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Abstract

In literature, the mediator architecturehas been
proposedfor taking information from distributed,
heterogeneousand often dynamic sourcesand
makingthemwork togetherasa whole. In this pa-

per we proposea distributed case-basedpproach
for the main problem of a mediator i.e. rewrit-

ing queriesaccordingto mediators schema. Ac-

cordingto this approachwe usea casememoryas
mediators schema. Therefore,sucha schemais

not static (asin othersystems)ut is dynamically
updatedthroughthe cooperationwith information
sourcesandothermediatorsstronglyinfluencedoy

the queriessubmittedby a consumer From the

analysisof different cooperationstratejies arises
thatit is more efficient and effective for a media-
tor to directly cooperatewith informationsources,
whenthesourcesarefew. Otherwiseijt is moreef-

ficientto cooperatavith othermediators.

1 Introduction

Nowadaysjnformationsystemsanbethoughtascollections
of information souices and information consumerghat are
often distributedin world-wide networks. This meansthat
sourcesand consumergan be autonomousandthus are of-
ten hetepgenousanddynamic Informationsourcesare het-
erogenouslueto discrepancieatthephysicallevel (different
DBMSs,softwareandhardwareplatforms),logical level (dif-
ferentdatamodels),andconceptualevel (differentschemas,
conceptandrelationnames).

Example 1.1 Figurel shows an exampleof threeinforma-
tion sourcesabout articles on computerscienceand their
authors. Let us supposethat the three sourcesreceve the
query Qo = Vpub.ai. ws cananswerto @ (it finds
a view that matcheswith @,), whereasw; and ws, can
not. Indeed, the schemaof w; is different (heteogene-
ity of schema$. Notice that, if we rewrite the query as
Qf = VYpubVkeyword {“AI"}, w, is ableto answersince
Vpub.Vkeyword {“AI"} is part of its schemas. For what
concernsws, it is not a matterof heterogeneityws simply
doesnot have therequiredinformation.
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Informationconsumersreheterogeneouaswell, sinceeach
consumemay have differentcustomizatiomeedsdueto dis-
tinct businesobjectves. Moreover autonomousgnformation
sourcesaredynamic,sincethey maybe addedto the system,
may become (temporarily or definitively) unavailable, or,
sometimesmay alsovary their conceptuakschemas.Infor-
mationconsumerare alsodynamic. Indeednen consumers
canbe insertedor remaved. Furthermoretheir information
needscanchangevery often. Our work dealswith informa-
tion integrationin distributed, heterogeneousand dynamic
informationsystemsi.e.,constructinganswerso queryfrom
consumers.Our primary goal consistson rewriting a con-
sumers query into queriesto specificinformation sources.
In [M. Panti, L. Spalazzi,A. Giretti, 20040 we proposeda
distributedcase-basedpproacho the problemof rewriting
gueries.Accordingto this approachwe have a dynamicme-
diatedschemgthecasememory)insteadf a staticone(asin
othersystems)Indeed our mediatorsschemas dynamically
updatedthrough the cooperationwith information sources
andothermediators stronglyinfluencedby the queriessub-
mittedby a consumerln this paperwe focuson thecoopera-
tion stratgiesof the distributedcase-baserkasonerindeed,
we comparedifferent stratgies from a theoreticalpoint of
view anddiscussthe results. The paperis organizedasfol-
lows. Section?2 reportsthe relatedwork. An overview of
ourwork is providedin Section3. Section4 summarizese-
sultsaboutlocal queryrewriting (i.e. whena querycanbe
reformulatedby a single mediator). Section5 describeghe
distributedqueryrewriting (i.e., whena querycanbe refor
mulatedonly throughcooperatioramongmediatorsinddis-
cusssometheoreticalresults. Finally, someconclusionsare
givenin Section6.

