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Intel® Thread Profiler helps you improve the performance of applications threaded
with OpenMP* or POSIX* threads (Pthreads*). Use Thread Profiler to:

e Identify bottlenecks that limit the parallel performance of your multi-threaded
application.

e Locate synchronization delays, stalled threads, excessive blocking time, and
ineffective utilization of processors.

e Find the best sections of code to optimize for sequential performance and for
threaded performance.

e Compare scalability across different numbers of processors or using different
threading methods.

This guide presents a threaded code example and shows you how to use the
command-line version of the Thread Profiler (tprofile c1) to identify performance
issues. After completing this guide, you will be ready to analyze and optimize your
own code using Thread Profiler.

To quickly start using Thread Profiler, print this short guide and walk through the
example provided.
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Build the Sample Code

1.1

NOTE:

The primes example is a prime number generator that uses the POSIX* threading
API. The code identifies and tallies the prime numbers from one to 100,000 by testing
whether odd numbers are evenly divisible by smaller odd factors. The code generates
four threads to do the work.

To Build the Sample Code:

Copy the primes directory to a convenient workspace. By default, the samples code
directory is installed in: /opt/intel/itt/tprofile/samples/primes.

Build the primes executable using one of the following methods:

To build using the GNU* C/C++ compiler:

1. Go to your copy of the /primes directory.
2. Enter the following command:

% make

This command builds the executable files primes.gcc, primesBalanced.gcc,

and primesOpt.gcc using the switch -g to turn on debug information. Thread
Profiler performs binary instrumentation on the executable to enable monitoring of

POSIX* threads API calls.

To build using the Intel® C++ Compiler for Linux*:

1. At the shell command prompt, set up the Intel compiler environment by issuing:

)

$ source <path to tprofile bin directorys/iccvars.csh

Or
% . <path to tprofile bin directorys/iccvars.sh

2. Go to the primes directory and enter the command:
% make icc
The compiler builds executable files primes.icc, primesBalanced.icc and

primesOpt.icc. The switch -g turns on debug information.

To analyze OpenMP*applications, the Intel compilers must be used.
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Z Collect Data

Set up the Intel(R) Thread Profiler environment by issuing:

o

% source <path to tprofile bin directorys>/tprofilevars.csh

or
% . <path to tprofile bin directorys/tprofilevars.sh

NOTE: In addition to modifying the PATH and LD_LIBRARY_PATH environment variables, the
required variables ISM_INST_DIR and VTUNE_GLOBAL_DIR are also set.

The executable used in this example is compiled with the GNU* C/C++ compiler. Start
the command line tool by entering:

% tprofile cl primes.gcc

tprofile_cl begins by performing binary instrumentation of the executable primes.gcc
and its associated modules. For large applications, this process can take many
minutes.

During instrumentation, each instrumented module has a line with an estimate of the
instrumentation completion time and the level of instrumentation. By default, user
executables and libraries are instrumented at the API Imports level. This permits all
calls to the POSIX* API to be monitored. For most system libraries and other pre-
compiled libraries without debug information, the Minimal instrumentation level is
used. This permits detection of module loading for proper reporting and symbol
resolution.

After completing the Acitivity run, you should see output similar to the following:

Building project

Instrumenting

14% primes.gcc ( API Imports ):..

42% libc-2.3.2.s0 ( Minimal ):....

57% libgcc s-3.2.3-20040414.s0.1 ( API Imports ):..
71% libm-2.3.2.s0 ( API Imports ):..

85% libpthread-0.60.so ( Minimal ):..
100% libstdc++.s0.5 ( Minimal ):.. Building project
Runni ng: <pat h>/ pri nes. gcc
Determning prines from1 - 100000
Found 9592 pri nes
Application finished
Thread Profiler Summary Report 3.1
appl i cati on: <pat h>/ pri mes. gcc
col l ecti on: <current date and tine>
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Collect Data

NOTE:

runti me: 2.76127s
# of processors: 4
# of threads: 5
# of waits: 11
wai t frequency: 3.98368

average concurrency: 2.32811
Concurrency:

O f[.cvevn.... ] 0.00424% 0. 000116708
1 [##H. ... ... ] 28.1%  0.774734
2 [###. ... ... ] 26.6%  0.733568
3 [#H##. ... ... ] 29.1%  0.801588
4 [## ..., ] 16.1%  0.443197

For further analysis, the output in the threadprofiler directory
can be viewed in the GU (available on Mcrosoft* W ndows*)

1. Copy the contents of the threadprofiler directory to the Windows
machine, or use a network-mounted drive.

2. From the Intel (R) Thread Profiler GUI, use File->Open File and
select the tprofile.<pid>.tp file.

* Other names and brands are the property of their respective owners.

