2023 AE KA1 H &5

P2 PR 21 BE A P
SUATYES BT BB AL B

TN 25

MAMRR: FFR. GhaE. 54

HELI: FiF A

2023 4 12 H 13 H



GE- ¥l

> Hhe R BN

[SEE
H

Hith Y= o2 [Wa o1 (Wiz+ b1) + b2]
kRS L= 5 (0 o)

W S AR £ Hedh BE 43 e 2 AN R) 2 A AL
FEEET Mk 2]

> FIBEBRARIIR

%

i

FIERLI8

Sherrington—Kirkpatrick %7

H=— z Jij0i0j

i<j

Giorgio Parisi & A\ BN, SEFE

1/9



RONBLIRIZ AR 2

> BONBOE

FHBIEAUR w* AW y = sign (=Xw* )
JRFMLF I E w — w*
UL HE S

P(y|X,w)P(w) 1

P(W‘y,X) = P(y X) = g

P(y|X, w)P(w)

> i
cgen = 1im Eyxl[y # §(#(a); x)] = By x [O(~74)]
EHHML

z= OwX1

Ow*w
— 2 wWTwW
7 = \/ x1+\/w X2

Ow

ZALIRZEE N TS R R AL

Egen = — arccos
T DPw*

Hrpr

—

1
pwr lim By = ||w*]|3 g= lm Eye x—W'w*
n—00 n n—r 00 n

WESEIZ AR TR ZE B Bt s A Ak -
o JUOHBMEBTIRE — RS
o AT — EANITRE

2/9



)L R R

27N

o

Vi)

¢
= Xpi fout (w“_”;, Ypus

> fH& ﬁfa%jﬂ% (BP Equation)
¢
(2SI ) B, i =
ALAM = _X2' Aw fout (WL‘”', Yus V;AAH)
1 (s—w)?
mi—sp (wg) = o Po (wy) H Moy i (wg) [ dzPoyut (yl2)(z — w)e 2V
e fout(w,y, V) = 3
(z—w)
Xw V[ dzPout (ylz)e 2V
my i (wg) = I dwjPous (yu [ —) njs e (5) I t (2
2u—si ki vn —w)?
dzP, (y]2) (2 — w)? 2V 1
D fout (w0, , V) = L ot @ Ty Bu v
2 f 2V
» relax-BP Equation V2 dPout (vl
N FE L
(OB RERIT) 1
1 _ 1 tr1 2w Bul
) B4 =i T i T
mz—)u Eﬁ%ﬁ%ﬂﬁ% K= EI»L Aij;)y_ L Z A/"j;”
_(w=R)?
’lAUi_>H = /dwi Mi—p (wz) w; fu = J dw wPo(w)e 222
= R)
5 [dw Po(w)e™
v = [ dw; my ;) wi — W . ;
o= [ Qs e )0k -k, @ o T
~ t+1 Rl
fHifk ity = fo (5, R) = —52°
n—>i 1+ EL_M
At 22 z; (BL .)2 ST 1
B0 o _ Tt t o p—ri = Opfw (Z,R) = ————
P A + B V=i RJw 7
{ oN K w=i gy 2A:l,4> 1+E“%L 3/9

my (8 1) =



)L R R

> R&LLIRE (SE)

> N EEE R (GAMP) $ikiagk SE X
Wl 30,001, (ol 1
t m= aEw,z[azfout (w, Sign[z]7 V]
1 ¢=EEps[f(Z,R)
ottt — ot — vt
= ; Xt = Vifoue m = EyEp x[w" (S, R)]

1 _ - ,wH'l, pyitt
Foht = fout (y ) LA RESE A Nishimori 44 ¢ = m

—1

I,+1 t+1 2
=t X2 0 fous (wj vy VEF ) G 5 1 €
- P - = —
s J X“)/d&rﬁ*“t’” vl
1 ,\
R = af 4 ﬁ (ttt >~ Xpifout (wfjly Yy VL+1) (z=p)?
’ = [ [ ot e 20 mt)a (.1 - m'
b1 p/ pfout (p, sign[z], 1 — m")
aph _ = o=
1+ R] = éﬂ:
. AL
t+1 L_
v = ——7 :
ST 1 2 oy i)
o= 1 =2 [pe—
147 ml—gq 1+erf( Vo )
2(1-9)

