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Abstract

Measurement is a necessity in software engineering if it is to be considered an engineering discipline.
As aresponse toan increaseddemand for measurement from the industryMicrosoft has
implemented a code metrics feature in their new release of Visual Studio. On behalf of the Microsoft
Corporation this master thesis evaluated tlusefulnessand relevanceof the five code metrics
implemented in Visual Studio 208& softwareengineering project

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?

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

e 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 alsimcluded a practical partconsisting ofextending bothMicrosoft Team
Foundation Serveaind Visual Studito allow historical code metrics data to be stored and analyzed.

The evaluation was performed by both a theoretical and an empirical approach. Matteo
theoretical material ha been collected from weknown scientific sources. The empirical part
consists of interviews of software managers at five different companies, gathering experience from
guality assurance work.

Four out of five code metrics iVisual Studio 2008 were found to be relevamd useful in most
contexts Lines of codewas the only code metric concluded to be obsoletRecommended
thresholds and remedies against bad values (although not standardized) on these five code metrics
werefound. These are preserdeand described in this report.
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PART 0- PROLOGUE

Chapter 17
Preface

This report, by its very length, defends its
against the risk of being rea

- Winston Churchill
(18741965)



Chapter 1¢ Preface

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, wherafter the method is described. Lastly the disposition of the rest of the
report is presented.

1.1 Background

Consider the notion ofsoftware engineering The concept implies that there should be an
engineering approach to construction or support of softwgm@ducts. 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 procesdraled
andunderstood to minimize the number of surprises for the project members during theckige of

the project. Compare this to the concept obmputer scienceThe latter provides the theoretical
foundation for building software, whereas software engineering is concem#dimplementation

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

To enforce a scientific approach, you have to be able to control the software engineering project.
Control is in turngained by knowledge about the status of the projeytla i K S prapétiesS O Q a
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 metriestas toolsnecessanto

extract the knowledge needed for project control.

It isimportant to control the software projectg not just run them. First of all, if you dwt control

your projects you will have hard time learning for future projects. Measiengs on completed
projects act as a foundation for planning and estimating resources for upcoming projects. Secondly, if
you cannotmeasure a project, how do you know if it is healthy or not? How do you know that the
project is on track andneetsthe 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 bookontrolling Software Projects

G, 2dz OFryy2i O2yiNB{ (@GeMacdizoe2dz OFyy2i YSI &dzN

5

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 & well as customers rely on measurements to aid them in deciding if specified
quality goals are met and if the project is on tragkenton & Pfleeger, 1998, p. 18)

The methods and processes used in software enginedidng been greatly improved during the last
decades, but just improving the methodological foundation of the profession does not inhake
engineering discipline. Metrics as a quality assurance tool has unfortunately not been applied at an
adequate levelin the software industry(Galin, 2004, p. 413)The lack of use of measurement
undermines, or even disqualifies, the software industry as an engineeringrialdn & 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 withoueasuremen{Fenton & Pfleeger, 1998, p. 1dpoftware
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 tegmded 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 theredig@ificantneed for control.
Metrics on software could also heteam 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 lifeycle (Svahn & Osterlund, 1997The 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 & Osterlund, 1997)

Thus, software metrics are useful (and even necessary) tools if the software engineetistyyirisl

to be considered a truengineering 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 softwareeemigig industry now as

it was in the physics area back then:

G2 KSy @2dz Oy YSI&dz2NB gKIF{G @2dz F NB &aLISIF Ay
know something about it; but when you cannot measure it, when you cannot express it

in numbers, your knowledge & meager and unsatisfactory kind; it may be the
beginning of knowledge, but you have scarcely, in your thoughts, advanced to the

a0l 3S 2 ToaffdefA 1980) O S D ¢

Fenton and Pfleeger1998, p. 11)summarize the necessity of measurement in the software
engineering industry:

LG A& OfSIENI FNRY 20KSNJ SyaaAySSNAy3d RAAOAL
essential, in making characteristics and relationships more visiblassessing the
YI3AyAddzRS 2F LINRPOfSYa>X YR AY FlLaAKA2YyAyYy3 |

This demandor measurements emerging from the software industry was one of the reasons why
Microsoft implemented a code metrics feature in their 2008 release of Visual SthEiie.code
metrics were introduced in this feature; maintainability index, cyclomatic complegiss coupling,
depth ofinheritance and lines of code. According to Conor Morrigoo7) these code metrics were
chosen based on papers from Microsoft Researdh particular, he maintainability index and
cyclomatic complexity showed strong correlations to real defects found.

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

the industry. Thus, the authors gladly accepted the task. It consisted of two part§irsifart 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.

'The papers can be found at
http://research.microsoft.com/users/nachin/Research%20and%20Publications.htm
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In this report you willbe able to read about what the authors discovered and the final
implementation they have madaVe would like tosharea quote whichcaptures the fundamental
nature of the report; a clear message to the software industry:

LT &2dz OF yQi YrluhagediNGinek i ®e1)d 2 dz O y Qi

1.2 Target Groups

The intended audience of this report is people with a technical backgroundhawgng a Master of
Science degree or similar (or is underway taking one). The authors also asmtntieetreader has
some basic knowledge of computers, programming and software engined#trisgassumed that the
reader is familiar with most of theommon notions in these areas. Even some of the perhaps
unfamiliar acronyms and terms are explainedAppendixA. 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 twgurposes with this master thesis project; a scientific and a practical purpose.

