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Topics Today

1. Language Modeling and Machine Learning

2. Sparse Data and Handling it: Smoothing, Backoff, Interpolation

3. Generalizing N-gram models

Generalizing N-gram models

N-gram models

PDFM WDFM

PNFM WNFMHMMs

PCFGs

Figure 1: Language Models

Abbreviation Model

PDFM Probabilistic Deterministic Finite-state Machine
WDFM Weighted Deterministic Finite-state Machine
PNFM Probabilistic Non-deterministic Finite-state Machine
WNFM Weighted Non-deterministic Finite-state Machine
HMM Hidden Markov Models
PCFG Probabilistic Context-Free Grammars

• Given a deterministic finite-state model, the maximum likelihood estimate (MLE) can
be always be found.

• For PNFM, HMMs, and PCFGs, there are no guarantees but there are methods such
as Expectation-Maximization which can find parameter values that work in practice.

• The probability distributions describable with HMMs are exactly the ones describable
with PNFMs [Vidal et al., 2005a,b].
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Figure 2: Example: Bigram Model

The MLE is obtained by passing the data through the deterministic finite-state machine
and normalizing [Vidal et al., 2005a,b]. This is true for any deterministic finite-state model,
not just ones representing n-gram. For example, suppose D = {ab, aabb}.

Parameters counts normalized

θoa 2 1
θob 0 0
θon 0 0

θaa 1 1/3
θab 2 2/3
θan 0 0

θba 0 0
θbb 1 1/3
θbn 2 2/3
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