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Hands—on introduction of OpenMX
— Practice —

Institute for Solid State Physics
Mitsuaki Kawamura

Schedule:
10:40~11:10 Lecture
11:10~12:00 Practice

2020/2/14
The 1st OpenMX hands—on workshop 2020
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Outline

Introduction

Computer in this tutorial
 Configuration
 Login

Input file generation

Job submit

Check results

Post processing and visualization
 Band structure
e Kohn—Sham orbitals

e DOS, PDOS, Fermi surfaces
Free excise
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Intro

Flow of this practice

Log—in workstation

Input file

Get CIF file from database d> Convert cif to input file d> View structure

SCF
Submit job for SCF @ Check the result

Band structure

Modify input for band \ﬁ Submit job ﬁ Plot band structure

Kohn—Sham orbital

Modify input for displaying orbital ﬁ Submit job @ Plot Kohn—Sham orbital

DOS and Fermi surface
Modify input for DOS ‘ﬁ Submit job @ Interactive queue for DOS

ﬁ Plot DOS and Fermi surface

Free exercise time




5L/1: Computer for this hands—on

CPU : Intel Xeon Broadwell 14cores X 2 (28 cores/node)
RAM : 64 GB / node

Compiler : Intel compiler & MKL library
Utilities : /home/public/bin/ (already added to PATH)

PC LG
- Edit inputs
Execute light program

Compile Run numerical calculations

ssh login e Al
Visualize

-

\

Job queuing system
gsub command
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an| LOgIN to workstation

Case 1: Use ssh command (Linux, UNIX, macOS, WSL)

$ ssh -Y user-name@server-name Your PC may ask you to add this
workstation to “known—hosts”.

Enter your password.

Case 2: GUI ssh——client in Windows

Google “xming putty”

xming putty Q

IRT  HE E St —2

Sp——— & WIinSCP is also required in this case.
xming+putty COXDIEWNWANY =17 )L

zodiac30.cse.kyutech.ac.jp/~fujiwara/setup/xming-putty/ v

1. A9>0— K. - hitp://www.straightrunning.com/XmingNotes/h\> Xming & Xming-fonts% A3
XMING-DL.JPG. - )R(C. http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html H'5
putty.exe &plink.exeZ A . putty-d.JPG

PUTTY + Xming TX Z{£H > &
www.ep.sci.hokudai.ac.jp/~epnetfan/tebiki/server-login/xming.html v

2012/03/16 - Xming & (&) —DWindows X B —/{—T4&%. Xming EPuTTY 2 &FE<AA9
nE, xv hO—0RHATGUI 7TV —> 3> %ikcEh - BMFI D ENTES. Xming D1 >R

k=JL. &9 Xming 1 A R=)LDOET I 7 A ) 2T IO>0O—-K ..
Windows TPUTTY &EXmingZFIFB LT, KFHMNS dle(C ...

www.rc.mce.uec.ac.jp/sun_moodle/windows/putty_xming2.htm v

Windows TPuTTY & XmingZFIFIL T, AFE4HSSun, Moodlelc 7717 R9374% (FOF>
H— ) (DREENEE URVE) . TOMDSE ... OFEFIZRT. ZEHP : BRIBEATIER
HE17> 45— Windows CPuTTYZHIA U/cSSHTOIERE ..

PUTTY®DA > & h—JL - PUTTYDEETE - Xming®D- > & h—JL

SERK] Xming &Putty TWindows(CREDFERIEEED - IBFTED ...
alfa.hatenablog.jp/entry/2016/05/19/101456 »

- EVWSEEBR UL S, WindowsZ{EL Vil DFAFBEICRD KL SRR CRIBO#RE

7 #+FEUIZ. Cygwin VirtualBox (Ubuntu~ X% bW ) VirtualBox + Putty (\w FL-X - putty
CO2J-4 >, IDEEWindows|C1 > X b—)L) UH\L. &ay..

