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Abstract heads. For example, parameters that con-
trol the behavior of a component may be
Software components offer numerous adepeatedly tested even though they remain
vantages in terms of development, but mdixed throughout the lifetime of the compo-
give rise to inefficiency due to highlynent. Also, features that may be needed only
generic implementations. Program speciah specific situations must be included in a
ization can automatically remove overheadsomponent, even if they are never needed in
due to overly generic implementations, bunost applications.

requires inspection of the source code. To improve performance, a software com-
retain the advantages of black-box SOﬁwarﬁonent can be manually specialized to ob-
components, we propose black-box Przin 5 yversion dedicated to a given appli-
gram specialization: specialization OpportLEation, but such manual albeit systematic
nities are specified by the developer and b;qgification of source code is error-prone
come part of the interface of a componenfj introduces maintenance overheads. Au-
allowing the user to specialize the COMPQymatic program specialization is a tech-
nent according to specific needs. nique for removing overheads that are due
~ We characterize the problem of consok, genericity. Program specialization can
idating program specialization and blacky ,;omatically instantiate a generic compo-
box component re-use, outline our proposeghn for a specific context, thus obtaining an
solution, and illustrate our approach usingicient implementation. Nevertheless, for

an example. program specialization to be effective, it re-
quires guidance by an application program-
1 Introduction mer familiar with the complete program be-

ing specialized, seemingly contradicting the

Software components increase the re-use [Jfilosophy behind black-box re-use of soft-

existing program fragments, allowing an ap/aré components.
plication to be created by combining ex- As a solution, we propose to extend the
isting components. Unlike objects whicldescription of a component with informa-
may implement part functionalities onlytion regarding the opportunities for special-
a component usually encompasses a coination that are intrinsic to the component.
plete functionality and functions in an auThe burden of identifying the specialization
tonomous fashion. In the context of this paspportunities is placed on the creator of the
per, we consider that components are firsbmponent, who is assumed to be familiar
created by the component programmer, thevith its source code. The existing oppor-
either combined with other components bgunities for specialization are thus external-
the application programmer (to form comized, and published as part of the interface of
plete applications), or inserted into runninghe component. This interface not only al-
applications by the end user. lows the application programmer to config-
The more a component is generic in itsire the component to a specific functional-
functionality, the more places it can be usedty, but also for the framework that joins the
and the greater is the productivity boost thatomponents together to automatically com-
results from code-reuse. However, geneplete the configuration process by adapting
icity is known to introduce run-time over-the components to one another. This con-



figuration process results in a program optsuch regions, knowledge of how they work

mized for the opportunities associated witFs still required for program specialization to

each actual component. be effective. Thus, some understanding of
how the source program works is necessary

Overview: First, Section 2 provides an in-T0" @PPlying program specialization. _
troduction to program specialization. Then, 10 SPecialize a software component, it
Section 3 describes the main topic of this pAPUSt not only be known how it has been im-
per: black-box program specialization. AfplemenFedZ byt also how it will be used. This
terwards, Section 4 describes how compgiakes it difficult for the developer to spe-
nents can be automatically adapted whé&i@!ize the component, since the exact needs
they are installed into a framework. Sectiofff the application programmer and even the
5 provides a concrete example. Finally, se&nd user must be known. Specialization can
tion 6 discusses both the questions raised B¢ done to cover the most common cases,

this position statement and future work. but it is often impractical, if not impossible,
to pre-specialize components for all possible

