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FIG. 2
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[ Queries being tracked: |

*search ergine® Press (Stop tracking query] g
signafy  Press [Siop tracking query} 4

L URLs being tracked: |
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FIG. 3

Hone | jons Pr NECI meta search (13416 queries) |
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wa

BN Ingemar Cox Hope Page I Im 13k hitp://www.neci.nj.nec.conshomepages/ingenar/ingenar.hinl

.. .htip:/ww neci . nj. nec.con/hamepages/ ingenar/ingemar html.../. . ar Cox Hame Pase Ingemar J. Cox Sr. Research
Scientist, Computer Vision, NEC Research Institute My most recenl work has focused on the development of

statistical framewor.../...r investigation include face re:ea:iﬁan. argd stereo correspondente problems. Address NEC
Research Institute 4 Independence Way Princeton, NJ 0BS540, USA Office: 603-351-2722 Fax.../.. .My most recent

work has focused on the development of statistical frameworks for mation analysis, digital watermarking and
cantent-based image database retrieval. Other grojects currently under investigation includ...

Eﬂl Techaical Report 35-10 I by 2k htip://www.neci.nj.nec.con/ir/neci-abstract-35-10.hin]

.. .NECT Technical Report 93-10... ...http:wa.neci.n}'.ner..nm!tr!neci-abstract-ss-m,hinl.v.J .. MECT Technical
Report 95-10 NECT Technical Report 95- 10 NEC Research Institute, 4 Indepe.../...Ingemar J. Cox, Joe Kilian. Tom
Leighton, and Talal Shamoon. Decesber 4, 1395. We describe a digital wateresrking method for use in avdio,

image, video and multisedia data. We arque that & watermack aust be p.../ ..o, including dithering and recompression
and rotation, translation, cropping and scalin?. The same digital vatermarking algorithm can be applied ta all three
media under consideration with only minor moditications. ...

ﬂass High Tech I n/a 4k htt?:Ilbustnn.comlmht/issueluﬂlZﬂE/index‘html
.. .sifes Nelscape Bonds With Agp e, Netscan Netscape Bonds With Apple JEM and NEC to its online factory outlet
xeellence A digitized ilay...l...Lead Stories August 12-17, 1996 This Week In Mass

Local science teachers Access 3y...
is right on tune Info highway rest stops [AT's meow of Web
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sites Netscape Sond. ..

[ 38U CAS SC 5BS: Image and Video Computiing -- Sgllahus 1 nfa Bk

h't'(g:llm.cs.bu.edu ac !K sclaroft/courses/csalld/syllabus. hial

...Lox, J. Killian, T. Leightan, and T. Shamoan, Secure $?rgad Spectrun Vatermarking far Multigedia, NEC

Research Institute Technical Regurt 93-10. M. Kass, A. Witkin, and D. Terzoguulns. nakes: Acti.../.. ians [1,2] Oct
g 1 Edgetdﬁgectiun 5 P1 due, P2 out R 3 Digital watermark, steganography [3] 7 8 Edges, contours £8 R 10

yrve matcnin. ..

B SMH COMPUTERS February 20 1996: Mark to foil Net girates H n/a 2k

httE:! v .Sah.coa au/conputers/content/3b02207 newsh-350220 . himl

...b : Mark to foil Net pirates Week of February 20, 1936 Mark fo foil Net pirates NEC researchers in the US have
developed 3 ‘digital waternark’ that can be attached to a multimedia infa...i. .ing tis owner beyond doubt in the case of
3 copyright disgute. Enbedded in the data itself. NEC says it is "a mathematlcally derived code lacluded in the

frequency signals of the information sen...f.. re aultinedia information of dubious ownership is proliferating. The cade
is invisible to users and NEC is confident it cannot be found and stripped out by multimedia pirates. It is emedded in
L Februarx 20, 1996 Mark to foil Net pirates HEC researchers in the US have developed a “digifal watermark®

that can be attached to mltinedis information, identifying its owner beyond doubt in the case of...
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FIG. 4

[ Ranked pages (fiest 201: J

] 299.974 S NEWShytes A lg 3ok hHE:Hmcr.mnitnr.:almntiur! issues/vo)3isst/newsbytes . hin)

...torola licenses Apple O Apgle CEQ reveals nev straiegy Chess: Kasparov beats Deep Blue NEC 'Digital
Yatermark' technology Week of ebruar{ {2 - February 16 7 1396 New Fax stand...f...-3round won'i come cheap
ENIAC to run on SOth anniversary Mitel demos USB phom-cunguter connectien Previous Page / Nexi Page
Week of March 4 - March 87...7...ely, and productively. The produtis offered by the Small Business Unit will
A1 reportedly let users connect to the Internet as well as create corporate intranets to dink the businesses with their

ustomers. . /...a licenses Apple 0S Apple CEQ reveals new sirategy Chess: Kasparov beats Deep Blue NEC
‘Dipital Watermark’ technology Week of February 12 - Februar¥ 167/ 1996 Nev Fax standard o incorporate. ..
1,..he third and fourth vere draws, and Kasparov won the last two ames. Back to top MEC 'Digital Watermark'
technalagy | February 20951 NEC Corporation has developed tachnology that will dipitally mark...!.. .zo. and
au}tinedla data as well as text and images. Unlike conventional encryption systess, the digital watermark slays
eabedded in the data and resains unaffected by digitai-analogue conversions.image scaling o...

) 299.931 M tigermarktwo hial A Jm dk http:Hintermedia-design.cnu(tiﬁernarktua.htnl
... tigernarkiwo hinl igerMark DataBlade Module for Images From Informix and MEC What is
Waternarking?.../... NEC TigerMark DataBlade Module for I_ma?es_Fron Informix and NEC What is
watermarkia? With the advent of digital comsunication, including the I...!..‘na the Internet, nake it easy to
transmit and redistribute perfect copies of digital data. Now with NEC is Ti?er ark technzlogy, ¥nu can custon
R watermark your images permanently and secyrely, without de.../.. es persanently and securely, vithout degrading
the quality of the content. NEC has develaﬂed a diital watersarking lechnology that solves this problen for
today is content providers. MEC is TigerMark is a digit.../...erever your tontent goes, ¥nur waternark goes, 1oo.
NEC prevides a powerful tool Digital watermark NEChas developed a digital Watersarking technology that
meets the needs of today is busines.../...s, too. NEC provides a powerful tool digital watermark NEC has
develuged a digital Watermarking technology that meets the needs of today is business eavironment. NEC is
L1 digitai vatersark Tige...

7 253.89 G Focus on Internet H 1m 9k hitp://www.esi.es/Information/SWT/R_D/T196/ four html
_..ERNET NEWS 24 HOURS IN CYBERSPACE PARTS OF INTERNET 60 BLACK IN PROTEST GVER
NEW LAW NEC DEVELOPS DIGITAL WATERMARK TECHNOLOGY INTERESTING SITES KFKI
RESEARCH INSTITUTE FOR MEASUR.../.. .arian R{uu s and individuals. Sunda* February 11 This is an
excerpt Source: Revters NEC DEVELOPS DIGITAL WATERMARK TECHNOLOGY PRINCETON, N .J.-
ECE;‘:K; scientists at its MEC Research .../...an excerpt Source: Reuters NEC DEVELOPS DIGITAL
WATERMARK TECHNOLOGY PRINCETON, N.J.- MEC says scienfists ai its NEC Research Institute have
R3| developed a digital watermarking method for vse.../...WS 24 HOURS IN CYBEASPACE PARTS OF
INTERNET GO BLACK IN PROTEST QVER NEW LAW NEC DEVELOPS OIGITAL WATERMARK
TECHNOLOGY INTERESTING SITES KFKI RESEARCH INSTITUTE FOR MEASURENENT AND
COMPUTING TECHNIO.../...and individuals. Sunday February 11 This is an excerpt Source: Reuters NEC
DEVELOPS DIGITAL WATERMARK TECHNOLOGY PRINCETON, N.J. - NEC sa*s scientists at its NEC
Research Institute have developed a .../...K TECHNOLOGY PRINCETON, N.J. - NEC sa¥s scisntists af its MEC
fesearch Institute have developed a digital watermarking method for use in protecting copyrighied audin, image,
videa aad muliimedia data. The company s...
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FIG. 5

’ Only 1 search term was found in these documents: J

...ARTS Technologies' Homepage ARLS Technologies is an industry leader in digital watermarking. We deal

C2ARIS Technalogies' Homepage H 16d 2k http:/fwni.nusicode.con/velcone hinl
exclusively with protecting intellectual property such as audio. yideo. and multimedia...

(1Psych 267 Fioal Projects A nfa-Bk http:!luhite.standfurd.eduhheeﬂer.‘lgsgchéﬁﬂﬁml.html

...nteractive 1ighting design. Proceedings Eurngragzics ‘93, p. 228-240, 139 (pregrintl. Dipital watermark.

1 | References: Cox, Kilian, Lelghion and Shanqon. "A 3ecure. Impereeptible yet Perceptually sal.../.... IBN Tech.
Rggurt (preprint available). Further links to other papers and resources on digital watermarks. Face recognition
with ‘eigenfaces’. References: Turk and Pentland, °Face recogaition u...

Dws_mm_ui_nf_jm N nfa Bk http:..wiw.nlsearch.con/cgi-
1 bin/pdsery.p]?cbrecid-YY13970 250301530598hu=1yghoon&padboi

...Sumpary: First licensee is Adobe. Digimarc, the company that last y{ear anngunced its Imagemarc digital
vateraark technology, seems to be ready to make its nave In the market. ...

I:Nmﬂx.les.mlLPumtg N exldee 20K httE:Hneushytes‘mpx.cum.auineusbytesldaily.html

...Lernout & Hauspie [NASCAQ:LHSPF] (LSH) of urlinitun‘ Massachuseits, ang Ieper, Belgium. CHIPS KEC
fevelops World's Smallest Transistor TOKYO, JAPAN, 1397 SEP 11 (NB) - By Hart%n Willians. NECCo.../...PS

1 | NEC Develaps World's Smallest Transistor TOKYD, JAPAN, 1937 SEP 11 INB) - By Martyn Williams. NEC
Corparation [ TOKYD:5701] says it has develeped the world's smallest operational transistor, ame.../...te ]er%h of
14 nanometers (14 willionths of a millimeter). The achievament was reached as part of NEC's development of 2
terabit memory chip. Intel Advances Mobile PC Platfora HONG KONG. CHINA...

