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3 ETIS Laboratory - University of Cergy-Pontoise & XCalia S.A, Frane.Tianxiao.Liu�u-ergy.frAbstrat. Tree Pattern Queries [7, 6℄ are now well admitted for mod-eling parts of XML Queries. Atual works only fous on a small subpartof XQuery spei�ations and are not well adapted for evaluation in adistributed heterogeneous environment.In this paper, we propose the TGV (Tree Graph View) model for XQueryproessing. The TGV model extends the Tree Pattern representation inorder to make it intuitive, has support for full untyped-XQuery queries,and for optimization and evaluation. Several types of Tree Pattern aremanipulated to handle all XQuery requirements. Links between Tree Pat-terns are alled hyperlinks in order to apply transformations on results.The TGV4 has been implemented in a mediator system alled XLive.Keywords: XQuery evaluation, TGV, Extensible optimization, Cost model1 IntrodutionXQuery [9℄ has proved to be an expressive and powerful query language to queryXML data both on struture and ontent, and to make transformation on data.In addition, its query funtionalities ome from both the database ommunity(�ltering, join, seletion, aggregation), and the text ommunity (supporting andde�ning funtion as text searh). However, the omplexity of the XQuery lan-guage makes its evaluation very di�ult. To alleviate this problem, most of thesystems support only a limited subset of the XQuery language.XQuery expressions require a logial model to be manipulated, optimizedand then evaluated. [1℄ introdued the TPQ model that expresses a single FWRquery by a Pattern Tree and a formula. Then, [2℄ proposes GTPs that generalizesTPQs with several Pattern Trees, the formula ontains all the operations. Therepresentation is quite intuitive and ats as a template for the data soure.4 The XLive system and TGV is supported by the ACI Semweb projet.TGV annotations and ost models are supported by the ANR PADAWAN projet.



However, GTPs do not apture well all the expressiveness of XQuery, annothandle mediation problems, and do not support extensible optimization.We design a model alled TGV whih provides the following features: (a)It integrates the whole funtionalities of XQuery (olletion, XPath, prediate,aggregate, onditional part, et.) (b) It uses an intuitive representation that pro-vides a global visualization of the request in a mediation ontext. () It providesa support for optimization and a support for data evaluation.In this paper we desribe the TGV model for evaluating XQuery on hetero-geneous distributed soures. This artile is organized as follows. The next setionintrodues the TGV struture that we had de�ned for modeling XQuery in apratial way. Finally setion 3 onludes with the TGV framework.2 XQuery ModelingXQuery modeling is a di�ult goal sine the language provides lots of funtional-ities. And it is all the more di�ult as it needs to math mediation requirements(data loalization on soures, heterogeneous soures apabilities).Tree Pattern mathing beomes usual in XQuery modeling, trees ontainnodes and links, a formula onstraints the tree pattern on tags, attributes andontents. Sine GTP, it ontains joins, nesting, aggregates and optionality.However, GTP does not handle distributed queries requirements. In fat,data soures are not inluded, nor XML result onstrutor, nor views and queryon views modeling, nor Let and funtions and tags, relations and onstraints areembedded in a boolean formula di�ult to read. Moreover, there is no supportfor additional information useful for optimization. Thus, this model requiressome extensions and adaptations to be the ore of a distributed query-proessingalgorithm in a mediator. We propose the TGV (Tree Graph View) model.Let see all harateristis of the TGV model. First, we introdue TreePatternswhih are the XML doument �lters, and spei� strutures adapted to XQueryrequirements. Then, Constraints are added to this model to integrate general�lters, whih an be attahed to any type of the model. To omplete this model,Hyperlinks are introdued to link together preeding strutures. A Tree GraphView is omposed of all this struture to model a omplete XQuery query.Tree Pattern A Tree Pattern is a tree with di�erent tags an XML doumentmust math with. This template is a set of XPaths extrated from the XQueryquery. TreePatterns are omposed of Nodes from a label, NodeLinks that rep-resent axis between Nodes (hild, desendant, et.), and a mandatory/optionalstatus. A Pattern Tree is illustrated on Figure 1. Spei� Tree Patterns areintegrated to model eah harateristi of XQuery illustrated in �gure 2:� A Soure Tree Pattern (STP) is de�ned by a targeted doument and a rootpath. It orresponds to a for delaration on a targeted XML doument witha spei� root path, that de�nes the set of trees to work with.



