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This application domain characteristics supports the reusability of subscription commands
and the incremental development and reuse of infrastructures, and the dynamic allocation of plug-
ins in YANCEES.

8.2.3.2 Switchable routing strategies

Both CORBA-NS and YANCEES support the ability to select between different routing
strategies. This ability, which is according to the strategy selection open implementation guide-
line (Kiczales, Lamping et al. 1997), allows the use of the most appropriate algorithm to the roug-
ing requirements at hand, improving the system performance.

8.2.3.3 Generalization of event representation

Generalization, instead of variation, should be applied on design dimensions which changes
can impact core design concerns. In the publish/subscribe domain, the most expressive example is
the event format. All infrastructures analyzed adopt, in different degree, generalized event repre-
sentations.

For example, CORBA-NS supports event representation variability by adopting a common
internal event representation: the StructuredEvent, which is general enough to encapsulate all
other event representations it supports. Both Siena, and YANCEES adopt attribute/value pair
formats, whereas JavaSpaces supports general programming language objects, considering their
attributes as tuples.

8.2.4 Flexibility design principles

As shown in our work, flexible approaches as YANCEES can achieve a favorable balance
between the different versatility qualities we measured. In order to reap these benefits, however,
the design of flexible infrastructures must adequately tame the complexity that comes from exten-
sibility and configurability. In particular, we propose the following recommendations in the de-
sign of flexible software.

8.2.4.1 Support separation between mechanisms and policies

Flexible approaches are usually supported by designs that separate commonality and vari-
ability. A good way to reuse commonality and support variability is to separate and modularize
these concerns into policies and mechanisms (Wulf, Cohen et al. 1974). As such, policies are
used to represent variable features, whereas mechanisms are used to capture the commonality of
the domain.

For example, in YANCEES, plug-ins implement application-specific features (policies),
whereas the core infrastructure supports the common publish/subscribe process. This separation
allows the construction of application-specific infrastructures through the combination of a com-
mon publish/subscribe process with application-specific plug-ins.

8.2.4.2 Design for change, supporting extensibility and con-
figurability

Flexibility implies both extensibility and configurability. Any flexible approach must pro-
vide mechanisms that support these two characteristics. As seen in our case studies, flexibility can
only be achieved on planned variability dimensions. This therefore requires the design for change
along planned variability dimensions, and extra support for configuration management.
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For example, CORBA-NS supports configurability through the use of factories and configu-
ration interfaces. YANCEES supports configurability through runtime parsers and static configu-
ration managers, whereas provides extensibility through plug-ins and extensible languages.

JavaSpaces represents a counter-example. It is not designed to support publish/subscribe in-
teraction specifically. As a consequence, it is not modular toward common publish/subscribe va-
riability dimensions such as notification model and subscription language. This lack of design for
change according to these dimensions, resulted in high costs of adaptation and performance pe-
nalties.

8.2.4.3 Support late binding of features

A common way to support unpredictability is to defer design decisions to as late as possible
in the design process. Late binding supports runtime activation and composition of features, in
response to immediate changes in the application requirements.

Both CORBA-NS and YANCEES support the concept of late binding. While CORBA-NS
allows users to select among existing features and to create new event channels, and producers
and consumers proxies; YANCEES allocates plug-ins according to subscription language expres-
sions posted at runtime. Late binding allows the allocation of resources only when necessary, be-
sides supporting the runtime configuration of different policies.

8.2.4.4 Provide architectural reflection

It is usually the case that complex features are not implemented by a single component. In-
stead, they are built as a composition of extensions that need to communicate with one another.
Reflection allows features to find each other at runtime. It also supports automatic configuration
management, allowing the infrastructure to detect incompatible configurations.

Both CORBA-NS and YANCEES provide architectural reflection. CORBA-NS allows the
location of active proxies through the use of architecture managers; while YANCEES supports
reflection through the use of a plug-in register.

8.2.4.5 Adopt customizable and modular abstractions

Changes in the features provided by the infrastructure must be reflected in its public API.
Customizable and modular abstractions allow the infrastructure to change its public API to better
match the application domain requirements. In doing so, it relieves users from unnecessary im-
plementation details, and avoid their exposure to options and commands that are not required by
the target application domain. As a results, there is an increase in the signal to noise ratio of the
system, reducing the client-side development effort.

While CORBA-NS supports different abstractions for the policies it supports (for example:
pull and push producers and consumer policies), it does not isolate users from configuration de-
tails. YANCEES is the only infrastructure that supports the development of application-specific
subscription languages, isolating configuration and extension concerns from end-users, achieving
lower client-side development effort costs.

8.2.4.6 Employ automation to improve usability

Customizable and modular abstractions are supported by extensibility, configurability and
automation. While extensibility and configurability allows the representation of domain-specific
concerns that closely match the application needs, automation hides from end-users the process of
expressing these higher-level abstractions in terms of more primate ones.
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When comparing YANCEES and CORBA-NS, the automation and abstraction provided by
YANCEES can significantly reduce the client-side application development effort, while still
keeping the configurability of the infrastructure.

8.2.5 API usability design guidelines

As shown by our case studies and analysis of trade-offs, the design of a usable API can sig-
nificantly reduce both the development effort while increases the performance of the infrastruc-
ture. This section discusses some API design principles derived from our case studies and experi-
ence in the design of YANCEES.

8.2.5.1 Strive for minimalism and completeness

An API should provide an essential set of features that support the common requirements of
the majority of applications. Large APIs with lots of convenience functions are rarely used and
have the potential for increasing the infrastructure complexity. Incomplete APIs result in mis-
matches and extra development effort for the infrastructure clients. Hence, the bottom limit of
minimalism is completeness. Completeness assures that the API supports all the common re-
quirements of a domain. For example, in JavaSpaces, the lack of numeric comparators in the anti-
tuple model shows the incompleteness of the tuple-space model to the set of application domain
requirements we supported.

8.2.5.2 Support multiple user roles by separating API concerns

An infrastructure should support different APIs according to the needs of different
stakeholders, thus, reducing the API complexity, and increasing its “signal-to-noise ratio”. In
other words, an API should hide from different types of users, concerns that do not belong to their
common tasks. This strategy goes in line with the open implementation design guidelines
(Kiczales, Lamping et al. 1997), and the minimalism of APIs (Henning 2009). Moreover, it rec-
ognizes the needs of different stakeholders (infrastructure developers and consumers), besides of
reducing both API size and individual task efforts. For example, the separation between configu-
ration, extension and regular publish/subscribe APIs in YANCEES had a positive impact in the
reduction of the client-side development effort.

Separation of API concerns, however, should be balance with possible integration costs. For
example, in the case of YANCEES, that separates protocol and publication APIs, further commu-
nication between protocol, publication and subscription plug-ins was required in order to unique-
ly identify the subscriber. These extra costs were not needed in the other case studies, since there
were no such separation.

8.2.5.3 Support API customizability

As previously discussed in the flexibility design guidelines, the ability to tailor an API to the
end-users’ needs can have a dramatic impact on the reusability and usability of an infrastructure.
From the analyzed infrastructures, YANCEES is the only one to explicitly support the complete
redefinition of its subscription and notification languages. This ability has shown to significantly
reduce the adaptation costs (more dramatically in CASSIUS case study), and prevent semantic
mismatches.

