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An Open Science web portal for sharing WHAT
resources for computational materials science - is Materials
online since Dec 2017 Cloud

Provides simulation codes and analytics tools

Gives access to workflows, processed and curated
datasets

Embraces the FAIR principles of sharing of data
and workflows, facilitating reproducibility
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Built on the cloud
- runs on virtual machines in OpenStack
- data is stored in containers of a Swift Object

Store (CSCS) HOW
is Materials Cloud
Developed with open source software built

Leverages AiiDA,

a python framework for automated workflows and
provenance tracking. AiiDA manages, automates

and stores simulations and their results (next talk

by Francisco Ramirez)
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Students
Learn with videos and tutorials
Learn with interactive simulation tools

Experimental scientists
Run simulations with AiiDAlab

Browse materials properties WHO
is Materials
Computational scientists Cloud

Upload and share their own data, simulation for
programs and results

B Swiss Research Data Day 2020 - October 2020
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@ LEARN WORK DISCOVER EXPLORE ARCHIVE More ~

5 Sections
LEARN Lectures and tutorials in computational materials science LE ‘ N
WORK Simulation tools and services - in the cloud or on your WO R K

computer

DISCOVER | Curated research data with tailored visualizations
MATERIALSCLOUD DISCOVER

EXPLORE | Interactive browser for AiiDA provenance graphs

Built for seamless sharing of resources r————
in computational materials science. ARCHIVE An open-access, moderated repository for research data EXP LO R E

in computational materials science

Please cite L. Talrz e ci C 7,299 (2020}, if you use Materials Cloud in your research. e RC I IVE

Latest news

JULY 23,2020

200TH ARCHIVE RECORD

Nine months after that 100 record milestone, the Materials Cloud Archive has doubled in
( size. Thanks to the invenio 3 moderation workflow, it is now possible to onboard
moderators from outside the core development team.

COFs for CO2 c... invenio 3 Two new contri...
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@ LEARN WORK DISCOVER EXPLORE  ARCHIVE More -
LEARN
Learn .
Educational
Learn with videos and slides materia |S, VideO

lectures, tutorials,

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. a n d Se m i n a rs i n

computational

MARVEL  MARVEL events

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

materials science
(3] A" AiiDA and Materials Cloud tutorials

¢5AIIDA
Video recordings and educational material from past AiiDA and Materials Cloud tutorials. I—e a rnn eW t h e O r>/l

methods and codes

‘ Quantum ESPRESSO schools
Om”" Video recordings and educational material from past schools on Quantum ESPRESSO.
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Learn with videos and slides

Lecture recordings and tutorial videos on computational materials science topics for students and experts alike L ‘ \I { N

You can find more videos on the

Educational

MARVEL

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

materials, video

P T — lectures, tutorials,

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

Quantum ESPRESSO schools

.
Video recordings and educational material from past schools on Quantum ESPRESSO. CO I I l p u ta tl O n a |

(o
materials science

Video recordings and educational material from past schools on Wannier90.

Learn new theory,

Video recordings and educational materials on computational materials science.

E]
|
P

s

methods and codes
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Materials Cloud - WORK

@ LEARN WORK DISCOVER EXPLORE  ARCHIVE More ~

Work

Work with your data

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

il ds o>

Tools Quantum Mobile AiiDAlab AiiDA registry
Computational tools to work Quantum simulation codes + Run your own simulations The official registry of AiiDA
th yc nlin AiiDA in a virtual machine using AiiDA on the cloud plugins

WORK

Data generation

Tools

Quantum Mobile
AiiDAlab

AiiDA registry
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@ LEARN WORK DISCOVER EXPLORE  ARCHIVE More ~

Tools

Work

Simple web-based

applications that

Work with your data
provide interactive

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

il ds o>

visualization and

data processing

Tools Quantum Mobile AiiDAlab AiiDA registry
Computational tools to work Quantum simulation codes + Run your own simulations The official registry of AiiDA
with your data online AiiDA in a virtual machine using AiiDA on the cloud plugins

