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Abstract

This paper describes an implementation of relative
debugging under the Eclipse framework. The pa-
per describes what relative debugging is and how
it helps test and debug evolved applications. We
give abrief overview of the architecture of Eclipse
and show how our relative debugger, Guard, has
been integrated into that environment.

1 Introduction

It is not uncommon to have multiple versions of a
program — one that “works” and one that is “bro-
ken”. A new version may not work correctly be-
cause the programmer changed some code. These
errors can often be quite subtle, because a change
in one place may have an effect somewhere com-
pletely removed. Alternatively, something may
have changed in the environment. For example, the
operating system or compilers may have been up-
graded, and exactly the same source code may
produce different results. Finally, the program may
work correctly on one platform, but fail on another.
This could occur because of differences in the
hardware, compilers, operating systems or any
number of differences between the two platforms.
Finding such bugs can be tedious and error prone.

Relative Debugging is a technique in which it is
possible to compare the internal state of two exe-
cuting programs [1][2][3]. It is an amalgam of test
and debug methodologies. It enables a user to test
whether two programs perform the same task by
comparing the output of the two programs given
the same input. However, it goes beyond tradi-
tional test tools by facilitating the comparison of
arbitrary data structures at arbitrary times in te
execution of the two codes. Thus, it supports de-
bugging of a new version of the program by help-

ing identify the point at which the internal state of
the two codes diverge.

Relative debugging is a powerful technique for
refining a region where a program first produces
incorrect results. A programmer does this by fol-
lowing the uses of key variables back to their defi-
nition points, in an attempt to isolate the region of
codeinerror.

In this paper we describe an implementation of
relative debugging in he IBM Eclipse environ-
ment. Eclipse is a powerful interactive develop-
ment environment (IDE) that supports multiple
languages on multiple platforms. It is built using
Java, and, importantly, it facilitates the integration
of third party tools. In fact, amost everything is
regarded as an add-in. Our integrated relative de-
bugger, called Eclipse Guard, allows a user to test
and debug multiple program versions within
Eclipse. The source for both programs can be dis-
played simultaneously, facilitating side by side
comparison of the programs. The user interacts
with the debugger using add-n menu commands
and mouse operations which are an integral part of
the IDE The power of this implementation is that
a user need only learn a few extra commands over
the ones normally used to compile and debug code,
in order to perform relative debugging.

2 Relative Debugging

Assertions are the key construct used by arelative
debugger. An assertion defines the names of two
data structures that are to be compared in each
code, and the locations in the two programs at
which comparisons are to occur. It can also contain
qualifiers that uniquely define the source line (like
the source file name) and various trigger controls
that describe when the assertion will “fire”. An
assertion only fires when it has both operands, and



thus the core execution mechanism in a relative
debugger is a dataflow interpreter [4].

Assertions are actualy implemented in a relative
debugger by placing breakpoints at the required
lines in the two codes. When the breakpoints are
“hit”, an event is sent into the dataflow engine.
The required data structure is read from the proc-
ess, and if both operands are available, the com-
parison is performed. If, however, only one oper-
and is available, it is stored in a specia “node
store” until the other half of the assertions data is
available. This architecture is flexible enough to
handle operands arriving at different times and in
any order.

Over the past 10 years we have developed a num:
ber of different implementations of relative debug-
ging, in ageneric family of tools called Guard.

Our earliest implementation of relative debugging
is embodied in a veasion called Classic Guard.
This version has been implemented in most Unix
machines, and is command line driven. It has a
client server architecture, and uses GDB as the
portable debug server implementation. Assertions
in Classic Guard are specified using a simple
command syntax shown below:

assert P1::varl:linel = P2::var2:line2

where varl and var2 are names of data structures

in each program P1 and P2 respectively, and linel
and line2 are line numbersin the two codes.

Classic Guard supports both sequential and paral -
lel relative debugging, and has novel features for
describing the data decompositionin parallel codes.
It supports a range of conventional programming
languages, like C, C++, Fortran, etc, and aso a
data paralel research language called ZPL [5].
Classic Guard currently runs on a range of operat-
ing systemsincluding Solaris, Linux and AlX.