8.2.5.4 Minimize user choices

While choices support configurability, and the ability to support different application do-
mains; they reduce the usability of the system when supporting individual application domains.
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Users do not want to pay the price for extra APl complexity coming from features that they do
not require. An ideal API provides only the necessary functionality. No more, no less.

8.2.5.5 Minimize adaptation

From our case studies, a large amount of code is devoted to the adaptation of data and con-
trol formats to and from different application domains. These costs only contribute to the de-
crease of system usability and reusability.

A good approach to reduce adaptation costs is the use of application-specific languages and
APIs as demonstrated by YANCEES.

8.2.5.6 Give preference to object-based subscription formats

As described in 7.2.2, textual representations are only advantageous when adequate automa-
tion is provided. In particular, they work better if the application domain is text-based and the
infrastructure supports extensibility in its subscription language, as the case of CASSIUS over
YANCEES. For other application domains, the use of object-based representations, while require
manual (programmatic) assembly of subscriptions, result in lower adaptation costs (the costs of
converting application domain object- or text-based expressions into the native subscription for-
mat of the infrastructure).

8.2.6 Maintainability principles

In our case studies, we correlate maintainability with software modularity. By analyzing the
selected infrastructures, we observed an improvement in maintainability when design for change
along main publish/subscribe variability dimensions was adopted.

8.2.6.1 Design for change

As seen on section 7.3, the design for change along the main variability dimensions of the
application domain, applied in the construction of flexible software, results in more maintainable
(modular) client code. Since changes along these dimensions are more likely to occur, a design
for maintainability should follow the same design of flexible software, modularizing and compos-
ing concerns along these dimensions.

8.3 Reuse recommendations

From a reuse perspective, “the defining characteristic of good reuse is not the reuse of soft-
ware per se, but the reuse of human problem solving. (...) Reuse multiplies the effectiveness of
human problem solving by ensuring that the extensive work or special knowledge used to solve
specific development problems will be transferred to as many similar problems as possible.”
(Barns and Bollinger 1991).

As made evident in our case study, the value of an infrastructure rests not only in its ability
to support middleware distribution, communication and coordination concerns, but also on its
ability to support application-specific requirements. Any extra features that are not necessary for
the application represent additional development costs that, in addition of being an unnecessary
investment for that particular application, can actually demeanor the value of an infrastructure by
adding extra complexity, performance, usability and development costs.

As discussed in section 2.1.2, the process of reusing versatile infrastructures, built according
to different versatility strategies, involves different steps comprising: selection, extension, con-
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figuration, adaptation and composition (or integration) (Krueger 1992). In this section, we dis-
cuss guidelines to support these operations.

8.3.1 Selection

Selection is one of the most important activities in software reuse. The selection of a good
infrastructure will reduce the costs of extension, configuration, adaptation and composition. Two
factors are key to the selection of an infrastructure: its fitness to the problem domain require-
ments, and the absence of semantic mismatches. As such, one must observe these factors as fol-
lows:

8.3.1.1 Avoid semantic mismatches

Semantic mismatches are those that represent deficiencies in the fundamental features pro-
vided by an infrastructure. It is easier to reuse infrastructures that require extra adaptation effort
on the client side, but have no semantic mismatches in its core, than to reuse infrastructures that
are close fits to the application domain, but provide slightly different features that do not com-
pletely match the fundamental requirements of the problem domain.

For example, even though CORBA-NS supports pull notification, its semantic was not com-
patible to that required by CASSIUS (which adopts a message box approach). As a result, a pro-
prietary pull notification module was required to reuse CORBA-NS in CASSIUS case study.

8.3.1.2 On the absence of semantic mismatches, select based on
problem domain fitness

When inflexible infrastructures are reused, and no semantic mismatches are found, choose
infrastructures which features are closer to the application domain at hand, or which mapping and
transformation between required and provided features is trivial. For example, Siena can support
a large set of application domains by providing a generalized but adaptable subscription and event
representation. Its filter capability and event representation are generic enough to support a large
set of application domains.

8.3.1.3 Consider flexible approaches when supporting software
product lines

Flexible approaches, even though present higher domain-specific implementation costs, pro-
vide lower middleware and adaptation costs. The initial higher component development complex-
ity can pay-off over successive reuses. For example, over three consecutive reuses, YANCEES
case study total development effort was lower than the case studies reusing the other infrastruc-
tures.

8.3.2 Adaptation

As shown in our case studies, adaptation costs, if not well managed, can significantly impact
the performance and reusability of the infrastructure. Two major factors are important in the
choice of a publish/subscribe infrastructure, its subscription and event formats, and the fundamen-
tal set of features it supports.
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8.3.2.1 Consider the predominant event and subscription repre-
sentations

Adaptation costs are higher when there is a mismatch between these formats. For example,
Siena and JavaSpaces had fewer adaptation costs when supporting domains using object-based
subscription, while YANCESS and CORBA-NS better supported text-based subscription do-
mains.

8.3.2.2 Consider layered adaptation

The filtering capability of publish/subscribe infrastructures not only supports the modulari-
zation of server-side features ( as discussed in 8.3.3.1), but also affords the reuse of existing infra-
structures through the laying out of code that incrementally refine and reuse existing core func-
tionality. Through this approach, more complex event filtering capabilities can be implemented as
a function of more simple filtering mechanisms. This is observed in all infrastructures analyzed.

This layering reuse process also allows the bi-directional translation of existing event for-
mats between application domain and infrastructure-specific formats. It also supports the devel-
opment of different notification policies, and the independent implementation of user and infra-
structure protocols. Due to this domain-specific characteristics, it was possible to reuse all the
selected infrastructures, under some complexity and performance penalties as described in section
Chapter 5.

8.3.3 Configuration

Configuration is the act of selecting specific sub-sets of features in support of application-
specific requirements. Different recommendations can be observed in the process of configura-
tion.

8.3.3.1 Consider configuration management costs

As seen in our case studies, configuration costs are very important. In infrastructures as
CORBA-NS can be as high as 20% of the total cost of development; whereas configuration and
extension represent 45% of the costs of reuse of YANCEES (most of its value, however, repre-
sent extension costs).

Hence, application developers must understand the impact of configuration in the costs of
their applications, selecting infrastructures that balance these costs with other benefits.

8.3.3.2 Prefer infrastructures that implement the open imple-
mentation design guidelines

The open implementation design guidelines (Kiczales, Lamping et al. 1997) prescribes sepa-
ration between configuration and normal use APIs, while provide mechanisms to allow users to
choose between different strategy implementations. Open implementation allows the selection of
application-specific strategies that can improve the performance of the infrastructure as a whole.

