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Moving to Parallel - a view from some developers

* Top 5 challenges
-Legacy
-Education
-Tools
-Fear of many cores
-Maintainability

6/18/2010 Intel® Software Development Products Overview




Why Parallel?

Section 1




Why is everyone going multi-
core?
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Theoretical growth of cores

Growth of Multicore
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Future: Multicore and Manycore

All Large Core

Mixed Large
and

Small Core

-

All Small Core

B

-

Connections to memory bank(s), connections between processors,
memory coherency models - all come into play. Diversity!

Note: the above pictures don't necessarily represent any current or future Intel products
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Multi-core : beating the power\performance barrier

Dual-Core
1.73x W Performance 1.73x
Power
1.13xX
I 1.00x 1.02x
Over-clocked Design UBdef-cbweked
(+20%) Frequency ({220%%)

Relative single-core frequency and Vcc
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Industry’s First 45 nm High-K + Metal Gate
Transistor Technology

Improved Transistor Density ~2X
Improved Transistor Switching Speed >20%
Reduced Transistor Switching Power ~30%

Reduction in gate oxide leakage power  >10x

0.570 pm2 0.346 pm2




Intel’s Teraflops Research Chip

Intel® Software Development Products Overview

Copyright © 2007, Intel Corporation. All rights reserved.
*QOther brands and names are the property of their respective owners




Intel’s Teraflops Research Chip

Speed | Power Perf.
GHz | Watts | Teraflops

3.16 62 1.01

5.1 175 1.63

5.7 265 1.81
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Larrabee

Multi-threading  Multi-core ~ Many Core

Software
Products

Programmability

CPU

« Evolving toward throughput computing
« Motivated by energy-efficient performance

Fully
Programmable

Partially

« Evolving toward general-purpose computing Programmable

« Motivated by higher quality graphics and

data-parallel programming Fixed Function

Throughput Performance
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Multi-Threaded
Wide SIMD

Fixed Function
Display Interface

L2 Cache

Memory Confroller
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What can we do with faster Computers?

e Solve problems faster 120
. 100 <
- Reduce turn-around time of 6o |\
big jobs E co \\
_ 40
— Increase responsiveness of 20 e
interactive apps 0 .
0 5 10
Processors
700 .
e Get better solutions in the g eoo —
same amount of time tg 0 /
. d
— Increase resolution of 300
dels et
mo 100 -
— Make model more o i o
sophisticated Processors
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Optimising Code

Section 2




Two points to address before you start parallelising

*Will buying a faster computer solve
your problem?

Dr Yann Golanski, York
Just buy a faster machine!
First look at how much it will cost you to make your program

parallel. If it will take say 2 months of coding, can you just buy a

faster machine that will give you the speedup you want? Of course

once you reach the limits of a machines speed, you are going to
have to then do some parallelisation.

*Maybe Serial Optimisation will be
sufficient.
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A Three-Tiered Tuning Model

Tuning Level Question being asked Examples of issues
System wide Can my system be ‘tuned’ to improve the Network, disk and memory
performance of my application performance.

Intrusion by 3 party programs
such as virus scanners.

Application Can my application code or heuristics to Code redundancy. Inefficient
Heuristics improve performance? program algorithms. Poor
memory allocation strategies.
Bad \ missing threading
implementation.

Architectural Is the CPU architecture being used at its best? | Stalls in CPU pipeline. Data
Bottlenecks alignment . Cache misses. Using
expensive instructions. Failing to
use latest generation optimised
instructions.
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Compiler generated Optimisations

Global Compiler
Options

Inter-procedural
Optimisations

Profile Guided
Optimisations

Vectorisation

Parallelisation

22 6/18/2010 From Serial to Parallel

Copyright © 2008, Intel Corporation. All rights reserved.
*QOther brands and names are the property of their respective owners




Example of hand-crafted SSE instructions

1: bool SSEHasNumber (SUDOKU *pPuzzle,_ ml28i BinArray[], int
i, int j)
2: {

3: m12Q4 Tmnril mm and o112 (~Ditzzla=>SRBinNiamIl=a-—11

Tlme Taken Speedup

4
5:
jf No SSE 4.55 sec 1
8

10- |With SSE 0.19 sec 24

13: return false;
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Modern Architectures have lots of features ==
to help speed
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Intel® VTune™ Performance Analyzer =

™% Intel(R) YTune{TM) Performance Analyzer - [Sampling Hotspots - [Man Sep 08 05:48;27 7008 - Sampling, Results [ECWMOSBLAIRCH]]] [AES

-
PP TP e m—TCTTI N I - Graphical tool

AH SEEEE TEEE A@E

Helps characterise
runtime performance

RTC_ChechE

System-wide View of
application environment

2 = ) 5 |

U tot ial d
] 5 0 " | 3
Sot Evert Actriy D | Scds | Semple AfterValue | ToldlSanples | Dustion | Fing0 |Ringd | CPUD I trve
¥ 4  CPU_CLK_UNHALTED.CORE £ 1007 2.000.000 LIl LLE R . ) al a e Co e
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4
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e 1 Use to identify Hot Spots
in Code

mmlunm&mm-hm‘:mﬂ
115 2008 ECWMOSBLAIRCH [Run 1] CPU_CLK_UNHALTED LORE. INST_RETIRED.ANY.
2008 ECWMISBLAIRCH [Run 1) S smping dals was rucceschily collacied.

