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Abstract
The use of object-oriented frameworks is one way to increase productivity by

reusing both design and code. In this paper, a framework-based application is
viewed as composed by a framework part and an increment. It is difficult to relate
the intended behaviour of the final application to specific increment requirements,
it is therefore difficult to test the increment using traditional testing methods.

Instead, the notion of increment conformance is proposed, meaning that the
increment is designed conformant to the intentions of the framework designers. This
intention is specified as a set of composability constraints defined as an essential
part of the framework documentation. Increment conformance is established by
verifying the composability constraints by means of code and design inspection.
Conformance of the increment is a necessary but not sufficient condition for correct
behaviour of the final application.

1 Introduction

The object-oriented framework is a concept that aims at reducing software development costs
by systematic reuse of both design and code. Applications can be built by instantiating one or
more frameworks. Throughout this paper, the notion of increment of an application is used to
describe the design and code provided by the application developer. The framework part
denotes the parts provided by the frameworks, see figure 1. 

For large and complex applications built by combining and adapting several frameworks, it is
advisable to perform local verification of the increment, and not rely solely on final application
testing. Such local certifiability is essential for managing large software systems [1].
Traditionally, the increment would be treated as a component and consequently verified by
testing it against its behavioural specification. However, there is a difficulty in specifying the
behaviour of the increment, since it has no behaviour of its own; instead it contains several
adaptations and modifications of the default behaviour defined by the framework or
frameworks. It is thus difficult to test the adaptations using traditional testing methods. 

The notion of conformance is introduced in this paper, which in informal terms means that the
increment is designed in a way that conforms to the intentions of the framework designers.
Instead of testing or verifying the behaviour of the increment, only its conformance is verified.
For this purpose, it is necessary that all the requirements, design rules and constraints defined
by the framework, are identified and documented as a set of composability constraints. When a
framework-based application is constructed, the increment must be verified against these
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composability constraints. Verification of typical composability constraints (see subsection 3.1)
requires often the use of code or design inspection. 

One benefit of this method is that the constraints are available when the design of the increment
starts, thereby making it possible to design the increment in a conformant way from the
beginning. Another benefit is that the method promotes a “black-box” reuse approach to
frameworks where less knowledge and understanding of framework internals are required. The
“black-box” approach is necessary for large scale applications where several frameworks may
be used. 

This paper starts with some definitions, followed by a problem statement. In the subsequent
section the conformance concept is discussed further, together with a categorisation of
composability constraints. A small framework example is given in the fourth section.

 Fig. 1  Framework-based application

1.1  Definitions

Frameworks have been discussed in more detail by several other researchers [2], [3], [4], [5] and
[6]. This paper uses the following definitions based on a simple model of generating an
application based on one or more frameworks. The application engineer designs application
classes, which are either new increment classes, or subclasses from the frameworks or classes
composed by framework or application classes. The increment is defined as the application
classes, see figure 2. 

At run time, objects are instantiated either directly based on framework classes or based on
application classes. When investigating all the objects of the application, three different kinds
of objects can be found: pure increment, pure framework, and framework-based objects. All
these objects interact in certain ways. The code executed by the latter object category,
framework-based objects, contains code both produced by the framework designer and the
application engineer.

Framework part

Increment
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 Fig. 2  Different objects in a framework-based application.

2 Problem statement

Before the problems can be stated, the importance of local certifiability must be stressed. A
requirement for scalability is, according to Weide and Hollingsworth [1], that each component
of a software system can be certified locally.  The problems addressed in this paper are:

• The problem of specifying the behaviour of the increment. Even if it is possible to
specify the behaviour of an actual application, and a well-document description of the
framework is available, it is difficult to deduce a specification of the increment. 

• The problem of verifying the behaviour of the increment. It is difficult to test the
increment, since it is difficult to express its specification. Furthermore, testing probably
requires considerable effort to design test drivers which simulate parts of the
framework behaviour. Improving cost efficiency by reuse presupposes that the
verification cost of the framework-based application is small and in proportion with the
effort of producing the application.

• The problem of combining local certifiability with framework-based software
development. How can the promising technique of object-oriented frameworks be
combined with the sound principle of local certifiability in a cost-effective way? 

