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ComE+ - derivations

Based on q(W,K), we can formally define the truncated generative process of ComE+ as:

qγk,1,γk,2(πk) : πk ∼ B(γk,1, γk,2), for k = 1, ..., K; (1)
qτk

(ψk) : ψk ∼ N (τ k, I), for k = 1, ..., K; (2)
qBk,ck(Σ−1

k ) : Σ−1
k ∼ W(B−1

k , ck), for k = 1, ..., K; (3)
qξi(zi) : zi ∼Multi(ξi), for i = 1, ..., |V |. (4)

(5)

Then, for inference we define OComE+
3

′
as:

OComE+
3

′
(Φ, q) = − β

K
(Eq[log p(W,Φ|ρ, ν)]− Eq[log q(W,K)])

= − β
K

(∑∞
k=1

(
Eq[log p(πk|ρ)]− Eq[log qγk,1,γk,2(πk)]

)
+
∑∞

k=1 (Eq[log p(ψk)]− Eq[log qτk
(ψk)])

+
∑∞

k=1

(
Eq[log p(Σ−1

k |ν)]− Eq[log qBk,ck(Σ−1
k )]

)
+
∑|V |

i=1

(
Eq[log p(zi|π)]− Eq[log qξi(zi)]

)
+
∑|V |

i=1 Eq[log p(φi|ψzi
,Σzi)]

)
.

(6)

Finally, we derive the updates for each variational parameter in q(W,K) as:

γk,1 = 1 +
∑|V |

i=1 ξi,k, (7)

γk,2 = ρ+
∑|V |

i=1

∑K
j=k+1 ξi,j, (8)

τ k =
(
I +B−1

k ck
∑|V |

i=1 ξi,k

)−1(
B−1
k ck

∑|V |
i=1 ξi,kφi

)
, (9)

Bk =
(∑|V |

i=1 ξi,k + 1
)
I +

∑|V |
i=1 ξi,k(φi − τ k)(φi − τ k)T , (10)

ck = 2 + ν +
∑|V |

i=1 ξi,k (11)

ξi,k ∝ eΛ(γk,1,γk,2)+
∑k

j=1 Λ(γj,1,γj,2)+Eq [log p(φi|zi=k)], (12)

where we define Λ(γl,1, γl,2) = Ψ(γl,1)−Ψ(γl,1 + γl,2), given Ψ(·) as a digamma function.


