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BNZEHAEINS, £72, EFORBEIIE FOMBOKRH»SEEI NG, 2o
D, VAT LMRIFEDNTGA=ZD S, T0T T LADFELTRHIELSY 1 XEDPRE D
7= OB E DI, parameters.data &\ 7 7 A WIZ T 4 — b T D unformatted
EATHIEINE, TNLUHNDH DX, input.dat &\ D AU < unformatted Z
THhaEng, £/, Z2ODOY TS0 2 T L mknon T, HEEREZEMTO FFT
Avyapd (BAKRBIZAMSTS) & Ay bATIZE o TERIBIZYID thirhv 78
HRIZHZ 7 =) Za v R—F2 b EDOMIGERDY A+ %KD, gpt_list £\ D
7 7 A ViZ unformatted R TH T 5, TNo6D 70T T Lldmake ZFEITT 5 Z
LXK HEMIZEITI NS,

6.4 commons & params

ANy =DIZBWTI, 7V —F VRETOERRE A DF] L 2l & U
TARDESIZLTWB, BHNIZEE L Tik, module H1C public EE L7210 —/L
5%z EH L CEY TN —F VTR T L, —HEBD I, common XIZ K5
ZMRZE{ToTW5E, ZHid, R—=AIZ U7 Fortran 77 70 7 7 Lr 6 DEEIEE
TIXRWZOTH D, mknon THEINZNRNTA—RIZLD, 0 — VEHIOT
0 —3a v &7 BUCELSIY A XPRE TN 5 HY, mknon/parameters.data % it
AIA A THIRT 5 728 D module 7% parameters.£90 TH O, — HELFISRD7=HD
£ DM, globalarray.f90 TH B, commons IZH W Tk, Y7 —F V] THIEIZ
ST EEHEHROPDNY X =T 71 VDL THRME L TWD, — /., params IZH
WTIE, LDART V¥ ¥ VDR TARD K S I8WVEMKIF TR ST A — R D& S
nctna,
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7

7077 LETOHE

Tu 77 ADFETIZET SWAELUTDOL S 128> T W05,

1.

8

INPUT_DATA/CORD IZ & V., EET AV AT LIZEHT B85 A —&  (J5 - pfE,
M, 2=y b Y a1 X) BROGHESMSE CEIED Ay M A 7%, kil
YT O, tY) 2RET B,

. makefile DYEHAIZ 3 % DESTDIR=destination @ destination D ¥R H3FEFTT «

V27 MVKIZRB0, TIEHTSL, b, EFcCiE~vY U 2iBEdT 57
O, ¥ UAMREMIZES T B el XA K,

. make 5,

cd destination 3 %,
EirE— NUEH A7 74 )L, SOPT.CNTL, ALLOPT.CNTL, FILE_IO.CNTL %
HEYIZRET B,

Jopt TEITT B, /2t SGEREDFa—A VIV AT LANWEET 254
12, gqsub qsub & LTV a 7% 37 3Iv g5, 22T, D qgsubldy =
TYHTIv NHDIAT Y RTHBH, IRD gsub ld make U7z & E T destination
WIZIEo N7z A2 ) TR ZBEL TV I LIZR 5,

AHEAIZDOWT

FARMIIZ 1, INPUT_DATA/CORD, makefile % % L Cmake L. Ef7T 1L 7 b
VIZREIL T CNTL Z X E T UL T 0 7 T L DETHEN I D S, AFIZ, 2hb
DT 7 AINVDHEEDH ST &R,

8.1

CORD

INPUT_DATA/CORD D ANERIFLLTFDEY TH 5D, ZOHNIX A Y'Y NiEED
SiDBEDOWTH 5,

e S T o s o o B O B R G S D E S S

+ <K<K Basic Inputs DODOOOOOOOOO55555555555>+

e T S T S s o B S S

#Atom coordinates relative to unit vectors, Atom,mode.
0.250000000D+00 0.250000000D+00 0.250000000D+00 Si o
0.500000000D+00 0.500000000D+00 0.500000000D+00 Si o

#-
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DR FOMMEBE (2=y b - RZ MVTE X SNDEEIZNT B00E) %
525, #0#EFTHANT 1=V RTH O, ZOMDITHENR T E 52 5, &
O FERIE 0 S~ FTOMTEIEZ 52 5, £72. RFOREITIAT, INF
ZEDTHHILTWS 72O, SiDXDIZEHEKT 5, mode IFHTFDEEIZDOVWTRL
THEY, o FFERFMNEOREILZITV, f ZRF2ZEECTLIL2EKT 5, &1&
DFIE TR A T > Y ¥y VD |y DIEHR7%: £1%, INPUT_DATA/TABLE_OF_ELEMENTS
Wb b,

<< Other basic inputs >>

kp_file: Sampling type of primitive F.B.Z.
[file name with 6 char.]

