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Abstract

This paper presentsthe METAXPath data model
andquerylanguage. METAXPath extendsXPath with
supportfor XML metadata. XPath is a specification
language for locationsin an XML documentlt serves
asthe basisfor XML querylanguageslike XSLT and
the XML QueryAlgebra.

TheMEeTAXPath datamodelis a nestedXPathtree
Ead level of metadatainducesa new level of nest-
ing. Thedatamodelsepaatesmetadatsand datainto
differentdataspacessupportasmeta-metadatagnden-
ablessharingof metadatacommorto a groupof nodes
withoutduplication. The M ETA XPath querylanguage
hasa level shift operator to shift a queryfrom a data
level to a metadatalevel. METAXPath maximally
reusesXPath hencethe changes neededto support
metadataarefew. METAXPathis fully compatiblewith
XPath.
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1 Intr oduction

The World-Wide Web (“web”) is the world’s most
frequentlyused text-basednformationresource The
webcurrentlyhasseveralmillion senersproviding ac-
cesgto severalbillion documentsMany of thesedoc-
umentsconformto the HyperText Markup Language
(HTML).

Metadatacanbe encodedn HTML usinga META
element. Metadatais literally “data aboutdata’ The
metadatdypically includesthethenameof theauthor
the dateof publication,anda descriptionof the con-
tentof thedocumentgspeciallywith respecto a stan-
dard classificationtaxonomy For example,the sub-
jectof anHTML documentabouta new strainof in-
fluenzacould be lucidly describedusingthe vocalu-
lary of the US NationalLibrary of Medicine Medical
SubjectHeadinggMeSH)[8] by prependindMET Ael-
ementswvith theappropriateDublin Core[5] qualifiers
for thesubiject.

In thenearfuture,the ExtensibleMarkupLanguage
(XML) [12] is expectedo replaceHTML asthemark-
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uplanguagef choicefor webdocument$2, 3]. XML
is alsoexpectedto becomean importantlanguagefor
webdataexchange XML is bettersuitedto describing
thestructureandsemantic®f databecausét is exten-
sible. HTML hasa pre-definedsetof elementshat,
for the mostpart, describethe layout of a document.
In XML, new elementscan be inventedto represent
thesemanticsandstructureof data.

Metadatacan also be encodedn XML. Metadata
in XML canhave a complex structureand semantics,
for instancethe metadatamight describethe type and
schemeof datato be exchanged.Proposalsxist for
relatingXML dataandmetadatacf. theResourcde-
scriptionFramevork (RDF) [6].

This paperpresents querylanguagehatcombines
XML dataand metadata. Thereare mary proposed
querylanguagegor XML [1, 7,9, 10, 11, 13]. None
of theseproposalgprovide supportfor combiningdata
with metadata A datamodelandquerylanguageor
metadatamustaddressseveral concerns.First, meta-
dataanddataresidein differentdataspacesA single
query shouldbe able to combineconstraintson data
and metadataor query either independently How-
everaqueryondataaloneshouldnotaccidentlyquery
metadatanor vice-versa. Secondmetadatastandsin
relationto dataasmeta-metadatto metadatalntrin-
sically afactis neitherdatanor metadatasatherafact
is catalogedasdataor metadatdecausef arelation-
ship to otherdata. Third, somemetadatehasspecial
semantics.Manipulationsof datamustfaithfully ob-
senethesesemanticsFourthandfinally, metadatanot
only describesout alsoproscribesdata. For example
securitymetadatas intendedo restrictaccesgo data.

The authorshave previously describedand imple-
mentedan SQL-like query languagecalled AUCQL
for a semistructuredlatabasehat addressesll four
issuesraised above [4]. In this paperwe extend
XPath [10] with conceptsborroved from AUCQL.
XPath is a specificationlanguagefor locationsin an
XML documentlt senesasthebasisfor XML query
languagedike XSLT [11] andthe XML QueryAlge-
bra[13]. XML andsemistructuredlatamodelsare
closely related[9], however there are extensve dif-
ferencesin systemarchitecturedetweena database



sener anda web sener; hencein this paperwe ad-
dressonly thefirst two issuegaisedabove.

In Section2 an exampleis givento motivate the
utility of this research. Next the data model for
METAXPathis given. The datamodelis a simple ex-
tensionof the XPath datamodelin which metadata
is representedby nestingdocumenttrees. Next, the
query languagefor the extendeddatamodelis pre-
sented. Finally, the paperconcludeswith plansfor
future research.The presentatiorthroughoutthe pa-
peris informal. A readerinterestedn formal details
shouldreferto the AUCQL paperf4].

