SELFIES and the future of molecular string representations

discussion points

https://accelerationconsortium.substack.com/p/selfies-workshop-aug-13

Discord for follow-up discussions: https://discord.gg/M8GsAvbs
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1) SELFIES for Macromolecules

A recent paper (https://pubs.acs.org/doi/10.1021/acscentsci.9b00476) has shown
how to represent polymers using SMILES, by extending SMILES to BigSMILES. How
can we translate this representation to BigSELFIES?

Kick-off guestions:

a)

b)

c)
d)

What are the difficulties going from molecules to macromolecules, e.g.,
polymers?

How is this done so far?

How does BigSMILES work?

What are exciting inverse-design tasks for polymers?

2) SELFIES for crystal structures

Kick-off questions:

a)

b)

c)
d)

How are crystals represented in SMILES or with other (string-based)
representations?

What are the issues with this representation?

What are interesting inverse-design problems for solid-state material design?
What are interesting inverse-design problems for crystal design?

3) Nontrivial bonds
SMILES and SELFIES cannot represent certain bonds in a natural way. Examples
are Metallocenes or Diborane. How can they be described using strings?

Kick-off questions:

a)
b)
c)
d)

What is the issue of Metallocenes (Ferrocene) in SMILES?

What other bonds cannot (nhaturally) be described in SMILES?

How could we represent Metallocenes in a more natural way?

What are interesting inverse-design problems for molecules with nontrivial
bonds?


https://accelerationconsortium.substack.com/p/selfies-workshop-aug-13
https://discord.gg/M8GsAvbs
https://iopscience.iop.org/article/10.1088/2632-2153/aba947
https://github.com/aspuru-guzik-group/selfies
https://pubs.acs.org/doi/10.1021/acscentsci.9b00476

4) reaction SELFIES and SMARTS for SELFIES?
SMILES have been extended to allow for descriptions of reactions
SELFIES/CGR in similar way as SMILES/CGR.

Kick-off questions:
a) What possibilities would a completely robust reaction representation open?
b) What could we do with a transformation SELFIES (reaction template)?
c) What is a great application of a 100% robust reaction language?
d) How would it compare to state of the art methods?

5) Human-interpretable Representation

Which representations are easier to learn, to read and to write for humans, SMILES
or DeepSMILES or SELFIES?

Kick-off questions:
a) How could we make a scientific experiment for this?
b) Is there a difference between experts and non-experts?
c) Are there scientific protocols to follow for experiments of this sort?

6) Machine-interpretability?
Which representations can be learned and applied easier by Al systems? An

examples for unexpected advantage for SELFIES: Image2String and String2String
translation.

Kick-off questions:

a) What does it actually mean that a machine understands one representation
better than the other?

b) How can one compare representations?

¢) How could one design new experiments to compare between SMILES and
SELFIES in Deep Learning Settings?

d) How to consider the information content per character and effort to learn to
use the representations?


https://www.daylight.com/meetings/summerschool01/course/basics/smirks.html
https://doi.org/10.1038/s41598-021-81889-y
https://jcheminf.biomedcentral.com/articles/10.1186/s13321-020-00469-w
https://chemrxiv.org/engage/chemrxiv/article-details/60c75681567dfe722dec64d6

7) String-representations as a programming language: More powerful

than “graphs”
One can think about SMILES and SELFIES as a programming language,
encoder/decoder are the interpreters (such as interpreter in Python/JavaScript), then
a generative model is programming in that language.

Kick-off questions:

a) How can we show this explicitly, what else can we show in this way,
connection to language models?

b) By definition a general programming language is much more powerful than
adjacency matrices that are used in Graph-Based representations. How to
explicitly show that?

¢) What chemical structural properties cannot be represented by adjacency
matrices?

d) How does OpenAl's Codex (the Al that writes code)?

8) [coding project] metaSELFIES as an interdisciplinary Al representation
The grammar of SELFIES can be extracted directly from data. This would be
possible not only for inverse-design in chemistry, but also in guantum optics and
likely many other fields.

Example: we have some graph-based datasets for chemistry/maybe RNA
origamis/some quantum system. So we have one VAE, one "meta-SELFIES" (that
from the dataset creates the chemistry-SELFIES, the RNA-origami-SELFIES,...), and
can do highly cross-domain learning.

The basis of the algorithm is described in the Sl of the SELFIES paper.

Kick-off guestions:
a) How to use an interdisciplinary robust representation for Al?
b) Which disciplines (except of chemistry and quantum optics) could be target?
c) What are exciting questions for an interdisciplinary Al?


https://www.nature.com/articles/s42254-020-0230-4
https://cfn-live-content-bucket-iop-org.s3.amazonaws.com/journals/2632-2153/1/4/045024/3/mlstaba947supp1.pdf?AWSAccessKeyId=AKIAYDKQL6LTV7YY2HIK&Expires=1629407652&Signature=ZkXp8wegl%2Fi3Yf2i0fAJGe7a%2FAc%3D
https://cfn-live-content-bucket-iop-org.s3.amazonaws.com/journals/2632-2153/1/4/045024/3/mlstaba947supp1.pdf?AWSAccessKeyId=AKIAYDKQL6LTV7YY2HIK&Expires=1629407652&Signature=ZkXp8wegl%2Fi3Yf2i0fAJGe7a%2FAc%3D

