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INTEL® PARALLEL STUDIO EVALUATION GUIDE

Eliminate Memory Errors and
Improve Program Stability

Can running one simple tool make a difference?

Yes, in many cases. You can find errors that cause complex, intermittent bugs and improve your confidence in the stability of your application.
This guide describes how to use the Intel® Parallel Inspector analysis tool to minimize code defects, while maximizing code reliability and lowering
development costs. The following information walks you through the steps for using a sample application.

Three Easy Steps to Better Performance

Step 1. Install Intel Parallel Studio

1. Download an evaluation copy of Intel Parallel Studio.

2. Install Intel Parallel Studio by clicking on the
parallel_studio_setup.exe.

Step 2. Install and View the Tachyon
Sample Application

Install and open the sample application:

1. Download the Tachyon_conf.zip sample file to your local machine.

This is a C++ console application created with Microsoft* Visual
Studio* 2005.

2. Extract the files from the Tachyon_conf.zip file to a writable
directory or share on your system.

Step 3. Find Memory Errors Using
Intel® Parallel Inspector

Intel® Parallel Inspector is a serial and multithreading error-checking
analysis tool for Microsoft* Visual Studio* C/C++ developers. Intel
Parallel Inspector detects challenging memory leaks and corruption
errors as well as threading data races and deadlock errors. This easy,
comprehensive developer-productivity tool pinpoints errors and
provides guidance to help ensure application reliability and quality.

NOTE: Intel Parallel Inspector integrates into Microsoft Visual Studio
2005 and 2008. These tutorials contain instructions and screens for
the Microsoft Visual Studio 2005 development environment (IDE). To
use a different IDE, replace the menu items with the related menu
items for your IDE.

NOTE: Samples are non-deterministic. Your screens may vary from the
screen shots shown throughout these tutorials.


https://registrationcenter.intel.com/RegCenter/AutoGen.aspx?ProductID=1305&AccountID=&EmailID=&ProgramID=&RequestDt=&rm=EVAL&lang=
http://software.intel.com/en-us/articles/eliminate-memory-errors-sample-code/
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|ldentify, Analyze, and Resolve Memory Errors

You can use Intel Parallel Inspector to identify, analyze, and resolve memory errors in serial or parallel programs by
performing a series of steps in a workflow. This tutorial guides you through these workflow steps while using a sample
program named tachyon_conf.

Choose a Target

1. Open the sample in Microsoft Visual Studio. Go to File > Open > Project/Solution and open the tachyon_conf\vc8\
tachyon_conf.sin solution file:

#0 Start Page - Microsoft Visual Studio Figure 1
ﬁl Edit View Tools Window  Community Help
Mew g F (ul ;ﬂ :i|,> 'y
| Open rm;jj Project/Solution... | Cirl4shift+0 | _ ol AN=
I Close 22 webs -
' =

- Loak in: | I tachyon_conf v @
— .33 create_and_use_suppressions, vopraj
Gl saveal Ctrl+Shift+5 £ \ZAfind_and_fix_memory_errors.veproj

Deskiop .33 find_and_fix_threading_errars. vcproj
.33 tachyon.vcpraoj

I P tachyon_conf.slin

This will display the tachyon_

o . £y i ism - Mi - : Figure 2
conf solution in the Solution *& Adding Parallelism - Microsoft Visual Studio
Explorer pane. Figure 1 File Edit View Project | Build | Debug Tools  Window  Community Help
, oy ey = Build Solution F7
2.1n the Solution Explorer pane, - - D e | |
right-click the find_and_fix_ Inspect Memory err Rebuild Solution Ctrl+Alt+F7
memory_errors project a@d Solution Explarer - Adding Paral Clean Solution
select Set as Startup Project. | — . |
3. Build the application using
Build > Build Solution. . )
Figure 2 2% tachyon_conf - Microsoft Visual Studio Figure 3
4R h licati ) File Edit Wiew Project Buld | Debug | Tools Window Community Help
.Run the application using
i - i - "NEE" Windows 4 - W
Debug > Start Without Arrddd |
Debugging. Figure 3 Inspect Memary errors P start Debugging F5  fepots - v
Solution Explorer - tachye... » 4 X || P StartWithoutDebugging | Crrl+F5 |
EST =L attack tn Proce s ﬁ
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Build the Target

Verify the Microsoft Visual Studio project is set to produce the most accurate, complete results. Then, build it to create
an executable that Intel Parallel Inspector can check for memory errors.

