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— - > 2 @ 3 2 0
B/ = AIEF /N —FER (65 1 F) N
model = "Hubbard® . \ \//\ )
lattice = "triangular” $ gnuplot lattice.gp | .
adw = 3 \//\
3
adl = 0 ]
alw = -1 i= @ Energy=-10.848286
all = 2 i= 1 Energy= -8.315735
method = "Lanczos" i= 2 Energy= -8.315735
t =1.0 i= 3 Energy= -8.237733
U=4.0 i= 4 Energy= -7.728182
nelec = 6 method = “FullDiag" i= 5 Energy= -7.703537
2S5z = 0 i= 6 Energy= -7.703537
i= 7 Energy= -7.554153
i= 8 Energy= -7.554153
B
LanczosStep E[1] E[2] E[3] E[4] Target:E[3] E_Max/Nsite
stp = 2 -0.3548292899 12.4881600985 XXXXXXXXXX XXXXXXXXX ©.0000000000 XXXXXXXXX
stp = 4 -6.0683873495 1.8080229826 10.2313320721 18.5822029997 10.2313320721 3.0970338333
stp = 6 -8.1000584754 -3.5362664145 2.5187038512 9.0952060082 2.5187038512 3.3988254807
&
stp = 64 -10.8482855887 -10,7899137901 _-8.3157354869_-8.2377334064 -8.3157354869 3.8136933537
stp = 66 -10.8482855887 -10.8465909598 -8.3157354869 |-8.2377334064 -8.3157354869 3.8136933537
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Locally Optimal Block Conjugate Gradient (LOBCG) method

A. V. Knyazev, SIAM J. Sci. Compute. 23, 517 (2001).

HiE ith, BAFTE I FE=HmXE, 20060027 (2006).
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Bl/=AEF/\AN—FER (6H A1)

18 | I | IF ” D'I I
u 1ag .
model = "Hubbard“ 16 | Logcé; X -
lattice = "triangular" 14 L i
adw = 3 8 12| i
afl = 0 < -
alw = -1 “ 10 - y
all = 2 s 98 .
mn 'Q
method = “CG 2 6¢f i
t=1.0 4l |
V= 4.0 Exct = 50 2
nelec = 6 Xct = i | H [1'
ZSZ — e O 1 1 1 1 1
-15 -10 -5 0 5 10 15 20 25
LanczosEPS = 8 c
ner

Exct = 5 &Y
Step Residual-2-norm  Threshold Energy

1 7.04783e+00 6.33060e-04 5.51419e+00 6.33060e+00 5.96198e+00 5.91659e+00 5.84129e+00

2 6.81182e+00 3.19811e-04 1.75785e+00 2.62971e+00 2.86870e+00 2.99176e+00 3.19811e+00

3  4.82958e+00 3.85028e-04 -3.85028e+00 -2.95489e+00 -2.01928e+00 -1.62988e+00 -1.21946e+00

4  3.82792e+00 6.84264e-04 -6.84264e+00 -5.73852e+00 -4.84241e+00 -4.29262e+00 -3.96856e+00
B
110  1.44101e-03 1.08483e-03 -1.08483e+01 -8.31574e+00 -8.31574e+00 -8.23773e+00 -7.72818e+00
111  1.24017e-03 1.08483e-03 -1.08483e+01 -8.31574e+00 -8.31574e+00 -8.23773e+00 -7.72818e+00
112  1.02433e-03 1.08483e-03 -1.08483e+01 -8.31574e+00 -8.31574e+00 -8.23773e+00 -7.72818e+00

T HEFE - ATV IIRODEBEAIMLORILHT S
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adw
a0l
alw = -1
all = 2
model = "Hubbard"
method = "CG*

lattice = "triangular"
t =1.0
U=4.0
nelec =
2S5z = ©
LanczosEPS = 8
Lanczos_max = 10
restart = "RestartSave"

1l
oS w

6

WML BEERIMLEESHLTIOTSLET,

Start: Input vector.

FileOpenError: ./output/tmpvec set® rank ©o.dat.
A file of Inputvector does not exist.

