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Abstract 
 

The development processes for software based automobile 
functions is getting more and more complex within OEM and 
supplier organizations. Safety regulations in many target 
markets require the stakeholders to integrate the development 
processes with multifaceted orthogonal analysis and design 
procedures. The main problems to overcome are that 
development models, documents and artifacts getting out of 
consistency very soon in the traditional processes, various tools 
are used in the development, but their integration is poor, 
automation doesn’t exist between the development process 
phases, concurrent work on specifications and models is 
practically impossible and the analysis of changes impact 
means manual, costly review of whole specification documents. 
ikv is working on software development process optimization 
and automation for some years now. We identified repository 
based tool integration infrastructures, fine grained version 
control, consistency control and impact analysis as well as 
automation to be the main ingredients to overcome the 
mentioned drawbacks. In this position paper, we elaborate more 
on these mechanisms and explain technical solutions and 
experiences from their application.  

1. Introduction 
Recent developments in the automotive industry show an 

increasing demand for software based functions in cars. 
Software development processes in this domain need to 
evolve in order to address development cost and risks 
reduction, quality improvements and safety concerns. The 
increasing technological complexity of software based 
functions requires radically higher levels of development 
process automation and control of the development artifacts 
consistency. ikv is working in the area of software 
development process optimization and automation. Our basic 
approach is to provide integrated solutions to software 
development organizations that support all phases of the 
software development process from the earliest stages (e.g. 
development goal modeling, feature modeling and fine-
grained requirements capturing) down to the coding and 
testing activities.  

ikv is working on such a solution jointly with a large 
Japanese automotive OEM and its suppliers. Some situations 
that we have been facing during this solution project as well 

as in other past and ongoing development process 
automation projects are mentioned in the following: 
• Software functions are in many cases specified using a 

model-centric approach, i.e. software functions are being 
described by the means of models at different levels of 
abstractions. The resulting development models, 
documents and artifacts get out of consistency very soon. 
Especially if large teams with different kinds of experts 
work in the development of such functions, this situation 
requires large efforts for manual control of artifacts 
consistency. 

• Several different tools and methods are used throughout 
the software function development, such as modeling 
tools, text processors and spreadsheet tools, testing tools 
and programming tools. However, the integration 
between these tools and methods is very often quite poor, 
resulting in the fact that the work results developed with 
one tool cannot be used easily with other tools and 
methods to create or manipulate depending work 
products. The inability of integrating these tools and 
methods includes the impossibility of establishing some 
kind of rich traceability between the various work results. 
The missing trace information again causes another 
problem with the change and consistency management.   

• The development process definitions for software based 
functions become complex rapidly. One factor for this 
observation is that OEM’s and suppliers are facing 
complex safety regulations on several markets, therefore 
a strong integration between development processes and 
orthogonal analysis and design processes is absolutely 
necessary. The accordingly required level of automation 
and traceability doesn’t exist between the phases of the 
development processes and the orthogonal processes. 

• Usually large teams of analysts, architects, developers, 
quality assurance experts and testers are working together 
using the same baseline of models, documents, code and 
other artifacts. However, concurrent access to such 
artifacts is usually to course grained, i.e. based on files or 
directories in some version control systems, making 
concurrent work on specifications and models practically 
impossible as this requires a much more fine-grained 
version control based on the elements in the models. 



• The development of software based functions and 
especially their maintenance is usually not a one shot 
process, i.e. requirements upon those functions are 
changing throughout the development and maintenance. 
Besides changing requirements, also changes in the 
interfaces of used parts from suppliers can have a 
complex impact on software functions. The lack of rich 
traceability support makes it quite difficult to analyze the 
impact of such changing requirements upon the 
development artifacts and the work products in 
orthogonal processes. Usually, only the manual review of 
all specification documents and other artifacts is being 
carried out to propagate changes through the processes. 
To overcome these situations and to provide future-proof 

improvements upon the development processes of OEM’s 
and suppliers, we identified a repository based process 
infrastructure, fine grained version control, consistency 
control and impact analysis as well as automation to be the 
main ingredients. 

2. Repository Infrastructures Overview 
Figure 1 shows an overview of a repository based 

infrastructure supporting development process integration, 
optimization and automation of development activities and 
the control of development artifacts consistency based on 
rich traceability and fine-grained version management. At 
the top layer, some examples for the various different front-
end tools used throughout the development are shown. All of 
these front-end tools usually have their specific artifacts 
management and storage technology. In a homogenized 
infrastructure, this is obviously not appropriate. Instead, the 
goal is to extract all artifacts information – i.e. the artifacts 
themselves – from the front-end tools and managed in the 
infrastructure itself in the same way for all different tools to 
be integrated. This is done by tool connectors. In the 
solutions delivered by ikv, usually life synchronization is 
being realized in the tool connectors, meaning that any 
change by the user to the artifacts is being propagated to the 
infrastructure. In some cases of almost closed tools like 
DOORS 0, offline synchronization via (XML) file exchange 
is also possible. In such a case, the primary information 
storage remains in the tool, whereas the tool adapter extracts 
only such information which is important for realization of 
additional concepts like automation or consistency checks. 
The degree to which the information extraction is possible 
depends strongly on the capabilities of the tool under 
consideration. Our experience shows however, that more and 
more tool vendors offer the necessary open interfaces.  