� An Intermediate Tree Pattern (ITP) speializes a previous TreePattern ona spei� Node. It orresponds to a for delaration with a new path from aprevious variable that speializes an element by reating a new set of trees.Thus, it reates a Tree Pattern that de�nes a new domain.� A Return Tree Pattern (RTP) de�nes the result onstrution of an XMLdoument. It orresponds to the return lause of an XQuery query, whihbuilds the main XML resulting doument. Nodes is identi�ed by tags, at-tributes with a "�", quoted texts, and required XPaths.� An Aggregate Tree Pattern (ATP) builds a temporary result set. It orre-sponds to a let lause that de�nes a treatment on a set of trees. By an-onization rules, nested queries and aggregate funtions are de�ned in thoselauses, so they build a temporary result set.
Fig. 1. Example of a Node and of a NodeLink in a TreePattern

Fig. 2. Four types of Tree Patterns and three types of HyperlinksConstraints In XQuery queries, onstraints are delared on XPaths to pruneset of trees. This onstrains may be a value prediate, funtion or di�erent typesof joins. Thus, we introdue the type Constraint for this purpose.A Constraint is a restrition of the feasible solutions on sets of trees. It anbe applied on Nodes, Tree Patterns, Hyperlinks, Constraints or Constants. Itappears as Prediates or Funtions:



� Prediates are onstraints with a omparison operator between two elementtypes. Linked types an be onstants, nodes, tree patterns, hyperlinks orother onstraints in order to ompose onstraints.� Funtions are onstraints with a name and a set of links to di�erent elementtypes. The funtion name de�nes the type of operation to treat. Linked typesan be onstants, nodes, tree patterns, hyperlinks or other onstraints forfuntion omposition.Constraint representation depends of the linked element type. For a node, weput the onstraint under the tag as we an see on �gure 3. For a tree pat-tern, it is represented above it, as we saw the ount funtion in �gure 2 on theAggregateTreePattern. For hyperlinks, it depends of its type, as we will see onJoinHyperlinks in �gure 3 a link between two nodes is annotated with a equalityonstraint. For onstraint omposition, we ompose naturally at the position ofthe linked element (node, tree pattern and hyperlink).
Fig. 3. Example of node onstraint

Fig. 4. Examples of Hyperlinks: A SetHyperLink (union) and a IfThenElseHyperlinkHyperlinks Hyperlinks (see �gure 3 and 4) have been de�ned to representadditional relations between elements of the Tree Graph View:



� Hyperlinks link elements in Tree Graph Views. It represents assoiations byAssoiation Hyperlinks or transformations by Diretional Hyperlinks.� Assoiation Hyperlinks are Hyperlinks that onnets two elements of thesame type to represent a spei� assoiation, in order to �lter results byverifying this assoiation. There are two types of Assoiation Hyperlink :
• Join Hyperlinks are assoiations between two Nodes under Constraintpruning non relevant trees on onstraints (values or order operator).
• Constraint Hyperlinks are assoiations between Constraints with a Booleanonnetor. It forms a tree, onneted to a ReturnTreePattern in orderto keep onstraints delaration level. Relevant trees must verify the on-neted tree of onstraints, at a given delaration level.� Diretional Hyperlinks are injeted transformations between elements. Itspei�es a transformation from a set of elements to a single one. There arefour types of Diretional Hyperlinks :
• Projetion Hyperlinks are Node to Node Diretional Hyperlink represent-ing a value projetion of the given node. It an be an optional hyperlink.
• Speialized Hyperlinks are Node to Tree Pattern Diretional Hyperlink. Itontains a mandatory or optional status. It represents the speializationof a Node, by speifying a new TreePattern whih root is the given node.
• Generalized Hyperlinks are Tree Pattern to Node Diretional Hyperlink.It ontains a mandatory or optional status. It represents a TreePatterngeneralization result set, whih result is projeted into the given node.
• Set Hyperlinks are set of Tree Patterns to Node under Constraint Di-retional Hyperlink. It represents a set operation (Union, Interset orDi�erene) between few TreePatterns projeted on a single Node.
• IfThenElse Hyperlinks are set of Elements to Node under ConstraintDiretional Hyperlink. Elements an be a Node or an AggregateTreeP-attern, and the onstraint is a Prediate or a Funtion. It represents aonditional expression whih result is dedued by the onstraint status.Funtions Funtions take some parameters and give a single element in return.Into our model, we will treat only parameters with element (), boolean andnumber types. A funtion is represented by a TGV, and its parameters by anAggregate Tree Pattern with its funtion name. Variables are linked to elementsby Projetion Hyperlins.Tree Graph Views A Tree Graph View (TGV) is a representation of anXQuery query ontaining TreePatterns, Constraints and Hyperlinks. Input ofthe TGV is given by SoureTreePatterns, the output is de�ned by the Return-TreePattern (not a AggregateTreePattern by inheritane).Figures 1, 2, 3 and 4 are TGV examples. For more desriptions, see [3, 8℄.