E_cut: Cutoff energy for plane-wave [Ry]
band_calc: Choice [yes|no|metal|bands|mband]
f_tol: Parameter for judging convergency of electronic

|
|
|
|
f_crt: Critical force [Ry/a.u.] for judging convergency. |
|
deg. freedom. (Relative ) |

calc_mode: Calculation mode. (bas[ic] or ext[entended]) |
|

ideb: ideb = 1; Running verbose mode.

&basic_input

unit_vec = 2.715, 0.000, 2.715,
2.715, 2.715, 0.000,
0.000, 2.715, 2.715,

kp_file = ’DP10GM’,
E_cut = 8.0,
band_calc = ’metal’,
f_crt = 5.0D-03,
f_tol = 1.0D-8,
calc_mode = ’bas’,
ideb =0

&end

Z DO+ 2 ¥ a ik, Fortran @ namelist FRATEZ 5N T W5,
e unit_vec : Bfiffliz 5252 =v b - RZ ML %

A1y A1y A1z
A2y a2y A2z

A3z A3y A3z

15



DEFTEHEZS, ZOrE, Tal I3 LR TOHKFEZEZ DT LI,

a; = (Qiz, aiy, ;z), (37)
el A GN
Ao X ag az X aj a; X az
e el . ENES
27ra1 Ay X Ag 27ra1 Ay X Aag 271'31 Ay X Aag
THZ6N5,

e kp_file: k DV ANEL AL 7 7 AINVDIEE, ANy T —ITIEFERRIZ
FoTkEHVAMNERWOEZTH->TWAS, "DP10GM’ 1% O BEDO N FRMED A %
U HERHDE D,

e Ecut 371y NATTHV¥— E,, % Ry Wi TH R 5,

e band_calc IXFHHEIED AL v F, 'metal’ & UL72GEIZIE 7 =)V I ERIEET
TV IBEBUC X DEN O EEREIENLEHERITO L EEKRLTWS,
‘bands’ & U7235E1213, BANDOFHHNIZH 5 bas’ E— F&flio TNV NEHA
ETBIENTES,

o f_crt: [RFMIIZ DWW T DU HESAMH:,
o f_tol: BFRD CCGIZET B U A HIE M,

e calc_mode : gt®EE—F, BMNJEEE CRAMEORE/ILE TREITOIHEIZ
I$'bas’ & UTHHS, BAROREILE T O%EIldext? &5 28 THE
H—EDEELZITS Z L HHKSB,

e ideb: H¥EH 222 hu—IL T BE/INT A —X&,

4+
+<<<KKLKLKKKLKLKLLLLL Mode dependant parameters >>>>>>>>>5>>555>55>>+

a0 s o o o O B S R T o o = o S S

<< Case 1; band = yes or metal. >>

| pwidth: Width of graduall cutoff for occupation number [Ry]. |
| incw: Eigen states is sorted in every incw CG steps. |
| ncband: Number of un-occupied states. |

&METALD
pwidth=0.005,
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incw=10,
ncband=4
&END

Case 1 DEB4TIE, 'metal’ D& ZITRBELIRD/NT A—&, pwidth (T 7 =)V I
BB ODIEZ 5 2 5, incw IZ¥EN D ANEZ 2175 AT v 7H#, ncband IFEHHAT
%7 )V IUERLLL 2 H B2 DEEDE,

====<< (Case 2; cmode = ext. (Variable cell simulation.) >>====

[ Constant-cutoff is mimiced with following parameters. ]

|
| vke: Kinetic energy is scaled in vke where |
| |k+G| "2 is beyond E_cut.

| sigma: Above scaling is faded in over sigma. |
| defmax: Maximum deformation of unit-cell allowed in this I
| simulation. |
Original

vke = 2.0,

sigma = 0.05,

defmax = 3*0.05

&mimicd

vke = 2.0,
sigma = 0.10,
defmax = 3%0.05
&end

Case 2 DR E, B —EDD TEINFHE B W THEARPE/LLTHE A Y M
TIINVF =2 EDOTWBIGEIZEL D 5 G mBOEA %I Z 5 HEEEIZ B 5884,
KX =T TldfELN TR,

