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DoE HPC Roadmap: Exascale computing project (2021-2025)
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Moore’s Law: The number of transistors on microchips has doubled every two vears [SESUERE
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Evolution of DNA sequencing
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In 2020’s: trillion bases a day
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Decline in Pharmaceutical R&D efficiency

The cost of developing a
new drug (~$2-3B) roughly
Eroom’s Law doubles every nine years.
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Scannell et al. Nature Reviews Drug Discovery, 2012, 11, 191-200
Olexandr Isayev http://olexandrisayev.com
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R&D in Drug Discovery
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NME: New Molecular Entities

BLA: Biological App.
Acta Pharmaceutica Sinica B 2014;4(2):112-119
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MATERIALS SCIENCE MODELING

DFT publications in the last 35 years
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*Web of science queries
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Substances in CAS registry (ACS)
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per year in average
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H(R)¥(R,r) = E¥(R,r)

system (time independent)

property

structure

This is a hyper surface that can be approximated with empirical models.
ML models can remove bias and deal with very complex functions.
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Equation that describes the
properties of an atom-scale
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Structure prediction drives materials
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Data driven Al/ML interatomic potentials fFor large scale multi physics

simulations

_ X-ray data (densities, crystal Fit of initial parameters
« Currently developing AlI/ML models, to structure, temperature > | to reproduce
predict with QM accuracy, energies and changes etc) experimental setup
forces for in- and out- equilibrium,
comparable to experimental observations. Simulations in ALCF to y
« Our models will ultra fast infer ( using GPU support observations, and | «— | Iraining data generation,
and FPGA accelerators) properties for MD experiments with different and Al models production
and PIMD. compositions :
\4 Feedback to experiments
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Project: ML inter atomic i
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VAE-MNIST CVAE-MNIST
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VAE jointly trained with a
Regressor

Variational
Autoencoder
jointly-trained
on properties

Continuous variable
representation for:
* Interpolation
* Optimization
* Exploration

Bombareli et al., ACS Cent. Sci., 2018, 4 (2), pp 268-276
Computational Science Division Argonne &



https://pubs.acs.org/author/G%C3%B3mez-Bombarelli,+Rafael

Funnel approach

Virtual screening of the
chemical space

Computational

cost Molecules most likely
to be of interest
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Informed high throughput computing
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r(;') ChemDatakxtractor

A Toolkit for Automated Extraction of Chemical Information
from the Scientific Literature

(o — —

Scientific Chemical
Literature [— ____| Database

" .

http://chemdataextractor.org

Swain, M. C., & Cole, J. M. J. Chem. Inf. Model. 2016
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Figure 2 shows the UV-vis absorption
spectra of 3a (red) and 3b (blue) in acetonitrile.

shows UV-vis
and 3b |(

Figure 2 the absorption spectra  of

32 ( red ) blue ) in | acetonitrile

Figure 2 shows the UV-vis absorption spectra | of

NN co vaz or NN NN NNS IN
3a (| red ) and 3b ( blue ) in | acetonitrile
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UV-vis  absorption | 3a red 3b blue acetonitrile

3a —  2-[2-[4-(dimethylamino)phenyl]diazenyl]l-benzoic acid

3b —  2-[2-[4-(dipropylamino)phenyl]diazenyl]-benzoic acid

Swain, M. C., & Cole, J. M. J. Chem. Inf

NATURAL LANGUAGE PROCESSING PIPELINE

. Model. 208812






Molecular cartography - clusters
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Learn from data and feedback to experiments

Transition prediction

TDDFT gap prediction — We used
Gaussian Process and Circular Morgan
Fingerprints to predict the first
transition of the a reduce scale TDDFT
(sTDA//wB97X-D3/TZVP), we found
that this value is predictable. Similar
result found for HOMO-LUMO DFT

gap.
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pvinsights.com
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