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                                      Prologue  

Procrustes, in Greek mythology, was the cruel owner of a small estate in Corydalus in Atti-
ca on the way between Athens and Eleusis, where the mystery rites were performed. Pro-
crustes had a peculiar sense of hospitality; he abducted travelers, provided them with a gen-
erous dinner, and then invited them to spend the night in a rather special bed. He wanted 
the bed to fit the traveler to perfection. Those who were too tall had their legs chopped off 
with a sharp hatchet; those who were too short were stretched (his name was said to be 
Damastes, or Polypemon, but he was nicknamed Procrustes, which meant "the stretcher"). 

We humans, facing limits of knowledge, and things we do not observe, the unseen and the 
unknown, resolve the tension by squeezing life and the world into crisp commoditized ide-
as, reductive categories, specific vocabularies, and prepackaged narratives, which, on the 
occasion, has explosive consequences. Further, we seem unaware of this backward fitting, 
much like tailors who take great pride in delivering the perfectly fitting suit —but do so by 
surgically altering the limbs of their customers. (An excerpt from “The Bed of Procrustes” by 
Nassim Nicholas Taleb) 
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                                     Abstract 

Embedded software growth in the modern vehicles is unprecedented. Almost all the func-
tionalities growth in the modern vehicle is contributed to software. Software is considered 
as the major source of innovation and revenue for the automotive makers. But the com-
plexity, invisibility and changeability essence of software creates real challenges for the 
OEMs. The need to master in the high level system engineering and product development 
skills are dare need of the day to survive in designing and developing software intensive ve-
hicles. 

This creates an opportunity for the OEMs to redefine the core competence. Skills required 
for the software sourcing are the same as required in system engineering and product de-
velopment. Sourcing software requires a thorough investigation of the firm ability to speci-
fy mature, competent and implementable requirements. As the role of automakers is shift-
ed from being assembler to system integrator, this questions the ability of OEM to inte-
grate and test all supplier developed software components, as no supplier in the new soft-
ware intensive vehicle would remain a system supplier. 

An OEM must identify its core, strategic and non-strategic components and domains, 
where it want to excel both in short-term and long term perspective. Globally software de-
velopment offer more risks than opportunity. Miss match between OEM’s software pro-
cesses and supplier’s process would create inefficiencies. OEM should define and put in 
place the proper governance structure with supplier, clarifying all roles and responsibilities, 
IPR issues, quality issues and clear communication channels, before the start of develop-
ment projects.  
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1 Background 

1.1.1 Company introduction 

The thesis is conducted at European automotive OEM which will be referred to as OEM 
in the rest of thesis. The company provides unique product solution to world leading truck 
brands. The study is conducted at Electrical & Electrical departments (both Global Electri-
cal & Electronics Engineering and Electrical & Electronics Purchasing), whose responsibil-
ity concern primarily designing and sourcing of software applications and embedded sys-
tem in a vehicle, respectively. 

Development project is controlled by global development framework (global development 
process & global sourcing process), which is basically a spectrum of activities with different 
milestone. Each milestone is guarded by a gate (pre-requisites) which must be fulfilled in 
order to take project at the next mature level. Each gate ensures that all required inputs for 
the accomplishment of next milestone are there. This development framework is controls 
the development project life cycle from pre-study to aftermarket. GEEE follows the V 
model (waterfall model) which complements the global framework. The development starts 
at the left side of V model and with corresponding testing activities at the right side.  

In start of 2006, the OEM set itself on the path of renewal its product lines, which lead to 
the conceptualization, realization and implementation of new electrical and electronic ar-
chitecture. This architecture was a big leap for the OEM. There were many driving forces 
behind its development, such as to serve the global products with common platform archi-
tecture in order to achieve commonality, brand differentiation, and reduce cost and devel-
opment lead time.  

This architecture poses the challenges of procurement (development) for the whole organi-
zation. As a lot of activities or development of this architecture are accomplished by sup-
plier, thus created a strain on electrical & electronic purchasing department’s muscles. In 
history of electrical & electronic department, it never dealt with sourcing of complex em-
bedded software intensive components. Know-how of sourcing embedded software was limited. 

This drive the need to conduct internal investigation about the potential improvement are-
as for electrical & electronic purchasing department alongside with PD organization, and 
accumulate knowledge learned from current project. This whole need translated into this 
thesis work.    

1.1.2 Electrical Purchasing  

 
The Electrical purchasing of OEM is a global organization responsible for the direct mate-
rial buying activities of electronic and electrical components, modules and solution for the 
truck customers worldwide. Electrical department purchases spread from advanced elec-
tronics in active safety system, instrument clusters and audio systems to power storage, 
supply and distribution. 
 
Electrical Purchasing activities and services: 
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                     Figure 1 . An overview of electrical purchasing (OEM) 

  
 

1.2 Problem area 

OEM is currently working on a project called project Alpha based on E/E platform called 
EE2 (Electrical & Electronic Architecture). The new architecture or platform has more 
than 32 main ECUs with approximate 10 million lines of codes, controlling almost entire 
vehicle functionality. There are approximate 160 end-to-end functions. So one can imagine 
how big role software is playing in the modern vehicle. But this also raises concern for the 
management about how to procure embedded software for this new platform and for the 
future as well. This created a need for internal investigation of processes and strategic review of existing 
practices regarding embedded software-sourcing strategy. 

Until few years ago, automotive OEMs saw the ECUs of a vehicle as single units. They 
specified and order them as black boxes. For the OEMs this procedure as the disad-
vantages that if the supplier is changed, ECUs has to be newly developed for each new 
project. This not only caused expenses but also increases development time (Hardung, 
Kolzow & Kruger, 2004). 

As the size of software content in vehicle has increased at exponential rate and software 
has also been predicted as key value driver of the future vehicles. This trend raises certain 
questions that should be answered by OEMs to manage this complexity of E/E architec-
ture of vehicles. The rapid growth of software content presents a real challenge to the tradi-
tional hardware oriented manufacturing business like OEM. Should OEM develop the nec-
essary software in-house, recruiting and establishing capability in this area? Or should the 
company find a supplier capable of providing both software and the ongoing support that 
it will require? Or perhaps some software should be developed in-house and some should 
be bought from a specialized supplier? This issue is well known as make and/or strategical-
ly referred as sourcing decisions. But does traditional hardware make and/or buy process 
applicable for software contents? 

This creates a need of having an adaptive, responsive and speedy software acquisition strat-
egy for OEM. As software becomes ubiquitous in automotive industry therefore there is 
need of new business model for embedded software, which is emerging with its own char-
acteristics.  
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There is lack of research in the area of automotive embedded software, except a few stud-
ies (Gardiner & Rushton, 1998;  shehabuddeen et al., 2002; Probert et al., 2007) have been 
published dealing with embedded software sourcing in general. Therefore there is argument 
that this thesis work will fill this gap of knowledge in literature and would help future re-
searchers in area of automotive embedded software sourcing. 

1.3 Purpose 

The overall purpose of thesis is to “develop and/or propose an embedded software sourcing model 
identifying critical parameters when sourcing embedded software in OEM”. 
 
As the amount of software in the vehicle is mounting with increased development cost and 
impact on product delivery, quality and performance of the company, it seems inevitable to 
identify critical factors impeding on software sourcing practices of the OEM. In 2006-2007 
Global Electrical Engineering introduced new modular distributed architecture called 
(EE2); with increased software functionalities in the Electronic control units (ECUs). This 
posed a challenge for the purchasing team of EE2 at Electric department in software pro-
curement from selected suppliers. Increased in software development cost than estimated 
and long delivery time than expected has been reported from the team and hence under-
mining key performance indicators (KPIs) for the project. Consequently this leads to start 
of this thesis project to figure out how electrical department can develop an adaptive, re-
sponsive and speedy software acquisition strategy today and for the future projects. 
 
The objective of the study is to understand the process, propose a sourcing model, identify 
critical factors and develop a checklist for the buyer(s) responsible for sourcing of automo-
tive embedded software. 
 
Overall target: 

 Describe over all technical and commercial trends in state of art software intensive industries. 

 Identify Potential gap between OEM and literature study 

 Propose improvement areas 
 

 
                                
                                   Figure 2. Overall target of the thesis 

 



 

 
9 

Following research question will help us to frame and achieve overall aim or target of the 
thesis. These question not only helped author to structure the theoretical framework but al-
so lightens the path for further exploration, which revealed during the during the investiga-
tion. 

Research questions 

1. What are the benefits of having a clearly defined strategy (i.e. company level, technical level and 
purchasing level)? 

2. What are the benefits to have to have well defined business models (internally and with suppliers)? 
3. What the strategic advantages/disadvantages are of internally developed and outsourced embedded 

software development. 
4. What factors buyers should consider when sourcing embedded software? 
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2 Research Method 

This chapter discusses how the thesis is conducted. It describes research questions which have been covered in 
the thesis, how the thesis is designed, its approaches, investigative instruments employed to collect data and 
types of validity the thesis pursues. 

The length of this study is not due solely to the extensive use of illustration in terms of at-
tached figures and slides. It is also due, in part, to the size of the field that the work at-
tempts to cover. In fact, farther we pursue our study, the wider its field becomes and 
growth of field cannot be confined to the dimensions of time and space. Other dimensions 
unfold themselves and demand exploration.  

An extensive theoretical framework has been developed to understand the issues and prob-
lems at hand. One might raise objections about length of the of theoretical framework 
which could bring a boredom for the reader. There are certain things which lead to this 
broader and extensive framework, hence limited the choices for the author to have narrow 
and in-depth view of one part of a much larger growing puzzle. 

 Nature of the problem, many concepts are so intertwine that it has become really 
hard to understand one with other clearing dimensions of rest of the part.   

 Demands laid from OEM side, as they are main customer of this study.  

 As there is not enough study available in sourcing automotive embedded software, 
therefore the aim was to first develop and investigate the larger picture. The con-
cept of “cutting elephant into small pieces to understand” was deliberately avoided, which 
otherwise would have reduce the length of the study, and made the task easier for 
the author. 

 

We can make analogy between the length of the study and exploration of different dimen-
sion of theoretical framework into following quote by John Muir, 

“When we try to pick out anything by itself, we find it hitched to everything else in the 

universe…” 

This also applies in case of this thesis work. Sourcing of embedded software is more than 
simple purchasing activities; it involves many paradigms of product development, architec-
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tural choice, development path, level of specifications, and supplier’s role etc. Reader 
would also notice this, as an argument being built over successive pages. 

It’s important to remember that due to sensitive nature of the project most of the critical information, which 
could have added extra weigh to thesis, has been taken out from this document, on the request of OEM. 
For the time being OEM does not want to have any sensitive information available to public or to competi-
tors. 

The research approach was organized around four phases 

 Literature review in order to identify technical and commercial trends of automo-

tive embedded software 

 Literature review and initial interviews 

 Theoretical framework and tool (s) development by means of best sourcing practic-

es in software intensive industries. 

 Framework and tool validation by applying on real case. 

  

 

                              Figure 3.overall view of adopted research methodology  

Figure shows the research approach of the task and visibility of activities performed at the 
time scale. It also illustrates the chronology of events during the research process. 
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                                Figure 4. OEM supplier involvement in product development framework (SIPD) 

Prior to developing theoretical framework, a detailed introduction about the current elec-
trical and electronic architecture (EE2) was given to author, followed by subsequent tech-
nical readings about the EE2 and Autosar (Automotive Open System Architecture) were 
carried out, which gave author a depth of understanding about the problem under study. 
Later on author was given access to all relevant information which could be required for 
the research. Author was part of weekly EE2 management team meeting and software op-
erational development team meetings. Author had also been given access to attend OEM 
quarterly operational development sessions. Author also took training sessions about OEM 
processes, for example, OEM global sourcing process (GSP), Global development process 
(GDP), Supplier involvement in product development (SIPD). This gave author the possi-
bility to understand current sourcing processes.   

Weekly follow up of thesis was carried out by group purchasing manager accompanied by 
two senior buyers. Important questions and roadblocks were discussed in these meetings. 
A midterm presentation was given to vice president, global purchasing manager and Euro-
pean continental manager. 

The research was carried at two levels concurrently, a theoretical and an empirical. Concur-
rent research made it possible for the author to apply real working knowledge in finding 
answers to the problems in hand. 

2.1 Case Study Research  

Case study is a procedure to observe one or few special cases, whose phenomenon under 
the study unit are not readily distinguishable from its context, to probe deeply and analyze 
intensively the multifarious phenomena that constitute the life cycle of the study unit with a 
view to generalizations about the wider population to which that unit belongs. Case study 
provides insights into reality and recognition of complexity (Sribhuphuan, 2010; Yin, 2008; 
Mikkelsen; Sharp et al., 2002). According to Cohen et al., (2007) a case study can give ex-
ample of real people in real situations, which provides readers the understanding of particu-
lar situation clearly more than presenting with an abstract theory. 

This thesis employee the case study approach in order to get profound understanding and 
challenges of embedded software sourcing options. A current project in OEM is selected 
to understand the sourcing situation.  

There can be an argument about why one case study, why should not incorporate more 
than one company for the investigation? 
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The answer to this question follows as,  

 OEM was interested only about their project scope. 

 Benchmarking oneself with other, without knowing oneself first, could be mislead-
ing 

 Author has been given access to a larger amount of data to dig into, followed by 
weekly project meetings and interviews was ongoing parallel to this, which left less 
amount of time to look outside of OEM’s premises.  

 However initially it was discussed to have other OEMs into investigation, but then 
idea was discarded due to other limitations of time and space.   

2.2 Qualitative and Quantitative 

There are two different ways of gathering data. Qualitative research does not necessarily 
need a hypothesis to start with. It focusses on fewer individuals and is based on words and 
observations. Qualitative research seeks to understand social reality rather than focusing on 
statistical analysis and it aims at providing rich description of people and processes in their 
nature setting (Bryman & Bell, 2007). Whereas quantitative methods, according to Bryman 
and Bell, (2007), generally use numbers, are deductive and need an initial hypothesis. 

Due to novelty and complexity of automotive embedded software and secondly due to lack 
of theoretical literature about embedded software sourcing, a large number of stakeholders 
were interviewed in depth. The aim was to get their perspectives on embedded software 
sourcing. As it was important to listen to different voices within the company on subject of 
embedded software, a qualitative approach was adopted.  

2.2.1 Interviews 

According to Pettersson et al., (2008), an interview should be conducted to a certain degree 
of structure in order to keep the discussion topic relevant to the research topic. An inter-
viewer might have a set of questions to be covered during the interview to set appropriate 
context. According to Bryman and Bell (2007), in qualitative research interviews can either 
be unstructured or semi-structured. Unstructured interviews make use of brief set of notes 
to guide the interview and interviewees are allowed to respond and elaborate freely. A 
semi-structured interview makes uses of an interview guideline and researcher has list of ra-
ther specific question that needs to be answered during the conversation. Semi-structured 
interviews give a great deal of flexibility for the interview process. 

In this thesis semi-structured interview approach is employed. Above 50 interviews, both 
(detailed and short/however mostly detailed) with different stakeholders involved in devel-
opment project were conducted from line organization to project organization. Most of the 
time questionnaire was sent to participants few days ahead of the interview date.   

Here is list of the interviews held at OEM, due to some reasons names of the people have 
not been mentioned. 

           Position of Interviewees        Number of interviews 

President OEM 1 

Vice President GEEE 1 
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Vice President E & E Purchasing 1 

Vice President Quality 1 

Vice President Advanced Engineering  2 

Chief Project Manager 3 

Director Lead Time Reduction Program 1 

EE Project Manager 2 

System Architect 3 

Group Manager System Engineering 1 

Vice President E& E Purchasing 1 

Global EE Architecture  2 

Continental Purchasing Director  1 

Group Purchasing Manager  1 

Global Purchasing Manager  1 

Global Technical Managers 4 

Chief Engineer 1 

Buyers 5 

Component Owners  2 

Functional Requirement Project Manager 2 

Group Manager Functional Requirements  1 

Group Manager System Test & Verification 1 

Group Manager Embedded Software 1 

Global Quality Manager  3 

Group Manager Software Quality 1 

Software Quality Engineers 3 

Embedded Software Process Owner 3 

Product Manager HD  1 

Director Software Product offerings 1 

Embedded Software Technology Specialist 3 

CMMI Process Manager  1 
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Supplier  2 

 

2.3 Research Validity 

According to Maxwell (1992) many writers debate that validity is not a best suitable word 
to evaluate a qualitative study. Instead they prefer to judge narrative piece of work in terms 
of understanding, plausibility and credibility. Whether a study is quantitative or qualitative, 
it must be however able to demonstrate the extent to which its information is accurate 
(Sribuaphuan, 2010; Lincoln & Guba, 1985).  According to Cohen et al., (2007), a piece of 
research must pursue some kinds of validity; otherwise it would be absurd to declare it in-
valid. There are different types of validity; internal, external and concurrent validity. 

To ensure the validity of this thesis, many techniques have been employed in order to at-
tenuate threats to validity. All interviews are recorded, transcribed and coded. The criteria 
used for coding the interview transcription are predefined with the OEM, and were subject 
to review to reduce bias and inconsistencies. According to Cornford and Smithdon (2005) 
a single case study, as this thesis, does not have advantage of having great degree of gener-
alizability. However this issues could have been addressed by study multiple cases.  This 
thesis work, at its best, does provide a clear, detailed, holistic and in-depth description of 
strategic and operational challenges of embedded software sourcing. This thesis would also 
be a source of potential value for both practitioners and academics dealing with automotive 
embedded software sourcing challenges. 

As large number of people are interviewed from senior vice president position to buyer 
level ranging from product planning, product development, purchasing and product range 
management functions, this boots the quality and validity of the thesis work. Information 
gathered from these resources has high relevance in terms of its validity and quality, as 
these people have their hands in on daily business in the project EE (scope of thesis work). 
Documented material reviewed by each in order to avoid any misunderstanding. The pur-
pose of this review was to make sure that authors did not inadvertently divulge any sensi-
tive information and that report was free of factual errors.  

Author also believe that this work would also add some contribution in the area of auto-
motive embedded software sourcing literature field and also for automotive industry in 
general, as other OEM might have been facing same issues when it comes embedded soft-
ware.  

Based on thesis work, an advanced engineering project in association with different part-
ners (OEMs, Tier 1 suppliers, public institutes) would be started in late 2012.   

2.4 Investigative tools 

The tools used in investigation are attached in the appendix. Procurement models used in 
the theoretical framework has been elaborated by placing different factors on each axis of 
the model. Questionnaire developed by Probert et al., (2007) for software sourcing purpose 
at embedded software institute at Cambridge University, has also been used in this study. 
This sourcing questionnaire has been modified, with addition of other factors and deletion 
non-concerned area, and is also attached in the appendix for understanding of the full pic-
ture.  
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The length of this study is not due solely to the extensive use of illustration in terms of at-
tached figures and slides. It is also due, in part, to the size of the field that the work at-
tempts to cover. In fact, farther we pursue our study, the wider its field becomes and 
growth of field cannot be confined to the dimensions of time and space. Other dimensions 
unfold themselves and demand exploration.  
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3 Disposition 

The thesis document discusses following topics: background of automotive embedded software including tech-
nical and commercial trends, theoretical framework, and empirical findings followed by analysis and conclu-
sion. Towards end of document suggestions for future research are also given. 

The empirical information gathered in section 3 are solely to serve the purpose to build understanding of the 
subject, which the thesis is dealing with. This chapter organized both from OEM and readers point of view 
to give them broader over view of both technical and commercial trends and challenges unfolded by growth of 
embedded software in embedded software intensive industry in general and automotive industry in particular.  

By having picture presented in section 3 in mind, the reader can easily foresee about the intricacy, and over-
lap of different concepts to create a concurrent view of the whole embedded software sourcing paradigm. This 
chapter provides a launch pad for development of theoretical framework.   

