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Algorithms for validation play a crucial role in the useof XML. Although much effort hasbeenmadefor

formalizingthe treatmenbf elementsattributeshave beenneglected. This paperpresents validationmodel
for XML documentghattakesinto accountelementand attribute constraintsmposedby a given DTD. Our
maincontributionis theintroductionof a new formalismto dealwith bothkindsof constraintsTo thisendwe
proposeanextensionof regulartreeautomatahatallows the constructiorof adeterministiautomatorhaving
the sameexpressiorpower asthatof aDTD. Our formalismgivesriseto an efficient validationmethod.

1 INTRODUCTION

In this paperwe introduce an extension of reg-
ular tree automatain order to efficiently validate
XML views (or documents)built from differentdata
sourcesaccordingto a particularschema.Efficiently
validatingXML viewsis particularlyimportantwhen
theschemaand/ortheview change.

An XML documentis usually definedas a set of
nestedelementsand representedy a labeledtree
However, it can containother componentssuchas
attributes, entitiesand hypertextual references.En-
tities andreferencespecify foreign informationand
onceprocessedhedocumentontentconsistonly of
elementsandattributes. By contrastto mostof work
concerningformal methodsto treatXML documents
(see(Neven, 2002b)for a surwy), in this paper we
introduceaformalismwhich aimsto treatnotonly el-
ementsbut alsoattributes To this end, we definea
new treeautomatorwhosegoalis to dealwith finite
treeshaving two differenttypesof nodes:thosethat
shouldbetreatedasmemberf a set(corresponding
to attributes)andthosethat shouldbe treatedas part
of asequencécorrespondingo elements).

Example 1.1 We considepartof anXML documen{con-
taininginformationaboutitemsin a shop)andits represen-
tationasatree.Werepreseneachnodein thetreeby shav-
ing its label (Item, for example)andits position(position
e for Item). We notethatthe elementDescriptionhastwo
attributesandno sub-element.

<Item>
<DescriptionitName="Les 400 Coups”
itType="DVD"/ >
<Price> 25.00</Price>

</ltem>
Item (€)
| ~
Description(0)  Price(1)
— | |
itName(00)  itType(01) data(10)
| |
data(000) data(010)

O

Our methodfor validatingXML documentganbe
outlinedasfollows:
¢ XML documentsareseenasunraniedlabeledirees
(i.e.,, treeswhosenodeshave a finite but arbitrary
numberof children)having two kinds of nodes.
e Someattributeandelementconstraintareimposed
by a predefinedschema. We use DTD (Document
Type Definition) asa schemdanguageandwe trans-
lateeachDTD d into anextendedreeautomatonA.
e A runof A onan XML treecorrespondso verify-
ing whethertheattributeandelementonstraint$old.
Theautomaton4 makesit possibleto checkvalidity
by a single bottom-uppasson the documenttree. If
all the constraintsaresatisfiedtherunis successful
Elementconstraintsare expressedby regular ex-
pressionsE and,thus,they areverified by testingif
the sequencesf sub-elementsorrespondo E. At-



tribute constraintsimply two kinds of tests, differ-

ing on whetherthe valuesassociatedo the attributes
shouldbeconsiderear not. Thefirst kind of testdoes
nottake into accounthevalues,only the existenceof

requiredand optional attributesis verified. The sec-
ondkind of testinvolvesattribute values. Thesetests
verify theuniguenessf someidentifiervalues(called
ID values)in the whole documentandthe existence
of ID valuescorrespondingo referencevalueg(called
IDREF or IDREFSvalues).

Herewe proposeanextendedreeautomatorcapa-
ble of (¢) verifying if anelementconstraintspecified
by a regular expressionE, is respectednd (ii) per
formingthefirst kind of testconcerningattributecon-
straints,i.e., comparingthe setof existing attributes
to thespecifiedone.Moreover, our validationmethod
usesexternal procedureswhile runningthe tree au-
tomata,to performthetestson theattributevalues.

