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Abstract

Cost estimation of changes to software systems is often 
inaccurate and implementation of changes is time consum-
ing, cost intensive, and error prone. One reason for these 
problems is that relationships between documentation enti-
ties (e.g., between different requirements) are not docu-
mented at all or only incompletely. In this paper, we de-
scribe a constructive approach to support later changes to 
software systems. Our approach consists of a traceability 
technique and a supporting tool environment. The tracing 
approach describes which traces should be established in 
which way. The proposed tool environment supports the 
application of the guidelines in a concrete development 
context. The tool environment integrates two existing 
tools: a requirements management tool (i.e., RequisitePro) 
and a CASE tool (i.e., Rhapsody). Our approach allows 
traces to be established, analyzed, and maintained effec-
tively and efficiently.

1. Introduction 

Software systems have to be changed under various cir-
cumstances during development and after delivery. To 
estimate costs of change requests and to implement change 
requests consistently, impact analyzes have to be per-
formed. 

Impact analyses provide entities that are potentially af-
fected in a system by proposed changes [1]. In our under-
standing, a system consists of code and documents at 
higher abstraction levels, for example, system require-
ments and system design. 

There are different approaches to analyze the impact of 
change requests. Traditionally, impact analysis has been 
something that software professionals do intuitively, after 
some cursory examination of the code and documentation. 
This may be sufficient for small systems, but it is not so 
for large and critical ones. In addition, empirical investiga-
tion shows that even experienced software professionals 
predict incomplete sets of change impacts [2]. Another 
approach to come up with a set of change impacts is to 
analyze relationships between and within development 
documents. Arnold and Bohner [1] identified two major 
technology areas to identify relationships between and 

within development documents: dependency and traceabil-
ity analysis. Dependency analysis involves examining de-
tailed dependency relationships between program entities. 
Traceability analysis involves examining dependency rela-
tionships between all types of documentation entities. In 
general, dependency analysis provides a detailed evalua-
tion of low-level dependencies in code, whereas traceabil-
ity analysis provides a coarse evaluation of relationships 
between all types of documentation entities. 

In this paper, we suggest a fine-grained traceability 
technique and a supporting tool environment. In contrast to 
other traceability techniques, our technique gives detailed 
guidance on what traces should be established to support 
later impact analyses. Furthermore, the technique defines 
who should establish traces when as well as who should 
analyze traces how. The tool environment integrates a re-
quirements management tool and a CASE tool. This inte-
gration allows the approach to be applied in a concrete 
project environment. In general, our approach allows 
traces to be established, analyzed, and maintained effec-
tively and efficiently. So far, our approach provides sup-
port for the requirements engineer, project planner, and 
maintainer.  

This paper is structured as follows: Chapter 1 describes 
the different roles that are involved in the change process 
and their problems: the requirements engineer establishes 
traces, the project planner estimates the costs of change 
requests, and the maintainer implements change requests. 
Chapter 2 introduces our trace model and describes what 
traces should be established and how this could be done 
efficiently. Chapter 3 introduces the tool environment and 
explains its functionality. Chapter 4 describes how the 
activities of the different roles are improved with the help 
of our tracing technique and the tool environment.  Chap-
ter 5 discusses related works. Chapter 6 gives a conclusion 
and describes future research. 

2. Roles and activities 

Changing software systems involves different develop-
ment and management roles.  

In this paper, we focus on three roles that are supported 
by our approach: (1) requirements engineer, (2) project 
planner, and (3) maintainer. Other roles that are involved 
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in changing, such as tester or designer, are not supported 
yet and, therefore, are not introduced in the following. 

Figure 1 gives an overview of the three roles investi-
gated and their main activities concerning changing soft-
ware systems. The requirements engineer elicits, docu-
ments, and maintains requirements in requirements docu-
ments. The project planner has to understand proposed 
changes and analyze traces within the software system to 
estimate the costs of proposed changes. The maintainer has 
to analyze traces within the software system to implement 
accepted changes consistently. In the following, we as-
sume that certain commercial tools are available to support 
the roles: a requirements management tool (e.g., Requi-
sitePro [3]) for documenting, managing, modifying, and 
analyzing natural language requirements and a CASE-tool 
(e.g., Rhapsody [4]) for documenting, managing, modify-
ing, and analyzing object-oriented system models (e.g., use 
cases, class diagrams, and statecharts). 
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Figure 1.  Roles supported by our approach 
In the next sections, we describe each of the three in-

vestigated roles in more detail and give examples for their 
typical working steps. The detailed description and the 
working steps result in questions that have to be tackled by 
each role. The following chapters describe how our ap-
proach answers these questions. 

