
source and target sides are English. Several example rules in the CG are as following,

X → 〈 lead to , result in 〉 ,

X → 〈X0 at beijing , beijing ’s X0 〉 ,

X → 〈X0 of X1 , X0 of the X1 〉 ,

X → 〈X0 ’s X1 , X1 of X0 〉 .

X → 〈 mao, the cat〉.

X → 〈 mao, a cat〉.

Like a regular SCFG, a CG contains rules with different arities. Also, there might be
reordering in the rule as shown in the last example. These rules captures the confusion that
an MT system may have in choosing different senses or reordering patterns for a given
input. Now the question is how we get such a grammar. Below we present two ways.

Extracting Confusion Grammar from Bilingual Grammar

We can derive a confusion grammar from an existing bilingual grammar. For a particu-
lar Chinese side (say c), a bilingual grammar may have many different English translation
options (say e ∈ E). (Note that e ∈ E may contain both terminals and nonterminals.)
For each pair of such translation options (say e1 ∈ E and e2 ∈ E), we can extract two
confusion rules: X → 〈e1, e2〉 and X → 〈e2, e1〉. These rules capture the confusion that
an MT system will have when translating the Chinese-side c. For each English side e in
the bilingual grammar, we also extract an identity rule, that is X → 〈e, e〉. Clearly, we can
extract |E|2 such confusion rules given a set of translation options E (for the Chinese side
c).

The CG can be weighted as following. We assume a conditional distribution p(e | c)
given by the bilingual grammar. Each extraction event of a confusion rule X → 〈e1, e2〉
will be weighted by p(e2 | c), that is, the weight depends on only the confusion rule’s target
side (but not the source side). We scan the bilingual grammar, accumulate the weight (soft-
count) of the extraction events for each distinct confusion rule, and finally use a maximum
likelihood estimation (MLE) for the probability of the rule X → 〈e1, e2〉. The probability
is normalized by the source side of the confusion rule.

In practice, the above extraction process can be very efficient. Specifically, we read the
bilingual grammar into a Trie data structure where the prefixes correspond to the Chinese
sides of the bilingual grammar, and thus the rules at each node in the Trie will be the
different translation options for the Chinese side (i.e., the prefix at the node). In this way,
we can quickly identify the different translation options for the same Chinese side, and thus
extract the confusion grammar efficiently.
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