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OverviewOverview
• Data-parallel programming basics
• The GPU as a data-parallel computer
• “Hello World” GPGPU Example
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DataData--Parallel Programming BasicsParallel Programming Basics

• What is a data-parallel program?
– Exposes parallelism
– Explicitly expresses data dependencies

• Stream programming is data-parallel model
– Stream programs are dependency graphs

• Kernels are graph nodes
• Streams are edges flowing between kernels
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Stream Programming BasicsStream Programming Basics

SAD

Image 1 convolve convolve

Image 0 convolve convolve

Depth Map

Computation is expressed 
as kernels (ovals). 

Data is expressed as 
streams (arrows).

Kernels exploit both instruction 
(ILP) and data (SIMD) level 
parallelism. They should have 
simple control and high 
arithmetic intensity.

The stream model exploits 
parallelism without the 
complexity of traditional 
parallel programming.
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Modern Graphics PipelineModern Graphics Pipeline

Vertex 
Buffer

Vertex 
Processor Rasterizer Fragment

Processor

Texture Buffer

Frame
Buffer(s)

VS3.0 GPUs
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Programming a GPU for GraphicsProgramming a GPU for Graphics

• Each fragment is shaded 
w/ SIMD program

• Shading can use values 
from texture memory

• Image can be used as 
texture on future passes

• Application specifies 
geometry � rasterized
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GPU as a Stream ProcessorGPU as a Stream Processor
• Draw a screen-sized 

quad (creates stream of 
fragments)

• Run kernel (fragment 
program) over stream of 
fragments

• Read stream data from 
textures

• Write stream of results 
to frame buffer
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Write Data To 
Texture

Load 
Fragment 
Program

Configure 
OpenGL for 

1:1 Rendering

Draw Large 
Quad

Bind Textures

Bind Fragment 
Program

Write 
results to 

texture

GPU as a Stream ProcessorGPU as a Stream Processor
• Streams Textures
• Kernels Fragment program
• forEach execution Draw single large quad
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““Hello Hello WorldWorld““ GPGPU GPGPU ExampleExample

• 3 x 3 Image processing convolution
– Inputs: image, weights
– Output: blurred image

• CPU version
image = loadImage( WIDTH, HEIGHT );

blurImage = allocZeros( WIDTH, HEIGHT );

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

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

for (i=-1; i <= 1; i++) 

for (j=-1; j <= 1; j++) 

float w = computeWeight(i,j);

blurImage[x][y] += w * image[x+i, y+j];
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““Hello Hello WorldWorld““ GPGPU GPGPU ExampleExample
• GPU Version

1) Load image into texture

Figure courtesy of Mark Harris

2) Create blurImage texture to hold result



11

““Hello Hello WorldWorld““ GPGPU GPGPU ExampleExample
• GPU Version

3) Load fragment program (kernel)
Example shown in Cg

float4 blurKernel( uniform samplerRECT image, 
float2      winPos : WPOS,
out float4  blurImage ) 

{
blurImage = float4(0,0,0,0);

for (i=-1; i <= 1; i++) {
for (j=-1; j <= 1; j++) {

float2 texCoord = winPos + float2(i,j);
float  w        = computeWeight(i,j);
blurImage += w * texRECT( image, texCoord );

}
}

}
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““Hello Hello WorldWorld““ GPGPU GPGPU ExampleExample

• GPU Version
4) Configure OpenGL to draw 1:1

No projection or rescaling

glMatrixMode( GL_PROJECTION );

glLoadIdentity();

gluOrtho2D(0, 1, 0, 1);

glViewport(0, 0, WIDTH, HEIGHT );

glMatrixMode( GL_MODELVIEW ); 

glLoadIdentity();

5) Bind image and blurKernel (texture and 
fragment program)

6) Bind blurImage as render target
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““Hello WorldHello World““ GPGPU ExampleGPGPU Example

• GPU Version
7) Execute kernel on each stream element

Draw quad of size [WIDTH x HEIGHT]

glBegin( GL_TRIANGLES );

glVertex2f(0, 0);

glVertex2f(2, 0);

glVertex2f(0, 2);

glEnd();
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““Hello WorldHello World““ GPGPU ExampleGPGPU Example
• What happened?

– blurKernel executed on each element of image
• Rendering replaced outer two loops of CPU version

– blurKernel performed gather operation at each element

– Result (blurImage) was written to framebuffer / texture
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““Hello Hello WorldWorld““ GPGPU GPGPU ExampleExample

• Get the source code for GPGPU 
examples
– http://www.gpgpu.org/developer/

– http://download.nvidia.com/developer/SDK/Individual_Sampl
es/samples.html
• gpgpu_fluid
• gpgpu_disease
• gpu_particles

– http://www.ati.com/developer/sdk/RadeonSDK/Html/Sample
s/OpenGL/HW_Image_Processing.html
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Questions?Questions?
• GPU as stream processor?
• Stream programming model?
• “Hello World” example?
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