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From nistory to fuiure ...

Max Planck §
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I 3" PARADIGM

. Computational . . '
2 PARADIGM  Science, Experiment is the only
Science Simulatior— means of knowledge at
our disposal. Everything

else is poetry,

1t PARADIGM
Empirical
Science

Experiments Laws of classical Monte Carlo; . . .
mechanics, molecular dyna Imag,natlon.
electrodynamics, density-functiong

etc. theory and beyond

intelligence; etc.

1600 eecocceccee 1950 cccccececece 2010 ooooooo-ooooooo.’

Jim Gray (Jan. 11. 2007): The 4 Paradigm, Data Intensive Discovery, edited by Hey, Tansley, and Tolle



Ouvur sclientific vision ...

What are the actuators behind the trends and patterns that are
invisible to the human eye?

A

Thermal-barrier
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conductors

Materials for
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Amazing ... but much simpler
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lerminology ...

Al

Artificial Intelligence
Bom 1956
Slowed| clown ...
Now big revival Any technigque that enables computers to

et e i mimic human intelligence, using
\c\]C ne eammg logical if-then rules,

Nhat everyone compressed sensing,
nas always decision trees,
neen doing

Deep learning
\/\/hrj'rw/r—lr\/ ne
WaINTs 10 clo

machine learning



lerminology

Artificial Intelligence

Born 1956
Slowed down ...
Now big revivial

Machine learning A subset of Al that includes

What everyone stafistical techniques
nas always that enable machines to

been doing improve at tasks with more data

Deep learning

What everyone
wanis to do




Terminology ...

Artificial Intelligence

Born 1956
Slowed down ... D I-
Now big revivial

Machine learning Subset of machine learning
What everyone composed of algorithms
has always that permit software to frain itself
peen doing to perform tasks, like speech and

Image recognition, by exposing
multilayered neural networks

What everyone to vast amounts of data
wants to do

Deep learning



Developments in rmdny daredas = many tools

Computer Science

Cheminformatics Yt Lapitadie
Clustering g P
@mpressed Sens@ Linguistics
Neural Networks
Signal Processing Subgroup Discovery

Social media

Kemel Ridge Regression o o

Bioinformatics Support Vector Machines

Randor Forast Intelligent Systems and more ...



More fCOS ... Activation of CO, at

58 metal oxides and
Crystal-structure prediction carbides
Octet binaries
ALGA, InOs
Perovskites
‘®a

Property classificatior -

Metal vs: msmglator Topological
Topological insulators ..  insulator

https://analytics-toolkit.nomad-coe.eu/

M. Scheffler's group, FHI Berlin



What cdo we heed for ihe Big Picture?

clatel Infrasiruciures

M. Wilkinsen et al., Sci. Data(2016).
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https://encyclopedia.nomad-coe.eu/

Ihe NOMAD Encyclopedlia
—
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Qverview page

AgFeOj3 - space group 221

Structure + Electronic structure +
Band structure Dos
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Available calculations

Functional Code
7 GGA 7 VASP

https://encyclopedia.nomad-coe.eu/



Tlhermal properties
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Introduction to NOMAD Encyclopedia The NOMAD Laboratory 'ﬂp_r_ﬁg 2 Guest (LOGIN) i

NOMAD Encyclopedia Additional information

Search > Overview >  Thermal Properties |+
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The NOMAD Archive

More than 56 million calculations coming from ...
40 different codes

Ry, kcal/mol eV, J, ...2
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rligh-iinrougnput screening

Reusable = repurposeble = recyclable

Property 4
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From the beginning) ...

Clavudia Draxi
HU Berlin

Matthias Scheffier
FHI Berlin




Claran Clissman Kristian Thygesen Kimmo Koski

Pintail Dublin Angel Rublo DU Lyngby €SC Helsinki
MPSD Hamburg | W |

Risto Nieminen
Aalto Univ. Helsinki

Clavudia Draxi
HU Berlin

Daean nkel
Univ. Cambridge
Alessandro De Vih
Kings College London oo 0 Helnzel

MPSCD ¢) Dieter I(ronzlmbller
LRZ Munieh

Funding from the European Union’s Horizon 2020 research and innovation programme, grant agreement No 676580.

Froncesc lllas BSC Bareelona
Univ. Barcelona



N@X{i‘ gﬂ'pg NOMAD is an Implementation

FAIR Data Infrastructure

T
S L K . .
...‘n‘« for Physics, Chemistry,
’tk N Materials Science,

=\\[*Mp]l and Astronomy e.V.

https://fairdi.eu WELCOME

Computational Experimental Soft-matter Heterogeneous Astronomy Artificial- Digital
materials materials and catalysis and space- intelligence research
science - science biomolecular situational tools infrastructures

NOMAD simulations awareness
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