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Agenda

* Intel® VTune Amplifier XE Overview
— Features
— Data collectors
— Analysis types

« Key Concepts
« Collecting performance data in cluster environment
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Intel® Cluster Studio XE :

Phase Product

Intel® MPI
Library

Feature

High Performance Message
Passing (MPI) Library

Benefit

Enabling High Performance Scalability,
Interconnect Independence, Runtime
Fabric Selection, and Application
Tuning Capability

Intel®
Composer XE

C/C++ and Fortran compilers

and performance libraries

+ Intel® Threading Building Blocks

 Intel® Cilk™ Plus

- Intel® Integrated Performance
Primitives

- Intel® Math Kernel Library

Enabling solution to achieve the
application performance and scalability
benefits of multicore and forward scale
to many-core

ntel®
nspector XE

Memory & threading dynamic
analysis for code quality

Static Security Analysis for code
quality

Increased productivity, code quality,
and lowers cost, finds memory,
threading , and security defects before
they happen

Now MPI enabled at every cluster node

Intel® Trace
Analyzer &
Collector

MPI Performance Profiler for
understanding application
correctness & behavior

Analyze performance of MPI programs
and visualize parallel application
behavior and communications patterns
to identify hotspots

Intel® VTune™
Amplifier XE

Performance Profiler for
optimizing application
performance and scalability

Software & Services Group, Developer Products Division (‘' "-el

Remove guesswork, saves time, makes
it easier to find performance and
scalability bottlenecks

Now MPI enabled at every cluster node

®
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Intel® VTune™ Amplifier XE

Where is my application...

Spending Time?

Function = o
- Call Stack =] CPUTime~

+BazeThreadInitThi 0.000s |

* Focus tuning on functions
taking time

* See call stacks

* See time on source

e Windows & Linux
* Low overhead
* No special recompiles

Performance Profiler

Wasting Time?

* See cache misses on your
source

* See functions sorted by
# of cache misses

Waiting Too Long?

Wait Timew

) ) Wait
‘ ‘IE”E IF'I:u:lr ":ll\': lIl:Ir;al Count

4s | 1:.277

5,499

* See locks by wait time

* Red/Green for CPU
utilization during wait

Advanced Profiling For Scalable Multicore Performance
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Intel® VTune™ Amplifier XE

Tune Applications for Performance

* Fast, Accurate Performance Profiles
— Hotspot (Statistical call tree)
— Hardware-Event Based Sampling (EBS)

U Th read PrOfi I i ng |§§ Analysis Target| | AnalysisType‘ |E.! Collection log| | i Summary| ++) Bottom-up| | *= Top-down Tr »
— Visualize thread interactions on timeline
— Balance workloads Function () e Mode
S Easy Set'up .Idle .P.:..:.r _‘ Ok .Ideal .D'v'er
— Pre-defined performance profiles N . z.'fii— S TR
— Use a normal production build ProcessFing 45925 SystemPro
) [ BaseThreadInitThunk | 2.566s [ (RN ¥
[# Ogre:FileStreamData¥ 2.56 ;_ C
« Compatible O Fiesramtass 256 B
— Microsoft, GCC, Intel compilers 1-:;}3;=
— C/C++, Fortran, Assembly, C#,.NET
— Latest Intel® processors 5
and compatible processors’ 5 o e
O Find Answers Fast i ﬁ unning
— Filter extraneous data o
— View result.s on.the source / assembly R e U
— Event multiplexing ' (£ Frames over Ti
N WindOWS or Linux * ¥ Module: [T - [GERINTR Only user functions  ~ S

— Visual Studio Integration (Windows)
— Standalone user i/f and command line
— 32 and 64-bit

11A32 and Intel® 64 architectures.
Many features work with compatible processors.
Event based sampling requires a genuine Intel® Processor.

Software & Services Group, Developer Products Division ('ntel,]
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Intel® VTune™ Amplifier XE

Powerful EBS Made Easier

System Wide Event Based Sampling (EBS)
uses the on chip PMU to count performance
events like cache misses, clock ticks and
instructions retired.

Predefined EBS Profiles

Easy EBS setup for newer processors.

No memorizing complex event names.

Profiles vary by microarchitecture.

(Full custom profiles also available)

Opportunities Highlighted

General Exploration turns the cell pink when it
suspects a tuning opportunity is present. Hover
gives suggestions.

Pinpoint tuning opportunities

See opportunities like cache misses.

View results on the timeline, in the grid view or
on your source.

Every Intel® Processor
has an on chip
Performance Monitoring
Unit (PMU).

