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Agenda

« What is the Intel Cluster Studio?

« Planning with help of Intel Advisor

e Optimizations with the help of Intel Compiler
« Searching errors with Intel Inspector

* Finding MPI problems: Intel Trace Analyzer
» Analyzing code with Vtune Amplifier

e« Summary
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6/27/13 | FB Computer Science | Scientific Computing | Michael Burger | 2/44 C COMPUTING



TECHNISCHE
UNIVERSITAT
DARMSTADT

What is the Intel Cluster Studio?

» Collection of different tools
» Should cover the hole software development process

 Different packages for different platforms

Intel’

Intel’

Studio Studio
Advanced Performance Distributed Performance
C++ and Fortran Compilers, MKL Libraries MPI Cluster Tools with C++ and Fortran
& Analysis Tools for Windows™, Linux* Compiler, MKL Libraries and Analysis Tools for
developers on IA based multi-core and Windows™, Linux* developers on |A based
many-core nodes clusters
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What is the Intel Cluster Studio?

Advisor: Help to parallelize code

Composer: No IDE, compiler, libraries

intef* Paralie Inspector: Correctnesschecking

Advisor
XE

Analyzer: Correctnesschecking (MPI)

Amplifier: Parallel/serial tuning

Intel® Parallel Intel® Parallel

Amplifier Composer
XE XE

ang3d 8 3002

Intel* Parallel
Inspector
XE

VERIFY
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Intel Advisor

 Threading assistant for C (++/#) and Fortran

« Should lead through the process of designing software
« Parallelize existing code

« Compare different alternatives before implementing it
« Help in finding locks and points for synchronization

» Short demo in a few moments
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Intel Advisor

% What are the performance implications of the annotated sites? Intel Advisor XE 2013

Summary - Survey Report £ Annotation Report "?H Suitability Report

Maximum Program  Target CPU Number: Threading Model: | Intel TBB -
Gain For All Sites: ) : : W = . : : :
Annotation Label  Source Location  Maximum Site Gain - Maxirurn Total Gain Average Instance Time  Total Time

5.31x mainLoop B primes_ann...

Scalability of Maximum Site Gain Changes I will make to this site to improve performance
16x Type of Change EBenefit if Checked Loss if Unchecked Recommended
(8] ] [] Reduce site Owverhead (O Mo
Bx— [] ReduceTask Overhead (e Mo
[] ReducelLock Overhead (e Mo
[] Reducelock Contention (i Mo
580 Yes

Enahle Task Chunking

L 1) Select the changes you will make
<€— 2) See the projected scalability

LB S5 LLINLLXE A

L
P

2 4 8 1g

Target CPU Mumber

www.intel.com
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Intel Advisor

Eile View Help
@R e B0 $He &

2ITEAL - ILEl e = o

Projact Masgator | elcome | Tast = e000 & | Bddizor XE Woridiow ]
= momeimicheelTokumente/Kims sarafga... < B v e 1. Survey Target
“ Did the annotated tasks expose data sharing prebl... Intel Advisor XE 2013 %
* @ Test Whers should | consider adding
mm S Y Survey Report & Anmotation Report [T BTN ) o Correctness Report paralieism? Locate the loops and

functicrs where your program
[read mors]

Collect Sureey Data
O | view Sursey Result

6 2, Annolale Sources

Add Intel Advisor XE armatations

to jdentify poscible paralel tasks

and their enclasing paralel sites
= Seps Lo anmotate

ﬂ View Annctations

3. cneck suitaiity

Anabyze the annotated program bo
ghedk it predicted paralel
performance.

Collect Suitabiity Data
B | View Suitabiity Resut

i;-d. Check Correclness

Fredict parallel data sharing
problems for the annotated tasks.
[ the reported sharing problems

Collect Correctness Data

B |View Correctness Result

! No data will be collected

To collect dats, you need to do these Steps:

+  Make the ganatatica ve avalable to the cade in your praject

Use & debug build and plan Tor this s1ep to take a while, Cormectness anabysic
AT an holr on an ani ated m that
The anakys 1 & lat of time by
Take time Do nun, SCa =5t that runs fast
he shartest run
LES,

rehease notes

11:11:32; Theead start informmation; test; test:0x614

'5;:"3. Add Parallel Framework
+ Steps to replace annatations

B | View Summary

cess hameimichaslDokumente/Kla., =

Loadad module: fibib.so.1.
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Intel (Parallel) Composer

« Contains compiler (icc/ifort)

,Special“ support for Intel processors

 Intel’s compilers may or may not optimize to the same
degree for non-Intel microprocessors for optimizations that
are not unique to Intel microprocessors. Intel does not
guarantee the availability, functionality, or effectiveness of
any optimization on microprocessors not manufactured by -
Intel. Microprocessor-dependent optimizations in this product | (inteD
are intended for use with Intel microprocessors."