3.1 Background of Embedded Software 

“Perhaps for first time in history, humankind has the capacity to create far more information than anyone 
can absorb, to foster far greater interdependency than any one can imagine, and to accelerate change far fast-
er than anyone’s ability to keep pace. Certainly the scale of complexity is without precedent” (Peter Singe, 
The Fifth Discipline) 

3.1.1 Embedded system 

Embedded systems are microcontroller-based system built into technical equipment. They 
are designed for dedicated purpose and usually don’t allow different application to be load-
ed and new peripherals to be connected. Communication with the outside world occurs 
through sensors via sensors and actuators; if applicable, embedded systems provide human 
interface for dedicated actions.  

3.1.2 Embedded Software 

The software executed on above-mentioned systems is called embedded software. It’s an 
integral part of system itself. Embedded software is defined as special purpose software 
system built into larger system. The end-user usually doesn’t recognize embedded software 
as software in the traditional way; instead, ones perceive it as set of functions that the sys-
tem provides. Embedded software is key driver for the most of the industries (Ebert & 
Slacker, 2009, p.15). 

The term system has been used in above paragraph to describe embedded software. This is 
because embedded software cannot be studied in isolation, since it is inextricably linked to 
the hardware in which it is embedded. A simple embedded system is made up of following 
parts; 

1. Embedded software 

2. Microprocessor (or chip), which executes the software 

3. Hardware devices with which software communicates 

The above component can be decomposed into subcomponents or number of smaller 
parts. The embedded software can sometimes be separated into infrastructure software 
(firmware, operating system) and into applications. 
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3.1.3 Technical overview 

One of the first steps of embedded software design involves developing a blue print for its 
construction known as architecture in software engineering terminology. Typical embedded 
software is architecture is simplified in fig. 

                        

Figure: 5 a typical architecture of embedded system (Shehabuddeen et al., 2002) 

Embedded software architecture may vary in terms of their composition and complexity; 
the above diagram illustrates the three common layers; drivers, operating system (OS) and 
the top application layer. Device driver interfaces with the hardware and converts instruc-
tions from the applications and operating system into instructions that the hard can under-
stand and execute the required function. The operating system provides a platform to host 
application to run on, handling memory management, diagnostics tools and scheduling 
functions. Applications software performs the specific processing tasks using parts of the 
hardware. The development of device drivers requires an understanding of the hardware 
specifications (Shehabuddeen, Hunt & Probert, 2002, p.329). 

3.1.4 Embedded software role in daily life 

Our world and society are governed and shaped by embedded systems. It’s difficult to im-
agine day-to-day life without such systems. There would be no energy ready to use, busi-
ness and transportation would be disrupted, no food supplies, no running water, and dis-
eases would spread and security would dramatically decrease. In short our society would 
disintegrate rapidly. Examples of embedded system include implanted biosensor, pacemak-
ers, RFID tags, mobiles phones, industrial machinery, home appliances, train control sys-
tem, mining tools, satellites, aircrafts and automobiles (Ebert & Slacker, 2009, p.14).  Due 
to complex context of embedded software applications, defects can cause life-threatening 
situations, delays can create huge costs and inefficient productivity can impact entire econ-
omies. Thus embedded software creates both huge value and unprecedented risks (Ebert & 
Jones, 2009, p.42). 

3.1.5 Software Economics 

As the importance of, and our dependence on software grows, there is a new awareness 
that its production and use, are among the most complex and problematical aspects of 
modern technology development. The symptoms are clear. Large projects fail at an alarm-
ing rate, for example, the resources invested in failed projects have been estimated at $85 
billion for U.S. business in 1998 alone (Business Week, 1999). 
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.                        

                               Figure 6.  Large- organization hardware-software cost trends (Bohem, 2006, p.15). 

3.2 Commercial and Technological Trends 

The growth of embedded software has accelerated over the past decades (Ebert & Jones, 
2009). Too often when speaking about software, people tend to concentrate on IT systems, 
general purpose PCs, big IT systems and online Internet applications. However such sys-
tems incorporate less than 2 percent the microprocessors produced. Most microprocessors 
are in systems of mobile communication, cars, washing machines, traffic management, ro-
bots and aircrafts. This toward embedded software in practically is accelerating (Ebert & 
Slacker, 2009). There were some 30 embedded microprocessors per person in developed 
countries with at least 2.5 million function points of embedded software. As more devices 
become automated and consumer acquires more such devices, the volume of embedded 
software is increasing at 10 to 20 percent per year depending on the domain. The world 
market for embedded systems is approximately 160€ billion, involving approximately 3 bil-
lion embedded units delivered per year and a compound annual growth of 9 percent a year. 
However owing to the nature of embedded systems most of these sales are on the hard-
ware side. But the relevance of software and service is rapidly increasing (Jones, 2007; 
Ebert & Slacker, 2009).   

 

Figure 7. Embedded software size and deployment. Embedded software spans a broad scope of different sizes and numbers of in-
stallations depending on the system controls (Ebert & Jones, 2009). 

 

Fig. 7 shows the size and annual distribution volume of selected embedded software. These 
figures are comparable to those for the world’s biggest software packages, such as Mi-
crosoft windows. However embedded software’s complexity is larger by far owing to the 
real-time and interface constraints that IT, application and desktop software don’t face. 
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Embedded systems involve many challenges that transcend the ordinary requirements for 
application and enterprise style IT systems (Ebert & Slacker, 2009). 

 

 

                    Figure 8. Complexity growth of Embedded Software (Ebert & Jones, 2009) 

Figure 8 shows the evolution of evolution of some embedded software systems in terms of 
software size over time- namely onboard software in spacecraft, telecommunications 
switching systems, automotive embedded software and the Linux Kernel, which serves as 
the basis for many embedded systems. Gap between Automotive and space flight control 
systems has been getting closure, even though both sectors inducted embedded software at 
different time frames. According to Brooke (2011), the Chevrolet Volt plug-in- hybrid used 
about 10 million lines of codes to shunt power seamlessly among the car’s battery, power 
inverter, drive motor, gas engine, generator and other subsystems. By comparison Boeing’s 
new 787 Dreamliner relies on a mere 8 million lines of codes. Automakers therefore view 
leadership in control software as strategically vital (Fedewa, 2011). 

                              

                            Figure 9: an industrious explanation of between two industries 

3.3 Embedded software in automotive system 

The importance of software is increasing dramatically in nearly all sectors of industry. More 
and more products and innovation in most technical fields are based on software. Tradi-
tional application fields are aeronautics, space and defense system in which software has al-
ready played an important role. During the last couple of decades software has also estab-
lished in many traditional industrial sectors and products, which had been determined by 
mechanical and electrical engineering tradition. The automotive industry is one of the sec-
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tors, which has been significantly affected by the industrial software revolution during the 
last decade. Within automotive industry more and more innovations are based on electron-
ics and software to enhance the safety function of the vehicles, but also to reduce con-
sumption and emission and also to improve comfort features passengers (Grim, 2003). 

 

                                 Figure 9 automotive software trends (Hans-Georg Frischkorn, BMW) 

 The share of software within a vehicle is steadily growing. At the same time more and 
more competitive differentiation is realized by means of software-based functions. The ap-
plication of the software in the automobile has drastically increased over the last few years 
and represents increasingly a set of criteria for the ability of a car manufacturer to compete 
(Hedenetz et al., 2010). 

The first piece of software was introduced into cars in 1976; since then share of the soft-
ware in automobile is steadily increasing. The amount of software in modern cars is in-
creasing at breathtaking pace (Pretschner, Broy, Kruger & Stauner, 2007). In addition to 
the growing software amount, the complexity of the vehicle systems is also increasing 
(Electronics systems are composed of software and hardware parts which together realize a 
specific functionality within a vehicle). Therefore embedded software development has be-
come a one of the greatest challenge in the automotive domain, due to rising complexity of 
the vehicle system (Hedenetz et al., 2010; Grim, 2003). 
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            Figure 10: an example of growing software importance in automobile (IBM automotive analysis, 2007) 

At the beginning of the third millennium, the automotive industry is facing a new challenge 
(Hardung, Kolzow & Kruger, 2003). According to a McKinsey study nearly 80 percent of 
innovation in automobiles is related to software. Embedded software is becoming more 
valuable in automobiles around the world. Embedded software systems control a wide va-
riety of automotive applications and handle a number of fundamentally different challeng-
es, such as those of suspense control and satellite navigation- all while exchanging infor-
mation at real time (Huhn & Schaper, 2006).  The role of electronics subsystems in vehicle 
has evolved dramatically since the 1960s, when little more than starter motor, windshield 
wiper, radio and vehicle’s light was electronically controlled (Fine, 2000). 

Today the dollar value of a vehicle’s electronics/software is overtaking the value of its steel 
body; the electronic system rivals the steel body as one of the most important subsystem. 
In fact very soon all the features that affect customers’ perceptions of vehicle will be medi-
ated by electronics. These feature include, steering, handling, braking, acceleration, seating, 
communication information and entertainment systems. Evolution the importance of elec-
tronics in the vehicle has profound implications for the relative power and value of various 
players (suppliers) in the automotive value chain (Fine, 2000). 
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                     Figure 11.  Embedded software role in innovation and value creation (McKinsey & Company, 2006) 

DaimlerChrysler experts estimated that 80% of all future automotive innovation will be 
driven by electronics, 90% thereof by software whereas according to Audi experts, elec-
tronics makes 90%of innovation, 80% out of that in the area of software. Nearly 90 per-
cent of all innovations are driven by electronics and software (Furst, 2010). More and more 
highly connected functionality has to be brought into series production while development 
time is getting shorter and shorter (Grim, 2003; Hardung, Kölzow & Kruger, 2004).  

 

                  

                      Figure 12. Innovation in the vehicle by 2020 (Truck 2020, IBM Institute for Business Value, 2011) 

The importance of software in automotive industry is shown very impressively in a study of 
Mercer Management Consulting. According to this study in the year 2010, 13 percent of 
the production costs of a vehicle will be software. 
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                    Figure 13.  Rise of importance of software in the vehicle (Hardung et al., 2004) 

According to Case (2010), nearly half of vehicle development cost comes from onboard 
electronics. Up to 40 percent of a vehicle’s development cost is determined by electronics 
and software. 50-70% of the development cost of ECU (Electronic Control Units) is relat-
ed to software. Software development for automotive applications is gaining more and 
more importance. Modern vehicles have a large number of ECUs inside that realize a large 
number of functions. Those functions may be distributed among several ECUs. The ECUs 
are comparable to small computers that control aspects of the vehicle. They are connected 
to each other by various bus systems (CAN, Flexray) and thus form a distributed system 
inside the vehicle. The software is primarily written in the programming language C, run-
ning on dedicated embedded operating system (OSEK) (Furst, 2010). The mount of SW in 
modern vehicle is increasing at breathtaking pace. The current BMW 7 series implements 
about 270 functions, deployed over by 67 embedded platforms (ECUs). Reason for this 
tremendous increase includes the demand for new functionality on the one hand and avail-
ability of powerful and cheap HW on the other hand (Pretschner et al., 2007). High-end 
models from Japanese and German OEMs use up to more than 70 electric control units 
(ECU), making each vehicle a real time computing network requiring extremely high relia-
bility. 

Electric and electronics will remain the most important enabler of the automotive innova-
tions through 2015 and beyond and will grow six percent annually according to Oliver 
Wyman report. Report also mentioned that the sweet spot of revenue growth of eight per-
cent and more will be software, displays and power generation. But the most significant 
shifts will occur toward functional integration and standardization. As more and more au-
tomotive functions become interdependent or interlinked a move from single innovations 
to system innovation is occurring. Whereas one device used to have one single function in 
the past, but in future devices will be used for two or more purposes. For example Mer-
cedz Benz Pre-safe system. It links existing systems like crash sensors and ESP with seat 
controls, seatbelts and the sun roof, adding safety functions to existing components (Oliver 
Wayman, 2007). 
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Figure 14: From single to system innovation (Oliver Wyman Automotive report, 2007, p.12) 

According to Oliver Wyman study Car 2015, Electrical and Electronics systems account for 
more than half the vehicle’s value and automakers and suppliers will have to develop new 
strategies and capacity to drive profitable growth in this area. Among the different modules 
of an automobile, electrical and electronics systems will experience the greatest growth as 
more and more electronics are incorporated into communication, comfort, safety and en-
gine management. The value of electrical systems and electronics in the average automobile 
should increase to 316 € by year 2015. Figure 15 shows that greater amount of value will be 
created in Electrical-Electronics systems. 

 

           Figure 15:  Value creation structure of automotive industry in 2015 (Oliver Wyman Automotive report, 2007) 
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It also expected that suppliers would also become main engine of value growth in industry, 
and major wave of acquisition and consolidation of supplier base as shown in figure. The 
global automotive industry is evolving in ways that will result in suppliers, not the au-
tomakers themselves, conducting most of R & D and production by 2015. OEMs will re-
strict their production to those components crucial to success of their brands (Dannenberg 
& Kleinhans, 2007). 

 

                 Figure 16. Number of companies in automotive sector by 2015 (Oliver Wyman automotive report, 2007) 

Japan is a country with strong competitive in embedded software, especially in automotive 
software. In Japan, 63.4% of exported products in 2008 were software embedded products. 
In embedded system embedded software plays a significant role, not only in the share of 
development cost which increased from 36.3% in 2004 to 49% in 2009, but also in the sys-
tem performance for accounting 46.3 % (Meti, 2009) of product problems after shipment 
(Meti, 2009; Xie & Miyazaki, 2011). Based on Meti’s (2009) embedded software survey it 
was calculated by Yano Research Institute in 2008 that the market for automotive software 
for the biggest share (30%) of total market of embedded software in Japan. 

According to Leen and Hefferman (2002), today more than 80 % of innovations in a car 
come from computer systems. There are more than 100 electronic control units and about 
ten millions lines of codes in Toyata LEXUS automobile, commercialized in 2006. It has 
been witnessed that there was increase of total share of software in each ECU and embed-
ded software in ECUs continues to increase in line lines of codes, complexity and sophisti-
cation. In an automobile, software may be employed to control airbag, engine, transmis-
sion, anti-lock braking, air conditioner, security control, suspension, cruising, navigation, 
window, multimedia, communication, telematics etc. (Voget, 2003; Xie & Miyazaki, 2011).     
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     Figure 17. Automotive software patents of OEMs and suppliers (Xie & Miyazaki, 2011) 

There are differences among countries, sectors, technological fields, firms and time frame 
in patent data base. Japanese companies have a significant role in automobile  software pa-
tenting in United States Patent and Trademark Office, for example, Denso (1st), Honda 
(2nd), Toyota (4th) and Nissan (8th) ranked top 10 among the automobile related patenting 
companies in 2009. Xie and Miyazaki (2011) divided the patents filed by passenger cars au-
tomakers and suppliers into following 5 categories. 

1. Driving force control (Power train control) 

2. Battery and electric power control 

3. Safety control  

4. Body control 

5. Information communication and telecommunication system (ICT system) 

For the automotive industry future is now. Increasingly complex embedded systems have 
brought disappointment as the vehicle continues to roll into the market place with faulty 
software and electronics. Warranty costs are on the rise as the brand perception suffers. As 
electronics and software content in the vehicle increasing, so does complexity, which in 
turn increases the problem an OEM encounters. Technological advances based on the 
software and electronics offer companies the opportunity to improve customer satisfaction 
and differentiate from the competition by creating innovative features and functions. Em-
bedded systems have the potential to raise the bar for vehicle safety as well convenience 
and luxury. The evolution of embedded systems will change the automotive industry 
(Gumbrich, 2004). 

Several industry challenges drive the need for the increased use of software in the vehicle. 
The adoption of embedded systems in the automotive industry has increased exponentially 
in the last fifteen years, however embedded systems account for significant amount of 
complexity and a marked increase in quality issues. A leading OEM claims that faulty elec-
tronics are responsible for 7 out of 10 of its brand defects. German automobile club in its 
2004 report attributed 36 percent breakdowns in 2003 due to electronics. Despite dismay 
record, role of electronics and software contents in automobile is increasing. 
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There are five industry drivers within the automotive industry that are leading to the in-
crease in the use of electronics and software in the vehicle as shown in figure 6. 

                       

                     Figure 18:  Embedded software driver for change (IBM automotive 2020; clarity beyond the Chaos) 

The automotive industry is no stranger to change. New product ideas, avant garde styling 
and innovation solution to increase the performance have defined the industry. Regulatory 
mandates, including those for safety, fuel efficiency and emission standards continue to 
pose challenges. Technological advances continue at even a stronger pace (Rishi, Stanley & 
Gyimesi, 2009). The truck industry faces the dawn of new era. The changes surrounding it 
are daunting, the need for transformation immediate and challenges are multidimensional.  
Well before the global economic crisis gripped the world change had become a norm for 
the most of industry. It is certain reality for today’s truck industry, which faces fundamental 
shifts to business models and uncertainty about the best paths to navigate the future and 
take proactive steps (Monday, Gyimesi, Burek & Rishi, 2009). 

3.4 Embedded software domain profile 

Once can argue that software is software is software. This holds true at the microscopic 
level. But embedded software involves many challenges that transcends the ordinary re-
quirements for application and enterprise style IT systems.  Ebert and slacker (2009, p.15) 
grouped these challenges into following six main categories; 

1. Real time: Embedded software is by definition a part of larger systems. These sys-

tems all pose external constraints that must be addressed in real time. Therefore the 

embedded system’s timing must provide the expected action within a maximum 

specified time under all circumstances.  

2. Reliability: Unexpected behavior from embedded system might seriously damage its 

environment. Often such software must operate for decades without service. End 

user demands deterministic long-term behavior from these systems. 

3. Safety: Much embedded software one way or another impact people and thus po-

tentially poses a safety hazards. Safety has become a key requirement, as mechanical 

backups are disappearing for cost reasons such as in airplanes, cars and industrial 

plants. The entire life thus is governed by standards that demand state of the prac-

tice technologies. 
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4. Security: Current embedded systems are highly interconnected to each other and to 

sensors, actuators and interfaces. In many embedded systems, security directly 

means safety. A car contains between 30-70 embedded systems (i.e. ECUs), which 

communicate each other across a variety of standardized bus systems. Embedded 

security is crucial to avoid life-threatening situations.  

5. Limited Resources: Embedded software is constrained by small memory of space 

and limited data processing capabilities, low cost microcontrollers, stringent regula-

tions, with respect to green behavior and low power consumptions. 

6. Heterogeneity:  Owing to embedded software’s long lifetime, it must conform to 

wide range of changes in its environment. Sensors, processor and hardware parts 

change over time, whereas software remains almost the same. Furthermore soft-

ware requires portability, autonomy, flexibility and adaptability. “Design for-X” is 

thus key paradigm to cope with multiple conflicting requirements. Sooner we will 

see that embedded systems no longer being defined by the computing hardware 

they use. (Ebert & Slacker, p.16). 

According to Mössinger (2010, p.92), vice president of automotive systems integration at 
Bosch, the main difference between automotive software and other types of software, such 
as personal computer and telecommunication, are in the requirements for; 

Reliability: Automotive software must be exceptionally reliable in a complex ECU network 
over the full vehicle lifetime 

Functional safety: functions such as antilock braking and ESC require fail safe operation, 
which puts high demands on software development processes and software itself. 

Real time behavior: Defined fast reaction (from millisecond to microseconds) on external 
incidents requires optimized operating systems and specific software design. 

Minimized resource consumption: Additional computational power and memory increase 
costs for products that are used millions of times in automotive systems. 

Robust design:  automotive software must also cover signal perturbation and EMC (elec-
tromagnetic compatibility) and mechatronic closed loop control. Additionally rebooting 
during operation is not an option for most automotive ECUs (Mössinger, 2010, p.93). 