Canonial XQuery to TGV Eah queries in a anonial form an be trans-lated to a tgv representation. All harateristis of XQuery queries orrespondto an element in the tgv model. For lauses to STP and ITP, where lauses toonstraints, Constraint Hyperlinks and Join Hyperlinks, return lauses to ATPand RTP, let lauses to ATP, and set and onditional operations to DiretionalHyperlinks. All anonial XQuery queries an be translated in a TGV.3 ConlusionXQuery is an XML querying language that provides a rih expressiveness. Bythis way, an e�ient query proessing model is all the more di�ult. In thispaper, we desribe our TGV model omposed of Tree Patterns whih are �lterson XML douments. Thanks to this model, we are able to optimize TGV withtransformation rules. Those rules rely on a mapping of Rule Patterns on a TGV(as a TGV on XML douments). In order to take into aount physial infor-mation oming from the system, a generi annotation framework is designed onTGV. This annotation framework allows us to desribe any type of informationon TGVs (ost model, soures and traitments loalization, evaluation algorithms,et.). The ost model is annotated on TGV in order to estimate its exeutionost. It allows the optimizer to hoose an optimal TGV to evaluate the query.More information an be found in [8℄.The whole XQuery evaluation proess is implemented in the mediator XLive[4℄. All XQuery queries of the W3C use-ases [5℄ exept the typed use-ases(STRONG) are evaluated orretly by our system, using Tree Graph Views.As the TGV model is not spei�ally bound to a spei� language (�rstdesigned for XQuery), it an be applied to any untyped queries in any language(SQL, OQL, OEM-QL, et.) on strutured or semi-strutured data.Referenes1. S. Amer-Yahia, S. Cho, Laks V. S. Lakshmanan, and D. Srivastava. Minimizationof Tree Pattern Queries. In SIGMOD, 2001.2. Z. Chen, HV Jagadish, L. VS Laksmanan, and S. Paparizos. From Tree Patternsto Generalized Tree Patterns: On e�ient Evaluation of XQuery. In VLDB, 2003.3. T.T. Dang-Ngo and G. Gardarin. Federating Heterogeneous Data Soures withXML. In Pro. of IASTED IKS Conf., 2003.4. T.T. Dang-Ngo, C. Jamard, and N. Travers. XLive: An XML Light IntegrationVirtual Engine. In Pro. of BDA, 2005.5. D.Chamberlin, P.Fankhauser, D.Floresu, M.Marhiori, and J.Robie. XML QueryUse Cases, september 2005. W3C. http://www.w3.org/TR/xquery-use-ases.6. HV Jagadish, LVS Lakshmanan, D. Srivastava, and K. Thompson. TAX: A TreeAlgebra for XML. In DBPL, pages 149�164, 2001.7. A. Sihem, C. SungRan, V. S. Laks Lakshmanan, and D. Srivastava. Tree PatternQuery Minimization. VLDB Journal, 11(4)::315�331, 2002.8. N. Travers. Optimization Extensible dans un Médiateur de Données XML. PhDthesis, University of Versailles, Deember 2006.9. W3C. An XML Query Language (XQuery 1.0), 2005.


