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Abstract

Motivatedto a large extentby the substantiabnd
growing prominenceof the World-Wide Web and
the potentialbenefitsthatmay be obtainedby ap-
plying databaseconceptsand techniquego web
datamanagementew datamodelsandquerylan-
guagehave emepgedthatcontendwith webdata.
Thesemodelsorganizedatain graphsvherenodes
denoteobjects or valuesand edgesare labeled
with singlewordsor phrasesNodesaredescribed
by the labelsof the pathsthat lead to them, and
thesedescriptionsene asthebasisfor querying.

This paperproposesan extensibleframeawork for

capturingand queryingmeta-datgropertiesin a
semistructureddata model. Propertiessuch as
temporalaspectof data, prices associatedvith

data access,quality ratings associatedwith the
data,and accesgestrictionson the dataare con-
sidered. Specifically the paperdefinesan ex-

tensibledatamodel and an accompaging query
languagethat provides new facilities for match-
ing, slicing, collapsing,andcoalescingroperties.
It also briefly introducesan implemented,SQL-

like querylanguagefor the extendeddatamodel
thatincludesadditionalconstructgor theeffective

gueryingof graphswith properties.

1 Intr oduction

TheWorld-Wide Web (“web”) is arguablytheworld’'s most
frequentlyusedinformationresource. While currentweb
data haslittle and mostly local structure,web data will

likely have far more in the nearfuture. Specifically the
eXtendedViarkup LanguageXML) is expectedto replace
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the Hypertext Markup Language[12, 4]. An XML web
pagecan have a schemaof how the datain the pageis
structured. XML will at bestonly provide somestruc-
ture for datasincethe page-leel schemasnay (andlikely
will) vary from pageto page.Theability of semistructured
datamodelsto accommodatelatathatlacksa well-defined
schemanakesthemattractive candidatesor queryingand
managingXML data[14, 26]. XML-lik e representationf
web meta-datehasalso beenproposedcf. the RDF stan-
dard[21]. Somevhatunlike databaseneta-datayebmeta-
datais typically takento meanadditionalinformationabout
adocumentsuchastheauthor subjectJanguagepr URL.
In thispapemwe usetheterm‘meta-datato encompasboth
databas@andwebmeta-data.

Semistructuredlatamodelsorganizedatain graphs[8,
14] whereeachnoderepresentan objector a value,and
eachedgerepresents relationshipbetweerthe objectsor
valuesrepresentetly the edges nodes.Edgesarebothdi-
rectedandlabeled. The labelsareimportantbecausahey
make nodesself-describingn the sensethata nodeis de-
scribedby the sequence®f labelson pathsthroughthe
graphthatleadto the node[8].

This paperintroducesanextensible semistructuredata
modelthat generalizegxisting semistructureanodels. In
this model,eachlabelis a setof descriptve properties A
propertyis a kind of meta-data.Typical propertiesarethe
nameof the edgeandthelevel of securitythatprotectsthe
edge but ary propertycanbeusedin alabelto describehe
nodeshatarereachabléhroughthatedge.

To exemplify edgelabels, considerFigure 1. Part (a)
shaws a corventionaledgethatis labeledemployee and
connectsnodes&ACMEand &joe . In contrast,part (b)
shaws the kind of labelintroducedin this paper This la-
belis asetof ‘ property name propertyvalue pairs.Each
pairis collectively referredto asa property This labelhas
two properties:name andtransaction time. This gener
alizesexisting semistructuresincethelabelin part(a) can
be assumedo specifyanimplicit name property with the
valueemployee

The paradigmof usinglabelswith propertiescanbere-
cursiely applied. For instancethe propertynamein Fig-
ure 1(b) could itself be transformednto a label with two
properties:name and language e.g., English, indicating



name: employee

employee trans. time: [31/Jul/1998 - 31/0ct/1998]

&joe &joe

Ul

(a) atypicaledge (b) alabelwith properties

Figurel: TheNew Kind of EdgeLabels

thatnameis an Englishword. While the recursve nature
of labelswith propertiess theoreticallyappealingijt is of
limited utility sincemeta-meta-datéandmeta-meta-meta-
data, etc.) is uncommonin the real-world. So although
this framework could captureandqueryrecursvely nested
propertieswe focusexclusively on a singlelevel of meta-
datain this paper

Previous researchin semistructuredand unstructured
datamodelshasfocussedon basicissuessuch as query
languagedesign[6, 7, 25, 3, 20Q], restructuringof query
results[13, 2], tools to help naive usersquery unknovn
semistructure$16, 17], techniquedor improving imple-
mentationefficiency [25, 15, 23], andmethoddor extract-
ing semistructurediatafrom the web [18, 24]. Several
well-designedanguagebave alsobeenpresented6, 3, 20,
13 14).

Our paperis different,in part,becausét treatsedgela-
belsassomethingptherthansinglewordsor strings.Bune-
manet al. alsoproposea semistructurednodelwith com-
plex labels[9]. In their model, key informationfrom ob-
jectsin the databasés addedo labelsmakingeachpathin
the databaseinique. We focuson addingmeta-dataather
thandatato thelabelsandontheadditionaloperationsec-
essanto manipulatehe meta-datan labels.Anotherpaper
with augmentedabelspresentshe Chlorelquerylanguage
for the DOEM datamodel[10]. DOEM extendsOEM with
specialannotationson edgesto recordinformation about
updatesin particular the(transactionjime andkind of up-
date. This permitsa history of changedo a semistructure
to bemaintainedWe furtherextendthescopeandpower of
the annotationsn edgelabelsinto a moregeneralframe-
work. Chlorelis alanguagedor queryingthe extendeddata
model. Chlorel supportsa limited kind of temporalquery,
which lacks both coalescingand collapsing. We believe
theseoperationsreimportantto correctlysupportingiem-
poralsemanticg$5].

The paperis organizedasfollows. Section2 motivates
the extendedsemistructurednodel, arguing the utility of
introducingaricherstructurefor labels.Section3 presents
the extendedmodel. Initially, the format of a databasés
defined. An importantfeatureis thatthe setof properties
presentnayvary from labelto label. Section3.2 proceeds
to introduceseveral new or extendedquery operatorsto
contendwith propertiesin labels. Section4 incorporates

the new queryoperationsnto a derivative of the SQL-like
Lorel querylanguagg?25, 22, 3], calledAUCQL, for query-
ing semistructurediatawith properties. The last section
coversfuturework andsummarizeshe paper

The URL <www.cs.auc.dk/"curtissAUCQL >
provides an interactve query engine for the example
databas@ivenin this paper documentatiorand examples
on using AUCQL, and a freely-available implementation
package.

2 Motivation and Background

This sectionaimsto describethe new type of semistruc-
tured databaseproposed,with an emphasison its back-
ground,the underlyingdesignideas,andits relationto ex-
isting semistructures.

