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By John Stanglewicz,
Product Manager, Rhapsody product line
I-Logix Inc.

Design-Level Debugging

Soon after source-level compilers were introduced, software designers realized that assembler-level
techniques were no longer the most effective way to debug systems that were defined in high order
languages (HOLs). Designers no longer wanted to debug by determining whether the system should
have branched on zero or non-carry. They wanted to understand if the FOR-LOOP had been executed
the appropriate number of times. Eventually, it became necessary to debug systems in the same level

of abstraction in which they were defined.

tion of software definition has risen again.

Model-based design is the newest methodol-
ogy to gain a foothold in real-time design. The idea
behind it is simple: "a picture is worth a thousand
words” The benefits this visually oriented paradigm
offers are analogous to those offered by HOLs. By
enabling designers to work at a more natural level,
model-based design lets them concentrate on the
problem they are trying to solve, rather than the code.
However, designing at the model-level is only part of
the picture. To achieve all of the benefits of a model-
based development process, a product should be
debugged against its definition, in this case the model.

o ver the past several years, the level of abstrac-

Model-based -- or design-level - debugging, consists

of driving and monitoring the debugging process from
a design model viewpoint. The designer executes the
compiled system while a debugger environment pro-
vides visual feedback of the dynamic aspects of the
system in the context of the design model. In an
object-oriented system this consists of highlighting
modeling constructs such as states and transitions in
Statecharts and capturing inter-object communication
in the form of messages and events in Sequence
Diagrams.

MODEL-BASED DEVELOPMENT

In @ model-based design paradigm the process phas-
es classically referred to as "analysis and design” are
performed by creating and evaluating a model. The
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Figure 1. Top-level Object-Model Diagram for a PBX system
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evolution of model-based development has gone
through several stages. Starting with Structured
Design and Functional Decomposition, the practice is
now moving toward object-oriented (OO) techniques.
Recently, OO modeling languages have become stan-
dardized with the Object Management Group’s
(OMG's ) publishing of the Unified Modeling Language
(umb.

UML provides a number of modeling views that are
useful for real-time software design.

Object Modeling Diagrams - Object Model
Diagrams define the architecture of the system in
terms of objects. An object is an identifiable bundle
of data coupled with the methods used to operate
on the data. These "Class Diagrams” define the
components of the system and the relationships
between them.

- Statecharts - Statecharts define the lifecycle behav-
ior of objects in the system. A Statechart is a form
of state machine that has been extended to support
hierarchical as well as concurrent state behavior.

- Sequence Diagrams - Sequence Diagrams specify
inter-object or collaborative behavior. Sometimes
referred to as Message Sequence
Charts or Bounce Diagrams, they
define how objects interact to perform
a task by showing sequences of mes-

DEBUGGING

The ability to capture results from the application in
a manner that they can be reviewed, played back,
and analyzed is needed.

The user must be able to treat the system as both
a black box and, more importantly, a white box.

It must be possible to insert errors and override cor-
rectly or incorrectly operating portions of the system.

In addition to general debugging issues, a number of
issues specific to a model-based environment exist:

Visualization

Visualization of system behavior during execution is
key to model-based debugging. In an object-oriented
system the Statechart and the Sequence Diagram are
the primary behavioral views. At a minimum, a good
model-based debugging environment must provide
the user with visual feedback within these views while
the actual software is being executed in the target
environment. Typically, states and transitions are high-
lighted in the Statecharts, and message sequences
are shown in Sequence Diagrams during debugging.
Another important visualization technique is the pre-
sentation of state information in the captured
Sequence Diagram.

sages across time.

- Use Cases - Use Cases define the
major functions that the product
needs to perform and the dependen-
cies and relations between them.
These function points are decom-
posed into scenarios that often are
used as part of the test definition for
the system.

MODEL-BASED DEBUGGING

Testing and debugging are highly inter-
related. However if testing is defined as
"making sure that the system operates
correctly” then debugging must be
defined as "making sure that the system
does not operate incorrectly.”

Any effective debugging environment,
whether source-based or model-based,
must provide a number of key capabili-
ties:
The ability to step through the system
in a variety of granularities is needed.

Visual feedback must be provided
within the system definition during
debugging.

[t must be possible to interrupt the
execution of the application and set
breakpoints to trigger on the occur-
rence of user definable circum-
stances.

The ability to input stimuli to the sys-
tem both interactively and from a
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Figure 2. Visualization within model showing Sequence Diagram (upper right) and Statechart (lower left).

In addition to showing the user what is happening in
the system, several mechanisms to analyze the
debugging information are needed. The ability to ana-
lyze the differences between Sequence Diagrams
enables a comparison of expected behavior to actual
behavior. Color-coding threads enhances the ability
for designers to find resource problems especially in
systems with a high degree of interdependency
between threads.

How does the design model relate to
the implementation code?

An important consideration to model-based debug-
ging is how the implementation was created. In a tra-
ditional design process the code is often hand-crafted.
In such a process, the model is still useful as a debug-
ging map. However, the value of the map is limited by
how precisely the manually created code matches the
design model and whether it was updated when
design changes were made during implementation.
Even if the model was rigorously followed during cod-
ing, in @ manual process the design model serves as
a general map only, not a precise implementation-level
debugging guide.

If code is created via a code generation tool, the rela-
tion between the model and the code is key in being
able to achieve any automated aid. If the tool gener-
ates code frames or code skeletons, the infrastructure
and the behavior of the classes must be created by
hand. This situation is essentially the same as that for
hand-written code.

