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Debugging scientific applications in the .NET Framework
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Abstract

The Microsoft .NET Framework represents a major advance over previous runtime environments available for Windows
platforms and offers a number of architectural features that would be of value in scientific programs. However there are
such major differences between .NET and legacy environments under both Windows and UNIX, that the effort of migrating
software is substantial. Accordingly, software migration is unlikely to occur unless tools are developed for supporting this
process. In this paper we discuss a ‘relative debugger’ called Guard which provides powerful support for debugging programs
as they are ported from one environment or platform to another. We describe a prototype implementation developed for
Microsoft’s Visual Studio.NET—a rich interactive environment that supports code development for the .NET Framework.
The paper discusses the overall architecture of Guard under VS.NET and highlights some of the technical challenges that were
encountered during its development. A simple case study is provided that demonstrates the effectiveness of relative debugging
in locating subtle errors that occur when even a minor upgrade is attempted from one version of a language to another. For
this example, we illustrate the use of relative debugging using a Visual Basic program that was ported from Visual Basic 6.0
to Visual Basic.NET.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The .NET Framework is a major initiative by Mi-
crosoft that provides a uniform multi-lingual platform
for software development[17]. It is based on a Com-
mon Language Specification (CLS) that supports a
wide range of programming languages and runtime
environments. In addition, it integrates web services in
a way that facilitates the development of flexible and
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powerful distributed applications. Clearly this has ap-
plicability in the commercial domain of e-commerce
and P2P networks which rely primarily on distributed
applications.

An analysis of the features available in .NET sug-
gests that the new architecture is as equally applicable
to scientific computing as to commercial applications.
In particular .NET provides efficient implementations
of a wide range of programming languages, including
FORTRAN[12], because it makes use of just-in-time
compilation strategies. Further, the Visual Studio de-
velopment environment is a rich platform for perform-
ing software engineering as it supports integrated code
development, testing and debugging from the one tool.

Some of the more advanced features of .NET, such
as Web Services, could also have interesting appli-
cation in scientific code. For example it would be
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possible to source libraries dynamically from the Web
in the same way that systems like NetSolve[7] and
NEOS [9] provide scientific services remotely. This
functionality could potentially offer dramatic produc-
tivity gains for scientists and engineers, because they
can focus on the task at hand without the need to de-
velop all of the support libraries.

Unfortunately the differences between .NET and
other legacy software systems, such as WIN32 and
even UNIX, are substantial and as a result there is a
significant impediment to porting codes from one en-
vironment to another. Not only are the environments
different functionally, but the libraries and machine
architectures may differ as well. It is well established
that different implementations of a programming lan-
guage and its libraries can cause the same program to
behave erroneously. Because of this the task of mov-
ing code from one environment to another can be er-
ror prone and expensive. Many of these applications
may also be used in mission critical situations like nu-
clear safety, aircraft design or medicine, so the cost of
incorrect software can potentially be enormous. Un-
less software tools are developed that specifically help
users in migrating software to the .NET Framework,
it is likely that most scientists will continue to use
legacy platforms for their software development.

Traditional debuggers are not particularly helpful at
finding errors introduced during the porting process
even when they have been designed with scientific or
distributed computing in mind[6,8,15,16,19,25]. This
is because they generally require the programmer to
have a good understanding of the way the program
works and have a mental model of the contents of the
various data structures during execution. In this pa-
per we describe a debugging tool called Guard, which
specifically supports the process of porting codes from
one language, operating system or platform to another.
Guard has been available under UNIX for some time
now, and we have proven its applicability for assisting
the porting of programs many times. We have recently
implemented a version of Guard that is integrated into
the Microsoft Visual Studio.NET development envi-
ronment. Not only can the system be used to sup-
port porting from WIN32 to .NET, but we have even
demonstrated the ability to support cross-platform de-
bugging between a UNIX platform and a Windows
platform. This has shown that the tool is not only use-
ful for supporting software development on the one

platform, but can also support the porting of codes be-
tween Windows and UNIX.

