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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 links to be set up and maintained manually.  

However, in order to maximize the results of this technique, automated traceability has to be 

implemented within the context of a software engineering process.  In this thesis we will present a 

generic process meta-model 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 particular process and tool.  This example, besides illustrating the instantiation of the 

meta-model, will present a paradigm and technique used to build processes and it will also serve as an 

open source content starting point. 
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1. Introduction  
 

ά¢ƘŜ hardest 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 other 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 written in 1987 ōȅ 5ǊΦ CǊŜŘŜǊƛŎƪ .Ǌƻƻƪǎ ŦƻǊ ŀƴ ŀǊǘƛŎƭŜ ǘƛǘƭŜŘ άbƻ {ƛƭǾŜǊ .ǳƭƭŜǘ: 

9ǎǎŜƴŎŜ ŀƴŘ !ŎŎƛŘŜƴǘǎ ƻŦ {ƻŦǘǿŀǊŜ 9ƴƎƛƴŜŜǊƛƴƎέ ǇǳōƭƛǎƘŜŘ ōȅ /ƻƳǇǳǘŜǊ ƳŀƎŀȊƛƴŜΦ  ¢Ƙƛǎ ǉǳƻǘŜ ƛǎ ǎǘƛƭƭ ŀǎ 

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 quote Dr. Brooks alluded to the problems surrounding the requirements for a software system.  

For such a seemingly simple thing: what the system must do (functional requirements) and what 

qualities it must possess (non-functional requirements) [33]; there are plenty of issues that haunt it.  

Questions like: are they well understood?, are they all accounted for?, are they clear and correct?, are 

they well documented?, are all of them implemented in the system?, what happens if they change?, 

what will be the impact on the cost and schedule when they change?, among others are 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, the requirements are crucial to the success of any software engineering 

project.  They are a key part of the documentation, they help converge the interests and understanding 

of the stakeholders [27], they are essential in managing the risks of a project in terms of the impact to 

cost and schedule [36], and they provide the initial input into the subsequent activities of design, 

implementation and testing.  The CHAOS report, published by the Standish group, has consistently listed 

requirements related problems as a key failure factor in most of the impaired and challenged projects 

[35]. 

This thesis will address one specific problem that affects requirements, the problem of traceability.  This 

work will try to demonstrate how a combination of techniques, tools and processes can help software 

engineers handle this problem and manage the requirements of a software system more efficiently and 

effectively.   

The thesis starts by defining what traceability is in Chapter 2, listing its importance and common ways of 

implementing it.  This is followed by a description in Chapter 3 of a technique called automated 

traceability that is used to operationalize it.  Following this description, the pros and cons of this 

technique are listed along with some early results and identified best practices.  Chapter 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 listing some of the benefits of having a formal process in place, and by explaining 

why the best practices for automated traceability should be part of a software engineering process.  It 

then lays the groundwork for creating a new tailored process for automated traceability.  It does this 

describing a generic process meta-model for automated traceability, the framework chosen to 

instantiate this tailored process, and a sample content starting point.  Chapter 5 will go into the details 

of the newly created process add-on, followed by a validation of the work done in Chapter 6.  The thesis 

ends in Chapter 7 by presenting a list of conclusions and further work that could be done. 

The ultimate goal and contribution of this thesis is to provide software engineers with a way of 

incorporating the use of automated traceability into their software engineering process, in an effort to 

alleviate the problems surrounding traceability and maximize its potential.  As a result two products are 

delivered.  The first one is the high level process meta-model that 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 meta-model, i.e. a modified process that supports automated 

traceability.  This second product, besides exemplifying the instantiation of the meta-model, also 

illustrates a particular technology that can be used to model and present processes, and can be used as 

a starting point for organizations that wish to use its content. 

This work is ǘƘŜ Ŏƻƴǘƛƴǳŀǘƛƻƴ ŀƴŘ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊƭȅ ǊŜǎǳƭǘǎ ǇŀǇŜǊ ά¢ƻǿŀǊŘǎ ŀ ¦ƴƛŦƛŜŘ tǊƻŎŜǎǎ ŦƻǊ 

!ǳǘƻƳŀǘŜŘ ¢ǊŀŎŜŀōƛƭƛǘȅέ ώ6] presented on the ACM International Symposium on Grand Challenges of 

Traceability in Lexington Kentucky on March 2007.  It forms 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 scenario: you are a project manager in charge of software engineering project.  