Use to generate a call
graph
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Products

Call graph: Application workflow

By VTune (TM) Performance Environment - [Call Graph - [Call Graph Results - Tue Oct 08 14:50:30 2002]]
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The life of a program instruction
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Hardware Performance Events

Reorder
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Demo 0 - Using Intel® VTune™
Performance Analyzer

From 1 to 1,000,000

From Serial to Parallel




Notice the System Wide View - Can you see any
problems?

B
cidaemon. exe 1,067
02 Hotzpot Analysis. exe 0.0
CEl55. ENE =
oid 0x0] Froceszz=02_ Hotzpot An:
CIZWC. ERE 1748
rndll32, exe 155
pid_Ci=4 111
SEMYVICES. BNE =1
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What is the problem here?

e \/Tune Sample-over-time view

CPU_CLK_UNHALT Time, sec
samples 1 1h ) 25

nesisdee |55 ® lw Skl
fjﬂjm = 1 o |l o ¢ il Gl s
e O - oot ol B b sl
s — | N T VL TV (TR T QO G PO ¥ PO

pid 40 i 214

Processh ame ProcessID
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The Hotspot

. VTune(TM) Performance Environment - [Sampling Hotspots - [Sun Jun 06 23:12:43 2010 - Sampling Results [ECWMOSBLAIRCH]]] =13
_Eﬁile Edit Wiew Activity Configure Window Help - EJE
GE" S| 0 ER R D& D |||t Samping I A N GECRNNE IE "W
Tuning Browser ] P — e " ] =
(51 Think-Parallel- = HIS5E EB VikER £ @B
- |E:tiwit_l,ﬂ [5ampling) i Bl [ Tatal
= SukJun 06 231243 2M e e o |
= Run1 b sort CPU_CLK_UNHALTED.CORE | 2.00]
A CPU_CLK_UNH: INST_RETIRED &NY .
@ IMST_RETIRED : 3 CPU_CLK_UWHALTED.CORE % 0.44
FindPrirnes : i
: : IMST_RETIRED ANy % 0.an
: : CPU_CLK_UMHALTED CORE ... 4.0
st INST_RETIRED.ANY events 0.00
ShowProgress
TestFarPrime
I} 10 20 a0 40 a0 g0 i a0
Sort Event Activity ID | Scale | Sample After Value | T
v & CPU_CLK_UMHALTED CORE 205 1e-007 2,000,000 [
IMST_RETIRED.ANY 205 Te-007  2.000,000 3
I e O N
«| | 2
P | | » Pracesses I Threads J Modules Hotspots

3

D U e tttttctiecteieiieeieieiieieieiiteiieieiteiisimneiteimneiteimneiteimineiteiieeiieiieeieeiteiieeiteiieeieieiieeiteiieeiteiieeieteiieeieeiieeieeiieeieeiieivieeieiieeieiieimineiieimeiteimeiieimeiieiineiteiieeieiieeieeiieeieeiieeiee

General

SunJun 06 2312171 20010 ECwWIOSELAIRCH [Run 1) Setting S ampling CPU mask ta 0-1
Sundun 06 2312171 2010 ECwWMOSELAIRCH [Run 1) The processor PMU configuration file: prom. xml

SunJun 08 23:12:38 20010 ECWwWHOSELAIRCH [Run 1) Collection for the following event(s] iz being performed:
SunJun 06 23:12:38 2010 ECWwWHMOSELAIRCH [Run 1) CPU_CLK_UMHALTED CORE. INST_RETIRED AMNY.
Sundun 06 23:12:43 2010 ECWwWHOSELAIRCH [Run 1) Sampling data was successfully collected.

For Help, press F1
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Four Steps in Moving to Parallel

Section 2
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Steps in moving

from Serial tO Architectural
Analysi
Parallel wan

Introducing
IR EN Y

\ 4
Validating
Correctness

Performance
Tuning
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Key Questions

Design

e Is my program parallel?

* Where is the best place to parallelise my program?
* How can I get my program to run faster?

e What's the expected speedup?

Code & Debug
* How?
* How difficult?

e Is my code still working?

Verify

e Is the parallelism correct?

* Do I have deadlocks or data races?

* Do I have memory errors?

* Does my program still work as intended?

Tune

* Do my tasks do equal amounts of work?
e Is my application scalable?

