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Abstract

This paper presentsthe METAXPath data model
andquerylanguage. METAXPath extendsXPath with
supprt for XML metadata. XPath is a specificatio
language for locatiors in an XML doawment.It serves
asthe basisfor XML querylanguageslike XSLT and
the XML QueryAlgebra.

TheMEeTAXPath datamodelis a nestedXPathtree
Ead level of metad#a inducesa new level of nest-
ing. Thedatamodelsepaatesmetadda anddatainto
differert datespacessuppmrts meta-metdata,anden-
ablessharingof metadéa commorto a groupofnodes
withoutdugication. TheMETAXPath querylanguage
hasa level shift operator to shifta queryfroma data
level to a metad#a level. METAXPath maximally
reusesXPath hene the charges neededto suppat
metadtaarefew. METAXPathis fully compaible with
XPath.
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1 Intr oduction

The World-Wide Web (“web”) is the world’s most
frequently used text-bassedinformationresource The
webcurrently hasseveralmillion senersproviding ac-
cesgto severalbillion docurnents.Many of thesedoc-
umeris conform to the HypefText Markup Language
(HTML).

Metadatacanbe encaledin HTML usinga META
elemen. Metadatais literally “dataabou data: The
metadtatypically includesthethenameof theauthor
the dateof puHication, anda descrigiion of the con-
tentof thedocument,especiallywith respecto a stan-
dardclassificationtaxonany. For exanple, the sub-
jectof anHTML documentabouta new strainof in-
fluenza could be lucidly describedusingthe vocalu-
lary of the US NationalLibrary of Medicine Medical
SubjectHeading (MeSH)[8] by prependingMET Ael-
emens with theappopriateDublin Core[5] qualifiers
for thesubject.

In thenearfuture,theExtensibleMarkup Languae
(XML) [12] is expectedo replaceHTML asthemark
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uplanguwageof choicefor webdoaumentq2, 3]. XML
is alsoexpectedto becomeanimportantlanguagefor
webdataexchange XML is bettersuitedto describing
thestructureandsemantic®f databecausét is exten
sible. HTML hasa pre-definedsetof elementshat,
for the mostpart, descrile the layou of a document.
In XML, new elemeits canbe inverted to repesent
thesemanticsndstructue of data.

Metadatacan also be encoed in XML. Metadata
in XML canhave a comgex structureandsemantics,
for instancethe metacgtamight descrike the type and
schemeof datato be exchanged Proposalsxist for
relatingXML dataandmetadatacf. theResourcde-
scriptionFramevork (RDF) [6].

This papempresents quay languagethatcombines
XML dataand metadata. Thereare mary proposed
quey languagesfor XML [1, 7,9, 10, 11, 13]. None
of theseproposalsprovide suppot for comhbning data
with metadéa. A datamodelandquerylanguag for
metadatanustaddesssereral concens. First, meta-
dataanddataresidein differert dataspace A single
quer shouldbe ableto combire constraits on data
and metadateor query either indepenlently How-
everaqueryondataalore shouldnotaccidenly query
metadatanor vice-\versa. Secong metadéa standsin
relationto dataas meta-metadtato metad#a. Intrin-
sically afactis neitherdatanor metadataratherafact
is catalogedasdataor metadatdecausef arelation
ship to otherdata. Third, somemetadatehasspecial
semantics.Manipulationsof datamustfaithfully ob-
senethesesemanticsFourth andfinally, metadatanot
only describedut alsoproscrilesdata. For examge
securitymetadéa is intendel to restrictacces$o data.

The authas have previously descrited andimple-
mentedan SQL-like quey langua@ called AUCQL
for a semistructuré databasehat addessesall four
issuesraised above [4]. In this paperwe extend
XPath [10] with corceptsborrowed from AUCQL.
XPath is a specificationlanguagefor locatiors in an
XML document.It senesasthebasisfor XML query
langwageslike XSLT [11] andthe XML QueryAlge-
bra[13]. XML andsemistructued datamodelsare
closely related[9], however there are extensve dif-
ferercesin systemarctitecturesbetweena database



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

In Section2 an exanple is given to motivate the
utility of this research Next the data model for
METAXPath is given Thedatamockl is a simpleex-
tensionof the XPath datamocel in which metadata
is represeted by nestingdocurent trees. Next, the
quey langwage for the extenced datamockl is pre-
sented. Finally, the papercondudeswith plansfor
future research.The presentatin throughaut the pa-
peris informal. A reackr interestedn formal details
shoud referto the AUCQL paper4].

