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Federated Al, data streaming, and pragmatic engineering

» There is no one-size-fits-all Al/
ML approach for any science.

 Federations of agents can solve
different tasks asynchronously.

« Data streaming enables this.

 Collaboration drawing on
domain knowledge and Al/ML
expertise results in the most
impacttul projects.
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Experiments
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Feature engineering can be incredibly effective, and
requires collaboration with domain experts.
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B Identitying experimental failures at BMM.

'Good' Spectra 'Bad' Spectra
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Testing a suite of algorithms and featurizations for
describing the functional response of a fluorescent protein.
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A fully synthetic data pipeline can train an accurate
probabilistic model prior to the experiment.
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Unsupervised learning:

How do we approach situations when we are exploring the unknown?
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B Uncertainty is a proxy for novelty.
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The latent space of variational auto encoders conditioned
on the same synthetic dataset is a guide for novelty.
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Non-negative matrix factorization (NMF) for
decomposing datasets without priors.
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Constrained NMF produces physically realistic
components and weights.

Canonical
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Dynamically adjusted constraints leads to
directly interpretable decompositions

Canonical Constrained Refinement Results
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Making decisions on what to measure
next:

Active learning for exploring phase space

Reinforcement learning for operating under resource constraints
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B DBayesian optimiza‘tion to guide experiments.
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Solid dispensing

Photolysis

Liquid dispensing

Inertization

Measurement
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Human defined experiments ran by robot researchers
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Models develop over time and balance exploration and
exploitation
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Bayesian optimization tfor autonomous
characterization is enabled by bluesky-adaptive.
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Probabilistic predictions from supervised models can also ~ :
guide effective experimentation.
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String based optimization tasks can be accomplished using @

a suite of network architectures.
Stability E4B

i S 207

4+ !

O O

8 — 2,

230 - / G 151

QL L

P - =

® 20+ ©

> S 10 A

- -

(@) 4 :

x 10 1 x

M 4™ 5 1

= C— e — = —————— e —————————

0 20 100 150 0 20 100 150

Objective function evaluations Objective function evaluations

. 807 100

S QL

5 701 = 5 =

Q b 90

- )

> 60 S

E S 807

2 50 - =

= — e 70 -

- % g /

&) 40 p o

E s 601 ¢

= =

30 -
0 50 100 150 0 50 100 150
Objective function evaluations Objective function evaluations
— CNN Deep Ensemble — Embedding GP RNN Deep Ensemble

Embedding Deep Ensemble —— Genetic — GP SSK

(gf/ N Y U Gruver, N. et al., ICML 2020 Non-confidential overview. Copyright (c) BigHat Biosciences. All Rights Reserved.
27

- BigHat

BIOSCIENCES




Reinforcement learning:

For when model training is more costly than an experimental step.
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With hundreds of samples to run remotely,
how do we best utilize our resources?
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Reinforcement learning develops policies for
optimal measurement strategies.
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Reinforcement learning develops policies for
optimal measurement strategies.
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> /O,f' _}0; 0 500 1000 1500 2000 2500
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B Artificial intelligence for beamline science

Experimental procedure « — — — — — — — - - - - - - - - .

] ’

Run Engine (o ru#-eng‘ne) e YD) OCUMENES” Streaming visualization,
o processing, adaptive and

:
1 autonomous interfaces
A
v v @vesky
Python abstractions Serialization
of hardware (- 2°":9) (€ svitcases) Access saved data

A l (O fi.a“tfProker)

v Persistent storage /

Control layer (e.g. EPICS) (Ordinary files on disk, v
A a Database, and/or the Clou;)\ Interactive
o data analysis
7’ S o
7’ :
v P Large gdetectors jupyter &- ' &'\

»s write directly to storage e’ &
Hardware - ¢ g p—
e.g. motors, detectors e
(e.g ) —
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| rF
B ROS-Laboratory £

Decision Layer: Artificial intelligence

Hardware layer: Robots and laboratory equipment drivers

.....

[ ==~
|=—

xecution layer: Tas dynamic workflow Perception layer: Environment and workflow perception

e 4
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abb_driver

57:EROS
Q/ \\ .~ industrial
‘§

U.S. DEFARTNENT OF

ENERGY

Sample Preparation

Solid Dispensing: Liquid Dispensing: Mixing:
/Dosing_status / Pump_status /mixer_status
/Door_position ~  /Pump_speed —> /Speed_target
/Sampler_position /Pump_direction /Timer
/Dosing_target /Timer

Mettler-Toledo Watson Marlow IKA

QS30 Autosampler 323DU Pump ULTRA-TURRAX
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Diverse laboratory tasks connected via message bus, with
real time bus for robotics.

Analysis
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Workcells are etficient self-contained unit operations.

Heavy robots Integratec

P. . I_. . _f .
Automated Pipetting imited-tunction robot (some integration) Workeell

- BigHat
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® Thank You!

 Using the right tool for the | 1 ,
right job. og visuazation,

A 1 :
» Scalable infrastructure tor % / autonomous interfaces

Streaming visualization,

Run Engine ({0 enane) » “Documents” >
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Ordi fil disk,
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-7 data analysis
: : L7 -2 g
« Open source automation is ! ,  Large detectors e &9 K
: Hardware -~ o =
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