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TeNeS €I ?

1.1 BIE

TeNeS (Te nsor Ne twork S olver) (&7 > Vb px v bV =2 RICH I SHREBTFREHED DDA -T2 Y —2D
TOaT T LRy r—=ITT, R T ETERINBTAC VERR Y DZ AN I b =7 v OREIREIEE)
BI% kD, BULPHBIRE R C OYHRZHEL T, HOr UDERINLEE - AN LTI 2—H—
DHBICAN 7 7 ANVEIERT 2720DY —A0DH D, K[EITEBRTE 9, OpenMP/MPI 4 7'V v RifiFiC
KIS LTED ., KGRI X 2 KEWEEH R ATRET T,

1.2 ARE

TeNeS IZLL T DX Y N—THELTVWET,
o KRR B CRERERF B BERITFERD
o AR S CRECRS: VIPERTSERT)
o ARl CGRECRS: YPERTIERT)
o TR B CGREURE: YIPEWTIERT)
o DR A CRECRS: VIPERTSERT)
o I B CRECRS: YIPERTIERT)
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1.3 \—2avER

e ver. 1.1.1: 2020-11-09 12V Y — X,
e ver. 1.1.0: 2020-07-09 {2V U — &,
e ver. 1.0.0: 2020-04-17 12V Y — X,
e ver. 1.0-beta: 2020-03-30 12V J — X,

e ver. 0.1: 2019-12-04 12V Y — X,

14 21>

RKY7brvoz707ar o5y r—IBLUY —2a— F—Rix GNU General Public License version 3 (GPL
v3) IWHELTEfAEINTVWET,

1.5 JE—51F

© 2019- The University of Tokyo. All rights reserved.

KY 7+ =7 D—HRE 2019 FEE HEUREWMERIZER ¥V 7 by = 7EEA T e Y = 7 P OEERIHFE S
THED., ZOEFHIFEREDFFE L TVWET,

2 #E1ZETeNeS tix?



E2F

1R M=ILAE

21 #o>O—Fk
TeNeS @Y — A 32— Fi& GitHub page »5 XU Y0 — R TEFE T, git 4 YA P =L ENTVWBRERET, T
avy RO Xy ru— Fpfnshxd,

$ git clone https://github.com/issp-center—-dev/TeNeS

22 WERSATZ) - J/IR

TeNeS Z a2 Y RA VT HIZWEUTDIA 77V « REDBHETT,
1. C++11 compiler
2. CMake (>=3.6.0)
TeNeS ZUATDI A4 77 VIKFLTVWE T, HEICX Y yu— FBIPEL FASNET,
1. mptensor
2. cpptoml
3. sanitizers-cmake

MPI B X O ScaLAPACK ZHfH3 2 Z 2 T7 v VIILEEZFLTE £3, MPI, ScaLAPACK IZDOWTIZHH T
A VA= TBIRERDH D £, /22 21F Debian GNU/Linux (RZDIRETFT 4 A MU 22— 3 y) 2BV
T. root HERR % B H DAL,

sudo apt install openmpi-bin libopenmpi-dev libscalapack-mpi-dev

TA YA M=ATBIZEHARETT, ZhH DX, Open MPI 72 ¥ ® MPI 272 & (N2 ScaLAPACK @ 7k —
LR=VEBHEOE, A VA=A ELTLIEI N,



https://github.com/issp-center-dev/TeNeS
https://github.com/smorita/mptensor
https://github.com/skystrife/cpptoml
https://github.com/arsenm/sanitizers-cmake

TeNeS 21— —<=Za7I,JVJ)—X1.1.1

AN 7 7 A MEKY — L DEHIZIE Python (>= 3.0.0) B £ LU T D Python 2%y 7 — I BRETT,
1. numpy
2. scipy

3. toml

23 1A=L

1. TeNeS D7 4 L7 bV IIBENLDE, LUTOFIHIIHE > TEIL FEITVWE T,

mkdir build
cd build
cmake —-DCMAKE_INSTALL_PREFIX=<path to install to> ../

v r W

make

<path to install to> D7 7 #/L MHIX /usr/local T,
(CentOS & ¥, BREIC X > Tid cmake3 ¥ T24ENHH £5,)

B, FELoa~wY FTbuild/sre T4 L2 P VIZFEIT7 74V tests PMEREINE T,

S make test

O T A ERITT LI ENTEET,

2. KA VA=V LET,

$ make install

EfT7 7 4 )l tenes, tenes_std, tenes_simple 2% <path to install to>/biniZ4f YR b —JLEh
73,

MPY/ScaLAPACK 5 {E DEZ1E

MPI B X Of ScaLAPACK ZFJH L2 WE&12iZ. —-DENABLE MPI=OFF * 7Y 3 % cmake 2~ FIZEML
TL 7 &V, macOS TlE ScaLAPACK O—ERBE% & & 2 5 4D BLAS, LAPACK ¥ THENEL ., =5 —KT¥
ZDEMERLTVWET, MPLIFIOESLEHEEL TOE T,

AVNA S DIEE

CMake TIEHBITI Y A4 S2BHLTEL RFRITVWET, 2084 SERIEELEZWVWEAIE UTO LS 10t
TarvEBIMLTLEI W,

4 B2EAVAM—ILEE
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$ cmake —-DCMAKE_CXX_COMPILER=<path to your compiler> ../

ScaLAPACK S 1735 DIEE

CMake CTIZHBEIT ScaLAPACK 74 77 UV RBH L 32, Ao ohkdro72EE7kIC, <path>/
lib/libscalapack.so ZHHALEWVHEEICEUTO L SITH 7Y a v EBINLTL W,

$ cmake -DSCALAPACK_ROOT=<path> ../

mptensor DIETE

TeNeS (%7 > YV VEHE 5 4 7°Z U mptensor ZF|FH L TWE T, CMake IXEE)IT mptensor 2 Xv > 12— K -
EOVRLETH, =P —=2HANTA >~ A b —)L L7 mptensor (<path>/1lib/mptensor.a) ZEH L 7ZWEE
Wi, LT X212 7> a vy ZBIMLTL XN,

$ cmake -DMPTENSOR_ROOT=<path> ../

Python ¥ > 2 —71) R DIEE

TeNeS ¥ — L& Python3 TEHLNTED., RADE-o7/ python3 a~wy FEHEMIGEH L ET, V—I1lDHE
I F AT R WEEIZIE,. type python3 BREZFHL T, python3 a <Y RIZSANHE-> TVWE Y
I DERR L TL 72X,

o402 —FVREERELEZWVEE (BB W /usr/bin/env 2~y FAETTETICL S —DBHB5E) 12
Z. LTD X512 CMake 7> a Y EBMLTL XN,

$ cmake -DTENES_PYTHON_EXECUTABLE=<path to your interpreter> ../

23. 12X +=)L 5







B3E

AR E

TeNeS DX A > 70275 A tenes ZFIHT 5121k, BESLHAIER Y EZERT 20D ANT 7 A VEERT B

WEBRDHD ET, ANT7 7 ANVDIERZ LR T VLS I,

e tenes_std: FIED 7 + —< v MW, B CHTEEL Y E2ERZ LA 7 A VEERLFETT S

Z YT, tenes BEITTEZLDDANT 7 AVEBERTZY—1

e tenes_simple: H 50 UDERINMETHEENI LT, BB AN T 7 L V5 tenes_std BFHLT

FTB3EODAN T 7 ANEBERTZY—L

PHEINTVET (X 3.1 Z), (EREOBEPE TGS B WSS, tenes_std DA77 L%
BEEERT 2 THRIBTEE Y, TeNeS OFEA NI 7 7 A VOFEHICOWTIE, T77MILT+#—Tv bk 2ZE

L&V,

simple.toml

input.toml

tenes_simple

tenes_std

3.1 TeNeS DFtH 7 v —#EX

parameters.dat
density.dat
onesite_obs.dat

twosite_obs.dat
correlation.dat
time.dat

PUF. 20200y =V OERGEICOWTERE L. REIC tenes DFEASGECOWTHAL 7,
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3.1 tenes_simple OfERAE

tenes_simple IZERFADERL BT T 3 tenes_std DAS 7 7 AV EERT 2V —ILTT,

S tenes_simple simple.toml

c SIBE LTI 7 A LZHD 5
e tenes_std DANTZ 7 AL LET
s ARV ERSAVA T I VEUTOBEDTY
- —-help
x ANILT Ry E—IDFER

—-—version

x N—Ta VYEEDRR
- ——output=filename
x 3277 4LV0%4H filename ZIEELET
* 7 74 M std.toml
x ANT 7 ANZBERMUT 7 ANVAITTHI LI TEFEA
- --coordinatefile=coordfile
x BA - OEEEREHNIT ST 74 V% coordfile RIEELE T
* 7 74 M& coordinates.dat
 JEEZ > AME 1FIHICH A VESE, 2,35HICx, y BIE (FhL NEER) 25AFT
BUEEFR SN TV A - i3k b,
. 15HE
- Z¥V%K
o WBF
- 1E7KT
- AT
- BOBET
- MITDIET

8 B3I FEAAE
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B - FR AT 7 7 A VOFMIX tenes_simple DA T 7AIL ZBRLTLZE W, DT, EARFLTESR
ENZRAE Y 12 DALY RAUTHERID AT 7 7 4 ABITT,

[lattice]

type = "square lattice" # type of lattice
L =2 # size of unitcell
W =2 # size of unitcell
virtual_dim = 3 # bond dimension
initial = "antiferro" # initial state
[model]

type = "spin" # type of model

J=1.0 # Heisenberg interaction
[parameter]

[parameter.general]

is_real = true # use real tensor

[parameter.simple_update]
num_step = 1000 # number of steps

tau = 0.01 # imaginary time step

[parameter.full_update]
num_step = 0 # number of steps

tau = 0.01 # imaginary time step

[parameter.ctm]

dimension = 9 # bond dimension

3.2 tenes_std DERFZE

tenes_std 3G A 6NN IN =7 U h o EREZA 7 ORERHEFEREE T exp (—7H;;) ZEH L, tenes
DANTZ 7 ANVBERT 5V — LT,

S tenes_std std.toml

s G LTI 7 A NEMD T
e tenes DANTZ 7 A VEHALET
s ARV ERSAVAT I VEUTOBEDTY
- —-help
. NILTRyE—TDERR

- —-version

3.2. tenes_std OFEAAE 9
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¥ N—Ta yEFSDOFRR
- ——output=filename
« N2 7 74 VDHH] filename ZFEL T
* 7 7 4L M& input .toml
x« ANT77ANBERU 7 7 ANVATTHI LI TEERA

ANI7 74 0% tenes_simple FAHWVWTAERTEE T, 51T, ANNTZ7AVERETS 2T, ERINT
WRWERL « 8 FTOFEMTRAIE T, AN 7 7 A VO tenes std DATIT 7AIL ZSBIE L TL & W,
LUF, EATETERINZZAEY 12 DAL B TERID AN 7 7 4 ABITT,

[parameter]

[parameter.general]

is_real = true # limit tensors as real-valued ones
[parameter.simple_update]

num_step = 1000 # number of steps

tau = 0.01 # imaginary time step
[parameter.full_update]

num_step = 0 # number of steps

tau = 0.01 # imaginary time step

[parameter.ctm]

dimension = 9 # bond dimension
[tensor]

type = "square lattice"

L_sub = [2, 2] # unitcell size

skew = 0 # boundary condition

# tensors in unitcell
[[tensor.unitcell]]
index = [0, 3] # index of tensors
physical_dim = 2 # physical bond dimension
virtual_dim = [3, 3, 3, 3]

# virtual bond dimension
noise = 0.01 # noise in initial tensor
initial_state = [1.0, 0.0]

# initial state

[[tensor.unitcell]]
index = [1, 2]
physical_dim = 2

virtual_dim = [3, 3, 3, 3]
noise = 0.01
initial_state = [0.0, 1.0]

RDOR=T1TFKe )

10 BIEEALE
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(FHDR=I 05 DR E)

second: x coord of the other
third: vy coord of the other

nonzero elements of tensor

initial state of one site
initial state of the other
final state of one site
final state of the other

real part

# (bond) hamiltonian

[[hamiltonian]]

dim = [2, 2] # physical bond dimensions
bonds = """ # bond information

010 # first: index of one site
110 #

210 #

310

001

101

2 01

301

elements = """ #

0000 O0.25 0.0 # first:

1010 -0.25 0.0 +# second:
01100.50.0 # third:
10010.50.0 # fourth:

0101 -0.250.0 # fifth:
11110.250.0 # sixth:

nun

# observables

[observable]

[[observable.onesite]]

name

group

sites

dim

elements = """

= "gz" # name

index

.

