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Objective of the Project 

Developing and deepening Text/Document 
analysis technologies 

Implementing similarity-based document 
retrieval and recommendation 

Enabling knowledge acquisition, 
summarization, visualization, survey 

All of those will be done through various 
levels of structural similarity analysis of 
documents 



Overview of the Project 
Text/Document 

Analysis 
(T1, T5) 

Knowledge Base 
Fertilization 
(T2, T3, T4)  

Structural 
Similarity 
Analysis 
(T6, T7) 

User Interface / 
Survey 

Generation 
(T8, T9) 

Inner-Document Analysis 

ÅText/Document  
      Analysis 
ÅConcept/Relation 
  Analysis 
ÅPredicate-argument str analysis 
ÅEvent Chain Analysis 
ÅDocument Structure Analysis 
ÅDocument Summarization 

Inter -Document Analysis 

ÅCitation Analysis 
ÅDocument Relation 
ÅDocument 

Similarity 
ÅMulti-Document 

Summarization 
ÅSurvey Generation 

User Interface / Document Visualization 



Research Groups 

ü G0: Matsumoto, Shimbo, Shindo, Noji, é (NAIST) 
ü Semantic and structure analysis of Bio-/Material science documents  
ü Collaboration with researchers in Biology and Material Sciences 

ü G1: Satoh (NII ), Nguyen (JAIST) 
ü Similar document retrieval for judicial precedents 

ü G2: Inui, Inoue (Tohoku U)  
ü Development of argumentation grammar and annotation study 

ü G3: Aizawa, Miyao, Abekawa(NII),Nanba(Hiroshima City U) 
ü Document structure analysis  

ü G4: Tsuruoka (U Tokyo) 
ü Text Summarizer of Academic Papers 

ü G5: Mori (U Tokyo) 
ü Citation Analysis: Detecting Research Trend of Academic Fields 

ü G6: Kano (Shizuoka U) 
ü Table Data Extraction from Neuroscience Papers 



Method 1: Document/Text Analysis 

Sentence analysis 
Â Tokenization 
Â POS tagging 
Â Sentence boundary detection 
Â Named Entity / Term chunking 
Â Parsing 

ÈMulti-word expressions 
ÈCoordination structure analysis 
ÈComplex sentence structure analysis 

Document Analysis 
Â Document structure analysis 
Â Document similarity 
Â Summarization 



Method 2: Structural Similarity Analysis 

Structural Similarity Analysis at various 
levels 
Â Document structure 

Â Citation 

Â Relation between entities 

Â Event 

Â Event chain 
 

Â Domain-dependent research structure 



Method 3: Similarity-based Knowledge 
Extraction 

Knowledge Extraction from scientific 
papers 
Relation extraction: Database fertilization 
Â Biological Science 
ÈKNApSAcK Databese: Metabolite-Plant Species Database 
ÈKEGG (Kyoto Encyclopedia of Genes and Genomes) 

database  

Â Material Science 
ÈExtraction of Thermoelectric elements and their 

properties 

Data Annotation 
Â Annotation Tool for PDF documents 



Text Analysis 

Sentence analysis 
Â Tokenization 

Â POS tagging 

Â Sentence boundary detection 

ÂNamed Entity / Term chunking 

Â Parsing 
ÈMulti-word expressions 

ÈCoordination structure analysis 

ÈComplex sentence structure analysis 



NeuralNet-based POS tagger 

 

in   getting   their   money   
back 
... ... ... ...  

g e t t i n g i n b a c k 

... ...  

... ... ... ...  

Character-level 
CNN 

Word-level 
CNN 

IN RP NN PRP VBG POS 
tagging 



Typical Coordinate Structure 
appearing in Scientific Papers 

Identification of coordinate structure helps 
improve parsing accuracy 
Â ñMedian times to progression and median survival 

times were 6.1 months and 8.9 months  in arm A 
and 7.2 months and 9.5 months in arm B .ò 

               ᵽ 

Â ñMedian times é were 6.1 months in arm Aò 

Â ñMedian times é were 7.2 months in arm Bò 

Â ñmedian survival times were 8.9 months in arm Aò 

Â ñmedian survival times were 9.5 months in arm Bò 
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Dependency and Coordinate 
Structure Annotation 

 

ChaKi ©NAIST 



Other Sentence Analysis Tasks 

Complex Sentence Structure Analysis 

Multi-Word Expressions 

Â Lexicons of English complex sentence 
structures and multi -word expressions 



Method 2: Structural Similarity Analysis 

Structural Similarity Analysis at various 
levels 
Â Document structure 

Â Citation 

Â Relation between entities 

Â Event 

Â Event chain 
 

Â Domain-dependent research structure 



Similarity at Document Level 

Generation of Structured Abstract from 
scientific papers 

ÈStructured Abstract: Consisting of Background, 
Objective, Method, Result, Conclusion 

ÈDefining similarity/dis-similarity between documents 
at Objective/Method/é levels 

Citation Relation between documents 
Â Citations related with 
ÈObjective 

ÈMethods 

ÈOthers 



Example of Structured Abstract 
 



Structured Abstract Generation 

From Unstructured Abstract 
(sentence classification) 

From Main Text 
(sentence classification and 
  extraction) 

Background 

Method 



Preliminary experiments of 
sentence classification 

 



Lower Performance on different 
domain 

 



Vector representation of 
functionality of papers 
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1. Encoding the information of scientific paper 
functionalities  
(Objective, Method ,Others) 

  Text  

 

 

2. The correspondence of citation-related paperôs 
component vectors 
 with their citation function  

      

 

 Paper2  Paper1  Paper3 

Objective Method 



Outline of learning paper 
representation 
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 Section function labeling by 

NLMCM rules 
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However é It is impossible to label all sections 
ex)  Parsing, MT é 

 Predict section function label which is not labeled by NLMCM rules 

u If the section title (in ARC) exist in NLMCM, use label from 
NLMCM 



The component of scientific 
paper and citation 

23 

Hypothesis 

citation relation 

 3 vectors  

Objective 

Method 

Others 

 3 vectors  

Objective 

Method 

Others 

0.8  

0.6 

0.2 

citation function  
= Objective  

most similar  

 Citation-related papers have at least one similar  component 
(Objective or Method or Other )  



 Updating paper representation by 
citation graph 
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Update of the paper function vectors corresponding to its citation function 
label 



Interface for Paper Retrieval  
and Citation Relation 

 



Method 3: Similarity-based Knowledge 
Extraction 

Knowledge Extraction from scientific 
papers 
Relation extraction: Database fertilization 
Â Biological Science 
ÈKNApSAcK Databese: Plant Species-Metabolite Database 
ÈKEGG (Kyoto Encyclopedia of Genes and Genomes) 

database  

Â Material Science 
ÈExtraction of Thermoelectric elements and their 

properties 

Data Annotation 
Â Annotation Tool for PDF documents 



Fertilization of KNApSAcK Database 

DataBases of Metabolite-Plant Species 
Relationship  


