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Todayos Parall el

A

There are a couple of programming
options from Intel.

I Old recommendations (e.g. OpenMP)

I Newer recommendations (e.g. TBB, Ct)
I New acquisitions (i.e. Cilk, RapidMind)

I Competitive offerings (e.g. OpenCL)
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Performance versus effort (intel’

Theoretical speedup | imited by number of CPUOGS peMP(I:Iuster

ed by number of Corebds per CPU

Threads

Code Performance

Theoretical speedup limited by Core

Serial optimization Cilk

Code Restructuring Development effort
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OpenMP (intel')

OpenMP*

The easi est parall el m
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What is OpenMP* ? (intel.

Portable, open, shared memory multi -processing
specification (API)
I Fortran 77, Fortran 90, C, and C++

I Multi -vendor support, for all popular operating
systems

I E..g. compiler from Intel, Microsoft since VS2005 and
GNU/GCC since 4.2

AThree components:
I #pragmas (compiler directives) I most important
I APl and Runtime Library, Environment Variables
ACombines serial and parallel code in single source
I Lightweight compared to thread class, thread API
I Supports incremental approach for parallelization
I ldeally no need to change serial code
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Where to find out more about OpenMP*?

C$OMP FLUSH #pragma omp critical

(il

C$OMP THREADPRIVATE(/ABC/) CALL OMP_SET_NUM_THREADS(10)

C$OMP parallel do shared(a, b, c) el ey seie [eElels,

C$SOMP MASTER

call OMP_INIT_L

http://www.openmp.org

Current spec is OpenMP 3.0
326 Pages

(combined C/C++ and Fortran)

C$OMP SINGLE PRIVA

C$OMP PARALLEL O

C$OMP PARALLEL

C
FEDULE fddynanmi
C$OMP ORDERED

[TONS

#pragma omp parallel for private(A, B)

ISOMP BARRIER

C$OMP PARALLEL COPYIN(/blk/)

Nthrds = OMP_GET_NUM_PROCS() omp_set_lock(Ick)
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OpenMP idea [intel'

AWhat can we parallelize ?
I Code regions
I Independent code regions
I Loops
I Divide iteration space
I Synchronization (!)
AThread handling ?
I Automatic (number of cores)
I API
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Programming Model (intel,

Fork-join parallelism:
AMaster thread spawns a team of threads

AParallelism is added incrementally: the sequential
program evolves into a parallel program
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Parallel Loop Model

A Threads are created
A Data is classed as shared or private

A
Parallel For \

void* work(float* A) { - 7 roraions

#pragma omp parallel for \ distributed
shared(A) private(i) 1 4 acrossthreads | L
for(i= 1;i<= 12;i++){ =2 =5

/* Iterations divided 1 1 1
* among threads =3 =6
*[ Barrier at end
} ”
} Threads either spin or
sleep between regions
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Parallel Sections

Alndependent sections of code
can execute concurrently

#pragma omp parallel sections

{
#pragma omp section
phase2();
#pragma omp section
phase3();

}
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Data Scope Clauses (intel'

A Private

I New object of the same type is created for each thread in the
team (Object is not initialized)

A Shared

I Shares variables among all threads

A Default

I Enables the specification of the default data -scope (Private,
Shared, or None)

A Firstprivate

I Variable is initialized with the value from the original object
(superset of private)

Software & Services Group, Developer Products Division

@

Copyright © 2010, Intel Corporation. All rights reserved.

Software
Products *Other brands and names are the property of their respective owners.



Intel ® Compiler and OpenMP " (intel.

AOpenMP* support
I /Qopenmp
I /Qopenmp_report{0|1|2}
I /Qopenmp_profile
A Compatibility mode to Microsoft/GCC

I Supports mixed compilation even in case OpenMP code is present
in both parts

I /Qopenmp -lib:;[compat| legacy ]
AAdditional environment variables
I E.g. KMP_AFFINITY
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OpenMP and C# ?

