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First trial

 Login

A trial calculation

For the tutorial, we will use DeltaServer, please login the machine.

As a first step, please try to perform a SCF calculation for a methane molecule. 



DeltaServer

Intel(R) Xeon(R) CPU  E5520  @ 2.27GHz

192 cores (4 cores×48 processers) are available in total. 

Login

$ ssh –YC userid@10.105.17.42 

As for your account name and password, 

please look at the word file you received. 



How to compile OpenMX

See also the page 11 in the manual.

(1) Go to http://www.openmx-square.org/download.html

(2) Download openmx3.8.tar.gz and the patch

(3) Follow the instruction at 

http://www.openmx-square.org/tech_notes/OpenMX-Compile.pdf



Environment setting 

Once you login DeltaServer, please do first the following:

$ make work

$ cp -rf /home/soft/openmx3.8/work/* ./work/

$ cd work

$ rm –rf *_rst

$ rm *.cube *.md *.md2 *.ene *.cif *.out *.xyz

Then, modify a line in ‘job.pbs’  as 

$mpirun -machinefile $PBS_NODEFILE -np $ncpu $openmx Methane.dat -nt 2 > met.std

And, add a line in ‘Methane.dat’  as 

DATA.PATH                     /home/soft/openmx3.8/DFT_DATA13



As a first trial calculation, let’s try to calculate a methane molecule by

$ qsub job.pbs

A test calculation: Methane.dat

After finishing the calculations, you will obtain 11 files and 1 directory. 

See the 17 p in 

the manual.



Methane.dat

(1) Value behind keyword

(2) The order is arbitrarily.

(3) Put # to the head of line for comment

Selected keywords:

The name of system

The number of atoms

Definition of species

Atomic coordinates



met.out
SCF history

KS eigenvalues

Total energy

Mulliken population



The directory DFT_DATA can be specified by the keyword in 

your input file as 

Specification of the directory storing *.pao and *.vps

DATA.PATH      /home/soft/openmx3.8/DFT_DATA13



Database of PAO and VPS

Public release of optimized and well tested VPS and PAO so 

that users can easily start their calculations. 

http://www.jaist.ac.jp/~t-ozaki/vps_pao2013/



Specification of PAO and VPS

PAO and VPS are specified by the following keyword:

• O7.0 means O7.0.pao.

• -s2p2d1 means 2, 2, and 1 radial functions are allocated to 

s-, p-, and d-orbitals. 
• In this case, for oxygen atom, 2×1+2×3+1×5=13 basis 

functions are allocated. 

• O_PBE13 meand O_PBE13.vps.

The path for O7.0.pao and O_PBE13.vps is specified by 

Default value is ‘../DFT_DATA13’.

DATA.PATH      /home/soft/openmx3.8/DFT_DATA13



How to choose basis functions: H2O case

http://www.jaist.ac.jp/~t-ozaki/vps_pao2013/O/index.htmlhttp://www.jaist.ac.jp/~t-ozaki/vps_pao2013/H/index.html

By clicking H7.0.pao and O7.0.pao in the database(2013), you may find the following

Choosing states with lower eigenvalues leads to H7.0-s2p1 and O7.0-s2p2d1.
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How to choose basis functions: Si case(1)
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Si7.0.pao
Orbitals with lower eigenvalues in Si7.0.pao are taken into 

account step by step as the quality of basis set is improved.

Si7.0-s2p2d1 is 

enough to discuss 

structural properties. 

By comparing Si7.0-

s3p2d2f1 with Si8.0-

s3p2d2f1, it turns 

out that  

convergence is 

achieved  at the 

cutoff of 7.0(a.u.).



With respect to band structure, one can confirm that Si7.0-s2p2d1 

provides a nearly convent result.

While the convergent result is achieved by use of Si7.0-s3p2d2f1(Si7.0-

s3p3d2f1), Si7.0-s2p2d1 is a balanced basis functions compromising accuracy 

and efficiency to perform a vast range of materials exploration. 

How to choose basis functions: Si case(2)



In most cases, 200 Ryd is 

enough to get convergence.

However, large cutoff  

energy (300-400 Ryd) has 

be used cases such as use 

of pseudopotentials with 

deep semi-core states.