¢ Is the threading running efficiently?
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Intel Software Tools Supporting Parallel Design Cycle

intel

Intel"

\Tune”
Performance
Analyzers

Architectural
Analysis

(lﬁ@ (iﬁt_en intel, (inkal
Intel Intel"
Performance

Intel l L)
Compilers Libraries MPILibrary

Introducing g s
Parallelism

Validating
Correctness

Performance -

Intal R
VTune

Tuning e

Intel"
Thread Profiler
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Tools

Architectural
Analysis

Introducing
Parallelism

Validating
Correctness

Performance
Tuning
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Existing Intel
Software

Intel Parallel
Studio

Intel® VTune™ Advisor/Amplifier
Performance Analyzer

Intel Compilers Composer
Parallel Libraries

Intel® Thread Inspector
Checker

Intel® Thread Profiler | Amplifier

Software - - ]
Products Copyright © 2008, Intel Corporation. All rights reserved.
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For Microsoft Visual Studio* C++ architects, developers, and software
innovators creating parallel Windows™ applications.

&y Intel’ ¢ Intel’ Intel”

Parallel § Parallel g Parallel
Intel’ Parallel oL

-~ Parallel

U0 Intel® Parallel Studio includes:
« Intel® Parallel Advisor Lite **
« Intel® Parallel Composer
« Intel® Parallel Inspector
Microsoft Visual Studio* plug-in « Intel® Parallel Amplifier

End-to-end product suite for parallelism
Forward scaling to many core

** Beta — from whatif.intel.com
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Architectural

Analysis

Step 1

Which part of my code
‘ should I make Parallel?

Software

Products



Key Questions - Design

Is my program parallel?

Where is the best place to
parallelise my program?

How can I get my program to
run faster?

What's the expected speedup?

From Serial to Parallel




Identifying best parts to Parallelize

E __~Eumm

We need to Identify Hotspots

From Serial to Parallel




Why use parallelism?
Amdahl’s Law

Describes the upper bound of parallel execution speedup

Serial code limits speedup

n=2
0.5 + M2

P/ Toarane = {(1- PH%} Tserial

n = number of processors

Speedup = Tserial / Tparallel 1.0/0.3521033

44 6/18/2010 From Serial to Parallel
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Some code is not worth making parallel...

Don't para llelise code CPU Usage CPU Usage History

: jUSt o P st - -

—  With low CPU utilisation
— I/0 bound

* Do parallelise code that

— Eats significant CPU
cycles
CPU Usage CPU Usage Hisktory

* You need to get
visibility of the runtime
behaviour
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Architectural Extensions can speed up your code

e Always optimise your code

eEven If you don't go parallel, some
architectural features can still give
significant speed-up

eExample, SSE extensions

From Serial to Parallel




Our Application - Prime Number Generator

I factor

61 357

/73 3579

.35

357
79 3579

(intel'> 47 6/18/2010

Software
Products

bool TestForPrime (int wval)
{ // let’s start checking from 3
int limit, factor = 3;
limit = (long) (sqrtf((float)val)+0.5f);

while( (factor <= limit) && (val % factor) )

factor ++;

return (factor > limit);

}

void FindPrimes (int start, int end)
{
int range = end - start + 1;
for( int i = start; i <= end; i +=
{
if( TestForPrime (i) )
globalPrimes [gPrimesFound++] = 1i;
ShowProgress (i, range);

From Serial to Parallel
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Demo 1 - Getting the
Benchmark

From 1 to 1,000,000

Software

Products



Our Application - Prime Number Generator

bool TestForPrime (int wval)
{ // let’s start checking from 3
int limit, factor = 3;
factor limit = (long) (sqrtf((float)val)+0.5f);
while( (factor <= limit) && (val % factor) )
factor ++;

return (factor > limit);

78478 primesz found between B and 1AH8AAA in 2.48 secs

int range = end - start + 1;
for( int i = start; i <= end; i += 2 )
73 3579 {
if( TestForPrime (i) )
globalPrimes [gPrimesFound++] = i;
ShowProgress (i, range);

79 3579

6/18/2010 From Serial to Parallel
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Optimise the serial code first

00401809 movaps XMMword ptr [€sp],xmmuo

) . . 004018DD paddd Xxmm5,xmm6
 Using Intel Compiler to automatically generate  po4018e1 addpd ~ xmm7,xmm3

SSE instructions. 004018E5 mulpd  xmm7,xmm?2

' 004018E9 add eax,8
- Code ran twice as fast 004018EC mulpd  xmm7,xmm7

- NO change made to Original code 004018F0 movaps xmmO,xmmword ptr ds:[406770h]
004018F7 addpd xmm7,xmm]