1.3.1 Scientific Purpose

As mentioned in the &ckgroundchapter, Microsoft has implemented fiveode metrics in Visual

Studio 2008. The firstision was toinvestigate ifthis set of code metrics werecomplete 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 missiig? 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 managerlf we were to conclude that the set of code metrics wex@ complete, we vere
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 pigubse

to be changed rather late in the project phad¢either literaure on aforementioned products nor
contactsat companies fitting the typical Microsoft customer were possible to bring forth in proper
time, due to some unfortunate circumstanceBhese two hindrancded to a severe reduction dhe
scope since so muchtk already had been spent on learning the systemsperfbrming 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 madeh arempirical inestigation 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
relevanceand usefulnessof these existing codemetrics for a software engineering project. This
purpose is further divided intthe followingresearch questions:

¢ In whatcontextsare the code metrics in Visual Studio 2008 relevant and useful (if any)?

e What are theusage areasor the code metrics implemented in Visual Studio 20087

e \What arereasonable thresholdsn the implemented codenetrics in Visual Studio 2008?

¢ How should oneemedy poor valuesf the code metrics implemented in Visual Studio 20087

13
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e Ishistorical code metrics dataf 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 thiemed architecture from Microsoft which provides data
collection, reporting, project tracking, source control and more for software developngent
components that are useful when running a software engineering project. One of these components

is a data warehousehich stores all kinds of data regarding existing and previous software projects.
Chapter5.1.1 describes TFS in more detdilhe aforementioned software metrichdt 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 Téa C2 dzy RF 1A 2y { SNIBBSNE HKAOK Aa
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
guality changes by analyzing lugtal data. Thus, the practical purpose assigned to the authors was
to implement a proof otonceptwhich shall show if and how it possible to store historical metrics
data in the data warehouse on Team Foundation Server. This purpose can be pinnedodime
followingtasks:

o Create alient applicatiorwhich sends the generated metrics to the server.

¢ Build aweb servicavhich handles communication between the client and the server.

¢ Implement adevicewhich stores the metrics data in the TFS data watese.

¢ Design aeport templatewhich extracts the metrics data from the data warehouse and
presents it in a useful manner te.g.,aproject manager.

Originally, there was an additional task included in the scope of the practical purpose; to design a
dastboard for the project portal included in TFS. But the impediments described in cHaptér
made it impossible to fit this into the project.

1.4 Scope

A measurement prgram 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 mioetylio use tle data

for improving his or heown 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 afecting the choice of code metrics. This is to avoid ambiguous residisever,a too
narrow scope will severely reduce the usefulness of the results.

The scope of the project has thus been limitedptrtain to software project manageras target
audiene of the measurement reports. This does noécessarilymean that the results are
inapplicable to other roles in a software engineering project, but no such guarantee is given.

14
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Since theVisual Studio 200&netrics feature the authors are supposed to evaduanly concerns
codemetrics (i.e, measurements orsource codg 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
¢ it would not be possible toaver all classes of software metrics in the scope of a master thesis

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 varilidat the authors decided not to

since one of the research questionasto discover which contexts the code metrics were useful and
relevant in.

Since the practical scope of the project was formulated as a proobiéept some limitations on

the final product® scope have been made. The purpose was to show if and how a practical solution
works. Thus, emphaseshave not beenon security or performance issues (except the most
fundamental)but on development of a functioning solution

1.5 Method

The authors haw studied scientific material during nine weeksestablisha theoretical foundation

about the topic to draw conclusions from. Besigrsblishedbooks on the topic of code metrics or
quality assurance, much of the literature has been collected from razednand trustworthy
d2dNOS&8 4ddzO0K a L999 - LIX2NB FyR b!{! Qa 2yd AyS
to get hold m scientific articles on the subject sbftwaremetrics.9 A LISOAF f f & b! {! Q&
proved rich of code metrics iofmation. 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 invesiigaconsisted of interviewing
software project managers at five companieshere after the results were summarize@he
theoretical foundation and the empirical results were correlated and analyzed to find answers to the
research questions.

The practicalimplementation 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 workinevitablycrossed borders several times); Mr. Haag carged the web service

and the server part of the solution, while Mr. Holm constructed the client and designedoithe
metrics report template. Online resources were used to learn how the system was designed and
what was needed to implement. Documentatioh the API to be used was very sparse, so a great
deal of the implemented artifacts has been developed according to aamigbrror approach.

1.6 Criticism of the Method

Much of the theoretical framework is based on reports and conference proceedings frem th
software community. fiere 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, laoeksgidely accepted

15
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and used in the industry, but scientific reports oftgmthrough more critical reviews, giving them a
slightly higher credibilitySecondlythe variation among the reports gave us a gamgportunity 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 ig;vaspecially since we are
dealing with software engineeringan 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 byewly published resources whigjive independent general impressions on
software metricdorced the authors to rely on the old material to a wider extent than was originally
premeditated.

The objectives and purposes of this master thesis prdjaste charged several times, even at late
phases in the proces3hishas 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 complicatet collect. To delimitatefactors like business sector, company size

or project size havoth pros and consHowever, due to circumstances we have not been able to
constrainany of these factors from the beginninghe authors believe that if these deltiations
would have been set from the start and kept until the end, the results may have been stronger, more
confident and unequivocal.

The trialand-error approach used for implementing the product was educatiamés characterbut
very timeconsuming.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 intsevenchapters. An overview of the structure of the report is provided
here to the readeso relevant chapters can be fouedsily

PART @ PROLOGUE

e Chapter 1¢ Prefaceintroduces the background, the problem, the scope, the structure, and
the method used. You are reading this part now.

