
 

 

ԓ ӥ  
( ᵝ )  

 

ῠ ᵣ Е ғ  

 Е ғ  

 Е     

 Е       

         

 

 

 
 

ԋǹѿ҂ ҈  



 

 

 



 

 

Research on Knowledge Mining with 

Representation Learning 

Dissertation Submitted to 

Tsinghua University 

in partial fulfillment of the requirement 

for the degree of 

Doctor of Philosophy 

 

In 

 

in 

Computer Science and Technology 

 

by 

Miao Fan 

 

Dissertation Supervisor : Professor Thomas Fang Zheng 

 

March, 2017 

 



 

 

ῗԓ ᵣ ᶕ  

 

ֲ ῃԅ ῏Ḡ ȁᶏ ᵝ ̆ ̔ 

ᵬ ῤ ᵝ ᶏ ῒ̆Ҭ

̔̂ 1̃ ᵝ ֜ ᵝ ̆ ץ

ȁ ῒז └ Ḡ ҉֜ ᵝ ̂̕ 2̃ҹ

̆ ץ Ὲ ᵝ ᵬҹ ӥ ȁ

ᶫ ῤ ̆ ҉ᶫ ῤ №ῤ ̕

̂3̃ ȇҬ ֲ ῍ ᵝ ᶛ Ⱳ Ȉ̆ ӥ

Ὲץ ᵝ Ȃ 

ֲḠ ҉ Ȃ 

̂Ḡ ̃ 

 

ᵬ ̔                   ̔               

    ̔                       ̔               



 

 

 



   

I 

   

ԑ Ḥ ױֲ̆ ⌠≠ Ԋ׆

ꜚ Ȃ >ץ ᵣ̆̓͂ ̆ ᵣ>

҈ᾝ Ԋ ŵȂ Һ ׆̔ / Ҭ

ץ̆ ≠ Ȃ ҍ

ױֲꜛ ꜚ Ҭ Ḥ ̆ ᾝ҈ץ Ԋ

ỮȂ ᶏ Ҍ Ḥ Ữҍ ̆ ᵬҹ

ѿ ̆ ΐ ╠ Ȃѿ֓֟ ҹ

ԑ ̔ ȁ ̆ ᵣ ԅ

Ȃ  

̆ Ṣꜛῒ ᴨל ≠̆ ᴧ

ֲ Ȃ ꜚ ҍ ԍ ȁ

ץ̆ ץ Ȃ ֓ ̆

ӟ ₮ ҹ҉ ‗ ᶫѿ֓ Ȃ ̆
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ԍᵞ ӟ Ḥ ̔ / ̆
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₮ᵞ ᵣӊ ῏ Ȃ ↓ ֦

ԍ ꜚ ̆ ᵞ

ӟ ̆ ҍ ᶏ̕ ᵣ

ӊ ῏ ᵞ ҍ ▫ ׆̆ Ҋ

Ḥ Ȃ 

                                                
ŵ Ӟ ѿ֓Ғҙ ҈ᾝ Ԋ ᵬѿ ̂First-order predicate logic̃ [1]ȂҹԅḠ ѿ

̆ῃ ҈ᾝ Ԋ ᵬҹ ΐᵣ Ȃ 
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Abstract 

In the face of the explosive growth of text information on the Web, people has 

become increasingly aware of the importance of automatic knowledge mining in use of 

computers. The knowledge mentioned over this thesis refers to triplets composed of 

<head_entity, relation, tail_entity>, which convensionally interpret the facts or beliefs in 

the real world. The research of knowledge mining mainly includes extracting structured 

knowledge from the free / semi-structured free text, and using the existing structured 

knowledge to infer undiscovered knowledge. Knowledge extraction and inference 

methods can help people to automatically extract the core information in massive natural 

language text and store them in the form of triplets. This makes structured knowledge, 

whether for information storage and representation, or further enhancing many kinds of 

applications have broad prospects. For instance, some productized knowledge graph has 

brought great improvement on user experience and platform performance of many 

applications on the Internet, such as search engines, QA systems, and even recommender 

systems.  

