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A Bilingual Co-training Algorithm for Hyponymy
Relation Acquisition

Jong-HooN Omn, ! IcHiRO YaMaDA, 211
Kryoraka UcHIMOTO,!! KENTARO TORISAWA !
and CHIKARA HAsHIMOTOT!

This paper proposes a novel framework called bilingual co-training for a large-
scale, accurate acquisition method for monolingual semantic knowledge. In this
framework, we combine the independent processes of monolingual semantic-
knowledge acquisition for two languages using bilingual resources to boost per-
formance. We apply this framework to large-scale hyponymy-relation acquisi-
tion from Wikipedia. Experimental results show that our approach improved
the F-measure by 3.6-10.3%. We also show that bilingual co-training enables us
to build classifiers for two languages in tandem with the same combined amount
of data as required for training a single classifier in isolation while achieving
superior performance.
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Fig.1 Concept of bilingual co-training.
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Fig.2 Examples of bilingual co-training: hyponymy relation acquisition.
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1: 1 =0
2: LY =Lg; LY. =Ly
3: repeat
CZS' = LEARN(L%)
¢t := LEARN(LL)
CRy := {cfs(:vs)|ws € Xg, Vel (zg,cl) ¢ Ly, 3xp (zs,zT) € Dpr}
CRlT = {CZT(‘TT)"TT € X, Vel (ZT’CZ) ¢ L’ZTa dzg (ZS"TT) € DBI}
L;;H) =L
i+1) 1
L8 = L, _
10:  for each (zs,cls,rs) € TopN(CRY) do
11: for each zp such that (zs,z7r) € Dpr and (ar,clr,r7) € CR%F do
12: if (rg >0 and rp < 0) or (rg > 0 and clg = clp) then
i+1 i+1
13: L = LU U {(ap, els)}
14: end if
15: end for
16: end for
17:  for each (zr,clp,rr) € TopN(CRY.) do

© * ST,

18: for each zg such that (zg,zr) € Dpy and (zg,clg,rs) € CRg do
19: if (rp > 60 and rg < 0) or (rp > 0 and clg = cly) then
i+1 i+1
20: LG = LU U {(s, clr)}
21: end if
22: end for

23:  end for
24: i=1+1
25: until a fixed number of iterations is reached
03 Joopooouooopooo

Fig.3 Pseudo-code of bilingual co-training.
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Tiger

The tiger (Panthera tigris) is a member
of the Felidae family; the largest of the
four "big cats” in the genus Panthera.

Naming and etymology
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{ Subspecies |

South China tiger
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Fig.5 A tree structure of the layout

Taxonomy

Subspecies

= Bengal tiger

= Indochinese tiger
= Malayan tiger

= Sumatran tiger

= Siberian tiger

= South China tiger
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Fig.4 A layout structure of Wikipedia

article TIGER. structure in Fig.4.
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Table 1 Feature type.
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Table 3 Performance of different systems (%).

oo ooo
P R Py P R Fy
SYT 78.5 | 63.8 | 70.4 | 75.0 | 77.4 | 76.1

INIT 779 | 674 | 722 | 745 | 785 | 76.6
TRAN | 76.8 | 70.3 | 73.4 | 76.7 | 79.3 | 78.0
BICO 78.0 | 83.7 | 80.7 | 783 | 85.2 | 81.6
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Fig.7 Fy curves by the training data size.

Fy

BICOOOODOOOOOOUOOOOOOOODODOoOoOooooooooooooooO/ O
00 3.6010.3% [0 TRANO BICOOOODOOOODODOOODOOODOOOOOOOOOO
gobodobooooooobooobooobooooboooooo

OoroO00O0O0OO0O00000O0O0DOOOOOOOOCOOOO0 MOOODODODOODODODO
gobooooooooooooooooobooooboOoooOoboOooobooOoon 20,0000
ooboobvr0000000000000 2000000000000000000000O0O
oooooOO0O0OD0O0O000004200000000000000000000000 62,000
gobooooooooobooooboooboooobooobOoOonn 3o00oonoOO
gobobooooooooobooseoootbobooo voooooboooboooooobooo
oo mOOOOODOOOODOOOOOOODOOODOOOOOOOOOOODODDODODO
ooooooon

