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NAIST
Objective of the Project

N

# 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
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Text/Document
Analysis
(T1, T5)

Knowledge Base
Fertilization
(T2, T3, T4)

mner Document Analysns\

NAIST

Structural User Interface /
Similarity Survey
Analysis Generation
(T6,T7) (T8, T9)

/ Inter -Document Analys\

A Text/Document
Analysis
A Concept/Relation
Analysis

A Predicate-argument str analysis
A Event Chain Analysis

A Document Summarization

A Document Structure Analysis/

A Citation Analysis

ADocument Relation 55{:':

ADocument
Similarity

AMulti-Document
Summarization

ASurvey Generation

.

User Interface / Document Visualization




NAIST
Research Groups

N

GO: Matsumoto, Shimbo, Shindo, Noji, e ( NAIl ST)

i Semantic and structure analysis of Bio-/Material science documents
i Collaboration with researchers in Biology and Material Sciences

G1: Satoh (NIl), Nguyen (JAIST)

i Similar document retrieval for judicial precedents

G2: Inui, Inoue (Tohoku U)
i Development of argumentation grammar and annotation study
G3: Aizawa, Miyao, Abekawa(NIl),Nanba(Hiroshima City U)
i Document structure analysis

G4: Tsuruoka (U Tokyo)

i Text Summarizer of Academic Papers
G5: Mori (U Tokyo)
i Citation Analysis: Detecting Research Trend of AcademicFields

G6: Kano (Shizuoka U)

i Table Data Extraction from Neuroscience Papers




NAIST

Method 1: Document/Text Analysis

N

# Sentence analysis

A Tokenization

A POS tagging
A Sentence boundary detection
A Named Entity / Term chunking
A

Parsing
E Multi-word expressions
E Coordination structure analysis
E Complex sentence structure analysis

# Document Analysis
A Document structure analysis
A Document similarity
A Summarization




NAIST

N

Method 2: Structural Similarity Analysis

# Structural Similarity Analysis at various
levels

A Document structure

A Citation

A Relation between entities
A Event

A Event chain

A Domain-dependent research structure



NAIST

Method 3: Similarity-based Knowledge
Extraction

N

L

4
X 4

Knowledge Extraction from scientific
napers

Relation extraction: Database fertilization

A Biological Science
E KNApSAcKDatabese Metabolite-Plant Species Database

E KEGG (Kyoto Encyclopedia of Genes and Genomes)
database

A Material Science

E Extraction of Thermoelectric elements and their
properties

# Data Annotation

A Annotation Tool for PDF documents



Text Analysis

N

# Sentence analysis
A Tokenization
A POS tagging

A Sentence boundary detection
A Named Entity / Term chunking
A Parsing

E Multi-word expressions

E Coordination structure analysis
E Complex sentence structure analysis

NAIST
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Typical Coordinate Structure NAIST

N

appearing in Scientific Papers

# |dentification of coordinate structure helps
Improve parsing accuracy

A fMedian times to progression and median survival
times were 6.1 months and 8.9 months Inarm A
and 7.2 months and 9.5 months inarmB . 0

B
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Dependency and Coordinate NAIST

Structure Annotation
\‘/
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NAIST
Other Sentence Analysis Tasks

N

#® Complex Sentence Structure Analysis

#® Multi-Word Expressions

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

Dependency n
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NAIST
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Method 2: Structural Similarity Analysis

# Structural Similarity Analysis at various
levels

A Document structure

A Citation

A Relation between entities
A Event

A Event chain

A Domain-dependent research structure



NAIST
Similarity at Document Level
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L

# Generation of Structured Abstract from
scientific papers
E Structured Abstract: Consisting of Background,
Objective, Method, Result, Conclusion

E Defining similarity/dis -similarity between documents
at Objectivel/ Met hod/ e | eve

# Citation Relation between documents

A Citations related with
E Objective
E Methods
E Others




Example of Structured AbstractNAIST

) Search MEDLINE 2003 - Mozilla Firefox
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Korea College of Med:cme 2 Sosa-dong, Wonmn -gu, Pucheon-Cny 420-717,
' Kyunggi-do, Korea.

