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Databases and Distributed Systems, Dept. of Computer Science,
Technische Universität Darmstadt, Darmstadt, Germany

E-mail:< lastname >@informatik.tu-darmstadt.de

Abstract

The event-based approach is well suited for integrating
autonomous components or applications into complex sys-
tems by means of exchanging events. Event-based systems
need an event dissemination mechanism to deliver relevant
events to interested consumers. The publish/subscribe in-
teraction paradigm has been gaining relevance in this con-
text. One of the main characteristics of publish/subscribe
systems is that they decouple producers and consumers so
that they can remain unknown to each other. Therefore, the
consideration of data heterogeneity issues is fundamental.
However, most pub/sub notification services do not support
the interaction among heterogeneous event producers and
consumers.

In this paper we describe theconcept-based approachas
a high-level dissemination mechanism for distributed and
heterogeneous event-based applications. It enhances the
notification service by enabling it to pass semantic infor-
mation across component, institutional or cultural bound-
aries. It provides a high level abstraction for a meaningful
exchange of data within the pub/sub interaction paradigm.

1. Introduction

The event-based approach is well suited for integrating
autonomous components or applications into complex sys-
tems by means of exchanging events. Because event-based
systems do not require a-priori knowledge about the con-
sumers of events they evolve and scale easily.

The exchanged events encapsulate data about a given
happening of interest, which can only be properly inter-
preted and used when sufficient context information is
known. In traditional systems, this context information is
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typically known by users and developers and left implicit. It
is normally lost when data and events are exchanged across
component or institutional boundaries. To process events in
a semantically meaningful way, explicit information about
the semantics of events and data is required.

Event-based systems need an event dissemination mech-
anism (or notification service) to deliver relevant events
to interested consumers. The publish/subscribe interaction
paradigm has been gaining relevance for this purpose. It
basically consists of a set of clients that asynchronously ex-
change events, decoupled by a notification service that is
interposed between them. Clients can be characterized as
producers or consumers. Producers publish notifications1,
and consumers subscribe to notifications by issuing sub-
scriptions, which essentially are stateless message filters.
Consumers can have multiple active subscriptions, and af-
ter a client has issued a subscription the notification service
delivers all future matching notifications that are published
by any producer until the client cancels the corresponding
subscription.

Since publish/subscribe mechanisms decouple producers
and consumers, they should share a common understanding
in order to express their mutual interests. In other words,
events must be understandable beyond the closed confines
of a single component or application. That includes appli-
cations that interact across traditional borders regardless of
economic, cultural or linguistic differences (e.g. in its sim-
plest form system of units, currency or date/time format).
Because the source of an event cannot anticipate who is in-
terested in a given event and where and when it must be
delivered, a higher-level publish/subscribe infrastructure is
needed.

To the best of our knowledge (see Section 2 for de-
tails), existing publish/subscribe mechanisms only expose
the data structureof events but not the explicit semantics.
This reflects a low level support for event consumers that

1In the context of this paper the terms notification, message and event
are used interchangeable to mean the same thing.



based on this scarce information must express their inter-
est without an explicit description of the intended meaning
of events, i.e., the implicit assumptions made by event/data
producers. Without this kind of information event produc-
ers and consumers are expected to comply with implicit as-
sumptions made by participating software components or
applications. Even in the case of a very small set of appli-
cations within an enterprise this approach is questionable.

For publish/subscribe mechanisms to be effective in
open environments they must

• provide for the usage of a common vocabulary for
defining interests, and

• support the correct interpretation of information inde-
pendently of its origin and place of consumption.

We proposed in [2] the use of theconcept-based ap-
proach to support meta-auctions. We have generalized
concept-based pub/sub into a high level dissemination
mechanism for distributed and heterogeneous event-based
applications. Its goal is to provide a higher level of abstrac-
tion to describe the interests of event producers and con-
sumers. This is achieved by supporting from the ground up
ontologies which provide the base for correct data and event
interpretation. Rather than requiring every producer or con-
sumer application to use the same homogeneous namespace
(as is common in other pub/sub systems) we provide meta-
data and conversion functions to map from one context to
another. This last feature allows event consumers to simply
specify the context to which events need to be converted
before they are delivered for client processing.

