




1

2

3

4

5

6

7

8

9

10

11

12



1

2
n −1( )!









1. We generate a new configuration ′C  from the present configuration C

2. We compute the energy of the new configuration, ′E
3. We compute the energy difference ∆E = ′E − E
4. The new configuration is accepted with probability p 

p = 1 ∆E < 0

p = exp − ∆E
kT





 ∆E ≥ 0
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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( )













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)



q

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( )



π x( )

π y( )q y,x( )
π x( )q x,y( ) < 1

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

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

P y→ x( ) = q y,x( )

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

π y( )P y→ x( ) = π y( )q y,x( )



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

)





p(x, y) =
3∑

i=1

αi√
2σ2

i

exp

[
− (x− µx,i)

2 + (y − µy,i)
2

2σi

]

α1 = 0.5; µx,1 = 0; µy,1 = 0; σ1 = 0.3;
α2 = 0.3; µx,2 = 1; µy,2 = 1.; σ2 = 0.5;
α3 = 0.2; µx,3 = 2; µy,3 = 0.1; σ3 = 0.5;

















p(x, y) =
3∑

i=1

αi√
2σ2

i

exp

[
− (x− µx,i)

2 + (y − µy,i)
2

2σi

]

α1 = 0.5; µx,1 = 0; µy,1 = 0; σ1 = 0.0725;
α2 = 0.3; µx,2 = 1; µy,2 = 1.; σ2 = 0.125;
α3 = 0.2; µx,3 = 2; µy,3 = 0.1; σ3 = 0.125;





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
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[
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( )





y = ax+ b

a

b
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b
















