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BSP 1.
Nutzer gibt Daten ein --> Nutzer gibt Namen ein;

Nutzer gibt Adresse ein;

BSP 2.
Nutzer gibt Namen ein --> nutzer.setName(<<VALUE>>);
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7��� ���� ������ �� ����� ��������� &������������� ��� ;�����"���� ��� ��

,�8����- ������������� ��������-������� ��� ���������� ��� ����(������'

��������� ���������


�����������
��� �����������&��� �����������. ��� ������� ���-������. �����'

������. �� ����� ��� �����" ����� )�� ����� ����������� ������ ����
 1����

����� ���������������-. ��� ��� ����(�������� /���������������� ����������.

����� ��� ����� �������������-. ��� ���� &������� ��� ���" ����������-� ���'

"����
 ���� ���� ���� �����%���� 1�������������� ����� �� 1��� "�����������.

�<4



� ����������� 	
� ��
�
�
���

��������� 	
��
 ������������������ � ����������������

������ ���� ��  ���!��� ����"�� #�����


������� ���	
��
��� ������
�

�
����

���������� ���� #������� $�������� �� ��� %������������������

��� ��� &����������' ������� (�� ����� ������������ ����"���� !� ������' ��
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��������	�� /��� ���������0 ���

����"������������� ��!�������
  �� �� ��������� 	
�2 �����������' ��� ��� %����,

������!�� ��� ��� ����������� �
������������ /������) �����0 *����"���' ��� ���

������ &����� ���-��' #��� ��� %�������������� ��������� #���
 +�� ���������,

!�� ��� ��������� ��� ������ %����� *��������
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�������������� � �� ����� ��������������� ���� ��� ������ !�������"��� �� ��#

��� $��� ����� ���� %���&������������ '��������
 (���� ��� ���)���������* ����

��� ����+������������ ,���� (�������,�� ����)��* �� ����� ���,�� '�������

�����


-�������� ,��� ���������� ��� .�������,��� ��� ����+������������� ����� ������#

�������� ������
 �� �����������* �� ����� �� !��� ����� ��� ���� (����������

,���� ��� /������������� ����� ��� ����� ���� ���+��� ���* ��� ��� ����+������#

������ ���
 (��� ��� ���� ��� ������� ����� ��� ���+������� /��������* ��� ���

$����� �� ���� ������,�


����� ����	���
� ��
������ ����������
����	����

(�� ���� '����������� ����+�������������, ��� ����� ��� ���&�� �0������ ��� 1����

'�� ���)����� %�������&��* ��� ���� �� ��������� 2
3 ����������� �������������

�����&�
 �� $�������� ������ ������ ������������ ����,�� �0������� .0�����#

���������'�� ����� ����� /��# ��� 4�������� ���,������
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���
�������� 5�� ������� ���,������* ������ �� '������������

����+������������ ��� 4�������������� ����� � ���&�� ����������
 -��� ���� ��
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 ����� ���������'�!��#

$�������� ���������� ������ ,0����
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 ������������ ��� ��� ��,�����������

5�����������,���� ,���� ��� ���� &� ������ '��
 ��� ,0���� ����������

� ���&�� ����� 8�������� ����������������9 ����+����* ��� ��� 6�������#

�����+�,� �+� 4�������������� '�������� ������
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generateIPM(UCSM ucsm){
fragmentMap = new HashMap<REElement,Fragment>();
//Schritt 1
flowCreation(ucsm, fragmentMap);
//Schritt 2
contextPreparation(ucsm, fragmentMap);
//Schritt 3
contextConnection(ucsm, fragmentMap);
//Schritt 4
frameSetup(ucsm, fragmentMap);
}