The rest of this paper is organized as follows. In section 2
related work is presented. Section 3 analyzes and character-
izes the support of pub/sub systems for heterogeneous data
exchange. The concept-based approach is described in Sec-
tion 4 including the main characteristics of the data model
used and the role adapters play in this context. Finally, con-
clusions and ongoing work are presented in Section 5.

2. Related Work

In recent years, academia and industry have concen-
trated on publish/subscribe mechanisms because they allow
loosely coupled exchange of asynchronous notifications, fa-
cilitating extensibility and flexibility. The channel model
has evolved to a more flexible subscription mechanism,
known as subject-based addressing, where a subject is at-
tached to each notification [15]. Subject-based addressing
features a set of rules that define a uniform and static name
space for messages and their destinations. This approach
is inflexible if changes to the subject organization are re-
quired, implying fixes in all participating applications.

To improve expressiveness of the subscription model the
content-based approach was proposed where predicates on

the content of a notification can be used for subscriptions.
This approach is more flexible but requires a more complex
infrastructure [4, 14]. Many projects in this category con-
centrate on scalability issues in wide-area networks and on
efficient algorithms and techniques for matching and rout-
ing notifications to reduce network traffic [16, 12, 9, 18].
Most of these approaches use simple boolean expressions as
subscription patterns since more powerful expressions can-
not be efficiently treated.

In [17] some of the problems mentioned in the introduc-
tion are pointed out. The proposed solution consists of the
application of two steps: 1) relationship “resolution” (e.g.
synonyms and generalization/specialization) and 2) appli-
cation of mapping functions (if necessary). The first step
is aided by a domain-specific ontology so that subscriptions
issued by subscribers are then re-written by the centralized
notification service according to the default vocabulary. No-
tice that subscribers are not aware of synonym resolution.
The second step involves functions in the sense of the reso-
lution of relationships which otherwise cannot be specified
using the relationship solver (e.g. derivation of data).

This approach could work well when human beings are
the consumers of notifications but not if subscriber appli-
cations act as consumers. This problem arises because
when matching notifications are delivered to subscribers
they would not expect some fields (specifically those re-
named by the synonym solver or resolved via data deriva-
tion) in the message content.

As mentioned before, only the data structure of events is
exposed to all participants. This puts in evidence the low
level support regarding data exchange which directly im-
pacts the broad usability of such an important piece of the
communication infrastructure. The resolution of synonyms
is a relevant issue but alone does not solve the problem of
applications that publish and consume events messages in
heterogeneous contexts. Even when a common vocabulary
is used the data interpretation problem is still present.

3. Heterogeneous Interaction Panorama

In a pub/sub environment, where new participants can
join and leave dynamically, where producers and consumers
are unknown to each other and thus fomenting loosely-
coupling interactions, the consideration of heterogeneity is-
sues is fundamental. However, most pub/sub notification
services do not support the interaction among heteroge-
neous event producers and consumers.

When trying to tackle the problem of data/event hetero-
geneity, two main issues need to be considered. The first
one concentrates on the vocabulary shared by all partici-
pants. The second one relates to the contextual information
of applications that produce and consume events. In the fol-
lowing subsections these issues are treated in more detail.



3.1. Sharing a Common Vocabulary

Algorithms used to match published messages and sub-
scriptions are (mostly) based on a string comparison. There-
fore, these algorithms require the notifications coming from
the publisher side as well as subscriptions to be in the
same vocabulary. Because many applications can partici-
pate, a richer vocabulary is needed that includes all specific
(sub)vocabularies used. Ontologies [10], for instance, are
good candidates for this purpose because they support var-
ious relationships among terms (e.g. synonyms, specializa-
tion/generalization). But notice that within the ontology a
set of terms must be identified as the terms used for match-
ing purposes. From now on these terms are referred here as
“matching terms” or “matching vocabulary”.

