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Motivation

While atom-level 3D molecular generators are expressive, they
require a long sequence of atomic edits to realise even a sim-
ple substituent swap or ring contraction. Synthetic chemists
instead reason in terms of fragments – rings, linkers, func-
tional groups – which carry interpretable chemical meaning,
define attachment chemistry, and roughly correspond to the
building blocks of real synthetic routes. Fragment-based rep-
resentations also compress the generation problem, since one
fragment edit replaces several atomic ones, and constrain sub-
structure validity (rings remain closed, common functional
groups remain intact) that atom-level generators can break.

We have developed a flexible-size 3D molecular generative model based on Flow Matching
[Lipman et al., 2022, Gat et al., 2024], Edit Flows [Havasi et al., 2025] and Generator Match-
ing [Holderrieth et al., 2025] that already supports insertion, deletion, and substitution of
individual atoms. Lifting these operations from atoms to fragments would yield a generator
that builds molecules the way chemists describe them: by composing and swapping mo-
tifs, while still producing 3D geometry end-to-end, similar to [Poletukhin et al., 2026]. This
project develops such a fragment-level edit model and evaluates whether moving the unit of
editing from atoms to fragments yields measurable gains in sample quality, synthesisability,
controllability under fragment-level constraints, and sampling efficiency.

Scope of the Project

The thesis extends our flexible-size 3D molecular generator from atom-level to fragment-level
edits. Concretely:

• Fragment vocabulary. Construct a fragment vocabulary from training data using
a chemically motivated decomposition (e.g. BRICS), with explicit attachment points
and a tail policy for rare fragments. size, coverage of the training distribution, and
downstream generation quality.

• Edit operations on fragments. Lift insertion, deletion, and substitution from atoms
to fragments. Insertion now requires choosing a fragment identity, an attachment site
on the partial molecule, and an SE(3) pose for the inserted fragment; substitution
replaces one fragment by another while preserving the attachment context; deletion
removes a fragment together with its bonds.



• Alignment between source and target. Generalise the unbalanced optimal trans-
port alignment between source and target graphs to fragment-level nodes with internal
structure, so that training paths between coupled endpoints respect fragment identity
and attachment geometry.

• Rigid vs. flexible fragments. Compare a rigid-motif formulation (fragment geom-
etry fixed up to SE(3), in the spirit of recent rigid-motif flow models) with a flexible
formulation in which intra-fragment coordinates remain learnable, and quantify the
expressivity / sampling-cost trade-off.

• Evaluation. Benchmark on standard 3D generation datasets against the atom-level
backbone and against fixed-size fragment baselines. Beyond validity, stability, and
PoseBusters checks, evaluate synthesisability proxies, fragment-level scaffold decoration,
fragment-swap-based lead optimisation, and the number of function evaluations to reach
a given quality.

The ideal candidate

• Strong machine learning background, comfortable in PyTorch.

• Strong interest in generative models as demonstrated by prior projects or coursework.

• Interest in 3D molecular generation. Chemistry knowledge welcome but not required.

• Comfortable working on a GPU/HPC cluster.

Contact

If you are interested, please contact Malte Franke (malte.franke@inf.ethz.ch).
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