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Automated Development of Rank-Based Concept Hierarchical Structures
using Wikipedia Links
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ABSTRACT

In general, we have utilized the hierarchical concept tree as a crucial data structure for
indexing huge amount of textual data. This paper proposes a generality rank-based method
that can automatically develop hierarchical concept structures with the Wikipedia data. The
goal of the method is to regard each of Wikipedia articles as a concept and to generate
hierarchical relationships among concepts. In order to estimate the generality of concepts,
we have devised a special ranking function that mainly uses the number of hyperlinks among
Wikipedia articles. The ranking function is effectively used for computing the probabilistic
subsumption among concepts, which allows to generate relatively more stable hierarchical
structures. Eventually, a set of concept pairs with hierarchical relationship is visualized
as a DAG (directed acyclic graph). Through the empirical analysis using the concept hierarchy
of Open Directory Project, we proved that the proposed method outperforms a representative
baseline method and it can automatically extract concept hierarchies with high accuracy.
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b o e Article | Talk Read | Edit View history | |Search Q
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- J ing1 :
_ o
WikpepiA | 92va (programming language) 8 Q
The Free Encyclopedia From Wikipedia, the free encyclopedia
Main page “Java language” redirects here. For the natural language from the Indonesian island of Java, see Javanese

Contents language.

s Not to be confused with Javascriot.
Current events

Random article Javaisag |-purpose computer language that is Java
Donate to Wikipedia concurrent, class-based, objec d,12 and fically designed
Wikipedia store to have as few implementation dependencies as possible. It is intended
Interaction to let application developers "write once, run anywhere” (WORA),113]
Help meaning that compiled Java code can run on all platforms that support
(14 - — )
About Wikipedia Java without the need for recompilation.!’] Java applications are S
Comaualty/portal typically compiled to bytecode that can run on any Java virtual <=
—

Recent changes

machine (JVM) regardless of computer architecture. As of 2015, Java is

Contact page R,
L one of the most popular programming languages in use,[1SII161(171(18] ava
Tools particularly for client-server web applications, with a reported 9 milkion
TR developers.[€t2tion needed| Jaya was originally developed by James Paradigm mult-paradigm: object-

Related changes
Upload file
Special pages
Permanent link

Gosling at Sun Microsystems (which has since been acquired by Oracle
Corporation) and released in 1995 as a core component of Sun
Microsystems' Java platform. The language derives much of its syntax

oriented, structured,
imperative, functional,
generic, reflective,
concurrent

(Figure 1) Structure of Wikipedia Articles
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(Figure 2> The Process of Automated
Development of
Rank-Based Concept
Hierarchical Structures
using Wikipedia Links
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Attributes
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Descriptions
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name of a given concept
name
. template name of the infobox in
infobox .
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in the number of incoming links
out the number of outgoing links
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Larry Page

Born Lawrence Page
March 26, 1973 (age 42)
East Lansing, Michigan, U.S.
Residence  Palo Alto, Californial!!
Nationality ~American

Alma mater University of Michigan (85.)
Stanford University (M.S)

Occupation Computer scientist, Internet
entrepreneur

Known for  Co-founder and CEO of
Google Inc.

Net worth ~ AUSS 30.1 b"‘ on
(March2015)1!

Title CEO of Google

Spouse(s)  Lucinda Southworth (m. 2007)

Children 2

Signature /5"‘"’")/ pa/?,e

Website
Google.com — Larry Page @

Larry Page speaking at the European
Parliament on June 17, 2009

(Figure 3) Example of Infobox for
the Concept Larry Page’
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level 1 level 2

level 3

Robotics

Buildings
Arts
Robhots
Software

System

Handhelds
Tablet PC

Computer
science

Districuted
computing
Computer graphics
Database theory
Theoretical

Internet

Searching
Broadcasting
Cloud computing
Email

Policy
Telephony

Computer | Computer

network

FidoNet
Hotline

Artificial
intelligence

Support vector
machine
Machine learning
Artificial neural
network

Belief network

Computer
programming

Database
Disassemblers
Internet

Software

Software engineering
Database

Data mining

Online analytical
processing

Computer
hardware

Bus(computing)
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(Table 4) Hierarchical Relationships
by the Proposed Method

