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Abstract

This thesis comprises studies of evolution and composition of object-oriented
frameworks, a certain kind of reusable asset. An object-oriented framework is a set
of classes that embodies an abstract design for solutions to a family of related prob-
lems. The work presented is based on and has its origin in industrial contexts where
object-oriented frameworks have been developed, used, evolved and managed.
Thus, the results are based on empirical observations. Both qualitative and quanti-
tative approaches have been used in the studies performed which cover both tech-
nical and managerial aspects of object-oriented framework technology.

Historically, object-oriented frameworks are large monolithic assets which
require several design iterations and are therefore costly to develop. With the
requirement of building larger applications, software engineers have started to
compose multiple frameworks, thereby encountering a number of problems. Five
common framework composition problems, together with existing solution
approaches and the underlying causes for the problems are presented in this thesis.
Adopting a reuse technology, such as object-oriented frameworks, in a software
development organization causes changes and additions of practices and proce-
dures. We present problems and possible solutions related to these issues. Exam-
ples of topics addressed are; domain scoping, business models, verification of the
framework’s abstract behavior, and when to release a framework. Object-oriented
frameworks, as all software, evolve due to changed and new requirements. The
evolution of object-oriented framework can be more costly than conventional soft-
ware since there generally exist several applications based on and forced to evolve
with the framework. In our studies, we characterize different views of framework
evolution. Aspects investigated are structural and behavioral stability, change and
growth rates using historical information and effort distribution of framework
development and customization. We also provide an assessment of the methods
used for characterizing the evolution against the following management issues;
identification of evolution-prone modules, framework deployment, change impact
analysis, benchmarking and requirements management. As part of these studies,
we have extended and validated two proposed methods for software evolution; one
for quantitatively assessing stability of a framework, which has been extended with
a set of framework stability indicators, and one for identifying evolution-prone
modules based on historical information (adapted for object-orientation). Our stud-
ies have validated that these methods are feasible and possible to apply on indus-
trial object-oriented frameworks. In addition, we provide quantitative evidence that




Preface

The research work presented in thesis has been carried out as part-
time Ph.D. studies since the summer 1992 when | joined the Univer-
sity of Karlskrona/Ronneby. This thesis includes a collection of six
papers and is organized in the following three parts:

n

Introduction. The introduction gives a background to the pre-
sented papers. Section 1 introduces the notion of object-ori-
ented frameworks and our view of effective utilization of
framework technology. The section also discusses the follow-
ing activities; development & usage, composition and evolu-
tion of object-oriented frameworks. Each of the activities is
illustrated with one or more typical examples to give the reader
an understanding of the phenomena. Section 2 presents an
overview of research topics in the framework field. The over-
view is presented in a triplet form, <background, existing
approaches, research questions>, thereby also giving an over-
view of related work. Section 3 describes the research methods
used, the main contributions and a summary of the papers.

Framework Composition. This part includes two papers, I-11,
the first is about problems and experiences of adopting frame-
work technology in an organisation. The second paper lists five
problems which may occur when composing two or more
frameworks. Except the problems, existing solutions
approaches as well as the causes for the problems is presented.
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» Framework Evolution. This part includes four papers, I11-VI,
regarding framework evolution. Paper Il presents a method for
assessing structural and behavioural stability of an evolving
framework and its application. Paper IV presents and applies a
method for identifying and characterizing the evolution-pron-
ess of a framework, its subsystem and their modules. In paper
V the relative distribution of effort per development phase and
version for a framework and the relationship between frame-
work development effort and framework instantiation effort is
presented. In Paper VI we have compared and assessed the
methods presented and used in papers I11-V. The comparison is
between the methods and the assessment against a set of evolu-
tion issues comprising identification of evolution-prone mod-
ules, framework deployment, change impact analysis,
benchmarking and requirements management. Through these
studies we have obtained knowledge and information about the
nature of framework evolution that, hopefully, will assist man-
agement making well-informed decisions about a framework’s
evolution, thereby ensuring controlled and predictable evolu-
tion of functionality and costs for future framework develop-
ment efforts.

December 1999
Michael Mattsson
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Introduction

The emergence of evolving or global markets has fundamentally
altered competition as many companies have known it. The dynam-
ics of these markets are forcing compression of product development
times and expansions of model variety of the products [50].

This is especially true within the information technology field and
related areas where we see that an increasing part of industrial devel-
opment involves development of software. The products developed
contain more and more software, or are genuine software products,
which need to be enhanced and modified to meet the new market
requirements.

This increases the need of methods, tools and techniques for
developing and managing the process of creating and evolving soft-
ware products, i.e. software engineering [46].

To meet the market requirements of compressed or reduced prod-
uct development times reuse of software has for several decades been
an important issue for the software development organization. Soft-
ware reuse is the process of creating software systems from existing
software rather than building the software from scratch. This visions
was introduced 1968 by Mcllroy in his seminal paper Mass Produced
Software Components [31] and software reuse is today an established
sub-discipline within software engineering research.

Evolution and Composition of Object-Oriented Frameworks
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1.  Object-Oriented Frameworks

When introducing software reuse in a software development organi-
zation this implies changing existing software life cycles into new
ones [21]:

»  Development-for-reuse and,
»  Development-with-reuse

The development-for-reuse life cycle has the focus to develop
reusable assets intended to be reused in the development-with-reuse
life cycle. In the development-with-reuse life cycle reusable assets
are searched for and used, if suitable, in the software development.

Reusable assets in object-orientation can be found in a continuum
ranging from objects and classes to design patterns and object-ori-
ented frameworks.

Historically, reusable software components have been procedural
and function libraries (the 1960s) and in the late 60’s Simula 67 [4]
introduced objects, classes and inheritance which resulted in class
libraries. Both the procedural and the class libraries are mainly
focused on reuse of code. However, reuse of design would be more
beneficial in economical terms. This since design is the main intel-
lectual content of software and it is more difficult to create and re-
create then programming code.

With the integration of data and operations into objects and
classes an increase in reuse was achieved. The classes were packaged
together into class libraries. These class libraries often consist of
classes for different data structures, such as lists and queues. The
class libraries were further structured using inheritance to facilitate
specialization of existing library classes. The class libraries delivered
software reuse beyond traditional procedural libraries.

The problems with reusing class libraries are that they do not
deliver enough software reuse, i.e. they only allow for reuse of rela-
tively small pieces of code. Software developers still have to develop
a lot of application code themselves. The striving to increase the
degree of reuse and the desire to reuse designs has resulted in object-
oriented frameworks.

6 Evolution and Composition of Object-Oriented Frameworks
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A number of different and similar definitions of the concept of
object-oriented frameworks exist. We provide a few to give the
reader an understanding of the framework concept:

’a framework binds certain choices about state partitioning and
control flow; the (re)user (of the framework) completes or extends
the framework to produce an actual application™ [9].

In this definition we see that architectural design decision has
been taken which future applications has to conform to and that the
application will be an extension of the framework.

In [20] the following two definitions are made:

“a framework is a reusable design of all or part of a system that is
represented by a set of abstract classes and the way their instances
interact”

“a framework is the skeleton of an application that can be custom-
ized by an application developer”

The first of these definitions indicates that a framework do not
have to address one application domain but that it is possible to
develop frameworks for smaller domains, thereby opening up for
composition of frameworks. Another observation to do is the word-
ing “set of abstract classes” which intuitively lead to the conclusion
that the extension of the framework has to be done through inherit-
ance. This is not always the case since there exist other ways of
extending the framework, which will be elaborated on later. So, the
first definition focuses on the structure of the framework whereas the
latter definition describes the framework’s purpose i.e. to be
extended.

A definition that captures, what we consider to be the essential
aspects of an object-oriented framework is found in [17]:

“A framework is a set of classes that embodies an abstract design
for solutions to a family of related problems. *

Thus, a framework consists of a set of classes (not necessarily
abstract), whose instances collaborate (embodies), is intended to be
extended, i.e. reused (abstract design), and do not have to address a
complete application domain (a family of related problems), i.e.
allowing for composition of frameworks. In addition, frameworks are
expressed in a programming language, thereby providing reuse of
both code and design.

Evolution and Composition of Object-Oriented Frameworks 7
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A framework particularly emphasizes those parts of the domain
that will remain stable and the relationships and interactions among
those parts, i.e. the framework is in charge of the flow of control.

The reuse leverage for object-oriented frameworks comes with
inheritance in combination with dynamic binding. We illustrate this
with a single class framework [9] for copying files [18].

The single class framework is an abstract class File with read,
write and size operations. It is possible to extend the framework
with subclasses such as UnixFile and NetworkedFi le. Since differ-
ent kind of files have different algorithms for reading and writing
files the File class will not implement these operations. However,
the read and write operations can be used to implement other oper-
ations, for example copy. A file can now copy itself to another file by
using the copy operation. The copy operation is implemented as

File::copy(Q( File aFile)

{
char buffer[BlockSize];

for (int 1 = 1; i++; 1 <= this->size() )
{
this -> read (buffer);

aFile -> write(buffer);
¥
¥
using the C++ programming language. A subclass of class File

that defines the read, write and size operations will now be able to
use the copy operation. The copying of a UnixFi le to a Networked-
File will invoke the read and siize operations on the UnixFile and
the write operation on the NetworkedFile (given that UnixFile do
not override the copy operation). The point is that an operation in a
superclass, the copy operation, can call operations in subclasses, i.e.
the superclass is controlling the execution flow. Operations like the
copy operation is often called template methods and operations like
read and write are called hook methods [37].

The use of template and hook methods are a distinguishing feature
of an object-oriented framework compared to a conventional library,
i.e. the framework is designed for dynamic binding. When a conven-
tional library is used by an application routine, calls are made from
the application to the library only. In an object-oriented framework,
however, calls can go also in the opposite direction (the inversion of

8 Evolution and Composition of Object-Oriented Frameworks
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control), see figure 1. This two-way flow of control is made possible
by dynamic binding.

Application Application
Library Framework

Figure 1.  The two-way flow of control

The single class framework example illustrated the use of inherit-
ance and dynamic binding for one operation in one class. If we scale
up the example to a larger framework consisting of more (abstract)
classes, obviously providing more template and hook operations, the
framework thereby provides a large number of extension points, for
different kinds of functionality, to the framework. Now we can imag-
ine the degree of reuse delivered by a framework, comprising of a set
of (abstract) classes which collaborate and own the thread of control.
It captures a problem domain, and provides a large number of exten-
sion points for applications to extend.

So, the reusability benefits for an object-oriented framework ema-
nate from its extensibility and the inversion of control. The extensi-
bility of the framework is provided by a set of hook methods that
makes it possible for future applications to extend the framework’s
interface. The hook methods explicitly divides the framework design
into stable interfaces and behavior and the variable parts which are to
be customized for the application to be developed. The extensibility
techniques used are often used to classify a framework as a white-
box, black-box or visual builder framework.

» A white-box framework makes heavily use of inheritance and
dynamic binding which are available in object-oriented lan-
guages. The extensibility in a white-box framework is achieved
by first inheriting from framework superclasses (often abstract
classes) and secondly overriding the pre-defined hook meth-
ods. White-box frameworks are sometimes called architecture-
driven or inheritance-focused frameworks, e.g. [48].

Evolution and Composition of Object-Oriented Frameworks 9
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» A black-box framework is relying on defined component
(object) interfaces and object composition where the compo-
nents are conforming to the interfaces. The extensibility of a
black-box framework is achieved by first defining components
that conform to a particular interface and secondly integrating
these components (objects) into the framework. Black-box
frameworks are sometimes referred to as data-driven or com-
position-focused frameworks, e.g. [48].

n Avisual builder framework [40]. For some problem domains is
it possible to develop visual builder frameworks. To evolve to
the visual builder stage the framework must be a black-box
framework. An application consists of different parts. First, a
script is used that connects the objects of the framework and
then makes them active [40]. The other part is the behavior of
the individual objects, which is provided by the black-box
framework. Thus, framework extension in the black-box case
is mainly a script that is similar for all applications based on the
framework. One can now develop a separate graphical pro-
gram, a visual builder, which makes it possible to specify the
objects to be included in the application and the interconnec-
tion of them. The visual builder generates the code for the
application from the specification. The addition of a visual
builder to the framework provides a user-friendly graphical
interface which make it possible for domain experts to develop
the applications by manipulating images on the screen. Exam-
ples of frameworks at the visual builder stage are the windows
builders that are associated with GUI frameworks. The extensi-
bility technique for a visual builder frameworks is the same as
for black-box frameworks but since they are directly developed
for domain experts we consider them as a special kind of
framework.

Our view of effective utilization of framework technology is
based on the following structuring of frameworks. One “backbone”
framework that provides hook capabilities for attaching other frame-
works for more specialized domains, figure 2. The backbone frame-
work can be viewed as a second-order framework responsible for the
whole application’s main behavior, whereas the other frameworks
(first-order frameworks) can be considered as flexible components.

10
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Not necessarily, the both kinds of frameworks have to exist. If

Backbone

framework Hook for attaching

a framework

Hook for attaching
an object or class

Figure 2. Framework structuring in an application

there is only the backbone framework, our structuring approach
degenerate to the traditional (large) monolithic framework approach
where the framework captures a complete application domain. If the
backbone framework is missing we end up with an application archi-
tecture that comprises only of components, which are frameworks.

If both kinds of framework exists we have an initial structure for a
software product-line architecture. A software product line is a way
to organize the development of a set of related software products and
consist of a software product-line architecture, a set of reusable com-
ponents and a number of software products [47]. The role of the soft-
ware product-line architecture is to organize the commonalities and
variabilities of the products contained in the software product line
and, as such, to provide a common overall structure. A component in
the architecture implements a particular domain functionality. The set
of software products based on the software product-line architecture
is called a product family.

Often the situation is that both kind of frameworks exist but that
all first-order frameworks have not matured enough to be explicit as
white- or black-box frameworks but exist as small domain specific
class libraries with vaguely connected classes. This is for example

Evolution and Composition of Object-Oriented Frameworks 11
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the case for the studied Billing Gateway (BGW) framework, paper
I11-V1, in this thesis.

The advantages or promises with the proposed structuring
approach are:

» Planned framework maturity evolution. The components (the
first order frameworks) can evolve smoothly from being imma-
ture frameworks, i.e. small domain specific class libraries with
vaguely connected classes, to white-box-framework and fur-
ther on to black-box frameworks. This evolution can be done
gradually and in a pace depending on the organisation’s busi-
ness goals and intended use of the component in future prod-
ucts.

n  Architecture visibility. The software architecture of the appli-
cation becomes visible by the second-order framework.
Thereby making it easier to independently evolve the software
architecture and the components.

n  Component exchange in product line architecture. It provides
for relatively simple exchange of components in a software
product line architecture. Thereby making it possible to rela-
tively easily support different platforms or providing for low-
end and high-end products. This by changing one or a few flex-
ible components (frameworks), i.e. evolving the product family.

n Inter-product line component exchange. It provides for change
of components between different software product line archi-
tectures, i.e. evolving the product family. This requires that we,
except for the requirement of designing the framework for
composition, as in the case for the fine-grained framework
approach, also formulate a requirement of independent compo-
sition. With independent composition we mean that the frame-
work should be designed for composition without making any
assumption of which other frameworks it is supposed to be
composed with.

To summarize, the structuring approach proposed allows for soft-
ware change, which is a necessity today, but the approach requires an
understanding of the nature of framework evolution so controlled and
predictable evolution of the framework’s functionality and costs can
be achieved.

12
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Development and usage of frameworks

The process of developing and using an object-oriented framework
comprises of three major activities, problem domain analysis, frame-
work design and instantiation of the framework, figure 3.

»  Problem domain analysis. Domain analysis can be viewed as a
broader and more extensive analysis that tries to capture the
requirements of the complete problem domain including future
requirements. Depending on the problem domain different kind
of information sources are used to obtain knowledge about the
domain. Examples of sources are previous experiences of the
domain, domain experts and existing standards. If the problem
domain is large or covers a complete application domain, spe-
cialized domain analysis methods may be used that provide
systematic methods steps for performing the analysis. In [44] a
comprehensive overview of existing domain analysis methods
is presented and compared.

» Framework design. The objective with this activity is to end up
with a flexible framework. The activity is effort consuming
since it difficult to find the right abstractions and identify the
stable and variable parts of the framework, which often results
in a number of design iterations. To improve the extensibility
and flexibility of the framework to meet the future instantiation
needs, design patterns [12][38] may be used. The resulting
framework can be a white-box, black-box or visual builder
framework depending on the domain, effort available and
intended users of the framework.

n Instantiation of the framework. The instantiation of a frame-
work differs depending on the kind of framework, white-box,
black-box or visual builder. We do not discuss the different
ways here again but refer to the previous discussion of the dif-
ferent kinds of frameworks. A framework can be instantiated
one or many times within the same application, instantiated in
different applications and in the cases of one large monolithic
framework or a backbone framework with immature or matur-
ing first order frameworks, the instantiation activity results in
an application.

Evolution and Composition of Object-Oriented Frameworks
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Proble_m Framework \.—% Instantiation 1
Domain ; h
Analysis Design \ —
(_nstantiation 2 )
|
Instantiation n
Figure 3. Development and usage of frameworks

Composition of frameworks

The view of considering object-oriented frameworks as components
opened up for the development of smaller frameworks and for com-
position of two or more framework. However, the composition of
frameworks could be difficult due to that frameworks often are
designed based on the assumption that the framework owns the
thread of control, and is designed as a monolithic framework
designed for extension only (not composition). We have identified
five framework composition problems that may occur:

n the composition of framework control,

n the composition of the framework with legacy components,
n the framework gap problem,

n the composition overlap of framework entities,

n the composition of entity functionality.

We elaborate a bit about the composition problem of framework
control to give an understanding of the problem and refer to paper Il
for a more extensive discussion of all five problems.

One of the most distinguishing features of a framework is its abil-
ity to make extensive use of dynamic binding. One problem when
composing two frameworks is that both frameworks expect to be the
controlling entity in the application and in control of the main event
loop.

As an example, we use the composition of a measurement system
framework [7] and a GUI framework as shown in figure 4. Measure-
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ment systems are systems that are located at the beginning or end of
production lines to measure some selected features of production
items. The hardware of a measurement system consists of a trigger,
one or more sensors and one or more actuators. The framework for
the software has software representations for these parts, the mea-
surement item and an abstract factory for generating new measure-
ment item objects. A typical measurement cycle for a product starts
with the trigger detecting the item and notifying the abstract factory.
In response, the abstract factory creates a measurement item and acti-
vates it. The measurement item contains a measurement strategy and
an actuation strategy and uses them to first read the relevant data
from the sensors, then compare this data with the ideal values and
subsequently activate the actuators when necessary to remove or
mark the product if it did not fulfil the requirements.

Since most readers are familiar with GUI frameworks, such as
Microsoft Foundation Classes (MFC) [45], this kind of framework is
not described.

The measurement system framework has, from the moment a trig-
ger enters the system, a well defined control loop that has to be per-
formed in real-time and that creates a measurement item, read
sensors, computes, activate actuators and stores the necessary histori-
cal data. The GUI framework has a similar thread of control, though
not real-time, that updates the screen whenever a value in the system
changes, e.g. of a sensor, or performs some action when the user
invokes a command. These two control loops can easily collide with
each other, potentially causing the measurement part to miss its real-
time deadlines and causing the GUI to present incorrect data due to
race conditions between the activities.

Solving this problem is considerably easier if the frameworks are
supplied with source code that makes it possible to adapt the frame-

Application Code I controls &

, : invokes
| |
: I

Measurement system
frameworky GUI framework

Figure 4. Problem of framework control composition
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work to handle this problem. However, the control loop in the frame-
work may not be localized in a single entity. Often it is distributed
over the framework code, which causes changes to the control to
affect considerable parts of the framework.

In addition to merging the framework control loops by adapting
the framework code, each framework can be assigned its own thread
of control, leading to two or more independently executing control
loops. Although this might work in some situations, one has to be
aware of, at least, one important drawback. All application objects
that can be accessed by both frameworks need to be extended with
synchronization code. Since classes often cannot be modularly
extended with synchronization code, it requires editing all reused
classes that potentially are accessed by both processes.

The five composition problems are primarily caused by the cohe-
sion of involved frameworks, the accuracy of the domain coverage of
frameworks, the design intentions of the framework designer and, in
some cases, the lack of access to the source code of the framework.
The identified problems and their causes are, up to some extent,
addressed by existing solutions, such as the adapter design pattern,
wrapping or mediating software, but these solutions generally have
limitations and either do not solve the problem completely or require
considerable implementation efforts. The only serious approach to
solve this kind of problems is to intentionally design the frameworks
for composition from the very beginning. Attempts and guidelines
for this kind of framework design have recently started to emerge e.g.
[16] [39].

Framework evolution

Object-oriented frameworks, as other software, evolve over time.
Controlled and predictable evolution of framework is of importance
since the reusable framework not only evolves as a framework but
that it only cause the evolution of the applications developed using
the framework. To reduce the costs of updating the applications
developed and the cost of evolving the framework, controlled and
predictable evolution of the framework is necessary.

The introduction of new or changed application requirements
causes the application to evolve. In addition, the requirements, in
most cases, affect the frameworks too. As part of our research work
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[28] we have identified four major kinds of framework evolution
caused by new or changed requirements, which are presented below
together with one or more typical actions that are performed for the
evolution category.

» Internal reorganization: In response to new requirements, the
framework may be reorganized internally without affecting the
externally visible functionality of the framework. The reason
for reorganization is to improve one or more of the quality
requirements (non-functional requirements) of the framework,
e.g. flexibility, reusability or performance. The following inter-
nal reorganizations can be identified: 1) Hot-spot introduction.
A hot-spot is a place where framework extension takes place (a
hook method corresponds to a hot-spot). With the introduction
of a new hot-spot in the reuse interface of the framework, an
additional way to configuring the framework becomes avail-
able. The client of the framework then has a possibility to use
this new flexibility option or rely on the original default behav-
iour. Introduction of a new hot-spot generally improves the
flexibility quality attribute of the product. For instance, in a
file-system framework, a hot-spot in the file class can be intro-
duced for dealing with access control. The default behaviour of
the hot-spot is to perform no access control, but one can spe-
cialize this behaviour with an access control algorithm. 2)
Restructuring: It may be necessary to perform some framework
restructuring using refactoring techniques [35] to comply to
new requirements. An example of a possible refactoring is
transforming a class hierarchy relationship into an aggregate
relationship. These kinds of transformations are behaviour pre-
serving but result in a changed reuse interface of the frame-
work. Restructuring is often used for achieving better
maintainability of the framework. 3) Changing control flow. In
cases where the order of actions in response to an event needs
to be changed, the flow of control between the objects in a
framework needs to be changed. One may argue whether this is
a change in functionality, since the same behaviour is executed,
although in a different order. Changing the control flow only
affects the internal behaviour of the framework, not its struc-
ture. 4) Refining framework concepts. The new requirements
may point out flaws in the framework design such as classes
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that has two roles that now have to be refined further. This
action will make the framework component more understand-
able and it may provide new hot-spots to be added to the reuse
interface. Concept refining does not affect the internal behav-
iour but it does change the internal structure of the framework
component.

n Changing functionality: The functionality of the framework
may need to be changed. For instance, due to new underlying
hardware the way the framework interacts with the hardware
needs to be adapted. The interface and structure of the frame-
work tend to remain constant, but the behaviour in response to
events is changed. We present one change functionality action,
changing internal class behaviour. A behavioural change is
localized to only one class in the framework and the class
affected has no complex behavioural relationships to other
classes. A simple example of this kind of action is the change
of a data compression algorithm in a class. The action does not
affect the internal structure of the framework but introduces
changes in the internal behaviour.

n  Extending functionality: The most common type of framework
evolution is the extension of the framework functionality.
Especially when developing new applications, additional func-
tionality may be required from one or more of frameworks. In
this category we have identified two kinds of actions: 1) Func-
tionality introduction. New requirements may demand the
extension of the framework with new functionality. If the
requirement only affects one framework, the situation is similar
to the traditional monolithic framework development process,
which implies iterating the framework design for achieving a
new framework version. An example could be the evolution of
a read-only file system framework into a read-write file system
framework. In principle, only write-storage functionality will
be added to the original framework and no fundamentally new
functionality was introduced. 2) Concept introduction. The
introduction of new concepts in the framework causes the
introduction of new functionality. New concepts require the
reorganization of the framework since new concepts have rela-
tions to the existing concepts. Concept introduction often
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requires the use of earlier mentioned techniques, e.g. concept
refinement, hot-spot introduction, etc. The introduction of
authorization in a file-system framework is a typical example
of this sub-category.

» Reducing functionality: In certain cases, functionality that was
developed as an integral part of the framework functionality
has to be removed from the framework. For example, the intro-
duction of a new specialized framework requires the function-
ality it provides to be removed from the other frameworks. We
identify two kind of actions: 1) Enable/disable introduction.
There may be requirements that require the introduction of an
enable/disable mechanism in the framework. An example of
this situation could be an application architecture comprising
authorization functionality realized by a monolithic frame-
work. All instantiations may not require the authorization func-
tionality. Then, a suitable solution is to provide the framework
with an enable/disable mechanism for this functionality. 2)
Cutting functionality. If new requirements require the use of an
additional framework that has to collaborate with the existing
framework component, conflicts due to of domain overlap or
implicit assumptions about ownership of the thread of control
may occur. This will make it necessary to cut functionality out
of the existing framework since it may not be possible to make
necessary changes in the new framework, for instance, due to
lack of access of source code or the complexity of the frame-
work.

Unfortunately, it is very hard to observe and investigate frame-
work evolution on the detailed level described above. In practice, we
then have to observe and investigate the evolution on the level of
complete frameworks. In our research we have studied different evo-
lution aspects of an industrial object-oriented framework, the Billing
GateWay framework, during four major versions. In particular we
have studied the stability aspect of evolving frameworks, where the
stability is characterized by a set framework stability indicators
[Paper I11], change and growth rates for the framework measured in
terms of changed and added classes [Paper V] and the effort distri-
bution of framework development and customization [Paper V]. In
addition, we have compared and assessed the methods used in Paper
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I11-V, [Paper VI]. The comparison is between the methods and the
assessment against a set of evolution issues comprising identification
of evolution-prone modules, framework deployment, change impact
analysis, benchmarking and requirements management. Through
these studies we have obtained knowledge and information about the
nature of framework evolution that, hopefully, will assist manage-
ment making well-informed decisions about a framework’s evolu-
tion, thereby ensuring controlled and predictable evolution of
functionality and costs for future framework development efforts.

2. Research Topics in the Framework Field

Object-oriented framework technology bears the promises, and have
in some cases demonstrated them, to deliver improved quality soft-
ware and reduced development costs. But still, there remain topics
that deserve further attention for fully exploiting the technology and
we identify, at least, the following important aspects to investigate in
the framework field.

2.1  Framework design for composition

Background

The common approach today when using two or more frameworks
for the same application is just to try to integrate them with each
other. Thus, resulting in a number of composition problems [26][27]
since the framework are not designed for composition. The only seri-
ous approach to solve this kind of problems is to intentionally design
the frameworks for composition from the very beginning.

Existing approach(es)

In [39] the concept of framelet is introduced as a way for solving the
composition problems. A framelet is 1) small in size (<10 classes), 2)
do not assume the main control of the application and 3) have a
clearly defined simple interface. Thus, framelets clearly differ from
the main characteristics of a large monolithic framework. Framelets
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are intended to be specialized by subclassing and composition. A fra-
melet exist in the context where a software system is viewed as a set
of service interfaces and their implementation. A interface that
belongs to the framelet without its implementation is part of the spe-
cialization interface of the framelet and an interface that belongs to
the framelet with its implementation is part of the framelet’s service
interface. This modularization into framelets of a large monolithic
framework may solve the composition problems. The idea of frame-
lets has been applied in an effort of rearchitecting a legacy systems
which appears to have been successful. Thus, framelets have been
identified through an analysis of the legacy systems. However, no
evidence is presented that demonstrate that it is possible to develop a
set of framelets (forward engineering) intentionally and easily com-
pose them with each other.

Research question(s)

Still, [39] is promising work, more and other work is needed. The
long-term objective must be some kind of framework integration
standard. The existence of a standard will assure that the exchange of
frameworks in an application or a product line architecture will be
possible. An intermediate step is development of framework design
guidelines that eliminate, or alleviate, the composition problems ,e.g.
[16].

2.2  Documentation of frameworks

Background

Accurate and sometimes also comprehensible software documenta-
tion is in general difficult to obtain. The documentation issue
becomes even more important in the context of reusable assets. The
documentation of a framework must be described on different levels
of abstraction since it must address the needs of developers with
varying levels of experience. There are different needs for an experi-
enced user of the framework, a first-time user and a framework main-
tainer. The framework documentation must encompass [19]:

n the purpose of the framework
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» how to use the underlying framework
n the purpose of the application examples

n the design of the framework

Existing approach(es)

Regarding documentation of frameworks a few different approaches
can be identified [24];

n  Cookbook Approaches
n Pattern Approaches

Cookbook Approaches. Most framework users are not interested
in the details of a framework but are looking for documentation that
describes how to use the framework. They are looking for some kind
of cookbook, one that guides them in how to use the framework. A
few different approaches that use the cookbook idea exist
[11[22][24].

The cookbook approaches are all good for addressing the purpose
of the framework and present examples. The aspect of how to use the
framework is described informally through natural language. The
detailed design of the frameworks is nearly neglected in these
approaches, but can be presented with some standard design notation,
e.g. [42]. Only some discussions about a few classes and class hierar-
chies in the frameworks exist in the cookbook approaches.

Pattern Approaches. Patterns exist in a number of shapes and
some of them are suitable for the documentation of frameworks.
Object-oriented design patterns [12] describe parts of an object-ori-
ented design. This doesn’t make them suitable for presenting the
complete design of an object-oriented framework in one view. A
class in a framework can have two or more different roles, depending
on how many design pattern’s it is participating in. This means that it
is not possible to identify the borderlines between different design
patterns in a framework.

However, object-oriented design patterns are useful in the context
of describing parts of a framework design through the diagrams for
the design patterns and the vocabulary introduced. In some cases
where the framework offers the users few entries to adapt the frame-
work, design patterns can be a suitable approach.
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The object-oriented design pattern approach does not address the
purpose of the framework aspect. The aspect of describing the
detailed design of the framework is addressed by the object-oriented
design pattern approach since they capture the intricacies of the
framework design.

Since a framework is the result of many design iterations, the real
world concepts have often been lost in the design. This implies a
higher learning curve for the framework, which may be reduced if
the framework is documented with design patterns and the frame-
work reuser masters the set of patterns used.

Research question(s)

The documentation issue is often neglected in general but is crucial
for object-oriented frameworks since the reuse of the framework will
not take place if it is not possible to understand the frameworks and
further research on framework documentation is necessary.

To summarize the use of the different approaches, the cookbook
approaches seem to be used by companies developing commercial
frameworks intended for a mass-market [1], whereas companies
developing proprietary frameworks are using the design pattern
approach for documenting their software, e.g. [6]. However, no infor-
mation exist about which kind of documentation is most cost-effec-
tive for the different kinds of framework users.

In addition, the production of documentation is costly so there is a
need of documentation tools that, through some kind of reverse engi-
neering tool, provide accurate and usable documentation for the
framework reuser.

2.3  Framework development and usage processes
Background

Today, the argued process for developing a framework is to draw
from experiences from three or more applications from the same
domain. This process of generalizing from existing systems and
experiences is to costly so there is a need for a more cost-effective
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development process.

Existing approach(es)

Currently, we only see two possible approaches for achieving cost-
effectiveness. One, to draw on others experiences and utilize all
available knowledge from existing successful frameworks projects.
Two, the decomposition of the application into a set of smaller frame-
works intended for composition. Hopefully, the development of
smaller frameworks together with the integration activity will result
in a less costly process than the traditional approach.

Research question(s)

The process of reusing one or more framework is still rather ad hoc.
The main issue, we believe, is the documentation of the framework.
If an appropriate documentation is available the reuse of the frame-
work will be successful. Thus, the problem of successfully reusing a
framework is a documentation and training problem.

If the approach of developing smaller frameworks is selected the
problem of reusing a framework returns back to the problem of
framework composition.

2.4  Framework evolution

Background

Evolution of object-oriented framework is an important research
issue since frameworks can be used in a number of different context;
as a large monolithic framework, as a component to be integrated
with other frameworks, as a component in a back-bone framework,
as a back-bone framework with or without the components (frame-
works), and in one or many software product line architectures using
frameworks as components. Depending on the context, one may
expect the framework evolve in a specific way.
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Existing approach(es)

Currently, little knowledge is available how object-oriented frame-
works evolve. In [40], the maturity evolution of object-oriented
frameworks is discussed. The major stages in the evolution is that a
frameworks starts as white-box frameworks and gradually evolve
into black-box framework, then a visual configuration and code gen-
eration environment for the applicator development is developed, a
so called visual builder.

In [10], a metrics-based approach that supports incremental devel-
opment of a monolithic framework is described. By measuring a set
of metrics an assessment of the design quality of the framework can
be performed. If the metric data is within acceptable limits, the
framework is considered to be good enough from a metrics perspec-
tive otherwise another design iteration has to done. The approach is
intended to be used during the design iterations, before a framework
is released and does not consider long term evolution of a frame-
work. But the basic idea may be used for investigating framework
evolution.

In addition, a study, mainly quantitative, of four major versions of
a monolithic framework within the telecommunication domain is
reported in [29], which also can be found in this thesis, Paper IV.

Research question(s)

To summarize, little is known about framework evolution, especially
evolution of smaller frameworks that act as components in larger
applications or software product line architectures. Knowledge of the
evolution nature of framework is important to attain so an organiza-
tion can have controlled and predictable evolution of the framework,
the application or the product line architecture to avoid unexpected
technical or economical problems.

2.5 Economical aspects

Background

When should an organization decide to develop a framework or not?
How many times must a framework be reused to be economical ben-
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eficial? What factors are important to consider? These economical
matters, and others, are of concern for any organization developing
object-oriented software. Economical aspects in software develop-
ment, software economics, is still an under-developed area in soft-
ware engineering, especially for small and medium sized enterprises.
In the field of framework economics very little is known.

Existing approach(es)

To the best of our knowledge, we are only aware of one source
related to framework economics. In [25] effort data for framework
development and usage of a proprietary framework is presented. This
work is presented in this thesis, paper V.

Research question(s)
Research issues related to framework economics are [11]:

» Framework cost metrics. The issue here is to find a way to
measure the cost reduction of reusing frameworks compared to
developing the application without using framework technol-
ogy. Currently, we are not aware of any results in this field. The
challenge in this area is to find a convincing argumentation that
the use of frameworks has delivered cost reduction since no
organisation is willing to develop the same application twice,
with and without using frameworks.

n  Cost estimation. There is a need of developing cost models for
predicting the cost of both developing and customizing a par-
ticular framework. Since the development of cost models
requires empirical data to be calibrated it is necessary to collect
effort data. Regarding effort data for framework development
and usage we are only aware of one source, i.e. [25]. It is not
enough with only effort data to construct the cost model but it
is necessary to identify which factors, so called cost drivers,
which affect the development and customization costs. Today,
we are aware of no sources that discuss these issues but rele-
vant information can, hopefully, be found in the software reuse
community. For example, [23], which presents and compares
seventeen existing reuse models.
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» Investment analysis. What is the return of investment of using
framework technology in an organisation? Today, no one can
give an accurate answer, the application of framework technol-
ogy is more intuitive than based on justifying economical anal-
yses. So, there is a need of investment analysis models.

3. Research Results

3.1 Research method

It’s still a debate within the research community about how software
engineering research should be performed, e.g. [51][14][49]. This is
not surprising since software engineering has a relatively short his-
tory and still is maturing as an research area. Software engineering
has emerged from computer science as a complement, but as a more
applied discipline. Both computer science research and, to a lesser
extent, software engineering, has a large degree of analytical (formal)
reasoning as the main starting point. This maybe for historical rea-
sons, since they have their origins in mathematics. However, research
in software engineering comprises both computer science, human
and organizational issues thereby causing a need of additional
research approaches, for example from the social sciences.

A classification of research methods in software engineering was
proposed at the Dagstuhl workshop [1], which has been further dis-
cussed in [14][51]. The following four categories of research meth-
ods were identified, quoted from [1]:

n  The scientific method. “Observe the world, propose a model or
theory of behavior, measure and analyze, validate hypotheses
of the model or theory, and if possible repeat”.

n The engineering method. "Observe existing solutions, propose
better solutions, build or develop, measure and analyze, repeat
until no further improvements are possible”.