Advanced Intel(R) Core(TM] 2 Processor Family Analysis
. Bandwidth
. Bandwidth Breakdown
. Cycles and uOps

Analysis Type

. General Exploration

B Memory Access

PML Bvent Count
CPU_CLK... v % INST_RETIRE...
22,566,000,000 51,210,000,000 0441
11,304,000,000 10,778,000,000 1.049

11,030,000,0001he cp1 may be toa high. This could be
1,580,000 00qinstruction starvation, branch mispredic

Branch
Mispredict]

JFunction El

initialize_20_buffer
grid_intersect
sphere_intersect
grid_bounds_interse

Source

float rx, ry, rz = 1. £/{pos.z - prevPc

E float paraml = {(ARBB_zMin - prevPFos_=z)

77| £float paramZ2 = (ALBB.zMax - prevPos.z)
78| bool neg = {(rz < 0.£);
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High-level Features
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VTune™ Amplifier XE

High-level Features

« Hardware Event-based sampling (EBS)
— Allows micro-architectural tuning
— Improved usability

» Hotspot analysis (Software sampling)
— Provides the time consuming regions of your application

— Provides associated call-stacks that let you know how you got to
these time consuming regions

— Call-tree built using these call stacks

« Concurrency and Lock& Waits Analysis (Thread Profiling)
— Visualize thread activity and lock transitions in the timeline
— Provides lock profiling capability
— Shows CPU/Core utilization and concurrency information

Software & Services Group, Developer Products Division ('ntel,]
8

Optimization Notice DCopyright@ 2010, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners. Software



VTune™ Amplifier XE

High-level Features

« Attach to running processes

— Hotspot and Concurrency analysis modes can attach to running
processes

« System wide data collection

— EBS modes allows system wide data collection and the tool provides
the ability to filter this data

« GUI

— Standalone GUI available on Windows* and Linux

— Microsoft* Visual Studio integration
« Command line support

— Comprehensive support for regression analysis and remote collection
« Platform & application support

— Windows* and Linux

— Microsoft* C# applications

Software & Services Group, Developer Products Division ('ntel,]
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VTune™ Amplifier XE

Improved data collection and visualization

 Timeline correlation of thread and event data

— Populates thread active time with event data collected for that
thread

— Ability to filter regions on the timeline

* Advanced source and assembly views

— See event data graphed in the source/assembly display
— Visualize and analyze assembly as basic blocks

* Provides pre-defined tuning experiments

®
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Data Collectors and Analysis Types
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VTune™ Amplifier XE

Data Collectors

 Collectors come in two flavors
— Event based sampling (EBS)

— User mode sampling (Software sampling)
» Thread profiling and stack sampling collector
Uses Pin based dynamic instrumentation technology
Application recompilation not necessary
Provides call-stacks with each sample
Statistical Call-tree constructed from call stacks

Software & Services Group, Developer Products Division ('ntel,:
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VTune™ Amplifier XE

Analysis types

« Software sampling based analysis types:
— Hotspots
— Concurrency
— Locks and Waits
 Hardware EBS based analysis types:
— Lightweight hotspots (pre-defined)

— Advanced Hardware-level analysis (pre-defined)
* Intel® Core™ i7 processor family
* Intel® Xeon™ processor family

* Supports custom analysis types
— Can be based on existing profiles

®
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VTune™ Amplifier XE

Pre-defined Analysis Types Lightweight Hotspot analysis based on
the underlying architecture

|
. ,& Lightweight Hotspots e
”"“P”“ User mode stack sampling

r:-ncurrv.—.-ncy

Threading, 10, Signaling APl instrumentation
d'.-anu:d Intel(R) Core(TM)
,l’i, General Exploration
,ﬁ, Mernory Access
A Bandwidth Core™ 2 Architecture Analysis types

. Bandwidth Breakdown
,!'i, Cyeles and uCps

Elt_,- Advanced Intel(R) Microarchi
,l’i, General Exploration . :
A Memory Access A Core™ i7 (a.k.a Nehalem) Architecture

- Cycles and uCps anaI SiSt G
,l’i, Front End Investigatio y yp

é--{_; Advanced Intel(R) Microarchi

,&, General Exploration
- 4. Access Contention
& Branch Analysis

. Client Analysis 2"d Generation Core Architecture (a.k.a
- Core Port Saturation . .
Cycles and uOps SandyBridge) analysis types
4 Loop Analysis
,ﬁ, Mernory Access
,ﬁ, Port Saturation

Software & Services Group, Developer Products Division ('ntel,]
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GUI Layout
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4] C:\Users\hlakyilDocuments\Amplifier XE\Projects\testing - Intel VTune Amplifier XE 2011 -
p— i

File View Help
k| B Eex bSO

ri2shs ri30hs r030hs-r025hs ri3ihs r031hs+030hs ‘New Amplifier XE Result:

| A& Analysis Type

ék'm Hotspots
- Algorithm Analysis ;
..... A Lightweight Hotspots

All available

..... A Hotspots .
al - A Conmumrency analysis types
..... A Locks and Waits
l =i Advanced Intel(R} Core(TM) | Collect highly accurate CPU time
il - A General Exploration () Details
""" A Memol:}rAccess CPU sampling interval, ms: 10
E S::jx:jz: Breakdown Detect context switches: Yes
_____ A Cycles and uOps Collect CPU sampling data: With stacks
4B Advanced Intel(R) Microarcl Collect signalling API data: No
..... A General Exploraticn Caollect synchronization API data: No
..... A Read Bandwidth Collect 170 API data: No
----- ﬁ Write Bandwidth Stack unwinding mode: After collection
""" B Memory Access Collect timeline data: Yes

