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ABSTRACT

Semantic Document Tagging Methods for Intelligent Web Retrieval

Hwang, Myung Gwon
Advisor: Prof. Kim, Pan—Koo, Ph. D.
Department of Computer Engineering

Graduate School of Chosun University

Nowadays, the fast advance of digital technologies and the current Web
environment have been accelerating the field of information retrieval and
processing. The Internet space using the Web is not strange any more to
most people and they can obtain any information desired from the Web.
These changes have spawned a great deal of research aiming at enhancing
service and convenience. Thus, many computer science researchers are
committed to finding more useful and efficient methods to provide
appropriate results to meet users' needs. Among those, the methods of this
dissertation have been studied for semantic document tagging to realize

Semantic Web as an ultimate purpose.

Semantic Web 1s a very important technique aiming at processing and
understanding the information spread on the Web and subsequently providing
semantic and exact retrieval results. To realize Semantic Web, this research

concentrates on tagging methods of text documents. The amount of the texts

= Vil —



i1s increasing according to trend of Web 2.0 and it is the most frequently
utilized communication medium to express and share information between
people. Therefore, the text retrieval is important and this research proposes
tagging methods of Web documents to provide standardized, systematic and

semantic retrieval.

The previous works on Web document tagging generally choose core words
from a document itself. However, the core words are not standardized taggers
so, in retrieving, users should make an effort to grasp the tagger words first.
To improve the point, this research contains methods to utilize titles (Wiki
concept) of Wikipedia documents and to find the best Wiki concept which
describes the Web documents (target documents). In addition to these
methods, the research tries to classify target documents into Wikipedia

category (Wiki category) for semantic document interconnections.

In order to use Wiki categories and concepts for classifying and tagging
target documents, the research extracts context information from Wiki
concepts, Wiki categories and target documents and finds the nearest Wiki
categories and concepts of target documents through similarity measure.
Experimenting diverse cases, it was confirmed that this research can provide
semantic classification and tagging methods and that the context information
of documents has much potentiality to be applied to various works for
Semantic Web. By the way, it is worth noting that some future works, which

can give semantics to proper nouns and technical terms, need to be done.
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SearchWaord: Ichair

Searches for chair Moun | Werh | Senzes:

The noun chair has 4 senses (first 2 from tagged texts)

1. (35) chair - (a seat for one person, with a support for the back; "he put his coat over the back
of the chair and sat down")

2_(2) professorship, chair -- (the position of professor; "he was awarded an endowed chair in
economics”)

3. president, chairman, chairwoman, chair, chairperson -- (the officer who presides at the
meetings of an organization; "address your remarks to the chairperson™)

4. electric chair, chair, death chair, hot seat -- (an instrument of execution by electrocution;
resembles an ordinary seat for one person; "the murderer was sentenced to die in the chair")

The verb chair has 2 senses (no senses from tagged texts)
1. chair, chairman -- (act or preside as chair, as of an academic department in a university; "She

chaired the department for many years")
2. moderate, chair, lead -- (preside over; "John moderated the discussion")
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Cit Cas &9 Jidez T @ (South Korea#1, country#1)
ol A i Cat CaE Ql2EAZR JIA “i(lawyer#1, Abraham Lincoln#1)
EA @i Cat Csol olAEAQ @i(Abraham Lincoln#1, laywer#1)
ool ic Cit CsE Eoiclez 2717 ;clerror#td, baseball#1)
- Cie Cgol Eoolg -c(baseball#1, error#4)
. Cat CeE THIQISZ JIX|0i, srimultiple-voting#1, United
gojel T Ge= xoy Sates#1)
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(AA) #s | CaE CaE THE #s(snow#2, snowball#4)
JNE=3-] u Cat Ceol EHEE AlSHE ;ulsunglasses#1, plural form#1)
Ef -u Cae Csel A3 HE]E -U(plural form#1, sunglasses#1)
HE_X #p Cat Cgel 2 #plcanyonside#1, canyon#1)
| %p | Cae CsE YR EZE JIH %plcanyon#1, canyonside#1)
gio| ! Ca2t Co= MEZE Hif| 2jojgl l(father#1, mother#1)
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Text Layout Analysis Domain Pertinence
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knowledge integration
representation integration
schema integration
model integration
information integration
data integration
program integration
application integration
service integration
specification integration
ontology integration

integration
knowledge integration

representation integration
schema integration
model integration
information integration
data integration

program integration
application integration
service integration
specification integration
ontology integration

integration
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representation integration
model integration

schema integration

ontology integration
information integration
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program integration
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service integration
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that which is perceived or known or

entity#1 : . L :
y inferred to have its own distinct existence

-
|

knowledge#1

-

cognitive content#1

g

representation#1

-]

model#7 a representative form or pattern

the psychological result of perception and
learning and reasoning

the sum or range of what has been
perceived, discovered, or learned

a presentation to the mind in the form of
an idea or image

[Z& 4] |=Y df el 'model, 'representation’, 'knowledge’
Altolel zhA F=x=

=, Ao S Alole] As T =]l &ole ASTEE AT 5 vk dAlgl
A

3 wumm s BARGANA 2 249 ABS Aol 9=
F7kshe ATF(317 99lek. 9171sItlobs Sk AL, WSk 2, o, Bk, AE, A,
% BB E A e FASC] U FAT HBS TP Qlow, 7 Hofo

AR G o8] e A7} A7) EE 2 FAl) e Wge] ALHOR )
A

Slek. ololl, 1719 tlohz Altje] BEo] e Al=e AdE7A Leeths Suelx
Aze Fee) Aol A2 2 Qlek, £ 7 FAe] ARE SaelF A5 (e

Euclidean algorithm, Monte Carlo method, ), AF& ©]& (|, Barack Obama, Amit Sheth,
=), A o]E(o]. BMW Z4, Intel 80486DX2, %), = A|&(ol|. I'm yours, Shape of My
heart, 5), L3 ©]& (. Backstreet Boys, Westlife, &) 59 /5382 Z4A o]go =
TE o] rk ol gt AlEES she] A e 54 JiAY AA ol o' S E o

A= vel 54 g9 skelell 71 2 4 dth olol f17]HHole] FA AlEES
FEote] =Yl 54 el F7kskE AT 1317 = Ak ool tigh A A&
[29 5]ellA Hola 3l



Wikipedia Document Set
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Pattern Information
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| Head Extractor |¢
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| Preparing hyper-words |4'
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Modulel: Preparation of
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Determining Hyper-concept ﬁﬁlade“r'c_.lﬂumﬂ
\ouma
Hyper- = Publication
oncept 7 Reszarch
i i Conte:
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Scighera Acme Alfred
Actifed Alan Turing Denny
Alfa Romeo 90 Building Building Ag‘;‘?“ture
Adriaan van mers
Wijngaarden Academic Earth

-

(2 6] fIZ7lmciot M M=ol JHE &t 2lE fl=wl &d Aot

3. X|Aldo]A 2tA =T

A2 o] 22 S8 w7 He uEYE A G5 gk AFHENE ol e #AAE
SPgstr] 918 A7 % thrE A E AT 9Vl ek id S 15 Abole] BAE
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medical procedures1

T]J;Q . brain SUMW?

operation#5

operating room#1

—

hospital room#1

Operation is perfarmed P
in operating room. 4,

people knowledge base

(23 7] Atztat x| Aol Alole| 2|o|X X}ol(Semantic Gap)

AA T A4S Tt 2 o) 3] AbdS IS A[19]0] s Au R,
A=d 2.0, =9 deo]E(Domain Labels)[23], A F(SemCor) A H3[24],
AA o] 2~ 2 (LDC—-DSO) #E25], 1= 7Id “d2](WordNet Glossaries2} WordNet
Usage Examples), 2 AFA(Oxford Collocations[26], Longman Language Activator[27],
123l Lexical FreeNet)s o]-&3at3l o, 9% o3 A& 7]¥kgk SSI(Structural

Semantic Interconnections) WSD &a12]52 A|oksiit) SSI &arg]&F2 o3 & (gho]

oA BAA ] =& AL AAS = Ao WMHe <7 4>9F 72}, o]y]3sk SSI
T ZL AW o] AE Vo R & A FoA] M =L S HolE o=
gl= A



<E 4> SSlo| o|F WSD ZE
(MF SSI7k AFBEF xIMulO| 2T} glo] HEE YSUS ol88 e HEE Atolol
2l

