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Abstract

Automated Traceability presents a new way of implementing traceability that can potentially save time
and effort over the traditional approaches that require linke be set up and maintainechanually.
However, in order to maximize the results of thischnique automated traceability has to be
implemented within the context of a software engineering process. In thésis we will present a
generic process metmodel that will guide organizations in incorporating automated traceability into
their own software engineering processes. We will also provide an example of an instantiation of this
meta-model for a particulaprocess and tool. This example, besides illusiggthe instantiation of the
meta-model,will present a paradigm and technique used to build processes and it wilkafge asan

open sourceontentstarting point.
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1. Introduction

G ¢ m&dest single part of building a software system is deciding precisely what
to build. No other part of the conceptual work is as difficult as establishing the
detailed technical requirements, including all the interfaces to people, to
machines, and to ther software systems.No other part of the work so cripples
the resulting system if done wrong.No other part is more difficult to rectify
later." [5]

The previous quote was writteim 19876 &8 5 NX¥ CNBRSNA O] . Ne21a TF2N [y |
9aaSy0OS IyR ! OOARSyida 2F {2FGg6INB 9yIAYSSNAy3I¢ L
true today, twenty years later, as it was in 1987; and chances are that it will continue to hold true for

many years to come.

In this quoteDr. Brooksalluded to theproblemssurrounding the requirements for a software system.
For such a seemingly simple thing: what the system musifdoctional requirements)and what
gualitiesit must possesgnonfunctional requirements)33]; there are plenty of issues that haunt it.
Questions likeare they well understood are they all accounted f@r are they clear and corregtare

they well documente@, are all of themimplemented in the syste what happens if they char?,

what willbe the impacton the cost and schedule when they changa®ong othersare just some of the
many questions that software engineers have to face on a daily basis when dealing with the
complexities of the requirements.

One thing is clear though, theequirements are crucial to the success of any software engineering
project. They are a key part of the documentation, they teglpvergethe interests and understanding
of the stakeholdersZ7], they are essentidh managing theisks of a project in termef the impact to
cost and schedule3p], and they provide the initial input into the subsequent activities of design,
implementation and testing. The CHAOS report, published by the Standish groepnbasently listed
requirementsrelated problems as key failure factorin most of the impaired and challenged projects
[35].

This thesis will address one specific problem that affects requirements, the problem of tracediigty.
work will try to demonstrate how a combination @échniques,tools and procsses can help software
engineershandle this problem andhanage the requirementef a software systemrmore efficientlyand
effectively.

The thesis starts bgefiningwhat traceabilityisin Chapter 2, listing its importance and common ways of
implementing it. This igollowed by a descriptiorin Chapter 3 of a technique called automated
traceability that is used tooperationalize it Following tie description the prosand cons of this
technique are listed along with some early resw@tsl identified best practicesChapter 4 will explain

why this technique should be used within the framework of a process in order to achieve better.results
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This chapter starts by listnsome of thebenefits of having a formal process in plaaed by explaining
why the best practices for automated traceabilithould be part of a software engineering proces$s
then lays the groundwork for creating a new tailored process for automataceability. It does this
describng a generic process metmodel for automated traceability, thdramework chosen to
instantiatethis tailored processand a samplecontent starting point. Chaptes will go into the details
of the newlycreated procesadd-on, followed by a validation of the work done @hapter6. The thesis
ends inChapter 7 by presentinga list of conclusions and further wottkat could be done

