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[2] #Parameters for calculation

Tc = 2.0/np.log(1.0+np.sqrt(2.0)) < BE7RTe (BB LEW)
### input parameters ### [ R F LA R
L=32 <+

T=2.0xTc ## T means T/J < T BE

h =20 <«

h: Bg (S EIFEXRRIICO)

algorithm="metropolis" k2 o ~
#algorithm="heatbath" <« LT Y 2L A C nfﬁﬁﬂo L 71\
#algorithm = "cluster" - X RARY R

random_seed = None GE) ALY =R,

thermalization = 10000 el - Bk (heatbath)
observation = 50000 \ ent - Swendsen-Wang % (cluster)
(Nonetz & H[OiES) 33 A
AR B R R AR R - - LENTT -~
MIBEZETE T I (L. MCMCZ% 1T Dstep#l
(FERR B F = D72 < T 572 )
IRE Z 5TRE I Dstep#l
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[Outputs with errors estimated by Jackknife method]

T = 4.538370628426044

Energy = -0.47929273437500003 +- 0.0003877741513014861

Energy”2 = 0.2322261947631836 +- 0.00037493470656671236
Magnetization = -4.5156250000000064e-05 +- 0.00029356012661862124
Magnetization®™2 = 0.003279116973876952 +- 1.9936339089795468e-05
Magnetization®™4 = 3.2012081598513764e-05 +- 4.408930118636691e-07
Specific heat = 0.12452318130922689 +- 0.0009802312918727957
Susceptibility = 0.7398725349177852 +- 0.0044982688500764065

IR E & ERE  (Jackknifel®)

Connected Susceptibility = 0.2671902989849985 +- 0.0019568959196030276

Binder ratio = 2.9771448026203218 +- 0.021618961306956737

Magnetization

MBEDYAFITV R

L= 32 Ising model: time series
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data_file = "mcdata_ex1l-2.dat" ##e—
I

—| _FEED True D EF IZinput_file&.
False D ldoutput file

#Parameters for calculation

L_list=[8,16,32] < STEIBLOYUXN (ZOBITIE. L=8, 16,32%Z5tH)
T_list=np. 2.0,2.7,0. — | -

T H S . LB S ZTOER, - DFITI.

f L in L list: .
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Tc = 2.0/np.log(1.0+np.sqrt(2.0)) ## The cri

EERTc (EELIRW)

### input parameters ###

[=on: X T LY A Xy NTIETE

n=7%##FtL =2™n <
T_min 0
7

T _min, T_max, T_step: ;2E

2.
T_max 7/
T_step = 0.02

<=

T_list=np.arange(T_min, T_max,T_step)

D = 4 ## bond dimension <

### input parameters ###

D AEZ > I588DIT XY (R RRIT)
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free energy density
free energy density
free energy density
free energy density
free energy density
free energy density

PN NN DNDNDDN

.0 -2.0511359452135833
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.06 -2.0608076301385387
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.1 -2 068049238287201
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j L=00 Y RAT LA X
### input parameters ### 7 1 Ko

n_max = 6 < n_min ~ n_max=x C&t&
n_min = 3

T min = 2.0 T _min, T_max, T_step: JRE
_ -

T_max = 2.7

T_step = 0.01

D = 4 ## bond dimension < D AEZ > EBDINTASY (R RRIT)

data_file = "trgdata_ex2-2_D"+repr(D)+".dat"_#
### input parameters ### ‘\\\\

data_file : STEEREZ LXK IT D7 7 1)L %o
CCTlE. DICIG U TESARICGD L DICLTWS

*google colabD v 2 3 VAT 9 % Ldata_file’R EIFE A T I,
MWETHNIE, BEY VO—RKRLUTLEEW
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Free Energy Specific heat
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Specific heat
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## plot temperature range T min, T_max: 7Ov ~9 235 E&H
T_min = 2.1 <« — —
T_max = 2.4

## data file

mc_data = "mcdata_ex1-3.dat" ## MC simulation data < HEERNEEIES N TWB T 71ILE
trg_data = "trgdata_ex2-2_D4.dat" ## MC simulation data
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LUTOXGENHEAETNTULNIZOK

Free Energy

Magnetlzatlon

=2.05 A1 ® TEBD, chi max = 4 : ® (TEBD, chi_max =4
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=x2-1.1pynb @D input

TEBD CEEZRDIFARFA I VI BEOYIBEEA2stE U ET
PEHDLEITA Y Y NINOAXAYZZETEFT (BEELES"INTOEIILZET")

Tc = 2.0/np.log(1.0+np.sqrt(2.0)) £ The critical temp

EERTc (EELIRW)

T_min

T _min, T_max, T_step: }RE

T _max =
T_step = 0.01

chi_max - {BE= > 73LlDINZ X5

chi_max = 4 ##bonmd—dimension for iTEBD
max_itr = 200<£ _maxmun number of iteration for iTEBD
seed = 13 seed for random number—generator used for