AEncapsulate OpenMP in C++ (CLI) DLL (> VS05)
AAnonym Delegates (> C# 2.0)
AMSDN Webcast (B. Marquardt)

C++
[ €]
public ref class ParExec

public:
?tatic void For(int iStart, int iIEnd, Method<int>" loopbody)
#pragma omp parallel for
for(int i = iStart; | < IEnd; i++)

loopbody(i);
C#
. [ €]
[ €] ParExec.For(0, iAnz, delegate(int i)
N arr[i] = Math.Sqrt(i) + Math.Pow(i, 0.3);
[e]
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Example - Pi-computation with reduction

OpenMP

Focus on application Logic, not implementation

#include <omp.h>

static long num_steps = 100000 ;
double step;
#define NUM_THREADS 2
void main ()
{ inti;
double x, pi, sum = 0. 0;

step= 1. 0/(double) num_steps;
omp_set_num_threads(NUM_THREADYS);
#pragma omp parallel for reduction(+:sum) private(x)
for (i=  1;i<= num_steps; i++){
x=( -0.5)*step;
sum=sum+ 4. 0/( 1. 0+x*x);
}
pi = step * sum,;

}
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Win32 API - Native Threads (intel'
é

AWindows* native threads
A Full control over all aspects of threading

A Requires thorough understanding of threading
mechanisms

A Significant code bloat
iAr-envent the wheel 0 with ec
I hard to maintain

A Not portable among OSs

CiAssembly approach of t hr eal
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Pi - computation I

#include <windows.h>

#define NUM_THREADS 2

HANDLE thread handles[NUM_THREADS];
CRITICAL_SECTION hUpdateMutex;

static long num_steps = 100000;

double step;

double global_sum =0.0;

void Pi (void *arQ)
{
int i, start;
double x, sum = 0.0;

start = *(int *) arg;
step = 1.0/(double) num_steps;

for (i=start;i<= num_steps;
i=i+NUM_THREADS){
x = (i-0.5)*step;
sum = sum + 4.0/(1.0+x*x);
}
EnterCriticalSection(&hUpdateMutex);
global_sum +=sum;
LeaveCriticalSection(&hUpdateMutex);

with Win32 Threads

void main ()

{

double pi; int i;
DWORD threadID;
int threadArg[NUM_THREADS];

for(i=0; i<NUM_THREADS; i++)
threadArg[i] = i+1;

InitializeCriticalSection(&hUpdateMutex);

for (i=0; i<NUM_THREADS; i++){
thread handles[i] = CreateThread(0, O,
(LPTHREAD_START_ROUTINE) Pi,
&threadArg[i], 0, &threadlID);

}

WaitForMultipleObjects(NUM_THREADS,
thread handles,
TRUE,INFINITE);
pi = global_sum * step;

printf(" pi is %f \n",pi);
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Pi - computation I quite some extra code

Setup multi-threading support

void main ()

{
double pi; inti;

static long num_steps = 100000;
double step;

Define the work each thread will
do and pack it into a function

Update the final
answer one
thread at a time

\

Setup arguments,
book keeping,
launch the threads

Wait for all threads to finish

pi = global_sum * step;

printf(" pi is %f \n",pi);

N
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the final result




OpenMP* 3.0 Support

i 1st Compiler to be fully compliant with OpenMP* 3.0

i http://www.openmp.org/mp - documents/spec30.pdf

i Express parallelism explicitly
i Use pragmas and lib calls to describe parallel loops and tasks

i New extensions:
i Tasking for unstructured parallelism
i Enhanced loop scheduling control

i Better support for nested parallelism
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OpenMP* 3.0 Tasking Example

Postorder Tree Traversal

void postorder(node *p)
{
if(p - >left)
#pragma omp task
postorder(p - >left);
if (p - >right)
#pragma omp ta
post r(p - >right);

i1 ma omp taskwait /[ wait for descendants

- >data);

process(p

}

/[ Parent task suspended until children tasks complete
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Auto -Parallelization (intel’

AAuto - parallelization: Automatic threading of loops
without having to manually insert OpenMP*
directives.
I /Qparallel, -parallel
I /Qpar_report[n], -par_report[n]
ACompil er can identify AeasyH
parallelization, but large applications are difficult to
analyze.
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Intel® Threading Building Blocks T899 (intel'

Extends C++ for Parallelism-ak i nd of nNSTL f or Par al |

A You specify tasks (that can run concurrently) instead of threads

I Library maps user-defined logical tasks onto physical threads, efficiently
using cache and balancing load

I Full support for nested parallelism
A Targets threading for scalable performance

I Portable across Linux*, Mac OS*, Windows*, and Solaris*
A Emphasizes scalable data parallel programming

I Loop parallelism tasks are more scalable than a fixed number of separate
tasks

A Compatible with other threading packages
I Can be used in concert with native threads and OpenMP*
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Threading Building Blocks - Components (intel.

