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Tree Graph Views for a Distributed PervasiveEnvironmentTuyêt Trâm Dang Ngo1 and Niolas Travers2
1 ETIS Laboratory - University of Cergy-Pontoise, Frane.Tuyet-Tram.Dang-Ngo�u-ergy.fr

2 PRiSM Laboratory - University of Versailles, Frane.Niolas.Travers�prism.uvsq.frAbstrat. The pervasive Internet and the massive deployment of sensordevies have lead to a huge heterogeneous distributed system onnetingmillions of data soures and ustomers together [Fra01℄. On the one hand,mediation systems [BGL+99,DNJT05℄ using XML as an exhange lan-guage have been proposed to federate data aross distributed heteroge-neous data soures. 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 "lassial" 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 math the lient pro�le.We propose to use the TGV model [TDNL06,TDNL07a℄ as a mobileagent to query soures aross devies (soures and terminal) in the on-text of a resue oordination system. This work is integrated in thePADAWAN projet.Keywords: XQuery evaluation, Tree Graph View (TGV), Pervasive envi-ronment, Resue Coordination1 IntrodutionThe pervasive Internet and the massive deployment of sensor devies have leadto a huge heterogeneous distributed system onneting millions of data souresand ustomers together.On one side, data soures are heterogeneous as they an be of di�erent types(relational, text, XML, streaming value, et.) and an have di�erent update fre-quenies (from "never" for some text doument to "always" for sensors value)and their autonomy (from non-manageable obfusated blak box that just pro-vide values to a full aess management on a DBMS). On the other side, therean be di�erent pro�les of lients: aess permission, terminal apabilities, userpreferenes, et.To deal with distributed heterogeneous and autonomous data soures, media-tion systems have been widely studied [Wie92,MFK01,NGT98,BGL+99,DNJT05℄.Suh mediation systems [Wie92℄ provide a uniform interfae to a multitude data



soures using mediators and wrappers to handle respetively distributivity andheterogeneity.XML [BPSM98℄, has beome the preferred format to represent semi-strutureddata [Abi97℄ and an e�etive 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 struture and ontent, and to maketransformation on the data. In addition, its query funtionalities ome fromboth the database ommunity (�ltering, join, seletion, aggregation), and thetext ommunity (supporting and de�ning funtion as text searh).TGV (Tree Graph View) [Tra06,TDNL06,TDNL07a℄ is a Tree Pattern-basedmodel (suh as TPQ [CJLP03℄ and GTP [AYCLS01℄) to model XQuery queries.This model is suitable to our needs sine :� it supports the omplexity of the full untyped-XQuery spei�ation: rela-tional and set operator, aggregation, ordering, nested reonstrution, ondi-tional prediate, et.� it is designed for a mediation ontext aessing to distributed autonomousand heterogeneous data soures: its struture identi�es data olletions anddependenies between them. An annotation model in layers allows to an-notate any piee of information (loation of the soure(s), ost model, et)that an be useful a evaluation time. Finaly, transformation rules have beende�ned to optimize and evaluate the TGV to produe the result.The rest of this paper is organized as follows. To start o� with, we motivatethe need for a mobile semi-strutured model in a pervasive environment in Se-tion 2 and we express issues and related works in Setion 3. Further, we reallthe TGV model and funtionalities in Setion 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 (Setion 5). In the end, weonlude in Setion 6 and present future diretions of our work.2 ContextIn the global ontext of our work, di�erent types of data soures and terminallient are dissiminated all over a network onsisted of traditional IP routing andaddressing (e.g. the Internet), and ad-ho routing sheme.2.1 Motivational SenarioThe appliation senario is the deployment of a Resue Coordination Center afteror during a disaster (�re, earthquake, �ood, et.) A truk (Figure 1) arries thePADAWAN proxy, some aess points (wire, wireless WI-FI, SINK, et.) and anInternet Aess.Using these gateway aess points, the PADAWAN proxy an reah threetypes of networks:
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Broadcast NewsFig. 1. Deployment of a Resue Coordination Center� Wireless ad-ho Sensor Network [Toh01℄ (ad-ho WSN): Sensors are de-ployed (eg. from heliopter or embedded in the resue team equipment) inthe monitoring area to form a WSN. The entry point is a sink (a nodewith large resoures that ollets statistis from nodes in its overage andgenerally remains in a stati loation).� private network and/or ad-ho network: used by the resue team (�remen,o�ers, dotors, emergeny unit)� the Internet: to aess databases, web site, diretories, et.Using suh a system, depending of their pro�le and aess rights, not only themembers of the resue team, but the experts and the press an aess to anintegrated view on all soures related to the disaster and query it.2.2 PADAWANThe resue senario relies on the PADAWAN (a Proxy for All Devies Aessingthe World And Neighborhood) infrastruture. The PADAWAN infrastruture isseen as a graph where links are networks links (radio or wire), and nodes areeither data soures, lient terminals or the PADAWAN proxy itself.Data Soures We de�ne by soure, any devie that provides data: DBMS, sen-sors, web sites, RSS feeds, legay appliations, diretories, �les, et. We onsiderdi�erent kinds of (non-exlusive) heterogeneity:� data type: soures an have a relational, text-based, semi-strutured, unstru-tured model. The query language an di�er : SQL, XQuery, OQL, ontainsfuntion, http request, et. and so the result format : tuple, XML, objets,text lines, text douments, et.� autonomy: exept for some databases managed by the PADAWAN admin-istrators themselves, the major number of soures are autonomous and justommuniate what their owner want them to ommuniate. They mainlyjust provide data to reply to requests more or less supported, and rarelygive their internal information (ost model, data statistis, shema, et.)



