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 

 



 

 

 

 

 





CA=(S, N, K, f)





𝐴(𝑡 +  1)  =  𝑓[𝐴(𝑡)];

A(t + 1) = f[A(t); S(t)]  

S(t + 1) = g[A(t + 1); S(t)]



{𝑗|𝐴𝑖𝑗 ≠ 0}



          
         

       
         





≥



𝑂(𝑁2)

𝐻(𝑆) = − ∑𝑖,𝑗 𝐽𝑖𝑗𝑆𝑖𝑆𝐽

𝑆𝑖 = ±1

𝐽𝑖𝑗

𝐽𝑖𝑗

𝑃(𝑆) =
1

𝑍
𝑒−𝛽𝐻(𝑠) =

1

𝑍
𝑒𝛽 ∑ 𝐽𝑖𝑗8𝑖8𝑗𝑖𝑗 )

Z = ∑ 𝑒−𝛽𝐻(𝑠)

𝑆

𝐾𝐵

𝛽 =
1

𝐾𝐵𝑇



𝐾𝐵

𝑇𝑐 = 0

𝑇𝑐 T <

𝑇𝑐

T = 𝑇𝑐

𝑇𝑐 =
2

ln (1+√2)
≈ 2.27

〈𝑠〉 = ±[ 1 − (sinh 2 ){^(−4) ]
1

8

𝑆𝑡

𝑆𝑡 + 1

p(𝑠𝑡+1|𝑠𝑡) = ∏ 𝑝𝑖 (𝑠𝑖
𝑡+1|𝑠𝑡)

p(𝑠𝑖
𝑡+1|𝑠𝑡)

H(s) = − ∑ 𝐽𝑖𝑗𝑠𝑖𝑠𝑗𝑖,𝑗

𝑝(𝑠𝑖
𝑡+1|𝑠𝑡) ∝ 𝑒−𝛽𝐻(𝑠𝑖

𝑡+1
|𝑠𝑡

) = 𝑒𝛽 ∑ 𝑗𝑖𝑗𝑠𝑖
𝑡+1𝑠𝑗

𝑡
𝑗

𝐻(𝑠𝑖
𝑡+1|𝑠𝑡) 𝑠𝑗 = 𝑠𝑗

𝑡 , ∀𝑗 ≠ 𝑖

𝑠𝑖 = 𝑠𝑖
𝑡+1

𝑝(𝑠𝑖
𝑡+1|𝑠𝑡) ∝ 𝑒𝛽 ∑ 𝑗𝑖𝑗𝑠𝑖

𝑡+1𝑠𝑗
𝑡

𝑗

 𝑝(𝑆𝑡) ≡ 𝑝(𝑠𝑡−1, 𝑠𝑡) 𝑠𝑡−1

𝑠𝑡 𝑆𝑡

𝑆𝑡 𝑆𝑡 𝑆𝑡−1

H(𝑆𝑡) ≡

− ∑ 𝐽𝑖𝑗𝑠𝑖
𝑡+1𝑠𝑗

𝑡
𝑡,𝑗

p(𝑆𝑡+1|𝑆𝑡) = p(𝑠𝑡+1|𝑠𝑡) ∝ 𝑒𝛽 ∑ 𝐽𝑖𝑗𝑠𝑖
𝑡+1𝑠𝑗

𝑡
𝑡,𝑗

𝑝(𝑆) =
1

𝑍
𝑒−𝛽𝐻(𝑆)

𝑝(𝑠) =
1

𝑍
∑ 𝑒𝛽 ∑ 𝐽𝑙𝑗𝑙,𝑗 𝑆𝑙𝑆𝑗

∗

𝑠∗



𝑇 → 0, 𝛽 → , 𝑝(𝑆)

𝐽𝑖𝑗 = 1

𝑠𝑖 = 1, ∀𝑖 

𝑠𝑖 = −1, ∀𝑖 )

𝐽𝑖𝑗 = 1

𝑆𝑖
𝑡+1 = 𝑠𝑖𝑔𝑛(∑ 𝐽𝑖𝑗𝑆𝑗

𝑡
𝑗 )

𝐻 = − ∑ 𝐽𝑖𝑗8𝑖𝑖,𝑗 8𝑗

 𝛽 → 0) 

𝑝(𝑆𝑖
𝑡+1|𝑆𝑡) ∝ 𝑒𝛽 ∑ 𝐽𝑖𝑗𝑆𝑖

𝑡+1
𝑗 𝑆𝑗

𝑡

𝑝(𝑆𝑡∗1|𝑆𝑡) ∝ 𝑒−𝛽𝐻(𝑆𝑡+1)

𝛽 → ∞ 𝐻(𝑆𝑡+1)

p(𝑆𝑡∗1|𝑆𝑡) 𝐻(𝑆)

𝑠𝑡+1 𝑠𝑡

𝑠𝑡+1 = 𝑠

− ∑ 𝐽𝑖𝑗𝑆𝑖
𝑡+1𝑆𝑖

𝑡 ≤𝑖,𝑗

− ∑ 𝐽𝑖𝑗𝑆𝑖𝑆𝑗
𝑡 , ∀𝑆𝑖𝑖,𝑗 s = 𝑠𝑡−1

𝐻(𝑆𝑡+1) ≤ 𝐻(𝑆𝑡) 𝑆𝑡+1 = 𝑆𝑡−1

H(𝑆𝑡+1) < 𝐻(𝑆𝑡)

𝐻(𝑆)

−𝑘𝑁 ≤ 𝐻(𝑆) ≤ 𝑘𝑁














