
where N (ỹ) is a neighborhood (or contrastive set) of ỹ, which can be thought as a set of
implicit negative examples of the observed ỹ and can be obtained by applying a neigh-
borhood function over ỹ. Example neighborhood functions include deletion, insertion, or
substitution of words/phrases in the sentence ỹ. In general, the neighborhood should be
carefully designed so that it not only makes computation easier but also offers sufficient
contrastive information to aid unsupervised learning. Note that the normalization constant
Z(ỹ) here depends on the observed sequence ỹ itself, while Z(∗) in (5.2) is the same for all
y. With pθ(ỹ) defined as above, CE then learns the optimal θ∗ as in (5.1).

Smith and Eisner (2005) apply CE to a part of speech (POS) tagging task and show
that CE improves over the regular EM algorithm. In this chapter, we apply a similar idea
to language modeling for our MT task (see next section). Our goal is to improve both
efficiency and accuracy, just as CE does. However, there are several important differences
between CE and our method (see Section 5.3.1).

5.2 Contrastive Language Model Estimation for MT
Training a contrastive language model for MT involves in the following steps.

• First, extract a confusion grammar (CG), which is an English-to-English grammar
and captures the confusion an MT system might have when choosing different trans-
lation options for a given input. The CG is like a neighborhood function in CE.

• Then, for each English sentence in our monolingual corpora, use the confusion gram-
mar (as a “translation” model) to generate many alternate English sentences (i.e., a
contrastive set or neighborhood in CE’s terminology).

• Finally, train a contrastive language model on the contrastive sets (with their corre-
sponding original English sentences as references) by using a discriminative training
method.

The trained model can then be used for actual MT decoding. Below, we present details
for each step.

5.2.1 Extracting a Confusion Grammar
We will first define the form of the confusion grammar and then describe ways in ex-

tracting such a grammar.

Confusion Grammar: Monolingual SCFG

We assume a formalism of synchronous context free grammar (SCFG) for the confusion
grammar (CG). While a typical SCFG is bilingual, a CG is monolingual since both the
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