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Bottom-up Deterministic Analysis of Dependency Structure
Using Support Vector Machines

HIROYASU YAMADAt and YUJI MATSUMOTO't

In this paper, we propose a method for analyzing word-word dependencies using determinis-
tic bottom-up manner using Support Vector Machines. To implement a statistical parser with
high accuracy, we have to prepare annotated training data for each target domain. Phrase
structure annotation is not easy because annotators need to be well acquainted with deep
linguistic theories and phrase structure rules. This becomes a great hindrance to accumu-
lation of large scale annotated corpus of phrase structures. On the other hand, word-word
dependency relation is much easier to understand and is more amenable to annotators who
have good knowledge of target text domain but may lack linguistic knowledge. Besides, since
annotating simpler structure is useful for reaching a consensus among annotators, it is ex-
pected that construction of training data will become more noise-free. We experimented with
dependency trees converted from Penn treebank data, and achieved over 90% accuracy of
word-word dependency. Though the result is little worse than the most up-to-date phrase
structure based parsers, it looks satisfactorily accurate considering that our parser uses no
information from phrase structures.
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Fig.1 Support Vector Machine.
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Fig.2 An example of the action Shift: (a) shows states
before the action, (b) is the result after the action.
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Fig.3 An example of the action Right: (a) shows states

before the action, (b) is the result after the action.
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Fig.4 An example of the action Left: (a) shows states be-
fore the action, (b) is the result after the action
Left-backward, (c) is the result after the action Left-
forward.
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Input Sentence: (wi,p1), (w2,p2), -, (Wn,Dn)
Initialize:
i =1;
T = {(w1,p1), (w2,p2), "+, (Wn,pn)} ;
no_construction = true ;
Start:
while |T| > 1 do begin
if i == |T| then
if no_construction == true then break;
no_construction = true ;
i=1;
else
x = get_contextual_features(T,1) ;
y = estimate_action(estimator, X) ;
execution(T,1,y) ;
if y == Left or Right then
no_construction = false ;
end;
end;
end;

05 0DO000000000000OO0

Fig.5 Pseudo-code of our parsing algorithm.
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Fig.7 An example of the context and features.
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Table 4 The length of context and dependency accuracies.
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Table 5 The effect of children nodes’ features.
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Table 6 The dependency accuracies and 4 parsing models.

3 actions 4 actions 5 actions 6 actions
Left Last Left Last
ooooo 0.903 0.903 0.903 0.905 0.905 0.906
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Table 8 The effect of error in part of speech tagging.
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Table 9 The types of error in our parser and the number
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