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ABSTRACT

XML Schema language has been proposed to replace Documemf

Type Definitions (DTDs) as schema mechanism for XML data.
This language consistently extends grammar-
with constraint- and pattern-based ones and have a higher expres
sive power than DTDs. As schemas remain optional for XML, we
address the problem of XML Schema extraction. We model the
XML schema as extended context-free grammars and develop

novel extraction algorithm inspired by methods of grammatical in-
ference. The algorithm copes also with the schema determinism re-
quirement imposed by XML DTDs and XML Schema languages.
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1. INTRODUCTION

The Extensible Markup Language (XML) is a standard for ex-
change and manipulation of structured documents. The structure
of XML documents is often described by Document Type Defini-
tions (DTDs). Unfortunately, DTD capabilities appear to be limited
for many application domains. Mostimportant limitations of DTDs
are a non-XML syntax, a limited set of datatypes and loose struc-
tured constraints [3, 4]. As result, new XML schema languages,
such as DSD, Schematron and, in particular, XML Schema, have
been recently proposed to replace DTDs. These languages exten
the DTD model with novel important features, such as simple and
complex types, rich datatype sets, occurrence constraints and in
heritance. As the XML Schema language [1] is widely accepted as
the DTD successor, we align our approach with this language.

Problem statement. Despite the importance of schema infor-
mation, schema definitions are not obligatory in XML documents.
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This raises theproblem of extracting the schematic information
rom XML documents Ideally, the extracted schema should, on
one sidetightly representhe data, and beoncise and compagatn

based constructiondh€ other side. As the two requirements essentially contradict each

other, finding an optimal tradeoff is a difficult and challenging task.
Automatic schema extraction is highly helpful in many situa-
tions. First, it can be used for real worKML data with com-

aplex structurefor such data, schema design is a difficult and error-

prone work that often results in a large number of badly designed
DTDs [5]. Second, the automatic schema extraction can be bene-
ficial in mediator systems that cope whkterogeneous collections
of XML documents and need a common schema for all collections.
Finally, the semi-automatic schema extractiomy assist the de-
signer in the schema design. It consists in analyzing available XML
data, refining the existing schema patterns and finding new ones.

Our contribution in this paper is three-fold. First, we adtip
XML schema formalism based orextended context-free gram-
mars (ECFG) with range regular expressioralowed in nonter-
minal productions; such regular expressions combine grammatical
forms and constraints for nonterminals and element groups simi-
larly to constructions of XML Schema language.

Second, with the proposed schema model, we addre$s the
lem of schema extraction from XML collections. The ECFG-
based schema model makes the extraction problem more complex
than in the DTD extraction case [2], so we identify three impor-
tant components, namely, ()duction the context-tree grammars
from XML documents represented as structured examplegef®)
eralization of content stringito regular expressions, and &)n-
straining datatypegor simple XML elements. The second prob-
lem is the same as with the DTD extraction, but the first and third
ones are relevant to the powerful schema mechanisms offered by
novel XML schema languages. For the first problem, we extend
he method of CFG inference from structural examples [6]. For
he datatypes constraining, we develop an algorithm based on the
subsumption relationships among elementary datatypes in XML

Schema language. For the content generalization, we propose a
solution alternative to the DTD extraction [2], in order to cope with
the occurrence constraints in schemas.

Third, we address thdeterminism requirement, imposed by
both XML DTDs and XML Schema to easily validate XML data
against corresponding schema. Determinism can essentially con-
strain the power of ECFG model, as a large part of grammars does
not provide the feature. We study bdtbrizontal and vertical de-
terminisnthat address the ease of vertical and horizontal navigation
in an XML document tree.

2. XML SCHEMA FORMALISM

We model XML schema as range extended context-free gram-



mars.Rangeregular expressions a regular expressiorover anal-
phaket:, whereeachtermis definedwith therange! : r] of possi-
ble occurrencesyherel andr arenonnegativeintegers,0 <! < r,
r canbe co. Using the rangenotation, the Kleen closureax is
equialentto a[0 : oo], anda? is equivalentto a[0 : 1].

The benefitof using rangeregular expressionsn the schema
formalismis two-fold. First, rangeregular expressionsextendthe
schemamodelwith occurrenceonstraintsn the sameway asthe
XML Schemdanguageloes.Secondjt promptsthe definition of
limited elemenbccurrencesinsteadf unlimitedonesin DTDS (ax*
anda+), whichis highly valuablefor queryformulationandopti-
mizationof XML datastorage.

A (range)extendedcontet freegrammar(ECFG)is definedby
5-tupleG = (T, N, D, §, Start), whereT, N and D aredisjoint
setsof terminals,nonterminalsand datatypes;Start is aninitial
nonterminalandd is a finite setof productionrules of the form
A — afor A € N, wherea is arangeregular expressionover
terms whereonetermis aterminal-nonterminal-terminakequence
like t B t', briefly t : B, wheret,t' € TandB € N U D.

