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Abstract

Trace visualization is a viable approach for gaining insight into the behavior of complex distributed real-
time systems. Grasp is a versatile trace visualization toolset. Its flexible plugin infrastructure allows for
easy extension with custom visualization and analysis techniques for automatic trace verification. This paper
presents its visualization capabilities for hierarchical multiprocessor systems, including partitioned and global
multiprocessor scheduling with migrating tasks and jobs, communication between jobs via shared memory
and message passing, and hierarchical scheduling in combination with multiprocessor scheduling. For tracing
distributed systems with asynchronous local clocks Grasp also supports the synchronization of traces from
different processors during the visualization and analysis.
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1. Introduction

Modern real-time systems are becoming increas-
ingly more complex, with many tasks executing con-
currently on many processors, making it difficult to
understand the system behavior. A popular trend
in coping with the vast number of tasks and the re-
sulting interferences between them is to hide tasks
inside components and to integrate the system from
those components. This approach requires hierarchi-
cal scheduling, which has been covered extensively
in the literature for uniprocessor systems. Recently,
the real-time literature has been investigating ap-
plying hierarchical scheduling to multiprocessor plat-
forms. In this paper we address the problem of how
to provide insight into complex interaction patterns
between jobs executing in a hierarchical multiproces-
sor system.

Several approaches are available for tackling the
complexity of modern software systems. Ideally, ev-
ery system would be meticulously documented, pro-
viding a formal yet concise description of the emer-
gent system behavior. However, this is a long and
costly process without immediate effects (such as ad-
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ditional functionality) and is therefore not common
in practice. Examples of poorly documented code
and system designs are abundant. The description of
the dynamic system behavior therefore needs to be
extracted from existing systems. There are model-
ing and verification tools available, which rely on the
developers analyzing the implementation and con-
structing its model. These tools then employ formal
methods to verify the behavior of the extracted model
against an abstract model. The state of the art mod-
eling and verification techniques, however, are not
scalable and therefore can be applied to verify only a
small portion of the entire system.

Visualization tools offer an interesting alternative.
Existing systems can be instrumented to generate
runtime traces, which can then be analyzed by engi-
neers and researchers, leveraging their expertise and
human capacity to recognize patterns, to gain insight
into the system behavior. The challenge here lies
in representing and presenting the information
in an intuitive way, enabling the user to extract the
essential properties of the analyzed system. While
trace visualization on its own is insufficient
for the verification of timing constraints of a
real-time system, it is well suited for early de-
sign of such systems before the formal valida-
tion stage is reached.

Grasp is a toolset for tracing and visualizing the
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behavior of complex real-time systems. Its main
strength lies in providing many different visualiza-
tions for various real-time primitives and scheduling
techniques in a consistent and intuitive way. Its flex-
ible architecture allows one to extend it easily
with new visualization and analysis techniques.

We have been using Grasp extensively within our
group during our research on embedded real-time
systems and the development of various extensions of
a commercial real-time operating system µC/OS-II,
including a hierarchical scheduling framework and
slot shifting. The use of Grasp has also been
reported in [1, 2, 22] where it was used to gain in-
sights into new approaches for hierarchical scheduling
in Linux and VxWorks operating systems. Recently
Grasp was used in the context of the SOFIA project
to visualize the communication patterns between sen-
sor nodes in a smart home environment.

In this paper we focus on visualizing traces of
multiprocessor systems. The challenge here lies in
representing and presenting the execution and
communication between jobs running on different
processors in an intuitive and compact way. More-
over, if the timestamps of events occurring on a pro-
cessor are recorded in its local time, special care
must be taken to synchronize the individual traces.
While some custom-built clusters such as IBM Blue
Gene offer sufficiently accurate global clocks, most
distributed systems can only rely on local clocks [3].
If the local clocks drift too far apart it may lead to
inaccuracies or even errors during the trace analysis
or visualization, as the causality between events may
appear to be broken (e.g. messages arriving before
they were sent).