Intel”

Composer

XE
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Intel (Parallel) Composer
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e Support of C++ and Fortran. Additionally contains:

- Template Library: Intel Threading Building Blocks (TBB)

- Library: Intel Integrated Performance Primitives (IPP)

- Library: Intel Math Kernel Libraries (MKL)

- OpenMP / Intel MPI Support

Intel®
Threadin
Building Blocks

Widely used C++
template library
for parallelism
Open Sourced
Supported product too

Domain-
Specific
Libraries

Intel® Integrated
Performance
Primitives

Intel® Math
Kernel Library

Established
Standards

OpenMP*
Coarray Fortran

Message
assing
Interface)

Intel® IPP Highlighted Features

FFT

FIR
Threshold
Convolution
Median

StdDev
NormDiff
Sum
MinMax

Image & Frame Processing (2D)

Transforms Filters tnn.-”:.'um'
Vision

FFT
Resize

Convolution § Canny
Morphology | Optical Flow
Threshold Segmentation
Haar Classifiers
Hough Transform

Rotate

Mirror

Histegram
Warp/Shear | ..

Color

£ Statistics
Conversion

RGB/BGR Mean
YUW/YChCr StdDev
420, 422, 444 | NormDiff

Sum

MinMax
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Intel (Parallel) Composer
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e The wish / aim:

« Use as much existing libraries and automatization as
possible

Your
' Source
Code

: Intel®* Composer XE
Performance oriented compilers, libraries and parallel mndels

Intelis Intel” intel’ Intel®
C,C++ & Intel® Thredding Integrated Math Kernel
Fortran Cilk Plas Building Performance Library

Compilers Blocks Primitives

= =

Optimized parallel application @k_‘m
running on Windows®, Linux® and 05X* Xeon Phi j

www.intel.com
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« For Windows:
* Microsoft Visual Studio is prerequisite for composer
* [ntegration in existing IDE (DEMO):
22 tachyon_ParallelStudio - Microsoft Visual Studio
File Edit Wew | Project | Buid Debug Tools Window Community Help
Sl - - 5 % AddClass... Boe + Win32
F'ru:uﬁle Hd 2 Add New Item... Ctrl+5hift+a 1.
i) . . e o
Lllill Snluﬁun E}(plurer :J n"'-dd Ex|5t|r|g Item... 5h|ﬂ+-‘"-|t+-‘5| m r|:||:||:||‘|5
7 e | =] Exclude From Project
& || [5 solution 'ta B ShowAllFles [ mmmsamamamsasasamansas
gl B~ L Amplifig ) for (int 4 = 0; i < men
% Eﬂana Set as Startlp Project
;J_ = 24 fine Project Dependencies. .. or (imt < = 0: 5 <
_'T. L Project Build Qrder, .,
o
)% f.j | Intel Parallel Composer 3 mrﬂ Use Intel C++... E
33 iir A Intel WTune Amplifier XE 2011 Project Properties Select Build Components
fk Compos [E3 Intel Parallel Amplifier 2011 Project Properties
SCIENTIFIC
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Intel (Parallel) Composer

e In Linux:

« Supports GNU tool chain

- Integration in eclipse possible (tutorials online*)
- Demo

- Or use command line

Compiler (GCC) Linker (LD) Debugger (GDB)

Toolchain

* http://software.intel.com/en-us/articles/intel-c-compiler-for-linux-using-intel-compilers-with-the-eclipse-ide-pdf#installing
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Intel (Parallel) Composer

* |t may already help to change the / optimize with

compiler:
- More performance through appropriate flags

- Indication of problematic parts by reports
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Intel (Parallel) Composer
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standardflags: - O3 / Ox

e -VecC

. paralle Without IPO
. -ip/ipo Compile & Optimize —»
e -fast Compile & Optimize —s»

