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ABSTRACT

This thesis proposes to improve query expansion techniques using a link analysis
technique called HITS (Hypertext Induce Topic Selection) algorithm. Experiments are performed
to evaluate and compare the effectiveness of traditional query expansion techniques to other link
analysis related techniques. Six types of retrieval modes are set up in the experiments: basic
search engine (BSE), automatic query expansion (AQE), automatic query expansion collaborate
with link analysis (LAQE), interactive query expansion (IQE), interactive query expansion
collaborate with link analysis (LIQE) and link analysis (LA). The experimental results showed
that LA performs best retrieval effectiveness, while LIQE and LAQE perform second best and
third best respectively. Moreover, extra relevant webpages could be found by LAQE and LIQE
whereas it could not be found by AQE and IQE. From the good trends in our experiments, we

conclude that link analysis is useful for retrieving more relevant webpages.
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gﬂﬁ 2.9 Bipartite sub-graph [11]
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Entire Document Collection

Relevant
document

Retrieved and Relevant
document

1 2.10 uwunMITMIA NG vBIMIAUAY

Precision = | {relevant documents} M {retrieved documents}|/ | {retrieved documents}|

& 22)

a

A
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Entire Document Collection

Retrieved and Relevant
document

51 2.11 urunMMIsMIANNIEANYBINIAUAY

Recall = | {relevant documents} M {retrieved documents}| /| {relevant documents}|
(2.3)
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F 2x Prx Re
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2.4.1 Mmdsninedestumstiinlyalszaniamvesmatinmsvenaiavudu

- Jian-Fu Li wagaae [13] inausiimamelsuljamainnmsvnedmdudulas
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3.2 mssenuuuaainsnssumazmsauvesdIulszneum

a 4o Y - =4 ad
nnunaamiveueluiade 3.1 Suilufivwesnsesnuuuamilasnssuiudion
Q’ o o ' o = da o 1 o aa '
Jnnvnemduduiauiuiumidinaziase lalldndszneunaniiseninalams
U511/39 (Refinement Engine) #3311 3.2 uazduisznovvenalnmsiiilga (Refinement
Engine) #a@d1u31/% 3.3
o o a o a - d c:’ o
mannueesnalanmslivljasuanadrdudusvusnvesd 14 id@saueuiuins
14 b4 ¥
Uszuanafmduduuazduiumadnfiidosdundum sadwiiiiesdui 1ezgnminndnum
@ w o da o ' a cfdf ¥ a dd 4 a
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) o a [ 4 o a o o a
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[ ¥
AzUUUYDIFUINILAT DO TR MW AUT T fuImiudmAum IndzgnAsesniuazgn

@ o 2 & ° 1t 1 @ o ad & &
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e [4]-Final results

[1]-Initial query

[2]-Initial result

Refinement Engine :
Search Engine

[3]-New query

Final results

at . =1 ad -=’ o Y o 1 o = da o
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sanosiuiminilumsdnnamazuuuvesdumaie 1§ lunstadduanuneidos da

=) ﬂ’l’ o 0 ﬂ’
swazidoavesi 3 Tugaiinade 111

e |

AQE/IQE results
TSR M el 1
Link Analysis i Link Extractor E
Module E E
i A 4 i
~~._. | Web Graph Constructor E
: '
E HITS Calculator i
R SRS T =
R oo e N R LS !
i . Query Expansion
i | Content Words Extractor | i
. ! Module
: L4 .
H
;

Term Weight Calculator /
‘ i
Query Reformulation i
New query i
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dnumaziunvedumatazesses nnae 19 lunmsTas ssddudumeifiauneades
@ = o a ar = o @ o o Y 4 o
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H(p) = Z A(q) (3.2)

q:{(p.q) €E

§ v 4 d
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. v ¥
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Domain

Science and Technology

Question No.1

How Rewritable Optical Disks Work?

Description

Document describes the principles and mechanisms behind rewritable

optical disk technology.

Hint

To be relevant, a document must describe how rewritable optical disk
technology works at length and in significant and comprehensive

technical detail.
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Question 1

[EM] How Rewritable Optical Disks Work? [document describes the principles and mechanisms behind
rewritable optical disk technology.]

[EN] Hint: To be relevant. a document must describe how rewritable optical disk technology works at length
and in significant and comprehensive technical detail.
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BSE AQE LAQE IQE LIQE LA
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2 18/104 18/104 | 21/104 | 237104 | 32104 | 22/104
3 20/132 19132 | 28132 | 33132 | 45132 | 33132
4 9/37 4/37 5/37 11/37 11/37 8/37
5 3/22 1/22 222 1/22 1/22 17/22
6 49 2/9 1/9 3/9 2/9 2/9
7 12/58 9/58 5/58 10/58 13/58 32/58
8 17/45 15/45 16/45 11/45 16/45 4/45
9 9/68 14/68 23/68 18/68 20/68 24/68
10 22/58 13/58 18/58 18/58 19/58 19/58
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AuRAoANIZAN (Mean Recall)
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BSE AQE LAQE IQE LIQE LA

1 0.267 0.283 0.483 0.367 0.383 0.100
2 0.173 0.173 0.202 0.221 0.308 0.212
3 0.152 0.144 0.212 0.250 0.341 0.250
4 0.243 0.108 0.135 0.297 0.297 0.216
5 0.136 0.045 0.091 0.045 0.045 0.773
6 0.444 0.222 0.111 0.333 0.222 0.222
7 0.207 0.155 0.086 0.172 0.224 0.552
8 0.378 0.333 0.356 0.244 0.356 0.089
9 0.132 0.206 0.338 0.265 0.294 0.353
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AURREANUTEAN (Mean Recall)
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fi‘lmﬁﬂd 299 (F-measure)
Mowdod sluumsAuau

BSE AQE LAQE IQE LIQE LA

1 0.101 0.100 0.122 0.120 0.125 0.040
2 0.076 0.062 0.085 0.080 0.090 0.102

3 0.065 0.052 0.073 0.085 0.118 0.125

4 0.028 0.020 0.024 0.034 0.032 0.045
5 0.015 0.004 0.006 0.004 0.006 0.094

6 0.012 0.004 0.004 0.012 0.008 0.010

7 0.041 0.022 0.028 0.026 0.058 0.105

8 0.079 0.091 0.074 0.052 0.050 0.041
9 0.078 0.080 0.095 0.098 0.085 0.126
10 0.095 0.074 0.105 0.101 0.106 0.108
wae 0.059 0.051 0.062 0.061 0.068 | 0.080
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ABAUOUNITUUASN (Nonparametric Statistics) 1Tuadayu iy lildmsiines lae
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M3 4.8 uaasiimenlFlumsdinnuatanaaeuianenduivginiosnedmmis

+
Plose < Pace 116 2483.5 | 4302.5 | 2483.5 3393 | 362.9897
Hase < Fie 108 2510 3376 2510 2943 | 326.2491
Flace < Hice 109 3292 2703 2703 2997.5 | 330.7699

