=

TeNeS

TeNeS 21— —~<=—a 7))l
y1)—2 1.1.0

RARNFYE AR

2020 £ 07 F 08 H






HR

B1E
1.1
1.2
1.3
1.4
1.5

B2E
2.1
2.2
2.3

BIE
3.1
32
33

Ba4E
4.1
4.2

BEE
5.1
5.2
53
54
5.5

HEE
6.1

6.2
6.3

BTE

TeNeS &% 7?

B .

A e
MBEZRTATTD BREE L
T UABR Il e
HERAE

tenes_simple OFEFIAIE . o
tenes_std DfFAGIE . . . . .
tenes DML . .« . e

Fa—cYTI

U B
ST BT TN E VI RBIORALERE ..

T77A4IT =< b

TeNeS DA 7 7 ANVDRIGELD . ..o e
tenes_simple DA T 7V .
tenes_std DATIT 74V o
tenes DATIT 7Aoo e
I e

7ILTY XL

TV R —=ZAR[E .
ITPS DMERT . o o o
ITPS DIEHEAL . . o e
SiEE

A LW W W NN == =

~

13
13
17

23
23
24
36
47
58

63
63
64
68

73



B8E BEWVEDLYE

75




/rl\-.l

o
=

TeNeS & (& ?

1.1 B=&

TeNeS (Te nsor Ne twork S olver) (7 > VL2 y T — 2RI E D S REFREBHED OO —T VY —2D
TSI LR =TT, ZIRTERFETERSINBF AL VER AL Y DLEN IV b= 7 v OHERIR B E]
Bz ko, BLPHBEBEH R Y OYHEZFHELET, o UOERINAEE - KoL Tid, 2—9%—
BRI AN T 7 A VEMERT B 720DV —Lhid b, KBITKBRTE £3. OpenMP/MPL N 71 v RAFIZ
KIGLTHE D, KEBEHERIZ K 5 KBS EAARET Y,

1.2 FExE

TeNeS IZA FD A Y N—=TRFHBLTWVWET,
o RAMR B CRERZER T B B2 RS0
o AR MRS CRECKS: WIMEREZET)
o Al — CRECKZ WIMERZET)
o R B CGRERTE YIVEWRZET)
o Nk S CRECKS: MIERTZE )

o IS ERE CRECKZ: MR SEAT)
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1.3 N—I 3V ER

ver. 1.1.0: 2020-07-09 (2 V) J — X,

e ver. 1.0.0: 2020-04-17 iV ) — A,

e ver. 1.0-beta: 2020-03-30 1V VJ — A,

ver. 0.1: 2019-12-04 iZV ) — A,

14 21412V X

KYT7rvoz707as I3y =B LY — 23— K —=Rt GNU General Public License version 3 (GPL
v3) KU TRMAINTVET,

1.5 JE—Z14 K

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

AKY 7 b0 7 DI 2019 FE RAKRFYVERSETT V7 b o 7SR 7 0y 22 bOXEEZ IR
THY. TOEFHEIZFFAREDFTRLTWET,

2 % 1Z=TeNeS &1£7?



B2E

141V RAN=IVLAE

21 ¥o>Oo—NK
TeNeS @V — A I — FiX GitHub page 5 XV Y H—RTEET, git A VAR =L INTVWBIERET, IR
ARV REIDER Y vu— RHHBINETS,

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

22 WERSA4TZY) - ®IE

TeNeS # IV A NFTHIZFUTFDTA 75 - BRENBETT,
1. C++11 compiler
2. CMake (>=3.6.0)
TeNeS IFEATFDF A4 T VIKFEL TVWETH, BETHX Y Y- FBEXTEL A EINET,
1. mptensor
2. cpptoml
3. sanitizers-cmake

MPI & £ U ScaLAPACK #F|fi§ 25 Z & TF vV IIEAEZF{ETE £9, MPI, ScaLAPACK IZDWTIZHE T
A VAN=ITERENRDH Y £F, 72& Z1E Debian GNU/Linux (P ZDRET 4+ A MY Ea—vay) 2BHN
T. root MEPR%& BB DAL,

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

TAYVAR—NVTEIENARETT, THLSDFE. Open MPI 72 & D MPI F%: 7 5 U2 ScaLAPACK D 7k —
LR=VEZROE, A VA=V ELTLLEZI N,



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

TeNeS 2 —4%'—~=a7J),Y)—21.1.0

A7 7 A MERY — IV D IZIE Python (>=3.0.0) 3 X O LA F D Python /3w 7 — VR RBRETT,
1. numpy
2. scipy

3. toml

23 1 VA M=

1. TeNeS DT 4 L7 MVIZBELZD5, MFOPRIEIZKE>TEIL RETWVWET,

mkdir build

cd build

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

v r W

<path to install to> DT 74 MHIZ /usr/local TT,
(CentOS %2 &, BIEIZ &L > Tld cmake3 & T 20ENHD ET,)

b, EEoavy RTbuild/sre T4 V2 MVIZFEGTTZ 7 1) tests IMERINE T,

S make test

CHDOETANEFETTEHIENTEET,

2. IRIZAVAR—IL LT,

$ make install

F1T77 71 )V tenes, tenes_std, tenes_simple ?' <path to install to>/biniZ4 YA b= &EH
7,

MPI/ScalLAPACK it 51t D fER{E

MPI $ & T ScaLAPACK Z R L 254 121%, -DENABLE MPI=OFF 4 7Y 3 % cmake I~ KIZEML
TL ZE W, macOS Tl ScaLAPACK O —#EE% ¥ > A5 1D BLAS, LAPACK & THMENEL ., =5 —KT7
Z0OEMEARLUTVET, MPL S OESL2HEEL TWET,

V1 S DIRE

CMake TEHBTI VA FZRIELTELV FZITVWET, IV A F2BELEZVWEEIZE, RO LS54T
YarvaEBMLTLEI W,

4 E2EB A VA MN—IAE
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$ cmake —-DCMAKE_CXX_COMPILER=<path to your compiler> ../

mptensor DIEE

TeNeS (%351 7 >V IVEHE 4 75 V) mptensor ZFIHL TWEF, CMake I&HET mptensor # X7 > H— K -
OV RUETHA, =P —2HFTZA VA b =)L L7 mptensor il L7zWiGEIZIE, AFD XSt Ty ay
ZEILTLZE W,

S cmake -DMPTENSOR_ROOT=<path to mptensor> ../

Python 1 >4 —7"Y ¥ DIEE

TeNeS ¥ — Ui Python3 TEMANTED, /SADM 57z python3 IV Y REHBMIZEBLET, VI DE
7935 £ VWHEITIX, type python3 & %ZFMAL T, python3 IV RIZNAANMSTWVWENY
IMRERLTL7ZE N,

fi54 2= ZEEELEZWGE (DWW /usr/bin/env A Y RBEFTETIZZ I —DHBZEE) 12
X, UTFDLSIZCMake A 7> a vaEMLUTLEE W,

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

23. 1A=L 5







B3E

ER7E

TeNeS DA A > T2 T Ak tenes 2FHT 5121k, BEPHBIER 2 ERTE-ODANT 71 IVEMEKT S

BERDH T, ANWT77ANVDERE LT VWL DI,

* tenes_std: FIED 7 A —~ v MIEW, HO TR B Z2EHZLZAN T 7 A VEEKRUETT S

Z LT, tenes ZEFTTEEODANT 7 A NVEEKTZY—IL

e tenes_simple: HS5NUHEHEI N FHELIN LT, B8R AL 7 71 V55 tenes_std & FELT
TERODANT 74 NVEERTEY -

PHEINTVET (3.1 2), EEOEISCKFIZRIGE S WEEIZIE,
EEERTAZ e THmRTEET, TeNeS DEEAN 7 7 A VDFHMIZOWTIR, 774 T74—< v b 2T

KTEIW,

simple.toml

input.toml

tenes_simple

tenes_std

3.1 TeNeS DFMAE 7 1 — 2K

tenes_std DA T 71V %

parameters.dat
density.dat
onesite_obs.dat

twosite_obs.dat
correlation.dat
time.dat

PR, 22y —)VOFHAEIZDOWTHE L., mERIZ tenes DEAHGIEIZOWTHHL £7°,
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3.1 tenes_simple DFAAE

tenes_simple IZEHRFADER, KTIZW T 5 tenes_std DAL T 7 A VEEKTEHY—ILTT,

S tenes_simple simple.toml

e B LTI ANV EMD £F
e tenes_std DA77 ANV EBILET
e ANV RSA VAT aVIELLTO®RY TY
- —-help
¥ NV TAvE—VDER

—-—version

. N—=YVarESOLTR
- ——output=filename
x WNTBT77AIVDAN filename ZIEL T
x 7 74 MEstd.toml
x ANNT7ANHERBUT 7 AIVHIZTEHILIEITEZRA
- --coordinatefile=coordfile
w B A SOREEBEERE LT 57 74 V% coordfile #RELET
¥ 7 74 M& coordinates.dat
w L7 7 AV L FIEICY A MBS R, 2,35HIC x, y B (FHV MNERR) 25AFT

BUEEHR SN TOVHER - M F13RDiE D,

. R
- A¥VH
o IRF
- EJit&T
- ZAkT
- HBORKT
- BITOHKF

8 BIEFEAAE
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L - BT AN 7 7 A IVDFEMNIK tenes_simple DA T 740 ZHBUTLEZIW, AN, EAKTF ETER
INZAEY 2 DN XY RV THEID AT 7 74 WHITT,

[lattice]

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

type = "spin" # type of model

J=1.0 # Heisenberg interaction
[parameter]

[parameter.general]

is_real true # use real tensor

[parameter

num_step
0.01

tau

[parameter

.simple_update]
1000 # number of steps

# imaginary time step

.full_update]

num_step = 0

0.01

# number of steps

tau # imaginary time step

[parameter.ctm]
9

dimension

# bond dimension

3.2 tenes_std DFEAAE

tenes_std G X 5NN IV b =T U h S EIHEZIA T OERFEFERER T exp (—7H,;) 2EH U, tenes
DANTZ 7 ANEERT HY =TT,

S tenes_std std.toml

e Bl LTI AN EMD £F

s tenes DANTZ77ANEHILET

e ARV RSA VAT aVIZLTORY TY
- —-help

NIVT A=Y DFRR

*

—-—version

3.2. tenes_std DFAFE
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¥ N—Va VBESDRR
- —-output=filename
w« WHIDBT77AINVDHANE filename ZFEL XY
* 7 74J)V M input.toml
k« ANT7ANKHERMUT7 7 ANVHKIZTHILIITEERA

AN 7 74)0VIE tenes_simple ZAWVWTERTEET T, 512, ANWTZ 7 IVERETDHZ LT, EHINT
WA WL - $ - TOHENTRAET, ANT 7 A IVDOFEMIZ tenes std DANFAT 740 ZRBLTLEX W,
BT, EARTETCEZBINEZAE Y 1R DALYV THEEO AN 7 74 WHITT,

[parameter]

[parameter.general]

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

num_step = 1000 # number of steps

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

num_step = 0 # number of steps

tau = 0.01 # imaginary time step

[parameter.ctm]

dimension = 9 # bond dimension
[tensor]

type = "square lattice"

L_sub = [2, 2] # unitcell size

skew = 0 # boundary condition

# tensors in unitcell

[[tensor.unitcell]]

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

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

# initial state

[[tensor.unitcell]]

index = [1, 2]
physical_dim = 2
virtual_dim = [3, 3, 3, 3]
noise = 0.01

initial_state = [0.0, 1.0]

RDOR=IT2H )

10 BIEFEAAE
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(HI D=V 5 D E)

index of one site
x coord of the other

y coord of the other

nonzero elements of tensor

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

real part

# (bond) hamiltonian
[[hamiltonian]]

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

110 # second:

210 # third:

310

001

101

2 01

301

elements = """ #

0000 O0.25 0.0 # first:
1010 -0.25 0.0 +# second:
01100.50.0 # third:
10010.50.0 # fourth:
0101 -0.250.0 # fifth:
11110.250.0 # sixth:

nun

# observables
[observable]
[[observable.onesite]]
name = "Sz" # name
group = 0
sites = []

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

nun

.