The paper begins with a discussion of the Guard de-
bugger, followed by a description of the .NET Frame-
work. We then describe the architecture of Guard as
implemented under Visual Studio.NET, and illustrate
its effectiveness in locating programming errors in this
environment.

2. Guard—a relative debugger

Relative debugging was first proposed by Abram-
son and Sosic in 1994. It is a powerful paradigm that
enables a programmer to locate errors in programs by
observing the divergence of key data structures as the
programs are executing[1–5,20,24]. The technique of
relative debugging allows the programmer to make
comparisons of asuspect program against areference
code. It is particularly valuable when a program is
ported to, or rewritten for, another language or com-
puter platform. Relative debugging is effective because
the user can concentrate onwhere two related codes
are producing different results, rather than being con-
cerned with the actual values in the data structures.
Various case studies reporting the results of using rel-
ative debugging have been published[1–3,14,24], and
these have demonstrated the efficiency and effective-
ness of the technique. The concept of relative debug-
ging is both language and machine independent. It
allows a user to compare data structures without con-
cern for the implementation, and thus attention can be
focussed on the cause of the errors rather than imple-
mentation details.

To the user, a relative debugger appears as a tra-
ditional debugger, but also provides additional com-
mands that allow data from different processes to be
compared. The debugger is able to control more than
one process at a time so that, once the processes are
halted at breakpoints, data comparison can be per-
formed. There are a number of methods of comparing
data but the most powerful of these is facilitated by a
user-supplieddeclarative assertion. Such an assertion
consists of a combination of data structure names, pro-
cess identifiers and breakpoint locations. Assertions
are commands that are processed by the debugger be-
fore program execution commences and used to build
an internal graph[5] which describes when the two
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programs must pause, and which data structures are
to be compared. In the following example:

assert $reference::Var1@1000

= $suspect::Var2@2000

theassert statement compares data fromVar1 in
$reference at line 1000 withVar2 in $suspect
at line 2000. A user can formulate as many assertions
as necessary and can refine them after the programs
have begun execution. This makes it possible to lo-
cate an error by placing new assertions iteratively until
the suspect region of code is small enough to inspect
manually. This process is incredibly efficient. Even if
the programs contain millions of lines of code the de-
bugging process refines the suspect region in a binary
fashion so it only takes a small number of iterations
to reduce the region to a few lines of code.

Our implementation of relative debugging is em-
bodied in a tool called Guard. We have produced im-
plementations of Guard for many varieties of UNIX,
in particular Linux, Solaris and AIX. A parallel vari-
ant is available for debugging applications on shared
memory machines, distributed memory machines and
clusters. Currently this is supported with UNIX Sys-
tem V shared memory primitives, the MPICH library,
as well as the experimental data parallel language ZPL
[24].

The UNIX versions of Guard are controlled by a
command line interface that is similar in appearance
to debuggers like GDB[21]. In this environment an
assert statement such as the one above is typed into
the debug interpreter and must include the actual line
numbers in the source as well as the correct spelling
of the variables. As discussed later in the paper Guard
is now integrated into the Microsoft Visual Studio en-
vironment and so is able to use the interactive nature
of the user interface to make the process of defining
assertions easier.

3. Success stories

Over the last few years we have used Guard to debug
a number of scientific codes that have been migrated
from one platform to another or from one language to
another (or both). In one case study we used Guard
to isolate some discrepancies that occurred when a

global climate model was ported from a vector archi-
tecture to a parallel machine[2]. This study illustrated
that it is possible to locate subtle errors that are in-
troduced when programs are parallelised. In this case
both models were written in the same language, but the
target architecture was so different that many changes
were required in order to produce an efficient solution.
Specifically, the mathematical formulation needed to
be altered to reduce the amount of message passing in
the parallel implementation, and other changes such
as the order of the indexes on key array data structures
needed to be made to account for an RISC architec-
ture as opposed to a vector one.