2 Redated Work

Intelligent Information Integration (1%). The mostsigni-
ficative approachto informationintegrationrelies on the so
calledmediatorarchitectuie [Wiederhold,1994: anarchitec-
turewith three-layersA layeris devotedto informationcon-
sumersanotherlayeris devotedto informationsourcesthe
middle layer (i.e. the mediator)dealswith the reformulation
of agivenqueryin asetof queriespachtargetedataselected
source.Intuitively, suchareformulationwould be equivalent
to the original query(i.e., denotethe samesetof instances).
Neverthelesspften this is not possible. Therefore,a query
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Figurel: An exampleof informationsources.

reformulationcontainedn (insteadof equivalento) theorig-
inal queryis considerecadequatéseefor example[Ullman,
1997;Beerietal., 1997). Furthermorewhena description
logic (e.g. [Borgida and Patel-Schneiderl994) is usedas
datamodelingandquerylanguage(e.g. [Beeriet al., 1997;
Kirk etal., 1995;Ullman, 1997), the problemof querycon-
tainmentcorrespondso the subsumptiorproblem.
Therearetwo basicapproacheso intelligentinformation
integration: the proceduralapproachandthe declaratve ap-
proach.In the procedurl approach(e.g., TSIMMIS [Garcia-
Molina et al., 1997), mediatorsintegrateinformation from
sourcesthrough ad-hocproceduredefinedwith respectto
a setof predefinednformation needs. Whensuchneedsor
sourceshanggi.e., we have adynamicinformationsystem),
a newv mediatormust be generated. In the declamtive ap-
proach(e.g., SIMS [Arenset al., 1993, Information Mani-
fold [Kirk etal., 1999, andInfomaster DuschkaandGene-
sereth,1997), mediatorsusesuitablemechanismso rewrite
gueriesaccordingto sourcedescriptions. Usually, the pro-
posedsystemslo notallow automaticadaptatiorof suchde-
scriptionswhensomethingchanges.
Distributed Case-Based Reasoning (DCBR). A distributed
case-basedeasonel Prasackt al., 1996;Plazaet al., 1997
learnsby experienceand cooperatiorhow problemscan be
solved. Therefore,it is appropriatefor distributed and dy-
namic applicationdomains,when it is impossibleto have
predefinedsolutions.Neverthelessasfar aswe know, its ap-
plication to informationintegrationis a novelty. In DCBR,
thereareseveralagentspachagenthasits own casememory
sinceit could have acquiredits own independenproblem-
solvingexperiencesA new problemis solvedthroughagent
cooperationlndeedeachagentreuseghelocal pastcasethat
bestcontributesto the overall case. Descriptionlogic is ap-
plied to case-basetkasoningandthusDCBR) aswell (e.g.
[Koehley 1994)). Indeed,in case-baserkasoningsubsump-
tion becomes powerful tool to automaticallyderive casehi-
erarchieghatcanbeusedin caseretrieval andcaseretention.

3 Work Overview

Our goalis to build aninformationsystemcapableof inter-

connectingnformationconsumersndsourcesPreviousap-
proachessolve several problemsconcernedvith distributed,
heterogeneouisformationsystems.Their mainlimitation is
relatedto the capability of evolving accordingto dynamic
information systems. We propose(seealso [M. Panti, L.

Spalazzi,A. Giretti, 200d) a multi-agentsystemwhich is
basedna mediatorarchitecturej.e. mediatorssourcesand
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consumerareagentsAll theagentsadoptadescriptionogic
called C-CLAssIc [Borgida and Patel-Schneider1994 as
datamodellingandquerylanguage.Indeed,subsumptiorin
C-CLAssIc canbecomputedn polynomialtime.

In ourwork, thecapabilityof amediator agentto facehet-
erogeneouanddynamicsystemgelieson athesaurugnda
distributed case-basedeasoner Eachmediatorhasits own
thesaurusn orderto solve nameheterogeneityA thesaurus
is composedy a setof classeof synoryms. Eachelement
of a classhasthereferencedo informationsourceghatuseit
asterm. Every time a new queryarrives,its termsaretrans-
latedin standardermsby meansof the thesaurus.The re-
verseprocesoccurswhenthe rewritten query mustbe sent
to information sources.The thesaurusnustbe dynamically
updatedvhena changein the systemoccurs. The classeof
the thesaurusare modified by meansof clustering. The ex-
planationof this techniqueis out of the scopeof the paper
for moredetailswe remindto [Diamantiniand Panti, 1999.
Therefore,in the restof the paperwe assumethat no name
hetepgeneityoccurs(i.e., thethesaurufiasa maximumpre-
cision). Eachmediatorhasalsoits own case-basedeasoner
in orderto solve heterogeneityof schemasand consumes
needs.Eachcasecontainsa queryandthe correspondinge-
formulation,andit is storedin the mediators casememory
Whena nev queryfrom the consumerarrives,the mediator
looks for pastqueriessubsumedy the new oneand adapts
the correspondingsolutionsin orderto obtaina reformula-
tion of the new query This meanghatthe mediatedschema
is stronglyinfluencedby the queriessubmittedoy consumers
(mediators experience) Whenthis experiencedoesnot help,
themediatorcooperatewith othermediatorsand/orinforma-
tion sourcesThis approachallows the mediatorto updateits
schemasndthereforeto takeinto accountchangesn infor-
mationsourcegindconsumess needs Thiscanbeconsidered
akind of distributedcase-baserktasoning.