Our tree automatondiffers from regular tree au-
tomata(Briiggeman-Kleinand Wood, 1998b)in the
form of the transitionrules. Ours are of the form
a,S,E — g whereaq is alabel, S is a setof state
sets, E is a regular expressionof statesandgq is a
state.A run is definedasusual: givena labeledtree,
theautomatorstartsits computatiorat theleavesand
then simultaneouslyworks up the pathsof the tree.
To move to a nodep upward on a tree, i.e., to as-
sumea stateq atp accordingto agiventransitionrule
a,S,E — q, ourtreeautomatorshould: (z) verify if
the label associatedo p is a, (i¢) checkif the states
assumedht the childrenof p thatarememberf the
setgroup (the attributes) correspondo thosespeci-
fied by S and (ii7) verify if the concatenatiorof the
statesassumedht the childrenof p thataremembers
of thesequencgroup(the sub-elementsjatisfieghe
regular expressionE. The tree automatoracceptsa
treeif thereis asuccessfutun,i.e,, if it is possibleto
performmove operationsrom the leavesto the root
andto assumena final stateat the root. Thefollowing
exampleillustratesthis computation.

Example 1.2 We supposehetreet of Examplel.1anda
treeautomatonA4 having thefollowing transitionrules:
(1)Item,{@, @}quescription QPrice— QItem

(2) Description{{qitNamey qitType}7 0}, 0 — (Description
(3)itName{d, 0},gaata— gitName

(4)|tTypE,{0, 0}1qdata_) qitType

(5)P"iCe{®, w}quata —> QPrice

(6)data,{0, 0}.0 — qiata

Therun of A ont is obtainedby applying, initially, rule
6 to all leaves of t to obtain the stateqgq¢, in positions
000, 010 and 10. The secondstep consistsof applying
rules3, 4 and5 to obtainthe statesgit vame, gitType and
qPrice iN positions00, 01 and1 respectiely. Theautoma-
ton continueshy verifying if rule 2 canbe appliedin order
to associatéhe stateqpescription t0 thenodeat position0.
This is possibledueto the following reasons:(z) the node
is labeledDescription, (it) its two childrenareattributes
correspondingdo the specificationof rule 2 (seeSection3

and5 for details)and (4iz) it hasno sub-elementmatching
theemptyregularexpressiorof rule 2. Following a similar
reasoningtheautomatorassociateg; . to thepositione.

Themaincontributionsof our methodare:

e To introducean extendedbottom-upfinite treeau-
tomatonwith thefollowing features:

- Itis capableof treatingfinite treeswith bothele-
mentandattribute nodes.

- It is deterministic sinceit is constructedrom a
nonambiguoudDTD.

- It is regular, i.e., it canbe reducedto a regu-
lartreeautomator{Briggeman-KleirandWwood,
1998b).

e To combinethe running of the automatonon a
treewith callsto an external procedue that stores
ID/IDREF(S) valueswhentheir correspondingat-
tribute nodesare found. To completevalidation,
aftera successfutun, the ID/IDREF(S) properties
areverified overthesestoredvalues.

e To bealineartime validationmethodin the sizeof
the XML documenteachnodeis visitedonce.

The restof this paperis organizedasfollows. In
Section2 we present shortintroductionto XML and
DTD. In Section3 we definethe labeledtreesused
to representhe XML documentsand we introduce
our notion of treeautomaton.In Section4 we shov
how to translatea DTD into a deterministictree au-
tomaton. In Section5 we presenthe algorithmsfor
validatingan XML documentandwe show that our
methodis correctandcomplete Finally, in Sections,
we considersomerelatedwork, and we discussour
perspectiesfor further research.Proofsare omitted
dueto lack of spacethey canbefoundin (Bouchou
etal.,2003).

2 XML DOCUMENTS AND DTDs

In this sectiorwe useanexampleto recallthemain
featuref XML documentsindwe defineDTDs.

Example 2.1 We considempartof an XML documenton-
taining information aboutinvoicesin a shop. The basic
componenbf XML is the elementdelimitedby matching
tagssuchas <Invoice> and </Invoice>. An XML docu-
mentis a setof elementswith orderedsub-elements.