In another case study we isolated errors that oc-
curred when a photo-chemical pollution model was
ported from one sequential workstation to another[1].
In this case the code was identical but the two ma-
chines produced different answers. The errors were
finally attributed to the different behaviour of a key
library function, which returned slightly divergent re-
sults on the two platforms.

In a more recent case study we isolated errors that
occurred when a program was rewritten from C into
another language, ZPL, for execution on a parallel
platform[24]. This case study was interesting because
even though the two codes were producing slightly dif-
ferent answers, the divergence was attributed to differ-
ent floating point precision. However by using Guard
it was possible to show that there were actually four
independent coding errors—three in the new ZPL pro-
gram, and surprisingly, one in the original C code.

All of these case studies have highlighted the power
of relative debugging in the process of developing sci-
entific codes. We believe that many of the same is-
sues will arise when migrating scientific software to
the new .NET Framework and that Guard will be able
to play an important role in assisting this process.

4. The .NET Framework

The Microsoft .NET Framework represents a sig-
nificant change to the underlying platform on which
Windows applications run[17]. The .NET Framework
defines a runtime environment that is common across
all languages. This means that it is possible to write
applications in a range of languages, from experimen-
tal research ones to standard production ones, with the
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expectation that similar levels of performance and ef-
ficiency will be achieved. An individual program can
also be composed of modules that are written in dif-
ferent languages, but that interoperate seamlessly. All
compilers that target the .NET environment generate
code in an Intermediate Language (IL) that conforms
to a CLS. The IL is in turn compiled into native code
using a just-in-time compilation strategy. These fea-
tures mean that the .NET Framework should provide
an efficient platform for developing computational
models.

The Web Services features of .NET also offer signif-
icant scope for scientific applications. At present most
computational models are built as single monolithic
codes that call library modules using local procedure
calls. More recent developments such as the NetSolve
and NEOS application servers have provided an ex-
ception to this strategy. These services provide com-
plex functions such as matrix algebra and optimisation
algorithms using calls to external servers. When an ap-
plication uses NetSolve, it calls a local ‘stub’ module
that communicates with the NetSolve server to per-
form some computation. Parameters are sent via mes-
sages to the server and results are returned the same
way. The advantage of this approach is that applica-
tion programmers can benefit by using ‘state of the art’
algorithms on external high-performance computers
without the need to run the codes locally. Further, the
load balancing features of the systems are able to al-
locate the work to servers that are most lightly loaded.
The major drawback of external services like this is
that the application must be able to access to required
server and so network connectivity becomes a central
point of failure. Also, building new server libraries is
not easy and requires the construction of complex web
hosted applications. The .NET Framework has sim-
plified the task of building such servers using its Web
Services technology. Application of Web Services to
science and engineering programs is an area of inter-
est that requires further examination.

Visual Studio.NET (VS.NET) is the preferred code
development environment for the .NET Framework.
The VS.NET environment represents a substantial
change to previous versions of Visual Studio. Older
versions of Visual Studio behaved differently depend-
ing on the language being supported—Visual Basic
used a different set of technologies for building appli-
cations than Visual C++. The new VS.NET platform

has been substantially re-engineered and as a conse-
quence languages are now supported in a much more
consistent manner.

VS.NET also differs from previous versions by ex-
posing many key functions via a set of remote APIs
known as ‘automation’. This means that it is possi-
ble to write a third party package that interacts with
VS.NET. For example, an external application can
set breakpoints in a program and start the execution
without user interaction. A separate Software Devel-
opment Kit (SDK) called VSIP (Visual Studio In-
tegration Program) makes it possible to embed new
functions directly into the environment. This allows a
programmer to augment VS.NET with new function-
ality that is consistent with other functions that are al-
ready available and operates seamlessly with the user
interface. This feature has allowed us to integrate a
version of Guard with Visual Studio as discussed in
the next section.

5. Architecture of guard

Fig. 1 shows a simplified schematic view of the ar-
chitecture of Guard under VS.NET. VS.NET is built
around a core ‘shell’ with functionality being pro-
vided by commands that are implemented by a set
of ‘packages’ These packages are conventional COM
objects that are activated as a result of user interac-
tion (such as menu selection) within VS.NET, and also
when various asynchronous events occur. This com-
ponent architecture makes it possible to integrate new
functionality into the environment by loading addi-
tional packages.