Parallel algorithms
parallel_for (improved)
parallel_reduce (improved)
parallel_do (new)
pipeline (improved)
parallel_sort
parallel_scan

Task scheduler
With new functionality
Synchronization primitives Utilities

atomic operations tick_count
various flavors of mutexes (improved) tbb_thread (new)

Memory allocators
tob_allocator (new), cache _aligned_allocator, scalable allocator

(i’ntel) Software & Services Group, Developer Products Division

Concurrent containers
concurrent_hash_map
concurrent_queue
concurrent_vector
(all improved)
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Focus on Application Logic, not Thread Management
Example: Win32 Threads vs. TBB for 2D Ray Tracing Application

Windows Threads

intel.

Intel® Threading Building Blocks

MyMutex, MyMutex2, MyMutex3;

int nthreads = get_|
HANDLE *threads = (HA alloca (nthreads * sizeof (HANDLE));
InitializeCriticalSection (&MyMutex);
InitializeCriticalSection (&MyMutex2);
InitializeCriticalSection (&MyMutex3);
for (inti =05 i < nthreads; i++) {

DWORD id; ‘
&threads]i] = CreateThread (NULL, O, parallel | y

for (inti =05 i < nthreads; i++) {

WaitForSingleObject (&lhreaé’ Iicit mm
) ma

Parallel Task Scheduling and Execution
const int MINPATCH = 150;
const int DIVFACTOR = 2;
typedef struct work queue ¢
patch peh;
struct work_gueue_entry_ s *next;
}work_queue entry |
work_queue entry © e
work_queue_entry_t *work_queue tail = NULL;
void generate_work (p
{ int startx, stopx, start: eve op ng an
int xs,ys:
startx=pchin->startx; Stopx= pehin->stopx;
starty=pchin->starty; stopy= pehin->stopy;
if(((stopx-startx) > MINPATCH) || ((stopy-starty) >= MINPATCH)) {
int xpatchsize =/(stopx-startx)/DIVFACTOR + 1;
int ypatchsize -starty)/DIVFACTOR + 1;
for (ys=starty; 's+=ypatchsize)
xs+=xpatchsize) {

_D);
= starty; g->pch.stopy = stopy;
g->pch.startx = startx; g->pch.stopx = stopx;
g->next = NULL;

This example
includes
software
developed by
John E. Stone.

if (work_queue_head == NULL) {
work_queue_head = q;
}else{
work_queue_tail->next = q;

work_queue_tail = q;
}
}

void generate_worklist (void)

patch pch;
pch.startx = startx;
h.stopx = ﬁx; N O s t
t“w starty = Xahty O

pchistopy = stopy;

0)

schedule_thread_work (patch &pch)

{
EnterCriticalSection (&MyMutex3);
work_queue_entry_t *q = work_queue_head;

U canot

workiqugieihead = work_gueue_head->next;
- - N
ood useofs n Ot
return (g !'= NULL);

taining

void parallel_thread (void *arg)

d

a

patch pch;
while

e_thread_work (pch)) {
inty = pch.starty; y <= pch.stopy; y++) {
for (int x=pch.startx; x<=pch.stopx; x++) {
render_one_pixel (x, y);}}
if (scene.displaymode == RT_DISPLAY_ENABLED) {
EnterCriticalSection (&MyMutex3);
for (int y = pch.starty; y <= pch.stopy; y++) {
GraphicsDrawRow(pch.startx-1, y-1, pch.stopx-pch.startx+1, (unsigned char
*) &global_buffer[((y-starty)*totalx+(pch.startx-startx))*3]);
}

LeaveCriticalSection (&MyMutex3);

Thread Setup and Initialization
#include "tbb/task_scheduler_init.h"

#include "tbb/spin_mutex.h"
tbb::task_scheduler_init init;
tbb::spin_mutex MyMutex, MyMutex2;

Parallel Task Scheduling and Execution
#include "tbb/parallel_for.h"