<?xmlversion="1.0'2
<Shop>
< CustomelidCust="C012"idInvoices="001230124">
<Name> ManoelDubois</Name>

</Customer>

<InvoiceinvoiceNb="00123
<Date> 15/09/2002</Date>
<BillT o custNb="C012"5>



<ltem>
<DescriptionitName="Les 400Coups”
itType="DVD"/ >
<Price> 25.00</Price>
</ltem>

</Invoice>
</Shop>

In thisdocumenttheroot elemenis Shop.Someelements,

suchas <Price>25.00</Price>, containonly text. Ele-
mentscan have attributesdefinedas (name valug pairs.
Attributescannotbe nestedanda given attribute may only
occur once within an element. For instance, <BillTo
custNb="C012"5 indicatesthatthis elementis emptyand
hasattribute cust Nb whosevalueis C012. O

In a data-&changeervironment,we aremostlyin-
terestedn documentghat satisfy somespecificcon-

straints.A DTD is a schemdor the datarepresented

by XML documentsDTDs areclassifiedasextended
contet-freegrammargBriiggeman-KleirandWood,

1998b; Neven, 2002a)or astree grammars(Murata
etal., 2001). In this paper a translationalgorithmis

usedto build atreeautomatorfrom aDTD organized
asestablishedby Definition 2.1.

Definition 2.1 - DTD: A DTD (file) is atext file hav-
ing theform: <! DOCTYPE firstEle [ setof ele-
mentandattribute declarationg > andfollowing the
specificationdelown:

e The elementfirstEle is referredto asthe outer
mostelement.Its declarationshouldappeaiin the
setof elementdeclaration®f theDTD file.

¢ Anelementdeclamtion hasthefollowing form:
<!ELEMENT ele Name reg Exp|#PCDATA|[EMPTY >

. contentmodel
whereele Name is an elementnameandthe con-

tent model describeghe structureof the element
in termsof sub-elementanddatatypes. The con-
tent model is definedby regExp, a regular ex-
pressionover elementhamesor by oneof there-
senedwords #+PCDATA or EMPTY?!. #PCDATA
indicatesthat the elementele Name hasno sub-
elements,only a text value is associatedo it.
EMPTY meansthat the elementele Name must
have no sub-elementsr text associatedo it.

¢ Anattributedeclamation hasthefollowing form;
<IATTLIST eleName attSet >
whereele Name is the nameof the elementwhose
attributesarethosebelongingo thesetattSet. The
setattSet is a setof tuplescontaining for eachat-
tribute, its name, its kind and its status,denoted
by att-name att-kind and by att-status respec-
tively. For eachattribute, att-nameis an attribute
name att-kindis avaluefrom theset{ CDATA, ID,

\We considemeithermixednor ANY declaratiorin the
contentmodel.

IDREF, IDREFS} andatt-statuss avaluefrom the
set {#REQUIRED, #IMPLIED}. CDATA means
that the attribute is an arbitrary text. 1D means
that the attribute uniquelyidentifiesan elementin
the entire document. IDREF meansthat the at-
tributevalueis theidentifierof anotherelementnd
IDREFS denotesa list of IDREF. #REQUIRED
and#IMPLIED areusedto indicatewhetheranat-
tributeis compulsoryor optional,respectiely. O

Definition 2.2 - Alphabet of a DTD: GivenaDTD
d, let 3., bethesetof theelementnamesappearing
in d andX,4; bethe setof the attribute namesin d.
Thealphabebf aDTD is thesetY = Y. U ¥4 U
{data} wheredata indicateshe contentmodel#PC-
DATA or attribute valuesin d. O

It is importantto notice that, accordingto the re-
quirementsof W3C, in Definition 2.1 we consider
only unambiguou®TDs (i.e., DTDswherenolooka-
headis neededto decidewhethera string matches
a label (Briiggeman-Kleinand Wood, 1998a)). The
next exampleshovsa DTD for our shopdocument.