After a lot of effort you have compiled what you think is a complete list of requirements (at least for that 

moment in time).  You give those requirements to your analysts and developers and they start refining 

the problem, coding it and testing it.  The project is advancing and things are going more or less 

according to plan.  You get called into a meeting with the primary stakeholders and they ask you the 

typical questiƻƴΥ άƘƻǿ ƛǎ ǘƘŜ ǇǊƻƧŜŎǘ ŘƻƛƴƎΚέ  To answer this you need to know what percentage of the 

requirements are fully implemented and tested.  Next, they tell you that they are changing one of the 

requirements ς a fairly common scenario.  Now you need to be able to understand the impact of such a 

change; which code, supporting design documents, and 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 to be able to identify who defined that requirement and what was the rationale behind it. 

The previous scenario is common to all software engineering projects.  Anyone who has worked in this 

field has been exposed to similar situations at one point or another.   

In this scenario there is a common denominator among all the situations that arose in the meeting.  All 

of them need for a particular characteristic to be present: traceability.  Intuitively traceability is a way of 

identifying relationships between the different artifacts that are created throughout the software 

development lifecycle.  These artifacts include work products such as requirements, use cases, classes in 

UML class diagrams, classes or methods, and test cases.  More formally, traceability has been defined as 

the ability to follow the life of a requirement, in both a forwards and a backwards direction, all the way 

from its origin to its deployment [20].  Figure 1 illustrates this by showing a few sample traceability links 

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

 
Figure 1. Sample Traceability Links 
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As Figure 1 illustrates, traceability is commonly divided into two phases: Pre-Requirements specification 

and Post-Requirements specification [20].  The reason for this division is that each phase deals with 

different information, and each has a different purpose and use. 

The pre-requirements specification phase focuses on the issues that arise before the requirement is 

formally defined and written in the requirement specification [19, 20].  It deals mainly with tracing from 

the source of a requirement to the requirement itself and vice versa [27].  This entails tracking the 

rationales behind a requirement (in terms of why a requirement arose, and any assumptions and 

arguments that surround it) [32]; and tracking the different contributions of the stakeholders (in terms 

of who contributed, when, and in what capacity) [21]. 

The post-requirement specification phase deals with the tracing from an already specified requirement 

down to the artifacts that are related to it, and back up from any of those artifacts to the originating 

requirement [27].  The links between these artifacts and the requirements range from simple non-

qualified links to much more complex and qualified relationships between artifacts [32].  For example, a 

simple link might be: artifact X traces to artifact Y.  A complex link might look like: artifact X {depends on 

| is part of | evolves into | is satisfied by | is developed for | generates | is based on} artifact Y; just to 

name a few. 

 

2.2. Use 
After defining what traceability is, the need arises to understand how it is used.  Intuitively, from the 

scenario presented at the beginning of this chapter, traceability provides information.  This information 

can later be used during the software engineering tasks in a wide variety of ways. 

The general consensus amongst the research community is that traceability is mainly used for the 

following tasks [7, 11, 15, 25, 27, 32]: 

¶ Change impact analysis / Derivation 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?   

¶ 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 deployed?  This 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. 

¶ Guard against gold platting: provides a mechanism to make sure that all 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. 

¶ Tracking rationales: if the proper information is stored, it allows an understanding 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)? 
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¶ Regression testing: when a fix is introduced in the system that in turn breaks something else, 
traceability facilitates regression testing in order to identify what other parts of the system were 
affected by the change. 

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

 
However, not all organizations use traceability in the same way.  In a seminal paper on traceability 

Ramesh and Jarke identified two different levels of users of traceability:  low end users and high end 

users [32].  Low end users tend to use traceability as a mandate to comply with policies or standards, as 

a kind of safeguard against criticism and law suits [27].  They tend to only keep simple non-qualified links 

between their artifacts.  On the other side of the spectrum, high end users employ a richer type system 

that allows them to classify and differentiate between the different types of links.  They tend to view 

traceability as an opportunity for knowledge creation and user satisfaction.  They define their trace links 

are products, and view them as an investment in corporate knowledge and asset management [27]. 

 

2.3. Importance  
After understanding how traceability is used at a high level, it is evident the importance that it has 

within the software engineering activities.  Traceability provides software engineers with a major source 

of information that they can use as a tool in their activities.  But beyond the importance that comes 

directly from reaping the benefits of the uses listed in the previous section, there is something else to 

consider: traceability is required and mandated by a lot of popular software engineering, business and 

military standards.   

