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Abstract

Requirements Engineering (RE) deals with eliciatioanalysis, documentation and
management of requirements. It is a crucial sucfaegsr in software development projects.
Project Managers and Requirements Engineers neetl sigpport for Requirements
Management (ReqM) to enable collaboration on reguénts and to keep track of
requirements changes, especially in projects tteadligtributed or have many requirements.

Commercial tools typically have (1) (high) licens&d training costs, their use is (2)
sophisticated and hard to learn; they offer (3)itioh integration with other tools and (4)
limited extensibility. Most open-source tools aret isubject to these limitations and have
therefore become increasingly popular in the pest years (e. g.SubversionBugzilla).
However, the few existing open-source RegM soltisuifer from poor state of development
and lack of quality. Furthermore, most of the ergtRegM tools have the following
shortcomings: (1) Limited versioning without reweg branching or baselining, (2)
inadequate traceability support without user-defineace types, (3) strongly limited
integration with other tools (e. g. configuratiamdatest management, defect tracking).

In order to address these issues, | have develiygedpen-source ReqgM plug-in TregPro for
the collaboration platform Trac. TreqPro providé} éxtended versioning functionality, (2)
flexible traceability support, (3) good integratiaith other tools, and (4) high extensibility.

For evaluating the TregPro prototype, 8 RegM expattSiemens Austria participated in a
usability pilot study in which | compared the prigfoe with the Siemens Austria standard tool
Requisite Pro and the open-source tool Trac consgl€a) user satisfaction, (b) execution
time and (c) completeness for 9 standard use cdsedhermore, | have created a
comprehensive RegM tool feature catalog as a Wasishe prototype development from
expert interviews, a web survey and existing work.

In the pilot study, the prototype displayed consathe improvements in all 3 measured
parameters (a), (b), and (c) compared to existioyst Satisfaction could be improved by
40 % compared to Trac and by 61 % compared to RiguPro. Execution time could be
improved by 34 % compared to Trac and 39 % comp#redequisite Pro. Completeness
could be improved by 87 % compared to Trac and 74&d¥pared to Requisite Pro.
Furthermore, the participants gave valuable qualédeedback on the prototype.




Kurzfassung

Requirements Engineering (RE) beschaftigt sichdartErmittlung, Analyse, Dokumentation
und Verwaltung von Anforderungen (Requirements) istcein wichtiger Erfolgsfaktor fur
Softwareprojekte. Projektleiter und Anforderungsrdger benttigen Toolunterstiitzung fur
Requirements Management (ReqM), um Zusammenanbeiingorderungen zu ermdglichen
und Anderungen zu verfolgen, besonders in verteiReojekten oder solchen mit vielen
Anforderungen.

Kommerzielle Werkzeuge haben (1) hohe Lizenz- uradningskosten, ihre Benutzung ist (2)
kompliziert und schwer zu erlernen, und sie verfiigber (3) unzureichende Integration mit
anderen Werkzeugen und sind nur eingeschrankt tenvar. Die meisten Open-Source-
Werkzeuge unterliegen nicht diesen Einschrankungeehwurden aus diesem Grund in den
letzten Jahren immer beliebter (z. B. Subversiamgzila). Allerdings werden die meisten
dieser Open-Source RegM-L6sungen nicht mehr weiterekelt bzw. ist die Qualitat der

Software fir den Produktiveinsatz nicht ausreich&¥diters weisen die meisten RegM-Tools
die folgenden Méangel auf: (1) Eingeschrénkte Vemngiung ohne Reverting, Branching oder
Baselining, (2) unzureichende Unterstitzung voncdaaility ohne benutzerdefinierte
Beziehungstypen, (3) stark eingeschrankte Integratnit anderen Werkzeugen (z. B.
Configuration Management-, Test Management-, Déffeatking-Werkzeuge).

Zur Behebung dieser Mangel entwickle ich die Openr&e RegM Erweiterung TreqPro fur
die Plattform Trac, welche (1) erweiterte Versionmgs-Funktionalitat, (2) flexible
Unterstitzung fur Traceability, (3) gute Integratimit anderen Werkzeugen sowie (4) hohe
Erweiterbarkeit bietet.

Zur Evaluierung des Prototypen nahmen 8 RegM-Egpebei Siemens Osterreich an einer
Usability-Pilotstudie teil, in welcher ich TregPd®n bei Siemens Osterreich tiblicherweise
verwendeten Werkzeugen Requisite Pro und Trac dgbgestellte, wobei (a) Zufriedenheit
der Benutzer, (b) Ausfihrungszeit sowie (c) dielstéhdigkeit im Rahmen der Ausfiihrung
von 9 Standard-Anwendungsfallen untersucht wurd@eriber hinaus habe ich in einem
umfangreichen Anforderungskatalog fir RegM-Werkzeugls Grundlage fir die
Entwicklung des Prototypen Information aus Expertemviews, einer Web-Umfrage sowie
bisherigen Arbeiten zusammengefihrt.

In der Pilotstudie wies der Prototyp im Vergleiah existierenden Werkzeugen signifikante
Verbesserungen in allen 3 gemessenen Parameter(ba)nd (c) auf: Die Zufriedenheit

konnte um 40 % im Vergleich zu Trac und um 61 %engleich zu Requisite Pro verbessert
warden. Die Ausfuhrungszeit konnte um 34 % im MVeigfl zu Trac und um 39 % im

Vergleich zu Requisite Pro verbessert werden. Dalst&ndigkeit konnte um 87 % im

Vergleich zu Trac und um 74 % im Vergleich zu Redai Pro verbessert werden. Die
Teilnehmer gaben fur die Weiterentwicklung des &ggten wertvolles Feedback.

v
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1 Introduction

This chapter gives an overview on the field of Rexuents Engineering (section 1.1),
existing RegM tools and their shortcomings (1.2)e tapproach of addressing these
shortcomings (section 1.3), and the method of etain that will be used (section 1.4).

1.1 Requirements Engineering and

Requirements Management

This subsection gives an introduction into the reatand importance of requirements
(section 1.1.1), and the fields of requirementsireegying (section 1.1.2) and requirements
management (section 1.1.3).

1.1.1 Requirements

Requirements describe behaviour, constraints aher giroperties of a software system as
well as its context and domain. Requirements ugsgkecify what a system should do instead
of how to do it. However it is hard to draw thedimnd requirements often do contain
technical aspects as well. It is possible to spedifferent types and granularities of

requirements, ranging from very general system gna@s to very specific constraints on a

certain operation.
Wrong requirements can lead to the following e8dKit98]:

* The system is delivered late.
» Customers' expectations are not met.
* The system is unreliable.

* Maintenance and improvement costs are high.



1.1.2 Requirements Engineering (RE)

Requirements Engineering (RE) is the process of

"[...] discovering, documenting, maintaining a setrefjuirements for a computer-

based system[Kot98]

An RE process is a structured approach for findiniggcussing and documenting
requirements. Requirements the stakeholders haveedgupon are written into a
requirements specification document and are subjexrt validation (consistency,

completeness).

According to Leffingwell and Widrigl[efO3], errors concerning requirements in a software

project are both the most common errors and theé expensive errors to fix.

1.1.3 Requirements Management (ReqM)

Requirements Management (RegM) is

... a systematic approach to eliciting, organizingl @ocumenting the requirements of
the system, and a process that establishes andtare@nagreement between the

customer and the project team on the changing reqments of the systehbef03]

According to Kotonya and SommervilleK¢t98], change control and change impact

assessment are two major RegM activities.

1.2 Existing ReqM Tools and their Shortcomings

This section describes the existing tools togettidr their drawbacks. Tools can be divided
into FLOSS and proprietary tools. Section 1.2.¥egian introduction to free/libre open-
source software (FLOSS). Section 1.2.2 explainsbiefits of using FLOSS in software
development. Section 1.2.3 describes proprietagtian 1.2.4 FLOSS RegM tools. Section
1.2.5 lists the shortcomings of existing RegM tools



1.2.1 Freel/Libre Open-Source Software (FLOSS)

Free/Libre Open-Source Software is software witltense that allows obtaining, studying,
changing and copying its source code. Simplifibd, terms free software, libre software and
open-source software stand for the same sort @ivacd. People speaking of free or libre
software usually prefer pointing out the socieexts, and people speaking of open-source
software mainly mention the economic aspects of $80The term FLOSS has been created

to speak of such software without bias to eithaheftwo groups.

FLOSS is not a new invention. In the 1950s and $96@as normal for software users to
have the freedoms provided by FLOSS. Towards thieaérthat period, the software costs
started increasing dramatically. Manufacturers hegsing technical measures to prevent
users from studying or copying the source codecapgright law was extended to encompass
software. This way, software could be sold sephrate a product with a simple business
model. In the 1980s, the MIT researcher RichardlBéa started working on the GNU
project (which is the basis of several free opegaystems) and founded the Free Software
Foundation. Together with the Linux kernel devebbd®y Linus Torvalds in 1991, the
operating system Gnu/Linux became very populahéfollowing years. A typical Gnu/linux
installation consists of thousands of FLOSS packagaintained by developers from all over

the world.

In general, FLOSS did not spread as much on desitsiems as it did on servers: In January
2010, the market share of free web server softigabdout 70 %Netl(. The market share
of free operating systems on desktop computerslig estimated around 1 %Mik10b].
FLOSS is strongly used on mobile and embedded dgviELOSS operating systems have
greater shares on newer markets such as the nethaddet (about 30 % in 2002.4i09])

and the mobile device market (more than 17 % estidhanly for Android in 2010HeilQ]).

1.2.2 FLOSS Supporting Software Development

In the last few years, there has been a trendeéd~u©SS to support software development

wherever possibleéHor04]. Examples for widely-used open-source software:

* Programming Languages: Perl, PHP, Python, Ruby

» Application Frameworks: Spring, Hibernate, Strirpel, Cocoon ...
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» Development Tools: Eclipse, CVS, Subversion, GC@k&J Ant, Trac ...
FLOSS has the following advantages:

« EaseofUse: In Genereal, FLOSS is not as overloaded with featas many
proprietary products are.

* Avalilability: FLOSS is usually easy to obtain. In many FLOSSribigions,
installation and configuration of a FLOSS produah doe a matter of just a few
commands or mouse clicks.

* License Costs: Most FLOSS is not only free as in ,free speechit, &lso free as in
.free beer”, although this is no mandatory implioatof a FLOSS license. Even if
there are no license costs, there are still trgiaimd maintenance costs.

* Extensibility: FLOSS can be easily extended. If enough peoplentrested into
a product, they can quickly build up a communityeneh many can contribute to

development.

While there are open-source tools for all partsa afoftware development process, there is

almost no open-source software for requirementsagement (ReqM).

1.2.3 Proprietary RegM Tools

There are lots of proprietary RegM tools. These @ny a few examples, but there are
directories with full listings, see section 2.2ALfew well-known proprietary tools are IBM
Rational Requisite Pro, IBM Rational DOORs, and|&ad CaliberRM.

Also, many requirements managers use means likelbeximents or spreadsheets for smaller

projects. These documents are typically createtgysioprietary standard tools.

1.2.4 FLOSS RegM Tools

While there are FLOSS tools for all parts of thitvgare development process, there is almost

no FLOSS for requirements management (ReqM).



The most notable open-source RegM tool is the Cimuree Requirements Management
Tool (OSRMT) Pst1l(. However, development has stalled, and there ritnmeen any
releases since 2007.

Wikis, Ticket Systems or full collaboration platfos like Trac Tral0] or Redmine Red1(
can be used for Requirements Management. Usubbgetsolutions have major drawbacks,

but may work well in small projects.

1.2.5 Shortcomings of Existing RegM Tools

Existing tools have several shortcomings. In thrky | address 3 of the most important

shortcomings which are further described in thiofaihg sections.

1.2.5.1 Limited Requirements Traceability

Existing tools provide only limited ways to tracequirements. First of all, there is usually
only one single type of link between requiremeritsf one cannot express different
relationships between requirements., e. g. «indwdeis derived from»., «is in conflict

with».

Furthermore, it is difficult to maintain traceabylif part of the data is managed by a different
tool, for example if a requirement should be testedl there are different tools for

requirements management and test management.

1.2.5.2 Limited Requirements Versioning

Existing tools only implement basic historizatidrrequirements. This means, that the history
of changes is recorded, but the user cannot go teaaiy old version or branch requirements.

Furthermore, only limited baselining support iseoéd by these tools.

1.2.5.3 Limited Integration with other Tools

Existing tools usually provide complex interfacesother tools from the same manufacturer,
but very little interoperability with other tool&ach tool has its own database and does not

share data with other tools.



1.3 Approach for an Improved RegM Tool

In order to address the shortcomings mentioneceatian 1.2.5, | first create a catalog of
RegM tool features as described in section 1.3dindgJthis catalog | build a RegM tool
prototype as described in section 1.3.2. This eedives an overview on the approach which

is described in more detail in chapter 3.

1.3.1 Elicitation and Validation of ReqM Tool Features

In order to answer RQ1 and learn about ReqM toatufes considered most important, |
create an extensive catalog of RegM tool requirésasing existing scientific work, expert
interviews, and a web survey among RegM experts.cFaation of the catalog is described in

section 3.3.

1.3.2 Development of an OS ReqM Prototype

| develop a RegM tool prototype as a plug-in foe theb-based open-source collaboration
platform Trac. The prototype will address the stmmings of existing tools as explained

briefly in the following paragraphs. For more digdiinformation, please see section 3.4.

1.3.2.1 Addressing Limited Integration

All tools will work as plug-ins to the Trac platfor sharing one single database and one
version control repository. The platform will proe basic interconnectivity between its plug-

ins and basic services like the formatting of cohteith wiki syntax.

1.3.2.2 Addressing Limited Traceability

All data involved in the development process wil kept in one single relational database
and one version control repository as far as ptessibwill be possible to create trace types,

so that each artifact can be linked to each otlidr any trace type.

| will put some effort into the development of amrperimental graphical requirements
navigation plug-in that will clearly display wholpaths of different relations between

requirements and other artifacts.



1.3.2.3 Addressing Limited Versioning

Every version of an artifact will be stored togethéth a link to its predecessor. This way it is
not only possible to go back to any version, bgbab have two versions with the same

predecessor, which can be called a branch.

It will be possible to create baselines which aasidally lists of artifact versions. As a
baseline is meant to freeze that list of requiremversions, a stored procedure in the database

will guarantee the consistency of the baseline.

It will be possible not only to compare arbitrargrsions of an artifact, but also to compare

whole project versions and easily identify changes.

1.4 Evaluation of the Catalog and the Prototype

| will conduct a survey to complete the ReqM tcedtlure catalog and to assess its validity.

| will evaluate the TreqPro ReqM prototype in ahiby test with ReqM experts. In this
usability test | will compare the TreqPro prototypéth two existing ReqM solutions
regarding user satisfaction, execution time andptetaness considering 9 common tasks. In

addition, this test will probably generate valuadplelitative feedback on the prototype.

| expect the parts of the concept that are new emetpto related work to be a good start for
dealing with the shortcomings of existing ReqM waite. There will probably be
considerable improvement in the three measurednpess (user satisfaction, execution
time, and completeness) compared to the SiemengridAustandard tool IBM Rational

Requisite Pro.



2 Related Work

This section gives an overview about related widirkas subsections for the field of RQ1
(RegM tool features) as well as the three maind§iedf interest for RQ2 (traceability,
versioning and tool integration). Introductory nréke can be found in section 2.1. Work
about open-source tools in software developmentplased in section 2.6. A list of RegM

tools can be found in section 2.7.

2.1 RE and RegM Basics

The books listed in this section are standard thictory literature in the field of requirements

management.

Dean Leffingwell and Don Widrig give a comprehemrsimsight into the management of
software requirements with use casksf()3]. Their work is a rather practical guide and
explains many techniques from understanding thbleno to building and testing the system.

It has become a standard reference for practigairements engineering.

Gerald Kotonya and lan Sommerville combine a themak expedition into the field of
Requirements Engineering with an extensive disonssif available techniqueX$t98].

Their book is a detailed introductory work on reguments engineering.

lan Sommerville and Pete Sawyer provide an elabogatde of best practice$S¢m97 in
requirements engineering. The book treats diffeeespiects of requirements engineering. As
there are few dependencies between the guidelthesadaptation to the own company's
processes should be easy.

2.2 Sources of RegM Tool Features

This subsection summarizes related work concerRegM tool features in general.



2.2.1 RegM Tool and/or Feature Databases

Tool feature databases basically offer lists of Regols with an optional search and/or filter
functionality. These databases are an importantceoof available RegM tool features for

creation of a RegM tool feature catalog (see se@i8).

The INCOSE tool surveylfIC10] is a database with web access that allows RegW to
creators to maintain a list of their tools' featur&or visitors, it provides an extensive

overview of RegM tool features and comparison betwdifferent RegM tools.

Ludwig Consulting Services, LLC maintain a websitigh information about requirements
managementLjud10]. The site contains a comprehensive list of abtutRegM tools, but

filtering is not possible, and there are no desions.

The NASDAQ stock market maintains a small catalbgngportant requirements management

tools [NAS1Q. Filters allow finding tools specified by certainteria.

2.2.2 Literature on RegM Tool Features

In addition to the tool databases listed above,résearch findings on RegM tool features
published by several authors are a source of Remi\Iféatures for the creation of a RegM
tool feature catalog (see section 3.3). In conti@she tool feature databases listed in section
2.2.1, these research results allow estimatingintqgortance of each RegM tool feature.

Therefore, the papers listed in this section andtaf importance.