PART ¢ EVALUATION

e Chapter X; Theoretical Frameworkonsists 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.

e Chapter 3¢ Empirical ResearckdzY YI NAT Sa GKS | dziK2NEQ SYLANRO
companies are described, followed by a summary of concluded answers from the performed
interviews.

o Chapter 4¢ Analysiscontains the analysis made, where the authors have tried to correlate
the emprical data from chapter 3 with the theoretical foundation in chapter 2.
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PART ik EXTENSION

e Chapter 5¢ ImplementatonRSa ONRA 6 Sa GKS Yl adSN KSaAa
actual implementation of the code metrics extension. First the overathitacture is
described followed by details for the server and client parts.

PART It RESULTS

e Chapter & Conclusionsontains theresults andconclusions to be drawn from the analysis
chapter 4.

e Chapter 7¢ Discussiorcontains some words about the levance and correctness of the
results concluded in chapter 6. Things left unclear are also debated in this chigipizity,
some propositions on future work are presented.

PART I\ EPILOGUE

¢ Appendicesre found at the end of the report. Here the readeil find:

o Acronyms and Glossary

0 Interview questions

0 Source code fothe implemented components, each part in its own appendix.
¢ Annotated Bibliographists all references used throughout the report.
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Chapter 27
Theoretical
Framework

| want to know God'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 areasuriltes

with a top-down approach starting with explaining the concept of quality attributes and some of the
most common quality models. Software metrics are ihticed 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 Attributes

When a software prodct 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 isf greatest importanceo select quality #ributes (also known as
guality factors) relevant to the project, sincé in terms of these attributeshe health and status of

the project is describedThese attributes are divided into two classdsternal and external
attributes.

Internal attributescan be measured by examining the product, process or resource on its own,
separate from its behavior. Thus, an internal attributenig dependent on the conte& where the
artifact resides The internal attributes are often available for measurement eirlthe 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 attributesare those that can only be measured with respect to how the product, process or
resource relates to its environment. It is thehaviorof 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(among other} size,
degree ofreuse, modularity, coupling, functionalitgnd algorithmic complexity. These attributes
remain static when the environment changegxternal attributes mightor examplebe reliability,
usability, maintainability, and so fortlattributes dendent on the cotext the artifact is executed

To assert hovattributes relate to each otheand what effects they have on the properties of the
software,quality modelsare defined. This concept is described next.

2.2 Quality Models
A quality model can be fieed asa Gt KS a S
GKAOK LINRPOARS (K
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A quality model is built up by quality factors. When a quality model is constructed the focus is on the
FAYIf LINPRdzOG FyR G2 FAYR GKS 1S@ ljdz £ Adtés | GG NR
are calledquality factors Quality factors are normally higavel external attributes.

A quality factor can be further decomposed to a lower level of attributettributes called quality
criteria. These criteria are often internal attributes. Quality criteria could be for example traceability,
completeness or modularity.

Quality criteriain turn are further decomposed into another level of attributes, calledtrics
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 anew software project istarted, it isimportant to take into account different perspectives of
guality such as:

e ¢KS YI yI 3MaNEg€s adin& interested in a specific quality factor, rather in the
overall quality and need to balance the quality imypement with management criteria.

e ¢ KS dza SUNsreardoktefust interested to know if features satisfy their needs and
how complicated it is to handle the program. These quality factors are often external
attributes.

e ¢KS 5S@St 2ThiS beigQy iDiht&ested in software quality that confirms the
functional and performance requirements. These quality factors are often internal
attributes.

Three weHknown softwarequality models are McCall, Boehm and ISO/IEC 9126. They are quite
similar, bu they use different terminologyTablel clarifies therelationship interminology used

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

McCall ISO/IEC 9126

1 Factor  High-level characteristic ~ Characteristic
2 Criterion Primitive characteristic Subcharacteristic
3 Metric Metric Metric

Tablel. Terminologyused inMcCall, Boehm and ISO/IEC 9126 quality models

The benefits of qualitynodels 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 achieveofeatdefined goal
before, during and after productionBuglione & Abran, 1999)

221 - A#A1 160 10A1I EOU -1 AAI

In 1977 Jim McCall developed one of the first published quality models. He attempted to link the gap
650688y dASNAKQSMYR RESt Ale ySSRa o0& F20daiy3d 2y
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perspectives for defining and identifying the quality of a software product:

e Product operationgits operation characteristics)
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¢ Product revisioigability to make changes withoutfluencing the entire product)
¢ Product transitior{adaptability to new environments)

Quiality of product operations depends on:

¢ Usability(the ease of the software)

e Integrity (the protection of the program from unauthorized access)

o Efficiencyhow welloperations perform and storage efficiency)

e Correctnesfthe extent to which a program fulfils its specification)

e Reliabilityo t KS &deaidSyaQ FoAfAGe G2 y204 FlLAtO

Product revision includes:

e Maintainability (the effort required to locate and fix a fault irhé program within its
operating environment)

o Testability(the ease of testing the program, to ensure that it is efiree and meets its
specification)

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

Product trarsition includes:

¢ Reusabilitythe ease of reusing software in a different context)
o Portability(the effort required to transfer a program from one environment to another)
o Interoperability(the effort required to couple the system to another system)

The quality factors (in the middief Figurel) cannot be measured directly. The factors can only be
determined when the criteria have been measured. The criteriabmmeasured 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 (higi@pbté, Syrun, & Georgiadou, 2006)

A disadvantage wiK a O/ It ft Q& ljdzZ f AGeé Y2RSf Aa GKIG az2vys
(e.g.,traceability and selflocumentation) are not really definable or even meaningful. According to
Marc-Alexis Cotéet.al (2006)a O/ | rhotlefisinot applicable with respect to the criteria outlined in

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

quality engineering.
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Figurel. 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 inFigurel that the metrics serve as a foundation for the whole quality model.