You can use Intel Parallel Inspector on both debug and release modes of binaries containing native code; however, targets
compiled/linked in debug mode using the following options produce the most accurate, complete results. Figure 4

Figure 4

Compiler/Linker Options Correct Setting

Impact If Not Set Correctly

Debug information Enabled (/Zi or /ZI) Missing file/line information
Optimization Disabled (/0d) Incorrect file/line information
Dynamic runtime library Selected (/MD or /MDd) False positives or missing observations

Build the Target

To verify that debug mode is configured:

1.In the Solution Explorer pane, right-click the
find_and_fix_memory_errors project and
select Properties. Figure 5

2.Check that the Configuration drop-down list is
set to Debug, or Active(Debug). Figure 6

3.In the left pane, choose Configuration
Properties > C/C++ > General. Verify the
Debug Information Format is set to Program
Database (/Zi) or Program Database for Edit
& Continue (/Z1).

find_and_fix_memory_errors Property Pages

Configuration: |Llagl={¥=Ts) W

Figure 5

find_and_fix_memory_errors Property Pages

Configuration: | Active{Debug)

| Platform: |Actve{Win32)

b

’ Config

Common Properties
=) Configuration Properties
General
Debugging
- CiC++
General

Additional Include Directories
Resolve =using References
Suppress Startup Baniner k
Warning Lewvel

Detect &4-bit Portability Issues

LAsrc \thbforexamples) 2.2\ includ

Program Database (/Zi)
Yes (fnologao)

Level 3 (/W3)

Yes (/Wp64)

Figure 6
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Figure 7

find_and_fix_memory_errors Property Pages

Configuration: |Active(Debug) w | Platform: |Active(Win32)
Common Properties Optimization Disabled (/0d)
= Configuration Properties Inline Function Expansion Default
General Enable Intrinsic Functions Mo
DE_b'-IEIEIiI'IEI Favar Size or Speed Meither
= CfC++ Omit Frame Pointers Mo
Figure 8

find_and_fix_memory_errors Property Pages

Configuration: |Active{Debug) V| Platform: |.-5.|:1J"-f'ef-.-'-a'in32} V| [anﬁguraﬁu:un Manager y-,
=)

Comman Properties | Generate Debug Info Yes (/DEBUG) I

4. (Choose Configuration Properties > C/C++ > Optimization. Verify
the Optimization field is set to Disabled (/0d). Figure 7 Configuration Manager

5.Choose Configuration Properties > C/C++ > Code Generation.
Verify the Runtime Library field is set to Multi-threaded DLL

Active solution configuration:

(/MD) or Multi-threaded Debug DLL (/MDd). Figure 8 Debug

6. Choose Configuration Properties > Linker > Debugging. Verify Project contexts {check the project cnnﬁguraﬁnr&u b
the Generate Debug Info field is set to Yes (/Debuq). Figure 9 |

To verify the target is set to build in debug mode: \Figul:'ergmct Confioura’

1.In the Properties dialog box, click the Configuration Manager
button.

2. \Verify the Active solution configuration drop-down list is set
to Debug.

3. Click the Close button to close the Configuration Manager
dialog box.

4. (Click the OK button to close the Property Pages dialog box.

