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Despite the Web’s current disorganized and anarchic state, many Al researchers believe that it
will become the world’s largest knowledge base. In this installment of Trends and Controversies,
we examine a line of research whose final goal is to make disparate data sources work together to
better serve users’ information needs. This work is knovimf@snation integrationIn the fol-
lowing essays, our authors talk about its application to datasets made available over the Web.  To answer our query, we would first

Alon Levy leads off by discussing the relationship between information-integration and tradiguery the Internet Movie Database to ob-
tional databgse syst_ems. He_ then enumerates important issues_in the_field and demonstrates Egyy] the list of movies directed by Woody
Fhe Information Manl_fold project has addregse_d_ some o_f these, including a language for descnﬂ“en‘ and then feed the result into the
ing the contents of diverse sources and optimizing queries across sources.

Craig Knoblock and Steve Minton describe the Ariadne system. Two of its distinguishing fea-
tures are its use @frapperalgorithms to extract structured information from semistructured data ¢ / ’ ;
sources and its use of planning algorithms to determine how to integrate information efficiently afiftd reviews for the relevant movies using
effectively across sources. This system also features a mechanism that determines when to prefaféy Of the movie review sites.
data depending on how often the target sources are updated and how fast the databases are. Most importantly, a data-integration sys-

MovieLink database to check which ones
are playing in Seattle. Finally, we would

William Cohen describes an interesting variation on the theme, focusing on “informal” infor- tem lets users focus on specifying what they

mation integration. The idea is that, as in related fields that deal with uncertain and incompletewant, rather than thinking about how to ob-
information, an information-integration system should be allowed to take chances and make migin the answers. As a result, it frees them
takes. His Whirl system uses information-retrieval algorithms to find approximate matches be'from the tedious tasks of finding the relevan
tween different databases, and as a consequence knits together data from quite diverse sourc
A controversy emerges in the midst of this trend, centering around the issue of whether inform
tion extraction from HTML-based Web pages is a long-standing problem. Proponents of XML
(Extensible Markup Language, seaw.w3.0org/TR/REC-xml.htjrargue that in the future infor-
mation of any importance will be exchanged between programs using a well-defined protocol, .
rather than being displayed solely for purposes of reading using ad hoc formats in HTML. In his 1raditional database systems

Q%tta sources, interacting with each source i
ISolation using a particular interface, and

combining data from multiple sources.

essay, Levy argues that the problem of extracting information from HTML markup will, as a conse- To understand the challenges involved i

quence of such protocols, become less important. He notes, however, that the problem of integratingding data-integration systems, | will
data that differs semantically will still remain. Knoblock and Minton counter that the need for briefly compare the problems that arise in
HTML wrappers will remain strong, arguing that there will always be exceptions and legacy pagegis context with those encountered in tra-
Cohen takes a different stance, suggesting that many information providers want to help in- yitional database systems. In this discus-
form people, but might not see a direct benefit from the |_r1vestment reqylreq to form a highly sion, 1 focus mainly on comparisons with
structured data source. He suggests that cheap, approximate information integration, such as
enabled by his system, can render these simpler sites more powerful, providing a larger benefi
than any individual site developer alone could attain, and getting around the chicken-and-egg : . .
problem of who pays to make useful information available free. models, such as object-oriented and objec
On a different note, Haym Hirsh of Rutgers has signed on to help edit Trends & Controversid&lational ones. Figure 1 illustrates the dif-
To continue providing sharp, cogent debates on topics that span a wide range of intelligent syserent stages in processing a query in a
tems research and applications development, he and I will be alternating installments. For his fitata-integration system.
outing next issue, Haym has lined up Barbara Hayes-Roth, Janet Murray, and Andrew Stern, who

will address interactive fiction. Data modeling. Traditional database sys-
tems and data-integration systems differ
mainly in the process they use to organize
data into an application. In a traditional sys-

{elational database systems, but the differ-

—NMarti Hearst

ences also hold for systems based on othe

The Information Manifold approach
to data integration
AlonY. Levy, University of Washington

A data-integration system provides a
uniform interface to a multitude of data

sources. Consider a data-integration syst

providing information about movies from

listings of movies, their casts, directors,
genres, and so forth), MovieLink (listing
playing times of movies in US cities), and
several sites that provide textual reviews
for selected movies. Suppose we want to
find which Woody Allen movies are play-
eimg tonight in Seattle and see their respec
tive reviews. None of these data sources

data sources on the World Wide Web. Theresolation can answer this query. However

are numerous sources on the Web conce

ing movies, such as the Internet Movie
Database (which provides comprehensiv

rrby combining data from multiple sources,
we can answer queries like this one, and
e even more complex ones.

in

tem, the application designer examines the
application’s requirements, designs a data-
base schema (such as a set of relation nam

and the attributes of each relation), and then

implements the application, part of which
involves actually populating the database
(inserting tuples into the tables).

In contrast, a data-integration application
begins from a set of pre-existing data
sources. These sources might be database

systems, but more often are unconventional

data sources, such as structured files, lega
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systemspr Web sites. Hez the @plication
builder nust design anediged stiemaon
which uses will pose quees.The medi
ated shiema is a set of \iral relaions,in
that they are not actuajl stoed aywhere.
The medited shema is designed maally
for a paticular dda-intggration gpplicetion.
For example in the mwie domainthe me
diated stiema might contain theletions
MovieInfo(id, title, genre, coun-
try, year, director) descibing the
different popeties of a maie, the elation
MovieActor (id, name) representing a

Alon Y. Levy is a faculty membertathe Unversity of Washingtors Com
puter Science and Eimgeing Depaitment. His eseach intelests ag Web-
site mangementdata integgration, query optimizaion, management of
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ries,and elevance easoningHe leceved his PhD in computer science
from Stanérd University and his undegradude deyree a Hebrew Univer-
sity. Contact him athe Dept. of Computer Science and Engeing, Sieg
Hall, Room 310Univ. of WashingtonSedtle, WA, 98195; alon@cs.
washington.edu; http://wwws.washington.edu/homes/alon/.

Craig Knoblock is a poject leader and senicgseach scientist athe I
formation Sciences Instituf@ reseach assistant mfessor in the Computer
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Center athe Unversity of Southen California. His eseach intelests in
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his BS flom Syacuse Uniersity and his MS and PhDdm Canegie Mel-
lon University, all in computer scienc&€ontact him aUSC/ISI,4676Ad-
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movie’s castandMovieReview(id, re-
view) representingeviews of moies.

Along with the medited sbemathe
application designer needs to supmle
sciiptions of the d&a souces.The desdp-
tions specify thealdionship betveen the
reldions in the medied stiema and those
in the local shemas &the souces. (Een
though not all the soaes ae ddabasesye
model them as lving sthhemas athe con
ceptual level.) An informaion-souce de
scliption specifes

» the souce’s contents (fr example con
tains maies),

 the dtributes bund in the sowe
(genr, cast),

» constaints on the soae’s contents
(contains onf American mwies),

» the souce’s completeness andliabil-
ity, and fnally,

 its quey-processing gaabilities (can
perform selections or can ansr arbi
trary SQL queies).

