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~~c_ Thinking the Laboratory of the Future and Factory of

S E C I the Future ...it's taking the measure of this mutation
eeeeeeeeeeeeeeee induced by A.l.

» The Mission of the GT #LaboratoireduFutur of the Society of Chemical Experts of France

= enlighten you on the mysteries of A.l

= make you aware of the importance of the exploitation and manipulation of data
=  become aware of the design and usefulness of a range of Al applications

CHIMIE, BIOCHIMIE ET INTELLIGENCE
B SECF o ARTIFICIELLE : UNE NOUVELLE ERE
LABORATOIRE DU FUTUR #2 POUR LE LABORATOIRE DU FUTUR

LE DEF mxwlmuoviuns 2022-14H
DEINTELLIGENCE Conférence animée par :
Y GERVAISE
ARTIFICIELLE An‘i,r::‘ateur du GT |
I ——— #lLaboratoduFutur a la SECF - |
Fondateur, ExpertScience-

Consulting

NAEN
SECF

' JEUDI 30 MARS
EXPERTSCIENCE | - 14H00
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A.l. and Laboratory

the advent of Artificial
Intelligence (A.l.)

Neural networks...
Machine learning algorithms...

Generative Al...

..at the heart of a new revolution
for the Laboratory ?

EXPERTSCIENCE
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Artificial Intelllgence (A | ) ?..
Artificial intelligence (A.L.)...

“it is the set of techniques allowing machines to accomplish tasks and. to solve
problems normally reserved for humans and certain animals”

Expert = |

A.l. includes 3 categories : Systems s

1- Symbolic I.A.: algorithms based on
of rules (Expert Systems)

2 - Connectionist Al: the algorithms Basic Classification CNN Architecture

learning with neural network T
nput layer layer(s) actvation pocling layer(s) Fully connected
{downsampiing) layer(s)

3 - Generative Al (GPT) networks
neurons with Transformer & variant.

SoftMax

ChatGPT

EXPERTSCIENCE
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Symbolic A.l : Expert Systems...
Expert systems (S.E) :

> Encapsulate expert knowledge question  réponse
in the form of rules (if X then Y) i

] ] connaissances
>Have an inference mechanism expertes
interface M

> Use this knowledge to solve problems
problems and automate the processing of
process

> Have evolved according to different models of
representation

semantics, conceptual graph, tree

decisions, computer languages

] mémoire de travail

(Examples of S.E: prospector Mycin, Dendral)

EXPERTSCIENCE
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The enigmatic Meta-Dendral Expert System
for chemists...for a long time 1965 ! in
LABORATORIES!

Allows constituents to be identified
chemicals,Molecules of a material from its

mass spectrum.
P ResearchGate

Use the rule: “if the spectrum of the molecule 1. A Typical Meta-DENDRAL Rule ...
presents 2 peaks X1 and X2 such that X1-X2=

M+28
...then the Molecule contains a ketone group.”

This S.E (E.S.) is the first algorithm that models
the knowledge of an expert chemist analyst

EXPERTSCIENCE
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Connectionist Al: Machine Learning
artificial neural network...

® Artificial neuron is a mathematical function that mimics the biological neuron with its
hardware

v Connectionist Al imitates the basic architecture of the brain

v Artificial neural networks can receive and transmit information

~ —

AT
>
EXPERTSCIENCE
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Connectionist Al : the machine learns then
solves

® Learning phase feeds the algorithm with multiple characteristic examples
" Prediction phase

®  Test phase Response/prediction quality

i Y\QU rones

(ot Yhase J'apprenﬁssaﬂe

Lﬂjﬁrées
A

EXPERTSCIENCE
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From machine learning to deep learning
thanks to the multi-layer deep neural network

The machine discovers the characteristics itself and is then able to capture the relationship between
entrance and exit.

AL
W

IMOﬂe \Vrujte

caracjtér'\sﬁq/ueé

" Ability to solve complex problems “Deep learning” Yann Le Cun
® Requirements of :
® Calculation capabilities (graphics processors)
® Auvailability of large quantities of data for training the algorithm
® Neural network optimization (synaptic weights, activation thresholds, etc. gradient backpropagation)

EXPERTSCIENCE
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Deep learning at the heart of a disruption for Laboratories
in biochemistry and molecular and structural biology

O _The problem: Impossible to read the 3D structure in an amino acid sequence
after folding of a protein

O The solution:
AlphaFold Deep Learning algorithm successfully wins the CASP in 2021 (
Critical Assessment Proteins structure Prediction) with GDT (Global Distant Test) > 92