Debugging within the VS.NET environment is sup-
ported by three main components. The Debugger pack-
age provides the traditional user interface commands
such as ‘Go’, ‘Step’, ‘Set Breakpoint’, etc. that appear
in the user interface. This module communicates with
the Session Debug Manager, which in turn provides a
multiplexed interface into one or more per-process De-
bug Engines. The Debug Engines implement low-level
debug functions such as starting and stopping a pro-
cess, setting breakpoints, and providing access to the
state of the process. Debug Engines can cause events
to occur in response to conditions such as a breakpoint
being reached and these are passed back through the
Session Debug Manager to registered event handlers.
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Fig. 1. Guard architecture.

Each Debug Engine is responsible for controlling the
execution of a single process. The VS.NET architec-
ture also supports the concept of remote debugging,
so a process being debugged may be running on a re-
mote Windows system.

The VS.NET implementation of Guard consists of
three main components. A package is loaded into the
VS.NET shell that incorporates logic to respond to
specific menu selections and handle debugger events.
This package executes in the main thread of the shell
and therefore has had to be designed to avoid blocking
for any extended time period. The main relative debug-
ging logic is built into a local COM component called
the Guard Controller. This is a separate process that
provides a user interface for managing assertions and
a dataflow interpreter that is necessary to implement
relative debugging. Because the Guard Controller runs
as a separate process it does not affect the response of
the main VS.NET thread. The Guard Controller con-
trols the programs being debugged using the VS.NET
automation interface. We have also built a Debug En-
gine that is able to control a process running on an ex-
ternal UNIX platform. This works by communicating
with the remote debug server developed for the origi-
nal UNIX version of Guard using a TCP/IP socket and

a custom protocol. The UNIX debug server, based on
the GNU GDB debugger, is available for most vari-
ants of UNIX, and provides basic debug functions,
including process startup to Guard. We have modi-
fied GDB to provide support for an Architecture Inde-
pendent Format (AIF)[24] for data structures, which
means it is possible to move data between machines
without being concerned about different architectural
characteristics, such as word size, endian’ness, etc.
AIF also facilitates machine independent comparison
of data structures. It is the addition of this Debug En-
gine that allows us to compare programs executing on
Windows and UNIX platforms.

The architecture of Guard is consequently very flex-
ible and allows debugging distributed processes as
well as monolithic codes. For example, if an applica-
tion were decomposed into a number of distinct pro-
cesses, possibly implemented as Web services, then
it would be possible to specify assertions between
these individual components and the original sequen-
tial code version.

Fig. 2shows a screen dump of Guard running under
VS.NET. When a user wishes to compare two running
programs they must first be loaded into a VS.NET
‘solution’ as separate ‘projects’. The solution is then
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Fig. 2. Guard controller and VS.NET.

configured to start both programs running at the same
time under the control of individual Debug Engines.
The source windows of each project can then be tiled
to allow both to be displayed at once.

A user creates an assertion between the two pro-
grams using the Guard Controller, which is started by
selecting the ‘VSGuard’ item from the ‘Tools’ menu.
The Guard Controller has a separate Control Panel
window as shown. An assertion is created in a few
simple steps. A new, empty, assertion is created by
selecting the ‘Add’ button. Guard displays the dialog

box shown inFig. 3, which allows the user to enter
the information necessary to create an assertion. The
left-hand side of the assertion can be automatically
populated with the variable name, line number, source
file and program information by selecting the required
variable in the appropriate source window and then
using a single right-mouse click. The right-hand side
of the assertion can be filled in using the same tech-
nique in the other source window. Finally the user is
able to specify properties about the assertion such as
the error value at which output is generated, when the
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Fig. 3. New assertion dialog.

debugger should be stopped and the type of output to
display. The user can create any number of assertions
by repeating this process and then launch the programs
using the ‘Start’ button on the Control Panel.