000.50.0

1

1

nun

0.5 0.0

[ [observable.twosite]]

imag part

sites to be acted
dimension

nonzero elements

name = "hamiltonian"
group = 0
dim = [2, 2]
bonds = """
010
110
210
310
001
101
201
301
ROR=J1F= L)
3.2. tenes_std OfEAAZE 1
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(FHDR=I 05 DR E)

elements = """
000 0.25 0.0
0 -0.25 0.0
0 0.5 0.0
1 0.50.0
1 -0.25 0.0
1

1
1
0
0
1 0.25 0.0

0

10
01
10
01
11
nun

[[observable.twosite]]
name = "SzSz"

group = 1

dim = [2, 2]

bonds = """

1

o

N RO W N RO
O O O O KB
R R P P2 o o o

nun

ops = [0, 0] # index of onesite operators

3.3 tenes OFEAAE

tenes XA > a /o LATT,

$ tenes input.toml

e FIBE L TANTZ 7 A VB ERMD £F
e AV RIAVATT a VLT O@EDTY
- ——help -~V TF Xy E—YDRR
- ——version- N—Y 3 VIEHROER
- ——quiet - FHEHNIMHFEFH IRV ESITLET

ZLDHBBERBVT, 2—F=DANT7 7 A V2 BERET 2LBEDD TEA. AN 7 7 AV DREMI tenes D
AT 7O Z2BRLTLEZE W,

12 B3I FEAAE
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Fa—rU7I

41 BEZID VT ETI

13

I TS A O v 72T LT, MG E 2L X B8O A OVWTHENLEST, A7 741D

R hx ZHVWE 2 THEGOREX %

TEET B Z e AAIRET T, BRI, BERESDY 0 DI5AICIE,

[parameter]
[parameter.general]

is_real = true

[parameter.simple_update]

num_step = 1000
tau = 0.01

[parameter.full_update]
num_step = 0
tau = 0.01

[parameter.ctm]
iteration_max = 10

dimension = 10

[lattice]

type = "square lattice"
L =2

W= 2

virtual dim = 2

initial = "ferro"

[model]

type = "spin"
Jz = -1.0

Jx = 0.0

Jy = 0.0

RDOR=J1ZFEL)
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(FHDR=I 05 DR E)

CLET(Jz = -1.0 DT, hx=0 CTIXMBEHEREICEDET), ANI7 74 1% simple.toml & L7254,

$ tenes_simple simple.toml
$ tenes_std std.toml

$ tenes input.toml

BHITT 5 L THEAMIBENE T, (BoMUD TeNeS £4 V2 b= LI0b, BELH PATH &l
LTSN FEERITT 5L,

Number of Processes: 1
Number of Threads / Process: 1
Tensor type: real

Start simple update

10% [100/1000] done
20% [200/1000] done
30% [300/1000] done
40% [400/1000] done
50% [500/1000] done
60% [600/1000] done
70% [700/1000] done
80% [800/1000] done
90% [900/1000] done

100% [1000/1000] done

Start calculating observables

Start updating environment

Start calculating onesite operators

Save onesite observables to output_0/onesite_obs.dat
Start calculating twosite operators

Save twosite observables to output_0/twosite_obs.dat
Save observable densities to output_0/density.dat

Save elapsed times to output_0/time.dat

Onesite observables per site:

Sz = 0.50

Sx = -1.28526262482e-13 0
Twosite observables per site:
hamiltonian = -0.5 0

SzSz = 0.50

SxSx = -1.7374919982e-18 0

.73749202733e-18 0

.545813509

]

3
full update =0
environmnent = 0.123170523
observable = 0.048149856

ROR=12%Ke )

14 FA4EFa—rIUTIL
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(FHDR=I 05 DR E)

Done.

D EIEENEITINE T, BINCHILDHERB LT v Y VOEENFRSNE T, KIFHETmE2D
FEITRAPERENE T, FIERTER. 1 ¥4 MEETF Sz, sx BXUININ =7 ¥ hamiltonian, fif##
HHR8 szSz, SxSx, SySy ¥4 FHh OFRHMEN B SN E T, HRIC7 = —XZ Ot EREIH &N
T3 (B, FIEKTHIE output 74 L2 F VIZ density.dat, parameters.dat, time.dat,
onesite_obs.dat, twosite_obs.dat BZhZFNHNIEINET, SHO7 7 A L OFME. HAT7 740
LB ZEL IV, flZIE <Sz> Dffild, onesite_obs.dat »5FANS ZEDARETT, hx 27 X —X
ELTO02AATO03.0 FTIR-72 2 TOMERETRICRRLE T,

BB,V TV RIZ7 YT 2Dl LT, sample/0l1_transverse_field_ising 7 # L X HIZ
tutorial_example.py,tutorial_read.py 23HH FJ,

e tutorial_example.py OHE

import subprocess

import numpy as np

import toml

MPI_cmd = "mpiexec -np 2" # e.g., "mpiexec -np 1"

num_hx = 16

min_hx = 0.0

max_hx = 3.0

total = 0

for idx, hx in enumerate (np.linspace (min_hx, max_hx, num=num_hx)) :
print ("Caclulation Process: {}/{}".format (idx + 1, num_hx))
with open("simple.toml") as f:

dict_toml = toml.load(f)

dict_toml ["parameter"] ["general"] ["output"] = "output_{}".format (idx)
dict_toml["model"] ["hx"] = float (hx)
with open("simple_{}.toml".format (idx), "w") as f:

toml.dump (dict_toml, £f)
cmd = "tenes_simple simple_{}.toml -o std_{}.toml".format (idx, idx)
subprocess.call (cmd.split ())
cmd = "tenes_std std_{}.toml -o input_{}.toml".format (idx, idx)
subprocess.call (cmd.split ())
cmd = "{} tenes input_{}.toml".format (MPI_cmd, idx)

subprocess.call (cmd.split ())

e tutorial_read.py DHE

41. BBV T ETIL 15




TeNeS 21— —<=Za7I,JVJ)—X1.1.1

from os.path import join

import numpy as np

import toml

num_hx = 16

for idx in range (num_hx) :

try:
with open ("simple_{}.toml".format (idx)) as f:
dict_toml = toml.load(f)
hx = dict_toml["model"] ["hx"]
ene = 0.0
mag_sz = 0.0
mag_sx = 0.0
with open (join ("output_{}".format (idx), "density.dat")) as f:
for line in f:
words = line.split ()
if words[0] == 'hamiltonian':
ene = words[2]
elif words[0] == 'Sz':
mag_sz = words[2]
elif words[0] == 'Sx':
mag_sx = words([2]
print ("{} {} {} {}".format (hx, ene, mag_sz, mag_sx))
except:

continue

HoHMPL® tenes BREW SR EBEL]- LT

$ python tutorial_example.py

¥ LTHEITTE LT (MacBook2017, 1.4 GHz Intel Core i7 THAEE TRIENE TR T LE D), Foh-HERI

$ python tutorial_read.py

Y432 THEEITE, hx, THRILF—, <Sz>., <Sx>HMHhEhFT,

X 4.1 205 hx DRELRLBITON, <Sz> D 0.5 2SMAI/NEI L Y FRINIZ 0157, <Sx> 11X 0
PHRELSKRDERINZIFZ 0.5 IR eBSMD ET,

16 FA4EFa—rIUTIL
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0.5

(S%) (S%)

04 .
03 ]

0.2 |

(5%),(5%)

01 ]

41 <Sz>,<Sx> D hx KFEMH

4.2 =ARF « EARFNTEIRNILIEBEDOE(LIETE

RICZABT ETERINTALY S =12 DB T BV LI BRIOBGEBREOGEEZHEALET. NI
P=7 VT XS ET:

z,Y,2

H=JY Y S8¢—hY S
(i,7) « i

T (i, 5) BRHEY A FOMER L, hid 2 AP SNEAIRBORE S 2R LE T, ZORBOIER

EZFHEL. 2=y M AOFERIL (S.) = = SN (SF) BB h OMBE LTRDTAEL x5 (N, 132

=v bEAADH A4 M),

(Y

sab

ZDEIEEITSITIE. sample/05_magnetization D7 4 L7 FYHIZH S toml 7 7 A )L basic.toml
. python 227 1) 7 tutorial_magnetization.py ZFIHLEF, basic.toml 77 A4 Mk, HED
BERCNKNT A=A R EDPHEBEINTVET,

[parameter]
[parameter.general]

is_real = true

[parameter.simple_update]
num_step = 200
tau = 0.01

[parameter.full_update]
num_step = 0
tau = 0.01

RDOR=J1ZFEL)

4.2. =ZARF - EARFNTERNILIIREORILIERE 17
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(FHDR=I 05 DR E)

[parameter.ctm]

iteration_max = 100

dime

[lat
type
L =
W =
virt

init

nsion = 10

tice]

= "triangular lattice"
3

3

uvual_dim = 2

ial = "random"

[model]

type

- "spin"

lattice 7y a v TEAKTEREEELTBD, 2=y b ELDOREIWE I3 Z/ELTWVWET, Z I TIEEH

HERLLT272012,

simple update 72 %Z1ToTED. BRHMOLARr1Z =001 LTVWET, £/

DD, J=12LTVWET, ZORARRET7 7 ANV EZHWT, tutorial_magnetization.py TIXf
BEimsI Lz TOMLEREL 3,

impo

rt subprocess

from os.path import join

impo

impo

MPI_

num__
min_.
max_ .

num__

fmag
fene

for

rt numpy as np
rt toml
cmd = "" # e.g., "mpiexec -np 1"
h = 21
h =20.0
h = 5.0
step_table = [100, 200, 500, 1000, 2000]
= open ("magnetization.dat", "w")
= open ("energy.dat", "w")
idx, h in enumerate (np.linspace (min_h, max_h, num=num_h)) :
print ("Caclulation Process: {}/{}".format (idx + 1, num_h))
inum = 0
num_pre = 0
fmag.write ("{} ".format (h))
fene.write ("{} ".format (h))
for num_step in num_step_table:
ns = num_step - num_pre
print ("Steps: {}".format (num_step))
with open("basic.toml") as f:
dict_toml = toml.load(f)
dict_toml["parameter"] ["general"] ["output"] = "output_{}_{}".format (

RDOR=J1ZFEL)

18

FA4EFa—rIUTIL
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(FHDR=I 05 DR E)

idx, num_step

)

dict_toml["parameter"] ["general"] ["tensor_save"] = "tensor_save".format (
idx, num_step

)

dict_toml["model"] ["hz"] = float (h)

dict_toml ["parameter"] ["simple_update"] ["num_step"] = ns

if inum > 0:
dict_toml["parameter"] ["general"] ["tensor_load"] = "tensor_save".format (

idx, num_pre

)

with open ("simple_{}_{}.toml".format (idx, num_step), "w") as f:
toml.dump (dict_toml, £f)

cmd = "tenes_simple simple_{}_{}.toml -o std_{}_{}.toml".format (
idx, num_step, idx, num_step

)

subprocess.call (cmd.split ())

cmd = "tenes_std std_{}_{}.toml -o input_{}_{}.toml".format (
idx, num_step, idx, num_step

)

subprocess.call (cmd.split ())

cmd = "{} tenes input_{}_{}.toml".format (MPI_cmd, idx, num_step)

subprocess.call (cmd.split ())

with open (join ("output_{}_{}".format (idx, num_step), "density.dat")) as f:
lines = f.readlines|()
mag_sz = lines[0].split ("=")[1l].strip()
ene = lines([2].split ("=")[1].strip()

fene.write("{} ".format (ene))

fmag.write("{} ".format (mag_sz))

inum = inum + 1

num_pre = num_step

fene.write ("\n")
fmag.write ("\n")
fene.close ()

fmag.close ()

CORZVT T W R Z 0255 FTO025ANATE XY, HERKEBOZ R LF - (S,) ZFEL T,
energy.dat BX U magnetization.dat KHHILE T, simple update DK R T v 7% 100, 200,
500, 1000, 2000 L ZMLE €/t TR T2 R 272012, BHHTRAT v TREEATZHEBT>oT0ET, 7t
BEESTDIC, PIRWRT v TR LN KRB OERZ tensor_save IZRFL. ZhEz LDHZWVR
Ty TROFHEOHHIREL LT o TWET, HIZIX. BRANCKBZA Ty 78 % 100 & LitE 21T THEiR %
HAOLZdbe. A7y 7$ 100 OFHEK TR OKREBIED & X HICRA T v T 100 DFHHEZITo T, FRIITR
7 v TR 200 OFHEEREB E T,

EIRIZEITLTAEL LI, HDOENPUD tenes REW AR EHE LI LT
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python tutorial_magnetization.py

WEDEHEZFEITLET, /—FPC( A Taty ) TIEIHINHEEDOFERLZD $3, FHEMTLE
5. gnuplot % &E) L,

load 'plot.gp'