34 letier from the publisher YIMF, Decegher 6. 18741 1y X
1 http://electron.ruigers. edu/~nyadav/var71/wall/ decha.niml .
...tnugh warping to India. But the only evidence of war that night was the blackout which was quite unnecessary.”
e carrespondents’ files, and from background research assembled by Reporter-Res. ..

fron t
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FIG. b

| No search terms were found in these documents: J

Userdir rule failure The server was unable to resolve the requested / username reference. possible causes include:

@ Article Two H iy ik hitp://piavx1.auohio,edu/-whittijs/articletwo.hal
Usernage invalid Server is unable to determine username’s legin directory due ta insufficient privilege to

1 Jonathan % Canphell Univsrsits of Ulster, N. Ireland, W Links T afa 1k http://wwi. iscm.ulst.ac.uk/~jon/bookf
J.6. Campbeli's Bookearks From 27 A 1s page is spermanentlys relocated to

us
- http:!lwu.infm.ulst.ac.ukligclhookuﬂpdated 27 hugust 1997 - J6. CampbellBulst.ac.uk

=2

] (10S/Comserve WWW server address has changed L Sm tk

httg:llcius. 11c.rpi.edu:4397/nailboxes/ congrads\0B085104 . 116

CI0S/Comserve WWW server address has changed The CI0S web server address has changed. It is aow
LI hitp: /jwww.cios org Please note too the new email address for the Comserve email interface to

<

INE IMAGE Next: DEFINE/LIKE Ug: DEFINE Previous: DEFINE HEADER OEFINE IMAGE DEFINE

E, L Sm 2 http: //iram.fr/doc/sic/nodeSB.htal
IMAGE Var] File! Keyi [Var? File? Key2 | ...]]{ /GLOBAL]

Arizona Off-foad L 3o 3k hitp://www. azoffroad.com
0 ltié%gna Off-Hoad 1B13 W. Mountain View Road Phoenix, A7 BS021 ATC's MOTORCYCLES JET SKTS GO

Résyltats ggag lps cantons L 21d Sk hitp://admin.chichsi/pore/val 13840226/c2n316. hin]
El Votation no 315 - Aésulfafs dans les cantons Tableau récapitulatif / deutsth Votalion no 316 Résuliats dans les
cantons Arreté fédéral concernant la perception d’use redevance sur le trafics des poids lourds du 24 juin 19

“¥e Know flow 1he Parisians Felt” "We Know Hov the Parisians Felt' Section: Box ,Page, TIME, Dec. 27, 1371
Time Correspondent Dan Coggin, who covered the war from Pakistani side. was in Dacca when that city

El “We Know How the Parisians Felt” L ly Bk hitp:/f/electron.rutgers.edu/~myadav/war71/wall/dec?’b hinl
surrendered. His repor

The U.S ;A Policy in Shambles L ly Gk http://electron.rutgers.edu/ -myadav/var]1/wall/dec20b hinl
0 | The U.5 :A Palicy in Shanbles The Nixon Administration drew a fusillade of criticism last week for its policy on
India and Pakistan. Two weeks ajo, when war broke out between two traditional enemies, a State Department
spokesaan issued

F’\, ClariNet Tearsheet: Goverrment. Business. and Genaral News N eeldws Bk http://www.clari.net/Samples/nb-other .hinl

0 | CTariNet Tearsheet: Goverment, Business, and General News ClariNet »ClariNet Tearsheel: Goverrment,
J Businesss, and General News ClariNet Tearsheet: Goverment. Business. and General News This summary of

conputer and fechnology news is
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FIG. 7

[ Pages with duplicate context strings te a page above:

] Yol 1.No, 13 4 iz 1Bk http://www media.sbexpos.coa/BULL/BULO119.HTH

[

@ Alternate H ly 18k hitp:/jwew.seyboldregort.con/BULL/BULO11S. HTH

...ore_than five million menbers Pressiek floats additional stock Perlsetters launched in Europe NEC announces

dipital watersark Oracle to include software suite with Interret hox Ca...!...-BT have launched Presstek's

D | Pearlsetters in seven European countries. Reuters reports that MEC claims to have develreu a dipital waternark
systen that could protect digital files.../...n members Presstek floats additional stock Pearlsetiers launched in

Europe NEC anmounces digital watergark Oracle to include software suite with Internet box Canon combines

divisions within 2 I.../.. ters in seven European countries. Reuters reports that NEC clains to have develnged 3

digital wateroark systea that could protect digidal files. such as still images. video and audio. from unauth...

(- ; idepdi H im 118k

http:/Im.videodiscovery.conlvdreb!dvdldvdfa At

... 0n NTSC Line 21. The digital standard (CGMS/D) is not yet finalized, but will apply to digital comnections such

as IEEE 1394/Firewire. 3)Because of the poteniial for periect digital copies, ?arannld...l...isp]aymg it. No

0 unscraableg digital output is allowed until work in pregress for secure digital connections is finished. On the
conputer side, DVD-ROM drives and video display/decoder hardware or softw.../...d 3 PCH audio track. (Other

streams such as Dolby Digital audio, MPEG audio, and subpicture are not necessary for the simplest case.} Basic

VD contral codes are also needed. At the moment it's difficul.../.. .doing this, but it's possible. The music industry

is also requesting an "embedding signelling’ or ‘digital watermark® copy protaction feature. This applies a digital

|| signature tp the audio in the form of supposedly...

7 Wl Hyflex Ji Launch H 3n 3 http://jpn.co. jp/jand5/|p14.hial
W Hyilex Ji Launch H 3m 3k httgzrlipn.co.}pl*ebﬂﬁ/{qlthtml
.. Hyflex JU Taunch NEC Develops Digital Watersarking Technique JPN Scientists at NEC Research Institut...
/...nch NEC Develaps Digital Watermarking Technique JPN Scientisits at NEC Research Institute in Princeton,
NJ, have developed a digital watermarking nethod that could be us.../...ary information is increasingly an issue,’
0 said Tatseo Ishigoro, associate senior vice president of NEC Corp. °...T am convinced that our watermarking
technigue is a solution that will be welcosed espec...l...H{flex J1 Launch NEC Develops Digital b‘ateruarkina
Technique JPN¥ Scientists at NEC Research Institue in Princeton, WJ, have de.../...ique JPN Scientists at NE
Research Insijtute in Princeton, NJ, have developed a digital uatemrkm? nethod that could be used to ﬁratect .
the copyright of images and usic on the Internet, Con.../...e is no way fo track ifs reproduction and therefore it
provides 1ittle protection against piracy. A dl?ital vateraark, however, ¢an protect a copyright by means of an
LI invisible identification code that is permanently. ..

B [nfernet H n/a 20k hitp:!/net.info.ni/ui/0238/internet. hinl

...1scage secvers. it kwam 0.a. door het feit dat bepaalde optionele onderdelen zoals een database-connector duur

betaald moeten worden. Microsoft nﬁ zijn beurt deed daar weer een schepje bovenop door we... )

! ..:!lwew.micrasoft . co/infosery http:/ /e microsoft .comfwindows hitp://www.netscape.com NEC ontwikkelt

D { Digital Watermark Techmluﬂ MEC is in zijn computerlaboratoriues bezig met een digit... .
?...microsoft.com/wingows hitp://wew.netscape.con NEC ontwikkelt Digital Watermark Technology NEC is in

zizn computerlahoratoriuns hezig get een digitaal watermerk. 0it watermerk moet in de tockos.../...t.con/infasery

hitp:/imicrosoft.con/windows hilp: f/wew.netscape.com NEC ontwikkelt Digita Watermark Technology

NEC is in zijn computerlaboratorives bezig met een digitaal watermerk. Dit watermerk...
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FIG. 8

[ These documents no longer exist:

rm

cror 404 Not found - file doesn’t exist or is read protected [even tried muiti] Digital Image Watermarking: Main
roject Paﬁe http: /fwww.csuplab.cornell.edu/Info/People/vbadari/esb3turarkprojfproject  htnl

ror 404 Not found Labeling Techniques for Multimedia Data: hitp:/www-

.et.tude) ft.nl/pda/smash/publ ic/benelux_.cr.htal

ror 404 Not found Labaling Techniques for Multimedia Data: hitp://wew-

1t.e1.tudel f1.nl/pda/smash/public/ben]x36/benelux.cr . hin]

cror 404 Not Found Artisoft Inc. - Industry Avards and Recognition hitp:/fartisoft.con/main/overview/awards.hial

E
Ercor 404 File Not Found The Rutgers Review http://electron.rutgers.edu/-nebus/

This search: snec +*digita) watermark® Search engine pages: AlfaVisia Page 2 Excite Page 2
A e N AT o e

0ue;¥ expansion (adding these words to the query mag helpl : digitallyl16 digitized(16) digit(3) digitale(ﬂ
3

-Il'n -0
il

=

Ty —
jﬁ-——
S ™

?gg: al(8) digitization(s) digits(3) digitize(3) watermarkingl463) watermarks(i27} watermarke
Engine Response | Total | Retrieved | Processed | Duplicates

AltaVista Yes 29 23 ) 1
Excite Yes b 2b 26 13
HotBot Yes 39 3 33 5
Infoseek Yes 19 19 17 0
Lycos Yes 10 10 10 0
Northern Light Yes 0 a0 3 19
WebCrawler Yes 1 1 0 0
Yahoo Yes 0 0 0 0
Total 174 174 148 48

More documents were found but the maximum number of hits was reached.

[ 2 terms:70 1 term:5 0 terms:11 duplicate context:9 invalid link:S
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4
N

Jump to:nectd) digital watermark(?)

w NECT Technical Report 33-10

NEC Research Institue, 4 Independence Way, Princeton, NJ 08540.

Secure Spread Spectrun Watermarking for Multimedia
Ingemar J. Cox, Joe Kilian, Tom Leighten, and Tala) Shawonn. Decesber 4, 1395.

We describe a B9 di?ixal xatecmarking nethad for use in audio, image, video and nultimedia data. We argue that a
watermark must be g aceg 1n perceptually significant components of a signal if it is ta be robust to common Signal
distortions and malicious attack. However, it is well known that modification of these components can lead to
perceptual degradation of the signal. To aveid this, we propose to insert a watermark into the spectral companents of
the data using techniques analoous to spread sprecirum communications, hiding a narrow band signal in a wideband
channel that 15 the data, The watermark is difficult for an attacker io remove, even when several individuals conmspire
tagether with independent]I watermarked copies of the data. It is alse rebust to comeon signal and geometric
distortions such as digita -to-analog and anlag-to-digital conversion, resampling, and reguantization, including
dithering and recompression and rofation, transiatien, cropping and scaling. The same B aim_t_a_]_v_a_[mmu
algorithm can be aeglied to all three media under consideration with only minor madifications, making it especially
appropriate for multinedia products. Retrieval of the watermark unambiguously ideatifies the owner, and the
:ﬁterna{k‘tan be censtructed fo make counterfeiting alwost impassible. Experimental results are presented to support
ese clains.
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FIG. 12

Home Options Help 3Suggestions Problems NECT meta search 113414 queries) ]
Find: [Keala ]

Web § Usenet  JWeb | Usenet | Press | Images [ Citations | Jourmals | Tech JAIT ]
{{Hide) Constrajnis:
Tocallly: [Any [)] Age 1iali: [Wone (o Depth: [ hny [ Jmages: [Pholds  [91]

Dptions: |

Hits: [100 Il Context: [100 [S4] Cluster [No [
[jearching for: koala using: WebSeer Corel Lyces Yahos HotBot AltaVista ]
[ Tip: The bar o the left of the titles is longer when the query terms are closer together in the document. j

L Hore images were found but the maximun nueber af hits was reached
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FIG. 13

Thi h: Search eagi : i
ilmcmkﬂa earc engmeEg:gfg E;gu&m&_&mm%uumﬁ tioBot Inages Page 2 Page 3 Page

Engine Response | Total | Aetrieved | Processed | Duplicates
AltaVists Images| Yes 0 0 0 0
Lorel Images Yes ] 7 7 0
HotBot Imanes Yes 5511 125 99 1
Lycos Images Yes 222 a0 B3 1
WebSeer Yes 0 0 0 0
Yahoo Images Yes 4 4 4 1
Total 5744 216 195 3

More documents were found but the maximum number of hits was reached.