2.1. Requirements engineer 

The requirements engineer elicits, documents, and 
maintains requirements. Requirements are described in 
different notations: there are, for example, structured natu-
ral language requirements and/or UML diagrams, such as 
use cases, class diagrams, etc. The requirements engineer 
integrates different types of the requirements into a set of 
requirements documents (at different abstraction levels and 
from different views), keeps different requirements consis-
tent, and establishes traces between them. Figure 2 shows 
the working steps of a requirements engineer when inte-
grating new requirements. 

In the following paragraph, a concrete working scenario 
of the requirements engineer is given. 
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Figure 2. Working steps of the req. engineer 
The requirements engineer created the “system re-

quirements document” with support of a requirements 
management tool (e.g., RequisitePro). Now, s/he wants to 
document the new functionality Func C, in form of a natu-
ral language paragraph and a use case included in a use 
case diagram. First, s/he describes the functionality textu-
ally with a word processor, for example, Word. Then, s/he 
integrates the paragraph into the requirements management 
tool to ease the management of the requirement. After this, 
s/he models a use case as a part of a use case diagram with 
the help of a CASE tool (e.g., Rhapsody). In a further step, 
s/he changes existing requirements affected by the new 
functionality. Then, s/he establishes traces between related 
requirements (e.g., a trace between the natural language 
paragraph and the use case that describes both the func-
tionality Func C).

During the working scenario, the requirements engineer 
tackles with following questions: 
• How can non-textual requirements be integrated into a 

requirements management tool? 
• What granularity of entities should be traced? 
• What traces should be established? 
• How should traces be documented? 
• How can the effort for establishing traces be reduced? 
• How can traces be established between documentation 

entities managed by different tools (e.g., natural lan-
guage paragraph and use case)? 

2.2. Project planner 

The project planner estimates the effort and costs of 
proposed changes. Based on the cost and effort estimation, 
it is decided whether the change will be performed or not. 
To estimate the effort and costs, s/he analyzes the impact 
of the proposed changes on the software system.  S/he per-
forms an impact analysis by analyzing established traces 
within the software system. Such an analysis results in a 
set of documentation entities (so-called change impacts) 
that are potentially affected by a proposed change. The 
change impacts will be rated concerning the effort and 
costs of changing. Figure 3 shows the steps, when estimat-
ing the costs of proposed changes.  
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Figure 3. Working steps of the project planner 
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In the following paragraph, a concrete working scenario 
of the project planner is given. 

The functionality Func A has to be changed. The project 
planner analyzes the corresponding requirement Req A’ in 
the requirements document. For this, s/he uses the analysis 
facilities of the requirements management tool. S/he iden-
tifies two further requirements, which might be affected of 
the changes: Req C and a use case of a use case diagram. 
Both have a trace to Req A’. S/he rates the effort and costs 
for changing Req A’, Req C and the use case, and so, fi-
nally, estimates the costs of the proposed change. 

The analysis algorithm chosen by the project planner in 
the example analyzes dependency relationships of the 
starting impact set derived from the proposed change to 
directly related entities (but dependency relationships of 
related entities are not examined further). In addition, rep-
resentation and refinement relationships of all impacts 
predicted are investigated. 

During this working scenario, the project planner tack-
les with following questions: 
• Are all traces established? 
• Do established traces result in all actual change impacts? 
• How should established traces be analyzed to determine 

a set of change impacts with as less effort as possible? 
• How can the effort and the costs of changing change 

impacts be estimated? 

2.3. Maintainer 

The maintainer integrates accepted changes into the ex-
isting software system. To do so, s/he checks all require-
ments marked as change impacts by the project planner, 
whether and how they have to be changed exactly. For 
each actual change impact, the maintainer analyzes all 
documentation entities related and checks whether they are 
affected, too. At least, s/he changes the change impacts 
consistently. Figure 4 shows the working steps of the 
maintainer, when implementing changes. �����������������������
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Figure 4. Working steps of the maintainer 
In the following paragraph, a concrete working scenario 

of the maintainer is given. 
The maintainer integrates an accepted change to Func 

A. The impact analysis of the project planner resulted in 
the change impacts Req A', Req C and the use case. The 
maintainer checks whether these impacts are really af-
fected by the change and identifies that only Req A' and 
Req C have to be changed. When changing the actual 
change impacts with the help of the requirements man-
agement tool, s/he analyzes and identifies a trace between 
Req B and Req A. Because of the modified interface of Req 

A', Req B has to be changed, too. A further analysis of 
related requirements of Req B, has no results. 

