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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 T =TT, Z RS F L TERSINIBTFAL VERREDZEANILV =T
> DILEIRIER B E KD, BULCHEES R OB ERZFHE LT, Hor LOERIN-FHA .
AL TIE, 2= —=DHREICAT 7 7 A VEAERT 2720DY —A23d D, [BICHEBTEE T,
OpenMP/MPI N4 7' v FHFNZHIE L TH D, KREEFTERKIC & 2 KEBEG RO IRET T,

1.2 BIRE

TeNeS AT DX Y N—THEL TVE T,
o RAR B CRERFRFBE HARWTTERD
o PR TES GREUREE PITERTSERT)
o AR CREUREE PIPEWTEAT)
o SR B CGREUREE MIEWTIEAT)
o DR A CGREUREE PITERTSERT)
o I B EHE CREURE: PIEWTIEAT)

1.3 N\—=2CaVERE

e ver. 1.3.1: 2022-10-21 12V V — &,
e ver. 1.3.0: 2022-10-20 12V Y — &,
e ver. 1.2.0: 2021-12-13 1TV V — &,
e ver. 1.1.1: 2020-11-09 {2V VU — &,
e ver. 1.1.0: 2020-07-09 IZV VU — &,
e ver. 1.0.0: 2020-04-17 12V VJ — &,
e ver. 1.0-beta: 2020-03-30 {2V U — X,

e ver. 0.1: 2019-12-04 12V Y — &,
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14 212X

RKYTZ b o270 70l o580 5 —IBXUY —Z2a— F—3UX GNU General Public License version 3
(GPLV3) WHEL Tl ENTVE T,

1.5 i

TeNeS Z W= FERZ2HIRT 258121, RO ESIHL TW=ZET % 8 WTT,

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—51F

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

RKY 727 =27 D—EN 2019 FEE HAE REWMEMZET VY 7 v 27 EBE Y 27 OXEERZITE
RBENTEY., ZOFEMEIERREDFELTOET,

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 I T DF7 A4 77 VIKFEL TVWETH, HETX Y o — FBITEL BRI T,
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 77V ZH L £ 35, Ao oiRd - 5E87% 812,
<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 7 —/LiZ Python3 TEPNTEDH., »SADiE -7 python3 2~ > REHBRNCEEIL T, Y—1
DFEITH S AT VEEITIE, type python3 72 ¥ ZFH LT, python3 I > FIZ/SZHE - T\
DR L TLZE 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,

o tenes_std: FTED 7 #—~< v MW, BO TR TEMLR Y E2ER LI=AS 7 7 4 VEVER USEST
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




TeNeS 1—H—<=a7J)l, V' J—2X1.3.1

. 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

% P—v VIEPRERT VY Yy VBB EDF YA FEHEY A PAIAL T2 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,

[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
(RDOR=I1ZHKE)
8 EIEBFEAHAE
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(HTDR—T 5 DFEX)

[parameter]
[parameter.general]
is_real = true # use real tensor

[parameter.simple_update]
num_step = 1000 # number of steps
tau = 0.01 # imaginary time step

[parameter.full_update]
num_step = 0 # number of steps
tau = 0.01 # imaginary time step

[parameter.ctm]

dimension = 9 # bond dimension

3.2 tenes_std DfEAAE

tenes_std 352 6NN IV b =7 U6 BREZIA 7 OEREFEEBEET exp (—7H;;) ZEHH L.

tenes DAN 7 7 A NVEERTZ Y —ILTT,

$ tenes_std std.toml

c BB LTI 7AW T
e tenes DA77 ANEHILES

e ARYRZFAVFA T aVIUTDEDTY

— --help

* NLT R vt —Y DRI
- --version

x* N—=a VEEDRIR

— --output=filename

x* 1327 74 VDLH] filename ZIEEL £ 5

% 7 7 4L M input.toml

* ANT7 7 ANKBERE 7 7 ANVKICTEILIITEEREA

A7 7 4 VX tenes_simple T HAWTAERTEE T, BT, ANT 7 ANV ERRETLZI LT, EEX
NTWRWEE « P TORTEMTRZE T, AT 7 A VOFEEMNZ tenes std DAFIT 71 2B LT
&V, IR, EABTETEREINEZAE Y 12 DAL B RVLTERID AT 7 7 4 AFHITT,

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: vy coord of the other
310

001

101

RDR—=J1ZHK )

10 BIBFEAAE
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(HTDR—T 5 DFEX)

201

301

elements = """ # nonzero elements of tensor
0000 0.25 0.0 # first: initial state of one site
1010 -0.250.0 # second: initial state of the other
011060.50.0 # third: final state of one site
100160.50.0 # fourth: final state of the other
0101-0.250.0 # fifth: real part

111160.25 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

non

[[observable.twosite]]

name = "hamiltonian"

group = 0
dim = [2, 2]

bonds =

1

w N R 2 W N R
S @ @ D = = =

elements =

0

QR @ Rk @
e T — I N — )

i = = = —]

00

R @ @ R B

0
0
1
1
1

non

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

RDR—=J1ZHK )

3.2.

tenes_std DERAE

11
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(HTDR—T 5 DFEX)

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

group = 1

dim = [2, 2]

bonds =
1

T W N R WN R
o e @@ R~ Rk R
e S U Y — R — N — B — )

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

3.3 tenes DEAAE

tenes IIX A 0o ATE,

$ tenes input.toml

c GIBELTANZ 7 ANHED $F
s ARV RIA VAT aYIFLI D@D TY
— —-help- NV T X vt —YDERIR
— --version- N— a VIEHROFETR
- --quiet - EHEH M FEEHSBNESITLET

ZLDELAICBVWT, 2=V —DDANT7 7 AV EHERET 2HBEDH D F¥A, A7 7 4 VDI
tenes DATT 7 7AIL BB L TLZE W,

12 BIBFEAAE
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FTA4E Fa—rUTI

4.1 WEHEIZT >V TETIL

Z ZTRMREE A ¥ v BT MK LT, BillG 2 2t X8 =55 058 oW TN LE S, A7 7
ANDEE hx VS Z L THIGOKE X 2T 2 Z 2 BSARET T, FlZIR. BEREGH 0 DA,

[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

Jx = 0.0 # Jx SxSx

Jy = 0.0 # Jy SySy

hx = 0.0 # hx Sx

YLET Oz = -1.0 2D T, hx=0 TIXEBEIREICZD F£9), ASIT7 7 4L % simple.toml ¥ L7

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

PEITTZ T ENHBEINE T, (BorUD TeNeS 24 Y A b= L1=0b, HEEZR PATH %
BUNCREL TLEEW,) 5HEEZEITT S 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 0

SzSz =0.50

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

Wall times [sec.]:
simple update = 3.545813509
full update 0
environmnent = 0.123170523
observable = 0.048149856

Done.

14 FA4EFa—LUTIL
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DI ICHAEDFETINE T, BHICHINLDOERB LTV VY VOERENFRREINE T, RGIHHE T vt
ZADFEATIRMOFREINE T, HERTHE. 194 MNEET Sz, Sx BLXUNI L =7 ¥ hamiltonian, &
ITHAHARY SzSz, SxSx, SySy D A +H 7= b OMARHMES I SN F§, RRICT = — X T & OFtHER D
SNFT EHEMID), FEKRTHIX output 74 L2 bV IiZ density.dat, parameters.dat, time.dat,
onesite_obs.dat, twosite_obs.dat Z3ZH NI NE T, K7 7 A VO, HAT 710
LB ZELEX W, HlZIE <Sz> DfEIE. onesite_obs.dat 2 5atAE 3 Z 8 A[RETT, hx #o8F X —
KXY LTO02HATO3.0FETRoS L ZDERE2 FXNICERRLETS,

B, By F VA2 YT hofle LT, sample/0l_transverse_field_ising 7 # /L X W
tutorial_example.py, tutorial_read.py 23H b %3,

 tutorial_example.py DHE

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)
cmd = f"tenes_simple {simple_toml} -o {std_toml}

subprocess.call(cmd.split())

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

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

o tutorial_read.py OHE

41. BHEIS Y IETIL 15
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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
mag_sz = 0.0
mag_sx = 0.0
with open(join(f"output_{idx}", "density.dat")) as f:
for line in f:
words = line.split()
if words[®] == "hamiltonian":
ene = words[2]
elif words[0] == "Sz":
mag_sz = words[2]
elif words[0] == "Sx":
mag_sx = words[2]
print(£"{hx} {ene} {mag_sz} {mag_sx}")
except:

continue

HOEML D tenes R EWC AR ZWEL LT

$ python tutorial_example.py

¥ L TEITTEEF (MacBook2017, 1.4 GHz Intel Core i7 TEOBRETHENETKTLED), Bohr
FERIZ

$ python tutorial_read.py

Y53 CHEETE, hx, TAxLF—, <Sz>. <SxoHHhEhFT,

fig_transverse 7°5 hx VR E L R B2, <Sz> B 0.5 SR L /NI D BERINZIZ 03—
F. <S> X 0O RELBRDEEINCIX0.5ITRZZENTHID ET,

16 FA4EFa—LUTIL
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(5%),(5%)

4.1: <Sz>, <Sx> D hx R1EME

4.2 =ZARF « EARFNTEIRILIER O LBIE

RICEZAB T ETERSNILALEY S =1/2 DB FA LRV BEBOBGEBROFEZHENL 5,
NINF= 7/@&?@&9k&0i?
x,Y,z
H=7Y > S50 - hZSZ
(i,7) o

Z 2T (i, ) IIBEEY A4 PofHER L. hﬁzﬁﬁﬂ#ﬁ%ﬂtﬂ%@%@k%é%ﬁbiTo9®ﬁm®
HEREZERL, 2=y ML OVEL (S.) = §- Nu(SZ) ZRES h OB Y LTRDTAHEL &
5 (N, lZ2=vy b ALADY A FED,

ZDETEEITHITIE. sample/05_magnetization D7 4 L2 F UIZH % toml 7 7 £ L basic.toml ¥,
python 22 Y 7"} tutorial magnetization.py ZF|H L £¥, basic.toml 7 7 A /ML, BEIDFRE
RRT R —=RBREPTLRENTVET,

[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]

RDR—=T1ZHK )

4.2. =ZARF - EARFNAEURNILIREOB(LIBTE 17
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(HTDR—T 5 DFEX)

iteration_max = 100

dimension = 10

[lattice]

type = "triangular lattice"
L =3

W=3

virtual_dim = 2

initial = "random"

[model]
type = "spin"
] =1.0

lattice 7> a Y TE=MABFRIEELTBD., 2=y P EILOKREZIEIIXxIZIEBELTCVES, ZIT
FETEREL 3272912, simple update 72T EfT-oTED., BRBEOZAE =001 2 LTVWET,

FREHEORD, J=12 LTWET, ZOHRAK
TS ERI L 20RLEHEL 9,

FTET 7 AT RHNT,

tutorial_magnetization.py

import subprocess

from os.path import join
import numpy as np
import toml

MPI_cmd = "" # e.g., "mpiexec -np 1"
num_h = 21

min_h = 0.0

max_h = 5.0

num_step_table = [100, 200, 500, 1000, 2000]

fmag
fene = open("energy.dat", "w")

for £ in (fmag, fene):
f.write("# $1: hz\n")

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

f.write("\n")

for idx, 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} ")