EAUR, K42 0ERD &S L — TR oNE T, RIS

load 'plot_ene.gp'

ETAUR M42DEND &S BERIANVNE D7 Z 7B EORET,

TR RT Y TR BIZIE AT v TH2000) OFFRMERD? S D2 & 512, BLERICIEEARAL (S.) = 0.5 D
1/3 Db ZAT, 77 P —MHEPELET, 2077 b—LTE, 3 20F LAY 1,1, | &bl
FAMEEZER L. A vy 7DELTVET, 2077 B =ABTREDO D TY, EBIHE
FERTTOWAENE I %A BITE. TAAVF—DRT vy FREEDRSE IR D £ 3, BN Ty 7828
RTECEHELFVF =D THZETTTH, — ORISR TITPCRED AL -2 3, ZAFEHE
HEXADHED TTORWIKIETT, RY RRICEZHEPTRE LT, KOEEEELZED 2 NEDNDH 2 L #EHlX N
£79,

-0.2
— nstep =100 —— 0.5 nstep=100 —— e
0.4F - e nstep = 200 1 nstep = 200
CERTR nstep =500 - nstep =500 - s
i S nstep = 1000 = | | nstep=1000 =
-0.6 nstep = 2000 0.4 nstep = 2000
-0.8 1
> 0.3
g - g 1 P
w 0.2f e
-1.2f /?g?
-1.41 017 A 1
A
-1.6f i
0 n
1 1 5 0 1 5

2 3 2 3
Magnetic Field Magnetic Field

42 ZABFERINA LNV IR0 LI F — (EX) L EE (GX)

TIREAKTTORL I ZR>TAEL &5, sample/05_magnetization D7 4 L2 b UHIZH 3 toml
7 74 ) basic_square.toml ¥, python 22 UV 7 b tutorial_magnetization_square.py ZFIHL
%%, basic_square.toml &, lattice 27> a VLU TDIIRXEEINTWVWSIEINIE basic.tonl
LHECHABTT,
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[lattice]

type = "square lattice"
L =2

W= 2

KETEH R 21T 5121,

python tutorial_magnetization_square.py

LLET, FTEMET LS. gnuplot ZHEE) L.

load 'plot_square.gp'

L3, 43 OEND K5 gt — 7/ o E T, FRkC

load 'plot_ene_square.gp'

Yy M43 DEKOD I BRBEEZALF—DT I 7R3 ELNE T,

-04 ‘ * * * *
— nstep =100 —— L tep = 100 —— [
06 . nstep = 200 1 05 2&23 =200
Ty 3\4‘\ nstep =500 - nstep = 500 -—*- .
-08 ¢ N nstep = 1000 = | nstep =1000 ©
"= nstep = 2000 0.4 [ nstep = 2000
5 | ™ *
o 127
C
w14t
1671
-1.871
) 0
-2.2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 1 2 3 4 5 0 1 2 3 4 5
Magnetic Field Magnetic Field

43 EIEFRINA LV ZERO 3L — () L idbiaE (GX)

2Ty TE 2000 TIEFIELTBD., SABFANAL YU ZERYyBR D) 75 B3RV 220
2D ET, TEAF—3FMA, X7y TREENESB 2 BT 2720, HIEEHAEBENTTWS L#HEHlxN
F9,
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72717 #—<I v k

5.1 TeNeS DA77 7IILDOERF

TeNeS DA N1 7 7 4 ik TOML FERX TEDLNTED, ANT7 740300002 T > ayiariiTnE
3, tenes_simple ¥ tenes_std XHAPLEL T 272 a YOFEREANE LTHRARD., Zhzh
tenes_std & tenes DANTZ7 7 A LEERLE T, tenes AN T 7 A LDE LT a v iZEDhL N EHE

TLIRERFRDF R 2TV T,

Bl 2% tenes_simple & model ¥ lattice DIEMAH S tensor, observable, hamiltonian DIEH %
L, ¥ 51T parameter, correlation XZDEFI L —L T,

Lij—o

REZEE T Y a DR BFHABE KUY — A S|/ 12 RLTVWET,

tenes_std DASI 7742 LTHA

oo a SR tenes_simple tenes_std tenes
parameter R X =& copy in/ copy in
model BRI RT X — & in
lattice PRI X =& in
tensor TV out in / copy in
observable WE S 2 EE T out copy in
correlation HE BE B %L copy copy in
hamiltonian NINb=ZTV out in
evolution IR R AT out in

. "in"

- VIR aryOIEREPFHLET

. lloutu

- V=B IRy arvERERL, HHLET



https://github.com/toml-lang/toml/blob/master/versions/ja/toml-v0.5.0.md
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* "copy”
- V=IO a v EEERTICEOEEHNILET
5.2 tenes_simple DAHNT7 71l

s 77 A4NT7 +—=<v M TOML ER
* model, lattice, parameter, correlation D4 2Dt 7 > a v EFHLET,
— parameter 27 ¥ a VX ZFDEFFRAX VX —RE—FDASTINaV¥—3FT,

5.21 model U >3

AR ABMEIEEL T, AR (spin) BXU K Y VK (boson) HEHFFATT,

E2Y:T] Bkl B TIAIE
type | BEIOFEEH ("spin” B L < IX "boson") pezl -

BRIDIEFIC K o THEERRE DRI X —ZUPEDD £7,

AEVZ spin
2 r%

T,Y,2 z,Y,z
H=>_ [Z J2SXSS + By (5’ : @)1 =3 hesp—D> (S7)°

i<j a % a

—RIHD T X — RIZRDED

E2YCT] #iEA B TIAILE
S RFFAE Y DK EX TR EBEHEDBLL |05
EE ST
hx ST JF A DwE h* E 0.0
hy SY JTA DRSS hY E 0.0
hz S* JR DS h* FH 0.0
D FoH A4 PRV VEAGHED FER 0.0

SHRMHEAEH J 3R Y M2 b 82 e TE T,
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%l BILZ i T7#ILE
Jo B - 95 0 751K > N AR BAEH BN 0.0
Jl B « 85 1 J5AR > F OSHRHEAEH BN 0.0
J2 B « 85 2 T3ROS E AR BN 0.0
Jo! TG + 85 0 J5AR > F OSHHEAEH B 0.0
Jl' TG - 95 1 iR > R AR BAER B 0.0
J2" TG - 55 2 iR > R O AR BAER BS54 0.0
Jo'' | =X - 5B 0 TR Y N O BHHEER BS54 0.0
JL' | ZXhHE - 8B 1 JTIAAR Y N ORBHHEER BS54 0.0
J2' | ZEXEHE - 8 2 TIAAR VN OSHBAHEER BS54 0.0

AR FOAHMNZ lattice £ 27 > a Y TEBRBINDIEFIKIFEL £ 5, BIZIXESETTE x A1 0) &y A (1) D
QHEEDORY PARZICICERTEE S, AAZRIFSZERTZIL T, IXRTOFAIZOVWT—EIIEET
E2FET, ¥z, MRICxyz DI —XFREMT 24PV JWRMHAEEREZRRETEE T, A—KYF - F—K
SE2EM EEET A KT LET,

Order

omit : 1st nearest neighbor
! ¢ 2nd nearest neighbor
" : 3rd nearest neighbor

v
JO" x

Tk

Bondtype (0,1,0r 2)
omitting means 0=1=2

Spin component (x,y,or z)
omitting means x=y=z

MXKHEELEH B b J LERICRY FIREEZ 72860 F T,

5.2. tenes_simple DANT7 7Tl
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2T BILZ i) T7#ILE
BO Halt% - 85 0 7R v F O KIHEAEH BN 0.0
Bl Bl - 85 1 J51AR Y RO RIHEAEH BN 0.0
B2 Bl - 85 2 AR Y RO RIEE AR BN 0.0
BO' TG + 85 0 TR Y B O RIHEAEH B 0.0
B1' JGEHE - 85 1 AR Y RO KHEEAEH B 0.0
B2' TG « 85 2 JAR Y O RIEHEAEH BS54 0.0
BO'' | =0 - 550 SR Y FOR A EH BS54 0.0
BL'' | =0 - 8 1 SR Y FORZIAHEEH BS54 0.0
B2'" =GR - 5 2 5T Y R O KAHEAEH] BS54 0.0

VHEEHEICHEDONS 194 MHEEY LT, 5% & 8%, (parameter.general.is_real = false &5
1) SY BEHEINICERINE T, F/o. 294 MHIBEEX LT, RV FAIA =TV
B a Qo Qo & a\’ 1 = ey o a 2\2 z\2
Hig = | Y JaSeSs + By (si.sj) —— | nes +sj)+D((5i) +(Sj)) 7

BRURLERY F LOMB SPST (o =2,y,2) PHBNICERSNET, TIT. AYFAILE=TYD5
B, 230004 FrSHUZEIERY ROAKT, - KEHOFSIRIER Y FICOAERINE T,

RY % boson

RV R

H = ; |:*tij (bzbj + b}bi) + ‘/ijninj} + ; {Unl(n;—l) .

TZTh bl BAR— AR T OEBIHREAF T, n=bb 3BHEAT,

—RIHD T X — RFZRDED

E2Y: 1) Bkl it} TIAILE
nmax 1 4 MTABRFDORRE B 1

U Fo¥A VRN e 0.0

mu fLERT > v L FER 0.0

Ry YTt BIOEATHA PRFRAVICEARY MKEN 2 7282 e TEET,
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%l BTLE] il TI7AILE
t0 Bf#E - 0 AAARY RORv EY S FHL 0.0
tl B - H 1 AR RORy B S FERL 0.0
t2 B - B2 AAARY RDRy B FERL 0.0
t0" JoE#H - 0 HAARY ROKvyEY S FERL 0.0
t1! TR - 1 HARY RORvy YT FEL 0.0
t2! TR - B2 HIARY ROKy YT FE 0.0
to"" =R - B0 AR FORy BV FEL 0.0
t1rve =XEE -1 AR FORy BV S FE 0.0
t2r! =EXAHE - B2 AMARY FORy YT FEE 0.0
VO Bl - 55 0 AR Y ROA 7% 4 brH S 0.0
V1 B - 8 1 AR Y FOA 734 brA TR 0.0
& Bl - B2 HAAIARY RO 794 FFH E 0.0
Vo' JoEHE - 550 HEARY FOA 7% 4 brH E 0.0
o JoEHE - 51 HERY FOA 7% 4 MrA E 0.0
V2! JoEHE - 52 HEARY FOA 7% 4 MFA E 0.0
Vo' ZXAEE B OHAARY ROA 734 FrH FHL 0.0
Vit | AR B 1AARY RO 734 MrJ FHL 0.0
v2ry | EACEEE - B2 HAARY ROA 7% A4 MFI FERL 0.0

AR FDJANK lattice £ 27 & a Y TERSNSMFIMRIFL 3. HIZIXESEF T x S5 (0) &y J51A (1) D
2EEORY FARIEICERTEES, AAZRIBSEZERT ST, IXRTOHMEICOVWT—EIZHET
ER-3CE

VIEAECEONS 134 MEELY LT, nk b b EHEBNCEEINE T, /2. 294 MHEEL LT,
ARy EFAINL =TV

Hij = {_tij (bzbj + b;bi) + Vz‘jnmg} +£ {(Uni(ni -

1

) —/mz') + (i <—U)}
ﬁ;@%ﬁ%%wFi@ﬁ%nmpﬂam@ﬁéﬁ%m%%éhi?o::f\fyFﬂswb:7y®5%\z
BOEODHA PO EREER Y FORKT, $—HRHOFGIIREER Y FICOAERSNET,

5.2.2 lattice o3>

HETZIMTEIEELET, EAMT (square) ¥ =M T (triangular), 1% D HE&F (honeycomb) , 5> Z DI T
(kagome) DERINTWVWE T, TeNeS TIEFFEEMAKZ EAFIRICURSNTT Yk b 7> Y IVIREET
KEL., FHEEITVET, Z20%D, ZWLDKT (WHET) 2. SHEINZELET & ORIV T B Etib
LE,
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%l heA B T7#IE
type ¥ ¥4 (square, triangular, honeycomb, | X5 -

% L < & kagome)
L 2=y FEAD x HAIDKE X B --
W 2=y bEADy FAIOKES B L
virtural_dim R R B --
initial FIHIRAE XA random
noise VT VY LDfES E FEE le-2

initial ¥ noise WHEMEAKDOIMIREEZRD 237 X —XTF, BB, parameter.general T
tensor_load REINTWVWBRHEIE. EHHLPEEIN. TV VLR T 7 AP OHAABET,

e initial
- "ferro" : MEMIREE,
x* AVVRTIE, &Y A4 T S* =5 72 5IKEE,
x RV VRTIE, EV A P Tn=nn &% 25K
- "antiferro" : KEEEEMIREE,