8.2 SOPT.CNTL

Sopt I3EHHE E#xEI s ) GHEEOBAMBEOZ LT, #HEEziHELTWSY
ATHEMLT UbAEREAEE — RS2 BB ERW) 2EELZE— NTOEHER
79,

Sopt DEMERFEET S ha—)V7 7+ )L CTdh %5 INPUT_DATA/SOPT.CNTL I,
Fortran @ namelist JTERXZ FHWNTEDLPNTWS, TDANERIZ. AFDHED TH 5,

17



&soptcntl

itmaxs=1,
f_crt=0.005,
ftol = 1.04-9,
itmaxd=200,
delta = 0.4,
ideb = 0

&end

o itmaxs : fEEHELDIKAT v TH,

o f_crt: WhEEEALIZH I A INAHHIESRM, &R 1248 < J1 DHMOE D e KAl
Mf_crt LRIZR o728 JIZINR U722 AS, HALIZ AU

e ftol : BFROIFHIESM, 1ICCGATY THIZH DI X ILF—DIHNZE
RHEAI L5,

e itmaxd : EFRAmE/LDEIA CC AT Y T,

o delta : R FAlEZ RiE(LT 2D AT Y TlE, T IZE < J3Th 55 il
REL

8.3 ALLOPT.CNTL

Allopt TIHFELEBREI NS LILVEED T, EEDOHEIZIT-27Z0, HEHFED
DFEIFIETEN T Z R TE B,
INPUT_DATA/ALLOPT.CNTL D AHNTERIFLATD@EY TH 5,

0. Chose a mode.

mode = ’md|op’: Molecular Dynamics or Optimization.
In case that MD is chosen, you decide whether "Nose’s constant
temparature formula" is used or not.

&modesw
mode="md’,
nose = ’yes’,
&end

o Allopt #8E % {H 5 B2, 2 & NS 2 W T mode="md’> £ LT
DTENFEE UTEEXE S, £721dmode="0p’ & U THEEREILZ 1T
HBHIELMNTE S, nose="yes’ LT HLEBOHEIILIIET Y hr—)L
%475, nose="no’ D& ZTIFWE I bu— LR L TORTEINFEZ1T D,

18



O-a. Mode dependant parameters.

nose: In case that nose = ’yes’, constant temparature simulation
with following parameters is performed.
unit:  The unit of temparature. [aul|K|eV]
temp: Temperature.

g_inv: This value corresponds to Q7 (-1).
In case that g_inv = 0, then zeta = O.
See, Nose, Solid State Physics, Vol. 24, pp. 98-106(1989).
Nose, Mol. Phys., Vol. 52, p 255(1984).
g_inv = 0.0577

&noseparam
unit = ’K’,
temp = 100.0,
g_inv = 0.01,
&end

p_crt: Convergence parameter to judge convergence of pressure in [GPa].
gamma: Friction ratio. gamma is in [0-1]. If gamma =1, MD is done.

&optparam
f_crt=1d4-10,
ftol=1d-8,
p_crt=0.0001,
gamma = 0.5,
&end

unit CIREDOHRMZR FHEA, ZLVEYERIFILZ by - RL N TEE
TE5, BEIX temp THHET 5, 72, q_inv FREFE DT A =4,

f_crt (3G BGELI I B1 2 J5 7[R0 O PRI S, BAALIR R T B4,
ftol T EIRBIZEIT 2 T 3 b F — A HIE S

p_crt (IMERELIIZ 35 1) 2 E ) DIUCREIE S, HA71E Ryl

gamma |35 7 & AL IO W HIZBE S 2 ME TN U TH R 5 2 ST,

1. Define external environment.



1-1. Pressure

iso: A switch to select isotropic or anisotropic pressure.
Case; iso = ’no’, pext_3d_[ilf](1:3) is read.
Case; iso = ’yes’, pext_3d_[ilf] is not read.
pext_ini: initial pressure
pext_fin: final pressure

&extpress

iso=’no’,
pext_init=0.0,
pext_final=0.0,
pext_3d_i=0.0,0.0,0.0,
pext_3d_£=0.0,0.0,0.0,
&end

o iso LXK VEMNENZIRET 20BN ERD D,

e pext_init, pext_final ¥ 7z1d pext_3d_i, pext_3d_fIZ XD, TEISIFD
70 ATEWTHMBES OFIIE L HCIRIE T O Z fRET 5.,

1-2. Parameters concernig how the pressure is introduced and how MD runs.

nsec_p: External pressure is gradually enforced.