2.2.2 " 1 A E isdt@are Quality Model

One year after Jim McCall developed his quality model, Barry W. Boehm developed his own based on
'y AYLNROGSR GFENRIydG 2F al/ltfQa Y2RSto . 285KYQa
manner that it also presents a hierarchical quality modealdtired around higHevel characteristics,
intermediate level subcharacteristics and primitistearacteristicg; eachof which contributes to the
2OSNIff ljdzrtAGe t£S@Std | OO2NRAY3I G2 .2SKYX (KS
Figure2). General utility of softwares addressed to three main questions thatclient buying a

software producthas:

w Asis utility: How well (easily, reliably, efficiently) can | use iis&s
w Maintainability: How easys it to understand, modify and retest?
w Portability. Can | still use it if | change my environmegificic, 2005)

¢KS AYUSNXYSRAIGS fS@Stf OKINIOGSNRAGAO NBLNBaSy
represent the quaties expected from a software system (quoted from Mil{etws):

w Portability: Code possesses the characteristic portability to the extent that it can be operated
easily and well on computer configurations other thandtirrent one.

w Reliability Code possesses the characteristic reliability to the extent that it can be expected
to perform its intended functions satisfactorily.

w Efficiency Code possesses the characteristic efficiency to the extent that it fulfills o e
without waste of resources.

w Human EngineeringCode possesses the characteristic usability to the extent that it is
reliable, efficient and humagngineered.
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w Testability Code possesses the characteristic testability to the extent that it facilithees
establishment of verification criteria and supports evaluation of its performance.

w Understandability Code possesses the characteristic understandability to the extent that its
purpose is clear to the inspector.

w Flexibility Code possesses the chamxtstic modifiability to the extent that it facilitates the
incorporation of changes, once the nature of the desired change has been determined.
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Figure2. From(Coté, Syrun, & Georgiadou, 200@8oehm's quality model.

.2SKYQa FyR aO/IftfQa Y2RSt & mardi#ferehcelndBreadithét®o 6 S @S
Y2RSta Aa GKIFG alO/lftfqQa Y2RSft LINJevel dwdrdcteristids2 Odza S &
G!-a dziAf AGee > o Kobldl S based Srkayvider rdpgkzlof charaterisfics with an
extended and detailed focus on primarily maintainability.

hyS RNIgol Ol 6AGK . 2 SnktYeldds howaoRieésure charaitédibtios sucias R2 S a
security, accuracy or interoperabilityailicic, 2005)

2.2.3 ISO/IEC 9126 Quality Model

The International Organization for Standardization (ISO) derived 1992 a standard for software quality
YSIadaNBYSyia olFaSR 2y aoO/lftfQa |yR . 2&KWa@a a27F(
lj dzI £ A (i eSoftwardk rdductdEvaluation: Quality Characteristics and Guidelines for théir use

(Fenton & Pfleeger, 1998)This standard is known under the name ISO/IEC 9126. ISO/IEC 9126 has six
guality characterics asFigure3 depicts.
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Poriability Reliability

Functionality

ISOMNEC

Figure3. From(Milicic, 2005)ThelSO/IEC 9126 Quality Model. Six quality characteristics are the building blocks for this
model.

ISO claims that these six quality factors are@iihd, which means that they manage to describe any
component of software quality in terms of some aspect of one or more of the six faBasgally it

is constructed in the same manner as the two pregionodels described, but ISO/IEC 9126 adds
functionality as a parameterTable2 gives a short description of each quality characteristic that is
used in the ISO/ICE 28 quality model(Milicic, 2005)

Quiality 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?

Table2. Description of each quality characteristic in ISO/IEQ6.1

Some serioudeething troubleswere reported with ISO/ICE 9126The qiality model has been
updated four timesThe updates have included anprovedquality model, definition of external and
internal measures and definition of quality in use measut®s & ljdzt €t AGe Ay dzaSe
user's view of the quality of the software product when it is used in a specific environment and
contexi) (Cété, Syrun, & Georgiadou, 2006)

Now, as the reader hopefully has obtained atdea basic understanding of quality models, let
us move on to the foundation of all quality models; software metrics.

2.3 Software Metrics
Fenton & Pfleegeno9s, p. 10mentions four areas were software organizatsooften fail:
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e 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 completdte company cannot tell
whetherthey 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 abany poperty (e.g,
the reliability of the product or how much work will be needed when porting the product
from one environment to another).

e Software project component costge not understood or quantified. Companies are unable
to differentiate costs associatl with design from, e.g., coding or testidgcompany cannot
control its costs if it is not able to pin down where the costs are emerging from.

e Anecdotal evidence plays a too big role when deciding what development technology to use.
Companies simply nglon anecdotal evidence too much without having any real scientific
oaira 2y K2g SFTFFSOGAOS (KSasS G(4SOKyz2f23ASa NB
without any scientific foundation to back it up might prove to be a big mistake.