��������� )�*16 /����������
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createFlows(UCSM ucsm, HashMap fragmentMap){
for(Flow flow : ucsm.flows){
flowFragment = createFlowFragment(flow);
fragmentMap.put(flow,flowFrame);
predecessor=flowFragement;
for(event : f:events){
eventFragment = createEventFragment(event);
fragmentMap.put(event,eventFragment);
setSuccessor(predecessor,eventFragment);
predecessor = eventFragment;
}
setSuccessor(predecessor,flowFragement);

}}
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prepareContexts(UCSM ucsm, HashMap fragmentMap){
for(Context context : ucsm.contexts){
contextFragment = createContextFragment(context);
fragmentMap.put(context,contextFrame);
flowFragment = fragmentMap.get(context.getFlow())
insert(contextFragment,flowFragment);

}}
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�

connectContexts(UCSM ucsm, HashMap fragMap){
for(Anchor anchor: ucsm.anchors){
anchorFragment = fragMap.get(anchor);
for(Connection connection : anchor.connections){
ctxFrag = fragMap.get(connection.getTarget());
link(anchorFragment,ctxFrag);

}}}
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setupFrame(UCSM ucsm, HashMap fragmentMap){
frameFragment = createFrameFragment(ucsm);
for(InteractionContext context : ucsm.intCtxs){
contextFragment = fragmentMap.get(context);
insert(frameFragement,contextFragment);
}
for(End end: ucsm.ends){
endFragment = fragmentMap.get(end);
link(frameFragement,endFragment);

}}
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�3) ��� ���"���� (��*, 7�'+�89:),

��� ������� ��� ������**������ �6����.����� -�� �� � ��"����� ��� ��������*�
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Related Interesting Work from the SE Group, RWTH Aachen

Agile Model Based Software Engineering
Agility and modeling in the same project? This question was raised in [Rum04]: “Using an executable, yet
abstract and multi-view modeling language for modeling, designing and programming still allows to use
an agile development process.” Modeling will be used in development projects much more, if the benefits
become evident early, e.g with executable UML [Rum02] and tests [Rum03]. In [GKRS06], for example,
we concentrate on the integration of models and ordinary programming code. In [Rum12] and [Rum11],
the UML/P, a variant of the UML especially designed for programming, refactoring and evolution, is
defined. The language workbench MontiCore [GKR+06] is used to realize the UML/P [Sch12]. Links
to further research, e.g., include a general discussion of how to manage and evolve models [LRSS10], a
precise definition for model composition as well as model languages [HKR+09] and refactoring in various
modeling and programming languages [PR03]. In [FHR08] we describe a set of general requirements for
model quality. Finally [KRV06] discusses the additional roles and activities necessary in a DSL-based
software development project.

Generative Software Engineering
The UML/P language family [Rum12, Rum11] is a simplified and semantically sound derivate of the
UML designed for product and test code generation. [Sch12] describes a flexible generator for the UML/P
based on the MontiCore language workbench [KRV10, GKR+06]. In [KRV06], we discuss additional
roles necessary in a model-based software development project. In [GKRS06] we discuss mechanisms
to keep generated and handwritten code separated. In [Wei12] we show how this looks like and how
to systematically derive a transformation language in concrete syntax. To understand the implications
of executability for UML, we discuss needs and advantages of executable modeling with UML in agile
projects in [Rum04], how to apply UML for testing in [Rum03] and the advantages and perils of using
modeling languages for programming in [Rum02].

Unified Modeling Language (UML)
Many of our contributions build on UML/P described in the two books [Rum11] and [Rum12] are im-
plemented in [Sch12]. Semantic variation points of the UML are discussed in [GR11]. We discuss formal
semantics for UML [BHP+98] and describe UML semantics using the “System Model” [BCGR09a],
[BCGR09b], [BCR07b] and [BCR07a]. Semantic variation points have, e.g., been applied to define class
diagram semantics [CGR08]. A precisely defined semantics for variations is applied, when checking va-
riants of class diagrams [MRR11c] and objects diagrams [MRR11d] or the consistency of both kinds of
diagrams [MRR11e]. We also apply these concepts to activity diagrams (ADs) [MRR11b] which allows
us to check for semantic differences of activity diagrams [MRR11a]. We also discuss how to ensure and
identify model quality [FHR08], how models, views and the system under development correlate to each
other [BGH+98] and how to use modeling in agile development projects [Rum04], [Rum02] The question
how to adapt and extend the UML in discussed in [PFR02] on product line annotations for UML and to
more general discussions and insights on how to use meta-modeling for defining and adapting the UML
[EFLR99], [SRVK10].