Start from scratch.

initial mode=1 (random): iv = -1 i max=400 k_exct =1
Step Residual-2-norm Threshold Energy
1 6.39768e+00 5.51419e-04 5.51419e+00
B
9 2.10106e+00 9.94784e-04 -9.94784e+00
10 1.40169e+00 1.04545e-03 -1.04545e+01

###### End : Calculate Lanczos EigenValue. ##H####

Start: Output vector.
End : Output vector.
LOBPCG is not converged in this process.

KIFAIWH A XEESHLUICHDHEREITER !
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Locally Optimal Block Preconditioned Conjugate Gradient method

A. V. Knyazev, SIAM J. Sci. Compute. 23, 517 (2001).
LI fth, B RETE T E =X EE, 20060027 (2006).

RIALIE
REERICKY RIEESNIRLPTWDTIICEZTHLAREL, #EBLTRY,
HRGAIRE DT EFITIDOEE(BEFR)IIKTFT S,

Ho LB EHLETNIE, X E RS —1)2 % (Point Jacobi)ZfE>TH B,
src/CalcByLOBPCG.c 3301TH

int do_precon = 0;//If = 1, use preconditioning (experimental)

int do_precon = 1;//If = 1, use preconditioning (experimental)




E_I_ ﬁ %:I: % Output/zvo_Lanczos_Step.dat
n [ ‘n 10 ¢ T T T LOBCE — ]

1) L J
{5 /IE A& F 7\ N\—F$EE (8H A1) 0.1} 4
£ I i
5 0.01¢F 3
aow = 2 6 < I !
a0l = 2 § 0.001 | :
alw = -2 Eo.oom : .
all = 2 1e-05 | ;
model = "Hubbard" 1e06 | |
method = "CG* ©
3 = ({ ¢ n 'Ie_o7 1 1 1 1
lattice square 0 50 100 150 200 250
t=1.0 -
ep
U = 5 5 10 F T T T T LOIBCG T 7
nelec = 8 1 LOBPCG —— ]
2Sz = @ 3 1 i .
S U/t=4 ':
10 : . . . . . € - t= ]
i LOBCG —— {1 5 0.01F .
1F LOBPCG —— ] € i ]
1 = 0001E ]
0.1 F 1 200001 i ]
£ o001} U/t=38 1 & i ;
< I ] 1e-05 | .
S 0.001 . [ ]
o I ] 18‘06 = —
$0.0001 F ] i ]
o I ] 1e-07 [ 1 ] 1 ] 1 1 1
1e-05 . 0O 20 40 60 80 100 120 140 160
T1e-06 ] Step
1e-07 L 1 ] ] 1 1 ]

0 20 40 60 80 100 120 140

Step NAEURILTER (U/t = 00)[FEIH ?



adw = 2
adl = 2
alw = -2
all = 2
model = “Spin"

method = "CG*
lattice = “square"
J =1.0

2Sz = ©

Residual norm

INAER)LY FEEY

!
0.1 ¢
0.01 ¢

0.001 ¢

0.0001 ¢

1e-05 |

le-06 |

le-07 L

LOBCG ——— A
LOBPCG —— |

1 |

10 20 30 40
Step
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N51te

(A'I'Ak> lk(Rl RJ)(A-I-A )

NCell
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tool/fourier : 7— I EHETHTOT 5L
tool/corplot : 3RFTTAVRET HTAST S L
doc/userguid.html : WMoY =27 I ZFETES



ATHEIER |

Bl/EEBEFNAERILTER (16H (k)
samples/Standard/Spin/HeisenbergSquare/

. 4 -2
$ /NX/HPhi -s StdFace.def - 1 -4
$ /\R/fourier namelist.def geometry.dat - 1 -6
$ /\X/corplot output/zvo corr.dat he 8-8

#####  Plot Start #H###H#
Please specify target number from below (@ or Ctrl-C to exit):

Real Part Without ErrorBar

[ 1] Up-Up [ 2] Down-Down [ 3] Density-Density [ 4] SzSz [ 5] S+S- [ 6] S.S
Imaginary Part Without ErrorBar