3.4.1 Heterogeneity of Embedded Software 

Automotive software is very diverse ranging from entertainment and office related software 
to safety critical real time software. According to Pretschner et al., (2007), it can be clus-
tered according to the application area and associated non-functional requirement; 

 Software for safety electronics: hard real time, strict safety requirement 

 Power train and chassis control software: hard real time, strict availability require-

ments. 

 Body/comfort software: typically soft real time.  

 Human machine interface (HMI), multimedia, Telematics software: typically soft 

real time software. 
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 Infrastructure software: hard and soft real time event based software for manage-

ment of IT systems in the vehicle, such as software for diagnostic and software up-

dates. 

In terms of non-functional requirements, reliability and safety are concerns for all functions 
relevant to driving from passenger safety to engine control and upcoming X-by-wire. 

From the system engineering and integrated software perspective, the above-mentioned 
five clusters suggest a need for development skills from all various disciplines. 

3.5 Distribution of Software 

Today’s premium vehicles have around 70 ECUs that implement roughly 270 user functions 
that a user interacts with. These functions are composed of around 2500 atomic software func-
tions. These functions don’t stand-alone, but show a high degree of dependency on each 
other. Many of these functions are realized in subsystems that are distributed according to 
major breakdown of vehicle into body, engine and comfort systems. In some cases func-
tionality is physically distributed over up to 18 ECUs. Hence a vehicle has turned from an 
assembly device into an integrated system. Thus modern software intensive vehicle exhibit 
all properties of distributed system (Pretschner et al., 2007). 

3.5.1 Variants and configurations 

A vehicle model is usually produced around a period of 7 to 8 years. The customer expec-
tation of long lifetime is reflected in the OEMs duty to offer spare parts and services for at 
least 15 years after the purchase of vehicle. The life cycle of hardware component such as 
CPUs is much smaller, less than 5 years. Already after the first three years of production, 
25 percent of ECU in the vehicle has to be replaced by newer ECUs due to discontinuation 
of an ECU’s specific technology. Software may be changed or updated at much shorter in-
terval (Stauner et al., 2007). When changing ECU or updating the respective software, one 
has to be sure that new software version correctly interoperate with the remainder of the 
vehicle (Bechhter et al., 2006). Therefore because of long lifecycles of automobile long-
term maintenance processes must be organized (Pretschner et al., 2007). 

3.6 Standardization 

At the pace with which electrical and electronics is proliferating in modern vehicles it may 
become difficult to manage the complexity of hardware and software systems if propriety 
solutions continue to play a major role in the future automobiles. In response to this grow-
ing complexity of the E/E systems in future automobiles, leading German automotive 
manufacturers DaimlerChrysler, BMW group and Volkswagen in cooperation with elec-
tronic component suppliers like Continental, Siemens VDO and Bosch launched an initiate 
in 2003 to establish open industry standard. Today all most all OEMs and leading compo-
nent and tool suppliers have joined it. The autosar development partnership has been cre-
ated to develop an open industry standard for automotive software architecture (Sangio-
vanni-Vincetelli & Natale, 2007). 
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                                            Figure 19: Autosar membership structure  

A joint initiative of leading OEMs and tier 1 suppliers established automotive open system 
architecture (Autosar) to increase reuse and exchangeability of software modules across the 
entire vehicle platform and efficiently manage highly integrated complex E/E architecture 
(Bindra, 2005). This open standardized central architecture for the global auto industry will 
provide modularity, scalability, reusability and transferability of functions. For example 
Airbus A380 incorporates the Integrated Modular Avionics architecture, an established 
open architecture that uses common, standardize software components (Huhn & Schaper, 
2006). Software developers design their components based on requirement definitions 
from OEMs or tire 1 supplier, who are later responsible for their integration. To achieve 
the technical goal of transferability, scalability, function reusability and modularity, autosar 
provides a common software infrastructure based on standardized interfaces for the differ-
ent layers. Autosar project has focused on the concepts interface standardization, location 
independence and code portability. These goals are really important, but automobile E/E 
systems, like other embedded systems are limited by both functional and non-functional 
properties, assumption as well as constraints (Sangiovanni-Vincetelli & Natale, 2007). 
Autosar release 4.0 has been launched in December 2009 (Case, 2010). 
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4 Theoretical Framework 

This chapter sets the parameters of study. Theoretical framework is arranged two core ac-
tivities, what should OEM source and how should it source (develop), former poses strategic chal-
lenge and later activity an operational one. 

 

 

 

4.1 Strategic Sourcing Planning  

A fundamental question in the development of manufacturing strategy has always been the 
determination of what a company will make and what it will buy. The decision to make or 
buy is arguably the most fundamental component of manufacturing strategy (Welch & Ar-
thur, 1992). Companies have finite resources and cannot always afford to have all technol-
ogies in-house. This has resulted in increasing importance of make-or- buys decisions. Stra-
tegic implications of make or buy have been discussed for many years (Canez, Platts & 
Probert, 2000). Because of its strategic implications make or buy decisions have been given 
more consideration within many organizations. The make or buy decisions can be source 
of considerable financial gains for the firm (Yoon, Naadimuthu, 1994). In the second half 
of the 20th century, buying by organization had been done largely on the basis of obtaining 
the best price, while taking into account of other factors such as quality and delivery. In 
many cases a significant number of factors such as reliability, cost capability, technical ca-
pability, delivery reliability and the financial stability of the firm were also taken into con-
sideration. Few companies have taken a strategic consideration of make or buy decisions, 
with significant number of companies decided to buy rather make on short-term basis of 
capacity management and cost reduction (Ford et al.,  1993).  

According to Humphreys, Lo and McIvor (2000) many companies have no firm basis for 
evaluating make or buy decisions. These companies make sourcing decision primarily on 
the basis of overhead costs. The choice of which system, module or component to out-
source is made by ascertaining what will save most on the overhead costs, while not taking 
into account of what makes the most long-term business sense (Blaxill & Hout, 1991). 
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The make or buy decision problem, also known as sourcing, outsourcing or subcontracting, 
is among the most pervasive issue confronting modern firms. In the aggregate sourcing de-
cisions impact the width of an organization’s internal span of processes, the links and the 
relationships of the firm with the suppliers, distributors and customers. Make or buy deci-
sion or sourcing decisions also affects a firm’s production methods, core capabilities, over-
head structure, capacity and consequently a firm’s competitive position (Padillo & Diaby, 
1999). The growth of outsourcing (when a company delegates some of its existing in-house 
operation to another company, whereas a sourcing decision is when company decides 
whether a task should be done internally or externally) has been significant feature over the 
last decades, in the development of modern industrial structure (Kakabadse & Kakabadse, 
2000). According to Gambino (1980) and Hill (1994) the degree to which a firm is vertical-
ly integrated will be result of make or by decisions taken during life of a firm. It is also one 
of most critical and challenging issue confronting management (Burt, 1989). 

Despite the attention given to make and/or buy decision, the choices remain far from 
straightforward yes or no options. Continuous evolution of the environment (technologi-
cal, economics, social and political) and multiplicity of the factors adds more complexity to 
context in which make or buy decisions are made. Academic interest in the topic lies in de-
veloping theoretically sound approaches to decision making in this area, which are rooted 
in the relevant theories of the firm and the business. Ideally these approaches should apply 
to all business of all sizes and be relevant to sourcing decisions of all kinds.  But a more de-
tailed level it seems likely that particular sectors should exhibit differences. There are sug-
gestions in the literature that software sourcing should be different than sourcing other less 
knowledge intensive technologies (Probert et al., 2007). According to Lacity et al. (1996) 
recommended taking caution against approaching software-outsourcing decisions in same 
way other decisions are made. Quintas (1995) argues that software innovation is distinctive. 
Brooks (1987) characterization of software as complex, changeable and invisible suggests 
that number of factors could be expected to be particular important in software sourcing 
decisions.  

Software problem might appear to be similar to those of hardware. For example mechani-
cal designers outsource both fasteners and whole subsystems. However two significant dif-
ferences affect the make or buy questions. First, hardware designed is destined for a manu-
facturing process where management infiltrates each and every aspect of the operation: 
purchasing functions and cost management are expected to scrutinize components for val-
ue, functional features and non-functional features such as warranty. The configuration of 
software components does not have the same culture of operations management over sight 
and component substitutability. Second the combination of intangibility and complexity of 
software make oversight a more difficult than hardware (Gardiner, Rushton, 1998). Rands 
(1993) identify two key issues shaping the software sourcing strategy as a firm’s relevant 
skill levels in an area and the strategic importance of the area. He spllited the software 
make or buy question into strategic capacity planning and operational capacity allocation. 

4.2 Embedded software sourcing 

Studies of embedded software practices are far fever than those of PC based software and 
IT system (Lacity et al.,1996; Earl, 1998). In Wolf’s (2001) words,  we are witnessing the 
emergence of new discipline with its own principle, constraints and design processes. 
Souring decision have been traditionally linked to the question of whether to make inhouse 
or buy from outside supplier. In the software arena, the question is often linked to where 
to develop, rather than simple straightfarward make and/or buy options. Software sourcing 
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decision can often be complex and extending beyond traditional make or buy and covering 
issues from such as product development efforts to outsourcing, and how to manage this 
process during the course of the project (Shehabuddeen et al., 2002). 

Embedded software sourcing decisions are influenced by series of interrelated  and 
complex set of factors. They range from specific, system engineering, product development 
and design issues to wider project management, strategy and supply chain issues. In the 
following subsections we will explain about the role and significance of these factors with 
the view to develop a framework for supporting the understanding of factors and their 
importance and implication in embedded software sourcing considerations 

Out-sourcing is one of top priorities on the strategic agenda of original equipment manu-
facturers (OEMs) in many industries. The decision to outsource an activity and the devel-
opment of parts or system is one of the complex decisions which industrial managers fac-
ing today. It is not a simple matter of just asking the supplier to deliver a product, but this 
is a process thinking about managing supplies (capabilities of suppliers, type relationship 
with supplier) and specifications (characteristics of specifications required, capability to 
write specifications. Two of the major make and/or buy model incorporating more than 
one dominating decision making parameters were proposed by Quinn and Hilmer (1994) 
and Venkatesan (1992). These make or buy model are developed in different industries and 
differ in details in their description of what can outsource/in-house in concerned (Nellore, 
2001). Quinn and Hilmer (1994) model, best summarize the entire make or buy spectrum 
based on two dimensions; the potential for competitive advantage, and the degree of stra-
tegic vulnerability. In Quinn and Hilmer (1994) matrix three scenarios are developed, while 
the rest are not analyzed. Neither of these models incorporated supply chain management 
and specifications role into sourcing decisions.  

Black and Boal (1994) argues that a careful assessment of firm’s resources must precede 
any outsourcing decision. Outsourcing is consequence of adoption of resource-based strat-
egy of the firm, where OEM focuses on core competence through which a firm can pro-
vide unique value to the customer and outsource the rest (Wernerfelt, 1984; Prahalad & 
Hamel, 1990). A number of authors have proposed various factors as motivating the sourc-
ing decisions. In order to articulate the make or buy decision, several authors like Ven-
takesan (1992), Quinn and Hilmer (1994), Fine and Whitney (1996), Olsen and Ellram 
(1997), Humphreys et al., (2000) have developed models that allow the make or buy deci-
sions to be based on multiple criteria. Quinn and Hilmer (1995) indentify core competence 
as the key factor to consider. Fine and Whitney (1996) focus on accessing capacity or ac-
cessing knowledge among other list of factors. Ford et al., (1993) distinguish three factors: 
policy, which is about access to technology and future direction, business, which focuses on 
supplier performance and cost. 

4.2.1 Quinn and Hilmer (1994) outsourcing model 

Quinn and Hilmer (1994) link many of the parameters that form both advantages and dis-
advantages in collaboration develop two dimensions (the potential for competitive ad-
vantage and the degree of strategic vulnerability) to classify the many different activities 
(development/production of components or systems) that a firm deals with. The different 
activities are classified into three groups, according to type of relationships required with 
suppliers. It is also important to note that Quinn and Hilmer (1994) talk about activities in 
general without making explicit differences between parts and intangibles. The model sug-
gests that in-house option should be realized for activities with high potential for competi-
tive advantage and a high level of strategic vulnerability. Activities having moderate com-
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petitive edge and moderate strategic vulnerability for OEMs call for range of relationships 
like, call option, short-term contract, retainer, joint development, long-term contract, com-
plete or partial ownership in relation to suppliers. Towards the end, activities with low 
competitive advantage and low degree of strategic vulnerability call for arms’ length rela-
tionship with suppliers. 

4.2.2 Ventakesan outsourcing model 

Ventakesan (1992) model indicates that there only two type of product, core (strictly pro-
duced in-house) and non-core (outsourced). Core is critical for the performance of the end 
product and OEM is distinctively good at making them. Whereas the non-core or periph-
erals are those, which are produced with the help of suppliers. The core products of Ven-
takesan (1992) correspond to in-house products of Quinn and Hilmer (1994). Ventakesan 
(1992) model does not specify the type of relationships that can be used when hiring sup-
pliers for non-core parts. 

Table 1. A comparison of different sourcing model (Nellore, 2001, p.103) 

Make or Buy Outsourcing model Outsourcing Model Outsourcing Model 

 Ventakasen (1992) Quinn & Hilmer (1994) Olsen & Ellram (1997) 

Vertical integration                 Core Strategic Control                     - 

Collaboration                    - Moderate Control Strategic  

Bottleneck 

Leverage 

Arm’s length relationship Non-core  Low Control Non-critical 

 

Core products are the components or subassemblies that actually contribute to the value of 
end products. It is important to make distinction between core competence, core products 
and end products because different rules and different stakes at each level play out global 
competition. In order to build and defend leadership over the long term, a company will be 
winner at each ground and level. Control over core products is critical for other reasons. A 
dominant position in core products allows a company to shape the evolution of applica-
tions and end markets. As a company multiplies the number of applications arenas for its 
core products, it can be consistently reduce the time, cost and risk in new product devel-
opment. Well-targeted core products can lead to economies of scale and scope (Prahalad & 
Hilmer, 1990). 

The key strategic challenge in make or buy is whether a company can achieve a sustainable 
competitive edge by performing an activity internally –usually cost efficiently, cheaper, in 
more timely fashion or with some unique capability on a continuing long-term basis. If one 
or more dimension is critical to the customer and if the company can perform that activity 
or function uniquely better than the rest then, in-house option should be adopted. Accord-
ing to Quinn and Hilmer (1995, p.58) benching marking internal capabilities with those of 
best performing is of great significance. They showed in their study that when they in-
quired from top management about in-house capability assessment against those of suppli-
ers, some returned with astonishing answers. Recent literature on outsourcing has empha-
sized the need to adopt strategic focus. Various writers make the point that company tech-
nology strategy should drive its outsourcing strategy, and this involves a focus on the most 
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important product attributes as perceived by the customers, which become source of mar-
ket performance and competitive advantage (Tayles & Drury, 2001).  

According to Alexander and Young (1996), this must be balanced with technological com-
petence, which depends upon a firm design and manufacturing capabilities. According Pra-
halad and Hamal (1990) this is related to that a firm should concentrate on their core com-
petencies. Quinn and Hilmer (1994) develop strategic outsourcing further and suggest that 
it contain two steps. The first step concentrate on firm set of core competence where it can 
achieve definable pre-eminence and second step is for outsourcing other activities which 
are neither critical nor something in which has special skills or advantages. According 
Kaplan (1986) and Finnie (1988) in-housed or outsource development should be viewed as 
an investment decision based on net present value concept. Ventakesan (1992) summarizes 
the position that traditionally in-house versus outsource decisions have been made on an 
ad-hoc basis. He recommends that product development engineers should not perform 
task of making sourcing decision but rather by procurement steering committee that would 
include top executives, product designers, purchasing managers and market experts. This is 
in turn help in establishing competitive strategy. This multi-functional committee is in a 
better position to determine which aspects of their product give competitive advantage and 
whether critical skills lie in house or with supplier (Taylor & Drury, 2001, p.608). 

This highly integrated approach, which is led by strategy and an emphasis on core compe-
tence, is called Policy approach (Ford, et al., 1986). While advocating for this policy ap-
proach, they point out the danger is the difficulty in integrating business policy (capital al-
location), technology strategy and purchasing organization. 

4.2.3 Core competencies and strategic sourcing directions 

For commercial organization in particular, selecting software sourcing strategy should be 
dependent on what the core competencies the organization possesses and the strategic 
business impact of acquiring products and services from external sources. The criteria em-
bodied in the following figure provide insight into considerations that should potentially 
govern whether a product line operation should be included in the acquisition.  

          

                     Figure 20: Software product line outsourcing model (SEI,Carnegie Melllon University, US) 
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The considerations for these criteria are 

 Certain product line activities may have a strategic impact on an organization’s 

business. 

 Every organization has areas of competence and non-competence 

 An organization must be competent in areas that are important to its strategic busi-

ness interests. 

 An organization should avoid contracting out any activity that could negatively im-

pact an organization strategic business interests. 

4.3 Organizational Factors 

Some organizations, those that appear to be managed toward strategic goals rather than 
merely inching along the current path, view make vs. buy as a strategic choice and attempt 
to gain competitive advantage. A firm’s approach of strategic make vs. buy depends upon, 
a) the presence of widely shared strategic vision, b) the organizational culture (Buchowicz, 
1991). A widely shared vision of where the organization is headed and to some extent, how 
it will get there, gives employees a level of interest and stimulate commitment and excite-
ment (Bennis & Nanus, 1985).  

The distinction of strategically optimal vs. tactically optimal is essentially that of pursuing 
effectiveness vs. efficiency.  Strategic organizations, which are characterized as relatively, 
sophisticated in their approach to strategy development and frequently pursuing a prospec-
tor strategy attempt to do the right things, while tactical which are less sophisticated in their 
strategic system and more likely to be defenders try to do things right (Buchowicz, 1991). 

According to Kepner and Tregoe (1965), a factor that may encourage firms to ignore the 
strategic aspect of make or buy is a culture that stresses technical values and linear rational 
procedures for decision-making. Keen and Morton (1978) argue that such an engineering 
culture seems to ignore aspects of the decision that do not easily lend themselves to quanti-
fication, and strategic considerations often have this characteristics. To a large extent a 
dominant engineering culture takes only subjective factors into considerations for decision-
making. This pseudo-rational style of making decisions is not so much incorrect as incom-
plete.  

The consequences of viewing make vs. buy as something less than an opportunity to gain 
strategic advantage lie in, at best, marginal manufacturing improvement and, at worst, fur-
ther entrenchment in outdated and dangerous paths that enhance the likely hood that the 
firm will find itself utterly unable to compete and incapable of catching up to the industry 
standards (Buchowicz, 1991, p.29).  

Too often, organizations that contract for software development services are at the mercy 
of vendors for cost and schedule estimates. Once a program office releases a request for 
proposal (RFP) for software development, it must somehow evaluate the validity of cost 
and schedule estimates that come back with the proposals. Or, a program might have a lim-
ited budget or schedule but not a clear understanding of what amount of development is 
actually feasible within these limitations (Brown, 2007). 
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4.3.1 Cross-functional sourcing decision  

According to Pagell (2004), an important decision in the new product development process 
is sourcing decision. The decision is not only about how to mix the buyer’s and supplier’s 
activities but also about how to decide on where the future tasks should be outsourced 
(Freytag & Kirk, 2003). Cousins and Spekman (2003) state that sourcing decision process 
often runs through whole organization. According to Harland et al., (2003), sourcing deci-
sions don’t only affect the organization and its immediate relationships; they also change 
process and supply network structures. Since supply network structure are often complex 
therefore sourcing decisions have become more cross-functionally in order to gain more 
holistic view of decisions’ effect. However making cross-functional decisions is not always 
easy (Pinto, 1990). Mosses and Åhlström (2007) grouped the problems, which can arise 
when different functions try to work together, into three different areas: 

4.3.2 Functional interdependency  

Thomson (1967) identified functional interdependency as one of the phenomena observed 
when organizational functions were integrated. He divided the dependency into three dif-
ferent types sequential, pooled and reciprocal. Sequential inter-dependency means that each 
function is connected in a serial flow with the next function and they support together the 
larger organization. Pooled interdependency means that each function contributes equally 
to the whole organization. Reciprocal interdependency means that a function is tightly 
connected with another function and the output of one function becomes input for the 
next and vice versa (Mosses and Åhlström, 2007). The problem begins when this interde-
pendence leads to functions creating unforeseen events for other functions, which in turn 
have no control over the events but will get affected by the output (Thomson, 1967). 