2 Motivating Example

To exemplify our datamodel, considerthe XML
documenfor a persongivenbelow.

<?xml version="1.0">
<person ssn="234">

<name>Ichiro</name>
</person>

Figurel shavsthe (logical) treestructureof the XPath
datamodelfor the XML fragment(including whites-
pace). Eachnodein the tree correspond¢o a com-
ponentof the document. A nodeis a list of proper
ties (somepropertieshave beenomitted, e.g., text or-
der). Eachpropertyis adatumaboutthenode.Thelist
variesdependingon the Type of node. Only element
nodesandthe root nodehave children. The children
of an elementcomprisethe elements content. Note
thatin XPaththe datamodelrootis separatérom the
documentoot.

Assumethat the following metadata(and meta-
metadata)s availablefor thedocument.

e The URL at which the documentresidesis
www.wsu.edu/p.htm

e Theperson elementis known to bein the En-
glish language. The following XML document
describesheelement.

<?xml version="1.0">
<language>English</language>

e The metadataaboutperson beingin English
was authoredby Suzukiasdescribedn the fol-
lowing XML document.

version="1.0">
name="Suzuki"/>

<?2xml
<author

The metadatagiven above is physically separate
from the data,but to querythe dataand metadatao-
getherusing XPath the metadatamust be (logically)

addedto the tree structure. An inadequatestrat-
egy would be to add parentor child “meta” ele-
ments. This would be inadequatebecausethe em-
beddedmetadatamodifies the structureof the origi-
naldocumentAn XSLT queryto countthe numberof
elementevaluateconthemodifiedstructurevouldre-
turn anincorrectresultsinceit would countthe meta-
dataelements. The user could possibly rewrite the
queryto omit meta elementshut usersshouldnot be
forcedto tinker with queriesto contendwith embed-
dedmetadataQueriesusingthe metadatashouldalso
be supported For exampleit shouldbe possibleto re-
trieve elementghat have metadatavhich is authored
by Suzuki.

In thenext sectionthe XPathdatamodelis extended
to supportmetadataln Section4 we shov how to ex-
tendthe XPathquerylanguagédor the new datamodel.

3 Data Model

Unfortunately the XPath recommendation[10]
doesnot (currently) provide a formal datamodel; be-
low we give aninformal modelthat omits detailsex-
traneougo the aimsof this paper

A well-formed XML documentis a collection of
nestedelements An elementbegins with a starttag
andendswith a pairedendtag. Betweenthe tags,an
elementmight containcontent thatis, text or otherel-
ements.The XPath datamodelis commonlyassumed
to bean orderedtree. The treerepresentshe nesting
of elementswithin the documentwith elementscor-
respondingo nodes,andelementcontentcomprising
the childrenfor eachnode.Unlike atree,the children
for anodeareorderedbasedn their physicalposition
within thedocument.

The nodetypesin the tree are element,process-
ing instruction,comment,root, andtext. Eachnode
containsa list of properties. For example an ele-
mentnodehasthefollowing properties:Value (theel-
ements name),Type(element) Sibling order (ordinal
of text orderamongsiblings),andAttributes(a setof
name-aluepairs,the attributesareunordered) Other
propertiesge.g.,validationstatusmay alsobe present.
In future,it maybe possibleto dynamicallyextendthe
informationset(the XML InformationSetproposais
available from the W3C but is undegoing extensive
development).

3.1 The MeTaXPath data model

The MEeTAXPath data model extends the XPath
datamodelby addingan optionalMetaproperty The
value of Meta is a METAXPath tree that represents
the parsedmetadatdor thatnode. Note thatmetadata
treescanbe nestedthatis, nodesin the metadatdree
maythemseleshave Metapropertieswhichrepresent
meta-metadata.
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Figure 1. The XPath data model for the example fragment

Figure2 shows the METAXPathtreefor the exam-
ple metadatagivenin Section2. The URL metadata
is in atreethatis hangingoff of the datamodelroot.
The metadatdree’s backgrounds shadedgray in the
figure. Thelanguagdor theperson elemenis atree
associatedvith the element. The languagemetadata
treeis shadedwith horizontalstripes. And the meta-
metadatahat Suzukiauthoredhe languagemetadata
is representedsthe rightmosttreein thefigure. The
meta-metadataeeis shadedvith diagonalstripes.