(8]
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Build the Target

1.Choose Debug > Start Without Debugging. When the application starts, you should see a
display similar to this:

As you can see, the image is not rendered fully, correctly, and consistently. Figure 10

IT this application had no errors, the output would look like Figure 11.

ot | ﬂﬂ Figure 10

lUsing Default Image file
Use -7 for additional options and usage model
L a9 M find_and_fix_memory_.

Zcene contains 8 bounded ohjects.

CPU Time: B.204 seconds.

M|

c | -|o| x|| Figure 11

Using Default Image file . u
m ﬁnd_ztnd_ﬁx_mermry_R.. E|E|@ ||

Use —? for additional options and usage model
Scene contains 8 bounded obhjects.

CPU Time: B.204 seconds.
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Configure Analysis

Choose a preset configuration to influence memory error analysis scope and running time.

To configure a memory error analysis:

1. From the Microsoft Visual Studio menu, choose Tools > Intel Parallel Inspector > Inspect

Memory Errors to display the Configure Analysis dialog box.

2.Drag the configuration slider to the Where are the memory access problems?
preset configuration. Figure 12

E”E| Figure 12

Configure Analysis
Intel® Parallel
Inspector
Analysis type: A Alwa ! this dialog box before running memory error analyses
2x-20% Does my target leak memory?
1020-40% Does my target have memory access problems?
[20x-80x] _B{Where are the memory access problems?|
A0x-160% Where are all the memary problems Inspector can find?

Analysis Time Overhead

o
Where are the memory access problems? 3
* Analysis level; High (mi3)
*Call stack depth limit: 12
*Enhanced dangling pointer check: Yes

For best results, choose targets:

Press F1 for Help,

* Compiled with debug information on, optimization off, and dynamic runtime library selected.
= yWith small representative data sets that run <60 seconds and use <400ME of virtual memary.

Private suppressions: |Delete problems

4@)

[: Run Analysis ]

I Canhelr]

The Analysis type drop-down list shows Intel Parallel Inspector dynamic
analysis type offerings: Memory error analysis and threading error analysis.

®
@

This tutorial covers memory error analysis, which you can use to search
for the following kinds of errors: invalid memory access, memory leak,
mismatched allocation/deallocation, missing allocation, and uninitialized
memory access.

The Analysis Time Overhead gauge shows the time it may take to collect
a result at each preset configuration. Time is expressed in relation to normal
target execution time. For example, 2x - 20x is 2 to 20 times longer than

normal target execution time. If normal target execution time is 5 seconds,

estimated collection time is 10 to 100 seconds.

The configuration slider rests at the Does my target leak memory?
preset configuration, which has the lowest overhead.

The configuration details region shows current configuration
characteristics. Try dragging the configuration slider to see the impact on
the gauge and details region.

Suppressing known issues can dramatically improve your productivity.
For more details, check the Intel Parallel Inspector Help Index for
suppression rule.
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Run the Analysis

Run a memory error analysis to detect memory issues that may need handling. Figure 13

To run a memory error analysis:

Click the Run Analysis button on the Configure Analysis dialog box to;

= Execute the find_and_fix_memory_errors.exe target.

= |dentify memory issues that may need handling.

= (ollect the result in a directory in the tachyon_conf/vc8/My Inspector Results directory.

= Finalize the result (convert symbol information into file names and line numbers, perform
duplicate elimination, and form problem sets).

During collection, Intel Parallel Inspector displays an Event Log window similar to the following:

To start managing result data after analysis is complete:

Click the Interpret Result button to display the Overview window.

Error:Memaory leak

find_and_fix_memary_err ...

find_and_fix_memory_err...

