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Summary

In this paper, we propose a new method for selecting search engines on WWW for selective meta-
search engine. In selective meta-search engine, a method is needed that would enable selecting appropriate
search engines for users’ queries. Most existing methods use statistical data such as document frequency.
These methods may select inappropriate search engines if a query contains polysemous words. In this
paper, we describe an search engine selection method based on thesaurus. In our method, a thesaurus is
constructed from documents in a search engine and is used as a source description of the search engine. The
form of a particular thesaurus depends on the documents used for its construction. Our method enables
search engine selection by considering relationship between terms and overcomes the problems caused by
polysemous words. Further, our method does not have a centralized broker maintaining data, such as
document frequency for all search engines. As a result, it is easy to add a new search engine, and meta-

search engines become more scalable with our method compared to other existing methods.
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Terms «— ¢, eval<0,
aandfaregiven) < a<1,0<8<1)

function EvalSourcef:set):double
foreach termt¢; in queryq do
MapTerm¢;,tf:,,1.0)
end
foreach (t1,tfe,,we, ), (t2,tfiy, we,) € Terms
and t1 75 to do
eval«—eval + relation(¢1,t2)

end

eval
return

|Terms| Cy
end

procedure MapTerm¢:string,t f::int, w:double)
if w< @thenreturn
if a term¢ is in the source descriptiomhen
do
Terms < Terms U (t,tf,w)
elseif a termt is in WordNetthen do
Neighborsy — {t;|distance (¢,t;) =1}
foreach ¢; in Neighbors: do
MapTermé;,tf:,, w * o)
end
end if
end

02 0OoopooooooooOoDoOooDOo

000000000 ¢g00000OqgUOOoOooobon
O00q={t,te,---,;,} 0000000000000 0O0
Source Description 000000000000 T, 00
Ogboooooobooddddoooooooooooo
00000000000 WordNet Ty ODOODOOO
000ooooooooooo ToooooToog
00000000 Vvoooooooooooo E O
000o0oT=(V,E)00000D0O00ODODUODODO
joooovoooooooooooooooooo
oooov={n,T, -7,y 000000000000
00007, 0000000000 00000000g
gdooobooboooooooooooooo e; 0
DDDDE:{el,eg,---em}DDDDDDDDDDDD
gbbbddddooooooooooooooooon
gbbddddooooooooooooooooon
e, =(T;,T;,5,) 000000 7,7, 000000000

0000s,07;0 7, 0000000 (2)0000000
OooOWordNetDOOOOOoQooooOoOOOOoOQ
O00s=1000000000
Jdddddddooooooooooooad
Ostepld OO0O0ODODO0OOOODOODOOOODOO
0T, 00000000000000000000
oooDo0ooooDooooooooo 1ooo0od
goobooboooobooono
Ostep20 0O T4, 000000 OWordNetTy 00O
000000000000000000WordNetO
gooooooooooood
Ostep30 DOOOOOOOOWordNetOOOOQOGoQO
O000O00OO0Osynsel DOO0OOOODODO synset
goobooboobobobobooboboooboa
goobooboobobooboobobooboo
synset] 00000
Ostepdd WordNetD OO O DOOOOOOOO0OO0OT, O
00000000000 D0stepl0 DO0DOOO0OOO
goobodboobbooboooooooooog
000000 aole<1) 0000000 OWordNet
gooboobooboboobooboboooboo
gdoboobooobooboooboo
OstepS0 T, 000000 ODOOOOODOOOOO
godbddddoooooooooooooooo
goobddddoooooooooooooooo
0oooooodnoooonoboooooon ¢ 0 te
oooooo @uuuoooooo
Wy, *tfy, kwe, *tft,
distance(ty,t2)
xsimilarity(t1,t2)  (3)
0000w, 0w OO0 ¢t 0 ¢t,IOOOOOOOOO
DDSimilarity(tl,tg)DDDDDDDDDDDD t1
0t 00000000 distance(ty,t2) 00 t1 0 to
gdobooboobobooboobobooboo
0000000000 pathOoooooooo
00000000 pathODO ¢, 0 t, 0000000
0006 0t 00000000 D0O0ODODOObOO0OO
0000000 similarity 0000 pathOOOO
00 similerity 000 0000000000000
O0000O000OpathD O0OOO0OOO0OOOOOOO
U 00 O similarity O distance DO 0000 (4) 0
0 (5)00000000|TA| 000000 T4 00
gooooogoood

relation(ty,t2) =

similarity(t1,t2) = 1 4)
|Tal
distance(t1,t2) = |Ta| (5)
Ostep6l D OODOOOOOOOODOOOOODOOOO
OstepdD DO ODODDOOOQUOODOOUOOOOOO
gobbooboobboboboobboooboo