As an ŜȄŀƳǇƭŜΣ ǘƘŜ {ƻŦǘǿŀǊŜ 9ƴƎƛƴŜŜǊƛƴƎ LƴǎǘƛǘǳǘŜΩǎ /ŀǇŀōƛƭƛǘȅ aŀǘǳǊƛǘȅ aƻŘŜƭ LƴǘŜƎǊŀǘƛƻƴ ό/aaƛύ 

dictates that traceability is required in order to comply with the Key Process Area (KPA) of Requirements 

Management.  This KPA is part of the staged maturity Level 2 (Managed), and more specifically it 

requires that an organization must [13]: 

¶ Obtain an Understanding of Requirements  

¶ Obtain Commitment to Requirements  

¶ Manage Requirements Changes  

¶ Maintain Bidirectional Traceability of Requirements  

¶ Identify Inconsistencies between Project Work and Requirements 
 
Note that this Key Process Area not only literally indicates that organizations must maintain bidirectional 

traceability links, but it also alludes in the other required practices to tasks that directly benefit from 

traceability.  Obtaining the understanding and commitment to the requirement relies on being able to 

track the rationales and contribution structures.  Managing the changes requires the ability to identify 

the impact of a change and to be able to execute regression tests.  Identifying inconsistencies between 
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project work and requirements can only be achieved with tools that allow requirement validation and 

gold platting checks. 

Other equally important software engineering standards such as: IEEE Standard 830-1998 ς 

Recommended practice for software requirements specifications, and the ISO/IEC 12207 ς Software 

Lifecycle Processes call for requirements traceability to be in place.  This is a key area which this thesis 

addresses, since by explicitly 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 developed [15].  It is understood that if there is no traceability in 

place more manual revisions will have to be made in order to obtain the information that traceability 

provides.  This will directly cause an increase in cost, time, and errors.  Not having it will also make the 

organization more prone to lose of knowledge when individuals leave, to miscommunications and 

misunderstandings. 

 

2.4. Implementation  
The question now arises as to how to implement this important characteristic of traceability, in order to 

use it effectively and reap its benefits.  There are several ways to implement traceability, and each one 

has advantages and disadvantages over the others.  In a related paper Cleland-Huang divided the 

different traceability implementations into several different techniques, of which the three main ones 

are listed bellow [7]: 

¶ Simple links:  Traceability is implemented via a table that illustrates the logical links between 
artifacts ς known as a traceability matrix [37], 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.  This method is simple and well understood, but very hard to set up and maintain when 
the number or artifacts to trace is large.  Figure 2 shows a typical traceability matrix captured 
from the commercial tool Caliber. 
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Figure 2: Sample Traceability Matrix in the Commercial Tool Caliber 

¶ Semantically retrieved links:  Traceability is implemented via tools that utilize information 
retrieval techniques to identify the links between artifacts based on the co-occurrence of words 
and terms.  Chapter 3 goes into details on how this technique works. 

¶ Executable links:  Traceability is implemented via tools that define certain criteria that when met 
will raise an event that signifies a change to an element, which will 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 also used in event based traceability [8] and in several systems 
that define impact analysis rules between the different elements [4, 14].  This technique is 
particularly good for non functional requirements. 

 
This list is by no means exhaustive; there are other ways 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 effort [7]. 

There are several well known and documented problems that arise when trying to implement 

traceability.  Some of these problems are specific to one implementation technique but others apply to 

all of them.  The following is a sample list of these common problems: 

¶ If the links need to be identified and maintained manually it is usually very time consuming, 
error prone and they become outdated easily. [32] 

¶ Usually there is no clear specification of what to trace and why. [20] 

¶ It is difficult to document, manage and visualize the traces.  Some of the more complex 
relationships are challenging to model. [20, 21] 

¶ Different users have different views and ideas so it is hard for links to be defined and used 
consistently. [21] 

¶ Implementing traceability can become expensive. [27] 

¶ Sometimes it is a politically sensitive issue, where the team fears that the traces will be used 
against them. [27] 
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These problems need to be carefully considered when implementing traceability, but in spite of them 

the consensus is that benefits of traceability are 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 operationalize traceability. 
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3. Automated Traceability  
 

3.1. Definition  
Automated Traceability is one of the possible techniques for implementing traceability.  The main idea 

behind this technique is that it utilizes information retrieval algorithms in order to generate the 

traceability links automatically between the various types of software engineering work products [1, 7, 

9, 11, 24, 25]. 