/rUUUmi1| Start Page - X
F
g‘,!l-f Analysis completed successf |} Interpret Result
> (6 s
Event Log |E|
Time Ceescription Maodules Sources -~
16:29:54 Error:Invalid memory access thb_debuag.dll task.cpp: 1733
16:29:54 Error:Invalid memory access  thb_debug. dll task.cpp: 1740
16:29:54 Error:Invalid memory acc& tbb_debug.dll task.cpp: 1785
16:29:54 Error:Invalid memory access  thb_debug.dll task.cppi 2861
16:29:54 Error:Invalid memory access thb_debug.dll task.cpp: 2863
16:29:55 Error:Invalid memory access thb_debug.dll task.cpp: 2965
16:29:57 Error:Invalid memory access  thb_debug.dll task.cppi 2251
16:29:57 Error:Invalid memory access thb_debug.dll task.cpp: 1501
16: 29:57 Error:Invalid memory access thb_debug.dll task.cpp: 1502
16:29:57 Error:Invalid memory access thb_debug.dl tbb_stddef.h: 237
16: 2957 Error:Invalid memory access thb_debuag.dll cache_aligned_allocator.c ...
16: 29:57 Error:Missing allocation tbb_debug.dll cache_aligned_allocator.c ...
16:30:08 ErroriMemary leak find_and_fix_memory_err ... find_and_fix_memory_err...

Figure 13
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Choose a Problem Set
Choose a problem set on the Overview window to explore a detected memory issue. Figure 14

To choose a problem set:

1. Click the Sources column header in the Problem Sets pane to sort problem sets by source
file location, and, if necessary, scroll to the top of the pane to display a window to find the
problem sets in the find_and_fix_memory_error.cpp file:

2.Double-click the data row for the Mismatched allocation/deallocation problem set in
the find_and_fix_memory_errors.cpp source file to display the Sources window, which
displays the source code for the focus observation and related observations:

/rUUUmi2| Start Page

*;!!'."5 Memory Errors (level mi2)
m = | §d Sources| &= a Details ] Summaries/Subsets

Problem Sets

Relationships

)

I | % | Problem SOUrCEs & Modules Objec... | State b
Fe4 @ Missing alocation cache_aligned_allocator ... tbb_debug.dll [ J T
Mismatched allocation/de ... find_and_fix_memory_e ... find_and_fix_memary_er... Mot ...
Invalid memory access find_and_fix_memory_e ... find_and_fix_memary_er... Mot ...
Missing allocation find_and_fix_memory_e... find_and_fix_memory_er... Mot ...
Memory leak find_and_fix_memory_e ... find_and_fix_memory_er... Mot ...
®  Memory leak find_and_fix_memory_e ... find_and_fix_memary_er... Mot ... :]
P3 @ Invalid memory access task.cpp tbb_debug.dll Mot ... [
F4 & Invalid memory access task.cop tbb_debug.dll P Mot L. ™
=]
Multiple Problem Types Selected: Observations in Problem Set
(] Description & | Source Function Module Chiject Size State b
[+% 33 Allocation site find_and ... operator() find_and_fix ... Information —
[#¥AEE Allocation site find_and ... operator() find_and_fix ... 672 Be 1ot fixed
[#¥a7 Allocation site find_and... operator() find_and_fix... 1120 Be 1ot fixed bt

Figure 14




INTEL® PARALLEL STUDIO EVALUATION GUIDE

Eliminate Memory Errors and
Improve Program Stability

You started exploring a Mismatched allocation/deallocation problem set that contains one Allocation site
and one Mismatched deallocation site observation in the find_and_fix_memory_errors.cpp source file,

Figure 15
A r000mi2 | Start Page - K
)

Memory Errors (level mi2)
@ Overview | P m - ﬁ Details summaries/Subsets Relationships
i Focus Observation: find_and_foc_memory_errors.cpp:175 - Mismatched deallncat_IE| Call stack
174 } ~ !ﬁnd_and_ﬁx_memur}r_ermrs...
175 free(drawing); //Memory Error: use delete inste:s ﬁnd_and_ﬁx_memnr\,-'_errnrs...
175 fidelete drawing;
177 } —=
170 B e B R R e :

