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Abstract 

Measurement is a necessity in software engineering if it is to be considered an engineering discipline. 

As a response to an increased demand for measurement from the industry, Microsoft has 

implemented a code metrics feature in their new release of Visual Studio. On behalf of the Microsoft 

Corporation this master thesis evaluated the usefulness and relevance of the five code metrics 

implemented in Visual Studio 2008 for software engineering projects.  

This purpose is further divided into five research questions: 

 In what contexts are the code metrics in Visual Studio 2008 relevant and useful (if any)? 

 What are the usage areas for the code metrics implemented in Visual Studio 2008? 

 What are reasonable thresholds on the implemented code metrics in Visual Studio 2008? 

 How should one remedy poor values of the code metrics implemented in Visual Studio 2008? 

 Is historical code metrics data of any importance? 

This master thesis also included a practical part, consisting of extending both Microsoft Team 

Foundation Server and Visual Studio to allow historical code metrics data to be stored and analyzed. 

The evaluation was performed by both a theoretical and an empirical approach. Most of the 

theoretical material has been collected from well-known scientific sources. The empirical part 

consists of interviews of software managers at five different companies, gathering experience from 

quality assurance work.  

Four out of five code metrics in Visual Studio 2008 were found to be relevant and useful in most 

contexts. Lines of code was the only code metric concluded to be obsolete. Recommended 

thresholds and remedies against bad values (although not standardized) on these five code metrics 

were found. These are presented and described in this report. 
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1 Preface 

This chapter serves as a prologue to the report. First the background is presented which presents the 

problem followed by a description of the target groups, purpose and research questions. The scope is 

presented and delimited, where after the method is described. Lastly the disposition of the rest of the 

report is presented. 

1.1 Background  
Consider the notion of software engineering. The concept implies that there should be an 

engineering approach to construction or support of software products. This includes activities as 

planning, analyzing, maintaining, implementing, testing, developing, designing, specifying and so 

forth. By having an engineering approach, you ensure that each activity in the process is controlled 

and understood, to minimize the number of surprises for the project members during the life-cycle of 

the project. Compare this to the concept of computer science. The latter provides the theoretical 

foundation for building software, whereas software engineering is concerned with implementation 

of the software in a scientific and controlled way (Fenton & Pfleeger, 1998, p. 9). 

To enforce a scientific approach, you have to be able to control the software engineering project. 

Control is in turn gained by knowledge about the status of the project aƴŘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ properties. 

Knowledge, in turn, is gained by observing and measuring these properties and their alterations 

through time. It is here software metrics come into play. Software metrics are the tools necessary to 

extract the knowledge needed for project control. 

It is important to control the software projects ς not just run them. First of all, if you do not control 

your projects you will have hard time learning for future projects. Measurements on completed 

projects act as a foundation for planning and estimating resources for upcoming projects. Secondly, if 

you cannot measure a project, how do you know if it is healthy or not? How do you know that the 

project is on track and meets the targeted quality properties? Tom DeMarco, a renowned speaker 

and author on software engineering topics and an advocate of software measurement makes it 

perfectly clear in his book Controlling Software Projects: 

ά¸ƻǳ Ŏŀƴƴƻǘ ŎƻƴǘǊƻƭ ǿƘŀǘ ȅƻǳ Ŏŀƴƴƻǘ ƳŜŀǎǳǊŜΦέ (DeMarco, 1982) 

Of course, just measuring is not enough. You have to have clear goals for the measurements too. The 

goals have to be specific and correlated to information necessary for management and developers. 

Both developers as well as customers rely on measurements to aid them in deciding if specified 

quality goals are met and if the project is on track.  (Fenton & Pfleeger, 1998, p. 18) 

The methods and processes used in software engineering have been greatly improved during the last 

decades, but just improving the methodological foundation of the profession does not make it an 

engineering discipline. Metrics as a quality assurance tool has unfortunately not been applied at an 

adequate level in the software industry (Galin, 2004, p. 413). The lack of use of measurement 

undermines, or even disqualifies, the software industry as an engineering field (Fenton & Pfleeger, 1998, 

p. 11). Measurement has a central role in for example mechanical, electrical and civil engineering. It is 
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hard to imagine these areas without the robust foundation of measurement. Neither science nor 

engineering can be effective or practical without measurement (Fenton & Pfleeger, 1998, p. 10). Software 

metrics are nothing new; they have been used more or less in the software industry since decades 

ago. However, measurement programs in software engineering have been regarded as more of a 

luxury than a requirement. This is peculiar since software products are commonly regarded as more 

complex than other engineering products, which means that there is a significant need for control. 

Metrics on software could also help team members in a software project to discover problems or 

errors early in the development process, which allows for less expensive corrections than it would 

have been later in the project life-cycle (Svahn & Österlund, 1997). The use of software metrics is an 

attempt to tackle the problems the software engineering industry has struggled with for long 

regarding failed projects and delays in project plans, including missed deadlines and project time 

overruns (Svahn & Österlund, 1997). 

Thus, software metrics are useful (and even necessary) tools if the software engineering industry is 

to be considered a true engineering discipline. While practically all other engineering branches rely 

on metrics and measurements to be scientifically accurate, the software industry as a whole does 

not. What Lord Kelvin stated in 1891 is just as applicable in the software engineering industry now as 

it was in the physics area back then: 

ά²ƘŜƴ ȅƻǳ Ŏŀƴ ƳŜŀǎǳǊŜ ǿƘŀǘ ȅƻǳ ŀǊŜ ǎǇŜŀƪƛƴƎ ŀōƻǳǘΣ ŀƴŘ ŜȄǇǊŜǎǎ ƛǘ ƛƴ ƴǳƳōŜǊǎΣ ȅƻǳ 

know something about it; but when you cannot measure it, when you cannot express it 

in numbers, your knowledge is a meager and unsatisfactory kind; it may be the 

beginning of knowledge, but you have scarcely, in your thoughts, advanced to the 

ǎǘŀƎŜ ƻŦ ǎŎƛŜƴŎŜΦέ (Gaffney Jr, 1981) 

Fenton and Pfleeger (1998, p. 11) summarize the necessity of measurement in the software 

engineering industry: 

άLǘ ƛǎ ŎƭŜŀǊ ŦǊƻƳ ƻǘƘŜǊ ŜƴƎƛƴŜŜǊƛƴƎ ŘƛǎŎƛǇƭƛƴŜǎ ǘƘŀǘ ƳŜŀǎǳǊŜƳŜƴǘ Ŏŀƴ ōŜ ŜŦŦŜŎǘƛǾŜΣ ƛŦ ƴƻǘ 

essential, in making characteristics and relationships more visible, in assessing the 

ƳŀƎƴƛǘǳŘŜ ƻŦ ǇǊƻōƭŜƳǎΣ ŀƴŘ ƛƴ ŦŀǎƘƛƻƴƛƴƎ ŀ ǎƻƭǳǘƛƻƴ ǘƻ ǇǊƻōƭŜƳǎΦέ 

This demand for measurements emerging from the software industry was one of the reasons why 

Microsoft implemented a code metrics feature in their 2008 release of Visual Studio. Five code 

metrics were introduced in this feature; maintainability index, cyclomatic complexity, class coupling, 

depth of inheritance and lines of code. According to Conor Morrison (2007), these code metrics were 

chosen based on papers from Microsoft Research1. In particular, the maintainability index and 

cyclomatic complexity showed strong correlations to real defects found. 

Microsoft was interested in finding out how relevant the chosen set of code metrics really were for 

the industry. Thus, the authors gladly accepted the task. It consisted of two parts. The first part was 

to evaluate the implemented code metrics, while the second part consisted of extending the existing 

implementation with functionality that allows historical code metrics data for a given software 

project to be saved. 

                                                           
1
 The papers can be found at 

http://research.microsoft.com/users/nachin/Research%20and%20Publications.htm 
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In this report you will be able to read about what the authors discovered and the final 

implementation they have made. We would like to share a quote which captures the fundamental 

nature of the report; a clear message to the software industry: 

άLŦ ȅƻǳ ŎŀƴΩǘ ƳŜŀǎǳǊŜ ƛǘΣ ȅƻǳ ŎŀƴΩǘ manage it.έ (Gaffney Jr, 1981) 

1.2 Target Groups  
The intended audience of this report is people with a technical background, e.g., having a Master of 

Science degree or similar (or is underway taking one). The authors also assume that the reader has 

some basic knowledge of computers, programming and software engineering. It is assumed that the 

reader is familiar with most of the common notions in these areas. Even so, some of the perhaps 

unfamiliar acronyms and terms are explained in Appendix A. It is not assumed that the reader is 

familiar with concepts and terminology used in software quality assurance. 

