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Real-Time Trace Viewer

Real-Time Trace Viewer

Use the Real-Time Trace Viewer and the Real-Time Trace Viewer Vls to capture the
timing and execution data of VI and thread events for applications running on an RT
target. The Real-Time Trace Viewer displays the timing and event data, or trace
session, on the host computer. In LabVIEW, select Tools»Real-Time Module»Trace
Viewer to display the Real-Time Trace Viewer. For information about developing

deterministic applications using LabVIEW, refer to Creating Deterministic
Applications and Building, Deploying, and Debugging Deterministic
Applications.

N . . .
A 735 . You can use the Real-Time Trace Viewer 2.0 to load trace files created
using version 7.1 or higher of the LabVIEW Real-Time Module.

RXELE:

Real-Time Trace Viewer 2.0 Features and Changes

Refer to the readme ExecTracefileintheReal-Time Execution Trace
Toolkit 2.0\readme directory forinformation about known issues with the Real-
Time Trace Viewer 2.0.

The Real-Time Trace Viewer 2.0 includes the following new features to help you more
quickly and easily view and analyze trace sessions.

N . . .
A 735 - You can use the Real-Time Trace Viewer 2.0 to load trace files created
using version 7.1 or higher of the LabVIEW Real-Time Module.

+ Multiple-CPU Trace Analysis—The Real-Time Trace Viewer 2.0 supports trace
sessions involving multiple CPUs, and includes new Highlight CPU Mode options
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that you can use to highlight all thread activity that executed on a particular CPU.
« Faster Trace Rendering—The Real-Time Trace Viewer 2.0 features a new drawing
engine that renders traces quickly, so there is less delay when you change the
zoom level or move to a different section of the trace.
« Improved Interface—The Real-Time Trace Viewer 2.0 includes the following new
interface components.

o Flag Configuration Dialog Box—This dialog box replaces the functionality of
the Create Custom Event Flag dialog box and the Customize Event Flags
dialog box. Use the Flag Configuration dialog box to configure display settings
for event flags in a trace session. The options you configure carry over to future
sessions, so you do not lose your configuration settings.

° Frame Resizing—You now can horizontally resize the frames containing VI and
thread names. You also can vertically resize the frames containing the VI and
thread trace views.

° Multi-ltem Selection—You now can select multiple VIs or threads at once.

° Trace Sorting—You now can right-click the list of thread or VI names and select
to sort by name, sequence, or amount of activity. You also can drag and drop
list items to create a logical order. The list automatically scrolls as you drag.

o Pan Tool—Use this new tool to pan horizontally across the active trace session.

° Improved Region Selection—You now can zoom in and out while selecting a
measurement region. You also can define a measurement or zoom region that
spans from a point defined in the VI view to a point defined in the Thread view,
and vice-versa.

° Shortcuts—The Real-Time Trace Viewer 2.0 includes the following new
keyboard shortcuts.

» <Ctrl-D>—Opens the Flag Configuration dialog box.

» <spacebar>—Cycles through mouse tools.

» <Ctrl-+>—Zooms in toward the center of the current view.
= <Ctrl-->—Zooms out from the center of the current view.
» <Ctrl-E>—Jumps to a view of the entire trace.

= <left arrow>—Pan left in the active trace session.

» <right arrow>—Pan right in the active trace session.

Capturing Trace Sessions

The Real-Time Trace Viewer displays trace sessions you capture using the Real-Time
Trace Viewer Vls. You must add Real-Time Trace Viewer Vls to the block diagram of an
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application running on the RT target to start and stop the logging of timing and event
data from Vis and operating system threads.

Starting a Trace Session

The TraceTool Start Trace VI starts logging event data on the RT target. The following
block diagram shows a typical use of the Real-Time Trace Viewer Vis.

Trace Host Metwork, Address
TraceTool Stark Trace. i I abc b

-

TraceTool Stop Trace And Send.wi

3|

The Buffer Size input of the TraceTool Start Trace VI sets the size of the memory buffer
that stores event data for the application on the RT target. Set the size of the memory
buffer large enough to store all the event data you need to collect. If you reach the
memory buffer limit when logging event data, the TraceTool Start Trace VI overwrites
the oldest data in the buffer.

