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ABSTRACT

Embedded software is used nowadays in many applications.
To ensure the function and reliability of the software, hard-
ware-in-the-loop methods are commonly used to test it in a
simulated environment. Due to the rising complexity of the
implemented function, performance limitations and practi-
cability reasons, the simulations are often specialized to test
few aspects of the software and reach therewith a high diver-
sity. This diversity is difficult to manage for a user and re-
sults in wrong selected components and compatibility prob-
lems. This paper presents a generative programming ap-
proach that handles the diversity and includes an interface
concept to evaluate the compatibility. To use this approach
profitably in real-world applications, a migration approach
is presented using a model analyzer. The evaluation of the
presented approach is exemplified in the automotive domain
using MATLAB/Simulink.

Categories and Subject Descriptors

D.2.13 [Software Engineering]: Reusable Software;
D.2.9 [Software Engineering]: Management—Software
configuration management; 1.6.4 [Simulation and Mod-
eling]: Model Validation and Analysis; 1.6.5 [Simulation
and Modeling]: Model Development

General Terms
Design, Management, Reliability

Keywords

Hardware-in-the-loop, Generative programming, Model de-
sign, Model migration

1. INTRODUCTION

Various application areas use embedded software, which
performs control tasks in process and building automation,
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and in the automotive domain. The complexity and diver-
sity of the implementations steadily increase with new fea-
tures added to the already complex control tasks like ABS
or ESP. The challenge of the engineering process is to en-
sure the reliability and safety of the software. Especially in
the automotive domain safety guarantees are crucial for all
future x-by-wire technologies.

To increase and guarantee the safety and reliability of
the created software components they are tested repeatedly
during their development process. Most of these tests are
performed within a simulated car environment, as cars and
hardware are unavailable in early stages or the tests are too
risky. These so-called in-the-loop tests are introduced and
classified by the development stage of the system under test
in Section 2.1.

A car is a very complex physical system, where the simula-
tion models of simple subsystems already get large, complex,
and cumbersome to simulate. To increase the simulation
performance, the designers use different simulation models
that are tailored to the individual test case and function of
interest. This results in a high number of simulation mod-
els for the components with their optional functions and the
environment in different conditions and levels of detail.

The simulation models are often built of components it-
self. This simplifies and speeds up the development process
not only due to the reuse of components. All simulation
models and components are stored in a component library.
These libraries often develop a library scaling problem [1],
as each feature added to a family of simulation models re-
sults in multiple copies of these models. The explosion of
objects humbles first the designer, who has to select the cor-
rect simulation model or component out of many variants.
As a result, he spends a long time on searching and if he
cannot find the correct model, he recreates model variants
or connects the wrong ones. Especially with the increasing
complexity of the models and number of interfaces, this com-
patibility problem intensifies and creates not only costs but
also counteracts the aim to increase reliability and safety.

Generative programming can solve this problem by aggre-
gating variants of the same simulation model or component
in one parameterizable component. The user specifies the in-
dividual realization, which is then generated to his demands.
This solution is comparable to a monolithic, parameterizable
component, but these components contain many unused,
specialized code, which causes a problem for resource limited
real-time hardware used in hardware-in-the-loop test. Gen-
erative programming instead leaves only the relevant code
fragments and results in better performing models therefore.



However, the best concept to reduce the number of models
in a library is hard to establish, if the benefit applies only
to new models and the number of existing models remains
the same. Hence, it is very important to migrate existing
models to the generative programming approach, to cut the
number of variants.

This paper addresses these three problems. First, the di-
versity of simulation models and components is managed by
a generative programming approach. Second, the compat-
ibility problem is addressed with an extended component
model in Section 4 that leads to the extended library con-
cept in Section 5. Third, the automatic migration of existing
models to the library is explained in Section 6. The follow-
ing Sections 2 and Section 3 introduce the related work and
the example domain of this approach.