gooooood



290

6. O O O O

61 0 0 O O

do0oo0oo0ol000000 Art, Business, Computer,

Food, Music, Movie, Health, Legal, Sports, Scieficél
Oo0oO0o0o 30000000 3doooooooooon
dodddoooooooooobobobobbooooooa
oobooooboboooooboboooooooag
000000000 InvisibleWeb® 000000000
O0OHeathODOOODODOOOOOOOOOOOOOHardin
MD*4, ACSH*>, ManagedCaré 0 0 0 00 O

gooooboooooooboooooooooooooo
0ooooooooooooooooooodHTML OO
O000000000O00OHTMLOOOOOOO JavaScript
dodddoooooooboobobobbobobooooooa
dodddooooooobobobobobobobooooood
gboboboooooooobooooooooboobo
SMARTOOOUOOOOOOOO 5710000000
O Porter0 0O OO [Porter 80100 000O0O0OOOO
O00000000000000ooooog Source
Description0c 0000 O

ogobooooboooobboboobooooooo
ddddooooooobobobobbobobobooood
0000000000 20000000O0O0O0ooOooD?
O000000o0o0oOoooo 00000 ooooon
200 400000000000 0OOOOOOODODOO
dodddooooooobobobobbobobobobooooa
O0000o0ooooooouoooooo 3oo00oooo
dodoooooooobobobobobobobobooooa
0000000000000 0Source Description O O
oboooooooboobooboboboooooogooo
ooboooboobooboboon0oobO0oooobOoooo
gboboooooboobooboboboooooogooo
ddnO00000o0oooooooooooooooa
O00000doooooo 300000ooooooon
O0d0oo0oodooo3000ooo00oooooon
O0O000o0o0ooouoooooooooooso0coO
gbooooooboobooboboboooooogooo
gbooooooboobooboboboooooogooo
00 CORI[Callan95]0 00 0 CVV [Yuwono 97]0 O
O0000000OO0CORIO CVwWOOOOOOOOO
dodddoooooooobooboboboooooa
goooood

612 00000000 oo

00000410 0OoO00oooooooooooo
cobooooooOooooooobooooobooboooooo

x3 http://ww.invisibl eweb. cont

«4 http://ww. |ib.uiowa. edu/ hardi n/ nd/
x5 http://ww. acsh. or g/

%6 http://ww. managedcar emag. cont

ooooooooo 170 30 SP-E1200200

oia
‘V’ medwebplus

|bi0terr0rism ll_“ tiger|

|1nlernet\

03 booooooooooo

O000000O0OHeathOOOOOOOOOOOOO
“medicine”0 “disease T 00000000 OLegalOO
0000 “law” O “court” OO0 O0O0O00OO0OO0OOOOOO
doddooooooooooboboobobobooooon
oobooobobooboboobooboooobooooo
oobooobobooboboobboooboooog
O0OO0OO0OHeathUOOOOOODOOOOOOOOO
HardinMDOOOOOOOOOODOOOOOOOOOOO
00000000 O0300000nouoooooonon
Jodddoooooooooboboboobobobooooon
00600000000D0OO0OD30D00UOOOO0O
ddddooooooooobobobooboboboooon
oboodobobooooboooboobobobooboobooo
oobooobobooboboobooboboobooooo
ooooobobooobuooboobobooboobooo
O00000000oo0Ugo 200000000000
dddddoooooooooobooboboboooobon
dddddoooooooooobooboboboooobon
anthraXd O OO0 0O bioterrorisni 000000000
oobooobobooobuooboooobooboobooo
ooboooboboobobuoobooobooobooooo
ooboooboboobobobobooboooobooooo
Jodddooooooooooboboboboboboooooon
doddoooooooooboboboboobobooboon
Jodddoooooooooboboboboboboboooooon
goboooboboobooooboon