However, the construction of most large-scale knowledge graphs generally benefits 

from huge number of users on their platform, in terms of crowdsourcing method to 

directly obtain knowledge from massive manual editing. The research of automatic 

knowledge extraction and inference is limited by expensive annotated data, sparse text 

features, heterogeneous data that is difficult to be consolidated. Recent studies on 

representation learning theory enlighten us that some characteristics of representation 

learning may help solve the three problems above. Therefore, this thesis will explore a 

series of representation learning methods on knowledge extraction and inference which 

aim at mining new knowledge automatically. The main work and contributions are: 

Free text information extraction based on low-rank matrix representation 

learning. In the aspect of unstructured / semi-structured text, we leverage the assumption 

of distant supervision to carry out entity linking and automatic construction of weakly 

labeled training samples for relation extraction, and propose a low-rank matrix 

completion method to extract relations between entities in text. The highlight of this 

method is to reconstruct large-scale sparse text features and noises caused by distantly 



Abstract 

IV  

supervised annotation via using the transductive learning method of low-rank matrix 

completion, while the distant supervision paradigm automatically obtains a large number 

of weakly annotated data. The principle components of the relationships between text 

entities represented by a low-rank matrix are learnt simutanously with the noise stripping, 

so that the performance of relation prediction under distant supervision is improved. 

 Knowledge representation learning and belief inference based on low-

dimensional vectors. In structured knowledge bases, low-dimensional vectors are used 

to represent and deduce the entities and relations in a knowledge base. We propose 

geometrical and probabilistic models to conduct the task of belief inference on complete 

and imperfect knowledge bases, respectively. At the same time, the effect of the multi-

relational beliefs that is widely existed in knowledge bases, is analysed and further 

considered to improve the performance via adapting the learning rate. This method 

compresses the representation of knowledge from matrix to vector level, not only 

achieves incremental computation on the algorithm, but also gives the belief inference to 

the mathematical explaination. 

Joint low-dimensional representation learning of knowledge bases and free text. 

The use of entity descriptions or relation mentions as a link to acquire the low-

dimensional vector representations of vocabularies and entities, relationships, bridges the 

gap between the two kinds of heterogeneous data of free text and knowledge base. The 

series of approaches proposed not only covers the semantics of entities, relationships, and 

vocabularies, but also enhances the performance of tasks such as belief inference, entity 

classification, and relation prediction. Moreover, it shines a light on handling large 

amount of heterogeneous data for many Web applications such as search engines, QA 

systems etc. 

  

Key words: Knowledge base; Free text; Representation learning; Relation 

extraction; Belief inference 
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1   

ѿ ҉ ‗ԅWeb 2.0 ף Ḥ ̆ Ӟ

ԍ ȁ ץ ҬȂ

ᶏ̆ ≠ ꜚ ҹ Ȃ

>ץ ᵣ̆̓͂ ̆ ᵣ> ҈ᾝ Ԋ ŵȂ [2,3,4,5]֟

Ԋ ̆ ԍ / ץ̆

Ȃ ӄץ ̆ ԍ ң ̆ ꜚ ҍ ѿ

̆ ғ ԍ ȁ Ȃ ץ

ӟ ҹ ‗҉ ̆ ң

̆ ᵣȁ̓͂ ҍ ӊ ҹ ӈ ץ̆ ≠ ױ

ҍ Ȃ ׃ ̆ ̆ ץ ҳ

Һ ̕ ҍҺ ̆ ῃ ҍ ̆ ғᶭ

ᵣ ₮ ῤ Ȃ 

1.1  

1991 8 23 ̆҆ ̂Web̃ Ὲᴧᾧ ̆⌠ׂ

+ 25 ̆ᾢ ԅң ̆№≢ Web 1.0[6]ҍWeb 2.0[7,8]Ȃ

Web 1.0 ᾛ ⇔ ҍ ѿ Ḥ ֟ ̕

Web 2.0 ⱴ [9]̆ ꞉ ԑ ᵬ ҍ⌠ Ḥ ȁ

ҍ№֣ ҬȂ ԍ ҩ Web 2.0 ӊҊ ҍ ̆

ԍԑ ҍ҉ ҍү ̆ᶏ ԑ ҉ Ḥ

[10,11]Ȃץ ╠҆ ҉ Ḥ ҹᶛ̔ ̂Googlẽ

ῃ ԑ ῤ ̆ ғҺ ҹ ᶫ ̆

2016 12 7 ֽ̆ῒѿ Ὲ 47ַҩ Ŷ̕ ̂Twitter̃ ᵬҹ

ѿҩ Ὲ ҍ№֣ ̆ 6000 ̆

5ַ ŷ̕ ̂Wikipediã ѿҩῖ ≠ ñᴧ ò [12] 