2. RELATED WORK

2.1 In-the-loop Testing

In-the-loop test methods can be used in embedded soft-
ware development and production to ensure reliability and
safety. These methods connect the system under test (SUT)
to a simulation model of the environment (see Figure 1).
For instance, if the brake system controller of a car have to
be tested, the environment will be the brake system itself,
whose simulation consists of models of hydraulic elements
like pumps and tubes.
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Figure 1: In-the-loop test method

The structure of in-the-loop methods is basically always
equal. The simulated environment passes input signals to
the SUT, which processes the input and creates output sig-
nals. The simulation uses these output signals to calculate
its new state and new input signals, which close the loop.
As long as both the environment simulation and the SUT
are deterministic, the test scenarios are reproducible. This
makes it possible to specify test conditions and retest the
SUT during all development stages in a test-driven develop-
ment. Depending on the development stage of the SUT the
in-the-loop methods are classified in:

e Model-in-the-loop (MIL)
In this level the tested component is specified as a
model. This executable model can be used to check
if the specification complies with the requirements.

e Software-in-the-loop (SIL)
In the second level the tested component is available
as code, e.g. in C language. This code can be, for in-
stance, generated automatically from the model spec-

ified before. White box methods can be additionally
used to test the code.

e Processor-in-the-loop (PIL)
In the third optional level the compiled code is tested
on a test board that contains the same processor used
later in the target device. This level can be used to
make black box tests.

e Hardware-in-the-loop (HIL)
In the last level the compiled code is uploaded to the
target device under test. The environmental simula-
tion, used in this level, has to meet real time require-
ments to allow conclusions about the reliability of the
controller software. These methods can also be used
in production to assure quality.

The transition between these development stages can be
simplified by model-driven architecture methods (MDA, see
[12]). Using these methods, the platform independent model
of the MIL test can be transformed to the code tested by
SIL. This code can then be cross-compiled for the target
device and tested by PIL and HIL test methods.

One example for a simulation tool that supports MDA
is MATLAB/Simulink [11] that allows to transform to code
for embedded systems with Real-Time Workshop Embedded
Coder [10] or TargetLink [7]. MATLAB/Simulink uses a
function block oriented graphical meta language like many
standard simulation tools as illustrated in Figures 10 and 11.
The simulation is designed abstractly by connecting function
blocks to a data flow graph. These signal oriented models
are then compiled by the software to an efficient simulation.

In-the-loop methods are often used in the automotive do-
main. In [13] for example, HIL is used to test controllers in
their reaction to injected faults and [9] gives an example of
testing an antilock brake system with HIL.

2.2 Generative Programming

Generative programming (GP) is a software engineering
paradigm to create software products from a software family
automatically by a generator. The generation process is in-
tended to create highly customized and optimized products
based on elementary components according to a specifica-
tion. These products can be software components or whole
applications. Further information about GP can be found
in [3].

GP is often used to create code in high level languages,
like C# or Java [6, 8], or to generate graphical user in-
terfaces (GUI), which represent a higher level compared to
simple code generation [15]. Among other application ar-
eas, like business process software, GP is used for embedded
systems, too. For instance, Czarnecki et al. [2] describe
the experiences with GP in embedded domains, like auto-
motive, space and aerospace. They generate code directly
for electronic control units or other embedded systems.

Weiland and Richter [18] use software product lines to con-
figure Simulink models. But they do not generate Simulink
models directly. Instead they create MATLAB scripts, which
patch a given reference Simulink model. That means that
only a few components are removed or added. Their goal was
not to create optimal models, i.e. models without unused
parts, or to solve the library management, but to simplify
the configuration process.

In previous work [14], Ryssel et al. presented an approach,
where function block based models are generated directly by



generative programming. The paper additionally introduced
an active library concept [4] that is extended by interoper-
ability definitions. This approach is continued in this paper.

3. EXAMPLE DOMAIN

For a better understanding this section introduces a brake
system model from our industrial partner working in the au-
tomotive domain. They use HIL tests for quality improve-
ment and validation of the functions of electronic control
units.
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Figure 2: Schema of a brake system

Figure 2 shows the hydraulic schema of the modeled ex-
ample brake system. The model varies in the input signal
simulating the brake pedal behavior, in the number of brake
circuits (one or two) and brake cylinders (four, six or eight),
and in the distribution of the cylinders to the circuits.

MATLAB/Simulink is chosen as an example modeling
language for this approach due to its function block based
graphical language that is common in the automotive do-
main to model the environment for HIL tests.

4. COMPONENT MODEL AND
EXTENDED PORTS

Before any models can be generated with Generative Pro-
gramming, the components have to be described formally.
Our approach uses a function block based component model.
According to IEC 61499 and IEC 61804, a function block
is an encapsulated algorithm with input and output data
points complemented by parameters, which can alter both
the function and the structure [5]. This corresponds to the
component model shown in Figure 3. In this model the
less abstract term port is used instead of data point for the
interfaces. Input and output ports have predefined data
types like integer, float or any structured type based on
numeric types. As restriction for compatibility only ports,
which have the same data type, can be connected.