Hace <Mliage 116 3936.5 | 2849.5 | 2849.5 3393 | 362.9897
Mice < Flice 106 30615 | 2609.5 | 2609.5 | 2835.5 | 317.2700
Meace < Fua 143 6515.5 | 3780.5 | 3780.5 5148 | 496.2318
Muice < Hia 142 6550.5 | 3602.5 | 3602.5 | 5076.5 | 491.0537

WA AU INAINAS NI UA LN TIATOINUIBUINUATHATINTINYDIDUA LN
N30INVWAY (Sum Rank: R+, R-) wasawvessuduminnldlunisnaaevfieniwasiy
N e 1 ° ' U
auAunuALougA (R ) uaas 1A luarsiei 4.8 daumanmsmuiuaNAT§Iu (2) wazal p-

value taad 1A 1ua1319i 4.9

MM 4.9 LAAIHAANER Z_, 118z A1 p-value 71 TADINMITAIMIY

Z
a=-0.1 a=-0.2 a=-0.3

H, Zcal p-value

Fese < Mace | -2.5056 | 0.0061
Mese < Muae | -1.3272 | 0.0922
ace < Hige | -0.8903 0.1867
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Domain

Science and Technology

Question No.1

How Rewritable Optical Disks Work?

Description | Document describes the principles and mechanisms behind rewritable
optical disk technology.

Hint | To be relevant, a document must describe how rewritable optical disk
technology works at length and in significant and comprehensive
technical detail.
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Question No.2 | Find documents described a machine translation system.
Description | Document will identify a machine translation system.

Hint | A relevant document will identify a machine translation system which is
being developed or marketed in any country. It will identify the
developer or vendor, name the system, and identify one or more features
of the system.
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Domain

Science and Technology

Question No.3

Find document described computer programs, or computerized

equipment, which aid in medical diagnosis.

Hint

To be relevant, a document must describe actual computer software or
hardware which is in operational use for the purpose of diagnosing, or

assisting in diagnosing, patients' medical conditions.
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Domain

Science and Technology

Question No.4

Find document described a type of natural language processing

technology which is being developed or marketed in the U.S.

Hint

A relevant document will identify a company or institution developing
or marketing a natural language processing technology, identify the

technology, and identify one or more features of the company's product.
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Domain

Science and Technology

Question No.5

Find document described a type of information retrieval system.

Hint

A relevant document will identify an information retrieval system,
identify the company or person marketing the system, and identify some

of the characteristics of the system.
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Domain

Science and Technology

Question No.6

Find document describes an expert system or neural network application

for business or manufacturing in layman's terms.

Hint

To be relevant, a document must describe an operational or prototype
expert system used in business or manufacturing. The description of the
principles behind the operation of the expert system or neural network
must be written in layman's terms, where a layman is considered any

literate English speaking non-computer scientist.
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Domain

Science and Technology

Question No.7

Find document identify a computer virus attack and name the victimized

organization.
Hint | To be relevant, the document must contain a description of an outbreak
of a computer virus, and name the victimized organization.
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Question No.8

Find document describe a computer application to crime solving.

Description

Document must describe an actual or theoretical computer application

used in crime solving.

Hint

To be relevant, a document must describe either an actual or a
theoretical computer application to detective work, by the police or by
another law enforcement organization. A relevant document could
include techniques such as profiling criminals and their methods of

operation, identifying finger prints, spotting anomalies, etc.
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Domain

Science and Technology

Question No.9

How do computers get infected by computer viruses?

Hint

A relevant document will discuss a means by which a computer can

become a host to computer virus.
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Domain

Science and Technology

Question No.10

Find document identify a crime perpetrated with the aid of a computer.

Description

Document must identify a criminal activity involving computers.

Hint

To be relevant, a document must describe an illegal activity which was
carried out with the aid of a computer, either used as a planning tool,
such as in target research; or used in the conduct of the crime, such as by
illegally gaining access to someone else's computer files. A document is
NOT relevant if it merely mentions the illegal spread of a computer
virus or worm. However, a document WOULD be relevant if the
computer virus/worm were used in conjunction with another crime, such

as extortion.
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LAQE http://www.proxem.com/Resources/tabid/54/Default.aspx D
13 http://www.digitalreasoning.com/pdf/techwhitepaper.pdf U
I0E  |LiwuSuwatitimiiag -
LIQE |http://www.proxem.com/Resources/tabid/54/Default.aspx D
LA [aiwuduwadifisndas -
AQE [Liwuduwafiifisndias -
LAQE [liwutiuiwaiiiendiag -
16 IQE  |Liwuiuwaiiimidias -
LIQE |Liwurhuwatiiiedias -
LA [uinuduwadiAmidias -
AQE  [lLiwujuuwadiiendiag -
LAQE |http://www.textanalysis.com/ ]
IQE  |http://www.proxem.com/Resources/tabid/54/Default.aspx U
17 LIQE [LiwuduwaiiiAendias -
http:/lwww.parc.comlreseard'ljpmjectslnatural_tanguage/default.htmi u
LA http://www.alias-i.com/lingpipe u
http://www. 1aiway.com/nlp4net/docs/intro.htm u
http://www.proxem.com/Resources/tabid/54/Default.aspx D
AQE  [liwuliuuwadiiAmiiag -
LAQE [http://www.proxem.com/Resources/tabid/54/Default.aspx D
19 IQE |http://www.tmcnet.com/usubmit/2005/jul/1166785.htm U
LIQE |http://www.igi-pub.com/downloads/teaching/IT5599.pdf U
LA [iwuSuwadiAmidiag -

D: Duplicate, U: Unique
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AQE http://www.proxem.com/Resources/tabid/54/Default.aspx D

LAQE |http://www.proxem.com/Resources/tabid/54/Default.aspx D
23 I0E  [Wwuduwadiimidiag =
LIQE  [LwuduwaiiAendias -
LA  |http://www.crawdadtech.com/ u
AQE  [Liwuduwadidendias Z
LAQE |http://www.proxem.com/Resources/tabid/54/Default.aspx U
http://www.sakhr.com/products/Default.aspx?sec=Product u
http://www.arabtext.ws/EN_WhySpecial.htm u
10E http://www.aramedia.com/nip.htm U
http://www.melingo.com/ U
%5 http://cofporate.sakhr.com/produds/ldrisifl)efauit.aspx?sec::Product U
http:l/www.talentted1.com/news_eventslnewsl2007/2007_sept26.htm U
http://news.thomasnet.com/companystory/531502 U
http://www.imagiforce.com/translation-technology.htm u
LIQE |http://www.aramedia.com/asr.htm U
http://www.aramedia.com/nlp2.htm u
http://www.natlantech.com/lingbench_ide.html U
LA http://www.parc.com/research/projects/natural_language/default.html U
AQE  [hiwuduwaiifinadias s
LAQE [Lwuidumaiiindiag .
IQE  [hiwudiuwaiiiimdiag =
26 LIQE |http://www.aramedia.info/ U
http://www.gcn.com/print/26_04/43148-1.htmi?topic=techreport U
LA htm://www.ti'leengineer.co.ukJArticles/298504fIntrodudng+ﬁ1e+blogbot.htm U
http://www.paloaltoonline.com/news/show_story.php?id=4748 U
AQE  [LiwuiumafiiAsadias =
LAQE [hiwuiuwadliAmiiag -

