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What is mVMC?

1.1 mvMCUOOO

O000O00000O0O0000O0000O0O0O0O00O00O0COO00O00O0000
ooooOO0OO0OOoOoooo00o0ooooooooooooOOOoOoOobbOOoOoooooo
0000000000000 0000O0O0O0O000000O0O0O0O0O00O00000
O mooo0o0o0o0o00o00o0ooo0ooooo0oo0ooooooooo
OO0boooOO0oooO0o0obooooooooboOoOoOoooOoOob0OooOOob0bOOOobO0n
0000000000000 000O0O0O0O0O000000O0O0COOOO0O0O0000
O00000o0oooOoO0O00000o0oooOO00000O0O0booOOO0000000
00000000000000000000000000000000000 [P0
O0000000000000000000O0O0000000O0O0O0OO0O00000
0000000000000 000O00O0O00000000O0C0O0O00O0O0O0000
O00o0oO00o00oO000ooO00oooOo0o0boOo0O0OoocOOO0oOooOOO0O0OOn
0000000000000 0000000D00000 [3-5]0

O00000000000000000000 (many-variable variational Monte
Carlo method mVMC]) 000000000 D00000O000DOO0OO0OODOOOO
O0o0oo00000000O00000O0000O000C0O000OO0O0000O00O000
ooboOOooooooooooOoOOOoOOOOO0O0O00000 10000000
O00000000O0OO000000000O0COO0O00000000000000
000000000HS RO0O0000000O00000O00000000000
OO00000000000O0O0O0O0O0O0O0O0O0O0O0OO, 00000000000
Oo00000000000000000000000mVMCOOOOOOOOOO
O00000000O0OO000000000O0COOO0O0OO0000O0O0000O0O0

1.1.1 0O0gdoon
gobbboooobobbboooobbbooogboboobogb

e JJJU0D0ODOODOODDUODDDOODODDOOOULODDODLD (D)BDOO
oboobboobobo obboobooob. ooboobbooboboo
gbobbooogbbbooogobo

e ]000D0D0DU0U0UIDDODDDDOOD (DOODDD)ODDODOODODO
gobobooogd

mvMCOOOOOOO0oOoooobooooog

1. 000000 (*def) 000
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2. (00000000000 0DD0O0O0 «O0O0O0O
3. 00000 GreenDOODOO
4. 0goDOOobOOO0bOOo0obOon

0000000000 |¢»)00000000000O0O0O0O0O0O0O00O0O0OO00O0
gbbbuoooobbbuoooobbbuoooobbbuooooboobboan
gboboobooboobob oboobobobo MPIODOODOODOO
O000000000000000000 (singlecore) 0 MPIODODOOOOOOMPI
00000000000 (D00 system BOOOOOOOOOO)OODOOOO
gbobbooooboboooobboooobbbooobbboooboboboo
PFAPACKOOOODOOOOODOODOOOO [0

1.1.2 O0O0O0O0

O000bDboO0b00o0o0obbbUobobo0bO0ob0oOooOobond GNU General
Public License version 30 GPLv30 OO OO UOOODOOOOOO
mVMCOOOOOOOODOOOO URLOOOODOOOOO (mVMCOODOO
0000000000000 0000ooooooon0)O
URL: https://github.com /issp-center-dev/mVMC

1.1.3 000000
(©2016- The University of Tokyo. All rights reserved.

gbobogdgbb2016e0b DO0bLDLOOO0OOLOO Obboboobboboogooboo
gbobbooogbobbodadn

1.1.4 0O0O0O0O0O
0000000000000000000000000000
e ver.1.0.1 (2017/6/80000)
e ver.1.0.0 (2017/5/230000)
e ver.0.2.0 (2017/3/160000)
e ver.0.1.1 (2016/12/160000)
e ver.0.1.0 (2016/10/26 0 00 0)

- oo

« 00 00 (D000 DOoooo)
« 00 OO0 (D000 oOoooo)
«x 00 00 (0000 000000000)
«* 00 00 (0000 0000000oo0)
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1.2 0000
000000000000000000000
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e JUUOOOOO

OpenMPI + Intel Compiler + MKL

MPICH + Intel Compiler + MKL

MPICH + GNU Compiler + MKL
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How to use mVMC?

2.1 0O0O

mVMCOOOOOO -0000000000D0O0oDOO

COOU0O0OO0 (DODoooopoooGgNuOoOo)

MPIODOOODO

LAPACKOOOOO (0000 MKL,ODOO, ATLASOO)

O00000OScaLAPACKOODODOO

Tips

0/intel0000000000

intel 000000000000000000000000000000000
00000000000

64000 OSO bashD0 O DD DOOOOOO

source /opt/intel/bin/compilervars.sh intel64
oood

source /opt/intel/bin/iccvars.sh intel64
source /opt/intel/mkl/bin/mklvars.sh

O0%/.pashrc 00 0000000000000 0OO0O0OO0O0OODOODOODO
gboogobgobobboboood

~

J

22 QOJO0OOOODOO

mVMC 00000000000 OOOOO0OO0
https://github.com/issp-center-dev/mVMC/releases
gdoddododododououoooouoouoouoooo

$ tar xzvf mVMC-xxx.tar.gz

mVMCOODO 20000000000000000O


https://github.com/issp-center-dev/mVMC/releases

22 00000000 )

2.2.1 mVMCconfig.shJ O 0O UU

gbobbbodoodbbbbbdd mMCeconfig.shUUOOOOOOOOOMO
000000000 O0O0D0DO0OO B’sekirei” 000)

$ bash mVMCconfig.sh sekirei

OO000Db000000b0bO000d make.sysO sre/0000000O000O0O
UOUOmVMCconfig.shUJ O DO OUOUOOOOODOOOOOOO

e sekirei: D OOOOOOOQO B ”sekirei”

ekei: 00000 ODO0ODOODDOODODOOOOOO C”maki”(FX10)

intel-openmpi : Intel DO O OO + OpenMPI

intel-mpich: IntelO OO OO + MPICH2

intel-intelmpi : IntelO O O OO + IntelMPI

e gcc-mpich-mkl : GCC + MPICH + MKL

e gcc-openmpi : GCC + OpenMPI

make.sys0 000000000000 0OO (DO0O0O0ODOOO B7sekirei” 000)0

CC = mpicc

FO90 = mpif90

CFLAGS = -03 -no-prec-div -xHost -qopenmp -Wno-unknown-pragmas

FFLAGS = -03 -implicitnone -xHost

LIBS = -L $(MKLROOT)/1lib/intel64 -1lmkl_scalapack_lp64 -1lmkl_intel_lp64 \
-1mkl_intel_thread -lmkl_core -1lmkl_blacs_sgimpt_1lp64 -lpthread -1m

SFMTFLAGS = -no-ansi-alias -DHAVE_SSE2

000000000000 00 (DD)oooooooooooo

e CC:CUUDDOD (mpicc, mpifccpxO D)

FO0 : fortran 00 0000 (ifort, frtpx 0 0)

LIBS: Jggooooggn

CFLAGS : CODOUDUODOonDonon

FFLAGS : fortran OO0 00D ODOOODOO

gobobbooooobobooooboboboboboda

$ make mvmc
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0000000000 0000 vme.outdvmedry.outd srec/00000000O
gboboooboobooboobobobooboobobobobooboobon
obooobooobon

C . N
Tips
0000000000000 0DODD00ooO0oooDoOgo
$ export PATH=${PATH} . mVMCO OO OO OO /src/
O0000O0o00DOoO000oDo00bbO00O0D vashOOO0O0O 7/ . bashre
O000OoO00obOoOo0oDoooooooo y

2.2.2 cmakeOOOO0O

mVMCOOOOOO0OO0O0000000$PathTomvmeD 0000000000
$HOME /build/mvme (0000 000000)0000000

cd $HOME/build/mvmc
cmake -DCONFIG=gcc $PathTomvmc
make

0000000000000 0000000000$HOME /build/mvme 00O src
godbgbobobbobbbobubvmeowt0gooooooooooogn
gbobbodddegechbOUooonboboooobbboooobbbon

e sekirei: DO OOOODOOO B "sekirei”
e fujitsu: UL DODODODOON

e intel : intel OO OO + Linux PC

e gcc: GCC + Linux PC

OO00O000bO0o0ooO0oooobbooboOmVMCODOOODOOOODOODOOODO
00000000 (ntelD0O00O0D00ODO)O

mkdir ./build

cd ./build

cmake -DCONFIG=intel ../
make

OO000buildO0000000 sec0000000000vmc.outd sce00000O0O0
O0000OD0ODOOLAPACKOODOO ScaLAPACKOODODOODODODOODO
gboooboobooon

-DUSE_SCALAPACK=0N -DSCALAPACK_LIBRARIES="xxx"

Ocmake 0000000000000 (xxxO0O ScaLAPACKOOOOOOOO
0000000000000)00OD00D0O0000o0O000ooooooooood



23 O0oOOOooOoOoo 7

000000 ild0OOOOO0ODO0O0O0DO00ODO00Oo0oOoooouooooouooo
oooooon

M B
Tips

sekirei 0 cmake OO OOODODO

source /home/issp/materiapps/tool/env.sh

gobbboooobbbuooobobob
00 ScaLAPACK OO OOOOO

cmake -DCONFIG=sekirei ../ -DUSE_SCALAPACK=0N
gooooooogogo

-DSCALAPACK_LIBRARIES="\${MKLROOT}/1ib/intel64 -1mkl_scalapack_lp64
-1mkl_intel_1p64 -1mkl_intel_thread -1mkl_core
-1mkl_blacs_sgimpt_1lp64"

gboobbogboobobgobobooboobdogbobaodnb
-DSCALAPACK_LIBRARIES U U U UUOOODDOOOOO

/

23 UO0OO0OOOO0OOO

mVMCxxx.gz O OODODOOODOOOOOOOOODOODOOOOOOOoOO

-—— COPYING
- —— mVMCconfig.sh
-—— doc/
I —— bib/
- — — elsart-num_mod.bst
- — — userguide.bib
F—— figs/
- — — *.pdf
L — — *xbb
F — — fourier/
-—— en/
L —— figs/
L~ ja
F—— ip/
L — — * tex
L—— en/
L — —* tex
F —— sample/

L — — Standard/
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| — — Hubbard/
F — square/
| I — — StdFace.def
| L — — reference/

| L — — s dat
L — triangular/

I —— Kondo/
L — chain/
L—— ...
L — — Spin/

| — HeisenbergChain/

F — HeisenbergSquare/
L

L — Kagome/
F—— src/
F—— mVMC/
F— **c
L — — include/
L__ %k}
I —— ComplexUHF/
F— **c
L —— include/
L__ %k}
F —— StdFace/
F——**c
L —*xp
| —— pfapack/
|— — — makefile_pfapack
L —*x g
L —— sfmt/
F — — makefkie sfmt
— kg
L__ %k}
L —— tool/
F——**.£90

L — — makefile_tool



24 000O0OOOO 9

24 0O00O0OO0OOO
mVMCOOOOOOOOOOO0O0O0OO0OO0OO0OO0OO000O

e JUUOOOOOUO

mVMCOOO0O0OO0O00O0O00000/0000000000000000O0O
goboboboboobuooooboobobooobobobobobon
gboodgbboobbooboobbooboobbobobboobad
gboooboooooobobodgn

o JUUOOOOOUO

0000000 (000000 HeisenbergDOODODO)000O0O00O00O0OO
obobooobbooobbooobbooobobbooobbooobboon
gbuodgbobobboobugbgbudgboobbboobooboobb
gotbodgbboobuodgbboobuoobobobbuoobobooboobb
gboogbudgbbodgbbuobobuooooobooobboobbad
gouodbogbogbbboobboboboobuogbooboobboonbn
obobobobboobbobodgo

goboboooobbbuooobboboooonbo

1. oggboboooobo
gbbbuoooobbbuoooobbboodoboboo

2. 00000000000 0O00DOO0DOO0

0000000000000 00000 (Heisenberg 00O OO Hubbard OO
0)0O00(0DO0000O0)000o0oo0o0O00oooo0ooooooooo
(000 -000000000000000ODO000OODO)0D00D0DODOOD
OO0000 Sec. 00O O0O0O0OOD0OODOOOO

3. 00

goobobbbboododdddddwmec.outDOOOODOOOOODODODO
goobboooobbboog -sgbbogo

$ mpiexec -np DO OOO OO /vmc.out -s 000000

googbooboboobbooobobobobooboobooboboonbon
gbodbboouobbodgboobbooboobobobboobobbn
gbobbuoogoobbbuoobobbooogoooboo

4. 0000

O0Oo0boo0booooboobo0obo0oboOn output/ DODOD OO
(0000000 0)0000DO000O00DO0OObOU0OODO0ODOOOOD
OO00000 Sec. BMOOOOODOODOODOO
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5. 0D on

OO000DO0DbO000000DobDOoDbOn output/ O ODOOOOODOO
OO00obo0oob0oob0ooooobooboboooboobooDon Sec. B30
goobooogon

6. DODUOoooboboouoobobooooboo

goooooooooooooboobobobbobbbbbbbbbbbbD
goodgboobbboobuogboobbobobboobooboonbn
vmcdry.out DO O OO OOMPIOODOOOOON

$ U0 /vmedry.out 000000

gbobobuoooobbbuoobobbboooobbbuooogbb-e00O0O
O000000O0 namelist/def 00D UOO0OOODOOOODO vmed.out 0O
gbooob

$ mpiexec -np U O OO OO /vmc.out -e namelist.def
OoO0ooOo0oO0ooDOoOoooOoooboOoon

Tips

OpenMPOO0000000

0000 OpenMPOOOOOO0000000000vmc.out00000000
0000000000 (160000000)0

export OMP_NUM_THREADS=16

241 000O0OO0OO0OO0OOO

bbb -000000000 vme.out, vmcdry.out U O OO0, 0000
obobobobobobbobooooo

$ OO /vmcdry.out -v
$ 00 /vmc.out -v




3

guooguod

3.1 U0ogoooonod

mVMC O[O sample/Standard/0000000000O0COODOOO0O

e 2000000 Hubbard OO O
(sample/Standard/Hubbard/square/)

2000000 HubbardO OO

(sample/Standard/Hubbard/triangular/)

1000000000b
(sample/Standard/Kondo/chain/)

10000000 Heisenberg 0 00 0O
(sample/Standard/Spin/HeisenbergChain/)

e 200D UODOOODOO Heisenberg 0 U
(sample/Standard/Spin/HeisenbergSquare/)

2000000000000 Heisenberg 0O
(sample/Standard/Spin/Kagome/)

gobobogooobooooboboooobbbooobbbooobobon
O000 Heisenberg OO DO OOOO0OO0OOOO

3.2 Heisenbergll []
OoOobooO0oO0oDooOoooooood
sample/Standard/Spin/HeisenbergChain/

Joo0booboooobbbooooobobooooooboog.
Heisenberg 0 00000000 OOOODOOO: StdFace.def
O0000000D000: reference/