Sectioned by nsec_p steps between pext_fin and pext_ini.
nstp_i: nstp_i MD steps are performed at the pext_ini.
nstp_g: nstp_g MD steps are performed at each pressure

except for pext_ini.

&prscntl
nsec_p=10,
nstp_i=10,
nstp_g=1,
&end

e nsec_p, nstp_i, nstp_g IZ & DANBE DR EMDZELZFEET 5,

3. Parameters for controlling evolution.

20



delt_t: Time interval in femto second.
WW: Fictitious mass ratio [w/mass]
itmaxa: Maximam iterations for MD.

itmaxd: Maximam iterations in diagw.

&mdparams
delt_t=5.0,

ww = 100000.0,
itmaxa=500,
itmaxd=200,
&end

delt t: D TFEIHNFEYIa L —Y 3 V2B AHRZ A,

ww ¢ BTS2 AR e A,

itmaxa : D FEHFEHED AT v THRE,

itmaxd : CD OFEALIZB T B HEK CG AT v T,

4. Initial condition.

ekin_init: Initial kinetic energy is scaled in this value.

init_conf: Switch how is the initial velocities are given.
Case; init_conf = ’given’, read from iveloc namelist in this file.
Case; init_conf = ’rando’, random vectors, generated with ’iseed’,

is used.

ivpoint: Initial kinetic energy is given at ivpoint step.

&initveloc

ekin_init = 10.0,

ckin_init = 0.0,

init_conf = ’given’,

iseed = 180,

ivpoint = 1,

&end

4-1. Define initial direction to move.
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This parameters are read only in case init_conf = ’given’.

how: Case; how ’rel’, final conf - initial conf is used.

Case; how ’abs’, final conf. is used as a vector.

latv_i(3,3): initial primitive vector in real space [Ang]

latv_£(3,3): final primitive vector in real space [Ang]

coordi(3,natm): initial coordinate

coordf (3,natm): final coordinate

Example for structural transformation from cubic-diamond to beta-tin
of silicon.

&iveloc

how = ’rel’,

latv_i =

2.715, 0.000, 2.715,
2.715, 2.715, 0.000,
0.000, 2.715, 2.715,
latv_£f =

2.715, 0.000, 2.715,
2.715, 2.715, 0.000,
0.000, 2.715, 2.715,
coordi =

0.000000000, 0.000000000, 0.000000000,
0.500000000, 0.500000000, 0.000000000,
coordf =

0.000000000, 0.000000000, 0.000000000,
0.500000000, 0.500000000, 0.000000000,
&end

o Z DI, WIHLEE DG Z IR 545, ESopt TIEEmED coordi, coordf
EEEAIA E NN,

8.4 FILE IO.CNTL

INPUT_DATA/FILE_IO.CNTL D ANERIFZLATFDED TH 5,

1. Parameter(s) to controll output.
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&file_io_cntl
read_file=’no’,
initial_file=1
&end

intchg: interval of charge output

&outcntl
intchg = 10,
intefl = 20,
intwf = 10,
&end

2. Debug Flags

&debug_£f1
ideb = 0
&end

e read_file: FIAEBIBRED R FHLE S L IREIRIS L U CLART OGBS R %
HE20ESh %525, ’cont’, wyes’, *cyes’, *syes’ 7z1%’no’ H'f5
ETED, TNENUTOL D Wiz 5,

— cont’: STRUCT/strct 2* SiEi&E %, IWEBEKEETT L2 MY —IZdH
5 fort.98 N Lt AIAL,
— wyes’: WHIBIMZEIT T« L7 MY —IZH B fort.98 N HEiARAD,

— cyes’: STRUCT/cell-XXX & & (F STRUCT/latcrd-XXX % #td, XXX IX
I13.3I2&k>THERASLNDHT, initial_filelZ&->TH R 5, KHIH
BEFEITT LI N —IZH 5B fort.98 D LA,

— ’syes’: STRUCT/cell-XXX # & U STRUCT/latcrd-XXX % @tds, XXX I
I13.312&>TEH5EAS6NBE T, initial_filelZ &> THZX 5,