»  The empirical method. ”Propose a model, develop statistical or
other methods, apply to case studies, measure and analyze, val-
idate the model, repeat”. Empirical methods are often further
divided into the following three categories [41]:
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n Experiment: Experimentation is a research strategy
involving the assignment of study subjects to different
conditions, manipulation of one or more independent
variables by the experimenter, measurement of the
effects of the manipulation on one or more dependant
variables, and control of all other variables. A possible
experiment could investigate the effectiveness of two dif-
ferent requirement inspection techniques.

n Survey: A survey is a research strategy which comprises
the collection of a small amount of data in standardized
form from a relatively large number of individuals,
groups or organizations and the selection of samples
from the individuals, groups or organizations from
known populations. An example of a survey could be a
questionnaire to a set of organizations about their per-
ceived problems and benefits of applying framework
technology.

n Case study: A case study is a research strategy which
involves an empirical investigation of a particularly phe-
nomenon (the case) within its real life context. The case
study strategy is a very flexible approach for performing
research and a number of approaches for performing case
studies exist. In fact, case studies are inherently multi-
method, i.e. involves a mix of observation, interview and
analysis techniques, and both quantitative and qualitative
data is collected and analyzed. An example of a possible
case study could be to study the introduction of frame-
work technology into an organization with respect to
software quality and reduced development effort.

n The analytical method. “ Propose a formal theory or set of axi-
oms, develop a theory, derive results and if possible compare
with empirical observations™.

Paper | and Il is based on the authors own experiences of frame-
work technology and open-ended interviews and discussions with
software engineers developing and using frameworks. Thus, paper |
and Il represent case study research within the empirical research
method.
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The remaining papers, paper I11-VI1, are all part of a larger case
study. Paper Ill and IV are studies where quantitative data has been
collected and analyzed. According to the more detailed classification
in [41] these studies can be categorized as using historical observa-
tional methods, i.e. a kind of archive analysis. In an archive analysis
the data is collected from some kind of archive and the data has been
collected for a different purpose than the one used in the current
study. In our study, the archive data was not available but existed
inherent in the different software versions available and we intention-
ally created the archive, through applying a metrics tool, with a spe-
cific purpose in mind. Paper V is similar to the studies in the previous
two papers but the difference is that there now existed a historical
archive where the data has been collected for a different purpose. An
additional difference is that in paper V we are studying development
process data, whereas paper Il and 1V are studying product data.
This distinction is made in [51] where the research method concern-
ing only product data is named static analysis and the one that also
includes development process data is named legacy data.

The focus of paper VI is to present a qualitative comparison
between the three methods in paper I11-V together with a qualitative
assessment of the methods with respect to a set of framework evolu-
tion issues. Thus, paper VI can be considered as a large case study
comprising the individual studies in paper I11-V.

3.2 Research focus

The research presented in this thesis is carried out within the disci-
pline of software engineering, concerned with methods, tools and
techniques for developing and managing the process of creating and
evolving software products [46]. To meet the requirements of
reduced product development effort software reuse has established
itself as a sub-discipline within in software engineering. Software
reuse is the process of creating software systems from existing soft-
ware rather than building the software from scratch. This change of
focus, from development of one single product, to development and
usage of many reusable (software) assets, cause changes to the meth-
0ds, tools and techniques used for creating and evolving the assets.
A reusable asset could be a lot of different things, for example, a
sorting routine, a math library, a test suit, a specification document
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etc. We present in this thesis research where the reusable assets are
object-oriented frameworks. An object-oriented framework is a set of
abstract classes that embodies an abstract design for solutions to a
family of related problems [17]. For a more elaborated discussion of
the framework concept, see section 1. In particular, we have studied

» Problems, anticipated and unanticipated, which may occur
when applying framework technology in an organization
together with possible solution approaches. The identified
problems are related to the development, usage and manage-
ment of object-oriented frameworks [Paper 1]. The issue of
composing two or more frameworks has attained additional
attention and which problems that may occur in that case,
together with existing solution approaches and underlying
causes for the composition problems has been studied in [Paper

).

» Different evolution aspects of an industrial object-oriented
framework, the Billing Gateway (BGW) framework, during
four major versions. In particular we have studied the stability
aspect of evolving frameworks, the BGW framework and a
graphical user interface framework, Microsoft’s Foundation
Classes (MFC) framework [Paper 111], change and growth rates
for the framework [Paper 1V] and effort distribution of frame-
work development and customization [Paper V]. In [Paper VI],
the papers Il1-V, are put together in their larger context and a
comparison and assessment of the three methods for studying
framework evolution is presented. The comparison is between
the methods presented in paper IlI-V and the assessment
against a set of evolution issues comprising identification of
evolution-prone modules, framework deployment, change
impact analysis, benchmarking and requirements management.

3.3 Main contributions

The main results of the presented work include findings related to the
application of framework technology within an organization, the
usage and composition of multiple frameworks, as well as a set of
different methods which can provide management with information
for making well-informed decisions about the framework’s evolu-
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tion, thereby ensuring controlled and predictable evolution of the
framework’s functionality and costs. All work is based on or has its
origin in industrial contexts where object-oriented frameworks have
been developed, used, evolved and managed. Thus, the results is
based on empirical evidences. This section summaries the main con-
tributions and gives a guide to the reader on the contents of each
included paper.

n Identification of problems and possible solutions when adopt-
ing framework technology. When using new technology it is
always the case that some unforeseen problems occur. If the
problems are not identified and carefully addressed this may
cause extraordinary costs or closing down of projects. Our
research work provides an extensive, but not complete, list of
issues that have to handled by the organization together with
possible solution approaches. Topics addressed by the research
cover development, usage, evolution and management of a
framework. Examples are domain scooping of the framework,
business models, verification of the framework’s abstract
behavior, when to release a framework, management of appli-
cation development, software error correcting strategies, and
maintenance strategies.

» |dentification of problems, causes and solutions when compos-
ing object-oriented framework. We have identified five frame-
work composition problems encountered in application
development; composition of framework control, composition
with legacy components, framework gap, overlap of frame-
work entities and composition of entity functionality. The pri-
mary causes for these problems are related to; the cohesion
between classes inside each framework, the domain coverage
of the frameworks, the design intentions of the framework
designers and the potential lack of access to the source code of
the frameworks. The problems and their causes identified can
be, up to some extent, addressed by existing solutions, such as
the adapter design pattern, wrapping or mediating software, but
these solutions generally have limitations and either do not
solve the problem completely or require considerable imple-
mentation effort.
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n

Characterization of framework evolution. A characterization of
the evolution of an industrial application framework is given.
The characterization of the evolution is mainly quantitative and
covers four consecutive versions of the framework. A set of
framework stability indicators, defining a set of threshold val-
ues for the metrics used, is provided which characterizes the
stability of an evolving framework. The threshold values are
based on analysis of two additional frameworks, besides the
BGW framework. In addition, a method for identifying evolu-
tion-prone modules in a framework as well as effort data which
shows the distribution of development effort for the four ver-
sions is presented as other aspects of framework evolution. To
summarize, a characterization of the evolution of an industrial
application framework is given from different views, using dif-
ferent methods, which hopefully will provide a better under-
standing of the nature of framework evolution and thereby
assist management to perform a controlled and predictable evo-
lution of the framework’s functionality and costs.

Extension and validation of two proposed methods for software
evolution. The research work covers the extension/adaptation
and application of two proposed methods for software evolu-
tion; one method for quantitatively assessing stability of a
framework [3], which have been extended with an aggregated
metric as well as a set of framework stability indicators defin-
ing threshold values for the metric set used that characterizes
the stability of a framework, the method have been applied on
three different frameworks, another method for identifying
evolution-prone modules based on historical information [13],
the method have been adapted to suit object-oriented software.
The result of our application of the two extended/adapted
methods are the first one is possible to apply and use for assess-
ing the stability of a framework, the latter method was adapted
and successfully applied on a proprietary framework. Thus, we
have validated that the two extended/adapted proposed meth-
ods are usable and possible to apply on industrial object-ori-
ented frameworks.
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» Evidence for reduced application development effort when
using framework technology. It has for a long time been
claimed that object-oriented framework technology delivers
reduced time to market and reduced application development
efforts but no quantitative evidence has been shown. Our
research work contains quantitative support, based on more
than 30 instantiations of an industrial framework, that frame-
work technology delivers reduced application development
efforts. Our work shows that the average application develop-
ment effort is less than 2% of the framework development
effort. In fact, 75 percent of the framework customizations
requires an effort less than 2,5 percent of the framework devel-
opment effort. Thus, we have provided, to the best of our
knowledge, the first quantitative evidence that framework tech-
nology reduces application development effort.

Summary of papers

The abstracts of each included paper are provided below as a quick
index for the reader.

Paper I: Frameworks Problems and Experiences

Jan Bosch, Peter Molin, Michael Mattsson, PerOlof Bengtsson
and Mohamed Fayad

Chapter in "Building Application Frameworks: Object Oriented
Foundations of Framework Design" Eds. M. E. Fayad, D. C.
Schmidt, R. E. Johnson, Wiley & Sons, ISBN#: 0-471-24875-4,
pp. 55-82, 1999

Reuse of software has been one of the main goals of software
engineering for decades. Reusing software is not simple and most
efforts resulted in small reusable, black-box components. With the
emergence of the object-oriented paradigm, the enabling technology
for reuse of larger components became available and resulted in the
definition of object-oriented frameworks. Frameworks attracted
attention from many researchers and software engineers and frame-
works have been defined for a large variety of domains. The claimed
advantages of frameworks are, among others, increased reusability
and reduced time to market for applications. Although several exam-
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ples have shown these advantages to exist, there are problems and
hindrances associated with frameworks that may not appear before
they are used in real projects. The authors of this chapter have been
involved in the design, maintenance and use of several object-ori-
ented frameworks, and based on the experiences from these projects,
they describe a number of problems related to frameworks. The prob-
lems are organized according to four categories: framework develop-
ment, usage, composition, and maintenance. For each category, the
authors present the most relevant problems and experiences. The
goal of Chapter 3 is to help software engineers avoid the described
problems and to suggest topics for future research.

Paper Il: Composition Problems, Causes, & Solutions

Michael Mattsson and Jan Bosch.

Chapter in "Building Application Frameworks: Object Oriented
Foundations of Framework Design" Eds. M. E. Fayad, D. C.
Schmidt, R. E. Johnson, Wiley & Sons, ISBN#: 0-471-24875-4,
pp. 467- 487, 1999

Whereas framework-based application development initially
included a single framework, increasingly often multiple frameworks
are used in application development. This chapter provides a signifi-
cant collection of common framework composition problems
encountered in application development together with an analytical
discussion of the underlying causes for the problems. Based on the
composition problems and the identified primary causes the authors
describe and analyze existing solution approaches and their limita-
tions.

The composition problems discussed are (1) composition of
framework control, (2) composition with legacy components, (3)
framework gap, (4) overlap of framework entities and (5) composi-
tion of entity functionality. The primary causes for these composition
problems are related to (1) the cohesion between classes inside each
framework, (2) the domain coverage of the frameworks, (3) the
design intentions of the framework designers and (4) the potential
lack of access to the source code of the frameworks. The identified
problems and their causes are, up to some extent, addressed by exist-
ing solutions, such as the adapter design pattern, wrapping or mediat-
ing software, but these solutions generally have limitations and either
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do not solve the problem completely or require considerable imple-
mentation efforts.

Paper I11: Evolution Observations of an Industrial OO Framework
Michael Mattsson and Jan Bosch

Proceedings of the International Conference on Software Mainte-
nance, ICSM '99, pp. 139-145, Oxford, England, 1999

Recently an approach for identifying potential modules for
restructuring in large software systems using product release history
was presented [13]. In this study we have adapted the original
approach to better suit object-oriented frameworks and applied it to
an industrial black-box framework product in the telecommunication
domain. Our study shows that using historical information as a way
of identifying structural shortcomings in an object-oriented system is
viable and useful. The study thereby strengthens the suggested
approach in [13] and demonstrates that the approach is adaptable and
useful for object-oriented systems. The usefulness of the original
approach has been validated through this study too.

Paper IV: Stability Assessment of Evolving Industrial Object-
Oriented Frameworks

Michael Mattsson and Jan Bosch

Accepted with minor revisions to the Journal of Software Mainte-
nance, 1999

Object-oriented framework technology has become a common
reuse technology in software development. As with all software,
frameworks evolve over time. Once the framework has been
deployed, new versions of a framework potentially cause high main-
tenance cost for the products built with the framework. This fact in
combination with the high costs of developing and evolving a frame-
work make it important for organizations to achieve controlled and
predictable evolution of the framework'’s functionality and costs. We
present a metrics-based framework stability assessment method,
which have been applied on two industrial frameworks, from the
telecommunication and graphical user interface domains. First, we
discuss the framework concept and the frameworks studied. Then,
the stability assessment method is presented including the metrics
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used. The results from applying the method as well as an analysis of
each of the frameworks are described. We continue with a set of
observations regarding the method, including framework differences
that seem to be invariant to the method. A set of framework stability
indicators based on the results is then presented. Finally, we assess
the method against issues related to management and evolution of
frameworks, framework deployment, change impact analysis, and
benchmarking.

Paper V: Effort Distribution in a Six Year Industrial Application
Framework Project

Michael Mattsson

Proceedings of the International Conference on Software Mainte-
nance, ICSM '99, pp. 326-333, Oxford, England, 1999

It has for a long time been claimed that object-oriented framework
technology delivers reduced application development efforts but no
quantitative evidence has been shown. In this study we present quan-
titative data from a six year object-oriented application framework
project in the telecommunication domain. During six years four
major versions of the application framework have been developed
and over 30 installations at customer sites has been done. We present
effort data both for the framework development and the installations
as well as relative effort per phase for the framework versions. The
effort data presented gives quantitative support for the claim that
framework technology delivers reduced application development
efforts. In fact, the effort data shows that the average application
development effort is less than 2% of the framework development
effort.

Paper V1. Assessment of Three Evaluation Methods for Object-
Oriented Framework Evolution

Michael Mattsson and Jan Bosch

Reserach report 1999:20, Department of Software Engineering,
University of Karlskrona/Ronneby, Sweden, also submitted to the
Journal Information and Software Technology, 1999

Object-oriented framework technology has become a common
reuse technology in object-oriented software development. As with
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all software, frameworks tend to evolve. Once the framework has
been deployed, new versions of a framework cause high maintenance
cost for the products built with the framework. This fact in combina-
tion with the high costs of developing and evolving an object-ori-
ented framework make it important to have controlled and
predictable evolution of the framework’s functionality and costs. We
present three methods 1) Evolution Identification Using Historical
Information, 2) Stability Assessment and 3) Distribution of Develop-
ment Effort which have been applied to between one to three differ-
ent frameworks, both in the proprietary and commercial domain. The
methods provide management with information which will make it
possible to make well-informed decisions about the framework’s
evolution, especially with respect to the following issues; identifica-
tion of evolution-prone modules, framework deployment, change
impact analysis, benchmarking and requirements management.
Finally, the methods are compared to each other with respect to costs
and benefits.
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Framework Problems and Experiences

Jan Bosch, Peter Molin, Michael Mattsson, PerOlof Bengtsson, and Mohamed
E. Fayad

Chapter in “Building Application Frameworks: Object Oriented Foundations of Frame-
work Design" Eds: M. E. Fayad, D. C. Schmidt, R. E. Johnson, Wiley & Sons,
ISBN#: 0-471-24875-4, 1999, pp. 55-82

Abstract

Reuse of software has been one of the main goals of software engi-
neering for decades. Reusing software is not simple and most efforts
resulted in small reusable, black-box components. With the emer-
gence of the object-oriented paradigm, the enabling technology for
reuse of larger components became available and resulted in the defi-
nition of object-oriented frameworks. Frameworks attracted attention
from many researchers and software engineers and frameworks have
been defined for a large variety of domains. The claimed advantages
of frameworks are, among others, increased reusability and reduced
time to market for applications. Although several examples have
shown these advantages to exist, there are problems and hindrances
associated with frameworks that may not appear before they are used
in real projects. The authors of this chapter have been involved in the
design, maintenance and use of several object-oriented frameworks,
and based on the experiences from these projects, they describe a
number of problems related to frameworks. The problems are orga-
nized according to four categories: framework development, usage,
composition, and maintenance. For each category, the authors present
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the most relevant problems and experiences. The goal of Chapter 3 is
to help software engineers avoid the described problems and to sug-
gest topics for future research.

1. Introduction

Reuse of software has been a goal in software engineering for almost
as long as the existence of the field itself. Several research efforts
have aimed at providing reuse. During the 1970s, the basics of mod-
ule-based programming were defined and software engineers under-
stood that modules could be used as reusable components in new
systems. Modules, however, only provided as-is reuse, and adapta-
tion of modules had to be done either by editing the code or by
importing the component and changing those aspects unsuitable for
the system at hand. During the 1980s, the object-oriented languages
increased in popularity, since their proponents claimed increased
reuse of object-oriented code through inheritance. Inheritance, differ-
ent from importing or wrapping, provides a much more powerful
means for adapting code.

However, all these efforts only provided reuse at the level of indi-
vidual, often small-scale, components that could be used as the build-
ing blocks of new applications. The much harder problem of reuse at
the level of large components that may make up the larger part of a
system, and of which many aspects can be adapted, was not
addressed by the object-oriented paradigm in itself. This understand-
ing led to the development of object-oriented frameworks (large,
abstract applications in a particular domain that can be tailored for
individual applications). A framework consists of a large structure
that can be reused as a whole for the construction of a new system.

Since its conception at the end of the 1980s, the appealing concept
of object-oriented frameworks has attracted attention from many
researchers and software engineers. Frameworks have been defined
for a large variety of domains, such as user interfaces and operating
systems within the computer science domain and financial systems,
fire-alarm systems, and process control systems within particular
application domains. Large research and development projects were
started within software development companies, but also at universi-
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ties and even at the governmental level. For instance, the European
Union-sponsored Esprit project REBOOT [25] had a considerable
impact on the object-oriented thinking and development in the orga-
nizations involved in the project and later caused the development of
a number of object-oriented frameworks, for example, see [10].

In addition to the intuitive appeal of the framework concept and its
simplicity from an abstract perspective, experience has shown that
framework projects can indeed result in increased reusability and
decreased development effort; see, for example, [38]. However, next
to the advantages related to object-oriented frameworks, there exist
problems and difficulties that do not appear before actual use in real
projects. The authors of this chapter have been involved in the
design, maintenance, and usage of a number of object-oriented
frameworks. During these framework-related projects several obsta-
cles were identified that complicated the use of frameworks or dimin-
ished their benefits.

The topic of this chapter is an overview and discussion of the
obstacles identified during these framework projects. The obstacles
have been organized into four categories. The first category, frame-
work development, describes issues related to the initial framework
design, in other words, the framework until it is released and used in
the first real application. The second category is related to the instan-
tiation of a framework and application development based on a
framework. Here, issues such as verification, testing, and debugging
are discussed. The composition of multiple frameworks into an appli-
cation or system and the composition of legacy code with a frame-
work is the third category of concern. The final category is concerned
with the evolution of a framework over time, starting with the initial
framework design and continuing with the subsequent framework
versions.

This chapter provides a solid analysis of obstacles in object-ori-
ented framework technology. It presents a large collection of the
most relevant problems and provides a categorization of these obsta-
cles. This chapter is of relevance to practitioners who make use of
frameworks or design them, as well as to researchers, since it may
provide topics to be addressed in future research efforts.

The remainder of this chapter is organized as follows. The next
section describes the history of object-oriented frameworks and
defines a consistent terminology. Subsequently, Section 3 discusses
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some examples of object-oriented frameworks in which one or more
of the authors were involved, either as designers or as users. Section
4 discusses the obstacles in object-oriented framework development
and usage that were identified, organized in the four aforementioned
categories. Section 5 summarizes the chapter.

2. Object-Oriented Frameworks

Although object-oriented frameworks present a well-known concept
in the reuse community, no widely accepted terminology is available.
After discussing a brief history of object-oriented frameworks, this
section presents the definitions used in the remainder of the chapter.

2.1  History of frameworks

Early examples of the framework concept can be found in literature
that has its origins in the Smalltalk environment, such as [17] and
Apple Inc. [46]. The Smalltalk-80 user interface framework, Model-
View-Controller (MVC), was perhaps the first widely used frame-
work. Apple Inc. developed the MacApp user interface framework,
which was designed for supporting the implementation of Macintosh
applications. Frameworks attained more interest when the InterViews
[30] and ET++ [50] user interface frameworks were developed and
became available. Frameworks are not limited to user interface
frameworks but have been defined for many other domains as well,
such as operating systems [45] and fire alarm systems [36], [37].
With the formation of Taligent in 1992, frameworks attained interest
in larger communities. Taligent set out to develop a completely
object-oriented operating system based on the framework concept.
The company delivered a set of tools for rapid application develop-
ment under the name CommonPoint that consists of more than a hun-
dred object-oriented frameworks [1], [9]. The Taligent approach
made a shift in focus to many fine-grained integrated frameworks
and away from large monolithic frameworks.

Many object-oriented frameworks exist that capture a domain
well, but relatively little work has been done on general framework
issues such as methods for framework usage and testing of frame-
works. Regarding documentation, patterns have been used for docu-
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mentation of frameworks [19], [21] and for describing the rationale
behind design decisions for a framework [3]. Other interesting work
of a general framework nature is that concerning the restructuring
(refactoring) of frameworks. Since frameworks often undergo several
iterations before even the first version is released, the framework
design and code change frequently. In [39], a set of behavior-preserv-
ing transformations-refactorings-are defined that help to remove
multiple copies of similar code without changing the behavior.
Refactoring can be used for restructuring inheritance hierarchies and
component hierarchies [23].

[43] describe the evolution of a framework as starting from a
whitebox framework, a framework that is reused mostly by subclass-
ing, and developing into a blackbox framework, a framework that
mostly is reused through parameterization. The evolution is pre-
sented as a pattern language describing the process from the initial
design of a framework as a whitebox framework to a blackbox
framework. The resulting blackbox framework has an associated
visual builder that will generate the application's code. The visual
builder allows the software engineer to connect the framework
objects and activate them. In addition, the builder supports the speci-
fication of the behavior of application-specific objects.

2.2  Definition of concepts

Most authors agree that an object-oriented framework is a reusable
software architecture comprising both design and code, but no gener-
ally accepted definition of a framework and its constituent parts
exists. Probably the most referenced definition of a framework is
found in [22]:

A framework is a set of classes that embodies an abstract design
for solutions to a family of related problems.

In other words, a framework is a partial design and implementa-
tion for an application in a given problem domain. When discussing
the framework concept, terminological difficulties may arise due to
the fact that a common framework definition does not exist and
because it is difficult to distinguish between framework-specific and
application-specific aspects. In the remainder of the chapter, the fol-
lowing concepts are used: core framework design, framework inter-
nal increment, application-specific increment, object-oriented
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framework, and application. For more debate about the framework
definition, please refer to Chapter 1 and [12], [14].

The core framework design comprises both abstract and concrete
classes in the domain. The concrete classes in the framework are
intended to be invisible to the framework user (for example, a basic
data storage class). An abstract class is either intended to be invisible
to the framework user or intended to be subclassed by the framework
user. The latter classes are also referred to as hot spots [42]. The core
framework design describes the typical software architecture for
applications in the domain.

However, the core framework design has to be accompanied by
additional classes to be more usable. These additional classes form a
number of class libraries, referred to as framework internal incre-
ments, to avoid confusion with the more general class library con-
cept. These internal increments consist of classes that capture
common implementations of the core framework design. Two com-
mon categories of internal increments that may be associated with a
core framework design are the following:

Subclasses representing common realizations of the concepts cap-
tured by the superclasses. For example, an abstract superclass Device
may have a number of concrete subclasses that represent real-world
devices commonly used in the domain captured by the framework.

A collection of (sub)classes representing the specifications for a
complete instantiation of the framework in a particular context. For
example, a graphical user interface framework may provide a collec-
tion of classes for a framework instantiation in the context provided
by Windows 95.

At the object level we talk about the core implementation, which
comprises the objects belonging to the classes in the core framework
design and increment implementation, which consists of the objects
belonging to the classes defined in the internal increments. Thus, an
object-oriented framework consists of a core framework design and
its associated internal increments (if any) with accompanying imple-
mentations. Different from [43], where the distinction between the
framework and a component library is made, our interpretation of a
framework includes class libraries.

Some authors categorize frameworks into whitebox and black-box
frameworks (for example, [22]), or calling and called frameworks
(for example, [49]). In a whitebox (inheritance-based) framework,
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the framework user is supposed to customize the framework behavior
through subclassing of framework classes. As identified by [Roberts-
Johnson 1996], a framework often is inheritance-based in the begin-
ning of its life cycle, since the application domain is not sufficiently
well understood to make it possible to parameterize the behavior. A
blackbox (parameterized) framework is based on composition. The
behavior of the framework is customized by using different combina-
tions of classes. A parameterized framework requires deep under-
standing of the stable and flexible aspects of the domain. Due to its
predefined flexibility, a blackbox framework is often more rigid in
the domain it supports. A calling framework is an active entity, pro-
actively invoking other parts of the application, whereas a called
framework is a passive entity that can be invoked by other parts of
the application. However, in practice, no framework is a pure white-
box or blackbox framework or a pure calling or called framework. In
general, a framework has parts that can be parameterized and parts
that need to be customized through subclassing. Also, virtually each
framework is called by some part of the application and calls some
(other) part of the application.

An application is composed of one or more core framework
designs, each framework' s internal increments (if any), and an appli-
cation-specific increment, comprising application-specific classes
and objects. The application may reuse only parts of the object-ori-
ented framework or it may require adaptation of the core framework
design and the internal increments for achieving its requirements.

The presence of reusable frameworks influences the development
process for the application. The following phases are identifiable in
framework-centered software development:

The framework development phase, often the most effort-consum-
ing phase, is aimed at producing a reusable design in a domain.
Major results of this phase are the domain analysis model, a core
framework design, and a number of framework internal increments,
as depicted in Table 1. The framework development phase is
described in more detail in Section 4.1.

The framework usage phase is sometimes also referred to as the
framework instantiation phase or the application development phase.
The main result of this phase is an application developed reusing one
or more frameworks. Here, the framework user must include the core
framework designs or part of them, depending on the application
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requirements. After the application design is finished, the software
engineer has to decide which internal increments to include. For
those parts of the application design not covered by reusable classes,
new classes need to be developed to fulfill the actual application
requirements. We refer to these new classes as the application-spe-
cific increment. The problem of composing frameworks is further
discussed in Section 4.3, and a model for framework usage is out-
lined in Section 4.2.

The framework evolution and maintenance phase, as all software,
will be subject to change. Causes for these changes can be errors
reported from shipped applications, identification of new abstrac-
tions due to changes in the problem domain, changes in the business
domain, and so on. These kinds of issues will be discussed in Section
4.4,

Table 1. Framework development activities, software engineer roles, and
artifacts

The Software Software Artifacts
Activity Engineer's Role Involved

Framework development | Framework developer Core framework design

Framework internal incre-
ments

Framework usage? Framework user? Core framework design

Framework Internal incre-
ments
Application-specific incre-
ment

Framework maintenance | Framework maintainer | Core framework design

and evolution Framework increments

a.Framework usage is sometimes referred to as framework instantiation
or application development.

b.By some, the framework user is denoted as framework reuser or appli-
cation developer.
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3. Examples of Application Frameworks

The problems and lessons learned that are presented in the next sec-
tion are based on extensive experience with industry-strength object-
oriented frameworks. In this section, the five most prominent frame-
works are briefly presented. Several of the frameworks are used in
product development, whereas others have not reached that stage yet.

3.1  Fire alarm systems

TeleLarm AB, a Swedish security company, develops and markets a
family of fire alarm systems ranging from small office systems to
large distributed systems for multibuilding plants. An object-oriented
framework was designed as a part of a major architectural redesign
effort. The framework provides abstract classes for devices and com-
munication drivers, as well as application abstractions such as input
points and output points representing sensors and actuators. System
status is represented by a set of deviations that are available on all
nodes in the distributed system. The notion of periodic objects is
introduced, giving the system large-grain concurrency without the
problems associated with asynchronous fine-grain concurrency. Two
production instantiations from the framework have been released so
far. For more information, refer to [35], [37].

3.2 Measurement systems

In cooperation with EC-Gruppen, we were involved in the design of
a framework for measurement systems. Measurement systems are
systems that are located at the beginning or end of production lines to
measure some selected features of production items. The hardware of
a measurement system consists of a trigger, one or more sensors, and
one or more actuators. The framework for the software has software
representations for these parts, the measurement item, and an abstract
factory for generating new measurement item objects. A typical mea-
surement cycle for a product starts with the trigger detecting the item
and notifying the abstract factory. In response, the abstract factory
creates a measurement item and activates it. The measurement item
contains a measurement strategy and an actuation strategy and uses
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them first to read the relevant data from the sensors, then to compare
this data with the ideal values, and subsequently to activate the actua-
tors when necessary to remove or mark the product if it did not fulfill
the requirements. Refer to [7] for a more detailed description of the
framework.

3.3  Gateway billing systems

Ericsson Software Technology AB started to develop the billing gate-
way framework as an experiment and it is now used for developing
products within the company. The billing gateway framework acts as
a mediation device in telecommunication management networks
between the network elements generating billing information and the
billing systems responsible for charging customers. The framework
supports several network communications protocols, both for
inbound and for outbound communication. The gateway provides
services for processing the billing information (for example, conver-
sion from different billing information formats), filtering of billing
information, and content-sensitive distribution of the information.
The performance of applications developed based on the framework
is of great importance and multithreading is used heavily. Refer to
[31] for a more detailed overview of these issues.

3.4 Resource allocation

The resource allocation framework was part of a large student project
(10,000 hours) in cooperation with Ericsson Software Technology
AB as a prototype development. The project goal was to develop a
framework for resource allocation systems, since a need to develop
several similar systems in the domain was identified by the customer.
The framework consists of three subframeworks-the core resource
allocation framework and two supporting frameworks-handling user
interface and persistence through relational databases, respectively.
The main part of the generic behavior consists of the general scheme
of allocations, in other words, one or several resources could be allo-
cated by one allocator represented by an allocation. The framework
user specifies the concrete resources for the application and imple-
ments some specific behavior such as editing, storing, and display-
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ing. The framework handles the general business rules, for example,
not allowing a resource to be allocated by more than one allocator for
overlapping time periods.

3.5  Process operation

In cooperation with researchers from a chemical technology depart-
ment, one of the authors was involved in the definition of an object-
oriented framework for process operation in chemical plants. The
goal of the framework was to provide a general frame of reference
for all (most) activities and entities in a chemical plant, including
sales, planning, process operation, and maintenance. The framework
consists of seven concept hierarchies organized into three categories:
real-world, coordination, and model structures. The real-world struc-
tures are the order structure, material structure, and equipment struc-
ture. The model structures are the operation step structure,
instrumentation structure, and control structure. The only coordina-
tion structure is the equipment coordination structure. These struc-
tures describe a considerable part of the domain knowledge for
chemical plants as available in the field of chemical technology. For
a concrete plant, the structure hierarchies have to be instantiated
based on the actual equipment, orders, materials, and so forth, avail-
able in the plant. Due to the size of the framework, parts of it have
been instantiated, rather than the complete framework. One experi-
ment has been performed on a batch process application. We refer to
[4] for more details concerning the framework.

4.  Problems and Experiences

As described earlier, three phases can be identified in framework-
centered software development: framework development, framework
usage, and framework evolution. Each phase is discussed in the sub-
sequent sections. Framework usage, being the most extensive phase,
is discussed in two sections, that is, framework usage and framework
composition. Framework composition is treated separately since it
leads to a number of specific problems.
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4.1  Framework development

The development of a framework is somewhat different from the
development of a standard application. The important distinction is
that the framework has to cover all relevant concepts in a domain,
whereas an application is concerned only with those concepts men-
tioned in the application requirements. To set the context for the
problems experienced and identified in framework development, we
outline the following activities as parts of a simple framework devel-
opment model:

Domain analysis [47] aims at describing the domain that is to be
covered by the framework. To capture the requirements and identifi-
cation of concepts, the developer may refer to previously developed
applications in the domain, to domain experts, and to existing stan-
dards for the domain. The result of the activity is a domain analysis
model, containing the requirements of the domain, the domain con-
cepts, and the relations between those concepts.

Architectural design takes the domain analysis model as input.
The designer has to decide on a suitable architectural style to underlie
the framework. Based on the selected style, among other consider-
ations, the top level of the framework is designed. Examples of archi-
tectural styles or patterns can be found in [48] and [8].

Framework design is the stage in which the top-level framework
design is refined and additional classes are designed. Results from
this activity are the functionality scope given by the framework
design, the framework's reuse interface (similar to the external
framework interface described in [11]), design rules based on archi-
tectural decisions that must be obeyed, and a design history docu-
ment describing the design problems encountered and the solutions
selected, with an argumentation.

Framework implementation is concerned with the coding of the
abstract and concrete framework classes.

Framework testing is performed to determine whether the frame-
work provides the intended functionality, but also to evaluate the
usability of the framework. It is, however, far from trivial to decide
whether an entity is usable or not. [24] conclude that the only way to
find out if software is reusable is to reuse it. For frameworks, this
requires the development of applications that use the framework.
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To evaluate the usability of the framework, the test application
generation activity is concerned with the development of test applica-
tions based on the framework. Depending on the kind of application,
the developer can test different aspects of the framework. Based on
the developed applications, application testing aims at deciding
whether the framework needs to be redesigned or that it is suffi-
ciently mature for release.

Documentation is one of the most important activities in frame-
work development, although its importance is not always recognized.
Without a clear, complete, and correct documentation that describes
how to use the framework, a user manual, and a design document that
describes how the framework works, the framework will be nearly
impossible to use by software engineers not involved in the frame-
work design.

The remainder of this section discusses a number of problems
encountered during framework development. These problems are
related to the domain scope, framework documentation, business
models for framework domains, and framework development, as
well as to framework testing and releasing.

Domain scope

When deciding to develop a framework for a particular domain, there
is the problem of determining the right size for the domain. On one
hand, if the domain is too large, the development team does not have
enough experience from the enlarged domain. In addition, it may be
difficult to demonstrate the usefulness and applicability of a large
domain framework. Also, the (financial) investment in a large frame-
work may be so high that it becomes very difficult to obtain the nec-
essary resources. Finally, the duration of the project may be such that
the intended reuse benefits cannot be achieved in a reasonable
amount of time.

On the other hand, a smaller domain uses the known experiences
in a much more efficient way. One problem is, however, that the
resulting framework tends to be sensitive to domain changes. For
instance, with a narrow framework, an application may easily expand
over the framework boundaries, requiring more application-specific
changes to the framework in order to be useful than when the frame-
work would have covered the complete application.
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From the preceding, one can deduce that defining the scope of the
domain is a decision that must be carefully balanced. One problem is
that, because the future is unpredictable, it is very difficult to set clear
boundaries for the framework. A second problem is that it is a very
natural, human tendency to increase the size of the framework during
(especially early) design because a framework that includes yet
another aspect seems more useful than one that lacks that aspect (see,
for example, [7]).

In addition to these problems, selecting the right domain is a diffi-
cult issue. A framework must not be so general that it constitutes
overkill for the intended application [12]. A one-size-fits-all
approach introduces unnecessary risk. The most suitable frameworks
for a particular domain will reflect a mature, yet narrow, focus on a
particular problem or group of problems [12].

Framework documentation

The purpose of framework documentation is twofold. First, informa-
tion about the framework design and other related information need
to be communicated during the framework development. Second,
information on how to use the framework needs to be transmitted to
the framework user.

In the first case, it is convenient to rely on informal communica-
tion to spread the knowledge about the developed framework. The
often small design group uses different ad hoc techniques to
exchange information among the individuals in the team. The prob-
lem is that these techniques are not very efficient and do not always
assure that the correct information is spread.

The second case is more important, since the informal information
channels are not available and all information has to be communi-
cated in a way that is possible to deliver with the framework. The
current way to do this is by means of different kinds of manuals,
using different media. The documentation is usually ad hoc, making
it hard to understand and compare. [21] argues that framework docu-
mentation should contain the purpose of the framework, information
on how to use the framework, the purpose of the application exam-
ples, and the actual design of the framework.

For a framework, whitebox or blackbox, users need to understand
the underlying principles or basic architecture of the framework.
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Otherwise, detailed rules and constraints defined by the framework
developers make no sense and the framework will probably not be
used as intended. Examples of these rules and constraints are cardi-
nality of framework objects, creation and destruction of static and
dynamic framework objects, instantiation order, synchronization, and
performance issues. These rules and constraints are often implicitly
hidden or missing in existing documentation, and they need to be elu-
cidated and documented. The problem is how to convey this informa-
tion in a concise form to framework users.

A number of methods have been proposed for documenting
frameworks. A first example is the cookbook approach, such as in
[27] and [2], which are example based, and the metapatterns
approach proposed by [42]. The pattern approaches provide a second
example, in which patterns are used to describe the architecture of
the framework [3], [19] or the use of the framework [21], [28].
Finally, a framework description language (FDL) [51] can be used
that more formally describes, for example, what classes to override
and subclass. All approaches address some of the documentation
needs, but, we believe, no approach covers all the aforementioned
needs for framework documentation. Most of these methods address
the issues of purpose, how to use the framework, and the purpose of
the example application, but none of these methods address how to
communicate the framework design to the user.

