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THE RISE OF COMPUTATIONAL SCIENCE

A calculation that took Ry
one year in 1994 takes L
ten seconds in 2023:
3-million-fold increase, or 100%
returns every 16 months.
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And this is just with bits: neurons

are in, and qubits on the horizon.
21%*-century science and N
discovery will greatly benefit 1
from computational science. i
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THE RISE OF ELECTRONIC-STRUCTURE SIMULATIONS
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THE TOP 100 PAPERS:

12 papers on density-
functional theory in the
top-100 most cited papers
in the entire scientific-
medical-engineering
literature, ever.

NATURE, OCT 2014
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THIS IS BIG SCIENCE... (APS, 2021)

Title Authors Journal # cited
Generalized gradient approximation made simple Perdew, Burke, Ernzerhof PRL (1996) 108 099
Development of the Colle-Salvetti correlation-energy formula ... Lee, Yang, Parr PRB (1988) 77473
Efficient iterative schemes for ab initio total-energy calculations ... Kresse, Furthmuller PRB (1996) 58176
Projector augmented-wave method Bléchl PRB (1994) 43455
Self-consistent equations including exchange and correlation ... Kohn, Sham PR (1965) 42795
From ultrasoft pseudopotentials to the projector augmented-wave ...  Kresse, Joubert PRB (1999) 42485
Special points for Brillouin-zone Integrations Monkhorst, Pack PRB (1976) 41232
Density-functional exchange-energy approximation with correct ... Becke PRA (1988) 41142
Inhomogeneous electron gas Hohenberg, Kohn PRB (1964) 35445
Ab initio molecular dynamics for liquid metals Kresse, Hafner PRB (1993) 23192

Table 1. Top ten most highly cited articles published by the American Physical Society, all of which deal with density functional theory and its
practical application. Data collected from the Web of Science on June 16th, 2021.

https://github.com/Italirz/livecoms-atomistic-software O O O .
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..AND THIS IS THE FUNDING FOR BIG SCIENCE
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ESA 7.1 billion €/year (2023)  &esa|

ITER 22 to 65 billion $ (2007-35) e

CERN 1.4 billion CHF/year (2023)

Argonne 1.1 billion $/year (2021) Argonneb
.

James Webb 10 billion $ (2021) \.:‘,5" WERN

OCo0e



FORTUNE COOKIE

AGAINST SUCH MAJOR IMPACT, THERE IS
RATHER MARGINAL FUNDING FOR THE
INFRASTRUCTURE, AND NOT MUCH
STRATEGY EITHER
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2013 VISION

Materials Cloud is built to

enable the seamless sharing

and dissemination of

resources in computational MATERIALSCL D
materials science, offering CLOU
educational, research, and

archiving tools; simulation /R °© © v o0—o0 Q
o

software and services; and
curated and raw data. LEARN  WORK DISCOVER EXPLORE ARCHIVE

https://www.materialscloud.org Coo®



https://www.materialscloud.org/

2013 VISION

O ARCHIVE
- Moderated repository\ A LEARN

- Long-term storage .
- Lecture recordings
- Tutorial videos, slides,

- DOls A
§ ' course materials

- Interactive graphs
of AiiDA databases

- Raw data + provenance - Simulation tools
(inputs, outputs) and services
- AiiDAlab in the cloud
- Curated datasets Oor on premises

- Tailored visualizations

https://www.materialscloud.org Coo®



https://www.materialscloud.org/

TARGET AUDIENCES

Section Content Target audience Objective Access Submission
LEARN Video lectures and tutorials Students a.nd expertsin Dissemination of educational and Open, no registration Partners; other .
computational materials science | research content submissions considered
Online simulations tools and Researchers in computational Dissemination of open simulation Open, with registration | Partners; other
services; redeployable locally materials science services and tools for AiiDAlab submissions considered
DISCOVER Curat?d datasets 9f calculated Researchers in materials science Dlssem{natlon of calculated materials Open, no registration Partn.ers.; other .
materials properties properties submissions considered
EXPLORE | AiiDA databases and their graphs Resea¥chers. n computatl_ona:l Exploration and query of the raw data Open, no registration | Open, with registration
materials science; data scientists | and provenance of AiiDA workflows
Computational data in any format; . . . . o
ARCHIVE | experimental data linked to Researchers in materials science; | FAIR research data dissemination Open, no registration | Open, with registration

computational data

data scientists

and storage

OCo0e




LEARN

Learn with videos and slides

Lecture recordings and tutorial videos on computational materials science topics for students and experts alike.

You can find more videos on the Materials Cloud Youtube channel.

MARVEL  MARVEL events

O ‘ . . Video recordings of MARVEL events (Distinguished Lectures, Tutorials) and CECAM-MARVEL
e events (Classics in molecular and materials modeling, Mary Ann Mansigh conversations).

o = AiiDA and Materials Cloud tutorials
ooAI | DA

Video recordings and educational material from past AiiDA and Materials Cloud tutorials.

( Quantum ESPRESSO schools
QUANTUMESPRESS
O Video recordings and educational material from past schools on Quantum ESPRESSO.

Wannier90 schools

Video recordings and educational material from past schools on Wannier90.

Fireside chats for lockdown times

Video recordings and educational materials on computational materials science.

MARVEL Distinguished Lectures

Subsection of: MARVEL events

A series of Distinguished Lectures sponsored by NCCR MARVEL, bringing high-profile researchers in contact with the
MARVEL community.