Because the da souces ae preexisting,
daa in the sowres might bewerdapping
and @en contadictor. Futhemore, we
might face the dllowing problems:

¢ Semantic misniehes betwen soures.
Because edicdaa souce has been de
signed ly a diferent oganizaion for
different puposesthe daa is modeled
in different ways. For example one
source might stoe a elaional ddaabase
tha stores all of a pdicular movie’s
attributes in one tale, while another
souice might spead the tiributes
across seeral relaions. Futhemore,
the names of thetaibutes and tales
will dif fer from one souwre to another
as will the doice of vha should be a
table and vihat should be antaibute

» Different naming coventions.Sources

edu/~knolock.

use diferent names toefer to the same
object. for example the same pspn
might be called a§lohn Smith”in one
source and'J.M. Smith”in another

Query optimization and execution.A
traditional elational-ddabase system ac
cepts adedarative query in SQL.The sys
tem frst pases the qugrbefore passing it
to thequely optimizr. The optimizr pio-
duces an éicientquery-execution plarfor
the quey, which is an impeative piogram
that specifes actly how to evaluae the
quew. In paticular, the plan spediés the
order for perbrming the quey’s opeations
(join, selectionand pojection),the meth
od for implementing edtopestion (sud
as sor-meige join or hash joinjand the
scheduling of the dfferent opeators
(where paellelism is possile). Typically,
the optimizr selects a qugiexecution
plan by seaching a space of poss#plans
and compang their estimged costsTo
evaluge a quey-execution plars costthe
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Institute and agseach associte pofessor in the Computer Sciencepag-
ment & the Unversity of Southen California. His eseach intelests ag in
madine leaning, planning scheduling constaint-basedeasoningand
program synthesis. Heeceved his B\ in psydology fromYale Uniersity
and his PhD in computer sciencerfr Canegie Mellon Unversity. He
founded thedoumnal ofArtificial Intelligence Reseah and seved as itsifst
executie editor He was ecenty elected to be &flow of theAAAI. Con-
tact him a USC/ISI,4676Admiralty Way, Marina del Rg, CA 90292;
% minton@isi.edu; http://wwisi.edu/sims/minton/honpage.html.

William Cohen is a pincipal reseath staf member in the deaitment of
Machine Leaning and Inbrmation Retieval Reseath & AT&T Labs-Re
seach. In adlition to information integration, his reseach inteests intude
madine leaning, text categorization, leaming from lage ddasetscompu
tational leaning theoy, and inductie logic programming He leceved a
badelor's dgree flom Duke and a PhD ém Rutgrs, both in computer
science Contact him 8AT&T Labs-Reseah, 180 Rk Averue Florham
Park NJ 07932-0971; wcohen@seach.at.com; http://www

B reseach.at.com/~wcohen/.

optimizer relies on &tensve staistics
about the unddying dda, sud as the sies
of relaions,sizes of domainsand selecti-
ity of predicaes. knally, the quey-execu
tion plan passes to the qyexecution
engne, which evaluges the qusr

The tiaditional déabase and the t&
integration contexts differ pimarily in tha
the optimizr has little inbrmation about the
daa,because the teresides inemote au
tonomous sowes ether than locajl. Fur
themore, because the tRasouces ae not
necessély daabase systems)e souces
appear to hee different pocessing gaebili-
ties. For exkample one déa souce might be
aWeb interface to a lgagy information sys
tem,while another might be aggram tha
scans d stoed in a stuctured le (sud as
bibliography enties). Hencethe quey opti-
mizer must consider the possibility oke
ploiting a dda souce’s quey-processing
capabilities. Quey optimizers in distibuted
daabase systems also considérer pats
of the quey are executedbut in tha context
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the diferent ppcessos have identical cpa
bilities. Anally, because da nust be tans
fered over a netwrk, the quey optimizer
and the recution engne nust be le to
adapt to dda-transer delys.

Query reformulation. A data-integration
system user poses qigxin tems of the
medided stiema ather than diectly in the
sthema vhere the déa residesAs a conse
guencea dda-intgyration system rast frst
reformulate a user qugrinto a quey tha
refers directly to the sbemas in the soces.
Sud a eformulation stg does notxdst in
traditional déabase system3o perbrm
the ieformulation step, the dda-integration
system uses the sa@grdesdptions.

Wr appers.Unlike a taditional quey-exe-
cution engne tha comnunicaes with the
storage manger to et the dia,a dda-
integration systens quey-execution plan
must obtain dia from remote sowres.To do
s0,the ecution engne comnunicaes with
a set ofwvrappers. A wrapper is a prgram
tha is speciic to evety daa souce and thi
transldes the sowe’s dda to a brm thd the
systems quey processor can fther po-
cess. Br example the wiapper might gtract
a set of tuples éfm an HTML fle and per
form transldions in the d&’s forma.

Semistructured daa. The tem semistuc
tured dda has been used witlaious mean
ings to efer to hamacterstics of daéa pesent
in a dda-integration systemTo undestand
the impotance of semistictured daa, we
distinguish betwen a lak of stucture & the
physical level versus one tthe Iggical level.
With ladk of stiucture & the plysical level,
stiuctured daa (for exkample tuples) ae
embedied in aile containing aditional
maikup information sut as HTML fles.
Extracting the actualalues fom the HTML
file can be ery complex task,and is one tha
the souce’s wrapper perbrms.

Most work on semistictured daa con
cems lak of stiucture & the laical level. In
this contet, semistuctured dda refers to
cases in Wich the déa does not necesgar
fitinto a ligidly predefned stemaas e
quired in taditional déabase system3his
might aise because the @ais \ery irregular
and hence can be deibed ony by a ela
tively large stiema. In other casebge stie
ma might beapidly evolving, or not een
dedared 4 all—it might be implicit in the
daa.The daabase commnity has deel-

Global data model

Query in mediated schema

.( Query reformulation J

Query in the
union of exported
source schemas

,{ Query optimization }

Distributed query-
execution plan

,,,,,, {Query execution engineJ

Query the
exported source
schema

/ 3
[WrapperJ [Wrapper]

Local data
model

Query in
the
source
schema

=

Figure 1. Prototypical architecture of a data-integration
system.

oped seeral methods to model and qyer
semistuctured daa and is cuently consid
efing the issues of qugpptimizaion and
storage for sud ddal?Building dda-inte
gration systems based on a senistured
daa model has tvymain adantajes:

* In mary casesthe dda in the soures is
indeed semistictured d the Iggical level.

« The models deeloped ér semistuc-
tured dda can teanly integrate dda
coming fom nultiple dea models,
sud as eldional, object-orented and
Web-daa models.

Classes of dta integration applications.
The two main ¢asses of da-integration
applicaions ae integration of daa souces
on theWeb and within a single compgor
enteprise In the later casethe souces ae
not as autonomous as yhaere on theNeb,
but the equirements fom a déa-integra-
tion system might be merstingent.

The Information Manifold Project
In this poject,we wanted to deelop a
system thawould flexibly integrate mary

daa souces with tosely relaed content
and thawould ansver queres eficiently
by accessing oglthe souces elevant to
the quey. The emainder of this esgawill
descibe its main contbutions3-6

TheAl and DB approac. We based our
approad in designing the lirmation
Manifold on the obsestion thd the daa-
integration problem lies @the intesection
of daabase systems andigicial intelli-
gence Hencewe seathed br solutions
that combine andxdend tetiniques fom
both felds. For exkample we developed a
representtion languge and a languge for
descibing daa souces thawas simple
from the knavledge-representtion per
spectve, but tha had the necessaadled
flexibility conceming previous tetiniques
developed in the dabase commnity.

Source desciption language. The Infor-
mation Manifold is most impdantly a flexi-
ble medanism ér descibing dda souces.
This metanism lets userdesdbe comple
constaints on a da souce’s contents,
thereby letting them distinguish beten
souces with tosely related daa.Also, this
medanism maks it easy to atlor delete
daa souces fom the system withouhang
ing the desdptions of other sowes. Inbr-
mally, the contents of a tiasouce ae de
sciibed ly a quey over the medited
schema. IBr example we might desébe a
daa souce as containingmerican mwies
tha are all comedies andete produced
after 1965 (sowe 1 in kgure 2).As another
example we can desdre souces in vihose
schema signitantly differs from the one in
the medited stiema. Br instancewe can
descibe a souze in which a mwie'syear,
genre, actor, andreview attributes al
read/ gopear in one tde (souce 2 in kgure
2).This souce is modeled as containing the
result of a join ger a set ofelaions in the
medided stiema. IBr some quées,extract
ing daa from this soure might be keger
than fiom othes if the join computed in the
souce is indeedequired for the quey.