#include "tbb/blocked_range2d.h"

class parallel_task {

public:

voi r() (const thb::blocked_range2d<int> &r) cons
or (int'y = r.rows().begin(); y !=r.rows().end(); ++y) {
for (int x = r.cols().begin(); x !=r.cols().end(); x++) {

render_one_pixel (x, y);

}

}
if (scene.displaymode == RT_DISPLAY_ENABLED) {
tbb::spin_mutex::scoped_lock lock (MyMutex2);
for (inty = r.rows().begin(); y !=r.rows().end(); ++y) {
1 GraplificsDrawRow(startx-1, y-1, totalx, (unsigned char *)
&global_buffer[{y-starty)*totalx*3]);

parallel_task () {}
E);aralleljor (tbb::blocked_range2d<int> (starty, stopy + 1, grain_size, startx,
stopx + 1, grain_size), parallel_task ());
Focus on work to do,
not Ahowo (thre
to manage threads

Intel® Threading Building Blocks offers platform
portability on Windows*, Linux*, and Mac OS* through
its cross-platform API. This code comparison shows the
additional code needed to make a 2D ray tracing
program, Tacheon, correctly threaded. This allows the
application to take advantage of current and future
multi-core hardware.

Software & Services Group, Developer Products Division
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Summary (intel.
Alf native threads is the fiassembl y
t hen I ntel TBBI ewelt hapmmhoadbdho
a

I you can do more with asm, but do you really want to
bother??

A Intel® Threading Building Blocks is a C++ library
no language extensions required

- works with any C++ compiler

portable between operating systems

' also available as open source:
http://www.threadingbuildingblocks.org/

C Flexible, scalable solution with high amount of control at
minimum overhead
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Cilk (intel'

ACilk++ offers a compiler keyword alternative to TBB
AEvery Cilk program preserves the serial semantic

ACilk provides performance guarantees since it is
based on theoretically efficient scheduler

AWork -stealing scheduler

AThere are three additional keywords: _ cilk_spawn
and cilk sync , cilk for
I #include <cilk/cilk.n>

APreventing races using reducer hyperobjects

AAvailable with new Parallel Studio Beta (~ Q2 2010)

Product names, syntax and features may be subject of change!

(intel Software & Services Group, Developer Products Division
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Cilk - The main principle (intel'

AThe programmer should be responsible
for exposing the parallelism:

I 1dentifying elements that can safely be executed in
parallel

Alt should then be left to the run -time environment,
particularly the scheduler, to decide during
execution  how to actually divide the work between
Processors.

I Itis because these responsibilities are separated that

a Cilk program can run without rewriting on any
number of processors, including one.

(intel Software & Services Group, Developer Products Division
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cilk_spawn and cilk_sync (intel'

Acilk_spawn (or _Cilk_spawn ) gives the runtime
permission to run a child function asynchronously.
i No 2" thread is created or required!

I If there are no available workers, then the child will
execute as a serial function call.

I The scheduler may steal the parent and run it in parallel
with the child function.

I The parentis not guaranteed to run in parallel with the
child.

Acilk_sync  (or _Cilk sync ) waits for all children to
complete.

Software & Services Group, Developer Products Division
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Fibonacci 1 recall the functionality (intel.

0 if n = 0;
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nth Fibonacci number I C (intel’

int fib( int n){
Int X, ;

if (n<2) return (n);

X = fib(n - 1);
y = fib(n - 2);
return ( x+y);

Software & Services Group, Developer Products Division
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Fibonacci 1 Cilk code

int fib( int n){
Int X, V;

it (n< 2) return (n); Execution can

x = cilk spawn fib(n - continue while fib(n -
y = fib(ﬁ - 2); 1) is running.
cilk_sync ; | |

return (x+y); Asynchronous call

} must complete
before using X.

(intel Software & Services Group, Developer Products Division
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Load Balancing (intel.

A The work -stealing scheduler
automatically load -balances:

I An idle worker will find work to do.

I If the program has enough
parallelism, then all workers will stay
OuSsy.




cilk for  loop (intel.

ALooks like a normal  for loop.
cilk_for (nt x = 0; x < 1000000; ++x)
AAny or all iterations may execute in parallel with
one another.

AAll iterations complete before program continues.

A Constraints:
I Limited to a single control variable.