Videos

34: Chirality and Topology
Claudia Felser

Date: 2 May 2023

The 34th NCCR MARVEL Distinguished Lecture will be given by Prof. Claudia Felser,
Max Planck Institute for Chemical Physics of Solids (Dresden, Germany). She will be
presenting a lecture entitled: 'Chirality and Topology".

Profile link

33: Emergent Properties in Flatland: When One Plus One is More than Two

Kristian Sommer Thygesen

Date: 13 December 2022

The 33rd NCCR MARVEL Distinguished Lecture will be given by Prof. Kristian Sommer
Thygesen, professor computational atomic-scale materials design at the Technical

University of Denmark (DTU). He will be presenting a lecture entitled: 'Emergent

Properties in Flatland: When One Plus One is More than Two'

Profile link

32: Materials discovery in challenging spaces with machine learning
Heather Kulik

Date: 13 December 2022

The 32nd NCCR MARVEL Distinguished Lecture will be given by Prof. Heather Kulik,
professor of chemical engineering at the MIT. She will be discussing materials discovery
in challenging spaces with machine learning, from transition metal complexes to metal-
organic frameworks.

Profile link

OCo0e



BROAD ATTENDANCE

MARVEL Distinguished Lectures: Now fully online — great attendance worldwide (Kresse, 670
participants). E.g. 2021-22 Zunger, Perdew, Mertig, Glotzer, Aspuru-Guzik, Chan.
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https://www.materialscloud.org/learn/

Work with your data

MATERIALS CLOUD WORK

Tools and services for working with your data and generating new data in the cloud or directly on your machine.

Tools

Computational tools
to work with your data
online

Quantum Mobile

Quantum simulation
codes + AiiDA in a
virtual machine

£

A2

AiiDAlab

Run your own
simulations using
AiiDA on the cloud

o
09

AiiDA registry

The official registry of
AiiDA plugins

OSSC=2R

OSSCAR

Open Software
Services for
Classrooms and
Research



DIRECTLY ACCESSIBLE TOOLS
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UNIVERSAL APIs

https://optimadeclient.materialscloud.io/ https://www.materialscloud.org/work/tools/qeinputgenerator

v v.92080900V0 ¥.1181450000 ¥.5Yb3/40000

uesign 0 0.3026640000 0.4782280000 0.3818550000

0 0.4782280000 0.3818550000 0.3026640000

Apply filters 0 0.1973360000 0.5791910000 0.1755640000

_—— 0 0.0217720000 0.3244360000 0.9036260000

Basic Raw 0 0.9036260000 0.0217720000 0.3244360000

0 0.5963740000 0.9208090000 0.1181450000

Chemistry 0 0.5791910000 0.1755640000 0.1973360000

OPTIMADE Chemical Formula o (202 e 0 0.8818550000 0.9782280000 0.8026640000
Open Databases Integration " K_POINTS automatic

for Materials Design Eloments T — 444000

CELL_PARAMETERS angstrom
Structures can include any chosen e Results -5.9308880000 5.9 Ba

5.9308880000 -5.9 50
“ Ascending id v 5.9308880000 5.9 -5.

« < Showing 1-20 of 3352 results > = »

Currently valid OPTIMADE API version: v1.0.1

Client version: 2021.3.29

Source code: GitHub

Help improve the application: [ R Lt ol (R

This is a friendly client to search through databases and other imp
get more information about the OPTIMADE API, please see the of
OPTIMADE consortium's list of providers.

Co8Ge12Li12048 (id=mp-1013807)

Note: The structure property assemblies is currently not suppo

Drag to rotate, scroll to zoom, right-click for other

»FAQ

»Log

The crystal structure has been su
Adapt the parameters below and

Query a provider's database

Select a provider v

Apply filters

Basic Raw

Number of Elements Select here the pseudopotential lib

Chemistry Select here the magnetism/smearil

Chenmical Formula

Eloments T Cell Select here the k-points distance

Structures can Include any chosony Dimensionality Molecule ' Wire  Planar  Bull (and smearing (eV) in case of frac
E Number of Sites |
EHQ Crystallographic Information File v1.0 (.cif) v I

Provider specific
i f
E 1 [ & Provider ID NB! Will take precedence
SCERECTE =
_] S8 E e Es 1 Use in QE Input Generator
Results HOSW
“ Ascending id v

« < Showing 1-20 of 3352 results > »

Supercel: 2 2 ' 2  UPDATE RESET 2x2x2 CELL

Co8Ge12Li12048 (id=mp-1013807) v

Structure details | Sites



https://www.materialscloud.org/work/tools/qeinputgenerator
https://optimadeclient.materialscloud.io/

IN THE CLOUD OR ON-PREMISES SIMULATIONS

e QUANTUM
L IMOBILE=

at AlIDA

a5 AliDA

— 9 https://www.rﬁ;iériaIscloud.org/quantum-mobile )

. o

. https://ailldalab.materialscloud.org/

o (@CSCS, also via PRACE-FENIX-ICEI)
openstack.