The ultimate goaland contribution of this thesiss to provide software engineers with a way of
incorporating the usef automated traceability into their software engineering progessan effort to
alleviate the problems surrounding traceability and maximize its poten#a a result twgroducts are
delivered. The first one the high level process metmodel thé indicates which elements need to be
added to a software engineering process in order for it to support automated traceability. The second
product is a sample instantiation of this mataodel, i.e. a modified process that supports automated
traceability. This second product, besisleexemplifyingthe instantiation of the metanodel, also
illustrates a particular technology that can be used to model and present pro¢cessdsan be used as

a starting poinfor organizations that wish to use its content

Thisworkisi KS O2y dAydz GA2Yy FyR O2YLX SiAz2y 2F GKS S| NI &
Ldzii2 YF G§SR ¢aNpreSeéhied on the AGMVE Intetnational Symposium on Grand Challenges of
Traceability in Lexington Kentucky on March 2007forms part of the body of knowledge created in

the DePaul Center for Applied Requirements Engineering lab, and it fits into a wider research initiative

that aims to enhance and promote the use of automated traceability.
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2. Traceability

2.1. Definition

Consider the following scenarigou area project managein charge of software engineering project
After a lot of effort you have compitewhat you think is a complete list of requirements (at least for that
moment in time). You give those requiremesito your analysts and developers and they start refining
the problem, coding it and testing it. The project is advancing and things are guirey or less
according to plan. You get called into a meeting with the primary stakeholders and they askeyou th
typical ques Y'Y G K2g Aad (i K&anddNRhE S0 deed@ KnoEhKpercentageof the
requirements are fully implemented and tested. Next, they tell you that they aamgihg one of the
requirementsq a fairly common scenarioNow youneed to be able to understand the impact of such a
change; whiclcode, supporting design documentsnd tests will need to be modified A discussion
promptly follows, and then someone asks why a particular requirement was defined that way. Now you
need b be able tadentify who defined that requirement and what was the rationale behind it.

The previous scenario ®@mmon to allsoftware engineering projectsAyone who has worked in this
field has been exposed to similar situations at one point or agoth

In this scenario there is a common denominator among all the situations that arose in the meeting. All
of them needfor a particular characteristic to be presemtaceability. Intuitively traceability is a way of
identifying relationships betweerthe different artifacts that are created throughout the software
development lifecycle Theseartifacts includevork products such as requirements, use cases, classes in
UML class diagrams, classes or methods, and test chdm® formally, traceabilitthas been defined as

the ability to follow the life of a requiremenin both a forwards and a backwards directiaf, the way

from its origin to its deploymen®[]. Figurel illustrates this by showing fewsample traceability links

that exist from the stakeholders all the way down to it tests.

g8
™ PR

Stakeholders \Q N

Requirements L ~

(c
Design

Documents Java N
Components Ullt

Tests

Pre-Requirement Post-Requirement
Specification Specification

Figurel. SampleTraceability Links
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AsFigurel illustrates traceabilityiscommonly divided into two phases: PRequirements specification
and PostRequirements specificatior2(]. The reason fortis division is that each phase deals with
different information, and each has a different purpose and use.

The prerequirements specification phase focuses on the issues that arise before the requirement is
formally defined and written in the requiremepecification 19, 20]. It deals mainly with tracing from

the source of a requirement to the requirement itself and vice ve4.[ This entaildracking the
rationales behind a requiremenfin terms of why a requiremenarose and any assumptions and
arguments that surround )t[32]; and trackingthe different contributions of the stakeholdefm terms

of who contributed, whenandin what capacity)31].

The postrequirement specificatiopphasedeals with the tracing from an already specifiedjuirement
down to the artifacts that are related to it, and back up from any of those artifacts to the originating
requirement R7]. The links between these artifacts and the requirements range from simqfe
qualified links to much more complex andadified relationships between artifac{82]. For example, a
simple link might be: artifact X traces to artifact Y. A complex link riagktike: artifact X {dependsn

| is part of | evolves into | is satisfied by is developed for | generates | isdsedon} artifact Y, just to
name a few.

2.2. Use

After defining what traceability is, the need arises to understand how it is ussditively, from the
scenario presented at the beginning of this chapteaceability provides information This informatia
can laterbe used during the software engineering tagks wide variety of ways.

