Component Specialization:
Towards Deeper Adaptation

Gustavo Bobeff — Jacques Noyé

Ecole des Mines de Nantes

4, rue Alfred Kastler

44307 Nantes Cedex 3
{Gustavo.Bobeff,Jacques.Noyel@emn.fr

RESUME De notre point de vue, I'adaptabilité est une caractéristique clef de la notion de compo-
sant et devrait étre & la base de toute définition de la notion de composant. Cependant, contrai-
rement au modeéle de réutilisation boite de cristatles objets, qui fait I'hypothése d’'un accés
complet a I'implémentation de I'objet, cette adaptabilité doit étre fortement guidée afin de gar-
der le découplage nécessaire entre le producteur du composant et ses consommateurs, une
autre caractéristique essentielle de la notion de composant. Il s'avére que les modéles et in-
frastructures actuelles de composants ne concilient pas pleinement ces deux caractéristiques
et ne fournissent qu’une fornselperficielled’adaptation. Tirer tout le bénéfice de la notion de
composant demande une forme plus profonde d’adaptation, ce qui requiert de considérer des
techniques et outils de spécialisation de programme comme des éléments clefs du génie logiciel
a composants.

ABSTRACTTO our point of view, adaptability is a key characteristic of components and should
be at the heart of any proper component model. However, contrarily to the afjestal-box

model of reuse, which assumes full access to the objectimplementation, this adaptability should
be strongly guided in order to keep the necessary decoupling between the component producer
and its consumers, another key characteristic of components. It turns out that the current com-
ponent models and infrastructures fall short of conciling these two characteristics and only
provide asuperficialform of adaptation. Taking full advantage of the notion of component re-
quires a deeper form of adaptation, which calls for considering program specialization tools
and techniques as key elements of the component-based software engineering toolbox.
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1. Introduction

The adoption of the component as the unit of design and software construction,
instead of an individual class, let us reason in terms of component composition when
constructing applications. In this context, an application is conceived as a set of gene-
ric componentseady to reusesonnected to each other. But then how do components
differ from, let us say, DLLs on the one hand and objects on the other hand ? This is
mainly a matter oadaptability Adaptabilityrefers to the ability of a piece of software
to satisfy requirements dedicated to the context in which it is used.

The DLL model of reuse is alack-boxmodel of reuse. The implementation of
a DLL, provided as binary code, cannot be changed at all : there is no possibility
of adapting a DLL to a specific use. On the other side of the spectrum, the reuse
model of standard object-oriented languagesdsyatal-boxmodel of reuse. It relies
on a very good visibility of the implementation of the units of reuses (classes). Itis
very powerful, as adaptability is almost unlimited, but also very fragile [SNY 86].
Some approaches, like the use of design patterns [GAM 94], make it possible to avoid
some of the pitfalls but at the cost of another layer of vocabulary and techniques and
therefore additional complexity (and new pitfalls).

A key benefit of introducing a notion of component is to provide a balance between
these two extreme visions of reuse. This requires introducing some shade of grey in
the initial black-box model in order to provide a very strongly guided form of adapta-
tion. In this paper, we suggest that a general way of doing so is to integrate program
specialization techniques to the component development process.

This paper is organized as follows. Sect. 2 gives a basic definition of the notion of
component taking adaptation into account. Sect. 3 introduces program specialization
and illustrates its application in a component setting. Sect. 4 shows how program spe-
cialization can actually be applied using component generators. Sect. 5 concludes the
paper.

2. Component Models

Starting from a black-box model, we can say thatithplementatiorof a com-
ponent (implementation refers here to program text, whatever the form of this program
text, native code, bytecode, source code ...), provided by a compmioeloiceris es-
sentially a black box, out of reach of the componemisumerHowever, in order for
the component consumer to use a component in a compositiateafaceis provided
by the producer. The role of this interface is to guide the composition (rejecting, for
instance, incorrect compositions) from two main points of view: a structural point of
view (a matter of interconnections) and from a behavioral point of view (a matter of
interactions) (see, for instance, [SHA 96, COU 01]). But, on top of this syntactic role,
this interface has also a semantic role, being transformed at composition time (at least
conceptually) into avrapper, encapsulating theore of the component (the result of
the transformation of the implementation).
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Whereas the implementation is a black box, the interfacenikige box It is not a
crystal box as it is neither as transparent nor as fragile, but through parameterization
facilities, it is possible to change the component and adapt it to the composition.

To keep things simple, we have distinguished here only two phases in the life of
a component: its production and its use in a composition. Note that a component can
also benstantiatedtalking about acomponent instancgould then be more precise)
and finallyexecutedAlso, component composition can be incremental and take place
either at compile time (the component may then still need tddydoyedl or at run
time. Depending on the details of the model, the interface can be turned into a wrapper
at a different time than composition and this transformation could even be incremental.

