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BE1E TeNeS &I ?

1.1 BIE

TeNeS (Te nsor Ne twork S olver) 137 > VL3 v bV —ZRICE DL ZIRETREFHEO DDA —T >
V—ADTAT T LNy =P TF, R F L TERSNEBETAE VB EDZEAINV =T
NZOWT, BEHBEBE SR C o E 2R L £ 3, ARREFHRE oM, AREEHECRMEERE
FAEIARET T, HO2UHERINLEE I LTk, 22— =2 AT 7 » A VEERT
27200V —10HD, [BIABRTE 3, OpenMP/MPI A 7)) v RAFNIHIGLTE D, KEEET
HRIC X 2 KREUREHE2IATRET 5

1.2 ARE

TeNeS lZU RO A Y AN—THELTVE T,
o KRR B GRS RFRE B2 R IFSER
o ARH 1B (BIERYREPE BT I5ERD
o A GRECRS: PITERFIERT)
o R —B GHEURY: YIRS
o Nk A GRECRSE PIPERFZLA)
o JIES R GREURS: PITERTZLA)

1.3 N—=>2 a3 ERE

e ver. 2.0-beta: 2023-10-25 12V V — R,
e ver. 1.3.4: 2023-09-13 12V V — X,
e ver. 1.3.3: 2023-07-14 12V VU — &,
e ver. 1.3.2: 2023-06-08 {12V V — X,
e ver. 1.3.1: 2022-10-21 {2V UV — X,
e ver. 1.3.0: 2022-10-20 12V J — &,
e ver. 1.2.0: 2021-12-13 12 V — X,

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

e ver. 0.1: 2019-12-04 12V Y — &,

14 214t

K7 02707076y r—IBLUY —ZAa— F—R X GNU General Public License version 3
(GPLVv3) WHELCHEfENTVE T,

1.5 /X

TeNeS & HlW iR 2 RS 2 HE . RDFMLZEFIHL T\ % L30T,

Y. Motoyama, Tsuyoshi Okubo, Kazuyoshi Yoshimi, Satoshi Morita, Takeo Kato, and Naoki Kawashima, "TeNeS:
Tensor Network Solver for Quantum Lattice Systems", Comput. Phys. Commun. 279, 108437 (2022)

1.6 JE—ST1F

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

RKY 7 b =7 D& 2019 FE B AREYMMRGRT V7 b =7 BT RS =7 b OXEEZITH
RaENTBY., ZOEEEIHAREDFIRHFLTOVET,

2 F1ZTeNeS i ?


https://www.sciencedirect.com/science/article/pii/S0010465522001564
https://www.sciencedirect.com/science/article/pii/S0010465522001564

F2E AVAM—ILAE

21 Ao>O—Fk
TeNeS @Y — X 2 — R GitHub page 226XV > B — FTEE 3, git 254 Y A b= LI TV BB T,
UFpa<wy Fx$lor Xy ru— FPRERENET,

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

22 REBSA4TSY - BRI

TeNeS % A ¥ XA VT HITEILLRD T4 75 Y « BREEDRBETT,
1. C++11 compiler
2. CMake (>=3.6.0)
TeNeS ZUTFD T4 77 VIMFLTVWETH, HEITX Y - FBIUOEIL RS ET,
1. mptensor
2. cpptoml

MPI B & U ScaLAPACK ZHIH 52 Z & T7 ¥ VIILEEZIFIETE 3, MPI, ScaLAPACK (ZDW\W T
HETA YA =L TE3R0ENHY £, 72¥ Z1F Debian GNU/Linux (RZDIRET 4 A Y a—a
V) BBHWT, root MR %E BHH DAL,

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

TAYAM=ILT 2 EDARET T, 2SN DJ71E. Open MPI 72 ¥ D MPI %572 & UNIC ScaLAPACK
DHR—LR=IZBHMD L, A VA P=NZ LTSN,

AH17 7 A MERLY — L DFE 21 Python (>= 3.0.0) B X LR D Python 28w 7 — I DRET T,
1. numpy
2. scipy

3. toml


https://github.com/issp-center-dev/TeNeS
https://github.com/smorita/mptensor
https://github.com/skystrife/cpptoml
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23 12X b=l

1. TeNeS D7 4 L Z NV ICBEIL7ZDE, UFROFMEIIRE>TEINL REITVWET (CentOS 72 ¥, BB
Ko Tl cmake3 ¥ T2 ENH D £9),

$ mkdir build

$ cd build

$ cmake -DCMAKE_INSTALL_PREFIX=<path to install to> ../
$ make

<path to install to> D7 7 # /L MHIZX /usr/local TI,

WHEIL R

make I~ FiZ -j <num> A4 7> 2 YEBIL., <nums [l 7ot 2% H\W=ii7 e F&21T75 &, TeNeS
ZERICE L FAJBET S,

B, Fitoa~y RTbuild/src 74 L7 b VICEITT 7 4 )L tenes DMER XN F T,

$ make test

CHDOCTANEFRITTBZIENTEE T,
2. RIZA VA =L LET,

[$ make install

{77 7 A )L tenes, tenes_std, tenes_simple 75 <path to install to>/biniZA YA F—ILXNE T,

MPI/ScaLAPACK 51t D=L

MPI B X Of ScaLAPACK Z I L2 WIE&121%. -DENABLE_MPI=OFF #* 7' 3 % cmake 2= > FIZB
LT L 72& W, macOS Tl ScaLAPACK O —#B% » > A7 4D BLAS, LAPACK & THMENEL, =
S—RRTIT2DRMERELTWET, MPI A OEEIMLEHERL TWET,

AN SDISE

CMake TIXHEITa Y 4 IZMHLTELREITVWE S, aV 34 JERIBEELZWVWESIE IO X
ST aryEBMLTLIEE N,

$ cmake -DCMAKE_CXX_COMPILER=<path to your compiler> ../

ScaLAPACK S+ 75U DIEE

4 B2E AV M—ILEE
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CMake TIZHE)T ScaLAPACK 7 4 72 VU ZH L 52, AoToidoGER eI,
<path>/1ib/libscalapack.so ZF|H L 72 WIGEICIEULTO L S51cA T a v EBIMLTL
72XV,

$ cmake -DSCALAPACK_ROOT=<path> ../

mptensor DIETE

TeNeS Zf 517 >V VEE Z 4 7 F Y mptensor ZF|H L TWE 3, CMake (& HEIT mptensor &X'V
O—F L RLETH, 2—F—2FHENT A >~ & b—/L L7 mptensor (<path>/lib/mptensor.a) % fifi
ALZWEEIE, LR X317y a Y EBMLTL X0,

($ cmake -DMPTENSOR_ROOT=<path> ../

Python f % —7 1) ZDIEE

TeNeS ¥ — /L& Python3 THEPNTED, RADifi- 7z python3 2~ R HEISESH L3, vV—iL
DEITH D FLATHLRWVIEEIZIE. type python3 R EEHH LT, python3 2~ RIZ A>TV
YD PHERLTLIEE W,

ffis 4 &2 —FVREZEELEZWVEES (HBWE /usr/binfenv 2 < Y FREFTTEFICZ S —2H 335
B 12iE. UTo k31 CMake A 72 a ZBIMLTLEEWN,

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

23. 1=l 5






BITE ERAAFE

TeNeS DX A4 > F 125 L tenes ZFHT 2 I12id, BAISHEIELR 2 ERT DDA 7 7 4 L %E1E

RS B2RERBHD ET, A7 7 ANDIERE LR T VLS,

e tenes_std: FTED 7 # —< v MWV, BO TR TENLZ Y2 ERLIEATI 7 7 L VEER L ET
T5ZLT. tenes BETTBLDDAN T 7 ANVEERTE Y —L

o tenes_simple: H 50 UDEFRI N FEANS LT, iR A7 7 4 L2 5 tenes_std & E
T52720DANT7 7 A VEERT SV —L

PHEINTVET (K 3.1 Zl), EEOHEEDAEFITHIE I B WEGEEICIX, tenes_std DA 7 7 A

NEBEBEERT 2 THIDTEE S, TeNeS DEEAN T 7 A VOFHMICOWTIE, Z7AILT +—

Ry b RIS W,

prad

tenes_simple

tenes_std

tenes

3.1: TeNeS DFtHE 7 1 — K

parameters.dat
density.dat
onesite_obs.dat

twosite_obs.dat
correlation.dat
correlation_length.dat
time.dat

DUR, 2R 2h @y — VORI OWTEHE L, &RIC tenes DEMTIEICOWTHIIL 5,

3.1 tenes_simple D{FERAE

tenes_simple X EFFADKA HBFITHT 3 tenes_std DA 7 7 A VEZEKT B Y —1LTT,

[$ tenes_simple simple.toml

e GIBELTT7 7 A VWD £F

e tenes_std DANI 77 A LB LET
« ARV RSAVFA T aVIIUATOED TY

— --help

sk ANILT Ryt — Y DEIR

— --version
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. 18R

- 17

x* N—3 a YFHDRR
--output=filename
x 11357 7 A L4 filename ZFEL £5
% 7 7 AL M std. toml
x ANT77ANBERU 7 7 ANAITTEILETEEEA

--coordinatefile=coordfile

* V4 FOFEEEREHNIT 37 74 V4% coordfile BIEEL T

% 7 7 %/ & coordinates.dat

x« JERR 7 7 AV LAIEICY A PRS2, 2,35HIC x, y BIE (5L NEER) &

ahsET

--use-site-hamiltonian

w B—w VIEREET VY y VERY DA Y H A MEEFA PAIL =T L

THALET

¥ TEELBRP o756, TNODHIEFIAERY FAINL =7 VITRIEHE T
REEZRIN TV IHEA - EFIEROED,

IETTHE T
=g T
e D B AR
0 Z DT

R - $8 T AN 7 7 A VD tenes_simple DATTT 71 ZZRLUTL S W, DUN IEAET L
TERINLZAE Y 12 DA BV THERD AN 7 7 4 HITT,

(RD_R—J1THE )

[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

8

BIBFEAAE
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[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

(HIDR=T D 5 DfEX)

3.2 tenes_std DEAAE

tenes_std 35X 6NN IV b =7 U H B ERELA v ORERHFEREE S exp (—7H,;;) ZEE L,

tenes DAN 7 7 A AV BEWRT 2V —LTT,

$ tenes_std std.toml

c BB LTI 74 LEWD T
e tenes DANI 7 7 ANEHNILET

c ARVESAVF T aVIZUTOEDTY

— --help

x NILVT Xt —YDRR
— --version

x N— a YREORR

— --output=filename

x* HH3277 A4 NVDEH] filename ZIEE L £ F

% 7 7 4L MZ input.toml

* ANMT77ANBERLT7 7 A NVAICTEIIETEZHRA

AJ17 7 4 W3 tenes_simple T FHHWTHERTEE T, B, ANT 7 ANVERET ST, EFRI
NTVRVEE T TOFEMTRZIE ST, AT 7 A VOFEMIZ tenes_std DATIT 71 IL SR LT
{EEWV, YR, EABFETEBREINEZAE Y 12 DAL BURAUTERD A7 7 4 AHITT,

3.2. tenes_std DFERAAZE
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[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]

# (bond) hamiltonian
[[hamiltonian]]
dim = [2, 2] # physical bond dimensions

bonds = """ # bond information

010 # first: index of one site
110 # second: x coord of the other
210 # third: y coord of the other
310

001

101

(RDR—J12Hi )

10 BIBFEAAE
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(FHTDR—T 5 DHEX)

201

301

elements = """ # nonzero elements of tensor

0000 0.250.0 # first: initial state of one site
1010 -0.25 0.0 # second: initial state of the other
01106.50.0 # third: final state of one site
10010.50.0 # fourth: final state of the other
010 1-0.250.0 # fifth: real part

11116.25 0.0 # sixth: imag part

# observables
[observable]
[[observable.onesite]]

name = "Sz" # name

group = 0 # index

sites = [] # sites to be acted
dim = 2 # dimension
elements = """ # nonzero elements
00 0.50.0

11-0.50.0

nmon

[[observable.twosite]]

name = "hamiltonian"
group = 0

dim = [2, 2]
bonds = """

010

110

210

310

001

101

201

301

elements = """
0000 0.250.0
1010 -0.250.0
01106.50.0
100160.50.0
0101-0.250.0
11110.250.0

(RDR—J12Hi )

3.2. tenes_std DFERAAZE 1
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(HIDR=T D 5 DfEX)

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

group = 1

dim = [2, 2]

bonds = """

1

N B, @ W N R»r

(= — =
L e e = = = —]

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

3.3 tenes DfERAHE

tenes I3 XA 707 J LATT,

$ tenes input.toml

c BIBELTANZ 7 A VA EID ¥F
¢« AR Y RIA VAT a YL RO@EYTY
- —-help- LT X vE—IDRR
- --version- N—Y g VIERDFR
- --quiet - EHEHINCMBIFEHIRVWESICLET

ZLDEARICBVWT, 2=V —DANT7 7 A VR EHZRET 2HBEDH D ¥ A, A7 7 4 VDM
tenes DATT T 7A1IL 2SR LT XN,

12 BIBFEAAE
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4.1 RS T S > J1ER

C ZTRIEAET EOMRG A O > BRI LT, MG E 2L X880 EFICOWTHEN L %
Fo NINF=T7UIX
H=J"Y Si8;—h"> 8¢
(i.9) i
TT, KEXIRDODRAVYVHEETEAWTERLTED, XV VHATZEBREAWEET L ERENER
BILICEBLTEEIV, ANI77ANVDZEH hx WS Z & TS h* OKRZXZ2HFET e
AIRET Y, Ml 21X, HERGH 0 DA IR,

[parameter]
[parameter.general]
is_real = true # Limit tensor elements in real (not complex)

[parameter.simple_update]
num_step = 1000 # Number of steps in simple update

tau = 0.01 # Imaginary time slice

[parameter. full_update]
num_step = 0 # Number of steps in full update
tau = 0.01 # Imaginary time slice

[parameter.ctm]
meanfield_env = false # Use meanfield environment to contract iTNS

iteration_max = 10 # Maximum number of iterations in CTMRG
dimension = 10 # Bond dimension of corner transfer matrix
[lattice]

type = "square lattice" # Type of lattice

L=2 # X length of unit cell

W=2 # Y length of unit cell

virtual_dim = 2 # Bond dimension of bulk tensors
initial = "ferro" # Initial condition

[model]

type = "spin" # Type of model

Jz = -1.0 # Jz SzSz

(RDR—J12Hi )
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Jx =0.0 # Jx SxSx
Jy = 0.0 # Jy SySy
hx = 0.0 # hx Sx

(HIDR=T D 5 DfEX)

YLET Oz = -1.0 2D T, hx=0 TIXEBMHEIREICRZD FF), ASTT7 7 A L% simple.toml ¥ L7

Ba.

$ tenes_simple simple.toml
$ tenes_std std.toml
$ tenes input.toml

PEITTZ T ERHBEINE T, (BorUD TeNeS A4 Y A b= L1=0b, HEEZR PATH %

BYNIRE LTS W,) sREZFHEITT L L,

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 @

SzSz =0.50

SxSx = -1.7374919982e-18 0O
SySy = 1.73749202733e-18 0

(RDR—J12HE <)

14
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BIDR=I 55 D %)
Wall times [sec.]:
simple update = 3.545813509
full update =0
environmnent = 0.123170523

observable 0.048149856

Done.

DL ICEIEDIETINE T, mIICHIHLDERB LU T ¥ Y VOEEDFRRINE T, RIGFTHE T vt
ADEITIRMDFRENE T, FHHEE TR, 14 MEEF Sz, Sx BLXU NIV =7~ hamiltonian, i
ITHAHERE SzSz, SxSx, SySy D A +H 7= b OIARHES I SN FF, HRICT = — X T & OFtHER M H
SNFET HALIR), FHEKTHEIX output 74 L2 F ViZ density.dat, parameters.dat, time.dat,
onesite_obs.dat, twosite_obs.dat Z3ZHZNHINEINE T, KN 7 7 A VDMK, HAT 710
L% ZEL IV, FlZIE <Sz> DfEIX. onesite_obs.dat 2> 5atAH S 2 SAHE TS, hx 287 X —
XY LTO02HATO3.0FTRo L EZDEREZ FRNICERLETS,

B, I 7)ol LT, sample/01_transverse_field_ising 7 # /L X NIZ
tutorial_example.py, tutorial_read.py 2°» b %3,

* tutorial_example.py O E

import subprocess

import numpy as np
import toml

MPI_cmd = "" # 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(f"Calculation Process: {idx+1}/{num_hx}")
with open("simple.toml") as f:
dict_toml = toml.load(f)
dict_toml["parameter"]["general"]["output"] = f"output_{idx}"
dict_toml["model"]["hx"] = float(hx)

simple_toml = f"simple_{idx}.toml"
std_toml = f"std_{idx}.toml"
input_toml = f"input_{idx}.toml"

with open(simple_toml, "w") as f:
toml . dump(dict_toml, f)
(RDR—J12HKE )

41. HERls1 S U J1EE 15
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(FIDR—H 5 DFE %)
cmd = f"tenes_simple {simple_toml} -o {std_toml}"
subprocess.call(cmd.split())

cnd = f"tenes_std {std_toml} -o {input_toml}"
subprocess.call(cmd.split())

cnd = £"{MPI_cmd} tenes {input_toml}"
subprocess.call(cmd.split())

 tutorial_read.py O E

from os.path import join

import toml

num_hx = 16

print("# $1: h'")
print("# $2: ene")
print("# $3: sz™)
print("# $4: sx')
print()

for idx in range(num_hx):
try:
with open(f"simple_{idx}.toml") as f:
dict_toml = toml.load(f)
hx = dict_toml["model"]["hx"]
ene = 0.0

0.0

mag_sx = 0.0

mag_sz

with open(join(f"output_{idx}", "density.dat")) as f:
for line in f:
words = line.split()
if words[0] == "Energy":
ene = words[2]
elif words[0®] == "Sz":
mag_sz = words[2]
elif words[®] == "Sx":
mag_sx = words[2]
print(£"{hx} {ene} {mag_sz} {mag_sx}")
except:

continue

HoU D tenes L LI SAZE L ET

16 FA4EFa—LUTIL
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‘$ python tutorial_example.py

¥ L TCTHEITTEE 3 (MacBook2017, 1.4 GHz Intel Core i7 THOBRETHENETKRTLED), Boh/
FESRIZ

‘$ python tutorial_read.py

YR CHEETE, hx, TRXAF—, <Sz>. <Sx>DBHHEHhFT,

0.5

0.4

0.3

0.2

(5%),(5%)

0.1

4.1: <Sz>, <Sx> D hx KFME

X 4.1 2256 hx DRKEL 2 BITD00, <Sz> 23 0.5 OB AI/NE L RO BRRINCIZ 023 —FH., <Sx>
OO RELILDEBEKRINCIZ 0.5 2RI ET,

4.2 1S 2 VI REORGEER

I TRIEFET DA DY 7T MIH LT, BilE hx % 5 72355 O ERBFE B OFEFNIC O W THEN
LET, NI =TT
H=J*) S;8:—h"» 8¢
(i.5) i
T3, KEXIRDODRAVYVHEAETEAWTERLTED, XU VHATZEEAWEET L ERENER

ZZEREFERLTEIV, ZOFa— b ITATHATEIANZ 7AVBIURZ YT N7 7 4L
sample/02_time_evolution IZHM I N TWVWE T,

BRAONCHEPIREE Y LT, EERBOFEEZITVE T (simple.toml 7 7 £ L), I 2T,

[parameter]
[parameter.general]
output = "output"
(RDR—D1THE )

4.2, MRS SV JRBEORBHHEE 17
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(HTDR—T 5 DFEX)

tensor_save = '"save_tensor"

[parameter.simple_update]
num_step = 10
tau = 0.01

[parameter. full_update]
num_step = 0
tau = 0.0

[parameter.ctm]
meanfield_env = true
iteration_max = 10

dimension = 10

[lattice]

type = "square lattice"
L =2

W=2

virtual_dim = 3

initial = "ferro"

[model]

type = "spin"
Jz = -1.0

Jx = 0.0

Jy = 0.0

hx = 0.0

YLET Oz = -1.0 ZDOT, FEEREEIIHEBIIREICZ D £9), THPRAEEY U TEEIRERZFH T 37
®. tensor_save = "save_tensor" ¥ LT, REREDT VYL ERFLTEBEET,

Rz, RNEHEBEEZITO DDA 7 7 A NVEHABELE T, ERFEHEIX mode % time 1255 Z & TITH
eMTEZT, U, AN7 7 AT F (simple_te_strong.toml 7 7 A /L),

[parameter]
[parameter.general]

output = "output_te_strong'
tensor_load = "save_tensor"
mode = "time"

