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Result: materials design and discovery via  
high-throughput computations



Leverage supercomputers to compute  
and predict materials’ properties
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Aim: Compute properties for all of them  
(and even new, invented ones)  

and discover novel functional materials



AiiDA and the Materials Cloud

Open Science Platform: definition

• Our definition of an Open Science Platform [1]: 
• Open simulation codes 
• Open architecture to manage simulations and  

open workflows 
• Support for Open Data, Data Management Plans 

and FAIR-compliant sharing 
• Straightforward availability of the tools, 

with curated open-data services enabling  
turn-key workflows (pseudopotential libraries, …)

[1]	Pizzi	G.	(2018)	Open-Science	Platform	for	Computational	Materials	Science:	AiiDA	and	the	Materials	Cloud.	  
In:	Andreoni	W.,	Yip	S.	(eds),	Handbook	of	Materials	Modeling	(Springer,	Cham).



AiiDA and the Materials Cloud

Our goal

Build an open-science infrastructure  
with computational services offered 

to scientific, industrial community and beyond 

Like a synchrotron, but for  
open and reproducible simulations



AiiDA and the Materials Cloud

Our two core infrastructures

AiiDA as the “operating system” to manage,  
automate and store simulations and their results 

and 

Materials Cloud as the open-science  
dissemination portal and cloud simulation platform 



AiiDA and the Materials Cloud

OPEN SCIENCE PLATFORM:

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



AiiDA and the Materials Cloud

How to manage simulations and their provenance?  

Without  AIDA With AIDA 
Without  AIDA With AIDA 

 
We need a tool to help us  

organise research and store provenance  



AiiDA and the Materials Cloud

Reproducibility: a cornerstone of the scientific method

IS THERE A REPRODUCIBILITY CRISIS?

Nature 533, 452–454 (2016)



AiiDA and the Materials Cloud

Reproducibility: a cornerstone of the scientific method

IS THERE A REPRODUCIBILITY CRISIS?

Nature 533, 452–454 (2016)

 
No excuses in computational science 

We can and must be fully reproducible 

CHALLENGE #2: make open-science easier 



AiiDA and the Materials Cloud

AiiDA development timeline

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

http://www.aiida.net



AiiDA and the Materials Cloud

AiiDA

Main features  

• Python (2.7 & 3.6) 
infrastructure 

• SQL database backend, 
access via a Python ORM 

• Local connection to clusters, 
or via ssh using a python API 

• Interface to various job 
schedulers (SGE, Torque, LSF, 
PBS Pro, SLURM, ...) 

• Event-based daemon with 
remote management and 
workflow execution manager 

• REST APIs using Flask to 
expose one own’s data 

• Plugin management system 
and extended code support 

• Easy sharing of the results 
with other users in the 
communityhttp://www.aiida.net



AiiDA and the Materials Cloud

AiiDA submission
code = Code.get('pw-6.3@daint-mr25') 
builder = code.new_builder() 

builder.metadata.options = { 
    ‘max_wallclock_seconds’: 600, 
    ‘max_wallclock_seconds’: {"num_machines": 2}} 

Structure = DataFactory('structure') 
structure = Structure(ase = read('TiO2.cif')) 

Dict = DataFactory('dict') 
parameters = Dict(dict={ 
    'CONTROL': { 
        'calculation': 'scf', 
        'restart_mode': 'from_scratch'}, 
    'SYSTEM': {‘ecutwfc': 40.}}) 

Kpoints = DataFactory('array.kpoints')  
kpoints = Kpoints(kpoints_mesh = [4,4,4]) 

builder.structure = structure 
builder.parameters = parameters 
builder.kpoints = kpoints 
builder.pseudos = get_pseudos_from_family(structure, 
’SSSP_efficiency_v1.0') 

aiida.engine.submit(builder)



AiiDA and the Materials Cloud

AiiDA submission

Inputs stored in the DB, and 
handing over to the daemon

Define (only) necessary inputs 
Interface designed by plugin

Switch computers in one line 
supports different schedulers,  
version of codes, …

code = Code.get('pw-6.3@daint-mr25') 
builder = code.new_builder() 

builder.metadata.options = { 
    ‘max_wallclock_seconds’: 600, 
    ‘max_wallclock_seconds’: {"num_machines": 2}} 

Structure = DataFactory('structure') 
structure = Structure(ase = read('TiO2.cif')) 