T1037 / 6vrd T1049 / 6yaf
90.7 GDT 93.3 GDT
(RNA polymerase domain) (adhesin tip)

)Experimental result

®Computational prediction

EXPERTSCIENCE
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The A.l. a new challenge for
Laboratories: the AlphaFold revolution

Google Deep-Mind in partnership with EMBL (European Molecular Biology Laboratory) has developed
AlphaFold

From July 2021 to July 2022 the AlphaFold database of 3D protein structures has been multiplied

by X 200

DeepMind and EMBL
release the most
complete database of

predicted 3D

structures of human

proteins

C SA Protein structures representing the data obtained via AlphaFold. Source image: AlphaFold. Design
N7 credit: Karen Arnott/EMBL-EBI

EXPERTSCIENCE
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New approach & Performance of Al: the
AlphaFold revolution

The acquired knowledge of the structure in space of these molecules which are
proteins provide information on their function in living organisms

° This result can be appreciated as an
approach combining:

- training data: a corpus of data from
sequencing amino acids and some okt b
3D structures established by the

techniques X-ray crystallography and cryo-
microscopy electronic

- the capacity of the Al (AlphaFold): to
decipher the link uniting primary/tertiary
structure

~ —

) S
-
EXPERTSCIENCE

Structure tertiaire

Structure tridimentionelle
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ARTIFICIAL INTELLIGENCE CHALLENGES FOR
LABORATORIES IN THE COMING YEARS...?

Its integration as a solution to optimize the operation of a growing number of

Industrial processes and R&D
k Sommet des attentes

surdimensionnées

Plateau de
productivité

courbe de Gartner
( hype cycle)

Attentes

Lancement Creux des
désillusions

|

Temps

A.l. technologies will be installed discreetly in the gaps where they
actually create value

S—

R
X+
EXPERTSCIENCE
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The A.l. Matrix of the laboratory of the future:
the Ingredients...and the principle:

x=(age-21.0,
State-gov,
education-num,
Never-married, — £ _ﬂx w) 7 ] J(w) = Zf . ( 2
Prof-specialty, y, — I W _ VW)= s (X
White, sex Male, i

hours-per-
week=20.0,
United-States)

y=0 I

vy=I()

Dataset Model Loss function

Datasets — Model — Cost Function
= Parametric Models:

\/—\ - -
@q - decision tree
= - regression

EXPERTSCIENCE - neural network
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Neural Network: Al and Prediction Property
Chemical Diversion natural language analysis

er ’Analyse du Langage Natur I(NLP)\ &(?ﬁsggf B i
N Text [e
&(Go o v >ense
Translate " Translation

Neural network

Détourner I’Analyse du Langage Naturel (NLP)

@Go gle {\

Translate

Structure & ? p— wene  VISCOSItY
Moleculaire s {J i ®— - Property

EXPERTSCIENCE @ Emmanuel Frenod See-D
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Chemistry, Biochemistry and Artificial Intelligence...?

1- Chemistry and Biochemistry are scientific disciplines which study:
composition, structure, material properties as well as reactions
chemicals that take place between them

2- There are different types of data commonly used in chemistry,
biochemistry
3- A.l. with ML (Machine — Learning) methods makes it possible to

new exploration of this data to valorize it

Artificial Intelligence (Al) can be used to:

-> Classify molecules
. -> Predict Physical, Biochemical Properties
EXPERTSCIENCE -> Discover new Molecules, Materials
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A.l. and exploitation of laboratory data
..Key to How Alpha Fold Works

Un tournant en biochimie Protéine
« Compétition CASP 13 de prédiction de structure R—

(repliement) de protéines au Mexique R
~« Un nouveau programme (premiére participation) |

a remporté la premiére placeRéseau Neurones
« AlphaFold gage 25 / 43 tests PO DR SIES 3 - -
« L'équipe n® 2 a remporté 3 tests I I 1

GDT _ ‘ . N
.-'..«.k ~ Predictions

Dans de nombreux domaines 1 §—StORE
« 1997 : Deep Blue bat Kasparov (échecs) I i

radiont Descent

« 2011 : Watson gagne a Jeopardy! l
« 2016: AlphaGo bat Lee Sedol (go)

Structure 3D
<« 2022 :ChatGPT -

Valorization and exploitation of data  @fxcoudert ens.

EXPERTSCIENCE
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Laboratory and Al: training data, learning and
exploitation
Machine Learning Model...