Intel(R) Thread Profiler creates a directory for temporary data storage. By default, the
name of the directory is /tmp/<login name> tp cl cache. To specify an alternate
directory use the —d option. For example:

)

% tprofile ¢l -d /home/sample data primes.gcc

The arguments for tprofile ¢l must appear before the specification of the
executable. Any command line arguments that appear after the specification are
passed to the executable.

The summary report file lists the time for the instrumented run. The wait frequency is
the number of waits per second, that is, the total number of waits divided by the
runtime. The average concurrency is computed by taking the sum of the times at
each concurrency level, times the concurrency level and dividing that sum by the
runtime.

The concurrency level O represents time when all threads in the application are either
sleeping or are blocked. The tiny amount of time between the termination of the last
worker thread and the resumption of the main thread making a join call is one such
occurrence. Any time spent by one thread waiting for blocking system 1/0 also
contributes to this level if no other threads are active. The main thread starts at level
1. Creating new threads creates the opportunity for two or more threads to run
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concurrently, leading to higher concurrency levels. The statistics may vary from run
to run due to non-deterministic scheduling differences.

Intel(R) Thread Profiler also creates a directory named threadprofiler in the current
working directory. This directory holds the output data files: tprofile.<pid>.tp,
trprofile.<pid>.tpd, and tprofile.<pids>.tps. The binary instrumentation data
file bistro.tp is also present. To set a different results directory, use the —r option.
For example:

o

% tprofile cl -r primes gcc primes.gcc

In this example, the primes_gcc directory is created in the current working directory.

View the Data

The data files in the results directory (threadprofiler by default) contain a great
deal more information than is presented in the summary report. This data can be
viewed with the Intel® Thread Profiler for Windows*. To do so, perform the
following:

1. Copy the contents of the results directory, the executable, and source file to a
directory on a Windows* machine.

2. Start the Intel(R) Thread Profiler from, for example, Start > All Programs >
Intel(R) Software Development Tools > Intel(R) Thread Profiler >

Intel(R) Thread Profiler.

3. In the Easy Start dialog box, click Close. You want to view a data file, not start
a Thread Profiler Activity.

4. Select File > Open file... and browse to the directory with your data file. Select
the tprofile.<pid=>.tp file and click Open.

5. Thread Profiler loads the file. If the executable or source files are not in the
current directory, Thread Profiler asks for the location of those files.

The exact results vary depending on the Linux system configuration. The number of
processors available is the most significant detail. You should see two color charts,
one with vertical bars and one with horizontal bars. Congratulations! You are now
ready to identify and locate bottlenecks that are limiting the parallel performance of
the sample software.
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4 Analyze Results

In this section, you will walk through Intel® Thread Profiler’'s main views to identify
performance issues related to threading. You will then consider ways to improve the
performance of the sample code.

4.1 Profile View

By default, Thread Profiler displays Profile and Timeline views as shown in Figure 1.
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Figure 1: Profile and Timeline views are the default views for Intel(R) Thread
Profiler Activity results.

The Profile view (on top) displays a high-level summary of the time spent on the
critical path, decomposed into time categories. The Timeline view (on bottom)
illustrates the behavior of your program over time.

By default, Profile view initially shows results grouped by Concurrency Level, the
number of active threads executing at the same time on the critical path. It includes

threads which are currently running or are queued but are not waiting at a defined
waiting or blocking API.
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Double-click the tallest red bar in Profile view to “drill down” to group by Objects.

Now the Objects button, @ , on the Profile view’s toolbar is selected and you can
compare times due to different software objects as shown in Figure 2.