: o https://ailldalab-demo.materialscloud.org/
v (@EOSC/EGI CESNET; plan to move to CSCS)
kubernetes

geek on o
g J
— _ ™
| Custom on-premise deployments
;{6 SANDVIK
MarketPlace

Industries (ongoing)

>

For most of them, you first need 1o import some sample data, that you can do pho notet
Querying the Database Advanced features

EU projects

Basics

A.V.Yakutovich et al., Comp. Mat. Sci. 188, 110165 (2021) + documentation and terraform configuration for
custom deployment (collaboration with g Microsoft )

https://github.com/aiidalab/aiidalab-k8s
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AGILE DEPLOYMENT THROUGH THE QUANTUM MOBILE

MoS2_ML.cif - 0

.o ...
& O °AI I DA : .: “rg tpa Ieu r Activities :% org-openscience-jmol-app-jmolpanel-JmolPanel ~ Mon 11:47

File Edit Display View JTools Macros Help
&l 02 QIX B e @D S

(al\da) raxdqmoblle «/examg /aiida-
$ verdi code 115t
List of configured codes:
(use 'verdi $o00. 600
- ge-6.5-pw@localhost ¥=120.000°
- qe-6.5-cp@localhost
- qe-6.5-pp@localhost
.5-ph@localhost
-neb@localhost
.5-projwfc@localhost
.S-pw2wannier90@localhost
-6.5-q2r@localhost
- -6.5-dos@localhost
- ge-6.5-matdyn@localhost
- yambo-4.5.1-yambo@localhost
- yambo-4.5.1-p2y@localhost : 584 x 389
- fleur-0.30-fleur_MPI@localhost

d w BP P T
Meirpun

QUANTUM f ©)

MOBILE = YaMbo &8s

i SIeSta WANNIER90

Desktop
Edition

wEDDRE O

VirtualBox image Laptops & work stations

2.8 1

— i
ope

Pre-built image

Cloud
Edition

Cloud computing platforms

.
)
 ~

- fleur-0.30-inpgen@localhost

- siesta-v4.1-rcl-siesta@localhost
- cp2k-7.1@localhost

- wannier90-3.1.0-wannier@localhost

' E EEEEEEEEEEEEIIIE 1

- bigdft-1.9.0- blgdft@localhost
(allda) maxdqmobtle [examg iida- -exa
ires$

MARVEL
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THE DATA STRATEGY: ARCHIVE...

@ LEARN WORK DISCOVER EXPLORE  ARCHIVE

Search Q About | Submission instructions | FAQs Recommended by

Latest records

A robust framework for generating adsorption isotherms to screen materials for carbon capture
X 10.24435/materialscloud:h8-aq
Elias Moubarak, Seyed Mohamad Moosavi, Charithea Charalambous, Susana Garcia, Berend Smit

In this paper, we present a workflow that is designed to work without manual intervention to efficiently predict, by using molecular simulations, the thermodynamic data that is needed to design a carbon capture process. We developed a procedure that does not rely on fitting of the ac
obtain accurate data for both, the pure component isotherms as well as the mixture isotherms. This allowed us to make a detailed comparison of the different methods to predict the mixture isotherms. All approaches rely on an accurate description of the pure component isotherms
interested in low CO, concentrations, it is essential that these models correctly predict the low pressure limit, i.e., give a correct description of the Henry regime. Among the equations that describe this limit correctly, the dual-site Langmuir (DSL) model is often used for the pure compo

Latest version: v3
Publication date: Jun 26, 2023

SCIENTIFIC DAT

m European |
Commission
Open Research Europe

Swiss National
Science Foundation

Proximity-induced Cooper pairing at low and finite energies in the gold Rashba surface state Indexed by

X 10.24435/materialscloud:20-9z
Philipp RiBmann, Masoud Bahari, Stefan Bligel, Bjérn Trauzettel

Multi-band effects in superconducting heterostructures provide a rich playground for unconventional physics. We combine two complementary approaches based on density-functional theory (DFT) and effective low-energy model theory in order to investigate the proximity effect in a ¢
We explain both theoretical approaches and intertwine the effective model and DFT analysis. This allows us to predict finite energy superconducting avoided crossings due to the interplay of the Rashba surface state of Au, and hybridization with the electronic structure of super
superconducting pairing and analyze their mixed singlet-triplet character. Our findings demonstrate the general recipes to explore material systems that exhibit novel finite-energy pairings. This dataset accompanies a publication where the data is presented and discussed in detail.

Latest version: v1
Publication date: Jun 26, 2023

Pd-doping of Bi2Tes and superconductivity of Pd(Bi,Te), from density functional theory
[ 10.24435/materialscloud:4c-fo

Philipp RiBmann, Xian-Kui Wei, Abdur Rehman Jalil, Yoichi Ando, Detlev Griitzmacher, Stefan Bliigel, Joachim Mayer

Materials that can host Majorana zero modes gained a lot of attention in recent years due to the possibility to engineer i protected quantum computing platforms. Promising candidates are heterostructures of topological insulators and superconductors. Here we present de
Bi,Te; and Pd(Bi,Te)y (x=1,2) in order to shed light on the superconducting properties in the self-formed superconducting phase when Pd is deposited on top of the topological insulator Bi,Te;. This dataset accompanies a joint experiment/theory publication and publishes the rel:
geometries for Pd intercalation in the Bi,Te; vdW gap - electronic structure of PdTe and PdTe, compared to alloy phases of Pd(Bi,Te) and Pd(Bi, Te),, collectively referred to as "xPBT" - calculations for the superconducting state of xPBT phases within the Kohn-Sham Bogoliubov-de Ge

Latest version: v2
Publication date: Jun 22, 2023

Oxygen reduction reaction on single-atom catalysts from density functional theory calculations combined with an implicit solvation model
X 10.24435/materialscloud:7j-bt
Azim Fitri Ainul Abidin, Ikutaro Hamada

We present a density functional theory study of the oxygen reduction reaction (ORR) on a single atom catalyst embedded in graphene, namely, TM-N,-C (TM = Fe and Co), using the effective screening medium method combined with the reference interaction site model (ESh
comparable ORR activities from the constant electrode potential simulations, in contrast to the results obtained using the constant (neutral) charge simulation, in which the superior performance of Co-N4-C has been predicted. The constant potential method allows the variable cha
reaction free energies different from that with the constant charge method in which the potential dependence is included as an ad hoc manner. We suggest the importance of the variable charge in the simulation of the electrochemical reaction, which is enabled by ESM-RISM.

