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es mediation in biologyNowadays, data are distributed over the net and are stored in data sour
es with di�erent formats and datamodels. All this heterogeneity makes the querying task more diÆ
ult be
ause users have to 
ultivate their knowledgein terms of formats, query languages and data models. Instead of using di�erent tools for querying, users needtools allowing data formats and a

ess interfa
es homogenisation. To resolve these problems, mediation systemshave been proposed [1℄.
Figure 1. Mediation systemFigure 1 shows a 
lassi
al mediation system ar
hite
ture. Users and appli
ations a

ess data 
ontained in lo
alsour
es through a mediator. A mediator provides a global s
hema and translates global expressions into lo
al onesa

ording to the 
hara
teristi
s of 
on
erned data sour
es. Lo
al expressions are then sent to lo
al sour
es fortheir evaluation. As lo
al sour
es are heterogeneous, a mediator is 
onne
ted to lo
al sour
es through wrappers. Awrapper is a pie
e of software whi
h transforms lo
al expressions from the mediator into queries understandablefor the lo
al sour
e's. Lo
al sour
es export their query 
apabilities to the system by providing an exported lo
als
hema, and ne
essary metadata for mapping it to the lo
al s
hema.Biologi
al data sour
es are highly heteregeneous in terms of 
ontent types (sequen
es, stru
tures, analysisresults, bibliography, et
.) and data storage models. Several mediation systems for biology sour
es have beendevelopped. The most important ones are: TINet/OPM [4℄, Dis
oveyLink [5℄, K2/Kleisli [3℄ and TAMBIS [6℄. Allexisting biologi
al mediation systems provide a minimal infrastru
ture for mediating heterogeneous and distributedsour
es, but none of them is able to represent lo
al sour
es 
apabilities and availability. The main 
ause for thisla
k of 
exibility is attributed to their uneÆ
ient metadata management. Existing mediation systems are not ableto represent 
hara
teristi
s of sour
es su
h as fun
tional dependen
ies or semanti
 equivalen
e, nor to optimisequeries dynami
ally. All these aspe
ts are essential to rea
t in 
ase of lo
al sour
es unavailability and to providealternative or semanti
ally-equivalent query plans. The MEDIAGRID proje
t has as obje
tive to better take upthese 
hallenges.



MEDIAGRID proje
tMEDIAGRID is a multidis
iplinary projet supported by Fren
h Minister of Resear
h (ACI-GRID). Its generalobje
tive is to provide a mediation framework for a transparent a

ess to heterogenous data sour
es. It adopts a
lassi
al ar
hite
ture based on wrappers and mediators and 
onsiders a Global as View approa
h [2℄. Mediationsystems built from su
h a framework are able to: 
onsider sour
es 
ontaining weakly stru
tured data whi
h aregenerated by appli
ations and stored as HTML or XML �les; authorise partial results for queries in 
ase of datasour
es unavailability; and be eÆ
ient even if queries are very 
omplex and/or net traÆ
 slows down.To a
hieve these obje
tives, we fo
us our resear
h topi
s in: (i) mediation queries generation, (ii) iterative anddynami
 query evaluation, and (iii) validating our approa
h in biologi
al data sour
es mediation.
Mediation queries generationMediation queries are generated by using metainformation, whi
h is stored in a metadata server. This server
olle
ts all metainformation on lo
al sour
es and is a

essed by mediators for retrieving useful metainformation forgenerating queries. Examples of ne
essary metadata are intra-s
hema assertions, su
h as fun
tional dependen
ies,referential 
onstraints and 
onstraints on the values, and inter-s
hema assertions su
h as 
ompatible domains,semanti
 equivalen
e between attribues and instan
es of key attributes. Using metadata, our mediation system isable to sele
t relevant sour
es and to identify the 
andidate operations between sour
es for generating the optimalquery
Iterative and dynamic query evaluationAfter being generated, queries must be optimised and exe
uted on distributed sour
es. To do this, meta-information play a very important role. Indeed, a query evaluator must take into a

ount sour
es 
apabilities inorder to delegate tasks to them and avoid a huge data transfer over the net. Estimation of response time is verydiÆ
ult in distributed environments. Be
ause of the random response time to a

ess data, it is not possible tooptimise queries a priori. For this reason we think that query plan should be modi�ed dynami
ally a

ording to
hanges produ
ed within the exe
ution 
ontext. Moreover, the 
hoi
e of the best query must be the result of anintera
tive and iterative pro
ess in whi
h the user may intera
t, i.e. the user may look at the �rst obtained resultsand give more information to re�ne the query. Building su
h an ar
hite
ture means developing a query evaluatorauthorising partial results.
Biological data sources mediationThe biologi
al 
ontext 
hosen for validating our approa
h 
onsists of 
orrelating expression levels of ea
h genewith its genomi
 lo
ation and observing its evolution. Performing a su
h task requires the 
apability of sele
tingrelevant sour
es (e.g. 
artographi
 and gene expression information), integrating them for dis
overing interesting
orrelations. Evaluating the pertinen
e and a

ura
y of generated queries and end/partial results must be doneby biologists.Referen
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