Contributions

In this paper we build on top of our previous work
presented in [12]. We focus on visualizing the timing
of job execution and communication in the context
of multiprocessor systems. In particular, we demon-
strate Grasp’s ability to visualize

• partitioned and global multiprocessor schedul-
ing,

• migrating tasks and jobs,

• communication between jobs via shared mem-
ory and message passing,

• hierarchical scheduling in combination with
multiprocessor scheduling.

We also describe Grasp’s interface for synchroniz-
ing timestamps in traces generated in a distributed
system.

Outline

Section 2 summarizes the related work, followed
by an overview of the Grasp toolset in Section 3.
Grasp’s support for multiprocessor scheduling is pre-
sented in Section 4 and its support for hierarchical
multiprocessor scheduling is presented in Section 5.
Section 6 describes synchronization of distributed
traces. Concluding remarks and future work are pre-
sented in Section 7.

2. Related work

Existing visualization tools for real-time systems
are specialized to visualize a fixed set of behaviors.
For example, the Tracealyzer [17] and TimeDoctor
[21] are targeting only non-hierarchical uniprocessor
systems. Making a step towards distributed systems
is not trivial. Grasp, on the other hand, supports
multiprocessor systems with two level virtualization.

There are several trace visualization tools which
support the development of parallel programs on uni-
form parallel-processor platforms, such as VAMPIR
[18], Paje [14], Jedule [13], or Scalasca [11]. They
illustrate the execution of parallel jobs and commu-
nication between them, but they are limited to flat
systems. To the best of our knowledge no visual-
ization tools currently support the visualization of
hierarchical scheduling in a uniprocessor or multipro-
cessor setting.

Traces accepted by most tools are lists of timed
events, often in a binary format. Grasp, on the other
hand, has adopted the idea of treating the trace as
a script. On the one hand, Grasp traces are more
verbose and require more storage space, compared to
the binary format. On the other hand, they allow
for large degree of flexibility, making it easy to add
new events to the event model without changing the
core implementation of the visualization and analysis
components. This makes Grasp ideal for rapid pro-
totyping of new visualization tehcniques. We have
exploited this flexibility during the development of
Grasp’s various visualization and analysis features.

There are several tracing tools available, mainly
for the Linux platform, which generate traces. Exam-
ples include the Data Stream Kernel Interface (DSKI)
[6], Ftrace [10], and Dtrace [9]. DSKI is a platform
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independent interface standard to support collection
of a variety of performance data from the operating
system internals. It has been implemented on Linux.
Ftrace and Dtrace are integrated in many Linux dis-
tributions. They exhibit low performance overhead
and low memory footprint. In order to leverage their
popularity, we have implemented a converter from the
sched switch tracer output of Ftrace, allowing to use
Grasp in many Linux and Unix environments.

When tracing is used to analyze the behavior of
distributed systems, then there is the additional prob-
lem of synchronizing the times of events occurring on
different nodes. Time differences among distributed
clocks can be characterized in terms of their relative
offset and drift. If we assume constant drift, then the
local time can be mapped onto the global (or master)
time via linear interpolation. Existing time synchro-
nization algorithms compute the interpolation based
on the timestamps of messages exchanged back and
forth with a master node [8, 15] or with other nodes
[16, 5, 4]. The timestamp synchronization in Grasp
is based on [15].

The authors of [4, 3] observe that while linear off-
set interpolation might prove satisfactory for short
runs, measurement errors and time-dependent drifts
may create inaccuracies and violate causality rela-
tions during longer runs (e.g. a message is received
before it was sent). They propose a method for fixing
these errors by postponing certain events in the trace.
However, while maintaining the causality relations in
traces, their methods change the timing of the events.
As Grasp is targeting real-time systems, it relies on
linear interpolation for synchronizing traces and if it
detects inconsistencies in the ordering of events then
it notifies the user that the constant drift assumption
was violated.

3. Grasp overview

The Grasp toolset is composed of three entities:
the Grasp Recorder, the Grasp Trace and the Grasp
Player, as shown in Figure 1.