The generalconsensus amongst the research community is that traceability is mainly fosdtie
followingtasks[7, 11, 15, 25, 27,2

1 Change impact analysis / Derivati Analysis: provides better understanding of the impact of a
change to the cost, schedule and technical aspects of the project. Answers questions like: what
documents, models, code modules, and tests (among other artifacts) will be impacted by a
particular change?

1 Coverage analysis / Compliance Verification: allows validation of which requirements have been
fully implemented in the system and which ones are not. Answers questions like: which
requirements have been designed, coded, tested, and deployetffis provides greater
confidence in whether the objectives are being met or not, helps to understand the contribution
of the work to the whole, and helps to track the progress of the project.

1 Guard against gold platting: provides a mechanism to make thateall the features that are
present in a system actually correspond to a requirement; as opposed to being unnecessary
features that raise the cost and risk of the project.

i Tracking rationalesif the proper information is stored, it allows an undersiarg of why a
particular decision was made. It answers questions like: who made it, what were the
alternatives, and what the pros and cons were (among other rationale information)?

11| Page
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1 Regression testingwhen a fix is introduced in the system that in turredks something else,
traceability facilitates regression testing in order to identify what other parts of the system were
affected by the change.

1 Trade off analysis: when different implementation options exist, traceability facilitates a trade
off analyss by allowing a comparison between the different repercussions of each option. This
provides the foundation for further codienefit analysis.

However, not all organizations use traceability in the same way. In a seminal paper on traceability
Ramesh andarke identified two different levels of users of traceability: low end users and high end
users B2]. Low end users tend to use traceability as a mandate to comply with policies or staraards

a kind of safeguard against criticism and law s@®.[ They tend to only keep simple ngunalified links
between their artifacts. On the other side of the spectrum, high end users employ a richer type system
that allows them to classifgnd differentiate between the different types of linksThey tend toview
traceability as an opportunity for knowledge creation and user satisfactiony dégne their trace links

are products, and view them as an investment in corporate knowledge and asset managgifent [

2.3. Importance

After understanding how traceabilitis usedat a high levelit is evident the importance that ithas
within the software engineeringctivities Traceability provides software engineers with a major source
of information that they can use astool in their activities But beyond the imprtance that comes
directly from reaping the benefits of the uses listed in the previous section, thesemething else to
consider:traceabilityis required and mandated by a lot of popular software engineering, business and
military standards.

As anSEI YLX S GKS {2Fdé6lF NB 9y3IAYySSNAy3dI LyadaddziSqa
dictates thattraceability is requiredn order to comply with the Key Process A(BE&Apf Requirements
Management This KPA is part of the staged maturity Lé&&€Managed), and more specifically it

requires that arorganization must13):

Obtain an Understanding of Requirements

Obtain Commitment to Requirements

Manage Requirements Changes

Maintain Bidirectional Traceability of Requirements

Identify Inconsistencies between Project Work and Requirements

= =4 =4 =8 =9

Note that this Key Process Area not only literally indicates that organizations must maintain bidirectional
traceability links, but italso alludes in the other required practices to tasks that diyeb#nefit from
traceability. Obtaining the understanding and commitment to the requirement reliebeimg able to

track the rationales and contribution structures. Managing the changes requires the ability to identify
the impact of a change artd be able to execute regression tests. Identifying inconsistencies between

12| Page
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project work and requirements can only be achieved with tools that allow requirement validation and
gold platting checks.

Other equally importantsoftware engineeringstandards such aslEEE Standard 83®98 ¢
Recommended practice for software requirements specificatiamgl the ISO/IEC 1220¢ Software
Lifecycle Processesll for requirements traceability to b@ place This is a key area which this thesis
addresses, since laxplicitly adding traceability related tasks to a software engineering process it will be
easier for organizations to comply with these standards.