4.3.3 Strategy implications 

According to Wheelwright (1989) the new product process is often affected by problems of 
unclear functional strategies. If the new product development strategy is not clear to all 
functions it can be difficult to make the best decisions for the company as a whole or to 
make decisions based on same foundations over time (Mosses and Åhlström, 2007). There 
can also be disagreement among managers both within and across functions regarding 
competitive business strategy (Menda & Dilts, 1997). According to Wheelwright and Hyes 
(1984), a good business strategy needs to be supported by various functional strategies that 
are internally consistent. 

4.3.4 Misaligned functional goals 

According to Sherman et al., (2000), functions differentiate as they have different time ori-
entation and they have differences in scientific or market orientation. This can influence 
new product process negatively. Lonsdale and Watson (2005) argue that the NPD process 
is often constrained by functional goals leading to conflicts or complications. In complex 
organizations the corporate strategy can be broken down into different business units or 
operating divisions, which make up the whole company. However in many firms corporate 
strategy statements are compilation of functional strategies and nothing more, derived in-
dependently both of one another and company as a whole (Mosses and Åhlström, 2007, 
p.90). According to Hill (1995) if functional goals are independently derived it can lead to 
sub goal in relation to the organizational goals. 
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4.4 Software engineering, Requirement Engineering and Sys-
tem Engineering 

In 1960s, when the term software engineering (SE) was introduced, software was just a 
small, marginal part of expensive computing machine. Changes in hardware over the past 
fifty years have been remarkable, resulting where software, not the hardware, is the main 
cost of computing machine. The main focus of software engineering is the practical prob-
lems of producing software products (Wnuck, 2010). 

The primary measure of success of software system is the degree to which it meets the 
purpose for which it was intended. Software system requirement engineering is the process 
of discovering that purpose by identifying stakeholders and their needs, and documenting 
these in a form that is amenable to analysis, communication and subsequent implementa-
tion (Nuseibeh & Easterbrook, 2000). Zave (1997) provides a definition of requirement 
engineering (RE),”requirement engineering is a branch of software engineering concerned 
with the goals for function of, and constrains on software system. It also concerned with 
the relationship of these factors to precise specification of software behavior, and to their 
evolution over time and across software families”. 

According to Sommerville (2007),”requirement engineering is a process of understanding 
and defining what services are required from the system and identify the constraints of sys-
tem’s operation and development”. 

Typical definition of engineering refers to the creation of cost effective solution to practical 
problems by applying scientific knowledge (Shaw, 1990). According to Nuseibeh and 
Easterbrook  (2000, p. 38), the use of term engineering in RE serves as a reminder that RE 
is an important part of an engineering process, being the part concerned with anchoring 
development activities to a real world problem, so that cost-effectiveness and appropriate-
ness of the solution can then be analyzed. Hence it also refers to the idea that specifications 
themselves need to be engineered and RE presents a series of engineering decisions that 
lead from the recognition of problem to be solved to a detailed specification of that prob-
lem. Software cannot function in isolation from the system in which it is embedded and 
hence RE has to encompass a systems level view. Therefore RE is characterizing as branch 
of system engineering (Stevens el at., 1998). According to Aurum and Wohlin (2005) the 
RE is one of the most crucial stages in the software design and development when the crit-
ical problem of designing the right software for the customer is tackled. 

According to Sommerville (2007), requirements engineering process normally comprised 
on four high level sub- processes as shown in the figure, namely (1) feasibility study, (2) re-
quirements elicitation and analysis, (3) requirement specification and (4) requirements vali-
dation. 
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Figure 21. A requirements engineering process (Sommerville, 2007) 

The overall aim of these steps is to produce, validate and maintain a system requirements 
documents (Wnuck, 2010). 

One of the first steps of software design involves developing a blue print for its 
construction known as an architecture. A typical embedded software architecture is 
simplified in the figure below. 

                           

                         Figure 22 .Typical embedded software architecture (Shehabuddeen et al., 2002).                          

Embedded system architecture may vary in terms of the complexity and composition, 
however above figure shows the most common layers. All layers of architecture can be 
highly interdependent but to a varying degree. The highly dependent and multithreaded 
characteristics of embedded software system presents sourcing team with a delimma of 
identifying parts that can be separated into discrete subsystem. Once decoupled subsystem 
identified, may be a further decomposition is required to split subsystem into software 
source code into modules or separate packages. When discrete packages or modules of an 
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architecture identified, then they can be put forward for sourcing consideration 
(Shehabuddeen et al., 2002).   

The outsourcing of various parts of the software has the potential to cause problem when 
they brough back into house to be integrated, in this case usually OEMs are systems 
integrator. The need for clearly defining interfaces and managing the separate development 
work is an important aspect of project management. The nature of problems could range 
from bugs, coding mismatch between the modules, to bottleneck caused by delays in 
completing a part of development (Shehabudden et al., 2002). The increased demand for 
faster and cheaper method of software development and reduction in hardware cost has 
fuelled interest in the application of software reuse methodologies (Kontonya & 
Sommerville, 1998). Software reuse, if possible, could provide an efficient way of 
incorporating software source code developed in pervious projects or applications into new 
ones. This is particularly relvant to sourcing decisions since there are issues of ownership of 
codes, compatibility of in-house component libraries with those of suppliers 
(Shehabuddeen et al., 2002). 

4.4.1 Software development process 

Producing a software system includes a set of activities and associated risks which are called 
software process. The high level activities of software specification, development, valida-
tion and evolution are parts of software processes. Software process models are ways of 
abstracting, defining and connecting those activities (Wnuk, 2010).  Waterfall model is first 
published software development model, as shown in the figure (Sommarville, 2007; Royce, 
1970). According to Pfleegar(2001), the simplicity of this model is unquestionably one of 
its strong points. The five fundamental stages of the waterfall model contain the following 
activities (Sommarville; Royce, 1970). 

               

 

Figure 23. The software life cycle waterfall model (Sommerville, 2007; Royce, 1970). 

Requirement analysis and definition- At this stage, high level goals, constrains and functionality 
is outlined in collaboration with all stakeholders. The resulting agreement on the content of 
the software system is often documented in a document called a system specification. 
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System and Software design- The initial set of high level requirements is mapped onto an over-
all system architecture comprising both hardware and software elements. At this stage, the 
fundamental software system abstraction and their relationship are also defined. 

Implementation and unit testing- In the phase software developers realize the software design 
into working software units. The accordance of functionality of each working unit with the 
requirements is verified in unit testing. 

Integration and system testing- The previously produced software units are integrated and inte-
gration correctness is tested as complete system to ensure that software requirements have 
been met. 

Operation and maintenance- In the final phase, errors that were not discovered in earlier stages 
of the life cycle are addressed, improving the implementation of system unit and enhancing 
the system’s services when requirements are discovered (Wnuck, 2010, p.10). 

4.4.2 Requirements Engineering 

Software acquisition is where requirement engineering significantly meets business strategy. 
For many organizations software development is not an option due to limited skills and re-
source constraints. The motivation for becoming world-class software acquirer is straight-
forward. Strategically it is to gain a competitive advantage over the rivals firms or supply 
chains, and operationally it is tackle perennial problems in software management achieving 
better quality, high value level, bringing system on the time and also better use of skills of 
the suppliers. The acquisition of software is a strategic matter as well as of operational effi-
ciency, and to be a world-class software acquirer is a very good objective. But in order to 
achieve this objective a firm must have a software acquisition strategy. Firms need to build 
business architecture related to software acquisition strategy (Farbey & Finkelstein, 2001, 
p.75). Farbey and Finkelstein (2001) propose that if a software acquisition is to be competi-
tive, the software, the process by which it is developed and software supply chain should 
be designed together. 

According to Williams et al., (1999) requirements engineering is a discipline for identifying 
user requirements and translating them into design requirements or specifications. It is an 
activity involving both internal  and external stakeholders. Getting the right requirement is 
particularly important for embedded software system, since it not only affects software but 
the also the hardware within which software will be embedded. The software-hardware 
dependence mean change in one component often has to be accompanied by change in 
other system or component. During the development, changes needed on the 
specifications emerge, which are then incorporated resulted in distorted specifications. 
Changes in requirements often accompany changes in project scheduling. In embedded 
software this causes a bottleneck. Evolution of requirements specification can cause major 
problems in outsourced projects particular when different parts or modules are brought 
back in-house to be integrated with other systems or modules (Shehabuddeen et al., 2002). 

According to Clark and Fujimoto (1991), Schrader and Göpfert (1994), the product devel-
opment is like solving huge equation system; it consists of thousands of tasks that must be 
woven into complex network of relationship between OEMs, suppliers and sub-suppliers. 
As both the OEMs and suppliers tend to take advantage of each other expertise, outsourc-
ing the development of activities to suppliers create strategic, tactical and operational chal-
lenge (Lamming, 1993; Schrader & Göpfert 1994). Many of the today’s product are so 
complex that no single company has all necessary knowledge and resources about the ei-
ther the product or the required process to completely design and manufacture it in-house. 
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Consequently these firms are dependent on others for crucial components or elements for 
their corporate well-being. Companies often have choice as whom they become dependent 
upon and for what sort of competence and skills. In order to understand these issues better 
we must consider the entire product realization process. In order for a company to be able 
to buy anything effectively, be it is a component, module or complete system or a segment 
of manufacturing infrastructure it must have an effective design process. In all successful 
companies this product or component design process follows the similar path (Fine & 
Whitney, 1996). In the product development process there are many activities that take 
place between the buyer and supplier. Specifications are also exchanged between buyer and 
supplier. In order to understand the actual term specification, the term design needs to be 
explained (Nellore, 2001).  According to Vincenti (1990) term design is used to refer to the 
product development. This product development process comprised on two things, the 
contents of a set of plans and process by which these plans are produced.  

Smith and Reinartsen (1991) define specification as written description of the products that 
are generated in advance to guide the development of the product. Hollins and Pugh 
(1990) define specification as the systematic activity necessary from the identification of 
market or user need to the selling of a product to satisfy that need. Specifications are the 
language of engineers on both side of buyer-supplier interface and drivers of the develop-
ment project. Specifications normally outline several critical parameters such as materials, 
dimensions, product and process technology, testing procedures and number of possible 
changes (Nellore, 2001). Understanding the customer need and relating his needs to very 
small details of the product is the most difficult part of design. Companies that do it well 
apparently have developed a very special set of skills; these skills are called system engineer-
ing (Fine & Whitney, 1996). A schematic diagram of product realization process is shown 
in the figure. 

 

                 Figure 24.  Product development and requirements flow down (Fine & Whiteny, 1996, p.9) 

As shown in the figure this process begins with customer driven statement of requirements 
and steadily breaks them down into sub-requirement. This is called requirement flow-down 
in the aerospace industry and it must be carried out systematically with careful attention to 
desired overall system. Each element contributes not only to the level in which it lies but 
also to levels far above those immediately adjacent (Fine & Whitney, 1996). If the specifica-
tions are not generated with necessary process and parameters, then both OEM and sup-
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pliers have to bear the consequence of customer dissatisfaction with the product due to de-
lays in the product introduction and poor quality and massive warranty claims (Nellore, 
2001). Understanding this web of relationship is essential for good design. Knowing how 
to make the inevitable tradeoffs is also vital. Companies buy at least some of what they sell, 
so there must come a point in the process of designing or developing anything when a 
make and/or buy decision is made. The crucial issue is to understand what is needed and to 
find a competent supplier who can deliver it and who may also take some design as well as 
manufacturing (Fine & Whitney, 1996).  

The product requirements can be separated into a general description of the product and 
technical description to allow satisfactory performance in use. Specifications need to 
mention not only the end product but also the ways and means of obtaining it. One of the 
most important requirement is to examine whether the product will work well. In other 
words what is going to be measure must be clearly stated.This means that the properties to 
be measured must be known in advance (Nellore et al., 1999). The technical content of the 
specification is a reflection of the capabilities and capacities of the suppliers and thus would 
play an important role in the factors that can help improve development. Once the role of 
supplier has been established, the content of specification deserves to be clearly mentioned 
(Karlsson et al., 1998). 

4.4.2.1 Role of Specifications 

OEMs engaged in development work communication requirementss with the help of 
specifications or called specs. Developing automobile results from the interaction of 
thousands of collaborators who belongs to various department. Different type of 
specifications convery each department’s distintive requirements. The OEM, its supplier or 
both develop these specifications. OEMs and suppliers cooperate to fulfill a set of needs, 
to a varying degree. In many development projects, suppliers do not always satisfy the 
specifications. The final developed product might be totally different  from the product 
that was originally intended. The OEMs must take care to fit the level and complexity of 
specifications to the type of suppliers (Nellore et al., 1999).  

4.4.2.2 Functionality 

Funcationality refers to the practical use of the product rather that technical details. A 
specification may contain a list of these functionalities and the requirement needed to meet 
them. Often partner suppliers can be given a free hand in determing the requirements to 
achieve the functionality as stated by the OEM. An example of functionality would be the 
OEM telling the supplier to provide an audio system that corresponds to the brand image 
of the OEM and is of premium quality to the end user of the car. Partner suppliers have 
the required capability and capacity to understand funtionality and its requirements 
(Nellore et al., 1999). 

4.4.2.3 Process Requirement 

A specification can include process requirement that will be used for the manufacturing the 
product. Sometimes the suppliers choosen to deliver the have processes that do not match 
development needs. Therefore process requirement should be mention in the specification 
to validate that the product can produced in the manner which a customer requires 
(Nellore et al.,1999). 
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4.4.3 Product architecture and system engineering 

Product architecture is the scheme by which the function of a product is allocated to physi-
cal component.  In broader terms Ulrich, (1995, p.419) define product architecture as (1) 
the arrangements of functional elements (2) the mapping from functional elements to phys-
ical components (3) the specification of the interfaces among interacting physical compo-
nents. The basic physical building blocks of the product in terms of what they do and what 
their interfaces are to the rest of the device (Ulrich & Eppinger, 2000). With the complex 
electromechanical products such automobile, appliances and aircrafts which usually consist 
of a substantial number of components, the product architecture encompasses the infor-
mation on how many components the product consist of, how these components work to-
gether, how they built and assembled together, how they are used and how they are dis-
sembled together (Fixson, 2005 p. 346). The architecture of the product can be key driver 
of the performance of the manufacturing firm, that firms have substantial latitude in choos-
ing product architecture. The product architecture is therefore important in managerial de-
cision-making process and has its implication. 

A typology of product architecture provides a vocabulary for discussing implications of the 
choice of architecture on the performance of OEM. The first distinction in the typology is 
between a modular architecture and an integral architecture. A modular architecture in-
cludes one to one mapping from functional elements in the function structure to the physi-
cal product components of the product, and also specifies decoupled interfaces between 
components. Whereas an integral architecture includes a complex (non one-to-one) map-
ping from functional elements to physical components and/ or coupled interfaced between 
components (Ulrich, 1995, p.422). A product with modular architecture has components 
that can be mixed and matched due to standardization of functions to some degree and 
standardization of interfaces to an extreme degree. A product with integral architecture is 
not made up of off the shelf parts but rather comprises a set of components and subsys-
tems designed to fit with each other. Functions typically share by the various components, 
which display multiple functions (Fine & Whitney, 1996, p.10). Changes to one component 
cannot be made without making changes to other components. With integral product ar-
chitecture, firms may be able to customize their product to satisfy each customer’s need. 
Cost of customized components tends to be high because improvement in functional re-
quirements of system cannot be achieved without making changes to other components. 
As the interfaces of the customized components become standardized, then the alternation 
to the product architecture can be localized, and made without incurring costly changes at 
the peripheral components. Consequently making sourcing of these components, possible. 
On the contrary, modular product architectures are used as flexible platforms for leverag-
ing a large number of product variations as well as to introduce technological improved 
product more quickly (Mikkola, 2003 p.442). 

The consequences for manufacturing/development, procurement and assembly are quite 
different depending upon utilized principle (modular or integral architecture). Modular ar-
chitecture implies a one to one mapping between functionality and physical component, i.e. 
each functionality resides in only one component and each component is carrier of single 
functionality. Problem related to system interdependencies are minimized, since the various 
parts have to be de-coupled, in case of modular architecture. On the contrary in integral ar-
chitecture most functionality is implemented by more than one component (or subsystem) 
and several components (sub-systems) each implement more than one functional element, 
for example instrument panel of a car. Owing to the inter-dependence among subsystems, 
flexibility is reduced and range of possibility for system sourcing might be reduced (Ulrich, 
1995; Gadde & Jellbo, 2002, p.45). 
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According to Sanchez and Mahoney (1996, p.65) modularity is an example of architectural 
innovation that enables greater flexibility for mass customization but without changing its 
component. They further argue that modular product architecture requires standardized in-
terfaces to provide embedded coordination that greatly reduces the need for overt exercise 
of managerial authority to achieve coordination of product development process (Howard 
& Squire, 2007). Modularization has considerable implication for product architecture or-
ganizational design and decision over outsourcing and supply chain network (Sanchez & 
Mahoney, 1996; Hsuan 1999; Duray et al., 2000). 

A design process exerted from top down rather than bottom up must develop product. 
System engineering is the term often used to refer to such top down design process. Sys-
tem engineering is product realization process best exemplified in aerospace industry, 
where its top down process is called requirements flow-down. The process conceives the 
product as series of levels (system, subsystems, single parts or components) with lower lev-
els being defined in more details. The requirements defined in the lower levels support the 
levels above in precisely defined ways. Requirements flow-down recursively determines the 
requirements of above level, starting from customer’s needs, and breakdown those re-
quirements to define the next level of supporting capabilities, which are in turn expressed 
in terms of requirements (both functional & nonfunctional) that must be further broken 
down (Alexander & Christopher, 1964; Rechtin,1991; Fine & Whitney, 1996, p.11).  

At each stage in process, the needs of the entire system are kept in view. In carrying out a 
system engineering a basic decision made repeatedly is where to put the boundaries be-
tween the elements that are requested of suppliers or participants at the next lower level. 
This step is called decomposition. The basic skill of system engineer is thus to assess the 
decomposability of a system and to seek good ways to decompose it. A basic principle of 
system engineering is that at each level the system or subsystem engineering should be bro-
ken down into elements that have clear and terse interfaces (interfaces are where elements 
and subsystems connect and across which requirements are delivered) with each and levels 
above them. Complex interactions are kept within each subsystem’s boundaries to make 
decomposability possible. Failures to do courts differences later as subsystem suppliers at-
tempt to understand their responsibilities and how to meet them. Such failure also created 
problems for the company or OEM at the top level of the process, which called as system 
integrator. As it becomes more difficult to keep the suppliers out of each other’s way, to 
explain to them concisely what they must deliver. Easily decomposable items have a few 
well-defined interfaces to the other element in the system. These facts influence the design 
process and impact outsourcing process as well (Fine & Whitney, 1996, p.11-12).   