The Grasp Recorder is embedded in the target
system and is responsible for generating a trace. The
generated Grasp Trace contains the raw data from a
particular system run. The Grasp Player reads in a
trace and displays it in an intuitive way.

3.1. Grasp Recorder

The Grasp Recorder is implemented as a library
providing functions to initialize the recorder, log

Target System

Grasp
Recorder

Grasp
Trace

Grasp
Player

Figure 1: Overview of the Grasp archictecture.

events, and finalize the recorder. Calls to the event
logging methods are inserted at several places inside
the kernel to log common events, such as context
switches, arrival of tasks, or server replenishment.
The recorder also provides a function to log custom
events, which programmers may call inside their ap-
plications.

Designing and implementing an instrumentation
infrastructure which exhibits low performance and
memory overheads can be a daunting task. There-
fore, rather than designing a custom Grasp Recorder
and integrating it within the target system, one can
implement a converter for an existing trace for-
mat , leveraging existing instrumentation and tracing
tools, as we have done for the sched switch tracer out-
put of Ftrace.

3.2. Grasp Trace

The Grasp Trace is a Tcl [23] script. The deci-
sion for treating the Grasp Trace as a script results
in large degree of flexibility. The Grasp Player basi-
cally provides a set of commands which can be called
from within a Grasp Trace. A trace can therefore
be a simple list of commands, but it can also be a
complete system simulator, or anything in between.
This allows one to embed various extensions (or
plugins) inside a trace, resulting in a self-contained
trace which can be visualized by any Grasp Player,
independent of the plugins it provides. It can also be
used to reduce the size of very large traces, by auto-
matically generating or factoring out common or re-
peating parts. Also, a trace may call methods in the
player’s public API to override its default settings,
making sure that the trace is visualized as intended
by its creator. The greatest benefit of the trace being
a script, however, is the simple plugin infrastructure
discussed in the next section.

A typical Grasp Trace event has the following
structure:
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plot time event arguments

which means that event has occurred at time time.
The arguments parameter is a list and describes the
instance of the event. Every event defines its own
signature, i.e. the number and the semantics of the
arguments which it accepts. Usually an event ac-
cepts a list of required arguments followed by a list
of -key value pairs for optional arguments. In the
remainder of this paper we will often ignore the plot

time part, as it is common for most events. Also, we
will ignore optional arguments for customizing the
trace visualization, such as assigning names or colors
to tasks.

There are several basic events for tracing job ex-
ecution:

• newTask task creates a new task, where task is
a new identifier used in later events.

• jobArrived job task indicates that job be-
longing to task has arrived, where job is a
new identifier used in later events, and task is
the identifier of a task created previously with
newTask.

• jobStarted job indicates that job has started.

• jobPreempted job indicates that job has been
preempted.

• jobBlocked job indicates that job has been
blocked (e.g. trying to access a locked shared
resource).

• jobResumed job indicates that job has been re-
sumed.

• jobCompleted job indicates that job has com-
pleted.

An example trace is shown in Figure 2.

3.3. Grasp Player

The Grasp Player is the main contribution of
Grasp. It basically provides an execution environ-
ment for the script inside of a Grasp Trace. As the
Grasp Player is also written in Tcl, its operation is
very simple: it loads the definitions of all methods
which can be called inside a trace, and then evalu-
ates the trace script. Figure 3 shows an example of
a trace of a video processing algorithm. The visu-
alization correlates the contents of the frame buffers

newTask task1 -priority 7 -name "Task 1"

newTask task2 -priority 8 -name "Task 2"

plot 5 jobArrived job2.1 task2

plot 5 jobResumed job2.1

plot 20 jobArrived job1.1 task1

plot 20 jobPreempted job2.1 -target job1.1

plot 20 jobResumed job1.1

plot 35 jobCompleted job1.1 -target job2.1

plot 35 jobResumed job2.1

plot 50 jobCompleted job2.1

Figure 2: Example of a Grasp Trace.

with the system execution, allowing to inspect their
content at different times in relation to the dynamic
events occurring during runtime. As the mouse
cursor moves across the trace, the contents of
the buffers changes.