29 IQE  [Liwuduwadtiendias -
LIQE [BwuduwaiiAmidiag z
LA http://www.parc.com/rsearchjprojeclsjnamral_languagefdefau|t.html U

AQE  |http://www.proxem.com/Resources/tabid/54/Default.aspx

LAQE [LiwuiuiwaditAendag -
30 IQE  [Liwuduwwafiiedias -
LIQE  [laiwuduwwaitiendias :
LA http://www.theengineer.co.ukJArﬁcIes/298504/Inmducing+the+blogbot.htm U
http://www.paloaltoonline.com/news/show_story.php?id=4748 U

AQE |http://www.lexxe.com/about/technology.cfm D
LAQE [hiwuiuuwafiiAentiag -

31 IQE  |http://www.lexxe.com/about/technology.cfm D
LIQE [ldwuduwwaditiedias -

LA [Liwuduwaiidesdiag -

AQE  [Liwuduwadiiendias -
LAQE [hiwuduwafiiiediag -
32 IQE  [Liwuduwadiiiendas -
LIQE http://www.Ianguagecomputer.com/technolog!/information_extraction/index.html u
LA http://www.parc.com/research/projects/natural_language/default.html U
AQE [lalwutiuwafliizatias -
LAQE [LiwutSuwwatitigndias -
33 IQE  [liwuiuwafifiendiag -
LIQE  [liwuuwwafitAzdiag -
LA [Liwuduwadiiisdiag -
AQE  [hiwuduwaiiAmidiag -
LAQE |http://www.proxem.com/Resources/tabid/54/Default.aspx U
34 IQE  [ldwuiuwadiiendias -
LIOE  |Liwuiiuwadiimdias =
LA hitp://www.gcn.com/print/26_04/43148-1.htmi?topic=techreport ]

AQE  |http://www.proxem.com/Resources/tabid/54/Default.aspx D
LAQE [hiwulduwafiiendias -
35 IQE  [hiwuduwafiifientias =
LIQE [WiwuduwadiAedias >
LA [hiwuSuwafiiodiae -

D: Duplicate, U: Unique
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AQE  [Llwudduwwadiiiiendias .
LAQE [UiwuthuwaiAmiiag :
36 I0E  |[hinuduwadifinadiag B
LQE [Liwuduwadiimidias :
LA [LinudSuwafidiediag =
AQE  [hiwuldumathiimdiag >
LAQE [Liwuiuwwaiiiendias *
37 IQE  [Liwuiuwatifisndiad =
LIQE [UiwuSuwadiAmiias E
LA U
AQE [Liwuiuwadifiendiag c
LAQE [ulwuiumadiifeidiag 2
39 IQE http://www.dictaphone.com/news/pr/2004/030504-nip-enterprise.asp U
LUQE [hiwudSuwadiAmdias <
LA  |htip://www.crawdadtech.com/ D
AQE |Liwudumwafitimdias -
LAQE [llwuSumadiiiieniiag =

43 I0E  |hiwuiuwwadiiendiag
LIQE [hiwuduwaditiendiag =
LA [wuduwaiiosdag -

d@roui 5
wnmay | guuuu 5
sivaand | NTAUAY LRI

AQE  [Liwuiumafiiendiay -
LAQE [LiwuSuwavitimdias -
IQE  [hiwwiuwwaditieddiag -
2 LIQE [Liwuiuwmwadiifiendas =
http://www.galaxquery.com/galatex/ u
LA  |http://xav.com/ u
http://mnogosearch.org/ U
AQE |http://www.answers.com/topic/information-retrieval U
LAQE [hiwuduwwadiiAdias -
IQE  [imuSuwadiiAmiiag :
3 LIQE [Liwuduwwaiiiieidias -
http://www.galaxquery.com/galatex/ u
LA http://xav.com/ U
http://mnogosearch.org/ U
AQE  [LiwuSuwwadhieiiag -
LAQE [LiwujuwwadiAudias -
7 IQE  [Liwuiuwadiiiedias -
LIQE  [LiwuFuwwafiiAendias -
LA [biwuSuwadiiedas -
AQE http://www.answers.com/topic/information-retrieval U
LAQE [Biwuuwwaiiimdias -
8 IQE  [“Liwuuwwaditiendias -
LIQE [LiwuSuwwaditierdias -
LA [biwuduiwadiimdiag -
AQE  [iwuliuwwafitimidiag -
LAQE [BiwuSuwwadifiendias .
IQE  [LiwuduwadiAdias -
11 LIQE  [LiwudumwadiAedias -
http://www.galaxquery.com/galatex/ U
LA http://xav.com/ U
http://mnogosearch.org/ U
AQE  [iwuuwmadiisdiag =
LAQE [BiwuuwadiiAendias -
12 IQE  [LiwuumafiAmiiag -
LIQE [Liwuduwwadifedias -
LA [LinuSuwaiiAmiias -
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AQE  [Liwuduwadiiendias -

LAQE [Liwujuwwadiiiendias -

IQE  [himuiuwaiiimdiag :

LIQE [LiwuiuwwadiiAurdias A
http://www.offliner.com/search-engine/document-retrieval-system.htm u
http://www.iaswww.com/apr/Computers/Software/Information_Retrieval/  |U
3 http://www.download3000.com/download_20486.html U
http://www.isys.com.au/ U
LA http://www.etymon.com/Isearch/ U
http://www.searchexpress.com/ U
http://www.lextek.com/onix/ u
http://www.dieselpoint.com/ U
http://www.dtsearch.com/ U

AQE  [LiwuSuwwadiiiodias :

LAQE [hiwuFuwaiiiedias g

16 IQE  [Liwuiumwadiiimidiag ¥
LIQE |http://www.willpower.demon.co.uk/thessoft.htm U

LA [Liwudumwadiimdias -

AQE  [hiwuiuwadiiAendiag -

LAQE [limuSuwwadiAdiag -

17 IQE  [LiwuSuwadiiAmidiag -

LIQE  [LaiwuSumwadiAedias o

LA [Liwuduwaniidediag s

AQE  [iwuduwaiiiAedias &

LAQE [LiwuIuwwadiiiedias s

19 IQE  [LiwuduwwaiiiAeidiag -

LIQE [Liwutiumwadifedias -

LA [Liwuduwsdiiisdiag -

AQE [Liwuiuwwadiiierdiag :

