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Motivations & Ideas

* Motivations:

— The complexity of chemical knowledge presents a significant barrier
for researchers from the computer science community.

Comprehensive overviews that cover the full pipeline of Al
applications in chemistry from a computer science perspective remain
limited.

e |deas:

— A Computation-Centric Framework: To provide a comprehensive review of A/
for Chemistry from a computer science perspective, establishing a unified

framework that covers Data, Representation, and Application.
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Machine learning in chemistry mvolves three core components data, representatlon and model. Data provides raw chemical
information; representation encodes it into machine-readable form; the model learns patterns to make predictions.
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Main Contributions

Contributions:

— A Unified Framework: We review data sources and representation
methods—from fingerprints to GNNs and Transformers—offering a
structured roadmap for researchers.

— A Task-Based Taxonomy: We propose a classification based on core
ML tasks: prediction, generation, and inference, providing a computer
science-oriented view of applications.

— Key Challenges Ahead: We highlight four major challenges shaping
future research: data scarcity, data bias, interpretability, and
generative large models.

Applications

Prediction Problem Molecular Design Retrosynthesis

(Sec 4.1) (Sec 4.2) (Sec 4.3)
Graph-  Sequence Deep Generation Genetic Reinforcement Template- Template Multi-step
based -based Method Algorithm Learning based -free Retrosynthesis
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Three typical applications of Al for Chemistry.