The Grasp Player comes with a powerful set of
features, including the visualization of task execution
in flat and hierarchical systems, uni- and multiproces-
sor scheduling, intervals in slot shifting, measurement
of execution and response times, automatic verifica-
tion of certain trace properties, command line inter-
face, and exporting to postscript (useful for creating
high quality figures for research articles, e.g. Fig-
ures 4,5,6, and 8).

Plugins

The Grasp Player provides a simple yet versatile
infrastructure for extending it with custom visualiza-
tion and analysis plugins. For example, the Grasp
Recorder extension and Grasp Player visualization
plugin for intervals in slot shifting was implemented
by a student within two hours, extending the budget
visualization for servers in hierarchical scheduling.

A plugin has three interfaces at its disposal:
(i) A plugin can define and implement its own

methods which can be called within a trace. The
Buffer visualization in Figure 3 is an example of such
a plugin. It defines methods for tracing the content of
buffers via events for adding and removing messages
from a buffer:

• newBuffer buffer creates a new buffer, where
buffer is a new identifier used in later events.

• bufferplot time write buffer message in-
dicates that message was added at buffer ’s tail
at time time.
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Figure 3: Example illustrating a video processing application
comprised of several tasks (including Network, Decoder and
Renderer tasks) executing on a single processor and commu-
nicating individual frames of an MPEG video via two shared
buffers. The figure shows the contents of the buffers at time
614, including the sequence number and the kind of the video
frames.

• bufferplot time read buffer indicates that a
message was removed from the buffer ’s head at
time time.

(ii) Alternatively, a plugin can register handlers
for a set of virtual events, which are generated when
the traced events are processed. The Grasp Player
provides a method allowing a plugin to register a
script which will be evaluated whenever a partic-
ular event occurs. For example, the Measurement
plugin registers a handler for the jobArrived and
jobCompleted events, to compute the response time
of jobs.

(iii) The Grasp Player also provides a set of player
events. For example, a plugin can register a script
which will be called upon the TimeChanged event,
which is generated when the mouse cursor is moved
across the trace. This player event is used by the
Buffer plugin to illustrate the buffer content at the
time pointed to by the mouse cursor (e.g in Figure
3).

The simple plugin infrastructure is made possible
by the Grasp Trace being a script. Other visualiza-
tion tools rely on a “dispatch” method which is called
for each event in the trace to dispatch the correspond-
ing event handler. Extending such tools with new
events requires to modify the dispatch method (or
to limit the syntax of traced events). As the Grasp
Trace simply calls methods provided by the Grasp
Player, there is no need for a dispatch method. Ex-
tending the Grasp Player with a plugin requires sim-
ply to place the plugin script inside of the plugins
directory (which is automatically included when the
player starts).

Automatic verification

The plugin infrastructure can be leveraged to im-
plement various verification tools for automatically
analyzing the system behavior in a trace. For exam-
ple, the BudgetCheck plugin shows a warning when a
server exceeds its budget, and the MutexCheck plugin
verifies proper nesting of mutex locking events inside
a trace.

For any given target system, if a particular be-
havior is expected, then a “test-suite” plugin may be
implemented to verify that for a specific scenario the
target system satisfies the desired properties, e.g. af-
ter a maintenance activity.

4. Multiprocessor visualization

In this section we present Grasps support for mul-
tiprocessor systems. The multiprocessor support is
implemented by extending a subset of events for trac-
ing job execution with an optional -processor argu-
ment.

Our goal was to support various concepts com-
monly found in multiprocessor scheduling. Grasp
supports partitioned as well as global multiproces-
sor scheduling with task and job migration, and com-
munication between jobs on shared and distributed
memory platforms. In this section we discuss each of
these features in more detail.

4.1. Creating a processor

Similar to other objects in a trace, such as tasks
or servers, a processor needs to be created before it
can be referred to in other trace events.

• newProcessor processor creates a new proces-
sor, where processor is an identifier which can
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be added to other trace events to support mul-
tiprocessor visualization.