From the analyzed infrastructures, only YANCEES supports the separation of API concerns
and the automation of the selection process based on subscription commands, making it easier to
select valid sub-sets of features. CORBA-NS partially implements the open implementation de-
sign guidelines, by allowing users to select among different routing strategies through its configu-
ration APL
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8.3.4 Extension

Generally speaking, extension is a costly operation that requires certain amount of compre-
hension of the inner mechanisms of an infrastructure. In the best case scenario, it involves the use
of extension APIs provided by the infrastructure, in the worst case scenario, it involves the under-
standing and direct modification of the source code of the infrastructure.

8.3.4.1 Consider the costs of extension, preferring approaches
that support automation, documentation and enforcement of de-
pendencies

The process of extension is usually costly. It requires a deeper knowledge of the infrastruc-
ture, its capabilities and extension rules. As discussed in section 2.2, different fundamental and
configuration-specific dependencies may exist. The lack of documentation and enforcement of
these dependencies may result frequent programming errors and incompatibilities, increasing the
development costs. Hence, as a general guideline, prefer flexible infrastructures as YANCEES
that provide mechanisms to document and enforce dependencies between different features (Silva
Filho and Redmiles 2007).

8.4 Conclusions

In this chapter, we presented a set of requirements analysis, design, implementation, selec-
tion and reuse principles and guidelines that can better support infrastructure developers and us-
ers. These principles allow infrastructure developers and users to better understand the concerns
and challenges involved in the design and reuse of versatile infrastructures. With this basic
knowledge, infrastructure developers can make better decisions when developing and evolving
publish/subscribe infrastructures; whereas application developers can make better choices when
reusing existing infrastructures in the development of their applications.
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Chapter 9. Study Limitations

Like most empirical studies, the validity of our results is subject to several threats. In par-
ticular, the results discussed in this work are based on a selected set of metrics and a small num-
ber of infrastructures and case studies. There are a number of other existing metrics and other
versatility dimensions that we could be exploited in our study. Nevertheless, there is no practical
way in a single study to explore all the possible dimensions. For every possible measure there
will be some dimensions that will remain uncovered, for example, in our study we did not con-
sider software qualities such as testability, nor interoperability concerns. In the particular case of
YANCEES, we did not consider the program comprehension costs involved in learning its exten-
sibility and configurability APIs.

The evaluation of infrastructures based on metrics such as LOC and McCabe cyclomatic
complexity, or more recent modularity metrics, used in our study are usually subject to criticism
(Fenton and Neil 1999). As such, we considered not only the quantitative results they provide, but
also our qualitative assessment of the infrastructure, discussing as much as possible our impres-
sions and experiences in the use of the selected infrastructures.

The limited size and complexity of the examples used in the implementations may restrict
the extrapolation of our results to other classes of middleware. In addition, our assessment is re-
stricted to the specific publish/subscribe infrastructures and their implementation details. Moreo-
ver, the applications domains we selected in our studies may benefit certain types of infrastruc-
tures. For example, CORBA-NS has been widely adopted in support of real-time avionics appli-
cations, relying on different architectural and compilation optimizations (Harrison, Levine et al.
1997). The ORB we used in our studies, the community OpenORB does not provide any of these
optimizations, which surely impacted its performance. JavaSpaces has been used in support of
asynchronous collaborative applications and mobility (Murphy, Picco et al. 2006), two applica-
tion domains not tested in our case studies.

Our benchmark (and its winners) is based purely on the objective test data and does not eva-
luate or consider other factors that may be of important to specific users' needs, for example
interoperability, support for industry standards (that would benefit, for example, CORBA-NS),
and specific application needs not tested in the benchmark.

An ideal assessment would require the analysis of different and independent applications,
reusing the selected infrastructures. Since some of the infrastructures are research prototypes
(Siena and YANCEES), this was not possible. Even industry standards such as CORBA-NS and
JavaSpaces are not being used in large and diverse enough sets of open source applications, to
support the complete (and automatic) assessment of their versatility approaches. As a result, we
see our approach to build controlled implementations using these infrastructures, as the only fea-
sible approach given the resources, man power, and time constraints we had.
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Chapter 10. Related Work

In this chapter, we describe related work in the areas of middleware, software engineering,
software product lines and design. Whereas there is an overwhelming volume of literature giving
advice on software design, highlighting the benefits of novel software engineering approaches;
there is equally an overwhelming need for research to validate the effectiveness of this advice
(Kelly 2006). Our work contributes to these different areas by providing quantitative and qualita-
tive data supporting the development and reuse of versatile software.

We further describe the related work in different research fields as follows.
10.1 Middleware versatility

In the middleware literature, existing research in flexible publish/subscribe infrastructures
have reported the benefits of flexible approaches in support of application domain variability.
Examples include GREEN (Sivaharan, Blair et al. 2005), FACET (Pratap, Hunleth et al. 2004)
and YANCEES (Silva Filho and Redmiles 2005). Recent studies of the benefits of AOP in the
modularity and maintainability of middleware have also been published (Hunleth and Cytron
2002; Zhang and Jacobsen 2004).

In the particular case of Database Management Systems (or DBMSs) research, the limita-
tions of one-size-fits-all design, adopted by many infrastructures, have been discussed (Seltzer
2008). As a result, current research in flexible DBMs has emerged as one important research ve-
nue.

In spite of this variety of approaches, few studies discuss the factors that may hinder mid-
dleware adoption and success (Henning 2008). Moreover, most of these studies are restricted to
one specific approach, and do not provide extensive comparative data comparing it with alterna-
tive approaches, nor perform a multi-dimensional analysis of trade-offs with a broad set of soft-
ware qualities. Our work contributes with a broader and more comprehensive evaluation of dif-
ferent software versatility approaches, comparing their benefits and weaknesses with respect to a
broad set of software qualities.

10.2 Software product line engineering

Software product line (SPL) engineering (Bockle, Pohl et al. 2005) is a relatively new ap-
proach to software development. It builds upon research in the areas of software reuse, evolution
and flexibility, and strives to achieve the benefits of such approaches, while manages the trade-
offs involved in the construction of similar software systems.

In SPL, while flexibility copes with software extensibility and configurability; reuse permits
the reduction of the costs of producing similar software systems (over repetitive reuse cycles)
(Bockle, Clements et al. 2004), decreasing time-to-market and defects faced in the development
of software. SPL engineering goes one step ahead of previous software reuse approaches by sys-
tematizing reuse through the adoption of adequate design, implementation strategies and tools
that automate the process of configuration management and derivation of software instances
(Sinnema and Deelstra 2007). It takes advantage of scope, by focusing on a particular application
domain, thus achieving a balance between generality and specificity. It also leverages on domain
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knowledge gained through the repetitive development of software, supporting the reduction of the
cognitive distance and the improvement of infrastructure usability.

Our work contributes to software product line engineering with quantitative and qualitative
data that studies the effect of different design decisions in the versatility of software. It quantita-
tively and qualitatively analyzes the benefits and costs of flexible software (YANCEES), thus
providing insights to the development of software product lines.

It also contributes with YANCEES, an infrastructure and architectural style that provides in-
sights on the role of dependencies in SPL design and implementation, providing common solu-
tions to the problems originated by these dependencies.