Installing/Configuring PuTTy and Xming
www.geo.mtu.edu/geoschem/docs/putty_install.html v CDR—=%FRT
Installing/Configuring PuTTy and Xming. Most of us connect to the CTM server via a PC running
Windows, essentially making the PC a terminal. The PC interacts with the server through the



1 Get CIF file from COD

13 »”
Google Crystallography Open Database
<& Crystallography Open C X ’ + v

< - O @

C, 09 Crystallog

COD Home

Home
What's new? [

é

@ www.crystallography.net/

Accessing COD Data

Browse
Search
Search by structural

formula -

Search results

Result: there are 2 entries in the selection

Switch to the old layout of the page

Download all results as: list of COD numbers | list of CIF URLs | data in CSV format | archive of C]

Searching formula like 'Fe Pt'

4 4First | 4Previous 5| Page [1 |of 1| Next S» |Last® b | Display 5 20 50 100 200 300 50(

CODID A Links Formulad Spacegroup A Cell parameters Cell volume &

1540807 CIF Fe Pt P4mmm 3.849: 3.849: 3.7 54.815 Yuasa
90: 90: 90 Magn

phase

Journ

0004222 CIF  FePt P4mmm 2.7235;2.7235; 27.593 Bayli:
3.72 Revis

90: 90: 90 some

The €

4 4First | 4Previous 5| Page [1 |of 1| Next S® |Last® b | Display 5 20 50 100 200 300 50(

Search

(For more information on search see the hints and tips)

|‘ Search by COD ID: | || Search | ‘l

| | Search ‘

Enter SMILES:
OpenBabel FastSearch:

Note: substructure search by SMILES is currently available in a subset of COD containing 183627 structures.

text (1 or 2 words)

I journal ”%
| [ [ |
| volume || |—| |
| issue || |
I DOI | | | I

Z (min, max) ||

VA !min! max)

chemical formula | Fe Pt |

(in_Hill notation

1 to 8 elements

| NOT these elements ||

| volume min and max ||

number of distinet elements
min and max

[] has Fgp,

[[] include duplicate entries
[ include entries with errors

[ include theoretical structures

\

“chemical formula” in alphabetic order:
e.g. Nd,Fe,B — “B Fel14 Nd2”




8/19

Convert to OpenMX input

Search “OpenMX Viewer” on Web

1 openMX Viewer

penmx-square.org
Chrome or Firefox is recommended due to its performance.

.',‘, .k' \“\Q.
oy
o- Ny

‘. 3“-\‘3%!

- ] L N ®-

7] B i [ N B
7499 PO JIERQESUTH o = LWL JoIT4
KEVBHTS 22N~

o i ‘
\’-g ‘ ‘.. r \o- . /g oYy Iti-F
2

..,:..’ ve "-m';' Welcome to OpenMX Vle\Jer\O\‘ M

e

: * 9499 7722 ¢ =1 OpenMX Viewer X
Drag & drop here the following file:

o * . kjwamuu'a 7 9004222.ci ) )
. 2 d 'dat’, 'xyz', 'cube’, 'md’, or 'cif file | R * P O @ ) | www.openmx-square.org
! L) B program ¢
A work B
. - a 5
*

. ., B Fraot
o . ot ---q-‘-’ °

3 9900-F
& Dropbox

M dropbox.cache

I issptheory_mem

A mathematica
‘ . Ik paper FTKomeg:
A pictures
. . A presentation
‘ - A programs

. . . A docment

Supercell IR > KA < Atom: Bonds _ Bond Color _ Numbcr M Symbol W
BGC FESSEEE Atom Size S Bond Thickness ISl Bond Factor iSJM Cells M Axes M Perspective M Structure M
Dynamics et Charge Spin S Force M Velocity M Rot on x [SIlE Rot on y [GIEE Rot on z KIS @ OneDrive
Save ESESUNEE Examples ENEUNNEE 2@0®ES |

R o1zy-77-

‘Save” — “"OMX (frac)”

> _- X x Atoms re 4 Bonds =4 Bond Color XS Number M Symbol ]
\tom Size MBond Thickness _Bond Factor PB4 Cells ™ Axes M Perspective M Structure M

Download an OpenMX input “abc.dat”
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Send into workstation and edit

In your PC /-Depends on your PC

$ cd ~/Download/</
$ scp abc.dat gauss.issp.u-tokyo.ac.jp:~/
$ ssh -Y guestOO@gauss.issp.u-tokyo.ac.jp

In gauss, open ~abc.dat” and apply the following modification:

1, Add line

data.path /home/public/program/openmx3.9/DFT_DATA19/

2, Modify k—grid

scf.Kgrid 6 6 5 ‘ scf.Kgrid 12 12 10
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Queuing system