Total energy of a methane molecule

Choice of cutoff energy

scf.energycutoff 200     # default=150 Ryd

The FFT grid is used to discretize real space and calculate Eδee, Exc, and can be specified 

by scf.energycutoff. 

Memory requiment
O(E3/2)



Sialic acid

Pt13 cluster

Pt63 cluster

Mixing methods

Simple mixing (Simple)

Residual minimization method in the direct inversion 

iterative subspace (RMM-DIIS)

Guaranteed reduction Pulay method (GR-Pulay)

Kerker mixing (Kerker)

RMM-DIIS with Kerker metric (RMM-DIISK)

RMM-DIIS for Hamiltonian (RMM-DIISH)

Available mixing methods:

Recommendation: 

RMM-DIISK or RMM-DIISH

See also the page 56 in the manual.



Visualization

 Cube files such as *.tden.cube, *.sden.cube, *.dden.cube can be 

visualized by many software such as 

XCrySDen

VESTA

 Also*.md file is stored in xyz format which can be visualized by 

XCrySDen and OpenMX Viewer. 

On phi, XCrSDen is available.

 Data on DOS and band dispersion 

can be visualized by gnuplot.



On the manual

http://www.openmx-square.org/openmx_man3.8/openmx3.8.pdf

Please download the manual at 

The manual is self-contained, the most of calculations 

explained in the manual are traceable by using the 

input file stored in the directory ‘work’.

Please try to perform those calculations one by one 

depending on your interests. 



Recommended trials

1. Geometry optimization

2. Density of states 

3. Wannier functions

4. Reaction barrier by the nudged elastic band (NEB) method

5. Transmission of a carbon chain

6. Spin-orbit coupling

Perform a geometry optimization using ‘Methane2.dat’. 

See the page 65 in the manual.

Calculate DOS using ‘Cdia.dat’

See the page 79 in the manual.

Calculate a reaction barrier using ‘C2H4_NEB.dat’. 

See the page 182 in the manual.

Calculate an electric transmission of a carbon chain using ‘Lead-

Chain.dat’, ‘NEGF-Chain.dat’. See the page 136 in the manual. 

All the input files can be 

found in the directory ‘work’.

Calculate Wannier functions for Si bulk using ‘work/wf_example/Si.dat’, and 

perform the band interpolation.  See the page 159 in the manual.

Calculate a band structure by taking account of SOC using ‘GaAs.dat’. 

See the page 117 in the manual. 



Geometry optimization (Methane2.dat)

The x-coordinate of a methane 

molecule is displaced by 0.3 

Å, and perform the geometry 

optimization.

Using the steepest decent (SD) method, 

the norm of maximum force converges 

as shown in the left figure:

Optimization step

met2.md can be visualized by 

OpenMX Viewer. 

See also the page 65 in the manual.



Density of states (Cdia.dat)

Density of states (DOS) for Kohn-Sham eigenvalues can be calculated by the 

following two steps:

(1) SCF calculation

Perform the SCF calculation by ‘Cdia.dat’.

(2.b) mv work, and perform the DOS calculation using ‘DosMain’.

(2) DOS calculation

(2.a) In openmx/source, compile DosMain

$ make DosMain

$ ./DosMain cdia.Dos.Val cdia.Dos.Vec

See also the page 79 in the manual.



On OpenMX Viewer

• 6611 lines written by html5, css3, js, and canvas2d

• dat, xyz, and md files are readable

• Rotation, zoom, and translation

• Easy change of atom size, bond thickness, and bond factor

• Atom index and atom symbol

• Supercell representation

• Structure analysis 

• Analysis of geometry optimization 

• Charge analysis

• Google Chrome recommended due to its performance

http://www.openmx-square.org/viewer/



Easy check of a dat file 

A dat file can be easily checked by drag and drop to any browser.  



Analysis of structure optimization

A md file can be easily analyzed by drag and drop to any browser.  

• Trace of optimization process

• Analysis of structure

• Check residual forces



Analysis of structure optimization

Residual forces can be visualized by vectors.

1 step 10 step

14 step 21 step



Analysis of structure optimization

Using a md file, one check easily check spatial charge distribution. 