The blocks used in MATLAB/Simulink can be represented
by such a component model. However, Simulink blocks have

only syntactical data types, which make it difficult to au-
tomatically evaluate the compatibility between ports. Es-
pecially if components are connected that were created by
different design groups, often compatibility problems will
occur. For example, if one group designs the model for the
brake system and another group for the tire, it will hap-
pen that the brake system model outputs the braking force,
while the tire model needs a negative acceleration as input.
Simulink permits to connect these models without noticing
the incompatibility, because both use the double type to
code the values.

Parameters

_o

Input ports O— Output ports

Component
Figure 3: Structure of a basic component

Hence, it is necessary to evaluate the compatibility of
models. But this requires semantical information that is
usually only available informally in the function block doc-
umentation. To achieve both compatibility checks and the
generation of components, they are decomposed in subparts
and extended ports. A subpart is an atomic implementa-
tion of a simple functionality like signal sampling, a moving-
average filter or a PID controller algorithm. The ezxtended
port is an interface concept to encapsulate single input and
output ports with advanced signal processing functionality
like alarm-thresholds or signal limiters. This decomposition
of components is introduced in [14].

In the example mentioned above, the brake system decom-
poses to the subparts pedal, feed flow, drain flow, reservoir
and the brake cylinders. The braking force output is defined
as extended port, while the tire model has an acceleration
input as extended port. To assure a compatible connection
two participating extended ports have to be predefined as
compatible, the so-called complementary port pair. In this
case the tire model and the brake system model are incom-
patible (see Figure 4). First, the tire model has to be com-
pleted to a wheel model with a braking force input, to get a
compatible connection (Figure 5).
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Figure 4: Example of a non-complementary port
pair

The concept of complementary port pairs is not limited
to the same physical value type, like force or pressure. The
semantical information can further include ranges of values
and extended functionality like alarms, too. As an example
a pair can describe the transmission of a braking force signal
between 30 and 3000 N, sampled with 100 Hz and creating
an alarm above 2800 N. If these extended ports are reused
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Figure 5: Example of a complementary port pair

in other components, the compatibility definition covers also
these implemented and even new developed components.
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Figure 6: Hierarchical order of port types

Because complementary port pairs can be detailed and
extended in their definition, they can be hierarchically or-
dered to control their high number. Figure 6 shows a part
of the hierarchy used in the example domain. The root is
the numerical data type (double), which branches to phys-
ical value types and then to semantical types. Each level
adds semantical information. The deepest leaf of this exam-
ple means: a hydraulic braking force between 30 and 3000 N
coded as double value.

5. EXTENDED ACTIVE LIBRARY
5.1 Active Elements

As mentioned in the introduction, a simple component li-
brary cannot solve the software reuse problems. The active
library of generative programming is suitable for software
reuse, but lacks the compatibility evaluation. Therefore the
active library is extended by complementary port pairs to
an extended active library. This library contains all elements
described in the component model: The subparts, the ex-
tended ports and the structure of components and subsys-
tems. These elements are specified in an implementation
component configuration language (ICCL, see [3]), which is
in our case expressed in XML [19].

Because components and subsystems are composed of sub-
parts and other components, both structural elements are
abstracted to so-called active elements in the library. These
active elements define the construction plans for the items
and can contain other active elements and subparts. Hence,
they represent the hierarchy of the domain: Active elements
are systems at the highest level and detail to subsystems and
components on the basic level. Also extended ports and com-
plementary port pairs are treated as special active elements.
An example will illustrate the different types:

Figure 7 shows the active element Brakesystem represent-
ing a system. This is a simplified version of the brake system
model introduced in Section 3. An active element of the type
system is defined as a closed group of other active elements,
which are connected to implement certain functions. If the
group offers an external interface, it will be called subsys-
tem, like the active element Distribution. The content of
this element is visible in this view and it contains other ac-
tive elements and two subparts (the sum blocks). The other
active elements Pedal, Feed flow and Drain Flow are com-
ponents. They are the basic active elements and contain no
other active elements, except for the special extended ports.
Extended ports can contain subparts to implement certain
interface functionality, like signal limitation, and are there-
with active elements. Extended ports are often described as
a complementary port pair, which is a pair of by definition
compatible ports. The example uses two complementary
port pair types: p for a hydraulic pressure and Q for a flow.
The types are indicated on the connection.

