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Abstract

This thesis concerns the use of software measures to assess the quality of object-oriented
designs. It examines the ways in which design assessment can be assisted by measurement
and the areas in which it can’t. Other work in software measurement looks at defining and
validating measures, or building prediction systems. This work is distinctive in that it

examines the use of measures to help improve design quality during design time.

To evaluate a design based on measurement results requires a means of relating measurement
values to particular design problems or quality levels. Design heuristics were used to make
this connection between measurement and quality. A survey was carried out to find
suggestions for guidelines, rules and heuristics from the OO design literature. This survey

resulted in a catalogue of 288 suggestions for OO design heuristics. The catalogue was
structured around the OO constructs to which the heuristics relate, and includes information
on various heuristic attributes. This scheme is intended to allow suitable heuristics to be

quickly located and correctly applied.

Automation requires tool support. A tool was built which augmented the functionality
available in existing measurement tools by allowing user definable measures and measure

sets, and taking input from multiple sources of design information (e.g., CASE tools and

source code).

The work described so far presents a potential method for automated design assessment and

provides the means of automation. An empirical study was then required to consider the

efficacy of the method and evaluate the novel features of the tool.

A case study was used to explore the approach taken by, and evaluate the effectiveness of, 15

subjects using measures and heuristics to assess the design of a small OO system (15 classes).
This study showed that semantic heuristics tended to highlight significant problems, but

where attempts were made to automate these it often led to false problems being identified.
This result, along with a previous finding that around half of quality criteria are not

automatically assessable at design time, strongly suggests that people are still a necessary

part of design assessment. The main result of the case study was that the subjects correctly
identified 90% of the major design problems and were very positive about their experience of

using measurement to support design assessment.
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Chapter 1 Introduction

1.1 Motivation for the work

Many people have provided convincing arguments of why measurement is important,
e.g., (Fenton and Pfleeger 1996; Shepperd 1995). Measurement offers control and
sharpens analysis in an objective and repeatable manner. To be able to use
measurement with confidence the validation of measures is not sufficient. Users of
measurement need to know how they should use measures to achieve their particular

goals. To help measurement users with this task, workers in software measurement
need to know how people can, and do, use measurements in practice. This will help to
identify the information and support required for the successful application of

software measures. This thesis seeks to investigate how people use metrics within a

particular measurement application domain - object-oriented design assessment.

This work is essentially an investigation into the use of object-oriented design
measures for design assessment. There is a great deal of work suggesting new

measures or discussing techniques for validation, but less on the practical use of
measurement. The existing work on measurement utility focuses mainly upon
prediction systems (Zhao, Wohlin et al. 1998; Li and Henry 1993b; Basili, Briand et
al. 1996). There is little published work investigating other types of measurement use.

This work is intended to start redressing the balance and to encourage other

researchers to follow suit.

Many existing measures are described as being an indicator of some or other ‘ility’.

This is an indication that product assessment might be a fruitful measurement use to

investigate. The intention is to investigate the extent to which measurement can be

used in assessment and where its limitations lie.



Object-oriented design products were chosen as the focus of the assessment for
several reasons. There are a large number of object-oriented design measures in the
literature. Assessing earlier lifecycle products allows for cheaper and easier corrective
action based on the assessment. This suggests that design products, rather than code,

could be most usefully assessed. Object-orientation is also the current vogue for

designing systems with UML becoming heavily used in industry.

1.2 Statement of the problem

1.2.1 Aims of the work

The goal is to examine the theoretical limitations and practical considerations of
people using measurement to assess design quality in practical situations. This general

goal may be broken-down into four more specific aims.

1. To determine the degree to which quality can be assessed at design time and the

degree to which this assessment can be automated.

2. To consider mechanisms for achieving design assessment and its automation.

3. To explore the necessary and desirable functionality of tools to support design
assessment.

4. To examine empirically how people use measures for design assessment In a

practical situation.