4.2. Partitioned and global scheduling

In partitioned scheduling, each task is assigned to
a particular processor and during runtime all of its
jobs execute on that processor. In global scheduling,
different jobs of the same task may execute on differ-
ent processors.

Partitioned scheduling

When a task is created, it can be assigned to a
particular processor:

• newTask task -processor processor creates
a new task and assigns it to the processor.

All subsequent job events will be mapped to the
processor (unless the processor argument is overrid-
den, as discussed in the next section). Figure 4 shows
an example of a trace on partitioned multiprocessor
platform.

0 10 20 30 40 50 60 70

Core 1

Core 2

Tasks: Task 1 Task 2 Task 3 Task 4

Figure 4: Example showing the execution of five tasks on a
partitioned multiprocessor platform consisting of two cores.

Figure 4 shows the system behavior in a collapsed
view, where the execution of all tasks is collapsed on
a single timeline. Alternatively, the Grasp Player also
supports an expanded view, where each processor is
shown in a separate window illustrating the interac-
tions between the local tasks, as shown for a single
processor in Figure 3.

Note that the Grasp Player provides many details
upon a mouse click. For example, when the mouse is
clicked on top of a downward pointing arrow, a mes-
sage is shown telling which task has arrived. These
features are difficult to visualize in a paper.

Global scheduling

In global scheduling we can distinguish be-
tween task and job migration (also referred to as
restricted- and full-migration scheduling, respectively
[7]). When only task migration is allowed, then
tasks are allowed to migrate between processors, how-
ever, each job must execute on one processor. When
job migration is allowed, then jobs may migrate be-
tween processors, i.e. they can halt on one proces-
sor and resume on another. Grasp supports both
task and job migration by having the jobArrived,
jobStarted, and jobResumed events accept an op-
tional -processor argument. In a trace contain-
ing only task migration only the jobArrived event
will specify the -processor argument. In a trace
containing job migration also the jobStarted and
jobResumed events will specify the -processor ar-
gument. Figure 5 illustrates job migration by having
the first job of task 1 arrive at time 15 on core 2 and
later at time 22 migrate to core 1 (indicated by the
dashed arrow).

newProcessor core1 -name "Core 1"

newProcessor core2 -name "Core 2"

newTask task1 -name "Task 1"

...

plot 15 jobArrived job1.1 task1 -processor core2

plot 15 jobPreempted job4.1

plot 15 jobResumed job1.1

...

plot 22 jobPreempted job1.1 -processor core1

plot 22 jobPreempted job3.1

plot 22 jobResumed job1.1 -processor core1

plot 22 jobResumed job4.1

...

0 10 20 30 40 50 60 70

Core 1

Core 2

Tasks: Task 1 Task 2 Task 3 Task 4

Figure 5: Example showing a partial trace and the correspond-
ing visualization, illustrating the migration of a job.

4.3. Communication between jobs

Depending on the memory architecture in a mul-
tiprocessor system, jobs can communicate via shared
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memory or via message passing.

Shared memory

When jobs executing on different processors com-
municate via shared memory, it is critical to maintain
the data consistency of the shared data structures. A
common approach is using mutexes. Grasp provides
events for acquiring and releasing a mutex, as shown
in the example in Figure 6. The relevant events are:

• jobAcquiredMutex job mutex indicates that
job has acquired mutex .

• jobReleasedMutex job mutex indicates that
job has released mutex .

The arguments job and mutex are identifiers for a
previously created job and mutex, respectively.

0 10 20 30 40 50 60 70

Core 1

Core 2

Tasks: Task 1 Task 2 Task 3 Task 4

Mutexes: Mutex 1

Figure 6: Example showing tasks 2 and 4 using a mutex to
communicate via shared memory.

Figure 6 shows an example of two tasks commu-
nicating via shared memory. At time 12 task 2 locks
Mutex 1 guarding a shared memory location. When
task 4 arrives at time 15 it finds the shared mutex in a
locked state and is suspended. At time 17, when task
2 unlocks the mutex, task 4 is able to resume and lock
Mutex 1 to read the data communicated from task 2.

