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THE RISE OF COMPUTATIONAL SCIENCE

A calculation that took 
one year in 1994 takes
ten seconds in 2023:
3-million-fold increase, or 100% 
returns every 16 months.

And this is just with bits: neurons
are in, and qubits on the horizon. 
21st-century science and 
discovery will greatly benefit 
from computational science.



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

THE RISE OF ELECTRONIC-STRUCTURE SIMULATIONS



https://github.com/ltalirz/livecoms-atomistic-software

THIS IS BIG SCIENCE… (APS, 2021)

https://github.com/ltalirz/livecoms-atomistic-software


• ESA 7.1 billion €/year (2023)

• ITER 22 to 65 billion $ (2007-35)

• CERN 1.4 billion CHF/year (2023)

• Argonne 1.1 billion $/year (2021)

• James Webb 10 billion $ (2021)

…AND THIS IS THE FUNDING FOR BIG SCIENCE



FORTUNE COOKIE

AGAINST SUCH MAJOR IMPACT, THERE IS 
RATHER MARGINAL FUNDING FOR THE 

INFRASTRUCTURE, AND NOT MUCH 
STRATEGY EITHER



Materials Cloud is built to 
enable the seamless sharing 
and dissemination of 
resources in computational 
materials science, offering 
educational, research, and 
archiving tools; simulation 
software and services; and 
curated and raw data.

2013 VISION

https://www.materialscloud.org

https://www.materialscloud.org/


2013 VISION

https://www.materialscloud.org

https://www.materialscloud.org/


TARGET AUDIENCES



LEARN



MARVEL Distinguished Lectures: Now fully online – great attendance worldwide (Kresse, 670 
participants). E.g. 2021-22 Zunger, Perdew, Mertig, Glotzer, Aspuru-Guzik, Chan. 

CECAM-MARVEL Classics in Molecular and Materials Modelling: 400-600 participants. For 2021-22:

BROAD ATTENDANCE

https://www.materialscloud.org/learn/

https://www.materialscloud.org/learn/


MATERIALS CLOUD WORK



DIRECTLY ACCESSIBLE TOOLS
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https://www.materialscloud.org/work/tools/qeinputgeneratorhttps://optimadeclient.materialscloud.io/

UNIVERSAL APIs

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


Task 5.3: Quantum-as-a-ServiceIN THE CLOUD OR ON-PREMISES SIMULATIONS





AGILE DEPLOYMENT THROUGH THE QUANTUM MOBILE



THE DATA STRATEGY: ARCHIVE…



THE DATA STRATEGY: …DISCOVER…



THE DATA STRATEGY: …DISCOVER…



THE DATA STRATEGY: …EXPLORE
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INTEROPERABILITY: FROM ARCHIVE TO IN-CLOUD ANALYSIS



INTEROPERABILITY: ON-PREMISES SIMULATIONS

Quantum ESPRESSO input generator, 
or full simulations services in AiiDAlab



INTEROPERABILITY: INTEGRATION WITH MATERIALS CLOUD TOOLS

Quantum ESPRESSO input generator, 
or full simulations services in AiiDAlab



Quantum ESPRESSO input generator, 
or full simulations services in AiiDAlab

INTEROPERABILITY: INTEGRATION WITH MATERIALS CLOUD TOOLS



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

Repository and long-term storageCloud simulations

INTEGRATION WITH THE EUROPEAN COMMISSION



Easily upload files 
(up to 100 GB per record)

Create/retrieve/update/delete records 
via the API from your client apps

Update your published records

Collaborate with others

Easily navigate between 
different versions of 
your published records

Available at https://archive.big-map.eu/

Open for BIG-MAP participants 
from Dec 1 2022.

InvenioRDM v9 Community 
feature, from early 2023, will 
allow a second private tier for 
Battery 2030+ participants

Later, push button to publish on 
Materials Cloud Archive



ACCESS AND STATISTICS

• 16,000 unique visitors monthly; 2,500 to the Archive
• No cookies, all open access



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 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...)
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Contributed tools,
Docker containers

Slideshot backend,
video streaming

Contributed data &
visualization backends

L. Talirz et al., Scientific Data 7, 299 
(2020)

MATERIALS CLOUD DEPLOYMENT



CONCLUSIONS – THE NEED FOR DIGITAL INFRASTRUCTURES

• Computational science is central to the entire scientific and 
technological effort in the 21st 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 a side note, it is a powerfully democratic force, that can be shared 
worldwide at the flick of a switch.



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. I 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) 
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