2.1 An Example Database

A samplemovie databasepanssemistructuredlatafrom

atotal of six sites. The InternetMovie Databasesite con-
tainsa wealthof movie data;Videotasticis a monthly, on-
line movie industrymagazineportionsof which areavail-

ableonly by subscriptionthe Hausdu Flicks site chages
afeein e-cashfor accesso eachof its mary film clips, the
fee beingcollectedby an e-cashbroker whena clip is ac-
cessedJoe Doeis a Yankee On-line User site devotedto

sciencdiction movies;thesite Horsing AroundMovieshas
dataaboutR- andNC-18ratedfilms, portionsof which are
restrictedto web surfersover the ageof 18; andthe Inter-

netArchivessite offersmovie datacollectedby arobotthat
periodicallytraversegartof theweh

Figure2 shaws a portion of the movie databaseEdges
aredirectedarrows, valuesaregivenin italics, andobjects
are depictedas ovals. Most of the semistructurdas not
shavn—mary otheredgesandnodesexist in the complete
movie database.

The databasenodelsthe following pertinentfacts. In-
formationabouta new movie, StarWars IV, wasaddedto
the databaseon 31/Jul/1998. A review of this movie ap-
pearedin the Juneissueof Videotasti¢ which was made
availableon 25/May/1988.Thereview is only availableto
paid subscribers.Joe Doe alsohasa review of Star\Wars
IV, but sinceheis a YankeeOn-line Uset it is deemedo
be of low quality. Haus du Flicks chages$2 dollars for
aStarWars IV film clip, but undera dealwith Videotastic
paidsubscribersangettheclip for freein oneof themaga-
zine'sreviews. BruceWillis starsin StarWars V. His mis-
spellednamewascorrectedon 2/Apr/1997. Finally, Hors-
ing AroundMovieshasdataaboutthe NC-18 ratedmovie,
Color of Night, which alsostarsBruceWillis. Only surfers
with anappropriatesecurityclearancarepermittedo view
this movie.

Wewill usethissampledatabaséor illustrationthrough-
outthe paper



name: movie

name:  movie
security! over 18

name?

&wars clip
name: name

name: name trans. time: [2/Apr/1997 - uc]

trans. time: [31/Jul/1994 — 1/Apr/1997]

Bruce Wilis Bruce Willis

name: e—-mail

trans. time: [31/Jul/1998 - uc]

name: review

quality: high
&Color of Night &Star Wars IV security! subscriber
name:  cli trans. time: [25/May/1998 - uc]
name: stars price'. $2p name: review valid time:  [1/June/1998 - 31/June/1998]
security! paid quality: low

&by Videotasti

&by Joe Doe

name: text

joe@yol.com This movie...

Figure2: A WebMovie Database

2.2 SampleProperties

Thedatamodelpresentedh this paperis capableof captur
ing thefactsdescribedabove, in partby usingpropertiesn
labels.Labelsarethemostappropriatéocationsfor proper
ties sincenodesarecompletelydescribedvy the pathsthat
leadto them. For instance while the &Willis  nodein
Figure 2 hasa meaningfulinternalname,&Willis , this
nameis of no importanceandthe nodemay just aseasily
be called&foo . It is only known that &Willis  stars
in amovie becauséhereexistsanincomingedgelabeled
stars , whichin turnis reachedftertraversinga movie
edge.Otherdescription®f &Willis , sayasafather or
asaperson , wouldonly beavailableaslabelsalongother
pathsto the node(notshawvn in thefigure).

Thedatamodelis extensible,in thatany propertiesnay
beused.Below, we discussa partiallist of suchproperties.
Noneof themaremandatory Indeed.for mostlabels,one
or morepropertiesmaybemissing

name The nameis a text description. The domainfor
namesis the setof finite-lengthstringsover somealpha-
bet(e.g.,Unicodecharacters)Iin generalthevalueof this
propertyis a setof names.For simplicity, in this paperour
examplesonly useasinglename.

security: Somedatahassecurityrestrictionswhich arein-
tendedto indicatethat only qualifying usersare allowed
accesdo the data. The essentiaingredientto supporting
this kind of securityis to provide a methodto restrictac-
cesdo edgesn queriesWe userequiredpropertiedor this
purposeaswill bediscussedurtherin Section3.2.2. This
paperassumethatsecurityis controlledthroughNetscape-
like certificates So a more descriptve property name
would be security.netscape.ead, but for brevity we have
shortenedt. Severalprotocolsexist for obtainingandman-
agingthesecertificates Onceobtainedacertificateor com-
bination of certificatespermitsaccesso variousservices
anddocumentsFor clarity, we rendera certificatein plain

text ratherthanin its encryptedorm. The securityis given
asaformulabuilt of individual certificatesAND, andOR.
For instancea securityof over 18 AND subscriber
would meanthat a userneedsboth certificateso accessa
service;and a securityof over 18 OR subscriber
would meanthateithercertificatealonewould sufiice. This
is only one possiblesecurityproperty;the extensibledata
modelcansupportothers.

transactiontime: Thetransactionimeis thetimewhenthe
edgeis currentin the databaselt is calledtransactiortime
sinceit is thetime interval betweerthetime of thetransac-
tion thatled to theedgeandthetime of thetransactiorthat
deletedor updatedthe edge[19]. Edgesthat are current
have a specialtransaction-timesnd value, until changed,
which indicatesthatthe edgeis currentandwill remainso
until it is changeddeletedor updated).The specialrole of
transactiortime in databasenodificationsis elaboratedn
Section3.4.

valid time: Thevalid timeof adatabaséactindicatesvhen
thatfactis truein themodeledreality [19]. In our context,
the valid-time propertythusindicateswhenthat edgere-
flectsthe real world. As for transactiortime, valid-time
timestampsreclosedintervals.

price: Whendatais spreadveranetwork, accessingome
datamay have substantiallygreatercost than other data,
e.g.,in termsof size time,or money. Thepricepropertyre-

flectsthesediffering costsin obtainingdata.Multiple price

propertiescancomfortablycoexist, but we simply assume
thatthepriceis aU.S.dollaramount.

quality: Informationonthewebarisedrom mary sources,
someof which are far more crediblethan others. For in-
stance,one would commonly rate information from the
CNN senerasmorecrediblethaninformationfrom ausers
personahomepage.Thequality propertyrecordghequal-
ity of the sourceof the information. We will assumehat
thequality is anintuitive rankingfrom low to high.



The above list only covers propertiesusedin the movie
databasenddoesnot excludeotherpropertiesuchaslan-
guage Dublin Coretags,or URL space.

2.3 Featuresof Propertiesin Labels

Many labelsconsistof several properties For example the
two edgedromthe&Willis  nodeshowvnin Figure2 have
thesamevaluefor thename property but differenttransac-
tion times. The mostcommonpropertyis name—only in
unusuakircumstancewill anedgebeunnamed.