There is also research that indicates that neglecting or omitting traceability has a negative impact on the
overall quality of the product being develop¢tl5]. It is understood that ithere is notraceability in
placemore manual revisions will have to be made in order to obtain the information that traceability
provides. This will directly cause an increaseost, time, and errors. Not having it will also make the
organization more prone to lose of knowledge when individuals leawvemiscommunications and
misunderstandings.

2.4. Implementation

The question now arises as to hawvimplement this important chaacteristic of traceabilityin order to

use iteffectively and reap its benefitsThere are several ways to implement traceability, and each one
has advantages and disadvantages over the others. felated paper ClelandHuang divided the
different traceability implementationsnto several different techniques, of which the three main ones
are listedbellow[7]:

1 Simple links: Traceability is implemented via a table that illustrates the logical links between
artifacts ¢ known as a traceability matrix8T], or via other static representations such as hyper
text or graphs. This is the most common method for implementing traceability, and support for
this method has been implemented in several commercial tools such as Requisite Pro, Doors and
Caliber. Thisnethod is simple and well understood, but very hard to set up and maintain when
the number or artifacts to trace is largd=igure2 shows a typical traceability magr captured
from the commercial tool Caliber.
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Figure2: Sample Traceability Matrix in th€ommercialTool Caliber

1 Semantically retrieved links: Traceability is implemented via tools that utilize information
retrieval techniques to identify the links between artifacts based on theasurrence of words
and terms. Chapter3 goes into details on how this technique works.

1 Executable links: Traceability is implemented via tools that define certain criteria that when met
will raise an event that signifies a change toedement, whichwill in turn have an impact on
other elements. For example this is used in simulations and models where certain non
functional requirements are defined as parameters, that when changed will affect other parts of
the system. This technique is alseedsn event based traceability] and in several systems
that define impact analysis rules between the different elemets1]. This technique is
particularly good for non functional requirements.

This list is by no means exhaustive; there are otlvays in which an organization could implement
traceability. In fact, it has been suggested that organizations should use a combination of these
techniques to make the most of their efford][

There are several well known and documented problems thateavidien trying to implement
traceability. Some of these problems are specific to one implementation technique but others apply to
all of them. The following issamplelist of these common problems:

9 If the links need to be identified and maintained maltyat is usually very time consuming,
error prone and they become outdated eas[i§2]

9 Usually there is no clear specification of what to trace and \2g}.

1 It is difficult to document, manage and visualize the traces. Some of the more complex
relationships are challenging tmodel. PO, 21]

i Different users have different views and ideas so it is hard for links to be defined and used

consistently. 21]

Implementing traceability can become expensiay] [

Sometimes it is a politically sensitive issueervehthe team fears that the traces will be used

against them.27]

=a =4
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These problems need to bearefully consideredwhen implementing traceability, but in spite of them
the consensus is thdienefits of traceabilityare worth it.

After this brief introduction to traceability, the following chapter will go more in depth on the particular

technique of automated traceability, since this will be the base technique used throughout the paper to
implement and operationalizeraceability.
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3. Automated Traceability

3.1. Definition

Automated Traceability is one of the possible technigi@smplementing traceability. The main idea
behind this technique is that ittilizes information retrieval algorithmsin order to generate the
traceability lirks automaticallybetweenthe various types of software engineering work produfds?,
9,11, 24,2b

In general, the tools that implement automated traceability parse the artifacts created in the project
and look for semantic similarities that couldrsfy a dependency relationship between therkigure3
illustrates this by showing how traces can be identified from a requirement to several other artifacts,
based m the use of similar words or phrases.

"J Requirement Document p UML Class Diagram
The system shall allow UserManager
the administrator to
add new users. || {{ +addNewUser(...) D

public classtagrManager |
Add NEW public void {
User b
i
. Kt
p UML Use Case Diagram =2 JavaClass
" Java

Figure3: Schematic of Automated Traceability

More specifically, automated traceability tools make use of information retrieval models such as the
Vector Space ModéVSM) 9, 24, 2% and theProbabilistic Networkodel (PN) L1]. Another approach
known asLatent Semantic Indexin¢l-SI) has also been uset, P4. In these models,races are
generated through computing a similarity score between a query (which in most cases cadsgpo

the text of a requirement) and each artifact in a set of traceable artifacts.