~,

® .. :
,\ 7 Youcannot change the size of the memory buffer on the RT target after
you run the TraceTool Start Trace VI. You must reboot the RT target to resize
the memory buffer.

The amount of time you can capture in a trace session depends on the size of the
memory buffer and the type of events that you choose to capture. You can disable the
logging of VI, thread, and detailed events. The Thread Tracing? and VI Tracing? inputs
of the TraceTool Start Trace VI specify whether to log thread and VI events. The
Detailed Tracing? input of the TraceTool Start Trace VI specifies whether to log detailed
events, which the Real-Time Trace Viewer uses to display system events.

Stopping a Trace Session

The TraceTool Stop Trace And Send VI stops logging event data on the RT target and
then sends the trace session to the Real-Time Trace Viewer running on the host
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computer. Specify the IP address of the host computer running the Real-Time Trace
Viewer using the Trace Host Network Address input of the TraceTool Stop Trace and
Send VI. The preceding block diagram shows a typical use of the TraceTool Stop Trace
and Send VI.

® .. , . :
,\ 7E: TheReal-Time Trace Viewer must be running on the host computer to
receive the trace session.

The preceding block diagram uses error clusters to define the dataflow and force the
TraceTool Start Trace VI to execute before Vs in the application. The TraceTool Stop
Trace and Send VI executes after the application completes. You can start and stop the
trace session in a subVI of an application to target a specific section of code and to
conserve space in the memory buffer.

You also can use the TraceTool Stop Trace and Save VI to stop logging event data and
save the trace session to a file on the RT target. You can transfer the trace session file to
the host computer using the TraceTool Load Trace and Send VI. You then can work with
the trace session on the host computer.

Starting and Stopping a Trace Session at a Specific Location

You can start and stop a trace session at the beginning and end of an application.
However, it might be useful to start and stop a trace session in a specific location of the
application depending on the situation.

« Capturing a single subVI—You can start and stop the trace session around a subVI if
you want to log only the execution of a single VI. The trace session captures events
from other Vs running on the target, but the trace session begins before the subVI
executes and ends immediately after.

\’ S °
A\ 7E: The TraceTool Start Trace VI captures the VI events of other Vlis that
execute in parallel if they start executing after the TraceTool Start Trace VI
executes.

+ Capturing a defined event—You can start logging at the beginning of an application
and then stop logging when an event occurs. In the following example, the Trace
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Tool Stop Trace and Send VI executes when the Case structure receives a TRUE
value. The TraceTool Start Trace VI might overwrite old event data in the memory
buffer several times during execution, but the trace session always retains the
most recent event data.

Trace Host Mebwork Address

IE :’"’E‘"TraceTnDI Stop Trace And Send.vi

0

+ Capturing a specific time span—You can start and stop the trace session in an
independent VI to log a specific time slice of an application. Add the Wait (ms)
function with the appropriate time value to the VI and then start the trace session.
Add another Wait (ms) function with the appropriate time and then stop the trace
session. For example, the following VI starts and stops a trace session to capture all
events on the RT target that occur during a 10000 ms time span that begins 5000
ms after you start the VI. You can start the VI when you start the application you
want to analyze.

e . : .
, 7E: This method might not capture the VI events of Vis that begin to
execute before the TraceTool Start Trace VI executes.

Detailed Tracing? {F) .
wait (ms) Wait {rms) TraceTool Stop Trace And Send. wi
O
— TraceTool Stark Trace. vi i | s to wait =]
|:|-‘ Buffer Size | | w Trace Host Metwork Address 2
E— et
ERsEsEsNsNsNsNsNs NN N NsNs s sNsNsAsNsNsNsNsNssNssNs N Ns R NsNeRsNs s s As N AsNsNsNsNsNsNsNs NN RN N
A o
*E*m'&\ .

