
The Materials Cloud

Giovanni Pizzi
https://www.materialscloud.org

https://www.materialscloud.org
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2The Open Science Platform - Vision
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High-Throughput

Reproducibility

Knowledge Transfer

Open Data

• Organize large numbers of 
calculations 

• Deal with corner cases 
(theory, code, infrastructure) 

• Many strings to pull

Source: istockphoto.com

http://istockphoto.com
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3The Open Science Platform - Vision

High-Throughput

Open Data

Knowledge Transfer

• Keep track of what you 
calculate 

• Keep track of how you did it 

• Within a research group: 
Can Alice reproduce what 
Bob computed 1 year ago?

Source: academiccoachingandwriting.org
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4The Open Science Platform - Vision

High-Throughput

Knowledge Transfer

• Open Data 

• Supporting Information 

• Just upload everything 

• FAIR data 

• Making data FAIR is hard,  
can we make it easier?

Source: WikipediaCo
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5The Open Science Platform - Vision

High-Throughput

Knowledge Transfer

• Share a workflow for your code 
with a collaborator or company 

• Share the environment needed 
to run the workflow 

• Reduce email traffic by sharing 
access to live dashboards with 
simulation results

Source: quote.ucsd.edu
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http://quote.ucsd.edu
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6

• AiiDA is the ‘engine’, like Git - used in production since 2015 

• Materials Cloud is the dissemination platform (like GitHub) and more  
(cloud computing and data generation platform) - online since Dec 2017

Materials Cloud

LEARN

WORK
EXPLORE

ARCHIVE

- Lecture recordings
- Tutorial videos, slides,
   course materials 

- Simulation tools 
   and services
- AiiDA lab in the cloud 
  or on premises

- Interactive graphs
  of AiiDA databases
- Raw data + provenance
  (inputs, outputs) 

- Moderated repository
- Long-term storage
- DOIs

DISCOVER
- Curated datasets
- Tailored visualizations
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7Materials Cloud

L. Talirz et al., Materials Cloud, a platform for open computational science, arXiv:2003.12510 (2020)

https://arxiv.org/abs/2003.12510
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8LEARN section
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8LEARN section

What you can do 
Freely access videos, lectures and tutorials of 

experts in the field 

Learn new theory, new methods 
and new codes
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9Data generation: Materials Cloud WORK

Quantum Mobile 

• Downloadable VM with preinstalled AiiDA and codes like QE, Yambo, Fleur, Siesta, CP2K, … 

• Also features a Cloud version on Amazon AWS, Google Compute Engine, Azure, … 

• Ideal for education (e.g., Cloud and Desktop versions used for this AiiDA virtual tutorial)
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10Data generation: Materials Cloud WORK

AiiDA Lab 

• Comes with a preconfigured AiiDA setup, ideal interface for GUIs for easy turn-key workflows 

• Custom appmode extension to make notebooks look&feel like real web apps knowing only python 

• Using JupyterHub + DockerSpawner or Kubernetes 

See presentation on AiiDA lab by Aliaksandr Yakutovich
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11Data generation: Materials Cloud WORK

Tools 

• Simple web-based applications that allow to run simulations within a few seconds 
(~<10-60 sec) 

• Useful to provide interactive visualisation and fast data processing on the web
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12WORK Tools example: seekpath
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13WORK Tools example: phonon visualizer
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13WORK Tools example: phonon visualizer

What you can do 
Run your own simulations 

(on your computer on on the cloud:  
AiiDA lab, Quantum Mobile) 

Access pre-processing, post-
processing and visualisation Tools
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14FAIR data sharing: ARCHIVE, DISCOVER, EXPLORE
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14FAIR data sharing: ARCHIVE, DISCOVER, EXPLORE

DOIs  
assigned
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14FAIR data sharing: ARCHIVE, DISCOVER, EXPLORE

DOIs  
assigned

FAIRsharing.org  
re3data.org 
b2find.eudat.eu 

+ 

Recommended 
data repository 
by Nature’s 
journal 
Scientific Data 

+  

GO FAIR 
implementation 
network 

+ 

Indexed by Google 
Dataset Search
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14FAIR data sharing: ARCHIVE, DISCOVER, EXPLORE