< | >

T T

E Related Observation: find_and_fix_memory_errors.cpp:170 - Allocation site Call stack
168 for (int ¥ = r.begin{); ¥ != r.end{); ++y) { ~ !ﬁnd_and_ﬁx_memnr\,r_errnrs...
169 { find_and_fix_memaory_errars ...
170 drawing area * drewing = new drawing asrea(startx,
171 for (int x = startx ; X < stops; x++) | [
172 color © o = render cne pixel (x, v, leeczl mbco ¥

< | >

3 — B
Mismatched allocation/deallocation: Observations in Problem Observation Relationships
ID | Description & Source Fun ... Module Obj... State [

\ —— -

%, Allocation site B find_and_fix_mema... ape ... find_and_fix_mem... Infor... || ﬁ#ﬁ;a:ﬁg s%t: o ﬂ'sr%igzh::dd?ﬁiunm
¥, Mismatchedde... B find_and_fix_memao... ope ... find_and_fix_mem... Berio ..
Figure 15

10
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Interpret the Result Data

Interpret data on the Sources window to determine the cause of the detected memory issue.

Figure 16

S r000mi2 | Start Page

- X | Figure 16

Memory Errors (level mi2)

@ Overview | P m 4 | d& Details

Call stack

174 } S !ﬁnd_and_ﬁx_memnr\,r_errnrs...
175 free (drawing); //Memory Error: use delete inste:z N ﬁnd_and_ﬁx_memnr\,-'_errnrs...
176 fidelete drewing;
177
170 j—"l—v-} [ S S L T T " :
< | >
T T
| Related Observation: find_and_fix_memory_errors.cpp:170 - Allocation si 3 Call stack
168 for (int ¥ = r.begini(); ¥ != r.end(); ++y) { . ﬁnd_and_ﬁx_memnr\,r_errnrs...
169 { N ﬁnd_and_ﬁx_memur\,-'_ermrs...
170 drawing area * drawing = new drawing_ area(startx,
171 for (int X = STEXtx ; X < stopsx; x++) | [
172 coleor © o = render cne pixel (x, v, leeczl wmbeo ¥
+ | ?
=]
Mismatched allocation/deallocation: Observations in Problem Observation
ID | Description & Source Fun ... Module M

¥, Allocation site E find_and_fix_mema ... ope ... find_and_fix_mem...
¥, Mismatched de... !ﬁnd_and_ﬁx_memo... ope ... find_and_fix_mem...

e B[ Allocation site
B rlo ..

Misma tc

—|[&] find_and_fix_m find_and_fix_m

The Observations in Problem Set pane shows all the observations in all the
problems in the Mismatched allocation/deallocation problem set.

@ ®

The Allocation site observation represents the location and associated
call stack from which the memory block was allocated. The Mismatched
deallocation site observation represents the location and associated call
stack attempting the deallocation.

@

The Observation Relationships pane shows the relationship between
the Allocation site and Mismatched deallocation site observations. In
relationship diagrams:

= Each box in a diagram represents an observation in one problem
in a problem set.

= A diagram with a single box is a trivial problem with no related
observation.

= \ertically stacked boxes indicate concurrent observations.

= Boxes arranged left to right with connecting arrows indicate a
time ordering. The Allocation site observation occurs before the
Mismatched deallocation site observation.

= Boxes with connecting lines indicate association.

The Related Observation Code pane shows the source code in the
find_and_fix_memory_errors.cpp source file surrounding the Allocation
site observation. The source code corresponding to the Allocation site
observation is highlighted.

The Focus Observation Code pane shows the source code in the find_
and_fix_memory_errors.cpp source file surrounding the Mismatched
deallocation site observation. The source code corresponding to the
Mismatched deallocation site observation is highlighted.

11
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To access more information on interpreting
and resolving problems:

1. Right-click the Mismatched deallocation site observation in the
Observations in Problem Set pane.

2.Choose Explain Problem to display the Intel Parallel Inspector Help
information for the Mismatched allocation/deallocation problem

type.
To interpret result data:

Look at the code in the Focus Observation Code pane and the
Related Observation Code pane.