« Viewing and Analyzing VI Events
+ Viewing System Events

Creating an Appropriate Memory Buffer

The Buffer Size input of the TraceTool Start Trace VI sets the size of the memory buffer
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that stores VI and thread events. The TraceTool Start Trace VI allocates a memory space
for the buffer the first time you run the VI. The TraceTool Start Trace VI reuses the same
memory space for the memory buffer in subsequent iterations. The Actual Buffer Size
output of the TraceTool Start Trace VI returns the actual size of the memory buffer if
the real-time operating system cannot allocate the requested Buffer Size.

~,

N :
,\ 7 Youcannot change the size of the memory buffer on the RT target after

you run the TraceTool Start Trace VI. You must reboot the RT target to resize
the memory buffer.

You must create an appropriately sized memory buffer to capture all event data. Buffer
size might be the reason why some Vis listed in the VI view do not appear in the trace
session. When the buffer fills, the TraceTool Start Trace VI overwrites the least recent
event data with the most recent event data.

If you reach the memory buffer limit, the TraceTool Start Trace VI overwrites the oldest
data in the buffer. Therefore, the trace session always contains the latest event data.
You can use the following techniques to improve the efficiency of the memory buffer.

« Increase the size of the memory buffer—The default size of the memory buffer is
250 KB. You can use the Buffer Size input of the TraceTool Start Trace VI to set the
size of the memory buffer equal to the largest contiguous block of memory
available on the RT target.

+ Disable unused events—Use the Detailed Tracing?, Thread Tracing?, and VI
Tracing? inputs on the TraceTool Start Trace VI to disable unnecessary events and
preserve memory in the buffer.

To ensure that data was not overwritten, use the Zoom Extents tool from the Real-
Time Trace Viewer toolbar to display the entire trace session. The TraceTool Start Trace
Vlis always the first VI event logged to the memory buffer. If the memory buffer
reaches the buffer size limit, the buffer overwrites the oldest events. If the TraceTool
Start Trace Vl is the first event that appears in the trace session, the memory buffer did
not overwrite any events.
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Logging User Events

You can log user events in a trace session to show the execution of specific sections of
an application.

® .. : :
,\ 7E: You must enable thread tracing using the TraceTool Start Trace VI when
you start the trace session to display user events.

Use the TraceTool Log User Event VI to log a user event in the trace session. You then
can use the Flag Configuration dialog box to configure the display settings of the user
flag, which appears in the Thread view. The Event ID input of the TraceTool Log User
Event VI corresponds to the User Event number (0 - 254) in the Flag Configuration
dialog box.

The following block diagram shows a typical use of the TraceTool Log User Event VI.
The Event ID input of the first TraceTool Log User Event VI receives the event code 0
and the second receives the event code 1. The trace session logs any occurrence of the
user events and the Real-Time Trace Viewer marks the occurrences with user event
flags. You can configure the style and color of the user event flags in the Flag
Configuration dialog box to make the flags easy to recognize in the Thread view.

Trace Haost Mebwaork Address 2
@”‘E TraceTool Stop Trace Aand Send,wi

TraceToal Skark Trace. i

= N

Ll
E Event 1D TyaceTool Lag User Event.vi
Em

The following illustration shows the user events logged in the VI shown above. The VI
executed in a LabVIEW thread running at normal priority and assigned to the Standard
execution system. The user event with Event ID 0 is configured to display a yellow flag
and the user event with Event ID 1 is configured to display a blue flag. The user event
flags in the Thread view show the exact time when the TraceTool Log User Event VI
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executes in the application.

0 LabVWIEW [Standard: Mormal #0]] L= | P'H'
1: 0% Timer Thread £ o
2. Enet Receive Thread

3 LabVIEW Countdown Thread

Viewing Trace Sessions

The Real-Time Trace Viewer displays a trace session graphically using the VI and
Thread views. When the Real-Time Trace Viewer loads a trace session, it displays the
entire trace session in the VI and Thread views. To display only the Thread Events view
or only the VI Events view in the Real-Time Trace Viewer, use the View menu to
deselect the view that you want to hide.

The Real-Time Trace Viewer displays VI and thread events in different colors to
distinguish the execution priority of each event. The following table lists the color
associated with each LabVIEW priority.