B Swiss Research Data Day 2020 - October 2020
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Materials Cloud - WORK

@ LEARN WORK DISCOVER EXPLORE  ARCHIVE

Tools
- Simple web-based
Computational tools offered as a service: no download, no installation, but click-and-run a p p | i Ca ti O n S th a t

( Quantum ESPRESSO input generator and structure visualizer
: j Authors: Elsa Passaro, Sebastiaan P. Huber, Giovanni Pizzi & Nicola Marzari
Description: A tool to generate the input file of the Quantum ESPRESSO PWscf code and to visualize

the corresponding structure.

provide interactive

visualization and

g SeeK-path: the k-path finder and visualizer d a ta p ro CeSSi n g
4 Authors: Yoyo Hinuma, Giovanni Pizzi, Yu Kumagai, Fumiyasu Oba & Isac Tanaka

Description: A k-path finder that provides band paths compatible with space group symmetry, and

an interactive 3D visualizer.

ShiftML: chemical shifts in molecular crystals by machine learning

> y Authors: Andrea Anelli, Félix Musil, Federico M. Paruzzo, Albert Hofstetter, Sandip De, Edgar Engel,
Lyndon Emsley & Michele Ceriotti

Description: A machine learning model to predict the isotropic chemical shielding of molecular
crystals containing H, C, N, 0 and S, including the uncertainty of the prediction, and an interactive 3D
visualiser.

AlphaML: machine le polarizabilities

molecu

Authors: David M. Wilkins, Andrea Grisafi, Yang Yang, Ka Un Lao, Robert A. DiStasio Jr. & Michele

B Swiss Research Data Day 2020 - October 2020
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@ LEARN WORK DISCOVER EXPLORE  ARCHIVE More ~

Quantum Mobile
Work A downloadable

virtual machine, pre-
installed with AiiDA

Work with your data

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

and codes

y ll ana_ 003 Run simulations on

the cloud or on your

Tools Quantum Mobile AiiDAlab AiiDA registry
Computational tools to work Quantum simulation codes + Run your own simulations The official registry of AiiDA
with your data online AiiDA in a virtual machine using AiiDA on the cloud plugins

B Swiss Research Data Day 2020 - October 2020
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Materials Cloud - WORK

@ LEARN WORK DISCOVER EXPLORE  ARCHIVE More ~

Work

Work with your data

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

il db | o5

Tools Quantum Mobile AiiDAlab AiiDA registry
Computational tools to work Quantum simulation codes + Run your own simulations The official registry of AiiDA
with your data online AiiDA in a virtual machine using AiiDA on the cloud plugins

AiiDAlab
a pre-configured
AiiDA setup

Jupyter notebooks

to look like web

apps
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oo
calhost:8100/apps/apps/home/start.ipynb 2R AI I DA a

~ Jupyter Edit App

a pre-configured
B % K- ? AIiiDA setup

File Manager Terminal Tasks App Store Help

~ Quantum ESPRESSO

Jupyter notebooks
o " to look like web
¥

R apps

~ AiiDA lab Widgets
v Latest Version
Basic data objects. Codes and computers. Processes.
o Dealing with one structure  Setup computer o Process list
 AliDA datatypes viewers  Setup code o Follow a process *
o Dealing with codes and computers *

Manage App URL

B Swiss Research Data Day 2020 - October 2020




=PrL
cCooe

B Swiss Research Data Day 2020 - October 2020

Materials Cloud - WORK

@ LEARN WORK DISCOVER EXPLORE  ARCHIVE

Work

Work with your data

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

More ~

o

Quantum Mobile AiiDAlab

Quantum simulation codes + Run your own simulations

AiiDA in a virtual machine using AiiDA on the cloud

09

AiiDA registry

The official registry of AiiDA

plugins

AiiDA registry

Access to the
registred AiiDA

plugins
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@ LEARN WORK DISCOVER EXPLORE ARCHIVE More ~ RCH IVE
Q FAQ and instructions  Upload a record My records =~ & valeria.granata@epfi.ch =~

o : A moderated
Latest records e Google ;