Another approach is based on a run-time engine. In
this case, functional code is created but the code is
generated in a black box fashion. The behavior is
intended to match the model but the code is built in a
form conducive to the tools code generation tech-
niques. In this case some automation is possible but
the debuggers view is limited solely to the model. No
implementation-level debugging aids are possible.

The final technique is one in which the model and the
code are treated as views of the design. Called
"model/code associativity,” this approach produces
code that is always in sync with the design model. A
high degree of automation aids are possible with this
approach. Viewing the executable simultaneously
from both the model view and the implementation
view enables the design model to act as a precise
debugging map of the running system. Additionally,
problems can be identified and corrected in either
view and the corresponding view is automatically
updated.

When an error is discovered using any of the first three
techniques, the problem could either be a design flaw,
a coding error, or an error in translating the design to
implementation. When the same problem is found
using model/code associativity, it's readily apparent
where the problem exists in the design.

Animation versus simulation

At the highest level, there are two different major tech-
nologies for executing the design model, simulation
and animation. Simulation is based on an artificial or
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emulated environment in which the model language is
somehow executed. Animation consists of enabling
the application code to communicate with the design
environment and highlight the model at run-time.

How greatly animation exceeds simulation in both per-
formance and fidelity to the target implementation
depends on the efficiency of the simulation technique.
Regardless, simulation only tests the design, not the
implementation -and this is only part of the debugging
task. Once the design is implemented, more tests still
need to be run, some to verify that the implementation
meets the design. Others will be required based on
the specific implementation.

Animation, on the other hand, tests the actual imple-
mentation. Animation based on a model/code asso-
ciative approach enables the design model and the
implementation to be tested simultaneously since they
are same design.

Mixed design-level and source-level

debugging
The most effective technique of debugging systems
developed using model-based design is to do most of
the debugging at the model level. This provides the
best understanding of the problem and the most rapid
solution. However, situations will arise where being
able to dive down to the implementation and perform
source-level debugging is the better approach.

Consequently, it is important that any design-level
debugging environment also support implementation-
level debugging. It must be possible to be able to step
through the running executable either in the design
view or the source view. It must be possible to inter-
rupt the executable and set breakpoints in both views.
Design and source-level information must be provided
to the designer in sync and in the correct form for the
related level of abstraction.

Integration with IDEs

Synergism between the source-level and model-level
debugging environments is important for efficient
debugging. A good model-based debugging environ-
ment should smoothly and seamlessly interface to
source-level IDEs. The designer must be able to eas-
ily move from a model-level of abstraction to a source-
level of abstraction. Where appropriate, such context
switching should be automatic. At either level, debug-
ging information should be shown in a form consistent
with that level of abstraction. Common operations
should be performed consistently and be available at
either level. For example, setting a breakpoint should
be possible at both levels, but setting it at either level
should create the break at both levels.

Debugging on the host versus debug-

ging on the target
Another consideration is the availability of the target
hardware. Often, out of schedule necessity, software
development starts in advance of target hardware
selection or existence. An effective model-based
design and debugging environment must provide a
means to debug the software prior to the target hard-
ware’s availability.

Two primary techniques - OS emulation and applica-
tion retargetting -- provide the capability to execute the
software on a different platform other than the unavail-
able target. OS emulation allows one to run the exe-
cutable in a simulated OS environment. The downside
of this approach is reduced performance within the
emulator as well as the financial cost of the emulator
and supporting tools. Hardware emulation is also an
option but availability of new processors is still an
issue and the cost is even higher than software emu-
lation approaches.

Retargetting consists of porting the application to the
host platform or even to a different target. The cost of
this approach is the programming labor of doing the
port itself. This can vary greatly depending on the
application. An effective debugging tool set will sup-
port automatic retargetting of the application so that it
can run on different targets or on the design host itself.
This provides the ability to verify the software behavior
in advance of the hardware availability without the cost
of expensive emulation products.

THE I-LOGIX APPROACH TO
DESIGN-LEVEL DEBUGGING - A FULL
IMPLEMENTATION ENVIRONMENT

In order to provide the necessary model-based debug-
ging capabilities for embedded realtime systems, I-
Logix has created a Visual Programming Environment
with full production code generation capabilities. This
product, Rhapsody, is based on the OMG-standard
Unified Modeling Language and provides an iterative
method of developing software throughout the analy-
sis, design, implementation and test phases.

Rhapsody enables software developers to design,
implement, and debug at the model-level of abstrac-
tion. Through its unique model/code associativity, the
product generates complete, deployable C++ code for
embedded and real-time applications.  Through
model-based debugging it provides debugging and
test capabilities at the design level and enables soft-
ware development as a truly iterative process. An
application can be tested and debugged while it is
being designed - delivering a system with a design
known to be correct by the time it reaches the test and
integration phase. The result is a 66% savings in
debugging and integration time, an overall reduction in
time-to-market, and an application that works right -
from the start.

John Stanglewicz is product marketing manager for
I-Logix’ Rhapsody product line, an object-oriented
visual programming environment for embedded,
real-time software development. Prior to joining I-
Logix, Stanglewicz worked on a variety of avionics
systems and software projects for the Hamilton
Standard Division of United Technologies and then
for McDonnell Douglas Aircraft Company.
Stanglewicz graduated from Northwestern Universi-
ty in 1985 with BS in electrical engineering.
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