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Target scope of Conference

Deep learning plays a central role in recent developments in research in artificial intelligence (Al). Various
ideas based on physics are found in the research of deep learning, and consequently, deep learning and
physics are related intimately. This international conference is dedicated to (1) applications of deep
learning to physics, (2) discovering similarities among deep learning and physics, and (3) leading to new
paradigm in physics motivated by deep learning. Researchers in related fields are welcome to attending
discussions at the conference.

Organizers

Koji Hashimoto (Osaka U), Masatoshi Imada (Toyota RIKEN / Waseda U), Kouji Kashiwa (Fukuoka Institute of
Technology), Yuki Nagai (JAEA), Masayuki Ohzeki (Tohoku U), Enrico Rinaldi (Riken & Arithmer Inc.), Akinori
Tanaka (RIKEN AIP), Akio Tomiya (Riken BNL)
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N—tTraUER ALY
[Rosenblatt 1958] [Ackley, Hinton, Sejnowski 1985]

[Rumelhart, McClelland 1986]

f(ill'z) — Wj(z)gp (Wj(;)ﬂj]{) P(Zl?z) — Z exp | — Zwijxihj
- Z'] -




1. ZEME]IENN
sparse’ENNIZZE[E 2755

ISERESE]::
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b4
B HAH B VBB

[K. Fukushima "80]

ATk p(nAx)
TIRT Yk :

ad(nAz) + b0, (nAx) + cO2p(nAz) + - - -
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ResNET & ODE

ResNET (Residual network) [K.He et al.,1512.03385]

xi(n+1) — f(szxj(n)) + xi(n)
= “Skip connection”

(D w
xf’”(w T f x(D

OB E SN = W E R (ZEH (i
X =fx@) >  xf(t,) = x(t,) + At - f(x(t,))

n

by B 2 e R A
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NS )L AZEIENN
o 0_H - a_H 1802.08313

[ RONNEHRLTHS . 2PN
| ate+ AD = 9,(Wy1q() + Wiop(1) g g g 0 g
P+ Al = r(Wyq(1) + Wy, p(1)) g

At = 0
1R D T B TEXY { Wiy = 0+ Atwy
{ g =wq +wpp+ g1(9) @;(x) = x + Arg;(x)

P =Wyq+wyp+ g(p)
\_ MIETZ VRIS NIILL=T ..
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INS)LFY AZEIENN
1 5 1 5 Aq Ay
H = wy1pqg +—w,p° — —=wyq° + —F(vp) — —G(uq)
2 2 V U
(F'=f G =g)
(0 0 v

0 1+Amw;; Atwp,

W= 0 Atw, 1+ Atw,
\0 u 0
(Atf(x)) (0 0 0

1 - Ay 10

=1 =10 o 1

| A18(x) ) L0 0 0
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N{EDRAELZDEEIREDKREIRAE 2 wis, s 5 sy)
[IN\SIIL=ZT O HMNEZ O, TR —EZTwR/DMIE L]

231,...3]\],3’1,... 8" ¢T(5/1, T 7S§V)HS’1,---S§V,31,--- ,le/}(Sla T a8N>

231,"'3N QPT(Sl, U 78N)¢(517 CUT 78N)

E —

ﬁ'-TIJ BE'__‘\\)I/“J?.\/?:/.\/)HQ% [Carleo Troyer "17], | h1> | h2> | h3> | h4>

[Nomura, Darmawan, Yamaji, Imada '17], ..

'(a"",("’.lﬁ e a""N) - E exp E AqSq + E bx‘\h‘x\ + E '](IASH h;\]
A a,A

ha a

|51) 152) 183) |54)

102
b

5l : 25 5T R BE S
INAEURN LT FEEY T

104

1 1 1 1
1 2 | 8 16 32
(8
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ZEERILIYRIORIUOUIFTA—D) YR BFE

INZIVNZTUONRSZon=-FROEKIRED REIRERIE
5%4%#:)b‘y7>7:/yt|ﬁliéhé [Carleo, Nomura, Imada 18], ..

|w) = lim e ™ |any) = e 2#e~2"... | any)
T—> 0
H M )
o 0 o

O—U—VU
Te——

lb(a%) = Z exp | — Z wg))x@-hj _ Z Z wg”)h@(")hﬁ.”’“)
(] n 1]

(n)
h; " €{0,1}
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[J.H.Conway, 1970]
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S. Guha, article in Medium “"Celler Automaton and Deep Learning” 11 May 2020
https://towardsdatascience.com/cellular-automaton-and-deep-learning-2bf7¢57139b3



EsEkE A5 M4 L
BHAHANNTHINET —2H DT

[W. Gilpin, 1809.02942]

Epoch 5
O
[ | | [ |

| | |
. | O |
Epoch 50
] B |

|| |

e 'm " =
Epoch 500

[ H
|

il -
Epoch 1500

Y Foa

Cf. EA L EF TEE [N.WuIff, J.A.-Hertz, Adv. Neur. Info. Processing Sys (1993) 631]
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=F 2 & AdS/CFT
EFEHDOESR

19704

19745

k2. Sche

19764

F 2R, Susskind. Nielsen. /\FO D LR,

rk&Schwarz AN, SRR E HE

BUIETRR . END=FH

1988~

19974

Maldacena

Yoneya, Prog.Theor.Phys. 51 (1974) 1907.
Scherk, Schwarz, Nucl.Phys. B81 (1974) 118.

