Getting Compiler Advice from the
Optimization Reports

Getting Started Guide

An optimizing compiler can do a lot better with just a few tips from you. We've
integrated the Intel® compilers with Intel® VTune™ Performance Analyzer to make
this easy.

The Intel compiler optimization and vectorization reports contain a wealth of
information to make your application faster. VTune analyzer locates your critical, time
consuming "hot spot” and filters the compiler optimization report to show only the
lines that apply to the code selected. Now you can see what the compiler optimized
and choose pragmas to further improve performance.

For example, a single click tells you that the compiler didn't optimize your critical loop
because of an assumed vector dependency. You know there is no dependency and
insert a pragma telling the compiler to ignore it which may result in a 20 percent
improvement in run time.

Currently, compiler report filtering works exclusively with Intel® C++ and Fortran
Compilers 9.1 and higher, but it utilizes a standard format open to other compilers.
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1 Build the Application

Start with the application used in the final step of the Getting Started Guide of the
VTune analyzer (see <installdir>vtune/doc/ Getting_Started.pdf, if you have the
analyzer installed). The first step is to build the Getting Started application,
gsexample4c.c, using the Intel C++ compiler and aggressive optimizations.

TIP: If you do not have the Intel® Compiler installed, you can use the prebuilt application
file included in this release.

After building the application, time it and use this as your baseline measurement.

1. Build the application with the Intel C++ compiler, version 9.1 using the following
command:
icc -g -03 -xP -o gsexample4c gsexample4c.c
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Build the Application

2. Time the application using:
./gsexampled4c datefile.txt

3. Record the “Average loop iterations/sec”
on the test system, the value was 37,600.

The -03 option tells the compiler to perform high level optimizations and the -xp
option tells the compiler to optimize for Intel® Core™ Duo, Core Solo, and Pentium 4
processors with Streaming SIMD Extensions 3 (see the Quick-Reference Guide to
Optimization with Intel® Compilers).

You need to specify the following compiler options when you build the application with
the Intel C++ compiler. These reports are later viewed from the VTune analyzer user

interface.

Compiler Option Description
-opt-report Generates the optimization report
-opt-report-level max Generates the optimization report with the

maximum level of details.

-opt-report-file gsexample4dc.opt Outputs the report to the file gsexample4c.opt

—-vec-report3 Generate the vectorization report with maximum
details to stdout

—-fno-inline Disables inlining of functions. This setting
simplifies identification of performance related
optimizations

This is the compiler invocation:

icc -g -03 -xP -Ob0 -opt-report -opt-report-level max -opt-report-file
gsexample4c.opt -vec-report3 gsexample4c.c -0 gsexample4c >
gsexampled4c.vec

The compiler builds the application and generates the following files:

e gsexampledc.opt optimization report

e gsexampledc.vec vectorization report

Combine these files using the following command

cat gsexample4c.opt gsexample4.vec > gsexample4.vor
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ldentify a Hotspot using the VTune™
Performance Analyzer

Next, use the VTune analyzer to collect sampling data and identify a “hotspot” in the
application. A hotspot is a portion of code that contributes significantly to the total
processing of the application.

1. Start the graphical user interface of the VTune analyzer using the vtlec command.
If prompted for a workspace, create a new workspace for this example by typing
in a unique, unused name, for example, workspace_optreportexample.

2. Click Add Tuning Activity on the toolbar to open the New dialog box.

3. Click Tuning Activity in the right side of the dialog box and select First Use
Wizard from the list of available wizards.

4. Set the following configuration options:

a. For Application to launch, use the Browse... button to locate the
application: gsexample4c

b. For Application arguments, type in datafile.txt

c. For Working directory, specify the directory containing the application and
data file

5. Click Finish to complete the configuration and begin collecting profiling data.
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Identify a Hotspot using the VTune™ Performance Analyzer

B First Use Wizard (Sampling)

First Use Wizard
Press FINISH to start 'Sampling' profiling

rApplication to profile:

Note that to achive best results your application should be compiled
with both iproduction-level optimizations and debug information enabled.

