for latent space 
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KEY: Wavelets offer a balance between latent 

space fidelity and generalization
Wavelets can be used to break down the data into approximations that 

offer relatively distinct yet mathematically simple avenues for 

machine learning training.

Wavelet Transform Inverse Wavelet Transform

Wavelet-based approximation

Let S be any dataset, 

and let W be the DWT

Approximation section Detail section

The architecture of the model is derived from “Improving 

chemical autoencoder latent space and molecular de novo 

generation diversity with heteroencoders” by Bjerrum et al.

with some modifications added to compensate for the wavelet-

based data. The first layer consists of 64 Long Short-term 

Memory (LSTM) cells, whose H and C states are then 

concatenated and fed into a dense layer with the Rectified 

Linear Unit (ReLU) function used as a modifier. Two 

additional ReLU dense layers are then used to convert the neck 

output back into H and C states for the decoder. The states are 

then saved and used again in another layer of 64 LSTM cells, 

of which the output is fed into a standard dense layer, 

whereupon it and the other 2 inputs for the LSTM layer are 

used in the model for training.

The actual training of the model was done using a 

Reduction function that reduces learning rates on a plateau, and 

the Adam optimizer fed a loss based on Mean Square Error 

(MSE). The training was done in batches of size 100 over 100 

epochs, making each batch contain 4043 vectorized molecules. 

After training, the history and weights of the trained model 

were saved for later reconstruction.

Model Structure

• Wavelet-based ML molecular models can generate somewhat 

analogous latent spaces to that of unaugmented ones

• Sampling of nearby vectors in each latent space produces 

similar SMILES strings

• Symmetric or near-symmetric wavelet transforms ensure a 

better fit, and overall a better-trained, more ‘sure’ model that 

can reasonably match the space of the non-wavelet model

• This work can help simplify complex latent spaces in traversal 

applications

• Using the model’s weights, a character-by character sampling 

of probabilities for a molecule can be taken in negative-log 

likelihood (NLL) format

• The unaltered, DMEY, and COIF2 models all have distinct 

separation, indicating good training and an ‘understanding’ of 

which characters should come next

• The D-8 model has difficulty separating the first and second 

characters, possibly due to the non-symmetric scaling of the 

wavelet (see identity matrix)

The sorted sums of the absolute values of the differences of the actual latent space compared to the output from the SMILES to 

latent space conversion layer were used as the indices in the training set for generating the molecules. Indices 0-5 were used. 
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