004018FB divpd xmmO,xmm?7

004018FF cvtdg2pd xmm7,xmm5

Calculating P| 00401903 paddd  xmm5,xmm6

00401907 addpd xmm4,xmm0O

. 0040190B movaps xmmO,xmmword ptr ds:[406770h]
Tlme Speedup 00401912 addpd xmm?7,xmm3
Secs 00401916 mulpd ~ xmm7,xmm2

0040191A mulpd xmm?7,xmm7

No SSE 1 29 1 OO 0040191E addpd ~ xmm7,xmm]

00401922 divpd xmmO,xmm7
00401926 movaps xmm?7,xmmword ptr [esp]

With SSE 066 195 0040192A addpd ~ xmm7,xmm0

0040192E cvtdg2pd xmmO,xmm5
00401932 movaps xmmword ptr [esp],xmm?7

Example of SSE compiler-generated
instructions
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Demo 2 - Using the Intel Compiler

From 1 to 1,000,000

i/ntel)’ From Serial to Parallel
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Swapping compilers.

e From solution drop-down menu

e Action is reversible

Inkel Parallel Amplifier 3

Intel Parallel Composer 3 Eﬂ Use Intel C++...

Inkel Parallel Inspector 3 Select Build Components

Intel Parallel Advisor Like b s B
Properties

From Serial to Parallel
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Program built and run with Intel compiler

Running B8_Benchmark Serial.exe
100

78498 primes found hetuween B and 18BBBBO in

Running B1_Converted To Intel.exe
100

78498 primes found hetween B and 1000000 in  2.28 secs

Speedup 1.09
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Identifying Hotspots

Pinpointing places where an application could be parallelised
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The Big Question

"How can |
make my code
run faster?”
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Today’s Question D

“Where do | split up
my code to take /

advantage of multiple
CPU cores?”

From Serial to Parallel




The task, Identifying the Hot Spot... .

an)
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.. and Splitting up the Work. ‘D
9
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Demo 2 - Finding the Hotspots
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Finding a Hot Spot

Profile ‘Hntspl:uts - Where is my p‘ - \ 0l 3 P Campar

| :E‘g = Hokspoks - Where is my program spending time? i
Concurrency - Where is my Cconcurrency poor?
Locks and ‘Waits - Where is my program waiting?

w ‘ ‘ wmainiink argc, che
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Where to Parallelise - Amplifier

Call Stack - ZPU Time: Tokal ZPU Tirme: Self W
I= " BaseProcessSkart 100,0% Os
I=l " _krnainCR TSkartup 100.0% >
=1 " main 100, 0% 0s
= ™ FindPrimes 100, 0% 0s
“ TestForPrime 24.4% 0,328
“J ShowProgress 75.6%  1.0165 [
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Design: What's the expected speedup?

=] " main 0s

*Use Amdhals Law =l " FindPrimes 0z
Speedup = 1/[s+(1-s)/n + H(n)]  TestForPrime 0.323s B
s is serial part (fraction of 1) = ShowProgress 1.016s @

H is parallel overhead (ignore)
n is number of cores

Elapsed Tirne: 3,347
P Time: 1.344=
Urused CPU Time: 5.351s
_are Counk; a
Threads Creaked: 1

&
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Alternate Calculation

Funckion

- Caller Funckion Tree CPU Time: Self+

Speedup = 1/[s+(1-s)/n + H(n)]

E showProgress 1.3365
s is serial part (fraction of 1) E TestForPrime 0,340 (I
H is parallel overhead (ignore) # [Import thunk sgrt] 0.012s |
n is number of cores
SURMMaty - 1 X
Elapsed Time: 4,305s
_PL Time: 1.688s
Unused CPU Time: 6,923s
_ore Countk: 2
Threads Created: 1

S=1-(1.688-0.012)/1.688 = .007
Speedup =1/[.007+(1-.007)/2]
=1/[ 0007 + 0.4965 ]

Speedup = 1.986 (i.e. CPU Time ~ 0.850 seconds)
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Introducing
Parallelism

Step 2

Implement
Parallelism in code

Software

Products



Key Questions - Code & Debug =

How?
How difficult?

Is my code still working?

From Serial to Parallel




Common types of parallelism

eFunctional or Task Parallelism
eData Parallelism
eSoftware Pipelining

From Serial to Parallel




Task and Data Parallelism

- Different job for each thread * Splitting workload between
: multiple identical threads
e e.g.one thread prints,

another reads keyboard e eg.three identical threads
perform calculations on data array

[T

Task parallelism Data parallelism
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Software Pipeline

Core 1 | collectA || CollectB || Collect C || Collect D

Core 2 Transfer A | | Transfer B || Transfer C | | Transfer D

Core 3 Polish A Polish B Polish C

Core 4 Produce A | | Produce B
Time
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Question

How many different ways can
you think of to implement
parallelism?

-€.g OpenMP, ..., ...