1.3 Purpose and Research Questions 
There are two purposes with this master thesis project; a scientific and a practical purpose. 

1.3.1 Scientific Purpose  
As mentioned in the background chapter, Microsoft has implemented five code metrics in Visual 

Studio 2008. The first vision was to investigate if this set of code metrics were complete. That is, 

given a certain domain of the target audience for the metrics and delimitations on other inflicting 

variables (such as size of project team, process model and programming language used), is there any 

code metric missing? The domain was supposed to be typical Microsoft customers using Visual 

Studio Team System and Team Foundation Server, and the target role was supposed to be the 

project manager. If we were to conclude that the set of code metrics were not complete, we were 

supposed to add the metric(s) that was/were missing to satisfy the completeness property. 

This vision showed to be rather wide though. Even with assistance from our tutors, the purpose had 

to be changed rather late in the project phase. Neither literature on aforementioned products nor 

contacts at companies fitting the typical Microsoft customer were possible to bring forth in proper 

time, due to some unfortunate circumstances. These two hindrances led to a severe reduction of the 

scope since so much time already had been spent on learning the systems and performing literature 

studies on metrics. In combination with the fact that it was not possible to produce a list of Microsoft 

customers using these products in development it made such an empirical investigation impossible. 

Thus, with regard to the calendar time left some changes to the scientific purpose were proposed. 

Instead of figuring out if this set of metrics were complete, the authors got the task of evaluating the 

relevance and usefulness of these existing code metrics for a software engineering project. This 

purpose is further divided into the following research questions: 

 In what contexts are the code metrics in Visual Studio 2008 relevant and useful (if any)? 

 What are the usage areas for the code metrics implemented in Visual Studio 2008? 

 What are reasonable thresholds on the implemented code metrics in Visual Studio 2008? 

 How should one remedy poor values of the code metrics implemented in Visual Studio 2008? 
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 Is historical code metrics data of any importance? 

The last research question is tightly connected to the practical purpose of the project, which is 

described next. 

1.3.2 Practical Purpose  
Team Foundation Server (TFS) is a three-tiered architecture from Microsoft which provides data 

collection, reporting, project tracking, source control and more for software development ς 

components that are useful when running a software engineering project. One of these components 

is a data warehouse which stores all kinds of data regarding existing and previous software projects. 

Chapter 5.1.1 describes TFS in more detail. The aforementioned software metrics that Microsoft 

implemented in Visual Studio 2008 suffers from a weakness undermining their usefulness; the code 

metrics generated by Visual Studio are just generated for local projects on client stations. Thus, it has 

no connectivity whatsoever with the TeaƳ CƻǳƴŘŀǘƛƻƴ {ŜǊǾŜǊΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ŎŜƴǘǊŀƭ άƘŜŀǊǘέ ǿƘŜƴ 

developing software projects using the Team System suite from Microsoft. 

If one were able to store the software metrics in the data warehouse, one could see trends and 

quality changes by analyzing historical data. Thus, the practical purpose assigned to the authors was 

to implement a proof of concept which shall show if and how it is possible to store historical metrics 

data in the data warehouse on Team Foundation Server. This purpose can be pinned down to the 

following tasks: 

 Create a client application which sends the generated metrics to the server. 

 Build a web service which handles communication between the client and the server. 

 Implement a device which stores the metrics data in the TFS data warehouse. 

 Design a report template which extracts the metrics data from the data warehouse and 

presents it in a useful manner to, e.g., a project manager. 

Originally, there was an additional task included in the scope of the practical purpose; to design a 

dashboard for the project portal included in TFS. But the impediments described in chapter 1.3.1 

made it impossible to fit this into the project. 

1.4 Scope 
A measurement program can be utilized for different purposes and in several ways depending on 

who the intended end user of the measurement outcome really is. A project manager will probably 

use the metrics data to control the software project, while a developer is more likely to use the data 

for improving his or her own code. Thus, depending on the goals of the measurement program, 

metrics used may differ greatly. 

With this in mind it is important to establish certain delimitations on the intended user and other 

factors affecting the choice of code metrics. This is to avoid ambiguous results. However, a too 

narrow scope will severely reduce the usefulness of the results. 

The scope of the project has thus been limited to pertain to software project managers as target 

audience of the measurement reports. This does not necessarily mean that the results are 

inapplicable to other roles in a software engineering project, but no such guarantee is given. 
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Since the Visual Studio 2008 metrics feature the authors are supposed to evaluate only concerns 

code metrics (i.e., measurements on source code), this master thesis will have its main focus on this 

class of software metrics. This delimitation is necessary, since the area of software metrics is colossal 

ς it would not be possible to cover all classes of software metrics in the scope of a master thesis at 

this level. 

No delimitations on business sector, process model, project size or programming languages have 

been made, but remarks on these factors are mentioned throughout the report. The scope could of 

course have been narrowed down by restricting these four variables, but the authors decided not to 

since one of the research questions was to discover which contexts the code metrics were useful and 

relevant in. 

Since the practical scope of the project was formulated as a proof of concept, some limitations on 

the final productΩs scope have been made. The purpose was to show if and how a practical solution 

works. Thus, emphases have not been on security or performance issues (except the most 

fundamental) but on development of a functioning solution. 

1.5 Method  
The authors have studied scientific material during nine weeks to establish a theoretical foundation 

about the topic to draw conclusions from. Besides published books on the topic of code metrics or 

quality assurance, much of the literature has been collected from recognized and trustworthy 

ǎƻǳǊŎŜǎ ǎǳŎƘ ŀǎ L999 ·ǇƭƻǊŜ ŀƴŘ b!{!Ωǎ ƻƴƭƛƴŜ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜȅ ƘŀǾŜ ōƻǘƘ ǎŜǊǾŜŘ ŀǎ ŜȄŎŜƭƭŜƴǘ ǎƻǳǊŎŜs 

to get hold on scientific articles on the subject of software metrics. 9ǎǇŜŎƛŀƭƭȅ b!{!Ωǎ ǊŜǎƻǳǊŎŜǎ ƘŀǾŜ 

proved rich of code metrics information. Some additional sources on the Internet have been used for 

complementary reasons. 

After the theoretical studies had been completed, the authors performed an empirical investigation 

to see how well the theory matched the real world. This investigation consisted of interviewing 

software project managers at five companies, where after the results were summarized. The 

theoretical foundation and the empirical results were correlated and analyzed to find answers to the 

research questions. 

The practical implementation has been performed in parallel with the theoretical and empirical 

research throughout the whole project. The authors divided the practical parts between themselves 

(although the work inevitably crossed borders several times); Mr. Haag constructed the web service 

and the server part of the solution, while Mr. Holm constructed the client and designed the code 

metrics report template. Online resources were used to learn how the system was designed and 

what was needed to implement. Documentation of the API to be used was very sparse, so a great 

deal of the implemented artifacts has been developed according to a trial-and-error approach. 

1.6 Criticism of the Method  
Much of the theoretical framework is based on reports and conference proceedings from the 

software community. There are two main reasons why the theoretical foundation is based on more 

reports than books if considering the amount of each category. First of all, books are widely accepted 
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and used in the industry, but scientific reports often go through more critical reviews, giving them a 

slightly higher credibility. Secondly, the variation among the reports gave us a good opportunity to 

gather different disparate perspectives from various authors and professionals. Even though all this is 

good, the report may have benefitted from more published books as reference material. 

Some of the published material referenced throughout the report is quite old, dating more than 20 

years back in time. One could question if that kind of material still is valid; especially since we are 

dealing with software engineering ς an industry that is rapidly evolving. But most of the old material 

is still reused in new material the authors have stumbled upon. This in combination with the fact that 

it was hard to come by newly published resources which give independent general impressions on 

software metrics forced the authors to rely on the old material to a wider extent than was originally 

premeditated. 

The objectives and purposes of this master thesis project have changed several times, even at late 

phases in the process. This has had some serious impact on the end product. For example, the 

authors were not able to do further delimitations on the scope of the project since the empirical 

material would be too complicated to collect. To delimitate factors like business sector, company size 

or project size has both pros and cons. However, due to circumstances we have not been able to 

constrain any of these factors from the beginning. The authors believe that if these delimitations 

would have been set from the start and kept until the end, the results may have been stronger, more 

confident and unequivocal. 

The trial-and-error approach used for implementing the product was educational in its character, but 

very time-consuming. The lack of documentation (both online resources and published material) 

though made it impossible to do it in another way. 

1.7 Disposition  
This document is divided into seven chapters. An overview of the structure of the report is provided 

here to the reader so relevant chapters can be found easily.  