The ability to accommodateéhe schemairregularities
foundin web datais animportantfeatureof a semistruc-
tured (or unstructureddatamodel. In keepingwith this
requirementthedatamodelpresentedh thepaperhasser-
eralfeaturesvorth mentioning.

Onefeatureis thata propertyfoundin onelabelcanbe
missingfrom otherlabels.In Figure2, thetransactiortime
propertyis in only afew of thelabels.Generallyaproperty
is missingbecausaét is don't care information,asin, this
propertyis missingbecauseve don't careif it is presentijt
is notgermaneo or will notimprovethedescriptionof the
data.

Anotherfeatureis thata propertycanbe specifiedasbe-
ing required A requiredpropertyis requiredto be matched
in a queryto gain accesso nodesbelon that edge, but
otherwiseis just like ary other property The security
propertyontheedgeto &Color of Night isarequired
property(indicatedby affixing an‘!’ to thepropertyname).
It is meantto indicatethata usermusthave a matchingse-
curity clearancei.e., an appropriatecertificate to traverse
that edge. Furtherdetailson requiredpropertiesare pre-
sentedn Section3.2.2.

There are few restrictionson the propertiesin labels.
Commonpropertiesmay be sharedby a numberof labels.
Meta-datds oftenspecifiedor abagor containerfor a col-
lection of objects[21]. Sincealabelis a set,it caneasily
be shared,n partor in whole,amonga numberof labels.
In addition, multiple edgesmay connectthe samepair of
nodeswith overlappingor redundantabels. Requiringla-
belsto containdisjoint descriptionsvould be an unneces-
saryrestriction.

Multiple propertiesn alabelcancapturemoredatase-
mantics,but they breakexisting querylanguages.To take
one example, considerthe path from &movies through
&Star Wars IV to themisspelledvalueBruceWlis. It
would be easyto retrieve that path by using an appropri-
ateregularexpressioroverthenamepropertyin eachlabel
(e.g.,movie.stars.name ). While thisis a path,it is
not a valid pathsincethe transactiortimesof the first and
lastedgesn thepatharedisjoint: whenthefirst edgein the
pathwasinserted,the final edgewas alreadydeleted. So
atnotime did thetwo edgescoexist in thecurrentdatabase
state.

This paperoffers a collection of querylanguageoper
atorsthat supporta more correctmanipulationof the ex-

1A requiredpropertyis similarto theMUST keyword in aproposafor
privagy meta-datd27].

tendededgelabels.Eachoperatoiis extensiblein thesense
that the semanticsof propertiesare not fixed in the data
model; rather the meaningis suppliedby a databasele-
signer For instanceto testthevalidity of a path,thetrans-
action time propertywill be testedquite differently than
the name property Several new queryoperatorsare also
described Match matchesa so-calledpathregular expres-
sionto thelabelsalongapathin thesemistructureCollapse
collapsesentire pathsto single edgeshathave their labels
computedrom the labelson eachedgein the path. Coa-
lescecomputeghevalueof a propertywhichis distributed
amonga numberof differentlabelson edgesbetweerthe
samepair of nodes. Finally, Slice restructureghe labels
alongpathsby slicing a portionfrom selectegropertiesn
eachlabel.

2.4 Contrast With Existing Semistructured Data
Models

Our proposedmodelis not the only one capableof rep-
resentingmeta-data;existing semistructurediata models
with simplestring labelscanalsoexplicitly capturemeta-
data. For example,the “property” informationin a label
could be encodedby splitting an edgeinto separatedata
and meta-dataedges,with the propertiesbranchingfrom
the end of the meta-dateedge. But thereare at leasttwo
problemswith this approachof encodingthe meta-datdo-
gethemwith thedata.

First, meta-datdnasno specialstatusn suchamodel,so
aquerythatinvolvesawildcard (which matchesary label)
may unintentionallyaccesaneta-dataatherthandata. A
usercouldformulatea querythatfollows only data edges,
but this is challengingand, we believe, unnecessary It
shouldnot be left to the userto guesshow the meta-data
is representedn the databaseandto write queriesto ex-
plicitly avoid suchdata.

A second,more fundamentaproblem,is that someof
themeta-datdnasspecialsemanticshatmustbeaccounted
for in queries For instanceassumehatin asemistructured
databasevith simplestringlabels,the transactiortime for
an objectis representeds a ttime edgefrom that node.
As discussedbove, a pathis only valid if its edgesare
concurrentin the database—another semanticss incor
rect. Below we give a Lorel-like queryto correctlyretrieve
only movie.star.name  sthatareconcurren{assuming
thatthe INTERSECToperationcomputeghe intersection
of two timeintervals).

SELECT N

FROMmovie M, M.star S, S.name N

WHERENOT_EMPTY(M.ttime INTERSECT
S.ttime  INTERSECT N.ttime)

The WHERE clauseteststhe transactiortimes of objects
alongthe pathto ensurehatthey areconcurrent.
Althougha usermay explicitly formulateeachqueryto
correctlymanipulatghetransactiortime andotherproper
ties,sucha stratgy hasseveralhighly undesirabléeatures.
First, all propertiesmust be accountedor in all queries.



For example, the query given above is incorrectsinceit
doesnot correctly handlethe security property Second,
the semanticsf a property cannotbe enforced. For ex-
ample,a usercould simply omit the WHERE clausein the
guerygiven above, or testsomeother conditionon trans-
actiontime. The querywill runto completionandreturn
a result. But sincethe semanticsof the transactiontime
propertyhasnot beenobsered,the resultmayincludefic-
tive paths. Third, naive userscannotformulatequeries.A
userhasto know which propertiesexist, be familiar with
the semanticof thoseproperties,and mustappropriately
contendwith all propertiesin every query Fourth,queries
becomebrittle. Evencorrectlyformedquerieswill have a
shortshelf-life sinceaddinga new property or deletingan
existing one,canbreakexisting queries.

In summaryit is theoreticallypossible but unattractve
andbeyondthe capabilitiesof usersto represenandquery
propertiesusingan ordinarysemistructurediatabaseThe
extensibledatamodelpresenteéh this papercanbeviewed
as,andperhapganevenbeimplementedis,alayerontop
of a normalsemistructuredlatamodel. The layerimple-
mentsthe semanticgor eachpropertyandcorrectlytrans-
latesqueriesandresultsbetweerthe userandthe underly-
ing database.

3 Extending a Semistructured Data Model
With Properties

This sectionfirst definesa semistructurewith properties,
thendefinesthe foundationnecessaryor queryingsucha
semistructureandfinally considersipdate.