[ [observable.twosite]]

name = "hamiltonian"
group = 0
dim = [2, 2]
bonds = """
010

110

210

310

001

101

201

301

nun

index

imag part

sites to be acted
dimension

nonzero elements

ROR—UiTEi)

3.2. tenes_std DFAFE
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FDR— T 5 D)

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

0
1
0
1
1 0.25 0.0

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

nwn

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

group = 1

dim = [2, 2]

bonds = """

1

o

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

nun

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

3.3 tenes OFRAAE

tenes XA 705 LTY,

$ tenes input.toml

e HIBMEULTANT7 7 A VAZD £F
e AYYRNIA VATV a VI FD®EY TY
— ——help -~V TRAvEv—IUDER
— ——version- N—¥ 3 VIFERDER
- ——quiet - FEEHNITMEZFEESHIBRVEIIZUET

ZDHEHEITBEVT, A=Y —BAN T 7 A VEBEERETI2HEEH D A, ANT 71V OFMIL tenes D
AT 74 ZZIRLTLZI W,

12 BIEFEAAE
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B4E

Fa—MY I

4.1 ¥EEA VT ETIL

TS A Yy T ET VTR U T, Mg 2 2 S GE0EMIZOVWTHENALES, A7 711D
ZHGCEHAVD I L THBIGORE I ZHET DI ENHRETT, #lAIE BEE? 0 D5GEITIE,

[parameter]
[parameter.general]

is_real = true

[parameter.simple_update]
num_step = 1000
tau = 0.01

[parameter.full_update]
num_step = 0
tau = 0.01

[parameter.ctm]
iteration_max = 10

dimension = 10

[lattice]

type = "square lattice"
L =2

W= 2

virtual dim = 2

initial = "ferro"

[model]

type = "spin"
Jz = -1.0

Jx = 0.0

Jy = 0.0

ROR—UiTEi)



TeNeS 2 —4%'—~=a7J),Y)—21.1.0

(HI D=V 5 D E)

EUET (Jz = -1.0 DT, G=0 TIIREMERBIZARD ET), AT 71V % simple.toml & L7ZHA.

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

EFITTH I TEHEMNHIBINET, (HO52UD TeNeS 21 VA M= L7DB, EREER PATH % @Y1
ELTLEEW,) GHRZ2FEITIL 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 0
SySy = 1.73749202733e-18 0
Wall times [sec.]:

simple update = 3.545813509

full update =0

environmnent = 0.123170523
observable = 0.048149856

ROR—UiTEi)

14 LLAE Fa—rNYTI
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(HI D=V 5 D E)

Done.

DEDITHBEPRETINET, BAICUIHEOBERB LT VY VOEENRRINE T, IRIZFHE B AD
FATRMPRREINET, GFHEKTHE. 1A MERET Sz, sx BEUPNINVM=7T Y hamiltonian, Hal#
FBE 525z, SxSx, SySy DY 1 M7 b OFHEAE LI NE T, REIC T X ZT L DOHARMIHA SN
9 (EALIEM), FHEK TH#IX output T4 L2 MV IZ density.dat, parameters.dat, time.dat,
onesite_obs.dat, twosite_obs.dat B’ZFNTNHIINET, KHAOT7 71 VOFEMIZ., HAOT7 74
W ZELZI WV, BRI <Sz> DfflE, onesite_obs.dat R SiAMND Z EHABETT, G E/NTA—X
ELTO2HATO3.0 ETIR-7-2 EOERE2 FRIZRRALET,

B,V TNV AIZY T MOl LT, sample/0l1_transverse_field_ising 7 # )V X AT
tutorial_example.py,tutorial_read.py 7’H 0 £,

* tutorial_example.py DHE

import subprocess

import numpy as np

import toml

num_hx = 16

min_hx = 0.0

max_hx = 3.0

total = 0

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

dict_toml = toml.load(f)

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

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

subprocess.call (cmd.split ())

* tutorial_read.py OHE

41. BWEBGA Y VT ETIL 15
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from os.path import join

import numpy as np

import toml

num_hx = 16
for idx in range (num_hx) :
try:
with open ("simple_{}.toml".format (idx))
dict_toml = toml.load(f)
dict_toml["model"] ["hx"]
0.0

mag_sz =

hx =

ene =
0.0
0.0

with open (join ("output_{}".format (idx),

mag_sx =

for line in f:
words =
if words[0]

words [2]

'Sz':

line.split ()

== 'hamiltonian':
ene =

elif words[0] ==

words [2]

'Sx':

mag_sz =
elif words[0] ==
mag_sx = words([2]

print ("{} {} {} {}".format (hx,

except:

continue

as f:

"density.dat"))

ene, mag_sz, mag_Ssx))

as f:

HoDNUO tenes BWEIWZNAZBLAZ ET

$ python tutorial_example.py

& UTETTE £3 (MacBook2017, 1.4 GHz Intel Core i7 THARE THENETHK T LET), FonMRIE

$ python tutorial_read.py

3B THEHTE, G, TR F—, <Sz>,

B 4106 GHRELLBIZDON,
ORELBDEMIITIZ0.512R8DIENGND ET,

<sx> TN ET,

<Sz> M 0.5 MOMRLITINE L D HIRIIZIX 0 12725 — /5,

<Sx> X 0

16

LLAE Fa—rNYTI
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0.5

(S%) (S%)

04 .
03 ]

0.2 |

(5%),(5%)

01 ]

4.1 <Sz>,<Sx> D G KIFM

4.2 =AKRTF - EABRFNAE NI IER ORI ETE

WIZEAKT ETERINZALEY S =12 08 /N LYV ERIOBAGEBROFIEEZHNALET,
F=T7 VEFO LS T £

T,y,2

H=JY Y S8¢—hY S

(1,3

=

TZT (i, 5) IBEEY A FOMAERL, h Xz ARIZAT SNEANBREORE X 2R LT, ZOBBOKER
RBEFEL, 2=y b VOEERIL (S.) = 3= Y0 (SF) £ h OB E LTROTAHEL &5 (N, &
=y bEIAANDY A M),

ZDEHHAEITDIZIE, sample/05_magnetization ®F 4 L2 NYWIZH S toml 7 7 1 )V basic.toml
&, python A2 1) 7k tutorial_magnetization.py 2FIHL T, basic.toml 7 7 IWZik, HED
BERNRTA=RGEPTREINTVET,

[parameter]
[parameter.general]

is_real = true

[parameter.simple_update]
num_step = 200
tau = 0.01

[parameter.full_update]
num_step = 0
tau = 0.01

RDOR=I12H:K)

4.2. ZAKRT - EABRFNS BRI IERDOREETE 17
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(HI D=V 5 D E)

[parameter.ctm]
iteration_max = 100

dimension = 10

[lattice]

type = "triangular lattice"
L =3

W =3

virtual dim = 2

initial = "random"

[model]
type = "spin"

lattice ¥27Ya Y TEAKT2ZIELTED, 2=y PEVORESIEIx I 2HELTVWET, I 2 TIEGE
HEEL$T57720IC, simple update Fi32T->TH O, EREOAAFE i =001 2L TCVWET, £/
D7D, J=12LTWET, ZOFEARE7 71V EHNT, tutorial_magnetization.py TldkE
LEREILZ EOMbEHBEL T,

import subprocess

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

num_h = 21

min_h = 0.0

max_h = 5.0

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

fmag = open ("magnetization.dat","w")
fene = open ("energy.dat","w")
for idx, h in enumerate(np.linspace (min_h, max_h, num=num_h)):
print ("Caclulation Process: {}/{}".format (idx+1, num_h))
inum = 0
num_pre = 0
fmag.write ("{} ".format (h))
("{} ".format (h))
for num_step in num_step_table:

fene.write

ns = num_step - num_pre

print ("Steps: {}".format (num_step))

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

dict_toml["parameter"] ["general"] ["output"] = "output_{}_{}".format (idx, num_
—step)

dict_toml ["parameter"] ["general"] ["tensor_save"] = "tensor_save".format (idx,
—num_step) ROR=T1%: L)

18 LLAE Fa—rNYTI
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(HI D=V 5 D E)

dict_toml ["model"] ["hz"] = float (h)
dict_toml["parameter"] ["simple_update"] ["num_step"] = ns
if inum > O:
dict_toml["parameter"] ["general"] ["tensor_load"] = "tensor_save".

—format (idx, num_pre)

with open ("simple_{}_{}.toml".format (idx,num_step), 'w') as f:
toml.dump (dict_toml, £f)
cmd = "tenes_simple simple_{}_{}.toml -o std_{}_{}.toml".format (idx,num_step,

—idx, num_step)
subprocess.call (cmd.split ())
cmd = "tenes_std std_{}_{}.toml -o input_{}_{}.toml".format (idx, num_step, idx,
—num_step)
subprocess.call (cmd.split ())
cmd = "tenes input_{}_{}.toml".format (idx, num_step)
subprocess.call (cmd.split ())
with open (join ("output_{}_{}".format (idx,num_step), "density.dat")) as f:
lines = f.readlines /()
mag_sz = lines[0].split ('=")[1].strip()
ene = lines[2].split('=")[1l].strip()
fene.write("{} ".format (ene))
fmag.write("{} ".format (mag_sz))
inum = inum + 1
num_pre = num_step
fene.write ("\n")
fmag.write ("\n")
fene.close ()

fmag.close ()

ZDAZVTITIE, WH L EO0D2S5FTO2AATEIE, HERBOZXILVLY -2 (S,) 23H L T,
energy.dat &V magnetization.dat IZHHI LT, simple update DEE AT v TH% 100, 200,
500, 1000, 2000 & Z LI 72 DT R R 2572012, KWEHTAT Y TREEZ A BIT>TWET, IR
BEEBOSTOIZ, DRWVWAT Y TRTHONZEEFEBDOERE tensor_save IZHRFL, TNELDHEZL VA
TV RO EOHIREE LT o TWE T, FIAIE BIICK-IZ Ty 78% 100 & UGHHE 217> TR %
MALd e, A7y 78100 OFHHMK TR ORBBELAD S5 S 51227 v 7100 OFHRZ1T> T, FERAICA
7 v 7200 DFHERR R T,

FERIZEGFLUTAEL &S, H5D U tenes BWEIINAZMLET

python tutorial_magnetization.py

WEDEEEZEFLET., /—FNPCr v oty¥) CIIERMREDOHAEEL R T, HEMT L
5. gnuplot % A& L,

load 'plot.gp'

