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Both threads without Hyper-Threading Technology:

Time

Both threads with Hyper-Threading Technology:

Time saved

Time saved

Both threads with Dual Core processors:
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Physical Physical 
processor processor 

corescores

Logical processors Logical processors 
visible to OSvisible to OS

Physical processor Physical processor 
resource allocationresource allocation ThroughputThroughput

TimeTime
Resource 1Resource 1

Resource 2Resource 2

Resource 3Resource 3

Thread 2Thread 2 Thread 1

Thread 2
Thread 2

Thread 1 Resource 1Resource 1

Resource 2Resource 2

Resource 3Resource 3

+

Thread 1

Thread 2Thread 2

Resource 1Resource 1

Resource 2Resource 2

Resource 3Resource 3
Resource 1Resource 1

Resource 2Resource 2

Resource 3Resource 3

+
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Serial code limits speedupSerial code limits speedup
(1

-P
)

P

T s
er

ia
l

(1
-P

)

P/2
n = number of processors

Tparallel = {(1-P) + P/n} Tserial

Speedup = Tserial / Tparallel

0.5    +  0.250.5    +  0.25

1.0/0.75 = 1.331.0/0.75 = 1.33

n = 2n = 2n = n = ��������

P/��������

…

0.5    +   0.00.5    +   0.0

1.0/0.5 = 2.01.0/0.5 = 2.0
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GHz Era Multi-core Era

Active ISV

Active ISV

Passive ISV

Passive ISV
Platform Potential

Platform Potential Growing gap!Growing gap!

Fixed gap

Fixed gap
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Taking full advantage of Multi-Core requires 
multi-threaded software
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Ocean 
Model

Surface 
Model

Hydro 
Model

Atmosphere Model
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for (y=0; y<nLines; y++)

genLine(model,im[y]);

call fluxx(fv,fx)

call fluxy(fv,fy)

call fluxz(fv,fz)



0+

:��
�����������
�����������
��

�;��
	
��"��������"��������������
���)
���<%�:=3><�������
���

��3�

?�����$���
��������������
	���"���������
@��	���

?�������������
���.����������3�A$B<#�C���<#���	'D

��������
���.���������;����
���A:�����<D

. <��7�������
����������������������
������������������
����	����
����

�
��
���	�
���
�����"������

?������
��������"��������������
����
6���"�����	���������*�

. ����� ��
������=��������=���!��1�==2 ������ ����
�����
	�
�����

�
��������1����� ���2���������� �����>
���5��
�
��1����� �>52

. ��
��������
�������
����!����
�%�������
�3��?�����3��
�?



0/

��;
�
@������
�$�������������	���"�
!�����
���5����=�������

��	���
���
�������������������������������

• =
�!���
�������������������������������������
����

• �
	�
�����������������������
��	��
�����
�

$������������
�� ����������������@���������
����������������

,��� 7�����@

!������������
	��
�������������

��������
�
�
�����


�
��



�1

���������E�!����

?���"����*���������������������
�������
����
�"���������
�
���

������������
��

F��
�"��
��������

• ����������������	�����������������
���!�

• ��������������������	��
������	�
��
�����A7�

• ��������������
������
��
����������

Developer knowledge of algorithm is important!

“More computing sins are committed 
in the name of efficiency (without 
necessarily achieving it) than for any 
other single reason …”

 William M. Wulf

“More computing sins are committed 
in the name of efficiency (without 
necessarily achieving it) than for any 
other single reason …”

 William M. Wulf
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public class Report 
{

public void Compute(int x)
{

x = x * x; ... // long task
}

}

public static void main()
{

Report r = new Report();
r.Compute(5);

}
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public class Report 
{

public void Compute(int x)
{

this.x = x;
mi = new MethodInvoker(AsyncCompute);
mi.BeginInvoke(null, null);

}
void AsyncCompute()
{

x = x * x; ... // long task
}
MethodInvoker mi;
int x;

}

public static void main()
{

Report r = new Report();
r.Compute(5);

}
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#include <stdio.h>
#include <pthread.h>
const int num_threads = 4 ;

void* thread_func(void* arg) { 
do_work(); 
return NULL; 

}
main() {
pthread_t threads[num_threads];
for( int i = 0; i < num_threads; i++)

pthread_create(&threads[i], NULL, thread_func, NULL);

for(int j = 0; j < num_threads; j++)
pthread_join (threads[j], NULL);