3.1 A Semistructured Model With Properties

A semistructureddatabase DB = (V, E, &root, T),
consistsof a setof nodes,V, a setof labeled,directed
edgesF, asingleroot node & root, anda collectionof so-
calledpropertyoperations[’, thatdeterminghe semantics
of properties.We alsodefine ROOTS C E to betheset
of edgesmanatingrom &root. (Theseedgedeadto what
would normally be consideredhe roots of the semistruc-
ture;theextralevel of indirectionsenesto recordthe prop-
ertiesof therootnodes.)An edgein E from nodev to node

w with the label £ is denotedv —=5 w. £ is a label with
properties

Definition 3.1 [Labelwith properties]
A label with properties, £, is a set of m pairs,
{(p1: 21), (p2: z2), ..., (Pm: zm)}, where(i) eachp;
is the nameof a property (ii) z; is avaluedravn from the
propertys domain,thatis z; € domain(p;), (iii) property
operationsexist in T for eachp;, and (iv) eachproperty
nameis unique thatis, Vi, j(p; = p; =i = j).

A required property say p; with value z;, is denoted

Example 3.2 In Figure 2, an edgeconnects&movies to
&Color of Night . The labelis the setof properties

{(name: movie), (security! over 18)}. The security prop-
erty is arequiredproperty It is intendedto limit accesgo
thenodeto individualsover 18 yearsof age. m|

To accommodatgropertiesin queries,several opera-
tions for eachpropertyare needednamely propertycol-
lapse(PrCl), propertymatch(PrMa), propertycoalesce
(PrCs), andpropertyslice (PrSl) (seeSection3.2). These
operationsleterminghesemantic®f propertiesandarein-
cludedinT.

Definition 3.3 [Propertyoperations]

For eachpropertyp in alabel,operationsvith thefollowing
signaturesshouldbe presentin I'.  For brevity, let T be
domain(p).

PrCl,: T xT — T U {undefined}

PrMay, : T x T — BOOLEAN

Pr(s, : 2T U {undefined} 5 T {yndefined}
PrSl, : T xT — T U {undefined} O

Theseoperationgollapsematch,coalesceandslice prop-
ertyvalues.

New propertiesmaybeintroducedat ary time by regis-
teringtheappropriateperationsvith thedatabaseDefault
semanticsare availablefor the operationsaswill be dis-
cussedn Section3.4.2. Table 1 lists operationsfor one
possiblemplementatiorof the propertiediscussedn this
paper Therole of thepropertyoperationsvill becomeclear
whenqueryingis considerednext.

3.2 Retrieving Information From Semistructures
With Properties

This sectionextendsthe informationretrieval capability of
anordinarysemistructuredquerylanguageo handlelabels
with properties. Emphasisis on the query languageas-
pectsthat are affected by the new labels. Theseaspects
arequitelocalized,sincelabelsareusedonly in pathregu-
lar expressiongo traversepathsin thesemistructureThere
aretwo partsto the extension. First, whenretrieving data,
only valid pathsshouldbe followed, as discussedn Sec-
tion 2. We definea Valid predicateto testwhethera path
is valid by determiningwhetherthe pathcanbe collapsed
to a single edgewith a label that preseresthe informa-
tion contentof all the labelsalongthe path. Second path
regular expressionganust be generalizedo supportlabels
with propertiesandrequiredproperties. This involvesre-
defininghow labelsarematchedn the evaluationof anex-
pression.We concludeby observingthat the extensionis
strictly additve—theextendedretrieval mechanisnworks
asexpectedon a semistructurevith simplestringlabels.

3.2.1 Path Validity

Only someof the pathsin the semistructurarevalid. In-
tuitively a pathis valid if it transitsthroughpropertieghat
sharesome‘commonality” Thiscommonalityis computed
by collapsingthelabelson the path.



I name | valid time | security | transactiontime | price | quality
PrMa, = truthassignment overlaps overlaps > <
PrCl, | concatenation AND intersection|  intersection sum minimum
PrCs, union OR coalesce coalesce min average
PrSi, semanticerror | conjunctelimination | intersection intersection > pruning | < pruning

Tablel: PropertyOperations

Considetthe caseof a pathto a movie stars name.One
suchpathis shovnin Figure3, composedy thesolidlines.
Intuitively, thepathformsavirtual edge from &movies to
BruceWllis. In thefigure,thevirtual edgeis depictedasa
dashedine. Thevirtual edgeshouldhave a labelthatde-
scribest, justlike ary otheredge.Thislabelis determined
by collapsingthelabelsalongthe pathinto asinglelabel.

/

/ name: movie
/ trans. time: [31/Jul/1998 - uc]
/

name: movie.stars.name  /

trans. time: [31/Jul/1998 - uc] / &Star Wars IV
/

/

// name: stars
/
/
/
/
/
/ .
/ name: name
1 4 trans. time: [2/Apr/1997 - uc]

Bruce Willis
Figure3: A (Virtual) Edgefor the Nameof a Movie Star

Theoperatiordescribedelow collapses pathby recur
sively collapsingthelabelsalongthe path. A pair of labels
is collapsedby determiningtheir commonproperties. If
only one of the labelshassomeproperty that propertyis
propagatedo the collapsedabel. A missingpropertyin
alabelis interpretedas“don’t careinformation; meaning
thatary valueof the missingpropertyis acceptabléor the
label. For propertieghatappeaiin bothlabels,a property-
specificcollapsingconstructois usedto computethevalue
of the property This constructorcould resultin an unde-
finedvalue,whichsignifiesthatthesdabelsdonothaveary
commonalityfor thatproperty The pathis collapsedack-
wards thatis, from thesinkto thesourcewhich effectively
meanghateachcollapsingconstructois left-associatie.

Definition 3.4 [CIPtr : PATH — EDGE)]

Collapsepath(ClPtr) takesa pathandcomputeghelabel
for the virtual edgebetweenthefirst andlastnodesin the
path. The operationis extensiblein thatit dependsn the
semantic®f thepropertiesasgivenby I'. Eachconstructor
PrCl, in T is property-specifi@andis usedto collapsea
pair of propertyvaluesfor propertyp. In this operation,
requiredpropertiesaretreatedthe sameasotherproperties.

ClPtr (v £ w) = Sy 5w
ClPtr(v RINEN w) = 2

L ={(p: PrCly(z, y) | (p:

v =5 w where
z) €Ly A (py) € Lo} U

{(p:2) | (p:2) € Ly
{p:y) [ (p:2) €L
ClPtr(viwu—> . —mmu)

CIPtr (v =5 ClPtr(z =2 ...

A (pry) € L2} U
A (pry) € L2}

11>«

Ly ) O

The collapsingconstructoy PrCl,, depend®n the seman-
tics of the property Tablel suggestgonstructorsor afew
commonproperties.In general sinceeachpropertyis col-
lapsedindependentlythe collapseconstructorfor a prop-
erty shouldeitherbe a mutator, which transformsone do-
mainvalueinto anotheye.g.,concatenatiomr arestrictor,
which reducesthe extent of the domainvalue, e.g., time
interval intersection.