10.2.1 Analysis of dependencies in software product
lines

The study of the role of dependencies in software product lines has gained recent attention
from the research community. The focus, however, has been more on the use of those dependen-
cies to prevent architecture configuration mismatch, and less on the study of the impact of those
dependencies on the system design complexity and their impact on the variability of software. For
example, in the FODA (Kang, Cohen et al. 1990), FORM (Kang 1998), RSEB (Griss, Favaro et
al. 1998) methods and in the generative approach in (Czarnecki and Eisenecker 2000), dependen-
cies are used to model usage interactions (alternative, multiple, optional and mandatory) as well
as incompatibility relations (exclusive or excludes), with the focus on configuration management
and conflict resolution. Recently, (Ferber, Haag et al. 2002) stresses the importance of depend-
ency analysis in feature diagrams, and proposes a separate feature-dependency model that com-
plements the existing feature tress. Additionally, it characterizes different interactions between
features such as intentional, environmental, and usage dependencies. Finally, in a more recent
work, (Lee and Kang 2004) studied the role of dependencies on modeling runtime feature interac-
tions, introducing the notion of activation and modification dependencies in feature diagrams.

In the implementation domain, feature dependencies usually manifest themselves in the form
of coupling between the components that implement those features, in special data and control
coupling occur as a consequence of activation and usage dependencies. Those dependencies have
different impacts in the variability of the final solution. Whereas control coupling usually limits
the activation order of the different pieces of software, data coupling can limit the variability and
reuse of those components. (Parnas 1978; Stevens, Myers et al. 1999)

On the light of those problems, different variability realization approaches have been used.
For example, (Lee and Kang 2004) propose a set of object-oriented realization strategies to ad-
dress activation dependencies. Those strategies are presented in the form of design patterns de-
rived from existing Factory, Proxy and Builder patterns (Gamma, Helm et al. 1995). In essence,
those patterns focus on managing and enforcing activation dependencies by promoting the late-
binding of the components that implement the many software features. Whereas useful in many
contexts, this modular (object-oriented) decomposition is not always sufficient to address other
kinds of dependencies, especially crosscutting variability dimensions or aspects, originated from
more fundamental problem dependencies. This motivated recent work such as (Garcia, Sant'Anna
et al. 2005), where Aspects are used to modularize design patterns.

In our work, we argue towards a more deep understanding of the role in dependencies in
software product lines. Not only as important information for configuration management support,
but as main factors to be considering in the design, bounding and variability realization selection
phases, as discussed in section 2.2.
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10.2.2 Software product lines economic models

From an economic perspective, SPL yields an economy of scope through the reuse of exist-
ing assets. Reuse is planned, enabled and enforced. Hence, the gains in productivity through the
use of SPL engineering are directly proportional to the variability in the domain and the number
of different software instances that one needs to support in a program family (Bockle, Clements et
al. 2004).

Existing software product line economic models allows the comparison between software
product line approaches as YANCEES with more traditional approaches. For example, the work
of (Bockle, Clements et al. 2004) and (Frakes and Terry 1996). These high-level economic mod-
els, however, do not provide insights on the difficulties and challenges involved in the develop-
ment and reuse of SPLs. For example, they do not account for domain-specific factors that can
hinder reusability, such as adaptation costs, performance and subscription and notification models
mismatches.

Our work contributes to software product line economic models by discussing in detail the
main challenges and factors that may hinder the development of versatile software (discussed in
Chapter 2), while provides insights that can guide the engineering of such systems, thus achieving
a favorable balance between the main versatility software qualities (as discussed in Chapter 3and
Chapter 8).

10.3 Software design and analysis methodologies

Existing methods such as the Software Engineering Institute’s ATAM (Architecture Trade-
off Analysis Method) (Kazman, Klein et al. 2000), SAAM (Software Architecture Analysis Me-
thod) (Paul Clements 2001), and ADD (Attribute-Driven Design) (Wood 2007) can be used to
assess the consequences of architectural decisions at the light of quality attribute requirements.
These methodologies, however, are design-time methodologies, being limited to the estimation,
instead of the analysis of actual trade-offs defined by existing design and implementation deci-
sions of actual components. Our work fills these gaps by analyzing existing infrastructures design
and implementations in realistic scenarios.

10.4 Empirical software engineering

From an empirical software engineering perspective, multi-dimensional analysis of different
versatility approaches are rare. Nevertheless, some quantitative research has been done on the
analysis and validation of design principles and their impact in different software qualities.

For example, the study of the impact of middleware stability on supporting changes in non-
functional requirements (Bahsoon, Emmerich et al. 2005); on the benefits of reuse on large soft-
ware projects (Mohagheghi and Conradi 2008) and software product lines (van Ommering 2005);
on the role of software architecture stability in software evolution (Jazayeri 2002); on the issues
in the modularization of software using aspects (Garcia, Sant'Anna et al. 2005; Lopes and
Bajracharya 2006; Greenwood, Bartolomei et al. 2007); on the usability of design patterns such as
Factory (Ellis, Stylos et al. 2007); on the flexibility (and inflexibility) of design patterns (Mens
and Eden 2005); and the impact of different middleware on performance (Tselikis, Mitropoulos et
al. 2007).

These quantitative studies, however, focus on a punctual software qualities such as reusabil-
ity, stability, modularity, usability, flexibility and performance respectively. To the best of our
knowledge, no in-depth analysis exist that evaluates and compares the different trade-offs be-
tween important software qualities such as: infrastructures complexity, reusability, maintainabil-
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ity, flexibility, and performance. Moreover, most studies are performed from the points-of-view
infrastructure developers, with little or no focus on API usability analysis.

10.5 Design principles literature

Different general design principles have been advocated by Parnas (Parnas 1978), Raymond
(Raymond 2004), Gabriel (Gabriel 1991) and Kiczales (Kiczales, Lamping et al. 1997); different
API Guidelines have been proposed by (McConnell 2004), (McLellan, Roesler et al. 1998),
(Bloch 2006) and (Henning 2009); whereas lower-level implementation guidelines are popular in
the object-oriented literature (Gamma, Helm et al. 1995; Martin 2003). Very few studies, how-
ever, have investigated and quantitatively analyzed the effects of the application of these princi-
ples on realistic systems, thus providing hard evidence of their benefits and possible costs. Our
work confirms some of these principles and provides hard evidence of the impact of their applica-
tion on important software qualities.
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Chapter 11. Conclusions

The development and reuse of versatile software infrastructures faces different and not so
well understood trade-offs, a consequence of different domain-specific requirements, and archi-
tectural and implementation decisions. By analyzing and elucidating these trade-offs in the pub-
lish/subscribe domain, and deriving principles and guidelines, we seek to better support pub-
lish/subscribe infrastructure developers in the design of better middleware, and infrastructure
consumers in selecting among the existing options available.

In particular, in this work, we presented a quantitative and qualitative study that analyzed the
costs and benefits of existing publish/subscribe infrastructures representing different versatility
approaches. The results are summarized in the form of data presented throughout this document,
in the design and implementation of YANCEES (Chapter 3), and a set of design principles and
guidelines presented in Chapter 8.