* AVYRTIE, ESET. BORKTTS* =5 & 5% = —§ BHWICH AT Neel FiFF, =t
T DITDIETT ALV (0,9) = (0,0, (27/3,0), (27/3,7) NN 72 120 EREF,

x RV VRTE, —DDEUETTn = nmax &2 D, MOBIETTiE n =0 &7 2IREE,
— "random" : FY A PRI NT T VX LIREE,
* noise

- TYYNDHERBIMEEINIZOH5FDREE,

IEA18F square lattice

IEAMF type = "square lattice" Tik, ¥4 b2¥(1,0) AN LA, (0,1) AFNC w N X E 3, BiR
fle LT, 1=3, W=3DrZDHA DIt % K51 (@) ITRLET, T R, T, ZEEORY R
24 TOEFEEK 5.1 (), (), () ICFAFTIURLET, Hifid bondtype = 0 DRV K%, FRKijlE bondtype
= 1DRYFZERLET,
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(b)

= bondtype = 0
= bhondtype = 1

(d)

= bondtype = 0
= hHondtype = 1

= Hondtype = 0
= hondtype = 1

5.1 1EAHET (square) DY A + + R F, (@) L=3, W=3 & L7z DV A FDMYL, (b) BTER> K,
bondtype=0 (F) 1& 0 /7M. bondtype=1 (FR) 1 90 EATFIMH AL S, (¢) JEHER Y K, bondtype=0
(F) X 45 B MNC. bondtype=1 (FF) 1 -45 BRI 3, (d) ZX0EHEAR Y ¥, bondtype=0 (H) &
0 FEJFMNZ, bondtype=1 (FR) 1X 90 AN N 3,

= AIKF triangular lattice

ZMIET type = "triangular lattice™ TiX. #4 F25(1,0) AANC LA, (1/2,v/3/2) AN w
UCFEd, BEFEfle LT, L=3, W=3DLZ2D¥A rDMik% K52 (@) WKRLET., T, B, KEHE =X
FEORY FXA TOEFREEIX 5.2 (D), (), (d) KZNFIURLET, Hild bondtype = 0 DAY K%, 7R
!X bondtype = 1 DERY K&, KRE bondtype = 2 DRV FZ2, ZRFNARLET, K52 () KX (a) i
EMRESTTFEDHLDLTVET,
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(a) (b)

= bondtype = 0
m— bondtype = 1
== bondtype = 2

(c) (d)

= bondtype = 0 = bondtype = 0
= bondtype = 1 = bondtype = 1
= pondtype = 2 == pondtype = 2

-_
A 4

L=3

5.2 =AM (triangular) DY A+« R F, (@) L=3, W=3 2 L7722 EDH¥ A FDIF, (b) FaiER >
F, bondtype=0 (&) % 0 EAMIZ. bondtype=1 (7}) I& 60 EEHTAIZ, bondtype=2 (&) i 120 EAH
WZENZENML S, () ZiEEER Y ¥, bondtype=0 (F) 1% 90 E/TMNZ. bondtype=1 (FF) & -30 77 M
12, bondtype=2 (k%) 1 30 E AT ZNZNH U S, (d) ZXAHEAR Y K, bondtype=0 (H) & 0 1A
IZ. bondtype=1 (FR) I% 60 FEHTHIZ. bondtype=2 (§%) 1% 120 EHHNCZNZNML S, (e) EHIET T
>V VFRIREE & DRIS,
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EDEEF honeycomb lattice

DM T type = "honeycomb lattice" Tid. FEFE (0,0) & (v3/2,1/2) D2 20D% 4 b2 575
=y’ (V3,0) HANC L. (1/2,3/2) A w X E 3, BBl LT, 1=2, w=2 0Dt ZDH A4 bD
WFZ [X53 (@) WRLET, Bifda=y P 2RLET, Tk RfiE LK =XKEHEORY ¥ 24 TOE
FExX 53 (D), (), (d) TENZFIVRLET, HflE bondtype = 0 DARY F&E, FRijE bondtype = 1 DR
¥ RE, BRI bondtype = 2 DRV RE, ZAPNRLE T, K53 (e) KX (a) WICHFEMARESFEDSD
LTWET, A b6 R 2KRY R, EABTFIIEDH 2D DDBODERFITIFEELRVS DIE, K
YRRIEH 1 DRy R LTERBENET,

Hh ZHiEF kagome lattice

D ITHIT type = "kagome lattice" TiX. EEZ (0,0), (1,0), (1/2,v3/2) D 32D b 525
=v b (EAE=MA) 25, (2,0) HAEK LA, (1,V3) A w0 E s, BEfle LT, 1=2, w=20r &
DHA POWMPZ K54 (@) WRLET, BRI ZI=y MEBRERL 3, Fh. BabtE, Joh#E. =X0EH
DR FEATDEREM 5.4 (b), (©), (d) ITZNZLIVRL XY, HiflE bondtype = 0 DAY &, FRiRIE
bondtype = 1 DRV FERLET,

5.2.3 parameter > 3>

tenes_simple T MHHONT. tenes_std DANT7 7 AL LTEDEFa—INET,

BEER Y., FFREIECHLLNIZBLADAATIA -2 A LET, $y 717> 3> LT general,
simple_update, full_update, ctm, random 25 3,

simple update 3 X O° full update @ J& ¥ [ %] A parameter.simple_update.tau ¥ parameter.
full_update.tau DA, tenes KIERTIEIHR AR Y X —RNE—F tenes_std THDONBE T X —X&
T3,

parameter.general

tenes OEMRMILIRE T X —&

B2y} Bkl s TI7#4ILE
is_real FTRTOT YNV EBUCHIR T 20850 | BEMRHE false
iszero_tol HET T VY LVDFAAAIIBNTEO A | L 0.0

R HHE S v N A T
measure YEEHEEL ST 2L 5H E{fE true
output YHRLR Y ZEZALT 4L MY el "output"
tensor_save RE(LBRDOT VIV EEZALT 4L MY X "
tensor_load WIT > Y Ve HirrteT 4 L2 MY X "
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(b)

o®

= bondtype = 0
= phondtype = 1
bondtype = 2

(d)

= bondtype = 0 = bondtype = 0
= bondtype = 1 = bondtype = 1
bondtype = 2 bondtype =2

(e)

5.3 HEDHEKT (honeycomb) DH A kR KN, (@) L=2, W=2 £ Lz ZDHA FDUL, BHERTERIHN
2=y F LTS WELR, (b) BI#ERY F, bondtype=0 (%) & 30 E /A, bondtype=1 (FR)
1% 150 FE/FMNC, bondtype=2 (§%) 1X -90 EATFNCZNEFNMHUL S, (c) TR K, bondtype=0 (&)
1 120 A ANC, bondtype=1 (FR) & 60 £ FNIZ, bondtype=2 (k%) & 0 EAMICZNZIHL S, (d)
=XAH#ERY K, bondtype=0 (F) & -30 B TAIZ, bondtype=1 (FF) i -150 EJ5MIC. bondtype=2
(F%) 1% 90 AN ZFNFNHTU %, (e) EAT T ¥ Y LIEIRREE DX D, KRERBHRILI=y FE2LDOER
ZRL. A2 =y FEAMFFDCHLZ 1=y P ELOAY-TH D, 2=y FEADOWTHDL
FhTWBZ e, £ (2 TBHLECHD >R 0HF A4 b (o) TREMiZE FICBENIT 2 2 L ITHER,
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/

== bondtype = 0
= bondtype = 1

© (d)

= bondtype = 0
= hondtype = 1

: dummy

54 ITHIET (kagome) DY A k- RY K, (a) L=2, W=2 & L2 ZDH¥ A bOUL, WRTRIN
52=y bW L2ITE R, (b) RIEARS K, bondtype=0 (H) & EME=AF%,. bondtype=1
R E THZ=ZAEEZES, (o) KOHEAR Y F, (d) =R Y F, bondtype=0 (F) &% 4 FEMTID .
bondtype=1 () IFHEY] 5720 (e) IEAET 7 ¥ VY VFEIKEE L DX, MR T N AT TN TORIT
B1DOXI—=HA b,
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TeNeS 21— —<=Za7I,JVJ)—X1.1.1

e is_real
- true X357 VY NOREELZFEBICHIRL TRHHEZITVWE T
- OTHYHERFERFIHLE LT —KTLET

* iszero_tol

- BEEETFT VY ILVEZRDEL - BEDOFHAAAIIENT, HMEN iszero_tol UTiXEr AR
LET

® measure
- false T2 LVHENR - REZAFy FLET
- FATHEE time . dat IZFICHRIFEINE T
* output
- VHEELRYOHERREZZOT 4 L7 VU MTIRELET
- EXFHNDHEEIHIL Y M T4 L7 PVIRIELE T
* tensor_save
- RO T IV DT 4 L7 PYMTIRFLET
- BXFHOHEIRFLEEA
s tensor_load
- BT INEIDT 4 L7 PV OHAARET

- XTHN DB FFAABERA

parameter.simple_update

simple update {ZBH5 %85 X — %

LT Bl it TI7#ILE

tau RERE AR R T IC B0 2 BRI A 7 | T8 0.01

num_step simple update D[A]%1 B 0

lambda_cutoff simple update IZBWTFEG A O¥ID | FEK le-12
HECRfE
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parameter.full update

full update IZBH5 %85 X — &

E2Y: T hEA B TI7#4ILE

tau MR R A T IC B B R A T | EE 0.01

num_step full update DA% R 0

env_cutoff full update TERE T > YL E2EHE TS | K le-12
FRrict e & AR TREED cutoff

inverse_precision full update THELEITHIZFHE T 208 | FE le-12
28 L AR TREED cutoff

convergence_epsilon full update C truncation DEEILEITS | FEH le-6
B D I (i

iteration_max full update C truncation DEILEITS | BE 100
B D iteration D A[EIEL

gauge_fix TUINDT =V REETZNE D | ERE true

fastfullupdate Fast full update {25 %2 ¥ 5 %> HihE true

parameter.ctm
FELIEITH] (CTM) IZBE 3 %85 X — &

i FHeA B TI7#ILE

dimension CTM DR Y RRIT x TR 4

projector_cutoff CTM O projector Z it HE$ 2FFiIcEnm | FEHK le-12
L AIRTRERED cutoff

convergence_epsilon CTM DUIHHIE 8 E le-6

iteration_max CTM DY iteration DR A[E%L B 100

projector_corner CTM O projector 1 AT 1/4 fADT > Y | EfBE true
NDHZEES

use_rsvd SVD % &L SVD TEE#Z 2002 5 | EfRH false
M

rsvd_oversampling_factor HLIR SVD HICETE T 3R EEOR D, | FER 2.0

BN 28U 5 2 bk

&iL¥H SVD Z W=7 ¥ VL D IAARBEDFIEIZOWTIX,  S. Morita, R. Igarashi, H.-H. Zhao, and N. Kawashima,
Phys. Rev. E 97, 033310 (2018) 2R L T 72X\,
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parameter.random

FELELBUE AR ICRE S 2 89 X — &

FELIELBAE AR D> — R

%nl A i T4
seed 7 VY VOFEEREAR SVD ICH W5 | BH 11

MPI W52 BWT, 7Rt 2L seed TTRELRABEERLIZBEEBFOS— N LTHRBEET,

il

[parameter]

[parameter.general]

is_real = true

[parameter.simple_update]

num_step =
tau = 0.01

100

[parameter.full_update]

num_step =
tau = 0.01

0

# No full update

[parameter.ctm]

iteration_max

dimension =

= 10

9 # CHI

5.2.4 correlation o> 3>

tenes_simple TEHMEEBE C = <A (0)B(r)> E7 7 4L P TREFHEIN TV A, HEBEKEZEELZWE
AlE. tenes DAN T 7 ALV TIHEET S correlationt 7 a @D 7+ —~< v FTIEETZ I BT
EF 5, FHHE. tenes DATIT 7AIL D correlation 27 ar B2 IEL XN,

5.3 tenes std DA77 71I

e 75 AN T+ —=v MZ TOML JER

e parameter, tensor, hamiltonian, observable, correlation D520t 7 > a VY &2Hb %1,

— hamiltonian BIAD 4 DIELITIZBIF 200 2RE, tenes DATI 77 ANV 7 34—~ v M [E—T
HH, ZOExFtenes DA 7 Af L L TCav—3nEd,

— parameter.simple_update.tau B LU parameter.full_update.tau ICEHEZET Z &
T, EREREBEEEFICB 2 ERHAAZIETE XTI,
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5.3.1 parameter £/ 3>