Software mérics which are scientifically correct and useada correct mannetries 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 metsi are in other words the core foundation for the
quality attributes andg in fact ¢ the whole quality model. It is the software metrics that are the
building blocks the models rely on beingaccurate and meaningful. Since software metrics are such

a furdamental part of establishing the quality of a software product, it is important that there exists
a common notion ofwhat they are andhow they are definedThisis 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 thelBtandard Glossary of Beare Engineering Terminology990o) a (software)
guality metric as:

(1) A guantitative measure of the degree to which a system, component, or process
LraasSaasSa + aadSy FGGNROGdziSe =

(2) A function whose inputs arsoftware data and whose output is a single numerical
value that can be interpreted as the degree to which the software possesses a given
jdzl £ AG&. I 0GNROdzii S¢

The first one refers to the outcome of a process that produces quality metrics, while the second
definition refers to the process its€lEEE Standards Board, 1990)

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

define what a measurd 4 ® a Sl adz2NBYSyd Aa RS Taimadpirg flo® e NRA y 3
empirical world to the formal, relational wodd®nmS | & dzZNB A &  { tKkeShymb& SrEympdb R &
assigned to an entity by this mapping in order to characterize an attiélipéaton & 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:

e Processes
e Products
e Resources

Each 6 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 asa Xy 202SO0GABSY YIFIGKSYIFGAOFE YSFadiNB 2F az
software characteristics. It provides a quantitative measureaofattribute which the body of

42706 NBGSEKABA (G4 e

Robert B. Grady at Hewlett | O1 F NR &adlF dSa Ay | LI nmdShk dpécifici &2 F i
attributes of a software product or a softwatkevelopment pocess. In other words, they are
YSI adz2NBY Sy (iGrayF19d) dzO0S & a dé

Two vague definitions of software metrics dmund in an ACM paper from D.C Ince and from lan

Fleming on his websiteaww.sqga.net, respectivelyd { 2 F (i @triodFre af attempt to quantify

a2YS aLlsod 2F | LINRPRAzOG 3 $nfeSibkb)(iySRRméRstzblBf gofhe | &2 F
LINR LISNII e 2F | LIASOS 2 Frleair)Flanding B manudnsion &bis wehsi®eOA T A O
that software metrics (as applied to a software product) measures (or quantifies) characsasfstic

the software.

b! {! KFa | NAI2NRBdzZ& YSOGNARO& LINEIAINXYSIBKENSY SIhKBR
softwarel (i ( NRA(Fsiaz{iINESR §/&V MBBlossary and Definitions, 200)ASA does not explicitly define

what they regard as software attributes, but the metrics used by the organization arelefaled in

the documentation.

Asthe 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:

A Dftware metric is adirect or indirect
measurement a quantification of an
attribute that an artifact in a software
project possesses.

There are some things to note in our definition of software mstritentioned above. Two concepts
have to be explained and definechamelyartifact andattribute:

e 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 usgaasdestone, a team

10
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member, the project plan, and so forthThe artifact can be both tangible as well as
intangible.

e A(quality) attribute is a criterion that determines a software quality factor (e.g., accuracy,
readability, operability consistencyngplicity, expandability, modularitgndtraceability).

An example is in place to illustrate the concepts. Take a lodkgatre4 and consider the quality
factor maintainability. Maintainability can be described by three attributes (criteri@nrrectability
testabilityandexpandability where:

e Correctability is quaiified by using the metrickult countsand effort.
o Testability is quantified by using the metrabsgree of testingnd effort.
o Expandability is quantified by using the metret®nge countand effort.

Figure4 belowdepicts this relationship.

Factor Criteria (CompositeMetric  (SimpleMetric
Closure time
- Faultcounts Isolate/fix time
Correctability Fault rate

Statement coverage

Degreeof testing Branch coverage
Maintainability Testability Test plan completeness

Resourceprediction
Effort expenditure

Expandability Effort

Change effort

Changecounts Change size
Change rate

Figure4. After (Fenton & Pfleeger, 1998Ppecomposition of maintainability. Metris are used to quantify criteriawhich
in turn is used to establish a fact aboat quality factor.

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 testgtgrieteness. Change
countscanbe measured by change effort, change size, or change rate. Effort can be measured by
resource prediction or effort expenditure. In this exampdeilt counts degree of testingchange
countsand effort are software metrics (actually, they acempositesoftware metrics composed of
several other metrics, as shownkigure4).

2.3.2 Classification of Software Metrics
As nentioned earlier, Fentoand Pfleeger(1998, p. 74classifysoftware metrics into three categories
(or classes):

11
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e Processeg collections of softwareelated activities.
e Products; any deliverables or documenthdt result from a process activity.
¢ Resources entities required by a process activity.

In an IEEE article Laind Viswanathan(1999) categorizesoftware metrics and attributes into three
broad categories, namely médts relating to:

e The organization
e The processeand
e The products

Liu and Viswanathancontinue to describe the organization class of metrics as a hierarchy. One
thread in the hierarchy deals with projects, and delves down to phases and (&kksh in turn
includes resources).iuand Viswanatharwrite in their paper that this thread tracks the metrics that
are relaed to the processes that creatihe products(Liu & Viswanathan, 1999Hence, Fentorand
Pfleege®® and LitandViswanatha@ classification of software metrics resemble each other.

The Software Assurance Technology Cef@®ATC) which is a part of the Systems Reliability and
Safety Office at NASA Goddard Space Flight Center has been collectingetdds data for over
sevenyears, forsevenprogramming languages. They have dividmdie metrics (i.e., metrics just
pertaining to codec not any other software artifacts like documentation) into two main categories,
object oriented code metrics and nomject oriented code metricSNASA SATC, 2002)

Furthermore, theNASA Metrics Data PrografDP) has a wider classification of code metrics. MDP
uses the object oriented contra non objeatiented classification too but adds additional categories:
requirement metrics, error metrics, Halstead metrics, complexity metrics addftoveré category
called miscellaneous metrigslASA IV&V, 2007)

Galin uses anotherpproach when categorizing software quality metrics; a 4ewel system. The

first category distinguishes between the life cycle and other phases of the software system. This
category includes two classgsrocess metricg¢related to the software developmérprocess) and
product metricqrelated 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)

2 KSY O2NNBtIFdAy3a 3AFAyald 20KSN) FdziK2NEX DIFftAYyQ&
metrics as defined by others. Rather, they are more in the line of process, resources or functional
YSGNRO&aD DI fAYyQa sjistirdfe? ty the systeRINIRrRtidr@lphadeSt ided not

refer to the development phase at atsalin, 20040 DI f Ay adGF GSa (reéftumek Ay K
jdz- f A& YSOGNROA OF Yy ¥l {célin 200y, fi. 215)His clyssificati@Ng natBn Ol S =
absolute truth; it is onelassificatioramong many.