[ A T repository for
research data from

Unraveling the synergy between metal-organic frameworks and co-catalysts in photocatalytic water
splitting

=} 10.24435/materiaiscloud:ge-at

computational
materials science

Stefano Falletta, Patrick Gono, Zhendong Guo, Stavroula Kampouri, Kyriakos C. Stylianou, Alfredo Pasquarello

We investigate the synergy occurring in photocatalytic water splitting between the metal-organic framework MIL-125-NH2 and two co-

catalysts, namely NiO and Ni2P, by calculating their band edge alignment with respect to the redox levels of liquid water. For the NiO/H20

and Ni2P/H20 interfaces, we employ an explicit atomistic description of water and perform molecular dynamics simulations considering . . .

both molecular and dissociated water adsorbed at the co-catalyst surface. For the MIL-125-NH2/NiO and MIL-125-NH2/Ni2P interfaces, we B u I |t W I th I n t h e

rely on the concept of charge neutrality and use a scheme combining the electron affinities and the charge neutrality levels of the interface .
CERN Invenio

components. We provide a description of the underlying fundamental processes that is consistent with photoluminescence and intrinsic

activity experiments and that supports NiO and Ni2P as suitable co-catalysts for MIL-125-NH2 as far as the hydrogen evolution reaction is
concerned.

Latest version: v1
Publication date: Oct 14, 2020

B Swiss Research Data Day 2020 - October 2020
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Materials Cloud - ARCHIVE

3 Google 2m=i'8
materialscloud:2020.86 e £°'b;:
Relative abundance of Z2 topological order in exfoliable
two-dimensional insulators

v Goertey', Davise Carrg a Moret” Noccs Warzan

EX1) 10.24435/materialscloud:cm-7p  [version v2]
Publication date: Jul 31, 2020

Materials Cloud sections using this data

& Discover interface providing interactive scatter plots
¢> Explore interface providing access to the full database

Description

Materials Cloud sections using this data

License

External references
Seurnai reterence

Keywords
OFF DV Wtircoi Omswsn  aarteson el bpckgen rades  weatt WAWELTOD WACE SNOS

Version history:

e versir

Files
File name Size
README.txt ({53 875 Bytes
band_structures_QSHI_withoutSOC_ 38.1 MiB
MCarchive.aiida (B3
band_structures_QSHI_withSOC_MCa 41.2 MiB
rchive.aiida (8
phonons_QSHI_MCarchive.aiida [f§ 52.6 MiB
Pt4Hg2Se6_phonons.dat ({3 48.2 KiB

Description

README where the content of the AiiDA export files is
explained in more detalil, including the group names.

The AiiDA export file containing the DFT band structures
without spin-orbit coupling

The AiiDA export file containing the DFT band structures
with spin-orbit coupling

The AiiDA export file containing the DFPT phonon
dispersions for the QSHI candidates (except jacutingaite)

The file containing the DFPT phonon dispersions for
jacutingaite
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@ LEARN WORK DISCOVER EXPLORE ARCHIVE More ~

DISCOVER
Curated data

Discover

Discover curated data sets

3D visualization of

Curated research data sets with tailored visualizations contributed by authors affiliated with the 2

rials Cloud partners.