EFUE, A2 DAERD & D B — TR E S, FRRKIC
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load 'plot_ene.gp'

ETNE M42DEMDE S BRBEEIXINVF DT I IBRESNET,

TR ATy T BIZEA T v TH 2000) DFEMER» SN S & D12, MAER I XML (S,) =05 D
1/3 Db ZAT, 77 b—iEENELET, ZOT I b= LTIk 320K EOAEYD 1, | &L
FAPEZER L, ACYX Yy THRELTVWET, 2075 b —EER=EARTRADLDTY, EEIZHE
HERTTWENE D nEADITIE, TRVF—DRAT Y TIRIEWNSZ TR0 £3, HAEARIZIEAT Yy T8 %8
PTIFLEEL RV =D TFHRBIETTTH, OB TIFFITHEE T RV =N £3, ZFEHHE
FERHED TTVARWRETT, RV NRIEEEPTRELT, LVFEBELZ2RDINELNH D LT N
7,

-0.2

S nstep =100 —— 0.5 nhstep=100 —— BB
-0.41 Ry nsteB =200 1 nstep = 200

CRIETR nstep = 500 ~x- nstep =500 - o

I B nstep =1000 = | | nstep =1000 =
-0.6 x nstep = 2000 0.4 nstep = 2000 . ]
08 it -
0.0 T A

0.3 ¥ //// T

Energy
i]//
Sz

-1.21 ’fﬁ
-1.4f 1
-1.6[ 1
18 1 2 3 4 5 0 1 2 3

Magnetic Field Magnetic Field

42 ZMBETRINA LYV BEIO T 3OVF — (ER) LR (HX)

TRIEAKFTERUI 2P >TAEL &S, sample/05_magnetization ®F 1 L2 MU HiZH 3 toml
774 )Vbasic_square.toml &, python A2 Y 7'k tutorial_magnetization_square.py ZFHAL
¥9, basic_square.toml l&, lattice ¥27 v a VAU TDOLIIZEAEINTWVWSIZMIE basic.toml
EHUHNAETY,

[lattice]

type = "square lattice"
L =2

W= 2

EBZEHRE 21T 51,

python tutorial_magnetization_square.py

ELEY, FHEMKRT U5, gnuplot ZEH) L.
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load 'plot_square.gp'

EFuE, M43 OHEMO &S Bk — TR o E T, FRRIC

load 'plot_ene_square.gp'

EFTE, M43 DEMDE S BIEELANF—DT T IBRFoNET,

-0.4 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
S nstep =100 L nstep =100 PR
06, nstep = 200 1 05 nsteg =200 e
ey, nstep =500 - nstep =500 —*- %
08 : nstep = 1000 = | nstep =1000 ° b ]
= nstep = 2000 0.4 | nstep = 2000 P
_1 N\ i *
&
o -1.2
c
W 14
1671
-1.871
) 0
-2.2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 1 2 3 4 5 0 1 2 3 4 5

Magnetic Field Magnetic Field
43 EFBTRTINAEY RV FERIOT 3L — (ER) 2 #bEk (GX)
ATy TH2000 TIEIFRHRLTE D, ZABTNI LYV IBRIE R 75 b—fEIREN W2 22D

MmO ET, TAVF—IR. ATy TRERNSEZ LD T 5720, HEREFFREENTTVS LT N
ES
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BO5E

774N T 4—<v b

51 TeNeS DAN 7 71 ILDEZF &S

23

TeNeS D AN 7 7 41V TOML JER TEPNTED, ABWTZ7 7 A NVEWL 22D Y a TV
9, tenes_simple & tenes_std XEAPMLELTE2E I a vOEREALLE LUTHEAID, ThEh
tenes_std & tenes DAN T 7 ANV EEKLET, tenes FANT 7 A NVDE LTV a  ilEhNI-ERE
TIZEBEDFEZITVET,

I Z1¥ tenes_simple ¥ model & lattice DA S tensor, observable, hamiltonian DIEH %

B L. X 512 parameter, correlation ZFDFFIE—-L T,

LEd,

WRIGEKEL TV a v OERRHAB LI OEY =B ESEIERLTVET,

tenes_std DAHITZ7 74 NVELUTHA

o avg A tenes_simple tenes_std tenes
parameter FHRANT A —4 copy in/ copy in
model PRI T A — & in
lattice TN TA—% in
tensor TV out in / copy in
observable HIE 9 2 AT out copy in
correlation FE B R copy copy in
hamiltonian NIV h=T YV out in
evolution i PR T 6 P i B 1 out in

. "in"

- VIFZDk 7Y a voEREFHLUE T

. lloutll

- V=IO avEHRIERL, B UET


https://github.com/toml-lang/toml/blob/master/versions/ja/toml-v0.5.0.md
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° ncopyn

- V=3I varvEEEETICEFOEEHALET

5.2 tenes_simple DANT7 714

e 7747 x—<v M TOML ER

e model, lattice, parameter, correlation D4 2Dt avzEFbLET,

5,21 model />3

— parameter ¥ 7Y a 3T DEFAX VX —RFRE—-RDAAIANLEIAE—-ZNFT,

HETIEAAEELET, AY YR (spin) BLY KRV V% (boson) BEHEFATT,

E11 BTLEL] it T4 b
type T DOFERH ("spin” $ L < & "boson") &l -

FRIOFEIEIZ & > THEAEABREDNR S A =X EDL ) £,

AE % spin

A%

xT,Y,z . . 2 T,Y,z
7{:§:[§:ﬁ#?5f+BM(&'SJ]"E:E:

i<j a % a

—RKIHD NN T A —RIFIRDED,

hSe — DY (87)?

E11 BTLEL] it T4 b

S RBRAEY Y DREX g (BHEEHLL |05
EET )

hx ST FiF DS h® FH 0.0

hy SY i DRES hY FH 0.0

hz S* JIa DR h* 7' 0.0

D Fro¥A A VR D FE 0.0

SHFHEARH J 123Ky MKIFEZ B85 28R TE XY,

24
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e Bl it FI74I b
Jo Bl - 55 0 KAy KO EHEEEM 7' 0.0
J1 BolLfE - 55 1 HiAR Y KO EMEEEM FH 0.0
J2 Bolf - 55 2 KA Y KO EHEEM FEH 0.0
Jo" UGERE - 55 0 HEAR Y KO HEEAEM FEH 0.0
J1' UGERE - 55 1 HEAR Y RO HEEEM ES: 0.0
J2" YOEHE - 55 2 JilAR > RO Hk HAE A 4 0.0
Jo'" SYGEEE - BB 0 AR Y RO EEA FH 0.0
J1'' SUGEEE - B 1 AR Y R OB HH AR 54 0.0
J2" SUGEEE - 52 SR Y R OB HkH EAE 4 0.0

Ry RO lattice 27 ¥ 3 Y TEBINDEFIEKFEL £9, HIAIXEAM T x F ) &y Fl (1) D
2HEBORY FAMIEIZERTEET, AHMERTHSEZAKTSIL T, TRTOHAMIZDOVWTEIZEET
XET, £ BBIZxyz Db —XFEEMT S AV WM EEHZ2IEETEET, A—FRY R - A—K
D& 2EMUEEET ST TLET,

Order

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

v
JQ”:U

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 EAEBRICAY FIEFEZ BN E T,
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e Bl it FI74I b
BO BofHE - 550 R Y ROM R HE MM 7' 0.0
Bl BOEHE - 551 iR Y ROM R HEMEM FH 0.0
B2 BolHE - 552 AR Y R OM R E MM FEH 0.0
BO' UGERE - 55 0 HEAR Y K OW R EAER FEE 0.0
B1' YGIERE - 55 1 AR Y KO RAHE/EM FH 0.0
B2' VGOEHE - 88 2 KAk Y KON IR AEA FH 0.0
BO'" SUGERE - 550 HIAAR Y N OM AR EAEH 4 0.0
B1'' SUGESE - 1 HIRAR Y R OM IRAHEAE 54 0.0
B2'" SYGESE - 82 HIAAR Y KON AR FAE 4 0.0

P EHEIfbNns 134 MylEe LT, S* & S¥, (parameter.general.is_real = false &b
) SY BEBIMICERZINE T, /2, 294 MIHEL LT, RV IAIL =TV

z,Y,z

x,Y,z
Hij = [Z J55087 + Big (S @-)21 - % [Z he (5¢ 4+ 58) + D ((57)° + (s;)"’)] :

BLOREHERY P EOMB S7SS (a = z,y,2) WHEINICERESNE T, ZITL KV FNAINVP=TYDS
H, 2 1 Z0ED2DY A MO SMULEEERY ROAKT, £ —REOFSIHEERY FIZOAEHERINET,

RY v % boson

RY v F

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

ZZThe b BAR— AR OEREREA 7T, n=0bTb I3BUHA 1,

—RKIHD N T A —RIFIRDIED,

C2X:01) Bl i) F7#Ib
nmax 1 340 MZABKTFOERE B 1

U FTUvHANFED FH 0.0

mu A== AN % FE# 0.0

RVt BICA T A VROV IZERY RIkESEZE 52 R TEET,
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£ e it FI7AI b
t0 Bl - B0 ARy KoxyEr s FEE 0.0
tl Bl -5 1 ARy KoxyEy s FEE 0.0
t2 Bl - 82 ARy KOk y ey FEE 0.0
t0" VGOEHE - 80 ARy KOk y ey FEE 0.0
t1! VOEHE - 81 AlARY KOk y ey FH 0.0
t2! VGOEHE: - 82 ARy KOk y ey FE 0.0
to"" ZGEHE - O AR YRRy ey FH 0.0
t1rve SPEEE - B 1 AR Y FORy BT S 0.0
t2r! SPGEEE - B2 MR Y PRy VT FH 0.0
VO B - %0 HEAY ROA 7% 4 MFh FH 0.0
\al BoR#E - 81 A ROA 7894 NFh FE 0.0
V2 BoR#E - 82 HEAY ROA 7891 NFh FE 0.0
Vo' YOERE - 0 HARY RO 7841 MFH S 0.0
Vi1’ UOEHE - B 1 BAARY ROA 751 NFh 7' 0.0
V2! UOERE - B2 HHARY ROA 751 Mgl 7' 0.0
Vo' SYGEEE - BB O HRARY ROA TS A MRS FE 0.0
Vit SUGREE - 1 AR Y ROA 7Y A RS FEE 0.0
V2 SUGREE - B2 AR Y ROA 7Y A bFH 7 0.0

Ry ROFMAIL lattice ¥ 7 ¥ a YV TEBINAETITKIFEL £ 9, HIZIEEAKT TR x A O) &y AR () O
QHEOR VY FARIZLICERTEET, AAZRTESZEKT LI LT, TRTOHANIZIDVWT—EIZIH/ET
%ij—o

YMERE NS 1A MEEL LT, n& b b EEBMICESEINET, £/~ 291 MNYHEL LT,
AYRANINV =TV

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

1

) —/mz') + (i <—U)}

BRUBGEHER Y K OB niny, bb, bl BABKICERTLET, ZIT RV ENILVE=T VD35, 2
BOEODH A M oMU L EEHERY FOAKT, £2—HRHOFEBBROERY NIZOAERINET,

