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What is HP?
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1.1.2 000000
©2015- The University of Tokyo. All rights reserved.

gboogbobd 2015 201600 DO00bOO0o0oo0g oboooboboooboboo
gboboboogobbobuooooooobbbuoooobbbooooboo

1.1.3 0O00Odd
goboboboooobboooobbobooooooboobogb

e ver.3.0.0 (2017/12/25 000 0)

- oo
«+ 00 00 (0000 000oo0)
« 00 00 (D000 oOoooo)
« 00 00 (0000 00oog)
«+ 00 00 (0000000 00oooo)
«x 00 00 (0000000 000ooono)
« 00 00 (0000 0D00oog)

- gobooboooooobobogo
« 00 00 (0000 00oog)

e ver.2.0.4 (2017/10/24 000 0)
e ver.2.0.3 (2017/8/70000)

e ver.2.0.2 (2017/7/50000)

e ver.2.0.1(2017/6/20 000 0)
e ver.2.0 (2017/4/110000)

e ver.1.2 (2016/11/140000)

e ver.1.1 (2016/5/130000)

e ver.1.0 (2016/4/50000)
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How to use Ho?

2.1 OO

HoeOUOOOOoOO .-OOOobooobooboooo

e C/fortran 00000 (DODDDOODOODOOGNUDODO)

e BLAS/LAPACKOOOOO (D000 MKL,OOO, ATLASOO)
e MPIOODOO (MPIDODDOOOUOOODODOODODOOO)

Tips

0/intel0 000000000

intel 000000000000000000000000000000000
00000000000

64000 OSO bash0 000000000

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

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

OO0 /.pashrc DO OO00ODO0OD0OO0O0O0OO0O0ODOODOOOOODODOODODO
gogboobuoooobobooogbo

/

22 OJ0O00OOooOOoo

HeOOooooooooooooooooa
https://github.com/issp-center—-dep/HPhi/releases
gdodododododouooooooooouoooo

$ tar xzvf HPhi-xxx.tar.gz

HOPO ecmake 000 000000000000 EOHGPODOODODOOOOOO
O0000%PathTohphi 0000000000 O$HOME/build/hphi (000000
0000)00ooooo

*IHPhiconfig.sh 00D O OO0 ver.3.00 000000000000

4


https://github.com/issp-center-dep/HPhi/releases

23 O0oOOOooOoOoo )

cd $HOME/build/hphi
cmake -DCONFIG=gcc $PathTohphi
make

0000000000000 0O0O0C0ODODODODOS$SHOME/build/hphi 000 sre

O0ob00ooboobooboobooboobo Phi0OODOO0OD0O0ODOOODOODOOO0

MPIOOOOOODOODOOOOoOOMPIOOODOODODODOOOOOODOODO
gbbbooddegechDOooobbboooobbboooobbbon

e sekirei: DO ODOOODOOO B "sekirei”

e fujitsu: DO ODOD0OD00OO0 (DOOO0O0ODOOO C7maki”)
e intel : intel0 0O OO + Linux PC

e gcc: GCC + Linux PC

gooboobooobooboboooobogpPhidbobgobobobobouonbon
0000000 (intelD00O00O00O0O)O

mkdir ./build

cd ./build

cmake -DCONFIG=intel ../
make

OO000ObuldOOOOOD0Osrc000D00O0O0O0ODO0OHPHO sce0O00OOOO
OOob0ooooboooobooobooboobooboboobb00obo0ooO0oOod build
gbgobouogobuogboobobboobboobbooboooboobobon
SSE200000000000cmake 000000 ODO-DHAVE_SSE20 00000
goboo.

. N
Tips
sekirei 0 cmake DO OO OO0
source /home/issp/materiapps/tool/env.sh
OooooOooooobbooooboooo y

23 UO0OO0OOOODOO

HbPhixxx.gzO OO DOOOOODOODOOOODOODOOOOOOODOODODO

|— — — CMakeLists.txt
F —— COPYING

F —— config/
|— — — fujitsu.cmake



- — — gcc.cmake

- — — intel.cmake

- — — sekirei.cmake
F—— doc/

-—— en/

- —— fourier/

|— — — userguide_en.pdf
L — — userguide_jp.pdf

- —— HPhiconfig.sh
- — — samples/
- — — src/
|_ — k¥
|— — — CMakeLists.txt
I —— include/
| L_ k]
L — — makefile_src
| — — test/

- — — test_tool/

2 How to use H®?
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24 0O00O0OO0OOO

HOOODODOODODOOOOOOoOoooOooooooo 2000000000000
gbbbuoodgbbbuooobbboooobbbooobbbooobbboo
gbobbooogoboodagn

241 0000O0OO0OO0OO0OO
gboboboooobbbuoooboboboooobod

1. oggboboooobo
gboboboooobbobuoooobbbooooobon

2. 00000000000 O0O0DOO0ODOO0

O000000000000000000000000000000 (Heisenberg
0000 HubbardODODO)OODO (DOODODDOO)0DDO0O0OO0ODOOOOOOOO
0000000000 (000 -00D0000000ooooooOoooooo
O00)00000 (LanczosOOTPQOOD)0DOOOOO0OOOOODODO Sec.
Engoobbogooooo

3. 00

7-s”(“--standard” 000 )00000000O0DOOOCO10000000O
gbboboooobobOorphibDOO0OOyg

e 00JOU0O/OpenMPODO OO0
$ UOO/HPhi -s OOODODODO

e MPIDDO /OD0DODOODDO ODOO
$ mpiexec -np 00O ODOO OO/HPhi -s OOOOO0O

gogbobbbbbdooooobobbbbuoooooooobbobb
ggbobboobboooooobbobobobbooooooooobboon
ggooooooobbbbobobbbbbooooooooboboboon
gogoboboobbooogoooobbobbodoooooobooon
gboobbodbepeE3gooooogn

4. 0000
obooboobuotdbDouwtpwtDO0OO0O0O0OO0OO0OOOODOOODDOOOO0
obobbobboobooboobeEzoooobooboooo

5. 0O od

gbobbobboogouobobbodgddoutputd oo
gboboboobbobobooooboboobobuoeE3oobobon
gobooo
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(s
Tips

OpenMP 00000000

D000 OpenMPOOODODODOOODOOOOOODOXGOODDOOOOODOO
00000000 (160000000)0

export OMP_NUM_THREADS=16
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242 0U0O0O0O0O0OOOO
gobboooobbbuoooobbboooonood

1.

obobooboobod
0000000 (00o00o0)0D000o00oooooooooooo

gbooboooogooo

goooooboooboobboobobobooboobobbobbobbbbbbbD
gbodbbooobuogbuoobuobgobogbboboobbuooboabn
OO0000D0O0O0000D00 Sec. I20000000000DO0DO0ODODDOO
OO0b0000o0ob0oboboobouoboonbogD Stdracedet DO OOOOOOO
gboobooboooobon

0o

7-e”(“--expert” 000 )0 00000000 OOOOO1I000O0ODOODOO
obogbbooboobooboobobboHeDOoDOOoOO

e U000 /OpenMP OO
$ ODO/HPhi -e ODOOOODODOOO

e MPIOD /OODODODODOO
$ mpiexec -np U0 OO0 OO/HPhi -~e O0OOO0O0OOODO

gboobboobodoboobobooboobbooboobobon
gbooboooboe3ooooogog

gooo
gbobobooodobiboutputODOOO0OO0ODDOOOO0OOODODOODODO
obobbobboobooboobeEmoboobooobooono

gooo

gbobbobbooooobbbbuodooddoutputddbobooggn
oboboboobbooboboobooboboobobuoe3oboobon
gobooo
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243 00OO0OOOOO

MPIOO /0000000000 OCOOOOOODOOOOOOOOOOOOOO
ooooo

1. Standard O O O

e IO OOOOODO
gboddododododododd model="Fermion Hubbard",
"Kondo Lattice", "Fermion HubbardGC'O OO OOOOOOOO 4™0
oooooooooooooao

e 1000
ddddoooououuududd model="Spin", "SpinGC" O O
000000000 28000000000000 (2s+)"000000
00000000 (Coooo0 2s=1)0

2. Expert 0 0O O

e J0ODOODOOOODO EZADO CalcMod U D OO OO CalcModel O I
O fermion Hubbard O OO DO OO0OOOO0ODOOOOOOODOOOO 47
gobbbooooobboood

e JOOU

E220 CalcMod OO O OOOCalcModel DO OO OOOOODOOOO
O000EZ2a0 LocSpinO0 0 O0O0OO0OODOOODODOODODDODODODODO
0000000000000 D0bO00D000DDO00ooOoooDoOoon
000000000 (2s+41) 000000000000 0OO
O000LocSpin0OOOO

g R
NlocalSpin 3

0 3
1 2
2 1

N J

000000000000000000002=1+41, 6=2x(2+1), 24 =
6x(3+1)000000
244 0O0O00O0OOOOO0O0OO

OobooO0-vOOooooooboHeOUOOOOO, 00000000000
obooboobog

$ PATH/HPhi -v



3

guoguod

3.1 UO0oooooon

3.1.1 Heisenbergl [
ooooooooooooooon

samples/CG/Heisenberg/
O0O0C0O0OOOHeisenbergO OOOOOOOOODODOOOOOO
samples/CG/Heisenberg/stan.in

00000000000 20000000 HeisenbergDO (0000000000
O0000000000000)000000o

4
H =17 (S-S + S - Sij) (3.1)
ij—1
0000000000 (S5=8,=531)0000000000000000000
goouoouoodd

~

model = "Spin"
method = "CG"
lattice = "square"
W=4

L =
J=1.0

\QSZ 0 )
0000000000 J=1(0000)00000000 16000000

| S

gooo

gboogoboobodboobbdboutpuitd 0o oonon
gboobdobobobbobboobuooboboobooboobooboobon
gboboobooogobod

CHECK_InterAll.dat Time_CG_EigenVector.dat zvo_Lanczos_Step.dat
CHECK_Memory.dat WarningOnTransfer.dat zvo_sz_TimeKeeper.dat
CHECK_Sdim.dat zvo_TimeKeeper.dat

11



12 3 0oooogon

gooboboboobobiosesmmdodoooooooboooooon
OO0 (MPIOO /0000000000 OOOO0OOOOOOO)OO00O0OOOOO

$ 00O /HPhi -s stan.in

, ammmmmmmmmmmmmmb , , Welcome to the
,00°¢ dm mb ===
,00¢ d00CEEEEEEEEEEAAAL Pm, @0 @@ @@
d@ deOQ@ Q0 ©CEROR QReGb "Ga @ @@ clelefelelelele]
de @00@ """ @O00Q@ m m QG @, @0 @ 0@ 0@ @00

@ 000@_0Q00_00@mm mm@0e @| OOmmmmmmmmmmO@ @@ @0 Q@
Pa@ elelclelelelelelelelelelelclelelelel @~ QOO0EEEEOEEEEQe @@ Qe Qe

©Q ~“90QQEEQPPP~ eP @@ @@ ©0@ 0@ 0@e
~@@b (Clelefefelel@ ,Q0~ @@ @@ (lelelefelelele
~@0@m, ,000QQQQRRC ,mQ@~°¢ @@ ©Q @@
“7900000eEeee ~
9@P~ "~ ~"9@P Version 2.0.3

##### Parallelization Info. #####

OpenMP threads : 1
MPI PEs : 1

###### Standard Intarface Mode STARTS ######
Open Standard-Mode Inputfile stan.in

KEYWORD : model
KEYWORD : method VALUE : CG
KEYWORD : lattice VALUE : square

| VALUE : Spin

I

I
KEYWORD : w | VALUE : 4

I

|

I

KEYWORD : 1 VALUE : 4
KEYWORD : j VALUE : 1.0
KEYWORD : 2sz VALUE : O

###H#H#E  Parameter Summary  #######

@ Lattice Size & Shape

a = 1.00000 ###### DEFAULT VALUE IS USED ######
Wlength = 1.00000 ###### DEFAULT VALUE IS USED ######
Llength = 1.00000 ###### DEFAULT VALUE IS USED ######

Wx = 1.00000 ###### DEFAULT VALUE IS USED ######



3.1 0O0000o0oo0oad

Wy = 0.00000 ###### DEFAULT VALUE IS USED ######
Lx = 0.00000 ###### DEFAULT VALUE IS USED ######
Ly = 1.00000 ###### DEFAULT VALUE IS USED ######
phase0 = 0.00000 ###### DEFAULT VALUE IS USED ######
phasel = 0.00000 ###### DEFAULT VALUE IS USED ######

Q@ Super-Lattice setting

L=4
W=4
Height =1 ###### DEFAULT VALUE IS USED ######

Number of Cell = 16

@ Hamiltonian

h = 0.00000 ####4#%# DEFAULT VALUE IS USED ######

Gamma = 0.00000 #####4 DEFAULT VALUE IS USED ######

28 = 1 ####4#  DEFAULT VALUE IS USED ######

D = 0.00000 #####4 DEFAULT VALUE IS USED ######
Jox = 1.00000
JOy = 1.00000
Joz = 1.00000
Jix = 1.00000
Jiy = 1.00000
Jiz = 1.00000

@ Numerical conditions
LargeValue = 4.50000 ###### DEFAULT VALUE IS USED ######
###### Print Expert input files ######
locspn.def is written.
coulombinter.def is written.

hund.def is written.
exchange.def is written.

CDataFileHead = zvo ###### DEFAULT VALUE IS USED ######
Lanczos_max = 2000 ###### DEFAULT VALUE IS USED ######
initial_iv = -1 ###### DEFAULT VALUE IS USED ######
exct =1 ###### DEFAULT VALUE IS USED ######
LanczosEps = 14 ###### DEFAULT VALUE IS USED ######
LanczosTarget = 2 ###### DEFAULT VALUE IS USED ######
NumAve = 5 ###### DEFAULT VALUE IS USED ######
ExpecInterval = 20 ###### DEFAULT VALUE IS USED ######
NOmega = 200 ###### DEFAULT VALUE IS USED ######

OmegaMax = 72.00000 ###### DEFAULT VALUE IS USED ######
OmegaMin = -72.00000  ###### DEFAULT VALUE IS USED ######
OmegaIm = 0.04000 ###### DEFAULT VALUE IS USED ######
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28z =0
modpara.def is written.
Q@ Spectrum
SpectrumQW = 0.00000 ###### DEFAULT
SpectrumQL = 0.00000 #i#####  DEFAULT
SpectrumQH = 0.00000 ###### DEFAULT
SpectrumType = szsz ###### DEFAULT
pair.def is written.
© CalcMod
Restart = none ###### DEFAULT
InitialVecType = c ###### DEFAULT
EigenVecIO = none #it#E DEFAULT
CalcSpec = none ###### DEFAULT
calcmod.def is written.
ioutputmode = 1 ###### DEFAULT
greenone.def is written.
greentwo.def is written.
namelist.def is written.
######  Input files are generated. ######
Read File ’namelist.def’.
Read File ’calcmod.def’ for CalcMod.
Read File ’modpara.def’ for ModPara.
Read File ’locspn.def’ for LocSpin.
Read File ’coulombinter.def’ for CoulombInter.
Read File ’hund.def’ for Hund.
Read File ’exchange.def’ for Exchange.
Read File ’greenone.def’ for OneBodyG.
Read File ’greentwo.def’ for TwoBodyG.
Read File ’pair.def’ for PairExcitation.
###### Definition files are correct. ######
Read File ’locspn.def’.
Read File ’coulombinter.def’.
Read File ’hund.def’.
Read File ’exchange.def’.
Read File ’greenone.def’.
Read File ’greentwo.def’.
Read File ’pair.def’.