11



12 3 0oooogon

00000 1000 Heisenbergd (00 0000000000000 0O0O0O0O
O00)0o0oooood

L
=1

gbobboogobbbuooobobbodago

/rL = 16

Lsub=4
model = "Spin"
lattice = "chain lattice"
J=1.0
2S5z = 0
\\NMPtrans 1 D

0000000000 J=1(0000)00000000 160000 OU

gooo

Ooo0oboboooooogoon

$ mpiexec -np OO O OO OO /vmc.out -s StdFace.def

oo bddd mpiexecUOUO U D UOUDU mpirun U mpijobld
poe 00O 0OO0O0OOOODODO

O00O0DbO0bO0oO0obO0ob0OobDOobOobooon

###### Standard Intarface Mode STARTS ######

Open Standard-Mode Inputfile StdFace.def

KEYWORD : 1 | VALUE : 16
KEYWORD : lsub | VALUE : 4
KEYWORD : model | VALUE : spin
KEYWORD : lattice | VALUE : chain
KEYWORD : j | VALUE : 1.0
KEYWORD : nmptrans | VALUE : 1

####### Parameter Summary #######

@ Lattice Size & Shape

L =
Lsub =

L =

W=
phase0 =

@ Hamiltonian

16

4

16

1
0.00000

###### DEFAULT VALUE IS USED

HH#HHHH



3.2 Heisenberg 0 O

25 =1 ###### DEFAULT
h = 0.00000 ###### DEFAULT
Gamma = 0.00000 ###### DEFAULT
D = 0.00000 ###### DEFAULT
JOox = 1.00000
JOy = 1.00000
JOz = 1.00000

@ Numerical conditions

Lsub = 4
Wsub
ioutputmode

######  DEFAULT
###### Print Expert input files ######

gptransidx.def is written.

filehead = zvo ###### DEFAULT
filehead = zqp ###### DEFAULT
NVMCCalMode = 0O ###### DEFAULT
NLanczosMode = 0O ####4## DEFAULT
NDataIdxStart = 1 ####4## DEFAULT
NDataQtySmp = 1 ###### DEFAULT
NSPGaussLeg = 8 ####4## DEFAULT
NMPTrans = 1
NSROptItrStep = 1000 ####4## DEFAULT
NSROptItrSmp = 100 ###### DEFAULT
NVMCWarmUp = 10 ####4## DEFAULT
NVMCInterval = 1 ###### DEFAULT
NVMCSample = 1000 ####4## DEFAULT

NExUpdatePath = 2

RndSeed = 123456789  ###### DEFAULT
NSplitSize = 1 ###### DEFAULT
NStore = 0 ###### DEFAULT
DSROptRedCut = 0.00100 ###### DEFAULT
DSROptStaDel = 0.02000 ###### DEFAULT
DSROptStepDt = 0.02000 ###### DEFAULT
NSPStot = 0 ###### DEFAULT
ComplexType = 0 ###### DEFAULT

locspn.def is written.
trans.def is written.
interall.def is written.
jastrowidx.def is written.
coulombintra.def is written.
coulombinter.def is written.
hund.def is written.
exchange.def is written.

VALUE
VALUE
VALUE
VALUE

VALUE

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE
VALUE

IS
IS
IS
IS

IS

IS
IS
IS
IS
IS
IS
IS

IS
IS
IS
IS
IS

IS
IS
IS
IS
IS
IS
IS
IS

USED
USED
USED
USED

USED

USED
USED
USED
USED
USED
USED
USED

USED
USED
USED
USED
USED

USED
USED
USED
USED
USED
USED
USED
USED

HEHHHH
H##HHH
HEHHHH
HH#HHHH

H##HHH

HE#HHH
HHHHHH
HE#HHH
HEHHHH
HEHHHH
HEHHHH
H##HHH

H#HHHH
HE#HHH
HHHHHH
HE#HHH
A H

HE#HHH
HE#HHH
HE#HHH
H#HHHH
HEHHHH
HH#HHHH
HEHHHH
HH#HHHH
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orbitalidx.def is written.
gutzwilleridx.def is written.
namelist.def is written.
modpara.def is written.
greenone.def is written.
greentwo.def is written.

###### Input files are generated. #H#####

Start: Read *def files.
Read File namelist.def
Read File ’modpara.def’ for ModPara.
Read File ’locspn.def’ for LocSpin.
Read File ’trans.def’ for Trans.
Read File ’coulombintra.def’ for CoulombIntra.
Read File ’coulombinter.def’ for CoulombInter.
Read File ’hund.def’ for Hund.
Read File ’exchange.def’ for Exchange.
Read File ’gutzwilleridx.def’ for Gutzwiller.
Read File ’jastrowidx.def’ for Jastrow.
Read File ’orbitalidx.def’ for Orbital.
Read File ’qgptransidx.def’ for TransSym.
Read File ’greenone.def’ for OneBodyG.
Read File ’greentwo.def’ for TwoBodyG.
End : Read *def files.
Start: Read parameters from *def files.

End : Read parameters from *def files.

Start: Set memories.

End : Set memories.

Start: Initialize parameters.

End : Initialize parameters.

Start: Initialize variables for quantum projection.
End : Initialize variables for quantum projection.

Start: Optimize VMC parameters.
End : Optimize VMC parameters.

gbobogobodboobobuodboobobuooboooobboooboon
gboboboobooboobd

e locspin.def
e trans.def
e coulombinter.def

e coulombintra.def



3.2 Heisenberg 0 O 15

exchange.def

hund.def

namelist.def

e modpara.def
gbobbooboobooboobon

e gutzwilleridx.def

e jastrowidx.def

e orbitalidx.def

e gptransidx.def
obobboboobooboobooboobobo

e greenone.def

e greentwo.def
OO000D0O000000000b0b0O0n0g Seece 200000000

O000o0o0oboboooooooboob0oboobonod output/ DD ODOO
gbobobooggd

zvo_SRinfo.dat
zvo_out_001.dat
zvo_time_001.dat
zvo_var_001.dat
zvo_CalcTimer.dat

00 Ozvo_out_001.dat 000000000000000
(H), (H?),

Ooboo0obobo0oobo0oooobooboobooobouoboubOoUdgnuplotd
00000000000oooooo0ooooooooD ((Hyooo)o

plot "zvo_out_001l.dat" u 1

O000000D0000D0D0 Sec. E3OOOODOOOO
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gbooooo

oo oboboobobooobbbbbbbbn
OO0D0000DbO000O0DbO0O0bDbOoutput/ D0DOOODOODOOODOODODO
gbobobooogbobobooogbobooogd

gutzwiller_opt.dat
jastrow_opt.dat
orbital_opt.dat
zqp_opt.dat
ClacTimer.dat

O000D00D0O00O000 Sec. E30OOODODOO

Green O OO OO

modpara.def 0 U U U000 NVMCCalMode 1 0D 100 0O0ODOOOOOOOMO
Uooooooobooboobouoboobobouobobodobubdgnbd "namelist.dat"
O0O0"zgp_opt.dat"U 0D OO0O0OO0ODOOO0OODODOOOOOODODOOO
gbobobobbobooboobob

$ U0 /vmc.out -e namelist.def output/zqp_opt.dat
O000000000000000 output/ 0O ODOODOODOODODOOO

zvo_cisajs_001.dat
zvo_cisajscktalt_001.dat

0000000000000 Sec. E3OOODOOOOO

3.3 Uoouboouoboobood

mVMCOOOOOO 600000000 O0ODOODOODOOODOODOODOOODOODOOOO
(1) List: 000000000000 OOODOOOOOOOO
(2) Basic parameters: 00 0000000000000 00O0O
(3) Set Hamiltonian: 0000000000000 0OOO

(4) Set condition of variational parameters : D0 000000000000000
good

(5) Initial variational parameters: 000 0000000000000 0OOOO
(6) Output: D00 OD0O0OO0DOOU0OOOODOOUOODOOOOOOODO

goooboobooboooboobobboboboobobboobooboonbd
O0bo0oD0oO0b0Oo00Dbo0ObOg Sec. 200000000
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34 U0OOOOOOOOOO

gobooboobooboobuooboobooboobboboobooboong
gobodoboobboboobboobuoobboobooobooon

doc/fourier/ja/_build/html/index.html
doc/fourier/ja/_build/latex/fourier.pdf
doc/fourier/en/_build/html/index.html
doc/fourier/en/_build/latex/fourier.pdf

goboobooobboooboooboonoog
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ooy

4.1 0O0O0O0OO0OO0OOOOOOOOOO

googobooboobboobdoobboobuooboboooDbo
N

W=2
L=4
model = "spin"

lattice = "triangular lattice"
//mu = 1.0

// t =-1.0

// £ =-0.5

// U =28.0

//V = 4.0

//V°=2.0

J=-1.0

J’=-0.5

// nelec = 8
\_ J
googoooooooogogoog

e 000D UDOUDDOOU (=O0)UC0O0DOULD (=L0O)0DDDDOOOLDO
=sJ000oooogo

e JOOUOODODOODOOODDOOODOO

0000000/00000 (D00000O0)0o00OooOoOoooo

gboboopooobooooooobo -oboboboboboobobobonoog
gbobobooob

gboooogobobooobogoboboobooooboooobooooboboo
0000000000000 000o000DU0ooOoUo0)0oooOooDooooo
gbooboooooooboobobooboboboooobobooboobboobOooDo
gbobobobooboboobooooboobobobooboboboobgo

goooobooboobbooo

4.1.1 O0O00OOO0OLOObOOoOoooon

e model

00 : 000 ("Fermion Hubbard", "Spin", "Kondo Lattice" ,"Fermion HubbardGC",
"SpinGC", "Kondo LatticeGC" 0O OO D)

18
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ud . 00000000000000000 "Fermion Hubbard"D OO OODODOO
OO0O0bO0bOdOb HubbardO DO

H = —MZ C;LGCw — Z t'ijcga,cjo' + Z UniTnu + Z V;jnmj, (4.1)
o i£jo [ 1#£j
gdd"spin"0U000O0O0O0O0O0O0O0OO0OO ({0'1,0'2}:1‘,3/,2)

H = —hZSZZ—FZSm"‘DZSzzSzz

+ Z Jijolsiol Sjol + Z Jijcrlogsial Sjoza (42)

ij,01 17,01#£02
000 "Kondo Lattice"OODOODOIDOOOOOOOOOO (HubbardOODODOOO U
0JO00000ooooo)

J _
H=—p Z cj-acl-g —t Z Cl'Lo-Cja + 3 Z {S;“cj.icn + 5, CITCN + Siz(ni — nu)}
io (ij)o i
+ Z UniTni¢ + Z Vijnmj, (43)
i i£]

0000000000 "Fermion HubbardGC"[ "SpinGC"[ "Kondo LatticeGC"U U
000 S, 00000000000 HubbardO O [0 (ED))DOD0OOO [0 (B2)00
00000 [0 E®))0000000HeUOOOOO0O GC(=000000000)
JdddddoooboooObOoo00o0o0ooooooooooo

e lattice

00 : 000 ("Chain Lattice", "Square Lattice", "Triangular Lattice", "Honeycomb Lattice
"Kagome", "Ladder"0 0O 0O0)

00 : 00000000000000000000001000 (Fig. 23(a))0200
0000 (Fig. BE0(b))02000000 (Fig. B0(c))020000000000 (Fig.
F)000000 (Fig. B3)00000 (Fig. E4) 0000000

4.1.2 000000000000
1000 [Fig. &1(a)]
o L

oo - ogn
ugbo - ggbooaooboon.

0000 (Fig. @4)
o L
oo - odno
o0 :dgoooobooooo.

o W
oo 000
oo :ggoooooooon.



20 4 000000

(a) (b) @ ......... .o. ......... ? ......... @. ......... ()]
S S A S

[() ST | S ) - W— (1) : :
I [/ - @ ......... (; Y— @ (4]

Figure 4.1: (a)10000((b)20000000(c)20000000000. 0000
000000000000000000000000000000 (000000
0)000000¢V,JOOO00000000(0000)00oooo ¢, v,Jo
0oooo
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Figure 4.2: 2000000000000 0O0. O0OOoO0bOoO0bOoobooboOooOoD
gbobbooggbbobuogoobobuoooobboobboooobobooo
goboboogoobbbuogoobobbooooboboboooobbobood

Figure 4.3: O ODOO0ODOODODO.



22 4 000000

) —O——O———O—— -

- —O—0—6¢—0 ---- (W
\ AN
\ ,*' 1 N 0
N ’
~'~' \\ : 'j ™ '
o W ™
—
o L A VA
4—>:J07t07‘/0 A==mmmmee= >:<]27tQ)‘/2
. V) /
x. .. =~ Ji,t1, W1 € > 1 Jy, 15, Vs

Figure 4.4: 0O OOQOODODO.

® 6 © ©._0
”” 7
0__©6 " ® ©®.0
7

7
®© ® o o
?

Figure 4.5: 000000000ag = (6,2),a; = (2,4)0000000000 Oag(0
000)000e(0000)0000000(000002)00000000000
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0000 [Fig. &N(b)]0 0000 [Fig. BX(c)]0 00000 (Fig. 22)0000
00 (Fig. B3)

00o00000000o0o0o0O0 (D0oo0ooo0o0oU)00U0DO0DoOoUOoOoUoO
gbooooboboobooboboobobooboobobooooooboooboboo
gopbooboooboobboooon

o W L
oo oo
00 : 000oo0obooboooobooo

e alOW, aOL, alW, all
ud . ggagd

00 : 0000000 2000000 (ap,a) 000000 (Fig. E3) 00000
0000000000000 000000000 (Fractional coordinate) 00 00O 0O
ooD

000000000000 000 lattice.gp(l10000000O0DDOODOOODOODO)
gooobooboobooobooboooboooobooobogbooobooobobooobooo
goboboooobooboboooboboobboodbb gnuplotDOO00O0OoooooOOg
goo

$ gnuplot lattice.gp

4.1.3 00O

gboooboobooobuoobooboooboooboobooobooobooooonog
gboobooob

e aOWsub, aOLsub, alWsub, alLsub, Wsub, Lsub

0od : 00000000000 aOWsub=a0W, aOLsub=a0L, alWsub=alW, alLsub=all,
Wsub=W, Lsub=LO 0000000000000 0O0O0O0O0O0O0O0O0O0O0O0O0O0O000
oobooboooooo

00 : 00000000000000000 aoW, a0L, alW, all, W, L 000000
000000000000000000000000000000000000

414 0O00O0O0O0OOOOOOOO

gbooobooobooboobobooboobooobooboboboobooboobobooongd
ooo0oooOoooo0,000(@o ¢£)Dooobo0oooooooooOoooooooo
goboodg

ggd
e mu
oo : 00
OO0 : Hubbard OO OODOOODOOOOOOODOOOOOOODOODOO



24

o U
oo .00

4 000000

OO0 : Hubbard OO ODOODODUODOODODODODODODODODODODODODODODD

e Jx, Jy, Jz, Jxy, Jyx, Jxz, Jzx, Jyz, Jzy

uo 00

b :00b00booboobooboboobooboobOoobobbboboo
gooo,Jx, Jy, JzooOooouoooOooooooJuoooodd Jx =Jy =Jz =17
goboobobsboobogn Jx, Jy, JzO00OOOODOOOOOOODOOoOoDO

god

e h Gamma, D

oo : 00

o0 :ggdbbooobooboobbooboobooonoboobooog

0000000000000 0O00OoO00 (booooOUooOOoUooUboDOooOoO
O000000o00)00o00o0o0oo0ooO0oooO0oUo0ooDoUooUoOoooO