I Must be able to jump to the start of any iteration at
random.

I Iterations should be independent of one another.

Software & Services Group, Developer Products Division
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Serialization [intel'

AEvery Cilk program has an equivalent serial
program called the  serialization

AThe serialization is obtained by removing
cilk spawn and cilk_ sync keywords and
replacing cilk for with for

I The compiler will produce the serialization for you if you
compile with / Qcilk - serialize (Windows) or -cilk -
serialize (Linux)

ARunning with only one worker is equivalent to
running the serialization.

Software & Services Group, Developer Products Division
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Serial Semantics (intel'

AA deterministic Cilk program will have the same
semantics as Its serialization.
I Easier regression testing

I Easier to debug:
I Run with one core
I Run serialized
I Composable
I Strong analysis tools (Cilk  -specific versions will be posted
on Whatlf)
I race detector
I parallelism analyzer

Software & Services Group, Developer Products Division
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Summing Example

int compute(const X& v);
int  main()

const std:: size t n=1000000;
extern X  myArray [n];

...
int  result = 0;
for (std:: SiZEREFN = =0 N n
{

result += compute( myArray [ 1 ]);
}
std:: cout <<"Theresultis:"

<< result

<< std::  endl ;
return O;

Software & Services Group, Developer Products Division
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Summing Example in Cilk

int compute(const X& v);
int  main()
{
const std:: sizet n= 1000000 ;
extern X  myArray [n];
...
int  result = 0;
cilk_for (std @%size” W "IN SN0 <F <1 W0
{
result += compute( myArray [ i ]);
}
std:: cout <<"Ther S
<< result
<<std:: endl ;
return  O;

Software & Services Group, Developer Products Division
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Locking Solution

int compute(const X& V);
int  main()
{
const std:: size t n=1000000;

extern X  myArray [n];
el

Lock overhead &
lock contention.

mutex L;
int  result = 0;
cilk_for (std:: sizet 1 =0; 1 <n;++ 1)
{

int  temp = compute( myArray [i]);

L.lock ();

result += temp;

L.unlock ();

}

std:: cout <<"Theresultis:"
<< result
<< std:: endl ;

return O; r

Soltware & Services Group, beveloper Proaducts Division
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Reducer Solution (intel'

Int
int

Declare to
e be a summing
reducer over

co

— gVl Updates are resolved
Al Are automatically without
races or contention.

con

cilk :: reducer _opadd <ig
cilk_for (std::  sjz4
{

}

std:: cout <<"Theresultis:"
<< result .get value ()
<< std:: endl ;

| =0; i <ARRAY_SIZE; ++ i)

result += Cmpute( myArray [ i ]);

return O;

At the end, the
underlying value

Software & Services Group, Developer Products Division can be extracted .
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Cilk Compared with Open MP (intel'

AMore completely integrated into C and C++
AClk phi | osophy argues a-grained s t
control over scheduling, affinity, etc.

I A programmer can rarely determine how balanced the
work -load of a real -world program will be.

I A scalable program should auto -balance for different core
counts and different load balances.

I System load from other applications fluctuates, so tuning
for the runtime core  -count will not help in general.

AOpen MP deviates from serial semantics.

(intel Software & Services Group, Developer Products Division
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Cilk compared with TBB (intel’

Alntel Cilk and TBB use similar work  -stealing
schedulers.

Alntel Cilk is integrated into C and C++. TBB is a
template library and is available in C++ only.

ACilk requires compiler support. TBB is a portable
library.

ABot h have serial semanti cs,
obscures them. Debugging a Cilk program on a
single core is as easy as debugging a serial
program.

Software & Services Group, Developer Products Division
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OpenCL (Open Computing Language) (i'ntel')

OpenCl is a portable intermediate low -level language (based on
C99) layer for a wide variety of different Hardware (FPA, GPU,
Cell, CPU, ¢&)

A Non -proprietary version of CUDA that promises to offer

Intel is part of the OpenCL consortium and supporting it

Provides parallel computing using task -based and data -based
parallelism

|s analogous to the open industry standards OpenGL,
OpenAL for 3D graphics and computer audio respectively

A
A
A
A OpenCl is already available on Snow Leopard
A
A

Intel working on plans to have some OpenCL support in our
tools

Programmers should use higher abstraction levels (ct, TBB,
OpenMP, Cilk) if possible