3 0oooogon

VALUE
VALUE
VALUE
VALUE

VALUE
VALUE
VALUE
VALUE

VALUE

IS
IS
IS
IS

IS
IS
IS
IS

IS

USED
USED
USED
USED

USED
USED
USED
USED

USED

HE#HHH
HH#HHHH
HE#HHH
HHHHHH

HE#HHH
HH#HHHH
HE#HHH
HH#HHHH

HE#HHH
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###### Indices and Parameters of Definition files(*.def) are complete. ######
MAX DIMENSION idim_max=12870
APPROXIMATE REQUIRED MEMORY max_mem=0.001647 GB

###### MPI site separation summary ######

INTRA process site
Site Bit

© 0 N O WN - O

[ = =
D W NN - O
N NDDNDNDNDDNDNDDNDNDNDDNDDNDDNDNDDNDDNDNDND

-
(¢)]

INTER process site
Site Bit

Process element info
Process Dimension Nup Ndown Nelec Total2S8z  State

0 12870 8 8 8 0

Total dimension : 12870

###### LARGE ALLOCATE FINISH ! ######

Start: Calculate HilbertNum for fixed Sz.
End : Calculate HilbertNum for fixed Sz.

Start: Calculate diagaonal components of Hamiltonian.
End : Calculate diagaonal components of Hamiltonian.

###### Eigenvalue with LOBPCG #######

initial_mode=1 (random): iv = -1 i_max=12870 k_exct =1
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Step Residual-2-norm Threshold Energy
1 2.44343e+00 1.00000e-07 -5.27456e-01
2 2.76604e+00 1.87217e-07 -1.87217e+00
3 2.61923e+00 4.19088e-07 -4.19088e+00
4 2.57106e+00 5.97098e-07 -5.97098e+00
(0D)
40 7.39431e-06 1.12285e-06 -1.12285e+01
41 4.15948e-06 1.12285e-06 -1.12285e+01
42 2.04898e-06 1.12285e-06 -1.12285e+01
43 9.92048e-07 1.12285e-06 -1.12285e+01
###### End : Calculate Lanczos EigenValue. ######
###### End : Calculate Lanczos EigenVec. ######

i= 0 Energy=-11.228483 N= 16.000000 Sz= 0.000000 Doublon= 0.000000
gobogboboobooboboboob0oob0odbUubbU locspin.def

trans.defllexchange.defllcoulombintra.defJhund.deflInamelist.defllcalcmod.defl]

modpara.def UL UOOUODUOOOOOOOOODODLDOOOOOOU greenone.defl]

greentwo.def U U D UOUOOOOODOOOOOODOOOODOOOOOOOOOO

gbooooo

000000000000 (LOBCG) O
OO00000DOmethod = "CG"ODOODODOOOLOBCGOHOOOOODODOOO
ooLoBpCGUOUOOOOOOOOOobOOobOobOOoboOOobbOOobbOOoDbOoo
gboobgboobogoboogobuoouooboobboobooobobn
obboooobobobbbooobbbboooboooobbooon
000000000000 (xx0OOO00ODDOO0OO0DODO0DODODOOOODOOO)O

zvo_energy.dat zvo_cisajs_eigen_xx.dat
zvo_cisajscktalt_eigen_xx.dat

OO00O0O0O0O0O0OO0O0D0ODOODOgreenone.deflgreentwo.def 0 0 0 Ozvo_cisajs_eigen_xx.dat!
zvo_cisajscktalt eigen xx.dat 0 0 000000 00O0OOOOOOOOOOOO
A A - o 074

-3 0googooboobooboobooodg

Lanczos O
Lanczos O OO0 O 0O0OOOOOOOOOOOOOOOOOOOOOOOOOO
00000000 O0O00ooooooooooouoooooo
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zvo_energy.dat zvo_cisajs.dat
zvo_cisajscktalt.dat

UobddbbddbUdUlgreenone.defl] greentwo.def U U0 OO
000000000 (n,)0 0000000000 (nienje) 00000000
OU00O0OOLanczos DO DO ODOOOOODOOOO0OOODOOODOODOODOO
OO0b0O0000b00b00b0b0b0b0OLanczos O 0O0O0OOOOOOODOOO
O0000000D0D0OD0O0000D0DODOOOAccuracy of Lanczos vetor is not
enoughl OO0 O0O0OOCGUOOOOOOOOOOOODLOOOOOOOOODO
00312, 32600 0000000000000000O00

TPQO
0000000 method = "TPQ"0 000000 TPQUOODDONOODD
OOTPQUOODODOO0DO0O0ODO0O0ONO0NDNOONOOOONOOONOOD (%%0
Orn0000&&O0 TPQOOOOOOOODOO0)O

Norm_rand%’.dat SS_rand’%k.dat
zvo_cisajs_setl/%step&&.dat
zvo_cisajscktalt_setstep&&.dat

Normrand%%.dat 0000 000000000000 O0OO0ODOOOOOOO
OO00run00000000000000000000000O0OSSrand%%.dat
guobdooodooobobooooobuoooooboooooooogo
run000000000000000000004Ozvo_cisajs_set%%step&&.dat,
zvo_cisajscktalt_set%%step&&.dat OO0 run 0000000000 OCO0OO
doooooooooooodooooonooooooooooooogog
00000E3E, E3E, 632000 00000000000000000

goooboo
000000 method = "fulldiag"U O UOUOUOOODODOOOO0OO0OOODO
gbogboouoboogobugbbogboobbboobooobooobn
000 xxOOoOOOOOOOOOOoOoOoooOoD)Oo

Eigenvalue.dat zvo_cisajs_eigen_xx.dat
zvo_cisajscktalt_eigen_xx.dat zvo_phys_Nup4_Ndown4.dat

Eigenvaluedat 0 00000000000 OO0O0OODOOOODOOODODOOO
O Ozvo_cisajs_eigen_xx.datUzvo_cisajscktalt eigen xx.dat 000 OO0 00O
0000000000000 000000O0DO00oooooooooooog
zvo_phys_ Nup4 Ndownd.dat 0 0000000000000 DOOOOOOOO
Oboboooboooooboboooboboob =2 - 32600000
0000000000 Oooogon
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3.1.2 0JUObogoooooobood

samples/0 00000000 O0OOOOODOO0ODODOO0OOOOODOOOOO
gboboboboobobuoobobobobuobubib0bODb README. md [
gbobobodo
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3.2 OO0OO0OO0OOO

000000000000 000DoO0ooDoon
1. 000o0oooogdg

2. 000000D0O0DoOooOd

3. Hamiltonian 0 0 000 00O

4. 0D0ODOO0OODOODOO

gbbbuoooobbbuoouoooobbbuoooobbbuoooobboao
gbboobobobuooogbbboooobbobuoooobbbuoooobbogao
gboboboogobbboooobboboooobod

3.21 0OU00OO0ooooooboon

O0D0O0000DO0000b00O0D0000 namelistdef00O00O00OOO0O
gbobobooooooobobobuobobouoobounon Keyword OO O
gobobogoobbbuoooobbbooooooob ez booogn

4 M

ModPara modpara.def
LocSpin 1locspn.def
CoulombInter coulombinter.def
Hund hund.def
Exchange exchange.def
OneBodyG greenone.def
TwoBodyG greentwo.def
CalcMod calcmod.def
PairExcitation pair.def
SpectrumVec zvo_eigenvec_0

N /

3.22 0UO0OO0OOOOO0OOO

goouboooooobboooouooboboboooooboouooobobon
gog

gooooooo
CalcModO OO DOOOODOODOO (ODOODO calemod.def) DO OOODOOO
goddbbbodoooooooobooobbo
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#CalcType = 0O:Lanczos, 1:TPQCalc, 2:FullDiag, 3:CG
#CalcModel = O:Hubbard, 1:Spin, 2:Kondo, 3:HubbardGC,
#Restart = 0:None, 1:Save, 2:Restart&Save, 3:Restart
#CalcSpec = 0:None, 1:Normal, 2:No HxPhi, 3:Save,

CalcType 3
CalcModel 1
ReStart O

CalcSpec O

CalcEigenVec O
InitialVecType O
InputEigenVec O

-

CalcType OO OOOODOODOCalcModel DD ODOOOOODOODOODOOODO
00000000000 LoBCGOOOOODODOOOODOODO (Doooo)
OO00b0OobObobDCalcModOOOOOODOODODOOOOOODODODOO
OO00O0DO0bO0Ob0O0OCalcModODODOODODOO0OEZ2A00000000

goboooggoon
ModParaD OO0 DO O0O0O00O0O000 (D000 modpara.def) 00000000
gbbbooguooaobbbuoooobboadao

CDataFileHead =zvo
CParaFileHead zqp

Nsite 16

25z 0

Lanczos_max 2000

initial_iv -1

exct 1

LanczosEps 14

LanczosTarget 2

LargeValue 4.500000000000000e+00

NumAve 5

ExpecInterval 20

NOmega 200

OmegaMax 7.200000000000000e+01 4.000000000000000e-02
OmegaMin —7.200000000000000e+01 4.000000000000000e-02

Omegalrg

0.0 0.0
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OO0o00oooobooboooobobobooboDbon S, 0 Lanczos O OO
OO00bO0boboooogbbOModParall000ODODO0OEZ3OOOOON
HEN

gobboooogoon
LocSpin 000000000000 (DOUDODO loespndef) 000000000
OSOo0bo0bdbobooooooboboboooooon

-

NlocalSpin 16

add W N - O
i

=

LocSpin 00000000 EZA0000O0O00O0OO

3.2.3 Hamiltonian 0O 0O

O0D0000000D00000HamiltonianOO0OODO0O0OO0OO0OO0OODOO
obooHeOUOOoOoooobuoobuooboobobobooboooboooobog

Sgi) — (C;[TCZ'T — C;-ricii)/Q, (32)
S(j) = chcu, (3.3)

OO000DbO0b00000000Dd Hamiltonian OO OO ODOOOOO0OODOOO

Transfer 0 0 OO
Trans 000000000000 (D000 zTrans.def) 0000 O Transfer O

00 00O Hamiltonian
H+ = — Z tijolUQCl‘Lolcj@ (35)

ijo102

gbbboobuodabobbbooodabbbodn

NTransfer 0
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000000000000000000000000000000000000
10 —0.58"(S=1/2)0000000000000000000 —0.5/2(clcip—
cl,c;)0000D0000000000000DD0000000D000000

a N

NTransfer 1

Trans DO 0O0DO0O00O0BEZA00000000

gobooboogon
InterAlD 00000000000 (DOOO zinterAlldef) DO DO O0O0O00OO
OO00000D00O0 Hamiltonian

H+ = Z Z L‘jkzomogﬂc%lcjgzclggcm (3.6)

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

gbbbuoobugoobbooodgbbobagn

a I
NInterAll 96

0 0 0 0 1 0 1 0 0.500000 0.000000

0 0 0 0 1 1 1 1 -0.500000 0.000000

0 1 0 1 1 0 1 0 -0.500000 0.000000

0 1 0 1 1 1 1 1 0.500000 0.000000

0 0 0 1 1 1 1 0 1.000000 0.000000

0 1 0 0 1 0 1 1 1.000000 0.000000
\_ J

gbbobooobbbbooooiggob+1obbogoobobbooan
000S=1/200000000000000000000O0ODOOOOOO

Hiiph= J(Sii)sg(ﬂiﬂ) + S!(/i)S?SHl) + Sﬁ")Sf“))

—J (1595(”1) + ls(i)s(jﬂ) + S(Z’)S(H—l))
2 - 2 - z z

1 1 1
_ P Pt t i t i
=J {g%%%uwm +gencncinciny + g (ehen — ) (Cipciong = ¢y Civl)

000000000000J=20000 InterAlDO000000000O0
oooooooooooooos?sYoooooo
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i 0 i 0 i+l 0 i+l 0 0.500000 0.000000
i 0 i 0 i+l 1 i+l 1 -0.500000 0.000000
i 1 i 1 i+ 0 i+l 0 -0.500000 0.000000
i 1 i 1 i+l 1 i+t 1 0.500000 0.000000
goobboooododad
i 0 i 1 i+t 1 i+l 0 1.000000 0.000000
i 1 i 0 i+t 0 i+t 1 1.000000 0.000000
0000000000000 000OO0OInterAllD OO OO Hamiltonian O O
guoddooooobbbbbooooooououobobooboa
Coulomblntra: nyn, 00000000000000O0 (nw:cjacw)D
CoulomblInter: n;n; D00000000000O000 (n; =ni +n,)0
Hund: ngnjy +nyn;, 0000000000000000
PairHop: c/.c;iclc;, 0000000000000000
Exchange: STS;DDDDDDDDDDDDDDDD
Ising: SfS;DDDDDDDDDDDDDDDD
PairLift: c.c;cl.c;, 000000000000000
goobbbtbdoguboooobbbtbidezneyioooooag
3.24 UUO0UOOUOOOOO
OO0 GreenODOUOODODOO GreenOODOODODOOOO0DOOOOOD OneBodyG,
TwoBodyGUOOOODOOODOOODOOODOOODOO
OO0 GreenOOOODOGOOOODO
OneBodyGO OO OOOOOODOOO (DODODO greenone.def) 000000
DGreenDD<C;fglcj02>DD|:]DDDDDDDDDDDDDDDDDDDDDDD
a N
NCisAjs 32
======== (Qreen functionsg ======
0 0 0 0
0 1 0 1
1 0 1 0
1 1 1 1
2 0 2 0
= )

OO0 GreenOO0ODO0OOO0OO0O0DDOOOOOOOOOODOOOOO 2212
oboooobooon
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00 Green0OOOOO0OODOO
TwoBodyGUOOOODODOOOOOO (DOODO greentwo.def) D00 OO0
O Green OO (¢}, ¢joych,,cr) 000000000000000000000

oooon
f
NCisAjsCktAltDC 1024
======== 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
N

