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COPYRIGHT of the program codes
Copyright (C) 1993-2006 Hideki Katagiri, Koichi Kato, Tsuyoshi Miyazaki, Yoshitada Morikawa, Hideaki
Sawada, Toshihiro Uchiyama, Tsuyoshi Uda, Takahiro Yamasaki, Noriaki Hamada, Akira Yanase, Takenori
Yamamoto, Hideaki Tsukioka, Masakuni Okamoto, Hideo Mizouchi, Kiyoshi Betsuyaku and Kazuki Mae.

It is understood by the authors that the Institute of Industrial Science (IIS), the University of Tokyo, dis-
tributes this program as ” CISS Free Software” with users’ agreement with the terms and conditions written in
the file, LICENSE.pdf or LICENSE_J.pdf (in Japanese).

HISTORY

The original version of this set of the computer programs "PHASE” was developed by the members of the
Theory Group of Joint Research Center for Atom Technology (JRCAT), based in Tsukuba, in the period 1993-
2001. The names of the contributors to the original version are Hideki Katagiri, K. Kato, T. Miyazaki, Y.
Morikawa, H. Sawada, T. Uchiyama, T. Uda and T. Yamasaki. Since 2002, this set has been tuned and new
functions have been added to it as a part of the national project ”Frontier Simulation Software for Industrial
Science (FSIS)”, which is supported by the IT program of the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) of Japan. The program was developed further mainly by T. Yamasaki. T. Uda, T.
Yamamoto, H. Tsukioka, M. Okamoto, H. Mizouchi, K. Betsuyaku and K. Mae contributed to the improvement
of the code. The tetrahedron interpolation codes developed by N. Hamada, A. Yanase and Kiyoyuki Terakura
was included. The symmetrization code developed by A. Yanase and N. Hamada was also included. The manual
and tutorial were written by Makoto Itoh with the cooperation by Mineo Saito, H. Tsukioka, T. Yamamoto and
T. Yamasaki. The sample calculations were prepared by T. Yamamoto, H. Tsukioka and Hiroyoshi Momida.
Since 2006, this program set has been developed as a part of the national project ”Revolutionary Simulation
Software (RSS21)”, which is supported by the next-generation IT program of MEXT of Japan. Since 2008, this
program set has been developed as a part of the national project ”Research and Development of Innovative
Simulation Software”, which is supported by the next-generation IT program of MEXT of Japan. The activity
of "Multiscale Simulation System for Function Analysis of Nanomaterials”, CISS, is supervised by Takahisa
Ohno.

CONTACT ADDRESS

Center for Research on Innovative Simulation Software The Institute of Industrial Science (IIS), The University
of Tokyo

4-6-1 Komaba, Meguro-ku, Tokyo 153-8505, Japan

FAX +81-(0)3-5452-6662

E-mail: software@Qciss.iis.u-tokyo.ac.jp URL http://www.ciss.iis.u-tokyo.ac.jp

* When distributing CISS Software duplications, the user must attach the full text in this file.




m License to Use CISS Free Software for noncommercial purposes
Terms and Conditions of the CISS Free Software License

The Center for Research on Innovative Simulation Software (CISS) at the Institute of Industrial Science, the
University of Tokyo gives explicit permission for anyone to use any or all of the free software that is maintained
and made publicly available at the CISS site free of charge, subject to the terms and conditions detailed below.

1. Definition of CISS Free Software

CISS Free Software is any software explicitly marked* CISS Free Software” in CISS project source programs,
object programs, specifications, design specifications, data, implementation results, and instruction manuals.

2. Extent of Free Use

Users may use CISS Free Software free of charge to run their own data, and use any results obtained for their
own personal use. Users also have the rights to copy, to modify, and to redistribute the CISS Free Software.

3. Rules for Modification and Distribution

If the user creates a modified version of CISS Free Software by modifying the software itself, by incorporating
it into other software, or any other means; then copies and/or distributes the software, the user must retain
the words® CISS free software” in the name of the modified version (e.g., if the CISS free software is named
ProteinDF, the new software is named _______ /ProteinDF.); however, this shall not apply if the user concludes
separately a contract for the purpose of profit-making business. And also the user displays a copyright notice
in the modified version.

The" copyright notice” in the internal code of the CISS Free Software may not be altered for any reason,
except to update or add to modification records such as altering the name of the modifier or the date of
modification.

4. Copyright Notice

Users must prominently and conspicuously display the copyright notice in every CISS Free Software copy
at or near the beginning of the credits along with the name of the software, the version, and the copyright
holder. When distributing copies of CISS Free Software, the user must attach the full text of these Terms and
Conditions without any changes.

5. User Obligations

To publicly acknowledge that results have been achieved using CISS Free Software, users are obligated to
clearly display the name, version, and copyright holder, and acknowledge that ”these results were achieved by
using Innovative Simulation Software for an Industrial Science Project.”

If the user modifies the CISS Software and acknowledges that results were achieved using the software, the
user must attach an explanation detailing how the software was modified.

We request that users report any bugs or problems they discover in using the CISS Software to the Center for
Research on Innovative Simulation Software at the Institute of Industrial Science, the University of Tokyo. Users
may not publicly announce or disclose bugs or problems they discover in CISS software without permission.

6. Commercial Use

If a user intends to use CISS Free Software for a commercial purpose such as described in examples (1)-(3)
below, the user must enter into a separate commercial license agreement before using the CISS software.

(1) A user copies and distributes CISS Free Software, then demands compensation from the recipient for the
software itself as a copyrighted product or for copying and distributing the software.

(2) A user (corporate or individual) uses CISS Free Software not for personal use but to provide services to
other parties, regardless of whether the services are offered gratis or for a fee.

(3) A user seeks to assume a right of pledge, a security interest, or some other form of commercial interest in
CISS Free Software, including portions of the software that were modified by the user.

However, if a public entity seeks to provide services using CISS software for the purpose disseminating the
software, we require an exchange of memorandums between the CISS and the entity (in lieu a conventional
for-profit license agreement) detailing the nature of the service, regardless of whether the proposed service is
offered gratis or for a fee. The user acknowledges in advance that if he or she violates any of the provisions of
this agreement, the copyright holder of any software shall prohibit the user from using the software. The user
also acknowledges in advance that the copyright holder is entitled to be compensated by an amount equivalent
to any profit gained by the user through the violation of the terms of this agreement.

7. No Warranty

The Institute of Industrial Science (IIS), the University of Tokyo, the Foundation for the Promotion of Indus-
trial Science, and other concerned parties disclaim all warranties with respect to the quality, the performance,



or the results of CISS Free Software, either express or implied. The user assumes sole responsibility for the use
of CISS software including any damages or losses arising out of the use of the CISS software.

8. Violations of Terms and Conditions

If a user is found to be in violation of these Terms and Conditions, he or she agrees to immediately pursue any
and all steps required by the Institute of Industrial Science, the University of Tokyo to get back into compliance.
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— vander Waals OO0 OO0 00000000 0ODOOOOODOODOOOOODO
- 000000 BFGSOOOOOOOOO0O0O0O0O0O0O0O

— PHASE TOOLSOOOOOOOOOOOOOOOO

— 0o0oboooobooboooooboooobOobooobog
gooooooooobooobooooooooooooooooooooooooon

e 2011/08 00000 100100

— 0ooboobooboboooooboooooboon

- GGAUOOOOOOOOOoOoooooo
0oo0o0o0ooodooooobooooooobooogoooooooooooooon
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2 PHASEOOOOOOOOO

21 PHASEUOOOOOOOO

PHASEOOOOOOOOOOOOOODOOOOOOOOOOOOO 10000000 0ooooooooooo
gobooobooooboooboooboooboooboooboooboooooooboooobooobbooboogOoon
00000000000 PHASEOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOO F.CHGT
O00000D0D0Oekcal 0 OOOOODOOOOOODOOODOOOOOOOOOOOODODOOODODOOO
FDOSO FENERGOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOcubeDOOOOOO
oo0ooooooooooooOD FCHROOOOOOOOOOOOOOOOoooooooooooooooo
00000O0000b000D0000 Biostationviewer 100000000 3000000000000000OO

2.2 PHASE OJ0OODOOOO

01 00000000PHASEOOOUOOOOOOODOODOODOOCIAO, Biostation Viewer, dos.pl, band.pl,
000 band kpoint.pl 000000

(1) CIAOOPHASEOUOUOOOODOOOOOOOOOOOOOCIAOODODOODOODOODODOUOUOoooo
oOooooooDooog pPjwebOOO0OOOOODODOOODOOOOODOODOOOOODDOOODODO

(2) Biostation ViewerO PHASE 00O 0O0O0O cube 0000000000000 OOOOOOOOODOOOO
goo

(3) dos.pl O band.plOPHASEO O OOOOOOOOOOOO Perl 0000000 OOOOOOOOOOOO
OO00000000DOPostscripp 000000000 OO0OO0DOO

(4) band kpoint.pl0 000 0000000000000 FXKPOINTOOOOOOOO

H)O00O0O00o0ooO0ooooo00oo0o0o0oo0oooooooo
http://www.fsis.iis.u-tokyo.ac.jp/result /software/) 0 000000000000 O00OO

(
(

e (2)JD0UDOIDUDOLOOODOUUDDUOUOODUOLUOOOODDOUOODOO
(http://www.rss21.iis.u-tokyo.ac.jp/result /download/) 000 00000000000
(

e (3)U0 4)0U0D0phase 00D TDODOO tools0ODOOOOOOODO

23 0ODOO0OOoOoo
PHASE O
% mpirun ../bin/phase

g000ooOoo000OoDoOOo0o000oDODO0OO0nD filenamesdata OO00O0O000OD0OOO0OOCOOCOOOO
00000000000goooooooDOOsamples 000000000 OODOD Si8000 filenames.data
gbooooboooboobooboooooo

&fnames

F_INP = ’./input_scf_Si8.data’
F_POT(1) = ’../pp/Si_ldapw91_nc_O1l.pp’
F_DYNM = ’./nfdynm.data’

F_CHGT = ’./nfchgt.data’

F_ENF = ’./nfefn.data’

F_ZAJ = ’./zaj.data’

&end

OO0000000000Ofilenames.data DOOPHASEOOOOOOOOOOOOODOOOOOOODOOOOO
000000 filenamesdata 0000000000000 0O0ODOOOOOO00OOOCOOOO0OODOD 1000
0000O0O0000O0O00DOO0O00DO00O0oObOO00bOOO ilenamesdata OOO0O0O0O0OOOOOOOOO
obooooog
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F ZAJ

Q
&
T

\W2

U

-
———
LT
'll.,,.."
"y,

band_ structure.eps

(b) DOS (c) BAND

0 1:000000000000.000000 PHASEODOOODOOOOODOOOODDOOODOO.O0OOO
00000000 000ooooo0o00o0Doooo0oooooO. PHASEDDOOOOOODOOOOOOO.
00000O0OD0O000D0O FCHGTOOO. ekcalDF.CHGTOOOODOOODOODOODOODODOODOODOO
000oo0oOoo FbOSOUOO FENERGOUODO. FINPOOOOOOD. FPOTOOODOOOOO. F.CHR
OGaussian cube OO0 0000000000000 OOOOOO0O. bandkpoint.plDk 000000 OO0ODO
FKPOINTOOOODO PerlODOOOO. dos.pldF DOSOOODOOODOODODOODDOOONO Postscript 0000
density _of states.eps D000 0 Perl OOOO0O. band.pD0 k0000000000 ODOOOOOO F_ENERG
0000000000 Postscript 00O O band_structure.eps D0 000 Perl OO0 OO O. output000O O OO
000000000 (000000). Biostation viewerl MO OO ODOODOOOOOOOOOOOODOOOOODO

gboooooboooooobooon.
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PHASEOOOOOOOOO

01000000000

good ogooooo ogoo gooooo oo
ooooo ooooo ooo
F_INP PHASE oo nfinp.data gddooodoboooooboooobooooo
ekcal oo0oooon
F_POT(n) PHASE oo fort.37 O 00od00oooDOooooOoooooooog
ekcal 00od0oodooooooooooooooog
gddoooooboooooboooooa
F.STOP PHASE oo nfstop.data FINPO ifstop00000000CODOOOOOO
ekcal 0000000DoDoooooooooooooog
ooodoooon
F_KPOINT PHASE oo 000000 kODO0OODOOO0ooo
ekcal
F_DYNM PHASE oo nfdynm.data | 0000000000000 O0OOCOODOODOOOOODO
ooooo
F_ENF PHASE oo nfefn.data godoootuoboodoboooobooooo
ooooooo
F_CHR PHASE 00 nfchr.data Gaussian cube 00000000000 ODOOOO
ooad
F_DOS PHASE oo dos.data 0oodoooopooooad
ekcal
F_ENERG ekcal oo nfenergy.data | ekcal 00000000000 OCOO0OOOOOO
F_ZAJ PHASE/ekcal | OO0 zaj.data gbdbooodobobooouobobouoouoaono
F_CHGT PHASE 000 | nfchgt.data 0000000oooooooooooooooon
ekcal oo gdodoooooboooood
F_.CNTN PHASE 000 | continuedata | 0000000 0DO000OO0D0O0OO0DOOO0DOOO0DOOO
0000000o0oooooooooonoooooon
ooodooooooooa
F_CNTN PHASE 000 | continue 00o00DooobDoooon
_BIN _bin.data
F_STATUS | PHASE/ekcal | 00O jobstatusOOx | 00000000000 O0OOO
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3 guooon

3.1 F_INP

PHASEOOOOOOOOOQOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOO FPOT
000000000 FINPOOOFINPOOOOOODO PHASEODODOOOOOOOOOOODODODODODOOO
gbbooooooooooobooboooooooboooooobOOoobOOooobOOooobooooObOOoobooOoon
uboooobooboooobooooboboobooboooooboooo

oood goooooooo ooo =000

oo0o0dogo |goooogoooo ooo {---}

000000 |D000DOO0O0D0O0D00DO00 | #tag coll col2 col3

oooooo |boooooooo #default coll = vall, col2 = val2, col3 = val3 - --

O00000OOcollOcol20col3 DO0DODODOOOODODOO 10000 20000300000000

0300000000000 #taghO0OO0OO0ODOODDOODOOOOOODODODODOOOODODODOOD 4
OO00O00000#default 00000 O0O0OOOOO0OO0OO0OO0O0O0O000000OOODODODOOOOOOO

#default OO0 000000000000 4#tag 0000000000 OOOO0OOOOOOOOODOOOOO
#default 0000000000 DOOCOCOO00O0DODOODOCOOO00O0DOCOOD#defanlt OOOOOOOO
00000000000*000000000000000000000000000000000O00O000
0000000000oO00oo*00o0o0o0ooo0oooooouooo

oobooooboooboobooobooobobooboooooooooboooooooooboooobooooooboooOoooDn
gbooooobooooboobobooooaooo

oo bohr, angstrom, nm
00000 | hartree, eV, rydberg
oo au_time, fs, ps, ns, s, sec, min, hour, day
o0 bohr/au_time, bohr/fs, angstrom/fs, angstrom/au_time, nm/fs, nm/au_time
O hartree/bohr, hartree/angstrom, hartree/nm, eV/angstrom, eV /bohr, ev/nm,

rydberg/bohr, rydberg/angstrom, rydberg/nm

00 hartree/bohr3, hartree/angstrom3, hartree/nm3, eV /angstrom3, eV /bohr3,
eV/nm3, rydberg/angstrom3, rydberg/bohr3, rydberg/nm3,

gd au_mass, atomic_mass,

oo degree, radian

oo K, centigrade

gboobooboboboooooooboboboboboboboooobooboobobDOobOoboboon
0000000000000O00000O00000O00U0D0 /JOOoUooOoOoUooOoUoooooooooo
oooobooooooboooon

gboboooboobooooboboooooboooooboaooo

1. 0000000o0oo0ooooo0oboobooooooooooooooooaon
#units Bohr Hartree

gooobood

2. 00000000000 0O00O0O00OO0O0DOOO0OOO0OOOO0OOOO0bO0O0OOOObOO0ObOOObOOOn
goo

&

gobobooboobobooboobooboobooboobooboon

=~

O0001000000000O0yes,no0 on,off 00O0O0OOOOOO
5. 0000000000000O0O0! 000 //0000DO0OOO0DODOOO
6. 000000000 0O0O0# 0 #00000000O0O0OOODOO

. 0oooooooooOooobbOOoOooOOOOO0OO0O0OooooooDooOOryO000OooOoooDoObObD
goooogd
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. ouboobobouobooboobobooobooboobbooboobooboOoooobooboooobooon
dstr0000C0COOOO0OO0O0O0O0OOOOOOOOOOO
OO000opooO000000 dstr 000000000 0DODOCO000DOOO000 dstrO0D0D0OOO0O0ODO

O0#group DO0DOODOOOOOOO #group

9. 0o0ooO0 «»OgO0o0OOo0o00DOO0o00ooDOOoO00oOoOO0O0oOoObOOooODODOOOn

ooooooooOoOoOoOOO0OO0 SiJ0ooooooooooooooooooooooooooo

Controld{
condition = initial

cpumax = 1 day

max_iteration =

nfstopcheck = 1
X

accuracyq{
cutoff_wf = 16.00
cutoff_cd
num_bands
ksamplingq{

20

method = mesh ! {mesh|file|direct_in|gamma}
mesh{ nx = 4, ny =
kshift{ k1 = 0.5, k2 = 0.5, k3 = 0.5 }

!
! kpoints{
1
! 0 O
! 4 0
! 0 O
! 4 0
! by
}
smearingq{
method = parabolic
width = 0.001 hartree
X

xctype = ldapw9l
scf_convergence{

delta_total_energy = 1.e-12 hartree
!default value

succession = 3

force_convergenceq{

6000

t {0l11213}
! {initial|continuation|fixed_charge|fixed_charge_continuation}
! {sec|min|hour|day}

rydberg
64.00 rydberg

0

0
4
4

max_force = 1.0e-4 !

}

ek_convergenceq{

num_max_iteration

sw_eval_eig_diff =
delta_eigenvalue

succession =

}

initial_wavefunctions

matrix_diagon{

cutoff_wf = 16.00

}

on
1.e-15 rydberg

#tag kx ky kz denom weight

1

3
1
3

! {parabolic|tetrahedral}

{ggapbe|1ldapw9l}

(hartree/bohr)

matrix_diagon

! {random_numbers|matrix_diagion}
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}
structure{
unit_cell_type = primitive
unit_cellq{
#units bohr
'a = 10.26000, b = 10.26000, ¢ = 10.26000,
'alpha=90.0, beta=90.0, gamma=90.0
a_vector = 0.00000 5.13000 5.13000
b_vector = 5.13000 0.00000 5.13000
c_vector = 5.13000 5.13000 0.00000
}
symmetry{
crystal_structure = diamond
Itspace{
! lattice_system = f '{t(rigonal|h|s|f|b|base}
! num_generators = 3
! generators{
! #tag rotation tx ty @tz
! IE 0 0 0
! C31+ 0 0 0
! C4X+ 1/4 1/2 3/4
'}
'}
sw_inversion = on
}
magnetic_state = para
atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
#tag rx ry rz weight element
0.125 0.125 0.125 2 Si
X
}
element_list{
#tag element atomic_number mass zeta  deviation
Si 14 51577.50 0.00 3.5
}
}
wavefunction_solver{
solvers{
#tag sol till_n dts dte itr var prec cmix
MSD 5 0.2 1.0 40 1linear on 3
1m+MSD 18 0.2 * * on 3
RMM3 251 1.0 * * on 1
MSD -1 0.2 1.00 60 tanh * 2
X
line_minimization{
dt_lower_critical = 1.0
dt_upper_critical = 5.0

mobile
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rmm{
imGSrmm = 1
rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-4

}

subspace_rotation{
subspace_matrix_size = 30
damping_factor = 1.00

}

charge_mixing{
num_mixing_methods = 3
mixing methods{
#tag no method rmxs rmxe itr var prec istr nbmix
1 simple 0.90 0.95 40 1linear on
2 simple 0.50 0.90 400 tanh on
3 broyden2 0.50 * * * on 3 5
X
charge_preconditioning{
amix = 0.90
bmix = -1.00

}

structure_evolution{
method = gdiis I{quench|gdiis|cglvelocity_verlet}
dt = 100.0
gdiis{
gdiis_box_size = 4
gdiis_hownew = RENEW
c_forc2gdiis = 0.005d0
c_iteration2GDIIS = 3

}
}
postprocessing{
dos{
method = tetrahedral !{ tetrahedral|Gaussian }
sw_dos = ON
deltaE_dos = 1.e-4 hartree
nwd_dos_window_width =10
}
charge{
sw_charge_rspace = 0N
filetype = cube !{cubel|density_only}
title = "This is a title line for the bulk Si8"
}
STM{
sw_stm_images = 0
destm =1 eV
}
}

printoutlevelq

update

RENEW

10
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[EE

base =
timing
solver =
evdff
rmm =
snl =
gdiis =
eigenvalue = 1
spg =1

kp =2
pulay 0
matdiagon = 0
vlhxcq = 0
totalcharge = 1
submat = 0
strcfctr = 0

= O O O - =

3.2 OOooono

g3iligbobobgobooooboboo200boboobobooooobobboboobobobo
gogoo

O2000000FINPODOOOODOOOODOO

gi1oodao g2 030000 googood RN
oood oood
Control oooobOooooogoo
condition preparation, - 200 000000, 000000

OkO000000000OO00O0O0

automatic, -10000000000O000O0O0O0O
Oo0o0dooDoooo0oooooooooon
oo

oooo initia, 0 DO 00O

continuation, 10 00 00O

(000200 ekcal DO ODOOOODO)
fixed_charge, 20000000000
fixed_charge_continuation, 30 0 00 0+00

od
0000 automatic 0 OO
cpumax CcCpUOOOOODOOOOODD 86400 secO
0 0 O {sec, min, hour, day}
max_iteration 00oooboboOooooooooioooon
nfstopcheck 0000 nfstopdata OO O DOO0OOOOOO
gooobooooobooooooobooooao
10
sw_ekzaj PHASE ODDOEKCAL 00 DOOOQOOOO

FzAJOOOOOOOODO ONOOODOEK-
CALODODOOO0ODOOODOOOOOOO ONO
gooooboroooooooboooboo
oo

0000 OFFOOO

accuracy oooooboooooooo

cutoff_wf gbogbooobobobobod
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02000000

12

FINPOOOOOOODOOOOOOO (OO)

0100004 02 030000 oooooo od
oooo oooo
cutoff_cd gooooooooobooooa
num-bands ooood
ksampling
method kODO0ODO0OO0O0OmethodODOODODOO
000000000 Monkhorst-Pack 00 kO
aoo
monkO 0000 OO Monkhorst-Pack O O O
Ooooooooooooooog
mesh0 0O O0O0O00O0OOOO
filetOOOODOOODOO
direct_in0 00O 00O
gammall '0 OO0
mesh oooooogo
nx, ny, nz xy,zO0OOOOOO
000000 =4,440000 = (20,20,20)
kshift 000000 Monkhorst-Pack 00O 0000
0od
k1, k2, k3 0000000000 00000 [0.0,0.5] 0
aoo
goooooo
hexgonal OO0 k1l =k2=0,k3 = 0.5
0000000 O kl=k2=k3=0.5
Oo00o0500000000000O0DODDOO
a
kpoints kOO0DO0OO
kx ky kz denom k = (kx/denom, ky/denom, kz/denom)
weight kODDOO0OoDoooooo
smearing kO0OD0O0O00ODO smearing
method parabolic[] ParabolicO OO O OO OO
cold O Cold smearing 0 (0000000
tetrahedrond Tetrahedron [
improved_tetrahedron 0 O tetrahedron 0
tetrahedron 00 0 O improved_tetrahedron 0 [
00000 kODOODOOOOOOOoOoOoOO
Ooooooooooo
width smearing 0 000000 O O 0.001 hartree
method = parabolic 0 cold OO0 OO
(OooO)
xctype 000000000 (LDA, GGA)

LDA O LDAPWI1, PZ
GGA O GGAPBE, REVPBE
000000O00O0O0O0O0O0OO0 20000)

scf,convergence

oooooobooog

delta_total_energy

O0D00000000000000000D0
AE
00000000107 hartreed

succession

000 AEF0000O0000O0O00000O0O0O
gbogbooobobobobod
ooooboobo3so

fOI‘CG,COI’lVGI‘geIlCG

ooogooo
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02000000 FINPOOOOOOOOOOOOOO (ODO)

g1goao
oood

g2 030000
goog

gooood

oo

max_force

00o0o0o0ooo0ooo0oooooooo
o00ooooo
0000000 00.001 hartree/bohr0d

ek_convergence

OO00D00O0O0DODOekcal DOODODOOODOO
oo

num_extra_bands

uoooboooobooboooood
goooboobo2no

num_max_iteration

kO0OD0OO00DOOO0OOoOooooo
ooooboooasood

sw_eval_eig_diff

oooobooooon

{1l,on,yes }J0000000O0ODOOOO
{0,off, no }OODOOD

delta_eigenvalue

oooooooo
0000000010715 hartreed

succession

goooboooobobooooboooso

(0ooo)

initial_wavefunctions

oooooogo

0 0 O O {random_numbers, matrix_diagon
,atomic_orbitals, file}

random_numbers:00 0 0 0O 0O O

matrix diagon:0 000000000

atomic_orbitals:0 0000000

fileOOO0O FZAJOOOO

matrix_diagon

gbooboobgooogooboobooobg

cutoff_wf

oooobooogn

(0ooo)

initial_charge_density

ooogooooo

0 O 0 O {Gauss, atomic_charge_density, file}
Gauss: 000000 OD0OODOOOOODOOO
atomic_charge_ density: 00 O0000O0O0O00O
goooooo

fileDOODO FCHGTOODOO

precalculation

nel_Ylm

ooooooboooobooooboooobooo
ooooboboooboobooog oo

structure

ooooboooooao

unit_cell_type

0000000000 {primitive, Bravais }

unit_cell

goboooobobooobooobooooboa

a_vector
b_vector
c_vector

00000000 (z,4,2) 00
000000000 Bohr

a, b, c
alpha, beta, gamma

Ooodd a,b,c
bcOOcalOa-bO0O0OOO
(00000000000 degree)

symmetry

method

0 0 O :{manual, automatic}
automaticU DO ODOO0OOODOODOOOOOO
good

crystal_structure

oood
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02000000 FINPOOOOOOOOOOOOOO (ODO)

g1goao
oood

g2 030000
goog

gooood

oo

{diamond, hexagonal, fcc, bee, simple_cubic}

tspace

00 00000000000 TSPACEOD (DO
0)ODODOOUDABCAPOOUOOODOOODO

lattice_system

{rhombohedral,trigonal,r,t,-1}
{hexagonal,h,0}0 {primitive,simple,p,s,1}
{facecentered,f,2}0 {bodycentered,b,3}
{bottomcentered,basecentered,onefacecentered,
bot,ba,0,4}

num-_generators

00000 (1~30000)

generators

oono

af_generator

oooobooog

(030000)

sw_inversion

oooooooo

(020000)

magnetic_state

0000 {para, antiferro, ferro} 00 OO
antiferro 0 af 00 00O

atom_list

good

coordinate_system

0 0 O O {cartesian, internal}

atoms

X, Ty, IZ

ao

element

ugod

mobile

ggo
0000 {1,0}0{on,off}0{yes,no} 00O OO
a

weight

oooo
weight =2 0 sw_inversion =on 000000
Oo0oooooooooooooooon

element_list

element

000 (atoms O element 000000000
0)

atomic_number

oood

mass

oo

zeta

gooooo Cz(nT—nl)/(nT—i-nl)

deviation

O000000o0ooooooonooooog
oooooooo

p(r) = Aexp(—r?/20?) 0 ¢ OOOO0O0DOO
goooobooooboooouoooo
000000 dev O standard_deviation O O
oo

wavefunction
_solver

solvers

oooooooo
ooogob 8310000

sol

gogooooo

MatrixDiagonO0 O OO OO0

Im+MSDO Im(D 000 0)
+MSD(0OODO00OD)

RMM2P, RMM30 RMM O

MSDOODODOOOO

submatO subspace rotation (00000 0O0O)
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02000000 FINPOOOOOOOOOOOOOO (ODO)

g1goao
oood

g2 030000
goog

gooood

oo

Davidson: Davidson O

tilln

OO00O0O0000OsolDOO0O0OOODOO0OO
oo
oooooobooog

dts

gooobooboood

dte

itr 000000000000 00000O0
oo

dts 00000000 O0000D dted00O
O

googo

itr

ooooboooobobooood

var

0000000000 {linear, tanh}

prec

00000000000 {on,offf

cmix

00000000000 DO charge_mixing 00O
O
mixing_methods 000 0O0O0D0OOO0DOOOO
oo

ooooboooooooboooon

submat

on 0 00O subspace_rotation 0 0 OO0 OO0
subspace rotation 0 000 0O O O O {on,off}

line_minimization

gboooboooboobooo

dt_lower_critical

dt_upper_critical

gobobOooooooobooooboooooboo
O
(00000000000 Oo0.0050 2.0)

delta_lmdenom

rmm

googog

imGSrmm

RMMOOOOOOOOOOOOOOOGram-
Schmidt 00 O0O0OOOCOOOOO
(0000000000000 imGSrmm = 1)

rr_Critical_Value

ooboooobooooooboooboooooo
gobooooboooooobooobooboo
ooooboboobooobaoo

edelta_change

_to_rmm

obooooooooo RMMODOOODOOO
oo
ooboooobooobooooobooooboo
obooooboooboooboooboooboo
oooooobooog

subspace_rotation

subspace 0O OOOOOO

subspace_matrix_size

000000000000000 (num-bands)
numbands OO0O00000O0O0O0OOOOOOO
0000000 numbands OOOO0O0OOO
oad

damping_factor

0ooooooooooooolo., 0000
ooboooobooooooobobooobooo
0100000

period

solver 000 submat 0 ONODOOOODOOOO
period 0 1 O subspace_rotation 0 0 0000
000 period=3 000 iteration(i) 00 OO
i=1,4,7,10,... O subspace rotation 0 0O OO
Oo0oopoooogoooo 1o
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02000000

16

FINPOOOOOOODOOOOOOO (OO)

g1goao
oood

g2 030000
goog

gooood

oo

critical_ratio

0000000oOo(1ouoooo)oooog
0000 (100000)000000g criti-
calratio0 00O 0OD0ODODODODOOOOOO
0 O subspace rotation 0 0 00000
0000000 107150

charge _mixing

gbooobooobob 8320000

mixing_methods

O0O000D0O0O00DO0O0OO simple_mixing

method

00 0O { simple, broyden2, pulay }

Irmxs

ooooboooobobooood
ooogoboo 0.5

rmxe

tr 000000000000000000
oooooob osimxsOOOOO0OODOOO
Ub00db00OmxeOOOOOOOOO

itr

00000000 (rmx) 00000000

var

rmx 00 00000000000{linear, tanh}

prec

00000000000 {on, off}

istr

method O simple 000000 Oistr 0000
Oooooooooooooooon

nbmix

goooboooobobooobooooon

update

nbmix 000000000000 00OOOOO
gogoobobbooooon
000 O {anew, renew}

anew 000000000000 OOODOO
UO000Orenew DOOO0D0OO0OO0DOO0OOOO
gogoobooobo

charge
_preconditioning

amix

ugbooadn a

bmix

ooooob

(00 200000000000 832000
0)

structure
_evolution

oooobOobooobooobooo

method

0000 {sd, quench, gdiis, bfgs, cg, veloc-
ity_verlet}

dt

googo

stress

oooooo

sw_stress

000000000000 00{ on,off }

gdiis

(GDIISUOO BFGSOOUOOOOOOOO)

initial_method

GDIIS (BFGS) DO0OO0OO0OO0O0OOoOoOoOoO
000000000000/ quench, cg, sd }

gdiis_box _size

gobodboboboboboboboboobo
O gdiis(bfgs) OO O0OO0O

gdiis_hownew

gdiis.boxsize 00O DOOOO0OOOOOOOO
gboogbooboobobobooboooboag
00 0O {anew, renew}

c_forc2gdiis

GDIIS (BFGS) DOOOooooog
0000000 0.0025 (hartree/bohr)
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02000000 FINPOOOOOOOOOOOOOO (ODO)

