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1. INTRODUCTION

Apart from traditional usage scenarios such as online shop-
ping and browsing, the web continues to evolve to an ac-
tive platform for distributed applications, e.g. implementing
business processes. Standardized protocols and technolo-
gies, including Web Services, RSS/Atom feeds and REST,
provide the communication infrastructure for the involved
systems. They allow the integration of heterogeneous com-
ponents and architectures, thus creating applications which
exclusively communicate using XML messages and asyn-
chronous transfer modes.

Today, the individual nodes participating in those dis-
tributed applications are realized using imperative languages,
such as Java or C#, and deployed on traditional, n-tier ar-
chitectures. They involve a multitude of hard- and soft-
ware layers, including messaging solutions for remote com-
munication, application servers running object-oriented pro-
grams, and (relational) database backends providing persis-
tent storage. To support distributed applications and of-
fer communication mechanisms such as SOAP and AJAX,
these systems usually incorporate additional XML adapters
and converters. However, they fail to efficiently support the
requirements of distributed, XML-messaging applications.
These include convenient, high-performance XML process-
ing facilities and reliable, asynchronous messaging opera-
tions. As a consequence, development gets unnecessarily
complex:

e Users have to rely on complex interfaces to perform
even the most basic message-processing tasks.

e Significant marshalling effort is required to convert
XML data to the type system of the programming lan-
guage whenever exchanging data with remote peers.

e The immense number of hard- and software layers leads
to a considerable communication overhead between the
involved components.

Our goal is to investigate how database technology can
be applied and extended to overcome those problems and
restrictions. We want to
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1. Find a declarative alternative to the existing solutions
for creating distributed applications.

2. Develop a high-performance runtime system that avoids
the protocol overhead and impedance mismatch that
plague today’s architectures.

Our approach is motivated by the observation that the
success of database systems is a consequence of using declar-
ative languages. In contrast to imperative languages that
expect developers to provide a detailed specification of the
application execution plan, declarative languages allow to
specify the desired outcome instead of the required algorith-
mic steps. This increases developer productivity by means
of powerful constructs. At the same time, declarative lan-
guages provide the corresponding execution system with a
higher degree of freedom, as they allow choosing from differ-
ent evaluation strategies, i.e. using indexes and cost-based
selection of algorithms.

2. APPROACH

We believe that a very elegant model for distributed, message-

based applications is based on sets of XML message queues
and declarative rules that govern inter-queue message flow.

Most of today’s message-oriented communication solutions,
including message-oriented middleware and messaging sys-
tems, successfully employ queues to provide highly efficient,
asynchronous processing facilities. Hence, the fundamental
concept for message storage in our model is the message
queue. Further, scalable data processing in database sys-
tems relies on declarative query languages and supporting
runtime systems. Our goal is to combine these successful
concepts, thus yielding a scalable, easy-to-use XML messag-
ing system architecture.

2.1 Declarative Application Language

Our idea is to specify the application logic as a set of
declarative rules, describing the message flow between mes-
sage queues. Queues are not only used as asynchronous
communication gateways, but also as persistent and durable
storage containers, keeping state information for both local
application modules and external processes. Whenever a
new message gets inserted into a queue, rule execution is
performed. Thus, it might either be caused by a remote
system sending a request, or as a consequence of forwarding
data locally from one queue to another.

We want to allow for the convenient specification of XML
messaging applications by using a declarative, XML-aware
programming language. By directly operating on XML mes-
sages (and queues as their storage containers), this approach



avoids the impedance mismatch that plagues most of to-
day’s systems. However, existing, declarative XML query
languages, such as XPath and XQuery, lack essential fea-
tures that are required for application development using our
message- and queue-based paradigm. These include, among
others, the possibility to interact with queue data structures,
creating side effects and XML-messaging facilities. As a re-
sult, the question arises whether these languages can be used
in a rule language and whether they can be extended while
keeping the resulting language fully compositional.

