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OURWORKFLOWS SO FAR
Consider the typical workflow structure so far...

• Loop over some input parameters

• Launch a calculation for each iteration
• Use the results of the calculation ...
• Call it a day!
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WHEN LIFE GIVES YOU LEMONS

• Howwould you implement inspect_calculation ?
• How can it handle errors before the next calculation?
• Onework groupwill focus on error handling in work chains
• After you have implemented your own idea, compare with
aiida-quantumespresso
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MODULARITY IS KING

Themost important part of work chains is:modularity
• Tackle a well-defined problem
• Create generic reusable components
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NESTEDWORKCHAINS
What do the inputs look like of a nested work chain?
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NESTEDWORKCHAINS
What do the inputs look like of a nested work chain? And how dowe submit a sub process in a work chain?
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CURRENT STATUS

Wenow have:
• A nice Python interface to your code (if not in Python already).

• Data provenance.
• Possibilities to do error handling and automatic restarts.
But to be truly useful in science, we needmore:

• Increase of productivity.
• More rigid way of performing computations, data analysis with less possibilities of shortcuts.
• More time to analyze, interpret and design new studies.
• New novel ways to traverse domains (in material science, enable multi-scale).
• Possibilities of utilizing different codes for different purposes, interchangeably.
• If possible, make the work to be performed independent of the code.
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DAILY LIFEOFACOMPUTATIONAL SCIENTIST
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7 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

8 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation calculation calculation

9 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation calculation calculation

result result result

10 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation

result

calculation

calculation

11 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation

result

calculation

calculation

calculation

result

calculation

calculation

calculation

result

calculation

calculation

12 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation

result

calculation

calculation

calculation

result

calculation

calculation

calculation

result

calculation

calculation

13 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation

result

calculation

calculation

calculation

result

calculation

calculation

calculation

result

calculation

calculation

14 of 29



DAILY LIFEOFACOMPUTATIONAL SCIENTIST

sample

pool

calculation

result

calculation

calculation

calculation

result

calculation

calculation

calculation

result

calculation

calculation

an example

15 of 29



ANEXAMPLE -MATERIAL SCIENCE - VASP

restart

result

vasp

verify

relax

converge

• We start with a structure (can of course have been generate bysome other workflow).

• The restart workchain (currently independent of code).
• The VASPworkchain. Handles the setup of the VASP calculation(make sure inputs etc. are passed correctly to the VASPcalculation plugin). Should also auto-parallelize.
• The verify workchain. Handles the check of physical principlesoutside of VASP.
• The relaxation workchain. Handles relaxations of the structure.
• The convergence workchain. Determines convergenceparameters (typically the plane wave cutoff and k-point grid).
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ANEXAMPLE -MATERIAL SCIENCE - VASP

restart

result

vasp

verify

relax
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• Thematerial scientist should not need to worry about thesethings.

• Mostly numerics.
• Probably a lot of error correction, restarts etc. based onknowledge and input/output analysis. Today, knowledge of this isregarded as highly valuable competence.
• Minimal base workchain set for calculations with no priorknowledge.
• Should in principle be independent of code and, in fact also thetechnique used.
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ANEXAMPLE -MATERIAL SCIENCE - VASP
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bands

transport

eos

structure

dynamics

the science

• Refactor code.

• Refactor science (leanscience).
• Try tomake the scientificworkchains reusable,preferable independent ofcode.
• Plugin developers shouldunite and try tomerge thecodes within one class.
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ANEXAMPLE -MATERIAL SCIENCE - VASP - THE CONVERGENCEWORKCHAIN

restart

result

vasp

verify

relax

converge

• Convergence tests should always be done (howmany are actuallydoing this regularly?). For plane wave DFT codes, this typicallycovers the plane wave cutoff and k-point sampling.

• Should be able to perform convergence tests on the relevantparameters (of course not always possible due to limitedresources).
• Should not harden the result more than necessary (wastecomputational resources, bad for the environment).
• Necessary to also test relative convergence, e.g. say:

∆Eg = E0g − E1g

So let us have a look at a bit more complex workchain outline.
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ANEXAMPLE -MATERIAL SCIENCE - VASP - THE CONVERGENCEWORKCHAIN

restart

result

vasp

verify

relax

converge

spec.outline(
cls.initialize,
if_(cls.run_conv_calcs)(

while_(cls.run_pw_conv_calcs)(
cls.init_pw_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_pw_conv_calc

),
cls.analyze_pw_conv,
while_(cls.run_kpoints_conv_calcs)(

cls.init_kpoints_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_kpoints_conv_calc

),

24 of 29



ANEXAMPLE -MATERIAL SCIENCE - VASP - THE CONVERGENCEWORKCHAIN

restart

result

vasp

verify

relax

converge

spec.outline(
cls.initialize,
if_(cls.run_conv_calcs)(

while_(cls.run_pw_conv_calcs)(
cls.init_pw_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_pw_conv_calc

),
cls.analyze_pw_conv,
while_(cls.run_kpoints_conv_calcs)(

cls.init_kpoints_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_kpoints_conv_calc

),

25 of 29



ANEXAMPLE -MATERIAL SCIENCE - VASP - THE CONVERGENCEWORKCHAIN
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cls.init_disp_conv,
while_(cls.run_pw_conv_disp_calcs)(

cls.init_pw_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_pw_conv_calc

),
if_(cls.analyze_pw_after_disp)(

cls.analyze_pw_conv,
),
while_(cls.run_kpoints_conv_disp_calcs)(

cls.init_kpoints_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_kpoints_conv_calc

),
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cls.init_comp_conv,
while_(cls.run_pw_conv_comp_calcs)(

cls.init_pw_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_pw_conv_calc

),
if_(cls.analyze_pw_after_comp)(

cls.analyze_pw_conv,
),
while_(cls.run_kpoints_conv_comp_calcs)(

cls.init_kpoints_conv_calc,
cls.init_next_workchain,
cls.run_next_workchain,
cls.results_kpoints_conv_calc

),
cls.analyze_conv,
cls.store_conv,

),
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ANEXAMPLE -MATERIAL SCIENCE - VASP - THE CONVERGENCEWORKCHAIN
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cls.init_converged,
cls.init_next_workchain,
cls.run_next_workchain,
cls.verify_next_workchain,
cls.results,
cls.finalize
)
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ANEXAMPLE -MATERIAL SCIENCE - VASP - EXPOSING INPUTS/OUTPUTS
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result
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• Theworkchain specifications
spec.input
spec.output

can potentially yield a lot of boiler plate code that is hard tomaintain for nested workchains.
• AiiDA to the rescue
spec.expose_inputs
spec.export_outputs

• For instance if wewant to define the same outputs in the convergeworkchain as defined in the relax workchain we do
spec.export_outputs(relax)

in the define section of the converge workchain.
• Can also exclude certain input/output in case that is for instancemodified in that particular workchain. Check themanual.
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