(R RRIT)

data_file = "iTEBDdata_ex2-1_
### input parameters ###

r(chi_max)+".dat"

T_list=np.arange(T_min,T_max,T_step)

—|max_itr : Brix{TAZ |RAAIEIHNF B D

seed . IMPSDIERT >V ILEEDEED 5 %




=x2-1.1pynb @ output

iTEBDICLK D2BHHEIRIF—. WHik. HEER

#it
T,
T,
iz
T,
#
T,
T,

calculation has finised at 45 steps

free_energy_density, exact value = 2.0 -2.0515856173269604 -2.051585625389835
magnetization, exact value = 2.0 -0.9113203665311507 0.911319377877496
calculate correlation length

correlation lenght 2.0 1.53226208078651

calculation has finised at 47 steps

free_energy_density, exact value = 2.01 -2.053133972654274 -2.053133982646481
magnetization, exact value = 2.01 -0.9079491801051529 0.9079479211094439

HE = Z TR D T Lz

Correlation length Specific heat
20.0 A - .
@ ® TEBD, chi max = 4 \® ® TEBD, chi max = 4
17.5 - :.. —-—— T 3.0 exact
1
I n —-—= T,
< 1 1
15.0 ' ° SE | fi
1 I
12.5 - L ® l’l \
@ I ®
I ° 20 - LI
W 10.0 A : i © D : \
O ] .,‘ 1§
75 1 - 15 A :
S |
>0 i 10 1 |
1 - 1
25 - : |
1 1
I I Ll l L I I Ll L 05 B L I Ll - I Ll I I T
20 21 22 23 24 25 26 27 20 21 22 23 24 25 26 27
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v Exercise 2-2: Comparison between iTEBD a
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Free Energy Free Energy Error
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® (TEBD e MERD
—2.0578 A e TRG ® . TRG
. === exact 1077 - ° . .
—2.0579 A . .
1077
—2.0580 A .
) 5
-2.0581 A 10-°
]
—2.0582 1
10711 A .
-2.0583 1 ° .
10713 1 o
-20584 { ®~"""" o----- R s &----- P — °- . .
- 6 8 10 12 14 16 B 6 8 10 12 14 16

xorD xorD



—X2-2.1pynb D input

TEBD CHEBRRZRDEARFA I VI BEIOYIEEZETE L 2
PEHDLEITA Y Y NINOAXAYZZETEFT (BEELES"INTOEIILZET")

/1

Tc = 2.0/np.log(1.0+np.sqrt(2.0)) ##*Thecrittiecal BE 5T (ZBE LG W)

T =0.9 %x Tc ## Temperature €

T BE

### for iTEBD ###
chi_max_list = {45678, H4—361 - Dbenddi— chi_max_list : iTEBDDR> KXITY X
max_itr = 209 7 meaxmun—number of iteration for iTE

seed = 13 W max_itr : k{75 % RAME A T B hY
i Tor TRG IMPSDHIERT >V )L (E B ELED 5 %

seed

n=20#ftL=2" te that n must be sufficiently
D list s_[4, 6, 8, 10, 12, p bond dimensic
[ =20 YA T LA X, nTIEE

L = 2%%n
TRG_step = 2xn -1

HRRE BT H2DTREL TS

## output files D Jiat - T o—
ist : TRGDIMN IS A
data_file_iTEBD = "iTEBDdata_ex2-2.dat" ## Simulat] St GDINY RRITY A K

data_file = "trgdata_ex2-2_n"+repr(n)+".dat" ## Sin




=X2-2.1pynb @ output

iTEBDICLKZBHHEIXRILF—. Wik. HEE

## calculation has finised at 53 steps

T, free_energy_density, exact value = 2.04226678279172 -2.058386743887583 —-2.0583867640251055
T, magnetization, exact value = 2.04226678279172 -0.895940335470425 0.8959375370799653

## calculate correlation length

T, correlation lenght 2.04226678279172 1.7597004266052616

TRGIC & HBEHIRILF—

> T, free_energy_density
T, free_energy_density
T. free enerav densitv

2.04226678279172 -2.057720934733894
2.04226678279172 -2.0583075284209564
2.04226678279172 -2.0583767083674065

A\ —L_ A\ =10 —L_
BT RILF—DHE AT RILF—DIREDLR
Free Energy Free Energy Error
-2.0577 1 o . 1071 » i
® (TEBD ® (TEBD
~2.0578 - ® TG . * TRG
' -== exact 10~ - o e .
~2.0579 - N °
1077 1
—2.0580 °
“- S
-2.0581 A 10-9 g
-2.0582 - ¢
. 10711 4 P
—2.0583 - o o
10713 - ¢
—20584 _"'.' ----- == 6-____-6 ----- 6 _____ '0' _____ 6- b el
4 6 8 10 12 14 16 4 6 8 10 12 14 16
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