Automated traceability has been implemented in several research tools, such as' Raénatloped in
the Center for Requirements Engineering at DePaul Univerdi]) gnd RETRO (developed in the
Department of Computer Science at the University of Kentu@d}) [

The remainder of this section illustrates the automated generation of traceability links through the use
of the PN model. Prior to computing the similarigpee, the words in the query and traceable artifacts

! Note: while most of the work of this thesis is tool independent, for the most part Poirot is used as an example.
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FNBE aGSYYSR (G2 GKSANINR2(G F2N¥a FyR Gadz2LX ¢2NRa
documents) are removed.

In Poirot, the PN model is implemented using the following formula to comphdebtisic probability of
a link between a quergjand a traceable artifac as follows:
ek a
pr(a; |a) =ga pr(a Iti)pr(q.ti)ﬂl pr(q)
i=1
The first component of the formular(g|t ;) is estimated as
@ |t) = freq(a;,t;)
pria, L) = a freq(a;.t,)
k

It represents the dispersion of a tertywithin the artifacta;, normalized over the total number of words

in the artifact. The second componenpy(q,t) is computed as

freq(a.t;)
n

pr(g.t) =

Here n; isthe number of artifacts in the collection containing the tetmlt represents the disprsion of
the termt; in the query, normalized over the total number of potential queries in whidtcurs. The
third component of the formulapr(q)is computedusing simple marginalization technigyes

pr(a) =a pr(a.t;)

Thisrepresents the relevance of the tertnto describe the query concep; in other wordsthe extent
to which the termt; describes the query concept

This formula belongs to the family of algorithms known Teerm Frequency; Inverse Document
Frequency(tf-idf), andit returns a probability value that is inversely proportional to the number of
artifacts containing the index term, reflecting the assumption that rarer index terms are more relevant
than common ones in detecting potential links. A more coitepldgescription is provided in several
other papers 9, 24.

For experimental purposes, results are evaluated using the standard information retrieval metrics of
recall and precision. Precision is measured as the ratio of the true links returned ovetaheatadidate
links the tool returns (signal to noise ratio); and recall is measured as the ratio of the true links returned
over the total true links that exist (fraction of true relationships includdd), [L]. These formulas are
shown next:
correct links A true links

retrieved links
correct links /A true links

correct  links

precision =

recall =

In general, for most information retrieval purposes, precision is the most important metric, however for
requirements traceability, recall has to be favored over precision, since industry practitioners need all
true links to be identified. As there is typically a tradeoff between recall and precision, traceability tools
tend to deliver high recall values at the expense of relatively low precision (i.e. many of the candidate
links identified will not be true links). Tladternative of favoring precision over recall is unacceptable
for traceability purposes, as many true links would remain unidentifi€ [
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3.2. Benefits and Limitations

There are two key benefits of using automated traceability tools and techniqibe first one is the
significant time savings comparison to manually edtlishing a traceability matriklO, 1. It is not
uncommon for practitioners to spend hours, days, or even weeks performing manual traceability tasks,
which could be performed mah more efficiently using an automated trace todlhe second key benefit

is that theyprovide automatic support for tracing newrtifacts as they are createnown asjust-in-

time traceability[10, 1]. Just in time traceability eliminates the riskhaving to manually update a
matrix each time that an artifact is added

There is however, an important limitation to using automated traceability. Since it is based on
underlying information retrieval techniques, and these are probabilistic in natuweilinever provide
perfect results (100% recall with 10Q%ecisior). This limitation is one of the key motivans for this
thesis, adt proposes to use this technique witha tailored software engineering process in order to
improve the results. Tidwill be explored in more detail throughout this thesis.