030 BICOOOOOOOOOOO0O0OODOOOOOOOOOOOODOOOOOBICO

(© 2011 Information Processing Society of Japan



3566 O0000000OCOO0OO0OOO0OO0OOOOOOOO00d0

04 INITO BICOOOOODOOOOODODODOOOOOOOO
Table 4 Statistics for positive and negative samples in training data for INIT and BICO.

oo 0oo

INIT | BICO | INIT | BICO
0Dooo 6,655 | 19,231 | 6,805 | 17,456
0OoooO0oo0oo 3,650 | 4,949 | 3238 | 3,954
0ooo 13,345 | 42,681 | 13,195 | 38,078
00000000000 | 9,781 | 20,408 | 9,944 | 20,706
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Table 5 F; based on training data size: with/without bilingual co-training.

0ooo 2n 2000000 n
" INIT-E | INIT-J | BICO-E | BICO-J
2,500 67.3 72.3 70.5 73.0
5,000 69.2 74.3 74.6 76.9
10,000 72.2 76.6 76.9 78.6
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Table 6 Fy for each training data size: when the English classifier is strong one.

ooooo INIT-E | BICO-E gooooo INIT-J | BICO-J
ooooooo goooooo
20,000 72.2 79.6 1,000 64.0 72.7
20,000 72.2 79.6 5,000 73.1 75.3
20,000 72.2 79.8 10,000 74.3 79.0
20,000 72.2 80.4 15,000 77.0 80.1

07 0000000000 FROO%000000000000000000

Table 7 F for each training data size: when the Japanese classifier is strong one.

ooooo INIT-E | BICO-E oooooo INIT-J | BICO-J
ooooooo goooooa
1,000 60.3 69.7 20,000 76.6 79.3
5,000 67.3 74.6 20,000 76.6 79.6
10,000 69.2 7T 20,000 76.6 80.1
15,000 71.0 79.3 20,000 76.6 80.6
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Table 8 Effect of different bilingual dictionaries.

gooo FO0%0 poooooo Dpr
oo ooo ENTRY E2]J J2E
D1 a=5 74.7 e 135K 2.01 2.23 27K
ALL 73.8 76.6 425K 8.29 | 4.99 113K
D2 | a=5 76.5 78.4 588K 1.80 1.77 83K
ALL 75.0 77.2 990K 7.17 | 2.52 132K
D3 | a=5 76.9 78.5 667K 1.89 1.55 65K
ALL 77.0 77.9 750K 3.05 1.71 79K
D4 | a=5 | 80.7 81.6 197K 1.03 1.02 177K
ALL 80.7 81.6 197K 1.03 1.02 177K
D5 | a=5 77.8 80.0 1,233K 1.35 1.49 | 212K
ALL 79.0 80.7 2,056K | 4.14 | 2.43 | 458K

go3tooooooooooooooboooobooooooo3ooooobooooooon
0000000000000 000000000000200000e=50 ALLOOOO
0000000000000 0000000ALLO0OO0O0O00OO0O0OOOOOOoOoOO
a=50 10000000 0000000000000 000DOO0OODOOOODDOOO
O0000a=50000000 E2J0 J2E0000ALLOOOOO0O0O0O0O0a@=50
goooboooboooobooooboooboooooooooooUDDe/ 00O
goobooooooo0on0 peydbbOO00ODbOOOOOOOODOOOOODOOODO
gobooooooooboo
08000D40D0OODOWIikipediaOOOODOOOOOOOODOOOOOOOOODIO
D2O0D30 DS 00000000000 0000O0O0O0O0O0O0O0O0O0OOOOOO 2000
0Oo=50 ALLO0O0OO0OO0O0O000e=5000000000 AROOOOOOOOO
OoOoOOO0O00000000000000000D0 Wikipedia OO 00O Wikipedia OO
O000o00o0o0ooooooooO0OocbobOO0O0O00000000 WikipediaOOOOOO
ooooOO0OO0O0O00000000COOoODOO0O0000OOD400000000 D1OD300O
ogooooooooooooooODoOOODDOO Der00O0O0O0O0O0O0OOO D1OD3
OO0 D4000O0OD400000000000O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O
OO0D0O0OO0OD5SO DIOD4000OD0OO0OO0O0OCODOOOO0OO0OCOOODSO0O0O DerO
ocooooooOODOOO0OO0O00000FR 00 D4000000O00O0O0OODSO0O10000
00000 b4000000OCOO0O0O0O0000O0OOOOOOODODOOODOOO