Priority Color
Time Critical

Red
High

Dark Pink
Above Normal

Light Pink
Normal

White

160 ni.com



Real-Time Trace Viewer

Background

Blue
Subroutine

Black

You can zoom in and out of a region of the trace session or measure the timing of a
specific range in the trace session using the following tools available on the Real-Time
Trace Viewer toolbar:

Measure—Displays the length of a region you select. Click once in the VI or Thread view to
select a starting point. You then can press the <Esc> key to redefine the starting point or click
again to define the end of the region. The length of the region appears in a tip strip.

Zoom Region—Zooms into a region you select. Click once in the VIl or Thread view to select a
starting point. You then can press the <Esc> key to redefine the starting point or click again to
define the end of the region.

Zoom In—Zooms into the VI and Thread views. Click on the VI or Thread view with the Zoom In
tool to zoom into the currently displayed range. You also can zoom in by pressing the <Ctrl-Z>
keys.

Zoom Out—Zooms out of the VI and Thread views. Click on the VI or Thread view with the
IE Zoom Out tool to zoom out of the currently displayed range. You also can zoom out by
pressing the <Ctrl-Shift-Z> keys.

['W Pan—Scrolls the trace view left or right as you drag the mouse. You also can pan by pressing
the <left arrow> and <right arrow> keys.

Zoom Extents—Displays the entire trace session in the VI and Thread views. You also can

display the entire trace session by pressing the <Ctrl-E> keys.

\’ ~,
!\ £ Youcanscroll through the above tools by pressing <spacebar>.

HxBE:

« Working with Trace Sessions
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Viewing and Analyzing VI Events

The Real-Time Trace Viewer displays VI event data in the VI view. The VI view shows all
Vis in memory on the RT target when you captured the trace session and when the Vls
executed on the RT target with respect to time from left to right.

The Real-Time Trace Viewer displays the time range for the current view below the VI
view. The following illustration shows the VI view of the trace session for the example
VI shown in the Capturing Trace Sessions topic.

s TraceTool Start Trace v I
: Serial Execution - save local vi O e e A I T e O B

: Seria-Background. i [ | |

: Serial-Normal. i —1 |

: Serial-Aboverormal.vi 1 1

: Serial-High.wi | 1

: Seria-TimeCrical. vi | [ |

» Serial-subroLtine  vi [ ] |

Ao I o L T IR R R N o

The left pane of the VI view lists the names of all VIs in memory on the RT target when
you captured the trace session. The number that precedes the VI name is the
dataspace ID assigned to the VI by the real-time operating system. The dataspace ID
identifies the memory dataspace assigned to a VI. The Real-Time Trace Viewer lists
reentrant subVIs more than once with a different dataspace ID for each copy of the Vl in
memory. Use the Thread and VI views to identify the individual Vis by analyzing the VI
execution sequence and thread priority levels. You can rearrange the VI list in the VI
view to create a logical order.

The Real-Time Trace Viewer draws the events for each VI in sequential order directly to
the right of the VI name. When you reorder the names in the VI view, the Real-Time
Trace Viewer redraws the events in the VI view to show the new order. You also can
right-click the list of thread names and select Arrange By from the shortcut menu to
arrange the threads in one of the following ways:

« Name—Arranges threads in alphabetical order.
« Activity—Arranges threads according to the amount of activity in the thread.
« Sequence—Arranges threads in sequential order by start time.
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The Real-Time Trace Viewer might list Vis in the VI view that do not run while you
logged the trace data. For example, you might have a Vl in a case of a Case structure
that never runs, which means that Vis within that case never run. Or you might have a
VI that executes before you start the trace session or after you stop the trace session.

If you create an application that executes a shared VI from both a time-critical and a
lower priority VI, the shared VI executes at the priority of the highest caller. If the time-
critical VI sleeps to allow the lower priority VI to execute, the shared VI called by the
lower priority VI attempts to execute at time-critical priority. However, the shared VI
cannot execute because the time-critical thread is sleeping. The lower priority VI stops
executing and waits for the time-critical thread to resume. When the time-critical
thread resumes, it does not allow the lower priority VI to execute. You must execute
the lower priority VIl in a different LabVIEW execution system to allow the shared VI to
execute in a separate time-critical thread. Refer to the Creating Deterministic
Applications with the Real-Time Module topic for more information about creating
multithreaded applications.