Domain Specific Languages (DSLs)
Computer science is about languages. Domain Specific Languages (DSLs) are better to use, but need
appropriate tooling. The MontiCore language workbench [GKR+06], [KRV10], [Kra10] describes an in-
tegrated abstract and concrete syntax format [KRV07b] for easy development. New languages and tools
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can be defined in modular forms [KRV08, Völ11] and can, thus, easily be reused. [Wei12] presents a tool
that allows to create transformation rules tailored to an underlying DSL. Variability in DSL definitions
has been examined in [GR11]. A successful application has been carried out in the Air Traffic Manage-
ment domain [ZPK+11]. Based on the concepts described above, meta modeling, model analyses and
model evolution have been examined in [LRSS10] and [SRVK10]. DSL quality [FHR08], instructions
for defining views [GHK+07], guidelines to define DSLs [KKP+09] and Eclipse-based tooling for DSLs
[KRV07a] complete the collection.

Modeling Software Architecture & the MontiArc Tool

Distributed interactive systems communicate via messages on a bus, discrete event signals, streams of
telephone or video data, method invocation, or data structures passed between software services. We use
streams, statemachines and components [BR07] as well as expressive forms of composition and refi-
nement [PR99] for semantics. Furthermore, we built a concrete tooling infrastructure called MontiArc
[HRR12] for architecture design and extensions for states [RRW13]. MontiArc was extended to des-
cribe variability [HRR+11] using deltas [HRRS11] and evolution on deltas [HRRS12]. [GHK+07] and
[GHK+08] close the gap between the requirements and the logical architecture and [GKPR08] extends
it to model variants. Co-evolution of architecture is discussed in [MMR10] and a modeling technique to
describe dynamic architectures is shown in [HRR98].

Compositionality & Modularity of Models

[HKR+09] motivates the basic mechanisms for modularity and compositionality for modeling. The me-
chanisms for distributed systems are shown in [BR07] and algebraically underpinned in [HKR+07]. Se-
mantic and methodical aspects of model composition [KRV08] led to the language workbench MontiCore
[KRV10] that can even develop modeling tools in a compositional form. A set of DSL design guidelines
incorporates reuse through this form of composition [KKP+09]. [Völ11] examines the composition of
context conditions respectively the underlying infrastructure of the symbol table. Modular editor genera-
tion is discussed in [KRV07a].