PART 0 ς PROLOGUE 

 Chapter 1 ς Preface introduces the background, the problem, the scope, the structure, and 

the method used. You are reading this part now. 

PART I ς EVALUATION 

 Chapter 2 ς Theoretical Framework consists of the theoretical foundation of code metrics. To 

give the overall picture of code metrics, the chapter starts with a description of quality 

models. It continues to describe software metrics and their properties.  

 Chapter 3 ς Empirical Research sǳƳƳŀǊƛȊŜǎ ǘƘŜ ŀǳǘƘƻǊǎΩ ŜƳǇƛǊƛŎŀƭ ƛƴǾŜǎǘƛƎŀǘƛƻƴΦ CƛǊǎǘ ǘƘŜ 

companies are described, followed by a summary of concluded answers from the performed 

interviews. 

 Chapter 4 ς Analysis contains the analysis made, where the authors have tried to correlate 

the empirical data from chapter 3 with the theoretical foundation in chapter 2. 
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PART II ς EXTENSION 

 Chapter 5 ς Implementation ŘŜǎŎǊƛōŜǎ ǘƘŜ ƳŀǎǘŜǊ ǘƘŜǎƛǎ ǇǊƻƧŜŎǘΩǎ ǇǊŀŎǘƛŎŀƭ ǇŀǊǘΣ ƛΦŜΦΣ ǘƘŜ 

actual implementation of the code metrics extension. First the overall architecture is 

described followed by details for the server and client parts. 

PART III ς RESULTS 

 Chapter 6 ς Conclusions contains the results and conclusions to be drawn from the analysis in 

chapter 4. 

 Chapter 7 ς Discussion contains some words about the relevance and correctness of the 

results concluded in chapter 6. Things left unclear are also debated in this chapter. Finally, 

some propositions on future work are presented. 

PART IV ς EPILOGUE 

 Appendices are found at the end of the report. Here the reader will find: 

o Acronyms and Glossary, 

o Interview questions, 

o Source code for the implemented components, each part in its own appendix. 

 Annotated Bibliography lists all references used throughout the report. 
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I want to know God's thoughts;  

the rest are details. 

 

- Albert Einstein  

(1879 - 1955) 
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2 Theoretical Framework 

This chapter will lay the theoretical foundation of code metrics and their usage areas. It is written 

with a top-down approach starting with explaining the concept of quality attributes and some of the 

most common quality models. Software metrics are introduced after that, giving a definition, 

classification, purpose and use, requirements and finally limitations. The last part of this chapter deals 

with code metrics by giving some examples and recommended thresholds.  

2.1 Quality A ttributes  
When a software product is developed, it is necessary to estimate the status of the ongoing project 

to provide the project manager with sufficient information for control. To perform this estimation of 

project status and health it is of greatest importance to select quality attributes (also known as 

quality factors) relevant to the project, since it in terms of these attributes the health and status of 

the project is described. These attributes are divided into two classes; internal and external 

attributes. 

Internal attributes can be measured by examining the product, process or resource on its own, 

separate from its behavior. Thus, an internal attribute is not dependent on the context where the 

artifact resides. The internal attributes are often available for measurement early in the project life 

cycle. Many developers believe that the internal attributes affect the external quality attributes. So if 

the internal attributes are good, many developers think it will be easier to reach good values for the 

external attributes.  (Fenton & Pfleeger, 1998) 

External attributes are those that can only be measured with respect to how the product, process or 

resource relates to its environment. It is the behavior of the artifact that is important rather than the 

artifact itself. External attributes can almost only be measured when the product is nearly or fully 

completed. 

For example, if you measure code (an artifact) then internal attributes are (among others) size, 

degree of reuse, modularity, coupling, functionality and algorithmic complexity. These attributes 

remain static when the environment changes. External attributes might for example be reliability, 

usability, maintainability, and so forth; attributes dependent on the context the artifact is executed. 

To assert how attributes relate to each other and what effects they have on the properties of the 

software, quality models are defined. This concept is described next. 

2.2 Quality Models  
A quality model can be defined as άǘƘŜ ǎŜǘ ƻŦ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ǘƘŜƳ 

ǿƘƛŎƘ ǇǊƻǾƛŘŜ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǎǇŜŎƛŦȅƛƴƎ ǉǳŀƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ŜǾŀƭǳŀǘƛƴƎ ǉǳŀƭƛǘȅέ or as άŀ ǎǘǊǳŎǘǳǊŜŘ 

ǎŜǘ ƻŦ ǇǊƻǇŜǊǘƛŜǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀƴ ƻōƧŜŎǘ ƻŦ ŀ Ŏƭŀǎǎ ǘƻ ƳŜŜǘ ŘŜŦƛƴŜŘ ǇǳǊǇƻǎŜǎέ (Buglione & Abran, 1999). 
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A quality model is built up by quality factors. When a quality model is constructed the focus is on the 

Ŧƛƴŀƭ ǇǊƻŘǳŎǘ ŀƴŘ ǘƻ ŦƛƴŘ ǘƘŜ ƪŜȅ ǉǳŀƭƛǘȅ ŀǘǘǊƛōǳǘŜǎ ŦǊƻƳ ǘƘŜ ǳǎŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜΦ ¢ƘŜǎŜ ƪŜȅ ŀǘǘǊƛōǳtes 

are called quality factors. Quality factors are normally high-level external attributes. 

A quality factor can be further decomposed to a lower level of attributes - attributes called quality 

criteria. These criteria are often internal attributes. Quality criteria could be for example traceability, 

completeness or modularity.  

Quality criteria in turn are further decomposed into another level of attributes, called metrics. 

Metrics are the lowest level of attributes and can be measured directly. Examples of quality metrics 

are lines of code, faults found, code coverage and class coupling. 

When a new software project is started, it is important to take into account different perspectives of 

quality such as: 

 ¢ƘŜ ƳŀƴŀƎŜǊǎΩ ǾƛŜǿ: Managers are not interested in a specific quality factor, rather in the 

overall quality and need to balance the quality improvement with management criteria. 

 ¢ƘŜ ǳǎŜǊǎΩ ǾƛŜǿ: Users are often just interested to know if features satisfy their needs and 

how complicated it is to handle the program. These quality factors are often external 

attributes. 

 ¢ƘŜ 5ŜǾŜƭƻǇŜǊǎΩ ǾƛŜǿ: This category is interested in software quality that confirms the 

functional and performance requirements. These quality factors are often internal 

attributes.  

Three well-known software quality models are McCall, Boehm and ISO/IEC 9126. They are quite 

similar, but they use different terminology. Table 1 clarifies the relationship in terminology used. 

Layer describes at which abstraction level the term describes quality; lower number means higher 

abstraction. 

Layer McCall Boehm ISO/IEC 9126 

1 Factor High-level characteristic Characteristic 

2 Criterion Primitive characteristic Subcharacteristic 

3 Metric Metric Metric 
Table 1. Terminology used in McCall, Boehm and ISO/IEC 9126 quality models 

The benefits of quality models are that developers can decompose attributes into several levels. This 

makes it much easier to measure and draw conclusions from a software project. If a quality model is 

well defined you should be able to predict, assure and verify the achievement of a defined goal 

before, during and after production.  (Buglione & Abran, 1999) 

2.2.1 -Ã#ÁÌÌȭÓ 1ÕÁÌÉÔÙ -ÏÄÅÌ 
In 1977 Jim McCall developed one of the first published quality models. He attempted to link the gap 

ōŜǘǿŜŜƴ ǳǎŜǊǎΩ ŀƴŘ ŘŜǾŜƭƻǇŜǊǎΩ ǉǳŀƭƛǘȅ ƴŜŜŘǎ ōȅ ŦƻŎǳǎƛƴƎ ƻƴ ŀ ƴǳƳōŜǊ ƻŦ ǎƻŦǘǿŀǊŜ ǉǳŀƭƛǘȅ ŦŀŎǘƻǊǎ 

ǘƘŀǘ ǊŜŦƭŜŎǘ ōƻǘƘ ŎŀƳǇǎΩ ǾƛŜǿǎΦ aŎ/ŀƭƭΩǎ ǉǳŀƭƛǘȅ ƳƻŘŜƭ ƘŀǎΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 1, three major 

perspectives for defining and identifying the quality of a software product:  

 Product operations (its operation characteristics) 
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 Product revision (ability to make changes without influencing the entire product) 

 Product transition (adaptability to new environments)  

Quality of product operations depends on:  

 Usability (the ease of the software) 

 Integrity (the protection of the program from unauthorized access)  

 Efficiency (how well operations perform and storage efficiency) 

 Correctness (the extent to which a program fulfils its specification) 

