
In the MT setting, δθ and pφ may have similar parameterization. One translates Chinese
to English; the other translates English to Chinese.

Yet the setup is not quite symmetric. Whereas δθ is a translation system that aims to
produce a single, low-loss translation, the reverse version pφ is rather a probabilistic model.
It is supposed to give an accurate probability distribution over possible values of the missing
input sentence xi. All of these values will be taken into account in (4.4), without regard to
the loss that they would incur if they were evaluated in a reverse MT competition.

Thus, φ does not need to be trained discriminatively itself (so there is no circularity).
Ideally, it should be trained to match the actual conditional distribution of x given y, by
achieving a low conditional cross-entropy, as follows7

φ∗ = arg min
φ

Hφ(Y | X) (4.5)

= arg min
φ
−

∑

x,y

p(x, y) log pφ(x | y)

We remark that it may be tolerable for pφ to impute mediocre translations xij . Even
though xij may be imperfect Chinese, at least we will then learn δθ to translate it back into
good (observed) English ỹi. If we are lucky, this ỹi and other low-loss y values are good
translations even of the imperfect xij . In that case, the imputed (xij, ỹi) training pairs are
essentially just out-of-domain training data (i.e., they are for the task/domain of garbled-
Chinese-to-true-English rather than true-Chinese-to-true-English).

4.2.3 The Forward Translation System δθ and
The Loss Function L(δθ(xi), ỹi)

The minimum empirical risk objective of (4.2) is quite general and various popular
supervised training methods (Lafferty et al., 2001; Collins, 2002; Och, 2003; Crammer
et al., 2006; Smith and Eisner, 2006) can be formalized in this framework by choosing
different functions for δθ and L(δθ(xi), ỹi). The generality of (4.2) extends to our minimum
imputed-risk objective of (4.4). Below, we specify our δθ and L(δθ(xi), ỹi).

Deterministic Decoding

A simple translation rule would define

δθ(x) = argmax
y

pθ(y | x) (4.6)

where pθ(y | x) is a log-linear model as defined in (2.18) on page 31. Note that in practice,
solving (4.6) is intractable due to spurious ambiguity and we use a Viterbi approximation

7Empirically, a standard method for this is to minimize − 1
N

∑N
i=1 log pφ(xi | ỹi) + 1

2σ2 ||φ||22, where the
regularization coefficient σ2 is tuned on a dev set.
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