The Informaion Manifold emplged an
expressve languge, Caiin, for formulating
queies and ér representing baaground
knowledge eout the elaions in the medi
ated shiema. Cain’ combined thexpres
sive paver of the dealog daabase-quer
languae (needed to modetletional
souces) and Desiption Logics,which are
knowledge-representtion languages de
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Source 1

signed especiallto model
comple hierarchies tha
frequenty arise in daa-

select title, year director
from MovielNFO
where genre =CcomEeby
year= 1965
countly = USA

Source 2

where m.id =rid

select title, genre, review
from MovielnFo M, MoviEREVIEW R

compae the eldive expres
sive paver of our soure-
desciption languaes.We

integration gpplicaions.

Query-answering algorithms. We devel-
oped algrithms for ansvering queres
using the inbrmation souces. Recall tha
user qudes ae posed in tens of the medi
ated sbiema. Hencghe main balleng in
designing the qugransvering algorithms
is to reformulate the quey sud tha it
refers to the elaions in the d&a souces.
Our algrithms were the frst to guaantee
tha only the elevant set of dia souces ae
accessed hien anwering a quey, even in
the pesence of soues desébed by com
plex constaints.

Itis interesting to note the diérence
between our pproad to quey ansvering
and thaemploged in the SIMS andriadne
projects desdbed in Caig Knobock’s and
Steve Minton's companion esgaln their
approad, even though theused a knal-
edge-representdion systemdr specifying
the souce desdptions,they used a gneal-
pumpose planner teeformulate a user qugr
into a quey on the d&a souces. In contast,
our gproad uses thegasoning mda@an
isms associad with the undédying knowl-
edge-representdon system to peofm the
reformulation. Aside from the néural ad
vantgyes obtainedtreding the epresen
tation and the querreformulation within
the same imevork, our gproad can po-
vide better drmal guaantees on theesults
and can bengfimmediaely from exten
sions to the undbring knavledge-repre-
sentdion system.

Handling completeness infrmation. In
geneal, sources on th&Veb are not neces
saiily complete ér the domain theare
covering. For example a computer science
bibliography souce is unlilely to contain
all the eferences in theiéld. However, in
some casesye can assefocal complete
ness st@ments bout souces® For exam-
ple, the DB&LP Ddabase [ittp://mww
informatik.uni-trier.de/ley/db)) contains the
complete set of geers pubished in some
of the major debase cordrences. Knwl-
edge of aWeb souce’s completeness can
help a d&a-intgyration system in seeral
ways. Most impotantly, because a gative
ansver from a complete soce is meaning
ful, the daa-integration system can pne
access to other saes. In the Infrmation

Figure 2. Data-source descriptions.

Manifold, we developed a methoaf rep-
resenting local-soge completeness and &
algorithm for exploiting sud information

in quey ansvering.

Using probabilistic information. The In
formaion Manifold pioneeed the use of
probabilistic reasoningdr daa integration
(representing anothexample of the com
binedAl and DB gproad to the dta-
integration problem)  When umenous d#a
souces ae relevant to a gven quey (sudh
as bitliographic ddabases aailable for a
topic seath), a dda-integration system
needs to ater the access to thetdaouces.
Sud an odeiing is dgpendent on thever-
lap between the sowes and the qugand
on the cwoerage of the soures We devel-
oped a pobabilistic formalism br specify
ing and deducing shdnformation and al
gorithms for ordeling the access to tia
soukes gven sub informaion 8

Exploiting source caabilities. Sources
often hae different quey-processing ca
pabilities. For exkample one souce might
be a full-fedged elaional daabasewhile
another might be ¥eb site with a ery
specifc form interface thasuppots only a
limited set of quaes and tharequires
cettain inputs be mvided to it.The Infor-
maion Manifold developed seeral novel
algorithms for adapting to difering souce
cgpabilities. When possile, to reduce the
amount of pocessing done locgilthe
system would fully exploit the quey-pro-
cessing cpabilities of its daa souces*?
In addition, we developed a metanism or
descibing souce caabilities tha is a n&-
ural extension of our methodf descib-
ing souce contents

What we did as a community

In the pastdw yeass, ead of the goups
working on dda integration has made sig
nificant indvidual piogress (see this nga-
zine’sWeb page for a list of pojects;
http://computeprg/intelligent). However,
we have also made pgress as a comun
nity. In paticular, we have developed a
common set of tens and dimensions alon
which we can nw compae our work more
rigorousl.? For example we can nw/

have a set of peties along
which we can comparour
guer-ansvering algorithms (sub as,do

nthey guaantee accessing gnlelevant

sources or a minimalumber of soures?).
We can also comparfeaures of our
systems (do theassume souaes ae com
plete can thg handle local completeness,
and can thgcompae directly between
sources?).

We need to takthis pogress into account
as ve adiress theleallenges thalie ahead
Our common teminology will enable us
(and shoulddrce us) to comparsystems
more tigorously, either theoetically or ex-
petimentally. To proceedwe nust also de
velop a set of da-integration bentimaks,
along vhich we can gpeiimentally com
pare our déa-integgration systems.

The immediate future

The daa-integration problem is ky no
means soled We hare made signi€ant
progress in the mhlems elaing to model
ing daa souces and desloping methodsofr
combining déa from them via a singjénte-
grated viev. Mary problems emain in tha
area,the most signi€ant being the mblem
of name m&ching acoss soures.This piob-
lem is fnally stating to be adressed in a
principled manner in the/hirl systemt3

In the near futwg, | believe tha the hulk
of the work in the feld should shift into
other less #tended poblems,some of
which | descibe hee.

Information presentdion. Users ae
rarely interested in de thd is simpl and
concisey presentedMore commory, the
result of uses queies ae best seen as eptr
points into entie webs of d&a. This obser
vation begs the question of oto kuild
systems thizendle us to fexibly design a
web of information. In fact,this is &actly
the poblem we face in designing aahly
structuredWeb site The key to designing
sud systems is a dirative representéion
of a web of information’s stucture. Based
on sut a epresentéion, we can easjl
specify hev to restucture the inbrmation
integrated from multiple souces into a
structure tha uses can neigate. Recenty,

g we hare developed the Stidel systent?

which is the frst to gply these pnciples
in creaing Web sites.
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Optimization and execution. Modem problem will become signitantly less im tem will ansver the quer completey; in
database systems succeedyily based on | portant,given the eme@ence of standds other caseghe system will guide the user
the caeful design of their qugroptimiza | sud XML and languges thawill facilitate | to the desible ansvers.

tion and quey-execution enges. Recall guerying XML documents®>Web sites tha
that the quey optimizer is the module in sewe signifcant amounts of da ae usualy
chamge of tmansbrming a delarative quey | developed using some to@ifseving daa- | References

(given,for example in SQL) into a quer | base contents. Using sutools will male it | 1. P Buneman;Semistuctured Dda;’ Proc.