The maintainer has to tackle with following questions: 
• Are all traces established? 
• Do established traces result in all actual change impacts? 
• How should established traces be analyzed to determine 

a set of change impacts with as less effort as possible? 
• How could established traces be maintained with as less 

effort as possible? 

3. Tracing approach 

A tracing approach captures and manages relationships 
between documentation entities. A tracing approach is 
used to establish traceability. Traceability [30] is the abil-
ity to determine which documentation entities of a system 
are related to which other documentation entities accord-
ing to specific relationships. A tracing approach defines 
which entities, which granularity, and which relationships 
should be traced by whom and when. 

There are different tracing approaches that support dif-
ferent roles, for example, the tester [14], the designer [15], 
or the requirements engineer ([16], [18]).  

3.1. Trace model 

A conceptual trace model, also called reference model 
[5], defines what trace entities and traces are and which 
traces should be captured. Concerning the entities that 
should be related, (1) the kind, (2) the granularity, and (3) 
attributes that should be added have to be defined. The 
kind describes which documents (e.g., requirements, test 
cases, or design) should be involved in the trace model. 
The granularity determines the granularity of the entities 
involved (e.g., paragraphs or sentences of a textual re-
quirements document). Each documentation entity can be 
extended by attributes, such as source of the entity or 
status (e.g., incomplete, complete, or verified). Concerning 
the relationships to be documented, (1) the kind and (2) 
attributes that should be added. The kind of relationship 
describes which relationships are involved in the trace 
model (e.g., dependency, refinement, or representation 
relationships). Relationships can be extended by attributes, 
such as status, completion date, or authorization. 

Figure 5 gives a subset of a typical conceptual trace 
model defined by a tracing approach [5]. 
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Figure 5. Subset of a trace model 
This model does not give much guidance for establish-

ing traces. It distinguishes only between different high-
level types of documentation entities (e.g., requirements, 
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non-functional requirements, system components). There-
fore, the model cannot prescribe multiplicities that de-
scribe how many entities have to be related. It only de-
scribes, for example, that a requirement has to be allocated 
to system subsystem components but it gives no guidance 
on what types of components and how many components 
should be related to a certain requirement. Therefore, such 
as a model does not guarantee that traces are established 
objectively and that all traces are documented.  

In contrast to existing trace models (e.g., [5]) our model 
uses domain-know-how to determine low-level types of 
documentation entities (use case, monitored variable, sys-
tem function). In addition, we distinguish between three 
general types of relationships between documentation enti-
ties: representation, refinement, and dependency relation-
ships. 
• Representation relationships are relationships between 

two documentation entities that represent the same logi-
cal entity (e.g., a natural language paragraph describing 
Func C has a representation relationship to a use case 
describing Func C). 

• Refinement relationships are relationships between 
documentation entities that represent different logical 
entities at different levels of abstraction (e.g., a use case 
describing  Func C has a refinement relationship to a use 
case describing Func X that refines Func C). 

• Dependency relationships are relationships between 
documentation entities that represent different logical 
entities at the same level of abstraction (e.g., a use case 
describing Func C has a dependency relationship to an 
actor Actor A). 
In the literature, four types of general relationships can 

be found: (1) Representation relationships are used, for 
instance, in [16] for finding inconsistencies between dif-
ferent views (2) refinement relationships are used, for ex-
ample, in the four variable model [21], [22] and for de-
composing requirements [23]. An example for (3) depend-
ency relationships can be found in [19]. (4) Evolutionary 
relationships, relationships between entities of different 
versions of a documentation entity, are used for example in 
REMAP [25]. The approaches found in literature typically 
use several types of relationships. For instance, the RE 
framework [20] uses all and [31] uses representation, re-
finement and dependency relationships. 

Figure 6 shows a subset of our conceptual documenta-
tion model. It describes a representation relationship be-
tween a paragraph “function overview” in the chapter 
“overview“ and a “use case” of a “use case diagram” of 
the chapter “functional description”.
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Figure 6. Subset of our concept. documentation model 

These low-level types of documentation entities, the 
knowledge about the logical entities described by the 
documentation entities and the distinction between the 
general types of relationships allow explicit multiplicities 
to be defined in the conceptual documentation model. 
Therefore, more guidance for requirements engineers can 
be provided. Our model supports objective setting of 
traces, eases that all relationships are documented and that 
all established traces are right. More details on how we 
defined our trace model are described in [6], [7], [10]. 

