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At the same time, the engineering design process template (i.e. the standard procedure that each design 
project follows) was adapted to cater for what the company considered “frontloading”, i.e. a more 
focused concept design and validation phase (including all variants needed) to counteract delays in 
finalization of designs and their ramp up in production. This frontloading was reflected in a process 
that, as an input, received a functional specification and replied to it with a technical specification to 
conclude the concept design phase and have a clear gate to transit to the industrialization of a concept 
(in German: “Lastenheft” and “Pflichtenheft”). Such procedures are common practice with external 
contractors (as, e.g., DIN standard 69901 prescribes), which respond to a request for a quote (i.e. the 
functional specification of what is needed) with a certain bid (i.e. a technical specification of how they 
intend to solve the problem). 
In this initial situation, the precise scope and value of product architecture were rather vague; at the 
time, the intended scope and value was initially believed as shown in Figure 1. The goal was the early 
determination of the feasibility of a product design, the alignment with the market and the early 
identification of the properties of the design, specifically the necessary variants and their return on 
investment with regard to the functional specification through the targeted product portfolio. 
With this background, the problem at hand was to answer three questions: “What is product 
architecture for the company?”, “What value does it have for the company?”, and “How can the 
progress be illustrated and tracked?”. The initial scope was described through an initial architecture 
framework, which is explained in the next section. This framework, however, has evolved through the 
experiences made during its implementation and, partly, through changing boundary conditions. 
Hence, the focus of this paper is to identify, additionally, the evolution and reasons for it with regard 
to the questions above. 

1.2 Research approach and methodology 
As a research approach, the actual work done at the company was protocolled and reviewed 
periodically with outside experts from academia and consulting to ensure a thorough and neutral 
reflection of the observations made. Figure 2 illustrates this approach. While driven and managed as 
an industrial approach, both scientific and industrial reviews were run regularly over a period of about 
three years to ensure that the focus was not lost and that both industrial and academic best practices 
were considered. This was done through a series of students writing their master theses in this context 
and through regular workshops with researchers from various institutions. 
As part of the initialization of this research, an intial framework was set up to generate a reference 
about the expected observations and to obtain a clear picture of the scope of architecture design within 
the specific context of the company. This intial framework was set up based on the state of the art 
from academia, as explained in [Plaikner et al. 2012]. 
This framework was then reviewed with several industrial partners both from other OEMs and from 
consulting. The OEM reviews were done as workshops on the exchange of experiences made in 
product architecture management with other companies of a similar scope but not being competitors in 
commercial vehicle design (especially farm equipment and construction machinery, about twice 
yearly). Academic reviews were done as part of two research projects that were run in parallel every 
few months. 
All workshops were run with all members of the architecture department (about ten persons today). At 
each step, the results were verified internally with management to confirm the progress and to ensure 
the overall direction. To do so, the “users” of the architecture process, i.e. design project managers and 
senior engineers, were part of these reviews, too, to provide their feedback on the relevance of the new 
process and the underlying methodologies. 
This was done to improve, above all, the implementation process at the company, but also to identify 
best practices and scientific principles. Also, the progress was measured to ensure the overall goal was 
reached, adding to the value that the newly installed process was to deliver. 
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With that as a basis, the Scania design process is a continuous update process towards a technical 
portfolio of components. This implies that no platform or specific models exist and that requirements 

formulated for each equipment to serve the whole product range (or a part thereof) instead of 
and Eklund 

Opposing that, passenger vehicle industry usually works with platforms that serve as a common 
standard and as a basis for several models of the product range that are derived individually from such 
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a platform. Volvo, for example, uses three platforms that all current models are derived from; in turn, 
design is done towards a model based on one of the platforms, and requirements are set for a model 
[Gustavsson and Eklund 2013]. Volkswagen similarly uses a number of “assembly kits”, which can 
roughly be compared platforms enriched by common modules across all platforms (in German, they 
are called “Modularer Baukasten”, i.e. “modular kit”). Currently (Figure 3, left hand side), there are 
four assembly kits available, each of which standardizes certain components and their topology 
(Figure 3, right hand side) as well as modules that are shared with other assembly kits.  
BMW similarly develops product lines, which serve as a starting point to derive models based on 
model-specific requirements; however, such architectures are based on a standardized product 
structure [Hablhuber 2012] to facilitate the commonality across models and to facilitate the 
communication of all involved stakeholders planning the usages of components utilized across more 
than one model.  
In summary (see Table 2), a few aspects can be added to those already shown in Table 1. 