Possible differences among participants at the vocabu-
lary level are solved by a vocabulary agreement module.
This is responsible for applying resolution strategies based
on the navigation of ontology/vocabulary relationships to
find the appropriate matching terms.

This module is always located between a publisher or a
subscriber application and the pub/sub matching algorithm.
From an abstract perspective, it is the delimitation border
that distinguishes between the vocabularies used by par-
ticipating applications and the matching vocabulary used
within the pub/sub notification service. But remember that
subscriber applications do only know their own vocabulary
so that the vocabulary agreement module needs to main-
tain the applied resolution strategies for each subscription.
This is required since matching notifications need to be
transformed back from the matching vocabulary to the one
known by the consumer application.
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Figure 1. Common vocabulary treatment

Figure 1 shows three approaches how applications can
deal with the vocabulary problem when interacting by
means of a pub/sub notification service. Under the first ap-
proach (a) in the figure, applications implicitly assume per

default a common vocabulary so that neither the pub/sub
infrastructure nor applications explicitly care about this
problem. Under the second approach (b), applications
themselves internally resolve vocabulary issues while the
pub/sub mechanism is unaware of them. The third approach
(c) requires that applications can explicitly specify their vo-
cabularies so that the pub/sub infrastructure uses this defini-
tion to feed the vocabulary agreement module. Notice that
the notification service possesses also an explicit definition
of the matching vocabulary that is used within the pub/sub
boundaries for mapping purposes.

3.2. Considering the Context of Applications

Sharing a common vocabulary in pub/sub systems is a
prerequisite but not the whole solution. The problem of
dealing with heterogeneous data is still present even when
using a common vocabulary. Relevant contextual informa-
tion (i.e. the set of assumptions about data) is essential to
allow the correct interpretation o the data in question. For
instance, consider the common vocabulary termsDateOfIs-
sue, FinalPrice, NetWeight, andDistance. Data asso-
ciated to these terms require contextual information, like
the date format, the currency and the units of measure, re-
spectively. Human beings can often distinguish these cases
based on the situation context while computers cannot.
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Figure 2. Consideration of application context

According to the handling of context, applications can
be organized in three groups as depicted in Figure 2 (which
by the way has a striking similarity to Figure 1). In the first
group (a), participating applications do not consider con-
textual information of exchanged data and neither does the
pub/sub notification service. Thus, an implicit context is
assumed among all participants including the pub/sub in-
frastructure itself. The range of misinterpretation in this
category is wide. In the second group (b), applications are
context-aware and they explicitly convert data to and from a



common implicit context (assumed by the pub/sub system)
when publishing and subscribing respectively. In this case,
conversion functions are scattered in many applications. If
at least one data producer incorporates terms implying not
yet known conversion functions, then all consumers need to
be modified to incorporate them. Finally, in the last group
(c), the context of applications and the context assumed by
the pub/sub system (henceforthmatching context) are ex-
plicitly specified. With this, transformations from and to
the common context can be automatically performed. These
transformations can now be applied under the responsibility
of the pub/sub infrastructure.

4. The Concept-based Approach

Originally introduced in [2] for a specific application and
with an initial implementation [5] on top of a commercial
pub/sub product, the concept-based approach was proposed
to tackle the problem of event-based interaction among het-
erogeneous applications. On one hand it concentrates on
resolving data interpretation problems. On the other hand
it provides a pub/sub abstraction that can run on top of
(various) notification services independent of the address-
ing model used underneath.

Towards these objectives it allows subscribers to express
their interest considering their local context thus delivering
to them as a resultready-to-processdata which does not re-
quire further conversions. It also supports the enrichment
of messages produced by publishers by adding their corre-
sponding contextual information.

Figure 3 sketches this approach. The underlying no-
tification service is used as a data delivery mechanism
where the concept-based layer is responsible for provid-
ing a higher-level interaction among heterogeneous appli-
cations. Avocabulary/ontology manageris associated with
this layer with the purpose of handling domain-specific vo-
cabularies used by the participant applications. Addition-
ally, this layer is in charge of mapping concept-based data
into the data structures of the delivery mechanism under-
neath. Adaptersare the intermediaries between pub/sub
clients and the concept-based layer. At the publisher side
they are responsible for resolving vocabulary issues and for
enriching message content. At the subscriber side they are
in charge of transforming/converting message content ac-
cording to the subscriber preferences.

