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Challenges in high-throughput HPC

• Workflow automation 
• Need tools to define complex workflows with 

advanced error handling
• An automated, robust and scalable engine to run 

the workflows
• Data management

• Data should be stored reliably and efficiently
• Stored data should be interoperable and queryable

• Reproducibility
• All produced data should be reproducible by storing 

the full provenance



G. Pizzi et al., Comp. Mat. Sci. 111, 218-230 (2016)
S.P. Huber et al., Scientific Data 7, 300 (2020) 

• COMPUTATIONAL SCIENCE INFRASTRUCTURE

• FOR HIGH THROUGHPUT WORKFLOWS

• WITH FULL DATA PROVENANCE

Language: implemented and API in python

License: MIT open source http://www.aiida.net/

Source: https://github.com/aiidateam/aiida-core

Scalable workflow engine

Built-in support for HPC

Automated full data provenance

Flexible plugin system



Data provenance

Simple recipe
▪ Store data transformations or 

‘calculations’

▪ Store its inputs and their metadata

▪ Store its outputs and their metadata

▪ Most crucially store the inter-
connections



Data provenance

Provenance graphs
▪ When data gets reused, a directed graph is created

▪ That quickly grow in complexity even for “simple” 
workflows

Simple recipe
▪ Store data transformations or 

‘calculations’

▪ Store its inputs and their metadata

▪ Store its outputs and their metadata

▪ Most crucially store the inter-
connections



Data provenance

Graph requirements
▪ Needs to be automated

▪ Needs to be stored as data is 
created Graphical representation of actual AiiDA database

Molecular dynamics study of Lithium in a solid electrolyte.

Simple recipe
▪ Store data transformations or 

‘calculations’

▪ Store its inputs and their metadata

▪ Store its outputs and their metadata

▪ Most crucially store the inter-
connections



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
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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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Turn-key workflows in AiiDA

• Encode scientists' knowledge on 
how to calculate properties

• "Self-documenting" inputs and 
outputs

• Modular
• Input validation
• Robustness: error handling

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

        spec.input( 
           'structure',       
           valid_type=StructureData, ...) 

 spec.expose_inputs( 
           PwRelaxWorkChain,  

           namespace='relax', ...) 
 ... 

        spec.outline( 
            cls.setup, 
            if_(cls.should_run_relax)( 
                cls.run_relax, 
                cls.inspect_relax, 
            ), 
            if_(cls.should_run_seekpath)( 
                cls.run_seekpath, 
            ), 
            cls.run_scf, 
            cls.inspect_scf, 
           ... 
        ) 

Workflows:



Turn-key workflows in AiiDA

Error recovery - Try to "fix" failing calculations by changing the inputs.
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Protocols - Default computation parameters with reasonable precision.

In [1]: PwBandsWorkChain = WorkflowFactory('quantumespresso.pw.bands') 

In [2]: builder = PwBandsWorkChain.get_builder_from_protocol( 
   ...:     code=load_code('qe-v6.7-pw'), 
   ...:     structure=load_node(87), 
   ...:     protocol='fast' 
   ...: ) 

In [3]: from aiida.engine import submit 

In [4]: submit(builder) 
Out[4]: <WorkChainNode: uuid: ... (pk: 105) (aiida.workflows:quantumespresso.pw.bands)>



Easy access to these simulations on the cloud
• Easy access to these advanced HPC capabilities to 

everybody: AiiDAlab



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 collected in the AiiDA plugin registry
• Almost 100 codes currently supported,  

>90 workflows
• Many are community-contributed

https://aiidateam.github.io/aiida-registry/
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Code interoperability: common workflow interfaces

• Long term goal: robust, cross-validated and accessible  
simulations with unified interface.

Submitted to npj 
Computational Materials

$ aiida-common-workflows launch eos siesta --structure=Al --protocol=precise

Gaussian

Implementations  
for 11 quantum 

codes

EOS only for the  
9 with PBC; 
relax and 

dissociation  
for all 11

https://github.com/aiidateam/aiida-common-workflows/



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



https://www.materialscloud.org

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



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



Materials Cloud Learn: Educational platform



Data generation: Materials Cloud Work

Quantum Mobile
• Downloadable VM with preinstalled AiiDA and codes like QE, Yambo, Fleur, Siesta, 

CP2K, …
• Includes same AiiDAlab apps environment as on Materials Cloud
• Ideal for education (courses, tutorials, ...)



Open data sharing: Archive, Discover, Explore

New! Recommended by the new 
"Open Research Europe" journal

https://open-research-europe.ec.europa.eu/
for-authors/data-guidelines

Recommended data repository  
by Nature’s journal Scientific Data

Indexed by Google Dataset Search 
and by EUDAT/EOSC’s B2FIND

Registered on FAIRsharing.org 
and re3data.org 



Direct links 
to Discover & 
Explore

DOIs 
assigned

Data (and metadata) 
guaranteed to be 
online for at least 
10 years after 
deposition

Open data sharing: Archive, Discover, Explore



Open data sharing: Archive, Discover, Explore

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

DISCOVER EXPLORE

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



Today's tutorial: Step 1 - Log in

https://qe-school.aiida-tutorials.net/

Ignore this erroneous message



Today's tutorial: Step 2 - Calculations

We'll start by running a simple `pw.x` calculation through AiiDA and learn:

• Importing a structure 
• Installing pseudos 
• Setting up a code

• Specifying the k-point mesh 
• Setting up input parameters

• Generate a provenance graph for the `pw.x` calculation 
• Analyse the outputs



Today's tutorial: Step 3 - Workflows

Next we'll run the `PwBandsWorkChain` to calculate the band structure.

In [1]: PwBandsWorkChain = WorkflowFactory('quantumespresso.pw.bands') 

In [2]: builder = PwBandsWorkChain.get_builder_from_protocol( 
   ...:     code=load_code('qe-v6.7-pw'), 
   ...:     structure=load_node(87), 
   ...:     protocol='fast' 
   ...: ) 

In [3]: from aiida.engine import submit 

In [4]: submit(builder) 
Out[4]: <WorkChainNode: uuid: ... (pk: 105) (aiida.workflows:quantumespresso.pw.bands)>

Use the protocol:

Get the band structure: Explore the provenance:



Today's tutorial: Step 4 - Managing data

Finally we'll learn how to manage and query our data!

• Using the Querybuilder

In [1]: qb = QueryBuilder() 

In [2]: qb.append( 
   ...:     Group, 
   ...:     filters={'label': 'tutorial_pbesol'}, 
   ...:     tag='group' 
   ...: ) 

In [3]: ...

• Importing data 
• Organising your data with groups
$ verdi group list --count 
Info: to show groups of all types, use the `-a/--all` option. 
  PK  Label            Type string    User               Node count 
----  ---------------  -------------  ---------------  ------------ 
   5  tutorial_pbesol  core           aiida@localhost            57 
   6  tutorial_lda     core           aiida@localhost            57 
   7  tutorial_pbe     core           aiida@localhost            57 tutorial_pbesol tutorial_lda tutorial_pbe



AiiDA and Materials Cloud teams
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Moreover:

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

BIG MAP
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