The ECFG-basedchemanodeltargetsa coresetof featuresof
theXML Schemdanguagdl] sothatary XML Schemalefinition
corresponds someextendedcontext freegrammarandvice versa.
Thefeaturesetincludeselementarydatatypedor simpleelements,
complex typesfor complex elementssequencend choice groups
of elementspccurrene constraintsfor elementandgroups.

ThereexistsacorrespondendeetweercomponentanECFGG
andXML Schemalefinition S. TheterminalanddatatypesetsT
andD in G correspondo elemennamesandelementaryatatypes
in S. ThenonterminabketN in G correspond$o thesetof comple
typesin S, bothnamedandabstractProductionsn G corresponds
to definitionsof the comple types. One productionis a sequence
or choicegroupof typedelement®r other(nested)groups.

For the schemadeterminism,we follow [3] in distinguishing
betweenvertical and horizontaldeterminism. The vertical deter
minismrequiresthatat ary complex elementtherule for ary sub-
elemenshouldbedeterminedvith one-tokertiookahead Formally,
two termst : A andt’' : A’ areambiguousf + = ¢’ but A #£ A’.
Ambiguoustermsin productionsmake difficult validating XML
documentspn the otherhand,the absencef ambiguoudermsin
productionsguaranteeshe vertical determinismof an ECFG and
givesthesuficientconditionfor inferring deterministicECFGs.

PREPOSITION 1. An ECFG G guaranteesthe vertical deter
minismif no productionin G containsambiguougerms.

3. SCHEMA INDUCTION OVERVIEW

Theextractionalgorithmcompriseseveralimportantsteps;be-
low we reportonthe corestepof ECFGinferencedetailsontight-
eningandcontentgeneralizatiortanbe foundin thefull version.

Algorithm 1. Schemaextractionfrom XML data.
0. RepresenKML documentssset/ of structuredexamples.
1. Induceanextendedcontet-freegrammarG from I:

1.1. Createtheinitial setof nonterminalsV;

1.2.Merge nonterminalsn N with thesimilar contentandcontext;

1.3. Determinetight datatypedor terminalsin G;
1.4. Generalizecontentsn nonterminalsnto rangeREs.
2. TransforntheresultECFGG into anXML Schemalefinition.S.

First, werepresenXML documentssa structuredexampleof an
(unknawvn) ECFG,wherestructuredexamplesare derivation trees
of a CFG with all nonterminallabelsremoved. In [6], a context-

freegrammaiis inferredfrom structuralexamplesby meiging non-
terminalswith equivalentontentandcontet asfollows:
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[1. Content equivalencel] A - o, B - aind = A =8B,
[2. Context equivalence]] A — aBg andA — aCBinéd =
B=C,a,8€(NUD)".

For ECFG-basedchemanodel thesewo equivalenceulesshould
be properlyextendedto meetthe determinisnrequirement.Also,
the contentequivalencecondition appeargo be too strongas it
fails to meige nonterminalsvhoseright partsareinstance®f one
regular expression. Therefore we replacethe equivalencewith a
weakerconditionof similarity. For the determinisnrequirement,
we implementPrepositiorl for the vertical determinismasgener
alizationof the context equivalencerule (2):

[3. Context smilarity] A —» atBpgttCy = B =C.

The mege of nonterminalswith similar contentrequiresa spe-
cial metricthatcancontrolthe meigeaccordinglyto theusers per
ception. We considertwo contentsas stringsover terminalalpha-
betT andusethe vectorspacemodelto measurehe string simi-
larity.We generalizehe modelby considering:-gramsin content
strings,wheren-gramis a sequence®f n consequenélementsn
thecontentn = 1, 2, 3, .... We denotethe setof n-gramsin acon-
tentstring s as P, (s) andcountn-gramsfor the contentstringc;
thusc is anormalizedvectore = {c'},i = 1,2, ... of n-gramfre-
quenciesy_ ¢' = 1. Thesimilarity measue betweertwo content
stringsci ande; is givenby M(c1, c2) = ¢} - ¢5. Two contents
c1 ande; aresimilar if M(ci1,c2) > th, where0 < th < lisa
thresholdvaluesetby user The choiceof ¢h is important;values
closeto 0 mayresultin melging mostof nonterminalswhile values
closeto 1 makedifficult themege of evenvisibly similarcontents.

If nonterminalsare given by two disjunctionof contentstheir
similarity is given by the maximalsimilarity over pairsof contents
from correspondingonjunctions. Formally, if two nonterminals
A — aandB — j aresuchthata = c¢1|cz|... andB = ci|cy]...,
then M (o, 8) = maa:cletlyc;eﬁ/\/l(ci,c;). Thuswe canrewrite
theequivalencecondition(1) with a weakersimilarity one:

[4. Content similarity:] For A — a andB — 8 in X, suchthat
M(a,3) > th, = A= B.

4. CONCLUSION

We have developeda novel schemaextractionfrom XML docu-
ments. To our knowledge,this is thefirst attemptto induce XML
schemahat unifiesthe expressve power of ECFGsandthe deter
minism requirement. We have identified threeimportantcompo-
nentsof the extractionalgorithm, namely the grammarinduction
itself, contentgeneralizatiorand tight datatypeidentificationand
have developedsophisticatedolutionsfor eachof them.
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