
OpenCL Overview

Ofer Rosenberg

Contributors: Tim Mattson (Intel), Aaftab Munshi (Apple)



2

Agenda

ÅOpenCL intro
ïGPGPU in a nutshell

ïOpenCL roots

ïOpenCL status

ÅOpenCL 1.0 deep dive
ïProgramming Model

ïFramework API

ïLanguage

ïEmbedded Profile & Extensions 

ÅSummary



3

GPGPU in a nutshell

Disclaimer:

1. GPGPU is a lot of things to a lot of people. 

This is my view & vision on GPGPUé

2. GPGPU is a huge subject, and this is a Nutshell.
I recommend Kayvonõs lecture at http://s08.idav.ucdavis.edu/

http://s08.idav.ucdavis.edu/
http://s08.idav.ucdavis.edu/
http://s08.idav.ucdavis.edu/
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GPGPU in a nutshell

ÅOn the right there is a very 

artificial example to explain 

GPGPU.

ÅA simple program , with a òforó loop 

which takes two buffers and adds 
them into a third buffer

(did we mention the word artificial yet ???)

#include < stdio.c >
é

void main ( int argc , char* argv [])
{

é

for ( i= 0 ; i < iBuffSize ; i++)
C[ i] = A[ i] + B[ i];

é  

}
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GPGPU in a nutshell

ÅThe example after an expert visit:
ïDual threaded to support Dual Core

ïSSE2 code is doing a vectorized 

operation

#include < stdio.c >
é

void main ( int argc , char* argv [])
{
é

_beginthread (vec_add , 0, A, B, C, iBuffSize / 2);
_beginthread (vec_add , 0, A[ iBuffSize / 2],

B[ iBuffSize / 2], C[ iBuffSize / 2],
iBuffSize / 2);

é  

}

void vec_add (const float *A, const float *B, float *C,
int iBuffSize )

{
__m 128 vC, vB, vA;
for ( i= 0 ; i < iBuffSize / 4; i++)
{

vA = _ mm_load_sp (&A[ i* 4]);
vB = _ mm_load_sp (&B[ i* 4]);
vC = _ mm_add_ps (vA, vB);
_mm_store_ps (&C[ i* 4], vC);

}
_endthread ();     

}
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Traditional GPGPUé

ÅWrite in graphics language and use the GPU 

ÅHighly effective, but : 

ï The developer needs to learn another (not intuitive) language

ï The developer was limited by the graphics language
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GPGPU reloaded 

ÅCUDA was a disruptive technology

ï Write C on the GPU

ï Extend to non-traditional usages

ï Provide synchronization mechnaism 

ÅOpenCL deepens and extends the 

revolution

ÅGPGPU now used for games to enhance the 

standard GFX pipe

ï Physics

ï Advanced Rendering

#include < stdio.c >
é

Void main ( int argc , char* argv [])
{

é

for ( i= 0 ; i < iBuffSize ; i++)
C[ i] = A[ i] + B[ i];

é  

}

__kernel void dot_product (__global const float 4 *a,
__global const float 4 *b, 
__global float *c)

{
int gid = get_global_id (0);
c[ gid ] = a[ gid ] + b[ gid ];

}

OpenCL
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GPGPU also in Gamesé

Non-interactive point light Dynamic light affects character & environment

Jagged edge 
artifacting

Clean edge 
details
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A new type of programmingé

ñThe way the processor industry is going is to add more and more cores, but 

nobody knows how to program those things. I mean, two, yeah; four, not 

really; eight, forget it.ò

Steve Jobs, NY Times interview, June 10 2008

What About GPUõs ?

NVIDIA G80: 16 Cores, 8 HW threads per core

Larrabee:      XX Cores, Y HW threads per core

ñBasically it lets you use graphics processors to do computation,ò he said. ñItôs 

way beyond what Nvidiaor anyone else has, and itôs really simple.ò

Steve Jobs on OpenCL, NY Times interview, June 10 2008

http://bits.blogs.nytimes.com/2008/06/10/apple-in-parallel-turning-the-pc-world-upside-down/
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OpenCL in a nutshell
ÅOpenCL is :

ï An opened Standard managed by the Khronos group (Cross-IHV, Cross-OS)

ï Influenced & guided by Apple

ï Spec 1.0 approved Decõ08

ï A system for executing short "Enhanced C" routines (kernels) across devices

ï All around Heterogeneous Platforms ðHost & Devices

ï Devices: CPU, GPU, Accelerator (FPGA)

ï Skewed towards GPU HW

ï Samplers, Vector Types, etc.

ï Offers hybrid execution capability

ÅOpenCL is not:

ðOpenGL, or any other 3D graphics 
language

ðMeant to replace C/C++ (donõt write the 
entire application in ité)

Khronos WG Key contributors

Apple, NVidia, AMD, Intel, IBM, RapidMind, Electronic Arts 

(EA), 3DLABS, Activision Blizzard, ARM, Barco, Broadcom, 

Codeplay, Ericsson, Freescale, HI, Imagination Technologies, 

Kestrel Institute, Motorola, Movidia, Nokia, QNX, Samsung, 

Seaweed, Takumi, TI and Ume¬ University.
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The Roots of OpenCL

ÅApple Has History on GPGPUé

ï Developed a Framework called òCore Imageó 
(& Core Video)

ï Based on OpenGL for GPU operation and 
Optimized SSE code for CPU

ÅFeb 15 th 2007 ðNVIDIA introduces CUDA

ï Stream Programming Language ðC with 
extensions for GPU

ï Supported by Any Geforce 8 GPU

ï Works on XP & Vista (CUDA 2.0)

ï Amazing adoption rate

ï 40 university courses worldwide

ï 100+ Applications/Articles

ÅApple & NVIDIA cooperate to create 

OpenCL ðOpen Compute Language

1
1
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OpenCL Status

Å Apple Submitted the OpenCL 1.0 specification draft to Khronos (owner of OpenGL)

Å June 16 th 2008 - Khronos established the òCompute Working Groupó

ï Members: AMD, Apple, Ardites, ARM, Blizzard, Broadcom, Codeplay, EA, Ericsson, Freescale, Hi Corp., IBM, Imagination 

Technologies, Intel, Kestrel Institute, Movidia, Nokia, Nvidia, Qualcomm, Rapid Mind, Samsung, Takumi and TI. 

Å Dec. 1st 2008 ðOpenCL 1.0 ratification

Å Apple is expected to release òSnow Leopardó Mac OS (containing OpenCL 1.0) by end of 2009

Å Apple already began porting code to OpenCL

1
2
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ÅThe Standard Defines two major elements:

ïThe Framework/Software Stack

ïThe Language

__kernel void dot_product (__global const float 4 *a,
__global const float 4 *b, 
__global float *c)

{
int tid = get_global_id (0);
c[ tid ] = dot(a[ tid ], b[ tid ]);

}

__kernel void dot_product (__global const float 4 *a,
__global const float 4 *b, 
__global float *c)

{
int tid = get_global_id (0);
c[ tid ] = dot(a[ tid ], b[ tid ]);

}

OpenCL from 10,000 feeté

1
4

Application

__kernel void dot_product (__global const float 4 *a,
__global const float 4 *b, 
__global float *c)

{
int tid = get_global_id (0);
c[ tid ] = dot(a[ tid ], b[ tid ]);

}

OpenCL Framework

Chapter 6

Chapters 2-5


