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t. The pervasive Internet and the massive deployment of sensordevi
es have lead to a huge heterogeneous distributed system 
onne
tingmillions of data sour
es and 
ustomers together [Fra01℄. On the one hand,mediation systems [BGL+99,DNJT05℄ using XML as an ex
hange lan-guage have been proposed to federate data a

ross distributed heteroge-neous data sour
es. On the other hand, work [MSFC02,AML05,BGS01,NDK+03℄have been done to integrate data from sensors. The 
hallenge is now to in-tegrate data 
oming from both "
lassi
al" data (DBMS, Web sites, XML�les) and "dynami
" data (sensors) in the 
ontext of an ad-ho
 network,and �nally, to adapt queries and result to mat
h the 
lient pro�le.We propose to use the TGV model [TDNL06,TDNL07a℄ as a mobileagent to query sour
es a
ross devi
es (sour
es and terminal) in the 
on-text of a res
ue 
oordination system. This work is integrated in thePADAWAN proje
t.Keywords: XQuery evaluation, Tree Graph View (TGV), Pervasive envi-ronment, Res
ue Coordination1 Introdu
tionThe pervasive Internet and the massive deployment of sensor devi
es have leadto a huge heterogeneous distributed system 
onne
ting millions of data sour
esand 
ustomers together.On one side, data sour
es are heterogeneous as they 
an be of di�erent types(relational, text, XML, streaming value, et
.) and 
an have di�erent update fre-quen
ies (from "never" for some text do
ument to "always" for sensors value)and their autonomy (from non-manageable obfus
ated bla
k box that just pro-vide values to a full a

ess management on a DBMS). On the other side, there
an be di�erent pro�les of 
lients: a

ess permission, terminal 
apabilities, userpreferen
es, et
.To deal with distributed heterogeneous and autonomous data sour
es, media-tion systems have been widely studied [Wie92,MFK01,NGT98,BGL+99,DNJT05℄.Su
h mediation systems [Wie92℄ provide a uniform interfa
e to a multitude data



sour
es using mediators and wrappers to handle respe
tively distributivity andheterogeneity.XML [BPSM98℄, has be
ome the preferred format to represent semi-stru
tureddata [Abi97℄ and an e�e
tive way to de�ne any type of data that 
an be repre-sented as a tree.Moreover, XQuery [W3C05℄ has proved to be an expressive and powerfulquery language to query XML data both on stru
ture and 
ontent, and to maketransformation on the data. In addition, its query fun
tionalities 
ome fromboth the database 
ommunity (�ltering, join, sele
tion, aggregation), and thetext 
ommunity (supporting and de�ning fun
tion as text sear
h).TGV (Tree Graph View) [Tra06,TDNL06,TDNL07a℄ is a Tree Pattern-basedmodel (su
h as TPQ [CJLP03℄ and GTP [AYCLS01℄) to model XQuery queries.This model is suitable to our needs sin
e :� it supports the 
omplexity of the full untyped-XQuery spe
i�
ation: rela-tional and set operator, aggregation, ordering, nested re
onstru
tion, 
ondi-tional predi
ate, et
.� it is designed for a mediation 
ontext a

essing to distributed autonomousand heterogeneous data sour
es: its stru
ture identi�es data 
olle
tions anddependen
ies between them. An annotation model in layers allows to an-notate any pie
e of information (lo
ation of the sour
e(s), 
ost model, et
)that 
an be useful a evaluation time. Finaly, transformation rules have beende�ned to optimize and evaluate the TGV to produ
e the result.The rest of this paper is organized as follows. To start o� with, we motivatethe need for a mobile semi-stru
tured model in a pervasive environment in Se
-tion 2 and we express issues and related works in Se
tion 3. Further, we re
allthe TGV model and fun
tionalities in Se
tion 4 and show how it is suitable toour 
ontext. We then present some extensions to the TGV model that wouldmake it more suitable to a pervasive environment (Se
tion 5). In the end, we
on
lude in Se
tion 6 and present future dire
tions of our work.2 ContextIn the global 
ontext of our work, di�erent types of data sour
es and terminal
lient are dissiminated all over a network 
onsisted of traditional IP routing andaddressing (e.g. the Internet), and ad-ho
 routing s
heme.2.1 Motivational S
enarioThe appli
ation s
enario is the deployment of a Res
ue Coordination Center afteror during a disaster (�re, earthquake, �ood, et
.) A tru
k (Figure 1) 
arries thePADAWAN proxy, some a