5.2.2 lattice ¥ a v

HET AT EIBEELUET, EAKT (square) & =T (triangular), ¥ D H k&1 (honeycomb) , 7> Z DT
(kagome) BEHE XN TWE T, TeNeS TIHINENE A EHBEFRIZAERSNZTF VY IVIZE BT VY VRIREET
KB, FHEZITVET, TOD, N5 DKT (WK T) &, BFEINSELAKT L OXIGIZDWT HELIR
LET,
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E2Y:n) B it FI AN
type ¥+ 4% (square, triangular, honeycomb, | SCF% --

% L < 1& kagome)
L 2=y MDD x [RADKE X B -
W aAzZy hELDy [AIDKE S B L
virtural dim R RkoT B --
initial LILRVNES pezl random
noise MET Y IVDREES & FEE le-2

initial & noise FHBBEKOMMREBZRDZ NI A —-XTT, B, parameter.general T
tensor_load REEINTWAGEEIZIE, THLMERIN, TUVYILET 7 AP OHEMAAAET,

e initial
- "ferro" : IRELMIREE,
# AEVRTIE, &A1 T S* =8 L RiE,
x RY VRTIE, &Y A P Tn=ngpy &HR25RE,
- "antiferro" : KIREMIREE,

¥ AVVRTI, EAKT. BOBKTFTS* =8 & S? = —S BHWIH AT Neel B, =tk
T MIDETT AEYH (0,¢) = (0,0),(21/3,0), (27/3, 1) HFUZ N2 120 R,

# RYVRTIEH, —DODFIKT TN =nmx £720. HORIKFETIEn =0 &7 5IREE,
— "random" : YA MR INT T VX LIREE,
* noise

- TUVIVDOEZAIMNGEINEDSEDRET,

EEA1&F square lattice

EJitT type = "square lattice" Tlk, ¥ MY (1,0) AFZ LA, (0,1) AN wEL £, BE
Bl UT, L=3, W=30DrEDY A bDIHT% X511 @) IZRLET, T/, BRI, YOEE., ZIEHEORY R
A TDOEHEEXS5.1 (D), (), d)TENETNRLET, HiRiE bondtype = 0 DAY N %, FfklE bondtype
= 1DRYRFERLET,
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(b)

= bondtype = 0
= bhondtype = 1

(d)

= bondtype = 0
= hHondtype = 1 = hondtype = 0
= hondtype = 1

X 5.1 IEHEF (square) DY A k- KV K, (@) L=3, W=3 £ L7z EDH 1 DU, (b) BEHERY K,
bondtype=0 (&) 1% 0 EAAIZ, bondtype=1 (%) i£ 90 B A MM 2, (c) LHEARY K, bondtype=0
(B) X 45 EHANZ, bondtype=1 () I& -45 EAFNIZMO S, (d) ZUCEHR Y F, bondtype=0 (%) I
0 EAMIZ, bondtype=1 () I 90 B AR 3,

=A% T triangular lattice

KT type = "triangular lattice" Tk, ¥4 bdY(1,0) AEIC L. (1/2,/3/2) JilIC wfE:
CES, BAFlE LT, 1=3, W=30DrEDHY 1 bDUV%E M52 IZRLVET, Tz, b, WL, =k
EEORY REXA TOEFEZEX 5.2 (), (), (d) IZEFNFNRUET, HFfiE bondtype = 0 DAY K&, Hifk
ik bondtype = 1 DR Y F%E, Rl bondtype = 2DRY F%2, TNENRLET, X 5.2 () K (a) i
Effi72 E AT EHODLTVET,
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(a) (b)

»
4
= bondtype = 0
m— bondtype = 1
) < == bondtype = 2
\ L _ 3 4

(c) (d)

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

-_
A 4

L=3

5.2 ZMF (tiangular) DY 1 b - RU K, (@) L=3, W=3 &Lz EDH 1 FDU, (b) R
R, bondtype=0 (%) I 0 E/MIZ. bondtype=1 (#) i 60 E/[MIZ. bondtype=2 (&) i 120 &S5
IZENEFNMO B, () WoEREKRY R, bondtype=0 (F) % 90 EAMIZ, bondtype=1 () 1% -30 EE A
IZ. bondtype=2 (¥%) 1% 30 EAMIZETNZENMP B, (d) ZWREHERY K, bondtype=0 (F) X 0 E A
IZ, bondtype=1 (#) 1% 60 EH[IZ, bondtype=2 () 1% 120 EAMIZZTNETNMD B, (e) EHEFT
VYV OVREIREE & DX iR

30 BEEEI7AITA—TY b
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B0 E%EF honeycomb lattice

BOHEK T type = "honeycomb lattice™ Tlk., JEEHE (0,0) & (v3/2,1/2) D2 20H A v 57252
=v b (V3,0) AENZ LA, (1/2,3/2) Al wi O Ed, BAFE LT, 1=2, W=2 DL EDHA LD
W% 53 @) 1ImUET, BEtda=y h2RUET, £/ mb#E hHE ZEBEORY K& 1 ToE
FHEX 53 (D), ), dIZEFNFNRLET, HFitid bondtype = 0 DRV N%Z, FHiElE bondtype = 1 DK
Y R%, &kl bondtype = 2 DRV FE2, ThEhRUET, X53 (e) X (a) ICHEMARESLEKTEDHS5D
LTWEd, 94 b5 RITMUB Ry Rl EARTFICEH S DDOBEDEEFITIIFEL VD DE, R
YRRFENR T ORY R LTREINET,

M HF kagome lattice

MO type = "kagome lattice" Tk, JEEHE (0,0), (1,0), (1/2,v3/2) ® 3 201 57552
=y b (EAEE=MA) 25 (2,0) AEIC LM, (1,V3) Al wER O3, BEfle LT, 1=2, w=2 Dt &
DHA POUTE M54 (@) ITRUET, BRIEI=y MIMMRERL £3, 72, Bob#E, VOLE, =akE
DRV REA TDEHEZEK 5.4 (b), (©), (d) ITEFNEFNRL £T, HFtld bondtype = 0 DRV NE, FRijld
bondtype = 1 DRV K2RLFET,

5.2.3 parameter /> 3V

tenes_simple TM#HNT. tenes_std DAIT77A L LTEFDEFaV—INET,

EH A Y, FAHEICHODONIZEADORTA—RE2HEBRLET, Y7123 & LT general,
simple_update, full_update, ctm, random 25 7,

simple update ¥ &£ U full update @ i Kf ] % A& parameter.simple_update.tau & parameter.
full_update.tau ®#A, tenes AMRTIEHR L AR Y X —FNE— N tenes_std THEHLNBENT A —X
T9,

parameter.general

tenes DEMIHLFRENT A —X&

a0 BT it} T74IE
is_real TRTOT VY NVEEBIZHIRT 20 E S0 | EAHE false
iszero_tol HETT VY ILDHRAAAIBNTER E A | EH 0.0
RHOE S Y A T
measure YHBHEZTH0E D H HifH true
output PR 2EEZALT VI MY XFH "output"
tensor_save REBOT VYN EEESALT L2 MY &l "
tensor_load M7 I VeGSR T« L7 Y Pl "
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| = bondtype = 0
= phondtype = 1
=== bondtype = 2

(d)

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

(e)

5.3 MEOHEM T (honeycomb) DY+ b - R K, (@) L=2, W=2 &Lz EDY A FDAUT, WHHTRIN
5=y MDA L NS WEHNS, (b) BEER Y R, bondtype=0 (%) 1% 30 EHMIZ, bondtype=1 (i)
1% 150 EESAIZ, bondtype=2 (fk) 1 -90 B HFIZ T NF MO S, (c) KEHER Y K, bondtype=0 (%)
1% 120 EHEIZ, bondtype=1 (FF) 1% 60 FEEAAIIZ, bondtype=2 (f%) 1& 0 EHFIZENENMT B, (d)
SYOEHER Y R, bondtype=0 (F) I& -30 EEHIAIZ, bondtype=1 (#) i -150 £ [HIZ. bondtype=2
() 12 90 A MIZZENTFNMT S, (o) EHKTT vV IVEIRE L OHIG, KERMBHRIZI=Y b ILVOEER
ERLU, A r@E 1=y b ViEHFMIH I 2=y bV DOAY—TH S, 2=y bV OHTHDL
THhTWwdZ e, £72, (@) T—HBLALIZH 2R 0T A b2 (e) TREMAL LIZBEIT 22 LITHERE,
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/

== bondtype = 0
= bondtype = 1

© (d)

= bondtype = 0
= hondtype = 1

: dummy

54 DNITHHT (kagome) DY k- KV KN, (a) =2, W=2 & L2 EDY A hDOU, RFRTERIN
52a=y bR LAITE W ENS, (b) BafEAR Y N, bondtype=0 (%) & EAIE=AF%. bondtype=1
GR) X THEZMAEE2ES, (o) EERY N, (d) ZRE#ERY R, bondtype=0 (F) &3~ b &2#itI b,
bondtype=1 (Fr) IZ#EY 5220, (e) EAKTT > VY LVEIREB L OIS, S THE»NZARITTXRTORT
N1IDOXI—=YA b,
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s is_real
- true 95TV NOEREEBCHIBL TEHRZITVWET
- O THHERERE WD T I KT LET

s iszero_tol

- BEEHETFT VY NEEDOER - BEOFHAAAIIBNWT, HHED iszero_tol BATIXE R & AR
LET

®* measure
- false I 2 LWHESHE - REEZAFY TLET
- EfTHME time.dat FEIZRFINET
s output
- YRR EOHEEREZOT LI VUMTIHEFELET
- BXFIIDOHBEEHI LY T4 L7 N VIRELET
s tensor_save

WALEDOT VYNV EZDT A LI M)BFICREL ET

&1

- BXTFHOEGEIIFEFEL EEA
e tensor_load
- BTN EIDT AL MU STHARAET

- EXFINDGEIZFHAABEEA

parameter.simple_update

simple update IZBH9 5 /X5 XA — &

B EER it T2 %)k
tau RN AR A T B 2 BRI A | ER 0.01
num_step simple update O [E[% B 0
lambda_cutoff simple update 125 W TG A OYI D | FEHK le-12

¥ CRE
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parameter.full update

full update (ZFH9 % /85 X — &

a0 SHEA B FI7 AN

tau JERFE AR HA I B 1) 2 BRI A | 0.01

num_step full update D [A1%X B 0

env_cutoff full update TERET VYV EHRAT S | EH le-12
Bzm & A dREMED cutoff

inverse_precision full update THELLHITF %2 FHE T BB | SEEK le-12
X0 & AR TRRIED cutoff

convergence_epsilon full update C truncation DiiE %2475 | le-6
B D U SR E A

iteration_max full update T truncation D F#E L %175 | B 100
BXD iteration D Hx K[

gauge_fix TFUVNDT =V EBERETENE DM HiAH true

fastfullupdate Fast full update 123 %5 & 5 E il true

parameter.ctm
AIRELTH] (CTM) IS5 /85 XA — &

2L} SRR it F7#IE

dimension CTM DR Y FIRIE x B 4

projector_cutoff CTM O projector % 5B § 2RIz ¥ 1 | FEK le-12
& AU TR FRAED cutoff

convergence_epsilon CTM DUHH]EfE et le-6

iteration_max CTM DINK iteration O Hx K [F]% LS 100

projector_corner CTM @ projector 15T 1/4 DT> | BEibfl true
VD H A S

use_rsvd SVD % ELINSVD TEEMMZ 205 | EiafH false
7

rsvd_oversampling_factor GLI SVD HizEHE T AR RMEO D, | FEH 2.0

b5 4t NS ACE - e e Y =

HL¥E SVD 2 W27 v VIV D A ABED FIRIZ DWW T, S. Morita, R. Igarashi, H.-H. Zhao, and N. Kawashima,
Phys. Rev. E 97, 033310 (2018) &R L TL 72X\,
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parameter.random