OO0 TableEn OO O OOO

EEEE 1000 [0000 |0000 [00000

goooo

gooo

J o+, v(000) °

@)

J’,t’,V’

JO, £0, VO o

J1, t1, Vi -

O|lO0|O|O

J2, t2, V2 -

O|O0|O|O]|O

O|lO0|0O]|O

O|O0|O|O]|O

J1°, t17, V1 -

J2° £27, V2’ -

oO|lO0O|]O|O|O

Table 4.1: 000000000000 OOOOOO0OOOOOOOOOOOODOOO

gbbboogobood

0000 [0000 (Fig. &3a)]
e £0, t1, t1’, t2, t2’
00 :000

00 : 00000000000 (Fig. E@00)00oooooo

e VO, V1, V1’, V2, V2’
o0 : 00

00 :00000000000000000 (Fig. Z300)0000000

e JOx, JOy, JOz, JOxy, JOyx, JOxz, JOzx, JOyz, JOzy
o Jlx, Jly, J1z, Jixy, Jlyx, Jixz, Jilzx, Jlyz, Jizy

o J1’x, J1’y, J1°z, J1’xy, J1’yx, J1’xz, J1’zx, J1’yz, J1’zy
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e J2x, J2y, J2z, J2xy, J2yx, J2xz, J2zx, J2yz, J2zy

e J2°x,J2°y, J2°z, J2°xy, J2°yx, J2°xz, J2’zx, J2’yz, J2’zy
oo 00

00 : 0000000000 U0OD0OOD (Fig. B@A0O00)0000000OOOOO
gboooogoob Jox, Joy, JozOUUOOOODOOOODOOODOJoODOODOO
Jox = JOoy = JOz = JoOOOoogooOooJobonoodog Jox, Joy, JozOOO
gbobobobobobobobooas,Jree,J2,J220000000000

D000 [000000 (Figs. BT, B2, A3)]

e t0, tl, t2
od :ggg

OO0 : Hubbard OO DO DOOOOOOOODOOOOOODOOOOOOOOOODODO
O000O0Figs. EN,E2A3 000000000 (000000000000 O)0O0O
gbooooboboooogboboooobobooooooboooooboo
00000 (to,t1,t2) 0000000000000 (DO0U0DOOOO)O00OOOOO
t0,t1,t200000000000000000 t00000 (t0 = t1 = t2 = t)
gobobobooobbobtstosodbbobooonobboooboobuoooboog
god

e VO, V1, V2
00 :00

OO0 : HubbardOOODODOOODOOOOOODOOOODOO CoulombOOOOODO
O00000000000000 CoulombO O (Vvo,v1,v2)0OOOOOOODOOOO
0 @0oo0oooo)oooooovo, v, v20000000000000000OO
vooOooo (vo=vi=Vv2=V)0OOOD0ODOOOO0OOvOvoOOOoooooOoO
gobooboooboobooooon

e JOx, JOy, JOz, JOxy, JOyx, JOxz, JOzx, JOyz, JOzy
e Jix, Jly, Jiz, Jixy, Jlyx, Jixz, Jizx, Jlyz, Jizy

e J2x, J2y, J2z, J2xy, J2yx, J2xz, J2zx, J2yz, J2zy
gd :gg

o0 :booboboobobooboboboboobooboboooboobo
gbooooooaoo Jox, Joy, JozOUOOOOOOOOOOOOOJJoOOooO4OoOO
Jox = JOoy = JOz = JoU OO OOonbOOoOoJobOOOOODOOd Jox, Joy, JozO OO
gobodgbooboboobooobobs, 20bboooooabon

oobooobbooobobuooobooooobuoooood Iz, Jy, Jz, Jxy, Jyx,
Jxz, Jzx, Jyz, Jzy UOOODOODOJOx = Jix = J2x = JxUUO0OO0OOOOOOO
000Db00O0bO0o0O0bOO0o000O0O00bO0O0O00OD0O0DXx~IzyOOOOOO
0Jox~J2zyOUOODOOUOUOOODLOOOOUObOoboobooboooobboboo
0do0DO0odoOoooobOOo0obOooooooboonoa

- 0000000000000 00000D000000000D0 (J,y0)000
uo

Joono



26 4 000000

- 00000000 oodobo0oobo0oooooooooooooo
Jx, Jy, JzOQOODoonooOoooOOd

- 0000oooooooooooooooooooooooooooooooo
Jx, Jy, Jz, Jxy, Jyz, Jxz, Jyx, Jzy, JzxO4O4d oogooodoo

- 00000oo0ooooooodbobo0ooooooooooooooooon
Jo, J1, J2000 000000000

— 000000o00o0ooooooooooooooooooooooooooon
JOox, JOy, JOz, Jix, Jily, Jiz, J2x, J2y, J2zU OO oUOOOOOOO

— 0000000000000 000ooooooOoOoOOO0000ooOoOoon
Jox~J2zy QOO OOOOoonoooonod

o t’
ugo - odab
U0 : Hubbard OO O ODOODOOOOOOODODODOOOOODODODODO
goboodg

o
oo 00
00 : HubbardOOODODOOOODOOOOODOOOODOOO CoulombOOOOODO
god

J’x, J’y, J’z, I’xy, J’yx, I’xz, J’zx, J’yz, J’zy
ugd . gg

g :000oboooooooboooooobooooooboooboooobbbobbooon
uoooJx, J’y, ’z0000000O00000O00J 000000 J3°x=Jy=J=z-=17J
goboobooggbooboo aox, J’y, J’z0000OOO0ODOOODOODOO
goboodg

phaseO, phasel
00 :00 (000000gd o.0)

gb :0ooboboboobobooobooboboobooboboobooboo
00000 (00:0)0Dey000e; 00000000000 OOODOOOOOODOO
Udboddbddphase00 0000 DOOO0OO0ODOO:O0DO0000 0000000
gobodgboobobooboobboobooobbooboobd

exp(i x phase0 x 7/180) x tél, ¢, + exp(—i x phase0 x 7/180) x t*¢],¢jo  (4.4)

4.1.5 0O0O0UO0OOOOOOOO
e nelec
00 :int0 (100000)
ob :00bobobofqb0b0 JOb0b0bU0bUobobubobobuoboo
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NVMCCalMode
00 :intD (000000 =0)
00 :[0]000000000000[1]1002000000000000

NDataldxStart

00 :int0 (000000 =1)

U0 0000000000000 NVMCCalMode= 0 O U0 O NDataIdxStart U0 U
OO0 NVMCCalMode = 1 OO0 00O UNDataIdxStart U U O OO NDataQtySmp U U
goboobooooon

NDataQtySmp

00 :int0 (000000 =1)

U0 : 000000000000 NVMCCalMode =1 0000000000

NSPGaussLeg

00 :int0 10000000000 S, 0000 28z=0000 8)

O0 : 000000000 00O (SYU0)0 Gauss-Legendre 00O O DOOOOS,
OboO0d2sz=0o00OO0D0O0OO0O0O S,0000000000O0O0AO

NSPStot

OO0 :int0 (OOOOOODOOOO =0)

ub :oobooood

283z
OO0 :int0 (OOOOOODOOOO =0)
00 :000000 s,0

NMPTrans

OO0 :int0 10000000000 1)

OO0 : 0000000000000 00b0000TransSymOOOOODOOOODOO
U000 NPTrans DO DO OD0OO0D0O0O0OO0DODOODOOO 1000000
NSROptItrStep

00 :int0 (1000000000 = 1000)

OO0 :SRO00CO0000DOOO00O000DOONVMCCalMode=000000000
gooo

NSROptItrSmp

OO0 :int0 (10000000000 = NSROptItrStep/10)

U0 : NSROptItrStepU OO UODODOODN NSROptItrSmp OO ODODOOODODOO
Ubo0bob0obOobOobOobognMccalMode=00 00000000000
DSROptRedCut

00 : doubled (DOOOOO =0.001)

00 : SROO0O0OODO0O0O0U0O0O Bl|OeueOOOO
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e DSROptStaDel
00 : doubled (DOOOOO =0.02)
OO0 : SROODO0OOOOOO0OO BUeODOOO

e DSROptStepDt
00 :doubled (DODOOOO =0.02)
00 :SRO0OOOOOOOOOOODODO B0 AtODDOOO

e NVMCWarmUp
00 :int0 (1000000000=10)
g0 :0gobooobooboogn

e NVMCInterval
OO0 :int0 1000000000=1)
U0 :0000b00bb0o0b00b0bO0nn Nsitex NVMCInterval OO 0O
ggno
e NVMCSample
OO0 :int0 (100000000O=1000)
o0 - ggbbooobooboobbon

e RndSeed
00 :int0 (000000 = 123456789)
OO0 : 00000 seeddMPIOOOOODOODOO RndSeed+my rank+1 0 0 O seed
oooboood
e NSplitSize
00 :int0 1000000000 =1)
00 :MPIOOODOODOODOODOODOOO

e NStore
00 :int0 (00DD00OD0 10000000=1)
OO0 : 000 (Ox0) 00000000 O0-00000D0O000DOO0ODOO0O (10
O0oOnD00000000000000000000000000000 E)O
e NSRCG
00 :int0 (00000 10000000=0)
00 :SROO00O0O0O0000 S»=¢g000000O0O0SOOO0OOOODOOOO
000000000 B00000 [R(1O000 On,NStore 0 10000000)0
e ComplexType
00 :int0 (OODODOO1000000O0OO S,00000o oObODODOOO Y
00 :000000000000000C0DO010000O0/O0000O0ODOOOD0OO

“l000000000(N2) 00 O(N2)+O(NyNycs) 000000
2000000000(N,)+O(NyNucs) 000
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e (OutputMode
00 : "none", "correlation", "full"UO OO0 (D0OOOOO correlation)

00 :0000000000000000"0ne"0000000000000000
"correlation"UUUUDUOUOUOODOODDOUOUOLDUUODfourierd gy
00000D00000000000000000 doc/fourier/000000000
00000000"ull"0000000000100000000 4,j,0,0/0000
(cl,cjo) 00200000000 iy,iz,43,i4,01,02,03,04 DD D0 (€] CipoyCly 1 Cinors)
00D00000000000000 BogoliubovDOODOOOOO0OO00O000O0
000000000 See. E200000000

e CDataFileHead

00 :stringd (0DO0OOOO"zvo")

OO0 : 0000O00000o0oo0o0o0ooboboo0oDbg GreenODOO0Oo0ooOooono
00 xxx_cisajs.dat 0 J0000000 (xxxO CDataFileHead D0 OO OO OO
00)o

e CParaFileHead
00 :stringd (0DO00OOOO"zqp")

oo :000000CCOCOO0OO0O00000O0OOOOOOOOOOOOOOOOO
00000 xxxopt.dat 0000000000000 (xxxO CParaFileHead OO
O0oooooo)o



30 4 000000

4.2 OJ0O0O0OO0OOOOODOOODOOO

D000 mVMCUOOOOOOOUOOUOOO (*def)DOODOOODOOOOOOOOO
gobooobobooboboboetdbuooboobbooboobooobobboboong
ooobobobobobol vmedcyout OO0 0000 oooooooooO

(1) 000:
000000000 (namelist.def): 0000 input file 00000000000
goobooobooboobboobuoobboooon

(2) D00O0DOO0:
ModPara (modpara.def): 00000000000 0000O0O0 (DOOOQOOO
0000)00000oo
LocSpin (locspn.def): OO 0000000000000

(3)DoooooO:
gboboobooboboooboobooab

H = Hr+Hu+Hv+Hy+Heg+Hp +Hy, (4.5)

Hr = - Z Z tijﬂlmc;ralcjﬂw (4.6)
4,J 01,02

Ho = Z Uiniyniy, (4.7)
Hy = Z Vijning, (4.8)
Huy = Z JHund (nipnjr + nggnjy), (4.9)
He = Z ZTCJTC Gl T CLCNC;TCZT) (4.10)
Hp = ZJPW f CJTCWCN, (4.11)
HI = Z Z Iijklola'gog,cm‘cj‘-o—l Cioo 6110—3010'47 (412)

1,5,k,1 01,02,03,04

DDDDDDDDDDDDDDWU:cZTUcZ-UDDDD cOOOOOD:0DBDO0DOOO
0o000n=n4+n,0000:000000000000000000 OOOO
00000000000O00000000B0000O00

Trans (trans.def): Hr 00 tijo, 0000000

CoulomblIntra (coulombintra.def): Hy OO U; 0000000
CoulomblInter (coulombinter.def): %y 00 V;; 0000000

Hund (hund.def): Hy OO Ji™ 0000000

Exchange (exchange.def): Hy OO J};J-XD O00o0oo

PairHop: Hp 00 JEA* 0000000

InterAll: H; 00 Lijkio,o0030, 1000000

(4) 000000000000:
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goboobooobboooboooboooobooboan

W) = PaPsPE P LILE LY |Gpain), (4.13)

Po = exp |y ginini |, (4.14)
1

P; = exp 5Z%(n,~—1)(nj—1) : (4.15)

i#]

i 2
Pc(l2—)h = €&Xp Z Z(agnt Z gdent + C“I21m€ Z EZhQnt)] ’ (416)

L t n=0 1
B 4
4
PO _ e zz<azngsam+azngﬁm>], (a1m
L t n=0 7 7
Ly = ftlfmg@wmm% (4.18)
v
1 o
Lx = RgZe”‘RTR, (4.19)
R
Lo = 3 puCo (4:20)

000000000000 Q=(a,8,7)0000000RQ) 0000000 Ps(x)
0 SO000000000000KOOOOOOT,0000000 ROOOOODO
00000G,0000000000p,00000000000000000000
0000000000000000 BO00000000000000000000
000000000

N

|¢pair> = Z Z fio’ljo’QC:li‘o'lc;o'2 |O>a (421)

i,j=101,02

O0000000oooO0o0O00O00O00 NOODOOOON,ODOOODOOOOOO
0000000000000 000o00o0oooo0oon (LsO ModPara OO
0000o00ooooooooo)o

Gutzwiller (gutzwilleridx.def): P 0000000000000 O0OOO0OOO
;0000000

Jastrow (jastrowidx.def): P, 0000000000000000000O0 v;;0
ooo00o0o

DH2: Pc(l%)hDDDDD 20000000O0OOCOOOOOOOODOOOO

DH4: Pc(ﬁ)hDDDDD 4000000000000 00OO0DbOOoObOOoOnoO
Orbital/OrbitalAntiParallel (orbitalidx.def): 000000000000 |¢pair)
gooooggo