In general, the tools that implement automated traceability parse the artifacts created in the project 

and look for semantic similarities that could signify a dependency relationship between them.  Figure 3 

illustrates this by showing how traces can be identified from a requirement to several other artifacts, 

based on the use of similar words or phrases. 

 
Figure 3: Schematic of Automated Traceability 

More specifically, automated traceability tools make use of information retrieval models such as the 

Vector Space Model (VSM) [9, 24, 25] and the Probabilistic Network Model (PN) [11].  Another approach 

known as Latent Semantic Indexing (LSI) has also been used [1, 24].  In these models, traces are 

generated through computing a similarity score between a query (which in most cases corresponds to 

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 Poirot1 (developed in 

the Center for Requirements Engineering at DePaul University) [10] and RETRO (developed in the 

Department of Computer Science at the University of Kentucky) [24].   

The remainder of this section illustrates the automated generation of traceability links through the use 

of the PN model.  Prior to computing the similarity score, the words in the query and traceable artifacts 

                                                           
1
 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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ŀǊŜ ǎǘŜƳƳŜŘ ǘƻ ǘƘŜƛǊ Ǌƻƻǘ ŦƻǊƳǎ ŀƴŘ άǎǘƻǇέ ǿƻǊŘǎ όƛΦŜΦ ǾŜǊȅ ŎƻƳƳƻƴ ǿƻǊŘǎ ǘƘŀǘ ƻŎŎǳǊ ŀŎǊƻǎǎ ƴǳƳŜǊƻǳǎ 

documents) are removed. 

In Poirot, the PN model is implemented using the following formula to compute the basic probability of 
a link between a query q and a traceable artifact a  as follows: 
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It represents the dispersion of a term t i within the artifact aj, normalized over the total number of words 
in the artifact.  The second component, pr(q,ti) is computed as: 

i
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Here ni is the number of artifacts in the collection containing the term t i.  It represents the dispersion of 
the term t i in the query, normalized over the total number of potential queries in which t i occurs.  The 
third component of the formula, pr(q) is computed (using simple marginalization techniques) as: 

ä=
i

itqprqpr ),()(

 
This represents the relevance of the term t i to describe the query concept q; in other words: the extent 

to which the term t i describes the query concept q. 

This formula belongs to the family of algorithms known as Term Frequency ς Inverse Document 

Frequency (tf-idf), and it 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 complete description 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 over the total candidate 
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 included) [10, 11].  These formulas are 
shown next: 

linksretrieved

linkstruelinkscorrect
precision

Æ
=  

linkscorrect

linkstruelinkscorrect
recall

Æ
=  

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).  The alternative of favoring precision over recall is unacceptable 

for traceability purposes, as many true links would remain unidentified [10].   
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3.2. Benefits and Limitations  
There are two key benefits of using automated traceability tools and techniques.  The first one is the 

significant time savings in comparison to manually establishing a traceability matrix [10, 11].  It is not 

uncommon for practitioners to spend hours, days, or even weeks performing manual traceability tasks, 

which could be performed much more efficiently using an automated trace tool.  The second key benefit 

is that they provide automatic support for tracing new artifacts as they are created, known as just-in-

time traceability [10, 11].  Just in time traceability eliminates the risk of having 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 nature, it will never provide 

perfect results (100% recall with 100% precision).  This limitation is one of the key motivations for this 

thesis, as it proposes to use this technique within a tailored software engineering process in order to 

improve the results.  This will be explored in more detail throughout this thesis. 

 

3.3. Experimental Results  
The Center for Requirements Engineering at DePaul University has conducted several experiments with 

the automated traceability tool Poirot.  The results for five different datasets [9, 11] are shown below in 

Figure 4.  These results and the characteristics of each dataset are fully discussed in [11], and illustrate 

that in general recall of 90% is achievable at precision rates of 20-30%.  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 by the terseness of the data in the 

business and system use cases, and by the inconsistent use of a project glossary. 

 
Figure 4: Experimental Results With Different Datasets Using Poirot 
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The fact that different data sets perform in significantly different ways when it comes to automated 

traceability has sparked considerable interest in the research community.  Throughout these 

experiments the same automated traceability tools and algorithms were used, however each dataset 

produced different results.  This can only mean that the data used in each experiment had varying 

degrees of quality.  The positive side of this is that the quality of the artifacts that are going to be traced 

can be influenced by the implementation of some common best practices.  The following 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 distinctly [9], Cleland-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.   

¶ Trace for a purpose:  Before starting any trace implementation, identify all the artifacts 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 used.  Note that this best practice is key to the success of any traceability 
effort, as it will provide the backbone for all traceability decisions.   