$ cp /home/hands-on/practice/openmx.sh
$ gsub openmx.sh

MPI processes per node

#!/bin/sh

#PBS -1 nodes=1:ppn=28

# Number of OpenMP threads
source ~/.bashrc

#

export OMP_NUM THREADS=1

#

cd $PBS_O_WORKDIR

#

mpiexec -hostfile $PBS_NODEFILE /home/public/bin/openmx abc.in -nt $OMP_NUM THREADS ¥
> openmx.stdout

Wb 2t atuis ppn X OMP_NUM_THREADS =number of cores par node (28)
$ gstat -a
gauss:
Req'd Req'd Elap
Job ID Username Queue Jobname SessID NDS TSK  Memory Time S Time
168.gauss kawamura default openmx.sh 23466 1 7 -- -- R 00:00:00
Nodes R: Running

$ qdel job-ID | pgjete job (If you submitted wrong job, etc.) Q: Waiting to start
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Check standard output

$ less openmx.stdout

<Poisson> Poisson's equation using FFT...
<Set_Hamiltonian> Hamiltonian matrix for VNA+dVH+Vxc...
<Band> Solving the eigenvalue problem...
KGridsl: -0.45833 -0.37500 -0.29167 -0.20833 -0.12500 -0.04167 0.04167 ...
KGrids2: -0.45833 -0.37500 -0.29167 -0.20833 -0.12500 -0.04167 0.04167 ...
KGrids3: -0.45000 -0.35000 -0.25000 -0.15000 -0.05000 0.05000 0.15000 ...

<Band DFT> Elgen, tiMe=0.235 ] (o | Time for eigen—solution and
<Band_DFT> DM, time=0.416772 &

1 Fe MulP 9.2692 6.4760 sum 15.7391 diff 2.7992 |density matrix (second)

2 Pt MulP 8.2556 8.0052 sum 16.2609 diff ©0.2504

Sum of MulP: up = 17.52480 down = 14.47520

total= 32.00000 ideal(neutral)= 32.00000

<DFT> Total Spin Moment (muB) = 3.049605408328 _
<DFT> Mixing weight= ©.300000000000

<DFT> Uele = -36.891552072687 dUele = 0.096556004642
<DFT> NormRD = 1.170298176078 Criterion = 0.000000100000

\ Residual Norm

We can monitor this during the calculation.




12/19

Check the summary of output

$ less abc.out

Each section is surrounded by “#kksk”

SCF=
SCF=
SCF=
SCF=
SCF=
SCF=
SCF=
SCF=

coNO VIS~ WDN R

NormRD=
NormRD=
NormRD=
NormRD=
NormRD=
NormRD=
NormRD=
NormRD=

OR R R RRRR

. 000000000000
. 889891043491
.868362109120
.414230084310
.455962148448
.170298176078
.067138991513
. 743951621288

3k 3k 3k 3k 3k 5k 3k 5k 3k 5k sk 5k 3k 5k 3k 5k 3k 5k 3k 5k 3k 5k 3k >k 5k 3k 5k >k 3k >k 3k >k 3k 5k %k k
3k 3k 3k 3k 3k 5k 3k 5k 3k 5k 3k 5k sk 5k 3k 5k 3k 5k 3k 5k 3k 5k 3k >k 5k 3k >k >k 3k >k 3k 5k 3k 5k %k >k
SCF history at MD= 1
3k 3k 3k 3k 3k 5k 3k 5k 3k 5k 3k ok sk 5k 3k 5k 3k 5k 3k 5k 3k 5k 3k >k 5k 3k >k >k 3k >k 3k 5k 3k 5k %k k
3k 3k 3k 5k 3k 5k 3k 5k 3k 5k sk ok sk ok sk 5k sk >k sk ok sk ok sk sk 5k 3k 5k 3k Sk 3k 3k sk sk ok Sk 3k 3k 3k 3k sk sk 3k >k 3k 3k 3k 3k 3k 5k 3k 5k 3k 5k 3k 5k >k 5k >k k