 Reliability όǘƘŜ ǎȅǎǘŜƳǎΩ ŀōƛƭƛǘȅ ǘƻ ƴƻǘ Ŧŀƛƭύ 

Product revision includes:  

 Maintainability (the effort required to locate and fix a fault in the program within its 

operating environment)  

 Testability (the ease of testing the program, to ensure that it is error-free and meets its 

specification)  

 Flexibility (the ease of making changes required by changes in the operating environment) 

Product transition includes:  

 Reusability (the ease of reusing software in a different context) 

 Portability (the effort required to transfer a program from one environment to another)  

 Interoperability (the effort required to couple the system to another system) 

The quality factors (in the middle of Figure 1) cannot be measured directly. The factors can only be 

determined when the criteria have been measured. The criteria can be measured directly by using 

metrics in order to quantify the quality in terms of the factors. McCall proposes a subjective grading 

scheme ranging from 0 (low) to 10 (high). (Côté, Syrun, & Georgiadou, 2006) 

A disadvantage wiǘƘ aŎ/ŀƭƭΩǎ ǉǳŀƭƛǘȅ ƳƻŘŜƭ ƛǎ ǘƘŀǘ ǎƻƳŜ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ ŀƴŘ ƳŜŀǎǳǊŀōƭŜ ǇǊƻǇŜǊǘƛŜǎ 

(e.g., traceability and self-documentation) are not really definable or even meaningful. According to 

Marc-Alexis Côté et.al (2006) aŎ/ŀƭƭΩǎ model is not applicable with respect to the criteria outlined in 

the IEEE Standard for a Software Quality Metrics Methodology for a top to bottom approach to 

quality engineering. 
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Figure 1. From (Fenton & Pfleeger, 1998). McCall's software quality model described by three levels of abstraction; Use, 
Factor and Criteria. Metrics are the tools needed to measure the Criteria. 

Note in Figure 1 that the metrics serve as a foundation for the whole quality model. 

2.2.2 "ÏÅÈÍȭÓ Software Quality Model  
One year after Jim McCall developed his quality model, Barry W. Boehm developed his own based on 

ŀƴ ƛƳǇǊƻǾŜŘ ǾŀǊƛŀƴǘ ƻŦ aŎ/ŀƭƭΩǎ ƳƻŘŜƭΦ .ƻŜƘƳΩǎ ǉǳŀƭƛǘȅ ƳƻŘŜƭ ƛǎ ŦŀƛǊƭȅ ǎƛƳƛƭŀǊ ǘƻ aŎ/ŀƭƭΩǎ ƛƴ ǘƘŜ 

manner that it also presents a hierarchical quality model structured around high-level characteristics, 

intermediate level subcharacteristics and primitive characteristics ς each of which contributes to the 

ƻǾŜǊŀƭƭ ǉǳŀƭƛǘȅ ƭŜǾŜƭΦ !ŎŎƻǊŘƛƴƎ ǘƻ .ƻŜƘƳΣ ǘƘŜ ǇǊƛƳŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ǉǳŀƭƛǘȅ ƛǎ άƎŜƴŜǊŀƭ ǳǘƛƭƛǘȅέ όǎŜŜ 

Figure 2). General utility of software is addressed to three main questions that a client buying a 

software product has: 

ω As-is utility: How well (easily, reliably, efficiently) can I use it as-is? 

ω Maintainability: How easy is it to understand, modify and retest? 

ω Portability: Can I still use it if I change my environment? 
 (Milicic, 2005) 

¢ƘŜ ƛƴǘŜǊƳŜŘƛŀǘŜ ƭŜǾŜƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ǊŜǇǊŜǎŜƴǘǎ .ƻŜƘƳΩǎ ǎŜǾŜƴ ǉǳŀƭƛǘȅ ŦŀŎǘƻǊǎ ǘƘŀǘ ǘƻƎŜǘƘŜǊ 

represent the qualities expected from a software system (quoted from Milicic (2005)): 

ω Portability: Code possesses the characteristic portability to the extent that it can be operated 

easily and well on computer configurations other than its current one. 

ω Reliability: Code possesses the characteristic reliability to the extent that it can be expected 

to perform its intended functions satisfactorily. 

ω Efficiency: Code possesses the characteristic efficiency to the extent that it fulfills its purpose 

without waste of resources. 

ω Human Engineering: Code possesses the characteristic usability to the extent that it is 

reliable, efficient and human-engineered. 
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ω Testability: Code possesses the characteristic testability to the extent that it facilitates the 

establishment of verification criteria and supports evaluation of its performance. 

ω Understandability: Code possesses the characteristic understandability to the extent that its 

purpose is clear to the inspector. 

ω Flexibility: Code possesses the characteristic modifiability to the extent that it facilitates the 

incorporation of changes, once the nature of the desired change has been determined. 

 

Figure 2. From (Côté, Syrun, & Georgiadou, 2006). Boehm's quality model. 

 

.ƻŜƘƳΩǎ ŀƴŘ aŎ/ŀƭƭΩǎ ƳƻŘŜƭǎ Ƴŀȅ ŀǇǇŜŀǊ ǘƻ ōŜ ǾŜǊȅ ǎƛƳƛƭŀǊΦ ¢ƘŜ main difference between the two 

ƳƻŘŜƭǎ ƛǎ ǘƘŀǘ aŎ/ŀƭƭΩǎ ƳƻŘŜƭ ǇǊƛƳŀǊƛƭȅ ŦƻŎǳǎŜǎ ƻƴ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ƘƛƎƘ-level characteristics 

ά!ǎ-ƛǎ ǳǘƛƭƛǘȅέΣ ǿƘƛƭŜ .ƻŜƘƳΩǎ ǉǳŀƭƛǘȅ Ƴodel is based on a wider range of characteristics with an 

extended and detailed focus on primarily maintainability. 

hƴŜ ŘǊŀǿōŀŎƪ ǿƛǘƘ .ƻŜƘƳΩǎ ƳƻŘŜƭ ƛǎ ǘƘŀǘ ƛǘ ŘƻŜǎ not tell us how to measure characteristics such as 

security, accuracy or interoperability. (Milicic, 2005) 

2.2.3 ISO/IEC 9126 Quality Model  
The International Organization for Standardization (ISO) derived 1992 a standard for software quality 

ƳŜŀǎǳǊŜƳŜƴǘǎ ōŀǎŜŘ ƻƴ aŎ/ŀƭƭΩǎ ŀƴŘ .ƻŜƘƳΩǎ ǎƻŦǘǿŀǊŜ ǉǳŀƭƛǘȅ ƳƻŘŜƭǎΦ ¢ƘŜȅ ŎŀƭƭŜŘ ǘƘŜ software 

ǉǳŀƭƛǘȅ ƳƻŘŜƭ άSoftware Product Evaluation: Quality Characteristics and Guidelines for their useέ 

(Fenton & Pfleeger, 1998). This standard is known under the name ISO/IEC 9126. ISO/IEC 9126 has six 

quality characteristics as Figure 3 depicts. 
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Figure 3. From (Milicic, 2005).The ISO/IEC 9126 Quality Model. Six quality characteristics are the building blocks for this 
model. 

ISO claims that these six quality factors are all-round, which means that they manage to describe any 

component of software quality in terms of some aspect of one or more of the six factors. Basically it 

is constructed in the same manner as the two previous models described, but ISO/IEC 9126 adds 

functionality as a parameter. Table 2 gives a short description of each quality characteristic that is 

used in the ISO/ICE 9126 quality model. (Milicic, 2005) 

 

Quality characteristic  Description 

Functionality Are the required functions available in the software? 

Reliability How reliable is the software? 

Efficiency How efficient is the software? 

Usability Is the software easy to use? 

Maintainability How easy is to modify the software? 

Portability How easy is to transfer the software to another environment? 
Table 2. Description of each quality characteristic in ISO/IEC 9126. 

Some serious teething troubles were reported with ISO/ICE 9126. The quality model has been 

updated four times. The updates have included an improved quality model, definition of external and 

internal measures and definition of quality in use measures (bȅ άǉǳŀƭƛǘȅ ƛƴ ǳǎŜέ L{h ǊŜŦŜǊǎ ǘƻ ǘƘŜ 

user's view of the quality of the software product when it is used in a specific environment and 

context) (Côté, Syrun, & Georgiadou, 2006). 

Now, as the reader hopefully has obtained at least a basic understanding of quality models, let 

us move on to the foundation of all quality models; software metrics. 

2.3 Software Metrics  
Fenton & Pfleeger (1998, p. 10) mentions four areas were software organizations often fail: 
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 Measurable targets for software products are not set correctly. A common mistake is to 

promise a property of a product without objectively and clearly stating what the terms mean. 