There are two more serious problems with framework documenta-
tion:

The cost of providing suitable framework documentation is very
high. Defining and documenting application frameworks is neither
quick nor cheap. The costs of documenting application frameworks
can be a high risk. However, it is impossible to extend or customize
application frameworks or build new applications without using
well-documented frameworks. Defining suitable methods for frame-
work documentation is an important first step. We have found that
combining several documentation approaches, such as patterns,
hooks, hot spots, examples, and architectural illustrations, was very
effective.

A framework documentation standard doesn't exist. Mapping
framework documentation approaches to software documentation
standards can be difficult. The difficulty is usually traced to the term
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standard, implying that it is "applicable for all frameworks except
mine" [13].

Business models

Even though it may be feasible from a technological perspective to
develop a framework for a particular domain, it is not necessarily
advantageous from a business perspective. That is, the investments
necessary for the framework development may be larger than the
benefits in terms of reduced development effort for applications built
using the framework. The return on investment from a developed
framework may come from selling the framework to other compa-
nies, but it often, to a large extent, relies on future savings in develop-
ment effort within the company itself, such as higher software quality
and shorter lead times. One of the main problems for the manage-
ment of software development organizations or departments is that,
to the best of our knowledge, no reliable business models for frame-
work development exist.

A formulation of a business model is given by [26], but this has
never been tested in an industrial setting. Other general reuse busi-
ness models have been proposed by several authors, but none satisfy
all relevant requirements as shown in [29]. Since no reliable invest-
ment models exist, decisions on framework development are often
based on gut feeling, with the downside that many framework
designs never come to fruition since the technical staff is unable to
convince management that framework development would be eco-
nomically viable.

Another major problem is related to the business culture issues.
Business culture can be categorized into several nested and difficult
cultures. [13] discuss several tough issues for transition management
to object-oriented technology that maps well to application frame-
work and component-based technology. They also state that this cul-
ture change will be one of the hardest and longest lasting parts of the
transition to a new technology. Once the initial transition is complete,
the change will be a continuing part of the business [13].
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Framework development methods

Existing development methods do not sufficiently support develop-
ment of frameworks. Framework design introduces some new con-
cepts that need to be covered by the methods, and some existing
concepts need much more emphasis. The domain analysis presents
problems unlike those of normal application development, for exam-
ple, behavior and attributes are very likely to change in several cases.
The analysis of such behavior and attributes needs to be emphasized
in the development model, since it is the nature of frameworks to
provide reusable design and implementation that cover the varia-
tions-that is, hot spots-in the domain.

During development of the framework, an architecture must be
selected or developed. The criteria for a framework architecture are
dependent on the domain and the domain variations. The architecture
must provide solutions to problems in the domain without blocking
possible variations or different solutions to other domain problems.
During framework architecture design, decisions need to be made on
whether some parts of the framework should be designed as a sub-
framework or if everything should be designed as a single, mono-
lithic framework. Also, interoperability requirements need to be
established, for example, whether the framework should cooperate
with other frameworks, such as user interface frameworks or persis-
tence frameworks.

In addition to the existing object-oriented design methods [5],
[20], [44], which most often support only inheritance, aggregation,
and associations, more emphasis is needed for abstract classes,
dynamic binding, type parameterization, hot spots and pre- and post-
conditions. Abstract classes and dynamic binding represent the way
to define and implement abstract behavior that is not emphasized in
existing design models. Type parameterization needs support in the
methods since this is another useful way of supplying predefined
abstract behavior that the framework user then uses by supplying the
application-specific parts as parameters. Hot spots are needed to
show where the intended framework extensions or application specif-
ics go, and support in the design methods for expressing and design-
ing these are very important. Pre- and postconditions provide the
framework developer with the possibility of specifying the restric-
tions for usage of parts of the framework.
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There are other serious issues related to framework development
methods:

Application frameworks should be stable over time. Framework
stability over time is an important issue. A good framework reflects
the concise understanding of the enduring qualities of the business
through enduring business themes (EBTs; see Sidebar 6 and [12]).
EBTs capture abstractions that do not change over time.

Business objects and workflow management and the issue of sta-
bility must be considered. The workflow management metaphor pro-
vides the necessary modeling capabilities for constructing enduring
business processes (EBPs) [12] or workflows. Well-designed frame-
works should capture the workflows that do not change over time
[12].

Achieving portability is not a trivial task. Platform independence
and portability ensure that the framework supports all the platforms
in a given organization. Failing to provide platform independence
will diminish the scope of use and acceptance of the framework [12].

Verifying abstract behavior

When developing a framework, the result must be verified. The cur-
rent practice is to develop test applications using the framework and
then test the resulting application. In this way most of the core frame-
work design and the framework internal increments can be tested
using conventional methods. However, the versatility of the frame-
work cannot be tested by only one application, especially if the appli-
cation is for test purposes only. Since a framework can be used in
many different, unknown ways, it may simply not be feasible to test
all relevant aspects of the framework.

Furthermore, testing the framework for errors using traditional
methods, such as executing parts of the code in well-defined cases,
will not work for the whole framework-for example, using the core
framework design. At best, parts of the framework can be tested this
way, but since the framework relies on parts implemented by the
users it is not possible to completely test the framework before it is
released. This is also referred to as the problem of verifying abstract
behavior. Standard testing procedure does not allow for testing of
abstract implementations, such as abstract base classes.
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Framework release problem

Releasing a framework for application development has to be based
on some release criteria. The problem is to define and ensure these
criteria for the framework. The framework must be reusable, reason-
ably stable within the domain, and well documented. As for reusabil-
ity, several authors have addressed this issue and in [41] several of
the proposed approaches are compared. The conclusion of the
research was that no general reusability metrics exist. The problem of
determining the stability within the domain is twofold. First, the
domain is not stable in itself, but evolves constantly. Second, the
issue of domain scope and boundaries, discussed earlier in this sec-
tion, also complicates the decision on framework release. Deciding
whether the framework is sufficiently well documented is hard, since
no generally accepted documentation method exists that covers all
aspects of the framework, but also because it is difficult to determine
whether the documentation is understandable for the intended users.
Releasing an immature framework may have severe consequences
in the maintenance and usage of the framework and the instantiated
applications. This issue is discussed in more detail in Section 4.1.

4.2  Framework usage

Although we have seen that it often is feasible to produce complex
applications based on a framework with rather modest development
effort, we have also experienced a number of problems associated
with the usage of a framework. Before discussing these problems, we
believe it is important to provide an outline of how a framework is
used. The main purpose of this development method is to relate prob-
lems to various activities during the development of an application
based on a framework. The method is an adaptation of [33] and con-
sists of the following activities:

» Requirements analysis aims at collecting and analyzing the
requirements of the application that is to be built using one or
more framework(s).
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» Based on the results from the requirements of the analysis, a
conceptual architecture for the application is defined. This
includes the association of functionality to components, the
specification of the relationships between them, and the organi-
zation of collaboration between them.

» Based on the application architecture, one or more frameworks
are selected based on the functionality to be offered by the
application as well as the nonfunctional requirements. If more
than one framework is selected, the software engineer may
experience a number of framework composition problems.
(These problems are the subject of the next section.)

» When it is decided what framework(s) to reuse, the developer
can deduce the application specific that needs to be defined; in
other words, the developer specifies the required application-
specific increments (ASISs).

n  After the specification of the ASIs, they need to be designed
and implemented. During these activities, it is crucial to con-
form to the design rules stated in the framework documenta-
tion.

» Before the ASIs and the framework are put together into the
final application, the ASIs need to be tested individually to
simplify debugging and fault analysis in the resulting applica-
tion.

» Finally, the complete application is verified and tested accord-
ing to the application's original requirements.

The remainder of this section discusses the problems that we iden-
tified and experienced during framework-based application develop-
ment. The problems are related to framework training and learning,
the management of the development process, applicability, estima-
tions, understanding, verification, and debugging.

Training and learning

Learning to use an object-oriented framework effectively can take
long time due to the complexity of the framework. Experiences from
the use of commercial GUI frameworks such as Microsoft Founda-
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tion Classes (MFCs) and MacApp indicate that it takes 6 to 12
months to be productive with the framework [14]. A major reason for
this is that a framework is most useful for a developer who under-
stands it in detail. For an in-house developed framework, the learning
time can be reduced if one of the framework developers is participat-
ing in the application development project and can give hands-on
mentoring to the other project members.

Two of the most common training approaches to learning a frame-
work are mentoring and training courses. An advantage with mentor-
ing is that the mentor, one of the framework developers or an
experienced user of the framework, is easily available most of the
time and can provide information about how to use the framework
for particular tasks. However, the problem with the mentor approach
is that that kind of highly skilled staff almost always is needed in
other projects of higher priority. Regarding training courses, it is
extremely important that the application developers be taught con-
crete application examples, beginning with simple applications and
continuing with more and more complex applications that make use
of more powerful framework concepts-in other words, a kind of iter-
ative and incremental approach that explains some of the frame-
work's possibilities, uses the framework, explains a little more, uses
the framework again, and so on. Thus, this approach illustrates the
different possibilities with the framework. A useful approach to orga-
nizing the training material is to first describe how to use the frame-
work, to make the framework useful quickly, and not to describe the
detailed design of the framework from the beginning. This avoids
bothering the framework user with a lot of unnecessary detailed
information that is not immediately required for using the frame-
work.

Managing the development process

The most important problem of framework-based application devel-
opment is how to manage the application development process.
Development processes for standard applications are well known and
have undergone an evolution from ad hoc approaches and waterfall
methods to more elaborate models such as spiral models and evolu-
tionary models. We believe that the current state of the art in frame-
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work-based application development is still in the ad hoc stage,
where an exploratory style of development is used.

The traditional approach for a development process is to start with
a specification or description of the work to be done. That specifica-
tion is used as a base for estimating costs and resources and is also
used as an input to design, implementation, and testing. This infor-
mation is, of course, also needed when a framework-based applica-
tion is developed, but in the framework case it is much more difficult
to explicitly write such a specification. Examples include specifying
the new classes that must be implemented and the classes that require
adaptation by subclassing.

Applicability of the framework

One initial difficulty is to understand the intended domain of the
framework and its appropriateness for the application under consid-
eration. The challenge here is to be able to make the choice of apply-
ing the framework for the application, modifying the framework, if
that is an option, or constructing the application from scratch. From
an abstract perspective, the question is whether the application
matches the domain of the framework. In practice, the question of
domain can be rather complex and contains several dimensions. The
most obvious dimension of a domain is the functional dimension that
corresponds to the way people generally interpret the domain. This
dimension defines the functional boundaries of the domain. Another
dimension is the underlying hardware architecture. This dimension
addresses such aspects as multiprocessor systems versus single pro-
cessor systems or distribution aspects. A third dimension is the
interoperability, under which aspects such as coexistence with other
applications are discussed. Issues in this dimension are, for example,
whether a particular database engine can or must be used or whether
there are any restrictions on the graphical user interface. A fourth
dimension incorporates nonfunctional aspects such as performance,
fault-tolerance, and capacity. Examples are a framework intended for
batch processing and not for real-time data processing and a frame-
work that has an upper limit on the number of items it can handle.
The problem here is to be able to determine, with a reasonable
degree of confidence, whether a specific application can be built
based on a specific framework and what resources are needed to
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implement the application-specific increment. It is clear that all
dimensions of the domain must be examined. The problem is even
more complex if the framework does not support a certain aspect of
the application. In that case, the problem is to determine whether it is
possible to use the framework at all and, second, to determine the
amount of work needed to implement the required application.

Estimations of the increment

The problem of using frameworks compared to traditional applica-
tion development is that most of the time spent in such a project
could well be spent on understanding the framework, with very little
spent on actual coding. From a productivity point of view this may
indicate that a framework-based application is slow compared to a
traditional approach. On the other hand, complex applications can be
built very fast so that real productivity is high. The consequences of
traditional estimation techniques based on the number of produced
lines of code is inadequate in the framework case. [38] discuss these
problems in more detail.

Another problem is the sensitivity of estimates of the amount of
work required for a specific application. Our experience indicates
that this is also a well-known effect of tool usage that we refer to as
the 90 percent/10 percent rule, implying that 10 percent of the devel-
opment time is spent on 90 percent of the application, and 90 percent
is spent on the remaining difficult 10 percent of the application. The
difference depends on whether a specific feature is supported by the
tool (framework). Furthermore, it can be difficult to foresee if a spe-
cific requirement is completely supported by the framework. If it is
fully supported, the implementation will be fast. On the other hand, if
it is not at all supported, a potential implementation can mismatch the
intentions of the framework designers and, in that case, the resulting
effort can be even larger than with a traditional approach. The con-
clusion is that the required implementation effort is very sensitive to
features close to the domain boundary and the framework boundary.

There is a noteworthy catch when an estimation of the required
effort is performed. For an accurate estimation, it is necessary to
thoroughly investigate the framework and the application, in order to
determine what needs to be done. On the other hand, such an investi-
gation could be the major task of the application development! The
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same could be true even for traditional application development, but
it is much more striking in the framework case.

Understanding the framework

When a whitebox framework is used, it is necessary to understand
the concepts and architectural style of the framework in order to
develop applications that conform to the framework. The framework
understanding may be a prerequisite for evaluating the applicability
of a framework and the amount of required adaptation, and how the
adaptation can be carried out. One example of such an important con-
cept could be concurrency strategies adopted by the framework. For
example, if the framework is intended for multithreading, then any
adaptations must adhere to rules on resource locking and shared vari-
able protection defined by the framework. On the other hand, if a sin-
gle-thread solution is chosen, the adaptation code must conform to
certain timing constraints. Other examples are dynamic memory allo-
cation strategies where it is important that the increment follow the
same strategy. Especially in real-time frameworks such as the mea-
surement system or the fire alarm system, it is absolutely necessary
that the users understand how external events are processed; other-
wise, it becomes very difficult to guarantee any application response
time. Many errors can be avoided and the application can be con-
structed more efficiently if the framework user understands these
strategies and styles. One problem is how to obtain this information
from, for example, the framework documentation, discussed earlier
in the chapter.

An alternative that avoids the understanding approach, or serves
as a complement to it, is to explicitly specify the constraints that the
framework put on the application. This approach has been proposed
by [33], [35].

Verification of the application-specific increment

An application based on a complex framework or based on several
frameworks can prove difficult to test. Therefore, it could be advis-
able to verify the application-specific increment beforehand. For
large-scale applications, the increment should be locally certifiable;
that is, it should be tested or verified locally without executing the
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entire application. Such verification must be based on a specification
of what requirements the increment needs to fulfill. There are two
aspects of verification. The first is a functional verification that veri-
fies that the increment implements the expected behavior of the
resulting application. The second aspect is the verification that the
increment conforms to the architectural style and design rules
imposed by the framework. The trade-off in this case is the amount of
effort spent on increment verification compared to the amount of
debugging time if problems are detected during the test of the com-
plete application. In cases where straightforward application testing
is not sufficient, a more formal increment verification could be use-
ful. These problems have been investigated by [35] and a partial
solution has been proposed that suggests verification of conformance
to the framework, but not to verify the functionality provided by the
increment.

Debugging the application

Traditional debuggers have problems when debugging programs
using libraries. Using single-step methods is impossible, and library
calls must be skipped in some way. Normally, there is no automatic
support for this distinction of code source. The debugger must manu-
ally define which part should be skipped and which routines should
be followed through. In some cases, there is an exception raised in
the library part, either as a result of bad usage of the library or due to
a bug in the library code, and it may be difficult to determine the
actual reason for the exception.

Frameworks, and especially blackbox frameworks, have the same
problem as libraries. Furthermore, since frameworks often are based
on the Hollywood principle, the problems are even more difficult. It
can be very difficult to follow a thread of execution that mostly is
buried under framework code.

One solution approach, based on the design-by-contract ideas, is
to exactly define the interface between the framework and the incre-
ment as pre- and postconditions or behavioral interaction constraints
[18], [28], [34]. Precondition violation causes exceptions to be raised
and it can be guaranteed that the framework will never crash as a
result of illegal use.
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4.3  Framework composition

Traditionally, object-oriented framework-based development of
applications takes the approach that the application development is
started from the framework and the application is constructed in
terms of extensions to the framework. However, this perspective on
framework-based development represents only the simplest solution.
Often, a framework that is to be reused needs to be composed with
other frameworks or with reusable legacy components. Composing
frameworks, however, may lead to a number of problems since
frameworks generally are designed based on the traditional perspec-
tive in which the framework is in full control.

This section discusses the problems related to the composition of
reusable components and frameworks with an object-oriented frame-
work. Note that we are concerned with the composition of reusable
components and frameworks that were not intended to be composed
during their design. This is different from the approach taken in Tali-
gent where mutually compatible frameworks are available that are
easy to compose. The composition of reused components that were
not designed to work together is much more challenging and it is
these kind of problems that we discuss here.

Architectural mismatch

The composition of two or more frameworks that seem to match at
first may prove to be much more difficult than expected. The reason
for that can often be found in a mismatch in the underlying frame-
work architectures. In [16], this is referred to as architectural mis-
match, in other words, the architectural styles, based on which the
frameworks are designed, are different, complicating composition so
much that it may be impossible to compose. [8], [48] identify several
architectural styles (or architectural patterns) that can be used to con-
struct an application. For example, if one of the frameworks is based
on a blackboard architecture and the other on a layered architecture,
then the composition of the two frameworks may require either sub-
stantial amounts of glue code or the redesign of parts of one or both
of the frameworks. Lately, an increasing interest in the domain of
software architecture is apparent. Explicitly specifying the architec-
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tural style underlying a framework design seems to be the first step
toward a solution to this problem.

Examples are the resource allocation and the gateway billing
frameworks. The resource allocation framework is based on a lay-
ered architecture, the typical three-tier structure, whereas the gate-
way billing framework uses a pipe-filter architecture as its primary
decomposition structure. A designer may want to compose the two
frameworks to obtain a more flexible gateway billing system where
billing applications can dynamically allocate filtering and forwarding
resources. However, this will prove to be all but trivial due to the
mismatch in the underlying architectural styles.

Overlap of framework entities

When constructing an application from reusable components, the sit-
uation may occur that two (or more) frameworks are used that, com-
bined, cover the application requirements. In this case, a real-world
entity may be represented by both frameworks-for instance, as a
class-but modeled from their respective perspectives. Consequently,
the representations by the frameworks may have modeled both over-
lapping and exclusive properties. In the application, however, the
real-world entity should be modeled by a single object and the two
representations should be integrated into one.

The situation is thus that two frameworks F; and F, exist that both

contain representations of a real-world entity " in the form of a class

C'rq and C'g,. The real-world entity has a virtually infinite set of
properties P,, of which a subset is represented by each of the frame-

work Classes, that iS, PCrFl C PI’ and PCrFZ C PI” where PCrFl * PCer.
Integrating these representations can, from a naive perspective, be
done using multiple inheritance, that is, the application class C'

inherits from both classes C'g; and C'g,, thereby combining the

properties from these classes, that is, Pc'a = Pc'g1 U P

In practice, however, the composition of properties from the
frameworks classes is not as straightforward as presented here,
because the properties are not mutually independent. One can iden-
tify at least three situations where more advanced composition efforts
are required.
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Both framework classes represent a state property of the real-
world entity but represent it in different ways. For instance, most sen-
sors in the fire alarm framework contain a Boolean state for their
value, whereas measurement systems sensors use more complex
domains, for example, temperature or pressure. When these sensors
are composed into an integrated sensor, this requires every state
update in one class to be extended with the conversion and update
code for the state in the other class.

Both framework classes represent a property of the real-world
entity, but one class represents it as a state and the other class as a
method. The method indirectly determines what the value of the par-
ticular property is. For instance, an actuator is available both in the
fire alarm and the measurement system frameworks. In an applica-
tion, the software engineer may want to compose both actuator repre-
sentations into a single entity. One actuator class may store as a state
whether it is currently active or not, whereas the other class may indi-
rectly deduce this from its other state variables. In the application
representation, the property representation has to be solved in such a
way that reused behavior from both classes can deal with it.

The execution of an operation in one framework class requires
state changes in the other framework class. Using the example of the
actuator mentioned earlier, an activate message to one actuator
implementation may require that the active state of the other actuator
class be updated accordingly. When the software engineer combines
the actuator classes from the two frameworks, this aspect of the com-
position has to be explicitly implemented in the glue code.

Composition of entity functionality

A typical example of this problem can be found in the three-tier
application architecture. A software engineer constructing an appli-
cation in this domain may want to compose the application from a
user interface framework, a framework covering the application
domain concepts, and a framework providing database functionality.
A problem analogous to the one discussed in the previous section
now appears. The real-world entity is now represented in the applica-
tion domain framework. However, aspects of the entity have to be
presented in some user interface and the entity has to be made persis-
tent and suited for transactions. Constructing an application class by
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composing instances from the three frameworks or by multiply inher-
iting from classes in the three frameworks will not produce the
desired result. State changes caused by messages to the application
domain part of the resulting object will not automatically affect user
interface and database functionality of the object.

In a way, the behavior from the user interface and database frame-
work classes needs to be superimposed on the object [6]. However,
since this type of composition is not available in object-oriented lan-
guages, the software engineer is required to extend the application
domain class with behavior for notifying the user interface and data-
base classes, for example, using the Observer design pattern [15].
One could argue that the application domain class should have been
extended with such behavior during design, but, as mentioned earlier,
most frameworks are not designed to be composed with other frame-
works but to be extended with application-specific code written spe-
cifically for the application at hand.

This problem occurred in the fire alarm framework, where several
entities had to be persistent and were stored in nonvolatile memory -
an EEPROM. To deal with this, each entity was implemented by two
objects: one application object and one persistence object. These two
objects were obviously tightly coupled and had frequent interactions,
because they both represented parts of one entity.

Hollywood principle

In [49], the distinction is made between calling and called frame-
works. Calling frameworks are the active entities in an application
that call the other parts, whereas called frameworks are passive enti-
ties that can be called by other parts of the application. One of the
problems when composing two calling frameworks is that both
expect to be the controlling entity in the application and in control of
the main event loop.

For example, both the fire alarm and the measurement system
framework are calling frameworks that contain a control loop trigger-
ing the iterative framework behavior. If we would compose both
frameworks in an application, the two control loops would conflict,
leading to incorrect behavior. A calling framework is based on
assumptions of execution, which may lead to problems of extensibil-
ity and composability. Adding calls in the control loop might be
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impossible since the inverse calling principle has led designers to
assume total control of the execution flow, leaving no means to mod-
ify it.

One may argue that a solution could be to give each framework its
own thread of control, leading to two or more independently execut-
ing control loops. Although this might work in some situations, there
are at least two important drawbacks. The first is that all application
objects that can be accessed by both frameworks need to be extended
with synchronization code. Since a class often cannot be modularly
extended with synchronization code, all reused classes must be
edited to add this. A second drawback is that often one framework
needs to be informed about an event that occurred in the other frame-
work because the event has application-wide relevance. This requires
that the control loops of the frameworks become much more inte-
grated than two concurrent threads.

Integrating legacy components

A framework presents, among other things, a design for an applica-
tion in a particular domain. Based on this design, the software engi-
neer may construct a concrete application using framework classes,
either directly or indirectly, by inheriting from them. When the
framework class contains behavior only for internal framework func-
tionality and not much of the behavior required for the application at
hand, the software engineer may want to include existing (legacy)
classes in the application that need to be integrated with the frame-
work. It is, however, far from trivial to integrate a legacy class in the
application, since the framework depends on the subclassing mecha-
nism. Since the legacy component will not be a subclass of the
framework class, typing conflicts result.

To integrate a legacy component, the software engineer is required
to create some form of adaptation or bridging. For instance, a class
could be defined, inheriting from both the framework class and the
legacy class, forwarding all calls matching the framework class inter-
face to corresponding methods in the legacy component. This prob-
lem is studied in more detail in [32] and, as a solution, they propose
the use of templates. Their solution, however, requires that the frame-
work be designed using their approach, which is unlikely in the gen-
eral case.
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4.4  Framework evolution and maintenance

Development of a framework must be seen as a long-term investment
and, as such, it must be treated as a product that needs to be main-
tained. Early in the framework development life cycle, several design
iterations are often necessary. An important reason for the iteration
is, according to [24], that a framework is supposed to be reusable and
the only way to prove this is to reuse the framework and identify the
shortcomings. In [39], a set of behavior-preserving transformations,
or refactorings, has been identified that characterizes the code and
low-level design changes that may occur in the iterations. Changes or
refactorings related to inheritance hierarchies [40] and component
hierarchies [23] are especially of relevance for framework iteration
just before releasing the first version of the framework. This iteration
between the phases is very frequent and it involves a considerable
amount of simple but tedious work that would benefit from tool sup-
port.

The correction of an error in the framework is not as simple as one
may think. The error should, obviously, be corrected for the current
application developed with the framework, but how should the error
be handled in the existing applications developed with the frame-
work? The framework development organization has to decide either
to split the framework into two separate frameworks that will need to
be maintained or to implement a work-around for the current applica-
tion and live with the maintenance problems for the application.

As described earlier, a framework aims at representing a domain-
specific architecture, but, in many cases, it is difficult to know the
exact domain boundary that has to be captured. One problem is that
business changes in the organization supporting the framework may
require that the domain be adapted accordingly. Presently, it is hard
to predict how these kinds of business domain changes affect the
existing framework.

In the following sections, we discuss the problems of framework
change, selection of maintenance strategies, business domain
changes, and design iterations.
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Framework change

Imagine the situation in which a fault is found in an application using
a framework. Where should the error be corrected? It could be either
in the framework or in the application-specific code. If the error is
located in the application-specific code, it will be relatively simple to
correct. However, if the error is located in the framework, it may be
impossible for the framework user to fix the error because of the
complexity of the framework (in other words, it is difficult to under-
stand how the framework works) or lack of access to the source code
of the framework. Often, the organization has full control of the
framework, including the source code, has the ability to correct the
error, and does so accordingly. The application will, after the error
correction, work as intended, but all existing applications using the
framework have not been taken care of in this way. One may wonder
whether all applications should be upgraded with the corrected ver-
sion of the framework, since all are functioning correctly and the
error has not (yet) caused any problems. In addition, if one decides to
correct the error in the previous applications, there is a potential risk
of introducing new faults in these applications. Finally, the cost of
upgrading all existing applications is high.

On the first occasion that a real application based on the frame-
work is developed, a number of problems will be found that require
changes of the framework. These problems are most easily solved by
direct support to the application developers from the framework team
[49]. The framework developers then collect all the experiences from
the first application and iterate the framework design once more to
mature the framework.

However, the identification of errors will not stop after the first
application development, and a problem is how to deal with subse-
quent application developments. It is infeasible to support the appli-
cation team and redesign the framework over and over again, since
the intended reuse benefits will then not be achieved. If problems are
encountered when reusing the framework, they are the result of one
of two causes. First, the domain covered by the framework is incom-
plete; in other words, we have failed to capture the domain in our
domain analysis. Second, the application does not match the intended
framework domain; in other words, we have decided to develop an
application whose requirements constitute a bad fit with the domain
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covered by the framework. In both cases, the framework will gener-
ally be changed, forcing the organization to face the problem of
selecting maintenance strategies. This is further described in the fol-
lowing section.

Choice of maintenance strategy

Given the situation that the framework has changed, either because
the domain covered by the framework was incomplete or the current
application to be developed is a bad fit with the framework domain, it
is necessary to decide whether to redesign the framework or do a
work-around for this specific application to overcome the problems.

In the case where we decide to redesign the framework, the cur-
rent application under development will need to be delayed until a
new version of the framework is available. In addition, there will be
additional cost for the redesign of the framework that has to be
accounted for through more extensive reuse of the framework. A
third consequence is that the organization is forced to maintain two
versions of the framework: the original, since there may exist appli-
cations based on this version, and the redesign, for future applica-
tions to be developed. The length of the period during which two
maintenance lines need to be supported depends on the expected life-
time of the developed applications and the expected number of appli-
cations developed for the original framework version.

In the case of a work-around in the application, there will be no
additional maintenance for the framework since there is only a single
framework. The maintenance problem will instead occur for the
developed application. This maintenance strategy will not be suitable
if the application under development will have a long expected life-
time. However, this may be an acceptable situation if it is expected
that no similar applications will be developed in the foreseeable
future.

In conclusion, the problem of deciding the maintenance strategy is
dependent on factors that include time pressure, estimated lifetime
for the software involved, and existing and expected future applica-
tions. Unfortunately, no clear guidelines exist that support the deci-
sion.
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Business domain change

The framework is developed in a domain that is closely related to the
organization's business domain. Unfortunately, the business domain
is often weakly defined and not stable over time. Especially when the
organization's business domain changes frequently, the framework
will be more difficult to reuse and, if not maintained, will be com-
pletely useless after a rather short time span. Thus, since the business
domain changes, the domain captured by the framework has to be
adapted to follow this change, and this affects the existing frame-
work. The probability of business domain change is an important risk
factor that must be considered in the investment of the framework
development effort.

There are, in principle, three approaches to attacking the problem
of business domain change. The developer may define the original
framework domain much wider than is currently relevant, assuming
that it will capture most future new domain changes. As discussed
earlier, there are obvious problems in developing a framework for a
large domain. For example, it often is unclear what functionality
should be included in the domain to incorporate an existing adjacent
business domain or to incorporate a future business domain. Other
problems are obtaining funding for a larger framework effort, finding
domain expertise for the domain, and verifying framework function-
ality.

Another approach is to handle the business domain change prob-
lem by redesigning the framework such that it covers both the origi-
nal domain and the new domain. The problem with this solution is
that the organization has to support two frameworks with accompa-
nying additional support, maintenance, and costs. Otherwise, the
revised framework must be used for new versions of earlier applica-
tions, potentially causing major and expensive updates.

A third approach is to reuse ideas from the original framework and
develop a framework for the new business domain. One problem
with this approach is that the return on investment of the existing
framework effort will be less than expected, since most new applica-
tions will most likely be in the new business domain. Another prob-
lem is that, again, a new framework has to be developed with all its
possibilities and, especially, its problems. The main advantage this
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time around is that developers have (hopefully) learned many lessons
from the first framework development.

Design iterations

It is generally accepted that framework development is an iterative
process. Traditional software development may also require this, but
iterations are more important and explicit when designing frame-
works. The underlying reason, we believe, is that frameworks prima-
rily deal with abstractions, and abstractions are very difficult to
evaluate. Therefore, the abstractions need to be made concrete in the
form of test applications before they can be evaluated.

There are, in principle, two important problems with the itera-
tions. First, it is expensive and difficult to predict the amount of
resources needed for a framework project. The second problem,
closely related to the first problem, is that it is difficult to stop iterat-
ing and decide that the framework is ready for release. An analogy is
possible between these problems and the problems related to soft-
ware testing. However, some important differences exist, including
the fact that design iterations in frameworks are much more expen-
sive than traditional testing. For example, a test case corresponds to
an instantiation of a test application. The cost of correcting an error
in the traditional system testing depends on where the error was
introduced-a coding error could easily be corrected, but design errors
or requirements errors are much more expensive. In the framework
case, on the other hand, detected errors-that is, situations where the
framework was not suitable for a specific test application-may
require a redesign of the framework. Not only is such a redesign
expensive, but it may also invalidate existing test applications that
then need to be modified accordingly.

We have identified three issues that are open for improvement:
first, quantitative and qualitative guidelines for when to stop frame-
work design; second, methods that can predict the number of itera-
tions and the corresponding effort involved; and, finally, the need to
investigate whether it is possible to evaluate a framework for a spe-
cific application without implementing a complete test application.

Evolution and Composition of Object-Oriented Frameworks 75



Framework Problems and Experiences

5. Summary

Obiject-oriented frameworks provide an important step forward in the
development of large reusable components, when compared to the
traditional approaches. In our work with the frameworks described in
this chapter, we have experienced the advantages of framework-
based development as compared to the traditional approach of start-
ing from scratch. In addition to our own positive experiences, others,
such as [38], have identified that the use of object-oriented frame-
works reduces the amount of effort required for application develop-
ment and can be a productive investment.

However, as we report in this chapter, a number of problems and
hindrances that complicate the development and use of object-ori-
ented frameworks still exist. These problems can be divided into four
categories:

Framework development. Problems in the development of a
framework are related to the domain scope, framework documenta-
tion, business investment models for framework domains, and frame-
work development methods, as well as framework testing and
releasing.

Framework usage. The user of a framework has problems related
to managing the framework development process, deciding whether
a framework is applicable, estimating the development time and size
of application-specific code, understanding the framework, verifying
the application-specific code, and debugging.

Framework composition. In case the application requires multiple
frameworks to be composed, the software engineer may experience
problems with respect to mismatches in the architectural styles
underlying the frameworks, the overlap of framework entities, the
composition of entity functionality, possible collisions between the
control flows in calling frameworks, and the integration of legacy
components.

Framework evolution and maintenance. Being a long-lived entity,
frameworks evolve over time and need to be maintained. The frame-
work development team may experience problems with handling
changes to the framework, choosing the maintenance strategy,
changes of the business domain, and handling design iterations.

The experiences and problems reported in this chapter are relevant
for both software engineers and researchers on object-oriented reuse.
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Based on this chapter, practitioners should be able to avoid the prob-
lems that some of their predecessors have experienced. In addition,
this chapter could be used as an agenda for researchers on object-ori-
ented software development or on software reuse in general.
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Abstract

Whereas framework-based application development initially
included a single framework, increasingly often multiple frameworks
are used in application development. This chapter provides a signifi-
cant collection of common framework composition problems
encountered in application development together with an analytical
discussion of the underlying causes for the problems. Based on the
composition problems and the identified primary causes the authors
describe and analyze existing solution approaches and their limita-
tions.

The composition problems discussed are (1) composition of
framework control, (2) composition with legacy components, (3)
framework gap, (4) overlap of framework entities and (5) composi-
tion of entity functionality. The primary causes for these composition
problems are related to (1) the cohesion between classes inside each
framework, (2) the domain coverage of the frameworks, (3) the
design intentions of the framework designers and (4) the potential
lack of access to the source code of the frameworks. The identified
problems and their causes are, up to some extent, addressed by exist-
ing solutions, such as the adapter design pattern, wrapping or mediat-
ing software, but these solutions generally have limitations and either
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do not solve the problem completely or require considerable imple-
mentation efforts.

1. Introduction

Reuse of software has been one of the main goals of software engi-
neering for decades. From the early age of computer science on, the
approach of constructing a system by putting together reusable com-
ponents was a clear goal of software engineers. However, the early
approaches-for example, function and procedure libraries-only pro-
vided reuse of small, building-block components. With the emer-
gence of the object-oriented paradigm, an important enabling
technology for reuse of larger components became available and
resulted in the definition of object-oriented frameworks. An object-
oriented framework can be defined as a set of classes that embodies
an abstract design for solutions to a family of related problems [8]. In
other words, a framework is an abstract design and implementation
for an application in a given problem domain.

The presence of a framework influences the development process
for the application. In [11], we define the following phases in frame-
work-centered software development:

The framework development phase. Normally the most effort-
consuming phase, the framework development phase is aimed at pro-
ducing a reusable design and related implementation in a domain.
Major results of this phase are the domain analysis model and the
object-oriented framework.

The framework usage phase. This phase is sometimes also
referred to as the framework instantiation phase, framework customi-
zation phase, or application development phase. The result of this
phase is an application developed reusing a framework. Here the
software engineer has to adapt the existing framework. In the case of
a whitebox framework, the software engineer makes changes and
extensions to framework internals using mechanisms such as redefi-
nition and polymorphic substitution. If the existing framework is a
blackbox framework (that is, the user does not have to know about
the framework internals), the customization is achieved through
modification of the configuration interface using mechanisms such as
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predefined options (for example, objects) and switching mechanisms.
For those parts of the application design not covered by reusable
classes, new classes need to be developed to fulfill the application's
requirements.

The framework evolution and maintenance phase. The frame-
work, like all software, will be subject to change. Causes for these
changes can be errors reported from shipped applications, identifica-
tion of new abstractions due to changes in the problem domain, and
S0 on.

The advantage of framework-based development is the high level
of reuse in the application development. Although this advantage has
been claimed by proponents of the technology, recently scientific evi-
dence supporting this claim has also started to appear, for example,
[13]. Although the development of an object-oriented framework
requires considerable effort, the corresponding benefits during appli-
cation development generally justify the initial effort.

Traditional framework-based application development assumes
that the application is based on a single framework that is extended
with application-specific code. Recently, however, we have identi-
fied development in which software engineers make use of multiple
frameworks that are composed to fulfill the application requirements.
Experiences from the composition of two or more frameworks
clearly show that frameworks generally are developed for reuse by
extension with newly written application-specific code and not for
composition with other software components. This focus on reuse
through extension causes a number of problems when software engi-
neers try to compose frameworks.

