






p(y1, y2|θ1, θ2) = 1

2π
√| detV | exp

[
−1

2
(y − θ)

T
V −1 (y − θ)

]

V =

(
1 ρ
ρ 1

)

p(θ1, θ2|y1, y2) ∝ p(y1, y2|θ1, θ2)



p(θ1, θ2|y1, y2) ∼ exp

{
− 1

2(1− ρ2)

[
(θ1 − y1)

2 − 2ρ(θ1 − y1)(θ2 − y2) + (θ2 − y2)
2
]}

p(θ1|θ2, y1, y2) ∼ exp

[
− 1

2(1− ρ2)
(θ1 − (y1 + ρ(θ2 − y2))

2

]

p(θ2|θ1, y1, y2) ∼ exp

[
− 1

2(1− ρ2)
(θ2 − (y2 + ρ(θ1 − y1))

2

]









d = x+ w

N = Ln2



P (x|d) = P (d|x)
P (d)

P (x) ∝ P (d|x)P (d)



N = Ln2

N = 210
4



P (x)

P (x)

P (x|d) ∝ P (d|x)P (d) ∝ P (d|x)



lnP (x|d) ≈ lnP (d|x)− [− lnP (d)]

− lnP (d)



P (n) =
N !

n1!n2! . . . nM !

(
1

M

)N

;
∑
k

nk = N

ni = �αdi�



lnP (n) ≈ (N lnN −N)−
∑
k

(nk lnnk − nk)

= N lnN −
∑
k

nk lnnk

≈ −α
∑
k

dk ln dk + const.

P (n) ∼ exp

(
−α

∑
k

dk ln dk

)
∼ exp

(
−α′ ∑

k

pk ln pk

)
= exp [α′S(d)]

n!≈ nne−n lnn!≈ n lnn − n

pi =
di∑M

k=1 dk





h r( )∝ 1+ r2
R2

⎛
⎝⎜

⎞
⎠⎟

−β

x → Hx





P (x|d) ∝ exp

[
− (x−Hd)2

2σ2

]

P (x|d) ∝
∏
n

(Hd)
dn

n

dn!
exp [− (Hd)n]

P (d|x) ∝
∏
n

(Hx)
dn

n

dn!
exp [− (Hx)n] ≈

∏
n

exp

[
− (dn − (Hx)n)

2

2 (Hx)n

]
= exp

[
−
∑
n

(dn − (Hx)n)
2

2 (Hx)n

]





H = −J
∑
〈i,j〉

σiσj −B
∑
i

σi

M = 〈σi〉



〈σiσj〉 ≈ 〈σi〉〈σj〉

H ≈ −J
∑
i

σi

∑
〈j〉i

σj −B
∑
i

σi ≈ (−Jz〈σi〉 −B)
∑
i

σi = −Beff

∑
i

σi

Z =
∑

configurations

exp

(
Beff

∑
i σi

kT

)
=

∏
i

(
eBeff/kT + e−Beff/kT

)

= [2 cosh (Beff/kT )]
N

= [2 cosh (βBeff)]
N



M =
1

NZ

∑
configurations

σie
βBeffσi =

1

NZ
kT

∂

∂Beff

∑
configurations

eβBeffσi

= kT
∂

∂Beff
lnZ = tanh (βBeff)

= tanh [β (B + JzM)]

M = tanh [β (B + JzM)]

M = tanh (βzJM)



Tc =
zJ

k

M = tanh (βzJM)

{
y = x
y = tanh

(
Tc

T x
) {

y = x
y = tanh

(
Tc

T x
)
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P (Xs = xs|Xr = xr, r ∈ S, r �= s) = P (Xs = xs|Xr = xr, r ∈ Gs)



P (x) =
1

Z0
exp [−βH0(x)]

P (x|d) = 1

Z
exp [−βH(x, d)]

P (d|x) = 1

Zn
exp [−βHn(x, d)]

H(x, d) = Hn(x, d) +H0(x)
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H = −J
∑
〈i,j〉

xixj −
∑
i

yixi

H = −J
∑
〈i,j〉

xixj − 1

2σ2

∑
i

(yi − xi)
2 ∼ −J

∑
〈i,j〉

xixj − 1

σ2

∑
i

yixi
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(a) (b) (c)