Latest version: v1
Publication date: Jun 22, 2023

First-principles study of the gap in the spin excitation spectrum of the Crls honeycomb ferromagnet
] 10.24435/materialscloud:rb-24
Tommaso Gorni, Oscar Baseggio, Pietro Delugas, lurii Timrov, Stefano Baroni

Open “https:/jarchive.materialscloud.org” in a new tab 1

gap observed at the zone border in the spin excitation spectrum of Crl; quasi-two-dimensional single crystals is still controversial. We perform first-principles calculations based on time-dependent density functional perturbation theory, which indicate that the observe:

re3data.rg
REGISTRY OF RESEARCH DATA REPOSITORIES n E
http://doi.org/10.17616/R3ZJSW

Materials Cloud Archive

FAIRsharing.org

standards, databases, policies

FAIR

Google

Dataset Search

ety .
M Collaborative

EUDAT Data Infrastructure

Data shared and preserved across borders and disciplines

More ~




THE DATA STRATEGY: ...DISCOVER...

Discover curated data sets l

Curated research data sets with tailored visualizations maintained by the Materials Cloud team. Materials CIOUd thl’ee—dimenSiona| CI‘ySta|S database (MC3 D) #.
m 10.24435/materialscloud:rw-t0

Materials Cloud three-dimensional crystals database (MC3D) [EI&]] 10:24435/materialscioud: . X X
= - ) : - ) . i Curated set of relaxed three-dimensional crystal structures based on raw CIF data from the experimental databases
Authors: Sebastiaan Huber, Marnik Bercx, Kristjan Eimre, Nicolas Hérmann, Martin Ul

Marzari, Giovanni Pizzi MPDS, COD, and ICSD.
Description: Curated set of relaxed three-dimensional crystal structures based on raw
from the experimental databases MPDS, COD, and ICSD.

Use About REST API

Materials Cloud two-dimensional crystals database (MC2D) [Eel] 10:24435/materialscloud:az X
m Search for materials:

m 10.24435/materialscloud:36-nd

Authors: Davide Campi, Davide Grassano, Nicolas Mounet, Marco Gibertini, Philippe

Andrius Merkys, Antimo Marrazzo, Thibault Sohier, Ivano E. Castelli, Andrea Cepellotti |1| Elements filtering mode: I_f
Kumbhar, Elsa Passaro, Kristjan Eimre, Giovanni Pizzi, Nicola Marzari @ e
Description: Results from screening known 3D crystal structures finding those that ca @) 4 O Include/exclude 5 6 7/ 8 9 10
computationally exfoliated, producing 2D materials candidates. Li | Be Only selected B C N 0] F || Ne
1 12 13 14 15 16 17 18
_ _ Na M Al||Si|P|S|cCl|Ar
Standard solid-state pseudopotentials (SSSP) [E&] 10.24435/materialscloud:rz-77 =
EEEEF‘“’ Authors: Gianluca Prandini, Antimo Marrazzo, Ivano E. Castelli, Nicolas Mounet, Snef L 20 2l = = oy = 22 = 2 2 20 S 2 = 5 =2 e
1L Y & Pacsaro, Nicota Marzar K Ca Sc Ti V| Cr Mn Fe |Co Ni|Cu Zn Ga Ge As|Se Br Kr
Description: A Standard Solid State Pseudopotentials (SSSP) library optimized for pre 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
efficiency. Rb|[ Sr|| Y | Zr [Nb|[Mo| Tc |Ru| Rh||Pd||Ag (Cd| In |Sn|Sb| Te| | || Xe
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf | Ta|| W ||[Re | Os | Ir | Pt |Au|Hg| Tl ||Pb|| Bi | Po| At |Rn
Verification of the precision of DFT implementations via AiiDA common workflows = = = = = = = : =
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
N e e e Fr | Ra Rf (Db Sg |Bh Hs| Mt|Ds||Rg|Cn|Nh| Fl | Mc| Lv| Ts | Og
Authors: E. Bosoni, L. Beal, M. Bercx, P. Blaha, S. Bliigel, J. Broder, M. Callsen, S. Cc
(D:gomme, V gil;ar;_;}:). EiEreJ, E. FIage(;Lz:(rser;, M. Fo’\rﬂna}:i, A.ngr(ia, L. G?rntl)ave:er,]lv ‘ B ’ 58 59 60 61 62 63 64 68 69 70 ‘ 71 ’
iantomassi, S. P. Huber, H. Janssen, G. Kastlunger, M. Krack, G. Kresse, T. D. Kiihne
Lejaeghere, G. K. H. Madsen, M. Marsman, N. Marzari, G. Michalicek, H. Mirhosseini, La Ce Pr Nd Pm Sm EU Gd Er Tm Yb LU
Midiller, G. Petretto, C. J. Pickard, S. Poncé, G. Rignanese, O. Rubel, T. Ruh, M. Sluydt 89 90 91 92 93 94 95 96 C 9 100 101 102 103
Vanpoucke, S. Vijay, M. Wolloch, D. Wortmann, A. V. Yakutovich, J. Yu, A. Zadoks, B. AcllThiPal U [N p | Pu|Am Cm/Bk! Cfl Es |Fm!/Md! No !l Lr

Description: Reference and verification datasets of equations of state calculated with umues
density-functional-theory (DFT) codes and computational approaches, using the AiilDA common
workflows (ACWF) infrastructure.