1.2.2 Scope and limitations

Some authors have published work attempting to show correlations between particular
measures and external quality indicators. They attempt to predict future values for
measures such as defect density. That i1s not the aim of this work. This thesis 1s
primarily concerned with the assessment of the quality of the designs themselves,
rather than the prediction of future code quality. The purpose of this assessment is to
help improve the quality of OO designs at design time.

The investigation of measurement utility looks at the extent to which measurement
can be used to assess quality and the degree to which this assessment can be

automated. Essentially, it is an examination of the scope and limitations of software



measurement within the quality assessment of software products. As an illustration of

product assessment, the thesis looks at the assessment of design products for object-

oriented systems. Although a very particular application of measurement is being
examined, and there will certainly be some results specific to object-oriented design, it
1s hoped that much of the work on how measurement should be utilised will generalise

beyond the particular illustrative example.

When the term quality is used within the thesis it has a specific meaning. The thesis
deals with what will be termed the ‘evaluation’ of products, as distinct from validation
and verification (V&V). Evaluation is not concerned with ensuring that the design
meets the user’s real requirements or checking that the design produced matches the
specification. It is the assessment of how good the design is relative to the multitude
of other possible designs for the same problem (assuming V&V have already been

completed). This distinction is discussed more fully in chapter 2.

In examining measurement utility, many of the other aspects often associated with
measurement research are also discussed, e.g., metric definition and measurement
validation. However, this thesis will not suggest any new measures or perform any

measurement validation.

Although it is an aim to empirically examine how people use measures for design
assessment in a practical situation, several potentially useful approaches to such an
empirical study could be taken. This work will not seek to build cognitive models
(Nehaniv 1999) of measurement users or investigate measurement use in the very fine
detail provided by methods such as think aloud protocols (Rosson and Gold 1989; von
Mayrhauser and Vans 1995). Detailed work of this type may well prove to be useful

research, but given the current lack of work in this area it was decided to concentrate

on higher-level questions of the subjects’ efficacy and general approach.

1.3 Position of the research

The most straightforward way to position the work done for this thesis is within

Whitmire’s software measurement framework (Whitmire 1997). This framework



identifies three views onto four objects of measurement. The strategic view considers
the long-term view of the organisation, the tactical view considers the current project,
and the technical view considers specialist design issues. The objects to measure are:
processes, the things we do; projects, instances of processes; products, the
deliverables created; and resources, such as people or time. The framework has a
further dimension that considers the role of measurement. Whitmire identifies the
following roles for measurement: estimation, prediction, assessment, comparison and
Investigation. Assessment is the evaluation of a single software entity without

reference to measurement values from any other entity. Comparison is also used for

evaluation, but compares the measured values of two or more similar entities.

Whitmire makes a distinction between estimation and prediction mainly on the basis
that estimation is used to determine likely resource levels and that prediction is used
to determine likely future values of product measures. Investigation is the use of

measurement data in research to support or refute hypotheses.

This work concerns the measurement of the products of object-oriented design. The
measurement of processes, projects and resources will not be discussed. Although a

limited amount of discussion will be made at the tactical and strategic levels, this
work will focus on the fechnical view. In examining the possible applications of
object-oriented design measures consideration will be given to all of the roles of

measurement suggested by Whitmire, but with particular emphasis on assessment and

comparison.

To recap, this work takes a fechnical view of the measurement of the products of

object-oriented design to perform assessment or comparison on those products.

1.4 Method

The aims outlined in section 1.2.1 are not independent. There is a clear flow of work

through the list from beginning to end, with later aims depending on the earlier ones.

The method of addressing these aims will now be considered aim by aim.



Aim 1: To determine the degree to which quality can be assessed at design time and

the degree to which this assessment can be automated.

The first aim 1s addressed by using the standard McCall quality factors (McCall,
Richards et al. 1977) to illustrate the degree to which they can be assessed with the

information available in a design model and the extent to which this assessment is

objective (and hence, in theory, automatable).
Aim 2: To consider mechanisms for achieving design assessment and its automation.