Filker: Grouping: 1) Object
== % Ot X[ E[ | okelxf

=
[a]

Time [zeconds]
)
=

T

o
findPrimes [3]

Fork-loin 3

Creator =1

Activity: 1 Lifetime = 1.24376

Create loc: primes.cpp 79

Cloze loc: primez.cpp 30

Figure 2: Profile view grouped by Objects

MHohe

Lo

hutes 12

primes. oo

In this case, the majority of time was spent in Under Utilized (red) time. The next

longest time was spent during a Wait (green halo). Hover your mouse over a column
to see more detailed data.

¥  Thiead State
- Artive
% Spin
Wit
[¥ Critical Path D ata
v Concumrency

Thread Profiler shows columns corresponding to objects
that cause contention on the critical path. The color

scheme is given in the Legend as shown in the opposite
figure.

The Profile view legend displays the color coding used.

Hover your mouse over the Legend entries to show I™ Behavior _
definition tooltips. - o Thisd il
Sernial

- [Inder Ltilized
|:| Fully Litilized
- Ower Utilized

|:| Overhead
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In this example, the largest contributor to time on the critical path is not attributed to
any blocking object, hence the label “None”. For this contributor no threads were
blocked by a mutex, semaphore, critical section, fork-join, sleep, or message queue.

The bar is red, indicating that the application under-utilized the available processors
for this time on the critical path. This example has up to five threads running on a
machine with four processors. The example clearly does not fully utilize the available
processors

The next highest bar has a light green halo, indicating a thread is waiting. The object
responsible for the wait is the fork-Join of thread number 3. The main thread is
blocked waiting for this thread to complete its work and join.

In Profile view, you can also:

e Double-click any bar to “drill down” to the next logical level of grouping.

e Right-click any bar and select Filter Selection to filter data by the current
selection.

e Right-click a bar and select Filter and Group by >to filter data and group by
Concurrency Level, Thread, Object, Object Type, or Source Stack. You can
also use the corresponding toolbar buttons to group data by the same categories.

e Apply second-level grouping using the secondary set of toolbar buttons:
o e ox [fa e =

e For certain types of data, you can right-click and select Transition Source View
or Creation/Entry Source View.

Getting Started Guide 9
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- Signal: primez.cpp 30
primesz. | Receive: primaz.cpp 83
Activity: _libz_start_main
_ztart

Figure 3: Information on the green halo Source bar

Intel(R) Thread Profiler for Linux*

Double-click an
Object bar to
group the data by
Source.

Hovering your
mouse over the
Source label
brings a tool tip
with additional
information.

Figure 3 shows the information available for the green Source bar. In this example,
when the wait ended, thread 3 was executing a function at line 30. The waiting

thread, the main thread, was blocked at line 83.

Double-click the Object bar to display the source code for the start and end of the
transition involved. See Figure 4. Thread 1 spawned a worker thread which began
running function £indPrimes. Thread 1 is now waiting for that thread to terminate

and join.

10
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@|Transition Source | @ ‘ n ' |

Tiansition Threads Iddress [Line | Source
Signal: Thread 1 24
Receive: Thread 25 long primes[MAY NUMBERS]:
26 long primeCount;
Sync Object: 3 : findPrimes 27 pthread wutex t c3;
28
29 woid ¥ findPrimes( woid * arg)

long threadnwnm = F(long *) arg:
long blocksize, start, end, stride:
long nuamber, factor:

hlocksize = MLY NUMBERS/WUM THRELDS:

2 [&][Transition Source - E | RPEERR |
(i)
a,:‘ﬂ Tiansition Threads Addres=z |Line | [ —— Iil
—_ Signal: Thread 1 7 [
Receive: Threadl Ox6EC 78 tnums[i] = 1i:
OxaD? 79 prthread create(&h[i], 0, findPrimes, (woid *;

Sync Object: 3 : findPrimes

for (i 0; i < NUM THREADS: ++i)
i Join (k[i], O):

_libe_ztart_main

Address: Ou2c747

Module: libc.s0.6

Path: /trop/dibeckma_tc_cl cache
_shart

Address: D5ED

Module: primes.gec

prthread mutex destroy(&cs):

printf{ "Found %d primeshn®, primeCount |:

return 0O;