3.2. Relationships guidelines 

From the conceptual documentation model, we derive 
guidelines that describe what traces should be established.  
The guidelines support establishing traces by the require-
ments engineer. Figure 6 describes, for example, a repre-
sentation relationship between a paragraph in the chapter 
“overview” and a “use case” in the chapter “functional 
description”. Based on this information, two guidelines are 
derived. We structure our relationship guidelines accord-
ing to the structure of the requirements document: 
• Chapter “overview”: each overview description of a 

function described in this chapter requires a representa-
tion relationship to a use case.  

• Chapter “functional description”, section “use case dia-
gram”, “use case”: each use case described requires a 
representation relationship to a paragraph “function 
overview” included in chapter “overview”.

Such guidelines are derived for each relationship defined 
in the conceptual documentation model. 

3.3. Tracing guidelines 

The tracing guidelines describe how traces determined 
by the relationship guidelines should be documented. 
Therefore, the tracing guidelines give additional informa-
tion to each relationship guideline.  

We distinguish three stability degrees of documentation 
entities: (1) completely or partly predefined, (2) predefined 
at a type level, and (3) completely variable.  
• A documentation entity can be completely predefined, if 

the information appears in all requirements documents 
of a type in a certain domain. For example, the headers 
of the different chapters of a requirements document 
shall always be the same. Completely predefined docu-
mentation entities can be formulated as part of the tem-
plate or can be generated automatically. 

• A documentation entity can be predefined at a type level, 
if the same type of information appears in all require-
ments documents of a type in a certain domain. For ex-
ample, the chapter “overview” includes always a set of 
functions (type). The concrete functions (e.g., “seat con-
trol” (instance)) included depend on the system de-
scribed by the requirements document. Based on the 
knowledge that a documentation entity is predefined at a 
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type level, constraints can be described that guide the re-
quirements engineer through filling out the requirements 
document template. The constraints describe what in-
formation should be described by the documentation en-
tity.   

• A documentation entity is completely variable, if the 
entity describes different information in various re-
quirements documents of a type in a certain domain. For 
example, the documentation entity “description” of the 
documentation entity “users of system” includes differ-
ent information from document to document. For this 
type of documentation entity, no support can be given. 

We suggest establishing traces between documentation 
entities of different degree of stability as follows: 
• Predefined documentation entities and relationships be-

tween them will be provided as part of a predefined tem-
plate. 

• For predefined documentation entities and relationships 
at a type level, a set of guidelines are integrated into the 
template (see relationship guidelines). 

• For completely variable documentation entities, no guid-
ance is given. 
Relationships between documentation entities can be 

documented explicitly but also implicitly. Our tracing 
guidelines reduce the necessity for explicit link setting. 
This reduces the effort for establishing traces. We use im-
plicit links as described in [8], [9] namely name tracing, 
and relationships given by documentation structure. In 
particular, all representation relationships can be estab-
lished through name tracing such that all documentation 
entities related to the same logical entity could be identi-
fied by the same name. All refinement relationships can be 
established through documentation hierarchy. That means 
that the documentation entity corresponding to the logical 
child entity is part of the documentation entity correspond-
ing to the logical parent entity. 

4. Tool environment “QuaTrace” 

Our tool environment QuaTrace [12] allows the effi-
cient application of the relationship and tracing guidelines 
in a concrete development context. QuaTrace supports the 
requirements engineer, project planner, and maintainer in 
their activities by offering functionality helping to auto-
mate parts of their work, such as establishing and analyz-
ing traces. QuaTrace integrates and extends two commer-
cial tools: a requirements management tool (i.e., Requi-
sitePro) and a CASE tool (i.e., Rhapsody). We chose 
Rhapsody as a CASE tool because of its simulation facili-
ties. RequisitePro was taken because of its high integration 
in Word, which allows requirements documents and re-
quirements to be described directly in Word. We also had a 
look at the requirements management tool DOORS [11], 
which is much more powerful than RequisitePro, espe-
cially in linking requirements, but offers less comfortable 

editing of requirements as RequisitePro. While Requisite-
Pro and Rhapsody offer both a COM-API, which allows 
accessing both tools within one program, DOORS offers 
an own script language. 

A list of commercial traceability tools can be found in 
[26], e.g. Caliber RM, CORE, DOORS and RequisitePro. 
Examples for research tools are TOOR [28], PRO-ART 
[17], STAR-Track [27]. TOOR, uses relations instead of 
simple links. It allows the user to define meaningful rela-
tions for the kind of connection being made. In addition, 
the tool allows multiple and flexible ways to trace re-
quirements including both browsing and regular-
expression search. PRO-ART allows different relation-
ships of the defined three dimensions of requirements en-
gineering to be managed. By using internet tools STAR-
Track reduces the costs for commercial tools. In addition, 
it supports heterogeneous computing environment. 