Example 3.5 The transaction time propertyin the col-
lapsedpathin Figure3 is [31/Jul/1998- uc]. Thisis thein-
tersectiorof thetransactiortimeson the edgesonthe path.
It follows that the value Bruce Willis wasdescribedn the
databas@sa movie.stars.name from 31/Jul/19980
thecurrenttime (until it is changed)Notethatthisis notan
exclusivedescription—adifferentmovie.stars.name

path (through &Color of Night ) is current over a
slightly longertransaction-timéntenval. m|

To determindf apathis valid, the pathis collapsedand
theneachpropertyis checledto ensurehatit is defined.

Definition 3.6 [ Validr : PATH — BOOLEAN]
A path, P, is valid if aftercollapsingthe path,thereareno
propertieswith undefinedralues.
Validr (P) 2 Vp [ (p:undefined) & L A
(plundefined) & L A

v =5 w = ClPtp(P)] O

Example 3.7 Considerthe path from &movies through
&Star Wars IV to the misspelledvalue BruceWlis in
Figure2. Whenthe pathis collapsedthe name property
in theresultinglabelhasthevaluemovie.stars.name
Thetransaction time propertyis undefined The transac-
tion timesof thefirst andlastedgesn the patharedisjoint,
so their intersectiondoesnot producea valid transaction
time value.Consequentlyhe pathis invalid. O

Thecostof checkingpathvalidity is O(n - m), wheren
is thelengthof the pathandm is the numberof properties
in alabel. We expectthatm will usuallybe muchsmaller
thann. Pathvalidity canbe checledasa pathis matched,
asdiscussedahext.



3.2.2 Path Match

In this section, we first provide a meansof determin-
ing whethera usergiven descriptor specifiedin a query,
matchesa label. The label matchingoperationis thenin-
corporatednto an Match operationto matcha pathregular
expressiorto pathsin thesemistructure.

Label matchingin existing semistructuredjuery lan-
guagesis straightforvard. The descriptoris typically a
singleword or phrasethatis comparedusingstring com-
parison,to the label. For example,in the regular expres-
sion(person | employee).name? ,thedescriptors,
the basic building blocks of the regular expression,are
person , employee , and name. During evaluation of
this expressionthe descriptoperson would only match
alabelperson onanedge.More flexible stringcompar
isonsbetweerdescriptorandlabelsaresupportedn some
languagessuchasLorel [3], which reusethe wildcard op-
erator'% from SQL. The descriptorper% would match
ary labelthatstartswith ‘per’.

Thesemantic®f labelmatchingis moreinvolvedin our
modelsinceeachlabel is a setof properties.In addition,
string comparisonis insufficient becausemary properties
are not strings. Thesecomplicationsare addressedh the
labelmatchoperation_aMa, definedbelow. In generalpp-
erationLaMa succeedsf every individual propertyin the
descriptorhasa matchin the label or is missingfrom the
label. Extrapropertiesn the labelareignored,anddiffer-
ent PrMa, operationsare usedfor differentpropertiesp.
Notethatthedescriptolis alabelin the operatordefinition.

Therearethreecasedo consider (1) A required prop-
erty in onelabel is missingfrom the otherlabel. In this
casethematchdoesnotsucceedA requiredpropertymust
be presentin both labels. (2) A non-requiredpropertyin
onelabelis missingfrom the otherlabel. In this casethe
matchsucceeddecauseanissing propertiesare treatedas
don't careinformation. (3) The propertyis presenin both
labels. The predicate,PrMa, specificto the propertyis
usedto determinef the propertyvaluesmatch. Required
andnon-requirecropertiesaretreatedthesame.

Definition 3.8 [LaMar : LABEL x LABEL — BOOIL]
Label £ is matchedagainstiabel S asfollows. LaMa de-
pendson the semanticof the propertiesasspecifiedin T,
sincepropertiedn thelabelsareindividually matched.

LaMar (L, S) 2
Vp, z[(p! z) € L = 3y[(p: y) € S A PrMay(z,y)]] A
Vp,yl(p'y) € S = Fz[(p: ) € L A PrMay(z,y)]] A
Vp,z,y[(p:x) € LA (p:y) € S = PrMay(z,y)] O

The property-specifipredicatePrMa, matcheswo prop-
erty values. For example,equalitymay be usedfor name,
and time intenval overlapsmay be usedfor transaction
time. SeeTablel.

Example 3.9 The label that follows requiresa movie de-
scription.

Lmovie := {(N@ame! movie)}

In Figure 2, there are two labels with a movie name
property OnedescribesColor of Night ; theother
&Star Wars IV.

S. := {(name: movie), (security! over 18)}
Sy := {(name: movie), (trans. time: [31/Jul/1998- uc])}

Thesdabelsarematchedasfollows.

o LaMar(Lmovie; Sc) = False; therequiredsecurity,
over18,is missingfrom £, oyic -

o LaMar(Lmovie; Sw) = True; theextra transaction
time propertyin S, isignored. O

OperationLaMa is the basisfor interpretingregular
expressionsof descriptors. Generally theseregular ex-
pressionareinterpretedexactly asin othersemistructured
query languagesand the usualregular expressionopera-
tions (+, *, ?, |, and. for sequencinghave their usual
meaning. The only essentialdifferencebetweenour lan-
guageandstandardsemistructuredjuerylanguagess that
the matchedpathis checledto ensurethatit is valid. The
following operationextendsa setof pathsin a semistruc-
ture,if thesequencef labelson anextendedoathmatches
theregularexpressiorandthe entirepathis valid.

Definition 3.10 [Matchpp : 2PATHS x REG — 2PATHS)
Let S be a setof startingpaths(typically the roots of the
semistructureand X be a regular expressionover an al-
phabebf (extended)abels.ThenX is saidto matchapath
in DB = (V, E, &root, T') by extendinga pathin S as
follows.

Matchpp(S, X) £ {z |z € M(S,X) A Validy(z)},
wherethematchey M, is definedasfollows.

M(S, L) ={v1 =5 ... ™ vy |
vli> ﬁglvaS/\
O Em Umy1 € E A LaMar(L, L)}
M(S,X.Y) = M(M(S, X),Y)
M(S,Xx)=S U M(S,X+)
M(S,X+) = M(S, X.X%)
M(S,X?) =S U M(X)
M(S,X|Y)=M(S,X) U M(S,Y) O

In the definition, the matcherM extendsa pathin S by
recursiely decomposing pathregularexpressionthe ex-
pressionunifieswith the secondargument). The matcher
extendsa standardsemistructurediatabasenatcherto use
LaMar to matchindividuallabels,asdiscusse@bove.

We notethatthe presencef cyclesin the semistructure
canleadto aninfinite resultset,just like matchingin ary
semistructuredjuery language. Consequentlywhen this
operationis implementedsomestratgy mustbe adopted
to eitherbreakcycles(e.g.,nodemarkingis usedfor Lorel)



or otherwisegeneratefinite resultsets(e.g.,stopafterthe
first N matches).Which stratgy to useis a decisionbest
left to a languagedesignerAUCQL usesnodemarkingto
breakcycles.