[parameter.simple_update]
num_step = 500
tau = 0.01

RDR—J12HKi <)
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[parameter. full_update]
num_step = 0
tau = 0.0

[parameter.ctm]
meanfield_env = true
iteration_max = 10
dimension = 10

[lattice]

type = "square lattice"
L =2

W=2

virtual_dim = 3

initial = "ferro"

[model]

type = "spin"
Jz = -1.0

Jx = 0.0

Jy = 0.0

hx = 2.0

(HTDR—T 5 DFEX)

2T, WG %E hx = 2.0 . EREREOAAEE tau = 0.01 & LTHEREZETVET, %

Too FIPREE L UCORIZE ORRIREEZ F W 2 728,

tensor_load = "save_tensor" ¥ L T. EEIR

ROT VY NVEHAABLET, PV TNVE-FDODANT 7 A VZEH LD 213, BEEIKREGHHE & Ak

12, tenes_simple, tenes_std, tenes % JIHFE

L9, s8R IT output_te_strong 74 L7 b

VICREINE T, HEAMCEEREOH I e FARETT, 1FEICRE N EMEINTHWET, 22X
FT_density.dat (I & OHHFHEDRFE Z L 1CEEixE N TE D,

#

# $1: time

# $2: observable ID
# $3: real

# $4: imag

#

# 0: Energy

# 1: Sz

# 2: Sx

# 3: Sy

# 4: bond_hamiltonian
# 5: SzSz

# 6: SxSx

# 7: SySy

The meaning of each column is the following:

The meaning of observable IDs are the following:

(RDR—J12HKE )

4.2, MRS SV JRBEORBHHEE

19




TeNeS 1—H%—<=a7)J)L,JJ—2X2.0.0

(HTDR—T 5 DFEX)

0.00000000000000000e+00 O -5.00184764052080899e-01 0.00000000000000000e+00
0.00000000000000000e+00 1 4.99999945646528332e-01 0.00000000000000000e+00
0.00000000000000000e+00 2 9.24306486797199186e-05 0.00000000000000000e+00
0.00000000000000000e+00 3 2.34088935337348195e-06 0.00000000000000000e+00
0.00000000000000000e+00 4 -5.00184764052080899e-01 3.47535331983321418e-21
0.00000000000000000e+00 5 4.99999902788251294e-01 -8.46256269499545126e-22
0.00000000000000000e+00 6 1.12653588020163689%e-05 6.35907290717320676e-22
0.00000000000000000e+00 7 -1.12840199341671039%9e-05 -2.06527532941704114e-21

DEIWCHR>TVWET, 2HBRYHEOREEZRL TED. JORETIE 1 FBHHMEEL m* = (S*) TT,

awk RETT7 4 VR V755 28T, REOYHEDKEFERZIND HE 9,

awk '$2
—strong.dat

1 {print $1, $3, $4}' output_te_strong/TE_density.dat > magnetization_

BEEEBOETEWVWLS OO MMIE TR 2 7-®1C. simple_te_middle.toml (hx = 0.8),
simple_te_weak.toml (hx = 0.5) X WO ANTZ 7 A LdF L LTHELTVWET, Fi,
INBE—HELTHETZ/2DDZAZY 7 b run.sh bHEFLTVWET, HOHL D tenes R EIWI R %
BLLET

‘ sh run.sh

WEDEEZETLET, MM THEIKDD £3, FIEMKT L5, gnuplot ZEH L.

‘load 'plot.plt’

5L @k m® ORBROKRTN oy FENE T, ZOMRE M421TRLE T,

MG EER LTV 2 BMEDIREID K E S ), BETHEBERAR2EBEZI 22 m? =0 2 TIRET 5 X
21272 Y ¥£9 [DOPT]

B, KEFEEMEDICONTZ VR Y IAX Y IBKREL D, HERETT VYL 3y b Y- DK
BB KRBT 2DICRD R D £, FOHE, hx=2.0 1ZB1F 2% t=4.25 DY ¥ ¥ IH O/
BERLTOVET, BBRICHERT2581ICE. 20 &5 BREGEEDSTFELROIEERO L, v T
DEET 258 IET Yy VT =7 OREDNED LR HR VWX ST, virtual_dimension # K
TR EDWREITHOLELD D £F, HlZ1E, virtual_dimension = 10 IZZEH L T ERDFEZLT
S, MA3ITRT L ITHREGENTHEA 2 Z b 35

BE

[DQPT] M. Heyl, A. polkovnikov, and S. Kehrein, Dynamical Quantum Phase Transitions in the Transverse-Field
Ising Model, Phys. Rev. Lett. 110, 135704 (2013). link
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TeNeS 1—H%'—<=a7JL, ) 1J—2X2.0.0

0.5 me=s

0.25

C
O
IS
N
3 0
c
(@))]
(4y]
-

-0.25 hx=2.0 —=—
hx=0.8 —e—
hx=0.5

_05 | | | | | | | | |
0 05 1 15 2 25 3 35 4 45 5

time

4.2: 4 ¥ » 7RO ERR RO K. Mifnmlt, MR 2 £ 3,
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0.5 e
0.25
(e
O
©
N
> 0
(e
(@)
4]
=
-0.25 - hx=2.0
hx=0.8 —e—
hx=0.5
_05 | | | | | | | | |
O 051 15 2 25 3 35 4 45 5

time

X 4.3: 4 2 Y 7BBIOERFRFEREDOX. eI, MEIR% R 3, virtual_dimension = 10 ¥ L
72358 DFER,
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4.3 WS S BB DOBREEAE

TIXEGHE T OEENA > > 7 TSN LT, MY hx 250 758 OHRIBE DR EHNZOWT

H=J?Y Si8;—h"> 8¢

(i-4)
TY. REZIRDALVHERETZHWTERLTED, NV VEHETZEZER VT TV L REDRR
5 EICHERL TS W,

ZDFa— b U TZNATHEHTEZAN 7 7 ANVBXUORAT Y 7 N7 7 4)UF sample/03_finite_temperature
WHEHENTWES, UWFDBASN 7 7 4 VDOHITT (simple_ft_strong.toml 7 7 A /L), T Z T,

[parameter]
[parameter.general]

mode = "finite"

is_real = false

output = "output_ft_strong"
measure_interval = [10, 10, 5]

[parameter.simple_update]
num_step = [50, 200, 10]
tau = [0.01, 0.005, 0.05]

[parameter. full_update]
num_step = 0
tau = 0.0

[parameter.ctm]
iteration_max = 10
dimension = 10

[lattice]

type = "square lattice"
L=2

W=2

virtual_dim = 3

[model]

type = "spin"
Jz = -1.0

Jx = 0.0

Jy = 0.0

hx = 2.0

Y L7, ERREIFEIZ parameter.general £ 27> 3 YD mode % finite ICFT AL TITS 22 BT
9, M % hx = 2.0, tau = 0.01 GHREDOZIAIZ 2 tau) & LTHRREHEZ L TVWES, &
YINE—FDANT7 7 A VERBE LS, FEKAEG A2 ¥ L [FFRIC. tenes_simple, tenes_std, tenes
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a< Y FEHVWCHERZETLE T, FIEHEEIX output_ft_strong 74 L7 UL RIcHH a5,
BEARFNCEEIREE D e AT T2, 1 FIHICHRESBME A TWE S, #Z21E FT_density.dat
=8

# The meaning of each column is the following:

# $1: inverse temperature

# $2: observable ID

# $3: real

# $4: imag

# The meaning of observable IDs are the following:

# 0: Energy

# 1: Sz

# 2: Sx

# 3: Sy

# 4: bond_hamiltonian

# 5: SzSz

# 6: SxSx

# 7: SySy

0.00000000000000000c+00 0 ©0.00000000000000000e+00 0.00000000000000000+00
0.00000000000000000e+00 1 0.00000000000000000e+00 0.00000000000000000e+00
0.00000000000000000e+00 2 0.00000000000000000e+00 0.00000000000000000e+00
0.00000000000000000e+00 3 0.00000000000000000e+00 0.00000000000000000e+00
0.00000000000000000e+00 4 0.00000000000000000e+00 0.00000000000000000e+00
0.00000000000000000e+00 5 0.00000000000000000e+00 0.00000000000000000e+00
0.00000000000000000e+00 6 ©.00000000000000000e+00 0.00000000000000000e+00
0.00000000000000000e+00 7 ©0.00000000000000000e+00 0.00000000000000000e+00

. continued ...

Yo TVWET, 2FEPYEEOREELZ RLTED, fIZIZ0EZ A LF—RDT, awk R TIZRL
F—FEERD HT I CREKREEZRANONE T

awk '$2 == 0 {print $1, $3, $4}' output_ft_strong/FT_density.dat > energy_strong.dat

FREBEORZIZFBVE VWL O2DOMME TR 272912, simple_ft_middle.toml (hx = 0.8),
simple_te_weak.toml (hx = 0.5), simple_ft_zero.toml (hx = 0.0) E*WHI AN T 7 A LBH I
CLTHELTWEY, ¥k, ZhoZz—fELTHHEL. =11 — - fitil - Mtz REST 2227
7 b run.sh L TVWET, HODU® tenes REIW SA%MLI LT

sh run.sh

WEDEEEZEITLET, | pEETEHE MDD T3, HBAIEHHET 2088 L i), =41 F—
DEREWT Y UTHELE 9, calcspec.py FZRNF—% X754 VAL CTREMD T2 2 & THE
PEELET,
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python3 calcspec.py

FHEASRZ AT 2720, TxLF — B b 2R3 272DD A7) 7+ plot_e.plt. plot_c.plt,
plot_mx.plt. plot_mz.plt ZHELTVET,

gnuplot -persist plot_e.plt
gnuplot -persist plot_c.plt
gnuplot -persist plot_mx.plt
gnuplot -persist plot_mz.plt

ZOMRE 44 1R LET, HEBOED, BFEYTHLVAEEHOCTEELEERD IR RLT
W& 3§ (ALPS/looper % fififf),

(a) (b)

a 1.6 — —
i QMC h=0.0 =
] 14 | iTPS h=05 —— 1
12 | ‘ QMC h =0.5 —=— |
o i : || iTPS h,=0.8
Z = L [l QMC h=0.8 i
z 2 W | iTPSh=20 ——
N . 1 & 08 /o, QMC h,=2.0 —=— -|
& x_ 5 ,
5 «=0- 1 8 o6f .
g iTPS h =08 | &
/)y-" QMC h,=0.8 0.4 - 1
ly = mm iTPS h,=2.0 | 02 L i
T 88— QMC h,=2.0 ' .
-1.2 e e 0 -
0.1 1 10 0.1 10
(c) T (d)
0.5 T h\ \0 I — 0.5 7% 0 —
=0 —— =0 ——
- - 045 X -
0.45 h, 205 ¥ h, =05 —=—
04 | h, =08 - 04 - h, =0.8 8
035 | h,=2.0 . 035 | | h, =20 .
i i - |
A 0.3 A, 0.3 |
S° 025 4 s 025 | | |
V t
Vo2 b - 02 | | -
015 | M& . 0.15 | *ﬁ s
0.1 o £ 0.1 \ -
0.05 | T 005 I -
0 Lt 1|11 L 0 2 Lo | L1
005 115 2253354455 005 1152253354455
T T

X 4.4: 4Dy ZEROERBETEDM: (a) ZH3LE—, (b) LB () my, . (d) m.. HllI e, i
REEERT,
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4.4 =ARF « EARFNAEIRILIEBR OB LBEIE

RIZEMETF ETERSNRALE Y S =1/2 DEFNA LNV EBOBLBEOFEZHENL $3,
AINFZTVEUATFOLSTRD T

z,Y,2

H=JY > S¢8¢—h>» S;

(i.j) o i
2T 3, ) IEBHEY A POMERL, hE 2 AR SNTINBEGEOREXERLET, ZOBED
HIEREEFAL, 220 bR OFIRIL (S.) = 3= 0 (S7) il h OBBE LTRDTAE L &
5 (N, 2=y FELADH A M),

ZDEMEEITH 12X, sample/04_magnetization DF 4 L2 F UNIZH % toml 7 7 £ /L basic.toml ¥,
python 22 1) 7 b tutorial_magnetization.py ZFIF L 3, basic.toml 7 7 A /LiZik, BEERIDKE
RRT R —RBEDPTEBRENTVET,

[parameter]
[parameter.general]

is_real = true

[parameter.simple_update]
num_step = 200
tau = 0.01

[parameter.full_update]
num_step = 0
tau = 0.01

[parameter.ctm]
iteration_max = 100

dimension = 10

[lattice]

type = "triangular lattice"
L =3

W=3

virtual_dim = 2

initial = "random"

[model]
type = "spin"
J]=1.0

lattice £ 7> a Y CE=ABFEIELTED, 2=y P ELDOREZIWFIIxIZIBEBELTVWET, ZIT
WETEZ#E T 572912, simple update 72 &1T-oTED, BRHOZAE71E 7 =0.01 E LTVET,
FLEHEOD, J=1 2 LTVWET, ZOHEARKEY 7 4 LEHWT, tutorial_magnetization.py
TG EREI Lz 2L EFHEL £3,
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import
from os
import

import

MPI_cmd =

num_h
min_h =
max_h =

num_ste

fmag
fene =

subprocess

.path import join
numpy as np

toml

nn

# e.g., "mpiexec -np 1"

21

0.0

5.0
p_table = [100, 200, 500, 1000, 2000]

open("magnetization.dat", "w'")
open("energy.dat", "w'")

for £ in (fmag, fene):

f.w
for

f.w

for idx

rite("# $1: hz\n")
i, num_step in enumerate(num_step_table, 2):
f.write(£f"# ${i}: num_step={num_step}\n")
rite("\n")

, h in enumerate(np.linspace(min_h, max_h, num=num_h)):

print(f"Calculation Process: {idx+1}/{num_h}")

inum = 0
num_pre = 0
fmag.write(£"{h} ")

fen
for

e.write(£"{h} ")

num_step in num_step_table:

ns = num_step - num_pre

print(£f"Steps: {num_step}")

with open("basic.toml") as f:
dict_toml = toml.load(f)

output_dir = f"output_{idx}_{num_step}"

dict_toml["parameter"]["general"]["output"] = output_dir
dict_toml["parameter"]["general"]["tensor_save"] = "tensor_save"
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"

simple_toml = f"simple_{idx}_{num_step}.toml"
std_toml = f"std_{idx}_{num_step}.toml"
input_toml = f"input_{idx}_{num_step}.toml"

(RDR—J12Hi )

4.4, =HIEF - EARFNAE RNV EROBAIETE
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(HTDR—T 5 DFEX)

with open(simple_toml, "w") as f:

toml .dump(dict_toml, f)
cnd = f"tenes_simple {simple_toml} -o {std_toml}"
subprocess.call(cmd.split())

cnd = f"tenes_std {std_toml} -o {input_toml}"
subprocess.call(cmd.split())

cmd = £"{MPI_cmd} tenes {input_toml}"
subprocess.call(cmd.split())

ene = 0.0
mag_sz = 0.0
with open(join(output_dir, "density.dat")) as f:
for line in f:
name, vals = line.split("=")
if name.strip() == "Energy":
re, im = vals.split(Q)
ene += float(re)
elif name.strip() == "Sz":
re, im = vals.split(Q
mag_sz += float(re)
fene.write(f"{ene} ")
fmag.write(f"{mag_sz} ")
inum = inum + 1
num_pre = num_step
fene.write("\n")
fmag.write("\n")
fene.close()
fmag.close()

ZDAZVT T, WHRrZ 0055 % T025ZNATELEE, BREREOZALVF - (S,) ZFH
LT. energy.dat 3 X magnetization.dat I L3, simple update DR T v 5% 100,
200, 500, 1000, 2000 ¥ Z{L X B/= ¥ TDEET 2 R 27012, BWH TR T v THEZZ Z5HHE 1T T
F5, AEEEES T0IC. PRVAT v TETELNT-EFBEBRDERE tensor_save IZIRF L. £
NEEDZVRT v THOFEOUEIREL LT > TV T, Hl21X. ROICKR- R T v 78% 100 &
LRt EfT> TREREH I LD 2. A7 v 7H 100 OFHEK TR OIEEIRED & X 5122 T v #0100

DFHEZIT- T, FHERINCZAT v 7200 O EH-RZ2EE T,

FERICFEITLTAZEL LD, DO UD tenes R A Z@E L LT

python tutorial_magnetization.py

WEDHERZEITLES, /—FPCE Y7oty W) CREREEEOHERE L 2D 3,
T L7256, gnuplot Zi&H L.
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‘load 'plot.gp’

LU, K45 DA XS R — 7o E T, RIS

{1oad 'plot_ene.gp'

IR K45 DERD IS REBELANLF—D T 785N E T,

TR ATy TR ZIER T v TE2000) DFFEFERD & D5 X 512, BAGEBI I (S.) = 0.5
D1/3 DHtDE AT, 7+ —MHEPELET, TOTT b—ETIE 32D F EORE YD1, 1,
L LU EE R B L. A Y X vy 7PECT0ET, 2077 F—HEEEX=AKBTRED D
DTT, EREITEBENTTOENEIDNEADZIIE. THRLF—DRT v THREWERSZE IR ET,
HARNIER T v THEBPTIZYRIELALF =D R 2 133 TTH, —HOBGHEE T3k
FUX =ML ET, ZAIHERERDHED TTOVARWKIETT, Ry FRITZERLTRY LT, X

DEIREEZ @D 2 LEND B EHER SN E T,

-0.2
I— nstep =100 ——
-0.47 M nstep = 200 .
TEIRIE nstep =500 -
- S nstep =1000 o |
0.6 S nstep = 2000
-0.8 ,
3
g - G Y
c
w
-1.2f
-1.47
-1.6]
-1 % ] Z .

2 3
Magnetic Field

45 ZARFRFANAA LRV ZERO 3L F — () e ifLEfE (GX)

TEREABFTHIRLILEZRSTAEL & 5,

- nstep=100 —— B
0.5 nsteg =200 e
nstep = 500 - ¥
nstep = 1000 =
0.4] nstep = 2000 ;
Ly
0.3f Pyl
0.2f Aﬁﬁf{
T
011 .2
e
&
0
0 1

2 3
Magnetic Field

sample/04_magnetization DF 4 L2 b UHIZH %

toml 7 7 £ )L basic_square.toml ¥. python X~ V) 7'} tutorial_magnetization_square.py % #|H
L %9, basic_square.toml {. lattice 7> a VDB RO XIS RXEEXNTWVSIEHDIT basic. toml

LIFLWETT,

[lattice]

type = "square lattice"
L=2

W=2

KEZEHREZAT 5 1213,

python tutorial_magnetization_square.py

LET, IEIET L5, gnuplot ZEE) L.