ess points (wire, wireless WI-FI, SINK, et
.) and anInternet A

ess.Using these gateway a

ess points, the PADAWAN proxy 
an rea
h threetypes of networks:
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Broadcast NewsFig. 1. Deployment of a Res
ue Coordination Center� Wireless ad-ho
 Sensor Network [Toh01℄ (ad-ho
 WSN): Sensors are de-ployed (eg. from heli
opter or embedded in the res
ue team equipment) inthe monitoring area to form a WSN. The entry point is a sink (a nodewith large resour
es that 
olle
ts statisti
s from nodes in its 
overage andgenerally remains in a stati
 lo
ation).� private network and/or ad-ho
 network: used by the res
ue team (�remen,o�
ers, do
tors, emergen
y unit)� the Internet: to a

ess databases, web site, dire
tories, et
.Using su
h a system, depending of their pro�le and a

ess rights, not only themembers of the res
ue team, but the experts and the press 
an a

ess to anintegrated view on all sour
es related to the disaster and query it.2.2 PADAWANThe res
ue s
enario relies on the PADAWAN (a Proxy for All Devi
es A

essingthe World And Neighborhood) infrastru
ture. The PADAWAN infrastru
ture isseen as a graph where links are networks links (radio or wire), and nodes areeither data sour
es, 
lient terminals or the PADAWAN proxy itself.Data Sour
es We de�ne by sour
e, any devi
e that provides data: DBMS, sen-sors, web sites, RSS feeds, lega
y appli
ations, dire
tories, �les, et
. We 
onsiderdi�erent kinds of (non-ex
lusive) heterogeneity:� data type: sour
es 
an have a relational, text-based, semi-stru
tured, unstru
-tured model. The query language 
an di�er : SQL, XQuery, OQL, 
ontainsfun
tion, http request, et
. and so the result format : tuple, XML, obje
ts,text lines, text do
uments, et
.� autonomy: ex
ept for some databases managed by the PADAWAN admin-istrators themselves, the major number of sour
es are autonomous and just
ommuni
ate what their owner want them to 
ommuni
ate. They mainlyjust provide data to reply to requests more or less supported, and rarelygive their internal information (
ost model, data statisti
s, s
hema, et
.)



� update frequen
y: some data sour
es 
an be 
onsidered as stati
 or semi-stati
 sour
es where data do not 
hange frequently, eg. Web pages, LDAPdire
tories, some databases. Other data sour
es are 
onsidered as dynami
,as their information update very frequently or on ea
h request (RSS feed,sensors measure).Clients All kind of 
lients 
an a

ess to PADAWAN to query the sour
es: froma simple pager to a 
omplex appli
ation manipulating huge volume of sour
es.Available data and results are pro
essed using spe
i�
 views based on 
lientpro�le. These views are 
omputed depending on:� user preferen
e: eg. the �remen o�
er want to know about the tempera-ture measured by ea
h sensors, the press just needs to a

ess the averagetemperature of the site.� user a

ess rights: eg. the res
ue team has a

ess to the personal medi
alinformation of injuried people, others don't.� 
lient terminal 
apabilities: eg. the 
ell-phone used by the �re�ghter doesnot have the same display 
apabilities as the laptop 
omputer of the res
ue
ooordination o�
er, so large volume of information, images and video isnot applyable in every 
ase.The PADAWAN Proxy The 
ore of the system is the PADAWAN proxy (thatis lo
ated in the res
ue tru
k). This proxy is a mediator system 
olle
ting andrequesting all available data 
oming from deployed sensors, and embedded sys-tems used by the res
uers re
eived via the a

ess points, and also from databasesand RSS feeds from the Internet.The Figure 2 shows a query Q and its XQuery representation. We supposethat, for example, information on building o

upation is stored in a relationalDBMS lo
ated on an Internet site, and that sensors are deployed over an ad-ho
sensor network rea
hable by a sink a

ess point.Let Q be the query that "list every buildings o

upied by more than 100 inhabitants, and for ea
h, getthe distri
t and the list of maximum temperature measured by the sensors lo
ated in the same distri
t."XQuery Request XML Resultfor $a in /buildings/building <distri
tMonitoring>where $a/des
ription/inhabitant > 100 <lo
ation> Yellow Lake </lo
ation>return <temperatures><distri
tMonitoring> <temperature> 14 </temperature><lo
ation> {$a/distri
t} </lo
ation> </temperatures><temperatures> </distri
tMonitoring>{ for $b in //sensor <distri
tMonitoring>where <lo
ation> Green Valley </lo
ation>$b/deploymentArea/distri
t = $a/distri
t <temperatures>return <temperature> 163 </temperature><temperature> {$b/max_temp} </temperature>} <temperature> 25 </temperature></temperatures> <temperature> 43 </temperature></distri
tMonitoring> </temperatures></distri
tMonitoring>Fig. 2. Query, XQuery request for Query Q and XML result