LAQE [Liwudiuwwanitisadiag -

23 IQE  [LiwuSuwwadiiAmidias -

LIQE [LiwuTuwadiiendias -

LA [Liwuduwadidsdiag -

AQE  [LiwuSuwadiiimidiag -

LAQE [LiwuSuwadhidmdias -

2 IQE  [Liwuduwadifardias -

LIQE [hiwuiuwwadhidmidias =
LA http://www.willpower.demon.co.uk/thessoft.htm U
http://www.r020.com.ar/tematres/index.en.html U

AQE  [Liwuiuwwaiiigdias -

LAQE [LiwuSuwwaiiiizdias -

26 IQE  [iwuSuwaiiiediag -

LIQE [Liwuuiwadiiedias =

LA [Liwuduwadiiiediag -

AQE  [Liwuuwadiierdiag -
LAQE |http://searchsap.bitpipe.com/plist/term/Information-Retrieval-Software.html_{U
29 IQE |http://www.dtsearch.com/dtsoftware.html Y

LIQE  [LiwuduwaiiAmidias -
LA http://www.micromedex.com/products/chemknowledge/ U

AQE  [Linuduwwadiimidiag -

LAQE [UiwulSumwadifedias -

30 IQE  [LiwuSuwatiisadias -

LIQE  [liwuduwadiAedias -
LA http://www.appligent.com/products/retrieval/retrieval.php U

D: Duplicate, U: Unique
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AQE  [Liwuiuwwaditiardiag -

LAQE [BiwuduwwafhAediag -

IQE  [WiwuSumwafiiimdias -

31 LIQE  [WiwuJuwwafiiiendias -
http://www.tpub.com/content/medical/14274/css/14274_23.htm U
LA http://www.galaxquery.com/galatex/ U
http://xav.com/ U
http://mnogosearch.org/ U

AQE  [Wiwuiuwadifimdiag -

LAQE [iwutiuiwadiiiendias =

32 IQE  |Biwuuwadiiadiag =

LIQE [BiwuSuwwadAedias &

LA [Biwuduwafiiimidiag »

AQE  [hiwuSumwadAmdiag -

LAQE [Liwuduiwaiiiendiag :

IQE  [LiwuSuwafiiendias 2

4 LIQE [Liwuiuwmmadiiiendias 3
http://www.galaxquery.com/galatex/ U
LA http://xav.com/ u
http://mnogosearch.org/ U
http://www.tpub.com/content/medical/14274/css/14274_23.htm U

AQE  [LiwuldiuwadiiAdiag -

LAQE [Liwutjuiwaditiendias -

IQE  [hinuduwwadiimdiag 5

35 LIQE [Wiwutiuiwadiiiedias P
http://www.tpub.com/content/medical/14274/css/14274_23.htm u
LA http://www.galaxquery.com/galatex/ U
http://xav.com/ U
http://mnogosearch.org/ U

AQE  [hiwuSuwadiAediag P

LAQE [LiwuFuwwafiiiiendias -

37 IQE  [hiwuSuwmadifmiiag -

LIQE [hWiwuSumwadhiAmdas .

LA [hiwumduwadiAemidiag -

AQE [hiwuliuwwaiiiiedias -
LAQE |http://www.webfarming.com/service/resources.html U

39 IQE  [Liwuiuwadiimidias -

LIQE [Liwuiuwwadidmiiag -

LA [Liwuduwadimidiag -

AQE  [liwuliuiwadiiiendias -

LAQE [Biwuuiwadiimidiag -

43 IQE  [LiwuduiwadiiAmiiag ‘

LIQE  [hiwuSumwafiiAmidiag -

LA [hiwuduwadiiAsdias -

D: Duplicate, U: Unique
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dreui 6
wunman | guuuy
sivaany | medudu vRiWS
AQE  |http://www.itcsoftware.com/neuralnetworks.htm U
LAQE [Biwudiuwadiisndias -
http://www.cse.iitad.emet.inl~%20m<3042650/lahore_conference_ANN,pdf D
2 IQE  |http://www.doc.ic.ac.uk/~nd/surprise 96/journal/vol4/cs11/report.html D
LIOE http:ﬂwww.cse.iitd.emet.in/~%20mcs()42650ﬂahore_conference_ANN.pdf D
http://www.doc.ic.ac.uk/~nd/surprise 96/journal/vol4/cs11/report.html D
LA |http://www.doc.ic.ac.uk/~nd/surprise 96/journal/vol4/cs11/report.html D
AQE  [iwuiuimwadhifieadiag -
LAQE [BiwufumwadiiAmidiag -
3 IQE  [LiwuSumafifmdiag -
LQE |LinmuSumwadifimdias -
LA |Liwuduwadifimiag >
AQE | http://www.luca.com/cpajournal/old/16458936.htm U
LAQE |http://www.siliconyogi.com/andreas/it _professional/coaching/ExpertSystems.html D
7 IQE |http://www.siliconyogi.com/andreas/it _professional/coaching/ExpertSystems.html D
LIQE [uiwudumaditiniiiag -
LA [Liwuduwadfisdag .
AQE  [LiwuSumwadiimdiag -
LAQE [LiwuumadiAmiias -
8 IQE  [LiwuiuwmadiAmiiag -
LIOE  'aiwuiuwadiAmidias -
LA [hiwuduwaditAmidiag -
AQE [Liwudumwadiimiiag -
LAQE [LiwutiumwadiAmiias -
11 IQE  [biwuhuwadiAmdiag -
LUQE [WiwuduwadiAmdias -
LA [hiwuduwadifiondias -
AQE  [iwutiuiwadifmiias F
LAQE [Liwutiumwadiifiendiag -
12 IQE  [Liwufumadiimiag B
LIQE [Liwuiumafifimdias -
LA [Liwuduwadfimdiag 5
AQE Miwuuwmafiimndiag =
LAQE [hiwutiumadifimdiag -
13 IQE  [hinwudSumadifimiiag -
LQE  [Winwufumadifimiiag -
LA [hinvuduwwadiimias =
AQE _[Linudiumadifimiias -
LAQE [Liwuduwafiifimdias -
16 I0E  [Liwuduwwaiifimdias -
LIQE  {Liwutfuwafifieiiag -
LA [uiwuduwadifimidiag %
AQE  [Liwudiuwadiiendiag .
LAQE [Liwuduwmadiifimidiag -
17 I0E  [Wiwuduwwafifimdiag -
LIQE [hiwudumadifiuadias -
LA |binudumwadifisias -
AQE [Liwuduwadifimdias -
LAQE [hiwuJumafiiimiias -
19 IQE  [Liwudumadifimdiag -
LIQE  [Liwuiumadifinndiag =
LA [LiwudumwafiAndiag %
AQE  [hiwuumadifizndiag -
LAQE [Liwutiumadifimiiag "
23 IQE  [hiwudumadifmidias -
LIQE [Liwuduwadifimdias -
LA [binuSumwadiifimdias -