..... A Cycles and uDps

..... A Front End Investigation
—-l Advanced Intel(R} Microarct
..... A General Exploration

----- A Bandwidth

..... A Access Contention

..... A Branch Analysis

----- A Client Analysis

..... . Core Port Saturation

..... A Cycles and uDps

..... A Loop Analysis Helps creating
B bor i new analysis
—-l Advanced Intel(R} Atom (T

-.f& General Exploration ty pes
-{.% Custom Analysis

------ A My Lightweight Hotspot
V -

Copy frem current
Mew CPU Event Collector analysis

Mew Stack-sampling Cellector analysis
|

Ll m

Different ways to
start the analysis

Copy

ight Hotspots, Hotspots collects stack and call tree information. This analysis type cannot be used
or attach to ene. This analysis type uses user-mode sampling and tracing cellection. Press F1

nalysis. To enable this feature, run the product with the administrative privileges.

il Pause

B Stop

# Cancel

L3 Mark Timeline

Copy the
commandline to
clipboard

Al

o Start Paused

Project Properties

22 Get Command Line
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VTune™ Amplifier XE

GUI Layout

SESSEE c B

| & Analysis Tar}(t| \

Analysis Type |

ilr

Function
- Call Stack lz‘

F FireOhiertrheckCnllicinn

# dliStopPlugin

[ TaskManagerTB (aitF

[ FireObject::ProcessFireCollisio

[* TaskManagerTBB:ParallelFor
ThreadInitThunk

[rul s ORI oy P TIPS S

Selected 1 ro

6.155< RN ‘
5118s _. Current gFOUpIng isternProcedur
2.905s [
2.832s [N

1 enn -

B L ntemate | Mo hotonote ,-:NC.AMLLL.QDA_LA

6.542<

Oms| SystemProcedur
:nderSystem_C

noke

Intel MTune Amplifier XE 2011

mmary | [+ Bottom-up |+ Top-down Tree
_

lis 47,884 f s
% (31265 f €

Smoke. L"E.TESkP\AEﬂEgEfTBB ParaIIEIFcurf.
SystemProceduralFipe. ™ :
SystemProceduralFie.l
SystemProceduralFie.l G rld

Tl R

read {(Oxaf7c)
read (0x537c)

L Mo filters are applied. R4 Module: Thread: JEI

(o B =ta A0 WS Only user functions
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VTune™ Amplifier XE

GUI Layout

5 Hotspots - View hotspots colored by CPU usage 4 @ Intel 'Tune Amplifier XE 2011

@ Analysis Target Analysis Type | | B8 Collection Log| [}l Summary| |+ Bottom-up [ | % Top-down Tree

Result Summary
CPU Time:
Frames:

Elapsed Time: : ] Clicking On the

Total Thread

Overhead Time; Summary tab

Top Hotspots shows a high
N level summary
63465 of the run

6.155s
lisionsRange 5118s
TaskManagerTBE:ParallelFor 29055

CPU Usage Histogram

This histogram represents a breakdown of the Elapsed Time, It visualizes what percentage of the wall time there a specific number of
simultanecusly running CPUs. CPU Usage may be higher than the thread concurrency if a thread is spinning, or executing code on a CPU while it
is logically waiting.

w
E
i
-
o
b
a
S8
i

-

nmand Line:
Frequency:
Logical CPU
perating Systerm: Windows
mputer Name: VTOVINK-MOBL.amr.corp.intel.com

Result Size:

Software & Services Group, Developer Products Division ( ntel,]
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VTune™ Amplifier XE

GUI Layout

M Hotspots - View hotspots colored by CPU usage /4 @ Intel VTune Amplifier XE 2011

€ Analysis Target Analysis Type | |28 Collection Log . Top-down Tree

CPU Timew wEBE cpy crUNgne

@ide @Poor @Ok @ideal |"METOR 5 cRu(s) sple

= LdrizetProcedursAddressEx 0.9958= 1.7% = Current'sta & T d t

[l 4 [TBE parallel_for on class ParallelForBog  0.034s 9.7% |:_( Op down {ree
u [frodexdll] 0.014= 00% 1 shows the

' . .
__I omokeseBsEl  statistical call-

Smoke.exeltbbi
[# " FireTask:UpdateCallback 71.9% :
trelaskc:pdatetalibac kernel32.dll!Bgse graph built from
[* " ChangeManager:DistributionCall Os 1.4%

tdiLdllRlInidal
B u FireObject:FireCollisionCallback 0s 0.2% e el the samples

ntdll.dIl!RtlInityal
[= "4 FireQbject:ProcessFireCollisior)  0.062s 0.2%
il FireObject:checkCellision 0.038s 0.1%
= AlScenenUpdateCallback Os 0.0%
= "4 FireObject:UpdateCallback Os 0.2%
[= " FireQbject:UpdateRange 0s 0.2%
= " FireQbject:EmitterCellisiont 0s 0.1%
[= " FireObject:ProcessFireCqg 0.028s 0.1%
4 FireObject:checkCellid]  0.050s 0.1%
" ParticleEmitter:ParticleSyste 0s 0.1%
"l FireObject:BuildVerticesCallback 0s 0.0%
= OgrenParticleSystern:_updateBounds . 0.0%
= OgrenRenderQueuetaddRenderable . 0.0%
4 [frmodexdll] . 0.0%
4 dilStopPlugin . 0.0%