                                                
ŵ Ӟ ѿ֓Ғҙ ҈ᾝ Ԋ ᵬѿ ̂First-order predicate logic̃ [1]ȂҹԅḠ ѿ

̆ῃ ҈ᾝ Ԋ ᵬҹ ΐᵣ Ȃ 

Ŷ Ḥ ԍ http://www.worldwidewebsize.com/Ȃ 

ŷ Ḥ ԍ http://www.internetlivestats.com/twitter-statistics/Ȃ 
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ꜚῃҕ ᵝԑ ᵬ Ғҙ ̆ 40 Һ

̆ ╠ 4100҆ Ғҙ ŵȂ 

Ḥ ̆ ׆ ӥ℮ ԑ Ȃֲ Ӟױ

ԅ׆ Ҭ Ḥ Ȃ ֲ̆ Ḥ

ⱬҍ ⱬ ̆ ≢ ҊḤ ̆ף ⱴ Ҍ Ȃԑ

Ḥ ̔ ȁ ȁΌᵩ ̆ҍ ᾧ

Ȃΐᵣ ̆ 

¶ ԑ Ḥ ̔ GoogleȁBing ҕ

̆ 1.1 ̆ ╠ῃ ԑ 50ַҩ Ȃ ԍ ╠

Һ ̂ ̃ ̆ ԑ Ḥ

Ȃ 

 

 

1.1̔ ԑ Ḥ ҩ ӊѿ̔ Ȃ 

 

¶ ԑ Ḥ ̔ Ҭ ԅ ҹ ץ

                                                
ŵ Ḥ ԍ https://en.wikipedia.org/wiki/Wikipedia:Size_of_WikipediaȂ 
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̆ 1.2 ̆ └ ȁ Ȃ

֓ ҬӞ ԅ ᴇṿ Ḥ Ȃ ̆

ⱴ ̆ᵖ ֓ ѿ Ȃ

̆ ѿױ Ḥ ҹ Ȃ 

 

 

1.2̔ ԑ Ḥ ҩ ӊԋ̔ Ȃ 

 

¶ ԑ Ḥ Όᵩ̔ ץ ῤ ̆ ҹ ḱ

ȁ№֣ ȁᴰ ᾣ ̕ 1.3 ̆ᶏ ӈ Ḥ

ᾟ ԑ ҬȂ ԍḤ ֟ҍ ̆

ԍΌᵩ Ḥ Ҍֽ№ ԅ ̆ ғӞ ԅ

Ḥ Ȃ 

¶ ԑ Ḥ ̔ Ḥ Όᵩ Ӈ ̆

Ӈ Ḥ ᴪ ≠ ̆ ᵣ ᴪ Ҍ

Ȃ 1.4 ̆Web 2.0 Ҍᴪ Ḥ ҍ ᵬ₮ ҍ ̕

̆ԑ Ḥ ᾧȂ 

 



 1   

4 

 

1.3̔ ԑ Ḥ ҩ ӊ҈̔ ΌᵩȂ 

 

 

1.4̔ ԑ Ḥ ҩ ӊ ̔ Ȃ 
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̆ ᵥ Ḥ ȁ Όᵩ Ḥ ̆