}

�:=3><���������<9��;�����

Parallel processing
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#pragma omp parallel for private(pixelX,pixelY)

for (pixelX = 0; pixelX < imageWidth; pixelX++)
{

for (pixelY = 0; pixelY < imageHeight; pixelY++)
{

newImage[pixelX,pixelY] =
ProcessPixel(pixelX, pixelY, image);

}
}

:�����<�!������9�3���
	
�

Create 
Threads

Split loop iterations 
among threads

Make local variables 
for each thread
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BB

AA CC

…

// Divide work of outer loop between all 
processors on the system

#pragma omp parallel for private(x,y)

for (x=0; x<width; x++)

for (y=0; y<height; y++)

C(x,y) = F(A(x,y),B(x,y));

…
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Execution order is not guaranteed unless 
updates to “b” and its use are protected 

by a synchronization mechanism.

Execution order is not guaranteed unless Execution order is not guaranteed unless 
updates to updates to ““bb”” and its use are protected and its use are protected 

by a synchronizationby a synchronization mechanism.mechanism.
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Analysis

Introducing
Parallelism

Debugging

Performance 
Tuning

New

New

New

Highly optimizing 
compilers delivering
scalable solutions

Detect latent programming 
to address unique 

challenges

Tune for performance
and scalability

Analyze your application 
and identify multi-core 

performance bottlenecks 
and hotspots
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Serial Dev. Cycle

Parallel Dev. Cycle

Optimized parallel code

Non optimized parallel code
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Optimized serial code

Non optimized serial code
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Analysis
–Verify timings, verify dependencies

–Intel® VTune™ Performance Analyzer

Design (Introduce Threads)
–Use a threaded library

–e.g.  Intel® Threading Building Blocks, Intel®
Performance libraries: IPP and MKL

–OpenMP* (Intel® Compiler)
–Explicit threading (Win32*, Pthreads*)

Analyze for correctness
–Intel® Thread Checker
–Intel Debugger

Tune performance
–Thread Profiler
–Intel® VTune™ Performance Analyzer
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for (i = start; i <= end; i += 2)
{

limit = (int) sqrt((double)i) + 1;
prime = 1; /* assume number is prime */

for (j=3; prime && (j <= limit); j+=2)
if (i % j == 0)

prime = 0;
if (prime)

number_of_primes++;
}

for (i = start; i <= end; i += 2)
{

limit = (int) sqrt((double)i) + 1;
prime = 1; /* assume number is prime */

for (j=3; prime && (j <= limit); j+=2)
if (i % j == 0)

prime = 0;
if (prime)

number_of_primes++;
}

33 33
55 3,3,55
77 3,5,3,5,77
99 33

1111 3,5,7,9,3,5,7,9,1111
1313 3,5,7,9,11,3,5,7,9,11,1313
1515 33
1717 3,5,7,9,11,13,15,3,5,7,9,11,13,15,1717
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for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

number_of_primes++;
}

for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

number_of_primes++;
}
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Analysis
–Verify timings, verify dependencies

–Intel® VTune™ Performance Analyzer

Design (Introduce Threads)
–Use a threaded library

–e.g.  Intel® Performance libraries: IPP and MKL
–OpenMP* (Intel® Compiler)
–Explicit threading (Win32*, Pthreads*)

Analyze for correctness
–Intel® Thread Checker
–Intel Debugger

Tune performance
–Thread Profiler
–Intel® VTune™ Performance Analyzer
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Analysis
–Verify timings, verify dependencies

–Intel® VTune™ Performance Analyzer

Design (Introduce Threads)
–Use a threaded library

–e.g.  Intel Thread Building Blocks, Intel®
Performance libraries: IPP and MKL

–OpenMP* (Intel® Compiler)
–Explicit threading (Win32*, Pthreads*)

Analyze for correctness
–Intel® Thread Checker
–Intel Debugger

Tune performance
–Thread Profiler
–Intel® VTune™ Performance Analyzer
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#pragma omp parallel

#pragma omp for

Implicit barrier
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#pragma omp parallel for
for(i = 1, i < 13, i++) 

c[i] = a[i] + b[i]
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#pragma omp parallel for private (j, limit, prime)
for(i = start; i <= end; i += 2){

limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

number_of_primes++;
}

#pragma omp parallel for private (j, limit, prime)
for(i = start; i <= end; i += 2){

limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

number_of_primes++;
}
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Analysis
–Verify timings, verify dependencies

–Intel® VTune™ Performance Analyzer

Design (Introduce Threads)
–Use a threaded library

–e.g.  Intel® Performance libraries: IPP and MKL
–OpenMP* (Intel® Compiler)
–Explicit threading (Win32*, Pthreads*)