Software & Services Group, Developer Products Division
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A So many cores, so hard to harvest parallelism

Why Do We Need One More? (intel'
A

I Parallel programming is too hard for the masses of developers
need to emphasize ease of use

I Data races are too easy to create, way too hard to debug A
preclude races through  safety

I Target -specific specialization is required to get performance, but

makes code very difficult to maintain and port A raisetoa natural
level of abstraction  and enable forward scaling across architectures
and ISAs

i Uniform model for harvesting SIMD and thread -level parallelism in
either scalar kernels or array syntax A compiler + runtime

I ValArray too limited A universal set of operators across (even
irregular ) data structures

Software & Services Group, Developer Products Division
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T oday 0 sgoidgRealities

I Programming parallel apps is productive than
sequential

I Non-deterministic programming errtr
I Performance tuning is extremely complicated
I Strong interest by ISVs for a parallel programming model
which is:
I Abstract : Avoid dealing with OS and HW details
I Simple : Deterministic, eliminate threading problems

I Fast & Scalable  : Achievable through simpler
programming API

I Portable : Desire the flexibility to target various HW
platforms (CPU, LRB, GPU, Cell and a Mix)

(intel Software & Services Group, Developer Products Division
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Scalability

Performance
nScal i

POOI
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Software
Products

Programs should survive future Architectures il'lt6|

Single source

Software & Services Group, Developer Products Division
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Productivity

A Integrates with existing tools

A Applicable to many problem domains
A Safe by default: maintainable

Performance

A Efficient and scalable

A Harnesses both vectors and threads

A Eliminates modularity overhead of C++

Portability

A High-level abstraction
A Hardware independent
A Forward scaling




Where does Ct fit? (intel')

NCt Technol ogy: a new perspe
par al |l el programmi ngo

What 60s new and different?
AWhy do we need one more programming model?

AWhere does Ct fit within Intel other tools?
AWhere does Ct fit within the rest of the industry?

Product names, syntax and features may be subject of change!

Software & Services Group, Developer Products Division
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Ct Technology

An example of Intel turning research into reality

EI
L

.1\

Bl &

Parallel Data Ops & Data Runtime Delivers on-the- Scalable with
(Ex: Face Recog) Structures fly Parallelization Increasing Cores

A new programming model, abstract machine and API
A Expresses data parallelism with sequential semantics
A Deterministic (race -free) parallel programming

ADegree of thread/vector parallelism target
multi -core and SIMD hardware

A Extends C++: Uses templates for new types,
operator overloading and lib calls for new operators

(i/ntel)' Software & Services Group, Developer Products Division
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. 5 _ :
What is Ct” [Intel
A A generalized data parallel programming solution that

from dependencies on particular hardware architectures.

A A system that to allow parallel
algorithms to be specified at a high level.

A A that translates high-level specifications of
computations into efficient parallel implementations that can take advantage of
both SIMD and thread-level parallelism, as well as accelerators.

Ct Technology is a system that allows an application developer to combine
performance, portability, and productivity.

(i/ntel)' Software & Services Group, Developer Products Division
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Extending an Existing Language

A Add parallel collection objects and methods to C++

I Uses templates and operator overloading to create new types and
operators

A Work with standard C++ compilers
i Intel ® C++ Compiler
I Microsoft* Visual* C++ Compiler
i Gnu Compiler Collection*
A Express using mathematical - style notation
I Developers focus on whattodo, not howto do it

A Use sequential semantics

i Developers do not use threads, locks nor other lower -level
constructs and complexity

[Programmers think sequential, not parallel ]

Software & Services Group, Developer Products Division
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Forward Scaling with Ct (intel.

ACompile once, generating
optimized, native |A code

ADynamically reoptimize for:
I More cores
I More cache
I More bandwidth

T More instruction set
enhancements

(i@ Software & Services Group, Developer Products Division

Copyright © 2010, Intel Corporation. All rights reserved.

*Other brands and names are the property of their respective owners.



Design Constraints (intel’

Target language: C++

AC++ will continue to be the dominant languages for
high performance for the next 5+ years

eand mean standard C++!

