
X → 〈 dianzi shang , the mat 〉
X → 〈 gou , the dog 〉
X → 〈X0 de X1 , X1 on X0 〉
S → 〈X0 , X0 〉

(a) Hiero rules in the test grammar

(b) derivation tree whose English yield is “the dog on the mat”.

Figure 1.3: Example of decoding a test sentence. For the test sentence “dianzi shang de
gou”, the system uses the test grammar of (a) to generate a derivation tree in (b)

1.2 Ambiguity in Language Translation
As in many other natural language processing (NLP) problems, ambiguity is a cen-

tral issue in machine translation. Broadly speaking, there are two kinds of ambiguities in
translation: translation-sense ambiguity and spurious ambiguity.

1.2.1 Translation-Sense Ambiguity
In a natural language, the same word may have different senses/meanings, depending

on the context. For example, the word “bank” can be referring to a financial bank or the
edge of a river. This kind of ambiguity is called word sense ambiguity. Clearly, when we
translate such an ambiguous word, different translations should be used depending on the
context. For example, a translation model (for a translation task from English to Chinese)
may contain two rules as follows,

X → 〈 bank , he an 〉

X → 〈 bank , yin hang 〉
where they have the same English side (i.e., bank), but have different Chinese sides, which
have different meaning in Chinese. Specifically, the first rule has the Chinese he an, which
means the edge of a river, while the second one has the Chinese yin hang, which means a
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