Before commencing execution Guard automatically
sets breakpoints at the locations in the source files
specified by the assertions. During execution Guard
will extract the contents of a variable when its cor-
responding breakpoint is reached and then perform a
comparison once data from each half of the assertion
has been obtained. Once the appropriate error thresh-
old has been reached (as specified in the assertion),
Guard will either display the results in a separate win-
dow or stop the debugger to allow interactive examina-
tion of the programs’ state. Guard currently supports
a number of display types including text, bitmaps
and the ability to export data into a visualisation
package.

6. Implementation issues

While the VS.NET debugger architecture has been
designed with the ability to manage and debug multi-
ple processes, it is not a true multi-process debugger.
This is because:

(a) the debugger does not provide control opera-
tions, such as start/restart and single step on a

per-process basis. Instead these functions only
operate on all processes collectively; and

(b) the debugger is constrained to operate in one
of two modes where a break event (such as a
breakpoint being reached) in one process stops
all processes together, or a break event only stops
execution of the current process but the debugger
is unable to access the other process to obtain
state information.

In contrast, the existing Guard architecture assumes
that independent control of individual processes is pro-
vided by the debugger infrastructure. To address
this issue we have modified Guard so that processes
are restarted as soon as possible after a breakpoint
is reached and data has been extracted. However,
because a restart command is issued to all processes
Guard must also keep a record of the state of each
process so that it can ensure that restart commands
are only issued at the appropriate time. The result of
this modification is some loss of functionality over
the existing UNIX version. In particular it is not pos-
sible to stop both programs at a known location when
an assertion threshold is exceeded, complicating the
manual debugging that might occur after an assertion
has triggered.

Our original intention was to integrate both the
user interface and a dataflow interpreter into a sin-
gle multi-threaded package in VS.NET. However
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due to limitations in relation to the thread safety and
re-entrancy of the VS.NET shell we were not success-
ful in this approach. Instead, by separating these parts
of the debugger into a local component the threading
issues were effectively eliminated.

Another implementation issue arose because of our
use of the debugger automation interface that is pro-
vided by Visual Studio. This interface is used to ex-
tract the contents of program variables when a process
is stopped at a breakpoint. Unlike our UNIX debug
server API, which is designed to transfer large data
structures efficiently, the automation interface is only
able to extract data from a simple object with each call.
This means that extracting data from complex objects
such as arrays can be very time consuming since re-
peated calls must be made for each element. To solve
this problem our package must expose its own inter-
face to the low-level data access facilities provided by
the Debug Engines.

A further consideration was in relation to the need
to use AIF in the Guard debugger. If Guard ope-
rated exclusively in the WIN32 environment then it
would be feasible to perform all comparisons using
only the native data format and avoid the overhead
incurred by using the AIF library routines. However
since we wish to use Guard to compare data between
UNIX, WIN32 and .NET systems we must employ
an architecture neutral format. Because VS.NET em-
ploys its own internal format, data arriving at the De-
bug Engine from a UNIX debug server must first be
converted into this format. Once Guard receives the
data via the debugger automation interface it must then
be converted back into AIF before being processed
by the dataflow interpreter. This results in extra over-
heads because of the dual conversion but simplifies
the implementation since we do not need to modify
the dataflow interpreter code. We plan to investigate
architectural modifications to Guard that remove the
need for the multiple format conversions.

One final issue is in relation to the asynchronous
behaviour of programs being debugged under the
VS.NET environment. We have occasionally observed
situations where one process of a multi-process debug
session receives significantly more execution time
than the others, particularly in cross-language situa-
tions or where VS.NET is controlling both managed
(.NET) and un-managed (legacy) code. Since the
dataflow architecture employed by Guard is designed

to deal with this situation, it is not a serious issue,
although it can only do so for a finite time before all
its internal buffers become filled. We will be moni-
toring this situation to see if the problem manifests
in later versions of .NET and if strategies need to be
incorporated into Guard to deal with the issue.

