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Open MX Open source package for Material exXplorer

« Software package for density functional calculations of molecules and bulks

« Norm-conserving pseudopotentials (PPs)

« Variationally optimized numerical atomic basis functions

Basic functionalities

SCF calc. by LDA, GGA, DFT+U

Total energy and forces on atoms

Band dispersion and density of states

Geometry optimization by BFGS, RF, EF

Charge analysis by Mullken, Voronoi, ESP
Molecular dynamics with NEV and NVT ensembles
Charge doping

Fermi surface

Analysis of charge, spin, potentials by cube files

Database of optimized PPs and basis funcitons

Extensions

O(N) and low-order scaling diagonalization
Non-collinear DFT for non-collinear magnetism
Spin-orbit coupling included self-consistently
Electronic transport by non-equilibrium Green function
Electronic polarization by the Berry phase formalism
Maximally localized Wannier functions

Effective screening medium method for biased system
Reaction path search by the NEB method

Band unfolding method

STM image by the Tersoff-Hamann method

etc.



History of OpenMX

2000 Start of development

. Welcome to OpenMX
2003 Public release (GNU-GPL) :

2003 Collaboration: Cantenis
« What's new
AIST, N I MS, SN U OpenMXHandsOn Yci_r,k?-hé,p;on7195“,??:;”1 Kobe
KAIST, JAIST, sl
Kanazawa Univ. o
CAS, UAM : %cal Notes
oc + Publications
NISSAN, FUJ|tSU LabS. * OpenMX Forum
+ Workshop
etc. « Database of VPS and PAO
Ver. 2013
« ADPACK
* Miscellaneous informations
2015 18 public releases o
Latest version: 3.8 s

http://www.openmx-square.org
About 400 papers published using OpenMX
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Materials studied by OpenMX

First characterization of silicene on ZrB, in collaboration with experimental groups
A. Fleurence et al., Phys. Rev. Lett. 108, 245501 (2012).

First identification of Jeff=1/2 Mott state of Ir oxides
B.J. Kim et al., Phys. Rev. Lett. 101, 076402 (2008).

Theoreti o Materials treated so far
eoretical proposal of topological insulators

C.-H. Kim et al., Phys. Rev. Lett. 108, 106401 (2012). Silicene, graphene
H. Weng et al., Phy. Rev. X 4, 011002 (2014). Carbon nanotubes

First-principles molecular dynamics simulations for Li ion battery Transition metal oxides

T. Ohwaki et al., J. Chem. Phys. 136, 134101 (2012). Topological insulators

T. Ohwaki et al., J. Chem. Phys. 140, 244105 (2014). Intermetallic compounds
Magnetic anisotropy energy of magnets Molecular magnets

Z. Torbatian et al., Appl. Phys. Lett. 104, 242403 (2014). Rare earth magnets

I. Kitagawa et al., Phys. Rev. B 81, 214408 (2010). Lithium ion related materials
Electronic transport of graphene nanoribbon on surface oxidized Si Structural materials

H. Jippo et al., Appl. Phys. Express 7, 025101 (2014). etc.

M. Ohfuchi et al., Appl. Phys. Express 4, 095101 (2011).

About 400 published papers

Interface structures of carbide precipitate in bcc-Fe
H. Sawada et al., Modelling Simul. Mater. Sci. Eng. 21, 045012 (2013).

Universality of medium range ordered structure in amorphous metal oxides
K. Nishio et al., Phys. Rev. Lett. 340, 155502 (2013).



Implementation of OpenMX

* Density functional theory

« Mathematical structure of KS eq.
* LCPAO method

» Total energy

 Pseudopotentials

» Basis functions



Density functional theory

The energy of non-degenerate ground state can be expressed by
a functional of electron density. (Hohenberg and Kohn, 1964)

Elpl = [ p(r)u()d +Tlp] + J[p] + Excl

The many body problem of the ground state can be reduced
to an one-particle problem with an effective potential.
(Kohn-Sham, 1965)

Hyxso; = €0,

W.Kohn (1923-)

. 1
Hks = —§V2 + Veff

0By
op(r)

Veff = 'Iaext(r ) + '?-'?Ha,rtree(r} +



Mathematical structure of KS eq.