CRRCTE: 2N

simple_update, full_update, ctm, random 5 £5,

HFRECILDLNZEADRNTIX—2EEABLET, 787> 3> LT general,

simple update 3 X O full update @ J& I [l 4] & parameter.simple_update.tau ¥ parameter.
tenes AETIER AR Y X — FE—F tenes_std TbNLZ T X —%

full_update.tau DA,

T

parameter.general

tenes ORI LEE T X —&

4 Bkl B T7#ILE
is_real ITARTOT VY NVEEBICHBRT 2050 | EBE false
iszero_tol HET T VY ILDHRAAAIIIBN TR A | E 0.0

RS HOHE S v A7
measure VHENEZ T 20850 R true
output VEER Y EEXAL T4 LI MY pE "output"
tensor_save RE(tBROT YV EEZALT 4L MY XA "
tensor_load W7 > Y Ve iGisiAT 4 L7 MY XFH "

is_real

- true X357V VILDOBEREPERCHIRBL THEEZITVWET

- mOTHYHERERETPRDHL L7 KT LET

iszero_tol

- BEHEE T T VY IVERDOEL - BEDOFHARAAIIEBNT, M EN iszero_tol UTFidEr AR

LEY

measure

- false T2 eYMEE - REERAFY T LET

— ZITHFME time.dat BHEIEESILE T

output

- YHBEREOHBEMREZZOT AL Y MTIRIRFELET

- BFHIOBERALY FF ALY LV ICRIELET

tensor_save

5.3. tenes std DANT 7Tl
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- RBELROT YN DT 4 L7 PYMTPIREFELET
- XTI OEGERIREFLEEA

* tensor_load
- BT INEIDT 4 L7 PULTDOHAAALE T

- XTI DB FFAABERA

parameter.simple_update

simple update {ZBH§ %85 X — %

E2Y:T] Bl i) TI#ILE
tau ERHFREE IO BT 2 R EZ A 1 | ER 0.01
num_step simple update D[A]% R 0
lambda_cutoff simple update IZBWTFEEH A Oy h | le-12

& CRIE

parameter. full_ update

full update IZBH5 %85 X — &

E2Y:T] Btz B TI7#ILE

tau BRI REE I B 2 B R RZIA 7 | 25 0.01

num_step full update D [E1#L B 0

env_cutoff full update TEREET > Y LV 2ETE T3 | FEH le-12
Frictm & AR 3RRED cutoff

inverse_precision full update CTHELLFITHIZFEHE T 2 | le-12
2 n L AL TRERED cutoff

convergence_epsilon full update C truncation DHEILEITS | FE le-6
PR D IR E

iteration_max full update C truncation DFHEILEITS | BE 100
B2 iteration O AL

gauge_fix TYINDT =D RBEETENE D HiAfE true

fastfullupdate Fast full update {25 25 5 EL A true
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parameter.ctm

FAFREFTH] (CTM) ICBHT 289 X — &

E2Y: T hEA 2 T7#ILbE

dimension CTM DR Y FRIT x B 4

projector_cutoff CTM O projector Z7tH T 2 Fic€m | EHK le-12
& AIRTREED cutoff

convergence_epsilon CTM DUHHEME FE le-6

iteration_max CTM DI iteration DA B B 100

projector_corner CTM @ projector 5t T /4 fAD T >V | EfBfE true
NDHZEES

use_rsvd SVD % fLIR SVD TEEZ#Z 20025 | HEiE false
R

rsvd_oversampling_ factor ELIR SVD HICETE T 2R RIEOH D, | FH 2.0
ANV 2 BUT S 5 bk

&L SVD Z W=7 > VLR D IAARBEDFIEICOWTIX,  S. Morita, R. Igarashi, H.-H. Zhao, and N. Kawashima,
Phys. Rev. E 97, 033310 (2018) 22 L TL Z& W,

parameter.random

SELIELEAE AR B3 28 X — &

RELUELEE AR D> — 1

BT S5ER il FI7xILE
seed 7Y VOIEAERER SVD iV 3 | B 11

MPI 52BNV T, 70t 21T seed TR L RBER B LB EEBROY — R LTELE T,

il

[parameter]
[parameter.general]
is_real = true
[parameter.simple_update]
num_step = 100

tau = 0.01
[parameter.full_update]
num_step = 0 # No full update
tau = 0.01

ROR=12%Ke )

5.3. tenes std DANT 7Tl
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(FHDR=I 05 DR E)

[parameter.ctm]
iteration_max = 10

dimension = 9 # CHI

5.3.2 tensor V3>

2=y +tr) OFERZELEARLFT Ry FOEHRIZ hamiltonian (tenes_std) R evolution (tenes)
TEHEZET) 2=y bEAMF Ix I3 Ly ORKREZXZHORABOEELTVWET, £/, ¥ 77> a v
unitcell Z#bH £,

B Brd] B FI7FILbE
L_sub 2=y FELDOKREX B FE 723D ) 2+ --
skew skew BRI BIT A 7 ME B 0

L_sub 2 LT2O00BHENORZVAMNEELIZGES, WUDDOEREN LxIZ. IO LYy KEDET, 3D
UEOBERPLRZVRAVNEELZGEICEZ I BT LET, L_sub & LTEEEZELLGS, Lx & Ly &2
FLLiRD T,

2=y bEAADY A MI02SIEFCHESHNITISNET, x SHADPSIEICHEIE T,

@ ©

NOIN©
L)x
X 55 L_sub = [2,3] &Lt Z0Dfl

skew ¥y A=y b 1 DREWE 2D x FHD AL T,
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_________________________________________________________

__________________________________________________________

_________________________________________________________

K56 L_sub = [3,2], skew = 12L&t Z20f (EffiZz=y rELDRXEID)

tensor.unitcell 47t 3>

FARFYYATS, OWMBEIGEL ST, 22T ik, 1 1% virtual bond D f > 7 2 X, a & physical bond
DAYTy IR nEZYA I BESEERLET,

%l heR i)

index ¥4+ EE B or BEDOY R
physical_dim ¥4 + 7>V L®D physical bond DXRIT B
virtual_dim ¥4 k7> VD virtual bond DRI D R or BE DY R B
initial_state FIHAIRTE FHDY R+
noise AT > Y LOw s EDKEX ES

index KV A MZET I LITLo T, HBBOIA P ZRARICHEETE XS, ZOFA [ 32 F2EKL
£7,

virtual _dimiIZV R M2EFT I LT, 4 FADOARY FRICEEINHEETE £, BEX £ (x). E@Hy). A
(#x) T (-y) DIEEFTT,

ZAROTMHREE |U) 13, &9 4 b i OWHIRE |U,) OBEMTE 2 6hE T,
|U) = ®;|¥;)

A MTUYMIZOERKEELZRI T2 X5 LN ET, initial_state TEXEY A b i OFIHIIKEE
|U;) = >, Aala); BT 2 FEMBE A, OEZFEEL $3, REBIEIICRBLShE S, 7Y Y LEK
Z. TARTDvirtwal R FA VT v 7 AN 0 Th B EED, To000a = Aa D& Wb g §, fhoERIC
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¥ [-noise, noise) O—KRELBDEWICHIIWCANEINE T, e XX S=1/20r %, S% ARAIZFAW
TIREE |U,) = | 1) = |0) ZWIEIC L7 W AICE initial_state = [1.0, 0.0] 12, S® AHNCAWZIR
BE W) = (| D)+ 1) /V2 20HHEIC L7=WE1CiE initial_state = [1.0, 1.0] ¥ L¥9.

initial_state K¥ODALLRIEFNEE LGS, 7V YLD TN TOEREIMIIZ [-noise, noise)
THEWEHE XN E T,

5.3.3 observable o3>

VHERHEICE T 2#A 2R L E 3, onesite ¥ twosite D 2D Y T I a v BFHEbET,

observable.onesite

DDA b ETERSNDYHHELZ R —HEETFEZERLE T,

E2Y: 1) BTk id)

name HETF OHH] XA

group AT DA HES B

sites P4 &S B or BE DY A
dim HE T DORIT B

elements HEFOIL o EH XA

name FHEETOHATTT,
group & onesite JHHE FDFHHFES T,

sites BERFBEHT 2V 4 P ESTY, VAP ZHET I TEBFERICERTE ST, 2V [] B2y
4 PEERLET,

dim Gifﬁi%—r?@mfﬁf‘j—o

elements WHAETOIEFY R EELIEET 2 XFHITT, 1 DOERIX, EHTRUISNZ2 DDEEKL 250
FH/ NGRS 725 1 DDITTREINE T,

o BAID 2 DR ENETNHETFHERN T 201 L RORERSZRLE T,

s HED2ORENTNHATOERDHEA L EEZRLE T,
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il

S=1/2 ® Sz {HHE
. {05 00
5= ( 0.0 —0.5 >
ZEMA&AIE UCHIAL $9,

3. AHllE name = "Sz" ¥ LT, #ilEB I group = 0 L LTEBEET,

K2, HETOEHRT 29 A4 PTITDH, IXRXRTOVA P TRI-DHEETFEZHWE5EICE sites = [] 2L E
Fo ZITRBEVEGA, FIZIZAVY Y OREIDBEZLZY AL +HDBHEITIE, sites = [0,1] R BARH
YA NEEEEELET,

HETOXILE. FIORLETHAIRRDOY 4 XD T, dim = 2 T,

RRERICHAFOERTY, EEnBERICOVT, ZOA YTy 7R (D) L ERZIEHFICHENAUERL
DT,

elements = """
00 0.5 0.0
11 -0.50.0

nun

b AQUR: S

R LT, S=1R O Sz HEFIEIRD LS CERINE T,

[[observable.onesite]]
name = "Sz"

group = 0

sites = []

dim = 2

elements = """

00 0.50.0

11 -0.50.0

nun

observable.twosite

ATeoDH A b ETERSWBYHEZRIHEFEERLET,
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%l e B

name HAETOHHT el
group HE T O AES B

bonds RY R XA

dim HE T DT BEDOY A T
elements HAETOIFL o ER XFH

ops onesite {HE F DFAIE S DY 2 T

name (JEEFOHFITT,
group & twosites A T D#HIF S TI,

bonds ZHEFHEHT 294 PRHOEEEZRTXFIITT, 3 208EN5722 11705 1 DDH A bxtz ik
LEd,

o BRADEERUZ 4B Y A b (source) DFES T,
o Hr D2 ODEEHUZ source site > 5 AT A b (target) DPEFE (dx, dy) T,
—dx,dy & HIZ -3 < dx < 3 DHFIFICINE 2 HENDH D £,

dim BZHEFORXITL. THROBEMT 294 FOWD 5 2 KBTS, fle LT, 2205 =1/2 AL DMHAE
EHOEEE. dim = [2,2] T,

elements RHAEF OO HRZIHET 2 XFHITT, | DOHERIZ 4 OB 2 oDFH/ MR ZEZEH
XU »5k2 1 20THh564%D %3,

o YD 2 DIFHE THMEM T % B D source site, target site DIREEF S ERL T,
e DED 2 OIFHEETHEM L 7= % D source site, target site DIREFSERL T3,
o BfRD 2 DI ZNZNHETOEROFEH L BHERLE T,

ops 5 ¥ observable.onesite TER Lz | FHEFOERE LT2HRHEFEERTEET, HlAR
observable.onesite @ group=0 & LT S* ZEHRL TVAHEITIE, ops = [0,0] &L T SiS3 =R
TEET,

elements ¥ ops ¥FAIRICER L GBI I —KTLET,
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il
ZZTIEEMAREI Y LT, Lsub=1[2,2] DIEHFBF S=I2 NA BV RATEBDAR Y FAIAL T VDI RIL
F—ERDZZD, NIV T Y
z z 1 — —
T 2WEAETE LTRET 2HZFHHL £35,

F3. LETCHAIESEZENZN name = "hamiltonian" ¥ group = 0 2 LTEEFIT, ThzrhodA
FOIREEIZ | 1) & | ]) D2 REBOERQEGDOE L RS0, KoLIE2 72D, dim = [2,2] £RD¥ET,

RIZRY FTT, A4 PEKSTOESRHATHET, 0FE 1 FZORISARYFNE 1 HFZOFIrLRT
(1,0) DEICHZDTO 1 0 eRHEINFET, AT I B 3BFLZORISAKYFIX, 3FEX1HFEH»SRTO,1)

DHBIZHZDTL 0 1 eRBHEEXNET,
NOIN©
L»x

X 57 Lsub=[2,2] ODEHFKTF S=1/2 " A~ FHERIOY £ O E

RRCHETOERZTT, FTEVA FOREERSMIZLERHD TN, ZZTE [N EO L) Z1EL
9, ZORKEFSEHVD L. BIZIINAIHD 1D (115 [His| 1:7;) =1/41&0 0 0 0 0.25 0.0 & KH
SNFET, . IENAED 1D (1), [Hiy| ity) =1/21 &1 0 0 1 0.5 0.0 & RHINET,

