AiiDA: a scalable computational infrastructure for automated
reproducible workflows and data provenance

Presenter: Francisco F. Ramirez (THEOS @ EPFL)
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CHALLENGES OF (HIGH-THROUGHPUT) COMPUTATIONAL
SCIENCE

Robust workflow automation

Define complex workflows with built-in error handling
Automated, high-performant scheduling and execution on local and remote resources

Efficient data management

Flexible integration of databases and file repositories
Schemas must be both performant and adaptable
Data must be stored automatically, but also remain discoverable

Ensuring reproducibility
® Logging of calculations and the computational environment
®  Accurate tracking of full data provenance

These challenges will be hardened at exascale!
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=er.. DATA PROVENANCE Oves

Simple recipe

®  Store data transformations or ‘calculations’ @ rarameters Structure
®  Store its inputs and their metadata

= Store its outputs and their metadata

" Most crucially store the inter-connections
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Requirements

Needs to be automated
®" Needs to be stored as data is created

Provenance graph of a high-throlyglbé)#t tudy (cour of Jens Broeder).

etlers

Complexity grows quickly even for simple
workflows and is impossible to
reconstruct a posteriori

‘ Results
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®* COMPUTATIONAL SCIENCE INFRASTRUCTURE
®* FOR HIGH THROUGHPUT WORKFLOWS
®* WITH FULL DATA PROVENANCE

MIT LICENSED

Language: Implemented and API in Python n

License: MIT open source www.aiida.net

open source
initiative

Source: github.com/aiidateam/aiida-core

Numfocus affiliated project as of February 2020 N U M F@CUS

OPEN CODE = BETTER SCIENCE
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http://www.aiida.net
http://www.github.com/aiidateam/aiida-core
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" runs on your computer, = easily parallelize "  runs on cluster
connects to cluster via SSH existing code =  serverless

" dae.mon manages calculations = gserverless = fast prototyping,

" flexible plugin system = globus integration simple data schema

(codes, data types, schedulers, ...)
"  dynamic workflows
® focus on provenance tracking QAL

o
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. [PostgreSuL backend F|re OrKs-=

} " runs on cluster
®"  MongoDB backend eee

®  dynamic workflows
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See e.g. github.com/tilde-lab/awesome-materials-informatics



https://github.com/tilde-lab/awesome-materials-informatics
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- AiiDA 0.x used in production since 2016
- Most recent release: AiiDA 1.4.x in September 2020 (new features, fully backward-compatible)
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USAGE EXAMPLE

Verdi (Python) Shell:

In [1]: CalcClass = ArithmeticAddCalculation
In [2]: code0 = load_code(label="add’)
In [3]: data1 = orm.Int(12)
In [4]: data2 = orm.Int(7)
IR [B]: inputs ={
'x": datal,
'y data2,
‘code’: code,

L}

In [6]: calc_node = submit(CalcClass, **inputs)

In [7]: data3 = calc_node.outputs.sum
In [8]: ...

DATABASE

calc_node

sum=x+y

sum

data2
(19)

codel

code
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. USAGE EXAMPLE

8
. 24
Verdi (Python) Shell:
In [1]: QE_class = CalculationFactory('quantumespresso.pw’)
In [2]: inputs = {
‘code”:  load_code(label="qe-pw@cluster’),
‘kpoints”:  load_node(label="AICu3 kpoints’),
‘structure”: load_node(label="AlCu3 struct’),
S ‘settings”: load_node(label="AICu3 pw settings’),
E ‘parameters’: load_node(label="AICu3 pw params’),
Slmclurcl‘?\nll(;:gl‘)SSn‘)S) Upral:\é::lbbSISSb) Upﬂ)mal(\chZﬂ&!l') (l_;figm;) Kmimslﬁ:\:si:ﬁgxm;\z(xfls(;ti(alguo‘ao) Dict (2b5db276) Dict (de2a5a29)

INPUT_CALC
structure

INPUT_CALC
pseudos__Cu

INPUT_CALC [INPUT_CALC
pseudos__Al

INPUT_CALC
kpoints

INPUT_CALC
parameters

INPUT_CALC
settings

PwCalculation (c08b7509)
State: finished
Exit Code: 0

CREATE
remote_folder

CREATE CREATE
retrieved utput_band

CREATE
output_trajectory

CREATE
outpul_parameters

RemoteData (¢21cc200)

g 2 BandsData (ad370ad8) g ) Y
@localhost FolderData (90af95f1) (Path of 84 kpts) TrajectoryData (0O8fac Ibe) Dict (206dbf96)




EPFL

B Swiss Research Data Day 2020 - October 2020

USAGE EXAMPLE

e Step 1: Select str

~ ¢ Step 2: Compute bands

Specify the parameters and options for the calculation and then click on *Submit*

~ Results (5)

band_structure b 4

......
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Simulation codes / plugins used

Francisco Ramirez

AiiDA-powered itations ¢
publications 16x tPaK 15)({ O R

40 3X raspa, zeo++

5 WANNIER90 TBmode,s
= 10 X symmetry-representatlon, tbextractlon,
10 5 A
1 M I m VaMboe HEONTEE COOw-
X

2017 2018 2019 April 2020

50

30

AiiDA-powered publications

Publication year Z9Pack ddec, ...
69 research projects 11 different countries of affiliation
35 extensions used 16% from research institutes/industry
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More Information: www.aiida.net/science
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Contribtors

& EPFL

o5 ETH Zirich

o5 University of Modena and Reggio Emilia
&5 Robert Bosch GmbH Zentrum fiir Forsch
¢’ Cambridge University

o’ Trinity College Dublin

o5 Forschungszentrum Jilich GmbH

&5 KTH Royal Institute of Technology

¢’ University of Oviedo

o’ University of Zurich

o5 SINTEF

&5 South China University of Technology
¢’ Interdisciplinary Centre for Advanced M
o’ Vilnius University

¢’ Imperial College London

o’ Institut de Ciéncia de Materials de Barce

o5 Swiss Federal Laboratories for Materials.

&5 Donostia International Physics Center (D
&5 Uppsala University

&5 Microsoft Switzerland

¢’ National Institute for Materials Science

& CEITEC MU
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Calculations 102 plugins

in 39 packages

Parsers 84 plugins in 40 packages

Data 78 plugins in 25 packages

Workflows 89 plugins in 24 packages

Console scripts 17 plugins in 12 packages

Other

95 plugins in 24 packages
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=PrL. - CONCLUSION

oo AlIDA

DRIVING REPRODUCIBLE COMPUTATIONAL SCIENCE TOWARDS EXASCALE

Francisco Ramirez

0 Efficient workflow engine Automated data provenance tracking @

0 ®
% Built-in support for HPC Flexible plug-in system

“Laying the foundations for a way of doing science that seamlessly
leaves behind a comprehensible and reproducible path”
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oo AlIDA

WEBSITE SOURCE CODE
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http://www.aiida.net github.com/aiidateam/aiida-core

E DOCUMENTATION CONTACT INFORMATION
https://aiida.readthedocs.io francisco.ramirez@epfl.ch
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