Materials Cloud tl

B 10.24435/materialsclou

Curated set of rela;
MPDS, COD, and IC

Use About

RE

Search for material

Showing 8 entries ¢

mc3d-11672/pbe
mc3d-16179/pbe
mc3d-21177/pbe
mc3d-37215/pbe
mc3d-38777/pbe
mc3d-66797/pbe
mc3d-71371/pbe

mc3d-79243/pbe

v

Fo

Ag
Ag
Ag
Ag
Ag
Ag
Ag

Ag

m 10.24435/materialscloud:rw-t0

THE DATA STRATEGY: ...DISCOVER...

Materials Cloud three-di Materials Cloud three-djg?

m 10.24435/materialscloud:rw-t0

Crystals w Crystals

Struct

Interaction off

Supercell: 2 ¢ 2 ¢ 2
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®Bonds ' Atom labels

x [A]
v 116831
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b c a*b DXL ¥ D AL P st 50 ® § @ up Stepp: 10 o == 07 Step(%): 10

Tools

Style  Objects

Structural models

¥ Show models
Show dot surface

Style

® Ball-and-stick

Volumetric data

Crystal shapes

Style

Space-filling
Polyhedral
Wireframe
Stick

Properties...

Boundary...

Provenance links

Orientation...

2.0077 2.6150 5.3845

-ANQRY? 7ARNA2 9 2170

90bc0f5b-593a-4248-95¢6-4c872a90e183.cif
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0.47312

Number of polygons and unique vertices on isosurface = 0 (0)
143 atoms, 186 bonds, 14 polyhedra; CPU time = 5 ms

Output Summary  Comment
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THE DATA STRATEGY: ...EXPLORE

@ LEARN WORK DISCOVER EXPLORE ARCHIVE More ~

Explore Node details 2cc180c5-e051-49d4-932¢-7a42d2afec19 - NODE

Selected Profile: Materials Cloud three-dimensional crystals database (MC3D)

10.24435/materialscloud:rw-10

E5Grid B Details [ Statistics File: aiida.out
SIRIUS 6.5.7, git hash: https://api.github.com/repos/electronic-structure/SIRIUS/git/ref/tags/v6.5.7
2cc180c5-e051-49d4-932¢-7a42d2afec19
Program PWSCF v.6.5 starts on 160ct2020 at 3:54:34
CalcJobNode This program is part of the open-source Quantum ESPRESSO suite

for quantum simulation of materials; please cite
"P. Giannozzi et al., J. Phys.:Condens. Matter 21 395502 (2009);

JOB ID 26282074
SCHEDULER STATE : :
done "P. Giannozzi et al., J. Phys.:Condens. Matter 29 465901 (2017)
REMOTE WORKING DIRECTORY /scratch/snx3000/sphuber/aiida_run/2c/c1/80c5-e051-49d4-932¢-7a42d2afec19 URL http: //www . quantum-espresso.org oo
in publications or presentations arising from this work. More details at
http://www.quantum-espresso.org/quote

Parallel version (MPI & OpenMP), running on 72 processor cores
Number of MPI processes: 6
Threads/MPI process: 12

MPI processes distributed on
Node metadata

K-points division: npool
SRREN DRI Fft bands division: nmany
ARCHIVE  {"list":["out/aiida. d ity.dat","out/aiida.: e/d: fily hi xml","out/aiida. Reading input from aiida.in

CUSTOM_SCHEDULER_COMMANDS

DETAILED_JOB_INFO
{"retval":0,"stderr":"","stdout":"AllocCPUSIAccol DIAveCPUI Pag i luster!(
34186121I1111111144161nid0[3246-3251]11476321Inormall1172102:47:3918-09:10:481724248103:53:52I COMPLETE Max number of different atomic species (ntypx) = 10
00:00:00120:12.349124044Isphuber|18:15.776\n241pr110116662100:00:0017111712K1827576KIdaintll01:14:4814 Max number of k-points (npk) = 40000

3251]161111144111103:53:52ICOMPLETEDI03:53:52100:00:00100:00:001100:00.00411100:00.003\n72Ipr1101166621¢
3251]16111172111103:54:321COMPLETEDI03:54:32100:00:00101:56.1861120:10.86711118:14.681\n"}

ENVIRONMENT VARIABLES  {}

Current dimensions of program PWSCF are:

Max angular momentum in pseudopotentials (lmaxx) = 3
file O.pbe-n-kjpaw_psl.0.1.UPF: wavefunction(s) 2P renormalized

EXIT_STATUS 0

IMPORT_SYS_ENVIRONMENT  true

Last Job Information

ANNOTATION  Priority
JOB_ID 26282074
JOB_OWNER _sphuber

OCo0®



1 Laboratory of Computatio
2 PASTEUR, Département ¢
3 ICGM, Université de Mont
4 Department of Chemistry

* Corresponding authors em

X1 10.24435/materialsc
Publication date: Oct 25, 20
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INTEROPERABILITY: ON-PREMISES SIMULATIONS