Dict = DataFactory('dict') 
parameters = Dict(dict={ 
    'CONTROL': { 
        'calculation': 'scf', 
        'restart_mode': 'from_scratch'}, 
    'SYSTEM': {‘ecutwfc': 40.}}) 

Kpoints = DataFactory('array.kpoints')  
kpoints = Kpoints(kpoints_mesh = [4,4,4]) 

builder.structure = structure 
builder.parameters = parameters 
builder.kpoints = kpoints 
builder.pseudos = get_pseudos_from_family(structure, 
’SSSP_efficiency_v1.0') 

aiida.engine.submit(builder)



AiiDA and the Materials Cloud

Storage and provenance

• Inspiration from the open provenance model 

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

         out1, out2 = F(in1, in2) 

• Each object is a node in a graph,  
connected by directional labeled links 

• Output nodes can be used as inputs

out1 out2

in1 in2

F

data

data

data

data

calc

• Calculated properties: result of complex, connected calculations 

• How do we store simulations preserving the connected structure?



AiiDA and the Materials Cloud

Data provenance: Directed Acyclic Graphs



AiiDA and the Materials Cloud

“Simple” graphs of workflows for a single material
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Graphical representation of an AiiDA 
database of calculations and workflows 

of DFT band structure and Wannier functions



AiiDA and the Materials Cloud

Turn-key workflows in AiiDA

• Given a material, we often need to 
compute advanced quantities 

• These are often non-trivial and 
result from a complex workflow

Str (283)

 sssp-pbe-efficiency

WorkCalculation (285)

 PwBandStructureWorkChain

pseudo_family

WorkCalculation (298)

 PwBandsWorkChain

pseudo_family

WorkCalculation (301)

 PwRelaxWorkChain

pseudo_family

WorkCalculation (306)

 PwBaseWorkChain

pseudo_family

WorkCalculation (320)

 PwBaseWorkChain

pseudo_family

WorkCalculation (339)

 PwBaseWorkChain

pseudo_family

WorkCalculation (350)

 PwBaseWorkChain

pseudo_family

ParameterData (286)

CREATE

ParameterData (287)

CREATE

ParameterData (288)

CREATE

ParameterData (289)

CREATE

ParameterData (290)

CREATE

Str (291)

 vc-relax

CREATE

Bool (292)

 False

CREATE

Float (293)

 0.2

CREATE

KpointsData (294)

 Kpoints mesh: 14x14x14 (+0.0,0.0,0.0)

CREATE

ParameterData (295)

CREATE

Float (296)

 0.01

CREATE

Float (297)

 0.2

CREATE

CALL

StructureData (331)

 Al

primitive_structure

BandsData (356)

 (Path of 274 kpts)

band_structure

Code (1)

'qe-pw-6.2.1'

code

code

code

code

PwCalculation (309)

 FINISHED

code

code

PwCalculation (323)

 FINISHED

code

code

PwCalculation (342)

 FINISHED

code

code

PwCalculation (353)

 FINISHED

code

Str (282)

 standard

protocol

StructureData (284)

 Al

structure

structure

structure

structure

structure

parameterssettings

settings

relax_options

options

options

options

relax_parameters

parameters

options

options

options

relax_relaxation_scheme

relaxation_scheme

relax_meta_convergence

meta_convergence

kpoints_distance kpoints_mesh relax_settings

settings

settings

settings

relax_volume_convergence

volume_convergence

relax_kpoints_distance

kpoints_distance

Bool (299)

 False

CREATE

Bool (300)

 True

CREATE

CALL

WorkCalculation (330)

 seekpath_structure_analysis

CALL

primitive_structure

ParameterData (335)

CREATE

KpointsData (336)

 Kpoints mesh: 14x14x14 (+0.0,0.0,0.0)

CREATE

Bool (337)

 False

CREATE

Int (338)

 5

CREATE

CALL

ParameterData (348)

CREATE

ParameterData (349)

CREATE

CALL

band_structure

final_scf meta_converge

ParameterData (302)

CREATE

KpointsData (303)

 Kpoints mesh: 14x14x14 (+0.0,0.0,0.0)

CREATE

Bool (304)

 False

CREATE

Int (305)

 5

CREATE

CALL

ParameterData (316)

CREATE

KpointsData (317)