Application to launch: |

Optional :

L‘ Browse...

Application arguments: |datafi|e‘txt

Working directory: |/‘h0me.-’src/vectest

We recommend you use a different wizard if you are developing:
-in Java - a driver - a user library?

If none of these apply click 'Finish'.

< Back

Next > ‘ Einish |

Browse...

Cancel

Figure 1: First Use wizard settings

The application terminates after 10 seconds and the VTune analyzer displays
the results. At this point, the VTune analyzer may prompt for the kernel’'s
location. This is because much of the activity of the application is now in the
kernel’s processing of the read() function and an uncompressed kernel file
was not located by the VTune analyzer. Select Skip Always since you will

not be tuning any kernel code.

Next, the VTune analyzer displays the Sampling Results window with the
Most Active Function In Your Application table. The function

ProcessBuffer () is consuming most of the cycles in this application. This
application is the most optimized version of the sample application used in

the Getting Started Guide.
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When prompted
for kernel
location:

Select Skip if you
intend to tune the
kernel in this
project.

Select Skip
Always if you do
not intend to tune
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i VTune(TM) Performance Tools - Mon Jan 15 16:25:54 2007 - Sampling Results [dlanders-p-Ix] Summary - Intel(R) Software Development Products B2
File Edit Refactor Navigate Search Project Tuning Run Window Help
|cie @ |3 - B3N Qe | 7 S = [MviuneT.. »

Start (D Help & £ =l TR SR 2 Mon Jan 15 16:25:54 2007 - Sampling Results [dlanders-p-Ix] ... %
Related Topics Most Active Functions In Your Application =
= About Sampling Summary 21| (sampling Hotspot Summary by Process)

V1aw) As your application was running VTune(TM) Performance Analyzer tock a periedic sample
The Summary view displays the to see which function was executing. Improving the performance of the most active
general information on the most functions will create the biggest improvement in overall performance.
adive functl:ns. he defaul Function Name Percentage of the Module
“"9 mayfc hamge t T efault (click to view the source) Process (click to view the function list)
settings of the sampling summary _— "gsexampledc” _—
view in the summary view 7
preference options dialog box. ProcessBuffer 79.75 % gsexample4c
[ secrets of the Sampling View Store2load 3.17 % gsexampledc
B Summary View GenDenormals 0.55 % gsexampledc
B Columns in This View ProcessFile 0.12 % gsexampledc
B Configure the Sampling DoSomeWork 0.10 % gsexampledc
Collector All other functions 16.31 % View All Modules |
[ Troubleshooting Sampling = Total elapsed time: 10.10 seconds
oo All other processes consumed 50.05 % of the whole system (Why is this important?)
& Al Topics % search I Bookmarks View All Processes and their functions
- Command executed: /home/dlanders/src/vectest/checkin/gsexample4c datafile.txt .

M Tuning Browser 2 . Navigator g

- EProjectl El console 2 EY EEI sl = R i =

~ & Sampling Activity Tuning Console
- _ . Mon Jan 15 16:24:01 2007 dlanders-p-1x (Run @) Sampling data was successfully collect 2
~ B Mon Jan 15 16:25:54 2007 - Sely 20 1T 16095.40 2007 dlanders-p1x (Run @) Setting Sampling CPU mask to 0-1
» BERun 1 Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run 8) The processor PMU configuration file:

Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run 8) Collection for the following event(s) J
Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run @) Clockticks.

