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Abstract

Obiject-oriented framework technology has become a common reuse
technology in object-oriented software development. As with all soft-
ware, 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 evolution of the
framework’s functionality and costs. We present three methods 1) Evo-
lution Identification Using Historical Information, 2) Stability Assess-
ment and 3) Distribution of Development Effort which have been
applied to between one to three different frameworks, both in the pro-
prietary 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 evolution-prone modules, frame-
work deployment, change impact analysis, benchmarking and require-
ments management. Finally, the methods are compared to each other
with respect to costs and benefits.

Keywords: Software reuse, Object-oriented framework, Framework
evolution, Framework assessments




1. Introduction

Object-oriented framework technology has developed into more com-
mon 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 exam-
ples from the domain of graphical user interfaces are Ava AWT [12],
Microsoft Foundation Classes [27] and ET++ [11]. Application frame-
works from other domains such as fire alarm systems and measurement
systems are found in [22] and [6], respectively.

As with all software, frameworks tend to evolve, leading to new ver-
sions, 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 important
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 restructuring. The infor-
mation about where likely changes occur may reduce the cost of
redesign the framework. Studies show that software engineers
without automated support can only identify a subset (<50 per-
cent) of future changes and they can not provide the complete
view of change [16]. Thus, a more objective method for identify-




ing structural shortcomings in an object-oriented framework will
provide more reliable input for maintenance effort estimations
and thereby increase the accuracy.

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, conse-
quently, will cause unnecessary maintenance and release costs.
The assessment data can in some cases, if publicly available, be
used by potential customers for evaluating and selecting a frame-
work 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 management to
predict required maintenance effort for both the framework and
the applications incorporating instantiations of the frameworks.

Benchmarking: Empirical information collected from the
assessment of successful frameworks can be valuable in guiding
the development and evolution of new frameworks and can be
used to develop criteria for framework classification, e.g. bench-
marking, in terms of structural stability or other framework matu-
rity 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 estimation activities.
Currently, little information is available concerning the cost and/
or benefits associated with the development and use of frame-
work technology. Empirical information about the distribution of
effort in framework development, 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 decisions on




the incorporation of new features in the framework, since the
iImpact is made explicit. A primary apparent strategy for an organ-
isation is to incorporate the requirements for the different instan-
tiations 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 character-
ise framework evolution as well as an assessment of the methods
against te 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 evolution-
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 framework, 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 evolution-prone parts
of the application framework.

Stability Assessment. The stability assessment method is a met-
rics-based assessment method for assessing structural and behav-
joural stability of a framework The notion of structural and
behavioural stability is viewed as the dual property of evolution.
Through collection of a set of architectural and class level metrics
together with the calculation of some aggregated metrics, the
obtained metric values are used for the assessment of the frame-
work 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 purpose 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 ver-
sion and development phase. Based on this data, a calculation 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. Nor-
mally, 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 charac-
terise and analyse the relative distribution of effort per develop-
ment 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 information
method can be found in [19]. The results of applying the stability
assessment method can be found in [20] and [21]. In these studies the
Microsoft Foundation Classes (MFC) [27] and Borland’s Object Win-
dows 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 development effort method on
the BGW framework can be found in [18].

In this paper we are focusing on assessing the three methods with
respect to their suitability for the requirements that we discussed earlier.
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 framework
evolution, which all have been applied on industrial frameworks, with
respect to the identified management issues; i.e. identification of evolu-
tion-prone modules, framework deployment, change impact analysis,
benchmarking, and requirements management.




The remainder of the paper & organised as follows. Framework ter-
minology and the Billing Gateway (BGW) application framework is pre-
sented 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 soft-
ware systems. A framework is defined by a set of abstract classes and
the way instances (objects) of those classes collaborate [25]. The devel-
opment 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 inherit-
ance mechanism as the primary instantiation technique. The instantia-
tions of a concept are easily made through creating a subclass 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-hox 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 pro-
gramming is avoided and it is possible to allow the compositions to vary
at run time. Often the initial design of a framework is a white-box
framework, whereas subsequent versions evolve into a black-box frame-
work.