R LT, S=IR2 DAL B UYRAIAIN T VIR LS ICEREINE T,

[[observable.twosite]]

name = "hamiltonian"
group = 0

dim = [2, 2]

bonds = nmwn

O B O B O Fr O -

RDOR=J1ZFEL)

5.3. tenes std DANT 7Tl 45



TeNeS 21— —<=Za7I,JVJ)—X1.1.1

(FHDR=I 05 DR E)

elements = """
000 0.250.0
0 -0.25 0.0
0 0.5 0.0
1 0.5 0.0
1 -0.25 0.0
1

0
1
0
1
1 0.25 0.0

0
1 1
0 1
1 0
0 0
1 1
"

nwn

5.3.4 hamiltonian o> 3>

NIV TUREERY RAIL =T Y QU4 AL M=T7 V) DR
H=> My
irj

THBHERAT, ALDRY FAINL =T UEERLET, ERDPD»721E observable.twosite TR
Nz2H9 4 MNEETFERBETT,

B El: Y

bonds RY K XA

dim HE T DT BEDOY R T
elements HAEFOIL o EH XFH

bonds IFHEFIMEHT 294 FNOEEERTIFINTT, 3 20BE» K2 117581 2094 bXfEE
WL FET, RIDBEHIE A A b (source) DEBTT ., HE D2 DDEEHIZ source site D S A7z EY A4 b
(target) D PERE (dx, dy) T,

dim HHEFORIT. THROBIEHT 294 FOWD 5 2REHTT, fle LT, 2200 5 =1/2 AL VOHEE
ERDEEE. dim = [2,2] T,

elements WHETOIEFYREREIEET I XTFHITT, 1 DOERIZ 4 DD Y 2 DOFE/NMNUSEEZZH
XY 2673 1 20T 64H0 %73,

o BAID 2 DIXTHETPMEA T 2 Bl D source site, target site DIKEEHFZERL T,
e DED 2 OIIXHEETHEM L 72 % D source site, target site DIREFEZ R L T,

s BRED 2 OB ZENETNHATFOERDOHEA L EHZ R L X,
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5.3.5 correlation o3>

A MEE T OB C = (A(ro)B(ro + 7)) KHET 2 EMEEET 22> a v TT, A7 a v ehlE

L7=%a. HEBBIIEH RS R E A

PERANIIETHF TNS OBERTHIONE T, Thbb, GoT Y idr=(1,0) T, Ekidr=(0,1) T3,
HFDERZ rg ¥ LT, 229 b EIAADTRTOY A FBHVWSLIRET, £/, ik z RV L y S EATRAMENS,

EDRAZIDABE XS, Thbb,

r =(0,0),(1,0),(2,0),..., (rmax,0),(0,1),(0,2),..., (0, "max)

T3,
BT B B
r_max THBEBIE D EERE » DI KME B
operators THBEBEE 2 M 2 1 AHE T A, B 2RI HS BHOYZA DY R b

HBE T3 observable.onesite 27> a Y TIRELEDDBHVSLNE T,

il

Bl ZE S* A 0FET, S* 1 H/FL LTERSINTWIHA,

[correlation]
r_max = 5
operators = [[0,0], [0,11, [1,11]

TIHIBIBIEL S(0)S*(r), S2(0)S*(r), S(0)S*(r) A% 0 <r < 5 OFHTHESNET,

5.4 tenes DAHNT7 71l

e 7747 x—<v I TOML JEX

» parameter, tensor, evolution, observable, correlation D 525Dt 7 a v 2FEHLET,

5.4. tenes DAN 771l
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5.4.1 parameter €< 3>
FHEE Y, FECILDLAZEALADRTIX 2B LET, ¥ 77> 3> LT general,
simple_update, full_update, ctm, random 5 £5,

simple update ¥ & O° full update O [ K[ %] A parameter.simple_update.tau ¥ parameter.
full_update.tau DA, tenes KIKTWEHRL AR X —FKE—F tenes_std THEOLNZ T X —&
T3,

parameter.general

tenes ORI LEE T X —&

4 HEA B T7#ILE
is_real ITARTOT VY NVEEBICHBRT 2050 | EBE false
iszero_tol HET T VY ILDHRAAAIIIBN TR A | E 0.0

RS HOHE S v A7
measure VHENEZ T 20850 R true
output VEER Y EEXAL T4 LI MY pE "output"
tensor_save RE(tBROT YV EEZALT 4L MY XA "
tensor_load W7 > Y Ve iGisiAT 4 L7 MY XFH "

+ is_real
- true T2 7 VY NOEBEZEBCHIR L CHEZITVWE S
- —OTHEFBHEEAFIHILZF—KTLET

* iszero_tol

- BEHEE T T VY IVERDOEL - BEDOFHARAAIIEBNT, M EN iszero_tol UTFidEr AR
LEd

® measure
- false [T 2 LVHENR - REEZAFy ILET
- FATHEE time . dat IZEIRIFEINE T
* output
- VHEBER Y OHEREREEZOT 4 L7 PULFIRIELET
- BXFHOHBEIAILV Y T AL PVIRELET

* tensor_save
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- RBELROT YN DT 4 L7 PYMTPIREFELET
- XTI OEGERIREFLEEA

* tensor_load
- BT INEIDT 4 L7 PULTDOHAAALE T

- XTI DB FFAABERA

parameter.simple_update

simple update {ZBH§ %85 X — %

E2Y:T] Bz i) TI7#ILE
tau BRI REE I B 2B RREZIA 7 | 25 0.01
num_step simple update D[A]% R 0
lambda_cutoff simple update IZBWTFEEH A Oy h | le-12
& CHE
parameter. full_ update
full update IZBH5 %85 X — &
E2Y:T] Btz i) TI7#ILE
tau BRI REE I B 2 B R RZIA 7 | 25 0.01
num_step full update D [E1#L B 0
env_cutoff full update TEREET > Y LV 2ETE T3 | FEH le-12
Frictm & AR 3RRED cutoff
inverse_precision full update CTHELLFITHIZFEHE T 2 | le-12
2 n L AL TRERED cutoff
convergence_epsilon full update C truncation DHEILEITS | FE le-6
PR D IR E
iteration_max full update C truncation DFHEILEITS | BE 100
B2 iteration O AL
gauge_fix TYINDT =D RBEETENE D HiAfE true
fastfullupdate Fast full update {25 25 5 EL A true
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parameter.ctm

FAFREFTH] (CTM) ICBHT 289 X — &

E2Y: T hEA 2 T7#ILbE

dimension CTM DR Y FRIT x B 4

projector_cutoff CTM O projector Z7tH T 2 Fic€m | EHK le-12
& AIRTREED cutoff

convergence_epsilon CTM DUHHEME FE le-6

iteration_max CTM DI iteration DA B B 100

projector_corner CTM @ projector 5t T /4 fAD T >V | EfBfE true
NDHZEES

use_rsvd SVD % fLIR SVD TEEZ#Z 20025 | HEiE false
R

rsvd_oversampling_ factor ELIR SVD HICETE T 2R RIEOH D, | FH 2.0
ANV 2 BUT S 5 bk

&L SVD Z W=7 > VLR D IAARBEDFIEICOWTIX,  S. Morita, R. Igarashi, H.-H. Zhao, and N. Kawashima,
Phys. Rev. E 97, 033310 (2018) 22 L TL Z& W,

parameter.random

SELIELEAE AR B3 28 X — &

RELUELEE AR D> — 1

BT S5ER il FI7xILE
seed 7Y VOIEAERER SVD iV 3 | B 11

MPI 52BNV T, 70t 21T seed TR L RBER B LB EEBROY — R LTELE T,

il

[parameter]
[parameter.general]
is_real = true
[parameter.simple_update]
num_step = 100

tau = 0.01
[parameter.full_update]

num_step = 0 # No full update
tau = 0.01

ROR=12%Ke )
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(FHDR=I 05 DR E)

[parameter.ctm]
iteration_max = 10

dimension = 9 # CHI

5.4.2 tensor V3>

2=y +tr) OFERZELEARLFT Ry FOEHRIZ hamiltonian (tenes_std) R evolution (tenes)
TEHEZET) 2=y bEAMF Ix I3 Ly ORKREZXZHORABOEELTVWET, £/, ¥ 77> a v
unitcell Z#bH £,

B Brd] B FI7FILbE
L_sub 2=y FELDOKREX B FE 723D ) 2+ --
skew skew BRI BIT A 7 ME B 0

L_sub 2 LT2O00BHENORZVAMNEELIZGES, WUDDOEREN LxIZ. IO LYy KEDET, 3D
UEOBERPLRZVRAVNEELZGEICEZ I BT LET, L_sub & LTEEEZELLGS, Lx & Ly &2
FLLiRD T,

2=y bEAADY A MI02SIEFCHESHNITISNET, x SHADPSIEICHEIE T,

@ ©

NOIN©
L)x
X 58 L_sub = [2,3] &Lt Z0Dfl

skew ¥y A=y b 1 DREWE 2D x FHD AL T,
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K59 L_sub = [3,2], skew = 12L&t Z20f (EffiZz=y rELDORXEID)

tensor.unitcell 47t 3>

FARFYYATS, OWMBEIGEL ST, 22T ik, 1 1% virtual bond D f > 7 2 X, a & physical bond
DAYTy IR nEZYA I BESEERLET,

i EiE] Y

index ¥4+ EE B or BEDOY R
physical_dim ¥4 + 7>V L®D physical bond DXRIT B
virtual_dim ¥4 k7> VD virtual bond DRI D R or BE DY R B
initial_state FIHAIRTE FHDY R+
noise AT > Y LOw s EDKEX ES

index KV A MZET I LITLo T, HBBOIA P ZRARICHEETE XS, ZOFA [ 32 F2EKL
£7,

virtual _dimiIZV R M2EFT I LT, 4 FADOARY FRICEEINHEETE £, BEX £ (x). E@Hy). A
(#x) T (-y) DIEEFTT,

REROYIHIREE |U) 1X. & A b i DY |U,) oEETE X 6N ET,
|U) = @;|V;)
A P T UYNMEIZOERRELRET 2 L5 Wb E T, initial_state TIEXEY A b i OFHPIRGEE

W) = 5 Auja) 1051 5 EEIRE A, OEEEEL 25, FEABOCEBLIRET, 7> LEE
Z. TARTDvirtwal R FA VT v 7 AN 0 Th B EED, To000a = Aa D& Wb g §, fhoERIC
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¥ [-noise, noise) O—KRELBDEWICHIIWCANEINE T, e XX S=1/20r %, S% ARAIZFAW
TIREE |U,) = | 1) = |0) ZWIEIC L7 W AICE initial_state = [1.0, 0.0] 12, S® AHNCAWZIR
BE W) = (| D)+ 1) /V2 20HHEIC L7=WE1CiE initial_state = [1.0, 1.0] ¥ L¥9.

initial_state K¥ODALLRIEFNEE LGS, 7V YLD TN TOEREIMIIZ [-noise, noise)
THEWEHE XN E T,

5.4.3 observable o3>

VHERHEICE T 2#A 2R L E 3, onesite ¥ twosite D 2D Y T I a v BFHEbET,

observable.onesite

DDA b ETERSNDYHHELZ R —HEETFEZERLE T,

E2Y: 1) BTk id)

name HETF OHH] XA

group AT DA HES B

sites P4 &S B or BE DY A
dim HE T DORIT B

elements HEFOIL o EH XA

name FHEETOHATTT,
group & onesite JHHE FDFHHFES T,

sites BERFBEHT 2V 4 P ESTY, VAP ZHET I TEBFERICERTE ST, 2V [] B2y
4 PEERLET,

dim Gifﬁi%—r?@mfﬁf‘j—o

elements WHAETOIEFY R EELIEET 2 XFHITT, 1 DOERIX, EHTRUISNZ2 DDEEKL 250
FH/ NGRS 725 1 DDITTREINE T,

o BAID 2 DR ENETNHETFHERN T 201 L RORERSZRLE T,

s HED2ORENTNHATOERDHEA L EEZRLE T,
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il

S=1/2 @ Sz HHET

. {05 00
5= ( 0.0 —0.5 >
ZEMA&AIE UCHIAL $9,

3, LENE name = "Sz" ¥ LT, #HIFESIZ group

OLTBEZET,

K2, HETOEHRT 29 A4 PTITDH, IXRXRTOVA P TRI-DHEETFEZHWE5EICE sites = [] 2L E
Fo ZITRBEVEGA, FIZIZAVY Y OREIDBEZLZY AL +HDBHEITIE, sites = [0,1] R BARH
YA NEEEEELET,