Relation-Finder 

Rhapsody-Interface 

Relation-Viewer XML file 

Rhapsody RequisitePro 

tool environment 

B’ A’ 
A’ C
C UC 

Figure 7. Components of the tool environment 
Figure 7 shows the components of QuaTrace. The com-

ponent Rhapsody-Interface reads Rhapsody-projects to 
export UML-elements to RequisitePro. Relation-Finder
analyzes RequisitePro- and Rhapsody-projects to extract 
traces established with RequisitePro or Rhapsody. Traces 
are stored in a XML file. Relation-Viewer visualizes the 
stored traces and allows the traces to be analyzed from 
different viewpoints. 

The components of QuaTrace offer the following main 
functionalities: 
1. Interface between RequisitePro and Rhapsody

The requirements engineer has to establish traces be-
tween natural language requirements and UML elements 
(e.g., use cases). For this, s/he needs an interface be-
tween RequisitePro and Rhapsody. There was no inter-
face between both tools. Therefore, we have to develop 
the tool Rhapsody-Interface. For each UML element that 
is managed by Rhapsody and that has to be traced, 
Rhapsody-Interface tool creates a so-called shadow-
requirement in RequisitePro. By representing Rhapsody-
elements as shadow-requirements, it is now possible to 
establish traces from requirements in RequisitePro to 
UML elements in Rhapsody.

2. (Semi-)automated setting of traces
Establishing traces is guided by our relationship and 
tracing guidelines but is still time consuming for the re-
quirements engineer. The developed tool Relation-
Finder analyzes RequisitePro-projects to identify estab-
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lished traces. The advantage is that the requirements en-
gineer no longer needs to set traces manually. By using 
name tracing the requirements engineer only needs to set 
implicit links, Relation-Finder identifies the traces be-
tween different requirements and sets them explicitly. 
For being independent of the tracing capabilities of the 
used requirements management tool, the established 
traces are stored in an XML file. 

3. Tailored (impact) analysis
A manually performed impact analysis is error prone and 
time consuming. The maintainer needs information 
about all related documentation entities of a selected re-
quirement. The developed tool Relation-Viewer analyzes 
all traces and orders change impacts according to the 
type of relationship. Distinguishing three types of 
change impacts supports the cost estimation of the pro-
ject planner. 
In the following sections, we describe the developed 

components in more detail. 

4.1. Rhapsody-Interface 

The tool Rhapsody-Interface implements an interface 
between Rhapsody and RequisitePro. The tool exports 
Rhapsody elements to RequisitePro as so-called shadow-
requirements, placeholders in RequisitePro, which repre-
sent an UML element in Rhapsody. For every exported 
UML element, a shadow-requirement in RequisitePro is 
created. The name of the created requirement consists of 
the element type of the UML element, e.g. class or attrib-
ute, and its name. The shadow-requirements reflect the 
hierarchy of the UML elements.  An attribute, for example, 
is a sub-requirement of a class, a class a sub-requirement 
of a package. 

Figure 8 shows an example for UML elements and its 
exported shadow-requirements. The package Demonstra-
tion and its elements are exported to the shadow-
requirements with the tag Req1, Req1.1 … The name of 
the shadow-requirement of use case diagram Demonstra-
tion is according to its metaclass UseCaseDiagram Dem-
onstration.

CD

xy 

customer trader 

Demonstration 
Req1: Package Demonstration 

Req1.1:Actor customer 

Req1.2: Actor trader 

Req1.3:UseCaseDiagram xy 

Req1.3.1: UseCase CD 

Rhapsody RequisitePro 

Figure 8.  Example for exported UML elements 
Those placeholders allow UML elements to be used as 

‘normal’ requirements in RequisitePro and establishing 
and analyzing traces. For each exported element, export 
information is stored in the Rhapsody element and in the 
RequisitePro shadow-requirement, too. By this, a consis-
tency check is possible, detecting accidentally deleted 
shadow-requirements, renamed or deleted exported UML 
elements in Rhapsody. Furthermore Rhapsody-Interface

can export diagrams as wmf-file.  The selection of Rhap-
sody elements can be done manually, by selecting each 
element of a Rhapsody project, or by metaclass. That 
means all Rhapsody elements of a specific type, such as 
class, attribute or diagram, are automatically selected for 
export. 

Figure 9 shows the user-interface of the Rhapsody-
Interface. On the top, one can choose, create or delete pre-
sets. Presets are predefined settings for the Rhapsody-
Interface, for example, which UML elements should be 
exported. In the middle and on the right side, one sees the 
consistency options and the options for selecting the Rhap-
sody elements for export. 

