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ABSTRACT

This work proposes a new approach for framework design and utilization. We believe this approach
will l ead to a more explicit definition of the collaboration between the framework elements and will
help the designer to better implement the framework variability through the use of patterns. Regarding
framework utili zation, we propose a different instantiation process, where a particular application is
described by domain specific languages (DSLs) that are designed precisely for the framework domain.
A major topic in our work is the semi-automatic derivation of the DSLs from the framework design
structure. The use of formal methods will allow us to prove that the applications that can be derived
from a framework through the “standard” instantiation process are exactly the same that can be
specified as DSLs programs.

1. PROBLEM AND MOTIVATION

There are various application areas that are not established yet and for which new ideas and models
are presently under development and evaluation. These are domains for which the viability of rapidly
building new applications is essential and strategic from a practical point of view. Examples of
application domains that can be classified in this category include Web-based Education, electronic
commerce, biology, and financial market.

An interesting strategy for developing new applications for these domains is the development of
object-oriented application frameworks [11, 9]. Frameworks can reduce the costs of developing
applications since it allows designers and implementers to reuse their previous experience with
problem solving at the design and code levels. Prior research has shown that high levels of software
reuse can be achieved through the use of object-oriented frameworks. An object-oriented framework
captures the common aspects of a family of applications, which can be seen as a domain theory [18].

Although object-oriented software development has experienced the benefits of using frameworks, a
thorough understanding of how to identify, design, implement, use, and change them to meet evolving
requirement needs is still object of research [18, 23].

Therefore, framework development is very expensive not only because of the intrinsic difficulty
related to capturing the domain theory but also because of the lack of appropriate methods and
techniques to support framework specification and design.

Framework utilization is also a problem noticed in companies that use this technology to create
applications [http://www.objectime.com/OOPSLA98/frameworks/]. The most common way to
instantiate a framework is to inherit from some abstract classes defined in the framework hierarchy
and write the code that is called by the framework itself. However, it is not always easy to identify
which code is needed and where it should be written since frameworks class hierarchies can be very
complex, especially for non-expert users.

Therefore, the “standard” instantiation process is not always the ideal way to describe a particular
application. This happens because of several facts:



2

• the language used to build and use the framework is a wide spectrum language, in which it is not
always easy to express the user intentions;

• the complexity of framework class hierarchies and the difficulty of finding the points where the
code should be written: the framework hot-spots or flexible points [16, 19].

This work proposes a new approach for framework design and utilization that addresses these
problems.

2. BACKGROUND AND RELATED WORK

Techniques such as design patterns [9], meta-object protocol [13], refactoring [12], and class
reorganization [5] have been proposed to support framework design. However, they do not address the
problem of helping the framework designer to find the commonalties (frozen spots) and flexible points
(hot-spots) of a given framework. Our approach extends the idea of design patterns essentials [15, 16]
to address this problem.

Domain specific languages (DSLs) are used to formally specify software designs [10]. A DSL is a
formal language that is expressive over the abstractions of an application domain. An advantage of
using a DSL is that the domain expert can express domain specific concepts in a formal way directly,
instead of communicating the specification informally to a software specialist who is usually less
famili ar with the intended application.

An approach for using DSLs to enhance software libraries utili zation is described in [17, 22]. The
motivation for their work is that end users often do not make effective use of libraries, because most of
them lack the expertise on properly identifying and composing the routines that form their application.
They argue that in domains with mature subroutine libraries, one can greatly improve the productivity
and quality of software engineering by automating the effective use of those libraries. Our work is an
enhancement of this approach for frameworks.

3. APPROACH AND UNIQUENESS

We propose the use of formal methods, specifically the Z specification language [20, 21], to describe
the semantics of the framework design structure. For this reason, we have developed an object-
oriented meta-model in Z and will use this meta-model to describe all the artifacts and processes
involved in our approach. There is a direct mapping between the syntax of our meta-model and the
current object-oriented programming languages such as Java and C++.

Our approach to framework design is based on the idea that any design can be divided into two parts:
the kernel sub-system design and the hot-spot sub-system design. The kernel sub-system design is
common to all the applications that the framework may generate, and the hot-spot sub-system design
describes the different characteristics of each application that can be supported 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 hot-spot sub-system elements are the ones that vary for each application, and depend on
the use of the framework. These elements must be adapted to each generated application.

Several unification rules, based on our meta-model, that show how frameworks can be derived from
an initial set of applications have been defined as part of our work. These rules are used to structure
and classify the framework architecture, highlighting the relationship between the kernel and hot-spot
elements. Design pattern essentials [15, 16] are then applied to fulfil l the flexibility requirements of
each framework hot-spot.

We believe this approach will lead to a more explicit definition of the collaboration between the
framework elements and will help the designer better implement the framework variability through the
use of patterns.

Regarding framework utili zation, we propose a different instantiation process, where a particular
application is described by domain specific languages (DSLs) that are designed precisely for the
framework domain. The technique basic idea is to capture domain concepts in DSLs, which wil l help
the framework user to build code in an easier way, without worrying about implementation decisions
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and remaining focused on the problem domain. The specification written in each DSL is translated to
the framework instantiation code through the use of transformational systems [14, 6].

A major topic in our work is the semi-automatic derivation of the DSLs from the framework design
structure. The use of formal methods will allow us to prove two important theoretical results:

• there is always a mapping between frameworks and DSLs, which means that for every framework
there are associated DSLs;

• the applications that can be derived from a framework through the “standard” instantiation process
are exactly the same that can be specified as DSLs programs (using the associated, derived DSLs) .

4. RESULTS AND CONTRIBUTIONS

A set of desirable properties of a solution determines whether or not the solution is satisfactory. The
proposed approach to enhance object-oriented frameworks design and utilization should posses the
following properties.

• General: it should be general enough to be used in any application domain. This generality will be
shown through case studies in different application areas;

• Precise: it should be precisely described, in order to be understood by its users and also to allow
the definition of supporting environments. This property will be addressed through the
formalization of the artifacts and processes involved in the approach;

Currently comparable methods are almost nonexistent or in their infancy. Case studies in three
important and innovative application domains, in which we expect to contribute with the design and
development of real frameworks, is also part of our work.

A number of papers [1, 2, 3, 4, 7, 8] report our current results. The consolidation of these research
results will be present in my upcoming Ph.D. dissertation (July 99).
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