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

RDR—J1ZHi )
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(HTDR—T 5 DFEX)

fene.write(£"{h} ")
for 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"

with open(simple_toml, "w") as f:
toml.dump(dict_toml, £f)

cmd = f"tenes_simple {simple_toml} -o {std_toml}"

subprocess.call(cmd.split())

cmd = 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() == "hamiltonian":
re, im = vals.split(Q)
ene += float(re)
elif name.strip() == "Sz":
re, im = vals.split()
mag_sz += float(re)
fene.write(f"{ene} ")
fmag.write(f"{mag_sz} ")

inum = inum + 1

RDR—=J1ZHK )
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(HTDR—T 5 DFEX)

num_pre = num_step
fene.write("\n")
fmag.write("\n")
fene.close()
fmag.close()

CORAZ VT ITIE WHhZ 0055 FT025LAATE LY, BERKEDOZ ALY - (S,) A
LT, energy.dat 3 & fmagnetization.dat \IZHJLF3, simple update DR R T v FH% 100,
200, 500, 1000, 2000 £ Z{tL X Bzt TDEF 2 R 27012, SHGTRT v TRELEZ G HE T T
¥9, ffREZES T0IT. PRVAT v TETHELNEEIBB OGN % tensor_save IZfRIEL. %
NZ2EIHZBVRTy TROEEOFHIREL LT o TWET, HlZiE. OB T v 78% 100 ©
L7RtEZ T THERZHE N LIH . 27 v 7100 OFTER TREOEEIRIED 5 X 5127 v 7100
DEIEZIT- T, FERINCR T v 780200 Ot EGEREZHE T,

HRICFEITLTAZLE D, HDOLUD tenes R RABHE L LT

python tutorial_magnetization.py

WEDHEAETLEST, /—FPCErZr7uty ) CRIBEEMEEOHERE LD £3, SHEMK
T UL7/5. gnuplot ZZH L.,

load 'plot.gp'

LU, K42 AN XS R — TR oRE T, RIS

load 'plot_ene.gp'

TR, K42 DEKD &S BREBEIAINVLF—D T 7 73800 F T,

TR ATy TR BN ZIEA T v TH2000) DFHERERD S DD 5 K 512, BHERIIZERREIL (S,) = 0.5
D130 tDL 2 AT, 77 b—WBEPELET, TOTF F— LTI 32D FLEORAE YA, 1,
L EHE L 2SR R L. A Yy THELCTVET, 2077 b—EE AR TREDD
DTT, EBRCFIHEBELTTVEIDE I DEADIIE. TALEF—DRT v TRIEENSE KD £5,
BHRENEZRA Ty THEEPTIZEEEL IV F =2 A 2133 TTH, —EORSEE Cldic KK
VX —=DEMLET, ZHSGITERBERHE D TTOVARWKIRTT, R FROLEELCTRE LT, &
DETEREZED 20END 3 Ll XhE T,

TRIEABTTBHELIEER>TAEL XD, sample/05_magnetization D7 4 L 27 FUHIZH D
toml 7 7 £ )L basic_square.toml ¥, python X2~ V) 7'} tutorial_magnetization_square.py % #|H
L %9, basic_square.toml (. lattice 7> a VMBURDXIKEEXNTWVWSIEHIT basic. toml
EFRICHNETT,

[lattice]

type = "square lattice"
L =2

W=2

ERICHEZIT 5121,

20 FA4EFa—LUTIL
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-0.2
N nstep =100 —— 0.5 nstep=100 —— R B
-0.41 Ry nsteB =200 1 nS}ep = %88 L B
R st 1000 - nstep = 1000 -
-0.61 ot RN nsteB = 2000 T 0.4[ nstep = 2000 * ///
0.8 o8 : -
0.0 T i A
> 0.3] Pyl 1
8 _1 \\"\ 4 C’;‘) /ﬁ/
w 0.2} P .
-1.2f —44f;y%
-1.4f 0.1 /%42” 1
A
-1.67 ot 1
18 1 2 3 4 5 0 1 2 3
Magnetic Field Magnetic Field

42: AT ETFANA LAV IR D L3 ¥ — (£K) & it (GX)

python tutorial_magnetization_square.py

ELET, SEMET LS, gnuplot ZiEH L.

load 'plot_square.gp'

TR M43 AR XS B — T E e E T, Ak

load 'plot_ene_square.gp'

LU, K43 DEMD XS RERIANVF—D T 7 I7BFoNET,

A7 7H2000 TIEIFPCRLTHE D, =AFAA LB Bz 75 b —fEREH RN
DD ET, TIAF 3R ATy TRERNESE 2 LBDT 5720, DHLRERERENTT
Wb HEI ST,

4.3 =ARFLEON—FO7RY UERDIER

RRICEZAKT ETERE N NA—Fa 7 Ry UERIOHZED BT 2HRIOFHEZBNA L ET, HE
DNANINDP=T VRT3

H = Z[ bTb —i—bTb —I-Vnmj} ,uan
(4,5)
Z 2T (i, 7) EBHEY A POMAERL. plHMEERT Vo v, tidRy By T F — V IEBHEY 4
FEOHEEHOKREXE2RLEST, N—Fa 7Ry VBT, 34 FORY VEIZ 00 1 ITHIR X
NET, ZOFEATIZ, 200X A4 TOREHFFEIC X o TREOTF N3 WL OhOEHEIENS &
EDBHLNTOVET [Wessel] o 137 40 Y27 Tld, K44 DFARNTRT & 57 V3 x 3 &G %
HOFERMEPHEL 3. ZUIER Q = (47/3,0) DEERT S(Q) 25tH T2 Z e TR 52
BTEET, b5 —DOOFIIXHBEEFOMHEOK XX |(b)| TREO T & h 2 BIREIFF TF,
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TeNeS 21 —H—<3=27)

L, U—2X13.1

-0.4 ‘ ‘
g nstep =100 ——
06 nstep = 200
T nstep =500 -
08+ N nstep = 1000 =
“wy, hstep = 2000
5 >
S 2t \}\
C L\
W 14 N
-16 71
-1.8 71
-2
-2.2 ‘ ‘ ‘
0 1 2 3 4 5

Magnetic Field

- nstep =100 ——
nstep = 200
nstep =500 —*-

| nstep =1000 -~

nstep = 2000

Magnetic Field

B 4.3: IESTMFRFANA LRI ERD T 3L X — () Lz (GX)

COFBRIDFREZIT 51,

sample/06_hardcore_boson_triangular 7 4 L -2 b UHIZH % toml 7 7

A )V basic.toml ,nn_obs.toml ¥, Python 227V 7 b run.py ZFIH L £3, basic.toml 7 7 A /LTl
BRIDEERNR T X =R R EDFHEBREINTVET, 207 74 Loitidid, #iffio =AlgTF 4Ll
IR CIZIZRCTH 2720, NEBEIELET, M—DZHELAIIREKED model £ > a V7213 TF, &

ZT.

type = "boson" IZX o T AN—Fa7 Ry VERIEEELTED,

Yy 7B I UBHEY A MEMHEEHOREZIEHEELTVET,

nn_obs.toml 7 7 £ MIZIFFE T3 HEERTOIERI GBI N TV E T,

t=0.1,V=1C&K>Tkhv

[[observable.twosite]]
name = "<nn>"

group = 4

bonds = """

1

e i i e T e e T = = I = I — I — N — R — R —)
= 2 N R @ N B N PR @ N =R @ N
N N R R PR @ @ N NN PR PP RFrR @ @

RDR—=J1ZHK )
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HIDR=I D 5 DHEE)

N DN DN N NN DN =
= 2 N R @ N = N
N NN R R R @ @ N

N
N

ops = [0, 0]

ZD77ANMTEoT, HERT S(Q) ZitET 5 A TEET,
FEBICRZ Y 7 b run.py 2o TEHEZEITLTAZEL LD, HOMLUED tenes BRI RZ@E LI LT

python run.py

WEDEEZEITLET, Bo~tBORBETHEIKDD 5, FHEINT L7256, gnuplot ZHEEE) L.

load 'plot.gp'

TR, K44 () O XD BEERT S(Q) L BMBEIFT T X=X |(b)| D7 F 7038 6NE T, KB,
ZZTRIBICHW R Y RRITIINE W (RY RRIC2) 728, SIEMEZZUIYELS DD FHA, X7
UZ b run.py ODFETIX Y MR TWE 472 a XY 7D 235 28T, KERL2D T, X
DEFSEOHEZITO LB TEET, ZOMEE M440)ITRLET, ZONDL, ROREIRER 3
FEHOME, 2% D () BREHE (0.5 < p/V < —0.2), (b) FERME (0.2 < p/V < 2.4), BXO (o) BIREIE
KA QA S/ V)DBND ZeBbrD T, ZIUILITHADERETESG L KT [Wessel] o

(a) o12 (b) o012
0.1
0.08 > 0.08
~
0.06 6;
0.04 9 0.04
0.02
0 0
1 0 2 3 -1 0 2 3

,
n/V

,
A%

4.4: ZAE T L= a7 Ry UEROREEIREHEK. (2) R RRITH2 DL . (b) R RRITH 5
Dr = AR EAED & = Ok FEE.
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BE

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

4.4 ZARA—FRE—FRICLZBF - 1EE - BEFOES
ARYE—=RE—REMHED & 2 —P2MEIHET - SR - HETEZ2ERTEET, TITEREXYX—FK

E—FOMWLZHIIL 7,

441 1=y bEILDERE

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

[tensor] # IOV TEERLD?
L_sub = [2, 2] # 2x2 unitcell
skew = # y HADORALEZ-FED x A Th

[[tensor.unitcell]]
virtual_dim = [4, 4, 4, 4] # RV XL (<, T,—, | DIE)

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

initial_state = [1.0, 0.0] # FIHIREEDREL

noise = 0.01 # T Y L0 5E

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,

442 &8 (NISILbZT7Y) 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
Y i

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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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.127205

TeNeS 1 —H'—<=a7JL,J)—2X1.3.1

[tensor]

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

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

index

X 4.5: [tensor] ¥ [[tensor.unitcell]]

4.4, REVA—RFE—FICELBRF - BE - BEFOER
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[[hamiltonian]]

=D

i,j RYENZ V=T

source  target| dim = [2,2]

O -O soué&: t:a\rget nNEnTh

AEY E@ELTEED 2 DOREZES

— bonds
target

e O bOI’ldS - wnun

Tri=n 13K
sourceo- i:source H hEIERE
(=0 (;11 ) jisource R FH5 +x FANDHBESD
k:source R FH 5 +y AENDEES
eg) target target 1 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 ¥§|3 E%B

4.6: [[hamiltonian]] D[]
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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 FOES (11T1 KV F)

010 # 15|H: 2=v FEILHND source DEHFS

110 # 2%H: source H 5 A7- target d x FEIZE (ZHID)
210 # 3%H: source 25 A7- target @ y PEIZE (ZA1)
310

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] DHLD 5 ZIREEE DNt
elements = """ # NI TrD FE¥eR) fTHEE (1171 EEH)
0000 0.250.0 # 15H: fEHREID source DIRGE

1010 -0.250.0 # 2%5|H: fEHRETD target DIRGE

011006.50.0 # 3%50H: EFHR®D source DIKAEE

10010.50.0 # 4%H: fEH%D target DIREE
0101-0.250.0 #S5%¥H: BEEDEH

11110.250.0 #645H: BHEDEHN

elements @ 1 {TAMTHIER 1 DITWE L E T, WMHIDOTEE 2 DIXEHETIEH 81 D 294 b Fh 24 (source,
target) DIRAE, DO B2 DIFHATEH 8 D 2 A b ZNE4 (source, target) DIRFEER R L., 585 2
DOBEIIITINELRZDE e B ERLET,