Thus, o classification of code metrics is universalill, we haveo define a classification to justify
exactly what kind b software metrics this master thesis will take into account. Considering the
theoretical findings, most of them seem to converge to the definition given by FamdRfleeger in

one way or another. There are ragnificantdifferences in howpeople in tle industrychoose to
classify the software metrics except of course minor alterations in the terminology used. The authors

12
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of this paperagree upon the following classificationf software metrics and thus will use it
throughout the thesis:

e Processnetrics¢ metrics used to measure processes.
e Productmetrics¢ metrics used to measure tangible products.
o Code metricg a subcategory pertaining source code only (including test cases).
A Object oriented metrics
A Nonobjectoriented metrics
A Complexity metrics
A Quantitative metrics
A Halstead metrics
o Functional metricg a subcategory pertaining tangible products not being code.
A Requirement metrics
¢ Resource metricg metrics to measurdhuman resourcesjme, capital, and other resources
in the organization

The mision assigned from Microsoft involves evaluation of code metrics only. Therefore the authors
will concentrate solely on code metrioshich is classified under throduct metricslass above.

One thing to note is that there certainly exist more subcatégpryou 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 turther subcategorize these categories have been made
following subchapters arpresented at the level adoftwaremetrics, 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:
understandingcontrolandimprovement (Fenton & Pfleeger, 1998, p. 13)

When you measure the activities performed and artifacts produced in a project, you get an
understandingof what is happening during development and maintenance. The metrics visualize the
attributes of the projec® artifacts, which in turn leads to a better understanding of relationships
between artifacts and theimutual effects.(Fenton & Pfleeger, 1998, p. 13)

Controlis provided by software metrics in the sense that they form a baseline of facts to predict
possible outcomeswvhich helps the project team to make decisions so project goals can be achieved.
For example, if a module is measuredetibithigh complexity (of some kind) then resources can be
focused on testing that specific modu{eenton & Pfleeger, 1998, p. 13)

Finally, software metrics also encouragegrovementof processes and products (as an example
Fentonand Pfleeger mention that you may increase the number or type of design reviews based on
measures of specification glity and predictions of likely design quality. This would imply a change
of the process the project is using under developmeRgnton & Pfleeger, 1998, p. 13)

There are many questions that can be answered by usifigr@a@ metrics according to Fenton and
Pfleeger199s, pp. 1213). For example, managers can find answers to questions like:

¢ What does each process cost?
e How productive is the staff?

13




Chapter X; Theoretical Framework

e How good is the code beimtgveloped?
e Will the user be satisfied with the product?
e How can we improve?

Engineers can find answers to questions like:

e Are the requirements testable?

e Have we found all the faults?

e Have we met our product or process goals?
e What will happen in the future

A simplepurpose 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 develgp&d:heung,
1987)

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

in three basic areagontrol of software development projects and software maintenarmgpportof

decision taking, and initiation aforrectiveactions(Galin, 2004) They all relate exactly to Fenton and

t Tt SSISNDa GKNBS YIFAyYy OF (S32 NR SraspectiGelyy 6§ N2t = dzy RSN

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

1. 6¢2 FILOAEAGIGS YFylF3aSYSyda O2ydaNRt Fa ¢Sttt |
YIEYyEFASNRAFET AYGSNBSYylGA2yadé

2. a¢2 ARSYy(GATe@ arlbdzr GA2ya 0KI G NBIljdzZA NE 2NJ Sy
improvement in the form of preventive or corrective actions introduced throughout the
2NBFYATFGA2Yy ®E

The first objective is achieved based on metrics regarding deviations of actual functional (quality)
performance from planned performance and deviation of attiraetable and budget performance

from planned performance. The second objective is achieved based on accumulation of metrics
information regarding the performance of teams, unasd the like (Galin, 2004, p. 414)

Gaffney Jr(1981)writes in his articleMetrics In Software Quality Assurartbat software metrics are

of interest for several reasons. One is that metocsthe product can be transformed to indicators
(quality factors) of interest to the management, developers and even users (correlates to Bmaton
Pfleege® category Understandingmentioned above). Another reason mentioned is that the
software metrics mighsuggest modification to the software development process. This correlates to
FentonandPfleege® category ofmprovement

DeTomaand Perry (1994) give a short but satisfying description of what the ultimate purposge

a2F0 61 NB SofnakInéris aledised ta obtain data to support the software goals for the
LINE2SOG> F2NJ 0KS RAGA&AAZ2YA | YRI dzFurthexroé héyd > G KS
explain that metrics data is collected during aject@ 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 rojii  t XA SRt A a
provide data to management for controlling software developra@péToma & Perry, 1994)
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Gaffney Jr. also mentions the relationship between quality factorssadfisivare metrics. He writes

that quality isconS Ny SR LI NI AFfte& gAGK YSSiAy3a GKS dzaSNRa
G3I22RySaa¢ 2F GKS AYLESYSylladAz2yd ¢KS a3I22RySaac
serve as the tool as which taassign values to the criterithat determine th & G322 Ry S & a

Furthermore, the software metrics should relate to software quality factors of inte(eattney Jr,
1981)

You could summarize all above to contain essentially four things as the pegdosatware metrics:

e Provideunderstanding,

e Givecontrol over the software engineering project,
e Encourages improvementf project processes,

¢ Provide means tgee if goals have beemet or not.