ACustom syntactic extensions face huge barriers to
adoption

Alt is possible to design a desirable semantics
through an API -like interface with some Macro
magic

Software & Services Group, Developer Products Division
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An example: compute Pi and calling a Ct

Application Library ( intel

#include <app/randomgtt_random.t»
srand(time(NULL)); Uniform<>rng(NSET);
num_inside= 0.0f;

for(i=0; i< NSET; i++)

{
/I Generate x, y random numbers in [0,1)
float x = float( rand() ) / float{ RAND_MAX ); Vex<RB2> x =rng.randuUni);
float v = float( rand() ) / float( RAND_MAX); Vec<B2>y = rng.randUnit();
float distance_from_zera= sqgrt( x*x + y*y); VexR32>distance_from_zero = sqrt( x*x + y*y);
@‘lmﬁm <=1.0T)
num_inside += 1.0f; Vec32> inside_circle =
else select(dist_from_zere=1.0f, 1.f, 0.f);
num_inside += 0.0f;
i
float pi = 4.0f * ( num_inside / NSET ); F32 pi =4.0f * ((F32)addReducénside_circlg / NSET);

Q48 /1608 ' yAT2NY wlAR 282 ybidNtasBiNI DASH/K

Q Translate if (b) then a = al else a = a2 into A = select(B, Al, A2);

(i@ Software & Services Group, Developer Products Division
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Segregated C/C++ and Ct Spaces {intel'

C/C++ space Ct space

copyin
C(++)

Ct code
/—
COpyOUt

—

Ct is garbage collected; practically, a small number of
Vecs are uncollected by compiler (ref counting

(intel Software & Services Group, Developer Products Division
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More complex: Porting Black - Scholes (intel'

Black-Scholes Using C Loops Black-Scholes Using Ct
@ #include <ct.h>
using namespace OpencCt:
float S[N], x[N], r[N], V[N], t[N]; float s[N], x[N], r[N], v[N], t[N];
@PM[N}; HOB=FO S
for(inti=0; i< N;i++) { Vec<F32> S(s, N), X(x, N), R(r, N), V(v, N), T(t, N);
©)
float d1 = s[i] / In(x[i]); Vec<F32>d 1 =S/ In(X);
d1 += (r[i] + V[i] * v[i] * 0.5f) * t[i]; dl +=(R+V*V* 0. 5f) *T;
d1 /= sqrt(t[i]); dl /=sqrt(T);
float d2 = d1 T sqrt(t[i]); Vec<F32>d 2 =d 1 i sqrt(T);
result[i] = x[i] * exp(r[i] * t[i]) * Vec<F32>tmp=X*exp(R*T)*
(1.0f - CND(d2)) + ( - sJi]) * (1.0f - CND(d1)); ( 1.0f - CND(d2))+( -S)*( 1.0f - CND(d1));
P—
' 4 tmp.c opyOut(result, sizeof(result) );

(@ #include <ct.h> and using namespace
() Vector operations subsumes loop

(3) The Ct code is almost the same as the original loop body
@ copyOut at the end (if youodre done

(i@ Software & Services Group, Developer Products Division
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Key Features and Benefits - Productivity (intel'

A Integrates with existing IDEs, tools, and compilers . N0 new
compiler needed

A Incremental: allows selective and targeted modification of
existing code bases

A Generalized data parallel model: widely applicable to many
types of computations

A Safe by default: deterministic semantics avoid race conditions
and deadlock by construction

A Easy to learn: serially consistent semantics and simple interface
leverage existing skills

(intel Software & Services Group, Developer Products Division
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Key Features and Benefits - Portability :intel'

A High -level : avoids dependencies on particular hardware
mechanisms or architectures

A ISA extension independent . common binary can exploit
different ISA extensions transparently

A Hardware independent: Allows choice of deployment hardware
today: including scaling to many cores

A Scaling:  Allows migration and forward -scaling: will support AVX,
Larrabee and beyond

Software & Services Group, Developer Products Division
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Language Vehicle for General Purpose Parallel _ ,
Programming (intel

Ct Api
- Nested Data Parallelism
- Deterministic Task Parallelism

Deterministic parallel programming

Fine grained concurrency and synch
Dynamic (JIT) compilation
High-performance memory management

Forward-scaling binaries for SSEx, LRBN

Parallel application library development

Performance tools for Future Architec

Software & Services Group, Developer Products Division
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Ct: Supporting All Intel Platforms (intel'

Ct Programs  —

VEC<F32> a(srcl), b(src2);
VEC<F32>c=a+b;
™ J l Parallel Runtime
C++
Compiler
l JIT Compiler
Virtual Intel Platform
X86 binary >
it @& SSE = AVX ' LRBNI
1 1 1 Ct Dynamic Engine
Core 2 Core X LRB

Once compiled, run on
all Intel platforms

(i/ntel)' Software & Services Group, Developer Products Division
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What Does the Product Based on Intel
Ct Technology Look Like?