. . . . ; ACM Sigct-Sigmod-Sigrt Symp. Pinciples
execution planthereby making decisions | easier to see the déa in XML form, rather of Database Systems (PODBICM Press,

on the oder of joins and the speifmeth | than diectly in HTML. Hence Web sites New York, 1997,pp. 117-121.
ods br implementing edcopestion in the | will be able to export deta in XML with no 2. S.Abiteboul,“Querying Semi-Stactured
plan.The quey-execution enine actualy added lurden to the irdrmation providers. Data; Proc. Int'l Conf on DaabaseTheory
evaluaes the plan. Gen tha daa integra- | Of course someWeb sites thiado not vant (ICDT), 1997.
tion is a moe genenl form of the poblem | their dda to be usedf integration puposes | 3 A.Y. Levy,A. Rajammanand JJ. Ordille,
addressed in dabase systemshey will might still only sewe HTML pages,but try- “Query Answering Algorithms for Information
i T . . ! . Agents, Proc. 11th Na&'| Conf Al, AAAI

succeed onlif we caefully consider the ing to intgrate daa from sud souces is PressMenlo Rark, Calif., 1996,pp. 40-47.
design of these components inaategra- | probably a futile efort & best. 4. AY.Lewy,A. Rajammanand JJ. Odille,
tion systems. However, while the aailability of data “Querying Hetengeneous Infrmation

Two factoss complicée the poblems of | in XML forma will reduce the emphasis Sources Using Sowe Desdptions; Proc.
quey optimiza_ion ant_j aecution in the on Wrappels_corverting human-eaddle Sé; ?\Alg:égoﬂgz?gaﬁ'ggfg:ggziz ;%S;B'
contet of daa integration: lack of exten daa to mabine-rad#le daa,the dhal pp. 251-262.
sive staistics on the da we ae accessing | lenges of semantic ingeation I've men 5. A.Y. Levy, “Obtaining Completénswers
(unlike with relational ddabases) and un | tioned and the need to mayeadda thd is from Incomplete Dabases, Proc. 22nd Intl
predictale arival rates of dé&a from the structured a the lagical level remains. Fur Cont \ery Lage Databases (VLDB-96Mor-

gan Kaufmann1996.
6. D. FlorescuD. Koller,andA.Y. Levy, “Using
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The Ariadne approach to Web-
based information integration

Craig A. Knobock and Steen Minton,
University of Souther California

The iise of lypeldinked netverks has
made a \ealth of dta readily available.
However, theWeb’s biowsing paadigm
does not stingly suppot retrieving and
integrating daa from rnrultiple sitesToday,
the ony way to integrate the hug amount
of available dda is to liild specializd
applicaions,which ae time-consuming
costl to kuild, and dificult to maintain.
Medigor tednolagy offers a solution to
this dilemma. Inérmation medidors—*
sud as the SIMS systePmprovide an inter
mediae layer betvween inbrmation souces
and uses. Queies to a mediar ae in a
uniform languae, independent of sut
factors as the disiioution of information
over souces.the souce quey languaes,
and the locaon of souces.The meditor
detemines vhich daa souces to usghow
to obtain the deséd information, how and
where to tempoarily store and manipule
data,and hav to eficiently retrieve infor-
mation from the soures.

One of the most imptant ideas under
lying informaion medidion in mary sys
tems,including SIMS is tha for eat go-
plication thee is a unifyingdomain model
tha provides a single ontolyy for the -
plication. The domain model tiesgether
the indvidual souice modelswhich eat
descibe the contents of a single anfna
tion souce Given a quey in terms of the
domain modelthe system yhamicaly
selects anppropriate set of soures and
then gnegtes a plan to étiently produce
the requested da.

Information medidors were oliginally
developed br integrating information in
databasesApplying the meditor frame
work to theWeb ervironment soles the
difficult problem of gaining access t@al-
world daa souces.TheWeb provides the
undetying comnunicéion layer tha
males it easy to set up a meidiasystem,
because it is typicallmuch easier to gt
access toVeb daa souces than to the un
detying daabases systems. Inditlon, the
Web ervironment means thases who
want to hild their ovn medidor goplica
tion need noxpettise in installingmain
taining and accessing thbases.

We hare developed aNeb-based &rsion
of the SIMS meditr architectue, called

Bar &arin
Ariadne® In Greek 43 Crae Dr..
mythology, Ariadne

was the daughter of

Minos and Rsiphae

J’o(‘t.bh‘s!: ¢
"...tasty bee
who ganghe;eus the e ';'fiee‘"s
thread with vhich to Juice.."

find his way out of the
Minotaur’s labyrinth.

Ever heard
- .o
County Food Health of "Joe Bob's?
InspeCtor Teports I
problems at Joe Bobs...

Query:

Health Foed
Juice Bar

TheAriadne poject's

goal is to mak it simple br uses to ceae
their ovn specialiedWeb-based media
tors.We ae developing the telenolagy for
rapidly constucting meditors to etract,
quew, and intgrate dda fromWeb
souces.The system irlades tools ér con
structing wiappeis tha male it possile to
query Web souces as if the were dda-
bases and the metha tecinolagy required
to dynamically and eficiently ansver
gueiies using these saues.

A simple kample illustetes hev Ariadne
can be used to pvide access td/eb-based
souces (also see thAriadne”sidebar).
Numeious sites pvide reviews on estau
rants,sud as Zgats, Fodors,and Cuisine
Net,but none a& compehenste, and
cheding ead site can be time consuming
In addition, information from otheMVeb
souces can be useful in selectingeatau
rant. For eckample the LA County Health
Depatment pultishes the healttrating of all
restauants in the countand mayg souces
provide mas shaving the locéion of res
taurnts. Usindiriadne we can intgrate
these sowes elaively easi to crede an
applicaion where people could sedr these
souces to cede a m@ shaving the estau
rants thameet theirequirements.

With sud an gplication, a user could
pose equests thtavould geneate a ma
listing all the seafod lestauants in Santa
Monica tha have an*A” health eting and
whose typical meal costs less than $3te
resulting ma would let the userlick on
the indvidual restauants to see thestau
rant citic reviews. (In pactice we do not
suppot naural languae, so queies ae
either expressed in a gtctured quey lan
guage or ae enteed though aWeb-based
graphical user intedce) The intayration
process thBAriadne &cilitates can be com
plex. For example to actualy place aes
tauant on a ma requires the estauant’s
latitude and longude, which is not usuajl
listed in a eview site but can be deter
mined ly running an online gocodersud
as Etakwhich tales a steet adress and
retums the codtinates.

Figure 3 outlines ourgnernl framevork.
We assume tha user hilding an gplica
tion has identied a set of semisictured
Web souces he or sheamnts to intgrate.
These might be both plitly available
souces as Wl as a uses pesonal sowr
ces. or eat souce, the deeloper uses
Ariadne to gneste a wepper br extract
ing information from tha souce The
souce is then linkd into a globalnified
domain model. Once the mettiais con
structed uses can querthe meditor as if
the souces vere all in a single dabase
Ariadne will eficiently retiieve the
requested idrmation, hiding the planning
and etrieval process details &m the user

Research challenges in Web-based
integration

Web souces difer from daabases in
mary significant ways, so we could not
simply apply the «isting SIMS system to
integrate Web-based soaes. Hee we'll
descibe the poblems thaarise in thé/eb
environment and ho we adiressed these
problems inAriadne

Converting semistructured dda into
structured daa. Web souces ae not dée-
basesbhut to interate souces ve nmust be
able to quey the souces as if thewere.
This is done usingwarapper, which is a
piece of softwre thd interprets a equest
(expressed in SQL or some otherstiured
languae) against aWeb souce and etums
a stouctured eply (sud as a set of tuples).
Wrappess let the mediar both locée the
Web pages thacontain the deséd informa
tion and etract the spedif daa of a page.
The hug rumber of golving Web souces
makes manal constuction of wiappeis
expensve, so we need the toolof rapidly
building and maintaining veppers.

For this,we hare developed the State
inductive-leaning systenT,which leans a
set of &traction wles br pulling informa
tion off a paye. The user tins the system
by making up &kample pages to shw the
system what information it should &tract

SEPTEMBER/OCTOBER 1998

17




Application --------- -—

Constructing a mediator

developer Web Application user
i pages Queries | A Answers
Y
Source modelin
d g Models and Query
e tre wrappers planning
construction pp

Using a mediator

Figure 3. Architecture for information integration on the Web.

from eat page. Staller can lear rules
from a elaively small umber of @amples
by exploiting the fct tha there ae typr
cally “landmaks” on a pge tha help uses
visually locae information.