Hawking, 7 2v71R—IL D15 K RE

Hawking, Phys.Rev.D14(1976)2460.

= J)L—D %%Ei ya o Rovelli, Smoilin.

M AdS/CFT X IiZF R .

(RT3 T74—IREDEKH, )

HHETE

s NERAERIND

Maldacena, Adv.Theor.Math.Phys. 2 (1998) 231.



=F 2 & AdS/CFT
EFEHDOESR

2002% AT S5T4v47QCD, Karch, Katz, JHEP 0206:043.
Kruczenski,Mateos,Myers,Winters JHEP 0405:041.
Sakai, Sugimoto, PTP 113 (2004) 843.
20065 . &Ml TRV IILAVMARDER,
Ryu,Takayanagi, JHEP 0608:045.
20084 ROV ST71vIURBILE,
Hartnoll, Herzog, Horowitz, PRL 101(2008)031601.
2009 EFENZTRIRTLHF5MHE.
Heemskerk,Penedones,Polchinski,Sully, JHEP 0910:079.
20145 KitaevSYKEER! (E AN EFHF)EHKER,
20175 A a3AM AR (FERE) DEH,

Faulkner,Haehl,Hijano,Parrikar,Rabideau,Van Raamsdonk, JHEP 1708:057.



=F 8 1& AdS/CFT
RI=EEBH D EELY AdS/CFTXT it

[Maldacena, Adv.Theor.Math.Phys. 2 (1998) 231]

“CFT” (EF 1=1A1) “AdS” (Z& J3181)
AR TTHZE E D _ (+L)RTEZELD
1% 0D =Fif ==
S—UNIRIR + 585 E D7 A A 3(ME R

- RaEAA (MERMIZH. LD APLEENIZE)
s ENGEZONERICESP>TEHEZELIMN?
- MEHEO—HHIHZHITHONTLNS

* MaldacenaD X IIEIRIILT—EEX R THRLEIE
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EFE & AdS/CFT
HE HRERO—HK

[Gubser, Klebanov, Polyakov, Phys.Lett.B428(1998)105]
[witten, Adv.Theor.Math.Phys. 2 (1998) 253]

EFNFD
P ECEARK
/ Dy(t)]e~ J dtElad

/=R IERA

ty I

hmh

7T ECE

éjJIE-nFH]d)

3E

/[Dgu,,(t, z)]e_fdtdZ(\/Teth[gH...)

b H#fk

/[Dq(t)]e [ dtL]q,q]— [ dtJ(t)Olq] — e_fdtdz(\/Teth[g]+...>

ta J(t) =gu(t,z=0)

i 9w (t, 2) T BLHEE
<
>

(
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3. 7RA%YT 5 74—I& NN
AdS/CFT [XZREBRILYTIITI Y

AdS/CFT EERILYTORDY
[Maldacena 1997] [Salakhutdinov, Hinton 2009]

[KH "19] [You,Yang,Qi 18] (See also [Gan,Shu "17][Howard "18])



3. RAY S5 74—I[% NN
BN DR EEEDCENTES

AdS/CFT

Deep Boltzmann machine

Bulk coordinate z
QFT source J(x)
Bulk field ¢(x, 2)
QFT generating function Z|J]
Bulk action S|[¢]

Hidden layer label &
Input value v;
Hidden variables h,gk)
Provability distribution P(v;)

Energy function &(v;, h\®)

24



4. FlFZERMIE NN
BLEE{EL: EHAIOEREEAE

REDSRITHZE EDRAAS—I5IESR
5 — / dnd*z+/det g [(9,6)% — V(¢)] syl
ds? = —f(n)dt*> + dn* + g(n)(dxt + - + dag_))

-

[BER(n~o)TADS: [~ g~ exp[2n/L]
| IIVIR—=I(n~0):  f~n?, g~ const,

HE EHARAOBREETFHEOBE G,

[Klebanov, Witten 98]

iﬁﬁ( n~ 00): q§=mqe_’7+<l/71//)e_3’7

/

FAXY (n~0)TlE: 0o |, =0
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-

EFHERXZENNTRT
BRAER 020+ h(n)d,6 - 5%’” 0
@ TI*'J‘J7 h(n) = 0y llog \/f(n)g(n)“]

TERAZBEEIE | o+ An) = 6(n) + Anr(n)
INSIVERET T 2y + an) = 7(n) + A (h(n)ﬂ(n) - WWW)

@ I 0p(1)

