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Abstract. Implementation architectures of today are based on the modularisation
of software into objects, components, web services, (intelligent) agents, ... with
communication and coordination between components being based on peer-to-
peer communication (a client-component requests a service from a server-
component). Because this binary and uni-directional form of communication
implies substantial restrictions on software maintainability, this paper proposes
the development of a new N-ary and multi-directional communication para-
digm based on the notion of "event": components will interact by jointly partici-
pating in events. This new communication paradigm uses event broadcasting as
a coordination mechanism between software components. It can be imple-
mented by means of generic binary interaction frameworks applicable across
diverse platforms (distributed, web-based and centralised systems) and imple-
mentation paradigms (synchronous and asynchronous communication).. In ad-
dition, events can be enriched with intelligent features so as to be able to act
autonomously and to be capable of undertaking some rescue actions when one
of the composing actions fails.

1. State of the Art

Today's software architectures are based on the modularisation of software into
components. Depending on the level of granularity these are called objects, compo-
nents or packages [D. If they act over the Internet they are denoted as web services
[E. Furthermore, if they are enriched with some intelligence mechanism they are cal-
led Intelligent Agents or Autonomous Sofiware Agents [E. In the remainder of this
text we will use the term "component" as a generic term to capture all those alterna-
tives.

In the state of the art of software development, the prevalent interaction scheme be-
tween components is based on the concept of requests between peer components.
Each component publishes an interface listing the services other components can
request from it. Collaboration between components is achieved by having one com-
ponent calling the services of another component. Such a call is called a service re-
quest or (in the case of objects) a message. In many situations however, the reques-
ting component (the sender) needs the services of more than one other component in
order to achieve a particular task. In that case a message should be sent to many
receivers and their answers need to be coordinated. In such a case a notification and
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coordination scheme needs to be conceived to ensure that on all relevant components
the correct service is requested and that they act accordingly. Today, the notification
schemes are developed in an ad hoc manner; there is no standardised way to deal with
multi-directed messages or requests.

A major problem with the use of ad hoc notification schemes is that it leads to sys-
tems that are more difficult to maintain. The maintainability problem stems from the
fact that the number of possible notification schemes explodes faster than N! in terms
of the number N of components that need to be notified. Fig.1 shows the basic notifi-
cation scheme for two components: one component is the notifier and the other com-
ponent is the one that needs to be notified. In terms of message passing it means that
one component is the sender of the message and the other component the receiver. In
the case of N components (N > 2), one of the components is the notifier and the re-
maining N-1 components must be notified. The sender component can notify all the
receivers itself or it can delegate the notification to one or more receivers.
shows the notification patterns for N = 3, 4 and 5. In addition, for each pattern, there
are in principle (N-1)! different possibilities to assign the roles to each of the N-1
receiving component. For example, for N = 4 there are 5 different patterns, having
each 6 (= 3!) different assignments of the roles.
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Fig. 2 Notification patterns for 2, 3 and 4 receivers



Generally speaking, the functioning of object oriented software can be described as
a set of notification schemes linked to each other. For example, User Interface ob-
jects notifying transaction objects, which in their turn notify database objects. Also at
a larger scale or in distributed systems, the functioning of the software can be de-
scribed as a set of components linked to each other by means of notification schemes.
The multitude of notification patterns makes understanding, maintaining and adapting
software a difficult task.

2. Towards enhanced flexibility and adaptability of software

The boat-story of M. Jackson in [E] p. 9] aptly illustrates that the adaptability of
software is proportionate to the degree to which the structure of the solution domain,
in casu the structure of the information system, mirrors the structure of the problem
domain. Today, it is well agreed that domain modelling is an important element in
the development of adaptable and flexible information systems [E. Most enterprise
information systems indeed contain objects and components that mirror elements of
the real world. For example, an insurance system will have components that represent
customers and policies because in the real world their business is about customers and
policies. Whereas a one-to-one mapping can easily be established between the data-
aspects (that is to say, the static aspects) of an enterprise information system and
concepts of the real world, this one-to-one mapping is much more difficult to estab-
lish between the behavioural component of an information system and the real world.
The modelling of the dynamic aspects in an information system is restricted to the
definition of services in the context of a single component, whereas in the real world
events encompass actions in many components. For example, by ordering a product,
the stock-level is adjusted and an order is created. In the real world, events are just
there, they simply happen and are the basis of the dynamics of the real world [@. In
order to mimic the real world, the enterprise information system should also contain a
model of these events.