4.4. =ZARF - EARFNAEURNILIREOB(LIBTE
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‘ load 'plot_square.gp'

LU 4.6 DERD &S LELA — 7B R o E T, Rk

{load 'plot_ene_square.gp'

YRR K46 DERDE I REBEIANLF—D T 7B E6NE T,

-0.4 ‘ ‘ ‘ ‘
L nstep =100 —— L nstep=100 —— P
06, nstep = 200 { 05 nsteg 200 o
T nstep = 500 - nstep = 500 - ¥
08" B nstep =1000 = - nstep = 1000 = ’
"% nstep = 2000 0.4 | nstep = 2000
-1 : 1
)
o 127
c
w147
-1.67
-1.87
-2
-2.2 ‘ ‘ ‘ ‘ ‘ s s \
0 1 2 3 4 5 0 1 2 3 4 5

Magnetic Field Magnetic Field

4.6: IEFETFEFANA LY LI BRI O T 3 )LF — (X)) & LR (HX)

AT v TE2000 TIHFPCRLTHB D, =AM TS BB B ), 77 F—MEEHAR WS
ERDPDET, TAAF-BHA, ATy TREHENEE L LD T 570, HOBREREREENTT
W eI E T,

4.5 —ARFLON—KF 7RV VEROIER

RRICEZAK T ETERINI = Ra 7 Ry U EHOMNEEDOBIT 2HROFEZBNALE T, HEY
DANINP=TVEMUTD L3R FT

H =" [0l +bibs) + Viiny | - u}jm
(4,9)

T 2T (i, ) B A FOMERL, p i HMEERT vl t 3Ry BV TR F - VIZBHEY A b
BOMEMEHOKREZEZRLET, N— Na7 Ry UHEETE, F94 FORY YHUZ 02 1ICHIRE
¥, ZORIITIX, 200X 4 FTORBEMKFIC X o TREO T 53 WL O00FEHEBEN S Z ¥ 2%
BRTWET [Wessel] o ETIIHKHE T OHEFHEOK Z X |(0)| TR s h 2 BREFTT, b5
D ORERKFETT, 137402 TR, M47 DEARNIRT &5 7% V3 x V3 B FHbEE b O
FHEBEHR L E9, A Q = (47/3,0) OREERT S(Q) = Zivj”““ (nin;) exp[—iQ - (r; — ;)] /Nsie
ERHET 2 THBO 2 e N TEE T,
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ZOBRBIOFHEZIT 51213, sample/05_hardcore_boson_triangular 74 L7 b UHIZH 3 toml 7 7
A )V basic.toml, nn_obs.toml ¥, Python 227V 7 b run.py #F|f L £3, basic.toml 7 7 £ /LTl
BRIDFER R T X =R R EDFHRINTVET, 207 7 A Loitidid. #iffio =MAtgF 1Ll
JERMCIZIEFACTH L7720, NEFEZLET, E—DZEFRIIREKED model £ 27> a ¥ 72 TY, Z
ZT. type = "boson" ICk o TN—=Fa7 Ry VERZIEELTED, t=0.1,V=11C&LoTHhy
Yy 7B XOBEEY A MEMEBEHORE I 2 EL TVWET,

MHERT S(Q) ZEtHE T 270123, (2= bEAHD) £ A MINTBIT 2 HEBEMER (nn;) ZitHE
FTEHAIRENRDHD EF, ZOHEETIX tenes_simple TIRERINLZ WD, JIRERTILELDH D £,
nn_obs.toml 7 7 A LIZ 3 x 3 2=y MBI ZHETFHEREINTED. run.py T tenes_std D
AF7 7 4L std_XXX_YYY.toml IZEBFE L TWE T,

b RERa=y ML EAVEEGEICE, BEZEEHBEEZHET 23X FBIEFICRKRES Lo TLEW,
MER T2 E T 2 Z e BFENTIERARD £3, —77. TeNeS & (IEAHEF iTPS @) x i, y #li/5[m]
OB EKa A P CTEHETEE T, ZNEFHL CREMRFOEREHETEES, £/ 1 kD
AT OMRHE (n;) D7 =V ZZHn(Q) b E T, 1/3 74V V7 OREIRMEX 3 FEiHE L T
FI0, BRERY RATHEATEZD S B0 YN MBEINE T, ZOME. BN FEIXT A ME
WD b FF,

EBICRAZ Y T b run.py 2o TEHEZEITLTAEL LD, HOMUD tenes BRI RZ@E L LT

(python run.py

WEDEREZERITLE Y. Bo~TEBEETHEN DD £9, sHEMET L7256, gnuplot ZHENL .

‘load 'plot.gp’

TR, KA4TDX5RB7 770360 E T, S(Q) 1=y ML NOEEHEBEMED SFHE L -
HF. S"(Q) 2 x HAIDHBEEE D SFHHE L 2SR T, n(Q) BEED 7 — 1 &, (|(b)] +[(b1)])/2
DERENFRT ST A =2 TF, BB, ZITHEKHAWERY FRITINE W Ry FR0T2) 2o, §HE
FBEERZNUIYELS DD ERA, XAZ VU7 run.py DEETERY FRITEER T Z 2T, KA D
I, XIVEBEDOHERITS I3 TEET, ZONMS, ROFEEIREZIEEOHE, 2% b (a) i@
FEIAE (—0.5 < 1/V < —0.2), (b) BHRAT (—0.2 < 1)V < 2.4), B X () BHBIEIRM (2.4 < u/V) HBIL
520 ET, ZAUIETHROREEBE L 3 [Wessel] o
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1 T 0.25
09 |
_ [ol + ol 5(Q)
o 08 2 4 0.2
S
— 06 | J o H 015 ~
& I ISa
i 05 F \. n
0.4 |- 101 =
S 03 F =
£ 02} (@) 1 0.05
E—E—E—E—E—E—E—E—E—Q
0.1 |
O [ S | ‘S/|(Q)‘ | e e 0
1 05 1 15 2 25 3
L4
4.7 ZAKT EDoN— Ra7 Ry VB O FRIRBEEX.
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BE

[Wessel] S. Wessel, M. Troyer, Supersolid hard-core bosonson the triangular lattice, Phys. Rev. Lett. 95, 127205
(2005). link.

46 RAVH—FE—FICLZHT - 1RE - BEFOER
AR R—FE—F2fd e 2—FPMBEHET - B8 - HRTZERTELT, JITERAXYX-F

E—FOMWLZHIIL 7,

4.6.1 1=y bEILDERE

2=y bELDEFEIX [tensor] ¥ [[tensor.unitcell]] ZHWVWE T

[tensor] # ESVIOITFEERLID?
L_sub = [2, 2] # 2x2 unitcell
skew = # y HAIDORALEZ -FED x D Th

[[tensor.unitcell]]
virtual_dim = [4, 4, 4, 4] # A2 FXC (<, T,—, L DIE)

index = [0, 3] # 1=y b EAHFDEDT VYA ERTES
physical_dim = 2 # YIRS RO

initial_state = [1.0, 0.0] # FIHIREEDREL

noise = 0.01 # WYy L5 E

EIROYIHIREE () [ ZH A+ Z & OFIHIREE ;) OERIRE |¥) = @, |V;) TEHEITE T, |¢;) (3. initial_state
BEADBERZHID 5 ag, A1, ...,04—1 bl IR N

d—1
W) o<y an k)
k

LHEIET,

4.6.2 &8 (NIILbZT7Y) DES

TeNeS ININ =T 2R FNIAN =T Y QHA ININ =T ) eH A NI =72 (1
A IAINF=TY) OFE LTIRWET,

H= Z/Hi’j + ZHi
%, 7

CNSRFAANINL =7 GEErD) THERLEHT 294 b - Ry FOMAGDETERINE
3o R Nidsource 1 ¥ target 4 DM TH 2 EZFT, (THIERICK o THEED, RY Rick-
THRTPERINET,
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[tensor]

2x2 Unitcell (L_sub = [2,2])

[[tensor.unitcell]]
virtual_dim = [4,4,4,4]

index

X 4.8: [tensor] ¥ [[tensor.unitcell]]

34
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[[hamiltonian]]

=D

i,j RYENZ V=T

source  target| dim = [2,2]

O -O souévé: t:a\rget nNEnTh

AEY E@ELTEED 2 DOREZES

— bonds
target

e O bOI’ldS - wnun

T+1k=1) 13k
sourceo- i:source H hEIERE
(=0 (;11 ) jisource R FH5 +x FANDHBESD
k:source R FH 5 +y AENDEES
eg) target target ¥4 FDIEE

e Q bOI’ldS = nmnn

/ll @ 1 <— source H 1, target H\ 3|

source
elements = """ (10]#Hp|01) s :source, t : target
01100500—> _ S (M Ho [ Ds® ] 1)
YEF% (LT
. =054+0¢1
mmwn iglg E%B

4.9: [[hamiltonian]] DX
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RYFENINWZTY

ZFNFNDRFIAIN =7 VX [[hamiltonian]] TREABRENE T, R FAIN =7 Y OIEHT 3
R Fld bonds XFHITHEL £7

[[hamiltonian]]

bonds = """ # EHT 2R FOEA QfT1RVF)

010 # 15H: 2= +EALHND source DEE

110 # 2%H: source » 5 A7- target ® x FEIZE (ZHLD)
210 # 3%H: source 25 A7- target @ y PEIZE (ZH1)
3160

001

101

201

301

3ODBEDSRD 1ITH1DDRY NERBLET, BIOEHIZL=y FEILHD source %1 b DF
BT, 5D 221, source B4 b5 A7z target 4 ~ D x FEAE, yPEIET T, 7222130 1 01X0%
B (x+=1,y+=0) ICH B 1 FDH, 1 0 1131 FL LR (x+=0,y+=1) IZH 2 3 FDOMHERL 7,

RYRAIN T VORIC, THROBEHT 294 FROED 5 2IREHOEIZ din TIEEL, RV F
NIV 7 VHEETFOIEE 0 ITHEEIT elements X FH|THEL 3,

dim = [2, 2] # [source, target] DHID 5 ZIREEE DNt
elements = """ # NIV b7 FE¥eR) fTHEE (1171 EER)
00 000.250.0 # 1%H: fEAHAETD source DIRFE

1010 -0.250.0 # 2%|H: fEHHEID target DIKGE

011006.50.0 # 3%0H: fEH%D source DIREE

10010.50.0 # 4 %H: fEFH%D target DIREE
0101-0.250.0 #5%¥H: BEREDEH

11110.250.0 #645H: BEDEH

elements @ 1 {TAMTHIER 1 DITWE L E T, WMHIDOTEE 2 DIXEHETIEH 81 D 294 b Fh 24 (source,
target) DIRAE, DO EE 2 DIFEBE TEH % D 2 94 + ZH 24 (source, target) DIKFEZR R L., 583 2
DOBEIIITINELRZDE e B ERLET,

AN EZT Y

A NIV P=TVREAT 20 A e Oftn) [PPERL OHAEDOETERLET, -

[[hamiltonian]]
dim = [2]
sites = []

elements =
(RDR—J12HKi <)
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(HIDR=T D 5 DfEX)
10 -0.50.0

01-0.50.0

P A M sites TIEL X T, VXA MITRTOYA FE2EKLET,

1TH B2 elements DIFEHTTEZIRY RAIAN TV ERETT (EHT A3V A IR 1DOTHEZI LI

R,
4.6.3 EEFDES

[[observable.onesite]]

~

—0.5

o (ﬁl 0.0>

X OBEZDOAEEETNIEREL
elements = """

00 0.50.0 < (0]57)0)=[05

11-0.50.0 <=— (15%]1)=|-05
e

mmn

4.10: [[observable.onesite]]

BARHNCHIRHEZ S 2 A F13 [observable] AMIER L %9, BIERX 1 ¥4 MEEFL 294 b
HE T2 ATRET Y,

ERDEHEANIN =7 VAT, 4l name ¥ HE F&S group BN ETT, HETEHESIZ
1% 4 MEET 2 294 MEBFL THHOPWTT, BB, TALF—JHET (NILr=7Y) &b
57-%T [observable] IZEHRITILENH D ET (0 BOHETFHTERINTOVARWVEE, tenes_std 1
[[hamiltonian]] DAARZHE T2 —L E3),

194 MEETOF LT, AV YDz 5

g _ (05 00
0.0 —0.5

EEZDE. TREROEXSCRBTEET
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[[observable.onesite]] # 1% A4 MERET

name = "Sz" # 40
group = 0 194 MEETOMAES

#
sites = [] # 194 MEEFIMEAT 294 2OFEE ([JIEITXRNTEZEKRT )
dim = 2 # 194 MEETFOXIT
"o# 1Y A NEEFTHIOIEErER (11T 1 ER)
# 1,2%5H: fEAmi%DIREE
# 3,45H: EROEL - B

elements =
00 0.50.0
11-0.50.0

294 MERTOFl LT, BilERY FIcB 2 Sz MM 5757 2HlIci s &

[[observable] .twosite]] # 2 %A hFEETF

name = "SzSz" # i

group = 1 # 2 %4 MNEETOMINEFS (1 ¥4 b 23
dim = [2, 2] # Xt

bonds = """ # fEHT AR F (¥ A A

1

N B @ W N kL

S D @ B = o=
L e = = = ]

nmon

ops = [0, 0] # 1V 4 MNEETOEBETEITZHE. ZOHIES
# SENE"Sz" A0 FD 194 MEET
# elements & L CITAIEZEZ[5ICEL Z & HAlHE
# (RYEAIAL =7 Y2 ALER)

Y ET, RYROEEFEZRY RAINL TV EREETT, TAIEZRIZOVWTH, RV EAIL
b =7 v L [EIFEIC elements THRET D D TEZ TN, ol kS, 194 MEETFOEBTE
JBEEITE. ops ERHWTZOMAIRESTRITZ LI TEE T,

4.6.4 . RABIBHORBHEMENTE I RILTIRE

HOTAIN =7 U2ELfle LT, RRESFHOIEGIS T RREEANA ¥ o ROV R E 2 £ 5,
NIV =T

H=J> S;-S;—hY Si+h) S
(i)

icA jEB
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TF, TTT Y, GRS A FIICHT BRIT, A, B BERZNESHTOMBTERLET, &

YERANINLMZT Y H X
Hi; =JS; - S;
J/4 0 0

0

0 —J/4 J/2 0
0 J/2 —J/4 0

0 0 0
T FAMANILE=T Y H, 1
H; = —hS;
B (—h/Q 0
0 h/2

J/4

)

Td, e Z2E, WHEZFlE LTI =0h=1%2FXThHbE, AJI7 7 A/ (sample/06_std_model/

std.toml) lZRD L BH T,

[parameter]
[parameter.general]
is_real = true
tensor_save = "tensor"
[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

[tensor]

type = "square lattice"
L_sub = [2, 2]

skew = 0

[[tensor.unitcell]]
virtual_dim = [2, 2, 2, 2]
index = [0, 3]
physical_dim = 2
initial_state = [1.0, 0.0]
noise = 0.01

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

(RDR—J12Hi )

4.6. RAVHA—RFE—FICLBRF - BE - BEFOER
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(BIDR—T 5 D x)
initial_state = [0.0, 1.0]
noise = 0.01

[[hamiltonian]]
dim = [2]

sites = [0, 3]
elements = """
00 -0.50.0

110.50.0

IRIRT]

[[hamiltonian]]
dim = [2]

sites = [1, 2]
elements = """
00 0.50.0

11-0.50.0

[observable]

[[observable.onesite]]

name = "Sz"
group = 1
sites = []

dim = 2
elements = """
00 0.50.0
11-0.50.0

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

group = 1

dim = [2, 2]

bonds =
1

w N P W N =

(= — I — N — I O
L L L = = = —)

ops = [1, 1]
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CHhZEHWTEHAET L

$ tenes_std std.toml
$ tenes input.toml

. skipped ...

Onesite observables per site:
hamiltonian = -0.5 0
Sz =00

Twosite observables per site:
SzSz =-0.50

. skipped

b Exd, 21 YA MEETOHRHE output/onesite_obs.dat {3:

$1: op_group
$2: site_index
$3: real

$4: imag

H H H H*

0 -5.00000000000000000e-01 0.00000000000000000e+00
1 -5.00000000000000000e-01 0.00000000000000000e+00
2 -5.00000000000000000e-01 0.00000000000000000e+00
3 -5.00000000000000000e-01 0.00000000000000000e+00
0 5.00000000000000000e-01 0.00000000000000000e+00
1 -5.00000000000000000e-01 0.00000000000000000e+00
2 -5.00000000000000000e-01 0.00000000000000000e+00
3 5.00000000000000000e-01 0.00000000000000000e+00
-1 0 2.20256797875764860e+04 0.00000000000000000e+00
-1 1 2.20198975366861232e+04 0.00000000000000000e+00
-1 2 2.20294461413457539e+04 0.00000000000000000e+00
-1 3 2.20236290136460302e+04 0.00000000000000000e+00

L = = = —)

THDOH. 5% (op_group=1) #H 3 ¥ A BT (site_index=0,3) DAYV IZ L 0.5 #. B EIEF
(site_index=1,2) DAL VIZF (-0.5) ZAWVT WA Z b 3, SHEIIZNES DA% 01T 3
(J=0,h=1) T T, Neel REZRT I S5RT oYL EEBLAE L, TDT Y LIX tensor 7 4 L
7 M VIRIFENTED (tensor_save = "tensor"), ZDF ZMMOBAICOMEAT > Ve LTHHT
X %7 (tensor_load = "tensor" &3 3),
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55 TJrAIT+—<TvE

5.1 TeNeS DANT7 7 ILDEZF &

TeNeS D AN 7 7 A ME TOML JEI TEHEHIANTE D, ANT7 7 A VBNV D00t 7 ¥ a /iZahinT
WE 3T, tenes_simple ¥ tenes_std \ZHGHNEL T2 7 a rOERE AL LTiARD, 21
Z1 tenes_std ¥ tenes DANI 7 7 A VEERLF T, tenes IANNT7 7 A NVDELT > a3 ViTELN
7B E TTICEBOFHEZITVE T,

5l 21X tenes_simple I3 model ¥ lattice DTEID* S tensor, observable, hamiltonian DIEH % 4K
L. X 51T parameter, correlation, correlation_length (ZZDFFa ¥ — LT, tenes_std DAN]
7740 LTHALETS,

RFZHL 7Y a VOERHAB I OREY — ARSI WS ERLTOE T,

o avt Bl tenes_simple tenes_std tenes

parameter AT X=X copy in / copy in

model BRI ST X — & in

lattice HFoRo X=X in

tensor T Y out in / copy in

observable HE S 2 HETF out copy in

correlation FEBEBE %L copy copy in

correlation_lengt]l fHREEE copy copy in

hamiltonian NIV =TV out in

evolution i R 58 T A 1 out in
e "in"

- VFZDOEIZa OEREFHELE S

"

e ‘out

"

- VNWFZDt I arEHRICERL. BALET

* "copy"
- VARZIDEI T a v EEERTICEFOEEHNILET


https://github.com/toml-lang/toml/blob/master/versions/ja/toml-v0.5.0.md
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5.2 tenes_simple DAHNT7 71l

e 7747 4 —<v MITOML B
» model, lattice, parameter, correlation ® 4 DDt 7> a v EHFHE T,

— parameter £ 7> a VIZFDEFFRX U EX—FE—FOAIANEaVY—InET,

5.2.1 model o3>

HETAZEAZIEELE T, A VK (spin) BX U KY V& (boson) DERIFAT T,

E2%i] B il F7 4 b
type  HBAIOFEEH ("spin” B L < & "boson") XEH -

BRI K o> THEEHZRED RS X —XEDZEDY $7,

AE VA spin

2%
x,y,z . . 2 Z,y,Z 2
H:Z[ J58087 + By (8- 5)) 1 ~S°S wse DY (s7)
i<j a i a 7
—{KIBED /8T X — X IIRDED
e FHiHA il F7 4L b
S JFFFA Y Y DA E X EREHDBLL 05
FE XS]
hx ST JF I DR he FE 0.0
hy SY H R DS hY E=0y 0.0
hz S% RO h? E=04 0.0
D F o4 A VETHED =021 0.0

ZHMHEAEH J 23R Y FMREEZ 7282 2N TEET,
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£ A ) F7 4 b
70 B - 565 0 J71AR ¥ R oA E AR M FE 0.0
J1 Bz - 8 1 AR Y RO EEEAEH TR 0.0
32 Bl « 55 2 IR > F osZ i BAEH FE 0.0
79" TORHE - 55 0 SR Y R ORI EER FE 0.0
1 TG 55 1 J71ER > R O E AR FE 0.0
32" TG - 55 2 JTIAR > R O3S ELAEH FE 0.0
Je"! =G - 5 0 AR Y R o EER FE 0.0
I =Y - 51 AR Y R OREAHEAERH FE 0.0
32" =JORFE - 8 2 SRR Y FOREHHEER FEH 0.0

TobtE, =OEHEMAERZ5 2 258103, Az X IV =T = ary<x—27 " THATLIEI W,
RY FOHMNE lattice 27 > a Y TERINAEFITKEFEL T, FIZIXESETFTEx AMAO) 2yl
M (1) D2HEEDORY FARZEIERTEET, HAZRIFSZERT ST, IXRTOHAICD
WT—EIIEETEZET, ¥/ RRICxyz DIB—XFrBMT 24 Y Y W RMHAEEHZIETE
F5, W—AYF - FA—foZ 20U HEET 7 KT LET,

Order

omit : 1st nearest neighbor

! : 2nd nearest neighbor
: 3rd nearest neighbor

Tk

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

v
C]O//if

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

WK EAEH B & J LEBRICRY MKEEZ S 8o E T,

5.2. tenes_simple DA T 71IL
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£ A ) F7 4 b
BO B « 55 0 J71AR > B O W R EAEH FEH 0.0
Bl BfEE - 5 1 AR Y FOW KM EAEH TR 0.0
B2 BLHE - 8 2 AR Y FOW XM EAEH FE 0.0
BO' JGEHE 550 MR Y ROWNXMHEEH FE 0.0
B1' TG 55 1 J71AR > R o R EAEH FER 0.0
B2' TOEHE - 55 2 FiAAR Y FOW KM EAEH FE 0.0
BO'' ZJGEEE - 50 AR Y FOWN XM E/EM FE 0.0
B1'"' S0 - 5 1 JTIAR Y R o R E AR FE 0.0
B2"' =0EHE - 56 2 AR Y R O R EAEH FEH 0.0

RN HbRS 134 VHEY LT, S7 ¥ S, (parameter.general.is_real = false 725
) SY BEHEINCERINE T, . 294 MEHEE LT, RV IAIL =TV