[11] Up-Up [12] Down-Down [13] Density-Density [14] SzSz [15] S+S- [16] S.S
Real Part With ErrorBar

[21] Up-Up [22] Down-Down [23] Density-Density [24] SzSz [25] S+S- [26] S.S
Imaginary Part With ErrorBar

[31] Up-Up [32] Down-Down [33] Density-Density [34] SzSz [35] S+S- [36] S.S

Target : 6 (&¥T>TEnter)

Lanczos,LOBCG,TPQ, FullDaig(,mVMC)FNF N THEZ S

BELANOD [ %8
corplotA TgnuplotZFEUH L TLNAAY, il R

44K YRBID/IN—32 Dgnuplot TIXIFE TEZLY, S>1/2MAEUIZIE R L TLVELY,
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BR  hEFEE. ARPES, ZDHMIGE

Gij(w) = (D |AT (w _ﬁ)‘l,aij| ®,) HPhiTIZ iz

IR K &ZBEE A. Frommer, Computing 70, 87 (2003).

Shifted Bi-Conjugate Gradient (BiCG) method  S- Yamamoto, et al., JPS) 77, 114713 (2008).

bY = Al @0) | (w, — A)lx,) = |b) Gii(wn) = (blxy)

Krylov&B 43 ZEfE]: span (Ib) ,(w, — H)b), (w, — H)2|b) ooy (o — ﬁ)M|b))(g:
w IZEBT HBIETES,

BER) = (w0, — A) [x) — |D)ELTDw, [T DVTETIZTHTNTUR L,

+

W, DBZEENETIEPLTHLHEDRSBDARELFMERRELEERLC,
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(wn — H)lxy) = |b) $ 1% BB (CG)3K(TILI—MTFI)
HMAM(Z (o, TERH I+ 1% A B (BICG)iE (FETILI—MTFI)

CHDEHEFXITDIL—FoET53473)ELTRARELTLNS,
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STEBI(AATFAIL)

{5 /IE H ¥ F 7 \ I N—R &R (8 (1)
HPhiZ2[BIZEITT AN ENH D,

alW
adL
all
allL =
model "hubbard"
method = "CG"
lattice = "square"
t =1.0

i
N DN

N

LanczosEPS = 8
EigenvecIO = "out"
CalcSpec = "None*
SpectrumType = "SzSz"
SpectrumQW = 0.5
SpectrumQL = 0.5
OmegaMin = -10.0
OmegaMax 20.0
OmegaIM = 0.2

16 B EERKEEZRDD

aok =
aoL =
all =
allL =
model "hubbard"
method = "CG"
lattice = "square"
t=1.0

t' = 0.5
U=4.0
2Sz = 0
nelec = 8
LanczosEPS
EigenveclIO out
CalcSpec = "Normal"
SpectrumType = "SzSz"
SpectrumQW = 0.5
SpectrumQL = 0.5
OmegaMin = -10.0
OmegaMax 20.0
OmegalM = 0.2

NN

N

8
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AT HE G R

#i###t Spectrum calculation with BiCG  ##H#H#H# output/zvo_DynamicalGreen.dat
Start: Calculate tridiagonal matrix components. 1 ' ' ' Real part : ——
05 L Imaginary part: —— |
Iteration Status Seed Residual-2-Norm
1 0 52 1.785310263663404e+01 |  ° [ PN AT
2 (%) 29 4.341492751424147e+00 % 05 |k i
3 (%] 68 5.104459320308541e+00 Q
B& o T ]
627 0 107  5.590599345090712e-08 a5 ]
628 (%] 107 1.731462499130794e-08
629 (%] 107 8.950365060361546e-09 2r 1
End:  Calculate tridiagonal matrix components. 25 l . L . l
-10 5 0 5 10 15 20
: r T T T T T ] Energy
?‘Sféffjf//ﬁ\\\\“"“““‘ .
1e-05 .
E output/residual.dat
c
I
3 1e-10 } » — s
2" IRILF—CEDHREDIK
o
le-15 |
le-20 L

-10 -9 0 5 10 15 20
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