0100004 02 030000 oooooo od
oooo oooo
postprocessing
dos ooooooo
sw_dos 000000000000 00{ onyoff }
method 00 0O { tetrahedral, Gaussian }
deltaE_dos goooooooobooood
variance mehtod 0 Gaussian 0O 00O0OO0ODO0O
O
nwd_dos_window_width | 0000000000 AFO0OOOOOO
AFE = nwd_window_width x deltaFE_dos
charge ooogoo
sw_charge_rspace 000000000000 { on,off }
filetype goooooogoon
000 O cube, density_only }
title dooooooooobood
filetype = cube DO O OO DO
printoutlevel oooooooooooooo
ooooon
10o0o0o0go
200000D0000O0ooDo
base goooooooobboooooboood
ooooooogo
pulay PulayO OO OO
timing oooooo
solver oooooo
evdff oooooogo
rmm gooooad
snl ooooooogo
gdiis GDIIS O
eigenvalue ooad
sSpg ugod
kp k0O
matdiagon ooogoo
vlhxcq oooooooooo
totalcharge oood
submat ooooogoo
strcfetr oood
parallel Oooooooooooogoooood
input_file 000000 FINPOOOODOOO

parallel_debug

100b0goboboooboboooboboo
go
outputO0x xxx O OO0 OOO0O0O00O0OOOO0O

jobstatus

00000000 jobstatus00x OO O

jobstatus_option

oooooobooog

jobstatus_format

tag, tag line, table DO OO OOOOOO tag
ooo

jobstatus_series

ONOO0O OFF
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3.3 F_POT(n)

FPOTn)OOOOOOOOOOOOOOnOO0O000O0O00O0O0OO00OO0O0OO0OO0OOOODOOODOOOO
00000doo0o0oooooooooooDOO0O0 PHASEOOOOODODODOODOOOOOODOCIAO
obooooooo

ooooooOooobooOoOooooOoooooOoooboooooo0oo# 000DO0O00ODOOOODODOO
0000000000000 0O00O00O0OPHASEODODOOOOOOOOOOO (outputd0d) 00O OOOODO
gbooooooo

00000 PHASEOOOUOOOOOOOOODOOOUDOOODOOODOOOOOD 40 (D0O0DO0O0O0OOoOoooo
0000000000 40000)000000000000000O0O0OOOOOOOOOOO0O

1. natomn, ival, iloc, itpcc, igncpp
00o00o0oooodoooooog z00OOOODO 7200000000000 L, O10000000
000000000 (=)0 (=0)00000000000000 GNCPP1(=1)0GNCPP2(=2)0000
oooooo

. Xctype
0000000000000 0000000000000D00LDAPWI1, GGAPBEOOOOODOO

. alpl, alp2, ccl, cc2
00000000000 ay,a2,1,cc 00000PHASEDDOOOODOOOODOOOODOOD

Ve = = 22 {erent(y/air) + caenf(y/azr)} (1)

000000000000 00000OOerf()0000000000O0O0O0OODO20000 10 00O
U0 ea+ce=1000000000

nmesh, xh, rmax
oooooooooo

ri:rmaxexp((i_Nmesh)/xh) (i:17"'aNmesh)
000000000000 00000O0N,,sx, DOO0O0O0O0OODOOO0O0O0ODOOOOOO

o00000 4000000000 Si00000000O0O0O0000000O0OO0OODOOOO

14 3
ldapw91l : name
2.160000 0.860000 1.605400
1501 96.000000  60.000000
VALL

4 0 2 : zatom, ival, iloc, itpcc

-0.605400
nmesh, xh, rmax

alp,cc

.14250064037552332E+07
.13811624288404209E+07
.13386673911985729E+07
.12974797883723934E+07
.12575593948213934E+07
.12188672226148657E+07
.11813654833546225E+07
.11450175512692606E+07
.11097879274438950E+07
.10756422051504281E+07
.10425470362444966E+07
.10104700985962711E+07

.14102392478975291E+07
.13668496105922471E+07
.13247949320589846E+07
.12840341399159116E+07
.12445274254637859E+07
.12062362047882713E+07
.11691230810772763E+07
.11331518080976552E+07
.10982872547956155E+07
.10644953709862572E+07
.10317431540987322E+07
.99999861694454885E+06

.13956251181755565E+07
.13526851103651347E+07
.13110662276746516E+07
.12707278233458301E+07
.12316305012010917E+07
.119373607715568125E+07
.11570075419261454E+07
.11214090248841981E+07
.10869057590252746E+07
.10534640470129563E+07
.10210512282688706E+07
.98963564707499891E+06

10000 400000000000000000OCOOO 400000000 140 SiOO0OOOLDAPWIL

gbooooboboooboboooobooboooboboooogo
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500 (000000000000 600)0000000 VALLOOODODOOPHASEOOOODOODOOO
ggodoboboboobobbbuooooooo

ggoboooooodboboobobooobooobooooboo0bboobooboobboobb oo
0000 (screened All Electron potential, VAF(r)) 00000000000000000

scr

do ir = 1, nmesh

VAE (jr)

scr
end do
oooooooooooo

0200000000000000000000 (screened local potential, VEP, (r,1)) 000000000
VAE(;)DOOODODODOOO00DO ’

scr
do ir = 1, nmesh

VPP

serylioe

(ir, iloc)
end do

gogooo
03000000000000000 (valence charge density, n,(r)) 0000000 42000000000
000 p,(r) 0000 (py(r) =4mr’n,(r)) 00000000

do ir = 1, nmesh
po(7)
end do

oboooooooo

obob3tobobooooboobooboboooboooobooooooooooobobobOobobOobon
0o0ooooooooooooooooOooOoOoOooooooooooooogoggcecIAoooooooooo
gboooboooooo
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02 Si000000

4 00010Si00000000000 (Sig)
4.1 0JOO0O0O0O

PHASEOOUOODOOOOSIOOD (0 200)000000000000000O0O0O0O0O0ODOOUOffilenames.data
ggbgbobobobooboaboooboobooboobooboobobboboobooboobooan

OOO0O0OOPHASEOODOOOOOOODOODO SssOU00OO0O00O0OO0COOODOOOsamples0O00O0O0OOO
Do0oQ0oQoOoSs8s0000oooooooooooooooooon filenames.data 000

&fnames

F_INP = ’./input_scf_Si8.data’
F_POT(1) = ’../pp/Si_ldapw91_nc_01.pp’
F_DYNM = ’./nfdynm.data’

F_CHGT = ’./nfchgt.data’

F_ENF = ’./nfefn.data’

F_ZAJ = ’./zaj.data’

F_CHR = ’./nfchr.cube’

&end

00000000 0O00DODOODO0O0000D0DODDO inputscfSi8data 000000000 CDOOCOOOOO
gboooobobooobooboooooo

0000 filenamesdata O 300 (DOO0O fmames D000 200)00FPOT(1) O0OOUODOOOO
Sildapw9lnc Ol.pp OO OOODOCOOOLDA-PWIIOOOOOODOOOODOOOODOOOSioOOOO
0000000000000 000OO0O0O0OOOO00OO0OOOPHASEOOOOOOOOOO CIAOOOO
ooooooogooo

ooooobooo FAINPODODODODOOOODOOOOOO 200000000000000000O0
oboboooooboooooboboooobooboooboog
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01000 RN good
doodbooobooboboboboboobooobooobooboooboo
Control ooodobooboobobobobobobooobooboobon 0450
ooooooooon
accuracy gbooobooobooboobooo 0 4.60
~0 480
0490
structure gooooobooobooboboooooboooogoo ~0 4120
0610
wavefunctionsolver | 0000000000000 O000O0OOO0OOOOO0ODOOOO0OOOO g 8310
gooooo
charge_mixing ooodboooboobooboboboboboobooboUoboobuoboo| g 8320
structure_evolution | OO0 OODOO00O0ODO0OOOODOOOOO 0 850
postprocessing oooobooobooboboo 0 6.50

0000000000000 00O0Osamples 000000000000 DOOOODOO Si8O0OO0ODOOO
input_scf Si8.data OO0 O ODOODOO
gooooooobooooobobuoooobbuooooooa

Control{
cpumax = 3600 sec ! {sec|Imin|hour|day}
}
accuracyq{
cutoff _wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg
num_bands = 20
ksampling{
method = mesh ! {mesh|fileldirect_in|gamma}
mesh{ nx =4, ny = 4, nz = 4 }
}
smearing{
method = tetrahedral ! {parabolic|tetrahedral}
width = 0.001 hartree
}
xctype = ldapw9l
scf_convergence{
delta_total_energy = 1.e-12 hartree
succession = 3 !default value = 3
}
force_convergenceq{
max_force = 0.1e-3
}
initial_wavefunctions = matrix_diagon
!{random_numbers|matrix_diagion|atomic_orbitals}
matrix_diagon{
cutoff_wf = 3.00 rydberg
¥
initial_charge_density = Gauss
I{Gauss|atomic_charge_density}
}
structure{
unit_cellq{

a_vector =

10.26 0.00 0.00




4. 000 10Si00000000000 (Sig) 22

b_vector = 0.00 10.26 0.00
c_vector = 0.00 0.00 10.26
}
atom_listq{
coordinate_system = internal ! {cartesian|internal}
atoms{
#default weight = 1, element = Si, mobile = 1
#tag rx ry rz
0.125 0.125 0.125
-0.125 -0.125 -0.125
0.125 0.625 0.625
-0.125 -0.625 -0.625
0.625 0.125 0.625
-0.625 -0.125 -0.625
0.625 0.625 0.125
-0.625 -0.625 -0.125
}
}

element_list{
#tag element atomicnumber

Si 14
}
}
wavefunction_solverq{
solversq{
#tag sol till_n dts dte itr var prec cmix submat
1m+MSD 10 0.2 * * * on 1 on
RMM3 -1 1.0 * * * on 1 on
}

}

charge_mixing{
mixing_methods{
#tag no method rmxs  rmxe itr var prec
1 simple 0.90 0.95 40 1linear on

¥
}
Postprocessing{
dos{
method = tetrahedoral
sw_dos = ON
deltaE = 1.e-4 hartree
deviation_Gaussian = 1.e-5
nwd_dos_window_width = 10
}
charge{
sw_charge_rspace = ON
filetype = cube !{cubel|density_only}
title = "This is a title line for the bulk Si"
}
}

oboooboobooobooboooobooboboobooboooooboobo Y oRybOOOoOOODOODOODODOO
000 36.0RyD0UJO00 axaxalea=10Bohr)DkOO000000 4x4x4000000 (sw_inversion = off)
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O00o0ooooO0o0ooooooooDooobo0o0Troooooon 2x2x200000000000000000
o000 4x4x40000000000000000D0004x4x2000000000000000¢0O
oooo

OO0000000 xctype=1dapw91 000000000 DO0OCOOO0OOO0O0OODOOOODOCOOOOOO
O accuracy 0000000 numbands =20 00000000000 0000000O00O00O00O00O0O0OO
goooobooooooo2000000000O000b00DODOObO0ObO0O0OOooooDoOODbD 400
oboooooob 2000000 1600000000 20000000000 200Db0000

oboooooboooooboboooobooo

scf_convergence{
delta_total_energy = 1.e-12 hartree
succession = 3 !default value = 3

}

000000000000000000000 AE<1072 Hartree 0000 300000000000000
oboooooooogog
obooooooobooobobooooboobooogoooon

force_convergence{
max_force = 0.1e-3

}

(00O Hartree/Bohr) 00 OO0OOOOOO

oo0o0O00000ooO0OO0o0o0ooooO0O0o0o0oOoOo 8OO sidgoooooooooooooosigo
obooo0ooboobobOoU0ooobD0oboooo0bO0bUobOb00o0O0bOO0DbOb0Db0On0OOcoordinate_system
=cartesian OO 00000000 COO0OO0 Bor OOOOODOOOODOOODO

atom_ list 0 O O weight, element, mobile 00 0000000000000 O0DOOO0O0O0O0OOOOOOOODO
gboboooboooboobooooboooboobboooooboOoooboobooooooobooOooooboOoOoon
gboobooboooboobobooooboooobooooo

4.2 0000000000
go0oooOoooooOooooMPIODODODOD PHASEODOOOOO
% mpirun -np A ../../bin/phase ne=B nk=C

goooooooooooooADBOCOOODOOOOOOODODODOOOODOOOOODOOODODOOOO
ooo00O0000k0000O0O00O0OQOOOOOU0OO0UO0OOODOOOOODODOODODODOA=BXxCOOOO
obooooobooooboo

UbooobO0obooboobOobn outputfO0 OO OOOODOOO

% grep TOTAL output000

gbboobOoboooooboooobooboooooboooon

4.3 00000
goooboooboooboobooboobooo

continue.data
continue_bin.data
dos.data
nfchgt.data
nfefn.data
nfchr.data
nfdynm.data
output000
zaj.data
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gbbooobooobooobooooogooooooooboobooobboobbodOdoutputo00001 0000

gobobooooo

0o00oo00ooD000o00O0b0o0o0o0oDbOobD outputéOO OO OOOODOO

F_POT(1)
F_INP
F_CHGT
F_ZAJ
F_DYNM =
F_ENF =

../pp/Si_1dapw91_nc_01.pp
./input_scf_Si8.data
= ./nfchgt.data

= ./zaj.data
./nfdynm.data
./nfefn.data

oboooooboobooobooboboooobooboooboog
obobooobooobooobobooooboooooooobooboooooooobobobooobboobooOobooonn
obo 270000 outputfO0O D OODOOOOO

edeltb =
TOTAL ENERGY FOR
KI=
NL=
I edeltb =
edeltb =

-0.3588D-12 edelta =

27

11.9078509 HA=
7.7978897 EW=

-0.117240D-12 hr (=
-0.1172D-12 edelta =

-TH ITER=

2.1406508 XC=
-33.6018591 PC=

0.1000D-11 ntcnvg =

-31.587937147369

2
edel =

-9.5483626 L0O=
0.0000000 EN=
-0.146549D-13 hr/atom ) ( iter
0.1000D-11 ntcnvg =

3

-0.117240D-12

-10.2841067
0.0000000

= 27 )

00000000 0O0O0O000O00000KIOOOOOOOOOHAOD Hartree JO0O0OOOLOOOOOOO
OOONLOODOOODOOOOOEWDO EwaldOOOOOOPCOOOOOOOOOO.,ENODOODOODOODOO
gbobooobooooboboooobooood
FermiOOOODODOOOOOOODOOOODOODOOOODOOOOOODOOO

EFermi = 0.24579615
====== Energy Eigen Values ======

1 0.00000000 0.00000000 0.0000000
-0.19655861 -0.04839227 -0.04839227
-0.04839227 -0.04839227 0.12584623
0.12584623 0.12584623 0.12584623
0.23389619 0.26196708 0.26196708

2 0.25000000 0.00000000 0.0000000
-0.18998394 -0.11270106 -0.04555873
-0.04555873 0.02675145 0.10512408
0.10512408 0.13505063 0.13505063
0.20251681 0.25769611 0.29275976

3 0.50000000 0.00000000 0.0000000

-0.16102016 -0.16102016 -0.04095243
-0.04095243 0.08874423 0.08874423
0.10781439 0.10781439 0.16184290
0.16184290 0.27543069 0.27543069

4 0.75000000 0.00000000 0.0000000
-0.18998394 -0.11270106 -0.04555873
-0.04555873 0.02675145 0.10512408
0.10512408 0.13505063 0.13505063
0.20251681 0.25769611 0.29275976

5 0.00000000 0.25000000 0.0000000
-0.18998394 -0.11270106 -0.04555873
-0.04555873 0.02675145 0.10512408
0.10512408 0.13505063 0.13505063
0.20251681 0.25769611 0.29275976

0

-0.

0.
0.
0.

0
-0

0.
0.
0.

0

-0.

0.
0.
0.

0
-0

0.
0.
0.

0

-0.
.10512408
. 18575457
.30811466

04839227
12584623
23389619
26196708

.04555873

10512408
18575457
30811466

04095243
08874423
16184290
35154734

.04555873

10512408
18575457
30811466

04555873

-0.04839227
0.12584623
0.23389619
0.26196708

-0.04555873
0.10512408
0.20251681
0.30811466

-0.04095243
.08874423
.16184290
.35154734

o O O

-0.04555873
.10512408
.20251681
.30811466

O O O

-0.04555873
0.10512408
0.20251681
0.30811466
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gbooooobooooobogo

=—==== Dccupat ions

1 0.00000000

.00000000 1.
.00000000 1.
.00000000 1.
.00000000 0.

2 0.25000000
1.00000000 1.
1.00000000 1.
1.00000000 1.
1.00000000 0.

3 0.50000000
1.00000000 1.
1.00000000 1.
1.00000000 1.
1.00000000 0.

0.00000000 0.00000000
00000000 1.00000000
00000000 1.00000000
00000000 1.00000000
00000000 0.00000000

0.00000000 0.00000000
00000000 1.00000000
00000000 1.00000000
00000000 1.00000000
00000000 0.00000000

0.00000000 0.00000000
00000000 1.00000000
00000000 1.00000000
00000000 1.00000000
00000000 0.00000000

1.
1.
1.
0.

1.
1.
1.
0.

O = B =

00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000

.00000000
.00000000
.00000000
.00000000

O - K~ - O - = =

O - =

.00000000
.00000000
.00000000
.00000000

.00000000
.00000000
.00000000
.00000000

.00000000
.00000000
.00000000
.00000000

25

gboooooloooboobooooboobobobooooobooboboolooboo200000bOO0bDO0n
ubooobobooobooboooooga
MDOOUODOOOOODOOD nfefndata O0O0O00DOOCOOOOOO

iter_ion, iter_total, etotal, forcmx

1 27

ggbogoodad

-31.5879371474

44 0000000

gobooobOooobooooooooobooooooooboooboooboobobo0obOoOoobonbDon
PHASEOOOOOOOOOOOOOOOOOOOOOOCOODOOOnfstopdata 000000000 OOOOO
00 (000 1)o0ooooooo

4.5 000000
gobogooooobooa

continue_bin.data

continue.data
zaj.data
nfchgt.data

0.0000000016

O000oQoQoOoOoOoOoOoOOOoOOOOODOOO ControlOOOO

condition

continuation

00000D0D0OOcondition 0 automatic0 00000000 DO0ODOO00O0O00O0O0O0DODOOOO0O0OO00 OO0

00000000 automatic 1O O0000O0000000 ODOOOO0OODOOO

-2 -1 0 1
preparation | automatic | initial | continuation
2 3
fixed_charge | fixed_charge_continuation

00 condition 00 O0OO0O00OOOO0DOOOOO0OODOOO0DODOOOODOOOOOODOOOOO
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4.6 UD0OO0O0O0ODOOOOOODOODOOd

obooboooboob0oob0oobooOoobooonO xetypeOOOODOOOOOOOOOOOOODOODOO
OOOOCOOLDAOOOO LDAPWO1 O PZ, GGAOOOO GGAPBE, REVPBEODODODODOO

4.7 kOOOO0OO
kO00DO000OO000DOO0O0DOO0O00D0O00DOO000000

accuracy{
ksampling{
method = mesh ! {monk|mesh|file|direct_in|gamma}
mesh{ nx =4, ny= 4, nz= 4 }
}
}
oooooo

mesh{ nx =4, ny = 4, nz = 4 }

00O0D00Brillowin 0000000 (000000<k; <7/a100 < ky < 7/as00 < ks < m/ag) 0 4x 4 x40
00000000000000 A000000000

4.8 BrilloumOOOOOOO

OO00D0C0CO0O0D000 Brillouin OO00O0O000O00OOO parabolic broadening OO0 000 O, cold smearing 0
gooooooo

accuracy{
smearingq{
method = parabolic ! {parabolic|tetrahedral|cold}
width = 0.001 hartree
}
}

49 2000000000000

0 410000000000000Si00000 1000000000000000O00O0O0O020000000
0000000000000 0000oo00 1000000 Sibboo00 GeOOOOO0OoOoOooooOooooa
structure O 0 0 atom_list O element list 000000000000 O0O0O00O00O

atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
#default weight = 1, element = Si, mobile =1
#tag rx ry rz element
0.125 0.125 0.125 Ge
-0.125 -0.125 -0.125
0.125 0.625 0.625
-0.125 -0.625 -0.625
0.625 0.125 0.625
-0.626 -0.125 -0.625
0.625 0.625 0.125
-0.625 -0.625 -0.125
}
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element_list{ #tag element atomicnumber
Si 14
Ge 32

}

default 0 weight = 1, element = Si, mobile =1 0000000000 00element = Ge DO DOOO0O0O0OO
0000000000000 weight 0 mobile 0000000000000 O00ODODOOO0O

go0O0O0OD0OOfilenamesdatal GeOOODOOOOOOOOOOOODOOOOOOODOOO Geldapw9l nc 01.pp
00000 filenames.data 0 O

&fnames

F_INP = ’./input_scf_Si8.data’
F_POT(1) = ’../pp/Si_ldapw91_nc_01.pp’
&end

ooo

&fnames

F_INP = ’./input_Si.data’

F_POT(1) = ’../pp/Si_ldapw91_nc_01.pp’
F_POT(2) = ’../pp/Ge_ldapw91_nc_01.pp’
&end

gboobooboboboboooooooo 3dobooooobooboboboboboboboboooooory
gboooooboooooog

4.10 0O0OO0OOOO0OO0OO0ODOOOOOOObOOD

gbobobooobooooobooboboboboboboooooooooooboobOobOobOoboboon
000 BohrOOOOOOOOODODOOOOODOOOOODODOODODOOO

atom_list{
coordinate_system = internal ! {cartesian|internal}
}
O
atom_list{
coordinate_system = cartesian ! {cartesian|internal}
}

O000D0O0O00000O000000 BohrOO0ODOOOOODOOOODO

4.11 00000000000
000000000000D0000000000000r=000000000000 structure 000

symmetry{
sw_inversion = on

}
obooobooooono 300000000



4. 000 10Si00000000000 (Sig) 28

4.12 0J0O0O0OO0OO000OO0OOOOO0O0OO0OOOD

ooooooooooObOoOg siobooooooooooooooooooooooooooOoooboobDOoo
oo00O0O000O0OO00OoOoo 100040000 Si000000000000S00080000 S1000
O000000000000 atom list 00000000000 0DOOO0ODO

atom_list{

}

coordinate_system = internal ! {cartesian|internal}
atoms{
#default weight = 1, element = Si, mobile = 1
#tag rx ry rz mobile
0.125 0.125 0.125 0
-0.125 -0.125 -0.125 0
0.125 0.625 0.625 0
-0.125 -0.625 -0.625 0

0.625 0.125 0.625
-0.625 -0.1256 -0.625
0.625 0.625 0.125
-0.625 -0.625 -0.125

00000 100040000 Si000000 (mobile)000OO00O0O0O0OO0OOOOOOOOO



5. 000 200000000000 (Sig) 29

03 Si,00000000000000000D0DODODODOODODOOO

5 000200000000000 (Sig)

PHASEOOOOOOOOODOOOOOOOOOODOODOOODOOO0OOOOOODODOO0ODODO0ODOODOOO
0000o00ooosid0 (0 300)0000d00ooooUooooooooo

000000000000 00000000 100 structure (0 100)000000000O0O0O structure
gboboobooooooobooooboobooooooo

51 0O0O0OO0O0OO0ODOSi,000

ugbobodobboooboobboobuoobboobboooboobbooboobboobboouooboa
0000 unitcell.type DO 0D00O primitive 0 Bravais 0000000000000 O0O0O0DOODO

5.1.1 0Od0OO0O0O40O0O00O0d
03100000000

unit_cell_type = primitive

unit_cell{
#units bohr
a_vector = 0.00000 5.13000 5.13000
b_vector = 5.13000 0.00000 5.13000
c_vector 5.13000 5.13000 0.00000

}
gbooooog

5.1.2 00000000000
gbooooboooooobobooooaooo

unit_cell_type = Bravais

unit_cellq
#units bohr
a=10.26, b = 10.26, ¢ = 10.26
alpha = 90, beta = 90, gamma = 90
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OO0 | 00000 | uwiteelOODOODOO gooono | latticsystem OO O0O0OOO
OO0 (¢) | a a=a, b=a, c=a oo (P) primitive
alpha=90, beta=90, gamma=90
oo (F) facecentered
oo (I bodycentered
oo (t) | a,c a=a, b=a, c=c oo (P) primitive
alpha=90, beta=90, gamma=90
oo (I bodycentered
00 (o) | a,b,c a=a, b=b, c=c oo (P) primitive
alpha=90, beta=90, gamma=90
oo (C) basecentered
oo (F) facecentered
oo (I bodycentered
00 (h) | a,c a=a, b=a, c=c oo (P) hexagonal
alpha=90, beta=90, gamma=120
00 (hoooo | ac a=a, b=a, c=c 00 (R) rhombohedral
alpha=90, beta=90, gamma=120
oooooo (0oo oo (P) hexagonal
00 (m) | a,b,c a=a, b=b, c=c oo (P) primitive
Jé] alpha=90, beta=0, gamma=90
oo (C) basecentered
00 (a) | a,b,c a=a, b=b, c=c oo (P) primitive
a, B,y alpha=q, beta=(, gamma=-~

U3 000boo0ooood

oboboooboooooobooooobobooooooboooooobooboboobooOoooboooobooOooonn
00000000 (thombohedra) D00 OOO0ODOOO0OUODO (hexagona)) 00O O0O0O0OOOOOOODO
gboboooooboboooooobobo 4000000000O000OO0O0OOODOODOObOOOOODOOD
0000000000000 000000000000000D (C0D0OU0O0D0O00D0O0O0O0D)00oO0O0
000 (b0oooooO0o0ooo0)00o00o0000O0O000O0O00O0D00O0DO00 400000000000
gboooooboooooobooooobooon

5.2 U0O0OOODO
oboobooooooooooooboobOobobobobooOoooobooooooboOoboboboboobooon

gooobooooo

5.2.1

oboooooooboo

00 crystalstructure 00000000000 DOOODODOODOOODOOO diamond, hexagonal, fcc, bee,
simple_cubic 0 50000000000 20000000000S000000000000C000O000O diamond

oo




000 200000000000 (Sig)

oooooon a b c
0ooog (cP) ax ay az
0000 (F) | 43 +2) 2% + ) 2(3 +9)
0000 () S(—x+y+2) S(x—y+2) S(x+y—12)
000g (tP) ax ay cz
O0ooo (tI) i(—ax+ay +cz) | L(ax — ay + c2) L(ax + ay — c2)
O0O0Qg (oP) ax by &
0000 (oC) %@beﬁ %@k+bw cz
0000 (oF) ?@A+a) ?@k+d) %m&+@)
0000 (ol) 5(—ax +by +cz) | 5(ax — by + cz) 5(ax 4 by — cz)
0000 (hP) | aX a(—1x 4+ By) cz
00000 (hR) | §%+ 5%y + 5z | —§X+ 5%y + 3¢z | — 5§ + 5cz
0000 (mP) ax by ¢(cos X + sin 5z)
0000 (mC) 1(ax —by) 1(ax + by) c(cos % + sin Bz)
0ooog (aP) ax b(cosyX + sinyy) c(cosﬁfc—&—%y
_|_\/1 _ cos? atcos? 65:1122(:,38(1 cosﬁcos’y) 5
U 4. 0000000000000000
J}
a” =av
b =— iy 3a ¥
2 2 - H
=2 b
aRk
b
X
z=0
aH
Q 2 @)
==¢
a” =af® -p”f 3 cR
H_pR_ R ®
b” =b"—c Z:%c

¢ =a®+p + "

31

04 0000000000000000000000000000000O0O0O0D0000000000e,bH,cH
0000000000000 000eR v, A000000000000000000
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5.2.2 00O0ODOOOOCODOO

000 crystalstructure 0000000000000 tspace 00O0O00O0SIiOODODOOOtspace JO0OOO
ooooooooooo

tspaceq{
lattice_system = facecentered

! {rhombohedral |hexagonal |primitive|facecentered|bodycentered|basecentered}
num_generators = 3

generators{
#tag rotation tx ty @tz
IE 0 0 0

C31+ 0 0 0
C4X+ 1/4 1/2 3/4

}

0000000000000 latticesystem = facecentered 00000000 OO0D0 3000000 num_generators
=30000000000 generators DOOO0OIEOC31+0C4X+ 000000 30000000000000
0000000000000 00000ABCAPOOOOOOO 5110000000000

beeOODODODO CrO00DO(1/2,1/2,1/2) 0000000000000 0unitcell 0 symmetry 00000
goboboooogooo

unit_cell_type = Bravais

unit_cell{
a=5.65, b =5.65 c =5.65
alpha = 90, beta = 90, gamma = 90

b
magnetic_state = af
symmetry{
tspaced{
lattice_system = primitive
generators{
#tag rotation tx ty tz
5 0/1 0/1 0/1
19 0/1 0/1 0/1
X
af_generator{
#tag rotation tx ty tz
1 1/2 1/2 1/2
X
3
X

0000000000000000magneticstate] af 00 00000000000000000000000
00 afgenerator 0000 0000000000000000000000 {E|iti+3to+3t;3} 000000
00 af generator 100000000

5.23 0O00OO0OOOOOOOOODOOO

method D00 automatic0 0 0000000000000 O00O0O00O0ODOOOOODODOO0O0O0O0O0O0O0OD
OD0O00O00D0 tspace O ODO0O latticesystem OO DO OOOOO

symmetryq{
method = automatic
tspaceq{
lattice_system = facecentered
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!{rhombohedral |hexagonal |primitive|facecentered|bodycentered|basecentered}

3

5.3 UUogooobobogo

obobooboboobooooooooobooooobobobobobOobobobobooboboobOoon
goood

5.3.1 0O00O0OOOOO
00 swinversion 0 of OO ODODODOOOOO0DOSIiOOOOOO atomlist 0000000000000

atom_list{
atomsq{
'#tag rx ry rz element
0.125 0.125 0.125 Si
-0.125 -0.125 -0.125 Si
}
}

5.3.2 0O00O0OOO

00 swinversion 0 onO0000D000D0D00C0O00 atom list 0000000000 O0O0O0O000O0DO 3100
gboooooao

atom_list{
coordinate_system = internal ! {cartesian|internall}
atoms{
#units !{angstrom|bohr}
#tag rx ry rz weight element mobile
0.125 0.125 0.125 2 Si 1
}
}

oboobo0oobooobobo0oobooboooobDoboboboooobUobOo0Oweight DODODODOOODODO
gbooooo200000000

0 5200000000000000000000000000option00000000O0O0O0O0O0OO0OOO
gboooobobooobooboooobooboooooboooooboobooonoog
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05 FOOOODDODOODOOODOOOODOOOOOOOODOOODODOOODOOOODOOOODOODOOO
gboooobobooooooa.

