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6 SVM Learning for Interdependent and Structured Output Spaces

Figure 1.2 Natural language parsing.

efficient computation of the discriminant function, which in the case of (1.5) is given
by
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(1.6)

where w = wol "wll is the concatenation of weights of the two dependency types.
As indicated in Proposition 1, the inner product of the joint feature map decom-

poses into kernels over input and output spaces
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(1.7)

where we used the equality 〈Λc(σ), Λc(σ̄)〉 = δ(σ, σ̄).

1.2.3 Weighted Context-Free Grammars

Parsing is the task of predicting a labeled tree y that is a particular configuration
of grammar rules generating a given sequence x = (x1, ..., xl). Let us consider a
context-free grammar in Chomsky Normal Form. The rules of this grammar are of
the form σ → σ′σ′′, or σ → x, where σ, σ′, σ′′ ∈ Σ are non-terminals, and x ∈ T are
terminals. Similar to the sequence case, we define the joint feature map Ψ(x, y) to
contain features representing inter-dependencies between labels of the nodes of the
tree (e.g. ψσ→σ′σ′′ via Λc(yrs) ⊗ Λc(yrt) ⊗ Λc(y(t+1)s)) and features representing
the dependence of labels to observations (e.g. ψσ→τ via Φc(xt)⊗ Λc(yt)). Here yrs

denotes the label of the root of a subtree spanning from xr to xs. This definition
leads to equations similar to (1.5), (1.6) and (1.7). Extensions to this representation
is possible, for example by defining higher order features that can be induced using
kernel functions over sub-trees (Collins and Duffy, 2002).


