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Legal Information
No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this
document.

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of
merchantability, fitness for a particular purpose, and non-infringement, as well as any warranty arising from
course of performance, course of dealing, or usage in trade.

This document contains information on products, services and/or processes in development. All information
provided here is subject to change without notice. Contact your Intel representative to obtain the latest
forecast, schedule, specifications and roadmaps.

The products and services described may contain defects or errors which may cause deviations from
published specifications. Current characterized errata are available on request.

Intel processor numbers are not a measure of performance. Processor numbers differentiate features within
each processor family, not across different processor families. Go to: Learn About Intel® Processor Numbers

Software and workloads used in performance tests may have been optimized for performance only on Intel
microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
computer systems, components, software, operations and functions. Any change to any of those factors may
cause the results to vary. You should consult other information and performance tests to assist you in fully
evaluating your contemplated purchases, including the performance of that product when combined with
other products.

Cilk, Intel, the Intel logo, Intel Atom, Intel Core, Intel Inside, Intel NetBurst, Intel SpeedStep, Intel vPro,
Intel Xeon Phi, Intel XScale, Itanium, MMX, Pentium, Thunderbolt, Ultrabook, VTune and Xeon are
trademarks of Intel Corporation in the U.S. and/or other countries.

*Other names and brands may be claimed as the property of others.

Microsoft, Windows, and the Windows logo are trademarks, or registered trademarks of Microsoft Corporation
in the United States and/or other countries.
© Intel Corporation.
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Overview

 Discover how to use Memory Access analysis of the Intel® VTune™ Amplifier to identify false sharing -
the performance issue that occurs when two different threads access different data that is located on the
same cache line.

About This
Tutorial

This tutorial uses the sample linear_regression and guides you through basic
steps required to analyze the code for false sharing.

Estimated
Duration

10-15 minutes.

Learning
Objectives

After you complete this tutorial, you should be able to:

• Choose an analysis target.
• Run the Memory Access analysis.
• Understand the memory-related performance metrics.
• Identify memory objects with high average latency.
• Analyze the source code to locate the code lines that introduced the memory

access issue.
• Verify the code optimization.

More Resources • Intel VTune Amplifier tutorials (HTML, PDF): https://software.intel.com/en-us/
articles/intel-vtune-amplifier-tutorials/

• Intel VTune Amplifier support page: https://software.intel.com/en-us/intel-vtune-
amplifier-xe-support/

• Intel Parallel Studio XE support page: https://software.intel.com/en-us/intel-
parallel-studio-xe/

• Intel System Studio support page: https://software.intel.com/en-us/intel-system-
studio/

Start Here
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Navigation Quick Start 1
 Intel® VTune™ Amplifier provides information on code performance for users developing serial and

multithreaded applications on Windows*, Linux*, Android, and OS X* operating systems. VTune Amplifier
helps you analyze algorithm choices and identify where and how your application can benefit from available
hardware resources.

VTune Amplifier XE Access
VTune Amplifier installation includes shell scripts that you can run in your terminal window to set up
environment variables:

1. From the installation directory, type source amplxe-vars.sh.

This script sets the PATH environment variable that specifies locations of the product graphical user
interface utility and command line utility.

NOTE
The default installation directory is:

• For root users: /opt/intel/vtune_amplifier_xe_version
• For non-root users: $HOME/intel/vtune_amplifier_xe_version

2. Type amplxe-gui to launch the product graphical interface.

VTune Amplifier for Systems Access
VTune Amplifier installation includes shell scripts that you can run in your terminal window to set up
environment variables:

1. From the installation directory, type source amplxe-vars.sh for bourne or korn or bash shells, or
source amplxe-vars.csh if you are using the C shell.

This script sets the PATH environment variable that specifies locations of the product graphical user
interface utility and command line utility.

The default installation directory is /opt/intel/system_studio_version/
vtune_amplifier_version_for_systems.

2. Type amplxe-gui to launch the product graphical interface.

Navigation Quick Start  1  
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VTune Amplifier GUI

Configure and manage projects and results, and launch new analyses from the primary toolbar. Click
the Configure Project button on this toolbar and use the Analysis Target tab to manage result file
locations. Newly completed and opened analysis results along with result comparisons appear in the
results tab for easy navigation.

Use the VTune Amplifier menu to control result collection, define and view project properties, and set
various options.

The Project Navigator provides an iconic representation of your projects and analysis results. Click
the Project Navigator button on the toolbar to enable/disable the Project Navigator.