Message passing

On a distributed memory platform jobs commu-
nicate via message passing. A popular example is
the Message Passing Interface (MPI) [19]. We reuse
the Buffer plugin [12] for this purpose. Depending
on the communication paradigm (one to one, broad-
cast, multicast), we create the appropriate message
buffers.

When the mouse cursor is dragged inside of the
Grasp Player window, the contents of the buffers is
animated, reflecting their state at the current time,

indicated by the long vertical red line. Clicking on a
buffer element reveals more message details (in case
they were provided in the trace).

Figure 7: Example showing tasks 1 and 2 using a buffer to
communicate via message passing.

Figure 7 shows an example of tasks 1 and 2 com-
municating via message passing. At time 12, there
are 2 messages A and B from task 2 inside of a mes-
sage buffer, waiting for task 1 to read them.

5. Hierarchical multiprocessor visualization

In [12] we have introduced Grasp’s support for
hierarchical scheduling in uniprocesor systems. The
events for tracing the budget of a server are:

• serverReplenished server budget indicates
that server’s remaining budget was replenished
to budget.

• serverResumed server indicates that a task
has started consuming server’s budget.

• serverPreempted server indicates that a task
has stopped consuming server’s budget.

• serverDepleted server budget indicates that
server’s remaining budget has been depleted.

In this section we elaborate on the combination of
hierarchical and multiprocessor scheduling.
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Using the standard hierarchical scheduling sup-
port, the Grasp Player is not aware of the task-to-
server mapping, nor of the desired behavior of partic-
ular server types (such as periodic-idling or deferrable
server). The hierarchical scheduling events pertain
only to the replenishment, depletion and consump-
tion of server’s budget. The target system is respon-
sible for generating the correct behavior. However,
the Grasp Player can be easily extended with a veri-
fication plugin, making sure that the server behavior
is according to its specification, e.g. that only tasks
assigned to the server consume its budget, or that a
periodic idling server always idles its budget away.

The fact that Grasp is not aware of the map-
ping between servers and tasks allows to easily trace
systems where tasks consume budgets from several
servers, and systems where a server is serving its bud-
get to several tasks executing at the same time on dif-
ferent processors [20]. The latter is accomplished by
allowing several serverResumed events to occur in
a trace without a corresponding serverPreempted

event in between. This provides a very simple way
for tracing budget consumption in a multiprocessor
setting: whenever a task assigned to a budget is re-
sumed on any processor, the corresponding server is
also resumed. Similarly, a server is preempted when-
ever a task consuming its budget is preempted on any
processor.

0 10 20 30 40 50 60 70

Core 1

Core 2

0

10

20

Deferrable
server

Tasks: Task 1 Task 2 Task 3 Task 4

Figure 8: Example showing a trace visualization of a hierar-
chical multiprocessor system, where a deferrable server with
period 30 and capacity 20 is serving its budget to tasks 1 and 2.

Figure 8 shows an example visualization of such a
system, where a deferrable server with period 30 and
capacity 20 is serving its budget to tasks 1 and 2.

Tasks 3 and 4 are not bound to any server. At time
10, when task 2 arrives, it starts consuming server’s
budget. At time 15, when task 1 arrives, it also starts
consuming server’s budget. The budget is consumed
at twice the rate until task 2 completes at time 20.

6. Timestamp synchronization

In Section 3.2, we mentioned that the events com-
prising a Grasp Trace do not have to be totally or-
dered by time. In a distributed multiprocessor system
this allows to record traces on each processor individ-
ually, and then to simply concatenate the traces to
form a single system trace, without the need for in-
terleaving the events. This system trace file can then
be loaded into the Grasp Player as any other trace
file.

