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Abstract

Various application domains exist where the advantages
of the event-based paradigm make it a key technology. In
general, this architectural style allows better control of the
structural and behavioral complexity of applications: com-
ponents can be developed independently and loosely inte-
grated. The computational behavior of this paradigm, how-
ever, remains poorly understood. This position paper ar-
gues on the necessity of a new methodology for constructing
event-based applications as well as a new logic that clari-
fies the computational behavior of such applications. For
this, the paper presents some factors that make the event-
based style so troublesome and discusses the (non-) ade-
quacy of existing formal techniques for the construction of
event-based applications.

1 Introduction

The different facets of the event-based (EB) architec-
tural style (also calledpublish/subscribeor implicit invo-
cation) are currently widely investigated. In this paradigm,
some components (calledsubscribers) specify their inter-
est in some kind of data (calledevent notificationor simply
event) that other components publish (or announce). The
publishing component is called thepublisher. The specifi-
cation stating what kind of events a subscriber is interested
in is called asubscription. The communication between the
publishers and the subscribers is done through theevent-
based infrastructure. Events are sent to this infrastructure
which then matches them against existing subscriptions and
invokes interested subscribers. The dispatching of events
to subscribers is completely transparent to the publishers,
leading to loose coupling of components. This makes the
event-based paradigm a key technology for many applica-
tion domains.

∗This work is supported by the Austrian Research Foundation (FWF)
project RAY (Number P16970-No4).

Despite the wide acceptance of the EB concept, the de-
velopment of applications based on it remains an ad hoc
and informal process. Consequently, as EB systems prolif-
erate, including in safety-critical domains, it remains dif-
ficult [20, 21] to reason about the reliability of such sys-
tems. This is especially unfortunate in the case of the EB
paradigm because the loose component coupling it supports
naturally leads to a component based approach to the con-
struction of distributed applications and therefore a conse-
quent expectation of increased reliability.

The aim of this paper is to shed some light on the strange
behaviors of the EB paradigm. We present three behavioral
aspects of this style that we have distilled and that make
us strongly believe that at least a new logic is needed that
captures the quintessential properties of this style. First, we
show that the traditional meaning of the sequential compo-
sition of programs does not hold anymore. This is related
to the second issue, where we claim that the associativity
of the sequential composition is not present in the context
of EB applications. The third strange behavior is called
the “assertion fleeing effect”: the result of a subscriber is
always postponed to the “end” of the post-conditions of
programs. Finally, we discuss the applicability of existing
formal techniques to the construction of EB applications.
We claim that although a new formal specification language
may not be required, a logic must be developed that clari-
fies the behavior of the EB architectural style and renders it
unambiguously understood.

The remainder of the paper is organized as follows. We
condition methodologies for the development of correct EB
applications with a set of requirements that we present in the
next section. Section 3 summarizes existing approaches for
constructing EB applications and discusses their shortcom-
ings. In section 4, we briefly present an abstract semantics
of the concept of EB system. This abstract semantics is the
basis for the elicitation of event-based systems’s behaviors
in Section 5. We pursue the discussion of the need of a new
methodology for constructing EB applications in Section 6.
Section 7 concludes the paper.



2 Requirements for a Methodology

We present some requirements for a methodology for
developing correct EB applications. For the elicitation
of these requirements, we consider three application ar-
eas: component based software engineering (CBSE), mo-
bile computing, and coordination languages. Our require-
ments are clearly not exhaustive as the EB paradigm is ap-
plied in many other domains.

2.1 Generic Requirements

Before going to the specific requirements of the above
areas, there are generic requirements that a software de-
velopment methodology must strive for, namely the scal-
ability to large systems and the ability to be used to con-
sistently produce maintainable and high-quality software at
low cost and with a small turnaround time [25]. Four is-
sues are identified in this requirement: scalability, quality,
cost and schedule, and maintenance issues. Since the degree
to which a methodology supports these issues is in general
hard to measure, it may be argued that any development
method supports them more or less. The goal is therefore,
to find methods that better respond to these requirements
than those currently available.

2.2 CBSE related Requirements

CBSE is an emerging methodology that promises to ad-
equately address many of the above issues. And, indeed,
many researchers are working on making it a reality.

One of the issues that need to be solved is the composi-
tion and integration of components; the EB paradigm is cur-
rently intensively deployed for this purpose. Any software
development methodology that supports the development
of EB applications must, therefore, also explicitly support
CBSE. That is, such an approach must be compositional,
both at the abstract level (conceptual level) as well as at the
implementation level. At the abstract level, it must be possi-
ble to compose component specifications as well as proofs
about properties of these specifications. In particular, the
methodology must allow building models in a clearly de-
fined and intuitive way such that one can understand the
whole by understanding the parts and recombining them in
predictable ways [13].