The second aim is tackled in two ways. Firstly, by looking at existing quality
modelling techniques and design heuristics as mechanisms for design assessment.

Secondly, by looking at the software measurement literature to assess measurement as

a mechanism for automation.

Aim 3: To explore the necessary and desirable functionality of tools to support design

assessment.

Automation implies tool support. The third aim is approached by looking at existing
suggestions regarding measurement automation and the facilities available in existing

measurement tools. Some suggested tool facilities not available in existing tools are

shown to be feasible through the production of a new measurement tool.

Aim 4: To examine empirically how people use measures for design assessment in a

practical situation.

The fourth aim involves studying the actual use of measures in the design assessment
activity. It requires an investigation into how people would actually employ
measurement to aid them in design assessment and whether measurement really aided

their assessments. This clearly cannot be done theoretically and requires an empirical

study. There is a more detailed discussion of the methodology of this study as part of
chapter J.



1.5 Thesis structure

Chapter 1 - Introduction

The introduction is intended to help the reader by providing a context within which to
read the main body of the thesis. It positions the work within the wider context,

makes a clear statement of the problem being solved. The method that will be

followed to tackle the problem is discussed and the structure of the thesis outlined.

Chapter 2 - OO design assessment

This chapter reviews the literature associated with defining and assessing the quality
of software products in general and object-oriented design products in particular. The
first stated aim of the research is 'to determine the degree to which quality can be
assessed at design time and the degree to which this assessment can be automated.’ In
order to investigate the assessability and automatability of design quality, it 1s

necessary to first consider what is meant by quality. Without a clear picture of the

attribute under study the analysis is likely to be meaningless.

The investigation of software quality begins with a consideration of the traditional

approach involving validation, verification and evaluation. Previously published
methods of modelling or quantifying quality are evaluated. The discussion is then
focused more closely on the meaning of quality, and its assessment, when applied to
object-oriented designs. This includes forays into the process of object-oriented
design and a review of object-oriented design heuristics. The final section of this
chapter considers the extent to which quality can be assessed from the information

available at design-time and the degree to which this assessment can be automated.

The particular view taken of automation in design assessment is a measurement-
centric view. To consider automation of design assessment it is necessary to consider
not only the extent to which automation is theoretically possible but also the

mechanisms by which automation may be achieved. Consequently, the mechanisms

of software measurement also have to be considered.



Chapter 3 - Software measurement

A brief history of OO software measures is presented first. This provides background
to the remainder of this chapter and context for the measures used in the case study in
chapter 5. An introduction to software measurement is then given. This includes a
discussion of what software measurement 1s and why measurements are taken, as well
as an analysis of software measurement terminology. The introduction also discusses

the important relationship between measurement and modelling and examines some

OO specific 1ssues in measurement.

If measures are being used to assess quality, it is important that they correctly
represent the attributes they purport to measure and are useful in the task to which
they are being applied. This is the job of measurement validation. The third section
of chapter 3 reviews the literature on measurement validation, critically reviewing
both theoretical and empirical techniques. A discussion of the processes by which

software measures are developed and used is presented in the fourth section.

Chapter 4 - The OO design tool

One point emerging from the discussion of software measurement is the need for
automation. After studying existing software measurement tools it becomes apparent
that they lack some features helpful for both industrial and academic users, e.g., user
definable metrics and cross-source measurement collection. A tool was proposed and
built to provide proof of concept that some of these features could be included 1n a
measurement tool and that they would be useful to end-users. This tool 1s the subject
of chapter 4. A description is given of the main development activities including the
conception, design, building and testing of the tool. The completed tool 1s evaluated

against the criteria for which it was built and compared with a range of other

measurement tools.

Chapter 5 - The empirical study

One of the main aims of the PhD programme is ‘to examine empirically how people
use measures for design assessment in a practical situation.” Chapter 5 describes this

empirical study, which used the tool described in chapter 4. In the study, 15 subjects




(full-time students and industrialists) are asked to assess the architecture of a small

system (15 Java classes) using design heuristics and measurement results.