Filtered due o size: 12 Filtered due to type: 21 b
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FIG. 14

gestions Problems NECI meta search (13413 queries) |
|
| Web §Usenet | Web| Usenet | Press [ Images [ Citations | Journals | Tech [AIl]

[{Hide) _Constraints:
Localily: [Any IS Age liait: [Nore  [of Depth: [Any IS Inages: |braphic

[iHide)  Options: |

Hits: [100 (%] Context: [100 I9] Cluster [Mo[o Tracking [No (&)

l Searching for: koala using: WebSeer Corel Lycos Yshoo HotBoi AltaVista |

ITip: You can search for links to a specitic page, e.g. link:www neci.nj.nec.con/homepagesigiles. Self links are excluded.]

[ More images were found but the maximun number of hits was reached ]

This search: kpala Search engine pages: AlfaVisia Images Corel Images HotBof Images Lycqs Images
Page'3 Baged Poge S Page £ace] Webver Sanog.Dhages faue 2

Engine Response | Total | Retrieved | Processed | Duplicates
| AltaVista Images| Yes 0 0 0 0
Corel Images Yes ! ] 7 0
HotBot Images Yos 0 0 0 0
Lycos Images Yes 217 120 128 5
WebSeer Yes 0 0 0 0
Yahoo Images Yes 4 4 4 1
Total 228 131 139 6

More documents were found but the maximum number of hits was reached.

[ Filtered due to size: 2 Filtered due to type: 61 |
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FIG. 15
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FIG. 16

| Cluster summeries: 1

[ university of texas ]

Qocument: . . by clickin? on Journal Papers: Tsmail Taha and Joydeep Shosh, A Hybrid Intelligent Architeciure and

It's Application to Water Reservo.../...d to Journal of Smart Engineering Systess. Ismail Taha and Joydeep Ghosh,
'Szmbo ic Interpretation of Artificial Neural Metworks', submitted .../. . Austin, 1996. Conference Papers: Ismail

Taha and Joydeep Bhosh, *Evaluation and Ordering of Rules Extracted from Feedforward Netwerks.../.. .Also,

Tech. Rep. TR-9/-01-108, The Computer and Vision Research Center, University of Texas, Austin, 1996.

Conference Papers: Ismail Taha an...

Oocument: .. .Joydeep Ghosh.../ .. .Jordeep Ghosh Joydeep Ghosh Telefhune:lswﬂi-asao Fax: (512}471-5...
{... Joydeep Ghosh Joydeep Ghosh Telephone: (512)471-0380 Fax: {5121 471-3532 E-nail:ghnsh!gin...I...Fax:
(5121473-5532 E-mail: Ehngh!pire.ece.utenas.edu Address: The University of Texas at Aus

Electrical & Computer Engineering...

focusent: . ..Yoan Shin and Joydeep Ghosh Departsent of Electrical and Computer.../...Yoan Shin and Jopdeep
Ghosh Department of Electrical and Computer Engineering The University of Texas../..in and Jn;deeg Ghosh
Oepartaent of Electrical and Computer Engineering The University of Texas at Austin Austin, TX 18 12 Abstract
This paper iatroduces a nov...

...nofe. ..

in Departrent of

| artificial neural networks |

Qocument: ... Artificial Neural Netwarks Authors: Bryan W. Stiles and Joydeep Bhash Degaljtment of Electrical and
Computer Engineering The Unive.../...rsity of Texss at Ausiin Correspondence: Bryan Stiles cf/o Joydeep Ghash
Degartlent of Electrical and Computer Engmeering The Unive.../.. .Phone: (512) 471-233E Email:
bstilesipine ece.utexas.edy Joydeep Ghosh Deparisent of Electrical and Cum?uter Engingering The Univ.../. A
Habiiuation Based Mechanism for Encoding Temporal Information in Artificial Neural Networks Authors:Bryan ¥.
Stiles and Joydeep Ghosh Degar‘tmenl 0.../...1:ghoshEpine.ece.utexas.edu Subait to: Applications and Science of
Artificial Neural Networks Steven K. Rogers and Dennis W. Ruck at AeroSense '3...
Document: ... {eds.), IFEE Press. 1995. pp 135 - 144, Bryan W. Stiles and Ju{deep Ghosh, *A Habitwation Based
¥echanisn for Encndina Temperal Information in Arti...[...E Proc, Vol., Orlando, April 1335, pp. Bryan ¥, Stiles
and Joydeeg Shosh, ‘Habituation Based Neural Classifiers for Spatio-iemgoral SiEnals‘. Pra._./.. Proc. ICASSP-55,
Detreit, May 1333, pp. Bryan W. Stiles and Jnydeeg Ghosh, *Dynamic Neural Networks for the {lassification of
Oceanographic Data®,.../...Ghosh, ’A Habituatien Hased Mechanisa fer Encoding Temporal Information in Artificial
Neura] Networks'. (invited paper) Proc. SPIE Conf. on Applications and Science of Artif.../...tworks™. [invited
paper! Proc. SPIE Conf. on Applications and Science of Artificial Neural Netwarks1V, SFIE Proc. Yol.. Orlando.
April 1995. pp. Brysn W. §t...

:...uth.edv Larrx D. Jackel Robert E. Schapire Y. Freund Kagan Fumer and Joydeep Ghosh Shimon
Edelaan Jonathan Baxter Anders Krogh and Jesper Vedelsby .../ ..f?: from ) )
“ftp://eris.wisdon.weianann.ac.il/pubsaas.ps.2° Kagan Turner and Joydeep Ghosh, “Theorectical Foundations of
Lirear and Ocder Statistics Combiners for Ne.../...When Networks Disagree: Enseable Methods for Neural
Networks®, Chapter 10, Artificial Meural Networks for Speech and Visien, editor R.J. Mamnone. Chapean-Hall,
London 1993 ...
...more. ..

/

74
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FIG. 18
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FIG. 20
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FIG. 21
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Typing Injury ...0... T)?lm In{ury FAQ Page {TIFAQN( Gereral )l Keyboards [ eech){ﬁicellSuf ware ...I...Injurg Archive,
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gl_ude dearpal Tunnel §yrrh:n: The folloving docusenis aitespt to explain whai Carpal Tunnel Syndrose is, how it is
iagnosed. ..
nt:... Typing Injury FAD: General Inforsation.../...Typing Injury FAD: General Inforaation General Infomrat(on [TIFAD]

nerall(Key... ...Typing Injury 7AQ: General Inforulinn...l...T,ﬁim Injury FAQ: Geperal Information General Inforsation
TIFAQ)( General |{ Keyboards).. ./ ...aonyn for RS] WRULD Work-Related Upper Linb Disorders - yet another synonyn for ASI CT8
aanmmammunmmmmemmmmmmmn”mtMMmMmmmmmmMm“mmMmﬂ
and Forearm, some tenderness, and it gets vorse with repetitive activily. Carpal Tunnel Syndrome the nerves that run through your wrist
into your flngers get 1rapped by the ?ni]md w..
...Bore. ..



U.S. Patent Feb. 14, 2006 Sheet 22 of 34 US 6,999,959 B1

FIG. 22

Home ' ions Problens NECI aeta search (14083 queries) ]
Find: | what does NASOAQ stand for? ]

| Web § Usenet | Web| Usenet | Press [ Tnages [ Citations | Journals [ Tech [ATT]
(Showl  Constraints:

(Hide) Options:

Hits: (100 [2] Context: [100 (9] Cluster [No TS Tracking

Searching for: "NASDAQ stands for® "MASDAQ is an abbreviation® °NASDAQ means® using: HotBot
Infoseek AltaVista Excite Lycos Northern Light Yahoo WebCrawler.

Tip: For better precision with multiple terns you might like to use *+* to ensure that the resulis contain specific terss le.g.
+ “lee giles® + optics).

Ref:...viatien for the New York Stock Exchange AMEX is an abbreviation for the American Stock Exchange

N%SD?Otgs an abbreviation for the National Associaction of Securities Dealers Automatic Ouotation Exchange "Top
of the...

Ref:...nformation an NASDAQ and the companies traded theron. ([ncidentallr does anyone know what NASOAQ

stands for?} NYSE All about the N ew Y ork S tock Exchange. Data mongers loo...

Ref:...- The NASDAQ Last-Aevised: 25 Oct 1336 from: billmanrBaol.com, jeffwbenacl.com, cmlécs.umd.edy

N:I\SOMI is ai\ abbreviation for the National Association of Securities Dealers Automated Quotation system. It is

also communl. ..

Ref*. .- NASDAQ Last_Revised: 25 Oct 1396 From: billmanrBacl.com, jeffwbenBaol.com, lott@invest-fag.com

N?SDAO is a? abbreviation for the National Association of Securities Dealers Automated Quotation system. It is

also cosmunl. ..

Bef*...ble for the aperation and regulation of the NASDAQ stock market and overthecounter markets. NASDAQ

Stands for the National Asseciation of Securities Dealers Automated Quotation Systes. A natiomvide computeri...

Bef*.. site Index is a value weighted index that monitors more than 2,000 sfocks traded over-the counter. HASDAQ

stands for National Association of Securities Dealers Automated Quatations. It has been available since 1971...

Ref’...as an incentive stock option under Section 422 of the Code. (k) *NASDAQ™ means the National Association of

Securities Dealers, Inc. Automated Quotation Systenm...

[...section deleted...]

This search: "NASDAD stands far™ ‘NASDAQ is an abbreviation” °"NASDAQ means® Search engine pages:
Alia¥ista Excife HotBol Infoseek (ycos Norfhern [ight Weblrawler Yahoo

Engine Response Total | Aetrieved | Processed | Duplicates
AltaVista Yes g g g 1
Excite Yes 24 24 24 1
HotBot Yes 23 23 23 4
Infoseek Yes 3 b 3 0
Lycos Yes 0 0 0 0
Northern Light Yes 0 0 0 0
WebCrawler Yes 0 0 0 0
Yahoo Yes 0 0 0 0
Total b1 61 61 B

| 3 terns:0 2 terns:0 1 tern:26 0 terms:9 duplicate context: 4 cannot access:3 imvalid link:3 |
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FIG. 23
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FIG. 24

ore Qptions He estions Proplens NECI meta search (13581 queries) i
Find: [hov is a raithov created? ]
[ Web § Usenet | Web | Usenat | Press [ Images | Citations | Journals | Tech | All]
{Show)  Constraints:
| {Hide) Options:

Wits: [100 I Context: [200 1 Cluster Tracking

using: HotBot Infoseek AltaVista Excite l{ycas Northern Light Yahoo WedCrawler.

Tip: For hetter precision with multiple terss you might like to wse *+* to ensure thai the resulis contain specific terms le.g.
+ “lee giles" + optics!.

Ref:.. the green flash. it helﬁs to know how our atmesphere effects sunlight. Caincidentally. the phencmenan
responsible for the green flash is aiso the one that painis rainbows across Hawaii's sky. A rainbow is created when
rays of sunlight enter a raindrop. bounce around inside. and exit. Light frem the sun consists of a petpourri of colors
that are each bent by a different amount inside a raimdrop. This unequa...

Ref:...scapes the raim!rng after it is reflected once. A part of the ray is reflected again and travels along inside the drop
1o emerge from the drop. The rajabow we normally see is called the prisary rainbow and is produced by one internal

reflection the secondary rainbov arises from iwo internal reflections and the rays exii the drop at an angle of 50

gegrees rather than the 42 degrees for the red primary bow. ...

