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Extracting Concept Hierarchy Knowledge from the Web
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SHUN HATTORIT! and KATsumr TaNakaT!

Concept hierarchies, such as hyponymy and meronymy, are very fundamental
for various natural language processing systems. Many researchers have tackled
how to mine very large corpora of documents such as the Web for concept hier-
archy knowledge. However, their methods are mostly based on lexico-syntactic
patterns as not necessary but sufficient conditions of concept hierarchies, so they

can achieve high precision but low recall when using stricter patterns or they
can achieve high recall but low precision when using looser patterns. In this
paper, we propose a method to extract concept hierarchies from the Web based
on “Property Inheritance” from a target concept to its subordinate candidate,
as a different measure from the document frequency of lexico-syntactic patterns
for concept hierarchies. To make our method more robust, we also utilize the
other concepts surrounding them, e.g., not only property inheritance from a
target concept to its subordinate candidate, but also property inheritance from
its superordinate concept to its subordinate candidate and/or from the target
concept to a coordinate concept of its subordinate candidate. In addition, we
refine a method to extract typical properties for each concept from the Web
by utilizing property inheritance from its superordinate concept to the target
concept and/or “Property Aggregation” from a set of its subordinate concepts
to the target concept.
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X: target concept
y: hyponym candidate
P(c): property vector

isa(y,x)="? < inherit ?
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Fig.1 Hyponym extraction based on property inheritance from a target concept to its subordinate
candidate.
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Fig.2 Surrounding concepts in hyponym extraction based on property inheritance.

(© 2008 Information Processing Society of Japan



66 0O0000O0O0OCOOOOOOCOOO WebOOOOOOOOO

(Xh)

hypernym I‘inh?rit ?

X,: hypernym of x P(x) .,

X: target concept ”“,_
y: hyponym candidate inherit ?
ko f

P(c): property vector

isa(y,x)=?

03 ODoOO0oO0oo0o0oooooOoOoOoOoooboooooon

Fig.3 Hyponym extraction based on property inheritances from not only a target concept = but

also its superordinate concept z; to its subordinate candidate y.
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Fig.4 Hyponym extraction based on property inheritances from a target concept x to not only its
subordinate candidate y but also a coordinate concept of its subordinate candidate y..
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X: target concept
y: hyponym candidate
P(c): property vector
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Fig.5 Hyponym extraction based on property inheritance and recursive property aggregation.
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Fig. 6 Average of PR curve by SP-based hyponym extraction.
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Fig.7 Average of PR curve by SP-based hyponym extraction (scale-up).
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Fig.8 Max, min and deviation of PR curve by SP-based hyponym extraction (scale-up).
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Fig.10 Average of AuPR by PI-based hyponym extraction using image frequency (if).
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Table 3 Top n typical properties of concept x.
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Table 4 Top k hyponym candidates ranked by Pl-based extraction.
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10 goo ¢ gooag gooag
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05 0D0000O0DOO0OO0ODOOO0ODOO0O0OOO0OO0O000 kO

Top k hyponym candidates ranked by PI-based extractio.

Table 5
x =00

k df, prop, isa-PI, n:4 if, prop, isa-PI, n:19 sf, once, cos, n:20
1 ooooooo opoooo oooo

2 gopoooooo oooo oooo

3 ooooooo oooo oooo

4 gooooooooo opoooo ooo

5 goooo opoooooo ooo

6 ooo opoooooo ooo

7 gooooooo gooooooo oooo

8 Ethan Hawke opoooo oooo

9 goooo opoooog oooo

10 gooooooo gooooooo ooo

r=00000

k df, prop, isa-PI, n:4 if, prop, isa-PI, n:19 sf, once, cos, n:20
1 goooo ooo 2000

2 oooood opoooo goooooooo
3 ooooocoooo oooo oooooo
4 goooo opoooooo ooooo

5 goooo ooooooooooo oooooo
6 gooooooo opoooo gooooooooo
7 ooo opoooo oooo

8 ooooooo oooo oooo

9 goooo opoooo ooo

10 goooo opoooo ooooo

=000

k df, prop, isa-PI, n:4 if, prop, isa-PI, n:19 sf, once, cos, n:20
1 oooood opoooog ooooo

2 oooood oooo ooooo

3 ooooooo oooo oooo

4 ooo opoooo oooo

5 gooooooo ooo oo

6 gooooooooo ooo oooo

7 oooood opoooo oo

8 gooo oooo oooo

9 goooQo opoooo oo

10 ooo ooo ooooo

gobooooooo Ooooooo Vel 1

No. 3 60-81 (Dec. 2008)

x =00

k df, prop, isa-PI, n:4 if, prop, isa-PI, n:19 sf, once, cos, n:20

1 Miele DvD OOoOoo 400

2 LF-PK1 LF-PK1 gooo ¢

3 gooooooa gooogo gooo ¢

4 ooooo oo goooooo

5 gooag goooag ooo

6 gooooooa good goooag

7 gooooooooo gooogo goooooo

8 oo goooag goooag

9 HDD OOOOoooo gooo gooag

10 goood DVD goooooag ooo
x=00

k df, prop, isa-PI, n:4 if, prop, isa-PI, n:19 sf, once, cos, n:20

1 gooooooa goooag goooag

2 gopoooa oo € gooo ¢

3 [ goooooo ¢ ooo

4 gooooooa good goo ¢

5 gooooooa goo ¢ gooooo

6 og © gooo goo ¢

7 og © gooo ¢ gooo ¢

8 ooo O goo ¢

9 [ good goo ¢

10 ooo gooo goo ¢
zx=000

k df, prop, isa-PI, n:4 if, prop, isa-PI, n:19 sf, once, cos, n:20

1 goooooo goooag gooooo

2 ooo good goooooo

3 AT O good goooooooo ¢

4 ooo oo ¢ gooooo ¢

5 O goo ¢ goo ¢

6 O gooo oo €

7 og © oo ¢ goo ¢

8 ooo good ooo

9 goo ¢ gooo ooo

10 goo ¢ goooag oo €
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Fig.15 Average of AuPR for parameter « in PIH-based hyponym extraction.
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Fig.16 Average of AuPR for parameter 8 in PIC-based hyponym extraction.
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Fig.18 Average PR curve by Pl-based vs. PIC-based hyponym extraction.
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Fig.21 Average PR curve by Pl-based vs. PIA-based hyponym extraction.
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