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The rise of simulation science

2013 Chemistry Prize
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“The prize focuses on how to evaluate the variation in the energy of the real
system in an accurate and efficient way.”

“Simulations are so realistic that they predict the outcome of traditional
experiments.”
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Three pillars of science

> Pillar | : experiment. Mostly done by experimentalists.

> Pillar Il : theory. Mostly done by theoretical and computational scientists.

> Pillar lll: simulation. Mostly done by computational scientists.

can be seen as a merging point between theory and experiment
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Motivation: knowledge transfer

Science is evolving as a collaboration between theory and experiment, however the means of
sommunication between the two parts are rather inefficient:

> Experimentalists are the ones who can verify theoretical models against the measured data. Are they
aware of the simulation tools that computational scientists are developing?

> How would do we setup communications between computational scientists and experimentalists?
> PDF report via email?
> Presentation?

> How much time would you spend converting your data in different data formats, different units and

prepare them to look as they should be?

> Would you like to/be able to instruct your experimental collaborator to run calculations (Quantum
ESPRESSO, CP2K, ..) ?
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AiiDA vs AiiDA lab

Computational/Experimental

Computational scientist L
scientist

s AlIDA o AliDA

> Fully integrated with AiiDA

> Can run complex workflows
g > User-friendly web interface (Jupyter notebooks &

> Stores selected data widgets)
> Stores data provenance > Easy application development (directly in Python)
> Has Python or command line > Collaborative environment.

interface

> Handy visualisation and editing tools

> App Store for sharing applications
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AiiDA lab

AiiDA lab Home Page

+ Latest Version

—
_—
File Manager Terminal Tasks App Store Help
Manage App URL
~Empa faces L Graph ibb:
« Latest Version
Structures Nanoribbons

+ Upload structures
# Scale structures
* Construct call

» Assign spin, remove atoms

* Submit calculation

» Search database

b
L 4

Manage App URL

+ LSMO apps

Isotherm
« Compute anse
« Compute Henry Coefficient

« Analysa the results

Pore analysis

= Pora Analysis

« Geomeatry Optim(zation * Setup
s Geometry Optim(zation and Charges

+ Latast Version

Geometry Optimization Computers/Codes

0
A 4

~ AiiDA lab Widgets

Basic data objects.
« Daaling with one structure

» AliDA datatypes viewers

Codes and computers.
* Satup computer

» Setup code

+ Dealing with codes and computars *

« Latest Version

Manage App URL

~ Quantum ESPRESS0

(0

i Update Available

ESPRESSD L
¥

Manage App URL

App Manager

/ home / appstore / aiidalab-lsmo

LSMO apps

Authors: A. Yakutovich
Description: Applications from the LSMO group
URL: https://github.com/lsmo-epfl/aiidalab-epfl-lsmo.git

Release line | che_609_course hd

Installed version | 2cbf398e14c9e643dc02f4621(
Install

@ There are local modifications. Ignore

GitHub for sharing

Tight connection with Git for installation/deinstallation,
update, version selection.
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Running calculations and analysing results

& .start-59 X

see

O & https://aiidalab.materialscloud.org/user/aliaksandr.yakutovich@epfl.ch/apps/apps/home/start.ipynb

L ADA - |
e All Edit App Logout ~ Gontrol Panel | Materials Cloud

+ Latest Version
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File Manager Terminal Tasks App Store Help
Manage App URL
v LSMO apps
+ Latest Version
Isotherm Pore analysis Geometry Optimization k
+ Compute one + Pore Analysis * Geometry Optimization
* Compute Henry Coefficient = Geometry Optimization and Charges *
* Analyse the results *
Manage App URL
~ AiiDA lab Widgets
+ Latest Version
Basic data objects. Codes and computers. Processes.
* Dealing with one structure ¢ Setup computer * Process list
¢ AiiDA datatypes viewers * Setup code * Follow a process ¢
* Dealing with codes and computers *

Manage App URL

VING

» Ouantum FSPRESSN
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Example from Empa

Before AiiDA lab the typical questions from experimental scientists
would be:

> Some while ago™ we discussed ribbons A, B, C. Did you compute the
band structure?

> Does it take long to have the band structure of ...?

* can be more than 1 year ago.
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Example from Empa

T T8 Fele- 19 4006 P

Fasel, Roman
DFT BS cale nesded

. NOW

To M, guy
Cr  Wegnedal, Carks

Hi Qiang (cc Carlo)

| am discussing priorities of different precursor options with Akimitsu, see the three variaﬁ;s
below. We have band structures for the last two, but not for the topmost one, the one with the

sy!nmetric ovalene core. To decide on priorities, it would be helpful to have the band structure o “
I this one too. Could this be done quickly? e

o
'."'114

|I||

T
4

Thanks a lot,
Roman

> Request to run calculations directly addressed to an Exp Phd
> Status of available calculations known

> Implicitly expecting this will be fast
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Example from Empa

T CRiW K SErpy r hapr

- 1 1“
i Thas Z8-Febi 19 5017 Pl - e oy e T ?
nOW aun, Qiang
. RE: DFT BS calc meeded

Ia ¥ o, Ao

€ Engredl, Cwls

ﬂ'l'ﬂl\. rephed b Bhn messegpe on 78 Fob- 19 1848 PR

Hi Roman,

| will run a Aiida DFT on this ribbon to check the band structure of it. | think it will be done soon.

Best wishes,
Qiang

From: Fasel, Roman

Sent: Thursday, February 28, 2019 10:06 PM
To: Sun, Qiang

Cc: Pignedoli, Carlo

Subject: DFT BS calc needed

Hi Oiana (cc Carlo)

> No support needed.
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Browsing electronic structure results

& .start-154

<2 w® O &% https://dev-aiidalab.materialscloud.org/user/carlo.pignedoli@empa.ch/apps/apps/home/start.ipynb? e @ INn D © E »
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File Manager

>

Terminal Tasks

+ Empa nanotech@surfaces Laboratory - Scanning Probe Microscopy

General
» Setup codes

* Manage calculations

HR-STM
¢ Submit HR-STM

+ View HR-STM

ST™M ORB
* Submit STM * Submit ORB
* View STM * View ORB

L2

App Store

PDOS
* Submit PDOS

« View PDOS

Edit App Logout Control Panel Materials Cloud

A Update Available

?

L]
Help

Manage App URL

+ Latest Version
AFM
* Submit AFM

* View AFM

)
\ 4

Manage App URL

v Empa nanotech@surfaces Laboratory - On-Surface Chemistry

Calculations
* Submit optimizatons and GW
* Build slab
* Search opt. slabs
* Search opt. molecules

* Search opt. bulks

Constr. opt. chains
* Generate replicas

» Search replica chains

Nudged elastic band
+ Submit NEB
* Search NEBs

+ Latest Version

+
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Conclusion

> (collaboration) AiiDA lab provides an environment where people with
different expertise can collaborate on a common computational project.

> (saving time, avoiding mistakes) Using AiiDA lab one can directly
exchange the simulation results in an appropriate format boosting know-how

transfer.

> (modularity) Modularity of AiiDA lab allows to easily build powerful tools by
combining compact well-defined components.
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Follow us on: THAN KS
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v @max_center2
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