6 0D003000000000Oo0O (Fe)
000000000000000000000000000000000000000000000(0500)0

samples 00000000 becFeOODO scf 0000000000000 ODOOODODOOD input_scf_Fe.data
doooooooooooooooooooooo

Control{
condition = initial
cpumax = 3 hour
max_iteration = 250

X

accuracy{
cutoff_wf = 25 rydberg
cutoff_cd = 225.00 rydberg
num_bands = 20
ksampling{

method = mesh
mesh{ nx = 10, ny = 10, nz = 10 }

}
smearing{

method = tetrahedral
}

xctype = ggapbe
scf_convergence{
delta_total_energy = 1.e-10 hartree

}

initial_wavefunctions = matrix_diagon
matrix_diagon{
cutoff_wf = 12.25 rydberg
}



6. U003000000000O0 (Fe)

}
structure{
unit_cell_type = Bravais
unit_cellq{
#units angstrom
a =2.845, b = 2.845, c = 2.845
alpha = 90, beta = 90, gamma = 90
}
symmetryq{
crystal_structure = bcc
3
magnetic_state = ferro
atom_list{
atoms{
'#tag rx ry rz
0.000 0.000 0.000
}
}
element_list{ !#tag element atomicnumber
Fe 26
}
wavefunction_solver{
solvers{
#tag sol till_n prec submat cmix
davidson +2 off off 1
rmm3 -1 on on 1
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=on
}

3

charge_mixing{
sw_recomposing=on
spin_density_mixfactor = 2
mixing_methods{

element
Fe

zeta
0.275

'#tag no method 1rmxs rmxe ©prec istr mnbmix

1 broyden2 0.40 0.40 on 3
X
spin_density{
sw_force_simple_mixing = off

}
}
Postprocessing{
dos{

sw_dos = ON

15

dev
1.5 }

update
RENEW

35
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method = tetrahedral

deltaE = 1.e-4 hartree
nwd_dos_window_width = 10
}
charge{
sw_charge_rspace = OFF
filetype = cube
title = "This is a title line for FM bcc Fe"
}
}
printlevel{
base =1
}

6.1 U0O0OO0OOOOOoOooOon
Ub0o000o0bO0b0O0000bO0000D0 magneticstate 0000000000 OO0O0O0OO

structure{
magnetic_state = ferro !{paralantiferrol|ferro}

}

00000000000 0000 0O Omagnetic_state = antiferro 00 0 0 Qantiferro0 af 00000000000
g0 b oo oooooon

element_list{ #tag element atomicnumber zeta dev
Fe 26 0.275 1.5
3

0 zeta=0275 0000000000000000000000000D0000D000000000 ¢=(nq—
n)/(ny+n,) 000000000000

6.2 U0OOO0OOODOOOOOO

goooooOoOoOoOoOoOoOoOooScroooOoOoOoOO0OO0O0O0OoOooOooOoOoOODODOOOOOOOOn
gboooooboobooboboooooboo

structureq{

magnetic_state = ferro

ferromagnetic_state{
sw_fix_total_spin = on
total_spin = 0.275

}
boooooboooobOooboooobooooooboooobOoboooobOoobobooboOoboOoooo

6.3 UDO0O0O0OOOODOODODSCrOODbDOOO

gooooOoOoOoOoOoOoOoOosSCrOo0oOoOoOooOoOoOoOoOoOoOOOOOOOOOOODOODOOOOOOOO
goboobooobooboobobbobooboobooboooboobbo2bbo0oboobooboobon
goood
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charge_mixing{
sw_recomposing=on
spin_density_mixfactor = 2
mixing_methods{
'#tag no method rmxs rmxe prec istr nbmix update
1 broyden2 0.40 0.40 on 3 15 RENEW
b
X

sw_recomposing0 on0 00 0000000000000 000000OCODOOOOOODODODDOOOOspin_density_mixfactor
gobo0oboobooboobooobooobooooooboo 833boobooooon

6.4 0OUOOO0ODOOO

go0opoooO00ooooO0OoooOopoOoUooooOoOooDoooooDo
% grep charge output000 | grep NEW | more
goooooOoooooOooooooboogo

!*-—— input-file style = NEW

INEW total charge (UP, DOWN, SUM) = 4.94504088 (+) 3.05495912 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.87168481 (+) 3.12831519 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.82057149 (+) 3.17942851 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 5.11279996 (+) 2.88720004 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 5.11279994 (+) 2.88720006 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 5.11279989 (+) 2.88720011 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 5.11279984 (+) 2.88720016 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 5.11279981 (+) 2.88720019 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 5.11279979 (+) 2.88720021 (=) 8.00000000

000o0o0oooooooooood =y —ny)/(np+n) 00000000 ¢=027820000000
goboobooobooobogd
ooo

% grep charge output000 | more
00o0ooooDOooooooDooooooooooooo

F_CHGT (= ./nfcharge.data ) not existing

F_CHGT = ./nfcharge.data , newly opened

!%x —-- charge preconditioning ---

'*xx sw_charge_rspace = 0

'** charge_filetype = 1

I** charge_title =

I*x deviation( 1) of the Gauss. distrib. func. for the initial charge construction = 1.50000
F_CHGT = ./nfcharge.data

F_CHGT = ./nfcharge.data

I0LD total charge (UP, DOWN, SUM) = 5.10000000 (+) 2.90000000 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.94504088 (+) 3.05495912 (=) 8.00000000
'0LD total charge (UP, DOWN, SUM) = 4.94504088 (+) 3.05495912 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.87168481 (+) 3.12831519 (=) 8.00000000
'0LD total charge (UP, DOWN, SUM) = 4.87168481 (+) 3.12831519 (=) 8.00000000
INEW total charge (UP, DOWN, SUM) = 4.82057149 (+) 3.17942851 (=) 8.00000000
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DOS (states/eV)
N
T

-5 1 1 1 1 1 1
-10 -8 -6 -4 -2
Energy (eV)

o
N
I

06 FOOOODOOOOOODODOOOOOOOOOOOOODOODOOOOOOOOOOOOODOOOOOODO
gboooo

6.5 cube JODO0ODOOODOOODOODOOODOO

O00000000000D00000 (postprocessing) 00000000 charge 000 sw_charge rspace 00O
goodbO oNOOOODOODOO0DOO00OO0O0DO00O00O0DO0DO00D00O000DO000 cubeOOOOODO
gobooobuooboobobobobooo sboobUobobobooob

6.6 UUU0O 0O O0OOOOO

0100000000toolsO0000000 PerlOODOOO0DODODO dos.plO bandplOOOO0O0DODOOOOO
gbooboobooooobooon
goo

% cd ../dos

O000des0DO00O0OD0OODODODOOODOODOOOOOD ekcal DODOODODOOODODOOODODOODOODO
0 dos.data 00O 0Otools 000 dos.pl DODOONO

% ../../../tools/bin/dos.pl dos.data -erange=-E1,E2 -with_fermi

gbooobooboboboobooooboobD F1ob0b0 p20ob00b0oooooboobooboooooon
0000 (000000000 430000)0

O0O000E1=-100 E2=500000000 ¢e00000000000O00O0O0DODOOO

oo

% cd ../band

OO0OOCband OODOOOOOOOOOOO0OO0OO0OOOOODODOODODODOekcal DODOOOOOOOODOODODODOO
000000000 nfenergydat J0000Otools OO0 Perl OOOOO bandpl OO0DODOOOOOODOOOO
ooooo

% ../../../tools/bin/band.pl nfenergy.data ../tools/bandkpt_bcc_ghnpgn.in
-erange=-10,5 -with_fermi

000000000 0000OPostscript DOOOOO0O0OO0ODOOQO bandstructure.eps 00000000000
gobo robgoooo
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Energy (eV)

-10

O7nFOOOODDOOOODOOOODOOOODOOOODOOOODOOOODOOOOO

39
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08 000000 Si(001)-p(2x1) 0 0000000000000 SiOOD0O0OO0OUOOOOOUOOOOOOO
goboooao

7 000400000 Si(001) OO

0ddoo0dooOo0dooOOooDoOO0dbOo0doDobO000bO 4900000000000D0OODDOO0O
000 Si(ool)) 0000000000000 OO0O0OO0OOODU0ODOOOOoOOOD

00000000000 800000000 DDooooooooag

J0O0O0OoDo0O0 filenames.data DO OO0

&fnames

F_INP = ’./input_SiH2x1.data’
F_POT(1) = ’../pp/Si_ldapw91_nc_O1.pp’
F_POT(2) = ’../pp/H_ldapw91_nc_01.pp’
&end

O00OO0OOFPOT(1) 0 FPOT(2) UUU 200000000000Si000 HOUOODODUOOODOOOO
gobobooon

accuracy{
cutoff_wf = 15.00 rydberg

cutoff_cd = 60.00 rydberg
num_bands = 25
ksampling{
method = monk ! {mesh|file|directin|gamma}

mesh{ nx =2, ny= 4, nz= 1 }
kshift{ k1 = 0.5, k2 = 0.5, k3 = 0.0 }

O0000o0oODO0O00000slabO000000DOOO0O0KOO0O0DODOOO0OO0KR, 00001000000
goood

structureq{
unit_cell_type = primitive
unit_cell{
a_vector = 14.512 0.000 0.000
b_vector = 0.000 7.256 0.000
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c_vector =  0.000 0.000 30.784
}
symmetry{}
magnetic_state = para !{paralaf|ferro}
atom_list{
coordinate_system = internal
atoms{
#default weight = 1, element = Si, mobile = 0
#tag rx ry rz element
0.26177 0.50000 0.65651 H
0.73823 0.50000 0.65643 H
0.34138 0.50000 0.56971
0.65858 0.50000 0.56966
0.26229 0.00000 0.49388
0.73763 0.00000 0.49385
0.00000 0.00000 0.41498
0.50000 0.00000 0.40298
0.00000 0.50000 0.32769
0.50000 0.50000 0.32150
0.25000 0.50000 0.24167
0.75000 0.50000 0.24167
0.25000 0.20000 0.18269 H
0.25000 0.80000 0.18269 H
0.75000 0.20000 0.18269 H
0.75000 0.80000 0.18269 H
}
}
3
postprocessing{
charge{
sw_charge_rspace = ON
filetype = cube !{cubel|density_only}
title = "Si(001) p(2x1) surface terminated by H atoms"
}
}

OO0 atoms 0000000000 OOOO0O0O0O0 SiOO0OOOOO0CCOOOO elementD HOOOOOO
OoOOoOOoOoOoOoOoOC0 SiooooopopooopooopoOooOoOoOoOoOO mobile=000000000000O
oooooobooooboobonoo

% grep TOTAL output000

gbooobooboooobooboooboobooooboooooooboooooo

TOTAL ENERGY FOR
TOTAL ENERGY FOR
TOTAL ENERGY FOR
TOTAL ENERGY FOR

-TH ITER= -39.848530200757 edel = -0.398485D+02
-TH ITER= -41.609723584621 edel = -0.176119D+01
-TH ITER= -42.187351762815 edel = -0.577628D+00
-TH ITER= -42.567052165092 edel = -0.379700D+00

© 00 ~NO O WN -
|
s
==}

TOTAL ENERGY FOR ITER= -42.671401804133 edel = -0.104350D+00
TOTAL ENERGY FOR -TH ITER= -42.830706589667 edel = -0.159305D+00
TOTAL ENERGY FOR -TH ITER= -42.879741013145 edel = -0.490344D-01
TOTAL ENERGY FOR -TH ITER= -42.901690423569 edel = -0.219494D-01
TOTAL ENERGY FOR -TH ITER= -42.907076085380 edel = -0.538566D-02

TOTAL ENERGY FOR

=
(@]
|
—
==}

ITER= -42.925233423911 edel = -0.181573D-01



7. 000400000 si(ool) OO

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

.965049366619
.965049639587
.9650564943637
.965059258453
.965063421159
.965066446217
.965070113202
.965071480045
.965071551890
.965071603914
.965071513030

ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY
ENERGY

.225628D-05
.272968D-06
.530405D-05
.431482D-05
.416271D-05
.302506D-05
.366699D-05
.136684D-05
.718448D-07
.520233D-07
.908839D-07

42

oboboobooooooooooobOoboobOoboboboobooOoooboooobOobOobOoboboon
gbooooog

atoms{

}

#default weight =

#tag

rx

[elNeolNeolNeolNolNeolNolNolNolNolNolNolNolNolNolNe

.26177
.73823
.34138
.65858
.26229
.73763
.00000
.50000
.00000
.50000
.25000
.75000
.25000
.25000
.75000
.75000

[
<

O O O OO OO OO OO OO O oo

1, element = Si, mobile =

.50000
.50000
.50000
.50000
.00000
.00000
.00000
.00000
.50000
.50000
.50000
.50000
.20000
.80000
.20000
.80000

H
N

.65651
.65643
.56971
.56966
.49388
.49385
.41498
.40298
.32769
.32150
.24167
.24167
.18269
.18269
.18269
.18269

O O O OO OO OO0 OO OO oo

H
H

=== == = = = B GO

O O O O O O

element mobile

00000000000000000000 Si000o0o000oo00o0ooo00 (mobile=1)0000
gboooooaoo

Si(001) DO0OOU0ODOOO0OOO0OO0OO0O0OO0OO p(2x1)0000 ¢cdx2)000000000DOOOOO
oOoSigooo0ooooOoo0o0oooOooopoUooo0oU0ooD siocgoooooooooooooooood

goo

obooooOobooooobobooooobooooobo gubobooooobooon



8. PHASEOOOOOOOOO 43

E?ﬁﬂﬁ Qirp - ?Dgﬂﬂﬁ
'%TE‘I"%EE Qinp : ?Dgﬂﬂﬁ
RENRRER Yo ¢ WHEAE

A A

A

HTEH O EH
¥
0

EWEE

o DIFRL P e DER

No
|,Oimp_,00ut| < 6

Yes

HOEE

No

y

| force | < & Qine DEFH

Yes

U9 oboobooboooooon

8 PHASEOOUOOOOOOO

8.1 0Luggnd

O0o0ooOoOoOoOoOO300U0ooOOUoOOOOOOOOOOOOODO PHASEOOOOOO 90oooogo
OO0OOOoOOoOoOoOoOOOO0OKohn-ShamO OO

(His(pinp) — €i)i =0, (3)

goooooog
goooooooooooooo
A; = (Hrs(pinp) — € (4)
DDDDDDDDDDDDDDDD(3)DDDDDDDDDDDDDDDDDDDDAiDDDDDD edO00O0O
Oy 0odooooooobooooddoodgoooo ogobbbbbooooooooooobooooo
obooob 9boobuooboboobooboobobDoobOoUbUobDbOODbDO puoboobonbooo

goood
Pout = 22 |wi|2a (5)

occ.

O0000000000000000000000 pip, 0000 p DO0O0O0O0O00O000O0O0O0O0O0O0OO0O
0O SCF(00UO00O0)000U00o000DU00OU00O000U0000D0000ULO0DOo0oDoUOOooooOO
gboobooooboboooobooooboboboooobOooooDbon

82 LUUOUOO0OOLODOOO

SCFOO0O00OO0OO0OOOOU0000opooOooOoOoooooonD BroydenOOOOOOOOOODDOOOOO
0000000000000000000000 200 wavefunctionsolver 100000000 OOOOODOO
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LM+MSDOOO(4) 00 A, 0000000000000 00O0O00OA; 00000000 RMMOOOOO
o0oooooooooooooDADOOOOOORMMOOOCOOO0OODODODOOOOCODOCOOPHASEOD
0000000000000 0000000000@)000000000000 (Matrix diagonalization) O O
gooooooo

83 OUOOO0OsolverdO0O0OOO0OOODOOOOOOOOO
8.3.1 0000 solver

0000 solver OO wavefunction_solver 0 0 00 0O O 0O OO wavefunctionsolver 00 OO0 000O0O00OOOO
00000000 00ooooo00o0,00, 000000000000 00000000 00000 Oaccuracy
0000 initial.-wavefunctions 000000000

wavefunction_solver{

solversq{

#tag sol till_n dts dte itr var prec cmix
1mMSD 5 0.2 1.0 40 linear on 1
RMM3 -1 0.2 0.6 20 linear on 2

¥

line_minimization{
dt_lower_critical 0.5
dt_upper_critical =5.0

delta_lmdenom = le-12
}
rmm{
imGSrmm =1
rr_Critical_Value = 1.e-15
edelta_change_to_rmm = 1.0e-4 hartree
}

solvers 100 00000000000000000O0dOOOOOOOOOO0O00O0O00O0O0O0s0l0000O0
000000000000000000000 tiln0000O00sol0000O0O00O0O0C0OO0O0OO0O00O0O0
O0000dtsOdte0itrOvar0000000000000O00O0C0O0O0O0O0O0O0O0OOOO0OO dtsO0itr O
OoO0O0000 dte000000 var0O000000000itr 0000000000000 dtedO00000O0O
OO0OprecO00000O0O0O0O0O0O0O0O0OOOOOOOOOOOOOODODOD emixODOOOOOODOOOOOOO
0000000 charge mixing 0 0 0 mixing method 00000000 noOO0O00O0O0O0O0O0C0O0OOOOOO
oooooo

line_minimazation 0 000 0OImMSD OO0MSDO4+00000000000000000COO0GCOOOOOO
000000000 (dtlower_critical O dt-upper_critical) 00 0000000000000 OO iteration OO
000000000000000000 (t0, €0), (t0+dt, el), (t0+2dt, 2) OO OO OO0 dt,,, OOODOO
0000000000 000000000 «00000 iteration 00 000000000000 O0CO00O dtopt
0000oo0o0o0oO0o00oo0O00ooo0o00oo00oooooon

00 itetation O dt 00000000 dt,,e 000O000Odt,, 0000000000000O0000O000
oo0oooo0ooobooo dt,, 0000000000000000000000OPHASEDOOO dtO0O0OO
0 O dt_lower_criticald 0 O 0 O dt_upper_critical 0 0 0 0000000000000 OODOOODOOODOO0OO0.05
(autime) 0 2000000000

mm O000000000000000000000000000000RMMOO00C00O0000000imGSrmm
oooo0ooo0oooooO0o0oOo0bO0o0o0oO000o0oOo00ooco0ooOo0ooOo00o0oooOo0oboO0ooO00on
O000rmr Critical_.Value 00O 000000000000 0O0O0O0O0O0OO0O0COOOOOOOOOGOOOOO
O000000000000000Oedeltachangetormm 000000000000 RMMOOOOOOOO
ooooooOoo0o0o0oooooOoOOo0o0oO0ooooOOOO0O0oOooOOO0O000Ooboo0O0 RMMOODODOOOOO

ooooooOsbOOO0OO0O0OMmmMSDOOOO0O0OO0OO0OCOCOOOOOOOOOOOCOCOODOOOOOOOO0O
1.0e-4 hartree 000000000000 O0O0O0O0O0O0O0 RMM3O0O0O000O0O00O000000 InMSDOOO
000000000000000000000000000000000 dts=0.20000000000 (dte -
dts)/itr = (1.0-0.2)/40=0.020000000000000004100000dte=1.000000000000
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OO0 prec000 on ODO00O0O0O00O0DODDOOOOO0O0DODODOOO0O000DO0O0O0O0O0ODDO chargemixing
0000200000 mixingmethods 00000000000 OCOO00ODOO

Davidson 000000000000 OO0DOOOOO0ODOOCOODDOO DavidsonOOOODOOODODOOprec
OoffOOOODOOOOOODODOOOODO

8.3.2 0OOOODO
OO0000O000chargemixing0OOOOOODOOOOOchargemixingOOOOOOOOODOODO

charge_mixing{
mixing_methods{

#tag no method rmxs rmxe itr var prec istr nbmix update
1  broyden2 0.6 0.8 20 1linear on 0 5 renew
2 simple 0.2 0.5 20 1linear on
b
charge_preconditioning{
amix = 0.90
bmix = -1
X

mixing. methods 00 0000000000000 DODOOOOOO nod00OD0OOODOOO0DODOOODOO
wavefunction_solver 0000000 200000 solvers 00000 emix 00000000000 DOOOO
00000200000 method 0OO0ODOOD0DO0OO0O0OOODOODOODOOO0O0O 40000 rmxsOrmxed itrd
var 0000000000000 000O000000000 mxsO0itr 00000000 rmxed0 00000
var HOO0D0O00000itr 0000000000000 rmxe 000000000 precO0000O00O0O0OONO
0000000000 DOO0000D0O000000D00 30000 istrdnbmixO update O O Broyden OO0 00O
O00000D0istr 00000000 broyden2 000000000000 DODODOOO0OODOOnbmixO0OO0O
000000000000 00D0000 uwpdate 0000000000000 O0ODODODOOOOanew O renew
0000000000 00D0anew D000 O0nbmix 0000000000000 O0O0OO0OOOOOOOOOOOO
0000000000000 000000D0Orenew D000 0Onbmix 00000 O0O0OO0O0O0O0OOO0OO
oJdodopooooooooooood

charge_preconditioning 1 00 0000000000000 O0O0O0OO0OOO0OOODOOOOODOOODOOOOOOG
goooooooooooog

pnew(G) ~ (1 - f(G))pold(G) + f(G)pnew(G)a (6)
16) = Tty (7)
Gy = bmix * Gin (®)

000 Gu 0000000 GOOO0O00000000Obmix<0O0O0000Ge=1500000bmix00
000000000000000000000-10000000000000000000000000000
00000001000000000000000 Broyden20002000000000000000000
00000000001000 Broyden2 0000000000000000000000000000000
rmxs = 0.6 0000000000 (rmxe - rmxs) /itr = (0.8 - 0.6)/20 = 0.01 000000000000000
21000000rmxe=08000000000000 pree000 on D000000000000000000
0000D00000istr=0000000000000000 Broyden2 000000000nbmix=5000
00000000000000000000000000renew 0100000

833 O0O0OO0OODOOOOODOOO
oboooboooobooboboooboooooooboooooboobooooobooon
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gbobobo oobooobooboboboobooobooobooboooobobOOoboobOobO11b0ob00ob0obOOooboann
goooo,00000000DOoo000ob0o0oooo00oooOoO000oDoDOoD submat DODOOOOOO
UonUDOOOO

wavefunction_solver{

solversq{

#tag sol till_n dts dte itr var prec cmix submat
1mMSD -1 0.2 1.0 40 linear on 1 on

}

goboboobooooooooooobooboboboboboobooooboooobOobOoboboboOoO
oboooooooobo RMMOOOOOOODOODODODOOOOOOOOOOODODOOOOOOOOOOO0OO0Dn
oobooO0ooo00ooO0o0DbOOO0b0O00DOO000OO00DODOO0ObO000O00DbOODOOO beforerenewal
QonO0O4O0OO

wavefunction_solver{

solvers{

#tag sol till_n dts dte itr var prec cmix submat
1mMSD -1 0.2 1.0 40 1linear on 1 on

}

submat{

before_renewal=on
}
}

ggboobbuooboooboobbooboobboobbouooboobboobbooboobobad
oboboooooboooooboboooobobobooboobooon

SCrO0000000O0DODOOOD OOOOO0OOOOOODODOOCOOOOOOOoOoOoSscroooOoOoOobobOD
gbooboboboboboboboboboboooooooobooooboobobOobOobOobobOobann
gboboboboooooooooobooboboboboboboooobooobooooooboobobOoDbann
goboboooooooboooooboooooooooooooooooooooboooboobobOobOobOoDbOoD
0O PHASEOOOQOOOOOOOOOOOOOOOOOOOOOcontrol 0000000 max_scfiteration 0 O O
obooooo

controlq{

max_scf_iteration = 50

}

goooooboso00 SCrOO00oooooDOOOoO0OooobooOObOOOO000ooooDObOoOOo
gboooobooobooboobooooboboooo

gooobooooooooooooo oooboobooooooooobooOobooOooooobobOOoOoOoOoooobOoboboOooon
gboboboboboboboboboboboobooOoooooboobooobobOobobOobOobOobonn
00000D0O0C00000oooOOoo0o0O0ODOOO0000ooDDOOOODOOO0O0n spin-density_mixfactor 0 O
opooooog

charge_mixing{
spin_density_mixfactor = 4
mixing_methods{
#tag no method rmxs rmxe prec istr nbmix wupdate
1 broyden2 0.1 0.1 on 3 15 renew
3
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0000000Ospin-density-mixfactor 0 400 0000000000000 01x4=04000000000
ooo

gooooooooooo0oooboOooooOoOoooOoooDooO0ooDOoOoOooOooOoooOooOUOoOoboOobobOoo
000000000 sworecomposingO OO of OOOODOOO

charge_mixing{
sw_recomposing = off

gooooooogoboO0ooobooOoooOogoooo0bonDO OoOobOOOoOobOoOOoOooOobOoOobobooooboOoon
000000000000 000D00000DO000Od spindensity 000000 OO O sw_force_simple_mixing
oboO0ooOOobDOob0b0onOOonOoOonOo

charge_mixing{
sSw_recomposing=on
spin_density_mixfactor = 4
mixing_methods{
#tag no method rmxs rmxe prec istr nbmix wupdate
1 broyden2 0.1 0.1 on 3 15 renew
b
spin_density{
sw_force_simple_mixing = on

}

gooopooo0o0o0 OOoOooooooOooopoSsScrUopopoDOoOoOUOO0ODOOOOU0ODOOOOOOoOoOo
000000000 structure 000000 O ferromagneticstate 0000000000000

structure{
ferromagnetic_state{
sw_fix_total_spin = on

spin_fix_period = INITIALLY
total_spin = 1.0

}
ferromagneticstate 0 0 00 000000000000 0OO0ODOODOOO
e sw fix_totalspin: “on” 00000000000 OOODOOOOODOOO

e spin_fix period : 0000000000000 DOO“INITIALLY 0000000 0OSCFOOOOOOODO
oooooooooooOoooOO00U0Oo“WHOLE DO OOOoOoOooooooooobooooooooo
gboooooboooobOoboboooboobooooobooooon

e totalspin: O UOODODODODOOOOOODOOOODODODOOOODOODOOOOODOLOOODOnD
ooo0o0oO0o0oO00oO0o pPAWOOOOOOOOOOOOOOOOOODOOOOOOODFT+UDOOOOOO
gbboooobooooooooooboooooooobooobooboooooOooobooooboooboooooon

000000000000 000000000000DD000O00DoO00DO0Odn chargemixing OO O OO
sw_mix_charge hardpart 00 D0 00000000 onOOOOO

charge_density{
sw_mix_charge_hardpart = on

}
0000oo0oO00o0oO0O0000O0OPAWOOODO DFT+ULDOOOOOOOOOOOOOCOOOO0OO0O
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84 SCrOUOOOOoOOoOODO
8.4.1 FCC-Cu

FCC-cuOOOOOODODOOOOOOCOOOOOO0O0OOOODOOOOOODOOODOOOOODOOOOOO
gboooobdoooooobooooboboooobobooooobooooboOoboon

samples/sol_cmix_test/Cu
0000000000000 oDoooooooo

Control{
condition = initial
cpumax = 1 day

}
accuracyq{
cutoff_wf = 25.0 rydberg
cutoff_cd = 225.0 rydberg
num_bands = 10
ksampling{
mesh{
nx = 10
ny = 10
nz = 10
}
}
scf_convergence{
delta_total_energy = 1.e-10 hartree
succession = 3
}
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
X
structure{

unit_cell_type = primitive
unit_cellq{
'#units bohr
a_vector = 0.0000000 3.4704637 3.4704637

b_vector = 3.4704637 0.0000000 3.4704637
c_vector = 3.4704637 3.4704637 0.0000000
}
symmetry{
method = automatic
tspaceq{
lattice_system = fcc
}
sw_inversion = on
}
atom_list{
atomsq{
'#tag rx ry rz weight  element mobile
0.000 0.000 0.000 1 Cu 0
}
X

element_list{
#tag element atomicnumber
Cu 29
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}

wavefunction_solver{
oood

}

charge_mixing{
mixing_methods{

'#tag method  rmxs rmxe itr var
broyden2 0.60 0.60 * *
X
b
printlevelq{
base = 1
b

oboooobobooobOobooooboon

ooooOoo
wavefunction_solver{
solversq{
'#tag id sol till_n dts dte itr
1 matrixdiagon -1 * *
}

Im+msd, O0O0000O0O00O0OCOOOO

wavefunction_solver{

solversq{
'#tag id sol till_n dts dte itr
1 lm+msd 1 * * *
}
submat{

before_renewal=off

}

Im+msd, 0000000000 OOOOO

wavefunction_solver{

solversq{
'#tag id sol till_n dts dte itr
1 Im+msd 1 * * *
}
submat{

before_renewal=on

}

Im4+msd — rmm3, OO00000000D000O0O00ODO

wavefunction_solver{
solvers{
'#tag id sol till_n dts dte itr
1 lm+msd 1 * * *

49

prec istr nbmix update
on 3 15 RENEW

var prec cmix submat
* * on 1 off

var prec cmix submat
* on 1 on

var prec cmix submat
* on 1 on

var prec cmix submat
* on 1 on
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2 rmm3 -1 * * * * on 1 on
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submatq{
before_renewal=off

3

Im+msd - rmm3, OO0 0000000 0OO00OOO0O

wavefunction_solver{

solversq{
'#tag  id sol till_n dts dte itr var prec cmix submat
1 1m+msd 1 * * * * on 1 on
2 rmm3 -1 * * * * on 1 on
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=on
}

Davidson - rmmm3, 00000000 O0OOOCOO0OO

wavefunction_solver{

solversq{
'#tag id sol till_n dts dte itr var prec cmix submat
1 davidson 1 * * * * off 1 off
2 rmm3 -1 * * * * on 1 on
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=off
}

Davidson - rmm3, 000000000 O00O00OOO

wavefunction_solver{

solvers{
'#tag id sol till_n dts dte itr var prec cmix submat
1 davidson 1 * * * * off 1 off
2 rmm3 -1 * * * * on 1 on
}
rmm{
edelta_change_to_rmm = 5.0e-3
}
submat{
before_renewal=on
}
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2
10 T T T T N N T
matrixgiagon —o&—
Imm, submat after wf renewal
10° Imm, submat before wf renewal —S— -
Imm->rmma3, submat after wf renewal —<—
Imm->rmm3, submat before wf renewal
1072 davidson->rmm3, submat after wf renewal e
davidson->rmm3, submat before wf renewal —&—
davidson —<—
. 10 | .
(]
g
t _6 | i
g 10
5
10 t .
100 | .
1025 .
10—14 1 I I | |

0 20 40 60 80 100 120
iteration

0 10: bo0oooobOobooooboooooboan

s gbbgobbooobobooobooobboobobooobooobboooboboobboon
Opteron 280 24GHz 0 OO O0OO0O0ODOOO0OOkO0400000000000D00C0ODOCODO0OO0ODOOOOODO
ooo

oo 0oooog |oogo
gooooo 130 19.20
Im+msd, 0000000000 DO0O00O0O0O 670 22.20
Im+msd, 0000000000 ODOODOO 105 0 32.40
Im+msd —rmm3, 00 0000000000000 34 0 1240
Im+msd - rmm3, 0000000 O0OOO0OOOO0O 16 0 8.40
Davidson — rmm3, 00 0000000000000 23 0 11.20
Davidson — rmm3, 0000000000 O0O0O00O0O 150 9.50
Davidson 170 11.8 0

Davidson

wavefunction_solver{
solversq{
'#tag id sol till_n dts dte itr var prec cmix submat
1 davidson -1 * * * * off 1 off

0000000000 00o0o0OoD 1000000000 5000000Intel Fortran Compiler 11.1 for Linux
00000000024GHzO Opteron280 00000000 O0DOO0ODOOODOOODOODOD kO 4000000
oooooo

gooobodbo0O0obOOobooUoooboUooOO0bOoboboOobDOobOOoOogSCFr0booooobooogobooo
oo0ooo0ooo0ooooo000ooo00o0oooooDoo0oooDooooooDooOoooOooDooDgogl
ooooooooooooooDooooU0oo00DoU00oODoUooOoDUOoooUooDoOooDoOoooDood
00000000000 mmm3 0000000000000 0000000000mm3 0000000000
O00000o00oooooooooooooooooo

O0000000OO00Do00ooo00oooo0oDo00onoooo00ooooo0oooo0ooooDoooooDoog
00000000 000ooo0o0oDooooO0ooOooooLM4+MSD -~ RMM3 O, Davidson O, Davidson —
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RMM3OODOOOOODOOOO0ODODOOOORMM3OOOOOOOO0OODOOOO0O0OO0O0O0O0DODO0O0O0O0OO
000000000000 0DavidsonODOOOOOOOODOODO (precon)d of 000000000000 OOO