HMEE= HAE oM RS TI[E A
by of H|
FOo| & oty FE house, apartment, room, wall, floor, window, guest
che|of mbet apartmenti#1
apartment#1->" apartment_building->° building—>" #
room
roomi#1
apartment#1->" apartment_building->° building—>"
wall#1
wall#1
ZYE et room#1->" building#1-> house#1
4 - house#1
olo|7t AdE = wall#1->" building#1-> house#1
o2 cholE Aol room#1->™ floor#1
_ S0 - floor#1
ZhAM mpek wall#1-—> room#1—> floor#1
room#1-> bqumg >* window#1 .
windowi# 1
wall#1-> bqumg >™ window#1
window#1->™ building—> hotel->“" guest#3
o ~ ar guest#3
room#1->"" rooms—> hotel->~ guest#3
21} apartment#1, room#1, wall#1, house#1, floor#1, window#1, guest#3
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NeE aeldk Aoz vhakst 7120, 21, 28, 29, 30, 31, 3217} ©]& vfgto 7 &har gt
BEF S HS T A HA 3 A9 NEE ol 1 id e ARFES AR
Aabel=s WA o 7 o] 3k wo (33, 34, 35, 36, 371004 &g gk 54 7|uk
WS U] 2L ol S GO T4 5)olM TERE ol A S S sk
2ol th[38]. o] 9 o] KL onE Hetetr] &l JHEE Atold] A SAgl et
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A7t d
rd(uw;, ;)= pw(rt;)< (sw(rt;)+1) (Al 5)

2 7195 otell g efd McDonald' £4 255 ©1-8)E
>0 oju| A FE Ao o]a] 'McDonald' ¢F #HHEE AH9] 5719 o3| =

<¥ 5> ¢ 7|™mCloto] Hel=l ‘McDonald 2A]

McDonald's (NYSE: MCD) is the world's largest chain of fast food
restaurants, serving nearly 54 million customers daily. McDonald's primarily
sells hamburgers, cheeseburgers, chicken products, French fries, breakfast
items, soft drinks, milkshakes and desserts. More recently, it also offers
salads, wraps and fruit. Many McDonald’s restaurants have included a
playground for children and advertising geared toward children, and some
have been redesigned in a more 'natural’ style, with a particular emphasis
on comfort and the absence of hard plastic chairs and tables.

NYSE, world, chain, food, restaurant, customer, hamburger, cheeseburger,
chicken, product, fry, breakfast, item, drink, milkshake, dessert, salad, fruit,
restaurant, playground, advertising, style, emphasis, plastic, chair, table
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restaurant 0.667 1.000 1.0000
drink 0334 2.200 0.8000
McDonald breakfast 0.334 1.600 0.6500
hamburger 0334 1.350 0.5875
food 0334 1.350 0.5875
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Keyword Exfraction Keywords H Ma Module
Web Documents E u S
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Domain Concept )
Definition Module Topic
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Preprocessing
Ontology Extension

Domain Ontology
WordNVet Construction
Module
Topic Analysis /
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A3E ok, 7122 WA [50, 51, 52, 55152 WA =] (Fuzzy Logic)[57]1¢ &Y
nf2 32 22 (HMM, Hidden Markov Model)[58] & &3 7|7 st&(Machine
Learning)oll 5= =&}tk ARt 7717} FRE olafstar o4 or Ae|gtomX
A3} O ALAES %%3}74 3}—5— AS A &st= AlWME 1 (Semantic Web)2] 24 3}
TEo] gy, 917190 ¥ LE2A (Ontology) 5 W AHEFHE S0l tgel) Yt
148, 49, 53, 54, 5617} E}T A EE A

AuY e SEEAE o]&sheE ATES HA ARRH= o35S sk 3AHE
Mo w 23 o8 EAE 317015}7] A8l AFE AFH[49]= 93 &of AP
SNOMED CT(Systematized Nomenclature of Medicin—Clinical Terms)& &gsl= HH-<
Zokebar ok mEgh, AR AREAFE s A E BRI EAES AT onH A
W 5412 B olflER A8 2EEAE 5oL LS VIR E Sk B
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Ssle] 583k AF[5317F AT (28 1012 28t A Bl7 A-[49]0 A w3t
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M 32 olek fASHAl g H T
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1. 91 71 ] ok (Wikipedia)
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Main page
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o BdskA] Fohe AR S AR o]dll f17]HHol A4 AES NHoR
skl L AR S SEstEE AT6817F AT ol f17]v|H o] Zh Ao 23
o13155 TF—iDF W2 o= F48ke] EGeA Al ¥y grew ofgsiar girt. 1e]ar
oAw gk o950l Fold wf fj7]vlretell A 1 o953 dAetE dES 3Lzt o]
zh= A E Hagto 22X FAMd S SA43 o= 7]—’5—-‘ﬂ A2 uo] 2 WA oL} FhE| AL
WA} gl o AEeE ST o] FeeE U Fol7] flal 1719 Yol wAE
Abelel] EAlsh= @ A (Link) & o] 83k A7-[63] 5‘5?} AP AT, o] 23 A5
719 ol Hell EAlek= on)A] a5 Huigk &-&sto] 7 E Aleld] fAE R A5
Atole] frAEZbA] &-g¥ar vk [2¥ 14]= f17]19Hote] on 3 Ya5 483
AT[63]NA F23lEl AT}S o]-83}o] 'Automobile'®} 'Global Warming' A}e]e] TAIALS-
Bola 9}

..........

i f -1 Ecology
incoming links incoming links
outgoing links outgoing links

Tusnsport == ~ Plomer |
| Vehicle ~ zone |
o] Greeabouse |

Effect |

[T 14] #71=Elot 242l &= 7[2F "Automobile’ 2t ‘Global Warming” AH0] 2]
olo| & 2tA -A[63]

G A ek oY g el ouAE Folskr] fsl f71vHoke] EA]
A=) o= FA4E 27 913 ATH[64, 74]E50] FAHUTE o5 FAE AT A
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Electron 'Microscope iBuilding 'German language ithsicist
i Pn:mtwe (geometry FITS Pragmatism
b]ett phylosophy)

|

[german] phy’sfc:l_st]
erngt ruska] [max kno.L.L] [f ct} [p::.m:.tlve]@l[practlcall

Ernst Ruska Max Knolli Fact

Musical instrun:ient Caﬁabllty Magniiicaticn 'Elme

elec:tron] [micros:ope] [bU:L]_ l] 193F
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— —

instrument] [capable] [magn:i.fy] [Dbject] 400 {time] ruska

—

award] [nohe]. prise} 1986 [J_nventlon] [pract:l_cal] {electton}
micrscope [bui ld] Eell [(fragklip] burtdn ][ student] [ C:LJ_]
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Canada. (a5 ;.Ti' Y : :
JAward Nobel iPrize Invention Pragmatism Electron
Migroscdpe [Building | [Eli FranklinfBurton  IStudent  |Cecil, Ohio
Halli lf.ime5 Hillier :Albert (Discviorld) iUniversity of Toronto

ijame5 Paget Benjamin Franklin
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language ™ ——— Parsing
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Science
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Droscunvent : Wikipedia
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= Encyclopedia
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. Support Vector Hanmulton, MZ
Clustering Machita

(22 16] 2M vigol =atEl Tesel ond HEYS P74
(7401 71 %2 BolM 5= HELD)

71E9 A B A EC] 2te AR T 7P 24 Ak sksateldr & 4l
Bgh Shgrel] X3k A Ee] 11 FAleh IAdo] AAY oY o= YolsS XFE
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WHEL 7F Jhe|ag] o] EAES F5317] Yl TF—iDF, LSA(Latent Semantic Analysis),

KPCA(Kernel Principal Component Analysis), 2 KCCA(Kernel Canonical Correlation
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Tk AEYe AAAY) BE I A A4S A Racks Aol 425900,
o8 SR §1) B ATe] M ATEA Aol B [16]e] AT el

=2 "1

MGE Aol o] BAYE S5 A8 79 Bol AHgEE Ao 2 f= o]t

ANE EAZS 971900k ARG o2 BAsHs Ee Ateis ¥ AT S
AEU16]2 AES] ol siofe] BEHTh 1 Aol E S Fgehs P,

Ay, aea Aol Wal Gk 7=

A Je]e] 7182 dolEl & &857] wjie 100% BT S
FafoF gk o]k 542 nvkdatr] S8 el Aol 7 (Glossary) I TN E Ake] €]
A A £3E 2l (Axioms) & o]-&ot= WS Bl =Y A AARE
gstgd o AA B4 (2™ 17]3 2

RUN Extractor Glossary Noun List — Wgrd Slense
rasping

1. POS Tagger GMLisuturing#1) = {surface} GNLs
(pos tagger 2008-05-19)  (gTowsan®| GNLibrain sirgen=1) = fsurgical procedure, brain] $ eqietonofis
2. Term Extractor based on Rul GNLjangioplasty#1) = {operation, blaod vessel, ] Integration of GNIs
. Term Extractor based on Rule | noun fangioplasty=1) = {op | - Grasping through Three Steps

list

1. Pertainym Relation Inference 'rr::"e‘j Z
2. Top-down Inference Inferred Relations
brake system#1 &= — brougham#2
computer#l —i= cd-rom#1 Ilossary
i i ¢ le#2 —i= family=1 relations
Semantic Information Processing }— ﬁ;’;ﬁ;‘;i‘,,ﬁggfﬂ‘j:mfmﬁ,l
=Semantic document indexing S e
-Semantic document topic detection e:‘\ ettt Glossary Relations
5 L 2
8—“190" expaxn15|on G person#l —2= automobilist#l
~Uniology exiension automabile trafficel es— traffic cop#l
=Semantic information retrieval beverage#1 —&= abstainers2
*Knowledge integration arthroscopy#1 =+ operating surgeon#1
=word Sense Disambiguation
-and so on \\1__—;;/
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= U 1Jo. /\ A o WUyl o 10 =90 313}
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At ololl Ao FEolA HANSS FEdkaL 1 WAtel]l BEEk oJn| S (Sense Number) =
Folgto A 1 %1 /N3 ¥AE IS gk WAL dE Alolell EAlee wAlE

