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tXML is rapidly emerging as the most widely adopted te
hnology for information representation andex
hange on the WWW [27℄. Novel languages [2, 17, 9, 24, 28℄ for extra
ting and restru
turing theXML 
ontent have been proposed, some in the tradition of database query languages, others more 
loselyinspired by XML [21℄. The dis
ussions on standardization within the World Wide Web Consortiumpro
eed very fast and a standard query language will be soon 
hosen and made available [1℄. Sophisti
atedquery engines, that allow user to deal with semi-stru
tured data, will be 
ru
ial to exploiting the fullpower of XML. On the other side, traditional query engines are being used in pra
ti
e for pro
essing XMLdo
uments 
onforming to DTDs: translators of XML queries to SQL queries over tables are likely to bee�e
tive in most 
ases. Under this s
enario, it looks 
lear that existing database te
hnology, involvingstru
tured data, will both in
uen
e and be in
uen
ed by the XML Web revolution.Our fo
us here is to examine how the mature te
hnology from a
tive databases 
an be mirrored inan XML enviroment. The work is ongoing, so some results have already been a
hieved, but others haveonly been foreshadowed.A
tive rules are spe
i�
ations of stereotypi
al rea
tions automati
ally performed by a DBMS in re-sponse to the dete
tion of parti
ular DB-related events. A lot of attention has been devoted from resear
h
ommunity to a
tive databases so far [13, 15, 16, 18, 26℄. A wide range of potential appli
ations of thea
tive rule 
on
ept have been identi�ed; they 
an be distinguished in two major 
lasses: external appli-
ations and internal appli
ations. External appli
ations 
on
ern rea
tions to external real-world stimulithat have some e�e
ts on the enviroment of the database; among them, we envision: alerters, raisingup in some \
riti
al" situations; monitors, su
h as modi�
ations of the database that are meaningfulfrom outside the database; and 
onstraint enfor
ement, su
h as e.g. automated �lling up of some missingre
ords. Internal appli
ations typi
ally address the realization of database fun
tionalities, like materi-alized view maintenan
e, integrity 
he
king, a

ess 
ontrol, log maintenan
e, re
overy, or view updateimplementation.We believe that a
tive database rules represent a 
onsolidated te
hnology, and there are many advan-tages to study how it relates to XML data. The problem is two-fold: on one side, investigation of novelappli
ations of triggers to XML do
ument management and their implementation within a full-
edgeddo
ument manager, on the other side integration and extension of existing a
tive database te
hnology toyield XML-
oded information.A
tive Capabilities upon XML Do
ument Management Systems. As soon as XML willbe
ome more used, dire
t manipulation of XML do
uments (by users or appli
ations) will be
ome more
ommon. In this environment, it is important to develop a
tive do
ument management systems, byadding rea
tive 
apabilities to XML repositories. Su
h systems have important potential appli
ations and
onstitute a natural framework for the integration of servi
es, whi
h are 
urrently o�ered by separateme
hanisms. Within XML do
ument systems, external rules are monitors of a

esses and 
hanges todo
uments (implementing the so 
alled \push te
hnology"), then 
onstraint enfor
ement 
orresponds to
he
k the validity of do
uments (super-imposed by DTDs and XML s
hemas) andnor to add to them thedesiderable 
onstraints, not supported by their s
hema de�nition language; internal rules are e.g. those formaintaining do
ument 
onsisten
y (in
luding refreshing 
opies and views of do
uments), for 
he
king and
ontrolling do
ument's quality and versioning and for abstra
ting, 
lassifying, and ar
hiving do
uments.Comparative analysis of �ve XML query languages. This do
toral thesis starts investigatingthe semanti
s of �ve, representative XML query languages (Lorel [2℄, XML-QL [17℄, XML-GL [9℄, XQL[24℄, XSL [28℄), highlighting their 
ommon features and their most in
isive di�eren
es [7℄. From thisanalysis, it results that query languages for XML 
onstitute a language hierar
hy similar to the oneexisting for relational and obje
t-relational databases.