Databases Laboratories

T s mm W= had

Local or proprietary data a—_— Online databases
ES — B
= -|mO P
- b - -
o o
-@] 1”' / API -
. \ AI
Learning
L Cleaning & preprocessing
Training .
of the Model Traiiog data
-
Featurization
l Learning process
Input data e ML-trained model ey Predictions

EXPERTSCIENCE Use of the Model: solubility prediction, enthalpy etc.
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Chemistry & Al (ML supervised learning)... Performance
In the prediction of structure/property relationships...

agays, Weeks

| experiment

3 possibilities: '
- Lab Experience
: "o —_— HV = EV hours» property
- Theoretical : quantum chemistry
Chemistry | ]
1 seconds

= » ML model

- Machine Learning .

features

The 3rd way if you have enough data to train
a Model accelerates structure/property prediction
Performance = Weeks / Hours / + Seconds

Keith et al, Chemn. Rev. 2021
EXPERTSCIENCE
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Al and New Methodological Approaches for control

of Chemical Risk:alternative methods QSAR / QSPR) uses of
neural networks, supervised and unsupervised Al Machine Learning

i

L - Quantitative Structure-Activity/Property Relationships (QSAR/QSPR)

FRANCA SE

ot

e s v J--&..-.ua...u.l

= Un modeéle QSAR / QSPR établit des relations

mathématiques entre des caractéristiques de la -
structure moléculaire et les propriétés/activités ’ Descripteurs Activité Biologique ou
observées moléculaires Propriété expérimentale

l
; Modéle QSAR /
: QSPR _— v
: f ’ — Besoin de données
Calcul de 0y , expérimentales robustes
O,N NO, descripteurs e
constitutionnels topologlques / obtenues dans des conditions
I’ homogénes
“‘e ¢
CTH5N306 * Régressions multilinéaires
CC1=C(C=C(C=C1[N#](=0)[0-])[N+}(=0)[O-])[N+}{=0)[0-] jecti

* Méthodes par projections (PCA, PLS)
* Arbres de décision
* Réseaux de Neurones

géométriques quantiques

Use of Neural Networks, Al Machine Learning.

EXPERTSCIENCE @Guillaume Fayet INERIS
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IDENTIFICATION of Contaminants...thousands of entities !
from the human loop... t0 the application of A.l. & Machine
Learning > REX from INERIS

Lyates ————]

Preveenas ot wr doveloppement duroble
o
o B ® ©
@ °.
Plusieurs milliers de © Plusieurs dlz.ames 92
sibstances secteurs d'activité
) possibles

. —

Prélévement &
échantiionnage

~

e

Analyse
=) chimique

'v

(C)

Identification
des molécules

Réagir de plus en plus
vite en cas de crise

1L

Préiévement d'un COn:::::::ne: e ":
échantilion d'eau carloute )

e Chromatographie Spectrométrie
H liquide (LC) (HRMS)

:
| =20 000 specires par

dchantiton

- Les spectres sont
ensuite envoyés au ‘ ’
logiciel pour
comparaison

*  Scan pour ddtecter toutes les i .
moldculos sans fragmontation | ¢ g

*  Fragmentation avec 3 4
énergws ditdrentes ' 10l

\ J

T
1200 cyclos de ~1 seconde

Boucle manuelle sur los substances do la base

1. Sélection d'une dos substances do la BOD

2. Rechorcho do la masse moldculairo do coio substance dans l'ensemblo
dos scans des 1200 cycles do la spoctrométne de masse

3. Détermination de lapex (pic chromatographique)

— Récupération des donnédes assocses & lopex  masse moléculaire,
temps de profil de

1mL i Sampie: 319 EmNAT 59 81.19_STEUSS_Tiamvite_5 T aton pos | (4558 Snsturns]
g i R R ‘\N", 3
wl . FIA
b ' 2 L i '
p=lo s 5
pod [ 10 S
Jolg oty 8
peg | 1 \"’ v
| 2 2hs:
o w 82
: 3 3 >
SO 2

Données brutes : des milliers d’entités

Limites des outils constructeurs

Criteres de décision et bases de données fermées et limitées

Fiabilité et reproductibilité limitées

94494

ligne) - long et fastidieux

Validation entiérement a la main de I'expert (vérification ligne par

EXPERTSCIENCE

@Guillaume Fayet INERIS
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A.l. APPROACH and HRMS Analysis of Contamlnants ..

. construction of a MODEL from identification characteristics
particular IN the spectra

Sty eve boge e o,

Projet « Empreintes C O 2 . O - Qo
environnementales » i {}@ ' @ =l i I:I =
|dentification % Ry ' o=( ) .