BELUELE A edn (B g 5N T X — &

EA] B it FI2 4k
seed T > VIV R ELIR SVD IZF W5 | B 11

BELELEE g D > — 1

MPI SH[Z2BNWT, &£ 70 AT seed TR ABE A2 R UEREEROY — R UTHL T,

1

[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

5.2.4 correlation o> 3V

tenes_simple TIXMBEBH C = <A (0)B(r)> ET 74V b TREIHEINFEA, HEBEBEKZHRELZWVWE
&, tenes DANTZ7 7 A INVTHET S correlationt®Zyarve@o 74—y N THRETH I ENT
9, FMIX. tenes DANAAT 74IL D correlation 27 v arvaz TELIEZE N,

5.3 tenes std DA77 714IL

e 77 AN T =< NI TOML JER
* parameter, tensor, hamiltonian, observable, correlation D5 2Dk ¥ a v z2RbEET,

— hamiltonian M ®D 4 DIZBAFIZZT 26100 2R &, tenes DA T 7 AN T+ —< v hEFA—T
HH, TDEFLtenes DAL 77 LTcar—anxd,

— parameter.simple_update.tau 8 & parameter.full_update.tau IZEHZET Z &
T, BREREEE B3 EREZAZEETCEET,
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5.3.1 parameter £/ >3V

AR TRCTE - @ANPN

simple_update, full_update, ctm, random Z 5 £ 7,

AREICZhoLNIELADNRIA - R %2R LET, Y7273 U T general,

simple update ¥ X ¢ full update @ & I [ %] A parameter.simple_update.tau & parameter.

full_update.tau DA,

T,

parameter.general

tenes DEMIALRENT A —X&

tenes AR TIERLLAZ Y X —FRKE—NK tenes_std TfEbLN BT X —X&

E2Y:n) B it} FI7 AN
is_real FTRTOT VY NEEBIZHIRT 2050 | EAHE false
iszero_tol HREAFT VY NLVOHEAARIIBENTEO A | FEH 0.0
Y E A Y AT
measure MIEENEEZ T 50E 50 E AR true
output YHERE2EZALT L7 MY XEEF "output"
tensor_save LD T VYN EEEZALT LI MY pea "
tensor_load T VI VeGSR T4 L7 N Y pezl "

e is real

- true 95T VY INVOEREEBUCHIBL CEHREZITVWET

- DO THLHEBHEAFPHL LTI TLXT

e iszero_tol

- BREE T vV VEROELR - BHOHAAAMIBE T, MMED iszero_tol BATFIEEH & AR

LE9d

® measure

- false 29 2 L YHESHE - RIEFEZAFY TLET

— E7EME time . dat WHEIZEESINE T

* output

- YHEREDOFEEREZOT 4 L NI RIBRFELE T

- BXFHIOGEFHIV Y T4 LI N VIREFELET

* tensor_save

5.3. tenes_std DA T7 71l
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BALEDOT VYNV EZDT LI M)BTFICREL ET

&1

- BXTHOLEIXMFEFEL EEA
e tensor_load
- BTN EIDT AL NI SFTHARAET

- EXFINDGE B EEA

parameter.simple_update

simple update {ZBH9 5 /X5 XA — &

E2Y:n) B it} T AR
tau SRR R EA T2 8 1) 2 BRI A 1 | K 0.01
num_step simple update O [E]%% B 0
lambda_cutoff simple update (25 W TEEE A DYDY | K le-12
¥ CHME
parameter. full_ update
full update (2B 9 5 /85 A —%&
E2X:n) B it} T ALK
tau JERFEFERHAE T2 8 1) 2 BRI A 1 | K 0.01
num_step full update D [F%& T 0
env_cutoff full update TERIET VIV EEHE T 5 | EHK le-12
BRIz & AR TREAED cutoff
inverse_precision full update THELLYATH] ZEHH T 2B | EHK le-12
ZX D & B TRERAED cutoff
convergence_epsilon full update T truncation OFEALZEFT S | FEE le-6
% D LSS R A
iteration_max full update C truncation D %2475 | B 100
B2 iteration O K [AI%X
gauge_fix TFUVNDT =V EREET BNE DN HiAfHE true
fastfullupdate Fast full update 123 %7 & 5 H FL{RfE true

38
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parameter.ctm

AELEFTH (CTM) IZBS 585 X — &

a0 B it} T74IE

dimension CTM DR Y RIRIT x B 4

projector_cutoff CTM @ projector % FHH 9§ 2 EIc¥n | K le-12
& A7 IR FYED cutoff

convergence_epsilon CTM DU E Al E74 le-6

iteration_max CTM DU iteration D H A A% T 100

projector_corner CTM O projector AT 1/4 fAD T Y | BEfbfl true
NDHENS

use_rsvd SVD % &N SVD TEEHZA 505 | Eihfl false
M

rsvd_oversampling_ factor GLIR SVD HIZEH BT 2R REDH D, | EH 2.0
AN W 2 BUTKT T B MR

HL¥E SVD 2 W27 v VIV D IAABEDO FIRIZ DWW T, S. Morita, R. Igarashi, H.-H. Zhao, and N. Kawashima,
Phys. Rev. E 97, 033310 (2018) 2&BL T 7Z& W,

parameter.random

RELUELEE KRR IZB T 6 3T A — &

BELUELEE g D > — K

EA] SEA it FI7A4I K
seed T VDML RELIR SVD I2fWS | 11

MPI 51z BNWT, &£ 70t AL seed IZTHEARER R LUEBAEROY— N LTRLET,

!

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

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

ROR—UiTEi)

5.3. tenes_std DA T7 71l
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(HID =I5 D E)

[parameter.ctm]
iteration_max = 10

dimension = 9 # CHI

5.3.2 tensor /a3

[2=w bEL] OBREZITZRLEFT (FY FOE#RIX hamiltonian (tenes_std) ¥ evolution (tenes)
TH5EZE9), 2=y b EVF Lx DS Ly DREZIZ2EOEAEOEEZLTCVWET, £/, YTk ayv
unitcell 2F5H %7,

EA-T EEA it} FI7 4k
L_sub I=v bEILDKEZ B FE 713D Y A b --
skew skew BEREMIZBIT ST 7 ME pge 0

L_sub & UTC20D8ENSKB VA& LEGE, BUODOEREN Lx 2. I ANP Ly TRV ET, 3D
DEDEREP S22 ) AN 2ELLGAIZET I T UET, Losub & LTEBEZELLGE, Lx & Ly &2
FLLLARDET,

2=y bEAVHADOY A MEO P SIEFICHE ST INET, x AAP ST ET,

@ ©

L@ O
L»x
M55 L_sub = [2,3] &L/ EDH

skew Xy AMIZZ=Y M 1 DFEN2Z2ED x FHDALTT,
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_________________________________________________________

__________________________________________________________

_________________________________________________________

X 56 L_sub = [3,2], skew = 1 &U7Z& EDH (EREZI=y b2ILDKE]D)

tensor.unitecell 474> 3V

FARF UV TY), OWRERELET, 22T i, k1 1E virtual bond D > 7> 2 A, a & physical bond
DAVTYIA, nEZYA I ERSEEKRLET,

E11 5BA it}

index YA+ EKE B or B DY X b
physical_dim ¥4 h 7> V)LD physical bond DIXTT B
virtual_dim ¥4 hF VLD virtual bond DIRTT D B or BHDY A B
initial_state PIHPIRAE ES- (OIS
noise VT I VDDSEEDRES B4

index IV AME2ETZLIZL->T, BHEOY A M2FEKIZIEETEET, EOY A b [1 32V 1 bEEKRL
E N

virtual _dimZY A MZEST I LT, 4 FEORY FRGEMMICHEETEE T, HEIEX £ (). EEy. 4
(+x). T (-y) DIEFE T,

RAEKROGIIRGE |T) 12, &1 b i OULIREE |T,) OERTEX SNET,
|U) = ®;|¥;)

YA N TFUYNEZOERREZ2RETS LDt EINET, initial_state TIEEY 1 N i OFIEIRAE
|U;) = >, Aala); 2B 2FEEMBE A, DEZFEEL £, REUTEFNICEB LI ES, TV IVEK
X, TRTODvirtual RV R VT v I AN0 THEIEED, Thoooa = Aa DLW bENET, MOEHEIZ
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iZ [-noise, noise) D —FRELBDH\WIZHNIIC AN INE T, LA, S=1/20& &, S HRNZAIW
TREE W) = | 1) = [0) 2HIHMEIC L2 0WEBAICE initial_state = [1.0, 0.0] {2, S® AMIZAIW72IR
B W) = (| D)+ 1) /V2 Z2AHEICL2WEEAICIE initial_state = [1.0, 1.0] & LT,

initial_state ZX¥ODANSRLEFZELZIGEE. TV VIVDTRTOEEZNMIIZ [-noise, noise)
TG LT E T,

5.3.3 observable 7/ 3 v

VHEREICE T # 4 %2R LET, onesite & twosite D 2DV T IV a vz b E T,

observable.onesite

VeDDY A M LELTERINIYHEEZ RT —FREETFZEREL £,

E11 EHEA il

name HE T O/ Pl

group HE T OMBES B

sites A1+ ES B or BHD Y A K
dim LT DIRTT B

elements WA TOI Lo EE XEEF

name IZH#E FOHFTTT,
group & onesite BT DTS TT,

sites BEHRFVMEMATHY A M ESTT, VAP ZET I THEFRICERTES XY, YA b [] BaY
A4 MEERLUET,

dim (ZEHEF DKL T,

elements [FHAFOI YO BEEEIFTET A2 NTFHTT, 1 DOERIF, ZHTRYLSNZ2 DDEHRE 2 DD
BEUNSGEB S5 1 DO TERENET,

s MAID 2 DRI ENZTNHRETFHBMEMT 2T L RORERSZ2RL LT,

e HED2OBENTNHAFOELADER L EMERL X9,
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Al

S=1/2 ® Sz {EH T+
. (05 00
S _(00 —05)
FEMAFIE UCTEHHAL £7,
9. AillE name = "sz" 2 U T, #HlES L group = 02 LTHBEET,

WIZ, HEFOEHTEZY 1 MTTD, TRTCOY A P TR—DEHEFZHWBEEAIZIE sites = [] LU E
T, TOTIRBEWES, FIZIEAE L DOREIDRERLZY A MDD ILEEITIE. sites = [0,1] &L B4R
YA NBEEERBELET,

HAETOWITIE, LIZR U THRROY A XD T, dim = 2 TY,

BEICHEHETFOERZTY, FL0BRIIOVWT, 2O YTy A (ELRAED) L BERZIEFICHERNVITR N
DT,

elements = """
00 0.5 0.0
11 -0.50.0

nun

L £,

FERELUT, S=1R2 O Sz HE IO LS ICEHINE T,

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

group = 0

sites = []

dim = 2

elements = """