This papers proposes a component interaction mechanism based on the notion of
event. The underlying hypothesis is that at the conceptual level, the concept of
"event" can be used to denote something that mimics real-world events and that en-
compasses actions in multiple components. In the information system (the solution
domain) the effects of an event on real-world entities are implemented as a set of
corresponding actions which can be procedures in individual objects just as well as
services of components or web services. A major difference is however that, whereas
in the real world events can occur without human intervention, in an enterprise infor-
mation system, some human intervention is required to notify the information system
that an event has occurred. Usually this is done by means of some user interface
component. As a result, an event in an information system is always triggered by
some component and can be seen as the conceptual equivalent of a multi-directed
message from the triggering component to the executing components.

At the implementation level, we assume that it is possible to mimic a real-world
event by means of a piece of software, the so-called event dispatcher, that is respon-
sible for dispatching the event notification to all participating components and that is
able to coordinate the responses (success or failure) and provide the triggering com-



ponent with feedback about the execution status. By implementing a real-world event
directly as a unit of component interaction the structure of the solution domain better
reflects the structure of the problem domain as represented in FNotice that the
detection of the occurrence of a real-world event is the responsibility of the triggering
component, unless the event is enriched with some additional intelligence making it
able to execute spontancously.
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Fig. 3 Improved structural correspondence between problem domain and solution domain

The development of object interaction by means of multi-directed messages is a re-
search project at the Management Information Systems group at the KULeuven. It
has not been realised in its entirety yet but is still research in progress. In section 3
we present the major architectural principles and demonstrate that the communication
mechanism is universally applicable. We then present in section 4 current implemen-
tations of the concept and the experienced advantages in terms of maintainability.

3. Architectural Framework

In order to ensure the universal applicability of the event concept, the event dis-
patcher will be developed as an independent software element, capable of dispatching
to and coordinating the responses of the receivers. In this way an event becomes a
"service" that is jointly delivered by multiple components and that can be used by any
component needing this service. The name of the event dispatcher will be the name
of the event upon which the dispatching service is triggered. In that way we can say
that the event dispatcher is the implementation of the conceptual event.

An event dispatcher can also be seen as the implementation of a service of a com-
ponent, where the component needs to dispatch the service request to its constituent
components. The services of the constituent components can at their turn be defined
as coordinated actions implemented by means of an event dispatcher. In this way
event dispatching can be recursively defined across levels of granularity (see .

From an architectural point of view, the main research question is how exactly to
design this piece of software, such that it is a general pattern applicable

- over all different software platforms (languages, environments),

- both on a single platform and in a distributed environment (which web services

are an example of),

- at all levels of granularity.



The event dispatcher must account for the fact that one of the executers might not
be able to perform the requested action. In that case the event dispatcher is responsi-
ble for ensuring consistency. If it is required that either all executers or none of them
execute their corresponding action, in case of failure for one of them, the other par-
ticipants will have to roll back their already performed action.

Service
Request

Component

Fig. 4 Recursive usage of event dispatching

Unlike existing transaction mechanisms that expect a transaction to take place in a
very limited amount of time (such as commit and rollback features in a database envi-
ronment), an event should also accommodate for long lasting coordinated actions, as
frequently seen on the Internet. For example, the event "book a trip" is composed of
the actions "order a plane ticket", "book a room in a hotel" and "reserve a car". Con-
firmation of the composing actions can take 24 hours or more.