VSGuardis an implementation of relative debug-
ging for the Microsoft Visual Studio .NET envi-
ronment [6]. VSGuard leverages the .NET Frame-
work, and the Visual Studio Industry Partner
(VSIP) Program It supports all .NET Framework
languages, and also legacy Microsoft languages
like Visual Basic 6.0 and Visual C++. VSGuard
runs only on the Windows operating system.
Unlike Classic Guard, VSGuard provides an inter-

active user interface tool for building assetions.
This tool fits well with the interactive nature of
Visual Studio. VSGuard is available as a commer-
cial release from GuardSoft [7].

Guard Lite is acommand line parallel debugger,
without relative debugging [8]. It supports the
High Performance Debugger Forum (HPDF)
command syntax and works on a range of parallel
mechines. Guard Lite runs on the Linux operating
system.

In this paper we discuss Eclipse Guard. Eclipse
Guard is a version of Guard integrated into the
IBM Eclipseplatform. Eclipse Guard leverages the
flexibility and extensibility of Eclipse. It currently
works with Java and C/C++, however, this will be
extended as new language plug-ins are produced.
Eclipse Guard currently runs on both Linux and
Windows.

3 Eclipse

Eclipseis auniversal tool platform written in Java.
Similar to VS.NET, it alows tool developers to
exend or add functionality. In contrast to
VS.NET, which only runs on Windows, it runs on
any system that supports the Java Virtual Machine
(IVM).

The platform has been designed to meet seven
major requirements, namely [9]:

1) Toadlow different toolsto be built for applica-
tion development;

2 To dlow any tool developer to develop tools
for the platform;

To allow tools to manipulate different content
types such as HTML, Javaand XML;

4) To provide support for tool integration within
and across different content types and tool de-
velopers;

5 To support GUI and non-GUI application
development;

6 To run on multiple operating systems such as
Windows and Linux and

7) To use Java as the language for tool develop-
ment.

The platform has an open architecture and employs
a well-defined extension mechanism to allow tight
tool integration based on a plug-in model. This
platform has a well-designed structure so that any



significant changes made to it would have little
impact to other installed plug-ins. Plug-in develop-
ers can benefit from this architecture because
complex tool integration is managed by the plat-
form,

Eclipse is structured as a number of components
that are implemented in one or more plug-ins.
Apart from adding features to the platform, each of
these plugrins also defines its own extension points
and APIs so that other plug-ins can extend or con-
tribute functionality to the platform. Some of them
also provide alditional API libraries that can be
used for implementing extensions, such as the
JFace Ul Framework and the SWT widget toolkit
provided by the workbench Ul plug-in. The plat-
form runtime uses the same extension mechanism
to contribute functionality with the components. In
fact, plugins must follow this mechanism to add
functionality.

A plug-in is the most basic extension through
which all Eclipse functionality must be defined
and is written in Java. Depending on the complex-
ity, afeature may require one or more plug-ins. A
plug-in usualy consists of JAR libraries, images,
native code libraries, etc.

4 Eclipse Guard

4.1 Desgn Decisons

There are a number of design goals that were de-
fined and later implemented to successfully inte-
grate Guard into Eclipse. Theseinclude the follow-
ing:

Controlling Guard Controlling Eclipse Guard
should be as easy as controlling the standard de-
bugger. Accordingly, Eclipse Guard was designed
to leverage a user’s knowledge of standard debug-
ging techniques and the interfaces already pro-
vided by Eclipse.

Defining Assertions and Displaying Results.
Adding assertions is one of the most frequent &c-
tivities in relative debugging, therefore a simple
mechanism is required for defining and maintain-
ing assertions. Likewise, good reporting of asser-
tion results is required to aid the debugging proc-
ess.

Controlling the Debugger. Reuse of original
components of Classic Guard was a strong design
goa. Guard’scorerelative debugging functionality
is encapsulated within a module called the “Guard
Interpreter’. Therefore it was necessary to design a
Guard Plug-in which provided the functionality
required by the Guard Interpreter. This includes
adding breakpoints, deleting breakpoints, notifying
breakpoint events, retrieving values from the sus-
pended Java threads as well as resuming the sus-
pended Javathreads.