In this chapter, we study the problems that the software engineer
may experience while composing frameworks. The identified prob-
lems are based on our experiences from developing frameworks for,
among others, fire alarm systems [12], measurement systems [4],
gateway billing systems [10], resource allocation and process opera-
tion [1], as well as existing literature about frameworks, for example,
[3],[11],[16]. The composition problems that we identified are
related to the composition of framework control, composition with
legacy components, framework gap, overlap of framework entities,
and composition of entity functionality. Our investigations into these
problems have led us to the conclusion that the main causes for the
problems are due to the cohesion between the classes in the frame-
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work, the domain coverage of the framework, the design intention of
the framework designer, and the potential lack of access to the source
code of the framework. In addition, we discuss the available solution
approaches for addressing the identified problems and their causes,
and the limitations of these solutions.

We believe the contribution of this chapter to be the following.
First, it provides software engineers employing object-oriented
frameworks with an understanding of the problems they may experi-
ence during application development, as well as an understanding of
the primary causes and solution approaches. Second, it provides top-
ics to researchers in object-oriented software engineering that need to
be addressed by future research.

The remainder of this chapter is organized as follows. In the next
section, four example frameworks are introduced that are used to
illustrate the problems later in the chapter. Then, the framework com-
position problems that we identified are described. The subsequent
section discusses the primary causes underlying the identified com-
position problems. Next, the various solution approaches for the
identified problems are discussed, as well as their limitations, and the
chapter is concluded in the succeeding section.

2. Object-Oriented Framework Examples

In this section, we discuss four frameworks that, in the remainder of
the chapter, are used to exemplify and illustrate the discussion. These
frameworks have been selected for their illustrative ability rather
than for their industrial relevance. During the discussion, we assume
that it is the intention to reuse two or more frameworks in one appli-
cation, requiring the frameworks to be composed. The frameworks
are a measurement systems framework, a graphical user interface
(GUI) framework, a fire alarm framework, and a framework for sta-
tistical analysis. The following describes the involved frameworks.
However, since most readers are familiar with GUI frameworks, this
framework is not described.

In cooperation with EC-Gruppen AB, we have been involved in
the design of a framework for measurement systems, Figure 1. Mea-
surement systems are systems that are located at the beginning or end
of production lines to measure some selected features of production
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items. The hardware of a measurement system consists of a trigger,
one or more sensors, and one or more actuators. The framework for
the software has software representations for these parts, the mea-
surement item, and an abstract factory for generating new measure-
ment item objects. A typical measurement cycle for a product starts
with the trigger detecting the item and notifying the abstract factory
[5]. In response, the abstract factory creates a measurement item and
activates it. The measurement item contains a measurement strategy
and an actuation strategy and uses them to first read the relevant data
from the sensors. After that the measurement item compares this data
with the ideal values and subsequently activates the actuators when
necessary to remove or mark the product if it did not fulfill the
requirements. Refer to [4] for a more detailed description of the
framework.

The statistical analysis framework, in this context, will be used for
the statistical analysis of the data gathered by the measurement sys-
tem. Although measurement systems generally measure every pro-
duction item, it is often beneficial to be able to collect measurement
data and analyze it statistically to condense the amount of data and to
increase the information value. Examples of statistical analysis on
measurement item data are the correlation between measurements on
items and the equipment that manufactured the items, and the distri-
bution of measured items in various quality categories. The results of
the analysis may be used online to adjust the settings for manufactur-
ing equipment. In the remainder of this chapter, we will discuss two
versions of the framework, one version providing only the core func-
tionality for statistical analysis and a second version containing, in
addition to the core functionality, functionality for the graphical rep-
resentation of statistical data, for example, histograms.

TeleLarm AB, a Swedish security company, develops and markets
a family of fire alarm systems ranging from small office systems to
large distributed systems for multibuilding plants. An object-oriented
framework was designed as a part of a major architectural redesign
effort. The framework provides abstract classes for devices and com-
munication drivers as well as application abstractions such as input
points and output points representing sensors and actuators. System
status is represented by a set of deviations that are available on all
nodes in the distributed system. The notion of periodic objects is
introduced, giving the system large-grain concurrency without the
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Figure 1.  Measurement system

problems associated with asynchronous fine-grain concurrency. Two
production instantiations from the framework have been released so
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far. The fire alarm framework has been described as a pattern lan-
guage; see [12] for more information. Figure 2 presents a schematic
system view of the framework.
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Figure 2. System view of the fire alarm framework.

3. Framework Composition Problems

Several of the companies that we cooperate with are moving away
from the traditional single framework-based application development
to application development based on multiple frameworks that need
to be composed with each other, with class libraries, and with exist-
ing legacy components. In this section, five composition problems
are described that may occur when composing a framework with
another software artifact. Although software engineers may encoun-
ter additional problems, we believe this list to cover the primary
problems.

3.1  Composition of framework control

One of the most distinguishing features of a framework is its ability
to make extensive use of dynamic binding. In traditional class or pro-
cedure libraries, the application code invokes routines in the library
and it is the application code that is in control. For object-oriented
frameworks, the situation is inverted and it is often the framework
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code that has the thread of control and calls the application code
when appropriate. This inversion of control is often referred to as the
Hollywood principle: "Don't call us-we'll call you." Figure 3 illus-
trates this inversion.

Application Code Application Code
3 ' controls &
| invokes
v
Library Framework

Figure 3. The inversion of control.

In [16], a distinction is made between calling and called frame-
works. Calling frameworks are the active entities in an application,
controlling and invoking the other parts, whereas called frameworks
are passive entities that can be called by other parts of the applica-
tion-in other words, they are more like class libraries. One of the
problems when composing two calling frameworks is that both
frameworks expect to be the controlling entity in the application and
in control of the main event loop.

An example is the composition of the measurement system frame-
work and the GUI framework, as shown in Figure 4. The measure-
ment system framework has, from the moment a trigger enters the
system, a well-defined control loop that has to be performed in real
time and that creates a measurement item, reads sensors, computes,
activates actuators, and stores the necessary historical data. The GUI
framework has a similar thread of control, though not in real time,
that updates the screen whenever a value in the system changes-for
example, that of a sensor-or performs some action when the user
invokes a command. These two control loops can easily collide with
each other, potentially causing the measurement part to miss its real-
time deadlines and causing the GUI to present incorrect data due to
race conditions between the activities.

Solving this problem is considerably easier if the frameworks are
supplied with source code that makes it possible to adapt the frame-
work to handle this problem. However, the control loop in the frame-
work may not be localized in a single entity. Often it is distributed
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Figure 4.  The problem of framework control

over the framework code, which causes changes to the control to
affect considerable parts of the framework.

3.2 Composition with legacy components

A framework presents a design for an application in a particular
domain. Based on this design, the software engineer may construct a
concrete application through extension of the framework, for exam-
ple, subclassing the framework classes. When the framework class
only contains behavior for internal framework functionality but not
the domain-specific behavior required for the application, the soft-
ware engineer may want to include existing, legacy, classes in the
application that need to be integrated with the framework. It is, how-
ever, far from trivial to integrate the legacy class in the application,
since frameworks often rely heavily on the subclassing mechanism.
Since the legacy component will not be a subclass of the framework
class, developers may run into typing conflicts. We refer to [9] for a
more extensive discussion.

The measurement system framework is used as an example to
illustrate the problem. The framework handles the measurement
cycle and provides for attaching a sensor, a measurement algorithm,
and an actuator by specifying the interface classes Sensor, Calcula-
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tionStrategy, and Actuator. The main classes in the framework are
shown in Figure 5

Measurement System Framework — inherits  —— > invokes
‘ Trigger }— —————— { ItemFactory ‘ Legacy Components
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E——»‘CalculahonSTmTegﬁ Iinher‘i -
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f

| |
—
AdaptedSenso ‘Adap‘redAc‘ruaTor" ‘ AdapTedCaIcS‘rr‘a‘r‘

Figure 5.  The measurement system framework and associated legacy
classes.

Assume that we have a library of legacy components with differ-
ent types of sensors, actuators, and strategies for measurement and
calculation, and that we have found suitable classes that we want to
use in the three places in the framework's interface. Our library sen-
sor class is called TempSensor, and it happens to be a subclass of the
class Sensor, which is an abstract class, defined in our library. How-
ever, since the framework also defines a class Sensor, the usage of
the library class will lead to conflicts. Even if the class name for the
library superclass matches with that of the framework interface class,
the class TempSensor cannot be used, because these names do not
designate the same class. An alternative approach, which is used in
Figure 5, is to make use of the Adapter design pattern [5] for class
adaptation. This approach normally solves the problem, and identi-
fies name clashes between class names in the framework and the leg-
acy components. However, as we identified in [2], the Adapter
design pattern has some disadvantages associated with it. One disad-
vantage is that for every element of the interface that needs to be
adapted, the software engineer has to define a method that forwards
the call to the corresponding method in the legacy class. Moreover, in
the case of object adaptation, those requests that otherwise would not
have required adaptation have to be forwarded as well, due to the
intermediate adapter object. This leads to considerable implementa-
tion overhead for the software engineer. In addition, the pattern suf-
fers from the self problem and lacks expressiveness. Finally, since
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behavior of the Adapter pattern is mixed with the domain-related
behavior of the class, traceability is reduced.

The problems related to integration of legacy components in
framework-based applications are studied in more detail in [9].

3.3  Framework gap

Often, when thinking about composition problems of components,
the first thing that comes to mind is different kinds of overlap
between the components, but there may also exist problems due to
nonoverlap between the components. This occurs when two frame-
works are composed and the resulting structure still does not cover
the application's requirements. This problem is generally referred to
as framework gap (see, for example, [16]).

If the framework is a called framework, the framework gap prob-
lem may be solved with an additional framework interface, including
both the existing and the additionally required functionality. Figure 6
illustrates such a wrapping approach.

called additional
framework | functionality

extended called framework

Figure 6.  Called framework extended to fill the framework
gap.

In the case where a calling framework lacks functionality, mediat-
ing software is needed to alleviate the problem. Consider two calling
frameworks, A and B, and that we have a framework gap. The medi-
ating software must provide functionality for informing framework A
about the actions that had happened in framework B. This informa-
tion must be presented for framework A in terms understandable to
A. The mediating software may also need to cut out parts of the func-
tionality offered by the frameworks. The functionality has to be
replaced by the mediating software together with application-specific
code that composes the functionality from frameworks A and B and
the functionality required for the framework gap. The situation will
now be that the two frameworks have to call the mediating software,
which then calls the application-specific functionality. An additional
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problem is that the mediating software becomes dependent on the
current framework versions, which may lead to rather complex main-
tenance problems for the application when new versions of the
framework must be used.

3.4  Composition overlap of framework entities

When developing an application based on reusable components, it
may occur that two (or more) frameworks both contain a representa-
tion-that is, a class-of the same real-world entity, but modeled from
their respective perspectives. When composing the two frameworks,
the two different representations should be integrated or composed
since they both represent the same real-world entity. If the repre-
sented properties are mutually exclusive and do not influence each
other, then the integration can be solved by multiple inheritance.
However, very often these preconditions do not hold and there exist
shared or depending properties between the representations, causing
the composition of the representations to be more complex. We can
identify at least three cases where alternative composition techniques
are necessary.

First, consider the situation where both framework classes repre-
sent a state property of the real-world entity, but the entity is repre-
sented in different ways. For example, a sensor in the fire alarm
framework has a simple presentation which a Boolean state for its
value while the same sensor in the measurement framework has a
more complex representations such as temperature and pressure.
When these two representations of a sensor are composed into an
integrated sensor, this requires every state update in one framework
sensor class to be extended with the conversion and update code for
the state in the other framework sensor class.

In the second case, assume that both framework classes represent
a property p of the real-world entity, but one framework class repre-
sents it as a state and the other framework class as a method. The
value of the particular property p is indirectly computed by the
method. For instance, an actuator is available both in the fire alarm
and the measurement system frameworks. In an application, the soft-
ware engineer may want to compose both actuator representations
into a single entity. One actuator class may store as a state whether it
is currently active or not, whereas the other class may indirectly
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deduce this from its other state variables. In the application represen-
tation, the property representation has to be solved in such a way that
reused behavior from both classes can deal with it.

In the third case, the execution of an operation in one framework
class requires state changes in the other framework class. Using the
example of the actuator mentioned earlier, an activate message to one
actuator implementation may require that the active state of the other
actuator class needs to be updated accordingly. When the software
engineer combines the actuator classes from the two frameworks,
this aspect of the composition has to be explicitly implemented in the
glue code.

3.5  Composition of entity functionality

Sometimes a real-world entity's functionality has to be modeled
through composition with parts of functionality from different frame-
works. Consider the case of a typical software structure with three
layers, each represented by a framework: at the top is a user interface
layer, in the middle an application domain-specific layer, and at the
bottom a persistence layer. Our real-world entity is now represented
in the application domain-specific framework, but some aspects of
the entity have to be presented in the user interface layer, and the
entity also has to be made persistent for some kinds of transactions,
and so on. Just composing the respective classes from the three
frameworks or using multiple inheritance will not result in the
desired behavior. For example, changes of the state caused by mes-
sages to the application domain-specific part of the resulting object
will not automatically affect the user interface and persistence func-
tionality of the objects.

Thus, the software engineer is required to extend the application
domain class with behavior for notifying the user interface and data-
base classes, for example, using the Observer design pattern [5]. One
could argue that the application domain class should have been
extended with such behavior during design, but, as mentioned earlier,
most frameworks are not designed to be composed with other frame-
works but to be extended with application-specific code written spe-
cifically for the application at hand.

This problem occurred in the fire alarm framework, where several
entities had to be persistent and were stored in nonvolatile memory,
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that is, an EEPROM. To deal with this, two objects-one application
object and one persistence object-implemented each entity. These
two objects were obviously tightly coupled and had frequent interac-
tions, due to the fact that they both represented parts of one real-
world entity.

4. Underlying Causes

The framework composition problems identified in the previous sec-
tion can be related to a number of causes that underlie these prob-
lems. In this section, we discuss what we believe to be the four
primary causes of these problems: framework cohesion, domain cov-
erage of the framework, the design intention of the framework
designer, and lack of access to the source code. In the following, each
cause will be described.

4.1 Framework cohesion

The main issue in the framework usage phase is to develop an appli-
cation through reusing an existing framework. The existing frame-
work has to be extended or composed with some other software
artifact to realize the requirements of the application under develop-
ment. Three different software artifacts that can be used for the adap-
tation and composition are new application-specific source code,
class libraries, and other frameworks.

Virtually every application that is developed based on a frame-
work will require application-specific code to be developed and,
since this code is designed to be composed with the framework, com-
position problems rarely occur. However, as described earlier, if a
class library or a framework has to be composed with our framework,
several composition problems may occur. But why is it so hard to
compose these software artifacts with our framework? One of the
answers to this question is framework cohesion. The functionality of
a class in the framework can be divided into various types. The two
types relevant for the discussion here are the domain-specific behav-
ior corresponding to the real-world entity that the class represents
and the interaction behavior to communicate to other framework
entities for mutual updating. The latter type of functionality we refer
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to as cohesive behavior: It establishes the cohesion between the enti-
ties in the framework. So, for a class from a class library or another
framework to replace a class in the framework, this class not only has
to represent the appropriate domain behavior but also correct cohe-
sive behavior. Since the cohesive behavior is very specific for the
framework, it is rather unlikely that a separately developed class will
fulfill these requirements.

4.2  Domain coverage

An object-oriented framework provides an abstract design for an
application in some problem domain. However, the framework need
not cover the complete domain but may contain classes for only a
subset of the relevant entities in the domain. To determine whether a
framework covers the complete domain is a rather subjective activity
since application domains are not defined very precisely. For
instance, we considered the measurement system framework that we
developed to cover a complete application domain. During discus-
sions with other software engineers, we found that they considered
the framework to provide partial domain coverage since it provided
only discrete measurement of items and did not incorporate continu-
ous measurement required for, among other things, production of
fluid products.

When composing a framework with another framework, a devel-
oper may experience no domain overlap, little overlap, or consider-
able overlap. No overlap between the frameworks will obviously not
cause problems with respect to composition of overlapping entities,
but it may be the source of a framework gap problem. Little domain
overlap is often relatively easy to deal with since it only requires the
adaptation of a few classes in both frameworks. Considerable over-
lap, however, may cause the reuse of one of the frameworks to be
more effort consuming than writing the code from scratch. This prob-
lem is especially problematic for long-lived applications, since the
frameworks on which an application is based often evolve over time,
just like the application itself. Considerable redesign of a framework
is then required to be repeated for every consecutive version of the
application, if the application is to benefit from the improvements of
later framework versions.
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The solution for this problem is primarily a matter of standards. If
an accepted definition of application domains and the boundaries
between the domains would exist, framework designers could take
these definitions into account, and composition of frameworks would
probably require less effort since most gaps and overlaps could be
avoided. However, defining a generally accepted classification of
domains is far from trivial. For instance, the statistical analysis
framework described in Section 2. provides user interface functional-
ity specifically for statistical representations, such as histograms and
normal distributions. A general-purpose GUI framework will most
likely not have support for these representations, but the statistical
graphical representations may be very hard to integrate with the GUI
framework. When defining standard application boundaries, the
developer has to decide where such boundary functionality should be
assigned, which is a nontrivial task.

4.3  Design intention

Several authors have identified that a reusable software artifact has to
be designed for reuse by adaptation and composition. Since class
libraries generally have relatively low cohesion between the classes,
it is often feasible to compose class library elements with existing
software. Object-oriented frameworks, on the other hand, are gener-
ally designed for reuse through extension of the framework or
through composition of framework components. Due to the high
cohesion inside the framework, the composition with other frame-
works or other existing software is generally hard.

We can identify two variants of framework composition: horizon-
tal and vertical. Horizontal integration is the situation where the two
frameworks that are to be composed can be found on the same layer
in a software system. Vertical integration indicates the situation
where one framework depends on the services of another framework,
that is, a so-called layered system. For example, the measurement
system framework and the statistical analysis framework are com-
posed horizontally, whereas these two frameworks are composed ver-
tically with the user interface framework. Independent of whether
vertical and horizontal composition is used, an additional issue is
whether there is one-way or two-way communication between the
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composed frameworks. Two-way communication often complicates
the composition of the frameworks considerably.

In conclusion, the design intentions for the framework should be
defined explicitly to make it easier for the software engineer to
decide on the composability of a framework for the application at
hand. It should be made clear whether the framework can be reused
by extension only or that provisions for composition are available. In
addition, it should be made clear whether the framework is intended
for two-way communication or one-way communication. Since the
design intention for most existing frameworks, generally implicitly,
is for reuse by extension and one-way communication from the
framework to the newly written application-specific code, this is a
cause for the framework composition problems that we have identi-
fied.

4.4  Access to source code

Another, seemingly trivial, cause for framework composition prob-
lems is the lack of access to the source code of the framework. This
lack of access can be a practical limitation where the framework has
been delivered to the reusing software engineer in the form of a
library of compiled code in combination with a set of header files. It
may also be a conceptual lack of source code access due to the com-
plexity of the code of the framework. The internal workings of the
framework often are so complex that it will require considerable
effort from the software engineer before he or she is able to make the
changes necessary for composition purposes. Since research in soft-
ware reuse has identified that the perceived effort required for reus-
ing a component should be less than the perceived effort of
developing the component from scratch, the conceptual lack of
access to the source code may also constitute an important obstacle
for framework reuse.

Access to the source code is important since framework composi-
tion, as identified earlier in this chapter, may require editing of the
framework code to add behavior necessary for other frameworks. If
no access to the source code is available, the only way to achieve the
additional behavior required from the framework is through wrappers
encapsulating the framework. However, as identified by [7], wrapper
solutions may cause problems such as significant amounts of addi-
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tional code and serious performance problems. In addition, wrappers
are unable to extend behavior in response to intraframework commu-
nication. For example, one framework object invoking another object
in the framework may require an object in another part of the applica-
tion to be notified. However, since the wrapper is unable to intercept
this communication, it is not possible to achieve this.

5. From Problems to Causes to Solutions

In the previous sections, several framework composition problems
and their primary causes have been identified. In this section, we start
by relating the causes to the identified problems. Subsequently, the
existing solution approaches for each problem are discussed and their
limitations are identified.

It is important to note that some of the solutions will cause
changes to the framework and thus result in a new version of the
framework. This is not a problem for the actual application under
development but may cause problems for previously developed
applications using the framework. This problem of maintaining pre-
viously developed applications is often referred to as backward com-
patibility. The issue of backward compatibility will arise in other
situations as well, for example, fault recognition in a previously
developed application or incomplete domain understanding. A more
extensive discussion of backward compatibility for frameworks and
the selection of an appropriate maintenance strategy can be found in
[3].

Table 1 relates the framework composition problems to the identi-
fied causes. Each cell describes whether the cause is the primary
source of the problem or complicates the solution of the problem,
that is, whether it is a secondary cause. In the section following, these
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relations are explained in more detail and the available solution

approaches are described.

Table 1. Framework composition problems and their causes

Composition |Composition Composition
of Framework |with Legacy |Framework [Overlap of |of Entity
Control Component |Gap Entities Functionality
Cohesive Complicating |Primary cause |--- F:omplicat- Complicating
. factor ing factor  |factor
Behavior
Domain Primary Primary
cause cause
Coverage
Desi Primary cause [Complicating |--- Complicat- |Primary cause
esign .
. factor ing factor
Intention
No Source Complicating |Complicating f:omplicat- f.‘,omplicat- Complicating
factor factor ing factor ing factor  |[factor
Code Access

5.1

The context for this problem is a situation where two frameworks are
to be composed such that both assume ownership of the main event
loop of the application. When composing two such frameworks, the
threads of control of both frameworks have to be composed in some
way. The main cause for this problem is that both frameworks are
intentionally designed for adaptation and not for composition, which
makes neither of the frameworks able to give up the control. Since
the control loop often is deeply embedded in the source code of the
framework, lack of access to the source code of the frameworks con-
siderably complicates resolving the problem. Some changes to the
control loop may even be impossible to achieve without changing the
actual source code. For instance, events internal to the framework
that are required externally in the application at hand, such as the
notification of another framework, cannot be intercepted by frame-
work wrappers or adapters but require actually changing the frame-
work code. An additional factor complicating the composition of
calling frameworks is the cohesive behavior inside the framework.
The cohesive behavior, since it indicates the behavior of framework

Composition of framework control
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classes for updating the other framework classes, mixes the event
behavior with the domain behavior of the classes. Since the event
loop becomes implicit through the cohesive behavior, making
changes to the event loop is more difficult due to the-potentially
many-locations where code changes are required.

Integrating the framework control from the composed frameworks
requires changes to the event loops in the involved frameworks. This
can be achieved by three solutions, as discussed in the following
points.

Concurrency. One possible solution is to give each framework its
own thread of control rather than merging the control loops. This
solution approach can be used only when there is no need for the
frameworks or the application code to be notified about events from
the other frameworks. A disadvantage of this approach is that the
application-specific objects that potentially are accessed by more
than one framework need to be extended with synchronization code.
An advantage is that no access to the source code is required.

Wrapping. A second solution is to encapsulate each framework by
a wrapper intercepting all messages sent to and by the framework.
The wrapper, upon receipt of relevant messages, can notify interested
entities in the framework. This allows some level of integration of
event handling in the framework-based application, but only based
on events external to the framework. Internal framework events are
not intercepted and can consequently not be dealt with.

Remove and rewrite. If external notification of internal framework
events is necessary in the application, a solution is to remove the rel-
evant parts of the control loops from the frameworks and to write an
application-specific control loop that satisfies the needs from the
involved frameworks and the application. This requires access to the
source code. This may be difficult since the control loop often is not
centralized to one framework entity but spread out in the framework;
in other words, the cohesive behavior of the framework complicates
the solution. This solution generally is a more effort-consuming
approach than the previously indicated approaches.

5.2  Composition with legacy components

The software engineer may want to use legacy components in combi-
nation with the framework when a framework class does not contain
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the correct application-specific domain behavior for the actual appli-
cation. In addition, a legacy library of classes with the required appli-
cation-specific behavior is available that fulfills the application’s
requirements. The integration between a framework and legacy com-
ponents is not as easy as one might expect due to the cohesive behav-
ior of the framework, which makes it difficult to replace a framework
class with a legacy class, and due to potential typing conflicts in the
programming language. A complicating factor in solving the compo-
sition problem is that the framework is designed for adaptation and
extension and not for composition. One approach is to design the
framework for composition by means of the role concept. Obviously,
access to the source code of the framework simplifies the composi-
tion, since one can change the framework to refer to the legacy class
rather than a framework class. Some solutions to the problem of
composing legacy components with a framework are discussed in the
following sections.

Adapter design pattern. Composing a legacy component with a
framework is almost a schoolbook example of a situation for which
the Adapter design pattern has been designed. Provided that no name
clashes occur, this solution is very suitable, but it results in some
implementation overhead, as for each operation in the class interface
that has to be adapted there must be methods that forward the request
to the equivalent method in the legacy class. Additional drawbacks
are that the Adapter pattern suffers from the self problem and trace-
ability is reduced since pattern-specific behavior is mixed with
domain-specific behavior for the class [2].

Change framework. Provided the software engineer has access to
the framework's source code, one possible solution is to change those
parts of the framework that refer to the framework class that should
be replaced by the legacy class.

Roles. As described in [9], a solution dealing with the problem
once and for all is to represent the framework's reuse interface as a
set of roles. A framework role is a description of the required behav-
ior of the object that is taking the place in the reuse interface. By
specifying the reuse interface as roles instead of as superclasses, we
focus on the required services instead of the entire object. Using this
solution, it is possible to fill the roles either with classes related to the
framework or existing legacy classes, provided that the class fulfills
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the requirements. This, however, requires the framework to be
designed based on this approach.

5.3  Framework gap

The framework gap problem occurs when two (or more) frameworks
have to be composed to satisfy the application's requirements, but the
composition does not cover the requirements completely. Thus, we
have a gap of missing functionality. The main cause for this problem
is that the frameworks do not cover their respective domains suffi-
ciently. As described earlier in the chapter, the definition of an appli-
cation domain is still rather ad hoc, and this may lead to domain
overlap or domain gaps when composing frameworks. Also for this
problem, the lack of access to source code may complicate the solu-
tion to a framework considerably. In either case, one can identify a
number of solution approaches for closing the framework gap.

Wrapping. As described earlier in this chapter (see, for example,
Figure 6), one can extend the framework interface of a called frame-
work with the missing functionality through an additional Applica-
tion Program Interface (API). The wrapping entity, in this case,
aggregates the original framework and the extension for closing the
gap, but provides a uniform interface so that clients are unaware of
the internal structure.

Mediating software. For a calling framework, the software engi-
neer has to develop some kind of mediating software that manages
the interactions between the two frameworks. The mediating soft-
ware not only manages the interaction, but also contains the function-
ality required for closing the framework gap. Potential disadvantages
are that it has proven to be rather difficult to develop mediating com-
ponents and that the software becomes vulnerable for future changes
of framework versions and thus is expensive to maintain.

Redesign and extend. If a developer has access to the source code
of the framework and also intends to reuse the framework in future
applications, the most fruitful approach may be to redesign the
framework and extend the source code to achieve better domain cov-
erage, thus bridging the gap.
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5.4  Composition overlap of framework entities

When two frameworks represent the same real-world entity, from
their respective perspectives and with their own representations, and
these frameworks need to be composed, the two representations of
the real-world entity have to be composed as well. This constitutes
the problem of overlap of framework entities. The main cause for this
problem is that both frameworks cover part of the application
domain, since the real-world entity has been modeled from different
perspectives. The composition of the two framework classes is often
complicated due to the cohesive behavior of the classes since, after
the composition, actions in one class may need to notify the other
framework class. We present four solution approaches to the prob-
lem:

Multiple inheritance. An obvious solution to this problem is to use
multiple inheritance, but this requires that the properties of the
classes not affect each other and are mutually exclusive, which is sel-
dom the case. The main issue is to provide a solution that takes care
of necessary updates and conversions between different representa-
tions provided by the two frameworks.

Aggregation. An alternative solution is to use aggregation instead
of inheritance, which will result in an aggregate class that has each
framework representation as parts. The aggregate class is the applica-
tion's representation of the real-world entity. However, this approach
requires that the source code be available for the frameworks, since
the involved frameworks have to be changed so that every location in
the framework that references the framework-specific representation
of the real-world entity is replaced by a reference to the aggregate
class. In addition, it is necessary that the interface of the aggregate
class contain the framework class interface for both frameworks and
the necessary conversion and update operations. The implementation
of the aggregate class must, in appropriate methods and places,
include the necessary conversion and update behavior. The major
drawback of this solution is that both frameworks have to be changed
and that a considerable amount of implementation overhead is
required.

Subclassing and aggregation. Another solution that does not
require changes in the frameworks is to subclass each framework
class that represents the real-world entity. Both subclasses are
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involved in a bidirectional association relationship to enable update
and conversion behavior. In addition, each subclass has to override
the operations in the superclass. In the subclass implementation of
relevant operations, there are calls to the corresponding subclass for
conversion and updates and, in addition, the operations call the over-
ridden operations in the superclass. A limitation of this solution is
that the application’s representation of the real-world entity is parti-
tioned over two classes. To overcome this limitation, we may intro-
duce an additional aggregate class that has the two subclasses as
parts. The aggregate class solution also implies that the application-
specific part of the code has to work with the aggregate class (to
reach the part objects) and that there will be communication between
the two subclass objects that will not pass the aggregate object.

Subject orientation. A fourth solution is provided by the subject-
oriented programming approach [14]. Subject orientation supports
composition of subjects-that is, an object-oriented program or pro-
gram fragment such as a framework that models a domain in its own
subjective way. Subjects can be composed, either as source code or
as binary code. Since frameworks can be subjects, the subject-ori-
ented approach may alleviate the problem of overlapping framework
entities. However, although useful in theory, the lack of widespread
tool support may make subject composition less appropriate in prac-
tice.

5.5  Composition of entity functionality

This problem occurs when a real-world entity has to be modeled
through composition of parts of functionality from different frame-
works, for example, composing application domain-specific func-
tionality with persistence functionality. This means that the real-
world entity is represented in an application domain-specific frame-
work and has to be composed with functionality from a persistence
framework. The cause for this composition problem of functionality
is that the frameworks are designed for extension and thus it is not
easy to add functionality. The cohesive behavior of a framework
complicates the composition of functionality since it makes it diffi-
cult to break up the existing collaborations inside the framework and
add the necessary functionality. Aggregation and multiple inheritance
and the use of the Observer design pattern are discussed as possible
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solutions in the following text. A third solution may be the use of the
subject-oriented programming approach [14], as described in the pre-
ceding section.

Aggregation or multiple inheritance. The simplest solution to this
problem is to use multiple inheritance or aggregation to compose the
framework classes with the required functionality into a single class.
The problem with these solutions is that state changes caused by
messages to the application domain-specific part of the composed
object will not automatically influence the persistence functionality
part of the object. One way to solve this is to add update behavior in
appropriate places in the frameworks and the composed class, but
this is a rather complex action to perform.

Observer design pattern. To overcome the problem with the previ-
ous solution, the application domain-specific class can be extended
with notification behavior, for example, through applying the
Observer design pattern [5]. This may seem an obvious solution;
thus, it should have been included in the application domain-specific
framework from the beginning. But, as often is the case, the frame-
work is originally designed for extension and not for composition.

6. Summary

Obiject-oriented frameworks provide an important step forward in
software reuse, since frameworks allow reuse of large components
instead of the traditional small, building block-like components. Ini-
tially, frameworks were primarily used as the only reused entity in
application development, and the application was constructed by
extending the framework with application-specific behavior. During
recent years-among other reasons, due to the increased availability of
frameworks for various domains-there is a movement toward the use
of multiple frameworks in application development. These frame-
works have to be composed to fulfill the application's requirements,
which may lead to composition problems.

In this chapter, we have studied the framework composition prob-
lems that may occur during application development, their main
causes, the solutions available to the software engineer, and the limi-
tations of these solutions. The composition problems that we identi-
fied are related to the composition of framework control, the
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composition of the framework with legacy components, the frame-
work gap, the composition overlap of framework entities, and the
composition of entity functionality. These problems are primarily
caused by the cohesion of involved frameworks, the accuracy of the
domain coverage of frameworks, the design intentions of the frame-
work developer, and the lack of access to the source code of the
framework. The identified problems and their causes are, to some
extent, addressed by existing solutions, such as the Adapter design
pattern, wrapping, or mediating software, but these solutions gener-
ally have limitations and either do not solve the problem completely
or require considerable implementation effort.

To the best of our knowledge, no work exists that covers frame-
work composition problems as a primary topic of study, but several
authors have identified some composition problems. For instance,
[15] suggests not to assume ownership of the event loop during
framework design and to stress flexibility of the design. [17] pro-
poses the use of software adapters as a means to overcome the prob-
lem of type-incompatible interfaces between components. This
problem is similar to that of the composition of framework control. A
software adapter uses protocols, which defines the allowed
sequences of message exchanges between the components, and it
compensates for differences between the component interfaces. The
software adapter also allows message exchanges to be initiated from
either of components. [16] identified the framework gap problem and
suggests ways of dealing with it. Also, [6] discusses the notion of
architectural mismatch, which, although not specific to object-ori-
ented frameworks, may also affect framework composition. Finally,
[7] discusses the problems of using wrappers to adapt components
for use in applications.

The contribution of this chapter, we believe, is twofold. It pro-
vides software engineers using object-oriented frameworks for appli-
cation development with an understanding of the problems they may
experience during framework-based application development, as
well as an understanding of the primary causes and solution
approaches. Second, it provides researchers in object-oriented soft-
ware engineering with topics that need to be addressed by future
research.
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Abstract

Recently an approach for identifying potential modules for restruc-
turing in large software systems using product release history was
presented [4]. In this study we have adapted the original approach to
better suit object-oriented frameworks and applied it to an industrial
black-box framework product in the telecommunication domain. Our
study shows that using historical information as a way of identifying
structural shortcomings in an object-oriented system is viable and
useful. The study thereby strengthens the suggested approach in [4]
and demonstrates that the approach is adaptable and useful for
object-oriented systems. The usefulness of the original approach has
been validated through this study too.

Keywords:

Object-oriented frameworks, Software evolution, Object-oriented
framework evolution, Experience report

1. Introduction

In recent years, object-oriented framework technology has become
common technology in object-oriented software development [1, 2,
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5, 10, 11]. Frameworks allow for large-scale reuse and studies show
that the use of framework technology reduces development effort,
e.g. [9].

It is argued that designing a good framework requires several iter-
ations [8, 6, 12]. Of special importance in the development of a
framework is the identification of the stable and variable parts of the
design. The stable part of the design represents a reusable core of
application domain functionality, which is reused for all applications.
The stable part provides hooks that are intentionally designed to pro-
vide for customising or tailoring of the framework (i.e. the variable
parts).

As with all software, frameworks evolve to meet new demands
from customers/framework users. To alleviate or remedy the problem
of complex software and the difficulties of evolving it, it is important
to identify modules that are likely candidates for restructuring. This
is of importance in framework evolution since there are large
amounts of effort invested in the design of the framework and infor-
mation about where likely changes occur may reduce the cost of
redesign the framework to meet the new demands. Studies show that
software engineers can only identify a subset (<50 percent) of future
changes and they can not provide the complete picture of change [7].
Thus, a more objective method for identifying structural shortcom-
ings will provide more reliable input for maintenance effort estima-
tions and thereby more accurate estimates.

Recently an approach for identifying potential modules for
restructuring in large software systems (about 10 millions lines of
code) has been proposed by Gall et al. using product release history
[4]. We have adapted the approach to better suit object-oriented
frameworks. Instead of programs we are investigating classes as the
observed entities.

In this paper, we describe the evolution of an industrial black-box
framework product, the Mediation framework, in the telecommuni-
cation domain. The investigation covers four consecutive versions of
the framework that were developed over a period of six years. Over
30 instantiations of the framework have been delivered to customers.

The new versions of the framework were forced by product
improvements, e.g. better performance, and new customer demands.
Our analysis is based on information about modules and classes (the
class declarations only) of the framework. The constant development

110 Evolution and Composition of Object-Oriented Frameworks



The Case Study

of the framework has increased both the size and the complexity. The
size of the Mediation framework has increased from 322 classes to
598 classes.

The objective of our study is to evaluate the approach to identify-
ing potential structural shortcomings of the framework using the
aforementioned framework as a case. The approach uses historical
data, as in the case by Gall et al. [4]. Once the eventual shortcomings
have been identified, the relevant subsystems or modules can be sub-
ject to restructuring. As an effect of our adapted approach we are also
validating the usefulness of the original approach by Gall et al.

The paper is organised as follows: In section 2, the Mediation
framework is described in sufficient detail to get an understanding of
what kind of software system is the subject of the case study. The
subsystems and modules have been renamed to make the discussion
clearer and avoid bothering the reader with unnecessary details. Sec-
tion 3 describes the evolution observations on the complete Media-
tion framework. In section 4, the evolution observations of the
subsystems and their modules is described. Section 5 discusses
related work and the paper is concluded in section 6.