Compile & Optimize —s

Compile & Optimize —

filel.c
J

file2.c
J

filed.c
-

filed.c

J

With IPO

Compile & Optimize

|

filedc || filedc |
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Intel (Parallel) Composer

Fishes (20000) 52,36 sec 42,82 sec
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Intel (Parallel) Composer

 Reports

- l.e. vectorization-report
* -vec-report3

- optimization-report
« Contains Vec-Report
e Inlining

* Loop unrolling / fusing

. 10) remark: loop was not vectorized: vectorization possible but seems inefficient.
. 12) remark: loop was not vectorized: existence of vector dependence.

. 7) remark: vector dependence: assumed OUTPUT dependence between fi n line 296 and fi n line 309.
. 7) remark: vector dependence: assumed OUTPUT dependence between fi n line 309 and fi n line 296.
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35: subroutine fd( y )
36: integer :: 1
37: real, dimension(1l0), intent(inout) :: y
38: do i=2,10
39: y(i) = y(1-1) + 1
40: end do
41 : end subroutine fd
novec.f90(38): (col. 3) remark: loop was not vectorized: existence of
vector dependence.
novec.f90(39): (col. 5) remark: vector dependence: proven FLOW
dependence between vy line 39, and y line 39.
novec.f90(38:3-38:3) :VEC:MAIN : loop was not vectorized: existence of

vector dependence
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DEMO: Intel (Parallel) Composer

 Show how to turn on reporting!
« Compile code as RELEASE

 Explain dependecies

« Remove by reversing loop

« Explain ivdep

SCIENTIFIC
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Intel Inspector

 Memory error checker (DEMO)

- Leaks, corruption

 Threading checker

- Data races, deadlocks

(intel)
- 2x-20x - Detect Leaks : =
== 1 0x-40xj[mm D etect Memory Problem intel
= Inspector
20x-80x Locate Memory Problems

Analysis Time Overhead ><E
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Vtune Amplifier im Einsatz

‘ekie
Szenen"mek

Lichtquelle
1. Calculate eye ray

2. Test intersection with objects
3. Find nearest intersection point

4. Create reflection and shadow rays

5. Calculate local color

6. Repeat steps 2-5 with reflection rays

Bildebene

ﬁ fAugpunkt
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Intel Trace Analyzer and Collector

« Analyzing MPI behavior
« Search for bottlenecks, deadlocks, data corruption

« Debugging (call stack, debug infos)

R |

i
:
H
:
i
:
5

13

« Supports ,Intel architecture based cluster systems

Intel

Trace
Analyzer and Collector

e Only guaranteed to work with Intel MPI
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* Analyzer example screenshot:
View Charts Navigate Advanced Layout

Flat Profile I Load Balance | Call Tree | Call Graph l :><: Total Time [s] (Collective Operation by Process) \ Total Time [s] (Sender by Receiver)
Group All_Processes |v PO = 20e-3 )
=] z4e-3
8.3e-3 ERERER ER EAEE EX ERER R R AR I NI BN
Name / Jrsel [rset T [ui_atreduce s -s12a-2 e[ PRPPRPPDPPIFLEE e
E-Group All_Processes S LS G52 B ETemsis VI X W o S JB7-2=-3
- Group MPI 720.2682-3 5l 74|24 -9--6-48.0%de- Y = W -EEEE W - - p3e
“Group Applicatien 8.87574 - NN ||"ean 15.611e-318.062e-319 F——— —— |- m __ EEEEN . [ p0.4s-3
o (s - L) 17e-3
StdDev 0] 0] 9.8e-13 Z": : 7 Rk3ee-3
8.1e-13 [iox HEN M. .. _ho.2=-3
6.d4e-73 [ e _:::@ 6.82-3
| | D | o 4.7e-3 |« [«]v] | 3.4=-8
8.576 247, 9.375 914 0.793 667 sec. All_Processes Wajor Function Groups Tag Filter
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Intel Vtune Amplifier

« Supports C (++/#), Fortran, Assembler, Java
e Serial and parallel tuning
« Sample based

 Normal build with -g can be analyzed

— Use releasebuild

« Graphical or commando line based execution

Intel’

VTune
Amplifier

XE

e |Less overhead — real runtimes and results

. o . : SCIENTIFIC
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Intel Vtune Amplifier
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Build target

Choose target

Run Hotspots
analysis

Hi

Interpret results
Interpret results _.._[DCnmpare v-nths)

revious result

View source

Tune algorithms

« Workflow for optimizing

» Different types of analyses (see

next slides)

e Questions:

- Why optimizing?
- What should be optimized?
- Aim of optimizing?

