








implementations for each language. This makes the
platform extremely unattractive for further work, as
a multiple-language implementation is desired.

� Significant difficulty has been encountered in get-
ting bugfixes and changes developed outside IBM
approved for inclusion into the Eclipse source tree.

� The Eclipse plugin architecture has a lazy-loading
paradigm that means most functionality must be
first defined in XML manifests before actually be-
ing implemented in Java, a doubling-up of work that
also results in a number of use cases that are impos-
sible to implement.

The NetBeans IDE has since reached maturity and
now represents a far more attractive platform for devel-
opment. The IDE is based on an underlying NetBeans
Platform which has emphasised modularity in develop-
ment. This has resulted in a lower bar for patch accep-
tance and a generally higher standard of interoperability
between modules. There is also considerably less reliance
on XML as NetBeans relies more on streamlined depen-
dencies to speed load times (rather than the XML based
lazy-loading of Eclipse).

5.3 Framework
By contrast to the previous Robotic IDE work, the
system design is inherently compatible with any robot
platform supported by Python or C. This is because
the debugger operates at a lower level than the target
source, where previously data was gathered at a higher
level. Testing has focused on programs based around the
Player system, which is a commonly used open robotic
programming and simulation system. This permitted
quick setup and testing. The only aspects of the im-
plementation specific to Player are the visualisations for
sensor data - however, the underlying framework could
be just as easily used for any system.

5.4 Renderer
While initial work focused on the use of OpenGL as
the rendering subsystem for visualisations, the system
now supports the Java2D libraries by default. Depen-
dency issues with JOGL, the Java OpenGL libraries,
caused some difficulties when the system was packaged
for deployment. Although JOGL is part of the official
Java standard, some additional libraries must still be in-
stalled, which complicates deployment of the IDE. JOGL
visualistions can still be created, however the system
does not provide a superclass with that functionality at
present.

6 Implementation

6.1 System overview
Figure 1 illustrates the overall layout of the tracepoint
plugin implementation and use in NetBeans, by contrast

Figure 1: Block diagram of system implementation

with an existing tool (playerv). At the top of the diagram
is the robot controller, responsible for controlling the
actual robot hardware. It communicates with the Player
server, usually running in an onboard computer. The
Player server provides a standard abstraction layer over
the robot controller, meaning the same software can be
used for robots from different manufacturers.

The actual code written by the robot developer can
be seen in the diagram as robot.c and robot.py. This is
the code to be debugged. Each of these programs links
to a Player client library, responsible for communicating
to the Player server. The code runs within a debugger,
GDB or jpydaemon.py respectively, which is executed
and controlled by the user through plugins in the Net-
Beans IDE (cnd.debugger.gdb and python.debugger).
Both the debuggers and the interface plugins for the de-
buggers have been modified to support the tracepoint
construct. A new plugin called “api.tracepoints” has
been created to hold the underlying tracepoint API.
This contains the functionality common to all client lan-
guages. Among other things, these classes provide ab-
stract representations of gathered data, which are con-
sumed by sisualisation plugins (such as the laser visual-
isation, pictured in figures 1 and 7).

Figure 1 shows that all the information displayed in
the visualisation is gathered from the state of the pro-
gram being debugged. It can clearly be seen that the
information shown by the existing playerv tool is gath-
ered independently from the server. This means that,



with playerv, synchronicity with the program state is not
guaranteed and fault symptoms such as slow execution,
communication faults or dropouts will not be evident.

6.2 Debugger
At present the system works with any robot program
written in C or Python executed from the Linux operat-
ing system. The debugger is a separate program which
can be used either to start the robot program initially,
or (in the case of C) to attach to a robot program that is
already executing. This work does not currently support
the debugging of embedded systems, although such sup-
port is possible. GDB in particular permits debugging
some supported embedded controllers through custom
stubs, but such support was not investigated further in
this work.

GDB
The GNU debugger, GDB, supports terminal-based de-
bugging both C and C++ programs. The path to the
target executable is given on startup, and from this ex-
ecutable a symbol table is created. Breakpoints and
watches may be added in a natural-language manner,
by specifying line numbers and symbol names that are
translated into memory locations in a way transparent
to the user. Value outputs are similarly human-readable,
although GDB has recently added a “machine interface”
mode that outputs information in a way more easily
parsed by applications that wish to control the debug-
ging process. GDB can only be interacted with via pro-
cess standard input and output pipes, and only recog-
nises input while the target is not running. As it is pos-
sible to silently interrupt the target, the user can still
place breakpoints and tracepoints during program exe-
cution.