00 0.50.0

11 -0.50.0

nun

observable.twosite

50DV A b ETEZREINDYHEZ RIHEAETF2ERLET,
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E2Y:n) B it}

name HE T D HHT XEF
group HET OMBIE S I

bonds AR Pl

dim 1 DIRIT HHDY A K
elements HAETOI L O TR SCFH

ops onesite T DBIE 5 BHDOY AR

name [FHAFDOHFITY,
group & twosites HE T DI E S T,

bonds ZHEFAMEMAT 591 bADEEZRTXFITT, 3 DOBENP 555 11751 DDH A hxbz ik
bij—o

o EHDEEBUT WY1 b (source) DEEFTT,
o HED 2 DDEERIL source site D5 ATFETY 1 b (target) D FERZE (dx, dy) T,
—dx,dy £ BT -3 < dx <3 DHEFAIINE ZMHENRH D £7,

dim IXERE T OWIE, THROBIEMAT 594 MDY 5 2REHTT, #le LT, 22005 =1/2 ACVOME
EHDEEIX, dim = [2,2] TF,

elements XHEBEFOIFY O EEELIBEET A NFHITYT, 1 DOERIT 4 DO YL 2 DOFE/NEEZEH
XU OMWER2E 1 D2DF1P670 FT,

o HID 2 DIXHHFEFHMEMT 5 B D source site, target site DIREBHRZE2RUL E T,
e DED 2 DIXHBEFAMEM L7z % O source site, target site DIREHF T 2R L T,
o BAED 2 DIFTNENHEATOEROFER L BHERLET,

ops %f#i5 & observable.onesite TEH L | REEFOEME LT2HREAEF2ERTESET, HlAIL
observable.onesite @ group=0 & LT S* ZEHL TWHEITIE, ops = [0,0] & LT S7SF 2RE
TEET,

elements & ops ZHAIRHIZEZR L ZHEITET I —KTULET,
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Ll
ZZTIRESRHIE LT, Lsub=[2,2] DEFKEFS=IRNAEURVITERHORY FANINLV M T VDI RI)V
X—ZRDBED, NI bh=ZT v
z z ]' — —
Hij = 875 + 5 [SFS) + 575 ]
ELOREEAE U CHRETAHIZ2FHHEL £,

9. LT HNBZIEENT N name = "hamiltonian" & group = 02 LTEEET, ThTNDY A
FOWRREIX | M) & ) D2REBOERGLELLD72D, RIGIE2 &40, dim = [2,2] &&DET,

WIZRY RTE, ¥4 MEIHS5TDESICHATHET, 0FL 1 FE2DOBRSEKAVNIE, 1BIFXOFEILSRT
(1,0) DALEIZHZDTO 1 0 2REFEINET, AKIC1FLI3IFZORSKRYNE, 3FN1FEH»LSRTO,1)

DAEBEIZHZDTL 0 1 RHEENXT,
NORN©
[>x

& 5.7 Lsub=[2,2] DIEFMET S=1/2 N1 X RV TR OY 1~ DA ONE

BBRICHEFOERTY, TRV A FOBEELFSNIDIBLENHVETH, ZZTE|NH 20, |]))&E1&L
9, CORELFESEHVD L. BIZEHAHED 1D (N1 [Hi| 2ty) =1/41&0 0 0 0 0.25 0.0 &KH
IhE g, Mz, FENMED 1D (1], [Hij|l Lity) =1/21 &1 0 0 1 0.5 0.0 &RBINZET,

FERE LT, S=IR DALY ANVITNIN =T VRO LS ITERSNE T,

[[observable.twosite]]

name = "hamiltonian"
group = 0
dim = [2, 2]
bonds = """
001

010

101

110

201

210

301

310

"

nwn

ROR—UiTEi)
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(HID =I5 D E)

elements = """

0
0
1
0
1
1

0
1
0
1
0
1

nwn

0

1
1
0
0
1

0

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

5.3.4 hamiltonian 7> 3 v

NINPZTUvEKERYRNIL T Y QU1 NI IZT V) O

H=> My
.3

THBHEIRAT. HLADRY RNINVP=TUEEHELET, EEDP D N7/z1E observable.twosite TR
N5 2% MEAETLRKTT,

11 EHEA il

bonds AR Pl

dim LT DIRTT HRHDY AR
elements HATOI O TR Pl

bonds FEHA THIMEHT Y1 MROESGEZRTXFHTT, 3 20BENSLZ 117081 20V 1 %
WU X9, mADEEIL BEY 1 b (source) DBETT, H&D 2 DKL source site 7 & A7 &Y 1 b
(target) D JEFE (dx, dy) T,

dim FEHBETFOWIE, THROBEMT 291 SO 5 2REHTT, fle LT, 22005 =1/2 AL VDA
TEROE &, dim =

2,21 T,

elements XHEEFDIIEY O EERIEET 2 NFHITT, 1 DOERIT 4 DO E 2 DOFE/NIEIEZEN
KO »nshd 120706740 9,

o AID 2 DILFHFAFHMEM T 5 Bl D source site, target site DIREHFZTE2RL T,

e DED 2 DIFHEFHMEM L 72 % D source site, target site DIRERZSE2RL X T,

o BARD 2 DR ENETNHAFOEZDER L EMERL X9,
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5.3.5 correlation 7> a v
B MEEFOMBEMEE C = (A(rg)B(ro + 7)) KT 2R ET L2 a v T, Aoy a v 28K
U754, MHEBERIIEEINERTA,

HEBUIEIE ST T TNS MR CH S NE T, Thabb, AHOTF VYL r = (1,0) T, KL= (0,1) TF.
FDEE rg 2 LT, 229 R EILVHADTRTOY A MHBEAVSNET, 72, rida RV vy ENIEIF R AR,
FEOMEIZOATZET, T7abb,

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

T,
EA:n SRR B
r_max HHEAEAER D FEHE r DB KAE I
operators HHEARAE 2 5 1 (REHA T A, B 2R TH S BEOYANDY X b

HEF1E observable.onesite ¥ 27 v a vy TCHELEZLDORHWLONE T,

1

BIZIES* BOFET, ST 1 FELLUTERINTVWDEE,

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

TIXHBIBEIE S7(0)S% (r), S7(0)S% (r), ST(0)S*(r) A5, 0 <r <5 ORPETHESNET,

5.4 tenes DA77 714 )l

e 774N T —<v ME TOML JER

* parameter, tensor, evolution, observable, correlation D 52Dk a v 2KHET,
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5.4.1 parameter TV > 3>
FHEHRE, R CHAHoONIZFELDONRNTA—REHBLET, 727> 3> LT general,
simple_update, full_update, ctm, random Z 5 £ 7,

simple update ¥ X ¢ full update @ & I [ %] A parameter.simple_update.tau & parameter.
full_update.tau D&, tenes KIATIEHRLL AZ Y X —FE—F tenes_std THEHLNENNT XA —X
TTO

parameter.general

tenes DEMIALRENT A —X&

E2Y:n) B it} FI7 AN
is_real FTRTOT VY NEEBIZHIRT 2050 | EAHE false
iszero_tol HREAFT VY NLVOHEAARIIBENTEO A | FEH 0.0
Y E A Y AT
measure MIEENEEZ T 50E 50 E AR true
output YHERE2EZALT L7 MY XEEF "output"
tensor_save LD T VYN EEEZALT LI MY pea "
tensor_load T VI VeGSR T4 L7 N Y pezl "

e is_real
- true X957 vV IVOEREZRBUTHIRL TRHEZITV XS
- —OTHEREBE IV HH LTI KT LET

* iszero_tol

- BREE T vV VEROELR - BHOHAAAMIBE T, MMED iszero_tol BATFIEEH & AR
LEd

* measure
- false 29 2 L YHESHE - RIEFEZAFY TLET
- EfTHME time.dat FEIZRFEINET

e output
- WHER Y OFHBEMREEZOT AL MV MTIZELET
- BXFHOLHEFALVY T AL PVICELET

* tensor_save
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BALEDOT VYNV EZDT LI M)BTFICREL ET

&1

- BXTHOLEIXMFEFEL EEA
e tensor_load
- BTN EIDT AL NI SFTHARAET

- EXFINDGE B EEA

parameter.simple_update

simple update {ZBH9 5 /X5 XA — &

E2Y:n) B it} T AR
tau R ERREE 2B 2 BRI A 7 | 0.01
num_step simple update O [E]%% B 0
lambda_cutoff simple update (25 W TEEE A DYDY | K le-12
¥ CHME
parameter. full_ update
full update (2B 9 5 /85 A —%&
E2X:n) B it} T ALK
tau BRI TSR 712 B 1) 2 BRI A | S 0.01
num_step full update D [F%& T 0
env_cutoff full update TERIET VIV EEHE T 5 | EHK le-12
BRIz & AR TREAED cutoff
inverse_precision full update THELLYATH] ZEHH T 2B | EHK le-12
ZX D & B TRERAED cutoff
convergence_epsilon full update T truncation OFEALZEFT S | FEE le-6
% D LSS R A
iteration_max full update C truncation D %2475 | B 100
B2 iteration O K [AI%X
gauge_fix TFUVNDT =V EREET BNE DN HiAfHE true
fastfullupdate Fast full update 123 %7 & 5 H FL{RfE true
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parameter.ctm

AELEFTH (CTM) IZBS 585 X — &

a0 B it} T74IE

dimension CTM DR Y RIRIT x B 4

projector_cutoff CTM @ projector % FHH 9§ 2 EIc¥n | K le-12
& A7 IR FYED cutoff

convergence_epsilon CTM DU E Al E74 le-6

iteration_max CTM DU iteration D H A A% T 100

projector_corner CTM O projector AT 1/4 fAD T Y | BEfbfl true
NDHENS

use_rsvd SVD % &N SVD TEEHZA 505 | Eihfl false
M

rsvd_oversampling_ factor GLIR SVD HIZEH BT 2R REDH D, | EH 2.0
AN W 2 BUTKT T B MR

HL¥E SVD 2 W27 v VIV D IAABEDO FIRIZ DWW T, S. Morita, R. Igarashi, H.-H. Zhao, and N. Kawashima,
Phys. Rev. E 97, 033310 (2018) 2&BL T 7Z& W,

parameter.random

RELUELEE KRR IZB T 6 3T A — &

EA] SEA it FI7A4I K
seed T VDML RELIR SVD I2fWS | 11

BELUELEE g D > — K

MPI 51z BNWT, &£ 70t AL seed IZTHEARER R LUEBAEROY— N LTRLET,

!