values.
2 Program Specialization

Program specialization is the optimizatio® Black-Box Program Special-
of a program (or a program fragment) based ization
on information about the context in which
it is used. For an object-oriented prograni,o exploit the full potential of program spe-
specialization can be applied to individuatialization in the field of software compo-
methods of a class. Context information canents, we must unify seemingly contradic-
include both constant values, such as valutsy needs: specialization must be done ac-
of parameters, local fields, or fields of othetording to the needs of the application pro-
objects, and type information. grammer and it must be done at the com-
One approach to automatic program spgonent level without requiring the program-
cialization ispartial evaluation which per- mer to inspectthe source code of the compo-
forms aggressive inter-procedural constanent. The solution is to make the available
propagation (of all data types), and perforngpecialization opportunities external to the
constant folding and control-flow simplifi-component. We thus separate the process
cations based on this information. Partiaf declaring specialization opportunities and
evaluation has been extensively investigatéde subsequent choice of which opportuni-
for functional [3, 4], logic [6], and impera- ties to exploit.
tive [1, 2, 5] languages. This technique has Concretely, we propose to express ab-
been recently extended to Java by Schulstract specialization opportunities as part
et al. [7]. Partial evaluation is a two-stageof the interface of a component. The
process: first the program is analyzed withomponent developer identifies specializa-
an abstract domain of values (values are dion opportunities and the application pro-
ther known or unknown), and then it is spegrammer chooses which opportunities to ex-
cialized with concrete values. While analploit. To actually perform specialization, we
ysis must be performed before compilatiorgan use a technique such as specialization
the actual specialization to concrete valuadasses [8], which allow many specialized
can be done at any time. Specialized codehaviors to be added to a component, while
can thus be dynamically adapted to situdeeping the original, generic behavior.
tions that have been abstractly analyzed be-Indeed, specialization classes, provide a
fore compilation. simple, declarative framework for specify-
For specialization to be effective, it musing specialization opportunities and control-
only be applied to the performance-criticding specialization, and might seem appro-
regions of the program. The application propriate for defining the specialization inter-
grammer is often aware of where such rdace of a component. However, special-
gions exist in a program, perhaps with thization classes work at the implementation
help of profile information. But to optimizelevel and not at the component level: they



declare opportunities on a class-by-class biis not sufficient by itself.

sis, specifying invariants over values that Rather than requiring the application pro-

are private to some object. Also, severgrammer to specify how each component
specialization classes may be needed to estiould be specialized for a concrete appli-
press specialization for a specific opportieation, specialization can be done based on
nity. While useful for actually perform-information about how the components have
ing specialization, we conclude that speheen combined. This information can be ex-
cialization classes are too fine-grained arichcted from the components by the frame-
implementation-specific for specifying spework that binds them together, and used to
cialization opportunities at the componerdutomatically specialize each component to
level. its context.

In the same way that the interface of a A component normally specifies its in-
component must be rich enough to suppotgrface and its dependencies on other com-
those operations that are required by the prponents.  Not only can the interface of
grammer, the set of available specializatiothe component include information regard-
opportunities must be rich enough to enablag the specialization opportunities intrinsic
optimization for those cases that are needed. the component: dependencies on other
But while an interface that is too limitedcomponents express more opportunities for
can hinder appropriate use of a componerspecialization. Specifically, dependencies
a limited set of specialization opportunitiesan include specialization opportunities for
will only resultin reduced performance. Reother components that are due to the way
stricting the programmer to predefined oghey will be used by this component.
portunities has an advantage in terms of pre- Globally, each component expresses spe-
dictability of specialization: it ensures thatialization opportunities that influence the
specializing according to these opportunspecialization opportunities of other compo-
ties will be beneficial. nents. This can be implemented in a straight

The specialization interface should noforward fashion by allowing each compo-
only allow configuration by the program-nent to configure those components that it
mer, but also automatic configuration, as dglepends upon. This allows the components
scribed in the next section. Also, the conef an application to automatically adapt to
crete interface that one would want to usée way they will be used. By implementing
will depend on what framework is beinghe propagation of specialization opportuni-
used. In Section 5 we provide a concretées in the framework, propagation can be
example that illustrates what can be needé@ne either statically at compile time when
from a interface, but for now we will leavethe application is created, or dynamically at
the definition of the specialization interfacéun time when new components are plugged
as future work. into the application. Once the configuration

process is complete, specialization can be
done for the resulting configuration options.
4 Framework-Based Specializa- cConcretely, the components and their de-
tion pendencies form a graph structure, and
specialization opportunities are propagated
Large applications are constructed frorthrough this graph structure until a fixed
many components, so manually performingoint is reached. To ensure termination and
complete configuration of each individuah simple way of merging configurations, a
component would be a tedious task. Fupartial ordering over the possible configu-
thermore, individual component configuraration options could be defined, with the
tion is only feasible during application deempty set of configuration options as the
velopment: we cannot require the end uséottom element and the set of all configu-
of an application to configure componentgation options together as the top element.
when they are dynamically installed into théNote that some configuration options may
application framework. While individual be incompatible; it is the job of the com-
configuration of a component is essential gtonent programmer to decide what happens
application construction time, we deem than the case of conflicts.) Once completely



configured, each component can then be file.
specialized according to the selected spe-

cialization opportunities. Formalization and

implementation of this approach is futurd!€dian: Removes noise in animage, using
work. a given mask (different kinds of noise

are best removed with different masks).