Extension of XML-GL to support XML A
tive Rules. The de�nition of a
tive ECA rules fordo
ument management requires the design of several new 
on
epts, su
h as an event and update modelfor XML do
uments, and their integration with XML query languages. In the thesis, we 
hoose XML-GL[9℄, a graphi
al query language XML-GL and extend it with an event and update model [8℄. An exampleof XML-GL a
tive rule is depi
ted in Figure 1: it rea
ts to inserting of <partner> elements of proposalsand propagates the insertions to the abstra
ts 
orresponding to those proposals.
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Figure 1: Example of A
tive XML-GL RuleOur approa
h is independent from the parti
ular adopted XML query language and will be easilyextended to the standard, as qui
kly as it will be provided. In parti
ular, we show how 
onditions anda
tions of A
tive XML-GL 
an be translated into Lorel [19℄, that results from the previous analysis themost expressive XML query language (translation for the rule of the example is shown in Figure 2).EVENT: insert (proposal.#.partner PP)CONDITION-ACTION: update A.#.partners.partner += PPfrom abstra
t A, proposal Pwhere P.proje
tNr = A.proje
tNrand P.#.partner = PPFigure 2: Example of Translation of an A
tive XML-GL RuleWe use edit s
ripts for representing the di�eren
e among di�erent states of the same do
ument, whi
h
an be arbitrarily produ
ed by an editing session or by integrating the do
ument editor with ele
troni
mail. Dete
ting 
hanges on a do
ument is a general problem, 
onsidered in [14, 12, 11℄. We assumethat the problem 
an be solved by exe
uting an XML-di� algorithm, whi
h produ
es an optional (i.e.,unde�ned on 
ertain nodes) one-to-one identity relationship between nodes of the old and new versionof the do
ument, so that any two related nodes must be 
onsidered as two versions of the same node.Event dete
tion is performed by simple look-up programs on the edit-s
ript: these programs re
eive theevent being monitored by a given rule and perform a query on a portion of the edit-s
ript falling underthe s
ope of the rule.We de�ne two alternative semanti
s for a
tive rules (set-oriented and instan
e-oriented) in A
tiveXML-GL, and spe
ify the steps of rule a
tivation, triggering, 
onsideration and exe
ution.Properties of XML A
tive Rules. We show several examples of rules and dis
uss the exe
utionof a set of rules, possibly 
as
ading or in 
on
i
t, analysing their behavior with respe
t to the propertiesof termination, 
on
uen
e, and observable determinism [3, 4, 5, 6, 20, 25℄. These properties are de�nedregardless of the notion of edit-s
ript, but the edit s
ript 
onsidered by a given rule engine and in a givenrule exe
ution is one of the many equivalent edit s
ripts that 
an be produ
ed by an XML-di� algorithm,whi
h operates with a given optimization strategy for 
hoosing among equivalent edit s
ripts. Therefore,we propose the important property of edit-s
ript independen
e and exploit its appli
ation to various typesof data, in parti
ular to semi-stru
tured data.Informally, edit-s
ript independen
e requires that the rules in a rule set monitor all the possiblea
tivities that may des
ribe a do
ument transformation in an equivalent way, and then that the rules




olle
tively behave in the same way on
e anyone of them is a
tivated. The net e�e
t semanti
s for theevaluation of side e�e
ts of update operations is very helpful for guaranteeing edit-s
ript independen
e,be
ause it 
ombines the e�e
t of multiple operations over the same portions of XML do
uments observedat ea
h exe
ution of a rule.It is important to note that edit-s
ript independen
e is orthogonal to the 
ited 
lassi
al propertiesand holds for relational data and for (identity-based) and (value-based) obje
ts. Under 
ertain assump-tions of do
uments validity and edit-s
ript validity, we show and demonstrate in whi
h 
ases edit-s
riptindependen
e is assured.Future resear
h dire
tions. This thesis is under development and many other extensions and
ontributions need to be in
orporated 1.A prototype of A
tive XML-GL is being designed: it is based on graph grammars for 
apturing rulesand then on the mapping on Lorel queries. Furthermore, we think to use underlying relational databasea
tive te
hnology in the implementation of A
tive rules: Ora
le 8i [23℄ support's for querying XMLdo
uments uses a relational engine and an over
ow text �le, so a mapping from a
tive ECA rules to DBtriggers and triggering adjun
ts on the over
ow text �le has to be de�ned and exploited.Many other issues remain to be 
overed and are the target of our 
urrent study: among them, theA
tive Do
ument Base we are developing is light-weighted, in that it does not support all the 
apabil-ities of a fully-fun
tional DBMS: a 
oupling with a transa
tional system and an embedding of se
urity
apabilities has to be added; then, an eÆ
ient indexing, a low-
ost storage of XML data, a 
ost-basedquery optimizer, a multi-user support, logging and re
overy have to be in
orporated.Finally, a further resear
h dire
tion has been only preliminarily sket
hed, and it seems very promising:it aims to express traditional DB triggers in ad-ho
 XML needed information. This has a great impa
t oninteroperability among databases and do
ument bases and we believe that it will require a lot of study,before it will be
ome fully understood. Sophisti
ated appli
ations may be soli
itated in order to makelega
y databases more and more ubiquitously \Web-interfa
ed" and \XML-sensitive".Referen
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