- How to optimize?

6/27/13 | FB Computer Science | Scientific Computing | Michael Burger |
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Intel Vtune Amplifier
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» Use top-down-method

« Amount of work increases with
the depth of the level

 Aditional aims

Portability

Code readability

Maintainability
Reliability

System Config,
BIOS, 0OS
MNetwork 1/0,
Disk I/0,
Database Tuning,
etc.

Application Design
Algorithmic Tuning
Driver Turning
Parallelization

Cache/Memory
Instructions
SIMD

others

Application

\ Processor
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Intel Vtune Amplifier

« Scale and Vectorize

« Example: 9-point stencil image blur filter

Xeon 244178 s 186,585 s 43,862 a

« Example: Diffusion Simulation from Maruyama

Taken from: “Intel Xeon Phi Coprocessor High-Performance Programming”
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Intel Vtune Amplifier
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A B A B ‘ Hotspots Copy
¥ & Algorithm Analysis |dentify your most time-consuming source code. Unlike Lightweight Hotspots,
& Lightweight Hotspots Hotspots collects stack and call tree information. This analysis type cannot be

#.% Hotspots
A Concurrency
A Locks and Waits

Press F1 for more details.

used to profile the system but must either launch an application/process or
attach to one, This analysis type uses user-maode sampling and tracing collection.

P [ Intel Core 2 Processor Analysis CPU sarnpling interval, ms: |1 H

P = Nehalem / Westmere Analysis [ Analyze user tasks

| = Sandy Bridge / vy Bridge Analysis
- v ge i J v = Details

H General Exploration o
CPU sampling interval, ms:

H Bandwidth

Collect CPU sampling data:
A Access Contention

Collect signalling APl data:
& Branch Analysis

A Client Analysis Collect I/O API data:
A Core Port Saturation

Analyze user tasks;
£ Cycles and uOps Stack unwinding mode;
A Loop Analysis Stitch stacks:
& Mernory Access Collect timeline data:
& Port Saturation Collect sleep data:
P [ Intel Atorm Processor Analysis Collect frequency data:

P = Knights Corner Platform Analysis
P [ Power Analysis

¥ Custom Analysis

Collect synchronization API data:

1

With stacks
Mo

Mo

MNo

MNo

During collection
fes

fes

MNo

MNo

 Depends on underlying architecture

e Our new Cluster: Sandybridge
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Intel Vtune Amplifier
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-

momajmichaslintalfampboiprofect stachyen - Intel Wune Ampl far

mr—
Eile View Help

R o= rEw

i B Welcome | r0000w ®| 001w | New Armplifier Resuk .

< fhomemicheelint elample/projects
b EFASTEST
= B tachyon
5] 000w
B 01w

S Lacks and Walits - Locks and Waits £ @

@ Analysis Target Analysis Type BRCIGTVERS <% Boltom-up| | Top-down Tree| | B Tasks

Intel VTune Amplifier X

®

= Elapsed Time: 16.272s

Wai Tinme: 57.781s
Spin Time: 0.070s
A shgnificent portion of OPU time s spent walting. Use this metric to discover which synchronizations are spinning, Conslder

adjusting spin wak parameters, changing the lack implementation (for examgple, by backing off then descheduling], or adjusting the
Wall Court: 2,135
CPUTh 54505
Tetad Thread Count: 4
Paused Time Os

Top Waiting Objects

This gection HSs [he objects (hal spent the MOos Time wWaiting in you

r apphcation. DIaCTS can wal on fpacific cals, ouch &% shaap() oF
IO, or an comtended synchranizations. & i

tirme assaciated 1.8 Syrehronization object reflects high

Zyme Otject ot Time:  Wak Count
RML Thr Monitor £8.678s 3
Mutex OxDddaSe87 18.104s S09
Slesp Q80
poll 510
Socket Ox4330ebDe 159