Consider ourestauant meditor exam-
ple. To extract daa from the Zaats restau
rant review site a user wuld need to bild
two wrappess. The frst lets the systenxe
tract the inbrmation from an ind& page,
which lists all of the @stauants and con
tains the URLSs to theestauant review
pages.The second vapper &tracts the
detailed dea eout the estauant,includ-
ing the adressphone mmber review,
rating, and pice. With these wappess, the
medidor can anser queres to Zgats,
sud as‘find the pice and eview of
Spayo” or “give me the list of allestau
rants thaare reviewed in Zajats”

In his companion esgan the Inbrma
tion Manifold, Alon Levy claims thathe
problem of wrapping semistictured
souces will soon be felevant because
XML will eliminate the needdr wrapper
constuction toolsWe beliee tha he is
being werly optimistic dout the dgree
that XML will solve the wapping poblem.
XML cleaty is coming; it will signifcantly
simplify the poblem and mighteen elimi
nae the needdr building wrappess for
mary Web souces. Hovever, the poblem
of quelying semistactured daa will not
disgppearfor several reasons:

e Ther will always be aplicaions where
the poviders of the déa do not vant to
actively shae their d#a with aryone
who can access thaleb page.

« Just as ther ae legacy Cobol po-
grams.there will be legacy Web gppli-
caions for mary yeas to come

» Within individual domainsXML will
grealy simplify the access to sases;

however, across domains peopleer
unlikely to agree on the @arulaiity that
information should be modeledfor
example for mary applicaions,the
mailing adiress is theight level of
grarularity to model adress but if you
want to ggocode an attess,t needs to
be dvided into steet adresscity,
stae, and zip code

Planning to integrate data in the Web
ervironment.Another poblem thd arises
in the web ervironment is thiegenegting
efficient plans ér processing da is difi-
cult. For one the umber of soures to be
integrated could be mch larger than in the
daabase evironmentAlso, Web souces
do not povide the same pressing gaa
bilities found in a typical dabase system,
sud as the hility to perform joins. Fnally,
unlike relational daabasesthere might be
restictions on hav a souce can be ac
cessedsud as a gocoder thitakes the
street adress etums the gographic coor
dinaes,but cannot ta& the gographic
coodinaes andetum the steet adiress.

Ariadne beaks da/n quey processing
into a peprocessing phase and a quer
planning phasdn the frst phasgthe sys
tem detemines the possie ways of com
bining the @ailable souces to anser a
query. Because soues might bewerap-
ping—an @ribute ma be aailable from
several souces—or eplicated, the system
must detemine an gpropriate combina
tion of souces thacan anwer the quey.
TheAriadne soure-selection algrithm®
preprocesses the domain model sa the
system can étiently and g/namically
select sowes based on théasses and
attributes mentioned in the quer

In the second phas&riadne g¢neetes a
plan using a method called Planning-b
Rewriting.®1%This gproac takes an ini

tial, suboptimal plan andt@mpts to im
prove it by applying rewriting rules.With
quer planning producing an initialsub
optimal plan is saightforward—the difi-
cult pat is finding an eficient plan.The
rewriting process iteatively improves the
initial query plan using a local sedr
process thiacan hiange both the soaes
used to anger a quey and the ader of the
opertions on the da.

In our restauant selectionxample to
ansver queies tha cover all restauants,
the system wuld need to intgrate dda
from nultiple souces (weppes) for eah
restauant review site andifter the esult
ing restauant dda based on the sehrpa
rametes. The meditor would then go-
code the adresses to place thetdaon a
magp. The plansdr perbrming these oper
tions might ivolve mary steps,with mary
possilhe ordeiings and oppdunities to
exploit pamllelism,in minimizing the eer-
all time to obtain the da. Our planning
approac provides a tactdle goproac to
producing lage, high-quality inbrmation-
integration plans.

Providing fast access to sle Web
sources.In exploiting and intgrating Web-
based inbrmation souces,accessing and
extracting d&a from distibutedWeb sour
ces is also mch slover than etrieving
information from local déebases. Because
the amount of da might be hug and the
remote sowes ae frequenty being up
daed simply warehousing all of the da is
not usual a pactical option. Insteaave
are working on an pproad to selectiely
maerialize (stoe locally) critical pieces of
daa tha let the meditor eficiently per
form the intgration task.The maeralized
daa might be pdfons of the dta from an
individual souce or the esult of intgrat-
ing daa from multiple souces.

To decide waa information to stoe lo-
cally, we tale seeral factos into account.
First,we consider the quiess tha have
been un ajainst a medi@r goplication.
This lets the systeno€us on the pions
of the daa tha will have the geaest im
pact on the most quies. Net, we consider
both the fequenyg of upddes to the sour
ces and thepplicaion’s requilements ér
getting the mostacent inbrmation. For
example in the estauant plicaion, even
though eviews might dyange daily, provid-
ing information tha is curent within a
week is pobaly sdisfactor. But,in a
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finance aplication, providing the ldest
stod price would likely be citical. Finally,
we consider the soces’organizdion and
structure. For example the system can opl
get the laitude and longude from the
geocoder @ providing the steet adiress. If
the gplicaion lets a useraguest theas
taurants locéed within a egion of a ma, it
could be ery expensve to fgure out vhich
restauants ae in thd region because the
system wuld need to gocode edtrestau
rant to detenine whether it &lls within the
region. Materializing the estauant ad
dresses and their aesponding gocodes
avoids a costf lookup.

Once the system decides toteralize a
set of inbrmation, the maerialized daa
becomes another ifmation souce for
the medisor. This meshes wall with our
medidor framavork because the planner
dynamicall selects the sooes and the
plans thacan most diciently produce the
requested da. In the estauant example if
the system decides to teaalize adiress
and geocodeit can use the locallstored
data to detemine which restauants could
possibby fall within a region for a ma-
based qust

Resolving naming inconsistencies aoss
sources . Within a single sitgentities—sub
as peoplegplacescounties,or compan
ies—ae usualy named consistentiHow-
ever, acioss sitesthe same entities might be
refered to with diferent names. ¢ exam
ple, one estauant eview site might efer to
a restauant asArt’s Deli and another site
might call itArt's Delicdessen. Qone site
might use Calibmia Pizza Kitben and
another site could use thisbaeviation
CPK.To male sense of da thd spans rual-
tiple sitespur system mst be ale to rec
ognize and esohe these dferences.

In our pproad, we select a pmary
source for an entitys name and thengr
vide a m@ping from tha souce to eak of
the other sowes thause a diferent nam
ing stheme TheAriadne achitectue lets
us represent the naping itself as simpl
another wapped inbrmation souce Spe
cifically, we can ceae amapping teble,
which specifes for eat enty in one déa
source wha the equialent entity is called
in another d&a souce Alternaively, if the
mapping is computale, Ariadne canepre-
sent the maping by amagoping function
which is a pogram tha converts one brm
into anotherdrm.

Ariadne

This Restawnt Locaion paREiastlS

applicaion of Ariadne
shawvn in the frstimage
integrates d#a from a \ani-
ety of souces,including
restauant eview sites,
health etings,geocodes,
and mas.

In response to a quefor
all highly rated lestau

s
i

Fodor’'s

Etak Geocoders |.=

Todork Festurarts by lame. 30
s Angels
A+ denous thee restanrans thet we ighty cncotend.

e
Vi

Tiger
| Map Server

Y S |
* /" Ariadne
: Mediator = K
= N
x B —

_____ iy =

Health Ratings

ZAGAT:

Zagat

rants in Santa Monica
with an‘A’ health gting,
the meditor finds the
restauants thasaisfy
the quey by extracting
the dda directly from the
relevantWeb sites.

The mediéor also
produces a naof the
restauants (second
image) by corverting the
street adresses into

latitute and longude
coodinates using an
online geocoder

Ead point on the ma

in the second inge is dick-
able. Selecting the poinbf
Chinois on Main etums the

—-| Customize Your Search
= | Key

v

detailed estauant eview
directly from the @propriate
restauant eview site (thid
image).