Only one VI can execute on a given processor at a given time. The TraceTool Start Trace
VI logs a change event when a VI starts, stops, or calls a subVI. However, if a thread
swap occurs due to operating system scheduling or a higher priority thread
preempting a lower priority thread, the VI does not continue to execute and waits to
receive processor resources. If two VIs appear to run simultaneously in the VI view, use
the Thread Events view to determine which VI actually executed at the given time.

RS s

« Viewing and Analyzing Thread Events
« Capturing Trace Sessions

Viewing and Analyzing Thread Events

The Real-Time Trace Viewer displays thread event data in the Thread view. The Thread
view shows the execution of threads in the real-time operating system of the RT target.
The left pane of the Thread view lists the following thread names preceded by a
dataspace ID.
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Thread Name

ETS Enet Xmit
Thread

ETS Null
Thread

ETS TCP etherl
DHCP Thread

ETS TCP/IP
Timer Thread

ETS Timer
Thread

Exception
Handler
Thread

LabVIEW
Thread
[execution
system #N]

Main
Application
Thread

Unnamed
Thread

Real-Time Trace Viewer

Description

A thread that transmits data to the Ethernet driver.

An idle execution thread.

A thread that handles communication with the DHCP server and establishes and
maintains DHCP leases.

A thread that handles TCP communication.

A thread that handles timer tick interrupts and callbacks.

A thread that handles critical exceptions and handles the cleanup, stack trace
print, and reboot of uncaught exceptions.

A thread that runs one or more Vis in a LabVIEW execution system. execution
system is the LabVIEW execution system where the thread executes and N is the
thread number within the execution system.

A thread that handles front panel communication.

A thread that handles operating system tasks.

The Real-Time Trace Viewer shows the name of the execution system where a thread
runs in brackets for all LabVIEW threads. Unnamed threads are operating system
threads that take very little time and run at priorities lower than the LabVIEW time-
critical threads. Therefore, the Unnamed threads do not interrupt a VI set to time-
critical priority.

You can right-click the list of thread names and select Arrange By from the shortcut
menu to arrange the threads in one of the following ways:

« Name—Arranges threads in alphabetical order.
« Activity—Arranges threads according to the amount of activity in the thread.
+ Sequence—Arranges threads in chronological order.
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N .
’ 7: Youalsocan drag and drop thread names to create a logical order.
Identifying Threads

Threads in the Thread view often share names. To identify threads, use one or more of
the following methods:

« You can identify a thread by the unique combination of its execution system,
thread number, and priority level.

« If you wrap code in a subVI, you can identify its threads by matching the threads in
Thread view to the corresponding VI name in VI view.

+ Ifyou place codein a Timed Loop, the corresponding thread name contains the
name of the Timed Loop. You also can use the TraceTool Log User Event VI in
LabVIEW to generate a user flag that you then can use to identify a thread in the
Real-Time Trace Viewer.

« If you captured the trace session on a multiple-CPU RT system, you can hover the
mouse over a thread to highlight the other threads that executed on the same CPU.

In the following example, the Parallel-Normal VI and the Parallel-AboveNormal VI
appear to run at the same time in the VI view. The Thread view shows two threads
running at the two different priorities during the time span. The VIs run only during the
time spans indicated in the Thread view.
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When a thread is forced to wait for another thread to finish using a shared resource,
the Trace Viewer displays the Wait for Object flag. Use the thread view to analyze the
effects of resource contention on timing behavior.

Analyzing Multiple-CPU Trace Sessions

Multi-threaded applications that implement a parallel or pipelined architecture on a
multiple-CPU system can be challenging to debug. The graphical interface of the Real-
Time Trace Viewer provides an intuitive debugging environment for complex multiple-
CPU applications. The Real-Time Trace Viewer includes new Highlight CPU Mode
options that you can use to highlight all thread activity that executed on a particular
CPU.

When you open a trace session that includes execution data from multiple CPUs, the
Highlight CPU Mode ring control appears on the Real-Time Trace Viewer toolbar. The
Highlight CPU Mode options also appear in the View menu. Select the All option to
highlight all threads. Select the Active option to highlight only the thread activity that
executed on the same CPU as the thread over which you hover the mouse. Select a
particular CPU from the Highlight CPU Mode options to highlight all thread activity
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that executed on that CPU.