Analyze for correctness
–Intel® Thread Checker
–Intel Debugger

Tune performance
–Thread Profiler
–Intel® VTune™ Performance Analyzer
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#pragma omp parallel for private (j, limit, prime)
for(i = start; i <= end; i += 2){

limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

number_of_primes++;
}
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<thread 1>

mov ecx, dword ptr [number_of_primes]

add ecx, 1

mov dword ptr [number_of_primes], ecx

<thread 2>

mov ecx, dword ptr [number_of_primes]

add ecx, 1

mov dword ptr [number_of_primes], ecx

number_of_primes++
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#pragma omp parallel for private (j, limit, prime) 
for(i = start; i <= end; i += 2){

limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

#pragma omp critical
number_of_primes++;

}
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Analysis
–Verify timings, verify dependencies

–Intel® VTune™ Performance Analyzer

Design (Introduce Threads)
–Use a threaded library

–e.g.  Intel® Performance libraries: IPP and MKL
–OpenMP* (Intel® Compiler)
–Explicit threading (Win32*, Pthreads*)

Analyze for correctness
–Intel® Thread Checker
–Intel Debugger

Tune performance
–Intel® VTune™ Performance Analyzer
–Thread Profiler
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#pragma omp parallel for schedule (dynamic)
private (j, limit, prime) 

for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

#pragma omp critical
number_of_primes++;

}
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Analysis
–Verify timings, verify dependencies

–Intel® VTune™ Performance Analyzer

Design (Introduce Threads)
–Use a threaded library

–e.g.  Intel® Performance libraries: IPP and MKL
–OpenMP* (Intel® Compiler)
–Explicit threading (Win32*, Pthreads*)

Analyze for correctness
–Intel® Thread Checker
–Intel Debugger

Tune performance
–Intel® VTune™ Performance Analyzer
–Thread Profiler
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Cruise time Overhead Blocking time Impact time

Categorization shown for a system configuration with 2 processors

Program Behavior
0
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Thread 1

Thread 2

Thread 3

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15

Acquire lock L

Wait for Threads 
2 & 3

Wait for L

Release L Wait for L

Release L

Acquire L

Acquire L

Threads 
2 & 3 Done
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#pragma omp parallel for schedule (dynamic)
private (j, limit, prime) 

for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

#pragma omp critical
number_of_primes++;

}

#pragma omp parallel for schedule (dynamic)
private (j, limit, prime) 

for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

#pragma omp critical
number_of_primes++;

}
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#pragma omp parallel for schedule (dynamic,100)
private (j, limit, prime) 

for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

#pragma omp atomic
number_of_primes++;

}

#pragma omp parallel for schedule (dynamic,100)
private (j, limit, prime) 

for(i = start; i <= end; i += 2){
limit = (int) sqrt((float)i) + 1;
prime = 1; /* assume number is prime */ 
for ( j=3;  (prime && (j <= limit); j+=2 )

if (i%j == 0) prime = 0;
if (prime)

#pragma omp atomic
number_of_primes++;

}
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“We are optimizing RenderMan’s core to be very 
scalable for future multi-core architectures. Intel’s 
Threading Tools have accelerated our development 
cycle dramatically.  Intel’s Thread Checker for example, 
helped identify potential threading issues very quickly, in 
days compared to weeks if done otherwise.  Thread 
Profiler, on the other hand, has helped us understand 
threading performance problems so we could fix them to 
improve scalability.  The Intel Threading Tools are now 
an integral part of our development process.”
Dana Batali
Director of RenderMan Development
Pixar
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“We found Intel ThreadChecker to be an indispensable aid for 
analyzing threaded code. We were impressed at how well it 
handled an application as large and complex as Maya.  Based 
on this experience I plan to use this tool on future threading 
projects.  Intel ThreadProfiler was very useful for analyzing 
bottlenecks in our threaded code.  ThreadProfiler . . .  showed 
us the reasons for the slowdown, so we were able to restructure 
the code for better threaded performance.”
Martin Watt
Software Architect
Alias
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"We used Intel Threading Tools including Intel 
Thread Profiler to realize improved threaded 
application performance of Omni Page 15 running 
on Intel multi-core platforms.  We look forward to 
using Intel Thread Profiler with its critical path 
analysis and selective magnification of important 
time regions on future thread optimization 
projects."
Gyorgy Varszegi
Scansoft
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