OrbitalParallel: 0000000000 |¢paey 0000000
OrbitalGeneral: 0000 |¢pa) 0000000

TransSym (gptransidx.def): 00000 Lk, 00000000 LpO00O0O00O0O
goooago

(p) JODDOODODDOOODODO:
gboooogooboobobooobobobooobobooooboboboboonoo



32 4000000
000000000000
InGutzwiller: P; 000000000 ¢00000000000
InJastrow: P, 000000000 v, 00000000000
mDH2: P, 00 20000000000000000 4" 0ooooooooo
00
ImDH4: P, 00 40000000000000000 W ooooooooo
00
InOrbital/InOrbitalAntiParallel: D000 |¢pai) O fir;, 0000000000
0ooo
InOrbitalParallel: 0000 |¢pai) 0 firje D0DD00000000000
InOrbitalGeneral: 0000 |¢pair) O fisje, 00 000000000000

(6) 0O:

OneBodyG (greenone.def):0 00000 Green DO OOOOOOO
TwoBodyG (greentwo.def):0 00000 GreenJOOOOO0OOO
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421 0000000000000 (namelist.def)

gbooobooobobobboboboobuoooobooboboboboobooboongd
gbobobobobooooo

~

ModPara modpara.def

LocSpin zlocspn.def

Trans ztransfer.def
InterAll zinterall.def
Orbital orbitalidx.def
OneBodyG zcisajs.def
TwoBodyG zcisajscktaltdc.def

oopoooo
[string01] [string02]

goooo
o [string01]
00 : stringd (O0O)
ud : ggooobobooboon
o [string02]
dd : string
00 :0000000000000000O0O0000O0O (00)O

goggd
googobooboobboobuoobboobooobooo

e J00U0UCODOUUOUUD (DOLO)DDUDODOUDODDOODOUODOODOODOO
gbobobobobobo

O0ooooooobDoOon TableE2O0ODODODODOOOO

e J00DOIDODOODOOODOOODONODO ModPara, LocSpin, Orbital, TransSym [
000000000000 00oDo00ooDo0ooooooooooonooooon
0000000000000 0000000000O0UO0OO0D)bOODoooOo
0000o00oooooooooo

gbobobooboooooooooo

e JODUOODDOODDOODDOODLOODDLOOODOODDOODODn

#00000000000000O0O
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4 000000

| Keywords 00000000000

ModPara* 0000000000 O00ooan

LocSpin* O0000oO0oO0ooboooooo

Trans 0000000000 00000o0a

InterAll Oo000obo0ooooooooooo

Coulomblntra O0000000o00o0ooooooa

CoulomblInter 0000000000000 00O00an

Hund O0000o0O0O0o0oon

PairHop 000000 00o0O0ooooooooo

Exchange O00000o000ooooo

Gutzwiller 00000 Gutzwiller DOOOOOOOO

Jastrow 0000000 Jastrowd OO OOOOOO

DH2 00000 200000000000000000O000O00O0
DH4 00000 4000000000000O000O0OC00O00O00O0
Orbital* 0000000000000 00000O0O000on
OrbitalAntiParallel 0000000000000 00000O0o0n0on
OrbitalParallel 0000000000000 000000000
OrbitalGeneral O000o0oOoo0ooooono

TransSym* O00000000000o00o0ooa

InGutzwiller Gutzwiller 00O O0O0O00O0OOO0OO

InJastrow OO0 Jastrow OO OOOOOOO0OOO0O

InDH?2 200000000000000000O000O0O0000O00
InDH4 40000000000000O0C00O0O0O00OO0O0OO0O000
InOrbital ooo0000 fp, 00000000000

InOrbital AntiParallel

OoD0O000 fy 00000000000

InOrbitalParallel oooodno fie0oooooooooo
InOrbitalGeneral ObooO0odnd fije0O0ooooooogo
OneBodyG Ododooooooooooooooon
TwoBodyG 0dodooooooooooooooon

Table 4.2: *def 0O OOOOODO *0000000000O00OOOOOOOOO

gobgd
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4.2.2 ModParad 00O (modpara.def)

gbobogbboobuodabbobobuoooobooboobobooboobbooo

co I
Model_Parameters
VMC_Cal_Parameters
CDataFileHead 2zvo
CParaFileHead zqp
NVMCCalMode 0
NLanczosMode 0
NDatalIdxStart 1
NDataQtySmp 1
Nsite 16
Nelectron 8
NSPGaussLeg 1
NSPStot 0
NMPTrans 1
NSROptItrStep 1200
NSROptItrSmp 100
DSROptRedCut 0.001
DSROptStaDel 0.02
DSROptStepDt 0.02
NVMCWarmUp 10
NVMCInterval 1
NVMCSample 1000
NExUpdatePath O
RndSeed 11272
NSplitSize 1
NStore 1

N J

goooono

gooooooooooooooooooooon

e 1-50: 000 (0D0D0DOOOOOOUOOOOD)DO

e 60 : [string01] [string02]

e 70 : [string03] [string04]

e 30: 000 (00O0O0ODDODODOODOOO)

e 9000 [string05] [int01] (0 OO O [double01])

gobobobobobobobobb

35



36 4 000000

[string01]
00 :stringd (0DO00OO)

ugb . gboboobobobooboobuooboboobooooboboonod
gooooo

[string02]
00 :stringd (DODO0O)

OO0 : 00000000000 0000000000D0 GreenOODOOOOOO0OO
0 xxx cisajs.dat 00000000 (xxxO0O0OOOO0O0OOOO)O

[string03]
00 :stringd (DODO0O)

b :00b00booboboooboobooboobooboboobooboooboo
obobobooboooboooooo

[string04]
00 :stringd (0DOODO)

o0 :gboobobooboobobobobobbobobooobobboono
00000 xxxoptdat0 0O 0000000000 (xxx0OOOOODOOOOO)O

[string05]
00 :stringd (O0O)
Ud : ggooooboboboobooogo

[int01] ([double01] )
00 : int (double) D (DO DO0O)
ob :00b0bobobooboboooobobooobooooo

gooagd
gbobogboboobuodabboobuobbooboaboo

e 90000000000 DODODOOODUDLUU (DOL)ODDODDOODOUUUOOOO
goo

e 9O UODOO”ODOUDbDUODODbDODODODO

gogoo
e NVMCCalMode
00 :int0 (000000 =0)
OO0 :[0)0000000000OOjl00200000000000O0
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NLanczosMode

00 :int0 (000000 =0)

00 :[0] 0D0000O0O[1] Single Lanczos Step 0 0 0 0000 0O OO 0O[2] Single Lanc-
zosStep 00 0000,1002000000000000 (00O: 1,20 NVMCCalMode
=10000000)

NDataldxStart

00 :int0 (000000 =0)

U0 :000000000000ONVMCCalMode= 0 OO 00O NDataIdxStart 000
OO0 NVMCCalMode = 1 OO0 00O UNDataIdxStart U U O OO NDataQtySmp U U
oOoooOooDoogoo

NDataQtySmp

00 :int0 (000000 =1)

U0 : 000000000000 NVMCCalMode =1 0O00OO0OOOOOOO

Nsite
o0 :int0O (1DDDDD)
o0 :ggoooooooooo

Nelectron
OO0 :int0O (1DDDDD)
oo :o0goooo (D OO0 2NelectronOQOQOQoQonO )D

NCond

00 :int0 (000)

o0 :0o0obogo

25z

O :int0O

00 :25,0000000000000,28,00000000000000

NSPGaussLeg
00 :int0 (1000000000 =38)
00 : 00000000000 (SY00)0 Gauss-LegendreDOOOOODODO

NSPStot
00 :int0 (0OD0OOOOO0OOO =0)
o0 . 0oouoooo

NMPTrans
oogd :int0O (DDDDDD :1)

Ul : NMPTrans U DO 0OOO0O0O00O0O0O0O0O0OO0OO0OO0OOOO0O0O0O00O0O0OO
0000000000000 0TransSymO0OODOOOOOOO0OODODODOQO NMPTrans
gbobobobobobobobob11obobobOobobooboD
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4 000000

NSROptItrStep

00 :int0 1000000000 = 1000)

00 : SROO0O0OO0O0DOO00ODO0O0O0O0O0ODOONVMCCalMode=0O0 0000000
gooo

NSROptItrSmp

00 :int0 (10000000000 = NSROptItrStep/10)

U0 : NSROptItrStepU U UUUUUUOU NSROptItrSmp U U UOOOOOOOOMN
Uobo0booobDbOo0b0OOgNvMCCalMode=00 00000000000
DSROptRedCut

00 :doubled (DOOOOO =0.001)

OO0 : SROO0O0ODDOO00O0OO Bl|Oeur0OOO

DSROptStaDel
00 :doubled (DODOOOO =0.02)
OO0 : SROOD0O0OOOOOOO0OO BUOeODOOO

DSROptStepDt
OO0 : double O
OO0 : SROOO0OO0O0O0OODOOOOOO BO AtOOOO

NSROptCGMaxIter

00 :int0 (DO0O0O0DOO =0)

OO0 :SR-CGOOOoOcCGOOOOOOOOOODO ooOoOooDoOOOOoOOoOo
O0SO0000000000OOOOODODDODOOO0ONSRCG!I=0000D000000
god

DSROptCGTol

00 : doubled (DOOOOO = 1.0e-10)

OO0 :SR-cGOOODOcCGoOOOOOOOOOoOOoOoOoOoOooOooooooOooDoDOoO
O00000ooooo cGUOODOOODOD NSRCG=00DO0O0OO0OOO0OOOO0OO
NVMCWarmUp

OO0 :int0 1000000000O=10)

ub :0gobobooobooooan

NVMCInterval

00 :int0 1000000000=1)

Ud : 0000000000000 bbO Nsitex NVMCInterval OO0
god

NVMCSample

00 :int0 (1000000000=1000)

U0 :ggbbooobuooboobboon
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e NExUpdatePath
00 :int0 (000O)
OO0 : 00000000000 200000 0)o0O0O0O0Oj0oODoOoOoOUooO
godboboooboob 20b0o0bboobboobn
e RndSeed
g :int0O
OO0 : 00000 seeddMPIOOOOODOODQOO RndSeed+my rank+1 0 0 O seed
oopoooooo
e NSplitSize
00 :int0 1000000000=1)
o0 - MPIDOOOOODODDOOOOOO

e NStore
00 :int0 (00000 10000000=1)
OO0 : 000 (Ox0)000000000-000000O000DO0O0ODOO0O (10
ooon00000000O00O0O0OD0O0ODO0ODOO0ODO0ODOOoOOoDOOoOOonDO E)D
e NSRCG
00 :int0 (00000 10000000=0)

00 :SROODOO0O0O0O000 Sze=¢0000000S000000000000
000000000B00000 R(1000 On, NStore D 10000000)0

“O000000000(N2) 00 O(N2)+O(NyNycs) 000000
“00000000O0(N,)+O(N,Nucs) 000
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4.2.3 LocSpin000000O (locspn.def)

goboooooooooogooboooooooooobooobogoon

g N

NlocalSpin 6

—
o

© 0 N O 0> W NN = O
OrrOrOoORroOmFrOoOkFr oK

[y
[y

f
\_

gooooo
gooooooooooooooooooooon

e 10:000(00D0D0D0UDDODODOOODO)O

e 20 [string01] [int01]

3-50: 000 (D00oO0ooOoUooooooo)O

6000: [int02] [int03]

oooao
o [string01]
00 :stringd (0DO00OO)
OO0 : 0000000000000 0O0O0 (DD)o
o [int01]
00 :int0 (0DOD)
ub - ggbooboboobooobbon
e [int02]
00 :intD (OOOD)

ob :000b0b0b0ob0obobo0bNsitel 00000000
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o [int03]
00 :int0 (000O0)
00 : 000000000000000000(: 0000,1: 00000)0

ooooo
googobooboobboobuoobboobooobooon

e JODOUOODODODDOODLOOODOODDOOODOODN

e [int01]0 [nt03] 00000000000 O0OOOOOOOUOOOOOODODOOODO

[nt02] 0000000000000 OOO0OOOOO0OOO

[nt02) 00 0000000000000 0000O0O0DUOO0OOOOO
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4.2.4 TransOODOOOO (trans.def)

gbooobooboobooboobooboobooboobooboobooong
Uil ¢, 000000000000000000000000

/HT = — Z tijglggczglcjoz (422)

ijo1o2

gbooooboobooooogo

4 N
NTransfer 24
========l_j _S_t lj g======
0 0 2 0 1.000000 0.000000
2 0 0 0 1.000000 0.000000
0 1 2 1 1.000000 0.000000
2 1 0 1 1.000000 0.000000
2 0 4 0 1.000000 0.000000
4 0 2 0 1.000000 0.000000
2 1 4 1 1.000000 0.000000
4 1 2 1 1.000000 0.000000
4 0 6 0 1.000000 0.000000
6 0 4 0 1.000000 0.000000
4 1 6 1 1.000000 0.000000
6 1 4 1 1.000000 0.000000
6 0 8 0 1.000000 0.000000
8 0 6 0 1.000000 0.000000
N %
ogooog

gooooooooooooooooooooon

10: 000 (00000ooboo0ooooo)o

e 20 [string01] [int01]

3-50: 000 (00000O0O0OOOoOoOoOoO)™

e 6000: [int02] [int03] [int04] [int05] [double0l] [double02]

ooogoo
o [string01]
00 :stringd (0DOODO)
00 :000000000000000000OOOO00000 (0O0)Ho
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[int01]
00 :intD (DOOD)
Ud : Jggooobobobobboooggooo

[int02], [int04]
00 :intD (0OOD)
U0 : J00o0oobobbobbbooobdNsitedOOOQOooonoO

[int03], [int05]

00 :int0 (0O0OD)

00 : 00000000000
0: 000000

1. 000000
gobodgboooooddy

[double01]
00 :doubled (ODDODODO)
00 : tijee, 0000000000

[double02]
00 : doubleD (0O DOO)
00 : tije,r, 1000000000

gooagd
goooooooooooboooobooooboooobooon

e JODUOUODDOODOODLULOODOODLDOODOOD

e JODOOODODOODODO

[nt01] 00000000 Trasfer 000000000000 OOOOOOO

[int02]-[int05| 0000 0000000000000 O0OOOOOOOOOO0OO

Hamiltonian 0 000000000000 tije,e =t

1o, 010000000000
0000
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4.2.5 InterAllOOOO0OO

gboodgbugbooobogbuoobooboobooboobuoobgoooognd
gobodbooboobbooboobboobooooon

Hr = Z Z Iijkld1020304cgolCjUchogcltu (4.23)

i,5,k,l 01,02,03,04

gobooboooboooobgon

4 N
NInterAll 36
========zInterAll=====
0 0 0 1 1 1 1 0 0.50 0.0
0 1 0 0 1 0 1 1 0.50 0.0
0 0 0 0 1 0 1 0 0.25 0.0
0 0 0 0 1 1 1 1 -0.25 0.0
0 1 0 1 1 0 1 0 -0.25 0.0
0 1 0 1 1 1 1 1 0.25 0.0
2 0 2 1 3 1 3 0 0.50 0.0
2 1 2 0 3 0 3 1 0.50 0.0
2 0 2 0 3 0 3 0 0.25 0.0
2 0 2 0 3 1 3 1 -0.25 0.0
2 1 2 1 3 0 3 0 -0.25 0.0
2 1 2 1 3 1 3 1 0.25 0.0
4 0 4 1 5 1 5 0 0.50 0.0
4 1 4 0 5 0 5 1 0.50 0.0
4 0 4 0 5 0 5 0 0.25 0.0
4 0 4 0 5 1 5 1 -0.256 0.0
4 1 4 1 5 0 5 0 -0.25 0.0
4 1 4 1 5 1 5 1 0.25 0.0