CUIEETEl) By Cuisine | By Food Ranking | _Best Deals |

Chinois on Main
P acific Haw Wa,

We ae developing a semi-autonted
method br building maping tdles and
functions ly anayzing the unddying daa
in adrance The basic idea is to use anfna
tion-retrieval teniquessud as those de
sciibed inWilliam Cohens companion
essy, to provide an initial maping!!and
then use aditional dda in the sowres to
resole ary remaining ambiguities via gis
tical leaning method3? For example res
tautants ae best meched up ly consideing
name street adiressand phone umber but
not by using aield sut as city because a
restauant in Holywood could be listed as
either being in Hollwood or LosAngeles
and diferent sites list them digrently.

The future of Web-based
integration

As more and mog dda becomesail-
able, uses will become inaasingy less
sdisfied using gisting seath engnes tha
retum massre quantities of mostlirrele-
vant information. InsteagtheWeb will
move tavard more specialied content-

based pplicaions tha do moe than simpt
retum documents. Ifrmation-integration
systems sutasAriadne will help user
rapidly constuct and gtend their avn
Web-based pplicaions out of the hug
guantity of d#a available online

While information integration has made
tremendous fogress oer the lastéw
yeass, 13 mary had problems still nust be
solved In paticular, two mosty overlooked
problems desefe moe dtention:

« Coming up with the models or s@er
desciptions of the inbrmation souces,
a time-consuming and di€ult problem
tha is laigely performed ly hand tods.

» Automadically locding and intgrating
new souces of déa, which would be
endled by solutions to theifst piob-
lem. (This poblem has been adessed
in limited domainssud as Intenet
shopping*4 but the poblem is still
largely unexplored)

For more information on theAriadne
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project and rample @plicaions tha were
built usingAriadne see thé\riadne home
page & http://wwwisi.edu/afadne
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The Whirl approach to information
integration

William W. CohenAT&T Labs-Reseah

Seach engdnes sub asAltaVista and
portal sites sule asyahoo! help usifd
useful online inbrmation souces.What
we need ne are systems to help use this
information efectively. Ideall, we would
like pograms thaansver a uses ques
tions based on infmation obtained fom
mary different online sowes We call sub
a piogram an inbrmation-integration sys
tem,because to amger questions it mst
integrate the inbrmation from the \arious
souces into a singleoheent whole

For example consider consumer iof-
maion ébout computer gmes. Map Web
sites contain irdrmation of this sot. As
this essg will show, in adlition to the ob
vious benef of reducing the amber of
sites a user mst visit,integrating this in
formation has seeral impottant and
nonolvious adantayes.

One adantaye is tha often,more ques
tions can be amgered using the ingrated
information than using ansingle soure
Consider tv souces containing slightl
different information: one souce caego-
rizes g@mes into kildren’s games and adul
gamesand another ¢egorizes @mes into
arcade gmespuzzle gmesand agentue
games. In this casthe souces nust be
integrated to fnd, say, a list of dildren’s
adventue games. Coversel, integration
can help ploit ovedap among sowes;
for instanceone might be intested in
finding games thathree or moe souces
have rated highy, or in reading seeral
independenteviews of a paticular game

A second and merimpotant addantaye
of integration is tha making it possile to
combine inbrmation souces also mass it
possithe to decompose infmation so as to
represent it in alean,modular vay. For
example suppose w wished to @ae a
Web site poviding some ne& sot of infor-
mdion about computer gmes—sg infor-
mation eout which games wark well on
older, slover matines.The simplest wy
of representing this indfrmation is exten
sionally, as a list of gmes haing this pop-
erty. By itself however, sud a list is not
very valuable to end use;who ae poba
bly interested in gmes thanot onl work
on their PChut also stsfy other poper
ties,sudh as being ingensve or well-
designedTo male the list moe usefulwe

are tempted to atladlitional stucture—for
instancewe might oganize the g@mes in
the list into céegories and povide, for eat
game links to online esouces,sut as
pricing information and eviews.

From the standpoint of computer sci
ence augmenting the list ofgnes in this
way is deally a bad ideapecause it leads
to a stucture tha lacks modulaity. The
original stucture was a stic, easily main
tained list of computeragnes. In the aug
mented fpettext, this information is inter
mixed with othogonal information about
game céegories,possilly ephemeal infor-
madion concening the oganizadion of ex-
temalWeb sitesand possily incorrect
assumptionslzout the eades’ goals.The
resulting stucture is had to maintain and
hard to modify in cetain ndural ways,
suc as ly changng the set of dagories
used to aganize the list of @mes.

To summaize, the simplemodular en
coding of this inbrmation will be difficult
for uses to eploit, and the easy-to-use
encoding will be dfficult to creae, modify,
and maintain. By condist,it is trivial to
encode this irdrmation in a eldional
daabase in a manner this both modular
and usefulwe simpy crede a elation list-
ing all old-PC-fiendly gamesand stan
dad quey languaes let uses find, say,
reviews of inpensve old-PC-frendly
arcade @mes. (his exkample assumes tha
information ebout game pices and eviews
is also &ailable in the déabase) Reldional
databases thus pride a moe modular
encoding of the irdrmation.

Unfortunaely, corventional déebases
assume irdrmation is stoed localy, in a
consistentérma—not extemally, in di-
verse brmats, as is the case with iofma:
tion on theWeb. Hence the do not sole
the poblem of oganizing inbrmation on
theWeb. To use modulamaintainéle
representéions for information, while still
exploiting the paver of theWeb—its dis
tributed ndure, large siz, and boad
scope—we need pactical ways of intgrat-
ing information from diverse souces.

Why integrating information is hard
Unfortunaely, integrating information
from nultiple souces is ery had. One
difficulty is programming a computer to
undestand the arious information souces
well enough to anger questionstaout
them. Suprisingly, this is often dificult
even when inbrmation is pesented in sim
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ple, easy-to-pase egular stuctures sub as
lists and thles.

As an eample Figure 4 shas a tdular
representtion of the inbrmaion in two
hypotheticaWeb sites. Consider the
knowledge an intgration system wuld
need to anser the dllowing question
using these idrmation souces:

Who pubishes“Escegpe fom Dimension Q”
and vher is their home me?

(In this essg we assume thauestions a
given to the inbrmation-integration system
in a formal languae; for readdility, how-
ever, we'll paraphrase questions in English
wheneer possike.)

To ansver this questiorthe system mst
have knawledge of seeral kinds:

* It must knav where to fnd these thles
on theWeb, and haev they are formated
(access knwoledgp).

e It must knav tha ead tuple X,yCin the
table Website-1should be intgareted as
the stéement‘the compay y pulishes
the aamex,” and thaead tuple [{,ul]
in the tdle Website-2should be inter
preted as the stament‘the home pge
for the compayt is found athe URL
u” (semantic kneledgp).

« Finally, it must knav tha the sting
“Headbone’in Website-2refers to the
same companas the sing “Headbone
Interactive” in Website-1(object-identity
knowledg).