LTI . PSSP, JUNPN ISR F o PRSI [P [ S W JURPN S, nonor

Selected 1 rowi(s): 9.6%
F

Call Stack
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Key Result Analysis and
GUI Concepts
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VTune™ Amplifier XE

Key Concepts

* Viewpoints

— Example of an analysis type having multiple
viewpoints

¥ Hotspots - View hotspots colored by CPU usage s @

Select viewpoint:

|ﬂ Anal},rsisTarget| | Anal},rsisT},rpe| | i Summary

View hotspots colored by CPU usage

™ Concurrency - View hotspots colored by thread concurrency s @

Select viewpoint:
Analysis T}rpel |E.-; Collection lo-gl | M Summary| [+ Bottom-up |+ | =

View hotspots colored by CPU usage

Frame
- Function |E| View hotspots colored by thread concurrency
- Call Stack

Locks and Waits

Software & Services Group, Developer Products Division ('ntel,]
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VTune™ Amplifier XE

Key Concepts

« Groupings
— Each analysis type has many viewpoints
— Each viewpoint has pre-defined groupings
— Allows you to analyze the data in different hierarchies and granularities

Module CPU Timew
- Function E|

Module - Call Stack —
- Function  [=] . Idle . Poor | Ok
- Call Stack . I
B shaderapid:d.dll 17.397=
- - [+ CShader&PIDxE: OcclusionQuery_GetMumPixelsRendered
Function - Call Stack -
[+ CShaderDevicelwd:: ShutdownDevice
[F DrestroyD30Texture
[# CVertexBuffer:Lock
[+ CShaderAPIDxE: SetSkinningMatrices

Maodule - Function - Call Stack

source File - Function - Lall Stack
Thread - Function - Call Stack
Function - Thread - Call Stack
OpenMP Region - Function - Call Stack

. —
Uzer Taszk - Function - Call Stack Function CPU Time

) ) ) - Thread
Task Domain - Task Type - Function - Call Stack - Call Stack

Frame - Function - Call Stack . Idle . Poor ‘ Ok

Frame Type - Frame - Thread - Function - Call Stack - - -
Frarne - Task Type - Function - Call Stack B

= C5haderAPID clusionQuery_GetMumPixelsRendered
[+ threadstartex (0x1 cbl)

Frame Type - Frame - Task Type - Function - Call Stack
Frame - Task Type - Thread - Function - Call Stack

[Fthreadstartex (0x1988]
[+ threadstartex (01 d38)

FHWinMainCRTStartup (02 02 n tel“’
|

SUILWAIT QAU OCTITVILCO UITUUY, UJTVCIUPJYCT FTUUULL UIVIOIUIT | g

Frame Type - Frame - Task Type - Thread - Function - Call Stack

22
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VTune™ Amplifier XE

Key Concepts

« For example, pre-defined groupings can be used to determine load
imbalance

5 Concurrency - View hotspots colored by thread concurrency

+. Bottom-up | *¢ Top

& AnalysisTarget| | AnalysisT}rpe| | i Summary

Function CPU Timew

- Thread
‘Iﬁ]k . Ideal . Chver

- Call Stack

# mainC
[+ Thread
[+ Thread

HThread (0

[+ Thread
[+ Thread
 Thread
Selected 1 rowis): 0.009=
H ot |

Frame Domain - Frame Type - Frame - Task Type - Function - Call Stack

Frame Domain - Frame Type - Frame - Task Type - Thread - Function - Call Stack

Software & Services Group, Developer Products Division ('ntel,
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VTune™ Amplifier XE

Key Concepts

 VTune™ Amplifier XE allows comparison of two

similar runs

« Extremely useful for
— Benchmarking
— Regression analysis
— Testing

24
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VTune™ Amplifier XE

Key Concepts

FIEEEIED

ro0Llw r003)| Compare Results... CTRL+ALTH+O ro06cc Compare... [¥

® Choose Results to Compare Intel VTune Amplifier X& 2011

Result 1: ‘FUUECC-EH‘IPHE v| ‘ Browse... |

Result 2: |r005cc.amplxe ‘ Browse... |

||||||||n" These results can be compared. Click the Compare button to continue.

‘ Swap Result5|

CPU Time:Difference by
Utilization

CPU Time: r006cc by Utilization CPU Time: r005cc by Utilization
[idle §Poor [JOk [ideal {Over [Jldle JPoor [JOk [§ldeal [§ Over

grid_intersect 31225 [ 16605 ] 47825 ]
sphere_intersect -2.3885 - 1.580s - 3.968s -ﬂ

Raypnt 0s 0.060s 0.060s
pos2grid -0.070s 0.050s 0.120s

fFunction
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Demo/Lab Activities
Analysis Types Revisited
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Analysis Types

Hotspots

 For each sample, capture execution context, time passed since
previous sample and thread CPU time

« Allows time spent in system calls to be attributed to user functions
making the call

* Provides additional knobs:

e Collect accurate CPU information requires

“Administrator” privileges and uses ETW data Color CPU time by: [CPUUsage )

0 a Mone
to determine context switches [7] Collect accurate pyyymmm——
' 2 > Details Thread Cencurrency
* Timeline does not reflect CS ) .