Kemel principal covariates regression []] 10:24435/materialscloud:ay-eq

Authors: Benjamin A. Helfrecht, Rose K. Cersonsky, Guillaume Fraux & Michele Ceriotti

Description: lllustration of the Kernel Principal Covariates Regression method on various datasets. St ructure p ro p erties ,

band structure

Automated high-throughput wannierisation (GJJJ 10:24435/materialscloud:dd-nz

B Swiss Research Data Day 2020 - October 2020

@
Authors: Valerio Vitale, Giovanni Pizzi, Antimo Marrazzo, Snehal Kumbhar, Elsa Passaro,
1% Jonathan R. Yates, Nicola Marzari & Arash A. Mostofi
Description: Validation results of an automated protocol for generating maximally-localized 1 k |
Wannier functions in a high-throughput framework. I—I n to Exp O re
section
%% Covalent organic frameworks for carbon capture (GJS]]j 10:24435/materialscioud:2020.0029N1
1 ‘:,rfg”,h Authors: Kathryn S. Deeq, Daiane Damasceno Borges, Daniele Onagari, Nakul Rampal, Leopold
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Compound: MgBr,

T — DISCOVER

Formula: MgBr,

> Curated data

, Pointgroup: -3m
Prototype: CdI2

Band gap [eV]: 4.8 ¢

Magnetic properties:

Magnetic State: non-magnetic 3 D Vi S u a | iza ti O n Of
:;l. P;!qagnehfallon :vpi'vvcellllf‘. - oﬁo I_| n k to EXP LO RE
s. Magnetization [uB/cell]: - Sectlon stru Ctu res

Binding Energies:
DF2-C09 Binding energy EmchA'f' 102 &5
(From parent COD 9009107)

W10 Binding energy [meV/A?): 153 ¢
(From parent COD 9009107)

UUID of provenance

h :
Irap Structure properties,

Delta in interlayer distance (vdW vs 1
Dpgz [%): 17.1 & (From pgrént COD 9009107)

Bipo (%): 18.3 & (Frefn parent COD 9009107) ba n d Stru Ctu re

Link to Explore

Band structure

section

B Swiss Research Data Day 2020 - October 2020
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Materials Cloud - EXPLORE

@ LEARN WORK DISCOVER EXPLORE ARCHIVE More ~

Explore

Explore the full provenance

An interactive browser for exploring AiiDA provenance graphs uploaded to the Materials Cloud Archive.

0 Browse your own AiiDA database

Description: Use the REST API built into AiiDA to connect to your own AiiDA database. Your data
o c stays inside your browser and is not transmitted to Materials Cloud.

Automated high-throughput wannierisation [[SsJJ 10.24435/materialscioud:dd-nz

P O Authors: Valerio Vitale, Giovanni Pizzi, Antimo Marrazzo, Jonathan R. Yates, Nicola Marzari &
0 3 Arash A. Mostofi

Description: Validation results of an automated protocol for generating maximally-localized
Wannier functions in a high-throughput framework.

et i —y Covalent oraanic frameworks for carbon canture IRTE 10 244438imaternialeclond 2020 002081

EXPLORE

Raw data

Access to AiiDA
databases

Browse the AiiDA
provenance graphs

Find input, output
data and
calculations to
generate results
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Materials Cloud - EXPLORE

Compound: MgBr,

ece - materdscioud o9
Selected Profile: 2D Structures EEJi03e0s/matenaticiosd 30170002
m Detail & statist
e
8
BandsD.
Label: £
— —_—
T S
P TOU —

Band structure

EXPLORE

Raw data

Access to AiiDA
databases

Browse the AiiDA
provenance graphs

Find input, output
data and
calculations to
generate results
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Materials Cloud frontend