Intel’s Family of Parallel Models

Most Composable
Parallel Models

mtet
Threading
Building

Intel® Ct

Technology Notations

and SIMD pragmas

6/18/2010
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Fixed Function
Libraries

Intel® Math

Kernel Library
(MKL)

Intel”
Integrated
Performance
Primitives (IPP)

From Serial to Parallel

Other
Supported
Standards

Intel® OpenCL
SDK

Research
Initiatives

Intel®
Concurrent
Collections

Intel® Cluster
OpenMP

Software
Transactional
Memory




Auto Parallelism

LAl AT A

LA A A T

Loop-level parallelism
automatically supplied
by the compiler
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Auto-parallelization

o Auto-parallelization: Automatic threading of loops without
having to manually insert OpenMP* directives.

Windows* Linux* Mac*
/Qparallel -parallel -parallel
/Qpar_report[n] -par_report[n] -par_report[n]

e Compiler can identify “easy” candidates for parallelization, but
large applications are difficult to analyze.

73 6/18/2010 From Serial to Parallel

Copyright © 2008, Intel Corporation. All rights reserved.
*QOther brands and names are the property of their respective owners




Optimisation Results - pi application

Optimisation Time Taken (secs) Speedup
default 0.938 1
auto-vectorisation 0.375 2.5
auto-parallelism 0.516 1.8
auto-vec. & auto-par. 0.203 4.6

From Serial to Parallel




OpenMP Architecture

OpenMP

e Fork-Join Model

 \Worksharing constructs

e Synchronization constructs

* Directive/pragma-based parallelism
e Extensive API for finer control
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OpenMP Runtime OpenMP

Application
“ User

1 1

Directive Compiler Environment Variables

1 L |

Runtime Library

i

Threads in Operating System
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OpenMP Programming Model: OpenMP

Fork-Join Parallelism:
¢ Master thread spawns a team of threads as needed.

¢ Parallelism added incrementally until performance are
met: i.e. the sequential program evolves into a parallel
program.

Parallel Regions A Nested
Master / | \ Parallel

Thread region




Introducing Parallelism

Fosagaa{omp (paranie cox
fo Nt tart;
if( TestFQrPrime

OpenMP  1oba1\rimes Divide iterations
of the for loop

end;

ShowProgresa(1i,

Create threads here for
this parallel region
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Demo 3 : Adding parallelism using
H#pragma omp for
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Results - Open MP

Running @3_Naive OpenMP.exe
oliF

36964 primes found hetween B and 10@00AB in  1.45 secs

Amazing!

We Have a speed up!

From Serial to Parallel




Code: Is my code still working?

Running @1_Converted To Intel.exe
1008

78498 primes found hetween B and 1000000 in  2.28 secs

Running B3_Naive OpenMP.exe
LAy

36964 primes found hetween B and 1000080 in  1.45 secs
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Questions

Are the results right?

Was the run quicker?

From Serial to Parallel




Step 3

Check for any problems

Validating
Correctness

(intel“)
Pa ra I Iel Software

Products




Key Questions - Verify

Is the parallelism correct?

Do I have deadlocks or data
races?

Do I have memory errors?

Does my program still work as
intended?

From Serial to Parallel




New paradigm requires new tools

 Using traditional debugging tools is difficult
/impossible
- Printf - not re-entrant
- Debugging several threads is notoriously hard
- Many debuggers \ profilers are not multi-core enabled

e Multi-core tools are available
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Non deterministic Error Sources in parallel

Applications
e Shared Resources * | ocks can
require locks — ‘serialize’ a program
- lead to Deadlocks
Threadl Thread2 Thread1 Thread?2
X=0 L1
X=X+1 X=X+1

<D

time T time

Wrong Result
( X should be 2)
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Demo 4 - Checking for threading
errors
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Checking for Errors with Parallel Inspector

m =+ | &b Sources |+  dh Details
Problem Selks

ID s %% Problem SOUrces
F1 @ Datarace PrimeQpenMP.cpp

Dakta race Primne_pentMP.cpp
M Pokentia privacy infringement  PrimeCpentP . cpp
P4 M Pokentia privacy infringerment  PrinnepentP. cpp
M Pokentia privacy infringerment  PrinnepentP. cpp
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The Offending Sources

i Focus Observation: PrimeOpen™P.cpp:116 - Read

111

112 fpragma omp parallel for

113 for{ int i = start; i == end; i += 2 )
114 i

115 if{ TestForPrimei{i) 1}

16 globalPrimes(gPrimesFowndtt] = i;
117

115 ShowProgress(i, range):

119 }

120}

121

122 dint mainiint arge, char **argw)

|

111

112 fpragma omp parallel for

113 for! int i = start; i == end; i += &
114 {

115 if{ TestForPrime(i) I

116 globalPrimes [gPrimesFound++] = i;
117

115 ShowProgress(i, range);

119 }

120}

121

122 dint maini{int arge, char **argw)

£
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Protecting shared variables
#pragma omp parallel for

for( int 1 = start; i <= end; i+= 2 ) {
if( TestForPrime (i) ) Will create a
. / critical section for
o PEERIGI @) il this reference
globalPrimes [gPrimesFound++] = 1i;

ShowProgress (i, range);

Will create a critical
#pragma omp critical section for both

( these references

gProgress++;

percentDone = (int) (gProgress/range *200.0£f+0.5f)

I/

|nto.-.-u = it A ‘ inte|9
Software Copyright © 2008, Intel Corporation. All rights reserved
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Demo 5 - Fixing the threading
errors
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Data Races Have Disappeared!