In our system,nfor mation source agent$ areableto co-
operatewith mediatorghrougha queryreformulationbased
on local schemaslIndeedeachsourceis ableto find a view
overits schemahatis subsumedby aninput query

Example 3.1 Letusconsidetthedistributedinformationsys-
tem of Figure 1 (Example1.1). According to the above
assumption,we considerthat all the (conceptand role)
nameshave been already translatedby a thesaurusand
thus no name heterogeneityoccurs. Nevertheless,con-
ceptualschemasre different (as shoved in Example1.1).

!Notice that when a sourceis a non-agensoftware,we needa
wrapperasinterfacebetweerthe sourceandtherestof the system.

CASE-BASED REASONING



Query Rewriting of thequery

InformationSources

H (Vpub.journal M Vpub.db), (Vpub.ai M Vpub.db) (Vpub.journal, wy), (Vpub.db,w2), (Vpub.ai, ws)

Vpub.Vpublisher { “ACM"'}

Vpub.Vpublisher.{ “ACM"} w1), (Ypub.Vpublisher.{ “ACM"}, ws)

(
T (
J (Ypub.Vkeyword{ “AI"}), (Vpub.ai) (Vpub.Vkeyword{ “AI"}, w1), (Ypub.ai,ws)
K (

(Vpub.Vkeyword.{“Agents”} N Vpub.db),
(Vpub.agents Vpub.db)

Vpub.Vkeyword.{“Agents”} w1), (Vpub.db,ws), (Vpub.agents, ws)

Figure2: An exampleof casememory

Let us supposethat source w; receves a query @1 =
Vjtype.{Trans}. wy findsthat@); subsumeacmtransand
ieeetransandthusreturnsthe correspondingnstancegde-
notedby I, (acm_trans) U I, (icee_trans)).

4 Local Query Rewriting

Generally speaking,a caseis an arbitrary set of features
(attribute-value pairs). Somefeaturesare devotedto repre-
senta problem(in our applicationthe queryto be reformu-
lated) in orderto make easierthe retrieval of a pastprob-
lem similar to the currentsituation. Therestof featuresare
devotedto representhe problemsolution (the reformulated
gueryandinformationsourcesvherethereformulatedquery
hasbeensent)to reuseit in the currentproblem. Further
more, the problem of rewriting querieshas a fundamental
conditionthat mustbe satisfied:the rewritten query mustbe
containedin the original query[Beerietal., 1997; Ullman,
1997. We useC-CLASSIC asa languagefor representing
gueriesandthuscases.The subsumptiorrelationis usedas
guerycontainment@andthusfor caseretrieval. Accordingto
above considerationsa case is a structureasthe following:
(Q,S0l(Q),{(Q1,w1),...(Qn,wy))y where wy,...,w,
are information sourcesand @4, ...,Q, are queriesto
wy, ..., w, respectrely. @ is a given query and Sol(Q)
is its reformulation,i.e., a setof arbitrary combinationsof
Q1, ..., Q. suchthat eachelementof Sol(() is subsumed
by @. A collectionof casess calledcase memory. A termi-
nology (i.e., asetof concepdefinitionsandtheirrelations)is
alwaysassociatedo a casememory T, L representhetop
andbottomconceptsrespectiely. Theinitial casememory
canbe built asstatic mediatedschemaf traditional medi-
ators(e.g. SIMS [Arenset al., 1993). In our system,the
addedvalueis thatthe DCBR worksto maintainupdatedsuch
aschema.

Example 4.1 Figure2 andFigure 3 shov the casememory
andtheterminologyof a mediatorof Example3.1.