Ref:...e rainbov we do nol see the sun. and we rarely see a rainbov in winter. How do we explain this apperance of &

Bow, double bows, size of arc, and brightness of the rainbow? Answer The rainbow is prodm:ed.hg sunlight Eassing

through a raindrop or a collection of rain drops. A typical raindrop is spherical and as a light ray strikes the surface of
the rairdrop. seme light is reflected and sose passes ...

Ref:. .se to us. He E;umised that the earth will never be destroyed again by a flood. As a sign of that promise He put a
rainbov in the sky. Whenever we see a rainbow, we can think of Gad's promise. The rainbow {s made up of all the
colors. Back To Index Next Page... Page 1 ...

Ref:...twd rajnbews. the narrover male rainbow and the wider female. The male rainbow tan not step the rain by itself.

When it is followed b{ the female the rain stogs. Other Native Awericans believe the rainbow is made from the seuls

of wild flovers that lived in the forest and lilies from the prairies. A Japanese myth tells of the first san Isana?i and the
first voman Isanani who siood on the floating bri.../.. e of sawsara before the clear light of Nirvana or heayen. In

Arabia the rainbow is 3 tapestry draped by the hands of the south wind. It is aise called ihe cloud’s bow or Allah's bow.

In Islam the rainbow is sade ui) ef four colors, red, {E]]ow. gmn and blue relafed to the four elements. In ayths of

India the Goddess Indra not only carries a thunderbolt like the Greek God Zeus but she also carries a...

Bef:...true b. false 13. The average speed of Fight is greatest in _.a.red sla:;:s.b. orange ?lass. ¢. green glass. d. blue
ﬂlass. e. is the same in all of these, 14. The secondary raimbow is produced with an extra (choase the best answer) a.
j?gersiun. b;: rgflectiun. c. refraction. d. diffraction. 15. If & person has green cones that are weak, then yellow light
will appear_ to 1...

Ref: . ever wonder what makes the color in a rainbow? The answer is sunliﬂht. it has all of the colors of the rainbow in
11, but theg are all mixed vp fogether so you are mot sble 1o see thes. The rainbow is made up of drops of water.

When sunlight passes through a drep of water, if bends and the celors inside the light split apart and are separated so
that we ran see thep. When the sunlight passes through. ..

[...section deleted...}
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FIG. 25
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FIG. 26

(13984 queries) |

Home (Qptions Help Sugoestions Problems NECI meta search
Find: |what is 2 mealy machine? B

[ Web § Usemet | Web [ Usenet | Press | Images | Citations [ Journals | Tech JAll |

wl  Constrainis:

0

tions:

(Sha

Rits: [100 [ Context: Tracking [lo_ 19

Searching for: “mealy machine is® "sealy machine refers to* "mealy machine means® “mealy machire will®
‘pealy machine helps” using: HpiBol Infoseek AltaVisia Excife Lycos Northerp Light Yahoo Webfrawler.

Tip: For better precision with multiple terms you might like to use *+* ta ensure that the results contain specific terss fe.g.
+ "lee giles” - oplics!.

Ref:.. k. such that all slate nemrﬁ changes are made vith respect to the clock s&gnal. T F A Moore machine usually
has less states than an equivalent Mealy machine. T F A potential problem with a Mealy Machine is that the output
changes are not synchronized with clock thanges, Fill in the blanks. 10 points at 2 points per blank The canonical S0P
form of an expression results in a level circuit, ...

Ref:. .input slphabet and by creating multiple input mechanisas for reading events. Second; the transitien function
nust be modified so that controller tasks can be performed during state lransitions. A Mealy Machine is a DFA that

cefines syabols which are output during siate transitions. For 1he current purpose. a similar mechanism is used to

perforn controller tasks such as moving a robot, opening 3 vise of fi...

Ref:...these general premises to the (ollatz cnn]‘etture. which of all open problens at the momant is Eerhaps the most
conveniently conducive 1o lhe apgruach. = Generalized Sequential Machines, G345 A Mealy Machine Is a Finjte

State Automaton with a single output sInbul assaciated with each state fransition (e.q. see(1.p.42]). A GSK or
Generalized Sequential Machire is similar it is a FSA with an output strin...

Rei:...next state which then effect the uuigut. (State refers to all laiched events and values.) Ar?uuent for Healg is
that the output depends on the transitios, thus jgnoring the buffers, the CFSN is a Mealy Machine. (Will explore this
more Jater.) Issues concerning compostica have noi been resolved by the Polis group, there is no composition as it
stands. Respurces A Formal Methedslopy for Hardvare/Softwar...

Ref:...State Mechines We consider two types of state machines. Moore and Mealy. A Moore machine is a Mealy
sachine whose ouiput does not directly depend on its input. Mealy Machines a Nealy Machine is a 6-tuple M = IS,

0, 0. 0.0, Gla.qh, la,q)) where s1-0 is @ finite set of input synbols (ve will use a to denote a particular input
synbal!01=0 is @ finite set...

Ref:.. ving on stale register flip-fleps, it is siill desirable to use them. This lpads to alternative sznchqnnuus design
styles for Mealy machines Simpl{ stated, the way to consiruct a synchronous Mealy Machine is to break ihe direct
connection between inputs and outputs h¥ introducing storage elements. Dne way to do this is te synchronize the

Mealy machine outputs with output flip-tlops. See Figure 8...

Rel:...itions. A FSA is calied non-deterministic if there is one or sore fransitions from one state to another for 2 given
input. A Hoore machine is an FSA which associates an nutﬂut with each state and a Mealy Nachine is and FSA which
associates an cugut with each transition. The Mgore and Mealy FSAs are important in applications of FSAs,

Equivalence of deterministic and ron-deterministic fsa If might seem...

Rel:...icle, and you, vill make use of this three-block medel o describe a siate machine in VHDL using our four-step
design procedure. Moreover, the outputs of a state machine define its type. That is, a Mealy Machine iS one in which

the eutpuis are a functios of both the inputs and the current state-variables (Figure 1}, A Moora machine haz outputs

that are a function of the state-variables orly {Figure 2. And 3 ...

Retf: .. .60 Bestudeer van module 1.1 de b1z Tue blz.13 grondig.20 Als v niet fof niet meer zo goed) weet vat een
Toestandsnachine, een toestandsdiagram, een Moore- of een Haal‘-nachine is, zoek dan vat u niet (meer} weet op
inw linle(:!en) over digitale techniek. 30. Maak de oefenopdracht van blz.13 10 Lees de rest van module 1.1
opperviakkig. ..

|...section deleted...]
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FIG. 27

Home i H Suggesiigns Problems NECI meta search (13674 queries) ]
Find: J
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{Hidel Options:
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| Tip: Clicking on the search engine links in the *Searching for* line will show the search engine response to the current query. I

| Recently nodified URLs: |

Page ftp://ftp.kernel. org/pub/linux/kerned/testing/ [Stop tracking UAL]

! Recent documents matching: signafy [Mark as seen][Stop tracking query) ]
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FIG. 28

http: /1w research digital.con/SRC/publications/sre-papers.hinl New text:

1. Paul McJones and John Detreville. Each to Each prograamer's reference manual. Technical Mote 1397-
023, Digital Equipeent Corporation Systeas Research Center, Palo Alto, CA, October 1397.

Imt'suul [ mM LPrmcts I hbllcallurcl l Software | |Past va [ll!mtiml IFM pmu]

SRC Publications List

1. Paul McJones and John DeTreville. Each to Each Ecu?rmer's reference_manyal. Technical Note 1337-023,
Digitat Equipment Corporation Systems Research Center, Palo Alto, CA, Octeber 1397.

2. Monika Henzinger and Han La Poutre. Ceriificates and fast algorithes for biconnectivity in fully-dynanic
rathst.j Teggg;cal Note 1397-021, Digital Equipnent Corporation Sysiems Research Cenfer, Falo Alio, (A,
eptember .

3. Monika Henzinger. me&n_djla_siuﬂumjm;tulh_n{mm_hmneﬁ% Technical Note 1997-020, Digital
Equipnent Corporation Systems Research Center, Palo Alto, CA, September 1337.

4. Monika Henzinger and Valerie King. Maintaining mininup spanning trees in dynsmic graphs. Technical Note
1997-019, Digital Equipment Corporation Systems Research Center, Palo Alto, CA, September 1397.

5. Marc Brown, Marc A. Najork. and Roope Raisamo. A Java-based implementation of Collaborative Active
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1
META SEARCH ENGINE

This application is a conversion of copending provisional
application 60/062,958, filed Oct. 10, 1997.

BACKGROUND OF THE INVENTION

Anumber of useful and popular search engines attempt to
maintain full text indexes of the World Wide Web. For
example, search engines are available from AltaVista,
Excite, HotBot, Infoseek, Lycos and Northern Light. How-
ever, searching the Web can still be a slow and tedious
process. Limitations of the search services have led to the
introduction of meta search engines. A meta search engine
searches the Web by making requests to multiple search
engines such as AltaVista or Infoseek. The primary advan-
tages of current meta search engines are the ability to
combine the results of multiple search engines and the
ability to provide a consistent user interface for searching
these engines. Experimental results show that the major
search engines index a relatively small amount of the Web
and that combining the results of multiple engines can
therefore return many documents that would otherwise not
be found.

A number of meta search engines are currently available.
Some of the most popular ones are MetaCrawler, Inference
Find, SavvySearch, Fusion, ProFusion, Highway 61,
Mamma, Quarterdeck WebCompass, Symantec Internet
FastFind, and ForeFront WebSeeker.

The principle motivation behind the basic text meta
search capabilities of the meta search engine of this inven-
tion was the poor precision, limited coverage, limited avail-
ability, limited user interfaces, and out of date databases of
the major Web search engines. More specifically, the diverse
nature of the Web and the focus of the Web search engines
on handling relatively simple queries very quickly leads to
search results often having poor precision. Additionally, the
practice of “search engine spamming” has become popular,
whereby users add possibly unrelated keywords to their
pages in order to alter the ranking of their pages. The
relevance of a particular hit is often obvious only after
waiting for the page to load and finding the query term(s) in
the page.

Experience with using different search engines suggests
that the coverage of the individual engines was relatively
low, i.e. searching with a second engine would often return
several documents which were not returned by the first
engine. It has been suggested that AltaVista limits the
number of pages indexed per domain, and that each search
engine has a different strategy for selecting pages to index.
Experimental results confirm that the coverage of any one
search engine is very limited.

In addition, due to search engine and/or network difficul-
ties, the engine which responds the quickest varies over
time. It is possible to add a number of features which
enhance usability of the search engines. Centralized search
engine databases are always out of date. There is a time lag
between the time when new information is made available
and the time that it is indexed.

SUMMARY OF THE INVENTION

An object of this invention is to improve meta search
engines.

Another object of the present invention is to provide a
meta search engine that analyzes each document and dis-
plays local context around the query terms.
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A further object of this invention is to provide a search
method that improves on the efficiency of existing search
methods.

A further object of this invention is to provide a meta
search engine that is capable of displaying the context of the
query terms, advanced duplicate detection, progressive dis-
play of results, highlighting query terms in the pages when
viewed, insertion of quick jump links for finding the query
terms in large pages, dramatically improved precision for
certain queries by using specific expressive forms, improved
relevancy ranking, improved clustering, and image search.

These and other objectives are attained with a computer
implemented meta search engine and search method. In
accordance with this method, a query is forwarded to a
number of third party search engines, and the responses from
the third party search engines are parsed in order to extract
information regarding the documents matching the query.
The full text of the documents matching the query are
downloaded, and the query terms in the documents are
located. The text surrounding the query terms are extracted,
and that text is displayed.