T C→ ′C( ) = min 1, exp −
′E − E( )
kT

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

P C( )T C→ ′C( ) = P ′C( )T ′C → C( )

P C( )exp −
′E − E( )
kT

⎛
⎝⎜

⎞
⎠⎟
= P ′C( )

P ′C( )
P C( ) = exp −

′E − E( )
kT

⎛
⎝⎜

⎞
⎠⎟



T C→ ′C( ) = min 1, P ′C( )
P C( )

⎡

⎣
⎢

⎤

⎦
⎥

T C→ ′C( ) = min 1, exp −
′E − E( )
kT

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

P C( )exp −
′E − E( )
kT

⎛
⎝⎜

⎞
⎠⎟
= P ′C( )

P ′C( )
P C( ) = exp −

′E − E( )
kT

⎛
⎝⎜

⎞
⎠⎟



x = xn

y

α x,y( ) = min 1,π y( )q y,x( )
π x( )q x,y( )

⎧
⎨
⎩

⎫
⎬
⎭

π x( )

y→ xn+1( )

P (x → y) = q(x,y)α(x,y)



α x,y( ) = min 1,π y( )q y,x( )
π x( )q x,y( )

⎧
⎨
⎩

⎫
⎬
⎭
→ min 1,π y( )

π x( )
⎧
⎨
⎩

⎫
⎬
⎭



P x→ y( ) = q x,y( )α x,y( ) = q x,y( )min 1,π y( )q y,x( )
π x( )q x,y( )

⎧
⎨
⎩

⎫
⎬
⎭

π y( )q y,x( )
π x( )q x,y( ) ≥ 1

α x,y( ) = 1; α y,x( ) = π x( )q x,y( )
π y( )q y,x( )

P x→ y( ) = q x,y( )

P y→ x( ) = q y,x( )π x( )q x,y( )
π y( )q y,x( )

π x( )P x→ y( ) = π x( )q x,y( )

π y( )P y→ x( ) = π y( )q y,x( )π x( )q x,y( )
π y( )q y,x( ) = π x( )q x,y( )





p(x) =
0.6√
2π

exp

(
−x2

2

)
+

0.3√
2π

exp

(
− (x− 3)2

2

)
+

0.1√
0.5π

exp

(
− (x− 1)2

0.5

)































S(D) ≈ e−αD−βD2



P (n) =
an

n!
e−a

P (0) = e−a

a = D/D0

S(D) = P (0, D) = e−D/D0



S(D) = 1− (1− e−D/D0)n

S(D) ≈ ne−D/D0

lnS(D) ≈ lnn−D/D0



0 1 2 3 4

0.10

1.00

0.50

0.20
0.30

0.15

0.70

D/D0

S(D)



[
d

dD
e−αD−βD2

]
D=0

= (−α− 2βD)e−αD−βD2
∣∣∣
D=0

= −α

d

dD

[
1− (1− e−D/D0)n

]
D=0

= −n
e−D/D0

D0
(1− e−D/D0)n−1

∣∣∣∣
D=0

= 0



S = exp −aD( ) + bDexp −cD( )

S(D)

D (Gy)



L α ,β( ) = exp −
Sk − S α ,β( )( )2

2σ k
2

⎛

⎝
⎜

⎞

⎠
⎟

k
∏

p α ,β Sk{ }, I( ) = exp −
Sk − S α ,β( )( )2

2σ k
2

⎛

⎝
⎜

⎞

⎠
⎟

k
∏
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
exp −0.1α( )exp −0.1β( )



α

β



S(D)

D (Gy)



L a,b,c( ) = exp −
Sk − S a,b,c( )( )2

2σ k
2

⎛

⎝
⎜

⎞

⎠
⎟

k
∏

p a,b,c Sk{ }, I( ) = exp −
Sk − S a,b,c( )( )2

2σ k
2

⎛

⎝
⎜

⎞

⎠
⎟

k
∏
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
e−0.2ae−0.2be−0.2c





S(D)

D (Gy)

S = exp −aD( ) + bDexp −cD( )



S(D)

D (Gy)

S = exp −aD( ) + bDexp −cD( )



S(D)

D (Gy)

S = exp −aD( ) + bDexp −cD( )