F o)A (Transitive Property)< 2L gt} o= #7] "7} Hol&AdS zka 91 o
M A, B, CArelell A =>" B, B —>" C2 JAJ o] vk, Agh CAtelell®= A —>" C7F
dE < Yujglit}, o] & SAR HolHAS ke dAES BT Fetste] i

so= T 9)]\
dA%S Bkt
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Al g i 919} o] 27X (H T dAlEED R T E ], 2 g
whe} wo] 2 =1l (Basic WordNet, Y=l 2.1 #}A)), 2to]E =4 (Light WordNet,
A= 218 7Aoo R E3betal Ao 7S ol&ste] e A), 1 &
A=Y (Heavy WordNet, 2Fo]E YEUS 7|2A o2 x3sta =Y 34 FE&
o] gste] st A)oz FESIGITE <k 7> E Aol & G s A g
AE Holil 9]

<E 7> XMulo|~ &g 95t A[ielol o3t
W A W %ﬂP

7= Y A el == (Oh)
=yl 29 (HolE =4) 203,760
el 722 o83 & 114,400
Salof ok 2tx 1,430,467
2lolE 9=y 318,160
slle =y 1,748,627
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SSI 85.45
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sl =4 713 85.2 77
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B. M x 2| (Pre—processing)

Mo
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|=ete @59 o8 FAF TolA BAE B4 FA9 54

olf= oy A9, 13, 16, 21, 46, 47, 64]°1A HALE FE3}
TolAE o]e g BAME FFEsl7] g B S 3o, o] & 8] ~RE
A o] 28] A4 (The Stanford Natural Language Processing Group) ol »
vl 328 POSTagger 2008—09—28 W Z[80, 81]= o] &3t} o] P&ut
TFAsHE 7 dolol] F-Eet FAF Bl 1E Dottt vt 1713 Yok 'computer’

o] &3t o & Hola gl
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N =& A computer is a machine that manipulates data according to a set of
instructions. Although mechanical examples of computers have existed
through much of recorded human history, the first electronic computers
were developed in the mid—20th century. (©]3s} A=F)

e t]7 A3} A/DT computer/NN is/VBZ a/DT machine/NN that/IN manipulates/VBZ

data/NNS according/VBG to/TO a/DT set/NN of/IN instructions./NNS

Although/IN mechanical/JJ examples/NNS of/IN computers/NNS

have/VBP existed/VBN through/IN much/JJ of/IN recorded/VBN

human/JJ history,/NN the/DT first/JJ electronic/JJ computers/NNS
were/VBD developed/VBN in/IN the/DT mid—20th/JJ century./NN
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Akl uidS Fojsty] e FEE WA frE el 9% sk (Stemming) & SkaL
AuU mA st EAEHA e S AAE AAHS Ak ©, FE9 HAL
SLAEAHNNP B NNPS)Y ol = A=ula) dx|shs WAL EAeHA] rlete
AASHA &= 2 RUNO| Jal] 548 7o BAF fr85S wolv, XatA EAE
AL 5§ W}i 7Fedk dEE om

lr

N

o %% WAL 73 computer, machine, data, set of instruction, set, instruction,
mechanical example, example, computer, human history, history, first
electronic computer, electronic computer, computer, mid—20th century,
century, ...

F=E BA TR B WALR HE wgo] Avkd 1 53 BARE sk dols

A A%}, oS E9], 'first electronic computer', 'electronic computer', 'computer's=

alte] WA SAlE Aoleh, o] & Y= woje] 47h whe ANE w1 d) B

ool 4] 'electronic computer'7} Y=o E=AFFEE 'first electronic computer' 2}

'computer't= A A U2 HEYF MRS S8 HF AHE WA FES Bolal Stk

o =My v A S T3 AAE WAL 73 computer, machine, data, set, instruction,

example, computer, history, electronic computer, century, ...

B o FEE WA fEES B gue 15E, dolrl 917 BAe) 719 s2s
5

A 7R B FARA AuE TheAE S5k gl "



C. Il = 715 %l (Keyword Weight) & 3d

S0l dlF 7] 7idel gEHo JEAE dvid RS

S4 o7t =4 Mot wkd 97 g & A S 7HE 5 3l
&) TF(Term Frequency)& 483t} o7]4 TF&= w@s| 2d S
A7F E3Fshs £ B0 FE vhe FAIE on|dith <3i

= 10>
ArEE 917] B4 'computer'dl A FEE B ABRE TFES Hola 9l

<E 10> #1171 &M ‘computerodlM FE== 29 MEo TF gt

=W »5 TF = d5 TF =N Hg TF =W »5 TF

computer 0.167 | capacity 0.016 | set 0.016 | versatility 0.016
instruction 0.033 | simple 0.016 | program 0.016 | player 0.016
time 0.033 | circuit 0.016 | power 0.016 | history 0.016
mobile phone 0.016 | room 0.016 | principle 0.016 | million 0.016
device 0.016 | battery 0.016 | form 0.016 | fraction 0.016
mathematical personal information electronic
statement 0016 computer 0016 age 0016 computer 0016
supercomputer | 0.016 | ability 0.016 | size 0.016 | billion 0.016
fighter aircraft 0.016 | list 0.016 | space 0.016 | wristwatch 0.016
machine 0.016 | data 0.016 | toy 0.016 | personal 0.016
calculator 0.016 | robot 0.016 | capability 0.016 | minimum 0.016
storage 0.016 | watch 0.016 | task 0.016

icon 0.016 | modern 0.016 | people 0.016

MP3 0.016 | thesis 0.016 | century 0.016

¢} 7ol TR 93] S4E Ewl A= wo|=2E x3HE 4= g)om FA9 4Gl
2 AR A 35 of3]E0] S 4 Atk TS TF 3k wed] = ek
aHE7] wZol A7 FLe AyE wo] vhEt ol & 5o, <3 10>9)4] 'electronic

11—

\_.
computer's= 'century' B

TEQ Bl ol S8 YIRS 2619 TR 9 415 ke dnel Ao



ol# gl A ML MM ¢J8l TFS 7H ol AF8%E= & iDF(inverse Document
Frequency)©|t}h. & Aol M= o] 42418 WMAste] 917] A JE Aol Eghe thofo]

TE IHIAY =, 7] A JAE dAldd v SAuE 1 "ol = 7] d
gdEH o2 AHE Ay} Folx k= onjo|t), o= {TF(inverse Term Frequency)z}
Astlom ( JEUEdgs
. B [ N
TR ()= log( fw(t)) 1 7)

W 2 Ao 28E 27 2AM2 (= AFuME 2944,417),
frw: -r|5'| =AM JAol £3steE HA 2] B

iTF= 7 917] A7 28ehs ol 3hd B 917] JPgat 37} 42 dols s
Z 5 Y} oA A9 TR iTF 3& A2 335te] (4 8)3 o] KW(Keyword
Weight) S =743t}

4

KW= TF{t)xiTF(t) (&l 8)

<T 11> <F 10>9 FW HARES KW zholl 93] Adst A9E Bola Yr}.



<E 11> #7] 2AM ‘computerel =M HEE KW=Z HEsH 21}
= M¥& KW =M d& KW 2 ME KW 2 ME KW

computer 0.362 | billion 0.056 | million 0.045 | size 0.035
mathematical

0.090 | Personal 0.054 Modern 0.044 | set 0.034
statement
instruction 0.090 | robot 0.054  task 0.044 | list 0.031
Information ] o
A 0.080 | fraction 0.053 | circuit 0.042 | power 0.031
ge
electronic o

0.076  watch 0.053 | principle 0.041 | program 0.029
computer
wristwatch 0.076 | toy 0.051 ' machine 0.041 | form 0.028
MP3 0.064  icon 0.050 | room 0.040 | player 0.027
supercomputer 0.063 | thesis 0.050 | device 0.040 | history 0.026
calculator 0.063  Simple 0.050 | ability 0.038 | century 0.025
versatility 0.061 | battery 0.048 | capacity 0.038 | people 0.024
fighter aircraft 0.059 | minimum 0.047 | time 0.037
mobile phone 0.058 | capability 0.046 | data 0.035
personal

0.058 ' storage 0.046 | space 0.035
computer

<3 11>914 Bz vle} o] {TFE 2838 Ao z® 917] /gy 77k SAUE o=
T AEY T e AATH BHRIh ofgA SA R 719 = 7Rl & Folslr]

98 ohe wel A SgE 9= )

wkel o] % 74

=4 el o

3 71 %



D. 9lo|d J}& x| (Semantic Weight) & 3d

= 35 B gust dvh 7 FAsh 0w AeAE S5
Zeleh. wek o | $A17k shkel FAlol hsh Z1%ska vk, 1 BAGE 1 A
M) A8l SIPHOR T BolES Bel ZHT Aoltk. Z, FAS Ve delEe