 Kpoints mesh: 14x14x14 (+0.0,0.0,0.0)

CREATE

Bool (318)

 False

CREATE

Int (319)

 5

CREATE

CALL

StructureData (326)

 Al

output_structure

parameterskpoints

kpoints

clean_workdirmax_iterations

CALL

StructureData (312)

 Al

output_structure

output_structure

ParameterData (307)

parameters

ParameterData (308)

settings

UpfData (70)

pseudo_Al

pseudo_Al

pseudo_Al

pseudo_Al

structure

structure

parameters

kpoints

kpoints

clean_workdir

clean_workdir

max_iterations

max_iterations

CALL

output_structure

output_structure

ParameterData (321)

parameters

ParameterData (322)

settings

structure

primitive_structure primitive_structure

KpointsData (332)

 (Path of 274 kpts)

explicit_kpoints_pathexplicit_kpoints_path

structure

structure

structure

structure

kpoints

kpoints

parameters

kpoints

kpoints

clean_workdir

max_iterations

CALL

RemoteData (343)

remote_folder

remote_folder

ParameterData (340)

parameters

ParameterData (341)

settings

parent_folder

parent_calc_folder

parameters

settings

CALL

output_band

ParameterData (351)

parameters

ParameterData (352)

settings



AiiDA and the Materials Cloud

Turn-key workflows in AiiDA

• The AiiDA provenance graph allows to know how the structure was 
computed and to reproduce that single specific calculation: 
log of “what happened in the past” 

• We need also an easy way to re-run the same calculation again with 
different parameters or for a different material: turn-key workflows
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AiiDA and the Materials Cloud

Turn-key workflows in AiiDA

• “Operating system” for all 
calculations 

• Automatic provenance tracking in 
the DB 

• Control provenance granularity 
store level of detail relevant to the workflows 

• Progress checkpointing 
restart from arbitrary step, retry on failure, allows 
to shut down daemon and continue later 

• Easy debugging, self-documenting

class PwBandsWorkChain(WorkChain): 
    @classmethod 
    def define(cls, spec): 

        spec.input('code',  
                   valid_type=Code) 
        spec.input('structure',       
                   valid_type=StructureData) 
        spec.input(‘pseudo_family',  
                   valid_type=Str) 

        spec.outline( 
            cls.setup, 
            cls.validate_inputs, 
            if_(cls.should_do_relax)( 
                cls.run_relax, 
            ), 
            cls.run_seekpath, 
            cls.run_scf, 
            cls.run_bands, 
            cls.results, 
        )



AiiDA and the Materials Cloud

Turn-key workflows in AiiDA

• “Operating system” for all 
calculations 

• Automatic provenance tracking in 
the DB 

• Control provenance granularity 
store level of detail relevant to the workflows 

• Progress checkpointing 
restart from arbitrary step, retry on failure, allows 
to shut down daemon and continue later 

• Easy debugging, self-documenting

class PwBandsWorkChain(WorkChain): 
    @classmethod 
    def define(cls, spec): 

        spec.input('code',  
                   valid_type=Code) 
        spec.input('structure',       
                   valid_type=StructureData) 
        spec.input(‘pseudo_family',  
                   valid_type=Str) 

        spec.outline( 
            cls.setup, 
            cls.validate_inputs, 
            if_(cls.should_do_relax)( 
                cls.run_relax, 
            ), 
            cls.run_seekpath, 
            cls.run_scf, 
            cls.run_bands, 
            cls.results, 
        )

PwBandStructureWorkChain.run( 
    code=Code.get_from_string( 
        'qe-pw-6.2.1@localhost'), 
    structure=StructureData( 
        ase=ase.build.bulk('Al')),  
     pseudo_family=Str('sssp-pbe-efficiency'))

• Turn-key solution:



AiiDA and the Materials Cloud

Sharing in AiiDA: data and graphs

• Private AiiDA instances 
• UUIDs to uniquely identify nodes

Materials Cloud

• Data can be shared to other AiiDA repositories
or to online repositories



AiiDA and the Materials Cloud

Calculation Data Parsers Transport and 
scheduler Workflows Importers & 

exporters

Generation of 
input files for a 

given code  

Management 
of data objects 

for input/
output 

Parsing of 
code output & 
generation of 
new DB nodes

Running on 
remote super- 

computers

Compute 
seamlessly 

relevant 
materials’ 
properties

Import 
structures, ... 
from external 

DBs 

Sharing in AiiDA: codes, plugins and workflows

• Plugins are collected in the AiiDA plugin registry 
• Over 70 different code executables  

currently supported from over 30 different codes, 
with almost 50 workflows 

• Many are community-contributed

AiiDA plugin registry

https://aiidateam.github.io/aiida-registry/



AiiDA and the Materials Cloud

OPEN SCIENCE PLATFORM:

https://www.materialscloud.org



AiiDA and the Materials Cloud

Materials	Cloud

• 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



AiiDA and the Materials Cloud

Data	generation:	Materials	Cloud	Work

AiiDA Lab 

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

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

• Using JupyterHub + DockerSpawner

Quantum Mobile 

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

• Includes same AiiDA Lab apps 
environment as on Materials Cloud 

• Ideal for education



AiiDA and the Materials Cloud

AiiDA	Lab:	submitting	a	turn-key	solution	(phonons)



AiiDA and the Materials Cloud

AiiDA	Lab:	checking	the	workflow	results	(phonons)



AiiDA and the Materials Cloud

AiiDA	Lab:	checking	the	workflow	results	(STM)

github.com/cpignedoli/mc-empa-surfaces



A solution tailored for every user

 28

User Skills Goals Solution

Computation
al Scientist

Knows  
Unix, bash, python 

• run high-throughput 
calculations 

• write complex workflows 
• develop AiiDA plugins

AiiDA  
on the laptop

Experimental 
Scientist

Doesn’t know  
Unix, bash, python

• run pre-defined workflows 
• analyze results

AiiDA Lab 
in the cloud

Student  
(tutorial/
lecture)

some familiarity 
with  

Unix, bash, python

• learn how to use AiiDA 
• learn how to use ab-initio 

codes 
• take materials home

Quantum 
Mobile  

on the laptop



AiiDA and the Materials Cloud

Open	data	sharing:	Archive,	Discover,	Explore

Direct links 
to Discover & 
Explore

DOIs 
assigned

FAIRsharing.org 
re3data.org  

+ 

Recommended 
data repository 

by Nature’s 
journal 

Scientific Data



AiiDA and the Materials Cloud

Open	data	sharing:	Archive,	Discover,	Explore



AiiDA and the Materials Cloud

DATA	MANAGEMENT	PLANS	AND	FAIR	PRINCIPLES

• We provide DMP templates for researchers using Materials Cloud 
(Swiss SNSF, EU H2020, and more in the future)

• 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



AiiDA and the Materials Cloud

Acknowledgements	and	funding

H2020 Centre of Excellence “MaX”

SNSF NCCR “MARVEL”

Swissuniversities P-5 “Materials Cloud”

Moreover: H2020 Marketplace (providing data and simulation services in a  
EU Markeplace platform also for industry); H2020 Intersect  
(develop AiiDA workflows to compute transport properties of materials)

EPFL Open Science Fund “OSSCAR”

Discovery of new materials via simulations 
and dissemination of curated data

Scaling towards exascale machines and  
high-throughput efficiency

Scaling the web platform, extending to more 
disciplines

Creating a hub of computational resources geared 
also towards education and teaching
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Summary

• AiiDA: the reproducibility and automation engine  
• Define turn-key workflows, automate them on supercomputers 
• Keep track of the provenance in the form of a graph 
• Share data, plugins and workflows 

• Materials Cloud: the dissemination portal 
• AiiDA Lab: data generation platform, both on the cloud or  

locally (Quantum Mobile VM) 
• Archive: Findable long-term storage + Discover (curated data) +  

Explore (raw AiiDA data): FAIR sharing 
• Supports researchers in data management and DMPs

Open Science: not only open data, codes and workflows,  
but also straightforward access to them



Contacts

Materials Cloud: http://www.materialscloud.org  

- AiiDA Lab: http://aiidalab.materialscloud.org  

- Archive: http://archive.materialscloud.org

@aiidateamhttps://www.facebook.com/aiidateam

Website: http://www.aiida.net 

Docs: http://aiida-core.readthedocs.io 

Git repo: https://github.com/aiidateam/aiida_core/  

Plugin registry: http://aiidateam.github.io/aiida-registry 

Quantum Mobile: http://www.materialscloud.org/work/
quantum-mobile 
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http://www.aiida.net
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