N J

ooooon

gboooboobooobooboobboobooo
e 10: 000 (0000 ULODOODODODOODO)O

e 20 [string01] [int01]

3-50: 000 (000000O0OOOOoOoOoO)d

e 6000: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09] [double01] [dou-
ble02]

Ooooo
o [string01]
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00 :stringd (0DOOO)
00 : 000000000000 000ooooooo (oo)o

[int01]
00 :intD (0OO0D)
Ud : jgooooobobobobooboooon

[int02], [int04], [int06], [int08]
00 :int0 (0O0DO0)
00 : 0000000000000000 NsiteDOOOO0O0O000

[int03], [int05], [int07], [int09]
00 :int0 (00D0O0)

o0 - ggboooboobd
0: 000000

1. 000000
gobodgboooboddy

[double01]
00 :doubled (ODDODODO)
00 : Lijkioropose, 1000000000

[double02]
00 : doubleD (0O DOO)
00 : Lijhioyosese, 1000000000

googdd
goooooooooooboooobooooboooobooon

e JODUOUODDOODODOODOOODOODDOOODOOD

e 00000000000000000000 Lijkioiososes = Lyjigsosrse, DD 000
Dooooooooo

[nt01) 00000000 InterAlOO0OOO00O0OO0OOO0OOOOOOOO

[int02)-int09)| 0000000000000 OOO0OO0OODODOO0OOOOOOO
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4.2.6 CoulombIntral 00000 (coulombintra.def)

gboodgbooboobbobboobuoobooboobobobobooboond
goobooon

HU = Z Umﬁnw (4.24)

gbobdoboobdooaobaoo
- )

NCoulombIntra 6

0 4.000000
1 4.000000
2 4.000000
3 4.000000
4 4.000000
5 4.000000
NS /
gooooo

ggooobobobbbtbodoooooooboo

e 10:000(DO0D0O0O0O0DODODOODODOODO)O
e 2[: [string01] [int01]

e 3:50: 000 (00DDOULOODDOUDO)O

e 6000: [int02] [double01]

ooogo
o [string01]
00 :stringd (DODO0O)
00 :0000000000000000ODO0O0D0D0OoOoooDoOO (oo)Ho
e [int01]
00 :intD (DOOD)
Ud : Jgoooobbbobbobtbodduuooooooa

e [int02]

00 :intD (0OOD)

00 : J00o0oobobobobboooonnNsitedOOOQOooooO
e [double01]

00 : doubled (DODOO)
oo ;0000000
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googdg
gogbogbbooobooobboooboobbooboobd

e J00OD0OO0ODODOODOODOODOODODODOODODOOD

e nt01]000000DDOO0O0OUDOODOUOODOOOOUDOODOOOOODO
goooo

e (nt02]0 00000000 DO0OULODOOUOOODODOOULOOOODOO
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4.2.7 CoulombInter 000000 (coulombiter.def)

4 000000

gooooboobobobobooooooobobobobooooooboobobobo

goboodg

goboobogooooobgo

HV = Z Vijnmj

i,J

/

NCoulombInter 12

OO PP W WwNDNRERr OO

\_

N W~ 010 01O NW—
I T e e S N = =

.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000
.500000000000000

gooood

gbooobooboooboobooobboobooao

e 2[: [string01] [int01]

10: 000 (0000boooboooooo)o

3-50: 000 (00000O0O0OOOoOoOoOoO)™

e 6000: [int02] [int03] [double01]

goooo

o [string01]

RN

e [int01]
ogd

cint0 (0000)
00 :0000000000000000000000

: string0 (DOODO)
00 :000000000000000000O0000D0ODOOoODO (oo)o

(4.25)
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e [int02], [int03]
00 :int0 (0OO0D)
Ud : JooooobobbobobooobdNsitedOOoooooog

e [double01]
00 : doubled (DODOO)
oo .:.Vv;0000000

googg
gboboobobooboobboobuoobobooboobooo

e JOOUUODLODOODLDOODLOLOOODLOODLOOODLOOn

e (nt01]J 0000000000 UDOODOOUOODOOOOUDODODOUOOOUDO
oogooo

e [int02]-[int03] 0000000000 OODOOOOOOOOOODOODOODOOD
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4.2.8 HundOOOOOO (hund.def)

HuidOODOOOOOOOOOOOOOODODODOOOODDDOOOOOOOOoOoOoOO
ooo
'HH:—ZJiIJ{-und(niTan—annﬂ) (4.26)
/Z:7j
ogoooooooooooooa

- B
NHund 6
Hund
0 1 -0.250000
1 2 -0.250000
2 3 -0.250000
3 4 -0.250000
4 5 -0.250000
5 0 -0.250000
N J
goooono

gogoobobbbbdodoooooononbo

e 10:000(00D0O0O0UODODODODOODO)O
e 2[]: [string01] [int01]

e 3:50: 000 (D0D0ODOODDOOOOOOOO)DO
e 6000: [int02] [int03] [double01]

ooogo
o [string01]
00 :stringd (DODO0O)
00 : HndOOOOOOOOOOOOOOOOOOOOOO (0DO)O
e [int01]
00 :intD (DD0OD)
00 : HundODOODOODOODOODOODOODOOO
o [int02], [int03]
00 :intD (00OOD)
U0 : J0oooobobbobboooobdNsitedOOOoooooog
e [double01]

00 : doubled (DODOO)
00 :J}}undDDDDDDD
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googdg
gbobogboboobuodabboobuobbooboaboo

e J00OD0OO0ODODOODOODOODOODODODOODODOOD
e (nt01]J000U0O00O0 HundOODDOOODOUOOUOOODOUODOOOOOOOOOOOO

e [int02-int03] 000 000DODOO00O0OODODOO0OOOOODOOOOOOOOO
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4.2.9 PairHopUO OO oo

PairHop O OO OODOODODOODODOOOOOOOODODOODOOOOOOOODOD

0000
o
Hp = I (chesel ey + cfyeielyein)
7:7‘7‘

gbobobobobobobo

~ 2
NPairhop 6
========Pairhop ======
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 0 0.50000
_ J
googoo

gogoobobbbbdodoooooononbo

e 10:000(00D0O0O0UODODODODOODO)O
e 2[]: [string01] [int01]

e 3:50: 000 (D0D0ODOODDOOOOOOOO)DO
e 6000: [int02] [int03] [double01]

ooogo
o [string01]
00 :stringd (DODO0O)
00 : ParHopOOOOOOOOOOOODODOOOOOODOODO (BDO)DO
e [int01]
00 :intD (DD0OD)
OO0 : ParHopOOOUOUOOOOODOOODOOOO
o [int02], [int03]
00 :intD (00OOD)
U0 : J0oooobobbobboooobdNsitedOOOoooooog
e [double01]

00 : doubled (DODOO)
DD:J?ﬂDDDDDDD

(4.27)
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googdg
gogbogbbooobooobboooboobbooboobd

e J00OD0OO0ODODOODOODOODOODODODOODODOOD

e nt01]00000DOODO PartHopOOOOOODOOOOOODOOOOOUODODOO
godg

e [int02-int03]0 000000000000 ODOO0UOOOODOOOOOOOOO
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4.2.10 ExchangeOd 00000 (exchange.def)
Exchange 00 0000000000000000000000000000

Hi = Z JEX(CITCﬂCLCN + CLCJ'J,CI-TCZ‘T) (4.28)
2]

gobooboooobooboooon

M= JE(SHS; +S;S)) (4.29)
Y

gobodgboobobboobuooboobbodo

~ 2
NExchange 6
========Exchange ======
0 1 0.50000
1 2 0.50000
2 3 0.50000
3 4 0.50000
4 5 0.50000
5 0 0.50000
N J
gooooo

gooooooooooooooooooooon

e 10: 000 (00000 ULODOOODODOODO)O
e 2[0: [string01] [int01]

e 3:50: 000 (D0DDODODDOOOOOOOO)DO
e 6000: [int02] [int03] [double01]

ooooo
o [string01]
00 :stringd (DODO0O)
00 : Exchange 0000000000000 0OOOOOOO (ODDO)O
e [int01]
00 :int0 (ODOD)
00 : Exchange 0O OODODOODOOODODODO
o [int02], [int03]
00 :int0 (DO0O0D)
Ub :0000b0b0obO0obobo0bNsitel 00000000
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e [double01]
00 : doubled (DOOO)
oo :JgXDDDDDDD

googdg
gboboobobooboobboobuobbooboobooon

e J00OD0ODOODODOODOODOODODODOODODOODO

e nt01]0 0000000 ExchangeO O OO OOOOUOOUOOOOOOOOOOOO
godg

e [int02]-[int03] 00000000000 OOOOOOOOOOOODOODOOOOD
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4.2.11 Gutzwiller 0 00000 (gutzwiller.def)

Gutzwiller 0 O
P = exp [Z gin”nu] (4.30)

gobodgbtboouobuoobboobuoobbob 0 gbuooboooboaboay
gobooboooboooobgon

4 N

NGutzwillerIdx 2
ComplexType O

0 0

1 0

2 0

3 1
(continue...)

12 1

13 0

14 0

15 0

0 1

_t° J
gooooao

000000000000000000000 (N,0OOOO0ON,00000000
00o00o0)o

e 10: 000 (DOOUDOOUOOOUDOO)T
e 2[: [string01] [int01]

e 30: [string02] [int02]

4-50: 000 (00000000 O0OOooOoO)O
e 6- (5+N,) O: [int03] [int04]

e (64+N,) - (5+N,+N,) OO [int05] [int06]

ooogo
o [string01]
00 :stringd (ODOOO)
00 :¢000000000000000000OOOOODOOOO (0O)O
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[int01]
00 :intD (DOOD)
ud : g 000000 ooogoobobobobobon

[string02]
00 :stringd (DODO0O)
00 :¢,0000000000000000000OOOODOO0OOOODO (0O0)O

[int02]
00 :int0 (OOODO)
o0 :ggbbooboobboobooboboobloobboooboobo

[int03]
00 :int0 (0OO0D)
ob :000b0b0b0obO0obobo0bNsiteO0O0O0OO0OOO

[int04]
00 :int0 (0OOD)
00 :¢,00000000000000000000 int0l)]000D00O0O0OOO

[int05]
00 :int0 (OOOD)

00 : 00000000000000O0DO (00000000 O)0000 [intol]O
obooboboon

[int06]
00 :int0 (000O0)

OO0 : [int05) 00000 ¢, 0000000000000 DOO0O0ODOOOOOODOO
gboobi1iooooooooooogbobn

googo
googobooboobboobuoobboobooobooon

e JOOUOODODOOODOODODOOODLOODLDDOOODOOOO

e 01000000000 DODODOOCODOOOUOODODODODODODODOOOOOOOOO
ood

e [int02]-int06] 000 000DODOO00OOODODOOOOOOODOOOOOOODOO
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4.2.12 Jastrow O 0 0000 (jastrow.def)

Jastrow O O

1
Pr=exp |53 vg(ni—1)(n; = 1) (4.31)
i#£]
voddooooooooooodouoooood ., jde ddooooooddon
goooooooddooooood

4 N

NJastrowIdx 5
ComplexType O
0 1 0
0 2 1
0 3 0
(continue...)
0 1
1 1
2 1
3 1
4 1
N J
goooono

000000000000000000000 (N,0OOOOON;00000000
0oooo)Od

e 10: 000 (00000 ULODOOODODOODO)O
e 2[: [string01] [int01]

e 30: [string02] [int02]

4-50: 000 (00000000 OoOoooOD)O

6 - (5+Ns x (Ng — 1)) O : [int03] [int04] [int05]

(64+Ng x (Ns — 1) ) - (5+Ns x (Ny — 1)+N;) O O [int06] [int07]

ooogoo
o [string01]
00 :stringd (DODO0O)
00 :+;,0000000000000000000000O000C0O (O00)O
o [int01]
00 :intD (DOOD)
Uo :y;000000000000000O000C0000
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[string02]
00 :stringd (DODO0O)
00 :v;0000000000000000000000O0O00O0OCO00O (00)0

[int02]
00 :int0 (DOO0D)
U0 :y;0000000000000000000000100000000000

[int03], [int04]
00 :int0 (0O0DO0O)
00 : 0000000000000000 NsitedOOO0O0O0000

[int05]
00 :int0 (0OO0D)
00 :0;,00000000000000000000 [int01]0000000O0OO

[int06]
00 :int0 (0OOD)

00 :9;0000000000000000((CO0OO00000DO0)0000 [int01]
obooobooobooo

[int07]
00 :intD (OOOD)

00 : [int06)| 00000 v; 000000000000O000O0O00O0O000OOOO
gboobi1iooooooooooogobobn

googd
gooobobooboobboobuooboboobooobooon

o JOOUOODODOOODOODODOOODOOODLDDOOODOOO

e nt01]0000000O0O0DODODOOCODOOOO0OOODODODOODOOOOOOOOO
ood

e [int02]-[int07] 00000000000 OOOOOOOOOOOOOOOOOOD
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4.2.13 DH2000000

2
2 d d h h
P(g_)h = exp ZZ(%MZQQM +a2nthi2nt) (4.32)
t n=0 % 1
0000020000 doublon-holonO OO OO0ODOOOOOOOOOOOOODODOOO
goob:00000 200 D[](l%ﬁ gooooooooooooooooooooooo
000¢t000000000O0000O0000b00OUO00O0DO0O0 BjODODoOUOOODOOoO
gooooooooooogod

- )

NDoublonHolon2siteIdx 2
ComplexType O
0 5 15 0
0 13 7 1
1 6 12 0
1 14 4 1
(continue...)
15 0 10 0
15 8 2 1
0 1
1 1
2 1
(continue...)
10 1
11 1 )
goooono

0000000000000 00000000 (N,OO00000ONgeOO0O0Ooooo
oooooo)o

e 10:000(DO0O0O0O0O0ODOOODODOOO)O

e 2[: [string01] [int01]

e 30: [string02] [int02]

e 450: 000 (00DDOULOODDOUDO)O

o 6- (5+N, x Nano) O ¢ [int03] [int04] [int05] [int06]

o (64Ny x Napo) - (5--(Ns + 6) x Nanz) O O [int07] [int08]

ooooo
o [string01]
00 :stringd (0DO00OO)
00 :000000000000000000000DO0000O0(00O)DO
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[int01]
00 :int0 (ODOD)
ud s ggooooobobbbooooooaaon

[string02]
00 :stringd (DO0DO0O)
00 :00000000000000000000O0OODOOO0OoO0O (oo)H)o

[int02]
OO0 :int0 (OOODO)
g0 :oggbbooboobobooobobooobboloboboobobooboon

[int03], [int04], [int05]
00 :intD (0O0OD0)
00 : 0000000000000000 NsitedOOODO00OD