Figure 4: View source code of start and end of the transition

4.2 Timeline View

Timeline view shows the contribution of each thread to the total program, whether on
the default critical path or not.
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gu

2

== % 8y o | O 6T @

S 36 e

1

2.5

1

2 findPrimes

3 findPrimes

4 findPrimes

5 findPrimes

»
—
&

[¥  Thread State
B ictive
% Spin
it ait
- Pauzeslgnore
[ Ciitical Path Data
[v Concurency
[ Behavior
=== No Thread Active
Serial
= | nder Utilized
Fully Utilized
s Oyver Utilized
Owerhead
Critical Path T arget
v Transitions
Tranzition
Transition w/o S ource
¥~ ForkAloin
T I ser Event
[~ Context Switc. .

Figure 5: Timeline view shows the behavior of a program over time and

across threads

Figure 5 shows that the four threads take increasingly longer to run. The range of
numbers to test has been partitioned into four groups. A group is assigned to each
thread. Thread 2, represented by the next-to top bar, works on a set of small
numbers that take little time to check. Thread 3 checks a set of larger numbers,

taking longer. Threads 4 and 5 check even larger numbers, taking longer to complete.
Though the program accomplishes its task, the loading is clearly unbalanced. In the
next section, you will explore ways to improve the parallelism in this code example.
Meanwhile, take a closer look at the Timeline view.

Thread Profiler tracks the flow of all threads in the application. The critical path is the
continuous path from the beginning of execution to the critical path target. By
default, the critical path target is the end of program execution.

In Timeline view, you can use the Legend to hide or show the corresponding time
categories that appear in the Profile view. You can also hide or show Transitions,
Forks and Joins, and User events that you defined. When you mouse over the
different elements in the Timeline view’s Legend, the corresponding elements flash
in the graph, helping you to locate or identify different elements in the graph.

In Timeline view you can also:

e Drag your mouse over a section of the Timeline view and release to zoom in on
that section.
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4.3

Use the horizontal and vertical zoom buttons on the toolbar,

lgr gf ﬁ | @ @ @{ to help you focus on a particular section of the

graph. This feature is particularly useful when you have vast quantities of densely
displayed data.

Double-click a bar to “drill-down” to Source view to see where an event is
happening in your code.

Time Categories

Thread Profiler breaks time into different Time Categories, represented in the graphs
and Legends by different colors. In this example, the critical path is composed of the
following time categories:

Serial times (shades of orange) indicate serial portions of the code.

Under Utilized times (shades of red) indicate that the code is not fully utilizing all
processors.

Fully Utilized times (shades of green) indicate that portions of the code
demonstrate good processor utilization.

Over Utilized times (shades of blue) indicate that portions of the code use more
threads than there are processors.

Ideally, on a multi-processor system, your code should be characterized by a
predominance of Fully Utilized time (the sum of all the greens). All other time
categories indicate opportunities for improving performance.
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For more information on a certain view or legend, press F1 or click Help

Intel(R) Thread Profiler for Linux*

o))

To view the complete Thread Profiler help, choose Help > Contents from the menu.

Figure 6 shows a sample help topic.

E? ¥Tune{TM) Performance Environment Help - |EI|1|
o o AN
Hide Locate  Back  Forward Refresh  Home Frint  Options
Qontentsl Index ~ Search | Favor_itesl . . ;I
_ _ Profile View and :
Type in the word(z] to search for: . | .
Iprofile timeling jﬂ T”T:]e I.ne Vle_w . = :
Profile view and Timeline views give
List Topics | Display | you different ways of understanding the
: same data. You may find that the "time
53'?“!”'3":: : Found: 40 flow" representation of Timeling wiew is
Title | Location | Rark [« mare intuitive, Think of Profile view as

Uzing Thread Profils. ..
Uzing Thread Profiler

Uzing Thread Profils. ..
Uzing Thread Profiler

Uzing Thread Profile..
q Thread Profile. .
Uzing Thread Profile...
Uzing Thread Profile...

L

FPop-up Menus for Intel[R] Thr...
“what's Mew in Intel(R) Threa...
Profile Wiew and Timeling Wiew

How does IntellR] Thread Pr...

