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The “Free” or “Open Source” software concept

Free for freedom, not price
ϒ freedom 1 : unlimited use for any purpose
ϒ freedom 2 : study and modify for your needs (need source access !)
ϒ freedom 3 : copy
ϒ freedom 4 : distribute modifications

From copyright to freedom (“copyleft”)
ϒ copyright allows licensing
ϒ licenses grants freedom

Here : the GNU General Public License (GPL), like Linux .



ABINIT :
structure
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ABINIT : the pipeline and the driver

Parser

Checks, prediction of 
memory needs ...

DRIVER

Summary of results

CPU/Wall clock 
time analysis

Density, forces,
MD, TDDFT ...

Linear Responses to 
atomic displacements,
electric field, strains

Non-linear responses

Many-body 
perturbation
theory (GW)

Treatment of each dataset in turn

Processing units
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External files in a ABINIT run

Filenames

ABINIT
Main input

Pseudopotentials

(previous results)

Ç log È

Main output

(other results)

Results : density (_DEN), potential (_POT),
               wavefunctions (_WFK), ...



ABINIT :
Capabilities
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ABINIT v5.8 capabilities (I)
Pseudopotentials/Plane Waves
+ Projector Augmented Waves (for selected capabilities)

Many pseudopotential types, different PAW generators
+ Wavelets (α stage, to be followed by order(N) implementation)

Density functional : LDA, GGA (PBE and variations),
LDA+U (or GGA+U)
+ some advanced functionals (libxc plug-in ...)

TDDFT for finite systems excitation energies (Casida)
GW for accurate electronic eigenenergies

(4 plasmon pole models or contour integration ; non-self-consistent / partly self-
consistent / static fully self consistent ; spin-polarized)
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ABINIT v5.8 capabilities (II)
Insulators/metals - smearings : Fermi, Gaussian, Gauss-Hermite ...
Automatic k-point sampler
Symmetry analyser (database of the 230 spatial groups and the

1191 Shubnikov magnetic groups)
Collinear spin / non-collinear spin / spin-orbit coupling
Forces, stresses, automatic optimisation of atomic positions and

unit cell parameters (Broyden and Molecular dynamics with
damping)

Molecular dynamics (Verlet or Numerov), Nosé thermostat,
Langevin dynamics

Susceptibility matrix by sum over states (Adler-Wiser)
Optical (linear + non-linear) spectra by sum over states
Electric field gradients (v5.4)
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ABINIT v5.8 capabilities (III)
Density-Functional Perturbation Theory :

ϒ Responses to atomic displacements
ϒ Responses to static homogeneous electric field
ϒ Responses to strain perturbations
ϒ Second-order derivatives of the energy, giving access to : dielectric

tensor, Born effective charges, dynamical matrices at any wavevector,
phonon frequencies, force constants, phonon DOS, thermodynamic
properties in the quasi-harmonic approximation, elastic constants,
internal strain, piezoelectric tensor ...

ϒ Matrix elements, giving access to : electron-phonon coupling,
deformation potentials

ϒ Non-linear responses thanks to the 2n+1 theorem - at present : non-
linear dielectric susceptibility; Raman cross-section ; electro-optic
tensor



Plane Waves - Pseudopotentials, Bristol September 2009 11

Examples (I)

Charge density of graphite
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Examples (II)

TDDFT
Absorption spectra of fully
hydrogenated nanodiamonds up to
1 nm in diameter.
(From J.-Y. Raty and G. Galli, J.
Electroanalytical Chemistry 584, 9 (2005))

Static self-consistent GW for
Cu2O, followed by excitonic
calculation based on EXC
(From F. Bruneval et al, Phys. Rev. Lett.
97, 267601 (2006))
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Examples (III)

Linear response ...
Phonon band structure of
diamond

Non-linear response ...
Raman spectrum of MgSiO3
under pressure
(Courtesy R. Caracas)

From X. G., G.-M. Rignanese and R. Caracas. 
Zeit. Kristall. 220, 458-472 (2005)
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Parallelism in ABINIT
MPI-parallelism of the DFT part of ABINIT :

ϒ Parallelism over k points : very efficient ; for metals, can lead to large speed-ups
(depends on the number of k points !) ; memory gain

ϒ Parallelism over spins (if collinear spin-polarization) : very efficient ; only a factor of 2;
no memory gain ; combined with k point parallelisation

ϒ Parallelism over bands for linear-response calculations : efficient ; can lead to large
speed-ups ; no memory gain ; combined with k point and spin parallelization

ϒ Parallelism over perturbations for linear-response calculations : very efficient, limited by
the number of perturbation

ϒ Combined band and FFT parallelism : can use distributed memory, need excellent
interconnect (myrinet / infiniband), can be very good (speed up 300), still in tuning stage

ϒ Combined band / FFT / k point / spin parallelism : preliminary results have shown 90%
efficiency of a run with 1024 processors compared to the run with 128 processors.

MPI-parallelism of the GW part of ABINIT :
ϒ k-point parallelism : very efficient ; can lead to large speed-ups ; no memory gain
ϒ band parallelism : very efficient ; can lead to large speed-ups ; memory gain
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Massive Parallelism in ABINIT : speedup 

A sample of gold, with a vacancy 
107 atoms in a supercell
648 states (=1296 valence electrons)

FFT grid 108x108x108

Bi-opterons + Infiniband

Parallelisation on both states
and FFT 2D-slices

From Fran•ois Bottin,
CEA Bruyeres-le-ch‰tel
November 10, 2006.
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ABINIT Web site : http://www.abinit.org
Tutorial page :
http://www.abinit.org/documentation/tutorials

19 lessons (from 30 minutes to 2h work) ...
4 basic lessons, then independent lessons on :
GW (2), phonons/dielectric constant (2), PAW (2),
spin, TDDFT, optics, elastic constants, electron-phonon,
nonlinear properties, parallelism, ...

The goal of the hands-on in Bristol :
a glimpse on these lessons through the lessons 1 and 3.

Not even a convergence study !!

ABINIT tutorials