(© 2011 Information Processing Society of Japan



3568 O00O00000OCOO0OO0OO0O00OOOOOOOO00d0

0300000000000 b0O000000DO0O0 INITD ROOODOD 722000
O0ve600000000000080O0DIODSO ROODOOODOOOOOODODOO
goboooooobbodoooboooboooooboooooooooooooooooonooo

5.5 ODOO0OO0OO0OOOO0OO0

gooooobooboboooodoooooboobobobooooooooboboboOoOoboobObbOOoOooaa
OO0O0o0O00o0O0000O000000b0 8000000000000 DO0O0OWikipedia
0000000000000 000000000oooo* 000000000 ooooon
O00oO0o0oooooooo8Uu%UooooooUoUOoUooooooooooo 3
OINITOOOOOUOOOODOOOOUOOoOOoUoOoooUooouooooooo%uoo
00000o0o0o0ooo0oooooo10%0 20%000)0000000000000000
gooobooooooooooobooooooooooboooooooooOoooooboobooo
goooooooooooooooooocooooooooooooooooooobooo
0000000000060%000000000000 /KL OOUDOOOODOODDOODOOO
goboooooooboooobooooooobooobooooooon

81

79

75

73 English
Japanesp fffffff

0 10 20 30 40 50 60 70 80 90 100
Dictionary Size (%)
08 00000DOO FROO%ODOOO0O
Fig.8 Fy by different size of a bilingual dictionary.
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Table 9 Performance by different features (%).

0o INIT BICO
P R Fy P R I
oo LF 80.6 | 58.9 | 68.1 78.8 | 79.7 | 79.2
SF 63.7 | 56.7 | 60.0 | 66.9 | 69.2 | 68.1
IF 70.0 | 21.3 | 32.7 | 66.9 | 25.5 | 36.9
LF + SF 76.9 | 65.8 | 70.9 | 77.4 | 83.1 | 80.1
LF +1IF 79.9 | 65.2 | 71.8 | 79.2 | 80.4 | 79.8
SF+1IF 68.5 | 60.1 64.0 | 70.9 | 76.1 73.4
LF+SF+1IF | 779 | 67.4 | 722 | 779 | 83.7 | 80.7
ooa LF 73.7 | 75.4 | 745 | 77.8 | 80.7 | 79.2
SF 61.9 | 70.0 | 65.7 | 68.8 | 75.6 | 72.0
IF 70.1 27.0 | 389 | 74.6 | 29.5 | 42.3
LF + SF 73.3 | 774 | 75.3 | 78.0 | 84.7 | 81.2
LF +1IF 72.7 | 785 | 75.5 | 77.9 | 81.2 | 79.5
SF+1IF 64.2 | 71.9 | 67.9 | 71.4 | 783 | 74.7
LF+ SF+IF | 745 | 785 | 76.6 | 783 | 85.2 | 81.6
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Table 10 Distribution of features according to feature type, language and training data: the figures

are based on the number of unique features.

