A FRAMEWORK DESIGN AND INSTANTIATION METHOD
ABSTRACT

This dissertation presents an investigation into the problem of objed-oriented framework design and
instantiation. A new method that uses the mncepts of viewpoaints and domain-spedfic languages is propaosed to
addressthis problem. The method processis formally described and case studies are presented. This proposal
motivates the problem and outlines how the dissertation will addressit.

1. PROBLEM DESCRIPTION

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 Educaion, eledronic commerce, biology, and financial market.

An interesting strategy for developing rew applications for these domains is the development of objed-oriented
applicaion frameworks [10, 13]. Frameworks can reduce the csts of developing applicaions snce it allows
designers and implementers to reuse their previous experience with problem solving at the design and code
levels. Prior reseach has shown that high levels of software reuse aan be athieved through the use of objea-
oriented frameworks. An objed-oriented framework captures the common aspeds of a family of applications,
which can be seen as adomain theory [19].

Although objed-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 neals 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
cgpturing the domain theory but also because of the ladk of appropriate methods and techniques to suppart
framework spedfication and design.

2. PROPOSED SOLUTION

This disertation propases a new method for objed-oriented framework design and instantiation.

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 gplications as viewpaints [8, 6] of a domain and deriving the fina
framework from the analysis of these viewpaints.

The gproach 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 eadh 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 elicit the common feaures of the
framework design structure, and is formally described in this dis<ertation.

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. We defined new relationship in objed-oriented design, cdled the hot-spat relationship, 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 acmunt the hot-spot 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 applicaion.
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 mde should
be written, that are the framework hot-spots or flexible paints.

The instantiation method proposes a different process where aparticular application is described by domain
spedfic languages (DSLs) [12] that are designed predsely for the framework domain. In this way, the technique
basic ideaisto cgpture domain conceptsin aDSL, 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 DSL is trandated to the framework instantiation code through the use of
transformational systems[16, 4].

3. EXPECTED RESULTS

A set of desirable properties of a solution determines whether or not the solution is stisfadtory. The proposed
method to objed-oriented frameworks design and instantiation should pas<es the foll owing properties.

e Generdl: it should be general enough to be used in any application domain. This generality will be shown
through case studies in different application aress;

e Predse it should be predsely described, in order to be understood by its users and also to alow the
definition of supparting environments. This property will be aldressed through the formalization of the
method process

The proposed method rovides a new approach for framework design and instantiation based on viewpoints, the
hot-spat relationship, and damain spedfic languages. Currently comparable methods are dmost nonexistent or in
their infancy.

Relevant results are dso expeded to emerge from the formalizaion process since the use of caegory theory
[11] and objea cdculus [7] in method formalizaion may disclose some powerful method properties. Also the
derivation of domain spedfic languages from problem theory [23] and the integration of frameworks and domain
spedfic languages are new reseach areas not yet been exploited in literature.

The proposed method will be tested in three important and innovative gplicaion domains, in which we dso
exped to contribute with the design and development of red frameworks.

4. STATUS

The foll owing items describe the reseach topics to be addressed in the dissertation, indicating their status and
schedule:

* design method description, introducing the ncepts of viewpoints and the hot-spot relationship in the
objed-oriented design (concluded [9]);

« forma spedficaion of the design method using the Z spedficaion language [21, 22]. Through this
formalization it is possible not only to predsely describe eat method's step hbut also to highlight its most
important properties: loose mupling and separation of concerns (concluded [9]);

» framework instantiation approach based on domain spedfic languages [12] and transformational systems
[16, 4] (concluded [2]);

e a ca&e study in the Web-based Education domain (concluded [1, 5]);

« formalizaion of the hot-spot relationship in objed oriented design, based on caegory theory [11] and ohjed
cdculus [7], showing that the semantics of this relationship is given by the design pattern essentials [18]
and the flexibili ty design properties (being developed —to be concluded by December 30 o 1998);
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formali zation of the domain concept based on the problem theory [21] and the description of how a domain
spedfic languages can be derived from this formali zation (being developed —to be concluded by December
30 d 1997);

a ca&e study in the computational biology domain (left to do —to be concluded by March of 1999);
a ca&e study in the dedronic commercedomain (left to do —to be mncluded by March of 1999.
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