The code in the Allocation site observation in the Related
Observation Code pane contains a new allocator, while the code
in the Mismatched deallocation site observation in the Focus
Observation Code pane contains a free() deallocator.

A Mismatched allocation/deallocation problem occurs when
you attempt a deallocation with a function that is not the logical
reflection of the allocator. In the C++ programming language, the
following are matched reflections:

> new and delete
> new(] and delete[]
> malloc() and free()

Only the matching deallocation technique is uniguely aware of all
the memory allocation techniques and internal data storage used by
the allocation technique. Using the wrong deallocation technique will
almost certainly corrupt memory reclamation, its sole job.

NOTE: A Mismatched allocation/deallocation problem does not always
cause an application crash; however, if it does cause a crash, the crash
may occur later at a seemingly unrelated location.

You determined the cause of the Mismatched allocation/
deallocation problem set in the find_and_fix_memory_errors.cpp
source file: new and free are not matching techniques.

Resol\/e the ISSUe /find_and_ﬁx_m...or\(_errors.cpp] rd00mi2 | Start Page

V{g draw_task w ;’—I, operator (const thb::blocked_range<int> &r) const
ACCGSS the MK:FOSOft \/lSUa‘ STUC“O Edrtor to for (unsigned int i=0;i<=(mboxsize/ (sizeof (unsigned int)))ri++)
i H local mbox[i]=0; //Memory Error: C declared arrays go from 0 to length-1
fix the memory issue. =
TO FESO|VE the iSSUE' for (int ¥ = r.begin(); ¥ != r.end() ++v¥)
1.DOUb|e-diCk the hlghllghted COde in the I drawing_area = drawing = new d:awir_c_r_a“_.'ea (startx, totaly-y, Stopx-starg

for (int x = startx ; X < stopx; x++) {

Focus Observation code pane on the

Sources window to open the find_and_
fix_memory_errors.cpp source filein a =
separate tab. From there, you can edit it r
with the Microsoft Visual Studio editor:
Figure 17 }

}

2.Comment free(drawing); and uncomment // !

delete drawing;;
b

if(!

fifree (1

draw_task ()

color_t c = render one_pixel (x, v, local mbox, serial, startx, stg
drawing->put_pixel(c);
}

free (drawing); //Memory Error: use delete inatead of free
f/delete drawing;

video->next frame()) return:

ocal_mbox) ;

i}

Figure 17

12
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Rebuild and Rerun the Analysis

Rebuild the target with your edited source code, and then run another memory error analysis
1o see if your edits resolved the memory error issues.

To rebuild the target:

In the Solution Explorer pane, right-click the find_and_fix_memory_errors project and choose
Build from the pop-up menu.

To rerun the same analysis type configuration as the last-run analysis:

Choose Tools > Intel Parallel Inspector > Re-inspect, or Inspect Memory Errors to execute
the find_and_fix_memory_errors.exe target and display the following: Figure 18

|- NeADaE -|B| x|| Figure 18: Notice that

Using Default Image file the image now displays

Uszse -7 for additional options and usage model r__rs_< correctly‘
M find_and_fix_memagy_... [= ||
Scene contains 8 hounded objects. = —— RV_ —||—|—|

CPU Time: 11.125 seconds.

Success

In this example, we had a bug and the program was not behaving correctly. In addition,
the graphics were not displayed consistently during rendering. After running Intel Parallel
Inspector, we found the bug, and now the graphics render consistently. Often, you will be
able to obtain the same results on your own application by running Intel Parallel Inspector
right out of the box.

However, as you have seen, the time dilation can be significant; this is just the nature of
the technology. In the next section, you will find tips for running large applications on Intel
Parallel Inspector.

IT you have multithreaded your program to take advantage of the new multicare processors
from Intel, you will be excited to learn that Intel Parallel Inspector also detects threading errors
such as latent data races and deadlocks.