oo ooooo INITOOOOOO | BICOOOOOOO
oo LF 93,8380 29.6%0 167,1740 39.0%0
SF 216,5920 68.3%0 | 252,7440 58.9%0
IF 6,6870 2.1%0 9,1400 2.1%0
ooooo 317,1170 100%0 42,90580 100%0
0000000000 20,000 61,912
00O | LF 73,2170 46.6%0 131,5330 53.6%0
SF 80,8530 51.5%0 109,7340 44.7%0
IF 2,9180 1.9%0 4,1420 1.7%0
ooooo 156,9880 100%0 245,4090 100%0
00000000000 20,000 55,534

O0000o00oO0o00oo00oO0oo00oOo0o0oOoOoO0o0oOo0ooOoooooooOoo
0000000O0000o0O00U00oO0O00oOo0O0o0oOOoOoo0oOooOoOooo
00000000000 0oO0O0O0o000OO0O00OO0O00UDODOO0O0DOOOOOOO
00o000000000o0oO0o0O00000LDOoO0oOoOO0O000D00ODUOooDODOOOOOonO
000000000000000000000O0O0O0O0000D0DUUooOooOoOOOOO
gooboboobobobOobOobD0obmobobobobobUoboooboobUoo
gogbooobooboboobooooooobooboboboobobboobooobo
gooooobobobobbboooooobbbobobobdooooooobbobobbo
Oo000bo0o00ooo00ooo00oo0o0ooO0@ooo0ooooooooooo
000000 Oenzyme, hydrolase0 00 0000000000000 O00O0O00DO0OOOO
o0o000ooO0o0o0oooo0o0oooo0o0ooooooooooooooooooo
000 Oenzyme, hydrolase 0 D000 0000000000000 O0O0O0OOOOOOO
000000o00oooooo0o000o0oooooo0oooooooooooooog
0000000000000 0000000000 enzymeJOOOOOOOOOOO
00 hydrolase 0000000000000 O0OOO0OOOOOOOOOOODOODOOO
00000000000 0D0O0D0O00000O0OOD0O enzyme, glucoside hydrolased O
O00o0000o0o0oO0o0oo0oo0oOo0oo0oo0oooooooooooooo
O0000ooO0o0o00oooOo0o00ooOo0o00oOooOOoOoO0o0DooOoOooOooooDoOO
Infobox 0000000000000 O0OOO0OOODOOOOOOODOOOOOOODOOO

00ooooooog Vol 52 No. 12 3558-3573 (Dec. 2011)

011 000000000000 1,00000000000000000 20,000000000000000000A0
Jo0o 20,000 00000000000000 1,000000000000000000000F; 00%0O
Table 11 F; by different features: when the number of the initial training data for English is 1,000
and that for Japanese is 20,000 and when the number of the initial training data for English

is 20,000 and that for Japanese is 1,000.

INITlOOO BICOEIOOO BICOJlOOO

oo oo ooo oo ooo oo ooD

LF 58.3 61.5 68.9 77.6 77.8 69.7

SF 10.7 61.0 67.6 73.8 70.8 68.8

IF 26.7 22.2 31.5 42.8 32.5 36.7

LF 4+ SF 58.0 64.3 69.4 78.6 78.5 71.9
LF +1IF 57.9 62.4 68.0 78.5 76.9 70.0
SF+IF 54.9 61.8 66.6 75.1 71.3 69.3
LF+ SF+1IF | 60.3 65.0 69.7 79.3 79.6 72.7

012 0000000000000000 2,500000000000000000000F, 00%0
Table 12 F; by different features: when the number of the initial training data for English and
Japanese is 2,500.

INITQSOO BICOEJ2500

oo oo ooo oo ooo

LF 62.4 63.0 70.6 71.1

SF 19.2 61.8 67.6 69.2

IF 28.2 25.2 32.8 35.3

LF + SF 62.6 66.5 72.7 74.5
LF +IF 63.4 63.1 69.1 72.3
SF+1IF 56.3 62.2 66.4 70.8
LF +SF+1F | 64.0 68.4 76.6 78.3
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Table 13 Statistics for two types of hyponymy relation instances in evaluation data. Table 14 Fy for each type of hyponymy relation instances.
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