Even gven all this knwledge, mary
interesting tebnical poblems emain;
however, the tetinical dificulties involved
in using these types of kmtedge pale be
side the pactical dificulties of acquiing
the knavledge. Currently, all this knawvl-
edge nust be manally provided to the
integration system and uptid wheneer
the oiginal informaion souces hiang.
Performing information integration is thus
extremel knowledge-intensve and hence
expensve in tems of human time

Of couse mary of these psblems can be
“assumedway:” integrating information
souces is not nedy so dificult if they use
common object identirs,adopt a common
daa forma, and use a kiven ontolay. Un-
fortunaely, few existing information
souces s#sfy these assumptioriBhe \ast
majoiity of existing online sowes ae de
signed to commmnicae only with human
reades, not with other pogramsWe believe

GAME TITLE

PuBLISHER

Aladdin Activity Center

Arthur’'s Computer Adventure
Escape from Dimension Q

How the Leopard Got His Spots

@

GAME PUBLISHER

Disney Interactive

Living Books/Broderbund
Headbone Interactive
Microsoft Kids

HoMmE PAGE

Disney
Headbone
Humongous
Broderbund
Microsoft

http://www.disneyinteractive.com
http://www.headbone.com
http://www.humongous.com
http://www.broderbund.com
http://www.microsoft.com

()

Figure 4. Two typical information sources: (a) Web site 1 and (b) Web site 2.

tha this will contirue to hold tue, simply
because msenting inbrmaion to a human
audience is less demandimy the inbrma
tion provider—informaion intendeddr a
human audience need not comfi to some
extemally set brmal standat; it only has to
be compehensite to a eader

The Whirl approach to information
integration

We have wiitten a systemdr information
integration calledwhirl. The gproad to
integration embodied iWhirl is based on
two premises:

* Itis unreasonale to assume thall the
knovledge neededdr informétion inte-
gration will be pesentand in ag case
impractical to encode this iafmation
explicitly. Consequeny| inferences
made ly an int@ration system a¥ in-
herently incomplete and uncein.As
in madine leaning, speeb recani-
tion, and inbrmation retrieval, the inte
gration system will hge to tale some
chances and maksome mistads.An
integration system thus ost hae ways
of reasoning with unc&in informa-
tion, and commnicaing to the user its
confidence in an anger.

 Information integration should gploit
the eisting human-dented interéce to
informaion souces as mch as poss
ible. It should wheneer possike, un-
derstand inbrmation using gneal tedh-
niguesanal@ous to the ones people
use rather than elying on extemally
provided problem-specifc knovledge.
For instancepeople hae no dificulty
recaynizing the stictures inTablel as
two-column tales; thus a god inorma
tion-integration system should also be

able to lecanize sut stuctures. (At
though @neal teble-recanition meth
ods eist,2to our knavledge, no existing
Web-based intgration system uses
them.) Similaly, most people wuld
judge it likely tha the“Headbone’and
“Headbone Inteactive” denote the same
compamy (or dosely relaed ones)but
would consider it unligly tha “Disney
Interactive” and“Micr osoft” do; an inte
gration system should béle to male a
similar judgementgven without knavl-
edee of the domain.

Of the may medanisms equired by
sud an intgration systemye hae chosen
to concentate (initially) on geneal meth
ods Dr integrating information without
object identity knwledge. In most intgra-
tion tasksfar moe object-identity knal-
edee is needed than wiother type of
knowledge; while semantic knwledge and
access kneledge might be neededi
ead souce a system potentialineeds
object-identity knavledge &out eab pair
of constants in the ineated daabase

Our gproad for dealing with unceain
object identitieselies on the obseation
tha information souces tend to usext-
ally similar namesdr the sameeal-world
objectsThis is paticularly true when
souces ae presenting inbrmation to pee
ple of similar bakground in similar con
texts. To exploit this,theWhirl quely lan
guage allovs uses to brmulate SQL-like
queres dout the similaity of names. Con
sider @ain the thles of Rgure 4. Assum
ing tha the tdle Website-1 is encoded
as a elaion with siemagame (name,
pubName) , andWebsite-2 is encoded as
a relation with stiemapublisher (name,
homepage), the question
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Table 1. Output of a Whirl query pairing paragraphs of free text and names of computer games.

The score is the similarity of the last two columns, normalized to a range of 0—100, and the checkmark

indicates if the pairing is correct.

Score  DEMO.NAME GAME.NAME

80.26  Ubi Software has a demo of Amazing Learning Amazing Learning v
Games with Rayman. Games with Rayman

78.25 Interplay has a demo of Mario Teaches Typing. (°PC)  Mario Teaches Typing \

75.91 Warner Active has a small interactive demo for Where’s Waldo? Exploring v
Where’s Waldo at the Circus and Where’s Waldo? Geography
Exploring Geography. (Mac and Win)

74.94  MacPlay has demos of Marios Game Gallery Mario Teaches Typing v
and Mario Teaches Typing. (Mac)

71.56 Interplay has a demo of Mario Teaches Typing. (PC)  Mario Teaches Typing 2 \

68.54 MacPlay has demos of Marios Game Gallery Mario Teaches Typing 2 v
and Mario Teaches Typing. (Mac)

68.45 Psygnosis has an interactive demo for Lemmings Paintball v
Lemmings Paintball. (Win95)

65.70  ICONOS has a demo of What's The Secret? What'’s the Secret? v
Volume 1. (Mac and Win)

64.33  Fox Interactive has a fully working demo version Simpsons Cartoon Studio v
of the Simpsons Cartoon Studio. (Win and Mac)

62.90 Gryphon Software has demos of Gryphon Gryphon Bricks v
Bricks, Colorforms Computer Fun Set—Power
Rangers and Sailor Moon, and a FREE Gryphon
Bricks Screen Saver. (Mac and Win)

60.30 Vividus Software has a free 30 day demo of Web Workshop v
Web Workshop (Web-authoring package for kids!).
(Win 95 and Mac)

59.96 Conexus has two shockwave demos—Bubbleoids Super Radio Addition v

(from Super Radio Addition with Mike and Spike)

with Mike & Spike

and Hopper (from Phonics Adventure with Sing

Along Sam).

Who publishes“Escegpe from Dimension Q"
and vher is their home e?

might be encoded as thi¢hirl query

SELECT publisher.name,
publisher.homepage

FROM game, publisher

WHERE (game.pubName ~ game.

name AND game.name ~

“Escape from Dimension Q”)

Here ~ is a similaty opertor, and thus the
query askswhirl to find a tuplel,vCfrom
publisher suc tha for some tuplel,y(l
fromgame, y is textually similar tou, andx
is textually similar to the stng “Escepe
from Dimension @ Sud a pair is a plausi
ble ansver to the quey, although not nec
essaity a corect one

This quey languae is cental to our
approadc, so we will descibe it in some
detail. The quey languae has dsoft”
semantics; the angr to sub a quey is not
the set of all tuples thadisfy the quey,
but a list of tuplesead of which is consid
ered a plausile ansver to the querand
ead of which is associeed with a mmeic
scok indicding its peceived plausibility

The unverse of possile ansvers is de
termined ty therroum patt of the quey; in
the xample &ove, possilte ansvers come

from the Caesian poduct of theyame and
publisher relaions.Whirl scoes an
swers accoding to hav well they saisfy
the conditions in theHERE patt of the
quer: ead similaity condition gets a
scoe betveen ero and oneead Boolean
condition eceves a scar of either ero or
ong andWhirl combines these mnitive
scoes as if the were indgoendent poba
bilities to obtain a scerfor the entie
WHERE clause For the quey above, the
scoe of a tuplelm,v,x,ylls the poduct of
the similaity of y to uand the similaty of
xto “Escage from Dimension Q

In typical useWhirl retums ony theK
highest-scdng ansvers,whereK is a paa-
meter set pthe userFrom the uses per
spectve, interacting with the system is thu
much like inteacting with a seah engne:
the userequests tharkstK ansvers, ex-
amines themand thenequests marif
necessaf.

Semantical, then,theWhirl query lan
guage is quite simple—ixt as in map en
temprises,‘the devil is in the detail$. To
malke this idea wrk well, we needed to
adopt ideas bm seeral reseath comnu-
nities. Our system computes the sinitiar
of two names usingosine distancin the
vector space modgh metic widely used
in staistical-information retrieval.! Rough

ly speakingtwo names ar similar accat-
ing to this metic if they shaeterms where
atem is a vord stemand names arcon
sidered moe similar if theg shae moe
temrms, or if the shaed tems ae rare. As an
example “Disney Interactive” and“Dis-
ney” would be moe similar tharfDisney
Interactive” and“Headbone Inteactive,”
becauséinteractive” is a moe common
tem than“Disney.” These similaty met
rics ae not vell undestood brmally, but
are well suppoted expelimentally.

