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SUMMARY

Case studies have shown that high levels of software reuse can be adhieved through the use of objed-oriented
frameworks. This paper describes a viewpoint-based design and instantiation method for framework
development. This method uses the mncept of viewpoints and the hot-spat relation in objed-oriented design to
guide the designer on the identification of hot-spats in the structure of the framework. Domain-spedfic
languages are used to help the framework instantiation. A method supparting environment is also presented.
Software design through the use of this environment appeas to be avery successful approach from the point of
view of component reuse.
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1. INTRODUCTION

There ae various applicdion areas that are not established yet and for which new ideas and models are presently
under development and evaluation. These ae domains in which the possibility of rapidly building rew
applicaions is essential and strategic from a pradicd point of view. Examples of applicaion domains that can
be dasdfied in this caegory include Web-based Educdion, eledronic commerce, biology, and financial market.

An interesting strategy for developing rew applicdions for these domains is the development of objed-oriented
applicaion frameworks [10, 13]. Frameworks can reduce the sts of developing applicaions snce it allows
designers and implementers to reuse their previous experience with problem solving at the design and code
levels. An objed-oriented framework cgptures the cmmon aspeds of a family of applications, which can be
seen as adomain theory [19].

Although objea-oriented software development has experienced the benefits of using frameworks, a thorough
understanding of how to identify, design, implement, and change them to meet evolving requirement needs is
gtill objed of reseach [24]. Techniques such as design patterns [10, 17], meta-objed protocol [15], refadoring
[14], and classreorganization [3] have been proposed to suppart framework development and cope with some of
the challenges.

Therefore, framework development is very expensive not only because of the intrinsic difficulty related to
capturing the domain theory but also because of the ladk of appropriate methods and tedhniques to suppat
framework spedfication and design.

2. FRAMEWORK DESIGN AND INSTANTIATION METHOD

In [19] Roberts and Johnson state that “Developing reusable frameworks cannot occur by simply sitting down
and thinking about the problem domain. No one has the insight to come up with the proper abstradions.” They
propose the development of concrete examples in order to understand the domain. The design strategy presented
here is quite similar, analyzing concrete gplicaions as viewpaints [8, 6] of a domain and deriving the fina
framework from the analysis of these viewpaints.

The goproach to framework designis based on the ideathat any design can be divided into two parts: the kernel
sub-system design and the hot-spat sub-system design. The kernel sub-system design is common to all the
applicaions that the framework may generate, and the hot-spot sub-system design describes the different
charaderistics of ead applicaion that can be suppated by the framework. The hot-spot sub-system uses the
method and the information provided by the kernel sub-system and may extend it.

The kernel structure is defined by analyzing the viewpoints design representations to produce aresulting design
representation that refleds a structure that is common to all chosen viewpoints. This part of the design approac
is based on a domain-dependent semantic analysis of the design diagrams to €licit the common feaures of the
framework design structure.



The dements that are not in the kernel are the ones that vary for each applicaion, and depend on the use of the
framework. These dements define the framework hot-spots [17, 20] that must be aapted to ead related
applicaion. A new relationship in objed-oriented design, cdled the hot-spat relationship, has been defined to
spedfy all the hot-spatsin the system.

The semantics of this new relationship is given by the design patterns essentials [18]. This implies that the hot-
spoat relationship is in fad a meta-relationship that is implemented through a design pattern that is generated
taking into acount the hot-spat flexibility requirements. The hot-spot cards guides this generation process
providing a systematic way for generating design patterns based on flexibili ty properties.

The most common way to instantiate a framework is to inherit from some &strad classes defined in the
framework hierarchy and write the ade that is cdled by the framework itself. However, it is not always easy to
identify which code and where it should be written since frameworks class hierarchies can be very complex,
espedally for non-expert users.

Therefore, the “common” instantiation processis not always the ided way to describe aparticular appli caion.
This happens becaise of severa fads:

» thelanguage used to build and use the framework is a wide spedrum language, where it is not always easy
to expressthe user intentions;

« the complexity of framework classhierarchies and the difficulty of finding the points where the ade should
be written, that are the framework hot-spats or flexible paints.

We propose adifferent instantiation process [2], where a particular application is described through domain-
spedfic languages (DSLs) [12] that are designed predsely for the framework domain. The tedchnique basic idea
is to capture domain concepts in DSLs, which will help the framework user to build code in an easier way,
without worrying about implementation dedsions and remaining focused on the problem domain. The
spedficaion written in the DSLs are trandated to the framework instantiation code through the use of
transformational systems[16, 4].

3. SUPPORTING ENVIRONMENT

A supparting environment that is used in the design and instantiation phases has been fully implemented (Figure
1). The environment helps al the method' steps:

1. Viewpoint definition: the users define the domain relevant viewpoints through the spedficaion of OMT
classdiagrams;

2. Viewpoint unification: the environment applies the unificaion rules [9] to generate an abstrad framework
from the seleded set of viewpaints;

3. Flexibility properties definition: flexibility requirements are defined to generate the gpropriate design
patterns that will compase the hot-spot sub-system structure;

4. DSLs definition: the definition of the syntax (in a BNF like notation) and semantics (through the
spedfication of transformation rules) of the domain-spedfic languages used in the framework instantiation
process The Dram-PUC transformational system is used to perform the transformations and generate the
framework instantiation code.

Through the use of this environment a framework for Web-based educaion (WBE), cdled ALADIN, was
generated [5]. We used various existing WBE applicaions as viewpoints and derived the apropriate
abstradions through the viewpoint unification process [1]. Two domain-spedfic languages were defined to
instantiate the ALADIN framework: an educational language and a navigational language.

So far our studies show that the ALADIN framework can speed-up the development of WBE applications at
least by afador of 3. We ae aurrently working in the dedronic commerce domain to improve our investigation
on the method (and on its supparting environment) completenessand effediveness

4. CONCLUSIONS

This paper shows how viewpaints, and particularly, the hot-spat relationship can be used as the main design
driving force to reusable framework construction. The method provides mechanisms that help the framework
developer in the identification of the kernel structure and the flexible parts.



The hot-spat card is a feaure that can help us to bridge the gap between frameworks and design patterns, a still
challenging issue [18]. The unification step is responsible for harmonicadly combining the various viewpoints.
The use of the hot-spat relationship in this sep helps the definition of the framework kernel and its hot-spats,
introducing the necessary flexibili ty requirements.
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Figure 1. M ethod supporting environment

Another important charaderistic of the method is that it is a complementary approach that can be combined to
other techniques guch as refadoring and OOADM. The method suppart environment presented in Sedion 3 uses
the refadtoring algorithms presented in [14] for the viewpoint unification processand the OMT notation for the
viewpoint spedfication.

In [9] we present other examples of viewpoint unification and hot-spot instantiation. The method is currently
completely formalized [9], based on the Z spedficaion language [21, 22], objed cdculus [7], and category
theory [11]. Throughthis formalization we culd prove some important properties such asloose cupling.

In[1, 5] we present a cae study for developing a framework for Web-based educaion. This framework is now
fully implemented by the Software Engineeing Laboratory, LES, of the Computer Science Department at PUC-
Rio, Catholic University. An example of an applicaion generated by this framework is the AulaNet™
environment (http://www.les.inf.puc-rio.br/aulanet)
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