[int06]
00 :intD (OOOD)
OO0 : 000000000000000000D [int0l]00000000O0

[int07]
00 :intD (OOOD)
00 :000000000000000 (DOoboooOooO)ooo

— n: 000 doublon(holon) O (0, 1, 2)
— s: 000 doublonO0 OO 0,000 holonO OO 1

-t 000000000oooog (o, --- [intl]-1)
0000 @2n+s)x[int0l]+: 0000000
o[intOS]
OO0 :int0 (OOODO)
OO0 : [int07] 0000000000000 O0OOOOO0OOOOOOOOODOOOO

g1ijooooboobobooobonbogo
googd
gooobobooboobboobuooboboobooobooon
e JOOUOODLODOODLOODLOOODLOODLOOODLOOn

e nt0l] 00000000 ODDOODOOOOOUODDOODOOOOOOUDDOODODOO
god

e [int02]-[int08] U0 00000 ODO0O0UODOOOOOODOOOOOOOOODOOD



62 4 000000

4.2.14 DH4O00OOOOO

4

,Pc(li)h = €xXp ZZ(aZntZ&ant +O‘Zntzgﬁlnt) (433)
t n=0 i i

OO0O0O00 40000 doublon-holon0OOOOOOOOOOOO0O0O0O0O0O0O0O0O0OOO

oooo.:00000400 D[](]ZZ oooooooooooooooooooooooo

000¢t000000000000000000000O000000 BoOOOOooOOooOo

ooodoooooooodo

s R

NDoublonHolondsitelIdx 1
ComplexType O
0 1 3 4 12 0
1 2 0 5 13 0
2 3 1 6 14 0
3 0 2 7 15 0
(continue...)
14 15 13 2 10 0
15 12 14 3 11 0
0 1
1 1
(continue...)
8 1
_° J
ooooon

0000000000000 00000000 (N,000000Ngne 000000 n
oooooo)o

e 10: 000 (00000 UODDOODODOODO)O
e 2[: [string01] [int01]

e 30 : [string02] [int02]

4-50: 000 (000000000 OOOOO)O

6 - (5+N, x Ngna) O+ [int03] [int04] [int05] [int06] [int07] [int08]

(64N X Nana) - (5+(Ns 4 10) x Ngng) O O [int09] [int10]

ooogo
o [string01]
00 :stringd (0DOODO)
00 :0000000000000000ODODO0O000OOOD (bo)o
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[int01]
00 :int0 (ODOD)
ud s ggooooobobbbooooooaaon

[string02]
00 :stringd (DO0DO0O)
00 :0000000000000000ODO00D0D0OUoOooooOO(oo)o

[int02]
OO0 :int0 (OOODO)
g0 :oggbbooboobobooobobooobboloboboobobooboon

[int03], [int04], [int05], [int06], [int07]
00 :int0 (00O0D0)
00 : 0000000000000000 NsiteDJOOOO0O0O000

[int08]
00 :intD (OOOD)
OO0 : 000000000000000000D [int0l]00000000O0

[int09]
00 :int0 (0O0O0)
00 :000000000000000(000000000)000

— n: 000 doublon(holon) O (0, 1, 2, 3, 4)
— s: 000 doublonO0 OO 0,000 holonO OO 1

-t 000000000oooog (o, --- [intl]-1)
0000 @2n+s)x[int0l]+: 0000000
o[intl()]
OO0 :int0 (OOODO)
OO0 : [int09) 000000000000 OO0OOODOO0OOOOOOOOODOOOO

g1ijooooboobobooobonbogo
googd
gooobobooboobboobuooboboobooobooon
e JOOUOODLODOODLOODLOOODLOODLOOODLOOn

e nt0l] 00000000 ODDOODOOOOOUODDOODOOOOOOUDDOODODOO
god

e [int02]-[int10] 00000000000 OOOOOOOOOOOOOOOOOOD
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4.2.15 Orbital/OrbitalAntiParallel0 0 000 O (orbitalidx.def)

N N/2
|bpain) = | D fijchnc], |0) (4.34)
ij=1
gooboboogoobooogobobooogobb oo ooog &,y 00000
godoodoodoodoooooooooooooooan
4 N

NOrbitalldx 64
ComplexType O
0 0 0
0 1 1
0 2 2
0 3 3
(continue...)
15 9 62
15 10 63
0 1
1 1
(continue...)
62 1
g 63 1 D
ooooon

000000000000000000000 (N,0O00O0O00ON, 00000000
ooooo)d

e 10:000(DO0D0O0O0O0DODODOODODOODO)O
e 20 [string01] [int01]

e 30: [string02] [int02]

4-50: 000 (00000000 oooooO)d

6 - (5+N2) 0 : [int03] [int04] [int05] [int06]

(6+N2) - (5+N2+ N,) O O [int07] [int08]

ooogo
o [string01]
00 :stringd (DOOO)
00 :0000000000000000ODODO0O000OOOD (bo)o
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[int01]
00 :int0 (ODOD0)
ogb :00b0obobobobobobobobb

[string02]
00 :stringd (ODOOO)
OO0 : 0000000000000 000000O0O0O00O0ODOO0OO (obO0)O

[int02]
00 :int0 (0O0DOO)
00 : 000000000000000000000100000000000

[int03], [int04]
00 :int0 (000O0)
00 : 0000000000000000Nsited00000000

[int05]
00 :int0 (0OO0D)
00 :0000000000000000000 int0l]000C0O00O0OOO

[int06]
OO0 :int0

00 : 00000000000 ON(ModPara DO O OO NMPTrans D0 OO0 OO
0)00000000000 f;0000000000000000000O000O00
[int06|=£1000000000000000000000OO0 OFFOO0OOOUODOOO

[int07]
00 :int0 (OOOD)

00 : 0000000000000 0 (000000 UooD)0o0O [int01l]O0O
goboooon

[int08]
00 :intD (OOOD)

OO0 :[int06) 0000000000000 OOOOOOOOOOOODOOOODOO
U1iooogoooobgoobooon

googdd
goooooooooooboooobooooboooobooon

e JUOUODLDOOODLOODLOLUOODLOODLOOODLOOn

e 010000000000 DODOOCODOOUOUOODODODODODOODOOOOOOOOO
god

e [int02-int08] 000 000DDOO00UO0OOLDOOUOOOLDOOOOOOUOO
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4.2.16 OrbitalParallelD 00000

N N/2
|bpair) = | Y fiojoClly|  10) (4.35)
i,j=1
goobbooooooboooogobobooogobb oL ooog +,y0O0O0OO
goddooodgooooodooobuoodobobuoodgog
i I

NOrbitalldx 120
ComplexType O

0 1 0
0 2 1
0 3 2

(continue...)
15 13 118
15 14 119

0 1
1 1
(continue...)
118 1
119 1
J
ooooon

000000000000000000000 (N,0O00O0O00ON, 00000000
ooooo)d

e 10:000(DO0D0O0O0O0DODODODOODOODO)O
e 2[: [string01] [int01]

e 30: [string02] [int02]

4-50: 000 (00000000 oooooo)d

e 6- (5+Ns*x (Ng—1)/2) 0: [int03] [int04] [int05] [int06]

(64N, % (Ns — 1)/2) - (5+Ns * (Ng — 1)/2 + N,) O O [int07] [int08]

ooogo
o [string01]
00 :stringd (ODOOO)
00 :0000000000000000ODODO0O000OOOD (bo)o
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[int01]
00 :int0 (ODOD0)
ogb :00b0obobobobobobobobb

[string02]
00 :stringd (ODOOO)
OO0 : 0000000000000 000000O0O0O00O0ODOO0OO (obO0)O

[int02]
00 :int0 (0O0DOO)
00 : 000000000000000000000100000000000

[int03], [int04]
00 :int0 (000O0)
00 : 0000000000000000Nsited00000000

[int05]
00 :int0 (0OO0D)
00 :0000000000000000000 int0l]000C0O00O0OOO

[int06]
OO0 :int0

00 : 00000000000 ON(ModPara DO O OO NMPTrans D0 OO0 OO
0)00000000000 f;0000000000000000000O000O00
[int06|=£1000000000000000000000OO0 OFFOO0OOOUODOOO

[int07]
00 :int0 (OOOD)

00 : 0000000000000 0 (000000 UooD)0o0O [int01l]O0O
goboooon

[int08]
00 :intD (OOOD)

OO0 :[int06) 0000000000000 OOOOOOOOOOOODOOOODOO
U1iooogoooobgoobooon

googdd
goooooooooooboooobooooboooobooon

e JUOUODLDOOODLOODLOLUOODLOODLOOODLOOn

e 010000000000 DODOOCODOOUOUOODODODODODOODOOOOOOOOO
god

e [int02-int08] 000 000DDOO00UO0OOLDOOUOOOLDOOOOOOUOO
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4.2.17 OrbitalGeneralO OO O OO

N/2

N
(fpaic) = | Y > fiorjouClyyCloy | 10) (4.36)

i,j=101,02

oooboooooooooooooooooooooooooooon &y, 0004 01,09
000000000000000000¢4+01Ns<j+02Ns(c=0,1)000000000
oboodooooooooooooooooooogn

- R

NOrbitalldx 255
ComplexType O

0 0 0 1 O
0 0 1 1 1

(continue...)

14 0 15 1 253
15 0 15 1 254

0 1
1 1
(continue...)
253 1
254 1
NS J
oggooog

000000000000000000000 (N, 000000N, 00000000
00000)00000000000 N,Oi+01N,<j+0aNy(c=0,1)00000000
0000008, =00000 N,=N208, 0000000 N,=2N2-N,0000000

e 10:000(DO0D0O0O0O0DODODOODODOODO)O
e 20 [string01] [int01]

e 30: [string02] [int02]

4-50: 000 (00000000 oooooO)d

6 - (5+N,) O: [int03] [int04] [int05] [int06] [int07] [int08]

(64+N,) - (5+N, + Ny) 0 O [int09] [int10]

ooogo
o [string01]
00 :stringd (DOOO)
00 :0000000000000000ODODO0O000OOOD (bo)o
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[int01]
00 :intD (0OO0D)
Ud : Jgogoooobobbbobooguooogo

[string02]
00 :stringd (DOOO)
00 :0000000000000000ODO0O0D0D0OUoooooOO(oo)Ho

[int02]
00 :int0 (0O0O0)
00 :000000000000000000000100000000000

[int03], [int05]
00 :int0 (DOO0D)
b - 0Jdbb0o0obuooboobobUNsitedOOODOOO

[int04], [int06]
00 :int0 (0O0DOD0)
00 : 00000000000001000,10 /0000000000

[int07]
OO0 :int0 (OOODO)
OO0 :000000000000000000D int0l]0D00000DOD0O0

[int08]

b :int0

00 : 00000000000 ON(ModPara DO OO O NMPTrans D0 OO OO0
0)0o0o0o0oo0on f;0000000000000000000G00G00O00
[nt08]=+100000000000000000O0000ODO OFFOOOOOOOOO
[int09]

00 :intD (OOOD)

00 : 0000000000D00OD0ODODO (COCOOOOOOO)DoOO [intol]OO
ogoooooo

[int10]

00 :int0 (DOO0D)

OO0 :[int06) 0000000000000 O0OOODOO0OOOOOOOOODOOOO
gilioobooooboobooobobogo



70 4 000000

googdg
gogbogbbooobooobboooboobbooboobd

e J00OD0OO0ODODOODOODOODOODODODOODODOOD

e nt0l] 000000000 DODOOOOOODUODDOODOOOODODOUDDODODOO
godg

e [int02-[intl0] 0000000000000 DOOO0UOOOODOOOOOOOUOO
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4.2.18 TransSymO O 0000 (gptransidx.def)

DDDDDEK:izhéKWEDDDDDDDDEP:ZJM%DDDDDDDD
00000000000000000000000000 (o, R)00000D0DOO0DOO0
00000000100 0000 "00000000000000000O0000O0000
4 I

NQPTrans 4

== TrIdx_TrWeight_and_TrIdx_i_xi ==

1.000000
1.000000
1.000000
1.000000
0 0 0
(continue...)
3 12 1

3 13 2
N /

w N = O

gbooooo

000000000000000000000 (N,00O0O0O0ONpyOO0000000
0Dooo)d

e 10: 000 (00000 UODOODODODOODO)O

e 20 [string01] [int01]

3-50: 000 (0000000ODOOOO0OOO)d

e 6- (5+Ntg) O: [int02] [double01]

(6+Nrg) - (5+(Ns + 1) x Nyg) O O [int03] [int04] [int05] [int06]

ooooo
o [string01]
00 :stringd (0DO00OO)
00 :0000000000000000000000000O (00)O

o[int()l]
00 :int0 (ODOODO)
00 : 0000000000000 o0oag

o[intOQ]
00 :int0 (OOODO)
00 : 000000 (o R)DO0O0OODOOOOODO [int0l]O0000000OOO
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[double01]
00 : doubled (DOOO)
OO0 : 000000 (oo R)OOO pacos(K-R)ODOOODOODO

[int03]
00 :int0 (DOO0D)
00 : 000000 (o R)DO0OO0ODOOOOOD [intOl]O0000D0O00OOO

[int04], [int05]
00 :int0 (DO0DOD)

OO0 : 0000000000000000 NsiteOOOOODODOOO [int03)O00O0
O0000O0O0O0ODODODO0O0ODD (int04) 0000000000 OOOOOOOOO
[int05)| 000000000000

[int06]
OO0 :int0 (OOODO)

OO0 : 00000000000 ON(ModPara OO D OO NMPTrans 00000
00)0000000oO0oOoOO0O0OO0OOOU0U00D0D0DODODOoODODOODOOOOOO
[int06)=£100000000000000000000O0O0 OFFOOOOOODOOO

googg
gboboobobooboobboobuoobobooboobooo

e JI0O0OD0OOODOOOODOODOODOODOODOODOODOODO
e (nt01]0 00000000 DOOOUOOODDOOUOOOOUOOUODOOOOOO

e [int02]-int06]| 0000000000000 OOO0OOOOODOOOOOOOOO
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4.2.19 0000 OO0OO0OOO0OOOOOO0

gobobooooobooooooooooooboogo
0000000000000 D0D0O000000000 (Sec. =ZZmOOOO
InGutzwiller, InJastrow, InDH2, InDH4, InOrbital, InOrbitalAntiParallel, InOrbitalParallel,
InOrbitalGeneral
JoodoooooooooboooooooboobooooobbooobDooooobooDog
O0000InJastrow OO0 OO0 OOOOOOONO

- N

NJastrowIdx 28

== i_j_Jastrowldx ===

0 -8.909963465082626488e-02 0.000000000000000000e+00
1 5.521681211878626955e-02 0.000000000000000000e+00
(continue...)