— ’no’: MEIX CORD THA 6N B DERMAL., KEBIBUIELEIZ L 0 %
EIELBDEMS,

e initial_file : read_file=’cyes’, read_file=’syes’ ® & & D XXX DA,
read_file DN NP D & EITITIEL,
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e intchg : BMEE N ML L IITERA LATY TOMEE 5 X 5,

e intefl : MONIT/energy % 195 CG AT v 7O/ EET 5, 10 K
ZREAMELIZWE ZIZIFIREDDELZIEET 5,

e intwf : MONIT/wave000 Z i 1§ ARIfEZEE L Tz, BNN—2 3 VTl
BEABOEITFETT LI M) =il fort.99 & LCTH & ND, HEEE
MITHEZITIEIDT7 7AM)0V%E fort. 98 LTI —L TS,

8.5 kpoint

kpoint D ANHERIFLLTFD@ED TH 5,

number of line (i4) = 7
GXKGLIKWX
number of mesh (i4) = 10

1.000000000 0.000000000 .000000000

1.000000000 0.500000000 .500000000
number of mesh (i4) = 10

1.000000000 0.500000000 .500000000

0.750000000 0.375000000 .375000000
number of mesh (i4) = 10

0.750000000 0.375000000 .375000000

0.000000000 0.000000000 .000000000
number of mesh (i4) = 10

0.000000000 0.000000000 .000000000

0.500000000 0.500000000 .500000000
number of mesh (i4) = 10

0.500000000 0.500000000 .500000000

0.750000000 0.375000000 .375000000
number of mesh (i4) = 10

0.750000000 0.375000000 .375000000

0.750000000 0.250000000 .500000000

number of mesh (i4) = 10

0.750000000 0.250000000 0.500000000
0.500000000 0.000000000 0.500000000

Z ZC. number of lineld 7V a7 VEIZEWTHIAD ki ETEHE NV K4
ERDDDONEIEET S, ZOBUL20 UNIZHIEINTWS, ERd LIz
ﬁﬁ??%%t?% TOKBUIERE L TWT - ERXTEXIED LTS, %
WTC, IRDOFFITIEZ D 7TARD kRO BT 24 MaeEL I LN TE S, %EH
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TRYIGNEXFHZI/ET DI ENTESE, [ARMEIZ L >THRE > 4B DN
WEENZEBBELTLY, WRIZ, O DDOKMITLIZ3FTF2HANWT, ki EODE R
B e, WA W F X2 MU by, by, by DEXBERADEE LTEHZ 5,

8.6 HAIZIDODWT

FHREOBTREIZIE, ETT AL MVIZDOLS5NBMONITE WS T4 L2 b
IRV F—EDHEHRVPETIING, TRV F—IE, energy L\ 7 7 A ILITH]
HEN5, FEHRIBUL, intwf T & 12 wave000 & WO HRETTH 1T N5, (ESopt T
FZDOA TV a ViFEIELTWS, ) BiER#ELHAE T U7ZRHZ X wvave999 &1 5
ZATCH I NS, HEIEEEIE unformatted THAO I N5,

FEFOBEMRFEE DML, CHARGE X WS T4 L2 U DTFIZ, chgdnsXXX &
WO 7 7 ANVATIRIESI NG,

FEHRIZ. U FoGicEEHiznsg,

e Sopt Z H\\7z%% : RESULTS

—  cord¥*x R EEER (22T OfE)

— eigk¥k : Kohn-Sham 57/ A D [E A A

— gradientxxx : Ji{F[H]))

—  Hikokx D TR MVIMED 3 x 3TN A, BT RILF—,
LV iVAi 27N =

— Htotk*x P BRIANF—EEZBLUTOI XX —DIEFICH I

NTW3, 1. BFROEHTRILX—, 2. N—bFL—IH, 3. 35#-
FEE, 4. KT VY Y VORFBSICLERT VY ¥ IV R F—,
5. BRT VI YINVOERFAKDIZEBDRT VY ILIZRLF— 6. «
JH, 7. =N)LME, 8. 1 ~T7TD5E

e Allopt #7234 : STRUCT

— cells*x T RT RV

— latcrd*x*x : PRI e

—  press¥xx AR

— realcrdixx. xyz: i 1 FERE

— resultkkx BT RIVF— (Sopt D Htot*x*xx L [F L), TRILF—2&
TV —, BN HFRDOIEIZHhE N5,