Quantum ESPRESSO input generator,
or full simulations services in AiiDAlab

Quantum ESPRESSO input generator and structure visualizer
About the Quantum ESPRESSO input generator and structure visualizer

Instructions

Acknowledgements

Upload your structure
ted

Upload a crystal structure: Choose File NO file s
Select here the file format: Quantum ESPRESSO inoll [parser: getools] @

Select here the pseudopotential library: SSSP Efficiency PBEsol (version 1.1) &

Select here the magnetism/smearing:?! gnetic metal (fracti i [

Select here the k-points distance (1/A)1%)

fine (0.20 1/A, 0.2 eV;
(and smearing (eV) in case of fractional occupations): ine { 1A, 0.2 V) 8

Refine cell (using spglib): No (2]
By continuing, you agree with the terms of use of this service.

Generate the PWscf input file

Otherwise, pick an example

Select here a structure: Al (<]

Select here the pseudopotential library: SSSP Efficiency PBEsol (version 1.1) &

Select here the magnetism/smearing:?) gnetic metal i i ]
Select here the k-points distance (1/A) fine (0.20 1/A, 0.2 eV) a8

(and smearing (eV) in case of fractional occupations):
By continuing, you agree with the terms of use of this service.

Generate the PWscf input file

OCo0e®



INTEROPERABILITY: INTEGRATION WITH MATERIALS CLOUD TOOLS

Summary of the input parameters
Pseudopotential library: SSSP Efficiency PBEsol (version 1.1)
Smearing/magnetism:  non-magnetic metal (fractional occupations)

K-points distance: 0.2 A1

The input parameters provided by this tool are accurate safe choices. Optimized choices that allow for faster runs with
comparable accuracy can be achieved by expert users.

Additionally, the input file provided here does not guarantee that the Quantum ESPRESSO calculation will always converge
successfully. Indeed, this is just the first step of the automated workflows released within the aiida-quantumespresso package.
These implement advanced strategies to reduce the failure rate of the code by changing the input parameters to achieve
convergence.

If you don't have AiiDA installed, you can anyway try out the workflows inside the Quantum Mobile virtual machine, by using the
"Quantum ESPRESSO" app inside the AiiDAlab interface.

If you use the results of this tool in a publication, please cite the following works:

® SSSP (for the pseudopotential library)

G. Prandini, A. Marrazzo, I. E. Castelli, N. Mounet and N. Marzari, npj Computational Materials 4, 72 (2018).

WEB: http://materialscloud.org/sssp.

Pseudopotentials:

bi_pbesol_v1.uspp.F.UPF,

cl_pbesol_v1.4.uspp.F.UPF,

s_pbesol_v1.4.uspp.F.UPF,

from GBRV: K. F. Garrity, J. W. Bennett, K. M. Rabe, and D. Vanderbilt, Comput. Mater. Sci. 81, 446 (2014).

DOI: 10.1016/j.commatsci.2013.08.053, WEB: http://www.physics.rutgers.edu/gbrv, LICENSE: GNU General Public
License (version 3).

Ag_ONCV_PBEsol-1.0.upf,

from SG15: M. Schlipf and F. Gygi, Comp. Phys. Comm. 196, 36 (2015).

DOI: 10.1016/j.cpc.2015.05.011, WEB: http://www.quantum-simulation.org/potentials/sg15_oncv, LICENSE: Creative
Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

Al.pbesol-n-kjpaw_psl.1.0.0.UPF,

from Pslibrary 1.0.0: A. Dal Corso, Comput. Mater. Sci. 95, 337 (2014).

DOI: 10.1016/j.commatsci.2014.07.043, WEB: http://www.quantum-espresso.org/pseudopotentials, LICENSE: GNU
General Public License (version 2 or later).

o

o

o

o

o

. Download zip of input file and pseudopotentials & Change parameters 2 Choose a different structure

ntum ESPRESSO PWscf inpt

A3 Copy to clipboard

&CONTROL
calculation = 'scf'
etot_conv_thr = 3.4000000000d-04
forc_conv_thr = 1.0000000000d-04
outdir /out/'
prefix = 'aiida’
pseudo_dir = './pseudo/*
tprnfor = .true.
tstress = .true.
verbosity = 'high'

/

&SYSTEM
degauss =  1.4699723600d-02
ecutrho =  3.6000000000d+02
ecutwfc = 5.0000000000d+01

OCo0e®



INTEROPERABILITY: INTEGRATION WITH MATERIALS CLOUD TOOLS

Summary of the input parameters
Pseudopotential library: SSSP Efficiency PBEsol (version 1.1)
Smearing/magnetism:  non-magnetic metal (fractional occupations)

K-points distance: 0.2 A1

The input parameters provided by this tool are accurate safe choices. Optimized choices that allow for faster runs with
comparable accuracy can be achieved by expert users.

Additionally, the input file provided here does not guarantee that the Quantum ESPRESSO calculation will always converge
successfully. Indeed, this is just the first step of the automated workflows released within the aiida-quantumespresso package.
These implement advanced strategies to reduce the failure rate of the code by changing the input parameters to achieve
convergence.

If you don't have AiiDA installed, you can anyway try out the workflows inside the Quantum Mobile virtual machine, by using the
"Quantum ESPRESSO" app inside the AiiDAlab interface.