Reférent:e Korean J Intern Med 17(2):100-6, 2002
Absn'act BACKGROUND: One of the major morphologic characteristics of hepatitis B

is a hepatocellular regeneration which is induced by massive hepatocyte

-necrosis and associated with proliferative activity of hepatocytes. The purpose
- of this study is to document the proliferative activity of hepatocytes in various

types of hepalitis B by immunohistochemical staining for proliferative cell

nuclear antigen-labelling index (PCNA-LI) and electron microscopy.
- METHODS: We studied 83 patients with hepalilis B: 11 cases of acute viral

hepalilis, 24 cases of mild chronic hepalifis, 34 cases of severe chronic

- hepatlitis with early cirrhosis and 14 cases of severe chronic hepalitis. The
- PCNA was tested by immunohistochemical staining using anti-PCNA
' antibody. Furthermore we evaluated the ultrastructure of acinus-forming

hepatocytes (AFH) by electron microscopy. RESULTS: The expression rate

-and labelling index of PCNA were 27 3% and 5.3 +/- 0.9% in acute viral

 hepatitis, 62.5% and 22 .9 +/- 31.7% in mild chronic hepatitis, and then 47 1%

~and 141 +/- 24 2% in severe chronic hepatitis with early cirrhosis,
respectively (Figure 1). By contrast, no detectable PCNA expression was
noted in AFH. Electron microscopic findings showed that hepatocytes forming
-arosette underwent marked degenerative changes with sinusoidal

~ capillanzation and increased fine strands of collagen fiber in portal area.
 CONCLUSION: The proliferative activity of hepalifis B was significantly

~ decreased in severe chronic hepalifis containing AFH. This result suggested
that differences in proliferative activity was associated with hepatic cell
necrosis and AFH.

<

=7

~




Structured Abstract Generation
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A Graphical Citation Browser for the ACL Anthology

Benjamin Weitz, Ulrich Schiifer

German Research Center for Antificial Intelligence (DFKI). Language Technology Lab
Campus I 3 1, Stuhisauzenhausweg 3, D-66123 Saarbrucken, Germany

From Unstructured Abstract

(sentence classification)

email: {benjaminweitz,ulrich. schaefer } @dfki.de

Abstract
T T T T e e s i e e ST e T ) ) Search MEDLINE 2003 - Mozilla Firefox
browser-based graphical tool implemenied using HTMLS Canvas. It displays citation information extracted from the paper Xt o = D W
support use ful navigation. The ool is using archilecture. A aph of the digital library is built in the 7D RRQ FrW BHO FR-HO UMD I

memaory of the server. On the client side, egdes of the displayed citation (sub)graph surrounding a document are labeled with keywords 4

signifying the Kind of Citation made from cne document to ancther. These keywords were extraced using NLP tools such as tokenizer, B
sentence boundary detection and part-of-speech tagging applied to the text extracted from the original PDF papers (currently 2,500
By clicking on an egde, the user can inspect the corresponding citation sentence in context, in most cases even also highlighied in the

- O @) [0 tes//o/oscumentsmaensetioes/m v © B (G,

S — -

 Korea College of Medicine, 2 Sosa-dong.\.llw;nmi-gu PucheomCl

rorany e

ity 420717,

original PDF layoul. The system is publicly accessible as part of the ACL Anthology Searchbench.

Keywords: citation analysis, graphical citation browser, scientific digital librares

L. Introduction
The aim of the ACL Anthology Searchbench' (Schifer et
al. 2011) is to provide targeted, efficient search in the
digital library of Computational Linguistics and Language
Technalogy, the ACL Anthology (Bird el al., 2008). This
is achieved by combining semantic, full fext and biblio-
graphic. search, _Another way.of searching in digital I

able
tmately point to seminal, original work and knowledge not
explicilly available or repealed in every publication. Cita-
fions are also the primary discourse links in scientific dis-
cussion which typically span over years or even decades.
Funthermore, citations are belpful to understand and repro-
duce findings. Thus, they form a predominant feature for
every reader.

2. Related and Previous Work
Wan et al. (2000) present a study on user needs for brows-
ing scientific publications and show that citations play an
important role. (Harwood, 2009) investigate the role of ci-
tations in academic writing. There is a wealth of work in the
academic fields of bibliomelrics and scientometrics, going.
back until the seminal work of Eugene Garfield (Garfield,
1955; Garfield, 1965).
The AAN (ACL Anthology Network)” (Radev et al., 2000)
allows to browse iextually and with hyperlinks through a
citation graph that has been built for the ACL Anthology.
lis advantage is that manual comrection has been applied o
ensure high quality of the data, but usability of the user
interface is limited.
Schafer and Kasterka (2010) have suggested a novel, graph-
ical user interface for navigating in typed citation graphs.

"herp://aclal ki.de

http: //aclweb. org/anthology

Yheep: //clair. si.umich.adufelair/
anthology

The citations in it are typed which means they were clas-
sified according 1o a schema dividing classifications into
calegories such as refutal, use, neuiral efc. using a simple
rule-based approach.

Rule-based classification has drawbacks as reportad in that
previous work  Approaches with classification based on

machine kearning have been shown (o deliver better result
(Teufel et al.. 2006; THon
Torection is unrealistic here.