AN EZT Y

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

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

elements =

RDR—=J1ZHKe )
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HIDR=I D 5 DHEE)

10 -0.50.0
01-0.50.0

B4 MlEsites TIHELE T, ZBY A MITRTOIA F2EKRLET,
17432 elements DIEESHTEEZIARY FAIN M7 Ve AETT (EHTAHA 21 DTHB I I

),
4.4.3 BEFDEE

[[observable.onesite]]

~

o _ (ﬁl 0.0)

—0.5

EXODEZDAEFIREITNITREN
elements = """

20 0.50.0 <« (0/S%10)=[0.5

11-0.50.0 <=— (15*1)=}-0.5
HER IR

mmn

4.7: [[observable.onesite]]

RAEHNCHIRHMEZ 5153 3 2B 71X [observable] DINICER L £3, BEIX 1 34 MEETF 2 294 b
HE T HEAEET T,

EBEDOLEHEAIN =7V ERABETTH. 4l name ¥ HETES group NMLETT, HETESIZ
194 MEETFE 2 MEET 2 THHOPNTT, BB, TXALF—HET (NI =7Y) 3dH
5725 7T [observable] ICERTAIMNENH D T (0 BOHETHEREINTWARWVEE, tenes_std iZ
[[hamiltonian]] DAARZ HEITa—L ¥ 9),

194 MEEFOHE LT, A YDz Ko7

05 0.0
5% =
0.0 —0.5

BEZDE. THIRD XS ITKRBITEET
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[[observable.onesite]] # 1% 4 FEET

name = "Sz" # FH0

group = 0 # 194 MEETOMAIES

sites = [] # 194 MEEFVEHT 294 T O&FS ([J EZITXTEEKRT 2)

dim = 2 # 194 MEEFOXIT

g 1Y A MEEFTAIOIEErER (11T 1 ER)
# 1,2 %H: fEHRATROIRE
# 3,4%H: EROFEHE - BEB

elements =
00 0.50.0
11-0.50.0

294 MERTOFl LT, BilERY FIcB 2 Sz M 5757 2Hlici s &

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

name = "SzSz" # i

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

bonds = """ # fEHT AR F (¥4 D

1

N PR @ W N Rr

S D D B ==
e = = = —]

non

ops = [0, 0] # 1¥ 4 MNEBETOEMTET 256, Z0@iES
# SHENE"Sz" N0 FED 194 MNEET
# elements ¥ L CITHIERZ[FICEL Z & HAJHE
# (R IAInr=7 e EIULERD

Y ET, RYROEEFEZRY RAINL TV EREETT, TAIEZRIZOVWTH, RV EAIL
b =7 v L [EIFEIC elements THRET D 2D TEZ TN, Zoflo kS, 194 MEBETFTOEBTE
JBEEITE. ops ERHWTZOMAIRETRTZ LI TEE T,

4.4.4 ) . RABIHHORBHEMSENTE I RILTIRE

HOTAINL =7 EELHE LT, RRESEGTFOIEFTETERBEEANA o RNV R2E 2 5,
NIV =T

H=J> S;-S;—hY S;i+h) S
(i)

icA jEB

4.4, REVA—RFE—FICELBRF - BE - BEFOER 29
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TF, TTT Y, GRS A FIICHT BRIT, A, B BERZNESHTOMBTERLET, &

YERANINLMZT Y H X

Ty A NI T Y H WX

H;

—hS?

(

—h/2
0

0
h/2

)

T3, 7222, MiERfle LTI =0h=1%2FZXThAbL. AJJ7 74/ (sample/std-01_model/

std.toml) {ZXD & 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]l]
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—=J1ZHK )
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(HTDR—T 5 DFEX)

initial_state = [0.0, 1.0]

noise = 0.01

[[hamiltonian]]
dim = [2]

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

110.50.0

[[hamiltonian]]
dim = [2]

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

11-0.50.0

non

[observable]
[[observable.onesite]]

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

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

non

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

group = 1

dim = [2, 2]

bonds =
1

w N PR W N =

S @ @ @ Bk = =
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 O 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 = = — I —)

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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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,

trsarg AiEH tenes_simple tenes_std tenes

parameter MR X —& copy in / copy in

model BRI F X — & in

lattice BT 8T X=X in

tensor TV out in/ copy in

observable HIE S 5 HET out copy in

correlation FHBERE%L copy copy in

correlation_length fHREE & copy copy in

hamiltonian NINb=ZT Y out in

evolution R R EEE T out in
. "in"

- VIO a OEREFBELES
* "out"
- V—AFZDkITarEHCERL, BALET

* "copy”
- VIO a v EEERTICEDOEEHNILET


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 77 ANT7 +—=v NI TOML R

» model, lattice, parameter, correlation ® 4 DDt 7> a v EHFHE T,

5.2.1 model o> 3>

- parameter 7 a VIZZFDEFRAX VR —FE—FDODASANLa—XNT T,

FHETAEAZIEELE T, A YK (spin) BX U K Y VR (boson) DEHRIFAT T,

eI A i F7 4
type I DFESE ("spin" B L < & "boson™) pel

B DRI & o THEEHRE DRI X —=RAHBZEDD 7,

AE > % spin

2%

HZ:E:{35J35$$”+BM(§'502

1<j (e

—RIED ST X —RIZRDED

T,Y,z

S hesr - DY (si)

i

EAY:i] A G| VAVE I
S A Y DRE X FREEBLL | 05
(e i)
hx Se JF D[S he R 0.0
hy SY Jia DS hy FH 0.0
hz S* JiM DS h* FR 0.0
D FoH A4 AV VEGHED FE 0.0
REAHEAEH JWZIERY FIREEZ 285 28N TEE T,
24l #thH il F7 4k
70 Bt - 55 0 AR > R o E HAEH e 0.0
J1 Bt - 55 1 AR > R OEE EAER e 0.0
32 Balid% - 58 2 7R > R o E B AR E 0.0
10" TGl - 5 0 7R > R O HE EAEA E 0.0
J1 ot - 5 1 7R Y R OREHEEAER FH 0.0
32" TOIEHE 55 2 AR Y R O HE R FH 0.0
Jor! G - 50 AR Y R o EEEEH FH 0.0
I OG- 5 1 AR Y R o R FH 0.0
J2" G - 5B 2 AR Y R o EER T 0.0
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ok, ZXOREMHEER 252 25813, BHiEX TV +—T—Yay=—27 " THATLEZ W,
AR ROAHMNE lattice 27 > 2 Y TEBRIN DB FIKIFEL T, FIZIZEAFKTTEx AR O) &y h
M) O2EEORY FARIZLICERTEE T, HAERTHSEERT S 2T, TXRTOHANCD
WT—EIHEETEET, £, BRIRIC xyz DIB—XFEEEBMT 24DV MR EIEE TS
¥9, H—ARYF-FA—BoZ 2B HEET 227K TLET,

Order

omit : 1st nearest neighbor

! : 2nd nearest neighbor
: 3rd nearest neighbor

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

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

WM EAEH B & J AR Y MKEEZ b 8o E T,

£l #AA ad F 7 4 b
BO B HE - 55 0 AR Y RO KA E/EM TR 0.0
B1 Bolif% - 88 1 AR Y RO AHEER FE 0.0
B2 Bl « 5 2 71K > F ORI EAEH FH 0.0
BO' JGEHE 550 AR Y ROW KM E/EH FH 0.0
B1' JofHE - 51 AR Y RO - XKEEER FH 0.0
B2' JGRHE - 552 SR Y RO XKHEEEH FH 0.0
BO'' ZOEHE 50 AR Y RO KA E AR FEE 0.0
B1'' =EJ0EHE - 5 1 TR Y RO REEER FE 0.0
B2"' =0 - 5 2 TR Y R O REEER FE 0.0

YIHEHEICEDNS | A MHE LY LT, S* ¥ ST, (parameter.general.is_real = false 725
) SY PHENCERINE T, Tz, 294 MHEBEE LT, RV NI b=T Y

x,Y,z N . 2 1 T,Y,z
Hm::[E:J553%”+BM(Sr5%>]“Z[E:ha0$l+5f)+130532+(5ﬂ2ﬂ7
BRUOBRIEAR Y N EOMBE 578§ (= 2,y,2) PEHBINKERSNE T, ZIT, A¥Y FAILb=T
YDIL, 2 Z0E0DHA M SMUBEEERY FOARKT, $—REHOFGIIFOERY Fico
AERINE T,
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RY > % boson

Ry v%

H= ; [—tij (bibj + b;bi) + ‘/ijninj:| + ; {Unl(n;_l) — ung

TZThE b IEAR— RN FOEREREE T, n=0bb XEHE T,

—KIHD T X —RIIRDED

44l #thH i) F7 %)V bk
nmax 194 MITABRTDERKE B 1
U oA bFN FEE 0.0
mu fLEERT > v L FE 0.0
Koy 7t BIEFI7H A4 PRIV ITIRY RFIKEEE D /B2 TEE T,

| @i i 77 AN
t0 Wit - B0 HARY ROKRy BV FE 0.0
t1 Wit - 5 1 AR RORy BV FE 0.0
12 ¥ - B2 AR FORy BV FE 0.0
10" KiE¥g - O HAARY ROKRy BV FE 0.0
t1' Tk - 5B 1 AR RORy BV FE 0.0
t2' JoEHz: - H2HMRY FORy ¥y e 0.0
"' =GR - B0 HARY RDAy BV e 0.0
1"’ =JOEHE -1 AMRY ROk By E 0.0
2" =JOEHE - H2 MR ROk By e 0.0
Vo Blif% - B O KR ROF 794 FJFA E 0.0
V1 Bl - 5 1 AIARY FOA 794 bFh FE 0.0
V2 Bt - HB2HMRY ROF 794 FJFH FH 0.0
Vo' TohdE - B0 HEARY ROF 7% 4 FFH FH 0.0
V1! KEHE -1 HBERY FOF 794 MFH FR 0.0
v2' Tl - B2 HEARY ROF 7% A4 FFH FE 0.0
Vo'’ SO - B0 AFRY ROF 7% 4 FFA T 0.0
v1'' SO - B AR ROF 7% A4 FFA FE 0.0
v2'' SO - B2 AMRY ROF 7% A4 FFA FEL 0.0

A2 FOHMANT lattice £ 27 > a Y TERINZEFIKFELET T, HIZIZEAETTEx A O) &y
M Q) D2EEDRY FAHMIEICERTEE T, ARERIFEEEZERTZ 2T, TXNTDOHMIZD
WT—EIZHETEET,

VHEENE I EbN2 134 FMEEY LT, n bbbl PEHEINICERINET, $/-. 294 NHEE
LT, RYFAIL =TV

1 i(n; — 1 oo
Hij = {*tm‘ (bjbj + b;»bi> + ‘/:Ljninj:| +- KUn(nz) - um) + (i < ])}
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B L UREHAR Y ¥ EOMB niny, bjb, bb! EBIICERSNE T, 2T RY EAIAL =T VDS
B, 2BV EDDHA ML MUZFAERY FORE T, £—RHOFEITAER Y FIZOAER
INFET,

5.2.2 lattice o3>

HETAETEIEELE T, LT (square) ¥ =T (triangular), D HEAE T (honeycomb) , 7> Z Hi%
F (kagome) DVEE SN TWVWE T, TeNeS TIHIKEIBIE 2 (ESHE FIRICHER SN T VYN KT VY
AR TRE L, SHEEZITVET, 207D, ZhootgT (WEKT) . RIS EARTED
BN DOV T H AR L 3,

i B ) P E
K

type ¥4 (square, triangular, honeycomb, | 75| --

% L < X kagome)

