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2CHALLENGES OF HIGH-THROUGHPUT COMPUTING

Computing power 1993-2018

- Sum of the top 500 supercomputers
- Number 1
- Number 500

● Moore’s Law

● More complex systems 
(HPC)

● More extensive sampling
(HTC)

● Exponential increase in 
resource utilization and data 
generation...
- how to manage it?
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3CHALLENGES OF HIGH-THROUGHPUT COMPUTING

Nature 533, 452–454 (2016)

● Reproducibility crisis - even for the 
experiments performed by the same 
person/group.

● Experimental disciplines have partial 
knowledge of their system and the 
unreliability of the environment.

● Computational disciplines have a tighter 
control of their systems and a more 
deterministic methodology

○ Mostly an issue of data management

○ Will only get worse as we increase 
the amount of data to manage.
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4CHALLENGES OF HIGH-THROUGHPUT COMPUTING

Efficient data 
management

Robust workflow 
automation

● Automated, high-performant scheduling 
and execution on local and remote 
resources.

● Language to define complex workflows 
that codify scientific workflows and 
include built-in error handling.

● An expandable system with independent 
plugins that are easy to design, package 
and distribute.

● Automated tracking of the full data 
provenance.

● Data discovery and analysis enabled by a 
simplified querying language.

● Logging of calculations and their 
computational environment.

● Flexible integration of databases and file 
repositories.
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5DATA PROVENANCE

● Inspiration from the open provenance model

● Each independent piece of data is represented as a data node (a crystal 
structure, a charge distribution, a set of parameters for a program)

● Each transformation of a group of data nodes into another is represented as a 
calculation node (a simulation, a script that expands or contracts a crystal cell, a 
post-processing tool that calculates a property from the outputs)

Therefore, data that is derived from pre-existing information has a record of its origin 
thanks to the connection through a calculation node.

data.i calc.x data.o
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6DATA PROVENANCE

ph.x

pw.x

Step 1

Step 2
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7DATA PROVENANCE

ph.x

pw.in

pw.x

./pseudo

Step 1

Step 2
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8DATA PROVENANCE

ph.x

pw.in

pw.x

pw.out

./out./pseudo

Step 1

Step 2
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9DATA PROVENANCE

ph.in

ph.x

pw.in

pw.x

pw.out

./out./pseudo

Step 1

Step 2
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10DATA PROVENANCE

ph.in

ph.x ph.out

pw.in

pw.x

pw.out

./out./pseudo

Step 1

Step 2
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11DATA PROVENANCE

step1 - pw step2 - ph

pw.in

./pseudo

pw.out

./out ./out

ph.out

ph.in
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12DATA PROVENANCE



E
ffi

ci
en

t m
at

er
ia

ls
 m

od
el

lin
g 

on
 H

P
C

 - 
N

ov
em

be
r 2

02
2

Fr
an

ci
sc

o 
R

am
ire

z

13DATA PROVENANCE

Provenance graph of a high-throughput study (courtesy of Jens Broeder).
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14AiiDA CORE
● Python Library (pip installable)

● Open Source (MIT License)
[Numfocus affiliated project as of Feb 2020]

● There are many interfaces to interact with AiiDA:

○ Python ORM for designing workflows and 
pre/post-processing scripts.

○ Verdi CLI for submitting and controlling 
running processes.

○ REST-API for creating services that
interact with AiiDA (Mat Cloud)

○ Jupyter-lab widgets (AiiDAlab)

github.com/aiidateam/aiida-core

https://pypi.org/project/aiida/

http://www.github.com/aiidateam/aiida-core
https://pypi.org/project/aiida/
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15AiiDA CORE
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16AiiDA CORE
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17AiiDA CORE

The database keeps 
track of the connections 
between nodes and the 
most critical (queryable) 
data associated with 
themThe file repository stores all other relevant (bigger) data pieces
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18USAGE EXAMPLE

AiiDA Tutorials https://aiida-tutorials.readthedocs.io/en/latest/

https://aiida-tutorials.readthedocs.io/en/latest/
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19USAGE EXAMPLE
The virtual machine comes with some codes already set up…
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20USAGE EXAMPLE

More information https://aiida-quantumespresso.readthedocs.io

https://aiida-quantumespresso.readthedocs.io
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21USAGE EXAMPLE
The structures we want to use need to be “uploaded” into AiiDA as a node
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22USAGE EXAMPLE



E
ffi

ci
en

t m
at

er
ia

ls
 m

od
el

lin
g 

on
 H

P
C

 - 
N

ov
em

be
r 2

02
2

Fr
an

ci
sc

o 
R

am
ire

z

23USAGE EXAMPLE
Selecting and setting up the pseudo-potentials…

Generating and setting up the Kpoints…
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24USAGE EXAMPLE

Generating and setting up the calculation parameters…
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25USAGE EXAMPLE

Seems more complicate to launch a single calculation but… it is scriptable!

Setting up resources and it is ready to submit!

This is running locally, but it is equivalent for submitting to a cluster



E
ffi

ci
en

t m
at

er
ia

ls
 m

od
el

lin
g 

on
 H

P
C

 - 
N

ov
em

be
r 2

02
2

Fr
an

ci
sc

o 
R

am
ire

z

26USAGE EXAMPLE
Getting a band structure
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27USAGE EXAMPLE

Automated complex procedure!

Note: we submitted workchain pk = 386 
but this one with pk = 299 is an older one 
that already finished.
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28USAGE EXAMPLE
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29AiiDA COMMON WORKFLOWS

ROBUSTNESS
(Both from the orchestrator 
and the underlying codes)

AUTOMATED SETUPS
(kpoints, basis sets, cutoffs)

Objective: To have a toolkit of modular turn-key solutions that can be used by 
non-experts to obtain physical properties using their available / preferred software 
without needing to manually tweak any parameter.
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30AiiDA COMMON WORKFLOWS

This task required the coordinated effort of the developers of all the different plugins 
and simulation codes involved in the project.

● Analyze and study the 
commonalities between 
codes.

● Distill the “essence” of the 
methods.

● Agree on common set of 
inputs (structure, protocol)

● How to translate abstract 
inputs (“protocol”) for each 
code to obtain compatible 
results / outputs.
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31AiiDA COMMON WORKFLOWS

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

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

( . . . )
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32AiiDA COMMON WORKFLOWS

Already working and applied to 
perform a series of comparisons 
between the performance and 
accuracy of results obtained with 
the different codes.

Improvement in the pseudos!
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33AiiDA COMMON WORKFLOWS

S. P. Huber et al., npj Comput. Mater. 7, 136 (2021)



E
ffi

ci
en

t m
at

er
ia

ls
 m

od
el

lin
g 

on
 H

P
C

 - 
N

ov
em

be
r 2

02
2

Fr
an

ci
sc

o 
R

am
ire

z

34AiiDA COMMUNITY
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35AiiDA COMMUNITY
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36
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http://www.aiida.net

WEBSITE

https://aiida.readthedocs.io

DOCUMENTATION

github.com/aiidateam/aiida-core

SOURCE CODE

francisco.ramirez@epfl.ch

CONTACT INFORMATION

ONLINE RESOURCES AND CONTACT