5 Example: Image-Processing _
Java Beans Blur: Performs blurring of an image, using

any mask size (the larger the mask, the

As a simple example, consider an image Stronger the blurring effect.)
processing application that loads an image,
removes noise or performs blurring, and d_i%isplay: Displays an image on the screen.
plays the result. When programmed using
common object-oriented abstraction mecha-
nisms, such applications can contain marghe components work on image data
opportunities for specialization [7]. For exihrough a generic interface, manipulating
ample, specialization can be done for thighage data stored either pixel by pixel or
concrete representation of image data usg@parately for each color.
while processing the image, or for the actual The blurring algorithm can be specialized
filters being applied to the image. for the size of the blurring mask, so the
In this example, the components will be&eomponent developer has specified this as
implemented as Java Beans. The Java Beanspecialization opportunity. In normal use
framework already encompasses the notiaf the application, only a small blurring ef-
of propertiesthat allow configuration of fect is desired, so the application program-
specific parameters. However, this interfaa@er can configure thBlur component to
alone is too simple for our purposes, sincige specialized in advance for a couple of
we also work with dependencies betweesmall mask sizes, and to be prepared for be-
components. Thus, we choose to slightling specialized at run time for larger mask
extend the Java Beans framework, and hagizes. Similarly, the median component can
a specific mechanism for specialization ofbe specialized for a concrete mask.

erations. . There is a significant overhead associ-
Inspired by the Beaninfo interface foraieq with accessing all image data through a
complex introspective operations on Beangeneric interface. The components could all
we provide each bean with a method for olyse specialized for the same data representa-
taining its specialization controllero_bject. tion, thus optimizing the program. If the ap-
This object is the interface performing conpyication programmer specifies that the local
figuration and the actual specialization opy,achine uses packed pixels when display-
erations, as well as describing dependenci% data on the screen, thésplay compo-
between beans to allow automatic configisent can specify this as a specialization op-
ration. The specialization controller Objecbortunity, thus causing all the components

can be accessed by a BeanBox-like tool fgfat it depends upon to be specialized for
configuration during creation of an appliiis representation.

cation, or by some run-time framework for L i

. ._.__ By a combination of manual configura-
Java Beans that would permit the speC|aI|z?|— n and automatic propagation of Special-
tion controllers to be connected as defined’ propag P

. ization opportunities, we can thus essen-
by dependencies between components, tially specialize the graphical application
To facilitate the construction of differ- &~ SP grap pp

. : o as was done by Schulit al, which was
ent image processing applications, we pro;

. ! . Shown to result in a speedup in execution
gram each specific functionality as a sepa- e
. ime between one and a half and five times.
rate component. In the context of this exa

: ; .n]—_lowever, by specifying specialization op-
ple, we are interested in the four fouowmgportunities gt tﬁe cfz)/mgonpent level as WF:":lS
components: done here, the process of performing spe-
GIFSource: Reads an image from a GlFcialization has been greatly simplified.



6 Open Questions and Future Acknowledgments

Work

This position statement is based on work be-

ing done in the Compose group at IRISA.

This position statement outlines an ovey
all approach to applying program special

many open questions remain:

n particular, it is influenced by the cur-

all ¢ rent efforts of Phillipe Boinot, Charles Con-
ization to software components. Howeveg

Renaud Marlet, Miguel de Miguel,

Gilles Muller, and the author at applying

program specialization to software compo-
o Does component-level configuration ofients. Thanks are due to Julia Lawall for
each component combined with autoproofreading and helpful comments.

matic propagation of specialization op-
portunities answer some of the needs

for specialization of the software comXeferences

onent community?

p y [1]
e Is a software component in fact an ap-

propriate unit for specifying possible

specialization opportunities and sub-

sequently relying on automatic prop-

agation of opportunities to determine

which opportunities to exploit? 2]

e Is it possible to unify the specialization
needs that arise when the same compo-
nent in a single application is used by
several different components, possibly
each through a unigque interface?

In terms of future work, the specialization
interface should be defined, and automatic
propagation of specialization opportunitieQ]
should be formally specified. Both should
be experimentally implemented in a frame-
work. To minimize the amount of configu-
ration by the programmer, it would be pos[-4]
sible to allow components to have “prefer-
ences” for certain configuration options. In
the example of the previous section, a spe-
cific representation could have been the pre-
ferred one, and the choice made automati-
cally in the case where the programmer had
no preferences (or at run time). Finally, an)
interface to individual component configu-
ration is needed before this technique can
be tested. We envision having a complete
graphical interface for controlling and moni-
toring both approaches, in the form ope-
cialization wizardthat can guide the appli-
cation programmer through the specializa-
tion process. In the specific case of Java
Beans, it would be advantageous to integrate
such an interface with an existing BeanBo}6]
tool.
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