ѿ ȁḂԍ Ữ ̆ ҹԅWeb 2.0 ѿ ף ̆Ӟ

Web 3.0 ӊѿ[13,14,15] ̔ ԑ ҹ ̂Knowledge Basẽ Ȃ 

ѿ ↓҈ᾝ Ԋ ȂԊ ΐᵣ

ᶛ̆ ҩ҈ᾝ Ԋ ҹ< ᵣ̆῏ ̆ ᵣ>̆ ñ ᵣòҍ

ñ ᵣòӊ ñ̓͂ ò̆ ғ ҩñ̓͂ ò Ȃ ӊ ñ̆ ᵣò⌠ñ

ᵣò ѿ ῏ Ȃҽᶛ ̆< · ̆ ѿҩ

̆ ≠ ᴧ > ѿҩԊ ̕ < ≠ ᴧ ̆

̆ · > ѿҩ Ԋ Ȃ ᵣ ̆p ῏

ҹ ᵣ Ȃ 

ԍ ῒҬ ҈ᾝ Ԋ ȁ ᾧΌᵩ̆ ғ Ḥ

ҍ̆ ‗Ḥ ̕ ᵬҹҊѿףԑ

ᵬ̆Ӟ ӊҬȂ ╠ ̆֟ ̆

[16,17,18]̆ ֓ ԑ Ὲ Һ ֟ Ҭ ⌠ԅᶏ ŵ̕ ғ ⱴ

Ҭ̆ ᶫ Ⱶԍ [19,20]ȁ

ץ[21,22] [23,24] Ȃΐᵣ ̆ 

¶ Ҭ ̔ ’Ҋ̆ Ḥ

̂Querỹ ̕ ̆

ӞҌѿ ᶫ Ȃ ̆ ȁ

ҳ ѿҩ ԍ̆ Ḥ ҍ Ҍ

ӊ Ȃ ̆ ѿ ᴪ ᶏ ҍḤ

῏ ̕ ץ ≠̆ ץ ҹҬ ̆ ῏ ῒ

ᵣᵬҹ ̆ ᴪ ⱴ ̆ Ӟ

⌠ Ḥ [20, 25]Ȃ 

¶ Ҭ ̔ ֒ ȁ ץ̆ ֤қ

Ⱶ ᶫ ѿ ⱳ ̆ ҹץ ҙ ᵬ₮

ŶȂ ӊ ῏ ѿ ԍ Ȃѿ

Ạ ӯ ̆ ῒז ӯ

Ȃ ̆ ᶭ ҹ Ҍֽ ԍ

̆ ғ ֟ Ẓ Ȃ ԍ Ҭ ᵣӊ ῏

ғ ̆ ץ ⌠ Ҭ̆ Ҍᴪ֟

                                                
ŵ ץ ₮ ҹף ̔https://developers.google.com/knowledge-graph/ 

Ŷ ῏ ̔http://rejoiner.com/resources/amazon-recommendations-secret-selling-online/ 
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ҹ Ȃ 

¶ Ҭ ̔ ╠ ⱬ ץ ῃ

̕ᵖ ѿ֓ ̆ ȁ ŵ

Ȃ ץ ̆ ֓ ⱳҍ

Ҍ № [26]Ȃᵬҹ ᴆ̆ ԍ ֓ Ԋ ̆

ץ ⱴ ҹ ᶫ Ḥ [27]Ȃ Ḥ Ҍ

̆ ҬԊ ҍ Ҍ ̆ ⱳ

ҍ ᴪ ⌠ ⱴ Ȃ 

҉ ̆ Ҍֽ ꜚWeb 2.0 ѿ Ҍ ̆Ӟ

Ҋ ԑ ҍ ᵣ ֗ ꜛⱬӊѿȂ

ӊҊ̆ ѿ ӊ ≠ ꜚ Ȃ 

1.2 ₴ 

׆ 1985 ̆ ӓ ¥ יּ ғ ԅѿҩ῏ԍ

WordNet[28] ῒ̆Ҭ ԅ ӊ ӈ῏ Ȃ ץ W̆ordNet

ⱳ ᶭ ԍѿ֓ Ғ ᵣ ̆ Ғҙֲ Ạ⌠Ȃ

̆ ᴧ ᵬ MetaWeb ̆

Freebase[29,30] ᴋⱵ ῃᵣԑ Ȃ Freebaseӊ Ŷ̆ᶭ

ῒ ᴨ̆ל ѿ ԅ Freebase ̆ ғ ῒᵬҹ

ӊѿ ⌠ ֟ ҬȂ WordNetҍ Freebase

̆ ױ Ҭ׆ץ ⌠ѿ֓ ̔ ױ Ữ /Ԋ ֲ

ᵬ ̕p W̆ordNet ԍ Ғҙ ̕ Freebase

ῤ № ̆ ԍ Ȃ 

Ҍ̆ Ғҙ ̆ ҙ ⱴ῏

̆ /Ԋ Ҍ ѿ Ҍ Ȃ ≢ Ҋ Ḥ ҍ

Web 2.0 ̆ף Ḃ ᴧ Ӟ ҉ ҍ Ȃ

̆ FreebaseҬֲ ᵣ ’ ̆ [31]

97% ֲ Ҭ ῒ Ḥ Ȃ 

Ṣ̆ꜛ ⱬ̆ ԑ ף / Ḥ

№ ̆ ꜚ ̆ ҹԅ ҍ ҙ

                                                
ŵ ῏ ̔https://learning.acm.org/webinar/lally.cfm 

Ŷ ῏ ̔http://www.inc.com/news/articles/2010/07/google-acquires-metaweb.html 
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῍ ῏ Ȃ 