L 2=y bEAD x HHDOKE X B --

W 2=y bEADy HAEDKEX B L

virtural_dim ARY KK B --

initial FIHIRRE SCFH) random

noise T >y LS & E le-2

initial ¥ noise FZIENBIBMDWEIREE D 235 X —&X T3, 2B, parameter.general T
tensor_load BFHEINTWVWAHEHITIE, THODPBBILEIN, TUIAET 7 AADLHAAAE T,

e initial
- "ferro" : SREGIEIRFE,
* AEVRTIE, YA TS =5 L7225 KE
x R VRTIE. YA FTn=nm' 2% 5RE
- "antiferro": ROBREMEIRAE,

x* AV YRTIE, EABT. BOBRKTTS? =5 & 57 = -5 BHWIZIE A Neel #F,
ZAET. DIDIETT AL YD (0,6) = (0,0),(27/3,0), (27/3, 7) FFENZ N7z 120
*%r%_‘o

x RY VHRTIE. —ODEHETTn=rnmn, 272D, MOBERETTIEn=0 &7 3IREE,
- "random" : YA NI ANT T X LIREE,
* noise

- TUVNLNDHRZBIMNEINZDLEDKEX,
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IEA18F square lattice

IE/7#%F type = "square lattice" Tl&. ¥4 bA3(1,0) AENS LA, (0,1) AN WM 3, &
KBl LT, L=3, W=3 DL ZDH¥ A FOMiv%E K51 (@) WRLET, Fh Bl oIk, =X0hHE
DRY RRA TOEFEZX 5.1 (b), (), (d) CZNZIURLET, HFFfI bondtype = 0 DR N2, FREHZ
bondtype = 1 DRV FERLF T,

(b)

= bondtype = 0
= hondtype = 1

-
-

(c) (d)

= bondtype = 0

= hondtype = 1 = bondtype = 0

= Hondtype = 1

5.1: IEFKST (square) DH A b+ « R¥ K, (a)L=3, W=3 £ L7z ZDH¥ A FDIiN, (b) BRIEHEERY K,
bondtype=0 (&) ¥ 0 ESAIC. bondtype=1 (FR) 1 90 BTN %, (c) ZoEHEAR Y ¥, bondtype=0
(F) 1% 45 JE51E1Z, bondtype=1 (JR) 1F -45 AN %, (d) Z0FER Y F, bondtype=0 (§) i
0 FE/7 I, bondtype=1 (%) i 90 FET NN 5,
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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) HIARC LEL (1/2,3/2) Al WG g 3, BAHFlE 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
LEDOVA POV E M54 @) IR LET, BfREz=y MIBFREZRL 3, £/, ROk, Johk.
ZRRTEDRY R A TDEFEREN 5.4 (b), (), (d) ITZFNFIURLET, TR bondtype = 0 DRV F
%, 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,

simple update 3 X f full update @ FEI;fi%| A parameter.simple_update.tau & parameter.
full_update.tau DA, tenes AETIEHM L AKX Y X — KE— F tenes_std THEONE 87 X —&X T,
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(@) (b)

o)
/
= bondtype = 0
m— bondtype = 1
= pondtype = 2
) Y ondtype

(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 HIZ, bondtype=1 (GF) 1% 60 FE A HEIZ. 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

> Y VAEIREE ¥ DG
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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 A MNC ZNZ UL B, () TGEHEAR > K, bondtype=0
(F) 1 120 FEJ5AIC, bondtype=1 (FR) i& 60 £ /5TAIZ, bondtype=2 (%) 1X 0 M ERENMHU 5,
(d) ZXaHER Y K, bondtype=0 (%) & -30 FE/5[AIC, bondtype=1 (FR) I -150 FE/51AIZ, bondtype=2
(F%) 1X 90 FEA NS Z 2N B, (e) IEFIET T ¥ VY UVIIREE 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 (F7) IFMT] &8\, () IEAHIEF T > VY AVEIREE L DXIG, RERTHI» N HAUX TR TOR
TR 1 DX I—H%4 b,
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parameter.general

tenes DRIV LERENRNT A —&

E2EI] GlE! it 77 FL b
is_real FTRTDT VYA EFEBUCHIRT 205 | EfaE false
n
iszero_tol HETT VY NVDGmAAARIIBNTERE | 8 0.0
BILTHOHMES v N A 7
measure VHEAEZ T 208 5D EH{E true
output YHERYEEZALT 4L MY FF "output"
tensor_save RE(LRDT VI NBEZALT 4 LI b | U "
)
tensor_load W7 > Y Ve HAALT 4 LT MY ezl "
e is_real

- true XT3 7TV VILDOBEREERICHIB L THEZITVWET
- —OTHEFHEETIHEZ7—KTLET
e iszero_tol

- SHEHEETT VY NBELEDEL - BEOGAAAIIBWT, M {ED iszero_tol L FiZ¥
AL LET

¢ measure
- false ¥ 2 bPHEAE - REELZAX Y TLET
— EATHEH time.dat I XHFICHRFEINT T
* output
- YHEHERYOHEMERETZOT 4L PV MTIRELES
- BEXFHOHEIAIL Y P T4 L7 FVIRFLET

* tensor_save

- REBROT YNV ZDT 4 L7 PUMTNRIFLE S
EXFHNDHZBEIRFLEEA
* tensor_load

- BT UINEIDT AL PIMLTRhOHAALET

- ZEXFHIDLGEFHAAAETEA
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parameter.simple_update

simple update 2B 3 %87 X —&

4 & 77 %
k

tau RERE R R E T BT 2 BRI | EE 0.01

num_step simple update @ [FI%§ B 0

lambda_cutoff simple update {2 B W TFEH \ DY) | FEE le-12

gauge_fix TUINDT =Y REET H0E S | BEbE false
gauge_maxiter 7 — DEEFED I — TR K B 100
gauge_convergence_epsilon 7 — DE R EOICRHE E FE le-2
parameter.full_update
full update IZB3 %87 X —&
Fi G Al 77
K
tau R R T IC B 2 BRI | 528 0.01
num_step full update D[A%L B 0
env_cutoff full update TEREE T > VY VIR T2 | 525 le-12
Prict e & AR TREED cutoff
inverse_precision full update THLLYITHIZEIRE T B8 | 328 le-12
W2 H AR TREMED cutoff
convergence_epsilon full update C truncation DiE(LZ1T | FEE le-6
5 BR D ICRHE(E
iteration_max full update C truncation DiE(LZ1T | BEEL 100
3 BRD iteration D A[AIEL
gauge_fix TUINDT =Y REET H0E S | BEbE true
fastfullupdate Fast full update 123 %5 ¥ 5 2 HE true
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parameter.ctm

AERESTH] (CTM) ISR d B85 X — &

N2 GRS 2 W5

EA:1] EiE! il 77 4
k

dimension CTM DR Y RRIT x B 4

projector_cutoff CTM O projector ZalH T 2FHIcE R | FEE le-12
& AL TREED cutoff

convergence_epsilon CTM DU E(E FI le-6

iteration_max CTM DU iteration D A[FI%L R 100

projector_corner CTM O projector a1 H T 1/4 DT> | ElbfE true
VLD HEfE S

use_rsvd SVD % ER SVD TEX#Z 20 | EisE false
5

rsvd_oversampling_factor HLIR SVD HICETE T 2R EEDHK D, | T8 2.0
RNV 280205 2 R

meanfield_env CTM Tlx7 < simple update T/ 5 | E{AfE false

LG SVD ZHW=T7 ¥ YL D AABEOFEIZOWTIE,

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

parameter.random

SELCELBAE N ERICEI S 2 85 X — &

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

£l EAiE] Al VA w.%
I
seed 7 ¥ Y IV OFIHHERELR SVD I | BB 11
5 RELELBAE AR D> — R

MPI 52BNV T, 70t 2T seed 1270t ZHBEZ R LEREPERO— e LTELE T,

|

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

tau = 0.01

[parameter. full_update]

RDR—=J1ZHK )

5.2. tenes_simple DA T 71IL
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(HTDR—T 5 DFEX)

num_step = 0 # No full update
tau = 0.01

[parameter.ctm]

iteration_max = 10

dimension = 9 # CHI

5.2.4 correlationto> 3>
tenes_simple TIIMHBEIREE C = <A®)B()> 37 7 # /L F TIEFEIN T T A, HEBKEFGTEL-W

B5E1%. tenes DAN 7 7 A VTHRET A correlationt 27> ary e @7 +—~<v FTIRET S Z
EOTEE T, FHE. 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 NELTZDEFFaA—INFET,
R ¢ OFtBRICHE T 2 EMEIEET 282> a > TT,

EAi) #iH gl 77 4V b

measure HEEZH 20 5 5 HiHE false

num_eigvals AT 2RI THI D EH EOE R 4

maxdim_dense_eigéfisGlastf AL FiET HVW 2 RA | B 200
759 4 X

arnoldi_maxdim Arnoldi £ T4 K3 % Hessenberg | B4 50
(il oY e

arnoldi_restartdimoldi 7DV A X — M TAEKT % | B 20
WIFAR 7 L DAREL

arnoldi_maxiteratrhobdi JEDRAA 7L — a A | B 1
b4

arnoldi_rtol | Arnoldi /AT Hfg3HNEZE FE le-10

HERITEETHOEEMED SFHEINE T, 17534 X maxdim_dense_eigensolver LI FND & &
BT A (7geev L —F 2N IZ X B ALE. £ S5 TRWIEE X Implicit Restart Arnoldi (IRA) 7412 &
At FWCHEBEEZETEL E5,

IRA % TlZ. Arnoldi BFRIZ X > TAZ X arnoldi_maxdim & Hessenberg 1751 %4ER L, Z DEAEEFE L
F3, IR L TOWARWESIR #7212 arnoldi_restartdim ZAZOFIEIR 2 ML E/ERL L. Arnodi @fE%Z b &
L ¥ 7 (restart), St fTHD5E1E. 2 DA T restart 23 2 0FZH D A (arnoldi_maxiterations
= 1)0
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5.3 tenes_std DAHNT7 7Tl

e 7747 x—<v MI TOML FER
* parameter, tensor, hamiltonian, observable, correlation D 50Dt 7> a V&2 HbE £ T,

— hamiltonian UMD 4 DIFLIRICET 20N ZFRE. tenes DASI 7 7 A7 x—< v b L[H
—THhH, FOFFtenes DANN 77 AL TCab—3nEd,

— parameter.simple_update.tau 5 & Of parameter.full_update.tau IZEHZJE T Z ¥ T,
EREREEETFICBY 2 EREZAZIEETEE T,

5.3.1 parameter o> 3>

FHERR Y., FECHILDLNIZEADNNIX—R R LET, 72> a2 LT general,
simple_update, full_update, ctm, random b5 £ 3,

simple update ¥ X Of full update D & HFfI%| A parameter.simple_update.tau ¥ parameter.
full_update.tau DA, tenes KRIATIIHR L AX Y X — KE— K tenes_std THFEONE T X—KXTT,

parameter.general

tenes D RRIILEENRT A —&

E2E:] GE! it VA IR

is_real TRTCOT Y IYNEFRHIRT 205 | EfbfE false
n

iszero_tol HET T VY NVDGmAAARIIBNTERE | 8 0.0
BILTHEHES v N A 7

measure YHENEZ T 208 5D H(E true

output YHEER Y EEZALT 4L MY FF "output"

tensor_save RELROT VYNV EEZALT LI b | XFFH "
)

tensor_load AT YV EHAALT 4 LT B Y ezl "

e is_real

- true K557 VY NVDOEREZFERICHIB L CGGHEZITVWET
- —OTHEBHETIEDI2 7 -KTLET
e iszero_tol