Visual builder. To evolve to the visual builder stage the framework
must be a black-box framework. A black-box framework makes it possi-
ble to develop an application by connecting objects of existing classes.
An application consists of different parts. First, a script is used that con-
nects 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 o specify
the objects to be included in the application as well as their interconnec-
tion. The visual builder generates the code for the application from the
specification. The addition of a visual builder to the framework pro-
vides a user-friendly graphical 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 graphical 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 interfaces. 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 product
developed by Ericsson Software Technology, and provides functionality
for billing data mediation between network elements, i.e., switches, bill-
ing systems, or other post-processing systems for mobile telecommuni-
cation. The framework collects call information from mobile switches
(NEs), processes the call information and mediates it to billing process-
ing systems. Figure 1 presents the context of the BGW framework
graphically. The driving quality requirements in this domain are reliabil-
ity, availability, portability, call records throughput and maintainability.
The framework is a visual builder framework (black-box plus a graphi-
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Figure1. TheBilling Gateway Application Framework Context

cal interface), i.e., the framework provides a number of pre-defined
objects for application configuration.

We have studied four consecutive versions of the BGW framework
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 lan-
guage tools have been developed.

The BGW framework is instantiated through a graphical configura-
tion window since it is a visual builder framework. The application
developer (framework user) select different types of entities and associ-
ated operations to be performed which should constitute the instanti-
ated application. For example, it is possible to select NEs (e.g. a mobile
switch) and PPSs (post processing systems) and different kinds of pro-
cessing such as filtering and formatting. Each of these entities has dur-
ing the configuration/instantiation to be specified in more detail,
through the use of entity-specific menus. When all entities have been
specified, the application to be developed based on the framework is
specified, and it is possible to generate the application. The specifica-
tion data is divided to appropriate classes and objects and the applica-
tion 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 frame-
work.

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 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 col-
lect 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 customer
needs, such as real-time billing and phone rental. This requirement
caused major changes of the data processing in the system.

Version 4. For version 4 of the BGW framework major requirements
was portability to new operating platforms and advanced data process-
ing such as call data record matching and rating. Matching makes it sim-
ple 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. TheMethods 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
method, [20] and [21] for the stability assessment method and [18] for
the distribution of development effort method.

3.1 Evolution Identification Using Historical
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Information

Method Description

The evolution identification method for identifying and characterizing
the evolution-proness of an object-oriented framework, its subsystem
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 sub-
systems 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 investi-
gated 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-ori-
ented, systems (200-600 classes). We decompose our object-oriented
framework into subsystems and modules. Our modules are composed
of classes, not programs as in [10]. This means that calculations 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 understanding of the func-
tionality 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 inter-
esting in this study. We have extracted information, 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 frame-
work, 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 particu-
lar 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 frame-
work versions it is possible to make statements about a framework’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 com-
plete 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 frame-
work, 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

—
\

150

8

# of Classes

3

20 30 40
Versions

Figure2. Number of added classesin 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 intro-
duction of hot billing. This requirement caused a conversion from file-
based data representation (containing several megabytes) to block-
based data representation (containing several tens of kilobytes). This
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Change and growth rate
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Figure 3. Comparison of the change and growth rates

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

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

The observations on the framework kvels 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 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.

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 75% 700% 5%
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Change and growth rates of subsystems
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Figure4. 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, respectively.
Thus, both are candidates for further study but since Subsystem A rep-
resent the GUI part of the system and consists, to a very high degree, of
automatic generated Ul classes it is not a representative subsystem.
Subsystem D exhibits the highest growth rate, 700 percent, but since
subsystem D only comprises 5 percent of the total system size in ver-
sion 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 investigate
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 observationsregarding growth and change rates on the
subsystem level, we will further investigate the evolution characteristics
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-engineering
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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 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 increasing num-
ber of formats supported by the BGW framework, e.g. module C4 han-
dles 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 obser-
vation.

Module C5 has the highest growth rate, 460 percent, but is the small-
est 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

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

Sizes of modules in Subsystem C
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Figure5. Sizesof modulesin Subsystem C.
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Change and growth rates of Subsystem C's modules
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Figure6. Change and growth rates of Subsystem C's modules

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. adesign concept called Node has been divided into two concepts,
Childnode and ParentNode, to achieve higher maintainability and
lower complexity,

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

To summarize the findings of Subsystem C we can foresee changes
in all modules due to the changes of the two design concepts. These

Change rates of modules in Subsystem C
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Figure7. Change rates of modulesin subsystem C
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changes have presumably not achieved full effect on the system design.
Regarding Module C4 and its growth rate; this is viewed as an antici-
pated kind of evolution due to the nature of black-box frameworks.

Discussion

Our observations from using the method are smilar to the study in
[10], i.e. there is a difference in the behaviour of the whole system ver-
sus 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 characteristics regard-
ing 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 (not discussed, see [19]). In addi-
tion, 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-ori-
ented framework was proposed by Bansiya [2]. In this study we have
extended the proposed method by adding an additional metric, the rela-
tive-extent-of-change metric as well as a set of framework stability indica-
tors. The method consists of the following five steps.