Example2.2 The DTD specifiesthat Shop is the out-
ermost element and is composedby zero or several
Customerelementand Invoice-elementin this order We
omit all declarationsof the form <!ELEMENT ele-
Name (#PCDATA)>.
<!DOCTYPEShog
<!ELEMENT Shop (Customer* Invoice*)>
<!ELEMENT Customer(Name,Address)
<!ATTLIST CustomeridCust ID #REQUIRED
idlnvoices IDREFS #IMPLIED >
<IELEMENT Address (Street,(StatéProvince),
Country?)»
<!ELEMENT Invoice (Date,BillT o, ltem+)>
<!ATTLIST Invoice invoiceNb ID #REQUIRED>
<!ELEMENT BillTo EMPTY>
<IATTLIST BillTo custNb IDREF #REQUIRED>
<!ELEMENT Item (DescriptionPrice}>
<!ELEMENT Description EMPTY>
<IATTLIST Description
itName CDATA #REQUJIRED
itType CDATA #REQUIRED> | > |

3 TREES AND TREE AUTOMATA

To introducethe notion of tree, we considera fi-
nite alphabe® andU denoteghe setN* of all finite
stringsof positive integerswith theemptystringe.

Definition 3.1 - Prefix relation : The prefixrelation
in U, denotedby < is definedby: v < v iff uw = v
for somew € U. Considerfinite subsetD C U. We
saythat D is closedunderprefixesif u < v ,v € D
impliesu € D. O

Definition 3.2 - ¥-valuedtreet: A ¥-valuedtreet
(or justatree)is amappingt : dom(t) - X U {\}
wheredom(t) C U is a nonemptysetclosedunder



prefixeswhich satisfies:j > 0,uj € dom(¢),0 <
i < j = ui € dom(t) andwhere) is aspecialsym-
bol thatindicatesthe emptytree. An emptytreet has
dom(t) = {e} andt(e) = \. Thesetdom(t) is also
calledthe setof positionsof ¢. O

We areinterestedn unrankedtrees(i.e., thereis no
prior boundon the numberof childrenof anode)and
we usethemto encodean XML documentsfollows:
The outermostelements the root andevery element
hasits sub-elementaind attributesas children. Ele-
mentsandattributesassociatedvith an arbitrarytext
have a child labeleddata, but its text valueis notrep-
resentedn thetreeitself. A leaf nodeis anelemenbr
anodelabeleddata Figurel shonvsthetreeobtained
from the XML documenibf Example2.1. We notice
that for eachpositionp € dom(t) we write ¢(p) to
indicatethelabelassociatedvith p.

Shop (€)

/\1

Customer Invoice

2 K/ 02\\ 10 /ﬂmn

idCust idlnvoices Name .... InvoiceNb Date “BilTo Item

000 01 020 100/ 1107120
data da?a data data data custNb Déggﬁption F'rix1:e:a31

/100A1301 l1310
data

1282@ itName itType

13000da1a daésmo

Figurel: XML tree. Eachnodeis representetby its
positionandits label.

Now, we proposego translatea DTD into abottom-
up tree automatonand to executeit over an XML
treein orderto verify the validity of the correspond-
ing XML document. This kind of automatonstarts
its computatiorat the leavesandthensimultaneously
works up the pathsof the tree. To move upward, to
a position p on a tree, an automatonhasto check
whetherthe childrenof p respectsomeattribute and
elementconstraints. This move is representedby the
assignmentf a stateq to positionp.

In this paperwe extendregulartreeautomatan or-
derto allow themto dealwith treeshaving two dif-
ferenttypesof nodes:thosethatshouldbe treatedas
memberf aset(thesetgroup) andthosethatshould
betreatedaspartof asequencéthe sequencgroup).

