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Electronic structure software
Different purposes, roughly categories below:

● Density functional theory (DFT), “solid state”
○ VASP
○ Quantum Espresso

● Quantum Chemistry
○ Gaussian
○ NWChem

● Molecular Dynamics (MD)
○ LAMMPS
○ GROMACS

Focus for this session!

● Bulk
● Surfaces, interfaces
● Clusters



Example of DFT software used at NSC:
 Software Basis set License Comment

● VASP PAW cost popular
● Quantum Espresso pp, PAW free many tools
● Abinit pp, PAW free
● WIEN2k FPLAPW cost XSPEC, TELNES
● GPAW PAW free
● exciting FPLAPW free BSE, TDDFT
● Elk FPLAPW free BSE, TDDFT
● Siesta pp free
● SPRKKR KKR free (register) spectroscopy
● CASTEP pp cost ELNES

https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps.html

https://www.vasp.at/
http://www.quantum-espresso.org/
https://www.abinit.org/
http://susi.theochem.tuwien.ac.at/
https://wiki.fysik.dtu.dk/gpaw/
http://exciting-code.org/
http://elk.sourceforge.net/
https://launchpad.net/siesta
http://olymp.cup.uni-muenchen.de/index.php?option=com_content&view=article&id=8%3Asprkkr&catid=4%3Asoftware&Itemid=7&lang=en
http://www.castep.org/
https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps.html




Example of day-to-day tools
● less / vi reading/editing files
● grace / gnuplot plotting tools
● Bash simple scripts
● cif2cell convert from .cif
● p4vasp analysis of VASP output
● xcrysden / vesta view structure
● VNL create/view structure

Also of interest:

● Python / R analysis etc. (check out e.g. using jupyter)
● ASE different tools and Python modules

https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps.html

Useful for building 
structures!

http://plasma-gate.weizmann.ac.il/Grace/
http://www.p4vasp.at
http://www.xcrysden.org/
http://jp-minerals.org/vesta/en/
https://jupyter.org/
https://wiki.fysik.dtu.dk/ase/
https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps.html


VASP



Background
● DFT, post-DFT (HSE06, GW, …), Born-Oppenheimer MD

● PAW method

● Widely used in academia and industry

● 20-25% of Triolith usage

https://www.vasp.at/ https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-vasp.html

https://www.vasp.at/
https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-vasp.html








INCAR parameters
● ENCUT - plane wave energy cutoff

● ALGO - wavefunction optimization

● NBANDS - if not set, auto-determined

● NSIM - for RMM-DIIS algorithm (ALGO)

● NCORE or NPAR - bands treated in parallel

● KPAR - k-point parallel



INCAR parameters
● ENCUT - plane wave energy cutoff

● ALGO - wavefunction optimization

● NBANDS - if not set, auto-determined

● NSIM - for RMM-DIIS algorithm (ALGO)

● NCORE or NPAR - bands treated in parallel

● KPAR - k-point parallel

Recommended to set!

Must be the same for Etot comparison!



Consider hardware...
● Triolith (NSC), Intel Xeon E5-2660 2.2GHz

○ 1 node = 16 cores (32 GB RAM)

● Beskow (PDC), Cray XC40, Intel Xeon E5v3 2.3GHz
○ 1 node = 32 cores (64 GB RAM), no local disk; use 24 cores/node

● Kebnekaise (HPC2N)
○ 1 node (Intel Xeon E5-2690v4) = 28 cores (128 GB RAM)

○ + 2xGPU (NVidia K80)

○ 1 KNL (Intel Xeon Phi 7250) node = 68 cores (192 GB RAM)

vasp-gpu version different best 
practices!



How many cores? Efficient and/or fast?
● Start from number of bands, NBANDS

● 1 band/core: usually doesn’t work well

● 2 bands/core: ~50% parallel efficiency

● 8 bands/core: good starting point

Test with cores ≈ NBANDS / 8



Si-H/Ag(111) 129 atoms, VASP PBE

NBANDS = 750
4 k-points

 8 b/c

 2 b/c



GaAsBi 512 atoms, VASP PBE

NBANDS = 1536
4 k-points

8 b/c

3 b/c



GaAsBi 128 atoms, VASP HSE06

NBANDS = 384
12 k-points

8 b/c
1 b/c



NSIM
● Blocking mode for RMM-DIIS algorithm

● ALGO = Fast / VeryFast

● ALGO = Normal (Davidson algorithm)

● Not for hybrid-DFT (Damped, All, Normal)

● NSIM = 4 (default) “Usually good”