Figure 9. Rhapsody-Interface 
Rhapsody-Interface supports the requirements engineer 

by helping her/him to establish traces between natural lan-
guage requirements and Rhapsody elements.  

4.2. Relation-Finder 

The tool Relation-Finder analyzes the requirements of a 
RequisitePro-project for implicitly and explicitly estab-
lished traces and stores them in an XML-file. 

Relation-Finder offers several options to analyze re-
quirements: 
1. Analysis of RequisitePro-traces

RequisitePro allows the user to establish two types of 
traces: refinement and dependency traces. Because of 
RequisitePro does not allow circular relationships, the 
setting of relationships in RequisitePro is possible, but in 
our case too restrictive. Relation-Finder reads all estab-
lished traces and stores them as refinement, respectively 
dependency traces. 

2. Analysis of Rhapsody-traces
Each shadow-requirement in RequisitePro is a represen-
tative of an UML element in Rhapsody. The relation-
ships between the UML elements are stored as refine-
ment, if they are generalization or aggregation, and as 
dependency, if they are association or dependency rela-
tionships. 

3. Analysis of implicit links
Using name tracing sets implicit links. Requirements de-
scribing the same logical entity have the same unique 
name. When referencing to a logical entity in a textual 
description, always the unique name of the logical entity 
is used. If two requirements use the same name, Rela-
tion-Finder stores an explicit link between both re-
quirements. If the name or the tag of a requirement is 
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used in the text of another requirement, then this is in-
terpreted as a dependency trace. 

Figure 10. Relation-Finder 
Figure 10 shows the user-interface of the Relation-

Finder. On the right side, there are the options for the 
analysis of implicit links. At the bottom, one has the op-
tions, which tools to be considered in analysis. 

All requirements and found traces are stored in a XML 
file. Storing traces in an external file was necessary, be-
cause of the limited linking capabilities of RequisitePro
that does not allow circular traces and attributes of traces 
to be defined. 

Relation-Finder supports the requirement engineer by 
establishing all traces s/he set implicitly. 

4.3. Relation-Viewer 

The tool Relation-Viewer visualizes the requirements 
and their relationships in a tree structure. Relation-Viewer
has two modes: maintainer-view and project-planner view.

Figure 11. Maintainer-View 
The maintainer-view shows all requirements and traces. 

By selecting one requirement, all traces of this requirement 
are shown. Relation-Viewer provides the possibility to 
search for requirements and to filter traces. You can filter 
the type of trace – representation, dependency or refine-
ment –, the direction – directed or symmetric/bi-directional 
–, and in- or outgoing traces. 

Figure 11 shows the Maintainer-View of Relation-
Viewer. On the left side, there is a tree view of the re-
quirements and their traces; on the right side, you see de-
tails on a selected requirement and traces.  

This project planner-view offers a special impact analy-
sis. If the project planner has selected a certain require-
ment that have to be changed (i.e., starting impact set), 
Relation-Viewer analyzes the traces to identify change 
impacts. Identified change impacts are structured accord-
ing to the type of trace and separated for each requirement 
document. The separated types are: 
1. Primary impacts

Primary impacts are all documentation entities that have 
to be changed to implement a proposed change consis-

tently: The set of primary impacts consists of the starting 
impact set and all documentation entities related by rep-
resentation relationships. 

2. Secondary impacts
Secondary impacts are all requirements that have to be 
changed with a high probability. The set of secondary 
impacts consists of all documentation entities that are re-
lated by refinement relationships to the primary impacts 
and their representations. 

3. Tertiary impacts
Tertiary impacts are all documentation entities that 
might be changed. The set of tertiary impacts consists of 
all documentation entities that are related by first-order 
dependency relationships to the primary impacts.  

Figure 12. Project-Planner-View 
Figure 12 shows the project planner-view of the Rela-

tion-Viewer. The figure visualizes an impact analysis for 
the requirement SYR1.2.3.2, which is shown at the top. 
The items with the name System Requirements and System 
Specification are requirements documents. Under these 
items, the change items are listed, ordered by the impact 
type. 

Relation-Viewer offers the option to export the change 
impacts of an impact analysis to Excel, with all attributes, 
defined in RequisitePro. This enables the project planner 
to use the rich calculating functionality of Excel for esti-
mating the costs of a change. 

5. Improved activities 

This chapter describes how our approach supports the 
different development and management roles investigated.  
Especially, it summarizes the answers to the questions the 
different roles have to tackle.  

