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Background and Purpose 

Thesaurus information 

source for 

writing 

patents 

information 

retrieval 

costly to construct and maintain manually 

automatic construction of a thesaurus 

natural language 

processing 

2 



• Pattern-based approach [Hearst 1992]  

• Apply Hearst’s method to patent docs 

[Nanba 2007] 
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Hyponymy Extraction 

EやFなどのD A such as B, C 

D 

E F 

A 

B C 
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Cutter (124), Cutter blade (20), Knife (17), 

Laser (16), Rotary blade (16), Scissors (11), 

Perforation (7) … 



Background and Purpose 

Extract hyponymy from E/J patent documents 

 

Align E-J terms 

 

Bilingual thesaurus 

SMT technique 

Citation analysis 

information source 

for writing patents 

Cross-lingual IR 

NLP 6 

Construct E/J patent thesaurus 



Automatic Alignment between 

English and Japanese Hypernym-

Hyponym Pairs 
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カッター 

衣類 clothing 

cutter 

shirt 



Automatic Alignment between 

English and Japanese Hypernym-

Hyponym Pairs 
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cutter 
ambiguity of 

word sense 

cutter 

knife cutter 

shirt 



１．Translating Japanese Terms (Giza) 

Alignment Using a Phrase Table 

金属 ＞ Ａ ｌ 

metal 

iron 

metallic 

 : 

al 

aluminium 

aluminum 

 : 

9 

Translate the 

Japanese hypernym 

and hyponym into 

English individually 



２．Creating English hypernym-hyponym pairs 

金属 ＞ Ａ ｌ 

metal 

iron 

metallic 

 : 

al 

aluminium 

aluminum 

 : 
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Combine them and create English 

hypernym-hyponym pairs 

Alignment of English-Japanese 
Hypernym-Hyponym Pairs 



Alignment of English-Japanese 
Hypernym-Hyponym Pairs 

金属 ＞ Ａ ｌ 

metal 

iron 

metallic 

 : 

al 

aluminium 

aluminum 

 : 

     metal ＞ al 
     metal ＞ aluminium 
     metal ＞ aluminum 
                    : 

金属 ＞ Ａ ｌ 
 

metal ＞ al 

金属＞Ａ ｌ 
 

metal ＞ aluminium 

金属＞Ａ ｌ 
 

metal ＞ aluminum 

…
 11 

alignment 

３．Aligning candidates with an English thesaurus 



Doc.

G 

Doc.

C 

Doc.

F 

？ 

？ 

Doc.

E 

Doc. 

A 

Doc.

D 

Doc.

B 

Citation analysis 

Bibliographic 

coupling 

Co-citation 

analysis 
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Alignment of English-Japanese 
Hypernym-Hyponym Pairs 



Term

G 

Term 

C 

Term

F 

？ 

？ 

Term

E 

Term

A 

Term

D 

Term

B 

Consider a 

hypernym-hyponym 

relation as a citation 

relation 
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Alignment of English-Japanese 
Hypernym-Hyponym Pairs 



① Translation probability 

② Hypernyms’ hypernyms 

③ Hypernyms’ hyponyms 

④ Hyponyms’ hypernyms 

⑤ Hyponyms’ hyponyms 
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Alignment of English-Japanese 
Hypernym-Hyponym Pairs 



② Hypernyms’ hypernyms 

電子部品 
electronic 

component 

半導体素子 

トランジスタ 

semiconductor 
device 

transistor 

能動素子 active device 

IC IC 

FET FET 
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Alignment of English-Japanese 
Hypernym-Hyponym Pairs 



電子部品 
electronic 

component 

半導体素子 

トランジスタ 

semiconductor 
device 

transistor 

能動素子 active device 

IC IC 

FET FET 
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Alignment of English-Japanese 
Hypernym-Hyponym Pairs 

③ Hypernyms’ hyponyms 



電子部品 
electronic 

component 

半導体素子 

トランジスタ 

semiconductor 
device 

transistor 

能動素子 active device 

IC IC 

FET FET 
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Alignment of English-Japanese 
Hypernym-Hyponym Pairs 