Thread Concurrency Histogram

This histogram represenis a breakdown of the Elapsed Time. & visualzes the percentage of the w

threads were 1 anesushy Threads afe considered run f they are elther actualy running on a CPU or are in the

nurinable s entially, Thread Conourrency is a4 measurement of the rumber af threads that were not

waiting. Thread Conourrency may be higher than CPU usage if threads are in the runnable state and not consuming CPL tinme
108

time the specific rumber of

d Tirre

Elapse
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Vtune Amplifier im Einsatz

» Intel delivers code samples with the Amplifier

 Considered here;

- The Tachyon-Raytracer

- Matrix Matrix Multiplication

* Include intentional errors / problems

 Little changes result in big impacts on performance

SCIENTIFIC
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Vtune Amplifier: DEMO

- DEMO

- Raytracer with hotspots und locs

- Matrix-Multiplivation and LL-Cache Misses

* Also on Xeon Phi
» Hotspots / Assembler

* (Hardwarecounter)

SCIENTIFIC
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Vtune Amplifier: DEMO

o Xeon Phi also supported

« 240 Threads, 60 cores, 8 GB GDDR5 RAM, PCI-E 2.0
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Vtune Amplifier: DEMO

e First compile the program and copy to Phi

mburger@mice:~/matrix/linux$ source /opt/intel/bin/compilervars.sh intel64
mburger@mice:~/matrix/linux$ make mic
icc -g -03 -debug inline-debug-info -vec-report® -mmic -c ../src/util.c -D ICC -D LINUX
icc -g -03 -debug inline-debug-info -vec-report® -mmic -c ../src/multiply.c -D ICC -D LINUX
i -g -03 -debug inline-debug-info -vec-report® -mmic -c ../src/matrix.c -D_ICC -D_LINUX
-g -03 -debug inline-debug-info -vec-report® -mmic util.o multiply.o matrix.o -o matrix.mic -1pthr

ad -1m

scp matrix.mic micO:/tmp

Enter passphrase for key '/home/mburger/.ssh/id rsa'

matrix.mic 100% 32KB 31.5KB/s 00:00
touch mic-pushed

mburger@mice:~/matrix/linuxs$

. o : . SCIENTIFIC
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Vtune Amplifier: DEMO

e Run in native mode:

mburger@mice:

~/matrix/linux$ ssh micO

Enter passphrase for key '/home/mburger/.ssh/id rsa':
[mburger@mice-micO mburger]$ cd /tmp/
[mburger@mice-micO /tmpl$ ./matrix.mic

of bufl
of bufl
of buf2

of buf2

of buf3
of buf3
Matrix size:

OxOx7fa3f72cd010
OxOx7fa3f72cd180
Ox0x7fa3f024c010
Ox0x7fa3f024clcO
Ox0x7fa3e91chb010
Ox0x7fa3e91cb100
3840

Using multiply kernel: multiplyl
Threads #: 240, Execution time = 26.170 seconds
[mburger@mice-mic0 /tmpls §

. o : . SCIENTIFIC
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Vtune Amplifier: DEMO

« Setup project correctly:

matrix - Project Properties

Target | Search Directories

Target type |Launch Application v

Launch Application
Specify and configure the application executable (target) to analyze. Press F1 for more details.

Application: sch | v | | Browse... |[m
Application parameters: |mic0 Amp/matrix.mic Madify...
Working directory: | v | Browse... | (=
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Vtune Amplifier: DEMO

« Setup project correctly:

matrix - Project Properties

Target | Search Directories |

Search directories for; |All files v

Search Directories Search Subdirectories
Aibffirmware/mic ]
/home/sample/matrx/linux i

. o . : SCIENTIFIC
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Vtune Amplifier: DEMO
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« Start correct analyses type

« Sample driver must be loaded and configured correctly

M Choose Analysis Type

A Analysis Type

e

P [ Algorithm Analysis

P [ Intel Core 2 Processor Analysis

F 7 Nehalem / Westmere Analysis

b [ Sandy Bridge [ vy Bridge Analysis
P [ Intel Atorm Processor Analysis
| Knights Corner Platform Analysis

#.% | ightweight Hotspots

H Memory Bandwidth

Intel VTune Amplifier XE 2

O Start Paused
Project Properties |

Knights Corner Platform - Lightweight Hotspots Copy

Identify your maost time-censuming source code, Unlike Hotspots, Lightweight Hotspots has lower overhead because
it does not collect stack information. It can also be used to sample all processes on a system. This analysis type
uses hardware event-based sampling collection. Press F1 for more details.

