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Bayesian Variable Order n-gram Language Model based on
Hierarchical Pitman-Yor Processes

DAICcHI MOCHIHASHI ? and EIICHIRO SUMITA *

This paper proposes a variable order n-gram language model by extending a recently pro-
posed model based on the hierarchical Pitman-Yor processes. Introducing a stochastic process
on an infinite depth prediction suffix tree, we can infer the hidden n-gram context from which
each word originated. Experiments on standard large corpora showed validity and efficiency of
the proposed model. Our architecture is also applicable to general Markov models to estimate

their variable orders of generation.
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Fig.1 Suffix tree representation of a hierarchical Chinese

Restaurant Process. Each customer corresponds to

a count in the model.
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Fig.2 A stochastic process to add a customer to the suffix
tree. (1—g;) means a “penetration probability” of
node 1.
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order[t] = add_customer (w¢, wi.t—1); int mcounts: Ix o(h) +/
} int ntables; /* tp. */
int id; /* word id */
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Fig.4 The Gibbs sampler of VPYLM.
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Table 1 Test-set perplexities with the number of nodes in

the model in English and Japanese corpora. N/A
means a memory overflow.
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Fig.7 Global n-gram context length distribution inferred

by a 8-gram VPYLM. n =0 is a unigram, n=1 is
a bigram, and so on. Each n-gram is further inter-
polated by lower-order n-grams recursively through
the equation (1).
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Table 2 VPYLDA test-set perplexities on the 20news-
18828 dataset.

Model PPL
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(M=20) | 103.28
VPYLM 105.30
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Fig.9 Relationship between the VPYLM

hyperparameters (a, 8) and test-set perplexities.
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model trained on “Maihime.”
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