This has the ramification that when the project is completed, the company cannot tell 

whether they have met their goals with the product or not. 

 No quantification or prediction of the quality of the products produced is made. This means 

that the end user of the product is not able to establish an opinion about any property (e.g., 

the reliability of the product or how much work will be needed when porting the product 

from one environment to another). 

 Software project component costs are not understood or quantified. Companies are unable 

to differentiate costs associated with design from, e.g., coding or testing. A company cannot 

control its costs if it is not able to pin down where the costs are emerging from. 

 Anecdotal evidence plays a too big role when deciding what development technology to use. 

Companies simply rely on anecdotal evidence too much without having any real scientific 

ōŀǎƛǎ ƻƴ Ƙƻǿ ŜŦŦŜŎǘƛǾŜ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǊŜŀƭƭȅ ŀǊŜΦ ¢ǊǳǎǘƛƴƎ ǘƘŜǎŜ ƪƛƴŘǎ ƻŦ ΨǎǳŎŎŜǎǎ ǎǘƻǊƛŜǎΩ 

without any scientific foundation to back it up might prove to be a big mistake. 

Software metrics which are scientifically correct and used in a correct manner tries to remedy these 

four shortcomings. 

Regardless of which quality model used, they all rely on software metrics to establish the quality 

attributes of a software product. Software metrics are in other words the core foundation for the 

quality attributes and ς in fact ς the whole quality model. It is the software metrics that are the 

building blocks the models rely on to being accurate and meaningful. Since software metrics are such 

a fundamental part of establishing the quality of a software product, it is important that there exists 

a common notion of what they are and how they are defined. This is not the case in the industry 

today. Almost every other company, author or organization has specified their own software metrics 

in their own way, not giving room for standardization. 

2.3.1 Definition of Software Metrics  
IEEE defines in their Standard Glossary of Software Engineering Terminology (1990) a (software) 

quality metric as:  

(1) A quantitative measure of the degree to which a system, component, or process 

ǇƻǎǎŜǎǎŜǎ ŀ ƎƛǾŜƴ ŀǘǘǊƛōǳǘŜέΣ and  

(2) A function whose inputs are software data and whose output is a single numerical 

value that can be interpreted as the degree to which the software possesses a given 

ǉǳŀƭƛǘȅ ŀǘǘǊƛōǳǘŜέ. 

 The first one refers to the outcome of a process that produces quality metrics, while the second 

definition refers to the process itself (IEEE Standards Board, 1990). 

Fenton & Pfleeger (1998) takes the approach to first define the concept of measurement and then 

define what a measure ƛǎΦ aŜŀǎǳǊŜƳŜƴǘ ƛǎ ŘŜŦƛƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƳ ŀǎ άa mapping from the 

empirical world to the formal, relational worldέΦ A mŜŀǎǳǊŜ ƛǎ ǘƘŜƴ ŘŜŦƛƴŜŘ ŀǎ άthe number or symbol 

assigned to an entity by this mapping in order to characterize an attributeέ (Fenton & Pfleeger, 1998, p. 
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28). Furthermore, they state that it is important to identify the entities and attributes that should be 

measured. Three classes are identified for this in software: 

 Processes 

 Products 

 Resources 

Each of these classes is then further divided into either internal or external attributes, as discussed 

earlier. (Fenton & Pfleeger, 1998, p. 74) 

In an Association for Computing Machinery (ACM) paper from 1981, J.E Gaffney Jr. defines software 

metric as άΧŀƴ ƻōƧŜŎǘƛǾŜΣ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳŜŀǎǳǊŜ ƻŦ ǎƻŦǘǿŀǊŜ ǘƘŀǘ ƛǎ ǎŜƴǎƛǘƛǾŜ ǘƻ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 

software characteristics. It provides a quantitative measure of an attribute which the body of 

ǎƻŦǘǿŀǊŜ ŜȄƘƛōƛǘǎΦέ (Gaffney Jr, 1981) 

Robert B. Grady at Hewlett-tŀŎƪŀǊŘ ǎǘŀǘŜǎ ƛƴ ŀ ǇŀǇŜǊ ǘƘŀǘ ǎƻŦǘǿŀǊŜ ƳŜǘǊƛŎǎ άΧ measure specific 

attributes of a software product or a software-development process. In other words, they are 

ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǎǳŎŎŜǎǎΦέ (Grady, 1994) 

Two vague definitions of software metrics are found in an ACM paper from D.C Ince and from Ian 

Fleming on his website www.sqa.net, respectively: ά{ƻŦǘǿŀǊŜ Ƴetrics are an attempt to quantify 

ǎƻƳŜ ŀǎǇŜŎǘ ƻŦ ŀ ǇǊƻŘǳŎǘ ƎŜƴŜǊŀǘŜŘ ŘǳǊƛƴƎ ŀ ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘΦέ (Ince, 1990) ŀƴŘ άa measure of some 

ǇǊƻǇŜǊǘȅ ƻŦ ŀ ǇƛŜŎŜ ƻŦ ǎƻŦǘǿŀǊŜ ƻǊ ƛǘǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦέ (Fleming). Fleming also mentions on his website 

that software metrics (as applied to a software product) measures (or quantifies) characteristics of 

the software. 

b!{! Ƙŀǎ ŀ ǊƛƎƻǊƻǳǎ ƳŜǘǊƛŎǎ ǇǊƻƎǊŀƳ ǿƘŜǊŜ ǘƘŜȅ ŘŜŦƛƴŜ όǎƻŦǘǿŀǊŜύ ƳŜǘǊƛŎǎ ŀǎ άΧƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ 

software ŀǘǘǊƛōǳǘŜΦέ (Fisher, NASA IV&V MDP - Glossary and Definitions, 2007). NASA does not explicitly define 

what they regard as software attributes, but the metrics used by the organization are well-defined in 

the documentation. 

As the reader hopefully sees in the definitions mentioned above, software metrics can be defined in 

several ways. However, they all boil down to one single definition that the authors of this paper will 

use throughout the rest of the thesis: 

 

There are some things to note in our definition of software metrics mentioned above. Two concepts 

have to be explained and defined ς namely artifact and attribute: 

 An artifact is a measurable part of a software engineering project (e.g., the requirement 

specification, a source code document, a class, a method, a use case, a milestone, a team 

A software metric is a direct or indirect 

measurement, a quantification of an 

attribute  that an artifact in a software 

project possesses. 
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member, the project plan, and so forth). The artifact can be both tangible as well as 

intangible. 

 A (quality) attribute is a criterion that determines a software quality factor (e.g., accuracy, 

readability, operability consistency, simplicity, expandability, modularity and traceability). 

An example is in place to illustrate the concepts. Take a look at Figure 4 and consider the quality 

factor maintainability. Maintainability can be described by three attributes (criteria): Correctability, 

testability and expandability, where: 

 Correctability is quantified by using the metrics fault counts and effort. 

 Testability is quantified by using the metrics degree of testing and effort. 

 Expandability is quantified by using the metrics change counts and effort. 

Figure 4 below depicts this relationship. 

 

The fault counts metric can be measured by closure time, isolate/fix time or fault rate. Degree of 

testing can be measured by statement coverage, branch coverage or test plan completeness. Change 

counts can be measured by change effort, change size, or change rate. Effort can be measured by 

resource prediction or effort expenditure. In this example fault counts, degree of testing, change 

counts and effort are software metrics (actually, they are composite software metrics composed of 

several other metrics, as shown in Figure 4). 

2.3.2 Classification of Software Metrics  
As mentioned earlier, Fenton and Pfleeger (1998, p. 74) classify software metrics into three categories 

(or classes): 

Figure 4. After (Fenton & Pfleeger, 1998). Decomposition of maintainability. Metrics are used to quantify criteria, which 
in turn is used to establish a fact about a quality factor. 

Maintainability 

Correctability 

Testability 

Expandability 

Fault counts 

Degree of testing 

Effort 

Change counts 

Factor Criteria (Composite) Metric 

Closure time 

Isolate/fix time 

Fault rate 

Statement coverage 

Branch coverage 

Test plan completeness 

Resource prediction 

Effort expenditure 

Change effort 

Change size 

Change rate 

(Simple) Metric 
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 Processes ς collections of software-related activities. 

 Products ς any deliverables or documents that result from a process activity. 

 Resources ς entities required by a process activity. 

In an IEEE article Liu and Viswanathan (1999) categorize software metrics and attributes into three 

broad categories, namely metrics relating to: 

 The organization, 

 The processes, and 

 The products   

Liu and Viswanathan continue to describe the organization class of metrics as a hierarchy. One 

thread in the hierarchy deals with projects, and delves down to phases and tasks (which in turn 

includes resources). Liu and Viswanathan write in their paper that this thread tracks the metrics that 

are related to the processes that create the products (Liu & Viswanathan, 1999). Hence, Fenton and 

PfleegerΩs and Liu and ViswanathanΩs classification of software metrics resemble each other. 