Matthias Hoffmann, Nikolaus Kihn, and Matthias Welh&ve developed an elaborate catalog
of requirements for RM tooldHof04]. Due to their work for the automotive industriaeir
catalog has not been created especially for softwiavelopment, but due to their general
approach, their work is applicable to other domasautomotive development as well. The
following paragraphs summarize core statementhefauthors' work as well as the most
important RegM tool features:

The developer should be able to freely defif®eguirementsModel. DifferentViews on the
same data should be available. Enrichment of tlgimements withFormatting and

External Content is quite important as well aShange Management and Commenis
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Documentation of the History, Baselining of the current state of requirements, and
Traceability through user-friendly, semantic, directed linkingetween requirements.
Different methods of analysis of requirements, tadkgration, import of requirements
specifications.Document Generation for official as well as internal purposes shoulel b
available.Collaborative Working on the same datais as important as checking out data for
Offline Use. It would be a good idea not to require a cligaplation installed on computers
by providingWeb Accessto the RM tool.Central Installation and Administration is a
central requirement from the project administratpnt of view. Administrators want to
have a security concept wikoles and PermissionsThere should be nSize Restrictions
on requirement data or user count as limits ard ttapre-estimate. Workflow Management is
not considered such an important feat@etensibility is very important to allow reacting to
new situations. There are various requirements eronty the database (data safety,

performance ...) and encryption.

Bernd Kretzel has elaborated a list of criteria esgiirements for an RE tool as well as a tool
selection process at Siemens IT Services and So&ifKre06]. Although his scope is more
general than just on RegM, the list of required te& features can give valuable hints on
criteria for a good RegM tool solution. The autlhas provided a detailed tree of required
features in the following categories:

* Overview of RE Main Activities

* RE as an integrated part of the process
* Requirements Elicitation

* Requirements Analysis and Negotiation
* Requirements Documentation

* Requirements Validation

* Requirements Prioritization

* Requirements Tracing

* Analysis and Reports

» Usability and Administration

Kretzel lists a few essential features of RE tools:

» Centralized requirements storage and management
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» History of old requirement versions

» Attributes adding additional information to requirents

» Traces showing relationships between requirements alowing change impact
analysis

* Reports

"In general the tools do not support the elicitatistep well. Some tools providegea

discussion feature but it seems that the toolsatedesigned to support this early step
of the process. [...] Although the top tools pr@vigice export features, there are no
proper report features. Furthermore, the importtiea is often very complex and

hard to use."

On the other hand, the top tools can be easily fga@quirement management. RequisitePro
excels in simplicity. CaliberRM seems to be likbé'tbig sister” of RequisitePro because it
provides similar concepts but more features whiakenthe work with CaliberRM more
complex than with RequisitePro. DOORS provides eptg different from those in
CaliberRM and RequisitePro. The tool provides ewsore features as CaliberRM and is

therefore also more complex to use.

Kretzl lists several existing tools that provedatork well in various disciplines: CaliberRM,
RequisitePro, and DOORS.

Matthias Heindl, Franz Reinisch, Stefan Biffl, afliéx Egyed have evaluated a value based

RE tool selection approach developed at Siemei8oluitions and Services PSHI06].

After documenting an RE process description of Rte activities, the authors elaborate a
feature tree providing a good overview of RE tomdtlires. The tree (which has also been
used in Bernd Kretzl's workkfe06]) is then used as a checklist for evaluation of tBé&s,
which can be compared with a rating model. A vahgzlel helps project managers to rate the
importance of features for their projects to fihd best tool for their needs.

"The approach is straight-forward and seems to beyamd means for project
managers to compare requirements tools and seleztntost valuable tool for a
particular project.”

11



As mentioned before, the priorization of ReqM tteatures is important for the creation of a

RegM tool feature catalog.

2.3 Importance of Requirements Traceability

In this work, | identify requirements traceabiligs a feature of ReqM tools in need of
improvement. The literature listed in this sectgrbstantiates the importance of “process-

driven”, continuous traceability for requirementamagement.

Ramesh et al. point out the importance of tracégbibr the development of computer

systemsfRam97:

"A major concern in the development of complexgdascale computer intensive
systems, especially those with evolving requirespénensuring that the design of
the system meets the current set of requirementhid context, it is essential

to maintain the traceability of requirements to ieass outputs or artifacts produced

during the system design process."

Finkelstein and Emmerich state that traceabilityeguired to support document-intensive
business processes such as requirements manad&meégi.

One of the most important early works in the fiefdequirements traceability was published
by Gotel and Finkelstein who have investigated thquirements traceability problem

[Got94]. They distinguish between pre-RS (requiremeneiigation) traceability and post-

RS traceability:

* "Pre-RS traceability, which is concerned with th@spects of a requirement's life

prior to its inclusion in the RS (requirement pratan).

* Post-RS traceability, which is concerned with thaspects of a requirement’s life that

result from its inclusion in the RS (requiremenpldgment).”

According to the authors, there is need for impnoget especially in the field of pre-RS

traceability. The authors propose increasing madelof the social infrastructure of
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requirements production to guarantee the continabdity to “locate and access”

requirements contributors and facilitating the cidmitors’ informal communication.

Ramesh et al. have developed a framework for aatality scheme and discuss the impact of
traceability on quality software engineerirRgmO01]. They present issues and lessons learned

during the introduction of traceability practicean organization.

The authors point out the need for clearly defirteateability models, which require

traceability between requirements and all systempmments:

“In order to achieve this objective, it is essehtiaat traceability be maintained
through all phases of the systefsig!] development process, from the requirements as
stated or contracted by the customer, through asig)ydesign, implementation to

testing the final product.”

This traceability information can be used

» to prove the fulfillment of requirements,
» to prove that the right design decisions were made,
» for change impact analysis, and

+ for maintainance mechanisms.

The authors introduce a framework to describe #daitiey information. This framework is
built on a metamodel and can be used to documacedbility practice in a concrete project
or organization and to develop similar models iheotcontexts. The authors tested their

approach in a case study.

It turned out that break of traceability in earvelopment stages decreased the effectivity of
traceability efforts in later stages. The authorsnd that providing traceability throughout the
development life cycle is difficult if the informah interchange between the tools does not

work seamlessly.

The authors' results confirm their expectation thraceability can be used to increase

software quality.
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Hoffmann et al. point out, that a user-friendly iempentation of traceability is of high

importance Hof04]. Furthermore, they demand the following featwethis implementation:

* mandatory links for certain requirements

» clearly visible direction of links from a sourceadarget

» bidirectional navigability of links

» different link types

* m:n links

» graphical representation of links

» restriction of link vs. requirement types (certaaguirement types allow certain link
types)

» links across project boundaries

Bala Ramesh and Matthias JarkRkamO1] discuss existing modeling frameworks for
organization of traces. They have elicitated thstmaportant kinds of traceability links from
their observations and built new models with théihe authors mention four link types,

which they describe in detail:

« Satisfaction links
e Evolution links
+ Rationale links

* Dependency links

The authors state that the majority of presentetrhdity tools do not offer differentiation

between link types.

"Moreover, most tools just offer mechanisms forsjgent storage and display of
traceability information, but they do not suppdretprocess of capturing and reusing
traces by guidance or enforcement in a systemadicner; those that do tend to have

very rigid process models."

Spanoudakis et alSpa03 present a roadmap of recent publications reladdthceability and
issues still open for research. The authors distghgbetween manual, semi-automatic and
automaticgeneration of traceability. With manual generation, traceability has to beated
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by the user for each artifact in the applicatidadycle which makes it the most ineffective
method of establishing traceability due to its hejfort for the user and the high probability
of errors. Multiple ways of generating traceabilitya semi- and full-automatic way have
been proposed in order to overcome these limitatiothe authors summarize several
approaches to semi-automatic generation of traligaléeneration through predefined links,
event-based generation and process-driven generaifo traceability. Process-driven
generation of traceability is the approach most interesting for my work bseait can
establish traceability on the fly during developmand fits well into the set of existing tools
used for the TregPro prototype. It currently hagoad cost-benefit ratio compared to the
manual and the automatic approaches of generatawpdability. Current approaches for
automatic generation require implementing advantathniques which are still in an

experimental stage and sophisticated to implement.

Gerhart Totz has discussed plugin-based requiremeading in his master’s thesisqt07].

He has enabled developers to easily create traoes dource code to requirements artifacts
(across tool borders) from their integrated develept environment. Compared to two
traditional forms of requirements tracing (Spreagsttand Requisite Pro), the necessary effort
for establishing traceability could be reduced 4. This is interesting for my work because
establishing traceability in an easy-to-use wagsisential in order to achieve an improvement

in this area.

2.4 Importance of Requirements Versioning

In this work, | identify requirements versioning asfeature of RegM tools in need of
improvement. The literature listed in this sectsnbstantiates the importance of requirements

versioning and baselining for requirements managéme

Hoffmann et al. point out, that thddcumentation of the histdrgf requirements (to which |
refer asversioning in this work) is of high importance (++Hpf04]. Furthermore, they
demand the following features of this implementatidthe importance of each feature is

signaled with the symbols "++", "+" and "-" for , "medium” and "low" as done by the

authors):

» all objects must be versioned (++)
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» changes are trackable to smallest data units (++)

» old versions remain available (++)

» reverting to any old version is possible at anyetifh+)

» change reports (++)

* automatic incrementation of IDs (+)

* major and minor versions are possible (+)

» visualization of changes (+)

» analyze changes to generate information aboutrthjeqt's progress (+)
» change categorization for analysation of changgs (+

« change comments (-)

The authors also mention the importancebaselining (++) for freezing the state of the

project, e. g. before a major development stegter a review.

The exact checklist of versioning subfeatures aMRegol should provide given by the
authors is useful for the design of a RegM tootqrpe.

2.5 Importance of ReqM Tool Integration

In this work, | identify the integration of ReqMdls with other tools as a feature in need of
improvement. The literature listed in this sectisubstantiates the importance of tool

integration for requirements management.

Finkelstein et al. consider the integration of RetpdIs with configuration management and
other tools an important field of development fioe short-time futureHin00]. The authors

also mention distribution and web integration as tmedium-term future developments.

Hoffmann et al. describe tool integration as anadngnt RegM tool requirement and as a
prerequisite for complete traceabilityd¢fO4]. Furthermore, they demand the following
features of its implementation (the importance athefeature is signaled with the symbols

"++", "+" and "-" for "high", "medium" and "low" adone by the authors):

* No redundancy must be generated through linkingéet tools (++)
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» The access rights of linked objects must be respeatross tool borders (++)

» Linking to smallest possible data structure shdaglgpossible (++)

* The tool should allow integration with ConfiguratioManagement (++), Test
Management (++), Issue Tracking (+), Modeling (¥fommunication (+),
Performance Analysis (-), Project Management(-)

» Automatic Synchronization between Tools (+)

* Links to external links should be treated the sasmaternal links (+)

* Full navigability of links (+)

e Support for Integration Platforms (-)

» Connection transparent in both tools (-)

Carey Schwaber (Forrester, Inc.) describes thafoities in application lifecycle management
(ALM) should be rather on the connection betweeolstahan on the tools themselves
[For06]. Schwaber criticizes the use of separate toold amltiple repositories which

integrate poorly with each other, which additiopalleads to redundancies and
inconsistencies. She explains that the efforts tspemaintaining synchronization between
tools lower the productivity. Schwaber proposeshared ALM platform that provides

common functionality to the tools (which link intlee platform) as well as a unified interface

to multiple repositories.

2.6 Open-Source Software Development and

Wiki-Based Requirements Management

The works presented in this section underline theortance of using open-source software
and processes in software development. They al@rgguirements and practical guidelines

for wiki-based requirements management.

Liz Barnett compares the open-source developmentiemavith traditional and agile
development modeld-pr04]. She presents the open-source approach as aonaycounter
the time and budget issues of most software dewsop projects. The author considers it
important to adopt some open-source process asp&etsteam communication, user
involvement, automated generation of documentatianlding up a knowledge base, and

increasing transparency. Involving users in deualept can facilitate requirements
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engineering, design and testing. Barnett also mepaollective code ownership which is a
large change from the traditionall permission-basgproaches — every developer is allowed
to change every part of the system.

Barnett's findings align with the general trend use open-source software in software
development projects. The prototype developed is work will eventually become open-
source software. While a typical open-source deraknt process will not be applied
instantly (as the prototype is part of a mastésis), existing open-source components will

be used as a basis for the prototype.

In a recent paper, Oezguer Uenalan, Norman Ri&gdlastian Weber, Joerg Doerr treat the
use of wiki-based solutions for requirements mamege and also specify a few basic

requirements for wiki software used for RMdn03§:

» Classification of requirements

* Specification of a documentation model

» Creation of a versioned and structured specificatiocument out of different artifacts

» Collaboratively review requirements specificati@ml save the review state for each
artifact

* Support a change management process

* Provide traceability information for impact analysi

This work is especially interesting because Witac one of the 3 compared tools uses a wiki

and tickets to depict requirements.

2.7 Existing RegM Tools in the Siemens Austria

Context

Many requirements managers use simple standardvaseft (text processing software,
spreadsheet software) for requirements managefieate are of course specialized tools. In
this section, | describe the tools Requisite Prectisn 2.7.1) and Trac (section 2.7.2)

commonly used at Siemens Austria. These tools lacethe reference for comparison with
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the RegM tool prototype in this work. | concludésteection with an overview of other well-

known RegM tools (section 2.7.3).

2.7.1 IBM Rational Requisiste Pro

Rational Requisite PrdBM10] is a dedicated requirements management tod.dtdesktop
application, but a simple web interface has beateddecently. One of its strengths is the
integration with Microsoft Word, where requirementsan be marked and are then
automatically included in the database. Due tostifewvare's evolution, some newer features
like baselining have been added, but not been nated seamlessly. Experts also frequently
complain about the old-fashioned user interfacee ftegration with Requisite Pro works
well for other Rational tools such as ClearQuest,i® very difficult for third-party or open-

source tools.

2.7.2 Trac

Trac [TralO] by Edgewall Software is an open-source web-basdthboration platform
written in python. It allows tight integration witthe SubversionJub1(Q version control
system and is extensible via plug-ins. Two of T&acain components are a wiki and a ticket
system. For small projects, Trac is ideal as arowatider solution because it can provide
(together with subversion) version control, issteeking, documentation, requirements and
other services from one hand. Due to its plug-chiéecture, Trac is very flexible and can
easily be adapted to any project's specific requergs.

2.7.3 Well-known Tools Not Typically Used at Siemens
Austria

Some well-known and frequently-used RegM tools Boeland CaliberRM Bor10], MKS
Doors MKS10], Sparx Enterprise ArchitectSpal(Q, Geensoft Reqtify GeelQ. This list
was obtained from interviews with some RegM expéte section 3.3.1) and is neither

ordered nor complete.
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3 TregPro — An Improved
RegM Concept

After giving an overview on the overall approachatoimproved concept for an open-source
requirements management tool in section 3.1, Irdesthe two research questions discussed
in this work in section 3.2. The research questamesfollowed by a more detailed view of the
approach in sections 3.3 (RQ1) and 3.4 (RQ?2).

3.1 Overview of the Approach

This section gives an overview of the approachriakethis work to provide improved open-
source requirements management compared to exsilagons (Figure 1).

. Infarmal Interview
anduct Interviews wep|  Resulis (a)
with RegM experts ]
h J A""'
Related Work (b} Create ReqM Taool > Tg‘;'mﬁsat{'::r]e
Feature Catalog k____,/g'_“\
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Tool Feature Catalog L
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Evaluate Toal p R;”urr‘t':{ej
Feature Catalog L
¥ &
-
Develop ReqM Tool ] Prototype {f)
Prototype TregPro L
¥ "’-"
Prepare Evaluation e ”:;;:E’ET{;?
—— of TreqPra Prototype
results in ! is used in ',J\
is followed b & -
is W ¥ *
Usability Test
Evaluate TregPro weep|  Resuis )
Prototype L

Figure 1: Simplified overview of approach to improved RegM tool support
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The following list gives an overview on each of 8teps outlined in Figure 1. Steps (1) — (4)

are outlined in detail in section 3.3. Steps (%) )are discussed in section 3.4.

(1) 1 hold informal interviews with 5 ReqM experts de®ens Austria in order to get an
overview of important features and shortcomings»$ting RegM tools. The results of
these interviews (a) are collected for the follogvsteps.

(2) Using interview results (a) and existing work (byreate an extensive catalog of ReqM
tool features (c).

(3) For the evaluation of the catalog (c), | prepaseed survey (d) using the open-source
tool limesurvey

(4) The data yielded by the survey (d) is used to imprand validate the feature
catalog (c). This is accomplished with a web surviye results of the evaluation (e)
encompass a list of features considered importgnpdrticipants and an improved
feature catalog.

(5) Using the improved feature catalog from (e), | depea RegM tool prototype (f).

(6) | prepare the evaluation of the prototype (f) whishrealized as a usability test with
RegM experts. This encompasses the creation ofngleaproject with valid and
consistent test data, the deployment of the prp®oty) to a virtual machine, and the
creation of extensive survey response sheets. h&ld artifacts (g) are used in the
following steps.

(7) 8 participants take part in the tests, where eashuses a set of artifacts from (g). |

record the results (h) consisting of quantitatind gualitative parameters.

3.2 Research Questions

This section outlines the actual research questi®@d1 (section 3.2.1) and RQ2
(section 3.2.2) posed in this work. The approakbndor each of these questions is described
in more detail in sections 3.3 (for RQ1) and 3at RQ2).

3.2.1 RQ1: Which features are essential for ReqM tool
support?

On one hand, many requirements managers (espeamakynaller projects) use standard
software for elicitation and management of requeeta such as text processing software and
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spreadsheet software. On the other hand, therewareerous existing RegM tools with a

variety of different features.