ACore API

I Flexible, forward scaling data parallelism in C++

AApplication Libraries

I Linear Algebra, FFT, Random Number Generation
i Powered by Intel® Math Kernel Library (Intel® MKL)!

ASamples
I Medical Imaging, Financial Analytics, Seismic Processing,
and more
Alnitial release on Windows, followed by Linux
I 1A-32 and Intel® 64

I Works with Intel® C/C++ Compiler, Microsoft* Visual
C++*, and GCC*

i Works with Intel® VTuneE Anal yzer

Software & Services Group, Developer Products Division
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RapidMind products & technology :intel'

A RapidMind technology is very similar to Ct
I Provided Types: Value<N,T>, Array<D,V>
I Program (Computation Container executed in parallel)
I Dynamic Code Generation
A Additional strengths:
I Cross platform support (CPU, Cell/B.E., GPU)
I Additional API features

A Integrating the best of Ct technology with the best of RapidMind
technology into a merged product.

A Preserving the investment of our customers in existing products
and ensure a smooth transition

(intel Software & Services Group, Developer Products Division
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Sign up for ct Beta Consideration! intel.

/= Data Parallelism - Intel® Software Network - Windows Internet Explorer

e.intel.com)fzn- j @ “} A IﬁOpenCL Pl
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Intel® Software Development Products

Ct Technology

Ct Technology

Ct Technology: Scalable, Portable, and Deterministic Parallel Intel’s Ct Technology Beta

Programming Sign up now for the opportunity to participate in the
Intel's Ct technology provides a generalized data parallel upcoming Ct technology beta. You may be selected to
programming sclution that frees application developers from join our beta program and be among the first to try
dependencies on particular low-level parallelizm mechanisms or this product designed to resclve data parallelism
hardware architectures. It produces scalable, portable, and challenges.

deterministic parallel implementations from a single high-level,

maintainable, and application-oriented specification of the desired

computation. It iz ideal for applications that require data-intensive

mathematical computations such as those found in medical imaging,

digital content creation, financial analytics, energy, data mining,

science and engineering. Ct technology integrates with and _ILI
3

Jd - - |
| [ [ [ [ [ [ [ mustedsites [/ - [R1w00% - 4

‘. SIGN UP FOR BETA CONSIDERATION @ |
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When do we recommend what? (intel'

A TBB can be considered the lead or default option for hands -on
parallel programmers

I General solution - addresses the most use cases, supports system
access

I Widely available - open source and compiler independent
A Compiler extensions (e.g. Cilk) target minimal syntax changes

i Provides the easiest way to introduce parallelism into an app

I OpenMP involves less invasive code changes for very regular, singly -nested
loops
I When a compiler is preferred vs. a library
I Unique in supporting FORTRAN

Software & Services Group, Developer Products Division
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Summary [intel'

ACt enables you to write simple parallel algorithms
In standard C++

ACt can get you performance on Intel Architecture
today

ACt apps scale to future architectures: Larrabee,
SandyBridge (+AVX),and beyond

ACt will intermix with other parallel programming
models and tools

Ct extends the many choices that Intel provides for Parallel Computing

Software & Services Group, Developer Products Division
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Future cooperation with N
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Cooperation with Microsoft*

“A key challenge in parallelism is the
management of the resources of the
underlying hardware. In today’s
announcement of Intel® Parallel Studio,
we are also announcing that all the tools
we’re building will work with the Microsoft®

Concurrency Runtime, a common resource
management and scheduling infrastructure,
so that applications built using these tools
will work seamlessly in the Windows
environment.”

— Renee James Vice President
General Manager, Software and Services Group
Intel Corporation
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