Hypernym Hyponym Hr(cpc)| Ap
Internet FidoNet 0.8383 | 0.8018
Computer | o Net 0.6518 | 05059
network
Online
Database analytical 05437 | 05422
processing
Internet | “OTPULEr 0.4663 | 03755
network
Operating | b tator 04213 | 04104
system
Machme Suppgrt vector 0337 | 03362
learning machine
Internet Intranet 0.3288 | 0.3242
Internet | UETIEL SETVICE | a0 | 00871
provider
Database | Data warehouse | 0.3033 | 0.2970
Computer | p 1 ties 02874 | 02271
science
Internet Telephony 0.2502 | 0.24%4
Internet Email 0.2204 | 0.2037
Computing | o1 vare 0.2064 | 0.1979
platform
Computing | - care 02045 | 01841
platform
Internet File sharing 0.1975 | 0.1878
MIDI Bus 0.1940 | 0.1806
(computing)
Machine | o mining | 01830 | 0.1373
learning
Database | Data mining 0.1816 | 0.1684
Computer | Artificial 0.1790 | 0.1203
science intelligence
Machine | Bayesian 0.1786 | 0.1780
learning network
Computer | Parallel 0.1740 | 0.1640
science computing




72 A=AAANGE A A204 A4

[
Internet service provider

Inlr%nst\ |

Sof&vare )|

Computer‘hardwarer‘a'esﬁ‘)"y Computer network

Software e'ngiﬁei:iﬁgs
\ /

Computer science

Emulator—_ .
Dpe

Server (compuu ) [ /

Open source‘

Baa‘Flle;Eanng
*, Programming language
[y

) __,,HdSNe:

\"\ Machlne\earmng
\

Support vector machine

°
On!ine analytical processing
Me!apwgramming |

Dalﬁ)ase

d comWarehouse

\ ije\é.wa re

Word p?o'ébasaware

(Figure 4> DAG of the Concepts Related to the ‘Computer Category

o} & shuhe] ol 24, 7l ‘Machine learning,
‘Bayesian network' @] Hrzk-2 0.1786°. 2 wj
G S fo g EEHAAT, o5 tiE 4,
= gho] 01Kt A2 T Abolol] AlEF #A
7F AEske ow AAsitt

N
[V
0x
oIr
0k

7t

N AT
7&% AT

2
N
it
2
lo
bt
rf
r r&ﬂ

i ot
ol
o
N
o
:‘?L_‘/
_Lz

) o i
o O

o T e

N

N

o

o

- Ol

ot

i)

ol

ol

)

rf

)

Y

X

ol

X

)
- o)
2~
o
frtl
o,
N
N
of
ol
N
Ho
o
o
ro
i,

{0 meh g opol 2 o
o >
==
-
o
S
°

!

=

L2 o gz of Mo v o

Sy
{(
&,
)
rir
N el
o
2
EL
-
=2
lo
(Y
%
HN s 2
N,

e 1;
ob
2
o

H
e
i)

AFT-20 T‘:XHSPE BE N %
ODPol| &A13t= 70 49 vj&=2 AkE
1831 ODPAA AFA 2 009 thﬂi

ofy
)
>

O

JJr 71f 714
o] 4= <F 1,0007) 0l
& W7¥sHAl €t
obx w3l vle} 7ol Lee and Kim[10]9
KeR

3T =
71 712 g 2F AFEAZE A]F 2N
ol whet WsAdo] A vepdt 3 54
el Qury gmel ule) oo e
AYLFa ANFE 7HE doll= ook A A
% golof skt MBS 2 R
—e—Proposed method (Hr)  —m—Baseline (Pr)
1
0.95
0.9 o o —
g 0.85 =
S o8l = —
Boms| =
0.7 - —
0.65
0.6
0.05 0.1 0.15 0.2 0.25 0.3
]

(Figure b) Changes in the Accuracy of
Hierarchical Relationships
from Varying the Threshold
Value of Delta



g715tlol YT o7 B2 AW A AFTEY AF TF 73

(Table 5) Examples of Concept Pairs

Proposed Method Baseline Method
Hypernym Hyponym Hypernym Hyponym
Computer hardware Bus (computing) Artificial intelligence Computer graphics
Cloud computing Supercomputer Artificial intelligence Distributed computing
Computer hardware Distributed computing Artificial intelligence Parallel computing
Computer hardware Supercomputer Artificial intelligence Storage (memory)
Computing platform Email Artificial intelligence Support vector machine
Freeware Demoscene Artificial intelligence System
Multimedia Digital video Atrtificial intelligence Virtual reality
Distributed computing Parallel computing Bluetooth Bus (computing)
Freeware Email Bluetooth Calculator
Software Open source Bluetooth Mobile computing
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BT 7% AWt AT NG B wEF RS skl seluPa £4 ARE ¥
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