It is not obvious, which features should be incilde a good RegM tool. This research
guestion therefore aims at discovering the featcoesidered most important by requirements
managers. It is vital to answer this question farafthe relevance of RQ2, and to elicitate
features that should be included in a first prgtety

3.2.2 RQ2: How can requirements versioning, traceability
and tool integration be improved with TreqPro
(compared to Siemens Standard RegM tools)?

| have identified three major shortcomings in ergiRegM tools (see section 1.2.5):

Requirements traceability (see section 1.2.5.1) is typically limited in tweays: (1)
Traceability can only be established among requergsr managed inside the tool, but not
towards design documents, source code, test catse$2) Traces cannot have multiple user-

defined types.

Requirements versioning(see section 1.2.5.2) is typically implementedaisimple, linear
way that does not allow switching back to old vensi of a requirement, creating baselines of

the whole project, or comparing baselines andaattifersions in a clear and easy way.

RegM tool integration (see section 1.2.5.3) is typically possible betwamls of the same
manufacturer, but hard to achieve with third-paxigls. For example, it is hard to link
requirements to source code with some RegM toodda s usually spread across multiple

repositories, which creates redundancies and coaipB usage of the data in other tools.
In this work, | investigate, how these shortcomirfsRegM tools can be addressed by

developing a general concept of addressing thesdmmgs and implementing that concept

in a prototype.
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3.3 Elicitation and Validation of a RegqM Tool

Feature Catalog

RQ1 addresses features necessary for ReqM toobdup this part of the work, | create a

comprehensive catalog of ReqM tool features fronitipia sources.

3.3.1 Sources of ReqM Tool Features

As outlined in section 2.2, | use 2 primary sourgERegM tool features: Tool databases and
existing literature. To supplement the knowledgeegh from these sources | hold several
interviews with RegM experts and project manageérSiamens Austria to elicit up-to-date
information about requirements for RegM tools. Thierviews are held in an informal way

and all information is recorded in written form.

3.3.2 Abstraction of Requirements to Artifacts

| collect and sort the requirements for RegM taalquired in the previous step. Furthermore,
| introduce an abstraction from requirementsattifacts in order to allow the concepts

introduced for requirements to be applied to simidlamains like test management.

Each artifact can have one or matributes. An attribute can contain any data that is
associated with the artifact. Artifaatan be connected to each otheré&lations as shown in

Figure 2.
Relation
0. o
-artifactLeft (1 1] -artifaciRight
Arifact
D N VAN

| Requirement | | User Story | |$1alcehulder Profile | ---

Figure 2: Abstraction of requirements to artifactswith attributes and relations

Both attributes and relations have types. Dependingthe implementation, this allows

semantic tracing, enforcement of certain relatiamsl better structuring of requirements.
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3.3.3 Elicitation and Validation of the Catalog.

The full feature catalog is included as AppendiXTAe catalog will be evaluated using a web

survey, see section 4.1.

3.4 Development of the TregPro Prototype

RQ2 deals with a concept to improve ReqM compaveskisting tool solutions, especially in
the field of the 3 shortcomings described in sec8®.2. In this part of the work, | describe
such a concept and create an open-source ReqMptotdtype which implements that

concept.

3.4.1 Concept for Improved RegqM Tool Support

The following sections describe how | use existipgn-source tools to create an open-source
RegM tool as well as each major shortcoming idexttibefore (see section 3.2.2) and how |

plan to address it.

3.4.1.1 Building an Open-Source Solution

There are already many commercial, proprietary RdgMs. These tools typically have
potentially high license and training costs, andirtluse is sophisticated and hard to learn.
Proprietary tools only offer limited integrationsfcially with third-party tools) and limited
extensibility. Most FLOSS tools (further referrexés ‘open-source tools’, see section 1.2.1)
are not subject to these limitations. Open-souotdsthave therefore become increasingly
popular in software development in the past femwyda. g. SubversionBugzillg). At the
moment, there are no usable open-source RegM tbbés most notable open-source ReqM
tool is the open-source requirements managemeh{@®RMT) [Ost1ld. OSRMT has not
been maintained since 2007. Considering the adgestaf open-source software, | have
decided to create a web-based open-source sohgiarbase for the improved ReqM concept.
| use the revision control syste@ubversion[Subl1d, the collaboration platformirac

[Tral0] and a few existing Trac plug-ins to build the neegM tool prototypdreqPro.
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3.4.1.2 Traceability

Traceability helps avoid redundancies in requireisi@md“over-engineering” in design ar
allows anticipating the effects of requirementsnges It is important to maintain traceabili
throughout all phases of developm¢ Ram97]. This is difficult to achiee if traceability has
to be established manually. RegM tools should fthezetry to facilitate establishir

traceability as much as possil

The generation of traceability is a critical fagtbecause the quality of traceability decre:
with increasing effort for the us, as explained by Spanoudakis et 8p40%]. According to
the authors, @nual generation of traceability requires much refém the user side and
errorprone. Techniques for frautomatic generation are still in development aifiicdlt to
implement.In the prototype, | use the se-automatic approach @irocessdriven generation

of traceability described byspanoudakis et.

Trac/Ticket

Ticket
(CR, FR, BR)

TregPro TreqPro TreqPro
Affected / New I | I l
: / Test Cases Tests
Requirements ] [
Trac/Ticket Subversion, Trac/Changeset TreqPro Subversion
Task Ticket Changesets Release

Subversion

File Versions

Figure 3: Process-drivengeneration oltraceability [ Spa03% (figure derived from original by [Rei09)

Inside the prototype rdceability with multiple named relation types,ther referred to a
"semantic tracing”, has been implemented to diffeextent for practical reasons as descr

in the following paragraphs.
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TregPro Artifacts and TregPro Artifacts — Full Senméic Tracing

TreqPro artifacts can be linked to each other useigtions. Each relation has a named
relation type. Relations can be created using &facrbrowser from any artifact’'s view or
using a traceability matrix. | have developed apesxnental graphical relation browser that

can display an overview of multiple related artifafor quick navigation.

Tickets and TregPro Artifacts — Limited Semanticagaing

Tickets and other TregPro artifacts (such as requeénts) can be associated with each other
from the ticket view as well as from the artifa@w using a simple selection list. This type of
association is not named, but basic semanticsrareded by displaying of the artifact/ticket
type on the opposite part of the association. Thgementation is not optimal because the
kind of relation differs from the one used betweetifacts. In further work, this should be
improved to provide only one kind of relation.

Task Tickets and Changesets — Limited Semantic Tmgc

When committing a changeset to a subversion repgsia hook script associates the change
with the respective tickets if mentioned in the ocaitrmessage. It is possible to add additional
validation or action in the hook script, e. g. tolyoallow commits to open tickets, or to
automatically close tickets. This implementatioma optimal because the kind of relation
differs from the one used between artifacts. Irthier work, this should be improved to

provide only one kind of relation.

3.4.1.3 Versioning

Versioning vs. History

Some existing RegM tools record the history of gesnwithout the possibility to view a full
diff or restore an old version. Viewing the exadtasges allows users a much better
understanding of the evolution of a requirementtsiéming can be implemented by simply
storing each version or by storing the first vemsius differential information for each

change.
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Linear Versioning vs. Extended Versioning with Brahing

Many software systems which implement some kind vefsioning only offer linear
versioning, i. e. each version has zero or onequeskor and zero or one successor. Linear
versioning has the advantage that it is easy tcandeeasy to implement. A major drawback
is that after restoring an old version, all newersiwons have to be discarded as soon as
changes are made to that old version — otherwegevdrsion would have multiple successors.
By allowing more than one successor, this disadgetan be removed. Linear versioning is
a subset of the extended versioning, and it isneoessary to use branching if the user wants
to use simple linear versioning. Each version $i#s zero or one predecessor in extended

versioning.

0.1 0.*
0.1 0.1
+predecessor +pradecessor

(1} (2

Figure 4: Linear versioning (1) vs. extended versiang with branching (2)

Project Versioning and Baselining

The state of a requirements project while working requirements is called a “working
version”. At certain points in the project’s lifedg, it is important to make a snapshot of all
requirements to have a basis for negotiations esgurtation of a certain state of the project.

Such a snapshot is called a baseline.

A project version is technically a list of artifagersions. While a working version can be
modified, a baseline is a read-only snapshot ofcbmtained artifact versions. A baseline
cannot be changed after creation. It is therefoneortant to guarantee that the contents of a

baseline cannot be altered or deleted:
» Each change of an artifact creates a new versitimapiartifact.

» Each baseline contains zero or one versions of adifact in the project.

* The database prevents deletion of any versionghagted in a baseline.
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-t Project Version

R ‘“\

| Working Version ] | Baseline ]

Figure 5: A project version can be a working versia (modifiable) or a baseline (read-only)

3.4.1.4 Addressing Limited Integration

The TregPro prototype tries to improve on existegM tool concepts by integrating all
functionality usually distributed among multipleots into one platform and by using only
two repositories (a relational database and amersdntrol repository). This concept removes
the need for interfaces that are hard to maintaid facilitates data exchange between

different tools.

TreqPro has been developed as a plug-in for the platform, which itself integrates well
with the Subversion version control system. Traggphs can offer functionality to each other
and share the basic services of the collaboratiatfopm, such as wiki, tickets, search,
repository browsing, etc. All Trac plug-ins can e the whole database and thus have

access to all available data.

The Trac platform itself already provides many bdsatures necessary for RegM tools. The
TregPro plug-in adds a data model and special ifumality especially designed for
requirements management as well as a highly spesilaluser-interface for editing and
managing requirements. It is easy to add more iumality to the platform if required by

developing additional plug-ins.

3.4.2 Essential Use Cases

The essential use cases cover basic ReqM funatipral well as functionality that address
the shortcomings of existing ReqgM software. | hapecified the following essential use

cases.
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3.4.2.1 Select a Requirements Project

Use Case EU-1 Select a requirements project
Actors User
Description A user wants to use a specific requat®m model. He selects

requirements project that will be loaded into thepleation.

Requirements projects can be created, cloned,edetatd baselined.

baseline can become a work version (e. g. indicayea *'), for which

it has to be cloned first.

Normal Course

SR

1. The user indicates that he would like to selece@uirements

project.

The system displays a list of all requirements guty and thei
baselines.

The user selects one of the projects and confinmsction.

The system loads the selected project

The system displays the first artifact.

Preconditions

The user is logged in.

Postconditions

A requirements project is selected.

Table 1: EU-1 Select a requirements project

3.4.2.2 Create a New Requirement

Use Case EU-2 Create a new requirement
Actors User
Description

A user wants to enter a new requirement.

Normal Course

A A

1. The user indicates that he would like to createw& requirement.

The user indicates the desired position of the aevfact in the
requirements project.

The system displays a form for the new requirentiesit containg
all the fields that have been defined for the actif type
'requirement’.

The user fills in the form and confirms the action.

The system validates all the submitted values.

The system creates the artifact as specified.

The system creates relations to reflect the pastgiche artifact as

D
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necessary.

The system displays the new artifact.

Preconditions

The user is logged in.

A requirements project is selected.

Postconditions

A requirements project is selected.

Table 2: EU-2 Create a new requirement

3.4.2.3 Change a Requirement

Use Case EU-3 Change a requirement
Actors User
Description A user wants to change an existing irequent after a customer h

issued a change request. The change request mliskdx to the new

version of the requirement.

Normal Course

The user indicates that he would like to change eatam
requirement.

The user selects the change request that is aksibceirth the
change.

The system displays a form for the existing requeat that
contains all the fields that have been definedtlier artifact type
'requirement’.

The user makes his changes in the form and conflmmaction.
The system validates all the submitted values ameclks the
associated change request.
The system creates a new version of the requireeiiact as
specified.

The system closes the change request and/or chéalgkssin the
change request as appropriate.

The system creates/modifies/deletes relations tibecte the
position/state of the artifact as necessary.

The system sets all relations of the changed attita'suspect'.

The system displays the changed artifact.

Triggers

A customer issues a change request.

Preconditions

The user is logged in.
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Postconditions

* A new version of the requirement has been created.

Invariants

* The existing version of the requirement is nevedified.

Table 3: EU-3 Change a requirement

3.4.2.4 Establish Traceability for an Existing Requirement

Use Case EU-4 Establish Traceability for an ExgsiRequirement
Actors User
Description A user wants to link an existing reguient to a user story (backwa

traceability) and to the source code (forward tabday). Other

frequently used link targets would be design doaushand test cases.

ird

Normal Course

1. The user indicates that he would like to link therent artifact to
the user story using the "derived_from" relation.
The system validates all the submitted values.
3. Thes system creates a new bidirectional relationcescof /
derived_from between a new version of the userystod a new
version of the selected requirement.

4. The system displays the new version of the requergm

Triggers

* A new requirement has been entered.

Preconditions

e The useris logged in.
e The user has entered a new requirement.
« The new requirement has been selected and is gspla

* There is a user story the new requirement is derfiram.

Postconditions

A new bidirectional relation to the user story bagn created.

* A new relation to the source code has been created.

Invariants

* The relations and attributes of the existing versibthe user stor
are not modified.
« The relations and attributes of the existing varsiof the

requirement are not modified.

Table 4: EU-4 Establish traceability for an existirg requirement
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3.4.2.5 Query, Filter and Sort Requirements According to Cetain

Criteria
Use Case EU-5 Query, filter and sort requiremeatsing to certain criteria
Actors User
Description A user wants to find all requiremengsided from user stories by

certain user.

a

Normal Course

1.

2.

© N o o

The user indicates that he would like to issueeryu

The user enters the query using SQL and assisped ia find all
requirements which are linked to user stories wiaieh linked to
user profiles where the fist name is 'Frank'.

The system checks and filters the SQL code andrigteieves the
desired artifacts.

The system displays the results in a formattedfabte and
clickable list.

The user indicates that he would like to sort tbiebly date.

The system displays the list sorted by date.

The user clicks the first requirement.

The system displays the requirement.

Preconditions

The user is logged in.

Table 5: EU-5 Query, filter and sort requirements &cording to certain criteria

3.4.2.6 Add a new Field to an Artifact Type

Use Case EU-6 Add a new field to an artifact type
Actors Project Administrator
Description A user wants to add the new field ‘castthe the artifact typ

‘requirement’.

D

Normal Course

1.

The user indicates that he would like to modify art&@in
requirements model.

The system loads the specified requirements mauldisplays
all artifact types.

The user indicates that he would like to modify #réfact type
'requirement’.

The system loads the specified artifact type anspldys all
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attribute types.

The user indicates that he would like to add a mamdatory field
with the data type 'float’, the name ‘cost’, angl diefault value
'0.0".

The system creates the new mandatory attribute 'tygst’ with
data type 'float’ and default value '0.0'.

The system adds the new attribute type 'cost' & althowed
attribute types of the artifact 'requirement’.

The system loads the artifact type 'requiremerd’ displays all

attribute types (including the new one) again.

Preconditions

The administrator is logged in.
There is at least one requirements project comgimeaningful
data.

The artifact type 'requirement’ exists.

Postconditions

A new attribute type ‘cost’ has been created amtbdado the

artifact type 'requirement’.

Table 6: EU-6 Add a new field to an artifact type

3.4.2.7 Generate a Requirements Document

Use Case EU-7 Generate a requirements document
Actors User
Description A user wants to generate a requiremsmsification document out of

existing artifacts. The project is automaticallygélned.

Normal Course

1. The user indicates that he would like to createe@uirementg

specification document.
The system informs the user that all artifactshi project will be
baselined.

The user confirms the action.
The system creates a requirements specificatiomrdent and
adds it to the project.

The system creates a baseline that includes atb@sg in the
project.

The system changes the view to display the newbated

requirements specification document.
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Preconditions

e The useris logged in.
e Arequirements project is selected.

* The project contains artifacts.

Postconditions

* Arequirements specification document has beertenlea
* The requirements specification document is pag néw baseling

that has been created.

U

Table 7: EU-7 Generate a requirements document

3.4.2.8 Compare Two Project Versions

Use Case EU-8 Compare two project versions
Actors User
Description A user wants to get aan overview altewat project tversions (whic

are either read-only baselines or read-write waykiarsions).

Normal Course

1. The user indicates that he would like to compaseliaes.

2. The system displays a list of all available basdifor the current

project.
The user selects two baselines.
The system displays all versions in the two basslim a way sq

the user can easily recognize differences.

Preconditions

e The useris logged in.
* Arequirements project is selected.
» The project contains two or more baselines whiatitaios furthern

data.

Postconditions

* Arequirements project is selected.

Table 8: EU-8 Compare two project versions

3.4.2.9 Compare Two Artifact Versions

Use Case EU-9 Compare two artifact versions
Actors User
Description A user wants to see all differencesvben two versions of the san

artifact.

Normal Course

1. The user indicates that he would like to see trstohy of an

artifact.
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The system displays all available artifact versiona tree.

The user selects two versions to compare.

WD

The system displays a diff of the two versions.

Preconditions

The user is logged in.
e Arequirements project is selected.

* The project contains artifacts.

Table 9: EU-9 Compare two artifact versions

3.4.2.10Graphical Navigation

Use Case EU-10 Graphical navigation
Actors User
Description A user wants to navigate to an artithet is connected to the curre

artifact over a distance of at least 2 relations.

nt

Normal Course

1. The user indicates that he would like to see atsfaelated to the
current artifact.

The system displays a graphical view of all reladdacts.

The user selects the new artifact.

WD

The system loads, selects and displays the gitgacir

1%

Preconditions

e The useris logged in.

* An artifact is selected and displayed.

Postconditions

* The new artifact, which has a distance of at léaetrelations to

the first artifact, is selected and displayed.