ץ ҹ ӄ̆ ץ ⌠ 20ҕ 60-70 ף

Ғ ̂Expert system̃ [32]Ȃ ₮ᶭ ֲ ҍ Ώ

↕ [33]̆∆ ѿ֓ ғ Ȃ

Ҍ ⇔ ̆ Һ ᶭ ң Ḥ̔ [34,35,36]ҍԊ

[37,38]ȂḤ ̆ 1.5 Һ̆ ῏ ׆ / Ҭ ₮

҈ᾝ Ԋ ̆ ⱴ⌠ ȂԊ ↕ ≠

҈ᾝ Ԋ ̆ 1.6 ̆ ₮ѿ֓ ₮ ↕

̆ ⌠ Ҭῒז ₮ /Ԋ ᵝ Ȃ 

 

 

1.5̔ ѿҩ׆ ̂ ̃ Ḥ ⌠҈ᾝ Ԋ ᶛȂ 

 

Ḥ ҍԊ ң ῏ ̆ ԍ Ḥ ׆

Ҭ ̆ ᵬҹץ ҉ Ԋ ᾟ̕ ̆

҉ Ԋ Ӟ ץ ҹḤ ᵬ Ȃp ̆ ԍ

ң Һ ׆ ԑ № ̆ ץ ҉ᵌӍ ңҩ№

̕ ̆ ҍ ԑ ҍ

῍֣Ȃ 
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1.6̔ ѿҩ≠ Ԋ ⌠ ҈ᾝ Ԋ ᶛȂ 

 

֓ ̆ ӟ [39]ҹ Ḥ ᶫԅѿ֓ῃ ̔ ҌῬ

Ҭ ᾝ ̕Ҍ / Ḥ ץ

ӟ̆ ѿҩ ⌠ ⱴ Ԋ ᵞ

̆ ғ ץ ѿ Ȃ ӟ ֓ ԍ

ҍ Ȃ ⌠ ╠ ᾢᶛ̆ ױ ₮ ԍ

ӟ ᵬҹ Ȃ 

1.3 ҹ Ӏ  

Ҍ ̆ ’Ҋ ᵬ ӟ Ȃ

╠ ₮≠ ӟ ץ ꜚ ҍ

̕ Ҍ ȁ ̆

ҳѿ֓ῃ Ȃΐᵣ ̆ ֓ №≢ ̔ 

¶ ̔Ḥ ԍ׆ ≢ Ҭ ≢ ᵣ

ҍ῏ ̆ ᾝ҈ץ Ԋ ⱴ Ȃ ’

Ҋ̆ ֓ ᵣҍ῏ ᶫ ׆̆ ӟ

ñ ò̕ ̆ ⱴ ’ ֲ̆ Ҍֽ

ֲⱬץ ⱬ̆ ғ ֲ Ғҙ Ӟ Ȃץ
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⅞ ᴪ̂ DARPÃ ꜛ MUĈ Message Understanding Conferencẽ