¶ Define a suitable trace granularity:  Again, prior to implementing traceability, decide what level 
of detail the trace strategy will support.  For example, when tracing to code, links can be kept at 
the package, a class or method level.  Organizations should set the level according to their 
information needs, bearing in mind that a finer detail may not always be beneficial. 

¶ Support In Place Traceability:  If the technological infrastructure permits, get the artifacts where 
they are created and/or stored.  For example, if a CASE tool is used to track the requirements 
(such as Requisite Pro) set the traceability infrastructure so that it will query the requirements 
directly from that tool.  This best practice guarantees that the latest and most up to date version 
of all the artifacts is kept. 

¶ Utilize a well defined Project Glossary:  Since automated traceability utilizes information 
retrieval techniques, a consistent usage of terms will improve the results of these algorithms.   

¶ Write quality requirements:  As the corner stone of traceability, the requirements must be of 
good quality.  This means that they must be: correct, non ambiguous, complete, consistent, 
prioritized, verifiable, understandable, identifiable, etc. 

¶ Construct a meaningful hierarchy of information:  Keeping a good hierarchical structure 
between the artifacts (such as meaningful packages of classes or appropriate sub titles in the 
documents) can be used by the automated traceability tools to strengthen and improve its 
results. 

¶ Bridge the inter-domain semantic gap:  If within the organization the same terms are used with 
different meanings, the results of the automated traceability 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. 

¶ Create rich content:  When constructing any artifact, care should be given to incorporate 
rationale and domain knowledge.  This will create stronger links between the artifacts which in 
turn will improve the results.  For a more in depth explanation of this best practice refer to [26] 
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¶ Utilize a process improvement plan:  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 lab ς a promoter of automated traceability, our main focus is to use 

these best practices within the context of automated traceability. 

These best practices are a one of the primary foundations of this thesis, as they help organizations and 

project stakeholders build systems and their associated work products that are conducive to effective 

automated traceability.   

Since actual automated traceability results have shown to be highly dependent upon the quality of the 

artifacts that are to be traced, these best practices need to be incorporated into the day to day work of 

software engineering practitioners.  In other words, these best practices need to be part of the software 

engineering process that the organization follows.   

The next two chapters will illustrate how to incorporate these best practices (among other things) into a 

software engineering process, as well as present a sample process add-on that was tailored specifically 

for automated traceability and Poirot.  This is done with the goal of aiding organizations that wish to use 

automated traceability, so that they can maximize the benefits of this 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 formal process are.  This will help reinforce why we chose to create a 

tailored process for automated traceability. 

! ǇǊƻŎŜǎǎΣ ŀǎ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ ŘƛŎǘƛƻƴŀǊȅΣ ƛǎ ŀ άǎŜǊƛŜǎ ƻŦ ŀŎǘƛƻƴǎ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ŎƻƴŘǳŎƛƴƎ ǘƻ ŀƴ ŜƴŘέ ώ31].  

Basically, a process describes the steps that are required to achieve an end result.  Under this definition 

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

not the process is formal.  Formal processes are processes that are carefully constructed to maximize 

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

results, are supported by upper management, and are well understood by the organization.  Informal 

processes are ad-hoc, with little or no documentation, and hence tend to be executed differently each 

time. 

Having a formalized 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 Quality Management, 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 that a formal process facilitates 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 

understanding of the business will increase among the organization [28].  This in turn will help to reduce 

frustration among the employees and will boost their morale, improving the work environment [12].  

Another benefit of having a well defined process in place is that 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 of meeting 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 Software Engineering Institute (SEI) collected and combined 

data from several software engineering projects at Teradyne, Boeing, AIS and Hill Air Force Base [34].  In 

order to be able to see the effect of implementing a formal process, they gathered the data from these 

organizations before and after their adoption of the software engineering processes of Team Software 

Process (TSP) and Personal Software Process (PSP).  The results are very impressive and are shown in the 

following set of graphs. 
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Figure 5: Benefits of Adopting a Formal Process 

Graph (a) shows that, after the adoption of the TSP/PSP, the number of defects (per thousand lines of 

code) found after the release of the software were considerably reduced ς increasing the quality.  

Graphs (b) and (c) show that the number of days spent in testing (both system and acceptance testing) 

decreased ς lowering the costs.  Graphs (d) and (e) show that the accuracy of the estimation of schedule 

and effort was greatly improved ς enabling better management.  Note that all of these graphs show a 

reduction both in the absolute numbers and in their ranges.   