2.3 Mobility related Requirements

Mobile computing is a paradigm in which users are able
to communicate and use their applications while they are
moving [9]. The difficulty in such computational models
is that one can not rely on the permanent availability of
the network. The resulting connectivity intermittence has

led to the argument that traditional client/server middle-
ware are not suitable for mobile computing [3, 9, 10, 23].
The EB paradigm is viewed as a valuable replacement to
client/server; it does not require subscribers to be present at
the time of announcement. This asynchrony in the commu-
nication is mapped one-to-one to mobile computing. A sub-
scriber represents a mobile device that comes to and leaves
the network at will.

From this short analysis, we derive that an approach for
the construction of EB applications must support compo-
nents that leave and come intermittently. In addition, to sup-
port easy maintenance of systems, or to be applicable to per-
vasive computing, such an approach must be able to foresee
the integration of new components in a running system. In
the EB terminology, this implies that the reasoning should
not be based on a pre-defined static set of subscribers.

2.4 Coordination related Requirements

Coordination includes the specification, analysis, and
control of the cooperation between components of a sys-
tem. A significant amount of work is currently undergoing
on this topic (see [4, 5, 29]). Many of the proposed solu-
tions are based on the EB architectural style. The require-
ment that are placed upon methodologies for constructing
EB applications by coordination languages are in essence
similar to those of component based engineering and mobile
computing. In particular, it is argued that compositionality,
evolvability, and easy handling of volatile business require-
ments must be supported [4].

Due to the similarities in the goals of the coordination
paradigm and the many uses of the EB architectural style,
it is important to notice that neither subsumes the other; the
EB paradigm is used for other purposes than coordination
while there are coordination techniques that are not based
on the EB technique (e.g. [5, 7]).

3 Related Work

Despite the wide acceptance of the EB paradigm, not
much work has been presented on building correct appli-
cations using it.

3.1 Formalizing Architectural Styles

Several researchers have attempted to provide formal
techniques that can support the treatment of EB applica-
tions. Although the ultimate goal of such works is reli-
ability, the developed approaches have not been success-
ful. Examples of such approaches are that of Garlan and
Notkin [22], as well as that of Abowd, Allen, and Garlan
[1, 2] who propose frameworks for formalizing architectural
styles in general and implicit invocation in particular. These



approaches primarily focused on taxonomic issues, and do
not provide an explicit computational model that permits
compositional reasoning about the behavior of EB applica-
tions [12, 11]. This claim is justified by observing that the
semantics of a method (also called operation or function) is
not defined. It is, therefore, not possible to reason about the
behavior of these methods (at least not without extending
the framework). Moreover, it is not said how a method must
be specified. For instance, a key question in formally speci-
fying EB applications is how does a designer specify that a
methodm announces an evente whenever the state satisfies
the conditionQ? The next issue in such approaches is that
there is no indication on whether the specifications are re-
alizable or not. Given such a specification, what is the next
step in building an application? How does a designer show
that a given application satisfies such a specification?

3.2 Verification of EB Applications

Dingel et al.[12] propose an approach for verifying the
correctness of EB applications. Since this is an a-posteriori
approach, the components of the completed program are
verified in isolation and then put together where general
properties are attempted to be proved. The scalability to
large applications can not be achieved, since erroneous de-
sign decisions taken in early steps are propagated until the
system is implemented and attempted to be proven correct
[26, 16]. Further, given that this approach assumes a static
set of subscriptions the evolvability and the maintainability
of systems are therefore hard to support.

3.3 Model checking EB Applications

Model checking EB applications is interesting in that a
significant part of the process is carried out automatically.
In [8, 20, 21], attempts to apply model checking to the ver-
ification of EB applications are discussed. The authors pro-
vide generic frameworks to be reused by modelers in the
process of defining the abstract structure related to their sys-
tems. Indeed, the authors succeeded in factoring the work
such that, for instance, the event delivery policy is now a
pluggable element with various packaged policies (prepared
by the authors) that can be used off-the-shelf.

In general, in addition to being an a-posteriori approach,
model-checking EB applications suffers from the fact
that there is no known adequate way for specifying the
announcement of events in presence of interference.
Ideally, it should be possible to specify components, verify
their properties, implement them, and integrate them in a
predictable way.

The discussion in this paper results from our early at-
tempts to construct a methodology for the stepwise devel-

opment of event-based applications [16, 15, 17, 14].

4 Abstract Semantics of the EB Paradigm

To make clear the differences in the behavior of the EB
paradigm, we need to clarify the programming language
and the semantics that we assume. We will attempt as far
as possible to remain informal in this paper. Let us assume
the following while-parallel language that also allows
announcement of events.