Uele=
Uele=
Uele=
Uele=
Uele=
Uele=
Uele=
Uele=

Therefpre in “less” program, we can search

[¥*¥*

type "n” and "N” for next and previous match

-35.799412526515
-35.799412526515
-35.827036113047
-36.568305665058
-36.794996068046
-36.891552072687
-36.946866542123
-37.028028215533

%k 3k 5k 5k >k >k >k 5k 5k 5k 5k 5k >k >k >k 5k 5k 5k 5k >k >k %k >k >k >k 5k 5k 5k >k >k %k k >k

Total energy (Hartree) at MD =
3k 3k 5k >k 3k 3k 5k >k sk >k >k sk >k 5k ok sk 3k ok sk 3k 5k ok sk 5k >k sk >k ok sk sk k ok k

1

>k 3k 3k 5k 3k >k 5k 3k >k 5k 5k >k 5k 5k >k 5k 3k 3k >k 5k >k 5k >k 3k >k >k 5k >k ok ki k %k k

Eigenvalues (Hartree) of SCF KS-eq.
3k 3k >k 3k 3k 5k >k 3k 3k 5k 3k 3k 5k >k 3k 3k 5k >k 3k 5k >k >k 3k >k 3k >k >k >k %k >k >k %k k

Other sections

e Mulliken populations

* Dipole moment (Debye)

e xyz—coordinates (Ang) and forces (Hartree/Bohr)

* etc.

Try to jump and see each section.




¥ Band structure

Edit “abc.dat” with emacs, vim, etc.

orbitalOpt.Force.Skip on Restart from the converged
scf.restart on charge density

Band.dispersion on # on|off, default=off

For the k—path serection, in the Web browser of your PC, search " SeeK—path”

SeeK-path: the k-path finder and visualizer
What SeeK-path does Downloaded CIF file

SeeK-path definitions and advantages

Upload your structure

Upload a crystal structure: C:\Users\kawamuura\Downloads\9004222 ci
Select here the file format: CIF File (.cif) [parser: pymatgen] \/|
By continuing, you agree with the terms of use of this service.
V{4 . 7”7
Caloulate my structurs CIF File (parser: pymatgen)

Primitive cell and appropriate
k—path

Y. Hinuma, et a/, Comp. Mat. Sci. 128, 140 (2017).
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Specify k—path

Structure information (primitive cell)

Crystal structure information

Bravais lattice type: tP
Extended Bravais lattice symbol. tP1 (with inversion symmetry)

Spacegroup: P4/mmm (number 123)

Primitive cell vectors (A)

<

X y z
Vi 2.7235000000 ©.0000000000 ©.0000000000
V2 ©.0020200000 2.7235000000 0.0000000000

Vi ©.0000200000 ©.0000000060 3.7200000000

<Band.KPath.UnitCell
2.7235000000 0.0000000000 ©.0000000000
0.0000000000 2.7235000000 0.0000000000
0.0000000000 0.0000000000 3.7200000000
Band.KPath.UnitCell>

Quantum ESPRESSO pw.x input

CP2K input

CRYSTAL *.d3 input

VASP KPOINTS input for LDA/GGA

[FORMAT DESCRIPTION]

B Copy to clipboard (Replace <. . .> with the actual content for your simulation)

Special k-points for band structure

<...> | intersections

line-mode

reciprocal
©.0e00000000 ©.0000000000 ©.0000000000 1 GAMMA
©.00600000080 ©.5000000000 ©.00000000006 1 X
©.00600000080 ©.5080600808080 ©.06000000BEE 1 X
©.5e00000000 ©.5000000000 ©.0000000000 1 M

\

Band.Nkpath 9
<{Band.kpath

Band kpath>

15 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.5000000000 0.0000000000 GAMMA X
15 0.0000000000 0.5000000000 0.0000000000 0.5000000000 0.5000000000 0.0000000000 X M
15 0.5000000000 0.5000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000000 M GAMMA
15 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.0000000000 0.5000000000 GAMMA Z
15 0.0000000000 0.0000000000 0.5000000000 0.0000000000 0.5000000000 0.5000000000 Z R
15 0.0000000000 0.5000000000 0.5000000000 0.5000000000 0.5000000000 0.5000000000 R A
15 0.5000000000 0.5000000000 0.5000000000 0.0000000000 0.0000000000 0.5000000000 A Z
15 0.0000000000 0.5000000000 0.0000000000 0.0000000000 0.5000000000 0.5000000000 X R
15 0.5000000000 0.5000000000 0.0000000000 0.5000000000 0.5000000000 0.5000000000 M A
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Band structure calculation