8.4.2 Fe(100) 00O

00000000000 0000000 Fe(l00)0000O0O0O0OO0OO0O00O0ODOO0OO0ODOOOOOOOUOOOO
gboooooboooboboooooobooboobooooooooooooobooboobooooobooon
gbooooboobooooooboobooo

samples/sol_cmix_test/Fel00
Oo0000o0oooooooooooooooo

controlq{
condition = initial
max_iteration = 200

X
accuracy{
num_bands = 52
ksampling{
method=monk
mesh{
nx = 6
ny = 6
nz =1
b
}
cutoff_wf = 30 rydberg
cutoff_cd = 300 rydberg
initial_wavefunctions = atomic_orbitals
initial_charge_density = atomic_charge_density
scf_convergence{
delta_total_energy = le-9
succession = 3
}
force_convergenceq{
max_force = 0.0005 hartree/bohr
}
X
structure{
atom_list{
atoms{
#tag element rx ry rz mobile weight
Fe 0.5 0.5 0 off 1
Fe 0 0 0.0948333333333 off 2
Fe 0 0 0.2845 off 2
Fe 0.5 0.5 0.189666666667 off 2
b
}

ferromagnetic_state{
sw_fix_total_spin=off
total_spin=14
spin_fix_period=5

}

unit_cellq{
a_vector
b_vector

5.3762704477 0.0
0.0 5.3762704477

0.0
0.0
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c_vector = 0.0 0.0 28.3458898822

3
element_list{
#tag element atomicnumber mass zeta deviation
Fe 26 101802.230406 0.375 1.83
X
symmetryq{

method = automatic
sw_inversion = on
}
magnetic_state=ferro
}
structure_evolution{
method = gdiis
gdiis{
initial_method
c_forc2gdiis =

0.005 hartree/bohr

}
}
wavefunction_solverq{
solversq{

#tag sol till_n prec cmix submat
davidson 1 off 1 off
rmm3 -1 on 1 on

}
rmm{
edelta_change_to_rmm = 5e-3 hartree
}
submat{
before_renewal = on
}
}
charge_mixing{
good
}
printoutlevelq
base = 1
}

gbobooooobooooobooooon

0000000000000 000000000000000 Broyden2O (case0)

charge_mixing{
spin_density_mixfactor=4
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix
1 broyden2 0.1 0.1 40 linear on 3 5 renew

0000000000000 0000000000000O00 PulayO (casel)

charge_mixing{
spin_density_mixfactor=4
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix

update

update

93
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0 6: Fe (100) 00000000000 SCFOOUOOOOUOODOOOOOOO

SCFOO |000000 (ha)
cascl 36 -153.877775988322
casel 32 -153.877775991437
case2 34 -153.877775825592
case3 29 -153.877775990755

1 pulay 0.1 0.1 40 linear on 3 15 renew

000000000000000000000000000 Broyden2O (case2)

charge_mixing{
spin_density_mixfactor=1
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 broyden2 0.1 0.1 40 linear on 3 15 renew

0000000000000 00000000000000 Pulay O (case3)

charge_mixing{
spin_density_mixfactor=1
mixing_methods{
#tag no method rmxs rmxe itr var prec istr nbmix update
1 pulay 0.1 0.1 40 linear on 3 15 renew

obooooooboobob e00obO0ObO0OO0OO0O0OOODOOOOOODOODOODbDOOOOOODObOOOO
goooooboO0OoDOo0ooOoOoOooooo00ooDoo00oDOOoO00O0O0OOOo0DOoO0O0nbOOg Pulay
O O(case3) 000000 U0O0OO0ODDOOUODOOODOOUOOOUODODOO case300000000O0O0O0OOOODO
000000000D000000000 Broyden20000000000000O00OO00DOOOOOODOO
gooboobobobobobooboboboooooooooDooDooDobDobDob0ob0obOobOobOoDbOoo
goooooobooooobooboooboooobooooobooooboboboobobooOoDOobObOoDUoDbO
oboooobooooobooboooobooon

85 ULUUgobOO

0900000000000 00000000000Quenched MD OOOGDIISO, BFGSO,CGOOOO
0000000000 300000000000000Ostructure_evolution 000000 O000O0OOOO

Quenched MD O ODODODOO0ODOODOODODOOOODOODOODOODOOO GDIISOO BFGSOOO
dddodoooodoooooo0bodddDoooooooooooOogooooonecGcoooooooboooa
000000000000 0000D00D000 quenched MDOODODO CGOOODOODOOOOODO GDIIS O
0000 BFGSOOOODOODOO0ODOO0DOO0DODODODODOOODODOOODOOODO 400000000
doodooobOooooooooooboooooao

J000ooooo0o000o0ooooOo00o0oooooo0oooooooooooaoa

e OO 1:cisOOOO0OOODOOOOO
e 00O 2: 0000 TiOq
e OO0 3: SiOq
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e 0JOO 4:Si(001)00O
0000o0o0oOoOoOoOoOOODODODODODDODDDODOOOOOOOOOOOOO0OOD
samples/strevl_test

0000000000000000 10~ hartree/bohr 00000000000 000000O0O0OODODOOO
0MD0O0000000000D0D0000D000000 107 hartreee 100000000000 OOODOOO
g20000oboboboobooboooobooooboobooonog

gooooooooooooboboooobooobooooboo

8.5.1 quenched MD [

structure_evolution{
method = quench

3

8.5.2 cgl

structure_evolution{
method = cg
}

8.5.3 gdiis[O

structure_evolution{
method = gdiis
gdiis{
initial_method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
X

oooobO0ooobobobooDbD cgObOOoOooOobObOO0OOOooobObOoOoooobOoooboDbOooooon
cforc2gdiis 00000 O00DOOOO0O0OOO0ODODOO gdiisOO0D0OD0OO00O00OOOODOOOODO 3000000
oboooobooboooboceghOoobooboonono

8.5.4 bfgs O

structure_evolution{
method = bfgs
gdiis{
initial_method = cg
c_forc2gdiis = 0.01 hartree/bohr
}
}

goobobobboboooobbobD cghOOOOOO0OOO0OOO0ODDOODOOOOOOOO0OOOOLOODOODO
cforc2gdiis 0000000000 DOODOO0OOOObgsOOOOODODOOODODODOODOO 3000D0O0OO
00000000000 cgOOODOOOOODbesOOOODOOO gdiisODO0O0O0DOOO0OODODOOODODOOO
gdiisOD0 00000000000

O000o0D0O0000 7000000000000 quenchedMDOODODOOOODODOOOO0ODOOOO
gboboobooooooobooboooooolcoabooooboboobobooboboooooooogan
OoOooooopooooooGbIsod Ssio,0oo0gooooooooogooooooooooooogad
OO0000D0DO0OD0O00000gdiis0000000Ocfore2gdiis0O0000000DOOCOOOOODDOOOO
ubobo0oooobobooooooboboooooboobooooooboobobcegOObOOobOOoOoOooogon
OO00000OO0bfgsOOOOODOOOOOOOODOOOODOOOOODOOODOOOOODOODOOOOODOODODOO



8. PHASEOOOOOOOOO

56

07 000000000000000000000O0O002000000000000000 1074000000
oo0o0ooooooooCoooDOoD 1000000oDoCoboOo000boO 200000 TiOe, 00O 30 SiOg,

00040 Si(0ol)00ooOoooo

goo 100020003 |0004
quenched MD ooo 115 166 goo
cg 195 62 28 124
GDIIS ooo 71 13 176
BFGS 87 38 16 67
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9 Jubobboooooob

9.1 0Od40on

PHASEOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODODODOODOnGd
0000000000000 0000000000000000 PHASEOOOOOOOOOOOOOOOOO
(0000000)00000(@O00)ooo

00000000000 00000000000000000000000000000000000000
filenames.data 0000000 FENFOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOO
0000000000 0000000000000000 Ein = 3 X Naem x k7 000000000000
0000000000 Eq0O0000 Naonw DOOOODOODOD k00000000 70000000000
000000000000 0000000000000000000000000003.1578%10°00000
000 (000000000 kTO00000)0000 200000000000000000000000
00000000000 (structureevolution 000000 t00000000)00000000000000
000000000000 00000000000000000000000000000000 (00000)
2418x10-700000000000000000000000000000 100aw.000000 24180
oooooo

9.2 0OU0OO0gnO

PHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODoOoOOOO
gboooboobooboobobooobobooooboooobobooo

9.2.1 0OO0OOO

0000000000000 000000000000000000000O0000O0 molecular_dynamics/NVE
gbooooobooooooobooooon
obooooooboooooogoo

accuracyq{
cutoff_wf = 9.00 rydberg
cutoff_cd = 36.00 rydberg

num_bands = 8
xctype = ldapw9l
force_convergence{
max_force = 1.0e-8 Hartree/Bohr

X
initial_wavefunctions = matrix_diagon
ksampling{
mesh{
nx = 4
ny = 4
nz = 4
3
b

scf_convergence{
delta_total_energy = le-12 Hartree
succession = 3

structure{
unit_cell_type = primitive
unit_cellq{
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a_vector = 0.0000000000 5.1300000000 5.1300000000
b_vector = 5.1300000000 0.0000000000 5.1300000000
c_vector = 5.1300000000 5.1300000000 0.0000000000
}
atom_list{
atoms{
#tag element rx ry rz mobile
Si 0.130 0.130 0.130 yes
Si -0.130 -0.130 -0.130 yes
}
X

element_list{
#tag element atomicnumber
Si 14

structure_evolution{
method = velocity_verlet
dt = 100

0000000000000 00000000D0000000000AD0 structure.atom_list.atoms 00000 OO
“mobile” 00O “yes” OO DOOODOOOOODOO “no” 0000 “0"00000D00O00ODOOODOODOODOO
000ooooooooooo0oooooooDoooo000oooooooo0ooooooooooOooooOoS
000000000 (11)bo0o0oooo0oU0oOoOo0D0oooOooDoooOoUooo

structure_evolution 0 0 0 0 0 OO “method” O OO “velocity_verlet” 00000000000 DOODOOOONO
0000o00o0o0o0o00o0o0ooOoooU0oO0o0oDOoOUO0OU0O0OOo0oOOooDO (DO dy)y0ooooO
0 ¢“00"00000000000000000000 2418x10~%s0000000

gobodoobobooooU0oOoUooOooOOooOUODOobDO0obObOO0ObOobO0ooUOOUObOObOUOObDUObOobOobOO
obo00O0ooOO0O0OOoO0oOoOobOobOooboobooo

structure_evolution{
method = velocity_verlet
dt = 100
temperature_control{
thermostat{
#tag temp
300

}

o0d00“emp” O0000DOOOOO0O0OODOOOOODOOOOODOOOOODOODOOOOOODODRDOOOO
gbooobooboboobooboobooboOoboobOoboboooboooo
gboooobooboooooboooobobooobooboooooboboooboOoboooooboooo

structure_evolution{
method = velocity_verlet
dt = 100
temperature_control{
thermostat{!#tag temp
300
500
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700

}
0000000000 structure.atom list.atoms 0000000000 “thermo_group” 0000000 OO0ODOO

structure{
atom_list{
atomsq{
I#tag rx ry rz element mobile weight thermo_group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 2
0.1273740089 0.6305999369 0.6247606249 Si 1 1 3

}

goooDOo0o0ooooD3oKOOoOoOoooooDsoKOOODOOOoooDO ooKOOOOOODODOOOO
ooood

9.2.2 0O00OO
gboobooboooobooboooobooooooboooo

0000 0000000000000 0000dOoOfilenamesdata00 FDYNMOOOOOOODOOO
00000 (00000000 nfdynmdata) 000 0000000000000 O00 perlO000O0OO
animate.pl 0 0 00 0O 0O 0O BioStationViewer 0 00 0 0 PHASE Viewer 000000000000 ODOODO
oooooooooooo

000000000000 DOO0O0O0Ofilenamesdata0O0 FENFOOOOOOOOOOOOOOOO (OO
0000000 nfefndata) 000 0000000000000 OO0OO0OOO0OOOODOOOOOO

iter_ionl iter_totall etotalll ekinall econstl forcmx

1 18 -7.8953179624 0.0000042358 -7.8953179624 0.0186964345
2 30 -7.8953851218 0.0000665502 -7.8953185716 0.0183575424
3 43 -7.8955768901 0.0002565396 -7.8953203505 0.0173392067
4 56 -7.8958649874 0.0005418445 -7.8953231430 0.0156398790
5 69 -7.8962052587 0.0008785990 -7.8953266596 0.0132645441
6 83 -7.8965425397 0.0012120826 -7.8953304571 0.0102355854
7 97 -7.8968179539 0.0014840140 -7.8953339398 0.0066063151
8 111 -7.8969784478 0.0016420281 -7.8953364197 0.0024736141
9 125 -7.8969875377 0.0016502900 -7.89563372478 0.0020111576
10 139 -7.8968352058 0.0014992046 -7.89563360011 0.0066379641
11 153 -7.8965440599 0.0012113794 -7.8953326806 0.0111430822

oo00oO0o0oooOoOo0o0oO0oOoooooooscropoOoOoOO0OOOOOODODOOODOOObOODOOn
goboobodbooboboooooobuooboboobobooboboobobooboboooobo
gboboboboobobboboboboboboboooooooooooooo0 11oobobobo
ubuobdaboobobobooboboboobobooboboooaobuoboobouoobaboaon
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-7.8950
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Ekln
Elot+Ekln
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[ [ . [ [
“ \“ “\ | \‘“ “\ \“ “
o | \ [ | |
e [ \ I I I
<] | | \ | | | | | | | | —
< | | \ | | | I | | | | O
£ U R £
S 78960 [ | [ “ | [ | ‘ I} Jooowo B
[T \ | | | \ | | | | | \ : <
+ | | | | | | | | | | | =
B | | | | | | | | | | | <
i | | | | | | | | | | u
5 I | | | | | | | | | |
ur \ | | | \ | | | | | \
L I . [ I
| | I L A | \
| [ | |
78965 || | | | | | | 4 0.0005
‘ ‘
A A AR A A R I A
| | | \ | \
| | | | | \
\ !J | ‘\ ““ | ‘\
\ [ [ \ \
\/ \ \ \ \/ v
-7.8970 L L Vo, [ Y, A 0.0000
0.00 0.05 0.10 0.15 20
time (ps)

U1 00b0bo0obooboobooboobobbobbooboan

9.3 U4gn

PHASE O ONosé-Hoover 0D D000 00000000000 ODO0ODO0O0O0O0OODODOOOOODOODOOO
gobgobooboaobooboobuoobobboobobooboobobboboobooonn

9.3.1 0OO0O0O0O

0000000000000 0000D0000000000000000000O00 molecular_dynamics/NVT
oboooobooooooboooobon

gbooooobooboooooboooobooboooboog

00000 structure_evolution O OO OO temperature_control 0 0000 O0OOOOOOODOODODOODOODO
oooooogo

structure_evolution{
method = temperature_control
dt = 50.0
temperature_control{
thermostat{
#tag temp gmass
300 5000

}

00000000000 “method” 00O temperature_control 00000000000 ODOOO PHASE
00o00ooo0ooooooooooooo«dt” 00000000 onoooooooooooooooog
0000000000000 00D0OOos000000000 1260000000

000 Otemperature_control 000 00000000000 O0O0OODOO “hermostat” D000 O0O0ODOO
O00000000000%emp” 0000000000000 000O0O0OD0OOD (0DDO0OOD)O “gmass”
O00o0o0o0o0ooooO0 (Dooo)booooooo

0000000 structwere 000000atoms 000000000000 O0O0OO0OCOOOOOOCOODOOO

structured{
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atom_list{
num_atoms = 8
cooordinate_system = internal

atomsq{

'#tag rx ry rz element mobile weight thermo_group
0.1159672611 0.1235205209 0.1215156388 Si 1 1 1
-0.1329067626 -0.1264216714 -0.1225370484 Si 1 1 1
0.1273740089 0.6305999369 0.6247606249 Si 1 1 1
-0.1152089939 -0.6164829779 -0.6221565128 Si 1 1 1
0.6299472943 0.1341313888 0.6253193197 Si 1 1 1
-0.6305720382 -0.1290073650 -0.6187967685 Si 1 1 1
0.6151271805 0.6206113965 0.1333834419 Si 1 1 1
-0.6276524003 -0.6268549639 -0.1175099372 Si 1 1 1

X

}

OO0000o0O000DoOOo00DOD0OoO0DOon “hermogroup” OO0ODOOOODOOOOODODO
gboobooooooboooboooooboooboooOooooOoboooboboOoooooboOoooOoobooo
OO000000000O000000000000000“4defanlt” OO0OOOOOOCODOOOOCOOOOO
O0000o00000O000000D0Ob000DbO000000 thermogroup DO OOO0DOOOOODODO
goooooboobooboobooooboobooog

9.3.2 0OO0O0OO0O0OO0OOODOOO

00000 (000EUODO0O0U0)000000000000O000O0O00000D RUUODUOODUOOO
goooooboooobbooooboobboob b oo b oL oo oo UoO0oD o
0o0ooooDoo QbOOooDOOoDoOO0DOo0oo0oooDOoo0oOoDoooDooooooooooooDaon
oooo

UII0I0D000000D0D000000000000000000000000000O0000Ooooooo
0000000000000 000000000000000000000000000000000000O0
(S. NoséO Progress of Theoretical Physics Supplement No 1030 19910 pp.1-46)0

o 0 1/2
= — = 2
T i <2ngT> ©)

000 w0000000000D0000g000000 3xO00O0O0D0O0O0OD0O0DUO0O0DD0O0OOD0OO)OkO
00000000T7T00000000000000070005psD000008UIOODO300KO0O0O (9900
UO0O000000ODO00O0DOOO0O0O0D 460000000000

9.3.3 00000
gboobooboobooboooobobobboobooboobooobn

0000 ODOO0ODO00O0000000obO00D00ODO00ODOo000O0Ob0O0000DOOLDDOOfilenames.data
OO0 FDYNMOOOOOOOOOOOUOODOOO(DOODOOOO0OOO0 nfdynm.data) 00000000

go0oo0o00oDoo00 Dooo0ooooObooOoboDOooOobOoooooDob0OO0OOgn fileenames.data
OO0 FENFOOUOOOOUOOOOUOOOOUOO (DOO0OO0OOUOOOOO nfenfdata) 00000000000
00922000000000000000000FENFOOOOO00OO0ODODOOOOOODODOLOO
gboboobooboobooboobobobooboboooboobooobooboooooboooboOooooDooo
gbooobooboobooboobobooboolpsbObOO0O0OOO0ODOOODOOODOOODOODOOO
obooboOo 1200000000000D00O000O00DO 30KOO0ODOOOO



OOOOOOOOOOO
5555555555
5555555555
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10 0OOOdd

10.1 004

PHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOODODOOOOODODOOOOOOOoOoOOO
gooooooboooboooobboooobooobobooooOoooboooobooobooboobooboOoooOooo
gboboboboboboboboboboooobooOooOooOoooooooOoobOOobOobOOobOobOobann
gbooooboobooboboooobooooboooo

10.2 0000000

(0ooboooooooboobob wOooooobOoboooooooooooobobooooooooao
goog

Miliia = = Y _ Piajstip (10)
iB

000000%,4,,,;3s0000000000000000000000 E(uy,ue,...)0000000000000
gooo

O’E
Bin g = —— 11
JB auiaaujﬁ ( )
goooooboob-ooouobbbbodoobobbbodoooooooobobbooo
OF;,
Do g =— 12
3B anIB ( )
goodooobobooooooobobbooooooboboob0bbbo00og e
8Fi _Fia|ujﬁ:a_Fia‘uj5:7a (13)

oujg 2a

gboboooooooooobooooooobooooboooooboobboooobo0oobooboboobooboOoooboooon
oooOoo0q, 00000000000 {R|T}O¢,;/000000000000000 ¢,;,0000000
0¢,, 00000 ROOOOOOOOO0O0OO0O0OO0O0OOO

RI'Z' + T = r; (14)

RI‘]‘ +T = rj (15>
oooo

®,;=R"®, R (16)
00000000000 000D000000D00 @,;000 000000 ,000000000000000
D00000O0ooooon

> ®iags =0 (17)

j
000000000000000000000000000000

q)ia,jﬂ = (I)jﬁ,ia (18)
0000000 wia =tia/ym 000000 Dig g = ®iayp/ymam; 0000000000000 (10) 0

Wia = = Y Dia,jaw;is (19)

JB
0000000000000000000Dwie =Q&ee™t 00000000000
Wzgia:ZDia,jﬁfj,B (20)
JB
0000000 000000000 ¢&,000000 D;;s000000000PHASEDDOOODODOO
obooobooboobuoobuooboobobobooooo
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10.3 00000
obooooboooboosoooboooboobooooobooooooon

10.3.1 OO0O0OO0OOOOOO0O0OO

O00o0o0oooooooOoDOOO0O0000oooooDOb0O0O0000Osw.inversiond OFFOOO0OOO0O
gbooooooooobOoobOooooboobooOooo0obobOOoobO0oobOb0000d symmetry0OQOO0O
gbooooooo

10.3.2 0OO0OOOOOOO

000000 element list 0000000 mass0 000000000 (aw)00000000000O0 (amu) O
0000000 #units atomiccmass O #tag 0O 0000000

10.3.3 0O0OOOO0OO

00000 PhononOODOOO displacement 00O OOD0OO0OOO000OO0ODOO0.1auv.00000000ODO0OO
0000000 0bO0ObO0O00O00O0bOO0b00000D0DbD0O0O0O0O0O0OD0ODO0ObO0OOnorder 2000
000000000000 3005000000000000O0diplacement 0000000 uOOO0O0O0OOOOO
O-u,u/2,u/2,u000000sw_polynamial it 0 ONOOOOOODOOO0OOOOOOnorderd 2000000
0000000000000 000-u/norder,-u/(norder-1),...,u/(norder-1),u/norder 0 0 Onorder 00 00 OO
00000000000o0o0o0oo00oo00oo0000000gdgdd norderd 10000 2*norder 000 O
gboooooooogo

104 0DOO0O0OO

goboobogooboobooboooobooboobobooboobbooboobooobobooboo
OOo00DOOO0OO0OOo0O0OoooooOss,0d00ODOOOOO0OOO000O0O0ODODODODOdnfdynm.datadd
0000000000 0OO0O000 PHASEQOOOODODODODOODOOOOOODOOOO PhononOOOOOOOO@
obooooobooooon

Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
displacement = 0.05

}

0000000000000 0oooooooOoddfilenamesdatad 0000 PHASEOOOOODOOOO
0000000000000 0 modedataO0 0000000000000 OOOOOOO forcedatad 0000
goo

10.5 0O0O0OO000D0O0O0O0O0O0OO mode.data

mode.data 0 000 00000000000000000000000000 a; = (4, @iy, ai;) 000000
0Do0ooooo

--— primitive lattice vectors ——-
a_lx a_ly a_1z
a_2x a_2y a_2z
a_3x a_3y a_3z

000000 natm 0000000 (a4,v,2) 000 m; D000 name(i) 000000 0O00O0OOO
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--- Equilibrium position and mass of each atom---
Natom = natm
do i=1,natm
i x(1) y(@) z(i) m(i) name(i)
end do

ooboobooboobooboooooboobooo

--- Vibrational modes --—-
Nmode= nmode Natom= natm
do m = 1,nmode
n= m representation(m) acvtive(m)
hbarW= omega_ha(m) Ha = omega_ev(m) eV; nu= omega_nu(m) cm”-1
do i=1,natm
i vec(m,i,1) vec(m,i,2) vec(m,i,3)
end do
end do

representation 0 D0 D O000000O0activelm) 0000000000000 RODOODOOOOOOODOOODO
OO0 IROODODOOOO0O0OO0ODODO0OIR&ROODDOOOOODONOODODOODOOOONONOODDODOOOvec
O00D00000D0DO0DOOomegahad HartreOOODOOOOOOomegaey 000000000 OODODOOO
omeganuJO0O0O000

10,6 OO0O0OOOO0OO force.dataOO OO
forcedata0 000000000 DOOOOOO0O0O0O0O0O0O0O0OOOOOOODODOO0OO0OO0OOOOOOOOOO

num_force_data, norder, sw_ploynomial_fit
do i = 1, num_force_data
displaced_atom, displacement(1:3)
do ia = 1, natm
i, force_data(ia,1:3,i)
end do
end do

num_force data0 000000000 D0O0ODOOOdisplacedatom 000000000000 OO displacement O
000000000 (ug,uy,u,) D00norder 00000000 norder 00000000 OO sw_ploynomial_fit
0000 swoploynomial fit 0 ONOOOODOONOOO 1000000D00OFFOOODOCOOOOOOODOO
swcalc_forced OFFO0O0000O0OO0O0O0000O0ODOOOO0OO0O0OOOODODOODOOOOOODODOODOD
oooboooooooooobooooDbDbooooobooboooooDoobooooDoOOoooDobooOo

10.7 O0OO0OO0OdoOO0doo
10.7.1 0O0OOO

goboobbooboobooobooboobbooboobooobooboobboobooboo
gboooobobooboboogbdoboboboboobooboooooobooboboboboooobaooon
oboboooooooooobooooon

Control{
condition = initial
cpumax = 1 day ! maximum cpu time
max_iteration = 6000

3

accuracy{
cutoff_wf = 25.00 rydberg



10. O0OODO

cutoff_cd 225.00 rydberg
num_bands = 8

xctype = ggapbe

initial_wavefunctions = matrix_diagon

matrix_diagon {
cutoff_wf = 5.0 rydberg

}

ksampling{
method = gamma

}

scf_convergence{
delta_total_energy = 1.e-10
succession = 3
num_max_iteration = 300

}

force_convergenceq{
delta_force = 1.e-4

}

initial_charge_density = Gauss

}
structure{
unit_cell_type = primitive
unit_cell{
a_vector = 15.0
b_vector = 0.0
c_vector = 0.0
}
symmetry{
tspaceq{
lattice_system = primitive
generatorsq{
#tag rotation tx ty tz
C2z 0 0 O
IC2x 0 0 O
}
}

sw_inversion = off

magnetic_state = para

atom_list{
coordinate_system = cartesian
atoms{
l#default mobile=on
l#tag rx ry
-1.45 0.000
1.45 0.000
0.0 0.0
X
}

element_list{ #units atomic_mass

#tag element atomicnumber zeta dev
1.00 0.5
0.17

H 1
0 8

O o O
o O O

rz
1.123
1.123
0.0

0.

0.

15.

element
H
H
0

o O O
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}

wf_solverq{
solvers {

'#tag sol till_n dts dte itr var prec cmix submat
msd 5 0.10.1 1 tanh on 1 on
Im+msd 10 0.1 0.4 50 tanh on 1 on
rmm2p -1 0.4 0.4 1 tanh on 2 on
}
rmm {
edelta_change_to_rmm = 1.4-6
b
lineminimization {
dt_lower_critical = 0.1
dt_upper_critical = 3.0
}
b
charge_mixing{
mixing_methods {
'#tag id method rmxs rmxe itr var prec istr nbxmix update
1 Dbroyden2 0.3 0.3 1 linear on 5 10 RENEW
2 simple 0.2 0.5 100 linear on  * * *

}

structure_evolution{
method = cg
}

file names.data 0 O element list 00 000000000000 O0O H_ggapbenc 0l.pp 0 O_ggapbe_us_02.pp
gbo0o0OO0obOo0oboOobDOdbOoOobOOobOobOboUoboOOo wBoobooog

10.7.2 0O0O0OO

oooooboooo0oOoooooboooo0oOooooDoOobo0oooDOob0O0dPhonon00O0O0OOOOO
oo0D0OoO0o00oDOoODOO0O000OO000DOO000DOO000000 nfdynmdata000O00O000OOOO
gbooooboooogo

atom_list{
coordinate_system = cartesian
atomsq{
l#tag rx ry rz element
-1.446816228 0.000 1.123327795 H
1.446816228 0.000 1.123327795 H
0.0 0.0 0.0 0
X
3

oboooobooboooooboboooooo

Phonon{
sw_phonon = on
sw_calc_force = on
sw_vibrational_modes = on
displacement = 0.05
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goooboos0Db0OD0ODOODODOO0OOODODOOOOOOODOOOOOODODOODOOODODOODOOOnO 14
00 15500000000000000 PerlDOOODO freqplO0CO0O0O0ODODOO0ODOOODOOOODDOOO
g00oo0o00oooO0o00DOo000DOo0000-molO00D0ODOO0ODDODOO freqplOOOODODO

$ freq.pl -mol mode.data

00000000 O0000D0O BioStationViewer 0000000000 OOcontrol.inp0000000C0O0OO
gbooaboooaon

origin 7.5 7.5 7.5
00 controlinp0 00000000000 Janimatepl 0000000000000

$ animate.pl mode.data control.inp

000000000 mode_7.tr2,mode8.tr2,;mode 9.tr2 0000000 D0OO0DODOO trajectory 00 OO0 0OOO
ooo

013000000

Vibrational Analysis

4000 L ALIR&R B1 IR&R ]

3000 t 1
2500 r ]

2000 | ]
1500 | 1——1580 ]

Frequency (cm'l)

1000 r 1
500 1

014 0000000000000



oooo

1A,
bending

w_

2A4
sym. stretching

1B,
asym. stretching

U1 000boboboobooobooobd

gbooooboooo

goo

g

sw_phonon

OFF

gboboobooobooooboooboooooo
gooooo

sw_calc_force

OFF

0J000000000oooooooooooog
goooNODOODOODoOOOooDOooDooooooon
000000 (@OOO0O0O forcedataDOOOOO
O MOFF OO0 OO Osw_vibrational_modes=0ON [
O0000FFORCE’ODOOO0OO0OOODODOOOO
oo

displacement

0.1

gbooooogooboo

sw_vibrational_modes

OFF

oO0o0oooo0o0oooDoob00oOooooboDoOooNDO
O0DO0000000000000Omodes.data 00O
ooooooooOoorrFrOOOOOOOOOOOO
gboooood

norder

oboooobobooooobooo

sw_polynomial_fit

OFF

gbooboooobooboooobooboooboooog
gooNDOOoOoOoOo

g8 oboboooboobgooobo
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11 STMUOOOOODOOOoOobooDOoooo

ooooOoOoOoooooooSTMOOOOOOOOO,0000000S 000000000 O0O0DO00000
ooooooooooooo,Sibogooooog0oooHOOoOoOoOoooOo STMOODODUOOODoOOOOO,
10000000000 Si0 (0000)0000000000000000000000000000o0oooo
ooooooooooooooo siooooobooooooooooooooooobo0Og siboogogo HO O
oooooooooooooo,0o00o00goo,0o0o0o0obob00o0ooo STMO0O0OOoooooogoooo
oooooooooooooooooooooooooobo0oooooOobo00oD EpOD0O0OO0,000,Er—-2
(V)OO Ep, 0000000000 O0O0OO0DOOOO0O0OODOO0OOUOOOOOUOODOOOODO STMOOO
ocooooooooooooooooo,0poooc STMOODoOOoOOoOoDoOoOOoOoDOooOOoOoOoDoOooDOod
ocooooooooSTMOOO,00000D0O000DOO00DOOO00ODOOO0OOOOOSTMOOOOODOO
obooboboooboo,0boboobooocbo0oboboooboboobooboboooooboobobooboooooon
STMOOOOOOOOOOOOOOOOOOOOO0OO00o

000,000000000000000 PHASEOOOOOOOOOOOOODOOOOOOOOODOO,O00
gooooooooooooboooobooooooooobooooooooooDOo, o000 ooobooo
goboooboooobooboooboobboooboo,b0oooobooobooobooooboooobooboboobobooooDooon
0000000000000 0000,PHASEOOODOOOOQOOOOOOODOOOOOOODmMODOO, PHASE
O000OO0O000000000, Schrodinger 100000, 00000000 COCOOOO00OOOOOOOOO
000000 Schrodinger 00000000, 0000000000 00000000000 OOOOOOO
000,00000 [2000000000000000000000O00O0O0OU0, 0000000 STMUOOO
oboooooooo