Query Retrieval. Every time a new queryarrives,it is in-
sertedin the terminology and classifiedby meansof sub-
sumption. If thereexists a pastproblemequalto the new
query thenits solution canbe usedas solutionfor the new
guery Otherwisethe solutionsof pastproblemghataresub-
sumedby the new querycanbe usedassolutionfor the new
problem. The closestto the new query the retrieved cases
are,the bestthe solutionsare. This drivesusto the notion of
problemsmaximally containedn the new query This notion
allows the definition of theretrieval function M;, ¢ (@, P) as
asetof conjunctionsof conceptg;»; X;) of thegiventer
minology (?). For eachconjunctionof conceptsheredoes
not exist anotherconjunctionof conceptf the sametermi-
nology(l‘ljzle) suchthat(l‘lilei) C (|_|j21§/j) C Q.

CASE-BASED REASONING

Example 4.2 Letussupposeo have Q2 = VYpub.(aifdb) as
input queryin Example4.1. Applying the retrieval function
weobtain: M;, ;(Q2,P) = {K,HNJ}

Query Reuse. Thebasicreusealgorithm(S;, ¢ (Q, P)) sim-
ply copiespastsolutionsof pastproblemsreturnedoy there-
trieval function.

Example 4.3 Applying thebasicreusealgorithmto Example
4.2,weobtain:S;, ¢ (Q2, P) = Sol(K)U(Sol(H)MSol(J))?

Now we have all the building blocks to define the local
reusealgorithm (P (Q, P)). Suchan algorithmdecomposes
eachconsumess queryin basiccomponentsappliesthe ba-
sic reusealgorithmto eachcomponentandfinally assembles
the correspondingesults(a moredetaileddescriptioncanbe
foundin [M. Panti,L. SpalazziA. Giretti, 2000).

Example4.4 Let us supposeto have Q3 = Vpub.ai M
Vpub.acm asinputqueryin Example4.1. Applying thereuse
algorithmwe obtain:

D(Q3,P) = Sing(Vpub.ai, P) M Sins (Vpub.acm, P)
= (Sol(K) M Sol(I)) U (Sol(H) M Sol(J) M Sol(I))

Notice that this is just one possibleanswey anothermedia-
tor with a differentcasememorymay rewrite the queryin a
differentway andthusreturna differentanswer

It is easyto prove that eachelementof S;,;(Q,P) and
D(Q,P) is subsumedy Q. Therefore,a reformulationis
containedn theoriginal queryasrequiredin thedefinitionof
case Finally, noticethatin generalS;,, ; (@, P) # D(Q, P).
Query Evaluation. Whenthe mediatorhasa reformulation
of the receved query it mustsendsucha reformulationto
relatedinformationsourcesandwait for theiranswers.

Example 4.5 The evaluationof Sol(H) consistson query-
ing sourcesuy, wy, andws with Ypub.journal, Vpub.db, and
VYpub.ai respectiely, andintegratingtherelatedanswersThe
semanticof conceptshelpsus on integrating the answers.
Let I, (Vpub.journal), I, (Vpub.db), and I, (Ypub.ai) be
answersfrom w;, ws, and ws respectiely, then the an-
swer to Vpub.(journal M db) is: (I, (Ypub.journal) N

Ty, (Vpub.db)) U (I, (Ypub.ai) N I, (Vpub.db)).

Failures. Wehave alocal failurein queryreusewhenamedi-
atoris notableto rewrite agivenqueryQ, i.e., Sol (Q) = 13,
Thismeanghatthemediators casememorycontainsno past
caseghatcanbe usedto reformulate. Usuallythis is due
tothefactthatit is thefirst time thatthe consumeformulates
suchaquery i.e.,theconsumehasa new informationneed.

250l(H) 1 Sol(J) meanghateachelementof Sol( H) is con-
junctedwith eachelementof Sol(.J).
3Noticethat7( L) = @.

1007



|acm| |Journa|| | db | | ai |

| H=¥pub.(journal 1 db) |

|J=‘v’pub.ai | |\=Vpub.acm‘

\Vj type.{Trans} agents

Vpub.(ai n db)

acm trans

@ NJ=pub.(aindb njouma@

‘ K=¥pub.(agents | db)|

{.. journal<T 6 db<T, ai<T,
H = Vpub.(journaln db)

agents<ai, acm = Vpublisher { “ACM”}, acm_trans = acm N Vjtype {Trans},
I = Vpub.acm, J = Vpub.ai, K = Vpub.(agents db) ...}

Figure3: An exampleof terminology

Example4.6 Let us consider the case memory
of Example 4.1 and the query Q4 = Vpub.ai M
Vaf filiation.{“Stanford”}. The mediatoris not ableto
rewrite thequery Indeedwe have

D(Qu,P) = (Sol(K)ML)U(Sol(H)MSol(J)NL) = {1}

Furthermore,we have a local failure in query evaluation

when a mediatorsendsa rewritten queryto relatedsources
andrecevesat leastan empty answer This meansthat the

casememoryof the mediatoris not updated. Typically, an

information sourcehas beenremoved from the systemor

changedts schema.