Table 10: EU-10 Graphical navigation

3.4.3 User Interface Concept

The TregPro user interface is designed after tlee cases. The following section gives a

schematic overview of the user interface with aufoon the main screen (Figure 6). The

description is supplemented by screenshots of th& important interfaces.

Project Browser

The project browser displays a list of all projeatsd all project versions for the selected

project. It allows comparing two specific projearsions to each other and highlights the

differences. It also allows creating baselines seldcting specific project versions as well as

changing the selected project.
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[F'roject Browseg[ Main ]G‘ype Configurationj@'race Matrixj[[)ocument Generatorj

( Artifact (Tabs)
View (1)  Edit(2) Rel. (3) History (4)

Navigation
(Tree} u u u u

Figure 6: User interface concept showing partitiorof the main screen that allows viewing (1), editing?),

Main

p.

managing relations (3), and accessing the historg) of the currently selected artefact.

Main

The main view contains a tree view as navigatiott teea tab control with the following tabs:
The view tab (1) is a textual display consistingabfattributes of an artifact (Figure 7). The
edit tab (2) contains editing fields for all artifa and also allows wiki syntax editing for
fields with appropriate type (Figure 8). The redas tab (3) shows all relations from this
artifact to any other artifact in a textual andprigal, experimental way (Figure 10). The
history tab (4) shows all versions of the selectetfact and allows comparing specific
versions and highlighting the differences or séhgcany existing artifact version into the

current project version (for reverting or branchisge Figure 9).

TechnoWeb II o

Login | Preferences  Help/Guide  About Trac

[ [ wiki_ [ Timelne | FRoadmap | Browse Source | View Tickets | Mew Ticket | Search | Admin | TreqPro | Document Generator |

Project Browser TregPro Main  Trace Matrix | Type Configuration | Documen t Genaral tor

TechnoWeb 2/ working version
Projectld: 1 Project Versioic After Review 4 Project Version ki: 3

+-F-1: Actors Docurment Edit Relations History
++F-2: Functional requirements
+ F-3! Glossary

— F-4: Won-functional requirements Ic: 24 “ersion: 1 Type: Mon-functionsl requirement LRL
5...NR 1: Server Performance must be

| improv..

MNR-2: F|II personal data from SCD

NR-3: Performance Improvement

s Description:
iNR-3: Performance Improvement
L.MR-4; TW 2.0 must not affect the First iteration to improve performance. It is necessary to have acceptable performance whenever the TW is
perfor.., shown to others, This is the case most of the time, not only for sprint acceptance. External people (CT
+.F-5: Stories people especially) have access to our system,

+ F-6: Use cases Please define your task to improve the performance,

+-F-7: Documentations i X
Optimization has to be done twofold:

Mew Add exsting... e for the current development environment (we need diagnosis, ..}

e for the productive environment the optimization can be driven even further Cbut later)

Please do not forget the docu,

Figure 7: The view of a selected artifact displayall its attributes.
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Document Edit Relations History

A-3: Administrator

Id: 10 “Wersion: 1 Type: Actor URL

Mame
Administrator

Index

Description

B I A «E—1«MH

An adwinstrator can access all global configuration options and assign roles to users.

Sawe Reset

Figure 8: The application allows direct editing ofeach attribute and multi-line editing with wiki syntax.

description

w2 w3

1 The system must

? * provide a mailbox for incoming reply e-mails.

3 * watch this mailbox for incoming e-mails and synthesize URs from those.

£ =

* send werbose e-mail notifications for each UR.
4| * csend e-mail notificacions for each UR.

Selected Compare Yersion Predecessor Date Author
(@] [OIN ] 1 None 2010-05-01 11:38:24 Samplelser
(@] ® O 2 1 2010-05-01 11:35:24 SarnpleUser

® o ® 3 2 2010-05-01 11:38:24 Sarnplelser

Figure 9: The exact changes between two arbitraryarsions are clearly highlighted.

Single Sigh On

Single Sig... on=1
Password a... Log in wit...

Various lo...

Figure 10: The experimental graphical navigation dbws viewing relations across multiple artifacts.

Trace Matrix

The trace matrix is a table showing all relatiorfish® selected type and allowing for an

overview and quick setting of multiple relationsarge trace matrices can be prevented using
filters.

Type Configuration

The relation type configuration consists of names lhoth relation directions, relation
modifiers like ‘composite’, and allowed artifagbéy on each side of the relation. The artifact

type configuration allows managing attribute typetails (name, data type, control type,
order) for each artifact type.
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Document Generator

The document generator implemented in the protohgsea very simple user interface w

only two buttons, one for CSV export and one for PDF ex

3.4.4 Software Architecture

This section describes architectural aspects of tagPro prototyp:

3.4.4.1 Integration of the Prototype into the Trac Platform

The prototype is implemented as a |-in to the opersource collaboration platform Ti

[TralO]. It is programmed in ython [Pytl0] and installed into a Trac environment as

python egg.A PostgreSQL relational database and a Subverseosion control repositor

provide persistence. Ségyurell for an overview of the platform.

Apache
'| TreqPro [ ]
Trac
Python
psycopg2
T
S
PostgreSQL Subversion
DB Repository
-~

Figure 11: TreqPro software stack.

3.4.4.2 Internal Architecture

Trac plugins

Python libraries

TreqPro is a distributed application. Its archiseetis therefore described separately for

client and theserver side of the applicatioFigure 12).
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| User Interface Ij Client

Liser Interface Linit Tests Server

Controller f Business Logic [|Import Tools

| DAO / Entities |j
| Database Ij

Figure 12: Architectural Overview

User Interface (Client)

TreqPro is a web application that is accessiblewsd browser. It has been tested most

extensively with Mozilla Firefox 2 and Mozilla Ffiex 3.

TreqPro contains JavaScript code that is executdidoweb browser on the client side. The
JavaScript code is used for creating the tree énntiain view, validating input forms and
many small improvements of the user experienceg(gext box resizing). The graphical

presentation of relations is also realized using3aript.

The following FLOSS JavaScript libraries are usgd keqPro:

* Yahoo Ul Library (2.7.0b) for tabs and the treewie
e JQuery (1.7.2)
» JavaScript InfoVis Toolkit (1.1.3)

User Interface / Business Logic (Server)

This part of the application is Python code. TregBrbuilt on the Trac platform and therefore
implements several Trac interfaces. Its user iaterfis highly integrated with Trac. There is
one request handler (implementing TrakR&questHandleinterface) for each main part of the
application and one for AJAX requests. Each reqghastler handles the server-side part of
the user interface and contains the business lddost of the user interface is defined in
Genshi XML templates which are provided with dayatioe request handlers. Table 11 gives

an overview on the modules of the user interface.
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ajax.py AJAX requests, main screen
ajax_projects.py AJAX requests, project browser
artifact_browser.py artifact browser

diff.py project diffs

main.py main screen

matrix.py trace matrix

projects.py project browser

reqdocgen.py document generator

types.py type configuration

Table 11: Modules of the user interface

DAO / Entities (Server)

The entity layer (Figure 13) maps artifacts, relasi, projects, project versions, artifact types
and relation types as well as some helper objé&tis.entities are designed around the Active

Record patternHow03).

) 1 i +relationType .
Project & ———  RelationType ?— Relation
+selectedProject 1 1 +project { * B . ) )
+allowedArtifag TypesLeft i "
- +allowedArtifact TypesRight +artifactleft +artifactRight
| ) : . i | +artifactType [ . ]
Baseline' Sbaselnes | ArtifactType — e——m8-—— Artifact
1.7 N 1 .

+haseling

+selaciadBaselin 11

‘ User ‘

+haselines 1 1
* | #allowed Attribute Types ¥ | +attributes

+attributeType

AttributeType ?— Altribute

Figure 13: Excerpt of the TregPro object model

Unit Tests / Import Tools (Server)

To assess the quality of the DAO layer, a set df tests is created that can be run from the
IDE usingPyUnit The unit tests are extremely important becauskéngdew features to the
DAO layer can cause already tested code to fad, manual regression testing would be

sophisticated.
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A script to import artifact data from a CSV file adso available. This is highly useful for

testing purposes.

Database (Server)

The PostgreSQL database (Figure 14) contains eomistrand stored procedures to ensure the
consistency of the data (especially for versionarmgd baselines). The plug-in shares a
PostgreSQL database with other Trac plug-ins. Ottedabase management systems are

currently not supported due to the use of non-petatored procedures.

ticket trm_attribute
PK |id P trm_ticket_revision revision PK id
<
PK,FK2 |ticket id PK [rev
type - PK,FK1 |revision_rev » value_intager trm_artifact
12 |time trm_attribute_type tovision_rev P Lime value_text
changetime N value_boolean PK |id
component PKU2U1 [id cts author value_float PK |version
©_user message - ===
severity N N value_blob
priority FK1Uz - |artifact type id value_timestamp » predecessor_version
owner Ut name FK1,U1 artifact_id FK1 |artifact_type_id
reporter regex FK1,U1 |artifact_version cis
o data_type P FK2,U1 |attribute_type_id Im_ts
version content_type - c_ts c_user
milestone l;\;ndlalcrly Im_ts Im_user
11 |status ault_value c_user 2 A
resolution control_type Im_user
summary cts
description Im_ts
keywords C_user
Im_user
index
trm_artifact_type <
PK id <
trm_project trm_baseline " i
FK1,U1,U2 | project_id _proj ! trm_artifact_baseline
uiuz name PK id PK |id PK,FK1 | baseline_id
cts — PK,FK2 |artifact_id
Im_ts U3,U1,U2 (name g FK1 | project_id PK,FK2 |artifact_version
c_user cts name < ——
Im_user » Im_ts predecessor_id o s
A C_user readonly Im_ts
Im_user c_ts ¢ user
A Im_ts Im_user
c_user
Im_user
A A trm_event trm_log
trm_relation_type_artifact_type m user trm_user_project_info PK |id PK |id
PK,FK2 |artifact type id PK | pame PK,FK1 |user_name Kind cts
PK,FK1 | relation type id — detail ¢ user
id FK1 |selected_project_id < E:i :]:I:::;I;EY;;E id date re-mnte_addr
s": c_Is cts - - author sql
‘C— \ Im_ts. Im ts FK1 |project_id
m_ts c_user ¢ Eser FK2 |baseline_id
\Cn:ui;r Im_user Im user FK3 |artifact_id
- . i trm_relation
£ [t e f
- PK |id
trm_relation_type ¢ suspect
| _type [ FK2 | artifact_left_id
trm_system PK |id FK2 |artifact_left_version
FK3 | artifact_right_id
PK [name name_lir FK3 |artifact_right_version
name_rtl cts
value composite Im_ts
cts idirectional | 4 ©_user
Im_ts y l Im_user
C_user cis FK1 |relation_type_id
Im_user Im_ts FK4 | baseline_id
c_user
Im_user
FK1 | project_id
Note: Some FKs are not shown to improve readability. Version 48, 17.11.09

Figure 14: Excerpt of the TreqPro database schema

3.4.4.3 TreqgPro's Dependencies

The prototype uses the Document Generator plugyirAlexander Wagner to generate a
Requirements Document.
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To set up the development environment on a MS WusdXP SP3 system, at least the

following software packages are required:

Python 2.5.4
o eGenix-mx-base 3.1.2
0 psycopg?2 2.0.10-pg8.3.7
0 setuptools 0.6¢c9
0 svn-python 1.6.6
o Genshi0.5.1

» Postgresql 8.3.7-1

 JRE 6 Update 20

* Eclipse SDK 3.5

« Trac0.11.4

* Subversion 1.6.6

» Adobe Reader 9.3.2

* Mozilla Firefox 3.5.10

» TortoiseSVN 1.6.7

3.4.5 Feature Matrix of all 3 Compared Tools

The feature matrix (Table 12) compares importaatuiees in the 3 evaluated tools (++
implemented, + partially implemented, — not impleneel). The features are taken from the

catalog (see section 3.3).
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Group A Group B Group C
Requisite Trac TreqPro
Pro
web interface — ++ ++
full project template configuration
(artifacts and relations) * B ™
semantic tracing
- - ++

(relation types)
suspect tracing ++ - —
basic versioning ++ ++ ++
baselining ++ — T+
branching — — +
comparison of baselines + - ++
comparison of artifact versions + - ++
traceability across tool borders + + ++
traceability matrix ++ - ++
wysiwyg editing + + +
report generation + — ++
IDE integration - — —
configuration management integration - ++ ++
test management integration — + +
graphical navigation - — +

workflow support for requirements

Table 12: Feature matrix of the 3 tools compared ithe evaluation




4 Evaluation

To answer the research questions, | carry out atuation consisting of 2 parts. Each part
deals with one of the research questions. The atratuis designed as an empiric study and
aligned to published best practic&sg02].

RQ1: What features are essential for ReqM tool supprt?

This part evaluates the completeness of the featatalog for RegqM tool support. This

research question will be addressed with a sufieig. part is described section 4.1

RQ2: How can requirements versioning, traceabilityand tool integration be improved
with TregPro (compared to Siemens Standard RegM tds)?

This part evaluates with a usability test how wviledl tool integration concept implemented in
the TregPro prototype addresses the shortcominggpa@eed to an existing commercial
product and an existing open-source solution, lsothmonly used at Siemens Austria. This

part is described isection 4.2

4.1 Evaluation of the Feature Catalog

This part of the evaluation will test, to which ent essential requirements for ReqM tools are

covered in the feature catalog that | have created.
This part can be split up into the following quess:

1. How well does the feature catalog cover essenggjNRtool features?

2. What important RegM tool features are not yet mfgmture catalog?
The feature catalog for RegM tools created in Wisk will be compared to the results of a

survey among ReqM experts. In this survey, eachetxperts will be asked to provide a list

of the RegM tool features that he or she consid®rst important.
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4.1.1 Factors Affecting this Part of the Evaluation

The following factors affect this part of the evation (Table 13).

ey

ch

per

S

Ny Number of recipients: The number of recipients of the surv
invitation e-mail

Np Number of participants: The number of recipients actually
returning a correctly filled-out survey form

q Number of features askec The number of features that ea
participant is asked to provide

r Response rate Number of participants in relation to the num
of recipients (r = p/ ny)
List of Features: All features provided by participants, sorted
List of Feature Classes A classification of all the feature
provided by participants

S Number of feature classes

f1 ... fs Absolute frequency per classNumber of features assigned
each class

t Number of feature classes covered in the catalog

t Number of feature classes not covered in the calog

u Feature Coverage Number of feature classes covered in
catalog in relation to the total number of featcigsses (u=t/s

the

Table 13: Factors affecting the evaluation of theefature catalog

The detailed interaction of these factors is digptain Figure 15 in the following section.
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4.1.2 Evaluation Method for the Feature Catalog

This section outlines the process of this parhefdvaluation in detail (see Figure 15).

® =
Prepare Survey Form Number of Recipients Numbe;:;: deatures
Prepare Recipient List n=100
Organizer
e X Survey Form
Send Survey Form
to Recipients r
: 4 Response Rate
Organizer r=nyln,
h
e 00 F Y
Each Participant:
Fill out Survey Form
Participants
k4
[ N
Each Participant: ./ Number of Participants
Return Survey Form '\ Np==n;
r,
Participants
kL
° )
'nl @ Aggregate Responses List of Features >
Organizer
k4 h
[ ] Absolute Frequency
Classify Features List of Feature Classes per Class
fi... fs
J
Organizer |
h
° )
'nl @ Calculate Results Number zf Classes
Organizer Feature Coverage
u=t/ls
Number of Classes

Covered in Catalog
t

k 4
Number of Classes Mot
Covered in Catalog
N

Figure 15: The features listed in survey responseare classified and the catalog’s coverage of these
features is calculated.

The feature catalog is evaluated inside SiemengriAussing a web survey.
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4.1.2.1 Preparation of Evaluation

1. The organizer prepares a web survey form and anaik-mvitation asking
participants to list a certain number of tool featuthat are essential for ReqM tools
in their opinion:

« The survey form has to outline the advantageset#ialog and its possible use
for comparing future RegM tools.

* The short time necessary for taking part in theeyshould also be mentioned.

e The participants are asked to answer freely soc¢haygive unexpected answers.

* The participants should give general answers tlatndt include specific
technologies.

*  There will be a small reward to encourage thepients to participate: The first
5 participants receive a copy of the feature cgtalo

The organizer selects=100 recipients from the RegM TechnoWeb.

4.1.2.2 Execution of Evaluation

2. The organizer submits the e-mail to all recipients.

3. A subset of the recipients (=participants) go ®wreb survey and fill out the form.

4. Each participant returns the form via e-mail. Tihgamizer collects all the responses
and calculates theesponse rater = n, / n, as the number of responses in relation to
the number of recipients.

5. The organizer aggregates all the responses intmke sorted list of features.

The organizer classifies the features using a amgitanularity as used in the feature
catalog. The classification yields a list of featwlasses, the number of feature
classes s, and the absolute frequerfgies £ for each feature class.

7. The organizer assigns each of the feature clasibes & the category “covered” (if
it is in the catalog) or to the category “non-cadr (if it is not in the catalog). The
organizer calculates tHeature coverageu =t / sas the number of covered feature

classeg in relation to the total number of feature classes

4.1.3 Realization and Practical Aspects of the Evaluation

The survey is realized as a web survey that ist@tleasing the open-source tdomesurvey
and hosted on a dedicated webserver on the intéFhet survey is advertised among 453
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experts in the fields Requirements Engineering,t,TBsoject Management and Software
Architecture inside the Siemens corporation. Thpeets are invited via private message in
Siemens’ technology networking tool. After an imlogtory screen (Figure 16), the survey
collects the participant’'s field of work and thetiopal fields name, e-mail address and
company. On the third screen, there is only onestipre asking the participant to provide an
ordered list of the RegM tool features the partiaipconsiders most important (Figure 17).
There is a large textbox for additional remarkdirfg§ out the survey should take only about 5

minutes.