In order to incorporate a solution to the problem of data
heterogeneity (or data integration) into a pub/sub system
several crucial building blocks are needed: i) a shared vo-
cabulary which is the consolidation of vocabularies used
by all participating applications, ii) a matching vocabulary
which is a subset of the shared one used internally by the
pub/sub system for matching purposes, iii) a vocabulary
agreement module that maps from the shared to the match-
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Figure 3. High-level view of the concept-
based approach

ing vocabulary, iv) explicit definition of contextual informa-
tion of all participants including the pub/sub system, and v)
conversion functions to map from one context to another.

From the previous section can be seen that context- and
vocabulary-aware applications follow a similar pattern with
respect to the infrastructure they need to support. The
concept-based approach combines both into a model where
vocabulary issues, the representation of context informa-
tion and the conversion functions are under a uniform um-
brella. Popular web standards such as RDF, DAML+OIL,
and OWL provide adequate support for representing rela-
tionships among terms but do not support conversion func-
tion mechanisms as an integral part.

4.1. A Model for Data Exchange

To exchange data among loosely coupled systems, it
must be taken into account that the structure and semantics
of individual data items may vary, even if they describe ob-
jects of the same class of real world phenomena. Therefore,
context informationconcerning the organization and mean-
ing of data has to be given on an extensional level, i.e., on
the level of data values. For this reason, we need description
models that allow a flexible association of metadata with the
available data items. In the following we describe MIX, the
model used to represent event content.

Metadata based Integration model for data X-change
[3, 1], or MIX for short, can be understood as a self-
describing data model. This is because information about
the structure and semantics of the data is not provided as a
separately specified data schema, but is given as part of the
available data itself. Thus, MIX allows a flexible associa-
tion of context information in the form of metadata.

This model is based on the concept of aSemanticOb-



ject . It represents a data item together with its underly-
ing SemanticContext which consists of a flexible set of
meta-attributes that explicitly describe the implicit assump-
tions about the meaning of the data item. However, because
we cannot explicitly describe all modelling assumptions the
semantic context always has to be understood as a partial
representation.

In addition, each semantic object has a conceptlabel as-
sociated with it that specifies the relationship between the
object and the real world aspects it describes. These labels
have to be taken from a commonly known vocabulary, or
Ontology . In the MIX model, an ontology is a finite set
of concepts and their relationships.

It must be noticed that theSemanticContext is also
specified by referring to the ontology/vocabulary. The asso-
ciation of context information with a given data value serves
as an explicit specification of the implicit meaning of the
data. This allows the determination of semantically equiv-
alent semantic objects even if they are represented differ-
ently, i.e., relative to different contexts. For example

<NetWeight, 1234,{ <Unit, “kilogram(s)” >} > and
<NetWeight, 2720.50,{ <Unit,“pound(s)” >} >

are semantically equivalent, because they represent the
same information and we can specify aconversion func-
tion by which one representation can be transformed into
the other. Such conversion functions are a prerequisite for
the integration of semantic objects coming from different
sources, by converting these objects, as far as possible, to a
common context. In detail, two kinds of conversion func-
tions can be distinguished. The first are those attached to the
concept definition. The second are those defined in a func-
tion conversion manager (because, for instance, they may
change over time, e.g. currency conversion).

This approach provides the central management of con-
version functions and the flexibility to extend them if nec-
essary. This avoids scattering conversion functions that in
other cases need to be embedded in participating applica-
tions.

4.2. Adapters

Adapters are the contact/mediator of applications with
the notification service. They maintain the different views
of client applications by enriching the ontology with: i) the
corresponding contextual information, and ii) the mapping
from their local vocabularies to the matching one.