ᴪ [40] ᶫ MUC-7 ῏ ̆ ‰

̂NIST̃ ACÊ Automatic Content Extractioñŵ ꜚῤ

ҹᶛ ң̔ ῏ Ҍ ₃ ̆ ғ Ӟ

₃҆ Ȃ ӊҊ̆ ׂ ̆ Freebasĕ ֽ ῏

҆҉Ҋ Ԋ̆ ҈ᾝ ⌠ԅַ ≢ Ȃ ̆

╠̆ ᶭ ᶭ ֲ

֟ ̆ ᵥ ꜚ Ȃ 

¶ Ҍ̔ ׆ Ҭ ᵣӊ ῏ ̆

҉ Ԋ ̆ ≠ ӟ ҉Ҋ

Ḥ ̂Context̃ Ҭ ῍ ׆̆ ҉ ⱬȂ

Ҭ̆ ֓҉Ҋ ῍ ѿ ̕

Ҭ̆ ֓҉Ҋ ῍ ↕ѿ Ҭ῏ ҍ ᵣ ȂҌ

῍ ̆ ԍ Ȃѿ ֓ ↓

̆ ҉ ᵬҹ ̕ Ӈ

/Î ᴪ ῖ /Î ҉Ҋ Ë̆ Ȃ

̆ ҩ Ȃ

╠̆ ӟ ӊ ҉ ῍ ̆ Ӟ ץ ҉

Ȃ 

ץ ¶ ̔≠ ҍ ῍ ̆

Ҍ׆ꜚ Ԋ ̆ ᾟ Ȃ ԍ

Ҭ ҍ Ҭ Ԋ ԍҌ ̆ᶏ

҉ ץ ң ̆ ҹ ῍֣ҍ

Ḥ Ȃ ̆ 1.5Ҭ ԍ῏ ñ Ṝ ֲò ñ2016

ҽ῍ ᾴ Ṝ ֲò̕ ׆ֽֽ ұ ̂ ̃ ̆

Ҭ ῏ ҍ Ҭ ῏ ңҩҌ Ȃ ῍

֣ҍ ԍ ҉Ҋ Ḥ ԍҌ ̆

֓ Ḥ ᴪ ῀ Ҍ ҍ Ȃ ̆ Ḃ

1.6 Ԋ ᴋⱵҬⱴ῀῏ ̔ñ2016 ҽ῍

ᾴ Ṝ ֲòᵬҹ ̆Ӟᴪ ҹ Ҭ Ҍ⌠ ᵌ

ҩ ȂԊ ҉̆ ױ ץ ῏ ñ Ṝ ֲòҍ῏

                                                
ŵ https://www.ldc.upenn.edu/collaborations/past-projects/ace 
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ñ2016 ҽ῍ ᾴ Ṝ ֲòӊ ѿ֓ ֜

Ȃ ñ ò ԅ ≠ ӟ ץ̆

ҩ ῍ ̆ ҍ

Ȃ 

1.4 ᵲῪ ғӀ  

ⱬԍ ѿ ꜚ ҍ ̆

Ȃ ⌠ 1.3 Ҭ ⌠ Һ Ṣꜛ ӟ

ⱴץ ‗̕ Ҍ ӂ̆ ⱴ ̆

1.7 ̆ ױ ӟ ҍ ̔ 

 

 

1.7̔ ԍ ӟ ҍ Ȃ 

 

ᾢ̆ 1.7 ₮ № ̆ 3 ̔ ԍᵞ

ӟ Ḥ Һ ׆ / ̂ ̃Ҭ̆

Ȃҹԅ └̆ ‗ ץ

ֲ ᵞ ̆ 3 ̂Distant 

Supervision Paradigm̃[41], ѿ֓ ↕̆≠ ̂

̃ ꜚ / ̂ ̃̆ Ȃ ֓

⌠Ḥ ң ᴋⱵ̔ ᵣ [42]ҍ῏ [43]Ȃ╠
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Ҭ Ṝ ᵣ ‰ ⌠ Ҭ ᵣ҉̕ ↕