OO0 GreenU O OOOOOOOOO0oOoOooooooboobooooDO 213
gbooooogn

3.25 00000

000000000 00o0b00ob0bo00oo00o0oooooooOooooa
00000000’ 0000o00o00o0oooooo0oonoooooon
(0000 namelist.def) DOO0000O00O00O0O00 HPOOOODOOO
$ 00 /HPhi -e namelist.def
00000oooooooboboboooooooooooooooa



33 000O00O0Ooooboooonbooon 25

3.3 Uooooooboooboooboon

googobodbooobodbooobooobbooboobboboon
gbbboooobobobbboodgbobbodan

l.abobogoobboogooobobboooobboboooga

2. 000000007-sdry’D000000COCO0O0O (0000 StdFace.def) 00O
OO00OO0DO HPhDOOODOODOO
$ OO /HPhi -sdry StdFace.def

O00O0MPIOOOOODOO (mpirun, mpiexecOD )OO OOOOOOOOO

3. 0000000000 bDbO0oboouobOUObOoUoDOobobOdeftobbobOO
goooogo

calcmod.def  greentwo.def namelist.def zTrans.def
greenone.def modpara.def  zInterAll.def zlocspn.def

34 UO0OOOOOOOOO

gboogbuodgbboogobuoobbuobbooboooobooboon
gbobboobooboobgoooboobuooboobobboboobo

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

gobobooooboboooobbbooon
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Juoboguno

4.1 0O0O0O0O0O0O0OO0OO0OO0OOO0O0O
Oo00ooooooodooogoooooooooooooodgn
-

W=2 h
L=4

model = "spin"

method = "Lanczos"

lattice = "triangular lattice"

//mu = 1.0

// t=-1.0

// t> = -0.5

// U =28.0

//V =4.0

//V’=2.0

J=-1.0

J’=-0.5

// nelec = 8

25z = 0

J

\_
gbooboobobbobbgg

e ]JJ0D0ODODOODODOUIOD (UO)0ODODODOOO (=O0O0)ODOODDODO
gobo=0000booggo

gboboboooobbooooboob

0000000//00000 (D00o00O00)0ooooooooog

gboboboboobobobubo-gbuoobgbobuoboobobogn
goboogobooodan

gboogbboobboobuogboobbooobuoobooboboobn
0000000000 Uoooo0o0oooooooooooo)ooooo
googbboobbooboobooboobboboboobooboonbn
gbbodbbuoobodobuoobboboobboobbooboodoabn

gooooo

gobobooggboobobuooooa

26
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4.1.1 O000OO0O0OOUoObOoOooooon

e model

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

oo :bbddooogoboboooboobobobbboooooooobooobn
00000000 Hubbard OO

H = Y Z C;-rgcig — Z tijC;-rUCjo- + Z Unnnu —+ Z Vijnmj, (41)
io i#jo i i#]

0000000000000000 ({o1,00} = 2,7, 2)
H=-hY S.-TY Su+DY S.S:.

—+ Z J/L'jo'lsio'l Sjo’l + Z Jijo'lazs’iUlSjO'Q7 (4'2)

13,01 15,01 750—2

O00000000000000 (HwbbardOODOOOO UO JOOOODOO

0oo)
J _
H= —uz C;‘rocio' —1 <Z> cjocjg + 3 Z {S;“chcn +5; c;rTcl-¢ + Siz(ni — nu)}
10 1])0 A

i#]

000000000000000000 HubbardO O [0 (ED)000000
000000000000 [0 (E)000000000000000000
0 [0 (\®))0000000

"SpinGCCMA"O O "SpinGC"'O0 0000 00ODOOOOOOOOEOOOOO
obhooobooboobooboobooo MPIDODDOODOODOO
O00db"Lattice"UDDOOOOODODOO

e method

00 : 000 ("Lanczos", "TPQ", "Full Diag", "CG", "Time-Evolution"[]
oooo)

gt - gggoobobbboboobboboobbbbbboboddgooooon
goboboboooooobobob,booooobbobboooooobon, b
000000000000, LOBCGO [@RO0OO0OO0DO0DOODOOOOO,O0
gbobobooodgobobn

gbodboobooboobooboobobbobobobbobbobb
OO0 ce"0 000000000000 KwOOOOO MOO0OOOOOOO
0000000000000 000 [o,moo000oooog

“1000000000000000000
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e lattice

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

00 :00000000000000000000001000 (Fig. B(a))0
2000000 (Fig. EN(b)02000000 (Fig. E0(c))020000000
000 (Fig a2)0 0000 (Fig. B4)0 00000 (Fig. E3) 0000000

method="SpinGCCMA" JUD U U "Chain Lattice", "Honeycomb Lattice",
"Ladder", "Kagome"U U DO O OO OOO

00000000000 (L,W)O MPIOOO (Npy) 0000000000
0 (000LWOoOODOOOOoo)o

— "Chain Lattice"
L=8(000n0n>1000), Npwe < 2(L=28), Nproec < 2L/2-2(], >
8).

— "Honeycomb Lattice"
W =3,L>2, Npoc <2(L =2), Nproe < 64(L > 2).
— "Ladder"
W=2L=2n000n0n>4000), Npoe < 2874

— "Kagome"
W =3,L>2, Nywoo <1(L=2), Npyoo <512(L > 2).

4.1.2 000O0O0OOOOOOO
1000 [Fig. &1(a)]
o L
OO0 :000
OO0 :0000ogooooo.

0000 (Fig. @4)
o L
oo :o0dd
o0 :goobbooooo.

o W
ogd 000
Od :00ggpooogooo.
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-
() B @@ @ W
e )
o ao to, Vo, Jo
O @ (5/ ..... \ @ g ------- t1, Vi, i
O S S a)‘":: ------- ty, Va, Jo
~ ¢V
W

Figure 4.1: (a)10000 (b)20000000(c)20000000000. 0000
000000000000000000000000000000 (000000
0)000000¢V,JO00000000000 (0000)00o0ooo¢,v,Jo
ooooo

Figure 4.2: 2000000000000 0O0. O0OOoO0bOoO0obOoOoboboOooOoD
gboboboooobbobuooooboboooobbboobboooobobobooo
gbbbuoooobbbuooobobbboooobbbuoooobboao



30 4 000000

th V07 j()
tla V17 Jl
t27 ‘/27 J2
AVl j/

Figure 4.3: O ODOO0ODOODODO.

- —O——0——O—— -

SN N %1%
o —— -
\\ 1‘4“\ K3
* 1 AR
N 1 \(
'\\ 1 " \
K4 N ¥ ”» \\
R4 P )
v
. / / /
. Jl,tl,Vl
D — J07t07V0 Aemmmmm—— > J27t27V2
. . / / /
R =7 Jl,tl,Vl i - . J2, 2,V2

Figure 4.4: DO O OQOQOQOQ.
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Figure 4.5: 00000000 0ag=(6,2),a; =(2,4) 0000000000 0ag(0
000)000e(0000)0000000(0000020)00000000000

0000 [Fig. &N(b)]0 0000 [Fig. BEX(c)]0 00000 (Fig. 22)0000
00 (Fig. B3)

0000000000 000oO (DooooooOUoOo)ooooooood
oo oooooooooooo
U00Omodel=SpinGCCMAU U DD UUOOODOOOOOODOOOOOOOOOOO
Oo0OoHOOOODOOOO

o W L

oo :odg
b - ggoboboboooobbbooogd

e a0OW, aOL, alW, alL
oo :ggo

00 :00000002000000 (ap,e) 000000 (Fig. E3) 000
0000000000000 00000000000 (Fractional coordinate)
oobooobood

U0DOo0boboooobibodl 1attice.gpU OO ogonooooogn
gbobobobobooboobooboobooboobobobobbobobobon
gbbbooodbbbud gnuplotdddboouogoobooogn

$ gnuplot lattice.gp
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4 000000

4.1.3 O0OO0OOOOOOOOOOO0

nelec

oo 0o

gt : dbdbbdibbdbUmodel = "Fermion HubbardGC", "Spin",
"SpinGC" U UOUOUOOUOLODODODOODLDOOO

25z

od :gg

U0 :00000z000 20000000 0model = "Fermion HubbardGC",
SpincCUUO0O0000OOOOODOODODOO

4.1.4 0O000O0OO0OOODOOOOO

gbuogbogooboobobuoobbuoobbuoobouobbuoobboon
Oo00000O000o0oOooog,0oo@o «£7)oooo00000oogoooo
gboboboooobobodao

goo

mu
b - og
OO0 : Hubbard OO ODOOODDOODODOOOOOOOODODOODOODOO

U
oo :og

OO0 : Hubbard OO D OOODOOODOOOODOOODOOODOOODO
gog

Jx, Jy, Jz, Ixy, Jyx, Jxz, Jzx, Jyz, Jzy
gd - gg

gb :ogbbgbbogbboobboobbobbobobooboobobn
gobbboobbo, Jx, Jy, JzoOdoobDOoooOoOoooogJsboooo
U0 Jx =Jy =Jz=JU0O0OOO0OO0OOJOOOOO0OOO Jx,Jy,JzO0O0
obooboboOHeODDODOOOO

h, Gamma, D
oo 0o

oo :0bodddoogoooobobboooooooobobooboobn
UbobbOobo0obO00bO00DOmodel=SpinGCCMALU DO UODOODOOO

0000000000000 0000000O0 (Doo0o0DooooOoDooooo
00000000000)000000000000O0OLO0DUUoDUOoOoOO-™
OO00000D0000 TableEnpD oo ooQ
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D000 0000 (Fig. &a)]
e £0, t1, t1’, t2, t2°
00 :000
00 : 00000000000 (Fig B300)0000000

e VO, V1, V1, V2, V2’
00 : 00
00 :00000000000000000 (Fig. @300)0000000

e JOx, JOy, JOz, JOxy, JOyx, JOxz, JOzx, JOyz, JOzy
e Jix, Jly, J1z, Jixy, Jlyx, Jlxz, Jlzx, Jlyz, Jlzy
o J1’x, J1’y, J1’z, J1’xy, J1’yx, J1’xz, J1’zx, J1’yz, J1’zy
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 :od

00 :0000000000000 (Fig. EA00)000000000ODO0OOO
gobdgboogo Jox, Joy, JozUOUOOUODOOOOOouooOogJouuooono
Jox = JOoy = Joz = JoUuOnoouoggbJgouuoooon Jox, Joy, JOz
OooooboboHOUDOODOOOOI, J17,J2,J2° 0000000000

0000 [000000 (Figs. BT, B3, 13)]

e t0, t1, t2
OO0 :000

OO0 : HubbardOODOOOODODODOODODOODOOOOOOOOODOOOO
gboogbogboobboggubogbuogboobodgbogbod o, t1,
t200000000000000000+«+000000O0Ot0 =t1 =t2=1¢
OOo0oOoboob0Os0Oto00DbO0b0Ob0O0oOooboDobDHeOOOOOOO

R |1000 |0000 [0000 [00000 |00000 [0000
J,t,v(OODO) o o o o o -
J’, e, v o o o o o -
JO, t0, VO ) o o o o o
Ji, t1, V1 - o o o o o
J2, t2, V2 - - o o o o
J1’, t1°, V1’ - - - - - o
J2’ 27, V2’ - - - - - o

Table 4.1: OO0 00000000 O0OOOOOOOOOOOOOOOOOODOODO
gbboboogobood
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4 000000

VO, V1, V2
00 : 00

00 : Hubbard DD DOOODDOODODOODDOODDODO CoulombO OO
0000000000000 Coulomb0 00000000 OODODODO VO,

vi,v2ibgooogubogboioobooobvooboogdavo = vl =v2 =V
gbooboboovbhvobooboobuoobobbHeODoobhod

JOx, JOy, JOz, JOxy, JOyx, JOxz, JOzx, JOyz, JOzy
Jix, Jly, J1z, Jixy, Jlyx, Jixz, Jlzx, Jlyz, Jlzy

J2x, J2y, J2z, J2xy, J2yx, J2xz, J2zx, J2yz, J2zy
ggd - gg

b - bbodgooobobbbobbouooooooobobboboabn
gobbogoobodoogd Jox, Joy, JozUOUOOoooooooooono
jogodgpoon Jox = Joy = Joz =JouupooodoJjoounonon
0 Jox, Joy, JozOOOOOOOOOHOOODOODOODOOJ, 200000
gboooo

guodubobboooooboobouoooobbbdix, Jy, Jz, Ixy, Jyx,
Jxz, Jzx, Jyz, Jzy U O UO0OO0O0O0OJ0x = Jix = J2x = JxUUOOO0OOO0OO0
goboboooobobboooobobbuoooobbboooobbibn Jx~Jzy
O00o0ooonOJx~J2zyOOUOOUOOOOOODDOOOOODO HOOOO
Joobbooooooooooooobbbooooooooon

- 000o000o0ooooooooooo0ooooooonn (J,,0)0
gooo

juodn

—gobboboobbboooooooobbboobbbbobboodago
gooo

Jx, Jy, JzOUODO oOOonooooOoO
—gobbobooboboboodgbobouoooooobboboobboodggo

ooo0n

Jx, Jy, Jz, Jxy, Jyz, Jxz, Jyx, Jzy, JzxUOGQ odouooodn

O
—0o00o0ooooooobooooooboooooooooooooobooon

o000

Jo, Ji, 20040 obbuoduonbnon

—gobbooobobobooodabbouooooogbboobbooggo
gooo

Jox, JOy, JOz, Jix, Jly, Jiz, J2x, J2y, J2zUOUODO o OO OO
o000
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—gbobbobuogbooboboobugbobboboobaobo
Jox~J2zy U OOOOOgoudgooooog

o t’
Od :000d

OO0 : HubbardOOOOOODOODOODOODOOOOOOOOOOODOOOO
oboooooooo

o V’
ogd .00
OO0 : Hubbard OO OOOOOOOOO0OO0OO0O0OO0OO CoulombO OO
oogoogno

J’x, Iy, J’z, I’xy, IJ’yx, I’xz, J’zx, J’yz, J’zy
oo 0o

gd :bbodgooobobbbobbouoooooobobboboabn
gbboboodbbbuoodbbiU model=SpinGCCMALI D DU OODODODO
goobobbooboboooooooogdyx, 'y, Jz000000O0OO0OOOD
gboogJyooobdodJy=x=Jry=Jz=J2 000000005000
ooog Jx, J’y, ’z0O00OOOOOOHOODODOOOO

phaseO, phasel
OO0 :00 (Dooooooo.o)

o0 :0o0boooboobbooobooboobboooboobbon
000000000 (00: 0)0aq000e, 00000000000 OODO
gbouodboobbbbbodbdphase0c 00000 nooonboog:00
gbobybodbboobodboougbobugbbooboooboobn
goooogao

exp(i x phase0 x 7/180) x té;-géw + exp(—i x phase0 x 7/180) x t*¢}_¢;,
(4.4)

