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Extracting Lists of Procedural Expressions from Web Pages

MINEKI TAKECHI, "t TAKENOBU TOKUNAGA,t YUJI MATSUMOTOft
and HozuMi TANAKAft

Text categorization is an essential component to allow for efficient navigation techniques
and to get query-relevant information on the Web. Especially in the context of Question-
Answering, it requires the right features to categorize the documents and to allow for efficient
knowledge acquisition according to the types of queries. In the queries addressed in such
navigation, we focus on those asking for procedural knowledge and aim at clarifying the spec-
ification of the answers. To solve this problem we exploit procedural descriptions in the form
of itemized expressions tagged with the HTML list tags. Applying Support Vector Machines
to the set of list expressions gathered from WWW by a search engine, we examine the ob-
tained model in order to to find the relevant features for the extraction of an answer that
explains relevant procedures. By exploiting the features based on word frequencies, such as
N-gram and the sequences of words, we obtained a feature set for a computer domain that
can categorize more than 90% in recall and precision.
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Table 1 Result of collection of web pages.
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Table 2 Domains and types of extracted lists.
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Table 3 Result of categorization by human judgment.
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Table 4 Tag set for document annotation.
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Fig.1 An example of tagged list by part-of-speech tagger.
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Fig.2 Transaction to PrefixSpan corresponding to Fig. 1.
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Table 5 Statistics of dataset.
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Table 6 Result of categorization of lists on SVM: polynomial kernel d=2.
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(1) ZHENZ28VELERBLIZEEZDBND HD

<p> * <yp>D</vp> * <seg>&</seg> * <segd, {/seg>
vp> LL/vpy * <segd, {/seg> *
<adp>#&</adp> * <seg>, <{/seg>

(2) AZANEBFDY FTAERMLIZEEZEZ BNDHD

<p> * <seg>1</seg> * <adp>%<adp>
<{seg>2</seg><seg>. <{/seg> * <adp>%<adp>
<{seg>3</seg> * <adp>% <adp>

03 Joooopoooooo
Fig.3 An example of exploited sequential patterns.
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07 000000000000 O0O0O00OO0O0O0O0OOO0/000 d=10
Table 7 Result of close domain categorization with POS groupings: d=1.

gooooooo
1 1+2 14243 pattern goooao

M1 0.88/0.88 0.92/0.90 0.93/0.90 0.93/0.92 9,885
M2 0.85/0.86 0.90/0.87 0.91/0.85 0.89/0.88 4,570
M3 0.87/0.86 0.93/0.87 0.93/0.86 0.91/0.88 9,277
M4 0.81/0.81 0.85/0.85 0.86/0.86 0.86/0.86 608

M5 0.81/0.84 0.86/0.85 0.90/0.86 0.89/0.88 5,315
M6 0.85/0.87 0.90/0.89 0.91/0.89 0.89/0.89 1,493

08 U000O0O0OOOOODODDOOOOOOODOOOOO/O000 d=10
Table 8 Result of open domain categorization with POS groupings: d=1.

goboooooo 0- moooo ooooo 0~ Mooooooo
1 142 14243 pattern 1 1+2 1+243 pattern goooad

M1 | 0.60/0.46 0.69/0.45 0.72/0.45 0.66/0.48 | 0.90/0.52 0.95/0.60 0.97/0.56 0.95/0.64 13,031
M2 | 0.52/0.42 0.69/0.39 0.72/0.37 0.64/0.41 | 0.88/0.51 0.92/0.44 0.94/0.37 0.94/0.47 7,818
M3 | 0.56/0.46 0.68/0.44 0.70/0.42 0.63/0.45 | 0.90/0.46 0.95/0.48 0.97/0.41 0.96/0.49 12,169
M4 | 0.46/0.51 0.59/0.58 0.58/0.52 0.53/0.60 | 0.80/0.33 0.79/0.58 0.79/0.55 0.79/0.59 862

M5 | 0.43/0.50 0.52/0.48 0.61/0.48 0.53/0.53 | 0.83/0.51 0.85/0.54 0.88/0.51 0.87/0.53 5,213
M6 | 0.53/0.49 0.67/0.53 0.71/0.50 0.61/0.55 | 0.81/0.51 0.90/0.56 0.94/0.51 0.89/0.56 2,360
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1
1-gram ——
142-gram ——x--
142+3-gram —-x---

08

F-measure

i 2 s . s s 7 s .
Removed type of part-of-speech
04 000D00OOO0ODODOOOO FOOOO
Fig.4 F-measure results, when types of POS are selected.
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TA=a—1 % BRRL. THER] Rey 2HLET.

LROBEFEEOHEICFASNFNE—2
IS8 —21 0 <seg> I</seg> * <seg>] </seg> * <adp>%</adp>
N8 —> 2 : <adp>%</adp> * <aup>EF</aup>

05 O000O0000OOO0OO0OODDOOOODOOODOO
Fig.5 An example of frequent patterns in procedural

expressions.
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