Example4.7 Let us suppose that source w; has
been (perhaps temporarily) remored, then the eval-
uation of the reformulated query in Example 4.4
fails. Indeed 1, (YpubVkeyword.{“Agents”}) =
Iy, (Vpub.journal) = I, (VpubVpublisher {“ACM"})
= Iy, (Vpub Nkeyword {“AI”}) =)

5 Distributed Query Rewriting

Evenif alocal failure (in queryreuseor evaluation)occurs,
the distributedcase-basetkasonindhasstill a possibility of
solvingthe problemby meansof cooperatiorwith otherme-
diatorsandsources.Notice thatthis providesthe systemthe
mostimportantway of learning. Indeed,if the queryis re-
formulated,the new rewritten queryand/orthe new sources
canbe storedasa new case.Iln suchaway the mediatorcan
supportdynamicinformation systems.Furthermorejt does
not needto maintainconsistenits casememoryevery time
somethingchangesbut only whenaconsumesendsa query
that fails. Therefore,the distributed information systemis
notoverloadedwith consisteng maintenanceperationsthat
usuallyaretime consuming.On the contrary traditionalme-
diation systemscan only updatemediatedschemawith ex-
pensve hand-mad@rocedures.
Cooperatiorstrat@iescanbe classifiedaccordingto three
parameters:partners,queries,and answers. In the follow-
ing we describesuchstratgies, we alsoanalysethem (from
atheoreticalpoint of view), sincethe choiceof theright co-
operationstratgy is crucial for effectivenessandefficiengy,
anddiscusgheresults.
Partners. Whena mediator(say M) fails, it cancooperate
with othermediatorsaskingthemto rewrite a queryaccord-
ing to their own casememorieslf they succeed canstore
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theresultasanew casein its casememory Themediatorsn-

volvedin this stratgy canbeall the mediator=of the system,
just mediatorghat have never beenin touchwith M, or me-
diatorsthatsuccessfullycooperatedvith A in the past. The
mediatorM candirectly cooperatevith informationsources
aswell. This stratgy caninvolve all the sourceqit is very
expensve), sourcegesponsiblef thelocal failure (this strat-
egy takesinto accountchangeof schemas)recentlyadded
sources(this stratgy takesinto accountnewn sources),or

the sourceghat successfullycooperatedvith M in the past
(whena userhasa new information need,the applicationof

this stratgy supposeghat the new needinvolvesthe same
sourcef the past). Eachsourceclassifieghe queryandre-

turnsthe subsumedoncepts.Let us analysesuchstrateies
focusingonrecallandprecisiorratiosin orderto evaluatethe
effectivenes®f thestratgy. We alsoevaluatetheinformation
redundang thatsuchstratg@iesproduce.

First, let us considera mediator M that cooperateswith
othermediators sendshemthe original query andasksfor
receving arewritten query This stratgly hasa possibledis-
adwantagehatanothemediatorcansenda wrongrewriting.
Thisfacthasharmfulconsequencemntheprecision asstated
by thefollowing theorem.

Theorem 5.1 Let Sy, ..., S, ben informationsources. Let
V beaviewof Sy, ..., S,. Visrepresentedsacasememory
thatdoesnot change Let M/, N betwo mediatorssud that
M interactswith N when}M fails. LetC,(M) bethe case
memoryof M after n interactionswith N. Then

cardC M ny

Recall: n_m Card <1
Precision: nh—>nc}o Card(cn(M)) is indeterminate

In the above theorem,C,, (M) denotesthe casememory of

the mediatorM (e.g. seeFigure2). V denoteghe informa-
tion needof a givenconsumeri.e., it is the schemao which

C.(M) mustcorverge. Sucha theoremstateshatwhenthe
mediatorN sendsa rewriting thatis partof V therecalland
the precisiongrow, otherwisethe recall doesnot changeand
the precisiondecreasesThis meanghatis crucialthe choice
of whatandhow mary mediatorso cooperatavith. Another
possibledisadwantageof suchastratey is thatasymptotically
all the mediatorsmay have the samecasememory i.e. this

stratgy produces certainredundang. This resultis a con-

sequencef thefollowing theorem.