In addition to the enhanced possibilities for coordination, events also offer the pos-
sibilities to add intelligence to object interaction. A recent evolution is the develop-
ment of Intelligent and Autonomous Agents as a means to overcome the passive na-
ture of software @ An intelligent component should know about its goals [E,
should be able to take initiative and to undertake actions in order to fulfil the goal and
be able to try out different scenarios rather than failing immediately when one of the
actions fails. Such a goal-oriented approach would allow to better address the strate-
gic dimension of information systems [E] Applying the agent concept to events offers
interesting perspectives to improve the choreography of multiple components that
together perform a complex task. A long-lasting coordinated action is not necessarily
based on a single scenario that is either executed completely with success or fails at
some point. An “intelligent” event validates a request for execution beforehand, for
example by means of contracts [B] P] and should be capable of undertaking some
rescue actions when one of the composing actions fails. For example, an intelligent
version of the "book a trip" event described above, would try an alternative car-rental
company in case the initial "reserve a car" does not succeed.

Secondly, whereas current software is mostly composed of passive components
that wait for some external component to trigger the execution of a method, adding
intelligent autonomy to an event would mean that a triggering component is no longer
required for an action to take place: events should be able to execute spontaneously
on the basis of a set of business rules. As an example, let us consider a typical busi-



ness example of handling sales orders. When a customer orders something, a sales
order is created with one order line per ordered product. Suppose that an order is not
always delivered at once but can be the subject of multiple deliveries. In addition, a
business rule states that a sales order can be billed only if all the products have been
delivered. In a classical approach the set of pending sales orders must be checked
periodically to see which ones can be moved to the billing state. This amounts to a
service in the enterprise information system that is executed either manually or initi-
ated by a timer and that triggers a billing event for each sales order that is ready to be
billed. As a result, there will always be some delay before an order ready for billing
is effectively billed. In an "autonomous event" approach, the billing event should be
equipped with business rules defining when the event should occur. As soon as all
the rules are satisfied, the event is executed automatically. For example, as soon as
the delivery of the last product of an order is registered, the billing event for that order
can execute itself spontaneously.

4. Current Realisations

a. Standalone environment

The principle of events as multi-directed messages has first been implemented in the
context of MERODE [[10] for a standalone environment. MERODE is a domain
model approach in which an enterprise or domain model consists of enterprise objects
and business events. Enterprise objects synchronise with each other by jointly par-
ticipating in events. In the implementation architecture, a business event is imple-
mented as a class with a method for checking whether all business rules associated
with the business event are satisfied and a method for dispatching the event to all
involved enterprise object classes. Information system functionality is modelled as a
layer on top of the enterprise model. An information system is hence constituted of
two layers: a business layer containing the enterprise model and an information sys-
tem layer containing the information system services on top of it (see . In the
Information System Layer, information system events will trigger input and output
services. Each information system service that needs to modify information in the
enterprise layer can only do so by using services provided by the events. One of the
major advantages is that a single event can be triggered by different information sys-
tem services and that all intelligence related to validating the event against business
rules is located in one place. For example, in a banking system, the enterprise model
would contain enterprise objects such as customer and account and a business event
such as withdraw. The withdraw-event knows about all the rules pertaining to with-
drawal of money. This event can now be used by all services allowing to withdraw
money such as the counter application and the ATM application. Output services
relate to information that is extracted from the business objects and are implemented
by means of a set of corresponding attribute inspections (e.g. by means of a query).
As attribute inspections do not involve changes in a business object, they are not the
subjects of transaction management. In contrast, input services relate to modifications
of business objects and are therefore only allowed by means of the intermediary of a



business event. The handling of concurrent business events is subject to transaction
management.

In adhering to this basic layering and to the principles of object-orientation, a
flexible architecture is obtained, because input and output services can be plugged in
and out of the Information System Layer with no side effects on the objects in the
Enterprise Layer.
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Fig. 5. Basic layers to sustain event-driven development in a standalone environment

b. Distributed and strongly-coupled environment

The architecture presented in the previous section can easily be extended to intra-
enterprise application integration based on a LAN based distributed object frame-
work, e.g. [[2].