4.1.5 0O00O0OOOOOOOO

e 2S
0o :DDDD(DDDDDDD 1)
OO0 : O0000oooogogoooo so QDDDDDDDD(D/l/Q
ooooono 1)

e Restart

00 : 000 ("None", "Restart_out", "Restart_in", "Restart"00 00O
00000000 "None")
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4 000000

b :dbobodgbobodbod"wene"d 00 0nooobobouooboon
OO0dO"Restart_out"UU OO0 ODUO0OO0DOOOOOOOOOOOO0ODO
goboboooobbobuoggbbbtRestart_in"U000000O0O0OO
gobobobobooboobobobobdtrestart"0doooooon
gboubodbuodgboobbogbudgbooobboobooboobb
gboboboooobbbooon

Lanczos_max
ogd .00 (DDDDDDD 2000)

OO0 :0000b0obboobooooLoBcGooooooooTPQUOOO
OOoboO0bOobooobogoBicGOOOOOoDOobDOobOoOooboOO

initial_iv
DD:DD(DDDDDDD—l)
OO0 :000gpoogogopoocogoog

—0oggoon
*» JO0O00000O0O initial_iv>0000
go0ooooooooooooo
¥ initial_iv< 0OOO
O00dooooooo0oogoooooooooogooooooo
O0ooooooooooooooooooooocoooooon
go0o0ooooooooooooooooouooog
— TPQUO
Ooogooooooooooooooboooooooooooooono
oooog

gbobobobboobooboobosboobooDbo

exct
00 :00(@O0000a )

U0 : method="Lancoz"UUUUOUUOUOODOOODOOOOOOOOODODODO
gbodbbobbudbibdbdmethod="CcG"UDDOUO0OOOOOOOODO
gboooooggd

LanczosEps
00 :00(@DO0O0000 14)

b :gbgdbuboboboboobouboboboboboobooon
O000000,10 eeczesErs N O O000000000000OOOmethod="CG"
D000000000020000 10 teeczestes/20 00000000000
gbooooo
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LancczosTarget

OO0 :00(@O0O0oo0oog 2)

g0 :dgggoobbbobboogooobobobbbuooooooooon
obooobobbobbobo

LargeValue

OO0 :00(@Oo00ooooooo)
DD:(TPQDDDDDD)l—ﬁ/NSDZDDDDDDDDDDDDDDDD
gboboboooobbbogobboboogobbbuoono

NumAve

00 :00(@QO0O0oOooog s)

00 : (TPQDOODDOOO) D00 wm0000000000ODOOO

ExpecInterval
OO0 :00(@O0O000g 20)

OO0 : (TPQOODOOODO)00O0O0O0O0OOO0OOO TPQUOUOODOODODO
gbobboobooboobooboobobboboobooboobo

OutputMode
00 : "none", "correlation", "full"OD O OO0 (DOOOODO correlation)

00 :0000000000000000"ene"0000000000000O
OO0O"correlation"U U0 O0O0OO0OO0OOO0O0OOOOOOOOOfourier
D000000000000000000000000000 doc/fourier/d
0000000000000000"ful1"00000000001000000
00 4,j,0,0/ 0000 (¢l ¢;e) 00200000000 iy, iy, i3, 14,01, 02, 03,04
0000 (el CinrsClip,Cino,) D00 0000000000000 Bogoliubov
0000000000000 0000000000006BR00000000

InitialVecType

OO0 .00 ("cev,"r"OD0O0ODOOOOOOOO"C")

gb :gobbogdbbooobbuoogbbcecobobboooboruogonbD
gooo

EigenVeclIO

OO0 : 000 ("None", "Out", "In"0 00 00O0O0O0OO0ODO "None")

b :0Dugggbbobuogogbbobd™ene" OO OoooooO
googdb'owt"dbggboogobooobobbuoobbdrn"bO
0000000000000 000000000O0O0 (boboooooooo)
gobd



38 4 000000

4.1.6 U0O0LOUO0OOOOOOLOODOOOOOOOOOO0

e CalcSpec

00 : 000 ("None", "Normal", "NoIteration", "Restart_out", "Restart_in",
"Restart"O O OO0 0O "None")

00 :000000000000000000000"Nene"0 000000
0000000000"ermal"J 0000000000 0000000000O
"NoIteration"DOOODOODOOOOD0OOOOO0OO0O0O0O0O0000O0
0000000-00000000000000000000000000000
0000000000000000 Restart_out"0 00000000000
D000000000000000000000000000"Restart_in"[]
0000000000000000000000000000000"Restart"
00000000000000000000000000000000000
00000000000000000000000000000000000
00000000000000 methodd 0000000 (method="CG"0 0 O
0000000000 KwOOOOO [@0000000000000000
000000000 [m0000000

e SpectrumType

00 : 000 ("SzSz", "S+S-", "Density", "up", "down"0 00000000
000 "SzSz")

OO0 : 0000000000000 00D0OD00O0000"szsz"OO (S’quzq>D
"S+5-"00 (SFS;)0 "Density"0 O (fgig)0 "up"0 O (él.é,4)0 "down"0 O
(eleqy0ooo

e SpectrumW, SpectrumQL
OO0 :00(@QO0O0000oo0go.o)
OO0 :0000000000000000 Fractional coordinate J 00 0O OO
00000000 Figs. 0,82, 83, 23 0000000000000000
oooooooo

e OmegaMin
00 : 00 (000000-LargeValuex 0O O0)
OO0 :000000000000O0O0CCO0O0OO00O0OO

o OmegaMax
OO0 : 00 (000000 LargeValuex DO O 0)
g0 :gddgooooobbbbboooooogo

e Omegalm
00 : 00 (000000 0.01xLargeValue)
OO0 :0000b00ob0oboboooooobooooon
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o NOmega
00 : 0000 (000000 200)
gb - ggdobboooobbboooobboood

4.1.7 O0U0000oOoO0oobOUoooooon

e dt
Oogd :.o0ogg ([]D ooond 0.1)
00 :00ggoogdg

e PumpType

00 : 000 ("Quench", "Pulse Laser", "AC Laser", "DC Laser"0 000
00000000 "Quench")

00 : 000000000000 0o0obooon"Quench"dO 200003
Uquench ZZ nin;, JOOOO0OO "Pulse Laser", "AC Laser", "DC Laser"[
gooooooon — Zijg ti; exp[—iA(t)- (R, —R;)/(27)]circ;p DOOOODO
000000000 A)D00D0000000O0O000OD "Pulse Laser"O
0 A(t) = Agexp[—(t — t0)*/(2t3,mp)] cOS[w(t — t0)]0 "AC Laser"0 0 A(t) =
Apsinfw(t — t)]0 "DC Laser"O O A(t) = At 0000

guobioboboobobooobooobobbobodbobOlbd potential.dat

goououo

e Uquench
OO0 :00(Q000000d0.0)
|:||:|:Uvquench

e freq
OO0 :00(@000000.1)
oo :w

e tshift
00 :00(@000000d0.0)
DD:tO

e tdump
OO0 :00(@000000.1)
DD:tduInp

e VecPotW, VecPotL
00 :00(@0O0O0O00ooo0go.o0)

OO0 : 00¢t=t, 000000000000 ApO00O0ODOO Fractional coor-
dinate U0 O DO0D0D000O0O0ODODOO Figs. B0, B2 04 A3 0000000
Ododooooooooooooa
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4.2 OJ0O0O0OO0OO0OOOOOODOOOO

HOOOODODODODODODODDOOO0ODOO0O0OO0OOO0O (def)DOODDOOOODOOO
obobobobooboob 4000000000

(1) List:
OO0O0000000: D000 mmput file0 000000000 OO0OO0OO
gbbbuoodgbobbuoooobbodoodd

(2) Basic parameters:
CalcMod: 0000000 DOOO0OO0OOODOODOODOOOO
ModPara: 00000000000 DOO00ODODO (D0O0DOOODOOOOLanc-
zos0O0OO0O0DO0OOOOOO)O0OODODOOO
LocSpin: 00000000 DOOOO0O0O(ODDODOODOOOOO)O

(3) Hamiltonian: #® 0 Hamiltonian 0 000000000000000
00000000000000000000
Trans: ¢}, ¢;,, 000000000000000

InterAll: ¢}, cj,,cl, ¢, 00000000000000000000

oo obooooooooooon
ogooogd

Coulomblntra: nyn, 00 0000000000000 (nw:cjgcw)ﬂ
CoulomblInter: n;n; D00000000000O000 (n; =ni +n,y)0
Hund: ngnjy+nyn;, 0000000000000000

PairHop: cl.cjtcfc;, 0000000000000000

Exchange: SJS;DDDDDDDDDDDDDDDD

Ising: SfS;DDDDDDDDDDDDDDDD

PairLift: cl.c;cl.c, 0000000000000000

4) Output:

( p
OneBodyG :0 00000 GreenDDDDDDDDD(cLl%2>DDDDD
ggdn

TwoBodyG :000000 Green 000000 000(c), ¢joychy, i) OO0
0Doooo
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4.2.1 0O0000O0O0O0O0OOOOO

gbbogdboogbobbuodobbooboboboobooboboobon
gbobobooggobobooogbo

-

CalcMod calcmod.def
ModPara modpara.def

LocSpin zlocspn.def

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

~

gbooogao

[string01] [string02]

gobooo

[string01]

00 :stringd (O00O)

gd - ggooooooooog

[string02]

00 : string [

00 :00000000000000C0000000O0DO (o)™

ooooo
gbgoboboboboobooboobooboobobn

googobuogbobbooobogobuoobobboobobobbobo
gbobobooodgobbn

OO000D0O0b0O0000o0og TableE2O0O0O00OOD0OODODO

OO000booboboboooooogogn CaleMod, ModPara, LocSpin O
0d

gboboooobobooooboob
gboboboooobboooobboboogobobooooboobn
#000DOOOOOOOOobDOOO
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Keywords OooOoooooono

CalcMod goooooooooooooono

ModPara godoooooooooooooobooboboo

LocSpin gdoogoodgdoooooooooooooooooooooo
Trans godooooooooooooooboooboono

InterAll goooooooooooooooboobbobb

Coulomblntra gboobuoobgoobooboobobobb
CoulombInter ggbbobuooobbboooobbbuodonbo

Hund 0000000000000000

PairHop 00000000000 0DO0O0DOO0

Exchange 00000000000 0DOO0O0O0

Ising 0000000000000 000000

PairLift 00000000000000000000

OneBodyG 000000000000 {(ce,) 00000000000
TwoBodyG 000000000000 (c ¢ocl ) 00000000000

SingleExcitation 00000000000 ODOOOOOOOOODODO
PairExcitation gbogbgobooboobobbobbobn
SpectrumVec ggbbbuogoobbbuooobbbooobbboooobboboan

Table 4.2: List of the definition files.

4.2.2 CalcModUUOOO

gbbogugbbuoouobobuoobbuoobobodobbooboobob
gooobon

CalcType O
CalcModel 2
CalcEigenVec 0

gooooo
[string01] [int01]

gobooo
o [string01]
00 :stringd (0O)
b - ggoobbooogodgbo
e [int01]
00 :int0
o0 000000000000 00b000b00b0obon
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gobooo

goboboboooobboooobbobooooooboobogb

gbboboooobbboooobboboooobbbuoonbo
gbobooooboboooobobob
gboboboooobboooobboboogobobooooboobn

00000 CalcType, CalcModel D0 OO O0OODOO ODDOOOOOOODOO
gooooo

#00000000O0OO0OODOOO0O

gobooo

gbobboooobbbuoooobbboogobbbuooooo

CalcType
00 :int0

00 :0000000o0o0o0ooao
0: Lanczos O

1. TPQUOODOOOOOOODO
2: 0000

3: LOBCG O
O0o0oooooooooao

CalcModel
OO0 :mt0d

gb :ggooboboooobobobn

0: fermion Hubbard 0O (DO D0O0O0OO0DOOOOS, 0000000S,000)
1. 00000 (@mbOooogoos,on)

220000 (Doooooooogs,oo)

3: fermion Hubbard 00 (00O 0000000 OOOOS,000)

4: 00000 (D0000oOooooos,0o0)

5: 0000 (00000ODOo0ooooooos,000)
OO00000000000Oferimon Hubbard DO OO OO OOOOS, 0000
gboboboooobbbuooobobobboooobbobuoooobbob

CalcEigenVec

00 :int0 (000000 0)

gd :gggoooooobobbbbooooooon
0: Lanczos 0 +CG O (Lanczos 00000000000 OOO CGOOOO
O000000oooooon)
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4 000000

1: Lanczos O
O0d0ooOooooooon

InitialVecType
OO0 :int0 (000000 0)

gb - godgobbbuogbobbbodoodooboo
0: 0gn

1. 00O

gboboboogogbooodgn

OutputEigenVec
00 :int0 (D00O0O0DO0O 0)

gb - gggobbboodgbbbodoodgd
0: 0gon

1. 0ogg

gbobobogggbooogn

InputEigenVec
00 :int0 (DOOOOO 0)

gb - goggobbbogobbbbodoogyd
0: 0gon

1. 00dgg

goboboooobboooan

ReStart
OO0 :mt0d (DDDDDD 0)

gb . gobboboooobbobdadgb
0 ggboo
I.oggoboobogooboboooon
2z200pbobbooooboboobooon
s 0b00boobooboobboobd
gboboboogoobboagn

CalcSpec
OO0 :int0 (D0O0OO0DO0O 0)

gb . gobobbhodoooobbboooobobon

O: 0DO0oboobooboon
l.0buoggobbbouooobbboooobbbog
20000000000 bboooon

s ugobboogobobbbooooobobod
4:Jggobbboooobbobuoooobbbouoooon

s booboobooboobobbobbooboobooboob
gboboboogobbodadn
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e (OutputHam

00 :int0 (000000 0)

00 : (FullDiag) 00O0O0OD0O0OCOCOOOO0OO0OODOOOOO
0: 0gon

1. 00dgg

gbooboooobboobooan

InputHam
00 :int0 (DO0DO0OOO 0)

00 : (FullDiag) 0000000000000 OODOOOOO
0: 0o

1. 00dgg

gbbboogobbodadn

45



46 4 000000

4.2.3 ModParall 00O
googdoodboodoooobogoog b oo b oo noono

a N

CDataFileHead =zvo
CParaFileHead zqp

Nsite 16
Ncond 16
2S5z 0
Lanczos_max 1000
initial_iv 12
exct 1
LanczosEps 14
LanczosTarget 2
LargeValue 12
NumAve 5