613 J000oooooooooooon

gboobobooooooooboobobooooo
0400000000000 Source Descriptiol 00O



goooooobooooooooboooooOooOOoOobOOoOoOoOoDOObOboOoOoOooOoDoon 291

[——OurMethod —— CORI —&—CVV |

1
o W‘i
0.8

0.6 /

AL

W ZF
A

Precision

0:2 ‘/ "/

10 30 50 70 90 110 130 150 170 190
Number of documents

04 ODOODOODOODODOO

——— OurMethod —— CORI limited —— CORI ——CVV limited —A—CVVI

o.; W :
08 /
0.7 / //

. i
S

05

0.3 Jﬁ/
0.2 //g/r

Recall

0.1

o b

Number of search engines selected

05 Oooooooooooo

goooobooboobobobodboooooooooo

0000 CORlL,CVWOOOOOOOOOO Our Method
000000000000O00000 Source Description
gooboobobooooooboobooboboooo

0000000000000 0Source Descriptiofl O O

gooddddoooooooooooobooooon

gooooooboooobobbooobboooooooo
gooddddoooooooooooobooooon

0000000000 0oOoooooOoooOooSource
DescriptionD0 0 000000000000 OOOOOO

0000D000000o0oOooooooooDoO Source
DescriptionD 00 0000000000000 OOOO

oo ooooooooobooooon

ool oooooooooboooboon

gobboooooboboboooobobooooboboooooo

0000000000000 Source Descriptiofl O O

gbooboobooboboboboobooooboog

01 WordNetD OOODOOODOOO

. n [ s 456 |
WordNetO 0 || 0.299] 0.357 | 0.411] 0.469
WordNetO 0 || 0.290] 0.354 | 0.405| 0.459

goooooooooon0OOobObObObOObOOOO O
500000000000 nO000000O0OO0OODOOO
oooobooobooboooooboooooooooan
00000ooOooOoDooDoooD 1000000o0oooo
00o0oOooooo CORIO CvwOOOoooooo
00 100000000000 CORIlimited, CVV limited
00000000000o0gooo CORI,CvwOOooOoa
00000 OurMethodD0OODOOOOOOODOOOOO
dbodobooobobooobooooooooooooono
bbb oooooooooooon
bbb oooooooooooon
godooooooobooooboooboooooooa
goooobooooooooouooobobooooobooa
goooobooooboooobuoooboboooobooa
0000 300 50000000000000000004d
gododoobooooboboooooooooooooooo
bbbl oooooooooooon
bbb oooooooooooon
godoooboooobooooooooobooooooa
gooooooobooobooooboobouoooobooa
gooooboooooooobuoooboboooobooa
bbbl oooooooooooon
bbbl oooooooooooon
bbb oooooooooooooon
gooooooobooouoobuooobouoooooa
goooobooooboooobouooobobooooobooa
gooobooooooboooouooobooooobooa
godooooboooooboooooooon

614 WordNet OOOODOOOOOOO

00000000000000000000OWordNet
0000000000000000000WordNetO O
oo ooooooooobooobooo
0oo00oo0ooooooooo oloooooooo
goooboobobboobdodnooobboobd
ooooOO0o0oodo loo-n000 300600000
000000000 WordNetD OOQOQOQOQOooooO
gbooobooboooboobooboobbooboog
gooddddoooooooooooobooooon
OO0OWordNetD OO0 OOO0OO0O0OOOOOOWordNet
goooboooboooobooboboooooooo
0 [Manala99]0 0000000000 O WordNetO O
gbooboboboboobooobooooboobooo
goobooboboboooooboobooboboooo



292

O0000000000000O0000OnOOWordNetdD
coboooooooooboocoobooooooa

7. 0 0O O O

oooooowwwiooooooooooooooo
doddoooooooobobobobbobobobooooa
dodooooooooboobobobbobobooooood
OO00000URLOHTMLOOODOOOOOODOO
gbooooooboobooboboboooooogooo
oboooooooboobooboboboooooogooo
gboooobooooooooboooooooooboobo
dodoboboboooobbooooboooooooo
dodddoooooooboobobbobobboobooooa
Joodooooooobobobobbobobooooooa
gboooooobooboboboboooooogooo
ogboooooobooboobobobooooooooo
gbooooooboobooooboboooooogooo
gboboooobooooooobooooboobooooo

gobobobooooboboooobobooooo
000 Source Description 000000000000
000000000000 0000D000000 Wrapper
gobooooooboobooboboboooooogooo
gbooooooobooboboboboooooogooo
000000000000 Wrapperd DOOOOOOO
ddddooooooooooboboobooooooa
goooooooogd

0000000 0OoHTMLODOOOOOOOoOOooOO
0ooooooooooooooooooodHTML OO
oboobooooooooobooobooooooboobo
oboooooooboobooboboboooooogooo
oobooooboobobooooboobbooooboo
dodoooooooobobobobobobooooooa
dodddoooooooboboboboboboboooooa
Joddooooooobobobobobobobobbboooa
gobobooooooboooobooooooooobooobo
oboooooooo

So o o oo

[Callan 95] Callan, J. P, Lu, Z., and Croft, W. B.: Searching Dis-
tributed Collections With Inference Networks, Rroc. of the 18th
Annual International ACM S GIR Conference on Research and De-
velopment in Information Retrieval, pp. 21-28 (1995).