D: Duplicate, U: Unique
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AQE  [LiwuSuwwafiiAnadiag -
LAQE [Liwuiumwafiimiiag -
25 IQE  [hiwuduwadiiimiiag =
LIQE  [hinwuduwwafiiizaiiag =
LA http://www.tradertech.com/financial_forecasting.asp
AQE |Livudumwafiifnadias -
LAQE [liwuuwmadiiAnidiag -
26 IQE  |Liwunadng -
LIQE [Linwunadws *
LA [uiwudumwafidmiiag .
AQE  [Liwuumwafifimdas -
LAQE [hiwudumwadifimiiag -
29 IQE  [hiwunadng =
LIQE [Liwuxadws -
LA [hiwuduwadiiodas -
AQE [LiwuSumadhiimidiag -
LAQE [LiwutiuiwafiAmiiag -
30 IQE  |LiwuddumadiAmiias -
LIQE [LiwudumwaitAmiiag -
LA [Liwuduwadiidmiag -
AQE  [hiwuFuwwafitinidiag -
LAQE [liwutfumwafitiendiag -
31 IQE  [hiwutfumwadiiindiag -
LIQE |Wiwuduwadidmiias -
LA [binuiuwadfiiediag -
AQE |Liwudumwafiiimiiag -
LAQE [Liwudumafiifmiiag -
32 IQE  [Liwudumwafiimiag -
LIQE [Uiwudumwafiiiiadiag -
LA |Liwuduwaditimdiag -
AQE  [Liwudumwatiiieidiag -
LAQE [himutiumwadiimidiag -
34 IQE  [hinutSuwwaditimiiag -
LIQE [Linunadws -
LA http://www.tradertech.com/financial_forecasting.asp U
AQE  [Linwuduwmafhiimiiag -
LAQE [Linwudduwmafhifimiiag -
35 IQE  [Liwuduwaiimiiag -
LIQE [Liwuduwaiimiias z
LA |Liwuduwadiimidiag -
AQE  [|‘Liwuiiumaditimdiag -
LAQE |inwudjuwwafifimaiias -
36 IQE  [LiwuSuwafiiAnadia -
LIQE [WiwuduwwadiAmiiag -
LA http://www.tradertech.com/financial_forecasting.asp U
AQE  [liwudiumwafitinadiag -
LAQE [hiwufumwadiiiiendias -
37 IQE  |Liwunadws -
LIQE [Linunadwid =
LA [Linuduwadiiimiiag -
AQE  [biwuiuwmafiAmidias -
LAQE [Linunasws -
39 IQE  |Linwunadwg -
LIQE [lLiwunadwg -
LA [LiwudumwadiiAedag -

D: Duplicate, U: Unique
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i dmuit 7
uuniaY [IsTh1
Hwaany | nsdudu vhawe
http://www.securityfocus.com/news/7952 u
AQE http:ﬂwww.oomputerwoﬂd.comlsewﬂtvtopicslsemﬁtylvimslstorylﬁ\,m&o1\,89803\,00.html D
nttp://www.nytimes.com/2004/02/02technology/
02virus.htmi?ex= )6 1 &partner=USERLAND U
LAQE http://www.computerworld. 'securitytopics/security/virus/news/ u
htm:l]www.snh.com.au]arti_d_es[ZBO?JﬂSl14/1060588470825.html?ﬁ'mn=5mm+5 u
1QE http:llwww.cornpmemmd.cowsamﬁtytopkslsealmwvimslsmwlo\10801\,89803\,00.hunl D
g http://www.infoworld.com/article/06/05/12/78250_HNfloridavirus_1.html u
LIQE http://www.news.com/2100-1001-240089.html )
http:ijww.sfgam.conﬂcgI-binfarﬁde.cgi?f=lcfaf2004[01l27MRUS.TMP U
http://en.wikipedia.org/wiki/Mydoom u
http://www.smh.com.au/articles/2003/08/14/ 1060588470825. htmi?from=storyrhs D
LA http:llwww.aocmnyﬂbrary.canloonﬂlsumary,_ozsﬁ-1252502341'11‘4 u
http://www.infowars.oomlartidedwoﬂd[japanae_nuke_data,leaked_aﬂ;er_vims,_attad(.hh'n U
htm:llwww.spamﬁghter.eomlNews-&BZ-Serioulerus-Attadcs-Hit-Chinse—Oomputers.hb'n U
ht[.p:{fwww.computerwodd.mrn/acﬁonlarﬁde.do?canmand=printkﬂcleBaslc U
AQE hm:][m.mW.WmW&le@w{ﬂ\ 10801\, 108784\, 00.htmi?source=x1(U
LAQE [hiwuiuwwadiinadias -
3 IQE hﬂ:p:Ilwww.meage-m.aularﬂdeslzoﬂﬂ10/04[1033538773992.!111!1! D
LIQE |http://www.accessmylibrary.com/coms2/summary, 0286-26156190_ITM D
LA h!tp:llwww.accasmyllbrary.comfconsl]wmmarv_OZB&-zs156190_ITM D
http://www.theage.com.au/articles/2002/10/04/ 1033538773992.html D
AQE  |iwuliuwwatitAadiag -
LAQE [Liwurduwaiiiizndiag B
I0E  |liwuiuwadiAmidiag -
; LIQE [imudiuiwaiiiodiag -
l = W.DOSTOf .com/bt sines alliCiCs/& U
ail s ems _outb just i
LA |hitp://www.smh.com.au/articles/2004/01/29/1075088101920.html U
http://cnn.com/TECH/computing/9903/29/melissa.idg/ u
AQE  [liwuhumwaiiAmdag -
LAQE [uimudiumwaiiiinsias -
8 I0E  [hiwuduwadiAomiag -
UQE  [Liwuiuwadifisadiag -
LA http://duxcw.com/news/virus/red.htm U
AQE http:jlwww.mn.mrnl2003ﬁE0-lIintemetJOl]25/intemet.aU3dqmdex.html U
LAQE |liwutiuiwadiifinndias -
I0E http:llwww.mn.coleWlTEGi]inmetfmlzglmydwn.future.reutllnde(.htmi D
11 http://www.vanderbilt.edu/Register/jan27_03/200301237virus.html U
LIQE hup:l/www.mn.mn!IszrE&lﬁntemeUOUZ‘)/mydoom.ﬁ.rmre.reutllndex.hu'nl D
LA http://www.washingtonpost.com/ac2/wp-dyn?pagename=article u
htm:IIwww.snh.mm.aulafﬁdeleOO3/08l14{1060588470825.html?fmm==5t0rvms U
AQE  [LiwuSumwadifimadias -
LAQE [Biwuiiumaniamiiay -
http:[lwww.cofnputemodd.comlprinmaislzwm\,%14\,89666\,00.hlml U
IQE  |http://antivirus.about.com/cs/allabout/a/mydoomddos.htm U
http://updates.zdnet.com/tags/MyDoom-+virus+and+SCO+Group+Inc..html u
http:waw.cnn.oom12004fTEO~llintemeUDllzglmydoom.ﬁere.reutilndex.html u
http://www.darkreading.com/document.asp?doc_id=93545 u
12 http://www.news.com/2100-7349_3-5147605.html U
LIQE  |http://www.infoworld.com/article/04/07/26/HNmydoomo_1.htmi u
hitp:/Awww.washingtonpost.com/ac2/
wp-d page:! e=article&node=&contel { d=t v
http://news.zdnet.co.uk/security/0\, 10000001 \,39143716\,00.htm U
http://www.informationweek.com/story/showArticle.jhtmi?articleID=17601714 u
LA [http://en.wikipedia.org/wiki/Mydoom u
http://blog.washingtonpost.com/securityfix/2007/11/deconstructing_the fake_ftc_em.htmi?nav=rss_|U
AQE  [liwutiuwadifmiiag -
LAQE [Uiwuiumwafifisaiiag -
13 IQE  [hiwudiuwadfuadiag -
UQE  [Limuduwadifitiias -
LA http://blg&_wast\ingmnpost.msemmyﬁmm?nuuewnmcﬁng_me fake_ftc_em.html U
AQE  [Liwuduwadiimiiag -
LAQE [LivuSumadifimdiag -
16 10 [LimuuiwadiAmiag -
LUOE  [biwutiuwmadifimdiag -
LA |Liwuduwadifiodias -