CASE-BASED REASONING



Theorem 5.2 Let M, N betwomediatorssuc that M inter-
actswith N whenM fails. LetC, (M) bethecasememoryof
M aftern interactionswith N. LetC(N) bethecasememory
of N sudh thatit doesnot changewhile NV interactswith A .

Then
lim card(C,(M OC N -1

=500 card(C(N))
The above theoremstatesthat the casememoryof M con-
vergesto the casememoryof N when M cooperatewith
N. This seemdo suggesthatwhenthe mediatorcooperates
with othermediatorst would directly askdatainsteadof the
rewritten query This would allow ary mediatorto maintain
its expertiseandavoid redundany.

As a secondstrat@y, let us considera mediator M/ that
directly cooperatesvith informationsourcessendghemthe
original query and receves the rewritten query (and even-
tually the data). This stratgy guarantees given consumer
thatthemediatorM corvergesto theconsumesinformation
need.Indeedit is possibleto prove thefollowing theorem.

Theorem 5.3 Let Sy, ..., S, ben informationsources. Let
V beaviewof Sy, ..., S,. Visrepresentedsa casememory
that doesnot change Let M be a mediatorsud that M
interactswith Sy, ..., S, whenit fails. LetC,(M) bethe
casememoryof M aftern interactionswith Sy, ..., S,. Then

lim card(C, (M )NV
o0 card(V)

m card(C,(M)NY

nli}oo card(C, ()

=1
=1

Recall:

Precision:

The above theoremstatesthat the mediatorwill asymptoti-
cally satisfythe information needof a given consumetr(de-

notedby V). Indeed,underthe hypothesighatno namehet-

erogeneityoccurs(see Section3), it is impossiblethat the

sourcehaswrongschemasThereforetheinformationsource
haseitherthe right answeror no answerat all. This means
that the choiceof sourcesto cooperatewith is crucial only

for efficiengy of thesystemj.e. how fastthe mediators case
memorycorvergesto users needs.

Example5.1 In thesituationof Example4.7,let ussuppose
thatthe mediatorchoosedo look for nenv sourcesandcoop-
eratewith them. Let ussupposehatw, is anew information
sourcewhich containsACM publicationsandhasthe follow-
ing conceptsn its schema:

acm_tods =Yj_name.{“TODS"} N Ypublisher {“ACM"}
acm_tocl =Yj_name. {“TOCL"} NVpublisher. {“ACM”}
acm_tois =Yj_name {“TOIS"} NVpublisher {“ACM™}

The mediator decomposes the query (s and
sends each component to wjy. For example, when

wy receves Vpub.Vpublisher {“ACM”}, it looks
for maximally contained concepts and obtains
M;n ¢ (Ypub.Vpublisher {“ACM”},P) =
{Vpub.acm_tods, Vpub.acm_tocl, Vpub.acm_tois}. When
themediatorrecevesthe answeyretainsasnew case:
{ Vpub.acm ,
(Vpub.acm_tods , Vpub.acm_tocl , Vpub.acm_tois) ,
{ (Ypub.acm_tods, ws) , (Ypub.acm_tocl, w,) ,
(Vpub.acm_tois, wy) ) )

CASE-BASED REASONING

Queries. Cooperatiorstratgiescanalsobeclassifiedaccord-
ing to queries.IndeedM cansendthe queryasreceved by
the consumer(this is a stratgy that takesinto accountthe
new users need). It can sendthe retrieved query (if ary),

i.e. the problemreturnedby the retrieval function (this is a
stratgy thattakesinto accountthe needof maintainingcon-
sistentthe mediators casememory). Finally, the mediator
cansendthe reformulatedquery (if ary). In the latter case
the “approximationof the solutiongrows”, asstatedby the
followingtheorem.