Semantics of Modeling Languages

The meaning of semantics and its principles like underspecification, language precision and detailedness
is discussed in [HR04]. We defined a semantic domain called “System Model” by using mathematical
theory. [RKB95, BHP+98] and [GKR96, KRB96]. An extended version especially suited for the UML
is given in [BCGR09b] and in [BCGR09a] its rationale is discussed. [BCR07a, BCR07b] contain detai-
led versions that are applied on class diagrams in [CGR08]. [MRR11a, MRR11b] encode a part of the
semantics to handle semantic differences of activity diagrams and [MRR11e] compares class and object
diagrams with regard to their semantics. In [BR07], a simplified mathematical model for distributed sys-
tems based on black-box behaviors of components is defined. Meta-modeling semantics is discussed in
[EFLR99]. [BGH+97] discusses potential modeling languages for the description of an exemplary object
interaction, today called sequence diagram. [BGH+98] discusses the relationships between a system, a
view and a complete model in the context of the UML. [GR11] and [CGR09] discuss general require-
ments for a framework to describe semantic and syntactic variations of a modeling language. We apply
these on class and object diagrams in [MRR11e] as well as activity diagrams in [GRR10]. [Rum12] em-
bodies the semantics in a variety of code and test case generation, refactoring and evolution techniques.
[LRSS10] discusses evolution and related issues in greater detail.
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Evolution & Transformation of Models
Models are the central artifact in model driven development, but as code they are not initially correct
and need to be changed, evolved and maintained over time. Model transformation is therefore essential
to effectively deal with models. Many concrete model transformation problems are discussed: evolution
[LRSS10, MMR10, Rum04], refinement [PR99, KPR97, PR94], refactoring [Rum12, PR03], translating
models from one language into another [MRR11c, Rum12] and systematic model transformation langua-
ge development [Wei12]. [Rum04] describes how comprehensible sets of such transformations support
software development, maintenance and [LRSS10] technologies for evolving models within a language
and across languages and linking architecture descriptions to their implementation [MMR10]. Automaton
refinement is discussed in [PR94, KPR97], refining pipe-and-filter architectures is explained in [PR99].
Refactorings of models are important for model driven engineering as discussed in [PR03, Rum12].
Translation between languages, e.g., from class diagrams into Alloy [MRR11c] allows for comparing
class diagrams on a semantic level.

Variability & Software Product Lines (SPL)
Many products exist in various variants, for example cars or mobile phones, where one manufacturer
develops several products with many similarities but also many variations. Variants are managed in a
Software Product Line (SPL) that captures the commonalities as well as the differences. Feature dia-
grams describe variability in a top down fashion, e.g., in the automotive domain [GHK+08] using 150%
models. Reducing overhead and associated costs is discussed in [GRJA12]. Delta modeling is a bottom
up technique starting with a small, but complete base variant. Features are added (that sometimes also
modify the core). A set of applicable deltas configures a system variant. We discuss the application of
this technique to Delta-MontiArc [HRR+11, HRR+11] and to Delta-Simulink [HKM+13]. Deltas can
not only describe spacial variability but also temporal variability which allows for using them for soft-
ware product line evolution [HRRS12]. [HHK+13] describes an approach to systematically derive delta
languages. We also apply variability to modeling languages in order to describe syntactic and semantic
variation points, e.g., in UML for frameworks [PFR02]. And we specified a systematic way to define va-
riants of modeling languages [CGR09] and applied this as a semantic language refinement on Statecharts
in [GR11].

Cyber-Physical Systems (CPS)
Cyber-Physical Systems (CPS) [KRS12] are complex, distributed systems which control physical en-
tities. Contributions for individual aspects range from requirements [GRJA12], complete product lines
[HRRW12], the improvement of engineering for distributed automotive systems [HRR12] and autono-
mous driving [BR12a] to processes and tools to improve the development as well as the product itself
[BBR07]. In the aviation domain, a modeling language for uncertainty and safety events was develo-
ped, which is of interest for the European airspace [ZPK+11]. A component and connector architecture
description language suitable for the specific challenges in robotics is discussed in [RRW13]. Monito-
ring for smart and energy efficient buildings is developed as Energy Navigator toolset [KPR12, FPPR12,
KLPR12].

State Based Modeling (Automata)
Today, many computer science theories are based on state machines in various forms including Petri nets
or temporal logics. Software engineering is particularly interested in using state machines for modeling
systems. Our contributions to state based modeling can currently be split into three parts: (1) under-
standing how to model object-oriented and distributed software using statemachines resp. Statecharts
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[GKR96, BCR07b, BCGR09b, BCGR09a], (2) understanding the refinement [PR94, RK96, Rum96] and
composition [GR95] of statemachines, and (3) applying statemachines for modeling systems. In [Rum96]
constructive transformation rules for refining automata behavior are given and proven correct. This theory
is applied to features in [KPR97]. Statemachines are embedded in the composition and behavioral speci-
fications concepts of Focus [BR07]. We apply these techniques, e.g., in MontiArcAutomaton [THR+13]
as well as in building management systems [FLP+11].