The Software Assurance Technology Center (SATC) which is a part of the Systems Reliability and 

Safety Office at NASA Goddard Space Flight Center has been collecting code metrics data for over 

seven years, for seven programming languages. They have divided code metrics (i.e., metrics just 

pertaining to code ς not any other software artifacts like documentation) into two main categories, 

object oriented code metrics and non object oriented code metrics.  (NASA SATC, 2002) 

Furthermore, the NASA Metrics Data Program (MDP) has a wider classification of code metrics. MDP 

uses the object oriented contra non object-oriented classification too but adds additional categories: 

requirement metrics, error metrics, Halstead metrics, complexity metrics and a άleftoverέ category 

called miscellaneous metrics. (NASA IV&V, 2007) 

Galin uses another approach when categorizing software quality metrics; a two-level system. The 

first category distinguishes between the life cycle and other phases of the software system. This 

category includes two classes, process metrics (related to the software development process) and 

product metrics (related to software maintenance). The second category refers to the subjects of the 

measurement: Quality, Timetable, Effectiveness (of error removal and maintenance services) and 

Productivity (Galin, 2004). 

²ƘŜƴ ŎƻǊǊŜƭŀǘƛƴƎ ŀƎŀƛƴǎǘ ƻǘƘŜǊ ŀǳǘƘƻǊǎΣ DŀƭƛƴΩǎ ŎŀǘŜƎƻǊƛȊŀǘƛƻƴ ƻŦ ƳŜǘǊƛŎǎ ŘƻŜǎ ƴƻǘ ǊŜŀƭƭȅ ƛƴŎƭǳŘŜ ŎƻŘŜ 

metrics as defined by others. Rather, they are more in the line of process, resources or functional 

ƳŜǘǊƛŎǎΦ DŀƭƛƴΩǎ ƴƻǘƛƻƴ ƻŦ ǇǊƻŘǳŎǘ ƳŜǘǊƛŎs just refer to the systemΩs operational phase ς it does not 

refer to the development phase at all (Galin, 2004)Φ Dŀƭƛƴ ǎǘŀǘŜǎ ǘƘƻǳƎƘ ƛƴ Ƙƛǎ ōƻƻƪ ǘƘŀǘ άSoftware 

ǉǳŀƭƛǘȅ ƳŜǘǊƛŎǎ Ŏŀƴ Ŧŀƭƭ ƛƴǘƻ ŀ ƴǳƳōŜǊ ƻŦ ŎŀǘŜƎƻǊƛŜǎέ (Galin, 2004, p. 415). His classification is not an 

absolute truth; it is one classification among many. 

Thus, no classification of code metrics is universal. Still, we have to define a classification to justify 

exactly what kind of software metrics this master thesis will take into account. Considering the 

theoretical findings, most of them seem to converge to the definition given by Fenton and Pfleeger in 

one way or another. There are no significant differences in how people in the industry choose to 

classify the software metrics except of course minor alterations in the terminology used. The authors 
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of this paper agree upon the following classification of software metrics, and thus will use it 

throughout the thesis:  

 Process metrics ς metrics used to measure processes. 

 Product metrics ς metrics used to measure tangible products. 

o  Code metrics ς a subcategory pertaining source code only (including test cases). 

Á Object oriented metrics 

Á Non-object-oriented metrics 

Á Complexity metrics 

Á Quantitative metrics 

Á Halstead metrics 

o Functional metrics ς a subcategory pertaining tangible products not being code. 

Á Requirement metrics 

 Resource metrics ς metrics to measure human resources, time, capital, and other resources 

in the organization. 

The mission assigned from Microsoft involves evaluation of code metrics only. Therefore the authors 

will concentrate solely on code metrics, which is classified under the Product metrics class above. 

One thing to note is that there certainly exist more subcategories you might divide functional 

metrics, resource metrics and process metrics into. But since these metric types are out of the scope 

of this master thesis, no attempts to further subcategorize these categories have been made. The 

following subchapters are presented at the level of software metrics, including code metrics. 

2.3.3 Purpose and Use of Software Metrics  
Fenton and Pfleeger state that software metrics are important for three main categories: 

understanding, control and improvement. (Fenton & Pfleeger, 1998, p. 13) 

When you measure the activities performed and artifacts produced in a project, you get an 

understanding of what is happening during development and maintenance. The metrics visualize the 

attributes of the projectΩs artifacts, which in turn leads to a better understanding of relationships 

between artifacts and their mutual effects. (Fenton & Pfleeger, 1998, p. 13) 

Control is provided by software metrics in the sense that they form a baseline of facts to predict 

possible outcomes, which helps the project team to make decisions so project goals can be achieved. 

For example, if a module is measured to exhibit high complexity (of some kind) then resources can be 

focused on testing that specific module. (Fenton & Pfleeger, 1998, p. 13) 

Finally, software metrics also encourages improvement of processes and products (as an example 

Fenton and Pfleeger mention that you may increase the number or type of design reviews based on 

measures of specification quality and predictions of likely design quality. This would imply a change 

of the process the project is using under development). (Fenton & Pfleeger, 1998, p. 13) 

There are many questions that can be answered by using software metrics according to Fenton and 

Pfleeger (1998, pp. 12-13). For example, managers can find answers to questions like: 

 What does each process cost? 

 How productive is the staff? 
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 How good is the code being developed? 

 Will the user be satisfied with the product? 

 How can we improve? 

Engineers can find answers to questions like: 

 Are the requirements testable? 

 Have we found all the faults? 

 Have we met our product or process goals? 

 What will happen in the future? 

A simple purpose of software metrics is given by Li and Cheung. They state that software metrics are 

computed for the purpose of evaluating certain characteristics of the software developed. (Li & Cheung, 

1987) 

Galin supports the view of Fenton and Pfleeger in that software metrics serve to assist management 

in three basic areas; control of software development projects and software maintenance, support of 

decision taking, and initiation of corrective actions (Galin, 2004). They all relate exactly to Fenton and 

tŦƭŜŜƎŜǊΩǎ ǘƘǊŜŜ Ƴŀƛƴ ŎŀǘŜƎƻǊƛŜǎΥ ŎƻƴǘǊƻƭΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƛƳǇǊƻǾŜƳŜƴǘ respectively. 

Galin (2004, p. 414) writes about two main objectives of quality measurement. These objectives are: 

1. ά¢ƻ ŦŀŎƛƭƛǘŀǘŜ ƳŀƴŀƎŜƳŜƴǘ ŎƻƴǘǊƻƭ ŀǎ ǿŜƭƭ ŀǎ ǇƭŀƴƴƛƴƎ ŀƴŘ ŜȄŜŎǳǘƛƻƴ ƻŦ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ 

ƳŀƴŀƎŜǊƛŀƭ ƛƴǘŜǊǾŜƴǘƛƻƴǎΦέ 

2. ά¢ƻ ƛŘŜƴǘƛŦȅ ǎƛǘǳŀǘƛƻƴǎ ǘƘŀǘ ǊŜǉǳƛǊŜ ƻǊ ŜƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ ƳŀƛƴǘŜƴŀƴŎŜ ǇǊƻŎŜǎǎ 

improvement in the form of preventive or corrective actions introduced throughout the 

ƻǊƎŀƴƛȊŀǘƛƻƴΦέ 

The first objective is achieved based on metrics regarding deviations of actual functional (quality) 

performance from planned performance and deviation of actual timetable and budget performance 

from planned performance. The second objective is achieved based on accumulation of metrics 

information regarding the performance of teams, units, and the like. (Galin, 2004, p. 414) 

Gaffney Jr. (1981) writes in his article Metrics In Software Quality Assurance that software metrics are 

of interest for several reasons. One is that metrics on the product can be transformed to indicators 

(quality factors) of interest to the management, developers and even users (correlates to Fenton and 

PfleegerΩs category Understanding mentioned above). Another reason mentioned is that the 

software metrics might suggest modification to the software development process. This correlates to 

Fenton and PfleegerΩs category of Improvement. 