Click the (change) link to select a viewpoint, a preset configuration of windows/panes for an
analysis result. For each analysis type, you can switch among several viewpoints to focus on
particular performance metrics. Click the yellow question mark icon to read the viewpoint
description.

Switch between window tabs to explore the analysis type configuration options and collected data
provided by the selected viewpoint.

Use the Grouping drop-down menu to choose a granularity level for grouping data in the grid.

Use the filter toolbar to filter out the result data according to the selected categories.

See Also
Click here for more Getting Started Tutorials
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Identifying False Sharing 2
 You can use Intel® VTune™ Amplifier to identify the cause of false sharing. This tutorial guides you

through the steps using a sample application named linear_regression.

Step 1. Prepare for
analysis

Build an application.

Step 2. Identify false
sharing

• Configure a new VTune Amplifier project and run the Memory Access
analysis.

• Interpret the result data and analyze code.

Step 3. Remove false
sharing

Modify the code to remove false sharing.

Step 4. Verify optimization Re-run the Memory Access analysis to understand whether you got rid of
false sharing.

Build Application

 Before you start analyzing your target application for false sharing, do the following:

1. Get software tools.
2. Build application with full optimizations.

Identifying False Sharing  2  
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Get Software Tools
Install the following tools:

• Intel® VTune™ Amplifier, which includes the sample application linear_regression
• tar file extraction utility
• GNU* C++ compiler

Acquire Intel VTune Amplifier

If you do not already have access to the VTune Amplifier , you can download an evaluation copy from http://
software.intel.com/en-us/articles/intel-software-evaluation-center/.

NOTE
This document focuses on using the VTune™ Amplifier in Intel® Parallel Studio XE Professional Edition.
You may see minor differences if you installed a different Intel product. For more information on
product capabilities in your installed product, see the product-specific supplemental documentation in
<install-dir>/<Intel_product>/documentation/.

Install and Set Up VTune Amplifier Sample Applications

1. Copy the linear_regression_vtune_amp_xe.tgz file from the <install-dir>/samples/
<locale>/C++/ directory to a writable directory or share on your system.

NOTE
The default installation path for the VTune Amplifier is /opt/intel/vtune_amplifier_version. For
the , the default <install_dir> is:

• For super-users: /opt/intel/system_studio_version/vtune_amplifier
• For ordinary users: $HOME/intel/system_studio_version/vtune_amplifier

2. Extract the sample from the .tgz file.

NOTE

• Samples are non-deterministic. Your screens may vary from the screen captures shown throughout
this tutorial.

• Samples are designed only to illustrate the VTune Amplifier features; they do not represent best
practices for creating code.

Build the Target
Build the target with full optimizations, which is recommended for performance analysis.

1. Browse to the directory where you extracted the sample code (for example, /home/samples/
linear_regression). Make sure this directory contains Makefile.

2. Clean up all the previous builds using the following command:

$ make clean
3. Build your target:

$ make
The lreg-pthread application is built and stored in the linear_regression directory.

  2  Tutorial: Identifying False Sharing

8

HTTP://SOFTWARE.INTEL.COM/EN-US/ARTICLES/INTEL-SOFTWARE-EVALUATION-CENTER/
HTTP://SOFTWARE.INTEL.COM/EN-US/ARTICLES/INTEL-SOFTWARE-EVALUATION-CENTER/


Key Terms
• Target

Next Step
Configure and Run Analysis

Configure and Run Analysis

 After building the sample application, configure the Intel®VTune™ Amplifier for the Memory Access
analysis as follows:

1. Create a VTune Amplifier project, which is a container for an analysis target and analysis type
configuration and data collection results.

2. Specify your target application for analysis.
3. Select and run the Memory Access analysis to identify and resolve false sharing.

Create a Project
1. Set the EDITOR or VISUAL environment variable to associate your source files with the code editor (like

emacs, vi, vim, gedit, and so on). For example:

$ export EDITOR=gedit
2. Execute the amplxe-vars script, located in the product installation directory, to set up the

environment.
3. Run the amplxe-gui script to launch the VTune Amplifier GUI client.
4.

Click the  menu button and select New > Project... to create a new project.

The Create a Project dialog box opens.
5. Specify the project name lreg-pthread that will be used as the project directory name and click the

Create Project button.

By default, the VTune Amplifier creates a project directory under the $HOME/intel/amplxe/projects
directory, and opens the New Amplifier Result tab with the Analysis Target sub-tab active.