Hu::{ng%5ﬁ$"+Bm(§'502

1[§fh“@?+5ﬁ+i)«$f+($fﬂ7

z

BRUOBRIEAR Y N EOMBE 578§ (= 2,y,2) PHBINIKERSNE T, ZIT, A¥ FNILb=T
YDIL, 2 ZOEODY A M LHUZREERY ROARKT, £~ KEOFSIIRIERY Rico
AEERINFET,

Ry > % boson
RY %

H= ; [—tij (bjbj + b;bi) + ‘/ijninj:| + zl: {U”Z(n;_l) — ung

TZThE b EAR— AR FOEREREE T, n=0bb XEIHE T,
—KIED 5 X — RIZRDED

wH B " i)
nmax 1 34 MIZABRTF ORI B 1

U F ¥ A VFEH E=t 0.0

mu {L2ERT > v L E=024 0.0

Ryt BIEATHA PRV IBARY MIENZ 785 2 A TEET,
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£ AR ) F7 4 b
t0 B - B0 AMARY FOKRy BV S FEH 0.0
tl BRI -8B 1 ARRY FORy BV S TR 0.0
t2 BRIt - 5B 2 AR Y FORy BV FE 0.0
10" Tobitz - B0 HMARY FORy Y Y FE 0.0
tl' Ttk - B 1 ARRY FOKRy BV S FER 0.0
t2' Tl - B2 HEARY FORy ¥y FE 0.0
10" =X - B OAARY FORy YT FE 0.0
1" =R B 1 ARARY FORy BV FE 0.0
2" =X - B2 AFAARY RORy BV FEH 0.0
Vo Bz - B0 MRS ROF 794 FFH FE 0.0
V1 R - 8 1 AARY FOF 794 MFH FE 0.0
V2 BlEz - B2 HMARY FOA 734 MFH FE 0.0
Vo' KR -0 HERY FOA 7% 4 bFH TR 0.0
V1! ToEHE 81 ABARY ROF 794 FFH FE 0.0
V2! JoEHE - B2 HBRY FOF 7% 4 bFAH FE 0.0
vo'' =R B O HAARY FOA 794 MrH FEH 0.0
Vi =ORPE B 1 HBARY FOF 794 MFH FEE 0.0
V2! S0 - B2 HARY Foxr 7% 4 FFS FE 0.0

AR ROAHMNL lattice 7 > a Y TEBRIN DI AIKIFEL T, FIZIZESKTTEx AR O) &y
M) O2EEORY FARIZLICERTEE T, HAERTHSEERT S22 T, TXRTOHANCD
WT—EIHRETE ¥ T,

VHEEHE I EbNS 134 MEEL LT, n kb bt PEHBIICERINET, F/- 294 NHEE
LT, RYEAILI=ZT YV

My = [ty (b5 + b1 ) + Vigmims ] + - KUW(W -

1

) —lmi) + (i Hj)}

B L URHAR Y ¥ EOMHB nin;, bjb, bib! EBIICERSNE T, 2T AV EAIL =T VDS
B, 23000V A M oMU B RIIHER Y FORBT, e —RHOFGRRIHER > FIZOAER
SINEY,

5.2.2 lattice o3>

HHET T EEELE T, IEAMT (square) ¥ =AFST (triangular), D HKE T (honeycomb) , 7> Z %
F (kagome) DVEFRS N TV E T, TeNeS TIEHKBIBIKZ IEAEFIRICUERONTzT YN XD T VY
NEIRFETRIA L, FHEEITVE T, 20D, ZA50T (WHERKT) 2. FIEINZEAETED
TG DOWTH R L E5,
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24l wthA i) 77 F L
k

type ¥4 (square, triangular, honeycomb, 74| -

% L < & kagome)

L 2=y bEAD X HHDOKE X R --

W 2=y bEADy HRIDKE X B L

virtural_dim R RRIT B -

initial WIHHIRRE &l random

noise T VLS X TR le-2

initial ¥ noise BN DWIIREE D 235 X —&X T3, 28, parameter.general T
tensor_load BFEINTWVWAHHITIE, THOPBBILEIN, TUVAET 7 AADLHRAAAE T,

e initial
- "ferro" : SERHIEIREE,
x* AVYRTIE, &V A TS =5 b R2IIRE
x* RY VERTIE BT A FTn=nm' £7%5IKE,
- "antiferro": RGBRREMEIRAEE,

¥ AEYRTIE, EABT. BOFBET TS =5 & S = -5 BEWICI AT Neel BFiF,
ZAET. DIDIETT AL YD (0,6) = (0,0),(27/3,0), (27/3,7) FENI N7z 120
PR

x* RY VHRTIE, —ODEHETTn=rnn, 22D, MOBEHETTIEn=0 &7 23IRE,
- "random" : YA NI ANT T VX LIREE,
* noise

- TUVNLNDHRZBINEINZIDLEDKREX,

IEA#F square lattice

IE/i#F type = "square lattice" Tl&. ¥4 23 (1,0) AFANC LA, (0,1) A Wi o 3, B
Bl LT, L=3, W=3DrExDH A bDIfitt% [M5.1 @) IRLET, T, oL, Ko, = n#
DRY REXA TDEFZX 5.1 (b), (c), (d) ITZENZLIURL T, HFifE bondtype = 0 DR K%, R
bondtype = 1 DFRY FEZRL E I,
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(b)

= bondtype =0
= hondtype = 1

-
-

(c) (d)

= bondtype = 0
== bondtype = 1 = hondtype = 0
= Hondtype = 1

5.1: IEFKST (square) DH A b+ « R¥ K, (a)L=3, W=3 £ L7z ZDH¥ A FDIN, (b) RIEHEER> K,
bondtype=0 (&) & 0 EAEIC. bondtype=1 (FR) 1% 90 B SN %, (c) ZoEHEAR Y ¥, bondtype=0
(F) 1X 45 A TIC, bondtype=1 (JR) I -45 EF AN %, (d) =XFHEAKR > K, bondtype=0 (H) I&
0 FEJ I, bondtype=1 (%) i 90 FEFFNICH TN %,
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=H1&F triangular lattice

=T type = "triangular lattice" Ti&. ¥4 b2%(1,0) AN LA, (1/2,/3/2) AN W il
OCFd, BEARFle LT, L=3, =302 EDH A +OIlitr% X 52 @) IRLET, /o R, XL,
ZIOEEDORY FRA FTOEFEEZK 52 (b), (©), d) iICZhPIURL £, HHE bondtype = 0 DRV K
%, 7RFR#lE bondtype = 1 DAY F&, I bondtype = 2 DRV F&2, ZAZFNEL X T, M52 @)
XX (a) WICHEMRIEAEFEHODLTVET,

BN HEZF honeycomb lattice

WD HAE T type = "honeycomb lattice" Tk, JEIE (0,0) & (V3/2,1/2) D2 20% 4 +» o752
=v b2 (V3,0) AIARC LA, (1/2,3/2) AN WG g 37, BAFlE LT, L=2, =2 DL ZDH A +
DU % K53 () IWRLET, Iz =y bERLET, T Bl ook, ZOhEORY R &
A TDEFEZX 5.3 (D), (), (d) WZFENZFIURLET, Hijld bondtype = 0 DR K%, JRERIE bondtype
= 1DKRY %, FERIE bondtype = 2 DRV FE, ZRZFhRLE T, [X53 (e) K (a) ICF i £/
BrEHLDODLTVET, HYA b5 EICHUZRY Ry, EAETIEH 2 DODEDHEM I
FELEVWDHDIX, RYRXITHB 1 ORY R LTREINE T,

HC ®HIEF kagome lattice

2 ZDI&T type = "kagome lattice" Tk, MEfE (0,0), (1,0), (1/2,v/3/2) D3 D2DH A b 5752
=v b (LAE=MA) A0 (2,0) AFNCLME. (1,V3) A w3, BEfEfle LT, L=2, W=2 O
LEDYA bOMTE M54 @) IRLET, BRI =y MIBRRERL T, T, Rk, XLk,
EIHEEDAR Y RE A TOEREK 5.4 (b), (), (d) IFNFIURL T, Hi#d bondtype = 0 DAY R
%, JR¥RIX bondtype = 1 DRV FERLF T,

5.2.3 parameter £ 3>

tenes_simple TlXfHHN T, tenes_std DA77 A NELTZDEFFaAL—INET,

FHEER Y., HECHIODLNIZELADORTIA—ZEERLET, ¥ 72> 3>k LT general,
simple_update, full_update, ctm, random =+H £ 3,

parameter.general

tenes DRIV LERENRNT A —&
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(@) (b)

»
4
= bondtype = 0
m— bondtype = 1
s b =
) < ondtype = 2
Al |4

(c) (d)

= bondtype = 0 = bondtype = 0
m— bHondtype = 1 = bondtype = 1
== bondtype = 2 == pondtype = 2

-_
v

L=3

5.2: =M% (triangular) ¥ A b « K¥ K, (@) L=3, W=3 2 L7z DY A FDAiN, (b) HFoLiER>
K, bondtype=0 (%) I 0 E 5 MIZ, bondtype=1 (GF) 1% 60 FE A MEIZ. bondtype=2 (5%) 1% 120 & 5]
WENEFIHS B, (c) ZoEHEAR Y K, bondtype=0 (H) I& 90 /5 MIZ. bondtype=1 (FR) & -30 FE5TH
IZ. bondtype=2 (%) & 30 EAMNCZNENMUL D, (d) ZTGEHEER Y K, bondtype=0 (F) & 0 /7
12, bondtype=1 (FR) & 60 E S EIZ, bondtype=2 (k%) IZ 120 E AN ZNZENHULZ, (e) EHMTT
¥V NARIRHE & DX,
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= bondtype = 0
= hondtype = 1
bondtype = 2

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

(e)

5.3: D HEME T (honeycomb) DY A b + RK¥ F, (a)L=2, W=2 & L7z DY A bDIif, BEHRTE
Xhda=y LTS WHELR, (b) FEFEARS R, bondtype=0 (F) IZ 30 JE/5AIZ, bondtype=1
(JF) 1% 150 EEJTANC. bondtype=2 (£%) 1% -90 AWM ZNZH UL B, () TGEHEAR > K, bondtype=0
(F) 1% 120 £ MIZ, bondtype=1 (FR) iX 60 £/ TIZ. bondtype=2 (%) & 0 E/F AN Z N ENM UL B,
(d) ZXaHER Y K, bondtype=0 (%) & -30 FE/5[AIC, bondtype=1 (FR) I -150 FE/51AIZ, bondtype=2
(F%) 1X 90 FEAANC Z 2N B, (e) IEFIET T ¥ VI LVIIREE L OXfE, KERERIEILT=y bELD
ERZ2RL, BAhdsrEna1=y bV FFDICHE22=y P ELDIA—-TH5, 2=y bLLODIf
UBPLFhTnwsd e, /2, () THH LD R0T A F 25 () TIEEMiALLE LIcKEET2 e

RN
IR,
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(b)
/ \
\ /
/ = bondtype =0
= hondtype = 1
(d)
(0
= bondtype = 0
= pondtype = 1
: dummy

5.4: I ZOIET (kagome) DY A b+ - RY K, (a)L=2, W=2 ¥ L7z EDH A DMk, BHFRTERIN
521=vy FL DT3B WENSR, (b) HEHEARS K, bondtype=0 (%) & LA ZX=AF%. bondtype=1
R IE TREZAEEES, (o) TOHERY R, (d) Z0EHER Y K, bondtype=0 () 1394 FE#YID,
bondtype=1 (FR) IZMT] &8\, () IEAIEF T > VY VEIREE L DXIG, RERTHI» N HAUX TR TOR
TR 1 DX I—H%4 b,

5.2. tenes_simple DA77 7L 53



TeNeS 1—H%—<=a7)J)L,JJ—2X2.0.0

EAi| A G| F7 3Lk
mode FHEE—F el "ground
state"

is_real FTRTDT VYN ERBUCHIRT 205  EiaE false
VR

iszero_tol HETT YV INLDHRARAAIIBNTERYE 0.0
BILTHOHMES v b AT

measure IR EICBWT, PHEAEL T2 HEiBHE true
ME D

measure_interval ERRRE - AREEHEICBWTYHE BB or %8 10
ZHE T 2 HEE DY R b

output YHERYEEZALT 4L MY el "output"

tensor_save RELEDT VIV EEZALT LI b XFS "
D)

tensor_load VT oV EHARALT 4 L7 Y ezl

¢ mode

- FIEE-FEEELET
— "ground state"
s HLECIRRERT
* tenes_std (XERMRBIHE T U(r) = exp(—7H) ZFIE L ET
- "time evolution"
x FIFHIFE R
* tenes_std IIERMFEBEHEA T U(t) = exp(—itH) ZFtHEL ¥ T
— "finite temperature"
s ARRILEE A
* tenes_std ZERFMFBHEA T U(r) = exp(—7H) ZFtHL 5
e is_real
- true X527 VY NDERZEBICHR L TEHEZITVWE T
- —OTHHBHEAFI D227 KTLET
* iszero_tol

- BHEHET T VY VEREDFER - BEDFHAAASICBW T, MRH{ED iszero_tol Nt n
EARLET

* measure
- REREHEICBWT, false XT3 YHEHE - H#E2XXFYy P LET
— FEfTHEFR time.dat IXHEICHFEINE T
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* measure_interval
- EREREHEB IOERBEFEICEVT, YHEZIET 2HELEELET
- measure_interval X7 v FRHE L RIYEHEZAE L £5

* output
- VHERCOERKRZZOT 4 L7 FPVLIRRELE T
- BXFHOHZEEFHAL Y P T4 L7 PVIRFLE S

* tensor_save

- REROT YN 2 ZDT 4 L7 PUMTIRIFLES
EXFHNDHZEIRFLEEA
* tensor_load

- YT IAEZDT AL NV OHAALET

- BTN DG E T AAAEEA

parameter.simple_update

simple update 2B 3 %87 X —&

£l wii il 77 4L
k
tau (%) RREEETICBIT2 (B K SEorE 001
%A T BovU 2
K
num_step simple update @ [AI% Bllor® 0
Boy =z
k
lambda_cutoff simple update {ZEBWTHEEHG N\ O] FEE le-12
D& CRAIE
gauge_fix TIYINDT=IREETEZNPED EiAE false
P
gauge_maxiter 7= DEEEED I — TR K B 100
gauge_convergence_epsilon 7 — D E B EOICRHE E E="4 le-2
* tau

- (B FEREBEHE BT 2 (F) FKEZA r 2i8E L ET
% tenes_std TIEFFREIREHE T Z25E T2 2DICHVWLNE T
% tenes TR T v I TORKBEKFE « WREZKRD B 7-DICHVONE T
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- For finite temperature calculation, note that the inverse temperature increase 27 at a step be-
cause p(B +27) = U(7)p(B)U (1)

- ARIBEF R OEG,

p(B+27) =U(M)p(B)U(r) BDT, AT v 7T IR
27 FUIHMT 2 Z L ICHEE LT B E W,

- VRAMZIEET S L. RHEBRBEETOIN T I IANAREER D N TEET

e num_step

— simple update DFEIZHEE L 5

- UZRMEREETZ L, REREHETO I NN - AR EEZ 2R TEE T

parameter.full_update

full update IZBH3 %85 X —&

FaHil Wi 4t VA
k
tau () REREEETICBIT2 (B K S orE 001
%l & BoDUY R
k
num_step full update D[AI%L BHor® 0
Bov =z
k
env_cutoff full update TEREET > YLV ZEHT 2 FHK le-12
Brict o & B TRREED cutoff
inverse_precision full update THRELEITHIZETHR T 2B FE8 le-12
2 n L AL TRERIED cutoff
convergence_epsilon full update T truncation DfEIL Z1T  FE le-6
5 BRI HENE
iteration_max full update T truncation DFEILZT B 100
3 B D iteration DI A[AIEL
gauge_fix TUINDT =IREETEZNE D EBE true
M
fastfullupdate Fast full update 123 %5 & 5 % HAMH true
56 BEETJ7MILT7+—<Iv bk
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parameter.ctm

AERESTH] (CTM) ISR d B85 X — &

E2xi| wte 77 4
K

dimension CTM DR RRIC x 4

projector_cutoff CTM @ projector ZFHH§ 2[RI 0 le-12
& BRI TRE(ED cutoff

convergence_epsilon CTM DU E(E le-6

iteration_max CTM DK iteration D A[F%L 100

projector_corner CTM O projector st H T 1/4 DT >~ true
VLD & fE S

use_rsvd SVD % #HiR SVD TE 2 20 Y false
3 2

rsvd_oversampling_factor HLIR SVD HIZEHR T 2 R EEOE D, 2.0
BACANC WV 20T 5 5 R

meanfield_env CTM Tl37% < simple update TR S false

% PGB 2 -V %

HLIE SVD ZH W27 ¥ VL D AABED FiEICOWTIE,

Kawashima, Phys. Rev. E 97, 033310 (2018) 2SR L T 72X\,

parameter.random

SEMELBCER RT3 289 X — &

S. Morita, R. Igarashi, H.-H. Zhao, and N.

4l Gl F 7 4 )L
N
seed T > VL OFEHERRELIR SVD IV 11

BEMERERE O > — R

MPI 52BNV T, 70t 2T seed 1270t ZFBELZ R LEREPERO— N LTELE T,

|

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

(RD_R—J12HE )

5.2. tenes_simple DA T 71IL
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BIDR=ID 5D %)
tau = 0.01
[parameter.full_update]
num_step = ® # No full update
tau = 0.01
[parameter.ctm]
iteration_max = 10

dimension = 9 # CHI

5.2.4 correlation o> 3>
tenes_simple TIIMHBIREE C = <A(®)B(r)> X7 7 4L F CTRREEIN TR A, HBEBEKEZFHEL -V

5E1%. tenes DASN 7 7 A VTIRET A correlationt 7> a vy e @7 +—~v FTIRET S Z
ETEE T, I, renes DATIT 71l D correlationt 7> a v ZEL X W,

5.2.5 correlation_length o> 3>

tenes_simple TlXfHHN T, tenes_std DA77 A NELTZDEFaAL—INET,
MR R ¢ oFt BB T 2R ziEET 67> a v TT,

S 50 7l T 7 4Lk

measure HHREEZHI 20 5 2» HiBE false

num_eigvals AR T 2RI T DO EH DR B 4

maxdim_dense_e HITHOXNALTFEEZHWIERK B 200
17594 X

arnoldi_maxdim Arnoldi £ T3 % Hessenberg E<% 50
iy ein

arnoldi_restar Arnoldi {ADV AX— M THEKTZ B 20
YR Z + L DAREL

arnoldi_maxite Arnoldi JEOHRKA 7L —>a @l B 1
b4

arnoldi_rtol  Arnoldi {5 T HIg T M FE FEH le-10

MR RITEEX T OEEED SFHEEINE T, 17594 XY maxdim_dense_eigensolver LI FD & Z1{Z
FEATEIX AL (Pgeev L —F ) I X B XL E, £ 5 THRWEEIX Implicit Restart Arnoldi IRA) £ &
IR HCCEEEEZHEL T,

IRA 7ETIX. Arnoldi BFRIZ X » TKE X arnoldi_maxdim & Hessenberg {75 %4 L. ZDEHEEEFTEL
F3, IR L TOWARWESIE. Ji/212 arnoldi_restartdim AROFHIRZ ML ZAER L. Arnodi @fE%Eh E
L £ 7 (restart), FofTHlDGEE. 2 DA T restart 23 208 3H D £ A (arnoldi_maxiterations
= 1),

58 BEEIFAILT—Iv b




TeNeS 1—H%'—<=a7JL, ) 1J—2X2.0.0

5.3 tenes_std DAHNT7 7Tl

e 77 ANT7 +—=v NI TOML R

* parameter, tensor, hamiltonian, observable, correlation D 50Dt 7> a V&2 HbE £ T,

— hamiltonian XD 4 DlF, tenes DANI 77 AN T 4+ —<v beFR—THH, ZDF % tenes
DANZ7 740l Cav—3hETd,

5.3.1 parameter £ > 3>

BEFEHZ Y, FTHEICHLDONIHEAD T X—K%

simple_update, full_update, ctm, random Z#5 % 3,

parameter.general

tenes DRI IRRERT X — &

L %5, 7122 ark LT general,

e} AtHA Al 77 4L b
mode FAEE—F FH "ground
state"
is_real FTRTOT VI NZEBICHIBT 205 EHE false
D
iszero_tol HETF T YV IVDRARAAIIBOYTERYE 0.0
B THEHES » b AT
measure HEREEIE BT, WHENER2 T2 HEBHE true
MHE D
measure_interval SRR E - AREESAICBWTHE B or B 10
ZHE S 55 DY R b
output YHERYEEZALT 4L MY peal "output"
tensor_save RELEDT VYNV EEZIALT 4 L2 b XTI "
D)
tensor_load VT IV EHAALT 4 L7 Y FH "
¢ mode
- HEE—FEETELET
— "ground state"
* FEECIRRERTE
* tenes_std (XERFHRBHEE T U(r) = exp(—7H) ZFIHLET
— "time evolution"
* EIFRREGTE
5.3. tenes_std DAHNT 7L 59
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* tenes_std |XERFMFEIHE T U(t) = exp(—itH) 2B L T
— "finite temperature"
« ARIRERH
* tenes_std (XERMREBHE T U(r) = exp(—7H) ZFITE L ET
e is_real
- true X§ 2 7YY NVOEREFEBUCHIR L TAEZITWET
- TOTHERBERF DD LI —KTLET
e iszero_tol

