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APPENDIX

We first should find ∂H(t)
∂xiµ(t)

such that ∂Qiκ(t)
∂xiµ(t)

= 0 in hard membership state. Having equations (10), (13), and

(14) in the main text, the term ∂H(t)
∂xiµ(t)

is calculated accordingly. Using Eq.(47) in the main text, we have

∂H(t)

∂xiµ(t)
=

1

2
γ1

∂

∂xiµ(t)

∑
κ

{log( p
in
κ

poutκ

)
∑
a

∑
b ̸=a

(Aabxaκ(t)xbκ(t))}

+
1

2
γ2

∂

∂xiµ(t)

∑
κ

{log( 1− pinκ
1− poutκ

)
∑
a

∑
b ̸=a

(Aabxaκ(t)xbκ(t))}

+
1

2

∂

∂xiµ(t)

∑
κ

{log(poutκ )
∑
a

∑
b̸=a

(Aabxaκ(t))}+
1

2

∂

∂xiµ(t)

∑
κ

{nκ log(
nκ

n
)}.

(1)

Some terms are calculated mathematically in the following:∑
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Then using Eq.(1), we have
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