Problem Sets

ID s %% Problem SouUrces Modules Skate

P1 & Potential privacy infringement  PrimeCpentP.cpp 05_Correct Threading Errors.exe P Mot Fixed
Pz & Potential privacy infringement  PrimeCpentP.cpp 05_Correct Threading Errors.exe P Mot Fixed
P3 & Potential privacy infringement  PrimeCpentP.cpp 05_Correct Threading Errors.exe P Mot Fixed

From Serial to Parallel
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Number of Primes is Correct

e |ntel Parallel Studio IA-32 Visual Studio 2005

C:NopenMPPrimeOpentP.exe 1 1888080
100

70498 primes found hetween 1 and 1060608 in

Number of
primes is correct
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Performance

Tuning

Step 4

Tune for best
performance

Software

Products



Key Questions -Tune
Is the threading running
efficiently?

Do my tasks do equal amounts
of work?

Is my application scalable?
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Performance Issues

Load Balancing
Synchronisation Overhead

Scalability

Difficult to examine without the right tools
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A Reminder - Where are we?

Running B1_Converted To Intel.exe
184

78428 primes found hetween A and 18988BA in

eErrormance SslUes .EXE

Y8428 primes found bhetween B and 1888HHA in

Almost as slow as
the serial version

Number of
primes is correct
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Demo 6 - Find the Threading
Performance Issues

Software
Products



Hotspot Analysis

Hotspots

a AR £+ Top-down Tree

Call Stack, ZPU Tirme: Tokal ZPU Tirne: Self Kt
= = Taokal 100.0%: 0=
[= " BaseThreadskart 50, 3% 0z }
[= " _kmp_launch_worker 50, 3% 0s I
= = _kmpc_invoke_task_func 50, 3% 0s I
= = _kmpc_invoke_task_func 50,58%: 0= I
= kmnp_invoke_microkask, 50, 3% 0z I
[= " L_FindPrimesi@my fsHH: S0.8%  0.023s] [
“ ShowProgress 42,1%  1.231s [
" TestFarPrime 7.9% 0.231s 0 [
I= " BaseProcessStart 49, 2% 0s ;
[= " _tmainCRTSkarkup 49, 2% 0= [
I=I " rnain 49, 2% 0s [
=l I FindPrimes 49.2%  0.016s | [
= 4 L_?FindPrimes@@Y AXHH@DZ 45.7%  0.012s| [
4 ShowProgress 43.9% 12583 [
" TestFarPrime 4.3% 012751 [
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Source View

Hotspots

a Bottom-up a Top-down Tree & PrimeOpen™P.cpp >

B9 B
Line Source ZPU Time: Self w
gl }
ge
83| woid ShowProgress( int wal, int range
a4 {
a5 int percentDone = 0;
a6
ar fpragqma omp critical 0.016s |
Fata {
ad gProgress++; 0.070s 0
a0
91 percentDone = {int) {{float)gProgressS(floatirange *200.0f + 0.0365 |
e }
a3
24
a5 if{ percentDone % 10 == 0 )
: princf{"\bibhbhyb%3d%%" | percentlone) -
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Improving the Performance

void ShowProgress( int wval, int range )
{

int percentDone;

static int lastPercentDone = 0;
#pragma omp critical

{

gProgress++;

percentDone = (int) ((float)gProgress/ (float)range*200.0£f+0.5f);
}

if ( percentDone % 10 == 0 && lastPercentDone < percentDone / 10) {
printf ("\b\b\b\b%3d%%", percentDone) ;
lastPercentDone++;

The algorithm has many more updates than the 10 needed for
showing progress

This change should fix the contention issue
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Demo 7 - Fixing the
Synchronisation issues
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Superb Speedup ... ???

Running B1_Converted To Intel.exe
1 84

78498 primes found hetween B and 1W8AHAA in 2.28 secs

Running BY_Reducing Printfs.exe
1 8a:

78498 primes found hetween A and 18UUHEAA in H.31 secs

Speedup /.36
On a dual core?

From Serial to Parallel
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Demo 8 - Getting New Serial
Benchmark

Software

Products



That’'s better (but disappointing)...