3D coupled non-linear differential equations have to be
solved self-consistently.
¥ OpenMX: LCPAO |

J ~ - I .
Hgsoi = €0 Hisg = —5V2 + Voff

0CC

pr) = Zm(r)o?( )

OpenMX: PW-FFT

VQ UHartree ( I‘) = —4nr % ( r )

\ 0F

tut = st (F) + Tita (1) + 55

Input charge = Output charge — Self-consistent condition




Flowchart of calculation

Initializin i i i
T - The DFT calculations basically consist
~ [charge extrapolation]  Of two loops. The i_nner loop is for SCF,
I and the outer loop is for geometry
—> | calculation of H, S Optimization.
}
' al bl . .
Charae caloslation The inner loop may have routines for
construction of the KS matrix,
Poisson solver - -
; eigenvalue problem, solution of
charge mixing Poisson eq., and charge mixing.
no I S
yes Y After getting a convergent structure,
Geo.Opt. several physical quantities will be
no | comere calculated.

| yes
physical properties




Classification of the KS solvers

Treatment of core All electron (AE) method
electrons Pseudo-potential (PP) method
Basis functions Plane wave basis (PW)

Mixed basis (MB)
Local basis (LB)

Accuracy Efficiency
AE+MB: LAPW, LMTO © X
AE+LB: Gaussian O O
PP+PW: Plane wave with PP @ O
PP+LB: OpenMX, SIESTA A ©




L CPAO method

(Linear-Combination of Pseudo Atomic Orbital Method)

One-particle KS orbital
. 1 R, - k
wr(:rl;) (I") — Z CIRH < Z cfr;;,)irxfbiﬂ(r — Ty — I{I‘l):I

IS expressed by a linear combination of atomic like orbitals in the method.

o(x) = Y/ (¥ R(r)

Features:

« [tis easy to interpret physical and chemical meanings, since the KS
orbitals are expressed by the atomic like basis functions.

|t gives rapid convergent results with respect to basis functions due to
physical origin. (however, it is not a complete basis set, leading to
difficulty in getting full convergence.)

« The memory and computational effort for calculation of matrix elements
are O(N).

It well matches the idea of linear scaling methods.



» Total energy



Implementation: Total energy (1)

The total energy is given by the sum of six terms, and a proper integration
scheme for each term is applied to accurately evaluate the total energy.

ETDT - El{in + Eot- + Em:e + E}c:(* + E(‘(' — Ekin + EIlEL + E(-EEL) + Eﬁee + Exc + Escc-

N
(Rn) ; (Ru) o
Ekin - ; ; Z Pa e‘i‘:jﬂ mﬁﬂ,kin- Kinetic energy
agid
E.. = E&" + ENR), Coulomb energy with external potential
- Z; Z I)Jh'_'tjlj f:’ .-:r'l Té:||¥1';::orr:,flir g |£‘D 3'1 Rn'i
icv, i3

+ z Z Z J'r‘)cr m;ﬁ D L‘rl r—7; || ; th.-.,f'fr — Tf||(:jj3'r - TJ' — R’n' ::

icv,j 3

Eee| = 5[ drin(r)Va(r),  Hartree energy

1 3 . oy rrAlaly .
— 6 [ d?‘aﬂ | r ,IJ[ I[_i'a] I r .:| + rﬁ"IH I r :I } .
Eq = [dr*{n;(r) + n(r) + npe(r)}ec(ng + SMpees 1| + 5Mpec)s  Exchange-correlation
- - energy

ZiZy
E B ] Core-core Coulomb energy
—
= TO and H.Kino, PRB 72, 045121 (2005)

1
Ecc - -
2




Implementation: Total energy (2)

The reorganization of Coulomb energies gives three new energy terms.

E{L} + Eee + Ec Ena + E&Iee + ES!C'-C'.:'
The neutral atom energy Short range and separable to two-

_ [ J 7 T — T -
E,. = fd.r ﬂ':\lf:'z-[na,,f':,l TI) center mtegrals

R, , N ‘ ,
= Z Z Z 1'91;- »,-,,;é% "32'.::[1‘ — Ti ,:'H'fna,,f \r— 77 ,:'|f*'j,':7':‘r — Ty — Rn,:';::

N i3

Difference charge Hartree energy

| Long range but minor contribution
Esee = 5/d-re’drz[l‘]ﬂ-'i[{l‘},

Screened core-core repulsion energy
Short range and two-center

Es-c-c = 5; |i|7_f —Tj| _‘/"'rhan} J( ]I[}I,j(r]] ) Integrals

Difference charge Neutral atom potential
on(r) = nlr)—n™(r).