- BEHATT VY NVBEROEL - BEHDOFHAAAIZENT, HHED iszero_tol I Nigt¥m
AL LET

¢* measure

- false ICT B LYHEHE - RFE2AXF vy S LET
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— TR time.dat IZEWIWCHREFESNE T
e output
- VHELRYOHEMREEZOT 4 L7 PULMNRIELET
- EXFHOHEEIIL Y T4 L7 PVIRIELET
* tensor_save
- REBROT I N EZDT 4 L7 PUMTIRIELES
EXFHOHGEIRIFEL R A

¢ tensor_load
- BRETUINALEIDT ALY PV R OiHAAAET
- EXFHDGETHAAAEEA

parameter.simple_update

simple update 2R3 %87 X —&

£k i 7y A%
K

tau BRI RIEE T IC B 2 B | 528 0.01
AT

num_step simple update @ [l B 0

lambda_cutoff simple update {ZBWTFEEE A DY) | K le-12
T RIME

gauge_fix TYINDT=IREET IS | Byl false
P

gauge_maxiter 7= VEEEED N — TR I 100

gauge_convergence_epsilon 7 — DEEEE O NCRHIE E FE le-2

parameter.full_update

full update IZB 9 %87 X —X
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Eail| AtHH it 77
=

tau RERF I FE R T2 BT 2 BRI | 525 0.01
AT

num_step full update D[AI%L B 0

env_cutoff full update TERIRT > VYV REIHET 2 | 8 le-12
Bricta & AR IREED cutoff

inverse_precision full update THLLFATHI ZEIE T 50 | le-12
W2\ AR TRIEMED cutoff

convergence_epsilon full update C truncation DL E1T | FEEL le-6
5 BR DU HHE

iteration_max full update C truncation DiE(LZ1T | BEEL 100
5 B D iteration D F KA

gauge_fix TIUINDT =I%EET AN D | BEiAE true
P

fastfullupdate Fast full update {25 %22 & 5 »° ELMH true

parameter.ctm
FELIEITHI] (CTM) IZBIS %89 X — &
il A it 77 %I
K

dimension CTM DR Y RRIT x I 4

projector_cutoff CTM O projector ZatH T 2FRIcEm | FEE le-12
L AIZ TR EMED cutoff

convergence_epsilon CTM DR E(E FI le-6

iteration_max CTM DI iteration D A[FI%L B 100

projector_corner CTM O projector A1 H T 1/4 DT> | ElbfE true
Y NDHEES

use_rsvd SVD % ER SVD TEX#12 20 | ERfE false
5 D

rsvd_oversampling_factor HLIR SVD HICETE T 2R EEDHK D, | T8 2.0
BAEINC AW 28003 %

meanfield_env CTM Tlx7 < simple update T/ 5 | EAfE false
N5 PG EREEZ W 5

HL¥E SVD ZH W27 ¥ VL D AABED FiEICOWTIE,

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

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

SELELBERNERICBE T 289 X — &

£l BTl il 77
I
seed T VI VO ERELIR SVD I | B 11
2 RELEBAE AR D> — R

MPI 52BNV T, & 70t 2T seed 1270t ZBEL R LEREZEBROS— N LTELE T,

|

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

tau = 0.01
[parameter.full_update]
num_step = ® # No full update
tau = 0.01
[parameter.ctm]
iteration_max = 10

dimension = 9 # CHI

5.3.2 tensor o> 3>

=y b OFREZLDL T (K2 FOIEHRIZ hamiltonian (tenes_std) %° evolution (tenes)
THZET) 2=y P EVMFILx DTS Ly DREZZHORATVDOEZLTVWET, ¥k 773
Y unitcell ZFH F I,

EAxi| iEAH G| F7 %Lk
L_sub 2=y hEALDKEX BREZIEBEDOV A | -
skew skew BEFSMFICBIT A 7 ME B 0

Lsub ¥ LT22O00BHE» L2 YR MNEELEGE, BUDOBERNLxIZ. IR AMN Ly ICRDET,
3O EDBEENRLRBZ VAN ZELZGEICIEIZS —KTLET, Lsub ¥ LTEEEZEL-HE. L
YLy EDELLIRDFET,

Z=v bEAADT A MI 0D SIEFICHESMNITIEINET, x AR SIEICHE N E T,

skew (X y AIICZ=y bV 1 DN ZD x HHDALTE,
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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)

5.3. tenes_std DAAT 7L 51



TeNeS 1—H—<=a7J)l, V' J—2X1.3.1

tensor.unitcell Y7o 3>

A4 TV Ti(;;c)la DIEREEELE T, TITi, 4,k 1 1% virtualbond DA > F v 7 A, «a X physical

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

£l athe i)

index ¥ A RS B or B DY A b
physical_dim ¥4 b F >V LD physical bond DRKIT B

virtual_dim ¥ A+ 7>V ILD virtual bond DKIT D B or BR DY 2 -
initial_state IR RE FRHDY Xk

noise T LD 5 EDRKE X FE

index KV R M 2ET I LIZX o T, BBOY A FZRHIHFETE E3, 220H A b [1 3Z2I4 M 2E
WL %7,

virtual_dim 2V 2 b ZEFT Z & T, 4 HFEDRY RARTTEMEINCEETE £ 3, EFIX. £ (x). £ @y
A+ B (y) DIEFETT,

REROTIEPIRE |0) 1X. &Y A4 b i OFIHPRE |v,) oEETEX 6N E T,
V) = @4 W¥;)

A P TUYNIZOERRELZRIT 2 X 51Ut % d, initial_state TEEY A ¢ OFH]
R |W,) = >, Anla); ICBIT 2EEMBRE A, OEZEE L 3, REIEBCHBLENET, 7
VIOLEKIEZ, TARTD virtual RY KA Y F v 7 200 THZEED, Tooooa = Aa D & D UL N Z
T, MDEFRICIE [-noise, noise) D—HEEIDIHWVITHILICATINE T, 222X, S=1/20¢k
X, S HMNCMAWIAREE [U,) = | 1) = |0) ZHIHHMEIIC L2 WBEICIE initial_state = [1.0, 0.0] 12,
ST FENTIANNTAREE |U) = (| 1) + | 1) /V2 ZUHAEIC L2 WBAICIE initial_state = [1.0, 1.0]
ELET,

initial_state IZ¥RDAN SR AEHNZE L /GE. 72 YLD TR TOEREIMIIIZ [-noise, noise)
THEBHL TN E T,

5.3.3 observable o> 3>

VI EREICE T 334 250 L £ 3, onesite ¥ twosite D 2HHDY Ty a v EELE T,

observable.onesite

DEDODYA M ETERINIYHEZ RS ~REEF2ERL T,

e} A #
name HEFDHH] ezl
group HE T OMAERS B
sites T4 b EE B or BE DV R b
dim HET O B
elements HATOILnERE pEZl
52 BE5EIJ7MILT74—<TY k



TeNeS 1 —H'—<=a7JL,J)—2X1.3.1

name [FEEFOHAFIT T,
group 3 onesite HE T DiAIEE T,

sites FHEFHIMEH T 294 FESTT, VAP2ET I THEHHEFERERTE LT, ZVX 1R
YA FREKRLET,

dim ZEEFDXIT TS,

elements ZHBETOIEL O ERZIBET 2 XTFHITT, 1 DOEFEIZ, ZHTXYUISNZ2 DDFH Y 2
DDFEHNE S 5725 1 ODDITTRINE T,

o RAID 2 DR FNFIHETHER T 201 ROIRERSEZRLET,
e HEYD2OREFNFNHEETOBEZEDOET L EHRERLE T,

|

S=1/2 ® Sz [HEF
0.5 0.0
S* =
0.0 —0.5

¥ 3. %0l name = "Sz" ¥ LT, i#AlFES I group = 0 L LTEBEXE T,

ZEMAHIE LTHAL ET,

Rz, EEFOEHTAHA FTEHB, TRTOYA P TR—DEAEFZHWAEEICIE sites = [] &
LET, ZI3TRERVWEES, BIZIEACYOREXDPELZZV AL DD BHEEITIE, sites = [0,1] &Y
* BRI A4 N EEERIEELE T,

HEFOITTE, BIORLEATHIRROY A XD T, dim = 2 TY,

BRBICHEEFOEERETY, EPnERICTOVWT, 204 Ty 27X (PulhEh) rEEZIEF N
IFEWDT,

[IRTR1}

elements =
00 0.50.0
11 -0.50.0

LihET,

MR LT, S=12 D Sz HETERD XS ICERINET,

[[observable.onesite]]

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

dim = 2
elements = """
00 0.50.0

RDR—J12Hi )
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(HTDR—T 5 DFEX)

11 -0.50.0

non

observable.twosite

ATeOoDHA P ETERSINIYHEZ RIHATZERLET,

E4Y:1] iAA i)

name HEF DA A
group HEFOMAES B

bonds R K A

dim HAEFOT BHOY R b
elements HEFOIFL o ER el

ops onesite JHE T D AIES DY X b

name [FEE T OHAFIT T,
group & twosites {HE F DTS T I,

bonds \ZHEBETMEHT 294 P WOEEERTXFINTT, 3 0DBEH» S22 1170851 DDV A +xit
PEWKRLET,

o RHIDFERNT B YA b (source) DFEF T,
e HE D2 ODERUX source site 2> 5 A IAEEY A b (target) DPERE (dx, dy) T,
- dx,dy £ DT -3 <dx <3 DHEPIINE 2 DEBH D F7,

dim IZHBET ORI, TROBIEHT LY 4 FOWD 5 2IREH TS, fle LT, 220D 5=1/2 A~
OMHBEMEHDEEIZ. dim = [2,2] TT,

elements JHEETFOIEXY 0 BELIETT 2 XFHITT, 1 DOERIF 4 SO L 2 SOFH/ NS
ZEHXYID 2 57%5 1 2016k 3,

o JAID 2 DWFHEETDER S % 8 D source site, target site DIREFRSZRL F T,
e DED 2 DIFHEE THERH L7 # @ source site, target site DIRERSEZRLE T,
o HED 2 DR FNFNEEFOEZDOEN L EXERLE T,

ops Zf#5 ¥ observable.onesite TEF L7z | KA FOEREY L T2ARHEFLERTEET, fHlx
|3 observable.onesite @ group=0 & LT §* ZER L TW/HAIIE, ops = [0,0] & LT S7SF 2%
HTx%7,

elements ¥ ops FFIRHCER L12HEICIET I KT LET,
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|

Z ZTIEEMARFIE LT, Lsub=[2,2] DIEHIEF S=1R2 ANA B RAUTEBDOAR Y RAIL =T VDL
INVF =KD ET2HD, NI =TV
e _ _
Hij = 557 + 5 [S5S; + 578}
E2WREE T LTERET 2HEHAL 35

3, LHTe#AES X TN ZF N name = "hamiltonian" ¥ group = 0 X LTHBEFT, Zhrhoy
A4 ORI [ & | ) D2 REBOEREDEE RS-, XoTIE2 72D, dim = [2,2] 24D FT,