11.1 Summary of contributions

The contributions of this work crosscut different research areas as follows:

11.1.1 Contributions in software engineering in general

This works contributes to software engineering research in the following manner:

*  We propose the concept of versatility, together with an analytical framework that describes
major operators employed in the development and reuse of versatile software (discussed in
section Chapter 2), describing their main benefits and costs;

*  We also perform a non-exhaustive survey of major architectural approaches adopted in the
development of versatile software in general, and pub/sub infrastructures specifically (dis-
cussed at (Silva Filho and Redmiles 2005) and in section 4.1), evaluating infrastructures de-
veloped according to these approaches in our case studies;

* In order to analyze different versatility approaches, we designed comprehensive evaluation
framework to compare the versatility of heterogeneous software infrastructures (Chapter 4).

* In doing so, we designed and applied a metrics suite, which quantifies software qualities as:
usability, reusability, performance, flexibility, and maintainability in terms of lower-level at-
tributes (section 4.4). In particular, we propose a new metric called development effort,
which is the product of the total lines of code and cyclomatic complexity. This metric is the
basis for our measurement of usability and reusability.

*  The collected data was analyzed for correlations between these different software qualities,
thus identifying trade-offs (Chapter 7). In particular, we provide empirical data showing that
flexibility is more a consequence of design for change rather than the mere application of
good software practices.

* Based on our case study, we also contribute with a set of principles and guidelines for re-
quirements analysis, development and reuse of versatile publish/subscribe infrastructures
(Chapter 8).
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* Finally, we show the impossibility of the construction of an ideally versatile pub-
lish/subscribe infrastructure, one that can have its characteristics evolved independently from
each other, pointing out the role of dependencies in limiting variability (as discussed in
Chapter 2).

11.1.2 Contributions in the software product line
engineering

In the software product line research, we contribute with:

* A deeper understanding of the impact of dependencies in limiting software flexibility, and an
analysis of different feature interference problems in YANCEES (as discussed at (Silva
Filho and Redmiles 2007) and in Chapter 2 of this document)

*  An analysis of the role of dependencies in limiting variability, and a notation to express de-
pendencies (as discussed at (Silva Filho and Redmiles 2006) and in Chapter 2 of this docu-
ment).

* A comparative study of the versatility trade-offs in publish/subscribe infrastructures which
compares flexible software product line approach (as YANCEES) with more traditional al-
ternatives as: coordination languages (JavaSpaces), one-size-fits-all (CORBA-NS), and mi-
nimal core (Siena), as discussed in Chapter 7.

11.1.3 Contributions to middleware research

With respect to middleware research, we contribute with:

*  YANCEES, a flexible pub/sub infrastructure (Silva Filho, de Souza et al. 2003; Silva Filho
and Redmiles 2005), and a set of design principles supporting its development, showing how
to achieve a favorable balance between different software qualities in this domain;

*  The extended Rosenblum and Wolf (Rosenblum and Wolf 1997) design model for pub-
lish/subscribe infrastructures, showing the importance to support protocols (discussed at
(Silva Filho, de Souza et al. 2003) and in section Chapter 3 of this document);

*  We also contribute with a quantitative and qualitative study of publish/subscribe middle-
ware, where we show the complexity of using, extending and reusing different infrastruc-
tures.

11.2 Future work

The work discussed in this dissertation, including the analysis of versatility trade-offs, the
principles we derived, and the design and implementation of YANCEES, only represents the be-
ginnings of new and promising approach to the creation of versatile software in general and pub-
lish/subscribe infrastructures specifically. The development of versatile software still faces many
challenges that can benefit from further research in areas such as: program comprehension, API
usability and programming language design.

11.2.1 Tool support for software comprehension and evo-
lution

Even though different design and implementation approaches exist to support the develop-
ment of versatile software (for example, software product line engineering (Kang, Lee et al. 2003;
Lee and Kang 2004), component models, plug-ins, frameworks, and many others (Svahnberg,
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Gurp et al. 2005)), the process of design, evolution and reuse of software developed according to
these approaches is still not fully supported.

For example, a common problem faced by users of versatile software is the understanding of
the original intention, assumptions and rationale of software (Bosch, Florijn et al. 2002). Whereas
some approaches have already been proposed to document and automate the process of under-
standing and reusing software product line assets (Sinnema, Deelstra et al. 2004; Sinnema,
Deelstra et al. 2006), much work still needs to be done. In particular, there is a lack of good ap-
proaches to capture, represent and enforce versatility context. By versatility context I mean: the
information necessary to correctly understand, extend, adapt, configure and ultimately reuse a
piece of software to a particular need. Context requires the timely gathering of otherwise hidden,
scattered information, their enforcement and presentation in meaningful ways to software devel-
opers thus supporting their activity at hand. Moreover, many times, this information is tacit, not
written in any documentation form, but is part of the expertise of few developers, which makes it
event difficult to locate, combine and present this information.

As a future research in this area, I plan on answering the following questions: What kind of
context information do developers need? How can this information be gathered, presented and
enforced? Can we derive usable and useful ways to capture, document, present and enforce this
information? How can we support tacit knowledge capturing, representing and sharing?

An initial attempt to answer some of these questions is in our early work on the documenta-
tion and enforcement of dependencies in YANCEES (Silva Filho and Redmiles 2007). Thus, we
plan to generalize this work to include other types of systems, and extensible APIs in general.

11.2.2 API usability metrics, guidelines and tool sup-
port

Application Programming Interfaces (or APIs) define reusable abstractions applied in the
construction of complex software systems. They not only support the management of software
complexity, but also work as boundaries between relatively independent software development
teams (De Souza 2005). In spite of their importance, very little research has been done on the de-
sign and evaluation of APIs (Henning 2009). In this dissertation work, the size of the APIs and
the number of concerns API users need to master have shown to be important factors in the total
effort of adapting, extending and configuring an infrastructure.

As a future work, I plan on broadening the scope of the initial API usability research done in
this work, by answering the following questions: What is a good API? How can we adequately
measure API usability? What’s the impact of sound software engineering approaches in the re-
sulting API usability? Can we develop better principles, guidelines and tools to better support the
development of APIs?

The answering of these questions will not only benefit the development of versatile software,
but all sorts of software systems in general. Moreover, by better understanding the process of de-
sign and development of APIs, we can better support the development of automated tools to guide
developers in their development process.

11.2.3 Study of the impact of programming paradigm in
software versatility

Different programming paradigms are able to impact important software qualities such as
flexibility, usability and reusability. In fact, many of the problems found in our versatility analy-
sis were influenced by the programming paradigm adopted (Object-Oriented), its dominant de-
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composition (Objects) and integration mechanism (method invocation). For example, some inci-
dental dependencies, and the scattering of functionality throughout different components of
YANCEES are a consequence of the Object-Oriented decomposition model adopted, that many
times cannot modularize concerns into single classes.

Approaches such as Aspect-Oriented Programming, for example, can improve the modular-
ity of software (Lopes and Bajracharya 2006), supporting better locality of change. This ap-
proach, however, has also implicit cots, some of them related to the scalability and usability of
program comprehension (Ruengmee, Silva Filho et al. 2008). These sets of benefits as well as
costs must be better understood in order to inform tools and techniques to better support develop-
ers in applying these paradigms.