From the view point of client applications, the first task
is the vocabulary agreement. Here, synonyms within the
ontology are resolved. For consumer applications in par-
ticular, subscriptions are rewritten considering other rela-
tionships, like generalization/specialization. The applied
resolution strategies need to be preserved since they are
fundamental to map back the content of incoming notifica-

tions. Remember that consumer applications can only pro-
cess messages expressed in their local vocabulary.

The vocabulary agreement module can also be statically
defined if the kind of message content applications publish
and/or subscribe to is stable. Adapters are not necessarily
located at the client side. In this sense, configuration infor-
mation is passed (at bootstrap- or connection-time) to the
notification service for setting up vocabulary agreements for
a particular client application and as a consequence the on-
tology is enhanced with this information.

The second task relates to the context information. In
the case of data producers, adapters are responsible for en-
riching message content with meta information. This is
done based on the explicit specification of clients about their
contextual information. In this case, the ontology is en-
riched with it for the use of this particular application. Thus,
this information is used when publishing events (by simply
looking up in the ontology the required contextual infor-
mation that needs to be added to this particular attribute of
the message). When incoming notifications/messages ar-
rive they are converted according to the context specified
for each term as defined in the enriched ontology.

Adapters can also be configured to minimize the context
information attached to each message. For this purpose, an
addressable context can be defined so that participant ap-
plications explicitly state their contexts. Messages can now
simply refer to such a context instead of putting all relevant
context information as part of the payload of messages. This
is referred to ascontext sharing. Conversion functions are
aware of this feature and can resolve this kind of references.

4.3. Building on Top of Delivery Mechanisms

The concept-based approach provides an abstraction
where participating applications do not care about details
of the underlying delivery mechanism. In this sense, appli-
cations involved in such interaction can replace this mech-
anism by relying on the concept-based approach causing
minimal changes on applications if any. This allows, for
instance, the migration from a topic-based dissemination (à
la JMS) to a content-based without major effort.

From the publisher’s point of view, the message content
(represented with MIX) is mapped into the corresponding
data structures of the underlying dissemination mechanism.
The concept-based software layer is responsible for dealing
with the “features” that the underlying delivery mechanism
does not support. For details about the mapping into differ-
ent addressing models see [6] for subject-based addressing
and [7] for content-based addressing.

In many cases during the mapping to the underlying data
structures data is converted according to the matching con-
text defined by the notification service. The Rebeca frame-
work [13] was specialized in order to delay the conversion



as much as possible by enabling message routers to auto-
matically apply conversion functions on demand to appro-
priately evaluate expressions.

5. Conclusions and Ongoing Work

The concept-based approach enhances the scope of use
of notification services by enabling it to cross component,
institutional or cultural boundaries. It provides a higher-
level of abstraction for a meaningful exchange of data
within the pub/sub interaction paradigm. The concept-
based software layer is responsible for resolving data het-
erogeneity problems by minimizing misinterpretation of
exchanged data. This is achieved by integrating the use
of ontologies, meta-data information and conversion func-
tions provided by MIX. A notification service based on the
concept-based approach deliversready-to-processnotifica-
tion to subscriber applications so that no further data con-
versions are needed. This layer runs on top of various (com-
mercial) notification services (such as, Sun’s JMS reference
implementation, JMS/JBoss, WebSphere MQ, OpenJMS,
Rebeca, TIB/Rendezvous).

This approach was successfully used in research projects
like Internet-enabled vehicles [8] and the meta-auction ap-
proach [2].

The MIX implementation used in this prototype is based
on a pure java development while an OWL-based imple-
mentation is almost ready-to-use [11].

A centralized administration user interface for the
concept-based layer is under development. Through this in-
terface a common vocabulary can be defined, the ontology
can be edited, new conversion functions can be defined, the
matching context can be specified, and the mapping strate-
gies into the underlying addressing model can be config-
ured.

Currently, a framework for composite events is under de-
velopment with the purpose of supporting event correlation
in a variety of environments. Additionally and in order to
encompass the OWL implementation of MIX we are exper-
imenting with different XML routing strategies within the
Rebeca framework.
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