1. ldentification of evolution characteristics.

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

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

5. Comparison against the framework stability indicators
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I dentification of evolution characteristics. When assessing frame-
work stability, one has to select suitable indicators. Bansiya identifies
two categories of evolution characteristics, architectural and individual class
characteristics. First, the changes of architectural characteristics are
related to the interaction (collaborations) among classes and the structuring
of classes in inheritance hierarchies. Second, the characteristics of indi-
vidual classes are related to the assessment and change of the structure,
functionality and collaboration (relationships) 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 propose 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 archi-
tectural framework structure and interaction metrics used are described.
The individual class metrics comprise in total of 11 metrics divided into
three separate suits and are described in table 3.

Table 2. Architectural metrics

Architectural Metrics (Structure) [Architectural Metrics (Interaction)

DSC, design sizein classes ACIS, average number of public methodsin all
classes
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 classesthat a
instances class may collaborate with

NMI, number of multiple inheritance
instances

ADI, average depth of the class
inheritance structure

AWI, average width of the class
inheritance structure
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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].

Table 3. Class metrics

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

aclassinherits.

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

defined objects used as morphic methodsinaclass. |immediate children (sub
attributesin a class. classes) of aclass.

NRA, the number of pointers | NPT, the number of DCC, count of the number
and references used as parameter typesused inthe | of classesthat aclassis
attributes. methods of aclass. directly related to.

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

Analysing the changed ar chitectural characteristics and comput-
ing the extent-of-change metrics in the architecture between
framework versions. For each of the frameworks and their versions,
the collected architectural data are analysed and the normalized- and
relative-extent-of-change metrics are calculated.

The normalized-extent-of-change-metric is calculated in the following way.
The architectural metric values are normalized with respect to the met-
ric’s values in the previous version of the framework. The metric values
for the first version of each framework is used as a base for normaliza-
tion. 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 metrics (in
our case nine). Second, the normalized-extent-of-change metric 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
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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 com-
puted as 9,41 (aggregate metric values for version 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 frame-
work.

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 prop-
erties. 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 characteristics 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 units-changed in all classes between a
version and its predecessor. 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 theoret-
ical 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 nor-
malized-extent-of-change metrics since it intends to capture the stability
of the framework. On the other side, the relative-extent-of-change met-
ric 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 framework's architectural struc-
ture, i.e. it is more, focused on capturing the enhancements, e.g. addi-
tion of features, of the framework. This compared 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 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 frame-
work. Neither are the classes added to framework version n part of the
core. A consequence of this definition is that the core can grow with
newer framework versions since it is defined in terms of two consecu-
tive versions and not the first version of the framework. The set of
added classes can be seen as representing a wider and better domain
understanding 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 indi-
cates that the domain was not well understood and important abstrac-
tions have not been found.

Comparison against the framework stability indicators. We have
identified five framework stability indicators. These five indicators are
based on experiences from applying the original stability assessment
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method on three object-oriented frameworks [20, 21]. 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 inheritance (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 frame-
work. 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 sta-
ble frameworks. l.e. the number of relationships for a class is relatively
stable and constant throughout all versions of the framework.

Framework Stability Indicator 4: The normalized-extent-of-change met-
ric 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 framework
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 ver-
sions for the three frameworks are listed. An *Y* indicate that the frame-
work stability indicator is fulfilled and a ‘N’ that it is not fulfilled.

Table 4. Framework Stability Indicators fulfillments

BGW/(I1[I2 (I3 [I4[IS|{MFC|I1|I2]|I13|14]I5
VIfN[Y |N|N|N VN[N |N|N|[N
V2[Y Y |N|N|N V2 N[N |N|N|N
V3[N[Y|Y |Y]|Y V3[N|[N|N|N|N
VALY [Y Y |Y|Y VAY |Y |Y|N|[N

V5[Y Y |Y|Y|Y
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The BGW framework fulfils framework stability indicator 1 and 2
for version 2 and all except indicator 1 for version 3, table 4. Version 4
of the BGW framework fulfils all the indicators. For the MFC frame-
work the situation is that it fulfils framework stability indicators 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 indi-
cators to a large extent from version 3 and the MFC framework from
version 4.

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
frameworKk 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 rela-
tive-extent-of-change metric, indicator 4, indicates framework
stability for version 3 and 4 for the BGW framework and for ver-
sion 5 for the MFC framework. The architectural metric, normal-
ized-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 stabil-
ity in the same version as the relative-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 frame-
works [20, 21].
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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 procedure
but in our studies we have chosen to use the original set.