Theorem 5.4 Let ( be the original query Let Q' €
M;nt(Q,P) beoneof the pastqueriesretrievedby M. Let
Solar (Q') beoneof thereformulationsof @' usedby M as
rewriting of ). Let N bethe mediatoror souicethat cooper
ateswith M. Let Soly (z) bethequeryrewritten by N if N
receives: asinputquery Then

Soln (Q) C @ , Soly(Q)EQR'CQ
Soln (Soly (Q')) C Soly (QYC Q' CQ

As aconsequencéhesolutionreturnedoy N is moredistant
from @ than@’ when M doesnot sendthe original query

Cooperatiorstratgiescanalsobe classifieddependingn
thefactthatthequerycanbesentasit is or bedecomposeth
basiccomponentsThis secondstrat@y is applicablesinceit
is straightforwardtio prove thatthe following theoremholds
whenwe useC-CLASSIC:

Theorem 55 Let @1,...,Q, be queries. Let @ =
f(@1,...,Qn) betheusers query Let N bethe mediator
or sourcethat coopenteswith M. Let Solx (z) bethequery
rewritten by NV if N receivese asinputquery Then

Soln (f(Q1,--.,Qn)) = f(Soln(Q1),...,Soln(Qn))

The theoremabove statesthat A/ doesnot needto decom-
posea query beforeits sending,sincethe query is directly
decomposetly partnersThis suggestshatdecompositioris

corvenient(efficient) only if M failedto reformulate/ evalu-

atejust somecomponent®f thequery

Answers. Finally, cooperatiorstratg@iescanbeclassifiedac-
cordingto answers. M canaskfor rewriting the query Its

goalis to updateits casememorywith a rewritten queryob-

tainedfrom its collaborators M canalsoaskfor datathatan-
swerthequery In suchasituation,it storesin thecasemem-
ory theaddressesf themediators/sourcabatansweredWe

cananalysesuchstratgies dependingon partners. Table 1

reportsthe resultsof cooperatiorwith only one agent. We

assumehatsuchanagent(saya sourceS or a mediator/NV)

doesnot changewhile the stratgy is in progress.We also
supposehat N has(Q, Sols(Q), S) in its casememory For

eachstratgy, Table1 reportsthe new casethat M storesin

its casememory the setof instanceselatedto thereformula-
tion, thenumberof message® obtaininstance®f ¢ (when
M receves @ thefirst time andthe next time), andthe re-

sultsaboutredundang (seeTheorem5.2). Whenwe con-

sidercooperationwith mediators,jt seemanore efficient to

askfor a rewriting, since M interactswith N only the first

time, thenext time M directly interactswith S. Ontheother
hand,the stratgy of requiringdatadoesnot produceredun-
dang, evenif it is lessefficient. Notice that, for what con-

cernssuchevaluationparametershe stratgy of cooperating
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Partner Answer New Case Data No. of messages. Redundang
Ist.time Nexttime
Source(S) Rewriting  {Q, Sols(Q),S) Is(Sols(Q)) 4 2 No
“ Data (Q,Q,5) Is(Sols(Q)) 2 2 No
Mediator(N) Rewriting (Q, Sols(Q),S) Is(Sols(Q)) 4 2 Yes
! Data {(Q,Q,N) Is(Sols(Q)) 4 4 No

Tablel: A comparisorof differentcooperatiorstratayies.

with sourcegequiringdataseemdo bethe mostappropriate
whenthe numberof sourceds comparabldgo the numberof
mediators.

6 Conclusions

We consideredhe problemof rewriting queriesby meansof
distributed case-basedeasoning. As far aswe know, this
is a novel approach. This allows us to have dynamic me-
diated schemasdnsteadof static ones. We shaved that a
real dynamic mediatoris obtainedby meansof distributed
query reformulation,i.e., cooperationwith other mediators
andsourcesThanksto this approachthe mediatoris ableto
be updatedvhensourcesandconsumersre added/remeed
or changetheir schemas/needd his operationis performed
only whena consumesendsa querythatfails andnot every
time somethingchangesThis allowsusto avoid of overload-
ing the distributedinformation systemwith expensve con-
sisteny maintenanceperations. In distributed case-based
reasoningthechoiceof the right cooperatiorstratgy is cru-
cial. We hintedseveralpossiblestratgiesanddiscussedheir
adwantagesFrom suchan analysisarisesthatwe canobtain
goodresultsfor effectivenesandefficiengy whena mediator
directly cooperatesvith informationsourcesvhenthe num-
berof informationsourcess small. Otherwise the mosteffi-
cientstratgy isthecooperatiowith othermediators Finally,
noticethatthe choiceof C-CLASSIC is appropriatesincethe
algorithmcompleity for queryretrieval andreuses polyno-
mial.
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