—  strctkkx BN HID N T A — & cell**x, latcrd, & zeta DfER
ERhIng,

—  strokxx ATV NVBHEEIN5G,
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9 JA4YSAL-Y—2O—R

COHITIR, BV TNV —F VIZBWTYHEBOHENED LS ITEHINTWS
POWERTZET, 077 LOEERZEET S /-ODERERMT 5,

9.1 EFTXRILF—

HEHIT RV F—I1X, etotal.f90 IZE TN D ekin(inw) DHF T FD X S (1
HEINTWS,
1 5k sk sk sk 3k 5k ok ok ok sk 3k 5k 5k ok ok ok 3k 5k ok ok ok ok 3k 3k 5k 5k ok ok 3k 3k 5K 5K ok ok 5k 3k 3K 5K 5k ok 5k 3k 3k 5K 5k >k ok k 3k 5K 5k >k ok 5k 3k 5K 5K >k >k ok 3k 3k ok >k >k ok 5k 3k >k k

double precision function ekin(inw)

use parameters
use globalarray

implicit none
include ’commons/common.h’

integer :: ik,ib,ipw,inw
real(8) frm,z,fd,x

frm(z) = 1d0 + vke_mim/( 1d0 + exp( -1dO*beta_mim*z ) )

I o———— = << calc. of KE (mimicing) >>----------
I* epw[Ry],gkl[a.u.],nadd

ekin = 040

do ib = 1,mxband_g
do ik = 1,nk_g
fd = fdist_g(ib,ik)
do ipw = 1,mxpwk(ik)

x = 0.5d0*( gk_g(ipw,ik) - ec_mim )

ekin = ekin &
+ gk_g(ipw,ik)*frm(x) &
* ( dreal(wvin_g(ipw,ib,ik,inw))**2 &
+ dimag(wvfn_g(ipw,ib,ik,inw))**2 ) * fd
end do
end do
end do
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ekin = 2d0*ekin/dfloat(natm_g)/effnk

return
end

7-7-‘1:‘
— — N

o inw: WHEIBIHIZCC AT v T2EHTE-DIZAT Y TORK ETEOMGE
FINTWE, ZTOWRBEBERETE2I VTV I A,

e ib, ik, ipw: TNTNNY KA VT v 7 A, k., KOEBI L izikd 55 B,
PUROZANF—%2EDFHKexp(i(k+ G) 1)) 2EDD G EZmT,

o gk_g(ipw,ik): |k + G|> B &M TV B ELH,
e wvfn_g(ipw,ib,ik,inw): IKEEAEN o . (G) Z A& L 7251,

Thbd, £>T, ZH ekin IZ

Epin =2 Y [k+ G]*[¢xn(G)]?,
k,n,G

PRATNDG, ZNId, ekin (FHEAAEB YD DT XV F —%, Hfi% Rydberg H
fii (BFEEm=1/22792)2LT, ALVHHEOHM»P S 2NF2%2E8DT
HEZTWBEHTHD, 612, W fmx) IZ&->T, BAKDZR (ESopt Tl
EN—EYIab—rarOiaz ko ThohY) 2 LBic, EHicT v
X—Hy M T —EDOFRMENFH-INE LI IZLTWE,

9.2 N—hkL—- - IRIF—

N—hL— - ZTxILF—I%, etotal.f0 & FEFNBEEE eee(vcell) DHTLT
DEIIEHBEINTWS,
15k sk sk sk 3k sk sk sk sk sk sk sk sk >k >k >k >k >k 5k 5k 5k 5k 3k 3K 3k 3k 3k 3k 3k k 5k 5k 3k >k >k >k >k >k >k >k 5k 5k 5k 5K 3K 3K 3K 5k 3k 3k 3k 5k 5k 5k >k >k >k 5k %k %k %k >k >k >k >k >k >k 3k 5k 5k

double precision function eee(vcell)

use parameters
use globalarray

implicit none
include ’commons/common.h’

integer :: ig
real(8) :: wvcell
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eee = 040
do ig = 2,ng_g
eee = eee + (dreal(chgg_g(ig))**2+dimag(chgg_g(ig))**x2)*gg_g(ig)
end do
eee = eeex4d0*pi/vcell/dfloat(natm_g)

return
end

Z Z T,
e chgg g(ig): BED 7 — ) T2 n(G) Z M L 72 B 5,
o gg_g(ig): 1/|G|? I S T W S HELH,

