Will an Al win a
chemistry Nobel Prize
and replace us?

e ,.. PHYSICAL SCIENCES
' DATA INFRASTRUCTURE

Simon Coles & Jeremy Frey
School of Chemistry
University of Southampton

@colessi 0000-0001-8414-9272



http://orcid.org/0000-0001-8414-9272

1950-1960 1980-1990 1997 Deep

1st Al Boom d
2"¢ Al Boom Blue Chess IBM wins AlphaFold 2023
f
Jeopardy I ChatGPT
2012
AlphaGo

Pre-Digital Computers Computers are Useful Computers are Essential Computers Take Over

© 02 03 04 05 06 07 08 09 1.0 1.1 12 13 14 15 16
3 100+ r
£ 90 i . TH5
2 80 )
5 50 - %
® .- [
fof Top :
© 30 7/& ’ N o 3
Q 204 £ &
B 10
ByFrancois—XavierB.ef:kers,_CCBVSA(.), i & o, g o ” .
https://commons.wikimedia.org/w/index.php?curid=32926674 ch 0 _NZ:“

https://doi.org/10.1038/s41467-021-21091-w



https://doi.org/10.1038/s41467-021-21091-w

Augmented Chemical Intelligence?

I BET IF WE ADDED MORE GPUs TO THIS WE
COULD GET IT'S ABILITY TO RECOGNISE A
HOTDOG UP TO MAYBE 45%

"'DING*
Ecmiel\

“ARTIFICIAL INTELLIGENCE: DO STUPID

THINGS FASTER WITH MORE ENERGY''
Cassie Kozyrkov (TowArDs DATA Science 2019)
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Need to be more insightful, creative, efficient, environmentally
CONSCIOUS...
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Unproved theory
Statistical Modelling (QSAR)

Machine Learning
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From QSAR to Mach
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The First Law of Geography:

The nEEd tO map Chem|ca| Space? ”Everything is related to everything else,

but near things are more related than
distant things”.

Structure

Processing
* Not just big, high dimensional (need imensien
to consider Chemical Space-Time) N N b
* What do we mean by related? ﬁyij/
Shape Data Diversity SR T/ﬁj‘_ |

What do we mean by near? - N
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In high dimensions ‘distance’ is less
well defined Complexity
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u/a_wandering_chemist —— London Tams




Data, Data everywhere - but not enough to model?

Some collections of trusted, curated data By far, the majority of data is unstructured
* Rapid increase in the number of * Residing in articles, theses, patents
available crystal structures (not particularly accessible)
* By no means capturing all structures * In difficult to process formats
(being) determined * Never left the lab book... UNE..A.... l......
JORVE

o
N

* Beginning to move towards e
standards, descriptors | alieaadest
* Need Al suitable ways to e
o structure data e.g. Topology
1970 1980 1990 2000 2010 2020 i g
(shape of data) :
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Culture change required
e.g. compiling non-curated/unstructured data

= 0
« Generally only published, successful —— @O —
outcome, data is made available Scientific # Chemical
* Extracting data is time consuming... Literature T —— Database
: fj\/ \/\_” R

https //d0| org/lO 1021/acs.jcim.6b00207

* |t takes as much time to convert data to “ t" B D 0«
make it usable i g
e A clear need for data standards... ﬁ * - 1- W -l

Desperate need for purpose-built, formal data infrastructures
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We are still in a liminal period!

A key concern:

 e.g. Are GPS & Mapping leading to decline in
spatial awareness?

* Overreliance on Al may put us in intellectual debt

Ethical & Explainable Al necessary for scientific discovery

PaNeL oN ExpLAINABLE AL
DR L

R Lou1se Dennts, DR Wit McNetL & ProFessor CARLOS ZEDNTK

The need for trustworthiness

* Provenance of data / training sets o T T

 Benchmark data

 Ability to scrutinise / understand
models and methods

TELL US EVERYTHING!

#ATLSD2022 _ AI85D
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Evolution of digital chemistry data

Pockets of
experts —
alongside
enthusiasts,
advocates,
champions &

‘ Data science

drives all
‘ chemistry
Data science is a research
ubiquitous
discovery tool
supporting
PS chemistry
Data science research

infrastructures
and tools become
available & useful
(for chemists)

principles
D

m}%

t/?

‘Chemists’ design new
materials with specific
properties and tell
engineers how to make
them - without ever
entering a laboratory.



Will an Al win the Nobel Prize and replace us?!

“As an Al language model, | cannot predict the
future... However, it is possible for an Al to
contribute significantly to chemistry research
that could be awarded a Nobel Prize”

"However, it is important to note that the
Nobel Prize is awarded to individuals or groups
of individuals, not to machines or
algorithms.... Even if Al plays a critical role...
the prize would likely be awarded to the
human scientists who developed and applied
the Al methods.”

“...Do you know who will find these things ﬁ DRkt
out? Not our Al and ML systems, although

I’'m sure they’ll help whenever possible. No,

it is going to be us. Just like it always has
been. The law of conservation of data...”

In the Pipeline
Chemistry World

T Am THE FIRST AL TO RECEIVE THE
PRESTIGIOUS NOBEL PRIZE

\

SOMETHING THAT WOULD NOT HAVE

BEEN POssIBLE WITHOUT ERROR!

REFERENCE SOURCE NOT FOUND
<\,
\'FTZZ'Z‘Z -

TURN IT OFF AND
ON AGAIN

/

CHECK STACKOVERFLOW
COMMENTS

|/

CLICK UPDATE

IELDS! \
FIELDS
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