= n(r) - Y m"(r).
:

-{"im?f{l' —T7) = L:u:ulef':l 1)+ WV taj( — 77 ).



Implementation: Total energy (3)

So, the total energy Is given by
Et.ot. — Ekin + Ena + EéEL) + Erﬁee + Exc + Eacc'

Each term is evaluated by using a different numerical grid
with consideration on accuracy and efficiency.

Ekin

Fra } Spherical coordinate in momentum space
EQ

Eﬂiee

| } Real space regular mesh

EXC

J Real space fine mesh



Two center integrals

Fourier-transformation of basis functions

. 142
ﬂ-":a.'g[k] = ( .)_1_) f d?'ztﬁiﬂtrjc_lk'r
Woadl

= L
= ( ) f{i? Vi T Rpylr I{-—L-‘Tz Z I:—i:|LjLI:E:?‘:I}L_.-|,f|:kjl}f_ltf|:i‘:|} \

L=0M=—L

R
1’ .
( “z—) dm(—1)! [d?~?~fﬂp¢.;?~j;£(;n~j] Vi(K),
'1* .

f—t

5]

e L
) TZ Z —i) }m.k.[dﬁ 2 Roa(r)ji(kr) f[ﬂﬁ'dmalnilﬁ'lhmf )Yy (7),

I, —

= Ru(k)Yim(k), Integrals for angular parts are analytically

lap int | performed. Thus, we only have to
€.0., Overlap Integra perform one-dimensional integrals along
(Dia(r)|Bia(r — 7)) = / dr3 ¢k, (v) g — 7)., the radial direction.

1 33 L N8 N -
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Cutoff energy for regular mesh

The two energy components E

+ E, . are calculated on real space

oee

regular mesh. The mesh fineness is determined by plane-wave cutoff

energies.

scf ,energycutoff

150,10 ¥ default=150 {Ry)

The cutoff energy can be related to the mesh
fineness by the following egs.

() 1 (2 1 (3 1
-&‘::111. = Egbl ’ gb] ’ L::m. = ;gbi : Ebzu JE"n::ut = Egbii ’ gb.".-.
LA _m o
g 1 - \ | g 2 = |'\'T2 1 g 3 r\h
ga, X ga, ga; X ga, ga; x gas
b & by = 29 b, =2

AV = ga,(ga, X gay),



Forces

Y ORy
J Ekin J Ena, J Escc "{_J-Eéec "{_)E}:n: "{_)E-::c
- II"_) R:' C}Re d Ré; 'I'E}Ré 'I'E}Ré II'_) R:'
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—ﬂ‘[»"ﬁ‘[a‘]_]( ).

nirp)
dRg fee 3 v{
'-"'-'-l"ﬂfkﬂllp.' ;
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See the left

Forces are always analytic at any grid
fineness and at zero temperature, even if
numerical basis functions and numerical grids.



» Pseudopontials



Norm-conserving Vanderbilt pseudopotential

I. Morrion, D.M. Bylander, and L. Kleinman, PRB 47, 6728 (1993).

The following non-local operator proposed by Vanderbilt guarantees that
scattering properties are reproduced around multiple reference energies.

P ;(-@'} AN — (. T WV
D. Vanderbilt, PRB 41, 7892 (1990). i) = Vaplon) = (e = 1" = Ve ) |03)
I Bij = (dilx;)
i 5:) => (B 1)ilxs)
J

If the following generalized norm-conserving condition is fulfilled, the
matrix B is Hermitian, resulting in that V, is also Hermitian.

Qij = (Vi
s This is the norm-conserving PP
Bi'j o Bji'- — (Ei o Ej)Q-a'j used in OpenMX

If Q=0, then B-B*=0

i)k — (0i|0j) R



Norm-conserving pseudopotential by MBK

I. Morrion, D.M. Bylander, and L. Kleinman, PRB 47, 6728 (1993).

If Q;; = 0, the non-local terms can be transformed to a diagonal form.

The form is equivalent to that
_ AN/ A. obtained from the Blochl expansion
WL = Z BU UE> <i~? ‘ for TM norm-conserving
pseudopotentials. Thus, common
_ Z \. ‘O-‘.' (v ‘ routines can be utilize_d for the MBK
LR/ A and TM pseudopotentials, resulting
in easiness of the code development.

