Tutorial on how to run the automated workflow to obtain interpolated bands
using Wannier90, the SCDM method and the protocol described in the paper
Automated Highthroughput Wannierisation by Vitaleet al.

All data, virtual machingetc. can be founan the Materials Cloud Archive entry with doi
https://doi.org/10.24435/materialscloud:2019.0044/v2

Thisdocument assumethat youhavealready properly obtained, installed and configdre

the virtual maching if this not the case, please follow first the instructions in the file
READMEvirtual - machine.txt
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The virtual machine has been generated by modified versions of the MaX/MARVEL
"Quantum Mobile" Virtual machinayhose original version can be found here:
https://www.materialscloud.org/work/quanturamobile

This version is adapted to contain only the codes relevant to this projectcaadiapt to
the exact code versions used in the work [1].

For maximal reproducibility, we also attach the ansible roles that allow to rebuild from
scratch the Virtual Machine, using the Ansible and Vagrant softwares.

This Virtual Machine reproduces the work of thddaling paper [1].
Pease cite this work if you use the automated workflows presented here.

[1] Valerio Vitale, Giovanni Pizzi, Antimo Marrazzo, Jonathan R. Yates,
Nicola Marzari, Arash A. Mostofi, Automated highoughput
Wannierisationpreprint: arXiv:1909.00433 (2019)itps://arxiv.org/abs/1909.00433
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Running a bands interpolation for CaO

1. Open the terminal (icon on the left bar, represented by a black screen with a
symbol inside) and peworkon aiida  to enter the virtual environment where
AiiDA is installed.

Then executein the home folderthe command

Jrun_automated_wannier.py xsf/CaO.xsf -n0.4

to runthe AiiDA workflows (using Quantum ESPRESSO and Wannier90, with the
SCDM methodfor CaQusing dinear density of kpoints of 0.4v-1. This density,
coarser than the one suggested in the paper, is used to speed up a bit the
simulation, as you will be running with 2 CPUs on your workstation, and not on a
supercomputer!

Notes:
1 Inthexsf subfolder you can also find all other materials usethi
corresponding scientific paper
1 You can also rurirun_automated_wannier.py - h to inspect other
possible variables to change the behavior of the script (e.g. to choose a
different densiy of kpoints).

max@qmobile: ~

‘##############:mm:##n############m##n#n##m:m:##############n#########n###
# Welcome to The Wannierising Machine version 19.07

# Instructions:
- See RELEASENOTES.txt on the Desktop for installed packages
# - type 'workon aiida' to enable the AiiDA 'verdi' commands
‘ BURHRHBHBHBRBRURBBRBRERBHBRBBAR BB RBH BB BB U RABRBHBEHB R AU R BB RBHB R AU RURBBHY
max@gmobile:~$ workon aiida
TextEditor «@gmobile:~$ ./run_automated_wannier.py xsf/CaO.xsf -n 0.4




2. When you run the script, it prints a long explanation of how to continue. The
important information is the ID of the workflow (called WorkChain PK, in the
screenshot below its 113) Note that, depending on the performance of your
computer, the workflowwill take some time to run, at least a few minutes.

max@qmobile: ~

File Edit View Search Terminal Help
max@qmobile:~S workon aiida

(aiida) max@gmobile:~$ ./run_automated_wannier.py xsf/Ca0.xsf -n 0.4
Structure Ca0 read and stored with pk 91.

Running 'with conduction bands', DISENT=False, WANN=True for Ca0
launched WorkChain pk 113 for structure Ca0

HURRHRAARARARARARARBRARBARBARBARBARCHARAAGRABRHU AR AARBHR AR BARBRHBRRRR
INSTRUCTIONS ON HOW TO CONTINUE FROM HERE
AiiDA is now running the workflow.
First of all, you can enter the AiiDA virtual environment typing:
workon aiida
You can monitor the state of the workflow with the following commands:
* Monitor the state of the workflow
verdi work list -p1 -a
and check the status of the workflow with PK=113
* Get a detailed state of the running workfow:
verdi work report 113

once the workflow is finished, you can find the ID of the band
structure using the command:

verdi node show 113
and then getting the value from the column PK for the row
corresponding to the link label "MLWF_interpolated_bands”.