Table 2. Characteristics of product architecture 
Characteristic Description, keywords 
Standards Positioning of components, usage of components and modules 
Interfaces Standardization, modularization, designation of standardized modules 
Design approach Platform, portfolio-wide modules, individual models, common parts 
Product structure Product decomposition, common language, common “cut” of product 
Component usage Designation and planning for reuse, usage and variant description 
Requirements approach  Focus on models, on markets / market segments, on equipment 

3. The evolution of architecture during its implementation 
To plan for a complete implementation of architecture design, it was necessary to formulate the 
concrete goals of what architecture design should be about and measure its progress. To this end, a 
company-specific “architecture framework” was designed initially. It was based on the state of the art 
and on industrial practice, as summed up in Table 2. More specifically, the framework was meant to 
help ensure that architecture design at the company would be complete, consistent and correct. The 
framework was especially intended to project a vision for the needed models, methods and tools and to 
measure the progress of installing an architecture function within the existing design department. 
Furthermore, it was meant to help communicate the idea of architecture.  
Therefore, the framework was set up as a table that contained the different “topics” that architecture 
design at the company was to be about, and for each topic provide the “tasks” of the architecture 
process as well as certain measurement critera that would help understand how complete the 
implementation of each topic was.  

3.1 The initial framework 
As a starting point, a framework was desgined [Plaikner et al. 2012]. It was, essentially, adapted as a 
simplified version of the Zachman Framework [Matthes 2011], as it offered both a certain flexibility 
that would support a later scalability and a representation intuitive enough that it could be used within 
the company without much explanantion. 
The framework, in its initial state, was filled through literature research from both academic and 
industrial references (Table 2 provides a highly aggregated summary thereof). It thereby served as a 
starting point for the following company-internal discussions. Based on these findings, a series of 
workshops and discussions with in the company were run to adapt these findings to the company 
boundary conditions, the company-internal nomenclature and to the needs of the process, i.e. certain 
tasks were focused while others were dropped. These discussions accompanied the design of the actual 
architecture process and its methodology (see e.g., [Kreimeyer et al. 2011]), which were led at the level 
of the company’s top management, with a reprensentative group of project managers from different 
vehicle design projects and with the staff of the architecture design group. As a part of this, the 
framework was refined through a series of workshops consulting companies and academic partners, 
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who accompanied the implementation project. Figure 4 shows details the framework as it was 
consolidated initially, and it lists the topics and tasks of archicture design at the start of the 
implementation of the architecture design process at the company. 

 
Figure 4. Initial architecture framework [Plaikner et al. 2012] 
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Figure 5. Evolutionary steps of architecture implementation and tasks therein 
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As shown in Figure 4, architecture at the company consists of tasks ordered by “topics” along rows; 
besides the main topics, the organizational interfaces and the principles of architecture were made part 
of the framework to ensure both were integrated when building up each of the topics. The model of 
architecture behind the framework followed two strands of thought: A classic systems engineering one 
overlaid with a description of variants the underlying combinatorics. As a systems engineering model, 
the approach to first collect requirements, map them to functions, find solution principles for them, 
and embody them as components formed the main topics. These were paired with an early description 
of combinatorics (i.e. what equipment should be made available for a vehicle in combination with 
what other equipment) for requirements; to this end, “spec codes” were made available as a concept 
[Karrer-Müller et al. 2013], i.e. containers that each describe a potential equipment (and its properties) 
of a vehicle that could be selected or deselected by a customer (e.g. a spare wheel, a fuel tank volume, 
a sunroof) to represent the voice of the customer and the portfolio perspective in requirements 
management. For these spec codes, a forecast of take-rates was added, too, to ensure that in complex 
variant designs a focus on the most important variants would be possible. 

3.2 Impact of the implementation of architecture onto the framework 
During the implementation of architecture over a period of approximately three years, the initial 
architecture framework evolved to the current state that is shown in Figure 6. The evolutionary steps 
that have led to this result are listed in Figure 5; each column represents an implementation step that 
had (or had not) a certain impact on each topic, as listed in the rows. The evolutionary steps were 
mostly oriented on large vehicle projects that served as try-out grounds for the concept of architecture 
available when such a project started (i.e. the maturity of the process description, the available 
methods, and tools).  
In short, the following aspects drove the evolution:  

 Description of combinatorics: As a necessary basis for variant planning, the detailing, 
visualization and reviewing of combinatorics provides a basis for technical variant 
descriptions, e.g. as variant trees or tables 

 Product structure: Initially, the company did not have a set product structure that was centrally 
managed; considerable effort was, therefore, put into this as a service that the architecture 
group provides to the company, and the tasks to manage it have impacted the architecture 
process, too. 

 CAD data structures: As most engineers are still concerned with mechanical design, the way 
the product is decomposed / set up is reflected in how CAD data is structured. To make 
architecture come alive, therefore, a close alignment between CAD methodologies and the 
company’s product structure was implemented. 

 Concept decisions: It turned out that a formalized decision-making process was a well-
accepted methodology early during the introduction of the architecture process. It was, in a 
second step, extended to include decision maps to plan for individual decisions. 