④ Hyponyms’ hypernyms 



Alignment of English-Japanese 
Hypernym-Hyponym Pairs 

電子部品 
electronic 

component 

半導体素子 

トランジスタ 

semiconductor 
device 

transistor 

能動素子 active device 

IC IC 

FET FET 
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⑤ Hyponyms’ hyponyms 



① Translation probability 

20 

P（J⇒E）×P（E⇒J） 

P（J⇒E）×P（E⇒J） 

× 

Hypernym 

Hyponym 

Alignment of English-Japanese 
Hypernym-Hyponym Pairs 
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Combine ① and 

②～④ 

Select a feature four methods 

Features 

▲，▲ ▲，▲ 

▲ 

▼ 

▲ 

▼ 

▼，▲ ▼，▲ 

▲，▼ ▲，▼ 

▼，▼ ▼，▼ 

④ 

② 

③ 

⑤ 

② 

③ 

④ 

⑤ 

① Translation probability 

② Hypernyms’ hypernyms 

③ Hypernyms’ hyponyms 

④ Hyponyms’ hypernyms 

⑤ Hyponyms’ hyponyms 

Alignment of English-Japanese 
Hypernym-Hyponym Pairs 



Evaluation Procedure 

1. Calculation of the validity of each candidate 

a: value of feature ① 

b: value of feature ②～⑤  
 

                  β：1/5、1/10、1/15、1/20 

                  α：0.1、0.2、…、0.9 

2. Parameter tuning 

x: threshold value 

  x：0.00、0.01、0.02、…、2.00 

3. Evaluation 

Evaluate our methods with the threshold value 

using a test data set 22 

aβ ＋ α × b 



Experiments 

Data 

Correct Incorrect Total 

982 1,653 2,635 
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• 3,898,060 relations from USPTO patents 

• 7,031,159 relations from Japanese patents 
 

 

 

 

manually evaluated pairs of English-Japanese 

hypernym-hyponym relations 

Evaluation 

Recall, Precision, and F-measure 



Experiments 

Alternatives 

① ② ③ ④ ⑤ 

Baseline ○ 

Our 
method 

a ○ ○ 

b ○ ○ 

c ○ ○ 

d ○ ○ 
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▲，▲ ▲，▲ 

▲ 

▼ 

▲ 

▼ 

▼，▲ ▼，▲ 

▲，▼ ▲，▼ 

▼，▼ ▼，▼ 

④ 

② 

③ 

⑤ 

② 

③ 

④ 

⑤ 



Experimental Results 

α β Precision Recall F-measure 

Baseline (e) 0 1/15 78.5 77.8 78.0 

Our 
Meth
ods 

a 0.1 1/10 76.4 78.1 77.1 

b 0.1 1/20 76.3 79.5 77.4 

c 0.1 1/15 75.8 78.4 76.9 

d 0.1 1/15 77.5 79.4 78.3 

Our method (d) obtained the best score 

25 



Alignment of English-Japanese 
Hypernym-Hyponym Pairs 

電子部品 
electronic 

component 

半導体素子 

トランジスタ 

semiconductor 
device 

transistor 

能動素子 active device 

IC IC 

FET FET 
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⑤ Hyponyms’ hyponyms 



Discussion (1/3) 

記録媒体＞CD           record medium＞cd 

車両＞自動車                     vehicles＞car 

A baseline method could align these hypernym-hyponym 

pairs, because translation probabilities are low. 

Our method could align them! 
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Improvement of Recall Values 



Discussion (2/3) 
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Cases that our method mistakenly aligned 

Japanese English 

Hypernym Hyponym Hypernym Hyponym 

金属 

(metal) 

亜鉛 (zinc) metal aluminum-

zinc 

着色剤 

(coloring 

agent) 

染料 (dye) coloring 

agent 

organic 

dye 



Discussion (3/3) 

29 

Cases that our method could not align 

Japanese English 

Hypernym Hyponym Hypernym Hyponym 

金属材料 

(metallic 

material) 

銅 (copper) metallic 

material 

Cu 

電子部品 

(electric 

part) 

ＩＣ (IC) electric 

part 

integrated 

circuit 



Conclusion 

Propose a method for constructing a bilingual 

thesaurus using citation analysis. 

 

(d) Hyponym’s hyponyms 
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Recall：77.5% Precision：79.4% 

Ｆ-measure：78.3 % 