Wrong automatic classification may lead to dissatisfied pa-
per authors and system users, so we decided not to show
a classification in our public system, but the keywords or
phrases that may have kead to classification — with a fall-
back to finite verh if no specific keyword matched. As these
keywords always are verbatim in the citation sentence, they
cannot be wrong (however, sometimes potentially miskead-
ing)

Other graphical citation navigation tools for large citation
networks are presented in Elmqvist and Tsigas (2004) and
Bergstrom and Jr. (2006). These am kess suited for in-
specting individual publications in detail. but rather focus
on larger-scale overviews and statistics.

3. System and Implementation

The overall preprocessing workflow of our new sysem is
shown in Fig. 1. From the HTML output of a commer-
cial PDF-to-text extraction tool, text is input to both the
CRE-based citation reference matcher ParsCit (Councill et
al., 2008) and a tokenizer and sentence boundary detec-
tor. Each sentence containing a citation plus up o three
previous and subsequent seniznces are then stored together
with ParsCit’s XML annotation. These can be inspected
in the citation eontext view (Figure 3). The citations ex-
tracted by ParsCit are merged with the manually annotated
ACL Anthology Network (Radev et al. 200} in order to
cover citations which were not found by ParsCit. The com-
the currently 225
Imalclv IZ: 000 node s and about 305 ooomgcs

Background

Method

From Main Text
(sentence classification and

extraction)

 Kyunggi-do, Korea.

8 Korean J Intern Med 17(2):100-6, 2002

BACKGROUND: One of the major morphologic characteristics of hepatlitis B
is a hepatocellular regeneration which is induced by massive hepatocyte

- necrosis and associated with proliferative activity of hepatocytes. The purpose
- of this study is to document the proliferative activity of hepatocytes in various
types of hepatitis B by i hemical staining for proli cell

- nuclear antigen-labelling index (PCNA-L) and electron microscopy.

' METHODS: We studied 83 patients with hepatifis B: 11 cases of acute viral

 hepatifis, 24 cases of mild chronic hepalitis, 34 cases of severe chronic

 hepalitis with early cirhosis and 14 cases of severe chronic hepatifis. The

- PCNA was tested by immunohistochemical staining using anti-PCNA

| antibody. F we the of acinus-forming
hepatocytes (AFH) by electron mi RESULTS: The rate

- and labelling index of PCNA were 27.3% and 5.3 +- 0.9%in acme viral

hepatitis, 62 5% and 22 9 +- 31.7% in mild chronic hepatitis, and then 47.1%

 and 14.1 +- 24.2% in severe chronic hepatitis with early cirrhosis,

 respectively (Figure 1). By contrast, no detectable PCNA expresswn was
‘noted in AFH. Electron pic findings showed tha forming

~ arosette underwent marked degenerative changes with smusoidal

- capillanization and increased fine strands of collagen fiber in portal area,

~ CONCLUSION: The proliferative activity of hepafifis B was significantly

- decreased in severe chronic hepafifis containing AFH. This result suggested

- that differences in proliferative activity was associated with hepatic cell
- necrosis and AFH.
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Preliminary experiments of NAIST

sentence classification

N

For bio-medical domain

B SVM (cate)
0.73

Il CNN B Context-CNN

.63
cate random MED ACL MALX

Context-CNN performance is the best



Lower Performance on different
domain

N

L

0.42

0315

0.21

0.105

0

For NLP domain

B SVM (cate)

B CNN I Context-CNN
041

NAIST

0.37

0.36

cate random MED ACL

MIX
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Vector representation of NAIST
functionality of papers

1. Encoding the information of scientific paper

functionalities
(Objective, Method ,Others)

Text HEFTTEE

Objective  } 100dim

Text }300d'm =) Method  } 100dim

Others  } 100dim

2. The correspondenceof citation-r el at ed
Co_m pongnt \_/ec_tors _ Paperl Paper2 Paper3
with their citation function jomecnvej Method [=

20

P



Outline of learning paper
representation

NAIST

N
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Section function labeling by NAIST

NLMCMrules

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

Theory A Background .
— Objective
Purpose — > Objective
Main measure —> Methods Method
Parsin ? Results
J Others

Viewpoint ~——m> Conclusions

Ho we v dtisimpossible to label all sections
e X ) Parsing, MT eé

Predict section function label which is not labeled by NLMCMTrules

22



The component of scientific ~ NAIST
“paper and citation

| Hypotnesis

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

citation relation citation function
- % - = Objective

most similar
. . 0.8 . .
Objective =~ €=—==2>»  Objective

Method  €&=2=> Method
Others &> Others

23



citation graph
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Objective (0 ® @)«—>(o @ o) (o 0 @) (o @ o)
Method @8 @8 @EoD>@ToD)
(o) (e (e Goo