RICKRY R T, P4 FPEIKS5TDESHATOET, 0FL 1 BEORSKRYFRIZ, 1FBI0EDID
HTA,00 DMEICHZDTO 1 0 ERHEINFET, FFIC1FEL I3IFE2ORIARY FIE 3B 1 HBED»
S5RTO,1) DAEICHZDTL 0 1 REXNFT,

@ O
[>x
X 5.7: Lsub=[2,2] DIEHIEF S=1/2 "4 ¥ L7 ERIDY 4 + Dfi (N

RBRICHETOERTT, 23394 FORERZBSMI2HERH D FTH, 22T 20,1 &1
ELET, CORKEFESZHVS &, BIZIIMHED 1D (11 [Hiy| 1ity) =1/4130 0 0 0 0.25 0.0
ERFEINE T, e, IEHED 1D (1] [Hiy| Lity) =1/21 310 0 1 0.5 0.0 LRI NET,

FERY LT, SSIRDOAALBURATAINLNFZ T VIERD LI ICERINE T,

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

dim = [2, 2]

bonds = ""'

01

0
0
1
1
2
2
3

S R @ Rk @ =
S R @ r @ r @

31

non

[IRTR1}

elements =
0000 0.250.0

RDR—=T1ZHK )
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(BIDR—T 5 D x)

1010 -0.250.0
0110 0.50.0
1001 0.50.0
0101 -0.250.0
1111 0.250.0

5.3.4 hamiltonian o> 3>

NINP=T7 V2R ETF AL IAINI=T AP NIV T ) ERYIAINL =T QYA b
NIV M7 V) DR

H= ZHi+ZHij
7 7,7

THRLR/AT, HLDODFANINANI=T UV EERLET, EFEDR D 27213 observable.onesite &
observable.twosite TEHZRINZHEAT L FETT,

EAY:1] AR i)

dim HEFDOXIT DY A b
sites ¥4 b BHRODY X T
bonds RNV A
elements HEFOIFL uER ST

dim FHETFOXIT. FTROBIEMAT 294 FOHD 5 2 IREE T, Hle LT, 220 S=1/2 A
DOMEERADGZER. dim = [2,2] T, BEELTOVWEIONTA PAIAL T VDR EANIAL T
UoOYWNE, dim D 1 DDEBEEEL, 2 ODEEEELITRED 7,

sites IZBHN DSR2 VA MT, 2OV IAINP=TUBMEHT U4 FOERETT, YR MIE
T4~ FEMTI,

bonds IZRY RN =7 VIMEHT 294 PHOERERTIFINITT, 3 20BEH» 5K 5 1170
1 DODH A M EEKRLE T, ROOERIE B A b (source) DEBTT, HE D2 DDFEHUL source
site 20 & AT Y A b (target) D FEAE (dx, dy) T

elements FHE FOIEY R BERPIEE T I XFAHNTT, 1 DOHEZEIZ229HZ3W0IE 4 DD Y 2 >DF
B/ NEEB R AR D 2555 1 20T 6D 5,

e YA MNILP=T VDL X
- BAID 1 DFHEFOMER S % &1 O site DIRBEFSZRL T,
- DOFD | DIFHAETFIMEH L7 8 O site DIREFESEZRLE T,
- B2 O ThETNHEFOEROFM EHE2 R L E T,

e RYEAIN =T VDL X

- BHID 2 DFEHETFMEH T % #1 O source site, target site DIRFEERSZR L F 35
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- DED 2 DIKHE FHER L7z 8 D source site, target site DIRFEER S ERL 35
- RED2DFENEFNHEATFOEREOE B2 RLE T,

5.3.5 correlation o> 3>
H A4 MEEFOMEBREE C = (A(ro)B(ro + 7)) KT 2EWREZIEE T 2> a v TF, Atrvar
AN LU GE, HEBEIGTE I ER A

FERRIZIESTHSF TNS OFEEERTHIoNE T, Thbb, GO T >V Udr = (1,0) T, EEEr=(0,1)
TS, FOERrg £ LT, 229 FEIALADIRTOV A bBHVLNE T, T/ rid o BRWVL y Bl
SEATRAENS, EQREICOABEEST, TR,

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

VC\;‘—;‘O
i Bl i
r_max THEEBE R D R » DR AME B
operators THBIREHCE | 2 1 AHE T A, B 2R THE BHOUYX DY R b

{#5 F13 observable.onesite £ 27> a Y THREL D DBHVWLNE T,

|

PIZIX S AI0H/ET, S*H 1 /L LTERINLTWEHA.

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

TIAHBIRIEL S#(0)S%(r), S7(0)S*(r), S (0)S*(r) A% 0 <r <5 QHFHTHEZINE T,

5.3.6 correlation_length o> 3>

HEE ¢ OFtEICHET 2BHREEET 227> a3 v TF,
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E2E:] GE! Y 77 4Lk

measure HHREEZHI 208 52 A false

num_eigvals FHE S 2 HRIEITHI D E A E DL B 4

maxdim_dense_eji g@fisGlett AL FiEx W 2 Ak | B 200
7509 4 X

arnoldi_maxdim Arnoldi £ T4 KT % Hessenberg | ¥ 50
(avilloY/ e

arnoldi_restaritdimoldi ED Y A X — F THRT 2 | B 20
W27 P L DA

arnoldi_maxiterarhobdi (EDIAA 7L — 3 VA | B 1
b4

arnoldi_rtol | Arnoldi T H¥s I HNHRE ES- 4 le-10

MR RITEXTHIOEEED SHEINE T, 1T5]H 4 X maxdim_dense_eigensolver LI FD & Z1{Z
FEITHIX A (?geev L —F ) I X B XHALE, £ 5 TRWEEX Implicit Restart Arnoldi (IRA) £ &
IRV CEEEEZFHEL 3,

IRA 7ETIX, Arnoldi BFRIZ X » TKE X arnoldi_maxdim & Hessenberg {75 %46 L. ZDEHEEFIEL
F9, IR L TOWARWESIX #7212 arnoldi_restartdim AOFIEARZ FL2/ERL L. Arnodi @82 D &
L £ 7 (restart), FRfTHDGE1E. 2 DA T restart 23 202 3H D £ A (arnoldi_maxiterations
= 1),

5.4 tenes DAHNT771IL

e 7747 +—<v MI TOML FER

e parameter, tensor, evolution, observable, correlation ® 5 0Dt > a v EHEbHE T,

5.4.1 parameter to > 3>
FHEERY., FECHIOLOLNIZELDORTA—Z 2R LET, ¥ 77> 3>k LT general,
simple_update, full_update, ctm, random Z#55 %9,

simple update 3 X ¢f full update @ HE R[4l A parameter.simple_update.tau & parameter.
full_update.tau D%, tenes AETIIHR L AX VX — FE— K tenes_std TEDLNBZ 85 X —XTT,
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parameter.general

tenes DRIV LERENRNT A —&

E2EI] GlE! it 77 FL b
is_real FTRTDT VYA EFEBUCHIRT 205 | EfaE false
n
iszero_tol HETT VY NVDGmAAARIIBNTERE | 8 0.0
BILTHOHMES v N A 7
measure VHEAEZ T 208 5D EH{E true
output YHERYEEZALT 4L MY FF "output"
tensor_save RE(LRDT VI NBEZALT 4 LI b | U "
)
tensor_load W7 > Y Ve HAALT 4 LT MY ezl "
e is_real

- true XT3 7TV VILDOBEREERICHIB L THEZITVWET
- —OTHEFHEETIHEZ7—KTLET
e iszero_tol

- SHEHEETT VY NBELEDEL - BEOGAAAIIBWT, M {ED iszero_tol L FiZ¥
AL LET

¢ measure
- false ¥ 2 bPHEAE - REELZAX Y TLET
— EATHEH time.dat I XHFICHRFEINT T
* output
- YHEHERYOHEMERETZOT 4L PV MTIRELES
- BEXFHOHEIAIL Y P T4 L7 FVIRFLET

* tensor_save

- REBROT YNV ZDT 4 L7 PUMTNRIFLE S
EXFHNDHZBEIRFLEEA
* tensor_load

- BT UINEIDT AL PIMLTRhOHAALET

- ZEXFHIDLGEFHAAAETEA
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parameter.simple_update

simple update 2B 3 %87 X —&

4 & 77 %
k

tau RERE R R E T BT 2 BRI | EE 0.01

num_step simple update @ [FI%§ B 0

lambda_cutoff simple update {2 B W TFEH \ DY) | FEE le-12

gauge_fix TUINDT =Y REET H0E S | BEbE false
gauge_maxiter 7 — DEEFED I — TR K B 100
gauge_convergence_epsilon 7 — DE R EOICRHE E FE le-2
parameter.full_update
full update IZB3 %87 X —&
i Wt 7 77 %
K
tau R R T IC B 2 BRI | 528 0.01
num_step full update D[A%L B 0
env_cutoff full update TEREE T > VY VIR T2 | 525 le-12
Prict e & AR TREED cutoff
inverse_precision full update THLLYITHIZEIRE T B8 | 328 le-12
W2 H AR TREMED cutoff
convergence_epsilon full update C truncation DiE(LZ1T | FEE le-6
5 BR D ICRHE(E
iteration_max full update C truncation DiE(LZ1T | BEEL 100
3 BRD iteration D A[AIEL
gauge_fix TUINDT =Y REET H0E S | BEbE true
fastfullupdate Fast full update 123 %5 ¥ 5 2 HE true
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parameter.ctm

AERESTH] (CTM) ISR d B85 X — &

N2 GRS 2 W5

EA:1] EiE! il 77 4
k

dimension CTM DR Y RRIT x B 4

projector_cutoff CTM O projector ZalH T 2FHIcE R | FEE le-12
& AL TREED cutoff

convergence_epsilon CTM DU E(E FI le-6

iteration_max CTM DU iteration D A[FI%L R 100

projector_corner CTM O projector a1 H T 1/4 DT> | ElbfE true
VLD HEfE S

use_rsvd SVD % ER SVD TEX#Z 20 | EisE false
5

rsvd_oversampling_factor HLIR SVD HICETE T 2R EEDHK D, | T8 2.0
RNV 280205 2 R

meanfield_env CTM Tlx7 < simple update T/ 5 | E{AfE false

LG SVD ZHW=T7 ¥ YL D AABEOFEIZOWTIE,

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

parameter.random

SELCELBAE N ERICEI S 2 85 X — &

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

£l EAiE] Al VA w.%
I
seed 7 ¥ Y IV OFIHHERELR SVD I | BB 11
5 RELELBAE AR D> — R

MPI 52BNV T, 70t 2T seed 1270t ZHBEZ R LEREPERO— e LTELE T,

|

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

tau = 0.01

[parameter. full_update]

RDR—=J1ZHK )
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(HTDR—T 5 DFEX)

num_step = ® # No full update
tau = 0.01

[parameter.ctm]

iteration_max = 10

dimension = 9 # CHI

5.4.2 tensor £ 3>

=y b OBFRELDL FT (K2 FOIEHIZ hamiltonian (tenes_std) % evolution (tenes)
THRZET) 2=y P EVFLx DTS Ly DREZZHORATVDOEZLTVWET, ¥k 773
Y unitcell b F I,

EAi| iEH G| F7 %Lk
L_sub 2=y hEALDKEX BREZIEBEDV A | -
skew skew BRSBTS 7 ME B 0

Lsub ¥ LT2O00BE» L2 YR MNEELEGE, BUDOBERERNLxIZ. IR AMNLy IR D T,
3O EDBEENRSRBZ VAN ZELZGEICIIZS —KTLET, Lsub ¥ LTEEZEL-HE. L
YLy EELLIRDFET,