With this PK, you can show the bands with xmgrace using
(replace <PK> with the PK you found in the step before):
verdi data bands show -f xmgrace <PK>
or export to file using:
verdi data bands export -f agr <PK>

If you want to compare also with the DFT band structure,
you can run the script

~/run_DFT_bands.py 113
(where 113 is the PK of this Wannier9e workchain, passed in order
to reuse its input structure and kpoints path.
Then, follow the instructions printed by that script.
B S S S S s
# Thanks for using the automated Wannier function workflows with AiiDA!
# Read instructions above to know how to check the results.
HURRANBANRANRARRBANB AR BBURBARBABBAUBAURBARBHBBEUBEB BB RBR BB BB RBUNY
(aiida) max@qmobile:~$

3. You can check the lisind statusof recentlyrun workflows withverdi work

list -pl -a

If you want to inspect the workflow status, you can use the command

verdi work report 113

(replace 113 with the WorkChain PK obtained in the previous steps). The screenshot
below, for instance, was taken while ther workflow had completed the SCF step and
was running the NSCF step.
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4.

max@qmobile: ~
File Edit View Search Terminal Help

2:~$ verdi work report 113
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REPORT]:
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REPORT]:
REPORT]:
REPORT]:
REPORT]:
REPORT]:
REPORT]:
REPORT]:
REPORT]:

REPORT]:
REPORT]:
REPORT]:
REPORT]:
REPORT]:

[113|Wannier96WorkChain|setup]:
[113|Wannier9@WorkChain|setup]:
[113|Wannier96WorkChain|setup]:
[113|Wannier96Workchain|setup

[113|Wannier90WorkChain|setup

[113|Wannier96Workchain|setup]:
[113|Wannier9eWorkChain|setup]:
[113|Wannier96WorkChain|setup]:
[113|Wannier96WorkChain|setup]:
[113|Wannier90WorkChain|setup]:
[113|Wannier96WorkChain|setup]:

[113|Wannier9@Workchain|run_scf]: SCF step -

Workchain control options found
UNK files will NOT be written.
The Wannier Hamiltonian will be
Wannier9e calc will be added to
The number of WFs auto-set.

Atomic projections will be used.

in input.

retrieved.
the group SCDM_auto_withconduction_nlwf_6.4.

A Projwfc calculation will performed
Max projectability set to .95 (DEFAULT).

Sigma factor shift set to 3.0.

SCDM mu is auto-set using projectability.

Setup step completed.

launching PwBaseWorkChain<117> in scf mode

[117|PwBaseWorkchain|run_calculation]: launching PwCalculation<120> iteration #1
[117 | PwBaseWorkchain|inspect_calculation]: PwCalculation<120> completed successfully

[117|PwBaseWorkChain|results]:
[117|PwBaseWorkchain|results]:
[117|PwBaseWorkChain|results]:
[117|PwBaseWorkChain|results]:
[117|PwBaseWorkChain|results]:
[117|PwBaseWorkChain|results]:
[113|Wannier9@WorkChain|run_nscf]: NSCF step -

workchain
attaching
attaching
attaching
attaching
attaching

the
the
the
the
the

node
node
node
node
node

completed after 1 iterations
ArrayData<125> as 'output_array
ParameterData<124> as
BandsData<123> as 'output_band'
FolderData<122> as
RemoteData<121> as 'remote_folder
launching PwBaseWorkChain<128> in nscf mode

'output_parameters’

‘retrieved’




The report is also useful to go and inspect the independent calculations that were

run by AiiDA. For instance, in the screenshot below, we identify the PK of the
Quantum ESPRESSO pw.x calculation that run the SCF step (PK=120).
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$ verdi work

REPORT]:
REPORT]:
REPORT]:
REPORT]:
REPORT]:

report 113

[113|Wannier9eWorkchain|setup]
[113|Wannier9eWorkChain|setup]
[113|Wannier9@WorkChain|setup]:
[113|Wannier9@WorkChain|setup]:
[113|Wannier9@WorkChain|setup]:
[113|Wannier9@WorkChain|setup]:

max@qmobile: ~

Workchain control options found
UNK files will NOT be written.
The Wannier Hamiltonian will be
Wannier9e calc will be added to
The number of WFs auto-set.

