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Objective of the Project
Processing scholarly documents (scientific 
papers) to help researchers

To find similar/dissimilar research papers
To grasp contents of papers
To extract domain knowledge
To visualize extracted information
To support decision/idea making

Development of tools and environment for 
scientific paper analysis, visualization, and 
acquisition



Research Groups
G0: Matsumoto, Shindo, Shimbo, … (NAIST)

Semantic and structure analysis of scholarly documents 
Knowledge extraction from scholarly documents

G1: Satoh (NII), Nguyen (JAIST)
Legal text processing and information extraction

G2: Inui, Inoue (Tohoku U)
Evidence mining in scientific documents

G3: Aizawa, Miyao, Abekawa(NII),Nanba(Hiroshima City U)
Document analysis / Resource construction (ACL Anthology corpus)

G4: Tsuruoka (U Tokyo)
Text summarization / Question answering in scientific fields

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

G6: Kano (Shizuoka U)
Brain map construction / visualization from table data extraction



Tasks and Groups
Citation Graph Analysis

Trend prediction(G5:Tokyo) PDF Analysis (G0:NAIST, G3:NII) 

Document Search interface (G0, G1)

Text Analysis  
Named Entity / Relation analysis (G0,G2)

Logical structure analysis (G2:Tohoku)

Document
Summarization
(G4:Tokyo)

Collaboration with domain experts
Legal text processing/search (G1:NII)

KEGG pathway DB (G0)

Domain KB acquistion (G0) Brain map (G6)



Analysis
Document Analysis:

PDF, Tables, Graphs, Math formulas
Text Analysis: natural language analysis
Annotation tools

Search
Aspect-based paper search

Extraction
Concept / Relation / Event extraction 

Visualization
Citation relation / research trend

Knowledge Base completion / Inference

Research Items for Scientific 
Document Analysis



Analysis
PDF analysis tools
English Multi-word expression lexicon and MWE-aware text analysis 
tools [Kato et al, LREC-2018]
PDF / XML Annotation tools [Shindo et al, LREC-2018]

Search
Aspect-based search and recommendation of papers [Kobayashi et 
al, JCDL-2018]

Extraction
Relation extraction by distant supervision
Seed selection for distant supervision [Phi et al, ACL-2018] 

Visualization
Trend detection from citation network [Asatani et al, PLOS one 
2018]

Knowledge Base completion / Inference
Symmetric/Asymmetric relation acquisition [Manabe et al, AAAI-
2018]

Recent achievements



Document Analysis Tools
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Overall systems and their relation

Document 
search

Automatic
Annotation/
Correction

XML

• PDFExtract
• PDF2XML
• Math formula analyzer
• In-line math 

expression analysis

• DeepScholar
• SideNoter
• Citation analysis
• DeepCRF(NER)
• Relation Extraction

• PDFAnno
• XMLAnno

Structure
anslysis



XML search engine
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DeepScolar



Aspect-based similarity learning for 
paper retrieval [Kobayashi, Shimbo, Matsumoto 2018]
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Aspect-based similarity learning for 
paper retrieval [Kobayashi, Shimbo, Matsumoto 2018]
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- Classification of citation contexts into aspects:
→ Objective, Method, Result

- Make recommendation of papers similar to
the cited paper sharing the aspect 



Visualization of similar papers

User can control density of graphs by setting similarity threshold



Trend Detection / Prediction

Citation Network Latent Representation of Each Paper 

Latent  Space

1. Network 
representation 
learning

2. Learning Trend

Hypothesis:
Papers on the trend will 
be cited many times

3. Predicting 
Future Citations

Detecting trend of academic fields using network representation 
learning [Asatani et al 2018]

Detect the trend of 
academic field

Predict the number of citation 
better than PageRank.. etc



Relation Extraction (Knowledge 
Acquisition)

Knowledge Base Completion
KNApSAcK Database (NAIST)

Databese of Metabolite-Plant Species Relationship 
KEGG Pathway (© Kyoto University)

Collection of manually drawn pathway maps representing 
knowledge on the molecular interaction, reaction and 
relation networks (substrate-enzyme-product)

Property extraction of Thermoelectric materials 
(NAIST)

Properties: electric conductivity, thermal conductivity, 
Seebeck coefficient, etc.



Knowledge Base Completion
by distant supervision
Existing Knowledge Base
(KNApSAcK DB)

Automatic Annotation of 
Terms and Relations

Metabolite Species Reference

Classifier / Sequence Labeler

Training data

Semi-automatic construction
Of training data



KEGG Pathway Map Generation
KEGG: Kyoto Encyclopedia 
of Genes and Genomes

:  Gene products

:  Chemical compounds

• Relation (protein network)
• Reaction (chemical network)  



Property extraction of Thermoelectric materials
(PDFAnno: annotation / browsing tool [Shindo, Matsumoto 2018])

material (chemical formula)
properties
electrical conductivity (σ) thermal conductivity (κ) Seebeck coefficient (S)

temperature (T)condition



Some Ongoing Projects

Knowledge Structure Acquisition from 
papers in the same domain

Relation (pairwise, multi-items)
Experimental settings, Synthesis processes

Review Matrix Generation
Acquisition of pros and cons of 
methodologies



Knowledge Structure Acquisition

KNApSAcK DB: relation between 
species and metabolies
KEGG: relation between gene, 
enzyme, substrate and product
Thermoelectric materials

species

metabolite

material (chemical formula)

electrical conductivity thermal conductivity Seebeck coefficient

temperature (T)conditions

properties

gene

enzyme

compound compound

substrate product



Document Analysis
PDF analysis

XML conversion, Table / Graph / Math formula analysis
Citation analysis / Document similarity

Text Analysis 
Base NLP analysis tools: POS tagging, parsing, NE 
recognition, Relation extraction, Predicate-
argument structure analysis
Complex sentence structure analysis

Applications
Document retrieval / Visualization
Knowledge Base completion
Comparative study of scientific papers

Document and Text Analysis



Scientific Document Analysis
PDF, Tables, Graphs, Math formula Analysis
Text Analysis: natural language analysis
Annotation tools

Search
Aspect-based paper search

Extraction
Concept / Relation / Event extraction 
Common Structure Acquisition

Visualization
Citation relation / research trend

Knowledge Base completion

Summary