To satisfy Q;=0, pseudofunctions are now given by

. ; ) I
Oi = OTM T f.‘r fi = Z Ci [Uf (?._“'Ei)]

i=0 =

The coefficients {c} are determined by agreement of derivatives and Q;;=0
Once a set of {c} 1s determined, ) 1s given by

1 up\2[ . /7
{TM”TMz +&ifi — Viec®i — 52 C; (?—I) [?‘Jf (r—uzi”
i

= c C



Optimization of pseudopotentials

(i) Choice of parameters

Optimization of PP
typically takes a half

1. Choice of valence electrons (semi-core included?)
week per a week.

2. Adjustment of cutoff radii by monitoring shape of
pseudopotentials —
Adustment of the local potential
4. Generation of PCC charge

w

|

(i) Comparison of logarithm derivatives No good

If the logarithmic derivatives
for PP agree well with those (ii1) Validation of quality of PP by performing
of the all electron potential, good a series of benchmark calculations.

go to the step (iii), or return —>

to the step (i).

good *

No good

Good PP



» Basis functions



Primitive basis functions

1. Solve an atomic Kohn-Sham eq.
under a confinement potential:

r Z
—— for r=r,

B

s-orbital of oxygen

N
T

7
3

Veorel7) =94 > by forr<r=r,
n=0

=]

h for r.<<r.
.
2. Construct the norm-conserving
pseudopotentials.

uonoun4 eAep) [elpey

1
Mo
T

A

Pseudo potential for s orbitals (Hartree)

o
_
N
wk
N
o1

3. Solve ground and excited states for the
the peudopotential for each L-channel. r(a.u.)

In most cases, the accuracy and efficiency can be controlled by

Cutoff radius
Number of orbitals oRB 6o, 195115 (2000



Convergence with respect to basis functions

The two parameters can be regarded as variational parameters.

" «molecule! C, '
~310.50 | ‘\'—H%——.\‘_._._.'

41142+t

bulk Cl(dilamloncli)

1116 +

10.60 F < S+p,s+p+d —»

! <+ sip : s+p+d —»

-11.20

S| : ‘
gioor M
[

Lil - : A
=10.80 | \\Q_O_O_M
5

s i

=L
o
~J
o

-11.24 |

-11.28 |

o
-

Total Energy (Hartree/cell

10.90 L 4132
] ! 1
_ ' C,
o< 1.40 i —e— =35 [au] A
- i —&— 1=4.0 {a.u.) o 3.60F
= < S4p 3+p+d == ——r=45(u) | —_
o I —+— 1=5.0 (a.u.) += e
E ! —o— 1,=5.5 (a.u.) % b ===k ==
—1.32 : —— =60 (a.u) A W 3.56+
o I ---- Exp. o —e— =35 (a.u.)
: - 3 <ol
i [ =}, L
m @ 3.52r - r::é.ﬂ @)
92 =55 ja.u.
Et124 £ | T Ceoian
s L : 1 = 348} | ey
-5 : \
{116 ¢ N 444 e A
0 10 20 30 40 0 10 20 30 40

Number of Bases per Atom Number of Bases per Atom



Benchmark of primitive basis functions

Ground state calculations of dimer using primitive basis functions

Dimer Expt. Cale. Dimer Expt. Cale.

H, (Hi5-52) =@ 157 (1s02) Ko (K10.0-52p2) T5F T 15} (3pmi3poZdso?)

He, (He7.0-52) Iyt b zr (150%150&) Ca0 (Ca7.0-s2p242) 1Tt * 1%+ (solao?prd)

Liz (LiS8.0-s2) 'eh e 18k (2e07) ScO (Sc7.0-s2p2d2) et b 2mt (drtsolact)

BeO (Bef.0-a2p2) 1ot 4 1D+ (sofagiprd) Tiz (Ti7.0-s2p2d2) A, ™ PAg (4s073de)3dmi3diy)

B, (B5.5-s2p2) DI (zsagzsagzng V, (V7.5-62p2d2) w1 (4sg§3dg§3dw33d5§)

Cz (C5.0-52p2) ek £ Ink (2s022s022pml) Vo (V7S-sdpdddf2) ;" *E; (4so3doZ3dmisdd;)

Nz (N5.0-52p2) 'TF f "B (2s072pmy2pal)  Crz (Cr7.0-s2p2d2) ‘o e IS (dso?3de3dm 3ds; )

O, (05.0-82p2) B f B (2pei2pmi2prs) MnO (Mn7.0-s2p2d42) °Et P TV (deldridstdr?)