3.3. Experimental Results

The Center for Requirements Engineering at DePaul Univlistgonducted several experiments with

the automated traceability tool Poirot. Thesultsfor five differentdatasets[9, 11 are showrbelowin
Figure4. These results and the characteristics of each dataset are fully discusdddl en illustrate

that in general recall 090% is achievable at precision rates of30. A notable exception is the final
dataset L&A(terse) for which the highest achievable recall was 58% at a dismal precision of 4%. The
poor results achieved in this experiment were partially caused bytéhgeness of the data in the
business and system use cases, and by the inconsistent use of a project glossary.

Trace retrieval results for different dataset:
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L&A (rich) | L&A (terse)

m Recall 90% 90% 90% 90% 58%
m Precision 32% 18% 37% 31% 4%

Figure4: ExperimentaResultsWith Different DatasetsUsing Poirot
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The fact that different data sets perform in significantly different ways whesoibes to automated
traceability has sparked considerable interest in the research community. Throughout these
experiments the same automated traceability tools and algorghwere used, however each dataset
produced different results. This can only mean that the data usedach experiment hadarying
degrees of quality.The positive side of this that the quality of the artifacts that are going to be traced
can beinfluencedby the implementation of some common best practices. Tdilwing section lists
some of these best practices.

3.4. Best Practices for Automated Traceability

In a paper that addresses this issue of why different datasets perform so distigtyl¢land-Huang
identified a set of best practices that if implemented consistently can improve the results of the
automated traceability tools A brief explanation of these practices is listed below.

9 Trace for a purposeBefore starting any trace implementan, identify all theartifacts and the
links that will be recorded. It is important to also understand why each link is being kept and
how it is going to be usedNote that this best practice is key to the success of any traceability
effort, as it willprovide the backbone for all traceability decisions.

91 Define a suitable trace granularityAgain, prior to implementing traceability, decide what level
of detail the trace strategwill support. For example, when tracing to code, links can be kept at
the package, a class or methdevel Organizations should set the level according to their
information needs, bearing in mind that imér detail may not always be beneficial.

1 Support In Rice Traceabilitylf the technological infrastructure permitsegthe artifacts where
they are createchnd/or stored For example, if a CASE tool is used to track the requirements
(such asRequisite Prpset the traceability infrastructure so that itilvquery therequirements
directly from that tool This best practice guarantees that the latest and most up to date version
of all the artifacts is kept.

9 Utilize a well defined Project GlossarySince automated traceability utilizes information
retrieval techniques, a consistent usage of terms will improve the results of these algorithms.

1 Write quality requirements: As the corner stone of traceabilityhe requirementsmust be of
good quality. This means that they must: lwerrect, non ambiguous, coplete, consistent,
prioritized, verifiable, understandable, identifiable, etc.

1 Construct a meaningful hierarchgf information Keepinga good hierarchical structure
between the artifacts (such as meaningful packages of classes or appropriate suim tities
documents) can be used by the automated traceability tools to strengthen and improve its
results.

1 Bridge the interdomain semantic gap: Within the organizatiorthe same terms are used with
different meanings the results of the automated tracedity tools will not be reliable. To
alleviate this, the organization should implement some kind of translation mechanism between
them, prior to their use in the automated traceability tools.

1 Create rich content: When constructing any artifact, care shdube given to rnicorporate
rationale and domain knowledgeThis will create stronger links between the artifacts which in
turn will improve the results. For a more in depth explanation of this best practice ref26jto [
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9 Utilize a process improvement pla Automated traceability should be implemented within the
greater context of a process, where it can be tested, tried and improved if necessary.

Note that most of these best practices are applicable to traceability in general, not only to automated
traceability. However, since this thesis forms part of the research effort of the DePaul Center for
Applied Requirements Engineering lal promoter of automated traceabilityour main focus is to use
these best practices within the context of automatedaeability.

