
X → 〈 a cat , the cat 〉
X → 〈 the mat , the mat 〉
X → 〈X0 on X1 , X0 X1 〉
X → 〈X0 on X1 , X0 ’s X1 〉
X → 〈X0 on X1 , X1 on X0 〉
X → 〈X0 on X1 , X1 of X0 〉
S → 〈X0 , X0 〉

(a) An example confusion grammar.

a0  cat1                    on2         the3 mat4

S→〈X0,X0〉

X 0,5

X 0,2
X 3,5

X → 〈 a cat , the cat 〉 X → 〈 the mat , the mat 〉

X → 〈X0 on X1 , X0 X1 〉
X → 〈X0 on X1 , X0 ’s X1 〉

X → 〈X0 on X1 , X1 of X0 〉

X → 〈X0 on X1 , X1 on X0 〉

S 0,5

(b) An example hypergraph generated by the confusion gram-
mar of (a).

Figure 5.2: Confusion grammar and an example hypergraph generated by the confu-
sion grammar. Given an input sentence “a cat on the mat”, the confusion grammar of (a)
may generate a hypergraph (i.e., a contrastive set or neighborhood) for the input sentence,
where the hypergraph contains four alternate sentences “the cat the mat”, “the cat ’s the
mat”, “the mat on the cat”, and “the mat of the cat”.

where pθ(d | ỹi) is defined as,

pθ(d | ỹi) =
ef(d)·θ

∑
d∈D(ỹi)

ef(d)·θ (5.6)

where θ is the contrastive model we aim to train, and f(d) is a feature vector over d, for
which we will specify in Section 5.4. In general, the feature functions should be defined
in a way such that the training will be efficient and the actual MT decoding can use them
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