4.5 The Role of System Engineering Skills in Product Devel-
opment and Outsourcing 

From system engineering point of view a good product design begins with good specifica-
tion and good decomposition. Each stage in the system engineering process requires the 
ability to determine the needs of the customer: decompose them into supporting capabili-
ties and describe (specify) these capabilities to suppliers (people or company) who will have 
to figure how to develop and deliver it.  The best candidates for outsourcing are those 
most easily decomposed. Special efforts are required when less decomposable parts or 
items are outsourced. The most decomposable parts are called commodities. These are 
available from multiple suppliers and usually subject to cost reduction and economies of 
scale. For commodities items it becomes easier to outsource (Fine & Whitney). 
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Following factors are of great concern for outsourced product development (Fine & Whit-
ney, 1996, p.12): 

1. The ability to write clear and complete specification for the needed capability 

2. The ability to identify suppliers capable of delivering parts or components that 

meet the specification 

Or 

2 (a) the ability to create and grow suppliers capable of doing so 

      3.  The ability to determine that suppliers have indeed delivered items that meets the 
specification. 

4.5.1 A make or buy decision framework based on system engineering 
concepts 

Fine and Whitney (1996, p.13) proposed a model based on the product design and system 
engineering concepts. The model shows the most important exit point in product realiza-
tion process where a company can opt to outsource/buy rather than make, including sev-
eral levels of product and process design. When an item is outsourced the 

 

                Figure 25. System Engineering and outsourcing options (Farbey, & Finkelstein, 2001, based on Fine & Whitney, 
1996 outsourcing model.) 

Steps at the left below the point of outsourcing must be taken over by supplier. Above fig-
ure suggest that firms seeking to outsource something ought to follow the levels of steps at 
the far right of model. At each stage of breakdown in far left of the model, a supplier is 
sought and a competent specification of the requirements must be prepared. The process 
shown in model is repeated countless times during product development.   
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4.5.2 Reasons for outsourcing; classes for dependency 

Fine and Whitney (1996, p.14) proposed following reasons for a company opting for out-
sourcing: 

1. Capability: the company cannot make the item or easily acquire such a capability 

and must seek a supplier. 

2. Manufacturing (Development) Competitiveness: The suppliers has a lower cost and 

faster availability 

3. Technology: the supplier’s version of the item is better than any of several possible 

reasons. 

On the other hand two important reasons for not seeking a supplier 

1. Competitive advantage: the main item is crucial to the product’s performance 

2. Customer visibility/market differentiation: a firm should buy everything else except 

make what matters most to the customer or what differentiates the product in the 

market place; 

The list can be condensed into two categories of dependency 

1. Dependency for Knowledge 

2. Dependence for Capacity 

4.5.3 Outsourcing in terms of dependency classes 

In figure, Fine and Whitney (1996) proposed two kinds of dependency together with set of 
supporting skills required for outsourcing listed at the left. These skills rise in sophistication 
as one reads down the list. 

 

                    Figure 26: Dependence for Knowledge and Capacity framework (Fine & Whitney, 1996) 

At the top are the skills that any firm needs in order to outsource successfully, especially 
for those companies which seek to leverage the knowledge of supplier(s). Lower on the list 
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are skills that require increasing in-house knowledge. As one moves from being dependent 
for knowledge to being dependent for capacity, one moves from greater degree of depend-
ence to lesser one.  

4.5.4 Strategic product architecture, modularity and outsourcing 

The final product architecture is both a result of, an influence upon, the success of out-
sourcing (Fine & Whitney, 1996). Architectural knowledge is the intimately detailed and 
specialized power of translation required to capture customer requirements and reproduce 
them in the language of subsystem performance specifications. The first task in strategic 
sourcing is to get right level of abstraction, the appropriate unit of analysis. Procurement 
managers usually make sourcing decisions about individual components. At this level of 
abstraction it is virtually impossible to make sound sourcing decisions because manufac-
tured products are comprised on many components. They are first made of number of sys-
tems and subsystems that are then assemblies and subassemblies of components. The first 
thing for the management is to decide what subsystem will be indispensable to the compa-
ny’s competitive advantage. The classification of subsystems as strategic and non-strategic 
is the beginning of the decision tree that will eventually become a map of organization’s en-
tire strategic sourcing process. The decision to outsource a strategic component is one of 
most wrenching for any company. Make or buy decisions are among the most important in 
new competition. Companies cannot get good at parts unless they know what the whole is 
about (Venkatesan, 1992). One key innovation dumper is system complexity. Dell is able to 
come out with new computer models much more frequently than Lockheed-Martin turn 
out few fighter jets because a fighter jet is a far more complex than PC. Modularizing 
product architecture breaks it down into simpler subsystems, often enables a faster devel-
opment pace (Fine, 2000). 

4.5.5 Modularity and outsourcing 

Modularization of product architecture is a strategy for managing complex design activties 
and production systems, and associated supply chain issues. It has far reaching influence on 
design engineering to business strategy (Mikkola, 2003). The  impact of  product type on 
buyer supplier relationship is well established in the supply chain management literature 
(Howard & Squire, 2007). Product characteristics such as complexity, novelty and 
component function are the core concerns for procurement managers seeking to manage 
design and delivery interfaces and their effects on relationship portfolio are well known 
(Kraljic, 1983; Clark & Fujimoto, 1991; Olsen & Ellram, 1997). Yet the impact of product 
architecture on buyer-supplier relationship is less clear. Modularization has considerable 
implications for product architecture, organizational design and decisions over sourcing 
and supply (Howard & Squire, 2007; Ulrich & Eppinger, 199; Sanchez & Mahoney, 1996). 
According to Henderson and Clark (1990) minor improvements in technological products 
affect not only on individual components but also the way in which they are integrated into 
the system. 

Makers or assembler of complex system such as automobile, airplanes, statellites systems  
are delegating more product development responsibilites to suppliers  (Baldwin & Clark, 
1997; Clark, 1989; Clark and Fujimoto, 1991). According to Womack et al., (1990), the 
growth of new technology such as electronic engine management system, intelligent 
transport systems and fuel cell is giving more responsibility to automotive suppliers in 
designing not only discrete components but also whole system. This coincide with the 
suppliers’ base reduction trend in automotive and in other high tech industries, in order to 
facilitate  more effective purchasing and supplier management. This reduction of supplier 



 

 
50 

base means that the assembler have to find innovative ways to cooperate with suppliers and 
to carefully devise product architecture (Mikkola, 2003). 

There is an increasing pressure on firms to shorten their new product development (NPD) 
lead time and to make a wide selection of customized products available to the customer 
cheaply and quickly. Firms are searching for better ways to integrate their NPD capabilities 
with organizational and supply chain management capabilities. Firms generally want to 
achieve both economies of scale and scope, supply flexibility and fast customer 
reponsiveness (Mikkola, 2006). Modularity referes to an approach to organize complex 
products and processess efficiently by decomposing complex task or activities into simpler 
portion. This allows the task to be managed independently and yet work together as a 
whole without compromising proformance, functional and non-functional requirements 
(Baldwin & Clark, 1997; Mikkola, 2006). Modularization enables mass customization of the 
product and benefits of modularization are well reported at the product level (Pine, 1993; 
Sanchez & Mahoney, 1996). In order to shorten NPD leadtime, and to introduce multiple 
product models quickly with new product variants at reduced costs and increased 
performance firms are pursuing modular product architecture strategy (Mikkola, 2003). 
Modularity permits components to be produced separately or loosly coupled and used 
interchangeably in different product configuration without compromizing  system integrity 
(Flamm, 1988; Orton & Weick, 1990; Garud & Kotha, 1996; Sanchez & Mahoney, 1996). 
Modularity has been extensively applied in the organization of complex software intensive 
system, but less well studied in the management of product architecture designs and role of 
component design in outsourcing (Meyer & Lehnerd, 1997; Casumano, 1997; Mikkola, 
2003). 

According to Ulrich and Eppinger, (1995) some of the reasons for product change includes 
upgrades, adaptation, adds-ons, consumption, wear, flexibility in use and reuse. Modular 
architectures enable firms to minimize changes required to achieve functional change and 
outsourcing decision are usually made concurrently with the design of modular product ar-
chitectures. The degree of modularity inherent in product architecture is sensitive and de-
pendent upon the constituent components and respective interfaces in relation to overall 
system (Mikkola, 2003). A product with modular architecture presents more suitable candi-
dates or equivalently has more items suitable for outsourcing (Ulrich, 1995). The higher the 
level of modularization the easier it is to outsource constituent components (Ernst & 
Kamrad, 2000). Modularity shifts the responsibilities to suppliers and permotes 
competition among module suppliers (Bladwin & Clark, 1997). Modular product 
architecture approach has direct implications for task partitioning, self organization and 
consequently altering outsourcing strategies (Imai et al., 1985 & von Hippel, 1990). The 
higer the component modularity the lesser would be buyer supplier interdependence, for 
instance, commodity parts where specifications are well defined and specified can be 
bought from numerious suppliers. Commodity parts are the off the shelf parts providing 
limited value to the overall product architecture. Commodity components are easily 
available in the market with the price as the most sensitive mechanism for competition. 
Where as co-developed parts involve active and interactive participation in NPD from both 
buyer and supplier side. The modularity management of project architecture has enormous 
impact on supplier selection. The degree of modularization embedded in product 
architectures defines the types of components to be outsourced (i.e., SPPs, DCPs and 
BBPs) and these outsourced components trigger buyer- supplier interdependence (Mikkola, 
2003). There is clear connection between increasing modularization and outsourcing 
(Gadde & Jellbo, 2002). Modularization and outsourcing not only significantly reduces the 
the development times for suppliers but eases the way for frequent and profitable 



 

 
51 

upgrades. This practice has been widely used in defence, telecommunication, medical 
equipment and computer industry. OEM firms will have to weigh the merits of speed and 
technology innovation from outsourcing against the risks of dependence on an supplier for 
a key technology (Fine, 2000). 

4.5.6 Modularization of development work 

 According to Conway’s Law, the structure of the system mirrors the structure of the 
organization that designed it (Herbsleb & Grinter, 1999). The nature of distributed 
development leads teams to splitting their work across feature content into well-defined 
independent modules. This allows decisions to be made about each component in 
isolation, and reduces problems in the system integration phase (Ågerfalk et al.,). 
Partitioning work tasks horizontally having each site responsible for the whole lifecycle of 
particular functions/modules decreases interdependencies, and hence coordination costs 
(Battin et al., 2001). 

According to Bohem (2006), in coming years the ability of organizations and their 
products, systems and services to compete, adapt and survive will depend increasingly on 
software and on the ability to integrate related software intensive systems into systems of 
the systems. In the past and even today, systems and software development process and 
maturity models have been recipes for developing standalone stovepipe systems with high 
risks of inadequate interoperability with other stovepipe systems. Experience has shown 
that such collection of stovepipe systems cause unacceptable delays in delivery, 
uncoordinated and conflicting plans, ineffective and dangerous decisions, and also inability 
to cope with rapid change and system updates. 

Software is one of those unique commodities that ought to be managed at the enterprise 
level. Over-reliance on a single contractor is not a good business practice and can lead to 
cost and schedule overruns or, at worst, the inability to maintain the system software 
(Starret, 2007).  

4.5.7 Characteristics of component outsourcing  

Product development is an iterated process of system engineering, decomposition and out-
sourcing decisions. The success of each step depends on the degree of decomposability or 
modularity of items being specified. It also depends upon on the competence with which 
the specifications for each component or item are drawn. The skills required for outsourc-
ing are precisely those used to carry out product development and system engineering (Fine 
and Whitney, 1996, p.20).   

Fine and Whitney (1996) discussed about the risks inherited in product architecture and 
outsourcing. They proposed a matrix of dependency and outsourcing as shown in the 
figure. According to the matrix, outsource or not may depend on whether one seeks 
knowledge or capacity, and whehther or not item being sought is easily decomposed from 
rest of the system. The risks of outsourcing depend on which four situations in the matrix 
the outsourcing case fall into. 
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                                                      Figure 27: Outsourcing Matrix (Fine & Whitney, 1996) 

We are entering into a new age of customization, in which increased competition, new 
technologies and more assertive customers are leading OEMs towards csutomization of 
their product and services (Mikkola, 2003). According to Gooley (1998) today buyer want 
customized products in enormous quantities, and to get them as soon as possible as 
standardized product to achieve economies of scale while taking leverage from suppliers 
knowledge. Decision regarding component outsourcing are drived from product 
architecture modularity, which in turm impacts the degree of supplier buyer inter-
independence. Outsourcing decisions are made concurently with the design of product 
architecture (Mikkola, 2003). When different componenst of technological system require 
conceptually different kind of knowledge then it makes sense to partition or split the 
system into modules that suppliers can develop in a distributed manner ( von Hippel, 
1994). According to Barney, 1999), a firm should manage its business activities in relation 
to its capabilities and those of its potential suppliers or partners. Such decision are 
dependent upon how task are decomposed, specified and distributed and the efficiency of 
activity structure is contingent on the way resources in the network are utilized (Mikkola, 
2003). According to Gadde and Håkansson (2001) outsourcing and supplier involvement  
has made access to the resouces of other firms and suppliers are considered as resource 
elements in the total supply structure of the buying company.  

4.6 Global software sourcing and supplier selection 

There is an increasing interest in the field of global sourcing by both practitioners and 
academics (Laseter et al., 1997). This is due to increasing complexity of components 
requiring supplier input in the development  and design process, thereby intensifying the 
search for global suppliers. Global sourcing referes to sourcing outside an OEMs 
traditional market, or without give any preference to domestic suppliers market (Laseter et 
al., 1997). Global sourcing supports a centralized vision, world wide purchasing and free 
acces to competitive bidding. Global purchasing is very fashionable option that almost all 
automobile OEMs in the world are engagaed in  (Nellore et al., 2001).  
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Global software development (GSD) is fast growing. Outsourced software development 
means that one legal entity acquires services from another legal entity (Ebert, 2007).  GSD 
increases the requirements regarding development processes, project management 
practices, architecture, quality, collaboration tools and so forth. Costs are considerable high 
in GSD projects due to multisite development factor.   

Decision for archiecture has great impact on the effort and project cost since it influences 
the distribution and coordination of work between sites. There also quality costs that arise 
in GSD, it does not matter how inexpensive the software is to develop if it does not meet 
product requirements. For example if the remote labor rates are 1/3 those of a central 
collocated team, but the remote team must redo the implementation 3 time to get it right. 
Thus off balacing the initial cost saving and also delay in delivery (Keil et al., 2006). It is 
also well known that distribution of work has significant impact on productivity and 
distributed tasks can take much longer compared to collocated work (Herbsleb et al., 2001). 

                 

                       Figure 28:   impacts of distance on global software development (Carmel &Agarwal, 2001, p.24). 

Consequently cost analysis and estimation in global software development is much more 
complex than collocated development (Raffo, 2005). In addition to this multisite have to be 
coordinated and are dependent on each other in GSD, which increases the need for reliable 
estimates of effort involved at each site (Lamersdorf et al., 2010). At the same time GSD 
projects often have a high failure rate and in particular suffer cost overruns (Fabriek et al., 
2008; Carter, 2010). For mere IT applications or internet services, the global development 
is fairly easy, embedded software still faces major challenges to distributed development. 
Only 30% of all embedded software is developed in global or distributed context, while the 
vast majority is collocated. Not all software engineering tasks and projects benefit from 
GSD (Ebert, 2007; Aspray et al., 2006). Big saving in GSD have been reported only for 
well defined tasks with less needed control, which have been performed internally and 
laterally offshored. Development projects have showed good results in all cases where tasks 
have been well separated so that distributed teams would have ownership and direction. 
The single biggest source of difficulties in GSD is due to bad communication and 
inefficient project management practices. Continous integration of insufficiently verified 
and encapsulated software components fails if done remote to the parallel ongoing 
software development. Distributed teams working on exactly the same topic posed highest 
challenges for coordination and often resulted in severe overheads (Ebert, 2007). 
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4.6.1 Distribution of development resources  

The automotive industry has traditionally been organized in a highly vertical manner. Me-
chanical engineers worked hard for over a century to render the various subsystems in ve-
hicle independent. Large portions of the engineering and production activities were, and 
still are, outsourced. In the past the ideal of automotive development was that a chain of 
suppliers produces the parts of the vehicle more or less and assembled by OEMs. This fa-
cilitated the distribution of the risk and optimization of the cost. With software becoming 
major force of innovation in automotive sector, the automaker or OEM responsibilities has 
evolved from the assembly of parts to system integrator. The integration of subsystem is 
always a challenging task for a complex system, the situation in automotive software engi-
neering is even worse because suppliers usually have a lot of freedom in how they realize 
their individual solution. A negative side effect of distribution of labor is that complex dis-
tributed processes need to be coordinated, particularly when the development is geograph-
ically distributed and communication gets complicated. Clear interfaces as well as liabilities 
need to be defined, because a large of parties involved in itself reason for unstable require-
ments (Pretschner et al., 2007). 

4.6.2 Supplier management 

Scatter competencies and increasing complexities of embedded software mean that most of 
the firms can no longer meet the system’s requirements alone (Quinn, 2000). The need to 
identify suitable suppliers, establish appropriate type of relationship, managing and 
controlling them effectively has become an important aspect of the business strategy of the 
OEMs (Thomas & Smith, 2001). At operational level procurement managers are 
confronted with choosing the right supplier when making a source descisions. Many author 
suggested the role of credibility and reputation in choice of supplier. The assessment of 
these factors will give an indication of desired type of relationship between buyer and 
supplier. The buyer has the domain knowledge about the system or component being 
developed, while the supplier has the expertise about the way in which the product can be 
developed (Shehabuddeen et al., 2002).  

According to Ebert (2007 ), in selecting a best external supplier there are few rules to 
follows: 

1. Select a supplier that fits with its size and business model to your company 

2. Select a supplier with sufficient process and methodolgy know-how,  eg. CMMI or 

SPICE   

3. Assure process flexibility 

4. Select a supplier with sufficient domain knowledge 

5. Demand a list of engineers working on your project with skills, current subject 

experience and previous projects etc. 

6. Use a supplier that is physically present at your site. 

The maturity difference between OEMs and supplier causes inefficiency due to mismatch 
at their interfaces and the risk to loose control for the less mature partner as shown in the 
figure. Motorola selected suppliers for Iridium statellite project on the basis of CMMI 
(capability maturity model) levels of suppliers devlopment processes along side with 
domain expertise, and a business and financial appraisals of the suppliers. CMMI originally 
developed for US department of defense for the very purpose of assessing suppliers 
(Nielsen & Miller, 1996). 
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                     Figure 29: Maturity mismatch between OEMs and supplier causes inefficiency (Ebert, 2007) 

Organization at the lower level of process maturity, is reactionary. Global distributed 
software development is highly impacted by effective work split and work organization. 
Working in globally distributed project means overheads for planning and managing 
people, which means language and cultural barriers (Ebert, 2007). Leseter et al., (1997) 
found that cost reduction motive largely dominated a firm’s global sourcing strategies but 
only a small set of trully global companies are focused on building global supply base. The 
vast majority turn to global sourcing because their domestic suppliers are no longer 
providing world class cost. Dividing business process across the globe with shared 
responsibilities cost extra money and rework effort. Outsourcing and distributed 
development of embedded software is difficult and is cancelled before it deliver any real 
savings (Ebert & Jones, 2009). Studied showed that with two locations, a firm should 
budget 20-30 percent overhead and for three four location overhead is some 30-40 percent 
(Ebert, 2006). This overhead is due to additional interfaces, team effort, management, 
quality control, collaboration support reviews and so on. Reported saving from global 
software development is much lower than often reported in media of 50 percent cost 
reduction. Outsourced embedded software projects report a 10-15 percent cost reduction 
after 2-3 year learning curve (Ebert, 2006; Ebert & Jones, 2009). McFarlan and Nolan 
(1995) recommended against outsourcing development work, and prefering to outsourcing 
more structured tasks. According to Lacity et al., (1996), outsource only those tasks that are 
commodities rather than differentiators, key factors to consider  are, technological 
maturity,techonological integration and economies of scale. 