2. The Case Study

2.1 The method

The method used in our study is an adaptation of the approach pro-
posed by Gall et al. [4]. The focus for the study by Gall et al. was on
macro-level software evolution by tracking the release history of a
system. Their system comprises about 10 million LOC and was
structurally divided into a number of subsystems where each sub-
system where further divided into modules and each module con-
sisted of a number of programs. Based on historical information
about the programs, subsystems etc. they investigated the change
rate, growth rate and size of the software (and its parts) using the ver-
sion numbering of the programs as the units for 20 releases of the
software systems. The method steps in the approach are
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1. calculate, for all releases, the change and growth rate for the
whole system,

2. calculate, for all releases, the change and growth rate for each
of the subsystems,

3. for those subsystems that exhibit high growth and change rates
calculate, for all releases, the change and growth rates for the
modules,

4. those modules that exhibit high change and growth rates are
identified as likely candidates for restructuring.

In our study we have adapted the approach to better suit for
smaller systems (about 600 classes). We use the same decomposition
of the system into subsystems and modules. Regarding the modules
these are in our study composed of classes (not programs). So our
calculations of change and growth rates are made in terms of classes
as the units. Changed classes are identified by a change in the num-
ber of public operations in the class interface. This is because a
change in the public interface represents an addition or better under-
standing of the functionality that the class has to offer the rest of the
system. Changes to the private part of the class interface are mostly
related to perfective changes such as performance improvements and
as such less interesting in this study. Regarding the method steps we
use the same steps as the approach by Gall et al.

Essentially, the adaptation is the change of programs to classes as
the observed unit to make the approach useful for object-oriented
software systems.

2.2 The software system

The subject for the study consists of four successive versions of a
proprietary black-box application framework. This framework
encompasses the Billing Gateway product developed by Ericsson
Software Technology. The framework provides functionality for
mediation between network elements, i.e., telecommunication
switches, and billing systems (or other administrative post-process-
ing systems) for mobile telecommunication. Essentially, the Media-
tion framework collects call information from mobile switches

112 Evolution and Composition of Object-Oriented Frameworks



The Case Study

(NEs), processes the call information and distributes it to among oth-
ers, billing processing systems. Figure 1 presents the context of the
Mediation framework graphically. The driving quality requirements
in this domain are reliability, availability, portability, efficiency (in
the call information processing flow) and maintainability. The frame-
work is black-box, i.e., the framework provides a number of pre-
defined objects for application configuration. The four versions of
the Mediation framework have been developed during the last six

years.
(NE)(NE) (NE) (NE)
ork

Mediation
Framework

Net&mk

Fraud Statistical Billing
Detection System System

Figure 1. The Mediation framework

The structure of the Mediation framework system is a traditional
tree structure with four levels; the system, subsystem, module and
class level. Each level consists of one or more elements and each ele-
ment on a specific level is connected to one element on a higher
level. The logical structure of the Mediation framework has been
defined during the evolution of the four versions of the framework.
The time spans between the versions are approximately 18 months
each.
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3. Framework Evolution Observations

Based on the structural information derived from the four framework
versions we are able to make statements about the Mediation frame-
work’s evolution. For example, the size of the framework and its sub-
systems and the number of classes changed in a particular module
from one version to the next.

Using the extracted information we try to identify potential short-
comings in the current structure of the Mediation framework.

We have extracted information, about the following subset of sys-
tem properties, which is an adaptation of the descriptions found in

[4]:

n The size of each system, subsystem or module is defined as the
number of classes it contains. We use the notion of classes as
the size counting entity instead of measuring the size of the
source code. This is because it is easier to collect necessary
information and measure on the detailed design level compared
to the source code level.

» The change rate is the percentage of classes in a particular sys-
tem, subsystem or module that changed from one version to the
next. To compute the change rate, two versions are required for
comparison. The relative number of the changed classes repre-
sents the change rate.

» The growth rate is defined as the percentage of classes in a par-
ticular system, subsystem or module, which have been added
(or deleted) from one version to the next. To compute the
growth rate, two versions are compared and the numbers of the
added and deleted classes are computed. The relative number
of the new classes (i.e. the difference between added and
removed classes) represent the growth rate.

Using the information gathered from the Mediation framework we
can make statements about framework evolution observations related
to: 1) the whole Mediation framework system, 2) the subsystems of
the Mediation framework; and 3) the modules of particular sub-
systems that we chose for further study.
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3.1  System observations

Diagram 1 shows the historical development of the size of the Medi-
ation framework. The framework has a high growth rate; it consisted
of 322 classes initially and 598 classes at version 4.0. Thus, the total
size of the Mediation framework increased by over 85 percent over
the four versions. From the diagram we also see that the size of the
Mediation framework is growing in a way similar to linear.

Size of the System

700
600

500
400
300§

% uf GClarrar

200

100

1.0 2.0 3.0 4.0

Versions

Diagram 1. Evolution of the size of the Mediation

Diagram 2 shows the number of classes that were added in each
version (i.e. added minus removed classes). For example, the dia-
gram shows that at version 2.0 more than 120 classes were added to
the system. A general observation is that the number of added classes
is decreasing with newer versions of the framework. This can be
taken as an indication that the framework is becoming more mature,
i.e. achieving a structural stability.

Diagram 3 compares the change and growth rates for each version
of the Mediation framework. In general, the change rate is higher
than the growth rate. The growth rate is decreasing with successive
versions of the framework, from about 40 percent at version 2.0
down to about 15 percent at version 4.0. This decrease in growth rate
is an another indication of the framework’s maturity.

The change rate is increasing at version 4.0 and is not following
the trend for version 2.0 and 3.0. One reason for this may be an archi-
tectural change, i.e. a change affecting entities throughout the whole
system. In the Mediation framework the architectural change was the
introduction of hot billing.
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Diagram 2. Number of added classes in each version
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Diagram 3. Comparison of the change and growth rates

The change rates are around 40-50 percent in between all ver-
sions. In version 2.0 and 3.0 this may be a sign of better domain
understanding but in version 4.0 the major reason is the architectural

change introduced by the hot billing requirement.
A summary of the findings at the system level is:

n The size of the Mediation framework is increasing almost lin-
early.

» The development of the whole Mediation framework becomes
stable with respect to the growth rate that is decreasing over the

VErsions.
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n The change rate is about 40-50 percent for all versions. The
change rate shows a decrease to version 3.0 but increases again
in version 4.0. The increase of the change rate in version 4.0 is
an indication that some unexpected evolution has taken place,
i.e. evolution with architectural impact.

The latter two observations are signs of structural stability of the
Mediation framework eventually with a small exception for the
increase of the change rate in version 4.0.

The observations on the system levels indicate that the framework
evolves in a satisfactory fashion. This is because the growth rate is
decreasing and the change rate is at an acceptable level (<50 per-
cent). However, the observations are only valid on system level and it
may be the case that the subsystems do not behave in the same way.
In the next section we will characterise the evolution of the four sub-
systems for the Mediation framework.

4.  The Evolution of Subsystems

Up to now we have achieved an impression of how the overall sys-
tem has evolved over time. In this section, we will examine the sub-
systems further to see if the subsystems evolve the same way as the
whole system.

Table 1. Change and growth rates of subsystems

Relative
Subsystem | Change rate | Growth rate | size

A 51% 191% 34%
B 64% 153% 24%
Cc 92% 191% 37%
D 75% 700% 5%

In table 1, we see the change and growth rates for the four sub-
systems in the Mediation framework. Subsystem D exhibits the high-
est growth rate, 700 percent, but since subsystem D only comprises 5
percent of the total system size in version 4.0 the subsystem is of
minor interest. Subsystems A and C have a growth rate on 191 per-
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cent each. Their relative sizes of the whole system are 34 percent for
subsystem A and 37 percent for subsystem C, respectively. Thus,
both are candidates for further study but since Subsystem A represent
the GUI part of the system and comprises, to a very high degree,
automatic generated Ul classes it is not a representative subsystem.

If we consider the change rate it is obvious that subsystem C has
undergone major changes between version 1.0 to version 4.0 since it
has a change rate of 92 percent. It may also be of interest to investi-
gate subsystem B since its change rate, 64 percent, is higher than the
change rates for the whole system (diagram 3). Subsystem C repre-
sents a major part of the system, 37 percent of the classes, and we
will investigate it further on the module level in the following sub-
section.

Concluding, in the following section we will further investigate
the evolution characteristics for Subsystem C due to its high growth
and change rates and Subsystem B due to its relatively high change
rate.

Change and growth rates of subsystems
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Diagram 4. Change and growth rates of subsystems

4.1  The evolution of subsystem C

Subsystem C exhibits the highest growth and change rates among the
subsystems. These facts make the subsystem a likely candidate for
restructuring and/or reengineering activities. We will investigate how
the modules in subsystem C evolves and whether they possess the
same evolution characteristics as the whole subsystem.

Subsystem C consists of 5 modules named module C1 to C5.
Their relative size in Subsystem C is presented in diagram 5. We see
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that all five modules comprise between 10-35 percent of the sub-
system. Modules C3 and C4 have a relative size larger than 25 per-
cent whereas as modules C1, C2 and C5 all have a relative size below
15 percent. In fact, module C3 and C4 are two of the three largest
modules of the Mediation framework.

Relative Module Sizes in Subsystem C

s c1
10% 16%

Cc4 c2
25% 15%

C3
34%

Diagram 5. The relative size of modules in subsystem C

Diagram 6, which shows the number of classes for each module in
Subsystem C, confirms that module C3 and C4 are large modules and
that they both have had a large increase of the number of added
classes. In addition modules C1, C2 and C5 has been relatively stable
in size but a minor increase can be observed for module C1.
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Diagram 6. Sizes of modules in subsystem C

Diagram 7 shows the growth and change rates for the modules in
subsystem C from version 1.0 to version 4.0. Module C5 has a
growth rate of 460 percent that is extremely high. Also modules C1
and C4 have high growth rates, 233 and 306 percent respectively.
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Module C5 has the highest growth rate but is the smallest module
in the subsystem. Also Module C4 has a high growth rate and it rep-
resents 25 percent of the subsystem. Through discussions with the
software engineers it was clarified that the reason for the high growth
rate is that the module is responsible for coding and decoding the
Call Data Records which exist in a number of formats. Thus, the high
growth rate is the result of an increased number of formats supported
by the Mediation framework, e.g. module C4 handles a number of
different Call Data Record formats which results in a set of classes
whose objects are used as parameters in the framework. I.e. a typical
black-box framework evolution observation.

All modules except Module C5 exhibit high change rates. A rea-
son for the relative low change rate for Module C5 in the subsystem
is that it captures the encapsulation of some other software such as
database systems.

Change and growth rates of Subsystem C's modules
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Diagram 7. Change and growth rates of subsystem C’s

Regarding the change rates for the modules in Subsystem C we
see in diagram 8 that they behave as the system in whole, i.e. the
change rate is increasing from version 3.0 to version 4.0. Modules C3
and C4 exhibit the highest change rates throughout all the versions.

Concerning the high change rate, all modules in subsystem C have
high change rates and the main reason for this is two-fold;
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Change rates of modulesin Subsystem C

—+—C1
—n—2C2
—+—C3

ca
—¥—C5

Versions

Diagram 8. Change rates of modules in subsystem C

1. a design concept called Node has been divided into two con-
cepts, Childnode and ParentNode, to achieve higher maintain-
ability and lower complexity,

2. another design concept called Point has changed from being
file-oriented to be transaction-oriented due to the need of pro-
vide decreased latency for the Call Data Record (the billing
information input) processing. This to fulfil the requirement of
hot billing.

To summarise the findings of Subsystem C we can foresee
changes in all modules due to the changes of the two design con-
cepts. These changes have presumably not achieved full effect on the
system design. Regarding Module C4 and its growth rate; this is
viewed as an anticipated kind of evolution due to the nature of black-
box frameworks.

4.2  The evolution of subsystem B

We present a few observations of the Subsystem B evolution charac-
teristics since the subsystem showed a relatively high change rate.

In diagram 9, we see the change and growth rates for the modules
in Subsystem B. We see that module B4 has the highest growth rate,
242 percent, and that module B2 has the highest change rate, 73 per-
cent. Module B2 is in fact the largest module in Subsystem B repre-
senting 68 percent of the classes in the subsystem.
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Change and growth rates of Subsystem B's modules
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Diagram 9. Change and growth rates of subsystem B’s
modules

The high growth and change rates of Module B2 are explained by
the development from a simple arithmetic language to a mini-lan-
guage for handling data units (a design concept based on ASN.1
descriptions).

Module B4 has the highest growth rate but it is relatively small, 30
classes, and the increase can be explained by an increased number of
supported operating system thread representations (i.e. a typical
black-box framework evolution observation similar to the one
described earlier).

To summarise subsystem B, we have again an anticipated kind of
evolution for Module B4. We may foresee changes in Module B2 or
modules that are using Module B2 depending on the future evolution
of the mini-language.

Through the examination of the four subsystems, a different pic-
ture evolves since the subsystems do not exhibit the same behaviour
as the framework as a whole. Especially subsystem C and B are
likely candidates for forthcoming restructuring and/or re-engineering
activities.

5. Related Work

Related work includes, of course, the work by Gall et al. [4] where
historical information about modules and programs is used as a
means to identify structural shortcomings of a large telecommunica-
tion switching system. Our work uses a similar approach but on a
smaller system, 300-600 classes, and we use historical information
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about modules and classes, which are entities of smaller granularity
than in the work Gall et al. Recent work by Lindvall and Sandahl [7]
shows that software developers are not so good at predicting from a
requirements specification how many and which classes that will be
changed. Their empirical study shows that only between 30-40 per-
cent of the actual changed classes were predicted to be changed by
the developers. This can be seen as an argument for a more objective
approach for identifying change-prone and evolution-prone parts of a
software system.

Other research related to framework evolution is the work by Rob-
erts and Johnson [12] and by Erni and Lewerentz [3]. Roberts and
Johnson present a pattern language that describes typical steps for the
evolution of an object-oriented framework. Common steps in the
evolution are development of a white-box framework (extensive use
of the inheritance mechanism), the transition to a black-box frame-
work (extensive use of composition), development of a library of
pluggable objects etc. These steps give a coarse-grained description
of a framework's evolution. However, they do not explicitly describe
where and how the framework evolves when it has reached a certain
state.

Erni and Lewerentz describe a metrics-based approach that sup-
ports incremental development of a framework. By measuring a set
of metrics (which requires full source code access) an assessment of
the design quality of the framework can be performed. If the metric
data is within acceptable limits, the framework is considered to be
good enough from a metrics perspective otherwise another design
iteration has to done. The approach is intended to be used during the
design iterations, before a framework is released and does not con-
sider long term evolution of a framework.

6. Conclusion

We have studied the structure of four consecutive versions of an
object-oriented black-box framework in the telecommunication
domain. Based on historical information about the classes and their
public interfaces we have applied an adapted version of the approach
in [4] in order to identify structural shortcomings of the framework’s
structure by measuring the growth and change rates of the system.

Evolution and Composition of Object-Oriented Frameworks 123



Observations on the Evolution of an Industrial OO Framework

Our study exhibits results similar to the study by Gall et al., i.e.
there is a difference in the behaviour of the whole system versus its
subsystems. A relatively stable evolution over time was observed at
the system level, but detailed studies of the subsystems showed that
subsystem C and B exhibit different characteristics regarding the
change and growth rates when compared to the whole system. These
major differences would not been identified only by an analysis of
the whole system. Two modules were identified as potential subjects
for redesign, i.e. module C4 and B2. In addition, to a lesser extent,
module C3 is a likely candidate for redesign.

Both our study and the one by Gall et al. show that using historical
information as a way of identifying structural shortcomings in a soft-
ware system is viable and useful. In addition, the approach suggested
in [4] is possible to use for object-oriented systems on design level
using class interfaces and changes to these interfaces as the observed
units. In other words, the approach by Gall et al. is possible to scale
down to object-oriented systems.

The validity of the approach of using historical is strengthened by
the following. First, our results are similar to the ones by Gall et al.,
i.e. there exists a difference in the behaviour of the whole system ver-
sus its subsystems. Second, we presented the results of this study to
the software development organisation owning the studied frame-
work. They agreed to our observations, found the results interesting
and consider using the approach in the future.
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Abstract

Obiject-oriented framework technology has become a common reuse
technology in software development. As with all software, frame-
works evolve over time. Once the framework has been deployed,
new versions of a framework potentially cause high maintenance cost
for the products built with the framework. This fact in combination
with the high costs of developing and evolving a framework make it
important for organisations to achieve controlled and predictable
evolution of the framework’s functionality and costs. We present a
metrics-based framework stability assessment method, which have
been applied on two industrial frameworks, from the telecommunica-
tion and graphical user interface domains. First, we discuss the
framework concept and the frameworks studied. Then, the stability
assessment method is presented including the metrics used. The
results from applying the method as well as an analysis of each of the
frameworks are described. We continue with a set of observations
regarding the method, including framework differences that seem to
be invariant to the method. A set of framework stability indicators
based on the results is then presented. Finally, we assess the method
against issues related to management and evolution of frameworks,
framework deployment, change impact analysis, and benchmarking.
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1. Introduction

During recent years, object-oriented framework technology has
become common technology in object-oriented software develop-
ment [3][11][15][18] since it bears the promise of reduced develop-
ment effort, e.g. [16], through large-scale reuse and increased quality.
An object-oriented application framework is a reusable asset that
constitutes the basis for a number of applications in the domain cap-
tured by the framework. Examples of application frameworks are
Java AWT [8], Microsoft Foundation Classes [19] and ET++ [21] in
the domain of graphical user interfaces. Examples of application
frameworks in other domains include fire alarm systems [15] and
measurement systems [4].

As with all software, frameworks normally evolve through a num-
ber of iterations, leading to new versions, in response to the incorpo-
ration of new or changed requirements, better domain understanding,
experiences and fault corrections. Once the framework has been
deployed, new versions of a framework cause potentially high main-
tenance cost for the products built based on the framework. This fact
in combination with the high costs of developing and evolving an
application framework indicates the importance of understanding and
characterising framework stability and evolution.

One of the main objectives for management of software develop-
ment organisations is to achieve controlled and predictable evolution
of the framework’s functionality and its development, maintenance
and framework instantiation costs. This requires that there must exist
methods assisting and providing management with information about
the framework and its evolution. Areas of importance in the manage-
ment and evolution of an object-oriented framework are:

n Framework deployment: Assessment of the framework to
decide when it can be released for regular product development
in the organisation or placed on the commercial market. The
assessment is necessary to avoid the shipping of frameworks
that do not fulfil their functional and quality requirements and,
consequently, will cause unnecessary maintenance and release
costs. The assessment data can in some cases, if publicly avail-
able, be used by potential customers for evaluating and select-
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ing a framework from several alternatives. For instance, the
assessment may cover aspects such as reliability and robust-
ness for its users.

» Change impact analysis: Another type of framework analysis is
concerned with assessing the impact of changes on the next
framework version and assessing the impact on the applica-
tions built which have to replace the old framework version
with a new one. The assessment results can be used by manage-
ment to predict required maintenance effort for both the frame-
work and the applications incorporating instantiations of the
frameworks.

» Benchmarking: Empirical information collected from the
assessment of successful frameworks can be valuable in guid-
ing the development and evolution of new frameworks and can
be used to develop criteria for framework classification, e.g.
benchmarking, in terms of structural stability or other frame-
work maturity aspects [1]. This is desirable since it is hard and
expensive to develop and maintain object-oriented frameworks
and empirical data is valuable input to the cost and effort esti-
mation activities. Currently, little information exists about the
cost and benefit of the development, maintenance and use of
framework technology is exists. Empirical information about
the distribution of effort in framework development, evolution
and instantiation will help in the process of allocating special-
ists and other personnel to the developments as well as in effort
estimations. For example, in [12] we present the effort distribu-
tion for the initial development, maintenance and instantiation
of a six-year industrial object-oriented framework is presented.

In this paper we present a method, stability assessment, which is
used for characterising framework evolution, and, consequently,
addresses the aforementioned issues described above.

The stability assessment method is a metrics-based assessment
method for assessing structural and behavioural stability of an evolv-
ing object-oriented framework. The notions of structural and behav-
ioural stability are viewed as the dual property of evolvability.
Through collection of a set of architectural and class level metrics for
two or more framework versions together with the calculation of
some aggregated metrics, the obtained metric values are used for the
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assessment of the framework. Thus, the purpose of the method is to
decide how structural and behavioural stable a framework under evo-
lution is in terms of the metrics defined. Based on the experiences of
applying the method on two frameworks we present a set of frame-
work stability indicators.

The stability assessment method has been applied to two object-
oriented frameworks, one proprietary application framework in the
telecommunication domain, the Billing GateWay (BGW) framework
and one commercial application framework in the graphical user
interface domain, the Microsoft’s Foundations Classes (MFC) frame-
work [19]. Four consecutive versions of the BGW framework, that
were developed over a period of six years, and five versions of the
MFC framework have been analysed. In [14] we have presented
some of the results of applying the method. Through the application
of the method on these two frameworks it is possible to better evalu-
ate them with respect to the aforementioned issues concerning con-
trolled and predictable framework evolution i.e. framework
deployment, change impact analysis and benchmarking. In addition,
the following aspects will be discussed: difficulty to apply the
method, the need of tool support and experienced advantages and
disadvantages of the method.

It is important to notice that the aforementioned topics and the sta-
bility assessment method are not directly intended to be used for the
project manager developing the first version of an object-oriented
framework. Neither it is fully useable for teams reusing the frame-
work. The usefulness is for the teams maintaining and evolving the
framework. In particular, it is worth noticing that a developed frame-
work that is intended to be reused several times has to be handled by
the organisation as a product. Thus, long term commitment for the
maintenance and evolution of the framework is required. It is in this
organisational and long-term context the stability assessment method
and the data collection are justified. Through routinely and systemat-
ically applying the method and collecting the data the organisation
will achieve knowledge of the evolution of object-oriented frame-
works. Currently, little knowledge about the stability and evolution
of object-oriented frameworks is available.

The contribution of this paper is two-fold:

n Extension and application of a framework stability assessment
method on two industrial object-oriented frameworks.
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n  Presentation of framework stability characterising data together
with five framework stability indicators.

The organisation of the paper is as follows. Section 2 presents the
notion of, and terminology related to object-oriented frameworks.
The two studied frameworks are described in section 3. The stability
assessment method is described in section 4. Section 5 contains the
results from applying the method to the frameworks together with an
analysis of the results. Section 6 discusses a set of observations
related to the results, the method and the studied frameworks. In sec-
tion 7 the method is assessed with respect to the aforementioned
management issues and related work is presented in section 8. Sec-
tion 9 concludes the paper.

2. Object-Oriented Frameworks

In this section we present the notion of object-oriented framework,
an overview of major framework development activities and some
different maturity stages a framework can have.

Object-oriented frameworks are reusable designs of all or part of a
software system. A framework is described by a set of abstract
classes and the way instances (objects) of those classes collaborate
[18]. The development cost of frameworks is high and it must be
easy to use. They must provide enough features to be used and hooks
supporting features that are likely to change.

The process of developing and using an object-oriented frame-
work comprises three major activities; problem domain analysis,
framework design and instantiation of the framework (see Figure 1).

Problem domain analysis. Domain analysis can be viewed as a
broader and more extensive analysis that tries to capture the require-
ments of the complete problem domain including future require-
ments. Depending on the problem domain different kind of
information sources are used to obtain knowledge about the domain.
Examples of sources are previous experiences of the domain, domain
experts and existing standards. If the problem domain is large or cov-
ers a complete application domain, specialised domain analysis
methods [17][18] may be used that provide systematic method steps
for performing the analysis.
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Figure 1. Development and usage of

Framework design. The objective with this activity is to end up
with a flexible framework. The activity is effort consuming since it
difficult to find the right abstractions and identify the stable and vari-
able parts of the framework, which often results in a number of
design iterations. To improve the extensibility and flexibility of the
framework to meet the future instantiation needs, design patterns [7]
may be used. The resulting framework can be a white-box, black-box
or visual builder framework (see below) depending on the domain,
effort available and intended users of the framework.

Instantiation of the framework. The instantiation of a framework
differs depending on the kind of framework, white-box, black-box or
visual builder (see below). A framework can, if small and special-
ised, be instantiated one or many times within the same application,
instantiated in different applications and in the cases of one large
monolithic framework the instantiation activity results in an applica-
tion.

Roberts and Johnson [18] describe the typical maturation path an
object-oriented framework takes. We describe the four major differ-
ent kinds of frameworks that may be developed.

White-box framework. A white-box framework is relying on the
inheritance mechanism as the primary instantiation technique. The
instantiations of a concept are easily made through creating a sub-
class of an appropriate abstract class. A disadvantage of white-box
frameworks is that one has to know about internal class details and
that the creation of new subclasses requires programming.

Black-box framework. A black-box framework differs from a
white-box framework in that the primary instantiation technique is
composition. Thus, a black-box framework allows one to combine
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the objects into applications and one does not need to know internal
details of the objects. The use of composition to create applications
implies that programming is avoided and it is possible to allow the
compositions to vary at run time. Often the initial design of a frame-
work is a white-box framework, whereas subsequent versions evolve
into a black-box framework.

Visual builder framework. To evolve to the visual builder stage the
framework must be a black-box framework. A black-box framework
makes it possible to develop an application by connecting objects of
existing classes. An application consists of different parts. First, a
script is used that connects the objects of the framework and then
activates them [18]. The other part is the behaviour of the individual
objects, which is provided by the black-box framework. Thus, frame-
work instantiation in the black-box case is mainly a script that is sim-
ilar for all applications based on the framework. One now develops a
separate graphical program that encompasses the black-box frame-
work that makes it possible to specify the objects to be included in
the application and the interconnection of them graphically. Thus, we
have a visual builder framework. The visual builder framework gen-
erates the code for the application from the specification. With addi-
tion of the graphical features, the visual builder framework provides
a user-friendly graphical interface, which makes it possible for
domain experts to develop the applications by manipulating images
on the screen.

Language Tools. The visual builder framework creates complex
composite objects. These compositions have to be easily inspected
and debugged. The visual builder framework actually is a graphical
domain-specific programming language. Thus, one can create spe-
cific language tools for the framework that support inspection and
debugging of the relevant complex composite objects.

3. The Two Framework Cases

In this section we present the two frameworks studied. The context of
the BGW framework together with a structural view of its decompo-
sition is presented. In addition, we present how to instantiate the
framework through a graphical configuration window together with
the major requirements causing the evolution for each framework
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version. The MFC framework we describe rather briefly since it is
relatively well known. For a more detailed presentation of the frame-
work we recommend, e.g. [19].

3.1 The Billing GateWay framework

The Billing GateWay (BGW) framework is a major part of the Bill-
ing GateWay product developed by Ericsson Software Technology
AB, and provides functionality for billing data mediation between
network elements, i.e., switches, billing systems, or other post-pro-
cessing systems for mobile telecommunication. The framework col-
lects call information from mobile switches (NEs, Network
Elements), processes the call information and mediates it to billing
processing systems. Figure 2 presents the context of the BGW frame-
work graphically. The driving quality requirements in this domain are
reliability, availability, portability, call records throughput and main-
tainability.

Network

Mediation
Framework

Network )

Fraud Statistical Billing
Detection System System

Figure 2. The Billing GateWay framework

The BGW framework is a large monolithic framework, which is
intended to be instantiated into applications. The BGW framework
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has from the first version been a visual builder framework. That is, a
black-box framework with an associated graphical instantiation inter-
face and application generation functionality. The BGW framework
provides a number of pre-defined objects for graphical configuration
of the actual application. Successively, from the second version of
the BGW framework, a few specific language tools have been devel-
oped. Four versions of the framework have been developed, all in
C++.

In Figure 3 a more detailed structural view of the BGW frame-
work can be found. The BGW framework is divided into four major
blocks and a set of system wide software units. The GUI block is
responsible for the user interface, the Kernel block has responsibility
for the main control and steers the flow of data from the Communica-
tion block to the Processing block and back to the Communication
block. The Processing block processes the Call Data Records through
different kinds of operations such as decoding, encoding, filtering,
formatting, splitting and routing. The Communication block provides
the interfaces to the communication protocols (protocols, e.g. RPC,
and formats, e.g. FTAM, for distribution and collection). The set of
System-wide software units are accessible from the other blocks and
handles issues such as exception handling, threads, databases and
some other system-wide issues.

In Figure 4 a snapshot of the graphical configuration window that
is used for instantiating the BGW framework is shown. At the left in
the window a palette exist where it is possible to select the different
type of entities and associated operations to be performed which
should constitute the instantiated application. For example, it possi-
ble to select NEs (e.g. a mobile switch) and PPSs (post processing
systems) and the different kinds of processing such as filtering and
formatting. At the right in the window, we see from the left side, two
NEs, then two different filters, two formatters and at the right, two
post-processing systems. Each of these entities has during the config-
uration/instantiation to be specified in more detail, through entity-
specific menus.

When all entities have been specified, we have specified the appli-
cation to be developed based on the framework, and it is possible to
generate the application. All the specification data is divided to
appropriate classes and objects and the application is generated.
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Figure 3.  Structural view of the BGW framework.

To give an understanding of the evolution of BGW framework we
describe the major requirements for the four framework versions
since they have impact on the structure and functionality of the
framework.

Version 1. The major requirement for the development of version
1 of the framework was to develop an architecture that supported the
identified variable and stable parts of the domain. The organisation
could here rely on the experience from a previous developed applica-
tion in the same domain.

Version 2. The major requirements for version 2 of the framework
were increased flexibility and robustness. This was achieved through
refinement of some of the design concepts, improve encapsulation,
identification of minor domain specific libraries which provide gen-
eralised and abstract routines for data handling and formatting.

Version 3. The major requirement for the development of version
3 was the introduction of hot billing. Hot billing makes it possible to
collect call data records from network elements and distributes them
to post processing systems within seconds of call completion. Thus,
hot billing opens up for invoicing services tailored to specific cus-
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Figure 4. The graphical configuration window for the BGW

tomer needs, such as real-time billing and phone rental. This require-
ment caused major changes of the data processing in the system.

Version 4. For version 4 of the BGW framework major require-
ments was portability to new operating platforms and advanced data
processing such as call data record matching and rating. Matching
makes it simple to collect data from different nodes and times and
thereby simplifying the charging of services with more than one call
data record such as distance related charging.

In addition we provide normalised effort data for the four BGW
versions to indicate the magnitude of maintenance effort needed,
table 1. The effort for the development of the BGW framework ver-
sions are in the range 10 000 to 20 000 man-hours (the company
requested too not publish the exact figures). The normalization is
made with respect to the number of hours in version 1. That means,
in a hypothetical example, if the development of version 1 took 10
000 hours the development of version 2 took 12 660 hours. The dura-
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tion of the development and evolution of the BGW framework was
approximatly six years.

Table 1. Normalized framework maintenance effort data

V1 V2 V3 V4

Normalized effort 1,000 1,266 1,761 1,620

3.2  The Microsoft Foundation Class framework

The MFC framework addresses the domain of graphical user inter-
faces for Windows applications. The MFC framework has evolved
through a number of versions and we have assessed the first five ver-
sions of the framework. Version 1.0 of the framework was available
on the market 1992 and version 5 was released early 1997. Thus, the
duration of the development and maintenance of the MFC framework
is similar to the BGW case, around six years.

Through using the MFC framework the developer seldom has to
access the Windows APl (Application Program Interface) directly.
Instead, one can use the MFC classes which provides services that
wraps the functionality of the API. The framework comprises sup-
port for [19]:

»  Window handling

n Interfaces for graphical devices
» File handling

n Exception handling

» Database handling

among other issues. For a more detailed description of the MFC
framework we refer to, e.g. [19].

4. The Method

The stability assessment method is a metric-based approach for
assessing the stability of an evolving framework. Recently, a method
for quantitatively assessing stability of an object-oriented framework
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was proposed by Bansiya [1]. In this study we have extended the
method with an additional aggregated metric, the relative-extent-of-
change metric. We have applied our method on a number of versions
of two industrial object-oriented frameworks, four consecutive ver-
sions of the BGW framework and five consecutive versions of the
MFC framework. The framework stability assessment method con-
sists of the following four steps:

1. Identification of evolution characteristics

2. Selecting metrics to assess each evolution category
3. Data collection
4

. Analysing the changed characteristics and computing the
aggregated metrics

Based on the results of applying our method we propose a set of
(preliminary) framework stability indicators, section 6.

4.1 Ildentification of evolution characteristics

When assessing framework stability, one has to select suitable indica-
tors. The stability assessment method focus on measuring changes on
object-oriented design components, i.e. the classes and in [1] two cat-
egories of evolution characteristics, architectural and individual
class characteristics, are identified. First, the changes of architectural
characteristics (that) are related to the interaction (collaborations)
among classes and the structuring of classes in inheritance hierar-
chies.

Second, the characteristics of individual classes (that) are related
to the assessment and change of the structure, functionality and col-
laboration (relationships) of individual classes between versions.
The structure of objects is described and detailed by the data declara-
tions in the class declarations. The functional characteristics are
related to the object’s methods. The parameter and data declarations
that use user-defined objects define the collaboration characteristics
of a class.
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4.2  Selecting metrics to assess each evolution category

Several authors have proposed and studied metrics for object-ori-
ented programming [2] [5][10] and, to some extent, for object-ori-
ented frameworks [6]. In table 2, the architectural framework

Table 2. Architectural metrics

Architectural Metrics (Structure) Architectural Metrics (Interaction)

DSC, design size in classes ACIS, average number of public meth-
ods in all classes

NOH, number of hierarchies ANA, average number of distinct (par-
ent) classes from which a class inherits
information

NSI, number of single inheritance instances ADCC, average number of distinct
classes that a class may collaborate
with

NMI, number of multiple inheritance instances

ADI, average depth of the class inheritance struc-
ture

AWI, average width of the class inheritance struc-
ture

structure and interaction metrics used in the method are described.
The individual class metrics comprise in total of 11 metrics divided
into three separate suits, functional, structural and relational, and are
described in table 3. The metrics used are a subset of object-oriented
metrics presented in [2][5].

Table 3. Class metrics

Structural metrics Functional metrics Relational metrics
NOD, the number of NOM, count of all the NOA, the number of dis-
attributes. methods defined. tinct classes (parents) which

a class inherits.

NAD, the number of user NOP, the number of poly- NOC, the number of

defined objects used as morphic methods in a class. | immediate children (sub
attributes in a class. classes) of a class.

NRA, the number of pointers | NPT, the number of DCC, count of the number
and references used as parameter types used in the | of classes that a class is
attributes. methods of a class. directly related to.
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Table 3. Class metrics

Structural metrics Functional metrics Relational metrics

CSB, the size of the objects | NPM, average of the number
in bytes from the class decla- | of parameters per method in
ration. a class.

4.3 Data collection

The metrics data was collected using the QMOOD++ tool [2]. The
data has been collected for each version of the two frameworks with
the same tool, thereby reducing the probability for different interpre-
tations of the metric definitions. The data for the MFC framework is
obtained from [1].

4.4 Analysing the changed characteristics and
computing the aggregated metrics

For each of the frameworks and their versions, the collected architec-
tural data are analysed and the two aggregated, normalised- and rela-
tive-extent-of-change, metrics are calculated. These two metrics are
described in detail in section 5 since they are better explained in the
context of the other metrics used.

5. Results and Analysis

We present the metric values from the assessment of the two cases,
table 4, together with analysis of the obtained results. First, the archi-
tectural, normalised architectural and the associated aggregated met-
ric values are presented and discussed for each of the two
frameworks. Second, the class metric values with their associated
aggregated metric values are presented and discussed for the frame-
works.

5.1 The architectural metrics

The BGW Case. The architectural metric data collected for the four
versions of the BGW framework shows that the number of classes
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nearly doubles from 322 in version 1 to 598 in version 4. The values
for number of hierarchies (NOH) and the number of single inherit-
ance (NSI) metrics agree with the increasing value of number of
classes. In addition, the values of average depth of inheritance (ADI)
and average number of ancestors (ANA) are nearly the same due to
the low number of multiple inheritance instances (NMI).

