
GPU Computing
OpenGL - Compute Shader



Graphics vs Compute?



Pipeline graphique

Vertex shader Fragment shader Compute shaderINPUTS
(generic)

OUTPUTS
(generic)

GPU Computing
Automatic threads management Manual threads management

(user-defined blocks of threads)

Buffers (array)
Images (textures)

Buffers (array)
Images (textures)



CUDA
Let’s look at CUDA to get context



GPU Computing
CUDA (Compute Unified Device Architecture)



GPU Computing in CUDA
User launches “kernel” on GPU, executed by threads in parallel
(equivalent to “thread function” on CPU for Python, C++, …)

Manual threads management
(user-defined blocks of threads)CPU GPU

As in Python, C++, …. input and output data is read and written
according to a thread index. Here thread index is 3D, one can 
read any location, and write to any location.



CUDA : example of a grid of block of threads

Grid:
4 blocks of 4 threads 

CUDA provides:
- “3D block dimension” (blockDim)
- “3D block index” (blockIdx)
- “3D thread index” (threadIdx)

=> same concepts in other API such as OpenCL, OpenGL, etc…



CUDA : basic example – introduction – main idea



CUDA : basic example – introduction – main idea

CUDA “kernel” executed on GPU
(equivalent to “thread function” in Python, C++…)

User launch kernel on GPU,
given a grid of blocks of threads
(this is “asynchroneous” with CPU)



Allocation Array on GPU

Retrieve GPU data on PC

Launch kernel on GPU

Free memory on GPU

CUDA “kernel” executed on GPU

copy direction:
GPU to CPU



OpenGL
Compute Shader

OpenGL version >= 4.5



Les étapes principales

• Initialization
• create shader

• Image loading
• load image
• create Input texture
• create Output texture

• User action [ex : click bouton]
• set current shader : glUseProgram()
• launch kernel : glDispatchCompute()
• save image

• Rendering
• Display textures (images)

INPUT OUTPUT

Compute shader



Detailed code



IMAGE LOADING &
Texture creations

• Initialization
• create shader

• Image loading
• load image
• create Input texture
• create Output texture

• User action [ex : click bouton]
• set current shader : glUseProgram()
• launch kernel : glDispatchCompute()
• save image

• Rendering
• Display textures (images)

INPUT OUTPUT



Read Image (STB library)
CPAlgorithm* algorithm = new CPAlgorithm();
algorithm->readImage( “mountain.jpg” )

GLuint texture;
createInputTexture( texture, width, height,

algorithm->getInputData() )

data: vector of uint8 read by STB library
when loading an image.texture: OpenGL texture ID that will be created

data: copy data to
GPU memory



GLuint outputTexture;
createOutputTexture( outputTexture, width, height )

texture: OpenGL texture ID that will be created



RENDERING IMAGES

• Initialization
• create shader

• Image loading
• load image
• create Input texture
• create Output texture

• User action [ex : click bouton]
• set current shader : glUseProgram()
• launch kernel : glDispatchCompute()
• save image

• Rendering
• Display textures (images)

INPUT OUTPUT



ImGui
automatic display of images (textures)



CREATING SHADER

• Initialization
• create shader

• Image loading
• load image
• create Input texture
• create Output texture

• User action [ex : click bouton]
• set current shader : glUseProgram()
• launch kernel : glDispatchCompute()
• save image

• Rendering
• Display textures (images)

INPUT OUTPUT



GLuint shaderProgram_convertToGrey;
const std::string convertToGrey_shaderSource = “void main(  )\n…”
createShader( shaderProgram_convertToGrey, convertToGrey_shaderSource )

shaderProgram: OpenGL shader program ID that will be created

shaderSource: your shader source code (main()…),
as in shadertoy. It will be compiled and linked
as a program in C, C++…



const std::string write_shaderSource = “#version 460\n\nlayout(…”

Example of a shader that writes data to an output

GLSL : OpenGL shading language
(subset of C language with extensions)

3D size (x,y,z) of each block of threads
Here: 2D blocks of 32x32 threads=1024
(check GPU hardware limite, prefers multiple of 32)

output image

write to output image

GLSL has equivalent to CUDA 3D “blockDim”, “BlockIdx”
and “ThreadIdx”. And also has gl_GlobalInvocationID
which is the global linearized 1D index in data.

1st line: GLSL version (same as OpenGL version)

binding slot ID 1 (check max number = 8?)
(need to bind same ID on CPU)

data type: rgba 8 bits



const std::string read_write_shaderSource = “#version 460\n\nlayout(…”

Example of a shader that reads data from an input, and writes data to an output

write to output image

read from input image

binding slots ID 0 and 1 (check max number = 8?)
(need to bind same IDs on CPU)



Sending Uniforms Example of a shader that reads data from an input, and writes data to an output,
and use a “uniform” to customize your code (ex : radius of region to blur used for blur filtering)

binding slots ID 0 (check max number = 1024?)
(need to bind same ID on CPU when sending value)



• Initialization
• create shader

• Image loading
• load image
• create Input texture
• create Output texture

• User action [ex : click bouton]
• set current shader : glUseProgram()
• launch kernel : glDispatchCompute()
• save image

• Rendering
• Display textures (images)

INPUT OUTPUT

Compute shader

LAUNCHING GPU KERNEL



Launching a kernel to write to an output

binding slot ID 1 (check max number = 8?)
(need to bind same IDs on CPU and GPU)

Compute shader code extract

Launch kernel with a given grid of blocks of threads
Ex : here it computes the number of blocks to cover all the image with 1 thread per pixel.



Launching a kernel to read and write to an output



Launching a kernel to read and write to an output,
and send some uniforms.

Send “uniform” values from CPU to GPU,
select same bindind slots as in shader code (here 0 and 1).

Compute shader code extract (example)

binding slots ID 0 and 1 (check max number = 1024?)
(need to bind same IDs on CPU when sending value)



SAVING OUTPUT IMAGE

• Initialization
• create shader

• Image loading
• load image
• create Input texture
• create Output texture

• User action [ex : click bouton]
• set current shader : glUseProgram()
• launch kernel : glDispatchCompute()
• save image

• Rendering
• Display textures (images)

INPUT OUTPUT



Copydata from GPU to CPU Write image (STB library)

This call to glGetTextureImage() is synchroneous.
It waits for GPU to finish its work then copy GPU memory to a CPU array.

Not sure to need these 2 lines of code?
It’s more when using previously written images in a compute shader code,
to be used in an other shader (kind of cache flush)



• Application
• Image Processing
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