Tracepoints have been implemented in GDB by way of
a special breakpoint containing additional information,
including an expression to evaluate and additional pa-
rameters controlling the serialisation of the result. When
any breakpoint is set using GDB, the location of the
breakpoint is first translated to a memory location, and
then the instruction at that location cached and an op-
erating system interrupt is substituted. When the in-
terrupt occurs, the program halts and GDB is able to
examine its state. Ordinarily, the interpreter outputs
the breakpoint that was struck and a prompt for further
commands. In the case of a tracepoint, not only the
tracepoint that was struck but also the result of the ex-
pression is output. Target execution is then immediately
resumed without performing any further state analysis.

Outputting the result of the tracepoint proved prob-
lematic. As GDB was originally intended for direct use
by the developer, the command and response syntax is
human-readable and difficult to parse. Although the im-
plementation of the machine interface has improved the

situation, variable output is still in human-readable text
form, modelled on standard C syntax. A more efficient
method of serialization was required. As the type of an
expression result is guaranteed to be the same every time
a tracepoint is hit, the decision was made to separate
the output of type information and of the value itself. A
custom format for type information was created based
on the internal GDB type information and is output the
first time the tracepoint is hit. The expression result can
then be output as a direct memory dump. In order to
output binary data in the textual GDB interface, both
the type information and the memory dump are encoded
with MIME Base64.

In some cases a direct memory dump may not encom-
pass all the data required by the user. In the case of the
playerc_laser_t structure of Player, used to store laser
rangefinder data, the actual laser ranges are stored as a
pointer to a dynamically allocated array. In the mem-
ory dump of this structure, only the value of the pointer
would be present and not the laser ranges themselves.
To resolve this problem, when a tracepoint is being set
with an expression that would resolve to a structure, the
user has the option of specifying that a given structure
member of a pointer type be serialized as an array of
the target type. This is done by specifying the name of
the pointer member, as well as the name of a member
of an integral type that specifies the size of the array.
When the expression is evaluated, the values of both
members are retrieved and used to perform a secondary
memory dump of the target area of memory. Both mem-
ory dumps are then presented to the user each time the
tracepoint is struck.

Modifications to GDB include the new breakpoint
type, new commands in both the regular user interface
and the machine interface, and a small library for per-
forming MIME Base64 encoding and specialised printing
of type information. These alterations are being submit-
ted for inclusion into the standard GDB release.

Bdb and jpydaemon.py

By contrast to C, which uses an external standalone de-
bugger, Python debugging is performed by a python pro-
gram making use of certain internal Python hooks and
the Python debugging framework, contained within the
Bdb class. Both Eclipse and NetBeans supply their own
debugging script, which in the case of NetBeans is called
jpydaemon.

In order to start a debugging session, jpydaemon is
executed with the name of the target script as a pa-
rameter. A TCP/IP connection is then established with
the IDE, which sends textual commands to jpydaemon
in order to control the debugging session. Jpydaemon’s
responses are XML-formatted text. Unfortunately, jpy-
daemon has not been written to execute alongside the
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target program but rather only operates when the tar-
get is halted. This means that tracepoints cannot be
placed or edited while the target is running.

The Python debugging hooks permit callbacks to
debugger-defined functions at every context change (i.e.
function call) and then, if requested, at every line of
code in the target script. Breakpoints are implemented
by checking each context as it is entered for the presence
of a breakpoint. If a breakpoint is present, then the per-
line hook is requested. Each time the source line changes,
it is checked against an array of breakpoints. When the
breakpoint matches, a notification is sent back to the
IDE and the debugger awaits further instructions.

Tracepoints were implemented in jpydaemon by imple-
menting a new array within the debugger of tracepoint
locations (in addition to the existing array of break-
point expressions). Each time a context or source line
is checked for the presence of a breakpoint, it is also
checked for the presence of a tracepoint. If a tracepoint
is present, the attached expression is evaluated using
a python call that permits the execution of arbitrary
python commands. The result is then serialized in to an
XML-based format (to match the existing jpydaemon
protocol).