Materials Cloud backend

5AIIDA

Angular]S Framework
,_________g ____________________ R Slideshot backend, AiiDA REST API
i [ LEARN i i v video streaming W
|
I| Video lecture player (Slideshot) 4 ; Saas 2
B i | 2,
| rowser > i Browse and download accompanying resources : : AiiDA core API
: ' "WORK ! Contributed tools, !
Researchers, || 1] oiine tools f SO ) Docker containers I Query || AiiDA abstract ORMs
Web users i A?‘)-Ael o?s B g ! ! Builder || (Codes, data, calculations...)
: | il ab: Jupyter notebooks & app mode : > |
i : AiiDA lab platform, 3|}
= || DISCOVER ! ! Docker/KubeSpawner <|[¥ i
AiiDA users 21 | |[Satec datasets ) e — _: AiiDA daemon AiiDA storage
<§ i| 1| Custom viz. plugins (d3, three.js, Highcharts) : < and workflow engine
Sli 3
N | Contributed data & 2| CIRCUS
: 1 > 2 Ses) = |«
T HTTPS : | | EXPLORE ! visualization backends < Fllemanager
REST :‘ Browse provenance of AiiDA graphs #I ! =
: Node visualization plugins (JSmol, D3.j ! 3 2 <
§ : ode visualization plugins (JSmol js) E | R Contributed AiiDA DBs, 3| Worker 8}':::0?:::;:23
toTTTT T T - 4 AiiDA REST API service <[
ARCHIVE ; i
Research data records with DOIs (invenio 3), [¢ 1 N Invenio REST API, OAI-PMH, -
Submission workflow, full-text search ' > PostgresQL, Elasticsearch | RabbitMQ l I PostgreSQL l
Runs on ; Uses SWIFT API SSH
IaaS provider HPC Centres
oo S I Wt e )

Virtual machines ‘ I Containers ‘ | Block storage ‘ ’Long-term storage‘% |

Accelerated simulation codes |

Deployed at

. 2 openstack. kubernetes

I Compute nodes ” Parallel ﬂlesysteml

Frontend

Backend

AiiDA

Infrastructure
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Data Management Plans (DMPs) and

FAIR principles

Combination of AiiDA + Materials Cloud (Discover, Explore, Archive):
FAIR-compliant sharing

Findable: DOIs with standardized metadata  Interoperable: data linked via the AiiDA
directed graph; data structures reusable

Accessible: web interface to browse data, between different codes

calculations and provenance, curated data in
Discover section Reusable: downloadable data, encourage

open (CC) licences, reproduce in the AiiDA
Lab thanks to full provenance

We provide DMP templates for researchers using Materials Cloud

Funding Body DMP template (using 5 AiiDA) DMP template (no AiiDA)

o Jon [ o Toa o
EIEED E3EED
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h i
Materials Cloud, a platform for open computational science

Leopold Talirz, Snehal Kumbhar, Elsa Passaro, Aliaksandr V. Yakutovich, Valeria Granata, Fernando Gargiulo, Marco Borelli, Martin Uhrin,
Sebastiaan P. Huber, Spyros Zoupanos, Carl S. Adorf, Casper W. Andersen, Ole Schitt, Carlo A. Pignedoli, Daniele Passerone, Joost
VandeVondele, Thomas C. Schulthess, Berend Smit, Giovanni Pizzi, Nicola Marzari

Materials Cloud is a platform designed to enable open and seamless sharing of resources for computational science, driven by applications in materials
modelling. It hosts 1) archival and dissemination services for raw and curated data, together with their provenance graph, 2) modelling services and virtual
machines, 3) tools for data analytics, and pre-/post-processing, and 4) educational materials. Data is citable and archived persistently, providing a
comprehensive embodiment of the FAIR principles that extends to computational workflows. Materials Cloud leverages the AiiDA framework to record the
provenance of entire simulation pipelines (calculations performed, codes used, data generated) in the form of graphs that allow to retrace and reproduce
any computed result. When an AiiDA database is shared on Materials Cloud, peers can browse the interconnected record of simulations, download
individual files or the full database, and start their research from the results of the original authors. The infrastructure is agnostic to the specific
simulation codes used and can support diverse applications in computational science that transcend its initial materials domain.

Talirz, L., Kumbhar, S., Passaro, E. et al. Materials Cloud, a platform
for open computational science. Sci Data 7, 299 (2020)

B Swiss Research Data Day 2020 - October 2020
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Thank you

info@materialscloud.org
valeria.granata@epfl.ch

www.materialscloud.org
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