
General Supplement

In this supplement, we will show the step by step computation of every expectation

from the lower bound. Then, we give the derivation of the standard updates equations

in Algorithm 1 that are not described in the paper. Recall the lower bound:

L = E[log p(w|c,z,f)p(c|b 0)p(z|p 0)p(f |h)p(b 0|g)p(p|a
0

)p(y|z,c,µ)]E
q

[log q(b 0,p 0,c,z,f)]

=
M

Â
j

�
E
q

[log p(w
j

|c
j

,z
j

,f)]+E
q

[log p(c
j

|b 0)]+E
q

[log p(z
j

|p
j

)]+E
q

[log p(p 0
j

|a
0

)]

+E
q

[log p(y
j

|z
j

,c
j

,µ)]
�
+E

q

[log p(f |h)]+E
q

[log p(b 0|g)]�
M

Â
j=1

�
E
q

[log q(p
j

)]+E
q

[log q(c
j

)]

+E
q

[log q(z
j

)]
�
�E

q

[log q(b 0)]�E
q

[log q(f)].

(1)

We compute every term in the same order as they show in Equation (1):
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where Y is the Digamma function, which is the first order derivative of log Gamma
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function.

2nd term:
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The right hand side of the Equations (5) and (4) are identical. 2

Using the Theorem above, let a
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3rd term in analog to the 2nd term:
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4th term:
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5th term is described in the paper.

6th term:
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7th term follows the same distribution as the 4th term:

E
q

[log p(b 0|g)] =
K

Â
k=1

⇣
logg +(g �1)(Y(v

2k

)�Y(v
1k

+ v

2k

))
⌘

(10)

The rest follows from standard entropy computation. We just state the result below:

�E
q

[log q(p
j

)] =
T

Â
t=1

⇣
log

G(a
1 jt

)G(a
2 jt

)

G(a
1 jt

+a

2 jt

)
� (a

1 jt

�1)Y(a
1 jt

)

� (a
2 jt

�1)Y(a
2 jt

)+(a
1 jt

+a

2 jt

�2)Y(a
1 jt

+a

2 jt

)
⌘ (11)

�E
q

[log q(c
j

)] =�
T

Â
t=1

r
jt

logr
jt

(12)

3



�E
q

[log q(z
j

)] =�
N

Â
n=1

z
jn

logz
jn

(13)

�E
q

[log q(b 0)] =
K

Â
k=1

{log

G(v
1k

)G(v
2k

)

G(v
1k

+ v

2k

)
� (v

1k

�1)Y(v
1k

)� (v
2k

�1)Y(v
2k

)

+(v
1k

+ v

2k

�2)Y(v
1k

+ v

2k

)}
(14)

�E
q

[log q(f)] =
K

Â
k=1

�
� logG(

V

Â
p=1

l
kp

)+
V

Â
i=1

logG(l
ki

)�
V

Â
i=1

(l
ki

�1)(Y(l
ki

)�Y(
V

Â
p=1

l
kp

))
�

(15)

Next, we will derive the update equations not described in the paper, for a
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Set both derivative to 0, we get:
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The part of the lower bound that changes with l is:
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Set the derivative to 0, we get the update equation for l :
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