Direct links 
to DISCOVER & 
EXPLORE

DOIs  
assigned

FAIRsharing.org  
re3data.org 
b2find.eudat.eu 

+ 

Recommended 
data repository 
by Nature’s 
journal 
Scientific Data 

+  

GO FAIR 
implementation 
network 

+ 

Indexed by Google 
Dataset Search



A
iiD

A 
V

irt
ua

l T
ut

or
ia

l -
 J

ul
y 

20
20

G
io

va
nn

i P
iz

zi

15DISCOVER (curated data) & EXPLORE (raw data)
DISCOVER
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15DISCOVER (curated data) & EXPLORE (raw data)

UUID links to jump to the 
provenance graph in the  
EXPLORE section

DISCOVER
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16DISCOVER (curated data) & EXPLORE (raw data)
DISCOVER EXPLORE

Browse the full AiiDA 
provenance graph  
(inputs, outputs, …) at any 
level

UUID links to jump to the 
provenance graph in the  
EXPLORE section
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16DISCOVER (curated data) & EXPLORE (raw data)
DISCOVER EXPLORE

Browse the full AiiDA 
provenance graph  
(inputs, outputs, …) at any 
level

UUID links to jump to the 
provenance graph in the  
EXPLORE section

What you can do 
ACCESS 

Freely access hundreds of 
datasets of other researchers: 

(input and output files, 
full provenance, …)  

and reproduce their research 
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16DISCOVER (curated data) & EXPLORE (raw data)
DISCOVER EXPLORE

Browse the full AiiDA 
provenance graph  
(inputs, outputs, …) at any 
level

UUID links to jump to the 
provenance graph in the  
EXPLORE section

What you can do 
ACCESS 

Freely access hundreds of 
datasets of other researchers: 

(input and output files, 
full provenance, …)  

and reproduce their research 

What you can do 
CONTRIBUTE AND SHARE 

Freely upload your data to the 
ARCHIVE (with or without AiiDA), 

get a DOI with availability 
guarantee of 10+ years 

Make your research easy 
reproduce by others, share your 
curated results, make your AiiDA 

graphs easy to browse
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17Data Management Plans (DMPs) and FAIR principles

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

• Findable: DOIs with standardized metadata 

• Accessible: web interface to browse data, 
calculations and provenance, curated data in 
Discover section

• Interoperable: data linked via the AiiDA 
directed graph; data structures reusable 
between different codes 

• Reusable: downloadable data, encourage 
open (CC) licences, reproduce in the AiiDA Lab 
thanks to full provenance
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17Data Management Plans (DMPs) and FAIR principles

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

• Findable: DOIs with standardized metadata 

• Accessible: web interface to browse data, 
calculations and provenance, curated data in 
Discover section

• Interoperable: data linked via the AiiDA 
directed graph; data structures reusable 
between different codes 

• 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
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17Data Management Plans (DMPs) and FAIR principles

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

• Findable: DOIs with standardized metadata 

• Accessible: web interface to browse data, 
calculations and provenance, curated data in 
Discover section

• Interoperable: data linked via the AiiDA 
directed graph; data structures reusable 
between different codes 

• 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
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17Data Management Plans (DMPs) and FAIR principles

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

• Findable: DOIs with standardized metadata 

• Accessible: web interface to browse data, 
calculations and provenance, curated data in 
Discover section

• Interoperable: data linked via the AiiDA 
directed graph; data structures reusable 
between different codes 

• 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

What you can do 
Use AiiDA and Materials Cloud 

to make your research FAIR 

Get DMP templates to easily prepare  
your grant applications
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18ARCHIVE - FAQ

 
materialscloud.org/policies

•Q: How much data can I upload per record? 
A:  Everyone: 5GB regular, 50GB AiiDA.   
     Sponsor & partner projects: for larger data sets just contact us 

•Q: How long will it be stored? 
A:  Guaranteed at least 10 years after submission. 