Serialisation for Python is very different to that per-
formed for C. In Python the type information of the
expression must be output every time the tracepoint is
hit, as type information in Python is mutable. First, a
list of every member of the object is obtained. For some
hard-coded variable types (basic types such as integers,
booleans, strings etc.), only the value is serialized. For
classes, the serialisation method is recursive, but only
down one layer. Member functions are ignored.

There are several drawbacks to this approach, primar-
ily issues of speed and efficiency. XML is an extremely
inefficient method of communication back to the target
IDE. A faster approach would be to write a library in
C to perform serialisation based on the underlying C
classes used by the interpreter, however this would have
taken far too long in the context of this project.

A further issue for this project was that the Player
client libraries for Python were generated from the C++
libraries using SWIG. As Player makes use of pointers to
dynamically allocated arrays, as explained in the previ-
ous section, this is a problem. SWIG serialised pointers
as a class with a pointer as the value member. While
modifications were made to the SWIG code in Player to
permit the use of standard array syntax in Python, as it
is not a native list type the serialiser cannot cope with it
directly. Thus custom code for serialising these objects
had to be included in jpydaemon. If player had native
Python client libraries (as opposed to a Python wrapper
to the C++ client library) this would not have been a
problem.

Figure 2: Edited UML of tracepoint class structure

6.3 NetBeans tracepoint API
The “api.tracepoints” module has been added to the
NetBeans source tree to contain a general-purpose trace-
point API for use by language-specific implementations.
As shown in Figure 2, a generic class Tracepoint was im-
plemented which holds the basic data required for the
tracepoint — the target file, line number and expression
to be evaluated. When a tracepoint is added by the user,
the UI creates an instance of this class and registers it
with the TracepointManager.

Whenever a tracepoint is hit and the result of the eval-
uation is received by the IDE, the setValue function is
called, passing the classname and the serialized contents.
The tracepoint uses this information to create a new in-
stance of TraceResult, stored in its “result” member. All
threads currently waiting on the Tracepoint instance are
notified via notifyAll().

Tracepoint consumers (like visualisations) must in-
stantiate a TracepointSink, providing a tracepoint to
wait on as well as an implementation of the process()
function, which is called whenever the tracepoint is
hit. When the TracepointSink is instantiated a monitor
thread is created which alternately calls wait() on the
provided Tracepoint instance and the provided process()
function.

6.4 Tracepoint IDE user interface
The interface for working with tracepoints has been
made as similar to the existing interface for Breakpoints
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Figure 3: NetBeans during debugging, showing Visualiser, Tracepoint and Tracepoint View

Figure 4: “New Breakpoint” dialog showing user setting
a tracepoint

as possible. This is in order to provide an experience that
users will be familiar with. In practice, the only differ-
ence between adding a tracepoint and adding a break-
point is the necessity of providing an expression to be
evaluated when the tracepoint is struck.

Tracepoints are added by selecting the “New Break-
point...” option from the “Debug” menu when the cur-
sor is on the desired line, and then choosing the “Trace”
breakpoint type. The file and line number are automat-
ically filled in and the user then enters an expression to
be evaluated (see Fig. 4. Any valid, executable python
or C expression may be used. Once the tracepoint has
been added, its presence is shown at the target line in
the code with a yellow glyph to the left, and a yellow

Figure 5: Tracepoint code annotation

highlight (see Fig. 5). A small tag is also shown next
to the scrollbar on the right, indicating the approximate
location of the tracepoint in the file. The user can en-
able/disable the tracepoint and edit its parameters by
right-clicking the glyph.

A “Tracepoint View” has been added to the IDE which
displays an entry for every tracepoint that the user has
added (see Fig. 6). This view has three columns,
one for the tracepoint name, one for the data type,
and one for the current value. Tracepoints are named
for their expression, file name and line number (“ex-
pression@filename:line”). Before a tracepoint has been
struck, both the type and value columns are blank. This
view is updated as tracepoints are added and removed,
as well as when they are struck during a debugging ses-
sion.

A second view called a “Tracepoint Render View” has
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Figure 6: Tracepoint View

Figure 7: Laser Visualisation

also been added to the IDE (see Fig. 7). This contains
a combo box filled with the names of each tracepoint
added, as well as an area beneath reserved for the actual
visualisation. The user selects the tracepoint they wish
to visualise. Whenever this tracepoint is hit, the result-
ing data will automatically be rendered as appropriate.