- BHEHET T VY NVEROREL - REOHAIAAIE T, HXHMED iszero_tol NIt n
EARLEY

* measure
- HERIREEEICBWW T, false I0T 2 L WHEFE - REEZAFy TLET
- SEATIF time.dat 3HICRESINE T
* measure_interval
- ERMHEAEB X CERBERICEVT, VEEZHET 2HELHEELET
- measure_interval 27 v FRIRELRICYHEZHEL £7
* output
- VMHELREYOHBEMREZZOT 4 L7 PUMTNIRFELET
- EXFHNDHZBEFIALVY T4 LI FPVIRFELE T
* tensor_save
- RBLROT YL ZDT 4 L7 PUMIRRFLET
ZEFHNDHEZRIFEL A

e tensor_load
- VAT oYL B DT 4 L7 NI R SmARAAET

- XTI DL FFHAAAEEA
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parameter.simple_update

simple update 2B 3 %87 X —&

E2xi| wte £l 77 %)
K
tau () R EHEEICBI 2 (B) K For % 0.01
%A T Bovy 2
k
num_step simple update @ [AI%§ BBlor® 0
Boy =z
k
lambda_cutoff simple update (2B W THEEHG A O] FEE le-12
b CRIME
gauge_fix TUINDT =V REETINE D EBHE false
M
gauge_maxiter 7 — JHEERIED N — TRAE B 100
gauge_convergence_epsilon 7 — DE B EOICRHE E T le-2
* tau

- (B FEREHEETICBUY S (B FEZA r ZHETELET
* tenes_std TIEXFFEIREHAE T ZEEIT 2 2DICHVWLNE T
% tenes TIEHRT v I TORIEKRR - HREEZRDZ-DICHVONET

- For finite temperature calculation, note that the inverse temperature increase 27 at a step be-
cause p(8 + 27) = U(7)p(B)U(7)

- AREEFHBEDOEE. p(B+27) =U(M)p(B)U(T) BDT, AT v 7T eICHRER
2r 2T A Z 8 ICHER LT XN,

- VRMEEET I, BEREBEHETO L — T CAUAREEZ D2 N TEET
* num_step

— simple update DFIEEFEE L 5

- VRMERIEET S, KEEEBEETOI V- CHBELEZ D N TEET

parameter. full_update

full update ICBH 9 285 X — &
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£l atiA i 77 4L
k
tau () R EHEE BT 2 (F) K 8 or £ 0.01
%A T Boy =z
k
num_step full update D[AI%L Bl or® 0
Boy =z
b
env_cutoff full update TEREET > VYV ZEHH T2 FEHK le-12
izt e & AR TREED cutoff
inverse_precision full update THRHELFATHIZFHA T 288 FEH le-12
W2\t ARTREMED cutoff
convergence_epsilon full update T truncation DfE L ZT  FEE le-6
5 B D IR E A
iteration_max full update T truncation DFEILZ1T  BEE 100
S B D iteration D A[AIEL
gauge_fix TUINDT=IREETEZNE D EBHE true
H
fastfullupdate Fast full update I3 2202 ¥ 5 EE true

parameter.ctm

AIREITH] (CTM) IS B85 X —&

e} A £l 77+
k

dimension CTM DR ¥ RARJE x TR 4

projector_cutoff CTM O projector ZatH 3 2Fictn  FHK le-12
& B TRE(ED cutoff

convergence_epsilon CTM DU E(E FE le-6

iteration_max CTM DK iteration D A [A1%L B 100

projector_corner CTM O projector st AT 1/4 DT> EfBfHE true
VLD & fE S

use_rsvd SVD % ELIR SVD TE X2 20 HE false
5

rsvd_oversampling_factor ELIR SVD HUCFTHE T 2 REMEDE D, 2.0
BRIV 2803 5t

meanfield_env CTM Tl37% < simple update THEHN  EfAE false
2 G EREE % v %

fL¥ SVD 2 W7 ¥ VY VD AR D FIEIC DWW T, S. Morita, R. Igarashi, H.-H. Zhao, and N.
Kawashima, Phys. Rev. E 97, 033310 (2018) ZZ L TL 72X\,
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parameter. random

SELELBERNERICBE T 289 X — &

24l G i F 7 4 )b
]\
seed 7 > Y LV OFEALRELIR SVD IV B 11

% BELUEL R E AR D > — B

MPLifiFizBNT, 70t 1L seed TR AEFELZE LB EEBEDS — R LTRBEET,

fl

[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
[parameter.ctm]
iteration_max = 10
dimension = 9 # CHI

5.3.2 tensor 73>

fla=v b OFREZLAL FT (K FOIEHRIZ hamiltonian (tenes_std) %° evolution (tenes)
THRZET) 2=y PRI Lx DTS Ly DREZZHORATVDOEZLTVWET, ¥k 773
> unitcell 25 F 3,

451 =HH Al 7 7 4L b
L_sub 2=y FEALDKEX BREZRZERDOYV A -
skew skew BEREMICBIF5 > 7 ME B 0

Lsub 2 LT2O0DBH»LRZVRMNEELAEEGE, WUDOERNLxIZ, IRV Ly ICRED ET,
3O EOEZENSGRZVAMNRELEGACIETZ S KT LET, Lsub & LTEMZE LGS, L
YLy EELLRD FET,

2=y FEARNDY A MI O SIEFICESMNITINE T, x AL SIEICH O F T,

skew [Zy HIAIC2 =y bV 1 DRE W22 D x HHEDZAL T,
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® ©

@ 0
® ©

55:L_sub = [2,3] L7z =

X 5.6:L_sub = [3,2], skew = 1 £ L7z& 20| (FfiZ2=y FELDXTD)
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tensor.unitcell Y7o 3>

PA LFYYATS),, OBREEELE S, 22T, ),k 113 virtualbond DA ¥ F v 2 X, a I& physical

bond DA U F v 7 A, ndV A4 +rBEERERLE T,

£ EAE| i)

index P4+ RS B or BEL DV X b+
physical_dim ¥4 k7 >V LD physical bond DRIT B

virtual_dim P4 b7 >V ILD virtual bond DRKIT D R or BB DY X b
initial_state FTHIRRE e ORI

noise T > LD 5 EDRKE X FEE

index TV A M 2EFT ZLICX o T, BHOY A F2FRIFICHEETEET, OV A + [1 138V A 2R
WL 9,

virtual_dimiZV XA b 2ETZ 2T, 4 AADORY RXTTZ2EINCIEETE £3, HFIE. £ (x). L (H+y).
A (+#x)h T (-y) DIEE TS,

REROUIHPIREE |T) X, &V 4 b i OFHIRE |v,) oBERETEX 6N ET,
|U) = @;|V;)

AP T VNEOERIREZRIT 2 X5 it E N9, initial_state TIEEY A b i DI
REE W) = >, Anla); ITBIT 2 BRI A, OEZEEL 3, REZEBRCHBLENET, T
VILERIE, TARTOD virtual R FA Y F v 7200 THBEED, Tooooa = Aa D LI IHIHHL XN F
T, fDERIZIE [-noise, noise) D—HRELBD HWVICHNIICAIENE T, 2 RIE S=1/20D¢
X, S7 HMNCHEWTIREE |U;) = | 1) = |0) ZFHAEIC L2W0WEEICiE initial_state = [1.0, 0.0] 2,
ST T ENCIPNZAREE (W) = (| 1) + | 1) /V2 ZHHAMEIC L2 WA initial_state = [1.0, 1.0]
ELE9d,

initial_state {IC¥ R DA SR ZELNEE LIZGE. 72 YLD TR TOERIMIIIC [-noise, noise)
THEBI LI E T,
5.3.3 observable o 3>

VI ERIEICE T 254 230 L £ 3, onesite, twosite ¥ multisite D 3FEEDOY T I a v BH
HET,
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observable.onesite

GEODHA b ETERSNIYHELZ RS ~HREEFZERLET,

£ Bz i)

name HE T DR XA

group HE T DiANES B

sites P4+ ES B or BF DV X b
dim HETF O LS

elements HAETFOIELnER XA

name [FHE T OHAFIT I,
group (& onesite HE F DFAIES TI,

sites FHEFMMEH T 294 FESTT, VAM2ET I THEFERMERTE LT, ZUVXF 1R
YA P EERLET,

dim IXHE FORIT T,

elements [FHETOIFL O BEREZIBET 2 XTHTT, 1 DOEFRIZ, ZBHTXYUSNZ2 DDRH L 2
DDFE/NEE B 725 1 DDITTRINE T,

o RHID 2 DB ENENEREFBMEM T 21 L RONEHRSZRLET,
e HLD2ORENTNHAFOHEROFEH L BHZRLET,

|

S=1/2 ® Sz HEEF
o _ 0.5 0.0
0.0 —0.5

%3, HAHld name = "Sz" ¥ LT, #&ilFESE group = 0 L LTEEXXET,

ZEMAHIE LTHAL £9,

R, HETOERAT 294 FTITH, IRTOYA S TR—DHEETZHWBHEICIE sites = [1 &
LET, 2O TRERWVGE, BIZIZRAVYDOREINELZZY A FDHZGEITIE. sites = [0,1] iz ¥
BRI 4 VBB EREELE T,

HETFOXITE. EIORLEATHIERRD Y A4 XD T, dim = 2 T,

BEBICHEHETFOEZRTY, EXRERICOVWT, 204 Ty 272 (PakhEh) rEZZIEFR N
IFRWVWDT,

elements = """
00 0.50.0
11 -0.50.0
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b ET,
MR LT, S=12 0 Sz HEFIEIRD I I ICERINE T,

[[observable.onesite]]

name = "Sz"
group = 0
sites = []

dim = 2
elements = """
00 0.50.0
11 -0.50.0

non

observable.twosite

ATeOoDH A P ETERINYHEZ RIHATZERLE T,

EA:I] EUAiE| Al

name HETF O] XA
group HE T OHAIES B

bonds NN SLEEA

dim HETDOXIT DY 2 b
elements HATFOIELrER XFH

ops onesite JHE T DTS ROV X

name (JHETFOHAEITI,
group & twosites {HE F DTS TI,

bonds (FHEFHBEM T 29 4 P HOREZRTXTIITT, 3 20, SL2 111251 DDHY A +xf
ERERLET,

o REIDEELIT BV A b (source) DHFEFTI,
e HE D2 ODERUX source site B> S A IV A b (target) DPERE (dx, dy) T,
— dx,dy ¥ BT -3 < de < 3 OEFNCINE ZREHD D £ T,

dim ZHBEF ORI, TROBIEMAT 294 FOWD 5 2 REHTT, Hle LT, 2200 5=1/2 A
OMHEMEHDEEIZ. dim = [2,2] TT,

elements FHE T DIEY N BRE{TET 2 XFHITT, 1 DOERIT 4 OB L 2 SO OFH/NEUSEE
ZEHXYID 2575 1 20Tk h 3,

o BAID 2 DWFHEETHER T % 8 @ source site, target site DIREFRESZRLF T,
e DED 2 DWFHEETMEM L7z & D source site, target site DIREFRSZRL T,

s RIED 2 OB ZNETNHEFOREZDFEI L EHZRL T,
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ops Z{f 5 ¥ observable.onesite TEFK L7 | KEHBETFOERL LT2RHEFL2ERTEZE I, IR
| observable.onesite @ group=0 & LT S* ZE#&HL TW/&EICIE, ops = [0,0] £ LT 5787 2%
HTx%7,

elements ¥ ops ZFAIFHCER L 12HE =7 —KTLET,

|

Z 2 TIREMFI Y LT, Lsub=[2,2] DIEHIBF S=IR NA B RATERDAR Y RAI L7 VDL
INAVF—"RKDDZTD, NIV =TV
rar 1 _ _
Mij = S35 + 5 [S78; +57S]]
E2WREE T LTERET 2HEHAL 3,

3, LHi#AESIZ TN ZF N name = "hamiltonian" ¥ group = 0 X LTHBEET, Zhrhoy
A MO | 1) & | ) D2 REBOELREDOEE RS20, KItlE2 4D, dim = [2,2] £ D F3,

RICKRY R T, ¥4 PEIKS5TDESCHATOET, 0FBL 1 BEORISARYFIE, 1BI0ENDS
RBTA,00 DNBEIZHZDTO 1 0 ERHFINET, FRICIFELIBEZORIKRYFIK. 3B 1 EBED»
S5RTOD)DMNBIZHZDTL O 1 2REXINET,

NORNO
L}x
X 5.7: Lsub=[2,2] OIESHEF S=1/2 "4 B RV FEEIOY £ + O N IE

BRICHETFOERTYT, ETRYA FOREEFRSMNI2BEADHD ETH, ZZTE|D 20,]]) 21
ELET, CORELBESEHVS . HIZIEHAED 1D (11 |[Hiy| 1) =1/4130 0 0 0 0.25 0.0
ERFEINE T, e, IEHED 1D (N [Hiy| Lity) =1/21 310 0 1 0.5 0.0 LRI NET,

FEERY LT, S=IRDAALEBYRILIANAIN T VERD LD ICEEEINE T,

[[observable.twosite]]
name = "hamiltonian"
group = 0
dim = [2, 2]
bonds = """
001
010
101
110
201
(RDR—D1THEL)

68 BEEIFAILT—Iv b




TeNeS 1—H%'—<=a7JL, ) 1J—2X2.0.0

(HTDR—T 5 DFEX)

210

301

310

elements = """
0000 0.250.0
1010 -0.250.0
0110 0.50.0
1606001 0.50.0
0101 -0.250.0
1111 0.250.0

observable.multisite

HoDO DY A4 P ETERSNIYHEEZRIHERETZERLE T, ¥4 o 1 KEEFOERE
LTERSINET,

EAi| A G|

name THEL T D44 H] pel
group HE T DiANES B
multisites Y4+ DHAEDHE &2l

ops onesite {HE T D FIH S BEODOY R b

name | IHE T OHATTT,
group (& multisites A F DFHIHE S TI,

multisites ZHBEFAEH T 294 MHEOEEEZRIXFIITT, BE»ASL2 117081 DDH A MF
ERKRLE9,

o BHIOBENI WERY A T (source) DFEFTT,

o D Z Y DERX source site B> S A=Y A b (target) DFEREDH (dx, dy) 272 HDTT,
- N¥ A FDOHE. source_site dx2 dy2 dx3 dy3 ... dxN dyN ¥ W5 XTI,
- Ax4 DIEHFENINF 20EN DD $3,

ops %W T observable.onesite TEFE L7 | KHEEFOERE: LTHETEZERELET, XX
observable.onesite @ group=0 & LT §* ZER L TW/HAEIZIE, ops = [0,0,0] & LT S;S;S; %
RETEET,
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5.3.4 hamiltonian 2> 3>

ANINP=TYEEETA PAINI=T Y AP A PAINVP=ZT ) ERYEAINLM=T Q24 b
NI =T V) O

%:ZHi+ZHij
i ij

THHREMAT, HLADFEANINV =T UV EERLET, EZEDD 721X observable.onesite &
observable.twosite TERINLHE T L KT,

i SriHH )|

dim HAET ORI BRDY R+
sites H A b FEDY X b
bonds ANV el
elements HETFDOIEEY R ER T

dim IZHBETOXIT, TROBIEHT Y4 FOWD 5 2 REH TS, fle LT, 220D 5=1/2 A~
DOHEEROEEE. dim = [2,2] TT, ERLTVWEDNY A bAINLFZTUDERY EAIL =T
UoOYWNE, dim S 1 DDEBEEEL, 2 ODEREELLTRED £3,

sites ZEBH PSR ABVART, ZOHA MAIN T UIMERHT 294 FOEESTT, 22V X ML
P4+ EMTT,

bonds {IHRY KRNIV M7 UBEHT 294 P HOEEEERETIFIITT, 3 20815705 11T7H
12D0% A4 P IEEKRLET, RUOEBEIT BT A b (source) DHFESTT, HE D2 DDEEIX source
site 20 & AT A b (target) DEEAE (dx, dy) T,

elements IXHEETFDIEP O ERZIEE T AIXXFITT, 1 DDHEZRIX229H23W0IE 4 DDOEE Y 2 DDIF
B/ NBUSE R 22 AR D 2 5725 1 DDITh oD £9,

e A MNINLP=T VDL X
- BAID 1 DFHEFHHER T 2 8 O site DIREFESZRLE T,
- DED 1 DRHAETHER L7 % D site DIREEFSZRL T,
- RED2ORENETNEAETOERDOFME EHERLET,

e RYEAINI=TVDE X
- BROID 2 DFHE T2MER T 5 B D source site, target site DIRFEERS ZRL £,
- DOED 2 OWFEBETHBER L7 # O source site, target site DIREEF S ERL 5,
- BRD2OBETAZNHEFOEADOFER BHEZRLET,
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5.3.5 correlation o> 3>
B4 MEEFOMHBEREE C = (A(rg)B(ro + 7)) KHT 21HHMEIEET 217> a>yTT, KReroav
E L7755, HEBERIEGTEINLEE A,

PERRIFIE S F TNS OFBIERTHISNE T, Thbb, Go7 > Y U r = (1,0) T, ELidr=(0,1)
TS, FLEEr) LT, 2=y FEARNDIRTOYA bHBHVLNET, £/ ridz RV L y#IC
FATRTANS, EDOREICOAIEET, ThDL,

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

‘f\;‘j‘o
i 2iEH G|
r_max THEEBE R o R » D EAAE R
operators HHBEIRERCE R 2 1 (AHEET A, B 2R THS BHDOYZX+DY R b

JHBE 1% observable.onesite t 7> a Y TIRELZDDBHVWSLNE T,

|

BIZIXS* B 0FET, ST 1FEL LTERSINTVRIHA,

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

TIAHRBIREIEL S#(0)S%(r), S*(0)S%(r), S (0)S*(r) A% 0 <r <5 OHFHTHEZINE T,

5.3.6 correlation_length o> 3>

MR ¢ ORTHEICE T 2 BMEEET 62> a v T,

i Athe A 77 4k
measure HREEZHEIZ 8 5 HAHE false
num_eigvals AT 2RI T D E A EDEL B 4
maxdim_dense_e ZEITHIDOXALTFEEZHVWIHRK B 200
175094 X
arnoldi_maxdim Arnoldi /£ T4 3 % Hessenberg %&£ 50
(i loY e
arnoldi_restar Arnoldi {EDV A& — FTHEKTZ B 20
BN Z B ILDAEL
arnoldi_maxite Arnoldi {ED&AA 7L — a b K 1
b4
arnoldi_rtol  Arnoldi AT HIg I HEX5RZE FH le-10
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MR RETAOEEED SR XN E T, 1753 4 XH maxdim_dense_eigensolver LI RD ¥ E1iZ
FEITHIX AL (?geev L —F NI X BN ALE. £ 5 THRWIEGE Implicit Restart Arnoldi (IRA) 7RI &
At E W CEAEEZHELET,

IRA % TlZ. Arnoldi FIZ X > TKZ X arnoldi_maxdim & Hessenberg 175 % 2ER L, Z DEAEEFE L
F9, IRL TORWEEEIE, #7721 arnoldi_restartdim AOFIEARZ ML Z/ERL L. Arnodi #@fE% % D E
L £ 7 (restart), kol DGEE. 2 DA T restart 2§ 208 3D D £ A (arnoldi_maxiterations
= 1),

5.4 tenes DAHTT7 71l

e 77 ANT7 +—=v NI TOML R

* parameter, tensor, evolution, observable, correlation ® 5 oDt 7> a vy 2fHbE T,

5.4.1 parameter ¥ > 3>

FHEER Y., HECHIOLDLNIZELADORTIA—ZEERLET, ¥ 72> 3>k LT general,
simple_update, full_update, ctm, random = +H £ 3,

parameter.general

tenes DRIV LERENRT A —&

EAi| ZiEA G| F7 3L+
mode FHEE—F el "ground
state"

is_real FTRTDT VY NVERBUCHIRT 2085 EiiE false
VR

iszero_tol HETT YV INLDHRARAAIIBNTERYE 0.0
BILTHOHMES v b A7

measure IR EICBWT, PHEAEL T2 HEiBHE true
ME D

measure_interval ERRRE - AREEHEICBWTYHE BB or %8 10
ZHE T 2 HEE DY R b

output YHERYEEZALT 4L MY ezl "output"

tensor_save REMEDT VIV EEZALT 4+ LI b XFS "
D)

tensor_load VT YV EHARALT 4 L7 Y ezl

¢ mode

- AREE-FERELET
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- "ground state"

s FLECIRRERT B

* tenes_std (JERHFREBHEE T U(r) = exp(—7H) ZEEHLET
— "time evolution"