The engine downloads the actual pages corresponding to
the hits and searches them for the query terms. The engine
then provides the context in which the query terms appear
rather than a summary of the page (none of the available
search engines or meta search services currently provide this
option). This typically provides a much better indication of
the relevance of a page than the summaries or abstracts used
by other search engines, and it often helps to avoid looking
at a page only to find that it does not contain the required
information. The context can be particularly helpful when-
ever a search includes terms which may occur in a different
context to that required. The amount of context is specified
by the user in terms of the number of characters either side
of the query terms. Most non-alphanumeric characters are
filtered from the context in order to produce more readable
and informative results.

Results are returned progressively after each individual
page is downloaded and analyzed, rather than after all pages
are downloaded. The first result is typically displayed faster
than the average time for a search engine to respond. When
multiple pages provide the information required, the archi-
tecture of the meta engine can be helpful because the fastest
sites are the first ones to be analyzed and displayed.

When viewing the full pages corresponding to the hits,
these pages are filtered to highlight the query terms and links
are inserted at the top of the page which jump to the first
occurrence of each query term. Links at each occurrence of
the query terms jump to the next occurrence of the respective
term. Query term highlighting helps to identify the query
terms and page relevance quickly. The links help to find the
query terms quickly in large documents.

Pages which are no longer available can be identified.
These pages are listed at the end of the response. Some other
meta search services also provide “dead link” detection,
however the feature is usually turned off by default and no
results are returned until all pages are checked. For the meta
search engine of this invention however, the feature is
intrinsic to the architecture of the engine which is able to
produce results both incrementally and quickly.

Pages which no longer contain the search terms or that do
not properly match the query can be identified. These pages
are listed after pages which properly match the query. This
can be very important—different engines use different rel-
evance techniques, and if just one engine returns poor
relevance results, this can lead to poor results from standard
meta search techniques.
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The tedious process of requesting additional hits can be
avoided. The meta search engine understands how to extract
the URL for requesting the next page of hits from the
individual search engine responses. More advanced detec-
tion of duplicate pages is done. Pages are considered dupli-
cates if the relevant context strings are identical. This allows
the detection of a duplicate if the page has a different header
or footer.

U.S. Pat. No. 5,659,732 (Kirsch) presents a technique for
relevance ranking with meta search techniques wherein the
underlying search engines are modified to return extra
information such as the number of occurrences of each
search term in the documents and the number of occurrences
in the entire database. Such a technique is not required for
the meta search engine of this invention because the actual
pages are downloaded and analyzed. It is therefore possible
to apply a uniform ranking measure to documents returned
by different engines. Currently, the engine displays pages in
descending order of the number of query terms present in the
document (if none of the first few pages contain all of the
query terms, then the engine initially displays results which
contain the maximum number of query terms found in a
page so far). After all pages have been downloaded, the
engine then relists the pages according to a simple relevance
measure.

This measure currently considers the number of query
terms present in the document, the proximity between query
terms, and term frequency (the usual inverse document
frequency may also be useful (Salton, G. (1989), Automatic
text processing: the transformation, analysis and retrieval of
information by computer, Addison-Wesley.)

prl Np
D737 mind, jea)
=l j=it+l c N,
R=c/N, + cz—+ 2,
P 5] c3
2 (Npy—k)
k=1

where N, is the number of query terms that are present in the
document (each term is counted only once), N, is the total
number of query terms in the document, d(i, j) is the
minimum distance between the ith and the jth of the query
terms which are present in the document (currently in terms
of the number of characters), c, is a constant which controls
the overall magnitude of the relevance measure R, c, is a
constant specifying the maximum distance between query
terms which is considered useful, and c; is a constant
specifying the importance of term frequency (currently
¢;=100, C,=5000, and c;=10C,) This measure is used for
pages containing more than one of the query terms; when
only one query term is found the term’s distance from the
start of the page is used.

This ranking criterion is particularly useful with Web
searches. A query for multiple terms on the Web often
returns documents which contain all terms, but the terms are
far apart in the document and may be in unrelated sections
of the page, e.g. in separate Usenet messages archived on a
single Web page, or in separate bookmarks on a page
containing a list of bookmarks.

The engine does not use the lowest common denominator
in terms of the search syntax. The engine supports all
common search formats, including boolean syntax. Queries
are dynamically modified in order to match each individual
query syntax. The engine is capable of tracking the results of

10

15

20

25

35

40

55

60

65

4

queries, automatically informing users when new documents
are found which match a given query. The engine is capable
of tracking the text of a given page, automatically informing
the user when the text changes and which lines have
changed. The engine includes an advanced clustering tech-
nique which improves over the clustering done in existing
search engines. A specific expressive forms search technique
can dramatically improve precision for certain queries. A
new query expansion technique can automatically perform
intelligent query expansion.

Additional features which could easily be added to the
meta search engine of this invention include: Improved
relevance measures, Alternative ordering methods, e.g. by
site, Field searching e.g. page title, Usenet message subject,
hyperlink text, Rules and/or learning methods for routing
queries to specific search engines, Word sense disambigua-
tion, and Relevance feedback.

Further benefits and advantages of the invention will
become apparent from a consideration of the following
detailed description, given with reference to the accompa-
nying drawings, which specify and show preferred embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the home page of the meta search engine of
this invention.

FIG. 2 shows the options page of the meta search engine
of this invention.

FIGS. 3-8 show, respectively, first through sixth portions
of a sample response of the meta search engine of the present
invention for the query nec and “digital watermark.”

FIG. 9 shows a sample page view for the meta search
engine of this invention.

FIG. 10 is a simplified control flow chart of the meta
search engine of the present invention.

FIG. 11 is a simplified control flow chart for image meta
search.

FIG. 12 shows a first portion of a sample response of the
meta search engine of this invention for the query koala in
the image databases, filtered for photos.

FIG. 13 shows a second portion of a sample response of
the meta search engine of this invention for the query koala
in the image databases, filtered for photos.

FIG. 14 shows a sample response of the meta search
engine of this invention for the query koala in the image
databases, filtered for graphics.

FIG. 15 shows clusters for the query “joydeep ghosh.”

FIG. 16 shows the first two cluster summaries for the
query “joydeep ghosh.”

FIG. 17 shows the first part of the clusters for the query
“joydeep ghosh” from HuskySearch.

FIG. 18 shows the second part of the clusters for the query
“joydeep ghosh” from HuskySearch.

FIG. 19 shows clusters for the query “joydeep ghosh”
from AltaVista.

FIG. 20 shows clusters produced by the meta search
engine of this invention for the query “neural network.”

FIG. 21 shows clusters produced by the meta search
engine of this invention for the query typing and injury along
with the first cluster summary.

FIG. 22 shows the response of the meta search engine of
the present invention for the query What does NASDAQ
stand for?

FIG. 23 shows the response of Infoseek for the query
‘What does NASDAQ stand for?
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FIG. 24 shows the response of the meta search engine of
this invention for the query How is a rainbow created?

FIG. 25 shows the response of Infoseek for the query How
is a rainbow created?

FIG. 26 shows the response of the meta search engine of
the present invention for the query What is a mealy
machine?

FIG. 27 shows a sample home page showing new hits for
a query and recently modified URLs.

FIG. 28 shows a sample page view showing the text
which has been added to the page since the last time it was
viewed.

FIG. 29 shows the coverage of each of six search engines
with respect to the combined coverage of all six.

FIG. 30 shows the coverage as the number of search
engines is increased.

FIG. 31 shows a comparison of the overlap between
search engines to the number of documents returned from all
six engines combined.

FIG. 32 shows the coverage of each search engine with
respect to the estimated size of the indexable Web.

FIGS. 33 and 34 show histograms of the major search
engine response times, and a histogram of the response time
for the first response when queries are made to the six
engines simultaneously.

FIG. 35 shows the median time for the Web search
engines to respond.

FIG. 36 shows the median time for the first of n Web
search engines to respond.

FIG. 37 shows the response time for arbitrary Web pages.

FIG. 38 shows the median time to download the first of n
pages requested simultaneously.

FIG. 39 shows the time for the meta engine to display the
first result.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One of the fundamental features of the meta search engine
of this invention is that it analyzes each document and
displays local context around the query terms. The benefit of
displaying the local context, rather than an abstract or
summary of the document, is that the user may be able to
more readily determine if the document answers his or her
specific query. In essence, this technique admits that the
computer may not be able to accurately determine the
relevance of a particular document, and in lieu of this ability,
formats the information in the best way for the user to
quickly determine relevance. A user can therefore find
documents of high relevance by quickly scanning the local
context of the query terms. This technique is simple, but can
be very effective, especially in the case of Web search where
the database is very large, diverse, and poorly organized.

The idea of querying and collating results from multiple
databases is not new. Companies like PLS, Lexis-Nexis, and
verity have long since created systems which integrate the
results of multiple heterogencous databases. Many other
Web meta search services exist such as the popular and
useful MetaCrawler service. Services similar to MetaCra-
wler include SavvySearch, Inference Find, Fusion, ProFu-
sion, Highway 61, Mamma, Quarterdeck WebCompass,
Metabot, Symantec Internet FastFind, and WebSeeker.

FIG. 1 shows the home page of the meta search engine of
this invention. The bar 12 at the top contains links for the
options page, the help page, and the submission of sugges-
tions and problems. Queries are entered into the “Find:” box
14. The selection of which search engines to use for the
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query is made by clicking on the appropriate selection on the
following line. The options are currently:

1. Web—standard Web search engines: (a) AltaVista, (b)
Excite, (c) Infoseck, (d) HotBot, (¢) Lycos, (f) Northern
Light, (g) WebCrawler, and (h) Yahoo.

2. Usenet Databases—indexes of Usenet newsgroups: (a)
AltaVista, (b) DejaNews, (c) Reference.com.

3. Press—indexes of press articles and news wires: (a)
Infoseek NewsWire, Industry, and Premier sources—c/o
Infoseek—Reuters, PR NewsWire etc., and (b)
NewsTracker—c/o Excite—online newspapers and maga-
zines.

4. Images—image indexes: (a) Corel—corel image data-
base, (b) HotBot—HotBot images, (c¢) Lycos—Lycos
images, (d) WebSeer—WebSeer images, (¢) Yahoo—Yahoo
images, and (f) AltaVista—AltaVista images.

5. Journals—academic journals: (a) Science.

6. Tech—technical news: (a) TechWeb and (b) ZDNet.

7. All—all of the above.

The constraints menu 16 follows which contains options
for constraining the results to specific domains, specific page
ages, and specific image types. The main options menu 20
follows which contains options for selecting the maximum
number of results, the amount of context to display around
the query terms (in characters), and whether or not to
activate clustering or tracking.

The options link on the top bar allows setting a number of
other options, as shown at 22 in FIG. 2. These options are:
1. The timeout (per individual page download), 2. Whether
or not to filter the pages when viewed, 3. Whether or not to
filter images from the pages when viewed, 4. Whether each
search displays results in a new window or not, and 5.
Whether or not to perform image classification (for manual
classification of images). Additionally, the options page
shows at 24 and 26 which queries and URLs are being
tracked for changes, and allows entering a new URL to
track.