\\27 -9.017586139930480749e-02 0.000000000000000000e+00 y

gooobood

00000d00doooo0o0oooooooooo (v, 0000000000 oooo)o
10: 000 (00000oo0oboo0ooooo)o

20 [string01] [int01]

3-50: 000 (D00O00ooOoUoooooO)d
6 - (5+N,) O: [int02] [double01] [double02]

ooogoo
o [string01]
00 :stringd (DO0DO0O)
OO0 :000000000000000D0O0DO0O000 (ODO)DO
[int01]
00 :int0 (0O0OD)
U0 : Jgooooobobobobobooon

[int02]

00 :intD (00OD)

OO0 :0000000000000D00000o000 int0l)0O0D0DOO0O
[double01]

00 : doubled (DDDODO)
00 :00000000000000000000

[double02] OO : doubled (D ODOO)
o0 :gdbboobuooboobboobooa



74 4 000000

googdg
gogbogbbooobooobboooboobbooboobd

e J00OD0OO0ODODOODOODOODOODODODOODODOOD

e nt01|0 00000000 DODOOUO0OOODOOUOOODOOOUOOOODOD
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4.2.20 OneBodyGUOUOOOOO (greenone.def)

75

gboboobobooooboobood <c;.rglcj(,2>DDDDDDDDDDDDDDDDDDD

ood
- N
NCisAjs 24
======== (Green functions ======
0 0 0 0
0 1 0 1
1 0 1 0
1 1 1 1
2 0 2 0
2 1 2 1
3 0 3 0
3 1 3 1
4 0 4 0
4 1 4 1
5 0 5 0
5 1 5 1
6 0 6 0
6 1 6 1
7 0 7 0
7 1 7 1
8 0 8 0]
8 1 8 1
9 0 9 0
9 1 9 1
10 0 10 0
10 1 10 1
11 0 11 0
g 11 1 11 1 D
ogooood

goooobbobbbboooooooooboo

e 10:000(00D0O0O0UODODODODOODO)O
e 2[: [string01] [int01]

e 3:50: 000 (DUODOODDOOOOOOOO)DO

e 6000: [int02] [int03] [int04] [int05]

ooooo
o [string01]
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00 :stringd (0DOOO)
00 :00000000000000000o0oooo0ooooo (oo)Ho

e [int01]

00 :intD (0OO0D)

Ud : Jgogoooobobbbobooouooogo
o [int02], [int04]

00 :intD (0OOD)

U0 : JooooobobbobboooobdNsitedOOQOoooooog
o [int03], [int05]

00 :intD (0OOD)

o0 - ggboooboobd
0: 000000

1. 000000
gobodgboooboddy

ooooo
googoobooboobboobuoobboobooobooon

e JODOUOODODODDOODLOOODOODDOOODOODN

e nt01]0000000O0O0DODODOOODOOUUOODOOODODOOOOOOOOOOO
god

e [int02]-int05| 0000000000000 OOO0OOOOOOOOOOOOOO
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4.2.21 TwoBodyG OO OOOO (greentwo.def)

000000000000000 (e, ¢joyChy,cie,) 1000000000000000
oooooon

s A
NCisAjsCktAltDC 576
======== (Green functions for Sq AND Nq ======
0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 1
0 0 0 0 1 0 1 0
0 0 0 0 1 1 1 1
0 0 0 0 2 0 2 0
0 0 0 0 2 1 2 1
0 0 0 0 3 0 3 0
0 0 0 0 3 1 3 1
0 0 0 0 4 0 4 0
0 0 0 0 4 1 4 1
0 0 0 0 5 0 5 0
0 0 0 0 5 1 5 1
0 0 0 0 6 0 6 0
0 0 0 0 6 1 6 1
0 0 0 0 7 0 7 0
0 0 0 0 7 1 7 1
0 0 0 0 8 0 8 0
0 0 0 0 8 1 8 1
0 0 0 0 9 0 9 0
0 0 0 0 9 1 9 1
0 0 0 0 10 0 10 0
0 0 0 0 10 1 10 1
0 0 0 0 11 0 11 0
0 0 0 0 11 1 11 1
0 1 0 1 0 0 0 0
N J
obooobo

googoobbobbbbdoooooooooboo

e 10: 000 (DOOUDDOOUOOODOO)T
e 20 [string01] [int01]

e 3:50: 000 (00DDOUOOODDOOUDO)O

e 6000: [int02] [int03] [int04] [int05] [int06] [int07] [int08] [int09)]
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ooogoo
o [string01]
00 :stringd (0DOODO)
00 :000000000000000000OOO0o0ooOO (oo)H-

e [int01]

00 :int0 (0OO0D)

Ud : ggogoooobobbbobooouooogo
e [int02], [int04], [int06], [int08]

00 :int0 (0OO0D)

Ud : JoooobobbbbooobdNsitel OO OoooooQ
o [int03], [int05], [int07], [int09]

00 :int0 (DOO0D)

ugb - ggbooooobooobd
0: 000000

1. 000000
gbobobobobobob

googo
googobooboobboobuoobboobooobooon

e JOOUOODODOOODOODODOOODLOODLDDOOODOOOO

e 010000000000 DODOOODOOUOUOODOODDODODOODOOOOOOOOO
god

e [int02]-int09| 000 000DODOOOOOODODOOOOOODODOOOOOOODOO
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4.3 0OO0OOOOO

0000000000000 00000**00 ModParad OO OO CParaFileHead [
U0D000000OxxxUO ChataFileHeadU OO OO DO OO0 DO OyyyD U ModParal O 0
U0 NDataIdxStart, NDataQtySmp[l U [ NDataIdxStart: . NDataIdxStart+NDataQtySmp
000000000000 2zzzO0O ModPara OO O NDataIdxStart O DO OO OO

ogoogo goouoououooao

K _opt.dat goooooooodood.
Rk _gutzwiller_opt.dat O00000 Gutzwiller O O .
Ak jastrow_opt.dat 0000004 Jastrow O O

***_doublonHolon2site_opt.dat DO OO0 020000000-0000000.
***_doublonHolondsite_opt.dat 000000 40000000-0000000.

K _orbital_opt.dat gooboooooooo.

xxx_out_yyy.dat oooooooooo.

xxx_var_yyy.dat goooooooooooo.
xxx_CalcTimer.dat goboboooobbobuooooboobog.
xxxX_time_zzz.dat goooooooooobbbboooooaa.
xxX_cisajs_yyy.dat goooboooo.

xxx_cisajscktalt_yyy.dat oooooooo.

Table 4.3: List of the output files.

431 000OO0OOOOOOOCOOO (*** _opt.dat)

SROOOO0OO0O0O0O0O0000O00O00000000O00O000000O0000000O
O0o0o00o00o0o0oOo0oO0ooooooooooooooooooooooooooooo
goooooooooo

2 d(h d(h
<H>7<H >7giavijaa27(’bt)7a4£zt)v ij
DDDDDDDDDDDDDDDDDDDDDD(DDDDDDDDDDDDDDDDDDD
O00000)000000000 100000000000 0000O000000O0O0O***
OO ModPara OO OO OO CParaFileHead DO OO OO OOOOOODOOOODO

432 00000000O000O000O0000 (xxx_var_yyy.dat)

SROODOODOOO000O00OOOOODODODODOOO000O0 zgpoptdat OO OO0 O
00000 000000 (D00000D0)00000000xxx0O0O ChataFileHead O
UobbO0odbO0Od0dyyyUd DO ModPara 0 U0 O NDataIdxStart, NDataQtySmp [J O O
NDataIdxStart:::-NDataldxStart+NDataQtySmp U U O OO OOODOO

4.3.3 Gutzwiller 00000000 (***_gutzwiller_opt.dat)

SROOOODOOO Gutzwiller DO O O0OO00D0O0O00DOOO Sec. EZTY90 InGutzwiller
gbobobobobod



80 4 000000

4.3.4 Jastrow OO OO0O00 (*** jastrow opt.dat)

SROOOO0000 JastrowDOOOOOODOOOOOOOO Sec. 2190 InJastrow
goboooogoboogd

4.3.5 20000000000O0000O000O0O00O0O0OO
(***_doublonHolon2site opt.dat)

SROOOOOO0OODO 20000 doublon-holon DO ODODOOOOODOOOODOOOO
Sec. 2190 InDH2O0O00O000O00DOO0O

4.3.6 4000000000 O0O0OOOOOOOOO
(***_doublonHolon4site opt.dat)

SROOOOOO0OODO 40000 doublon-holon DO OODOOOOODOOOODOOOO
Sec. 2190 InDH4 00O O0OO0O0OO0ODDOOO

4.3.7 ODOOOOOOOOO (*** orbital opt.dat)

SROOOO0OO0O0ODODOOOOOO0OO0O0O0O0ObOoOOOOOOOO0OOOgg Sec. ez
O InOrbital 0O OOOOOOOO00O0O

4.3.8 xxx_out_yyy.dat
000000000000

(H?) — (H)*

(), (), s

(%), ((5%)?).

O00o00U00o0oooo(H)DODO0U0D0O0OUO0DoO0OoU00o0oUoOoooUOoUooooooO
UO00000O0xxxOO ChataFileHead 1 U O U OO OOOOOyyy OO ModParall 100
U NDataIdxStart, NDataQtySmp U U [0 NDataIdxStart---NDataldxStart+NDataQtySmp
gboboboboobobobobobobon

- D
.151983765704212992e+01 .124622418360909482e-01 \

8
.619082955438887268e+02 2.019905203939084959e-01
.288482613817423150e+01 5.006903733262847433e-01 \

1

5

2

.972000325276957824e+02 .824505193695792893e-01
.308897206011880421e+01 .701244886956570168e-01 \
.072610167083121837e+02 .029162857569105916e-01

- y

N B R s e

4.3.9 xxx_CalcTimer.dat

gbooobooboobooboobooboooboobooboobooboongd
gbobobobobooooooooooooogo
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-
All (0] 15.90724
Initialization [1] 0.04357

read options [10] 0.00012
ReadDefFile [11] 0.00082
SetMemory [12] 0.00002
InitParameter [13] 0.03026
VMCParaOpt [2] 15.86367
VMCMakeSample [3] 12.85650
makeInitialSample [30] 0.20219
make candidate [31] 0.02553
hopping update [32] 12.51967
UpdateProjCnt [60] 7.41864
CalculateNewPfM2 [61] 3.67098
CalculateLogIP [62] 0.07599
UpdateMAll [63] 1.27466
exchange update [33] 0.00000
UpdateProjCnt [65] 0.00000
CalculateNewPfMTwo2 [66] 0.00000
CalculateLogIP [67] 0.00000
UpdateMAllTwo [68] 0.00000
recal PfM and InvM [34] 0.08294
save electron config  [35] 0.00232
VMCMainCal [4] 2.45481
CalculateMAll [40] 0.47556
LocEnergyCal [41] 0.79754
CalHamiltonianO [70] 0.00259
CalHamiltonianl [71] 0.18765
CalHamiltonian?2 [72] 0.00107
ReturnSlaterElmDiff [42] 0.40035
calculate 00 and HO [43] 0.68045
StochasticOpt (5] 0.30489
preprocess [50] 0.02587
stcOptMain [51] 0.25471
initBLACS [55] 0.06564
calculate S and g [56] 0.05603
DPOSV [57] 0.09833
gatherParaChange [58] 0.02774
postprocess [52] 0.02372
UpdateSlaterElm [20] 0.02556
WeightAverage [21] 0.06676
outputData [22] 0.10554
SyncModifiedParameter [23] 0.02151
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4 000000

4.3.10 xxx_time_zzz.dat

00000000000 0000000Ohoppingd 00O exchangeO O OO OOOOOO
0 acceptance ratio(acc_hopp, accex)J 000000000000 O0O00O0O (n-hopp, n_ex)
000000000000 00000000=xxxO0O ChataFileHead O OO DO OOO
O0zzzO O ModParaO OO OO NDataldxStart DO 00000000 O0OOOOOODOONO

/fOOOOO acc_hop acc_ex mn_hop n_ex : Mon Jul 25 14:03:29 2016 )
00001 0.59688 0.00000 320 0 : Mon Jul 25 14:03:30 2016
00002 0.47727 0.00000 176 0 : Mon Jul 25 14:03:30 2016
00003 0.50000 0.00000 176 0 : Mon Jul 25 14:03:30 2016
00004 0.49432 0.00000 176 0 : Mon Jul 25 14:03:30 2016
00005 0.57386 0.00000 176 0 : Mon Jul 25 14:03:30 2016
00006 0.55114 0.00000 176 0 : Mon Jul 25 14:03:30 2016
N J

4.3.11 xxx_cisajs_yyy.dat

OneBodyG O ODOOOOOODOOOODOODOODOOO (c;.ralcj@)DDDDDDDD
U000xxx OO ChataFileHead U U DN UOUOODOOOyyy U U ModPara U U 0O
NDataIdxStart, NDataQtySmp U 00 J NDataIdxStart::-NDataIldxStart-+NDataQtySmp [

gobodgboboouoaobbooboaobboobon

/
0 0 0 0 0.4452776740 0.0000000000 h
0 1 0 1 0.4452776740 0.0000000000
1 0 1 0 0.5000000000 0.0000000000
1 1 1 1 0.5000000000 0.0000000000
2 0 2 0 0.4452776740 0.0000000000
2 1 2 1 0.4452776740 0.0000000000
3 0 3 0 0.5000000000 0.0000000000
3 1 3 1 0.5000000000 0.0000000000
N J
oooooo
e [int01] [int02] [int03] [int04] [double0l1] [double02]

gobooo

e [int01], [int03]

RN

00 :0000000000000[nt01]0 s0000[nt03]0 jO000000000

e [int02], [int04]

oo

0: 000000

s int O

s int O
OO0 : 00000000000 [int02] 0 010 [int03] 0 oo 0000000



1. 0000oo
gopboggd

e [double01], [double02]
: double [
t (e} ¢,y 00000000

RN
RN

43 00O0OO0OO

[double01] 00 0O [double02] 0 00000000

4.3.12 xxx_cisajscktalt_yyy.dat

83

TwoBodyGUOOOOOOOOOODODOOOOOOOO (c;falcj@c,];asclM)DDDDDD
U0D0O00xxxUDO ChataFileHead U U DU OO DO UOODOOyyyd O ModParal OO O
U NDataIdxStart, NDataQtySmp [l O[] NDataIdxStart---NDataIdxStart+NDataQtySmp

gobodboooboobboobooboobobogo

4 0 0 0 0 0 0 0 0 0.4452776740 0.0000000000
0 0 0 0 0 1 0 1 0.1843355815 0.0000000000
0 0 0 0 1 0 1 0 0.1812412105 0.0000000000
0 0 0 0 1 1 1 1 0.2640364635 0.0000000000
0 0 0 0 2 0 2 0 0.0279690007 0.0000000000
0 0 0 0 2 1 2 1 0.2009271524 0.0000000000
0 0 0 0 3 0 3 0 0.2512810778 0.0000000000
0 0 0 0 3 1 3 1 0.1939965962 0.0000000000

o

gooooo

e [int01] [int02] [int03] [int04] [int05] [int06] [int07] [int08] [double0l] [double02]

goboo

e [int01], [int03],[int05], [int07]

oo

:int O

OO0 : 000000000000 0[nt01]0 ¢0000 [int03]0 40000 [int05) O

EO0O0OO0nt07]0 /000000000

e [int02], [int04],[int06], [int08]

oo
gad

e [double01], [double02]

oo

:int O

: 00000000000 ([nt02] O 010 [int04] O 020 [int06] O 030 [int08] O
o, 000o0o0on
0: Jonoogon
1. 0ggooon
gboooboo