3.3 The updated framework 
The updated framework was built about three years after the initial one, and reflects the results and 
experiences made from the design projects that were supported in the meanwhile. It is shown in Figure 
6. It contains 8 tasks with a total of 26 sub-tasks; 11 of these are identical to the initial framework, and 
most others have changed only slightly. The focus on functional modelling was dropped, although it is 
being taken up again by a different department in the company with a focus that is less on concept 
design and more on adding functional requirements. The focus on CAD data structures, although 
important to architecture, was not made part of the architecture framework, as it is only impacted by 
the architecture process but not a principal output thereof.  
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Figure 6. Current architecture framework 

3.4 The value of architecture today 
As part of the setup of the current framework, the initial value was reassessed to have a clearer picture 
of the value of architecture today. While the actual curve has evolved very little to today’s depiction, 
as shown in Figure 7, the motif behind it has. Initially, the value was placed particularly on generating 
the right variants, i.e. the focus was put on planning the actual architecture. Based on the operational 
model introduced, with architects facilitating the process and managing the transfer of information 
across the whole design organization, the focus has shifted to generating transparency about the 
progress of concept design, rather than doing a part of the concept design per se. This can be 
recognized in the evolution of the framework, too, where tasks are designated more as “support” rather 
than “do”. Above all, it shows in the change of principles, which have not yet reached a final state, and 
another step of its evolution is expected. At the same time, the principles (bottom row of Figure 6) 
reflect the actual value delivered by the architecture process: at any given point of the concept design 
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process, there is transparenc
well as what properties (weight, cost,…) they each have (principle 1). To obtain these variants, 
architects ensure that responsibilities are clear within a design project (Principle 2:
Who takes care of what requirements?
in a structured manner (principle 3: What needs to be decided? 
decided already?). By this, the overall c

As such a rather abstract description is hard to understand for many engineering staff, in
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3.5 Using the framework in practice
In practice, the framework is mostly applied to review the progress of implementation based on a 
simplified CMMI scheme. 
repeatability of the process can be easily monitored. For each topic, the (sub
including according data models, the responsibilities, available tools, train
are described. 
(“concept available”, “prototypical process avai
The application and practise show that the 

 It is easy to illustrate the scope of implementation by explaining the individual topics and 
tasks of the architecture process, as those are more concrete and closer to the rather abstract 
concept of product archi
partners, e.g. new projects that are supported by the archtitecture process, are facilitated.
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3.5 Using the framework in practice
In practice, the framework is mostly applied to review the progress of implementation based on a 
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including according data models, the responsibilities, available tools, train
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concept of product archi
partners, e.g. new projects that are supported by the archtitecture process, are facilitated.
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Figure 7. Value of architecture from today’s point of view
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 For each topic, indicators about the progress were set up, as Figure 5 illustrates; in a current 
effort, these are being consolidated with the topics of the framework to better track the 
progress of implementation for each topic. While it would have been better to do this initially, 
many measurement criteria were not clear initially, as many boundary conditions in the 
company changed during the implementation period. 

 The framework helps especially with regard to managing process improvement efforts within 
the company and with inviting tenders to gather external support for such bidding wars with 
different external consultants and software vendors, as the scope of a certain effort can be 
described well and consistently with the rest of the architecture process. 

To facilitate establishing and embedding all this in the company, responsibilities within the 
architecture department are organized accordingly, with responsibilities designated per topic; internal 
documentation is organized in a similar manner, as is the company-internal training portal. To ensure 
the consistency of all topics and related concepts, a process responsibility exists in parallel to draw 
upon the topics and build the actual design process. In a design project, a product architect then draws 
upon this process description that is set up from the different topics; for complex design problems, the 
responsible persons for the method in focus (e.g. concept decisions) serves as a coach for the architect 
in a project. This way, the experience is transferred into better-suited methods that remain aligned with 
the needs of the design process. 

4. Conclusion 
Realistically, it must be said that the introduction of architecture is not yet finished; about another two 
years will be necessary to complete all tools, templates and training materials in a way that they are 
simple and clear enough to be used by all engineers working in the concept design phase. This can be 
read from the maturity assigned to each task; especially the tasks that relate to the verification of the 
return-on-investment are still at a conceptual level, while e.g. the management of the specbook and the 
product structure have already been implemented in the company’s PLM environment and, thus, the 
related processes are considered “implemented”. 
Similarly, staff at the company finds the explanations and illustrations of architecture still abstract and 
hard to access; this is, in part, due to the workload of their daily business, and partly because their 
formal training has given them little chance to build a more abstract understanding of management- 
and process-related issues. Therefore, more communication is being focused on this in the future, 
especially to obtain more examples and use them as individual illustrations specific to the different 
target groups. 
However, the transition from historically grown product documentation to a clear and consistent 
product structure turns out to be a very complex undertaking, especially considering the complex 
interdependencies between components across the whole vehicle portfolio. Therefore, a stable basis of 
product documentation will be a next step before future aspects of architecture (such as specific 
vehicle standards) can be systematically introduced. 
A factor that helped during the implementation was that all structures introduced (the product 
structure, the requriements structure,…) were colored. This today helps engineers speak one language: 
when people talk of “yellow processes”, they refer to everything related to requirements management 
and the specbook, as the requriements structure is the “yellow structure”. This also reflects in the 
framework, which uses the same categories.  
The architecture process today, in its essence, is a focused systems engineering approach including 
variant design; the management of modularity across different design project has not impacted the 
architecture framework yet and will provide for a future evolution when the above three aspects have 
been implemented fully. 
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