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GPGPU In a nutshell

Disclaimer:
1. GPGPU is a lot of things to a lot of people.
This 1I's my view & Visio

2. GPGPU is a huge subject, and this is a Nutshell.
| recommend Ka nip:gsidigav.uceacitedww e at



http://s08.idav.ucdavis.edu/
http://s08.idav.ucdavis.edu/
http://s08.idav.ucdavis.edu/

GPGPU In a nutshell

#include < stdio.c >

: A On the right there is a very

vold main (it argc, char' - argy [ artificial example to explain

| GPGPU.
AA simple program
for (i=0 ; i < iBUffSize ; i++) which takes two buffers and adds

CLil=A[ il+B[ 1 them into a third buffer

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




GPGPU In a nutshell

#include < stdio.c >

é A The example after an expert visit:

}/oid main ( int argc, char* argv [I) i Dual threaded to support Dual Core
é I SSE code is doing a vectorized

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

}

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

__m128 vC, vB, VA;
for (i=0 ; i < iBuffSize /4; i++)

mm_load_sp (&A[ i* 4]);

mm_load_sp (&B[ i* 4]);

mm_add_ps (VA, vB);
(&C[ i* 4], vC);




radi ti onal GPGPUE

A Write in graphics language and use the GPU
A Highly effective, but :

i The developer needs to learn another (not intuitive) language
I The developer was limited by the graphics language

GPGPU example — Adding Vectors

Place arrays into 2D textures

Convert loop body into a shader

Loop body = Render a quad
— Needs to cover all the pixels in the float a[5*5];

output float b[5*5]; \

float c[5*5];

J/initialize vector a

— 1:1 mapping between pixels and texels

Readback framebuffer into result array [finitialize vactor b

for(int i=0; i<5*5; it++)
i

cli] = ali] + b[il;
}

1ARBEfp1.0
TEMP RO;
TEMP R1;

TEX RO, fragment.position, texture[0], 2D;

TEX R1, fragment.position, texture[1], 2D;

lSU lg i;lte' ADD RO, RO, R1;

MoV . RO;

Mike Houston - Stanford University Graphics Lab



GPGPU reloaded

#include < stdio.c > ) ) )
é CUDA was a disruptive technology

Void main ( int argc, char* argv []) i Write C on the GPU
{ i Extend to nontraditional usages
i Provide synchronization mechnaism

A\ OpenCL deepens and extends the
for (i=0 ; i < iBuffSize ; i++) revolution
clii=Al +8 1 A GPGPU now used for games to enhance the
standard GFX pipe
i Physics
i Advanced Rendering

__kernelvoid 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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A new type of progr amr

ARnThe way the processor i ndustry IS
nobody knows how to program those things. | mean, two, yeah; four, not
really; eight, forget i11t.0

Steve Jobs, NY Times interview, JUA€2008

What About GPUOGs ?
NVIDIA @0: 16 Cores,8 HW threads per core
Larrabee: XX Cores, Y HW threads per core

nBasically 1t | ets you use graphic:
way beyond whalllvidiaor anyone el se has, and

Steve Jobs on OpenCL, NY Times interview, 10ri2008

http://bits.blogs.nytimes.com?2008/06/10/apple-in-parallekturning-the-pc-world-upside-down/
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OpenCL in a nutshell

A OpenCL is :

I An opened Standard managed by the Khronos group (Crds¥/, Cros<0S)
T Influenced & guided by Apple
i SpeclOapproved Deco
I A system for executing short "Enhanced C" routines (kernels) across devices
T All around Heterogeneous Platform® Host & Devices
i Devices: CPU, GPU, Accelerator (FPGA)
i Skewed towards GPU HW
I Samplers, Vector Types, etc.

I Offers hybrid execution capability

Processor Parallelism

CPUs GPUs _
Multiple cores driving / Emerging AN Increasingly general purpose ™\

A O pe N C L |S N Ot performance increases Intersection data-parallel computing

*, Improving numerical precision

0 OpenGL, or any othe8D graphics
language b, OpenCL
8 Meant to replace C/ C ‘, | Heterogenous
. . . \ , omputing .
enti r e app |l i cati on | Multi-processor Graphics APls

programming — and Shading
\_ eg.OpenMP Languages

Khronos WG Key contributors

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

(EA), 3BDLABS, Activision Blizzard, ARM, Barco, Broadcom,
Codeplay, Ericsson, Freescale, HI, Imagination Technologig
Kestrel Institute, Motorola, Movidia, Nokia, QNX, Samsung,
Seaweed, Takumi, Tl and Ume

( VISUA

ADRENALIN

KHRCONOS

GrROUP




he Roots of OpenCL

AAppl e Has History on GPGPUE¢

i Devel oped a Framework called oCore | magebé
(& Core Video)

i Based on OpenGL for GPU operation and cee| iTune
Optimized SSE code for CPU | oy

A Feb15t 2007 8NVIDIA introduces cUDA TRE Lo I sasn

i Stream Programming Languag&C with Middleware
extensions for GPU

I Supported by Any Geforcé8 GPU
I Works on XP & Vista (CUDAOQ)

I Amazing adoption rate
T 40 university courses worldwide

S

nvinia

Integrated CPU
and GPU C Source Code

NVIDIA C Complier

i 100+ Applications/Articles CUDA SDK
A Apple & NVIDIA cooperate to create Standard Libraries:
OpenClLlo Open Compute Language ELIEIBEAS 2
NVIDIA Assembly
for Computing

CPU Host Code

CUDA Runtime & Driver




OpenCL Status

A Apple Submitted the OpenCL.0 specification draft to Khronos (owner of OpenGL)

A Junel6h 2008 -Khr onos established the o0Compute Working

T Members: AMD, Applérdites, ARM, Blizzard, Broadcor@pdeplay EA, Ericssorkreescale Hi Corp., IBM, Imagination
Technologies, Intel, Kestrel InstituteMovidia NokiaNvidia, Qualcomm, Rapid Mind, Samsung, Takumi and TI.

A Dec.1st 2008 8 OpenCL1 .0 ratification
AApple is expected to release 0Sh®hbyeidefdddnr dé6 Mac

A Apple already began porting code to OpenCL

KHRCONOS

GROUP
Open Standards for Media Authoring and Acceleration

APIs & Technologies A Developers | News & Events s Adopters ‘ Members ] About Khronos " 'Mac OS X SnOW Leopard

Home > News & Events > Press Releases > Khronos Launches Heterogeneous Computing Initiative 2 X
Core innovation.

Khronos Press Releases

Khronos Launches Heterogeneous Computing Initiative

June 16th 2008 — San Francisco, CA — The Khronos™ Group anncunced today the formation of a new Compute Working Group

ISUA
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OpenCL from10,000 f e et é

A The Standard Defines two major elements:
I The Framework/Software Stack
I The 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]);

}