[parameter]

[parameter.general]

is_real = true
[parameter.simple_update]
num_step = 100

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

ROR—UiTEi)
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(HID =I5 D E)

[parameter.ctm]
iteration_max = 10

dimension = 9 # CHI

5.4.2 tensor TV a3 v

[2=w bEL] OBREZITZRLEFT (FY FOE#RIX hamiltonian (tenes_std) ¥ evolution (tenes)
TH5EZE9), 2=y b EVF Lx DS Ly DREZIZ2EOEAEOEEZLTCVWET, £/, YTk ayv
unitcell 2F5H %7,

EA-T EEA it} FI7 4k
L_sub I=v bEILDKEZ B FE 713D Y A b --
skew skew BEREMIZBIT ST 7 ME pge 0

L_sub & UTC20D8ENSKB VA& LEGE, BUODOEREN Lx 2. I ANP Ly TRV ET, 3D
DEDEREP S22 ) AN 2ELLGAIZET I T UET, Losub & LTEBEZELLGE, Lx & Ly &2
FLLLARDET,

2=y bEAVHADOY A MEO P SIEFICHE ST INET, x AAP ST ET,

@ ©

L@ O
L»x
58 L_sub = [2,3] &L7/z&EDH

skew Xy AMIZZ=Y M 1 DFEN2Z2ED x FHDALTT,
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X 59 L_sub = [3,2], skew = 1 &U7& E0H (EREZI=y b2LDKE]D)

tensor.unitecell 474> 3V

FARF UV TY), OWRERELET, 22T i, k1 1E virtual bond D > 7> 2 A, a & physical bond
DAVTYIA, nEZYA I ERSEEKRLET,

E11 5BA it}

index YA+ EKE B or B DY X b
physical_dim ¥4 h 7> V)LD physical bond DIXTT B
virtual_dim ¥4 hF VLD virtual bond DIRTT D B or BHDY A B
initial_state PIHPIRAE ES- (OIS
noise VT I VDDSEEDRES B4

index IV AME2ETZLIZL->T, BHEOY A M2FEKIZIEETEET, EOY A b [1 32V 1 bEEKRL
E N

virtual _dimZY A MZEST I LT, 4 FEORY FRGEMMICHEETEE T, HEIEX £ (). EEy. 4
(+x). T (-y) DIEFE T,

RAEKROGIIRGE |T) 12, &1 b i OULIREE |T,) OERTEX SNET,
|U) = ®;|¥;)

YA N TFUYNEZOERREZ2RETS LDt EINET, initial_state TIEEY 1 N i OFIEIRAE
|U;) = >, Aala); 2B 2FEEMBE A, DEZFEEL £, REUTEFNICEB LI ES, TV IVEK
X, TRTODvirtual RV R VT v I AN0 THEIEED, Thoooa = Aa DLW bENET, MOEHEIZ
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iZ [-noise, noise) D —FRELBDH\WIZHNIIC AN INE T, LA, S=1/20& &, S HRNZAIW
TREE W) = | 1) = [0) 2HIHMEIC L2 0WEBAICE initial_state = [1.0, 0.0] {2, S® AMIZAIW72IR
B W) = (| D)+ 1) /V2 Z2AHEICL2WEEAICIE initial_state = [1.0, 1.0] & LT,

initial_state ZX¥ODANSRLEFZELZIGEE. TV VIVDTRTOEEZNMIIZ [-noise, noise)
TG LT E T,

5.4.3 observable 7/ 3 v

VHEREICE T # 4 %2R LET, onesite & twosite D 2DV T IV a vz b E T,

observable.onesite

VeDDY A M LELTERINIYHEEZ RT —FREETFZEREL £,

E11 EHEA il

name HE T O/ Pl

group HE T OMBES B

sites A1+ ES B or BHD Y A K
dim LT DIRTT B

elements WA TOI Lo EE XEEF

name IZH#E FOHFTTT,
group & onesite BT DTS TT,

sites BEHRFVMEMATHY A M ESTT, VAP ZET I THEFRICERTES XY, YA b [] BaY
A4 MEERLUET,

dim (ZEHEF DKL T,

elements [FHAFOI YO BEEEIFTET A2 NTFHTT, 1 DOERIF, ZHTRYLSNZ2 DDEHRE 2 DD
BEUNSGEB S5 1 DO TERENET,

s MAID 2 DRI ENZTNHRETFHBMEMT 2T L RORERSZ2RL LT,

e HED2OBENTNHAFOELADER L EMERL X9,
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Al

S=1/2 ® Sz HHE T

0.5
0.0

SZ:(

9. Ziild name = "Sz" ¥ UT, #BFE 5L group =

0.0
—-0.5

0&LTHEET,

ZHARGIE UTHAL £9,

WIZ, HEFOEMTE29 A bTTR, IRTCOY A P TR—DEETFZHWVWDIGEIZIE sites =
sites = [0,1] & & BRI

T, 25 TRHABRVES, fIZIXACYOREINRERREZTA MHHLI5EITIE.
YA M ESERELET,

HAETOWITIE, LIZR U THRROY A XD T, dim = 2 TY,

=AY

[] &LZX

BEICHEHETFOERZTY, FL0BRIIOVWT, 2O YTy A (ELRAED) L BERZIEFICHERNVITR N

DT,

elements = """
00 0.5 0.0
11 -0.50.0

nun

L £,

FERELUT, S=1R2 O Sz HE IO LS ICEHINE T,

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

group = 0

sites = []

dim = 2

elements = """

00 0.50.0

11 -0.50.0

nun

observable.twosite

50DV A b ETEZREINDYHEZ RIHEAETF2ERLET,
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E2Y:n) B it}

name HE T D HHT XEF
group HET OMBIE S I

bonds AR Pl

dim 1 DIRIT HHDY A K
elements HAETOI L O TR SCFH

ops onesite T DBIE 5 BHDOY AR

name [FHAFDOHFITY,
group & twosites HE T DI E S T,

bonds ZHEFAMEMAT 591 bADEEZRTXFITT, 3 DOBENP 555 11751 DDH A hxbz ik
bij—o

o EHDEEBUT WY1 b (source) DEEFTT,
o HED 2 DDEERIL source site D5 ATFETY 1 b (target) D FERZE (dx, dy) T,
—dx,dy £ BT -3 < dx <3 DHEFAIINE ZMHENRH D £7,

dim IXERE T OWIE, THROBIEMAT 594 MDY 5 2REHTT, #le LT, 22005 =1/2 ACVOME
EHDEEIX, dim = [2,2] TF,

elements XHEBEFOIFY O EEELIBEET A NFHITYT, 1 DOERIT 4 DO YL 2 DOFE/NEEZEH
XU OMWER2E 1 D2DF1P670 FT,

o HID 2 DIXHHFEFHMEMT 5 B D source site, target site DIREBHRZE2RUL E T,
e DED 2 DIXHBEFAMEM L7z % O source site, target site DIREHF T 2R L T,
o BAED 2 DIFTNENHEATOEROFER L BHERLET,

ops %f#i5 & observable.onesite TEH L | REEFOEME LT2HREAEF2ERTESET, HlAIL
observable.onesite @ group=0 & LT S* ZEHL TWHEITIE, ops = [0,0] & LT S7SF 2RE
TEET,

elements & ops ZHAIRHIZEZR L ZHEITET I —KTULET,
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Ll
ZZTIRESRHIE LT, Lsub=[2,2] DEFKEFS=IRNAEURVITERHORY FANINLV M T VDI RI)V
X—ZRDBED, NI bh=ZT v
z z ]' — —
Hij = 875 + 5 [SFS) + 575 ]
ELOREEAE U CHRETAHIZ2FHHEL £,

9. LT HNBZIEENT N name = "hamiltonian" & group = 02 LTEEET, ThTNDY A
FOWRREIX | M) & ) D2REBOERGLELLD72D, RIGIE2 &40, dim = [2,2] &&DET,

WIZRY RTE, ¥4 MEIHS5TDESICHATHET, 0FL 1 FE2DOBRSEKAVNIE, 1BIFXOFEILSRT
(1,0) DALEIZHZDTO 1 0 2REFEINET, AKIC1FLI3IFZORSKRYNE, 3FN1FEH»LSRTO,1)

DAEBEIZHZDTL 0 1 RHEENXT,
NORN©
[>x

X 5.10 Lsub=[2,2] OIEFEF S=12 N1 LU RV TEIOY 1 - DU ONE

BBRICHEFOERTY, TRV A FOBEELFSNIDIBLENHVETH, ZZTE|NH 20, |]))&E1&L
9, CORELFESEHVD L. BIZEHAHED 1D (N1 [Hi| 2ty) =1/41&0 0 0 0 0.25 0.0 &KH
IhE g, Mz, FENMED 1D (1], [Hij|l Lity) =1/21 &1 0 0 1 0.5 0.0 &RBINZET,

FERE LT, S=IR DALY ANVITNIN =T VRO LS ITERSNE T,

[[observable.twosite]]

name = "hamiltonian"
group = 0
dim = [2, 2]
bonds = """
001

010

101

110

201

210

301

310

"

nwn

ROR—UiTEi)
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(HID =I5 D E)

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

nwn

5.4.4 evolution /< 3V

simple update, full update TS 2 ¥ MERMFERERE F250E8 L ET, ROLS2 74—V F%2KD simple,
full 2 20% T rvavifibEd,

E2Y:n) Bl it}
source_site source site D&H 5 B
source_leg source site * & R 7= target site @D f5[] B
dimensions EIRFFFS R EE 77 VIV DIRTG BHEDOY A K
elements ERMREEE T VIO O ER Pl

source_leg iZ 025 3 FTOEKTHEELET, x HADPSIEFBIZHFHDLIZ, 0:-x, l:ty, 2:+x,
3:-y EUTEHINTVET,

dimensions I& observable @ dim & &% D, IRTOEDRTEZIEETIHENHL T, BOIEFIT
elements & [FFRIZ, source_initial, target_initial, source_final, target_final DJH

%"C“j—o
il

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

source_leg = 2

dimensions = [2, 2, 2, 2]

elements = """

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

nun
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5.4.5 correlation /¥ 3 v
B MEEFOMBEMEE C = (A(rg)B(ro + 7)) KT 2R ET L2 a v T, Aoy a v 28K
U754, MHEBERIIEEINERTA,

HEBUIEIE ST T TNS MR CH S NE T, Thabb, AHOTF VYL r = (1,0) T, KL= (0,1) TF.
FDEE rg 2 LT, 229 R EILVHADTRTOY A MHBEAVSNET, 72, rida RV vy ENIEIF R AR,
FEOMEIZOATZET, T7abb,

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

T,
EA:) FEA i
r_max FHEE B D FE#E D KB B
operators FHEERI R 2 | B 1 REHE T A, B 2R T &S ROV AIDY A b

HEF1E observable.onesite ¥ 27 v a vy TCHELEZLDORHWLONE T,

1

BIZIES* BOFET, ST 1 FELLUTERINTVWDEE,

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

TIXHBIBEIE S7(0)S% (r), S7(0)S% (r), ST(0)S*(r) A5, 0 <r <5 ORPETHESNET,

55 HAT7 71

BFEFI AR output T4 V7 MUBTILREINET, £/, AT 740 LTl T7 74 aE—
INET,

5.5.1 parameters.dat

FERICEH R D N R I A -2 B LCEITHREAH DI N E T,
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Al

simple_num_step = 1000

simple_inverse_lambda_cutoff = le-12

full_num_step = 0

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

full_ convergence_epsilon = le-12

full _iteration_max = 1000

full _gauge_fix = true
full_fastfullupdate = true

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

rsvd_oversampling_ factor = 2

seed = 11

is_real = 1
iszero_tol = 0
tensor_load_dir =

tensor_save_dir =

outdir = output
Lsub = [ 2 , 2 ]
skew = 0

start_datetime = 2020-03-21T17:04:06+09:00
finish_datetime = 2020-03-21T17:04:08+09:00