Thb, 5T, 28 eeelZ

Ar K n(G)P
Ee —el — ’
bl chll %: |G|2

MRAZINDG, ZHiX, eee HEHMAEYZ VDI R IVF—%, Hifi% Rydberg H
fi(BTHEES2=2LT2)LTEATVWEEOTHE, Quy TLLAEISNT
WBDIX, AKE,_ o %52 TWIZEERBEIN 2 EEMIIR>TVWDEI N5k
TW5,

9.3 £2IXRILF¥—
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subroutine etotal (vcell,inw, etot)

use parameters
use globalarray

implicit none
integer :: 1lmx,inw,i,]j

real(8) :: etot(8),vcell,vatm, &
ekin,eee,exc,evl,evnl,tl,t2,dsecnd
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parameter( lmx = 2 )

include ’commons/common.h’

t1l = dsecnd(’cpu’)

vatm = vcell/dfloat(natm_g)

etot (1)
etot (2)
etot (3)
etot (4)
etot (5)

etot (8)

ekin(inw)

eee(vcell)
exc(vcell)

evl()
evnl (inw)

etot(1)+etot(2)+etot (3)+etot(4)+etot(5)+etot (6)+etot (7)

t2 = dsecnd(’cpu’)

cpu_time(1) = cpu_time(1) + t2-t1

return
end
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e ’ ekin

)

eee
exc
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evnl
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etot

> etot (1)

? etot(2) :
? etot(3) :
? etot(4) :
? etot(5) :
? etot(6) :
? etot (7) :

? etot(8) :
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subroutine sopt()

use parameters
use globalarray

implicit real*8(a-h,o-z)

include ’commons/lattice.h’
include ’commons/common.h’

logical(4) :: existl, exist2
real(8) :: etot(8),delta,cpul,cpul

namelist / soptcntl / itmaxs, ftol, f_crt, itmaxd, delta, ideb

inquire(file="SOPT.CNTL’ ,exist=exist2)
inquire(file=’../INPUT_DATA/SOPT.CNTL’ ,exist=exist1)

if (exist2) then
open(10,file="S0OPT.CNTL’ ,form="formatted’, &
iostat=ios,status=’0ld’)
read(10,soptcntl,iostat=ios)
close(10)
else
if (existl) then
open(10,file="../INPUT_DATA/SOPT.CNTL’ ,form=’formatted’,&
iostat=ios,status=’0ld’)
read(10,soptcntl,iostat=ios)

close(10)
else

stop ’Can not open SOPT.CNTL’
endif

endif
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call vinit()

call iniewd()

| Main loop starts.
do its = 1, itmaxs

call getll(etot,nloop)
call charge(0)
I - < calc. Hellmann-Feynman force >-————————-
call force(vcell)
call eforce(natm_g,stoa,grd,frc,fn)

call wfile(etot,its)

call wfile0(000,its)
I o——— < Jjudgement of convergence >----————-----

if(ideb.eq.1) write(*,*)’fn, f_crt = ’,fn,f_crt
if(fn.1t.f_crt) exit

call mvatm(delta)

end do
| Main loop ends.

if(fn.1t.f_crt) then
call wfile0(999,its)

end if

write(*,*)’elapse time in sopt = ’, cpul-cpu0
return

end subroutine sopt
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subroutine diagw (nloop,vcell,alp,etot)

use parameters
use globalarray

implicit none

include ’commons/common.h’

integer :: nloop, inw, itmax, ik, in, ig, ist, loop, its, nwf, nnn, &
istc, i
real(8) :: etot(8), vcell, alp, eps, ang, dl, d2, dnf, step, ep, e_p,&

fret, fp, gd, avm, dmm, tl1, t2, dsecnd,e2,el
complex(8) :: ggc,gam,s, chgl

parameter (eps = 1d-10)