The management of all development artifacts extracted 
form the different tools is done by so called repositories. A 
repository is a kind of persistent, secure database specific to 
the structural definition of the artifacts. This structural 
definition is being done through a metamodel. If compared 
to common database definitions, a metamodel is quite 
similar, except that object-oriented concepts are used as 
instruments for the definition of the semantics of the artifacts 

and their relations to other artifacts. Furthermore, the 
metamodel approach ensures easy adaptation and extension, 
for example by profile mechanisms facilitating the object-
oriented nature of the metamodel. 
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Figure 1 A repository-based infrastructure for process integration 

and automation 
The automation and consistency layer includes a number 

of techniques to automate the development process and its 
orthogonal processes. Furthermore, it provides the 
consistency between all development artifacts based on rich 
traceability between them. The techniques provided at this 
layer include model-to-model transformations between the 
artifacts, automated generation of code and documents from 
the artifacts and the provision plus continuous observation of 
consistency rules. 

All these techniques do not work based on the tool 
specific storage mechanisms, but they are executed based on 
the common storage technology in the artifacts management 
repositories. This is more effective and it allows for tool 
comprehensive automation and consistency checks.  The 
details of the repository based artifact management as well as 
the automation and consistency control techniques are 
explained in the following in more detail. 

2.1 Repositories for Artifacts Management 
The optimization and automation of development 

processes begins with an in-depth analysis of the currently 
applied process and the intended to-be processes, the applied 
development tools, the artifacts to be produced in each 
process phase and the fine-grained relations between the 
artifacts. This analysis work leads to a set of metamodels 
describing the artifacts and the development steps. These 
metamodels are used later in the optimization and 
automation process as the heart of the tools integration and 
automation environment: they are the main source for 
providing model repositories which form the backbone of 
any tools integration and automation environment. We use 
our medini base technology to automatically generate 
repositories out of metamodels conforming to the Meta 
Object Facility (MOF) [1] standard. The medini product 
family [4] not only implements the MOF specification but a 
variety of additional functionalities including fine-grained 
version management, constraints checking, multiple 
deployment strategies etc. Model transformations, 
consistency checking and maintenance as well as traces 



management between developments artifacts are realized by 
utilizing the detailed information in the model repositories.  

Under careful consideration of the as-is methods, 
techniques and tools situation, the selected development 
tools are subsequently customized and tailored to the 
process. Then, tool adapters are implemented which extract 
information from the integrated tools and feed it into the 
repositories. In case of life-synchronization, the tool adapters 
work in both directions, to and from the repository. We 
already have implemented a number of adapters for tools like 
DOORS, Matlab, Enterprise Architect, MS Excel etc.  

2.2  Fine-grained Version Control 
As stated above, the management of versions and 

baselines of development information just based on files (i.e. 
code, documents and models as a whole; usually done by 
traditional configuration management tools) is not sufficient 
for the kind of development infrastructures necessary within 
the automotive domain. The reason is that for the models it is 
not possible to compare and analyze them based on their 
textual representation (e.g. XMI). In ikv’s solutions, the 
versioning management is much more fine-grained: 
• We treat any development artifact (documents, 

specifications, sets of requirements, code, test cases etc.) 
as a model or as a part of a model, regardless of the 
notation of the artifact in a front-end tool. The structure 
and static semantics of these models is defined by 
metamodels as described above, the models are managed 
in the model repositories created from these metamodels, 

• Each element in a model (e.g. each use case, feature, 
function, component, requirement, class in the 
implementation etc.) is uniquely identifiable and receives 
its own version information and other metadata, 

• The life cycle of each model element, e.g. creation, 
modification, usage by other model elements etc. is 
recorded jointly with the ascending version information. 

Using this fine-grained version management approach, 
several necessary functionality of the development 
infrastructure can be supported, e.g. the evaluation of 
differences between models, the merge of two different 
models, a model import and update mechanism etc.  The 
difference to the ordinary file based functionalities is that 
differences are not represented as text differences but take 
into account the semantic structure of the development 
information as stipulated by the metamodel.  

Based on these core functionalities, some required 
advanced techniques are realized in a development 
infrastructure such as consistency control, impact analysis 
and automation. 