5.1. Requirements manager 

We introduce a new role: the requirements manager. 
Task of this role is to prepare all tracing activities within 
an organization. Preparing tracing activities includes 
adapting our conceptual trace model for the organization, 
deriving relationship and tracing guidelines, and defining 
templates. For a comparable documentation structure de-
fined in QUASAR [13], the defined trace model and 
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guidelines can be used. For another documentation struc-
ture, the trace model and the guidelines have to be adapted. 

derive 
guidelines 

���������������������
���������������������Conceptual  

trace model 

QUASAR 

Organization �������������������������
�������������������������
�������������������������

Adapted conceptual  
trace model 

������������������
������������������

tracing  
guidelines ������������������

������������������relationship 
guidelines adapt 

model 
define 

templates 

������������������
������������������templates 

Figure 13. Working steps of the requirements manager 
Figure 13 shows the working steps of the requirements 

manager. He adapts an existing conceptual trace model, 
e.g. the QUASAR trace model, and adapts it to the needs 
of his company. In a next step, he derives the guidelines 
and finally the templates. 

5.2. Requirements engineer 

The requirements engineer applies the relationship and 
tracing guidelines and uses the QuaTrace components 
Rhapsody-Interface and Relation-Finder. Figure 14 shows 
in which working steps of the requirements engineer our 
approach is used. A concrete working scenario is given in 
the following paragraph. 

The requirements engineer created the “system re-
quirements document” with support of RequisitePro. Now, 
s/he documents the new functionality Func C, in form of a 
natural language paragraph with Word and integrates a use 
case into a use case diagram with the help of Rhapsody.
Then, s/he exports the use case with the help of the Rhap-
sody-Interface to RequisitePro. Then, s/he applies the rela-
tionship and tracing guidelines to establish traces between 
related requirements (e.g., a trace between the natural lan-
guage paragraph and the use case that describe both the 
functionality Func C is established by using the same 
names). Then, s/he extracts traces (e.g., the name trace 
between the natural language paragraph and the use case) 
by using Relation-Finder.

x

xy

user A user B 

Req A 

Req B 

Func C Req A’ 

Req B’ 

Req C 

analyze and 
set links 

add new requirements 

Rhapsody-
Interface 

tracing 
guidelines 

relationship 
guidelines 

Relation-Finder 

Figure 14. Improved working steps of the 
requirements engineer

The questions of the requirements engineer are an-
swered by our approach as follows. 
• UML elements are integrated into RequisitePro with the 

help of the Rhapsody-Interface.
• The granularity of the entities that should be traced is 

determined by the relationship guidelines. 
• The traces that should be documented are described by 

the relationship guidelines. 
• Guidance on how to document traces is given by the 

tracing guidelines. 
• The effort for establishing links is reduced by an inter-

face between the used tools. In addition, the tracing 
guidelines use implicit links and templates. 

• Traces between documentation entities managed by dif-
ferent tools (e.g., natural language paragraph use case) 
can be established with the help of the Rhapsody-
Interface.

5.3. Project planner 

The project planner uses the QuaTrace component Re-
lation-Viewer to analyze the impact of a proposed change 
(semi-) automatically. Figure 15 shows in which working 
steps of the project planner our approach is used. A con-
crete working scenario is given in the following paragraph. 

The functionality Func A has to be changed. The project 
planner analyzes the corresponding requirement Req A’ in 
the requirements document. For performing an impact 
analysis, s/he uses the tool Relation-Viewer. It offers him a 
fine-grained impact analysis, helping him rating the effort 
and costs for changing Func A more precisely. Finally, 
s/he estimates the costs for the planned change. 

���������������
���������������Func A 

������������������������
������������������������
������������������������
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���������������
���������������Func A’ 

find 
change impacts

costs?

Relation-Viewer 

Figure 15. Improved working steps of the 
project planner

The questions of the project planner are answered by 
our approach as follows. 
• Relationship and tracing guidelines should ensure that 

all traces are established and that all established traces 
are right 

• (Semi-) automatic analysis to determine a set of change 
impacts  

• Weight types of relationships differently and use this 
weight for cost estimation. Export functionality for Ex-
cel. 

• The QuaTrace component Relation-Viewer weights dif-
ferent types of relationships differently. These weights 
are used for cost estimation. The Relation-Viewer ex-
ports change impacts and their weights to an Excel file. 

5.4. Maintainer 

The maintainer uses the QuaTrace component Relation-
Viewer to identify further change impacts. In addition, 
relationships and tracing guidelines are used to update es-
tablished traces and add new traces. Figure 16 shows in 
which working steps of the maintainer our approach is 
used. A concrete working scenario is given in the follow-
ing paragraph. 