Prafila Wiew

Leqend far Profile and Timelin..
YW'hy Don't Some Thread Stat...
Thread States

AL wm T

TR SR T e

200~

L

[ Search previous results
¥ Match similar words
" Search tiles only

what you would get if you put Timeline
view sideways and lumped together time
of the same color.

See Also
Profile iew

Timeling Yiew

Legend for Profile and Timeline Yiews

Figure 6: Press F1 to access help topics.

In the Help you can also:

e Click entries in the Contents pane to jump to a topic.

e Click the Search tab to open the search window to find a topic on a particular

subject.

e Find tips for improving your code such as Dealing with Impact Time for
valuable tips on ways to reduce the delays on the critical path.

e Click the locate button on the Help toolbar,

the Contents.

Correct the Code

Lecate | 16 browse to related topics in

To correct the imbalance found during analysis, try the solution presented in this
section. A corrected version of the sample code is provided for you to check your

results and note the differences.

14
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5.1 Solution: Increase Parallel Execution Time

The revised code in the sample primesBalanced. cpp interleaves the numbers each
thread checks so that each thread works on both small and large values. To tune to a
particular machine configuration, the number of worker threads could also be
changed. To verify that the imbalance problem identified by Thread Profiler as a
performance issue is indeed fixed, do the following:

1. If the original run with primes.gcc produced the default results directory
threadprofiler, consider renaming the directory to preserve the results.
Another run using the default directory name will cause deletion of the original
files.

2. Issue the command:

% tprofile cl primesBalanced.gcc
Copy the contents of the results directory, the executable, and source files to the
Windows machine.

3. Start the Intel® Thread Profiler. Select File > Open file... and browse to the

directory with your data file. Select the tprofile.<pids>.tp file and click Open.

5.2 Analyze Results

In Profile view, you should see improvements. In the Timeline view, the threads
now show improved workload balance over the original example. The goal is to have a
Profile view with primarily Fully Utilized (green) execution times.
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Figure 7: Revised code primesBalanced.gcc. The processors are more fully
utilized, but added overhead is evident.

In the balanced example, each worker thread evaluates every fourth number in the
range. A single thread works on both small and large numbers so the work is
distributed more evenly. On the four processor machine used here, the four worker
threads fully utilize the resources.

The improvement in the naive algorithm reveals another problem. As each prime
number is discovered, a mutex is acquired before writing the result to global
variables. Early on, all threads are finding primes and a great number of transitions
occur. Unneeded overhead is introduced as a result. Zoom the Timeline view
horizontally to expose the excessive activity.
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Timeline
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Figure 8: Horizontal zoom of the Timeline View reveals excessive transitions.

5.3 Solution: Decrease Overhead

The final version of the example, primesOpt.gcec, removes the transition overhead.
Each thread stores its results locally. Only when it has completed searching its range
does it acquire the mutex and report the results to the global variables. The mutex is
only acquired four times during the entire run. Figure 10 shows that the optimized
example is not only balanced, but unnecessary overhead has been eliminated.

Getting Started Guide
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Figure 9: IRevlisecll code plrimlesobt.glcc. 'Il'he Iaddled tlranslitioln ovlerhlead has
been eliminated.

Next Steps

When you make any revisions to your code, make sure to use the Intel® Thread
Checker to verify that your code is free of conditions that could lead to inconsistent
results. Find details about Thread Checker and other Intel software development
products at: http://www.intel.com/software/products/

To get the most out of Thread Profiler, explore the following resources:

e Command line help is available by running:
tprofile cl -help
Options not covered in this introductory document are described.

e Online Help is the Windows™* product’s complete user’s guide. Use Help to learn
about features not mentioned in this Guide. Open Help by pressing the F1 key or
clicking the Help buttons in the Profile or Timeline views.
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Next Steps (intel.>

e Samples. Explore additional code examples in tprofile/samples. Use them to learn
to identify and resolve other types of threading issues.

e Release Notes. See tprofile/doc/Release_Notes.txt for updated information on
requirements, technical support, and known limitations.

e FAQ. See tprofile/doc/tprofileFAQ.htm for additional information on procedures for
driving Thread Profiler for Linux* directly from a Windows™* installation.
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