SIEMENS n TU

ReqM Tool Features

Dear visitor!

In the context of the master's thesis "Lightweight Open-Source Tool Support for Requirements Management”
at Siemens IT Solutions and Services, we have created a comprehensive catalog of reguirement
management tool features. This catalog unifies basic requirements derived from existing scientific work as
well a5 practical know-how of experienced requirements engineers and project managers at siemens
Austria. It can be used for selection, comparison, and development of Reghd tools.

In order to identify the most important requirements management tool features from the users' perspective,
wi Kindly ask you to participate in this onling survey, which will take 1853 than 3 minutes.

* The first 5 responses will be rewarded with a copy of the final feature catalog.
s The results of this survey will be shared with all participants after completion of the study.

The survey will be active from April 26 to May 15.

With best regards,

Matthias Heindl
; ) . Michael Jaros
‘\Sf":E::;ELTVEE;%D;ST?;?W?D?;VQI;ES SDE HMC Yienna University of Technology
) :
matthias heindi@ase ifs tuwien ac.at tnichas] [arns@student fLwen 4t at

Anote on privacy: All personal data entered in this suncey iz optional. If vou enter personal data, itwill only be used to contact you relating to this study.
YWour personal data will not be shared with third parties and will be deleted after completion of the study.

Exit and clear survey

Figure 16: Introductory screen of the web survey
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SIEMENS n

RegM Teol Features
ow T ) 100%

=]
m| g
-

Features

=List the five Requirements Management tool features most important to you (in the order of importance).

Please give short and precise answers. If you need to explain in detail, do so freely in the text box below.
(most important)

1
2
3
4
5

If you would like to explain any of the features listed above in detail or add some more information, please put it in this box.

Figure 17: Only one question (with room for remarkg is posed in the survey.

4.2 Evaluation of the TreqPro Prototype

The TreqPro prototype demonstrates how a lightwemben-source solution can cover
essential RegM features. This part of the evalnagxamines, how well the concept
implemented in the prototype addresses the idedtifimain shortcomings of existing

solutions:
» Limited requirements traceability (see section3.D.

» Limited requirements versioning (see section 122.5

» Limited ReqM tool integration (see section 1.2.5.3)

4.2.1 Factors Affecting this Part of the Evaluation

The following factors affect this part of the evatiion (Table 14).
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9 Tasks: The tasksare based on the essential use cases (EUS
section 3.4.2) and should be carried out by eadficgmnt using
solution A, B or C, depending on his/her group.KBathat cannot b
carried out due to technical limitations of a siwintare removed fron

all survey forms for that solution.

, See

D

p Number of participants: Participants will be divided in three equally
trained groups, one for each tested solution.

Si1..- By User Satisfaction The user satisfaction concerning a specific tabis
parameter exists for each task and for each paaticti

t11...tgp Execution Time: The time necessary to complete a task. This paedir
exists for each task and for each participant.

Uy ... Ugp Task Completeness The completeness of the task after executio

number from O to 1). This parameter exists for eask and for eac

participant.

h (a

Statistical Data: The following measures can be demred from the three basic
measures above. They are useful for the actual puoggse evaluation because the
allow to compare the three groups:

Sa By Average User Satisfaction per Group

S1A SiB SiC Average User Satisfaction per Task and per Group
ta, g, tc Average Execution Time per Group

tia tip tic Average Execution Time per Task and per Group
Ua, Us, Uc Average Task Completeness per Group

Up A Ui, Ui c

Average Task Completeness per Task and per Group

Table 14: Factors affecting the evaluation of the ptotype
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4.2.2 Evaluation Method for the Prototype

This section outlines the general process of thrs @f the evaluation in detail (see Figure 18).

For specific details of the realization see sectich3.

L ]
Prepare | B Tasks
In‘ 8 Common Tasks 4
Organizer
k4
[ ] ) -
Select and Invite Mumber of Participants
Participants p
Organizer
k4
] Divide Participants into
3 Equal Groups
{1 Group for each Tool)
Organizer
k4
] Prepare Survey Forms 3 Master Forms p Personal Forms
3 Master Forms (1/Gr.) » & Tasks 8 Tasks
1 far each Participant w
Organizer
k4
L ]
Prepare 3 Master VMs | 3 Master vMs
1 for each Group "
Organizer
k4
L ]
Create Personal WM p Personal Vs
for each Participant L
Organizer
k4
. L Each Participant:
Execute Usability Test
{personal VM and Form) o
For each task and participant: For each group:
Parllclpants
¥ User Average User
Satisfaction Satisfaction
Analyze Results S1,1...5g,p Sa, Se, Sc
C}rganlzer Execution Time Average
¢ t Execution Time
11--Tap ta, tg, te
Task Average Task
Completeness Completeness
Ui q...Ugp Upa, Ug, Uz

Figure 18: The organizer prepares a personal VM ana personal survey form for each participant. The

participants are divided into 3 groups, and each grup executes the same tasks with one of 3 tools.
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4.2.2.1 Preparation of Evaluation

1.

The organizer creates 9 tasks that should be ex@owith all three solutions, if
possible.
The organizer selects and invites ReqM expertsttier test.p is the number of
participants.
The organizer divides the participants into thremugs with a similar RE knowledge /
experience level. Each group will test one of theeg¢ solutions. The organizer
documents the process of finding an optimal grastridution.
The organizer prepares 3 master survey forms (@neach group). Each survey form
contains:
» Participant Data
* General Test Introduction
* Scenario Description
e Domain Glossary
e Task Description for the 9 tasks with
o Time Measurement and
0o Feedback Form

Tasks that are not applicable to a solution fohmémal reasons are grayed out in

the survey form for that group.
* Notes taken during the test by the organizer (appemfter the test).
The organizer creates 3 master VMs and providds eathem with its own set of test
data (one for each group, see Figure 19):
* Group A: Requisite Pro, Requisite Pro Project avtll Repository
* Group B: Trac Environment and SVN Repository
* Group C: PostgreSQL Database, Trac Environment WigélgPro Plugin and SVN

Repository
The organizer clones each master VM so that therene personal VM for each
participant. This VM is used for the usability testd will be kept after the test to

check the completeness of tasks, if necessary.

4.2.2.2 Execution of Evaluation

7. Each participant executes the usability test:

a. The organizer hands the participant his/her petssuaey form prepared in

step 4.
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b. The organizer starts the participant’s personal pfEpared in step 6.

c. The participant fills out his/her personal dataad® the instructions and
scenario information, and carries out each tastgraeng start and stop time
and answering questions in the survey form. Aftat,tthe participant fills in
the after-test survey.

d. The organizer takes notes, answers questions aad ints if necessary.

8. The organizer calculates the results.

a. The three base factors are calculated for eacicipamt and for each task:
» User Satisfaction
» Execution Time
» Task Completeness

b. The following extended factors are derived fromlihse factors:

* Average User Satisfaction, Execution Time and T&sknpleteness for
each task

* Average User Satisfaction, Execution Time and T&sknpleteness for
each group

4.2.3 Realization and Practical Aspects of the Evaluation

In concrast to the general, formal descriptiori@ previous section, this subsection describes
practical details of each evaluation step. The remn parentheses indicate the formal step

in the previous section that each paragraph rédersee Figure 18.

4.2.3.1 Preparation of Tasks (1)

From the essential use cases (see section 3.hayel derived 9 tasks for the usability test.
Each participant receives a questionnaire contgiaihtasks.

In this questionnaire, each task is followed by dfio@s for the quantitative parameters
satisfaction and time as well as the general cqaialé question for free comments. Some of
the tasks contain multiple questions for satistactior different parts of the tasks so more
detailed information about possible shortcomingstha tools can be obtained. The third

guantitative parameter (completeness) is obtaiepdrately from the questionnaire.

| will describe each task briefly in the followipgragraphs.
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Task 1 — Basic Navigation and Management

The participant executes basic RegM operations ascfinding, creating, editing, copying,

and moving artifacts.

Task 2 — Forward Traceability

The participant creates a new task ticket, asdigttsa developer, links it to a requirement

and finds out about source code associated witthantask ticket.

Task 3 — Traceability and Tool Integration

The participant uses a subversion client to conarsiburce code changeset to the version
control repository and reflects the changes inab®ociated task ticket. The participant also

finds out about requirements associated with thle. ta

Task 4 — Versioning

The patrticipant executes multiple advanced versgoperations including comparison of the
working version with an existing baseline, compami®f artifact versions, reverting artifacts

to older versions, and branching artifacts.

Task 5 — Simple Query

The participant executes a simple search for afaetrby a given keyword.

Task 6 — Project Template Configuration

The participant modifies the project template cgufation by adding an attribute type to an
artifact type.

Task 7 — Requirements Document

The participant creates a requirements specificadimcument in the PDF format containing
all requirements in the project. This task is falm by additional qualitative questions about
applicability of the requirements specification downt as well as necessary changes for

sharing with management and/or customers.

Task 8 — Semantic Tracing

The participant first creates a new relation typd then uses this relation type to link two

artifacts.
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Task 9 — Graphical Navigation Interface

In this task, participants navigate from one reguient to another across multiple relations

graphically.

4.2.3.2 Selection and Distribution of Participants (2, 3)

The participants are distributed to the three gsoupa way as equally as possible mainly
concerning tool experience, but also concerningeRerience. None of the participants had
any real experience with the prototype tool, but¢ ofithe participants in the TreqPro group
already knew the prototype a little. Table 15 latgarticipants and their experience levels.

Number| Role RE Experience Experience with Group
respective Tool
0—-3 (most) | 0- 3 (most)
1 | PM, Design 1,0 0,0| TregPro
2| RE 3,0 0,0| TregPro
3| Consulting 2,0 0,0| TregPro
4 | Development 1,0 3,0| Trac
5| PM, Design, Development 1/5 2,0| Trac
6| CM 0,0 1,0| Trac
7| CM 0,5 0,5| Requisite Pro
8| RE 3,0 3,0 | Requisite Pro

Table 15: Usability test participant overview

4.2.3.3 Preparation of Survey Forms (4)

The survey forms are created to elicit both quatit# and qualitative input during the
usability tests. The forms contain both the taskes (section 4.2.3.1) and room for answers.

They are filled out by each participant before,inigiand after the usability test.

In addition to the tasks and related questionsstimeey form contains the following sections:
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Introduction

The introduction describes the basics of the usgghédst, what to pay attention to and how

long it will take.

Test Scenario

The scenario section gives an overview of thedr@l project "TechnoWeb 2" in detail so the

participant can get an idea of the project.

Glossary

The glossary explains the most important RegM terms

Before-Test Survey

e Number

 Group

» Contact Information

* Main Occupation in Software Projects
* ReqgM Experience

* Experience with the ReqM Tool Tested

* Expectations towards the Tool

After-Test Survey

* Fulfillment of expectations
» Positive Impressions
* Negative Impressions

e Comments

4.2.3.4 Preparation of VMs (5, 6)

To ensure equal conditions for all the usabilitstseand to increase replicability, all the tests
are executed in virtual machines. The virtual maebiare created and executed using Sun

VirtualBox 3.1.2r56127 and the following virtualrdavare configuration:

e 1 processor
« 512 MB RAM
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* 10 GB dynamic disk image
e 20 MB video memory, no hardware acceleration
«  PCnet-FAST Il (NAT)

VirtualBox does not support cloning VMs yet, so thigual machine settings are cloned
manually using the GUI. Disk images are cloned gisihe command line tool VBoxManage

as follows (but with the absolute paths):

VBoxManage cl onevdi "source.vdi" "target.vdi"

The disk images are handled as follows. First lod ahaster image with the operating system

and the following software is installed:

* MS Windows XP SP3 (German) + all available secwyjigates
» VBox Guest Additions 3.1.2
* Mozilla Firefox (3.5.9)
* MS Office Professional 2003 (German)
* Adobe Reader 9.3 (German)
* Python 2.5.4
o trac0.11
svn-python 1.6.6
setuptools 0.6¢c9
pycopg2-2.0.10
genshi 0.5.1
0 eGenix mx base 3.1.2
* PostgreSQL 8.3
» Subversion 1.6.6 (r40053)
* TortoiseSVN 1.6.6.17493

o O O O

All unneeded GUI elements are disabled. Automatpdate reminders and similar

notifications are disabled.
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After that, the master iage is cloned 3 times to creatimages (one for each toogroup).

Each image is configad to match the requirements of tool. Depending on the group tl
following additional software is installe

* TreqPro prototype r9:
» |IBM Rational Requisite Pr7.1.1.0

In a third step, each of the three images is clawthat there is a personal VM image

each participantThis way it is guaranteed that all participantsidasa group find equs
conditions.

Prepared Forms Prepared VMs “mﬁ,‘_\\
I i 1 Group A INRY Group G
~ \\ < “\"_J Test Sata ~ Test I.F;ala/

Group A Gioup © Ve /

Evaluation
Form .~

Evaluation Evzluation

/
.// /
~ Form ~ Form .~ s i
/| & .
4 Form 7

= = S
=) ==
Group A Group B Group C
WM Template VM Templale WM Templaie
/ / /
- ~ ~
— -
- -~ 2 )
WM 1 / VM 4 VM T /
Form 3 l:l*,,/ _|/ _|‘/
VM 2 VME - - VM 2
’ /
™ Py ’ A |
T = %‘{
VM 3 S yme # VM €
Y »
o
- \\-\: <---------_--- I
<<zione>> Q_: e | LT

<<ingptsn Q
e ode
<<is used here=> \d

Parlicipant G Tes! System
Group B WM Host

Figure 19: Overview of artifact generation for the usability test

4.2.3.5Test Execution and Analysis of Resul (7, 8)

After completion of the preparations, an appointmemade with each of the participant:
meet the participant in a quiet location, expld&ie procedure of the tethandthe participant

the survey form, start the participant’s person®,\have him il in his personal data, ar
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have him execute each task in the VM (recording stad stop time). While the participant

executes the steps in each task, | take notesso&dtions and comments and answer his
guestions. After completion of the test, | pose sonore questions if anything is unclear and
thank the participant for his contribution. | shigwn the VM and back it up in a safe place. |

permanently attach my notes to the survey formsaok them in a safe place.

| collect the quantitative data obtained in eachtled 8 usability tests in a spreadsheet
document and the qualitative data in a text docunfien further processing. | calculate

statistical measures for the quantitative datassegon 5.2.

4.3 Threats to Validity

| have identified the following threats to validityr each part of the evaluation:

4.3.1 Threats Regarding the Evaluation of the Catalog

* A low response rate (see Table 13 on page 45)asesthe chance that the lack of
important features in the catalog remains unnoticBde ideal (but unrealistic)
response rate is 1.

* A low feature coverage (see Table 13 on page 48)jcates that important
shortcomings of RegM Tools may have remained untifiesh so far. The ideal feature
coverage is 1.

* Granularity of the Feedback: Participant feedbatkdifferent granularities (e. g.
“Create an MS-Word Document” vs. “Create a Requésts Document”) can distort
the feature coverage.

* Completeness: Less important features will nevetidted because each participant

makes a list of only the 5 most important ones.

4.3.2 Threats Regarding the Evaluation of the Prototype

*  Generalizability: The results for the small groupparticipants taking part in the
usability test are not necessarily representatveall RegM users.

*  Generalizability: Solutions A and B are the two mesed solutions in the Siemens
Austria context, however they are only two of m&ggM solutions, and the results
might vary in a different context.
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Participant Selection: The participants selectesl the ones that are most easily
available at Siemens Austria and not necessaniyesentative for all requirements
managers.

Group Selection: It is difficult to build 3 equallgualified groups. If the
qualifications are not balanced well, the resulésy/ e distorted.

Comparability: The common task cannot be executeshch solution in exactly the
same way, So approximation has to take place (diitefeatures have to be used for
the same functionality). The approximation couldtalit the results, for example if
solution X explicitly supports a feature but sabumtiY can only be used with a
workaround for the same task).

Granularity of the Feedback: It is important thaistpart of the evaluation reflects
the quality of the concept, not the quality of ihglementation. Participants will
give feedback both on details of the implementatiod on the concept which must
be treated seperately.

Participant Expectancies: Test participants migi# g@nswers that favor one of the

solutions consciously or unconsciously.
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5 Results

This chapter describes the results of the evalnatiothe tool feature catalog (5.1) and the

results of the evaluation of the RegM tool protetyp.2).

5.1 Evaluation Results of the Tool Feature

Catalog

This section describes the evaluation results ef tdol feature catalog. The catalog was
evaluated using a web survey. After a summary gimesection 5.1.1, the survey response
rate is outlined in section 5.1.2. The features d@essified in section 5.1.3, the feature
coverage is described in section 5.1.4, and femtunet in the catalog are listed in
section 5.1.5.

5.1.1 Summary

| have collected 70 features from the participafthe web survey. 97 % of the features were
already covered by the feature catalog. Howevee tiu the low absolute number of
participants (14), the results of the web surveynca be considered representative among all

RegM tool users.

5.1.2 Survey Response Rate

Number of Recipients 453

(RE 148, Test 53, PM 85, Design 167)
Number of Participants 14
Response Rate 3%

Table 16: Recipients, participants and response rat

5.1.3 Response Feature Classification

From the raw results of the survey, | have createdrted list which | have then subjected to
classification. Theclassesare taken from the main sections of the featutalag. | have
divided these classes into more fine-grainatkgorieso get a more exact classification.
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5.1.3.1 List of Feature Classes, Categories and Absolute Equencies

Table 17 lists the classes from the feature cataldgpld letters as well as the corresponding
fine-grained categories and the absolute frequeriorecach class and category.