In such a case, the Enterprise Layer is used as an integration layer for off-the-shelf
business support or operation support systems (BSS/OSS). The Information System
Layer now consists of independent BSS/OSS and possibly self developed information
services (see Fig. 6]. The event dispatchers now take the role of coordination agents.
Each BSS/OSS uses the services of the event dispatcher whenever it wishes to update
information in the Enterprise Layer. When a BSS/OSS wants to be notified of up-
dates in the Enterprise Layer, it can subscribe to an event dispatcher in order to be
notified upon occurrence of the event. In this way, the BSS/OSS can keep its own
information synchronised with the information contained in the Enterprise Layer.

Compared to a classical stove-pipe approach were BSS/OSS directly interact with
each other, the integration approach based on an Enterprise Layer offers better main-
tainability and flexibility [ : each BSS/OSS can easily be removed and replaced
by other software without affecting the other BSS/OSSs. In addition, the event-based
coordination mechanism allows easily to deal with different levels of API-
functionality offered by the BSS/OSS. For example, if the API-functionality offered
by the BSS/OSS is insufficient to let the BSS/OSS call the event dispatcher, the event



dispatcher can be equipped with a "listening" functionality, allowing it to detect event
occurrence in the BSS/OSS.

BSS/OSS BSS/OSS Information
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of output
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108 gﬁg;ﬁ;’gz‘g il notification of business
attribute or event occurrence
inspection event listening
Enterprise
Business events Layer
SO R triggering of business method
v

Enterprise objects

Fig. 6 Event -based architecture for enterprise application integration

c. Distributed and loosely coupled environment

Both in the stand-alone environment and in the distributed and strongly-coupled
environment, there is a common Enterprise Layer that contains the “primary copy” of
all enterprise objects. In such a case, the Enterprise Layer can be considered as a (set
of) component(s) offering two types of functionality: attribute inspection and event
notification. An analogous way of working can be used to define a distributed and
loosely-coupled architectural model targeted at a web services environment, where the
Enterprise Layer itself is distributed among multiple sites, possibly developed and
controlled by different authorities [ . The enterprise model can now be consid-
ered as the enterprise model for an extended enterprise, which may eventually be
implemented by multiple, independent parties to support inter-enterprise application
integrationﬂ

In a LAN based implementation, “real world” events are translated into business
events in the information system by means of so-called input services. In general,
these will encompass user interface components that receive input from human be-
ings, e.g. the “sign” button in a sales order form. The business event is then broadcast
by the event dispatcher. Now each web service may have its own local input services.
Events can be dispatched to the service’s local objects. However, the assumption of a
predefined set of remote objects to which a certain event may be of interest is unreal-
istic: in many cases, web services are developed without prior knowledge of the other
services they are to interact with, and certainly without knowledge about these ser-

2 However, the architecture is no less suitable to enterprises that interact in an ad-hoc manner,
i.e. without a “unified” business model for the extended enterprise, as discussed further on.



vices’ internal enterprise objects. Therefore, as to remote services to which the event
may be relevant, the approach should cater for an explicit subscription mechanism. A
given web service’s event dispatcher will dispatch its events to all local objects and to
all remote services that are explicitly subscribed to the corresponding event type.
Subscription by a remote service comes down to a local stub object being created,
which locally “represents” this remote service and contains a reference to its URL.
The resulting event based interaction mechanism takes place in four stages, as illus-
trated in Figure 7. First, the input service associated with a web service detects a real
world event (1). This event is broadcast by the service’s event dispatcher to all local
objects, among which some stub objects (2). Each stub propagates the event to the
remote service it represents (3). Each remote service’s event dispatcher in its turn
broadcasts the event to its own local objects (4). The appropriate (local and remote)
objects then each execute a corresponding method, in which preconditions are
checked and/or updates are executed.