D: Duplicate, U: Unique
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AQE  [Liwudiuwaihiuadiag =
LAQE [Liwudiuiwadiifinndias =
I0E  |Liwuuwadifimdiag &
17 http://www.cnn.com/2004/TECH/internet/0 1/29/mydoom. future.reut/index.html U
LIQE http:Ilwww.cnn.eoml2003ffE0-ll06/08footnputer.wotm[’mdex.m u
http:/www.washingtonpost.com/ac2/
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1o 2 0 204 0 0
2 5 0 205 0 1
L 2 0 206 4 3
] 2 0 207 0 1
e . 0 208 3 0
At 0 0 209 2 1
148 0 0 210 0 0
149 0 0 FELD 0 1
150 0 ;1 212 = 0
51 1 0 213 4 D
152 0 0 214 3 3
153 0 0 215 2 1
154 1 1 216 6 2
155 2 1 517 5) 1
156 0 i 218 4 4
157 0 0 219 3] >
158 0 0 220 1 4
159 0 0 221 5 3
160 0 1 222 0 1
161 0 1 223 0 0
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No. | Sort |d;] Rank
1 1 38.5
2 1 38.5
3 1 38.5
<4 1 38.5
5 % 38.5
6 1 38.5
7 15 38.5
8 i 5 38.5
9 : § 38.5
10 1 38.5
11 1 38.5
12 1 38.5
13 1 38.5
14 1 38.5
15 1 38.5
16 1 38.5
17 1 38.5
18 1 38.5
19 b 38.5
20 1 38.5
21 1 38.5
22 1 38.5
23 ) 1 38.5
24 1 38.5
25 1 38.5
26 1 38.5
27 b & 38.5
28 1 38.5
29 y 1 38.5
30 1 38.5
31 | 38.5
32 1 38.5
33 1 38.5
34 1 38.5
3s 1 38.5
36 1 38.5
37 1 38.5
38 1 38.5
39 1 38.5
40 i 38.5
41 1 38.5
42 1 38.5
43 X 38.5
44 1 38.5
45 1 38.5
46 1 38.5
47 1 38.5
48 1 38.5
49 1 38.5
50 1 38.5
51 : ! 38.5
52 1 38.5
53 1 38.5
54 1 38.5
55 : 38.5
56 - 38.5
57 | 38.5
58 1 38.5

No. | Sort |d/| Rank

59 i 38.5
60 1 38.5
61 L 38.5
62 1 38.5
63 1 38.5
64 3 38.5
65 : X 38.5
66 d 38.5
67 1 38.5
68 1 368.5
69 3! 38.5
70 1 38.5
71 1 38.5
i 3 38.5
73 1 38.5
74 il 38.5
75 1 38.5
76 1 38.5
77 2 86.5
78 o 86.5
79 2 86.5
80 2 86.5
81 2 86.5
82 2 86.5
83 2 86.5
84 2 86.5
85 2 86.5
86 2 86.5
87 2 86.5
88 2 86.5
89 2 86.5
90 2 86.5
91 2 86.5
92 2 86.5
93 2 86.5
94 2 86.5
Ofs 2 86.5
96 2 86.5
97 3 103
98 3 103
99 3 103
100 3 103
101 3 103
102 3 103
103 3 103
104 3 103
105 3 103
106 3 103
107 3 103
108 3 103
109 3 103
110 4 113
111 4 113
112 4 113
113 4 113
114 4 113
115 4 113
116 = 113
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1 76 2926/ 38.5
2 20 1730] 86.5
3 13 1339| 103
4 7 791| 113
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Order Nol_The number of relevant webpage retrived by | | |4, Sum Rank
LAQE AQE R+ R-

i 3 0 3 3 103

2 4 0 4 4 113

3 4 3 1 1 38.5

4 1 2 =1 1 )
5 2 1 1 1 38.5

8 1 0 1 1 38.5

10 1 0 1 1 38.5

11 i 0 1 1 38.5

13 2 1 1 1 38.5

14 0 2 -2 3 -86.5
15 4 3 1 38.5

17 3 4 =1 1 -38.5
20 4 6 -2 Z -86.5
22 3 7 -4 4 -113
25 0 1 ] 1 -38.5
27 3 4 -1 1 485
28 2 1 1 1 38.5

30 1 0 1 1 38.5

gl 0 2 -2 2 -86.5
32 i 0 | 1 38.5

33 1 0 1 1 38.5

34 1 0 1 1 38.5

36 2 5 -3 3 -103
a7 0 1 -1 1 -38.5
38 1 0 1 1 38.5

39 3 0 3 3 103
41 2 0 2 2 86.5
42 1 0 1 1 38.5
43 1 0 1 1 38.5
A4 1 0 ¥ 1 38.5
45 3 0 3 3 103
46 7 5 2 2 86.5
47 1 0 1 1 38.5
48 4 0 4 4 113




52 2 4 -2 2 -86.5
54 1 2 =1 1 -38.5
56 2 3 2 2 86.5

59 0 2 22 2 -86.5
60 2 0 2 2 86.5

61 1 2 =1 1 -38.5
62 0 3 = 3 -103
63 1 0 1 1 38.5

64 3 2 1 1 38.5

65 2 0 2 2 86.5

68 1 0 1 1 38.5

69 3 1 2 2 86.5

70 0 1 =1 1 -38.5
72 1 0 1 1 38.5

75 0 1 =] 1 -38.5
76 2 | 1 1 38.5

78 1 0 1 1 38.5

79 1 0 1 1 38.5

81 ] 0 :f 1 38.5

84 0 1 =1 1 =38.5
85 0 1 =1 1 385
88 1 0 1 1 38.5

89 0 1 =) 1 =385
97 0 1 =1 L -38.5
107 1 0 ! 1 38.5

114 1 0 1 1 38.5

116 0 1 =1 1 =38.3
118 1 0 1 1 38.5

137 8 2 1 1 38.5

138 0 i =1 1 -38.5
141 0 1 =1 1 -38.5
142 73 0 2 2 86.5

145 2 0 2 2 86.5

150 0 | =1 1 -38.5
151 1 0 1 1 38.5

155 2 ¥ 1 1 38.5

156 0 1 =1 1 =38.5
160 0 1 2l 1 -38.5
161 0 1 =) 1 ~38.5
162 2 3 =1 1 -38.5
164 0 1 ~1 1 -38.5
165 2 3 =1 1 ~38.9
167 2 1t 1 1 38.5
168 3 0 1 1 38.5