CPU sampling interval, ms:
* If “Thread Concurrency” is selected for Detect confent atches __Yes

coloring CPU time, then Pin Probes is used to

capture wait data (slightly higher overhead) S

Collect syncronization API data: Mo

* The defaults for Hotspot analysis are Collect VO API datz No _
configurable and can be done so by creating a
custom analysis type inherited from Hotspots |

Software & Services Group, Developer Products Division ('ntel,]
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VTune™ Amplifier XE

Terminology used

« CPU Time

— The amount of time a thread spends executing on a
logical processor

— For multi-threaded applications, the CPU time is
aggregated over all threads for the given level of
granularity

 Wait Time

— The amount of time that a given thread waited for
some event to occur, such as: synchronization waits
and /O waits

Software & Services Group, Developer Products Division ('ntel,]
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VTune™ Amplifier XE

Terminology used

| Waiting [ J

[ Waiting [ J

| Waiting

 Elapsed Time: 6 seconds
« CPUTime: T1(4s)+ T2 (2s) + T3 (2s) = 8 seconds
 Wait Time: T1(2s) + T2(3s) + T3 (2s) = 7 seconds

Software & Services Group, Developer Products Division ('ntel,:
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Hotspots analysis

r

-
@ tachyon_vtune_amp_xe - Microsoft ¥isual Studio Q@@

Function
CPU time

Function
h ots p ot CPU Timew Maodule

Function

Thread
timeline

Wk CPU Time
CPU Usage
Wk CPU Time

Software & Services Group, Developer Products Division ('ntel,]
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Hotspots analysis — Source View

e i ____/home/vtune/intel/My Amplifier, XE Projects/My Amplifier, XE Project - Intel VTune Amplifier XE 2011 i
Eile Project Help

Pl = db
r00dhs [

® Hotspots - View CPU time hotspots and stacks 4 © Intel VTune Amplifier X€ 2011

" Analysis Type| |2 Collection Log| | K Summary| [*% Bottom-up | |*% Top-down Tree| B sphere.cpp %

W oW D | A CPU time (U

Line | Source || CPU Time™ |* ‘ Address | Assembly ” CPU T|r|—|- 83 stack(d
110 Oxedc8 fldg 0x24(%ebx), %st0 \ d
i

111  VSUB(spr->ctr, ry->0, V); 2.560s [ Oxedch fid %st2, %st0

112;  VDOT(b, V, ry->d); Oxedcd  fid %st2, %st0

113  VDOT(temp, V, V); 0.578s | Oxedcf fxch %st2, %st0 0.241s (1
114 Oxeddl fsubrg 0x20(%esi), %st(\ 0.330s [
115  disc=b*b + spr->rad*spr->rad - temp; 1.641s [ - Oxedd4 fxch %st2, %st0 - 0.120s

116 Oxedd6 fmulg 0x34(%ebx), %st( 0.250s (]
117 if (disc<=0.0) return; 1.500s [l Oxedd9 fxch %stl, %st0 0.050s |

118 disc=sqri(disc); 0.050s [ -l Oxeddb fmulq 0x2c(%ebx), %st( 0.241s(l
119 [ Oxedde fuch %st2, %st0 1.490s [l
120 t2 =b+disc; | Oxedel fstq %st0, -0x18(%ebp) \ 0.430s [

o Selected (1 row(s):| ~ 3.000s(v= " "Highlighted 13 row(s):| 3.900s
[ef] - [ [l¢] o ] el 1 [alfe] ]

O+ 155 20s 255 355+ [ Thread

Thread (0x7ff) P e SSSSSS==—=— I [¥| @B Running
uk CPU Time

thb::internal:rml... - ,

I [¢] CPU Usage

Wk CPU Time
it [«] »

e] No filters are applied. [RASVIStNIS (Al I (Al |+ ESEEYVERM Oy user functions v

Ready ;
Software & Services Group, Developer Products Division mtel
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Before starting demo/lab activities
let’'s quickly check how to use VTune™
Amplifier XE

Software & Services Group, Developer Products Division (Iﬂté!]
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Creating a New Project

* Project management support provided is
minimal
— Allows users to create new projects

— Each project is defined by an executable of interest
(or system wide for EBS)

— Associated command line arguments that describe
the workload, if applicable

Software & Services Group, Developer Products Division (Iﬂté!]
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Steps for creating a new Project

« Select the "New Project” menu attribute

Create a project -

Project directory:

Location: ilsersivtovink\Documents\My Amplifier XE Projects'Smoke

» This opens a dialog window for you to create a new project
directory
— Browse to the directory under which you choose to place the new
project
— Give a name for the project in the “Project Directory” field
— Press the “Create Project” button

Software & Services Group, Developer Products Division ('ntel,]
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Associating an Application and Workload to the

Project

Test - Project Properties -

nch Application Launch Application

Specify and configure application you want to analyze.