$ gsub openmx.sh [::§>'abc.Band

$ bandgnul3 abc.Band

@ abc.GNUBAND

$ gnuplot abc.GNUBAND

il

eV
-
CWLO-LOMAhAORN SO NWEO GO0 WOO
I

GAMMA X M GAMMA Z R A ZX RM A
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Kohn—Sham orbitals

Modify abc.dat | Band.dispersion off

Add: | MO.fileout on
num.HOMOs 1
num.LUMOs 2
MO.Nkpoint 1
<MO.kpoint
0.0 0.0 0.0
MO.kpoint>

$ gsub openmx.sh

abc.homo@ © © i.cube abc.lumo@ © © i.cube abc.lumo@ © 1 i.cube
abc.homo@® © O r.cube abc.lumo@® © O r.cube abc.lumo® © 1 r.cube

VESTA * r.cube : L
$ = ﬂ\, D)
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Fermi surface,

Modify abc.dat | Mo, fileout off

Add: Dos.fileout on

Dos.Erange -15.0 10.0
Dos.Kgrid 24 24 20
FermiSurfer.fileout on

$ gsub openmx.sh

DOS, PDOS (1)

abc.Dos.val, abc.Dos.vec,
abc.FermiSurf _sO al.frmst,
abc.FermiSurf_s@ a2.frmsft,
abc.FermiSurf_sl1 al.frmst,
abc.FermiSurf_sl1 a2.frmsf

$ fermisurfer abc.FermiSurf_sl al.frmsf g

O Band Index

Rotate

.[z] Band 0
i[] Band 1
[ Band 2
[ Band 3

O Input (1D, Gray Scale)
O Fermi Velocity (Gray Scale)

m} X
Updat Line width : [4 431598  [Z] On Gamma
Section: -v:[o |U I,
Equator-v 0 IU I]
Interpol ratio : [§ Tetrahedron
Fermi ener g :[o ®1 02 O3 O4
Min of Scale : [5701003 Os5 O6 O7 Os8
Max of Scale : [0 959650 09 OwONMnNO112
013014015016
Color scale mode Brillouin zone
@ Input (1D) (@ First Brillouin zone
O Input (2D) O Primitive Brillouin zone
O Input (3D) Stereo gram; -Mouse Drag
O Fermi Velocity O No OR

QO Parallel O Scale
O Cross O Translate

[126.318054  [6.678075  [348.213043
Positio

0o o
[4 Color bar Scale : [0.991132
[ Equator Lighting Background colo
[ Nodal line | © Both @ Black
[ Section O Unoccey py O Wh




*"* Fermi surface, DOS, PDOS (2)

[ XXX@gauss] $ gsub -I

[ XXX@gaussXX] $ DosMain abc.Dos.val abc.Dos.vec

Which method do you use?, Tetrahedron(l), Gaussian Broadening(2)

1 d

Do you want Dos(1) or PDos(2)?

2 4
Which atoms for PDOS :
12 4

[ XXX@gaussXX] $ exit
$ gnuplot
gnuplot>
gnuplot>
gnuplot>
gnuplot>
gnuplot> plot [-10:10] ¥
"abc.PDOS.Tetrahedron
"abc.PDOS.Tetrahedron

"abc.PDOS.Tetrahedron
"abc.PDOS.Tetrahedron

set xzeroaxis
set yzeroaxis

.atoml™
.atoml™
.atom2"
.atom2"

(1,...,3), ex 1 2

cC C C C

R R R R

WINPT
= = = =

—
+ &+ + ~+

set xlabel "Energy from E_F [eV]"
set ylabel "DOS [/eV]"

"Fe up"
"Fe dow
"Pt up”
"Pt dow

DOS [/eV]

Interactive queue

T

Fe up
Fe down

Pt up
Pt down

Energy from Ef [eV]

10
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Free exercise time

e Compute other materials from COD database. Explain the result of band
structure, PDOS, Fermisurface.
* Install the following visualization tools into your own PC.
« VESTA
 FermiSurfer
e Try other functions of OpenMX (Wannier function, etc.).
% ~Elc!



