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Abstract. The sharing of content by communities of users (e.g., scien-
tists) in a P2P context remains cumbersome. We argue that main reasons
for this is the lack of calculus and algebra for distributed data manage-
ment. We present the ActiveXML language that extends the XML lan-
guage with features to handle distribution. More precisely, ActiveXML
documents are XML documents with a special syntax for specifying the
embedding of Web service calls, e.g. XML queries such as XQueries. We
also present ActiveXML algebra that extends ActiveXML notably with
explicit control of data exchanges. ActiveXML algebra allows describing
query plans, and exchanging them between peers.
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The field of distributed data management [17] has centered for many years
around the relational model. More recently, the Web has made the world wide
and intranet publication of data much simpler, by relying on HTML, Web
browsers, plain-text search engines and query forms. The situation has also dra-
matically improved with the introduction of XML [22] and Web services [25].
Together, these two standards provide an infrastructure for distributed comput-
ing at large, independent of any platform, system or programming language, i.e.,
the appropriate framework for distributed management of information. However,
the sharing of content by communities of users (e.g., scientists) in a P2P context
remains cumbersome. We argue that main reasons for this is the lack of calculus
and algebra for distributed data management and propose such languages based
on Web standards, namely XML and Web services.

In [8], we propose the data ring that can be seen as a network analogue of
a database or a content warehouse. The vision is to build a P2P middleware
system that can be used by a community of non-experts, such as scientists, to
build content sharing communities in a declarative fashion. Essentially, a peer
joins a data ring by specifying which data (or services in general) are to be
shared, without having to specify a schema for the data, load it in a store,
create any indices on it, or specify anything complex regarding its distribution.
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The data ring enables users to perform declarative queries over the aggregated
data, and becomes responsible for reorganizing the physical storage of data and
for controlling its distribution. Thus a primary focus of the data ring is simplicity
of use. To achieve these goals, we identified a number of challenges:

Self-administration Since the users of the data ring are non-expert, the de-
ployment of the ring and its administration should be almost effort-less. This
means that a number of tasks such as the selection of access structures (in-
dices) or the gathering of the statistics to be used by optimizers have to be
fully automatic.

File management Since a large part of the data is going to reside in file sys-
tems, we need very efficient processing and optimization of queries over files,
including for instance the automatic selection of specific access structures
over file collections.

Query language To facilitate the exploitation of the ring by non-experts, the
interfaces have to be mostly graphical and require the minimum expertise.
They therefore must be based on declarative languages (calculus) in the style
of relational calculus, rather than on languages such as Java or Ajax that
require programming skills.

Query optimization Query optimization has, by nature, to be distributed and
peers should be able to exchange query plans. This motivates adopting an al-
gebra for describing distributed query plans interleaving query optimization,
query evaluation, and possibly, error recovery and transaction processing.

We present ActiveXML, a declarative framework that harnesses XML and
Web services for the integration and management of distributed data. An Ac-
tiveXML document is an XML document where some of the data is given ex-
plicitly, while other portions are given only intensionally by means of embedded
calls to Web services, typically XML queries. By calling the services, one can
obtain up-to-date information. In particular, ActiveXML provides control over
the activation of service calls both from the client side (pull) or from the server
side (push).

It should be noted that the idea of mixing data and code is not new, e.g.,
stored procedures in relational systems [19], method calls in object-oriented data-
bases [10], and queries in scripting languages such as PHP. The novelty is that
since both XML and Web services are standards, ActiveXML documents can be
universally understood, and therefore can be universally exchanged.

We also present the ActiveXML algebra that extends ActiveXML in two
main directions: (i) with generic services that can be supported by several peers
(e.g., query services), (ii) with explicit control of the evaluation of ActiveXML
documents (eval operator) and of data exchange (send and receive operators).
The algebra can be used to describe query (evaluation) plans. Using rewrite
rules, query plans may be optimized in a standard way. More fundamentally, the
query plans are distributed and can be exchanged between peers. Thus the tasks
of query evaluation and optimization can be distributed among the peers of the
network.
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The ActiveXML project has been going on for several years. A system is
now available as open source [9]. In [16], a technique to decide whether or not
calls should be activated based on typing is introduced. The general problem
has deep connections with tree automata [12] and alternating automata, i.e., au-
tomata alternating between universal and existential states [18]. Optimization
issues in the context of ActiveXML are presented in [2]. In [5], a framework for
managing distribution and replication in the context of ActiveXML is consid-
ered. Foundations of ActiveXML are studied in [3]. A preliminary version of the
algebra appeared in [7].
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