¢2Y 5Sal NO2Qa NUzZ S NBIFftfe aleé&a Ailmetics:f 6KSYy TFTAYRA
G , Zaimot control what you cannot measutéeMarco, 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 measurlb(you have tabe able to assign the metric a valuend be related to

one or several quality factor§leming) If youcannotassign a value to the metric, itfi®t a measure

at all. If you are not able to relate the softwamsetric 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 understandabien & 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 themanagement 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 ona software metric for it to be applicable and succesgfalin, 2004, p. 415)As for the
general requirements, software metrics should be:

e Relevant
e Valid
e Reliable

e Comprehensive
e Mutually exclusive

Relevantmeans that the metric must be related to an attribute of substantial importance, @.e.
relevant criterion to measure)alidimplies that the metric actually measures the required attribute
(criterion). Reliablemeans that the metric must not producefi@dirent results when applied under
similar conditions. Comprehensivestates that the metric is applicable to a large variety of
implementations and situations (synonymous with general). Finadijtually exclusivémplies that
the metric does not measuretaibutes already measured by other metri¢salin, 2004, p. 415)

15




Chapter X; Theoretical Framework

For the operative requirements Galizoos, p. 415mentions these three:

e Easy and simple
e Does not requirendependent data collection
e Immune to biased interventions by interested parties

Easy and simpleneans that the collection of metrics data should be performed with minimal
resources and the implementation should be simpiés interesting thafFenton andPfleegern199s, 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 aatrttue.

Even more, when yointroducea measurement program at a company ibisgreatest 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 hefpenton & Pfleeger, 1998, p. 14ADoes not require independent
data collectionimplies that the metrics collected should be integrated with other project data
collection systems (e.gwages, 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 organizatiq@alin, 2004, p.415). The final requirementlmmune to biased
interventions by interested partigstates 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
recard 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 proced@sés 2004, p. 415)

In their master thesis, Edrik Svahn & Magnus Osterlurigoo?) list 14 requirements that ideal
software metricsshould preferablgomply with. These ideal metrics should:

e Be well defined

e Be easy to calculate

e Be easy to understand

e Be easy to azlyze

e Be predictable

e Be acceptable from a measurement theoretical point of view
e Be objective

e Be robust

e Be able to be affected

e Suggest a (quality) goal

e Be a natural result from the development process
e Provide historical data

e Be supported by tools

e 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 us@ndaccepted They should alse@flect the need of the customer
andconcentrate on thémportant issues and those issues in need of improvenreiteseth, 1992)

Metrics should not be used to measure and evaluate individual performengeseth, 1992) One
problem associated whemeasuring individual performance is that people may become suspicious

16




Chapter 2; Theoretical Framework

and resentful when monitored and measured. This may give the effect that they provideypatity
data(Fenton & Pfleeger, 1998)

To sum this up, the properties of software metrics can be divided metguired 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 evengided 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 propersesrtedby at least two authors

are regarded as aequred property. All other properties are considered as desirdit not
necessary Figure5 shows what properties a software metric have to or should preferablylfulfil

No indep. Dat: Relevant
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; Well defined

sy & Simpl
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Figure5. Required and desired properties of software metrics. The solid lines represent requir
properties while dashed lines represent desired properties.

2.3.5 Limitations of Software Metrics

Galin(2004, p. 432nentions that there are mainly three categories of obstacles which have an impact
on the application of quality metrics in gemr(i.e, not just in software metrics). These three
categories ardudget constraintshuman factorsand uncertainty regarding the validity of the metric
data.

Furthermore Galin(2004, p. 432prgues that the uniqueness the problems associated witkoftware

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 (Mig), ofu

design errors (NDE), (thousand) lines of maintained software code (KLMC), number of helpdesk calls
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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 affectgddrogramming 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 casamka
complexity of the software affects both KLOC and NCE. NDE and NCE are both affected by how much
of the code that iseused. High values of reused code increases the volume of code produced per
day and lowers the number of defects detected in re\dewesting, 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 NCand NDE drastically()zalin, 2004, pp. 43233)

KLMC is affected by programming style and volume of documentation comments in the code.
Wasteful coding and documentation may increase the value of KLMC remarkaelpercentage 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 requirsore 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 N{Halin, 2004, pp. 43233)

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 teainsa 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 methodhich is a way of quantifying how much
functionality an applicatiorprovides A & Y Sy (i Aa2syic8eBsfull methodological development
aimed at replacing the problematic KLOC métw@alin, 2004, p. 434)

In the articleSoftware metrics: Good, bad, and missi@gpers Jone@994)mentions some metrics

that do not work. He writes thatines of code (LOC), Halstead metrics and-pestdefect metrics are
invalid under various conditions. LOC and Halstead metrics are invalid when used to compare
productivity or quality data acrosdifferent programming languagegones, 1994)Especially the LOC
code metric penalizes higlevel and objectoriented programming languages as well as program
generators. Jones even goes solfai (1 2  ahedwidelykused LOIC metrics is one of the most
imprecise metrics ever used in scientific or engineering wWitinges, 1994) Svahnand Osterlund
(1997)came to the sameonclusion regarding LOC,; it is not a gooetnio to use by itself. There are
more problems with Halstead metrics that should be mentioned. There is no consenste
meaning of attributes such as difficulty, volume or program level (waildwre partsof the Halstead
metrics). Halstead does not give any real indication of what relationships that exist among different
components of his theoryFenton & Pfleeger, 1998)The cosper-defect metric requires a careful
separationof variable and fixed costs to give valid informatimsmes, 1994)