If you use the results of this tool in a publication, please cite the following works:

® SSSP (for the pseudopotential library)

G. Prandini, A. Marrazzo, I. E. Castelli, N. Mounet and N. Marzari, npj Computational Materials 4, 72 (2018).

WEB: http://materialscloud.org/sssp.

Pseudopotentials:

o bi_pbesol_v1.uspp.F.UPF,

cl_pbesol_v1.4.uspp.F.UPF,

s_pbesol_v1.4.uspp.F.UPF,

from GBRV: K. F. Garrity, J. W. Bennett, K. M. Rabe, and D. Vanderbilt, Comput. Mater. Sci. 81, 446 (2014).

DOI: 10.1016/j.commatsci.2013.08.053, WEB: http://www.physics.rutgers.edu/gbrv, LICENSE: GNU General Public
License (version 3).

Ag_ONCV_PBEsol-1.0.upf,

from SG15: M. Schlipf and F. Gygi, Comp. Phys. Comm. 196, 36 (2015).

DOI: 10.1016/j.cpc.2015.05.011, WEB: http://www.quantum-simulation.org/potentials/sg15_oncv, LICENSE: Creative
Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

Al.pbesol-n-kjpaw_psl.1.0.0.UPF,

from Pslibrary 1.0.0: A. Dal Corso, Comput. Mater. Sci. 95, 337 (2014).

DOI: 10.1016/j.commatsci.2014.07.043, WEB: http://www.quantum-espresso.org/pseudopotentials, LICENSE: GNU
General Public License (version 2 or later).

o

o

o

o

. Download zip of input file and pseudopotentials & Change parameters 2 Choose a different structure

ntum ESPRESSO PWscf input

i Copy to clipboard

&CONTROL

calculation = 'scf'
etot_conv_thr = 3.4000000000d-04
forc_conv_thr = 1.0000000000d-04

outdir = './out/"'
prefix = 'aiida’
pseudo_dir = './pseudo/'

tprnfor .true.

tstress = .true.
verbosity = 'high'

/

&SYSTEM

degauss =  1.4699723600d-02

ecutrho =  3.6000000000d+02
ecutwfc = 5.0000000000d+01

AiiDAlab

45 AiliDA

AIDAIab provides you with a dedicated and intuitive simulation environment directly in the cloud or on remote or local
resources

With AlDAIab you can run and manage complex, robust, and reliable workflows with tailored lightweight web applications, all
from your browser. In adition, you can easily create your own applications, all running on top of AiiDA workflows.

B o = .Y ?

(-

€

Submit

€

Features
1. Acloud platiorm where you launch and monitor AiiDA workflows, and analyze the results
2. Dedicated applications with intuitve graphical user interfaces.
3. Sharing of apps and workflows via the AiDAla e.

4

B

Fast development of new apps as Jupyter notebooks.
Open technologies throughout - host your own AIDAIab!

Publication

We kindly ask you to cite the following publication if you use ADAIab
A. V. Yakutovich et al., Comp. Mat. Sci. 168, 110165 (2021).

Documentation
ADAlab documentation can be found on the following we

Apps
The lst of available apps can be found at the AIDAIZb App Siore

Open Source
AiDAIab is open source. We invite you to explore the repositories in our Gkl organization.
Official deployments

Status Login Description & Access policies

up

Open AiiDAIab demonstrator running on the kubernetes cluster hosted at CESNET (under a &

b Early Adof

715, running on the
(CSCS) under a PRACE-

MARVEL/MaX AiDAIab for researchers affiated with Mt
OpensStack cluster hosted at the Swiss Nafional &
FENIX grant (production instance)

We acknowledge suppor from PRACE, FENIX and EOSC for the deployment of ADAIab.
-
PRACE ‘.: FENIX @) EOSC-hub

Additionally, you can host AiiDAIab yourself on-premises or in the cloud (s¢

Testimonials

Read the interview with Dr. Garlo A. Pignedolifrom Empa, describing how AiIDAIab is used in a mixed
theoreticallexperimental research group.
@ aking simulation:

#= AllDAlab
Focus on science, ac
X ,
A f\
y 1ab R

For more information and feedback on AiDAlab, please contact aiidalab @materialscloud.org.

Acknowledgements
The ADAIab is supported by the Viateria

calculation
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INTEGRATION WITH THE EUROPEAN COMMISSION

Cloud simulations

Contactus Portal Home Catalogue & Marketplace Providers Dashboard Login

B Soececom

‘ Allresour... v ‘ Q ‘ My EOSC Marketplace

2t » Resources » Access physical & elnfrastructures > Compute > Other > AiiDAlab

AiiDAlab

{3 . Reproducible turn-key workFlows for materials science
a5 AlIDA

Organisation: Materials Cloud
OPEN ACCESS

(0.0/5) 0 reviews Add to comparison
Webpage Helpdesk e-mail Manual Training information Ask a question about this resource?
ABOUT DETAILS REVIEWS (0)
AiiDA is a workflow manager for computational science with a strong focus on provenance and performance. Through its Flexible SCIENTIFIC CATEGORISATION
plugin infrastructure, it supports a wide range of simulation codes and makes them available for use through the Python
programming language, and automatically records the full provenance of your simulation pipeline in a graph. AiiDAlab lets you g

run and manage AiiDA-powered workFlows through tailored web applications in the browser. Use the App store to pick and install
apps from the application registry or write your own in just a few lines of python using jupyter widgets and appmode. This service
is supported by the MaX European Centre of Excellence, the MARVEL National Centre for Competence in Research, the European
H2020 MarketPlace project, by swissuniversities as well by a number of other partners.