The second brake circuit in the example is optional. Each
break circuit consist of one Feed flow and Drain flow compo-
nent and the shared Distribution subsystem, which contains
the brake cylinders (the four active elements inside the sub-
system). These variants are expressed in ICCL as introduced
in the next section.

5.2 The ICCL

Our ICCL uses configuration parameters to differentiate
the variants of a system. There are two types of configura-
tion parameters: Structure parameters change the structure
of the active element, which can affect the inner composi-
tion and interfaces. By contrast, behavior parameters change
only the function, like filter parameters or other constants.
Including these parameters the ICCL has to contain further
information to express active elements:

e Parameters
Structure and behavior parameters for the configura-
tion of the active elements.

e [Interfaces
The input and output ports of the active element.

o Parts
A list of the contained subparts and active elements
with their parameter settings.

e Connections
The connections between the parts.

These information are independent of the target system,
the active elements are created for. Hence, with a new gen-
erator and some additional information, like library paths of
the subparts, the described active elements can be instanti-
ated in every function block based modeling language.

The instantiation of interfaces, parts and connections can
be varied by the structure parameters. Listing 1 shows
the sample code of the ICCL definition for the active ele-
ment Brakesystem. In the structparameterlist section the
structure parameter c is declared, which defines the num-
ber of brake circuits (one or two). This structure parameter
changes the appearance of the system as defined in the spe-
cific elements. The interface section is empty because a
system has no interface.

The subparts and active elements contained in the spec-
ified element are defined in the parts section. The above
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Figure 7: The active element Brakesystem

<defineactiveelement type="System”

<structparameterlist>
<parameter name="c” default="2” min="1" max="2"/>
< /structparameterlist>

name="Brakesystem”>

<interface/>

<parts>
<activeelement type="Pedal” name="Pedal”/>
<activeelement type="FeedFlow” name="FeedFlowl1”/>
<activeelement type="FeedFlow” name="FeedFlow2”
cond="c==2"/>

<activeelement type="Distribution” name="Distribution”>
<setparameter name="bc” value="c¢"/>
< /activeelement>
</parts>

<connections>
<connect out="Pedal.Out” in="FeedFlow1.In2”/>
<connect out="Pedal.Out” in="FeedFlow2.In2
cond="c==2"/>

</connections>

<dsl>
<edit description="Number of brake circuits”
parameter="c” default="2"/>
</dsl>
< /defineactiveelement >

Listing 1: Example of an active element specification

declared parameter ¢ conditions the active element Feed-
Flow2 and the not enlisted DrainFlow2. These elements are
instantiated only if the condition is fulfilled. This is the case
if the system is configured for two brake circuits (¢ = 2). The
active element Distribution will be created in any case, but
it has to be configured to consider the number of brake cir-
cuits. Hence, its parameter bc is set to ¢, which means they
have always the same value. In this way, subordinated parts
are automatically configured by the system.

The connections section contains all connections between
the defined parts. In the example there are two connections
between the Pedal element and the two FeedFlow elements,
whereas the second connection is conditioned.

The last section contains information for the dynamic cre-
ation of the DSL GUI, which is presented in the next section.
The formal description of the active elements and the used
subparts form the extended active library.

5.3 The DSL

A domain-specific language (DSL) is a programming lan-
guage to describe a specific task in a certain domain [17].

They are used in generative programming to specify the re-
quirements of the system to generate [3]. The language can
be a script language, a graphical modeling language or sim-
ply a GUL

Our approach uses a GUI as DSL for an easy access by
the user. Like in previous work [14] the GUI is dynamically
created from additional information in the ICCL. Therefore,
the active element definition can contain a dsl section that
specifies the GUI elements to set the parameters. The ex-
ample in Listing 1 would create for instance a text edit field
with the description Number of brake circuits and a start
value of two.

The dynamic creation of the DSL GUI minimizes the effort
to create the DSL. It requires neither a separated complex
modeling nor a text-based specification language and there-
with no expert knowledge of the system engineer. However,
this approach is only possible as long as the generation tar-
gets a single, specified model language, which is Simulink in
this case.

There is no explicit dependency management across the
active elements, but the hierarchical structure of the active
elements defines implicit dependencies. As the system engi-
neer later will work with the created models, i. e. recreate
parts of it and adapt it manually to his needs, an explicit
dependency management would reach its limit.