ExpecInterval 20

gbooooog
gboboboooobobboooobbboooo

e 1-50: 000 (000000ODODOOOOOO)O

e 60 : [string01] [string02]

e 7-80: 000 (00000 DODODDODOOODO)

e 9000 [string01] [int01]
gbbbooodgbbbooogbo

e [string01]
00 : stringd (O00O)
Ud :gggooooooboobooo
o [string02]
00 :stringd (ODOOO)
gd :ggooooobbbbbooooooood
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o[intOl]
00 :int0 (D0O0OO)
00 : 0000000000000 oooooooooooo

gobooo
gbgobobboboobooboobooboobobn
e U0 DUOODODLDDODLUODLUODbLUObDDOLOObLOObLOODLOn
e U UUOODLDOUOUOUOLDLDUOOODLDLDULOODLDD

goooo
gbobboooobbbuooobbboooobbbuooobobobn

gbobbodo

e CDataFileHead

OO0 :stringd (ODOOO)

OO0 :0000000000000000000000 GreenOOOOOOODO
000 xxx_Lanczos cisajs.dat 000000000 (xxx O CDataFileHead
O0o0ooooooo)o

Nsite

O0 :int0 (0DOO)

OO0 :00000o0o0oood

Ncond
OO0 :mt0d (DDD)

o0 :000boobobooboobbooboobbooboobbon
ooof

e 2S5z
OO0 :mt0d (DDD)

OO0 :25,0000000000000DO000O0O0O0DO0OODOOODOO
OOoboooooboobo s, 000o0bobobogbd NeondODOOOOO
gbooooo

initial_iv
DD:intD(DD)
Ud :00g0googoobooogoog
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— Lanczos 0, CG O

*» J00000000 4initial_iv>0000
O000000O0O0O0o0oo0oooo

¥ initial_iv< 0000
0000000000000 000o0o00o00o0o00ooOoooon
000000000000 0000000000O00o0o00o0o0o0oon
000000000000 00O000O0b000o00oo

— TPQO
000000000000 00000000000000000000
0000
00000000000 000000B00000000

e CalcHS
OO0 :int0d (DDD)

U0 :CalcHS=1 U U UOODUOOO0OOLOOO0OODOOODDOOOOOOOOnDD
00 (000 http://issp-center-dep.github.io/HPhi/develop/tips.pdf 0 0 O )0
gbbbooatolbbboooobbboooobbodan

LanczosO OO OOOOOOOO

® exct
OO0 :int0 (0DO0O)
00 : Lanczos U0 0000000 0O0O0O0O0O0OOO0OO0OOOOOOO1O
0ooooooooofo200d0onoooooooonooooon
e Lanczos_max
00 :int0 (0D0OO)

OO0 : Lanczos OO OO O0OOODOODOOOODOOOOODOODOOOOOOO
googobooobooobooboobobobboobbooboonbn
gbodbudgbudbdbbobbdbbdblLanczes_maxJ O oo
gbboboooobbbuoooobbbooogy

e LanczosEps
00 :int0 (0D0OO)
OO0 : Lanczos OO ODO0OOOOOOOOOODOOOOODOODOODOOO
DDDDDDD,10_LanCZOSEPSDDDDDDDDDDDDDDDDDDDD
e LanczosTarget
00 :int0 (0D0OO)

o0 :0b0b0boboooobobobooboboboboboooln
obobod200000000000000



42 00000000000 OOO0DOO0 49

ccgUOoboopooboooog

® exct
OO0 :int0 (0DDODO)
OO0 :00oooooooooooooboobobo

e Lanczos_max
OO0 :mt0d (DDD)

OO0 :cGUOO0O0ODOO00OOO0O0bbO0obOoOobOooobboboOobbOoDboo
gbodgbboodoboobbodoboobbobboobbooboobb
gbudbudbudbdbbobbuobbUlblLanczos_maxJ O ogon
gbobobooogbbboooobbobooogy

e LanczosEps
00 :int0 (0D0OO)

00 : 000000020000 10-kanczoskps2npopopooooonoa
goboboogogd

TPQUUODOODOOODOO

e Lanczos_max
00 :int0 (0D0OO)
OO0 :TPQOOOOO0O0000O00O00000D0000O00DO00OLanczos_max
gbobboboobodoboobooboobobbobon
e LargeValue
00 : doubled (O O)
0o :TPQDDDDDl—ﬁ/NleDDDDDDDD

o NumAve
DD:intD(DDD)
U0 : 000 mn000000000O0O0OO0OO

e Expeclnterval
00 :int0 (0D0OO)

OO0 :d0obooboboboTPQUOUODODOODOOOOOOOODO
gboboboooobbbuoobobboogooobogod
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4 000000

gbobobooooboboooobbobooogn

e Omegalrg

00 : complexd (0OO)

gb :ggobbbbbodooogobbbbtbewdoooobbobbobn
googoooooobbbbbbbbbbbobbbbbbbbbbbDbD
god

Omegalm

00 : doubled (O O)

b . goboobgdbuoobboobbilbwddoboobbobbod
U0000 Omegabrg DU DO UOO0O0OOOOD OmegaOrg U U OmegaImU [
oooo

OmegaMax

00 : complexD (ODOO)

o0 . 00bbooboobboobboibbil wbbO0o0oboobobon
U OmegaOrg+OmegaMax U U U DU U UOUOODUOODODOOOOOODOOODODO
obhobobooboobooboobuooboon

OmegaMin

00 : complexd (0OO)

Ugb : ggobbbbtbodoooobbbbtbewdoooobbobbobbDb
U OmegaOrg+OmegaMin U U U DO UO0OO0DUOO0O0OOO0OO0OOOOO0ODO
gboboboogobbbuooobobbbooood

NOmega
00 :int0 (0DO0O)

00 : 0000000000000000000000 Aw = ( OmegaMax-
OmegaMin)/N, 0 0000000000000 2z, =Omegalrg+0megaMin+Aw X
nO000o0ogn

obobbooboobooboon

e Lanczos_max

00 :int0 (0D0OO)

o0 . goggobboboooobooobobobbodoobooooooobobobn
Lanczos_max U U U UO0OO0OOOO0OOOO0OODOOO0OODOOOOODOOOO
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e ExpandCoef
OO0 :int0 (0DOD0O)
OO0 0000 At00D00OO0O0O0OO0ODOOOD
N
exp (—z’?%At) -y k= <—i7:[At)n (4.5)

n!
0

gbobboodidn0000ogno

e Expeclnterval
00 :int0 (0DOO)
b :ggoogobbbbboooobobbbbbobooooobbbobb
gbbobooogbbbuoooobbboooon
e (JutputInterval
00 :int0 (0D0OO)

00 :0000000000000000000000000000O0O(CalcMod
00000 OutputEigenVec=1 00 OO OO0O0O0O0OOO)
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4.2.4 LocSpin0 00000

gobobooooboobbboooobbbuoooobboooo

4 N
NlocalSpin 6
========i_OLOCspn_1IteElC =—====
0 1
1 0
2 1
3 0
4 1
5 0
6 1
7 0
8 1
9 0
10 1
11 0
N J
gboooog
gbgoboboobobbobobooboobooo
e 10: 000 (000O0DDODODODODOOOO)O
e 200 : [string01] [int01]
e 350: 000 (DDODOOODOOODOODODOO)O
e 600 0: [int02] [int03]
gobooo

o [string01]

00 :stringd (ODOOO)

00 :0000000000000000O (0O0)o
e [int01]

00 :int0 (0ODD0)

g :ggoooboobobbbooooo
e [int02]

00 :int0 (0O0D00)

OO0 :0000000000000000NVNsite0OOO0OOOOOO
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o[intO?)]
00 :int0 (DODOD0O)
OO0 : 000000000 gooooooon
0: 0000
n>0:25=n000000
ooooooooouoood
ooooo

gbobboooobbboooobbboooobbobogab

e 00U OO0ODLDDOOOUODLDLDLDOUOOUOLDDLDOUOOO

[int01] O [int03| 0 0 0000000000000 0000000O0O0OOOO
god

int02) 00 0000000000000 000Ooooooog

int02] 0000000000000 00000000000O0000OO0O0
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4.2.5 TransO OO OOO
goooogoooogg

H+ = — Z tijgngC;Ingz (46)

ijo102

0000 Transfer 00 ¢4, 000000000000000O00O0O00O00O0O

4 N
NTransfer 24

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
\;.. y
ooooono

gobobooooobbooooboboooon

10: 000 (0oo0oOooUooooooooD)o

e 2[1: [string01] [intO1]

3-50: 000 (00000000 O0DOODOO)O

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

goooo
o [string01]
00 :stringd (ODOOO)
00 : Transfer 00 0000000000000 (0D0O)O
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[int01]
00 :int0 (DODOD0O)
OO0 : Transfer OO0 OO OOOOOO

[int02], [int04]
00 :intD (0000)
00 : 0000000000000000 NsiteDOOOOOOOO

[int03], [int05]

00 :int0 (0O0O0DO)

00 : 00000000000
0: 000000

1. ogggoo
gbboobooodgobobodb

[double01]
00 : doubled (DOODO)
00 : t0,0000000000

[double02]
00 :doubled (DOOO)
00 : tyw,, 0000000000

gobooo
gbobboooobobboooobboboooonooobogn

e 00O UOOODLDOOUOODLDLDDLDOUOOOODLDLDOUOOO

o Hamiltonian 0000000000000 tyjp0p = thy,,, 00000000

gbobbobboodggbbbuoooobbboooobbodan
gboboboooobbobuoooobbbooooboon

int0l] 00000000 Trasfer 0000000000000 OOOOOO

[int02]-[int05|0 00 0000000000000 00O0O0O0OO0O0O0O0O0O0O0OO
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4.2.6 InterAllOOOOOO
Jdo0o00do0oooooooooooooobogboogboonpooooooono
Oo0ooogogog

Ht = Z Z ]ijk’laldzmmczalCjazczzggclm; (4.7)

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

ooobobobobobobobobol=g5,k=l00000000000O0O0O0
gbobbooogbobbodadn

- R

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
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4.2.14 OneBodyGUO OO OOO
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4.2.20 TwoBodyTEO O UOOOO

0000000000000000 Leyjoskestos(t)Chy, CosChy, o 000000
D00000000000000
- N

Al1TimeStep 100

===== TwoBody Time Evolution =====

0.0 3

O 1 0 1 0 0 0O O 1.0 0.0

1 01 0 0 O O O 1.0 0.0

1 01 0 2 0 2 O 1.0 0.0

0.2 3

(continue...)

NG J
ooooono

goddooooobbbbbtbooooooob
e I10: 000 (DDOO0DODOOUOOODOODDODO)O
e 2[J: [string01] [intO1]

e 350: 000 (DDODOODODOUOODODODDO)O

ceubudbotbbogboogobogboobbooboobboobooon
gbobboboobooboobooboobod

e m[J: [double0l] [int02]

e (m+1)- (m+1+[int02]) 0 : [int03] [int04] [int05] [int06] [int07] [int08] [int09] [int10] [dou-
ble02] [double03]

googo

e [string01]
00 :stringd (DOOO)
gd - guooobboooobobbuoooooboobbuooooooon
000000 (00)0

e [int01]
00 :intD (0OOD)
gd :ggoooooboobbbbbbooooooouoooooobd



42 00000000000 OOO0DOO0 85

[double01]
00 : doubled (DOOO)
gd - gg+«gooaggn

[int02]
00 :intD (0000)
00 :00+0000000000000000000000

[int03], [int05], [int07], [int09]
00 :intD (0O000O)
00 : 0000000000000000 NsiteDOOOOOOOO

[int04], [int06], [int08], [int10]
00 :int0 (0OODO)

b - ogoobbbodoodgd
0: ggbobod

1. 00o0ggd
gbooboooooobodn

[double02], [double03]
00 :doubled (DOOO)

00 :00¢t0000000000000000 [double02]00 00O [double03]
gboooboooobon

gobooo
gobbbooooobbboooubobooogooobogan

e 00U UOOODLDDOOOODLDDOUOOODLDDLDOUOOO

e ModParaO OO DO DOOOODOO LanczosStep O [int02] 0000000000
gbobobooggd

e [int03]-int06|0 0000000000000 ODOOOOOOOOODOOOOOO
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4.3 0OO0OOOOO

goboboboooobbboooobobobboooogd

4.3.1 CHECK _Chemi.dat
HamiltonianOO O OOOO00O0O0OO
H+ = Z:uiacjocia (417)

guobobdoooubobddw.0uboboobuoubogubobooooobn

4 )
spin=0 isitel=1 tmp_V=0.000000

spin=0 isitel=2 tmp_V=0.000000
spin=0 isitel=3 tmp_V=0.000000
spin=0 isitel=4 tmp_V=0.000000
spin=0 isitel=5 tmp_V=0.000000
spin=0 isitel=6 tmp_V=0.000000

= )

He e e e e .
Il

I
g d W NN~ O

gbooooo

goboboogobbbouooboon
e i=[int01] spin=[int02] isitel=[int03] tmp_V=[double01]

ogoono
e [int01]
OO0 :mt0d
Oogd . ogQogoo
e [int02]
OO0 :mt0d
ud w0 edgoggg
0: Dogopoond
1. 000000
oogoogno
o[int03]
OO0 :int0d
00 : 4w, 000000000000
e [double01]

00 : doubleO
0O :MzUDDD
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4.3.2 CHECK InterAll.dat

Hamiltonian OO O OO0OOOO0O0O0O0OO0O0O0OOO
H+ = Z IiijjglmaztfzcjolCi01cjagci02 (418)
©,7,0
O0000000000000 Lijjeemee d00000000000000000O
goood

/
i=0 isitel=1 A_spin=0 isite2=2 B_spin=0 tmp_V=0.500000
i=1 isitel=1 A_spin=0 isite2=2 B_spin=1 tmp_V=-0.500000
1=2 isitel=1 A_spin=1 isite2=2 B_spin=0 tmp_V=-0.500000
i=3 isitel=1 A_spin=1 isite2=2 B_spin=1 tmp_V=0.500000
i=4 isitel=2 A_spin=0 isite2=3 B_spin=0 tmp_V=0.500000
i=b isitel=2 A_spin=0 isite2=3 B_spin=1 tmp_V=-0.500000

L y

gbooogao

gboboboooobbouoooboon
e i=[int01] isitel=[int02] A _spin=[int03] isite2=[int04] B_spin=|int05] tmp_V=[double01]

oooono

° ﬁntOH
OO0 :mt0d
OO0 :oooono

e [int02], [int04]
OO0 :int0d
OO0 : Lijjoioiene, OO 000000000
ﬁntOZ]D i,ﬁntO4]D ;jooooon

° ﬁnt03L ﬁnt05]
Od :imt0d

00 : Lijioioiee, 100000000000
[int03] O oy, [int05]0 0000000000
0: 000000

1000000

000000

e [double01]
00 : double
og Il‘ijjglglaQJz oo
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4.3.3 CHECK CoulomblIntra.dat
Hamiltonian D 00000 O0QO0QO0QOQOOOO