Natural Sciences

Natural Sciences

Chemical Sciences

https://marketplace.eosc-portal.eu/services/aiida-lab

Country Sheets
Analysis

Repository and long-term storage

Contactus Portal Home Catalogue & Marketplace Providers Dashboard  Login

S Soevceciow |

‘ Allresour... v ‘ Q ‘ My EOSC Marketplace

2} » Resources > Sharing & Discovery » Data » Scientific/Research Data > Materials Cloud Archive

§ Materials Cloud Archive

A long-term FAIR data repository for computational materials science

MATERIALSCLOUD Organisation: Materials Cloud

) OTHER ORDER TYPE
ARCHIVE (0.0 /5) 0 reviews Add to comparison
Webpage Helpdesk e-mail Manual Ask a question about this resource?
ABOUT DETAILS REVIEWS (0)

The Materials Cloud Archive is an open-access, moderated repository for research data in computational materials science, that SCIENTIFIC CATEGORISATION
allows researchers worldwide to upload and publish their data free of charge. The repository guarantees long-term storage (For at
least 10 years) of data records and associated metadata, their findability via persistent identifiers (including a DOI), and their {ﬁ}
accessibility via standard protocols. Submissions are moderated to ensure their completeness, adherence to the FAIR principles,

Engineering &
and relevance to the field of materials science. This service is supported by a number of partners. Natural Sciences Technology

Natural Sciences

Physical Sciences

https://marketplace.eosc-portal.eu/services/materials-cloud-archive

Example of good practice
HPC and EOSC collaboration and training

Materials design at eXascale (MAX) is currently collaborating with EOSC and has already
participated in key events throughout 2019, including the EOSC-hub Week. Such tools as AiiDA
and Materials Cloud Archive are paving the way for new computational materials science and for

granting streamlined access to HPC. MAX also performs tutorials using Virtual Machines, in
particular the Quantum Mobile.
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Files

Log out

Collaborate with others
Versions
A Repository for Sharing Files within the BIG-MAP Community s o
Version v1
Easily upload files f
Export
(up to 100 GB per record) ) - —
Open for BIG-MAP participants Upload Publish Search
from Dec 1 2022. Upload files up to 100 GB in size Make your files available Search for records with ease.
& of any format. to other BIG-MAP members.

InvenioRDM v9 Community Easily navigate between
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your published records

Battery 2030+ participants

Download Leverage API Update
. Download files of published records. Exchange files with the archive Create new versions
Later, pUSh button to pUbIISh on from your own client applications. of your published records.
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BATTERY

Available at https://archive.big-map.eu/ SR{C




ACCESS AND STATISTICS

e 16,000 unique visitors monthly; 2,500 to the Archive

* No cookies, all open access

Materials Cloud Archive
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MATERIALS CLOUD DEPLOYMENT

Materials Cloud platform

Recommended by

Materials Cloud frontend Materials Cloud backend SSANDA :
Angular]S Framework . SCIENTIFIC DATA:
e N Slideshot backend, - :
oo i ===t : : AiiDA REST API
‘| 1| LEARN ! ; video streaming
B 1
i | 1| Video lecture player (Slideshot) ‘I' - H i
N : SaaS - : E
| Browser ; i Browse and download accompanying resources i :_ _______________________ .i AiiDA core API m cg:g&ﬁg:mn |
' "WORK : —----{L Contributed tools, ! ' Open Research Europe
Researchers, . _ _ i | Docker containers | Query || AiiDA abstract ORMs
Web users I Online tools for quick calculations T ! i : Builder (Codes, data, calculations...)
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CONCLUSIONS — THE NEED FOR DIGITAL INFRASTRUCTURES

 Computational science is central to the entire scientific and
technological effort in the 215t century — no other enabler can compete

in terms of speed and acceleration

* Not many policymakers, or even the scientific community at large,
have understood its structural needs, and long-term opportunity

* As aside note, it is a powerfully democratic force, that can be shared
worldwide at the flick of a switch.

Co0®



BROADER FINAL THOUGHTS

Switzerland could do a fantastic job in leveraging competencies and resources if we move from
Institution-wide efforts to domain-wide efforts - i.e., not having an EPFL, an ETHZ, a PSI, etc...
repository, but flagship efforts on domains (synchrotron, XPS, catalysis, planets, computational, etc...).
This is what the community needs - having data on the same topic fragmented across institutions
makes them rarely useful or usable.

Data can be shown to be valuable when others feel the need to use those - curation and accessibility
are key. Raw experimental and computational data without extensive curation are useless. Key is:

— to develop "universal” domain-specific APIs that can be used to interrogate repositories across
institutions/centres/etc... - these are agreed upon by experts in a domain, and ideally engaging
international groups like the research data alliance (RDA) or at least key european players.

— to insist on curation of data, where these are accompanied by extensive material that makes it
usable, if in a niche domain, or using standard protocols if in a flagship domain

— people will happily contribute to a domain-wide repository, but if it's institution-wide it will
remain a niche effort. | would strongly suggest to pool resources across institutions, and consider
opening our repositories to the wider community. In many endeavours the cost is the personnel,
not the data storage (in other, linked to major facilities, is the opposite) O O O .
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