Application: ENGDC 2010 Tutarial\bin\release\Smoke.exe
Application parameters:

Waorking directory: EANGDC 2010 Tutorial\bin'release

Microsoft® runtime environment:

Inherit systern environment variables

User-defined environment variables:

(@ Store result in the project directory:  C\Users\wvtovink\Documents\My Amplifier XE Projects\T:

Analyze child processes

Duration time estimate: Lnder 15 minutes -

o) G

35

Select the application

Specify the command
line arguments

Select the working
directory, if different
from the parent
directory of the
application binary

Select the “Ok” button

Software & Services Group, Developer Products Division ('ntel,]
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Advanced Project Configuration

) Advanced
Analyze child processes

Duration time estimate; Under 15 minutes -

[] Allow multiple runs

[7] Analyze system-wide

Collection data limit, ME: 100
Slow to good frames threshold, fps: 40

Good to fast frames threshold, fps: 100

« At the bottom of the “project Properties” dialog, other
knobs are provided
— User can specify if child process have to followed and analyzed

— In the case of EBS, checking the “Allow multiple runs” will
disable event multiplexing

— There is also a data collection limit, which defaults to 100MB

Software & Services Group, Developer Products Division ('ntel,]
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Lab 1

Hotspots
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Intel VTune ™ Amplifier XE

Concurrency Analysis

For Concurrency analysis,

Stack sampling is done Just lIKe IN = concurrenc, e TS Pt © Intel VTune Amplifier Xt
Hotspots analysis type e e

Wait functions are instrumented
(e.g. WaitForSingleObject,
EnterCriticalSection)

Signal functions are instrumented
(e.g. SetkEvent,
LeaveCriticalSection)

I/O functions are instrumented
(e.g. ReadFile, socket)

Has the ability to also display 1 R T ,
utilization based on CPU Usage crmemeree [ I L L

Has newer metrics such as
“overhead” and “spin” time

Thread Concurrency

Software & Services Group, Developer Products Division ('ntel,]
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Intel VTune ™ Amplifier XE

Parallelism/Concurrency Analysis

8 concurrency - View hotspots colored by thread concurrency £ @ Intel VTune Amplifier XE 2011

%) Bottom-up |+ Top-down Tree

AnalysisType| |B.-; Collection log| | ¥l Summary

CPU Timew Wait Time tack(s) selected. Viewing <
Elapsed Time Madule Current stack i 100.0

Idle

B doSomeWork 6.2095 client.exe
nelDataParallel mp2 4.?455. 3 e

2.
ntdil.dll!RtIniti

06655
0.271s
00945

=+ | Ruler Area

mainCRTStartup {0x440)
renderWark (Ox1870)
aiWork (0x1873)

particesWork (i | | | | | et Transition
networkThread (0 | | [ Mk CPU Time
veomp: :PersistentT. .. [

veomp: :PersistentT. ..
veomp: :PersistentT. ..

P —— | WA ] mainCRTStartup (0x440)
— renderWork (| 70)
CPU Usags particlesWork (0x
aiork (0x1878)
networkThread (]
woomp: PersistentT. ..

Frames over Time _
wvoomp: PersistentT. ..

n < [ wcomp::PersistentT...

ters are applied. [Re QMU Thread woomp: :PersistentT...

Thread Concurrency
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VTune™ Amplifier XE

Terminology used

« Concurrency
— |s a measurement of the number of active threads

1sec 1sec 1sec 1sec 1sec 1sec 0

2 3 4
Threads
running 1 2 1 1 2 3
Software & Services Group, Developer Products Division ('ntel,]
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Sample Concurrency View

JFunction /Thread /Call Stack

neParticlesWork
[ particlesWork
[H'WaitForSingleObjectEx
[ [TBB Dispatch Loop]
[+ render k
[FI[TBB parallel_for on class
# aiWork
[* networkThread

[# main

Threads

" Selected 1 row(s):

CPU Timew
DIdle B Poor O

Ove..
Bidesl @ '™

10.067< (NN Oms

2,693
0.479: 1l
0.190<|
0172:<|
0.040s

0s

0s

0s

Oms
Oms
190.07
Oms
40.015
Oms
Oms

Oms

Oms

Wait Time
Module
DIdle B Poor 00Ok B

thhb.dll
client.exe

client.exe
client.exe

client.exe

Function (Full}

. WaitFo

networkThread(...

main

1 stack(s) selected. Viewing lofil

Current stadk is 100.0% of s
67 of 10,06

frrr

SomeParticles

Ruler Area
¥ Frames
Threads
(] Running
| Waits

Wby CPU Time
ser Tasks

Transitions

CPU Usage

CPU Usage

Thread Concurrency

L Mo filters are applied. b Module:Thread: Pru:u:ess:

ik CPU Time
Thread Concurrency

[

Mk Concurrency

Frame Rate

Mk Frame Rate

o I e Ta UGG ] Only user functions -

L
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Analysis Types

L. ock and Waits

« Shows how an application is utilizing available
CPU cores
* Helps identify the cause of ineffective utilization,