Fy (FE.0-52p2) ek I 19k (2paZ2priz2prl)  Fey (FeT.0-s2p2d2) Ay T TA, (ds023do;3doy, 3dm,3dr 1 3di53d5; )
Neg (Ne7.0-¢2p2) 'E} e In} (2pmi2pmi2pol) Cog (CoT.0-s2p2d2) A, (407 3do; 3dey, 3dmy3dn 73d5;3d5] )
Na, (Nad.0-s2p2) 1ot f "B F (2pmi2poi3eo?)  Nip (NiT.0-s2p2d2) ar ‘Lo (4eoi3doZ3do3dmy3dr;3dd 3day)
MgO (Mg7.0-s2p2) &t P 1%+ (sa?ea?prt) Cug (Cu7.0-s2p242) '£f < 1Zf {450%3:15,_%31:[&531:{#&3{{?#;3d6§3dﬁﬂ )
Als (Al6.5-52p2) Iy * *%; (3s023s073pm,)  ZnH (Zn7.0-e2p2d2)  *Tlt (Dl (sofsotldodmidst)

Aly (Al6.5-s4pdd2)  °II, * *Zp (355%350’&33}?T3J GaH (GaT7.0-s2p2) Iyt v Ig+ (gglad*?)

Sip (Sif.5-s2p2) v fAq, (Escrfasg;mmj) GeO (GeT.0-s2p2) gt £ vt (ssospo’pprtppe?)

Siz (5i6.5-s2p2d1) T f Y (3s0l3prilent)  Asp (AsT.0-s2p2dl) 'BF folgt (dea?deadpaipr?)

Py (P6.0-s2p2d1)  'Tf f "B (3s033poilpr,)  Sez (SeT.0-s2p2dl) 2 fooay- {455%4555435'0 dpmidpr?)

Sy (56.0-52p2) ‘v 1 *%; (3paf3prisprl)  Bra (Br7.0-s2p2dl) IR 354 (4sg§4sg§4pa§4pwg4pwj )

Clz (C16.0-s2p2d2) 'S 1%} (3pel3prisprl) Krp (Kr7.0-s2p2) 125 v Ef (deojdeoidpoidpoidpmidpry)
Ars (Ar7.0-s2p2) IE‘E" i IE;‘ (3pm,3pmy3pas)

All the successes and failures by the LDA are reproduced
by the modest size of basis functions (DNP In most cases)



Variational optimization of basis functions

One-particle wave functions Contracted orbitals
wﬁ(r)=2 c,u,fcrd)r'a:(r_r;') (rb;'&(r)=2 Hiaqun(r)
I q

The variation of E with respect to ¢ with fixed a gives
(?El.tr:ll"l{&cﬁ.f{}:zo — zﬂ <¢EH‘H|¢;3>C;¢=J’,{)’=8#_EE (qbfa‘(bj,[i’)cﬁ:jﬁ
J J

Regarding c as dependent variables on a and assuming KS
eqg. is solved self-consistently with respect to c, we have

IE oE ., op(r)

(?ﬂ;a,q - 5,0(1') ﬁaiaq
=22}8 (@E-a‘jﬁ(x”}.‘f:flt;bj'ﬁ)_Eimjﬂ(Xh?‘(bjﬂ))
J

Ozaki, PRB 67, 155108 (2003)



Comparison between primitive and optimized basis functions

Energy convergency

-7.75 B LA e ey . Radial shape of carbon atom
| C,H | -
7.80 | 20 | oal - s-orbital
_ —®—  Primitive : Tl Z \\
-1.85 —&—  Optimized
> _ | i — Primitive 1
O 799 oal O\ - Optimized (C,Hg) |
E _ 5 o 1 7l — — Optimized (C,F)
I . c
> 795¢ . =
> 0 10 20 30 0 5 |
m ! I I I I I I | I I | I Lﬂ'; DO : T
C {543+ i > 1.2t .
- : CoFe - A p-orbital
T
g 15447 o IR A
I I —®—  Primitive E 0.8F 1\
-154.5 I —&—  Optimized | ,‘[' —— Primitive |
_ [ | ------ Optimized (C,H;)
1546 1 | 0.41 — — Optimized (CEF;)
-154.7 | |
40 80 120 160 200 240 280 320 0_8
0 2.0 4.0 6.0
Number of Bases r (a.u)

Ozaki, PRB 67, 155108 (2003).



