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Outline

● Recent usability 
improvements
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Automated Interactive Infrastructure and 
Database for Computational Science

Web platform for seamlessly sharing data 
and resources

● Materials Cloud 3D crystals 
database updates

● Archive-OPTIMADE integration



• scalable workflow engine
• built-in support for HPC
• flexible plugin system
• automatic full data provenance
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G. Pizzi et al., Comp. Mat. Sci. 111, 218-230 (2016)
S.P. Huber et al., Scientific Data 7, 300 (2020) 

http://www.aiida.net 

Computational science infrastructure that provides

Language: implemented and API in python

Open source:  https://github.com/aiidateam/aiida-core 

http://www.aiida.net
https://github.com/aiidateam/aiida-core


Workflow engine
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Example:



Scalable workflow engine
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• Geometry relaxations of 15,324 inorganic compounds in 13 hours
• Full partition of LUMI-C: 1,500 nodes with 128 cores each
• 7887 issues dealt with on the fly



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

● Plugins collected in the AiiDA plugin registry

● 130+ codes currently supported

● Many are community-contributed

Calculation 
plugin

code

input script

output log

Python
API



Data provenance

AiiDA stores:

● data transformations/calculations
● inputs
● outputs
● inter-connections
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What you get as a bonus: full data provenance! 



Data provenance

AiiDA stores:

● data transformations/calculations
● inputs
● outputs
● inter-connections
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What you get as a bonus: full data provenance! 

Provenance graphs



Data provenance

9Molecular dynamics study of Lithium in a solid electrolyte



AiiDA improvements

Recent effort to improve the usability and reduce 
the learning curve
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verdi presto (v2.6.1, July 1st)

AiiDA improvements: installation
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Traditional (Complete) installation

● Requires
○ PostgreSQL
○ RabbitMQ

Not suitable for high-throughput



AiiDA improvements: aiida-shell

aiida-shell: run any executable through AiiDA without a plugin

Example shell commands (manipulating Protein Data Bank files):

Run via aiida-shell:
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$ pdb_fetch 1brs | pdb_selchain -A,D | pdb_delhetatm | pdb_tidy > 1brs_AD_noHET.pdb

from aiida_shell import launch_shell_job

results, node = launch_shell_job('pdb_fetch', '1brs')

results, node = launch_shell_job('pdb_selchain', '-A,D {pdb}', {'pdb': results['stdout']})

results, node = launch_shell_job('pdb_delhetatm', '{pdb}', {'pdb': results['stdout']})

results, node = launch_shell_job('pdb_tidy', '{pdb}', {'pdb': results['stdout']})

https://github.com/sphuber/aiida-shell Dr. Sebastiaan
P. Huber

https://github.com/sphuber/aiida-shell


AiiDA improvements: WorkGraph
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Calculations WorkChain WorkGraph

class AddMultiplyWorkChain(WorkChain):

   @classmethod
   def define(cls, spec):
       super().define(spec)
       spec.input('x')
       spec.input('y')
       spec.input('z')
       spec.outline(
           cls.add,
           cls.multiply,
           cls.results,
       )
       spec.output('result')

   def add(self):
       self.ctx.sum = add(self.inputs.x, 
self.inputs.y)

   def multiply(self):
       self.ctx.product = 
multiply(self.ctx.sum, self.inputs.z)

   def results(self):
       self.out('result', self.ctx.product)

@calcfunction
def add(x, y):
 return Int(x + y)

@calcfunction
def multiply(x, y):
 return Int(x * y)

wg = WorkGraph("add_multiply")
wg.tasks.new(add, name="add")
wg.tasks.new(multiply, name="multiply",
   x=wg.tasks["add"].outputs["result"])

Workflow: (x + y) * z extending to (x + y) * z + a

Dr. Xing 
Wang

https://github.com/aiidateam/aiida-workgraph 

https://github.com/aiidateam/aiida-workgraph


AiiDA improvements: WorkGraph
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WorkChain WorkGraph

class AddMultiplyWorkChain(WorkChain):

   @classmethod
   def define(cls, spec):
       super().define(spec)
       spec.input('x')
       spec.input('y')
       spec.input('z')
       spec.outline(
           cls.add,
           cls.multiply,
           cls.results,
       )
       spec.output('result')

   def add(self):
       self.ctx.sum = add(self.inputs.x, 
self.inputs.y)

   def multiply(self):
       self.ctx.product = 
multiply(self.ctx.sum, self.inputs.z)

   def results(self):
       self.out('result', self.ctx.product)

wg = WorkGraph("add_multiply")
wg.tasks.new(add, name="add")
wg.tasks.new(multiply, name="multiply",
   x=wg.tasks["add"].outputs["result"])

Workflow: (x + y) * z extending to (x + y) * z + a

Dr. Xing 
Wang

https://github.com/aiidateam/aiida-workgraph 

class AddMultiplyAddWorkChain(WorkChain):