Definition 3.3 -  Extended non-deterministic
bottom-up finite tree automaton (ENFTA): An
ENFTA overX isatuple A = (Q,%,Qs,A) where
@ isasetof states()y C @ is asetof final statesand
A is asetof transitionrulesof theform a, S, E — ¢
where(i) a € X; (ii) S is asetof two disjoint setsof
statesj.e., S = {Scomp, Sop} (With Scomp C @ and
Sop C Q); (iii) E is aregularexpressiorover ), and
(iv) g € Q. O

Now, in orderto move upward, i.e., to assumea
stateq at positionp, our treeautomatorperformsthe
following tests:

1. If p haschildrenin thesetgroupthenthe statesas-
sumedfor themshouldcorrespondo thosespecified
by thesetsin S, namely S¢om, andS,,, correspond-
ing, respectiely, to p's childrenthat mustappearin
thetreeandthosethatmayappear

2. If p haschildrenin thesequencgroupthenafinite
stateautomatonm g, definedby E, shouldrecognize
the concatenatiowf p’s childrenstates.

Thetreeautomatoracceptsa treeif thereis a suc-
cessfutun,i.e., if it is possibleto performmove oper
ationsfrom theleavesto therootandto assumefinal
stateat theroot. The following definition formalizes
theconcepwof arun.

Definition 3.4 - Run of A on afinite treet: Lett be
atreeand A = (Q,%,Qf,A) anENFTA. A run of
A ontis atreer suchthatdom(r) = dom(t) defined
asfollows: for eachpositionp whosechildrenareat
positiong p0, ..., p(n — 1) (with n > 0), the stateq
is assumedht the positionp, i.e., r(p) = ¢ if all the
following conditionshold:

1L tp)=ack

2. Thereexistsatransitiona, S, E — ¢ in A suchthat
E is a regular expressionequialentto the finite
stateautomatormg.

3. Thechildrenof p ( the positionsp0, . .., p(n — 1))
canbe classifiedaccordingto thefollowing rules:
(a) aninteger0 < i < (n—1) isassumedaccording
to somecriterion(suchasthetypeof thechildren
of pint)and

(b) thepositionspO, ..., p(i—1) arememberof the
setsetG(possiblyempty)and

(c) thepositionspi, . .., p(n — 1) arememberof a
setseqG(possiblyempty)and

(d) everychild of p is amembereitherof setGor of
seqG but no positionis in bothsets.

4. The tree r is already defined for positions
p0,...,p(n — 1) thatis, r(p0) = go, ..., r(p(n —
1)) =dqn-1-

5. EitherseqGis emptyandsois E, or the concate-
nationg; . .. g,_1 of the statesassociatedavith the
positionsin seqGis recognizedy mg.

6. Thesetsof S respecthefollowing properties:

(a) Scomp g {qOJ .- 7Qi71} Where{QOJ .- J(Iifl}
is the setof all statesassociatedavith thes posi-
tionsin setGand

2Recallthatthenotationp(n — 1) indicatesthe position
resultingfrom the concatenatiorof the positionp andthe
integern — 1. If n = 0 the positionp hasno children.

3Clearly, whena positionp hasno children(i.e., n = 0)
thensetG = seqG = 0. If n > 0 andi = 0 thensetG =
(. Similarly, if n > 0 andi = n, thenseqG = 0.



(b) ({qu LR qi—l} \ Scomp) g Sop-

A runr is successfuff r(e) is afinal stateandatreet
is acceptedf a successfufun existsonit. O

Definition 3.4 shavs how a bottom-upautomaton
“works” on atree,by assigningstatesto the children
of a nodep befole associatinga stateto it. Eachas-
signmentr(p) = ¢ is alsocalledamove

Example 3.1 We considerthe tree t of Figure 1 andwe
supposea tree automatonA = (Q, X%, Qy,A), obtained
from the DTD of Example2.2 aswill be detailedin Sec-
tion 4. By this translatiorwe know that A containsthefol-

lowing transitionrules: §1 : data, {0,0},0 — qaste and
d2 : Imvoice, {{Ginvoicens}, 0}, qpate qBiTO Qrtem~+

— QInvoice- DUE1O 01, the stateqqqt CaANbe assumedat
all theleavesof r sinceall of themarelabeleddata.