HETOXILE. FIORLETHAIRRDOY 4 XD T, dim = 2 T,

RRERICHAFOERTY, EEnBERICOVT, ZOA YTy 7R (D) L ERZIEHFICHENAUERL
DT,

elements = """
00 0.5 0.0
11 -0.50.0

nun

b AQUR: S

R LT, S=1R O Sz HEFIEIRD LS CERINE T,

[[observable.onesite]]
name = "Sz"

group = 0

sites = []

dim = 2

elements = """

00 0.50.0

11 -0.50.0

nun

observable.twosite

ATeoDH A b ETERSWBYHEZRIHEFEERLET,
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%l e B

name HAETOHHT el
group HE T O AES B

bonds RY R XA

dim HE T DT BEDOY A T
elements HAETOIFL o ER XFH

ops onesite {HE F DFAIE S DY 2 T

name (JEEFOHFITT,
group & twosites A T D#HIF S TI,

bonds ZHEFHEHT 294 PRHOEEEZRTXFIITT, 3 208EN5722 11705 1 DDH A bxtz ik
LEd,

o BRADEERUZ 4B Y A b (source) DFES T,
o Hr D2 ODEEHUZ source site > 5 AT A b (target) DPEFE (dx, dy) T,
—dx,dy & HIZ -3 < dx < 3 DHFIFICINE 2 HENDH D £,

dim BZHEFORXITL. THROBEMT 294 FOWD 5 2 KBTS, fle LT, 2205 =1/2 AL DMHAE
EHOEEE. dim = [2,2] T,

elements RHAEF OO HRZIHET 2 XFHITT, | DOHERIZ 4 OB 2 oDFH/ MR ZEZEH
XU »5k2 1 20THh564%D %3,

o YD 2 DIFHE THMEM T % B D source site, target site DIREEF S ERL T,
e DED 2 OIFHEETHEM L 7= % D source site, target site DIREFSERL T3,
o BfRD 2 DI ZNZNHETOEROFEH L BHERLE T,

ops 5 ¥ observable.onesite TER Lz | FHEFOERE LT2HRHEFEERTEET, HlAR
observable.onesite @ group=0 & LT S* ZEHRL TVAHEITIE, ops = [0,0] &L T SiS3 =R
TEET,

elements ¥ ops ¥FAIRICER L GBI I —KTLET,
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il
ZZTIEEMAREI Y LT, Lsub=1[2,2] DIEHFBF S=I2 NA BV RATEBDAR Y FAIAL T VDI RIL
F—ERDZZD, NIV T Y
z z 1 — —
T 2WEAETE LTRET 2HZFHHL £35,

F3. LETCHAIESEZENZN name = "hamiltonian" ¥ group = 0 2 LTEEFIT, ThzrhodA
FOIREEIZ | 1) & | ]) D2 REBOERQEGDOE L RS0, KoLIE2 72D, dim = [2,2] £RD¥ET,

RIZRY FTT, A4 PEKSTOESRHATHET, 0FE 1 FZORISARYFNE 1 HFZOFIrLRT
(1,0) DEICHZDTO 1 0 eRHEINFET, AT I B 3BFLZORISAKYFIX, 3FEX1HFEH»SRTO,1)

DHBIZHZDTL 0 1 eRBHEEXNET,
NOIN©
L»x

X 5.10 Lsub=[2,2] OIESFHF S=12 "4 ¥ RATERDH A + Dl NE

RRCHETOERZTT, FTEVA FOREERSMIZLERHD TN, ZZTE [N EO L) Z1EL
9, ZORKEFSEHVD L. BIZIINAIHD 1D (115 [His| 1:7;) =1/41&0 0 0 0 0.25 0.0 & KH
SNFET, . IENAED 1D (1), [Hiy| ity) =1/21 &1 0 0 1 0.5 0.0 & RHINET,

R LT, S=IR2 DAL B UYRAIAIN T VIR LS ICEREINE T,

[[observable.twosite]]

name = "hamiltonian"
group = 0

dim = [2, 2]

bonds = nmwn

O B O B O Fr O -

RDOR=J1ZFEL)

56 ES5EZETJFIILTA—< v



TeNeS 21 —H%—< =27, V)—X1.1.1

(FHDR=I 05 DR E)

elements = """
0000 0.250.0
1010 -0.250.0
0110 0.50.0
1001 0.50.0
0101 -0.250.0
1111 0.250.0

nwn

5.4.4 evolution o3y

simple update, full update Tffi5 2 %4 MERBFEEEEFZELEALET, RDEI3R 74—V F2HD simple,
full D2 2D¥ 77> a v 2/HLET,

E2Y:T] HeA i
source_site source site DFH = B
source_leg source site > & FL7z target site DT[] B
dimensions ERREREEE T T > Y L ORIT B oY R+
elements BRI EEE T > Y L DI R XA

source_leg X 005 3 FTOREMTEELE T, x AR SEFICKREHDIZ, 0:-x, 1l:+y, 2:+x,
3:-y ELTERINTVET,

dimensions X observable @ dim L ELZ D, IRTOEDRITZHEETAILEXD D FT, EOIEEIX
elements ¥ [AIBKIC., source_initial, target_initial, source_final, target_final D JIE

HTY,

vl

[evolution]
[[evolution.simple]]
source_site = 0

source_leg = 2

dimensions = [2, 2, 2, 2]

elements = """

0000 0.9975031223974601 0.0
1010 1.0025156589209967 0.0
0110 -0.005012536523536871 0.0
1001 -0.005012536523536871 0.0
0101 1.0025156589209967 0.0
1111 0.9975031223974601 0.0

nun
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5.4.5 correlation o3>
P4 MERETOMEBEBEE C = (A(rg)B(ro + 7)) KHET2EHREIEET 27> a > TT, KRer>aryzig
L7=356. MHEBEBLIFITEI R EE A,

FEARIZIET RS T TNS OFEERTHIo N E T, I74bb, fAo7r > Y ridr = (1,0) T, HEldr=(0,1) TT,
HFDERZ rg ¥ LT, 229 b EIAADTRTOY A FBHVWSLIRET, £/, ik z RV L y S EATRAMENS,
EDMZICOAEZET, Thbb,

r =(0,0),(1,0),(2,0),..., (rmax,0),(0,1),(0,2),..., (0, "max)

T3,
BT B B
r_max THBEBIE D EERE » DI KME B
operators THBEBEE 2 M 2 1 AHE T A, B 2RI HS BHOYZA DY R b

HBE T3 observable.onesite 27> a Y TIRELEDDBHVSLNE T,

il

Bl ZE S* A 0FET, S* 1 H/FL LTERSINTWIHA,

[correlation]
r_max = 5
operators = [[0,0], [0,11, [1,11]

TIHIBIBIEL S(0)S*(r), S2(0)S*(r), S(0)S*(r) A% 0 <r < 5 OFHTHESNET,

55 HA7 71

BHEGHAAE R output 74 L7 PUMTIAFEEINET, . A7 740 LT T7 7 A Apiat—
INET,

5.5.1 parameters.dat

FERETR I DN T X =2 B LXUOETHEPH S0 E T,
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il

simple_num_step = 1000

simple_inverse_lambda_cutoff = le-12

full_num_step = 0

full_ inverse_projector_cutoff = le-12
full _inverse_precision = le-12

full_ convergence_epsilon = le-12

full _iteration_max = 1000

full _gauge_fix = true
full_fastfullupdate = true

ctm_dimension = 9
ctm_inverse_projector_cutoff = le-12
ctm_convergence_epsilon = 1le-10
ctm_iteration_max = 10
ctm_projector_corner = false
use_rsvd = false

rsvd_oversampling_ factor = 2

seed = 11

is_real = 1
iszero_tol = 0
tensor_load_dir =

tensor_save_dir =

outdir = output

Lsub = [ 2 , 2 ]

skew = 0

start_datetime = 2020-03-21T17:04:06+09:00

finish_datetime = 2020-03-21T17:04:08+09:00

5.5.2 density.dat

BHEHEEF OV A b D7D OYIFHE GEEL L EE) KA EhE T, FHETOHET name 233272 - 7285135 H
DICHRE RSN ENET,
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il

Sz

Sx
hamiltonian
SzSz

SxSx

SySy

.11647102532908438e-03
.18125085038094907e-01
.43684776153081639e-01
.16323622995942133e-01
.55704529153783616e-02
.41790700241760936e-01

O O O O O O

.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00

5.5.3 onesite_obs.dat

onesite HE T OHIRHE (AY) P ENE T, BIT4500RD ET,

1. HETOD

2. ¥4 boEF

WS o

3. HIRFHEDHEES Re(AY)

4. WEHE D R Tm(AP)

B

# $1: op_group

# $2: site_index
# $3: real

# $4: imag

DN R R R RO O O O
w N PO W NP O W NP O

3.76530616899634130e-01 -2.
-3.76509754722919920e-01 3.
-3.76530553357656839%9e-01 3.
3.76509691203749330e-01 -2.
2.83097867896386720e-05 -6.
-2.83466420461770130e-05 -8.15368057756069800e-17
-2.83482100124389073e-05 3.48504667721631793e-16
2.83082155246732127e-05 -1.53146658372287057e-16
-5.10908316848065886e—-05 —-3.18447603113971937e-16
5.11500132844305047e-05 2.55186152594026040e-17
5.11528422294741045e-05 6.39101320470157777e-16
—-5.10879957978090937e-05 -2.65547621655117576e-16

99603784556741935e-14
00680681515725412e-14
02876200904715373e-14
97993441043978597e-14
21066660268729473e-16
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5.5.4 twosite obs.dat

twosite HE T OHIFHESH I ENE T, BT 6 167D 7,

1. twosite {HE T DFAIFHS

2. source ¥4 b DFES

3. source 5 A7z target D x AL

4. source 2 & Az target O y 21

5. BIRHED EER

6. HIFHED B ER
i
# $1: op_group
# $2: source_site
# $3: dx
# $4: dy
# $5: real
# $6: imag
0 0 0 1 -3.34687360117867760e-01 2.68843730436328272e-14
0 01 0 —-3.30837879477270169e-01 2.57989265090129366e-14
01 0 1 -3.34681128826821883e-01 2.69020083537152420e-14
01 1 0 —-3.32798087400507758e-01 2.66387741317542961e-14
02 01 -3.36648943667345379e-01 2.61735500972987307e-14
0 2 1 0 —-3.30837927854314540e-01 2.64427835764587303e-14
0 301 -3.36688835303625589e-01 2.64550560558367253e-14
0 3 1 0 —-3.32798142125971141e-01 2.64082512640410446e-14

5.5.5 correlation.dat

HBIRIR COP () = (A (2, y:) AP (z; + 2, ys +y)) DA ENE T, KT 700 SMREINET,

—_

[\

W

N

|91

. AT OBHIES o

. EHBETOY A RS0

- GEE T OMAIES 2

. BHEET O x HAEN ©

CHEET O y HAZERL y

5.5.