Thecostof Match is essentiallfthe sameaspathmatch-
ing in anormalsemistructuredatabaseatworsttheentire
semistructuras explored. The pathvalidity canbe com-
putedas eachpathis explored, althoughit costsan extra
factorof O(m), wherem is the numberof propertiesn a
label. LaMa is alsoan O(m) operationassuminghatthe
propertiesin a label are sortedor hashed.So overall, the
costof matchingin our framework grows by afactorof the
sizeof eachlabel.

Sometime®nly the setof final nodesn a setof pathsis
desired.

Definition 3.11 [ Nodes : 2PATHS _, 9gNODES)
Let P beasetof paths.

L

Nodes(P) £ {w|v = ... £ w e P} i

Example3.12 A useris interestedn retrieving informa-
tion aboutmovie starsasof 31/Jul/1998 Thatsetof nodes
canbeobtainedasfollows.

Lmovie = {(Nname! movie),

(trans. time: [31/Jul/1998 31/Jul/1998]}
Lstars := {(name! stars),

(trans. time: [31/Jul/1998 31/Jul/1998]}
Lname = {(Nn@ame! name),

(trans. time: [31/Jul/1998 31/Jul/1998]}

Nodes (MatCh DB (ROOTS; Limovie-Lstars-Lname ))

Recallthat ROOTS is the setof edgesfrom &root to
rootsin the semistructure.The regular expressionin this
exampleis a sequencef descriptors.In eachdescriptor
the nameis required(so an edgewithout a name will not
match), but the transactiontime is not required(an edge
thatis missingatransactiontime is presumedo exist atall
transactiortimes). Propertiesiot mentionedn the descrip-
tor areignoredin the pathmatching,unlessthe propertyis
required,n which casethelabelis notmatched.

It is instructve to considerfour pathsin Figure 2.
(1) The path through &Color of Night to the mis-
spelledvalueBruceWlis is not matchedsincetherequired
level of security (over 18) is missingfrom the descriptors.
The usermust have a digital certificatethat authenticates
heror himasbeingover18,andmustaddthatto thefirstde-
scriptorto matchthatedge.(2) The paththrough&Color
of Night to thevalueBruceWllis is alsonot matched
for the samereason.(3) The paththrough&Star Wars
IV to the misspelledvalue Bruce Wlis matchesthe reg-
ular expressionput is not a valid path (seeExample3.7).
(4) Thepaththrough&Star Wars IV tothevalueBruce
WIllis is the only paththatbothmatchegheregularexpres-
sionandis avalid path. |

3.2.3 Backwards Compatibility

Compatibility with current semistructured models is
achieved by assuminghat the string labelsin thosemod-
els default to name properties.Henceour framavork can
representry existing semistructuredlatabaséy model-
ing it asa databasén which every label containsexactly
onenameproperty

Usingthesamedefault, retrieval queriesalsoremainun-
changedln existing semistructuredatabaseall pathsare
valid. In our framework, if every labelconsistsof a single
nameproperty thenall pathsarealsovalid (namesarecol-
lapsedusingstringconcatenationyhich neverresultsin an
undefinedsalue). In existing semistructurediatabaseshe
labelsarematchedisingstringcomparisonjustlike in our
framework, so pathregular expressiongnatchexactly the
samepathsin bothmodels.

Finally, we obsenre thatour framavork seamlesslgup-
portsthe mixing of datafrom existing semistructuresvith
data that has richer meta-datasince propertiescan vary
from labelto label. Henceasmuchor aslittle dataasde-
siredcanbe migratedto usethe new type of labels.

3.3 Additional Query Operators

In this sectionwe presentereralquerylanguageoperators
thatareusefulwhenqueryingtheinformationwithin labels.
First, a label restructuringoperation,calledSlice is given

that carvesa portion from eachlabel on a path. Next, the

previously definedCIPt operatioris trivially generalizedo

operateon the resultof a Match. Finally, a Coalesceop-

erationis definedto extractthe valueof a propertythatis

distributedin severallabels.

3.3.1 Slice

It is often useful to slice a portion from a property in
eachlabel alonga path. The mostcommonexampleis a
transaction-timeslice, or rollbadk, query that determines
the other propertiesas of a particulartransactiortime. A
pathis slicedby slicingeachpropertyin alabelonthepath,
andcheckingwhethertheresultingpathis valid.

Definition 3.13 [Slicer : LABEL x 2PATHS _y 9PATHS)
A descriptoy L, slicesthelabelsalongeachpathin a setof
paths,P, asfollows.

Slicer(C, P) 2 (v 25 ... Zny |

vE L EmweP A
Ly = LaSly (L, L) A ... AL}, = LaSly (£, L) A
Validp(vi iw) O

A labelis sliced propertyby property This slicing is
complicatedoy missingproperties.Specifically if a prop-
ertyis missingfrom thedescriptorbut presenin thelabel,
it is passedinchangedhto theresult. A missingpropertyin
alabelis alsomissingin theresult,exceptif thedescriptor
requiresthe property in which casethe propertyfrom the
descriptoris addedto theresult. Finally, if the propertyis



bothin thelabelandthe descriptothena property-specific
constructoslicesthe propertyappropriatelyandaddsit to
theresult.

Definition 3.14 [LaSlyr : LABEL x LABEL — LABEI)]
A label, L, slicesalabel, S, asfollows.

LaSic (L, S) &
{(p! PrSl,(z,
(p! A(p:y) €SV (ply) € S} U
{(p! PrSiy(x
( eSA((pz) €LV (plz) € L)} U
) | (prz) € LA(pry) € SU
y)ES/\—'Hx[(p x) €LV (plz)e L]}U
pw)EE/\ﬂy[(p y) € LV (ply) € L]}V
p:x) € LA-Ty[(py) €SV (ply) €S|} O

Recall that PrSI, is a property-specificconstructorthat
slicesaproperty Table1 shavstheslicing operators.

Example3.15 A useris interestedn retrieving the other
propertiesaboutmovie starsnamesasof the currenttime.
Thatsetof pathscanbe obtainedasfollows.

Ly, :={(name! movie)}

Ls := {(name! stars}

L, := {(name! name}

Lnow = {(trans. time: [now - now]) }

Slicer (Lpow, Matchpg(ROOTS, Ly.Ls.Ly))

Note thata Slicer with L,,,, asits first agumentdiffers
from a Match with that descriptorsincethe transaction
time propertyof every label (that hasa transactiortime)
in the sliced pathis [now - now], whereasthe transac-
tion time propertyin thematchedgathwouldbeunchanged
from theunderlyingdata. a

3.3.2 Collapse

In thissectionthe Path Collapse;- operationintroducedn
Section3.2.1is trivially generalizedo collapseevery path
in a setof paths.Typically, Match pg first chooses setof
pathghatmatchsomeregularexpressionthenthepathsare
collapsed,anda propertyis coalescedrom the collapsed
paths.