Now, consideringposition 1, we supposethat its chil-

dren, positions10, 11, 12 and 13, are assignedo states
QinvoiceNbs qDate, qBiliTo ANAqrtem , respectiely. As the

elementinvoice hasone attribute and three sub-elements,

we fix ¢ = 1 in Definition 3.4 and thus setG = {10}
and seqG = {11,12,13}. We considerd,. We have
Scomp g {qinvoicer} and({qinvoicer}\Scomp) g Sop
and the word gpateqBiniToqrtem 1S recognizedby the fi-
nite stateautomatorassociateavith therule. Thenthestate
QInvoice CANbEassignedo positionl in r. O

Fromtheabove example,we noticethattheinteger
i is fixedaccordingo thetypesof nodesn thetreet.
In our approachwe useexternal functionsto obtain
extra informationaboutnodes(suchasthe type). In
this contet, givenatreet anda positionp € dom(t)
we supposehefollowing externalfunctions:
e type(t, p) mapsp is definedasfollows:

data if t(p) = data

_ element if t(p) € Lese

type(t,p) = attribute  if t(p) € Vaw
emptytree if t(e) = A

e value(t,p) returnsa subsetof D if type(t,p) =
data, with D being an infinite (recursvely enumer
able)domain,andis unde fined, otherwise.

e children(t, p) mapsp to thesetcontainingall posi-
tionspi in dom(t). If children(t,p) = () we saythat
pisaleaf of t.

e father(t,p) mapsp to the positionu € dom(t)
suchthatthereexistsi in N for whichui = p. Define
father(t,e) =e.

4 TRANSLATING DTDsINTO
TREE AUTOMATA

In thissectionwe considethetranslatiorof aDTD
into an tree automaton4 andwe shaw that the lan-
guagegeneratedby the DTD is equialentto thelan-
guagerecognizedy A.

Definition 4.1 - TreeAutomata from DTDs: Given
a DTD d, definethe extendedtreeautomaton4; =

(Q,%,Qy,A) associatedo d accordingto the fol-
lowing steps:

e Thealphabet is thealphabebf d.

o ={q.|aex}

¢ () is asingletonsetcontainingthe stateq ;¢ ke
thatcorrespond$o the outermoselemenin d.

e Thesetof transitionrulesA is built asfollows:

1. For eachelementdeclarationin d of the form <
IELEMENT eleName contentmodeb> build a
new transitionrulea, S, E — q, whereS = {0,0}
andwherea, E andgq, aredefinedasfollows:

(&) Thesymbola istheelemennameele Name and
thusg, is the statecorrespondingo a.

(b) If the contentmodelis regEzp then E is the
regularexpressiorobtainedby replacingall a in
regExp by q,.

(c) If thecontentmodelis #PCDATA thenFE is qgq14

(d) If thecontentmodelis EMPTY thenE is 0.

2. For eachattribute declarationin d having the gen-
eralform <!ATTLIST eleName attSet> do:

e For each tuple* v[att-name,att-kind, att-
status] in attSet:

(a) Build anew transitionrule att, {0, 0}, qaata —
datt SUChthatatt = v(att-name).

(b) Update the set S in the transition rule
eleName, S, E = qeieName asfollows:
if v(att-status)=#REQUIRED
thenScomp = Scomp ) {qu(att—name)}
elseSop = Sop U {CIV(att—name)}

3. Includetheruledata, {0,0},0 = qgata iNA. O

Now, we defineatableto storetheattribute proper
tiesfoundin aDTD d.

Definition 4.2 - Attrib ute table T: GivenaDTD d,
theattributetable T is built while constructingA4, in
thefollowing way: for eachattribute declarationn d
having the form <!ATTLIST eleName attSet> do:
for eachtuple v[att-name, att-kind, att-status] in
attSet addthe tuple vy [ele, att-name, att-kind] in
T suchthatvy (ele) = eleName, vy (att-name) =
v(att-name) andvy (att-kind) = v(att-kind) O

From Definition 4.1, we note that our translation
methodtakestime O(| ¢ | + | Zaue |). Besides,
the Glushlov method(Lee et al., 2000) is usedto
build, in time O(m?), a finite stateautomatorfrom
aregularexpression® havingm occurrencesf sym-
bols.

