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Discovering novel materials 
and sharing materials data:  

Benefits and challenges



Atomistic simulations 
of molecules and crystals 

using quantum-mechanical 
first-principles methods (DFT, …) 

to predict and discover new materials 
and materials properties

How is open data important in our field? 

What are the obstacles to open data? 

What are we doing to go encourage open data?



Simulation codes

Accuracy and predictive power 
of quantum engines



Exponential increase in 
computational power in the past 
years (“Moore’s law”)



Result: materials design and discovery via 
high-throughput computations

Computing	power	1993-2013

Sum	of	the	top-500	supercomputers
Number	1
Number	500 150,000x	increase  

in	the	past	20	years 
 

1	month	(1993) 

� 
10	seconds	(2015)



...but did we think at how to manage simulations and share the data? 



...but did we think at how to manage simulations and share the data? 



What happens to the data?
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5-star open data 
(5stardata.info)
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How to make 
this process easy?

http://5stardata.info


Why is it not so easy? 

• Researchers’ main interests are 
publications (and citations) 
Spending time to “make order” is not 
perceived as giving direct benefit

• I don’t want to share my data 
before publication (or patent)  
I want to publish as soon as possible; 
After I’ll spend time to “prepare” the 
data only if it won’t take too much time

• There is no easy tool to help me 
organise my computational 
research data

• Even if I organise my data, how 
do I share it so that it is useful for 
others?



Our (open-source) tool: AiiDA

We run computer laboratories: 
we should manage simulations  

and data with a dedicated platform  
to make the data share-ready 
already during its generation

MIT License

Approved License

http://www.aiida.net



What are our driving requirements 
for computational science? It should be…

reproducible 

Often not possible from the data 
reported in papers

searchable 
Find and reuse 

existing calculations

reliable 
Results in repositories, automated 

verification procedures

shareable 
towards “open data”, but  

private before publication



The ADES model

We have encoded these requirements in the four pillars  
for a computational science infrastructure

Low-level pillars User-level pillars

G. Pizzi et al., Comp. Mat. Sci 111, 218-230 (2016)



Automation and Data in AiiDA

AD

G. Pizzi et al., Comp. Mat. Sci 111, 218-230 (2016)



What is AiiDA?



Automation: coupling to data

• Coupling automation to data: 
– uniformity of the input data, usage of codes and computers 

– full reproducibility of calculations (data is stored first)



Storage and provenance

• Inspiration from the 
open provenance model 

• Any calculation: a function, 
converting inputs to outputs: 

         out1, out2 = F(in1, in2) out1 out2

in1 in2

F

data

data

data

data

calc

• How do we store simulations preserving the connected 
structure between them?



Data provenance: Directed Acyclic Graphs

Value of the data limited 
without knowing its 

provenance!

G. Pizzi et al., Comp. Mat. Sci. 
111, 218-230 (2016)

Need of advanced 
databases to store 

and efficiently query



Environment and Sharing in AiiDA

ES

G. Pizzi et al., Comp. Mat. Sci 111, 218-230 (2016)



...with seamless 
sharing capabilitiesKeep data private...



Sharing in AiiDA

• Private AiiDA instances 
• UUIDs used to uniquely identify 

all data/calculation objects 
• Data can be pushed to other 

repositories or the outside world ...



Materials Cloud 
www.materialscloud.org

Access curated sets of 
project results including 

structures and their 
properties 

 
 
 
 

Discover 

Find documentation 
and the AiiDA AppStore 
of plugins and 
workflows 
 
 
 
 

Work 
 

Learn 
 
 
 

Learn using materials 
including lectures and 

video tutorials related to 
materials science 

Explore 
 
 
 
Directly browse and 
visualise the AiiDA 
database 



Complex workflows in Materials Science

Main-Workflow
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force constants
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Relaxation #1

Relaxation #2

Relaxation #n

Structure cell converged

Restart 
management

Restart (wall-time 
exceeded, …)

PW vc-relax

PW vc-relax

PW vc-relax

several failure cases 
handled automatically

Initialize PH

PH on q-grid

Collect phonons

Parallelization

PH on q1

PH on q2

PH on qn
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Encoding the scientists’ knowledge in workflows

params = {'input': {'kpoints_density': 0.2, 
                    'convergence': 'tight'},
          'structure': structure,
          'pseudo_family': pseudo_family,            
          'machinename': 'mycluster',
          'pw_input':{'volume_conv_threshold': 5e-2},                        

          'pw_parameters': {
             'SYSTEM': {'ecutwfc': 30.},
             'ELECTRONS': {'conv_thr': 1.e-10}}
         'ph_input':{'distance_kpoints_in_dispersion': 0.005,
             'diagonalization': 'cg'}
           }
wf = asyncd(PhBandsWorkflow, **params)
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Encoding the scientists’ knowledge in workflows

params = {'input': {'kpoints_density': 0.2, 
                    'convergence': 'tight'},
          'structure': structure,
          'pseudo_family': pseudo_family,            
          'machinename': 'mycluster',
          'pw_input':{'volume_conv_threshold': 5e-2},                        

          'pw_parameters': {
             'SYSTEM': {'ecutwfc': 30.},
             'ELECTRONS': {'conv_thr': 1.e-10}}
         'ph_input':{'distance_kpoints_in_dispersion': 0.005,
             'diagonalization': 'cg'}
           }
wf = asyncd(PhBandsWorkflow, **params)
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Simple and reliable 
“turn-key” workflows 

can be a tool to validate results 
contributed to a repository



App-store model: open tools for open data

“App-store”-like model for 
plugins & workflows, e.g. 

• Computers: automatically 
setup a new cluster or 
supercomputer 

• DB importers: load structures 
and data from COD, ICSD, …  

• Calculations: plugin for your 
simulation software 

• Turn-key solutions:  
workflows to compute a 
desired property 

• …

Quantum  
ESPRESSO

Yambo CP2K Fleur

Simulation codes

Electronic  
density

Phonons Optical  
properties

Transport

Turn-key workflows

CSCS (CH) CINECA (IT) BSC (ES) Jülich (DE)

Computing clusters

The MaterialsCloud AiiDA app-store



Some final thoughts

• Publishers and funding agencies: How much should they 
support/enforce publication of ‘raw’ data? (Things are moving: e.g. 
Scientific Data@NPG, …)

• Quality of metadata: not only raw data, but structure: 
provenance, reproducibility, and open/documented format

• Ontologies and interoperability: Domain-specific 
ontologies (e.g. in RDF) for crystal structures, energy, forces, bulk 
moduli, …; not easy to “convince” researchers… But how much 
should we really invest in this?

• Open repository: curated or not? Limited submission or 
accepts anything? How to verify the quality of data?

• Access to data: Fully open with no barriers, or via registration
+terms of use? How to know the actual data usage (e.g. to justify 
project with funding agencies)? What about potential ethical 
implications?
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Shift the scientist’s focus from the management of simulations...

…to  the discovery of new materials…

…making it seamless to share research data
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