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Abstract Text Mining is a research area of retrieving high quality hidden information such as patterns, trends,
or distributions through analyzing unformatted text. Basically, since text mining assumes an unstructured text, it
needs to be represented as a simple text model for analyzing it. So far, most frequently used model is
VSM(Vector Space Model), in which a text is represented as a bag of words. However, recently much
researches tried to apply a graph-based text model for representing semantic relationships between words. In this
paper, we survey research trends of graph-based text representation models for text mining. Additionally, we
also discuss about future models of graph-based text mining.
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Fig. 1.
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E 1. YES J2ZI HAE ojojg ¢

Table1. Representative researches of graph—based text mining

21 aYE Fx = ERad
= s o
va | BEET e ad AW | 2o amez
3 classification homo(term) directed, weighted, unlabeled co—occurrence MCS
4 classification homo(term) undirected, weighted, unlabeled co-occurrence PageRank
_ e directed, unweighted, co-occurrence,
5 classification homo(term) labeled/unlabeled syntax
6 classification hetero directed, unweighted, labeled Syntax.’ FSM
(term+PoS) semantic
7 classification homo(term) directed, unweighted, labeled co-occurrence MCS
8 classification hetero undirected, weighted, unlabeled bipartite graph
(doc+concept)
9 clustering homo(term) directed, weighted, unlabeled co-occurrence
10 clustering hetero directed, unweighted, unlabeled semantic tree FSM
(term+concept)
11 clusteri hetero undirected, unweighted, unlabeled |  bipartite graph PMI
ng (doc+concept) ’ ehed, s
12 summarization homo(term) directed, unweighted, unlabeled co—occurrence HITS
13 summarization homo(term) directed, unweighted, labeled syntax
14 summarization homo(sentence) undirected, weighted, unlabeled similarity LexRank
15 summarization homo(sentence) undirected, weighted, unlabeled similarity PageRank
16 keywqrd hetero directed, weighted, unlabeled semantic tree
extraction, (term+concept)
17 e}:t}izzggi homo(term or directed/undirected, co-occurrence, TextRank
L) sentence) weighted/unweighted, unlabeled similarity
summarization
19 search homo(term) directed, unweighted, labeled coroceurrence,
syntax
novelty . .
20 . homo(term) undirected, weighted, unlabeled co-occurrence PMI, TextRank
detection
21 opinion min hetero undirected, unweighted, unlabeled | bipartite graph HITS
P e (term pair+doc) ' e srap
22 search homo(term) undirected, weighted, unlabeled co-occurrence
23 homo(term) directed, weighted, labeled co-occurrence MCS
24 opinion mining homo(term) directed, weighted, labeled semantic tree
25 summarization homo(sentence) undirected, weighted, unlabeled similarity
o directed/undirected, .
26 summarization homo(sentence) weighted/unweighted, unlabeled similarity PageRank, HITS
27 summarization homo(sentence) directed/undirected, weighted, similarity PageRank, HITS
unlabeled
classification hetero directed/undirected, weighted, L -
2 clustering (doc+concept) unlabeled bipartite graph S

x o] oA ko2 R tholge] o= thed 2k
homo(homogeneous), hetero(heterogeneous), doc(document), Pos(Part of Speech)

39, i TR E o] ool wEl weighted$}
unweighted2 W7Ith 28 e AfolAs

i
£ 15 weighted &
rdshe=
o8 = gA4 BdE

- 44 -

AnA

weightedS 7H43tELE o] T4
i 3T 7o tisliAE directed
unweighted, labeled =+ unlabeled=
TEatdeh ek 2ejze] W&ol wet 2tz 3] ®

WA A

Ha

gl

2 ol g}

¥+ undirected,

£ 29, oA




The Journal of The Institute of Internet, Broadcasting and Communication, VOI, 13, No. 5, October 2013

o oud Ay FH AR TEIICE
olglel i B EEAANE LT s e EY
ol M el Zs gasly] f13k ofef b 7Y

27Nk ol g VM EE B LEE vio]

2 1%
2 2
Wb =
F1O i v r10
3 oy
=l
M Mo
» o
o
o
-lli >
it aS—r—
tlo rl:
o m
[l
o ~
>'_OE r_g
TR
[>
o m
T

e

'L
=2
X
)
kr
[
o g
N
X
lo,
i
oX,
[o
£

fl oo L -
e 2ot £ o= (2 R K

v

S,
[T

2

i)

o

o

[

. =2

(&l

N

)

|

r_gﬂ

ol

ol

&

NI

oo S
we o po e

vl
2

[>
[l
==

i)
> % oM @
[}
IR
X1 HE
Hu

=~
=
N
!