These best practices areoae of theprimary foundatons of this thesisasthey helporganizations and
project stakeholders build systems and their associated work products that are conducive to effective
automated traceability.

Sinceactualautomated traceabilityresultshave shown to béiighly dependent upon the quality of the
artifacts that are to be tracedhese best practices need to be incorporated into the day to day work of
software engineering practitionerdn other words, these ést practices need to be part of the software
engineering process that the organization follows.

The next two chapters will illustrateow to incorporate these best practices (among other things) &nto
software engineeringrocess as well as present sample procesaddon that was tailored specifically
for automated traceabilityand Poirot Thids done withthe goal of aidingrganizations that wish to use
automated traceability, so that they camaximiz the benefits ofthis technique
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4. Process Groundwork

4.1. Benefits of a Process

Before going into the details of the created process, it is important to first explain what a process is and
what the benefits of having a formadrocessare. This will help reinforce why we chose to create a
tailored process for automated traceability.

I LINRPOS&daaz a RSFAYSR Ay GKS RAOGAZ2YIFNEBZ 3Ma | aas
Basically, a process describes the steps that are required to achieve an end tsidt. this definition

every indvidual or organization that develops software has a process, the difference lies in whether or

not the process is formal. Formal processes meesses that arearefully constructed to maximize

efficiency and comply with regulations or obligations; ythare well documented, offer repeatable

results are supported by upper managemeiatnd are well understood by the organization. Informal
processes are aboc, with little or no documentation, and hence tend to be executed differently each

time.

Having aormalized process in place, whether for software engineering or for any other discipline, has
been highly regarded as a success factor (or a requirement) in almost all of the current business
standards and methodologies; including ISO 9000, Total Qudl#gagement, Six Sigma, COBIT,
Sarbanes Oxley and CMMI. But beyond having a process just for compliance reasons, there are tangible
benefits for companies that implement and follow a formal process.

One of these key benefits is thatfermal process facitates understanding and communication within

the organization. By having a repository where the activities that have to be executed are detailed and
explained, the personnel can be trained, a common vocabulary can be established and the overall
understandng of the business will increase among the organiza@h [This in turn will help to reduce
frustration among the employees and will boost their morale, improving the work environraght [

Another benefit of having a well defined process in placthé it supports the management of the
organization. It provides greater visibility into the operations, and therefore facilitates the capturing of
data for measurements. Having measurements is a requirement for estimation, which improves the
chances ofmeeting schedule deadlines and cost restrictions in future projects. Also, having a better
insight into the way the organization works will help improve quality and reduce the number of defects
[12].

As a tangible example of these benefits, the Softwangineering Institute (SEI) collectaod combined
data fromseveral software engineering projectsetradyne, Boeing, AlS and Hill Air Force BaHe In
order to be able to see the effect of implementing a formal procdssy gathered the data fromhese
organizations before and after their adoption of the software engineering processesanfi Software
Process (TSP) and Personal Software Process ([RfeResults are very impressive and are shown in the
following set ofgraphs
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Figureb: Benefits ofAdopting aFormal Process

Graph(a) shows thatafter the adoption of the TSP/PSRe number of defectgper thousand lines of
code) found after the release of the softwareere considerably reduced; increasng the quality.
Graphs (b) and (c) shatlvat the number of days spent in testing (both system and acceptance testing)
decreased; loweringthe costs Graphs (d) and (e) show that the accuracy of the estimation of schedule
and effort was greatly improveq enablingbetter management Note that all of these graphs show a
reduction both in the absolute numbers and in their ranges.

Ultimately, all ofthese benefits affect the bottom line, raising productivity and increasing the return on
investment of the project or prduct [12]. Ceating a software engineering process tailored for
automated traceability will harness these benefits, while also improving the results that the automated
traceability toolsprovide.