Table 4. Architectural metric values

BGW MFC OWL

Metric | 1 2 3 4 1 2 3 4 5 4 (45| 5 |52
DSC 322| 445| 535| 598 | 72| 92| 132| 206| 233| 82| 142| 357 | 356

NOH 30| 35| 40| 44 1 1 1 5 6| 12| 16| 29| 27
NSI 265| 371| 434| 480| 66| 84| 117| 174| 194| 34| 56| 202| 198
NMI 5 1 1 1 0 0 0 0 0 9 13| 30| 30
ADI 197| 2.24| 2.09| 2.14|1,68|2,11|2,45|2,33|2,30|0,78|0,81|1,42|1,41

AWI 0.73| 0.75| 0.74| 0.73|0,92(0,91|0,89(0,85|0,83{0,52|0,49|0,65|0,64
ANA 200| 2.25| 2.09| 2.14|1,68|2,11|2,45|2,33|2,30{1,00|0,97 1,56 | 1,55
ACIS |15,84|17,58(18,90|18,68 |44,6 | 75,6| 95| 114| 109|27,7| 24|37,2|36,8
ADCC | 3,61| 4,07| 3,99| 3,98(6,03(7,59|9,02|9,33|8,94|1,87|2,26|4,73|4,71

The average depth of inheritance (ADI) reflects the level of spe-
cialisation in the framework and is expected to increase in newer ver-
sions and the average width of inheritance (AWI) is expected to
decrease in new versions since new classes are generally added at
deeper levels in the inheritance hierarchy. In the BGW study, we find
a minor increase in the average depth of inheritance (ADI) values and
a minor decrease of the average width of inheritance (AWI) values.
Although this is as expected, the differences between the versions
could have been larger. One possible explanation may be that this is a
property of black-box and visual frameworks compared to white-box
frameworks.

The average number of public methods (ACIS), 15-19 methods,
and the average of directly coupled classes (ADCC), 3,6- 4,0 classes,
are relatively constant throughout the versions.

The MFC Case. We see that MFC has had an increase of the num-
ber of classes more than three times, from 72 classes in version 1 to
233 classes in version 5. Regarding inheritance relationships MFC
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does not make use of multiple inheritance and in version 4 the num-
ber of inheritance hierarchies was increased to five from only one in
the previous versions. The values of average depth of inheritance
(ADI) and average number of ancestors (ANA) is the same due to the
lack of multiple inheritance in MFC. The average number of public
methods (ACIS) has increased from 75,6 public methods up to 110-
115 in the last two versions. The average number of directly coupled
(ADCC) classes is relatively constant around 9,0 with an exception
for the early version where the value was lower.

5.2  The normalised architectural metrics

In table 5 the normalised architectural metrics and the normalised-
extent-of-change metric are presented. In the table the architectural
metric values are normalised with respect to the metric’s values in the
first version of the framework. The metric values for the first version
of each framework is used as a base for normalisation. The norma-
lised metric values are computed by dividing the actual metric values
of a version with the metric’s value in the previous version for the
actual framework. The normalised-extent-of-change metric is com-
puted by summarising the normalised metrics for a framework ver-
sion. The reason for the normalisation is that that we work with
metrics whose values are of different ranges in the aggregated met-
rics. The normalisation is performed separately for each framework
since they are developed by two independent organisations.

The aggregated metric has for the first version of the framework
the same value as the number of architectural metrics (nine). Second,
the normalised-extent-of-change metric is then computed by taking
the difference of the aggregated metrics for the framework version,
V;, and the first framework version V. For the first version of a

framework the normalised-extent-of-change metric is set to 0. For
example, the normalised-extent-of-change metric for version 3 of the
BGW framework is computed as 9,41 (aggregate metric values for
version 3) minus 9 (aggregate metric value for version 1) which is
0,41. Thus, the normalised-extent-of-change metric has the value
0,41 for version 3 of the BGW framework.

The normalised-extent-of-change metric is a relative indicator of
the framework’s architectural stability. A high value of the metric
indicates relative instability of the framework structure and a low
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value of the normalised-extent-of-change metric indicates greater
stability [1]. One way of viewing the normalised-extent-of-change
metric is that it captures the enhancements of the framework, e.g. a
high value indicates that the framework’s architectural structure has
changed significantly.

Table 5. Normalized architectural metrics values

BGW MFC OwWL
Metric 1123|414 1 2 3 4 5 4 5
DSC 1/1,38(1,20(1,12 1| 1,28| 1,43| 156| 1,13 1| 435
NOH 1(1,17(1,14|1,10 1 1 1 5| 1.2 1| 242
NSI 1{1,40(117|1,11 1| 1,27 1,39 149| 111 1| 594
NMI 1| 0,2 1 1 1 1 1 1 1 1] 3,33
ADI 1{1,14(0,93|1,02 1] 1,26| 1,16| 0,95| 0,99 1] 1,82
AWI 1{1,03(0,97|0,99 1| 0,99| 0,98| 096 0,98 1| 1,25
ANA 1{1,12(0,93|1,02 1| 1,26| 1,16| 0,95| 0,99 1| 1,56
ACIS 1(1,11{1,08(0,99 1) 1,70 1,26| 1,20| 0,96 1| 1,34
ADCC 1{1,13(0,98 1 1| 1,26| 1,19| 1,03| 0,96 1| 2,53
Aggregate 919,68(9,41|9,35 9(11,01|10,57 |14,14| 9,31 9| 24,55
change (V;)
Normalized- 0/0,68(0,41(0,35 0| 2,01| 157| 514| 0,31 0| 15,555
extent-of-
change

The BGW Case. For the BGW framework the normalised values
for number of hierarchies (NOH) is decreasing from 1,17 to 1,10.
This indicates that the addition of new inheritance hierarchies is
slowly decreasing with newer versions of the framework. Another
observation is that the average number of directly coupled classes
(ADCC) is fluctuating just over and below 1.0. This indicates that the
“relationship complexity” is not increasing with newer versions, i.e.
the number of relationships for a class is not increasing significantly
in a new version of the framework. Regarding the normalised-extent-
of-change metric; it is decreasing, starting from a low value, 0,68,
which we interpret as the BGW framework is enhanced in relatively
modest pace.
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The MFC Case. The normalised value for the number of hierar-
chies (NOH) metric makes a jump up to 5 in version 4 due to the
introduction of five separate hierarchies in the framework. The norm-
alised values for the number of multiple inheritance hierarchies
(NMI) is constantly 1 since there are no occurrences of multiple
inheritance in the framework. In the MFC framework case one can
make the same observation as in the BGW framework regarding the
average number of directly coupled classes (ADCC) metric. It is
close to 1, indicating that the “relationship complexity” is not
increasing with newer versions of the framework. Regarding the nor-
malised-extent-of-change metric; it is fluctuating up and down indi-
cating that major enhancements and restructuring of the framework’s
architectural structure have occurred. One example is the introduc-
tion of four new inheritance hierarchies in version 4.

For both frameworks we see that for the normalised average num-
ber of public methods (ACIS) as well as the normalised average
number of directly coupled classes (ADCC) metrics the values are
steadily decreasing. A possible explanation is that the framework is
becoming more stable and modifications can be realised more loca-
lised in the framework.

5.3 The class metrics

The individual class metrics defined in section 4 can be computed in
two ways, i.e., including or excluding inherited properties. The first
approach requires analysing a class and all its ancestors for the com-
putation of the class metrics. Typically, changes made to the internal
parts of parent classes in a framework ripple the effect of changes to
all descendent of the parent class. Thus, in this study the class metrics
values are counted including the inherited properties.

The metric for each of the 11 class characteristics can be changed
between two successive versions. If the value of a particular metric
(e.g. number of methods, NOM) changes from one version to the
next, this is defined as one Unit of Change. Since there are 11 charac-
teristics that can be changed for a class, a class can contribute with
between 0 to 11 Units of Change. The 11 metric values of each class
are compared with the metric values of the class in its predecessor
version to compute the total number of units-changed for the classes.
The total-extent-of-change for a framework version is the sum of
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units-changed in all classes between a version and its predecessor. In
table 6, the 11 class metrics obtained for the framework versions are
presented.

Table 6. Changes in class characteristics

BGW MFC

Total Total

Units % Units %
Metrics|V1/2|V2/3|V3/4|Changed |Change V1/2|VV2/3|V3/4|V4/5|Changed |Change
NOC 19 31 47 97 24 71 10| 12| 12 41 1.8
NOA 47) 13| 10 70 17/ 18 11 5 0 34 15
DCC 89| 80| 141 310 75 29| 46| 77| 23 175 7.7
NOM 148| 142| 198 488 11.9] 68| 84| 126| 120 398 175
NOP 105 93| 117 315 7.7) 64| 81 119 12 276 12.1
NPT 77) 125| 187 389 9.5 68| 87 124/ 93 372 16.3
NPM 147| 156| 190 493 12.0] 68| 84| 124| 117 393 17.2
NOD 78| 126| 144 348 8.5 49| 47/ 83 25 204 8.9
NAD 69| 51| 82 202 4.9 6| 10 21 5 42 18
NRA 76| 88| 58 222 54| 14| 38| 66| 15 133 5.8
CSB 77) 125| 187 389 9.5/ 48| 48| 90| 26 212 9.3
Totals 932(1 030|1 361 4114 100.0{ 439| 546| 847| 448 2280 100.0

To assess the significance of the total-extent-of-change measure
we compare it with the maximum possible change. The maximum
possible change represents the case where all the metrics would have
changed values for all classes in a framework version. In table 7, the
values for the relative-extent-of-change metric are presented. Rela-
tive-extent-of-change is computed as the total-extent-of-change
divided with the maximum possible change.

The reason for introducing the relative-extent-of-change metric is
two-fold. Firstly, the relative-extent-of-change metric is calculated
based on class metrics, rather than system-wide metrics, which is the
case for the normalised-extent-of-change metric. Thus, the relative-
extent-of-change metric gives us a possibility to validate the original
proposed normalised-extent-of-change metric. Secondly, the norma-
lised-extent-of-change metric addresses the framework’s architec-
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tural structure, which implies that the metric is more, focused on
capturing the enhancements, e.g. addition of features, of the frame-
work. This in contrast to the relative-extent-of-change metric which
analyses the core of the framework, i.e. it only measure changes in
the set of classes that exist in two consecutive versions. That means
that the metric captures how well the domain is captured and under-
stood by the framework developers. The core of a framework version
n consists of the classes that exist in two consecutive versions of the
framework. A more formal definition is that the core is the set of
classes that exist in both version n-1 and version n of the framework.
That means that the core do not comprise the classes which existed in
version n-1 and now not exist in version n of the framework. Neither
are the classes added to framework version n part of the core. A con-
sequence of this definition is that the core can grow with newer
framework versions since it is defined in terms of two consecutive
versions and not the first version of the framework. The set of added
classes can be seen as representing a wider and better domain under-
standing captured by framework version n. This means that the core
for framework version n+1 is expanded with the set of added classes
in version n except for those classes that has been removed in version
n+1 of the framework and is reduced with those classes in the core
for version n which not exist in framework version n+1. Thus, a low
relative-extent-of-change value indicates good domain coverage and
understanding where a high relative-extent-of-change value indicates
that the domain was not well understood and important abstractions
have not been found.

The BGW Case. For the BGW framework the majority of the
changes are related to methods and method parameters i.e. the func-
tionality suit of metrics. For example, the number-of-methods
(NOM) 11,9%, the average number-of-parameter types (NPT) 9,5%
and average number-of-parameters per method (NPM), 12,0%. An
exception is the number-of-polymorphic-methods (NOP) which only
represent 7,5% of the total changes. A possible explanation is that the
BGW framework is intentionally designed as a visual builder frame-
work, thus favouring parameterisation before inheritance. Regarding
the relative-extent-of-change metric, the values for the BGW frame-
work are realatively low, between 21-26%, indicating good domain
coverage and that there is a relatively stable core in the framework
that remain rather unchanged.
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The MFC Case. For the MFC framework, the same pattern occurs,
the majority of changes belong to the functional suit of metrics. For
example, the number-of-methods (NOM) is 17,5%, number-of-poly-
morphic-methods (NOP) 12,1% and the average number-of-parame-
ters per method (NPM) metric 17,2%. Regarding the relative-extent-
of-change metric values for the MFC framework it is high, over 50%,
for the first four versions, indicating problems with understanding
the domain and capturing useful abstractions.

In table 6, we see that the NOA (number-of-ancestor) metric
changed values for 18 classes between version 1 and 2 of the MFC
framework. The reason for this large change in the metric values was
the restructuring of the MFC class hierarchy, which introduced sev-
eral new classes in the middle of the hierarchy [1][19].

Table 7. Relative-extent-of-change metric values

BGW MFC

V1/2 | V2/3 | V3/4 | Total | V1/2 | V2/3 | V3/4 | V4/5 | Total

Actual Units 932 1030 1361| 3323] 439 546 847| 448 2280
Changed
Max. units of 3542 4895 5885| 14322 792| 1012| 1452| 2266| 5522
Change

Relative-extent-of-

change 26,3%21,0%|23,1%|23,2%|55,4%|54,0%|58,3%|19,8%|41,3%

6. Observations

In this section we discuss a number of observations related to the
results of applying the method, the method itself and the differences
between the two frameworks which the method seems to be invariant
to.

6.1 Observations on the results

By studying the results of applying the method on the two frame-
works we have made a few general observations of the stability, or
evolvability, of object-oriented frameworks which we present as a set
of framework stability indicators.
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Considering the values for the MFC and BGW frameworks, table
4, we see that the initial ADI values are increasing from values below
2.0 and then are successively increasing to values above 2.1. During
the evolution of the frameworks, some versions have peak values for
the ADI metric. For later versions, the ADI metric decreases to a
level between 2.1 and 2.3. The AWI metric for the BGW framework
is around 0,75 and decreases to 0.83 for the MFC framework. Thus,
we formulate our framework stability indicator 1 that is fulfilled for
the BGW and MFC frameworks as:

Framework Stability Indicator 1: Stable frameworks tend to have
narrow and deeply inherited class hierarchy structures, characterised
by high values for the average depth of inheritance (above 2.1) of
classes and low values for the average width of inheritance hierar-
chies (below 0,85).

Considering the ratio between the number of subclasses and the
total number of classes for a framework version we see that the ratio
is going towards a limit value of 0.8 for the BGW and MFC frame-
works, table 8. Thus, we have framework stability indicator 2:

Framework Stability Indicator 2: A stable framework has an NSI/
DSC (number of single inheritance/design size in classes) ratio just
above 0.8 if multiple inheritance is seldom used in the framework.
That is, the number of subclasses in a stable framework is just above
80 percent.

Table 8. The NSI/DSC (Number of single inheritance/design size in classes)
ratio

BGW MFC OwL

Metric 1 2 3 4 |112|3|4]5 4 (42| 5 |52
NSI 265| 371 434| 480| 66| 84| 117| 174| 194| 34| 56| 202| 198
DSC 322| 445 535 598| 72| 92| 132| 206| 233 82| 142| 357| 356

NSI/DSC |0,82|0,83/0,81|0,80(0,92|0,91/0,89/0,84/0,83( 0,41 | 0,39 | 0,57 | 0,56

An analysis of the ADCC metric values, of the BGW and MFC
frameworks, identifies a peak in version 2 and then it is decreasing
slowly down to 1 or below in later versions, table 5. The fact that the
ADCC values is close to 1 means that the relationship complexity is
not increasing with newer versions nor is it decreasing, i.e. the num-
ber of relationships for a class is relatively stable and constant
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throughout all versions of the framework. We formulate framework
stability indicator 3 as:

Framework Stability Indicator 3: The normalised ADCC (aver-
aged directly coupled class) metric is going towards 1.0 or just below
for stable frameworks.

The MFC framework shows a normalised-extent-of-change value
beginning at 2,01 and then successively decreasing down to 0,31 for
version 5, table 5. For version 4 the normalised-extent-of-change
value is 5,14 which is an atypical value for the MFC framework. The
reason for this is the introduction of four new hierarchies in version 4
of MFC; otherwise the values would probably be around 1,5 or
lower. In the case of the BGW framework, the normalised-extent-of-
change metric decreases from 0,68 and ending with 0,35 for version
4. All versions having values less than 0,7. This results in framework
stability indicator 4:

Framework Stability Indicator 4: The normalised-extent-of-
change metric is below 0.4 for a stable framework.

The relative-extent-of-change metric is in one way similar to the
normalised-extent-of-change metrics since it intends to capture the
stability of the framework. On the other hand, the relative-extent-of-
change metric is on another abstraction level since it is composed of
a set of finer grained class metrics and is not directly measured on the
architectural level of the framework. In table 7, the relative-extent-
of-change metric values are presented. For example, version 1 of the
BGW framework has 322 classes which gives a theoretical maximum
of 322 * 11 (number of metrics that can change for a class) = 3 542
possible changes for the (previous) version. The actual number of
changes between version 1 and version 2 of the BGW framework is
932 which represents a (932 / 3 542) * 100 = 26,3% change between
version 1 and 2. Thus, the relative-extent-of-change metric is 26,3%
for version 2 of the BGW framework.

The large BGW framework exhibits a relative-extent-of-change
value just above 25% for the first transition, version 1 to version 2.
For the successive transitions the value is below 25%. In the case of
the MFC framework, it begins at a level above 55% for the first tran-
sition and continues to be on a level above 50% until version 5 when
a large drop occurs down to 19,8%. This results in the formulation of
framework stability indicator 5 as:
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Framework Stability Indicator 5: A stable framework exhibits a
relative-extent-of-change value of less than 25%.

In table 9, we see for the two frameworks for which versions the
framework stability indicators are fulfilled. The five framework sta-
bility indicators are labelled, SI1-SI5, in the table. An “Y* indicate
that the stability indicator is fulfilled and a “N’ that it is not fulfilled.

Table 9. Fulfilment of framework stability indicators

BGW| SI1 | SI12 | SI3 | SI4 | SIS [MFC| SI1 | SI2 | SI3 | SI4 | SI5
V1l | N Y N N N V1 N N N N N
V2 |'Y Y N N N V2 N N N N N
V3 | N Y Y \& Y |V3 N N N N N
V4 |'Y Y Y Y Y |V4 Y Y Y N N

V5 Y Y Y Y Y

a.The normalized-extent-of-change values was 0,41 for the version.

The BGW framework fulfils stability indicators 1 and 2 for ver-
sion 2 and all but indicator 1 for version 3, see table 10. Version 4 of
the BGW framework fulfils all the stability indicators. For the MFC
framework the situation is that it fulfils indicators 1,2 and 3 for ver-
sion 4. For version 5 of the MFC framework the stability indicators 4
and 5 are fulfilled too.

The reason why the BGW framework achieves stability in earlier
versions than the MFC framework is probably that in the BGW case
the supplier and the customers of the framework has a closer relation-
ships, the customers are relatively few and sophisticated users/
domain experts. In the MFC case the customer is a mass-market with
a large number of anonymous users of the framework.

The values used in the stability indicators may be discussed since
they may be affected by organisational standards but our experiences
from the application of the method on two frameworks from different
organisations support that there is a degree of confidence in the val-
ues used.
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6.2 Observations on the method

The differences with our assessment method compared to the orig-
inal approach [1] are:

»  The framework stability assessment method have been applied
on two different frameworks, the BGW and MFC frameworks,
where especially the BGW framework represents a more typi-
cal study subject since it represents a more common situation
in software industry.

n An aggregated metric, the relative-extent-of-change metric
based on individual class level metrics, which is on another
abstraction level than the original normalised-extent-of-change
metric has been added. The introduction of the relative-extent-
of-change metric gives a possibility to validate the original
proposed normalised-extent-of-change metric. In table 10, we
see that the stability indicator based on the relative-extent-of-
change metric, stability indicator 4, indicates framework stabil-
ity for version 3 and 4 for the BGW framework and for version
5 for the MFC framework. The architectural metric, norma-
lised-extent-of-change, used in stability indicator 5 indicates
framework stability for version 3 and 4 for the BGW frame-
work and for version 5 for the MFC framework. Thus, we see
that the normalised-extent-of-change metric indicates stability
in the same version as the relative-extent-of-change metric
indicates it. One conclusion is that the normalised-extent-of-
change metric is a good indicator of framework stability. The
other aspect of relative-extent-of-change metric is that it gives
us an indication of the stability of the core of the framework is,
i.e. how well the domain is captured in the framework.

n As a result of applying the method a set of experience-based
framework stability indicators has been added which make it
possible to get a more objective way of deciding if a frame-
work is stable or not.

The original approach has been validated through application of
the assessment method twice and the method does not show any par-
ticular weakness. The same set of metric used in the original
approach has been used. There also exist a possibility to change the
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metric set in the assessment procedure, making the method more
flexible, but in our study we have chosen to use the original set.

Both the BGW and MFC frameworks have reached stability
according to the stability indicators. This shows one strength of the
assessment method since it seems to cope with a number of frame-
work dissimilarities.

6.3 Observations on the studied cases

We describe four major differences between the BGW and MFC
framework that are invariant to the stability assessment method and
thereby do not seem to affect the method.

The MFC framework is a commercial available white-box object-
oriented framework with an anonymous market whereas the BGW
framework is a proprietary framework. A proprietary owned frame-
work seems to be a more typical study subject since it represents the
more common situation in software industry and because the frame-
work developing organisation has to deal with explicit customers and
customer requirements rather than distributing the framework to a
mass market.

Second, the BGW framework is a visual builder (black-box)
framework, whereas the MFC framework is white-box. Our experi-
ence is that black-box frameworks generally contain a larger number
of classes and inheritance hierarchies than white-box frameworks.
The rationale for this is that the normal extension mechanism in
white-box frameworks is subclassing through inheritance, whereas
black-box (visual) frameworks use parameterisation. To support
parameterisation, black-box frameworks generally include multiple
“options”-hierarchies containing concrete subclasses that can be used
in framework instantiations.

A third difference is the size, measured in number of classes, of
the two frameworks. The original BGW framework (322 classes)
was originally 4.5 times larger than first MFC framework (72
classes). Version 4 of the BGW framework (598 classes) is still 2.9
times larger than the fifth version of the MFC framework (233).

Finally, the domains covered by the frameworks are quite differ-
ent. The MFC framework implements graphical user interface (GUI)
functionality. Compared to most domains, the GUI domain is quite
stable in the behaviour it is supposed to provide. The BGW domain is
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considerable less stable and the developers of the framework have
had to incorporate impressive amounts of requirement changes and
additions during its lifetime.

7. Assessment

The method has been applied to two different frameworks, which
makes it possible to better assess them with respect to the three man-
agement issues i.e. framework deployment, change impact analysis
and benchmarking as well as a discussion about how difficult it is to
apply the method, the need of tool support and experienced advan-
tages and disadvantages of the methods. In the following we will dis-
cuss how the method perform with respect to the issues mentioned
above.

The outcome of the stability assessment method gives an indica-
tion about how stable a framework version is. Especially the relative-
and normalised-extent-of-change metrics provide information of how
large the impact the requirements had on the framework structure. If
historical trends for the current and other frameworks exist for the
metrics, the metric values give a “rough” indication of maintenance
effort needed. This with reservation for requirements that have archi-
tectural impact and thus affect the whole framework. Deviating met-
rics values from the values in the stability indicators are indications
of evolution, which is not desirable and eventually has to be handled
explicitly, if time schedule and budgets allow. Thus, the stability
assessment method is useful for change impact analysis.

The framework deployment aspect is not directly addressed by the
method. But if the method is applied more frequently during the iter-
ative development of the framework version, the extent-of-change
metrics provide information with respect to whether the framework is
becoming more stable or not during the iterations. The other metrics
in the stability assessment method also indicate stability or not
depending if the values are deviating from the ones used in the stabil-
ity indicators. The observed trends in the metric values give useful
information for deciding whether to release the framework version or
to iterate the development once again.

Finally, the issue of benchmarking is supported by the method
since it collects a number of metrics and thereby provides empirical
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information about the evolution of a framework. A historical set of
data from previous assessments together with other information will
make the prediction of the current framework’s evolution more accu-
rate.

The method as such is fairly simple to apply but it requires that the
set of metrics used is clearly defined and consistently interpreted.
Both between framework versions and different frameworks in order
to provide comparable data. Tool support is highly recommended
since a huge amount of data has to be dealt with. The tool used [2] in
our study had problems with the large BGW framework. The prob-
lem was related to the number of file directories used in the frame-
work and not the number of classes.

An advantage of the method is the possibility to change the under-
lying set of metrics. This is useful if the frameworks developed are
adhering to a specific coding standard, a specific technical domain,
e.g. distributed systems, or any other organisational issue. A minor
disadvantage of the method is the calculation of the aggregated met-
rics; especially the class level metrics changes, if no tool support is
provided.

The stability assessment method has a modest cost with it to apply
but offers a number of benefits. The metric set used in the method
provides a comprehensive view of the framework since it addresses
five different framework stability aspects, the indicators. Another
benefit is the possibility to change the metric set used in the method.
It is also possible, as in our case, to select a metric set which provides
information about inheritance structure changes.

8. Related Work

In this section we present related work to ours which addresses
framework evolution and stability.

In [13] we present a method for identifying evolution-prone mod-
ules in a framework, which has been applied on the BGW frame-
work. The method uses historical data related to the classes in the
framework. Thus, the purpose of method is to identify those parts of
the framework that changes most and do not adress the aspect of how
the whole framework evolve.
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The work by Roberts and Johnson [18] presents a pattern language
that describes typical steps for the evolution of an object-oriented
framework. Common steps in the evolution are development of a
white-box framework (extensive use of the inheritance mechanism),
the transition to a black-box framework (extensive use of composi-
tion), development of a library of pluggable objects etc. These steps
give a coarse-grained description of a framework's evolution with
respect to its technical maturity. However, they do not explicitly
address and describe where and how the framework evolves when it
has reached a certain state.

Assessments of frameworks have been addressed by Bansiya [1]
and Erni and Lewerentz [6]. Bansiya’s assessment approach is simi-
lar to ours since we have used it as a basis. One difference is that we
have added an additional metric, which has been used for validating
one of the original metrics. In addition, we have developed a set of
framework stability indicators, which can be used for indicating
framework stability. We have also applied the method on two indus-
trial frameworks.

Erni and Lewerentz [6] describe a metrics-based approach that
supports incremental development of a framework. By measuring a
set of metrics (which requires full source code access) an assessment
of the design quality of the framework can be performed. If the met-
ric data is within acceptable limits, the framework is considered to be
good enough from a metrics perspective otherwise another design
iteration has to done. The approach is intended to be used during the
design iterations, before a framework is released and does not con-
sider long term evolution of a framework, as is the case with the Sta-
bility Assessment method.

9. Conclusion

Obiject-oriented framework technology has become common tech-
nology in object-oriented software development. An object-oriented
framework is a reusable asset that constitutes the basis for a number
of applications in the same domain. As with all software, frameworks
tend to evolve. Once the framework has been deployed, new versions
of a framework cause high maintenance cost for the products built
with the framework. This fact in combination with the high costs of
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developing and evolving an application framework make it important
to have knowledge of the nature of framework evolution.

Reusable frameworks has to be considered as in-house products,
thus requiring long term commitment for the maintenance and evolu-
tion of the framework. We have presented one method, stability
assessment that assesses the stability of a framework version, which
are useful in this organisational and long-term context. The method is
metric-based and the set of metrics used is replaceable with other
metric sets, which may be required due to specific domains and/or
development processes.

Through applying the stability method on two different frame-
works, both in the proprietary and commercial domain we have for-
mulated five experience-based framework stability indicators which
can be used for indicating framework stability:

n  Stable frameworks tend to have narrow and deeply inherited
class hierarchy structures, characterised by high values for the
average depth of inheritance (above 2.1) of classes and low val-
ues for the average width of inheritance hierarchies (below
0,85).

n A stable framework has an NSI/DSC (Number of single inher-
itance classes/design size in classes) ratio just above 0.8 if mul-
tiple inheritance is seldom used in the framework. That is, the
number of subclasses in a stable framework is just above 80
percent

» The normalised ADCC (averaged directly coupled class) met-
ric is going towards 1.0 or just below for stable frameworks.

» The normalised-extent-of-change metric is below 0.4 for a sta-
ble framework.

n A stable framework exhibits a relative-extent-of-change value
of less than 25%.

Through the extension and application of the method on two
industrial frameworks we have also validated the method’s applica-
bility for assessing framework stability in an industrial context.

Currently, little knowledge about the stability and evolution of
object-oriented frameworks is available. Through using the stability
assessment method the obtained results will provide management
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with information which will make it possible to make better and
well-informed decisions about an object-oriented framework’s evolu-
tion, especially with respect to change impact analysis, benchmark-
ing and, to some extent, framework deployment.

Nevertheless, we believe that the framework stability assessment
method and the framework stability hypotheses discussed in this
paper provide a useful and industrial applicable approach to assess-
ing the stability of object-oriented frameworks. However, we believe
that some qualitative analysis is necessary to complement the met-
rics-based stability assessment. As part of future work, we intend to
collect data from more object-oriented frameworks in order to vali-
date our framework stability indicators.
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Abstract

It has for a long time been claimed that object-oriented framework
technology delivers reduced application development efforts but no
quantitative evidence has been shown. In this study we present quan-
titative data from a six year object-oriented application framework
project in the telecommunication domain. During six years four
major versions of the application framework have been developed
and over 30 installations at customer sites has been done. We present
effort data both for the framework development and the installations
as well as relative effort per phase for the framework versions. The
effort data presented gives quantitative support for the claim that
framework technology delivers reduced application development
efforts. In fact, the effort data shows that the average application
development effort is less than 2% of the framework development
effort.

Keywords:
Object-oriented frameworks, framework evolution, framework
development costs, framework customization costs
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1. Introduction

Obiject-oriented framework technology has become common tech-
nology in object-oriented software development [1, 2, 3, 8]. Frame-
works allow for large-scale reuse but it is both hard and expensive to
develop object-oriented frameworks [4, 5, 11, 12].

Currently, little information of how costly and/or beneficial the
development and use of framework technology is exists. Despite that
a large number of organizations are developing and using object-ori-
ented frameworks.

In this paper, we describe the effort distribution of an evolving
object-oriented framework, the Mediation framework, which is a
proprietary framework in the telecommunication domain. The effort
data covers four consecutive versions of the framework that were
developed over a period of six years. The effort needed for the devel-
opment of a framework version is in the range 10 000 to 20 000 man-
hours. The size of the framework has increased from 322 classes to
598 classes during the same time.

Over 30 instantiations of the reusable framework has been deliv-
ered to customers and we present the effort needed, for each instanti-
ation, in percentage of the framework development effort.

The contribution of this paper is quantitative support for the claim
that object-oriented framework technology delivers reduced applica-
tion development efforts as well as a description of the relative distri-
bution of effort per phase in an evolving industrial framework
project.

The paper is organized as follows: In section 2 the development
process used, the notion of object-oriented frameworks as well as the
Mediation framework are described briefly. Section 3 presents some
metric values for the framework to give an understanding of the
structural complexity of the software. Framework development effort
data is presented in section 4 and in section 5 the framework custom-
ization effort data is described. Related work is found in section 6
and the paper is concluded in section 7.
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2. Case Study Description

In this section we describe some background information for the
study such as the development process used by the organization, the
notion of object-oriented framework and its evolution stages, a
description of the actual framework and what the customization of
the studied framework comprises.

2.1 Development process

The organization’s development process used for the framework
development comprises the following activities:

Pre-study Phase. The purpose of the pre-study phase is to assess
feasibility from technical and commercial viewpoints, based on the
expressed and unexpressed requirements and needs. Activities com-
prise planning, securing competence, analysis of possible technolo-
gies available and an analysis of required effort.

Feasibility Phase. This phase comprises activities such as more
detailed planning, definition of the project organization as well as
communication/information paths. A risk analysis is performed and
quality assurance techniques are defined for the project and imple-
mentation proposals are developed.

Design phase. Architectural design and detailed design is per-
formed in this phase.

Implementation phase. The design is implemented and revised if
necessary. Basic testing on the implemented classes is made. In the
Mediation framework case the implementation was done in C++.

Test phase. Integration test and system test is performed here.

Industrialization. In this phase the developed software product is
installed at a selected customer site. When the product is in operation
and had been functioning correctly the system development is con-
sidered finished.

Documentation. This activity comprises the development and
writing of user manuals system reference manuals and development
of course material for the software product.

Administration. The administration activities comprise project
management, quality management, configuration management and
project meetings.
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2.2 Object-oriented frameworks and their stages

Object-oriented frameworks are reusable designs of all or part of a
software system. A framework is described by a set of abstract
classes and the way instances (objects) of those classes collaborate
[10]. The development cost of frameworks is high and it must be
easy to learn. They must provide enough features to be used and
hooks supporting features that are likely to change. Roberts and
Johnson [10] describe the typical maturation path an object-oriented
framework takes. We describe in the following, the four major stages.

White-box framework. A white-box framework is relying on the
inheritance mechanism as the primary instantiation technique. The
instantiations of a concept are easily made through creating a sub-
class of an appropriate abstract class. A disadvantage of white-box
frameworks is that one has to know about internal class details and
that the creation of new subclasses requires programming.

Black-box framework. A black-box framework differs from a
white-box framework in that the primary instantiation technique is
composition. Thus, a black-box framework allows one to combine
the objects into applications and one does not need to know internal
details of the objects. The use of composition to create applications
implies that programming is avoided and it is possible to allow the
compositions to vary at run time. Often the initial design of a frame-
work is a white-box framework, whereas subsequent versions evolve
into a black-box framework.

Visual Builder. To evolve to the Visual Builder stage the frame-
work must be a black-box framework. A black-box framework
makes it possible to develop an application by connecting objects of
existing classes. An application consists of different parts. First, a
script is used that connects the objects of the framework and then
makes them active [10]. The other part is the behavior of the individ-
ual objects, which is provided by the black-box framework. Thus,
framework instantiation in the black-box case is mainly a script that
is similar for all applications based on the framework. One can now
develop a separate graphical program, a Visual Builder, that makes it
possible to specify the objects to be included in the application and
the interconnection of them. The Visual Builder generates the code
for the application from the specification. The addition of a Visual
Builder to the framework provides a user-friendly graphical interface
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which make it possible for domain experts to develop the applica-
tions by manipulating images on the screen.

Language Tools. The Visual Builder framework creates complex
composite objects. These compositions have to be easily inspected
and debugged. What one has in the Visual Builder framework is a
graphical domain-specific programming language. Thus, one can
create specific Language Tools for the framework that supports
inspection and debugging of the relevant complex composite objects.

2.3  The Mediation framework

The Mediation framework provides functionality for mediation
between network elements, i.e., telecommunication switches, and
billing systems (or other administrative post-processing systems) for
mobile telecommunication. Essentially, the Mediation framework
collects call information from mobile switches (NEs), processes the
call information and distributes it to a billing processing systems.
Figure 1 presents the context of the mediation framework graphi-
cally. The driving quality requirements in this domain are reliability,
availability, portability, efficiency (in the call information processing
flow) and maintainability.
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Figure 1.  The Mediation framework context.

The Mediation framework has from version 1 been a Visual
Builder framework, e.g. a black-box framework with an associated
graphical customization interface and code generation functionality.
From version 2 a few Mediation framework specific language tools
have been developed.

2.4  Customization of the Mediation framework

The customization process of the Mediation framework is in this
study an installation and customization process. This is due to the
fact that the organization makes no distinction with respect to time
reporting of the customization of the framework and the installation
of the customized framework. Thus, the effort reported for customi-
zation of the Mediation framework comprises the following activi-
ties:

» Installation of necessary hardware at the customer site (is done
in most of the cases).

n Installation of the Mediation software.
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n Configuration of the Mediation framework for the actual cus-
tomer. The customer can do configuration and re-configuration
but most customers prefer the supplier to do the configuration.

n  Acceptance Test.

The effort data reported in this study does not include time for
travelling.

3.  Product Metric Values

In this section we describe some product data (metrics) for the Medi-
ation framework. These give an understanding of the structural com-
plexity of the software. In table 1 we present data for all four versions
of the following product metrics:

n  DSC, Design size in classes

»  NOH, Number of hierarchies

n NSI, Number of single inheritance classes

»  NMI, Number of multiple inheritance classes

» ADI, Average depth of inheritance. The ADI metric is com-
puted by dividing the sum of maximum path lengths to all
classes by the number of classes. Path length to a class is the
number of edges from the root to the class in an inheritance
hierarchy.

» AWI, Average width of inheritance. The AWI metric is com-
puted by dividing the sum of the number of children over all
classes by the number of classes in the system..

Table 1. Product metrics values

Metric\Version V1 | V2 | V3 | V4

DSC 322 | 445| 535| 598
NOH 30 35 40 44
NSI 265 | 371 | 434 480
NMI 5 1 1 1
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Table 1. Product metrics values

Metric\\Version V1 | V2 | V3 | V4

ADI 197 | 224 209 | 214

AWI 0,73| 0,75| 0,74| 0,73

We see that the size of the Mediation framework has increased
from 322 to 598 classes, an increase of 86 percent. The increase of
subclasses in the framework is 81 percent which is significantly more
than the increase for the number of inheritance hierarchies which is
47 percent. The number of occurrences of multiple inheritance has
dropped from five in version 1 down to only one. The characteristics
of the inheritance hierarchies is described by the average depth of
inheritance (ADI) metric and is around 2,1 for the later versions and
the average width of inheritance (AWI) metrics is below 0,75 for all
versions. For more information about the structural stability of the
Mediation framework we refer to [6] and [7].

In table 2, we present the number of framework instantiations
made from each version of the Mediation framework.

Table 2. Number of instantiations per version

Framework
Version V1 V2 V3 V4
Number of 4 7 20 n/a

Instantiations

We see that for version 1 of the framework four instantiations
were done, for version 2 seven instantiations and for version 3, 20
instantiations of the framework have been made at customer sites.
For version 4 of the Mediation framework no instantiations have
been reported yet since the development of version 4 was finished
recently.