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

e 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 distrib-
uting the framework to a mass market.

e The BGW framework is a visual builder (black-box) framework,
whereas the MFC framework is white-box. Our experience 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). Version 4 of the
BGW framework (598 classes) is still 2.9 times larger than the
fifth version of the MFC framework (233 classes).

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




25

3.3 Distribution of Development Effort

Method Description

The distribution of development effort method is essentially an analysis
of the effort data for the various development phases and activities for
developing a framework. The distribution of development effort
method comprises the following activities

» Assure that the phases and activities for the framework develop-
ment 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 development
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/dissimilarities
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:

 Pre-Study. The purpose of the pre-study phase is to assess feasibil-
ity from technical and commercial viewpoints, based on the
expressed and unexpressed requirements and needs. Activities
comprise planning, securing competence, analysis of possible
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 communi-
cation/information paths. A risk analysis is performed and qual-
ity assurance techniques are defined for the project and
implementation proposals are developed.
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Design. Architectural design and detailed design is performed in
this phase.

Implementation. The design is implemented and revised if neces-
sary. 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 oper-
ation and had been functioning correctly the system development
Is considered finished.

Documentation. This activity comprises the development and writ-
ing 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.

The instantiation process of the BGW framework is, in this study, an
installation and instantiation process. This due to the fact that the orga-
nization makes no distinction with respect to time reporting between
the instantiation of the framework and the installation of the instanti-
ated 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).

Installation of the BGW software.

Configuration of the BGW framework for the actual customer.
The customer can do the configuration and re-configurations
themselves but most customers prefer the supplier to do the con-
figuration.

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
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presented. The normalization is made with respect to the number of
hours in version 1. That means, in a hypothetical example, if the devel-
opment 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 version 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 depen-
dent 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
relative 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 soft-
ware engineers involved in the development of the framework versions.

Table 6. Relative distribution of effort per version and phase

Activity A 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%
Total 100,0% | 100,0% | 100,0% | 100,0%

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
Administration 23,0% 38,9% 22,0% 17,6%
Industriadization 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 framework.
The major reason for this is that new requirements and proposed
changes have to be analysed more carefully. 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 implementation effort in version 2 is
because no major new functionality 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. 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 combine
the pre-study and feasibility activities into an analysis activity and
thereby focus on the more technical activities we achieve the following
distribution of effort, table 7 and figure 8. By only considering the more
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Figure 8. Graph of relative effort distribution per version and technical

technical phases the figures may be more useful and thereby compara-
ble for other organizations.

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

V1 V2 V3 V4
Analyss 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 implementa-
tion effort is in version 4 only 25 percent of the total effort for the tech-
nical 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 rela-
tive effort spent on design is just below 20 percent 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 this could be that part of
the testing has been performed during the implementation phase.

The shift of emphasis from implementation and test towards analy-
sis is probably caused by the growing size of the software and that new
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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, we

Table 8. Basic Statistics framework instantiation/devel opment effort ratios

Lower Upper
Verson | #lnstantiations | 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 20 161 1:167 1:81 1:49
Totd 31 1:58 1:168 1:75 1:44

see that the median effort ratio varies between 1:44 to 1:86 for the dif-
ferent 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 devel-
opment effort. The upper fourth instantiation/development 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 drong evidence supporting the claim that
framework technology delivers reduced application development
efforts. Especially, if we also consider the fact that we have included
activities not related directly to the pure framework instantiation pro-
cess in the instantiation effort data.
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Discussion

Essentially, the distribution of development effort method is a qualita-
tive analysis of the effort distribution for the development with the aim
to identify the reasons and causes why some figures are deviating from
the estimations or have the certain values. One may argue that this anal-
ysis should be a part of any project conclusion report. The only differ-
ence is that it is more important to perform the analysis 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 sepa-
rate project so that not framework instantiation effort will be charged
on the development of the next framework version. Otherwise it will be
hard, if not impossible, to obtain the framework instantiation/develop-
ment 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 man-
agement issues i.e. identification of evolution-prone modules, frame-
work deployment, change impact analysis, benchmarking and
requirements management as well as a discussion about the difficulty to
apply the methods, their need of tool support and experienced advan-
tages 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.