3 Issues and Related WorksMediation systems [BGL+99,DNJT05℄ based on mediator/wrappers ar
hite
ture[Wie92℄ using XML as an ex
hange language have been proposed to federatedata a

ross distributed heterogeneous data sour
es. The heterogeneity of thedata type is handled by wrappers that a
t as "translators" from the sour
e nativequery language and result to the 
ommon query language and model used by themediator. The mediator de
omposes the user into subqueries sent to wrappers,and re
omposes the �nal result, and thus, manages the distributed aspe
t of thesystem.Many work [MSFC02,AML05,BGS01,NDK+03℄ have been done to integratedata from sensors. The �rst type of approa
h 
onsiders the sensor network as avirtual [MSFC02℄ or materialized [BGS01℄ relational table. The se
ond type ofapproa
h as in the IrisNet [NDK+03℄, 
onsiders the web as a "huge" XML do
-ument, using DNS extension to lo
ate nodes of the XML do
ument. However,these works are not designed to be integrated with other DBMS in a heteroge-neous environment, using queries with 
omplex fun
tionalities.The 
hallenge is how to evaluate XQuery a
ross the graph 
omposed of het-erogeneous sour
es, heterogeneous 
lients and heterogeneous infrastru
ture.We propose to use the TGV model to deal with this problem. We re
all theTGV basis in the next se
tion, and show how it is suitable to our needs.4 Tree Graph View (TGV)TGV (Tree Graph View) [Tra06,TDNL06,TDNL07a℄ is a Tree Pattern-basedmodel (su
h as TPQ [CJLP03℄ and GTP [AYCLS01℄) designed to representXQuery request and its evaluation. The TGV supports all the fun
tionnalitiesof untyped-XQuery, uses an intuitive representation 
ompliant with mediationissues, and provides a support for optimization and information.4.1 TGV exampleThis TGV representation of the XQuery Q (Figure 2) is shown on Figure 3 (a).The tree patterns of the two data 
olle
tions of the query are shown in 
ir
les.The intermediate and �nal result 
onstru
tion are represented within boxes.Dependen
ies are shown by hyperlink lines binding the patterns or the patternnodes: join on the two sour
e tree patterns and proje
tion from one node or treepattern to another. The nested temperature in temperatures is also supported(the $t box).This type of representation is suitable to a mediation system as subpart ofthe requests 
an be identi�ed and also dependen
ies between them.The TGV model has been fully formalized using Abstra
t Data Types in [Tra06℄.
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Fig. 3. (a) TGV of the Query Q - (b) TGV Annotation Layers View4.2 AnnotationSet of elements of the TGV 
an be annotated for (a) any granularity of infor-mation and (b) any type of information (
ost models and statisti
s, lo
ation,
onstraint, a

ura
y, se
urity, rule tra
ability).Using annotation, a TGV 
an be viewed on any type of annotation thathas been de�ned on it. On Figure 3 (b), the original logi
al TGV 4© has threeannotated views:1© lo
ation annotation: ea
h lo
ation of the exe
ution of subparts of the TGVis reported on the asso
iate set of TGV elements on the TGV. In our exam-ple, the information on buildings 
an be retrieved from a sour
e Sour
e1that is a DBMS a

essible from the Internet. The information on sensorsare retrieved from Sour
e2 and Sour
e3 that are lo
ated on two SINKS re-spe
tively lo
ated on the Yellow Lake and on the Green Valley. The otherparts of the TGV are evaluated by the mediator, lo
ated on the PADAWANproxy.2© time 
ost annotation [LDNL07℄: the time 
ost exe
ution are annotated onsubparts of the TGV. The time 
osts are evaluated using 
ost models.3© evaluation annotation: This annotation layer is used to evaluate the TGV.The evaluation annotations are intermediate or �nal results that have beenevaluated on subparts of the TGV. The evaluation pro
ess is des
ribed inthe subse
tion 4.4 ("evaluation").The annotation spe
i�
ation [TDNL06,LDNL07℄ are generi
 enough to annotateany subpart of the TGV, in
luding money 
ost, energy 
ost (battery for sensors),a

ura
y, et
.4.3 TransformationsIn [TDN07℄, a pattern-based language for extensible rules has been de�ned forTGV. The subpart of the TGV that mat
h the rule 
ondition pattern is trans-formed into another pattern by applying transformation rules. Annotations 
an