2 Motivating Example

To exenplify our datamodel, considerthe XML
doaimentfor a persorgivenbelow.

<?xml version="1. 0">
<perso n ssn="234" >

<name>| chiro</nam e>
</pers on>

Figure 1 shavsthe(logical) treestructureof the XPath
datamocel for the XML fragment(includng whites-
pace) Eachnodein the tree correspondgo a com-
porent of the docunent. A nock is a list of proper
ties (somepropeties have beenomitted e.g.,text or-
der) Eachpropertyis adatumabou thenode Thelist
valies depending on the Type of node. Only element
nodesandthe roat nocke have children. The children
of an elementcompise the elements cortent. Note
thatin XPaththe datamodelrootis separatdérom the
doamentroat.

Assumethat the following metadata(and meta-
metadta)is availablefor thedocunent.

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

e Theperson elements known to bein the En-
glish language. The following XML docurent
descritestheelement.

<?xml version=" 1.0">

<language> English</la  nguage>

e The metadataabou person beingin English
was authaed by Suzukiasdescribedn the fol-
lowing XML docunent.

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

<?2xml
<author

The metadatagiven above is physically separate
from the data,but to querythe dataand metadéa to-
gethe using XPath the metadatamustbe (logically)

addedto the tree structure. An inadegate strat-
egy would be to add parent or child “meta” ele-
ments. This would be inadegiate becausethe em-
beddd metadatamodifiesthe structureof the origi-
naldocument.An XSLT queg to court thenunberof
elementsvaluatedonthemodifiedstructurenvouldre-
turnanincarrectresultsinceit would count the meta-
dataelements. The usercoud possibly rewrite the
quer to omit meta elementsut usersshoud not be
forced to tinker with queriesto conter with embed
dedmetadita. Queriesusingthe metadatashouldalso
be supmrted. For examge it shouldbe possibleto re-
trieve elementghat have metadatawvhich is authaed
by Suzuk.

In thenext sectionthe XPathdatamodelis exterded
to suppat metadataln Sectiond4 we shav how to ex-
tendthe XPathquerylanguag for thenew datamocel.

3 Data Model

Unfortunately the XPath recomnendation [10]
doesnot (curently) provide a formal datamodel; be-
low we give aninformal modé that omits detailsex-
traneaisto theaimsof this pager.

A well-formed XML doaumentis a collection of
nestedelements An elementbegins with a starttag
andendswith a pairedendtag. Betweenthetags,an
elemenmightcontaincontent thatis, text or otherel-
ements.The XPathdatamodé is commaly assumed
to bean orderedtree. Thetreerepresets the nesting
of elementswithin the docunent, with elementscor
respoiding to noces,andelemen contert comprising
thechildrenfor eachnock. Unlike atree,the children
for anock areorderedbasedntheir physical position
within thedocument.

The nodetypesin the tree are element,process-
ing instruction, conment, root, andtext. Eachnode
contairs a list of properties. For exanple an ele-
mentnodehasthefollowing properties: Value (theel-
ements name),Type(element) Siblingorder (ordinal
of text order amang siblings),andAttributes(a setof
namevaluepairs,the attributesareunoiered) Other
properties.e.g.,validationstatusmayalsobepreseh
In future, it maybepossibleto dynanically exterd the
informationset(the XML InformationSetproposalis
available from the W3C but is undergaing extensive
devdlopmert).

3.1 The MeTaXPath data model

The MeTAXPath data model exterds the XPath
datamodelby addirg anoptioral Metaprogerty. The
value of Meta is a METAXPath tree that represents
the parsednetadatdor thatnode.Note thatmetadata
treescanbe nestedthatis, nodesin the metadatdree
maythemseleshave Metaproperties whichrepiesent
meta-netadata.



Type root
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Figure 1. The XPath data model for the example fragment

Figure2 shavs the METAXPathtreefor the exam
ple metadatagivenin Section2. The URL metadata
is in atreethatis hangirg off of the datamocel root.
The metadatarees backgoundis shadedyrayin the
figure. Thelanguagefor theperson elemenis atree
associatedvith the element. The langlage metadata
treeis shadedwith horizantal stripes. And the meta-
metaditathat Suzukiauthgedthe langilagemetadata
is repesentedasthe rightmosttreein thefigure. The
meta-netadatdreeis shadedvith diagoral stripes.