You can use the Highlight CPU Mode options to debug parallel or pipelined
architectures on multiple-CPU systems. By highlighting all the thread activity that
executed on a particular CPU, you can easily trace the execution path of each CPU in
the system to determine whether the threads execute as you intend.

RS P

+ Viewing and Analyzing VI Events

Viewing System Events

The Real-Time Trace Viewer can show the occurrence of specific system events, such
as sleep spans, memory manager calls, and resource mutexes, in the trace session of
an application.

® . : :
’\ F: To log system events, you must enable detailed tracing and thread
tracing using the TraceTool Start Trace VI.

Select the system events you want to view from the Event list of the Flag Configuration
dialog box. The Real-Time Trace Viewer displays a flag followed by a dashed line in the
Thread view to indicate the time range for the occurrence of the system event. You can
show the following system events:

+ Sleep—Occurs when a thread sleeps to allow lower priority threads to execute. By
default, the Real-Time Trace Viewer displays Sleep events using a blue flag.

« Wait For Object—Occurs when a thread waits for a low-level resource, such as an
event or mutex, before executing. The span is the amount of time between when
the thread begins waiting and when the resource is ready for the thread to use. By
default, the Real-Time Trace Viewer displays Wait For Object events using a red
flag.

+ Wait For Memory—Occurs when a thread conducts any memory management
operation. The span is the amount of time it takes to complete the memory
management operation. By default, the Real-Time Trace Viewer displays Wait For
Memory events using a green flag.
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« Priority Inheritance—Occurs when a thread inherits the priority of a higher-priority

thread because the lower-priority thread is holding a shared resource required by
the higher-priority thread. Once the resource is released, the priority returns to the
previous level. By default, the Real-Time Trace Viewer displays Priority Inheritance
events using an orange flag.

The following block diagram shows a Sleep event that begins in an unnamed thread
running at normal priority. The unnamed thread sleeps and other threads execute
during the Sleep event. The unnamed thread continues to execute when the Sleep
event ends.

31 ETS Timer Thread . = m
16: Lab¥IEW Thread [Standard]
14; Unnamed Thread

216: LabWIEW Thread [Standard]
10: Unnamed Thread

21 ETS Null Thread

13 Unnamed Thread

6: ETS TCP/IP Timer Thread

RS

« Capturing Trace Sessions

Configuring Event Flags

You can configure event flags to make them easier to view and analyze in the trace
session of an application.

Complete the following steps to configure an event flag.

1.

oA WwWN

Select View»Configure Flags from the Real-Time Trace Viewer to display the Flag
Configuration dialog box.

Select the type of event you want to edit from the Event list.

Click the Style box to open the flag picker and select a flag style for the event.
Click the Color box to open the color picker and select a color for the event.

Click the OK button.

Repeat steps 2-5 to configure additional events and then click the OK button to
close the Flag Configuration dialog box.
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Working with Trace Sessions

You can print the current trace session from the Real-Time Trace Viewer. You also can
save a trace session and then load the session in the Real-Time Trace Viewer at a later
time.

Printing Trace Sessions

You can print the current view of a trace session by selecting File»Print Window from
the Real-Time Trace Viewer. You can print the entire trace session, or you can print a
specific range of the trace session by using the zoom tools to display the range before
printing.

Saving Trace Sessions

After the Real-Time Trace Viewer receives a trace session from the RT target, you can
save the trace session on the host computer. Select File»Save Session to save the trace
session to file. You can reload the trace session into the Real-Time Trace Viewer at a
later time.

Select File»Close Session to close a trace session. You must save the trace session
before closing if you want to load the session into the Real-Time Trace Viewer at a later
time.

Loading Trace Sessions

You can load saved trace sessions into the Real-Time Trace Viewer by selecting
File»Open Session. You can load multiple trace sessions at once. If you have more than
one trace session open, you can use the list at the left of the Real-Time Trace Viewer
window to select the trace session you want to view.

=

+ Viewing Trace Sessions
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