Mon lan 15 16:25.54 7887 dlanders-n-1x (Run B) Samnline data was successfully collectl

| | o] 0]

KT

|

Figure 2: First Use Activity results

Click the first function name, ProcessBuffer to open the source view for this
function. The source view automatically scrolls to the beginning of this function.
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Viewing the Compiler Reports
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HVTune(TM) Performance Tools - gsexample4c.c - Intel(R) Software Development Products B2
File Edit Refactor Navigate Search Project Tuning Run Window Help
Fiw b g |2 v BB OB B e | Qv 4 |0 G = |MvTune(T... *
Start (D Help & e o« ¥ 7 O|Mwelcome | Mon Jan 15 16:25:54 2007 - Sampling Re... W gsexampledc.c X Rl
Related Topics ERBR2R 462 B e uDE
~ About Source/Assembly View = | Line Suurc=| Go to Largest Hotspot for CIockt\'cksL Kticks =
Right-click the events for display Rl
cotons Usethe toooar butons | fER
to: 126 St 1 * ‘
- switch between int j, iChkSum = *pCRC;
source and disassembly views. 127 long | = I1BufLen; J
- Navigate to the 128
function start or to the next 129 To fully utilize this example, please see the Ge
function.
- Navigate to the 130 n the documentation directory. For the exact |
code lines that took a long time to 131 doc_index.htm file in the VTune analyzer install
execute, Click a column to select 132 for (j = 0; j < IBufLen; j++) 31.01%
the event and dlick the "largest”, 133
"previous", or "next" hotspot { L=
button. I 3 Y | S |
- Select code =
lines and click the Optimization Size Name Clockticks
Report button to view the =l
Go To: --- Select... 95.23% J
All Topics % search W sookmarks 0x92 ProcessFile  0.14%
ProcessBuffer
M Tuning Browser ¥ . Navigator = O Im =
< (3 Project1 El console 2 % ol 2 BE-r9-°0
~ & Sampling Activity Tuning Console I
- _ . Mon Jan 15 16:24:01 2007 dlanders-p-1x (Run @) Sampling data was successfully collect 2
~ B Mon Jan 15 16:25:54 2007 - Sely 20 1T 16095.40 2007 dlanders-p1x (Run @) Setting Sampling CPU mask to 0-1
» BERun 1 Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run 8) The processor PMU configuration file:
Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run 8) Collection for the following event(s) J
Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run @) Clockticks.
Mon lan 15 16:25.54 7887 dlanders-n-1x (Run B) Samnline data was successfully collectl
[ 2 0]

Figure 3: Source View for ProcessBuffer

Next, click Go to Largest Hotspot for Clockticks |‘§to scroll to the line with the most
Clockticks events. Notice that it is in the loop of the ProcessBuffer () function.

3

Viewing the Compiler Reports

To view the opt report for this code, select the source lines that comprise the ‘for’ loop

and press the Optimization Report button

Getting Started Guide
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i VTune(TM) Performance Tools - gsexample4c.c - Intel(R) Software Development Products

S|E]F]

File Edit Refactor Navigate Search Project Tuning Run Window Help

mtl B NN N 5 N N S

start | 1D Help 2 ¢ ¥ = 8 Mwelcome [ Mon lan 15 16:25:54 2007 - Sampling Re...

=] IVTune(T... »

W gsexampledc.c %

EEX B2 486 0 v EE S

Related Topics

= About Source/Assembly View

Right-click the events for display
options. Use the toolbar buttons
to:

- Switch between

source and disassembly views.

- Navigate to the

function start or to the next

Source

% W 1 &
Optimization Report

CIoCKTICKS

Go To:
All Topics % search M Bookmarks 0x9E Store2load 3.78%

function.

- Navigate to the _

code lines that took a long time to 137 *pCRC = iChkSum; 0.06%

f:ecute.tchdg al ciltérrrnn‘to SEliEt 138 return §; B
e event and click the "largest”,

"previous", or "next" hotspot T T — o] [T I3}

buttan. =]

- Select code Size Name Clockticks

lines and click the Optimization

Report button to view the =l == Selact... 95.13%

M Tuning Browser ¥ - Navigater = O/ E console 32
= ([@Projectl Tuning Console
- &Sampling Activity

Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run @) Clockticks.