« HIRFHEFEEAE

* tenes_std |XERFMRBIHE T U(t) = exp(—itH) ZetEL T
— "finite temperature"

« AR

* tenes_std (XEREREBHE T U(r) = exp(—7H) ZFITE LT

is_real
- true 2§22 7T VY ILDBEEBEZEBICHB L CHEZITOET
- —OTHIERHETIDPZ 7 KT LET

iszero_tol

- BEHATT VY NVBEROEL - BEDOFHAAAIZENT, HXHED iszero_tol I Nidt
CABRLET

measure
- EEIRBEEEICBWT, false 2T 3 L WHERE - REE XXy FLET
— ETIEM time.dat BEICHERESINE T

L]

measure_interval
- ENURBEHEBIVEREETEICBVT. VHELPHIETAHERLIEELET
— measure_interval A7 v TEIE LI-RICUEEZHEL T

output
- PHERYOHEEREEZIDOT AL NI NHREEFELE S

- EXFHNDHZBEFIALVY T4 LI FPVIRFELET

tensor_save
- BEBOTF YA EBEIDT 4 L7 PUMTRIHRELE T
2 FHNDIGEIFEL EHA

tensor_load
- VAT oYL EZDT 4 L7 NI R SHmARAAET
- EBXFHDOHGEITHAIAALERA

5.4. tenes DAAT7 71l 73



TeNeS 1—H%—<=a7)J)L,JJ—2X2.0.0

parameter.simple_update

simple update 2B 3 %87 X —&

E2xi| wte £l 77 %)
K
tau () R EEEICBI 2 (B) K For % 0.01
%A T Bovy 2
k
num_step simple update @ [AI%§ BBlor® 0
Boy =z
k
lambda_cutoff simple update (2B W THEEHG A O] FEE le-12
b CRIME
gauge_fix TUINDT =V REETINE D EBHE false
M
gauge_maxiter 7 — JHEERIED N — TRAE B 100
gauge_convergence_epsilon 7 — DE B EOICRHE E T le-2
* tau

- (B FEREHEETICBUY S (B FEZA r ZHETELET
* tenes_std TIEXFFEIREHAE T ZEEIT 2 2DICHVWLNE T
% tenes TIEHRT v I TORIEKRR - HREEZRDZ-DICHVONET

- For finite temperature calculation, note that the inverse temperature increase 27 at a step be-
cause p(8 + 27) = U(7)p(B)U(7)

- AREEFHBEDOEE. p(B+27) =U(M)p(B)U(T) BDT, AT v 7T eICHRER
2r 2T A Z 8 ICHER LT XN,

- VRMEEET I, BEREBEHETO L — T CAUAREEZ D2 N TEET
* num_step

— simple update DFIEEFEE L 5

- VRMERIEET S, KEEEBEETOI V- CHBELEZ D N TEET

parameter. full_update

full update ICBH 9 285 X — &
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24l wthA i 77 4L
k
tau () R EHEEFICBI 2 (B) K FEor % 0.01
%A T Boy =z
k
num_step full update D[AI%L Bl or® 0
Boy =z
k
env_cutoff full update TEREET > VYV ZEHH T2 FEHK le-12
izt e & AR TREED cutoff
inverse_precision full update THRHELFATHIZFHA T 288 FEH le-12
W2\t ARTREMED cutoff
convergence_epsilon full update T truncation DfEILZ1T FEE le-6
5 B D IR E A
iteration_max full update T truncation DFEILZ1T  BEE 100
S B D iteration D A[AIEL
gauge_fix TUINDT=IREETEZNE D EBHE true
H
fastfullupdate Fast full update I3 2202 ¥ 5 EE true
parameter.ctm
AERELTH] (CTM) ISR %85 X —&
e} A £l 77 b
k
dimension CTM DR ¥ RARJE x TR 4
projector_cutoff CTM O projector ZatH 3 2Fictn  FHK le-12
& B TRE(ED cutoff
convergence_epsilon CTM DU E(E FE le-6
iteration_max CTM DK iteration D A [A1%L B 100
projector_corner CTM O projector st AT 1/4 DT> EfBfHE true
VLD & fE S
use_rsvd SVD % ELIR SVD TE X2 20 HE false
5
rsvd_oversampling_factor ELIR SVD HICFTE T 2 REEMEDE D, 2.0
BNV 28003 5t
meanfield_env CTM Tl37% < simple update THEHN  EfAE false

%GR Z -V %

HL¥E SVD ZH W=7 ¥ VL D AABED FIEITOWT I,

Kawashima, Phys. Rev. E 97, 033310 (2018) ZZ L TL 72X\,

S. Morita, R. Igarashi, H.-H. Zhao, and N.
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parameter. random

SELELBERNERICBE T 289 X — &

24l G i F 7 4 )b
]\
seed 7 > Y LV OFEALRELIR SVD IV B 11

% BELUEL R E AR D > — B

MPLifiFizBNT, 70t 1L seed TR AEFELZE LB EEBEDS — R LTRBEET,

fl

[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
[parameter.ctm]
iteration_max = 10
dimension = 9 # CHI

5.4.2 tensor £ 3>

fla=v b OFREZLAL FT (K FOIEHRIZ hamiltonian (tenes_std) %° evolution (tenes)
THRZET) 2=y PRI Lx DTS Ly DREZZHORATVDOEZLTVWET, ¥k 773
> unitcell 25 F 3,

451 =HH Al 7 7 4L b
L_sub 2=y FEALDKEX BREZRZERDOYV A -
skew skew BEREMICBIF5 > 7 ME B 0

Lsub 2 LT2O0DBH»LRZVRMNEELAEEGE, WUDOERNLxIZ, IRV Ly ICRED ET,
3O EOEZENSGRZVAMNRELEGACIETZ S KT LET, Lsub & LTEMZE LGS, L
YLy EELLRD FET,

2=y FEARNDY A MI O SIEFICESMNITINE T, x AL SIEICH O F T,

skew [Zy HIAIC2 =y bV 1 DHE W22 D x HHEDZAL T,
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® ©

@ 0
® ©

58:L_sub = [2,3] L7z =0

X 5.9:L_sub = [3,2], skew = 1 £ L7z& 20| (FfiZ2=y FELDXTD)
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tensor.unitcell Y7o 3>

PA LFYYATS),, OBREEELE S, 22T, ),k 113 virtualbond DA ¥ F v 2 X, a I& physical

bond DA U F v 7 A, ndV A4 +rBEERERLE T,

£ EAE| i)

index P4+ RS B or BE DV X b+
physical_dim ¥4 k7 >V LD physical bond DRIT B

virtual_dim P4 b7 >V ILD virtual bond DRKIT D R or BB DY X b
initial_state FTHIRRE e ORI

noise T > LD 5 EDRKE X FEE

index TV A M 2EFT ZLICX o T, BHOY A F2FRIFICHEETEET, OV A + [1 138V A 2R
WL 9,

virtual_dimiZV XA b 2ETZ 2T, 4 AADORY RXTTZ2EINCIEETE £3, HFIE. £ (x). L (H+y).
A (+#x)h T (-y) DIEE TS,

REROUIHPIREE |T) X, &V 4 b i OFHIRE |v,) oBERETEX 6N ET,
|U) = @;|V;)

AP T VNEOERIREZRRT 2 X5 it E N9, initial_state TIEEY A b i DI
REE |W,) = >, Anla); ITBIT 2 BB A, OEZEEL 3, FREZEBRCHEBILENET, T
VILERE, TARTOD virtual R FA Y F v 7200 THBEED, Tooooa = Aa D LI IHIHHLEX N Z
T, fDERIZIE [-noise, noise) D—HRELBD HWVICHNIICAIENE T, 2 RIE S=1/20D¢
X, S7 HMNCHEWTIREE |U;) = | 1) = |0) ZFHAEIC L2W0WEEICiE initial_state = [1.0, 0.0] 2,
ST FFENSIPNZZAREE (W) = (| 1) + | 1)) /V2 ZHHAMEIC L2 WA initial_state = [1.0, 1.0]
ELE9d,

initial_state {IC¥ R DA SR ZELNEE LIZGE. 72 YLD TR TOERIMIIIC [-noise, noise)
THEBI LI E T,
5.4.3 observable o 3>

VI ERIEICE T 254 230 L £ 3, onesite, twosite ¥ multisite D 3FEEDOY T I a v BH
HET,
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observable.onesite

GEODHA b ETERSNIYHELZ RS ~HREEFZERLET,

£ Bz i)

name HE T DR XA

group HE T DiANES B

sites P4+ ES B or BF DV X b
dim HETF O TR

elements HAETFOIELnER XA

name [FHE T OHAFIT I,
group (& onesite HE F DFAIES TI,

sites FHEFAMEH T 294 FESTT, VAM2ET I THEERMERTE LT, ZUVX 1R
YA P EERLET,

dim IXHE TFORIT T,

elements [FHETOIFL O BEREZIBET 2 XTFHTT, 1 DOEFREIZ, ZBHTXYUSNZ2 DDRH L 2
DDFE/ NI 725 1 DDITTRINE T,

o RHID 2 DB ENENEREFBMEM T 21 L RONEHRSZRLET,
e HLD2ORENTNHAFOHEROFEH L BHZRLET,

|

S=1/2 ® Sz HEEF
o _ 0.5 0.0
0.0 —0.5

%3, HAHld name = "Sz" ¥ LT, #&ilFESE group = 0 L LTEEXXET,

ZEMAHIE LTHAL £9,

R, HETOERAT 294 FTITH, IRTOYA S TR—DHEETZHWBHEICIE sites = [1 &
LET, 2O TRERWVGE, BIZIZRAVYDOREINELZZY A FDHZGEITIE. sites = [0,1] iz ¥
BRI 4 VBB EREELE T,

HETFOXITE. EIORLEATHIERRD Y A4 XD T, dim = 2 T,

BEBICHEHETFOEZRTY, EXRERICOVWT, 204 Ty 272 (PakhEh) rEZZIEFR N
IFRWVWDT,

elements = """
00 0.50.0
11 -0.50.0
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b ET,
MR LT, S=12 0 Sz HEFIEIRD I I ICERINE T,

[[observable.onesite]]

name = "Sz"
group = 0
sites = []

dim = 2
elements = """
00 0.50.0
11 -0.50.0

non

observable.twosite

ATeOoDH A P ETERINYHEZ RIHATZERLE T,

EA:I] EUAiE| Al

name HETF O] XA
group HE T OHAIES B

bonds NN SCEEA

dim HETDOXIT DY Z b
elements HATFOIELrER XFH

ops onesite JHE T DTS ROV X

name (JHETFOHAEITI,
group & twosites {HE F DTS TI,

bonds (FHEFHBEM T 29 A4 M HOREEZRTXTIITT, 3 20, L2 111251 DDHY A +xf
ERERLET,

o REIDEELIT BV A b (source) DHFEFTI,
e HE D2 ODERUX source site B> S A IV A b (target) DPERE (dx, dy) T,
— dx,dy ¥ BT -3 < de < 3 OEFNCINE ZREHD D £ T,

dim ZHBEF ORI, TROBIEMAT 294 FOWD 5 2 REHTT, Hle LT, 2200 5=1/2 A
OMHEMEHDEEIZ. dim = [2,2] TT,

elements FHE T DIEY N BREZ{ET 2 XTI TS, 1 DOERIF 4 DDOBH L 2 D OFH/NEUSEE
ZEHXYID 2575 1 20Tk h 3,

o FAID 2 DWFHEETHER S % 8 D source site, target site DIREFRESZRLE T,
e DED 2 DWFHEETMEM L7z & D source site, target site DIREFRSZ R L T,

s RIED 2 OB ZNETNHEFOREZDFEI L EHZRL T,
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ops Z{f 5 ¥ observable.onesite TEFK L7/ | KEHETFOERL LT2RHEFE2ERTEZE I, IR
| observable.onesite @ group=0 & LT S* ZE#&HL TW/&EICIE, ops = [0,0] £ LT 5787 2%
HTx%7,

elements ¥ ops ZFAIFHCER L 12HE =7 —KTLET,

|

Z 2 TIREMFI Y LT, Lsub=[2,2] DIEHIBF S=IR NA B RATERDAR Y RAI L7 VDL
INAVF—"RKDDZTD, NIV =TV
rar 1 _ _
Hij = S35 + 5 [S75; +57S]]
E2WREE T LTERET 2HEHAL 3,

3, LHi#AESIZ TN ZF N name = "hamiltonian" ¥ group = 0 X LTHBEET, Zhrhoy
A MO | 1) & | ) D2 REBOELREDOEE RS20, KItlE2 4D, dim = [2,2] £ D F3,

RICKRY R T, ¥4 PEIKS5TDESCHATOET, 0FBL 1 BEORISARYFIE, 1BI0ENDS
RBTA,00 DNBEIZHZDTO 1 0 ERHFINET, FRICIFELIBEZORIKRYFIK. 3B 1 EBED»
S5RTOD)DMNBIZHZDTL O 1 2REXINET,

NORNO
L}x
X 5.10: Lsub=[2,2] DIEFIEF S=1/2 N4 B2~V ZERIDY 4 + D NIE

BRICHETFOERTYT, ETRYA FOREEERSMNI2BEADH D ETH, ZZTE|D 20,]]) 21
ELET, CORELBESEHVS . HIZIEHAED 1D (11 |[Hiy| 1) =1/4130 0 0 0 0.25 0.0
ERFEINE T, e, IEHED 1D (N [Hiy| Lity) =1/21 310 0 1 0.5 0.0 LRI NET,

FEERY LT, S=IRDAALEBYRILIANAIN T VERD LD ICEEEINE T,

[[observable.twosite]]
name = "hamiltonian"
group = 0

dim = [2, 2]

bonds = """
001

01
10
11

20

o — N )

(RDR—J12H <)
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21

0

301

31

non

elements =

0

S R D =k
= Q2 =k
[ — I — R S T

0

0

0

0
0
1
1
1

0.25 0.0
-0.25 0.0
0.5 0.0
0.5 0.0
-0.25 0.0
0.25 0.0

(HTDR—T 5 DFEX)

observable.multisite

HoD LD A F ETERSNSYHEL RITHAETFEZERL T,

AP 1 REETFOERY

LTERINE T,
EAi| A G|
name THEL T D44 H] T
group HE T DiANES B
multisites Y4+ DHAEDHE ezl
ops onesite {HE T D FIH S BEODOY R b

name (X/HE FDHEITT,

group (& multisites A F DFHIHE S TI,

multisites ZHBEFAEH T 294 MHEOEEEZRIXFIITT, BE»ASL2 117081 DDH A MF
ERKRLE9,

o HIDEERNT BV A b (source) DFEF T,

o D Z Y DERX source site B> S A=Y A b (target) DFEREDH (dx, dy) 272 HDTT,

- N34 FOBFAE

- 4 x4 DIEAFENIINZFE 2B RH D T3,

source_site dx2 dy2 dx3 dy3 ...

dzN dyN ¥ WS ERTT,

ops %W T observable.onesite TEFE L7 | KHEEFOERE: LTHETEZERELET, XX
observable.onesite @ group=0 & LT S* ZER L TW/HAEIZIE, ops = [0,0,0] & LT S;S;S; %
RETEET,
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5.4.4 evolutiontzo > 3>

simple update, full update T 5 () R REEHE F 2L E 5, 1 A4 P BXUBHE2 4 MCBET 2
() R FEREZERTEET, RDKXS54K7T 14— F2HD simple, full D2 20% 717> a v 2Hb
75,

EAY0] EAE| i)

group HETDINV—F L (0-)
site site DE S R (0-)
source_site source site D/ = FH(0-)
source_leg source site 2> 5 FL7z target site D /5[] B (0-3)
dimensions EREFEEE T T > Y ILDOXRIT BRDOVY R b
elements BREEEEE T T Y LDIEY nER XFH

group M RBHEHATO /LT 2EBELET (BBLEES 0 tAREINET), parameter.
simple_update B X X parameter.full_update iZ51F % tau = num_steps THIAERL R T v TH %
V2 MEHOWTHEEGEE L 212, ZDA4 VT v 7 RAMIGL T,

site X 1 ¥4 MEETIZ. source_site ¥ source_leg i3 2 ¥ A MEETIHEHL £,

source_leg X 0205 3 T TOEKTHEEL T, x HHDSIEFICKEE DIZ, 0:-x, 1l:+y, 2:4+x,
3:-y Y LTERINTVET,

dimensions /% observable @ dim ¥ 272D, TRTOEDRKITEIEETZXHELRDH D T3, EDIEFIZ
elements ¥ [Ff#lZ. source_initial, target_initial, source_final, target_final DJEHTT,

51

[evolution]

# One site
[[evolution.simple]]

site = 0

dimensions = [2, 2]
elements = """

00 1.0012507815756226 0.0
11 0.9987507809245809 0.0

# Two site
[[evolution.simple]]
source_site = 0
source_leg = 2
dimensions = [2, 2, 2, 2]
elements = """
00 00 0.9975031223974601 0.0
1010 1.0025156589209967 0.0

(RDR—D1THi )
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HIDR—I D5 DF %)
0110 -0.005012536523536871 0.0
1001 -0.005012536523536871 0.0
0101 1.0025156589209967 0.0
1111 0.9975031223974601 0.0

5.4.5 correlation o> 3>
H A4 MEETFOMEBRE C = (A(ro)B(ro + 7)) KHT 2 EHREZIEET 27> a v TF, Avr>ay
AN U725 E. HBEBERIGETE I EE A

PERUFIE S F TNS OFERTHIo N E T, bbb, GoT Y Ui r = (1,0) T, ERidr =(0,1)
TS, FDEEry 2 LT, 2= P EARNDIXRTOY A bHBPHVLNET, F/z. rida RWVL yBEHIC
SEATRAFNS, EQREICOABEE T, Thb5,

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

VC‘\TO
B AR Al
r_max THBERS R D BB » DEKRAE B
operators HEREREE Z I 2 | (KB T A B 2R THS BHDOYVZA DY R b

JHBE 13 observable.onesite £ 27> a Y TIRELEDDOBHVWLNE T,

|

BIZIXS* B 0FET, ST 1FEL LTERSINTVRIHA,

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

IS S7(0)57 (r), S7(0)S% (r), S*(0)S*(r) B3, 0 <r <5 ORWEATHE ST T,
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5.4.6 correlation_length o> 3>

MR ¢ OFTHEICHE T 2 EMEEET 612> a v T,

e} AtHA Al F7 4L b

measure HERZH 20 5 HiHME false

num_eigvals AR 2 IR T D E A EDEL B 4

maxdim_dense_e ZH{TH|ONMALFELHVIRK T 200
175094 X

arnoldi_maxdim Arnoldi /A T4 3 % Hessenberg R&£K 50
(oY em

arnoldi_restar Arnoldi JEDV A& — FTAEKT 2 B 20
B2 P ILDAEL

arnoldi_maxite Arnoldi {EDIAA 7L — a b X 1
b4

arnoldi_rtol  Arnoldi £ T H¥E 3HENTERE FH le-10

MHERITEE T OEEMED SFHEINE T, 17534 XA maxdim_dense_eigensolver LI FND & &1
BT A (?geev L —F 2N IZ X AL E. £ 5 TRWIEEE Implicit Restart Arnoldi (IRA) 7412 X
Aot FWTEEEZETEL E5,

IRA % TlZ. Arnoldi BFRIZ X > TKAZ X arnoldi_maxdim & Hessenberg 175 %4Em L, Z DEAEEFE L
F3, IR L TOWARWESIR #7212 arnoldi_restartdim ZAZOFIHEIR 2 ML E/ERL L. Arnodi @fE% b &
L ¥ 7 (restart), Sk fTHD5E1E. % DA T restart 23 2 0E IH D £ A (arnoldi_maxiterations
= 1)0