As for metrics that do actually work, Jones mentions complexity metrics famction points
Complexity metricsvork according to Jones based on hisowiRanK A & O2 YLJ yé& Qa SELISN
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 maisorefunction point metrics workaccording
to Jones, is that the fiction point total for an application does not change with the programming
language usedJones, 1994)

However, one should keep in mind that there are some problems with the function point metrics.
Fenton and Pfleege199s, pp. 26265)mention eleven problems. These are

¢ Problems with subjectivity in the technology factor
¢ Problems with doubleounting

e Problems with countemtuitive values

e Problems with accuracy

¢ Problems withearly lifecycle use

¢ Problems with changing requirements

e Problems with differentiating specified items
¢ Problems with technology dependence

¢ Problems with application domain

¢ Problems with subjective weighting

¢ Problems with measurement theory

Function point netrics will not be discussed further in this thesis repdfor a more detailed
description ofthe metrics and itproblems,the reader mayefer to Fenton and Pfleegersos)

2.4 Code Metrics

As the reader has seendhapter 2.3.2 the code metricglasss a subclass of software metrics. Code
metrics are concerned with the measurements of software prodgatsore precisely soues 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 megriunder investigation.

2.4.1 Existing Code Metrics

The various code metrics are defined differently depending onmwvlyou ask. Far from all code
metrics have a universally agreed definition. Therefore it is very important that whenever you talk
about a code metic, you have to explicitly defin@hat 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). Furtiieriyou have to define if you

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

Fenton and Pfleege1998, p. 245gescribe measurements of softwasizewith three attributes:

e Length
e Functionality
o Complexity

They do not mention angodemetrics for measuring functionality or complexity, although the reader
should note that there aresoftware metrics that can be used to measure these attributes (for
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example functionpoints to measure functionality and b{g notation to measure algorithmic
complexity). Please note that complexity in this context concerns problem, cognitive or algorithmic
complexityq not structural complexity. Software structure (structural complexigyinstead divided

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

e ControkHlow structure
e Dataflow structure
e Data structure

ControHlow structure addresses the sequence of instructions and how they are executed in a
program. Dataflow structure focuses on how data items are created, handled, transferred and
deleted in a programData structure measurements are metrics on the data itsgliidependent 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 Halsteads@&heetrics tries to capture attributes of a
program P in both a physical and psychological manner. First of all, the prodrasnsplit into
operands and operators, and then these are used to define other attributes of the prageaton &
Pfleeger, 1998, pp. 24253).

Uy = number of unique operators
U, = number of unique operands

N; = total occurrences of operators
N, = total occurances of operands
length(P) = N =N; + N,
vocabulary(P) = u = yuy, + u,
volume(P) =V =N -log, u

programLevel(P) = L = 7
1
difficulty(P) = D = T

where V* is the potential volume, i.ghe volume of the minimal size implementation of P. You can
estimate the level (L) of a program4).and the estimated program length {Jy as:

e =5 = (=) ()
eSt_D_ Ml NZ
Nese = pq - logy py + pp - logs uy

Finally, the effort to generate the program P is calculated as:

V. uN;Nlog,

effort(P) = E =
Lest 211,
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The unit of the effortneeded to understand the program Ra Ol f f SR aSt SYSy il
discriminatio/f &4 ¢ ® ! LJaeOoKz2ft23Aald ylIYSR W2Ky {dNRdzR Of |
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 prografrefort E is

T = E/18 seconds according to Halsteg®knton & Pfleeger, 1998)

Themaintainability indexmplemented in the code metrics feature in Visual Studio 2008 is partially
based on the Halstead volume V and will becdssed nextMorrison, 2007)

2.4.1.2 Maintainability Index

The maintainabilityindex is based (among others) on the Halstead volume, cyclomatic complexity
and lines of code. It is supposed to give an indication on how complex aactifdet 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)n#irtainability index
(MI) is céculated as:

MI =171 — 5.2 *In(aveV) — 0.23 * ave(g') — 16.2 = In (aveLOC)
where

e aveV= average HalsteacblumeV per module,
e aved Javerage extended cyclomatic complexity per module,
e avelLOG the average count of lines of code (LOC) per mo@uderison, 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 andthers. The coefficients are derived from actual usagé&iewlettPackard This metric

also classifies the index values into three categolkitgh Moderate and Lowmaintainability. These
categories and their respective intervals are depictedable3. Note that Microsoft hasot adopted

the interval boundaries determined by the research results at HevRattkard.(vanDoren, Softwe
Technolog RoadmapMaintainability Index Technique for Measuring Program Maintainability, 2007; Liso, 2001)

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

' (green) High Maintainability Hn X alL X 85<MDKLOO
(yellow) ModerateMaintainability mn > alL MXXcp > al
Q (red) Low Maintainability n X alL >X MI<65

Table3. Classification andhresholdsfor maintainability indexused by Microsoft

2.4.1.3 Tree Impurity ( Measuring Data/ Information Flow)

A good example of a metric to measure data flowe® 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 datd flewore a
system deviates from being pure tree structure towards being a graph structure, the worse the
design is. Apparently this metric is one of few design metricsdlsathas been validated on a real
project. (Fenton & Pfleeger, 1998, pp. 3G88)
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