Mon Jan 15 16:24:01 2807 dlanders-p-1x (Run @) Sampling data was successfully collect|<]

Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run 8) Setting Sampling CPU mask to 8-1

= B¥Mon Jan 15 16:25:54 2007 - S Mon Jan 15 16:25:44 2007 dlanders-p-1x (Run @) The processor PMU configuration file:
b @:Run 1 Mon Jan 15 16:25:44 2807 dlanders-p-1x (Run @) Collection for the following event(s)

Mon Jan 15 16:25:54 2807 dlanders-p-1x (Run 8) Sampling data was successfully collect

w bd | o B~ - T H

| 0]

| J3 | K

Figure 4: Selecting the hottest code lines and opening the Optimization Reports

A dialog opens and prompts for the optimization report file.

E Open OptReport File
|/h0me/dlanders/srcjvectest/check\'n ﬂ
Folders ‘ Files B

ETgsexampledc.c

[l gsexampleac.cr
[l gsexample4c.opt
[l gsexampledc.vec
[l gsexamplead

El acavarmnladd « =1

I i

File name: |gsexamp|e4c.vor

Files of type: |AII Files (*.*) j

oK Cancel |

Figure 5: Selecting the Optimization Report file

Select the gsexample4c.vor file, the Optimization Report window opens. Select the
VEC (vectorization) phase from the drop down list.
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Console| = opt Report E’Sﬂ\\u =8
JQ A om _IALL Phase ¥

src/vectest/gsexampledc.vor

~ EEE O

1PO ROUTI|IPO INLININC|ROPAGATION: main

"""""" IPO ROUTINE[
BEFORE PGO

VEC -

<] hlo |

hlo_scalar_re [

¥ | hlo_unroll
-

Eigure 6: Select the VEC phase of the report

Vectorization automatically parallelizes code to maximize underlying processor
capabilities. This advanced optimization analyzes loops and determines when it is safe
and effective to execute several iterations of the loop in parallel by utilizing MMX™,
SSE, SSE2, and SSE3 instructions. Vectorization is one of the premier ways that Intel
compilers get the most performance out of the Intel® Core™2 Duo and Intel
NetBurst® architecture-based processors (more on vectorization).
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m VTune(TM) Performance Tools - gsexampledc.c - Intel(R) Software Development Products

B]E]%]

Eile Edit Refactor Navigate Search Project Tuning Run Window Help

[T

B OB O3 NN | Q|0 e T |MvTune(T... *
Start | {2 Help & G = ¥ = 8 Mwelcome B Mon Jan 15 16:25:54 2007 - Sampling Re... W gsexampledc.c x =l
Related Topics EETE RBER 4L 4V BB L Y NH
. = (-]
About Source/Assembly View S Clockticks
Right-click the events for display
options. Use the toolbar buttons
to: =
.01%
- Switch between J
source and disassembly views. _
;ungtt?an start or to the next
unction.
- Navigate to the _
code lines that took a long time to 137 *pCRC = iChkSum; 0.06% =
execute. Click a column to select 3 Sl ol |
the event and click the "largest”, =
"previous", or "next" hotspot : .
button. Size Name Clockticks
- Select code J
lines and click the Optimization -~ Select...  95.13%
Report button to view the =l Im EERELS
Go To: E
All Topics % search Hl Bookmarks | Console T Opt Report &2 =g
B Tuning Browser & . Navigator| = O Jhl < & JNEC ﬂ
- GProject1 /home/dlanders/src/vectest/checkin/gsexampledc.vor -l
VEC (122-132):
= &ysampling Activity ( _________ J
- E¥Mon Jan 15 16:25:54 2007 - S¢ remark: vector dependence: assumed FLOW dependence between iChkSum line 135 and iChkSum line 135,
b B Run 1
VEC (132-132):
remark: loop was not vectorized: existence of vector dependence. ﬂ
iKY i

Figure 7: VEC phase report

In our example, the VEC report indicates that the loop was not vectorized because of
a FLow dependence of ichksum (IMOre on loop dependencies).