Atomic projections will be used.

in input.

retrieved.
the group SCDM_auto_withconduction_mlwf_6.4.
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10:27:
(aiida) max@gmobile

[113|Wannier90WorkcChain|setup]
[113|Wannier90WorkcChain|setup]
[113|Wannier96WorkChain|setup]

A Projwfc calculation will performed.

Max projectability set to 0.95 (DEFAULT).

Sigma factor shift set to 3.0.

[113|Wannier90Workchain|setup]: SCDM mu is auto-set using projectability.

[113|Wannier9eWorkChain|setup]: Setup step completed.

[113|Wannier9eWorkChain|run_scf]: SCF step - launching PwBaseWorkChain<117> in scf mode
[117|PwBaseWorkChain|run_calculation]: launching PwCalculation<120> iteration #1
[117]PuBaselorkchain| inspect_calculation]
[117|PwBaseWorkChain|results]: workchain completed after 1 iterations
[117|PwBaseWorkChain|results]: attaching the node ArrayData<125> as 'output_array'
[117|PwBaseWorkChain|results]: attaching the node ParameterData<124> as 'output_parameters’
[117|PwBaseWorkChain|results]: attaching the node BandsData<123> as 'output_band'
[117|PwBaseWorkChain|results]: attaching the node FolderData<122> as 'retrieved'
[117|PwBaseWorkChain|results]: attaching the node RemoteData<121> as 'remote_folder'

[113|Wannier96WorkChain|run_nscf]: NSCF step - launching PwBaseWorkChain<128> nscf mode
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REPORT]:
REPORT

REPORT
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REPORT]:
REPORT]:

2019-11-15
2019-11-15
2019-11-15
2019-11-15
2019-11-15
2019-11-15

With this PK, we can chettke results of the Quantum ESPRESSO calculation itself.
AiiDA provides different ways of inspecting the results (raw and parsed). Here we
show how to access the raw results, since they are most usefuktasnot
experienced with AiiDA.

In particular (se screenshot below), you caipena terminal directly in the folder
where the simulation run with the command

verdi calculation gotocomputer 120

(replace 120 with the PK of the PwCalculation). As shown below, you will find the
various files (for instanceajida.in is the pw.x input file, andiida.out is the
pw.x output file).

max@qmobile: ~/.alida_run/Fe/45/324f-d859-481e-95cd-82743cdbeb11

File Edit View Search
(alida) max@qmobile:

Terminal
$ clear

Help

-$ verdi work
[1 | REPORT]:
[2 | REPORT]:

report 113
[113|Wannier9Workchain|setup
[113|Wannier96Workchain|setup

Workchain control options found
UNK files will NOT be written.

in input.

[3
[a
(s
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REPORT]:
REPORT]:
REPORT]

REPORT]:

[113|Wannier9eWorkChain|setup]:
[113|Wannier9@WorkChain|setup
[113|Wannier90WorkChain|setup
[113|Wannier9@Workchain|setup]:

The Wannier Hamiltonian will be
Wannier90 calc will be added to
The number of WFs auto-set.

Atomic projections will be used.

retrieved.
the group SCDM_auto_withconduction_mlwf_0.4.

[7
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e

[10
[11
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[13
[14
[15
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[19

REPORT]:
REPORT]
REPORT]
REPORT]
REPORT]
REPORT]
REPORT]:

[113|Wannier9@WorkChain|setup
[113|Wannierseworkchain|setup
[113|Wannier96Workchain|setup