4.1 Assessment

Evolution Identification Using Historical I nformation

The ewolution identification method performs well with respect to
identifying evolution-prone modules. Through systematic application of
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the method on smaller and smaller parts of the application framework
the method ends up with a list of evolution-prone modules (and sub-
systems). A minor disadvantage with the method is that it also identifies
modules which have a natural high growth rate and thus are not a prob-
lematic 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 number of possible
parametrization values. Since the evolution identification 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 information it will, in most cases, fail in predict-
ing changes for the future version. However, the method identifies
modules that are likely candidates for restructuring in the framework.
Regarding the benchmarking aspect the method is able to deliver infor-
mation for classification and/or characterisation of typical evolution-
prone module patterns for frameworks. This requires a relatively large
number of observed frameworks, their subsystems and modules before
typical 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 decla-
rations and the number of classes defined. A potential problem is that
one must be aware of how to handle the addition of new modules dur-
ing the framework evolution. Tool support is recommended, but a spe-
cialized 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
fo.

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 histori-
cal trends for the current and other frameworks exist for the metrics,
the metric values give a “rough” indication of maintenance effort
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needed. This with reservation for requirements that have architectural
impact and thus affect the whole framework. Deviating metrics values
from the limit values in the framework stability indicators are indica-
tions of evolution which is not desirable and eventually has to be han-
dled 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 stability
assessment method on subsystems and modules and thereby gain
knowledge about evolution-prone modules. Neither the framework
deployment &pect is directly addressed by the method. But if the
method is applied more frequently during the iterative development of
the framework version, the extent-of-change metrics provide informa-
tion 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 deviat-
ing 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 stabil-
ity 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 requirement. The issue of
benchmarking is supported by the method since it collects a number of
metrics and thereby providing empirical information about the evolu-
tion 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 to pro-
vide 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 underly-
ing set of metrics. This is useful if the frameworks developed are adher-
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ing to a specific coding standard, a specific technical domain, e.g.
distributed systems, or any other organisational issue. A minor disad-
vantage of the method is the calculation of the aggregated metrics,
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 experi-
ences from the application of the method on three different frame-
works 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 per-
formed 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 develop-
ment and the instantiation effort data obtained can provide an empirical
foundation for the development of cost models for framework develop-
ment as well as investment analysis models.

Regarding the requirements management issue the method identifies
those instantiations that have been costly to realize. If the organisation
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 requirements which
probably should not be incorporated in the next framework version. In
that way, the method is useful with respect to requirements manage-
ment issue.

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 prac-
tice seems difficult.
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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 advantage 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 Medium
Using Historical Information
Stability Assessment Adaptablemetric set High

Visualize inheritance structure changes
Comprehensive

Distribution of Develop- Already implemented in most organiza- |Low
ment Effort tion

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 activities
can be relatively costly, but since only product metrics are collected this
should be manageable. The benefit of using the Evolution Identifica-
tion 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 stability 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 metric set which
provides information about inheritance structure changes or cover the
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metric used in the evolution identification method. To summarize, there
exists differences in costs between the three methods but the advan-
tages of using the most expensive method, stability assessment, are jus-
tified 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 assessment method automatically facilitates
the use of the evolution identification method as well.

5. Reated work

In this section we present related work to ours which addresses frame-
work evolution in general as well as economical aspects of object-ori-
ented 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 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 address and describe where and how the framework
evolves when it has reached a certain state.

Regarding economical aspects of object-oriented framework devel-
opment and customization we are only aware of two references. Moser
and Nierstrasz [23] discuss the productivity of the framework user.
Their study compares the function point approach with their own Sys-
tem Meter approach for estimating framework customization produc-
tivity. 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 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,
Moser and Nierstrasz do not discuss the costs for framework develop-
ment and customization nor do the authors discuss the distribution of
costs within and between framework versions but only the productivity
aspect.
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Rosel [26] is the only reference that presents some quantitative state-
ments about framework development and reuse. Rosel’s experience 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 applications 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, Rdsel 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 identify 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 information about modules and
classes, which are entities of smaller granularity than in the work Gall et
al.

Recent work by Lindvall and Sandahl [16] shows that software devel-
opers 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 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 similar 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 framework sta-
bility indicators which can be used for indicating framework stability.
We have also applied our method on three frameworks, both commer-
cial and proprietary ones.

Erni and Lewerentz [8] 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 iter-
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ations, before a framework is released and does not consider long term
evolution of a framework as is the case with the stability assessment
method.

6. Conclusion

Object-oriented framework technology has become common technol-
ogy in object-oriented software development. An object-oriented appli-
cation 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 prod-
ucts 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 frame-
work’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
make better and well-informed decisions about the framework’s evolu-
tion, especially with respect to the following issues; identification of
evolution-prone modules, framework deployment, change impact anal-
ysis, benchmarking and requirements management.
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