FIGS. 3 to 8 show a sample response of the meta search
engine of this invention for the query nec and “digital
watermark”. FIG. 3 shows the top portion of the response
from the search. The search form can be seen at the top,
followed by a tip 30 which may be query sensitive. Results
which contain all of the query terms are then displayed as
they are retrieved and analyzed (as mentioned before, if
none of the first few pages contain all of the query terms then
the engine initially displays results which contain the maxi-
mum number of query terms found in a page so far). The
bars 32 to the left of the document titles indicate how close
the query terms are in the documents—longer bars indicate
that the query terms are closer together. The engine which
found the document, the age of the document, the size of the
document, and the URL follow the document title.

After the pages have been retrieved, the engine then
displays the top 20 pages ranked using term proximity
information (FIG. 4). In descending order, and referring to
FIGS. 5 to 8, the engine then displays those pages which
contain fewer query terms, those pages which contain none
of the query terms, those pages which contain duplicate
context strings, and those pages which could not be down-
loaded. Links to the search engine pages which were used
are then provided, followed by terms which may be useful
for query expansion. With reference to FIG. 8, the engine
then displays a summary box with information on the
number of documents found from each individual engine,
the number retrieved and processed, and the number of
duplicates.
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FIG. 9 shows a sample of how the individual pages are
processed when viewed. The links 40 at the top jump to the
first occurrence of the query terms in the document, and
indicate the number of occurrences. The [Track Page] link
activates tracking for this page—the user will be informed
when and how the document changes.

The engine comprises two main logical parts: the meta
search code and a parallel page retrieval daemon.
Pseudocode for (a simplified version of) the search code is
as follows:

Process the request to check syntax and create.. ..regular
expressions which are used to match query.. ..terms

Send requests (modified appropriately) to all.. ..relevant
search engines

Loop for each page retrieved until maximum number..
results or all pages retrieved

If page is from a search engine

Parse search engine response extracting hits.. ..and any

link for the next set of results

Send requests for all of the hits

Send requests for the next set of results.. ..if applicable
Else

Check page for query terms and create.. ..context strings

if found

Print page information and context strings if all.. ..query

terms are found and duplicate context.. ..strings have
not been encountered before

Endif
End loop
Re-rank pages using proximity and term frequency.. ..infor-

mation
Print page information and context strings for

pages.. ..which contained some but not all query terms
Print page information for pages which contained
no.. ..query terms
Print page information and context strings
pages.. ..which contain duplicate context strings
Print page information for pages which could not
be.. ..downloaded
Print summary statistics.

FIG. 10 shows a simplified control flow diagram 50 of the
meta search engine. The page retrieval engine is relatively
simple but does incorporate features such as queuing
requests and balancing the load from multiple search pro-
cesses, and delaying requests to the same site to prevent
overloading a site. The page retrieval engine comprises a
dispatch daemon and a number of client retrieval processes.
Pseudocode for (a simplified version of) the dispatch dae-
mon is as follows:

Start clients
Loop
Check for timeout of active clients
Send any queued requests if possible, balancing.. ..load
for requests from multiple search.. ..processes
If there is a message from a client
If message is “replace me” replace the.. ..client with
a new process
If message is “done” update client.. ..information
If message is “status” return status
If message is “get” then
If all clients are busy or a request.. ..has been made
to this site.. ..within the last x seconds
then.. ..queue the request
Otherwise send request to a client
Endif
Endif
End loop

..of

for
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The client processes simply retrieve the relevant pages,
handling errors and timeouts, and return the pages directly
to the appropriate search process.

The algorithm used for image meta search in the meta
search engine of this invention is as follows:

Process the request to check syntax and create.. ..regular
expressions which are used to match.. ..query terms

Send requests (modified appropriately) to all.. ..relevant
image search engines

Loop for each page retrieved until maximum number
of.. .images or all pages retrieved

If page is from a search engine

Parse search engine response extracting.. ..hits and any
link for the next set.. ..of results
Send requests for all of the hits
Send request for the next set of results.. ..if applicable
Else if page is an image
Add image to the display queue
Else

Analyze query term locations in the page.. ..and
predict which (if any) of the.. ..images on the
page corresponds to.. ..the query—send a
request to.. ..download this image

Endif
If n images are in the display queue

Create a single image montage of the.. ..images in
the queue

Display the montage as a clickable image.. ..where
each portion of the image.. ..corresponding to
the original.. ..individual images shows a
detail.. ..page for the original image

Endif
End loop

If any images are in the display queue
Create a single image montage of the images in..
queue
Display the montage as a clickable image where.. ..each
portion of the image corresponding.. ..to the original
individual images shows.. ..a detail page for the origi-
nal image
Endif
Print summary statistics
FIG. 11 shows a simplified control flow diagram 60 for
the image meta search algorithm.
Image Classification
The Web image search engine WebSeer attempts to clas-
sify images as photographs or graphics. WebSeer extracts a
number of features from the images and uses decision trees
for classification. We have implemented a similar image
classification system. However, we use a different feature set
and use a neural network for classification. FIGS. 12 and 13
show the response of the meta search engine of this inven-
tion to the image query koala, with the images filtered for
photos. FIG. 14 shows the response when filtering for
graphics.
Document Clustering
Document clustering methods typically produce non-
overlapping clusters. For example, Hierarchical Agglomera-
tive Clustering (HAC) algorithms, which are the most com-
monly used algorithms for document clustering (Willet, P.
(1988), “Recent trends in hierarchical document clustering:
a critical review”, Information Processing and Management
24, 577-597), start with each document in a cluster and
iteratively merge clusters until a halting criterion is met.
HAC algorithms employ similarity functions (between
documents and between sets of documents).

..the
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A document clustering algorithm is disclosed herein
which is based on the identification of co-occurring phrases
and conjunctions of phrases. The algorithm is fundamentally
different to commonly used methods in that the clusters may
be overlapping, and are intended to identify common items
or themes.

The World Wide Web (the Web) is large, contains a lot of
redundancy, and a relatively low signal to noise ratio. These
factors make finding information on the Web difficult. The
clustering algorithm presented here is designed as an aid to
information discovery, i.e. out of the many hits returned for
a given query, what topics are covered? This allows a user
to refine their query in order to investigate one of the
subtopics.

The clustering algorithm is as follows:

Retrieve pages corresponding to the query
For each page
For n=1 to MaximumPhrasel.ength
For each set of successive n words
If this combination of words has not.. ..already
appeared in this.. ..document then add the set to
a.. ..hash table for this document.. ..and a hash
table for all.. ..documents
End for

End for
End for
For n=MaximumPhraseLength to 1

Find the most common phrases of length n, to a.. ..maxi-

mum of MaxN phrases, which occurred.. ..more than
MinN times

Add these phrases to the set of clusters
End for
Find the most common combinations of two clusters.. ..from

the previous step, to a maximum of MaxC.. ..Combina-

tions, for which the combination.. ..occurred in individual
documents at least.. ..MinC times

Delete clusters which are identified by phrases.. ..which are
subsets of a phrase identifying.. ..another cluster

Merge clusters which contain identical documents

Display each cluster along with context from a set.. ..of
pages for both the query terms.. ..and the cluster terms.

FIG. 15 shows the clusters 70 produced by this algorithm
for the query “joydeep ghosh”, and FIG. 16 shows the first
two cluster summaries 72 and 74 for these clusters. FIGS. 17
and 18 show the clusters 76 and 80 produced by Husky-
Search for the same query. FIG. 19 shows the clusters 82
produced by AltaVista. FIGS. 20 and 21 show the clusters 84
and 86 produced by the meta search engine of this invention
for another two queries: “neural network” and typing and
injury.

Query Expansion

One method of performing query expansion is to augment
the query with morphological variants of query terms. Word
stemming (Porter, M. F. (1980), “an algorithm for suffix
stripping”, Program 14, 130-137.) can be used in order to
treat morphological variants of a word as identical words.
Web search engines typically do not perform word stem-
ming, despite the fact that it would reduce the resources
required to index the Web. One reason for the lack of word
stemming by Web search engines is that stemming can
reduce precision. Stemming considers all morphological
variants. Query expansion using all morphological variants
often results in reduced precision for Web search because the
morphological variants often refer to a different concept.
Reduced precision using word stemming is typically more
problematic on the Web as compared to traditional infor-
mation retrieval test collections, because the Web database
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is larger and more diverse. A query expansion algorithm is
disclosed herein which is based on the use of only a subset
of morphological variants. Specifically, the algorithm uses
the subset of morphological variants which occur on a
certain percentage of the Web pages matching the original
query. Currently, the query terms are stemmed with the
Porter stemmer (Porter, M. F. (1980), “An algorithm for
suffix stripping”, Program 14, 130-137.) and the retrieved
pages can be searched for morphological variants of the
query terms. Variants which occur on greater than 1% of the
pages are displayed to the user for possible inclusion in a
subsequent query. No quantitive evaluation of this technique
has been performed, however observation indicates that
useful terms are suggested. As an example, for the query nec
and “digital watermark”, the following terms are suggested
for query expansion: digitally, watermarking, watermarks,
watermarked.

Currently the technique does not automatically expand a
query when first entered, because the query expansion terms
are not known until the query is complete. However the
technique can be made automatic by maintaining a database
of expansion terms for each query term. The first query
containing a term can add the co-occurring morphological
variants to the database, and subsequent queries can use
these terms, and update the database if required.

Specific Expressive Forms

Accurate information retrieval is difficult due to the
possibility of information represented in  many
ways—requiring an optimal retrieval system to incorporate
semantics and understand natural language. Research in
information retrieval often considers techniques aimed at
improving recall, e.g. word stemming and query expansion.
As mentioned earlier, it is possible for these techniques to
decrease precision, especially in a database as diverse as the
Web.

The World Wide Web contains a lot of redundancy.
Information is often contained multiple times and expressed
in different forms across the Web. In the limit where all
information is expressed in all possible ways, high precision
information retrieval would be simple and would not require
semantic knowledge—one would only need to search for
one particular way of expressing the information. While
such a goal will never be reached for all information,
experiments indicate that the Web is already sufficient for an
approach based on this idea to be effective for certain
retrieval tasks.

The method of this invention is to transform queries in the
form of a question, into specific forms for expressing the
answer. For example, the query “What does NASDAQ stand
for?” is transformed into the query “NASDAQ stands for”
“NASDAQ is an abbreviation” “NASDAQ means”. Clearly
the information may be contained in a different form to these
three possibilities, however if the information does exist in
one of these forms, then there is a high likelihood that
finding these phrases will provide the answer to the query.
The technique thus trades recall for precision. The meta
search engine of this invention currently uses the specific
expressive forms (SEF) technique for the following queries
(square brackets indicate alternatives and parentheses indi-
cate optional terms or alternatives):

What [islare]x?

What [causeslcreateslproduces] x?

What do you think [aboutlofiregarding] x?

What does x [stand forimean]?

Where is x?

Who is x?

[Whyhow] [islare](althe) x y?
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Why do x?

When is x?

When do x?

How [do Ican] i x?

How (can)[althe] x y?

How does [althe] x y?

As an example of the transformations, “What does x
[stand forlmean]?” is converted to “x stands for” “x is an
abbreviation” “x means”, and “What
[causeslcreateslproduces] x?” is transformed to “x is caused”
“x is created” “causes X~ “produces X" “makes X” “creates
x”.

Different search engines use different stop words and
relevance measures, and this tends to result in some engines
returning many pages not containing the SEFs. The offend-
ing phrases are therefore filtered out from the queries for the
relevant engines.