: double O




84 4 000000

00 : {cl,, CiosChyyciey) 00000000
[double01] 00 0 0 [double02] 0 00000000

4.3.13 xxx_ls_out_yyy.dat

Power Lanczos 0000000 (H), (H*)00000000000 «00000000
U0 ModPara 0 OO OO O NVMCCalMode=1, NLanczosmode=1, 20000000000
U00000xxx 00O ChataFileHead U O OO OOOOOOyyy O ModPara OO O
NDataIdxStart, NDataQtySmp U 00 I NDataIdxStart::-NDataIldxStart+NDataQtySmp [
obobobooo

4.3.14 xxx_ls_cisajs_yyy.dat

Power Lanczos 0000000, OneBodyGUOOOODOOODOOOODOODOODOOO
O (cIUlcja2>DDDDEIDDDDDDDDDDDDDD xxx_cisajs_yyy.dat 0 OO0 0000
0 0 0ModPara 00000 OO NVMCCalMode=1, NLanczosmode=20 00O 0OO0OOO0ON
ooooo

4.3.15 xxx_ls_cisajscktalt_yyy.dat

Power Lanczos 0000000, TwoBodyGOOOODODOOOOOO0O0O0O0OO0OOOO0O
O (el ¢josChyycie,) 000000000000000000 0 xxx_cisajscktalt_yyy.dat 0 0
000000 0O0OModPara 0 0O 0O OO NVMCCalMode = 1, NLanczosmode = 2 0 0 0
00000000000
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Juooguo

5.1 OUOOOOOOOO

gooooboooog, oo ooooo, oo ooooooooon
00000000000 00ooo0O0o00ooooO0o0o00 (Dobooooooooo
0)00000000000000O0O00000OO0ODO0O0UD0DOOODOOOOoOOoOO
0,0000000000000D0000,00000000D0000000D0000O0
00000000,00000000000000000000DO0O0O0 {|z)}0000
ooo:
N/2 N/2

@) =TI eh.. TT ¢h..10) (5.1)
n=1 n=1

oo00d,m.0n00000(0DDODO U)DDD,CT O00o0O0o0oooo (0D e)0OO

Tno

ooo0oooooooooooooo,0o0D AgOoOooo

WA o WlA|z) ()
=T =2 i) (5:2)
00000,0000000000
_ =l)? o) —
p(x) = 0 >0, %:p( )=1 (5.3)
ooooag,
_ ) ivlAf)

0000000000 000000000D0DO000DO0DO00O0DODOOO0DOO0O0O0OOLocal
Green’s function Gjjge () O

(Wlel cjorlth)
()
0o0000oo0o00,000000 AO cjacja/DDDDDD,DDDDDDDDDDDDDD
gooooouooooooooo, oo oogobooooooog, ogo

goooogooooguooogdg [Q]D

Gijoo' (x) = (5.5)

5.2 Bogoliubov [ []

O00000000000000 (transfer), InterAl100000000,000000
O00DO0OD00ODODO BogolivbovO DO ODOODOODUOODODODODODODODODOD

85



86 5 0OOooong

goboobooooobooo -oboooboo cig,cZUDDDDDDDDDDDDDDDD:

S

Siz = Z O-C"L!-O'cio' (56)
o=—S
S—1

S:_ = Z \/S(S + 1) — U(U + 1)CIU+1CiU (57)
o=—S5
S—1

Sy = Z VS(S+1)—a(o + 1)l cigia (5.8)
o=—S5

0000oo0ooOosS=1/200000000000000000000 S=1/20000
gobooobobgodgo

5.3 UOUOUOO-OD00ObOO0OOoOOOonO

goooo,b0boo-000b0gbobooogbobobobooboob0obo0pR=3
0032000000000 000b0000b00b0boobooboobooobooonDoo
63300 f;0000000000000000000

5.3.1 f;09,,000 (00000O00COO)

goobooooobobboooooobbooooobobboooooobobooo-g
gobodgobood

e/
o) = (Z Fyehel,) " o), (5.9)

1,j=1

oooooooooooooo, Nooooo,NOooooo, ;00000000000
O000oo00,00 f;000000000000,0000000000000O

N /2 Ne/2
0s1.) = (H o) (TT #h) 100, (5.10)
m=1
- Z Oinoc! . (5.11)
=1

oooooooobog,e00obOoOoboOo0oOobD,0000bDOO0obOd 6,000

N

Z (I)inoq)ima = 6nm7 (512)
=1

gobooboooboooboobboo,oobobod

[Wh g, Ymol+ = Onm (5.13)

<¢SL’Cza—c]O"¢SL>

(psLl¢sL)
=Y PinoPjno- (5.15)

Gijo = <Cj-gcjo> = (5.14)
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oooooog
00, |¢s) 0000, f; 0 ®,, 0000000000000000¢,000000
o000, |¢sL) O

Ne/2

os1) o TT (whyel o, )10 (5.16)
n=1

0000000000000, u(n)0n=1,2,---,N,/2000000000000000
D000,00000n=p(n00000000000000000, K=y 00

0, KK, =K\, Ki0000ooooooo,

Ne/2 Ne/2

os) o TT (whywd, )10y = TT &hio) (5.17)
n=1 n=1

N

¥l Ne ¥ N./2
x (ZKTTL) “ o) = ( Z [Zq)inﬁq)jni} CI'TCL) 10, (5.18)
n=1

ij=1 n=1
gooooooooooooo fijDDDDDDDDDDDDDDDDD

Ne

2
fij = Z (DinT(pjnL‘ (519)
n=1

O000oo0O000oo0000o00o00,000000000000000000000 £
000ooo0ooo0O,0000000D00000 (00 wn)ODODODO)ODOODOOODODOO
0o{@ooo ¢,,,0000000)00000000000000D0O0 f;0000000
goobooon

5.3.2 F;;09,,000 (0DOO0O0ODOODOOO)

gbobobboooobuog-oboooobbooboooooobbbooooboobod
goboboooboboooboboobbooobboobboooboboooobo-ooba
gobogboobbooboooboaoboodg

2N

|opr) = ( Z FIJC}CT;)Ne/QIO% (5.20)
I,J=1
Ne 2N,

os1) = (TTwh)10), wh =" e (5.21)
n=1 I=1

gooobooogo L, Joboooboooooooooboooboobboooobooo
gbobobobobobobobobo,

Ne
2

Fry=>) <(I)In<an+1 - ‘I>Jn‘1>1n+1)- (5.22)

n=1

gboobobooboboobbooobobooboboobobooboboobobo
O, mVMCverl0UOOOODOOOOOOODOODOO
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5.3.3 f;00000O0

00 F, &y, &, £ 0

(F)ij = fijy (P1)in = Pint,  (®))in = Ping, (5.23)
¥ = diag[l,---,1,0,0,0], (5.24)
Ne/2

00000000b0000000 f;(0000 F)DO00O00000000000O0000
gboboroooogog

F = ,59]. (5.25)

oooboooooobgoooobooboboobooobOo FOOODODUOUDOODDODOD
ooooo N/20000,00000 FOOOOOOOOO 1000000, ;0000
000000000000000 (0000000000000 oOooOooD)0booo
gogooobooob,booobboobobooobbo,goobbuoooboboboooobobo
gbboobobobobobbooboobooboooboo,bbobboobooboond
goboobooooboogd

5.4 Power-Lanczos![]

O000000D00, Power-Lanczos 10000000000 «O0O0O0OO0OO
ooooobo,0db0dboub0obob0d Lanczos DO OODOOOOOOOOODODO
goboogoon

54.1 o000

goo,0b0oobboobuoobbooboooboooobooobooooanbon ADO
ogbobobobobog:

Ay = A9 _ > o). A) (5.26)
plz) = ‘2@'@;2, F(z,A) = <”z‘ﬁx>. (5.27)

oooogad ABDDDDDDDDD,DDDDDDDDDDDDDDD
(AB) = p(x)F(z, AB), (5.28)

(AB) = p(x)F'(x, A)F(z, B). (5.29)



5.4 Power-Lanczos O 89

0000000,0000000000000000000000,0000000000
00e2=(HA-(H)*»)0000000,00000020000000000000

o _Zp x, (H — (H))? Zp H?) — [Zp(x)p(x,ﬁ)] . (5.30)

o :pr Fl(z, B — (H)F (a:,H—<FI>)

= Zp VFT (2, H)F [Zp ] (5.31)

gooooo,ooooooodoudddddydddooooooooog,uga
goodoobobobbotbdooooooobbobobtoooooooboobouooo,ooa
0000000 power-Lanczos 1000 |¢) = (1+oH)|[) 0 0000000000000
oo booooobobobobbbtddououooon

(6| H | ¢) _ ha 4 alhggeo) + hoiny) + o?h3(12)

E = = : 5.32
Ls(e) (9]¢ L+ 2ahy + a?hy(1y) (5.32)
000, ht, hoayy,s h2(20),andh3(12)DDDDDDDDDDDDDD
Zp VFH(z, H), (5.33)
ha1y = Zp 2)Fi(z, H)F(x, H), (5.34)
hao) = Y pla) Fi(x, H?), (5.35)
=> pla)F'(x, H)F(z, H?). (5.36)

98rsle) — 0ODO0OD «00000000000,00000000 00000000

gobogboobboobooboobobooban

5.4.2 0OOOOOO

gboooboodb «ogbooooog,bod AD0DDOOOOOOOOOO0O00O000
goooo

s(a) = (¢l41¢) _ Aot a(Ai10) + Ason) + ® Az
" (9]9) 1+ 2ahy + a2hy) ’

oog, Ao, Ao, A1(01), and A2(11) O

= Z plx A (5.38)

1(10) = Zp VFT (2, H)F(z, A), (5.39)

1(01) = Zp ZE .’13, , (540)

2(11) = Zp VFT (2, H)F(x, AH). (5.41)

(5.37)
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uboboobooboobbooobooboob,ooboobooobooboboboobg
goboobooooboobooooboooon



6

HEN

mVMCOOOOOODODOOOOOOOOOODOOODOOOOOObOOoDOoOOoDOooo
gbobooboboobooooboobobooboboooobbooobobboobog
gbobobobobbobobooooboobobobobobobobobobobobo
gobooboooboobooooobgoo

mVMC ver.0.1, ver. 0.2, ver. 1.000000000000 DOOOOOOODOOOOO
00 (2016 00)00000000000000O0ODOOOOOOOOOOOO
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A

(1 00 O Hartree-Fock U O 0O O O OO O

mVMCOOOOOO00O00000000000000000000000 f;0000
0000 Hartree-Fock(UHF) OO OOOOO0OOOOOOOOOOOOOOOO(DOOO
0B3000)0000000000000000DO0O00000O0000O0O0DOO0OO
gobodgboooo

Al OO

UHFOOOOOUOOMM=A-(A) 00000000000 0OOOOOOOOO0OO
gobodooobooobobooboobooboobo

HV: Z Vijnwnjgl (Al)

1;7]'70.70./

000o0o00oooooooooood=(i,0),j=(j,0)00000000000000O0O
oboboooboooboo

ming = (i) +oma)(ng) + omy) — [(eles) + d(eley)| [(eler) +o(cles)]

J
~ (nayng + (ng)n; — (clej)cles — (cheideley — (na)(ng) + (cheiy(cley)  (A2)

gboobooooobobooboboboobobooboobobbooboboobo
0000000000000 00000DO0o00oDOOoOnnO self-consistent 0 OO O0O
goooooon

All O0O00O0O0O0O
000000000 sre/ComplexUHF/srce 0000000000

Al12 OJO0O0OOOO
000000 mVMCOOOOUOOOOOOD mVMCOODOUOOOOO
$ make mvmc

00000000000000000000000000Ssrc/ComplexUHF/src00000
OO0 UHFOOOOOO0O00
Al1l3 0ODO0OO0OO0OOODOO

0000000000000 (namelsit.def)

UHFOOOOOO0ODODO0O0DOO0OO000O00000Onamelist. def 0 EZO000000O
obobobobobooooo
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o ModPara

e LocSpin

e Trans

e CoulombIntra

e CoulombInter

e Hund

e PairHop

e Exchange

e Orbital/OrbitalAntiParallel
e OrbitalParallel
e OrbitalGeneral

e Initial

cooodomvVMCOOOOOOOODODOODOO
e ModPara DO DOUODODOODOODOODOO

e Tnitial OO ODODOO

OmVMCOOOODOOOODOOOOOOODOODO

ModParaOD OO OOOOOOOGOOOO
UHroooooooooooooooooooogo

e Nsite

o Ne

e Mix

e EPS

e IterationMax

93

Nsite, NeO mVMCODOOUOOOOODOOOOOOODOO UHFOODOOOODOODOO

e Mix

linear mixingd double 0000 0000mix=10000000000 GreenOd OO

gobooboodg

e EPS

O00000D it 0000000000000 000 GreenOOODOOODO Green

Ooooooi10-*PS00000o0oooooooon

e IterationMax

gobooboo0mtdoooooboo

O00mVMCOOOOODOOOOODOOOODOODOOO0O WamingDOOODODOOOO

(boboooooooooooo)o



94 A 000 Hartree-FockOOOODOOO

Initial OO 0O0O

000000 Gijoyo, = {cl,,¢je,) 000D00000000000000 Trans000D
0000040, 00000 Gijeo, 0000000000000 00O0O0O0D000000
0000000000

A2 0O0O0O0O

UHFOOO mVMCOOOOOO
$ UHF namelist.def
gbobooooboooooooooooo

1. Joooooono

2. 0000000000

3. 000000000 (self-consistent 00O O0O)

4. f;0000000000
gooooobobobobbbotboddoooooooooobon

e zvoresult.dat: 0 0OOO0DOOOO0OOODOOOOO

energy -15.2265348135
num 36.0000000000

e zvocheckdat: DO UODUODOOODOODLOODODODOODODODOODDLOODOODODO
gobodgboooboobboooobooobooo

0.004925645652 -544.963484605164 36.000000
0.002481594941 -278.304285708488 36.000000
0.001274395448 -147.247026925130 36.000000
0.000681060599 -82.973664527606 36.000000

w N = O

e zvo UHF cisajs.dat: 000000000000 Gijgre, = (c;-ralcj@)ﬂ
0000000 i,01,4,02,Re[Gijoroy) , Im [Gijo0,] DO DO 000000

0 0.5037555283 0.0000000000
1 0.4610257618 0.0003115503
0 0.4610257618 -0.0003115503
1 0.4962444717 0.0000000000

O O O O
~ = O O
O O O O




A2 O0O0OO 95

e zvoeigendat: OO0 DOOOO0O0OOO0DOOOOOOODOOOOOOODOODOOOO

1 -2.9425069199
2 -2.9425069198
3 -1.5005359205

e zvogap.dat: 00000 Nyt 0000000AE = E(Nyot + 1) — E(Neoy) 000 0
oooo

( 5.2208232631 )

e zvo_orbital opt.dat: 0000000000000 f;;0In0rbital,InOrbitalAntiParallel,
InOrbitalParallel,InOrbitalAntiGeneral 1000 O0O0OOOOOOOOOOOO
0000f;; 0 Orbital, OrbitalAntiParallel, OrbitalParallel,OrbitalAntiGeneral
J0o000oooooooboooooobooooD0o0obOoobOoDoooOooboooon
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