4.2 Implementation

As shown in Figure 1, te architecture of Eclipse
Guard is divided into two main components. The
first of these is the Eclipse environment, co mplete
with a Guard plug-in. The other is Guard, which
provides the relative debugging functionality. This
two part architecture allowed us to integrate Guard
into the Eclipse environment by reusing the rela-
tive debugging functionality within origina Guard
components.
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Figure 1 — Eclipse Guard Structure

JNI

The Eclipse plug-inis responsible for the graphical
user interface and essential eclipse integration such
as debugger control, setting breakpoints, receiving
breakpoint events and expression evaluation.

The Java Development Tooling (JDT) is the group

of Eclipse plug-ins which supports Java develop-
ment. The default implementation of the IDT does



not support running two Java classes which is re-
quired for relative debugging. Consequently it was
necessary to design an extension to the default
launching facility in order to allow the execution
of multiple classes simultaneously. In addition, it
was necessary to ensure that the JDT debugger
could handle more than one class at the same time.
This required multiple threads to avoid blocking
one process when the other is suspended.

Most significantly Guard contains the Guard Inter-
preter, which is responsible for controlling the
relative debugging process through a dataflow
interpreter. Much of the code in the Guard inter-
preter is shared across the different versions of
Guard and has been written to support Guard inte-
gration into any extensible IDE.

The Guard plugrin is written in Java, and cals the
Java Guard Controller, which in turn uses JNI to
invoke the IDE-generic components which are
written in G++. INI is also used to facilitate calls
out of the Guard interpreter to the Eclipse plug-in,
such as those required to place breakpoints, per-
form expression evaluation, etc.

Figure 2 shows a screen picture of Eclipse Guard.
This screen clearly shows the two source windows
that are visible— one for each version of the pro-
gram under consideration.

Figure 2 — Main screen of Eclipse Guard.

Assertions are added interactively by selecting a
statement in one program, and right clicking on the
variable under consideration. This will cause the

Eclipse Guard plug-in to extract the line number,
the variable name and the project id, and it will

add these to an assertion window shown in Figure
3. The other variable and project & added in the

same way, and when thisis completed an assertion
is created, as shown in Figure 4.

Comparison results are displayed when both
halves of an assertion have been hit. Figure 5
shows the output of the results of one assertion, in
which the daa items are simple scalars and in this
case are equivalent up until the seventh time the
assertionis hit.

Teaget 4 Tl &

Pracess: ProgorowihPobdon, Sor | From: P #thFiobire_Gor

Wariabda: ool

Fa 22 | pcippa runtera seoriope: Rt

Lira: 12 Lara 1%

Lirsits Dhiplas
W Bigorstically pooueuls

Ouptbype: (Tact x|

St b b 5 |

Foap detrxmr whan bty > !.'l

Fap ster courd o =]
I Sopdebugging ca Feled ssartion
o

Figure 3 — Creating an assertion interactively.
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Flgure 4— Complete Assertions.
5 Conclusions

In this paper we have briefly described relative
debugging and how it isintegrated into the Eclipse
framework. Unfortunately there is insufficient
space to provide too many details of the imple-
mentation, although further details are available in
[10]. At this stage we have tested Eclipse Guard on
a range of Java programs, and recently also man-
aged to use Eclipse Guard to debug C and C++
using the appropriate plug-ins. We plan to release
an initial implementation of Eclipse Guard in the
near future.

There are many possible enhancements to the cur-
rent prototype that would make it more powerful.
First, we would like to support both local and e-
mote debugging as seamlessly as possible. Second,
we plan to integrate Eclipse Guard with a source
code control system like CVS. Such integration
would facilitate regression testing as a program
evolves. Third, we would like to extend the execu-
tion mechanism to support debugging multiple
versions web services. Such functionality would



extend the scope for Eclipse Guard spnificantly,
and would enhance other Eclipse plug-ins like
IBM Web Sphere. Finaly, we would like to ex-
pand the range of visualizations for data differ-
ences. At present in Eclipse it is only possible to
display simple text even for complex data struc-
tures. However, we have had significant experi-
ment with using scientific visualization packages
to display complex variations in data [11][12] and
it would be possible to integrate these into Eclipse
Guard quite easily.
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Figure 5 — Screen display‘ of assertion results
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