The very issue of utilizing global sourcing may have to be debated for every module and 
component system in a given project. Nellore et al., (2001, p.108) found that global 
sourcing would be disadvantegeous for: 

 Components that differentiate final vehilcle from its competitors and contribute to the 

brand identity of the vehicle 

 Components where innovation is key success factor 

 Components where techonlogy is undergoing rapid change and evolution 
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 Components that need specfic supplier based core competencies 

According to Nellore et al., (2001, p.108), the problem with global sourcing are clearly 
visible in the case of globally integrated complex parts that have to be shared across all 
variants from within a platform. A price based global purchasing might be a temptation as 
these critical interface parts are expensive. However putting  technical functionality at 
second level of priority may result in world platform problem costing thousands of dollars 
more than the initial cost savings, which suggest that total cost of acquisition should be 
paid more attention that initial cost saving when dealing with complex parts. 

4.6.3 Product complexity and vertical integration 

Novak and Eppinger (2001) proposed that there is strong relationship between product 
complexity and vertical integration. They argue that product complexity has three main 
elements: (1) the number of product components to be specify and produce, (2) te extent 
of the interaction to manage between these components (parts coupling), and  (3) the 
degree of product novelty. Variation in product complexity are driven by a number of 
factors such as choices in product architecture, technology and performance. The effect of 
this product design choice on the outsourcing decision can be profound, as greater product 
complexit gives rise to coordination challenges during the product development. 

4.6.4 Changes of specifications 

According to Karlsson et al., (1998) product specification is already a result of large 
number of interactions and adjustment by the OEMs engineers. Before involving supplier 
it is desirable that OEM make it possible that all internal functions agree on the 
specification outline and that no contradictory messages are given from different function 
to the supplier. Karlsson et al., (1998) investigated that according to suppliers point of view 
they are too many changes in specification from OEMs side, from start to finish of a 
development project. Too many changes mean rework and thus delaying the development 
process. According to Karlsson et al., (1998) these changes could be due to number of 
reasons such as no hormony between various demands within the OEM’s different 
technical centres  and the need  for the interaction in the funcational system. A particular 
form of late changes occures if mistakes once noticed have not been corrected back into 
the specifications. In most of the cases OEMs never mentioned the reasons of such 
changes to the development suppliers, thus making it harder for them to adapt and 
optimize component characteristics and understand the implications implications that the 
changes might lead to in relation to the evolution and growth of the system scope. 
Suppliers’ design engineers often see specifications as one relative fixed document. 

Cost targets are often difficult to agree upon between OEMs and suppliers. When 
purchasing sets cost targets, they think principally of overall project budget. But the 
supplier might see a mismatch between cost target and technical content. When black box 
specification are given to suppliers  they are generally about 60% to 70% complete and 
hence subject to change. The supplier does not always understand this fact, as they 
considered initial requirement as a fixed document. Then they quote price for this 60% to 
70% specification on the assumption that this is the 100% of the specification and thus 
demand compensation for every change proposed by the OEM. For  suppliers it is 
impossible to estimate the changes required at a very early stage and thus difficult to quote 
a price including the unforseen changes as well. Sometimes the cost book price also may be 
wrong, and if the changes are made at the late stage there will be cost increase and increase 
time to market. The communication patterns could be distorted due to lack of feedback 
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between the different layers involved in the requirement flow down, according to Karlsson 
et al., (1998). 

4.6.5 Interpretation and Understanding 

According Karlsson et al., (1998) shrinking development lead times is a routine concern for 
both OEMs and suppliers. OEMs want to excercise any option that may help in reducing 
lead time. When a leadtime is defined it supposed that product specification is complete, 
and the supplier will know how to act and no more changes will take place in the 
specifications document. But contrary to it there will be delay in terms of wrong 
interepretation of specs, modifications in the earlier specs document and insufficient 
information exchange. Karlsson et al., (1998) observed that sometimes specification can be 
full of words with little focus on the purpose, thus making it difficult for supplier to 
undertsand and implement. Language  and translation problems can be other causes behind 
misinterpretations. If specification are not discussed enough with supplier and also within 
different functions of OEMs in planning phase, then there will be many iteration towards 
the end of product development process. There will be communication problem between 
buyer and supplier on specification and in worst case scenario supplier will never read the 
specification as per required. 

4.6.6 Participation of suppliers in the specification process 

Several of the problems in the product specification process are related to a lack of early or 
in depth participation of the suppliers in the development process. Karlsson et al., (1998) in 
their study observed that project organization in most of OEMs and direct suppliers today 
is insufficient in their information exchange. Design engineers in OEMs would not give all 
100% information to supplier’s developer, or may not provide 100% of relevant 
information. This is not due to deliberate holding of information but a distortion because 
the different actors do not perceive a question in the same way.  These interface problems 
are intimately related to the question of how information is transmitted between customers 
and supplier during product development (Karlsson et al., 1998). 

There are three types of specifications mentioned in literature: 

1. Essential qualitative specifications 

The more narrative a specification, the harder it becomes to articulate and thus to imitate it. 
In case of qualitative or narrative specifications, complexity is high, simulation difficult and 
the evaluation subjective. Engaging suppliers with this kind of specification would mean 
divulging essential and highly tacit capabilities leading to high strategic vulnerability. As the 
degree of strategic vulnerability on the suppliers is extremely high, partner suppliers have to 
be responsible for executing qualitative specifications (Nellore, 2001) 

2. Mixed specifications 

Mixed specifications contain rough or more detailed envelops for both qualitative and 
quantitative information and data need to realize the activity in question. Either the OEM 
or supplier can initiate the generation of these envelopes. The aim is to reach on an optimal 
solution where customer or buyer requirements are satisfied through leveraging supplier 
capabilities and product performance. At the end, supplier performs remaining activities. 
Mature suppliers seem most suited to fit this situation, given the supplier’s involvement 
and the complexities of activities. Mature suppliers have been defined as able to work on or 



 

 
58 

they generate rough specifications and continue collaborative development work with 
OEMs (Nellore, 2001). 

3. Quantitative Specifications 

Two specifications fall into this group: where the suppliers generate the specifications 
wholly, and where specifications are generated by OEM and then executed by supplier. Ac-
cording to Nellore (2000), the category supplier generated specifications corresponds to the 
Quinn and Hilmer (1995) that products low on the strategic vulnerability and competitive 
advantage dimensions are sourced to supplier specifications or simply bought off the shelf. 
It can be observed that contractual and child suppliers fit into the categories of suppliers 
with whom the OEMs feel the least vulnerable. 

4.6.7 Supplier types 

The product development process can be seen as as arena where where specifications are 
generated, modified and finally transformed into product, where engineers, purchasers play 
active and integrative role (Söderquist, 1997; Nellore et al., 1999). According to Kaulio 
(1996) and Nellore et al., (1999) the management of specification can be strengthened by 
considering severals parameters, both internally and externally, such as the type of 
specification that can be give to a supplier and top management input into specification 
process. 

The role of supplier needs to defined. Different types of suppliers have different roles and 
content of specification will be different in each case. Suppliers should be given 
specification based on their capabilities amd capacities. Difffernet types of specification 
may confuse OEM when it makes the important decision concerning the specification 
supplier match. Based on suppliers’ capabilities and capacities, they can interpret 
specifications in different ways. It could be beneficial for the capabilities and capacities of 
the suppliers to be noted from beginning of the project, and specifications tailored 
accordingly (Nellore, 2001). According to Kamath and Liker (1994) that not all first tier  
suppliers are treated or considered equally. They classify the suppliers as contractual, child, 
mature and partner suppliers: 

 Contractual suppliers, are those suppliers who develop and manufacture standard 

products which can be ordered from catalogue. 

 Child suppliers, are those who design simple assemblies to the detailed specification of 

the assembler. A child supplier requires detailed specifications from OEM.  

 Mature suppliers, are those who have very small difference than the partners suppliers 

suppliers as they too design complex assembly but are given the critical specifications. 

A mature suppliers requires rough specification to commence work. 

 Partners suppliers are at the top of the hierarchy, they develop the entire subsystems 

and work with different concepts through indepent engineering capacity. They are 

collaborative member during the setting of specifications. 
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             Figure 30: The continuum from narrative to quantitative specifications (Nellore et al., 1999, p.66) 

According to Araujo et al., (1999), OEMs need to have different types of interfaces with 
with their suppliers, in order to acknowledged that suppliers have different capabilities and  
capacities. The type of interface used in relationship will have direct consequences for the 
way the resources of the suppliers are activated or utilized. Arajuo et al., (1999) state that in 
specified interface, suppliers are given precise directions by OEM. According to Nellore 
(1999) this argument can also be explained to the type and quality of interface used 
between purchasing and engineering within a firm. Knowing that specifications have to be 
tailored to suit the capabilities and capacities of the suppliers is not enough. It is also 
important to make expectation clear between the OEM and suppliers in outsourced 
product development. Developing visions for suppliers can play a role in helping OEMs 
realize this and use the suppliers-buyer capabilities and capacities effieciently. This also 
requires that the characteristics of suppliers be clearly articulated  within a company in 
order to utilize the suppliers capabilities and capacities to the full, i.e. a common vision for 
supplier involvement in outsourced product development (Nellore, 2001). Lipton (1996) 
states that visions are the sum of the mission, strategy and culture of the firm. According to 
Nellore (2001), it would be impossible to create vision for individual suppliers but it is 
feasible to creat vision for supplier catagories. 

       

                         Figure 31: Iimportance of vision for suppliers (Nellore, 2001) 

According to Asanuma, (1985) in US automotive terminology outsourced component can 
be classified as supplier propriety parts, detailed controlled parts and black-box parts. 

Supplier proprietarty parts (SPP): supplier proprietary parts are those parts that are 
developed entirely by parts supplier including functional specification and detailed 
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engineering (Clark, 1989). Accoring to Clark and Fujimoto (1991) these parts can entirely 
taken by the suppliers from concept to production, and sold to the OEMs through 
catalogue. OEMs becomes dependent on supplier for upgrades, availability and system 
integration. 

                  

                              Figure 32 Typical information flows withs suppliers proprietary parts (Mikolla, 2003, p. 447) 

Detail-Controlled Parts (DCP): detail-controlled parts are those parts that are developed 
entirely by assemblers including fuctional specification and detalied engineering (Clark, 
1989). Specialized suppliers are selected through request for proposal (RFP) to take the 
responsibility for process engineering  and production or development based on blue prints 
provided by assemblers. According to Mikkola (2003), when an assembler or OEM wants 
to preserve technology capabilities and control design quality in particular part or 
component area then detailed controlled parts are more advantageous. On the contrary  
detail work for numerous componenets can distracts in-house engineering organization 
from its total system focus. With the detaile-controlled components, the assembler is 
dependent upon on the supplier for part’s delivery, built according to exact specifications.                                                

                

                           Figure 33 Typical information flows with black box parts suppliers (Mikolla, 2003, p. 447) 

Black-box parts (BBP):  Black-box parts are those parts whose functional specification is 
done by assemblers while detailed engineering is carried out by parts suppliers (Clark, 
1989). The development work of black-box parts is split between the assemblier and the 
supplier. Black box parts enables assember or OEM to utilize suppliers’ manpower 
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engineering competence while maintaining control of basic design and total system 
integrity. The black box system describe the industrial transaction where a parts supplier 
execute the detailed design of a component based on specification provided by assember 
(Bidault et al., 1998). 

               

                Figure 34.  Typical information flows with detailed conrtolled parts suppliers (Mikolla, 2003, p. 447) 

A comparative assesment of supplier involvement in automotive design with respect to 
SPPs, DCPs and BBPs portrays a striking difference in component outsourcing practices 
and degree of supplier buyer interdependence in Europe, Japan and North America as 
shown in table (adapted from Clark & Fujimoto, 1994, p.145; Womack et al., 1990, p.157 & 
Lamming, 1993, as cited in Mikkola, 2003, p.446). 

               
                         Figure 35: Specification-supplier Framework (Karlsson et al., 1998, p.543) 

4.6.8 Strategic benefit versus risks 

Often companies look at outsourcing as means to lower only short-term direct cost but 
through strategic outsourcing companies can leverage their key competencies significantly 
and lower than long-term capital investment. Strategically outsourcing can provide the buy-
er with the greater flexibility especially in the purchase of rapidly developing new technolo-
gies, for example telematics and in-vehicle infotainment (Quinn & Himel, 1995). According 
to study conducted by Boston consulting group, most of western companies outsource 
primarily to save on overhead or short-term cost. The Japanese by contrast outsource pri-
marily to improve the efficiency and quality of their own processes, focus on few resources, 
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build close interdependent relationships and hold on tightly to high value added activities 
that are crucial to quality (Quinn & Himel, 1995). Outsourcing a strategic activity can 
spread the company risk in the area of component and technology development in a num-
ber of suppliers (Humphreys et al., 2000). Companies who measure competitiveness in 
terms of price only are inviting the erosion of their core competencies (Hamel & Prahalad, 
1994).   

4.7 Total Cost of Acquisition 

The role software in vehicle and cost issues 

Within only 30 years the amount of software in the vehicle went from 0 to more than 10, 
000,000 lines of code. More than 200 individual functions are realized by or controlled by 
software in a premium car. 50-70% of development costs of the software/hardware sys-
tems are software cost. Hardware is becoming more and more a commodity as the seen by 
the price decay for ECUs, while software determines the functionality and therefore be-
comes the dominant factor. The costs of the vehicle gets more and more influenced by de-
velopment cost of the software, for which traditional cost models dominated by cost by 
part are no longer fully valid. Traditionally automotive industry is very cost aware. Compe-
tition is to a large extent determined by prices on one side and by brand image on the other 
side. Image is determined by quality, design, comfort and innovation. The last three factors 
are heavily influenced by software in vehicle (Broy, 2006).  

Software will become an independent sub-part in the automotive domain. This is due to 
the fact that more and more ECUs are no longer dedicated to one application, but are mul-
tiplexing several sub-applications. This means that suppliers no longer produce integrated 
solutions where ECUs, sensors, actuators, software and hardware as well as mechanical de-
vices are developed as one integrated piece. The software then has to be delivered by sepa-
rately running on an ECU not delivered by the same supplier. As a result the software is ra-
ther like a device driver of the mechanical device. In fact, then there is no real reason why 
the software has to come from the supplier producing the mechatronic part; it may come 
separately from software house. This way software becomes an independent sub-product 
and sub-system for the automotive industry (Broy, 2006) 

Total cost of acquisition or ownership (TCA) is a philosophy and purchasing tool, which is 
aimed at understanding the true cost of buying a particular part or service from a supplier. 
Total cost of ownership is a complex process or approach which requires that the buying 
firm determines the which cost it consider most significant or important in the acquisition, 
use, possession and subsequent disposition of the part or service. In addition to the price 
paid for the item, TCA include either system or part maintenance and sustainment factors 
(Ellram, 1995). Traditional approaches to supplier selection and ongoing evaluation include 
selecting and retaining a supplier based on price alone (Soukup, 1987). This practice has 
been widely rejected in leading organization, as they tend to focus on complete life cycle 
cost of a product (Ellram, 1995). Lack of understanding of TCA can be very costly to a 
firm. Poor decisions will likely result, hurting the firm’s overall competitiveness, profitabil-
ity, product mix strategies and pricing decisions (Lambert & Stock, 1993; Ellram, 1994). 

Product life cycle (PLC) in software engineering refers to the entire process of system de-
sign, deployment, maintenance and improvement. Unlike hardware devices, software sys-
tems after the development and delivery to the customer are not fully completed products 
or services. The most cost of software life cycle is associated with software maintenance 
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and software enhancement that occurs after the delivery of system or components to the 
customer (Banker & Slaughter, 1997).  

An economically interesting question is who will in the long run; own the investment that 
is created by the development of software in the vehicle. It is not clear at all who will own 
the intellectual property for that investment and therefore who will run, on the long run, be 
the dominant player in the industry (Broy, 2006). 

4.8 Software Quality 

4.8.1 Software Verification and Validation 

According to Abid (2000), software verification and validation are concerned with quality 
assurance and testing. Verification is concerned with the assessment of if the right software 
is produced, whereas verification is to confirm whether the produced software is right. In-
house testing of the black box can also be difficult since the engineers testing it may not 
have sufficient information about the potential weaknesses and internal constructs of the 
software. With real time embedded software testing requirements are further complicated 
since the real time bugs have to idenfied through dynamic testing in the real environment. 
This involves assesing whether the software can handle scenarios which are not defined in 
requirement specification and whether it can handle them in timely manner, for example 
latency issues (Beatty, 2000; Shehabuddeen et al., 2002). 

4.9 Contract management 

Asmus and Griffin (1993) argue that best practice procurement requires optimization of 
three major elements of supply chain management process, namely, product development 
/specifications, sourcing and contract execution.  

According to law, contracts have no formal definition (Thorpe & Bailey, 1996). A formal 
definition of contract offered by Thorpe and Bailey (1996) is that, “an agreement, which 
the parties intend to be legally binding”. Llewellyn (1931) states that contracts are, a 
framework which almost never accurately indicates real working relations, but which af-
fords a rough indication around which cause such relations vary, an occasional guide in 
cases of doubt, and a norm of ultimate appeal when the relations cease in fact to work. 
Contracts are type of agreement that creates between the parties a legal obligation, and this 
legal obligation cannot be transferred to anyone who is not a party to the contract (Keith, 
1931; Thorpe & Bailey, 1996). 

According to Thorpe and Bailey (1996), the content of contract is hard to understand and 
individuals not used to dealing with contracts will often abandon the attempt baffled by 
numerous cross references, long and tortuous statements. A contract is used in a market 
mode as the major mechanism to ensure that business takes place under the conditions of 
mutually benefit to the buyer and supplier (Nellore, 2001). 

Major and Taylor (1996) observe contracts to have three fundamental elements namely, an 
agreement, the intention and consideration. 

 Agreement is reached when there is existence of a clear offer an acceptance of that of-

fer 

 Intention is the need to create legal relations to protect the interest of the concerned 

parties. 
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 The consideration or understanding is arrived at when the parties have reached an ex-

change of benefit and losses. 

The purpose of contract could be to oblige a clear discussion of what is expected and what 
is not, what is possible to anticipate and what is not. This applicable not only to what the 
supplier promise to the demands of OEM, but also to the generators of specification who 
need to know the capabilities and capacities of different suppliers (Nellore, 2001). 

4.9.1 Responsibility 

There is a need for the responsibility to be clearly visible and appropriately linked to the job 
at hand. Responsibility does not simply mean stating a list of tasks for the supplier to do. It 
means ensuring that the demands are met and validated in a timely fashion.  A very im-
portant part of the contract is to ensure that the OEM gets what it asks for. In order to 
avoid over or under management of supplier, the OEM responsibility, supplier responsibil-
ity, and joint responsibility must be made clear from the beginning and mentioned in the 
contracts. For example, in case of failure of airbag under use, will the responsibility lie with 
the dashboard supplier, or bag supplier, or OEM, either suppliers or all three partners?  
The possibility of making responsibilities clear from the beginning would form the valida-
tion criteria for the entry and faster problem solving time (Nellore, 2001). 

4.9.2 Legal issues 

There are also provisions for the legal fines in the contracts, essentially for suppliers not 
delivering on time, poor quality or with bugs, however they are not strictly enforced, as it is 
hard to determine where the faults lies. If customer notice defects in the vehicle, then 
OEM will be blamed, as they passed on the product to the end customers and responsible 
for the overall quality. While the suppliers can be penalized for not satisfying the specifica-
tions given to them or agreed upon, thus bear the warranty costs. However OEM would be 
required to accept and reimburse losses in case of incomplete specifications, design miscal-
culation and interfacing problems between the components from different suppliers. 