4.2. The Automated Traceability Process Meta-Model

One of the nain contributions of this thesis is to provide organizations that wish to use automated
traceability with a roadmap that guides them in how to incorporate this technique into their software
engineering process. This roadmap takes the form of a processmualel that will pointout the key
elements that organizatios should add to their processto support automated traceability.

However, n order to adapt ay software engineeringrocessfor automated traceability it ismportant
to first identify andunderstand the taskselated to automatedtraceability In other words, the first
thing needed is taletermine what this processadd-on will include. Note that tis section starts from
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the premise that the organization already has a formal softwergineering process in place and that it
will be augmented with the specific automated traceability tasks.

To begin with this new processaddition will need tofully support the use of traceability. Secti@i2
discussed the high level uses of traceability that have been identified in previous resgatéh 15, 25,

27, 2], such as: verifying or validating which requirements have been implemgeatextuting impact
analysis when a change request comes in, identifying tradeoffs between different choices, looking up
the rationale behind a decision or choice that was made, eftiese high level uses of traceability
constitute the information goals tht initiate a traceability analysisSince itis outside the scope of this
thesis to execute a complete usability studfytraceability from the human interaction perspective, we
have chosen to view traceability as an information providing service tdattae software engineering
tasks. This way any task that would benefit from the information that traceabildtyiglescan use this
service. Themannerin whichthis servicds used will be guided byspecifictraceability strategy9, 2].

This traeability strategy will have to be developed by the organization, and it imgélude what

traceability links are storedheir level of granularity, andrhy and howthey willbe used.Note that this

strategy is a key part of the process, since it is et the organization asks all the important why
jdzSatAz2yay aoKeé R2 6S ySSR (UNIOSIFIoAfAGEKEST daogKe R
this asusefuK ¢ ¥ S O0® LG Aa 6A0K GKS RSTFAYAGAZ2wssoF (KS
its needs;hence this is what makes etprocesshighly adaptable to different organizations, scenarios

and uses of traceability.

At a lower level, this process will also need to include all the necessary activities that are required to set
up and méantain the technological platform and infrastructure that will support the traceability service.
Note that this is also driven by the strategyn addition, the process needs to incorporate periodic
guality control tasks, which will make sure that thet@mated traceability technique is providing the

level of results that are expected in the organization.

And finally thistailored processwill need to include guidelines and best practices that feed into the
software engineering process. These guidelimishelp improve the quality of the artifacts created and
hence increase the probability of getting better results from the automated traceability tools.

LG A& FTNRY UGUKAA LINBGA2dza tA&ad 2F ldziz2Yl (0 Sed G§NI OSt
Traceability Process Metm2 RSt Q@ -madé, Avidich poBits but the main elements that need to
be added to a software engineering process, is shimmthe following figure
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Figure6: Automated Traceability ProcessMeta-Model

The idea behind this high level process metadel is that any organization that has a formal software
engineering process in place, and that wants to use automated traceability for their tracing needs, will
be able to instantiate it and create amldition to their software engineering process. This raetadel

is instantiated by creating the specific tasks, roles, work products and guidelines that will operationalize
it, and then incorporating these into the existing organizational software engimgprocess.

Note that the elementsin the process metanodel fall into three differentcategories (identified with

the numbered color triangles in the bottom left corner). The first category includes items that are
specific to traceabilitycolor codedn green¢ number 1. The second category is comprised of elements
that are specifito automated traceability (color coded in yellagmumber 2. And the last category is of
those elements that are specifio an automated traceability todlcolor codedn red¢ number 3. The
reason for this division iso facilitate reuse fromprevious instantiationsof the metamodel For
example imagine that the metanodel is instantiated and a process additis created for the
automated traceability tool Poirot. Ht a later point the process engineer wishes to retiss process

to create one for RETRO, then he/she will only have to modify those elements that are specific to the
tool Poirot (red elementg number 3.
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