=5
HN
b
i
N
-— 2 -
&
!
e
g
2
>
ot

2
of
ol
i)
rir

lo ot

=)

o

N,
B

ol

ol

i)

2

:OII:
2
=
5
u
=
[l
R R )

i)

rlo

o

N
o bt
S5

o

i
o > Mo
dob o

g o M

PIRETS RS

N

o o
i)
Ho
X
o

2
Y
o
Mo
>
B
o
“
o
2
2
ot
(it
I
i)

g
t

g
lo
)

19

z

o
~
o

o
ko
-
i
=
=)
o
ot
=
189
©
o
-
2
>
o
2|
N o

i
lo,
Ruigy 2
o2

ol
Q
Mo
o
S
Hu
M
N
ko
2
o o
N2
off
N

S
g
>
g
1
N
1N
2,
olo
oo
ek
4
30
il
po
(o
at
~N
=
s}
o

References

[1] G. Salton, A. Wong, and C. S. Yang , "A Vector
Space  Model  for Indexing,”
Communications of the ACM, Vol. 18, Vo. 11, pp.
613 - 620, 1975.

[2] G. Salton and M. J. Mcgill Introduction to
Moderm  Information Retrieval, McGraw-Hill,
New York, 1983.

Automatic

[3] J. Wu, Z Xuan, and D. Pan, “Enhancing Text
Representation for Classification Tasks with
Semantic Graph Structures”, International Journal
if Innovative Computing, Information Control, Vol.
7, No. 5(B), pp. 2689-2698, 2011.

[4] W. Wang, D. B. Do, and X. Lin, “Term Graph
Model for Text Classification”, Proceedings of the
First international conference on Advanced Data
Mining and Applications, pp. 19-30, 2005.

[6] K Vale and P. Ozturk, “Graph-Based
Representation for Text
India-Norway Workshop on Web Concepts and
Technologies, 2011.

[6] C. Jiang F. Coenen, R. Sanderson, and M. Zito,
“Text Classification Using Graph Mining-Based
Feature Extraction”, Knowledge-Based Systems,
Vol. 23, No. 4, pp. 302-308, 2009.

[7] A. Schenker, M. Last, H. Bunke, and A. Kandel,
“Classification of Web Documents Using a Graph
Model”, 2003. Proceedings. Seventh International
Conference  on  Document  Analysis  and
Recognition, pp. 240-244, 2003.

[8] R. Chau, A. C. Tsoi, M. Hagenbuchner, and V.
CS. Lee, “A Concept Graph for Text Structure

of the Thirty-Second
Australasian Conference on Computer Science,
Vol 91, pp. 141-150, 2009.

[9] K M. Hammouda and M S. Kamel, “Document
Similarity Using a Phrase Indexing Graph Model”,
Knowledge and Information Systems, Vol. 6, No.
6, pp. 710-727, 2006.

[10] M. S. Hossain, R. A. Angryk, “GDClust: A
Graph-Based Document Clustering Technique”,
Proceedings of Seventh IEEE
Conference on Data Mining Workshops, pp.
417-422, 2007.

[11] I Yoo, X. Hu, and L-Y. Song, “Integration of
Semantic-based Bipartite Graph Representation
and Mutual Refinement Strategy for Biomedical
Literature Clustering”, Proceedings of the 12th
ACM  SIGKDD

Classification”,

Mining”, Proceedings

International

international  conference on

- 45 -



A Study on Research Trends of Graph—Based Text Representations for Text Mining

Knowledge discovery and data mining, pp.
791-796, 2006.

[12] M Litvak and M. Last, “Graph-Based Keyword
Extraction for Single-Document Summarization”,
Proceedings of the Workshop on Multi-source
Multilingual
Summarization, pp. 17-24, 2008.

[13] J. Leskovec, M. Grobelnik, and N. Milic-Fraying,
“Learning Semantic Graph Mapping for Document
Summarization”, Proceedings of the
ECML/PKDD-2004 Workshop on Knowledge
Discovery and Ontologies. 2005.

[14] G. Erkan and D. R. Radev, “LexRank:
Graph-Based Lexical Centrality as Salience in

Journal of Artificial
Intelligence Research, Vol. 22, No. 1, pp. 457-479,
2004.

[15] S. Hartharan and R. Srinivasan, “Studies on
Graph based Approaches for Single and Multi

Document Summarizations”, International Journal

Information Extraction and

Text Summarization”,

of Computer Theory and Engineering, Vol. 1, No.
5, pp. 1793-8201, 2009.

[16] C. A. Chahine, N. Chaignaud, JHP Kotowicz, and
JP Pecuchet, “Context and Keyword Extraction in
Plain Text Using a Graph Representation”,
Proceedings of the 2008 IEEE International
Conference on Signal Image Technology and
Internet Based Systems, pp. 692-696, 2008.

[17] R. Mihalcea and P. Tarau, “TextRank: Bringing
Order into Texts”, Proceedings of International
Conference on Empirical Methods in Natural
Language Processing, 2004.

[18] S. T. Dumais, “Latent Semantic Analysis’,
Annual Review of Information Science and
Technology, Vol. 38, No. 1, pp. 188-230, 2004

[19] S. Hensman, “Construction of Conceptual Graph
Representation of Texts”, Proceedings of the
Student Research Workshop at HLT-NAACL, pp.
49-54, 2004.

[20] M. Gamon, “Graph-Based Text Representation

for  Novelty  Detection”,  Proceedings  of

TextGraphs: the First Workshop on Graph Based
Methods for Natural Language Processing, pp.
17-24, 2006.