Optimization of basis functions

1. Choose typical chemical environments pay

2. Optimize variationally the radial functions

3. Rotate a set of optimized orbitals within the subspace, and
discard the redundant funtions



Database of optimized VPS and PAO

Database (2013) of optimized VPS and PAO

The database (2013) of fully relativistic pseudopotentials (VPS) and pseudo-atomic orbitals
(PAQ), generated by ADPACK, which could be an input data of program package, OpenMX.
The data of elements with the underline are currently available. When you use these data,
VPS and PAO, in the program package, OpenMX, then copy them to the directory,

openmx® */DFT_DATA13/VPS/ and openmx®™ */DFT_DATA13/PAQ/, respectively.

The delta factor of OpenMX with the database (2013) is found at here.

Public release of optimized and well tested VPS and PAO so

H that users can easily start their calculations. He
Li Be B C N O E Ne
Na Mg Al & P 8§ C A
K Ca & Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Rb &r Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Cs Ba L H Ta W Re Os I Pt Au Hg TI Pb Bi Po At Rn
Fr Ra A
L la Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu



» Self-consistency



Self-consistency: Simple charge mixing

The KS effective is constructed from p.
However, p is evaluated from eigenfaunctions of KS eq.

FaY Fa 1
J ] _ 2 .
Hxsoi = ¢;0;  Hgs = —5V + Voff

Ueft = Uext (I') T :E"}Hz-l.l‘tl‘ﬂﬂ(r) - <
plr) =2 i (x)ei{r)

Simple charge mixing method

The next input density is constructed by a simple mixing of input and output densities.
(in) (111) (Out)
Pn4+1 — QPp (1 o 05)

It works well for large gap systems and small sized systems.



Self-consistency: RMM-DIIS

|dea:

Minimize the norm of a linear combination of previous residual vectors.

R“"'l - Z ST S ‘R”(q) = ,ﬁ?l;:illlt,l(qj
m=n—(p—1) R Pl

n fR” |Rm ) = Z m( ) UL ( 1)

) q (TR (q)

F = {E?’L—Fl ‘Rn-kl} — A (l - i
; Kerker e

- factor : —
= Z '-f-‘”rn.ﬂ’rnNRwa.|R/rra"> — A (1 - Z ‘lm) . ﬂ(q) |q|2 + qg ]

m

|.111.|(

q),

m,m’
. Long wave length components corresponding to
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Comparison of various mixing methods
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RMM-DIIS shows
better performance.
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PBE lattice constant of Si
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Energy of element : (meV/atom)

A-gauge

A way of comparing accuracy of codes
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Evaluation of GGA-PBE By A-gauge

In comparison of GGA-PBE with Expts. of 58
elements, the mean A-gauge is 23.5meV/atom.

U e Alexp) = 23.5 meV/atom
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Comparison of codes by A-gauge
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w | g E + —
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i, % 1 B g g B
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S8 8 E d B 8 %
el [06]; 03 03 06 10 09 03
exciting _,.“_....-,._“ 03 01 05 09 08|02
FHI-aims/tier2 c_m“ 03 01 05 09 08 02
|
% FLEUR | 06] 06 05 05 08 06 04
|
FPLO/T+F+s | 09] 10 08 09 08 09 09
|
RSPt | 0B8] 09 08 08 06 09 0.8
|
WIENZk/acc | 05103 02 02 04 09 0B
GBRV12/ABINIT n__m“ D9 08 08 09 13 11 08
GPAWO9/ABINIT HL“ 13 13 13 13 17 15 13
M GPAWO09/GPAW H_m“Hm 15 15 15 18 17 15
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PS1iblO0/QE _u.m__“ 09 08 08 08 13 11 08
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|
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|
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|
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The mean A-gauge of OpenMX is 2.0meV/atom.



Outlook

B A localized basis method, implemented In
OpenMX, was discussed with the following
focuses:

» Total energy

» Pseudopontials
» Basis functions
» Self-consistency

B The careful evaluation of the total energy and
optimization of PPs and PAQOs guarantee accurate
and fast DFT calculations In a balanced way.