32



2)
5d0)

parameter (inw
parameter (e_p

call schmit (inw)
call toreal (inw)

chgl = chgg_g(1)
etot (6)=alp*dreal (chgl)

call etotal (vcell,inw,etot)
fp = etot(8)
I < calc. force >—--—--
call wforce(vcell,inw)
call precnd(e_p)
call schmi2(inw,1)
itmax = max(itmaxd*2,npw_g*mxband_g+*nk_g+*4)
! nwf (= npwxnband*nk) is num. of wave func.
U < store old data of w.f. >———-
do in = 1, mxband_g
do ik = 1, nk_g
do ig = 1, mxpwk(ik)
wvin_g(ig,in,ik,4)=wvfn_g(ig,in,ik,1)
wvifn_g(ig,in,ik,5)=wvfn_g(ig,in,ik,1)
end do

end do
end do

ist = 1
istc = 0
loop = 0

I Main loop starts
do its = 1, itmax

s = (0d40,0d0)
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di= 0dO0
d2= 0do0

nwf = mxband_g*nk_g
do in = 1,mxband_g

do ik = 1,nk_g
do ig = 1,mxpwk(ik)

s = s + dconjg(wvfn_g(ig,in,ik,1))*wvin_g(ig,in,ik,2)
dl= di+dreal(wvfn_g(ig,in,ik,1))**2+dimag(wvfn_g(ig,in,ik,1))**2
d2= d2+dreal (wvfn_g(ig,in,ik,2))**2+dimag(wvin_g(ig,in,ik,2))**2

end do
end do
end do

ang = acos(cdabs(s)/sqrt(di*d2))/pi
dnf = sqrt( di/nwf )

if (ang.1t.0.46d0.and.ang.ge.0.385d0) then
call schmi2(inw,2)

elseif (ang.1t.0.385d0)then
call schmi2(inw,1)

endif

call linmin(vcell,etot,fret,ist)

if(ist.eq.0) istc=istc+l

step=2d0*dabs (fret-fp)/(dabs (fret)+dabs (fp)+eps)

if ((step.le.ftol.and.ist.eq.1).or.its.gt.itmaxd.or.istc.gt.3) then

loop = loop + 1
if (loop.gt.2) then

etot (6)=alp*dreal (chgl)

call efile(etot,ang,dnf,its,ftol,step,loop)
nloop = its

write(*,*) ’Count (its,loop)’, its,loop
return

else

ist = 0
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endif
endif

ep=fret-fp

fp = fret
call wforce(vcell,inw)
call precnd(e_p)

call eigenv(avm,dmm,its,nnn)

if(ist.eq.0.or.nnn.eq.1) then
call toreal(inw)

chgl = chgg_g(1)

call wforce(vcell,inw)

call precnd(e_p)

endif

if(its.eq.0) ist = 0
if(ist.eq.1) then
gd = 04O
ggc = (040,0d0)

do in = 1, mxband_g
do ik = 1, nk_g
do ig = 1, mxpwk(ik)
gd = gd + dreal(wvfn_g(ig,in,ik,4))**2 &
+ dimag(wvfn_g(ig,in,ik,4))**2
ggc = ggc + dconjg(wvin_g(ig,in,ik,1) &
- wvfn_g(ig,in,ik,4))*wvfn_g(ig,in,ik,1)

end do
end do
end do

if(gd.eq.0d0) then
write(*,*)’warning. really gd = 0 ?’
return

endif

gam = ggc/gd

do in = 1, mxband_g
do ik = 1, nk_g
do ig = 1, mxpwk(ik)
wvin_g(ig,in,ik,4)=wvfn_g(ig,in,ik,1)
end do
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end do
end do

do in = 1, mxband_g
do ik = 1, nk_g
do ig = 1, mxpwk(ik)
wvin_g(ig,in,ik,5)=wvfn_g(ig,in,ik,4) &
+ gam*wvfn_g(ig,in,ik,5)
end do
end do
end do

do in = 1, mxband_g
do ik =1, nk_g
do ig = 1, mxpwk(ik)
wvin_g(ig,in,ik,1)=wvfn_g(ig,in,ik,5)
end do
end do
end do

elseif (ist.eq.0) then

do in = 1,mxband_g
do ik = 1,nk_ g
do ig = 1,mxpwk(ik)
wvin_g(ig,in,ik,4)=wvfn_g(ig,in,ik,1)
wvfn_g(ig,in,ik,5)=wvfn_g(ig,in,ik,1)
end do
end do
end do

ist =1
endif
nnn = mod(its,intefl)
if (nnn.eq.0) then
if(ideb.eq.1) write(*,x) ’efile in’
call efile(etot,ang,dnf,its,ftol,step,loop)
if (ideb.eq.1) write(*,*) ’efile out’

endif

end do
I Main loop ends

stop ’Maximum iterations exceeded (diagw).’

end subroutine diagw
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