H+ = Z Ummnﬂ (419)

gooooobogboobobogu;bobobobbboboobobobobobn

s N
i isitel=1 tmp_V=4.000000

isitel=2 tmp_V=4.000000
isitel=3 tmp_V=4.000000
isitel=4 tmp_V=4.000000
isitel=5 tmp_V=4.000000

isitel=6 tmp_V=4.000000
N /

|—'|—'|Ti|-'|-'|—'
adh W= O

gbooooo
goboboogobbouooboon

e i=[int01] isitel=[int02] tmp_V=[double01]

goooon
e [int01]
g :intQ
o0 :o0oggn

e [int02]

O :int0

o0 . ;000000 ;000000
e [double01]

OO : doubleO
oo : 0,000
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4.3.4 CHECK _Hund.dat
Hamiltonian 0 Hund O OO O OO

Ht =

=3 T (nangt + nayng,)

ihj

89

(4.20)

DDDDDDDDDDDDDDJgundDDDDDDDDDDDDDDDDDDDD

ERERE
. N
i=0 isitel=1 isite2=2 tmp_V=0.250000
i=1 isitel=2 isite2=3 tmp_V=0.250000
i=2 isitel=3 isite2=4 tmp_V=0.250000
i=3 isitel=4 isite2=5 tmp_V=0.250000
i=4 isitel=b isite2=6 tmp_V=0.250000
i=5 isitel=6 isite2=1 tmp_V=0.250000
N J
goodoo

gbobboooobbbouoobobobn

e i=[int01] isitel=[int02] isite2=[int03] tmp_V=[double01]

gobooo

e [int01]

HRN
HRN

s int U
:0000ono

e [int02], [int03]

HEN

s int O

00 :Ji000000000000

int02] O 4, [int03] 0 ;000000

e [double01]
00 : doubleO
00 : Jimigoo
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4.3.5 CHECK_INTER_U.dat
Hamiltonian0 0000000000000

H+t =Y Vinin; (4.21)

Doboodgooooooov;oooooooobooooobooooddo

- N
i isitel=1 isite2=2 tmp_V=-0.125000

isitel=2 isite2=3 tmp_V=-0.125000
isitel=3 isite2=4 tmp_V=-0.125000
isitel=4 isite2=5 tmp_V=-0.125000
isitel=5 isite2=6 tmp_V=-0.125000
isitel=6 isite2=1 tmp_V=-0.125000
N J

I—'I—'ITI'I—'I—'I-'
g NN = O

gooood
gbbboooobbbouooobobon

o i=[int01] isitel=[int02] isite2=[int03] tmp_V=[double01]

gogogd
e [int01]
g :intd
gd . gooog

e [int02], [int03]
g :intQ
00 :Vv,; 000000000000
[int02] O 4, [int03]0 j 000000
e [double01]
00 : doubleO
o0 :Vv,;000
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4.3.6 CHECK _Memory.dat

gboogobodboobbogbooubooobooboobobooboon
obouoobgoboobooboobobn

MAX DIMENSION idim_max=400
REQUIRED MEMORY max_mem=0.000019 GB

gooogg
gbobboooobbbouoodobbob

e MAX DIMENSION idim_max=[int01]
e REQUIRED MEMORY max_mem =[double01] GB

goooo
e [int01]
g :intQ
OO0 :00d0oboboooobobboooog

e [double01]
OO0 : doubleO

00 :00000000000000000000000000000 (00
0 GB)O
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4.3.7 WarningOnTransfer.dat

Transfer 00000000000 OODOOODOOO0O0OODOOODOOODOODO
ooo

double conuntings in transfers: i=0 j=2 spni 0 spnj O
double conuntings in transfers: i=2 j=0 spni O spnj O
double conuntings in transfers: i=0 j=2 spni 1 spnj 1
double conuntings in transfers: i=2 j=0 spni 1 spnj 1

gboooboo
goboboooobbbouoooboon

e double conuntings in transfers: i=[int01] j=[int02] spni [int03] spnj [int04]

ooogo
e [int01], [int02]
U0 :int0
OO0 : 000000 Transfer 0000 OO0OD0OODOOO

e [int03], [int04]
O :int0
OO0 : 000000 Transfer 00000000 DODOOO
0: 00D0OoO0

1. 00o00gd
gooooo
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4.3.8 CalcTimer.dat

93

gdddoddooodooooooooboobooboboobbbobbbbbbbn
[0]j0o000O0000DO0O00 TPQUOOOOODODODOODOODOOOO

A1l
sz
diagonalcalc
CalcByTPQ
FirstMultiply
rand in FirstMultiply
mltply in FirstMultiply
expec_energy_flct
calc flctuation in expec_energy_flct
mltply in expec_energy_flct
expec_onebody
expec_twobody
Multiply
FileIO

A1l mltply
diagonal
Hubbard
trans in Hubbard
double
single
inner
interall in Hubbard
interPE
inner
pairhopp in Hubbard
interPE
inner
exchange in Hubbard
interPE
inner

[0000]
[1000]
[2000]
[3000]
[3100]
[3101]
[3102]
[3200]
[3201]
[3202]
[3300]
[3400]
[3500]
[3600]

[0001]
[0100]
[0300]
[0310]
[0311]
[0312]
[0313]
[0320]
[0321]
[0322]
[0330]
[0331]
[0332]
[0340]
[0341]
[0342]

12.
.01795
.00693
.90670
.08416
.00172
.07707
.06255
.67779
.31207
.11640
.28796
.14840
.20493

-
N O O

OO WO NEFPr OO OO

O O O OO OO OO NOONNO-N

94052

.38883
.04153
.34636
.34595
.00000
.00000
.34299
.00008
.00000
.00000
.00006
.00000
.00000
.00004
.00000
.00000
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4.3.9 TimeKeeper.dat

O0Ooo0bOOobDbOobOo0bo0bOnD Lanczos OO OOOOOOO0OODOOO
/

~
diagonal calculation finishes: Wed Sep 16 22:58:49 2015
Lanczos Eigen Value start: Wed Sep 16 22:58:49 2015

1 th Lanczos step: Wed Sep 16 22:58:49 2015

122 th Lanczos step: Wed Sep 16 22:58:49 2015

Lanczos Eigenvalue finishes: Wed Sep 16 22:58:49 2015
Lanczos Eigenvector finishes: Wed Sep 16 22:58:49 2015
Lanczos expec energy finishes: Wed Sep 16 22:58:49 2015
CG Eigenvector finishes: Wed Sep 16 22:58:49 2015

CG expec energy finishes: Wed Sep 16 22:58:50 2015

CG expec_cisajs finishes: Wed Sep 16 22:58:50 2015

CG expec_cisajacktalt begins: Wed Sep 16 22:58:50 2015
-

ooooo
o ## TimeKeeper.dat

##0 ModParaO O OO OO [stringd2) 000000000 DOO0OOOO

4.3.10 sz _TimeKeeper.dat

googobodboobobooboobbooboobbooboobobon
gbooob
a

initial sz : Wed Sep 16 22:58:49 2015
num_threads==

omp parallel sz finishes: Wed Sep 16 22:58:49 2015
mid omp parallel sz : Wed Sep 16 22:58:49 2015

omp parallel sz finishes: Wed Sep 16 22:58:49 2015

-

ooooo
o ## sz TimeKeeper.dat

##0 ModParaO O OO OO [string02) 00O O0D0D0O0O0OO0ODO0OOOO
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4.3.11 Time CG_EigenVector.dat

(Lanczos0O00)CGUOOODOOOODOOODODOOODOOOOOOOOOO

-

allocate succeed !!!
b[4341]=1.000000 bnorm== 1.000000
i_itr=0 itr=5 0.0411202543 0.0000100000

i_itr=0 itr=155 0.0000000058 0.0000100000
CG OK: t_itr=155

i_itr=0 itr=155 time=0.000000
fabs(fabs(xb)-1.0)=0.9955114473313577
b[4341]1=0.004489 bnorm== 1.000000

i_itr=1 itr=5 13.0033983157 0.0000100000

CG OK: t_itr=275

i_itr=1 itr=120 time=0.000000
fabs(fabs(xb)-1.0)=0.0000000000001295

number of iterations in invl:i_itr=1 itr=120
t_itr=275 0.000000

~

googdg
o ## Time CG_EigenVector.dat

##0 ModParaOD O OO OO [string02) 00O O0O0O0O0O0OOOOOOOO

95
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4.3.12 energy.dat

(Lanczos O O LOBCGO OO ) Lanczos DO OO0 CGOOOOODOODOOOO
0000000000000000000 (S,)00b0000ooooooooo
googdn

method="Lanczos" O O

Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000

method="CG"U [ [J

\
State O
Energy -7.1043675920
Doublon 0.4164356536
Sz 0.0000000000
State 1
\_ J
ogoono

e #4# energy.dat

##0 ModParaOD O OO OO [stringd2) 00O DOO0O0O0OO0OOOOOOOO

gooooo
e Energy [double01]

e Doublon [double02]

e Sz [double03]

goboo

e [double01]
OO0 : double O
00 : Lanczos DO CGOOOODOODOODOOODOOODOODODODOO

e [double(2]
00 : double
OO0 : Lanczos DOCGUOOOOODOOODODODODOODOOODOOODO

£ S ngny) (N,00000)0
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e [double03]
OO0 : doubleO
00 : 0000000000000 (S,)0

97
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4.3.13 Lanczos_Step.dat

gboooboobooboobood

(Lanczos 0 O LOBCGOOOOOO)0O0O0O0OO0OO0O0DOOOOOODOOOOOO

\_

-~

LanczosStep E[1] E[2] E[3] E[4] Target:E[3] E_Max/Nsite )
stp = 2 1.2149586211 14.6560471044 xxxxxxxxxX xxxxxxxxx 0.0000000000 xxxxXXXXX
stp=4 -5.6626980051 3.1523174817 12.4860778911 21.2322666770 12.4860778911 2.6540333346
stp=6 -8.5113374325 -2.3219709559 4.3459108959 11.5079386600 4.3459108959 3.0307814358
stp=8 -9.5061025854 -5.2757708534 -0.1734100333 5.2236216333 -0.1734100333 3.2049774861
stp=10 -9.7541889139 -6.6054773893 -2.9493235242 1.2364826532 -2.9493235242 3.2686702753
stp=84 -10.4543987874 -9.8960493865 -9.7550111859 -9.7407358084 -9.7550111859 3.3731105157
stp=86 -10.4543987874 -9.8960493865 -9.7550111859 -9.7407358084 -9.7550111859 3.3731105157
stp=88 -10.4543987874 -9.8960493865 -9.7550111859 -9.7407358084 -9.7550111859 3.37311051574/
method="CG"U [ [
~
Step Residual-2-norm Threshold Energy
1 6.79819e+00 8.19743e-07 7.86586e+00 8.19743e+00 8.02804e+00
2 7.47402e+00 3.69905e-07 3.35827e+00 3.63546e+00 3.69905e+00
3 5.30943e+00 2.44472e-07  -2.44472e+00 -2.23296e+00 -1.95487e+00
4 4.52737e+00 5.10297e-07 -5.10297e+00 -4.92390e+00 -4.58682e+00
5 3.66168e+00 7.14105e-07  -7.14105e+00 -6.91226e+00 -6.44532e+00
6 3.12717e+00 8.27201e-07  -8.27201e+00 -7.93262e+00 -7.44680e+00
152 1.05602e-06 1.04544e-06  -1.04544e+01 -9.89605e+00 -9.89605e+00
153 1.07401e-06 1.04544e-06  -1.04544e+01 -9.89605e+00 -9.89605e+00
154 9.45018e-07 1.04544e-06  -1.04544e+01 -9.89605e+00 -9.89605e+00 )
goboo

##0 ModParaOD O OO OO [stringd2) 00O OD0O0O0O0OOOO0OOOO

gbooooao

o ## Lanczos_Step.dat

e method="Lanczos"[ I

stp= [int01] [double01] [double02] [double03] [double04] [double-a] [double-b]

e method="CG"U 0O U
[int01] [double-c] [double-d] [double01] [double02] ...
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ooooo
e [int01]
g :intQ
00 : Lanczos 0 -LOBCGOOOOOOOOOOO

e [double01], [double02], [double03], [double04] ...
OO0 : double O
OO0 : Lanczos O -LOBCGOUOODOOOODOOODOOOOOODDOOODOO
O0LanczosO0O 0O 400, LOBCGOOO exct OO ODOOODOODOODOOO
0 (000000 exct=3). Lanczos 00 000D O0O0O0O00OOOOOODO1
O00000DOO0O0,LoBCGOOOO0O0ODOODOODODOO0DOODOODOn
gooo.gbbooobboodbobo20bbo0bboooboobooobn
ag.

e [double-a]
OO0 : double O
00 : (Lanczos 0O O) LanczosTarget D0 000, 00000000000
000000000 (D0D0D0D0O0O LanczosTarget=3).

e [double-b]
OO0 : double O
OO0 : (Lanczos 00O 0) 000 ODDOO0OOOOODOOOOO. TPQOODO
LargeValue O OO O QOOODO.

e [double-c]
00 : doubleO
OO0 : (LOBCGOOO)OODOOOO0OO0ODOOO 200000000
god.oooooboboboon.

e [double-d]
OO0 : double O

00 : (LOBCGUOO)ODODOOOOOOO. LanczosEps H OO OO OO0
guodooooooobobbbbooooog.
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4.3.14 Time TPQ_Step.dat

(TPQUODODOODO)TPQUOOOOCOOOODCODOOOOODOOOOODOOOO
gboboboboboboboobobbobbobooo

4 N
set 0 step 1:TPQ begins: Wed Jul 13 07:59:20 2016

set 0 step 2:TPQ begins: Wed Jul 13 07:59:20 2016
set 0 step 3:TPQ begins: Wed Jul 13 07:59:20 2016

set 4 step 1997:TPQ begins: Wed Jul 13 07:59:32 2016
set 4 step 1998:TPQ begins: Wed Jul 13 07:59:32 2016

\set 4 step 1999:TPQ begins: Wed Jul 13 07:59:32 2016
/

IS

ooooo
o ## TPQ_Step.dat

##0 ModParaO0 OO OO0 [string02) 000000000 ODO0OOOO

gooooo
e set [int01] stp [int02]: TPQ begins: [string01]

goooo

e [int01]

g :intQ

OO0 : TPQODODOOODOO
e [int02]

g :intQ

OO0 :TPQUUOODOODOODO
o [string01]

0od : string

ob -gggoooo
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4.3.15 Norm rand.dat