P ::= x := e | P1; P2 | if b then P1 elseP2 fi | skip
| {P1‖P2} | while b do P od | announce(e)

The semantics of the constructs in this language seem to
have the traditional meaning. Indeed, the semantics of the
announcement construct is simple: the set of subscribers to
an event are executed in parallel with the remainder of the
announcing program. That is, if we assume that there is no
event announcement in the programz1 and that the program
ze is subscribed to the evente, thenz1;announce(e); z2 is
a program that behaves asz1 and follows as{ze‖z2} if z1

terminates. In this semantics, we abstract from the EB in-
frastructure and simply model its behavior: the invocation
of subscribers. For simplicity, we have removed the await
construct that we propose [16, 15, 17] for synchronization
and mutual exclusion in EB systems. The await construct
gives more power to the language and allows it to simu-
late more types of EB systems. The aspects related to this
construct will not be investigated in this paper. Further, we
have ignored passing the event to the subscribers; this is
discussed in [14].

5 Challenges of the EB Paradigm

We take a close look at the above semantics and present
some aspects that make reasoning about EB applications
difficult.

5.1 The meaning of sequential composition

In traditional systems (e.g. Hoare Logic [30], VDM
[27]), a programz1; z2 is a program that behaves asz1 and
follows asz2 if z1 terminates. If the result ofz1 (respec-
tively z2) is captured by means of its post-conditionE1 (re-
spectivelyE2), then the result ofz1; z2 is E2 if the pre- con-
dition of z2 follows from E1. This is expressed in Hoare’s
style as:

{E0} z1 {E1}
{E1} z2 {E2}
{E0} z1; z2 {E2}

(1)



Let us now consider the case with an event-
announcement. If the subscribers ofe, sayze, is such that
{E1} ze {Ee} holds, then the following rule follows from a
naive double application of the above rule:

{E0} z1 {E1}
{E1} ze {Ee}
{Ee} z2 {E2}

{E0} z1;announce(e); z2 {E2}
(2)

This rule is, however, unsound because the computa-
tional model of the EB paradigm requires to interpret the
announcement of the evente as the parallel execution ofze

andz2. If we assume thatze andz2 coexist, that is, there
is no interference of one with the other, then the following
rule must hold.

{E0} z1 {E1}
{E1} ze {Ee}
{E1} z2 {E2}

{E0} z1;announce(e); z2 {E2 ∧ Ee}
(3)

Hence, sequential composition of programs when the EB
paradigm is involved does not always have the traditional
meaning. As a natural consequence, the iteration rule looses
its traditional properties.

5.2 Non-associativity of sequential composition

A natural consequence of the above rules is that the
associativity of the sequential composition of programs
may no longer be assumed. Without event announcement,
z1; {z2; z3} has the same results as{z1; z2}; z3. This does
not hold whenz2 announces an event. Let us replacez2

with the announcement of the evente. The naive way of
composing the three programsz1, announce(e), andz3

is to start by composingz1 with announce(e) which re-
sults in the programz1; ze whose post-condition isEe (if
the pre-condition ofze follows from E1). Next, we com-
posez1;announce(e) with z3 which results into a pro-
gram satisfyingE2 if the pre-condition ofz3 follows from
Ee.

This result is, however, unsound. The semantics of the
announce construct requires that the programze be executed
in parallel with the remainder of the announcing program,
i.e. z3. The sequential composition operator is, therefore,
right associative in the presence of event announcement.

5.3 Fleeing Assertions

As shown in the previous section, in the presence of
event announcement, sequentially composing a programz1

with the programz2 does not result in a program that be-
haves asz1 and follows asz2. In absence of interference,

the result of the subscribers toe (an event announced byz1)
will always hold in the final state of the program. Let us
explain this in the light of the following figures.
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Figure 1. Behavior of z1;announce(e); z2

Figure 1 captures the behaviors ofz1;announce(e); z2

as expressed by Rule 3. The first programz1 is executed in
a state satisfyingE0. Next an event announcement is exe-
cuted in the stateS1 satisfyingE1, resulting in the parallel
execution ofze andz2. The programsz1 andz2 both termi-
nate in the stateS2 which satisfiesE2 andEe.

E 1E0

S3S2

E 2 , E
e

S1S0

E 3Z 1 Z 2

Z e

Z 3

Figure 2. Naive Interpretation of
z1;announce(e); z2; z3

We now perform a sequential composition of the above
program withz3. Figure 2 illustrates the case of a naive
sequential composition:z3 starts afterz2 and ze are ter-
minated. This is the wrong interpretation discussed in the
previous section.

Z 1 Z 2

Z e

Z 3
E 1E0

2S 3S1S

E 2 E 3 , E
e

0S

Figure 3. Fleeing Assertion

Figure 3 shows the sound behavior of
z1;announce(e); z2; z3. The subscriberze is exe-
cuted in parallel withz2; z3. The post-condition ofz2

which held in the stateS2 in Figure 1 now instead holds
in the stateS3. In general, the result of a subscriber can
not be ” caught” by a sequentially composed program.
We say that the post-condition of such a subscriber is a
fleeing assertion; it keeps ”fleeing” to the final state of any
computation (provided there is no interference).