ѿ ԍ Ҭ ᵣӊ ῏ ̆ №

ѿҩ҈ᾝ Ԋ Ȃ ᵣ῏ Ҭ̆ ױ ₮ᵞ

ӟ ̆ ̆ ғ▫

Ȃ 

̆ 1.7 ₮ № ̆ 4 ̔ ԍᵞ

ӟҍԊ Һ ֽ̆ ֽ ̂ Ҭ̃ ̆

҈ᾝ Ԋ ȂԊ ѿ ̆ ҈ᾝ Ҭ ᴋ ңҩᾝ ̆

҈ҩᾝ Ȃ ̆ Ҭ ᴋ ңҩ ῏ ᵣ ∞̆

ӊױ ֓ ῏ ̕ ѿҩ ᵣ ѿҩ῏ ̆ ѿҩ

҈ᾝ Ԋ ᵣȂ 4 ҍ №≢ ₃

ᵥҍ ̆ ₮≠ ᵞ Ҭ ᵣҍ῏ ҍ ̕

№̆ Ҭ Ԋ ₮ ӟ ̆

ӟ ̆ ѿ ӟ Ȃ 

̆ 1.7 ₮ № ̆ 5 ̔ ҍ

ᵞ ӟҺ ҍ ң ̆ ₮≠

Ҭ ᵣ ҍ Ҭ ᵣ̆ Ҭ ῏ ҍ

Ҭ ῏ ץ̆ ԑӊ ӈ ҹ ̆ ӟ ҍ ᵣȁ̓͂

ᵞ Ȃ ῍ 4 ̔ ԍᵞ

ӟҍԊ ↓ ̆ ₮ Ҭ ֓ ᵣ

῏ Ȃ ԍ ₮ Ҭ ᵣ ῏ ̆ 4 ↓ ӟ

ױ ̕ 5 ₮ ӟ ̆ ֟

ҍ Ҭ ᵣȁ̓͂ ῍ ̆ ᶏ ᵣ ץ ꜛ ᵣ

̆ ῏ Ӟ ꜛ ῏ Ȃ 

҉ ҈ Һ ᵬῤ ̆ ꜚ

№׆ ̕ ӟ ҹ ̆

῀ ̕ Ӟ ҹѿ ᵣ Ȃ

Ҭ̆ 1.3 ⌠ ̆ ױ ҩ ₮ԅ ‗ ̆

ғ ₮ ҩ № Һ ̔ 

¶ 3 ̔ ԍᵞ ӟ Ḥ ↓ ֦ ԍ

≠ ꜚ ̂ ‗ 1̔ ̃

̆ ᵞ ӟ ҍ

̂ ‗ 2̔ ̃Ȃ Ҍֽ ₮
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Ҭ ᵣӊ ῏ ᵞ ̆ ⱬ̆ ғ

▫ ׆̕ ‗ ҍ

̆ Ҋ Ȃ 

¶ 4 ̔ ԍᵞ ӟҍԊ ↓ ̆ 3

̔ ԍᵞ ӟ Ḥ Ҍֽ̆ ׆

⌠ ̂ ѿ ‗ 2̔ ̃̆ ғ≠

֓ Ԋ ᵬ₮ ⱴΐᵣ ̆

ԅᵞ ӟ ץ ᴋⱵȂ 

¶ 5 ̔ ҍ ᵞ ӟ ↓ ׆

ԅ ̆ᶏ ֓ Ҍֽ

ᵣȁ̓͂ ץ ӊ ӈ῏ ̆ ғ ῍ ץ ԑ῍֣ ӈḤ

̆ ԑ ̂ ‗ 3̔ ץ ̃Ȃ Ḥ

ѿ ԅԊ ȁ ᵣ№ ȁ̓͂ ᴋⱵ ̕ ғҹ

̆ ȁ ̆ ᶫԅ ᴇṿ Ȃ 
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2  ғ ῗ ᵲ 

̔ ԍ ӟ ꜚ ҍ ҍ̆҈

῏Ȃ ≢№ױ ̔ ӟ[39]ȁ῏ [43] ץ̆ Ԋ [37,38]Ȃ ׃≢№

҉ ҈ ̆ ₮ ֓ ᵬҬҍ ῤ ῏ ΐᵣ

ҍҺ Ȃ 

2.1 ӥ 

⌠ Ḥ ⌠ Ҭ ҍ ̆

ᵬ ᵥ Ḥ ̆ ғ ₮

ҍ Ȃ ֓ ᶭ ӟ № ̆ ̔2.1.1

׃ ̕2.1.2 ׃

ӟ ᵞ ץ̕ 2.1.3 ׃ ≠ ӟ

ᵞ Ȃ 

2.1.1   

ΐ ף ᵬҹѿ ̆

ҹ Ạ Ȃ ’Ҋ̆ ӟױ ֓ΐ ף ̆

ᵬҹ῏ ѿҩ ῖ̂Dictionarỹ Ȃ

Ṝ̆ ῏ ῖ ᴪ ᵬ ̕ ᴪ ҩ

ῖ ₮Ҍ Ȃ ̆ ñJohn is a professional football player, who 

works for a football team.òҍñMary plays football very well.ò̆ ѿ֓Ả [44]

̂Stop words̃ӊ ̆ ῏ ῖҹ{John, professional, football, player, who, 

work, team, Mary, plays, very, well}Ȃ ñ₮ ӈò ↕̆

[44] O̔ne-hot ȁTf ץ̆

Tf-idf Ȃ 

 ΐᵣ ̆ One-hot ῖ Ҭ ῏ ₮ ̆

ᵖҌ ₮ ̕ 2.1 2↓ ̆ɒ Ҭ ҩ₮ ῖ

ҹ 1.0ȂTf̂ Term frequencỹ ѿ ᶛ Ҭ῏ ₮ ̆

One-hot Ḡ ԅ Ḥ ̕ 2.1 3↓ ̆ ѿҩᶛ

Ҭ football ҹ₮ € ṿҹ 2.0ȂTf-idf̂ Term frequency 



 2  ҍ ῏ ᵬ 

14 

inverse document frequencỹ ↕ Tf ҉̆ ⱴ

Ҭ₮ ̆ ҹѿҩ Ҍ

̕ ԋҩᶛ ľMary plays football very well.Ŀ 2.1 4↓ football

ҹ 1.0̆ ῒז῏ ᵞԅ Ȃ 

 

ᶛ  One-hot  Tf  Tf-idf  

John is a professional 

football player, who 

works for a football 

team. 