4.9.3 Specifications and Contracts 

The specifications are an essential base before the contracts are to be signed because with-
out specification it would be hard to understand the expectation in terms of expectations in 
terms cost, quality, lead-time and functional performance. Therefore contracts should help 
in assuring that the necessary steps to achieve the specifications will be taken by the suppli-
er and buyer. If the roles of specifications are variable then contract must reflect these vari-
ations. Changes mean risk to both the buyer and supplier. The risk could be that more 
money is spent than initially estimated, the concept turns out to be very different at the lat-
er development stage than initially estimated, and more rework and project is scrapped 
(Nellore, 2001). 

Summary of theoretical Framework 

All sourcing models proposed in the theoretical framework are applied in gathering empirical data & situa-
tion analysis of OEM. However, models proposed by SEI, DoD, Fine & Whitney (1960), Farbey & 
Finkelstein (2001) and Ebert (2007) have strategic importance from OEM’s perspective.” 
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5 Empirical findings 

In this chapter we will discuss the findings concluded during investigation. It would give the overall view of 
the sourcing situation. In the beginning overall situation is discussed, but the later on findings about a specif-
ic component called Delta ECU are given. 

It’s important to remember that due to sensitive nature of the project, most of the critical information, which 
could have added extra weigh to thesis has been taken out from this document, on the request of OEM. For 
the time being OEM does not want to have any sensitive information available to public or to competitors. 

In 2007-08 a new project called Alpha was started based on new electrical and electronic 
architecture called EE2. This is distributed architecture in which software of one function 
will be running on different ECUs. This architecture has 32 main ECUs. Some of them are 
very critical and serves as back bone of the electrical and electronic system of the vehicle.  

“Software is a core competence of GEEE, and software will play a key role in the differentiation of vehicles’ 
brands in the eyes of its customers. We does not have manpower to do all the SW needed in our products, 
neither will we have the right competence. Each outsourcing case is driven by strategy build on the business 
case… but some managers responded that was not the case. It was more manpower than strategy that has 
defined what is outsourced…” 

OEM has been sourcing software alongside with its hardware part as one piece (Black 
box). There has been no strategy about how to split the software and hardware cost and 
sourcing processes.  

Back in 2007-08 decisions were made regarding how to procure these ECUs (software + 
hardware). Some of the ECUs lie in domain of other organizations like Chassis, vehicle dy-
namics and Powertrain. These organizations are responsible for the sourcing their domain 
specific ECUs. For example Chassis is responsible for ABS (anti-lock braking system), and 
Powertrain for EMS (engine management system). 

Product development (PD) line organization was responsible for make or buy decisions for 
EE2 procurement. In 2007 a group comprise of senior PD management took decisions 
about what to secure from suppliers and which ECUs PD will develop in-house. A strategy 
was adopted for outsourced ECUs called SIPD (supplier involvement in product develop-
ment). In SIPD scope OEM will share development responsibilities with suppliers and uti-
lize their resources and competence. In general terms OEM will provide them specification 
for each ECU and suppliers will implement them. However level of specifications (very de-
tailed or rough) will vary for each ECU.  

                           

                                   Figure 36. typical requirements flow down between OEM and supplier  
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After PD line organization made decisions about sourcing, Project organization implement 
those decisions and purchasing organization negotiated with supplier on the base of at-
tached specifications with RFQs. Purchasing function followed global sourcing framework 
called global sourcing process for negotiation with supplier. For development project PD 
organization allocated certain development budget for each ECUs, so purchasing function 
have to stay within the limits of development budget. 

Purchasing function KPI were measured against the potential saving they make against the 
allocated development budget. After the business award, supplier took over the role of de-
velopment supplier and work on given specifications. 

5.1 What should OEM outsource? 

In make or buy strategy no sound criterion was established regarding on which basis ECUs 
would be developed in-house or with supplier. Some factors were mentioned like availabil-
ity of commercial off the shelf parts (COTS), critical mass, headcount, frequency of update 
etc. But no explicit explanation was provided.  

“Number of headcounts was only dominated factor behind outsourcing decisions” 

PD line organization was come up with certain recommendations regarding sourcing strat-
egy but unfortunately no follow up was held afterwards. Since then make or buy organiza-
tional entity is missing. 

“We were responsible for the sourcing decisions in 2007-08… but who is responsible for today and fu-
ture??? Do we have any one driving this make or buy strategy...? We must need to have a structure in place 
responsible for these decisions. Sourcing strategy should be driven or based on firm’s core competence. We 
need to evaluate all the associated risks and opportunities regarding outsourcing…” 

No core-competence area organization was defined in make or buy strategy of 2007. Em-
bedded software was not considered as strategic area.  But as of today the software is con-
sider as core competence of GEEE organization. However there is certain skepticism in 
which software area from SE tools to code writing, GEEE holds competence.   

OEM is cross-functional organization. But the make or buy decision process was solely 
driven by PD line organization. No input was sought from other functions. According to 
quality function,   

“We were never been asked nor consulted… we thought PD has all required competence dealing with 
EE2, but later it turn out to be a nightmare… there was huge lack of software competence along the chain 
in PD… there was no one from quality side in EE2 project organization to support… one of quality 
manager voluntary took part in EE2 project’s quality issues…. EE2 was solo flight of PD”. 

According to the purchasing function,  

“To decide what to source has always been a PD decision domain, we come later in chain. We normally get 
specs from PD and attached with RFQs and sent to the suppliers. We did not have idea about certain 
ECUs in regard to their strategic importance and complexity, which we are procuring from our suppliers. 
We simply sourced what we were asked to procure from our premium SIPD suppliers”. 
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5.2 Unit of study 

We shall test different models described in theoretical framework and investigation tools 
given in appendix, in specific case of Delta ECU. 

Delta ECU is brand unique and proprietary ECUs developed with supplier. The OEM 
gave detailed specification to suppliers, and supplier implemented those specifications. 
When it was sourced to suppliers, no consideration was given to the potential risk and stra-
tegic importance of the ECUs. But it has been evaluated as strategic in the make or buy 
strategy document, but later on was outsourced based on number of headcounts needed 
and resource limitation. 

“We made a lot of short cuts in implementing EE2 sourcing strategy, we took decision against the given 
recommendations… most of time decisions were politically driven and was not in the best interest of the or-
ganization ” 

Delta ECU is gateway ECU in EE2, and a very high number function pass through it and 
associated with high frequency of updates, large development cost and area of future 
growth. Technology involved in the development of Delta ECUs is of strategic importance 
for organization overall. When Delta ECU strategic importance measured against factors 
and placed mean value in the model, and it fallen in high right end of matrix. 

 

             

Figure 37: Software product line outsourcing model (Carnegie Melllon University, US DoD) 

From system engineering perspective when the relative dependence on knowledge and de-
velopment capacity for the Delta ECU, its integral and modular nature was measured it 
fallen in bottom left of model. 
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                                                 Figure 38: Outsourcing Matrix (Fine & Whitney, 1996) 

5.3 Supplier Selection 

No vision or categorization of suppliers exists today at purchasing organization. RFQ were 
sent to suppliers in potential suppliers list (PSL). Scope and strategic role of suppliers are 
not defined in proper terms. 

Delta ECU was sourced at SIPD level 2, which means that buyer organization provided 
specification at detailed level and supplier implemented them afterwards. Supplier was se-
lected based on previous business experience and hardware mindset. It was not then in the 
discussion about the complexity the software part of Delta ECU would unravel in coming 
years of the project and also which level of V model suppliers would be involved at the 
purchasing organization. 

                         “We did not have idea what actually we are buying from our supplier” 

Implementation resources were hired from supplier for Delta ECUs, this means OEM will 
do design and everything up in specification flow down while supplier will do only the code 
writing and unit testing in the downstream. OEM is responsible for system test and verifi-
cation of the complete vehicle. 
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                     Figure 39. System engineering and outsourcing options (Farbey & Finkelstein, 2001) 

Neither software process maturity nor competence level of supplier was evaluated, for ex-
ample, in supplier evaluation model global framework; provisions regarding CMMI and 
Automotive SPICE level are missing. When software process maturity of both OEM and 
supplier for Delta ECU is measured and placed in matrix it falls in middle left side of the 
matrix. 

“We are not mature as we should be so as some of our suppliers; we should have more structured and sys-
tematic approach of working. One thing, which is hindering our progress to reach higher level of maturity, is 
that we have been constantly doing firefighting to resolve specific issues. If we could get rid of it and work on 
more strategic long term plans and strictly follows them. Contrary to it we have been creating the plans but 
never follow afterwards. One of the reasons for this lack of commitment is that we are tightly coupled with 
other projects, which we have to do. Thus destroying us to achieve higher maturity level at system engineer-
ing” 

                     

               Figure 40: Maturity mismatch between OEMs and supplier causes inefficiency (Ebert, 2007) 

“We are working on core competence and technology strategy but have not concluded it yet. We should be 
more able to handle requirements in the system engineering, and also need to keep focus on the management 
of top-level requirements and control the requirement changes at the lower level as well. We also need to 
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know the development cost for the hardware and software separately and also expected level of maintenance 
cost. We cannot build our sourcing strategy without having a cost data in place. For example if a supplier is 
good in providing hardware and but lacking software competence, then we can switch to other supplier who is 
good in software application or both in software and hardware. Therefore it is important to know the details 
of the stuff, which we are buying. As of today we don’t know what we are paying for, therefore we cannot 
make a sourcing strategy for the new project or the architecture” 

5.4 Types of specification 

Very detailed specification was given to supplier for implementation. Supplier did not carry 
out any designed activities. They were just writing the codes and responsible for unit test-
ing. Approximately 3600 detailed specs was given to suppliers, over the period of project 
life the number specs reached to 25000.  

                      

                                  Figure 41: requirement explosion view from OEM’s perspective 

“It is supplier who is saying to OEM if the specs are complete or not, rather than other way around… 
Even they sometime complains about the detailed specs but it was supplier, who always came back and 
asked further detailed specifications…No doubt supplier has very good programmers but they lack the vehi-
cle know-how…  ” 

Exponential high amount of changes in requirements raised the development cost and 
lead-time of the project, and also increased the level of worrisome about the project’s 
health. 

                         

                  Figure 42.  Typical information flows with detailed conrtolled parts suppliers (Mikolla, 2003, p. 447) 
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As shown in figure above supplier was taken over responsibility at the very low end of re-
quirement flow down. After the code development and unit testing it is given back to 
OEM for verification and validation of software at subsystem and full system level.  

Bugs and required changes reported back to suppliers. Bottlenecks have been reported dur-
ing system test and verification, which rendered results improper. 

Vertical (stovepipe) development approach was adopted for Delta ECU, as shown in the 
figure. Each supplier was responsible for its own delivered software part, not for the full 
E2EF; as the role and responsibility split was less clear among supplier. One supplier could 
have made changes without letting other party to know about the change. Bugs and other 
issues are only reported when the complete pieces of software received from other all sup-
pliers, towards end phase of development.  

                   

                 Figure 43: functional development approach, OEM development approach for system build  

“We are quite skilled in system test and verification; we have invented very good processes, but still due to 
sheer complexity of the system and poor quality of the specification, are making their results not good 
enough. If we view the system complexity, and add all the lean components to it, then there are very chances 
that some of the components either hardware or software are late in system we are sourcing, consequently re-
sulting in bottlenecks. If some of the components tend to come late then the parameter settings here is rather 
difficult to establish. We are very quick in putting the component together but we often loose couple of days 
that some of software is late that is hitting us very hard. The system’s complexity regarding how we are 
building the system is also another contributing factor. For example when we find a fault it often takes too 
long to report and hence solution from supplier’s side often takes more time than as of usual settings”. 
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                       Figure 44: a general overview of system development and integration complexity 

“Sometimes it also suppliers’ fault if they deliver too late. Supplier long chain of specifications distribution 
and distributed software development and test center in different parts of the world also add further problem 
in the system test and verification. Having resources in different countries working on different components of 
the same software makes it harder in quick problem resolution. The more people you involve in software de-
velopment more inefficient development loop one gets. Every developer interpret same specification in different 
ways, if you would have 1000 developer then one will get 1000 different version of it. Cultural and lan-
guage could also be source of misinterpretation of the specifications, so we need to minimize these distortions 
by involving less number of people and designing small chain of development activities. So the more complex 
you make the puzzle then chances are that some pieces of puzzle would be missing…” 

As it is shown in following figure no high level functional requirements were given to sup-
pliers, instead very detailed till the level of algorithms specs were given to suppliers. Suppli-
ers did not have any legacy code, so it was specifically developed for OEM. 

             

            Figure 45: The continuum from narrative to quantitative specifications (Nellore et al., 1999, p.66) 

Development resources of supplier for Delta ECU are globally dispersed. Supplier have 
main office is in Sweden, but software development work is carried out in three different 
location, resident engineers at OEM site, at supplier site, in India and Poland. It’s very long 
development chain, specifications changes many hands before it finally gets implemented. 

Need to hide due to confidentiality reasons! 



 

 
73 

No effective master communication channels exist between OEM and supplier. Sometimes 
change requests (CR) get lost between the tug war of specification flows between developer 
and function owner. Sometime no one knows which question concern to whom in clear 
quest tool, and the many times questions remain unanswered. Long chain, geographical dis-
tance and culture barriers further increased the chances of misinterpretation of specifica-
tions, resulted in unstable requirements. Lack of effective control measures and require-
ment base is also considered as one of many other reasons worsens the situation. 

“Supplier internal development structure posing a real challenge, long chain between receiver of specs to im-
plementer, low level of application domain knowledge… higher level of details needed to be written… and 
suppliers contribute little to the development…” 

 

                             

                                                Figure 46: global spread of software development resources 

No proper governance structure between OEM and supplier is defined before or after the 
start of development. Continuous firefighting has been reported for every appeared issue. 
Some issues regarding responsibility split and IPR are unclear between OEM and involved 
suppliers.   

5.5 Supplier view 

OEM specifications can be divided in several categories. 

System Specification 

System specifications are at good detailed level but they are too general and not tailored for 
a specific ECU. This is not according to industry standard where several of these specifica-
tions would have been written for each ECU. 

FRS specification  

The functional specifications are good but they should have existed for all E2Es. From our 
knowledge they exist mainly only for the entertainment functions. 

FDD / LDS Specs 

FDD/ LDS specifications are written far too detailed level and can sometimes be seen 
more like a design than a requirement specification. With lack of FRS it is very hard for 
HMI specifications writers, function owners and testers to know what the function behav-
ior is expected. 
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Delta Specifications 

Are today at the right level but perhaps somewhat “too heavy” to maintain. Manual editing 
of both view flows and layout documents and then manual editing / creation of TML 
could be perhaps improved with a workflow that where specification writing results in 
“TML” immediately. 

Missing Specifications 

We are seeing a lack of some “system behavior” specification that would have been good 
to have from beginning to support the FO, for example power mode spec, how is it in-
tended that the truck shall behave in different power modes and how shall the transitions 
between them work. Start-up / shutdown sequences both from a user perspective but also 
from an interaction-between-ECU perspective. Dynamic behaviors i.e. how E2Es interact 
with each other are not clearly provided. 

Delta ECU, which we are developing for our customer, is very unique; we don’t provide 
this kind of solution to our other customers. Overall our customer’s specifications were not 
good enough at all, specifications were very immature since the beginning and only 30% 
specifications were implementable. We did receive the RFQ package with a rather substan-
tial set of documents and a smaller team from our side worked with RFQ for several 
months. 

Our view is that planning has been very optimistic where software development lead-time 
and complexity has been underestimated. Feedback loops have not been planned instead, 
last delivery always needs to be tested and then used. Not tested, repaired, test, repaired 
and then used.  

Approximately out of 25000 requirements or version of requirements, today 6000 are ac-
tive. We have been providing all required test to our customer verification and validation 
unit. V &V has been suffered much by point 1 above. I.e. very hard to write system level 
test cases when there is a huge lack of corresponding system level requirements (functional 
level). 
For us as a supplier we have had very little visibility to plans, test coverage and summery of 
test result. Supplier only gets defects. Talking to our counterparts at our customer side it 
seems like this lack exist not only for supplier. V&V has matured during project execution. 

Collaboration/communication is working very well. Co-location improved this significant-
ly. Still more face-to-face meeting instead of CQ-discussion would be preferred. Both de-
veloper and function writer are overloaded with work and consequently it is hard to get 
sufficient support. 

Currently due to the time-press we have, many will try to squeeze in as many improve-
ments as possible in too short time as possible so when new SW for 15+ ECUs are “put 
together to vehicle”, all added changes / corrections together both improve and degrade 
when they start to interact with each other. For Delta ECU today, 70+ engineers are mak-
ing code changes to the SW every day. That is too many changes in parallel to allow secure 
and controlled improvement in SW quality and content without degrading in different area 
also. 

In order to improve specification maturity our customer should not branch specifications. 
Comparing with SW development, at our side 3 different roles/individuals that  
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a) Review requirements 
b) implement requirements 
c) Independent test the implemented requirements 

 
Inside customer, the FO is rather alone specifying his/her requirements on his/her E2E 
and feedback are not received 8 weeks later. 2 FO per each E2E. We think that each pair 
should be responsible for 2 E2Es. Co-writing (design & development). Compare pair pro-
gramming. Review of specification by responsible V&V engineer before specs are released. 
Simulate interactions in CAN to ensure specified signaling works write more top-down 
from FRS to FDD + HMI to LDS. Every improvements are also added first in FRS, then 
in FDD + HMI and finally in LDS. A change that requires updated to multiple work-
products / specifications shall not be possible to “check-in” unless all specifications are 
complete to ensure synchronized specifications. 
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6 Analysis 

In this chapter analysis of the empirical findings is performed through the illuminating angles of theoretical 
framework.  

Software has entered and almost controlled functionality every part of the vehicle. Now 
OEM has been acquiring new role of a system integrator from the start of 21st century. 
This paradigm shift, which brought by software, would impact on the traditional sourcing 
strategy of the OEM. 

“In the era of rapid change, those who repeat the past are condemned to a bleak future, think about dino-
saurs (Boehm, 2006)”. 

Software sourcing activities are complex because it is both outwardly directed toward pro-
curing product, system and service and inwardly directed toward conducted software 
sourcing process from system engineering to code writing. No clear business strategy is in 
place which state how in the future OEM will conduct negotiation with its supplier, would 
OEM source hardware and software together as of today, or separately. 

Software development cost is approximately 2/3 of the purchasing spend at ELE purchas-
ing, and it is expected to increase in the future. But there is no clear identification of the 
cost drivers in the software development chain. No proper numbers were allocated for 
each development activity marked in the V model. No software cost engineers has been al-
located to the software development activities.  

OEM has finite resources and cannot develop every software in-house, so this bring a stra-
tegic challenge for the management to considers broader set of parameters when deciding 
make or buy.  So far total focus in the organization has been on the best price instead of 
best cost, which made project deliveries unrealistic due to poor quality and a lot of rework. 
Long-term strategic approach is missing in the area of software sourcing. As said by 
Humpherys et al., (2000) that many companies have no firm basis for evaluating make or 
buy decisions. These companies make sourcing decision primarily on the basis for over-
head costs. This also holds true in case of OEM, there was no criteria established upon 
which sourcing decision could be weighed. Overhead cost has been the key driver for the 
OEM outsourcing activities. According to Blaxill and Hout (1991), instead of evaluating on 
the overhead cost, an OEM should take into consideration of what makes long-term busi-
ness sense. 

Lack of software core competence strategy, technology strategy and business policy and 
best cost sourcing view further aggravated the overall software sourcing picture. No clear 
idea established about which are the strategic and core ECUs, which are software compe-
tence area of the organization. These observation at OEM undermine the idea of that a 
firm should develop, keep and strength its position in core technology areas which provide 
great value for the customers, and rest should be given to suppliers and utilize their re-
sources and competence in non-strategic areas. If we take this from limited resource based 
view, this would enable OEM to efficiently utilize its limited resources in next generation 
needed technological capability area. 