When a tracepoint is struck, a search is conducted
through the available visualisation services to find one
that is capable of rendering the data, given the language
and classname. The TracepointRenderer resides in a sep-
arate thread (courtesy of TracepointSink) and “listens”
to a tracepoint defined by the dropdown box. In this
way, a tracepoint hit and the visualisation of the result-
ing data are decoupled. The rendering process does not
hold up the program being debugged. While this means
that there is a potential for tracepoint hits to be missed
and not rendered, the assumption is that at that point
the renderer has too high a frame rate for the user to be
able to perceive it. A sequence number ensures that after
a batch of data is received, the Render View is always
showing the most recent result.

7 Performance

All debuggers affect the performance of the software be-
ing debugged, so the amount of overhead represented
by tracepoints is a concern. The current Python imple-
mentation of tracepoints has been benchmarked and the
results are laid out in Tables 2 and 3. Benchmarking of

the C implementation is not yet complete.
In Python, tracepoints incur no overhead for the ex-

ecution of code outside the context in which the tra-
cepoint is placed (see 6.2) — but within that context,
there will be an overhead associated with each line of
code executed as well as an overhead when a tracepoint
is actually struck.

7.1 Benchmarks
The results of benchmark performance tests are laid out
in Tables 2 and 3. Table 2 shows execution with break-
and tracepoints set in the benchmark function but out-
side execution flow. The length of the benchmark func-
tion is also altered here to demonstrate the per-line over-
head while debugging. Table 3 shows execution with tra-
cepoints set in the benchmark function and hit each time
it executes. All times are for one execution of the bench-
mark code, comprising 1, 2 or 3 lines (boolean “True” ex-
pressions) as indicated. Code was executed 10000 times
and the average execution time taken.

The benchmark function is shown below:

def t e s t :
True
True
True

In Python, the expression “True” is executable but
does nothing, and so represents a “nop” equivalent. In
the function as laid out above, three lines of code are
executed. The number of “True” statements was varied
in order to determine the tracepoint overhead per line
of code. The number of tracepoints was then varied in
order to determine the overhead per tracepoint hit.

The “Empty String” and “Laser Scan” columns in Ta-
ble 3 indicate the type of expression contained within the
tracepoints. An empty string was chosen as the baseline
benchmark as it would be the fastest to serialize. A laser
scan, comprising a list of 360 floating-point numbers, is
an anticipated use-case.

The large discrepancy between code that contains no
break- or tracepoints can be explained as the difference
between the benchmark code being executed instrument-
ing only context changes, and executed instrumenting
every line. This overhead comes from the original de-
bugger code and contains considerable scope for improve-
ment (see 6.2).

The results show that the baseline overhead for includ-
ing a tracepoint is approximately 25µs per line of code
in the target context, with an additional 150µs per tra-
cepoint hit. Serializing and transmitting a typical laser
scan requires an additional 500µs.

Per-line overheads are reasonable and comparable to
the original debugger. In the standard use-case, the laser
scan adds an overhead of 650µs per hit. This means
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Lines Time
Run 3 0.4
Debug 3 0.47
Tracepoint 1 265
Tracepoint 2 292
Tracepoint 3 316
Breakpoint 3 317

Table 2: Benchmark results with breakpoints and trace-
points missed (µs).

Lines Empty String Laser Scan
1 Tracepoint 3 470 994
2 Tracepoints 3 614 1647
3 Tracepoints 3 722 2337

Table 3: Benchmark results with tracepoints hit (µs).

that if used with a Player client, which updates at 10Hz,
the Laser trace consumes 0.65% of the available time for
computation.

8 Ongoing/future work

In order to further decrease the overhead, a system will
be implemented whereby the user can set a maximum
update frequency for tracepoints from the target pro-
gram. If a tracepoint fires, further hits will be ignored
until a minimum time period has elapsed. This is rea-
sonable as the idea of tracepoints is to supply a display
of events in the program to a human being. In the case
of the benchmark tests, this would mean that instead of
reporting 3-5000 hits per second, the debugger may only
report 30.

9 Conclusion

Tracepoints are a flexible, low-overhead solution to the
problem of monitoring the state of a robot without in-
terrupting its control systems. They require no modifi-
cation to the target code and are currently compatible
with any C or Python program with more languages to
be implemented. By implementing tracepoints in a plu-
gin to the open-source, cross-platform IDE NetBeans,
they are available to the widest possible range of robot
developers. This also means that the plugin itself may
be extended by third parties.
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