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Abstract 
 
 
 

Changes to a software system are the result of 
changing requirements or defects during the 
development. Each change consumes resources for the 
analysis, decision making, implementation, and 
verification. Hence, having control over changes is 
crucial for software development projects to meet 
schedules, keep quality standards and budgets. Reuse of 
functionality helps to create new products based on 
already existing building blocks. Integrating mature 
components enables to create reliable systems. Software 
product lines provide means to develop several similar 
systems based on reuse. Often new products also need 
to be released frequently to fulfil the customer needs. 
Shortened lead time for the development then 
strengthens the importance of reuse. At the same time, 
limited budgets and competition on the market requires 
projects to utilize resources efficiently. Developing 
several releases in parallel enables an even distribution 
of tasks among different roles in a development 
organization. Both developing software based on a 
product line approach and parallel releases put 
requirements on how changes need to be controlled. 

In this thesis, software engineering literature is 
reviewed regarding the knowledge areas of software 
release management, software product lines and 
software configuration management. Beyond the most 
considerable research results also related case studies 
are presented to show how industry practices counter 
existing problems. The major part of the thesis is a case 
study conducted at Sony Ericsson Mobile 
Communications AB.  

The outcome of the thesis is an identification of 
challenges of controlling changes regarding parallel 
development and using software product lines based on 
available research results and industry case studies. It 
further provides a case of a software development 
organization which faces a high market-pace, uses a 
software product line approach, and develops several 
software releases in parallel on different sites around 
the world. 

 
Keywords: Software Product Lines, Software 
Configuration Management, Change Control, Release 
Documentation 
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1 INTRODUCTION 

Sony Ericsson Mobile Communications AB (Sony Ericsson) is a provider of mobile 
multimedia products, especially mobile phones. Software development is a vital part of 
Sony Ericsson's product development. Feature rich mobile phones are not only used to 
communicate via mobile communication networks but also serve as personal digital 
assistant, digital camera or to entertain the user by playing audio-visual content. All of 
these features largely involve software applications that are executed on the mobile 
phones. Sony Ericsson develops its products based on a product line strategy, i.e. 
several products share a common platform but differ in certain features. This way, 
efficient product development for various markets around the world with distinct 
market needs is realized. Keeping control of the software development effort is 
challenged by the complexity due to parallel development on multiple products at the 
same time and on different locations. At the branch in Lund, the section responsible 
for software configuration management (SCM) on the product level and SCM 
strategies is situated. One of current issues for the configuration management section is 
that, as a result of branching in the SCM system and reuse of functionality among 
different products, the release documentation can become incorrect. The release 
documentation includes the changes between a current release X and its predecessor 
X-1, the so called delta. Situations can occur where implemented changes do not enter 
the release documentation or in contrast changes are reported again although they were 
already documented earlier. Release documentation which is not totally correct is a 
risk for software development projects as it can affect, for example quality assurance 
activities. In order to encounter this situation at Sony Ericsson today manual work is 
required to assure the quality of the documentation anyway. 

1.1 Background   

This thesis touches upon several disciplines of software engineering. Before exploring 
the objectives of this study some terms shall be clarified in order to ensure a common 
understanding. 
 
Software release management (SRM) includes, according to Sommerville, the 
identification, packaging and delivery of the elements belonging to a product, e.g. the 
executable program binaries, documentation and release notes [Somm04]. 
Through the SRM process, the developed software is made available for the user 
[Hoek97]. Thereby, SRM builds a bridge between the organization developing the 
software and the organization where it will be used [Rama04]. 
 
Variants are different kinds of customized systems that can be obtained through 
utilization of variability [Gurp01]. To delay the decision which products to create from 
a shared platform, variability can be introduced in the software architecture [Gurp01]. 
Together with high modularization, different variants of the product line can be 
composed through turning on or turning off a set of features. The composition of a 
variant can either be determined manually prior to compilation, or automatically by the 
software itself. The composition of the automatic variability is, e.g. determined on 
which hardware platform it is deployed. 
 
Defect management in the context of this study is understood as a combination of 
several aspects dealing with defects in the developed software system. In the literature, 
a distinction is made between issue reports and change requests [Hass02][Leon00]. 
Issue reports describe behaviour of a system which deviates from the desired operation 
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whereas a change request documents a modification of the system due to, e.g. changed 
customer needs. Both issue reports and change requests are managed within the change 
control process.  
 
Hass describes an example of such a change process [Hass02]. First, every event that 
could initiate a change is registered and described, followed by an analysis of the 
impact on configuration items. Then a decision is made whether to accept the change 
or to reject it. In the case of acceptance, a change request is created resulting in a new 
configuration item. After the implementation and validation of the change, the change 
request and the event registration are terminated. 
 
As part of the change control process traceability information must be recorded to keep 
track where an issue occurred, how the issue was treated, and eventually in which 
version of the system the problem was solved. This information can then be utilized to 
describe changes between different releases of the software system. 

1.2 Research Questions 

Starting point for the study was the wish from the "Software Product Configuration 
Management" department at Sony Ericsson to investigate how to improve the quality 
of the release documentation. This request was taken as foundation of the study but 
was enhanced in scope to increase applicability of the findings in other settings than 
Sony Ericsson. The following research questions guided the investigators throughout 
the study and are intended to be answered with the outcome of this work: 
 
RQ 1. What are the challenges of controlling changes in parallel software 
releases? 
 
RQ 2. What are the challenges of controlling changes in software product lines 
and variants? 
 
RQ 3. How can these challenges (in RQ 1, RQ 2) be met in an industrial 
environment? 
 
A challenge is "a stimulating task or problem" [@Mer] which demands significant 
effort to be solved. It is met if solutions have been developed that improve the 
situation and create a benefit. Further, the solution has to support and has to be 
integrated with the surrounding, i.e. a challenge cannot be met by simply excluding 
aspects of the problem. An assumption is made that meeting a challenge can be 
beneficial only to a certain extent. More effort spent on meeting a challenge would 
create more drawbacks than it would improve the situation. Hence, a challenge is 
considered to be met when there are no more possible improvements. 
 
Controlling changes includes having a process for handling changes that preserves 
traceability from the initiation of a change to its conclusion. 
 
All the three problem dimensions mentioned above can occur in isolation but can also 
co-exist depending on market- and product-strategies. 
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1.3 Aims and Objectives 

The objective of the study is to demonstrate the demands on release management, 
defect management and configuration management in large-scale software 
development when using a software product line (SPL) approach. 
 
The purpose of this thesis is to exemplify the interconnections and dependencies of the 
different software engineering disciplines mentioned above in an industry case study. 
In particular, it shall be examined how the defect management process handles parallel 
development. Further, it shall be examined how the defect management process 
handles the SPL approach. This requires, e.g. that defects need to be reported on a 
specific product and/or on the shared product platform. In consequence the release 
management process must also consider where (on a product or on a platform) defects 
are reported and resolved in order to produce correct releases and related 
documentation. The findings highlight difficulties that should become subject to 
further research. 
 
Sony Ericsson will benefit from this study in several ways. The evaluation of the 
software configuration management, release management, and defect management 
processes discover improvement opportunities for processes and practices performed 
by the involved roles. Assessing the practices of Sony Ericsson and comparing them to 
the practices known by the software engineering research community, the organization 
can learn from academia and transfer research results to industry practices. 
Insufficiencies of the processes were documented and examined to figure out the root 
causes of the issues. This was taken as starting point to investigate alternative solutions 
that could improve the current situation at Sony Ericsson. 

1.4 Contribution 

This thesis contains a case study conducted in an environment which is embodying 
several demanding situation requirements. The environment daily confronts the 
organization with high pace, global, parallel and product line development. 
 
The thesis concludes for this case the most applicable and important areas of the 
research disciplines software release management, software product line development 
and software configuration management. Case studies performed in other industrial 
environments are discussed which increases the awareness of the identified challenges 
and improves the external validity.  
 
The challenges of creating release documentation are discussed in relation to parallel 
development, software product lines, and high-pace large-scale development. 
 
One of the main topics discussed in this thesis is parallel development. The thesis 
identifies the challenges of parallel development. Further, it states parallel 
development’s requirements on defect management, change propagation, status 
accounting, and supporting processes and tools. This is further elaborated by 
discussing the consequences if the challenges not are met. Finally, improvement 
strategies for the case based on the identified challenges are presented.  
 
The case study describes one way how products can be realized from a product line. 
Challenges and consequences of product line development are discussed in relation to 
traceability, impact analysis, release documentation and defect management. A 
discussion is carried out why the challenges of product line development are difficult 
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to meet. Finally, an approach of software impact analysis in a software product line is 
described. 

1.5 Research Method 

The following section describes how the study was carried out including the design of 
the case study. 
It discusses the validity of the study to increase credibility through making threats 
explicit for the reader. Further, it made the authors aware of possible validity threats at 
an early stage and thereby made ways of mitigating its effects visible. 

1.5.1 Qualitative procedures 

In order to answer the research questions, a qualitative research approach [Cres02] is 
followed. The design of the study consists of a literature review and an industry case 
study. 
 
In the literature review, publications in journals, conference proceedings and books 
about relevant software engineering areas are visited to provide the necessary 
background information on the topics discussed later. The utilized literature mainly 
covers the areas of software release management, software configuration management, 
software product lines. Further sources from other software engineering knowledge 
areas were also employed when it was considered to be useful.  
 
This general information is supplemented with concrete information from published 
case studies at software development organizations. The literature review builds the 
foundation for the second part of the research design - a case study conducted at Sony 
Ericsson. 
 
As it can be seen in the formulation of the research questions, the goal of the study is 
to identify challenges in controlling changes and describe how these can be met in an 
industrial environment. Thus, the nature of the study is exploratory. The designated 
outcome of the study is an identification of challenge areas along with an analysis of 
the context that led to the situation. Such an aim exceeds the possibility to be studied 
with quantitative methods and instead requires a qualitative research approach. 
However, the relevance and importance of the findings are shown by executing 
quantitative measurements of the problems. The case study method allows also for a 
longer and more detailed data collection allowing a more fine-grained analysis. 
 
The triangulation [Cres02] [Robs02] of theoretical knowledge, published experiences 
from industry and observations from a specific case make it possible to identify 
commonalities. If certain phenomenon is discussed in literature or is observed in a case 
study, this cannot directly be used to conclude a rule. However, the use of multiple 
sources helps to motivate that there exists a trend if several sources describe the same 
phenomenon. 

 

1.5.2 Quantitative Procedures 

Measurements were utilized during the study. They are primarily used as motivation in 
the chapter which is discussing the challenges of product line development. The 
measurements intend to show the applicability of the concept that was developed. The 
two main measurements collected are the reuse between products within the product 
line and the distribution of changes.  
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To provide the reader with an objective and repeatable process the approach of how 
the measurements were collected are carefully described. Further, validity threats are 
discussed. Several confounding and biasing factors exists in the measurement of 
change distribution. The magnitude of the inaccuracy is hard to estimate with 
confidence because it mainly origins from human factors. The human factor was not 
possible to mitigate during data collection because it was already incorporated in the 
data-set used for calculations.  
 
Due to the previously mentioned reasons no proof was claimed based on the 
measurements, instead the result was treated as indication. 

1.5.3 Case study strategy 

The case study was conducted at Sony Ericsson's branch in Lund between August and 
December 2006. Both investigators were on site full-time. A case study offers the 
opportunity to include a variety of sources for collecting information [Yin02]. This 
way the triangulation principle can also be applied within the case study. Yin describes 
six sources that can provide helpful information when conducting a case study 
[Yin02]. The following were used in the Sony Ericsson case study: 
 
• Around twenty semi-structured and unstructured face-to-face interviews [Robs02] 

were conducted with employees from different departments who fulfil different 
roles in the organization. Convenience sampling was applied for selecting 
interviewees from the population of concerned personnel. As Creswell points out, 
information gathered during interviews is filtered by the interviewee's perspective 
[Cres02]. This is considered as an opportunity to collect information from different 
perspectives, stakeholders. During the interviews notes were taken to capture the 
content of the discussions. Immediately after an interview session the investigators 
discussed the gained impressions and did a restructuring and unification of the 
notes. Although the anonymity of the interviewees is guaranteed, traceability from 
the interview to findings described in this thesis is visible for the investigators. 
Thereby, the chain of evidence [Yin02] is preserved. 

 
• Before interviews were conducted, relevant documentation of the organization was 

examined including process documentation, role descriptions and organization 
charts.  This served as preparation for the interviews but also enabled the 
identification of deviations from the officially documented ways of working in the 
actual practices of the employees. Although the documentation facilitated problem 
understanding, out-dated and inaccurate descriptions reduced the benefit. 

 
• Observations of employees' work practices were done to complement the data 

collection based on interviews and documentation.  
 
• Usage of different software systems was indirectly observed by analysing records 

of the defect management system and the software configuration management 
system. 

 
The qualitative analysis was done in steps and pursued the process of creating the 
release documentation at Sony Ericsson. After the identification of the process 
stakeholders, information was collected from the different sources, i.e. documentation 
and the stakeholders themselves. The process chain was investigated considering who 
provides information, who needs that output as input for other tasks, what information 
is required for the process, and which interfaces to other processes exist.  
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Reflection over the collected material made it possible to develop an overall process 
understanding and led to the identification of challenges which are discussed in more 
detail in chapter 6. 
 
As Creswell notes "One cannot escape the personal interpretation brought to 
qualitative analysis". On the other hand the personnel interpretation implies the benefit 
to draw individual, creative conclusions. Conducting the study in a team of two 
mitigates the risk of a too one-sided interpretation and offers a more balanced 
discussion. 
 
The findings of the qualitative analysis were supported by quantitative measurements 
in chapter 8. Analyses of log-files of the software build process at Sony Ericsson were 
carried out to determine the degree of reuse within the product line and the distribution 
of changes among different products. 

1.5.4 Internal validity 

A study has internal validity if the research method did not cause or influence the 
outcome [Robs02]. The threats to internal validity listed by Robson [Robs02] were 
considered. Few of the threats apply to the research design of this thesis. This 
viewpoint is supported by Yin [Yin02] who claims that internal validity is of less 
importance when considering case studies. One of the main goals with internal validity 
is to ensure causal claims between events [Yin02]. Proving these is not the intention of 
case studies [Yin02]. 
 
The main identified threat to internal validity is in the nature of a case study. The 
research approach implies that the researchers are not a part of the studied 
organization. This could result in that the studied organization has an interest in 
providing an official and more varnished view of both practices and problems. The 
threats to internal validity are mitigated through providing construct validity. 

1.5.5 Construct Validity 

To ensure measurement of what is thought to be measured [Robs02] three main issues 
were addressed: The usage of multiple sources, to establish a chain of 
evidence[Yin02], and having key informants to review drafts. 
 
Major threats to the validity of the study are biased sources. Multiple sources of 
evidence were used to counter this issue. Thereby the impact of a using a biased source 
was reduced. Employees at Sony Ericsson were interviewed, internal documentation 
was read, and concepts and definitions from academia were studied. The situation 
description of the case study was described with them aim of using expressions that 
origin from academia rather than using the corporate terms. Thereby a shared view of 
definitions and concepts was ensured. Definitions and concepts are explained to make 
them more open for the reader and thereby enable the possibility to identify validity 
threats.  
 
Misunderstandings of processes and problems could have occurred as result of the 
limited amount of time for the case study and the complexity of the organization. The 
use of multiple sources within the organization helped to limit such effects. Further, 
findings were carefully and immediately documented. A Wiki-Web (wiki) was used to 
store ideas, plans and information about people that were interviewed. A wiki is a 
simple web-based content management system where hyperlinks bring articles 
together. Only authors were permitted access to the wiki. The interview notes contain 
the essence of what was discussed, location of meetings and who was present.  
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In the analysis chapter the different interview results are more intertwined. To 
maintain the chain of evidence an internal link was kept to point to the interview where 
the information was collected. 
During the case study the thesis chapters were reviewed by the supervisor from Sony 
Ericsson. The primary intention was to ensure exclusion of confidential information in 
the public report. Due to the supervisor's superior knowledge of the organization, 
misunderstandings about surroundings could also be early detected and removed. 

1.5.6 External validity  

The external validity is dealing with the problem of knowing whether findings can be 
generalized or not [Yin02]. 
 
Robson stresses that a well written case study report can affect the ability to generalize 
from the results of the study [Robs02]. A well written report can make contact with the 
readers’ informal and implicit understanding. Thereby readers are more probable to 
relate things and see parallels with familiar situations or knowledge areas. Another 
related approach of improving the ability to generalize from the results is to avoid 
company specific language. Therefore, whenever possible, commonly known 
definitions and concepts from academia should be applied and referenced to. 
 
Lecompte and Goetz have made a list of threats to external validity (Lecompte and 
Goetz in [Robs02]). The selection-threat to external validity refers to that the findings 
cannot be generalized outside the selected case. To assess the threat of selection, 
related work represented as case studies from other companies was considered in 
parallel. 

1.5.7 Reliability  

High reliability means that the result is repeatable [Robs02] if the same procedure is 
applied. To make it repeatable the bias and errors should be minimized [Yin02]. 
Considering the case study as research method, it is hard to answer if the result would 
be the same if other researchers followed the same method [Yin02]. First, to enable the 
possibility of making the case study repeatable, extensive documentation has to be 
performed. Yin proposes the usage of a case study protocol and a case study database 
[Yin02]. The current usage of a wiki fulfils the requirements stated by Yin. Sources 
and information are maintained and under version control within the wiki. Therefore, it 
could potentially serve as evidence in case of a later reliability check, e.g. if a third-
party investigator would be interested in tracing the procedures. Another potential 
benefit for the reliability is the fact that the case study was performed by two 
investigators. This increase the need of documenting and motivating thoughts more 
carefully; it also results in that all information and texts are reviewed twice before 
allowed entering the thesis manuscript. 

1.6 Outline of the thesis 

After this introduction to the thesis, the environment of the conducted case study at 
Sony Ericsson is elaborated further in chapter 2 regarding the organization structure 
and development processes. Three chapters follow discussing the software engineering 
knowledge areas software release management (chapter 0), software product lines 
(chapter 4), and software configuration management (chapter 0). In each of those 
chapters, relevant results from other researchers are visited including related industry 
case studies. Further, early observations from the case study at Sony Ericsson are 



  8 

described. The identified issues are summarized in a problem description in chapter 6. 
Special attention is put on the creation of software release documentation in chapter 
6.5. The next two chapters form the major outcome of this study: A detailed discussion 
on challenges of parallel development is carried out in chapter 7. Challenges in 
relation to software product line development are examined in chapter 8. The thesis is 
concluded in chapter 9. 
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2 SONY ERICSSON INTRODUCTION 

This chapter provides an introduction to the product development at Sony Ericsson 
with special focus on the software development. The following description clarifies the 
case study's setting to enable a better understanding of the observations in the 
following chapters. Beyond the presentation of the different product segments also the 
organizational structure is presented. 

2.1 Software cluster development at Sony Ericsson 

At Sony Ericsson three different product clusters are developed: Symbian, OSE and 
Entry. The Symbian product cluster holds products that are based on the Symbian 
operating system [@Sym]. Compared to the other clusters products in the Symbian 
cluster have the most features and are categorized by the market as smart-phones. The 
OSE cluster is based on the Operating System Embedded (OSE) [@OSE] and holds 
mid-segment phones. The Entry cluster comprises phones with less features that are 
intended to be cost-efficient for the end-user. Discussions in this thesis refer to the 
OSE cluster development if not stated differently. 
Within each cluster a mother product and several daughter products are developed. 
The mother product is normally an advanced phone whereas the daughters are 
variations of the mother product, generally with less functionality. 
  
Two main parts form the development organization: One department called Platform 
Development & Global Functions (P&G) provides a software platform, and several 
different development units utilize the platform in phone projects. A platform project 
is responsible for defining the scope of a platform release and for developing its 
components. In a cluster the mother product is the first to implement and verify the 
new features of the platform. Requirements are defined and implemented in the 
platform, mother and daughter products then select and reuse the needed functionality. 
The platform from P&G is evolved in parallel and released sequentially to the phone 
projects. Several releases are in development but released after another for different 
products. 
 
Smaller organizational units called function groups belong to P&G and develop 
functionality for a specific part of the software platform. Each group has the 
responsibility of implementing a set of requirements. It also has "functional 
responsibility" outside its own modules. This means that the function groups are 
responsible for providing the needed services to other function groups. Every function 
group also has the responsibility to function test own code before delivering it to the 
platform. 

2.2 What is included in a product? 

Products in the OSE cluster consist of a third-party signalling platform and the 
software application platform developed by Sony Ericsson. The Sony Ericsson 
application platform can be divided into the following parts: 

• application framework,  
• support functionality (libraries),  
• applications in written in C  
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The application framework can be configured either through static configuration where 
the software is configured at compile time, or through data driven customization where 
the file system is modified or exchanged.  
 

 
Figure 1, Platform and product development at Sony Ericsson 

2.3 Platform and Product Projects 

The development of the software application platform is organized in platform projects 
which provide shared functionality to a cluster of products. Feature implementation is 
more in the focus of a platform project than the creation of actual products.  
Each platform project increment is divided into several work packages. Each work 
package is developed and function tested by one function group. In an overall plan 
dependencies between the work packages are managed. 
After all functionality is implemented, the aim is to stabilize the platform. The defect 
correction flow is now controlled. The platform is also system tested on a mobile 
phone. Since the platform is already function tested, system test is performed to detect 
defects that are caused when system components interact.  
With the conclusion of system testing the platform projects enters a new phase: To 
further improve the stability of the product, the defect correction flow is now 
decreased from controlled to limited. 
 
A product project has more diverse responsibilities than a platform project. The scope 
of a product project is the entire lifecycle of one product. It starts in visionary 
statements, continues in industrial design, and cares for production and marketing 
material and finally ends with phases of warranty and customer support.  
Several product projects use the same software platform. The first product that 
implements the platform is called a mother product. It is the product with the highest 
risk for schedule delays and during the development of it the most defects will be 
detected. When the mother product has been released, the platform project enters a 
maintenance phase. At the same time new product projects which develop daughter 
products start to use the platform. The new product projects will detect and report 
further defects to the platform. The first release from the platform maintenance project 
will be called Maintenance Release 1 (MR1). In MR1 defects are removed which are 
found when using the platform in a daughter product project; also those defects found 
on the mother product by the market are taken care of. When the first maintenance 
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release of the platform is ready, it will used to release one or several products. The 
new software can also be used as an update for the mother product. 
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3 SOFTWARE RELEASE MANAGEMENT 

Software release management (SRM) is the software engineering knowledge area 
discussed in this thesis. Since SRM has to handle the outcome of the development 
effort it is regarded to be valuable to begin with. It demonstrates what the development 
process has to deliver to be able to create a ready-to-use product. SRM is involved in 
controlling and tracking changes as it is responsible of documenting those in the 
release documentation. 

3.1 Outline 

This chapter reviews publications on SRM. Besides the academic perspective also an 
insight into industry practices is provided. Therefore, reports on several case studies 
from different software development organizations are discussed.  
 
The theory section aims to position and define SRM. The most mature software 
engineering research areas of SRM are release planning and decision making. The aim 
of this chapter is more a holistic process perspective.  
 
Three different case-studies were selected. The first one describes practices and 
improvements of controlled continuous releases from Scandinavian Airline Systems 
(SAS). The second case study describes SRM at a company called Chipsoft, the reason 
for selecting this paper was that it discusses both, variability and branching strategies 
that seem to be similar to practices used at Sony Ericsson. The last case study 
evaluates SRM at eight software development organizations; the intention of selecting 
this paper is to show the maturity of SRM in industry. 
 
The chapter ends with a situation description of Sony Ericsson's practices regarding 
SRM. Challenges are identified through studies of internal documentation and 
interviews with personnel creating release documentation. 

3.2 Theory 

Before a customer can make use of a software system it has to be released by the 
organization that developed it. A release of a software system is a specific version of it 
which is distributed to the customers [Somm04]. Besides the program in terms of 
executable binary files a release also contains necessary configuration files, installation 
procedures, system documentation and packaging [Somm04]. 
 
SRM is considered as part of the knowledge area of software configuration 
management (SCM) [Sweb04].  
 
van der Hoek et al. discuss SRM in the context of component-based development. 
Software is developed as "system of systems", i.e. as a composition of components 
which are developed by multiple organizations on different sites. This leads to the 
problem of vast number of dependencies among those components. As a result the 
need is stated for SRM as "...the process through which software is made available to 
and obtained by its users" [Hoek97].  
 
The activities that belong to SRM according to Sommerville are [Somm04]:  
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• release decision-making: When shall a new version of the system be released and 
what should be the content of it. 

• release creation: All files that shall be incorporated into the release are identified 
and collected in order to prepare the distribution of the system. 

• release documentation: The specific versions of all components that enter the 
release are documented so that the creation of the release is repeatable at any point 
of time in the future. This includes, e.g. all source files, external components and 
configuration files.  

 
As Kajko-Mattsson and Yulong point out, research on SRM focuses on the release 
decision-making or release planning aspect while there is little discussion of the topic 
from a holistic process perspective [Kajk05]. 
 
In the context of the thesis, an extended version of Sommerville's definition of SRM is 
adopted: SRM encompasses scheduling releases, planning the content of releases, 
identification and collection of the required artefacts that shall enter a release, creation 
of the release documentation, i.e. a description of the release content and the changes 
to the previous release, and finally the packaging of the release. Further, releases can 
be created for other purposes than customer usage. Internal releases can be created to 
enable testing of a system. With this definition of SRM, the scope of the topic is 
significantly widened and the issue discovered by Kajko-Mattsson and Yulong is 
accommodated. 

3.3 Examples from industry  

Little has been reported about industry practices related to SRM. However, the 
following case studies are taken into account as they provide some insights into how 
software development organizations manage their release processes. 

3.3.1 Scandinavian Airline Systems (SAS) 

The first case study discussed in this chapter was conducted by Kajko-Mattsson and 
Meyer at Scandinavian Airline Systems (SAS). SAS is dependent on complex software 
systems to support their business [Matt05]. Several of the systems handle important 
functions of SAS, like the booking of flights and customer management etc. Thereby 
these systems could be considered as business critical. Previously, SAS decided to 
outsource both, the new systems development and the maintenance activities of old 
system currently in use. 
 
The goal of the case study was to show how the authors' own developed release 
process model works in an industrial environment. 
 
According to Kajko-Mattsson and Meyer, most of the published papers in release 
management focus on release planning. At this point of time no defined release 
process model was known by academia. This was why Kajko-Mattsson and Meyer 
created a release management process model. The case study was part of the 
evaluation of a release process model called EM^3. The EM^3 handles both, a vendor 
side and a release acceptor side. The process model is designed to support controlled 
continuous releases of software. The steps visible in the process are the following: 
Release planning, Development & Build & System Test, User Acceptance Test, 
Deployment Preparation, Release Deployment, Release Training, and finally Release 
receipt. The process model also defines three separated processes tracks to distinguish 
between minor, major and emergency releases. 
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The main findings of the study are as follows:  
 
• After introducing the release process, the availability of one business critical 

system has increased from 99.89% to 99.99%.  
• The system stability has been increased because of the improved control over 

which changes have been implemented and released. Prior to the release process 
introduction there was a mismatch between the description of the release contents 
and the actual content in the release.  

• The studied release process enables good control since each change request can be 
clearly identified and rollbacks of changes can be achieved if necessary.  

• The introduction of fixed release cycles (dates) resulted in better efficiency since 
the testing team and projects teams could plan more in advance.  

• When introducing the release process personnel was feeling frustrated since it lost 
the freedom of releasing anytime. The release manager was perceived as a 
policeman with too much insight in their tasks. It took years to convince the 
employees about the benefits. Currently, all the employees understand the benefits 
of having a systematic release management process.  

 
In the context of accountability for each activity, Kajko-Mattsson and Meyer stress the 
importance of having specified roles and responsibilities. This can be considered as 
especially important when the process model is supposed to interact with people and 
processes convening over several organization borders. The EM^3 process model 
includes several roles, both the vendor side and on the release acceptor side. Some of 
the activities for which roles are defined are performing vendor communication, 
creating acceptance testing plans, maintain overview of dependencies, doing release 
planning, build management, configuration management, and updating release 
documentation. 

3.3.2 Chipsoft 

The Dutch research project "Deliver" examines how SRM can be eased by explicitly 
managing the knowledge about the software product [Ball05]. Therefore, a so called 
"Intelligent Software Knowledge Base" is employed, i.e. a database storing all 
information about the artefacts of the development process. In the context of the 
"Deliver" project three case studies were conducted at different software vendors. 
 
One of those case studies took place at Chipsoft, a medium-size software development 
organization in the Netherlands producing a health-care information system named 
"Electronic Care Information System" (CS-EZIS). The company had approximately 
100 employees from which 75 persons are assigned to development and customization 
of the software. Customers of Chipsoft are about 40 hospitals in six countries. 
 
The goal of the case study was to investigate the development process of the studied 
organization and to relate the observations to the model of having an "Intelligent 
Software Knowledge Base". 
 
Several findings of the study are interesting to notice for this thesis. For example, in 
order to support customizations of the final product variability has to be supported on 
the design level already. Indications that this was done are modules of the software can 
be (de-)activated, configurations on the module level can be set up, user profiles are 
utilized and even modifications of the graphical user interface can be done by the end-
users.  
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The organization further makes use of Microsoft Visual SourceSafe as version control 
system. Version management is only done at the level of the whole system and not 
independently for the different modules. As a result the client application of the 
product is only compatible with the appropriate server application. Another interesting 
observation of the study was the fact the organization does not formally describe the 
dependencies of the system, neither internal dependencies of the modules nor external 
ones. 
 
When the product should be released an accordant branch is diverged from the main 
track. The system on this release branch is then stabilized until its delivery to the 
customer. Changes done on the release branch are merged back into the main track in 
order to incorporate the changes for the release. At the same time, development of 
features supposed to be part of later releases continues on the main track. With this 
simple branching strategy concurrent development of sequential releases is enabled. 
 
In order to build the system, a certain build server collects the required artefacts from 
the repository and compiles the sources so that images for the installation media can be 
created.  

3.3.3 Comparing Eight Software Vendors 

Jansen and Brinkkemper created a model for Customer Configuration Updating (CCU) 
[Jans06]. The motivation for this model is based on the following: First, release, 
delivery and deployment of new software to customers are complex tasks. Second, 
software companies do not utilize the new facilities that the web offers in their release 
management processes. Third, 50-70% of the studied companies' yearly revenue can 
be directed to service contracts with existing customers. With these motivations Jansen 
and Brinkkemper claim that a defined process model for release management is 
needed. The process model aims to improve the current situation by introducing a 
process that focuses on customer interaction. 
 
CCU is defined as a combination of: the vendor side release process, the customer side 
deployment process and the product or update delivery process.   
 
Jansen and Brinkkemper claim that the software vendors do not think that the release 
management process adds any value to the software product and are therefore reluctant 
to improve the process. Studies (e.g. Li05 in Jans06) showed that release management 
improves perceived value of a product and should be seen as an important part of 
customer service. 
 
The goal of the paper is to use a framework based on the software process assessment 
framework SPICE for evaluating CCU processes. The contribution of the paper is the 
process model for CCU and the eight case studies from which the results are 
summarised below. 
 
The CCU-model consists of the following steps: release, delivery, deployment, and 
finally activation and usage. The release step informs the customer through the 
vendor's sales department that a new update of the software is available for delivery. In 
the second step, delivery transports the customer's update from the vendor's repository 
to the customer's update process. The third step in the model is called deployment. In 
the deployment step, the update is installed at the customer by the customer's 
deployment process. The deployment step also supports the communication flow 
(feedback) between the customer's deployment process and the vendor's deployment 
support. The final step is called activation and usage and aims at two main objectives, 
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i.e. to provide the customer with licensing and activation codes and to provide support 
during usage and to collect received feedback. 
 
The eight organizations investigated in the case study were assessed on their ability to 
fulfil the key practice areas advocated by the defined CCU-framework. The ability was 
categorized into four states: implemented, manual, not implemented or not applicable. 
The manual state means that the practice requires some manual steps, but it would be 
easy to automate.   
The organizations evaluated in this case study were six Dutch software vendors and 
two open source project organizations. Thereby, interpretation of these results should 
be carried out with great care and no generalization of the results should be claimed. 
Although, the results shown below could be used to show minor indications of current 
situation and at least be used to exemplify software release management from the 
studied software organizations. 
 
Release Key Practice 
 
• The organization has pilot customers to test early releases (4 implemented, 4 not 

implemented) 
• Release planning is published internally (3 implemented, 4 manual, 1 not 

implemented) 
• Restrictions on configurations due to internal components are managed (5 

implemented, 3 manual) 
• Restrictions on configurations due to external components are managed (4 

implemented, 4 manual) 
• The tools that support release, delivery, and deployment are managed (5 

implemented, 3 manual, 0 not implemented) 
• There is a formalized release procedure (8 implemented) 
• Releases are stored in repositories (that mirrors the SCM) (6 implemented, 2 not 

implemented) 
• The formalized release planning is adjusted to customer requirements (3 

implemented, 5 not implemented) 
 

The main finding by Jansen and Brinkkemper is that software vendors must integrate 
their CRM (Customer Relationship Management)-system, PDM and SCM systems if 
they want to provide close customer interaction. 

3.4 Situation at Sony Ericsson 

The following description is based on interviews and internal documentation. The 
studied SRM at Sony Ericsson focuses on the "Product Software Release 
Management" department. The SRM department mainly handles the development 
projects of the Sony Ericsson's development unit "Europe". Control and co-ordination 
of all software releases and their components are the duties of the SRM section. These 
releases are required for several purposes, i.e. for the installation at the factories, for 
the acceptance test done by the operators or in order to allow software updates by the 
mobile phone users. SRM is responsible for delivering the correct software and 
associated documents.  

3.4.1 Observation of current challenges 

Issues mentioned below were identified during an interview conducted with personnel 
of the SRM section. 
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Operator change requests 
Prior to new products are released to the market, the network operators are given the 
possibility to do acceptance testing. The feedback from operators is considered as very 
valuable input. 
 
As mentioned before, release documentation is prepared and provided to specific 
operators. The operators are interested in the information regarding if their change 
requests have been incorporated into the new release of the software.  
 
A challenge at Sony Ericsson is the coordination between different systems handling 
change requests and issues reports. One system contains operators' change requests. 
Another general TRS handles trouble reports and internal change requests. Release 
documentation is created from the TRS system, which holds references to the system 
containing the operators' change requests. Keeping the systems synchronized requires 
a significant amount of manual work. 

Challenges of several parallel releases  
Sometimes duplicates of same change are retrieved by the tool that generates the 
information for the delta-lists. Duplicated corrections that both have the same trouble 
report identification number are usually filtered by the tools. Sometimes the SRM-
team find the same issues reported as corrected with different trouble id's, in this 
situation the duplicates have to be manually removed. The SRM personnel are aware 
of that this occurs because of something that is called trouble report peers. 

Challenges of product line development 
Currently Sony Ericsson creates the delta-list containing the corrections between two 
versions on the entire product line. According to SRM personnel this generic list is 
enough since there have not been any known requests for release deltas on the 
granularity of specific products. Although the current tools support creation of delta-
lists based on product it is done on the product line level only. 

Challenges of manual work 
The release documentation is targeted for external use and therefore needs to have a 
high level of quality. Duplicates of corrections must be removed. Issues that are very 
technical and cannot be externally visible for a customer or operator should be 
removed. Corrections to third-party components or platforms provided by suppliers 
should also be removed. The SRM-team states that the language and the spelling of the 
texts describing the corrections sometimes need to be improved. 
 
Since the creation of the release documentation is time-consuming and requires 
manual work, the SRM team starts to prepare it around one week before the release 
date. The result of the database query received one week before the release will be 
different if it was executed on the day of the release. The workload peaks out in the 
last week before the release of software. New corrections are introduced, some old 
corrections might fail their verification. It is a challenge to ensure that all new changes 
are successfully incorporated in the release documentation.   
 
Today, the challenge and lack of tool support for incorporating the information about 
the implementation of operator specific change requests in the release documentation 
is according to SRM personnel told to be the most demanding. 
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3.5 Conclusion  

Large numbers of dependencies among components require a SRM process which is 
able to provide the needed software to its users. The study from Chipsoft showed one 
case where the dependencies were not described. The study from Jansen and 
Brinkkemper showed that all asked vendors could provide the possible configurations 
both based on internal components but also based on external components, the 
majority even had automated support for this in the release process. At Sony Ericsson 
products are sold as one entity containing both hardware and software. Consequently 
dependencies between software modules do not affect end-customers. Thereby 
managing dependencies are mainly an internal matter for the R&D organization rather 
than a responsibility of the SRM process.  
 
Planning of the releases determines when to release the product and its content. Fixed 
release cycles can improve efficiency as test teams and project teams can plan in 
advance as shown by Kajko-Mattsson and Meyer. At Sony Ericsson release cycles are 
planned.  External release dates are managed through project plans. Internal releases 
are made on a fixed weekly basis. A strict release process requires an understanding 
and acceptance of the developer who have to work according to this process. Further, a 
release process needs defined roles and responsibilities to support accountability. 
 
The SRM-process has to collect what belongs to a release to be able to generate the 
product. It documents the release to inform the customer and to be able to reproduce 
exactly the same release. At SAS, it could happen that the release documentation did 
not exactly reflect the content of a software release. Large similarities can be identified 
between practices observed at Sony Ericsson and the visible process steps prescribed 
by Kajko-Mattsson in the EM^3 process from SAS. 
 
Further similarities can be identified in between the variability requirements identified 
in the initial observations at Sony Ericsson, and the case study form Chipsoft. In both 
cases the customers desire customization prior purchasing products, e.g. alternation of 
the appearance of the graphical user interface. 
 
At Sony Ericsson several challenges related to production of release documentation 
can be identified. Currently there does not exist support for generating release notes 
for specific products, since a correction’s information about affected products is 
unreliable. It is also challenging to generate the release documentation because of 
parallel development, the result is that manual work has to ensure issues not are 
reported as solved multiple times. Another challenge exists in that the release 
documentation becomes out-dated during the time it takes to prepare it. 
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4 SOFTWARE PRODUCT LINES 

The previous chapter on software release management already introduced the problem 
of dependencies of components. This issue becomes especially important if a software 
product line (SPL) approach is employed as several products share common 
functionality. Controlling changes in a SPL is also a complex task complex because of 
the increased degree of code reuse.  

4.1 Outline  

This chapter discusses the fundamentals of SPL development. It provides the 
necessary background information to answer the research question number two, "what 
are the challenges of controlling changes in product lines and variants?". It discusses 
how variability can be managed, how it influences the software development, and how 
the organization is affected. After the academic discussion, case studies from three 
different software development organizations are discussed to provide an insight into 
current industry practices. 
 
The chapter defines product line development. It introduces the concept of how 
variants of products can be created with variability through variation points.  Further, 
the usage of third-party components is discussed. Finally, management and 
organizational issues of product line development are considered. 
 
Two case-studies were selected to give the industrial view point of product line 
development. The first case study from Nokia Mobile Phones describes experiences 
from dealing with the enormous amount of potential combinations of features in a 
product. The second case study from Axis Communications and Securitas Larm 
focuses on showing experiences from adopting a product line architecture. 

4.2 Theory  

A typical goal of a product line approach is to increase the quality and productivity 
through reuse [Dike97]. To minimize the development costs, the commonalities of the 
products are captured [Gurp01]. 
 
A typical definition of a product line usually involves that common features of a 
system are shared between products to satisfy different market segments or different 
missions [Clem01]. Clements and Northrop extended their definition and added the 
restriction that the product line is developed in a prescribed way from core assets 
[Clem01]. Core assets are reusable components containing shared functionality. Bosch 
and Svahnberg define a product line as a set of products, a set of reusable components 
and usage of a product line architecture [Svah00]. The responsibility of the product 
line architecture is to provide an overall structure and to describe the commonalities of 
the components which build up the products [Svah00]. A product is defined as an 
entity that contains a product architecture, a set of selected and configured product line 
components and product-specific code [Bosc02]. 
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4.2.1 Variability of Software Product lines 

The differences between the products in the product line can be implemented with 
variability mechanisms or component adaptation. Variability denotes the planned 
points where the behaviour of the component can be alternated [Bosc00], these points 
are planned during the design activities to delay functionality decisions [Gurp01]. A 
variation point is controlled through a configuration interface. The configuration 
interface provides access to alter the behaviour according to the requirement that the 
instantiated component should fulfil [Bosc00].  
 
When a new behaviour requirement of a component is so extensive that the 
configuration interface cannot handle the change, the technique of component 
adaptation needs to be utilized [Bosc00]. Component adaptation involves changes to 
the functionality of the code. The adaptation can be either done as a white-box 
technique (performing changes to the component implementation) or black-box 
(through a wrapping technique)[Bosc00]. 
 
Svahnberg and Bosch [Svah00] define five abstraction layers where variability occurs. 
On the product line level the variability concerns how different products differ from 
each other in the product line. On the product level the variability concerns how 
different architectures and selection of components for a specific product might need 
to change over time. On the component level the variability concerns how to add new 
implementations of the component interface, and how these evolve over time. At the 
sub-component level the variability concerns the selection of which features that 
should be able to change. The lowest level is the code level, this is where most of the 
evolution and most of the variability takes place. 
 

4.2.2 Variants 

In the context of software products, a variant of a product is a similar product that 
contains a slight adoption of the functionality to fulfil different market needs, different 
business goals or different requirements. A variant can be created with techniques that 
enable variability (see e.g. [Bosc00]). 
 

4.2.3 COTS 

Commercials off-the-shelf (COTS) are software components developed by a third-
party vendor, intended to be purchased or licensed and reused in other software 
systems. 
 
COTS components that only contain binaries without any sources do not allow 
removal of dead code which is never executed, as proposed by Svahnberg and Bosch 
[Svah00]. Fine-grained configuration of a COTS component by using "ifdef" 
statements and parameterization (see [Svah00]) also cannot be applied if the sources of 
the COTS are not accessible. 
 
Clements and Northrop state that the utilization of COTS components results in having 
less control over the component [Clem01]. How well the components fit to the system 
where it shall be used depends then on the design done by a third-party vendor. 
Further, it is also brought forward that the component's evolution weakens the control 
over it. Changes in a new release of the COTS might require changes in the 
environment where the component is integrated in. In order to manage those issues 
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Clements and Northrop provide guidelines that should be visited when acquiring 
COTS components (see [Clem01]). Examples of these guidelines are  
 
• to carefully investigate and document the organization's requirements on a COTS 

component or  
• to develop an approach how to evaluate the suitability of the COTS and what the 

criteria for such an evaluation are  
 
These issues mentioned above are valid for general usage of COTS components. With 
respect to software product lines, Clements and Northrop distinguish between using 
COTS components for a specific product or for the core assets of a product line 
[Clem01]. In the latter case, it is emphasized that the support of variability is a severe 
factor to consider when a COTS shall be acquired and therefore must be evaluated 
thoroughly. Further, stability factor shall be regarded, e.g. the maturity of the product, 
the update schedule of the COTS, interoperability of it and the stability of the vendor. 
 

4.2.4 Organizational issues with product lines 

Bosch describes four different organizational models [Bosc00]: 
 
• the development departments 
• the business units 
• the domain engineering units 
• the hierarchical domain engineering units 
 
In the development department model, the software development is concentrated in 
one department. The employees in the department can be associated either to the 
development of core assets (reusable components) or development of products to the 
product line. This kind of organization is mainly applicable when the software 
development is relatively small. The main benefit is good overview, clear 
responsibilities and ease of communication. Limited scalability can be considered as 
the main drawback. 
 
The business units organizational model aims to concentrate specialization. 
Departments are now called business units and can be responsible for one or several 
products that relate to each other. The core assets are shared within the organization. 
The business unit responsible for the core assets adds functionality to the component, 
but also ensures that new versions are distributed to the other business units. This 
organizational model allows good sharing of components. A probable drawback is that 
the product focus (and possible hard constraints on time to market) result in lack of 
specific attention and strategy for the product line's evolution. Sub-optimization might 
also occur, meaning that the business unit is favouring their products instead of doing 
what is best for the overall organization.   
 
In the domain engineering unit organizational model the responsibility of development 
and evolution of core assets is kept within one specific unit in the company. This 
means that the responsibility of developing products are separated from the evolution 
of the platform. This requires communication between product engineering (which 
communicates with customers) and domain engineering, although communication 
channels are reduced since responsibility is separated. There could exist a problem of 
balancing the requirements flow from product engineering to domain engineering, e.g. 
dealing with conflicts. The prioritization and compromising might result in delayed 
time to market.  
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The hierarchical domain engineering units organizational model is similar to the 
domain engineering units model, with the exception of the support of handling 
hierarchical product lines. In the hierarchical domain engineering model several 
related domain engineering units exist. This model is only suitable for very large 
companies. Traditionally the reusable components are intended not to affect the 
architecture of the product built from them. In the hierarchical domain engineering unit 
model some of the reused assets are part of a platform (which contains architecture). 
Special domain units reuse and extend this platform and create additional components. 
Products are created within product engineering units. The product engineering units 
can reuse architecture and components either from special domain units or directly 
from the platform. 
 
The benefit of the hierarchical model is that it scales very well. Bosch concludes that if 
this organizational model cannot scale up to support the product line, then the product 
line has a too wide scope. The drawback of the model is the overhead and slowness. 
When changes are performed at the platform level, it can be troublesome to propagate 
changes to the products. Synchronization has to be made between the specialized 
domain units. Due to the slow change propagation, product-specific implementations 
can arise of core assets from platform. 

4.2.5 Relation to Configuration Management and Defect Tracking 

The increased need of support by configuration management when working with a 
product line is highlighted by Staples [Stap04a] and by Conradi and Westfechtel 
[Conr98]. The complexity of the product configurations increases when the different 
products have relations to both, shared and product-specific components. Reuse of 
components within a product line also impacts the complexity of the process of defect 
and change tracking [Gace01].  
 
Visible defects (which require corrections) observable at a specific product might 
involve both corrections to core (platform), and custom components of the product. If 
change and defect tracking is only done at the component level, it results in the 
problem that it is hard to see the scope and the impact at products level [Stap04a]. If 
the tracking instead is made on the product level it can create confusion about the 
scope and impact on the component level. 
 
Staples also highlights the problem of defect and change tracking if a product is using 
a tailored component, which normally is a shared platform component, that is 
branched off, developed, and maintained in parallel.  
 
Staples concludes that change tracking systems need to be able to track changes on the 
product level, but also the aggregated impacts on the component level. 
 
In the context of configuration management a file that is intended to supersede its 
predecessor is called a revision; a file that is intended to live in coexistence is called a 
variant [Conr98]. Different variants of a file could be represented by parallel branches, 
although it is important to avoid the multiple maintenance problem described by 
Babich in [Babi86]. The multiple maintenance problem describes the redundancy 
problem of parallel branches. If several variants of a file exist, a correction of a defect 
has to be made to several individual locations. Since the variants on the file level could 
represent used points of variability (points of variability are described by [Svah05]), 
this variation point is something that is not intended to be removed, and therefore the 
evolution of both branches is needed. 
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4.2.6 Variant management for product lines 

New variants are developed as a consequence of time and evolution. New versions of 
the system could be created because of changing environment, new requirements from 
market or stakeholders. In this situation, management of the variants has to be 
supported by configuration management [Krue02]. In a product line environment 
variants need to be managed multi-dimensionally [Krue02] because variants both vary 
in time and in space. Variation in space refers to the difference between products in a 
product line at a certain fixed point in time [Krue02]. 
 
Krueger made a division of the control problem into two dimensions: variation types 
and granularity of software artefacts [Krue02]. Granularity is divided into the 
following categories: files, components and products. The variation types contain: 
sequential time, parallel time and domain space. Each variation type exists in each 
granularity, which means that the problem can be divided into nine different sub-
categories. Parallel time represents an artefact's parallel evolution, e.g. during parallel 
maintenance releases.  
 
The problem areas in the granularity of files and components are traditionally solved in 
configuration management in the two first time domains, sequential and parallel time 
[Krue02]. In the sequential time dimension the difference of the variants of files is 
handled by version management, and in parallel it is handled by branch management. 
When the granularity is set to the component level the technique is called baseline 
management. The baseline management holds a consistent list of source files that are 
working together well and form a component. Sets (baselines) can also evolve on 
branches parallel in time, then the technique is called branched baseline management. 
To build up a product variant several variants of components need be selected. 
Krueger calls this composition management in the sequential time, and branched 
composition management in the parallel time [Krue02].  
 

 
Figure 2, Multiple dimensions of variant management [Krue02] 

 
As discussed previously, the utilization of a product line approach adds the third 
dimension, the domain space. This results in three new problem areas, one for each 
granularity level. On the file level several variants of a file can exists. These file 
variants need to be managed and controlled. Krueger calls this variation point 
management [Krue02]. The set of custom file variants and shared file variants need to 
be formed together to components, this is handled on the level of components by 
customization management. On the highest level of granularity, the product level, 
customized and common components are formed together to customized products with 
the help of customization composition management. 

4.3 Examples from industry  

In the following section, experiences from adopting software product line development 
in three different organizations are presented. 
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4.3.1 Infinite variability at Nokia  

Maccari and Heie describe the challenges of "Managing infinite variability in mobile 
terminal software" at Nokia Networks and Nokia Mobile Phones [Macc05]. “Mobile 
terminal” refers basically to mobile phones but also to other devices making use of 
wireless communication and data transfer, e.g. cameras or PC extension cards. 
 
The goal of the paper is to describe experiences from dealing with "infinite 
variability". This term refers to the enormous amount of potential combinations of 
features in a product.  
 
Maccari and Heie point out that a characteristic attribute of the mobile communication 
business is the pace in which products are released. As an example it is written that 
Nokia released around 50 new products in 2002. The products are developed as a 
product family, i.e. products share some functionality but differ in special features. 
One reason for these specialties is specific changes requested by operators of mobile 
communication. Handling those adaptations is seen as one of the biggest challenges of 
the development.  
  
The paper describes a set of challenging requirements on the product line architecture 
of mobile terminals.  
• Configurability of the system's components is complex due to the dependencies 

among them. One of the given examples shows these dependencies: the 
configuration of the text messaging component depends on the selected network 
standard as this might allow text messaging or not. In addition, the used network 
standard constraints the maximum length of character of a text message. 

• The products are manufactured for several network operators. However, those are 
interested in customizations to promote their services to the end-users. The 
architecture must be capable to incorporate those changes even after the release of 
the product. This has to be considered already at production time. 

• Features have to be able to be added and removed from the system without 
affecting other parts of it. Nokia gained this through enforcing software modules 
that strive for independency. 

 
According to Maccari and Heie, variability is connected to several challenges related 
to the development of mobile terminal software at Nokia.  
 
New products are frequently released on different markets around the world. 
Therefore, the support of several languages is needed and has to be supported by the 
software architecture. As a general solution the authors propose to use abstraction to 
separate the system's appearance from its behaviour. 
 
The end-product that reaches the customer is a combination of hardware and software. 
The hardware components require also variability of the software since it has to adapt 
to, e.g. different displays or keypads within the product portfolio. Also, for marketing 
reasons newly developed features might be introduced in high-end products first 
before they are ported to less costly entry product after some time. Maccari and Heie 
refer to the term of feature descension. A problem that occurs in this context is 
software features developed for the high-end product which might be incompatible 
with the entry variant's hardware components. 
 
Nokia's organization reflects the product structure to some extent. Developers that 
work on the same feature sets, e.g. messaging, are grouped together in a unit. The 
amount of different variants in the product line requires the development units to test 
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their code on several variants. However, during development time not all possible 
configurations are predictable. In order to take care of features that affect each other, 
Nokia uses a database which stores those dependencies. Unfortunately, the case study 
does not explain in detail how these dependencies are derived or discovered. 
 
The work by Maccari and Heie illustrates the difficulties of developing software for 
mobile communication products. Various sources of variability exemplify the need of 
product lines for such products. However, the solutions in the paper focus very much 
on the application of architectural and design patterns. Issues, e.g. how to manage the 
configuration of those and how to kept track of changes in the software are not 
discussed. Nevertheless, the work from Maccari and Heie is regarded as highly 
interesting in the context of this thesis because Nokia is one of the direct competitors 
of Sony Ericsson. 

4.3.2 Product lines at Axis Communications and Securitas Larm 

Bosch conducted an industry case study on product line architectures involving two 
organizations in Sweden, namely Axis Communications AB and Securitas Larm AB 
[Bosc99]. Both organizations employed a product line architecture in their developed 
systems using object-oriented frameworks and C++.  
 
The study aimed at showing experiences from adopting product line architecture 
approaches and discussed the related issues. The identified issues were based on 
interviews with technical managers and system architects in the organizations as well 
as on the study further documentation.  
 
Several topics were identified during Bosch's study which shall be summed up in the 
following list including the given recommendations. 
 
• Software engineers need extensive knowledge about the product line architecture 

and its philosophy. This can be encountered with an explicit representation of the 
product line architecture, constant attempt to minimize the assets' interfaces and by 
sound documentation. 

 
• Since core assets of a system have dependencies on each other, changes in an asset 

must be communicated to other developers. A lack of such information causes 
outdated interfaces and incompatibility. As solution to this problem Bosch 
propagates the introduction of organizational units responsible for reused assets 
and their development along with a clear specification of a component evolution 
process. 

 
• The reuse of an asset is limited if it does not fulfil the quality requirement of a 

specific product. This severe problem seems hard to solve as Bosch's 
recommendation is simply to relax the quality requirement and to assign a domain 
engineering unit with finding reusable solutions. 

 
• Dependencies among assets limit their reusability in other contexts. Code reviews 

conducted by the system architects shall help to revise the design of a system with 
the goal to remove dependencies if possible. However, for those refactorings 
resources are required which have to be allocated by the management. 

 
• One goal of product lines is to increase the reuse of commonalities. Assets that are 

developed in a certain context might to be hard to reuse in another environment. A 
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regular analysis of potential future requirements combined with the adoption of 
strategy and design pattern should help to increase the reusability. 

 
• Techniques for documenting software reuse are not mature enough and too low 

priority is assigned for documentation work. Enforcing the creation and 
maintenance of documentation shall improve this flaw but also need to be 
supported by management. 

 
• Tool support assumes that a tool was either acquired from an external organization 

or developed in-house. Problematic is the fact that externally provided tools might 
not fulfil the requirements on them. In-house development is labour intensive and 
hinders the organization from developing their actual products. Issues with the 
availability of adequate external tools cannot be addressed by development 
organization. In contrast, in-house development can be handled and should be seen 
as a strategic investment. 

 
• The shift from regular to product line engineering lacks support from management 

since in the beginning it will prolong the time-to-market of products. In order to 
get the necessary support for this change, senior management must be made aware 
of the future benefits that a product line approach can offer. 

 
• The organizations struggle with estimating the development of reusable assets 

since their requirements are less visible. Hence, thorough requirements analysis of 
current and future products shall help to overcome this obstacle. Also, staff with 
higher qualification has to be assigned for the design of reusable assets. 

4.4 Situation at Sony Ericsson 

The description of the situation at Sony Ericsson is based on the studied internal 
documentation and interviews conducted with employees. 
 
The software for the mobile phones at Sony Ericsson is developed as product line. A 
common software platform builds the basis for the mobile phone software 
development. From this platform, the actual products are derived, i.e. the software for 
a certain mobile phone model. Main customers of Sony Ericsson are the operators of 
mobile communication networks who often act on several markets around the world. 
This leads to a number of variants of each product to allow product customization and 
fulfil local market requirements.  
 
The software platform developed by Sony Ericsson does not contain all functionality 
required for the operation of a mobile phone. Thus, it is enhanced by a third-party 
component, e.g. to handle signalling and network communication. 
 
Functionality that builds a logical unit is grouped and developed by organization units, 
i.e. the function groups. Function groups exist for example for the graphical user 
interface or the browser. These function groups develop modules that go into the 
product.  
 
The work done in the function groups has to be integrated into the platform. After 
changes in a module have been made they have to be function tested inside the 
function group. However, in some cases this might not be possible because the 
changes are dependent on other modules and need to be integrated first. Afterwards, 
the function group delivers the new release of a module to the platform integration.  
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A delivery of a module release is a notification from the function group to the 
configuration management telling that a new release is ready for being integrated. This 
workflow is supported by a web-based tool. 
 
All deliveries for all products belonging to the platform are integrated on a special 
integration branch in the configuration management system. This is done in order to 
make ensure the propagation of changes. After the integration of the modules in the 
platform, system testing can be conducted on the products.  
 
The configurations of the platform and its modules define the products and their 
variants. These configurations are done on the level of product as well as on the level 
of the modules that form the product. The product configuration files specify the 
software modules and their revisions that shall be incorporated into a product or its 
variant. Also, source files that shall enter the product can be directly requested from 
the repository. Module configuration files follow the same principle but on the module 
level. The configuration files determine which files belong to a certain module. This 
enables a more fine-grained configuration. Switches in the product and in module 
configuration files make it possible to simply turn on and off functionality. In case 
where the application of configuration files is not sufficient, configuration switches are 
implemented directly in the source code. 
 
The following challenges related to the adaptation of product lines could be identified:  
 
• The configuration files are large text files which makes it hard to figure out the 

actual configuration of a product. 
 
• Configuration switches directly embedded in the source code complicate the 

understanding of execution paths. 
 
• It is hard to test changed modules against all products of a platform. 
 
 
Several sequential releases of the same software are usually released to the market. To 
be able to improve the stability of a release, a feature freeze is done before a planned 
release. During the feature freeze period (also known as stabilization period) some of 
the development effort is focused on developing new features for a later release, but 
the main part of the development is focuses on removing the most critical issues from 
the coming release. The first release is sent to operators for acceptance testing, which 
is called an operator acceptance release. After the release to the market usually several 
maintenance releases follow. 
 
After acceptance testing of a release the operators give feedback on products. It 
happens that the operators want to have a re-release of the old release, but with some 
specific corrections. Then this specific release has to be based on the old one. 
Therefore, released software cannot be considered as outdated, instead previous 
releases must be considered as paths that have their own lifecycle [Perr01]. 
 
The situation with several parallel releases is a challenge for Sony Ericsson. The usage 
of product line and variants adds further challenges to current situation. Today Sony 
Ericsson must handle the challenges of both parallel releases and product line 
development.  
 
Since products are created with conditional compilation (see [Svah03]) for further 
information) this results in that the physical and logical structure are separated 
[Mahl94]. This further means that the affected product(s) of a change cannot be 
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determined efficiently through examination of the change-set. It would require letting 
the pre-processor analyse the conditions, which at Sony Ericsson is a rather time-
consuming process. Alternatively, the source code could be stored separately for each 
product resulting in the problem of multiple maintenance. 
 
Defects are not tracked based on which products they impact although Sony Ericsson’s 
TRS is capable of associating the defects with either a specific product or the entire 
platform. The TRS contains functionality to relate defects through peers; this is 
utilized when issues affect several products but not the platform itself. 
 
The used product line approach with the conditional compilation makes it possible to 
change the configuration switches so that a feature is either "turned on" or "turned 
off". A scenario could arise that a correction to a feature is delivered to the platform, 
later the feature might be turned off from the last product, this results in the feature 
could only be seen as a part of the platform. With current working process a correction 
for this feature will still be documented as a part of the release documentation for the 
release it was delivered to. 

4.5 Conclusion 

Applying a SPL approach requires extended configuration management support. For 
example, the tracking of changes becomes more difficult as it might not always be 
visible in which product(s) of the SPL a modification will be introduced. 
 
Configuration files and configuration switches directly in the source code provide the 
means to derive specific products from the product line of Sony Ericsson. To 
determine the current configuration of a product is not a simple task because of the 
several thousand lines of code a configuration file consists of. The task is complicated 
by the configuration switches inside the source code which make the execution path 
less visible.  
 
Both the observations at Sony Ericsson and the case study at Nokia show that 
configurability of the system's components is complex due to the dependencies among 
them. Hence, dependencies between features are at Nokia managed with the help of a 
certain database. At Axis Communication and Securitas Larm a need of documenting 
software reuse is identified. 
 
At the case study of Axis Communication and Securitas Larm Bosch identified the 
need of lower level organizational awareness of the software product line concept. 
Bosch proposed that employees were grouped together according to responsibilities for 
common components of the product line. This can be seen as that the organizational 
structure needs to reflect the high-level architectural design of the software product 
line. The following approach was observed successfully implemented at both Nokia 
and Sony Ericsson.  
 
Including external components like COTS weakens the control over changes, 
variability of the COTS component crucial factor to consider. The software platform 
developed by Sony Ericsson does not contain all functionality required for the 
operation of a mobile phone. Parts of the functionality are provided by COTS 
components resulting in Sony Ericsson having dependencies on third-party suppliers. 
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5 SOFTWARE CONFIGURATION MANAGEMENT 

The software product line (SPL) development approach presented previously has a 
need for sophisticated support of software configuration management (SCM) 
[Stap04a]. SCM provides the required means to enable several configurations of the 
software to exist at the same time. Further the SCM process offers control over the 
developed software system in different versions as well as it controls changes to the 
system. 

5.1 Outline  

This section reviews publications on SCM. Besides the academic perspective also an 
insight into industry practices is provided. Therefore, reports on two case studies are 
discussed. 
 
The focus of the theory part is put on following areas: change control, status 
accounting and branching strategies.  
 
Both discussed case-studies ([Kajk99a][Kajk99b] and [Crnk97]) origin from a 
company named ABB, although from different departments. The first case study 
mentioned focuses on change control. The goal is to analyse and improve the used 
maintenance process. The second mentioned case study provides experience of 
working with change-oriented version control tools. 
 
In the observational part, Sony Ericsson's change control process is considered. Further 
the practices of integration and status accounting are examined. 

5.2 Theory  

In order to assure a common understanding of the used terminology, the following list 
of definitions should be considered as the later discussion is based on those. 
 

• Version  - a representation of a file or a folder at a specific point of time 
[Buff99] 

• Branch - a sub-tree of a file or a folder which represents parallel versions. 
When branches are intended to be used for a series of related changes it can be 
called development track or code-line [@App] 

• Label - an identifier for a version [Buff99] 
• Merging - the process where a new version based on an old version and a new 

contributing version is created through combination [Buff99] 
Baseline - "...specification or product that has been formally reviewed and agreed 
upon, that serves thereafter as the basis for further development, and that can be 
changed only through formal change control procedures" [IEEE610] 

5.2.1 Change Control 

Changes in software development projects occur frequently and for different reasons. 
Leffingwell and Widrig categorize changes based on the factors that cause them 
[Leff03]. External factors causing changes include changed governmental regulations, 
a newly available technology and customer’s wishes. Internal factors refer to changes 
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that occur due to the development itself, e.g. failure in requirements elicitation, an 
impractical requirements management process or just because an iterative development 
approach creates the opportunity for change and innovation. 
 
The change control process assures that changes to the software system are well 
controlled [Somm04]. Many similar examples of change control processes or change 
management processes can be found in the literature, see e.g. [Somm04], [Hass03], 
[Leon00]. 
 

 
Figure 3 Change control process [Leon00] 
 
Leon describes the change control process as follows [Leon00]: In the first step, the 
desired change is formulated in a change request by a member of the development 
organization or a customer. The change request can demand modifications or 
extensions of the functionality and also indicates defects in the system. After the 
creation of a change request, it is classified into categories. Those depend on the 
software configuration management plan and can be, e.g. severity. Also the original 
author of the change request might be able to categorize it. The classified change is 
then to be analysed. This step refers to the topic of impact analysis. Possible impacts of 
changes are investigated considering the system functionality, interfaces, utility, costs, 
schedule, requirements and also non-functional requirements. As outcome of this 
analysis, documentation is created that describes the necessary changes to implement 
the change request. This documentation is then along with the change request given to 
the change control board (CCB) which decides about the eventual change 
implementation. In the fourth step, the change control board decides whether to 
discard a change, accept it, or to request further analysis. Decisions to implement a 
change request are forwarded to the development team together with the information 
about the change request. Should a change request be rejected, the author is informed 
about it including the CCB’s motivation. Approved change requests are implemented 
by a development team. The team schedules the estimated effort and acquires the 
system artefacts. Changes might affect design documents, source code, test cases and 
system documentation. Modifications of the artefacts are then tested on a unit level. In 
the next step, the change is verified on system level. This involves regression testing of 
the modifications. If the implemented change passes this level of verification it results 
in a new version of the baseline. Information describing the tasks that were carried out 
is collected in a change history. The change request itself is recorded in a change 



  31 

request tracking database. Finally, a new release is created. This creates the complete 
system with the implemented changes as it was successfully verified. It also includes 
updated documentation, not only the modified source and test cases. 
Changes do not only occur during the initial development of a system but also 
characterize its maintenance phase. Software maintenance is defined as: "Modification 
of a software product after delivery to correct faults, to improve performance or other 
attributes, or to adapt the product to a modified environment" [IEEE1219]. The 
standard defines a maintenance process driven by changes similar to the change 
control process by Leon. First, an ID is assigned to the modification request and it is 
put into a repository that stores the information about all changes. Further investigation 
of the feasibility of the change, what has to be changed and how the modifications can 
be implemented is done during the analysis phase. The outcome of the analysis phase 
is then together with existing system documentation, project documentation and source 
code used to design how to implement the change. In the implementation phase 
changes based on the previously developed design are actually introduced into the 
source code and the documentation. The changes are unit tested and integrated with 
the other parts of the system. Afterwards, the modified system enters the system test 
phase which also includes regression testing. Before the delivery of the changes, 
acceptance tests are run on the tested and integrated system. Finally, the tested and 
accepted system is delivered to the customer. 
 
The need of a change control process in software development projects is commonly 
accepted (see e.g. [Char03] [Royc98] [Whit95]). Its task is to gain control over 
changes in the software system. Only necessary changes are incorporated whereas the 
others are rejected or can be postponed to future product releases [Whit95]. If changes 
are rejected the author of 
the CR can still escalate it to higher management in hope to get support for it 
[Whit95]. This way, the problem of scope creep resulting in missed deadlines and 
exceeded budgets should be encountered [Whit95] [Char03]. In addition it should help 
to fight the "moving target syndrome" which causes confusion and lack of motivation 
among the developers [Benn95]. The change control board bases the decision about a 
change request according to Charvat [Char03] on the  

• risk of implementing the change 
• risk of not implementing the change 
• impact on the schedule, resources and budget  

 
Further questions that should be answered in this context can be found in Wiegers’ 
checklist for change implications, see [Wieg03]. In addition to consider the possible 
effects of a change, Royce [Royc98] proposes to collect certain measurements together 
with a change request. Prior to the change’s implementation the extent of the necessary 
changes, called breakage, is estimated in number of touched lines of code, modules or 
source files. Further, the needed effort to realize the change request, called rework is 
noted. After the completion of the change request, the actual effort that was required to 
accomplish the change request is documented as:  
1. time needed for analysis of it,  
2. the design and implementation,  
3. testing the solution, and 
4. required changes of the documentation. 
 
Making the change process less strict and allowing shortcuts is a double-edged sword.  
Whitten states that the analysis of the impact of trivial changes to the system can be 
conducted without getting approval from the change control board [Whit95]. Instead, 
the results of the analysis are directly submitted to the board together with the change 
request. Thereby the board has to reason only once about the change resulting in 
saving time of costly people. However, the problem that arises is to answer the 
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question "what is a trivial change?" Wiegers also appreciates to make use of less 
complex procedures of assessing a change’s impact – as long as one is not "stepping 
into quicksand" [Wieg03]. This quicksand is described in a scenario in which a 
developer tries to fix a problem of a colleague which first seems to be no major issue.  
Though, it turned out to become one and instead of finishing his own tasks the 
developer spent more and more hours on this unofficial change request.  The project 
manager had no clue about these activities and was finally confronted with the delay of 
the scheduled tasks. This anecdote by Wiegers shows clearly the danger of allowing 
shortcuts in the change process. Hass points out that "cheating" might occur and that 
there may be reasons that require bypassing the official change process [Hass03].  
Nevertheless, it is also highlighted that everybody involved has to be aware that the 
process is not followed. Surprises about delayed or unfinished tasks are thereby 
prevented. 

5.2.2 Status Accounting  

In relation to the change control process another topic of software configuration 
management can be seen. "Software configuration status accounting (SCSA) is the 
recording and reporting of information needed for effective management of the 
software configuration" [@Swe04]. Dart describes status accounting as "recording and 
reporting the status of components and change requests, and gathering vital statistics 
about components in the product" [Dart91]. Hass uses the term "status reporting" 
which provides useful and readable information required "...to effectively manage a 
product's development and maintenance" [Hass03]. 
 
Based on the IEEE standard 1042-1987 the responsibilities of SCSA are to 
continuously provide information about the development process, to document the 
configuration of each released baseline, to keep exact configuration records of released 
systems [IEEE1042]. In particular, through SCSA it should be possible to request the 
status of any change request at any time. Thus, a minimum set of attributes that should 
be recorded and reported by status account for all configuration items consists of the 
approved versions, the status of change requests and the implementation status of 
approved changes [IEEE828]. 
 
Issues that should be considered when SCSA should be implemented are stated in the 
IEEE standard 828-2005 [IEEE828]. Among those are 

• which SCM metrics shall be recorded per change and for baselines, e.g. 
number of open change request 

• which status reports shall be created and in what time intervals 
• how to manage the status information, i.e. collect, store, process etc. 
• how to control the access to that information 

 
Hass gives examples of typical reports generated by status accounting [Hass03]. A 
simple release note can, e.g. provide the information about which changes have been 
made to an artefact since the last release. It states where changes were made inside the 
artefact, who is responsible for the modifications, comments that briefly explain the 
changes, the previous and the updated version number of the release. Another type of 
report is the item composition list. This list breaks down, for example, a delivery of the 
whole system into the included components and subcomponents. For each item 
information is reported about the integrated version, current status and responsible 
person. 
 
Hass formulates additional requirements on status accounting depending on specific 
development situations [Hass03], e.g.: 
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• In an environment where the components are developed for reuse status 

accounting should retain a component catalogue that documents which 
components are available, their purposes and their prerequisites. This should 
be done no matter if the components are developed internally or if they are 
third-party components. In addition, a usage matrix can illustrate in which 
products components are employed. 

 
• The development of variant puts up another requirement on status accounting 

as it must be possible to keep track of variants and create status reports for 
each variant of a family independently. 

 
• In the context of parallel development, Hass highlights that status accounting 

must be able to report all branches from a given root and to show which 
branches were merged into others. Information about the status and the history 
must be preserved independently and even after a branch was merged into 
another one. 

 
• Iterative development demands reports that describe the differences between 

two iterations. For example, customers and users need this information to 
understand the functionality of a new release compared to a previous one. 

5.2.3 Branching Strategies  

A software system is usually developed and maintained by several developers at the 
same time [Buff99]. Selecting the right strategy of how to manage the source is very 
important [Walr02]. If the software is developed in parallel it is important to make sure 
that the code is consistent [@App]. Keeping the code-line consistent means that all 
intended changes exist in the latest version, that changes are integrated correctly and 
are working together. Changes that are unstable should not be integrated in the code-
line, because if they were spread to other teams they would compromise the code-
line’s reliability [@App].  
 
Branching and merging are fundamental parts of version-oriented SCM systems 
[Buff99]. Branching provides isolation of activities while merging provides integration 
after the activities are finished [Buff99]. Examples of version-oriented SCM systems 
are IBM Rational ClearCase [@Clea] and concurrent versions system (CVS) [@Cvs]. 

Demand on parallel development 
Tough competition on the market forces software companies to deliver software as 
soon as possible. The decision of when to release a product is very important for the 
success of the company. The effects of too early delivery are mitigated with planned 
resources for maintenance and re-releases after the delivery. To be able to keep up 
with the high pace, a new version x+1 should already be in development when version 
x is being released to the market. For a long time parallel development has been a 
challenge for software engineering, meaning that several developers work with the 
same implementation, nowadays this problem has to be extended to parallel 
development among releases as well [Perr01]. 
 
Wingerd shows a common way of how software is evolved [Wing05], the product 
starts with initial development. When initial develop is ready the product is released to 
the market as version 1.0. The development of new features for the product continues. 
At the same time the stability and support work for the first release must be started. 
This stabilization and support activity continue until all customers upgraded to a newer 
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release, or the company decided to not support the version anymore. During the 
development of the features for the second version, the corrections related to 
stabilization work done on the previous release should be propagated into the current 
version [Wing05].  
 
The selection of the set of issues to solve during stabilization and support is a strategic 
decision. Some issues will need to be corrected immediately, and some will be targeted 
for later releases [Wing05]. To ease the selection of the set, it is useful to do an initial 
categorization and evaluation of the defect. When a defect is submitted an evaluation 
of the defect's impact on the system should be done along with stating its severity  and 
the frequency of occurrence. Although, this kind of technology related information is 
not enough when selecting the set of issues to prioritize for correction. Factors such as 
customer needs and product strategy are also important. The closer the software gets to 
the release, the more formal is the testing, and the more detailed information is needed 
for management to take the decision of when to do the final release of the software 
[Babi86].To manage and track the defects it is important to know in which version and 
in what system it was detected. This is an issue when several releases are developed in 
parallel. To analyse and correct a defect, it needs to be possible to reproduce the 
defect. It is relevant to evaluate if the defect is reproducible in other versions of the 
system. To manage defects during the correction work it is important to know their 
current state. Possible states to store and track about a defect could be: In which 
software version it was detected, in which software version it was corrected, in which 
software version it was tested, to what versions it was propagated, and in which 
software version it was released and delivered. 

Branching Strategy Introduced 

 
Figure 4, Example of a branching strategy from [Hope97] 

 
 Hope describes an environment where several projects are run in parallel to form a 
product [Hope97], see Figure 4. When the time for release is approached the project 
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containing the most changes will act as mother project. This means that other projects 
that are supposed to be part of the current release have to be integrated into this project 
development branch. This branch is then called the integration branch. When the 
integration is ready, the software is built and the current version is merged back to the 
main development track. The release is then moved to testing. Corrections of defects 
found during testing are checked in on a private branch (branched off the main 
development track). When all corrections of defects found during testing are checked 
in on this branch, the changes are merged back again to the main branch. When the 
corrections of the release are back on the main track, all depending projects (e.g. those 
that were scheduled for later releases) need to merge their code with these changes.  
 
There exists a large variety of ways of how to work with branches in a version control 
system. Appleton et al. describe over 30 different techniques, policies and guidelines 
[@App]. Walrad and Storm show possible scenarios that can arise if an inappropriate 
branching model is applied [Walr02]: 

• Impossible to integrate code 
• Wrong version can be delivered to customer/testers 
• Bug that was correct previously reappears in the latest version 

 
On the other hand, good selection of branching models can make it much easier for 
both developers and release engineers [Walr02]. 
Usage of an appropriate strategy makes it easier to deliver the right code, re-create old 
releases and to do roll-backs to previous releases. 
 
Walrad and Storm use the following criteria to evaluate branching models [Walr02]: 

• Ability to maintain a stable base for new development (supporting nightly 
builds or continuous integration) 

• Ability to deliver emergency releases (deliver them isolated from other newly 
developed functionality) 

• Test releases that contain all necessary fixes (and nothing more) 
• Minimize the impact of emergency releases on the new development efforts 
• Facilitate rollbacks to previous releases 
• Support multiple sequential releases 
• Support multiple concurrent releases (such as alternative versions for different 

platforms or different customers) 

Two strategies  
Few publications discuss branching models. In this section the two different models 
described by Walrad and Storm [Walr02] are presented. 
 
Below the outline, strengths and weaknesses of the two branching strategies will be 
introduced: 

• The branch by release model which is easy to use but hard to maintain in a 
complex situation.  

• The branch by purpose model which is more capable and thereby requires 
more CM understanding and support. 

Branch by release model  
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Figure 5, Branch-by-release model [Walr02] 
 
The branch by release model (Figure 5) creates a new branch of the system each time a 
release is done. The development of the next release is done on the child branch, and 
the old version is left on the parent branch. 
 
This model is easy to use, easy to understand and it is easy to roll back the code to 
make changes and re-releases of old versions of the system. Complications arise if 
changes need to be propagated to newer versions. When the change propagation is 
done, the change needs to be propagated sequentially through every later release 
branch. 
 
Another problem described by Walrad and Storm is the one of late deliveries. If a 
developer does not manage to deliver the work before the release (e.g. Release 1.0 in 
the figure), maybe because the functionality was too unstable to be included, the code 
will have to be checked in on the same branch where it was checked out from. If the 
branch by release model is used, the developer will not be able to check in on the 
branch which is aimed for the next version of the software (called Release 1.1 in 
figure). Therefore, the code has to be checked in back on the branch which currently 
holds the release of the system that the feature missed to be included in (Release 1.0 in 
figure). It is possible to check-in the code after the release was made, although then the 
baseline will be compromised and no longer reflect the sources that were released. 
This will create large complications if corrections for this release (Release 1.0, in 
previous example) need to be created because they have to exclude the features from 
the late delivery. This problem is called "build-by-bug-number" syndrome. 

Branch by purpose model 

 
Figure 6, Branch by purpose from [Walr02] 
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In the branch by purpose model (Figure 6) a branch is created whenever it is needed. 
Usually a branch is created to support an activity, e.g. a defect correction or a release 
etc. 
 
When a release needs to be done, a fork is made out from the main branch. The feature 
development for next release can continue on the same branch. This avoids the 
problem of slipping feature freeze dates. If the feature cannot make it in time for the 
release, it can be checked in to the branch containing feature development for the next 
version without problem since they are the same. This simplifies the procedure for the 
developers when feature freeze is approaching. On the other hand it is more 
complicated to manage as it requires more tool-support and more SCM understanding. 
 
This model creates a child-branch from the main development track each time a 
release is made and the latest version of the software is always kept on the main 
branch. Corrections of defects found during quality assurance of a release are checked 
in on the release branch and are later merged back to the parent branch (the main 
branch).  
 
To support parallel development of features (e.g. features for version n and version 
n+1 are developed in parallel) temporary branches can be created during feature freeze 
of the first version, these branches can be merged back  to the main development track 
after the release. Thereby the features for the version n+1 can be developed in parallel 
without affecting the work of release preparation of version n. 

Patterns  
Appleton et al. divide the strategies in four subparts [@App]: 

• Basic Branch / Line elements: basic branching techniques that act as building 
blocks for patterns 

o e.g. activity branch, project branch, maintenance branch or release 
branch. 

• branching policy patters describing the behaviour policies of how to preserve 
the characteristics of a code-line 

o e.g. code line ownership, merge early and often, merge your own 
code. 

• branch creation patterns describing when to create a new branch or code-line 
o e.g. branch per task, code line per release, component line, platform 

line 
• branch structuring patterns: describing how several branches collaborate in a 

branching structure 
o  e.g. overlapping release, change propagation queues, staged 

integration lines. 
 
Further information about how these strategies can be combined and in which situation 
they are applicable can be found in [@App] or [Berc02] 

5.3 Examples from industry 

Two case studies from different branches of ABB are presented to show SCM related 
industry practices and experiences. 
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5.3.1 ABB Robotics and ABB Automation Products  

Kajko-Mattsson conducted a case study on maintenance at ABB Robotics AB and 
ABB Automation Products AB [Kajk99a] [Kajk99b]. The goal of the study is an 
analysis of ABB's maintenance processes in order to discover improvement 
opportunities. Kajko-Mattsson's observations are used to illustrate how defects are 
recorded, how information about affected artefacts is handled and the degree to which 
the processes are followed in an industry environment. 
 
Problems with the software can be reported internally as well as by customers that 
detect problems. The problems are managed with the help of problem reporting forms 
that contain several data fields. Each issue receives an ID and a title that serves as a 
concise description. A general problem description is supplemented with information 
about the circumstances under which the problem occurred. Additionally, a possible 
work-around is also possible to document as well as relations to other issues. How 
important an issue is can be stated on three different fields, i.e. ''severity'' expresses the 
seriousness of the problem, ''priority'' states the level of urgency to react on the 
problem and the customer priority states the urgency from originator of the issue.  
 
It happens that more than one report is created on a single problem in the software. 
This can be handled by marking the report as a duplicate. Those then receive a 
reference to the original trouble report, additional information is moved to the original 
report and the duplicate is then closed. 
 
Kajko-Mattsson points out that trouble reports should record on which products and 
which components defects are detected because this eases the analysis of the problem. 
Additionally, the products that were changed to incorporate a change should be 
documented. The problem reporting forms at ABB support both functions by saving 
the product release ID and the software component ID. In the ABB Automation 
Products branch changes can be tracked even on level of modified files. 
 
The closeness of how data was recorded in change requests differed significantly. 
Change requests are not always documented as they should have been, i.e. not all 
fields in the forms are filled out or the quality of the information is simply to low. 
Surprisingly, this issue occurs at the ABB Automation Products branch which uses 
more detailed and complex maintenance processes. This makes the information 
recorded in the change request repository less useful for later analysis e.g. for cross 
projects comparisons. Simpler processes applied at the ABB Robotics branch in 
contrast are followed "slavishly". 

5.3.2 ABB Industrial Systems - Experience with Change-oriented 
SCM Tools 

Crnkovic discusses two different approaches of tool support for the change process, 
the version-oriented and the change-oriented [Crnk97]. Change-oriented SCM tools 
are organized for grouping logical changes together as a change-set whereas the 
version-oriented SCM tools instead focus on the versions of each file [Conr96].  
 
Different stakeholders of the change process are interested in the status accounting 
information with different objectives. Product managers are interested in what 
functionality of the product that has been affected by a change. This information can 
be easily visualised through change-sets. The verification and quality department are 
interested in which parts of the code has been changed to decide what should be re-
tested. The developers that implement changes are simply interested in latest versions 
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of the files in which they will introduce modifications. Those requirements are rather 
fulfilled by a version-oriented configuration management approach. 
 
The case study conducted by Crnkovic presents experience from working with two 
internally developed SCM tools [Crnk97]. MaMethod is an example of a change-
oriented and SDE is a combination of both change- and version-orientation. The 
findings of Crnkovic's work are summarized in the following.  

MaMethod - a change-oriented SCM tool  
The MaMethod tool was implemented in-house at ABB. It facilitates version 
management, configuration and build management, change management, workspace 
management and product management. 
 

• Version management ensures identification of files and versions through usage 
of logical names. 

• Configuration management holds features for selecting a consistent set of 
versions for a system. A specific system version is a collected set of versions 
of subsystems. In turn, the subsystem contains links to other subsystems and 
files and their versions.  

 
• Build management works similar to tool “make” [@mak]. To recompile only 

parts that are necessary, the tool parses the build files and compares the 
versions supposed to the build. Then it compares those to the versions that 
were built during last build.  

 
• Workspace management is handled in a three layer model. The highest level is 

the reference layer where baselines and freeze labels are stored. The second 
layer is the working level, here all changes files and configurations are stored. 
The third layer is the private layer, where the developers change the files. 

 
• Change management ensures that all changes done to the system are under 

configuration control. Before a user is allowed to borrow a file, to move it 
from the working layer to the private layer, one or several related CR(s) must 
be entered. When the user returns the file to the working layer, an updated 
version number is created, the new version number and the file name are 
associated with the CR. The information about the set of changed files stored 
together with the CR is called a change-set. The advantage of this model is the 
visibility of the changes. The logical mapping between files and changes is 
done by a tool and not by a developer. 

 
New generations of the system can be created through usage of several parallel 
versions in the working level. The new system can be configured to use some files 
from the reference level (stable) and some from the working level (new files or newer 
versions of files). When a new generation of a system should be used officially, the 
system version can be copied from the working layer to the reference layer.  

Integration 
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Figure 7, Change requests and related file versions 
 
In the situation when several change requests are implemented, but only a part of them 
were selected to be included in the new system version, problems can arise. When 
several change requests affect different versions of the same file the MaMethod-tool is 
not able to isolate the changes belonging to each change request. Instead the tool 
selects the latest version of the file that is associated with several change requests. 
 
Figure 7 depicts an example where several change-sets include the same file and 
thereby the code of several changes could be dependent on each other. Parts of the 
code that were changed because of a previous change requests (e.g. file f2 version 
m+1) could thereby be related or extended to next version of the file (in this case the 
version m+2 of file f2). Therefore, it is not enough to remove the changes done 
between version m and version m+1 from the version m+2. Since this code is part of 
another change request, this change request cannot be easily excluded from the new 
version. Instead, to maintain the consistency of the system this change request has to 
be fully included (version n+1 of file 3 should also be included). It must also be 
examined if any change-sets include the version n of file 3. If there are such change-
sets these change request must also be included in the new version. 
 
To ensure consistency of the system, unwanted changes sometimes have to be 
integrated in the system. This can result in unpredicted results. Unwanted changes 
could be, e.g. a change request from a customer that was withdrawn or maybe an 
implemented correction that passed the module test but then failed the system test. 

Experience of using change-oriented approach 

 
• The Change-oriented approach provides better control over delivered versions 
• Reports describing the included changes in the new system version can be 

automatically created 
• A logic feature-based view over changes makes it easier to ensure that the 

introduced changes are tested 
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Two problems with the change-oriented approach are identified by ABB. The problem 
that not all changes are recorded and the problem of working with common files.  
 
The first problem occurs when a developer makes a change to the code that does not 
belong to the CR currently being implemented. Since the developer already entered a 
CR when the file was borrowed from the common to the private workspace, the 
changes made before check-in will be associated with this CR. If changes not 
belonging to this CR are implemented, these will not be reported and reflected by the 
release documentation. 
 
A second problem occurs when working with files that have many dependencies or are 
frequently updated, e.g. an include file or a build file. To isolate the changes done to 
such common files, the developers at ABB tend to create new CRs just to hold the 
change-set of these files. A logical change then results in several isolated change 
requests. 
 
Using the change-set approach works well in the maintenance phase where few 
changes are introduced and where it is important to know what changes have been 
done. In the development phase the sets of the change-requests are of less importance. 
 
The conclusion about change-oriented tools is that it facilitates better tracking, but on 
the other hand it creates an inflexible and too formal environment for the developers. 

SDE - a version- and change-oriented SCM tool 
Changes in ABB's development processes during the 1990s demanded adapted tool 
support for the software configuration management. A new solution was developed in-
house again and based on the Revision Control System [Tich85] Lessons learned from 
the MaMethod system lead to a combination between change-oriented and version-
oriented software configuration management approach. The new tool, SDE, defines 
structures of repositories similar to the one used in MaMethod. Files are stored in 
subsystems which build configurations. Those form the software systems, i.e. the 
repositories. Every developer has his own private working structure from which files 
can be checked out for modifications. 
 
As in MaMethod, changes in the software are documented and tracked with the help of 
change requests. All physical changes in files are related to a change request. 
Attributes stored for each change request comprise, e.g. the type of the change request, 
the creation and termination date, a responsible and the state. In the final version of the 
change request it also contains a description of the changes and a list of modified files 
including the relevant revision number. 
 
The major difference to the previous system is the way of how the files are selected for 
integration. In contrast to the change-oriented approach, the new system directly 
collects the files in certain versions and neglects logical changes documented in the 
change requests. Which versions of the files are integrated depends on the mode 
chosen for the integration. Systems can be integrated, e.g. based on the last or the last 
stable versions available. This way programmer perceived to have better control over 
the code which was integrated compared to the purely change-oriented approach.  
 
Nevertheless, it is still possible to track change requests which are included in an 
integration. This can be done by comparing the content of a release with the files 
connected to change requests. Based on this comparison a report can be generated 
showing the relations of files in a integration and related change requests. 
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Change requests at ABB Industrial Systems are not only utilized to document changes 
in the software but also for other purposes that relate to status accounting, e.g. to create 
release documentation or as input for follow-up projects. In addition, metrics like the 
number of open (completed) change requests or the time estimated (actually needed) 
per change request can be derived to provide project management with current status 
information. 
 
Crnkovic concludes that a change-oriented software configuration management 
approach is suitable for the maintenance phase of a project but not flexible enough 
during ongoing development. The bottom line is that shortcuts in the process make it 
impossible to exactly map physical changes in files and logical changes documented in 
change requests. 

5.4 Situation at Sony Ericsson 

The description of the situation at Sony Ericsson is based on the studied internal 
documentation and interviews conducted with employees. Interviews were carried out 
with tool developers, process owners and employees working with the tools. 

5.4.1 Change control  

The software configuration management Sony Ericsson is a combination of the 
version-oriented and change-oriented approach similar to the one at ABB as described 
by Crnkovic in [Crnk97]. 
 
In the context of this chapter the focus of the description is limited on trouble reports 
and change requests that are already decided to be implemented. Any decision making 
process by a change control board or prioritization of such issues are not considered. 
This is done due to the assumption that those aspects of change control do not affect 
the traceability of the changes. 

Process Description 
The process involves several functions of the development organization. Trouble 
reports are submitted by a Product Verification Tester (system tester), an Application 
Platform Verification Tester (function tester) or by a software designer of a function 
group. A trouble report system (TRS) stores all the trouble reports. Next, it is 
determined for which function group the submitted trouble report is valid. Once the 
function group has been identified, trouble reports relevant for the current project are 
considered for analysis. A designer investigates which products are affected by the 
problem and stores the information in the trouble report. Then the effort for the 
corrections is estimated before the fix is implemented, module tested and reviewed. A 
configuration management responsible in the function group integrates the changes on 
an isolated branch and notifies the Application Platform Verification team. Next, a 
tester performs function testing on the correction.  If a correction does not solve the 
reported problem, the trouble report is sent back to the responsible function group. 
Successful corrections are integrated on the product level by the Software Product 
Configuration Management department. Finally, system testing is performed on the 
integrated product. In case that the system test fails, the trouble report is directed back 
to the responsible function group. After successful system testing the trouble report is 
closed. 
 
Trouble reports can also be rejected in the case that they are not valid for the current 
project. Rejected trouble reports are reviewed in order to identify necessary 
modifications in the test specifications or the requirements before the trouble report is 
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closed. Alternatively, the rejected trouble report can be resubmitted after the review to 
invoke its analysis again. 
 
Duplicates of trouble reports can arise if the same defect was identified in different 
testing phases or if problems occur on different products that are based on the same 
cluster. In such cases, the trouble report can be marked as 'duplicate' in the TRS and 
the original trouble report is referenced. 

Software Product lines and the TRS  
The process manages two special circumstances, i.e. trouble reports concerning a 
third-party component and the usage of software product lines. 
 
The change process and the TRS support the product line approach of the software 
development by reporting defects on the SPL instead on specific products. A trouble 
report documents in which product of a SPL the defect was first observed. Then an 
analysis of the defect is performed by a software designer to identify which products 
are affected by the problem. For each affected product a record is added to the trouble 
report. 
 
First observations of how trouble reports are documented in the TRS show a tendency 
that this functionality is only used to some extent. Although defects affect other 
products than the one where it was detected, these products are not always 
documented. 
 
Regression testing of all products can verify that existing functionality is not 
influenced. Such extensive testing not efficient in terms of utilized resources, since all 
products are not always affected by a change. Hence, due to product line approach 
regression tests sometimes can be minimized to only run on one or a few products. 

How third-party platform issues are handled 
The Sony Ericsson application platform builds upon third-party platforms. Those are 
developed by external suppliers and mainly handle the signalling of the handset in 
mobile communication networks. The cooperation of the platforms also involves the 
management of the defects. Problems with the software which are reported in the TRS 
are not always caused by the Sony Ericsson platform but can also relate to faulty 
implementations in the signalling layer below. In order to report defects that relate to 
that code, an interface to the TRS of the provider of the signalling platform is 
employed. Sony Ericsson's TRS does not directly interact with those interfaces, this is 
done manually by a special coordinator role. 
 
When the analysis of a trouble report concludes that a defect is caused by the 
signalling layer the function group reports this as a child record of the original trouble 
report. The coordinator is then responsible for entering the trouble report in the TRS of 
the provider of the signalling platform so that a solution for the problem can be 
developed. 
 
Several ways exist how the fix is then integrated at the Sony Ericsson side. The regular 
procedure is that provider of the signalling platform delivers a new release of the 
software. Information about the fix is documented in the release notes of that delivery. 
The new release is then integrated on an isolated branch by the product configuration 
management. Alternatively, a correction can be delivered as a patch, i.e. a source file. 
This is integrated by the function group configuration management on an isolated 
branch and then handed over to product configuration management for integration on 
product level. 
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The freeze label pointing at the integration of the new signalling platform release is 
then forwarded to Application Platform Verification who performs a sanity check on 
it. Afterwards the configuration management integrates the corrections on the product 
level before Product Software Verification can run the final system tests. 

5.4.2 Status Accounting  

Sony Ericsson's TRS records information about every trouble report and change 
request which is later used to generate reports and apply metrics. As a basic concept, 
the TRS uses a state machine. Every issue has a status expressing in which phase of 
the process it currently is. The general states of an issue are 
  

• assigned: The defect has been assigned to a certain developer who will start 
with the analysis of the defect and will implement the correction. 

• integrated: After implementation and successful testing on module level the 
correction was integrated by the function group. 

• verified: The correction was successfully tested by Platform Verification 
• closed: the correction was integrated on product level and Product Verification 

has verified the new release 
 
Further states are used e.g. to express that a test failed or that testing is not possible 
before the correction is integrated on product level. 
 
An example how the records in the TRS are used for status accounting is the 
generation of the release documentation. Changes between two external releases are 
described in the release documentation. The data needed to create the release 
documentation is taken from the TRS. In particular the ID, the title and the description 
of an issue are taken to describe the changes. Based on the release number showing in 
which internal release changes were integrated, the difference between the last external 
release and the one that should to be delivered is extracted. 
 

5.4.3 Verification and Integration of a Change 

Large scale development requires stability of the shared repository. The effect of 
having an unstable repository would be that unstable code is distributed to other 
departments. To ensure stability in the shared repository several steps of combined 
hierarchical integration and verification are performed.  
 
The developer implements a change in a private workspace. The new change is built 
together with an old reference version of the system, something that could be seen as 
"latest good version". If the software builds correctly, the software is module tested 
(unit tested) by the developer. 
 
If the developer is pleased with the internal behaviour of the module, the change 
should be integrated in the latest version of the module. Since it is possible that other 
developers made changes to the same module in the meantime, it needs to be ensured 
that all concurrent changes are compatible.  
 
When the new change is integrated in the latest version of the module, a test build is 
made and a freeze label is created to make it possible to identify this version. The 
software together with the ID(s) of the trouble report(s) that should be verified are sent 
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to function test. In function test the functionality of the updated module is verified 
together with the latest stable version of the rest of the system. 
 
When the new version of the module is supposed to be integrated in the most recent 
version of the system, its label is sent to the Product CM department. Here, the new 
freeze label of the module(s) is inserted into the configuration file (which is used as 
input for the build script) for those products where the change should be included. If 
the software builds correctly and core functionality is verified to be working, the made 
changes become part of the latest version of the system and a new freeze label is 
created. The new label is associated with the trouble report and forwarded to Product 
Verification for system test. 
 
At Product Verification a system test is run and the issues mentioned in the trouble 
reports are verified against the latest version of the system. 

5.4.4 Parallel Development 

Not all changes done are intended to be included in the upcoming release. 
 
The benefits of developing several releases in parallel have been discussed previously. 
Concurrent development of multiple releases enables shorter time to market and a 
more efficient usage of available resources. Prior to a release a feature freeze is done 
(also known as a code chill or stabilization period). At this point of time only the most 
critical issues are corrected and new functionality is not allowed to be integrated. The 
situation will occur that one or several departments currently do not have any critical 
corrections for the current release, or that they are waiting for test results for latest 
corrections. In a situation when not working with parallel releases this could result in 
big amount of slack-time within the development organization.   
 
Each function group has the responsibility to deliver updates to the Software Product 
CM department. It is also their responsibility to deliver the right changes to the right 
release branch, as well as reporting what issues were corrected since last delivery. 
 
In the function group personnel is assigned to act as local configuration manager. The 
Product CM department provides rules and strategies for how the work with parallel 
releases should be set up and maintained. Software deliveries from the function group 
to function test and deliveries from the function group to the central CM department 
(called Product CM) are aided by a web-based tool. The tool's primary intension is to 
notify the receiver about an available delivery. Prior to the introduction of this tool, 
software deliveries were made through e-mails. During a delivery the tool provides a 
form with a collection of required fields that needs to be filled in, thereby the tool is 
enforcing the process. The usage of the tool increases probability of receiving 
consistent information but also eases automated processing and visualization of the 
data. 
 
Since a collection of corrections can be grouped in one delivery, the tool provides a 
record of trouble reports which were included in one delivery. The tool also tracks the 
releases and versions for which the delivery was made.  
 
When a correction is delivered to a release during a stabilization period, the change 
needs to be delivered both to the latest development track, and the release that is being 
stabilized. The TRS can currently only store one value in the field called "Integrated in 
Release" per trouble report. Therefore, a new issue (a duplicate) needs be created when 
delivering the fix to the second release. The current process demands that a link 
between the trouble reports should be established in the TRS. 
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5.4.5 Product line development 

Sony Ericsson is using a layered architecture where variability is implemented through 
configuration switches. Feature-based switching is done instead of product-based 
switching. To assure evolution of the reused platform components, the aim is to make 
features unaware of the products they are deployed in. 
 
The product configuration file is stored in the version control system in a separate 
module called the product module. The product module is protected against changes 
through a policy that only allows changes by staff from the Product CM department.  
 
The product configuration file facilitates building of the software platform for different 
targets (hardware, emulator) and different variants of a product (could be UMTS, 
EDGE or maybe a customized variant for a specific operator). The same file also 
facilitates building of different products with different sets of functionality.  
 
The shared configuration file for the cluster defines which freeze-label of the modules 
that should be included in the build. What functionality and modules that are used can 
be switched on and off when building a product. 
 
When building everything from one code-line, the effort for merging and integration is 
reduced. Avoiding product-specific branches result in that one correction does not 
need to be merged to several product-specific branches. When using product-specific 
branches it is more probable that the evolution will create differences between the 
products. Product-specific branches would also work counteracting to the feature-
switching approach. Because switching functionality within a file and evolving 
releases in parallel branches serve the same purpose but on different abstraction levels; 
facilitate multiple existence of same file in parallel. Isolated evolution of product 
features is more suitable when following a SPL approach than products that evolve 
independently from the product line. If the approach of controlling variability with 
configuration files is used, then an alternative approach (e.g. several branches for the 
products) should be avoided. To minimize maintenance efforts it is very important to 
reduce the number of different co-existing variants and revisions of a file. 

5.5 Conclusion  

SCM requires having a strict change process which has to be followed to preserve 
traceability. At the same time, shortcuts in the process should ease the daily work of 
the development teams without destroying the traceability. If defined shortcuts are 
implemented the possibility to trace the paths a change took in the change process is 
increased.  
 
The case study from ABB Automation Products exemplifies the problem of change 
requests which are not documented in the way they should be. At ABB Robotics the 
processes were simpler and followed by the software developers. Developers create 
own shortcuts as shown in the case study at ABB Industrial where developers commit 
changes which did not belong to the activity they were officially working on. Too hard 
tracking of changes resulted in an environment with too little flexibility for 
development. Also at Sony Ericsson the change process is not completely followed. 
 
The selection of an appropriate branching strategy is crucial since otherwise it can 
become impossible to integrate code, a wrong version can be delivered to 
customer/testers or a known bug can reappear in the latest version. The branching 
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strategy also affects how changes can be propagated. The importance of propagating 
and controlling changes during parallel development was identified at Sony Ericsson.  
 
Correct information regarding defects allows tracking, testing and correction. In the 
case study from ABB Robotics and ABB Automation Products the importance of 
recording the product and the component where the defect was detected was stressed. 
Challenges regarding the reporting of defects on products were also identified at Sony 
Ericsson. In the same organization, controlling changes of COTS-components are also 
a responsibility of the SCM process. 
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6 PROBLEM DESCRIPTION 

Based on the initial observation in the environment of Sony Ericsson's software 
development several challenges in relation to product line development, software 
release management and software configuration management are identified. The 
challenges can be classified in regards to the research questions as follows: 

6.1 Challenges that arise in the context of product line 
development 

At Sony Ericsson, products are variants of a product line which are customized for a 
certain customer, i.e. an end-user or an operator of a mobile communication network. 
Because of this customer-supplier relation, the operators get involved in the 
development process as they want to state requirements and perform acceptance tests 
of the product. Defects that are detected during that phase are reported in a special 
defect management system. The concrete problem at Sony Ericsson is the integration 
between the defect management system used by the customers and the one used by the 
development organization (TRS). Currently, both systems are only loosely coupled, 
changes in trouble reports in one system are not necessarily transferred to the other 
one, e.g. if a trouble report is closed in the system for customers it can still be open in 
the system used by the development organization. Without having relations between 
trouble reports in both systems, traceability is a matter of manual work. Given a defect 
identified by a customer it is impossible to automatically track in which release of the 
software the defect has been resolved. Release documentation which is based on the 
information in TRS can become incorrect. 
 
Configuration files and configuration switches directly in the source code provide the 
means to derive specific products from the product line of Sony Ericsson. To 
determine the current configuration of a product is not a simple task because of the 
size of the configuration file. The task is complicated by the configuration switches 
inside the source code which make the execution path less visible.  
 
Additionally, the usage of configuration files results a separation of logical changes 
from physical changes. If a change is done e.g. in the module containing the Bluetooth 
functionality, it is not immediately possible to predict which products will be affected 
by the change. To ascertain this information not only the source code but also the 
configuration file has to be analyzed. Even a situation can occur where a change was 
implemented in the source code but due to a modified switch in a configuration file the 
correction is turned off and not used. The previously mentioned scenarios represent 
challenges for how the release documentation is collected. 
 
The product line approach also puts up requirements on the testing process as added or 
changed functionality should be tested on all products in which the functionality is 
used. The task of determine which products are affected by a change can be seen as a 
challenge. Further, to attain the most efficient utilization of resources it might not be 
beneficial to test the change on all affected variants of the product line.  
 
Sony Ericsson's TRS can store information about  
• in which product a defect was detected 
• to which cluster the defect belongs 
• which products are affected by the problem 
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• on which product the correction was verified 
 
This information needs to be entered manually by the users of the system. 

6.2 Challenges that arise in the context of parallel 
releases 

If changes in the source code have to be delivered to several branches, e.g. to an 
acceptance test release and to a maintenance release, the integration of them in 
different environments has to be tracked. This is supported by the defect management 
tool as it allows connecting related trouble reports as peers. That way, status 
information can be retrieved per change and per branch.  
 
When controlling changes in parallel releases two main challenges can be identified:  

1. Propagation of changes to the correct upcoming releases  
2. Updating a record on where the change has been propagated  

 
If the first challenge is not met, previously corrected defects will suddenly reoccur in 
the latest version. If the second challenge is not met, it cannot be ensured that the first 
challenge is met.  
 
The appropriate way of tracking the change propagation depends on the applied 
branching model. In the Software Configuration Management chapter two branching 
models were discussed: the branch by release and the branch by purpose. The 
complexity of tracking the propagation in the two different branching models is 
similar.  
 

 
Figure 8, Branch by purpose 
 
In the "branch by purpose"-model (described in Figure 8) it needs to be recorded if the 
correction was implemented on a child branch or on a parent branch. If the correction 
is implemented on a child branch it needs to be propagated to all necessary child 
branches until it can be merged to the parent. Further the locations where the 
correction was merged to needs to be recorded. As soon as the correction is merged to 
the main branch all future branches can be assumed to contain the correction. In the 
figure a correction is implemented (a) in Release 1, this is propagated (b) to Release 2 
(c), and further merged (d) to the latest release called Release 3 (e). Thereby one 
release make use of several branches, and the main branch is shared between several 
releases. 
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Figure 9, Branch by release 
 
In the "branch by release"-model (described in Figure 9) each release has its own 
branch. Although, it needs to be recorded if the correction was implemented before or 
after the next release was branched off. If it is implemented after the branch to the 
upcoming release was branched off, propagation will be required. Propagation needs 
be done sequentially until the correction is propagated to a release branch that is not in 
a stabilization phase. 

6.3 Challenges related to controlling changes 

To have control over changes the correct information needs to be stored, such as: 
version in which the correction has been integrated, the change-set which states the 
modified files. 
 
Traceability is also destroyed if a developer does additional modifications while 
solving a certain trouble report. Since the code has already been checked out it might 
be convenient to informally correct another problem in that source. This correction 
will not be documented and could possibly result in untested code. 
 
Using third-party components also adds the challenge on having control over changes 
in those components. Mobile phones need to be approved for usage by certification 
organizations and by the network operators, the release documentation has to state the 
changes to the prior release. Therefore one challenge could be identified as ensuring a 
consistent and defined flow of change information from the component providers. 

6.4 Challenges and Tool Support  

Success of controlling and tracking changes is heavily dependant on which tool 
support is in place. 
 
Before the release documentation can be delivered to external parties it has to be 
reviewed. The change-descriptions which are entered by developers must often be 
rewritten. Reviewing and rewriting the change information is a time-consuming task. 
The work of preparing release documentation has to begin several weeks prior the 
release date. Thereby, the release documentation aims to capture a moving target. This 
means that the documentation needs to be updated as soon as something new is 
corrected in the product. Furthermore, it needs to be monitored if any of the 
corrections did not pass the final system verification. To efficiently handle this 
challenge, appropriate tool support is required. 
 
Each issue in the Trouble Report System (TRS) must be uniquely identifiable, have 
their own state machine and store necessary history information. The TRS should keep 
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the history so it becomes possible to understand what happened to a specific issue. The 
TRS should also support the defect process, meaning that logic should by build in to 
aid the users to fill in the correct information. Such logic can be used to avoid that 
issues can be set as verified without a responsible person and maybe that issues not can 
be set as integrated without an appropriate version number. 

6.5 Challenges of Release Documentation 

The release documentation at Sony Ericsson is supposed to describe the changes that 
were made to the software, i.e. defect corrections and implementations of requested 
changes. It is created for different purposes and different receivers who are presented 
in the following section. 
 
The type approval department at Sony Ericsson is responsible for running standardized 
test cases on Sony Ericsson's products to identify any deviations from industry 
standards or legal requirements. This concerns e.g. measuring the electro-magnetic 
radiation of a mobile communication device but also involves tests of the software. At 
a certain point during a development project the product is "frozen" by type approval 
department. This means that from that point of time all changes made to the product 
have to be reported to be included. Changes that are introduced after the freeze require 
retesting of affected product components by the type approval department. Thereby, 
the changes performed to the product are under stricter control with the goal to reduce 
the number of remaining defects. For type approval a very technical description of the 
changes is needed to determine which components of a product are affected and to 
figure out which tests have to be re-executed. In the past this was done by analyzing 
the changes directly in the source code. Time restrictions do not allow for this any 
longer. Hence, exact software release documentation is required to provide the type 
approval department with information about the performed changes. 
 
Operators of mobile networks are also interested in changes of the software as they can 
report observed defects in a product directly to Sony Ericsson. In the release 
documentation an operator can keep track if such an issue was resolved in a certain 
release. Unlike the type approval department operators are interested in a less technical 
and more user-oriented description of changes. 
  
The requirements on the content of the release documentation for the two targets result 
in two different types of release documentation that are created, an internal for type 
approval and an external for operators. 
 
Information available in the TRS is the basis for the release documentation. In order to 
create the release documentation a delta has to be specified that is determined by two 
releases of the software. The TRS is then queried for those trouble reports that were 
resolved within the delta. For the release documentation the attributes trouble report 
ID, external description and the responsible development team are extracted. The input 
field "external description" in the TRS is used to provide a supplementary description 
of a defect in a concise and less technical way. Further, a flag can be set to express if a 
trouble report should be used only internally. If the flag is not set, the text in the 
“external description” field will be processed when release documentation for the 
customer is created.  
 
Problems can arise if this external description is used for other purposes than intended. 
It might be tempting to make use of this concise information, e.g. to also generate 
internal release documentation. Nevertheless, the requirements of the receivers of the 
documentation should determine if this can be done or not. The type approval 
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department at Sony Ericsson is an example where this rather non-technical description 
is not optimal since the department has to have change descriptions which are detailed 
enough to determine what was actually modified. In such situation it can be beneficial 
to separate the descriptions and use one technical and one external description. 
 
Building different types of release documentation based on different sources comprises 
additional administrative tasks. The performed changes need to be described in several 
ways according to the purpose and target group of the documentation. This can be 
recognized by the personnel as unnecessary overhead and result in that those 
additional descriptions are not created properly. Consequently, means for quality 
assurance of those descriptions are necessary to be able to create accurate release 
documentation. 
 
An efficient process and appropriate tool support is required to create release 
documentation, especially when working with parallel development. Otherwise, 
scenarios can occur where changes are mentioned more than once in a release 
document or are not mentioned at all in another one. Customers might receive a release 
document which does not describe a defect correction or an implemented change 
request although the new software release itself does contain the changed code. 
Manual work is then required to improve the quality of the documentation. These 
difficulties are elaborated in more detail in the following chapter about parallel 
software development. 
 
During the analysis of the process which creates the release documentation, 
stakeholders and their needs were identified. Deviation between stakeholders’ 
perceived needs and other stakeholders’ actual need were initially identified. The aim 
was to improve awareness of the needs between the stakeholders in the process chain. 
Needs were communicated together with consequences if they not were met. The 
primary reason for the deviation could be seen as that the process chain involved a 
very large set of distributed departments. Further, the departments maintained few 
communication interfaces in-between each other besides this process flow. This led 
too few areas of interaction and thereby resulted in too little communication. 
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7 CHALLENGES OF PARALLEL DEVELOPMENT 

Initially, Sony Ericsson wanted to investigate the quality of the release documentation. 
Observations and interviews in the beginning of the case study pointed out that the 
parallel development has a major impact on what needs to be considered when creating 
release documentation. Parallel development refers to working on more than one 
software release at the same time. This requires the propagation of corrections that 
were targeted for one release to those ones that are developed in parallel. 
 
Alternative branching strategies were analyzed to investigate if they can solve the 
issue of propagating changes to parallel releases. Change-oriented SCM could be 
considered as a solution but is not further taken into account due to an industrial 
experience report showing less beneficial implementation results [Crnk97]. Further the 
introduction of change-oriented SCM would have such big impact on the entire 
development organization that it would not be appropriate to reason about it within the 
scope and time frame that were set for this case study. 
 
Other branching strategies that enable development on parallel releases also struggle 
with the propagation problem the same way. Hence, the process and tool to redeliver 
changes in the software to another release were evaluated instead. If the process and 
the tools do not support efficient ways to propagate changes it can results in that 
development teams are using different work-arounds to compensate the flaws of the 
official process and its tool.  

7.1 Outline 

This chapter discusses the challenges of working in an environment where 
development of several software releases is performed at the same time, i.e. parallel 
development. Observations from the case study at Sony Ericsson are compared with 
findings from academia and other case studies to highlight common difficulties. 
Finally, recommendations are given how the challenges of parallel development can be 
met. Although the case study involves parallel development together with product line 
development, the discussion of those problem areas is isolated. This chapter only deals 
with the context of parallel development. By doing so the results shall also be 
applicable in situations where only one challenge area is at present. 

7.2 Situation Requirements on Defect Management and 
Change Propagation 

The situation of software development at Sony Ericsson is characterized by several 
different factors, i.e. large-scale development, geographic distribution, high pace of the 
market. Each factor puts certain requirements on the development processes in order to 
enable the organization to perform efficiently. 
 
Large-scale development at Sony Ericsson means that several hundred persons work 
together to create software products. Solid processes are required to coordinate these 
efforts. Only having sophisticated processes is not enough. It is required that the 
processes are promoted and followed by the people. The challenge is to implement one 
uniform way of working because deviations of the official process will sooner or later 
affect other people's tasks with unpredictable outcome. 
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On the other hand, Sony Ericsson develops a large variety of products for different 
markets. The processes therefore have to be capable of handling large numbers of 
defects. This puts the demand on the processes to be able to handle this defect flow. 
For example, having only 5 defects per week it is more likely to be able to keep track 
of what happened to a defect, if a fix was implemented and when verified. For a 
project manager who coordinates the work of more than 20 development teams that 
each have to handle tens of defect every week it requires means to make statuses of 
defects easily visible. 
 
Involvement of many people further demands communication which is also affected 
by the geographic distribution of the development with branches in Sweden, China, 
Japan and USA. Cultural differences such as the language may have an impact on how 
people understand, e.g. process documentation resulting in different ways how work is 
carried out. In cases that other ways of performing work are needed and applied this 
has to be communicated to the affected interfaces. This does not only concern 
communication between the different sites but of course also between different 
departments. 
 
The pace on the market for mobile phones is very high as new products are released in 
short intervals. For the development this means short time to implement new features 
and also short time to do modifications of the existing functionality. Hence, the 
process of handling changes and corrections needs to run smoothly, i.e. should not 
create any unnecessary overhead while preserving the information that is required. 
 
To be able to perform fast modifications over a longer period, short term solutions 
should be avoided. Another result of the pace of the market is the need of parallel 
development. It makes it possible to finalize the work one software release while 
development of the next release has already started. Thereby, higher utilization of the 
development personnel can be achieved. 

7.3 Current Situation at Sony Ericsson 

In order to handle corrections in the software Sony Ericsson developed a software 
defect management process. The process is supported by a Trouble Report System 
(TRS) which is a customization of IBM Rational ClearQuest. The TRS is utilized to 
record status accounting information such as: 
 

• the software and hardware version in which a defect occurred 
• for which release the correction is targeted 
• results of verification activities. 

 
During the investigation of the process and its tool support several challenges were 
identified. Usability of a tool to manage trouble reports has a large impact on the 
degree to which a process is followed. The user interface needs to be easily 
understandable and consistent with its terminology. Otherwise it can cause confusions 
and misunderstandings which can lead corrupt records in the system.  
 
Also, such a system needs to support recording defect corrections which are integrated 
in more than one release. A process of how to handle such a situation needs to be in 
place and properly documented to make people understand and follow it. 
 
A complementing tool is in place to manage the workflow of a defect through the 
different roles that contribute to its resolution. It is used to inform the different roles 
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about performed work, e.g. a developer can "deliver" his correction to a configuration 
manager who integrates it. A "delivery" then references a ClearCase label where the 
correction has been implemented and can be found. The tool offers a more user-
friendly user interface compared to TRS.  
 
Besides the pure workflow the tool is also used to store status accounting information. 
If several tools are employed to complement each other's functionality the common 
information base needs to be consistent to provide the user with correct information.  

7.4 Controlling Change Propagation 

Controlling change propagation in a situation of parallel development requires certain 
steps need to be performed: 
 
   1. Record on which branch the defect was detected 
   2. Identify which branches could contain the defect 
   3. Determine which of those branches are concretely affected  
   4. Decide where to implement the correction (and where to merge it) 
   5. Follow up the status for each branch  

7.4.1 Change propagation with version-oriented CM 

The "branch by release"-model is used to illustrate change-propagation. A similar 
example could be carried out with the "branch-by-purpose"-model. From a change-
propagation perspective they require the same amount of tracking and propagation. 
The benefits of the "branch-by-purpose"-model is the flexibility during development 
and ability to handle evolution. The benefit of the "branch by release"-model is mainly 
its simplicity. The simplicity was the motivation for using the "branch-by-release" for 
the example in this section. 
 
In the "branch by release"-model new releases are developed on a branch which is 
branched off from the previous release. The stabilization work of a release continues 
on the same branch as it was developed.  
 

 
Figure 10, Change propagation in the branch by release model 
 
To illustrate the basics of change propagation consider the following scenario is 
considered (see Figure 10 ): 
 
A defect was detected during development of Release 3. The defect is then analyzed 
and also detected in 1 and 2. All release branches then need to be recorded as "defect 
found in" branch. In Figure 10 Release 1 could currently be in a Quality Assurance 
phase. If the defect is considered critical enough to be corrected in Release 1, a fix 
needs to be implemented on this branch. The older the release is where it is decided to 
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correct the defect, the more effort is required. Late delivered corrections will affect test 
planning and testing efforts since changes can result in regression testing or trigger re-
execution of previous test-cases.  
 
After the correction is made on Release 1 (a in Figure 10) it should to be stated that the 
defect now has been implemented on this branch. When the implementation is verified 
the defect can be marked as solved on this branch.  
 
The defect still exists in Release 2 and 3. Re-implementation of the correction should 
in best case not be necessary in the later releases. Instead the change needed for the 
correction is propagated and verified at the branch of Release 2 (b and c in Figure 10). 
When the correction is verified together with Release 2 the correction also can be 
moved to Release 3 (d in Figure 10). The reason of doing the change propagation 
sequentially (from Release 1 to Release 2, and then from 2 to 3) is because of code 
evolution. If the correction implemented for Release 1 does not work together with the 
source in Release 2 then it will most likely not either work with Release 3. If the 
change from Release 1 instead can be moved to Release 2 and here slightly adopted to 
work with this code, then maybe it further can be moved to Release 3 without causing 
any additional problems. 
 
It should be recorded when and where the correction is propagated to a branch. This 
information is important when the verification of successful propagation should be 
done. When the verification of the propagation is done, the defect can be marked as 
solved for the release. If the defect has been propagated and verified in all necessary 
releases it can be marked as fully solved. 

7.4.2 Process shortcuts 

An alternative way how to report defects on another branch is the usage of a "general" 
trouble report. This work-around can avoid a process that requires entering a trouble 
report if a merge from a stabilization branch to the main line is done. Instead of 
reporting the merge of each correction individually a single trouble report can be used 
to report these changes altogether. The downside of this procedure is a lower degree of 
traceability as the merge action will only point at this "general" trouble report and not 
at isolated changes. 
 
Another approach is to reuse the existing trouble report that describes the modification 
on one branch. If the correction is integrated on another branch, the trouble report can 
be overwritten with the new values valid for the new branch. For example, assuming 
that a correction was integrated in the stabilization branch for release 1.0 then this field 
will be overwritten with the value integrated in release 2.0. Its integration on the first 
branch is then visible only in the history of the trouble report. As the history stores the 
information as free text without a predefined structure, sorting by release or searching 
is hampered. 
 
In the simplest case, trouble reports are not at all reported on other branches. If the 
correction is resolved on a stabilization branch, only the code is merged to the main 
line but no update to any trouble report system is made to show this change 
propagation.  
 
Since work-arounds tend to be not coordinated with other development processes 
problems at the processes' interfaces are inevitable. One example is the process of 
creating the software release documentation. 
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7.4.3 Change propagation with change-oriented CM 

In change-oriented CM tools (see e.g. [Crnk97]) a baseline is formed as a collection of 
change-sets. The intention is to be able to select which isolated change-sets to include 
in a release. When developing several releases in parallel, one change-set could be 
associated with one or several releases (instead of being merged and integrated to one 
or several branches). More practically, the association could be seen as that the 
change-set is made part of the baseline for the release. For defect management this 
means that one or several change-sets together represent a correction. The correction is 
considered integrated in a release when the change-sets are associated with the 
baseline for the release. In theory no change propagation between branches needs to be 
done. The stabilization of a release would be an evolving baseline where only the 
change-sets of the most critical corrections are included. 
 
To create the release documentation for a new release it would require that the change-
sets used to form the baseline are investigated to find their corresponding trouble 
reports. The same challenges as when using a version base configuration management 
system would arise after a stabilization of a release. Redeliveries (or change-sets that 
exists in the both baselines) needs to be identified and examined. The duplicates 
should be included or excluded based on purpose and receiver of the release document, 
e.g. if it intends to show resolved problems or serves as a list of what changes have 
been performed to the system.   
 
The concept of change oriented configuration management tools can appear as an 
appealing and flexible approach from a SCM perspective.  The ability to remove old 
corrections from a baseline with a few easy operations could be seen as powerful and 
very interesting because corrections could be switched on and off without consuming 
developer resources. A case study [Crnk97] showed that in practice the change-sets are 
likely to depend on each other and thereby make it impossible to make use of the 
previously mentioned flexibility. Flexibility is also limited due to the possibly 
extensive need for regression testing after such an operation. Further, the case study 
identified that the concept behind change-oriented SCM tools became of less value 
when performing changes to common files such as make files or configuration files as 
most of the change-sets then become dependent on each-other. This resulted in a work-
around where a significant part of the change activities had to be divided in one change 
to the source and one change to the configuration or the build file. The work-around 
result in that the concept of change-based SCM is compromised. This might result in 
that extensive manual work must be performed as soon as a change-set must be 
excluded from a base-line. 

 
The benefit of change-oriented SCM-tools regarding status accounting is that the 
change-sets or list of activities that are shown to be included in the baseline are 
actually the changes that are in the software. The only way to include a change in a 
release is to add the change-set or activity used during correction to one or several 
appropriate baselines.  
 
The complexity increases if corrections are deployed to releases where they no longer 
are compatible. In such situations a new correction has do be developed. This results in 
either that a fully new change-set has to be created, or that a customization of the old 
correction has to be done. Then the customization will result in a new change-set 
which has to be associated as a correction for initial fix. From a status accounting 
perspective further situations (such as corrections of earlier corrections) have to be 
considered when filtering the release documentation for different types of 
stakeholders. 
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7.5 Testing redeliveries 

The need of testing of a correction after it was propagated requires human judgement. 
Such a decision considers, e.g. how critical a correction is. Simple corrections that are 
unlikely to affect other functionality might be neglected to be retested for cost reasons. 
No matter if the correction is retested or not, visibility of the status accounting of a 
defect is required to enable decision making. The process then needs to support both 
possible paths of a correction, the one with retesting and the one without it. In cases 
where it is decided not to retest a correction an official procedure needs to be in place 
describing how this should be done. This eases to follow up defects and determine 
what happened to a trouble report. If the process does not support necessary shortcuts 
then people start to find their own way of how to work-around restrictions. 
Uncoordinated work-arounds destroy the visibility because the data recorded for status 
accounting does not have the same meaning to everybody anymore. For example, if 
sometimes reporting function test results is done only to push a trouble report to the 
next state without performing the actual test, it can no longer be determined if a test 
result is a fake entry to "follow" the process or if real verification did happen. 
 
Retesting refers to reexecution the test-case that was used to identify the defect. If the 
defect was not found by a test-case, then the information of how to reproduce the 
defect needs to be used for verification. Retesting is suitable to perform after change 
propagation to ensure that the change is propagated correctly. Retesting of a correction 
is possible to perform even though the correction was propagated to a target containing 
unstable code.  
 
Regression testing intends to detect if the introduction of new changes resulted in that 
any old functionality stopped working. Manual regression testing during feature 
development is inefficient usage of resources due to the lower level of change control. 
As feature development can lead to unstable source code it is less predictable if tests 
fail because of a new feature or the propagated change. Further, functionality that was 
broken due to the propagation is likely to be detected anyway later in the 
implementation phase. Automated regression testing would be more suitable as less 
human resources are required to execute the tests. 

7.5.1 Function Test  

The decision to perform regression testing after change propagation is a challenge to 
the discipline of software testing. The main scope of this thesis is software 
configuration management. During the case study at Sony Ericsson the impression was 
gained that the merge from one branch to another rarely results any problems on the 
receiving branch.  
 
From a configuration management perspective the regression testing on function level 
after change propagation can serve as an update of status information. If regression 
testing is performed on the branch where the change was propagated, the defect can be 
reported as being verified on the new branch. This is a confirmation that the 
propagation was performed. With respect to the applied branching model (if followed) 
this information can be considered as assurance that the defect not will reoccur in later 
versions. 

7.5.2 System Test 

Considering the configuration management perspective system test can serve the same 
purpose as function test. The information that system test verified a correction 
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correctly serves as an evidence for that the propagation has been successfully 
performed. From a system testing perspective it can be seen as highly valuable to 
perform reverification of the issues that were critical or solved just prior last release. 
Those issues were critical enough to be included in the previous release so that they 
might be of high importance for the new releases as well. Without a system test result 
the existence of the corrections in the latest release cannot be proven without analyzing 
the merge actions in the version control system, it only relies on that they were 
successfully propagated. 

7.6 Challenges of parallel development 

In the following section the challenges of working with parallel software development 
are presented. 

7.6.1 Propagate to the right place 

The challenge of propagating changes to the right places is crucial to prevent defects 
that reoccur in later releases. If a branching model is applied which enables working 
on multiple releases in parallel those are stabilized on a separate branch. On the branch 
for the next release only critical changes are implemented that need to enter the 
release. These changes then need to be propagated so that later releases include the 
implemented corrections. This becomes more complex in situations when more than 
one release is stabilized at the same time. Software developer and software 
configuration manager are affected by the challenge as they are responsible for 
implementing the correction the first time and then for handling the merge actions. 

7.6.2 Status account (update record) after propagation is performed 

Merging the implementation of a correction is only one part of the change propagation. 
In order to make this change visible for project management and testing, or to be able 
to create correct release documentation it is also necessary to update the status 
accounting information. The trouble report pointing at the defect and its correction also 
needs to state in which releases the correction was integrated in. If this is not 
automatically done when the merge action is performed it requires additional 
administrative overhead. For every release to which a change was propagated status 
accounting needs to be created to state what was changed in the software since the 
previous release. 
 
However, the situation can occur that the change includes a defect which was not 
found during testing and which is detected later after the release to the customer. In 
that case it needs to be determined where the change was propagated to because those 
releases can also contain the detected defect. Theoretically, this is possible to 
determine by analysing the merge actions in the version control system. Based on the 
observations at Sony Ericsson it can be stated that such an analysis is rather time 
consuming. Having enhanced status accounting which also covers propagated changes 
makes this more easily available. 
 
Parallel software development requires working on source code for multiple releases at 
the same point of time. Using a version control system makes it possible to work with 
concurrent versions of files which are stored on different branches. Applying a 
branching strategy that is suitable and following it is a basic challenge of parallel 
development. 
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Developing a defect management process that covers the aspects above and is 
followed by its users is another challenge of parallel development. The process should 
ensure to have control over changes and keep track of what is changed, where and 
how. In order to be followed it needs to be simplistic and should not create 
unnecessary overhead. Routine tasks that do not call for human judgment should be 
automated [Hump89]. The need for tool support for such a process is obvious as it 
helps to reduce administrative overhead. A tool should support the process and should 
not limit the process by its own concepts. 
 
The usage of a tool seems to be an easy way of how a process can be introduced. If the 
tool is the only way how a task can be performed then everybody is forced to follow 
this process. Also, changes in the process can be rolled out by updating the 
implementation of the process in the tool. Especially in an environment where many 
people are affected by changes in the process and communicating those is not trivial. 
The problem with such a way of introducing a process is the lack of understanding 
"why" a task should be carried out in a certain way. People will just do it because the 
tools force it. Hence, it does not improve the understanding of the process. Trainings 
on the process can help to develop such an understanding among the personnel. 
However, trainings cannot assure that people work in the way they were taught and 
besides that trainings are time-consuming. 
 
A tool supporting the process needs to provide an intuitive user interface (UI) that 
intuitively presents relevant information. It has to be visible what happened to a 
trouble report, e.g. on which branches the correction was integrated and what the 
related test results are. The meaning of elements in the UI must be clear to everybody 
who is working with it because ambiguity will almost certainly lead to 
misunderstandings and semantically corrupt records. Further, if the tool does not 
provide the information demanded by its users in an easy way, the user might seek for 
other ways how to receive that information. Thereby an inappropriate UI can lead to 
deviations from the official process, i.e. work-arounds. 
 
When working with parallel releases a key requirement on the defect management 
process and its tool is the presence of support of status accounting for several releases. 
In cases where several tools are utilized to implement a process the separation of 
concerns between the different tools should be clear. If information is stored in 
multiple places, the redundancy can lead to unsynchronized records. For example a 
defect might have one state in system A while in system B it is in another state. Then 
the information employees will receive when following up changes is dependent on 
which tool is queried. 

7.6.3 Release documentation for different needs 

When parallel development of several releases is performed it is important to keep 
track of which defects have been corrected in which releases. One of the reasons to 
have this information is to be able to create proper release documentation. Different 
stakeholders will use the release documentation for different purposes and thereby 
have different requirements on the information.  
 
Customers are interested in a list of which new problems have been corrected in the 
software since the last release to the market. The information provided to the 
customers should be understandable from a user’s perspective. The latter implies a 
certain level of unambiguousness and quality of language. Further, it requires that the 
information is suitable for the customer, meaning that the information about the 
changes must focus on how the change affects the end-user and not how the change 
affects the internal structure of the software. Some changes only affect the internal 
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structure and should thereby not be mentioned in the release documentation sent to 
customers. To fulfil these requirements somebody has to manually review and rewrite 
the information in the release documentation. The level of detail in the release 
documentation of course depends on the customers' requirements. In some 
circumstances it might also be of interest how concrete changes in the implementation 
look like, e.g. if the customer uses the product as component with dependencies to 
another system. 
 
Other stakeholders such as personnel at testing departments can also be interested in 
what changes have been made in the software although their requirements on the 
information are most certainly different than the customers. The testing department 
will be interested to use the information to determine which test-cases to rerun. 
Therefore both internal changes to the software and technical descriptions are of 
importance. If some changes are done because corrections are propagated from a 
previous release this could be of large interest for a testing department since the 
information about the propagation is a necessity to determine if re-testing in the new 
release is needed. 
 
To generate different types of release documentation that fulfils different needs, filters 
could be applied. The first prerequisite to create correct release documentation is that 
the source of information about defects is correct and complete. The second 
prerequisite is that the information is consistent, meaning that it is possible to 
understand why and where a defect was corrected. If these two prerequisites are 
fulfilled it is in theory no longer a challenge generate correct release documentation, 
e.g. being able to correctly filter based on re-corrections because of change-
propagation or re-corrections because of failed system test. The challenge is to be 
aware of the different stakeholders needs and to ensure that the all information is 
reported in a correct, predictable and consistent way. 

7.7 Possible consequences of not meeting challenges 

The following section discusses consequences that are mainly caused by the inability 
of meeting the challenges of parallel development. Further, some ripple effects are 
highlighted. Causal claims of the factors are neither done nor proven. Conclusions are 
drawn based on the qualitative methods described in research chapter combined with 
sound logic and rationality. 
 
Not meeting the challenge of having a defined defect processes for parallel 
development could result in confusion regarding how to do things the correct way. 
Lack of defined processes can result in different ways of working. Different ways of 
working inhibit team-work. The awareness of the differences of working can also 
result in inconvenience since it is not longer appropriate to argue if an issue is in the 
wrong state or not. Thereby the lack of defined process can result in that employees 
are reluctant to touch or discuss others' issues. If it is not possible to distinguish 
between a mistake and an intended solution, all possible benefits of spontaneous 
reviews get lost. 
 
A lack of defined process could result in that the defined states of a defect state-
machine are not followed. The concept of a state-machine involves that an issue is in a 
state, an action is performed and the issue is moved to a new state. The different states 
are usually performed by different people. Thereby parallels can be drawn to an 
assembly line. At the assembly line the worker performs the action according to job 
description, if the received unit deviates from the usual appearance, the worker will 
probably remove the unit from the assembly line. When the company produce many 
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different customer adopted products on the same assembly line it becomes hard for the 
worker to distinguish between what is a mistake and what is intended. Without 
communicating what is supposed be different the worker will not be able to detect and 
take the decision to remove faulty units.  
 
A lack of process and appropriate tool support for parallel development can result in 
both corrupt and redundant data. Information can become corrupt because it is 
overwritten, both intentionally and unintentionally. Information gets redundant when 
status accounting information is stored in several systems. 
 
Corrupt data result in complications if the defect process and its tools are supposed to 
interact with other support processes. Other processes that are depending on the defect 
process cannot expect or trust the input received from the defect processes.  The output 
format of defect process can then not be predictable. Examples of activities that 
depend and interact with defect management processes are: project scheduling, project 
status accounting, test planning, test execution, resource allocation, creation of quality 
metrics or creation of release documentation. 
 
Corrupt data and inability of understanding other employees' intensions can result in a 
lack of trust in the information provided by the tool. Redundant data can results in that 
the status has to be rechecked a second time in another system, and possibly with an 
alternative result. For managers it is important to be able to follow up on performed 
work. Consistent information and appropriate UI design is necessary for managers that 
would like to gain the overview needed to plan and follow up work. If the manager has 
lost the trust in the defect management tool, this might seriously influence the ability 
to champion for process adherence within the team. Appropriate UI design of the 
defect tool could also influence employees to misunderstand and to overwrite fields 
that were not supposed to be changed. 
 
When the challenge of process and tool support for parallel releases is not met it might 
not possible to perform quality assurance on change propagation. Change propagation 
that is forgotten results in that made corrections will not be part of the next upcoming 
release. If status updating would not be performed on change-propagation it would be 
hard to know what changes exists on each branch, thereby it becomes impossible to 
generate accurate release documentation. 
 
Deciding about one unified way of performing configuration management practices for 
parallel development can be considered to be the first step when improving processes. 
Not having one unified way of working may result that it is very complicated to create 
and roll out improvements. Due to all the dependencies it is crucial for several related 
areas of improvement work that the defect management process is stable and 
predictable. If the defect management process have unpredictable outcome it can harm 
the accuracy of a large set of quality metrics. Thereby can become very hard to use the 
quality measurements to prove or quantify success of other improvements. Several 
other measurements extracted from the defect management system could potentially be 
inaccurate such as productivity, test coverage, number of defects inserted per function 
group, total number of defects verified in system-test, total number of defects detected 
during testing.  
 
In addition, to perform reliability-growth modelling of a release the most important 
measurements are how many defects were found and how many hours of testing were 
performed. Parallel development adds complexity to growth models. If a defect is 
found in the n+1 release, it must then be investigated and determined if it belongs to n 
and then be included in the growth model for n. To extract such measurements it is 
important that defects have one lifecycle per branch. Since it is supposed to be used as 
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basis for a business critical decision it is important that the accuracy of the information 
is high. 

7.8 Improvement strategy 

In the following, a strategy is presented how the challenges of parallel development 
could be approached. The intention is not to design a new process which would solve 
all problems but rather to support process improvements by pointing out certain 
requirements that are especially important from the perspective of working with 
parallel releases. 
 
The overall goal of the process improvements should be to unify the current practices 
of the involved parties. Individual work-arounds embody the insufficiencies of the 
process and the differing needs of its stakeholders. Therefore the process as well as the 
supporting tool needs to capture the requirements of the situation. 
 
No matter if one or more systems are used to record status accounting information it 
must be ensured that the information is kept consistent. Status accounting information 
about a trouble report always has to be the same independent of which system is used 
to retrieve it.  
 
If mistrust in a system and in the information it contains exists, this is recognized as a 
non-trivial problem.  Involving the people who mistrust such a system in improving it 
can be one way to reduce that mistrust. Further, changes in such a tool should be 
highly visible to stress that a change was done. Minor modifications of the internal 
structure of the system and an update of the process documentation will probably not 
be noticed. A significant change in the UI or even a replacement of the tool could 
instead create sufficient attention among the users so that a modified process will be 
followed. Alternatively, an improved process could be designed which enables only 
one way of working with the supporting tool. Flexibility is then lost for the benefit of 
process adherence.  This could be compensated by making tradeoffs and allowing 
work-arounds in the system. In that case the use of those work-arounds needs to be 
highlighted to prevent misinterpretation. 
 
Process documentation should be unambiguous so that it is possible to develop a clear 
understanding of the process by reading it. It also provides an official channel to 
communicate the process. Another way of transferring knowledge is to enable the 
socialization of people by making them talk and share experiences [Nona95], 
[Dave00] Job rotation can be seen as something that facilitates this socialization as 
people can learn from each others’ practices. There is of course the risk that 
unappreciated work-arounds are spread this way in an organization. But at the same 
time it is also another opportunity to promote how things can be done better through 
this channel. Then it could supplement ordinary process documentation and thereby 
support the goal making people work in a unified way. Further it would be possible to 
detect deviations from the process more easily. When people see how other people are 
working they might observe practices that differ from the official process. People that 
are doing wrong might not be aware of that fact. This must result in feedback that the 
process is not communicated enough or that there exists a need for other ways of 
performing work. Thus, exchanging experience can serve as process quality assurance. 
 
One way how the process could be enforced in the supporting tool would be the usage 
of user groups. Different roles perform different actions in the process. Restricting the 
functionality available for a user to those actions that belong to the user's role can be 
one way to enforce the process. Users would have to focus on their responsibilities 
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which could help to have a more defined input and outcome of each step in the 
process. 
 
If a need for short cuts in the process exists, then the process should define a way for 
it. Only specially authorized users should have the necessary privileges to deviate from 
the process and skip not performed steps. In return the process needs to specify ways 
how the quality of those issues can be preserved, e.g. by running follow-up activities to 
complement missing information in a trouble report. Marking a trouble report as 
"exception" from the usual process would be the least what should be done to visualize 
deviations from the process. In any case it needs to be assured that other processes are 
not affected by the shortcut without being informed about it. 
 
Work-arounds have to be reported to the process owner. This offers the opportunity to 
investigate why a work-around was performed. Probably, there was a good reason and 
the official process was not capable of handling a certain situation. Then this could be 
taken as input for further improvements of the process so that in future a defined way 
of working for this type of situations will exist. Such an approach would follow the 
concept of a learning organization.  
 
Quality assurance has to make sure that changes are propagated to the ongoing 
development if necessary. A simple review can be conducted when a stabilization 
branch of a release is about to be closed to compile a list of all changes that were 
integrated in it. This can then serve as a checklist to verify that all of those changes are 
propagated. Supporting that activity with functionality in a tool should be a minor 
issue. If a trouble report is integrated the first time then it could be automatically added 
to a list of issues that need to be propagated. 
 
The visibility is a fundamental situation requirement that origin from a large variety of 
factors such as: large-scale development, high pace, high defect flow, large amount of 
people involved and geographically distributed development.  
 
To understand the actual meaning of a defect’s state knowledge and experience from 
the development organization is required. 
To achieve high visibility a Trouble Report System (TRS) must be able to provide a 
user with the necessary information to get a good overview. It must be possible for a 
user of the TRS to quickly and easily understand in which releases a defect has been 
integrated, and which further actions need to be taken. Due to the large amount of 
people that use the TRS it should be possible to provide an overview to a user who 
lacks the knowledge of.. 

• ..which freeze-labels belong to a specific release branch 
• ..which freeze-labels belong to a release stabilization branch 
• ..the concept of defect behaviour during release stabilization 
• ..the relation between defects in the trouble report system (such as the concept 

of peers) 
Employees delivering code and issues for integration have the knowledge about 
freeze-labels and effects of the currently applied branching model. It is a part of their 
daily work and should thereby not result in any problems. Instead a suitable tool is 
required as support to ensure that the information needed for the visibility is entered 
correctly. What is needed is the support of performing redeliveries without any 
overhead. Performing re-deliveries should not be a time-consuming task. With 
appropriate tool support the effort for this activity could be marginalized. Current 
activities for redeliveries are too impractical. If very many issues need to be 
redelivered it is not reasonable that a related issue should be created for each defect 
and then all the ID’s have to manually be copied to a second system.  
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When performing redeliveries after and during a release’s stabilization period it is of 
practical interest to be able to view which defects require propagation. After 
propagation is performed it should be possible to sort out issues that require a 
redelivery. From the list of issues it should be possible to perform a redelivery of 
everything that is included. Manually moving issues between systems is an 
unnecessary potential source of error. 
 
The TRS must be designed to support the environment where it is intended to be used. 
The system should aim to capture and encapsulate parts of the complexity of the 
development process. If current branching models and delivery processes could be 
incorporated in the tool, a better visualization of change propagation and redeliveries 
can be provided to stakeholders who do not have the overview. The improvement 
work of the TRS must start with capturing the requirements of the stakeholders using 
the system but also the processes using information from it. The improvement work 
must be conducted through communication of different needs. If too much focus is put 
on discussing implementation and data structures the solution might get limited by the 
capability of the current tool. 
 
Finally, training of the defect management process should increase the understanding 
of it and thereby increase the process adherence. This is especially important to 
communicate changes in the process. 

7.9 Summary 

This chapter discusses the challenges of working in an environment where 
development of several software releases is performed at the same time. 
 
Different branching models were discussed. In relation to change propagation and 
status accounting it turned out that the presented models also struggle with same 
challenges.  Challenges related to status accounting for quality assurance, visibility and 
release documentation were specially considered. Further the consequences for 
verification caused by parallel development were highlighted.  
 
Possible consequences of not meeting the challenges of parallel development were 
investigated. Some found consequences were: 

• Corrupt and inconsistent information in defect management system 
• Lack of process adherence 
• Lack of quality assurance and quality metrics 
• Lack of common  way of working 
• Problems of rolling out improvements 

  
Root-case analysis were performed which finally resulted in improvement strategies. 
The considered success factors for an improvement strategy are: 

• High visibility is a fundamental situation requirement 
• Storing change information in one system only 
• Unambiguous process documentation  
• Usage of feedback from user-groups during process improvement initiatives 
• Work-arounds must be reported to the process owner. Process owner must 

take immediate action. 
• Quality assurance on re-deliveries must be supported 
• Support for redeliveries without overhead 
• The system should aim to capture and encapsulate parts of the complexity of 

the development process  



  66 

8 CHALLENGES OF SOFTWARE PRODUCT LINE 
DEVELOPMENT 

After the discussion of parallel development in the previous chapter, now the focus is 
on changes using a software product line (SPL) approach. It is rather likely that using a 
SPL implies that several releases of the products are developed in parallel as well. 
Nevertheless, reuse of functionality within a SPL and the way configuring specific 
products adds another dimension of complexity which is discussed in this chapter. 

8.1 Outline 

This chapter identifies and discusses the challenges that arise when software is 
developed with a product line approach. It starts with a situation description from the 
case study at Sony Ericsson showing one way how the challenges can be handled. The 
description of the certain case is enhanced by revisiting challenges identified in earlier 
in chapter 4. An approach of identifying products affected by changes is presented. It 
handles the difficulties caused by using conditional compilation to configure the SPL. 
The implementation of a supporting tool as proof of concept is described afterwards. 
During the case study the tool was used to collect initial measurements. The results 
and an interpretation of them conclude the chapter. 

8.2 Description of the case 

Sony Ericsson develops the software for mobile phones based on an application 
platform. The platform provides functionality which then can be used in concrete 
mobile phone products. Thereby reuse of code in different end-products is enabled.  
 

 
Figure 11, Product configuration 
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In a configuration file, the products based on the platform are set up. The file serves as 
a table of contents showing which functionality should be included in the product (See 
Figure 11).  
 
Configuration files exist on a product level and on a module level. On the product 
level, they point at specific freeze labels of the modules which should be included. 
Also files can directly be included in the production configuration file. 
 
Switches inside the configuration file are used to include modules or files depending 
on which product should be built. For example, the camera module can be included 
only in those phones that provide the camera hardware. If modules are selected in a 
configuration file, a concrete freeze label is specified which will be used for all 
products that contain that module. This helps to reduce complexity because every 
product including a certain module uses the same version of it. 
 
Inside a module, a configuration file selects the source files that form a module or 
points at sub-modules. 

8.2.1 Conditional compilation 

Conditional compilation is one of the variability techniques described by Svahnberg 
[Svah03] to realize products from a product line. It is defined by Garrido as: 
"Conditional compilation allows for defining separate code-branches, which are 
included or excluded from the final compilation unit depending on the value of the 
conditions evaluated by the compiler" [Garr03]. 
 
A software development organization can make use of conditional compilation to 
remove code from the final product that is used during development for debugging 
purposes. The conditions can also be used to build the software for several different 
platforms. Further, conditions can be used to create different products through 
alternation the set of included features. 
 
Conditions are typically implemented with pre-processor directives such as #define 
and #ifdef in the C-pre-processor (CPP). At Sony Ericsson a development environment 
together with a configuration language is used to add further configuration features 
and compile conditions. It aims to minimize the numbers of compiler directives inside 
the source files. The strategy is to move as much of the configuration as possible out to 
a specific configuration file that is located one step higher in the source code 
hierarchy. The configuration files and the configuration language make it possible to 
perform more flexible configurations then if only standard pre-processor directives 
were used. Reduction of the conditions inside the source code makes the source code 
less scattered and thereby easier to read and comprehend. By switching in and out 
complete source files instead of parts of functions the granularity is more aligned with 
the capabilities of version oriented SCM tools. 

8.2.2 Building process 

The same configuration file is used for all products within the product line. Therefore, 
when a build of the software is supposed to be done a product must always explicitly 
be specified. The product identifier is passed as an argument to the development 
environment which then parses the configuration files. Based on the used product 
argument, features are turned on or turned off. This results in some header files will be 
auto-generated and some header and source files will be directly taken from the 
version control system. 
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8.3 Challenges of Product Line Development 

Based on the literature considered in the chapters 4 and 0 regarding product line 
development and software configuration management, the following challenges for 
controlling changes in product lines and variants can be concluded: 
 

• Variability is a major concern of product line development. If changes are too 
extensive to be handled by configuration interfaces, component adaptation 
needs to be utilized [Bosc00]. 

 
• The usage of a SPL requires more sophisticated SCM support [Stap04a], 

[Conr98]. Reuse of functionality within the product line increases especially 
the complexity of defect management processes [Gace01]. Tracking changes 
needs to be supported on a component level but also on a product level 
[Stap04a] 

 
• Variants can lead to storing redundant code and the problem of multiple 

maintenance [Babi86]. If variants on a file level coexist, they can require 
multiple implementations of changes on different branches. 

 
• Dependencies among components of the SPL impact the configurability and 

means to manage those dependencies are required, e.g. a dependency database 
or modules that aim for independency [Macc05] 

 
• Development with respect to reusability within the SPL is not trivial because 

the context in which functionality should be reused can change or be altered 
by future requirements [Bosc99]. 

 
• The company's organization structure needs to support the SPL approach in 

terms of how teams and departments are involved in developing core assets or 
product-specific functionality [Bosc99]. Further, the introduction of a SPL 
requires management support because of the probable delays in time-to-market 
at the beginning [Bosc99]. 

 
Several ways of how to handle configurability and variability exist [Svah05]. The 
approaches that seemed to have received most attention by industry are conditional 
compilation and parallel product branches. Approaching the challenge of variability 
with creating one branch for each product is troubled by the problem of multiple 
maintenance [Babi86].  
 
When working with product lines with a large amount of products, an important need 
of flexible product configuration exists. Flexible configuration is also necessary to 
provide means to be able to add new products to the product line. Flexible 
configuration here refers to enabling switching at many variation points but also 
distributing the task of configuring products. Flexible configuration works contra 
productive to maintaining integrity of the products. The more flexible the 
configurations are the harder it is to keep control of what is included in a product.  
 
Feature focus rather than product focus is a vital concept in theory of SPL [Clem01]. 
The concept is based on that the platform is focusing on providing functionality and 
that the products are created by selecting a set of available features. The feature focus 
intends to favour a more long-term perspective through reduction of product-specific 
dependencies in the platform. Feature focus can in general be considered as favourable 
for reuse and evolution. Defect management and configuration control must then focus 
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on the actual features rather then which products currently are using the features. A 
challenge is encountered when a defect management system needs to map from 
features to products. Relating functionality and features to products could in theory be 
possible to determine through the products’ requirements specifications. Although, this 
is not enough because defects may occur if different features are supposed to 
collaborate. Collaboration results in dependencies and possible glue code. Thereby it 
in turn destroys the one to one mapping between code and features. Practically this 
means that a defect in a feature might occur because of the dependencies to other 
modules. The correction can then not be considered to be a part of only one feature but 
instead of a set of products or the set of collaborating features. 

8.4 Challenges of conditional compilation 

In terms of changes to the software, using conditional compilation implies challenges 
regarding traceability. Mahler points out that conditional compilation causes a 
separation of the physical and logical structure [Mahl94]. Practically, this means that 
tracking changes from modified source files to the actually affected products is not 
trivial. It requires comprehending how the pre-processor interprets configuration 
switches in configuration files and in the source code. Only investigating which files 
are modified and included in a change-set is not sufficient. A change within a file 
might be in a section which is through switching only relevant for product "A" but 
does not affect product "B". Analyzing the change-set will result in that both products 
are affected by the change.  
If large amounts of dependencies exist between features, it requires extensive 
switching of functionality. A simple example of such dependencies can be seen in the 
support of Bluetooth. In case that a certain phone hardware includes the Bluetooth 
chipset the software support for it needs to be switched on. At the same time it will 
also require that in the camera module the feature for sending photos via Bluetooth is 
enabled. Similar, the feature for synchronizing the calendar with a PC via Bluetooth 
should be turned on.  
Such an impact analysis of changes can become too complex to be done manually if 
the dependency web expands. Supporting tools are required to determine which 
products are affected by a change and which are not. 
 
The following section discusses impact analysis in the case of conditional compilation. 
Several steps have to be performed to determine which products are affected by a 
change. Initially the change must be located. Then it must be analyzed which products 
use the file containing the change. This requires understanding the syntax and 
behaviour of the applied configuration language. Further, it needs to be determined if 
the changed source code lines are actually included in the possibly affected products.  
To determine if the lines are included, the variation points surrounding the changed 
lines need to be investigated. Further, it needs to be known if the changed lines 
represent dead code or it is actually executed. This requires that the execution path of 
the source code is followed. The execution path will differ based on which 
configuration is applied. (Thereby it requires that the variation points surrounding the 
call functions are analyzed)  
Workarounds can be done, e.g. determine which products are impossible to be 
affected. Such an example will be described in this chapter. Another approach could be 
to rebuild everything and observe which products receive a new object-checksums. 
This would not be feasible at Sony Ericsson due to time restrictions.  
 
Being able to track changes to the affected products offers a variety of opportunities: 
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� As a key argument to preserve such traceability is the possibility to efficiently 
perform verification. Unnecessary testing effort can be prevented if it is known 
with certainty which products are not affected by a change. The testing effort 
can instead be focused on verifying the implementation in the affected products 
only. 

� The release documentation should state what has been changed since the 
previous release. A prerequisite for being able to document those changes is to 
know what has been changed. In an environment that uses a SPL approach, 
product-specific changes as well as those in common functionality need to be 
considered. If release documentation should be created for a certain product, it 
should include all changes in common functionality plus those changes which 
were made only for this product. Without having the traceability of changes to 
products, release documentation can only be generated on a coarse level, i.e. 
describing all changes to all products or only those changes that affect the 
common functionality. At Sony Ericsson having this traceability is especially 
important for the type approval process as explained in .  

� Gathering product-specific metrics also requires knowing which changes belong 
to which product. This enables, e.g. to measure the costs of development for a 
certain product. A mother product that promotes large parts of the functionality 
which is reused by daughter products later on, should also share the internal 
development costs with those daughter products. This becomes especially 
important if the development of products is divided in projects with separated 
budgets.  
Prioritizing changes and decision making whether to implement a change or not 
should be supported by hard facts showing the relation of estimated costs for 
development and the possible gains. For example changes specific to a product 
whose life cycle is about to end will probably rejected.  
Additionally, product-specific metrics can support improvement work. Product 
development projects can be analysed to determine what the reasons for a good 
or bad performance were. The gained knowledge can then used to run future 
projects more successfully. It might be interesting, e.g. to analysed which 
product where most prone to change and why.  
Another reason why to collect product-specific metrics is the question "who 
pays for the change?". Should the one pay for a change who observed a failure in 
the system? What if the defect is caused by the common functionality in a SPL? 
How should changes be charged that only affect a customized version of a 
product? Knowing which products need to be changed can help to answer those 
questions. 

� In relation to changing requirements the information about affected products can 
be valuable, e.g. if backwards compatibility to previously released products 
needs to be preserved. For example, if the transmission speed of Bluetooth 
communication shall be increased due to a new technical standard, it has to be 
determined which products within the product line will be affected. The situation 
might occur that hardware components in older products do not support this 
higher speed. Any modification of the software needs to consider such scenarios 
and requires traceability from features to products. Additionally, it can be 
analyzed if the changes are located within the common functionality or product-
specific source code.  
The traceability information can further be used to warn if other products are 
affected by the implementation than expected. 

� For the software architecture information can be derived where changes impact 
the SPL. Are the shared core assets more prone to change or individual 
implementations for certain products? This can give a hint how the evolution of 
the architecture can be improved, e.g. where to insert new variation points. On 
the other hand, changes to the architecture should be motivated by profound 
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benefits. If only one product benefits from the architectural modification this 
might be not sufficient whereas a benefit for the whole product line is. 

� Controlling changes can also benefit from being able to determine products 
affected by a change. At Sony Ericsson the source code undergoes a stabilization 
phase in which only absolutely necessary changes are introduced until the 
product is finally released. With the traceability information changes can be 
rejected to be integrated if only other products than the one that is to be released 
benefit from the change. 

� During the implementation of changes, knowing which products will be affected 
by the change supports the developer as it provides a better overview of the 
change's impact. This provides the developer with more confidence that the 
performed implementations do not cause failure of other products. 

8.5 Tool support 

In order to make a proof of the concept and to enhance the situation at Sony Ericsson, 
a tool was developed to analyze log-files of the build process. The idea which led to 
the tool development was to find out products which are potentially affected by a 
change without handling the issues of conditional compilation. Instead of investigating 
which products are affected the tool should analyze which products are not affected. 
This is possible without considering any switches for conditional compilation if log-
files of the build process exist that contain all files which became part of the build. 
 
Only considering which files are needed to build products cannot provide exact 
information about which products are affected by a change. The resulting set can 
contain products which are not impacted due to the use of configuration switches. For 
example, the build of product “A” includes the sources for Bluetooth support. Then a 
change is done to this module but in a configuration file this feature is turned off for 
“A” because it is not stable yet. An analysis of the build log-files would state that “A” 
is affected by the change even though it is not. 
 
At Sony Ericsson concrete benefits of collecting this type of information can be 
achieved. A basic regression testing of core functionality called “Smoke testing” of 
newly integrated implementations can be limited to possibly affected products. Also 
other verification tasks, e.g. system testing can be performed more effectively by only 
testing relevant products. Moreover, when searching for the source of a failure in a 
product such an analysis can also be supportive as it helps to limit the scope. 
 
One general problem is connected with the approach if the analyse log-files of a build 
is performed prior to the change implementation, i.e. the outcome is based on a 
previous build which did not include the actual change. If the source code file 
"mysource.c" should be modified, the analysis can only estimate which products will 
probably be not affected. This cannot be an exact statement because the 
implementation of the change might affect another product which was not affected in 
the previous build. Hence, the analysis of that build log-file will classify the product as 
not concerned. After the implementation of the change is built the result of the analysis 
is correct and can provide exact information, e.g. to support verification. 
 
Starting point for the analysis are log-files created during the build process, the source 
file revision lists (SFRL). These contain all files that are included in a build of the 
software for every mobile phone and its variants. 
 
The followed approach consists of two steps. First, the degree of product-specific 
source code files in relation to commonly used ones is analyzed. By parsing the SFRL 
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of several products the tool can compare which source files become part of only one or 
more products. For each file listed in the SFRL the tool stores the name, the path in the 
version control system and the product in which it was included. Files that are included 
in all or most of the products can be recognised as core assets of the SPL whereas files 
used in only few variant are indications of specific source code. 
 
The second step of the analysis is a comparison of changes performed during a certain 
period of time with the files listed in the parsed log-files. Therefore the tool uses 
information available in the trouble report system (TRS). The repository of the TRS is 
queried for former changes to the product line and their change-sets are exported, i.e. a 
list of changed files. This list of changed files is compared with the parsing result. 
Every time when a file is mentioned in a change-set in the TRS it indicates a 
modification of the file. Assuming that every change to a source file is documented in 
the TRS, the number of occurrences in change-sets is equal to the number of changes. 
Therefore, the comparison makes it possible to identify if commonly used files are 
changed more often than product-specific files or vice versa. Those files that are 
included in the change-sets but do not exist in the parsed log-files are logged 
separately. Two circumstances can be the reason why files are not listed in the SFRL. 
First, files which are only used for the pre-processing will be excluded, e.g. 
configuration files. Second, when change-set information exported from the TRS at 
Sony Ericsson the system truncates very long file name strings. Such incomplete 
strings do not exist in the SFRL as it stores full paths and file names. Unique 
identification of files can only be done if the whole string is compared.  
 
Examining the parsing result and the comparison with change-sets, several metrics can 
be collected, e.g. 

• the number of changed files in relation to the number of files included in 
builds 

• the products / variants that were not affected by the analysed changes 
• number of changes that only affect n variants, where n can be any number 

between 1 and the amount of existing variants 
The latter can be used to find out the distribution of changes over the SPL. 

8.6 Results of the measurements 

With the help of the implemented tool the results presented in Table 1 were collected 
which are elaborated in the following. 
 

 File reuse within the 
software product line 

Amount of changed 
files that could be 
used to exclude 
affected products 

How much more are 
individual files are 
prone to change 

Release 0 1 % 3 %  2 % 
Release 1 13 % 25 % 12 % 
Release 2 19 % 22 % 3 % 
Release 3 14 % 17 % 3 % 

 Table 1, Result of measurements 

8.6.1 File reuse within the software product line 

The efficiency of the approach to exclude products that are not affected by a change is 
dependent on the source file reuse between the products in a SPL. In the following 
section the degree of source files reuse from the case study are presented. 
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Measurements are taken from four sequential releases. In each release several new 
products were added to the product line.  
 

• Release 0: 4 Products in the product line: 1% of the used source files can be 
used to exclude affected products.  

 
• Release 1: 5 Products: The number of individual files dramatically increased 

because of a new product that supports iMode. The inclusion of iMode 
requires a considerable amount of special implementations. A lot of source file 
are thereby exchanged. This results in a large amount of individual files are 
created. To avoid that this inclusion of the new feature has too dramatic affects 
the core part of the product line can be considered to contain all files that exist 
in four or more variants. This results in that around 13% of the files can be 
considered as potential files used to exclude affected products. 

 
• Release 2: 4 New Products: Measurements were now performed on products 

from all the previous releases. To avoid that outliners affect the result too 
much only files that are used in 11 (of 13) or more products can be considered 
to form the architectural core. The decision to select 11 products was based on 
the distribution of file usage.  The core represents 81% of the files. The files 
that in theory can be used to exclude affected products are 37%, but 
considering the core-files to be only those used in 11 or more products the 
number of files are 19%.  

 
• Release 3: 6 New Products: The core can be considered to contain all files that 

are included in 13 of (of 16) or more products. This results in 14% individual 
files and consequently 86% core files. 

8.6.2 Evolution 

An investigation was performed to observe how products evolve in terms of new files 
between the different releases. Products that were developed and released to the 
market in Release 2 were compared with their status in Release 3. Release 3 represents 
the first software maintenance release of these products. 
 
The core represents 87% of the files in Release 3. Files that can be used to exclude 
products from the set of affected products are 13%. This means that the evolution of 
the products in term of new files between MR1 to MR2 is insignificant. 

8.6.3 Change distribution 

The initial measurements show how much reuse exists between the products in the 
product line. The applicability of the results about the degree of reuse depends on the 
distribution of the changes. Hence, an examination must be done to determine if the 
core or the individual files are more prone to change.  
 
The content of all available change-sets within a stabilization phase of a platform 
between release 0, 1, 2, and 3 were used.  
 

• Release 0: During the stabilization period the common-files were slightly less 
prone to change (-2%) compared to the individual files. This increases the 
probability that an analysis of a changed file results in that one or many 
products can be excluded from the set of affected products. The amount of 
changes that then can be considered as useful are 3%. 
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• Release 1:  Comparison between the amount of core files and the distribution 

of changes shows the same tendency that was observed during the Release 0 
stabilization. In Release 1, the core files were (-12%) less prone to change. 
This results in that an analysis of 25% of the changed files can be used to 
exclude one or several affected products.  

 
• Release 2: Changes to the core represent 78%. The remaining parts of the 

changes are those that affect files which are not part of the core. These files 
constitute 22% of the changes. Comparing the 22% with that amount of files 
that are individual 19% results in that that the tendency is consistent and the 
core is again less prone to change (-2%). 

 
• Release 3: The core consists of 86% of the files and the individual 14%. The 

changes are distributed as following: 83% on the core and 17% on the 
individual files that could be used to exclude products. The core files were less 
prone to change (-3%). 

8.6.4 Summary and interpretation of the results 

The releases show rather similar distribution of changes. A slight overweight exists for 
changes to individual files. The level is in three cases out of four not significant 
enough to be considered as a deviation from the assumption that the changes should be 
equally distributed between individual and core-files. 
 

   

 

Rel 0: 3% Rel 1: 25% Rel 2: 22% Rel 3: 17% 
 Table 2, Summary of measurements 

 
The probability to exclude affected products will dramatically decrease when large 
change-sets are being used instead of single files. 

8.6.5 Internal validity and reliability issues 

In this section a number of issues are highlighted regarding the accuracy and reliability 
of the collected measurements. 
 
Changes to the configuration-files were not considered. A change in the configuration 
between current version and the “latest stable version” (currently compared with) can 
result that the structure of the used files are changed. The reason for why changes to 
configuration files not are considered is because they are not inserted to the compiler 
and therefore not become part of the build-log.  
 
To avoid exclusion of too many products, a pessimistic behaviour is applied to files 
that are not part of any build log. The result if a change-set includes a configuration 
file will be that all products are stated as affected. More precise will the tool state that 
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no products can be excluded from the set off affected products. The same thing will 
happen when changes are targeted content files of the phone, such as pictures or 
animations. Since the content files will not be compiled the will not either be part of 
the build log. This pessimistic behaviour is currently affecting the applicability 
measurements to the more negative.  
 
The measurements performed were executed with post-implementation build-logs. As 
a result most of the changed files actually existed in one or several products. In a real 
situation a new file will not be possible to exclude from a product before the product 
has been built. The reason is that the new file must first become part of the build-logs 
of the products where it is intended to be used. 
 
It cannot be claimed with validity that the core in the product line architecture is in 
general less prone to change based on performed measurements. The measurements 
are only based on samples from releases' stabilization periods. The aim of the 
investigation was not to prove a solid proof of the evolutionary behaviour of the 
product line, but rather to give an indication and to ensure that the target of the 
changes was not the vice versa. 
 
Several entries in the parsed change-sets were targeted configuration files. 
Configuration files are handled by the pre-processor and will thereby not be part of the 
build-log. Because of a limitation in the system storing the change-sets, file paths that 
exceeded a specific length of characters were truncated. The long file paths can be 
received from the system but would require either manual work or a more 
sophisticated automatic solution to collect them. The truncated files and configuration 
files represents a large amount of the files that were changed but did not exists in any 
build-log. The total amount of these files were counted and estimated to constitute 
around ten percent of the files in the change-sets.  A potential validity threat would be 
that if the truncated files would consist of more individual files than core files. The 
truncated files were investigated to address this issue and no such significant relation 
could be identified. 

8.7 Summary 

Conditional compilation is a powerful technique to realize products from a product 
line. As dead code can be avoided in the final product, the technique is especially 
appropriate when hard performance requirements exist. The drawback of conditional 
compilation is its negative effects on the readability of the source code.  
Product line development involves development of a set of shared components. From 
the shared components a set of products is composed. A challenge needs to be met 
when affected products should be determined based on the changed components. This 
becomes even harder if conditional compilation is used to configure the SPL. Results 
from the case study show that ignoring configuration switches and instead only 
considering the used source code files can be an alternative approach to impact 
analysis. The collected measurements indicate the possibility to exclude products 
which are not affected by a change. Nevertheless, the applicability of this approach 
largely depends on the design of the SPL, especially on the degree of source code 
reuse. An important question to consider is: To what degree could an expert determine 
not affected products based on the path of the changed file and based on the 
knowledge of how products are configured? It is rather likely that personnel 
responsible for a certain module are able to provide the required knowledge for such 
an analysis. However, experts tend to be a scarce resource which advocates the tool-
based approach. 
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9 SUMMARY AND CONCLUSION 

This thesis contains a case study conducted in an environment which embodies several 
demanding situation requirements. The environment daily confronts the organization 
with high pace, global, parallel and product line development. 
 
The thesis concludes for this case the most applicable and important areas of the 
research disciplines software release management, software product line development 
and software configuration management. Case studies performed in other industrial 
environments are discussed which increases the awareness of the identified challenges 
and improves the external validity. 

 
The challenges of creating release documentation are discussed in relation to parallel 
development, software product lines, and especially in relation to the environment of 
the case study where everything comes together. 

 
One of the main topics discussed in this thesis is parallel software development. The 
thesis identifies the challenges of parallel development which mainly refer to the 
problem change propagation and preserving status accounting information. Further, the 
requirements of parallel development on defect management, change propagation, 
status accounting, and supporting processes and tools are presented. 
 
Different branching models are evaluated to find opportunities to meet the challenges 
of parallel development. It turned out that the fundamental issues of change 
propagation and status accounting are not solvable by the considered branching 
models. Having processes that handle the specific needs of parallel development is a 
key factor in order to be able to meet the challenges. Managing the processes, 
considering the different stakeholders, organizing process trainings, and assuring that 
the processes are actually followed are tasks of even more importance. Appropriate 
tool support can leverage the processes but only if the processes of the tools are 
aligned with the processes of the organization. 
 
This is elaborated further by discussing the consequences if the parallel development 
challenge is not met. Some highlighted consequences in the thesis are: Corrupt and 
inconsistent information in defect management system, lack of process adherence, lack 
of quality assurance and quality metrics, lack of common  way of working, and 
thereby problems of rolling out improvements. 

 
Finally, improvement strategies based on the identified challenges are presented. The 
described improvement strategies show a way how an industrial environment can 
counter the above challenges. Main issues considered are: That high visibility is a 
fundamental situation requirement. Storing of change information should only be done 
in one system. Process documentation should be unambiguous. Feedback from user-
groups during process improvement initiatives should be used. Work-arounds must be 
reported to the process owner. Process owner must take immediate action when work-
arounds are reported. Quality assurance on change propagation must be supported. 
Support for change-propagation without overhead. The system should aim to capture 
and encapsulate parts of the complexity of the development process. 
 
The case study also describes one way how products can be realized from a software 
product line. Conditional compilation is a powerful technique and especially 
appropriate when hard performance requirements need to be met. The drawback of 
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conditional compilation is its negative effect on the readability of the source code and 
the traceability of source code to actual products. 
 
Challenges and consequences of product line development are discussed in relation to 
traceability, impact analysis, release documentation and defect management.  
 
The composition of products based on shared components and individual functionality 
has an impact on controlling changes in a SPL. Adopting a SPL approach to software 
development requires extended configuration management support. A major challenge 
is countered when the affected products should be determined based on the changed 
components. The thesis discusses why the challenge of determining affected products 
is so hard to meet when using conditional compilation.  

 
Finally, an alternative approach of software impact analysis for software product lines 
in combination is presented. The approach can help to reduce verification efforts 
without the need to consider the difficulties caused by conditional compilation. The 
measurements collected during the case study indicate the applicability of the approach 
but also underline that the benefits are dependent on the architecture of the SPL. 
 

Future Work 
 
Future work should focus on the SPL part of the thesis along with the presented 
approach to determine products which are affected by changes. The conducted analysis 
of changed files inside the SPL is not enough as it does not represent logical changes 
to a system. The performed measurements were done by considering each changed file 
separately. It was not taken into account that a logical change, e.g. the removal of a 
defect often requires a set of physically changed files. In particular this means that the 
measurements have to be rerun using change sets instead. This will give more concrete 
results concerning the general applicability of the approach. 
Another aspect which should be investigated further is the actual benefit of the 
approach in the daily development of a system. Under certain circumstances the 
approach to exclude products which are not affected by changes might only provide 
obvious results. For example, if only one product in the SPL supports a specific 
functionality and a change was done to this very functionality the other products are 
likely not to be touched. How often the approach leads to such obvious results needs to 
be determined by using it in an operational development environment. 
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