78498 primes found bhetween A and 188AAAA in

Running BY_Reducing Printfs.exe
1 8a:

78498 primes found hetween A and 18UUHEAA in H.31 secs

Speedup 1.55
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Demo 9 - Correcting the
Synchronisation Issue

Software
Products



Hotspots

r003hs - FrimecpenMP.cpp

Hotspots

*» Bottom-up tﬂ Top-down Tree

Function w
- Caller Function Tree CPU Time:Self+
=l TestFarPrime 355, 224ms ([ (15
= F. L_?FindPrimes@@yAXHH@Z 119 par loopd_2.61 355, 224ms (I (15
F _kmp_invoke_microkask < kmpc_invoke_task_func < kmpc_in 247 .670ms [N =}
F. FindPrimes < main < _tmainCRTStartup < BaseProcessSkart 140,555ms [ =)
=IFindPrimes 52.550ms [ =}
F. main < _tmainCRT3tartup < BaseProcessskark 52.550ms [ =}
=L _?FindPrimes@@y AxHH@Z_119_ par_loopl_2.61 47.070ms [ 09
F. kmp_inwoke_microkask < _kmpc_inwoke_task_func < _kmpc_invol 23.560ms [ o9
. FindPrimes < main < _tmainCRT3tartup < BaseProcessSkark 23.510ms @ =]
B showProgress 46,924ms
= P L_rFindPrimes@@yaxHH@Z 119 par_loopd_ 2,61 46, 924ms [ o9
P _kmp_invoke_microkask < _kmpc_invoke_task_func < _kmpc_in 23.455ms I 09
F. FindPrimes < main < _tmainCRTStartup < BaseProcessSkart 23.435ms I =]
=l main 9,970ms | =
F._tmainCRTStartup < BaseProcessStart 9,970ms | =}
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Locks & Waits

r003hs - rO04W - PrimeCpenMP,cpp

Locks and Waits

*« Bottom-up iﬂ. Top-down Tree PrimeOpenMP.cpp

. ey
Sync Obiject Mame wiait Time by Utilization: Self
- Wait Function " Wait Count: Self
- Wait Functian Tree . Idle . Poor D Ik, . Ideal . Cyer
B OMP Critical FindPrimes: 3 25,070s 479605 [ O
=l ShowProgress 21.982s T | 414666 O
= L_?FindPrimes@  21.982s 414666 O
F kmp_ireoke) 11,1605 203993 O
. FindPrimes < 10.522s 0N 205673 O
FIL_?FindPrimes@@ysy  3.055s DI 64039 O
[ B NI U TR Y . — I= R | a -

:intel’ 110 6/18/2010 From Serial to Parallel

Software
Products

Copyright © 2008, Intel Corporation. All rights reserved.
*QOther brands and names are the property of their respective owners




Source Code View

a4 {

a0 int percentDone = 0;

a6 static int lastPercentDone = 0O;
a7

aa fpragma omp critical

Q2 percentDone = (int){{float)gProgress;

Q3 }

Q4

a5

96 if{ percentDone % 10 == 0 &4 lastPerc

a7 printfi{"ibibibibi3d$%", percentDd 0.004s|
93 lastPercentDone++;

99

100 }

4™4
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Fixing the synchronisation issue -1

This fix removes the need for a critical section

void FindPrimes (int start, int end)

{
// start is always odd

int range = end - start + 1;

#pragma omp parallel for
for( int 1 = start; i <= end; i += 2 )
{
if( TestForPrime (i) )
globalPrimes[InterlockedIncrement (&gPrimesFound) ]

ShowProgress (i, range);
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Fixing the synchronisation issue - 2

This fix removes the need for a critical section

void ShowProgress( int wval, int range )

{

long percentDone, localProgress;
static int lastPercentDone = 0;

localProgress = InterlockedIncrement (&gProgress);

percentDone = (int) ((float)localProgress/
(float) range*200.0£+0.5f) ;

if ( percentDone % 10 == 0 && lastPercentDone < percentDone / 10
printf ("\b\b\b\b%3d%%", percentDone);
lastPercentDone++;
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That's better (but still disappointing)...

78498 primes found bhetween A and 188AAAA in

ALnning 1X1ng synchronlsatlon LSSUe.exe
1 B@:-

78498 primes found hetween A and 188BHABA in H.380 secs

Speedup 1.6
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Demo 9 - Improving the
Load Balancing

Software
Products



Threads are not doing equal work

Concurrency

*'» Bottom-up ﬂﬂ Top-down Tree

Thread . L y*o
Bl e _PL Time by Ukilization: 5elf
- Caller Function Tree Oide B Poor OOk B Ideal B Owver

B OMP Waorker Thread #1 (1) 238,41 0ms

H mainCRTSkarkup (2) 205, 420ms I
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Fixing a Load Imbalance

Distribute the work more evenly

void FindPrimes (int start, int end)
{

// start is always odd

int range = end - start + 1;

#pragma omp parallel for schedule(static, 8)
for( int 1 = start; i <= end; i += 2 )
{
if( TestForPrime (i) )
globalPrimes[InterlockedIncrement (&gPrimesFound) ]
ShowProgress (i1, range);
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That's better

A and 18888ABA in

Running 11 _Load Balancing.exe
1 89

Y8498 primesz found bhetween B and 188HBHA in B.25 secs

Speedup 1.92
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A Finely Balanced threaded Program!