Intel Parallel Inspector also has a command-line interface that you can use to automate the
testing of your application on multiple workloads and test cases by running it overnight in
batch mode or as part of a regression test suite.

13



INTEL® PARALLEL STUDIO EVALUATION GUIDE

Eliminate Memory Errors and
Improve Program Stability

Tips for Larger/Complex Applications

Key Concept: Choosing Small,
Representative Data Sets

When you run an analysis, Intel Parallel Inspector executes the
target against a data set. Data set size has a direct impact on target
execution time and analysis speed.

For example, it takes longer to process a 1000x1000 pixel image
than a 100x100 pixel image. One possible reason could be that you
have loops with an iteration space of 1..1000 for the larger image,
but only 1..100 for the smaller image. The exact same code paths
may be executed in both cases. The difference is the number of times
these code paths are repeated.

You can control analysis cost, without sacrificing completeness, by
removing this kind of redundancy from your target.

Instead of choosing large, repetitive data sets, choose small,
representative data sets. Data sets with runs in the time range of
seconds are ideal. You can always create additional data sets to
ensure all your code is inspected.

Managing Threading Errors

Intel Parallel Inspector can also identify, analyze, and resolve threading
errors, such as latent data races and deadlocks in parallel programs.
Subtle errors can manifest intermittently and non-deterministically,
making them extremely hard to find, reproduce, and fix.

Using the Command-line to Automate Testing

As you can seeg, Intel Parallel Inspector has to execute your code

path to find errors in it. Thus, run Intel Parallel Inspector on multiple
versions of your code, on different workloads that stress different
code paths, as well as on corner cases. Furthermore, given the
inherent time dilation that comes with code-inspection tools, it would
be more efficient to run these tests overnight or as part of your
regression testing suite and have the computer do the work for you;
you just examine the results of multiple tests in the morning.

The Intel Parallel Inspector command-line version is called insp-cl,
and is available by opening a command window (Start > Run, type
in “cmd” and press OK) and typing in the path leading to where you
installed Intel Parallel Inspector. Figure 19

“result-dir=<strimng>

-cenfig-list

¢ the results

file names With

To get help on insp-cl, enter --help.

> c:\Program Files\Intel\
Parallel Studio\Inspector\
bin32\insp-cl --help

Figure 19
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The Path to Parallelism

We are here to help developers write correct, high-performing code that
will take advantage of both today's and tomorrow's processing power.
Learn more from Intel experts about parallelism, Intel® Parallel Studio,
and other related subjects.

Related links

Intel® Software Network Forums

Intel® Software Products Knowledge Base

Intel® Software Network Blogs

Intel® Threading Building Blocks Website

Go Parallel—Parallelism Blogs, Papers, and Videos

{
{
{
Intel* Parallel Studio Website
{
{
{

©0][0]0]©]0]©

Free, On-Demand Software Developer Webinars

Check out additional evaluation guides:

{ Locate a Hotspot and Optimize It @}
Optimize an Existing Program by @
Introducing Parallelism

© 2010, Intel Corporation. All rights reserved. Intel, the Intel logo, Intel Centrino, and Intel Core are trademarks of Intel
Corporation in the U.S. and other countries. *Other names and brands may be claimed as the property of others.
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http://software.intel.com/en-us/forums/
http://software.intel.com/en-us/articles/tools/
http://software.intel.com/en-us/intel-parallel-studio-home/
http://software.intel.com/en-us/blogs/
http://software.intel.com/en-us/intel-tbb/
http://www.drdobbs.com/go-parallel/index.jhtml
https://event.on24.com/event/36/88/3/rt/1/index.html?&eventid=36883&sessionid=1&key=D76A2FD29D7444AEC06765011A2D4953&sourcepage=register
http://software.intel.com/en-us/articles/evaluation-guides/
http://software.intel.com/en-us/articles/evaluation-guides/
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