Definition 3.16 [ Collapser
A setof paths,S, is collapsedby collapsingeachpathin-
dependently

. 2PATHS - 2EDGES]

Collapser(S) £ {CIPtr(P) | P € S A Validr(P)} O
Theutility of anoperationlike Collapsehasbeeninves-
tigatedin othersemistructureduerylanguagesvhereit has
beencalled“pull-up” [1]. In Lorel, Collapseis not anop-
erationat the querylanguagdevel; rather it is usedin the
implementatiorio computethe valueof a pathvariable

3.3.3 Coalesce

Several (virtual) edgesmay connecta pair of nodes. For
example,two edgesconnectthe pair of nodesin Figure4.
Thefirst edgewasaddedwhenthe review beganto be de-
velopedon 15/Mar/1998. The securitywas setto restrict
the edgeto pagedevelopers. By 25/May/1998,the edge
was publicly releasedas part of the Juneissueandso the
securitywaswealenedto includepaidsubscribers.

mmovie
&Star Wars IV

review
subscriber
[25/May/1998 - uc]

review
developer
[15/Mar/1998 - 24/May/1998]

&by Videotasti¢

Figure4: Evolving InformationAbout a Review

name:
security!
trans. time:

name:
security!
trans. time:

When several edgesconnecta pair of nodes,informa-
tion aboutasinglepropertymaybedistributedamongmul-
tiple labels.In orderto determinghefull extentof a prop-
erty that(conceptuallypertaingo arelationshipbetweera
pair of nodesyregardlesof whetherinformationaboutthat
propertyis distributedamonga numberof edgesit is ad-
vantageou$o coalescehe propertyfrom the setof edges.
Definition 3.17 [ Coalescer NAME x 2BDGES  _,
VALUF]

Assumethat a setof edges,F', connectghe samepair of
nodes.F is coalescedor a singleproperty p, asfollows.

Coalescer (p, F') 2 PrCsp(
(z| ()L V (Pa)eL Av-3weF}}U
{undefined | ((p:z) ¢ L N (p'z) & L) A

v we F}) O

The PrCs, operationis a property-specificconstructor
Unlike the collapsingconstructorthe coalescingonstruc-
tor doesnot have to be a restrictoror mutator Also, the
resultis notalabel,but asingle,coalescedalue.

Example 3.18 The following stratgly canbe usedto de-
terminethe transaction time for the review of Star Wars
IV by Videotastic irrespectve of the security, valid time,
etc. First, find all the pathsfrom arootto thereview. Note
thatthis requiresa certainlevel of security. Secondcol-
lapseeachpathinto a virtual edge. Finally, coalescehe
transaction times of thevirtual edges.

Lmovie := {(N@ame! movie), (security: developer)}
Lreview = {(name! review), (security: developer)

E := Collapser(Matchps(ROOTS, Lmovie-Lreview))
Coalescer (trans. time, E)



Theresultis {(&root , (trans. time: [15/Mar/1998- uc]),
&by Videotastic )}. The coalescedransactiortime
property [15/Mar/1998- uc], is theunionof thetwo trans-
actiontime intervalsin Figure4. |

3.4 Updates

Whentransactiortime is one of the supportecbroperties,
specialsemanticgor updateshouldbe enforcedto accom-
modatetransactiortime. In atransaction-timelatabas¢he
databasés trustedto enforcethesesemanticsOn theweb,
no suchtrustedmechanisnis availablefor updates.How-
ever, individual sitesor even collectionsof pageswithin a
site canbe archived to correctly supporttransactiortime.
Becauseof the flexibility of our framework, information
from pagesthat supporttransactiontime can be freely
mixedwith informationfrom pageghatdo not.

In this section,we describethe constraintghat should
exist to correctly supporttransactiortime, but leave open
theissueof haw theseconstraintsare enforcedon update.
An updatecan be either at the datalevel, consistingof a
changeo anedgeJabel,or node,or atthe meta-datdevel,
consistingof the additionof a property We discusseach
kind of modificationin turn.

3.4.1 DataUpdates

An edgecanbeinsertedat ary time into the semistructure.

On insertion, the transactiontime of the label on the in-
sertededgeis setto [current time — uc].

Definition 3.19 [Edgeinsertion]
Let T bethecurrenttime. An edgeis insertedinto a semi-
structure DB = (V, E, &root, T), asfollows.

Insertpg(T,v N w) £
(VU {v,w}, EU{v i>w}, &root, T'),
wherel' = £ U {(transactiontime: [T — uc])}. O

Redundanandoverlappinglabelsare permittedon edges,
i.e., the datais not storedcoalesced Note alsothat edge
insertioninsertsnodesif the nodesnot alreadyexist in the

databaseWe do notgive aseparat@peratiorto insertonly

anode(ourfocusis ontherelevantchangeseededo sup-
portpropertiesn labels).

Edges are (logically) deleted by terminating their
transaction-timénterval.

Definition 3.20 [Edgedeletion]
Let T be the currenttime. An edgeis deletedfrom a
semistructureDB = (V, E, &root, T'), asfollows.

Deletepp(T, v £, w) 2

(V, (E — {v i)w}) U {v L’)w}, &root, T),
wherethe label £’ is exactly the sameas L exceptin the

transactiortime property If £ hasatransactiortime prop-
erty, say(transactiontime: z), then

L' = L — {(transactiontime: z)} U
{(transactiontime: (z N [beginning — T1))}.

If thetransactiortime propertyis missingfrom L,

L' = £ U {(transactiontime: [beginning — 71)}. O

Finally, a nodecanbe (logically) deletedby removing
all incomingedgesandanedgemodificationis modeledas
anedgedeletionfollowedby anedgeinsertion.

Example 3.21 Thetransactionshatcreatedhetwo edges
in Figure4 aregivenbelow. Let

v:= &Star
w:= &by Videotastic

Ly = {(name: review), (security! developer), and
Ly = {(name: review), (security! paidsubscriber).
On 15/Mar/1998thefirst edgeis inserted:

Insert pp(15/Mar/1998p =% w)
On 24/May/1998thefirst edgeis deleted:

Delete pp(24/May/1998p L, w)
On 25/May/1998the secondedgeis inserted:

Insert pp(25/May/1998p =2 w) O

Wars |V,

3.4.2 Adding and Removing Properties

Justasdataevolvesovertime, propertiecanalsobe added
and(logically) deleted.

A propertymay be addecto alabelatany time. For all
existing labels,the new propertyis simply missing. When
a labelis subsequentlynsertedor updatedthe new prop-
erty can be usedas needed. Each property consistsof a
uniguename adomainor type,andfour operationsPrCl,
(collapse),PrMa, (match),PrSl, (slice),and PrCs, (co-
alesce). A databasealesigneraddsthis informationto the
semantic®f properties]’, within DB. For mostproperties,
the default semanticdor operationgyiven belown will suf-
fice.