Whirl also huilds on ideas fim atificial
intelligence To find the besK anwers to a
quer, we use a ariant ofA* search 34
coupled with inerted-index techniques
developed in the irdrmation-retrieval
comnunity.? In combindion, these tels-
niques allev Whirl to find the besk an-
swers to a queyr fairly quickly, even when
the unverse of possile ansvers is
extremey large.

What Whirl has accomplished

Using a seah-endne-like interace (in
which possile ansvers come in aanked list)
lets us galuge Whirl in the same ay tha
information retieval reseathers evaluge
seach engnes. In paticular, given informa
tion about which of Whirl's pooposed an
swers ae corect,we can ealuaeWhirl
using metics sut as ecall and pecision\We
evalugedWhirl on a umber of beriemak
problems flom seeral different domains,
using the measapf nonintepolated aver-
age precision (Roughy speakingthis aver-
ages the best el of precision obtainedta
ead distinct ecall level. The highest posdi®
value br this measwris 100%.)Ve disco-
ered thathe of-the-shelf similaity metiic
we adopted is sprisingly accuete. On 14 of
18 benbmak problems,average pecision is
90% or higher; on sen of the 18 mhlems,
average pecision is 99% or higher

Intriguingly, good perbrmance can
often come een when the namesdm one
or both soures ae embeded in atrane
ous text. Table 1 pesents tharfst few an
swers for the quey

SELECT demo .name, game . name
FROM demo, game
WHERE demo.name ~ game.name

for a ppblem in which the names iemo
are embeded in arbitary paregraph-long
passges of fee tat. As the thle’s last col
umn shavs, most top-anked paings ae
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correct,and the completeanking of angers
Whirl proposed has &specthle average
precision of 67%Whirl’'s obustness toye
traneous noise evds means thave can
afford to use pproximate methods ofe
tracting of dé&a from information souces.

We have also hilt several nontivial
integrated-information systems using
Whirl. The domain of thearfst is dildren’s
computer gmesThis gplicaion inte
grates inbrmation from 16Web sites.
Using the HTML brm interface shwn in
Figure 5,uses can constrct questions lig
the following:

Help me ind reviews of games thiare in the
caegory “art,” are ecommendedybtwo or
more sitesand ae designeddr children six
yeas old

The gplication knows hav to find reviews,
demosand \endos of gamesand also
undestands seeral propeties of games,
such as vhich games a& popular and to
pubishes which games.

We have luilt a similar system thante-
grates inbrmaion éout Noth American
birds. Collectvely, the intgrated daabases
contain &dout 100,000 tuplespout 10,000
of which point to etemalWeb pages. Both
systems ar available on theWeb (& http:/
whirl.reseach.att.com/cdoms/andhttp://whirl.
reseach.at.com/bids)). The esponse time
for complex queres is typicaly less than
10 seconds. ({ese time measements a&
on a lighty loaded Sun Ula 2170 with
167-MHz pocessas and 512 Miptes of
main memaoy. The curent sever is not
multithreadedso esponse timesawy
grealy with load)

In building these pplicaions,we delib
erately sidestpped may of the poblems
that have histoically been eseath issues
in information integration. Whirl data is not
semistuctured © but instead is sted in
simple elaions.The poblem of quey
planning is simplified by collecting all
daa with spides ofline. We ma individ-
ual information souces into a global
schema using marally constrcted vievs,
rather than using merpaverful meth
ods8&9Access knwledge is epresented in
hand-codedxdraction pograms?©rather
than leaned ty example as mposed b
Nicholas Kushmeic and othes-13We
made these decisions to highlight the ad
vantayes of our pproad, reldive to ealier
integration methodsby adopting an uncer
tain goproad to integration, significant

File Edit View Go Communicator

The UL TIMATE Guice
to Computer Games for KnD g

Help

This page provides a uniform way of accessing over 2000 reviews of children’s computer games, made available
by more than a dozen different consumer—oriented organizations {as opposed to, say, software vendors).
Information about on-line demos, on-line vendors, and publisher’s home pages is also available.

Use the form below to ask a question, All fields are optional.

@Helpmeﬁnd reviews | of games that are

® inthe category | fart
® published by |}

e recommended by two or more sites |

e —select popularity—
» designed for children sigyearsold

» where the name of the game is (roughly)

(use any keywords, e.g. zusic, science, art)

=

100% [

Figure 5. The interface to an information-integration system based on Whirl.

applicdions can be tilt, even without the
aid of other adanced teleniques.

The two implemented intgration gopli-
cations illustete seeral other impatant
points. Hrst,in the games pplicaion,
Whirl extracts inbrmation eout the ge
range for which games a& gpropriate from
a commetial site; this inbrmation can then
be used to access a collectioneviews
taken from sereral consumenoriented sites.
The ae-range informaion hasjn some
sensebeen made ptable; it has been dis
associted from the site thigprovided it and
used br a gpal different from its intended
purpose (of impoving access to a lge
online cdalog). Attaining this sorof modu
larity and potability of information was
one ofwhirl’s pimary goals.

Secondlintegration need notequire
comple quey interfaces to be usefuhs
well as poviding a quey-based intedce
the bid goplication allows dda éout bids
to be bowsed either geagraphically or by
scientifc order and &mily. This browsing
interface a&tends the gaability of the oiigi-
nal souceswhich ae seldom aganizd
along both of these dimensioie bid
applicéion also intudes a quik-seach

feaure, in which the user types in the name

of a bid and @ts a list of URLs in
responseAs an gample in response to a
quick seach for “grea blue heon;” Whirl's
ansver indudes a pictur indexed ony as
ardea heodias the scientiic name of the

grea blue heon.This sot of intelligent
behaior is endled by translaing the
users quik seach into a stuctured quey
tha exploits an inbrmation souce gving
the scientiic nomendature for birds.

The future of integration

Whirl’s curent implementéon could be
extended in mayways. Challening tec-
nical issues irlade scaling up to lger
daa sets (the coent implementgon is
memoy-based)finding moe flexible and
more automéc extraction methoddeam-
ing to impove scoes based oreedbak of
various kindsand collecting dia efic-
iently a quer time. We will condude,
however, with some moe geneal remaks.
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One possile goal for computer science
reseach is the constrction of an inbrma:
tion system with sig and scope compar
ble to theWeb, but with abilities compaa-
ble to a knavledge baseln paticular, we
would like a system thaan eason bout
and undestand inbrmation thd, like infor-
mation found on th&Veb, is constucted
and maintained in a decealized fashion.
This is a ery had problem and perhas a
very distant @al; havever, Whirl repre-
sents an impaéant st tovard tha goal.

Previous systems thiaccess irdrmation
from nultiple souces &ll into two main
classes. Sedn endgnes povide weak and
relaively unstuctured access to a g
number of sites. RriousWeb-based indr-
maion integration systems mvide better
access to a smalumber of highy stuc-
tured sitesWhirl’s emphasis on imact,
uncetain integration provides an intene-
diate stg between these tvextremes.

The intemediae st@ of chea, approxi-
mae information integration is a citical
one Itis uneasonkble to pect an inbr-
maion provider whose pimary audience is
people to spend mth time and engy in
making his or her imfrmation programma-
ically available unless theris a tear and
immedide benet. Unfortunaely, while
integration does povide a benéf, this ben
efit does not mizrialize until a mmber of

souces ae intggrated In economic tens,
the \alue of haing a well-structured eas
ily-integrated information souce is lagely
extemal,leading to alassic dicken-and-
egg problem. The availability of cheap,
approximate integration methods could
help to wercome this poblem.

Let us ¢ose with an analyy. Information
integration can be viered as the mblem of
getting information souces to talk to edc
other Our pproac can be vieed as gt
ting information souces to talk to edc
other in an inbrmal way. We hope thithis
kind of informal comnunicaion will retain
much of the utility of brmal comnunica
tion, but be &r easier tottain—just as in
formal essgs like this one camwithout
tedious tebnical detailcommunicde the
essence of a metechnical lesult. [
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