(TPQUOCOOOO)TPQOOODODOCOOOODOOOOODDODOOOOODOOOO
gboboboboboboboobobbobbobooo

# inv_temp, global_norm, global_lst_norm, step_i
0.017471 19.046586 11.288975 1
0.034863 19.089752 11.288975 2

31.999572 20.802362 11.288975 1997
32.015596 20.802362 11.288975 1998
\32.031620 20.802362 11.288975 1999

gobooo

e Norm_rand??.dat

7O TPQUOOOD0O mnO00000000O0O

gooooo
1fggddgooo2000obbboooooogooooooo
e [double01] [double02] [double03] [int01]

gobooo

e [double01]
OO0 : double O
00 :000 1/kgTO

e [double02]
00O : doubleO
00 :TPQDDDDQDDDDDDDDDDD(DDDD)DDDD:(@ZHJ}QD
0000 = (1 — H/N)|y1)0
e [double03]
00O : doubleO
00 :00000000000 (DDDDDDDD)DDDDD@OWO}DDD
OO0y O0OOoOoOooooooooo
e [int01]
00 :int0

00 :00000000000 (I-H/N,)(10 ModParaO 00 OO LargeValuell
N,OODODOO)ODOoooooooo
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4.3.16 SS _rand.dat

(TPQUOOO0DODO)TPQUOOOOOODDOOOOOOODODOODOODOOOOOO
gbobbobboooboobobbobbobn

# inv_tmp, energy, phys_var, phys_doublon, phys_num, step_i h
0.017471 5.526334 45.390269 1.464589 6.000000 1
0.034863 5.266718 42.655559 1.434679 6.000000 2
31.999572 -4.814170 23.176231 0.590568 6.000000 1997
32.015596 -4.814170 23.176231 0.590568 6.000000 1998
\\32.031620 -4.814170 23.176231 0.590568 6.000000 1999 )

godod
e SS_rand??.dat

70 TPQUOOODO mmO000000OO00O0O

gooooo
lggggoouoo2tuuobobbbooooooouoouobooooa
e [double01] [double02] [double03] [double04] [double05] [int01]

gobooo

e [double01]
00 : doubleD
00 :000 1/kgTO

[double02]
00 : double
OO0 : 000000000 (K)o

[double03]
00 : doubleO
OO0 : J000oooo200000 (HQ)D

[double04]
OO0 : doubleO
OO0 . oo0go NLZKWT”M (000 N,OOODODO)Do

[double05]
OO0 : doubleO
00 : 000 (R)0
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° [intOl]
OO0 :mt0d

00 :00000000000 (I-H/N,)(10 ModParaD OO OO LargeValuell
N,OODODOO)ODOoooooooo
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4.3.17 Flct_rand.dat

(TPQUDOOOODO0) TPQUODOODODODDOOUODOODOOODDOOOOODOO
goodobobobbooogbbboooboooobobooooboon

~
# inv_temp, N, N2, D, D"2, Sz, Sz"2, step_i

0.0826564 12.00 144.00 0.00 0.00 0.0009345626081113 0.2500 1
0.1639935 12.00 144.00 0.00 0.00 0.0023147006319775 0.2500 2
0.2440168 12.00 144.00 0.00 0.00 0.0037424057659867 0.2500 3

135.97669 12.00 144.0 0 -0.0000000000167368 0.2500 1998

0 0.00 0.0
\136.04474 12.00 144.00 0.00 0.00 -0.0000000000165344 0.2500 1999

gobooo

e Flct_rand??.dat

70 TPQUODOOO0O mnO000000O00O0O

gbooooo
10b0buooob20000bbbooogbobbuooooboon

e [double01] [double02] [double03] [double04] [double05] [double06] [double07]
[int01]

gobooo

e [double01]
00 : double
00 :000 1/kgTO

e [double02]
OO0 : doubleO
OO0 :0000 ) ,(n)0

e [double03]
00 : doubleO
00 :0000200000 (3, 7)2)0

e [double04]
00 : doubled
OO0 0000 Niszi(n”anDDD (000 N,ODOOOO)D
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[double05]
OO0 : doubleO
DD:DDDDDDDN%((Zinnnu)z)DDDD(DDDNSDDDDD)D

[double06]
00 : doubleO
OO0 : 0000 Sz00 N%ZKS;)DDDD (000 N,OOOODO)D

[double07]
00 : doubleO
DD :00008:00000 +((X,57)*) 0000 (000 N,00000)0

[intOl]
OO0 :mt0d

00 :00000000000 (I—H/N,)(10 ModParaO 00 0O LargeValuell
N,00000)000000000
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4.3.18 Time TE _Step.dat

(0000000000 DO) 0000000000000 0000000000
ogbooboobooboobo

4 N
step 1:TE begins: Wed Jul 13 07:59:20 2017

step 2:TE begins: Wed Jul 13 07:59:20 2017
step 3:TE begins: Wed Jul 13 07:59:20 2017

step 1997:TE begins: Wed Jul 13 07:59:32 2017
step 1998:TE begins: Wed Jul 13 07:59:32 2017

\step 1999:TE begins: Wed Jul 13 07:59:32 2017
/

ooooo
o ## TE Step.dat

##0 ModParaO OO OO0 [string02) 000000000000 OOO

gooooo
e stp [int01]: TE begins: [string01]

goooo
e [int01]
g :intQ
OO0 : TEOODODDODOOOOO
o [string01]
00 : string [
o0 :gogoooo



4.3.19 Norm.dat

(0000000000 D0)00000000000000000000000
gbboodoboobooboobod

43 000000

107

# time, norm, step_i
0.0000000000000000 0.9999999999999994 0
0.0100000000000000 1.0000233421898765 1
0.0200000000000000 1.0000211100654208 2
0.0300000000000000 1.0000182214014706 3
0.0400000000000000 1.0000148460317946 4
0.0500000000000000 1.0000111372562455 5
0.0600000000000000 1.0000072252313270 6
0.0700000000000000 1.0000032174168609 7
0.0800000000000000 0.9999992048382456 8
0.0900000000000000 0.9999952720176869 9

\\O.lOOOOOOOOOOOOOOO 0.9999915078951970 10
ooooo

e Norm.dat

gboooboo

10b0bogoob2b000g0goboboooobobooooboon

e [double01] [double02] [int01]

gobooo

e [double01]
00 : doubleD
gd :gg ¢

e [double02]
00 : double
00 :00000000000000t0 00000 (Dooo)boooo

° [int()l]
OO0 :int0d

00

:0oggooood
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4.3.20 SS.dat

(0000000000 0)OD0O0D00OoO0O0D0oO0OODO0D0DOOOoooOoOOO0O
goodgbobbogoobooan

# time, energy, phys_var, phys_doublon, phys_num, step_i
0.0000000000000000 -6.0412438187293001 38.8635272290786489 . ..
0.0100000000000000 -5.9310482979751606 37.9593669819686923 . ..
0.0200000000000000 -5.8287182777288828 37.1390062697724801 . ..
0.0300000000000000 -5.7384311863736031 36.4282319427381651 . ..
0.0400000000000000 -5.6636677030535481 35.8466140292489897 . ..
0.0500000000000000 -5.6070659264425551 35.4081795274108799 . ..
0.0600000000000000 -5.5703150294725914 35.1222606981659666 . . .
0.0700000000000000 -5.5540895348193438 34.9942503380419154 . ..
0.0800000000000000 -5.5580244678717312 35.0260574979670665 . ..
0.0900000000000000 -5.5807312981978212 35.2161499389042660 . ..
0.1000000000000000 -5.6198544688797947 35.5591788356216298 . ..

L
gobooo

e SS.dat
gooogg

10bobugoob2b0000boboboooobobooooboon

e [double01] [double02] [double03] [double04] [double05] [int01]

goooo

e [double01]

HRN
HEN

: double O
: 00 O™

e [double(2]

HEN

: double O

00 : 000000000 (H)D

e [double03]

00

: double O

00 :00000000200000 (H%)0
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e [double04]
OO0 : doubleO
DD:DDDDNiszi(nmnM(DDDNSDDDDD)D

e [double05]
00 : doubled
OO0 : 000 (R)0o
e [int01]
g :intQ
OO0 : 000000000
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4.3.21 Flct.dat

(00000000000)0000000000000000000000n

4 000000

gbobbooooooobbboooobbon

# time, N, N°2, D, D"2, Sz, Sz"2, step_i
0.0000000000000000 7.9999999999999991 63.9999999999999929 ...
0.0100000000000000 8.0000000000000604 64.0000000000004832 ...
0.0200000000000000 8.0000000000000018 64.0000000000000142 ...
0.0300000000000000 8.0000000000001013 64.0000000000008100 ...
0.0400000000000000 7.9999999999999183 63.9999999999993463 ...
0.0500000000000000 7.9999999999999520 63.9999999999996163 ...
0.0600000000000000 7.9999999999999627 63.9999999999997016 ...
0.0700000000000000 8.0000000000000835 64.0000000000006679 ...
0.0800000000000000 8.0000000000000924 64.0000000000007390 ...
0.0900000000000000 7.9999999999999600 63.9999999999996803 . ..
0.1000000000000000 7.9999999999999067 63.9999999999992539 ...
ooooo
e Flct.dat
oogooon

1bbobouooob2b0000bbboooobbbuooooboon

e [double01] [double02] [double03] [double04] [double05] [double06] [double07]

[int01]
ogoooo
e [double01]
00 : double
o0 .00 td
e [double02]
00 : doubleO

00 : 0000 Y,(A)0

e [double03]

HRN

: double O

00 : 0000200000 ((3,7)2)0
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[double04]
OO0 : doubleO
DD:DDDDNiszi(nmniODDDD(DDDNSDDDDD)D

[double05]
00 : doubleO
OO0 :00o0o0ooo A%((Zinnnu)Q)DDDD (000 N,OOODODO)DO

[double06]
00 : doubleO
00 : 0000 8:00 23870000 (000 N,00000)0

[double07]
00 : double
00 :0000S:00000 &((3,%)) 0000 (000 N,00000)0

[int01]
OO0 :int0d
OO0 : 000000000
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4.3.22 Eigenvalue.dat

(FullDiagD 00 O00)000000000000OOO000OODOOODOOOOOO
obooboobod

a 141698096 A

0 -4.8
1 -3.7968502453
2 -3.2462822372

397 13.9898305290
398 14.4896221034
399 14.8525199079

gooood
gobboooobobbooodobo

e [int01] [double01]

oooaoo

e [int01]
OO0 :int0O
O0 : 0000 indexD0ODOOOOODOOODOOOOODOOOODOO
ooogo

e [double01]
00 : doubled
OO0 : 00000 (H)O



4.3.23 phys.dat

(FullDiag0 00O 00)0 0000000000 0OOODOOOO0O0O0OO0OO0OO
gbobobooogbbobuoooobobuoooobobobbbuoooobobooo

god

43 000000

113

-

<H>
-4.814170
-3.796850

14.489622
14.852520

N

<N>
0.000000
0.000000

0.000000
0.000000

<Sz>
0.000000
0.000000

0.000000
0.000000

<S2>
-0.000000
1.333333

0.000000
0.000000

<D> \
0.590568
0.423804

2.550240
2.329157

J

ogoogo
e 00000 ## phys_ Nup_$$Ndown%%.dat

e 00O OODODODO: #+# phys.dat

##0 ModParaO OO 00O [string02] 0 00000 00O00%$%0 NupUO% %O Ndown
oooooo

gbooooao
10b0buooob2b0000bbbooogbbbuooooboon

e [double01] [double02] [double03] [double04] [double05]

goooo

e [double01]
00 : doubleO
OO0 : 000000000 (H)O

e [double02]
00 : doubleO
OO0 : 0000000 (pyOo

e [double03]
00 : double
00 : 00002000000 (S,)0

e [double04]
OO0 : doubleO
DD:DDDDQDDDDD(SQ>D
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e [double05]
OO0 : doubleO
DD:DDDDNiszi(nmnM(DDDNSDDDDD)D



43 000000 115

4.3.24 ham.dat

(FullDiagO 0O 00) CalcMod DO OO0 O OutputHam=1 00O O00OH® OO O
O000000000000 MatrixMarket D000 OODOOOCalcModd 00O O
InputHam=1 0 000000000000 0OO0O0O0OOOO0O0O0O0O00O0O00O000
gboboboboboggobobboooobon

\
ThlhkMatrixMarket matrix coordinate complex hermitian
28 28 56
11 1.000000 0.000000
2 1 0.500000 0.000000
3 2 0.500000 0.000000
4 3 0.500000 0.000000
5 4 0.500000 0.000000
6 5 0.500000 0.000000
7 6 0.500000 0.000000
7 7 1.000000 0.000000
N /
ooooo
e ## ham.dat

##0 ModParaO O OO OO [stringd2) 00O OO0D0O0O0OO0OO0OOOO

gbooooog
o 1JOOU

e 200 [int01] [int02] [int03]
e 30-0[int04] [int05] [double01] [double(2]

oo0ooo

e [int01]
g :intQ
00 : Hamiltonian 0 O OO

e [int02]
g :intQ
00O : Hamiltonian O 0O O O

e [int03]
OO0 :int0
00 : Hamiltonian OO OO OO00O0O
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e [double01], [double02]
OO : double O

00 : Hamiltonian O OO OO QOOO
[double01] 0 0 OO [double02] OO0 O OOOOOO



4.3.25

cisajs.dat

43 000000

117

OneBodyGUOODOOOOODOOODODO (cjalcj@)DDDDDDDDDDDD
gobboogooboodago

4 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 /
gooagd

e Lanczos O : ## cisajs.dat

e TPQ O : ## cisajs_set??step%%.dat

e 00O 00DOO: ##_cisajs_step%%.dat

e 10 IDOOOLOBCGO: #+# cisajs_eigen&&.dat

##0 ModParaO OO OO0 [string0d2) DO OODOOODOO??0 TPQUOODOO

run0000%%0 TPQUOOODO0DO0OD0D0&&OODOODO0D0O00OOOODOO

goooo

0

e [int01] [int02] [int03] [int04] [double01] [double02]

goooo

e [int01], [int03]

HEN

s int O

OO0 :0000000000000([nt01]0:0000([nt03]0 j00000
goobd

e [int02], [int04]

HEN

s int O
o :DDDDDDDDDDD[intOQ]D 01D[int03]D co 0O OOOOO

0O: ggpoood
1. 00boogo
gbooooo
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e [double01], [double02]
OO : double O

00 : {c}, co,)00000000
[double01] 0 0 0 O [double02] 00 OO0 OD0OO0



4.3.26

cisajscktalt.dat

43 000000

119

TwoBodyGOOOOOOOOO0OO0OOD0 (¢}, ¢joyCho,Cle,y 00000000

goggpobboooobbooogd

g 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

\_ /

goggd

e Lanczos U : ## cisajscktalt.dat
e TPQ O : ## cisajscktalt_set??step%%.dat
e U0 DODOMO: #4 cisajscktalt_step%%.dat

e 1 000O0ODOLOBCG O : ## cisajscktalt_eigen& & .dat

##0 ModParaO OO OO0 [stringd2) DO OOOOODOOO??0 TPQUOODOO
run0000%%0 TPQUOOODO0O0O0D0&&OODOODO0O00O00O0O0O0OO

guooooo
e [int01] [int02] [int03] [int04] [int05] [int06] [int07] [int08] [double01] [double02]

gobooo

e [int01], [int03],[int05], [int07]
g :intQ
OO0 : O000000000O000(nt0l] 00000 nt03]0 jO0000
[int05) 0 0000 [int07)0 /000000000
e [int02], [int04],[int06], [int0§]
g :intQ