4.  Framework Development Effort Data

In this section we describe the effort data for the four developed ver-
sions of the Mediation framework.
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The effort data is collected from the company’s internal time
reporting system. Thus, the reliability of the obtained figures is
dependent on the accuracy from the software engineers.

The cost measured in man-hours for the development of the Medi-

ation framework versions are in the range 10 000 to 20 000 hourst. In
table 3, the normalized effort data for the four versions are presented.
The normalization is made with respect to the number of hours in
version 1. That means, in a hypothetical example, if the development
of version 1 took 10 000 hours the development of version 2 took 12
660 hours.

Table 3. Normalized framework development effort data

V1 V2 V3 V4

Normalized effort 1,000 1,266 1,761 1,620

We see that the development cost for version 2 was approximately
25 percent higher than in version 1. For version 3 a major revision of
the framework was made at a cost 76 percent higher than version 1.
The development of version 4 is a little bit less expensive than ver-
sion 3, 162 percent of the cost for version 1.

4.1 Relative effort distribution per phase

In table 4, the relative distribution of the effort between the different
activities is presented. The distribution of effort is per developed ver-
sion. The analysis and conclusions of the figures are based on inter-
views with the software engineers from the framework
developments.

Table 4. Relative distribution of effort

Activity V1 V2 V3 V4

Pre Study 7,6% 1,4% 5,4% 12,8%
Feasibility 0,0% 7,7% 6,3% 9,2%
Total 100,0 100,0 100,0 100,0

1.The company requested not to publish the exact figures
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Table 4. Relative distribution of effort

Activity V1 V2 V3 V4

Design 12,0% 7,9% 10,6% 12,7%

Implementation 29,3% 16,3% 23,8% 18,8%

Test 13,8% 16,9% 19,2% 21,6%
Administration 23,0% 38,9% 22,0% 17,6%
Industrialization 9,6% 3,9% 3,7% 2,5%
Documentation 4,7% 6,8% 8,9% 4,6%
Total 100,0 100,0 100,0 100,0

The figures in the table show that the relative effort for the pre-
study and feasibility activities is increasing for later versions of the
framework. The reason for this is that new requirements and pro-
posed changes have to be analyzed more carefully. The reason for the
figure 0,0 percent for feasibility version 1 is explained by the fact
that the software engineers all had experiences from the application
domain and the technologies to be used. The dip in design and imple-
mentation effort in version 2 exists because no major new functional-
ity was introduced and a large amount of the effort was spent on
restructuring the system. The increase in test effort is caused by the
increased size of the framework from 233 to 598 classes. The reason
for the peak in administration effort for version 2 is explained by a
higher focus on quality processes. The organization realized during
version 1 problems to manage both the development and customiza-
tions of the frameworks. Rosel reports the same kind of problems in
[11]. To handle the change from project based development to more
product based development new processes were introduced and
existing ones improved. The high percentage of industrialization
effort in version 1 compared to the other three versions were
explained by the software engineers that the organization was for the
first time fully responsible for the ownership of a software product.

If we do not include the administrative activities such as project
and quality management, industrialization and documentation and
combine the pre study and feasibility activities into an analysis activ-
ity and thereby focus on the more technical activities we achieve the
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following distribution of effort, table 5 and figure 2. By only consid-
ering the more technical phases the figures may be more useful and
thereby comparable for other organizations.

50,0% -
45,0% -
40,0% -
35,0% -

—— Analysi
30,0% na.ysns
25 0% -=— Design
20'0% Implement.
' Test
10,0% -
5,0%
0,0% T T

Figure 2. Graph of relative effort distribution per
version and technical phase.

Table 5. Relative distribution of effort per technical phase and

version
V1 V2 V3 V4
Analysis 12,1% 18,1% 18,0% 29,3%
Design 19,1% 15,8% 16,2% 16,9%

Implementation 46,7% 32,5% 36,4% 25,1%

Test 22,0% 33,6% 29,4% 28,7%

Total 100,0 100,0 100,0 100,0

Figure 2 shows that during the evolution of the Mediation frame-
work the emphasis has shifted from implementation to analysis. The
implementation effort is in version 4 only 25 percent of the total
effort for the technical activities compared to 50 percent for version 1
of the framework. The efforts spent on analysis increased, from 12
percent of the total effort, nearly three times, up to 30 percent of the
total effort. The relative effort spent on design is just below 20 per-
cent for all four versions. The test effort is around 30 percent with an
exception for version 1 where it is lower. A possible explanation for
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this could be that part of the testing has been performed during the
implementation phase.

The shift of emphasis from implementation and test towards anal-
ysis is probably caused by the growing size of the software and that
new requirements and proposed changes have to be analyzed care-
fully before being implemented.

5. Framework Customization Effort Data

In this section we present for each version the effort data for the
instantiations of the framework in chronological order.

The figures in this section present the total effort spent on each
customization in percentage of the total effort spent for the develop-
ment of the framework version. For example if the development of a,
hypothetical, version took 10 000 hours and the customization took
420 hours it will in this kind of figure have the value 4,2 percent. In
addition we will for each version present the following basic statis-
tics for the customizations: average, minimum, lower fourth, median,
upper fourth, and maximum values.

5.1 The Mediation framework version 1

The major requirement for the development of version 1 of the
framework was to come up with an architecture that supported the
identified variable and stable parts of the domain. The organization
could here rely on the experience from a previous developed applica-
tion in the same domain.

For the first version of the Mediation framework four customiza-
tions have been made. In figure 3, we present the total effort spent on
each customization in percentage of the total effort spent for the
development of the framework version.

We see in figure 3 that the customization effort varies between 0,8
to 1,55 percent of the total framework development effort.

The basic statistics for the customization of version 1 is found in
table 6. One observation we can make is that the total development
effort for the four applications is the sum of the framework develop-
ment effort, 1,0 and the total effort for the four customizations,
4*0,0106, in total 1,0424. This means that if we have the assumption
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Customization Effort Version 1
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Figure 3.  Customization effort version 1.

that we know that four applications should be developed the develop-
ment effort of each application, in average, has to be less than
1,0424/4 = 0,2606. This if we had decided to not use the framework
approach.

The most interesting observation is that all customization is below
1,6 percent of the framework development effort, which gives us a
framework customization/development effort ratio at 1:62.

Table 6. Basic statistics version 1 customizations

Averag Lower Upper
e Min Fourth | Median | Fourth | Max

1,06% | 0,38 % 1,38% 1,16% 1,55% | 1,55%

5.2  The Mediation framework version 2

For version 2 of the Mediation framework the development effort is
1,266, 27 percent higher than the development effort for version 1.
The major requirements for version 2 of the framework were
increased flexibility and robustness. This was achieved through
refinement of some of the design concepts, improved encapsulation,
identification of minor domain specific libraries which provide gen-
eralized and abstract routines for data handling and formatting.
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In figure 4 the effort needed for the seven customizations of ver-
sion 2 of the framework is presented. We see that customization C2:7
is deviating from the other customizations with an effort figure at
6,89 percent of the framework development effort of version 2.

Customization Effort Version 2

O Effortin Percentage
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Figure 4.  Customization effort version 2.

The basic statistics for the seven customizations are presented in
table 7. The average effort needed for a customization is 2,34 percent
of the effort needed for developing version 2 of the framework. We
also see that the upper fourth for a customization is 3,00 percent of
the framework development. This gives us a framework customiza-
tion/development effort ratio at 1:33 for 75 percent of the customiza-
tions. The extreme customization, C2:7, results in a worst case
framework customization/development effort ratio at 1:15.

Table 7. Basic statistics version 2 customizations

Lower Upper
Average | Min | Fourth | Median | Fourth | Max

2,38% | 0,30% 0,47% 2,28% 3,00% | 6,89%

Using the same assumption as in the case for version 1 that we
know that we will develop seven application in the framework
domain we obtain the following results. Total effort for the develop-
ment of the framework version and the seven applications is 1 +
7*0,0234 = 1,1638. Note that we should not use the value 1,266 for
framework development effort since we are expressing the customi-
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zation effort in percentage of the framework development effort. We
should neither use the value 2,266, which is the sum of effort needed
for the development of version 1 and version 2 since we are in a new
decision situation when we should decide on the development of ver-
sion 2.

Given that we know that we will develop seven applications the
development effort in each application, in average, has to be less than
1,1638/7 = 0,166 if we decide to not use the framework approach.

5.3 The Mediation framework version 3

The development effort for version 3 of the Mediation framework is
1,620, that means 62 percent higher than the effort needed for devel-
oping version 1.

The major requirement for the development of version 3 was the
introduction of hot billing. Hot billing makes it possible to collect
call data records from network elements and distribute them to post
processing systems within seconds of call completion. Thus, hot bill-
ing opens up for invoicing services tailored to specific customer
needs, such as real-time billing and phone rental. This requirement
caused major changes of the data processing in the system.

The effort distribution for the 20 customizations of version 3 of
the Mediation framework is presented in figure 5 and the basic statis-
tics is found in table 8.

Table 8. Basic statistics version 3 customizations

Lower Upper
Average | Min | Fourth | Median | Fourth | Max

1,62% | 0,12% 0,60% 1,24% 2,01% | 6,28%

We see that the majority of the customizations are in the interval
0,5-2,5 percent of the effort needed for the development of the frame-
work version. The average customization is 1,62 percent and the
upper fourth 2,01 percent of the framework development effort. For
the upper fourth this gives us a framework customization/develop-
ment effort ratio at 1:49. The worst case gives a framework customi-
zation/development effort ratio 1:15 since the maximum effort
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Figure 5.  Customization effort version 3.

required for a customization is 6,28 percent of the development
effort.

5.4  The Mediation framework version 4

The development effort for version 4 of the framework is 62 percent
higher that for version 1. For version 4 of the framework major
requirements was portability to new operating platforms and
advanced data processing such as call data record matching and rat-
ing. Matching makes is simple to collect data from different nodes
and times and thereby simplifying the charging of services with more
than one call data record such as distance related charging.

Currently, no effort data is available for customizations of version
4 since the development was finished recently.
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5.5 Summary

If we summarize the framework customization/development effort
ratios for the three versions that has been customized, table 9, we see

Table 9. Basic statistics framework customization/development
effort ratios

Lower Upper

Version | Average | Fourth | Median | Fourth
1 1:94 1:72 1:86 1:64
2 1:42 1:214 1:44 1:33
3 1:61 1:167 1:81 1:49
Total 1:58 1:168 1:75 1:44

that the median effort ratio varies between 1:44 to 1:86 for the differ-
ent versions. The upper fourth ratio varies between 1:33 to 1:64. The
last row in table 9 presents the framework customization/develop-
ment ratios for all 31 customizations. The average framework cus-
tomization/development ratio is 1:58 which meant that half of the
customizations made required an effort less than 1,8 percent of the
framework development effort. The upper fourth customization/
development ratio is 1:44, which means that 75 percent of the cus-
tomization made required an effort less than 2,3 percent of the total
development effort.

6. Related Work

To the best of our knowledge we are only aware of two references
that discuss economic aspects of object-oriented framework develop-
ment and customization.

Moser and Nierstrasz [9] discuss the productivity of the frame-
work user. Their study compares the function point approach with
their own System Meter approach for estimating framework customi-
zation productivity. The idea behind the System Meter approach is to
distinguish between the internal and external sizes of objects, and
thus to measure only complexity that has a real effect on the size of
the system to be implemented, i.e. incremental functionality. Their
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study reports that the effect of framework reuse does not increase the
software engineer’s productivity using the System Meter approach.
Compared to our study they do not discuss the costs and distribution
of costs for framework development and customization but only the
productivity aspect.

Rosel [11] is the only reference that presents some quantitative
statements about framework development and reuse. Rdsel’s experi-
ence is that the cost of a framework may be 50 percent of the total
cost for the first three applications. Once these three or more applica-
tions are implemented and being used the framework will most likely
have paid for itself. He also remarks that to reach this pay-off level
significant commitment and investment are required. Compared to
our study Rdésel gives no explicit quantitative support for his claim
and the topic is just briefly discussed.

7. Conclusion

We have described the effort distribution in a six year industrial
application framework project from the telecommunication domain
(the Mediation framework). Effort data from four versions of the
framework has been collected and the relative distribution of effort
per version has been presented.

The effort needed for the development of a framework version is
in the interval 10 000 to 20 000 man hours. The effort distribution per
phase and version shows a clear shift of emphasis from implementa-
tion in the early versions to analysis in the latter versions of the
framework.

We have also presented effort data for over 30 customizations
(application developments) of the Mediation framework. The effort
data shows that object-oriented framework technology delivers
reduced application development effort.

The effort customization data collected shows that the effort of
developing an application based on the Mediation framework is, in
average, less than 2 percent of the effort needed for developing the
framework version. In fact, 75 percent of the framework customiza-
tions requires an effort less than 2,5 percent of the framework devel-
opment effort.
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Conclusion

The main contribution of this paper is that it gives quantitative
support for the well-known claim that object-oriented framework
technology delivers reduced application development effort.
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Abstract

Obiject-oriented framework technology has become a common reuse
technology in object-oriented software development. As with all
software, frameworks tend to evolve. Once the framework has been
deployed, new versions of a framework cause high maintenance cost
for the products built with the framework. This fact in combination
with the high costs of developing and evolving an object-oriented
framework make it important to have controlled and predictable evo-
lution of the framework’s functionality and costs. We present three
methods 1) Evolution Identification Using Historical Information, 2)
Stability Assessment and 3) Distribution of Development Effort
which have been applied to between one to three different frame-
works, both in the proprietary and commercial domain. The methods
provide management with information which will make it possible to
make well-informed decisions about the framework’s evolution,
especially with respect to the following issues; identification of evo-
lution-prone modules, framework deployment, change impact analy-
sis, benchmarking and requirements management. Finally, the
methods are compared to each other with respect to costs and bene-
fits.
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1. Introduction

Object-oriented framework technology has developed into more
common technology in object-oriented software development [5, 9,
22, 25], because it bears the promise of large-scale reuse and thereby
reduced development effort, e.g. [23]. An object-oriented application
framework is a reusable asset that constitutes the basis for a number
of applications in the domain captured by the framework. Common
framework examples from the domain of graphical user interfaces
are Java AWT [12], Microsoft Foundation Classes [27] and ET++
[11]. Application frameworks from other domains such as fire alarm
systems and measurement systems are found in [22] and [6], respec-
tively.

As with all software, frameworks tend to evolve, leading to new
versions, due to the incorporation of new or changed requirements,
better domain understanding, experiences and fault corrections. Once
a framework has been deployed, new versions of the framework will
cause maintenance costs for the products built with the framework.
This, in combination with the high costs of developing and evolving
an application framework, indicate the importance of understanding
and characterizing framework evolution.

One of the main objectives for management of software develop-
ment organisations is to have controlled and predictable evolution of
the framework’s functionality and costs (both the development and
framework instantiation costs). This requires that there must exist
methods assisting and providing management with information about
the framework and its evolution. Management issues of interest are:

 ldentification of evolution-prone modules: Management may
decide to proactively maintain the framework to simplify the
incorporation of future requirements. In that case, it is impor-
tant to know which modules exhibit a high degree of change
between framework versions and which modules do not? The
evolution-prone modules are likely candidates for restructur-
ing. The information about where likely changes occur may
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reduce the cost of redesign the framework. Studies show that
software engineers without automated support can only iden-
tify a subset (<50 percent) of future changes and they can not
provide the complete view of change [16]. Thus, a more objec-
tive method for identifying structural shortcomings in an
object-oriented framework will provide more reliable input for
maintenance effort estimations and thereby increase the accu-
racy.

» Framework deployment: Assessment of the framework to
decide when it can be released for regular product development
in the organisation or placed on the commercial market. The
assessment is necessary to avoid the shipping of frameworks
that do not fulfil their functional and quality requirements and,
consequently, will cause unnecessary maintenance and release
costs. The assessment data can in some cases, if publicly avail-
able, be used by potential customers for evaluating and select-
ing a framework from several alternatives. For instance, if the
assessment covers aspects such as reliability and robustness for
its users.

* Change impact analysis: A third type of framework analysis is
concerned with assessing the impact of changes both on the
next framework version and the applications built using the
current version. The assessment results can be used by manage-
ment to predict required maintenance effort for both the frame-
work and the applications incorporating instantiations of the
frameworks.

* Benchmarking: Empirical information collected from the
assessment of successful frameworks can be valuable in guid-
ing the development and evolution of new frameworks and can
be used to develop criteria for framework classification, e.g.
benchmarking, in terms of structural stability or other frame-
work maturity aspects [2]. This is desirable since it is hard and
expensive to develop and maintain object-oriented frameworks
and empirical data is valuable input to the cost and effort esti-
mation activities. Currently, little information is available con-
cerning the cost and/or benefits associated with the
development and use of framework technology. Empirical
information about the distribution of effort in framework devel-
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opment, evolution and instantiation will help in the process of
allocating specialists and other personnel to the developments
as well as in effort estimations.

* Requirements management: Framework assessment can be
used to select the criteria for deciding when to incorporate a
new requirement during framework instantiation or not in the
next version of the framework. In addition, it supports deci-
sions on the incorporation of new features in the framework,
since the impact is made explicit. A primary apparent strategy
for an organisation is to incorporate the requirements for the
different instantiations into the next version of the framework.
However, some of the instantiations could have been difficult
and expensive to perform and are stretching the limits of the
framework and should not have impact on the next framework
version.

In this paper we present three methods which identify and charac-
terise framework evolution as well as an assessment of the methods
against the aforementioned issues. In addition, the following aspects
will be discussed about the methods: difficulty to apply, the need of
tool support and experienced advantages and disadvantages of the
methods. The three methods are:

» Evolution Identification Using Historical Information. This
method is used for identifying and characterizing the evolu-
tion-proness of the application framework, its subsystem and
their modules. Based on historical information obtained from
the framework versions, it is possible to make statements about
the framework’s evolution in terms of size, growth rate and
change rate. The statements about the evolution of the frame-
work, its subsystems or subsystem modules can be made from
one version to the next or by considering a set of successive
versions. Thus, the purpose the method is to identify the evolu-
tion-prone parts of the application framework.

 Stability Assessment. The stability assessment method is a
metrics-based assessment method for assessing structural and
behavioural stability of a framework. The notion of structural
and behavioural stability is viewed as the dual property of evo-
lution. Through collection of a set of architectural and class
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level metrics together with the calculation of some aggregated
metrics, the obtained metric values are used for the assessment
of the framework together with a set of framework stability
indicators. Each framework stability indicator is used for
deciding if the current framework version is stable or not with
respect to the metrics dealt with by the indicator. Thus, the pur-
pose of the method is to decide how structural and behavioural
stable a framework is in terms of framework stability indicator
fulfilment.

 Distribution of Development Effort. The method is based on an
analysis of the effort consumed during the development of the
framework. Effort data is collected per developed framework
version and development phase. Based on this data, a calcula-
tion of effort per phase and version in relative terms of the total
effort consumed per framework version is done. The result is
presented and a qualitative analysis of what caused the changes
in relative effort consumption for the framework versions is
done. Normally, the application of the method is simple since
effort data often is collected and stored in the developing
organisation’s time reporting system. The main purpose of the
method is to characterise and analyse the relative distribution
of effort per development phase and version for a framework
and the relation between framework development effort and
framework instantiation effort.

The three methods have been applied on four consecutive versions
of the same framework, the Billing Gateway (BGW) framework (see
section 2), a proprietary object-oriented application framework in the
telecommunication domain which makes it possible to assess them
with respect to the aforementioned issues. The application and
detailed results of the evolution identification using historical infor-
mation method can be found in [19]. The results of applying the sta-
bility assessment method can be found in [20] and [21]. In these
studies the Microsoft Foundation Classes (MFC) [27] and Borland’s
Object Windows Library (OWL) [24] frameworks have been
assessed too. Both MFC and OWL are addressing the graphical user
interface domain. The results from applying the distribution of devel-
opment effort method on the BGW framework can be found in [18].
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In this paper we are focusing on assessing the three methods with
respect to their suitability for the requirements that we discussed ear-
lier. Consequently, we provide only some major results from the
application of the methods.

The main contribution of this paper is that it presents a qualitative
assessment of three methods for evaluating object-oriented frame-
work evolution, which all have been applied on industrial frame-
works, with respect to the identified management issues; i.e.
identification of evolution-prone modules, framework deployment,
change impact analysis, benchmarking, and requirements manage-
ment.

The remainder of the paper is organised as follows. Framework
terminology and the Billing Gateway (BGW) application framework
is presented in section 2. The three methods and some results from
the application of the methods, as well as a discussion about each
method, are described in section 3. In section 4 the assessment of the
methods and the comparison is presented. Related work is found in
section 5 and the paper is concluded in section 6.

2.  Object-Oriented Frameworks

Object-oriented frameworks are reusable designs of all or part of
software systems. A framework is defined by a set of abstract classes
and the way instances (objects) of those classes collaborate [25]. The
development cost of frameworks is high and it must be easy to learn.
They must provide enough features to be used and hooks supporting
features that are likely to change. Roberts and Johnson [25] describe
the typical maturation path an object-oriented framework takes. We
describe in the following, the four major stages.

White-box framework. A white-box framework is relying on the
inheritance mechanism as the primary instantiation technique. The
instantiations of a concept are easily made through creating a sub-
class of an appropriate abstract class. A disadvantage of white-box
frameworks is that one has to know about internal class details and
that the creation of new subclasses requires programming.

Black-box framework. A Dblack-box framework differs from a
white-box framework in that the primary instantiation technique is
composition. Thus, a black-box framework allows one to combine
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the objects into applications and one does not need to know internal
details of the objects. The use of composition to create applications
implies that programming is avoided and it is possible to allow the
compositions to vary at run time. Often the initial design of a frame-
work is a white-box framework, whereas subsequent versions evolve
into a black-box framework.

Visual builder. To evolve to the visual builder stage the framework
must be a black-box framework. A black-box framework makes it
possible to develop an application by connecting objects of existing
classes. An application consists of different parts. First, a script is
used that connects the objects of the framework and then activates
them [25]. The other part is the behaviour of the individual objects,
which is provided by the black-box framework. Thus, framework
instantiation in the black-box case is mainly a script that is similar for
all applications based on the framework. Based on this, one can
develop a separate graphical program, i.e. a visual builder, that
allows the framework user to specify the objects to be included in the
application as well as their interconnection. The visual builder gener-
ates the code for the application from the specification. The addition
of a visual builder to the framework provides a user-friendly graphi-
cal interface which makes it possible for domain experts to develop
the applications by manipulating images on the screen.

Language tools. A visual builder framework creates complex
composite objects. These compositions have to be easily inspected
and debugged. A visual builder framework basically defines a graph-
ical domain-specific programming language. Thus, one can create
specific language tools for the framework that support inspection and
debugging of the relevant complex composite objects.

2.1  The framework cases

In this section we describe the Billing GateWay framework, which is
the framework which has been used as a common study subject for
the three methods. The MFC and OWL frameworks are not described
since they capture a rather well-known domain, graphical user inter-
faces. For a more detailed description of these two frameworks we
refer to [27] and [24], respectively.

The BGW framework is a major part of the Billing Gateway prod-
uct developed by Ericsson Software Technology, and provides func-
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tionality for billing data mediation between network elements, i.e.,
switches, billing systems, or other post-processing systems for
mobile telecommunication. The framework collects call information
from mobile switches (NEs), processes the call information and
mediates it to billing processing systems. Figure 1 presents the con-
text of the BGW framework graphically. The driving quality require-
ments in this domain are reliability, availability, portability, call
records throughput and maintainability. The framework is a visual
builder framework (black-box plus a graphical interface), i.e., the
framework provides a number of pre-defined objects for application
configuration.

Fraud
Detection

Statistical

Billing Gateway Network System

Framework

Billing
System

0ss

o e [

Figure 1.  The Billing Gateway application framework context.

We have studied four consecutive versions of the BGW frame-
work and the BGW framework has from the first version, been at the
visual builder stage, e.g. a black-box framework with an associated
graphical instantiation interface and code generation functionality.
Successively, from the second version of the BGW framework, a few
specific language tools have been developed.

The BGW framework is instantiated through a graphical configu-
ration window since it is a visual builder framework. The application
developer (framework user) select different types of entities and
associated operations to be performed which should constitute the
instantiated application. For example, it is possible to select NEs (e.g.
a mobile switch) and PPSs (post processing systems) and different
kinds of processing such as filtering and formatting. Each of these
entities has during the configuration/instantiation to be specified in
more detail, through the use of entity-specific menus. When all enti-
ties have been specified, the application to be developed based on the
framework is specified, and it is possible to generate the application.
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The specification data is divided to appropriate classes and objects
and the application is generated

To provide an understanding of the evolution of BGW framework
we describe the major requirements for the four framework versions
since they have impact on the structure and functionality of the
framework.

Version 1. The major requirement for the development of version
1 of the framework was to develop an architecture that supported the
identified variable and stable parts of the domain. The organisation
could here rely on the experience from a previous developed applica-
tion in the same domain.

Version 2. The major requirements for version 2 of the framework
were increased flexibility and robustness. This was achieved through
refinement of some of the design concepts, improve encapsulation
and the identification of minor domain specific libraries which pro-
vide generalised and abstract routines for data handling and format-
ting.

Version 3. The major requirement for the development of version
3 was the introduction of hot billing. Hot billing makes it possible to
collect call data records from network elements and distributes them
to post processing systems within seconds of call completion. Thus,
hot billing opens up for invoicing services tailored to specific cus-
tomer needs, such as real-time billing and phone rental. This require-
ment caused major changes of the data processing in the system.

Version 4. For version 4 of the BGW framework major require-
ments was portability to new operating platforms and advanced data
processing such as call data record matching and rating. Matching
makes it simple to collect data from different nodes and times and
thereby simplifying the charging of services with more than one call
data record such as distance related charging.

3. The Methods and Major Results

In this section we present the three methods for evaluating object-ori-
ented framework evolution together with the major results achieved
when applying the methods on the BGW framework. For a more
detailed presentation of the results of applying the method we refer
to, [19] for the evolution identification using historical information
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method, [20] and [21] for the stability assessment method and [18]
for the distribution of development effort method.

3.1 Evolution identification using historical information

Method description

The evolution identification method for identifying and characteriz-
ing the evolution-proness of an object-oriented framework, its sub-
system and the modules is an adaptation of an approach proposed in
[10]. The focus for the study in [10] was on macro-level software
evolution by tracking the release history of a system. Their system
comprises about 10 million LOC and was structurally divided into a
number of subsystems where each subsystem was further divided
into modules and each module consisted of a number of programs.
Based on historical information about the programs, subsystems etc.
the authors investigated the change rate, growth rate and size of the
software (and its parts) using the version numbering of the programs
as the units for 20 releases of the software systems.

We have adapted the approach to better suit for smaller, object-
oriented, systems (200-600 classes). We decompose our object-ori-
ented framework into subsystems and modules. Our modules are
composed of classes, not programs as in [10]. This means that calcu-
lations of change and growth rates are made in terms of classes as the
units. Changed classes are identified by a change in the number of
public operations in the class interface. The rationale for this is that a
change in the public interface represents an addition or better under-
standing of the functionality that the class has to offer the rest of the
system. Changes to the private part of the class interface are mostly
related to perfective changes such as performance improvements and,
are as such less interesting in this study. We have extracted informa-
tion, about the following subset of framework properties:

» The size of each framework, subsystem or module is defined as
the number of classes it contains. We use the notion of classes
as the size counting entity instead of measuring the size of the
source code. This since it is easier to collect necessary informa-
tion and measure on the detailed design level compared to the
source code level.
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» The change rate is the percentage of classes in a particular
framework, subsystem or module that changed from one ver-
sion to the next. To compute the change rate, two versions are
required for comparison. The relative number of the changed
classes represents the change rate.

» The growth rate is defined as the percentage of classes in a par-
ticular framework, subsystem or module, which have been
added (or deleted) from one version to the next. To compute the
growth rate, two versions are compared and the numbers of the
added and deleted classes are computed. The relative number
of the new classes (i.e. the difference between added and
removed classes) represent the growth rate.

Based on structural information extracted from the different
framework versions it is possible to make statements about a frame-
work’s evolution related to

1. the complete framework system,
2. the subsystems of the framework; and

3. the modules of particular subsystems that we chose for further
study.

For example, the size of the framework and its subsystems and the
number of classes changed in a particular module from one version to
the next. The method steps are

1. calculate, for all releases, the change and growth rate for the
complete framework,

2. calculate, for all releases, the change and growth rate for each
of the subsystems,

3. for those subsystems that exhibit high growth and change rates
calculate, for all releases, the change and growth rates for the
modules,

4. those modules that exhibit high change and growth rates are
identified as likely candidates for restructuring.
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Major results

In this section we present results from the application of the method
on the BGW framework. The results describe observations on the
framework, subsystem and module level of the framework.

Framework level observations. Figure 2 shows the number of classes
that were added in each version (i.e. added minus removed classes).
For example, the figure shows that at version 2.0 more than 120
classes were added to the system. A general observation is that the
number of added classes is decreasing with newer versions of the
framework. This can be taken as an indication that the framework is
becoming more mature, i.e. achieving a structural stability.

Number of added classes
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Figure 2. Number of added classes in each version.

Figure 3 compares the change and growth rates for each version of
the BGW framework. In general, the change rate is higher than the
growth rate. The growth rate is decreasing with successive versions
of the framework, from about 40 percent at version 2.0 down to about
15 percent at version 4.0. This decrease in growth rate is another
indication of the framework’s structural stability.

The change rate is increasing at version 4.0 and is not following
the trend for version 2.0 and 3.0. One reason for this may be a change
with architectural impact, i.e. a change affecting entities throughout
the whole system. In the BGW framework the architectural change
was the introduction of hot billing. This requirement caused a con-
version from file-based data representation (containing several mega-
bytes) to block-based data representation (containing several tens of
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Figure 3.  Comparison of the change and growth rates.

kilobytes). This change had architectural impact and caused changes
in many parts of the system.

The change rates are around 40-50 percent in between all ver-
sions. In version 2.0 and 3.0 this may be a sign of better domain
understanding but in version 4.0 the major reason is the architectural
change introduced by the hot billing requirement.

The observations on the framework levels indicate that the frame-
work evolves in a satisfactory fashion. This since the growth rate is
decreasing and the change rate is at an acceptable level, less than 50
percent. However, the observations are only valid on system level
and it may be the case that the subsystems do not behave in the same
way.

The evolution of subsystems. Up to now we have achieved an
impression of how the overall framework has evolved over time but
are the subsystems evolving the same way as the whole system?

Table 1. Change and growth rates of subsystems

Change Growth Relative
Subsystem | rate rate Size
A 51% 191% 34%
B 64% 153% 24%
C 92% 191% 37%
D 5% 700% 5%
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Figure 4. Change and growth rates of subsystems.

In table 1, we see the change and growth rates for the four sub-
systems in the BGW framework. Subsystems A and C have a growth
rate on 191 percent each. Their relative sizes of the whole system are
34 percent for subsystem A and 37 percent for subsystem C, respec-
tively. Thus, both are candidates for further study but since Sub-
system A represent the GUI part of the system and consists, to a very
high degree, of automatic generated Ul classes it is not a representa-
tive subsystem. Subsystem D exhibits the highest growth rate, 700
percent, but since subsystem D only comprises 5 percent of the total
system size in version 4.0 the subsystem is of minor interest.

If we consider the change rate it is obvious that subsystem C has
undergone major changes between version 1.0 to version 4.0 since it
has a change rate of 92 percent. It may also be of interest to investi-
gate subsystem B since its change rate, 64 percent, is higher than the
change rates for the whole system. Subsystem C represents a major
part of the system, 37 percent of the classes, and we will investigate it
further on the module level.

Based on the observations regarding growth and change rates on
the subsystem level, we will further investigate the evolution charac-
teristics for Subsystem C due to its high growth and change rates.
Subsystem B is also a candidate due to its relatively high change rate,
but we refer to [19] for a discussion of Subsystem B.

The evolution of subsystem C. Subsystem C exhibits the highest
growth and change rates among the subsystems. These facts make
the subsystem a likely candidate for restructuring and/or re-engineer-
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ing activities. We will investigate how the modules in subsystem C
evolve and whether they possess the same evolution characteristics
as the whole subsystem.

Subsystem C consists of 5 modules, C1-C5. Figure 5, which
shows that module C3 and C4 are large modules and that they both
have had a large increase of the number of added classes. In addition
modules C1, C2 and C5 has been relatively stable in size but a minor
increase can be observed for module C1.

Regarding the growth and change rates for the modules in sub-
system C; these are presented in Figure 6. Module C4 has a high
growth rate, 306 percent, and it represents 25 percent of the sub-
system. Through discussions with the software engineers it was clari-
fied that the reason for the high growth rate is that the module is
responsible for coding and decoding the Call Data Records which
exist in a number of formats. Thus, the high growth rate is the result
of an increasing number of formats supported by the BGW frame-
work, e.g. module C4 handles a number of different Call Data Record
formats which results in a set of classes whose objects are used as
parameters in the framework. l.e. a typical black-box (and visual
builder) framework evolution observation.

Module C5 has the highest growth rate, 460 percent, but is the
smallest module in the subsystem. All modules except Module C5
exhibit high change rates. A reason for the relative low change rate
for Module C5 is that it captures the encapsulation of some software
packages
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Figure 5.  Sizes of modules in Subsystem C.
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Change and growth rates of Subsystem C's modules
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Figure 6.  Change and growth rates of Subsystem C’s modules.

We see that the change rates for the modules in Subsystem C
behave as the system in whole, i.e. the change rate is increasing from
version 3.0 to version 4.0, figure 7. Modules C3 and C4 exhibit the
highest change rates throughout all the versions.

Concerning the high change rate, all modules in subsystem C have
high change rates and the main reason for this is two-fold;

1. a design concept called Node has been divided into two con-
cepts, Childnode and ParentNode, to achieve higher maintain-
ability and lower complexity,

2. another design concept called Point has changed from being
file-oriented to be transaction-oriented due to the need of pro-
vide decreased latency for the Call Data Record (the billing
information input) processing. This was required to fulfil the
requirement of hot billing.
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Figure 7.  Change rates of modules in subsystem C.
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To summarize the findings of Subsystem C we can foresee
changes in all modules due to the changes of the two design con-
cepts. These changes have presumably not achieved full effect on the
system design. Regarding Module C4 and its growth rate; this is
viewed as an anticipated kind of evolution due to the nature of black-
box frameworks.

Discussion

Our observations from using the method are similar to the study in
[10], i.e. there is a difference in the behaviour of the whole system
versus its subsystems. A relatively stable evolution over time was
observed at the framework system level, but detailed studies of the
subsystems showed that subsystem C and B exhibit different charac-
teristics regarding the change and growth rates when compared to the
whole system. These major differences would not been identified
only by an analysis of the whole system. Two modules were identi-
fied as potential subjects for redesign, i.e. module C4 and B2 (not
discussed, see [19]). In addition, to a lesser extent, module C3 is a
likely candidate for redesign. We have not discussed subsystem B in
this paper and refer to [19] for a more detailed discussion.

3.2  Stability assessment

Method description

Recently, a method for quantitatively assessing stability of an object-
oriented framework was proposed by Bansiya [2]. In this study we
have extended the proposed method by adding an additional metric,
the relative-extent-of-change metric as well as a set of framework
stability indicators. The method consists of the following five steps.
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Identification of evolution characteristics.
Selecting metrics to assess each evolution category.

Data collection.

A w0 b

Analysing the changed architectural characteristics and com-
puting the extent-of-change metrics in the architecture between
framework versions.

5. Comparison against the framework stability indicators.

Identification of evolution characteristics. When assessing frame-
work stability, one has to select suitable indicators. Bansiya identifies
two categories of evolution characteristics, architectural and individ-
ual class characteristics. First, the changes of architectural character-
istics are related to the interaction (collaborations) among classes
and the structuring of classes in inheritance hierarchies. Second, the
characteristics of individual classes are related to the assessment and
change of the structure, functionality and collaboration (relation-
ships) of individual classes between versions. The structure of
objects is described and detailed by the data declarations in the class
declarations. The functional characteristics are related to the object’s
methods. The parameter and data declarations that use user-defined
objects define the collaboration characteristics of a class.

Selecting metrics to assess each evolution category. Bansiya
selected a subset of object-oriented metrics from [4, 7] and we pro-
pose to use the same set of metrics but it is possible to change the
metrics to others that could be more appropriate with respect to the
organisation’s processes and application domains. In table 2, the
architectural framework structure and interaction metrics used are
described. The individual class metrics comprise in total of 11 met-
rics divided into three separate suits and are described in table 3.