In particular, we are interested in better understanding the role of programming paradigm in
software versatility. For such, I plan to further analyze and compare the impact of different pro-
gramming paradigms, such as Object-Oriented, Aspect-Oriented and Implicit Invocation lan-
guages in the resulting versatility of existing Middleware. While some initial evidence was col-
lected by (Leung 2006), on implicit invocaiton languages, and (Lopes and Bajracharya 2006) on
AOP, a comparative approach between these paradigms are still missing.

In particular, I plan to investigate the following research questions: What benefits different
programming paradigms afford to software versatility? At what costs? Can we derive principles
and tools to help developers leverage on these paradigms benefits, while managing their inciden-
tal issues? By answering these questions, our goal is to better support versatile software develop-
ment and reuse, informing the design of novel tools for versatile software engineering.
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Appendix A. APIs of the Selected
Infrastructures

A.1 Siena API

Siena provides a simple API with calls that allow the subscription and publication of events
as follows:

void publish(Notification e) publish a notification.

void subscribe(Filter f, Notifiable n) subscribes for events matching Filter f.

void subscribe(Pattern p, Notifiable n) subscribes for sequences of events match-
ing pattern p. A pattern is a list of Notifiable event templates.

void unsubscribe(Filter f, Notifiable n) cancels the subscriptions, posted by n,

whose filter ' is covered by filter f.

void unsubscribe(Notifiable n) cancels all the subscriptions posted by n.
void unsubscribe(Pattern p, Notifiable n) cancels the subscriptions, posted by n,

whose pattern p' is covered by pattern p.

The subscription is supported by Filter and Pattern objects that are manually assembled us-
ing wildcard attributes to match events (Notification instances) by their content. Additional calls
control the advertisement of events and the federation of servers in the network. A code sample
containing Siena’s basic publication and subscription operations is presented in Table 14 as fol-

lows.

Table 14 Producing and consuming events with Siena

// connecting to Siena Server

HierarchicalDispatcher mySiena =

// Subscriber listener interface:
//receives notifications
Notifiable subscriber;

// posting a subscription
Filter £ = new Filter();
f.addConstraint ("message",
mySiena.subscribe (£,

// publishing an event

//

Notification n =

mySiena.publish (n);

(or events)

OP.ANY,
subscriber) ;

events are instances of Notification in Siena
new Notification():;
n.putAttribute ("message", "Hello,

new HierarchicalDispatcher();

null);

World!");
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A.2 CORBA-NS API

A schematic representation of CORBA-NS’s main APIs (or interfaces) is presented in Figure
70 as follows. The picture shows all possible types of consumers and suppliers of events as well
as the administrative interfaces of the service. Note that through backward compatibility with
CORBA-ES, the CORBA-NS supports all the existing CORBA-ES interfaces. The abbreviations
in Figure 70 correspond to: EC — Event Channel original interfaces, ECA — Event Channel Ad-
ministrative Interfaces, NC — the extended Notification Channel Interfaces, and NCA — the ex-
tended Notification Channel Administrative interfaces. The (*) indicates the possibility for multi-
ple instances of an interface.
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Figure 70 CORBA-NS Architectural overview (source (OMG 2004))

Architecture wise, the EventChannelFactory is the main Facade of the CORBA-NS. It al-
lows the notification service users (consumers and suppliers) to create independent event channel
instances according to different qualities of service (for example, through the definition of: queue
size, time to live and number of clients per channel). This dynamic characteristic is shared by all
the components of CORBA-NS. The architecture of the service is also hierarchical in nature, and
all objects defined as part of an event channel are created by some parent object. For instance,
consumer and supplier admin instances are created by event channels, and all proxy objects (the
client access points to the channel) are created by some admin instance. The CORBA-NS is part
of an ecology of CORBA services. As such, Naming and communication are usually provided by
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extra CORBA services such as CORBA Naming Service (COS Name), and the CORBA-ORB
respectively. Summary of CORBA-NS design principles:

Independent event channels with their underlying queues and qualities of service

Hierarchical and dynamic structure of components (channels, filters, suppliers and con-
sumers)

Support for multiple suppliers and producers per channel
Integration with underlying ORB protocol
Dependence on existing COSServices: Persistency, Evaluation, Name Services.

Backward compatibility with the Event Channel specification

The code showing a simple production and consumption of events using CORBA-Ns is
shown in Table XV as follows.

Table XV and consuming events with CORBA-NS (exception handling is
omitted)

s

s

s

org.omg.CORBA.ORB orb;
org.omg.CORBA.Object obj;

connect to the notification server
obj = orb.resolve initial references( "NotificationService" );
EventChannelFactory eventChannelFactory;
eventChannelFactory = EventChannelFactoryHelper.narrow( obj );
Property[] initialQoS = new Property[ 0 ];
Property[] initialAdmin = new Property[ 0 ];
org.omg.CORBA.IntHolder channellId = new org.omg.CORBA.IntHolder();
eventChannel = eventChannelFactory.create channel (

initialQoS, initialAdmin, channelId);
objRef.set ( eventChannel );

subscribe to an event channel of push consumer type

ConsumerAdmin consumerAdmin = eventChannel.default consumer admin();

org.omg.CORBA.IntHolder proxyId = new org.omg.CORBA.IntHolder () ;

ProxySupplier proxySupplier = null;

proxySupplier = consumerAdmin.obtain notification push supplier
(ClientType.ANY EVENT, proxyId);

ProxyPushSupplier proxyPushSupplier = null;

proxyPushSupplier = ProxyPushSupplierHelper.narrow (proxySupplier);

PushConsumerPOA subscriber = (PushConsumerPOA) new MySubscriber () ;

proxyPushSupplier.connect any push consumer (

subscriber.pushConsumer () ) ;

set the filtering parameters
(domain = "OpenORB", type = "HelloWorld", and a data filter)
ConstraintExp constraints[] = new ConstraintExp[l];

constraints[0] = new ConstraintExp();

1
constraints[0] .event types = new EventTypel[l];
constraints[0] .event types[0] = new EventType();
constraints[0] .event types[0].domain name = "*";
constraints[0] .event types[0].type name = "*";
constraints[0].constraint expr ="S.filterable data(filter:content) ==
'HelloWorld' “;

ConstraintInfo[] add constraints results;
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Filter filter = null;
add constraints results = filter.add constraints(constraints);
int filter id = proxyPushSupplier.add filter(filter);

// publish an event supplier
org.omg.CORBA.IntHolder proxyId = new org.omg.CORBA.IntHolder () ;
ProxySupplier proxySupplier = null;
proxySupplier = consumerAdmin.obtain notification push supplier
(ClientType.ANY EVENT, proxyId);
ProxyPushSupplier proxyPushSupplier = null;
proxyPushSupplier = ProxyPushSupplierHelper.narrow (proxySupplier);
// create an event

String eventTypeName = “Message”;
String message = “HelloWorld”;
// Event type has domain name and type name
EventType eventType = new EventType( "OpenORB", "HelloWorld" );
FixedEventHeader fixedEventHeader = new FixedEventHeader (

eventType, eventName.toString ()