Specify Analysis Target
To specify your application as analysis target, configure the Analysis Target tab:

1. From the Accessible Targets group on the left, select the local type.
2. Select Launch Application from the analysis target drop-down menu on the right.
3. In the Application field, click the Browse button and navigate to the lreg-pthread application.
4. In the Application Parameters field, enter <sample_code_dir>/key_file.txt.
5. Click the Choose Analysis button on the right to switch to the Analysis Type tab.

Identifying False Sharing  2  
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Configure and Run Memory Access Analysis
1. In the Analysis Type tab, select the Microarchitecture Analysis > Memory Access analysis type

from the analysis tree on the left.
2. In the configuration pane on the right, select the Analyze memory objects option to enable the

instrumentation of memory allocation/de-allocation, and to map hardware events to memory objects.
3. Set the Minimal memory object size to track to 1 byte to capture all memory allocations.
4. Click the Start button on the right to run the analysis.

  2  Tutorial: Identifying False Sharing
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VTune Amplifier launches the lreg-pthread application, which takes the key_file.txt as input and
generates a statistical summary of linear approximation points before exiting. When the application exits,
depending on how the collection run was configured, the VTune Amplifier completes the collection and enters
the finalization process, where data are coalesced, symbols are reconnected to their addresses, and certain
data are cached to speed the display of results.

NOTE
To make sure the performance of the application is repeatable, conduct the entire tuning process on
the same system with a minimal amount of other software executing.

Key Terms
• Finalization
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Next Step
Interpret Results

Interpret Results

 When the sample application exits, the Intel®VTune™ Amplifier finalizes the results and opens the
Memory Usage viewpoint. Each window or pane in the Memory Usage viewpoint is configured to
characterize how effectively your application uses memory resources and helps you identify potential
memory access related issues. To interpret the data on the sample code performance, do the following:

1. Understand the basic performance metrics provided by the Memory Access analysis.
2. Identify memory access issues.
3. Analyze code.

Understand the Memory Access Metrics
Start analysis with the Summary window. To interpret the data an understand what each performance

metric means, hover over the question mark icons  and read the pop-up help.

The Result Summary section provides the following metrics on the overall application performance:

The Elapsed time metric shows the wall time from the beginning to the end of the collection. Treat this
metric as your basic performance baseline against which you will compare subsequent runs of the
application. The goal of your optimization is to reduce the value of this metric.

VTune Amplifier highlights metric values that exceed the threshold set for the corresponding metric. Such a
value highlighted in red and marked with a flag signifies an application-level memory access issue. Hover
over the highlighted metric value to view a description of the detected issue, potential causeб and
recommendations on the next steps.

For the lreg-pthread application, the following metrics are high:

  2  Tutorial: Identifying False Sharing

12



• Memory Bound - this metrics shows how memory issues affect the performance.
• L1 Bound - this metric shows how often machine was stalled without missing the L1 data cache.
• L3 Bound - this metric shows how often CPU was stalled on L3 cache, or contended with a sibling Core.

To identify the cause, you need to explore the Bottom-up pane.

The Top Memory Objects by Latency section displays memory objects (variables, data structures, arrays)
that introduced the highest latency to the execution of the application.

For the sample application, the linear_regression_pthread.c.136(512 B) object introduced the highest
latency.

Identify Memory Access Issues
From the Top Memory Objects by Latency section, click the top memory object that introduced the
highest latency to open the Bottom-up window on the selected object. By default, the data in the grid is
sorted by Memory Object. You may change the grouping level using the Grouping drop-down menu at the top
of the grid.

You see that the size of the highlighted linear_regression_pthread.c:136 memory object is only 512
bytes. The object should fit fully into the L1 cache, however the Average Latency metric shows a latency of
37 cycles. This value far exceeds the normal L1 access latency and indicates that the application has a
contention issue that can be due to either true or false sharing.

Analyze Code
You identified the memory object that introduced the memory access issue. Double-click the
linear_regression_pthread.c:136 (512 B) object to view the source code. VTune Amplifier opens the
source code highlighting location where the linear_regression_pthread object was allocated.

Identifying False Sharing  2  
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You see that the tid_args variable allocates memory to the lreg_args structure using the num_procs
variable (the number of threads) as the size of the structure.

To find the source code that accesses the lreg_args structure:

1. Open the Bottom-up window.
2.

Click the arrow sign  to expand the linear_regression_pthread.c:136 (512 B) object.
3. Double-click the linear_regression_pthread function.

  2  Tutorial: Identifying False Sharing
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You see that the threads independently access their elements in the array that is located on the same cache
line, and this indicates false sharing. You need to optimize the source code to make threads always access
different cache lines.