2=y bEAADT A MI O SIEFICHESMNITIEINET, x AR SIHICHE N E §,

® ©

@
© O
X
¥ 58: L_sub = [2,3] &Lzt ZDfl|

skew (3 y HENZ2 =y bR 1 DREINEL ZD x HEDALTY,
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_________________________________________________________

__________________________________________________________

X 5.9: L_sub = [3,2], skew = 1 & L7z 2l (FfIZ2=y bEILDEXYID)
tensor.unitcell 47> 3>

A TV Ti(j?la DIEMEIEELE T, TZTi,j,k, 11X virtualbond DA > 7 v 7 A, «a IX physical

bond DA VT v 7 A, nlIVA M EEEEKLF T,

E4Y:1] AiAA i)

index T4 b S B or BEL DY X b
physical_dim HA + 7>V LD physical bond DK B

virtual_dim ¥4+ 7>V D virtual bond DXIT D B or BBE DY R b
initial_state WIHIRAE KDY 2+

noise VAT > LD@ 5 EDKE X FE

index IV A F2ET I LIZL o T, BHOY A FZFRIFIHEETE XY, OV A+ [11@3EYA 2R
[ -

virtual_dimiCV R M 2E T Z & T, 4 AADRY RITTEMEAINCHEE TZ £ 3, EFE. £ (%) £ (+y).
£ (+x). B (-y) DIEETY,

ZAEOIRIE [U) 13, &9 4 b i OOHIRE |V,) OERTE 2 5NE T,
[T) = ®;|T;)

PA P T Y MIZOERIREZEBT 5 X5 LN £ 9, initial_state TV A T i DAIH]
KRB |0,) = >, Aol ICBIT 2 EERFRE A, OEZIEEL $5, REZEBCHBLIhES, 7
VILEMKIZ, $RTOvirtual R FA T v ZAR0 THIEEN. Tooo0a = Ao D XD ITOHILENF
T, fDOFERITI [-noise, noise) D—HEELBDBHWVICHILICA T ENE T, HrxE, S=1/20¢
X, SF AMANCANTZIREE [U;) = | 1) = |0) ZFIHIEIC L/2WEEICIE initial_state = [1.0, 0.0] 2.
ST F NN AREE (0,) = (| 1) + | 1) /V2 ZHHAMEIC L2 WIHEICIE initial_state = [1.0, 1.0]
ELET,
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initial_state IZ¥ R DAN SR BEHNEIEL/GE, 72 YLD TR TOERIMAIIIZ [-noise, noise)
THEBOHAL N F T,

5.4.3 observable o> 3>

VI EREICE T 334 20 L £ 3, onesite ¥ twosite D 2HHDOY Ty a v EELE T,

observable.onesite

DEDODHA M ETERINIYHEZ RS ~REREF2ERL T,

E4Y:) EiE| i)

name HE T DLHE] A

group HEF OMAES B

sites T4 RS B or BBEL DY R b
dim HEF Ot B

elements HEFOIFL uER S

name [ JHEEFOHHEITI,
group (& onesite HE FDFAIE S TI,

sites (ZHEEFIEHT 294 P ESTS, VA 2ET e THEMFARIERTEET, YR 11X
E¥A PEKRLET,

dim [ ZEEFOXIT TS,

elements FHETOIEL O BREEIBET 2 XTI TT, 1 DOERIZ, ZHTRYSNZ2 DDEHY 2
DOFE/ NI S725 1 DDITTRINE T,

o RAD 2 DR ENENHEEFHERT 201 L ROREFSZRLET,
e HED2ORENETNHEFOHEZDFEE L EHZRL T,

|

S=1/2 ® Sz HE T
0.5 0.0
S% =
0.0 —0.5

F3. HH0lE name = "Sz" ¥ LT, #AlES T group = 0 L LTEHBEXET,

ZEAKGIE UTHIAL 9,

iz, HEFOERT 294 FTIH, TXRTOHVA FCR—DEHEFZHVWSESICIE sites = [] &
LET, Z2I3TERVGE, BIZIEAY Y OREXDBELZ LY A4 2D IHGEITIE, sites = [0,1] Y
Y BRI A4 FEEEREELE T,
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HETOXTTE,. IR LUIATHIRROY 4 X2 DT, dim = 2 TT,

RREICHEETOERTY, FEnBERIIOWVWT, ZOA Ty 27 (Buthxh) rEREEZIEFIEN
ERWOT,

elements =
00 0.50.0
11 -0.50.0

rih 3,
FERE LT, S=12 D Sz HETFIIRD LS 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 ETERSINIYHEZ RIHATZERLET,

i Bk it

name HEF DT el
group AT ORI FE= B

bonds ARYER X

dim HEF DXT BEOY X b
elements HAETOIFLn TR el

ops onesite JHE T D AIES DY X b

name [FEE T OHAFIT T,
group & twosites {HE F DTS T I,

bonds \ZHEBETBMEHAT 294 P WOEEERTXFINTT, 3 D0DBEH» S22 1170851 DDV A +xit
PEWRLET,

o RHIDFERNT BV A b (source) DFEF T,
e HE D2 ODERIX source site 2> 5 A IAEEY A b (target) DPERE (dx, dy) T,

- dx,dy £ HIT -3 < dx <3 DHEPFIIINF 2 LEVH D £7,
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dim BT OXIT, TROBIEHT Y4 FOWD 5 2 IREH T, fle LT, 220D 5=1/2 A~
DOHBEEHDEEIZ. dim = [2,2] TT,

elements FHEEFOIEL 0 BREAEET 2 XFHITT, 1 DOERIZ 4 >0 L 2 >R8I/ NS R %
ZEARYID 2522 1 2ODTr5RD £,

o IPID 2 DWFHEETMER T % 8 @ source site, target site DIRFEFREZ2 R L 3,
o DED 2 DIFHETDEM L7- # @ source site, target site DIRERESZRL F T,
s FRD 2 DI ENETNHAEFOHERDOEI  BEEZ R L E3,

ops Zffi5 ¥ observable.onesite T/ER Lz | KHEFOEREL LT2HREEFEERTEET, HlX
| observable.onesite @ group=0 & LT §* ZER L TW/HAIIE, ops = [0,0] & LT S7SF 2%K
HTtg%3,

elements ¥ ops ZRIFHCER L HEICET I —KTLET,

]l

ZZTEEMEIE LT, Lsub=[2,2] DIEHFIET S=IR2 NA B RULTEBORY FAIAL =7 VDT
X —BRDZ2D, NIV TV
z 4 1 — —
Hij:SiSj+§[S¢+Sj +5; Sﬂ
FLOREAT Y L TRET 2HEHHL 3,

3. BETERAFES X ENZ N name = "hamiltonian" ¥ group = 0 X LTHBEE T, ZhLrhoy
4 FOIRIEZ | 1) & | ) 02 REDEREDEL 570, JLE2 ¥74D. din = [2,2] L&D ET,

KIZKRYFTT, FALAPEKSTDEDCHATVET, 0FL | FEE2OHRSARYFIE. 1 HFFT0EID
RTA0)DMNEICHZDTO 1 0 REFEINFET, A1 FEL IBEORISEKRY Pk, 3B 1 EFDH»
5HET0,1) DMBIZHZDTL 0 1 eERHINET,

NORN©
T~->x
X 5.10: Lsub=[2,2] DIESIEF S=1/2 N4 L > )L 7RI DY 4~ D NIE

BRICHETOERTT, T FORREBSHIZRESHD ETH, Z2TE|N £0,|]) %1
ELEd, COEELESZHVS ., BIZITNAED 1D (1,1 [Hij| 1) =1/4130 0 0 0 0.25 0.0
CRBINE T, . IEHED 1D (1, [Hil 4ity) =1/21F1 0 0 1 0.5 0.0 ERHEINFET,

HRYLT, SSIR2DANAA BRI AIN T VERD IS ICERINE T,
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[[observable.twosite]]

name = "hamiltonian"
group = 0

dim = [2, 2]

bonds = """

001

010

101

110

201

210

301

310

elements = """
0000 0.250.0
1010 -0.250.0
0110 0.50.0
16001 0.50.0
0101 -0.250.0
1111 0.250.0

5.4.4 evolution o> 3>

simple update, full update T 5 EIFEFEEHE T 2R L £3, 194 M BIUORHE2 1 MBS 2R
BIREEZERTEET, KDL 74— F2ED simple, full D2 2DH 7k 7y ary2HbLET,

A4l iR it

site site DE S B
source_site source site DFH S B
source_leg source site 2> & 7= target site D /5[] B
dimensions BRI R EEE 7 > Y L DRI BHDOY R T
elements BREREEE T Y VLD EEY o ER ezl

site X 1 ¥4 MEETFIZ, source_site ¥ source_legd 2 %A FEEFIHEHL T,

source_leg X 0 205 3 S TOEBKTIHEEL T, x HMADPSIEFICKEE DIC, 0:-x, 1l:+y, 2:+x,
3:-y XL TERINTVET,

dimensions I observable @ dim ¥ &4 D, IRTOREDKICEIEET I2HELD D 3, EOIEEFIZ
elements ¥ [FAI#£1Z. source_initial, target_initial, source_final, target_final DJE&HF T,

51
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[evolution]

# One site
[[evolution.simple]]
site = 0

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

00 1.0012507815756226 0.0

11 0.9987507809245809 0.0

non

# Two site
[[evolution.simple]]
source_site = 0
source_leg = 2
dimensions = [2, 2, 2, 2]

elements =
000

(=]

.9975031223974601 0.0
0 .0025156589209967 0.0
0 -0.005012536523536871 0.0
1 -0.005012536523536871 0.0
1
1

=

1.0025156589209967 0.0
0.9975031223974601 0.0

N - )
R, @ @ R B

HE N = =)

5.4.5 correlation o> 3>
B4 MEEFOMHBEREE C = (A(ro)B(ro + 7)) KT 21HHMEIEET 217> a>yTT, KRer>av
EEL-5E. HEBERIEGTEINERE A,

FERUFIE S F TNS OFBIERTHIS N E T, Thbb, Go7 YUl r = (1,0) T, ELidr=(0,1)
TS, FEEr) 2 LT, 2=y b EARNDITRTOY A bHBHVLNET, £/ ridz RV L y#INC
SFATRITFENS, EDOAEICOAIEET, ThDL,

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

7,
e tAH Al
r_max HEBE RS D BERE - DI A AE B
operators THEEREE 2 1 (KEE T A B 2R THKS BEODODYZ DY R b

HE T observable.onesite 27> a Y TCHEELZDDOBHWSLNE T,
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|

BIZIE S* D0FET, S*H1FELLTERINTVWEHA,

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

TIIMHBIBIEL S%(0)S%(r), S2(0)S*(r), S*(0)S%(r) A%, 0 <r <5 OFEETHESNE T,

5.4.6 correlation_length o> 3>

MBI ¢ OFTHEICE T 2 BMEEET 612> a v T,

A 2HH v} 77 %I b

measure HHREEZHI 208 5 E A false

num_eigvals AT 2R THI D EE EOE TR 4

maxdim_dense_eli géfisgl@ett AL FiEx AV 2 HRA | BE 200
175094 X

arnoldi_maxdim Arnoldi £ T4 K3 % Hessenberg | FEEL 50
(irloY e

arnoldi_restaritdimoldi JED Y A& — FTHERT % | B 20
HIHAR 7 b L DAEL

arnoldi_maxiteratrhobdi (EDIAA 7L — 3 v[A] | By 1
b3

arnoldi_rtol | Arnoldi {ETH¥g MG FE le-10

MR RITEETHIOEEED SFHEENE T, 17584 X maxdim_dense_eigensolver LI FD & Z1{Z
FEATEIX A (?geev L —F ) I X B XL E, Z 5 TRWIEEIX Implicit Restart Arnoldi IRA) 7£IT &
SR CCEEELZEEL 3,