•Q: Can I update the content of my record? 
A:  Yes, but only references & keyword (otherwise: create new version) 

•Q: How to make a new version? 
 A: Edit existing submission & request publication again 

•Q: Can I reserve a DOI before publication? 
A: Yes. It will resolve after (moderation and) publication

https://www.materialscloud.org/archive
https://www.materialscloud.org/policies
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19Full platform architecture

AngularJS Framework

Materials Cloud frontend

DISCOVER

Custom viz. plugins (d3, three.js, Highcharts)

Curated datasets

WORK

AiiDA lab: Jupyter notebooks & app mode

Online tools for quick calculations

LEARN
Video lecture player (Slideshot)

Browse and download accompanying resources

Explore

Node  visualization plugins (Chemdoodle, D3.js)

Node data requests

EXPLORE

Node visualization plugins (JSmol, D3.js)

Browse provenance of AiiDA graphs

ARCHIVE

Submission workflow, full-text search

Research data records with DOIs (invenio 3),

SaaS

Contributed AiiDA DBs,
AiiDA REST API service

Materials Cloud backend

Browser

Researchers,
Web users

Materials Cloud platform

AiiDA lab platform, 
Docker/KubeSpawner

AiiDA users

HTTPS 

AiiDA core API

ORM backends
(django, sqlalchemy)

File manager

AiiDA storage

AiiDA REST API

Query
Builder

CIRCUS

Worker

AiiDA daemon
and workflow engine 

RabbitMQ

REST

Runs on
HPC Centres

Accelerated simulation codes

Parallel filesystemCompute nodes

IaaS provider

Block storage Long-term storageVirtual machines Containers

SSHSWIFT API

 Invenio REST API, OAI-PMH,
PostgreSQL, Elasticsearch PostgreSQL

AiiDA abstract ORMs
(Codes, data, calculations...)

Uses

D
e
p
lo

p
ye

d
 a

t

Contributed tools,
Docker containers

Slideshot backend,
video streaming

Contributed data &
visualization backends



A
iiD

A 
V

irt
ua

l T
ut

or
ia

l -
 J

ul
y 

20
20

G
io

va
nn

i P
iz

zi

19Full platform architecture

AngularJS Framework

Materials Cloud frontend

DISCOVER

Custom viz. plugins (d3, three.js, Highcharts)

Curated datasets

WORK

AiiDA lab: Jupyter notebooks & app mode

Online tools for quick calculations

LEARN
Video lecture player (Slideshot)

Browse and download accompanying resources

Explore

Node  visualization plugins (Chemdoodle, D3.js)

Node data requests

EXPLORE

Node visualization plugins (JSmol, D3.js)

Browse provenance of AiiDA graphs

ARCHIVE

Submission workflow, full-text search

Research data records with DOIs (invenio 3),

SaaS

Contributed AiiDA DBs,
AiiDA REST API service

Materials Cloud backend
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Researchers,
Web users

Materials Cloud platform

AiiDA lab platform, 
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AiiDA storage
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Accelerated simulation codes
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20

• Automate and streamline creation of tools/discover contributed 
sections 

• Identify suitable technology (or technologies) for app development 
(tools-barebone, jupyter+voila, plotly dash, bokeh panel, …) 

• Facilitate testing and deployment without interaction with administrators  
(dokku, …) 

• Automate creation of Explore sections for submitted AiiDA databases 

• Simplify and speed up integration of new contributed AiiDA databases  
without the need of an administrator

Future plans
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21Funding

• SNSF MARVEL NCCR (I: 2014-18, II:2018-22, EPFL Lead house) for the Open Science Platform 

• H2020 MaX Centre of Excellence (I: 2015-18, II: 2018-21) for convergence of HPC, HTC and HPDA via 
AiiDA 

• H2020 MarketPlace (2018-22, EPFL co-PI) for providing materials simulation services and data 

• H2020 Intersect (2019-21, EU; CNR lead PI, EPFL and ICN2 co-PI) for automated modelling of complex 
devices via AiiDA 

• Private collaboration with a major European company (2019-2020) for AiiDA-powered materials 
discovery for Li-ion batteries 

• Swissuniversities P-5 Materials Cloud (2019-20) for transitioning Materials Cloud to self-sustaining 
service 

• EPFL Open Science Fund "OSSCAR" (2019-21) for creating an educational hub for research and 
teaching

15+ FTEs for the next years



https://www.materialscloud.org