(AMI IA#2 2020 & France ' desmolécules * Construction et Modéle ‘~_r.n:u\‘»-7m:_n‘ * Plateforme f"’

Relance 2021) ' Pre-processing .  sélection des features et inférence " utilisateur 0 /\‘
o 9...+........'i'.iff'.'.iil'.'.?

. v
SIAPARTNERS T o ..

LN VérificationHumaine
{ o | pourles cas litigisux

..........................

Bases de données Différentes approches testées :
* Base interne Ineris * MLP Classifier
400 molecules * Decision Tree
* Base constructeur * Random Forest
1200 molécules * KNN Classifier
* Base externe : MassBank * SVM Classifier
35000 molécules * Logistic Regression
(4000 avec méme équipement que * Bayes Classifier
Ineris)

GAINS: +s extended database @Guillaume Fayet

" work + exhaustive & + fast
EXPERTSCIENCE e INERIS
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A.l. & Process Intensification by Microfluidics...
orchestrated laboratory : synthesis, characterization,
modeling, databases and A.l.

I INTENSIFICATION DES PROCEDES PAR MICROFLUIDIQUE
" ‘ "‘T' ISEC, LIONS
ICMCB, LGC, LOF

1A & data bases
simulations

Reaction Detection

operational feedback

protocol & control

e ——

synthesis  oplics spectro SAXS

sophie.charton@cea.fr

EXPERTSCIENCE @ E PEPR DIADEM
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The Integration of A.l. in Laboratories...
..Revolutionises sample processing

1- the example of PhénoMatrix: Al embedded in an automated system of
sample processing in Microbiology

2- an image processing algorithm (Deep Learning) works from a

panel 5000 images provided by the laboratory learns and analyzes the
images implementing the best strategies for detecting relevant elements for

classify images

3- Thanks to advanced artificial intelligence (Al), the software pre-
evaluates and pre-automatically sorts culture plates allowing laboratories to
microbiology to read, interpret and separate bacterial cultures

PhenoMATRIX"

Robotic Process Automation
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Generative A.l. In Laboratories... a new deal for the profession

EXPERTSCIENCE

1- Generative Al = exploits Al techniques to
generate content (texts, images, sound and even code)

2- 2000 Language Model (LLM) key concept is formulated

= model capable of predicting the next word in a sentence
= vector representation of words with coordinates in semantic space

3- 2022 arrival of ChatGPT(GPT=Generative Pretained T ransformer)

= Algorithm capable of learning contextualized word representations
= Probabillistic statistical models that determine_the arrangement,

Microsoft openAl , Anthropic Amazon , Google

distribution of words based on massive data ingested during their training

>> Bing GPT4 — Bibliographie

-- solver d’equation

MISTRAL
7B ( avarcasie wow )
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The A.l. : Matrix of the Laboratory of the Future?

Artificial intelligence:
An opportunity for LABORATORIES !

a Collaboration...Between the Laboratorians
and A.l. SPECIALISTS

Advent of augmented LabTechnicians?

“The power of Machine — Learning Algorithms
opens a new era for the laboratory of the future! »

EXPERTSCIENCE
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#lLaboratoireduFutur To go further...
video replays of the entire #conferences of 2 symposiums >
— and alink below >
=  TEST YOURSELF!!! LINK below

Al

=
== A . . | { .
1 | CHIMIE ET @
\ [~ INTELLIGENCE ARTIFICIELLE &
- ;

MERCREDI 8 FEVRIER 2023

https://www.mediachimie.org/ressource/chimie-et-intelligence-artificielle-colloque-
f%C3%A9vrier-2023

A.l. and Laboratory ? = The A.l. Response !!!

Voici une réponse que j'ai obtenue a I'aide du nouveau Bing- GPT4 (Copilot)

LIEN : https://sl.bing.net/kEKAX1Fu6zA @
&
EXPERTSCIENCE
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https://www.mediachimie.org/ressource/chimie-et-intelligence-artificielle-colloque-f%C3%A9vrier-2023
https://www.mediachimie.org/ressource/chimie-et-intelligence-artificielle-colloque-f%C3%A9vrier-2023
https://sl.bing.net/kEK4X1Fu6zA
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Merci ! Thank You! let us keep in touch...

Yvon Gervaise m https://www.linkedin.com/in/yvon-gervaise-22a1b035,

https://twitter.com/expertscience

Mail : expertscience.ygervaise@protonmail.com
Web: http://www.expertscience.fr
Tél :06 60679150

EXPERTSCIENCE
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