In spite of these difficulties, the implementation
has been fairly smooth and a prototype version of
Guard has been produced. Visual Studio is one of the
few interactive environments that have been designed
with the goal of incorporating third party packages
[11,13], and we have demonstrated that this integration
is possible. Specifically, we have been successful in
incorporating a tool that will support the migration of
applications to the new .NET Framework.

7. The ‘Earth’ case study

As discussed inSection 1, porting a code from one
platform to another poses significant challenges for
the programmer. Many of these challenges are present
even when the application is only migrated from one
version of a language to another, regardless of whether
the platform also changes. In this section we illustrate
the power of relative debugging using a small scien-
tific program called ‘Earth’, written in Visual Basic.
The problems we experienced in doing this were no
different from problems we have experienced in the
past when we moved code from one platform and op-
erating system to another.

‘Earth’ is a free program that uses the VSOP87
planetary theory to compute the heliocentric ecliptic
longitude (L), latitude (B) and the distance to the
sun (R) of the planet Earth over a period of several
thousands of years[22]. It is based on the same math-
ematical formulations used to compute long-term,
high-precision, heliocentric orbital positions of the
planets when preparing astronomical almanacs. Orig-
inally written in Visual Basic 5 and Visual Basic 6,
we decided to upgrade it to Visual Basic.NET. Vi-
sual Basic 6 and Visual Basic.NET have minor, but
subtle, syntactic and semantic differences. Whilst the
example is performed on the same operating system,
it highlights many of the same issues that arise when
a program is moved across platforms, and serves as
an adequate illustration of how Guard can be applied.
The program was converted using a special wizard
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Fig. 4. Exception generated in Earth.

provided by Microsoft, and whilst there were a num-
ber of issues that required inspection, the wizard
seemed to make sensible decisions during the trans-
lation process. In spite of this, the code did not run
correctly and consequently required debugging.

7.1. Problem 1

Whilst Earth compiled without errors, it generated
a runtime error during execution, as shown inFig. 4.

Step 1. Using Guard to place an assertion on the
statement in error showed that one of the
arguments to theMid function was different
between the two versions, in particular, the
variable M had a value of 1 in the Visual

Fig. 5. Code fragment for computingM.

Basic 6 code and 0 in the Visual Basic.NET
version. Fig. 5 shows the code used in the
derivation ofM.

Step 2. Placing assertions onQ andMonth Year
BCAD indicated that they were both wrong.
Since Month Year BCAD was passed as
an argument, we next inspected the location
of the call toDAYS IN MONTH OF. Fig. 6
shows the code fragment responsible.

Step 3. Placing assertions onM, Y, MonthSelect.
Text and Year Renamed.Text indi-
cated that they were all incorrect, more
over MonthSelect.Text and Year
Renamed.Text were actually initialised.

Step 4. Closer inspection of the code showed that
there were multiple calls to the function
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Fig. 6. Code fragment for callingDAYS IN MONTH OF.

ADJUST MONTH LENGTH, some of which
were as a result of handling changed field
events. Using the Visual Studio Call Stack
view, we observed thatADJUST MONTH
LENGTH had in fact been called from differ-
ent places in the two versions of the program.

A code search showed thatMonthSelect.Text
and Year Renamed.Text were initialised in the
form-load event handler, but that the .NET version of
the program was invoking a changed event handler as a
side effect of initialising the form. This in turn caused
the ADJUST MONTH LENGTH code to be executed
earlier than in the Visual Basic 6 version, and thus
before it was properly initialised.

Fig. 7. Values ofL, B and R in error.

7.1.1. The root cause of this error was different
event ordering in Visual Basic 6 and Visual
Basic.NET

Even a simple error such as this illustrates the power
of relative debugging. Using conventional techniques
we would have quickly been able to determine that
the value of M was incorrect, since it was generating
an invalid value for theMid function. However at this
point we would have had no idea whether the root of
the problem arose in theMONTH NUM FOR ABBREV
function or in the value ofQ. In tracking the cause we
might have spent considerable time examining code
for errors, even though it was actually correct. Using
relative debugging we immediately know where the
source of the error is located.
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Fig. 8. Code fragment for computingL, B and R.