Key Terms
• Elapsed Time
• Memory Access Analysis
• Viewpoint

Next Step
Remove False Sharing

Remove False Sharing

 In the Source window, you identified the function that causes false sharing. To solve this issue, do the
following:

• Open the code editor.
• Modify the code to remove the false sharing.

Open the Code Editor

In the Source window, click the Source Editor button to open the linear_regression_pthread.c file
in the default code editor at the highlighted line:

Identifying False Sharing  2  
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Remove False Sharing
To remove false sharing, edit the lreg_args structure by adding padding so that threads always access
different cache lines. Do the following:

  2  Tutorial: Identifying False Sharing
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1. Add a new line after line 49 and enter char pad[80];

This command adds required padding to the lreg_args structure.
2. Save the changes made in the source file.
3. Browse to the directory where you extracted the sample code (for example, /home/myuser/samples/

tachyon).
4. Rebuild your target in the release mode using the make command as follows:

$ make clean
$ make
The lreg-pthread application is rebuilt and stored in the linear_regression directory.

Key Terms
• False Sharing

Next Step
Verify Optimization

Verify Optimization

 You optimized the code by adding padding that should give the improvement in the application
execution time. To understand whether you got rid of false sharing and what kind of optimization you got, re-
run the Memory Access analysis on the optimized code

1.
From the Intel®VTune™ Amplifier toolbar, click the New Analysis button.

The Choose Target and Analysis Type window opens with the Analysis Type tab active.
2. Select Microarchitecture Analysis > Memory Access analysis type and click the Start button.

VTune Amplifier reruns the Memory Access analysis for the updated lreg-pthread target and creates a
new result, r001macc, that opens automatically.

Identifying False Sharing  2  
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3. In the r001macc result, click the Summary pane to see the Elapsed time and Memory Bound values for
the optimized code:

You see that the Elapsed time has significantly reduced: from 8.708 seconds to 2.048 seconds; and
memory access metrics values do not exceed the threshold anymore. This means that there is no
longer false sharing - two threads are executing efficiently, since they are accessing different cache
lines for data.

Key Terms
• Elapsed Time
• False Sharing

See Also
Summary

  2  Tutorial: Identifying False Sharing

18



Summary 3
 You have completed the Identifying False Sharing tutorial. Here are some important things to

remember when using the Intel® VTune™ Amplifier to analyze your code for false sharing:

Step Tutorial Recap Key Tutorial Take-aways

1. Prepare for
analysis

You built the target in the Release
mode.

Make sure to use the same workload for
each application run.

2. Identify False
Sharing

You created the VTune Amplifier
project for your analysis target and
launched the Memory Access data
collection that identifies memory-
related issues and attributes
performance events to memory
objects:
• Analyzed the data provided in the

Memory Usage viewpoint,
explored the memory-related
metrics, and found the memory
object with the highest latency.

• Identified the code section where
the memory object was allocated
and identified false sharing.

• Start analyzing the performance of your
application from the Summary window
to explore the memory access metrics
for the whole application. Then, move to
the Bottom-up window to analyze the
performance per memory object. Focus
on the objects with the highest average
latency.

• Double-click the function in the Bottom-
up pane to open its source code and
identify the code line that indicates false
sharing.

3. Remove False
Sharing

You edited the function structure by
adding padding and rebuilt the
application.

Use the  Source Editor button to open
the code editor from the VTune Amplifier.

4. Check your
work

You ran the Memory Access analysis
on the optimized code and got
performance gain of 6.66 seconds.

Perform regression testing to understand
whether you got rid of memory-related
issues.

Next step: Prepare your own application(s) for analysis. Then use the VTune Amplifier to find and eliminate
false sharing.

See Also
Click here for more Getting Started Tutorials
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Key Terms 4
Elapsed time: The total time your target ran, calculated as follows: Wall clock time at end of application
- Wall clock time at start of application.

false sharing: The performance issue that occurs when two different threads access different data that is
located on the same cache line.

finalization: A process during which the VTune Amplifier converts the collected data to a database, resolves
symbol information, and pre-computes data to make further analysis more efficient and responsive.

Memory Access analysis: Event-based analysis that measures a set of metrics to identify memory access
related issues (for example, specific to NUMA architectures).

target: A target is an executable file you analyze using the VTune Amplifier.

viewpoint: A preset result tab configuration that filters out the data collected during a performance analysis
and enables you to focus on specific performance problems. When you select a viewpoint, you select a set of
performance metrics the VTune Amplifier shows in the windows/panes of the result tab. To select the
required viewpoint, click the (change) link and use the drop-down menu at the top of the result tab.

See Also
Click here for more Getting Started Tutorials
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