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£ %= X+Y: “Superblock”, “Universe”

v) =2 v y)x) @)

Px = Try
Py = Trx

Xe X
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Sx =—Trx (px 109 py)

Sy =—Try (PY log PY)
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Y5285 (Singular Value Decomposition, SVD)
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w (X, y) =2 U1 () A1V i(Y)
I

Al FEEGEEDE)

U, (xX),v(y) :2=%2)—175|
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y I

oy (% Y) =D w (X y)w (% y) =D Vi) AVi(Y)
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17535 IKHE (Matrix Product State, MPS)
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Tensor Product State (TPS), Tensor Network State (TNS)

Projected Entangled Pair State (PEPS)
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Multiscale Entanglement Renormalization Ansatz (MERA)
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I1 12
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Monte Carlo Simulation of the 2D Ising Model

Classical Ising Spin Model: H =—J Zg,z o ol=%1
(i,])

Snapshots at various temperature

T T

(a)T =3.02J (b)T =T.= 227]

2]
N log(1++/2)

(©T =1.52]

= 2.2692J

L =256 Te



GERME-DT0Z2ILIELIEHR=E
2RITTA Y FEEY

H=-J2 ofc]

%
o0

e R A THDARAFT YT gvk
> DT 3I)LRIERAE{EE
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> ETORESETEEMUMICRT

A typical snapshot of

the Ising model
256x256, T=2.26J
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Density matrix of a snapshot

A snapshot determined by Monte Carlo simulation

X

4
(-1 1 1 1)

1 1 -1 -1
1 -1 -1 1
-1 1 1 -1

Py=WY py=yy

Matrix product = trace over partial degree of freedom



Y5285 (Singular Value Decomposition, SVD)

Singular Value Decomposition (SVD) of matrix ¥ (Snapshot Data)
w (X, y) =2 Ui (X)JAVi(y)
I

A :singular value (non—negative, uniquely determined)

U, (X),V| (y) - (unitary matrices, various choices)
Py (X, X) =D w(x )" (X, y)=D"U () AU (X)
y |

oy (VY =D w (X y)w (% y) =D Vi) AVi(Y)

Snapshot Entropy = boundary law (not extensive)

Sx =—> aulog 4, =Sy A=A A
| |
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111*/:—7‘-“4*/7;_ HM, Phys. Rev. E85, 031101 (2012)
v, Y) =X xy) v xy)=U0VAIVI(Y)
=1
RG] — g — W(l) (X, y)
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+H1Toa—TF425 HM, Ching—Hua Lee, and Y. Hashizume (2014)
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f(1)=Y6(A-1.)=A1" a=2"1 _gmas

a
ln:— A:l—n

nA

X
S;( — _Z/ln In An
n=1

Zl_A_l 1-A A 1-A
< £ (1)) A

si=hL-y(a)  #(a)=In(-a)+ 2
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1

log m
Ozebra, Alargo, Vmatsueda office,

log m
cat, X flower, Otree

m 1
Sm=—>_Alog 4 zglogm+7/
1=1



Tensor—product construction of Sierpinski carpet

h X h(=3 X 3) unit cell

1 1 1)
H={1/0| 1
11 1
Factorized form
M=H®H® --®H®H
111 111111
1011 100l 1 1[0 1
111111111 Fractal image
1 1 107070 1 1 1 _
HeH={1[Bl 10 0 0 1[@ 1 =2 L XL matrix
1111000111 —> N different scales
111 111111
1011 100] 1 1[0 1 L=p"
111111111




SVD spectrum of Sierpinski carpet

M=HOH®---®H®H N ng |l

w|lo

MZZ H2®H2®®H2®H2

Two non—zero eigenvalues of H? : T =4+2/3

1,43
Normalization of [ : 7/i=5 e y =1-y,

Eigenvalues of M? : A; 7/+7/_ -—7/+(1 7/+)N_ (Degeneracy : Cj)

Snapshot entropy & entanglement entropy of 1D free fermions

N

S=—> Cila;In1;)= ( Zy.lnyj ( ZV.'W)IHL

= Inh

I. Peschel, J. Phys. A: Math. Gen. 36, L205 (2003)



Snapshot entropy as a function of layer number N
(Numerical calculation)

C.H.Lee, Y.Yamada, K. Kumamoto, HM, JPSJ84, 013001 (2015)



EXE!HII-'HHIH

_0.4} -
N 42
_ | 02t -
f | L | 1 L B5OO0000000000000000000
% 10 , 20 0 % 107 720 30

C.H.Lee, Y.Yamada, K.Kumamoto, HM, JPSJ84, 013001 (2015)



Finite= X scaling 7 LSS ADBDIER:
F—nN—F—ILIZCENIE,
Fractal = degenerate eigenvalues R TIEECTHEMIZRZ 5.

We focus on the first (N+1)-th eigenvalues

A2=A3="""=Ann

S, =—A:l00 1, — (¥ —1) 1,109 1,

imS,=0=-,log ;,=—A,l001,=S,=S:x

x—0

cf. finite—entanglement scaling near 1D quantum criticality

“Xlog x = - log ¥
6 Vi2/c +1

S,=

Their difference may come from violation on full conformal
symmetry on the fractal image that has just scale invariance.



» Learning two images which are the original image and the
depleted one.

» Input image Is the intermediate one.
» Those are generated by SVD.

The purpose is to examine
the relationship between the
entropy scaling and the
ability of network.

Input

2014/9/7




Method(SVD)

08 - | ' I ' l

- Lenna

Scaling |
0.6 « logx ‘ ]

Memory 2

Entropy S,
X

Sy == ()
=1

20147907 T.Kumamoto, M. Suzuki, and HM, JPSJ 86, 024005 (2017)