3.2 Sharing metadatain subtrees

To this point metadatdhasbeenassociatedvith in-
dividual nodes. Often however metadatdas common
to agroupof nodes.For examplethe authorof a doc-
umentis usuallythe authorof eachnodein the docu-
mentratherthanjust the documentroot. In this case
the metadatashouldbe sharedamongall the nodesin
asubtree.In METAXPathtwo stepsareneededo ef-
fect sharing. First, a Meta propertymustbe addedto
eachnodeto indicatethecommonmetadataSeconda
metadatdreemustinheritthemetadataf all of its an-
cestors. This is accomplishedy addingthe children
of the metadatareesfor every ancestorto the meta-
datatree. Figure 3 shows the example METAXPath
treewith metadataharedor every subtree Eachnode
hasa Meta propertythat pointsto its metadata.Also
themetadatdor theperson elemenimustinheritthe
metadateof its ancestor(s). Hencethe source el-

ementis a child of the root of the metadataree for
person .

3.3 Excluding shared metadata

In somesituationdt is essentiato excludemetadata
inheritedfrom ancestorskFor exampleassumehatthe
source of thetext Ichiro isi.txt  ratherthan
p.htm . In this casea new metadatareemustbecre-
atedfor the excludednode(s).Typically this involves
creatinga new root and adding children as needed.
Figure4 shovsthe exampleM ETAXPathtreewith the
URL metadataxcludedfor thelchiro  text node.

Sharingand excluding metadatancreaseghe size
of the METAXPath tree. Fortunatelythe sharingcan
beeffectedby pointersratherthancopying nodes Ex-
cluding data however will necessarilyinvolve some
copying. In the worst caseeachdatanodewill have
auniquemetadatdree.\We anticipatethatsharingwill
be frequentand that exclusion for individual nodes
will berare.

4 Queries

In this sectionwe extendthe XPath querylanguageo
operateon METAXPath trees. Before the extensions
arediscussedve briefly summarizeXPath.
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Figure 3. A METAXPath data model with shared metadata
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4.1 XPath

An XPath queryis a sequencef steps. Eachstep
consistsof four parts: a contet, an axis a node
test and a list of predicates The contet is the
ernvironment, including the context node, in which
the step begins evaluation. The axis specifiesa set
of nodes, relative to the context node, that might
be in the result of the step. Possibleaxes include
self , parent , child , descendent , ances-
tor , descendent-or-self , etc. Thenodetestis
apredicatehatis appliedto eachnodein theaxis. Pos-
sible nodetestsinclude node() andcomment() .
The nodetestis syntacticallyseparatedrom the axis
with the string‘:: ’. Thosenodesthat passthe node
testare thentestedby the predicate(s). A stepmay
have several predicateseachdenotecby braclets. To
qualify for a result, a node must passevery predi-
cate.A predicatenayitselfincludeoneor moreXPath
queries.A simplesyntaxfor a stepis givenbelow.

axis: nodetes{ predicate,] . ..[ predicate,,]

The result of a stepis an ordered list of nodes,
called, paradoxically a node-set The ordering is
basedon the orderin which the nodesappearin the
document. The direction,documenbrder or reverse
documentorder relative to the context node, is de-
terminedby the axis (e.g.,child is documentorder

while ancestor is reverse). The resultof a query
is the resultof the final stepin the query Nodesin

theresultof non-finalstepsare used(in order)asthe
context nodefor the next step.Syntacticallythe steps
areseparatedby the‘/’ charactefor ‘// " or‘|’). A

simplesyntaxfor a queryis givenbelow.

| stepq! ...l step,,

An example query to retrieve the children of the
course elementwith a code attribute value of
CS451 is givenbelow.

/descendent-or-self::course
[attribute::code="CS451"]/child::*

Thefirst stepexploresthe descendent-or-self
axis from the datamodelroot. It appliesan element
testto keeponly course elementsThepredicatefil-
tersthosenodesthatlack acode attribute of CS451.
Thesecondstepfollowsthechild axisandretrieves
ary node(thewildcardis *).
XPathhasanabbreziatedsyntaxthatshortensnost
queries. A shorter semantically-equialentqueryus-
ing theabbreviatedsyntaxis givenbelow.