Si-H/Ag(111) 129 atoms VASP PBE

ALGO = Fast

ALGO = Normal

NBANDS = 750
4 k-points



NCORE / NPAR
● Cores per orbital / bands treated in parallel

● Davidson & RMM-DIIS algorithm

● ALGO = Normal, Fast, VeryFast

● NPAR = 1, saves memory

● NPAR = number of compute nodes (x2)

● NCORE = cores per compute node (or socket)

I find it easier to stick with NCORE, e.g. on Triolith, 
NCORE = 16



KPAR
● KPAR = number of k-points treated in parallel

● Good for hybrid-DFT runs

● Increase cores at least x2

● Try KPAR = min (nodes, k-points)



Si-H/Ag(111) 129 atoms, VASP PBE

NBANDS = 750
4 k-points



GaAsBi 512 atoms, VASP PBE

NBANDS = 1536
4 k-points



GaAsBi 128 atoms, VASP HSE06

NBANDS = 384
12 k-points



Summary, “rules of thumb”
● Job size (max): total cores ≈ NBANDS / 8

● NSIM = 4 (default), typically OK

● NCORE = cores/node (16 on Triolith)

● KPAR = min (nodes, k-points)

○ In particular useful for hybrid-DFT

● In general, INCAR default settings are OK

● GPU: important to increase NSIM 



VASP6: beta release 
● Binaries soon available to license holders at NSC!

● General release in future

● OpenMP and MPI

○ General improvement of speed 

○ Better scaling over many nodes

https://cug.org/proceedings/cug2017_proceedings/includes/files/pap134s2-file2.pdf

https://cug.org/proceedings/cug2017_proceedings/includes/files/pap134s2-file2.pdf


Resources
● Manual

● Wiki

● Forum

● Peter Larsson’s NSC blog

○ Discussion on running VASP etc.

https://www.vasp.at/
Read all (really)!

Examples, tutorials

https://www.nsc.liu.se/~pla/ https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-vasp.html

Find the links at:

Check for your question

https://www.vasp.at/
https://www.nsc.liu.se/~pla/
https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-vasp.html


Typical questions to support@nsc.liu.se
● Complicated INCAR…

● Structure (POSCAR)

● k-mesh (KPOINTS)

● NCORE/NPAR, KPAR

● VASP version

● Cores

● Memory

https://www.nsc.liu.se/support/

https://www.nsc.liu.se/support/


Typical questions to support@nsc.liu.se
● Complicated INCAR… simplify & try again

● Structure (POSCAR) reasonable/correct?

● k-mesh (KPOINTS) Gamma-centered?

● NCORE/NPAR, KPAR simplify!

● VASP version try latest! $module add vasp/5.4.4-18Apr17

● Cores too few/many?

● Memory      larger memory nodes:     reduce cores/node:
○ ENCUT, k-mesh       #SBATCH -C fat           #SBATCH --ntasks-per-node=8

https://www.nsc.liu.se/support/

https://www.nsc.liu.se/support/


Quantum Espresso









Quantum Espresso
● DFT, Car-Parinello MD

● pseudopotentials (different choices)

● Popular for e.g. phonon calculations

● Open source, frequently updated

● Interface with Schrödinger suite
○ Workshop in Linköping 16th Nov 2017

http://www.quantum-espresso.org/ https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-espresso.html

License for our Academic users!

https://www.schrodinger.com/events/schr%C3%B6dinger-materials-science-suite-overview-and-applications
http://www.quantum-espresso.org/
https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-espresso.html


Caveats
● Common issue:

mpprun pw.x < job.in > job.out crash?!

mpprun pw.x -inp job.in > job.out

● Be careful with I/O!
○ pw.x - use default settings
○ ph.x - phonons, use local scratch disks

https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-espresso-6.1.html

See NSC website for setting things up!
Beskow: no local scratch disks!

use instead!

https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-espresso-6.1.html


QE installed together with:

https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-espresso.html

EPW: electron-phonon interaction using Wannier 
functions

WEST: large scale GW calculations

Yambo: optics from BSE

https://www.nsc.liu.se/systems/triolith/software/triolith-software-apps-espresso.html
http://epw.org.uk/
http://www.west-code.org/
http://www.yambo-code.org/


Virtual NanoLab (VNL)



Building structures with VNL
● Build supercells, surfaces, interfaces, …

○ Examples and tutorials available

● 2 concurrent licenses at NSC

○ VASP functionality with the paid license

○ Free academic free license win/linux/(mac)

● Easier to use via remote desktop, ThinLinc
$ module add vnl/2017.0
$ vnl &

https://quantumwise.com/products/vnl

recommended

https://docs.quantumwise.com/tutorials/tutorials.html
https://www.cendio.com/thinlinc/what-is-thinlinc
https://quantumwise.com/products/vnl

