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•  if vertices i and j are connected 

• ,  if they are not connected 

• Define a variable  at each vertex 

• , if site i is in one set and  if it is in the other 

Gij = 1

Gij = 0

Si

Si = 1 Si = − 1

Representations of edges and memberships



• Minimize.                   

• Subject to               

L = − ∑
i≠j

CijSiSj

∑
i

Si = 0

Mathematical framework

Cij = Gij
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H(S) = − ∑
i≠j

CijSiSj + μ(∑
i

Si)2

H(S) = Nμ − ∑
i≠j

wijSiSj

wij = Cij − 2μ
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Si ∈ {+1, − 1}
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|{S} | = 2N
Computationally 

intractable

Computationally 
tractable



Pr(Si = 1) + Pr(Si = − 1) = Cexp(βui) + Cexp(−βui)) = 1

C =
1

exp(βui) + exp(−βui))

Pr(Si) = CeβuiSi



< Si > = Pr(Si = 1) − Pr(Si = − 1)
1 = Pr(Si = 1) + Pr(Si = − 1)
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 vi = tanh(βui) tanh
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Exercise 
1. Implement MFA for solving graph bisection 
2. How to improve MFA for constrained 
optimization?
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