HA771)L
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6. AT DHEHE ReC

7. HETOEE ImC

B

# $1: left_op

# $2: left_site

# $3: right_op

# $4: right_dx

# $5: right_dy

# $6: real

# $7: imag

00010 -1.71759992763061836e-01 1.36428299157186382e-14
0 002 0 1.43751794649139675e-01 -1.14110668277268192e-14
0 00 3 0 —-1.42375391377041444e-01 1.14103263451826963e-14
0 0040 1.41835919840103741e-01 -1.11365361507372103e-14
0 0050 -1.41783912096811515e-01 1.12856813523671142e-14
0 0001 -1.72711348845767942e-01 1.40873628493918905e-14
0 00 0 2 1.43814797743900907e-01 —-1.17958665742991377e-14
0 000 3 -1.42415176172922653e-01 1.22109610917000360e-14
0 000 4 1.41838862178711583e-01 -1.19321507524565005e-14
0 0005 -1.41792935491960648e-01 1.23094733264734764e-14
1 01 10 —-7.95389427681298805e-02 6.15901595234210079e-15
1 01 2 0 2.01916094009441903e-02 -1.27162373457160362e-15

.. Skipped
2 3205 -1.41888376278899312e-03 -2.38672137694415560e-16

5.5.6 time.dat

FHHEFES A E N E T,

Bl

time simple update = 1.64429
time full update =0

time environmnent = 0.741858
time observable = 0.104487
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E6E

7ILdU X L

6.1 7>VIlxy bT—TIRE

TV Y3y b7 — 27 4REE (Tensor network states (TNS)) 2 13/N X727 > VY L O, B2 h TR I NT-E5TH)
BT [TNS] o BlzE, NED S =1/2 BFRAYYRTE. TORBBEBIIEREDOREIKE VT,
|\Ij>: Z \1181782 ,,,,, sN|51a327~-~73N>
si=T,4
EREFET, TUYARY PU—ZRETIE, ZORBBRE U, 5 o0 BT Y ALDAy FT =T TERB SN,
Bz

ipozrsy = (T8 [TO[s] T[] - TV [s]]

PELZEDTEE T, 22T, tTh[.. ] BT ¥ YAy hY—20fENERL. TW[s] 37> Y LERLTL
%9, {THRIRRE (matrix product state (MPS)) ¥ MHIN 2 7> VL v b 7 — 2 IREEDIHE [MPS], T [s;] 1X s;
BEZoNB LT koTWT, tTr)... | X Z05E. EHOITFIIckED 7 ¢

pMPS L= T[] TP [s5] - - - T [s 5],

51,52,...,8

22T TW[s1]. TO[s](i #1,N). TW[sy] OfREENZN, 1x Dy Dioy xD;. Dy_1x1TH53
YAREL F Lo

ZD X574 TNS % HEREHEEEROELUCHWEIEE., ZOMEERE D; k- THIRENET, D IFARVER
RIT EMEENTVE T, TUVYILRY VT =T DXL 775 ARELEHANS . MPS X

pMPS _

Tyls) = O
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DI ZeNTEET, 2O MPS IFHRROBEEBIBERL TVEFTH, FRICL T, MEROKEEIBIRK
EROLT, BRICEWMPS 2222 b TEE T, MRS, HEIBEDHETO (H2EXD) I L THER
HEF-> TWRGE, PBOMNZT VYL EEDRES Z T, HEREHRD MPS (infinite MPS (iMPS)) 2{E% Z &
HTEET, 2H%4 FOIENEDSHE. 2D K5 7% IMPS 1

YEREFET, 22T, BTy YR BLEREEZFESTVVILTT,

TeNeS Tl. 2 KITDEERIZILD - 727 > YV LFEIREE (infinite tensor product states (TNS)) ZE D W E 3T, 2D
iTPS 1% iMPS DERTTAD HRBIRIRIZI o TWE T, TeNeS Tid, MEERMEZ D o ESBF T YL Ry
NI EBIRELTEBD, A4 YT LTI,

DEIITHTE T, TeNeS TEZ D iTPS ZHWT, 2 XtEm FE2HRRDIEEREEZOIMINICEIEL 3, 1B,
EHETFT oYy Ry v T =213, EFBTERT TR, @Yk~ Uik b, Noh 28 THEAEL =4
TR YR & 75 2 TS TRENCETE £ 3,

6.2 iTPS D&k

%% TNS #3152 bR, 20 TNS TORFHE, (U]0[W)/(0|W) ZFHET 2720100&. —fiz, (V|O|T) &
(T]T) L5 oD RISHIET 27> Y L%y F U —2 OFEHEAREIC A D 5, BFIRIE. (U|0) ST
BFUY ARy FT—2E
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THZLNET, TOBOT Yy bV —21F, LIELIE. ®70 L4 ¥ — (double layered) 7> VL% v
=2 HENE T, ETALAY—T YAty b — 2 OFEETEIZ. @, IERICKERFIHE IR M
METF, MPS (% iMPS) DIFEIIE. EWIChH, RN T ¥ Y VT I N 28%/TH2E 25 2R 21
EoT, SIRMNCHET 2B TEFEF, LHL. TPS (RiTPS) DS, MELMGH R NI WS 7 24—
CUINEVEEDERS VY > & —) ZFROTIZERAHET, @%. LW MENEIEEZ W E §, TeNeS Tld.
FHBRXSTAIE D IAAREE (corner transfer matrix renormalization group (CTMRG) [CTMRG] ¥ FREN %, HERIZIL
Dol BTNVLAY =T V)V ty T =2 % BEXTH ¢ TyPToVIL 2ZHVCTERT 27k LTY
£,

RINVAXY—T Yty NI =22 RFNCEN L2 Y

»

o THMET 2 & AIATHIRIUCHINST 27 Y VA y VT =2 XA T 75 K&
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ERINFT, AERATIIE Ty 0T Y ILE,

0 &

Corner transfer matrix Edge tensor

DESCERSNTVE T, ARRITHIRBOEER, X4 7277 AR TR TRILL 72, AIEITHIOAR Y FX
T x W&o THIRENE T,

CTMRG O 73V XA T, AIRETH ey O F Y VRN T L2 B LTW T2 TERL %
Ty TF— L, MRBIGHTZETHEDIELE T, HIZIX, left move £ HHENZWINFREEIZ, XA 7275 4

Tl
. N
N —

PN ézii
7 _ _ | :Projector

YREINET, TOXATIILZHENSE TASTIZ— 1. W O0DHETHET S Z N TE [CTMRG] |
HEEZ y IO TEEE2LET,

Left move in CTMRG

ARY RZXIE D ©iTPS #HWT, R¥ KL x DAEHREITHIRIEZE 2 255, CTMRG DFtHE 2 2 i,
O(x2D%) ¥ O(x*D*) OKERFTRIr—NLET, TIT. RINLAY—T VI LIy NT—=ZDRYREX
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T, AN LT Y YL ERWERETIE., D2 I TW0WE I IZERLTLEE N, 2Dk, B, x
Ex < O(D?) X5 D2 ITHPIL TP LT, ZO5KMFTIE. CTMRG OFtEa X Mk O(DY) 12k b, X
TUERIZOMD®) 1D ET, BB, TITHRREFHEIR M 2E2201F. BTHORREESE (SVD) %H
WERERH D T, Db DIC, BIFHID SVD EHVZHA. FEax M OMDY2) e kT,

Vo e AMUR L7 SRR THI e Ty O F © Y LR RIUE. (U|0|T) bAPRIMICEHET 5 2 e A TE 2T, FlRIE
JRFFREL (U]S2]0) 13

7(?/_» (9|57 W) =

SZ

D& IEDLS N, FRICEIIEMR (P[S7S57,,|P) 1%

(\IJ|S§S§+1|\IJ> —

i

)
)

5 Sz» ) = _

ERBTLZIENTEET, 50 XAT7 7720 2FBORGLZHVS Z T, EED 244 MEFETFOMRE
EIHTZZ 200D ET, ZOEIREXA VI L 2HEBEOEEFIIH LT ZLEARETIN, 77X
R—REL 122 & Z ORISR E L R 2FTH A X FAERICR 2 ZEITHERL TS W,
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6.3 iTPS OR#E1t

iTPS % A EIRED L IKEIRE L THW 5E. iTPS 2 R/hOD T 4 )L — BAFFE

()
B= "y

222X TNV EREGT ZHBERDDET, T T, HENRRDONINV =TV ERLTVETD,
TeNeS Tid. BFFEFEE (the imaginary evolution (ITE)) ¥ Z 77 iei{t. (the variational optimization) {EZ W5
ZODFEDS B, HIFED ITE ZHHA L TWE T, TeNeS Tld. iTPS O#IFHT DU 72 B

|\IjiTPS> ~ 67T7-l|\110>,

EEZET, TIT. Vo) EROWHAITPS TY, . & L. T AR EFUR AL |[UITPS) (ZREIRRE
DEWVIEBICR s TWEEEZ D LN TEET,

TeNeS Tld, N3 b =7 V3RO ~(AHEEHOHIT

H = Z Hij7

{(,9)}
DEIITREINTVS ERE L, /NEREFEAIA 7 O BERFEFE A 7128 U T Suzuki-Trotter 77 f#
677”7"[ — H e*THij + 0(7_2).

{(,9)}
FPEALE T, 22Tl —ROEMEEZEZZLEN, EVERODEEEZS D TEET, Suzuki-Trotter
SREOEE WS Z 2T, BREREX

{G.9)

N-
e W) = ( I1 eTH”') [Wo) + O(7),
}
DEIRXEETTILNTEET, 22T, N, =T/7F Mk r TORRBREEDORAT v 7HTT, 2
DROEADEFNET 572012, [[i; ;) PHEVL D2 OEARELCHML T, ZNLTHOHMIEENTIA,

Uapri7z) BREEREE T REBEWVICZIRL, ZEXTW5 iTPS LR CIGENMEZF o Tnwa e LEd, Hlx
. 294 PO IMPS T, 17CROBEFEMEEERANIN =7 Y 2EZ GG, oD REZHWT,

Subset 1: | | | | | | | |
L T T T T 1 — ¢ THij
Subset2:"'| | | | | || | | |

DESWERHFAERZIRT 2 ZENTEEXT,

R, ENZNDERHEFEREE T O REZEH L2 KEBEZ. R FXRIT D: OFLWITPS & LT

|\IJ2_TPS> ~ H 6—7—H,;j|\I/iTPS>7
{(i,7)€subsety, }
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TeNeS 21 —H%—<=a7J),VJ—X 111

DESTEBLFET. 2T [[ ) eoubser,) & n BHOMAREZVOBHBTOMERL, [V 3H LV
iTPS T3, XA 7277 22 fv3 e 2o,
|\I/LTPS> H 677‘H” ‘\I]iTPS>

{(4,j)Esubset,, }
Bond dimension = D

---II I|II IIII IIII II"'

DESICRHTEET, RIS, e ™Hi BT BZ 22T HERITPS BEHORY PRI KL TLES 22
HEEL TPV, LT, EFEREDY I 21—y a Yy RRELTHET 2701213, RY RXRTE2H B
—EfE D £TERITHBYS  (truncate) RDERDD T3,

Bond dimension = D

FNTIE. FIRRITHUID . R/MEREE
min |\I/iTTPS> - H ef'rHij|\IjiTPS>
{(4,j)Esubset,, }
RS ZETITAE S, LaL, ZORMERBIEZECFE 2 X ME, FITiTPS OGN FRE TR DI IR
B o TWa7il, IFEICBERICL-TLEVWE S, 22T, @FEE b oL LT, R —>20
ERERISER I T2 R LT, Z RS B (TPS [WITPS) S RIEA 2 $F. = 2T, H L1 iTPS T
iE. TEO [UITPS) L M LT, IO T >V AR SEESATOET, ORISR MU

min [[[UITPS) — =7 His | giTPS) ||2

YELZENTEEY, ~RIUOBEAEHEFEROBEE. ZOB/MEBEICHIET 32 X4 7275 L3,

‘\IjiTTPS> e*THiJ|\IjiTPS>

Bond dimension = D

BAAAAAA A AN

THEZohE T,

Bond dimension = D

HD I L ||| WITPS) — o~ THu |WITPS) |2 13 i Z1E CTMRG %525 2 & THRMICHETE 270, 2
DORECHEZ ISR 2 BN TEET [ITE] o 22 TH L L8505 iTPS N FMEZ B - T £ 325,
7y IT= b ENT YNV EMOERNIC A — 35 Z 2T, WHENFRR iTPS 21E5 Z e BN TEET,

Copy Copy

Z D iTPS O F/MUMIEDELREIZ e BEZ 2 Z DB TEET, 20 &S RIERMEREDTEZ. full update i
LIRZRE S, full update BEOFHE O KESNE CTMRG TH D, SVD OIS LT, 2H8a % Mg O(DY) %
721X O(D?) TAZ = LET,
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Simple update FIZEREFREL AV, K DFEIX P O/NIVWRE(LTFIETS, Simple update £ Tldk. CTMRG
I B2EVETE R BT 2 72002, BEIRR 2K TR RN E T Y Y ry YU =2 %EF 2 %3 [SimpleUpdate ]
o BT BB EER OHE X, UTO &S RN RELEEE2E X £3,

2

2

: Non-negative diagonal matrix

CDORAT YT ATIE. N\ IZIFEDOHHITHZELTVWT, ZHUIRY F i ORICHZER L B2 XD
VGIReEZ 2N TEET, N\ OEBRNLRERIBRTERAONE T, ZOXA 777 60RO T B LIE
Z. TYYLTOr EREREHE T OB Rk R o TR T v 2N AT Z e A TE 2725, SVD
FPRHWTHL ZENTEET, ZOFHEE, XA 7770 5HNT,

Truncation to

bond-dimension D

0~ - 9 - BOE -

ERTIENTEET, FHEEFD SVD THTEATFIOREMIZ. RORAT v I TOFEE N e LTHAHZ M
%9, Simple update JEDFH I 2 NI, fTHIZMKT 2111 QR BfR%EITS 22T, O(D?) 12 Y £F [OR] .
L7235 T, simple update 7% full update X D b T o LEHE AR MPEL RO TVWET,

7272 L. simple update %1 full update & D dFFHE 2 2 bA/NXWT T2, simple update IR BEAKFE I 2358
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L . BRFEROFBFMEICORE S 2 BRFHE S 2FENIM SN TVET, Lo T, RAMOMEIZEAS
5HLETIE. FoNHREHEICHIES 248035 D £75,
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