Customer X Event &etail
Service dispatcher service
Stub for
Order_list

Manufacturer B
Service Event dispatcher

lo

Product B1 } {Product B2

Event dispatcher
Stub for

manufacturer B
service

orderline

Fig. 7. Example of an event-based architecture for web services
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Hence the event based interaction mechanism can be applied on two different levels
in the web service architecture: in the first place for interaction between web services,
where each web service is perceived as an atomic unity by its peer services. The ser-
vices will interact by responding to communal events. A second interaction mecha-
nism exists at the level of the intra-service interaction, i.e. between the respective
enterprise objects that make out a single service. This approach can easily be general-
ized into an N-level system: a service or component receives an event notification and
propagates it to its constituting components (and, through the stubs, to the appropriate
remote services), which in their turn propagate it to their components etc. In this way,
the event is propagated recursively at each level in a hierarchy of complex web ser-
vices with a complex task, that in their turn are conceived of more simple services
with a simpler task until a level of atomic services is reached. On the other hand, at
each level, a component that receives an event notification may be a “wrapper” that
internally consists of components that interact by means of another mechanism.

The event based interaction mechanism can be applied to web services that belong
to long standing business partners with more or less established interaction patterns
and to partners that participate in short lived, ad hoc partnerships. In the first case,
one could start out from a “unified” analysis and design over the extended enterprise,
resulting in a “unified” business model that entails the enterprise objects of all part-
ners involved. In this approach each web service, from the moment it is deployed,



has a stub object for each remote service it interacts with. As to ad hoc interaction,
stub objects will be created at runtime, as the consequence of certain events occurring.
Such events will represent the explicit subscription of one service to another. From
then on, two services can start interacting, through mediation of the newly created
stub. In a similar way, events that induce the deletion of a stub object terminate the
interaction between two services.

5. Discussion

The main research goal of this project is to alleviate the maintenance problem
caused by one-to-one interaction by developing a universal communication paradigm
that is able to handle notification and coordination when multiple software compo-
nents need to interact upon occurrence of an event.

In terms of maintainability, the event dispatching pattern is much easier to adapt
than arbitrary message passing patterns. The main advantage is that the dispatching
pattern is fully independent from the number of components to which the event must
be dispatched. As a result, adding or dropping a component does not cause any redes-
ign of component interaction as opposed to the classical approach [E. In addition,
the dispatching pattern can easily account for distributed components, either tightly or
loosely coupled.

Event dispatching can be implemented by means of all known message passing
mechanisms. For web-services it can be implemented through simultaneous SOAP
messages, i.e. in full compatibility with the current standard web services stack.
Whereas the web service concept in itself already entails a loose coupling mechanism,
the coupling between web services communicating by means of event broadcasting
can be kept even looser, e.g. the number of parties that participate in an event can be
easily increased by just adding another service that subscribes to the event, without
having to redesign the entire chain of one-to-one message exchanges.

As already discussed previously, event propagation can be used both for interaction
between peer services and for a complex service to co-ordinate the behaviour of its
components. The clear distinction between attribute inspections and business events
allows for focusing on only the latter with respect to transaction management. Also,
transaction specification is simplified: a single business event results in multiple si-
multaneous updates in multiple enterprise objects. The latter is much easier to de-
scribe than the myriad of one-to-one message exchanges that could make out a single
business transaction in a pure message passing or RPC-based approach.

Since current object-oriented languages offer no native language support for events
(at least not as a mechanism to implement co-ordinated actions) future research aims
at the development of mechanisms for the realisation of this communication para-
digm. This should result in design patterns and/or frameworks that can be used for all
types of environments. A combination of these frameworks and patterns with tailor-
ing facilities will be at the heart of a code-generating facility allowing software engi-
neers to generate full implementations of coordinated actions. Native language sup-
port for the concept of event is the ultimate goal, for which the frameworks should
form a solid basis.
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