Class/ Category Abs. Freq.

Setup, Customization, Administration and

Usability 29
System Properties 9
Ul 3
Customization 10
Ease of Use 7

Capturing, Editing and Managing

Requirements 7
Collaboration 3
Change Management 4

Configuration Management Aspects 3

Traceability of Requirements 10

Document and Report Generation 14
Import/Export 7
Search, Filtering, Sorting and Reporting 7

Interfaces to Other Tools 7

Costs 0

Table 17: Classification and categories of tool feares listed by participants

Both classification schemes are illustrated in Feg20 and Figure 21.
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Integration

Search, Filtering, Sorting and Reporting
Import/Export

Traceability

Versioning

Change Management

Collaboration

Ease of Use

Customization

ul

System Properties

B Frequency 0 2 4 6 8 10 12
Figure 20: Classification of tool features by newifie-grained categories
Costs
Interfaces to Other Tools
Document and Report Generation
Traceability of Requirements
Configuration Management Aspects
Capturing, Editing and Managing
Requirements
Setup, Customization, Administration
and Usability
0 10 20 30 40
Integration m Search, Filtering, Sorting and Reporting
Import/Export  Traceability
= Versioning m Change Management
H Collaboration m Customization
H Ease of Use m Ul

Figure 21: Classification of tool features by coaes-grained classes from feature catalog (x-axis) antew

fine-grained categories (colors)

An interpretation of this data is given in the éolling section.
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5.1.3.2 Interpretation of Classification

The features are distributed across the fine-gdaga¢egories (Figure 20) in a steady manner.
The distribution is not as uniform when considerthg more coarse-grained sections of the
catalog (Figure 21). This indicates that the fasttion of the catalog should be divided into

several sections.

The frequencies in the fine-grained categorieslayga two deviations from the expected

pattern:

» 3 of 70 listed features (4 %) belonged to the leaiag’ category. As versioning was a
central topic in several expert interviews, | wohklve expected a higher priorization
of this feature class.

o 7 of 70 listed features (10 %) belonged into ttsahility' category and 3 of 70 (4 %)
listed features belonged into the 'UI' categoryother words, 14 % of the features
were actually non-functional, usability-related uegments. The high priority given to
usability-related requirements suggests that thee®s consider usability too low in

some existing tools.

5.1.4 Feature Coverage

Number of features listed by participants arg8

covered in catalog

Total number of listed features 70

Feature Coverage 97 %

Table 18: Feature Coverage

5.1.5 Features not in the Catalog

There were 2 specific features that were not iregduid the catalog:

» Refactoring of requirements

» SAP integration (e. g. for indicating requiremeosts to the sales department)
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5.2 Evaluation of the TregPro Prototype

The evaluation of the prototype was carried oud asability test as described in section 4.2.
The usability tests yielded both qualitative andrmuative results for each of its 9 tasks. This
section first gives an overview of the results {®#c5.2.1) and then presents the detailed

results for each task in the sections 5.2.2 - 6.2.1
The following quantities were recorded in this enxion:

satisfaction (s) — A measure of usability of a specific apgdima feature as experienced
by a participant. The satisfaction is given orcales from O (worst) to 3 (best) rounded
to 2 decimal places. 3 (very easy) means as mudhcaslld not be any easier to use,
and 0 (very difficult) means that it could not b®yanore difficult or sophisticated to

use (within reasonable boundaries).

time (t) — Time it took the user to complete a taske Time was measured by the
participant himself and checked by the test managarg the clock in the test VM'’s
task bar. Special care had to be taken to recdsdvaorking time and stop the watch if
the participant started talking about anything reddted specifically to the current task.
The time is given in minutes rounded to 30 seconds.

completenesgc) — Percentage of the task completed by the &sah task consisted of
several subtasks. Each subtask could be completedtrall (0), half (0.5) or full (1).
The completeness for a task was calculated asrifienatic mean of all its subtasks.

The completeness is given in percent rounded tecthwal places.

arithmetic mean (AM) — The arithmetic mean has the same unit aegipion as the

respective quantity.

coefficient of variation (CV) — The coefficient of variation is the averageviation
from the arithmetic mean in percent of the arithmebhean (rounded to O decimal
places) and allows to compare deviations on tHereéifit scales of the 3 parameters s, t
and c.
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5.2.1 Summary of Results

This section summarizes all quantitative (sectioh151) and qualitative (section 5.2.1.2)

results of the evaluation of the prototype.

5.2.1.1 Average Quantitative Results

Only tasks 1 to 5 could be completed (i. e. ¢ >®0with all 3 tools. Therefore only these
tasks were used to compare satisfaction and time,abh tasks were used to compare

completeness.

1. The arithmetic mean (satisfaction and completenas)e sum (time) was calculated
for each participant over all compared tasks.

2. The arithmetic mean and coefficient of variatiorrevealculated over all participants
in that group. The CVs indicate the deviation frone AM inside the respective
groups.

Table 19 gives an overview of the quantitative itssu

Task TregPro TreqPro Trac Trac Requ. Pro | Requ. Pro
AM CcVv AM Cv AM Cv

Dss | 2,43 12 % 1,74 28 % 1,51 15 %

> t15 | 31 min 21 % 47 min 21 % 51 min 11 %

dc 99 % 2% 53 % 9% 57 % 5%

Table 19: Summary of quantitative results

The following subsections explain the summarizegults for each of the 3 quantities
satisfaction, time and completeness. The detaélsdlts for each task can be found in sections
5.2.2-5.2.10.
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Satisfaction

This subsection gives an overview of the averagsfaation results for all the tasks.

3,00 3,00
2,50 2,50
2,00 2,00
1,50 | 1,50
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0,50
0,50 — 0,00
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@ TreqPro @ Trac @ e Ty T Te T2 Te T
RequisitePro
@ s (task 1-5) = @ TreqPro
m @ Trac
® @ Req. Pro

Figure 22: Average satisfaction (s) for each toolral task

The results clearly show a significantly higherisattion of participants with TregPro
compared to the other tools. The open source taa $howed about the same satisfaction as

the commercial tool Requisite Pro.

The coefficient of variation for the satisfactiorasvrelatively high inside the Trac group,
which | investigated further: It turned out thaettwo users with less Trac tool experience
were much more satisfied (2.55 and 2.05) with #sults than the Trac expert (1.35), even
though they could complete less of the given t44Rs% and 53 %) compared to the expert
(58 %).

The highest advantage (i. e. difference to theedb®ther tool) was measured in basic
requirements operations with a difference of 1.88 & scale from 0 to 3), followed by

versioning with a difference of 0.92 and projechpgate configuration with 0.75.

With the prototype, satisfaction could be improy®d40 % compared to the existing tool
Trac and by 61 % compared to the existing tool kssguPro.
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Time

This subsection gives an overview of the average tiesults for all the tasks.
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The results show that TreqPro performed signifigaf®0 — 50 %) better than at least one of
the other tools in tasks 1, 2 and 4, i. e. it tpaKkicipants only about half the time to carry out
basic requirements operations, establish forwaadetbility and use different versioning
functions. There was no significant difference xe@ution time in tasks 3, 5, and 6 which
consisted of tool integration, search for specifequirements, and project template

configuration.

The average total time for all tasks with TreqP@s\85 % smaller than with Trac and 40 %

smaller than with Requisite Pro.

With the prototype, execution time could be imprbby 34 % compared to the existing tool

Figure 23: Average execution time (t) for each toand task

Trac and by 39 % compared to the existing tool FResguPro.
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Completeness

This subsection gives an overview of the averagepteteness results for all the tasks.
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Figure 24: Average completeness (c) for each toahd task.

The average completeness with TreqgPro was 99 %e whivas only 53 % with Trac and
57 % with Requisite Pro. Only one participant contat complete one task (Task 8) with

TreqPro because of usability issues.

TreqPro was the only tool in which tasks 7, 8 antb@ld be completed (c > 50 %). Task 6

could not be completed in Trac.

With the prototype, completeness could be imprave@7 % compared to the existing tool
Trac and by 74 % compared to the existing tool FResguPro.

5.2.1.2 Qualitative Feedback

This subsection gives an overview about qualitatesilts of the usability test that has been
aggregated and grouped by the main fields of istefgraceability, versioning, tool

integration).
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Qualitative Feedback on TregPro

Traceability
Display and creation of traces does not yet seenbetcas intuitive as desired. Minor
improvements, such as moving the relevant commeod the relations tab to the context

menu, will probably address this.

Versioning

TregPro has the most advanced versioning capabiland allows extended techniques like
baselining and branching with a fair amount of uggbNot all users however require full
versioning support. Instead some would rather mwee workflow support. The comparison

of both artifact and project versions is straighifard.

Tool Integration

The integration with issue tracking and versiontomrworked seamlessly.

User Interface, Basic Operations, and Document Geatéon

TreqPro has the best user interface of the threks,teven though not all planned features
(drag & drop, artifact browser ...) have been implated fully. Basic Copy/Move operations
took much more effort in both other tools, maingchuse requirements cannot be directly
edited without limitations. TreqPro allows genengta requirements specification document
in the PDF format containing all requirements. Hegre the exact contents of the document
are not configurable yet. TregPro contains an expmrtal implementation of a graphical

requirements browser.

Qualitative Feedback on Trac

Traceability

Establishing task-source traceability is a maneigir-prone process in Trac, but it is possible

to obtain a high level of traceability due to theegration of version control.

Versioning

Trac’s wiki versioning is linear and does not suppoaselining or branching, however

workarounds for baselining are possible. Usersd@hloose to use tickets instead of wiki

pages to store requirements. Trac tickets supporkfilews and allow for better structuring

than wiki pages, but they do not support versionimgich makes baselining very difficult.
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Extended techniques such as baselining and brameahnéonly possible through workarounds
which are hard to understand for users. While Tadows for easy comparing of two

requirement versions, it is difficult to comparealdproject versions.

Tool Integration

The integration with issue tracking and versiontoarworked seamlessly.

User Interface, Basic Operations, and Document Geateon

Trac does not offer project templates, which ledsconsistent structuring and formatting

of requirements. On the other hand it is quiterapg tool that gives much freedom to its
users. Multiple browser windows or tabs are necgssado copy/move operations quickly,

but these operations are still error-prone. Traesdwot offer automatic generation or checking
of requirements IDs. Trac is generally easy to Uz, as the tests showed, it can be
sophisticated for new users. Trac does not conteany document export functionality.

Qualitative Feedback on Requisite Pro

Traceability

It is not possible to maintain m:n relations acrwss borders with Requisite Pro in a practical

way. Relations inside Requisite Pro can be credgicthey cannot have a type.

Versioning

In Requisite Pro it is difficult to identify changdetween requirements, and it is even more
difficult and inconvenient to compare project vers. In both cases, the differences are not
highlighted, so minor changes are difficult to spot

Tool Integration

Only little integration was possible with the isgwecking and version control systems. Users
like the integration with MS Word, which works wetl many basic scenarios, but leads to
many problems on the other hand (e. g. search laamige management do not work fully any

more, copy/move operations are more difficult).

User Interface, Basic Operations, Collaboration ambcument Generation

Requirements in Requisite Pro can be copied andechocenveniently, if they are stored in

the database only. If requirements are stored indvdmcuments, copying and moving is

tedious. While the basic concept and database qtiiBiee Pro are sufficient for most small
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and medium-sized projects, its user interface $s gteat weakness. Direct editing of
requirements is sometimes difficult because of msmall Ul problems. Requirements that
are not in the database, but in a Word documest,nat included in the change history.
Collaboration on one project is difficult in ReqtésPro, especially if Word documents are
used, because only one user can edit each docaharime. Requisite Pro cannot be easily
customized; extension of its functionality is pb$sithrough the extensibility interface. The
search for specific requirements can be diffidudtcause only one search result is displayed at
a time, and because the database and each docomshbe searched separately. Requisite
Pro allows generation of one report per requirentgpé in the DOC format. Document
generation is inconvenient and has severe bugsextatnal tools (like SODA) can be used
for better results. The menus are not well-strettutherefore it takes new users some time to

find the desired functionality (e. g. project teatpl configuration).
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5.2.2 Task 1 — Basic Navigation and Management

5.2.2.1 Quantitative Measures

AM cv AM Ccv AM cv
TreqPro TregPro Trac Trac RequisitePro | RequisitePro
S 3,00 0% 1,67 34 % 1,50 47 %
t 9,33 34 % 16,67 24 % 16,5 21 %
c 100 % 0% 96 % 3% 83 % 28 %
Table 20: Quantitative results for Task 1
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Figure 25: Average satisfaction (s), execution tim@) and completeness (c) for Task 1

5.2.2.2 Qualitative Feedback

TreqPro

3 of 3 participants especially mentioned TreqPgwed user interface.

2 participants used the query box to find artifagiskly.

The lack of drag & drop functionality confused papants at first glance. After they
first tried it, all participants described the patste method as intuitive.
All participants liked Ul features like text boxsieing for easier requirements editing.

It was very easy for participants already famiiiath Trac to use the wiki syntax for

requirements descriptions.

Possible improvements:

o0 less verbose notices

0 automatic restriction and more filtering optionsswarch results
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Trac

All 3 participants stated that copy and move openattake a lot of time because all
page names and links must be modified manuallyipteltimes (which is redundant
and error-prone).

All 3 participants used more than one browser wimdw tab for copy and move
operations.

All 3 participants complained about lack of projesnplate support, which resulted in
inconsistently structured requirements.

2 participants less familiar with Trac would like have WYSIWYG support for wiki
text editing.

2 participants were missing automatic generatiord asuplicate-checking of
requirement IDs.

2 participants mentioned the lack of workflows ina@ wiki pages as used in the
example. They stated that they would rather udeetscinstead of wiki pages for
requirements management, even though Trac ticketsod offer versioning and it
would not be possible to create baselines of requants.

1 participant stated that he considered Trac deitelven for projects with many

requirements, but that a high level of tool expsreewould be required.

Requisite Pro

2 of 2 participants concluded that copying and mguiequirements is inconvenient
with Requisite Pro.
2 participants stated that the tool has bad usab8iome features are missing, some
features are patched together and integrated lg@dty comparison of baselines).
1 participant described MS Word integration as adgand intuitive feature, but this
integration has drawbacks: The synchronization betwthe RequisitePro database
and the word documents works one-way only, i. ¢héf structure in the database is
modified, the documents are not updated. Also, mérering of requirements does not
work automatically (which could be seen as a fegtur
Usability for requirement editing in RequisitePsovery cumbersome:

0 1 participant mentioned the editing of multi-linéridutes in a single-line

textbox.
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o0 1 participant demonstrated bad mouse wheel suppdralog windows.
o Formatting of requirements is possible in the Wdoduments, but not in the
database.

* Only requirements in the database are includetl@rchange history. To include more
data in the change history, one workaround wouldobdefine one requirement type
for each field of a requirement, but this is vencanvenient and makes report
generation almost impossible (because a report aaly be created for one
requirement type at a time).

» 1 participant described that when working togethrerequirements, it is better to use

multiple documents because of file locking.
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5.2.3 Task 2 — Forward Traceability

5.2.3.1 Quantitative Measures

AM CVv AM CcVv AM CVv
TregPro TregPro Trac Trac RequisitePro | RequisitePro
S 2.33 33% 1.83 32% 2 35%
t 6.00 29 % 7.00 38 % 12 35 %
c 100 % 0% 83 % 17 % 75 % 0%
Table 21: Quantitative results for Task 2
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Figure 26: Average satisfaction (s), execution tim@) and completeness (c) for Task 2

5.2.3.2 Qualitative Feedback

TreqP

ro

It took 2 of 3 participants some time to find thekéts associated with an artifact.

2 participants explicitily mentioned TreqPro’s gaagkr interface during this task.

2 participants associated ticket and artifact ftbmn ticket actions box, one user did it

the other way around using the controls in thdaats tickets box.

1 participant noted that the list for artifact stien in ticket action box does not have

any filters and will be to long in large projectBrégPro’s built-in artifact browser

provides a solution for this, but it has not beetegrated into all parts of the

application yet).

1 participant suggested to allow creating tracascentext menu (,trace to").
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Trac

1 participant suggested that direct view of linlsedirce files is better than the indirect

way over tasks.

All 3 participants used either more than one tainore than one window in the web
browser in this task.

2 participants noted that it is very inconveniemtcteate links with Trac, especially
with bidirectional relations, mainly because of thecessary redundant, manual
changes.

1 participant noted that this task can be accomgtisvery well with Trac if the user

has enough experience with this tool.

1 participant created absolute links between atsfavhich can lead to problems if the
project's URL changes.

1 participant (who did not have any Trac experienneé technical background) did

not manage to link a ticket and a wiki page eveth wepeated, detailed instructions.

Requisite Pro

All 2 participants managed to add links from MS Watocuments to Trac tickets
which resulted in unidirectional "clickable" tratday from the requirements
documents to the tickets.

All 2 participants gave suggestions for traceabilibm Trac to Requisite Pro, but the
user would have had to look up the reference manunagvery case.

1 of 2 participants described RequisitePro as wesasful (literally: "nicht
zielfuhrend").

1 participant described a workaround for additibra @ustom field to trac tickets for
the relation (custom fields in ticket sections fiactini). The user confirmed the test
manager’s objections that this would not work fanmelations and that there would
not be a clickable bi-directional link.