3 Conformance

A partial solution to these problems is suggested by the introduction of the concept of
conformance. Increment conformance is defined as the fulfilment of all composability
constraints. A composability constraint is a necessary requirement on the increment imposed
by the used frameworks. Conformance means that the increment is designed and implemented
according to the intentions of the framework developers. However, it does not imply that the
application will behave as intended, though non-conformance certainly indicates that the
resulting application will not behave as intended. Thus, conformance is a necessary, but not
sufficient, condition for correct behaviour. 

The proposed concept affects the development process of the framework, in which it is
necessary to identify and document all composability constraints required for an increment that
can be integrated with the framework.

Until a formal composability constraint language is defined, the constraints must be verified by
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code or design inspection. 

3.1  Constraint categories

This subsection contains a description of constraint categories. All of the categories are well-
known, and a reference to typical work in this area is provided. The most important work related
to this subject is the Contracts concept defined by Helm et al. [7], where a formal invariant
applicable to a set of framework classes is defined. The contract must be fulfilled by all
subclasses of these classes. Such contracts cover constraints on interrelation between
framework and framework based classes. The Framework Description Language suggested by
Wilson and Wilson [8], includes another category of constraints, namely, the specification of
classes that must be instantiated and classes that must be subclassed. 

Problems with inheritance have been covered by a large number of researchers. A formal
approach with class invariants has been suggested by Meyer [9] and McGregor and Dyer [10].
Aksit and Bergmans discuss the special problems of inheritance and state in [11].
Synchronisation and inheritance is the subject of work carried out by Matsuoka et al. [12]. These
results can be seen as a way of identifying constraints on subclassing which are examples of
composability constraints. 

In addition to these more object-oriented constraints, there exists a large number of additional
constraints, for example, resource sharing constraints, or atomicity constraints in concurrent
systems. Some of these constraints are summarised in the paper concerning context-dependent
constraints by Molin [13].

There are additional constraints regarding the structure of the final application. The following
list of constraints are based on the usage rules defined by Mattsson [6]:

• Framework-based objects, where specific methods must be called at a predefined
frequency.

• Constraints on the cardinality and the existence of certain framework-based objects.

• Constraints on creation of dynamic/static framework-based objects.

• Constraints on instantiation order.

• Constraints on recursive calls and re-entrance.

4 Example

A small example is presented in this section, with only a few composability constraints. The
example is a small simulation framework defined by Budd [14]. The framework consists of two
visible classes, Simulation and Event. The following code example in C++ represents parts of
the class declarations:

class event {
public:

//...
virtual  void processEvent() = 0;

}

class simulation {
public:

//...
void run();
void scheduleEvent ( event &);
int done;
//..

};

From the descriptive text in the book, and from the given code examples, the following list of
composability constraints can be deduced:
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• Class simulation must be instantiated or subclassed and instantiated.

• Class event must be subclassed and instantiated.

• Subclassed events must be created dynamically.

• Created events and simulation classes must not be explicitly deleted by the increment.

• Pointers and references to such objects are not valid after run is called. 

• Pointers and references to event objects are not valid if the variable done is set to true. 

• processEvent may not be called directly from the application part.

In order to show conformance of the application classes, it is necessary to verify these
constraints.

5 Conclusion and future work

Conformance verification is proposed as a means of local verification of an increment when
building a framework-based application. The verification is performed by confirming that the
increment fulfils a number of well-defined composability constraints. Code and design
inspection is proposed as the preferred verification method. Conformance verification requires
the identification and documentation of all composability constraints as an important part of
framework development and documentation. 

Conformance can be seen as a possible solution to the composability problem, where
conformance indicates that a component fulfils all requirements enforced by the remainder of
the system. Correct behaviour and conformance are thus two requirements that can be defined
regarding a component. Behaviour can be tested locally, conformance cannot, and must
therefore rely on source code tools or manual inspection.

One obvious research direction is a formalisation of the composability constraints. Another
direction is to focus on methods that identify all the constraints defined by a framework. Finally,
a research suggestion is to automate the conformance verification process.
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