This general model is actually used in all the industrial component infrastructures
such as the Enterprise JavaBeans (EJB) [DEM 00], or COM+ [SES 00]. In particular,
it makes it possible to adapt components with respect to predefined technical services
(persistence, security ... .).

What is however disappointing is that, in this model, there is no adaptation action
on the implementation of the component. Along the different phases of the component
life many pieces of adaptation information are fed into the interface/wrapper, but this
has no effect on the implementation/core. It is however possible to go one step further
using program specialization.

3. Program Specialization

In this section, we describe some basic specialization techniques and give a few
scenarios showing where and when these techniques can be helpful.

3.1. Specialization techniques

Program specialization makes it possible to automatically transform a program
fragment into a specialized version, according to an execution context. In this sec-
tion we describe two well-proven program specialization techniquensial evalua-
tion [JON 96] andprogram slicing[TIP 94, REP 96], as well as a complementary
technique that we will calprogram fission and fusion

- Partial Evaluation A partial evaluator is a program that transforms a program
by compiling away the computations based static (i.e. known) information and
reconstructing the remainirdynamiccomputations to form the specialized program.
This technique has been studied mainly in a functional, logical, or imperative setting,
but has also lately been applied to the object paradigm [BRA 00, SCH 00].

- Program Slicing It is a method for automatically decomposing programs by
analyzing their data and control flow. Starting from a subset of a program’s behavior,
slicing reduces that program to a minimal form that still produces the behavior. For
instance, this technique can be applied to determine the statements affecting a parti-
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Figure 1. Composition Example

cular output statement of a program. Then, if this output statement is no more useful,

these statements can be eliminated leading to another kind of specialized program. Ini-
tially applied to imperative and functional languages, some work has also been started
on object-oriented languages [STE 98].

- Program Fission and FusiarThe idea here is to turn some data structure into
several data structures that are together equivalent to the initial data structure, and
vice-versa. When performing fission, the splitting criteria may be based on the static
and dynamic subsets of the data structure. Then, we may propagate just the dynamic
subset throughout the program and partially evaluate the computation based on the
static subset. This is an extensionvafriable splittingfROM 90]. Rather than a spe-
cialization technigue on its own, program fusion and fission should rather be seen as
an enabling technique.

3.2. Scenarios

In a component setting, each new phase of the life of a component brings new in-
variants and therefore new specialization opportunities. Here are scenarios illustrating
this point.

Firstly, at composition time, it is possible to obtain information about how the
components are assembled. In Figure 1, we can see that not all services provided by
component A are used in the resulting application. Thinking in terms of specialization,
slicing can be performed with respect to the unused output (i.e. provided services) P
After performing specialization on component A, another opportunity is found since
the input (i.e. required service) & is not required by A any longer. Consequently,

a new specialization can be done since the connection betwgear R4, is not
required either, and so on.

Secondly, at instantiation time, concrete values for input parameters are given.
They can be used to specialize the component through partial evaluation (i.e. by pro-
pagating the static input values though the component implementation). In Figure 1
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a specialization based on instantiation values is shown. In this case, for example, the
provided service B, is known to provide a boolean valueue, then all the compu-
tations based on the required servicg, Rran be specialized, taking this static value
into account.

Finally, specialization can be applied at execution time by determiqirasi-
invariants[PU 95], which are known not to change for some interval of time.

4. Componentsand Component Generators

In the previous section, we have assumed that program specialization was able to
affect the core of a component in an unrestricted manner. How is this possible wi-
thout breaking the black-box model of the core ? The basic idea is to actually replace
the component core by a component generator. Such a component generator can be
built at component production time using techniques pioneered by the partial evalua-
tion community around the notion generating extensiofJON 93, GLU 95]. One
could imagine that such a component generator could generate any possible specia-
lization of the initial component (each specialization corresponding to a given set of
invariants). In practice, only a subset of the potential specializations make sense and
correspond to planned reuse scenarios. These scenarios can then be used to drive the
construction of the component generator, as suggested in [LEM 02] in the context of
a specific C-based component model. These scenarios can then become part of the
component interface in order to encourage a smart reuse of the components [BUC 97]
but also to automatically trigger specialization when connecting components (actually
component generators) together [SCH 99].

5. Conclusion

We have shown that adaptability is a key component feature and proposed a basic
component definition taking this feature into account. This has hopefully made clear
that component adaptation brings many optimization opportunities but that taking ad-
vantage of the opportunities associated to the component core calls for sophisticated
program specialization techniques. We are currently working on a component model,
language and infrastructure based on these ideas.
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