1 participant described the option of adding arilaite for the Trac ticket URL, but
this would not be possible for more m:n relatiomefe than 1 URL).
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5.2.4 Task 3 — Traceability and Tool Integration

5.2.4.1 Quantitative Measures

AM Ccv AM Ccv AM Ccv
TregPro TregPro Trac Trac RequisitePro | RequisitePro
S 2.67 22 % 2.08 30 % 2.13 8 %
t 5.00 0% 5.33 29 % 5.00 28 %
c 100 % 0% 100 % 0% 100 % 0%
Table 22: Quantitative results for Task 3
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Figure 27: Average satisfaction (s), execution tim@) and completeness (c) for Task 3

5.2.4.2 Qualitative Feedback

TreqP

ro

2 participants suggested displaying the artifagheanstead of id and version in

hyperlinks.

1 participant liked the example project ("extremeige").

1 participant expressed general appreciation ofablkeduring this task ("super").

1 participant noted that a selection of open tEketuld be very useful when

constructing the commit message.

1 participant asked how he could find a ticket neasily. The test manager suggested

entering the ticket number in the search box intdiperight corner.
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Trac

1 participant explained that there are many steggessary to establish task-source
traceability (commit, find ticket number, find otose revision number, manually
create link in ticket). He added that the metho@ri®r-prone in projects with many
tickets and/or many commits. He also noted thatlitikeng parts (revision in ticket,
ticket in revision) of the traceability process nizgy accidentally left out because the
process is not enforced in the workflow.

1 participant did not store or remember the remisrmmber of the commit as
requested in the task and used the Trac timelintbbdk up the revision number

manually.

Requisite Pro

1 participant stated that a direct relation / tréiok cannot be created across tool
borders (between Requisite Pro and Trac).

All 2 participants did not store or remember theisien number of the commit as
requested in the task and used the Subversion itegosrowser to look up the

revision number.
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5.2.5 Task 4 — Versioning

5.2.5.1 Quantitative Measures

AM cVv AM cv AM cVv

TregPro TregPro Trac Trac RequisitePro | RequisitePro
S 2.58 20 % 1.67 53 % 0.88 20 %
t 8.67 35 % 17.00 26 % 16.00 18 %
c 100 % 0% 71 % 36 % 57 % 0%

Table 23: Quantitative results for Task 4
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Figure 28: Average satisfaction (s), execution tim@) and completeness (c) for Task 4

5.2.5.2 Qualitative Feedback

TreqP

ro

All 3 participants liked the free switching betweenristing versions of an artifact
("switch back is very easy", "na bumm, das geht®ds ist aber toll").

1 participant stated that the diffs are difficutt tead if the way of displaying

differences with the color scheme is unknown touker. The same participant first
had some problems identifying the nature of charfgdded vs. modified), but then
described the diff capabilities of the applicatamsensational ("spektakular").

1 participant stated that the user interface shguld some hints on how to do the
branching of artifacts.

1 participant would prefer a one-column radio buitbser interface for the selection of

versions to compare.
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Trac

All 3 participants were confused by the implemantatof baselines used in the
example project (wiki page with links to specifiergions of each requirement) even
though the concept was explained in detail by ¢éséthanager.

2 participants concluded that the comparison ofegtoversions (baselines) is very
difficult in Trac, as every page has to be checkemhually (because the current
version of a wiki page is not visible ‘from outsig& its link as a specific version is).
1 participant did not manage to compare two projecsions.

2 participants stated that changes on a singleirssgant can be tracked very well
using Trac's wiki compare functionality.

2 participants accidentally compared two wrong io&s of a requirement.

2 participants stated that restoring of previousieas is easy if the changes can be
permanently deleted, but difficult if they shoulel preserved.

2 participants stated that branching is very ditticin Trac, as it can only be
accomplished using workarounds and the results atabe used practicably. 1
participant could not think of any workaround faabching.

Trac displays the wiki source code of the latessio@ only, which makes manual
"branching” even more difficult (because the reedetext has to be taken and

reformatted if an old version is needed).

Requisite Pro

When looking for baselines, 1 participant checked rilestones in the Trac ticket

system (but none were present in the example fg)ojec

1 participant stated that going back in previoussie@s is not possible in Requisite
Pro.

1 participant described Requisite Pro as "far tooumstantial” as far as versioning

support is concerned and added that some problengs going back to old versions,

branching) just could not be solved.

When comparing baselines, all 2 participants fiisd to view the last baseline, then
stated that they had to create a new baselinenpare the existing one to the current

state of the project.
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When creating a new baseline, all 2 participantd hanor difficulties and got
multiple error messages when configuring the dinrees for baseline creation because
of the sub-optimal user interface for directoryeséibn. 1 participant stated that this
functionality is "not too easy to use". All 2 parfiants got a concurrency error
message and had to close the project to createedine.

When comparing baselines, 1 participant stated dhablored view of differences
"would be great".

All 2 participants stated that that TreqPro doesatiow going back to old versions of
a requirement. 1 user stated that it is possiblgadiack manually, and that this
workaround would be very impractical for many chesignd/or many versions.

1 participant stated that the comparison of progecsions is implemented badly, but

acceptable ("zumutbar") for experienced RequisdelRers.
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5.2.6 Task 5 — Simple Query

5.2.6.1 Quantitative Measures

AM Ccv AM Ccv AM Ccv
TreqPro TregPro Trac Trac RequisitePro | RequisitePro
S 3.00 0% 2.67 22 % 2.00 0%
t 1.67 69 % 1.00 0% 1.50 47 %
c 100 % 0% 100 % 0% 100 % 0%
Table 24: Quantitative results for Task 5
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5.2.6.2 Qualitative Feedback

TreqPro

Figure 29: Average satisfaction (s), execution tim@) and completeness (c) for Task 5

» 1 participant stated that better filtering of résie. g. by artifact types) is necessary.

Trac

» 1 participant stated that the search is easy, bttetbfiltering of results (e. g. by

artifact types) is necessary.

RequisitePro

e 2 participants stated that a list of search resutisld be much better than jumping

between the results.

» 1 participant mentioned that filtering by type wbllle a good feature.
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5.2.7 Task 6 — Project Template Configuration

5.2.7.1 Quantitative Measures

AM cVv AM cv AM cVv

TreqPro TregPro Trac Trac RequisitePro | RequisitePro
S 3.00 0% 2.25 47 %
t 2.33 66 % 2.50 85 %
c 100 % 0% 0% 0% 100 % 0%

Table 25: Quantitative results for Task 6
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Figure 30: Average satisfaction (s), execution tim@) and completeness (c) for Task 6

5.2.7.2 Qualitative Feedback

TreqPro

» 1 participant stated that he would have expectedtbject template configuration in

Trac's admin area rather than in the TregPro menu.

Trac

» All 3 participants concluded that Trac does nobwliconfiguring a project template
and that therefore the task cannot be performed.

* 1 participant suggested using the Trac plugin Peag®lates to support entering
requirements in a predefined form.

» 2 participants suggested to use tickets insteadlkifpages because

o custom fields can be defined for tickets and
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o tickets have a workflow,
even though Trac tickets do not support versionBgth participants agreed that
tickets cannot be used if versioning or baselimsnigquired.

Requisite Pro

» 1 participant had severe difficulties finding th@jpct template configuration.
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5.2.8 Task 7 — Requirements Document

5.2.8.1 Quantitative Measures

AM cVv AM cv AM cVv

TregPro TregPro Trac Trac RequisitePro | RequisitePro
S 3.00 0 %
t 1.00 100 %
c 100 % 0% 0% 0% 0% 0%

Table 26: Quantitative results for Task 7
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Figure 31: Average satisfaction (s), execution tim@) and completeness (c) for Task 7

5.2.8.2 Qualitative Feedback

TreqPro

* lttook 1 participant some time to find the documngenerator.

» 1 participant liked the quick and easy generati@mtess.

* 1 participant suggested to add comprehensive amafiigpn options:
o tabular or full-text view

visibility and position of each attribute and redat

traceability information

free content

multimedia content

o O O o o

templates with placeholders

* The participants stated that the document coulased
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for negotiation with customers (2 participants)
in reviews (2 participants)
as an overview (1 participant)

as an attachment to a software requirements spatoifin (1 participant)

o O O O o

as a specification for designers (1 participant)

Trac

» All 3 participants concluded that automated docungemeration is not possible with
Trac, unless a plug-in is used, e. g. the documenéerator by Alexander Wagner.

» 2 participants added that plain-text export of Engiki pages is possible with Trac.

Requisite Pro

» 1 participant did not know how to create a document
» 1 participant stated that it is not easily possimith Requisite Pro, but described the
following workaround:
o For each requirement type:
= Create a view.
= Restrict visible fields.
= Select "File / Export to Word".
This workaround does not work together with thédBewvorkaround described in task
1. Furthermore there is a bug that creates too npage breaks if there are many
columns, so that the resulting document is not lesathe participant added that the
resulting document must usually be edited extehsieebe of any use.
» 1 participant mentioned the external tool Soda Wwiuan be used for document and

report generation.
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5.2.9 Task 8 — Semantic Tracing

5.2.9.1 Quantitative Measures

AM cVv AM cv AM cVv

TregPro TregPro Trac Trac RequisitePro | RequisitePro
s 2.00 50 % Y Y
t 6.67 57 % Y D
c 92 % 16 % 25 % 0% 0% 0%

D's and t were not comparable, as only part oftétsk could be done with this tool.

Table 27: Quantitative results for Task 8
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Figure 32: Average satisfaction (s), execution tim@) and completeness (c) for Task 8

5.2.9.2 Qualitative Feedback

TreqPro

2 participants were slightly confused by the cdstia the artifact browser (filters
button does not disable filters when hidden, sbeslalmost hidden, cancel button far
at the bottom).

1 participant managed to create a relation, buenexth the specified type (because
he mistook the graphical view relation type setactior the relation type selection for
new relations).

1 participant used the trace matrix to create #iation, 1 participant used both the
trace matrix and the target selection. The paditifghat tried both methods liked the

trace matrix better.
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Trac

All 3 participants could create bidirectional linkenually. 1 participant used absolute
links that will break if the project's URL changes.

All 3 participants concluded that Trac does notpgupsemantic traces. 1 participant
demonstrated that basic semantics can be addaetkdext.

Requisite Pro

» All 2 participants concluded that Requisite Proddoet support semantic traces.

* No patrticipant could come up with a workaround.
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5.2.10 Task 9 — Graphical Navigation

5.2.10.1Quantitative Measures

AM CVv AM Ccv AM Cv
TreqPro TregPro Trac Trac RequisitePro | RequisitePro
S 2.33 25 %
t 1.00 0 %
c 100 % 0% 0 % 0 % 0% 0%
Table 28: Quantitative results for Task 9
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Figure 33: Average satisfaction (s), execution tim@) and completeness (c) for Task 9

5.2.10.2Qualitative Feedback

TreqPro

» 2 users stated (separate from their rating inghgsfaction' field) that they liked the

graphical navigation.

Trac

* 0 participants knew a possibility to get graphiavigation in Trac.

Requisite Pro

1 participant mentioned Requisite Pro's traceabilitee (which has similar
functionality as the graphical navigation in TregPas well as jumping back and forth

between requirements via the requirements' propérgiows.
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6 Discussionand
Further Work

In this chapter, | give an overview of the reswdtsd enhancements compared to existing
work. | summarize quantitative results and the mepments of the prototype compared to 2
existing tools in the measured quantities in secBal. After that, | give an overview of
gualitative results and the improvements identifiedhat field in 6.2. | line out possible

further work in section 6.3.

6.1 Quantitative Results

Requirements Managers use standard software (Wiarck$sor, Spreadsheets) or specific
specialized tools for requirements managementowined in section 3, | have developed a
new concept to address major shortcomings of egisbols and implemented this concept in

the RegM tool prototyp&reqPra

In the usability test with a set of common RegM ussses, the prototype showed
considerable improvementscompared to the two existing Siemens standard iaodll 3

measured parameters

6.1.1 User Satisfaction (s)

The participant satisfaction was significantly dezafor TregPro than for the two existing
tools (+40 % compared to Trac, +61 % compared tquRkée Pro). For several tasks, less
experienced users were considerably more satisfigd the existing tools than more
experienced users. The greatest improvement irsfaetion could be reached in basic

requirements operations. Both existing tools shosdlar satisfaction.

6.1.2 Execution Time (t)

The execution time was significantly smaller forePro than for the two existing tools
(-34 % compared to Trac, -39 % compared to Requidib). 3 of 5 compared tasks took the
participants only half the time (40 — 50 %) withe@Pro compared to the other tools, while 2
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compared tasks showed no significant change inutixectime. The two existing tools

showed similar execution time.

6.1.3 Completeness (c)

With 99 %, the completeness was significantly gre&r TreqPro than for the two existing
tools (+87 % compared to Trac with ¢ =53 % and ®84compared to Requisite Pro
with ¢ = 57 %). While almost all tasks could be gbeted with TreqPro, some of the tasks

could not be completed with the other tools becalisg do not provide the functionality:

Project Template Configuration
» Document generation

* Semantic Tracing

Graphical Navigation

6.2 Qualitative Results

Compared to existing tools, the new approach imgulown the major shortcomings
traceability, versioning and tool integration.

The usability of the prototype for basic requirements operatiasguired extraordinary
commendation. However, there is still room for ioy@ment: The usability of display and
creation oftraceability is not optimal yet. Drag & Drop support for thevigation would

make basic operations more intuitive.

On one hand, not all interviewed practitioners fdull versioning support necessary. On
the other hand, some of the experts expressed thesire for workflow support in
requirements. This seems to depend largely onatfget audience and a tool's "target project

size".

Comparison of requirements and comparison of wipotgects, though only implemented

basically, clearly outperformed tisemparison capabilitiesof the other tools.
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The results prove that the general approach oflimglthe ReqM tool as a web application
fulfills user expectations in usability of the useterface, direct editing of requirements, and
consistent collaboration on RegM.

Generally, the approach gfraphical navigation in requirements is very promising. The
implementation included in the prototype is higlelyperimental and was only used for a
simple show-case of easy navigation of relationsossc multiple artifacts. While a few

frameworks for the navigation of graphs in web agtions are available, considerable
development effort would be necessary for a stablation. As the results show, there is a
high user acceptance of the graphical navigatidre impact of graphical navigation on

usability and productivity of ReqM tools should sagbject to further investigation.

The prototype can generate basquirements documents In contrast to the existing tools,
it can generate a full specification. However, pin@totype implementation is not configurable
in any way, which is an important feature stressgdeveral test participants. The experts

have proposed a templating system with individaalfiguration of each included element.

6.3 Further Work

From the usability test, a lot of feedback (defestd improvements) could be gained which is
valuable input for the further development of thietptype. The prototype is not suitable for
production use yet, but its concept proved to askdthe identified shortcomings. The great
reduction in time and the increase in user satigiacsuggest a promising improvement of

productivity when using an implementation of th@oept in a production setting.

From a scientific point of view, | would suggestryang out anevaluation with an extended
number of participants in a widened contextspanning multiple organizations and tools to
learn more about the investigated aspects in casgrato other tools. Such an evaluation

would also display an increased significance coexgbéw the current study.
For this study, the implementation of amproved prototype based on the qualitative

feedback gained through the usability tests woudldwafor even greater improvements
compared to the existing tools.
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From a practical point of view, it would be necegst providebetter integration with

development toolsin order to achieve full traceability throughouettevelopment process.
The Mylyn tool for example allows for integratior the Eclipse integrated development
environment with the Trac ticket system and coutdadlapted to work with TregPro with
little effort. Improvement andurther development of the prototype as an open-source

project could finally lead to an open-source Reghl usable in a production setting.

Further necessary improvements for production nskide (1) the integration of multimedial
and arbitrary binary content, (2) the addition afrkflows for better change management, (3)
a rule engine for flexible customizable configupatiof conditions inside the requirements
model, (4) the implementation of suspect tracifig,f(ll integration of the Trac permission
system, (6) configurable document generation inolydelations. An implementation of the
graphical navigation that goes beyond an experiahgmbtotype would highly increase the

usability of the system.

Last, but not least, the performance of the sysstiwuld be improved to allow for high

numbers of objects as encountered in typical ptejec
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7/ Conclusion

Requirements Engineering (RE) is the economicallystimcritical subfield of software
development. Requirements Management tools helpegironanagers and requirements
engineers collaborate on requirements and keeg tfacequirements changes. Open-source
tools are typically not inclined to limitations &khigh license and training costs, sophisticated
use, limited integration with third-party tools éimited extensibility. This explains the
general trend towards using open-source tools fiwace development. However, there are
only few open-source RegM tools, they are in pdatesof development, and they lack of

quality.

In this work, | have analyzed features of existiRggM tools and discussed which features
should be included in such tools (RQ1). Using ddieriterature and holding interviews with
ReqgM experts, | have elaborated a comprehensiaocabf ReqM tool features, which 1
have evaluated in a web survey at Siemens Au3tn@.catalog proved to contain 97 % of the
RegM features considered important by the particigaexperts. The participants gave
remarkably high priority to usability of the Reqgliol.

| have worked out three specific, major shortcoming existing ReqgM tools: (1) Limited
versioning, (2) inadequate traceability support €3) strongly limited integration with other
tools. | have proposed a concept to address thesecemings (RQ2) and implemented this
concept in the open-source RegM tool prototypeqPra In a pilot study with 8 ReqM
experts at Siemens Austria | have compared thety with two existing tools (the open-
source solution Trac and the proprietary soluti@gitsite Pro) considering user satisfaction
(s), execution time (t), and completeness (c) wlescuting a set of 9 standard ReqM use

cases.

| have shown that the prototype displays consideramprovements in all 3 measured
parameters: Satisfaction could be improved by 4€b#wpared to Trac and by 61 % compared
to Requisite Pro. Execution time could be improwsd34 % compared to Trac and 39 %
compared to Requisite Pro. Completeness could pbeowed by 87 % compared to Trac and

74 % compared to Requisite Pro.
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The participants have given valuable qualitativedfeack on the prototype which will be
useful for further development of the applicatidim affirm the results found in the pilot

study, | have proposed a broader investigation wmitiitiple tools and an extended number of
participants.
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Appendix A: Catalog of RegM Tool Features

Al Setup, Customization, Administration and
Usability

Al.1 Custom Requirement Types

Q Artifact types (e. g. requirement types) can be custon{zegl there can be
requirements, stakeholder profiles, bug repores),G

Al.2 User Administration

Users with different permissions can be defined.