IRA 7ETlZ. Arnoldi FEIZ & » TKE X arnoldi_maxdim & Hessenberg {75 %4 L. ZDEHEEFTHEL
9, PORL TWARWEAIE #7212 arnoldi_restartdim RKOYHINZ L Z1ER L. Arnodi iBfE% 0 D E
L %7 (restart), ¥RiE(TH|DIGEX, 2 DIFE T restart 25 2083 H H £HA (arnoldi_maxiterations
- 1),

55 HAOT77T1IL

BREFTEGERIE output 74 L7 PULIRIMREFEEINE T, /2. A7 740 LT 7 74 08
a Eo_éhij_o
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5.5.1 parameters.dat

FBCH B DN T A =X BLUETHEBPH ISR E T,

|

simple_num_step = 1000
simple_inverse_lambda_cutoff = le-12

full_num_step = 0
full_inverse_projector_cutoff = le-12
full_inverse_precision = le-12
full_convergence_epsilon = le-12
full_iteration_max = 1000
full_gauge_fix = true
full_fastfullupdate = true

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

rsvd_oversampling_factor = 2

seed = 11
is_real =1

iszero_tol = 0

tensor_load_dir =

tensor_save_dir
outdir = output

Lsub
skew

[2,2]
0

start_datetime = 2020-03-21T17:04:06+09:00
finish_datetime = 2020-03-21T17:04:08+09:00
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5.5.2 density.dat

BEHEAEF OV A S D OMIFHE ER L) s hEh s 3, SEETF O] name 232272 - 5 &
Eh D ICHE SRS ST,

B

Sz = 6.11647102532908438e-03 0.00000000000000000e+00
Sx = -1.18125085038094907e-01 0.00000000000000000e+00
hamiltonian = -5.43684776153081639e-01 0.00000000000000000e+00
SzSz = -3.16323622995942133e-01 0.00000000000000000e+00
SxSx = -8.55704529153783616e-02 0.00000000000000000e+00
SySy = -1.41790700241760936e-01 0.00000000000000000e+00

5.5.3 onesite_obs.dat

onesite JHE T D HIFHE (A2) = (U|A2|0)/(U|0) A ERET, BIT450572D %3,
1. HETFOHAES o
2. ¥4 L OFES i
3. HIFEDHEE Re(AY)
4. WARHMED REEE Tm(A2)

MBI 72 EH e LT, HETES -1 0DR2 LT/ LA (V)0 BHHEINE T, /L LADEHIERICHE >
TWBIGE, FHEICRIChIENEETVET, KEDOEEIX. CIM DR Y FXRICHWVNETE L Z 2R
KT3,

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

$4: imag

*F OH B H*

0 4.08513219339284250e-01 -1.30821773764633317e-18
1 -4.08513219339288636e-01 -6.09055344460395354e-20
2 -4.08513219339289801e-01 -6.46773648122808868e-19
3 4.08513219339286304e-01 -1.46983151052043956e-19
0 -5.63321380968339106e-05 -1.06329584429579662e-18
1 5.63321015724943072e-05 8.78344073011021613e-18

2 5.63321015892866812e-05 4.36590453150828335e-18

i T S — R — B — R — )

RDR—=J1Z%i )
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(HTDR—T 5 DFEX)

1 3 -5.63321381136249429%9e-05 -1.14509908259615756e-18
2 0 7.95013947121512355e-06 -5.82669256660366468e-18
2 1 -7.95019526521416614e-06 9.61281832688426906e-18
2 2 -7.95019527785552810e-06 -9.34047696321987429e-18
2 3 7.95013948581251836e-06 -6.49339357741872464e-19
-1 0 1.04968851690174758e+00 7.97972798949331263e-17
-1 1 1.04968851690174780e+00 7.65446733774766130e-17
-1 2 1.04968851690174647e+00 8.32667268468867405e-17
-1 3 1.04968851690174803e+00 7.41594285980085033e-17

5.5.4 twosite_obs.dat

twosite HHEFOMRHESH TSN E T, BIT6 015320 £7,
1. twosite FHE F DA E S
2. source 1 FDEF
3. source 2 & &7z target D x Zfr
4. source 5 A7z target D y 2L
5. ARHED I
6. HIFFED

B2 ERE LT, HETES -1 DR LT/ LA (U)0) BHEAHINE T, L LADEHIERICHE >
TWAIEE., FTECRICHBENEETVWE T, KEDBEIX. CTM OR Y RRITHVNETEZ Z 2R
HT3,

il

# $1: op_group

# $2: source_site

# $3: dx

# %$4: dy

# $5: real

# $6: imag

0 0 0 1 -3.30408104727482554e-01 -3.63538996091175880e-19
® 0 10 -3.26902334621655521e-01 -1.28557778331473411e-19
010 1 -3.30408104727482110e-01 6.13195629489298286e-18
0110 -3.28820570518176758e-01 5.98724951760379135e-18
0 2 0 1 -3.32375821733345012e-01 -5.42272048973129865e-18
® 210 -3.26902334621652579%e-01 9.69166076872613868e-20

RDR—=J1ZHK )
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(HTDR—T 5 DFEX)

® 30 1 -3.32375821733344956e-01 5.07748884268378299%¢e-18
0 310 -3.28820570518176702e-01 4.86902738935337153e-18
0 1 -1.87348767102901825e-01 4.90760305979372382e-19

10

. skipped ...

-1 310 1.07465536687797147e+00 7.74120351154650166e-17

5.5.5 correlation.dat

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

1. EEETOFNES o

2. FEEFOY A &5

3. GEBETOMAES 8

4. FHEHETO x FIAEN x

5. RHEET Dy FRZEN y

6. HE T DFEHE ReC

7. HETFOEH ImC
Bl
# $1: left_op
# $2: left_site
# $3: right_op
# $4: right_dx
# $5: right_dy
# $6: real
# $7: imag
00010 -1.71759992763061836e-01 1.36428299157186382e-14
0O 00 20 1.43751794649139675e-01 -1.14110668277268192e-14
0O 00 30 -1.42375391377041444e-01 1.14103263451826963e-14
0O 00 40 1.41835919840103741e-01 -1.11365361507372103e-14
0O 0 050 -1.41783912096811515e-01 1.12856813523671142e-14
0O 000 1 -1.72711348845767942e-01 1.40873628493918905e-14
® 0 0 0 2 1.43814797743900907e-01 -1.17958665742991377e-14
0O 0 00 3 -1.42415176172922653e-01 1.22109610917000360e-14
O 0 00 4 1.41838862178711583e-01 -1.19321507524565005e-14
0 00 05 -1.41792935491960648e-01 1.23094733264734764e-14
10110 -7.95389427681298805e-02 6.15901595234210079%e-15

RDR—=J1ZHK )

5.5.
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(HTDR—T 5 DFEX)

10120 2.01916094009441903e-02 -1.27162373457160362e-15
. Skipped ...
23205 -1.41888376278899312e-03 -2.38672137694415560e-16

5.5.6 correlation_length.dat

HER ¢ g3, BT 3+ bl oliEhEd,
I A @©: x, 1: vy)
2. x M1 EDHEE y B y M ZDOHEE y FEAE
3. MR ¢ =1/e;

4 % B LI SR T4 D E A EOERHEDNEL e; = —log | Ni/Xo| BPHAZINET (i > 0), ZDIEHEFIH
T3 THBEEDR Y RITTHEEEZ RN 200 LT A, #5/lllZ PRX 8, 041033 (2018) ¥ PRX
8,031030 (2018) ZZIR L TL 72X\,

|

# $1: direction

# $2: col or row index

# $3: correlation length

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

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

0 0 7.19213553469021272e-01 1.39040761283856007e+00 1.44013584036962405e+00 1.
—53522220522654251e+00
0 1 7.19303527237354912e-01 1.39023369430805133e+00 1.39042786247674610e+00 1.
—53457094348925005e+00
10 7.26232546918431754e-01 1.37696940772377285e+00 1.39968879441491767e+00 1.
—51923157420858113e+00
11 7.26095712518373015e-01 1.37722890076244076e+00 1.38699264750702023e+00 1.
—52016493301531241e+00

5.5.7 time.dat

RIERHESH ST T,
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|

time simple update
time full update
time environmnent
time observable

1.64429
0
0.741858
0.104487
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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
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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,, }

)

DESTEMLET. ©2T [ cmben,; & 1 BEOBHIEARCOWET OMELL, |UITPS) 15#
LWITPS TFo XA 7277 6 ZHVE L ZORI,
|\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,

Bond dimension = D

AN, BRI BYID X, RMERE

min

|\I’LTPS> o H e*THij |\IjiTPS>
{(i,j)Esubset,, }

ZEL ZETITAE S, L L. Zom/MUEZ i FHE I R M. FITTPS ONGENFMETRIEDIE
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, 7Co [UITPS) 2 WL T, BMEAD T VAR IHREEINTVET, ZDFFT
75 e IME TR

min || BITFS) — &4 giTFS) |

LELZEDTEET, ~RLOREEHEFEHORE. ZOR/MURBEICNIES 2 X4 7 7' Al
‘\I/iTPS> e*TH;j‘WiTPS)

Bond dimension = D

AAAAAA A S

THALNET,

Bond dimension = D

%@:%/»AHW?%>—fﬂ%wﬁmﬂf@\%i@cmmc%%@5:tf%%%ﬁ%ﬁf%ék®\
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 {£!Z full update & D HEIE I R /N WTT A, simple update IEITHIHPIREEMTF
PEDR . £ BAERRDBATCOR Z S 2 @GR EHE T 2 MEIH SN TWET, Lo T, KA
DOEIEM S 2551213, FOoNLHREZEEICREEST 2 88 DH D 7,
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BTE FAQ

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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AR N TR ENRRE 7 TRMRDER 2 XX 2 HHEEET N4 X - SMEREM R DRI O—ER & LTS
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89

FIFE HSEVEDE

TeNeS ST 2 BHIWEDLRIZZ B HIIBHERLIEX W,
o B - NTHE

TeNeS O Z B HEDHE X GitHub O Issues TRIHMFIT TWE T, N2 BENCERT 2720, @&
FRICIERDHF A RS54 o TL EE W,

- HHLTWVS TeNeS, ARL—F 4 Y Z T AT L, AL ZDER (GHIBIUIAN—Va)
PEHEH LTI EX W,

- AR MILICHIED D B335E5121%. cmake B X Of make EfTHRFD AH 11 ¥ CMakeCache.txt %
— R LT L 72X W0,

- FATICHEPECGER, FEITCHEHLEAN 7 7 AL ZO N ZFEEH L TLZE W,
. ZOfth

BIFECBE S 2 by 2728, REFADETIIMEMR LD O W  Z2HWEbhE 2B, LUNOEHESE
WCaryR7 b2 L TLREE,

E-mail: tenes-dev__at__issp.u-tokyo.ac.jp (_at_Z @ICZEH L TL /& W)
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