// Event - Variable header
Property[] variableHeader = new Propertyl[2];

variableHeader [0] = new Property("variable:type", orb.create any());

variableHeader[0] .value.insert string( eventTypeName );

variableHeader[1l]= new Property("variable:content",orb.create any());

variableHeader[1l].value.insert string( message );

EventHeader eventHeader = new EventHeader (fixedEventHeader,
variableHeader) ;

// Event - Filterable data declaration
Property[] filterableData = new Propertyl[2];

filterableData[0] = new Property("filter:type", orb.create any());
filterableData[0].value.insert string( eventTypeName );
filterableData[l] = new Property("filter:source",orb.create any());

filterableData[l].value.insert string( message );

Any msg = orb.create any();

msg.insert string( msgBody );

StructuredEvent event = new StructuredEvent (eventHeader,
filterableData, msqg);

Any anyEvent = orb.create any();

StructuredEventHelper.insert ( anyEvent, event );

//publish the event
proxyPushConsumer.push( event );

The CORBA-NS allows the definition of filters in their event channels. These filters are ex-
pressed using the TCL (Trader Control Language). Some examples of queries using this language
are presented in Table X VI as follows.
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Table XVI CORBA-NS event filter language examples

Accept all CommunicationsAlarm events but no lost_packet messages:
Sevent type == 'CommunicationsAlarm' and
not (Sevent name == 'lost packet')

Accept CommunicationsAlarm events with priorities ranging from 1 to 5:

(Sevent type == 'CommunicationsAlarm') and
($priority >= 1) and (Spriority <= 5)

Select MOVIE events featuring at least three of the Marx Brothers:

(Sevent type == 'MOVIE') and ((('groucho' in $.starlist) +
('chico' in $.starlist) + ('harpo' in $.starlist) +
('zeppo' in $.starlist) + ('gummo' in $.starlist)) > 2)

Accept only recent events:

$origination timestamp.high + <>2 < Scurtime.high

Accept students that took all three tests and had an average score of at least 80%:
($.test. length == 3) and (((S.test[l].score + $.test[2].score
+ $.test[3].score) / 3) >= 80)

Select processes that exceed a certain usage threshold:

$memsize/5.5 + S$cputime * 1275.0 + $filesize * 1.25 > 500000.0h

A.3 dJavaSpaces API

The tuple space model as implemented by IBM TSpaces (Wyckoff 1998) and Sun
JavaSpaces (Freeman, Hupfer et al. 1999) combines the traditional Linda API with DBMS fea-
tures such as transactional semantics, allowing, for example roll-back of operations, access con-
trol, and event notification (applications can register to be notified whenever the tuple space is
changed). In our case studies, we used the open source implementation of JavaSpaces provided
by SUN. The basic primitive operations supported by JavaSpaces are:

* long[] write( EntryRep tuple, Transaction txn, long lease ) Adds a tuple to the space, equiva-
lent to a publish command. Transaction and lease are optional parameters

*  Object take( template tuple, transaction, timeout, query cookie ) Performs an associative
search for a tuple that matches the template. When found, the tuple is removed from the space
and returned. If none is found, returns null. Transaction, timeout and query cookie are op-
tional parameters.

*  Object takelfExists( EntryRep tmpl, Transaction txn, long timeout, QueryoCookie cookie)
Performs an associative search for a tuple that matches the template. Blocks until match is
found. Removes and returns the matched tuple from the space. Transaction, timeout and
query_cookie are optional parameters.
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Object read( EntryRep tmpl, Transaction txn, long timeout, QueryCookie cookie) Same as the
"take" command above, except that the tuple is not removed from the tuple space.

Object readlfExists( EntryRep tmpl, Transaction txn, long timeout, QueryCooie cookie) Same
as the "fakelfExists" command above, except that the tuple is not removed from the tuple
space.

EventRegistration notify(EntryRep tmpl, Transaction txn, RemoteEventListener listener, long
lease, marshalledObject handback) Registers a listener to entries matching the provided tem-
plate. Whenever a match occurs (on write() commands), a notification is sent to the listener
interface together with a handback that provides more information about the entry that
matched the template.

contents( EntryRep[] tmpls, Transaction tr, long leaseTime, long Imit) Same as the "read"
command above, except returns the entire set of tuples that match the templates provided.

A sample of the use of tuple spaces to publish and subscribe to events is presented in Table

XVII as follows.

Table XVII Producing and consuming events with JavaSpaces (exception
handling is omitted)

// connecting to the tuple space
// Alternative and shorter way

Class[] classes = new Class[]{ aServicelInterface };
ServiceTemplate tmpl = new ServiceTemplate (null, classes, null );

// Locate the JavaSpaces service and create a JavaSpace
//proxy attached to it.

LookupLocator locator = new LookupLocator (address);
ServiceRegistrar sr = locator.getRegistrar();

JavaSpace space = (JavaSpace)sr.lookup (tmpl);

// writing to the tuple space
Tuple t = new Tuple();
t.stringField = “ some value”;
t.intField = new Integer (123);
// publish the event with a minute lease time

space.write(t, null, 60 * 1000);

// subscribing to notifications
// null = wild card
Tuple template = new Tuple ("Key2", null);
reg = space.notify(template, null, tsListener,
Lease.FOREVER, null);

// we need to implement TSLisetener that will read the tuple from
// the space when a notification is received.
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A.4 YANCEES client-side API

For the point of view of the application engineers that use different YANCEES instances, the
API is similar to Siena. It provides methods for publishing and subscribing to events. Unlike
Siena, that uses object templates (or anti-tuples) as filters and patterns, YANCEES uses extensi-
ble subscription and notification languages. For the point of view of the infrastructure software
engineer, the extensibility and configurability API requires the use of abstract classes, interfaces
and configuration files. A code example containing the basic subscription and publication opera-

tions in YANCEES is presented in Table X VIII as follows.

Table XVIII Producing and consuming events with YANCEES (exception
handling is omitted)

//connect to YANCEES server
YanceesRMIClient client;
client = new YanceesRMIClient ("hostname.mydomain.com") ;

// publishing an event

YanceesEvent event = new YanceesEvent () ;
event.put ("name", "Roberto");
event.put ("Office", 247);

// subscribe to events
GenericMessage msg = new GenericMessage ("" +
" <subscription>" +
" <filter>" +
" <EQ>" +
" <name> name </name>" +
" <value type=\"yanceesString\"> Roberto </value>" +
" </EQ>"+
" </filter>" +
" </subscription>") ;

// ‘this’ implements YanceesClientInterface
client.subscribe (msg, this);
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Appendix B. Extending
YANCEES

B.1 Case study: implementing CASSIUS services
with YANCEES

To illustrate the use of the architecture extensibility and configurability, this section presents
some examples on how to implement plug-ins in YANCEES. It also shows how YANCEES can
be customized to provide the functionality required by different application domains.

For example, suppose that YANCEES needs to be adapted to support awareness applica-
tions, providing a set of features similar to CASSIUS, which requires: event persistency, content-
based filtering, sequence detection, and the pull notification. Moreover, a special feature provided
by CASSIUS is the ability to browse and later subscribe to the event source hierarchies. This fea-
ture, called event source browsing, provides information about the publishers and the events they
publish.

