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An alternative, Bayesian treatment infers these parameters starting from priors, e.g.:
°j~ Dir(a) is a symmetric Dirichlet over category probabilities,
° ﬁk ~ Dir(7) are symmetric Dirichlets over vocabulary probabilities.



We want to employ Gibbs Sampling to sample the model variables z,, 3, and 6.

Collapsed Gibbs Sampler: We will sample only the latent variables z;. The model
parameters ( and 6 are marginalized (integrated out).

In each step, we sample one latent variable z; conditioned by all the other latent variables
z_g, all the documents w, and our hyperparameters v and o.

p('Zd = k|{w}> {Zfd}7 s Oé)
We rewrite it using Bayes theorem.

p(Zd - kHZ—d}a s Oé) p({w}|zd - k? {Z—d}’ s Ot)

p{wi{z_a}, 7, @)
The denominator is constant (does not depend on category k), the parts in the nominator
also do not depend on both the hyperparameters.

o p(zg = k{z_4}, @) p({w}lzg = Kk, {2_4},7)
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Collapsed sampling for Bayessian Mixture of Categoricals [2]

We have:
p(zg = k{w}, {z_q}, v, ) < p(zq = kl{z_q}, @) pQuwllzg =k, {2_4},7)

Probability of the document collection p({w}) may be rewritten as p(w,|w_,;)p(w_ ).
However p(w_,) does not depend on z;, so:

p(zq = k{w} {z_g}, 7, @) o< p(zg = kl{z_q}, @) p{watlw_g, 24 = K, {z_4},7)

x p(zq = kl{z_q}, @) H P(Wog{w_gt, 24 = k. {z_qa}7)

For computing p(z,4|z_,) and p(w,|w_,), we integrate over all possible parameters § and
respectively.

Ng
X /10<Zd = k‘|9)p(9|z,d,a)d9H /p<wnd|5k)p<5k|{wd}v{zd}77>dﬁk
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Collapsed sampling for Bayessian Mixture of Categoricals [3]
We have:

Ng
p(zq = K[{w}, {z_4},7, @) o /p(zd = k[0)p(0]z_g, )db H /p(wndlﬁk)p(ﬁkl{w_d}, {2k

Both the integrals are expected values of Dirichlet distributions, therefore:

o+ ekl —1 T4 v+ clwllk]
p(zg = kl{w}, {z_g},7.0) o — 11
Ka+D-—1 nei M~ + ]zw_:lcw[m][k]

® c,|k] ... How many documents are assigned to topic k.

® c,Im|[k]... How many times the word m is in a document assigned to topic k.
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Algorithm for Bayessian Mixture of Categoricals

initialize z4 randomly ¥d € 1..D;
compute initial counts cylk], c,,[m][k], c[k] Vk € 1..K, Ym € 1..M,

for ¢ «+

end

1to [ do
ford < 1to D do
calzal——;
for n < 1to N, do
‘ ColWnallzal== clzql—=
end

for k< 1to K do

W [w,g][¥]
a+tc +c, Wy, .
Ik = Rarb-1 1L R

end
sample k from probability distribution p[k];
zq < ki cglk]++;
for n <1 to N, do
| cwlwndllzal++i clzgl++
end

5/ 5