Table 2. Architectural metrics

Architectural Metrics
(Structure) Acrchitectural Metrics (Interaction)

DSC, design size in classes ACIS, average number of public methods in all
classes
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Table 2. Architectural metrics

Avrchitectural Metrics
(Structure) Architectural Metrics (Interaction)

NOH, number of hierarchies ANA, average number of distinct (parent)
classes from which a class inherits information

NSI, number of single inheritance ADCC, average number of distinct classes that a
instances class may collaborate with

NMI, number of multiple inherit-
ance instances

ADI, average depth of the class
inheritance structure

AWI, average width of the class
inheritance structure

Data collection. We recommend to collect the data using the same
tool for reducing the probability for different interpretations of the
metric definitions. In our studies, the data has been collected for each
version of the studied frameworks with the same tool, the
QMOOD++ tool [4].
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Table 3. Class metrics

Structural metrics

Functional metrics

Relational metrics

NOD, the number of
attributes.

NOM, count of all the
methods defined.

NOA, the number of dis-
tinct classes (parents)
which a class inherits.

NAD, the number of user
defined objects used as
attributes in a class.

NOP, the number of poly-

morphic methods in a class.

NOC, the number of
immediate children (sub
classes) of a class.

NRA, the number of point-
ers and references used as
attributes.

NPT, the number of
parameter types used in the
methods of a class.

DCC, count of the number
of classes that a class is
directly related to.

CSB, the size of the objects
in bytes from the class dec-
laration.

NPM, average of the num-
ber of parameters per
method in a class.

Analysing the changed architectural characteristics and computing
the extent-of-change metrics in the architecture between framework
versions. For each of the frameworks and their versions, the col-
lected architectural data are analysed and the normalized- and rela-
tive-extent-of-change metrics are calculated.

The normalized-extent-of-change-metric is calculated in the fol-
lowing way. The architectural metric values are normalized with
respect to the metric’s values in the previous version of the frame-
work. The metric values for the first version of each framework is
used as a base for normalization. The normalized metric values are
computed by dividing the actual metric values of a version with the
metric’s value in the previous version for the actual framework. A
temporary aggregated metric is then computed by summarizing the
normalized metrics for a framework version.

The normalized-extent-of-change metric has for the first version
of the framework the same value as the number of architectural met-
rics (in our case nine). Second, the normalized-extent-of-change met-
ric is then computed by taking the difference of the aggregate metrics
for the framework version, V;, and the first framework version V;.
For the first version of a framework the normalized-extent-of-change
metric is set to 0. For example in the case of the BGW framework,
the normalized-extent-of-change metric for version 3 of the BGW
framework is computed as 9,41 (aggregate metric values for version
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3) minus 9 (aggregate metric value for version 1) which is 0,41.
Thus, the normalized-extent-of-change metric has the value 0,41 for
version 3 of the BGW framework.

The normalized-extent-of-change metric is a relative indicator of
the framework’s architectural stability. A high value of the metric
indicates relative instability of the framework structure and a low
value of the normalized-extent-of-change metric indicates greater
stability.

The relative-extent-of-change metric. The individual class metrics
defined can be computed in two ways, i.e., including or excluding
inherited properties. The first approach requires analysing a class and
all its ancestors for the computation of the class metrics. Typically,
changes made to the internal parts of parent classes in a framework
ripple the effect of changes to all descendent of the parent class.
Thus, in this study the class metrics values are counted including the
inherited properties. The metric for each of the 11 class characteris-
tics can be changed between two successive versions. If the value of
a particular metric (e.g. number of methods, NOM) changes from
one version to the next, this is defined as one Unit of Change. Since
there are 11 characteristics that can be changed for a class, a class can
contribute with between 0 to 11 Units of Change. The 11 metric val-
ues of each class are compared with the metric values of the class in
its predecessor version to compute the total number of units-changed
for the classes. The total-extent-of-change for a framework version is
the sum of units-changed in all classes between a version and its pre-
decessor. To assess the significance of the total-extent-of-change
measure we compare it with the maximum possible change. The
maximum possible change represents the case where all the metrics
would have changed values for all classes in a framework version.
The relative-extent-of-change metric is computed as the total-extent-
of-change divided with the maximum possible change. For example,
version 1 of the BGW framework has 322 classes which gives a theo-
retical maximum of 322 * 11 (number of metrics that can change for
a class) = 3 542 possible changes for the (previous) version. The
actual number of changes between version 1 and version 2 of the
BGW framework is 932 which represents a (932 / 3 542) * 100 =
26,3% change between version 1 and 2. Thus, the relative-extent-of-
change metric is 26,3% for version 2 of the BGW framework.
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The relative-extent-of-change metric is in one way similar to the
normalized-extent-of-change metrics since it intends to capture the
stability of the framework. On the other side, the relative-extent-of-
change metric is on another abstraction level since it is composed of
a set of finer grained class metrics and is not directly measured on the
architectural level of the framework. Thus, the relative-extent-of-
change metric gives us a possibility to validate the original proposed
normalised-extent-of-change metric. Another important difference is
that the normalised-extent-of-change metric addresses the frame-
work's architectural structure, i.e. it is more, focused on capturing the
enhancements, e.g. addition of features, of the framework. This com-
pared to the relative-extent-of-change metric which analyses the core
of the framework, i.e. it only measure changes in the set of classes
that exist in two consecutive versions. That means that the metric
better describes how well the domain is captured and understood by
the framework developers. The core of a framework version n con-
sists of the classes that exist in two consecutive versions of the
framework. A more formal definition is that the core is the set of
classes that exist in both version n-1 and version n of the framework.
That means that the core do not comprise the classes which existed in
version n-1 and now not exist in version n of the framework. Neither
are the classes added to framework version n part of the core. A con-
sequence of this definition is that the core can grow with newer
framework versions since it is defined in terms of two consecutive
versions and not the first version of the framework. The set of added
classes can be seen as representing a wider and better domain under-
standing captured by framework version n. This means that the core
for framework version n+1 is expanded with the set of added classes
in version n except for those classes that has been removed in version
n+1 of the framework and is reduced with those classes in the core
for version n which not exist in framework version n+1. Thus, a low
relative-extent-of-change value indicates good domain coverage and
understanding where a high relative-extent-of-change value indicates
that the domain was not well understood and important abstractions
have not been found.

Comparison against the framework stability indicators. The frame-
work stability indicators are based on experiences from applying the
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original stability assessment method on three object-oriented frame-
works [20, 21].
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The five stability indicators are:

* Framework Stability Indicator 1: Stable frameworks tend to
have narrow and deeply inherited class hierarchy structures,
characterized by high values for the average depth of inherit-
ance (above 2.1) of classes and low values for the average
width of inheritance hierarchies (below 0,85).

» Framework Stability Indicator 2: A stable framework has an
NSI/DSC ratio just above 0.8 if multiple inheritance is seldom
used in the framework. That is, the number of subclasses in a
stable framework is just above 80 percent.

» Framework Stability Indicator 3: The normalized ADCC
(averaged directly coupled class) metrics is going towards 1.0
or just below for stable frameworks. I.e. the number of relation-
ships for a class is relatively stable and constant throughout all
versions of the framework.

* Framework Stability Indicator 4: The normalized-extent-of-
change metric is below 0.4 for a stable framework.

» Framework Stability Indicator 5: A stable framework exhibits
a relative-extent-of-change value of less than 25%.

A framework is considered to be more stable when more frame-
work stability indicators are fulfilled for a framework version.

Major results

We present framework stability indicator fulfillments for the BGW
and MFC frameworks. For a more detailed presentation of the metric
results for the BGW, MFC and OWL frameworks we refer to [20,
21].

In table 4, the five framework stability indicators, 11-15, and the
versions for the three frameworks are listed. An *Y* indicate that the
framework stability indicator is fulfilled and a ‘N’ that it is not ful-
filled.

The BGW framework fulfils framework stability indicator 1 and 2
for version 2 and all except indicator 1 for version 3, table 4. \ersion
4 of the BGW framework fulfils all the indicators. For the MFC
framework the situation is that it fulfils framework stability indica-
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tors 1,2 and 3 for version 4. For version 5 of the MFC framework, the
additional indicators 4 and 5 are fulfilled too.

To summarize, the BGW framework fulfils framework stability
indicators to a large extent from version 3 and the MFC framework
from version 4.

Table 4. Framework Stability Indicators fulfillments

BGW [ 11 |12 [ I3 |14 |15 | MFC [I11 |12 |13 |14 |15
Vi N |[Y |[N|N|[N|WVL N | N[N |N]|N
V2 Y |Y [N [N [N |V N | N[N |N]|N
V3 N|[Y |Y|Y |[Y |V3 N | N[N |N]|N
V4 Y |Y|Y |Y |Y |va Y [Y|Y|N|N
V5 Y|Y Y |Y |Y
Discussion

The differences with our assessment method compared to the original
approach [2] are:

» A set of framework stability indicators have been added which
make it possible to get a more objective way of deciding if a
framework is stable or not.

* An aggregated metric, the relative-extent-of-change metric
based on individual class level metrics, which is on another
abstraction level than the original normalized-extent-of-change
metric has been added. The introduction of the relative-extent-
of-change metric gives a possibility to validate the normalized-
extent-of-change metric with it. The results when applying the
method showed that the framework stability indicator based on
the relative-extent-of-change metric, indicator 4, indicates
framework stability for version 3 and 4 for the BGW frame-
work and for version 5 for the MFC framework. The architec-
tural metric, normalized-extent-of-change, used in framework
stability indicator 5 indicates framework stability for version 3
and 4 for the BGW framework and for version 5 for the MFC
framework. Thus, we see that the normalized-extent-of-change
metric indicates stability in the same version as the relative-
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extent-of-change metric indicates it. The conclusion is that the
normalized-extent-of-change metric is a good indicator of
framework stability.

» The framework stability assessment method have been applied
on three different frameworks, the BGW, MFC and OWL
frameworks [20, 21].

The original approach have (indirectly) been validated through the
application of the (extended) assessment method on the three frame-
works and the method does not show any particular weakness. The
same set of metric used in the original approach has been used. There
exists a possibility to change the metric set in the assessment proce-
dure but in our studies we have chosen to use the original set.

Both the BGW and MFC frameworks have reached stability
according to the framework stability indicators. This shows one
strength of the assessment method since it seems to cope with a num-
ber of framework dissimilarities. We identify four major differences
between the BGW and MFC framework that are invariant to the sta-
bility assessment method.

* The MFC framework is a commercial available white-box
object-oriented framework with an anonymous market whereas
the BGW framework is a proprietary framework. A proprietary
owned framework seems to be a more typical study subject
since it represents the more common situation in software
industry and because the framework developing organization
has to deal with explicit customers and customer requirements
rather than distributing the framework to a mass market.

e The BGW framework is a visual builder (black-box) frame-
work, whereas the MFC framework is white-box. Our experi-
ence is that black-box frameworks generally contain a larger
number of classes and inheritance hierarchies than white-box
frameworks.

* The size of the framework, measured in number of classes. The
original BGW framework (322 classes) was originally 4.5
times larger than first MFC framework (72 classes). \ersion 4
of the BGW framework (598 classes) is still 2.9 times larger
than the fifth version of the MFC framework (233 classes).
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* The domains covered by the frameworks are quite different.
The MFC framework implements graphical user interface
(GUI) functionality. Compared to most domains, the GUI
domain is quite stable in the behaviour it is supposed to pro-
vide. The BGW domain is considerable less stable and the
developers of the framework have had to incorporate impres-
sive amounts of requirement changes and additions during its
lifetime.

3.3  Distribution of Development Effort

Method description

The distribution of development effort method is essentially an anal-
ysis of the effort data for the various development phases and activi-
ties for developing a framework. The distribution of development
effort method comprises the following activities

» Assure that the phases and activities for the framework devel-
opment and instantiation are clearly defined so there is no
doubt about what is to be included and not.

* Collect the effort data from the framework development
projects.

* Calculate the relative distribution of the framework develop-
ment efforts and the relative effort for the instantiations.

» Perform a qualitative analysis of the data to identify trends in
the development, causes for the trends and similarities/dissimi-
larities with previous framework projects.

Major results

We describe the development process used by the organization, that
developed the BGW framework as well as the activities that are
included in the framework instantiation process. The organization’s
development process used for the framework development comprises
the following phases and activities:
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* Pre-Study. The purpose of the pre-study phase is to assess fea-
sibility from technical and commercial viewpoints, based on
the expressed and unexpressed requirements and needs. Activi-
ties comprise planning, securing competence, analysis of possi-
ble technologies available and an analysis of required effort.

» Feasibility. This phase comprises activities such as more
detailed planning, the project organization is defined as well as
communication/information paths. A risk analysis is performed
and quality assurance techniques are defined for the project and
implementation proposals are developed.

» Design. Architectural design and detailed design is performed
in this phase.

* Implementation. The design is implemented and revised if nec-
essary. Basic testing on the implemented classes is made. In the
BGW framework case, the implementation was done in C++.

» Test. Integration test and system test is performed here.

* Industrialization. In this phase the developed software product
is installed at a selected customer site. When the product is in
operation and had been functioning correctly the system devel-
opment is considered finished.

» Documentation. This activity comprises the development and
writing of user manuals, system reference manuals and devel-
opment of course material for the software product.

» Administration. The administration activities comprise project
management, quality management, configuration management
and project meetings.

The instantiation process of the BGW framework is, in this study,
an installation and instantiation process. This due to the fact that the
organization makes no distinction with respect to time reporting
between the instantiation of the framework and the installation of the
instantiated framework. Thus, the effort reported for instantiation of
the BGW framework comprises the following activities:

* Installation of necessary hardware at the customer site (done in
most of the cases).
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¢ Installation of the BGW software.

» Configuration of the BGW framework for the actual customer.
The customer can do the configuration themselves but most
customers prefer the supplier to do the configuration.

 Acceptance Test.

Development effort data. The effort for the development of the BGW

framework versions are in the range 10 000 to 20 000 man hours?. In
table 5, the normalized effort data for the four versions are presented.
The normalization is made with respect to the number of hours in
version 1. That means, in a hypothetical example, if the development
of version 1 took 10 000 hours the development of version 2 took 12
660 hours.

Table 5. Normalized Framework Development Effort Data

V1 V2 V3 V4

Normalized effort 1,000 1,266 1,761 1,620

We see that the development cost for version 2 was approximately
25 percent higher than in version 1. For version 3 a major revision of
the framework was made at a cost 76 percent higher than version 1.
The development of version 4 is a little bit less expensive than ver-
sion 3, i.e. 162 percent of the cost for version 1.

The effort data is collected from the organisation’s internal time
reporting system. Thus, the reliability of the obtained figures is
dependent on the accuracy from the software engineers. The effort
data reported does not include time for travelling.

Relative effort distribution per phase and version. In table 6, the rela-
tive distribution of the effort between the different activities is pre-
sented. The distribution of effort is per developed version. The
analysis and conclusions of the figures are based on interviews with
the software engineers involved in the development of the framework
versions.

1.The company requested not to publish the exact figures
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Table 6. Relative distribution of effort per version and phase

Activity V1 V2 V3 V4
Pre Study 7,6% 1,4% 5,4% 12,8%
Feasibility 0,0% 7,7% 6,3% 9,2%
Design 12,0% 7,9% 10,6% 12,7%

Implementation 29,3% 16,3% 23,8% 18,8%

Test 13,8% 16,9% 19,2% 21,6%
Administration 23,0% 38,9% 22,0% 17,6%
Industrialization 9,6% 3,9% 3,7% 2,5%
Documentation 4, 7% 6,8% 8,9% 4,6%
Total 100,0% 100,0% 100,0% 100,0%

The figures in table 6 show that the relative effort for the pre-study
and feasibility activities is increasing for later versions of the frame-
work. The major reason for this is that new requirements and pro-
posed changes have to be analysed more carefully. The figure 0,0
percent for feasibility version 1 is explained by the fact that the soft-
ware engineers all had experiences from the application domain and
the technologies to be used. The dip in design and implementation
effort in version 2 is because no major new functionality was intro-
duced and a large amount of the effort was spent on restructuring the
system. The increase in test effort is caused by the increased size of
the framework from 233 to 598 classes. The reason for the peak in
administration effort for version 2 is explained by a higher focus on
quality processes. During version 1 the organization experienced
problems to manage both the development and instantiations of the
framework. The same kind of problems is reported in [26]. To handle
the change from project based development to more product-based
development, new processes were introduced and existing ones
improved. The high percentage of industrialization effort in version 1
compared to the other three versions were explained by the fact that
the software engineers were fully responsible for the ownership of a
software product for the first time.

If we do not include the administrative activities such as project
and quality management, industrialization and documentation and
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Figure 8.  Graph of relative effort distribution per version and technical

combine the pre-study and feasibility activities into an analysis activ-
ity and thereby focus on the more technical activities we achieve the
following distribution of effort, table 7 and figure 8. By only consid-
ering the more technical phases the figures may be more useful and
thereby comparable for other organizations.

Table 7. Relative distribution of effort per technical phase and version

V1 V2 V3 V4
Analysis 12,1% 18,1% 18,0% 29,3%
Design 19,1% 15,8% 16,2% 16,9%
Implementation 46,7% 32,5% 36,4% 25,1%
Test 22,0% 33,6% 29,4% 28,7%
Total 100,0% 100,0% 100,0% 100,0%

Figure 8 shows that during the evolution of the BGW framework
the emphasis has shifted from implementation to analysis. The
implementation effort is in version 4 only 25 percent of the total
effort for the technical activities compare to 50 percent for version 1
of the framework. The efforts spend on analysis increased, from 12
percent of the total effort, nearly three times, up to 30 percent of the
total effort. The relative effort spent on design is just below 20 per-
cent for all four versions. The test effort is around 30 percent with an
exception for version 1 where it is lower. A possible explanation for
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this could be that part of the testing has been performed during the
implementation phase.

The shift of emphasis from implementation and test towards anal-
ysis is probably caused by the growing size of the software and that
new requirements and proposed changes has to be analysed carefully
before being implemented.

Instantiation effort data

In table 8 we present basic statistics for framework instantiation
effort relative framework development effort. For example, version 1
of the BGW framework has been instantiated 4 times and the average
instantiation/development effort ratio is 1:94, meaning that the effort
needed for instantiating the “average application” is only 1,06% of
the effort needed for developing the framework versions. In the table,

Table 8. Basic Statistics framework instantiation/development effort ratios

Lower Upper
\ersion | # Instantiations | Average | Fourth | Median | Fourth
1 4 1:94 1:72 1:86 1:64
2 7 1:42 1:214 1:44 1:33
3 20 1:61 1:167 1:81 1:49
Total 31 1:58 1:168 1:75 1:44

we see that the median effort ratio varies between 1:44 to 1:86 for the
different versions. The upper fourth ratio varies between 1:33 to
1:64. The last row in table 8 presents the framework instantiation/
development ratios for all 31 instantiations. The average framework
instantiation/development ratio is 1:58 which means that half of the
instantiations made required an effort less than 1,8 percent of the
framework development effort. The upper fourth instantiation/devel-
opment ratio is 1:44, which means that 75 percent of the instantiation
made required an effort less than 2,3 percent of the total development
effort.

These figures provide strong evidence supporting the claim that
framework technology delivers reduced application development
efforts. Especially, if we also consider the fact that we have included
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activities not related directly to the pure framework instantiation pro-
cess in the instantiation effort data.

Discussion

Essentially, the distribution of development effort method is a quali-
tative analysis of the effort distribution for the development with the
aim to identify the reasons and causes why some figures are deviat-
ing from the estimations or have the certain values. One may argue
that this analysis should be a part of any project conclusion report.
The only difference is that it is more important to perform the analy-
sis since the cost of developing and evolving a framework is higher
than for a normal software system of comparable size. As mentioned
earlier, it is of importance that development phases and activities are
well-defined so comparisons with other framework project will be
possible. Another issue is to assure that each framework instantiation
is viewed as a separate project so that not framework instantiation
effort will be charged on the development of the next framework ver-
sion. Otherwise it will be hard, if not impossible, to obtain the frame-
work instantiation/development ratio for the framework.

4.  Assessment and Comparison

The three evaluation methods have been applied to the same frame-
work, i.e. the BGW framework, which makes it possible to asses
them and compare them with each other. The assessment will cover
the management issues i.e. identification of evolution-prone mod-
ules, framework deployment, change impact analysis, benchmarking
and requirements management as well as a discussion about the diffi-
culty to apply the methods, their need of tool support and experi-
enced advantages and disadvantages of the methods. In the following
section we will assess the three methods and how they perform with
respect to the issues above and in section 4.2 the three methods are
compared to each other.
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4.1  Assessment

Evolution identification using historical information

The evolution identification method performs well with respect to
identifying evolution-prone modules. Through systematic application
of the method on smaller and smaller parts of the application frame-
work the method ends up with a list of evolution-prone modules (and
subsystems). A minor disadvantage with the method is that it also
identifies modules which have a natural high growth rate and thus are
not a problematic modules that need to be restructured. An example
of this are modules that are responsible for specific framework
parametrization aspects which grows in a natural way with the num-
ber of possible parametrization values. Since the evolution identifica-
tion method works with historical data it does not contribute to the
framework deployment aspects which deal with deciding when to
release the current framework version under development. The
method assists management with some information when doing a
change impact analysis, but since the method uses historical informa-
tion it will, in most cases, fail in predicting changes for the future
version. However, the method identifies modules that are likely can-
didates for restructuring in the framework. Regarding the bench-
marking aspect the method is able to deliver information for
classification and/or characterisation of typical evolution-prone mod-
ule patterns for frameworks. This requires a relatively large number
of observed frameworks, their subsystems and modules before typi-
cal categories can be established. The requirements management
aspect is not at all addressed by the method.

The method is simple to apply since it only makes use of class
declarations and the number of classes defined. A potential problem
is that one must be aware of how to handle the addition of new mod-
ules during the framework evolution. Tool support is recommended,
but a specialized tool for calculating the growth and change rates and
storing the collected data is relatively simple to develop. However, it
requires that the organisation has a coding standard that prescribes
that each class must include a description of which subsystem and
module it belongs to.
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Stability assessment

The outcome of the stability assessment method gives an indication
about how stable the framework version is. Especially the relative-
and normalised-extent-of-change metrics provide information of how
large the impact the requirements had on the framework structure. If
historical trends for the current and other frameworks exist for the
metrics, the metric values give a “rough” indication of maintenance
effort needed. This with reservation for requirements that have archi-
tectural impact and thus affect the whole framework. Deviating met-
rics values from the limit values in the framework stability indicators
are indications of evolution which is not desirable and eventually has
to be handled explicitly, if time schedule and budgets allow. Thus, the
stability assessment method is useful for change impact analysis.

Regarding identification of evolution-prone modules the method
gives no support. But a possible approach could be to apply the sta-
bility assessment method on subsystems and modules and thereby
gain knowledge about evolution-prone modules. Neither the frame-
work deployment aspect is directly addressed by the method. But if
the method is applied more frequently during the iterative develop-
ment of the framework version, the extent-of-change metrics provide
information with respect to whether the framework is becoming more
stable or not during the iterations. The other metrics in the stability
assessment method also indicate stability or not depending if the val-
ues are deviating from the ones in the framework stability indicators.
The observed trends in the metric values give useful information for
deciding whether to release the framework version or to iterate the
development once again.

The requirements management aspect is not addressed by the sta-
bility assessment method. Eventually, the method will indicate a
higher value than expected for any or both of the extent-of-change
metrics as a result of incorporating a difficult instantiation require-
ment. The issue of benchmarking is supported by the method since it
collects a number of metrics and thereby providing empirical infor-
mation about the evolution of a framework. A historical set of data
from previous assessments together with other information will make
the prediction of the current framework’s evolution more accurate.

The method as such is fairly simple to apply but it requires that the
set of metrics used are clearly defined and consistently interpreted.
Both between framework versions and different frameworks in order
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to provide comparable data. Tool support is highly recommended
since a huge amount of data has to be dealt with. The tool used in our
study [4] had problems with the large BGW framework. The problem
was related to the number of file directories used in the framework
and not the number of classes.

An advantage of the method is the possibility to change the under-
lying set of metrics. This is useful if the frameworks developed are
adhering to a specific coding standard, a specific technical domain,
e.g. distributed systems, or any other organisational issue. A minor
disadvantage of the method is the calculation of the aggregated met-
rics, especially the class level metrics changes, if no tool support is
provided. The limits used in the framework stability indicators may
be discussed since they may be affected by organisational standards
but our experiences from the application of the method on three dif-
ferent frameworks from three different organisations support that
there is a degree of confidence in the limits.

Distribution of development effort

The distribution of development effort method does not contribute
directly to the change impact analysis but if stability assessment is
performed on the framework the effort data may be useful for future
effort estimations on change impact analysis based on a stability
assessment.

Obviously, the distribution of development effort method provides
benchmarking information which can be useful in the development
and evolution of new framework as well as for the instantiation of
these. In a longer perspective, and if it is an organisational objective,
the development and the instantiation effort data obtained can pro-
vide an empirical foundation for the development of cost models for
framework development as well as investment analysis models.

Regarding the requirements management issue the method identi-
fies those instantiations that have been costly to realize. If the organi-
sation has adopted the strategy to incorporate the framework
instantiation requirements into the next version of the framework, the
identification of costly instantiations may point out difficult require-
ments which probably should not be incorporated in the next frame-
work version. In that way, the method is useful with respect to
requirements management issue.
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A framework deployment decision should not be taken on the
basis of effort consumed or other historical effort information but on
achieved quality levels of the framework. Thus, the method does not
assist management with the framework deployment decision. The
issue of identifying evolution-prone modules is neither supported by
the method. A possible approach could be if effort data is collected
per module but achieving this granularity of effort data collection in
practice seems difficult.

The method is not difficult to apply since software development
organisation have procedures to collect effort data, often automated.
The important thing is to have a clear and well-defined description of
the activities in the framework project and that the staff correctly
report their time with respect to activities defined. A minor advan-
tage of the method is that it may help in staffing a framework project
with different specialist depending on the relative distribution of the
effort.

4.2  Comparison

In this section we present a comparison between the three methods
with respect to perceived benefits and costs, table 9.

Table 9. Benefits and costs

Method Benefit Cost
Evolution Identification Simple metric used Mediu
Using Historical Informa- m
tion

Stability Assessment Adaptable metric set High

Visualize inheritance structure changes
Comprehensive

Distribution of Develop- Already implemented in most organi- Low
ment Effort zation

Applying the distribution of development effort method in an
organisation is cheap since time reporting procedures are generally
present in the organisation. The other two methods require purchase
or development of data collection tools. In addition, depending on the
maturity of the organisation the introduction of data collection activi-
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ties can be relatively costly, but since only product metrics are col-
lected this should be manageable. The benefit of using the Evolution
Identification method is that it is relying on only one simple metric
which is easy to collect. The stability assessment method is the most
costly to apply but offers a number of benefits compared to the other
two methods. The metric set used in the method provides a more
comprehensive view of the framework compared to the evolution
identification method since it address six different framework stabil-
ity aspects. Another benefit is the possibility to change the metric set
used in the method. It is also possible, as in our case, to select a met-
ric set which provides information about inheritance structure
changes or cover the metric used in the evolution identification
method. To summarize, there exists differences in costs between the
three methods but the advantages of using the most expensive
method, stability assessment, are justified by the benefits it provides.
In addition, the collected data is a superset of the data required by the
evolution identification method. Thus, choosing the stability assess-
ment method automatically facilitates the use of the evolution identi-
fication method as well.

5. Related Work

In this section we present related work to ours which addresses
framework evolution in general as well as economical aspects of
object-oriented frameworks, evolution identification and framework
assessments.

The work by Roberts and Johnson [25] present a pattern language
that describes typical steps for the evolution of an object-oriented
framework. Common steps in the evolution are development of a
white-box framework (extensive use of the inheritance mechanism),
the transition to a black-box framework (extensive use of composi-
tion), development of a library of pluggable objects etc. These steps
give a coarse-grained description of a framework'’s evolution. How-
ever, they do not explicitly address and describe where and how the
framework evolves when it has reached a certain state.

Regarding economical aspects of object-oriented framework
development and customization we are only aware of two references.
Moser and Nierstrasz [23] discuss the productivity of the framework
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user. Their study compares the function point approach with their
own System Meter approach for estimating framework customization
productivity. The idea behind the System Meter approach is to distin-
guish between the internal and external sizes of objects, and thus to
measure only complexity that has a real effect on the size of the sys-
tem to be implemented, i.e. incremental functionality. Their study
reports that the effect of framework reuse does not increase the soft-
ware engineer’s productivity using the System Meter approach.
Compared to our study, Moser and Nierstrasz do not discuss the costs
for framework development and customization nor do the authors
discuss the distribution of costs within and between framework ver-
sions but only the productivity aspect.

Rdsel [26] is the only reference that presents some quantitative
statements about framework development and reuse. Rdsel’s experi-
ence is that the cost of a framework may be 50 percent of the total
cost for the first three applications. Once these three or more applica-
tions are implemented the framework will most likely have paid for
itself. He also remarks that to reach this pay-off level significant
commitment and investment is required. Compared to our study,
Radsel gives no explicit quantitative support for his claim and the
topic is just briefly discussed.

The issue of identification of evolution-prone modules is, of
course, discussed in the work by Gall et al. [10] where historical
information about modules and programs is used as a means to iden-
tify structural shortcomings of a large telecommunication switching
system. Our work uses a similar approach but on a smaller and
object-oriented system, 300-600 classes, and we use historical infor-
mation about modules and classes, which are entities of smaller gran-
ularity than in the work Gall et al.

Recent work by Lindvall and Sandahl [16] shows that software
developers are not so good at predicting from a requirements specifi-
cation how many and which classes that will be changed. Their
empirical study shows that only between 30-40 percent of the classes
actually changed were predicted to be changed by the developers.
This can be seen as an argument for using more objective approaches
for identifying change-prone and evolution-prone parts of an object-
oriented software system as the one used in our study.

Assessments of frameworks has been addressed by Bansiya [2]
and Erni and Lewerentz [8]. Bansiya’s assessment approach is simi-
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lar to ours since we have used it as a basis. One difference is that we
have added an additional metric which has been used for validating
one of the original metrics. In addition, we have added a set of frame-
work stability indicators which can be used for indicating framework
stability. We have also applied our method on three frameworks, both
commercial and proprietary ones.

Erni and Lewerentz [8] describe a metrics-based approach that
supports incremental development of a framework. By measuring a
set of metrics (which requires full source code access) an assessment
of the design quality of the framework can be performed. If the met-
ric data is within acceptable limits, the framework is considered to be
good enough from a metrics perspective otherwise another design
iteration has to done. The approach is intended to be used during the
design iterations, before a framework is released and does not con-
sider long term evolution of a framework as is the case with the sta-
bility assessment method.

6. Conclusion

Obiject-oriented framework technology has become common tech-
nology in object-oriented software development. An object-oriented
application framework is a reusable asset that constitutes the basis for
a number of applications in the same domain. As with all software,
frameworks tend to evolve. Once the framework has been deployed,
new versions of a framework cause high maintenance cost for the
products built with the framework. This fact in combination with the
high costs of developing and evolving an application framework
make it important to have controlled and predictable evolution of the
framework’s functionality and costs.

We have discussed three methods

» Evolution Identification Using Historical Information
» Stability Assessment
 Distribution of Development Effort

which have been applied to between one to three different frame-
works, both in the proprietary and commercial domain. The methods
provide management with information which will make it possible to
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make better and well-informed decisions about the framework’s evo-
lution, especially with respect to the following issues; identification
of evolution-prone modules, framework deployment, change impact
analysis, benchmarking and requirements management.

References

[1] G Andert, Object Frameworks in the Taligent OS, Proceedings of Compcon
94, IEEE CS Press, Los Alamitos, California, 1994.

[2] J. Bansiya, Evaluating Application Framework Architecture Structural and
Functional Stability, accepted for publication in Object-Oriented Application
Frameworks: Problems & Perspectives, M. E. Fayad, D. C. Schmidt, R. E.
Johnson (eds.), Wiley & Sons, http://indus.cs.uah.edu/research-papers.htm,
February 1998

[3] J. Bansiya, Assessment of Application Framework Maturity Using Design
Metrics, Accepted for publication in ACM Computing Surveys -Symposia on
Object-Oriented  Application  Frameworks, February 1998, http://
indus.cs.uah.edu/research-papers.htm

[4] J. Bansiya, A Hierarchical Model for Quality Assessment of Object-Oriented
Design, Ph.D Dissertation, University of Alabama, 1997

[5] J. Bosch, P. Molin, M. Mattsson, P. Bengtsson. Problems & Experiences, In
Object-Oriented Application Frameworks, M. E. Fayad, D. C. Schmidt, R. E.
Johnson (eds.), Wiley & Sons, 1998.

[6] J. Bosch, Design of an Object-Oriented Framework for Measurement
Systems, in Object-Oriented Application Frameworks, M. Fayad, D. Schmidt,
R. Johnson (eds.), John Wiley, 1998.

[7]1 S.R. Chidamber, C. F. Kemerer, A Metrics Suite for Object-Oriented Design,
IEEE Transactions on Software Engineering, Vol. 20, No, 6, pp. 476-493,
June 1994,

[8] K. Ermi, C. Lewerentz, Applying design metrics to object-oriented
frameworks, Proceedings of the Metrics Symposium, 1996.

[9] Fayad, M. E.; Schmidt, D. C.; and Johnson, R. E., (Eds.) Object-Oriented
Application Frameworks: Problems & Perspectives , John Wiley & Sons Inc.,
New York N, 1999

[10] H. Gall, M. Jazayeri, R. G. Klésch, G. Trausmuth, Software Evolution
Observations Based on Product Release History, Proceedings of the
Conference on Software Maintenance, 1997, pp. 160-166.

Evolution and Composition of Object-Oriented Frameworks 217



Assessment of Three Evaluation Methods for Object-Oriented Framework Evolution

[11] E. Gamma, Object-Oriented Software Development based on ET++: Design
Patterns, Class Library, Tools, (in German), Springer-Verlag, 1992

[12] D. Geary, Graphic Java 1.1: Mastering the AWT, Prentice Hall, 1997.

[13] H. Huni, R. Johnson, R. Engel, A Framework for Network Protocol Software,
Proceedings of the 10th Conference on Object-Oriented Programming
Systems, Languages and Applications, Austin, USA, 1995.

[14] R.E. Johnson, V.F. Russo, Reusing Object-Oriented Design, Technical Report
UIUCDCS 91-1696, University of Illinois, 1991.

[15] W. Li, S. Henry, Object-Oriented Metrics that Predict Maintainability, Journal
of Systems and Software, Vol. 23, pp. 111-122, 1993.

[16] Lindvall, M. and Sandahl, K. (1998). How Well do Experienced Software
Developers Predict Software Change? Journal of Systems and Software,
43(1):19 - 27.

[17] M. Mattsson, Object-Oriented Frameworks - A survey of methodological
issues, Licentiate Thesis, LU-CS-TR: 96-167, Department of Computer
Science, Lund University, Sweden, 1996.

[18] M.Mattsson, Effort Distribution in a Six Year Industrial Application
Framework Project, Proceedings of the International Conference on Software
Maintenance - 1999, pp. 326-333, 1999

[19] M. Mattsson, J. Bosch, Observations on the Evolution of an Industrial OO
Framework, Proceedings of the International Conference on Software
Maintenance - 1999, pp. 139-145, 1999

[20] M. Mattsson, J. Bosch, Characterizing Stability in Evolving Frameworks, In
Proceedings of the 29th International Conference on Technology of Object-
Oriented Languages and Systems, TOOLS EUROPE '99, Nancy, France, pp.
118-130, June 7-10, 1999

[21] M. Mattsson, J. Bosch, Stability Assessment of Evolving Industrial Object-
Oriented Frameworks, Accepted with reviosons for the Journal of Software
Maintenance, 1999

[22] Peter Molin and Lennart Ohlsson, Points & Deviations -A pattern language
for fire alarm systems, Proceedings of the 3rd International Conference on
Pattern Languages for Programming, Monticello, USA, 1996.

[23] S. Moser, O. Nierstrasz, The Effect of Object-Oriented Frameworks on
Developer Productivity, IEEE Computer, pp. 45-51, September 1996.

[24] T. Neward, Core Owl 5.0 : Owl Internals for Advanced Programmers,
Manning Publications Company; 1997

[25] D. Roberts, R. Johnson, Evolving Frameworks: A Pattern Language for
Developing Object-Oriented Frameworks, Proceedings of the Third
Conference on Pattern Languages and Programming, 1996.

218 Evolution and Composition of Object-Oriented Frameworks



Conclusion

[26] A. Rosel, Experiences with the Evolution of an Application Family
Architecture, Proceedings of the Second International ESPRIT ARES
Workshop, Las Palmas, Spain, pp. 39-48

[27] G. Shepherd, S. Wingo, MFC Internals: Inside the MFC Architecture,
Addison-Wesley, 1994,

[28] S. Sparks, K. Benner, C. Faris, Managing Object-Oriented Framework Reuse,
IEEE Computer, pp. 53-61, September 1996.

Evolution and Composition of Object-Oriented Frameworks 219