DeToma and Perry (1994) give a short but satisfying description of what the ultimate purpose of 

ǎƻŦǘǿŀǊŜ ƳŜǘǊƛŎǎ ƛǎΥ άSoftware metrics are used to obtain data to support the software goals for the 

ǇǊƻƧŜŎǘΣ ŦƻǊ ǘƘŜ ŘƛǾƛǎƛƻƴǎ ŀƴŘΣ ǳƭǘƛƳŀǘŜƭȅΣ ǘƘŜ ōǳǎƛƴŜǎǎ Ǝƻŀƭǎ ƻŦ ǘƘŜ ŎƻǊǇƻǊŀǘƛƻƴΦέ Furthermore they 

explain that metrics data is collected during a projectΩs life cycle to track status and progress. The 

data collected is used to avoid problems by comparing with the estimates made for the project 

(DeToma & Perry, 1994). They also state the goal of software metrics at the projŜŎǘ ƭŜǾŜƭ ƛǎ άΧǘƻ 

provide data to management for controlling software developmentέ (DeToma & Perry, 1994).  
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Gaffney Jr. also mentions the relationship between quality factors and software metrics. He writes 

that quality is concŜǊƴŜŘ ǇŀǊǘƛŀƭƭȅ ǿƛǘƘ ƳŜŜǘƛƴƎ ǘƘŜ ǳǎŜǊΩǎ ƴŜŜŘǎΣ ōǳǘ ƛǘ ƛǎ ŀƭǎƻ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǘƘŜ 

άƎƻƻŘƴŜǎǎέ ƻŦ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ ¢ƘŜ άƎƻƻŘƴŜǎǎέ ǎƘƻǳƭŘ ōŜ ǉǳŀƴǘƛŦƛŀōƭŜΣ ŀƴŘ ǘƘŜ ǎƻŦǘǿŀǊŜ ƳŜǘǊƛŎǎ 

serve as the tool as which to assign values to the criteria that determine thƛǎ άƎƻƻŘƴŜǎǎέΦ 

Furthermore, the software metrics should relate to software quality factors of interest. (Gaffney Jr, 

1981) 

You could summarize all above to contain essentially four things as the purposes of software metrics: 

 Provide understanding, 

 Give control over the software engineering project, 

 Encourages improvement of project processes, 

 Provide means to see if goals have been met or not. 

¢ƻƳ 5ŜaŀǊŎƻΩǎ ǊǳƭŜ ǊŜŀƭƭȅ ǎŀȅǎ ƛǘ ŀƭƭ ǿƘŜƴ ŦƛƴŘƛƴƎ ƻǳǘ ǿƘȅ ǎƘƻǳƭŘ ǳǎŜ ǎƻŦǘǿŀǊŜ metrics: 

ά¸ƻǳ cannot control what you cannot measure.έ (DeMarco, 1982) 

2.3.4 Requirements on Software Metrics  
Software metrics must qualify on some requirements to be useful. According to Fleming, software 

metrics have to be measurable (you have to be able to assign the metric a value) and be related to 

one or several quality factors (Fleming). If you cannot assign a value to the metric, it is not a measure 

at all. If you are not able to relate the software metric to one or several quality factors, then there is 

no need for that metric (i.e., it is not relevant). Every measurement must be motivated by a 

particular goal or need that is both clearly defined and easily understandable. (Fenton & Pfleeger, 1998) 

To be able to aid management in decision making, the information the software metrics provide 

should also indicate its quality, generality and timeliness. Without the assurance of these three 

properties, it is difficult for the management to assess the relevance of the metric data provided.  

(Hufton, 1994) 

Galin (2004) suggests that five general requirements and three operative requirements have to be 

satisfied on a software metric for it to be applicable and successful (Galin, 2004, p. 415). As for the 

general requirements, software metrics should be:  

 Relevant  

 Valid 

 Reliable 

 Comprehensive 

 Mutually exclusive 

Relevant means that the metric must be related to an attribute of substantial importance (i.e., a 

relevant criterion to measure). Valid implies that the metric actually measures the required attribute 

(criterion). Reliable means that the metric must not produce different results when applied under 

similar conditions. Comprehensive states that the metric is applicable to a large variety of 

implementations and situations (synonymous with general). Finally, mutually exclusive implies that 

the metric does not measure attributes already measured by other metrics. (Galin, 2004, p. 415) 
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For the operative requirements Galin (2004, p. 415) mentions these three: 

 Easy and simple 

 Does not require independent data collection 

 Immune to biased interventions by interested parties 

Easy and simple means that the collection of metrics data should be performed with minimal 

resources and the implementation should be simple. It is interesting that Fenton and Pfleeger (1998, p. 

536) also mentions that a too complex metric may not be useful; if the metric is constructed by too 

many individual parts it will be hard to know how to redesign the module to remedy a critical value. 

Even more, when you introduce a measurement program at a company it is of greatest importance 

to keep the metrics uncomplicated and easy to understand. If this is not adhered to, the metrics will 

probably be more of a burden than help (Fenton & Pfleeger, 1998, p. 12). Does not require independent 

data collection implies that the metrics collected should be integrated with other project data 

collection systems (e.g., wages, cost accounting, employee attendance etc.). The reason, besides 

being an efficient way of gathering metrics, is that it contributes to coordination of all information 

systems serving the organization (Galin, 2004, p. 415). The final requirement, Immune to biased 

interventions by interested parties, states that there should be no escape from the expected results 

of the analysis of the metrics. Interested persons are expected to alter the data to improve their 

record or visualize a biased picture of the reality. This requirement tries to stop this kind of behavior. 

It is achieved mainly by choice of metrics and adequate procedures (Galin, 2004, p. 415). 

In their master thesis, Fredrik Svahn & Magnus Österlund (1997) list 14 requirements that ideal 

software metrics should preferably comply with. These ideal metrics should: 

 Be well defined 

 Be easy to calculate 

 Be easy to understand 

 Be easy to analyze 

 Be predictable 

 Be acceptable from a measurement theoretical point of view 

 Be objective 

 Be robust 

 Be able to be affected 

 Suggest a (quality) goal 

 Be a natural result from the development process  

 Provide historical data 

 Be supported by tools 

 Follow (eventual) existing standards 

Another master thesis on the subject of software metrics by Eric Fugleseth states that metrics must 

be well defined, practical, easy to use and accepted. They should also reflect the need of the customer 

and concentrate on the important issues and those issues in need of improvement. (Fugleseth, 1992) 

Metrics should not be used to measure and evaluate individual performance (Fugleseth, 1992). One 

problem associated when measuring individual performance is that people may become suspicious 
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and resentful when monitored and measured. This may give the effect that they provide poor-quality 

data (Fenton & Pfleeger, 1998). 

To sum this up, the properties of software metrics can be divided into required and desired 

properties. The metric in question must comply with the required properties to be regarded as 

useful. Additional credibility is appointed to the metric for every desired property it fulfills. It is not 

trivial to establish what properties are required and which ones are not, since there is no real 

consensus among researchers in the field. Thus, metric properties asserted by at least two authors 

are regarded as a required property. All other properties are considered as desired (but not 

necessary). Figure 5 shows what properties a software metric have to or should preferably fulfill.  

 

 

2.3.5 Limitations of Software Metrics  
Galin (2004, p. 432) mentions that there are mainly three categories of obstacles which have an impact 

on the application of quality metrics in general (i.e., not just in software metrics). These three 

categories are budget constraints, human factors and uncertainty regarding the validity of the metric 

data. 

Furthermore, Galin (2004, p. 432) argues that the uniqueness of the problems associated with software 

metrics are rooted in the attributes measured. Examples of metrics that exhibit a severe weakness 

are, according to Galin, (thousand) lines of code (KLOC), number of code errors (NCE), number of 

design errors (NDE), (thousand) lines of maintained software code (KLMC), number of helpdesk calls 

Figure 5. Required and desired properties of software metrics. The solid lines represent required 
properties while dashed lines represent desired properties. 
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during a year of service (NHYC), and number of software failures detected during a year of 

maintenance service (NYF). 

For example, KLOC is affected by programming style where different styles may double the produced 

code. How comments are used inside code also affects the KLOC metric severely. There are though 

methods to adjust to this, for example by only calculating lines of code excluding all comments. The 

complexity of the software affects both KLOC and NCE. NDE and NCE are both affected by how much 

of the code that is reused. High values of reused code increases the volume of code produced per 

day and lowers the number of defects detected in reviews, testing, etc. Another factor that affects 

NCE and NDE heavily is the reporting style. Some teams produce small, concise reports that present 

findings in a small number of items while other teams present a more elaborate report (and thus 

increase the NCE and NDE drastically). (Galin, 2004, pp. 432-433) 

KLMC is affected by programming style and volume of documentation comments in the code. 