In thefollowing we statetwo interestingoroperties
of ourautomatonAy.

“Here,we usethe relationaldatabaseotation:If v is a
tupleover V' thenv(A) denoteshe valueof v on attribute
A € V. Moreover, for U C V, v[U] denoteghetuple u
over U suchthatu(A) = v(A) foreachA € U.



Proposition4.1 Givena DTD d, the treeautomaton
Ag is abottom-uginiteregular anddeterministidree
automaton. O

Theorem4.1 GivenaDTD d andtheENFTA Ay, the
treelanguage genemtedby d is equivalento thetree
languagerecanizedby Ay, i.e., L(d) = L(Ag). O

5 VALID ATING XML VIEWS

Giventhe XML treet representingan XML view
(or document) the treeautomatonA4,; andthe auxil-
iary tableT constructedromagivenDTD d, theview
validationprocessonsistsn the call valid (Ag, T, t)
(which returnstrue or false). Its implementation
uses,basically threealgorithms: (i) move the state
q to be assignedo given positionp, (iz) run imple-
mentsDefinition 3.4 usingmove, and(ii¢) valid uses
run to verify if anautomaton4 recognizesa treet
andtestsf thelD/IDREFSattributesconformto DTD
specificationsBelow we only presenthe algorithms
move andrun andwe referto (Bouchouetal., 2003)
for futherdetailson all thesealgorithms.

int functionmove (p, A, T, t) {
//* Computeghestateg € @ to beassignedo positionp
//* Or gerror If NOAssignmenis possibleaccordingto A
Letchildren(t,p) = {p0,...,p(n—1)},n >0
setehsy = 0;  Seqenst =€
/I* Splitsstatef {p0, ..., p(n — 1)} into asetof attribute
/[* statesanda sequencef element(or data)states
fori=0ton —1do{
if (type(t,pi) = attribute) setcnst = setenss U {r(pi)}
elseseqcnst = seqenst.T(pi)

if (t(p) == a andthetransitionrulea, S, E — q € A and

S = {Scomp; Sop} andtheautomatonn g defined
by E recognizeseqgcps: and (Scomp C setcps:) and
(setenst \ Scomp C Sop) ) returng)

elsereturn@error)

procedureun (A, T,t,r) {
//* Buildsarunr of A ont, i.e, atreer suchthat
//* dom(r) = dom(t) andwhoselabelsareelementof Q
C = {u € dom(t) | ~34 suchthatui € dom(t)}
//* C is thecurrentsetof nodesto betreated
pos = noOneGreater(C)
while C # @ do {
if (type(t,p) == attribute)
idIdref(T,t,p) |/ storedD / IDREF(S)values
r(pos) =move(pos, A, T, t)
C = C\ {pos}
if pos # € {
C = CU{father(t,pos)}
pos = noOneGreater(C)

o}

We note the use of two procedurescalled by run:
(1) ProcedureidIdref is usedto treatattributes. It
feedstwo tablesof attribute values,namelyV;p and

Viprers (treatedas global variables). If the node
at positionp is anattribute thenit hasjust onechild,
at positionp0. Proceduredldref verifiesthe kind
of nodep and addsthe contentof value(t,p0) to
Vip (respectielyto Viprers) if itis of kind ID (re-
spectvely of kind IDREF or IDREFS).The function
valid will checkif Vip hasno duplicatevalueandif
eachvaluein Vipgers existsin Vip. (i) Function
noOneGreater returnsamaximalpositionin C' with
respecto the prefix relation(Definition 3.1).
Theorem5.1 belonv shaws that only valid XML

documentswith respectto d have their treest rec-
ognizedby our validation method(correction)and,
conversely only treesrecognizedby our validation
methodcorrespondo valid XML documentswith re-
spectto d (completion).