HE BAE BT 5 9, O A0l B Yol 1 BAS duHos gud ¢
92 7FsAol drks 2AE wgo® sha gdnk (17 19]= <X 11> KWkl the
491 1070 ol (MP3'= = ulel el 5o} 914 eroma A1l vhal SSI(Structural

Semantic Interconnections) Y2]5[19]& 7|¥o g 53 o4 #A 1 XS Holu
At 1ol A 'computer#1 / electronic computer#1'S T4 02 UhE o] E3}9]
A o] FAE = AS Gl = A=, o] W 'computer#1 / electronic computer#1'7}
ejupr oz Aol 7k o Ylaa ARSI ool ofg] A2, 14, 16, 20, 21, 30, 31, 32,
33, 34, 36, 37, 38, 60, 781X TR A kA SA WS Albetal, 24 WS
ould A o] &gstar 9l

HoATto| M= B H=YI[16]8 niEo R tolE Alo]9] oul AAXS FE3)aL,
FAE BAA A E=T(node)7)HF 71EX] =4 W2, 16, 20, 2118 o]&-3tt). 7t toj=

st o] o] om|E E3betar Qith. ool WA Z; ot zh= s H=vl =
FEI 2 A9 olalE flal <3 11> = 10709 T (9] 107]9] TolE- o
we]o] (monosemy) . =212] 82 #18f thelo](polysemy) 9712} Telo] 1715 A4 3H
Fojx Fwo g 7hEskal o2 =) 107] whof(computer, capacity, instruction, program,
circuit, principle, battery, list, data, storage)ol thal] F=ulo] Aol=xl 7/id g A~E(SL,
sense(concept) list) &< v )

SLeomputer = {computer#1, computer#2},

<
=)

el

il Hm £

SLeapacity = {capacity#1, capacity#2, ... , capacity#9},

SLinstruction = {instruction#1, instruction#2, instruction#3, instruction#4},
SLprogram = iprogram#1, program#2, ... , program#38},

SLeirewit = {circuit#1, circuit#2, ... , circuit#6},

SLprinciple = 1iprinciple#1, principle#2, ... , principle#6 },

SLbatery = {battery#1, battery#2, ... , battery#7},
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SList = {list#1, list#2},
SLaata = {data#l},

SLstorage = 1istorage#1, storage#1, ... , storage#6}.

At o] zZt dojel )
A (relatedness)

AAE) 71%8)E 7] 4 98 Hgath o] £HAA F A Aelsl #AE A
5714 WAEE A nele, 55 W

(
), 55 Y& = §le Ao& 13t o)= 7]E] ey

dEe #2832 Adel BE wole] AWET 2
=43 olu] S48 =UEAE S Sguglon] T-D

mlo

g

A2 o) 2ol GdH BT Rke] fAE S A2, 13, 16, 19, 20, 21]50] dwbHoR
&8sk Walolth
re latedness(s,,,8,,)= - L - i F ] (Al 9)
wa? =3 al‘gsﬂigSijln(dzst(sm,sjb)) -
s SLl ;‘7;13:-% H 7HL:',

min: &[4k,

dist: = 7HE Atole| Azl

(A 9= F e *}Oloﬂ FAE AAEANA 7 7A A E shus dEiste] 99E
FHsl= Aot F /ES dds e =2V BE5E T i Alole] Agle "R (]
#ANE ovlgit) F 7H%§ 'computer#1'#} 'circuit#1'S 2 S0 AL At F g

Abole]l #AAAL [ 2017 Zo] A= 4 it}

computer#1l

computer_circuit#3 circuit_board#1

— _/

circuit¥#1
module#3 f

Sl Z18ke] ‘computer#1’Zh ‘circuit#l’ AtOle] A E



AAR A= el s F A Atolel H% Be wAS TFAAT (4 9)F e
B3] S8l A ARkshal) (2 2013 2ol @AE DAY FEL F

A= 3A ‘circuit#1 —> module#3 —> computer_circuit#3 —> computer#1'Z} 'circuit#1

il

i

—> computer_circuit#3 —> computer#1'e} & 4= At} 71 F IS QAT =L
7} 7P A2 Acireuit#1 —> computer_circuit#3 —> computer#1')s A3}kl E31¥
e o 955 FHith =, T 70 Atole] A 1/3(=0.333) 2.2 AlAHE 4 Stk

=,
AT (4 9= AW T A Aole] BAYNE 543

i)
v
1o,
M
Jtl
9
rlr
2
i)
(e
2
il
fetl
-
ox
i)
N
=)
M
K-
N
2L
1o
)
N
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=
%
rlo

v
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AGERE A7 Bol BYE 5 Ak (F 9NNE F A Aele] BAYD
1006145 54 7ol 2% the AdEshe) A4S Aaka. o

Mae onA 7}5*](sw, semantic weight)2} & o},

o
=
=
=

n
sw(si,)= 1argsﬁeSLjrnax(re latedness(si,,s5)),i # j (41 10)
/=

max: Z ozt
¢ko] 107K wojol| A 'computer'E o2 E720t}h Y=vlol= 'computer#1'¥} 'computer#2'

T doz AYE stal otk ZF sidel v Vb e 2 e A [’ 219
[ 22]0A] Holal Ut}



list#1

/“’ CapiactyXs throughput#1
digagiopd a - / Jl program#3
Eq -
computer_science#1 — computer#1 wp‘

storage#5

990FL  achines1  *P

i ircuits
instruction#4 /_/ /gr buseg COmPuter_circuit#1

@
prescript#1 electrical_device#1 \

.gr
/_/@ / g circuit#1
@

principle#5 battery#2 data#1

[23 21] ‘computer#1’o| ZtE= cf=2 JigE1le| 2HM

battery#3

@
jurisprudence#1 R

accumulation#2
@

computer#2 /_J

jurist#l @ 5 /,_—-— data#1
principle®#6 X SipertiL actuary#1 \\gr

idea#1l / data_link#1
.ar
cognition#1 -
//;gr R circuit#1
program#2

capacity#8 instruction#2

(23 22] ‘computer#2 7t Zt= ClE @ S2lel 2AAM

(29 21]9 (2% 22]A§ BA% 72} 7 E Abele] dAAd T ou 4 7e2]&
(2 10)°] oaf 27 <& 12>9} 7o) Aakgt).

J

(2 9)¢}



<E 12> 7ig el 2tH M(relatedness)zt elo|& 7}E X[ (semantic weight)

computer#1 computer#?2
storage#5 05
data#1 0.333 data#1 0.33333334
list#1 0.25 battery#3 02
battery#2 0.25 principle#6 0.2
principle#5 0.2 circuit#1 0.2
circuit#i 0.333 program#2 0.2
program#3 0.333 instruction#2 0.25
instruction#4 0.333 capacity#8 0.25
capacity#6 0.333
swicomputer#1) = 2.866 swicomputer#2) = 1.633

<3 12>9} ol 2 e oJmlH 7FERE 2] A o= dlel AHEE 107) Bole] 7t

A B SPER, @ gol7l BAY A= AEE FolA Ao oJnA ER S
Zr shhe Aeisie] 1 golo] ofmld Z1EA 2 Aewtt (4 1De B A3E mdsl
31t

sult)= arg, o g max(sw,) 1)

(2] 1)l o3l To] 'computer'®] 7WH S 2 'computer#1'c] A B =, oJu]H 7}5%] H 3
i ol Zhe 2.8660.% AAHETh 2 Aol A Kol upe} o] ofn| A TMEAE
St ol wolrt s Ewel AAd on|E ZAsk= WSD(Word Sense
Disambiguation) #Ao] 4EHo=2 ¥sty=d], o= olv] #A F=x 7]‘?} WSD
AT[89]eA L oS QAR oH, o]F &G A Ao~ A FF W [16] 04
A|FgE WSD—SemNet &a1e]59] 7|9bo] =7]% slgink o] gk 3ol ofaf] Foixl o]
3 1070 o] ojmF 7R ek Jide <iE 13> o] AAH" 5 vk



<E 13> FO{2 2Weo| olo|d JtEX[2} thE 7HY
M elol
chof A=Y Ho| 72
HES | II=X
computer 1 2866 | a machine for performing calculations automatically
, (computer science) the amount of information (in bytes)
capacity 6 2.367 ) }
that can be stored on a disk drive
] ] (computer science) a line of code written as part of a
instruction 4 2733
computer program
(computer science) a sequence of instructions that a
program 3 2733 .
computer can interpret and execute
o an electrical device that provides a path for electrical
circuit 1 2.200
current to flow
principle 5 1.833 | rule of personal conduct
a device that produces electricity; may have several
battery 2 1.933 ] ) i
primary or secondary cells arranged in parallel or series
) a database containing an ordered array of items (names
list 1 2.200 ,
or topics)
a collection of facts from which conclusions may be drawn;
data 1 2750 o
"statistical data”
an electronic memory device; "a memory and the CPU
storage 5 2.400 .,
form the central part of a computer ...

