
Graph Topological Best-first
no heuristic with heuristic with hierarchy

FSA Viterbi Dijkstra A∗ HA∗

Hypergraph CYK Knuth Klein and Manning Generalized A∗

Table 2.2: Algorithms for extracting one-best from an FSA or hypergraph

The above problem is the same as the lightest derivation problem defined by Knuth
(1977) for a hypergraph. It is also equivalent to the shortest-path problem for an FSA (Di-
jkstra, 1959). Table 2.2 shows the classical algorithms that solve this problem. In general,
the algorithms can be classified by whether the search follows a certain topological order
or best-first. The well-known Viterbi (Viterbi, 1967) algorithm for an FSA and the Cocke-
Younger-Kasami (CYK) algorithm (alternatively called CKY) for a hypergraph search the
graph in a topological order.1 In the best-first search category, we can further classify the
algorithms by whether heuristic functions are used for estimating the cost from the current
node to the goal node. The algorithms described by Dijkstra (1959) and Knuth (1977) are
the classical ones without using a heuristic function, that is, they assume the cost from the
current node to the goal node is always equal to zero. The well-known A* algorithm (Hart
and Raphael, 1968) and its variant for a hypergraph (Klein and Manning, 2003) follow the
latter category. The A∗ algorithm can be extended to a hierarchical version where mul-
tiple layers of heuristics are organized in a hierarchial manner. This is called hierarchial
A∗ (HA∗) (Holte, Perez, Zimmer, and Macdonald, 1996) or generalized A∗ for a hyper-
graph (Felzenszwalb and McAllester, 2007). All these algorithms are forward-chaining
(meaning the search is from the ground truths to the goal node), but it is also possible to
do backward-chaining (meaning the search starts from the goal node and then recursively
derives its support) or a combination.

One-best Oracle Translation/Tree

While a hypergraph represents a very large set of translations, it is quite possible that
the reference translation is not contained in the hypergraph, due to pruning or inherent
deficiency of the translation model. In this case, we want to find the translation in the
hypergraph that is most similar to the reference translation, with similarity computed by
some metric such as BLEU (e.g., Papineni et al., 2001). Such maximally similar translation
will be called oracle translation, and the process of extracting it oracle extraction. In
practice, we first extract an oracle tree, and then read its target-language yield as the oracle

1Note that the CYK algorithm is also responsible for constructing the hypergraph itself.
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