FIG. 22 shows at 90 the response of the meta search
engine of this invention for the query “What does NASDAQ
stand for?” The answer to the query is contained in the local
context displayed for about 5 out of the first 6 pages. FIG.
23 shows at 92 the response of Infoseek to the same query.
The answer to the query is not displayed in the page
summaries, and which, if any, of the pages contains the
answer is not clear. FIGS. 24 and 25 show, at 94 and 96, the
meta search engine of this invention and Infoseek responses
to the query “How is a rainbow created?” Again, the answer
is contained in the local context shown by the meta search
engine of this invention but it is not clear which, if any, of
the pages listed by Infoseek contain the answer to the
question. FIG. 26 shows at 100 a third example of the
response from the meta search engine of the invention for
the query “What is a mealy machine?”

It is reasonable to expect that the amount of easily
accessible information will increase over time, and therefore
that the viability of the specific expressive forms technique
will improve over time. An extension of the above-discussed
procedures is to define an order over the various SEFs, e.g.
“x stands for” may be more likely to find the answer to
“What does x stand for” than the phrase “x means”. If none
of the SEFs are found then the engine could fall back to a
standard query.

Search tips may be provided by the meta engine. These
tips may include, for example, the following:

Use quotes for phrases, e.g. “nec research”.

You can hide the various options above to save screen

space by clicking on the “hide” links.

Window option: clicking on a hit brings up the page in the
same window for multiple searches or a new window
for each new search.

Filter option: filters pages when viewed to highlight query
terms. Faster due to local caching of the page.

The letter(s) after the page titles identify the search engine
which provided the result (e.g. A==AltaVista).

The second field after the page titles is the time since the
page was last updated (e.g. 5 m=5 months, 1y=1 year).

The third field after the page titles is the size of the page.

The context option selects the number of characters to
display either side of the query terms.

The timeout option is the maximum time to download
each individual page.

Searching in “Press” is useful for higher precision with
current news topics.

Image option: remove images from the pages when
viewed (for faster viewing).
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When viewing a filtered page, clicking on a query term
jumps to the next occurrence of that term. Clicking on
the last occurrence of a term jumps back to the first
occurrence.

You can use “-term” to exclude a term.

You can search for links to a specific page, e.g. link:
www.neci.nj.nec.com/homepages/giles. Self links are
excluded.

When in doubt use lower case.

This meta engine makes more than three times as many
documents available as a single search engine. Con-
straining your search can help, e.g. if you want to know
what NASDAQ stands for, searching for “NASDAQ
stands for” rather than “NASDAQ” can find your
answer faster although the information may also be
expressed in alternative ways.

Clicking on the search engine links in the “Searching for:”
line will show the search engine response to the current
query.

You can search for images by selecting the “images”
button, e¢.g. “red rose”.

The bar to the left of the titles is longer when the query
terms are closer together in the document.

The query term links in the “Searching for” line lead to
the Webster dictionary definitions.

If you select Tracking: Yes, then your query will be
tracked and new hits will be displayed on your cus-
tomized home page similar to the “recent articles about
NEC Research”.

Select Cluster: Yes to cluster the documents and identify
common themes.

You can filter images using a neural network prediction of
whether each image is a photo or a graphic using the
Images: option.

Alisting of pages ranked by term proximity is shown after
all of the documents have been retrieved.

Tracking Queries and URLs

Services such as the Informant (The Informant, 1997)
track the response of Web search engines to queries, and
inform users when new documents are found. The meta
search engine of this invention supports this function. Track-
ing is initiated for a query by selecting the Track option
when performing the query. A daemon then repeats the query
periodically, storing new documents along with the time
they were found. New documents are presented to the user
on the home page of the search engine, as shown at 102 in
FIG. 27. The engine does not currently inform users if the
documents matching queries have changed, although this
could be added.

The meta search engine of this invention also supports
tracking URLs. Tracking is initiated by clicking the [Track
page] link when viewing one of the pages from the search
engine results. Alternatively, tracking may be initiated for an
arbitrary URL using the options page. A daemon identifies
updates to the pages being tracked, and shows a list of
modified pages to the user on the home page, as in FIG. 27.
The [Page] link displays the page being tracked and inserts
a header at the top showing which lines have been added or
modified since the last time the user viewed the page (e.g.
see FIG. 28).

Estimating the Coverage of Search Engines and the Size
of the Web

As the World Wide Web continues to expand, it is
becoming an increasingly important resource for scientists.
Immediate access to all scientific literature has long been a
dream of scientists, and the Web search engines have made
a large and growing body of scientific literature and other
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information resources easily accessible. The major Web
search engines are commonly believed to index a large
proportion of the Web. Important questions which impact
the choice of search methodology include: What fraction of
the Web do the search engines index? Which search engine
is the most comprehensive? How up to date are the search
engine databases?

A number of search engine comparisons are available.
Typically, these involve running a set of queries on a number
of search engines and reporting the number of results
returned by each engine. Results of these comparisons are of
limited value because search engines can return documents
which do not contain the query terms. This may be due to (a)
the information retrieval technology used by the engine, e.g.
Excite uses “concept-based clustering” and Infoseek uses
morphology—these engines can return documents with
related words, (b) documents may no longer exist—an
engine which never deletes invalid documents would be at
an advantage, and (¢) documents may still exist but may
have changed and no longer contain the query terms.

Selberg and Etzioni (Selberg, E. and Etzioni, O. (1995),
Multi-service search and comparison using the MetaCra-
wler, in “Proceedings of the 1995 World Wide Web Con-
ference”.) have presented results based on the usage logs of
the MetaCrawler meta search service (due to substantial
changes in the search engine services and the Web, it is
expected that their results would be significantly different if
repeated now). These results considered the following
engines: Lycos, WebCrawler, InfoSeek, Galaxy, Open Text,
and Yahoo. Selberg and Etzioni’s results are informative but
limited for several reasons.

First, they present the “market share” of each engine
which is the percentage of documents that users follow that
originated from each of the search engines. These results are
limited for a number of reasons, including (a) relevance is
difficult to determine without viewing the pages, and (b)
presentation order affects user relevance judgements (Eisen-
berg, M. and Barry, C. (1986), Order effects: A preliminary
study of the possible influence of presentation order on user
judgements of document relevance, in “Proceedings of the
49th Annual Meeting of the American Society for Informa-
tion Science”, Vol. 23, pp. 80-86).

The results considered by Selberg and Etzioni are also
limited because they present results on the percentage of
unique references returned and the coverage of each engine.
Their results suggest that each engine covers only a fraction
of the Web, however their results are limited because (a) as
above, engines can return documents which do not contain
the query terms—engines which return documents with
related words or invalid documents can result in signifi-
cantly different results, and (b) search engines return docu-
ments in different orders, meaning that all documents need
to be retrieved for a valid comparison, e.g. two search
engines may index exactly the same set of documents yet
return a different set as the first x.

In addition, Selberg and Etzioni find that the percentage of
invalid links was 15%. They do not break this down by
search engine. Selberg and Etzioni do point out limitations
in their study (which is just a small part of a larger paper on
the very successful MetaCrawler service).

AltaVista and Infoseek have recently confirmed that they
do not provide comprehensive coverage on the Web (Brake,
D. (1997), “Lost in cyberspace”, New Scientist 154(2088),
12-13.) Discussed below are estimates on how much they do
cover.

We have produced statistics on the coverage of the major
Web search engines, the size of the Web, and the recency of
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the search engine databases. Only the 6 current major
full-text search engines are considered herein (in alphabeti-
cal order): AltaVista, Excite, HotBot, Infoseek, Lycos, and
Northern Light. A common perception is that these engines
index roughly the same documents, and that they index a
relatively large portion of the Web.

We first compare the number of documents returned when
using different combinations of 1 to 6 search engines. Our
overall methodology is to retrieve the list of matching
documents from all engines and then retrieve all of the
documents for analysis. Two important constraints were
used.

The first constraint was that the entire list of documents
matching the query must have been retrieved for all of the
search engines in order for a query to be included in the
study. This constraint is important because the order in
which the engines rank documents varies between engines.
Consider a query which resulted in greater than 1,000
documents from each engine. If we only compared the first
200 documents from each engine we may find many unique
URLs. However, we would not be able to determine if the
engines were indexing unique URLs, or if they were index-
ing the same URLs but returning a different subset as the
first 200 documents.

The second constraint was that for all of the documents
that each engine lists as matching the query, we attempted to
download the full text of the corresponding URL. Only
documents which could be downloaded and which actually
contain the query terms are counted. This is important
because (a) some engines can return documents which they
believe are relevant but do not contain the query terms (e.g.
Excite uses “concept-based clustering” and may consider
related words, and Infoseek uses morphology), and (b) each
search engine contains a number of invalid links, and the
percentage of invalid links varies between the search
engines (engines which do not delete invalid links would be
at an advantage).

Other details important to the analysis are:

1. Duplicates are removed when considering the total
number of documents returned by one engine or by a
combination of engines, including detection of identical
pages with different URLs. URLs are normalized by a)re-
moving any “index.html” suffix or trailing “/”, b) removing
a port 80 designation (the default), ¢) removing the first
segment of the domain name for URLs with a directory
depth greater than 1(in order to account for machine aliases),
and d) unescaping any “escaped” characters. (e.g. %7E in a
URL is equivalent to the tilde character).

2. We consider only lowercase queries because different
engines treat capitalized queries differently (e.g. AltaVista
returns only capitalized results for capitalized queries).

3. We used an individual page timeout of 60 seconds.
Pages which timed out were not included in the analysis.

4. We use a fixed maximum of 700 documents per query
(from all engines combined after the removal of duplicates)
—queries returning more documents were not included. The
search engines typically impose a maximum number of
documents which can be retrieved (current limits are
AltaVista 200, Infoseek 500, HotBot 1,000, Excite 1,000,
Lycos 1,000, and Northern Light>10,000) and we checked to
ensure that these limits were not exceeded (using this
constraint no query returned more than the maximum from
each engine, notably no query returned more than 200
documents from AltaVista).

5. We only counted documents which contained the exact
query terms, i.e. the word “crystals” in a document would
not match a query term of “crystal”—the non-plural form of
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the word would have to exist in the document in order for the
document to be counted as matching the query. This is
necessary because different engines use different morphol-
ogy rules.

6. HotBot and Altavista can identify alternate pages with
the same information on the Web. These alternate pages are
included in the statistics (as they are for the engines which
do not identify alternate pages with the same data).

7. The “special collection” (premier documents not part of
the publicly indexable Web) of Northern Light was not used.

Over a period of time, we have collected 500 queries
which satisty the constraints. For the results presented
herein, we performed the 500 queries during the period Aug.
23, 1997 to Aug. 24, 1997. We manually checked that all
results were retrieved and parsed correctly from each engine
before and after the tests because the engines periodically
change their formats for listing documents and/or requesting
the next page of documents (we also use automatic methods
designed to detect temporary failures and changes in the
search engine response formats).

FIG. 29 shows the fraction of the total number of docu-
ments from the 6 engines which were retrieved by each
individual engine. Table 1 below shows these results along
with the 95% confidence interval. HotBot is the most
comprehensive in this comparison. These results are specific
to the particular queries performed and the state of the
engine databases at the time they were performed. Also, the
results may be partly due to different indexing rather than
different databases sizes—different engines may not index
identical words for the same documents (for example, the
engines typically impose a maximum file size and effec-
tively truncate oversized documents).