11.1 0ddd
ooooooo

oo0oO0O0O0O0000000O0o0oooOO0OOO0OO000000O0Oo0oOoO,ddOn Schrodinger 10000
000o0oooOo,00b0o0o0ooo00ooo0oooOoooDoO, PHASEODOODOOODDOOODOOOO
00000O0o00oo00oO00o0o0UD Joobo0Do0o0DooUoO0DoOoDoOoooDoo

2 2 2

By Wt (Gs2) = 5k + G)* W (G 2) = 5 =5 W (G, 2)
+Y V(G =G, 2) ¥, (G}, 2) O (21)
Gj
ooo,

\I/”’kH (I') = Z ei(k”JrG”)TH \II/L,kH (GH ’ Z)a (22)

Gy
V() = Y eCImv(Gy,a). (23)

Gy

00000000000 VvV(r)D,00000000000 PHASEOOOOOUOOOOOOOOOODOOO
0,000 V(r)OOOUOOOOOODOOOUODO,00000000000000,0000000000

oooooooo
ogoo,o0oo \I/H’k“(r)DDDDDDDDDDD
‘I’mkn(r):eik”'r"@u»ku(r) (24)
oooo,

¢H7kH (I‘) = Z eiGH l \Illivku (G” 5 Z) (25)
G
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1 —1 (x
Wk, (G”’Z) = 2726 Gt m’yn)(bu,k”((l'mayn)vz) (26)

oo0ooooooooooooodm,»n0 2y 000 FFTOOOOOOOO0O0O0ODOOOO

uobooobooooboobooodg
(21) 0000000000000 0O0O0UDO0O0O00O0O0O0O0D, 00000 FFTOUOOOOOODOOOO

1 —1G - (x
Z V(G” - GT\ ’ Z)\IJll«ak” (GT\ ’ Z) = 27 Z € G” ( m7yn)V(xm7 Yn, Z)(I),u,,k” ((Em7 Yn, Z) (27)

mn mmn

ugbooaod

U00000z000D00 200 200 NOODOODOOOOO,y0000000

I 2] ]

20 21 2 ce Zn—1 Zn Zn+1 ce ZN

0000, (2)0000O00o0oooUooo

1
E“*kH lI/"‘71‘” (GH sZn) = ‘kH + GH ‘2 - ﬁ{\pmku (GH s Znt1) — 2\Iju,k“ (GH s 2n) + \I/p,,kH (GH yZn—1)}
HV(0,20) 00, (G z0) + > V(G = G, 2) ¥, (G, 2) O (28)
G'#£G

ooooooOdoooo,
627200, (G zno1)  + {Bux, — k) + GI? = 26272 = V(0,20)} W00, (G 20) + 627280, (G, Znt1)

= Z V G|| GH’ ) ltk||(G,72n) (29)
G'£G

gboooooo,obobboboobooboon

LI (G, 20) = ‘Pﬁ,kH (G, 20)
Uy se) (G zv) = U o (G 2n)

g
(29)000000000D0O0UDOOO0ODO0ODOODOOD
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ail aig 0 \1/(21) C1
a21 G222 (23 O
00 a3 azz asg
U(z;) =] ¢ (31)
AN—2, N-3 Ona2 N2 ONn2 N1 0
O AN N2 OGN N ONa N o ’
z C
0 AN N1 an N (N) N

IZIDDD7DDDDDDDDDD,\I'MkH(G”,zi)D U(z)0000000a;, ;00000000000

aii:Eu,kH —|k” +GH|2—252’_2—V(0,Z,‘)
Qi i—1 :ai—l,i:5272

Ci:ZG’;ﬁG V(G*Glazi)q]p,k“(GCZi) (32)

Cl:ZG/;AG V(G-G',21)¥, k, (G’,zl)féz’Z\IJ%kH (G 20)

CN:ZG’;&G V(G*G/,ZN)\I/#J{”(G/,ZN)75272\11%1(“ (G\|7ZN+1)
(32)00 cyOOOOOOOO \I/H’kH(G”,ZN_,_l)[IDDDDDDDDDDD(31)DD 00000 v(z)0O0O0O
000000 VvY00O0000000,0009v000000000000000000O00O0, (31)00 iterative
oooooooooovy™(z) 0000000, 0000000000 0000, BH)0O0OO,000000
0 \Ifm"'l(zi)DDDDD\IIW(zi)—\IIW+1(zi)DDDDDDDDDDDDDDDD,DDDDDDDD,DDDI:ID
agooo,

T () = o U () 4 (1 — ) x U() (33)
0000,0000 9(z)0000,00 00000000000000O
(31)00 LU0DO00o0oOoUoDOooooDoo

Aij = aij,
Ci = C;
oooo, (31)00,
AX =C (34)

ooo0ooUDA00OO0OOO0 LOO0QOQOOOOOOOOODOUOOODODOOOOOCOOOOOOULO,O00O
O{k,k+1}00000000000w,m =w, 0000,

0o000,00000 L0,

ay5 /W1 0
A3 azs/w2
L -0 (36)
O AN_1, N2 a‘N—l,N/wN—l 0
0 AN N1 AN N — AN N1 WNy
odo00o00oo0oooDoUoUddw, 0, A=LU00,
Q12

w, = — 37

! Qg ( )

w, = — MLk _93 N (38)

App — Qp 1 Wy
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0000000, 00000000000000AX=LUX=C0O,

LG=C (39)
u,
UX =G (40)
000000o0o0ooo0DO0oo00000oo0oD00D00o0DO0DO0DooO0oOooDOoD,000o0ooOog
w1 C1
g = a—=—
a12 a1
(s
gk = (Ck_ak,kflgk—l)i (k:27 3, s N) (41)
A 1
ogoooooag,
Iy = 0w
zp = gk —wprkrr (k= N-1,N-2, ... 1) (42)

goo
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11.2 JOOoooooog
11.2.1 0000000000
main 0000000000000

program STM
call Initialization
call InputData_Analysis
call Preparation
call rd_WFs_doFFT_and_solve_eq
call Finalization
end program STM

| Initialization ||

| InputData_Analysis | |

|| stm_main | | Preparation ||

| rd_WFs_doFFT_and_solve_eq ||

| Finalization | |

Uo0b000000000 Initialization, rd_WFs_doFFT_and_solve_eq U OO UOOOOODOOOOON
gooooooooooooooboooOooooobo,0bo0bc0oooobob00ooooboOobcOoOobooOoOooo
gooooooooboOooooooooooo,0boo0o0obooo0oooocOooooOoO,0o00ooo00ga
goooooooooo

gboooao

oboobooobooobOooboobOoobooooboooobOobooobooobooOobobweb0OoOoOoOoOO
gooooooo
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m_Electronic_Structure

googoooo

m_PlaneWaveBasisSet

gs0000o0oad

m_Kpoints

m FFT

040000000

m_Timing

m_Crystal_Structure

Oo30000oono

m_Control_Parameters

m_Files

g20000000

m_Const_Parameters

m_ArraySize_Parameters

ooooboood

11.2.2 0000000

gboooobooo,boocobooboooooboooooon

ooooood 00 |0o0ooooo oo0o |ood

F_INP 31 nfinp.data oo STMOOODOODODODOODOOOd
F_CNTN_BIN 55 continue_bin_stm.data | OO oo00,000b00boobooogn
F_ZAJ 44 zaj.data o0 Oo0oooooooooon

F_VLC 45 vle.dataOO QOO 0O ood Ooooooooooo

F_CHGU 60 nfchgu.data oo Schréodinger 0O OO0 O0O0OODOOOOODO
F_CHGD 61 nfchgd.data oo F.CHGUDOODOOOO, down spin O O
F_CHGU_P 46 nfchgu_p.data oo doooooooooboooooon
F_.CHGD_P 47 nfchgd_p.data oo F.CHGU PODOOODOO, down spin O O
F_file names_data | 5 stm_file_names.data RN obooobooboboboboooboobon

O0,STM O Gaussian cube 000000000 D0DODODOODOO

F_INP

ooooooo STrMOOoOooOoOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

0,000000 Bohr, OOODOOOOODO eVODODO

41 : kv3,

nspin
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4 1 : kv3, nspin

1 0.0000 -0.1624 -0.3247 0.0000 -0.3750 -0.3750
2 0.0000 -0.1624 -0.1082 0.0000 -0.3750 -0.1250
3 0.0000 -0.0541 -0.3247 0.0000 -0.1250 -0.3750
4 0.0000 -0.0541 -0.1082 0.0000 -0.1250 -0.1250

110 42.9043654360 ! neg, 2zl (=lattice c)
-3.00 -2.000 ! el, e2 : Efermi+el - Efermi+e2

90 ! nlpf

53 90 !'izi, izfO

1 ! colomn number of the z-component
0.10 0.15 100 ! rini, rfin, nfin
0.01 ! erlmt

gooooooooo,kO000000ooboooooo,0ooooooooooooobooboogoooo,00oo
gboobo,0ocooooboobobooboobooboobooboobobb0on4x1=40000000000
gbobo,000b00boooooboboooooboooo,ooo0booooboobooooobOobooooonn
g,0goooooboooooooooboooooooooogoLo,obbooboooobo,bbobobbooooooo
oboooobooonog

110 42.9043654360 ! neg, =zl (=lattice c)

gbooobooboooooooooo,0obobooboobooooooobooboooboboOoobobooboboOon
g,0b0ocoboooboooboooooobooboooooboooooooogn, FFTooboooooooon
gbooooboooooboooboobooooo,obo0ob FFTODOO00O00O0O0,0000000000,0
0000000000000 O0O0O000000,00000 Schrodinger 0O0O0O0OO0OO0OODOOOFFTOOO
goooooobooobooooogooboo,oobogbooobooooobboobbooboobDoboooboboOoD
gooogoobooobooobooooboooooboobooo,ooboboboobobooboob,Do0b0oDbOoo
OO0oooooooooOooo0oOoooDbDoO,00000, Schrodinger OO0 OO0O0O0O0OODOCOOOOOO
obooooo,obooocoobooboooooboobo,000,0000,0b00000000000O000O0000

11.3 OOodoog
11.3.1 000000 FINPODOOOOOO

oooo,sSTMOOO0OO0O0O0O0 STMOOQOOOOOOOOOOOOOOOOOO0O0OO0O0O0 FINPOOOOO
gbooboobooooobooooboboobooboooooboooo

PHASEOOOOOOOODOOOOODO

0000000000 kv3, nspin, 000000 A0D000000,00000neg, 0000O0D0OOOOOO
000Z0000000000,000000000000FFTOOO00O0DOODOO0ODOOO0O0ODO0CO nlpf
O,PHASEOOOOO0O0OO FFTOOOOOOOOOOOOO,000000000O,000000OoooOoo
0000000000000 00000o PHASEOOOOOOOOOOOOOOoOoooooogogogod

% grep STM output000

gboboobOobooooobooooboboooooboooooOoboon

Ixx tag_STM

Pxx sw_STM = 1
11STM:  kg(kng) = 16411

I 1STM: kgp(kngp) = 16411
1ISTM:  kgl(kngl) = 2088
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1 1STM: neg(keg) = 110

' ISTM: kimg = 2

1 I1STM: fft_box_size _WF(1, 1)(knl) = 90

11STM: fft_box_size _WF(2, 1) (knm) = 30

11STM: fft_box_size _WF(3, 1) (knn) = 16

'1STM: fft_box_size _WF(1, 0)(kid) = 91

I 1STM: fft_box_size_CD(1, 1) (knlp) = 90

11STM: fft_box_size_CD(2, 1) (knmp) = 30

I 1STM: fft_box_size_CD(3, 1) (knnp) = 16

'1STM: fft_box_size_CD(1, 0) (kidp) = 91

1'1STM: kv3(knv3) = 4

IISTM: nspin(kspin) = 1

'1STM: == k-points ==

VISTM: ik CARTS PUCS

11STM: 1 0.0000 -0.1624 -0.3247 0.0000 -0.3750 -0.3750

11STM: 2 0.0000 -0.1624 -0.1082 0.0000 -0.3750 -0.1250

11STM: 3 0.0000 -0.0541 -0.3247 0.0000 -0.1250 -0.3750

I'STM: 4 0.0000 -0.0541 -0.1082 0.0000 -0.1250 -0.1250

F_CNTN_STM = ./continue_bin_stm.data opened = false

gobogooon

STMOOUOODO0O0O0O0O0O00000000000000000000000,00000000 (el, e2), 00

000 Schrodinger 00000000 (izi, izf), 00000000000 (rini, rfin, nfin, erlmt) 000000000
obooooboobooooobon

ecl,e2:. 00000000 FermiOOOUOO Ep,0000000O0O00OO0DOCOODO Er+el<E<Ep+e2

OO000000000Oel,e2 <000 filled stated,el,e2 > 000 empty state 000000000
0,0000000000000000 (empty state) 000000000000 00O0O0OO,00000
Oo0ooooooooooooog

izi, iz OO0O00OOO0O0OQCO0OOOO0ODOOO0ODOOO0ODODOOOO0O0,iz00000O0O0O0ODOOOOO
oobooobooooooooboooboooobboooooboo,cobo0oobooboboobo,booobog
00000000000 PHASEOOOOOOOOOOOOOOODOOOOOOOOOOODOOOOOOO
000000000,izi00000O00(0D0000O00000O0U0O0O0O0O0OOO0)PHASEOOOOOO
goboooooobooboooboobboobbiizodobobOobO0oooo0ooooboooooooa
O000000,00000000~1A00000000000 0000000000000, 000
0000000000000 0U00O0oO0U0DO0oO0OUD (D000 15~2000)000000 4200
OO0O0000O0O0000DOD0ODOOg, Shrodinger 000000000 DODOOO0D0 00000 iz OO
cooooo0oooo,00000Ob000bO00ooObo00obO00ooOOObO0OODODO0D,izdo
gboboobobooooboboooobobooobooboooo,obooboboooobooboooonoag
0000000000000 00000

rini, rfin, nfin, erlmt: 000 0000000000000 000O0O0OOOOQOOOOOOOOOOOOO
gboobooobooboobooboobooboboboob,oobooboobobobobboboo
ooooboooboboobobooboobooobooboob,0bo0o0bo00o.1,0.2,100,000 00000000
oboooboooooooobooog

11.3.2 0000

O0,000000smO000000C0COOOO00O0OO0O0OOOCOCOODOO PHASEODOOOOOODOODO

go,0000000000000000,0b0000000O000O00OO0OOOOOOOOOOOOODOOn

Linux O O Intel Fortran Compiler (ver.9.0) 00000000,

% make ifort
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gboooobobooboobobooooobooboossmO0O0OOOOoOoOoOooOgo
0000000000000 00,00 PHASEOOODOOOOO Postprocessing0 00000, 000000
gbooaboooaon

STM{
sw_stm = ON

}

000000000000 PHASEOOOOOOUOOO,STMOOOOUOOOOOOO (continue_bin_stm.data,
viedataOO,0000 11.220)00000000000,11.22000000000 stm_file names.datad OO
0000oooooooooooooooo,11.3.1 000000000 STMOODDODOO0OoDoOooooooon
00o0Do00O0o0odoD,PHASEOOOODDOOOODOOOO,000000stmO0000D0OO0O0OOODOODO
0O PHASEOOOOOOOOOODODO somedirectory/Si2x1, 000000 stm 000 O somedirectory/bin/stm
0000000, somedirectory/Si2x1 000000

% ../bin/stm

goooSsSTMOOOOOOOOODDD.

11.3.3 000

000000,Si(2x1) 000000000000 160000000000 30A00000000, STM
O PHASEOOOOOOOOOOOOOOOO

0 16: Si (2x1)0 (100) 000000000000 OOOOO 30A000000D000000O0DOOO
ooo: STMOODOODOODODOODOOOOO,0: PHASEDOOODOODOODODODODODOODOODOOODOODO
odoooooooo,00bdb0o00b0do0dDooDooDo0booo0o0oDooooooooonoooaon
0 Biostation Viewer OO0 OO OO0OO

oboooooboobooo,b0o0boo0oooboboooooboooooboooooboobooooboOooDo,boon
OOOC0QOOQ0OQ0 PHASEOOOOOOOOOOOOOOOOOOO,STMOOOO0OO0OOOOOOOOOOOO
o0o00o0oooOo0oO0o00U0oOo,0000000000000O0O000ODOO00O0 (DO0ooOsSTMOODO
oo0o0oooO0)ooooooOo,STMOOOO0OO0DOOO0O0OOOOOOOoO
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12 JUooboogogoobobooooobn

12.1 0000

gboboobobooboooooooobooobobobobobobooooooooobOobOobOobOobobon
gooooooooboooboobooobooooooooobbooboboooooboooooobooboooooOon
gobooooboobbooooboooooobooooooooooboobo0ooboOoooooobooooaon
goboooobooobooboooobooboooobooooooobobbooooooboooboooobooaon
0000000000000 0000000000000U00000D BaO/Si(001) 0000000 OOOOOO

000000BaOOOOO0O0DO SiDOD0O000 (5.43A) 00000000000 170000 000Ba0/Si(001)
00000000 500000000000600000 BaOOO OUODOOOOOOOOOOO BaO/Si(001)00
0000 PHASEOOOO samples0 0000000 BaOSi0010 00000000000 input_BaO_Si001.data
gboooooobooobooboobooogooo

structureq{

unit_cell_type=bravais

unit_cell{
'l a_Si=5.43 A, c-axis=b*a_Si
'l (c.f. a_Ba0=5.52 A)
'#units angstrom degree
a = 3.83958982184, b= 3.83958982184, c= 27.15
alpha=90.0, beta=90.0, gamma=90.0

}
symmetryq{
tspaceq{
system = primitive
generators {
'#tag rotation tx ty tz
E 0 0 0
C2z 0 0 0
}
}
sw_inversion = off
}
magnetic_state = para !{paralaf|ferro}
atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
'#default mobile=no
'#tag element rx ry rz num_layer
Ba 0.0000 0.5000 0.05 1
0 0.5000 0.0000 0.05 1
Ba 0.5000 0.0000 0.15 2
0 0.0000 0.5000 0.15 2
Ba 0.0000 0.5000 0.25 3
0 0.5000 0.0000 0.25 3
0 0.0000 0.5000 0.35 4
Si 0.0000 0.0000 0.40 5
Si 0.5000 0.0000 0.45 6
Si 0.5000 0.5000 0.50 7
Si 0.0000 0.5000 0.55 8
Si 0.0000 0.0000 0.60 9
0 0.5000 0.0000 0.65 10
Ba 0.5000 0.0000 0.75 11
0 0.0000 0.5000 0.75 11
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Ba 0.0000 0.5000 0.85 12
0 0.5000 0.0000 0.85 12
Ba 0.5000 0.0000 0.95 13
0 0.0000 0.5000 0.95 13
X
b
element_list{ !#tag element atomicnumber =zeta dev
Si 14 0.00 1.5
Ba 56 0.00 1.5
0 8 0.00 1.5
X

}

Obo00oopDOobo0oOoboobOob00dOmobileD noODOOOOOODOOOOODODOOODOODO

12.2 0000000000

000000000000 000000D0OOd Postprocessing0 0000 dosO0OD0 ldosOOOOOOODOOO
00 dosOOO0O0O sw.dosO ONOOOOO ldosOOOODO swealdosO ONODOOOO

Postprocessing{
dos{
sw_dos = ON
method = g
}
1dos{
sw_aldos = ON
aldos{
crtdst = 6.0 bohr
naldos_from = 1
naldos_to =19

}

OO0 aldosOO0O0OO ertdst 00 D0D0OOOOODODODODOOOO0OO000000OOOOOOOOOOOOOOO
000dd0oooOo0o00o0oDooOoo0o0o0o0ooooOo0o0o0ooooooooo00ooooDoooDoOoOo0oO0+1000
0000000000000 00000Onaldos_form 0 naldosto0 000000000000 OO0DOOODOOO
dddoo0ddobOo0o00ooOo0dooO00ooDoOoddooOd0oooo0ooDoo0oooooooooOoooag
OatomsOO0000O0 aldosO off CO0DO0DO00O0ODOOODOO0OOOODODOOOOO0O aldosO OO naldos_from O
naldos_to0 OO OODOODOOO

00000 dosdata D00 DO0DDOO0ODO0ODOODOODOODODOO PerlODOODOO dosplOOODOONO
000000000 0Odos-a001.eps,dos_a002.eps,....dos,axxx.eps 1 0 00000000000 0OOCOOOOODO
oodo

% ../../../tools/bin/dos.pl dos.data -erange=-30,5 -dosrange=0,12 -mode=atom

dosplOO0DOOOODOCOOODODO PHASETOOLSOOOOOOOOOODOOOOO
BaO/Si(001) 00000000000 0OOO0OOOOOO 170000008, Ba,0O000O0O0OOOODOO
gbooooboboooooboooobooboon

12.3 000000000

0000000000000 000000 Postprocessing0 0000 dosO000 ldosO000000000O00O0
OdosO00000 swdosO ONOODODOO ldosOOOOO swlayerdosd ONODOODODO
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12
10 Si
2
E 8
o} 6
a
§ ‘ } | \
2 ‘
I G
0 I!*\I;”M‘L ji "Iw‘u‘
5s
10 Ba 5p
]
B 8
] 6
it
8 |
2
” | ‘* U‘ll‘
0 1L, N
10 o 2p
> 2s
b 8
2
5 6 ||
g a
2 ’ ’ ‘I |
0 W L b
30 -25 -20 -15 -10 -5 0 5
Energy (eV)

O 17: BaO/Si(001) 0 0000000000000 OOO0OOOOOOSIiOD0OO0O SiD0o00ooooooooo
O00BaOOODODO BaOOODODOOOOOOOOOOBaOOOODO OODOOOODO

dos{
sw_dos
method

ON

I
(0]

b
ldos{
sw_layerdos = ON
layerdos{
slicing_way = by_atomic_positions !{regular_intervals|by_atomic_positions}
deltaz = 1.0 angstrom
normal_axis = 3crtdst
crtdst = 3.5 bohr

3

00 layerdos 00000 normal axis 000 000000000000 OOOCOO0OOC0O010 a000O20 b0
0030 cOO0O0ODOO0OO slicing-way O by_atomic_positions 0 0000000000000 OCODOOO
0000000000 00DO0O000D000O00000 atomsO numlayer 000O000D0OOOO0OOODOOO
gooo00obO0o0OoO00O0000O00bO00 13000000000 000O0000D0O0OAO slicing-way O
regular_intervals 0 00 0000000000000 O00O0O0O0O0O0OO0OO00OO0ODOOO0ODODDOO0OOO0O0ODOOOD
0000000 deltazOOOO0OOOO00OO ertdst 00000 D0OOOO0ODOOOO0ODOOOOOOOODOOOO
ggbgboboobooobodd
Ub00o00oobOoo0ooco0O0obOo0n outputfOO O OOOO

I'11dos no, min, max

I'1ldos 1 0.00000000 5.13060607
I'1ldos 2 5.13060607 10.26121214
I'11dos 3 10.26121214 15.39181821
I'11dos 4 15.39181821 19.23977276
I'11dos 5 19.23977276 21.80507579
I11dos 6 21.80507579 24.37037883
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!'11dos 7 24.37037883 26.93568186
!11dos 8 26.93568186 29.50098489
!11dos 9 29.50098489 32.06628793
!'11dos 10 32.06628793 35.91424248
!11dos 11 35.91424248 41.04484855
!11dos 12 41.04484855 46.17545462
!11dos 13 46.17545462 51.30606069
!11dos 14 0.00000000 0.00000000

82

no00000000Omin0maxO 000000000000 DOO0OO0DOODOODOOOODOOOOOOODOOOOO
O0O0O00 dosdata000O0O0ODDOO0OOO000OCOCCOOODODDO PerlDOOOOdos.plOODODODOOO
00000000OOdos-1001.eps,dos_1002.eps,...,dos Ixxx.eps OO0 OO0 OO0 DODODOODOOODOOOOOODODODO

h ../../../tools/bin/dos.pl dos.data -erange=-20,5 -dosrange=0,20 -mode=layer

dospl 0000000000000 PHASETOOLSOOOOOOOOOOOOOOO
BaO/Si(001) 0000000000000 OOOOOOOO 18000000

_ Bulk Si
Z 15
TS
Y 0.8eV
g s
| | |
TR TI_..”;\IH
0 iy ik kT AE 0T
R Interface Si
> 15
2
E 10
@
2 s
o oo bt TTall bl
Interface O
%‘ 15
3
ALY
@
g s Lol

N
0 o R s

Interfac? BaO |
|

| l
o

pl ol

DOS (stales/eV)
B

Bulk BaO
\

| ‘\.
5 | I |

h iiH “[ ‘a‘;j“""

-20 -15 -10 -5 ] 5
Energy (eV)

22eV

DOS (states/eV)
E]

O 18: Ba(O/Si(001) 0000000000000 ODOO0OOOOOOOSIiO0OOOOOOOOOUOOOOOOO
00000000BaO/Si(001) 000 SiDO0D0D00D0D0O0D0O00O0OO0O0OBaO/Si(001)0000O0OO0OOOO
O00000000000000000Ba0/si(001) 000 BaOOODOODOOOOO0OOO0OOO0OOO0O0OO0OBaOOOO
gbobooooooboo

12.4 000000

0000000000000 00 Postprocessing0 OO O0O charge 000 O0O0OOODOO partial_charge 0 O
0000000000 chargeO 0O O0ODO sw_charge rspace 0 0O partial charge 0 0 0 0O O sw_partial_charge O
On0000O00O0O Erangemin O Erangemax 0000000000000 OO0O0O0O0O0C0CCOC0OOOOOOO
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00000o0oooooooooDo0oo0o000oooooDDO0oO000000000000000 Erange_delta
goboooboobooboooboobboooboooboobboobboobbooboobbooboon
00000000 ErangedeltaD 0000000 O0COO0O0OD outputOOO OO OODOOOOOODOOOO
gboooooooo

!pc nEwindows = 20, nvb_windows = 10, ncb_windows = 10 <<m_ESoc_set_nEwindows_pc>>

'pc iw if_elec_state erange (hartree) erange (eV)

'pc (asis) (shifted) (shifted)

Ipc 1 1 ( 0.094537 0.096374 ) ( -0.018375 -0.016537 ) ( -0.500000 -0.450000 )
'pc 2 1 ( 0.096374 0.098211 ) ( -0.016537 -0.014700 ) ( -0.450000 -0.400000 )
'pc 3 1 ( 0.098211 0.100049 ) ( -0.014700 -0.012862 ) ( -0.400000 -0.350000 )
'pc 4 1 ( 0.100049 0.101886 ) ( -0.012862 -0.011025 ) ( -0.350000 -0.300000 )
'pc 5 0 ( 0.101886 0.103724 ) ( -0.011025 -0.009187 ) ( -0.300000 -0.250000 )
'pc 6 1 ( 0.103724 0.105561 ) ( -0.009187 -0.007350 ) ( -0.250000 -0.200000 )
'pc 7 1 ( 0.105561 0.107399 ) ( -0.007350 -0.005512 ) ( -0.200000 -0.150000 )
'pc 8 0 ( 0.107399 0.109236 ) ( -0.005512 -0.003675 ) ( -0.150000 -0.100000 )
'pc 9 0 ( 0.109236 0.111074 ) ( -0.003675 -0.001837 ) ( -0.100000 -0.050000 )
'pc 10 1 ( 0.111074 0.112911 ) ( -0.001837 0.000000 ) ( -0.050000 0.000000 )
'pc 11 1 ( 0.112911 0.114749 ) ( 0.000000 0.001837 ) ( 0.000000 0.050000 )
'pc 12 0 ( 0.114749 0.116586 ) ( 0.001837 0.003675 ) ( 0.050000 0.100000 )
'pc 13 0 ( 0.116586 0.118424 ) ( 0.003675 0.005512 ) ( 0.100000 0.150000 )
'pc 14 0 ( 0.118424 0.120261 ) ( 0.005512 0.007350 ) ( 0.150000 0.200000 )
'pc 15 0 ( 0.120261 0.122099 ) ( 0.007350 0.009187 ) ( 0.200000 0.250000 )
'pc 16 1 ( 0.122099 0.123936 ) ( 0.009187 0.011025 ) ( 0.250000 0.300000 )
'pc 17 1 ( 0.123936 0.125773 ) ( 0.011025 0.012862 ) ( 0.300000 0.350000 )
'pc 18 0 ( 0.125773 0.127611 ) ( 0.012862 0.014700 ) ( 0.350000 0.400000 )
'pc 19 0 ( 0.127611 0.129448 ) ( 0.014700 0.016537 ) ( 0.400000 0.450000 )
'pc 20 0 ( 0.129448 0.131286 ) ( 0.016537 0.018375 ) ( 0.450000 0.500000 )

nEwindows 000000000 OOOOnvb.windowsO ncbowindows DO OO OO0OO00O0O0OO0OOOOOOO
000000000 000iwDOODOOD0ODOODOOODOOifelecstate 010000000000 ODOO0ODOOOO
go0o00o0ooOO00o0ooOOOoO0bC o oOOO00O0O0OOD0O0DbO1l0DO00DO00DO00DO0O0DDD asisDODOOODO
000000 0O0O0ODbO0ODOO0ObOOODbDbODOObDO shiftedOOOOOOODOOOODOOODOOODODOOODO
obo0ooOooOoboevODOODOODODOOO

0 0O partial_charge filetype O individual 0 00 separate 0 00 0000000000000 0OOO0ODOOO
0oo0do0o0oDO0o0obO0DO0DO00oDO00DOO00bO0000D0D00DODO00oDOO0ODO0OOoDOOooOOOoDDbOoooOO
F_CHR = nfchr.cube 0 0 0O nfchr.00xx.cubelxx OO 0000 iwOOOOOOODOOOOOOODOOOOO
000000000 0OD0OF-CHR = nfchr.cube O O O O O nfchr.up.00xx.cubed nfchr.down.00xx.cube 0 0 0O O O
000000000000 0000 ifelecstateD 0000000 ODOO0ODDOOODOOODDOOOOOOO
0000000000000 0cubed0000OD0OO0DOOOOO

integrated 000 0000000000000 DODO0OODO0OO0OO00O0O000OOO0O0O0OOO PARTIALCHARGE
0000000000 O ENDDODOODOODOO

BaO/Si(001) 000000000000 OOOOOO 124000000
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Si—
0]
Ba<

s \¢ \  _©
e - ®
| e
® o

e

L

L
@

0 19: BaO/Si(001) 00000000000 0(a)Ba0/Si(001) 0000000000 000000000 (O
0000000-0.05eVO0 0.0eVOD)0O000000000000()000000000 (00000000
0.0eVOD0 0.05¢VO0)0000000000000000001x107°001x10300000000000
0000000000000000000000000000000
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13 DFT4+UQ

13.1 0d0dnd

PHASEOOOOOOUOOUOOOODODOOOOOUOOUOOOODODODOOOOOOOODOODODOOOOOOOOOO
gbooooboooboobooobooobooooboooooboooboobooooobooooboooooobooOooonoon
gboboboboboboboboboooboobooboobOobOOoOoOoOoOoOoOoOobOOoOoOobooboooooboOoOon
ooooooO0o0o0o0o00oo0oooooOo0O0O0000 LDA4+UOOOO DFT+UDOO0O00000000000
PHASEOODOOOOODO DFT+UOOO0ODOOOOODOODOOOOO

13.2 00

DFT+U00000000000000000000000000000000000000DFT4+U000
000000 (Epprey) 000000000000D0000D0 (Eppr) 00000 p0000D0000D0000O
00000000

Ueﬁ Io Io Io
Eprryv = Eppr + 5 IZ {pm,m_zpm,m'pm’,m O
doddooooooboooooooooooboooobooooobooooo Iooooboooo 1Tobooao
goooboooOoboooboOobOoU0ooO0 ooogoboUooDOoOOoO0bUOU00kO0bOOUObDOoOUOOOnObOOO
ob0b0decUdbOoonooonoO

p{’g,m’ = Zflgn< Zn | ¢£z><¢7ln’ | qjgn>
k,n

0000, 00000 kre0O0O00O0O0O00O00O0O0O0C0 DFT+UOOO0O00O0O0O0O00O0O0O0O0O0O0O0O
ooooooboooooooooooobo00 UgODOOOOOO0O0DODOODOOOODOOOOOO0O DFET
goooooobooooboooboooboobooooooboboobobooboobobobooooboboo %DD

gboboobooboooobooooooooooooobooooooboooDbn %DDDDDDDDDDDDDDD

e+U, /2

—  Empty level

L%ﬁ

Occupied level

6=U /2

0 20:0000000000000000DOO0O0

13.3 000

DFT+UOCCOCO0O000D00OO000000O0OO PHASEOOOO DFT+UOOOODOOOOOODODOOOOO
boboooboobobooobOoobooooobOoboooobobooboboOobobOob0O0on0O0gnO accuracy 0O
000 hubbard D0 O0OO projector_ list 0 0000000000000 DO0O0OOO0OOO00OODOOOOOO
gbooo

accuracyq{
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hubbard{
sw_hubbard = on
projectors{
#units eV
#tag no ueff
1 10.0
X
}
projector_list{
projectorsq{
#tag no group radius 1
1 1 2.75 2

}

O0000000000 swohubbardD onO00O0OO0OOOOOOOOprojectorsJ000D00O0O0OOODODODOOO
no0000000000000000000000000000000D00O0 (ueff)y0000O0O0OOprojector_list
00 projectors U0 OO0 0000000000000 O00D0O0O0Ono 00000000000 Dgroup0nn
00000000000 radius000000O0DOIOO0DOCOOODOO

gbo0oboobO0o0b0O atomsO00O000O0O0O projgroup 000000000 OOO0OOCOODOOODOO
oo

structure{

atom_list{
coordinate_system = internal ! {cartesian|internal}
atoms{
'#default mobile=no
'#tag rx ry rz element proj_group

0.0 0.0 0.0 Sr 0
0.5 0.5 0.5 Ti 1
0.0 0.5 0.50 0
0.5 0.0 0.50 0
0.5 0.5 0.00 0

}

proj.group 000000 ODODO projector list 00000 groupd 0000000 ODOOOOODOOODOOODOO
000000 000DO0bO0b0b00O group00O00ODODOOOODOODOOD groupOO0OO0OOCOOODOODO
oood

DFT+UDN00000D00O0D0O0DO0O0DOD0O0D00O00D0 DavidsonO OO ODOOODODOOOOODOOOO
0000000000 O00Osolvers0O00O000ODOOO0ODOODOODODOODOODOODOO

wavefunction_solverq{
solversq{
'#tag sol till_ n dts dte itr var prec cmix
Davidson -1 0.1 0.1 100 tanh off 1
}
}

OO0000o0oDoOo0o0o00ooboboobOOphasedddoooOoOOoO0OODOOODOO0OOOODOODOOOO
oboooooobooooooobooboooogooo
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ooooogoog (i=0]l=1]1=2 =3

1 s x 322 — 12 | 2(522 = 3r?
2 Yy 2?2 —y? | 2(522 —3r?)
3 z xy y(522 — 3r?)
4 yz 2(2? —y?)
5 zx TYZ

6 x(x? — 3y?)
7 y(32° — y?)