also be 
onsidered in the rule 
ondition. For instan
e, during the optimizationphase, 
ost annotation 
an be used to generate better plan: the rule 
ondition
an express that if the estimated 
ardinality of left side of an bind-join is mu
hlesser than the 
ardinality of the right side, than the rule will invert ea
h side ofthe bind-join for better performan
e during the evaluation.4.4 EvaluationA parti
ular 
ategory of transformation rules is the evaluation rules 
ategory,whi
h evaluate subparts of TGV using evaluation annotation. A TGV withempty evaluation annotation is 
onsidered as an exe
ution plan. Mat
hing sour
es�ll the evalution annotation with data mat
hing the re
ognized patterns. Then,using iteratively evaluation rules, the annotations are propagated in the TGV.At the end of the evaluation, pro
ess, the whole TGV is annotated with theresult of the query. The Figure 4 shows the evaluation pro
ess steps. Start-ing from the TGV Query on Figure 3 with empty evaluation annotations, theSour
e Tree Patterns are annotated (7a) with mat
hing information retrievedfrom the appropriate sour
es (using lo
ation annotation). Then the transforma-tion rule mat
hing the join hyperlink apply (7b), then the aggregation rule (7
)and �nally, the proje
tion rule annotates the whole TGV with the evaluationannotation 
ontaining the �nal result (7d) that 
an be returned as an XMLdo
ument (Figure 2 (left 
olumn)).A similar evaluation approa
h has been developped in Mutant Query Plan[PMT03℄.5 TGV in a Pervasive Environment5.1 TGV Mobile AgentThe TGV evaluation by transformation rules on annotations is very well adaptedto a mobile agent platform. The TGV Mobile Agent move between nodes a
rossthe graph. Ea
h node of the graph:� applies evaluation rules on the mat
hed TGV, to �ll evaluation annotations� reads lo
ation annotations to route the TGV to the next 
on
erned nodeQuery pro
essing using Mobile Agent -but in relational 
ontext- has beendevelopped in the work of [MHMM05℄. Using the TGV model, mobile agentwould be able to query on semi-stru
tured distributed data, and thus be used ina heterogeneous environment.5.2 Views on TGVA 
lient pro�le is represented by a view. A view is a request, and so 
an berepresented by a TGV. Ea
h 
lient has a view 
onstru
ted from the user prefer-en
e, the user a

ess permission and the 
lient terminal 
apabilities. The pro�leis modeled as a view (a TGV request) that is applied to the 
lient request (an-other TGV request). Su
h TGV merging has been developed in [DNGT04℄ viamapping.
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Fig. 4. Evaluation of a TGV5.3 TGV* (TGV Star)When a sour
e 
onne
ts to the PADAWAN proxy, the asso
iated wrapper sendthe sour
e des
ription to the proxy. The sour
e des
ription is also a TGV with asmany annotation views as di�erent types of information provided. As this TGVis a TGV where all paths of supported tree patterns (as in dataguide [GW97℄)are annotated, this TGV is 
alled TGV* (TGV star). All TGV* are sent bywrappers to the PADAWAN proxy and merged to make a big TGV* on theproxy. This TGV* is then used by the proxy to annotate TGV user request withinformation about lo
ation, 
ost, et
.6 Con
lusionIn this arti
le, we have presented the TGV as a model suitable for distributedevaluation of an XQuery request over a pervasive environment, using a res
ue
oordination s
enario.� as a representation [TDNL07b℄ of the full-untyped XQuery spe
i�
ation, theTGV inherits of all the power of the XQuery language (relational and setoperator, aggregation, ordering, nested re
onstru
tion, 
onditional predi
ate,et
.)� its tree pattern based stru
ture and dependen
ies, make it suitable to amulti-sour
es 
ontext



� its annotation layers view is designed for a distributed environment� merging rules make views on request easy to evaluate, and thus, 
lient pro�leeasy to 
onsider� its evaluation rules by using annotation and transformation make the dis-tribuated TGV evaluation feasable on autonomous nodes. Thus, with routing
onsideration, moving TGV to mobile agent 
an be done.� its extensible optimisation rules, allows us to pro
ess TGV e�
iently.Future Works In this paper, we 
onsider that sour
es des
ription (metadata)are 
entralized on the PADAWAN proxy as a kind of a Yellow Page servi
e. Thes
enario 
ontext of the 
oordination of res
ue teams legitimates this approa
h.In a more general 
ontext, it would be interesting to distribute the metadataall over the network. This raise the problem of maintaining su
h a distributedindex of metadata. We are 
urrently studying whether a P2P DHT approa
h issuitable to our needs, and how to distribute the TGV* in this way.If we 
hoose to distribute the data sour
es des
ription, there won't be a
entral PADAWAN proxy anymore, and any node 
ould then be 
onsidered as aPADAWAN proxy for other nodes, with more or less 
apabilities. This approa
hwill transform the whole PADAWAN ar
hite
ture into a P2P network that willbe applied in the 
ontext where no 
riti
al 
oordination is needed.Re�exion about routing TGV as a mobile agent would then have to be done.To optimize queries exe
ution, nodes 
an also 
a
he data and sour
e des
riptionfrom TGV they forward to other nodes.A
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