<3 13>3} o] shte] FAIE 7Imdhe Aol FEE WARE Alelell, onlA 7=

53] L FAI9 zlo] HAR oIS uA R FET Uk Bg 7 dolr) 1 o]

A ofm|ah= E-S Tpelgto 24 tho] Tiuto] opd o] 7|uke] A HA Bl #{7L 7

A 3k o) g} o] =A3)L ou) 7 s}EA]= The vl A Bl 7lERE =] 94
7

N9= AAEA G A AR,




1)1

o M A

-1 O

MO

E. 2 7}& x| (Context Weight) & %

ool IAA 9171 g &9 AHd gid] 719 E TheA et ou A ThEAE
SABITE W AHAA £17] NdH 7k AEE AXkskE i 7F(CW, context

weight)« F #& EF Bhdsts= (4] 12)5 o] &gt
cw(t;)= kw( )+ kw( )>< sw(t) (Al 12)

= 7heAE S FAL 7195 VT AKW)E IR HESRA o]
7FEA(SW) tell w2t 1 7FeA1E 2dab] 93 Ao, fuyle] JejsA] o o35
ZFeAA S 5 vk AolA thket A2, 20, 21101 Z8HA 2 Al
(4] 13)& olﬁ’f}oi 7w B 7 Aigo® atsh she A Eeeith o)
A B % A7 A S-S fls) dolo] ol FFE whA @] 9 el

o

cw(ti)

arg; e wcMm ax(cw(ty))

n— cw(ti)z

n-cw: datEl 2% 71E X (normalized context weight),
WCi 9171 2A ol thet 29 & = (Wiki Context)

<3 14, 15, 16, 17, 18> & HAS Fall S4% 7] NdGEA A1) 'computer'[82],
'A% search algorithm'[83], 'Java'[84], 'Apple Inc.'[85], 'Amit Sheth'[86]°] thal] &=
7hAell et gEhE 9] 10709 &9 FEE 22 ’olal gt} Zt el WS A=Yl
A2~(WordNet Sense) MEZ oJu]alar, KW, SW, CW, n—CWi= 2+ 7]9]= 7453, 2|n]%]
7hsAl, W 7hsAl, BarstE S 7t A E UeRdn



<¥ 14> #7| 7#E 'computer ol cfst

2y Yy

2171 744 = M WS KW SwW CwW n-CW
computer 1 0.362 10.600 4196 1
electronic computer 1 0.076 10.600 0.885 0.211
instruction 4 0.090 6.800 0.703 0.167
device 1 0.040 9400 0412 0.098
mathematical statement 1 0.090 3.517 0.408 0.097
computer
fighter aircraft 1 0.059 5733 0.400 0.095
machine 1 0.041 8.800 0.398 0.095
calculator 2 0.063 5233 0.393 0.094
storage 5 0.046 7.300 0.379 0.090
personal computer 1 0.058 6.533 0.362 0.086
<E 15> #7] 70 'Ax search algorithm’ol et 29 M=
2171 744 = HE WS KW SwW Cw n-CW
node 7 0.421 4.050 2127 1.000
function 1 0.200 3.550 0.912 0.429
distance 1 0.165 2.600 0.593 0.279
algorithm 1 0.160 2.267 0.524 0.246
A+ search graph 1 0.121 2450 0416 0.196
algorithm heuristic 1 0.158 1.433 0.385 0.181
computer science 1 0.054 5850 0.371 0.174
search 1 0.096 2400 0.327 0.154
cost 1 0.085 2.717 0.315 0.148
edge 3 0.086 2.300 0.283 0.133




<E 16> #7] 70 ‘Java'ol et 29 HE

;I;: =W »5 WS KW SwW Cw n-CW
Java 3 0.389 2.167 1.231 1.000
technology 2 0.099 4.167 0.511 0415
computer architecture 2 0.105 3.567 0.478 0.388
Sun 1 0.184 0.750 0.323 0.262
programming language 1 0.076 3.183 0.320 0.260

Jave library 4 0.059 3.583 0.273 0.221
component 3 0.059 3.633 0.271 0.220
core 2 0.062 3.300 0.268 0.217
syntax 1 0.085 2.100 0.264 0.214
specification 1 0.074 2450 0.256 0.208
<E 17> #1171 7#E "Apple Inc/oll THEt 224 HE
217 744 = " WS KW SwW Cw n-CW
software 1 0.089 7400 0.750 1.000
consumer 1 0.105 5.883 0.721 0.960
company 1 0.099 5183 0.615 0.819
software product 1 0.102 4767 0.589 0.785
hardware 3 0.075 6.333 0.552 0.735
Apple Inc.
electronics 1 0.079 5783 0.536 0.714
computer 1 0.058 8.083 0.526 0.701
audio 3 0.072 4433 0.391 0.521
retail store 1 0.048 6.017 0.340 0453
Apple 1 0.162 1.100 0.340 0453




<E 18> #17] 74 'Amit Sheth'ol theh 23 HE

2171 744 = " WS KW SwW Cw n-CW
Georgia 1 0284 | 1283 0648 1.000

Dayton 1 0.205 1483 0508 0783

Athens 2 0162 1283 0370 0571

Lexis Nexis Ohio Eminent Scholar 0 0.369 0.000 0.369 0.569

Amit Sheth 0| 0369 0000 0369 | 0569

Amit Sheth

Knoesis 0| 0369 0000 0369 | 0569

Advanced Data Management 0 0.369 0.000 0.369 0.569

Ohio 1 0.136 1583 | 0.351 0.542

Information System 1 0.266 0.200 0.319 0.492

computer scientist 1 0.210 0.400 0.295 0.454

OlFREe CW= HatE W JIEX(-CWE &8
<3 18>014 WS7} 09l & $=ve] HolElA) ohe ol eju@i). 91} o] &

BA9) 2ot 917] A ool Fod B Z B8, 9 B
FESE U AT HS BEG e Fol A B gl F29
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<H# 19> X|AMH|o|x A &F ==([16)olA F=a a2 A7

The most fundamental step in semantic information processing (SIP) is to construct
knowledge base (KB) at the human level, that is to the general understanding and
conception of human knowledge. WordNet has been built to be the most systematic and
as close to the human level and is being applied actively in various works. In one of
our previous research, we found that a semantic gap exists between concept pairs of
WordNet and those of real world. This paper contains a study on the enrichment method
to build a KB. We describe the methods and the results for the automatic enrichment of
the semantic relation network. A rule based method using WordNet's glossaries and an
inference method using axioms for WordNet relations are applied for the enrichment and
an enriched WordNet (E-WordNet) is built as the result. Our experimental results
substantiate the usefulness of E-WordNet. An evaluation by comparison with the human
level is attempted. (0|5t Mgk




| B4 B7 398 AH RUN #8718
FaAh 228 YA HRES A=un sk, AFHoR Ngw
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<E 20> <HE 19>0M FEE "HASS 7I9E JHEA

7= KW FIHE KW FIHE KW
WordNet 0.304  SSI 0.050 | paper 0.026
KB 0.191 | knowledge 0.049 | type 0.026
E-WordNet 0.156 | result 0.046 | gap 0.025
WSD-SemNet 0.090 | network 0.040 | interconnection 0.023
SIP 0.089 | glossary 0.037 | indexing 0.023
relation 0.078 | evaluation 0.036  web 0.023
enrichment 0.076 | document 0.036 | usefulness 0.022
WSD 0.076 | inference 0.033 | extension 0.022
method 0.074 | axiom 0.032 | performance 0.022
real_world 0.065 | level 0.032 | retrieval 0.022
knowledge base | 0.063 | disambiguation 0.029 | query 0.021
concept 0.058 | machine 0.029 | relationship 0.019
research 0.055 | information 0.028 | detection 0.018
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<E 21> <E 19>0lM FE= HAIES| oo|H

ISt BY JHEA

=W »5 SW | CW =W »5 SW | CW =W "5 SW | CW
relation 20.07 | 1.00 | document 12.35 | 0.26 | manner 14.37 | 0.13
WordNet 4.78 | 0.96 | machine 15131 0.25 | axiom 582 0.12
concept 18.67 | 0.62 | result 8.30 | 0.23 | usefulness 850 0.12
knowledge 2148 0.60 | level 12.17 | 0.23 | point 1293 | 0.12
knowledge base |12.83 | 047 | type 14.62 | 0.22 | paper 6.90 | 0.11
method 8.30 | 0.38 | glossary 7.73 | 0.18 | information processing | 15.03 | 0.11
KB 248 0.36  interconnection | 11.88  0.17  extension 8.02 0.1
research 10.38 | 0.34 | relationship 13.87 | 0.16 | indexing 7431 0.11
real world 8.40 | 0.33 | retrieval 12.20 | 0.16 | conception 18.67 | 0.10
inference 1455 028 web 1152 | 0.15]| general knowledge 13.25| 0.10
network 1153 028 gap 9.751 0.15| word 15.77 | 0.10
algorithm 565 0.28 | order 17.00| 0.15 | pair 11.42 | 0.09
information 16.65 | 0.27 | performance 10.38 | 0.14 | people 18.22 | 0.09
sk e W oz B BAVL TP BuAne] B tEAE SYFoRN
719 d e} FHelae] &= 7ok 917] A Al S8.8 AR D89t o5 A% I
U ©l iy Ar et