U9 oboobooboooooobooog

Occupation Mattrix: is,ia,l= 1 2 2
0.583 0.000 0.000 0.000 0.000
0.000 0.583 0.000 0.000 0.000
0.000 0.000 0.529 0.000 0.000
0.000 0.000 0.000 0.529 0.000
0.000 0.000 0.000 0.000 0.529
Diagonalizing Occupation Mattrix: is,ia,l= 1 2 2
0.529: 0.000 0.000 0.000 -1.000 0.000
0.529: 0.000 0.000 1.000 0.000 0.000
0.529: 0.000 0.000 0.000 0.000 1.000
0.583: 0.000 1.000 0.000 0.000 0.000
0.583: -1.000 0.000 0.000 0.000 0.000

s000000000000000I00000000000000007"0000000000000000
0000000000000000

000000000000000000000000000000 (HE)DDOOOOO0OO0O0O00000000
(HP)0O0O0D0D0000000

TOTAL ENERGY FOR 2 -TH ITER= -79.756461901287 edel =  0.482992D+01

KI= 45.2522902 HA= 125.6089055 XC= -43.2979227 LO=  -147.0597534
NL= 19.3280980 EW= -92.0686823 PC= 12.2272681 EN= 0.0000000
HE= 0.2533348 HP= 0.6709743

00000000000 ocemat.data 000000000 OOODOOOO0OODOOODOOOODODOOOOOO
oooooooooooD Ny, OOOooooo
Norn

gboboooboooobooobooboooobooboobooobobobooobooobooboooboobbog ebbboon

0;,00000000000000000 0000000 700000D0 (D000 0ODOODOOO
c v p T 1

0000 n>?02+1024+10000000000000

0,%,p o,i,p 0,1,p
LN M2 Ty 2141
0,i,p 0,i,p 0,p
UDKT Moo Mo 2141 (43)
0,i,p 0,i,p 0,i,p
Noir1,1 Morr12 No14+1,2141

coobooboOoobOoooooboOooOooooooDOolocbooOoU0oobDOoobOOooboOobOOobbD 9goDOobDOO
occmat.data0 0000000000000 DOOOO0ODOOOODOOOODOOD

000 SrTi0s 000000000000000000000 DFT+U/SrTiO3/cubic+u0 000000000
000000000Ti03d00000000000000 UgD 10eVODOOOOO00OOODFT4+U/SrTiO3/cubic
gboooooo vg00O0O0OO0O0OOO0ODOOOOODOOOODOODOO 21000000

000 LavOs; 00000000 DFT+U/LaVO3/cubic+u 0000000000000 O0O0O0O0O0OLaO f
0000 Ue 0 20eVO0000000O0O0DFT4+U/LavVO3/cubic0 0000000 Ug0OOOOOOOOODO
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NUEF vy (V)

—GGA
14 - GGA GGA+U(U=10eV) Exp. —— QAU (=1 O\
1.8 3.1 3.2
12
10 f Empty d-bands

DO S (States/eV)
0

Energy (eV)

O 21: SrTiOs 00000

00000 000D00C000fO0D0O0O0O0ODOCO0O0ODODO 15eVOD0O0O0O0D0DOOUO0 20evODODOOO
gbooogsvuoooooooo

O00000000000000 LavosO00O0OO0OOOO DFT4+U/LaVO3/orthrombic+u00000000O0
gbobooboooooooobooboobobobobobobooboooooooboooooobOoboboOoboon
oooboooooo0ooobooooobo0ooooOo0ooooboboooooOobO0obObOooooDObOO00DOb0O00La
Of0000UgO20eVOOODOOVOdOODODO UgOd 5eVOOODODOODOOOOODOOODOO VOOOO
oboboooooooooooooboboboooboo voooooooooovooooooboooooooo
DFT+U/LaVO3/orthrombic 00000000 Ug 00O O0OO0OO0OOOOOO

occmat.data0 000000000000 COCCOOOO0000O0OFOOOOODOOOOOOOOOOOOOO
000 DFT+U/FeO/gga+u 00 000000000000 0OOOOOOOO0OO FeOOODOODOODOOOO
001000000000000 FeOOODODOO 322—-7200000100000000000000 UgO
5eVOO000000000000D0O0O0O0O0GGADOOOOOODODDOD 3:2—r20000000d0O000O0
0000000000000 000000DFT+U/FeO/gga00000000 Ug 0000000000 0O0OOO
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14 0OO0O0OO0oogogg

14.1 00400

gooooooboooobo0oooooooooOooooooooooooOoUOoDoOo kOobDboboOoooo
gbooboboboboboboboboobooboobooOoobOoOoooooobOobOOobOOobOOobOobOooboan
gbobobobobobobobobooboobooboobOoOoOoOoOobooboobOOobOobOobOobOobOobann
gboboboboboboboboboooobooooobooooobooooobooboobOobOobOOobOobOobann
gboooooobooooobobooooobooogooboooooboboobDobDoboboooDOoDo

14.2 0000

gboboobobooboobooooooooooboobobOoboboooboboooooooboobOobOoboon
gbobobobobobooboooooooooooooooooooooobooobooobooboobOobOoonoann
gboobobobobobobobobobobobobobobobobobOOoboobobooboooboOoDbOann
gbooboobdoooobooboooobobooboobooooboboooOobooooa

14.3 OO0:SiO000O0O0O0oO0oog

obooobooooboobooboooboooobD wWannier 000000000 ODOOOOODOOOODO
gobooaooo

Postprocessing{
wannierq{
sw_wannier = ON
eps_grad = 1.4-3
dt = 1.4-4
max_iteration = 1000
filetype = cube

}

O00DD0O0000O0OOepsgrad DO0O0O00DOO0O0O0OO0OO0DOAO0000O0O0O0DOOODOODOOODO
00000 max iteration 000000000 OOOOOBIioStationViewer 0000000000 CCCOCODODO
000000000000 cubeDOO0O0OOOO0ODODOOOODODOOOODDO cubeODODOOOODODOOO
00 filenames.data D0 0000000 FWANNIEROOOOOOO

&fnames

F_INP = ’./nfinput.data’

F_POT(1) = ’./Si_ldapw91_nc_O1l.pp’
F_WANNIER = ’./nfwannier.cube’
&end

goooooroocoooooooooooooon

ksampling{
method = gamma

3

gobooooooboobooobooooobooobooboboobDboobooooboboobbOboD
O000000000O000OD00O0Si 00000000 samples/wannier/Si8 0000000000000
O0000D0O0O0DO0OO00OOnfwannier.0000l.cube OO0D0O0O00O000O0 16 000000000O0DOCODOOO
BioStationViewer 00 00000000 22 () 00000000000 OOOOOOSISio0oO0OOOoOoOOO
goooooooOo0o0oOoOoOosioooooooooooo0ooooooooooooo
OO0000oOo0o0000oOo000oDooO00obDOOsworandomwannier 0 ONOOOOODOOOOOO
goooooboooobooboooobobooooooo
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(a)SifE S (b)GaAsifis &

022 (a)Si000 (b)GaAs 000000000000

Postprocessing{
wannierq{

sw_randomize = ON

}

0000000ooooooooo0O0O00ooooooOoO0Osweontinue 0 ONOOOODOOOOCCOOO
oono

Postprocessing{
wannierq{

sw_continue = ON
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15 Joooood

15.1 0d0dnd

gboooboooboooboboobobooooooooobooooboooboobooboooboooboooobOooDbOoy0OO0
gbooooooboooboooboobbooboooobooobobooooobooboobooboOooooboooobooOoon
gbobobobooooooooooooboobOobobobobobobooboOoooooooobooobOOonoann
OO0OPHASEOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOUOCOCOOOOPHASE OO
gooobobooboobobobobobooboooobooboboOooobobOUooDLobOUobObOobDOobDOoDbOoDOD
gbooooboooboobooboooogoo

15.2 0000
PHASEOOOOOOOOOOOOOOOO

(A) 0000000000000 UO0O0O0OUOO0O0O0O0OUOPHASEOOOOOODOOOOOOOOOOO
gboobooooooooobobobobobooooooboobobOobooooooboonogn p, 000
gboooobooooboboooobooood

pe = po + pe (44)

OO000p.000O0OOOOOOOOOOCIAOODOOOOOOODOODODOOOOODOOODODOOOOO
oooo0o0o0o0ooO0o0D0o0O0o00o0o00o0oUoOUOUOD0ODU0ODO0ODOUO0U0OD0 4000
ooood

(B) O0OOO0OO0OO0O+v, 0000000000000 DOO

[—1A -/ )=o) g (r))} b (1) = ety (1) (45)

2 |r — 7]

bobodp. 0DOO0O0OO0ODOOO0OO0ODOODOOOOODOOOODOOOOODODp, 00O0OO0OO0DO0O0OO
gboooOoobobooooobool1obooobooboooooooobooobooobooboooboooog
ooooooooobooobooooobooooooooooooooboorooooooobobooooboooog
obooooboooooooo

V=Y Chexp (ié : F) (46)
G
0000000000000 Go00000000000000000000000000000000

(C) 46)000000000000O000
pp (r) = [y | (47)

(D) g00o0oooooooooooooooooooooooooooooooooon
1 2
;:m“ec drpe (r) pp ()T (pe) (48)

obobodr., 0000000000 c0O0OO0ODOOODOTOOODOOOODOOOODOOOODOOOO
O00O0OO0O0O0O0OPHASEOOOD () 0U0OD0O0O0D0OOOODOODOOOOOOOOOO

pel’ (pe)gpvr(pv)+pcr (pc) (49)
O00o00oO0o0oo0obo0oooOooooooo0obo0oobo0obooooooobOoooOoOoooon

000A)0(M) 0000000000000 U00O0U000U000L0D0O0U0OoO0O0oDoOOoooooOOn
ooboooboooooboobooooobooooobooobboOoooobooooboobooooo 10o00boOoon
000000000000000000000000000000000000000000000O00Oo0O0 50

[ =1+1.23r, +0.9889r3/2 — 1.482r2 + 0.3956%/% + 12 /6 (50)
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obooogoo 92

DDDD%W?:1/p€|]|]|:||]EIDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
O00o000oo0o0oooooooooUoooooo e, 1o

L =1+1.23r, +0.9889r3/2 — 1.482r2 + 0.3956%/% + (1 — 1/e¢10) 73 /6 (51)

OO000e, 00000000QC0O0OOCOOODOOOOOOOQOOOOODOOOOUVSOROOOOOOOOO
gbooooboooooobooood

153 OO0OO0OO0O0OOOSiODoooDon

SioooOopooooooooood

15.3.1 input file O OO

accuracy{

1
2
3
4.
5.
6
7
8

cutoff_pwf = 50.00 rydberg
positron_convergence{
num_extra_bands = 8
delta_eigenvalue = 1.d-8 rydberg
succession = 6
num_max_iteration = 32000
dtim = 0.01
epsilon_ele = 12

}

. cutoff_pwf = 50.00 rydberg

0000000000000 00000D [46)000]j00000000ooUood

. positron_convergencel [

000000000000 00000000O00O000O0OUOU0O0O0 ) 000000 ODOooOoUoO
gboooobooooooboboooboaoo

. num_extra_bands = 8

gbobooboooboobooob1oocoboobooobooobobooooooboooOoobooboOobooobooo
gobobooobobobobobobobobobobobobobobobobbbOobOobobOoboo
oboooooboooobooboooobobooorooboooo

. delta_eigenvalue = 1.d-8 rydberg

5.00000

. succession = 6

gbobooooooooobooboboo7.0obob 4 000000D00O0OOOOOS 0000000
gboboobOobooooboboooobooooooboooooon

. num_max_iteration = 32000

gobogoobooboobooboobooboobooboa

. dtim = 0.01

ooooooooooooooooooCoooOOo0gooooooooooOo0OOdtimbObODOODDOO
obooboooooobobooboooboooooboooobooooooooboooobooobooooboOoobooo
oboboobooboooOoboooboboboobooooooooboooooobooooooooboobooOooono
gbooooboboooooboo

. epsilon_ele = 12

epsilonele 0000000000000 00LDAOOOOCOOOOOOOOOOOOO tagOOO0=000O
go0opoOo0osidd0 120000oo0o00oogoooooooo0ogoooooooooooooDoooo
oboooooos.oobooooooo
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15.3.2 output file O OO

Sidoo0o0O00000000000000 inputfile00000Ooutput000 0000 300 cube filed OO
OO000oO0oC0OO0OO0OU0ouwtpuwtooO 00 O0ODOOOOOOODDOODODODOOOOOOSIDOODOODOOOOO
gboooooboboooboooboboooboooooOooobooobooboooooooooboooboobooooooon
gboobooooooboooooboooobooboooboooooboooooboooobooobooboooboOooooonon
gboboooboooobobobooobooobooboobooboooboobobbooobooooobooooboOooboooon
0014.6923a.0. 0000000000000 Extrabands 00 000000000000 0O0O0DO0O0O0O0OO

--- initial positron energy eigen values ---

=== positron eigen values ===
14.6923897769

-- extra_bands --
15.0080438863 14.7287041392 15.0328744651 15.3199858426
14.8514012423 14.6500235071 14.8527402877 15.0734017056

=== positron eigen values ===
0.0498292501

-- extra_bands --
0.1278903162 0.1473782963 0.2499012328 0.2578022704
0.3535070925 0.3786636643 0.4035391484 0.5200959330

gboobooboobooboboooobooooboooo

KKK KKK KKK KKK KK KKK KKK KKK KKK ok K kKKK KKK ok o
positron lifetime(ps)  223.173562875375

core rate 3.63525329619323 %
sk ok sk ok ok o ok ok ok ok o ok ok o ok sk ok ok o ok sk sk ok ok sk ok sk ok ok ook sk sk ok ook ok ok ok ok ook ok ok ok

O0000DOoO00000D00O 223ps0000000000O0O0OCererate00000O0O0O0O0DOOOOO
obooooboboooogo

15.3.3 cube fileO OO

00000000 delectron.cubel positron.cubel ep_pair.cube 0000000000000 O0D0OODOOODOO
000000000000000000000000000 cube file 0 0 OO Biostation viewer (PHASE 00O O
000000000000000000)0000000000000 230 Si00000000000000O0
00o0oooooooooooo0o00000000o0000oooooDoDooOoDo0O00ooODoOoOoOoOOOoOg
000o0000oOo0o0oo0o0oo00DOoO00oo00ooOO00oDoOO00oooO00oDOoOooooooooog
000000000 00O00000O0UO0 23(c)00000000O0DOO0OUDOO0O0OOOOODOOODOOUODOOOO
ooopooooood

e

M 2092007
ok ﬂ,t ;‘;’
& byl
v 4\

023: 000000000 (000000 (b)000000000000000 ()0

154 0O000O0OOOO0O0O0OO0OO0
gbooooboobooboboooobooooa
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15.4.1 00O0OO0OO0OOOCOOO

gooooooooobooobooboogoboooooobbboobooooboooDbOobOobOoOobooDOooDO
goobgooboboobobobobobobobobobooboobooboooDoboobobDobOobOobOoDbOoD
gbobooobooooboboooooboooooboboooboOobooooboooobooooooboobooboonoo
gboooobooooooobooobooboobobooooooboobboobooooooooooobobbooboOoOoon
goooooooooooooOoOoOOOOOOCIAOODOODOOOOOOOOODODDOO

154.2 0000O0O0OO0OOOOOO
Siddddoooooooooooooooooooooooooooooo

accuracyq{
cutoff_wf = 50.00 rydberg ! cke_wf
cutoff_cd = 200.00 rydberg ! cke_cd
cutoff_pwf = 50.00 rydberg

gugbbooboobbobobuooboooboobbooboobbooobooboboboobbooboan
gbobooooobooooobobooobooboboooboOobooooono

15.4.3 OUO0O0OO0OOOOOOOO0OOd

jddodooooooooooooooooobooboboooboonooooooooboooooonnd output000
gbooooooboooooboobooon

=== positron eigen values ===
-0.5289133480

-- extra_bands —-

-0.0108541347 -0.0064717757 -0.0059293552 0.0034291180
0.0324778819 0.0547100102 0.0702660755 0.3261465565
lifetime: 223.168834154918 223.174883957176

O00000000O00D00O000O00O00Opositron eigen valueDOOOODOOOO0O0OOOO0OOOOOOODDOO
gooobooooobooboo

-0.5289133480
-0.5289133526

oobooboooobooboobooooobooobobooooobnong 223.168223.17v400000000
gobooooboooboooobooobooboooboooobooooooboobobooooobooboobooooaon
gooooboooobooobooooooboooobooboboooooooooboooooboooooooboboboobooOoo
ooboobooobOoboboobobooboon 1410154201543 000000000000000000000
gobooboobooobooooooooooooboooobooboooobooooboooboooboobooOoooan
gbooooooooobooboboboboboboooooooooobOoboboboboboobooooo
gooboboobooboooobooboobooboboooobOoboooogoo
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16 NEBQ

16.1 0000

Nudged Elastic Band (NEB) O [3] 0 0 0 Climing Image (CI) NEBO [4|0000000000000000
0000000000000000000000000 )
NEBOOODO CI-NEBOOOOOOOOOOOOODODOOOOOOODOODOO (R)00000000000

(RN)DDDDDDDDDDDDDDDDDDDDDDDD(ﬁi, i=2~N-1)000000000000000
000000 (0000)OO0ODO0OO0O0O0o00O000000000000000000000o0o000oooUoo
0 R, 00000000000 3MO0 (MOOOO)OOOOOONEBOOOO CINEBOOOOOOOOO
gboboooooooobooooooboooboobobobooboboooooooooooobooboOoboboobon
gbobooboooooooboooooo

16.2 00U
16.2.1 0O0O0O
O00O NEBO [3] ODOONEBUOOOOOUOOUOODDOOOODODOODOODOOUOOOOOOO

Fy = Frly = VE () .. (52)
DDDDF;SH‘EIDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

ﬁflu =k (‘éi+1 R

-—Lﬁi—.EPJI)-%%. (53)
D00 k0D0000000+000000000000000000000000000

(54)

7/::

(5200 VE(£)],00000000000000000000000000000000000000000
gooooooood
VE ()| = VE (E:) - VE (&) - ##. (55)

CI-NEBO [4) CINEBOOOOOO NEBOOOOOOOOOOOOOOO0OOOO0O0OO0OO0000OO
O00000C0O00C0O0O0CINEBOOOOOOOOO NEBOOOOOOODOOOOOOOOOOOOO0OOOO
000000000000 (Bime) 00000R; mex 000000000000000000

Fromax = —VE(EWM)+QVE(EWM) (56)

— —

- Fi,max'L - Fi,max|” (57)

16.2.2 000000000 [4]

goboobbooboobooobooboobbooboobooobooboobbooboobobo
goboggboobooobobooboboobuoobobboboboobooboboboobooboobay
gbobobooooooooooooooobOobobobobooboboboobooobooboobooboOooboann
gboboboboboboboboboobooboobooOobOobOooOOobOoOobOOoOoOoobOOobOOobOOobOobOobann
gooobooooooobooooooooo0ooooboOoo0o0o k00D ODOOOOODObOOOOooODO
NEBOOOO CIINEBOOOOOOOODODOOOOOOODODOOOOOUOODODOOODOOOOOODOOO
gogbooobooboboobboooboooboobbooboobboobbooobboobboobooan
obooooboboooooboooobobooogooono

E —F;
[ kmax _A max B
(Emax - Eref

ko= kmax — Ak (E; < B0 00). (59)

) (E’L Z Eref[l oo )a (58)
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O000knax 000000000 0AKOO0O0O0OOOOOOOOOOOCOCOOE O0/O0DO0Q0DO0O0O0O00O000O 2
0000000000 b0o0b0o0Db00Db00D00000E. 0000000000000 0000E,O
oooooobobooobobooooboboboU0D Eee000b0oboooboobooooobobooooon
oboooooboobooooobobooooooo

16.3 00U

16.3.1 0O0OOO
NEBOOODOOUOOODOOOODODODOOOOOODOOOoOOoDooO

% mpirun -n NP phase ne=NE nk=NK nr=NR

OoOoONpPO MPIDOOOOOONROOOOODOOOOOOODOONE, NKO PHASEOODODOOOOOO k
UO0O0O000000000Ne =NR x NEx NKOOOOOOOOOOOOOOOOOOOO

16.3.2 0O0O0O0OOO
gboboobooaoboooboaobooo

Control{
condition = initial ! {initial|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 10000000
multiple_replica_mode = ON
multiple_replica_max_iteration = 2000

}
accuracy{
cutoff_wf = 10.00 rydberg
cutoff_cd = 40.00 rydberg
num_bands = 28
ksampling{
method = monk ! {mesh|file|directin|gamma}
mesh{ nx =2, ny= 2, nz = 1
}
smearing{
method = parabolic ! {parabolic|tetrahedral}
width = 0.001 hartree
}
Xctype = ggapbe
scf_convergence{
delta_total_energy = 0.5e-7 hartree
succession = 2 !default value = 3
initial_wavefunctions = matrix_diagon !{random_numbers|matrix_diagion}
matrix_diagon{
cutoff_wf = 3.00 hartree
}
structureq{
unit_cell_type = primitive
unit_cell{
a_vector = 10.400 0.000 0.000
b_vector = 0.000 10.400 0.000
c_vector =  0.000 0.000 30.200
}
symmetry{
sw_inversion = off
}
atom_listq{
coordinate_system = cartesian ! {cartesianl|internal}
atoms{
#units angstrom
#tag element rx ry rz mobile
Si 0.000000000000 0.000000000000 0.000000000000 0
Si 2.751721694800 2.751721694800 0.000000000000 0
Si 1.375860847400 1.375860847400 1.375860847400 0
Si 4.127582542200 4.127582542200 1.375860847400 0
Si 0.000000000000 2.751721694800 2.751721694800 0
Si 2.751721694800 0.000000000000 2.751721694800 0



16. NEB O

1.375860847400
4.127582542200
0.000000000000
2.751721694800
1.375860847400

4.127582542200
1.375860847400
0.000000000000
2.751721694800
1.375860847400

4.127582542200
4.127582542200
5.503443389600
5.503443389600
6.879304237000

[eNoNoNoNe)

1.644706293661 1.095414892118

1.644706317263

11.000000000000 1
11.000000000000 1

1.095414929519
}

element_list{

#tag element atomicnumber mass zeta dev

#units atomic_mass
Si 14 28.085
H 1 1.008
}
}
multiple_replica{
method = nudged_elastic_band_method
accuracyf{
dt = 40 au_time
neb_time_integral = quench
penalty_function = off

neb_convergence_condition = 3
neb_convergence_threshold = 5.0e-04
}
constraintq{
ci_neb = OFF
sp_k_init = 0.03
sp_k_min = 0.03
sp_k_max = 0.03
sp_k_variable = OFF
}
structureq{
number_of_replicas = 6
replicas{
#tag replica_number howtogive_coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -1:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
}

endpoint_images = directin ! {no or nothing | file | directin}

howtogive_coordinates = from_endpoint_images
atom_list_endOq{

coordinate_system = cartesian ! {internall|cartesian}

atoms{
#units angstrom
#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800
Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000

H 1.644706293661
H 1.095414929519
}

1.095414892118
1.644706317263

11.000000000000
11.000000000000

}
atom_list_end1{
coordinate_system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000
Si 2.751721694800 2.751721694800 0.000000000000
Si 1.375860847400 1.375860847400 1.375860847400
Si 4.127582542200 4.127582542200 1.375860847400
Si 0.000000000000 2.751721694800 2.751721694800
Si 2.751721694800 0.000000000000 2.751721694800

97
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Si 1.375860847400 4.127582542200 4.127582542200
Si 4.127582542200 1.375860847400 4.127582542200
Si 0.000000000000 0.000000000000 5.503443389600
Si 2.751721694800 2.751721694800 5.503443389600
Si 1.375860847400 1.375860847400 6.879304237000
H 2.22686927 0.48813212 7.65400988
H 0.48813224 2.22686933 7.65400957
}
}
¥
}
wavefunction_solver{
solvers{
#tag sol till_n dts dte itr var prec cmix submat
1mMSD -1 0.2 0.2 1 1linear on 1 on
}
}

charge_mixing{
mixing_methods{
#tag no method rmxs 1rmxe itr var prec istr mnbmix update
1 broyden2 0.10 0.10 1 linear on 1 0 RENEW

}
}
printoutlevelq
base=1

16.3.3 NEBUOUOOOODO
NEBOOODOODOOODOfilenames.data0 000000000 D0OODOOOOOO

&fnames
F_INP=’./nfinp.data’
F_POT(1)=’./Si_ggapbe_nc_01.pp’

/

&nebfiles

F_IMAGE(0) ’./endpoint0.data’
F_IMAGE(-1) = ’./endpointl.data’

F_NEB_OUT = ’./output_neb’
F_NEB_ENF = ’./nfnebenf.data’
F_NEB_DYNM = ’./nfnebdynm.data’
/

O000D00000 namelist 000 O&nebfiles00000000O0O0O0O0O0OOOO
¢nebfiles 000000000 0OOOO0OOOOO 10000000

16.3.4 0O0OOO0OO (NEBOOOOOOOO)
O00o0ooboO0O000 NEBOODOOODOOOOOOOOOOOOODOOOODOOOD 11000000

U000 0000000000 neb_convergence_condition U0 OO O Oneb_convergence_condition[
ooooooooooooooboo0ooboOob0b0 120000DO000O0DOOOOO

goboobooobooo

ooooobonD 000000 multi_replica_max_iterationd [ O[O nfnebstop.datal0 00000 NEBUO
iteration00 NEBOOUOUOOOOOOOOOOOOOOOODODDODODOOOOOODODOOOOO max_iteration,
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0 10: NEBOOOOOODODOODODOODO
goooooad UnitOO | OD0OOO0O oo
F_IMAGE(-1:99) | 201 ./endpoint0.data (F_IMAGE(0)) | OD0OOOOOOOO
./endpointl.data (F_IMAGE(1))
F_NEB_STOP 202 ./nfnebstop.data NEBOOODOOODO
oooo
F_NEB_OUT 203 ./output_neb NEBOO ODDOOO
F_NEB_CNTN 204 ./neb_continue.data NEBOOOOO
oooo
F_NEB_ENF 205 ./nfnebenf .data ooooooo
oooooo
F_NEB_DYNM 206 ./nfnebdynm.data oooo
gooooad
O 11: NEBOOOOOODOOOO
gi1ogooo o200 30000 gooon 0o
oo oo
Control
multiple_replica_mode NEBOODOOO
ON,OFF
multiple_replica_max_iteration | NEB iteration O
multiple_replica
method gooooooo
nudged_elastic_band_method
accuracy
dt NEBOOOODOOODOOODOOO At
neb_time_integral ooooo
quench, steepest_descent(0J 0000 )
penalty_function OO0o0oogDno ON,OFF
neb_convergence_condition NEBOOOOO (O0O)
neb_convergence_threshold NEBOODOOO
constraint
ci_neb CI-NEB ON, OFF
sp_k_init o000 (@ooo)
sp-k_min oo00oo(ooo)
sp-k_max o000 (@ooo)
sp_k_variable 00o00D0oooDoon
OFFOOOONODO
structure
number_of_replicas ooooo
replica oooooag

endpoint_images

gooooooooboog
directin, file

atom_list_end0

oooobooogobooon

atom_list_end1

gboobgooboobob
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012 000000000000000

oo | goo oo

1 energy.e dE <threshold

2 phase_force PHASEODOOOOO <threshold

3 neb_force NEBOODOODOODOOODOO <threshold

4 force_at_transitionstate | 000000000000 PHASEOOOOQO O <threshold
5 phase_force_normal PHASEOODOOODOOOOOOOODOOO <threshold

cpumax, nfstop.dataJ 000000000000 OO0O0OO0OO0OC0OOOOO0DOO0OO0OOOOCOCOOOOOD0
gboooobooboooo

0000000000000 00000 PHASEOODODOOOOOUOOOPHASEOOOnfstop.datad 00
00000000000 Onfstop.data0 0000000000000 0O0OO0O NEBOOOOODOOODOOODO
nfstop.data0 00000000 OOnfstop.data0 0000000000000 OOOOODOOOOOOOO
O0000OONEBOOOODODOOODOOOO nfstop.data00000000O00OOO0OO

00000000 PHASEOOUOOOOOOOOOOOQOconditionOO0O continuationO0O0O0OOOOO
gbooobobooooboo

Control{
condition = continuation

}
dooooOoOoOooooooooooooooo
e NEB OO : neb_continue.data

e 10000 O: 000000 PHASEODODOOOODODOO;
neb_continue.data, continue.data_r*, continue_bin.data_r*, zaj.data_r*, nfchgt.data_r*

ooooodooboooooodoooooooooooo Oooooooooooobooooooooood
0000000 endpoint_images U0 file O ODOfile names.data0 0000000000 OO0OOO
O00000Ofile_names.data00 00000 F_IMAGE(-1) OO0 F_IMAGE(O) OODOOOOOOOOOOODO
O00000000000000 file_names.data000O000O0OO0O

goooooooo o
multiple_replica{
structure{

endpoint_images = file

}

}
file names.data0 0O O0000O00O0 O

&fnames
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coordinate_system=cartesian