5.4 Similarity with the π-Calculus

The semantics that we have given to the announce con-
struct in this paper (and also in [16, 15, 17, 14]) has some
resemblance to asynchronous communication. In this com-
munication mechanism, in fact, a process/agent sends a
message to the other process and both continue their exe-



cution running in parallel with each other. The behavior
advocated can, therefore, also be observed in such systems.

One has, however, to be careful when analyzing this
behavior in the context of formal frameworks for asyn-
chronous communication. Considering for instance theπ-
calculus [28], the agent(u(a).Q1‖u(b).Q2).P is an agent
such thatu(b).Q2 sends the messageb to u(a).Q1 and
evolves asQ2 while the recipient evolves asQ1[b/a]
and run in parallel withQ2. And, once the agent
(u(a).Q1‖u(b).Q2) is terminated, the agentP can be ex-
ecuted. This is completely different from event-based ap-
plications where it is not possible to constrain a program
to start after the termination of a subscriber. If we re-
place for instanceu(b).Q2 with announce(b).Q2 and let
u(a).Q1 be the subscriber to the eventb, then, the above
agent evolves into(Q2.P )‖Q1[b/a], which is completely
different from the result obtained when there is no event an-
nouncement.

5.5 Shared Variable Interference

The EB style is intended for the loose coupling of com-
ponents. This inspires that shared variables are not a pri-
mary issue in constructing methods for developing such ap-
plications. Yet, we argue that the issue of shared variables
can not be ignored.

Let us illustrate a simple case in which loose coupling
and shared variable are present. Two Java classesStack
andCounterare assumed whereStackcontains the meth-
ods pushand pop while Countercontainsincrementand
decrement. The example is from [12, 11]. The meaning
of these methods is indeed what the reader may expect.
We require thatpush (resp. pop) announces an event of
type EventA(resp. EventB) after performing its supposed
task. Next, we construct an instancesomestackof Stack
and an instancesomecounterof Counter. Using an EB mid-
dleware, we subscribesomecounter.increment(resp.some-
counter.decrement) to events of typeEventA(resp.EventB).
The reader should agree that this is indeed a loosely coupled
system:Stackknows nothing aboutCounterand vice versa.

To be convinced of the presence of shared variables in-
terference, one observes that the result ofsomestack.push
depends on whether it is executed alone or in parallel with
somestack.pop, in which case there is indeed interference
betweensomestack.pushandsomestack.pop. This kind of
interference is indeed very difficult to master in the case
of EB systems since the two methodssomestack.pushand
somestack.popmay be invoked in a non-deterministic way
by the environment.

6 Do we need “Yet another formalism”?

We have presented the requirements that we expect from
a methodology that supports the EB architectural style. We
have also presented some behavioral properties that con-
tribute to making reasoning about the correctness of EB ap-
plications a non-trivial task. We are now armed to address
the question of whether we need a new formalism for con-
structing such applications.

In general, we plead that there is the need for a new
methodology that allows the development of reliable event-
based applications. While a new formalism may not
be required, we claim that an adequate logic is required
that renders the computational behavior of the event-based
paradigm unequivocally understood. We expect such a logic
to illuminate the derivation and the inference of programs
that conform to the EB computational model. Such a logic
does not need to be orthogonal to existing logics, but should
ideally be based on them such that existing tools can be
leveraged.

Although such logics are often not widely used in prac-
tice, we believe that they give rise to sound and well
founded less formal frameworks such as model checking
and formal testing that are indeed more used in practice.
Further, as acknowledged by Dingel et. [12, 11], the intu-
ition gained in the development of formal techniques are of
particular significance to software engineers.

7 Conclusions

The increasing use of the EB paradigm motivates the
need for methodologies to support not only the construc-
tion of systems but also reasoning about their correctness.
While some argue that reasoning about the EB paradigm is
hard [20] other instead claim that no new methodology is
required for constructing EB applications [19, 18]. The aim
of this paper was to bring light on this starting “dispute.”

Based on the requirements put on the EB style by its ap-
plication domains, we deduce that there is need for a suit-
able methodology for EB applications. On the other hand,
based on some identified behavioral aspects of this style, we
plead that this methodology must be supported by a logic
that allows a clear understanding of the EB paradigm.

Given that there are many factors that contribute to mak-
ing it difficult to construct a methodology for the developing
correct EB applications, following Michael Jackson [24],
we further suggest that the EB architectural style be refined
into architectural types [6] which are obtained from archi-
tectural styles by fixing some of their parameters.

This conclusion is guiding our work in the area of event-
based applications [16, 15, 17, 14].
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