B. ®flZluiClol ZiE| 2] &4 R 29 FH 4

$1719] e} Fhelag] (o]t 917] FHel i) = 917] wA 5] 7|&shs A4 (A5 ) Xk
oJukzel Jdo g FAEM oy 7] BAES BEsla o) w3 7F 9)7] B s
oldel 171 Zhelarglel 3 Stk odlE £ 917] &A1 'RDF schema's= 'RDF',

o
o SR
AT o] H %

9]
&=

'Knowledge Representation', 'Semantic Web' 52 97| 7Halg] & 7%
71 el et 9171 A Atole Eg #AAE It o [Z19 23] o] gt

olm = wAE i 9

C: Web Services

D: Web Service Discovery
D DALM-S
D: WordNet ———-—‘_\‘
C: Knowledge Representation D: Web Service O HTML
D: Semantic Web
D: Semantic Network
& C: Markup Languages

C: Semantic Web

D: RDF schema
D: 5QL \
C: RDF

DERDEQUely Eanguage D: Resource Description Framework

D: Knowledge Representation
and reasoning

C: Query Language

C: Computer File Format

D: doc

(23 23] 971 BMONE)Eel 27| e el 2&F (C: Category, D: Document)
olg1gh 917] FhelE & WA ERdhe AL Bl BAE 5 T Al g o R
R oEM B EAE Atele] oA UELAE A staL, 9171 7i ©)
o]7] §Igtelt}. dlE 59, <3 21>9] &S k= B £A7F s ul, WA $17]
7 'WordNet', 'Semantic Network' ¥+ 'Knowledge Representation and reasoning'-&
2= Z1H t} 'Knowledge Representation' |2k 7He| e8] & glolst= Zo] g0]3)7)
wjo] o} ®3F 'Knowledge Representation'l] <3 Pl {4152} 'Semantic Web'ol] &3t
Bl #4155 Abole] on]A HIESA P E &olsith



el A S Ade 917] A= Eskr] 918l sl vhelare] e zlo] veE E
| 3}5}. oju] grol|A £17] 7idel tigh & AR E P/dsiitt
Fhel ol E&staL, 3t w1 Jre] 7)9= T ¢
oA 7t E 54T 1 HFA o2 7t FHd o]l ik &9 7t X 5 AlLkgth
olwf shte] £17] & AHH.(4. 'Semantic Network')= 18] ZFe|a12] (o, 'Semantic Web!,
'Knowledge Representation' 5)°ll &5 o2 &85 4 Q) <i 22>+ £ A S 53
53 917] 7228l 'Knowledge Representation'ol] tfsh &4 A H o] 7|9 = 7}4],
94“]1—1 VA, 29l &1 7k AE BHolal 9l

:dﬂl
ko

<¥ 22> ?|7| 7l 12] 'Knowledge Representation’ol Cist 2% MH

FIHE KW | SW | CW 7= KW | SW | CW
synset 1.000 | 45.350 | 1.000 | artificial intelligence 0.026 | 50.500 1 0.029
lexical database 1.000 | 27.133 | 0.607 | informatics 0.020  64.050 |0.028
information processing system | 0.333 | 74.933 | 0.546 | knowledge base 0.024 | 52.000 1 0.027
conceptualisation 0.500 1 40.417 0.447 | fuzzy logic 0.071 1 16.533 1 0.027
polysemous word 1.000 | 13.583 |0.315 | cognitive science 0.016 | 74.983  0.027
] - natural language
universal quantifier 0.333 1 39.317 |0.290 ) 0.042 28.733 1 0.027
processing
Reification 1.000 11.017 | 0.259 | Peirce 0.043  26.600 |0.026
first blush 1.000 = 8967 |0.215| library science 0.038  28.000 |0.024
nomogram 0.500  13.967 0.161 | hypermedia system 0250 3450 0.024
WordNet 0.200  25.700 0.115  knowledge 0.012 1 91.533 |0.024
Alfred North Whitehead 0.125 | 31.283 | 0.087 | metadata 0.025 40.917 |0.023
logical implication 0.333 | 10.067 0.080 | Web personalization 1.000| 0.000 |0.022
SUMO 0.160  21.967 |0.079 | Adaptive hypermedia 1.000 | 0.000 |0.022
Object-oriented Teknowledge
programming langLage 0.063  50.900 0.070 Corporation 1.000 | 0.000 |0.022
coreference 0.333 8.117 0.066 SUO-KIF 1.000 | 0.000 |0.022
metalanguage 0.167 | 12.117 0.047 | Articulate Software 1.000 | 0.000|0.022
Suggested Upper
NLP 0.071 | 28733 0.046 1.000 | 0.000 |0.022
Merged Ontology
utilisation 0.042 | 40.983 |0.038  CDS/ISIS 1.000 | 0.000 |0.022
data structure 0.033 1 45.700 1 0.034 | Openlsis 1.000| 0.000 |0.022
ontology 0.155 8383 0.031 ISIS DLL 1.000 | 0.000 |0.022
local area network 0.038  36.217 | 0.031 | HTML Web 1.000 | 0.000 |0.022
natural language 0.029 1 45283 0.029 | GenlSIS 1.000 | 0.000|0.022




<3t 22>¢} o] 917] 7| e = Uit 57 gl oisl] dukstE ofu] = o] Foi A
9}741?} dutslo] o7} o} Z AL EAt) o & 59, $917] 7Id 'quick sort'E

sksl= 7hHlal8]l 2+ 'sorting algorithms', 'comparison sorts', 'Articles with example
pseudocode’, '1961 in science's 2331, FAFEH Z3HAFQl 'Amit Sheth'e] Z}e|aLeE] =
'living people', 'indian computer scientists', 'Ohio State University alumni', 'Write State
University faculty'E X383t} o] 238l ool A] 'quick sort'ell thdk 7Fe|alg] 2 'Articles
with example pseudocode' 2 '1961 in science' “12]3L 'Amit Sheth'ol| 4] 'living people'<
7 el 2 o] AT ld Aol S olu 9171 Jid e AR BAS ffvlsh]
el AEA] k. =3 ol 9f7] e v ARE Skl 917] Jhelae &
BE7E G447 wol &9 AR 7} obF @Wopxlth, ofd 3hdd 21 F
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de] &9 A, 9171 7 aze] o] & R, T1E]al B2 Al A
Aoratdet, ¥ T = o3 ARES vy s B
Ao 9171 ZHelare] R om A F4 B Wil o &)
TS oA o] getar, ZF A Alole] E3HE JdE
Atole] IAG S SAT A, ZF E JHE = fl=dlo] Holshes AR F3 (4. <3
22>0]| 4] 'synset', 'lexical database' &)¥ TLTHEA] > WAL {3 (ol <3E 22>0]A]
'SUO—KIF', 'Articulate Software' &)< X3t}
FRE7EE onA AAdS SAHY 7 JANL 2=

Sleg ofm|gitt, olof], LW ARE(9)7] 7t e FUA R} B A WA, B
A7] i = AEe} Bl A WA R) Alole] fFAMIS = =
= WS ARKETE WA YEdlo] sk WAL S g A (4

ct.
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d

1
7w

62]_
14)el A Kol

N H
of

+

o

:

K
poss

& CW s )+ CW (s ) A
szm(Clkacli)_ Z] ; 2><m1ndzst( S (k)25 (1 j>) e o

ci¢ EFl EAel 2u™E
cir |71 71E == #17| FHEHI eS| —Er'”—h”éﬂE(m context information),
n sl 29 Mo =3k sjgel 5
E'—. HE J1&%|(Context Weight),
A = 70E Atolel AHel(distance),
S| —Er'”—h' ol H3k 7y

k

r-ln

(A 14)= k) gueh [ guol Z42F 23u= 70 1ok j Alelell A7 @42
(7 7l Abeloll A== Ael7t 5olstd o), 7+ Ade] 1 7o) gell tiek Hatrs
U= Aol ofd|, 5 7id Abe]e] A= Aol vhlHehs 545 vty 98] H 4
A #goeg etk o] FA2 ouA A AZ(SDI, Semantic Document
Interconnections)®l]l Tt A-[2]e A APE o] 1 A& oln] AHwk2 u} )t}



aly

5L o] i Y-S o] §ath. o= F ghol 2
O

(4] 15)9 2},

ZZC*W(s,”)JrCW( )

St m(cik,,ciz) 5

k=1 (& 15)

i=1j=1

o & Eo] ddshd, 7 7}elarg] 'knowledge representation'Z} 'query language'?} EF7L
A Doc 1'0] EA8kAL, Z42ell A 59 W AR <i 23> Zo] 7127} 5719] Jds
E3givkar A4 AT 2 7oA udle] BYHA F2 Mde Ao

ApAolne EaH g

_

<E 23> 72| 2RE 91T oAl

Knowledge Representation Query Language Doc 1

=W »5 # | CW =W »5 # | CW = d5 # | CW
synset 1 1 1.00  query language 1 1 1.00  relation 1 1.00
lexical database 1 0.61 substructure 1 | 042 | WordNet 2 | 0%
information relational database
processing system 10 management system 1] 040 concept T oe
conceptualisation 1 045 computer language 1 1 0.36 knowledge 1 0.60
polysemous word 1 1032 DBMS 1 1 0.27  knowledge base 1 0.47

<3} 23>3} o] Z+ Fal Aol A Doc 1'#} 'Knowledge Representation'ol] <31 7dE2]
a1, 'Doc 1'#} 'Query Language' Abololl= [18 2519}
25 49 s o] g8t FE3 Aol



polysemous descripfor#l
word#1

equivalent

word#1
WordNet#2 ()

@! @ abstraction#6

lexical

database#1 psychological

feature#1

computer
database#1

computer
science#l

information
Processing data

£
system#1 structure#1 AITANGEMENtE3  struiture®s knowledge#1

(28 24] stat=l =Yl 7(et 29 MEE9| 2 =
('Knowledge Representation’2} '‘Doc 18] WA H)
«MEZ o2 2 MEo &35t JlHE Atole] JIE #e el BAE fIF=E ®Eo|sh AW

AMs o B2 2A S0 gdE.