2.3  Consistency Control and Impact Analysis 
A model validation engine based on the Object Constraint 

Language 2 (OCL 2) [2] is usually being integrated with the 
model repositories. The engine is facilitated for all model 
consistency checks. These consistency checks do rely on 
consistency rules, which are defined as OCL constraints and 
can be invoked on the whole or parts of the model. The 

engine interprets constraints; therefore it is possible to add 
new consistency rules on the fly. In terms of usability, the 
constraint definition is hidden from the engineers (i.e. the 
user of the development infrastructure) view; he only sees 
the meaning of the consistency rule and may invoke the rule 
checking based on such meaningful description. 
Additionally, also impact analysis rules are expressed as 
OCL constraints and can be executed by a user based on a 
meaningful description as well. 

2.4 Automation Techniques 
In a repository-based approach, the definition of multiple 

sets of model transformation rules is provided to automate 
the transitions between development process phases. The 
technology foundation that we usually apply here is the 
medini QVT engine, where QVT [3] stands for 
Query/View/Transformation and refers to another central 
standard of the Object Management Group. The definition of 
such model transformation rules is again being done based 
on the metamodels created for the provision of the model 
repositories.  

Usually, small transformation steps, which are not magic, 
but time consuming and error-prone when done manually, 
are defined and can be invoked by the user. They do support 
the acceptance of this technology by the engineers and 
developers. Such repository based transformations work in a 
way that the user first provides a number of definitions in the 
model (e.g. in documents, specifications, code etc.) in one 
particular step of the development process. Afterwards a set 
of small transformations from one step in the process to the 
next is applied, where some elements or skeletons of the 
information necessary for these subsequent steps are created. 
Then, the user provides certain additional properties and 
aspects of the model elements created by these model 
transformation steps manually. These enriched elements are 
taken by the next set of model transformation rules to 
produce the elements of the subsequent step in the process 
and so on.  

These model transformers do not only create elements of 
a model, but more importantly merge the result of a 
transformation with the existing parts of the model utilizing 
the fine-grained version management mechanisms as 
described above. That means that the re-invocation of a 
transformation step due to changes in the transformation 
source does not just overwrites the target elements, but 
merges the result of the re-invocation together with the 
existing elements in the target parts which possibly have 
already been enriched by the user and thus cannot be just 
discarded. Besides, each execution of model transformations 
stores traces information. Traces play an important role for 
aspects like change management, consistency checking of 
models and system code as well as impact analysis as 
described above. The creation of trace information by the 
transformers contributes significantly to the overall 
consistency of the development information. They can be 
augmented by manually created trace information. 



3. Application Experiences 
ikv works with a Japanese OEM and its suppliers to build 

a requirements capturing, modeling and development 
environment for the creation of E/E/PE components. This 
environment is based on ikv’s medini product family 
implementing the core technologies such as Meta Object 
Facility (MOF), Object Constraint Language (OCL) and 
Query/View/Transformations (QVT) as introduced above. 
The initiative aims at the following general functionality: 
• Single source repository for storage and management of 

all development work results produced in the 
development and orthogonal processes; the consistent 
management of all work results including artifacts 
relevant for certification and the automation of the 
process, provided in a central artifacts storage supporting 
teams of engineers, multiple configurations and versions 
of artifacts (commonly referred to as artifacts 
management), 

• Provision of automation for work results including model 
transformation and specifically document generation for 
the certification process, 

• Provision of customization and adaptability to change the 
environment according to the expected process changes 
in an easy way; the support for the flexible definition of 
development processes for specific development projects 
including the loading of existing process templates, their 
customization and adaptation to the needs of the actual 
development project (flexible process management) 

• Provision of team support including versioning support, 
analysis of and merge of differences between versions 
and signature/baseline support, 

• Connection of customized front-end tools to the tool 
environment in order to support the creation and 
manipulation of the artifacts at the developer site, 
providing a common view on a development project and 
the appropriate, customized front-end tools, including 
both development process and orthogonal processes, e.g. 
for future safety standards subsequently (artifacts 
creation) 
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Figure 2 An instance of the repository based infrastructures 

approach 

The support for project management activities, i.e. to use 
the available metadata of project artifacts for project 
management tasks, the provision of up-to-date information 
about project progress and the consistency of artifacts as 
well as analysis tools to control the compliance of 
development artifacts to the process definition (project 
management). Furthermore, the tool supports the workflow 
management and work distribution to engineers. 

4. Conclusions 
The experience report shows that a number of modern 

software engineering methods and techniques can be applied 
in the automotive domain in order to fulfill aims of OEM’s 
and suppliers such as dealing with complex safety 
regulations on several markets, strong integration between 
development process and orthogonal processes activities, 
provision of a future proof, highly integrated and automated 
development and safety design environment and strong team 
and process support. We show how repository based process 
infrastructures; fine grained version control, consistency 
control and impact analysis as well as automation can 
actually be utilized to fulfill these aims. The use of these 
techniques is not limited to automotive software engineering, 
but can also be applied to “non-software” tasks such as 
certification processes, maintenance procedures as well as 
common management facilities for component structure and 
interface definition. 
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