— threads waiting too long on synchronization objects
(locks),

— |/O related issues
— Timers while CPU cores are underutilized

« Overheads are higher than Hotspots analysis
type

Software & Services Group, Developer Products Division (Iﬂté!]
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Analysis Types

L. ock and Waits

Sync Object
- Function |E|
- Call Stack

F Multiple Objects

[F Manual Reset Bvent Oxaed

[+ Manual Reset BEvent Oxfabd

H Thread Pool

[F Sleep

F Unknown 0:991c9877

FTBB Scheduler

FH [Unknown]

[ Stream ./media/graphics/

[# 5tream ../media/sounds/h

[+ 5trearmn Ogre.log 0x501382

[ Stream Smoke.gdf 0xf2082

[# Stream ../ media/sounds/M

# Stream .AmediahphysicsiD

[ Stream ../media/graphics/

[+ Stream ../media/sounds/h
Selected 1 row(s):

<[

44

Wait Timew

. Idle . Poor

Ok

112.517: 0 5225
109.238s 0 41

74,068 [N
57.628s [/
57.371: N
56.974s [N
41.457< [/
17.061= [l

0.457s

0.440<

0.397=

0.386s

0.306=

0.247s

0.136<

0.134=

26

235

1

5

41

13

112517 5325

*|[dentify the objects that caused
contention and go to the source code
to fix the problem

«Concentrate your tuning on objects
with long Wait time where the system
is poorly utilized (red bars) during the
wait

«Consider adding parallelism,
rebalancing, or reducing contention

*Ideal utilization (green bars) occurs
when the number of running threads
equals the number of available cores

®
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VTune™ Amplifier XE

Pre-defined Analysis Types Lightweight Hotspot analysis based on

the underlying architecture

Algorithm Analysis

A Lightweight Hotspots s .
4. Hotspots User mode stack Samp“ng

A Concurrency

MA& Locks and Waits Threading, 10, Signaling APl instrumentation

L=

Advanced Intel(R) Core(ThM) .

-4 General Exploration

A Memory Access
A, Bandwidth
,E!.,. Bandwidth Breakdown

& Cycles and uOps

=

Advanced Intel(R) Microarchi

-4 General Exploration

oy,

A Memory Access
A Cycles and uOps

A. Front End Investi q ation
Advanced Intel(R) Microarchi

-4 General Exploration

46

A Access Contention
A Branch Analysis

A Client Analysis

A Core Port Saturation
A Cycles and uOps

A Loop Analysis

A Memory Access

Software & Services Group, Developer Products Division ('ntel,]
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Analysis Types

Lightweight Hotspots

* New for Amplifier XE

« Similar to Hotspot Analysis
— Sampling is performed with the SEP collector
— Driver is required

« Stack walking is not performed
— Only hotspots are reported

« Samples are taken more frequently, but may
have less accurate timing information

* Analysis may be performed for a single
application or for the entire system

Software & Services Group, Developer Products Division ('ntel,]
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Lightweight Hotspots vs. Hotspots

» Lightweight Hotspots * Hotspots
— Uses Hardware EBS — Uses software sampling
— Lower overhead collector
— System wide profiling — Stackwalk is done post

process, hence slower
finalization times

— Provides stack information
and a statistical call graph

— Faster finalization

— Requires a driver/privileged
mode

Software & Services Group, Developer Products Division ('ntel,]
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Lightweight Hotspots

™ Lightweight Hotspots Hotspots viewpoint (change) @ Intel VTune Amplifier XE 2013

@ Analysis Target Analysis Type | | B8 Collection Log | | Kl Summary | [GRIuelgmis] *% Caller/callee| | #% Top-down Tree| BB »

Grouping: | Function [ Call Stack -

CPU Time by Utilizatiorn i Instructions
@ide @Poor [ Ok @Ideal @ Over Retired
[ sphere_intersect 5.9515_ 20,640,000,000 0871 tachyon_analyze_locks.exe
[* grid_intersect 4.0015_ ik 1.030 tachyon_analyz ENE
[ grid_bounds_intersect 0.4-"'_':?5. ) 1.309 tachyon_analyz
[F ctrifp 0.214<() 0.664 msverfD.dll
F GdipCreateSolidFill 0.153s| 678, 0701 gdiplus.dil
Ftbb:internal:allocate_root_p U.ll?sl 58,000, 5,000 thb.dll
[* pos2grid U.UQElsl 1484 tachyon_analyze_locks.exe

Function / Call 5tack CPI Rate Maodule

[+ shader 0.084= 192, 1.281 tachyon analyze locks.exe
Selected 1 row(s): 20,6400 0871

B4

O : ; [+] Thread
Thread (0x331c) = Running
Thread ((x3b7c) Wuk CPU Time

Thread (0x2268) CPU Time
Thread (D:d444) Uk CPU Time
e

| ;
* Any Process |Z| Any Thread |E| Any Module
':E” Stack MDE'E: ':IFI|'[.|' User ﬁJFII:ﬁI:IrIS |Z| Inline MDI:IE: LDDFI MDE'E: Functions |:|r||-:,.
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Intel® VTune™ Amplifier XE

Command Line Interface (CLI)

« Command Line Interface use cases:
— Test code changes for performance regressions
— Automate execution of performance analyses

« Command Line Interface features:
— Fine-grained control of all analysis types and options
— Text-based analysis reports

— Analysis results can be opened in the graphical user
iInterface

Software & Services Group, Developer Products Division (Iﬂté!]
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Intel® VTune™ Amplifier XE

Command Line Interface

$ amplxe-cl -help
Intel(R) VTune(TM) Amplifier Command Line Tool
Copyright (C) 2009-2013 Intel Corporation. All rights reserved.