TABLE 1
Search Hot- Ex- Northern  Alta-
Engine Bot cite Light Vista Infoseek  Lycos
Coverage 39.2% 31.1% 30.4% 292% 17.9% 12.2%
WRT 6
Engines
95% +/ +/ +/ + + +
confidence -14% -12% -1.3% -1.2% -1.1% -1.1%
interval

FIG. 30 shows the average fraction of documents
retrieved by 1 to 6 search engines normalized by the number
retrieved from all six engines. For 1 to 5 engines, the average
is over all combinations of the engines, which is averaged
for each query and then averaged over queries. Using the
assumption that the coverage increases logarithmically with
the number of search engines, and that, in the limit, an
infinite number of search engines would cover the entire
Web, f(x)=b(1-1/exp(ax)), where a and b are constants and
x is the number of search engines, was fit to the data (using
Levenberg-Marquardt minimization (Fletcher, R. (1987),
Practical Methods of Optimization, Second Edition, John
Wiley & Sons) with the default parameters in the program
gnuplot) and plotted on FIG. 30. This is equivalent to the
assumption that each engine covers a certain fixed percent-
age of the Web, and each engine’s sample of the Web is
drawn independently from all Web pages (c;=¢c,_;+¢;(1-¢c,.1),
i=2 ... n where ¢, is the coverage of i engines and c, is the
coverage of one engine).

There are a number of important biases which should be
considered. Search engines typically do not consider index-
ing documents which are hidden behind search forms, and
documents where the engines are excluded by the robots
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exclusion standard, or by authentication requirements.
Therefore, we expect the true size of the Web to be much
larger than estimated here. However search engines are
unlikely to start indexing these documents, and it is therefore
of interest to estimate the size of the Web that they do
consider indexing (hereafter referred to as the “indexable
Web”), and the relative comprehensiveness of the engines.

The logarithmic extrapolation above is not accurate for
determining the size of the indexable Web because (a) the
amount of the Web indexed by each engine varies signifi-
cantly between the engines, and (b) the search engines do
not sample the Web independently. All of the 6 search
engines offer a registration function for users to register their
pages. It is reasonable to assume that many users will
register their pages at several of the engines. Therefore the
pages indexed by each engine will be partially dependent. A
second source of dependence between the sampling per-
formed by each engine comes from the fact that search
engines are typically biased towards indexing pages which
are linked to in other pages, i.e. more popular pages.

Consider the overlap between engines a and b in FIG. 31.
Assuming that each engine samples the Web independently,
the quantity n,/n, where n, is the number of documents
returned by both engines and n,, is the number of documents
returned by engine b, is an estimate of the fraction of the
indexable Web, P_, covered by engine a. Using the coverage
of 6 engines as a reference point we can write P',=na/ng,
where n, is the number of documents returned by engine a
and ng is the number of unique documents returned by the
combination of 6 engines. Thus, P', is the coverage of engine
a with respect to the coverage of the 6 engines, we can write
c=P'_ /P =n_n,/nsn . We use this equation to estimate the size
of the Web in relation to the amount, of the Web covered by
the 6 engines considered here. Because the size of the
engines varies significantly, we consider estimating the
value of ¢ using combinations of two engines, from the
smallest two to the largest two. We limit this analysis to the
245 queries returning 250 documents (to avoid difficulty
when n,=0). Table 2 shows the results. Values of ¢ smaller
than 1 suggest that the size of the indexable Web is smaller
than the number of documents retrieved from all 6 engines.
It is reasonable to expect that larger engines will have lower
dependence because a) they can index more pages other than
the pages which users register, and b) they can index more
of the less popular pages on the Web. Indeed, there is a clear
trend where the estimated value of ¢ increases with the larger
engines.

TABLE 2
AltaVista
Lycos & Northern
Search & Infoseek &  Northern — Light & Excite
Engines Infoseek  AltaVista Light Excite & HotBot
Engine Smallest —- Largest
Sizes
Estimated 0.6 0.9 0.9 1.9 2.2
c
95% +/-0.04 +/-0.06 +/-0.04  +/-012  +/-0.17
confidence
interval

Using c¢=2.2, from the comparison with the largest two
engines, we can estimate the fraction of the indexable Web
which the engines cover: HotBot 17.8%, Excite 14.1%,
Northern Light 13.8%, AltaVista 13.3%, Infoseek 8.1%,
Lycos 5.5%. These results are shown at 120 in FIG. 32. The
percentage of the indexable Web indexed by the major
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search engines is much lower than is commonly believed.
We note that (a) it is reasonable to expect that the true value
of ¢ is actually larger than 2.2 due to the dependence which
remains between the two largest engines, and (b) different
results may be found for queries from a different class of
users.

HotBot reportedly contains 54 million pages, putting our
estimate on a lower bound for the size of the indexable Web
at approximately 300 million pages. Currently available
estimates of the size of the Web vary significantly. The
Internet Archive uses an estimate of 80 million pages
(excluding images, sounds, etc.) (Cunningham, M. (1997),
‘Brewster’s millions’, http://www.irish-times.com/irish-
times/paper/1997/0127/cmp1.html.) Forrester Research esti-
mates that there are more than 75 million pages (Guglielmo,
C. (1997), ‘Mr.Kurnit’s neighborhood’, Upside September.)
AltaVista now estimates that there the Web contains 100 to
150 million pages (Brake, D. (1997), ‘Lost in cyberspace’,
New Scientist 154(2088), 12-13).

A simple analysis of page retrieval times leads to some
interesting conclusions. Table 3 below shows the median
time for each of the six major search engines to respond,
along with the median time for the first of the six engines to
respond when queries are made simultaneously to all
engines (as happens in the meta engine).

TABLE 3

Median Time for response

Search Engine (seconds)
AltaVista 0.9
Infoseek 1.3
HotBot 2.6
Excite 5.2
Lycos 2.8
Northern Light 7.5
All engines 2.7
First of 6 engines 0.8
First result from the meta 1.3

search engine of this
invention

Histograms of the response times for these engines and
the first of 6 engines are shown in FIGS. 33 and 34, and the
median times are shown in FIG. 35. FIG. 36 shows the
median time for the first of n engines to respond. These
results are from September 1997, and we note that the
relative speed of the search engines varies over time.

Looking now at the time to download arbitrary Web
pages, FIG. 37 shows a histogram of the response time. FIG.
38 shows the median time for the first of n engines to
respond. We can estimate the time for the meta engine to
display the first result, which we create by sampling from the
distributions for the first of 6 search engines (the meta
engine actually uses more than 6 search engines but we
concentrate on the major Web engines here), and the first of
10 Web pages (the actual number depends on the number
returned by the first engine to respond), adding these
together, and averaging over 10,000 trials.

FIG. 39 shows a histogram of this distribution. The
median of the distribution is 1.3 seconds (compared to 2.7
seconds for the median response time of a search engine
even without downloading any actual pages). For compari-
son, the average time MetaCrawler takes to return results is
25.7 seconds (without page verification) or 139.3 seconds
(with page verification) (Selberg, E. and Etziono, O. (1995),
Multi-service search and comparison using the MetaCra-
wler, in ‘Proceedings of the 1995 World Wide Web Confer-
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ence’)(the underlying search engines and/or the Web appear
to be significantly faster than they were when Selberg and
Etzioni performed their experiment).

Therefore, on average we find that the parallel architec-
ture of the meta engine of this invention allows it to find,
download and analyze the first page faster than the standard
search engines can produce a result although the standard
engines do not download and analyze the pages. Note that
the results in this section are specific to the particular queries
performed (speed as a function of the query is different for
each engine) and the network conditions under which they
were performed. These factors may bias the results towards
certain engines. The non-stationarity of Web access times is
not considered here, e.g. the speed of the engines varies
significantly over time (short term variations may be due to
network or machine problems and user load, long term
variations may be due to modifications in the search engine
software, the search engine hardware resources, or relevant
network connections).

The meta search engine of this invention demonstrates
that real-time analysis of documents returned from Web
search engines is feasible. In fact, calling the Web search
engines and downloading Web pages in parallel allows the
meta search engine of this invention to, on average, display
the first result quicker than using a standard search engine.

User feedback indicates that the display of real-time local
context around query terms, and the highlighting of query
terms in the documents when viewed, significantly improves
the efficiency of searching the Web.

Our experiments indicate that an upper bound on the
coverage of the major search engines varies from 6%
(Lycos) to 18% (HotBot) of the indexable Web. Combining
the results of six engines returns more than 3.5 times as
many documents when compared to using only one engine.
By analyzing the overlap between search engines, we esti-
mate that an approximate lower bound on the size of the
indexable Web is 300 million pages. The percentage of
invalid links returned by the major engines varies from 3%
to 7%. Our results provide an indication of the relative
coverage of the major Web search engines, and confirm that,
as indicated by Selberg and Etzioni, the coverage of any one
search engine is significantly limited.

While it is apparent that the invention herein disclosed is
well calculated to fulfill the objects previously stated, it will
be appreciated that numerous modifications and embodi-
ments may be devised by those skilled in the art, and it is
intended that the appended claims cover all such modifica-
tions and embodiments as fall within the true spirit and
scope of the present invention.

What is claimed is:

1. A computer-implemented meta search engine method,
comprising the steps of:

forwarding a query to a plurality of third party search

engines;

receiving and processing responses from the third party

search engines, said responses identifying documents
in response to the query, said processing including the
steps of,

(a) downloading the full text of the documents identified

in response to the query, and

(b) locating query terms in the documents and extracting

text surrounding the query terms to form at least one
context string;

displaying information regarding the documents, and the

at least one context string surrounding one or more of
the query terms for each processed document contain-
ing the query terms; and
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clustering the documents based on analysis of the full text
of each document and identification of co-occurring
phrases and words, and conjunctions thereof and dis-
playing the information regarding the documents
arranged by said clusters.

2. A computer-implemented meta search engine method,

comprising the steps of:

forwarding a query to a plurality of third party search
engines;

receiving and processing responses from the third party
search engines, said responses identifying documents
in response to the query, said processing including the
steps of,

(a) downloading the full text of the documents identified
in response to the query, and

(b) locating query terms in the documents and extracting
text surrounding the query terms to form at least one
context string;

displaying information regarding the documents, and the
at least one context string surrounding one or more of
the query terms for each processed document contain-
ing the query terms; and

displaying suggested additional query terms for expand-
ing the query based on terms in the documents identi-
fied in response to the query.

3. A computer-implemented meta search engine method,

comprising the steps of:

receiving a query and transforming the query from a form
of a question into a form of an answer;

forwarding the transformed query to a plurality of third
party search engines;

receiving and processing responses from the third party
search engines, said responses identifying documents
in response to the query, said processing including the
steps of,
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(a) downloading the full text of the documents identified
in response to the query, and
(b) locating query terms in the documents and extracting
text surrounding the query terms to form at least one
context string; and

displaying information regarding the documents, and the
at least one context string surrounding one or more of
the query terms for each processed document contain-
ing the query terms.

4. A computer-implemented meta search engine method,
comprising the steps of:

forwarding a query to a plurality of third party search
engines;

receiving and processing responses from the third party
search engines, said responses identifying documents
in response to the query, said processing including the
steps of,

(a) downloading the full text of the documents identified
in response to the query, and

(b) locating query terms in the documents and extracting
text surrounding the query terms to form at least one
context string;

displaying information regarding the documents, includ-
ing the at least one context string surrounding one or
more of the query terms for each processed document
containing the query terms; and

displaying an indication of how close the query terms are
to each other in the documents.