Fig. 9. Code fragment forJDE FOR.

Fig. 10. Code fragments forJD NUM FOR.
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Fig. 11. Fixing the coding error.

7.2. Problem 2

On correcting the first problem, the program ran
without error. However the values being computed
were wrong, as shown inFig. 7.

Step 1. Using Guard to place assertions onQ,
INTERFACE DATE and INTERFACE
TIME (see Fig. 8) we determined that
the error was contained in theJDE FOR
function (shown inFig. 9).

Step 2. Placing assertions onDate String, W
andQ indicated that the routineJD NUM
FOR was in error. The relevant code is
shown inFig. 10.

Steps 3–5. Placing assertions on the result of
JD NUM FOR and the define points of
variables MM, MMM, Pointer, Q and
DD allowed us to trace back through the
expressions and determine thatDD was
correct butLen(DD) was incorrect. On
closer inspection it transpired that in the
Visual Basic 6 version of the code, the
Len function only takes a string argu-
ment, and thus when it is passed a variant
of type double this is first converted to
a character string, and then the length of
that string is returned. However, in Visual
Basic.NET, the Len function takes an ob-
ject as a parameter and then it returns the
length of the object—in this case a value
of 8. The code can be corrected by explic-
itly converting DD to a string as shown in
Fig. 11.

7.2.1. The root cause of this error was different
handling of variant parameters with built-in
functions

An important point with both of these errors, is
that whilst a conventional debugger would have al-
lowed us to explore whether values were correct or
not, it would also have required us to have a good
understanding of the values that were expected and
the algorithms being employed. On the other hand,

with relative debugging we did not need to have
such a mental model, and could focus instead on
just comparing one program with another and tracing
the define points of variables. When the data struc-
tures are complex and large, this becomes a very
significant advantage over conventional approaches.
Moreover, the errors were located very quickly and
efficiently.

8. Future work and conclusions

It is far too early to claim that .NET is a suit-
able platform for scientific computation since it has
only been released for a short time and there are few
commercial codes available, and virtually no scien-
tific ones. As discussed inSection 1we believe that
.NET offers a number of potential benefits for large
numeric models. However, the execution environment
is very different from other platforms and so it is criti-
cal that as many tools as possible are available to facil-
itate the transition of existing legacy software. Guard
is one such tool because it allows a user to compare
two executing programs simultaneously on different
platforms.

Whilst the implementation of Guard under UNIX
alone is mature and has been used on many case
studies, the current version under VS.NET is still in a
pre-beta testing phase. Specifically, the control of pro-
grams by Visual Studio under UNIX at this stage is
rudimentary and this is why the case study presented
here focussed entirely on the Windows operating sys-
tem. We are also planning a number of extensions
that will be required if Guard is to be of practical use
in supporting the migration to .NET. The current user
interface is fairly simple and must be made more pow-
erful if it is to be applied to large programs. At present
only simple data types and arrays are supported. We
need to extend this to encompass the range of types
found in scientific codes, such as structures and other
complex types. Assertions need to be able to be saved
and restored when the environment is restarted, and
assertions should employ symbolic markers which
are independent of the actual numeric line numbers.
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We are also planning to integrate Guard into Source
Safe [10], Microsoft’s equivalent of SCCS[18] or
RCS[23] making it possible to compare one version
of a program with previous versions automatically. We
have already experimented with a version of Guard
under UNIX that provides explicit support for parallel
programming[24], and we plan to enhance the sup-
port for multi-process programs in the Visual Studio
version to make it feasible to debug programs in run-
ning on a cluster of Windows machines. Finally, we
are working on a new version of Guard that attempts
to perform much of the generation and refinement of
assertions automatically. Whilst this project is in the
early stages, it appears that using powerful data flow
analysis of the two programs would allow us to gen-
erate and refine a number of the assertions without
user involvement.
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