55 HH771I)L
TG R IT output T4 L7 PUDITNIREFEINE T, /20 A7 7408 LTESZT7 7 A A0

A —-ZNET,

55.1 22— FHE
parameters.dat

FEERCEH BN T X — &2 BIUOETHRRE SR E T,
fil:

simple_num_step = [10]
simple_tau = [0.01]
simple_inverse_lambda_cutoff = le-12
simple_gauge_fix = 0
(RDR—D1THi )
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simple_gauge_maxiter = 100

simple_gauge_convergence_epsilon = 0.01

full_num_step = [0]
full_inverse_projector_cutoff = le-12
full_inverse_precision = le-12
full_convergence_epsilon = le-06
full_iteration_max = 100
full_gauge_fix = true
full_fastfullupdate = true

ctm_dimension = 10
ctm_inverse_projector_cutoff = le-12
ctm_convergence_epsilon = le-06
ctm_iteration_max = 10
ctm_projector_corner = true
use_rsvd = false
rsvd_oversampling_factor = 2
meanfield_env = true

mode = ground state

simple
Lcor = O
seed = 11

is_real = 0
iszero_tol = 0
measure = 1

tensor_load_dir

tensor_save_dir

save_tensor

outdir = output

Lsub
skew

L2, 2]
0

start_datetime = 2023-06-08T16:41:50+09:00

(HTDR—T 5 DFEX)
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time.dat
FTRERMEIE XN E T,

fi:

time simple update = 1.64429
time full update =0

time environmnent = 0.741858
time observable = 0.104487

5.5.2 HEEREHEE—F
density.dat

BHEEEF OV A Db OFHE G e B BN E T, SHEET O] name 32472 - 12856
F2b D ICHEEFESHHENIEINET, B, Energy i site hamiltonian ¥ bond hamiltonian D#l
T,

i

Energy = -5.00499902760266346e-01 0.00000000000000000e+00
site hamiltonian = -4.99999945662006270e-04 0.00000000000000000e+00
Sz = 4.99999945662006284e-01 0.00000000000000000e+00
Sx = 9.24214061616647275e-05 0.00000000000000000e+00
Sy = -2.34065881671767322e-06 0.00000000000000000e+00
bond hamiltonian = -4.99999902814604325e-01 2.22346094146706503e-21
SzSz = 4.99999902814604380e-01 -1.80051315353166456e-21
SxSx = 1.12631053560300631e-05 6.08792260271591701e-21
SySy = -1.12817627661272438e-05 4.76468712680822333e-21

onesite_obs.dat

onesite FHE T OWIRHE (A7) = (DIAF| W) /(D|0) BHASHET, FT4FIHhoRD £F,
1. ERE T OMAIES o
2. B4 P OHS i
3. WIFHED I Re(A?)
4. WIRHEO BHS Im (Ag)

WP ZERE LT, HETES -1 0B LT/ Lo (U0 BHEIEINE T, /L L2DEHPEIRICHE >
TWABEE, FHRICRIChEENIEETVE T, KEDOEEIE. CTM DR Y FRICHWVNETE S Z e HH
RT3,

fil:
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Th

0:
1:
2:
3:

HFOoH OB OH OH OB H W H K B

L e = = = —]
w N R @ W N R 2

-13

$1:
$2:
$3:
$4:
The names of op_group are the following:

-1:

e meaning of each column is the following:
op_group

site_index

real

imag

site hamiltonian
Sz

Sx

Sy

norm

-4.99999945520001373e-04 0.00000000000000000e+00
-4.99999967900088089%¢-04 0.00000000000000000e+00
-4.99999894622883147e-04 0.00000000000000000e+00
-4.99999974605052581e-04 0.00000000000000000e+00
4.99999945520001376e-01 0.00000000000000000e+00
4.99999967900088049e-01 0.00000000000000000e+00
4.99999894622883134e-01 0.00000000000000000e+00
4.99999974605052522e-01 0.00000000000000000e+00

. Skipped ...

1.00000000000000044e+00 0.00000000000000000e+00

twos

ite_obs.dat

twosite HEFOYIFHESH T SN T T, BT 6505700 5,

1.

2.

5.

6.

twosite T DHIES
source B4 F DFE=S

source D» 5 A7z target D x 2L
source 2> & A7z target D y 2L
WIRHED TR

WARHE D R

BRI EHRE LT, HAETFES -1 DRE LT/ VL (V|U) IR ET, /L LADEEHIARIZHE >

TWAIEE., FTEICRICHMENEETVWE T, KEDBEIX. CTM OR Y RTINS TEZ Z e 2R
HT3,
{51

# The meaning of each column is the following:

# $1: op_group
# $2: source_site

(RDR—J12HKi )
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BIDR=ID 5D %)
$3: dx
$4: dy
$5: real
$6: imag
The names of op_group are the following:
0: bond hamiltonian
1: SzSz
2: SxSx
3: SySy

-1: norm

HF OH OB H OH OB O W B H

-2.49999925774909121e-01 3.38316768671362694e-21

-2.49999967989907063e-01 4.24343236807659553e-22

-2.49999972903562101e-01 -2.06825262200104597e-25

.49999957625646446e-01 2.06789370628128221e-24
-2.49999931343147630e-01 3.11801499860976615e-28
-2.49999939447834718e-01 1.65429596395607220e-24

. Skipped ...

-1 310 1.00000000000000067e+00 0.00000000000000000e+00

S @ @ @ @ @
N N R R
R @ r @ r @
S R @ Rk @ =
1
N

multisite_obs_#.dat
multisite JHE FOMIFEIH I ENE T, 77 A NVEZD #1EV A MIN DAL ET, #IT74+2(N-1)
o £,

BROIDFNIHE T O#INFE S TT, 25 HIFEEOFMEY 29 4 v BEBS T, HEY A PB4
b DAEXT RS 3 FIHDIIC O F §, RERD 2 FNIIARHMED SEH & BT T,

correlation.dat

MRIREE O (2, y) = (A™(wi, yi) AP (@ + ,ys +9)) BTN E T, BITTHIh MRS NE T,

1. FEHBEFO#MAES o
2. EHEFOY A &S
3. GHEETOMAES 8
4. FHEET O x HAZENM v
5. GH#EET O y FAEN y
6. HE T DHEE ReC

7. HEEFOEEE ImC

il
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# The meaning of each column is the following:

# $1: left_op

# $2: left_site

# $3: right_op

# $4: right_dx

# $5: right_dy

# $6: real

# $7: imag

# The names of operators are the following:

# 0: site hamiltonian

# 1: Sz

# 2: Sx

# 3: Sy

O 00 10 2.49999967989907104e-07 4.13416925464657354e-28
000 20 2.49999945695891830e-07 1.73072024142595444e-31
0 00 30 2.49999957043495557e-07 4.13763356790450496e-28
O 00 40 2.49999945695775469e-07 1.73075952490150057e-31
® 0 050 2.49999957043495345e-07 4.13763356791821930e-28
000 0 1 2.49999925774909026e-07 1.86301555917262858e-31

... Skipped ...
23205 -2.88769749189292927e-09 5.87563893802673290e-25

correlation_length.dat

MHEEER ¢ A SN E T, BT 3+n b oMl £,
1. A& @O: x, 1: y)
2. x A ZDHER y B y HZEOEEE y PR
3. HEAR ¢ =1/ey

4 5| H LA IHRE T O E A fEDMEXHEDIEL e; = —log | Ni/Xo| AT EINEFT (i > 0)e Z DIEHZFIH
T3 THBEREDR Y FRICKREEE RED N 2003 LILER A, 7l PRX 8, 041033 (2018) ¥ PRX
8,031030 (2018) ZZ L TL 2 &\,

il

The meaning of each column is the following:

$1: direction 0: +x, 1: +y

$3: correlation length xi = 1/e_1

#

#

# $2: y (dir=0) or x (dir=1) coorinates
#

# $4-: eigenvalues e_i = -log|t_i/t_0|
#

where i > 0 and t_i is i-th largest eigenvalue of T

(=]

0 2.18785686529154477e-01 4.57068291744370647e+00 4.57068291744370647e+00 4.
(RDR—TIZHi L)
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HIDR—I D5 DF %)
—.88102462824739991e+00
® 1 2.20658864940629751e-01 4.53188228022952533e+00 4.53188228022952533e+00 4.
56359469233104953e+00
10 2.23312072254469030e-01 4.47803824443704013e+00 4.47803824443704013e+00 6.
—03413555039678595e+00
11 2.00830966658579996e-01 4.97931178960083720e+00 4.97931178960083720e+00 5.
—08813099309339911e+00

5.5.3 EFHIXEBHEE—F
TE_density.dat

BHHEE SOV A D72 b OWIFHE IR & ) S x g, ZT45hoMi I E T,
1. K ¢
2. HET OMAES o
3. WIFHEDHEE Re(A2)

4. HITEEDREEE Tm(AS)

—
=

The meaning of each column is the following:
$1: time

$2: observable ID

$3: real

$4: imag

The meaning of observable IDs are the following:
: Energy

: site hamiltonian

Sz

1 Sx

Sy

bond hamiltonian

SzSz

SxSx

SySy

F OH OH O H OH OB O W OB O W OB WK K R

0 N O v A W N =R 2

.00000000000000000e+00 O -5.00684745572451129e-01 0.00000000000000000e+00

.00000000000000000e+00 1 -6.84842757985213292e-04 0.00000000000000000e+00

.00000000000000000e+00 2 4.99999945661913914e-01 0.00000000000000000e+00

.00000000000000000e+00 3 9.24214061616496842e-05 0.00000000000000000e+00
. Skipped ...

4.99999999999993783e+00 8 2.54571641402435656e-01 3.25677610112348483e-17

S @ 2@
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TE_onesite_obs.dat

onesite THE T DHIFHE (A2) = (U|AY| W) /(U|W) A INFET, BITF5505D 7,
1. Rt
2. HETOHNEE o
3. 94 FOES
4. WITEEDFEE Re(AS)
5. BARHED HEES Im(A2)

WO RIEHRY LT, HETES -1 0RL LT/ LA (U|0) BHAHINET, /L LDEHIERICHE >
TWVWAHE, FHRICRCPHESEETVET, KKDOHAEIZ. CTM ORY RRITTHAVNETES Z L DR
KT,

f:

The meaning of each column is the following:
$1: time

$2: op_group

$3: site_index

$4: real

$5: imag

The names of op_group are the following:

0: site hamiltonian
1: Sz

2: Sx

3: Sy

-1: norm

HOH OH OFH OH O OH W R W B H

.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
.00000000000000000e+00
. Skipped ...
4.99999999999993783e+00 -1 3 9.99999999999999667e-01 0.00000000000000000e+00

0 -6.43318936197596913e-04 0.00000000000000000e+00
1 -6.73418200262321655e-04 0.00000000000000000e+00
2 -9.89240026254938282e-04 0.00000000000000000e+00
3 -4.33393869225996210e-04 0.00000000000000000e+00
0 4.99999945519898625e-01 0.00000000000000000e+00
1 4.99999967900020936e-01 0.00000000000000000e+00
2 4.99999894622765451e-01 0.00000000000000000e+00

S @@ 2 2
T S S — R — B — R — )
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TE_twosite_obs.dat

twosite HEFOYIFHESH T SN F T, BT 75056720 15,

1.

2.

3.

6.

7

IRl ¢

twosite HE T DFkHIE S
source ¥4 ~ OEF

source 2 & A7z target D x 2L
source 2> B A7z target D y 2
HWIfHE D S

JARHE o REFR

WM RIBEHRE LT, HETFES -1 DR LT/ LA (U|0) BHAHINET, /L LDEHBIERICHE >
TWBIGE, FHBEICRIChHENEETVET, KEDOEEIE. CTM OR Y FRICWVNETE L Z e HH
KT3,

fil:

0:
1:
2:
3:

F O OH O H OH OB O W OH O W B H H

S @ @ @

-1:

The meaning of each column is the following:
$1:
$2:
$3:
$4:
$5:
$6:
$7:
The names of op_group are the following:

time
op_group
source_site
dx

dy

real

imag

bond hamiltonian
SzSz

SxSx

SySy

norm

.00000000000000000e+00 0 ® 0 1 -2.49999925774803150e-01 -1.01660465821037727e-20
.00000000000000000e+00 0 0 1 0 -2.49999967989888300e-01 4.23516895582898471e-22
.00000000000000000e+00 0 1 0 1 -2.49999972903488521e-01 -6.20403358955599675e-25
.00000000000000000e+00 O 1 1 0 -2.49999957625561042e-01 4.13590865617858526e-25
.00000000000000000e+00 O 2 0 1 -2.49999931343070220e-01 8.27316466562544801e-25

. Skipped ...

4.99999999999993783e+00 -1 3 1 0 9.99999999999999445e-01 1.38777878078144568e-17
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TE_multisite_obs_#.dat

multisite HE FOARHESH N ZINE T, 77 A VEZD #1FH A PN DBADET, BIT5+2(N-1)
672D £3,

BOIOFNIRZ ¢t TF, 25 EIXHEFOFBANEES T, 3FVEHIZEBEEOEEY 394 N BETT, K
B A FUAOBET A OEXTERED 4 FIHLEICE O F §, BEHD 2 IR EOELT L BE T,

TE_correlation.dat

MRIREE C2% (2, y) = (A™(xi, ys) AP (2 + 2,y +9)) DI SN E T, BIT8FIL MRS NE T,

1.

2

—
=

IRFZl ¢

FEHAETF OHAIES o
FHEETOH A4 M &S
HIEHEF OHAES 3

. HHEE T D x HAEN «

BT O y FTAZERL y

. HET DOEE ReC

AT DEH ImC

0:
1:
2:
3:

FHOoH OB OFH OH OB O OH OH H W H ¥ W

S @ @ 2

The meaning of each column is the following:
$1:
$2:
$3:
$4:
$5:
$6:
$7:
$8:
The names of operators are the following:

time
left_op
left_site
right_op
right_dx
right_dy
real

imag

site hamiltonian
Sz
Sx

Sy

.00000000000000000e+00 0 ® 0 1 O 1.83422488349707711e-04
.00000000000000000e+00 0 0 0 2 0 8.30943360551218668e-07
.00000000000000000e+00 0 ® 0 3 0 4.12158436385765748e-07
.00000000000000000e+00 0 ® 0 4 0 4.13819451426396547e-07
.00000000000000000e+00 0 ® 0 5 0 4.33224506806043380e-07

1.90382762094233524e-20
-4.19695835411528090e-23
-1.04903226091485958e-23
1.74438421668770658e-23
-8.71850465073480394e-24
(RDR—JITHEL)
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HIDR—I D5 DF %)
. Skipped ...
4.99999999999993783e+00 2 3 2 0 5 3.96301355731331212e-02 -1.37659660157453792e-18

TE_correlation_length.dat

MHER ¢ AN ENE T, BT 4 d MRS E T,
1. Rl ¢
2. MIZE (0: x, 1: y)
3. x M ZDHEER y B, y MZDHEIX y B
4. HER (¢ =1/eq

5 5 H DA 85551 T8 O E B EOKEAHED L e; = —log |\ /Ao| BHAZINET (i > 0), ZDIEHEFIH
T3 THBEREDR Y FRICKESEZ RED NI LRLER A, il PRX 8, 041033 (2018) ¥ PRX
8,031030 (2018) ZZIR L TL 72X\,

il

# The meaning of each column is the following:

# $1: time

# $2: direction 0: +x, 1: +y

# $3: y (dir=0) or x (dir=1) coorinates

# $4: correlation length xi = 1/e_1

# $5-: eigenvalues e_i = -log|t_i/t_0]|

# where i > 0 and t_i is i-th largest eigenvalue of T

0.00000000000000000e+00
—57068291744232891e+00
0.00000000000000000e+00
—53188228022987083e+00
0.00000000000000000e+00
—47803824443520515e+00
0.00000000000000000e+00
—97931178959761667e+00
9.99999999999999917e-02
—94122296382149617e+00
9.99999999999999917e-02
—53686404327366777e+00
9.99999999999999917e-02
<+71393143960851368e+00
9.99999999999999917e-02
—25300260476656966e+00
2.00000000000000039e-01

0 2.18785686529220424e-01 4.57068291744232891e+00 4.
.88102462824919758e+00
1 2.20658864940612931e-01 4.53188228022987083e+00 4.
.56359469232955917e+00
0 2.23312072254560540e-01 4.47803824443520515e+00 4.
.03413555040836602e+00
1 2.00830966658709920e-01 4.97931178959761578e+00 4.
.08813099310449513e+00
0 2.02379048126702904e-01 4.94122296382149528e+00 4.
.74309974506451315e+00
1 2.20416567580991346e-01 4.53686404327366777e+00 4.
.18101616573088020e+00
0 2.12137154053103655e-01 4.71393143960851368e+00 4.
.17220113786375002e+00
1 1.90367314703518503e-01 5.25300260476656966e+00 5.
.61893825410630487e+00
0 1.96835348300227503e-01 5.08038829730281805e+00 5.
(RDR—D12Hi<)

S N B N R 0O 0O @ v Rk O R o2 b
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—08038829730281805e+00
2.00000000000000039e-01
—94180963014702801e+00
2.00000000000000039e-01
—87057239986509760e+00
2.00000000000000039e-01
—12281023136305169e+00
. Skipped ...
4.99999999999993783e+00
—+16644355600232430e+00

7.35176717846311778e+00

(BIDR—T 5 D x)

0 1 2.02355022722768896e-01 4.94180963014702801e+00 4.

6.57691315725687975e+00

10 2.05314677188187883e-01 4.87057239986509760e+00 4.

7.90951918842309798e+00

11 1.63323696507474692e-01 6.12281023136305169e+00 6.

7.83104916294462416e+00

11 4.61585992965019176e-01 2.16644355600232430e+00 2.

2.29497956495965427e+00

5.5.4 BIRBEEHEE—

ke

ERERBEEET— RO 7 7 A ADBHENIENE T, 77 A NVZDIIED TE. DD DIZ FT_ X4 -
TWwWa 2, 1FEDPRHt TRZRSERE 8 =1/T IZK>TW\Wd I EDBRRD 7,
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F6E T7IdUIL

6.1 7>2VIxy bT—UKRE

TV Yty b U —24RAE (Tensor network states (TNS)) 2 13/NE TV VL DFE, BRH TREINLE
TILENRERT T [TNS] o BIZIE. NEHD S =1/2 B FAEVRTIE. ZDOKBBEBIIERIREDEEZ H
WT,

= § \Ilsl,sz ,,,,, sN|317327~-~78N>
si=T,4

EREFET, 7YYLy PT—ZIRETIE, ZOEMBRE Uy, 5 sx ET YLDy bU =T TR
X, Bl

ooz = U0 [ T[T [sg] - T [s]]

YELZEMNTERT, 22T (T[] @ F Y YARy b2 OfENEER L, TO[s,] 137 > Y L%k
LTWET, THIFEIKRE (matrix product state (MPS)) & FEIZH 2 7 > ‘//DZ\ v MU —ZIREEDIGE [MPS]
LTO[s] 1 s BEZ B2 LTI > TOWT, tTi[...] BRI OB\E, @HEOITHIREICKRD £5 ¢

pMPS _ T(1)[81]T(2) [s2] - L.7V) [sn],

81,8244y SN

22T, TW[si]. TW[s;](i #1,N). TWN[sy] DIFREENZEN, 1x Dy, Di_1 xD;j. Dy_1x1
TH2RELF L7,

DX 57 TNS ZHEEIRERFBEBOELUCHNZI5E6,. ZORBER D, ZXoTHIRBENEd, D; X
RYRRIT LMENTVWET, TUVVYLERY NI —2DEA 775 LK LBV, MPS IZ

\IJMPS

Tyls) = O
S

DEIIHL Z N TEE T, 2D MPS IFERZROIEHBLEZR L TOFE T, HERICL T, HERROWK
BB ERDLT, ERICREOWMPS 25X 52 b TEET, K, HBIBBDK T (HrEE®) itk
R L TRRMEZ 3 - TV 35S, DBOMNIRT v YL %D RS 2 2T, fERFRD MPS (infinite MPS
(iMPS)) #1EZ Z e BN TEE T, 294 bOIENFEOESE. 2D &5 4 iMPS 1
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YEEET, 22T, BraoTFr YL BCLEZRHEHST VY ILTT,

TeNeS TlE. 2 KITDOEERICILD - 727 >V )LFHIREE (infinite tensor product states iITNS)) ZH D N F 5,
Z @ iTPS 1 iMPS D ERITAD HARZILIRICH > TWE T, TeNeS T, MHENFMEE b o ZIEHIKT
TYINRY VU= RFELTED, XA Y75 LTI,

iDYFPS _

DEDIHITE T, TeNeS TIEZ D {TPS ZHWT, 2 XRIB TFEMHRRDOEEIREZTLINCHEL £,
BB, EAEFT YAy VU —=20F, EAMTFERIZ TR, @~y 22k b, ~"=h Lo
WA =AR R YR & 72 2 RO FREANCEHATE £ 7,

6.2 iTPS D#EH
H 2 TNS 2352 N7REIC, 2@ TNS TOHARHE, (V]|O|W)/(¥|0) ZFET 57201k, — ki, (¥|0|Y)