Feedforwa rd NN &®IH

8%8><5> 25002 |




4. FlIFHZERE (L NN
EFHE(QCD)DT—2TNNZEE IS

10*0-epochs

(N1 J— 15
R Xa3 Emergent metric
& 0.08 0
2
3 0.06 ©
A = 5
S 0.04 £
_8 b /,..
7002 & 3 0
P o '\:_« ;“’ ‘f‘ ._';':‘_.. ‘. .;:.;-f ‘ e o g K
000000 0005 0010 0015 0020 9 5 10
quark mass [GeV] layer

FEINT= (ADS FF)L: 1/L=237(3)[MeV]
ANS5—i5OEEHEE : ML=0.0127(6)
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2l FZEfE L NN

FECRIZELE-RZEMS, PELTHS

i CRIFELI-FZE

Volume
factor

A

Cf) AR EST-FFZE

CZ2 1
ds? = = > ((1 — Zhdr* + dx? + —dz2>
<

1 —z4

A

0

p—

—

TAaA3M4 2 FEK

[Andreev, Zakharov, 06, "07]

DEETIXEL, EFE

5 jj 3?)] % fp Cf [Hyakutake "14]




4. FlFZERMIE NN
HECAIRLBEND. FELTHS

-

FE CRIFEL-FRZE DA—DMRTUIvIL

Volume % V(d)

factor N D d

0.05 0. 0.15

-50 "
—1ooi

-150 -

Procedures 2%

0 based on
[Maldacenal]

[Rey,Theisen,Yee]

=

[Petreczky, "10]
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4. BIFEZER](E NN
Neural ODE : BfE{EDNC BHHICES

Residual Network ODE Network
5 5 :
4 ! 4 1
c3 c3
o o
Q () ®
o) I o) ‘
[ ]
i 1 f i /
" 0 5 0==5 0 5
Input/Hidden/Output

Input/Hidden/Output
Neural ODE [R.T.Q.Chen, Y.Rubanova,
J.Bettencourt, D.Duvenaud 1806.07366]

2006.77?277?°7
do(n)

i f(o(n),n,h(n))
FE CRIELIFRZE

h(n) =8.23517° 4+ 8.01087" + 7.60717°
+ 6.94687° + 150.88537* — 130.81177°
+ 55.53847% — 2.222357" + 3.7719.

IA—OMRTY
V(d)

n=1-n
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5. BIFEFFZEIL NN
J—1) TE B CEREIREREE UL

[Karch, Kaz, Son, Stephanov "06]

RHDTAZEEASRITERHFDIIAITILER
S = Jd“xdze—@\/fg (Fyw)’
TATEY @AM VY ds? = €240 (d? + y,,dx'dx’ )
BHR(2~0): B)=d(z) —A(z) ~ logz
THORITILIEDEFAREREME A,G ) =1,2)p,6")

o ( 9 2,—B

()—Z(e a—Zvn> +w e v, =0

HE: KRB o>~ P FHEDEZLD LS,
SILRRISIL AR D, TDIEN AV VEE

-
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5. BIFEFFZEIL NN
J—1) TE B CEREIREREE UL
EE}J??*EEE a <e_B a > ) 2005.02636

—v_ | +w?e By, =0
0z

(imd

@ 0z

?:E'Eﬁ’&%ﬁﬁ&j |3’ v,(z+ A2) = v,(2) + Az 7, (2)
INSIVEUTEE | 7z + A2 = 1,) + Az (B(D)7,(2) — 0™0,2))

Vv

Feedforward NN IR

> M M

\/\ vViz=00)=0
T e o o
V o—J




5. BIFEFFZEIL NN
NEOVBEEOERT—4TEETS

pAVUDE =
miY = 0.77 GeV, m{* = 1.45 GeV

-

e Positive
Negative

B'(z) = ®'(z) —A'(2)

<

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5



5. BIFERFZEIL NN
NFRVEEDORRT—ITFEITD
pAVUDE =
miY = 0.77 GeV, m{* = 1.45 GeV
a, *DE=:
mS) =132 GeV, m{?) = 1.70 GeV

-

B'(z) = ®'(z) —A'(2) B'(2) = ®'(z) — 3A'(2)

50
50
20
40

30

20 /_/
_A4

10

0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
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5. BIFEEFZEIL NN
NNLEDEAELTEHZENEIRTS

r=h 35— S
| _ & CRIFELT:
kel OB =P TA4TR15
8 I pure AdS L -
o ﬁ)[m(z)] 0 P(z)
O ~ Z 0 e Z
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6. =FFFZE(L NN?
AdS/CFT TOREFZE D BERE

AdS/MERA %1 its EFO—KFIZkBHER

[Swingle "09] [Pastawski, Yoshida, Harlow, Preskill “15]
Olo]o]c O -"O..O... A
SGEuBEesEuEEBEa % ©) (0 @ y
_[(WQ)I{@IQ}@IQJI(@IQ)J O , og
EF¢\>IF%§IF>¢f51Q¢/J ': Black hole ‘O
(I ST (T S . ON
I ] _n O
(o 1T 5o (= 1 o) . Qw :
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6. =FHFZEIL NN?
Regge 5T & vs 1TH|1=H!

G

Regge §1TH NERBER 7 E
[Regge 1961] [Ambjorn, Loll 1998]
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