A Projwfc calculation will performed.
Max projectability set to .95 (DEFAULT).
Sigma factor shift set to 3.0.
[113|Wannier98WorkChain|setup]: SCDM mu is auto-set using projectability.
[113|Wannier9eWorkChain|setup]: Setup step completed.
[113|Wannier9@WorkChain|run_scf]: SCF step - launching PwBaseWorkChain<117> in scf mode
[117|PwBaseWorkChain|run_calculation]: launching PwCalculation<126> iteration #1
REPORT]:  [117|PwBaseWorkChain|inspect_calculation]: PwCalculation<120> completed successfully
REPORT] [117|PwBaseWorkChain|results]: workchain completed after 1 iterations
REPORT]:  [117|PwBaseWorkChain|results]: attaching the node ArrayData<125> as 'output_array'
REPORT]:  [117|PwBaseWorkChain|results]: attaching the node ParameterData<124> as 'output_parameters'
REPORT]: [117|PwBaseWorkChain|results]: attaching the node BandsData<123> as 'output_band'
REPORT]: [117|PwBaseWorkChain|results]: attaching the node FolderData<122> as 'retrieved’
[20 | REPORT]: [117|PwBaseWorkChain|results]: attaching the node RemoteData<121> as 'remote_folder'
-15 1 39 [21 REPORT 113|Wannier90Workchain|run_nscf]: NSCF step - launching PwBaseWorkChain<128> in nscf mode
max@qmobil Fllverdi calcula n_gotocomputer 126
environment...
Going the the remote folder...
R R R R R R R R R R R R R R R R AR AR AR
# Welcome to The Wannierising Machine version 19.07
#
# Instructions:
# - See RELEASENOTES.txt on the Desktop for installed packages
# - type 'workon aiida' to enable the AiiDA 'verdi' commands
R R R R R R AR AR H R RA RS
max@qmobil, ida_r f 32 9-481e-95cd-82743c4beb11$ 1s
_scheduler-stderr.txt _scheduler-stdout.txt
2 b11$ head aiida.out

10:27:39

139

_atidasubnit.sh

Program PWSCF v.6.3MaX starts on 15Nov2019 at 11:26:25

This program is part of the open-source Quantum ESPRESSO suite
for quantum simulation of materials; please cite
"P. Glannozzi et al., J. Phys.:Condens. Matter 21 395502 (2009);
"P. Giannozzi et al., J. Phys.:Condens. Matter 29 465901 (2017);
URL http://www.quantum-espresso.org”,
in publications or presentations arising from this work. More details at
http://www.quantum-espresso.org/quote
max@qmobile: aiida_run/fe/45/324f-d859-481¢ d-82743c4beb11s ]




Once you have finished inspecting the files, you can gxie (only once) to go
back to the terminal with the AiiDA virtual environment.

When the workflow completes;erdi work lis t -pl -awilllistall
workflows and subworkflows &sinished

Additionally,the last line ofverdi work report 113 will state that the
Wannier90WorkChain successfully completed.

In the report, you will also find the PKs of all calculations that werelrutie
following screenshot, for instance, these are:

1 PwCalculation (Quantum ESPRESSO pw.x, SCF step): 120
PwcCalculation (Quantum ESPRESSO pw.x, NSCF step): 131
ProjwfcCalculation (Quantum ESPRESSO projwfc.x): 137
Wannier90Calculation (preprocess mode)315
Pw2wannier90Calculation (Quantum ESPRESSO pw2wannier90.x): 159

1 Wannier90Calculation (main run): 166
As before, you can use the commaverdi calculation gotocomputer
PK (replacing PK with the correct PK) tg the folder where the simulation has
run and inspect the raw inputs and outputs from Quantum ESPRESSO or wannier90).
Additionally, also the PK of the final interpolated band structure is reported: 169

il
1
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T

max@qmobile: ~

File Edit View Search Terminal Help
(aiida) max@gmobile:~$ verdi work list -p1 -a
Creation State ProcessLabel

shed seekpath_structure_analysis

Finished WannierSeWorkChain

Finished PwBaseWorkChain

Finished PwBaseWorkChain

Finished set_auto_numwann

Finished set_mu_and_sigma_from_projections

Finished from_seekpath_to_wannier

Finished from_seekpath_to_wannier
max@gmobile:~$ verdi work report 113
-15 10:2 [ REPORT]: [113|Wannier9@WorkChain|setup]: Workchain control options found in input.

10:25: . REPORT]: [113|Wannier96WorkChain|setup]: UNK files will NOT be written.