Usage: amplxe-cl <-action> [-action-option] [-global-option] [[--] target [target options]]

To view the results in the IDE, double-click the <resulthame>.amplxe
file located in the result directory.

Type amplxe-cl -help <action>' for help on a specific action.
Available actions:

collect
collect-with
command
finalize
help

import
report
version

Software & Services Group, Developer Products Division ('ntel,]
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Intel® VTune™ Amplifier XE

Command Line Interface Examples

« Display a list of available analysis types and preset

configuration levels
amplxe-cl —-help collect

* Run Hot Spot analysis on target myApp and store result
in default-named directory, such as r000hs
amplxe-cl —-collect hotspots myApp

* Run the Parallelism analysis, store the result in directory
rO01par

amplxe-cl -collect concurrency -result-dir r0Olpar myApp

®
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Intel® VTune™ Amplifier XE

Command Line Interface - reporting

Examples

Generate the 'hotspots' report for the result directory 'reeehs’.
amplxe-cl -report hotspots -r reeehs

Group the data by module.
amplxe-cl -report hotspots -r re@ohs -group-by module

Filter the output.
amplxe-cl -report hotspots -r r@@dhs -filter module=libexample.so

Use '-help report <report name>' for more information about each report.

Available reports
callstacks Display CPU or wait time for callstacks.

gprof-cc Display CPU or wait time in the gprof-like format.

hotspots Display CPU time.

hw-events Display hardware events.

perf Display CPU or wait time for each module.

perf-detail Display CPU time for each function or synchronization object.

pmu-events

sfdump Specialized report to display hardware events.

summary Display data about overall performance.

top-down Display a call tree for your target application and provide CPU and wait time for each
function.

wait-time Display wait time.

Software & Services Group, Developer Products Division ('ntel,]
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Summary

 VTune™ Amplifier XE is the coming together of distinct
tools

— Correlation of the data from various capabilities makes it very
powerful

— Supports EBS data collection with better usability
— Supports statistical call-graph capability
— Combines these two types of capabilities with powerful Thread
Profiling capability
 VTune™ Amplifier XE provides a standalone GUI with
the same look and feel on both Windows™ and Linux

« Complete re-design to make it a very extensible tool

Software & Services Group, Developer Products Division (Iﬂté!]
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Optimization Notice

Optimization Notice

Intel compilers, associated libraries and associated development tools may include or utilize options that
optimize for instruction sets that are available in both Intel and non-Intel microprocessors (for example SIMD
instruction sets), but do not optimize equally for non-Intel microprocessors. In addition, certain compiler options
for Intel compilers, including some that are not specific to Intel micre-architecture, are reserved for Intel
microprocessors. For a detailed description of Intel compiler options, including the instruction sets and specific
microprocessors they implicate, please refer to the “Intel Compiler User and Reference Guides” under “"Compiler
Options." Many library routines that are part of Intel compiler products are more highly optimized for Intel
microprocessors than for other microprocessors. While the compilers and libraries in Intel compiler products
offer optimizations for both Intel and Intel-compatible microprocessors, depending on the options you select,
your cade and other factors, you likely will get extra performance on Intel microprocessors.

Intel compilers, associated libraries and associated development tools may or may not optimize to the same
degree for non-Intel microprocessors for optimizations that are not unigue to Intel microprocessors. These
optimizations include Intel® Streaming SIMD Extensions 2 (Intel® S5E2), Intel® Streaming SIMD Extensions 3
{Intel® S5E3), and Supplemental Streaming SIMD Extensions 3 [S55E3) instruction sets and other optimizations.
Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors
not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with
Intel microprocessors.

While Intel believes cur compilers and libraries are excellent choices to assist in obtaining the best performance
on Intel and non-Intel microprocessors, Intel recommends that you evaluate other compilers and libraries to
determine which best meet your requirements. We hope to win your business by striving to offer the best

performance of any compiler or library; please let us know if you find we do not.

Motice revision #20110307
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Legal Disclaimer

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS I1S”. NO LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR
IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR WARRANTIES
RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF
ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Performance tests and ratings are measured using specific computer systems and/or components and reflect
the approximate performance of Intel products as measured by those tests. Any difference in system
hardware or software design or configuration may affect actual performance. Buyers should consult other
sources of information to evaluate the performance of systems or components they are considering
purchasing. For more information on performance tests and on the performance of Intel products, reference

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.
*Other names and brands may be claimed as the property of others.

Copyright ©2010. Intel Corporation.

http://www.intel.com/software/products
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