Definition 3.22 [Default propertysemantics]
Let¢, andt, beary valuesfor the property

Pf‘Clp(tl,tz) = /\tl t2. tz

PTMap(tl,tz) = )\tl t2. t1 = t2

PrSl,(t1,t2) = SemanticError

PrCsp({t1,---,tn}) = Semanticrror O

Two propertiesaareby default collapsedo thesecondsince
pathsare collapsedtop-down, from a root to a leaf. The
“closest” or mostrecentpropertyto a leaf is taken to be
therelevantproperty Considera URL propertythatgives
the URL at which a datumresides.The URL of the page
that containsthe datumis morerelevantthanthe URL of
a parentpage,andthis is exactly whatis computedoy the
default collapseconstructor Two propertiesmatchonly if
they areequal.No defaultsareprovidedfor and PrSl,, and
PrCs, sinceno reasonablegeneraldefaults exists. Fur
thermoretheseoperationsreonly invokedby mentioning
thepropertynamein anadditional specificquerylanguage
operation(they arein somesenseoptional).



A propertycanbe deletedby remaoving the propertyse-
manticsfrom I'. Although existing labelsin the datastore
will mentionthepropertythepropertyisignoredin all sub-
sequenbperationgexceptfor labelswith a requiredprop-
erty in the deletedproperty which will fail to matchary
subsequentjuery). To save space,and remove required
properties the propertyshouldalso be deletedfrom each
edge but this might be costlyanddisruptive.

This simple supportfor propertiescanbe enhancedy
maintaininga history of propertyinsertionsand deletions
as meta-meta-data.This can be accomplishedby using
nameand transactiortime propertieswithin eachlabelin
themeta-dataThenpreviousdatabasstatesanbequeried
with the propertiesavailable as of that previous state,but
this issueof transactiortime supportfor propertychanges
is beyondthe scopeof this paper

4 AUCQL

This sectionoffers a brief overvien of an SQL-like query
language AUCQL, for queryinga semistructuredatabase
that has beenextendedwith properties. AUCQL is like
Lorel [3], but hasadditionalconstructgo permitqueriesto
exploit properties.The focusof this presentatioris on the
smallchangedo the SELECT statemento supportthe ex-
tendedquerylanguageoperatorsliscussedn the previous
sections.The readers encouragedo interactvely try the
AUCQL querieggivenhere or otherqueriesatthe AUCQL
website:<www.cs.auc.dk/"curtis’AUCQL >,

4.1 Variablesin AUCQL

The key to understandingAUCQL is understandinghe
specificatioranduseof variables Variablesn AUCQL are
very muchlike variablesin Lorel, the primary difference
beingthatin AUCQL, a variablecanrangeover the result
of ary of the extendedquery operatorsdiscussedn Sec-
tion 3.2. Below is an AUCQL (or Lorel) queryto find the
namef movie stars.

SELECT Name

FROM movie.stars.name Name;

(This is not the shortest, or best possible query but
is adequatefor the purposesof this discussion.) This
guery setsup a variable Name that rangesover the ter
minal nodesof pathsthat match the regular expression
movie.stars.name In terms of the operationsdis-
cussedn Section3.2,thevariablehasthefollowing mean-

ing.

Ly, = {(name! movie)}

Ls := {(name! stars}

L, = {(name! name}

Namee Nodes(Matchpg(ROOTS, Ly Ls.Ly))

In fact,in AUCQL, this interpretatiorcanbe given explic-
itly.

SELECT Name
FROMNODES(MATCH(roots,
(NAME! stars).(NAME!

(NAME! movie).
name))) Name;

In AUCQL, a baravord descriptor(e.g., movie ) defaults
to arequireduseof the name property(e.g.,to (NAME!

movie) ), sincethatwill bethemostcommonlyusedprop-
erty.

4.2 Defaults

Default propertiescanbe setto simplify queries. Oncea
defaultis set,thatvalueis usedfor the propertyin all sub-
sequenbperationsPropertiespecificallymentionedn an
operationoverridetheir default values. The syntaxfor set-
ting defaultsis straightforward. Below is an examplethat
retrieves movie stars’ namesthat are currentin the semi-
structure.

SET DEFAULT PROPERTY
(TRANSACTION_TIME: [now-now]);
SELECT movie.star.name;

Securityis oneof themostcommondefault settings.Users
can adwertisetheir security certificatesin all subsequent
querieshy settinga default.

SET DEFAULT PROPERTY
(SECURITY: over 18 AND subscriber);

5 Summary and Future Work

This papemproposesnextensibleframenork for capturing
more datasemanticdn semistructurediatamodels. The
framework is extensibleso thatit canincorporatethe lat-
estadwancesin diversedomains,from web security and
e-commercéo transaction-timelatabasesThe additional
semanticgor eachdomainarecapturedn enrichedabels.
Thenew labelsaresetsof descriptve properties The prop-
ertiesusedas examplesin this paperinclude transaction
time, price, security quality, andvalid time. But the prop-
ertiesdo nothave to bethesamefor every databaser even
for every labelwithin a databassincethis framewvork per
mits missing properties. Supportfor requiredproperties,
to model propertiessuchas security is also built into the
framework.

Severalnew operationsareneededo manipulatdabels
with properties. Match choosesa set of pathsfrom the
semistructuréhat matcha usergiven pathregular expres-
sion. Collapsecombinesthe propertiesin labelsalonga
pathto createa new labelfor the entire path. Sliceslices
a portionfrom eachlabel on a path. Finally, Coalesceco-
alescesa propertyfrom a setof edges. Theseoperations
arebuilt into the AUCQL querylanguageanimplemented,
Lorel-like querylanguagewhichis briefly describedn this
paper

This work may be extendedin a numberof directions.
Labelscan be further extendedto include a set of labels.
This doesnot greatly increasethe modeling power since
multiple descriptionf the samerelationshipcanbe split



into individual labelson a multitude of edges. However,
it is essentiato storingcoalescedabels,which may be of
somecorveniencdo theuser

We alsoneedto researchranslatingmeta-datan XML,
suchasRDF [21] or P3P[27], to a setof properties.The
translationshouldbe relatively straightforvard sincethere
is a clearmappingbetweerpathsin an XML data-setind
properties:eachpathmapsto a property the labelsalong
thepathcollapseto the propertys namewhile theterminal
valueof the pathis the propertysvalue.

Finally, andperhapsnostimportantly theimpactof our
framework on pathindexesmustbe addressedWe expect
thata spatialor (bi)-temporalindex canbe generalizedo
index pathsthroughpropertiesn labels,andwe planto in-
vestigatehisissuein thefuture.
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