Appendix A Experimental procedures

A.1 Model implementation

The encoder and the scorer model are implemented using Pytorch. The encoder con-
tains 2 linear layers (including the output layer) with a ReLU activation function.
As mentioned before, the post-addition transformation is the identity transformation.
The hidden layer had 64 neurons, and the output size was 256. The information of
each reaction in the route is summed together before returning. The prediction model
was a Multi Layer Perceptron model with 3 linear layers with ReLLU activation func-
tion, the layers contain 1024, 1024, and 1 neuron, respectively. The inputs of this
linear model consist of two parts, the output of the encoder and the 5 properties of the
route mentioned in the Architecture section. Prior to being forwarded to the predic-
tion model, the inputs are combined such that for each molecule the encoder outputs
are concatenated with the properties. The models’ details in each experiment are:

* No embedding experiment The encoder has 5 fully connected layers includ-
ing the output layer, with the number of neurons each layer are 64, 128, 512,
512, and 256, respectively. The activation function used is ReLU. The scorer has
6 fully connected layers including the output layer, with the number of neurons
each layer are 512, 1024, 2048, 1024, 512, and 1, respectively. The activation
function for the network is ReLU. In both networks, the activation funciton is
applied on all layers except for the output layer.

e SDF embedding experiment The encoder has 5 fully connected layers includ-
ing the output layer, with the number of neurons each layer are 64, 128, 512, 512,
and 256, respectively. The activation function used is ReLU. The scorer has 6
fully connected layers including the output layer, with the number of neurons
each layer are 512, 1024, 2048, 1024, 512, and 1, respectively. The activation
function for the network is ReLU. In both networks, the activation funciton is
applied on all layers except for the output layer.

e RXNFP embedding experiment The encoder DNN has 5 fully connected
layers including the output layer, with the number of neurons each layer are 64,
128, 512, 512, and 256, respectively. The activation function used is ReLU. The
scorer has 5 fully connected layers including the output layer, with the number
of neurons each layer are 512, 1024, 512, 256, and 1, respectively. The activation
function for the network is ReLU. In both networks, the activation funciton is
applied on all layers except for the output layer.

e DRFP embedding experiment The encoder DNN has 5 fully connected
layers including the output layer, with the number of neurons each layer are 64,
128, 512, 512, and 512, respectively. The activation function used is ReLU. The
scorer has 6 fully connected layers including the output layer, with the number
of neurons each layer are 512, 1024, 2048, 1024, 512, and 1, respectively. The
activation function for the network is ReLU. In both networks, the activation
funciton is applied on all layers except for the output layer.



A.2 Training details
A.3 Training Details

In all experiments, the dataset is randomly split into a training set and a test set
using a ratio of 7:1. To examine the impact of data splitting on model performance,
we repeated the split three times, using different random seeds. Additionally, 20% of
the training set is reserved for validation during model training.

Each experiment is repeated three times, using different training and test splits. To

optimize computational efficiency, we precomputed the feasibility input and embeddings
of the routes before training. These inputs are then fed into the encoder, and the
encoder’s outputs are concatenated with the route properties before being passed
to the prediction model. The training configurations are:

Loss function: Mean Squared Error (MSE)

Total training epochs: 81

Batch sizes: 256 for No Embedding, SDF, and RXNFP experiments. 512 for the
DRFP experiment

Learning rate: 0.001

Hardware: 1 NVIDIA V100 GPU

Evaluation frequency: Every 10 iterations, the model is tested on the test set to
monitor training progress.

Appendix B Complete analysis of route scores
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