As Quinn and Hilmer (1994) outsourcing model generate three possible scenarios about 
sourcing option that firm should keep all key activities, which are sources of potential ad-
vantage and where high strategic vulnerability is involved. But OEM did the reverse they 
outsourced some key activities, which were source of potential advantage and were also 
subject to strategic vulnerability. Ventakesan (1992) outsourcing model which differentiates 



 

 
77 

all activities into core and non-core, if we apply this approach in OEM case, there are di-
verging views about what are and will be core components for the organization to consider 
and develop internally. Most decisions have been made on the ad-hoc basis. Here we find a 
kind of lack of integration between resources allocation, technology strategy and purchas-
ing. 

6.1 Delta ECU 

When Delta ECU strategic importance is mapped against different factors, it appeared that 
this component is strategic in nature. Instead of awarding business to suppliers OEM 
should develop this internally. By having internally it will not only provide competitive ad-
vantage but will also help to develop and maintain the desired future software technology 
competence. As this model states that OEM should avoid outsourcing this component, 
and only develop those components for short-term with suppliers for which OEM lacks 
competence. This component is part of organization competence and strategic in nature. It 
would provide cost advantage by developing internally, develop future functions, and 
would also have key business impact on OEM’s final product. 

                        

Figure 47: Software product line outsourcing model (Carnegie Melllon University, US DoD) 

OEM is cross-functional organization in which responsibility has been split across different 
functions. PD line organization has been historically in charge of deciding which compo-
nent to make internally and which one to outsource or co-developed with suppliers. As this 
new ELE architecture is a software intensive system so it was thought that PD organization 
has all the required competence area, and hence other functions did not give any comment 
or input in key decisions. Purchasing function procured what they been asked to do so, 
quality functions added very little to the situation. As in this cross-functional set up output 
of one function becomes input for the next. Reciprocal interdependence exists between 
different functions, but the implication of this inherent dependency little understood and 
not very well evaluated.  Different strategic orientation of each function further contribut-
ed in misjudgment of the overall situations. PD was building a software intensive system, 
purchasing thought traditional sourcing principle are applicable here as well, quality func-
tions did not have clue about what PD is designing and developing. Different KPIs at each 
function also lead to confusion in the sourcing process. As the development budget was 
calculated on basis previous project, accumulated experience and knowledge by PD line or-
ganization. Purchasing organization KPIs are measured against how much they saved and 
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negotiated with supplier against allocated development budget for the purchased compo-
nent. This gives potential chance to a supplier to quote very low a development project just 
to get the contract, and once they get the business, squeeze OEM for small change. Then 
good KPIs of purchasing in initial stage of the project could turn red in the later stage.  

The skills required for the outsourcing embedded software development is same as of sys-
tem engineering and product development. There are different levels in product realization 
process where outsourcing decision could be opted.  Requirement engineering functions of 
PD significantly lacks skills in designing and writing competent specifications. Specifica-
tions, which are blue print of any product being realized, deserve a strategic importance for 
any outsourced project. A component with poor specs could jeopardize the whole project. 
OEM should need to know at which level they want to specify the functions and at which 
level they want to involve supplier. Moreover OEM also need to calculate the cost struc-
ture and cost drivers of each step in software V model, a failure to do so result could result 
in unrealistic development budget and delivery time plan. 

System Engineering lacks skills in writing competent and mature specifications, which 
translate into that OEM is dependent for knowledge in this area. As the Delta ECU has 
huge dependency on the other software part in the electrical system, it cannot be treated as 
plug and play. This has created both inherent and accidental complexity for Delta ECU 
component in the architecture. Architecture in principle meant to be modular in nature, but 
due to involvement of many suppliers in the software development, and poor component 
interfaces resulted in spaghetti components. Due to dependence for knowledge and inte-
gral nature of the component means that outsourcing could result in chaos. As OEM does 
not know what to specify, so when they give poor requirement to supplier, they imple-
mented what they been asked, when supplier delivered software component to the OEM, it 
did not match what they OEM wanted to develop and put into their product. As it is 
evident in the matrix,   

                    

                                                 Figure 48:  Outsourcing Matrix (Fine & Whitney, 1996) 

By outsourcing Delta ECU, OEM would be facing worst outsourcing situation. Things 
could get really out of control. As the model predicts that OEM would not understand 
what they will be buy or to integrate into the system, making system test and verification 
difficult. Hence could result in failure, and OEM would be doing a lot of rework and bear 
extra overheads. OEM can avoid this scenario only when Delta ECU would fall into upper 
right and lower right side of the matrix. So only OEM should source only those compo-
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nents for which it has acquired knowledge, deep knowhow about how to specify the func-
tionalities, but does not enjoy cost economies of scale. 

Software process maturity level of both OEM and supplier plays very important role in any 
development work. As the Delta ECU is outsourced at SIPD level 2, it would have percus-
sion over how both organizations take advantage of each other domain expertise and com-
petence. The maturity difference between OEM and supplier caused inefficiency due to 
mismatch in their processes maturity level. OEM does not enjoy high maturity in require-
ment or specification engineering and so does the supplier in the implementation. Both 
parties do not have threshold level of process maturity, as required for outsourced embed-
ded software development. When the software process maturity of both OEM and supplier 
was identified and placed in the matrix it fell in the low left box of the model. 

                   

                Figure 48: Maturity mismatch between OEMs and supplier causes inefficiency (Ebert, 2007 

As the matrix shows that such outsourcing decision would oscillate between overheads on 
inside and complete failure on the other hard. The only option to get out of this situation is 
to increase software competence process maturity at OEM side, and also make sure that 
supplier also follow the same strategy when it comes to process improvement. OEM 
should outsource this component only when internally it will have high process maturity.  
Increased software process maturity level at OEM would provide two additional benefits, 
first it would give more negotiation leverage over the supplier and secondly it would 
strengthen the OEM’s ability of control whole development scope during outsourced de-
velopment work. 

No vision for supplier (s) exists as of today, this translates into that OEM is not able to 
take benefit of supplier competence and type of specs given to the supplier. Supplier of 
Delta ECU is considered as partner supplier with high level of software competence. But 
very detailed specs were given to the supplier, which undermined the supplier’s ability to 
contribute anything in the design process. Very high-level functional specification should 
have been given to them instead of detailed specs.  Evaluation of supplier’s level of compe-
tence and framing a vision about them help OEM to take leverage on supplier resources. 
Lack of such drafting of vision and scope for supplier could result in extra effort required 
at OEM site in terms of detailed specifications, while supplier as in this situation held at 
arm’s length cannot contribute well. 

High level functional specification (FRS) would have been given to supplier, it would not 
only reduced the amount of effort required by OEM, but instead channel OEM’s resources 
to more productive use. As we see the figure below that supplier is considered as the rela-
tively partner when the business was awarded, but OEM has not been very successful in 
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utilizing the supplier’s competence. Instead of giving them more high-level qualitative in-
formation, OEM sent very detailed specification to the supplier, which was more than de-
sign than specification. OEM should have separated the requirements from the design. 
Separating requirements from design mean that requirement engineers should not be influ-
enced by design consideration when setting out system requirements. Moreover the re-
quirements should not limit designers’ freedom in deciding how to implement the system. 
What OEM thinks of specification, the supplier takes it as design. 

                

       Figure 50. The continuum from narrative to quantitative specifications (Nellore et al., 1999, p.66) 

The software product is embedded in a cultural matrix of applications, designer, develop-
ers, users, laws and machine vehicle. These all change continually and their changes inexo-
rably force change upon the embedded software system. Changes in requirements are in-
evitable in software intensive system. Furthermore for large system, the problem being 
tackled is so complex that no one can understand it completely before starting system de-
velopment. During system development and operational use stakeholders such as features 
owners, functions writers and developers continue to gain new insights into the problem, 
leading to changes in the requirements. Requirements are usually vague description of what 
is wanted rather than detailed specification.  The hardest single part of building a software 
system is deciding precisely what to build. No other part of the conceptual work is difficult 
as the establishing and specifying the technical requirements, including interfaces to other 
system, both hardware and software. No other part of the work so cripples the resulting 
system if done wrong and consequently no other part is more difficult to rectify in later 
stages of system integration. In situation of Delta ECU, where requirements change very 
quickly due to huge interdependency on other ECUs, and also due accidental system com-
plexity, it would be a good approach to given high level of description of intended func-
tions, because the costs of maintaining the detailed specification are unjustified. Failure to 
define precisely what is required could result in endless disputes between OEM and the 
supplier. These requirement changes would have huge impact on the driving the cost up, 
therefore it is very important both for PD and purchasing function to control changes in 
requirement. Every coming change in requirement would result in re-negotiation with sup-
plier every time and hence prolongs the development time and slow down the development 
work. 

The big change is hardware/software cost ratio. Software has only development cost and 
zero replication cost. Infinite number of software’s copies can be produced without suffer-
ing any other cost. Therefore this brings possibility of ROI on the already developed soft-



 

 
81 

ware. But as of today OEM does not have any valid number of development cost (Delta 
ECU is sourced as black box), so it is not possible for OEM to opt for ROI opportunities 
on already developed software. Split of development budget between software and hard-
ware part would help in identifying and establishing the key cost activities alongside the 
chain of development work. It would also help to remove embedded inefficiencies in the 
sourcing of software intensive ECU. 

According to Conway’s law the structure of system mirrors the structure of the organiza-
tion, which designs it. OEM adopted a stovepipe global software development strategy, in 
which development task are partitioned into stand-alone vertical software components. 
This strategy is in direct conflict with the distributed architecture, because distributed sys-
tem requires more control over the development loops and high level of coordination be-
tween designer and developers. Global distributed software development would undermine 
it, and could result in conflict and mismatch between the software components when bring 
back for integration. Experience has shown in software intensive industry that integration 
of stovepipe system may cause unexpected delay in delivery, uncoordinated and conflicting 
plans, ineffective and dangerous decisions, and also inability to cope with rapid change and 
system updates. Therefore software development work should be distributed in horizontal 
fashion. 

        

                         Figure 50: Functional development approach, OEM development approach for system build  

OEM has been pursuing global software distributed development strategy in order to 
achieve advantage of cheap software labor cost in other countries. But as we see in the out-
sourcing of Delta component facts are contrary to it. Instead of enjoying the benefits of 
cheap development resources, the project suffered cost overruns and delays. Geographical 
spread of development resources resulted in very slow problem resolution, and also lack of 
control over the development activities and poor coordination between function writer and 
software developer resulting in highly unstable requirements.  This drives the need of hav-
ing best-cost country approach instead of low cost country. 

Higher complexity of the system demands more control and hence favors the idea in-house 
development of strategic ECUs rather than outsourced. Lack of intellectual property right 
strategy would undermine the long-term capacity and competence building internally, and 
second would increase the supplier leverage power over the OEM, and every time OEM 
would have to pay high than the previous projects. Having a clear and defined IPR strategy 
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would ensure the smooth and unrestricted flow of parts to manufacturing or assembly 
plants.     

7 Conclusion 

You software guys are too much like weavers in the story about the Emperor and his new clothes. When I 
go out to check on a software development the answer I get sound like, we’re fantastically busy weaving this 
magical cloth. Just wait a while it will look terrific. But there is nothing I can see or touch, no numbers I 
can relate to, no way to pick up signals that things are not really all that great. And there are too many 
people I know who have come out at the end wearing a bunch of expensive rags or nothing at all. (US DoD 
decision maker) 

Induction of software into the vehicle is not a new phenomenon, but in the past decade the 
growth of the software in automotive industry is unprecedented. This brings new challeng-
es for an OEM about how it builds new system and sources it aside from prevailing tradi-
tional business models. Involvement of suppliers in new product development is not a new 
trend in the automotive industry. OEMs have been utilizing suppliers’ knowledge and skills 
in developing new innovative offerings for their customer. But software intensive vehicle 
development, in which an OEM’s role is shifted from assembler to system integrator, is of-
fering a very pervasive challenge for both OEMs and suppliers.  

Sourcing a software development work is not merely a question of make vs. buy, but in-
volves many other large strategic parameters to consider before opting for any decision. 
These parameters encompass from organizational core competence to system engineering 
to supplier selection and establishing a proper governance structure.  An OEM must have 
core competence strategy in place before deciding for any outsourcing activity. This core 
competence strategy then should drive firm’s sourcing options. An OEM must identify its 
strategic and non-strategic components and its competence area of today and for the fu-
ture. OEM should avoid outsourcing those components, which have strategic orientation. 
OEM should outsource only well specified activities, where the chances of requirements 
changes are minimal. Maturity miss-match between OEM and supplier results in poor in-
terfaces and causes inefficiency in development loops. OEM should need to define vision 
for the premium suppliers in order to effectively utilize their suppliers’ competences.  

Globally distributed software development results in highly unstable requirements and pro-
ject delay. OEM should take into consideration the possibility and limitations, which prod-
uct architecture offers. Failure to do so could undermine success of the project with cost 
and schedule overruns and poor quality. As the embedded software significantly drives de-
velopment cost of an ECU, therefore there is a need to perform cost engineering activities 
for each ECU. Only then an OEM would be in position to redefine their current business 
model with suppliers.  

Following were the research questions which provided a continuous moment to the 
OEM’s specific thesis work. As these research questions formulated by the OEM and for 
the OEM’s specific context, so answer of these question has been provided and document-
ed in a separate document for internal use.  Here author is only allowed to provide the sta-
tus of research questions if they are answered or not. 

Research questions 

1. What are the benefits of having a clearly defined strategy (i.e. company level, technical level 
and purchasing level)? 
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Answered, and communicated internally. 
 

 As said, the architecture of the system should mirror in the development organizational structure, 
hence a company level strategy of what are key component or subsystem of the vehicle-their coupling-
future area of growth  (e.g. infotainment, Safety) must be well documented and cascaded through 
out the organization so that everyone adapt accordingly and contribute effectively. Not having it 
just like train without a driver-   

 
2. What are the benefits to have to have well defined business models (internally and with suppli-

ers)? 
Answered, and communicated internally in a presentation. 
 

 Conclusive Remarks;   Not having well defined business model, based and driven by architectural 
design leads to unfortunate consequences, which results in extravagant over-spending and unwishful 
delay in project deliveries. It also noted that this might jeorpardize previously held “good will” feel-
ing between OEM and Suppliers.  

 
3. What the strategic advantages/disadvantages are of internally developed and outsourced em-

bedded software development. 
Answered, and communicated internally in a presentation. 

 Conclusive remarks; Inventing software requirements for latest features is one of key challenges for 
software driven features, which requires more interative loops and extensive dialogue between func-
tion developer and software developer. In oursourced component this is not easy task, communica-
tion and frequent dialogues are not easily possible for outsourced component. Secrecy on side of 
OEM and suppliers often prevails. Due to highly complex characteristics of modern vehicle its very 
hard for supplier to understand the full utilization of their developed component (siganls in and 
out). Whereas in internally developed component, you don’t see such problems (be it requirement 
specification, communication, interative loops easily done), and most importantly, the administra-
tive cost is negligible small, as compared to outsourced, and lead time are much shorter, as integra-
tion and verifircation tests are earlier done for inhouse developed component, which increases the 
validation, and enable product launch on time.   

 
4. What factors buyers should consider when sourcing embedded software? 

Answered, and communicated internally in a presentation. 

 First and foremost buyers should know the architecture design (logical and physical) of their com-
ponent, interdependencies in the complete system, to work effectively with supplier and internal 
teams. Traditional sourcing technique are no longer applicable for software intensive system, and 
fixed price contract business model is outdated. Buyer should develop key skill to lead, steer, soft-
ware development cycle. Training related to software acquisition should be offered in order to build 
their skill to negotiate effectively with suppliers.  
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8 Discussion 

Automotive embedded software sourcing is not simply a question of make vs. buy, it in-
volve many other parameters to consider before a firm take decision in either way. The au-
thor’s intention in thesis was to explore the situation of sourcing at OEM from broader 
angles; sometimes a broader framework could be too narrow. The research methodology 
employed in thesis was very specifically designed first, to understand the current situation 
at the OEM and secondly how it could incorporate initial understandings into an OEM 
specific theoretical framework to further explore the software sourcing. 

A holistic and pragmatic approach is required to understand the embedded software sourc-
ing because of invisibility, complexity, conformity, changeability and irreducible essence of 
embedded software. Software entities are more complex for their sixe than perhaps any 
other construct, because no two parts are alike. The complexity of the software is an essen-
tial property not an accidental one. Many of the classical problems of developing or sourc-
ing embedded software products derive from inherent complexity and its non-linear in-
creases with size. Complexity causes the difficulty of communication among the team 
members, which leads to product flaws, schedule delays and cost overruns. As it is also im-
possible to imagine how the final software product would work, therefore it is far more dif-
ficult to specify everything in detail from the beginning of the project. This poses a huge 
challenge for software design and development people. From this software complexity 
comes the difficulty of enumerating, much less understanding all possible states of the pro-
gram and from that comes the unreliability.  

Software sourcing or supplier involve development activities do not only generate technical 
challenges but also management problems. The abstract nature of software and embedded 
complexity makes overview hard and thus impeding conceptual integrity. The reality of 
software is not inherently embedded in space. It also makes hard to find and control all 
loose ends. 

The hardest single part of developing a software intensive system is deciding precisely what 
to develop (create). No other part of conceptual work is as difficult as the establishing the 
both functional and detailed technical requirements, including all interfaces to users, to 
hardware and to other software systems. No other part is more difficult to rectify later. No 
part other part of the work so cripples the resulting system if done wrong.  The dynamic of 
actions in development of software systems are hard to imagine, therefore the most im-
portant function that must be handle diligently is the setting the right, mature and imple-
mentable software system requirements. 

During the research work it came out that software purchasing is not unilateral process but 
it entails many other factors to consider. In non-software automotive parts a purchasing of-
fice gives specs to suppliers with CAD developed prototypes, hence making available all 
drawings and geometric dimensions required to kick off development work. But in soft-
ware case OEM and supplier does not enjoy this comfort of having all drawings and 100% 
established specifications. Software development is an iterative process of understanding 
problems, specifying requirements, continuous alternations of design and implementation 
activities. Software development is creative process rather than build activity. 

A software sourcing process therefore must be divided into pre-development activities, de-
velopment activities and post development activities in order to properly understand the 
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underlying factors which sourcing organization must consider and streamline before opting 
for outsourcing. 

8.1 Further Research 

This thesis work has been specifically designed from an OEM perspective, hence its rele-
vance and validity is limited. As only one component in the electrical and electronic archi-
tecture has been investigated and evaluated by applying theoretical framework, therefore 
author believe that its scope must be broaden and need to check theoretical framework ap-
plicability on other components in the architecture.  

As the theoretical framework is mainly extracted from the work done by some researcher 
in the field of embedded software sourcing, no extensive study so far has been done in area 
of automotive embedded software sourcing. Therefore there is massive opportunity to 
work and explore this untouched area, a lot of issues still remain opened in the thesis work 
for example IPR issues, requirements management and establishing an effective and effi-
cient governance structure for software intensive system suppliers’ development work. 

In the past decade it has been reported a lot both in literature and in media about off shor-
ing and outsourcing of software development activities into low cost country. Authors be-
lieve that one should not confuse embedded software sourcing with IT software applica-
tions. Sourcing automotive embedded software is far more complex than outsourcing sim-
ple Internet web applications. Therefore author suggests that there is need to investigate 
and study this important area, identifying pros and cons of global automotive embedded 
software sourcing practices both from system integration and requirements management 
perspective. 

 

 

 

 

 

 

8.2 Limitations 
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8.3 Recommendations 

 

Recommendation has been attached here. 
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