Figure 8 shows a screenshot of the DSL GUI during con-
figuration of a more complex brake system model than the
model in Figure 7.
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Figure 8: The DSL GUI



5.4 The Model Generator

The generator instantiates the configured active element
by assembling the contained active elements and subparts
according to the construction plan specified in ICCL (Sec-
tion 5.1). The contained active elements are created re-
cursively, i.e. the generator recalls itself to generate the
contained elements. These recalls are done until the lowest
level is reached, where only subparts have to be copied from
a subpart library. After all contained active elements were
created, the generator connects them. The result of the gen-
eration process is an executable simulation model, based on
the requirements specified in the DSL GUI.

The generator and the DSL GUI are implemented in the
MATLAB script language. This language provides special
functions to create models in Simulink and to integrate Java
classes that implement the GUIL.

6. COMPONENT MIGRATION
6.1 The Necessity of Migration

The introduction of software product lines is mostly an
organizational process. There are many case studies that
deal with the process of creating a new software product
line and migrating existing knowledge. An example can be
found in [16], where a more hardware-centric product line is
migrated to a new software product line.

In the previous sections the application of generative pro-
gramming for HIL models were explained. This approach
can be applied only if the components are newly devel-
oped. But in real world many components already exist
and it is not reasonable to discard them for a new engineer-
ing paradigm. The solution is to integrate existing com-
ponents and their variants. Doing this manually is very
time-consuming and compensates the time saving benefits
of generative programming.

To accelerate the migration process, existing software com-
ponents need to be automatically integrated. For example
Yoshimura et al. [20] merge existing code of embedded sys-
tems automatically to get reusable components. Their merg-
ing process works on code level and is therefore not appli-
cable to simulation models. But their basic approach, to
merge existing models to new components, is transferable.

Figure 9 illustrates the inclusion of the automatic migra-
tion in the whole design process. Existing models are taken
from the old component library (a simple set of component
and model blocks) which are analyzed and migrated by a
model analyzer. The migration is a transformation of mod-

els to active elements and can therefore also be used to sim-
plify the design of new components. The domain engineer
can adhere to his common software tool like Simulink to de-
sign the model and then he can convert this model to an
active element without the need to describe it manually.

The created active elements are added to the active li-
brary and then can be used by the generator. Because the
conversion between models and active elements is possible in
both directions with the model analyzer and the generator,
the active library can be actually hidden from the system
and application engineers.

6.2 The Model Analyzer

To automate the integration of existing components the
model analyzer has to accomplish two consecutive duties:

The first step is to identify potential component variants.
That means that all existing models have to be searched and
compared to find similar subsystems, which are candidates
for active elements.

And in the second step the found component variants have
to be described automatically in the ICCL. So the common-
alities and differences have to be identified and combined to
one active element.

6.3 Identification of Potential Component
Variants

The identification of potential component variants is a
complex task, because existing models have to be scanned
for structural similarities. The simplest approach is to com-
pare two components and count the number of equal parts.
However, each part gets it functional meaning by the con-
text of the connected parts and it would be more promising
to look for equal component pairs and larger groups. But
also this approach is limited to find only syntactic similarity.
Many complex functions can be designed in different ways
and still have the same behavior. A simple example is a se-
ries of additions, which are commutative and exchangeable
in sequence. These sequences are semantically identical but
syntactically different. To find such semantical similarities
more semantical information is necessary like the commu-
tativity rule. However, due to these problems all scan al-
gorithms can only identify candidates for an active element
and need to be reviewed by the domain engineer.

In the current approach the identification is still done
manually by the domain engineer. He selects a set of exist-
ing components and passes it to the conversion algorithm.
An automated identification is in research.
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6.4 Converting the Variants to ICCL

An ICCL description of an active element contains all in-
formation needed to generate their variants. Section 5.1
has explained that the generated variants depend on condi-
tions containing structure parameters. The converter has to
gather all possible parts and connections, create the struc-
ture parameters and formulate the appropriate conditions.

In the simplest case only one structure parameter exists
that also enumerates the variants. But in many cases the
component has more than one point of variation and struc-
ture parameter. Figures 10 and 11 introduce the variation
points of a tube model, a part of the example domain of this
paper. Equal in all variants is the block V1 that represents
the volume of the tube. The input of this block is a volume
flow QA, which is summed of up to four input flows (QA1, ...,
QA4). This is the first variation point as shown in Figure 10.
The second variation point is an optional pressure input port
pl that is added to the result as done in Figure 11. This can
be for example a back pressure. The varying subparts of the
example are the sum blocks in front of and behind V1 that
are omitted in the simplest case.
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Figure 10: Variants of the variation point ‘Number
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Figure 11: Variants of the variation point ‘Existence
of additional pressure input’

The conversion is done in two steps:

e In the first step active elements are created for each
variation point. In the example that means that two
active elements are created: one that varies the num-
ber of flow inputs by a parameter nQ and one that
varies the additional pressure input by a parameter p.

e In the second step, these two active elements are merged
to one active element, which contains two structural
parameters that can be set independently.