00 :00000000000[nt02) 0 ¢,0[int04] O 0,0 [int06] O 030 [int08]
0, 0000000

0: 000000

1: 000000

0oooo0
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e [double01], [double02]
OO : double O

00 : (el CjoyCho,ciny) 00000000
[double01] 0 0 0 0 [double02] 00 OO0 OD0ODOO



43 000000 121

4.3.27 eigenvec.dat

CalcMod OO O O O OutputEigenVec=10 0O O OLanczosO OO OO0O0OOO
O0O0D0O0O0O0O0OOOOIntputEigenVece=100 0000000000 DOOOOOO
guooobbooobobbtboogoobbboooobboooobobbuooo
guoodoooooooood
gooagd

o #4# eigenvec && rank $3$.dat

##0 ModPara OO DD DD [stringd2) 0000000000 &OOOO0O0O0OO
$$00ooooooOoooo

gooobood
U eigen_vectorUUUUUOOOOUOOOOODODOOOODLDODOOOOOO
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4.3.28 tmpvec.dat

CalcModOOODODO ReStart=1,2000000000000000000O0O0O0O
gbobbobooboobooboooboobooboobooboobon
0000 (0000000 eigenvec.dat 00000 )0
goboo

e Lanczos 0 O ## _tmpvec_rank_$$.dat

e TPQUO, LOBPCG O O #+# _tmpvec_set_&& rank_$$.dat

##0 ModPara O O OO OO [string02] 00000000 0O0O$S0 00O OOOO
O000000&&O TPQODOOOOODODOOOODOOOO LoBPCGOOOOO
gbooooogobod

gbooooo

0000000000000 00000000O0O00D0D0oooOoOOO0O (OO
OHPOODODODODDODO0DO0DD0O0O0ODO0O0O00DO0O)O
Lanczos

fp = fopen("zvo_tmpvec_rank_0.dat", "wb");
fwrite(&number_of_interations, sizeof(int), 1,fp);
fwrite(&local_size, sizeof (unsigned long int),1,fp);
fwrite(&last_vector[0], sizeof (complex double),local_size+l, fp);

fwrite(&second_last_vector[0], sizeof (complex double),local_size+l, fp);

fclose(fp);

J

TPQO OO LOBPCG

fp = fopen("zvo_tmpvec_set_O_rank_0.dat", "wb");
fwrite(&number_of_interations, sizeof(int), 1,fp);
fwrite(&local_size, sizeof (unsigned long int),1,fp);
furite(&last_vector[0], sizeof (complex double),local_size+l, fp);
fclose(fp);

\

J

000 O number_of _interations U O 0O O01local_sizeJUOOOOOOOOO
OMPIDODODOU0O0OOOODOODOODODOOOOOOOOOON)O last_vector
O000000000000second_last_vectorJ OO0 O0O 200000000
Oooooooooooon

[0 last_vectorllsecond_last_vector U U OO00OO00OO0OOOOODOO
oooooooOon
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4.3.29 DynamicalGreen.dat
dooooooooobogooooboooooooooooooooooon
goodoon
ogoooo
e ## DynamicalGreen.dat

##0 ModParaO OO OO0 [string02) 000000000 ODO0OOOO

gooooo
e 10 0-: [double0l] [double02] [double03] [double04]

gobooo

e [double01], [double02]
OO0 : double O

00 : 00000000000
[double01] 0 00 O [double02] 000000000

e [double03], [double04]
OO0 : double O

00 : 0000000000000000
[double03] 0 0 0 O [double04] 0000000 DOO
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4.3.30 recalcvec.dat

LanczsoU D OO OOOO0OOODOODOOODODODO 20000000000
gbooobooboobogboobooboboobobbooboobon
gbobobooggdy

gogoo
e #4 recalcvec rank $$.dat

##0 ModParaD OO O OO [stringd2] 0000000 DOO0O$S0 O ODOOOO
ogooo

0ooooo
e 1000 [int01]

e 200 O [int02]
e 300 - [int02]4+3 0 : [double01] [double02]

e 400 - 2x[int02]4+4 O : [double03] [double04]

oooono
o[intOl]
OO0 :mt0d

gb :ggoobbbuogobobbbodoooobbbouoodobo

e [int02]
00 : Long int 0
OO0 :000000000000O000DO00DOO0OO

e [double01], [double02]
00 : double

00 : LanczosO0 00 v, OO0OOODOO [double0l] OO O O [double02] O
goddduooooooooobobbbobbbooooooooon

e [double03], [double04]
00 : double

00 : Lanczos 000 v, OO0OOODOO [double0l] OO O O [double02] O
goddooboooooououobooobobbbooooooouoon
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4.3.31 TMcomponents.dat

Lanczso OO O OO OOOOO0OODOOO0OO0O0O0O0O0O0O0OOOOOOOOOOO
godooobobobobbobbouoooubbbbbooooooooobbooo
ogoooo

o ## TMcomponents.dat

##0 ModParaO OO OO0 [string02) 000000000 ODO0OOOO

000000
e 1000 [int01

e 2000 [double0]]
e 300 - [int02]4+3 0 : [double02] [double03]

gooboon
e [int01]
g :intQ
b :gogdobbuoooobobboooobbo NyOooobbo

e [double01]
00 : doubled
OO0 : 000000000000 00

e [double02], [double03]
OO0 : double O

00 : Lanczso0000000000000000000000000000O
00 a; B (i=1,---N,)00000000000000000000000
0000000000 [double02] O ;0 [double03] 0 40000000
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4.4 0O0O00O0OOOOODOO

e ERROR ! Unsupported Keyword !
gbbboodgbbbuoodgbbbuoodobbbooobbbuoodabbobb

e "ERROR ! Keyword LU 00 is duplicated !
obobboobo20b00000000000000Db0O00DOOODOODO

e ERROR ! Unsupported Solver : U U 0IU
e ERROR ! Unsupported Model : 000
e Sorry, this system is unsupported in the STANDARD MODE...
Please use the EXPART MODE, or write a NEW FUNCTION and post it us.

method, model, lattice U OO DOOODODOOOOOOO0O0OO0O0OOOO
obobbobooboobooboobod

e ERROR ! abs(2 * Sz) > nsite in Hubbard model !

e ERROR ! Nelec > 2 * nsite in Hubbard model !

e ERROR ! (nelec + 2 * Sz) % 2 != 0 in Hubbard model !

e ERROR ! nelec <= nsite && 2 * |Sz| > nelec in Hubbard model !

e ERROR ! nelec > nsite && 2 * |Sz| > 2 * nsite - nelec in Hubbard model !
e ERROR ! abs(2 * Sz) > nsite in Spin model !

e ERROR ! (nsite + 2 * Sz) % 2 != 0 in Spin model !

e ERROR ! abs(2 * Sz) > nsite in Hubbard model !

e ERROR ! Nelec_cond / 2 + Nelec_loc > nsite in Kondo model !

e ERROR ! (nelec_cond + nelec_loc + 2 * Sz) % 2 != 0 in Kondo model !

e ERROR ! nelec_cond <= nsite / 2 && 2 * |Sz| > nelec_cond + nelec_loc ...
e ERROR ! nelec_cond > nsite / 2 && abs(Sz2) > nsite / 2 * 3 - nelec...

gbobogobuogobogbboboobooboboouobbobbog 20
0000000000000 00000 (000000 ooOoOoooO20d
Oo000000O0)oooooooooooo

e Check ! UUDUDOD is SPECIFIED but will NOT be USED.
Please COMMENT-OUT this line
or check this input is REALLY APPROPRIATE for your purpose !

ooooooooooooobobooboboboobooooooooooon
gbooooooooooooobooooooooooooooooooon
obobobooboobooboobooboobo

e ERROR ! U O OD is NOT specified !
obooobobooobboooobbooobboooobobooobobooon
oboooooooo

o JUUUUO =000000 ###### DEFAULT VALUE IS USED ######

gboogobdobodgbogobodgbobuoobobbooboobobn
gbooboooobbbuoooobobboooooobogn




D

Juooguo

5.1 Lanczos![]

5.1.1 0O0OOO

Lanczos 000000000 titpack DO OO00O0 (200000000 [13])(0
0000000000)0000000000

Lanczos 0000 000000000000 00D000D0OO0O0OO0OOOO0OO
0000000000000000000Lanczos 000000000000 Hilbert
0000000000000 000000000208000000000000
0000000000000000000000000000000000000
0000000000000000000 Hibet 00000000000 0O0
0001000000

Lanczos 0000 000000000000 00000D000D00OO0OOO00OO
0 x, 0 Hamitonian 0000000000, H'ex, 000000000000 O0
00000 Kupr(H, z0) = {0, H'ao, ..., H"xo} O Krylov 00000000000
0000000 A#OOO00000 (00000000 F,000)0000000
ooQg

Ty = Zaiei (5.1)

O00ooooooorE000000o0oooooooooooooooonog
DDDDDDDDDDDADDDDDDDDDDDDDDDDDDDDDDDDDD
000 Hamiltonian O H*" OO OOOOOO

. E\"
H”xo = Eg [ageo + Z (E) aiez} (52)
i#0 0

oboooobobooooo rpobobobbobooooobobobobooon
OO000b0b0ob0bo0oboob0ob0obooboobobO LanczosODOODO

Lanczos 0 0 00 K,(H,z,) 0000000000 v,...,v,., 0000000
000000000000000000000 v = @o/|xo, Bo=0,2_; =000

“00000000KPO000000000000000000000 100,000 200 (S.)
go,0000o0obooobooooobooboobo1ooboobooobooboobooobooaon
OO00O00OD Hilbert OOOODOOO

127



128 5 0O0OoooOono

gbobbuoogoobbbuoobboboooobbbuoooobbooood

ay, = (Hoy, vy) (5.3)
w = Hop — Brvp_1 — apvk (5.4)
Br41 = |w] (5.5)
Uk (5.6)

(43 = —
T
O000000w,p, 00000000000 DOOO0DOOODOODOOOOd0

Ubobooobobooobd KryrovOOOoooooooooobooooono
goobooggn

T, = VIHV, (5.7)

000000000000V,0w(i=0,1,...,n—1)0000000007,00
0000000000000000 o, 000000 400000000000
000007,000000000000000000000000000000
(Viv =1J/0000000000000)07,00000000 6 000000
00000000000000000000 ¢=V&00000000VOOOO
0000Lanczos 000000000000 00000000000000000
0000 (Hibert 00000 xLanczos 000000)000000000000O0
000000000000Lanczos 000000000006 0000000 BO0O
000 Lanczos 0000000000 VOOOOOOOOO0000000000OO
ooooo

Lanczos 000,00 Hilbert 0000 0000000000000000000
00000000000000000000000000000000000 7,0
00»000-0000000000000000000000000000000
0 Lanczos 0 0000000000000000O00000O00000O0O0 (0O
0 Ref. (3 00000000)0

5.1.2 0000

DDDDDDDDDDDDDDDDDDDDDDDDyODDDD(ﬁ—En)_lD
obobooobobooooob p,000boboobobooobobooobobo
gbboboooobbbuooobobbodoodd

(7:[—En)_1DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

yr = (" — By (5.8)

0000000000000 (CGhL)OoO0oooooooooooooooooO
gbbbuooouoooobbboooobbbuoooobbboooobboao
ooboooooob,ccobogooboboobooooboobooboonD 400
gbbobooooooobbboooobbobuoooobbbuoooobboao
gobobooooooon

2¢,000000Lanczos 000000000000 DODODO



5.1 Lanczos O 129

5.1.3 UUOoogogogg
gbobobooodgobbod

Lanczos UOD DO O0OOO0ODOOOO0OOOO0ODOOODOODOOODOODOOOODO
000000 ModParaO OO OO initial_iv(= r,) 000000000000
O00000D000DbO0000bDOo00d ModParaDOODODOOOOOOOoOO
InitialVecType U DU O UOOODODOUOOOOODOOO0OODODOOOOOO

e I UOOODOD initial_iv>0000
obobooboobog

(Ndim/2 + Ts)%Ndim (59)

000000000000000Ng,000000000000000000
Ngin/20000000 initial iv=100000000000000000
000000000000000000000000000000000 10
00000000 (1+44)/v/200000000

e IUDUOOUDOUODLUDLD UODOO initial_iv<0OODOO
gbbobuoooobbbuooobbbboooobbobbboooob

123432 + |r| (5.10)

gooobbdooddidnuU anO0000000mm 000000000
OO0D00D0O0O0000O0000bD00O0 ModParaDOOODOOOOOOOO
O NumAve U O 0O0O0O0initial _ivOODOODOOOOOOOOODODOO
SIMD-oriented Fast Mersenne Twister (ASFMT)0 0000000000 [14)0

gbooboooogn

HOOOOT,00000 lapack 00000 dsyev 000000007,00000
00000000000000000000000000000000000000
00000000000 500 Lanczos 000000000000 7,000000
0000 Lanczos 000 0000000000000 O000O0000000000
D0000000000000000000000000000 CDataFileHead ([
0000000000 ModParaDOO0D0)00000000000O00

OD00O0Lanczos 000000000 VOOOOOOOOOOOOOOOOOO
D000000000000000 [»0000000000000 E, = (n|H|n),
00000000 A= (n|H?n) — ((n/H|n))? 00O 0O0E, O Laczos 00 00 O
0000000000000000000000000000000000000
0000000000000000000000000000000000000
ooo

000000000000000000000000000000000000
D000000000000000000 Lanczos00000000000000
000000000000000000000000000000000



130 5 0O0OoooOono

5.2 OOODOO

5.2.1 0O0OOO

0000000 A00000O0 |¢,)(j=1---N)000000000: Hy =
(Y;|Hl¢;)000000000000000000 £0 000000 |9,)0000
0000000 (i=1---N)0OOOO0O0000 lapackd dsyev O zheevO 00O
000000000000000000000000000000 (4;) = (®;|A®;)
00000000000000000

5.2.2 0UO0O0OOOOOOOO
000000000 (4,) = (&]A|®,)0000

Y (A)e P

<A> — Zz‘:l

Zz‘]\il S

gbbboooobbbuoooobbbuobbuoooobbboooobboao
gbbobuoogooboobbbooobbboooebbbuooooboobon

(5.11)

5.3 UOUOOOODOOODOOObOOOOO

oo oooooooooooooobooooooon
0000000000000 0000000000 RO000DO000oDo0d
O(TPQ)DOOCOOO0OO0OTPQUOOUOOOODOOOOODODODOOOOOO
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