SUMMAry: -~ 1 %!
Elapsed Time: 0,288s

CPU Time: 0.472s

Wait Tirme: 0.010s

\Wait Counk: 29

Unused CPU Time: 0.037s

Core Counk: z2

Threads Created: z

FUULCE [ FrimeCpeniP.cpp

Concurrency

*+ Bottom-up a Top-down Tree

Elapsed Time
Targek Concurrency

¥ [#]

Thread . a
~ Funchion - ZPU Time by Utilization: Self

- Caller Function Tree Oide B Poor O 0k B Ideal @ Over

B2 OMP Worker Thread #1 (1) 234.375ms . Tdeal | Quer

HmainCRTSkarkup (2 237, 125ms I Simultaneous Running Threads

From Serial to Parallel
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Scalability
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Key Questions -Tune

Is my application scalable?
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Moving to Parallel — a view from some
developers

Top 5 challenges

*Fear of many cores
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Scalability http://paralleluniverse.intel.com

Intel® Parallel Universe Portal

Welcome to the - ™ 1 h (i@

1

Parallel Universe. i,

1: Describe your application 2: Configure

Step 3: Summary

Session Name prime

Upload zip file 11_Load Balancing.zip

Command Line 11_Load Balancing.exe 1 1000000

Click on DOME to get the reports of the execution.
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The Results

Command line:

Report:

Your job has completed!

_ parallel.universe@intel.com
sent: Man 07/06/2010 06:05
To Blair-chappell, Stephen

18 0.12 3 18 .70 3
Elapsed Time (secs) @ Average Concurrency @
alg 433 o
a7 - 385 4
15 337 4
iz - 2.80 4
T a0 & 2.4 |
§ oo - E 193 4
@ <
O0E - dd 4
aos - oo 4
002 - == Bapsed Tima) YR
aoo - oo 4
2 i 8 8 2 4 8 &
Cores . Cores .
Performance Improvement & Throughput Scalability @
atg . 2.08 -
a1y - 185 §
als . _ ez |
a1z - 2 1394
- 2
E a1 & L1864
g £
§ ao8 - * noz o
w rr;|
008 e 5 089
04 - & pas
a0z #imal Time a3 | | Throughput Scalanis
aoo -+ aoo 4
2 1 8 8 2 4 8 B
Coras ore s
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Your job has completed!

We're sending vou this email because vour job "prime" has successfully
completed

Please click the link below to access to the results page
http:/paralleluniverse.intel.com/Job/Summarv/§78388be-af21-4619-3911-
0592309db43b

Thanks for using Intel® Parallel Universe Portal!
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Without the printfs

Cores Elapsed Time [$ecs) Number of Bosdutions é Cores Aversge Concurréncy Number of Boeetutions é

e
'

'

'
.
'
o

T

'

s 0.10 z z - z
18 0.11 z 8 i3 z
Elapsed Time (secs) @ Average Concurrency @
ot 185
a7 - 351 4
ois . 07 .
012 - 2,63 4
T 010 - = & 2.9
£ oos - £ L7sl
@ €
006 - 1.3z |
o4 - o8e 4
a0z - = BapeedTime odd L | svarage Concurre
oo - . . ooo 4
1 2 4 8 % 2 4 & E
Coras Corns
Performance Improvement & Throughput Scalability @
aw LBT -
a17 - 5 L6 4
s \ . Las |
aiz - B 125
" &
¥ 0 = g o4 )
g . £,
£ oos- = 083 4
LY £ 082 .
004 - F naz |
002 - Qutimal Time » o | = Thrauahe
oo - . . ooo 4
1 2 4 8 % 2 4 & E
Caras Caras
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Report:

A run of 10 million

Command line:

1 1.5 E 1 1.00 3
2 z55 3 2 1.98 3
4 1.53 3 4 135 3
5 s E 5 7.48 3
15 0.0 E 8 12.14 3
Elapsed Time (secs) @ Average Concurrency @
4,05 5 13,35 .
380 - 11.87 4
315 10.38 |
2.70 - a0 4
T 225 5 7a2]
g 1e0- E 5594 o
I <
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Tools

Architectural
Analysis

Introducing
Parallelism

Validating
Correctness

Performance
Tuning
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Existing Intel
Software

Intel Parallel
Studio

Intel® VTune™ Advisor/Amplifier
Performance Analyzer

Intel Compilers Composer
Parallel Libraries

Intel® Thread Inspector
Checker

Intel® Thread Profiler | Amplifier
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