List of Intel X=on Phi coprocessor cards: |0

~ () Details

. o . : SCIENTIFIC
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 Look at the results
e« Summary
e Tree View

* Clock ticks per instruction

Elapsed Time:

CPU Time:
Instructions Retired:
CPl Rate:

79.174s

16853.340s
744,720,000,000

22.630

™ Lightweight Hotspots - Hotspots £ ©

@ Analysis Target Analysis Type

Grouping: } Function / Call Stack

2 Collection Log | | kil §

-~
-

Function / Call Stack CPU Timew ¥ Instructions Retired CPI Rate

| 736,220,000,000 22.711
3,630,000,000  24.865 |
540,000,000  14.185 |
650,000,000  9.477 |
140,000,000  17.286 |
110,000,000  20.364 |
736,220,000,000 22.711 |

P multiplyl 16720.170s
P do_softirg 90.260s
P default send IPI_mask 7.660s
P __raw_spin_unlock_irq 6.160s
P weighted_cpuload ' 2.420s
P source_load 2.240s

P selected 1 row(s): 16720.170s
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 Look in the code:

. Source | Assembly | 9 % B
Sou.. Source | CPU Time™® Instructions FEL_|
36 // Naive implementation |
37 for(i=tidx; iemsize: i=i+numt) {
38 for(j=e; jemsize; j++) { 0.550s 80,000,000
39 for(k=8; ke<msize: k++) { 2.400s 130,000,000
41 }
42 } ﬂl
43 }
44 ) |
b= tiply2(1 13 int ti i t, TYPE a 10
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Vtune Amplifier: DEMO

 Change the code:

~| matrix.c 3 ||| multiply.c 3¢

34 // Select which multiply kernel to use via the following macro so that the
35 // kernel being used can be reported when the test is run.

36 |#define MULTIPLY multiplyl

37

38 int NTHREADS = MAXTHREADS;

39

40 //static TYPE a[NUM][NUM], b[NUM][NUM], c[NUM][NUM];

41 typedef TYPE array[NUM];

42 typedef unsigned long long UINTG4;

. - . . SCIENTIFIC
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Vtune Amplifier: DEMO

 Change the code:

=] matrix.c X |. | multiply.c 3
45 void multiply2(int msize, int tidx, int numt, TYPE a[][NUM], TYPE b[]
[NUM], TYPE c[][NUM])
46 {
47 int 1,].K;
48
49 // Loop interchange
58 for(i=tidx; i<msize; i=i+numt) {
51 for(k=0; k<msize; k++) {
52 #pragma ivdep
53 for(j=0; j<msize; j++) {
54 c[il[j] = cl[il[j] + alillk] * b[kI[jl;
55 }
56 }
57 }
58 }
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Vtune Amplifier: DEMO

« Testif problem is resolved:

[mburger@mice-micO /tmpl]$ ./matrix.mic
Addr of bufl Ox0x7fdb838ce010

of bufl Ox0x7tdb838cel80

of buf?2 Ox0x7tfdb7c84d010

of buf?2 Ox0x7fdb7c84d1cO

of buf3 Ox0x7fdb757cc010
Ox0x7fdb757cc100
atrix size: 3840
Using multiply kernel: multiply?2
hreads #: 240, Execution time = 3.563 seconds
[mburger@mice-micO /tmpl$ |

of buf3

. o : . SCIENTIFIC
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Vtune Amplifier im Einsatz

« Approach for the investigation of the MMM-problems:
- Hardware counter

« Count certain ,events”:

- Cache / Memory accesses

- Using of INT / FP-Units

SIMD instructions

— must be supported by hardware!

SCIENTIFIC
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Summary

« Cluster Studio is an extensive collection of tools
* Assists in a lot of parts of software development process
« Several pitfalls are still there however

* Only minimal examples covered here

. o . : SCIENTIFIC
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The End )

Thanks for your attention !

. o . : SCIENTIFIC
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