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The « AI » boom 
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2
« artificial intelligence »

Turing test
THEORETICAL DEVELOPMENT

ADVANCES IN 
MATERIALS 

SCIENCE



A revolution is starting
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Agrawal et al. APL Materials (2016)

Perspective: Materials informatics and 

big data: realization of the « fourth 

paradigm » of science in materials 

science

Jose et al. Applied materials

today (2018)

Materials 4.0: Materials big data 

enabled materials discovery

J. Gray (2007)

4th paradigm is Science



AI in chemistry ?
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AI in chemistry
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Segler et al. ACS Central Science (2018)

Generating Focused Molecule Libraries for Drug 

Discovery with Recurrent Neural Networks

SMILE 
Format

Natural 
Language 
Processing 

GPT-3
Generative
algorithm

CN1C=NC2=C1C(=O)N(C(=O)N2C)C



USA : « computational material science »

2003 : G. Ceder 2011 :  Materials  Genome Initiative 

N. Nosenko. Nature (2016)

The material code

2011-2016 :  $500 million



From big data to machine learning
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K. Butler et al. Nature (2018)

Machine learning for molecular and materials science

Jha, Wolverton, Agrawal et al. Scientific 

Report (2018)

ElemNet: Deep Learning the Chemistry of 

Materials From Only Elemental Composition



Data science: an interdisciplinary field
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Computer 
Science

Math &
Statistics

Domain 
expertise:

eg chemistry

Data
Science

Software
development

Modeling &
Data analysis

Machine 
learning



General Pictures
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DATA
SCIENCE

Data-mining

Optimization 
algorithms

Machine learning



Several approaches
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Data
Science

Data-mining

Optimization 
algorithms

Machine learning

Data
Science

Data-mining:
• Combinatory analyze
• High-throughput screening

Optimization 
algorithms

Machine learning



Data-mining algorithms

11

> Combinatory analyze

Toda-Caraballo et al. 

JALCOM (2013)

Unravelling the materials 

genome: Symmetry relationships 

e.g. Principal Component Analysis (PCA)
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> High-throughput screening

Levy, Hart, Curtarolo. 

Phys. Rev. B (2010)

Structure maps for hcp metals 

from first-principles calculations

http://aflowlib.org/

Data-mining algorithms
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> Experimental screening by robotic/automatized platforms

Data-mining algorithms

Benayad et al. 

Adv. Ener. Mater. (2021)

High-Throughput Experimentation and Computational Freeway Lanes for Accelerated Battery 

Electrolyte and Interface Development Research
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> Experimental screening by Fast characterization / Additive manufacturing

Data-mining algorithms

Brochard-Garnier et al. Adv. Funct. Mater. (2019)

Screening Approach for the Discovery of New Hybrid

Perovskites with Efficient Photoemission

Xie et al.   Npj Comp Mater (2021)

Mechanistic data-driven prediction of as-built mechanical

properties in metal additive manufacturing



Several approaches
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Data
Science

Data-mining

Optimization 
algorithms

Machine learning

Data
Science

Data-mining

Machine learning

Optimization 
algorithms

• Evolutionary methods
• Specific approaches



Optimization algorithms
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> Evolutionary methods, genetic algorithm, …

Initial 
population

Selection Reproduction Mutation
Evaluate new 

candidates

Menou, Tancret et al. 

Scripta Mat. (2018)

Computational design of 

light and strong high 

entropy alloys (HEA)



Optimization algorithms
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> Evolutionary methods for crystal design: USPEX

Oganov et al.   Nature (2009)

New super hard structure of BoronCourtesy of V. Baturin.



Optimization algorithms
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> Generative methods

Gomez-Bombarelli et al.   

ACS Central Science (2018)

Automatic Chemical Design Using a Data-Driven 

Continuous Representation of Molecules

e.g. Variational Auto Encoder (VAE)



Several approaches
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Data
Science

Data-mining

Optimization 
algorithms

Machine learning

Data
Science

Data-mining

Machine learning
• Reinforcement learning
• Unsupervised learning 

(clustering)
• Supervised learning

Optimization 
algorithms



Machine learning algorithms (ML)
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> Supervised learning

The target value f(x) is a:

(i) Numerical value: Regression

(ii) Category: Classification



ML > Supervised learning
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(i) f(x) = numerical value

→ Regression algorithms
• Linear, non-linear

x
xx

x
x

x xx

x
x

x
x

Meredig, Wolverton et al. 

Phys. Rev. B (2014)

Combinatorial screening 

for new materials in 

unconstrained composition 
space with machine 

learning



ML > Supervised learning
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(i) f(x) = numerical value

→ Regression algorithms
• Linear, non-linear

• Gaussian process regression (kriging)

x
xx

x
x

x xx

x
x

x
x

Hou, Shinohara et al. 

Applied Materials & 

Interfaces (2019)

Machine-Learning-

Assisted Development and 
Theoretical Consideration 

for the Al2Fe3Si3 

Thermoelectric Material



ML > Supervised learning
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(ii) f(x) = Category

→ Classification algorithms
• Decision tree

Oliyny, Sparks et al. 

Chem. Mater. (2016)

High-Throughput 

Machine-Learning-Driven 

Synthesis of Full-Heusler 
Compounds

?

??



ML > Supervised learning
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(ii) f(x) = Category

→ Classification algorithms
• Decision tree, random forests

Graser, Sparks et al. 

Chem. Mater. (2018)

Machine Learning and 

Energy Minimization 

Approaches for Crystal 
Structure Predictions: A 

Review and New 

Horizons



ML > Supervised learning
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(ii) f(x) = Category

→ Classification algorithms
• Decision tree, random forests

• Support vector machine (SVM)

Takahashi, Tanaka. 

Comput. Mater. Sci. (2016)

Material synthesis and 

design from first principle 

calculations and machine 
learning
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ML > Supervised learning
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(ii) f(x) = Category

→ Classification algorithms
• Decision tree, random forests

• Support vector machine (SVM)

• K-nearest neighbor (KNN), Naive Bayes classifier

Naik et al. 

Metals (2019)

Texture-Based 

Metallurgical Phase 

Identification in Structural 
Steels
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Others approaches
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Active learning
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G. Lambard et al. Scripta Materialia (2022)

Optimization of direct extrusion process for Nd-Fe-B 

magnets using active learning assisted by machine 

learning and Bayesian optimization



Others approaches
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Data Science

Data-mining

Optimization algorithms

Machine learning

Deep
Learning



The Big Controversy

V.S.

D. Cardon et al. Réseaux (2018)
La revanche des neuronnes



The artificial neuron
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The artificial neural network (ANN)
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input outputInternal layers



Somes examples…
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Ong, Comput. Mater. Sci. (2019)

Accelerating materials science with high-

throughput computations and machine 

learning



Text mining
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Kim, Saunders, Ceder, Olivetti et al. Chemistry of 

materials (2017)

Materials synthesis insights from scientific literature 

via text extraction and machine learning



Timeline
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Data Mining - 
Evolutionary 

algorithms - DFT 
High-throughput

Open 
Database - 

Neural 
Network -

Supervised ML

Generalized
descriptors

-
Generative
algorithms

2000 2010 2020

?



Conclusions

3636

• Artificial intelligence is not able to think 

instead of human : IA is just efficient for 

a dedicate learning

• We need (good) data!

Data Science

Data-mining

Optimization 
algorithms

Machine learning

Deep
Learning
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