6.5 Creating a Single Active Element

To convert a variation point to an active element, the sin-
gle components are converted to lists of interfaces, parts and

connections as they are used in the active element descrip-
tion (see Section 5.1). The parts correspond to Simulink
blocks, which are treated as subparts. Then these lists are
compared pairwise to the lists of the other variants. In the
part list, entries are equal when they have the same Simulink
block type and name. In the example the block V1 of the
type Volume-Block appears in all variants and is equal ac-
cording to the comparison rule. Interface entries are equal,
if the ports have identical names, like QA1. Connection list
entries are equal, if the same parts are connected.

The usage of the name as comparison criterion is not op-
timal. Two blocks with slightly different names like V1 and
V_1 would not be set equal. Reducing the identification to
the block type is more complex, because the connections
have to be involved in the comparison of models. This ad-
dresses the semantical problem discussed in Section 6.3 and
will be probably extended with the solutions found there.
Until then, this simple, syntactical solution works for all ex-
amples, but potentially creates more entries than needed.

The resulting list consists of the merged entries of the
source lists extended by automatically created condition ex-
pressions. For example QA1 is common to all variants and is
unconditioned. Instead, QA4 exists only in the fourth variant
and therefore the condition nQ==4 is formulated.

Beside the blocks itself, their configurations are compared,
too. The left sum block exist in the variants 2 to 4 and the
number of input ports needs to be adjusted with nQ. This
results in the following listing:

<subpart type="Sum” name="Suml” cond="nQ>=2">
<setparameter name="i" value="++" cond:”nQ::Q”/>
<setparameter name="i" value="4+++4" cond="nQ==3"/>
<setparameter name="1" value="++++" cond="nQ==4"/>
</subpart>

Listing 2: Example of an automatically created
subpart configuration

6.6 Merging Active Elements

In the second step, the set of active elements is merged
to one active element with a set of independent variation
points. The algorithm compares the lists of elements in the
same way as during the creation of the single-variant active
elements. Only the recombination rules of the conditions
are different.

However, in some cases the merging is not possible: If
the volume block V1 of the example depends on both nQ
and p, the merging would fail due to a decision problem
occurring later in the generator. If the condition of the first
active element with nQ evaluates to true, but the condition
of the second active element with p decides contrary, the
generator cannot decide, whether the component should be
created or not. It lacks semantical information to combine
both conditions (by AND, OR, etc.). This information has
to be included in the condition by the model analyzer, but it
lacks the same knowledge. However, this case cannot occur
as long as the variation points are independent. That is why,
the current implementation requires independent variation
points or manual merging by the domain engineer.

6.7 Revising of the Active Elements

As a last step the domain engineer is instructed to review
the created active element and add additional information



not contained in the existing models, such as extended port
types or DSL descriptions. In the current implementation a
set of MATLAB functions is developed to adapt the created
active elements accordingly.

7. CONCLUSION

The paper has introduced a generative programming ap-
proach to manage the diversity of simulation models based
on function block like components. Therefore, it reduces
the number of models by combining variants in a generative
model, called active element. Further, it solves the compat-
ibility problem by defining complementary port pairs. The
model is stored in an extended active library, which struc-
ture was introduced.

In our implementation, the user can access the library and
specify the DSL in his used way via the Matlab/Simulink
interface. Furthermore, the newly introduced migration ap-
proach permits the user to import existing models and to
create new generative models in the common way with Simu-
link. In this sector, we are still researching the automatic
identification of model variants for migration in an existing
library. The common graphical interface and the migration
approach simplify the paradigm change to a generative pro-
gramming approach and make its usage convenient.

The selected example domain of simulation models for in-
the-loop tests of automotive embedded systems is particu-
larly suitable for generative programming as it is component
oriented, has a high model diversity, and requires optimized
model realizations. Therefore, the developed solution is al-
ready in use by the industry. However, the introduced con-
cept is applicable to any domain with comparable attributes,
e.g. the device and system design in building automation.
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