&nebfiles

F_IMAGE(O)
F_IMAGE(-1)

/

#units angstrom

Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
H

H

uboooboobooodo oOooboobooobooboboooboz200b0000000b000b00b00D0

P R, P, NOPMELNOPDELDNO

.000000000000
.751721694800
.375860847400
.127582542200
.000000000000
.751721694800
.375860847400
.127582542200
.000000000000
.751721694800
.375860847400
.644706293661
.095414929519

PP PP NOR,PONDELDNO

> ./endpoint0.data’
> ./endpointl.data’

.000000000000
. 751721694800
.375860847400
.127582542200
.751721694800
.000000000000
.127582542200
.375860847400
.000000000000
.751721694800
.375860847400
.095414892118
.644706317263

=

0000000000000 0 (D00000 endpointO.
gobobooobooobooo

R, OO0 PPN NRE -, OO

1. 00000000000000000 (proportional)

2. 000000000000000000000 (file)

101

data 0 endpointl.data00000000)000

.000000000000
.000000000000
.375860847400
.375860847400
.751721694800
.751721694800
.127582542200
.127582542200
.503443389600
.503443389600
.879304237000
.000000000000
.000000000000

O000000000000000000Oreplical000O howtogive_coordinates( fileOOOOOOOO
O0000000 file_names.data0 0000000 O00O0O000O0ODO file names.dataO 0000000
ooooooood

oooobooooo g

file names.data0 OO0 O

multiple_replica{

3

structureq{
number_of_replicas = 3

replicas{

1
2
3

#tag replica_number howtogive_coordinates end0 endl
file 0 -1 ! 0: endO, -1:endl
file 0 -1
file 0 -1

&fnames
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O 24: 00000000 O 2: 00000000

/

&nebfiles

F_IMAGE(0) = ’./endpointO.data’
F_IMAGE(-1) = ’./endpointl.data’
F_IMAGE(1) = ’./imagel.data’
F_IMAGE(2) = ’./image2.data’
F_IMAGE(3) = ’./image3.data’

/

gboobooboboobooooboooobobooooboobooooobooo

16.4 OO

0000000000000 00000000000000000Osamples/neb0000000O0O

ooooooooobooobooooOooOoOoboOoOoOoooooobOOoOobObOOo0oOooooooooobooboooOooooo
gboboobobooooooooboooboooboobooboboboooooooooooboobOOobOobobooooo
g000o0DbOOo000DO00000O0o00D 2400 2500000000000DO0O0O0ODODODOOODOOOO
gboooobobooboobobooooboooooao

16.4.1 0O0OO0OOOOOOO

ooobDooooooooobooonoo
control D0 OO0O00ODO0OO0DODODOOODODOOOODOOOOO

Control{
condition = initial ! {initiall|continuation|automatic}
cpumax = 1 day ! {sec|min|hour|day}
max_iteration = 10000000
multiple_replica_mode = ON
multiple_replica_max_iteration = 2000
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multiple_replica_mode 0 ONOOOOOOOOOOONEBOOOOOOOOOOOOOONEBOOOOOO
000000 multiple_replica_max_iteration OO OO0 20000000000

multiple_replicalU0ODO0OOO structure U O OO0 OO0O0O0OODOO0O0O0O0OOOOOOODOOOO
ooooooo

multiple_replicaf

structure{

number_of_replicas = 6
replicas{
#tag replica_number howtogive_coordinates end0 endl
1 proportional 0 -1 ! 0: end0, -1:endl
2 proportional 0 -1
3 proportional 0 -1
4 proportional 0 -1
5 proportional 0 -1
6 proportional 0 -1
X

endpoint_images = directin ! {no or nothing | file | directin}
howtogive_coordinates = from_endpoint_images
atom_list_endO{
coordinate_system = cartesian ! {internal|cartesian}

atoms{

#units angstrom

#tag element rx ry rz

Si 0.000000000000 0.000000000000 0.000000000000

}
}
atom_list_end1{
coordinate_system = cartesian ! {internal|cartesian}
atoms{
#units angstrom
#tag element rx ry rz
Si 0.000000000000 0.000000000000 0.000000000000

}

number_of _replicas U0 60 0000000000000 0O0O00OOOOO00COO 6000000U0replicas
oobobOooboobooboboobooooooooooobooooboooboobboobOoooboooboobooan
gbobobobobobobooobobo0oboobO0b0O0atom_list_end0 000 atom_list_end1 DOOOOOO
Oo0O0OC0O00OO0O0000000000OOOO0000000o000o0oO0D PHASEOOOOODODOODOOOO
oooooo

multiple_replicaU0U0OD0UODN accuracy UU OO UOOOOO0OO0O0O0OO0OOO0O0OO0O0OO0O

multiple_replica{
accuracyq{
dt = 40 au_time

neb_time_integral = quench
penalty_function = off
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1.0e+00
. 1.0e-01 E A
% N/\ /\
£ \\\
& 10e02} \
8 \
é \/\
- 1.0e-03 ¢ 7/\j/\//\/\\ \/\7
1.0e-04 L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35 40
NEB iteration
0 26: NEBOOOOO
neb_convergence_condition = 3
neb_convergence_threshold = 5.0e-04
b
b

104

15

1.0 |
05

00 fG—O \

energy (eV)

1.0 \

S
-15 1

-2.0

image ID

O2r-000000000000b00000
gbobooooooboo

gooobooooobOoobobooboobo0obooobooboO00Oquenched MDODODOOODOOODOOODOOO
00000400 096 ps) 00000000000000 NEBOODODOOOSx 1074 hartree/bohr 000000
obooooboobooog

16.4.2 0O0O0O0O

gbobooooboobooboobooboboooooon

020000000000000000NEBOOOOOOOONEBOOOOOOOOOOOOOOOODOO
gboooobobooobooboooobooboooboobooooboboooo410obooobOobooooaon
gbooooboooooboobooo

Oo2roo0ooobooocgobobobooooobooooobobboooobooobooobbooooobooooDoo 4
obooooobooooob0obooboobooboobobo8eviooobooooDO

O 20000000000000000000000000O000O00COO0OCOOOOOOOOOOODOOD0
gbooobOobooooboooobooooon
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02: 0000000000000
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17 O0O0OOO0OO0OOOO0ODOD Blue Moon [

171 OO0OO

goboobooboooboobooooobooobooboooobooooboooobooboobooooboooon
gbOobooooboobooooooooooooooooooocoooooooobooboobobooboooon
gboboboboboboboboooooooooooooboooooooooooobOOobOoobOOonoan
goo0o0oO0oO00O0oOoOoOO0O0O0O0oOoOOO0OOO0O0OOOOOOOOOOOOO0O0OPHASEODOOOOO
gboooooboooboooobooooobobooo

172 ODOO0OO0OO0OOOOOOOOO0OOOO0ODOO0
17.2.1 0O0O0OO0OOOOOOO

000000000000 0000D000000000000 conditionO0OODOO00O driveeDO000OO
ooo

condtion{

driver=constraints

000000000 structure0 000000 constrainablexx DO O00D0O000O0D0O0D00OO0 xxODOOOO

structure{

constrainableilq{
type=bond_length
atoml=1
atom2=2
mobile = off
monitor = off
reaction_coordinateq{
sw_reaction_coordinate=on
init_value = 2.4 angstrom
increment = 0.1 angstrom
final_value = 8.0 angstrom
}
plane{
normx=1
normy=0
normz=0
}
coordination_number{
kappa = 5.0
rc = 2.0 angstrom

}

000000000000 DO00DO0O00O0DOOd constrainablel, constrainable2, constrainabled 0 00 300
constrainablexx 0 0000000000 Oconstrainabled 000 0000000000000 00OO0OOOOOO
00000000000o0o0o0o0ooo00ooo0o0o00000000000000o0oo0o0ooooo0oo0oo0oo0OO
000000000 OOconstrainablexx 0100 00000000000/0000000000O0OOOOOO
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typeOUO OOD0OO0O0O° OO0 "000000OO0O0OOCOOOOOOOOOOOO

bond length 2000000000000O0O

bond angle 3000000000000 O0O0O
dihedral_angle 4000 2000000000

bond length diff 200 0000000000000
bond angle diff 3000000000000 000O0O
distance_from_pos 000000000 OOOOOOOO
plane 00000000 OOOODOOO

center of mass 00000000000 0OOOOO

coordination number 0000000000000 0OOO0OO0OODODOOOOOOOOOOOOOOO
oboooooo

> S (i = o))

i£0

Q
Il

1
Sr) = exp [k (r—re)]+1 (60)

kK, r.000000000O00OOMfrst coordination shell 0D 00 0000 O0D0O0DO0OOOOOOO

atomx 00 O00000ODO0OOCOOOO0OODODODOOOOxODOOOOOOOOOO20000O0DDOOO 200
000000000000Oatoml 0 atom20 0000000000000 0O0Otyped coordination_number
0oo0ooDOoooooooDooooooooooooo

mobile 00 00000000 OOOOO"00000COO0O0O0000OOOtOODODOODODODOOonOO
00000000000 000DDOO0g off0dn

monitor 00 00000000 ODO0OMOOO0O0DO0O0ODOO0O0O0O0ODOOOOO0ODOOOOOOODOOO
000000000 off 00O

reaction_coordinate 0000 O000O0O0OUO0O0OO U000 (D0OOUOO0OOOOOOO)"00O00OO0OO0OOCO
gbooobOoboooboobooooboooooboooo

sw_reaction_coordinate on 0 0 00000000 OOO00OO

init value 000000000000 O00DOOO0OO0OO0O0DOOOO0OOOO0OO0OOOO0ODOOOOOOO
goooooboobobbobobooboboobobobobobooooooobobobonboon
00000o00000o0o000o00ooo00U0ooo000 (D0Uoo0)oooooooooO™
obobooobooboooboobooooboboooooboobooobOobooooon

final. value 000000000000 OOOOOOOOOO
increment final value O init.value OO OOO0OO0OOOO0O0OOO

gbooobooboooobob,boobooboboooboobooooobooobo.

typel plane 000 OO0O0OOO00O0OOODOODOOO. DO00ODO0O0OO0DODOOO0OOOODODOOOOO
0doo00Doooo00oo0Doo00o0oooo0o0ooooooooooooooooooon
0000000000000 D0000D0Oiinit_value, final_value, increment 0 00000000000
0000000000000 0o0Od mmitvalue0 0000000 O0ODOODOODOODOOOOODOODOODO
opooooooo

typed center of mass 000 ODO00O0O0OO0DO0O0O0O0OOODOOODOOOOOD init_value, final value,
incement 00000000000 0ODOO0OOCOOOODO0O0O0OO initvalueODOOOOODOOO0OO
oooooooooooooooooooooon

plane0 000 O0OO0OOO0O0OODOOOOOOOODOOOOOODOOOOOOODOOOOOODOOOODOOO
gbooooobooon

normx JO000000 2000
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normy 0000000 yOOO
normz JO00OO0O0OO 000
distance_from_pos 0 0 00O type d OO distancefrompos 0000000000 O0OODODOOOODOOOODO
ooooobOoooooobooogobo
posx 000000000 0000000000D00ODOOO
posy 000000000y OOOOOODOODOOODODOO
posz U0 0O0OD0O0O0OO0O0O00000000000D00O0O
coordination number 1000 0000000000 OODO k,.0000000000O0DO0O0OOOOODOO
oooooooooood
kappa_inv (60) 00000 «000000000O0O0OO0O0OOO
kappa (60) 00000 0000000 1/bohr 0000000 O0kappainvO0 000000000
rcut (60)00000 ».0000000000DO0O0ODOOO
center of mass 0000 typedODO centerof mass 00 0000000000000 O00ODOODOODOOODOO
gooooooooogod
directionx 00000000 000000000
directiony 00000000 yOODOODOOO
directionz 00O O000O0ODO 000000000

00000000000000000000000000 000000000000 PHASEOODODODODOO
structure_evolution 00000 O00O0OO0O0O

structure_evolution{
method=quench
dt=40

3

00 0O 0 method OO 00O quench, damp, velocity_verlet, temperature_control 000000000000 O0O
00000000000gdiis,cg00000000O0ODODODOOOOOOO0O000OOO0O00OOdamp 0 damped
molecular dynamics 0 0000000000000 O0OODOOO0O0OODODOODOODOODOODOODOOOOO quenched
MDOOOODOOOOOO (dt)D000000O000C00O00ODOO0O0ODOO0O0OoOoOOOo

17.2.2 0000000

ooooooooOooO0o0o0oooooobOobOo0ooooooooO0obODbOOO0O00NEBDODODODOOOOO
OooooOoOoOoOoOOOOOOOOO0OPHASEOOOOOOOOOOO0OOO0OO

% mpirun -np NP phase ne=NE nk=NK nr=NR

OD0OONpO MPIODODOOONEODOOODOODONKO kOOODONROODOODOODOODONP = NE x NK x NR
goboobboobooobooboobbooobooboboobboooboobobooboobbooboan
gobodboobbddnrgbgdbogobobooboobbooboobboobudbibdnrd 1400
gboocobOooooboooooboooobOoboobooboooooboooNO 10b0O0O0OOO0ObOOOooOOon
gooooooooo
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17.2.3 00O0O0OOO

00000ooooCo0o000oDOooO0000oooooo0O00UooOOoOO0O0O PHASEODODOOOOOO
OO0000Ofilenamesdata 00000000 FENFOOOOOOOOOOOOOOOODDOODODOODOOOOO
gboooboobOooboooboooborDbYNMOOOOOOOODODOOODOOOOOOOOOOOOOOOOO
gboboooocooooobOoboooboooooboobOoboboooboobooboboboooboooooann
gbooooboooooooo

0000000000000 0000000U0000000000U0000U0o0Lo0oUo0OO (OUDO
FENFOOOODOOOQOOOODOOOOODOOOOOO nfefndata, FDYNMOOOODOOOOOODOOOO
000000000 nfdynm.data 000 0)0O

nfefn.data.reacxx xx OO0 0000000000000 00O0ODODOOCOCOOOO0OO00O0ODOODOODOOO
oooooooo

nfefn.data.converged (000000000 0) OU0O0OUOOO0OOOOOOOOOOOOOOOOOOOOO
gobobOoooobooooobooooobooOooooobooooobooooooboooOooooooboooOoooo
oooboobobooboobooooboboobooboooooboooo

nfdynm.data.reacxx xx 00 0000000000000 000000000000000000000O

nfdynm.data.converged (000 0000000) 0000000000 0D0O0O00O0O0OO0OOOOOOOO
oooooooo

nfbluemoon.data.reacxx(DDDDDDDDDDDDDDDDDD)XXDDDDDDDDDDDDDDDDD
Ofdo0o0ooO0o0o0oo0ooo0obooooooobooooooooono

gboboboooboobouogbuoobuooboboboboboboobooboobooboaa

17.3 OOO0O0OO0OO0OOOO0ODbOOODbOOoDbOo

boboobooboooboooooobooooboooooooooooooobOooboboooobooobooOooon
gboooooooooobooo

structure{

constrainableilq{
mobile = off
monitor = on
type = dihedral_angle

atoml = 2
atom2 = 4
atom3 = 3
atom4 = 1

reaction_coordinate{
sw_reaction_coordinate = on

init_value = -179 degree
final_value = -1 degree
increment = 5 degree
}
b
constrainable2{

type=bond_length

monitor=on

atoml1=3

atom2=4

reaction_coordinate{
sw_reaction_coordinate=on
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init_value = 1.2 angstrom
final_value = 1.6 angstrom
increment = 0.05 angstrom

3

O0OOconstrainablel DOOOO0O0OO 2000-179°00-1°00 000000000 DO0O0OODOOODOO
000 Dconstrainable2 000 00000000000 1.2A001.6A00005A000000000000
0000000000000 00000000000000000 1.2A000000002000-179°00-1°
0000000000000 D0000-1°00000000000000000 1.25A000000000-1°0
O-179°00 200000000000000000000O0ODODOOOOOOOOOOOOODDOOODOOO
oboobooooboboooboboooobOoooobOoobooon
goooboboooboooboobobooboooobobooooooobobobooobOoboobooDOoD OO
0000000000000, 0000 [[,n0000000000000O000O0D0O0O0DOOOO0DODOO0
oobooboboooboOobooooobooooboboooboobooooobOobooooboobon

174 0OU000OO0OODOOOOOOOOOOOO0ODOO0ODbOO0

000000D00D0000000 reactioncoordinate 100000000000 DOODODOOOOOOOODODO
0000000000000 0000000000000000000000000 « 00000000000
oobo0n, 0000 ][, 0000000000000 O0DODOO0ODOOO0ODOO0ODOO0ODODOO0
ddddooooOo0ddd0nDoooooooD@oooooo00d0oooooOoooooooooa

0000000000000 constrainablexxOOOOOOODOODODOOODOOODOOOstructured OO0
goodooooooooooa

structure{
reac_coord_generation = via_file

3

0000 0O0bDO0O0D0000 reac_coords.data0 000000000000 O0O00OO0O00OO0O0OO0O0OOO
goodd

1 -1.9373154697 2.2676711906
2 -1.7627825445 2.2676711906
3 -1.5882496193 2.2676711906
4 -1.4137166941 2.2676711906
5 -1.2391837689 2.2676711906
6 -1.0646508437 2.2676711906
7 -0.8901179185 2.2676711906
8 -0.7155849933 2.2676711906
9 -0.7155849933 2.3621574902
10 -0.8901179185 2.3621574902
11 -1.0646508437 2.3621574902
12 -1.2391837689 2.3621574902
13 -1.4137166941 2.3621574902
14 -1.5882496193 2.3621574902
15 -1.7627825445 2.3621574902
16 -1.9373154697 2.3621574902
17 -1.9373154697 2.4566437898
18 -1.7627825445 2.4566437898
19 -1.5882496193 2.4566437898
20 -1.4137166941 2.4566437898
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21 -1.2391837689 2.4566437898
22 -1.0646508437 2.4566437898
23 -0.8901179185 2.4566437898
24 -0.7155849933 2.4566437898

gooil1ooobooooooooobobobobo 1bobobobooboboobooooboooDobDobOoDOoo
gooo2000000b000bOO00b0ooob0oooooboooooooobobbOoDbo 200b0b00bDOOD
OO0o0oooO0o0o0o0ooooD10D0O0000DCO00 10000000000 193731546977 0000020
OOOOOoOOooOoO «2:26711906” 000000000000O0O0O0O0O00OOOOPHASEODOOOOOOOOO
00000000000 000000000000 bohrd0,0000 radian0000ODO

17.5 Blue MoonOUODOUOOOOOOOODOOOOOODO

O000000000000000000000000000O00 (blue moon ensemble) 00000000000
00000000o0o0o0o0o0oO0oUo0o0oooU0ooooUooooooo 9o
Ooooo0 gO0D0 ODOOOO000oO0O00oooo0ooooooooobooooobDoooooD

& oW
W (&) - W (&) = 5 dfafg- (61)

DDDDDDDDDDDDDDDDDD<8—W> O mean force 00000000000 0DOOO0ODOOOOOO
3

¢
0000000000000 O0000O0
oW OH \ ©nd
< > . (62)

¢\ o/,

DDD(--~>Cond|]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000000o0o0o0Uo0ooo0oooO(e2)00o000D0O0000000000O0DO0OO0o0OooUoOOo
ooooo i xOoOOoOOoOoOoOooOooOoOobooOooooboooooog

ow (BT
x® (=)

o¢ ¢
- Zm%-@ﬁ-c’)ﬁ-

9

—_
=
i

(63)

(63) 0000000000000 0000O000DO0O0U00O0O0UOOODUODOOOOn

PHASEOOOOOOOOUOOOOOOOOODOOOOOUOOOOO (61)0,(63)0000000000000
00000000,PHASEOOOOOOODOOOOO bluemoon 0000000000O0O1O

bluemoon 0000000 0DOO0ODOOOPHASEODOODOODODOOOODOOO scebm 000000000
0000000 Obluemoon 000000 Fortran90 DO D DOO0DD COODODODOODOODO OO Fortran90
000d0ooooodoro0d0dCOO0O0OO0O0O0000DODO cCcCODODDOmake0 0000000 DOODOOO0O
0000000000000 0000000000 bashOOFortranODOOOO0O0O0OO0OO00OO foo0COOO0O
00000000 ceccOODODODOO

% cd phase_v1000
% cd src_bm

% export F90=£90
% export CC=cc

% make

% make install

lD0000000O0bluemoon 00000000000 1000000000000000
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0000 Fo00 CCOOOOOOOOOgfortrand geccO0OOO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OOOOOOO
O00bluemoon 0000000000 OCOOO0O0O0OCODOOOQO % make installJO 00 phase_v1000/bin
oooooooooo bluemoonODOOOOOOOODOO

bluemoon 0000000000000 OPHASEDOODODOODO Onfinp.datal 0000 thermodynamic_integration
00o00ooO0o00oo0o0o0oo0o0000ooo0o0ooooooooonoo

thermodynamic_integration{
nsteps=2000
nequib=1000
istart_reac_coords=1
nreac_coords=14
nsample=10
smooth=off
basedir=.

thermodynamic_integration 0 0 0 0000000000000 O0O0DOOODO

nsteps U0 OO0 0O0000O0O00DOO000O00O0OO00O0O0DO0O0O0OODOO0OOO0O0DOO00OO000 20000
gobobooaoboooboooboooboboboabo

nequib nsteps 10 0000000000000 0OO0O0O00OO0OOOnsteps000000O0OO0DOOOODOOO
oboooooobooooooo

istart reac_coords 000000000 OODO IDOOOOODOODOODOODOOO 1000

nreac_coords 0000000 OOO0OOODOOOOODOO

nsample 000000000000 0OOCODOOOOODOOOOOOODOOOOODOO

smooth on 0000000000 ODOOOCOODOODOOODOODODODOODOODOO

basedir 0000000000 O0OOODOOOOODOOOOOOOODOOODOODOODOOOOODODOO
OO000OO0oO000O000b0oO000n0n bluemeonOOODOOODO

% bluemoon inputfile

O000000 inputile 000000000000 O0O0DOO0O0DOOO0O0COOnfinpdatad00000O00OOO

oooo
obooobooboooobOobooobooboboobooboooooono
oood

goodoooooobooon
potential_of_mean _force.data 0000000000000 gooboooodoooooooooano
#value, potetial of mean force in Hartree, eV, kcal/mol, kJ/mol
2.4566437898 -0.0215821952 0.0003443042 -0.5872816633 0.0093689992 -13.5430301648 0.2160541460 -56.6640534911 0.9039707906
2.2676711910 -0.0224669448 0.0003796767 -0.6113569350 0.0103315334 -14.0982188431 0.2382507016 -58.9869635475 0.9968412043

2.0786985910 -0.0226882285 0.0004435350 -0.6173783747 0.0120692073 -14.2370764737 0.2783223931 -59.5679440305 1.1645012069

gdo0100000000000o00oooolooboooooooo200030b00000b00oo0004000
5000000000006000 7000 kecal/molO0008000 9000 kJ/molOO0OOODOOOOOOO
O0000000000000o0a

mean_forceraw.data OO OO 00000OOO0O0O0O mean force00000000OODOOOO0OOOOOO

oooooooo

2.4566437898 0.0066082098 0.0188118786
2.2676711910 0.0034758686 0.0099291734
2.0786985910 -0.0009537509 0.0028573953
1.8897259920 -0.0074922663 0.0213420952
1.7007533930 -0.0098143395 0.0279585555
1.5117807940 -0.0157974842 0.0449758051
1.3228081950 -0.0161451965 0.0459534340
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potential_of mean force.data 0000000 O000O0O 10000000000 0DOCO0OOD1000000O0O
0002000 mean force 00 (DO Ohartree/00000000000)0300000000000000
mean_force_smoothed.data D0 000000000000 0000O000O00O0O0DOOODOODOO mean force
0000000000 (61)00000000000000000000 mean force00000000O000O0OO
00000000 Omeanforcerawdata0 00 000000000000 DO0ODOOODOOO0O

17.6 00U

0000000000000 00O0000H,0.000 HoS,OODODODOOODOODOOOOOOOODOHL0g,
H,S; 00 290 0000000000000 0O0O0O0OHOOH (HSSH)OOO 20000000000000OH
0000000000 HOOO O(S)DU0ODDOUOOoO0oOOoUoOU0o0oUoOUOoOowWoOoooooooUooooo
goboobobooo200000000000000O00200000000000D0O00ODODDOOODOOOOO
obooooOoboooobooboon

H

@0 I{IIJI :3 I{ESZ

0 29: H,O,OOO HeS; OOODOODOOO

000000000000 O0sampless0 000000000 constraints 000H202000 H2S200000
gbooboobbooOO0Ostructure 100000000000 OOOOCOOO

structureq{
constrainablelq{
type = dihedral_angle
atoml = 2
atom2 = 4
atom3 = 3
atom4 = 1

reaction_coordinated{
sw_reaction_coordinate = on
init_value = 9 degree
final_value = 179 degree
increment = 10 degree

}

constrainablel 0 0 0000000000000 OOCOO0O000OODDOOOOOODOOOOOOOOODOOO
000o0o0oo0ooooo0oo0oU0oDoO00oDoO0U0oDoO00oooOO0U0ooDoOOoOoUoD 200000000
O000O0Otype0D0ODO0O dihedral angle 00000000000 D2000000000000040000
O000 atoml 00 atomd DD 0000000 ODOOOOOODO Oreaction_coordinate 10000000 OO0O
0000000000000 DOODODO0Osw.reaction_coordinate [ on, init_value O final value 00O 00O 9
degree 0 179 degree, increment 0 10 degree 00 0 0000000000000 OOOO9°00 179°00010
°c00d0d200000000000000DOD0O0O0
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0300020000000000000000000000000O0O0O0 300000000 RODOUOO
gooooooooobbooboooooodoodoUgoLoboguuoO0 1
kecal/mol 0 00 O 0O [

H,O0, 0O HpSo. OOOODOOO20000001000000020000000H,0,04000000000
1095°000000000000000H,S,0090° 000000 2000002000 trans0000O0OCO
OO0 3000 180°000000000000C0000O0H,0,0000000HS,O0 trans000000O00OO
gpooobbogebboobobbooobboooobboobbbooboUbbooobbboobboo
ggogoooboooogn

= " PHASE (H202) ()
PHASE (H2S2) (
Tr0 experiment (H202) g
N experiment (H2S2) ———
sl O _
A O\
S 5¢f A\ i
£ Po)
S \
S 4r AR i
5 N
@ 3r \ N
(]

0O 20 40 60 80 100 120 140 160 180
dihedral angle (degree)

0 30: H,O, OODO HoS, OODO 2000000000000
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18 Meta-dynamics [

18.1 0000

Meta-dynamics O [10,11]0000000000000000O00O00O0O0OO00OO0OO0OOO0OOO0OO0OOOO
O0Meta-dynamics 000 O000O0S, (r) D00 “O0007”000000000000O0OO0OOOOOOOO
gboboboboooooooobooobooooboobobobobooboobooobobooooboooboooboooooDoann
oooooobooooooooboo0ooooo «goorooooboooo0ooooooo“ooboboboooOorogo
0 Meta-dynamics 0 O 0 0O O0Meta-dynamics D 0 000000000000 O0OOODOOOODOOOOOODO
0000000000000 00000000O000000000000000000000000OPHASEOO
0000 Meta-dynamics 0 00 O00000000DOO

18.2 00U
18.2.1 OO

Meta-dynamics 00 0000000000000 O0O0O0O0OOO0OO V(t,s)OODODOOOODODOODOOOO
MDOOOOOOODOOODOOOOOoOOOODOOOoOoOoOoDOOOOODOOOoOoObO0OOoOoOooOobOODODOOD
0000000o0o0o0oO0o0o0Oo0O0o0o0O0o00ooO0oo0oD0oD0oUD0oDOoUOUOV(L,s)ODDODOOOO
0000000000000 00000000000000000000O00000oOoUOooOO VvV,s)OOo-1
oboboobOoboooooboboboobooboooobobooooOobon

Meta-dynamics 0000000000000 0D0O00DO0O0O 310000000000DO00O0O0O00O0ODOO
gbobo0l1oooboobobobobooboooooo20b00b0b0000b00b0 30ob00o0oo0ooooon
goooboobo0oooobooboooobooooob 4,5, 60000000D0O0ODODODODOOODOO
gooboooooooboobobobobooobooboooooobobo voooooooooooosboobooon
goboooobooooboobooobooooboooooooooooooboooboo0oooooooooboooobooaon
obooobO-100b0ooooboboooboobooooboobooooboobooooonon

V{{s})

0 31: Meta-dynamics O D0 OO0 O O0O0O0O0OOOO0O

Meta-dynamics 0000000000000 DOOO0O0O0OOOCOO0OOOOODOOOOOOOOODOOOOD
gooobobooobooobooooboooboooooboooboooooooooobOooboooooobooooboooon
O “000boob”0obobo0ob0oobo0ooo0booboooooboobodObltemoon D00 O0O0D0O0OOOODO
0000000000000 000O0O00DOO00DO0000Ometadynamics000000O0O0DOOOO
ooooboooooooooboobooobobOooboooboooooooobooobooobooobooOooooon
gboooobooboooobooboooboooobooboooobOoboooobOOobooooOooboboooooonDo
gbooobooboooobobooobooboon

Meta-dynamics 000000000000 0ODO0ODOO0OOOO0ODOOO0OO0OOODOODOOOOOODOD
goobobooooobooooooooboboboboboob oobobobDobDOobOobDOobOoDbDOD
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00000000000D Meta-dynamics OO O(tQ)DDDDDDDDDDDDDDDDDDDDDDDDDD
gboooooooooooobobooooom

18.2.2 00O O0OO0ODLOOO0ODO0ODOOOODOO

Meta-dynamics 0000000000000 0DOOOO0OOOOO0OOOOOO

1. 1
Hyp + Z 5#@53 + Z §ka (Sa (r) — 30)2 +V (),

Hmeta

Vits) = Zwexp —ZM (64)

2As2
ti<t o

0000000000000 0000000DO0000k,0 s, 00000000000000000O0S,(r)
ooooooobooooooooooooO0oooo0dk, OODO0O0DOOODOODOOODOOOODDOO
0oo00ov(t,,s)DOOOUOODOO0OOUOOO0OO0O0O0O000OO0O0DUOOO0ODUDODDOOODUOOoDOoOUOo
gbobobobobooboobooboooooooooobooboobOOobOobobobobobOobobobon
ooooooooooooo

e 0D ODODODDODLOODLOODLOODOODOODODDO

e JO0OOO0ODOODOOLOODODOOOUOODOOLOOODODOOOODOOOOOODOODOO

gbobooooooobooooobooboobobobobobobooooooooooobooboOoboboboon
goooobooboobogoobooobooboboooooooobooboboobbooboooooobboobbooDboboOoo
gobobooobooooooooooooooooooooooooobooobooboboboboboboon
oboooOoboooooboboooooboooooboooobobonoo

Meta-dynamics 00 0000000000000 O0O0OOO0O00O0OOO0OODOOOODOOOOODOOOOO
0000000000000 000000 [12000000000000000000000000O000O0O
goooooooooobobooboooobooooooboooobobboooobooboooDooobo