� update frequeny: some data soures an be onsidered as stati or semi-stati soures where data do not hange frequently, eg. Web pages, LDAPdiretories, some databases. Other data soures are onsidered as dynami,as their information update very frequently or on eah request (RSS feed,sensors measure).Clients All kind of lients an aess to PADAWAN to query the soures: froma simple pager to a omplex appliation manipulating huge volume of soures.Available data and results are proessed using spei� views based on lientpro�le. These views are omputed depending on:� user preferene: eg. the �remen o�er want to know about the tempera-ture measured by eah sensors, the press just needs to aess the averagetemperature of the site.� user aess rights: eg. the resue team has aess to the personal medialinformation 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 resueooordination 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 loated in the resue truk). This proxy is a mediator system olleting andrequesting all available data oming from deployed sensors, and embedded sys-tems used by the resuers reeived via the aess 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 oupation is stored in a relationalDBMS loated on an Internet site, and that sensors are deployed over an ad-hosensor network reahable by a sink aess point.Let Q be the query that "list every buildings oupied by more than 100 inhabitants, and for eah, getthe distrit and the list of maximum temperature measured by the sensors loated in the same distrit."XQuery Request XML Resultfor $a in /buildings/building <distritMonitoring>where $a/desription/inhabitant > 100 <loation> Yellow Lake </loation>return <temperatures><distritMonitoring> <temperature> 14 </temperature><loation> {$a/distrit} </loation> </temperatures><temperatures> </distritMonitoring>{ for $b in //sensor <distritMonitoring>where <loation> Green Valley </loation>$b/deploymentArea/distrit = $a/distrit <temperatures>return <temperature> 163 </temperature><temperature> {$b/max_temp} </temperature>} <temperature> 25 </temperature></temperatures> <temperature> 43 </temperature></distritMonitoring> </temperatures></distritMonitoring>Fig. 2. Query, XQuery request for Query Q and XML result



3 Issues and Related WorksMediation systems [BGL+99,DNJT05℄ based on mediator/wrappers arhiteture[Wie92℄ using XML as an exhange language have been proposed to federatedata aross distributed heterogeneous data soures. The heterogeneity of thedata type is handled by wrappers that at as "translators" from the soure nativequery language and result to the ommon query language and model used by themediator. The mediator deomposes the user into subqueries sent to wrappers,and reomposes the �nal result, and thus, manages the distributed aspet of thesystem.Many work [MSFC02,AML05,BGS01,NDK+03℄ have been done to integratedata from sensors. The �rst type of approah onsiders the sensor network as avirtual [MSFC02℄ or materialized [BGS01℄ relational table. The seond type ofapproah as in the IrisNet [NDK+03℄, onsiders the web as a "huge" XML do-ument, using DNS extension to loate nodes of the XML doument. However,these works are not designed to be integrated with other DBMS in a heteroge-neous environment, using queries with omplex funtionalities.The hallenge is how to evaluate XQuery aross the graph omposed of het-erogeneous soures, heterogeneous lients and heterogeneous infrastruture.We propose to use the TGV model to deal with this problem. We reall theTGV basis in the next setion, 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 (suh as TPQ [CJLP03℄ and GTP [AYCLS01℄) designed to representXQuery request and its evaluation. The TGV supports all the funtionnalitiesof 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 olletions of the query are shown in irles.The intermediate and �nal result onstrution are represented within boxes.Dependenies are shown by hyperlink lines binding the patterns or the patternnodes: join on the two soure tree patterns and projetion 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 dependenies between them.The TGV model has been fully formalized using Abstrat 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 statistis, loation,onstraint, auray, seurity, rule traability).Using annotation, a TGV an be viewed on any type of annotation thathas been de�ned on it. On Figure 3 (b), the original logial TGV 4© has threeannotated views:1© loation annotation: eah loation of the exeution of subparts of the TGVis reported on the assoiate set of TGV elements on the TGV. In our exam-ple, the information on buildings an be retrieved from a soure Soure1that is a DBMS aessible from the Internet. The information on sensorsare retrieved from Soure2 and Soure3 that are loated on two SINKS re-spetively loated on the Yellow Lake and on the Green Valley. The otherparts of the TGV are evaluated by the mediator, loated on the PADAWANproxy.2© time ost annotation [LDNL07℄: the time ost exeution 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 proess is desribed inthe subsetion 4.4 ("evaluation").The annotation spei�ation [TDNL06,LDNL07℄ are generi enough to annotateany subpart of the TGV, inluding money ost, energy ost (battery for sensors),auray, et.4.3 TransformationsIn [TDN07℄, a pattern-based language for extensible rules has been de�ned forTGV. The subpart of the TGV that math the rule ondition pattern is trans-formed into another pattern by applying transformation rules. Annotations an



