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1 INTRODUCTION

The application of DSM in software development has been focused on visualization and analysis of
code bases associated with complex software applications [1,2,3]. By extracting dependencies
automatically from the code base of an application, it has been possible to quickly build an initial
DSM based upon its code organization. The DSM is then transformed to reflect the intended
architecture of the application, which can be accomplished through both manual manipulation of its
hierarchy and the use of special partitioning algorithms.

We undertook a similar approach to apply DSMs to models that are often created prior to the actual
implementation, or generated iteratively during implementation. The benefit of this approach is that it
helps identify architectural problems at an early stage. Unexpectedly, it also provides a number of
other even more significant benefits — the inter-relationship between various diagrams can now be
seen in a single DSM; and the approach was easily extended to system models.

The de-facto standard for modeling software utilizes the Unified Modeling Language (UML).
Associated with the UML standard is the XML Metadata Interchange (XMI) standard that is used to
storing and exchanging UML models between various tools. Most UML tools support the export of
model information into XMI. By creating a module that understands and is able to load in UML
models that were exported to XMI, we were able to generate DSMs from these models. As a result,
we were able to create DSMs that reflected the inter-relationships between various model diagrams.
Software is often just part of a large complex system which includes hardware, information, personnel,
processes and facilities. In order to model these complex systems, architects have utilized a variety of
systems modeling approaches. SysML is a recently standardized approach that is a derivative of UML
which contains many of the same types of model diagrams. In this paper, we will show how those
diagrams can represented in DSMs, which we believe is the first time that DSMs have been applied to
UML and SysML models.

2 APPLYING DSM TO SYSTEMS MODELING

The OMG systems modeling language (OMG SysML™) is a general-purpose graphical modeling
language for specifying, analyzing, designing, and verifying complex systems. In particular, the
language provides graphical representations with a semantic foundation for modeling system
requirements, behaviour, structure, and parametrics, which is used to integrate with other engineering
analysis models. SysML represents a subset of UML 2 with extensions needed to satisfy the
requirements of the UML™ for Systems Engineering RFP.

SysML contains many different types of model diagrams, including use cases, sequence diagrams and
package diagrams. In order to gain the full understanding of the overall model, it is necessary to
visualize each diagram and combine the different perspectives. For example, in Figure 1 is a sample
model provided by Telelogic for their Rhapsody System Designer tool. On the left is the entire model
view, which includes sequence diagrams, use cases, and packages for each of the system parts, each of
which contains object model diagrams, sequence diagrams, and use cases. It is very difficult to get the
big picture view of the system model and understand how these diagrams interrelate.
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Figure 1. Example of a SysML model and a use case (Home Alarm)

Utilizing the XMI data interchange capability, it is possible to create a DSM model in which the
various kinds of model elements of SysML are represented by elements in the DSM. In Figure 2, the
DSM includes all of the various diagrams from the Home Alarm SysML model of Figure 1.
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Figure 2. DSM of the Home Alarm SysML model

In this DSM, the static view of the system (such as package and class diagrams) and the behavioral
views (such as state and interaction diagrams) have been combined together in order to understand the
overall picture. Because these diagrams contain requirements, use case scenarios and design
information, the DSM can now be used to unite these different perspectives into a single view so that
the impact of change to a requirement can be more readily understood.

3 CASE STUDY

The first case of applying DSM to a SysML model was in a US Government initiative to develop a
next generation satellite communications system (HBHT) as an open modular system to be shared by
all military services and supplied by multiple vendors (plug and play). A Government Reference
Architecture (GRA) is now under development with the participation of industry. Together they plan
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to develop the GRA Functional Decomposition, validate the GRA through a prototype, and manage to
that architecture and standard in development. Their goal is that full documentation shall be
developed for all open hardware and software interfaces, sufficient to develop applications with
minimum interface or interaction with the module developer.

The SysML model of the GRA has been created as result of the specification by the working groups.
After exporting the model in XMI format, a DSM has been created which shows the layered view
from the Systems of Systems Architecture and the interrelationships between the hardware and
software modules. The DSM is being used by the government contractors and vendors to validate the
model and resolve dependencies which violate the desired modularity. The dependency ruleset from
the GRA model will then be used to validate each version of software as it is developed for the GRA
prototype.

4 CONCLUSION

Through the use of XMI, it is now possible to easily construct a DSM that unites the various
perspectives of UML and SysML systems modeling approaches into a scalable big picture view.
During the earliest stages of design, it is possible to identify undesirable interdependencies and expose
key design decisions for the entire team. Rules can be established in the DSM model for compliance
to guide the system developers during development and testing for validation. Over time, the DSM
will provide a blue print of the system architecture and how it evolves to meet changing needs.
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Systems Modeling with UML/SysML
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Applying DSM to Systems Models through XMI
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Impact of Change Across the Model
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How It Works
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How It Works
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Case Study: SatCom GRA

1. US Government wants to develop the next generation satellite
communications system (HBHT) as an open modular system to be
shared by all services and supplied by multiple vendors (plug and play)

i 2. Develop a Government Reference Architecture (GRA) based on existing
\ il systems, engaging industry by:

\ * GRA Functional Decomposition

i'\ + validating the GRA through a prototype

f‘@’ * managing to that architecture and standard in development

~ ' 3. “Full documentation shall be developed for all open hardware and

\ " software interfaces, sufficient to develop applications with minimum
' interface or interaction with the module developer”
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Case Study: SatCom GRA
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The hardware dependencies
are mostly symmetrical, but
not always

The system model is
layered from the S-of-S
view down to the modules
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Case Study: SatCom GRA
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Validation is achieved by testing each new
version of the GRA model against the rules
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Summary

. Through the use of XMI, it is now possible to easily construct a DSM that
unites the various perspectives of UML and SysML systems modeling
approaches into a scalable big picture view.

2. During the earliest stages of design, it is possible to identify undesirable
“\ \\ interdependencies and expose key design decisions for the entire team.
iw\ 3. The impact of change to a requirement can be more readily understood
«\ across all perspectives of the system model as well as implementations.
l“‘ . 4. Rules can be established in the DSM model for compliance to guide the
\@w ‘3 system developers during development and testing for validation.

S 5. Over time, the DSM will provide a blue print of the system architecture
l‘"' and how it evolves to meet changing needs.
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