Users can be organized in groups (like ‘project Xhe relationship type is m:n.
Each group has a default role that new users Imathes group.

A role can have multiple permissions. The relatigps$ype is m:n.

Users can play roles (like ‘project manager’) icegtain group. The relationship type
is ternary, i. e. a user’s role can be differemtefeery group (for example, user A can
be project manager in one group, but ordinary menmbanother).

Permissions can be assigned to a role for objesdsdon a metadata attribute (e. g. to
all objects with the value “use case” for the htite “requirement type”, or to all
objects with the value “new” for the attribute “&9§.

O Permissions can be assigned to a role for objecgath-based way (e. g.
directory/package/component etc., similar to patkelol subversion authorization).
Import of large amounts of user data from extesgairces is supported.

Integration of external authentication and auttradron mechanisms (LDAP ...) is
supported.

U ooo0oo

oo

Al1l.3 Usability

Undo functionality is available.

Search functionality is available.

Drag & drop is available where appropriate.

Shortcuts are available for often-used actions.

Configurations on items in can be inherited in &iehies, but overruled if necessary.

O Administration: Configurations (e. g. for procegpds etc.) can be duplicated and
reused.

O User: Attributes and Relations can be inherited)(&X «is-in-charge-of» Z, Y is
child of X, Y «is-in-charge-of» Z)

O State-of-the-art usability requirements have tofeéd, e. g. text box sizes.

(I I W W

Al.4 Adaptability and Extendibility of Tool Functio nalities

O The menu items can be customized.
O Plug-ins can extend functionality.
O Scripts and macros can automate tasks.
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Al1.5 Online Help and Documentation

O An online help is available.

O Parts of the online help are available as contersisive help.
O Comprehensive tool documentation is available.

O Example projects are available.

Al.6 System Prerequisites

Q Supported platforms and databases have to be gaeeKactly. (genau definieren)

Q Memory, CPU, disk space necessary may not exceebisies of selected
architecture.

O The highest possible amount of requirements mankgdide tool has to be specified.

Al.7 Installation and Administration

O There is an easy-to-use administration frontend.
O The administration frontend protects users frororerby validating input.

A1.8 Scalability, Concurrency and Distribution

Many projects can be managed in parallel (i. etdbésupports opening more than
one project at the same time).

Users can work in these projects independently.

Remote, concurrent, multi-user connections are @u@g.

Concurrent editing of requirements is managed gpately.

AT LEAST ONE OF

O Arrich client is available with full access to thumctionality.

OR

O A web client is available with full access to tlhmétionality.

oooo O

Al1.9 Partial reuse of Project Settings and Data

O Configurations can be copied from one project totlaer.
O Data can be copied from one project to another.

A2 Capturing, Editing and Managing
Requirements

A2.1 Flexible/Customizable Implementation of the dgired
RE Process

The desiredrRE process can be modeled inside the tool poeess templatelhe RE process
defines the workflow and structure of the requirataelata (requirements model).

Q Workflows, LifecyclesArtifact types, Associated Metadata types can be customized
Q Used Tools can be customized.
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A2.2 Reusability of Process Templates

TheRE process (including the requirements model) definezhe project can be
reused in another.

The process remains adaptable for each project.

Process templatesan be duplicated and changed / built upon a mestelate.
Process templategre versioned.

oooD O

A2.3 Input and Import Methods for Requirements and
Related Artifacts

There are various activities which require toolsu:

* Requirements elicitation methods:
o Workshops
0 Interviews
0 Questionnaires
o ..
» Other activities affecting requirements:
0 Bug Reporting
o Change Request activity
o]

All these activities have source which is either

* manual input from a stakeholder or
e automatically processed input from an existngfact (which could also be an old
version of the samartifact).

All these activities have one or maesulting artifacts each having (generally spoken)

« attributes (e. g. title, content, reporter, prigridwner, etc.) and
» relations (e. g. «is-related-to», «refines», «spomsible-for») with otheartifacts

Examples for resultingrtifacts are requirements, bug reports, stakeholder psyfitst cases,
etc.

U Each resultingrtifact is bidirectionally linked to its source (see traloiity)

U Requirements elicitation methods are supportedrelgcally (e. g. interview or
guestionnaire participants fill out an electroroch, workshop participants discuss in
a forum, etc.).

U For the input data of each supported type of agfiagidequate editors or adequate
parsers are provided (Requirements could be rezednising tags (“REQ”) created
by the user, structure predefinitions (Requireniarne, Description, Empty Line) or
keywords (“.. shall ..”). Requirements IDs can k&a&cted from the document); i. e.
the data can be entered into the system in a ctablerway.

o If data can be entered manually (e. g. bug repcinnge requestinterview
answers), the forms for entering the data are gardble.
o If datais parsed automatically, multiple sourcas be defined.

99



o If datais parsed from external sources, the pagaéties can be selected
before import, e. g.: The system finds 24 requimrgisiéen 2 source documents.
The user chooses to import 21 and to discard 3.

o External documents (MS Office, etc.) can be usesbasces. Ideally, there is a
way to use the external tool (e. g. a text proagssteractively to edit the
artifacts e. g. by tagging certain paragraphs as requirtsnen

o Each newly enteredrtifact (e. g. requirementhange requestjuestionnaire
response, etc.) can have attributes and relations.

U Adequate views for each activity are supported; the acquired data can be browsed

in a comfortable, meaningful way.

U Checklists help users avoid and identify charastierifrequent errors (e. g. during

review or interview/questionnaire preparation arelcaition).

U Responsartifacts (e. g. questionnaire responses) can be analyzedhatically (e. g.

by counting of check boxes).

A2.4 Artifact Representation

Artifacts (e. g. requirements, use cases, change requéskghglder profiles) can have
attributes and relations, generally spoken. AtteBue. g. “reporter”, “component”, “state”)
are fields of metadata that structure the inforarafor one specifiartifact. They can be used
as search criteria. Relations (e. g. «refines»regponsible-for») link different related
artifactsto each other. Traceability is achieved throudati@ns.

[ I I I Ry

Attributes can be configured independently for elyple ofartifact (e. g. most
artifactswill have a text attribute, but a bug might alswé a “severity” attribute).
Attributes can have different types (String, Numlioolean, ...).

Attributes can be mandatory or optional.

Relations can be configured independently for eyl ofartifact.

Relations have a name for each direction.

Relations can be mandatory or optional.

Artifactsand relations can be displayed as a graph.

Artifactsand relations can be displayed as a hierarchieal(telations: one at a time).
Artifactsand relations can be displayed as a matrix.

Artifacts may contain graphical models and mathematicalesgoons.

Artifacts may contain arbitrary documents

A2.5 Artifact Categorization and Structuring

Q

Requirements can be categorized (e. g. by grougfiagfributes or providing
hierarchy views).

A2.6 Artifact Identification

Q
Q
Q
Q

Artifactscan be identified by numbers as well as by symbols
Artifacts can be identified automatically or manually.

IDs are unique across projects.

IDs contain a project identifier.
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A2.7 Artifact Reuse

O Artifactscan be transferred into other projects with feteractions.

A2.8 Artifact Query System

O Artifactscan be queried according to certain criteria (@agts of attribute values,
relations)
O Query results can be filtered according to thegera.
O Query results can be sorted according to theserierit

O A set of customizable, predefined queries is abéala

O Ad-hoc (i. e. new, not predefined) queries are sujggl.

A2.9 Validation Support

O Checklists support the user for checking varioiteia e. g.

correctness

completeness

consistency

verification

comprehensibility

clarity

traceability

modifiability

Q The requirement description can be compared wiithgaistic pattern (e. g.: “body
must match 'The system shall .*™).

OO0 O0OO0OO0O0OO0O0

A2.10 Artifact Prioritization Methods

Q Artifacts(e. g. requirements) can be prioritized via assignt of a priority attribute.
Q Artifactscan be prioritized via drag & drop.

A2.11 Description of Domain-Specific Terms
For the collection and clarification of domain-siiiederms,
Q AT LEAST ONE OF

O A glossary or domain knowledge database is availabl
OR

O Links to the relevant information are automaticaltgated on domain-
specific terms.

A2.12 Groupware Functionality

O Discussion forums are available.
O Wikis are available.
O Votings are available.
O Multiple stakeholders can assign a field valuegy(qariority) to eaclartifact (e. g.
requirement).
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O An overall result is aggregated automatically.
O Statistical values (mean, standard deviationre Jazailable.

Q Information can be structured to get an overvieweraelated topics (e. g. categories,
tags ...)

A2.13 Journal Functionality

Q Journal entries automatically create an overviewaations in the environment (who,
when, what).
O The journal can be exported as a report.

A2.14 Modeling

O Multiple aspects of the desired system can be neddelthe tool (e. g. with UML or
similar).

O Models created with the tool can be includedritifactsto help understand the
requirements described there.
O Models can be linked (allows for reuse) to #ngfacts
O Models can be embedded in tmtifacts

A2.15 Notification on Requirements Change

U The owner / reporter of artifact can be notified on change or state transitiornef t
artifact.

U The owner can also be notified if relatadifacts change, i. e. if any relation is
“suspect”, see 0.

A2.16 Offline Editing of Artifacts.

Artifacts can be locked and edited offline. After merging tthanges, thartifacts are
unlocked automatically.

A3 Configuration Management Aspects

A3.1 Configurable Change Management Process

Depending on what processes are used, requiremeaysnot be modified arbitrarily at all
times. For example, the creator of a requiremermghtmivant to edit it to correct errors, but
others should not be able to modify the requiremeithout formally issuing achange
request

It is quite common to allow “free” editing of regements up to a certain date, when the
features are “frozen” in a specification documend @ontracts are signed. All subsequent
changes (not only to requirements, but also tordiipes of artifacts) have to pass the change
management process.
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When a requirement is changed, its relations tcerotequirements can be regarded as
‘suspect’, as the related requirements have taabdated / verified.

Q All parts of the change process (like states atesya@an be configured.

A3.2 Artifact Versions and Branches

QO Artifactsare versioned.

O Versionshave a unique identifier.

O Multiple versionsof anartifact can exist in parallel (branching).

O The tool supports working on different brancheg(evith different databases).

A3.3 Artifact Baselines

O The state (including attributes and relations) oédain set oértifactsin specific
versionscan be frozenb@selining.

A3.4 Comparison of Versions

Q Differentversionsof artifactscan be compared.

O Deltas between thesersionscan be identified (e. g. through side-by-side ldigpg
and highlighting).

O Requirements change packages can be identified.

A3.5 History of Artifacts

Q The history of allrtifacts can be retrieved.
O Creator and creation date can be retrieved farafhcts
Q State transitions can be retrieved foraatifacts

A4 Traceability of Requirements

A4.1 Traceability between Requirements and other
Artifacts

Traceability between requirements allows for corgriess of information about the creation
of a requirement by linking to othartifacts that were included in the elicitation process. It
supports change impact analysis, requirements atai, compliance verification, and
regression test selection.

Basically, eaclartifact that is related to a requirement should be trdeealthe other related
artifacts Each trace link should be available bi-directibna
O Requirements can be traced to
O other requirements (e. g. traces between functiamadlrelevant non-functional
requirements)
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interviews

stakeholders

guestionnaires

guestionnaire respondents

workshop documents

stakeholders (interviews, workshop documents)

change requests

review protocols (to identify who has checked auremment at what date/time
system design components (in order to understamchvalesign components
contain which requirements)

O the source code

(and vice versa)

OO0 O0OO0O0OO0O0OO0O0

Interview documents can be traced back to stakem®l@nd vice versa).
Questionnaire responses can be traced back tonaspis (and vice versa).
System design components can be traced to theesoode (in order to understand
which parts of source code implement which systesigh components) (and vice
versa).

ooo

A4.2 Precision of Traces into Source Code

Traces can be created at different precision levels
Traces can be done at method level.

Traces can be done at class level.

Traces can be done at component level.

Traces can be done@tangeselevel.

oooo0oo

A4.3 Change Impact Analysis

The traces can be followed from cemtifact to another.

Inconsistencies between differetifacts can be identified.

For a changinaurtifact, all traces from the changiragtifact to relatedartifacts, are
highlighted as suspect to indicate that the traoedtifactshave to be checked for
necessary adaptations.

O After the change has been implemented in theicts the traces can be set on valid
again manually.

ODoD

A4.4 Support of Comprehensibility of a Trace

QO Itis possible to assign names to trace types, ‘®ests” / “is tested by” for better
comprehensibility of traces.

A4.5 M:N Relationships

O M:N traces are allowed (e. g. one requirement toynedasses, or one class to many
requirements).
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A4.6 Manual Trace Generation

O Traces can be created manually by dragging fromadifact to anotheartifact.
O Traces can be created manually be adding a tartiigtct into a list in the source

artifact.

O Traces can be created automatically by insertitngce in a traceability matrix.

A4.7 Automated Trace Generation and Bidirectionaliy

Traces can be created automatically to reduceteffor

Q AT LEAST ONE OF

Q

O Automatic trace generation is done by parsing teslerequirements keys in source
code files.
OR

O Automatic trace generation is done by comparing pexterns in the requirements
description.

Bidirectionality is established automatically (dga@creating the B-A reverse trace for

each A-B trace created manually or automatically).

A4.8 Mandatory vs. Optional Traces

Q
Q

A tracing policy allows the user to configure trecassity of traces.
The creation of mandatory traces is enforced.

A4.9 Trace Representation

oo OO

Traces can be represented as a traceability gradpmades and edges.

Traces can be represented as a tree structurewghgne requirement as the parent
and related requirements as its children.

Traces can be represented in traceability matrices.

Starting from a single requirement, all relagetifacts (other requirements, test cases,
source code) can be accessed.

A4.10 Traceability across Tool Borders

Most RE tools offer adequate traceability between objetdmaged inside the tool, but poor,
mostly unidirectional traceability regarding extarisources (e. (RM tools, modeling tools,
IDESs, test management tools). Better, bidirectitrazeability could be established

ooo

by offering a good interface to other tools (ea gimple way to access eaattifact
managed inside the tool, like a URL in a web-basef) as well as

by offering user-defined, searchable fields andlinks to accesartifacts managed in
other tools.

There is a simple way to access eadffact managed inside the tool and link to it.
Each type oartifact managed inside the tool can have user-definedisfiel
There is a simple way to search and filter for gpeealues of user-defined fields.
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O There is a synchronization mechanism that highdightanges each tool if something
changes in the other.

A4.11 Traceability between Projects

Q Artifactsin one project can be relatedauifactsin a different project.

A5 Document and Report Generation

A5.1 Report Generation

Reporting is useful for gaining information abotbe tproject status, presenting results to
stakeholders and generating specification docum8&oisie commonly used reports are:

» Traceability Reports: These reports are used teigecan overview about inter-
artifact dependencies.

» Diff Reports: These reports are used to compareanfacts to ease verification of
the changes.

* Requirements Coverage Reports: These reports adetosassess the coverage of
requirements with test cases.

» Requirements Documents: These documents consasstofictured overview of
requirements.

It is often important to allow reporting acrossltborders, i. e. to access external data sources
from the reporting tool.

O EITHER
O The tool contains adequate reporting functionality.
OR

O The tool provides an adequate interface to a reqgpsblution (e. g. BIRT,
SODA).

Q Various types of reports about the requirementsbeagenerated (requirements per
stakeholders, requirements which satisfy defindéér, reports about traces /
suspected links, status report about the compliahoequirements).

O The data (attributes, relations) included in thmorecan be freely chosen:

O The data can be filtered by specific attribute ®allike ‘priority == high’ or
relations like ‘«is-responsible» for requirement X’

O The artifacts to display can be selected in the iserface (e. g. a subset of all
requirements).

O Reports can contain statistical values (sum, aeerapand simple calculations to
provide metrics for the project status.

A5.2 WYSIWYG Editor
O A WYSIWYG editor allows for preview on the genemteports.
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A5.3 Charts and Graphs in Reports

QO Artifact data can be displayed in diagrams, graphd,data charts.
O The graphical output can be sorted and filteree Ose

A5.4 Report Formatting

O The layout can be defined using templates spegfgages, headers, footers ...
O Templates can be imported from an external soureeldition to defining them in the
tool.

A5.5 Report Document Formats

O Reports and documents can be created in PDF format.
O Reports and documents can be created as MS Otimawknts.

A6 Interfaces to other Tools

A6.1 Integration with Development Environments

The integration of IDEs allows for direct linkindg source code to artifacts. TIRE tool must
provide an adequate interface.

O Development Environments (Eclipse, NetBeans, VBualio ...) is/can be integrated.

A6.2 Integration with Configuration Management Tools /
Systems
O A Source Management tool (Subversion, CVS, SouffeeSais/can be integrated.

A6.3 Integration with Test Management Tools / Systas

O EITHER
O The tool provides functionality for test case masragnt.
OR

O A TM tool is integrated to manage test cases anidthem to requirements.

A6.4 Long Term Archiving Functionality

O Environment, resources and documents can be acthiveformat that allows
reactivation of the project or at least retrieviatedevant information.

A6.5 Interfaces

O The database is accessible via ODBC.
O Data exchange via XML is possible.
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A7 Costs

A7.1 Adequate Cost-benefit Ratio

The cost-benefit ratio (considering license anohing costs) of the tool must be acceptable.
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