-15 4254 REPORT]: [113|Wannier96WorkChain|setup]: The Wannier Hamiltonian will be retrieved.
-15 125: REPORT]: [113|Wannier9@WorkChain|setup]: Wannier9e calc will be added to the group SCDM_auto_withconduction_mlwf_6.4.
-15 $25: REPORT]: [113|Wannier9@WorkChain|setup]: The number of WFs auto-set.
-15 3252 6 REPORT]: [113|Wannier96WorkChain|setup]: Atomic projections will be used.
-15 125: REPORT]: [113|Wannier9@WorkChain|setup]: A Projwfc calculation will performed.
-15 REPORT]: [113|Wannier9@WorkChain|setup]: Max projectability set to ©.95 (DEFAULT).
-15 REPORT]: [113|Wannier9@WorkChain|setup]: Sigma factor shift set to 3.0.
-15 REPORT]: [113|Wannier9@WorkChain|setup]: SCDM mu is auto-set using projectability.
-15 REPORT]: [113|Wannier96WorkChain|setup]: Setup step completed.
-15 REPORT]: [113|Wannier9@WorkChain|run_scf]: SCF step - launching PwBaseWorkChain<117> in scf mode
-15 REPORT]: [117|PwBaseWorkChain|run_calculation]: launching PwCalculation<120> iteration #1
-15 REPORT]: [117|PwBaseWorkChain|inspect_calculation]: PwCalculation<120> completed successfully
-15 REPORT]: [117|PwBaseWorkChain|results]: workchain completed after 1 iterations
-15 127: 6 REPORT]: [117|PwBaseWorkChain|results]: attaching the node ArrayData<125> as 'output_array'
-15 2273 REPORT]: [117|PwBaseWorkChain|results]: attaching the node ParameterData<124> as 'output_parameters’
-15 & 4 REPORT]: [117|PwBaseWorkChain|results]: attaching the node BandsData<123> as 'output_band'
-15 32T REPORT]: [117|PwBaseWorkChain|results]: attaching the node FolderData<122> as 'retrieved'
-15 127: REPORT]: [117|PwBaseWorkcChain|results]: attaching the node RemoteData<121> as 'remote_folder'
-15 REPORT]: [113|Wannier96WorkChain|run_nscf]: NSCF step - launching PwBaseWorkChain<128> in nscf mode
-15 REPORT]: [128|PwBaseWorkChain|run_calculation]: launching PwCalculation<131> iteration #1
-15 REPORT]: [128|PwBaseWorkChain|inspect_calculation]: PwCalculation<131> completed successfully
-15 REPORT]: [128|PwBaseWorkChain|results]: workchain completed after 1 iterations
-15 REPORT]: [128|PwBaseWorkChain|results]: attaching the node ArrayData<136> as 'output_array'
-15 6 REPORT]: [128|PwBaseWorkChain|results]: attaching the node ParameterData<135> as 'output_parameters'
-15 REPORT]: [128|PwBaseWorkChain|results]: attaching the node BandsData<134> as 'output_band'
-15 1314 REPORT]: [128|PwBaseWorkChain|results]: attaching the node FolderData<133> as 'retrieved’'
-15 131¢ REPORT]: [128|PwBaseWorkChain|results]: attaching the node RemoteData<132> as 'remote_folder'
-15 231z REPORT]: [113|Wannier9@WorkChain|run_projwfc]: PROJWFC step - launching Projwfc Calculation <137>.
-15 $321 REPORT]: [113|Wannier9@WorkChain|run_wannier90_pp]: MLWF PP step - launching Wannier9e Calculation <153> in pp mode
-15 1323 REPORT]: [113|Wannier9@WorkChain|run_pw2wannier90]: Pw2wannier90 step - launching Pw2Wannier9® Calculation <159>
-15 REPORT]: [113|Wannier96WorkChain|run_wannier90]: MLWF step - launching Wannier90 Calculation <166>
-15 REPORT]: [113|Wannier9@WorkChain|results]: Final step, preparing outputs
-15 REPORT]: [113|Wannier96WorkChain|results]: Interpolated bands pk: 169
-15 REPORT]: [113|Wannier9@WorkChain|results]: Wannier9@WorkChain successfully completed.
max@gmobile:

Equivalently, the PK of the interpolated band structure can be obtained by inspecting
the output nodes of the initial workflow that we submitted (it was PK=113 in our
example). This can be deiy running the commanderdi node show 113

and checking the PK of the output node with link label

MLWF _interpolated bands . Indeed, as shown in the screenshot below, the PK




is 169, the same we obtained from the outputwardi work report 113

10.Finally, you can export the band structure (e.gxnmgrace.agr format) with the
command
verdi data bgands export -f -agr169>CaO - wannier.agr
and visualize it with xmgrace, as shown below:



