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About this Document  
It is customary for Ph.D. students at the Department of Computer Science and Electronics to present their plans 
for a Ph.D. thesis some six to twelve months before the actual thesis defense. This enables feedback from e.g. 
senior researchers on the topic, scope, methodology etc. of the thesis while there is still time to make substantial 
improvement.  

Abstract  
The integration phase represents a highly critical part of the product development process as components are 
combined and should work together. Errors and problems in product integration result in delays and rework as 
the results are needed for later phases. Standards and other reference models that include guidelines for product 
integration are available, but are not always used.  

Our proposal is that is that the current descriptions in standards and reference models are insufficient and need to 
be consolidated to help development organizations improve the product integration process. The presented 
research includes a number of case studies and analyses that have resulted in a superset of practices, i.e. a 
combination of the activities included in the different reference models. Through the case studies performed in 
seven different product development organizations, a connection between problems that are observed and the 
failure to follow the recommendations is identified.  
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1. Background and Motivation 
Product integration is the process that enables an organization or a project to finally observe all important 
attributes that a product will have; functionality, quality and performance. This is especially true for software 
systems as the integration is the first occurrence where the full result of the product development effort can be 
observed. Consequently, the integration phase represents a highly critical part of the product development 
process. Descriptions of good practices for product integration are available [1-5], but my own experience as 
well as other research results [6, 7] show that these are not always used. This results in errors and problems 
discovered late in the development process. There are two major consequences due to this: 

• Activities building on the result from the product integration process will be delayed. As integration is 
performed throughout the project life-cycle, and both further implementation, verification and other 
processes depend on the results, each delayed integration result will affect the development effort 

• Work performed in earlier phases need to be redone if problems are discovered late in the development 
process, adding to the needed resources, and may further delay the results from the project 

Failure in the integration is thus expensive and need to be avoided. The practices described in different reference 
model may help in avoiding these problems and can be divided into three categories: preparation of product 
integration, management of interfaces, and execution of the product integration. However, the specifics of the 
reference models differ, and there is a need to understand how these differences affect the performance of 
product development projects if they are followed. This leads to the reasons for this research: to find what 
practices among those available in reference models help product development units avoiding problems in 
product integration, and are there other means of helping organizations to improve the execution of product 
integration. 

Component based software engineering may be one tool in improving the engineering practices and simplify 
product integration practices. However, there are indications that changes are needed in the established 
development and life cycle models. The differences in component-based development and non-component based 
development require new patterns to be used, and a distinction between development of components and 
development with components. The product integration process is one area where we can anticipate changes to 
current practices as general-purpose components are starting to be used for product development of embedded 
systems.  

2. Research Description 

2.1 Terminology 

The term Product Integration is used for several different purposes. In [8], different aspects of integration are 
described. In this research, Product Integration is defined as  

the assembling of product components into more complex product components and 
into complete products, ensuring that the product functions properly. 

2.2 Purpose 

The purpose of this research is to determine what changes can be required to the current body-of-knowledge as 
described in models and standards for the product integration process. An additional aspect is how different 
means can help in the use of the described practices; in this research we look into the need for additional 
practices for systems based on use of component based software, and the influence between architecture and 
product development processes. Both these instruments help connecting the technical work with processes; 
through this, a better understanding for the importance of certain aspects of product integration can be conveyed 
to engineers. The suggested improvements are based on industrial case studies and existing reference models that 
include practices for product integration. 

The focus of the research is on embedded industrial systems with specific requirements such as reliability, 
maintainability and availability. The main research questions are related to the particular characteristics of the 
integration process. 

The main hypothesis of this research is that the current descriptions in standards and reference models are 
insufficient and need to be consolidated to help development organizations improve the product integration 
process. A second hypothesis is that a better connection between technical and process aspects is needed to 
ensure the awareness of engineers of the importance of product integration. 
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2.3 Related work 

This section describes work that has been done related to system and product integration in relation to software 
and system architecture, often based on component based software development and engineering. 

A general description of system and product integration in general and how the integration is affected by 
architecture can be found in [8]. The role of architectures and integration in different reference models are also 
described. One conclusion is however that methodologies and tools for system integration and integration 
architectures were not well described in literature at that point in time.  

Product integration processes are included in different reference models for product development [1-5]. The 
reference models are developed based on experience from a large number of organizations, ensuring that 
important considerations are taken into account.  

The activities in the product integration area have also been the subject of interest from the agile community 
where frequent builds is one of the cornerstones. One example is [9] where Fowler describes the requirements on 
developers: before committing back to mainline the developer would need to update his work area with the latest 
mainline, i.e. build against the latest changes of other developers. Only after that, integration into the mainline 
would be permitted. 

The integration of large systems as a challenge is identified in [10], which proposes methods to handle the 
uncertainties in resulting system characteristics when integration components. The idea is that it should be 
possible to model system behavior.  

One possibility is that a specific technology may assist organizations to execute the product integration process 
more efficient and effective. One example is component based systems, where the parts of the systems are well 
defined, and should follow specific models and constraints. In addition to this, the integration process is a vital 
part of the CBSE process as the workflow is somewhat different. 

The differences between the development of component based systems and non-component based systems are 
described in [11]. The separation of component development and development of systems based on components 
is highlighted and gives input to how integration can be organized. Also [12] describes the division of how 
components and system are developed, but in the context of COTS (commercial off-the-self). The importance of 
following and performing all process steps is described in [13]. 

Another area that has been well researched is how software can be reused. One example in the context of 
refactoring can be found in [14] where an evolution model is proposed and a methodology that finds code that 
can be refactored into components is described.  

 [15] finds that the goals of reusable building blocks and the goals of integration are hard to combined, but 
proposes techniques of how this can be done. These include the concept of source code components and source 
tree composition that integrates source files, build processes and configuration processes. 

One area that is related is component standards. In [16], a generic component architecture is described, and a 
process proposed for selecting and integrating software products as components.  

In [17] and [18] an approach and a software process to be used for basing embedded systems on component-
based technology is described. The focus is on the composition process but it is not compared to the overall 
expectations on the integration process. 

2.4 Research Questions 

This section presents the topic of the thesis in terms of research questions and summary of answers. The 
questions are derived from our hypothesis, and the answers are based on papers which are described further in 
section 3.5. 

The first question intends to provide a starting point for further research: 

What practices described in available reference models for product integration can be 

expected to reduce the problems encountered in the integration of products? (Q1) 

Our investigations (paper A-C) compare the performed activities in different organizations with proposed 
practices from different reference models. In this comparison, the problems related to product integration in the 
case studies are associated with practices, which gives us an understanding what practices actually can help to 
avoid product integration problems. The case studies from seven development organizations in the three papers 
A-C give at hand that the types of problems found in product integration can be reduced through following the 
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practices described, at least for basic practices. However, an observation made in these case studies is also that 
different reference models cover different aspects of product integration. Given this, the resulting question is: 

What additions and alterations are needed in the available reference models to take 

advantage of current level of knowledge? (Q2) 

Through a compilation of the cases in paper A-C and a through walkthrough of the selected reference models, a 
superset of practices has been put together (paper D). This superset has also been compared to the different 
problems found in the case studies. The results is summarized in Figure 1 and shows that the problems related to 
product integration could not all be related to a practice in the reference model for any model, e.g. for ISO/IEC 
15288 we could associate 11 of the 17 problems found in the case studies to any of the product integration 
practices in that standard. The results confirm the need of a broader approach than is available in any of the 
examined reference models. 

Figure 1. # of unique problems related to a practice in each standard compared to total # of unique 
problems for each case 

 ISO/IEC 

12207 

EIA-632 CMMI EIA-731.1 ISO/IEC 

15288 

Case 1 
3 problems 2 1 2 3 2 

Case 2 
3 problems 0 0 2 2 1 

Case 3 
1 problem 1  1 1 1 1 

Case 4 
1 problem 0 0 1 1 0 

Case 5 
2 problems 1 0 1 1 2 

Case 6 
4 problems 2 1 3 3 3 

Case 7 
3 problems 1 1 2 3 2 

Total 
17 problems 7 4 12 14 11 

 

An additional observation is that the available knowledge is inconsistently used by different product 
development organizations. The understanding and commitment to use the existing methods may need additional 
means for promoting the use of the practices. Two ideas for this have been identified in the case studies: the use 
of component-based software engineering, and the mapping of influence on process from architectural decisions. 
The simplify this, additional practices may be needed to support component-based software engineering, and a 
method is needed to help organizations understand how architecture influences processes. This leads to two 
additional questions and corresponding answers: 

How can the use of component based software engineering be supported in the reference 

models for Product Integration? (Q3) 

An analysis of the different processes used in CBSE has been made based on the description of CBSE practices 
found in [11]. Each of the processes is analyzed based on the specific practices for Product Integration in 
CMMI. The result is that a set of additions to the descriptions of Product Integration has been identified. 
However, no additional specific practices have been identified (paper E).  

How can the influence from architectural decision on product development processes be 

identified and consequences understood? (Q4) 

Through the investigation of different models used for support architectural decisions, and appraisal methods for 
process improvement, a method has been proposed and piloted (paper F) with focus on the product integration 
process. The result is that the understanding for needed steps in product integration has increased in the pilot 
organization, and that the proposed method has been updated to reflect the results from the pilot. 
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2.5 Methodology 

The methodology that has been used in the presented research consists of three steps: 

• Examination of existing standards and reference models that includes practices for product integration 

• Based on knowledge from the reference models, a set of case studies have been performed to 
understand the connection between the use of practices and problems found in product integration 

• Analysis of the combination of the results from the case studies and the content in the reference model 

The first two steps have been made in iterations, starting with the investigation of CMMI [5], and a case study 
looking at one product development organization. The case study included two parts; an investigation of the 
practices used in the company based on CMMI, and an identification of the problem areas within product 
integration. The case study data collection was made through interviews, document reviews, and review of 
process documents.  

The second iteration included a study to find additional suitable reference models, and a set containing 
requirements or directions for product integration were selected. From this set, one was chosen to be used in the 
second case study which included three development groups in two organizations. In this study, the practices 
where investigated based on the interim standard EIA 731.1 [4]. The data collection was made in a similar way 
as for the first case study, with interviews and document reviews.  

Before the third iteration of cases, a thorough investigation of the selected set of reference models was made. 
The analysis was performed through careful examination of the standards, and a definition of a superset of what 
was included in the reference models was developed. 

The final iteration included a case study with four development organizations. In addition to the data collection 
based on a reference model (CMMI), data was also collected from the build activities. The purpose was to see if 
it is possible to combine the use of a reference models with existing data from the activities in the organization. 
The data collection was through interviews, document reviews, and through the collection of data made by the 
practitioners.  

The final step in the research was to combine the findings from all case studies and the investigation of reference 
models. In this analysis, four standards and a model was selected as they had explicit expectations on product or 
system integration. The problems and execution of practices from the cases were mapped to all reference models 
and a summary of the results were compiled.  

For each of the papers included in the thesis, the method used for that part of the research is presented. In each 
paper, there is also discussion about validity, and limitations of the studies. 

Four types for validity have been considered in this study; construct, internal, external, and reliability. 

The construct validity are in the case studies addressed through multiple sources for the data in the project 
appraisals through more than one interviewee for each case as well as using document reviews. The use of 
reference models as basis for the interviews and document reviews ensures that the data collected is relevant.  

The internal validity was addressed in several ways. For the appraisals using reference models, several steps 
have been taken to ensure that the mapping and understanding is correct. A detailed description of the methods 
used for the appraisal can be found in [19]. One risk related to the internal validity is that we through the 
investigations and through participation in the discussions of product integration affect the processes while 
collecting data.  

The external validity is addressed through the selection of cases from different domains, countries and 
organizations. One threat is that several cases are from the same multinational company. However, the 
investigated organizations are from different divisions, have distinctly different development processes, and the 
products are intended for different application domains.  

The reliability of the studies has been addressed through the detailed description of the procedure used in each 
case as well as using a procedure for appraisal based on [19]. 
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3. Thesis Contents 
The thesis will be in the form of attaching published papers without modifications, together with introduction, 
methodology section, state of the art and practice of the research fields, and a summarizing discussion and 
conclusion. This will result in some duplication of information, such as brief descriptions of the same cases in 
several chapters, but the choice is motivated by two factors: first, the papers have been published in the 
academic community and are as such peer reviewed in the state they are included, and second, although there are 
summary case descriptions in several publications, the information enables the reader to select the chapters that 
are of most interest to them. 

3.1 Introduction 

The introduction will describe the background to the research and general descriptions of product integration. 
Also component-based software engineering will be described. 

3.2 State of the Art Section 

This section presents what I consider are relevant fields of research and practice, and how I have already dealt 
with these topics in different texts. The section will be an extended version of the related work described in 2.3.  

3.3 Methodology 

A short general discussion on methodology will be included, and a more thorough description of the specific 
methods used for the different parts of the research as outlined in section 2.5 of this paper. 

3.4 Contribution 

The contribution of the thesis will be the answers to the questions formulated in section 2.4. The section will be a 
summary of the findings and conclusions from the included papers, and the section will thus also be an outline of 
the remainder of the thesis. 

3.5 Publications 

The thesis will include the following papers:  

Paper A,  

“On the Expected Synergies between Component-Based Software Engineering and Best Practices in 
Product Integration“, describes the product integration practices at one product development 
organization. Problems observed are compared to component-based development practices to 
investigate if these practices can help the organization to follow good practices as described in the 
CMMI. Presented at Euromicro Conference, Rennes, France August 2004. Authors: Stig Larsson, Ivica 
Crnkovic, Fredrik Ekdahl.[20] (This paper was included in the licentiate thesis) 

Paper B,  

“Case Study:  Software Product Integration Practices”, includes case studies for three organizations. 
The used practices are compared to EIA-731.1 [4], and the problems each of the organizations are 
described. The problems are mapped to the practices, and the conclusion is that the standard includes 
activities that can help organizations to avoid problems which can appear when integrating components 
to systems. Presented at PROFES 2005 Conference, Oulu, Finland June 2005. Authors: Stig Larsson, 
Ivica Crnkovic. [21] (This paper was included in the licentiate thesis) 

Paper C,  

“Product Integration Improvement Based on Analysis of Build Statistics”, proposes a method for 
mapping project data to different practices and combines this with project appraisals to form a basis for 
focused performance improvement. The product integration processes in four projects from three 
organizations have been examined using the proposed method and the findings are presented. The study 
demonstrates how the two components, the collected metrics and appraisal results, complement each 
other in the effort to develop product integration process improvement effectiveness. Paper C is 
submitted to the ESEC/FSE Conference 2007. Authors: Stig Larsson, Petri Myllyperkiö, Fredrik Ekdahl 
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Paper D,  

“Examination of Product Integration Practices in Reference Models”, consolidates the investigations in 
paper A, B and C with chapter 4 of my licentiate thesis to show the possibility to enhance current 
reference models. Seven case studies are compared to five reference models. A combination of the 
findings from the cases and the models result in a proposed set of 15 practices for successful product 
integration. Submitted to a major international journal. Authors: Stig Larsson, Ivica Crnkovic, Fredrik 
Ekdahl, Petri Myllyperkiö. 

Paper E,  

in preparation, will discuss what additions are needed in CMMI to support component based 
development with focus on product integration. The three processes system development, component 
assessment, and component development are examined to understand what additional considerations 
and activities are necessary as a complement to descriptions in CMMI. To be submitted to QSIC 2007. 
Authors: Stig Larsson, Mikael Åkerholm, Per Branger. 

Paper F,  

in preparation, expresses different relationships between architectural changes, process changes and the 
underlying business objectives. As an example of how the understanding of these relationships can be 
used, we describe a method for assessing the process changes needed when refactoring is performed. 
Details regarding the consequences for the product integration process are included as examples. To be 
submitted to IWPSE Workshop (in conjunction with ESEC/FSE) 2007. Authors: Stig Larsson, Anders 
Wall, Peter Wallin. 

3.6 Conclusions and future work 

This section will summarize the thesis and propose areas for future research. 
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4. Time Plan 
The planned date of defending the proposed Ph.D. thesis is mid December 2007. To complete the thesis, the 
main remaining activities are: 

• Publications. Paper C has been submitted to a international conference but not yet accepted. Paper D has 
been submitted to a major international journal. Papers E and F will be submitted to conferences in May.  

• Compiling thesis. As described in section 3, large parts of the thesis are either already written, planned to 
be written in the form of papers, or there is material to be reused and consolidated. The thesis writing will to 
a large part be editorial: compiling this material and wrap it with a suitable introduction, discussion and 
conclusion. 

• Courses. I already fulfill the other main part required for the Ph.D. degree, namely completed courses worth 
51 credits. 

The following are perceived risks and contingent plans: 

• If paper C is not accepted, it will be rewritten based on the review feedback and submitted to some other 
suitable conference with a suitable deadline. The notification date for ESEC/FSE is June 1. Backup 
possibilities include APSEC 2007 with a submission deadline July 2 and a notification deadline August 20. 

• Paper D has been submitted to an international journal, xxx, which has a lead time of approximately three 
to six months. Considering this, it needs to be written and submitted shortly in order to get feedback about 
acceptance. Also, if it is not accepted I need to rework it and possibly submit it somewhere else, which will 
delay the schedule for the thesis. 

• Paper E has a submission deadline May 15, with notification July 15. Backup possibilities include SE 2008 
with a submission deadline September 15, with notification November 1. 

• Paper F has a submission deadline May 20, with notification June 15. Backup possibilities include APSEC 
2007 with a submission deadline July 2 and a notification deadline August 20 

All in all, to be able to defend the proposed thesis seven months from now, hard and determined work is 
required.  
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5. Full list of publications 
Journals   

• A Model for Technology Transfer in Practice, Tony Gorschek, Claes Wohlin, Per Garre, Stig Larsson, 
IEEE Software, vol 23, nr 6, p88-95, IEEE, November, 2006  

• Component-based Development Process and Component Lifecycle, Ivica Crnkovic, Michel Chaudron, 
Stig Larsson, Journal of Computing and Information Technology, vol 13, nr 4, p321-327, University 
Computer Center, Zagreb, November, 2005  

• Integrating Business and Software Development Models, Christina Wallin, Fredrik Ekdahl, Stig 
Larsson, IEEE Software, vol 19, nr 6, p28-33, IEEE Computer Society, November, 2002  

Theses   

• Improving Software Product Integration, Stig Larsson, Licentiate Thesis, Mälardalen University Press, 
June, 2005  

Conferences and workshops   

• Component-based Development Process and Component Lifecycle, Ivica Crnkovic, Michel Chaudron, 
Stig Larsson, International Conference on Software Engineering Advances, ICSEA'06, IEEE, Tahiti, 
French Polynesia, October, 2006  

• Experience Report: Using Internal CMMI Appraisals to Institutionalize Software Development 
Performance Improvement, Fredrik Ekdahl, Stig Larsson, 32nd EUROMICRO Conference on Software 
Engineering and Advanced Applications (EUROMICRO'06), p 216-223, IEEE Computer Society, 
Cavtat, Croatia, September, 2006  

• Software In-House Integration – Quantified Experiences from Industry, Rikard Land, Stig Larsson, 
Ivica Crnkovic, Euromicro Conference, Track on Software Process and Product Improvement, IEEE, 
Cavtat, Croatia, Editor(s):Paul Grünbacher, August, 2006  

• Merging In-House Developed Software Systems – A Method for Exploring Alternatives, Rikard Land, 
Jan Carlson, Ivica Crnkovic, Stig Larsson, Quality of Software Architecture, University of Karlsruhe, 
Västerås, Sweden, June, 2006  

• Architectural Concerns When Selecting an In-House Integration Strategy – Experiences from Industry, 
Rikard Land, Laurens Blankers (former), Stig Larsson, Ivica Crnkovic, 5th Working IEEE/IFIP 
Conference on Software architecture, WICSA, p 274-275, IEEE, Pittsburgh, PA, USA, November, 
2005  

• Software Systems In-House Integration Strategies: Merge or Retire - Experiences from Industry, Rikard 
Land, Laurens Blankers (former), Stig Larsson, Ivica Crnkovic, Fifth Conference on Software 
Engineering Research and Practice in Sweden (SERPS), p 21-30, Mälardalen University, Västerås, 
Sweden, October, 2005  

• Architectural Reuse in Software Systems In-house Integration and Merge – Experiences from Industry, 
Rikard Land, Ivica Crnkovic, Stig Larsson, Laurens Blankers (former), First International Conference 
on the Quality of Software Architectures (QoSA 2005), Springer Verlag, Erfurt, Germany, September, 
2005  

• Process Patterns for Software Systems In-house Integration and Merge – Experiences from Industry, 
Rikard Land, Ivica Crnkovic, Stig Larsson, 31st Euromicro Conference on Software Engineering and 
Advanced Applications (SEAA), Track on Software Process and Product Improvement (SPPI), IEEE, 
Porto, Portugal, Editor(s):Paul Grünbacher, August, 2005  

• Case Study: Software Product Integration Practices, Stig Larsson, Ivica Crnkovic, Product Focused 
Software Process Improvement: 6th International Conference, PROFES 2005, Springer, Lecture Notes 
in Computer Science, Volume 3547 / 2005, Oulu, July, 2005  

• Concretizing the Vision of a Future Integrated System - Experiences from Industry, Rikard Land, Ivica 
Crnkovic, Stig Larsson, 27th International Conference Information Technology Interfaces (ITI), IEEE, 
Cavtat, Croatia, June, 2005  
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• Component-based Development Process and Component Lifecycle, Ivica Crnkovic, Stig Larsson, 
Michel Chaudron (Technical University Eindhoven), 27th International Conference Information 
Technology Interfaces (ITI), IEEE, Cavtat, Croatia, June, 2005  

• On the Expected Synergies between Component-Based Software Engineering and Best Practices in 
Product Integration, Stig Larsson, Ivica Crnkovic, Fredrik Ekdahl, Euromicro Conference, IEEE, 
Rennes, France, August, 2004  

• Selecting CMMI Appraisal Classes Based on Maturity and Openness, Stig Larsson, Fredrik Ekdahl, 
PROFES 2004 - 5th International Conference on Product Focused Software Process Improvement, 
Springer-Verlag Berlin Heidelberg New York, Kansai Science City, Japan, Editor(s):Frank Bromarius, 
Hajimu Iida, April, 2004  

• Towards an Efficient and Effective Process for Integration of Component-Based Software Systems, Stig 
Larsson, SERPS’03 - Proceedings of the 3rd Conference on Software Engineering Research and 
Practise in Sweden, Lund, Sweden, October, 2003  

• Are Limited Non-intrusive CMMI-based Appraisals Enough?, Stig Larsson, Fredrik Ekdahl, 
Proceedings of the ESEIW 2003 Workshop on Empirical Studies in Software Engineering WSESE 
2003, Fraunhofer IRB Verlag, Stuttgart, Germany, Editor(s):Andreas Jedlitschka, Marcus Ciolkowski, 
September, 2003  

• Combining Models for Business Decisions and Software Development, Christina Wallin, Stig Larsson, 
Fredrik Ekdahl, Ivica Crnkovic, Euromicro Conference, IEEE, Dortmund, September, 2002 
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