169 3 2 1 1 38.5
172 1 2 =1 1 =38:5
173 0 3 =3 3 -103
174 3 4 ~1 1 =38, 5
176 5 3 2 2 86.5

177 3 2 i 1 38.5

172




173

178 1 0 1 1 38.5

179 1 2 2l 1 -38.5

180 0 4 -4 4 -113

181 0 4 i 4 -113

182 4 1 3 3 103

185 2 1 1 1 38.5

186 0 3 =3 3 -103

187 2 0 2 2 86.5

189 i 2 =1 1 -38.5

190 1 0 1 1 38.5

191 3 0 3 3 103

192 0 < =3 3 -103

193 3 1 2 2 86.5

194 2 1 1 1 38.5

196 0 3 =3 3 -103

201 4 2 2 2 86.5

202 0 1 =1 1 -38.5

205 0 1 =1 1 -38.5

206 4 3 1 1 38.5

207 0 2! ) 1 =38.5

208 4 0 3 3 103

209 2 1 1 1 38.5

211 0 1 =1 1 -38.5

212 2 0 2 2 86.5

213 4 2 2 2 86.5

215 2 1 i 1 38.5

216 6 2 4 4 113

217 0 1 =3 1 -38.5

219 0 2 =2 2 -86.5

220 1 % -3 3 -103

221 5 1 4 4 113

222 0 1 =1 1 -38.5
N=116 Total 3936.5| -2849.5
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o_:\/N*(N+l)*(2N+1)

24
_\/116*117*233
24
o =362.9897
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g
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JN*(N+1)*(2N+1)
24
_2849.5-3393
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Improving Query Expansion Using Link Analysis

Wirith Leclapatra and Ponrudee Netisopakul
Faculty of Informarion Technology
King Mongkut's Institute of Technology Ladkesbang
Bangkok, 10520 Thailand
wirithl@gmail.com, ponrudeaitkmitl.ac.th

Abstract-Query exp hnigues sim to improve a user's
warch by sdding new guery terms to an existing query. This can
be dane in two wamys: by having a buman user refines the first

result set ur by using sutomatic extraction of terms from the first

result set. Both technigques usually depend oo terms frequency in
web pages anly. This psper propetes to improve upen query
expansion techrnigque using = Hnk snalysis technique called
Hypertext Induce Tapic Selection algorithm (HITS). The
preliminary result uxing questions set from TREC & presented.
LINTRODLUCTION

Some importam problams with search engine is the
unsatisfied resulis sat when using woreds of keywords search.
Laually these systems eomploy information retrieval
techniques by relying on term frequency derived from
webpage tille, description and content. Since same term or
same words can be used 1o describe different concept, a1 the
same time, the same concepl can naturally be described by
different varms, the relevant websites are not retrieved and the
irelevant websites are retrieved Consequenmtly, the precision
and recall of the results sets are low.

Query Expansion [1], [4] ®chnigues partially solva the
above problem. The pgeneral concepr is to overcome the
imitation of initial keywords provided by users, by having
search terms axpanded from the firs result sei. A query is
apanded by adding other terms clesely relstad to the original
query terms. [n some work [3], expansion terms are added fo
the query by the user {Interactive Query Expansion-IQE}, in
ather works expansion (2rms are added by the retrieval systam
(Avtomatic Query Expansion-AQE) [5]. Fer the past years, &
wide range of methods for gquery expansion have been
proposad, from manual technigues such 25 thesauri 10
amomatic techniques such a5 automatic relevance feadback
[4]. These methods have shown 1o be effective on different
axient in improving the performance of IR system, but they
are still far from being satisfactory.

One of the limitations with the traditional guery expansion
wechniques is thar a query is ofien expanded only by
imponance of terms [6). This paper propeses concept of
improving effectiveness of query expansion by integrating
ink analysis technigque Combination of both techniques
should improve efficiency of search results.

il. RELATED RESEARCH

A number of research works relatad o query expansion and
link snalysis tachniques are briefly described hare.

Jian, Mao-zu and Shu-Hong [4] presented new approach 10
query expansicn. Their approach combined two traditional
methods thessuri and sutomatic relevance faadback. The
advantages of their approach are simplicity and speed. The
thesavrus can be sutomatically updated sing information
from muomatic relevance feadhack. In their experiments, the
use of new approach gave betier retrieval resuts than query
expansion methods that use only WorndNET and Local
Context Analysis (LCA).

Magennis and Van Rijshergen [7] presenied the
experiments gim 1o detarmine both the potential snd the actual
effactiveness of nmltiple itersmions of interactive gquery
apansion in large scale realistic sssech context. In their
experimems, the rewieval effectivensss of atomatic,
upmuwad user interactive and inexperienced user

inlesactive guery expansion were compared. The conclusion
of their experimenis was thal interactive query axpangion
performed by experienced user showed consistant
improvement across a range of topics, while interactive query
expansion performad by inexperienced user comsisiently
showed lack of improvement. In conirsst, sutomatic query
expansion showed overall improvement but varied across

opics.
Kleinberg [2] Mld Hypenext lnduced Topic Selaction
(HITS). It is a methed for conqmmou! determining hubs

;d authorities on & particular topic through analysis of a
dmab—nﬂphofwdxmt&ofﬂmmw:ﬂum
identifying good hub and good suthority. The good hub is a
page that points 10 many good authorities. The good authority
i a page peintad 10 by many good hubs. Pages with high
asthority are resulis of query,

L. PROPOSED CONCEPT

To improve the effectiveness of query expansion, we
poposed a8 technique thar integraiing link malysis with
vaditional query expansion. We design component called
refinament engine as shown in figure |. The working process



Figare 1. The cosany: of refirement mgine

of refinement engine sians with the user initial query. The
search engine procasses the query and retums the initial resuh
set. These initial result set is usad 1o caleulate relevancy of the
hyperlinks smong the initial set and their extendad links which
have been addad 1o set by using HITS algorithm. The result of
the calculation are sats of hubs and muthorites sssociatad with
their relevancy scores. Then, new search terms are extracted
from this new set and comibined with the initial query. Finally,
he new query is send 1o the saarch engine again.

The refinemant engine is shown in figure 2. [t consists of
o sub-modules. Thess are Link Anslysis module and Quary
Expansion modile.