[21] B. Li, L. Zhou, S. Feng, and K-F. Wong “A
Unified Graph Model for Sentence-Based Opinion
Retrieval”  Proceedings of the 48th Annual
Meeting of the Association for Computational
Linguistics, pp. 1367-1375, 2010.

[22] J. Tomita, H. Nakawatase, and M. Ishii,
“Graph-Based Text Database for Knowledge
Discovery”, Proceedings of the 13th international
World Wide Web conference, pp. 454-455, 2004.

[23] F. Zhou, F. Zhang, and B. Yang, “Graph-Based
Text Representation Model and its Realization”,
Proceedings
Natural Lan guage Processing and Knowledge
Engineering, pp. 1-8, 2010.

[24] Y. Wu, Q. Zhang X. Huang, and L Wu,
“Structural Opinion Mining for Graph-based
Sentiment Representation”, Proceedings of the
Conference on Empirical Methods in Natural
Language Processing, pp. 1332-1341, 2011.

[25] X. Wan and J. Yang, “Improved Affinity Grapg
Based Multi-Document Summarization”, Proceedings
of the Human Language Technology Conference
of the NAACL, pp. 181-184, 2006.

[26] R. Mihalcea, “Graph-Based Ranking Algorithms

Extraction, Applied to Text

Summarization”, Proceedings of 3rd International

of International Conference on

for  Sentence

Conference on Emerging Trends in Engineering
and Technology(ICETET), pp. 516-519, 2010.

[27] R. Mihalcea and P. Tarau, “A Language
Independent Algorithm for Single and Multiple
Document Proceedings  of

Natural

Summarization”,

International ~ Joint  Conference on
Language Processing, 2005.

[28] L. Zhang, C. Li, J. Liu, and H Wang,
“Graph-Based Text Similarity Measurement by
Exploiting Wikipedia as Background Knowledge”,
World Academy of Science, Engineering and

Technology, Issue 59, pp. 1548-1553, 2011.

- 46 -



The Journal of The Institute of Internet, Broadcasting and Communication, VOI, 13, No. 5, October 2013

[29] S. Brin and L. Page, “The Anatomy of a
Large-scale Hypertextual Web Search Engine”,
Proceedings of the seventh International Conference
on World Wide Web 7, pp. 107-117, 1998.

[30] J. M. Kleinberg, “Authoritative Sources in a
Hyperlinked Environment”, Journal of ACM, Vol.
45, No. 5, pp. 605-632, 1999.

[31] C. Jiang, F. Coenen, and M. Zito, “A Survey of
Frequent Subgraph Mining Algorithm”, The
Knowledge Engineering Review, Vol. 28, Issue 1,
pp. 75-105, 2012.

[32] G. Jeh and J. Widom, “SimRank: A Measure of
Structural-Context Similarity”, Proceedings of the
eighth ACM SIGKDD international conference on
Knowledge discovery and data mining, pp.
538-543, 2002

[33] W.-S. Bae and J.-W Cha, “Text Categorization
Using TextRank Algorithm”, Journal of KIISE,
Vol. 16, No. 1, pp. 110-114, 2010.

[34] J. H Lyu and S. C. Park, “Document
Summarization Method Using Complete Graph”,
Journal of Korea Society of Industrial Information
Systems, Vol. 10, No. 2, pp. 26-31, 2005.

[35] H K Bae, H Pak, S. Lee, and K Kim,
“Improved Concept-based Search System Using
HITS Algoritm on  Conceptual ~ Graph’,

Proceedings of KIISE conference, pp. 470-472, 2003.

[36] S. Cho and K. Lee, “Query Expansion Based on
Word  Graphs Non-Relevant
Documents and Term Proximity”, Journal of
KIPS, Vol 19B, No. 3, pp. 189-194, 2012.

[37] W. M. Song, Y. Kim, E-J. Kim, and M. Kim,
“A Document Summarization System Using
Dynamic Connection Graph”, Journal of KIISE,
Vol. 36, No. 1, pp. 62-69, 2009.

[38] http://en.wikipedia.org/wiki/Vector_space_mode

[39] M. Hwang, D. Choi, and P. Kim “A Context
Information Extraction Method according to
Subject for Semantic Text Processing”, Journal of

Using Pseudo

Korean Institute of Information Technology, vol.
8, No. 11, pp. 197-204, 2010.

[40] J. Shim, H C. Lee, “The Development of
Automatic Ontology Generation System Using
Extended Search Keywords” Journal of the Korea
Academia-Industrial cooperation Society, Vol. 11,
no. 6, 2009.

[41] J. Chang, “Efficient Retrieval of Short Opinion
Documents Using Learning to Rank”, Journal of
the Institute of Internet, Broadcasting and
Communication, Vol. 13, No. 4, Aug., 2013.

P3
riT
re
4
rr
;

grdtlstn wifistsATH| XIE MY,

KRE A0

A 083D

<192
(e]8krh)

<194
(o]&HAA})

<1999
(o8

<2000 ~AA gl AFE
gk WP

o odlojguo] 2 ArAM wlo]Entod>

Agdit AEAs)

Agrista AREAs)

Mgt ALEA S

ol





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