Robotics

Robotics can be considered a special field within Cyber-Physical Systems which is defined by an inher-
ent heterogeneity of involved domains, relevant platforms, and challenges. The engineering of robotics
applications requires composition and interaction of diverse distributed software modules. This usual-
ly leads to complex monolithic software solutions hardly reusable, maintainable, and comprehensible,
which hampers broad propagation of robotics applications. The MontiArcAutomaton language [RRW12]
extends ADL MontiArc and integrates various implemented behavior modeling languages using Monti-
Core [RRW13] that perfectly fits Robotic architectural modelling. The LightRocks [THR+13] framework
allows robotics experts and laymen to model robotic assembly tasks.

Automotive, Autonomic Driving & Intelligent Driver Assistance

Introducing and connecting sophisticated driver assistance, infotainment and communication systems
as well as advanced active and passive safety-systems result in complex embedded systems. As these
feature-driven subsystems may be arbitrarily combined by the customer, a huge amount of distinct va-
riants needs to be managed, developed and tested. A consistent requirements management that connects
requirements with features in all phases of the development for the automotive domain is described
in [GRJA12]. The conceptual gap between requirements and the logical architecture of a car is clo-
sed in [GHK+07, GHK+08]. [HKM+13] describes a tool for delta modeling for Simulink [HKM+13].
[HRRW12] discusses means to extract a well-defined Software Product Line from a set of copy and
paste variants. Quality assurance, especially of safety-related functions, is a highly important task. In
the Carolo project [BR12a, BR12b], we developed a rigorous test infrastructure for intelligent, sensor-
based functions through fully-automatic simulation [BBR07]. This technique allows a dramatic speedup
in development and evolution of autonomous car functionality, and thus, enables us to develop software
in an agile way [BR12a]. [MMR10] gives an overview of the current state-of-the-art in development and
evolution on a more general level by considering any kind of critical system that relies on architectural de-
scriptions. As tooling infrastructure, the SSElab storage, versioning and management services [HKR12]
are essential for many projects.

Energy Management

In the past years, it became more and more evident that saving energy and reducing CO2 emissions is
an important challenge. Thus, energy management in buildings as well as in neighbourhoods becomes
equally important to efficiently use the generated energy. Within several research projects, we developed
methodologies and solutions for integrating heterogeneous systems at different scales. During the design
phase, the Energy Navigators Active Functional Specification (AFS) [FPPR12, KPR12] is used for tech-
nical specification of building services already. We adapted the well-known concept of statemachines to
be able to describe different states of a facility and to validate it against the monitored values [FLP+11].
We show how our data model, the constraint rules and the evaluation approach to compare sensor data
can be applied [KLPR12].
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Cloud Computing & Enterprise Information Systems
The paradigm of Cloud Computing is arising out of a convergence of existing technologies for web-based
application and service architectures with high complexity, criticality and new application domains. It
promises to enable new business models, to lower the barrier for web-based innovations and to incre-
ase the efficiency and cost-effectiveness of web development. Application classes like Cyber-Physical
Systems [KRS12], Big Data, App and Service Ecosystems bring attention to aspects like responsiveness,
privacy and open platforms. Regardless of the application domain, developers of such systems are in need
for robust methods and efficient, easy-to-use languages and tools. We tackle these challenges by perusing
a model-based, generative approach [PR13]. The core of this approach are different modeling languages
that describe different aspects of a cloud-based system in a concise and technology-agnostic way. Soft-
ware architecture and infrastructure models describe the system and its physical distribution on a large
scale. We apply cloud technology for the services we develop, e.g., the SSELab [HKR12] and the Energy
Navigator [FPPR12, KPR12] but also for our tool demonstrators and our own development platforms.
New services, e.g.,c collecting data from temperature, cars etc. are easily developed.
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