The sub functions of Link Analysis are explained here.

- Link Expander module axtracts hyperlinks from the initial
esult set. The resulting hyperlinks are then sent to the web

congtrucior module.

- Web Graph Constructor module constructs a sub-graph.
Steps of constructing sub-graph are:

1. Collecting the 1op r pages {sav 1 =3(0) besiad on the input
query; call this Initial link set

2 Extending the initial links sex into a larger sat. For all
pages p in the initial link ser:

21 Adding to the initial link set all pages that
ppoint 10, and

22 Adding 1o the initial link ser all pages that poimt

wp.

a@lled this expanded link set.

A Delets all links within the same web sita in the expandad
link set.

The staps of constructing web-graph are depicted in figure 3.

The extended link set is then sent 10 HITS caleulstor module.
- HITS Caleulsmor module calculates hub and suthority
soores & followed
Compute the suthority score and hub score of sach web
page in expanded link set on the sub-graph 8G (V. E)
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Pigers 2. The refisemen engine

Given a page p, et

A {p) be the autherity score of p

H (p) be the hub score of p

{p, q) be adirect adge inE frompio g
Initialize a (p)=h {pj=1 forallpia V
For aach p in V until the score converge

Ap)= Y Hig) e
gig piak
Hip)= 3 Alg) @
¥ pglmE
normalizea (p) and h (p)

The result of this calculstion is ses of hubs and suthorities
pages that will ba send 10 the content words extracter module.
The sub functions of Query Expansion are explainad naxt.

- Contert Words Extractor module extracts words and
filters non-coment words from webpages in authority set. The
result is terms that will be sent © the tems weaight caleulator
module,

- Terms Weight Calculator module calculates term weight
a3 define below.



Figeme 3 Corsmusiog mib-graph

Lat w, be a tarm:

[(The number of webpages in the ser that has t2m wp1]/
[{The number of webpages in the sat)] 3

The results are 12ms and their sssociated weight. Notice
fhat the denominator is constant, therefore, we can use only
the numarsior © choose the new 1emms. For the tam w, that
does not appear in otherwebpage in the set, the weight is zen.
eally, the algorithm should select only terms that weight
greater than some significam threshold valua, In this
experiment, fallowing the numbar suggested by [7], we select
the best six terms.

- Query Formulation module formuiates a new query by
xiding new terns into existing query and hen send the new
quéry 1o the search engine again.

1V. EXPERIMENTAL METHOD

The design of experimenal methods include five following
modes

1. Basic search engine. {General search, search without
using any improvement 1achnigua)

2. Imeractive Query Expansion (IQE). {A 1echnique of
aiding new terms to an existing query by sing user
interaction information with the sasrch angine)

3 Awmomatic Query Expansion (AQE) {A 1echnique of
aiding new 1ems 10 an exising query autematically)

4 Link Analysis collsbomative with [meractive Quary
Expansion (LIQE). {A technique of adding new 1ems 10 an
isting quary by combining link analysis and IQE)

§ Link Analysis collsborste with Awtomatic Quary
Expansion (LAQE). { A technique of adding new terms 1o an
isting query by combining link anshysis and AGE)

The exparimental participanis consist of 20 compater
science graduate swdents. Each participant is sssigned
searching tasks consist of question related to computer science
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1opics based on science and rachnology domain from TREC-1,
TREC-4 and TREC-2003. Figure 4 shows an axample of
searching task from TREC-1. [n each quastion, participants
nead © contributs information usad in IQE mode only. We
then use this information (o genarate results compare 1o other
modes. Yshoo is usad = the hasic sesrch engine The
comparison of all five modes s shown in next section.

V.EXPERIMENT RESULT

In this saction we show preliminary resuhs of experimant
sing integrating 1achniqus link malysis into query expansion.
The partial details of experiments are presantad in TABLE L
The partial comparison results of relevant wabpages retrievad
in AQE and LAQE mods for guestion 2 are presented in
TABLE [L From the preliminary experimant, we have found
wo good trends: :

» AQE mode or IQE moda found zero relevamt webpages

for some questions quaried by some participants, while

LIQE mode and LAQE moda found relevant webpages

with the same gquestions and the same participanis 5

shown in TABLE [

» Most of relevant webpages retrievad by AQE/IQE and

LIQE/LAQE are not duplicated as shown in TABLE IL
From the two good irends above we can conclude that liak
analysis hss a potential to rewrieve more rlevant pages.
However, we found some factors affectad the experiment.
These factors are described here.

« Paricipants

The experiment participanis were inexperience in using
search engine and rarely used saarch engine This resson
affacts the search method, how 1o start the search and which
word should be usad in query. Furthermore, they also lackad
the ability of undarstanding and intarpreting quastions. These
were evidencad in thair initisl query.

« The number of expansion terms

The number of expansion terms added 1o the existing
query affected the performance. In this experiment, we
selected six best 12rms suggested by [7]. But from TABLE

Domaln: Science and Technology

Topic: How Rewritabla Optical Disks Work.
Description: Document deseribes the principles
and mechanisms behind rewritable optical disk
technology.

Narrative: To be relevant, a document sust
describe how rewritsble optical disk tachnology
works a length and in  significant and
comprehensive tachnical detail.

Agere 4. The svample of TREC- 1 searciung sk



TABLE |
THE PARTIAL CORPARISON THENUMBER OF RELEVANT
WEBPAGES RETRIEVED IN AQE, LAGE, XOF ANDLIGE.
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TABLE 1

THE PARTIAL COMPARISON SET OF RELEVANT WEBPAGES
RETRIEVED N AQE MODE ANDLAQE MODE FOR QUESTEIN 2

Mode s of webpages
T » £ g daches B

AQE | smputwws soswes ool /mackine Tarskeion
AR AsreT fom

LAGE | spitawn menmadiocm
SRR SO e TR e R

the mumber of relevant webpages setrisved in LIQE mode and
LAQE mode were lass than expectation results, We sssumad
that the best axpansion terms inthis experiment should not ke
SiX terms,
o Source of extract contant
The results from HITS algosithm comsist of the autharity
pages and the hob pages. In this axperimant, we selected the
auhority page because we had an sssumption that it conained
significant, relisble, and ussfil informwstion on the topiss.
However, in fhis experiment we have not comparad whather
the source of exiract contert from the aufority page or the
lub page gives batter results.

VL CONCLUTIONS
This paper proposad 1o improve query expansion technigue
by integeating link analysis technique. From the preliminary
sxperiment, link analysis was shown 1o be useful fer
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retrieving more relevant pages when integrated with
For exparimental paricipants, we will divide panticipants into
woups basad on experiences of wsing and frequency of using
saurch engina. As for the number of expansion tenms, we will
perform experiment by varying he number of terms added to
initial query 1o find the best number of expansion terms in this
experiment, Finally, we will extend the metedology to
datermine whether the suthotity set of the Inb sat gives the
best axpansion tanms,
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