
    atomic inference operations
(e.g., finding one-best, k-best or expectation, 
    inference can be exact or approximate)

decoding 
(e.g., mbr)

training 
(e.g., mert)

Figure 1.7: Relations among inference, decoding and training. Inference forms the
basis from which more sophisticated tasks like decoding and training can be performed.

tree) in the hypergraph, or the k most probable trees. On a probabilistic hypergraph, we
may also want to compute some expectations (e.g., expected translation length or feature
expectation).

To perform the above operations, we usually use some dynamic programming (DP) al-
gorithms. We can develop a dedicated program for each operation. For example, we may
use a variant of the well-known Viterbi algorithm (Viterbi, 1967) to find the Viterbi tree.
However, a more general framework to specify DP algorithms is semiring-weighted logic
programming (Pereira and Warren, 1983; Shieber et al., 1994; Goodman, 1999; Eisner,
Goldlust, and Smith, 2005; Lopez, 2009).6 Under this framework, to perform a different in-
ference task, we just need to use a different semiring while remaining other components in
the framework unchanged. Goodman (1999) describes many useful semirings (e.g., Viterbi
and k-best). While these semirings are mainly used in “testing” time, Eisner (2002) pro-
poses an expectation semiring (for an FSA), which can be used for computing expectations
that are useful for training (i.e., parameter estimation).

Our Contribution

We first extend the expectation semiring (Eisner, 2002), which is originally proposed
for a finite-state machine, to a hypergraph. We then propose a novel second-order expecta-
tion semiring, nicknamed the “variance semiring.”

The first-order expectation semiring allows us to efficiently compute a vector of first-
order statistics (expectations; first derivatives) on the set of paths in an FSA or the set
of trees in a hypergraph. The second-order expectation semiring additionally computes a
matrix of second-order statistics (expectations of products; second derivatives (Hessian);
derivatives of expectations).

We present details on how to compute many interesting quantities over the hypergraph

6 In a nutshell, a semiring is a set with two operations and two identities. We write K = 〈K,⊕,⊗, 0, 1〉
for a semiring with elements K, additive operation ⊕, multiplicative operation ⊗, additive identity 0, and
multiplicative identity 1. As an example, the set of non-negative real numbers is a semiring 〈R∞0 ,+,×, 0, 1〉.
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