Others

Paper1

Paper2

L
Cal

Paper2

N

Paper Component Representation (function vectors) Update

Paper3

r g

Paper Representation Space

Method

A

Updating paper representation by

r

NAIST

Paper1
o-->
Paper3
N ®
< I
O{(\ A v
<-®
Paper2
. . >
Objective

Update of the paper function vectors corresponding to its citation function

label
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Interface for Paper Retrieval NAIST
and Citation Relation

& Logo O} Word Representations X
OVERALL
Sort by
Publication Year 10 resuits Search on Google Scholar  Choose your option v
[ 2014 (3)
[ 2013(s)
3 2012 (1) Linguistic Regularities in Continuous Space Word Representations
[ 2010 (1) Wen-tau Yih Tomas Mikolov Geoffrey Zweig NAACL-HLT - 2013
Conti space lang dels have ly der d ding results across a variety of tasks. In this

gt paper, we examine the vector-space word representations that are |mpllcllly learned by the input-layer weights. We find

oK that these representations are surprisingly good at ing sy and ic regularities in language, and that
[ Tomas Mikolov (4) each relationship is characterized by a relation-specific vector offset. This allows vector-oriented reasoning based on the
[ christopher D. Manning (2)offsets between words. For example, the male/female rel hip is lly | d, and with the induced vector

[ Geoffrey Zweig (2)

[ Gregory s Corado (2)  Efficient Estimation of Word Representations in Vector Space

[ Jeffrey Dean (2) Gregory S. Corrado Tomas Mikolov Kal Chen Jvﬂley Dean ArXiv-2013

[ Kai Chen (2) We propose two novel model archi for computing vector rep ions of words from very large
(3 Richard Socher (2) data sets. The quality of these rep is d in a word similarity task, and the results are compared to the
(] Wen-tau Yih (2) previously best performing techniques based on different types of neural networks. We observe large improvements in
[ Andrew Y. Ng (1) accuracy at much lower computational cost, i.e. it takes less than a day to leam high quality word vectors from a 1.6

0 chris Dyer (1) billion words data set. Furthermore, we show that these vectors provide state-of-the-art performance on our test set for
Confurente Distributed Representations of Words and Phrases and their Compositionality

Gregory S. Corrado |lya Sutskever Tomas Mikolov Kal Chen Jeffrey Dean NIPS-2013
8 :EL l(j) @ The recently introduced continuous Skip-gram model is an efficient method for Ieamlng high-quality distributed vector
O Axiv(1) representations that capture a large number of precise sy ic and ic word ionships, In this paper we
0 eacL() present several extensions that improve both the quality of the vectors and the training speed. By subsampling of the

frequent words we obtain significant speedup and also learn more regular word representations. We also describe a

LJ HLFNAACL (1) simple al totheh hical softmax called negati ling. An inh I of word rep ions is

[ NAACL-HLT (1)
3 nips (1)

Word Representations: A Simple and General Method for Semi-Supervised Learning

Lev-Arie Ratinov Yoshua Bengio Joseph P. Turian ACL -2010

If we take an existing supervised NLP system , a simple and g | way to imp: is to use pervised word
representations as extra word features. We evaluate Brown clusters, Collobert and Wi (2008) embeddings, and HLBL
(Mnih & Hinton, 2009) embeddings of words on both NER and chunking. We use near state-of-the-art supervised
baselines, and find that each of the three word representations improves the accuracy of these baselines, We find further

improvements by combining different word rep: i You can d d our word fi for off-the-shelf use in

Linguistic Regularities in Continuous Space Word Representations

Wen-tau Yih Tomas Mikolov Geoffrey Zweig HLT-NAACL - 2013

Ci space languag dels have ly demor d outstanding results across a variety of tasks. In this
paper, we examine the vector-space word representations that are implicitly learned by the input-layer weights. We find

ia HHE HE HE HHE
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Method 3: Similarity-based Knowledge
Extraction

N

L

4
X 4

Knowledge Extraction from scientific
napers

Relation extraction: Database fertilization

A Biological Science
E KNApSAcKDatabese Plant SpeciesMetabolite Database

E KEGG (Kyoto Encyclopedia of Genes and Genomes)
database

A Material Science

E Extraction of Thermoelectric elements and their
properties

# Data Annotation

A Annotation Tool for PDF documents



NAIST
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Fertilization of KNApSAcKDatabase

# DataBasesof Metabolite-Plant Species
Relationship