3.2 Sharing metadatain subtrees

To this point metadatdasbeenassociatedvith in-
dividual noces. Often however metadatds comma
to agroy of noces. For examplethe autha of adoc-
umeri is usuallythe authorof eachnodein the docu
mentratherthanjust the docunentroot. In this case
the metadatashouldbe sharedcamongall the nodesin
asubtree.In METAXPathtwo stepsareneededo ef-
fect sharing. First, a Meta property mustbe addedto
eachnodeto indicatethecomnonmetadataSeconl, a
metadtatreemustinheritthemetadataf all of its an-
cestors. This is acconplishedby addingthe children
of the metadéa treesfor every ancestoto the meta-
datatree. Figure 3 shavs the exanple METAXPath
treewith metadataharedor everysubtree Eachnode
hasa Meta property that points to its metadata.Also
themetadatdor theperson elementmustinheritthe
metadhta of its ancestqs). Hencethe source el-

ementis a child of the root of the metadéa tree for
person .

3.3 Excluding shared metadata

In somesituationst is essentiato exclude metadata
inheited from ancestorsFor exampe assumehatthe
source of thetext Ichiro s i.txt ratherthan
p.htm . In this casea new metadatdreemustbecre-
atedfor the excludednode(s). Typically this involves
creatinga new rod and addirg children as needed
Figure4 shavstheexanple MeETAXPathtreewith the
URL metadé#a excludedfor thelchiro  text noce.

Sharingandexcluding metad#a increaseghe size
of the METAXPath tree. Fortunately the sharingcan
beeffectedby pointersratherthancopying nodes Ex-
cluding datahowever will necessarilyinvolve some
copying. In the worst caseeachdatanoce will have
aunique metadéatree.We anticipatethatsharirg will
be frequent and that exclusion for individual nodes
will berare.

4 Queries

In this sectionwe exterd the XPathquer languag to
opeate on METAXPath trees. Beforethe extersions
arediscusseave briefly summaize XPath.
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Figure 3. A METAXPath data model with shared metadata
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Figure 4. A MeTAXPath data model with excluded metadata
4.1 XPath terminal by the axis (e.g, child is documentorde

An XPath query is a sequenceof steps. Each
step consistsof four parts: a contt, an axis a
noce test and a list of predicates The contet
is the ervironmen, including the context node, in
which the step begins evaluation. The axis speci-
fies a setof nockes, relative to the context nock, that
might be in the result of the step. Possibleaxes
include self , parent , child , descende nt,
ancest or, descendent- or-self , etc. The
nocke testis a predicatethat is appliedto eachnode
in the axis. Possiblenoce testsincludenode() and
commert() . Thenodetestis syntacticallyseparated
from the axis with the string‘:: ’. Thosenodesthat
passthe nodetestarethentestedby the predicatés).
A stepmay have several predcates,eachdended by
bradkets. To qudify for a result, a node must pass
every predcate. A predicde may itself include one
or more XPath queies. A simplesyntaxfor a stepis
given below.

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

The result of a stepis an ordered list of nodes,
called, paraaxically, a nodeset The ordeing is
basedon the orderin which the nodes appeatrin the
doament. The diredion, documentorder or reverse
doaumentorder relative to the context noce, is de-

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

theresultof non-firal stepsareused(in order) asthe
contet nock for the next step.Syntacticallythe steps
areseparatedby the'/ ' chaacter(or‘// " or‘|’). A

simplesyntaxfor a quey is given below.

| stepy! ...l step,,

An exanple quey to retrieve the children of the
course elemen with a code attribute value of
CS451 is given below.

/desce ndent-or-se If::course
[attribute: :code="CS45 1")/child: e

Thefirst stepexploresthe descendent-  or-self
axis from the datamockl root. It appliesan element
testto keeponly course elementsThe predcatefil-
tersthosenocesthatlackacode attribute of CS451.
Thesecondstepfollowsthechild axisandretrieves
ary node(thewildcardis *).
XPathhasanabbeviatedsyntaxthatshortels most
queies. A shorter semantically-egivalert quay us-

ing theabbeviatedsyntaxis givenbelow.
/lcourse [@code="CS 451")/*

Readersnterestedn furthe detailsshouldconsult
the XPathrecomnendation10].