18.3 0000
18.3.1 0OU0OO0OO0OOOO0OO

Meta-dynamics 00 000 0000000000000 OO0OOOOOODOOO0O
e PHASE 00 Meta~-dynamics 000000000000

e Meta-dynamics 0 0 0000000000000 ODOOOOOO0OODODOOOOOOOOOODOODOODO
oood

e JO0O0OONMDOUODOODODOODOOOODO
e JO00O0OO0OODOODOOLOOODODLOOOODOOLOOODOODOOOODOODOOOO
e JU0ODOODDODOODLOODLOODOODOODODDODOODLOODLOODOOn

e JOO0OOODOODLOOODODOOOOODOO

Oo00O00000O0O000000000000PHASEODOOOOOODOOOOOOODOOOODOOOOOOOO
gobooboobboobooboobbooobooboooboobboobooboobboooboaon
gboobooabooooooboboaobo

PHASE 0O Meta-dynamics 000000000000 PHASE O Meta-dynamics 00000000000
OOOOcontrol 000000 DOOOODOOOOODOO

control{
driver = meta_dynamics

}

OO00000O0OO0PHASEQOOOOOOOOOOOOOOOOOOOOMeta-dynamics0O0OOOO00O0O0O0O0O
gooooooo
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Meta-dynamics 00000000 Meta-dynamicsO OO DO0O00000D0O0DOO0DOODOOOODOODOOOO
00000000000 metadynamics 000000000000 0000D0OODO0O00ODO0O0ODOOOOO0OO0O
ooooooooo

meta_dynamicsq{
meta_dynamics_type = bias_only
max_bias_update = -1
extensive_output=on
output_per_rank=on
output_cvar_every_step=off
continuation_strategy{
randomize_velocity=on
scale_velocity=off
velocity_scaling_factor=0.7
configuration_from_input=off

}
meta_dynamics 100000000000 /0000000000O00O0OOOOO

meta_dynamics_type O 0 bias_and_fictitious, bias_only, bias_generation 0 0 0 0 0O O 00O O O O Obias_and fictitious
0000000000000 D0O00D000000O0O0Obiasonly 00000000 OO0OOOOOOO
000000000000 00000D0DOO0O0D0O0ODOO0Obias_generation 000 0O Meta dynamics O
0000oooooooooodooooo0o0oooooo0oooooo0ooooDooOooooooOo
oooooo

max_bias update 00 ODO000000O0O00O0ODOOOOOO0ODOOOOOODOOOOOOOOOOODODOOO
gboooobobooooobooooboobooooboobooooboobooooaono

output_perrank 00 on 0000000000000 D0OOO0O0ODOOOODOOOODOOOO
extensiveoutput 00 on 0000000000000 OCQOCOOODODODOOOODODOOOOOOOOOO0OOODO

continuation_strategy 1 000 0000000000000 O0O0ODOOOODOOOOOOCOOCOOOOOOO
gboobooobooobooboooooboobooboooobooooobooobooboobooooooobooo
gobooobooooboooboooboboooboooooooooooooooobooooboooboboOono

randomize _velocity on 0000000000000 CO0O0ODOCOOO0O0ODOOOOODOOODODOOO
00 offd

scale_velocity onO0 000000000000 COCODOOOO velocity-scaling factor0 00000000
O0O000O0oopDooOgo offt

velocity_scaling factor 00000000000 OCOO0O0OOOCOO0ODOODOOOOODOO 10

configuration from_ input on 00 0000000000000 0OCOO0O0ODOOCOOO0ODODOOOOO
0000000000 offt

goooooo 0OO0OO0OO000 oooorgo0boofb00o000b000O0O00ndDmetadynamicsddOdO0
oboboooooboooooOobooooobooboon

meta_dynamics{

collective_variable{
mass=1000
k=100
delta_s = 0.08
control_velocity=on
mass_thermo = 50
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target_KE = 0.1
}
collective_variablel{
type=bond_length
atoml=5
atom2=4
delta_s=0.05 angstrom
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom

00O meta_dynamics 0 OO 00O OO collective_variable 0 O 0 0O 0 O 0O O O O O collective_variable 0 O 0O O O
goooo0ooOo00oOo0OooOo0o0oooooooooo00oDoO00oDoDoDoooooooooooOog
ooooooo

0000000000000 000 collectivevariablezz 0 000 0000000000000 220000000
[IDO0D0DO0D0DDDOO00D0OOO000ODODOO000OO000DOO01I000000D0DO0000000DODO000O0O0
00000 OO d collective_variablel, collective_variable2, collective_variabled 0 3 O O collective_variablezz O
00000000 0O0O collective_variablel O collective_variable2 0 O OO0 OO0O0OO

collective_variable 0 O O collective_variablexxaO0 0000 000000000000 OOOOOOOOOOO0O
0o0o0ooo0o0ooo00oooo00oooo0ooooooooo0oooDoooooooooooonog

type U0 00000 OO0"0000000O00O0OOCOOODOOOOOOOO

bond length 200 00000000000 0O0O0O
bond_angle 3000000000000 OOODOOOO
dihedral_angle 4000 2000000000000
bond length diff 200 0000000000000 O0OO
plane 00 000O0ODOO0OOOOODOOOOODOODOOO
center of mass 0000000000000 OOODOOODOO
coordination number 00000000000 O00O0OO
distance from pos 000000000 0OOOOOOOOOO
atomx 00 O0000D0ODOOOCOOO0OO0ODODOOOOOxODOOOOOOOOOO20000O0DDOOOO 200

DdooogoogdddUatoml 0 atom20 000000000000 OOOOtyped coordination_number
gooooobooooboboooobobooboooooo

plane0 000 0000000 OODOODOOO0OOOOOOOOOODOOOOODOOOODOOOODOOOOOO
goooooooooa
normx JO000000 xO00O
normy JOO0000O0O yOOO
normz D 000000 zO000

coordination number 0000 0000000000 0000 n; 0 n; = Z#i exp[n(‘r,fr_lfr S ooo

gboooooboooobob s,y -00000000CO0O00DOO0OOO0ODOO0OOOOODOOOOODOO0

kappa,inv%DDDDDDDDDDDDDDDD
kappa xk 0000 1/bohr 0000000 OkappainvO0O0OO00O0O0O0OO
rcut ». 0000000000 OODOOO

mass 10 O000000OD0O0ODOO0ODODOmeta_dynamics_type d bias_and fictitious O OO 000000000
ooo
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kOO 0000000000000 00000000000000O0DOOmeta_dynamics_typed bias_and_fictitious
ooooooooooooooo

deltas0O0 (64)00 ds, D000OOOOOO

sminJ0 OO0000O0O0OO0OOOO0OOOOOODOOOOOOO
smax U0 O0O0000O0O0O0OCOOO0OO0OOCOODOOOO0OO0O00
dsO0O O00OO0OOOO0OOOOO0OOOOY obor"ooooogo

control_velocity U0 “ on”" O000000000O0000ODOOOOO0OOO0OO0OODOOOOO0OOO
00000000000 metadynamics_type 0 bias_and fictitious 00 0000000000000

mass_thermo 00 control_velocity 0* on” OO0 OO0OOOO* OO "00000O0O0O

target_ KE 0O controlvelocity 0* on” 00 ODOOD0OOO0OODOO0OOODOODOOOCOODO

000oooooooooonbD O000DDOCODOOO0OO0OQO00O00Ometadynamicsd 000000 bias_potential O
obooooboooooboooobobooobooboon

bias_potential{
height = 0.02 eV
update_frequency=20
output_frequency=100
}

bias_potential 0 0000000 OO0OOOCOO0OOOOODOOODO

height 00 0000000000000 DOO0ODOODOODOODODODODODODODOOOOOOOOOOOO
0000000000000 00000000D00 biaspotential 0000000000 0OOCOOOOOO
0 0O collective_variablexz 000 0O O0OO0O0OO0O

output_frequency 0 [0 meta_dynamics_type 0 bias_generation 0000000000 OO0OCOODOCOO 100
Oo00oo0ooOoooooooooooooooo

update_frequency D0 000000000000 DOOCOOODOOODODOOOODODO 20000

obobooooooobo oOoboooooooobOobOobOobOOobOOobOOoOoOoOo2b00000C0000000
gbooooooo

1. 0ob0obooooon
gboooboobgoobooooboboooboboboboboooboobobooboobobobooDbo
gboobooboooboooboboobobooboboboobobobbobobboboboobo
oboooOoobooobOoboboooboboooooboooooboobooooboooboooOooo

2.0000000000DO00000O0O0O0DOO0OO
gboobooobooboooboboboobobobobooooboboboobobOobUlatomsxx
0000000 xOMPIDOODOODODOOOOOODODOOOOOOOOOODOOODOOOOOO0O
ooboboooobOO0obOOOoObOOO0ODbOOO 1O000b0O00oOOoobOOoO0ooobOoobooOooobooOoooo
obooooobooooon

structureq{
atom_listq{
atomsO{
#units angstrom
#default weight = 1, element = Si, mobile = 1

#tag element rx ry rz mobile weight
C 5.0157363043 5.6563796505 5.8043454319 1 1
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C 4.7499007526 4.2727134018 5.7364572058 1 1

3
atoms1{
#units angstrom
#default weight = 1, element = Si, mobile =1
#tag element rx ry rz mobile weight
C 4.5897384578 5.5998560107 5.7723226564 1 1
C 5.1658344359 4.3217914066 5.6857269157 1 1
b
b
3
X

18.3.2 0O0O0OOOOO
Meta-dynamics 10 0000000000 PHASEOOOOOOOOOOOOOOOOOOOOOOO

mpirun -n NP phase ne=NE nk=NK nr=NR

000 NPO MPIODODOUODODONEOODOOOOOONKDO kODOOODONROODOOODOOODOOONP=NE
x NKx NROOOODOOOODOOODODODOOODODOne, nk, nr 000000000000 OOODOO 10O
00000000 NE=NPOOOO

00 Metadynamics OO0 O00O00D0OOO0OO0ODOOOOODOOOOODOOOOODOODOOODOODOOODOODO
ooooooooooobOooooOdbooo0bUoOoobOo0oOobOoO0bUooOobOoOoOobOooOoDbbooo
00000000000 0000O0 meta_dynamics 00 0O O meta_dynamics_type 0 0 O bias_generation [
0000000O00oO0DDO0D00metadynamicsOOOO0OODO biaspotential 0O O OOOOOODOODOO
bias_output_frequency 00 000000000 10000000000ODO0OOANO bias_output_frequency O 10, O
goOdoOOooobooO wobooboobDwbgo2000030000.. 100DO0DODOODOOOOOOODOOOn
0000O0O0OC0O000O0D0O0DO0ODO0ObD0O00O0OO0ODOODbDODOn biaspotential.dataxx” OO0OOOOODO
OxODOODOO0OOO0ODOODODOODODOOOOD0O0OO0OMetadynamicsOdOOOOD0OODOODOOOOOOODO
PHASEOOOOOODODDOOOOOOOOODOOODOOODOOODOOOOODOODOOO0O0ODO0OO0DO0OOoDO
gooooood

18.3.3 0OOOOODO

Meta dynamics 0O OO0 O00OO0O0O0OD0OODOO0OOOOODOODOOOOOOOOODODOOOOOODOD
goboobooaooo

curr_bias_potential.data00 00 “ O00O"0000000O0O0O0O0DOCOOOOOODOOOOOOO
gbooooogooo

1.2000000000 -3.1400000000 0.0000000000
1.3000000000 -3.1400000000 0.0000000000
1.4000000000 -3.1400000000 0.0000000000
1.5000000000 -3.1400000000 0.0000000000
1.6000000000 -3.1400000000 0.0000000000
1.7000000000 -3.1400000000 0.0000000000
1.2000000000 -3.0400000000 0.0000000000
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1.3000000000
1.4000000000
1.5000000000
1.6000000000
1.7000000000

-3.0400000000
-3.0400000000
-3.0400000000
-3.0400000000
-3.0400000000

0.0000000000
0.0000000000
0.0000000000
0.0000000000
0.0000000000

121

goo* gbobobor"obooboobooboboboooobobooooobobooboo” bobooo"o
gobooboboboobboobooboboobooo

bias_potential.dataxx 0000 0000000000000 O0O0OD0OO0OOCOODOOODOOOOOOOOOOO
0000o0o0000o0Doo0o000o0oDo0o0000Dooo00000ooO0o00oD0D0 xxO0OOOOOOO
00000000000 000D000D000D0O0OO - curr_bias_potential.data0 00 OO0

nfdynm.data_at_bias 0000 00000000000 O0O0OOCO0OOOOOOCOOOOCOOOOOOODOO
PHASEOODOOOOOOOOOODOOOOFDYNMOODOOOOODOO

nfefn.data_at bias0 000 0O00000O0O0OCO0O0OO0OOOOOOCO0ODOOOOOOOODOOODOODO
PHASEOOOOOOOOOODOOODODOOOOOOFENFOODODODDODODODOO

collective_variables.data0 000 0O0O000O0O0O00O0O0O00O0OCDOOCOOOOOOODODOOCCOCOOO
ooboooboooocoooboooon

2 1.6399047278 0.0906233310
3 1.6933783940 0.2327954221
4 1.6487636847 0.0655806009
5 1.7510381463 -0.1403803460
6 1.7880912692 -0.2122517967
7 1.7558411086 -0.2557274737
8 1.7939362867 -0.0296094373
9 1.7595919709 0.1959354384
10 1.7773637731 0.3761827029
11 1.7657919080 0.3998392061
12 1.7604309483 -0.0107912799
13 1.6218441177 -0.3366407543

gobogobooobooboobooboobobobooboooooboboobooboobuoobooobobobon
gobooboobobooboobooboobooboobn

bias_potential_parameters.data0 000 O000000O000O0ODOOOODOOOOOOOOOOOOOO
000000000 0o0Do0o0oo00DOoOo00oo00ooOo0ooooooO0oDoooooooooog
000ooo00oooo0oooo0Uoooo0ooooo0oooooooooooooooDooo

o W N

0.0200000000
0.0200000000
0.0200000000
0.0200000000

0.1000000000
0.1000000000
0.1000000000
0.1000000000

0.1000000000
0.1000000000
0.1000000000
0.1000000000

gboooooboooboooobooboooooobobooobobooooobooobooboooboobooooooon

000 (6400000 wO0O030000000000 (6400000 6s, 00000



18. Meta-dynamics O 122

18.4 00

Meta dynamics U000 000000000000 0O00O00CDO0O0CDO0O0OC0CDO0O0O0O0O0ODO0O0OOCHs
Oo0O000O0O0pooOoDoO0oO0O00ooCHeOODODOtrans 1-:30000000c¢is 1-3000000000000O0O 3
0000000000000 000000D000000D000tans 1-30000000000000000Ocis
1-30000000000000002000 30°0000000000000000 (gaucheOO)ODOOODO
obo0ob 3200000000000000000D00000O0Ocis1-3000000¢trans 1-30000000
gooobooboboboolsooooboobobooooobooboboooooboobOoboooooooon
goooboooboob 1-3bobooobooooboooobooooboboob2000 1300000000
cs-trans 0O 0000000D0OOO00O0DOOO0O0O0O0OOO000ODOOOOO0ODOOO0O0OOOO0OO0ODOOD
leVOOOOOODDOOOOOOO0ODOOOO0OcisOD trans000000000000DODOD100meV O
gobooooobooobooobooboobooooobobooboooDo130obo0ooboobooooooboo 2000
oobooobboobooboooboboooboobooooooooooooooooboobooooooooboOoon
OO00O0O0O00000O PHASEOQOOOOOOOOOODDDODDOODOO

032 CHgsOOOODOODO

18.4.1 0O0OOO

0000000000 33000000000000000000000000PHASEOOOOODOOOOO
oooo

O0000000D0O0MetadynamicsU 0000000000000 O0DOODOOOOOODOOOCOCOOOOO
O0O0Ocontrol00D0O0O0O0O driver 000 metadynamics 00O O0O0DOO0O0O0O0D00OO0O00OO
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033 CHeOOOOOOO

condition{
driver = meta_dynamics

00000000000 00000000000000000000000000
1. 033000 100020000000000ds,deltasO00000 0.1A00.05A
2.0 330000 14-3-20000000000000 ds, deltasI0000 10°0 5°
00D0000metadynamics 00 0000000000000000O

meta_dynamics{

collective_variablel{
type=bond_length
atoml=5
atom2=4
delta_s=0.05 angstrom
!for bpot output
smin=1 angstrom
smax=5 angstrom
ds = 0.1 angstrom
}
collective_variable2q{
type=dihedral_angle
atoml=5
atom2=3
atom3=2
atom4=4
delta_s = 5 degree
!for bpot output
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smin = -180 degree
smax = +180 degree
ds = 10 degree

}

00000000000 000 0.02eV(0.46 keal/mol) 0000000000 O0OOOODOOOOOOO20 MD
000000000 00000000Ometa.dynamics 00000 OO bias_potential 0 00 0O O O O O O height
oo0ooooOoooooooooooooooo

meta_dynamics{

bias_potential{
update_frequency = 20
height=0.02 eV

oboboobooooooooobOobobobobobooooooooooooOobOobOobOoboboon
gboooooogooo

18.4.2 0O0O0OO

gboooboooooooooooobOoobooboobooobobob 4000000000000 18,1400
gbooooboooooobooooboboooooboooo

2
-4 —
-6
-8

-10

12 —
14
-16
-18 —
20
Y R
24 —
-26

-28

30 —
32
34
36
38
40 —

rec (B)

dihedral angle (radian)

034: 000000000000 CGHeOOO0O0Oooooooooo

034000000000 00O000O00bOO0DO0obO40000000OO0DOODOOOOOODOODO
00000015 A00000000 0radian 000000000 3.3A000000 0radiand00000
037A000000 +3radian 000 2000000000000000000000Oes 1-3000000
trans 1-300000000000000000000000cisO0000 gauche DOO0O0OD0ODDD300KO Meta
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45

4.0

N
T

35

[N
T

30 r

rec (B)

25

dihedral angle (raidan)
[\ o

)

[ 2.0
r 15
| 10 e
C L . I . ! 1 0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

number of bias potential update

)

number of bias potential update

0 3:00000000000000b0o0oo0oooo

0 35:20000000000000000000C 000

dynamics 00 00000D00DO cisO gauche 1000000000000 ODOOOOOOODDOODOOO
000000 trans 1-30000000000000016kecal/mol 0000000000 cisO0OO0O0ODOOOO
0000 12kcal/mol 0000000 D0OO00O0ODO0O0UOOO0OODOOOOO0OUOOOOODOOOOODOOOOO

030000 0000000000000 D0O0OO00ODOO0oDbOOOOODbDO0OObODODODbOOOODOOO
obo0oooobog 30bo0boboobob edbob0obonon 30b0ob ebboboboboooon
goorvoboobooobooooobobobooboooobobobooboooobooooobooOonbo 18,0000
gboooboobooooooobooboobooooboooo 3200000000000 O0DbOO0O0OO0O00On
gbobdoboboboobobooboooooooobooOooOoooooboobOobOobOobOobobOoboboon
gboboooboobooboboboboooboobooooeooboobooboboboboooooooogoboan
00000O000o00o0o0o0ooooO0 (0 36 000ooUoooooUo

037(a)00 (d)D0O00Metadynamics 100 0000000000000 O0O0OOOOOOOOOOOO
gboboboooooooooboooooooboobooboobooboobooboooooboobobOoboboboon
gooobooooo
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0 37: Meta dynamics J0 000000000000 0000000000000000(): 000000000
02000 (b)0000D000000 690000 () 0000000000 1,500000 (d)000000000
0 18,070000
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19 0O0ooon

19.1 0040

O0000000000000000000000000van der Waals density functional (vdW-DF)O O 0O 00O
0000000000000000PHASEOOOOOOOOOOOOO0OOODODOOODOOOGeneralized Gradient
Approximation (GGA) DO ODO0O0OO0OODO0OOOOOOOOOOOOOO0O0O0O0O0OO0ODO0OOODOODOODOOO
o0o0oO0o0oO00o0o000o000o00O00000O00000000000 GGAOOOOOOOOOOoOOOOo
00000000000000O0 vanderWaalsOOOOOOOOOOOO0O0O0OOODOOOOOOCOOOOO
ooooooooooooooooooooOoovwdWDbFOOOOOODOOOOOOOOODOODODODODODOOOO
oo000ooooo0oO0o0oo0oooO000oooO0o000oooo0o0o0ooooOo0ooo0o0o0ooooOooooooo
oooooOOoOooOooooooOoOoOOoOoOoOoOoooOovdwWFOOOOOOOOOOOOOCOOOODOOOOOO
oooooooooooOoOoOOOOO0O0O0 venlFOOOOOOOOOOOODOO

19.2 000000000 (DO0O0OO00)
19.2.1 0000

0000 00000vdW.FOOOOOOOO00 ENOO00O000000 EXO00GGADDDOODOO ESGA
0LDAOOOOODODOD EXPA0DN0000O00ODODO0000ONO0DND0000000000000000
00000000000000 EyO

E,. — EGGA | gLDPA 4 pul (65)
00000000000 0000000O0OoDOU00OO0OdvdwWOO DionO [13]00000000O0O0OOOOOO
dobbooddoooooobobboooooooooooa

= / dririp () 6 (rir v0) p (1) (66)

00000000000000000000000,0r,000000000GGADLDAODODOOODODOO
00000000000 (r;)0 p(r,) 00000000000000000000 ¢ (r;,1y) O

2 oo
¢ (riTe) = = / dadba®v*WT (67)
™ Jo
gobobooobobooooo
2
W(a,b) = Tbg[(3—a2)bcosbsina—|—(3—b3)acosasinb
a
+ (ag—b2—3) Sinasinb—?)abcosacosb] (68)

goooano

T'[xi(a),xi (b),zx (a) , xx ()]

L«i @ Jlr 20 T le Zn (b)]

oboooooooooooooo

a? 1
zjla) = 5 X1 o (—dra/5E)" (70)
4 = o). ™)
wley) = Pt ) - T { O e ), (72)

ki (r;) = 3n°p(rj) (=i or k) (73)
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O0000o000000b00000000000000000O00000O00O000O00O000O0O00O0O00O000O0
0000 (72)0000 Z,=-084910000000000000000000000O00O0O0ODOOOO0OO
0000 P20 O. Gunnarsson et al [14]000000000000000000000O0 plasmon-pole model
O000000000000000000 vanderWaalsDOOOOOOOOOOOOOOOO0OO0O0OO0O0OO
0000000000 000000000O00000000000

0000000000000 000000 (66)000000 ¢(ry,r,) 000000000000 DOODOOOO
000000000 ¢(ry,r,) 00000 di0O djOOO0OOOO0DOOO0OO di=D(140 )0dj=D(1-6 )0 0000
0000000 DbOs 0000 ¢(ry,r,) 0 ¢(D,6) 0000000000 OO0OOOOOOOOOODOOODODOO
ooooboooo0o0oooooboooooon0erb 200000000000000O000O0O0O00G0O00O0OO
00oooooon

oooo0oooooo0 O0(r)00e=0000r;,=r, 000000000000 2;(e)0000000O0
000000000 (66)00000000000000000O00O00O00O00O00O0U0O0OO |r;—rg <100
00000000 p(ry) =p((r,) 00000 r, 00000000000 0U0OODOOOOOOO (66)0000; 0
gooobooboopoooOobD r,00ODO

3
1/ drip (r) é (ri ) p(r) = 2T 2 () / drid (x:,77)
n

2/, 273 )
1 473 i
::gghﬂmxm/dmm%@) (74)
0
L 4} b

e () x| " aps (D)

4
00D0000000000000O00r, = -1/ 000000000000000000000D =
qoris(=d;i=dy) 0000000000000 000000000000000000000000000
00000000000000000

obooboooooo oOobobooooooooboooboooobOobOOobOOobOoOobcOOoOoOoOobOOobOobOOobon
gbbooobOoobooobooboobooboooboOooobboobooboobboobbo0ob00 0O
00000000 (66) 0000000000000 DO0O0O0O0O00O000000O000O0O0O0 van der Waals
gooooooooooooooobooobooboboboobobooooooooooooDoobDOobDOobOob oo
00000000000 0000o0o0oooooD (66)0000000000000NO ¢(riyrg) 0 r; 0 rk O
ooooboooooo

12 (47/9)3
Plrirs) = ‘ddk(@szk)
C 1
A IO IO ICET ) (75)
C

= —— X ¥[p(ri)p(rs)]

Tik
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD0212(47T/9)3|]|:|DD[|[||:|D|:|[|(67)
gooooooooooooooooooooooooobooooo oo oo ooooooooUooog
OO0 x'000000 O0O000o00o000o0oo00oo0obo0oooobooooono x’l]l]l]l]w[p(ri),p(rk)]
00 (7r2)000000000000000000000000OUO0O0O00O0000O0O0OUO0OOUoOOO
000000o00o0O000ooo00O () U000, 0 r, 0000000000 r, >n0 000000000
ooooooooooooo

1/ dridrkp (ri)¢(ri71‘k)/)(rk)
Tik>1

IR

2 %dUQ Z Z p(ri) ¢ (rs, ) p(ry)

r; K
unitcell (r;5 >n)

= 20 Y p )0 (eure b baye) p(ri ot bay) (76)

r;,rp€ teyz€
unitcell (|rp+tzy.—ri[>n)
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- —§M2§:p@0wmm%MmHMm) > :

6
r
rirp€ tryz€ rYyz

unitcell (|re+tey=—ri|>n)

O00000000000000000 dvO000000000000000000000000000000 tyy,
goooooooooooboooobooooooboobooooooboobd 0O, OO0O0D0OOCOODOOODOOODO
goboobooooobooooooboboooboooboo 1/rgy2|:||:||]DDDDDDDDDDDDDDDDDD
0000000000000 00000000000000000000000000000 p(r)DO00O0OOO
gboboooboooooooooooooooooooooooooooooooobooboboboboobon
0000000 (v6)00000000000O0000O00UOO0U0OO0O0OOO0OODUOOODUODOUOD
gboobooboooobooboboooooboooobooooboobooo

000000 vwdW-DFOOOODOO0OO00O00000000000 1shet0000000000000000O
O000000000000000000 GGAOOOOODOOOOOO0O0000000000000000
00000000000000 EXO00000000 EXPA01shot 0000000000000 OOOOO
00000000000000000 GGADOOOOOODOODO0000000000000000 ESSx0
000000000000000000000000 ESAY-PPO00000000 380000000vdWOO
0000000000000000000vwWWOOODOOOOO0OO00 GGADOODODODODO00000
00 GGAODDOODOODO00000000000000 p%GAx(r)0 ESS*00000000000 vdW O
pCEA (r)DD00DDEYODD EYPA0 1shot 000 000000000000000D0D0O000ODOOO0
ooooo ESY-PPooooo
PHASE

GGA (exchange only)

SCF calculation

|| ||
GGAx GGAx
p (r) Em.'m’
(nfchr.cube) (nfefn.data)

LDA correlation

Non-local correlation

E:rf ELDA Et‘dll’—DF

vy & 9

vdlW=DF _ GGAx LDA nl
E - Emr.u.l' + Ec + Ec'

toial

038 000000vdWOOOOODO

19.2.2 0O00O0OO0OO

0000000 PHASE 000000 vwdWODO vdW.f00OODODDODOO0OO0DO0O00000000DOOOOO
O00D0000O0000O00OPHASEDOOOODOOOOOOD GGAOODOOOODOOOOODOO pSGAx(r)
0000000 nfchreube 000000000000 nfefndata000000000000 EXO EXPAOOO
0000000 GGADDDDOOOOOOOODDDOODODOOOoOoOoooooooo EMYW-PPoopoooon

total
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00 380000000 GGAOODODO nfchr.cube0 0000000 PHASED inputfile 00000000000
00o00DOo000OOo00 PBEOUODOOOODOOODOOOOOOOOOODD PHASE O filenames.data O
inputfile 00 vdW O ODOOOOODOOOOODOOOOODOOOODOOD

file_names.data (PHASE) OO
F_ENF = ' ./nfefn.data’
F_CHR = ‘ ./nfchr.cube’

inputfile (PHASE) OO
accuracyq{
xctype = ggapbex

X
postprocessing{
charge{
sw_charge_rspace = ON
filetype = cube
X
}

PHASEOOOOO ggapbe 000000000000 OOOOOOOOOOOOODDOOODOOOOOOOO
O00000000 PHASEODOOOOOOOOOOxctypeDODOOOODOggapbexD0OOOODOOOOOOO
O [ xctype = ggapbexO OO OODODO ggappbe 00O 0000 OO0OOODOOODODOOODOOOOOODODOOO
OO00000 ggappbe OOOODOOOOODOO

vdW.f90O0OO0O0O0O 0OO000000vdW.f9000O Fortran90 OO OOOO0ODOOOOOODOOOOOOOO
O0O0penMPOOOOOOOOOOOOOCOOOOOCOOODOOOOOOCOOODOOOIntel compiler00000O0
U-openmp U0 00000000 O0OC0ODOOO0OCOOODOOOODOOOOOOO

$ ifort -openmp -o vdW vdW.f90

000000000 vdW 0O000vdWODOOOOOOOvdW OOPHASEOOO OO nfchr.cube O nfefn.data
d0oooooooo0o0o0o0o0oooooooooooooooooo o oo vdWOOoooooooooono
0000000000000 O0O0D0000000 nfchr.cubeOnfendatad0 OO0 O0O0O0O0O0OO0O

Oo0ooon vdwoooooooooooooooooooooooooooooooooo PHASEO OO
O Hartree 0 OO

0000MmM 0000 phase/samples/vdW /input_scf_Si.data 0 00 00 0 00O O nfchr.cube O nfefn.data 0 O
goooooooood

E_total(GGA exchange) = -7.5363221703000
Ec(LDA) = -0.5429739815997

Ec(nl) = 0.0203272639208

Ec (= Ec(LDA) + Ec(nl) ) = -0.5226467176789
E_total(vdW-DF) = -8.0589688879789

Given in Hartree atomic units

# Calculation time O : 11 : 33.7280

obooooood
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E_total(GGA exchange) | GGA (exchange) 0000000
Ec(LDA) LbADDOOOODODOOO
Ec(=Ec(LDA)+Ec(nl)) | OO0O0O

E_total(vdW-DF) viW-DFOOOOOOOOO0O000
Calculation time ooooo

E_total(vdW-DF) OO O vdW O OOOOOOOOOOOOOODOOOOODOOOOOO

000 0000000000000 Ophase/samples/vdW/ 00000000000 vdW/OO file_names.data
00 input_scf Si.data 000 0 00O O phase 0 O 0O O O nfchr.cube O nfefndata 00 000000000000
oooOvdw.f00 0O D0OO00000D00000000D000DO000O0000000O0O

ooooood

cd phase/sample/vdW/ DO 00000000 OCOO0O0ODOOOODO
../../bin/phase Ophase 000 GGAO OO OOO

ifort -openmp -o vdW vdW.f90 DD UODO0OO0DOODOOO vdw.fo000O00OO0OO
Jvdaw JO0ooogoo

& H P &P

gboooboobooobooboobooooboo

19.23 0000O0O0OO0O0OOOOOOOOO0OO0

0000 0OO0O00000OO000000vdWOOOOO vwdW-DFOOOOOOO0O0O00C00000 GGAD LDA
0000000000000 00000000000000A-BstackingdOOOOO0O0OoOoooooooogod
gooOoOoOooO GGAODOOOOOOOOOOOOOOOOOOOOOOOODOODODODODDODDODODODOODOOO
oobooobooooooobooobooooooboobooOooooooboboooooboooboooobooon
go0o0oO0OO0oO0O00OoOooooooooOoOoOoGGAQOOOOOOOOOOOOOOODOOOCODOOOOOn
000000000 vander Waals 0O OO0 GGAOOOOOOOQOOOOOOOOOOOODOOOOOOOO
gooooooooooboooooobobooooboooo

0000 000D0OOCO0000DOOO0O00DCODO0O00DODO A-BstackingODOOOOOOODODOOO
gobooobboooboooobooooboooboboooboooboooboooboooobooboobooboobgo
0000000000000 000000UD 200000000000 43%x 25x%x z(=xx yx Z[A:)’DDDDZD
o0 12[A]DDDDDDDDDD 0000000000000 0CODODO0OOODOO00O0 GGADO vdW-DF
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