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Abstract. Variability modeling is demanded by industrial companies to
support customization of their products. However, not all the software
tools include variability modeling mechanisms. IBM Rhapsody is one of
the leading environments for modeling complex industrial systems. In
this paper we present Delta Rhapsody, a tool for modeling variability in
IBM Rhapsody models employing the delta modeling paradigm.

Keywords: Delta modeling, Variability, Rhapsody

1 Introduction

The needs of industrial companies to provide client-customized products is con-
stantly increasing. As a result, systems engineering tools such as MATLAB/
Simulink have begun to adopt solutions to manage and model variability (e.g.,
by including support for pure::variants [4], or delta Simulink [3]). Variability
can be understood as configurability (i.e., variability in the product space) or
modifiability (i.e., variability in the time space) [7]. In order to model variabil-
ity, different solutions have been proposed. A well-known variability modeling
technique is delta modeling, a modular and language-independent approach for
modeling system variability via transformations [3]. The main idea of delta-
oriented variability modeling is to create a core system variant, and by applying
different transformations (i.e., delta operations for adding, removing or modify-
ing), derive new system variants [1][5]. The advantages of delta modeling include
(1) capability for configurability as well as modifiability, (2) language indepen-
dence and (3) support for modular and flexible description of variability and
change [6][5].

IBM Rational Rhapsody is a model-based system and software engineering
environment that uses different modeling languages, such as the Systems Model-
ing Language (SysML) and Unified Modeling Language (UML).3 Its wide use for
modeling and simulating complex industrial systems contrast with the lacking

3 http://www-03.ibm.com/software/products/us/en/ratirhapfami/



support for variability modeling. As initial steps to support variability within
Rhapsody, we propose Delta Rhapsody, which uses the delta modeling paradigm
to model variability. This tool-demo paper presents the overall architecture and
features of Delta Rhapsody.

2 Delta Rhapsody

The Delta Rhapsody tool develops and integrates applications to support the
delta modeling technique within the IBM Rhapsody. With this tool, core and
delta models are specified and new variant models are automatically generated.

The Delta Rhapsody tool has been designed taking into account the two main
engineering layers of Software Product Lines (SPL): (i) Domain Engineering
layer and (ii) Application Engineering layer. The process consist of five tasks: the
first three tasks to be accomplished by the domain engineer and the remaining
two tasks performed by the application engineer. Figure 1 depicts a general
overview of the process followed to create new variants with Delta Rhapsody
tool.

Fig. 1: Delta Rhapsody solution process

Design Feature Model: Firstly, the Design Feature Model task (1) is under-
taken to develop the Feature Model of the system. This task is hold with the
FeatureIDE plugin for Eclipse [8], which is an open source tool supporting (i)
automatic and manual product configuration and (ii) an user-friendly interface.
As a result, the Feature Model is obtained.

Create Core and Deltas: In the following task (2), the Core and Delta models
(diagrams) are visually designed with the IBM Rhapsody modeling tool. The
output of this task is the collection of designed IBM Rhapsody diagrams de-
nominated Core and Delta repository in the context of this work.



Define mappings: In the Define Mappings tasks (3), one mapping file is generated
for each of the supported ULM diagram types (presented at the end of this
section). The mapping files notation is based on the ABS syntax [2], and defines
three contents: (i) the product line name, (ii) the features involved, and finally,
(iii) for each feature the required deltas are specified, as well as the order to
apply them.

Configure new variant: Once the domain engineering level tasks are fulfilled, the
application engineer performs the new variant configuration task (4). This task
is undertaken from the FeatureIDE environment and consist of the selection of
desired features (i.e., configure product) for the new variant. As a result the new
variant configuration file is generated.

Create new variant: The final task consist of creating the new variant (5). This
task is carried out by the developed Delta Rhapsody java application, which
takes the new variant configuration file (created in task 4), the information from
the mapping file (defined in task 3) and the models (designed in task 2) as
inputs, and automatically generates the new variant model into the Core and
Delta repository. The Delta Rhapsody application uses the Java API provided
by the IBM Rhapsody environment, in order to read and write information from
IBM Rhapsody models (Core and Delta). After this task is completed the new
variant model can be accessed in IBM Rhapsody.

IBM Rhapsody enables the implementation of various types of diagrams.
For Delta Rhapsody three UML/SysML diagrams have been made available:
(i) state-chart, (ii) class and (iii) sequence diagrams. In order to generate new
diagram variants via the Java API, dynamic gathering of elements from specific
delta type diagrams is essential. Thus, the core model starts with the core word.
Delta models begin with D plus the model name itself.

Both core and delta models must be stereotyped because Delta Rhapsody
requires stereotypes to identify the target of each model (i.e., addition, removal
or modification). The core model has been stereotyped as stereo_Core. Sim-
ilarly, delta models can have three different stereotypes, depending on their
type: stereo_Delta_add, stereo_Delta_mod and stereo_Delta_rem. The lat-
ter mentioned stereotypes are also applicable to diagram elements.

3 Case Study

At the very beginning of the development, academic examples were used in order
to test that beyond Delta Rhapsody’s theoretical concept the tool was operative.
Once this examples successfully overcame a validation process, a real world fea-
sibility study was implemented in four stages. Firstly, a transportation domain
industrial business partner provided a piece of software (7626 LOC). Secondly,
reverse engineering was used to obtain IBM Rhapsody diagram models. Thirdly,



delta modeling concepts were applied to the previously generated models, achiev-
ing ready to work models with Delta Rhapsody. Finally, the mentioned real world
case study was manually tested.

4 Conclusion and Future Work

The Delta Rhapsody tool provides a practical supplement for the IBM Rhapsody
tool to support the delta modeling approach. In addition, the identified processes
for both roles, domain and application engineers, facilitates the creation of nec-
essary assets for the first role, and the considerable reduction of workload for the
second role. Preliminary tests with an industrial case study confirm the Delta
Rhapsody tool feasibility.

In the future we would like to extend the tool incorporating functionalities
to decrease domain engineers workload based on three work lines. The first line
would consist of the automatic delta generation based on model comparison.
The second one would involve the automatic model stereotyping. And the third
work line would develop the IBM Rhapsody checkers in order to automatically
analyze the coherence and consistency of the designed models.
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