   @classmethod
   def define(cls, spec):
       super().define(spec)
       spec.expose_inputs(AddMultiplyWorkChain, 
namespace='add_multiply')
       spec.input('a')
       spec.outline(
           cls.add_multiply,
           cls.add2,
           cls.results,
       )
       spec.output('result')

   def add_multiply(self):
       future = 
self.submit(AddMultiplyWorkChain, 
**self.exposed_inputs(AddMultiplyWorkChain, 
'add_multiply'))
       return ToContext(add_multiply=future)

   def add2(self):
       self.ctx.sum = 
add(self.ctx.add_multiply.outputs.result, 
self.inputs.a)

   def results(self):
       self.out('result', self.ctx.sum)

wg.tasks.new(add, name="add2",
  x=wg.tasks["multiply"].outputs["result"])

https://github.com/aiidateam/aiida-workgraph


AiiDA improvements

● verdi storage backup <destination>
○ incremental backup of the AiiDA profile
○ supports remote paths directly
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● verdi process dump <uuid/pk>
○ dumps all input and output 

scripts of the selected aiida 
process into a human-readable 
folder structure



AiiDA discourse forum

https://aiida.discourse.group/ 
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https://aiida.discourse.group/


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

A web portal built to
enable the seamless FAIR sharing

and dissemination of resources
in computational materials science

https://www.materialscloud.org/


Discover and explore
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Discover: curated web interface Explore: visualize AiiDA provenance



Materials Cloud 3D crystals database 
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901,210
Experimental structures

● Filter non-stochiometric, organic, ...

● Check uniqueness

Properties/screening:
● thermodyn stability
● spectroscopies
● electrides
● superconductors

MC3D-source (e.g. mc3d-123)

Relaxation with `PBEsol-v1` 
methodology.

33,674 relaxed structures

MC3D/PBEsol-v1

Relaxation with `PBE-v1` 
methodology.

34,487 relaxed structures

MC3D/PBE-v1



Materials Cloud 3D crystals database 
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https://mc3d.materialscloud.org/ 

https://mc3d.materialscloud.org/


Materials Cloud 3D crystals database 
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https://mc3d.materialscloud.org/ 

https://mc3d.materialscloud.org/


Materials Cloud 3D crystals database 
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https://mc3d.materialscloud.org/ 

https://mc3d.materialscloud.org/


Materials Cloud 3D crystals database 

Accessing data directly
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Archive-OPTIMADE service
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Established databases with 
dedicated infrastructure:
• Materials Cloud 3D 

crystals database
• Crystallography Open 

Database
• …

OPTIMADE clients:
● GUI to browse and discover 

materials
● import to other applications

Direct programmatic access:
● high throughput;
● machine learning.

OPTIMADE API

Raw data uploaded to 
Materials Cloud Archive

In collaboration with
Matthew Evans,
Gian Marco Rignanese, UCLouvain



Archive-OPTIMADE service
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https://archive.materialscloud.org  

https://optimadeclient.materialscloud.io  

https://archive.materialscloud.org
https://optimadeclient.materialscloud.io


Archive-OPTIMADE service
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https://archive.materialscloud.org/ https://optimade.materialscloud.org/  

https://archive.materialscloud.org/
https://optimade.materialscloud.org/


optimade-maker
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Summary

● Recent AiiDA improvements:
○ verdi presto - easy installation
○ aiida-shell - run executables without AiiDA plugins
○ WorkGraphs - easy combining of AiiDA processes

● Materials Cloud 3D crystals database
○ 'PBEsol-v1' subdatabase
○ Improved web interface

● Materials Cloud Archive - OPTIMADE integration
○ automatic OPTIMADE APIs for contributed raw data
○ optimade-maker
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Data provenance

Simple recipe - store:

● data transformations/calculations
● inputs
● outputs
● inter-connections
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Data provenance

Simple recipe - store:

● data transformations/calculations
● inputs
● outputs
● inter-connections
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Provenance graphs

● when data gets reused, a directed 
graph is created

● that quickly grows in complexity



OPTIMADE

33Evans et al, arXiv 10.48550/arXiv.2402.0057 (2024) Andersen et al, Sci. Data 8, 217 (2021)

Consortium to make materials databases 
interoperable via a common REST API, 15+ partners



OPTIMADE
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OPTIMADE API

https://aiida.materialscloud.org/mc3d/optimade/v1/structures?filter=elements HAS ALL "C", "Si"

base URL specific to the DB universal OPTIMADE query

Supports queries for/based on
• chemical composition;
• custom properties;
• references;
• & more, with new functionality 

constantly being added

machine-read
able json



OPTIMADE
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OPTIMADE Clients

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

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


Archive-OPTIMADE service
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Implementation

• Archive watcher detects optimade.yaml

• Pipeline to populate a MongoDB

• Docker containers for each API 

• OPTIMADE Python tools

• Apache as reverse proxy.

• Tools open source: optimade-maker

• https://github.com/materialscloud-org/optimade-maker 

https://github.com/materialscloud-org/optimade-maker
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Materials Cloud OPTIMADE servers

https://www.materialscloud.org/optimade 

https://www.materialscloud.org/optimade

