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Julian Cremer, Defended PhD 28.11.2024, postdoc at Pfizer (Berlin)





Why do we need Uncertainty 
Quantification (UQ)?

UQ can provide valuable information:

- for which compounds can the model confidently make predictions?
- about which compounds is the model uncertain?

UQ can help with:
- assessment of risks, costs and benefits
- prioritization of test compounds for further analysis

→ Models are often poorly calibrated

Rosa Friesacher, finishing PhD during 4th year at Katholieke Universiteit Leuven



Uncertainty Quantification Approaches

ICML 2024 AI for Science Workshop, https://ai4sciencecommunity.github.io/icml24.html



CLOOME. Contrastive Leave-One-Out boost for Molecule Encoder

Learn molecular representations with contrastive learning using microscopy images and 

molecular structures

Sanchez-Fernandez, A., Rumetshofer, E., Hochreiter, S. & Klambauer, G. (2023). CLOOME: contrastive learning unlocks bioimaging databases for queries with chemical 
structures. Nature Communications, 14, 7339. https://doi.org/10.1038/s41467-023-42328-w 13

Ana Sánchez Fernández, finishing PhD during 4th year at Johannes Kepler Universität Linz



Principles of Contrastive Learning

https://www.v7labs.com/blog/contrastive-learning-guide



Use cases of CLOOME 



Retrosynthesis Prediction

Source: Fig. 1, Doi: 10.48550/arXiv.2301.05864

Adapted from: Fig. 1, DOI: arXiv:2301.05864



Multi-Step: PaRoutes

10,000 compounds from USPTO

Each compound has one recorded 

retrosynthetic route (n-1 set)

Assess success rate and accuracy

Building blocks: specialised PaRoutes set

17

Genheden, S. & Bjerrum, E. PaRoutes: towards a framework for benchmarking retrosynthesis route 

predictions. Digital Discovery 1, 527–539 (2022).



Accuracy PaRoutes

18

Single step

Multi step

P. Torren-Peraire, et al Models Matter: the impact of single-step retrosynthesis on synthesis planning Digital Discovery, 2024.



Paula Torren-Peraire, postdoc at Novartis starting 15.12.2024 (preparing PhD thesis)







Models for HTS data from Buchwald-Hartwig reaction

HTS – high quality data run by the same group

Varvara Voinarovska,   Defended PhD 17.10.2024, postdoc at AstraZeneca



Yield prediction using model based on USPTO



Analysis of chemical space for Buchwald-Hartwig reaction

V. Voinarovska, et al When Yield Prediction Does Not Yield 
Prediction: An Overview of the Current Challenges JCIM, 2024.



Reagent prediction with the transformer

25

Prediction of missing reagents in 
reactions with a SMILES-to-SMILES 
transformer, recovering missing 
reagents to improve the data for 
reaction prediction.

Andronov et al. (2023). Reagent prediction in a molecular transformer improves reaction data quality. Chemical Science, 14, 3235-3246.

https://github.com/Academich/reagents

https://github.com/Academich/reagents


Reagent data curation in an interactive app

26

A word2vec-inspired 
algorithm for grouping 
reagents by roles based on 
their co-occurrences. Helps 
reaction data curation and 
reagent labeling.

Andronov et al. (2024). Curating Reagents in Chemical Reaction Data with an Interactive Reagent Space Map. In: Clevert, DA., Wand, M., Malinovská, K., Schmidhuber, J., Tetko, I.V. (eds) AI in Drug 
Discovery. AIDD 2024. Lecture Notes in Computer Science, vol 14894. Springer, Cham.

https://github.com/Academich/reagent_emb_vis

Mikhail Andronov, finishing PhD during 4th year at Scuola Universitaria 
Professionale della Svizzera Italiana

https://github.com/Academich/reagent_emb_vis


Fast SMILES-to-SMILES with speculative decoding

27

Generating several tokens 
per forward pass in 
conditional SMILES 
generation for 3X faster 
inference with greedy and 
beam search decoding 
without losing accuracy.

Andronov et al. (2024). Accelerating the inference of string generation-based chemical reaction models for industrial applications. arXiv preprint arXiv:2407.09685.

https://github.com/Academich/translation-transformer

The target SMILES can be assembled using the patches of the source SMILES

https://github.com/Academich/translation-transformer


Are XAI interpretations consistent?

Hartog P et al, J. Cheminformatics, 2024, 16, 39.

Peter Hartog, preparing PhD thesis, has an offer for postdoc at Switzerland 



Pertubation-based XAI Gradient-based XAI

SHAP Integrated Gradients (IG)

Attention Maps, Rollout, Grads, AttGrads, CAT and AttCAT

XAI methods



Importance of features across XAI methods



PhD students

On average 2-3 articles per fellow as the first author

- finishing PhD during 4th year at the respective University



Schools, conferences, challenges

Six schools
Transferable skills
On-line presentations



https://aichemist.eu 

https://aichemist.eu/


https://aichemist.eu/news

https://aichemist.eu/news


Thank you for your attention!

https://aid-dd.eu

https://aichemist.eu

https://github.com/aidd-msca

CECAM Flagship School: 28/04 – 02/05/25, Lausanne (apply soon!)

Follow at X/twitter:  @aichemist_dn 

https://www.linkedin.com/company/aichemist 

https://aid-dd.eu/
https://aichemist.eu/
https://github.com/aidd-msca
https://www.linkedin.com/company/aichemist
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