5.5.2 density.dat

FEBEE OV A b b7z ) OHIFHE CGRE LB Wl En X, REETOAN name 2WER - 725G 130D

DIZHEFESPHIINET,

55. HAZ71IL
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Al

Sz

Sx
hamiltonian
SzSz

SxSx

SySy

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

O O O O O O

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

5.5.3 onesite_obs.dat

onesite WHE T DHIRHE (AY) B EINET, BIT450 58D £T,

1. R OHHIHES o«

2. Y1 bDOES

3. WIREEDFEE Re(A2)

4. HIFHE D B Tm(A2)

5

# $1: op_group

# $2: site_index
# $3: real

# $4: imag

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

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

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

twosite HE FOHIFHENH DTN E T, KT 6516480 £,

—_

. twosite & 1 DFAIE 5

2. source 1 FDES

3. source % & A7z target D x 2L
4. source 7* 5 M7z target O y 2L
5. AR oD S

6. HIFHED R

il

# $1: op_group

# $2: source_site

# $3: dx

# $4: dy

# $5: real

# $6: imag

0 0 01 —-3.34687360117867760e-01 2.68843730436328272e-14
0 01 0 —-3.30837879477270169e-01 2.57989265090129366e-14
01 0 1 -3.34681128826821883e-01 2.69020083537152420e-14
01 1 0 —-3.32798087400507758e-01 2.66387741317542961e-14
02 0 1 -3.36648943667345379e-01 2.61735500972987307e-14
0 21 0 —-3.30837927854314540e-01 2.64427835764587303e-14
0 3 0 1 -3.36688835303625589e-01 2.64550560558367253e-14
0 310 —-3.32798142125971141e-01 2.64082512640410446e-14

5.5.5 correlation.dat

RIBIBE O (2, y) = (A% (@i, yi) AP (s + 2,y + ) PHPIENET, &7 7D SHRSNET,
| EFEST-OMAES o
2. EWETOVA B
3. HEETOMIEE B
4. FEETO x HHZH ¢

5. AT Oy HAZEN y
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6. HEFDFEH ReC

7. HEFOREH ImC

il

# $1: left_op

# $2: left_site

# $3: right_op

# $4: right_dx

# $5: right_dy

# $6: real

# $7: imag

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

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

5.5.6 time.dat

FHERESE I NET,

i

time simple update = 1.64429
time full update =0

time environmnent = 0.741858
time observable = 0.104487
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BO6E

73 X A

6.1 TVYVILERY NJ— U YREE

F VY IV Ew 7 — 2 4REE (Tensor network states (TNS)) & IZ/NX 7227 VILOFE, BA 0 TREI NN IRH)
BT [TNS] . BIZIE. NEHD S =1/2 BF AR T, TORBERIZERREOREZHWVT,
= Z Uel s 51582, -+, SN)
si=T,4
aﬁﬁit TUYNERy bT—REETIE. ZORERBRE Uy,

_______ N BTV VD Ly b T =2 TRES N,
B Z1E
OR— [T<1>[51}T(2> [s] - TV [sN]] :

rELZENTEXT, 22T, tT[ BT YV LAY N2 DMiERL, T[] 7Y rERLTH
9. fTHIRHREE (matrix product state (MPS)) L IFIZND T2 Vb 2w 7 — 2 REDIGE [MPS], T [s] 1E s;

MNEZ5N5 L1757 >TWT, tTr... ] X2 0BG, @FEOTFIRICRD £9 :
\I;MPS — T(l)[sl]T(z)[SQ]~~T(N)[5N],

81,82,-

22T, TW[sy]. TW[s](i #1,N). TW[sy] DRIRIEEFNEFN, 1x Dy, Dy xD;. Dy_1x1Th?
EIREL E LTz,

Z D& 57 TNS 2 HEREBHFEAKOELUIHWSGE, TOREIEX D, tk-oTHIRENEST, D, iRV K
WRIT EIREIENTWET, FUVILAY NT—2 DXL TS AR IDEFAVS L, MPS I

\IJMPS

Tyls) = O
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DESITHIK ZENTEET, 2D MPS BERARDEIBEEE XL T A, FERRIZLU T, MR OIKHIBIK
ERDT, BRIZEWMPS 252252 TEET, Rz, WEHBAKDGKTO (H2EID) MH#IZH L THR
MaEFE > TWEHE, DBOMNIRT VY IV EED KT Z LT, 2D MPS (infinite MPS (iMPS)) % {E% Z &
MTEET, 2V FOWMERNTHEDEGE. ZD & 574 iMPS X

CHFREET, 22T ALBEOFUYNIE, RUEZZES>TF VY ILTT,

TeNeS Tl 2 IRFTTDMRIZIEH - 72T > V IIVEIRAE (infinite tensor product states GTNS)) #H D VW F 3, ZD
iTPS (% iMPS O EIRITEAND HRBRILIRIZZR > TWET, TeNeS Tlk, WlERIHMEZE o IEAKTT VIV Ry
FT—=2%FELTED, XA1YZT T LTIE

DX THTFE T, TeNeS TIXZ D iTPS Z2H\WT, 2R EBETFEZHRRDOEEREZELMIZEIAEL T, .
EHBTFT Yy b —20F, EHE TR TR, @~y 72k b, Nl ABTFERL =4
M FRERL 70 Ok 2 72 2 IRTERE IR EFI CTE £,

6.2 iTPS DiE#

% TNS B2 SN2, 2D TNS TORIRHE, (U|0|0)/(U|0) 2E4HT 2701k, —#Iz, (P|0|D) &
(U|T) WS ZODRIZHIET 2T Y xy N7 — 2 OFERIGHEN BB D £9, HlZIE (U]0) IZ5T
57V NVxy FT—2F
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TEZONET, ZOBOT VYR Yy b7 =21k ULIXULIEX, X7V L1 Y — (double layered) 7> VIV 3 v
M7 =2 ENET, XTAVLAY—T VR y b7 —2 OfEEHRIR, @, FERICRERFEIA M
WEETY, MPS (R iIMPS) DIFHEITIE, EWIZH, FFRT VYV VTR S NDIRETHEZEX D T Lk LI
Fo T, MRMIZHR TR HNTEET, LA L, TPS (R iTPS) DL, BELMENFEIINIWI T A X —
CUINZVEROIR S ) v X —) ZROVTIZIEAAEET, @, LR MERE RS EZ AWVWE 9, TeNeS Tl
FRRILATHIME 0 JAABEE (corner transfer matrix renormalization group (CTMRG) [CTMRG] L WEiEN 5, JERIZ)A
Mo leBTNVAY—=FT Y ay bV —27% BEETHI & Ty OFT oY 2HWTELT 5 HEEZFHALTY
7.

XTIV LAY —=F oYty NI =2 2RBMICHEE LT VL

»

Zffio THMMALT 5 &, MERTAIRIUINIGT 2T VYA NI =20 XA T 75 L&,
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ERINET, ARG Ty VT VIR,

r

Corner transfer matrix Edge tensor

DESITERINTVET, ABEITHIREOHEEIX, X147 277 LR TRMTEIL 72, AEEITHOR Y Rk
XL THIRETNE S,

CTMRG O 7V TV XA TIE, HEETH Dy OF Y VIZEFRRRT Y YILE RIRLTW 22 TENS %
Ty 7T—bMU, FERPPEKRT 2 ETHEVIELET, FIXIE. left move LIFZNBZPINFREE X, XA T 7T L

Tl
. N
N —

PN Z
7 _ _ | :Projector

ERINET, ZOXATITILIEHNSE TAVIIY— 11X, W ODPDHETEHET LI e MNTE [CTMRG] .
EHEZ v IS T@E2 L %7,

Left move in CTMRG

RY RIE D O iTPS # FHWT, R Y FIRot x DAHERETHRIAZFZZ 5546, CTMRG OFHE 3 2 i,
O(2D%) & O(x*D*) DREBRHFTAT—VLET, ZIZT, XTIV Y—FVILIy NT—=2DRY RIR

66 B6EFIIVIA



TeNeS 21— —<=a7J),Y)—21.1.0

Jeld, AR LT Y YV EAWARETIE, D2 IZR->TWA I EIZERELTLEIWY, 207k, d@HE, x
X x x O(D2) DE Sz D2IZHBIL TP L ET, Z0O&MTIE. CTMRG OFE I A ME O(D0) 2k b, 2
EVRIZOMD®) I T, b, TITRARZFHEIA N 2FL7-20101E, BfTFIORRESE (SVD) %
WBBENH D £, RbbIZ, BTHO SVD 2HWS54. FHHEIAMIODY?) &b £7,

Vo T AR U 7 IR TR & Ty V5 VY LR BRIE, (U|OT) BRI AT 3 2 e ATE T, BRI
AR (U]S20) 14,

7(?/_» (9|57 W) =

SZ

D k> icRbE N, AR BRI (]S757,,|0) 1

(\IJ|S§S§+1|\IJ> —

i

)
)

5 Sz» ) = _

CRBTBIENTEET, £/, XA TIVILD2FBHDOEXILZHNDZ LT, HED 2 Y1 MEEFORIFHE
HEHBETERZ DN ET, ZOLEIREA I LEZEEOHEETIZHUTHIK Z 2 IZARETTN, 75 A
R—=DKEL 0D ZDOMHRIFHHIZBBEL R HEIANDPERIZRE Z EIZERLTLEE N,
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6.3 iTPS D&iE‘L
iTPS % H RO A NEIRE L U THW25E. iTPS 235/ T 3 )L ¥ — {ifH#
(VIH|P)
E=-—",
(W]w)
EGABEIT, TUYNERETILERHDET, ZIT, HIEBHRRONINV =T VERLTVET,
TeNeS Tld, EIFHFEE (the imaginary evolution (ITE)) & Z 4 ixi#ifl (the variational optimization) %E& 5
ZODFEDS L, HIFD ITE AL TWE T, TeNeS Tik, iTPS D HifH T D UL 7 i e i 76 &
|\IjiTPS> ~ 67TH|\I/0>,
|Wo) IATEDHIM ITPS TF, . H L. THTHICASITNE Ao |VTPS) [ZREIRE

EZF3, ZIZT,
DRWERIZIZ>TWB EEZDZENTEET,

NIV =T 3RO “AAHEEH O T
H = Z Hij,
{9}
INZ IR IR A T O S IR I SRR 7126 U T Suzuki-Trotter 43 f#

TeNeS T,

DEHIZRINTVWDB EFEL,

677”7"[ — H e*THij + 0(7_2).
{(,9)}

KO ERODRAEZEZDZ HTEET, Suzuki-Trotter

ZEHLUET., 22Tl —ROEBEZEZX L LD,

DROE NS Z LT, MR

N,
e THWg) = ( II1e™ ) [W0) + O(7),

-
—

{G.5)}

DESIEEFTIENTEET, 22T, N, =T/7 EHRTNSR 7 TORREERBOAT Yy THTT
[y PBZVSODPOBAREHML T, ThThOBIRENTIE
e

M
(R Z) EREREEE B EWIZHL, %ifméfmstﬁbﬁﬁﬁﬂ%%%ofmétbiﬁoWz
| TROBSEHMEEANIN N T U 2EZGE. ZODOWNESEZHAWT,

X, 2441 hDiMPS T,
| | | | | - q:b
:e—THij
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