also be onsidered in the rule ondition. For instane, during the optimizationphase, ost annotation an be used to generate better plan: the rule onditionan express that if the estimated ardinality of left side of an bind-join is muhlesser than the ardinality of the right side, than the rule will invert eah side ofthe bind-join for better performane during the evaluation.4.4 EvaluationA partiular ategory of transformation rules is the evaluation rules ategory,whih evaluate subparts of TGV using evaluation annotation. A TGV withempty evaluation annotation is onsidered as an exeution plan. Mathing soures�ll the evalution annotation with data mathing the reognized patterns. Then,using iteratively evaluation rules, the annotations are propagated in the TGV.At the end of the evaluation, proess, the whole TGV is annotated with theresult of the query. The Figure 4 shows the evaluation proess steps. Start-ing from the TGV Query on Figure 3 with empty evaluation annotations, theSoure Tree Patterns are annotated (7a) with mathing information retrievedfrom the appropriate soures (using loation annotation). Then the transforma-tion rule mathing the join hyperlink apply (7b), then the aggregation rule (7)and �nally, the projetion rule annotates the whole TGV with the evaluationannotation ontaining the �nal result (7d) that an be returned as an XMLdoument (Figure 2 (left olumn)).A similar evaluation approah 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 arossthe graph. Eah node of the graph:� applies evaluation rules on the mathed TGV, to �ll evaluation annotations� reads loation annotations to route the TGV to the next onerned nodeQuery proessing 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-strutured 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. Eah lient has a view onstruted from the user prefer-ene, the user aess 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). Suh TGV merging has been developed in [DNGT04℄ viamapping.
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Fig. 4. Evaluation of a TGV5.3 TGV* (TGV Star)When a soure onnets to the PADAWAN proxy, the assoiated wrapper sendthe soure desription to the proxy. The soure desription 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 loation, ost, et.6 ConlusionIn this artile, we have presented the TGV as a model suitable for distributedevaluation of an XQuery request over a pervasive environment, using a resueoordination senario.� as a representation [TDNL07b℄ of the full-untyped XQuery spei�ation, theTGV inherits of all the power of the XQuery language (relational and setoperator, aggregation, ordering, nested reonstrution, onditional prediate,et.)� its tree pattern based struture and dependenies, make it suitable to amulti-soures 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 routingonsideration, moving TGV to mobile agent an be done.� its extensible optimisation rules, allows us to proess TGV e�iently.Future Works In this paper, we onsider that soures desription (metadata)are entralized on the PADAWAN proxy as a kind of a Yellow Page servie. Thesenario ontext of the oordination of resue teams legitimates this approah.In a more general ontext, it would be interesting to distribute the metadataall over the network. This raise the problem of maintaining suh a distributedindex of metadata. We are urrently studying whether a P2P DHT approah issuitable to our needs, and how to distribute the TGV* in this way.If we hoose to distribute the data soures desription, there won't be aentral PADAWAN proxy anymore, and any node ould then be onsidered as aPADAWAN proxy for other nodes, with more or less apabilities. This approahwill transform the whole PADAWAN arhiteture into a P2P network that willbe applied in the ontext where no ritial oordination is needed.Re�exion about routing TGV as a mobile agent would then have to be done.To optimize queries exeution, nodes an also ahe data and soure desriptionfrom TGV they forward to other nodes.AknowledgementThis work is done as part a of the PADAWAN projet supported by the ANR.Referenes[Abi97℄ S. Abiteboul. Querying Semistrutured Data. In Proeeding of the 6thInternational Conferene on Database Theory, Delphi, Greee, 1997.[AML05℄ D.J. Abadi, S. Madden, and W. Lindner. Reed: Robust, e�ient �lteringand event detetion in sensor networks. In VLDB, pages 769�780, 2005.[AYCLS01℄ S. Amer-Yahia, S. Cho, L.V.S. Lakshmanan, and D. Srivastava. Minimiza-tion of Tree Pattern Queries. In SIGMOD Conferene, 2001.[BGL+99℄ C. Baru, A. Gupta, B. Ludasher, R. Mariano, Y. Papakonstantinou, andP. Velikhov. XML-Based Information Mediation with MIX. In ACM-SIGMOD, Philadelphia, USA, 1999.[BGS01℄ P. Bonnet, J. Gehrke, and P. Seshardi. Toward sensor database systems.In Conferene on Mobile Data Management, 2001.[BPSM98℄ T. Bray, J. Paoli, and C. Sperberg-MaQueen. Extensible Markup Lan-guage (XML) 1.0 (W3C Reommendation), 1998.[CJLP03℄ Z. Chen, H.V. Jagadish, L.V.S. Laksmanan, and S. Paparizos. From TreePatterns to Generalized Tree Patterns: On e�ient Evaluation of XQuery.In Very Large Data Bases, pages 237�248, Germany, 2003.
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