EA{UIT) WS ZOoDRISHINT 2T ¥ Vb y MY — 7 OMERNETRESREICR D £ 5, flZIX. (V|D)
KRBT 27 Yty b =21
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THEZONET, ZOFBDOT UYLy bU—=2F, LIFLIE, X711 A Y — (double layered) 7 >V
N2ty b= eMEINET, XTAVLAY—T VY lry b7 =7 OMENGHE, @HE, JEFICRKER
BRI X FHRETT, MPS (R IMPS) D¥EITIE. WS, AR T ¥ Y VTR S 1L 5 HR3%1T

NeEZBIeRhICEoT, SIRINGEHET 2 ZeMNTEXT, LirL, TPS (RiTPS) DHBA. HE
BARRETRIZ N E VW T2 & — CUINZIWVHEFEORRS U > & —) ZFRWTIZIEAAIEET, @HE.
7R AERET IR Z -V E 3, TeNeS Tld. ARIEITHIME D IAAREE (corner transfer matrix renormalization
group (CTMRG) [CTMRG] ¥ FREN 3, HERICIEA > 72X TN LAY —FT VL3 y vV —2 % BEGE(T
e TySTFIVIL EAVCTCEMT 2 FEERALTOE T,

BTNV AXY—T Ity V=7 BN LT > VL

79/—»+

o THHMULT 5 &, MEXTIIRBTUICHICT 27 YLty VT =2 XA T 75 A3,

YREINFET, AEETIE Ty DTV VIR,

4

Corner transfer matrix Edge tensor

DEICERINTVE T, AETHIRHOKE L. X4 7277 AR TRETREL 2. AXETHO
RY Ry ko THIBE N E T,

CTMRG O 73V XA TR, AEE T =y O F VRN T > Y L% R LTWL 28 TF
No%27y 77—, FERPPCETEETEDIRLES, BIZIIE. left move ¥ FEXA 2 MRUNTFHE = 1%,
XA 77T LTI

6.2. iTPS DiEK 99
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Left move in CTMRG

- :Projector

CRINET, TOXAT77TLZHNE AT IRZ— 1. WS ODPDHIETIHETZ N TE
[CTMRG]. HHE%. y ZHLTEEE2 L X3,

AY RXRIT D O iTPS ZHWT, RY FRIT x DAREI TR ZE 2 2546, CTMRG OFtHE 2 X M.,
O(X*D%) £ O(x®D*) ORERIT TRy =L LET, TIT XITNLAY =TV Lty PT—=T DR
Y RREITE, BRI LT Y Y VERWARBTIX, D2 ICR>TWA I IKERLTLEEI WV, 20D
7o, HE. x1E x < O(D?) D X512 D> ICHBIL THEPLET, ZO&MAFTIE. CTMRG OFfHEa X b
FOMD0) 1z, XEVRIZOD®) KRRV ET, BB, ST THRRLFHEIRX M 2G5, B
TP DR REE (SVD) ZHW2HERH D 3, b bz, #iT5D SVD ZHW 555, dHEa X b
X O(D2) ek h ET,

Vo T AR L= ESRITHI L v 57 2 Y LRI, (W]0|T) bAPRINCEET 5 2 LA TE £,
B3, AL (U]S7|0) 1%,

79/_» (0|57 |w) =

SZ

DESWRDI N, RIS AR (V]S757,,|P) &

<\I”S¢ZS&Z+1"I’> -
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YRETAEDNTEET, £/ FA 77570 2FKHOERLEHVWAZ LT, HED 2 ¥4 MEETF
DHFEDIFHETEZ2 bV ET, COXIREA T LABEEOEEFITH LU THEL Z 2 IXA]EE
TEN, ZIRR—PREL LD ZOMRHBEICHEL R 3HEaX MAEKICKRZ Z 2 ITERLTK
FEW,

6.3 iTPS O=xE L

iTPS % EJEIREE D Z MBI L THV 354, iTPS D35/ N T 3 L ¥ — B

(V[H|P)

P= "y

2H5Z% &2 TyYNEREILT 2RENRDHD XT, TIT, HIEFHNFRDONINV =T 2 2RLTWY
%9, TeNeS TlX, EIFEFEE (the imaginary evolution (ITE)) 7% & A (b (the variational optimization)
BEWS ZODOFED S B, BIED ITE Z AL TWE T, TeNeS Tid. iTPS DHiPHT DITMN 72 K R
JE

|\IjiTPS> ~ 67T7-L|\IJO>,

BEEZET, TIT, |U) MEROFHATPS T3, d L. THTHCKEFIUE LD |UTPS) 135
EREDORBWIELICHE S TWVWARLEZ RN TEE T,
TeNeS Tld. NI =7 VI3EHEEED AHEEHOFT

H = Hij7

{G.9)}
DESCREINTWVS LRE L. NE R A 7 O R R BEE 7120 LT Suzuki-Trotter 57 fi#
e TH = H e~ THii 1 O(7).

{G.0)}
PHEALEST, 22T —ROELZEZEZLEDN., IDERODEE2EZ L2 HTEET, Suzuki-
Trotter RO X W3 Z ¥ T, ERMEFEEIX

N,
e W) = ( II e‘TH”') |Wo) + O(7),

{6}
DESICEEFTZIENTEET, 2Ty N, =T/7 & H0h&k r TOBRRBEREDO R T v 7HT
T COROEUEFRT 2720, [y, ;) PHEVL O2OWAREIHHEL T, ZhehoHry
HLENTIR, (BFR) BRFEBEFRE FIBEWICEHEL, XT3 TPS & [F UERFME 2 £ -
TVWd L%, HIZIE 294 FDIMPS T, 1 TCROBEHEMEAIEHANINV b =T Y 2E 256, —
DOEFEEZ T,

Subset 1: | | | | | | | |
I I I — ¢ "His
Subset2:"'| | | | | | | | | |

D &S IERHFERZ IRT 2 B TEXT,
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KT, FNENOREFERBEATOWRSESZEA UZEEEERZ. R FXOT D: OF LWITPS ¥ LT

|\Ifi_TPS> ~ H e*THij |\IjiTPS>
{(4,j)Esubset,, }
DEITEBL ETe T [ ) coubser, ) (& n BHOTARENOHEE TOMERL, |W]T5) 13#HL
WiTPS T3, X4 7277 2%2H05 e 2D,
|\I]:_TPS> H e~ THij |\IIiTPS>

{(4,j)€subset,, }
Bond dimension = D

---II IIII IIII IIII II---

DESICEHTEET, —RIC, e i 12 Z L T BEE% TPS BHOAR Y FATTIIHEALTLES
TTRABELTREEX N, LED-T, EREREDS I 2L —Ya YEZELTHE T 301201, R
YRR DL —EE D T TEREITBYS  (truncate) HEIHD E T,

AN, BRI BYID X, RMERE

)

Bond dimension = D

min

|\I/i_TPS> o H ef-rHij ‘\IIiTPS>
{(¢,j)Esubset,, }

ZEL ZETITAE Y. L L. Zom/MUEZECFHE I R ME. FITTPS OMGENFMETRIEDIE
FIERIBIC I > TV B 72012, ERIERICHR->TLEVWE T, 22T, @FE. RbholEr LT, /B
i 7 —D DB FEEE A T 720 28 LT, 2hEiLfld % iTPS |ViITPS) 2T EX £ 5, 2
2T, HLWITPS Tld, oo |UITPS) 2 LT, BEAD T VAR IHREEINTVET, DT
75 e IME TR

min || BITFS) — &4 giTFS) |

LELIENTEET, ~RLOREEHAFEHOEE. ZORMURBEICHIGT 2 X4 7 77 13,

‘\I/i.TPS> e*TH,j‘\IJiTPS>

Bond dimension = D

AAAAAA A S

THALNET,

Bond dimension = D

FED I VL ||| WITPS) — o= Hiy |piTPS) H2 E, BZIX CTMRG &4 H5 & & TRIRIICEHETZ 30,
ZORECRIEIE IR Z e BN TEFE T [ITE] . 22 TH LB SN S iTPS 1T M HEFME 2B - T\
FIH., Ty T INET U VARMOBEANC OA— §53 2 T, WHENFR iTPS #1E2 Z £ 53T
EREIN

Copy Copy

Z D iTPS 13D i/ MEBIRED LR ¥ B2 5 2 e B TEE T, T LS REMRBFEDHEE, full
update KL WU E T, full update JEDFHHE DKL 1E CTMRG TH D, SVD DFEIIGL T, FHHEa X
M& O(DY) £7213 O(D?) TR 7 — L L %7,
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Simple update K IIEREFREELZH W2, X DFHHEIX M O/NSWERELFIETT, Simple update T,
CTMRG 12 & 2 HWGEIH 2T 5 721, BB B TR RFNZRT Y Y vty V=22 E X%
3 [SimpleUpdate] o Il Z1E BB BEEAOSBEICIE, DITFO & 5 REFNRRELEEZEZ X E73,

2

2

: Non-negative diagonal matrix

CDRAT LTI ATE. MIZIEADORATHIERL TOT, ZHUIRY Fi DEICHI2BEHLI-RBEER
ODITVEEPGIREEZLZIENTEET, N OERNLRERIIBRTEAONET, TOXA T 7T LK
DI RELREIE. 7Y Y Vo BREREEAE T — OB —Ke R o ATHDKRT > 7kl e Rigd
EWTEL/D, SVDEHWTHR Z 2B TEET, ZOFHREIE. £ 777 62HVT,

Truncation to

bond-dimension D

O - 9 - BOE -

ERTIENTEET, ftRBTD SVD THTEATHIOREREZ. RDRT v FTOFGH A & LTH
X4 ¥ 3, Simple update JEDFHE 2 R M, 752K T 211 QR fR%E1TS5 22T, O(DP) 127
DET [OR] ., L7235 T, simple update £ full update & D T o LHBE AR PR BoTVET,

7272 L. simple update 71X full update £ & D BEHH I X FAVNZWTF A, simple update FEIFHTHAIREEMK
DR £7o RFEHERDRFELORE S 2 BFFHE S 2 FEPHI S TVWET, LEehoT, R
HMoOMEICHEH T 258103, BonMReHEICHAET 2 083D D £7,

6.3. iTPS D&t 103
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6.4 iTPS Z ALV/-EERREE

IR EFE T 2BICH W BREFEED 7121 X 4, simple update 155 full update 5% FlWVWT, &
TIREEOEREHELHE T2 b TEX T, TeNeS Tl ERHBFREOGA L AR, K%l t 2B
% EikAE

(B (t)) = """ Wo),

% {TPS T T % Z & T, AN RREIRELZ IR CE 3, EFMHE & ZREFEREOEWVIZ, 58
BOBIZHZ NIV =T ¥ HDEED —1 H —it DI2F DENT T DT, EIFHEFEE TS, Suzuki-Trotter
DREFEHT 2 Z 2T, BREEETHW:=O 2 [T simple update 7% & full update 5% VT, 3l
7RI TE £ 3,

iTPS (BXU, Zofid7T > YLty b7 —24REE) W FHERERFEEIZ, FLEIRE OG8RI 7
BrHAW3ESY. UMFO oD ETARELL B> TWET,

—ODRERBENT, MR LIBTFIREOBFIY XY IR POREXITY, ERHEFETIX, K
FEEPHET I ONTHEREBICH D S 120, FHEOBERET, BETREOETIZ Y X2 70X ¥ h BRI
KEL KD Z i<, iTPS TORBHHHE T % AIREMEIMEWT A3, EFMRE T, R (1)
HPRRED iTPS 23N IV b =7 Y OEHKRETH 258 %2RV T), FREEEE L DITEFIT VXY I X
YEDPHEARLET, £D®, iTPS TORMKEEZROIIZIE, RIFEICRIUIZ 2L, iTPS DAY R
K REL LB TERDEFRA, bBAA. RYRKILEREL TR ZDONFIHEaZ M ALE
TOT, HEWNZFEEROEF TIX, iTPS W TERHEFKELHE X AT E201%, HEEICR
EXNFE T, HAMRERRREEEIE T VIKEFEL 30, HIIERA BB, HEERHOMEIR 2
REZX JITHLT, t=0(1/J) BEORMDRIICZ 2 Z e B2 VWTT,

H O —ODEWX, HHELLZVWYHEESRORHTY, EBRHEEEZERREOFEICHV 2581, +
TR VERERIEZIT - 721212, B INCREIRIBICEIETE TWIUIR VWD T, @O & TIKEED, 1E
LWERHREOREE» 20T TVThH, KERMEIIEL F¥A, — /T, EREEEEZITOHE
W2, RIKIREEZ T TR, BTIREORBFEEZDDDIICHENRH 2 Z A2 nw e BbhE ¥, REEF
JEDREIE G & ET 2720121, iTPS DR Y RATTE K E L T 57213 T4 <. Suzuki-Trotter 77 f#T
DA A 5t DTN ES LT EIREND D £F, Fioo RMTILET T, ERD Suzuki-Trotter 77 % F
W HDPIRNZIGEE D H D 3, TeNeS Tld, BRI tenes ICANT B AN 7 7 4 LD evolution &
7Y arvERET S I LT, EBROD Suzuki-Trotter JRICHIET 3 Z e B TEE T,

6.5 BREEIRRERDRIR
2 ETIE, BTZEROMPIKEE |U) 2R LTV Yy N —ORBEEEZTOE LD, H
BO#E Z2 T, BRIEECHET 2 RAIRE

eiﬁH
p(B) = Tre—BAH

DFIYINIY VI —=IRBEEZDZILDTEET, 2T BERE T ITHET2HRE S =1/T
ZRLTVET,

MPERBEORF L AR, NED S =12 8FRALYREFICEZ 2 . ARIBEOEAIKEX

p(B) = Y (PO st shy s (51,82, s
si=t,dosi=1,1
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LETIENTETT, CORBURE (p(8)) 52N OF YRy b U —212 X 5 EBE. B2 MPS

81,8254+ SN

2750 GEET) 12—t L7z, 1THIfEHEE T (Matrix Product Operator(MPO)) % F\\ T,
(PPO(B)) S = Py )T sy, 5] T sy, s

51,52,-.,SN

TRIZEDWTE, MIET2XA4 7275 L%

MPO __
0 —

Ti '[87 5/] —

DEICEL Z B TEF T, MPREOSGE v R, WENELD 2ESREICH LT, FLT
Y NVERERICED RS IMPO ICX D, HERROREZR T Z D TE, FIZIE 1 X0tlZ2 294+
MEERTFME Z FFOIREE T, XHET 5 IMPO DX A 7 275 Al

iMPO __
0 —

DEITHED KT,

TeNeS Tid, BEREOERB L LT, ZRITDERIZIRD o 77 > YV VFEEE T (infinite tensor product
operator (ilPO)) ZHX D e\ [TPO] . Ffiz, WMidENFMEZ R 2 IEAEFRO XYy V=2 ZRELET,
ZDEE. iTPO DR A 77T Lk,
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YELZENTEET,
TeNeS Ti&. HIRIREOEARE p(0) . REERAICKIET 3 p(8 = 0) ZHAIRIE L LB H5RE
p(B) = e~ T p(0)e T/

ERVWTEHRLES, 22T REERKTIE, FETIRBEMTINCKE > TWD ZEIRERL TS
WV, ZOMWED S, HlZIR. REMRAKDIKED iMPO £BZ. RFTRREAATIIO T > Y VRIZE D, &
A7 77 LTI,

iMPO(O)__

o

D &1z, BAATHNSHIGT 2 "B DPUSRZ 212D £9,

TeNeS Tid. EARBIIN T 2 ERFFEFERE L. MFREET O ERFFFERE O B ik & LT, iTPO OHifH
WTOEMR 2 ERHFER: U TEREL 29, BEINEBOSETOREIE, MPREOSEITHWE
IRE[H 8 T D Suzuki-Trotter 47 f#=<° simple update 7%, full update K% 1XE. ZOFEFDOETHEHHAT S Z
YW TEET (TeNeS TIXFIIFAA T, simple update IEDAEHR— P LTWVWET),

RAIRED LA < RFTH s/ ME B

2
iTPO T’H{,j/QpiTPOe—%’Hij

min || p;; —e 2

D THIBRTE, WIET XL 77 F 61, (RRTEEEZ T, iMPO DETHIL &)

iTPO _T S _Tqy..
0y e 27—[,Jp1TPOe 5 Hij
Bond dimension = D Bond dimension = D
- %W e

WD XTI,

iTPO Z FW/-HRIEEIRFEEDFE ¥ iTPS ZHWIMEREOFEICBIT S, 713V XL EO—FK
TEWE, WIFERIEICERSZ T YRy b U—21IZk D 3, BREWRE p 252 o -RoyHe
O DHIFFAEIX.

Tr(pO)
Trp

TRMEINZFTH, Trid, iTPO DXILT 2 ETFTDREEDR S Z ITHY T2 DT, iTPO DFEATHRD L

ToREORIFI-TYN
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EHWS &, BlZIE. 9RO Trp i, FPSKEEDIARFEGTE CHNAZ ZRTIEAETFO XA 7 75 L L [H
—DREBICR D, AEETHIRR Y CTMRG Z WA LEHER A EEIC 2 D £ 5,

ARV RXIL D @ iTPO ZHWT, R R x A {THIRB 2% X 255D CTMRG tHE 2 2 M &,
O(x*>D*) £ O(x3D3) DRKELRF TR =L LET, ZOFHERE FULUARY R D OFFRERICN S
% CTMRG L HERT/NEL o TWETH, EVWDOFRREIZ, BN TRLET YV ADARY RRITH, ik
RREDOFHETII D2 ITR->TVWE AT, BAEREDBECEIDDEETHEIL T, ZDEWVIHIE
LT, AIEETHIRBEORY FXIC x b, MPHREXIZELZD. x o O(D) ® X512 DIl L T
FIRERVWI IR DET, ZOXMFEDOTTIE, CTMRG DMEaZ M O(D%) iIciz b, HERZXEY &iX
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Z ZTIX, TeNeS DFIHICH 72D K FHEOLNZEMICOWT, [E L —HIHMTLET.
Q1. full update DEEUZE D L 51T UTVVNT T ?

Al. full update 2175 Z ¥ C. FHEEED LD 325, FHEICKED 252 X 512D £3, full update
DEENIFT R DMERER R >~ FXIC, DELFTERMEOFDENC LI s THRD L L XWTL &9, T2
%7212, 13U I simple update 723 21T o THASLDH—D2DHIETT, £/, full update DH{IZ simple
update ZfTWHEEIREEIZIAOWT WS & full update ZRFRINIITH TN TEFT, L. BHrET
REE (R UMK ) T, simple update TIXIE L WHEEIRBBIZE D R WIEE X, #1125 full update
ZITOREDDD 3,

Q2. simple update DEEIIE D L S22 AUV T T D ?

A2. simple update DEEZIR A ITHEP LTV L L EEKBIGE D E T TTA, BEDZ I lve v
IHDTHRL, R RRILAVNZ W update DR TEHEIFENEL R-oTLESIHEDH D ET, &
BRI EL Vo TWERE S hid, HERED T X )LX —% simple update DEIZZEZ Ty F LTHA
52D FT, update DEEEZEHERL L TZRVF =D RN -T2 TAHREITHEER LTERHAT 2 .
BWTUL x5, JloFgte LT, update ZEPL L TZAAF —DIIEED SR Rol TAH R EAR
CLTHHAT2 I TEETH, 2RI LT —H/h e ERD 8 A,

Q3. RY FRILIF LD LS eIV TTH?

A3. R RT3 LR ED L2 2 b D ICEHRERES R ) £ 3, SHEERES KD -0
HRICERINIHEEDNT VA2 AT, Ry FRILZRDZ2RERH D $T, FRY FRTE2E(ME
% ¥ %213, lattice.virtual_dim ¥ parameter.ctm.dimension % HE) X ¥ TE1 T Z e EE TS, A
Wi, BEEETE D 2 /Y EOEZED 5,

Q4. BERIREEDIEL 2T 21235 THIRVNTL £ 90 ? Ad FEFICIELWVWE WS Z & B {HEET
ZDIFH L WT T2, GSLBOMEEHAEL TX D 3L F—DRWIREBD R WH RS 2 D —FKfE
HlhF v 7 FECREDE T, £/, aX 2D 234, M52 TRIEIRED R & 72 2 IkER
W ODPHELT, ZhAZWHEEL LTHELTZALF—HBETS L WI D HRTY, Zofth,
2=y bEALOBKEEZ T, HOEZ LT —IREIHENRVDLIHERT 2 I DEETT, 4 XDM
XD D T TVEEN AR CMTFEE O EITS e dBEIHLTVE T, (BENSALOFEIZH ©
X EICHICTEE T, )
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