The first section of chapter 5 presents a review of related empirical work on software
measurement. This review shows the distinct aims of this study and so highlights the
need for a new study rather than the replication of a previous one. The second section
deals with the choice of the research technique (a case study was chosen) and gives a
description of the design of the study. The design looks at the study’s questions, 1ts
unit of analysis, and the data collection techniques. The actual conduct of the study 1S
considered in the third section. This deals with a description of the subjects, their

preparation for the case study, the task itself and the data collection.

The case study results are based on assessment reports produced by the subjects and a

follow-up questionnaire. The case study database has a complex data model
populated by a large amount of data. The results section presents analyses of various

views into this data. Most of the analysis is focused toward examining the approach
the subjects took to the task and how effective they were at using automation to assist

in the assessment.

Chapter 6 - Discussion

The discussion begins with a summary of the work done. The findings presented n
the thesis are summarised and discussed in the second section. Following this 1s an
evaluation of the work done towards the thesis, which highlights its strengths and
weaknesses. Suggestions for further work are then made. These contain possible
extensions to the work presented, work to address weaknesses identified by the
literature surveys and new work suggested by the work presented in this thesis. A
final short section of conclusions completes the thesis. This section sets out what the

author believes to be the main achievements of the work.



Chapter 2 Assessing object-oriented designs

The purpose of this chapter is to examine what 1s meant by quality for software

products in general, and object-oriented design products in particular. It 1s also

intended to show the extent to which quality can be assessed from the information

contained in a design and the extent to which this assessment can be automated.

The chapter starts with a section discussing the standard elements usually associated
with software quality (validation, verification, and evaluation). In the second section,
some previous work on attempts to formalise software quality evaluation is examined.
The third section deals with aspects of software quality specific to object-oriented

design.

2.1 What is software quality

When asking the question ‘what is a good object-oriented design?’ an attempt is being
made to understand how to assess the quality of a design. This section is concerned
mainly with the philosophical aspects of the meaning of quality, rather than the
detailed process of assessing quality. The starting point for the discussion 1s a

consideration of the traditional approach to software quality involving validation,

verification and evaluation.

2.1.1 Validation

Validation is considering whether the system being built is the system the user really

wants. The system being built could be the system the producers mistakenly think the

user wants, or even the system the user mistakenly thinks he wants. Different
individuals in the client body may have different perceptions of their needs from a
piece of software. There will also be problems of imprecision in communicating these
perceived needs, both within customer groups and to the developers. These types of

problem cannot be inferred from the software products themselves and must be

handled between the client and developer. An example of validation is the use of
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prototyping to aid the discussion of system specifications. Validation is inherently

informal and is not automatable.

2.1.2 Verification

Verification is the extent to which the system meets its explicitly stated functional
requirements. A system that fully implements the stated requirements would
generally be taken to be better than one that only partially covers the requirements.
Verification of systems is usually done in an informal manner. Developers examine

the software products during reviews and decide whether the system operations

provided match-up with the functionality described in the specification.

It should be possible (in principle) to perform a thorough formal verification of a
system. Given a formal description of the specification and a formal description of
the product, it should be possible to mathematically prove their equivalence. Since
this seems such a complete and precise way of checking a system’s ‘correctness’, why
aren’t all systems produced in this way? Sommerville (2001) states that ‘verifying a
non-trivial software system takes a great deal of time and requires specialised tools
such as theorem provers and mathematical expertise’. Pressman and Ince (2000) list a
number of issues such as high start-up costs, avoiding over-formalisation and need for
expert training and consultancy that should considered before adopting formal
methods. They also state that traditional development methods should not be
abandoned, i.e., formal methods are an addition to standard development techniques
rather than a replacement for them, and as such, represent an additional cost. The
second problem is one of validation. Even if you produce a correct formal description
of what you think the user wants, you still can’t be sure that it is the system the user
really wants. This is particularly true of the formal approach where<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>