By building on the XQuery Update Facility [3], our ap-
proach provides application developers with the powerful,
declarative XML processing capabilities of XQuery (e.g. to
extract data from incoming messages and construct new
XML fragments) and allows them to perform update opera-
tions. In order to achieve a seamless integration of XQuery
expressions with our queue-based processing model, we ex-
tend the XQuery Update Facility with additional, system-
provided functions and update operations. These can e.g.
be used to retrieve all messages stored in a particular queue
or to insert new messages. As the overall number of addi-
tions is comprehensible, we expect developers who are al-
ready familiar with XQuery to easily understand and adopt
our programming language.

2.2 Keeping the Message History

The XML messages exchanged over the network record
both the observable state of external entities and the individ-
ual steps taken by an application. The history of messages is
a useful resource for application debugging, reasoning about
system behavior, keeping audit trails, and conflict handling.
In fact, an important observation is that the state of any
instance of a distributed, XML-messaging based application
can be determined from the XML messages sent to and re-
ceived from remote communication partners. Particularly,
determining the next steps to be executed can be viewed as
a query against the message history.

Today’s application servers involve considerable effort for
performing complex context management operations (e.g.
hydration/dehydration in [1]). Context management be-
comes necessary in order to deal with multiple, concurrent
application instances, each of them having specific state in-
formation. To avoid this performance-consuming manage-
ment overhead, our idea is to refrain from explicitly materi-
alizing instance context and using local variables. Instead,
we retain all messages being sent and received and dynami-
cally determine the application state by querying this mes-
sage history. Thus, a large number of concurrent application
instances can be supported without an expensive context
management.

As (almost) any system will eventually run out of message
storage capacity, there have to be some retention criteria,
indicating whether a particular message is still required, or
whether it can be safely deleted to reclaim disk space. An
interesting question in this context is whether these reten-
tion criteria can be derived from application programs or,
alternatively, can be specified declaratively.

2.3 Efficient Application Execution

Our goal is to exploit database technology to allow the
efficient execution of application rules. Despite imperative
programs that usually provide a detailed algorithmic specifi-
cation of the steps to be executed, our declarative rules pro-
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vide the runtime system with a greater degree of freedom.
This principle is one of the main reasons why declarative
languages are so successful. We want to apply the existing
knowledge from database systems to message processing.

Our idea is to compile application rules into query exe-
cution plans that are evaluated against the message store.
Thus, the problem of efficiently executing distributed appli-
cations is transformed into one of database query process-
ing, where every application rule is a query against both
an incoming message and the system state reflected by the
messages in the queue store.

This approach leads to a new scenario for query optimiza-
tion, different from both stream processing systems, where
queries mainly target incoming messages, and traditional
databases, where query execution is performed against a
persistent store. Particularly, we want to investigate whether
it is possible to find any heuristics for rewriting application
rules or entire rule sets into more efficient ones, e.g. by com-
bining several rules into a conjoint execution plan. Even
more challenging is the question whether it is possible to
develop a cost model for optimizations.

2.4 Queue-Based, Reliable XML Storage

The realization of the message processing primitives of
our language requires efficient, reliable XML message queue
storage facilities that are also suitable for query processing
against the message history.

Reliable and efficient storage of large amounts of XML
data is the domain of XML data stores (XDS). However,
these systems are not designed to provide queue-based data
structures and do not incorporate messaging operations. As
a consequence, it has to be investigated how XML queue
data structures can be integrated into the database kernel
of an XDS while preserving both high-performance queue
and database operations. If this is possible, we could ben-
efit from both the advantages of message queues and na-
tive XML data stores. Particularly, it would allow us to
avoid having redundant functionality (such as transaction
control) in two different system components and save us
from crossing system borders when forwarding data between
the database and the messaging infrastructure. Given that
queue data structures can be successfully integrated, the
next interesting issue is whether we can find corresponding
index structures. This would allow us to speed up process-
ing by retrieving individual messages from our queue-based
storage without searching the whole message history.

We refer the reader to our technical report [2] for a more
comprehensive description of our declarative application lan-
guage and the corresponding runtime system. It also in-
cludes additional literature references, as well as a discussion
of related work and the current status of our research.
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