In the absence of a global time, i.e. if each pro-
cessor records its local events using an asynchronous
local clock, we need to synchronize the events which
were recorded on different processors. The clock syn-
chronization algorithm used by Grasp is based on the
work presented in [15]. Unlike [15], however, Grasp
does not enforce to synchronize with a single master
node. It allows nodes to synchronize their time with
an arbitrary node, creating clusters of synchronized
nodes.

Let Pi (for i ∈ {1..p}) be a processor in our target
system, and let Ci(t) be the value of its local clock at
physical time t ∈ R. If we assume constant drift of
each local clock, then we can express each local clock
function as

Ci(t) = αi + βit,

where αi is the initial offset at t = 0 and βi is the drift
with respect to the physical time t. We can then use
the algorithm presented in [15] to approximate the
αi and βi parameters, and use the Ci(t) functions to
map events recorded on different processors onto the
same timeline.

The algorithm relies on processors exchanging
synchronization messages, as illustrated in Figure 9.
The tuples indicate the recorded events: (Ci(t), S) in-
dicates the transmission and (Ci(t), R) the reception
of a synchronization message at local time Ci(t). Pro-
cessor Pi sends a message to Pj and records the event
(Ci(t1), S) using its local clock time. Upon reception
of the message, Pj records the event (Cj(t2), R) using
its own local time and immediately sends a message
back to Pi, recording the sending event (Cj(t3), S).
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Pi

Pj

(Ci(t1), S) (Ci(t4), R)

(Cj(t2), R) (Cj(t3), S)

Figure 9: Two processors Pi and Pj exchange messages to syn-
chronize their clocks.

Upon reception of the message, Pi records the event
(Ci(t4), R).

Grasp provides the following events for synchro-
nizing time between events generated on different
processors:

• syncSent source target id indicates that the
source processor has sent a message id to the
target processor.

• syncReceived source target id indicates that
the target processor has received a message id
from the source processor.

The id parameter is used to match the transmission
and reception events, in case several synchronization
messages are sent between the same nodes. It also al-
lows Grasp to identify lost synchronization messages.

Figure 10 shows an example of a system trace,
which was obtained by concatenating two traces
recorded on processors core1 and core2. Note that

newProcessor core1

...

plot 15 syncSent core1 core2 m1

plot 18 syncReceived core2 core1 m2

...

newProcessor core2

...

plot 28 syncReceived core1 core2 m1

plot 30 syncSent core2 core1 m2

...

Figure 10: Example showing a partial trace illustrating the use
of synchronization events.

each synchronization event is recorded with the local
time on the processor where it is generated. When
the Grasp Player loads the complete system trace, it
has enough information to synchronize the events.

Grasp requires at least two synchronization
messages between any two synchronizing pro-
cessors. The larger the number of messages, the

higher the accuracy of the approximation of the αi

and βi parameters. Of course, the accuracy comes
at the cost of additional overhead for exchanging the
messages and storing the corresponding events.

Best synchronization results are achieved
when the response to a synchronization mes-
sage is sent immediately after its arrival. In
terms of Figure 9, this means that the time in-
terval between (Cj(t2), R) and (Cj(t3), S) should
be as short as possible.

If the constant drift assumption is violated,
then the linear interpolation approach in [15]
is no longer applicable. In our experiments
we have never experienced any violation of the
constant drift assumption. However, we have
prepared Grasp for this eventuality by having
it check for inconsistencies in the ordering of
events and notify the user that the constant
drift assumption was violated when an incon-
sistency is observed.

7. Conclusions

Grasp is a visualization toolset aiming to pro-
vide insight into the behavior of complex real-time
systems. Its flexible plugin infrastructure allows for
easy extension with custom visualization and analy-
sis techniques for automatic trace verification. In this
paper we have presented its features for visualizing
hierarchical multiprocessors scheduling. It provides
various visualizations for partitioned and global mul-
tiprocessor scheduling with migrating tasks and jobs,
communication between jobs via shared memory and
message passing, and hierarchical scheduling in com-
bination with multiprocessor scheduling. For tracing
distributed systems with asynchronous local clocks
Grasp also provides a simple interface which aids in
synchronizing the individual traces during the visu-
alization and analysis.
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