Theoremb5.1 Given a DTD d, the associatedex-
tendedtree automaton.4,; and the associatedat-
tributetable T, let X bean XML documentaindt its
associatedree ThedocumentX is valid w.r.t. d if
andonlyif thecall valid (A4, T, t) returnstrue. O

Considering the compleity of our validation
methodandsupposinghatc; (resp.c;) is thenumber
of ID (resp.IDREF(S))valuesin the XML document,
inclusionteststhat verify ID/IDREFS propertiesare
in O(c;(c; + ¢r)). Finally, for every XML document
X, ourvalidationmethodis in O(ne+n,+c;(c; + ¢)),
wheren, is the numberof elementsandn, the num-
berof attributesin X .

6 RELATED AND FUTURE
WORK

The adwent of XML motivated some recentde-
velopmentsin the areaof databasesnd automata
(see,(Vianu, 2001) for a surwey on databaseheory
and XML). The interestin unranled tree automata
is relatively new (Alon et al., 2001; Briggeman-
Klein andWood, 1998b;Murataet al., 2001; Neven,
2002a;Papalonstantinouand Vianu, 2000) although
their ranked counterpartshave beenthoroughlyin-
vestigated Comonet al., 1997; Thomas,1997). In
(Neven,2002awefind asurwey dealingnotonly with
unranled tree automata,but also with tree-walking
automatandautomataover infinite alphabetsA reg-
ular tree automatonis usedto model XML datain
(Chidlovskii, 2000). The author proposesan XML
queryalgebra basedn this model.

Although a lot of algorithmsfor validating XML
documentsvith respecto someschemdanguagesx-
ist, formal work on this areausually doesnot con-
sider all the details of the problem. For instance,
(Murataet al., 2001)definesfour sub-classesf reg-
ular tree grammarsand their correspondingschema



languagegDTDs, for instance,are classifiedas lo-
cal tree grammars). The authorsoutline somealgo-
rithms for validation of documentsagainstschemas,
but insteadof consideringthe detailsof how to deal
with attributes and elements,they are interestedin
comparingschemdanguagegor XML. In (Segoufin
and Vianu, 2002) the authorsproposea methodfor
validating streamingXML documentsusing a finite
stateautomaton. In (Milo et al., 2000), the authors
considerthe type checkingproblemexpressedy k-
pebbletransducersshowving that the problemis de-
cidable. In (Alon et al., 2001), they considertrees
with labelsfrom aninfinite alphabetshaving thatin
this casetypecheckingbecomesindecidable.

Our work differs from those mentioned above
mainly on thetreatmenbf attributes,which hasbeen
usuallyneglected. Although the choicebetweenrele-
mentsandattributesto represeninformationis peren-
nial andusuallyarbitrary elementconstraintsandat-
tribute constraintsare completelydifferent. As al-
ready seen,contraryto elementsattributesare un-
ordereduniqueandatomic. Moreover, to completely
validatean XML documentwith respectto a DTD,
one should perform sometestson attribute values,
sincea DTD indicateshekind of attributes.

Themaincontritution of this paperis theintroduc-
tion of a new formalismto deal with elementsand
attributes. Although attributesand elementshave a
similar representatiorin a documenttree (both are
nodes)hey treateddifferentlyby ourtreeautomaton.
In this sensepurwork is similar to (HosogyaandMu-
rata,2002). However, theseauthorsdo not dealwith
DTDs andpresentan approachwherefinite stateau-
tomatachangeaccordingo theattributesfoundin the
document. In (Neven, 2002a)tree automataare ex-
tendedto treatattributesand values,i.e., usingtree
automataover infinite alphabetsin our work, we are
interestedn avalidationmethodand,thus,we do not
needto represenvaluesasnodesin thetree. More-
over, our external functionsare usedto performthe
ID/IDREF(S) testswithout requiringtreeson infinite
alphabets.

Our validation methodis basedon the tree model
(Murataet al., 2001) which considersan XML tree
createdin memory accessedia someAPI| suchas
DOM. The useof the event modeldoesnot imply
changesdn our formalism. We are currently imple-
mentingour validationmethodinto thesetwo differ-
ent ways. The formalism introducedin this paper
plays a crucial role in our presentand future work,
concerningupdateson XML views. The useof an
ENFTA to validateXML views allowstheimplemen-
tation of efficientupdateoperations.
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