Optimizing the Code

At this point, examine the code and determine if you can change the code to enable
the compiler to vectorize the loop. In this case, reviewing the algorithm reveals that
the modulo part of the equation is required only as the final step of the function.
Thus, you can change this code (in gsexample4c.c):

for (j

{

}

*pCRC

= 0; j < 1BufLen; j++)
iChkSum += pBuf[j];
iChkSum = iChkSum % 256;

iChkSum;

10
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To this code (in gsexample4d.c):

for (j = 0; j < 1lBuflLen; j++)
{
iChkSum += pBuf[j];

}

*pCRC = iChkSum % 256;

This change enables the compiler to vectorize the loop. Verify this by building the
gsexample4d application and generating the optimization and vectorization reports.
The vectorization report shows:

gsexampled4d.c(132) : (col. 2) remark: LOOP WAS VECTORIZED.

The resulting executable displays a dramatic increase in performance: 94,000 versus
37,600 loop iterations/sec on our system.

Finally, rerun the test under the VTune analyzer. You can see that the processing is
more evenly distributed as the function ProcessBuffer () now only consumes ~48%
of the total cycles vs. the ~80% in the 4c version.

il VYTune(TM) Performance Tools - Mon Jan 15 16:42:27 2007 - Sampling Results [dlanders-p-Ix] Summary - Intel(R) Software Development Products =g

Eile Edit Refactor MNavigate Search Project Tuning Run Window Help

i -l RN Qe Oy ﬁ|EVTune(T... »
start | (D Help 2 @ = ¥ = 0 M welcome Mon Jan 15 16:42:27 2007 - Sampling Results [dlanders-p-Ix] ... ¥ ~ =0
Related Topics Most Active Functions In Your Application =
~ About Tuning Browser = (sampling Hotspot Summary by Process)
Use the Tuning Browser to As your application was running VTune(TM) Performance Analyzer took a periodic sample
navigate your projects. Select an to see which function was executing. Improving the performance of the most active
item and click "+" in the toolbar to functions will create the biggest improvement in overall performance.
create a new Activity. Function Name Percentage of the Module
[ secrets of the Tuning Browser (click to view the source) Process (click to view the function list)

"gsexampledd"
5 Tuning Browser _gsexamp

ProcessBuffer 46.04 % gsexample4d

~ Dynamic Help StoreZLoad 9.08 % gsexamplead
Search results: GenDenormals 1.46 % gsexampledd
& About Projects in the DoSomeWork 0.33 % gsexampledd

Integrated Eclipse* = o

Environment for Linux* main 0.25 % gsexample4d

: o .
B Troubleshooting User Interface All other functions 42.84 % View All Modules I
" Total elapsed time: 10.33 seconds
E About Activities =l o
GoTo: All other processes consumed 50.20 % of the whole system (Why is this important?)

All Topics % search M Bookmarks View All Processes and their functions

Command executed: /home/dlanders/src/vectest/checkin/gsexample4d datafile.txt

2 Tuning Browser % SEVCIGEdia= =l
pi| = B 5. =0

= B Mon Jan 15 16:41:39 2007 - 4] = Console & Ex ol L
= B Run 1 Tuning Console
@C\ockticks Mon Jan 15 16:41:29 2807 dlanders-p-1x (Run @) Collection for the following event(s) Z‘
Mon Jan 15 16:41:29 2807 dlanders-p-1x (Run @) Clockticks.
- B Mon Jan 15 16:42:27 2007 - Mon Jan 15 16:41:39 2807 dlanders-p-1x (Run @) Sampling data was successfully collect
<~ BhRun 1 Mon Jan 15 16:42:16 2807 dlanders-p-1x (Run 8) Setting Sampling CPU mask to 8-1 J
Mon Jan 15 16:42:16 2807 dlanders-p-1x (Run @) The processor PMU configuration file:
@C‘OCKUCKS =] Mon Jan 15 16:42:16 2887 dlanders-p-1x (Run 0) Collection for the following event(s) x|
d \ i ! | 0|

Figure 8: VTune analyzer results after vectorizing the application
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