4/9



AT i

> Hiil )i
S B R
i s R K
1 99" (@, Q)
Z(y,X) = [ dz P(y|z dw P(w) § |z — —wX = N im — ~ < %/
%) = [ da PGl [ aw Pw) < = ) ®(a) extrQ}Q{}g% -
H H eI KT
. > SRR
d = %Ey,x IOgZ(ya X) (1) Q° m m
O = m Q
HAT ® e g
m q Q
logEy x [Z(y, X)"
o= L i 2108Eyx [2(y, X)'] @) N
n r—0 or Q@ m m
u=| ™ TH0
> SRV (6 REUEEMAS% . Laplace #fl) ) a
. Yn n i —3Q
Byx (20X  [[ dQag et (@ - :
e . A ) m:lw“~w* q:lw“ wb
2((Q, Q) = — Tr[QQ) +1og ¥ () + alog ¥, (Q) ;L n .
¥ @ = [ aw o ed T Q=—Iwl3 Q" =pw = I3

\I/(()Tu)t Q) = /dy/ dz Ps(% Q) Pout (v | 7) 5/9



SRR BRIEEE

B H BEY AR B AR
IR RS B PR

(I’rs(a) = eXtrQ’qu7§7m,7ﬁ {_mm+ 5QQ+ 5qq+ \IIW(Q’ m, Q) + a\IIOUt (Q7 m, q; pw*)}
He,

U (Qyin, ) = Be [Zue (/2 g~ ) log Zu (772, @+ 1)

v ; =E,. |Z —1/2 —mg 'm) log Z 12 Q-

out (Q,m, g pwr) =By e | Zoutx (4, mqg™ /=&, pwr —mq " m)log Zout (4, ¢ /7€, Q—q
A 1,

P = lim Eye — [|w*3
EX PSR

Q = 72Q8Q\Pout 21: 72aaq‘ljout m = a0m¥out

Q = —QaQ\I’W q= —28@‘I’W m = 87;1‘1’“,
% &%) Nishimori %, H30

q=oalye |:Zout* <y7 7€, pur — q) fout* (y, 7'/%€, pur — q)Z}

g=E;¢ [Zw* <;11/2£7 ;Z) Farr <;11/2£7 ?1)2}

®3)

6/9



SRR BRIEEE

A B R RO AT X

Zout (g0, V) = Ny (1, A7) (1 +erf<\/%7v)) +Ny(—1,A*)% (1 —erf(ﬁ)>

Ny (1,A%) — 1, A*
Jout = (y,w, V) = (L, A7) = Ny (= )Nw(o, V)
out *(y7 w, V)
'YZ
Zr (A = A = T O fe (1 A) = —
wr (7 ),ﬁ e (7, )*m  fore (7, )*m
B g F1 g MERIER
’lb§2
q N /DE e 1-4¢
q= — q= -
1+4 ”1’q (1+erf(7*@ ))
2(1—q)
fEa—oco i, F g— 1, FEIRRTH
_1 2.2\ 1 N 2 2
qbfi(ak\/a2k2+4—a k)a—Tool_W’ ap = kK«
BENZARETEKR o FHRETHEITHR
bayes |« 1 11 04417
€g (a)—ﬂaCOS(M)&;wkﬂa— o

7/9



gk

> GAMP Z%{UKf#'S SE. RS Wfhiai Rk

— SE
T camp

Test err

— sE
05 —— asymptotic solution

04

03

Test err

0.2

01

0.0

S
> A1 GAMP, SE. Replica % kRt 1 B
VA S B R B 7
> IO A TRRABLAVE T RRIESENY , TRARIH T
EHSRUERBAL (RO AER ) :
> AR REINL (HZER4) M Bty
M, HL TIPS s
> g RIBI -
o WA EURESSI (BEOUERTZE REM)
o BOIBL (IPZEII4) SRR A 2

8/9



Thanks for Listening

9/9