Ultimately, all of these benefits affect the bottom line, raising productivity and increasing the return on 

investment of the project or product [12].  Creating a software engineering process tailored for 

automated traceability will harness these benefits, while also improving the results that the automated 

traceability tools provide. 

 

4.2. The Automated Traceability Process Meta-Model  
One of the main 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 process meta-model that will point out the key 

elements that organizations should add to their processes to support automated traceability.   

However, in order to adapt any software engineering process for automated traceability it is important 

to first identify and understand the tasks related to automated traceability.  In other words, the first 

thing needed is to determine what this process add-on will include.  Note that this section starts from 
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the premise that the organization already has a formal software engineering process in place and that it 

will be augmented with the specific automated traceability tasks. 

To begin with, this new process addition will need to fully support the use of traceability.  Section 2.2 

discussed the high level uses of traceability that have been identified in previous research [7, 11, 15, 25, 

27, 32], such as: verifying or validating which requirements have been implemented, executing 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, etc.  These high level uses of traceability 

constitute the information goals that initiate a traceability analysis.  Since it is outside the scope of this 

thesis to execute a complete usability study of traceability from the human interaction perspective, we 

have chosen to view traceability as an information providing service that aids the software engineering 

tasks.  This way any task that would benefit from the information that traceability provides can use this 

service.  The manner in which this service is used will be guided by a specific traceability strategy [9, 32].   

This traceability strategy will have to be developed by the organization, and it will include what 

traceability links are stored, their level of granularity, and why and how they will be used.  Note that this 

strategy is a key part of the process, since it is here that the organization asks all the important why 

ǉǳŜǎǘƛƻƴǎΥ άǿƘȅ Řƻ ǿŜ ƴŜŜŘ ǘǊŀŎŜŀōƛƭƛǘȅΚέΣ άǿƘȅ Řƻ ǿŜ ǿŀƴǘ ǘƻ ǘǊŀŎŜ ǘƻ ǘƘƛǎ ŀǊǘƛŦŀŎǘΚέΣ άǿƘȅ Řƻ ǿŜ ǎŜŜ 

this as usefulΚέΣ ŜǘŎΦ  Lǘ ƛǎ ǿƛǘƘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ǎǘǊŀǘŜƎȅ ǘƘŀǘ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴ ǘŀƛƭƻǊǎ ǘƘŜ ǇǊƻŎess to 

its needs; hence this is what makes the process highly 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 maintain the technological platform and infrastructure that will support the traceability service.  

Note that this is also driven by the strategy.  In addition, the process needs to incorporate periodic 

quality control tasks, which will make sure that the automated traceability technique is providing the 

level of results that are expected in the organization. 

And finally this tailored process will need to include guidelines and best practices that feed into the 

software engineering process.  These guidelines will help improve the quality of the artifacts created and 

hence increase the probability of getting better results from the automated traceability tools. 

Lǘ ƛǎ ŦǊƻƳ ǘƘƛǎ ǇǊŜǾƛƻǳǎ ƭƛǎǘ ƻŦ ŀǳǘƻƳŀǘŜŘ ǘǊŀŎŜŀōƛƭƛǘȅ ǊŜƭŀǘŜŘ ǘŀǎƪǎ ǘƘŀǘ ǿŜ ƘŀǾŜ ŘŜǊƛǾŜŘ ǘƘŜ Ψ!ǳǘƻƳated 

Traceability Process Meta-aƻŘŜƭΩΦ  ¢Ƙƛǎ ƳŜǘŀ-model, which points out the main elements that need to 

be added to a software engineering process, is shown in the following figure. 
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Figure 6: Automated Traceability Process Meta-Model 

The idea behind this high level process meta-model 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 an addition to their software engineering process.  This meta-model 

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 engineering process. 

Note that the elements in the process meta-model fall into three different categories (identified with 

the numbered color triangles in the bottom left corner).  The first category includes items that are 

specific to traceability (color coded in green ς number 1).  The second category is comprised of elements 

that are specific to automated traceability (color coded in yellow ςnumber 2).  And the last category is of 

those elements that are specific to an automated traceability tool (color coded in red ς number 3).  The 

reason for this division is to facilitate reuse from previous instantiations of the meta-model.  For 

example, imagine that the meta-model is instantiated and a process addition is created for the 

automated traceability tool Poirot.  If at a later point the process engineer wishes to reuse this process 

to create one for RETRO, then he/she will only have to modify those elements that are specific to the 

tool Poirot (red elements ς number 3). 


