Appendix for The Poisson Gamma Belief Network

A Comparisons of classification accuracies

For comparison, we consider the same L, regularized logistic regression multi-class classifier,
trained either on the raw word counts or normalized term-frequencies of the 20newsgroups train-
ing documents using five-folder cross-validation. As summarized in Tab. [I] when using the raw
term-frequency word counts as covariates, the same classifier achieves 69.8% (68.2%) accuracy on
the 20newsgroups test documents if using the top 2000 terms that exclude (include) a standard list
of stopwords, achieves 75.8% if using all the 61, 188 terms in the vocabulary, and achieves 78.0%
if using the 33,420 terms remained after removing a standard list of stopwords and the terms that
appear less than five times; and when using the normalized term-frequencies as covariates, the corre-
sponding accuracies are 70.8% (67.9%) if using the top 2000 terms excluding (including) stopwords,
77.6% with all the 61, 188 terms, and 79.4% with the 33, 420 selected terms.

Table 1: Multi-class classification accuracy of L2 regularized logistic regression.

V =61,188 V =61,188 V = 33,420 V = 33,420
with stopwords with stopwords ~ remove stopwords ~ remove stopwords
with rare words with rare words ~ remove rare words  remove rare words

raw word counts  term frequencies = raw word counts term frequencies
75.8% 77.6% 78.0% 79.4%
V = 2000 V = 2000 V = 2000 V = 2000
with stopwords ~ with stopwords ~ remove stopwords  remove stopwords
raw counts term frequencies raw counts term frequencies
68.2% 67.9% 69.8% 70.8%

As summarized in Tab. [2} for multi-class classification on the same dataset, with a vocabulary size
of 2000 that consisits of the 2000 most frequent terms after removing stopwords and stemming, the
DocNADE [9] and the over-replicated softmax [26] provide the accuracies of 67.0% and 66.8%,
respectively, for a feature dimension of K = 128, and provide the accuracies of 68.4% and 69.1%,
respectively, for a feature dimension of K = 512.

Table 2: Multi-class classification accuracy of the DocNADE [9] and over-replicated softmax [26]].

V' =2000, K =128 V =2000, K =512
remove stopwords, stemming  remove stopwords, stemming
DocNADE 67.0% 68.4%
Over-replicated softmax 66.8% 69.1%

As summarized in Tab. 3] with the same vocabulary size of 2000 (but different terms due to different
preprocessing), the proposed PGBN provides 65.9% (67.5%) with T = 1 (T' = 5) for Ki max =
128, and 65.9% (69.2%) with T'= 1 (T' = 5) for K7 max = 512, which may be further improved if
we also consider the stemming step, as done in the these two algorithms, for word preprocessing, or
if we set the values of (*) to be smaller than 0.05. We also summarize in Tab. 3| the classification
accuracies of the PGBNs learned with V' = 33, 420, as shown in Fig. E}

B Generating synthetic documents

Below we provide several synthetic documents generated from the PGBN with (K4,...,K5) =
(608,100,99,96,89), which is trained on the training set of the 20newsgroups corpus with
K1 max = 800 and (¥ = 0.05 for all £. We set ¢\ as the median of the inferred {ch}; of the

j/
training documents for all ¢. Given {Q(t) }1,7 and 7, We first generate 0§,T) ~ Gam (r, 1 / c§-,T+1))
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Table 3: Classification accuracy of the PGBN trained with n* = 0.05 for all ¢.

‘ V =2000, Kimax = 128 V =2000, K1max =256 V = 2000, K1 max = 512

remove stopwords remove stopwords remove stopwords
PGBN (T =1) 65.9% %+ 0.4% 66.3% £ 0.4% 65.9% %+ 0.4%
PGBN (T" = 5) 67.5% + 0.4% 68.8% + 0.3% 69.2% + 0.4%

V =33,420, Kimax =200 V =33,420, Kimax =400 V = 33,420, K1 max = 800
remove stopwords remove stopwords remove stopwords
remove rare words remove rare words remove rare words

PGBN (T'=1) 74.6% £ 0.6% 75.3% £ 0.6% 75.4% + 0.4%
PGBN (T' = 5) 76.4% £+ 0.5% 77.4% £+ 0.6% 77.9% £+ 0.3%

and then downward pass it through the network by repeatedly drawing nonnegative real random vari-
(
J
for all the V' words using <I’(1)0§}) and display the top 100 words ranked according to .1,(1)9](})' Be-
low are some example synthetic documents generated in this manner, which are all easy to interpret
and reflect various aspects of the 20newsgroups corpus used to train the PGBN.

ables from the gamma distribution as in ([I]) With the simulated 6 }) , we calculate the Poisson rates
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