The maintainer integrates an accepted change to Func 
A. The impact analysis of the project planner resulted in 
the change impacts Req A', Req C and the use case. The 
maintainer checks whether these impacts are really af-
fected by the change with support of the Relation-Viewer 
and identifies that only Req A' and Req C have to be 
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changed. When changing the change impacts with the help 
of RequisitePro, s/he analyzes and identifies a trace be-
tween Req B and Req A with the tool Relation-Viewer.
Because of the modified interface of Req A', Req B has to 
be changed, too. �����������������������
�����������������������
�����������������������
�����������������������
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Figure 16. Improved working steps of the main-
tainer 

The following analysis of related requirements of Req B
has no results.  

The questions of the maintainer are answered by our 
approach as follows. 
• The relationship and tracing guidelines ensure that all 

important traces are established. 
• The relationship and tracing guidelines ensure that all 

established traces are right. 
• The QuaTrace component Relation-Viewer analyzes the 

traces automatically. 
• The relationship and tracing guidelines as well as the 

different QuaTrace components ensure that the effort for 
maintaining traces is reduced. 

6. Conclusion 

We developed a fine-grained traceability technique and 
a supporting tool environment to establish, analyze, and 
maintain traces effectively and efficiently. So far, our ap-
proach provides support for the requirements engineer, 
project planner, and maintainer. The traceability technique 
was already validated in the domain of building automa-
tion. [10] shows how to derive guidelines for changing 
requirements and design documents based on a conceptual 
trace model. Experimental results showed a significantly 
beneficial influence of the guidelines on the correctness 
and completeness of a predicted set of change impacts in 
comparison to traditional development guidelines [6], [10]. 
In addition, we applied the traceability technique and a 
supporting DOORS implementation in an industrial con-
text to support the recycling of requirements [7]. 

We see three major directions for future work to im-
prove the traceability technique. All directions are tackled 
in ongoing research projects at the Fraunhofer IESE: 
• Extension to further software documents 

The conceptual trace model does not consider software 
documents, such as test cases or verification documents. 
Consideration of quality assurance documents will result 
in an extension of the conceptual documentation model.  

• Extension to further types of changes 
So far, our approach focuses on functional changes. The 
conceptual trace model does not describe how non-
functional system characteristics are refined or realized.  

• Integration of cost models 
The impact analysis process from the viewpoint of the 
project planner results in a set of change impacts that can 
be used to estimate costs of required changes. The cost 
estimate depends on the underlying model that support 
estimating the costs based on the change impacts. It 
would be beneficial to combine our model with a cost 
model to get better estimates of costs. Feedback (i.e., 
comparison of the predicted with the actual change im-
pacts and effort) can be used to improve the estimates.  

Our tool environment supports the application of our 
traceability technique in a concrete project context. It can 
reduce the effort required for change activities. So far, we 
evaluated the tool environment only with examples. With 
the help of the tool, we managed different requirements 
documents that include textual requirements and models. 
We defined different types of change requests and imple-
mented the changes with the help of the tool environment. 
The results are promising. We see three major directions 
for future work to improve the tool environment. All three 
directions are tackled in ongoing research projects at 
Fraunhofer IESE: 
• Empirical evaluation of the tool environment 

We assume that the main benefit of applying our tool 
environment is the efficiency of establishing, maintain-
ing, and analyzing traces. The quality of the traces is im-
proved mainly by the tracing guidelines. Therefore, we 
defined following research hypotheses for an empirical 
evaluation of the tool environment: 
o Traces can be established and maintained with less ef-

fort than applying traditional tools (e.g., with Requi-
sitePro and Rhapsody, without additional support)  

o A complete and correct set of change impacts (from 
the viewpoint of the project planner and the main-
tainer) can be determined with less effort than apply-
ing traditional tools. 

• Support for naming consistency 
The requirements engineer uses name tracing for setting 
links. Typing errors and the use of wrong names have 
the effect that requirements will not be traced or will be 
traced wrong. So far, QuaTrace does not offer any con-
sistency check for name tracing. 

• More support for filling out requirements documents 
So far, the requirements engineer has only the guidelines 
for filling out the requirements document. It would be 
beneficial to offer tool support to guide and check the 
filling out of the requirements documents. 
Besides the tool environment QuaTrace, we developed 

two further tools that implement parts of the trace model 
and support different change activities. We integrated con-
sistency checks in a commercial CASE tool (StP/UML). In 
addition, we developed a prototype that supports increment 
impact analysis and (semi-) automatic changing These 
tools were investigated in two case studies. The results 
show that changes could be implemented with less effort. 
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In addition, the extended development tool allowed the 
verifier to perform a consistency checking that is more 
effective [6]. 
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