WordNet#2 ®

knowledge
base#1

©

position#7

9 knowledge#1

something#1

relation#1

structures2

lexical () DEMS#1 computer
databse#1 o language#1
quantity#3
substructure#1 computer ®
concept#1 " databse#l query
language#1
elaticies Cata ks database management system#l
management system#1
(28 25] &ztE f=u Jjeh 23 HEES 2 7=
(‘Query Language'@} 'Doc 18] 2EW X )
A2 CHE Y "HEo £ JHEE Atole] JHE 2 Azl HAE /2 ®I(E Ad

AMes o B2 2AS0| gdd.



(19 2418} [1%) 2519} o] FAE 7 ) YR Alole] wAE (4 10)F olg3to]
ARKRIE B2 Doc 1S A0 71 B Ane] AdEt B At 1 BAE

B 3ele] HEAow W JRE Alolo] fAEE S s S Btk WA Doc
1'?} 'Knowledge Representation' AFe]e] A= = 3A o]},

CL relatedness (relation#1, synset#1) = (1.00+1.00)/(2%5) = 0.2

CI _relatedness(relation#1, lexical database#1) = 37| §h+=.

CI _relatedness(relation#1, information processing system#1) = 3A <.
CI relatedness (relation#1, conceptualisation#1) = (1.00+0.45)/(2%4) = 0.18125
CL relatedness (relation#1, polysemous word#1) = (1.00+0.32)/(2%5) = 0.132

CL relatedness(WordNet#2, synset#1) = (0.96+1.00)/(2%2) = 0.49

CI _relatedness(WordNet#?2, lexical database#1) = (0.96+0.61)/(2%2) = 0.3925

CI relatedness(WordNet#2, information processing system#1) = (0.96+0.55)/(2%5)
= 0.151

CL relatedness (WordNet#2, conceptualisation#1) = 3A §l+=.

CL relatedness(WordNet#2, polysemous word#1) = (0.96+0.32)/(2+5) = 0.128

CI _relatedness(concept#1, synset#1) = (0.62+1.00)/(2%5) = 0.162

CI _relatedness(concept#1, lexical database#1) = 7 $l+.

CL relatedness(concept#1, information processing system#1) = (0.62+0.55)/(2x4)
= 0.14625

CI relatedness(concept#1, conceptualisation#1) = (0.62+0.45)/(2%2) = 0.2675

CI _relatedness(concept#1, polysemous word#1) = 37 gl

CI _relatedness(knowledge#1, synset#1) = 37 gl=.

CI _relatedness(knowledge#1, lexical database#1) = 37 Sl

CI _relatedness (knowledge#1, information processing system#1) =
(0.60+0.55)/(2%5) = 0.115

CI relatedness (knowledge#1, conceptualisation#1) = (0.60+0.45)/(2%5) = 0.105

CL relatedness(knowledge#1, polysemous word#1) = (0.60+0.32)/(2x5) = 0.092

CI _relatedness(knowledge base#1, synset#1) = TA =



CI _relatedness(knowledge base#1, lexical database#1) = 7 $l+.

CI_relatedness(knowledge base#1, information processing system#1) =
(0.47+0.61)/(2%5) = 0.102

CI _relatedness(knowledge base#1, conceptualisation#1) = (0.47+0.45)/(2+5) =
0.092

CI _relatedness(knowledge base#1, polysemous word#1) = 37 Sl

sim('Doc 1' 'Knowledge Representation') = 2.7565

&< 'Doc 1'% 'Query Language' AFo]9] AN S Aol olgfle] Ao =
AAZ AAZE = AHERRS 2 Sk
CL relatedness(relation#1, substructure#1) = (1.00+0.42)/(2+5) = 0.142

CL relatedness(WordNet#2, relational database management system#1) =
(0.96+0.40)/(2%5) = 0.136
CI relatedness(WordNet#2, DBMS#1) = (0.96+0.27)/(2%4) = 0.15375

CL relatedness(concept#1, substructure#1) = (0.62+0.42)/(2%¥5) = 0.104

CI _relatedness(knowledge#1, substructure#1) = (0.60+0.42)/(2%5) = 0.102
sim('Doc 1', 'Query Language') = 0.63775

(2] 1)l o3l <3 23>0l 7|&=H 7 9 GH Alole] fAMEE 9 o] S+,
A= S4 Aol w2} 'Doc 1'9] W& 'Query Language' H.thi= 'Knowledge
Representation' 7 e g]® EFE o}

(3 2 917) Atk G ] A e ek ek & el A e e
st duH FAES detsel 1 FAES 4
Zelek. olol, §1st 2ol setel el aelo] &

4 g A B 9 @ (4 18k (4 15)8 olgste] W], 3304



HIgk z 917] Jid el £ AR E o] &gtk & dAlE fal $17] i 'Knowledge
Representation and reasoning', 'WordNet', 'Semantic Network', 'RDF schema'& o=
o] g3t} o] 52 [1¥ 23104 97] 7hel|laLz] 'Knowledge Representation'ol] <53 9]7]
MAEolth <i 24> 7+ 917] 7S] B4 E FollA 49 571E ol &5 B4 frAlE

=4 49 nolw 9l

M

<E 24> °olo|& efZofl thEh oA

Knowledge Representation ]
) Semantic Network WordNet
and Reasoning
= M¥& # CW =M d& # | CW = ¥4 # CW
inference 1 1.00 | semantic relation 1 0.71 | WordNet 2 1
reasoning 1 0.94 | concept 1 0.52 | synset 1 0.28
knowledge 1 0.73 ' graph 1 0.41 | lexical database 1 0.22
logic 1 0.64 | representation 1 0.34 | database 1 0.19
representation | 1 0.55 | network 1 0.33 | synonym 1 0.18
Bl 2AM 271 74 FALE
relation#1 = 0.81525 WordNet#2 = 0
Knowledge
Representation knowledge#1 = 1.71437 concept#1 = 0.798
and Reasoning " iedge base#1 = 0.63375 396137
relation#1 = 0.5842 WordNet#2 = 0
Semantic
Doc 1 knowledge#1 = 0.7845 concept#1 = 0.4516
Network
knowledge base#1 = 0.24458 2.06483
relation#1 = 0.065 WordNet#2 = 1.1667
WordNet knowledge#1 = 0.025 concept#1 = 0.037
knowledge base#1 = 0 1.296667

» ‘Semantic Network'oll Al 718 & CWZ} 10| obd O|f&= ZRYALZL 2igt2 JIH7] H2¢.

<3 24>9] Azte] w} 'Doc 1'9)] £ 'Knowledge Representation and



Reasoning' ©. = B|Zd 5= Ut} 919 #FL & A9 olaE &) whes] &9lol &3
570] S o] 8-staL AN AA R Fue] 7 vgFsly] wiiel 1 A= debd
ek B3 shbe] A= ol ] 7] Jid s BAE = St dlE 50, AFHE
283 o m (el e 71t o Fbelehe WeS Z1sdthd ke AFE
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v. add 2 A8 H7}

3ol A Sol 4] ARk B F4e] 917] el 27 2 917] A 67 el
o W7hE Saw WA oua 2R D e 918l 2 9171 A, 9171 Aelae, B
Ao ol Aue vl B AEAE S4eT. £ B Aus Alole] fAlES
SggozA Bl FAE 54 917] a2 2R 2 907) Ados arskat. oo,
el T R FEe) UiE 3w BoL Bl B4 BR A% B7h 19w Bl
gae] B)7) A ke el TR SAE AL ATE vlmeto s gl