<1, 1, 1, 1, 1, 1, 1, 0, 

0, 0, 0, > 

<1, 1, 2, 1, 1, 1, 1, 0, 

0, 0, 0, > 

<1.69, 1.69, 2, 1.69, 

1.69, 1.69, 1.69, 0, 0, 

0, 0, > 

Mary plays football 

very well. 

<0, 0, 1, 0, 0, 0, 0, 1, 

1, 1, 1> 

<0, 0, 1, 0, 0, 0, 0, 1, 

1, 1, 1> 

<0, 0, 1, 0, 0, 0, 0, 

1.69, 1.69, 1.69, 

1.69> 

2.1̔ ᶛ ñJohn is a professional football player, who works for a football team.òҍñMary 

plays football very well.òOne-hot ȁTf ץ̆ Tf-idf Ȃ 

 

ԍ҉ ҈ └ Ὲ ̆

ᴋᵥ׆ Ҭ ӟ ̆ ѿױ ҹ

Ȃ 

2.1.2  ᵤ ӥ  

ԍ ̆ ≢ ױ ∞

Ẋ ԍ Ṝ̆ ѿ ῒ ₮Ȃ ̆ 2.1Ҭ Tf ҍ

Tf-idf ̆ ױ ѿ ӎ ̕

ԍ῏ football̆ Tf ҍ Tf-idf Ҭ̆ῒ ꜚȂ

ҍ̆ ӈ ᵬҹ῏ Ҍ ̕γ

ӟ ľ Ŀ̆ №

῍ ̆ ΐ ף ᵬҹ ῖȂ 

2.1 ̆ Ҍ ̆ᵖ ҉Ҍ

ṜᵌӍ Ҭ ѿ֓ ̂Topic̃ Ȃ ҩ Ҋ

Ӟ ҌҒ ԍ ╠ ̆ ץ ᵌ LSA[45]ȁPLSA[46]ȁLDA [47] ᵥ

Ҭ̆̓̀ ֓ Ҭ Ȃ 2.2 ԅ ᵞ

҉ ̔ ץ ᾢ ҹñ - ò ̕ ӟ

⌠ ᵞ ̆ᶏ ñ - ò ҍñ - ò

ӗ ñ - ò Ȃ ֓ ᵞ̆ ᶏ
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ӊ ֜ ̆ ᵞԅ ̕ ҹ ̆ ֓

ᵞ ῃ ῤ ῍ ̆Ҍᴪ ҹ ↕ ֟

Ẓ Ȃ 

 

2.1̔ Ҭ № ̆ ԍ [48]Ȃ 

 

 

2.2̔ ӟᵞ Ȃ 

 

2.1.3  ᵤ ӥ  

ӟ ῍ ᵞ ̆ ץ

ᾧ ῀ Һ Ẓ ̕p ҹ̆ԅ ⱴ‰ ᵞ

̆ ױ ҍ⌠ Ҭ̆ ᴪט₮ ᴇȂף

ѿҩ◐֟ ñ - ò ԅ ӊ ᵞ № ̕

№ Ҭ ԅῃ Ҭ ҍ ӊ ῏ Ȃ 
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Ԋ ҉̆ ױ ᶏ ̂Language Model̃ [49] Ҭ ̆ҹԅ

ӈ ̆ ’Ҋ ῒ Ҭ ѿ №҉Ҋ Ȃ

2.3 ̆Bengio ₮ᶏ ╠ ̂Feed-forward Neural 

Network̃ ץ̆[50] ᵬҹ ӟ ≢ ̆ Ҭ╠

nҩ ᵞ ᵬҹ ῀ ̕ ҍ ӟҌ

̆ ᵞ ᵬҹ ӟ ◐֟ ҍ ֜ ̆

ᴪ ⌠ 2.4 ̂Word Vector̃ PCA[51] №

Ȃ 2.4 ̆ ױ ӟ ẁ ԍ ӊ

ӈ῏ ̆ ғ ῏ ᵣ ⱴ ᵝ ҉Ȃ ₮

ӈ ̆ ԅ ῏ [52,53,54]̆ ғ ҹ

ׂ Ȃ 

 

 

2.3̔ Bengio ֲ ₮ ╠ [50]Ȃ 

 




















































































































































