Wasteful coding and documentation may increase the value of KLMC remarkably. The percentage of 

reused code affects NYF. The more reused code, the lower number of defects detected in regular use 

as well as less corrective maintenance efforts required. Software complexity also affects NYC in the 

way that more complex modules require more maintenance resources per line of code than simple 

modules. This in conjunction with that complex modules suffer from more undetected defects during 

development leads to a higher value of NYF. (Galin, 2004, pp. 432-433) 

These factors distort the software product metrics on which they are based, according to Galin. The 

result is that a large portion of software metrics does not reflect real productivity and quality 

achievement of development or maintenance teams in a majority of situations. Galin suggests that 

more research has to be done to find metrics that do not suffer from low validity and limited 

comprehensiveness. The function point method, which is a way of quantifying how much 

functionality an application provides, ƛǎ ƳŜƴǘƛƻƴŜŘ ŀǎ άa successful methodological development 

aimed at replacing the problematic KLOC metricέΦ (Galin, 2004, p. 434) 

In the article Software metrics: Good, bad, and missing, Capers Jones (1994) mentions some metrics 

that do not work. He writes that lines of code (LOC), Halstead metrics and cost-per-defect metrics are 

invalid under various conditions. LOC and Halstead metrics are invalid when used to compare 

productivity or quality data across different programming languages (Jones, 1994). Especially the LOC 

code metric penalizes high-level- and object-oriented programming languages as well as program 

generators. Jones even goes so far ŀǎ ǘƻ ǎŀȅ ǘƘŀǘ άThe widely used LOC metrics is one of the most 

imprecise metrics ever used in scientific or engineering writingέ (Jones, 1994)
 . Svahn and Österlund 

(1997) came to the same conclusion regarding LOC; it is not a good metric to use by itself. There are 

more problems with Halstead metrics that should be mentioned. There is no consensus on the 

meaning of attributes such as difficulty, volume or program level (which all are parts of the Halstead 

metrics). Halstead does not give any real indication of what relationships that exist among different 

components of his theory (Fenton & Pfleeger, 1998). The cost-per-defect metric requires a careful 

separation of variable and fixed costs to give valid information (Jones, 1994)
 .  

As for metrics that do actually work, Jones mentions complexity metrics and function points. 

Complexity metrics work according to Jones based on his own anŘ Ƙƛǎ ŎƻƳǇŀƴȅΩǎ ŜȄǇŜǊƛŜƴŎŜǎ ŘǳǊƛƴƎ 

a period of 15 years. High complexity values have been correlated to lower than average quality and 
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higher than average maintenance expenses. The main reason function point metrics work, according 

to Jones, is that the function point total for an application does not change with the programming 

language used. (Jones, 1994) 

However, one should keep in mind that there are some problems with the function point metrics. 

Fenton and Pfleeger (1998, pp. 262-265) mention eleven problems. These are 

 Problems with subjectivity in the technology factor 

 Problems with double-counting 

 Problems with counter-intuitive values 

 Problems with accuracy 

 Problems with early life-cycle use 

 Problems with changing requirements 

 Problems with differentiating specified items 

 Problems with technology dependence 

 Problems with application domain 

 Problems with subjective weighting 

 Problems with measurement theory 

Function point metrics will not be discussed further in this thesis report. For a more detailed 

description of the metrics and its problems, the reader may refer to Fenton and Pfleeger (1998). 

2.4 Code Metrics 
As the reader has seen in chapter 2.3.2, the code metrics class is a subclass of software metrics. Code 

metrics are concerned with the measurements of software products ς more precisely source code. 

This subchapter will describe the code metrics that exist in Visual Studio 2008 and how they relate to 

the literature. Some other code metrics of importance are also discussed. The subchapter ends with 

recommended thresholds for the five code metrics under investigation. 

2.4.1 Existing Code Metrics  
The various code metrics are defined differently depending on whom you ask. Far from all code 

metrics have a universally agreed definition. Therefore it is very important that whenever you talk 

about a code metric, you have to explicitly define what it is. Not even such a simple code metric as 

lines of code is universally defined. There are all kinds of variations on this metric. You could for 

example include or exclude comments or white spaces (lines). Furthermore, you have to define if you 

are counting a statement which is spread among several lines as just one line or multiple lines. 

Fenton and Pfleeger (1998, p. 245) describe measurements of software size with three attributes: 

 Length 

 Functionality 

 Complexity 

They do not mention any code metrics for measuring functionality or complexity, although the reader 

should note that there are software metrics that can be used to measure these attributes (for 
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example function points to measure functionality and big-O notation to measure algorithmic 

complexity). Please note that complexity in this context concerns problem, cognitive or algorithmic 

complexity ς not structural complexity. Software structure (structural complexity) is instead divided 

into three parts (Fenton & Pfleeger, 1998, p. 280): 

 Control-flow structure 

 Data-flow structure 

 Data structure 

Control-flow structure addresses the sequence of instructions and how they are executed in a 

program. Data-flow structure focuses on how data items are created, handled, transferred and 

deleted in a program. Data structure measurements are metrics on the data itself ς independent of 

the program. (Fenton & Pfleeger, 1998, p. 280) 

We will address some of the attributes in the following subchapters and show examples of code 

metrics measuring respective attribute. 

2.4.1.1 Halstead Metrics ( Measuring Length)  

Halstead metrics were developed by Maurice Halstead. These metrics tries to capture attributes of a 

program P in both a physical and psychological manner. First of all, the program P is split into 

operands and operators, and then these are used to define other attributes of the program (Fenton & 

Pfleeger, 1998, pp. 249-253): 

 

 

 

 

 

 

 

 

 

where V* is the potential volume, i.e., the volume of the minimal size implementation of P. You can 

estimate the level (L) of a program (Lest) and the estimated program length (Nest) as: 

 

 

Finally, the effort to generate the program P is calculated as: 
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The unit of the effort needed to understand the program P ƛǎ ŎŀƭƭŜŘ άŜƭŜƳŜƴǘŀǊȅ ƳŜƴǘŀƭ 

discriminatioƴǎέΦ ! ǇǎȅŎƘƻƭƻƎƛǎǘ ƴŀƳŜŘ WƻƘƴ {ǘǊƻǳŘ ŎƭŀƛƳŜŘ ǘƘŀǘ ŀ ƘǳƳŀƴ ƳƛƴŘ ƛǎ ŎŀǇŀōƭŜ ƻŦ 

between 5 and 20 elementary mental discriminations per second. Halstead claimed that the actual 

number of this is 18. Hence, the programming time required to develop a program P of effort E is 

 seconds according to Halstead. (Fenton & Pfleeger, 1998) 

The maintainability index implemented in the code metrics feature in Visual Studio 2008 is partially 

based on the Halstead volume V and will be discussed next. (Morrison, 2007) 

2.4.1.2 Maintainability Index  

The maintainability index is based (among others) on the Halstead volume, cyclomatic complexity 

and lines of code. It is supposed to give an indication on how complex a code artifact is, and how 

difficult it is to maintain.  

According to Conor Morrison, senior programmer for Code Analysis Team System Developer Team 

(i.e., the team that created the code metric feature in Visual Studio 2008), the maintainability index 

(MI) is calculated as: 

 

where 

 aveV = average Halstead volume V per module, 

 aveόƎΩύ = average extended cyclomatic complexity per module, 

 aveLOC = the average count of lines of code (LOC) per module. (Morrison, 2007) 

This formula was developed by a joint effort involving organizations such as the Software Engineering 

Test Laboratory of the University of Idaho, the Idaho National Engineering Laboratory, Hewlett-

Packard and others. The coefficients are derived from actual usage at Hewlett-Packard. This metric 

also classifies the index values into three categories; High, Moderate and Low maintainability. These 

categories and their respective intervals are depicted in Table 3. Note that Microsoft has not adopted 

the interval boundaries determined by the research results at Hewlett-Packard. (VanDoren, Software 

Technolog Roadmap - Maintainability Index Technique for Measuring Program Maintainability, 2007; Liso, 2001) 

Visual Studio Icon Level Range (Microsoft) Range (HP) 

 (green) High Maintainability нл Җ aL Җ млл 85 < MI Җ 100 

 (yellow) Moderate Maintainability мл Җ aL Җ мф ср Җ aL Җ ур 

 (red) Low Maintainability л Җ aL Җ ф MI < 65 

Table 3. Classification and thresholds for maintainability index used by Microsoft. 

2.4.1.3 Tree Impurity ( Measuring Data/ Information Flow)  

A good example of a metric to measure data flow is tree impurity, which is a measure of how much a 

dependency graph of a program deviates from being a pure tree. The nodes in the graph represent 

modules (at an abstraction layer of choice), and the edges (arcs) represent data flow. The more a 

system deviates from being a pure tree structure towards being a graph structure, the worse the 

design is. Apparently this metric is one of few design metrics that also has been validated on a real 

project. (Fenton & Pfleeger, 1998, pp. 305-308) 