/lcourse[@code="CS451")/*

Readersnterestedn further detailsshouldconsult
the XPathrecommendatiofilQ].



4.2 MEeTaXPath

To extend XPath we malke only a minor addition
to the syntaxandsemanticsObsene thateachnested
treein the M ETA XPathtreeis acompletewell-formed
XPathtree. This permitsthe unchangediseof XPath
within eachmetadatdevel in thetree.

To XPath we add an operatorto performa “level
shift” The level shift operatoris a meta axis. The
meta axis specifiesthe root node of the metadata
tree(similarto how anattribute axisretrievesthe
value of the attribute propertyfor a node). The axis
supportsonly two nodetests,both of which evaluate
to true for the metadataree root node: the wildcard
(*) andnode() . Effectively the level shift just lo-
cateshe metadataoot node.Thelevel shiftis always
“upwards”from the datato the metadata.

An exampleis givenbelow. Assumehatwe wantto
locatenodesthatareavailablefrom the URL p.htm .
Thefollowing METAXPathqueryincludesalevel shift
in thepredicate.

/descendent-or-self::*
[meta::*/child::source[
attribute::URL="p.htm"]]

Thequeryfirst exploresthedescenderdaxisbelow the
datamodelrootin thedatatree.For eachdescenderit
evaluateghepredicate In the predicatethelevel shift
movesthe queryto the metadatdree. Therestof the
querydeterminesf thereis a source elementchild
of the datamodelroot (in the metadatdree)with the
appropriatdJRL attribute. Note thatthe resultof this
queryis asetof datanodes.

In abbreviatedsyntax,we will usea‘”’ to denotea
level shift. It canappearrywherethata‘/ ' appears.
The samequerygivenabove is givenbelow usingab-
breviatedsyntax.

/["source[@URL="p.htm"]]
4.3 Retrieving metadata

The query given above retrieves datanodesbased
on a metadategredicate. To retrieve metadatanodes
thelevel shift operatorcanbe usedoutsideof a predi-
cate.Thefollowing queryretrievessource metadata
nodes.

/I"'source
4.4 Querying meta-metadata

Level shiftsarenestedo querymeta-metadatalhe
following query retrieves all nodesthat have some
metadatauthoredby Suzuki.

/[ author[@name="Suzuki"]]

The query explores all datanodes. The first level
shift explores to the root of the metadatatree for
eachdatanode. The secondlevel shift then checks
meta-metadataodesfor thosethat were authoredby
Suzuki. The following query retrieves all metadata
nodeshathave somemetadatauthoredoy Suzuki.

/" author[@name="Suzuki"]]
4.5 XPath compatibility

One very important point is that METAXPath is
fully backwards-compatiblevith XPath. An XPath
queryonaMETAXPathdatamodelwill simplyignore
the metadataandin fact cannotaccesshe metadata
underary circumstancesSincethe MeTAXPathdata
modelis completelybackwards-compatiblevith the
XPath datamodelall existing XPath querieson XML
documentwill continueto work whenthe document
is queriedusinga METAXPathmodel.

5 Conclusionand Futur e Work

This paper briefly presentsMETAXPath, a data
model and query languagefor XML dataand meta-
data. The MeETAXPath datamodelis a nestedXPath
tree. Eachlevel of metadatanducesa new level of
nesting. Metadatacommonto a group of nodescan
besharedvithoutduplication.The METAXPathquery
languagéhasalevel shift operatorto shiftaqueryfrom
a datalevel to a metadatdevel. Since METAXPath
maximally reusesXPath the changesheededo sup-
port metadataare few and METAXPathis fully com-
patiblewith XPath.

Thereremainsmuchto do. XPathis only a part
of query languagedike XSLT. We needto investi-
gateapplyingM ETAXPathtechniquego amorecom-
plete querylanguage.In particularwe needto artic-
ulateoperatordor restructuringgrouping,andaggre-
gatingnested metadatarees. We planto implement
M EeTAaXPathandempirically testthe efficiengy of our
design.(For AUCQL we analyticallyshovedthatthe
spaceandtime overheadon querieswaslinearin the
sizeof themetadata.)t will beimportantto determine
whetherour suggestedtrateyy for sharingandexclud-
ing metadatdy copying pointersis efficientandmain-
tainablein practice. Finally, althoughXPath lacks a
formal semanticswe needto developaformal seman-
tics for METAXPath and reasonaboutthe complete-
nessof thelevel shift operator
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