4.2 MEeTaXPath

To exterd XPath we make only a minor additian
to thesyntaxandsemanticsObsenre thateachnested
treein theM ETAXPathtreeis acompgete,well-formed
XPathtree. This permitsthe unchaageduseof XPath
within eachmetadatdevel in thetree.

To XPath we add an opeator to perfam a “level
shift” The level shift opeatoris a meta axis. The
meta axis specifiesthe roa node of the metadata
tree(similarto how anattribu  te axisretrievesthe
value of the attribute property for a nodg. The axis
supprts only two nodetests,both of which evaluate
to true for the metadatareeroat noce: the wildcard
(*") andnode() . Effectively the level shift just lo-
cateshemetadéarootnoce. Thelevel shiftis always
“upwards”from the datato themetadata.

An exanpleis givenbelon. Assumehatwewantto
locatenodesthatareavailablefrom the URL p.htm .
Thefollowing METAXPathqueryincludesalevel shift
in the predicae.

/desce ndent-or-se  If::*
[meta::*/c  hild::sour ce[
attribut  e:URL="p. htm"]]

Thequey first exploresthe descenddraxisbelow the
datamocel rootin thedatatree. For eachdescendntit
evaluatesthepredcate.In thepredicatethelevel shift
movesthe quel to the metadataree. Therestof the
quey determiresif thereis a source elementchild
of the datamockl root (in the metadataree)with the
appopriateURL attribute. Note thatthe resultof this
quey is asetof datanodes.

In abbeviatedsyntax,we will usea‘”’ to dende a
level shift. It canappeaarnywherethata‘/ ' appears.
The samequerygivenabove is givenbelowv usingab-
breviatedsyntax.

/’so  urce[@URL=" p.htm"]]

4.3 Retrieving metadata

The querygiven above retrieves datanodesbased
on a metadategredicde. To retrieve metadatanodes
thelevel shift operato canbe usedoutsideof a pred-
cate.Thefollowing queryretrievessource metadata
noces.

/I'sou rce
4.4 Querying meta-metadata

Level shiftsarenestedo querymeta-netadataThe
following query retrieves all nodes that have some
metadtaauthaedby Suzuki.

/l"a  uthor[@name ="Suzuki"]]

The query explores all datanodes. The first level
shift explores to the roat of the metadta tree for
eachdatanode. The secondlevel shift then checks
meta-netadatanodesfor thosethatwere authaed by
Suzuk. The following query retrieves all metadata
nocesthathave somemetadatauthaedby Suzuk.

/I aut hor[@name="Suzuki"]]

4.5 XPath compatibility

One very importart point is that METAXPath is
fully backwards-comptible with XPath. An XPath
quely onaMETAXPathdatamodel will simplyignore
the metadataandin fact canna accesghe metadata
uncer ary circurrstances Sincethe METAXPathdata
mockl is completelybackwards-compatible with the
XPathdatamockl all existing XPath queaieson XML
documentswill contine to work whenthe document
is quefed usinga METAXPathmodel.

5 Conclusionand Futur e Work

This paper briefly presets METAXPath a data
mockl and quey languag for XML dataand meta-
data. The MeETAXPath datamockl is a nestedXPath
tree. Eachlevel of metadatanducesa new level of
nesting. Metadatacomman to a group of nodescan
besharedvithout duplication. The METAXPathquery
langlwagehasalevel shift opeatorto shift aqueryfrom
a datalevel to a metadatdevel. Since METAXPath
maximally reusesXPath the changs neededo sup-
portt metacgtaarefew and MeTAXPathis fully com-
patiblewith XPath.

Thereremainsmuchto do. XPathis only a part
of quey langugeslike XSLT. We needto investi-
gateapplyirg METAXPathtechnigiesto a morecom-
pletequerylangua@. In particdar we needto artic-
ulateopentorsfor restructuing, groyping, andaggre
gatirg nested metadatdrees. We planto implemant
MEeTaXPathandempirically testthe efficiency of our
design.(For AUCQL we analyticallyshavedthatthe
spaceandtime overheadon querieswaslinearin the
sizeof themetadatd. It will beimportan to determire
whetheroursuggestedtratayy for sharingandexclud-
ing metactaby copying pointesis efficientandmain-
tainablein practice. Finally, althowgh XPath lacksa
formal semanticsywe needto develop aformalseman-
tics for METAXPath and reasonaboutthe complde-
nessof the level shift opeator.
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