B.1.1 Implementing a sequence detection subscription
command

Sequence detection requires the extension of the subscription model with the addition of a
new keyword <sequence>. It will operate over a set of content-based filters, which are already
supported by YANCEES baseline configuration.

The first step is to extend the YANCESS subscription language with the new <sequence>
tag. This is illustrated in the code fragment as follows.

<complexType name="SequenceSubscriptionType">
<complexContent>
<extension base="sub:SubscriptionType">
<sequence minOccurs="0" maxOccurs="1">
<element name="sequence" type= "FilterSequenceType" />
</sequence>
</extension>
</complexContent>
</complexType>

<complexType name="FilterSequenceType">
<sequence minOccurs="1" maxOccurs="unbounded">
<element name="filter" type="FilterType"/>
</sequence>
</complexType>

The next step is to implement the sequence detection plug-in, extending the subscription
model. For such, developers may choose to extend AbstractPlugin, a convenience class that pro-
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vides default implementations to YANCEES Plugininterface, which methods are described be-
low.

interface PluginInterface extends PluginListenerInterface {
long getId();
String getTag() ;
String getFullContext () ;
String getFullPath();
Node getSubtree();
void addListener (PluginlListenerInterface plugin);
void removelistener (PluginListenerInterface plugin);
void addRequiredPlugin (PluginInterface plugin);
PluginInterface[] getRequiredPluginsList () ;
boolean hasChildren () ;
void dispose();

Note that the Pluginlnterface is a listener to events produced in other plug-ins. As such, it
implements the PluginListenerinterface as follows.

interface PluginlListenerInterface {

void receivePluginNotification (EventInterface evt, PluginInterface
source) ;

void receivePluginNotification (EventInterface[] evtList, PluginIn-
terface source);

}

A simple sequence detection implementation will collect events, in the right order, that come
from two or more content-based filter plug-ins. When a successful sequence is detected, the se-
quence plug-in returns the set of events collected, publishing it to higher-level plug-ins (listeners)
as an array of YanceesEvent objects. Note that we are assuming that the event dispatcher guaran-
tees the in-order delivery of events. If this is not the case, more complex algorithms must be used.

In order to be dynamically loaded, at runtime, every plug-in must provide a factory imple-
mentation that implements the PluginFactorylnterface as follows.

interface PluginFactoryInterface {
String[] getTags();
PluginInterface createNewInstance (Node subTree);

}

A simple factory implementation will return a new instance of the plug-in each time the cre-
ateNewlnstance() method is invoked in its interface. The plug-in factory must then be registered
under the “sequence” tag name in the YANCEES configuration file as described below.
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<subscription>

<plugin>
<name> sequence.plugin </name>
<mainClass>
<javaClassName>
plugin.sequence.SequencePlugin
</javaClassName>
</mainClass>
<factoryClass>
<javaClassName>
plugin.sequence.SequencePluginFactory
</javaClassName>
</factoryClass>
<depends> siena.plugin </depends>
</plugin>

</subscription>

The plug-in is then ready to be used. It will be activated each time a subscription is provided
that uses the <sequence> tag as its part. An example of a subscription using this new extension is
presented in the code below. The Java DOM parser automatically checks the subscription for syn-
tax errors by using the XML schema definition of the <sequence> command.

<subscription>
<sequence xsi:type="FilterSequenceType">
<filter xsi:type="FilterType">
<EQ>
<name> status</name>
<value> Fail </value>
</EQ>
</filter>
<filter xsi:type="FilterType">
<LT>
<name> cooler Temp </name>
<value> 90 </value>
</LT>
</filter>
</sequence>
</subscription>
<notification>
<push>
</notification>

B.1.2 Pull delivery mechanism implementation
Pull delivery allows subscribers to periodically poll (or check) the server for new events

matching their subscriptions. This mechanism copes with the requirements of some mobile appli-
cations, where subscribers usually get temporarily disconnected.
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This mechanism is provided by a pull notification plug-in. In order to temporarily store the
events that are not being delivered, the pull mechanism needs an event persistency service (or
static plug-in). As a consequence, together with the pull notification plug-in, an event persistency
service must also be defined.

Users need to control when to collect and when to store the events being routed to them as a
result of a subscription. This usually requires a polling interaction protocol. This interaction is not
part of the regular publish() and subscribe() commands of a notification server, so a protocol
plug-in must be defined. In short, the implementation of a pull delivery mechanism requires:

* The extension of the notification language to add pull support
* The implementation of a pull notification plug-in

* The implementation of a persistency service

*  The definition of a polling protocol

* The implementation of a polling protocol plug-in

The implementation of the pull notification plug-in follows the same steps as the sequence
detection plug-in previously described. The same is true for the notification language extension.
An extension is provided to the notification language that defines the <pull> tag. Additionally, a
factory to instantiate this plug-in is also provided. In order to activate the pull plug-in, a <pull>
tag must be provided in the <netification> session of a subscription message (see Table 6). As a
consequence, a pull plug-in instance is created and registered to handle the events that match the
subscription.

The pull plug-in implementation is very simple; it directs the events to the persistency serv-
ice component and registers them under their target subscriber interface.

The poll plug-in responds to commands such as <poll-interval>, <stop-polling> and
<poll>, which define different polling mechanisms. It collects the events stored in the persistency
service, and delivers them periodically to the subscriber (poll-interval command); it then collects
the notifications whenever requested (using the poll command) or deactivates the periodic deliv-
ery (using the stop-polling command) in case of a temporary disconnection.

These sets of plug-ins define a configuration, a set of components that need to be present in
order for a service to operate. The dependencies between these are checked by YANCEES with
the help of the <depends> clause in the configuration file.

B.1.3 Implementing CASSIUS features

In addition to the features described in the previous sessions, CASSIUS provides event typ-
ing and the ability to browse through hierarchies of event sources.

The browsing of event sources in CASSIUS allows publishers to register events in a hierar-
chy based on accounts and objects. This model and the API required to operate the server are de-
scribed elsewhere.

In the YANCEES framework, the CASSIUS functionality is implemented by the use of pro-
tocol plug-ins and a CassiusService component. The CASSIUS protocol plug-in interacts with the
CassiusService, which allows the creation and management of objects, accounts, and their events.
These operations include registering/un-registering accounts, objects, and events, as well as poll-
ing commands.
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CASSIUS uses events with a fixed set of attributes. These events can be easily identified and
checked for correctness by an input filter. This filter checks all incoming events for the proper
CASSIUS template format. Once a CASSIUS event is identified and validated, it is copied to the
CassiusService, which stores it in a database in its proper account/object record.

Polling of events, in this case, is handled by the CASSIUS protocol plug-in, which allows
the collection of events by account, object, or sub-hierarchies. Note that this approach does not
prevent the simultaneous installation of both services, the simple pull and the CASSIUS pull pro-
tocol.

The poll mechanism is not the only way to collect CASSIUS events. At any time, subscrip-
tions can also be performed on regular CASSIUS events.
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