A7t A3 B JUEE s S1719Hol 250 ol 'computer'E E3ehE A ES
1748t} DBPedia 3.4 W ol £ghe 917)9tjo} 25 AH(SF 2,944,4177) F-49)ol A
'computer' & XE3SHE A = F 36,566701H, o]& BT A3k 7+ 917 Jd
Fhe|azg]o] gk & AR FEel EEsgitth f1719 v ote] 253 she ] 2 A
A QRS Ak AL A7t Alolet & glom, o]= B 4 iR
2 A Aol & S AT B B £4 BF 2 B S 98 golA =i
1,0007S 33T olol], & oA = & Ao o8] FAE 7t T R &
Ao gl Hrista, 1 A3E TF—iDF %2, vl 4 47 W2 (Semantic Topic
Selection, STS) ®21[43], 12]aL & A5-¢] A& A< 9n]4 &9 FZ(Semantic
Context Extraction, SCE) 2] [87]2} vl 7}& 8¢t} TF—iDF W22
A A0 Ao, & A7 719 = 7|8k AR o= Bk Aedds 7=

I J=A vlaslr] Yot 3 STS9F SCE W& =rQl 2% 2 %] (Domain Ontology)

J

i YEYE A4l B85 ATEA 7} FA] Ay A AECEY AR)E FEel
Slol4] SJmlAe Fo ek SrolA FAME Aet & 4 Q7] whiEel T ae) wa
Ersiet,



1. 9171 7ol e =Y HE = e

o] ‘computer's EFEE FAl 36,5667 ZFolA
1448664705 BFLte] 917] el dha) ok 30,6701 A
A7] A (EF)ollA F=H +9 FHol gk FrE A i, olel] &3k dolo]
9.416(T5 A} 7,082, AUFEA} 2,334) o]tk B} W o 2= one] W AtE ol 47]
M- R 2 7] oA AstE BE FAE AQedle) S o] FaL
TAaAdo] ks Aol 1, 2%8A] &2 Ad 08 F9 st stk il HFTH o=
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olul g A} T "HA
Hle 2 MET (%) H| g e BEE (%)
(%) | TF-iDF STS SCE ™ (%) TF-DF SCE ™
10 70.04 66.79 70.88 8317/ 10 84.83 74.98 85.26
(708) (496) (473) (502) (589) | (233) (198) (175) (199)
20 72.93 69.12 73.64 8536/ 20 85.48 78.19 85.69
(1,416) (1,033) (979) (1,043) (1,209) | 467) (399) (365) (400)
30 72.95 70.22 78.89 8769/ 30 86.12 78.26 86.12
(2,125) (1,550) (1,492) (1,676) (1,863) | (700) (603) (548) (603)
40 71.03 69.12 78.76 87.58| 40 86.98 81.83 86.44
(2,833) (2,012) (1,958) (2,231) (2.481) | (934) (812) (764) (807)
50 69.98 65.22 75.23 8325/ 50 83.80 79.79 84.06
(3,541) (2,478) (2,451) (2,664) (2,948) | (1,167) (978) (931) (981)
70 65.70 65.72 70.50 7220/ 70 79.51 74.31 78.90
(4,957) (3,257) (3,258) (3,495) 3579)| (1,634 = (1299) (1,214 (1,289)
100 59.45 59.45 59.45 5945 100 71.12 71.12 71.12
(7,082) (4,210) (4.210) (4.210) 4210 2334)  (1,660)  (1,660)  (1,660)

<3k 25>0f|A] STS WA A-fgAl Ft-S arelshA| ed7] wiitol] dnk A} Fatof digk
H7Ie 1otk 58 9 ARE Ak f WAL 2553 HrelA ZH2t 59.45(%)%
71.12(%) 2 FA=Jom, 3 WA tigh kel ABwer) 22 3o IRIH o=
- AR 943 (Ambiguity) o] YRk L] AR Aan, 917] S AWk Al

Papge] ARHon BE AR PV Rl oz FHg,

Fgk 7b el ogh 9 kg wheh Aelel] X3 w9 ARE] 3 HAYgLE
AbebH, Ank AL Fage A I elgte] Wige] ghds] 2 S I 5 Qv 59
F3 AAE oI 9] 30% Fl AR SRIEITh Ank AL e 30%0l A A
Qo] Apol= B oA5te] Wl o] TF—iDF, STS, SCE Wt} zHzF 14.73, 17.46, Z12]aL 8.8
FET} wokon TR} Y=ol 24 OJ AR Eﬂs}k— STS W4 01 7h e
Aoz FAFJLE & Ao APALA

25 % AAelAM sk o] RIeE F7k= aregh 2 @?7} 8.8 IJNEE ¢ =



A ARl tigh 7} FEol A= 2 i ¥ TF-DF #Hol ol fAket A¥tg Holal
glom, o] ¥ Qo)A 9=ule] elHx] ge WolSo laiN TF-iDFe] 442
AHejg wegshar 917] whzelth. o FelA 9A| SCE e 917] 2% Piold] F@shs
dolo] ML E adstA] 7] widel, = TR o] &317] witol 7Hd w2 A =&
71533t

[18 2617 [218) 27]L <3 25>9 Y& agz=z goksta 9}

Relevance
100.00 ~#—TF-iDF
80.00 v B
M —d—gCE
Pl —=TM
40.00
20.00
0.00 ' ' ' Rate (%)
100 70 50 40 30 20 10
(28] 26] =&5 27 2Y MEoAM Aok GAle] sy 2EM
(TM: & 7o )
Relevance
giv i =—+=TF-iDF
20.00 -w‘;% =i F
—4—=TM
60.00
40.00
20.00
0.00 ; ; ; ; ; ; . Rate (%)
00 70 50 40 30 20 10
[O8 27] === 27| 29 dEoAM DR HAle 70
Ao



B Qo] Avje] we} @3k ol =E Hissla BEAo] B tolES HuElEp)
s dut AR} A Ak 9] 30%5He: 7 917) Jide] B AR g8, o)
EPL A9 el g3t o] 7+ 9171 Jidell dial et 11.89719] Tol= g% &
grolm, Ank WAlel a1f- HARR 73S W 1087719 1.0270= 247} sjetE i) <
26> 2 AT 93] F==FH 917 7Id 'Microsoft'dl] thet - ARl 9] 30%E Ho|il

o]
PR

<¥E 26> ?7] JHE 'Microsoft’oll thst 2 HE ZollAd A2 30%

T2 =2 =W M= KW CW =t
1 computer 0.0914 1.0000 1
2 product 0.0797 0.7450 1
3 company 0.0785 0.6225 1
4 computing device 0.0492 0.5380 1
5 software 0.0470 0.4396 1
6 system 0.0506 0.4115 1
7 market 0.0434 0.3759 1
8 stock 0.0543 0.3741 1
ol dt 9 BASIC 0.0326 0.2943 1
I AL 10 software product 0.0403 0.2542 1
1A hardware 0.0297 0.2368 1
12 desktop 0.0353 0.2363 1
13 interpreter 0.0348 0.2291 0]
14 employee 0.0262 0.2266 1
15 Windows 0.0311 0.2191 1
16 mouse 0.0329 0.2169 1
17 strategy 0.0268 0.2122 0
18 technology 0.0208 0.2077 1
1 Microsoft 0.2325 0.2178 1
Iw 2 XBox 0.0678 0.0635 1
H AL 3 MSN TV 0.0621 0.0582 1
4 MSN Internet 0.0621 0.0582 1




2. 97 ZiH 220 fE 2 HH =5 NSl

ATl &84 36,566709) 917] A A0l Vs FtElaEE SRS §8st] &
111,22878) &atH, ol= 917] 7id & Hat 3.0670th S5 A& A7 /Hd 917
Fhe| )= 26,1237001M, 2 17058 Ao 4,371702) $17] Ade] Fhe e
AUTE & AFelA = AEe FA ERE Al a2 Aol 53 RS Al AS=

g wgel Bastdth 1 71Fe B 2

it
N
oy
Ll
=

— Asto] whal Fhe|ae] sl vk S0 9l 0 o) Living People, Articles lacking
sources, year of birth missing living people &

= §171 el 7H g 2 71=¥ 8157} 53] m ekl A (o]= 'computer'E
Eatata ¢l A9k ald = el (‘computer') o] ZHE| ] E Fekslr] o] e]-2):
o) Tianhe District, Building and structures in Trondheim, People from

Walworth County, People from St Helens &

f19] 71l oJalf 3,90870¢] ZelatelE B = e, Zh shHarele] E3he 7]
e £ ARE St S3E helaey] £ RS V-A-1 el 1]l W
A e R vl Hrpsielth WS 918 3071 JHHlaLe]E o= A8kl o,
30719 Zhelare]el] xgE R S 11,48370%th <x 27> 9]7]F o}
ZHearelel] &9k E1 Au 5ol tigk WrF A3E Holal it o] JA] Ay WAL i
ARE PAF FES Eete] Brkskl e, 917 7H%§ ) AR g 7rel A Blal ool AW
TF—iDF, STS, SCEE o] &3&}t} 2 wAolA EFd At WAl= 791170, Al HAR:=
4,0757) At} 3 917 Fhejare] AAol el AxkahE 1,197,08670 F AR tho] o)
Auk WAL 814,01970, I HA} 383,067/ & IL-f BAP} oF 3292 A A5l AL wpetdt
T Ak o] 97] B AR F 10%S AP An} 3ujo] o2 252l
shtel Zheare] £ AR ' S ), ZF 7] Aol E3hE Al BAE 2 UE
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