[Callan 00] Callan, J.Advances in Information Retrieval, chapter 5:
Distributed information retrieval, pp. 127-150, Kluwer Academic
Publishers (2000).

[Fan 99] Fan, Y. and Gauch, S.: Adaptive Agents for Information
Gathering from Multiple, Distributed Information Sources HAroc.
of 1999 AAAI Symposiumon Intelligent Agentsin Cyberspace (1999).

[Hawking 99] Hawking, D. and Thistlewaite, P.: Methods for Infor-
mation Server Selectio®CM Transactions on | nformation Systems,

Vol. 17, No. 1, pp. 40-76 (1999).

[Howe 97] Howe, A. E. and Dreilinger, D.: SAVVYSEARCH: A

Metasearch Engine That Learns Which Search Engines to Qaery,

ooooooooo 170 30 SP-E1200200

Magazine, Vol. 18, No. 2, pp. 19-25 (1997).

[Kim 98] Kim, M.-C. and Choi, K.-S.: A Comparison of Collocation-
Based Similarity Measures in Query Expansionformation Pro-
cessing and Management, Vol. 35, No. 1, pp. 19-30 (1998).

[Lawrence 98] Lawrence, S. and Giles, C. L.: Inquirus, the NECI
Meta Search Engine, iRroc. of the 7th International World Wide
Web Conference, pp. 95-105 (1998).

[Lawrence 99] Lawrence, S. and Giles, C. L.: Accessibility of Infor-
mation on the Weh\ature, Vol. 400, pp. 107-109 (1999).

[Manala 99] Manala, R., Tokunaga, T., and Tanaka, H.: Combining
General Hand-Made and Automatically Constructed Thesauri for In-
formation Retrieval, irProc. of the 16th International Joint Confer-
ence on Artificial Intelligence, pp. 920-925 (1999).

[Miller 95] Miller, G. A.: WordNet: A Lexical Database for English,
Communications of the ACM, Vol. 38, No. 11, pp. 39—41 (1995).

[Park 95] Park, Y. C., Han, Y. S., and Choi, K.-S.: Automatic the-
saurus construction using Bayesian network®rise. of the Interna-
tional Conference on Information and knowledge Management, pp.
212-217 (1995).

[Porter 80] Porter, M. F.: An Algorithm for Suffix Strippinguto-
mated Library and Information Systems, Vol. 14, No. 3, pp. 130-137
(1980).

[Powell 00] Powell, A. L., French, J. C., Callan, J., Connell, M.,
and Viles, C. L.: The Impact of Database Selection on Distributed
Searching, inProc. of the 23th Annual International ACM SGIR
Conference on Research and Development in Information Retrieval,
pp. 232-239 (2000).

[Yuwono 97] Yuwono, B. and Lee, D. L.: Server Ranking for Dis-
tributed Text Retrieval Systems on the InternetPioc. of the 5th
International Conference on Database Systems for Advanced Appli-
cations, pp. 41-49 (1997).

[0DDOoO01] OO,00,00000WebOODOOOO,00000
00, Vol. 16, No. 4, pp. 495-502 (2001).

[0DDO 98] DOOODOOOOOOOOODOOODOOOOO,InAd
vanced Database Symposium’ 98, pp. 167-174 (1998).

gogoobooboooon

20010 90 170 OO

—0 0O 0O O

00 Omooooo

200000000000000000O0DDOO0OOOOO
200200000000000000WWWOOOOOO0ODO
0000000000o000o0o00o0oOoooooa
O0ob0ooO0oo0o0o0O00O00O00O00O00O0O0O0O0O0O0

d:

o0 0moooo

19950 000000000000000000D0DO000
0000000000000 DO0O0O0DDODDO0O0OOOOO
00o00000000000000000O00000O0O0
00000O000000000000O000O00o0o0o0a
OD0O0O0O0OAAAIDACMOOOODOOODOOOOODODOD
ooooooooo

00 0moogo

198200 0000000000000 D0ODDODOO0DOO
gooooOoOoooOo0oOoO0oOO0b0oOO0O0oO0O000o0
00000o0o0oooooo1993unoooooooon
0000000000019 00000000001999
000 20000 0000000000000000O0O00O0
O0ob0oo0oooo0oo0o000000000000000
gooooOoOooOo0O0O0000O00O0O0O0O00O000O0
00000000 OWWWOOOOOOOOOOOAAAL
gooooooO0oO0ooO0oO00O0O0O00000000O00000O0O0




