
Let z̄mt,i = z− {zmt,i} and w̄m
t,i = w − {wmt,i}.

p(zmt,i = j|z̄mt,i,w, smt ) =
p(zmt,i = j, wmt,i|z̄mt,i, w̄m

t,i, s
m
t )

wmt,i|z̄mt,i, w̄m
t,i, s

m
t )

∝= p(zmt,i = j, wmt,i|z̄mt,i, w̄m
t,i, s

m
t )

= p(zmt,i = j|z̄mt,i, smt )p(wmt,i|zmt,i = j, z̄mt,i, w̄
m
t,i)

=

∫
θ

p(zmt,i = j|θ)p(θ|z̄mt,i, smt )dθ

∫
φ

p(wmt,i|φ)p(φ|z̄mt,i, w̄m
t,i)dφ

=
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(
NMTZ
m,t,j′ + α

) NZW
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w′

(
NZW
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)
∝
(
NMTZ
m,t,j + α

) NZW
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t,i
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w′

(
NZW
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) .

p(smt = c|̄smt , z) =
p(smt+1, s

m
t = c, zmt |s− {smt , smt+1}, z̄mt )

p(smt+1, z
m
t |s− {smt , smt+1}, z̄mt )

∝ p(smt+1, s
m
t = c, zmt |s− {smt , smt+1}, z̄mt )

= p(zmt |z̄mt )p(smt = c|s− {smt , smt+1})p(smt+1|s− {smt , smt+1}, smt = c)

=

∫
θ

p(zmt |θ)p(θ|z̄mt )dθ

∫
π

p(smt = c|π)p(π|s− {smt , smt+1})dπ

×
∫
π

p(smt+1|π)p(π|s− {smt , smt+1}, smt = c)

=

∏
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) Γ
(∑
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)
(1)

×

 NSS
smt−1,c

+ γ∑
c′

(
NSS
smt−1,c

′ + γ
)
(2) NSS

c,smt+1
+ 1(smt−1 = c = smt+1) + γ∑

c′

(
NSS
c′,smt+1

+ 1(smt−1 = c′ = smt+1) + γ
)
(3)

.

(1) can be interpreted in two ways. First, it is the expectation of Eθ∼Dir(α+z̄m
t ) [zmt |θ],

where Dir(α + z̄mt ) is a Dirichlet distribution whose parameter is α added by
counter z̄mt . Second, instead of thinking about the probability of zmt being
drawn all at once, we can think of sequential draws of each element of zmt . That
is, if zmt = [zmt,1, · · · , zmt,k], the probability of sequentially drawing zmt is

NSZ
c,zmt,1

+ α∑′
j

(
NSZ
c,j′ + α

) NSZ
c,zmt,2

+ α∑′
j

(
NSZ
c,j′ + α

) · · · NSZ
c,zmt,k

+ α∑′
j

(
NSZ
c,j′ + α

) .
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This is a slight abuse of notation. NSZ in the (i + 1)th term is actually NSZ

in the ith term after NSZ
c,zmt,i

is increased by 1. This is clear if we think about

p(zmt |z̄mt ) = p(zmt,1|z̄mt )p(zmt,2|zmt,1, z̄mt ) · · · p(zmt,k|zmt,1, · · · , zmt,k−1, z̄mt ).
(2) and (3) can also be thought of as two consecutive draws of smt and smt+1

and can be derived in the same way as above.

2


